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Volume 100 of the IARC monogRAphs, A ReVIew of humAn CARCInogens, CoVeRs All Agents 
pReVIously ClAssIfIed by IARC As “CARCInogenIC to humAns (gRoup 1)” And wAs deVeloped by 
sIx sepARAte woRkIng gRoups: phARmACeutICAls; bIologICAl Agents; ARsenIC, metAls, fIbRes, 
And dusts; RAdIAtIon; peRsonAl hAbIts And IndooR CombustIons; ChemICAl Agents And RelAted 
oCCupAtIons.
thIs Volume 100e CoVeRs peRsonAl hAbIts And IndooR CombustIons, speCIfICAlly tobACCo 
smokIng, seCond-hAnd tobACCo smoke, smokeless tobACCo, n’-nItRosonoRnICotIne And 
4-(methylnItRosAmIno)-1-(3-pyRIdyl)-1-butAnone, betel QuId And AReCA nut, ConsumptIon 
of AlCoholIC beVeRAges, ChInese-style sAlted fIsh, And IndooR emIssIons fRom household 
CombustIon of CoAl.
beCAuse the sCope of Volume 100 Is so bRoAd, Its monogRAphs ARe foCused on key InfoRmAtIon. 
eACh monogRAph pResents A desCRIptIon of A CARCInogenIC Agent And how people ARe exposed, 
CRItICAl oVeRVIews of the epIdemIologICAl studIes And AnImAl CAnCeR bIoAssAys, And A ConCIse 
ReVIew of the Agent’s toxICokInetICs, plAusIble meChAnIsms of CARCInogenesIs, And potentIAlly 
susCeptIble populAtIons, And lIfe-stAges. detAIls of the desIgn And Results of IndIVIduAl 
epIdemIologICAl studIes And AnImAl CAnCeR bIoAssAys ARe summARIzed In tAbles. shoRt tAbles 
thAt hIghlIght key Results ARe pRInted In Volume 100, And moRe extensIVe tAbles thAt InClude All 
studIes AppeAR on the monogRAphs pRogRAmme websIte (http://monogRAphs.IARC.fR).
It Is hoped thAt thIs Volume, by CompIlIng the knowledge ACCumulAted thRough seVeRAl deCAdes 
of CAnCeR ReseARCh, wIll stImulAte CAnCeR pReVentIon ACtIVItIes woRldwIde, And wIll be A VAlued 
ResouRCe foR futuRe ReseARCh to IdentIfy otheR Agents suspeCted of CAusIng CAnCeR In humAns.
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NOTE TO THE READER

The term ‘carcinogenic risk’ in the IARC Monographs series is taken to mean that an agent is 
capable of causing cancer. The Monographs evaluate cancer hazards, despite the historical presence 
of the word ‘risks’ in the title.

Inclusion of an agent in the Monographs does not imply that it is a carcinogen, only that the 
published data have been examined. Equally, the fact that an agent has not yet been evaluated in a 
Monograph does not mean that it is not carcinogenic. Similarly, identification of cancer sites with 
sufficient evidence or limited evidence in humans should not be viewed as precluding the possibility 
that an agent may cause cancer at other sites.

The evaluations of carcinogenic risk are made by international working groups of independent 
scientists and are qualitative in nature. No recommendation is given for regulation or legislation.

Anyone who is aware of published data that may alter the evaluation of the carcinogenic risk 
of an agent to humans is encouraged to make this information available to the Section of IARC 
Monographs, International Agency for Research on Cancer, 150 cours Albert Thomas, 69372 Lyon 
Cedex 08, France, in order that the agent may be considered for re-evaluation by a future Working 
Group.

Although every effort is made to prepare the Monographs as accurately as possible, mistakes may 
occur. Readers are requested to communicate any errors to the Section of IARC Monographs, so that 
corrections can be reported in future volumes.
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PREAMBLE
The Preamble to the IARC Monographs describes the objective and scope of the programme, 
the scientific principles and procedures used in developing a Monograph, the types of 
evidence considered and the scientific criteria that guide the evaluations. The Preamble 
should be consulted when reading a Monograph or list of evaluations.

A. GENERAL PRINCIPLES AND 
PROCEDURES

1. Background

Soon after IARC was established in 1965, it 
received frequent requests for advice on the car-
cinogenic risk of chemicals, including requests 
for lists of known and suspected human carcino-
gens. It was clear that it would not be a simple 
task to summarize adequately the complexity of 
the information that was available, and IARC 
began to consider means of obtaining interna-
tional expert opinion on this topic. In 1970, the 
IARC Advisory Committee on Environmental 
Carcinogenesis recommended ‘...that a com-
pendium on carcinogenic chemicals be pre-
pared by experts. The biological activity and 
evaluation of practical importance to public 
health should be referenced and documented.’ 
The IARC Governing Council adopted a resolu-
tion concerning the role of IARC in providing 
government authorities with expert, independ-
ent, scientific opinion on environmental carcino-
genesis. As one means to that end, the Governing 
Council recommended that IARC should prepare 
monographs on the evaluation of carcinogenic 

risk of chemicals to man, which became the ini-
tial title of the series.

In the succeeding years, the scope of the pro-
gramme broadened as Monographs were devel-
oped for groups of related chemicals, complex 
mixtures, occupational exposures, physical and 
biological agents and lifestyle factors. In 1988, 
the phrase ‘of chemicals’ was dropped from 
the title, which assumed its present form, IARC 
Monographs on the Evaluation of Carcinogenic 
Risks to Humans.

Through the Monographs programme, IARC 
seeks to identify the causes of human cancer. This 
is the first step in cancer prevention, which is 
needed as much today as when IARC was estab-
lished. The global burden of cancer is high and 
continues to increase: the annual number of new 
cases was estimated at 10.1 million in 2000 and 
is expected to reach 15 million by 2020 (Stewart 
& Kleihues, 2003). With current trends in demo-
graphics and exposure, the cancer burden has 
been shifting from high-resource countries to 
low- and medium-resource countries. As a result 
of Monographs evaluations, national health agen-
cies have been able, on scientific grounds, to take 
measures to reduce human exposure to carcino-
gens in the workplace and in the environment.
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The criteria established in 1971 to evaluate 
carcinogenic risks to humans were adopted by the 
Working Groups whose deliberations resulted in 
the first 16 volumes of the Monographs series. 
Those criteria were subsequently updated by fur-
ther ad hoc Advisory Groups (IARC, 1977, 1978, 
1979, 1982, 1983, 1987, 1988, 1991; Vainio et al., 
1992; IARC, 2005, 2006).

The Preamble is primarily a statement of sci-
entific principles, rather than a specification of 
working procedures. The procedures through 
which a Working Group implements these prin-
ciples are not specified in detail. They usually 
involve operations that have been established 
as being effective during previous Monograph 
meetings but remain, predominantly, the pre-
rogative of each individual Working Group.

2. Objective and scope

The objective of the programme is to pre-
pare, with the help of international Working 
Groups of experts, and to publish in the form of 
Monographs, critical reviews and evaluations of 
evidence on the carcinogenicity of a wide range 
of human exposures. The Monographs repre-
sent the first step in carcinogen risk assessment, 
which involves examination of all relevant infor-
mation to assess the strength of the available evi-
dence that an agent could alter the age-specific 
incidence of cancer in humans. The Monographs 
may also indicate where additional research 
efforts are needed, specifically when data imme-
diately relevant to an evaluation are not available.

In this Preamble, the term ‘agent’ refers to 
any entity or circumstance that is subject to 
evaluation in a Monograph. As the scope of the 
programme has broadened, categories of agents 
now include specific chemicals, groups of related 
chemicals, complex mixtures, occupational or 
environmental exposures, cultural or behav-
ioural practices, biological organisms and physi-
cal agents. This list of categories may expand as 

causation of, and susceptibility to, malignant 
disease become more fully understood.

A cancer ‘hazard’ is an agent that is capable 
of causing cancer under some circumstances, 
while a cancer ‘risk’ is an estimate of the carci-
nogenic effects expected from exposure to a can-
cer hazard. The Monographs are an exercise in 
evaluating cancer hazards, despite the historical 
presence of the word ‘risks’ in the title. The dis-
tinction between hazard and risk is important, 
and the Monographs identify cancer hazards 
even when risks are very low at current exposure 
levels, because new uses or unforeseen exposures 
could engender risks that are significantly higher.

In the Monographs, an agent is termed ‘car-
cinogenic’ if it is capable of increasing the inci-
dence of malignant neoplasms, reducing their 
latency, or increasing their severity or multiplic-
ity. The induction of benign neoplasms may in 
some circumstances (see Part B, Section 3a) con-
tribute to the judgement that the agent is carci-
nogenic. The terms ‘neoplasm’ and ‘tumour’ are 
used interchangeably.

The Preamble continues the previous usage 
of the phrase ‘strength of evidence’ as a matter 
of historical continuity, although it should be 
understood that Monographs evaluations con-
sider studies that support a finding of a cancer 
hazard as well as studies that do not.

Some epidemiological and experimental 
studies indicate that different agents may act at 
different stages in the carcinogenic process, and 
several different mechanisms may be involved. 
The aim of the Monographs has been, from their 
inception, to evaluate evidence of carcinogenic-
ity at any stage in the carcinogenesis process, 
independently of the underlying mechanisms. 
Information on mechanisms may, however, be 
used in making the overall evaluation (IARC, 
1991; Vainio et al., 1992; IARC, 2005, 2006; see 
also Part B, Sections 4 and 6). As mechanisms 
of carcinogenesis are elucidated, IARC convenes 
international scientific conferences to determine 
whether a broad-based consensus has emerged 
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on how specific mechanistic data can be used 
in an evaluation of human carcinogenicity. The 
results of such conferences are reported in IARC 
Scientific Publications, which, as long as they still 
reflect the current state of scientific knowledge, 
may guide subsequent Working Groups.

Although the Monographs have emphasized 
hazard identification, important issues may also 
involve dose–response assessment. In many 
cases, the same epidemiological and experimen-
tal studies used to evaluate a cancer hazard can 
also be used to estimate a dose–response relation-
ship. A Monograph may undertake to estimate 
dose–response relationships within the range 
of the available epidemiological data, or it may 
compare the dose–response information from 
experimental and epidemiological studies. In 
some cases, a subsequent publication may be pre-
pared by a separate Working Group with exper-
tise in quantitative dose–response assessment.

The Monographs are used by national and 
international authorities to make risk assess-
ments, formulate decisions concerning preventive 
measures, provide effective cancer control pro-
grammes and decide among alternative options 
for public health decisions. The evaluations of 
IARC Working Groups are scientific, qualita-
tive judgements on the evidence for or against 
carcinogenicity provided by the available data. 
These evaluations represent only one part of the 
body of information on which public health deci-
sions may be based. Public health options vary 
from one situation to another and from country 
to country and relate to many factors, including 
different socioeconomic and national priorities. 
Therefore, no recommendation is given with 
regard to regulation or legislation, which are 
the responsibility of individual governments or 
other international organizations.

3. Selection of agents for review

Agents are selected for review on the basis of 
two main criteria: (a) there is evidence of human 

exposure and (b) there is some evidence or sus-
picion of carcinogenicity. Mixed exposures may 
occur in occupational and environmental set-
tings and as a result of individual and cultural 
habits (such as tobacco smoking and dietary 
practices). Chemical analogues and compounds 
with biological or physical characteristics simi-
lar to those of suspected carcinogens may also 
be considered, even in the absence of data on a 
possible carcinogenic effect in humans or experi-
mental animals.

The scientific literature is surveyed for pub-
lished data relevant to an assessment of carci-
nogenicity. Ad hoc Advisory Groups convened 
by IARC in 1984, 1989, 1991, 1993, 1998 and 
2003 made recommendations as to which 
agents should be evaluated in the Monographs 
series. Recent recommendations are avail-
able on the Monographs programme web site  
(http://monographs.iarc.fr). IARC may schedule 
other agents for review as it becomes aware of 
new scientific information or as national health 
agencies identify an urgent public health need 
related to cancer.

As significant new data become available 
on an agent for which a Monograph exists, a re-
evaluation may be made at a subsequent meeting, 
and a new Monograph published. In some cases it 
may be appropriate to review only the data pub-
lished since a prior evaluation. This can be useful 
for updating a database, reviewing new data to 
resolve a previously open question or identifying 
new tumour sites associated with a carcinogenic 
agent. Major changes in an evaluation (e.g. a new 
classification in Group 1 or a determination that a 
mechanism does not operate in humans, see Part 
B, Section 6) are more appropriately addressed by 
a full review.

4. Data for the Monographs

Each Monograph reviews all pertinent epi-
demiological studies and cancer bioassays in 
experimental animals. Those judged inadequate 
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or irrelevant to the evaluation may be cited but 
not summarized. If a group of similar studies is 
not reviewed, the reasons are indicated.

Mechanistic and other relevant data are also 
reviewed. A Monograph does not necessarily 
cite all the mechanistic literature concerning 
the agent being evaluated (see Part B, Section 
4). Only those data considered by the Working 
Group to be relevant to making the evaluation 
are included.

With regard to epidemiological studies, can-
cer bioassays, and mechanistic and other relevant 
data, only reports that have been published or 
accepted for publication in the openly available 
scientific literature are reviewed. The same publi-
cation requirement applies to studies originating 
from IARC, including meta-analyses or pooled 
analyses commissioned by IARC in advance of a 
meeting (see Part B, Section 2c). Data from gov-
ernment agency reports that are publicly avail-
able are also considered. Exceptionally, doctoral 
theses and other material that are in their final 
form and publicly available may be reviewed.

Exposure data and other information on an 
agent under consideration are also reviewed. In 
the sections on chemical and physical proper-
ties, on analysis, on production and use and on 
occurrence, published and unpublished sources 
of information may be considered.

Inclusion of a study does not imply accept-
ance of the adequacy of the study design or of 
the analysis and interpretation of the results, and 
limitations are clearly outlined in square brack-
ets at the end of each study description (see Part 
B). The reasons for not giving further considera-
tion to an individual study also are indicated in 
the square brackets.

5. Meeting participants

Five categories of participant can be present 
at Monograph meetings.

(a) The Working Group

The Working Group is responsible for the crit-
ical reviews and evaluations that are developed 
during the meeting. The tasks of Working Group 
Members are: (i) to ascertain that all appropriate 
data have been collected; (ii) to select the data rel-
evant for the evaluation on the basis of scientific 
merit; (iii) to prepare accurate summaries of the 
data to enable the reader to follow the reasoning 
of the Working Group; (iv) to evaluate the results 
of epidemiological and experimental studies on 
cancer; (v) to evaluate data relevant to the under-
standing of mechanisms of carcinogenesis; and 
(vi) to make an overall evaluation of the carci-
nogenicity of the exposure to humans. Working 
Group Members generally have published sig-
nificant research related to the carcinogenicity of 
the agents being reviewed, and IARC uses litera-
ture searches to identify most experts. Working 
Group Members are selected on the basis of (a) 
knowledge and experience and (b) absence of real 
or apparent conflicts of interests. Consideration 
is also given to demographic diversity and bal-
ance of scientific findings and views.

(b) Invited Specialists

Invited Specialists are experts who also have 
critical knowledge and experience but have 
a real or apparent conflict of interests. These 
experts are invited when necessary to assist in 
the Working Group by contributing their unique 
knowledge and experience during subgroup and 
plenary discussions. They may also contribute 
text on non-influential issues in the section on 
exposure, such as a general description of data 
on production and use (see Part B, Section 1). 
Invited Specialists do not serve as meeting chair 
or subgroup chair, draft text that pertains to the 
description or interpretation of cancer data, or 
participate in the evaluations.
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(c) Representatives of national and 
international health agencies 

Representatives of national and interna-
tional health agencies often attend meetings 
because their agencies sponsor the programme 
or are interested in the subject of a meeting. 
Representatives do not serve as meeting chair or 
subgroup chair, draft any part of a Monograph, 
or participate in the evaluations.

(d) Observers with relevant scientific 
credentials 

Observers with relevant scientific credentials 
may be admitted to a meeting by IARC in limited 
numbers. Attention will be given to achieving a 
balance of Observers from constituencies with 
differing perspectives. They are invited to observe 
the meeting and should not attempt to influence 
it. Observers do not serve as meeting chair or 
subgroup chair, draft any part of a Monograph, 
or participate in the evaluations. At the meeting, 
the meeting chair and subgroup chairs may grant 
Observers an opportunity to speak, generally 
after they have observed a discussion. Observers 
agree to respect the Guidelines for Observers 
at IARC Monographs meetings (available at  
http://monographs.iarc.fr).

(e) The IARC Secretariat

The IARC Secretariat consists of scientists 
who are designated by IARC and who have rel-
evant expertise. They serve as rapporteurs and 
participate in all discussions. When requested by 
the meeting chair or subgroup chair, they may 
also draft text or prepare tables and analyses.

Before an invitation is extended, each poten-
tial participant, including the IARC Secretariat, 
completes the WHO Declaration of Interests to 
report financial interests, employment and con-
sulting, and individual and institutional research 
support related to the subject of the meeting. 
IARC assesses these interests to determine 

whether there is a conflict that warrants some 
limitation on participation. The declarations are 
updated and reviewed again at the opening of 
the meeting. Interests related to the subject of 
the meeting are disclosed to the meeting par-
ticipants and in the published volume (Cogliano 
et al., 2004).

The names and principal affiliations of par-
ticipants are available on the Monographs pro-
gramme web site (http://monographs.iarc.fr) 
approximately two months before each meeting. 
It is not acceptable for Observers or third parties 
to contact other participants before a meeting or 
to lobby them at any time. Meeting participants 
are asked to report all such contacts to IARC 
(Cogliano et al., 2005).

All participants are listed, with their princi-
pal affiliations, at the beginning of each volume. 
Each participant who is a Member of a Working 
Group serves as an individual scientist and not as 
a representative of any organization, government 
or industry.

6. Working procedures

A separate Working Group is responsible for 
developing each volume of Monographs. A vol-
ume contains one or more Monographs, which 
can cover either a single agent or several related 
agents. Approximately one year in advance of the 
meeting of a Working Group, the agents to be 
reviewed are announced on the Monographs pro-
gramme web site (http://monographs.iarc.fr) and 
participants are selected by IARC staff in consul-
tation with other experts. Subsequently, relevant 
biological and epidemiological data are collected 
by IARC from recognized sources of information 
on carcinogenesis, including data storage and 
retrieval systems such as PubMed. Meeting par-
ticipants who are asked to prepare preliminary 
working papers for specific sections are expected 
to supplement the IARC literature searches with 
their own searches.
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For most chemicals and some complex mix-
tures, the major collection of data and the prep-
aration of working papers for the sections on 
chemical and physical properties, on analysis, on 
production and use, and on occurrence are car-
ried out under a separate contract funded by the 
US National Cancer Institute. Industrial associ-
ations, labour unions and other knowledgeable 
organizations may be asked to provide input to 
the sections on production and use, although 
this involvement is not required as a general rule. 
Information on production and trade is obtained 
from governmental, trade and market research 
publications and, in some cases, by direct con-
tact with industries. Separate production data 
on some agents may not be available for a vari-
ety of reasons (e.g. not collected or made public 
in all producing countries, production is small). 
Information on uses may be obtained from pub-
lished sources but is often complemented by 
direct contact with manufacturers. Efforts are 
made to supplement this information with data 
from other national and international sources.

Six months before the meeting, the mate-
rial obtained is sent to meeting participants to 
prepare preliminary working papers. The work-
ing papers are compiled by IARC staff and sent, 
before the meeting, to Working Group Members 
and Invited Specialists for review.

The Working Group meets at IARC for seven 
to eight days to discuss and finalize the texts 
and to formulate the evaluations. The objectives 
of the meeting are peer review and consensus. 
During the first few days, four subgroups (cov-
ering exposure data, cancer in humans, cancer 
in experimental animals, and mechanistic and 
other relevant data) review the working papers, 
develop a joint subgroup draft and write sum-
maries. Care is taken to ensure that each study 
summary is written or reviewed by someone 
not associated with the study being considered. 
During the last few days, the Working Group 
meets in plenary session to review the subgroup 
drafts and develop the evaluations. As a result, 

the entire volume is the joint product of the 
Working Group, and there are no individually 
authored sections.

IARC Working Groups strive to achieve a 
consensus evaluation. Consensus reflects broad 
agreement among Working Group Members, but 
not necessarily unanimity. The chair may elect 
to poll Working Group Members to determine 
the diversity of scientific opinion on issues where 
consensus is not readily apparent.

After the meeting, the master copy is verified 
by consulting the original literature, edited and 
prepared for publication. The aim is to publish 
the volume within six months of the Working 
Group meeting. A summary of the outcome is 
available on the Monographs programme web 
site soon after the meeting.

B. SCIENTIFIC REVIEW AND 
EVALUATION

The available studies are summarized by the 
Working Group, with particular regard to the 
qualitative aspects discussed below. In general, 
numerical findings are indicated as they appear 
in the original report; units are converted when 
necessary for easier comparison. The Working 
Group may conduct additional analyses of the 
published data and use them in their assessment 
of the evidence; the results of such supplemen-
tary analyses are given in square brackets. When 
an important aspect of a study that directly 
impinges on its interpretation should be brought 
to the attention of the reader, a Working Group 
comment is given in square brackets.

The scope of the IARC Monographs pro-
gramme has expanded beyond chemicals to 
include complex mixtures, occupational expo-
sures, physical and biological agents, lifestyle 
factors and other potentially carcinogenic expo-
sures. Over time, the structure of a Monograph 
has evolved to include the following sections:
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Exposure data
Studies of cancer in humans
Studies of cancer in experimental animals
Mechanistic and other relevant data
Summary
Evaluation and rationale

In addition, a section of General Remarks at 
the front of the volume discusses the reasons the 
agents were scheduled for evaluation and some 
key issues the Working Group encountered dur-
ing the meeting.

This part of the Preamble discusses the types 
of evidence considered and summarized in each 
section of a Monograph, followed by the scientific 
criteria that guide the evaluations.

1. Exposure data

Each Monograph includes general informa-
tion on the agent: this information may vary sub-
stantially between agents and must be adapted 
accordingly. Also included is information on 
production and use (when appropriate), meth-
ods of analysis and detection, occurrence, and 
sources and routes of human occupational and 
environmental exposures. Depending on the 
agent, regulations and guidelines for use may be 
presented.

(a) General information on the agent

For chemical agents, sections on chemical 
and physical data are included: the Chemical 
Abstracts Service Registry Number, the latest pri-
mary name and the IUPAC systematic name are 
recorded; other synonyms are given, but the list 
is not necessarily comprehensive. Information 
on chemical and physical properties that are rel-
evant to identification, occurrence and biologi-
cal activity is included. A description of technical 
products of chemicals includes trade names, rel-
evant specifications and available information 
on composition and impurities. Some of the 
trade names given may be those of mixtures in 

which the agent being evaluated is only one of 
the ingredients.

For biological agents, taxonomy, struc-
ture and biology are described, and the degree 
of variability is indicated. Mode of replication, 
life cycle, target cells, persistence, latency, host 
response and clinical disease other than cancer 
are also presented.

For physical agents that are forms of radia-
tion, energy and range of the radiation are 
included. For foreign bodies, fibres and respir-
able particles, size range and relative dimensions 
are indicated.

For agents such as mixtures, drugs or lifestyle 
factors, a description of the agent, including its 
composition, is given.

Whenever appropriate, other information, 
such as historical perspectives or the description 
of an industry or habit, may be included.

(b) Analysis and detection

An overview of methods of analysis and 
detection of the agent is presented, including 
their sensitivity, specificity and reproducibility. 
Methods widely used for regulatory purposes 
are emphasized. Methods for monitoring human 
exposure are also given. No critical evaluation 
or recommendation of any method is meant or 
implied.

(c) Production and use

The dates of first synthesis and of first com-
mercial production of a chemical, mixture or 
other agent are provided when available; for 
agents that do not occur naturally, this informa-
tion may allow a reasonable estimate to be made 
of the date before which no human exposure to 
the agent could have occurred. The dates of first 
reported occurrence of an exposure are also pro-
vided when available. In addition, methods of 
synthesis used in past and present commercial 
production and different methods of production, 
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which may give rise to different impurities, are 
described.

The countries where companies report pro-
duction of the agent, and the number of compa-
nies in each country, are identified. Available data 
on production, international trade and uses are 
obtained for representative regions. It should not, 
however, be inferred that those areas or nations 
are necessarily the sole or major sources or users 
of the agent. Some identified uses may not be 
current or major applications, and the coverage 
is not necessarily comprehensive. In the case of 
drugs, mention of their therapeutic uses does not 
necessarily represent current practice nor does it 
imply judgement as to their therapeutic efficacy.

(d) Occurrence and exposure

Information on the occurrence of an agent in 
the environment is obtained from data derived 
from the monitoring and surveillance of levels 
in occupational environments, air, water, soil, 
plants, foods and animal and human tissues. 
When available, data on the generation, per-
sistence and bioaccumulation of the agent are 
also included. Such data may be available from 
national databases.

Data that indicate the extent of past and pre-
sent human exposure, the sources of exposure, 
the people most likely to be exposed and the fac-
tors that contribute to the exposure are reported. 
Information is presented on the range of human 
exposure, including occupational and environ-
mental exposures. This includes relevant findings 
from both developed and developing countries. 
Some of these data are not distributed widely and 
may be available from government reports and 
other sources. In the case of mixtures, indus-
tries, occupations or processes, information is 
given about all agents known to be present. For 
processes, industries and occupations, a histori-
cal description is also given, noting variations in 
chemical composition, physical properties and 
levels of occupational exposure with date and 

place. For biological agents, the epidemiology of 
infection is described.

(e) Regulations and guidelines

Statements concerning regulations and 
guidelines (e.g. occupational exposure limits, 
maximal levels permitted in foods and water, 
pesticide registrations) are included, but they 
may not reflect the most recent situation, since 
such limits are continuously reviewed and modi-
fied. The absence of information on regulatory 
status for a country should not be taken to imply 
that that country does not have regulations with 
regard to the exposure. For biological agents, leg-
islation and control, including vaccination and 
therapy, are described.

2. Studies of cancer in humans

This section includes all pertinent epidemio-
logical studies (see Part A, Section 4). Studies of 
biomarkers are included when they are relevant 
to an evaluation of carcinogenicity to humans.

(a) Types of study considered

Several types of epidemiological study con-
tribute to the assessment of carcinogenicity in 
humans — cohort studies, case–control studies, 
correlation (or ecological) studies and interven-
tion studies. Rarely, results from randomized tri-
als may be available. Case reports and case series 
of cancer in humans may also be reviewed.

Cohort and case–control studies relate indi-
vidual exposures under study to the occurrence of 
cancer in individuals and provide an estimate of 
effect (such as relative risk) as the main measure 
of association. Intervention studies may provide 
strong evidence for making causal inferences, as 
exemplified by cessation of smoking and the sub-
sequent decrease in risk for lung cancer.

In correlation studies, the units of inves-
tigation are usually whole populations (e.g. in 
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particular geographical areas or at particular 
times), and cancer frequency is related to a sum-
mary measure of the exposure of the population 
to the agent under study. In correlation studies, 
individual exposure is not documented, which 
renders this kind of study more prone to con-
founding. In some circumstances, however, cor-
relation studies may be more informative than 
analytical study designs (see, for example, the 
Monograph on arsenic in drinking-water; IARC, 
2004).

In some instances, case reports and case series 
have provided important information about the 
carcinogenicity of an agent. These types of study 
generally arise from a suspicion, based on clinical 
experience, that the concurrence of two events — 
that is, a particular exposure and occurrence of 
a cancer — has happened rather more frequently 
than would be expected by chance. Case reports 
and case series usually lack complete ascertain-
ment of cases in any population, definition or 
enumeration of the population at risk and esti-
mation of the expected number of cases in the 
absence of exposure.

The uncertainties that surround the inter-
pretation of case reports, case series and corre-
lation studies make them inadequate, except in 
rare instances, to form the sole basis for inferring 
a causal relationship. When taken together with 
case–control and cohort studies, however, these 
types of study may add materially to the judge-
ment that a causal relationship exists.

Epidemiological studies of benign neo-
plasms, presumed preneoplastic lesions and 
other end-points thought to be relevant to cancer 
are also reviewed. They may, in some instances, 
strengthen inferences drawn from studies of 
cancer itself.

(b) Quality of studies considered

It is necessary to take into account the pos-
sible roles of bias, confounding and chance in 
the interpretation of epidemiological studies. 

Bias is the effect of factors in study design or 
execution that lead erroneously to a stronger or 
weaker association than in fact exists between an 
agent and disease. Confounding is a form of bias 
that occurs when the relationship with disease is 
made to appear stronger or weaker than it truly is 
as a result of an association between the apparent 
causal factor and another factor that is associated 
with either an increase or decrease in the inci-
dence of the disease. The role of chance is related 
to biological variability and the influence of sam-
ple size on the precision of estimates of effect.

In evaluating the extent to which these fac-
tors have been minimized in an individual study, 
consideration is given to several aspects of design 
and analysis as described in the report of the 
study. For example, when suspicion of carcino-
genicity arises largely from a single small study, 
careful consideration is given when interpreting 
subsequent studies that included these data in an 
enlarged population. Most of these considera-
tions apply equally to case–control, cohort and 
correlation studies. Lack of clarity of any of these 
aspects in the reporting of a study can decrease 
its credibility and the weight given to it in the 
final evaluation of the exposure.

First, the study population, disease (or dis-
eases) and exposure should have been well 
defined by the authors. Cases of disease in the 
study population should have been identified in 
a way that was independent of the exposure of 
interest, and exposure should have been assessed 
in a way that was not related to disease status.

Second, the authors should have taken into 
account — in the study design and analysis — 
other variables that can influence the risk of dis-
ease and may have been related to the exposure 
of interest. Potential confounding by such vari-
ables should have been dealt with either in the 
design of the study, such as by matching, or in 
the analysis, by statistical adjustment. In cohort 
studies, comparisons with local rates of disease 
may or may not be more appropriate than those 
with national rates. Internal comparisons of 
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frequency of disease among individuals at differ-
ent levels of exposure are also desirable in cohort 
studies, since they minimize the potential for 
confounding related to the difference in risk fac-
tors between an external reference group and the 
study population.

Third, the authors should have reported the 
basic data on which the conclusions are founded, 
even if sophisticated statistical analyses were 
employed. At the very least, they should have 
given the numbers of exposed and unexposed 
cases and controls in a case–control study and 
the numbers of cases observed and expected in 
a cohort study. Further tabulations by time since 
exposure began and other temporal factors are 
also important. In a cohort study, data on all 
cancer sites and all causes of death should have 
been given, to reveal the possibility of reporting 
bias. In a case–control study, the effects of inves-
tigated factors other than the exposure of interest 
should have been reported.

Finally, the statistical methods used to obtain 
estimates of relative risk, absolute rates of can-
cer, confidence intervals and significance tests, 
and to adjust for confounding should have been 
clearly stated by the authors. These methods have 
been reviewed for case–control studies (Breslow 
& Day, 1980) and for cohort studies (Breslow & 
Day, 1987).

(c) Meta-analyses and pooled analyses

Independent epidemiological studies of the 
same agent may lead to results that are difficult 
to interpret. Combined analyses of data from 
multiple studies are a means of resolving this 
ambiguity, and well conducted analyses can be 
considered. There are two types of combined 
analysis. The first involves combining summary 
statistics such as relative risks from individual 
studies (meta-analysis) and the second involves a 
pooled analysis of the raw data from the individ-
ual studies (pooled analysis) (Greenland, 1998).

The advantages of combined analyses are 
increased precision due to increased sample size 
and the opportunity to explore potential con-
founders, interactions and modifying effects 
that may explain heterogeneity among studies in 
more detail. A disadvantage of combined analy-
ses is the possible lack of compatibility of data 
from various studies due to differences in sub-
ject recruitment, procedures of data collection, 
methods of measurement and effects of unmeas-
ured co-variates that may differ among studies. 
Despite these limitations, well conducted com-
bined analyses may provide a firmer basis than 
individual studies for drawing conclusions about 
the potential carcinogenicity of agents.

IARC may commission a meta-analysis or 
pooled analysis that is pertinent to a particular 
Monograph (see Part A, Section 4). Additionally, 
as a means of gaining insight from the results of 
multiple individual studies, ad hoc calculations 
that combine data from different studies may 
be conducted by the Working Group during 
the course of a Monograph meeting. The results 
of such original calculations, which would be 
specified in the text by presentation in square 
brackets, might involve updates of previously 
conducted analyses that incorporate the results 
of more recent studies or de-novo analyses. 
Irrespective of the source of data for the meta-
analyses and pooled analyses, it is important that 
the same criteria for data quality be applied as 
those that would be applied to individual studies 
and to ensure also that sources of heterogeneity 
between studies be taken into account.

(d) Temporal effects

Detailed analyses of both relative and abso-
lute risks in relation to temporal variables, such 
as age at first exposure, time since first exposure, 
duration of exposure, cumulative exposure, peak 
exposure (when appropriate) and time since 
cessation of exposure, are reviewed and sum-
marized when available. Analyses of temporal 
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relationships may be useful in making causal 
inferences. In addition, such analyses may sug-
gest whether a carcinogen acts early or late in the 
process of carcinogenesis, although, at best, they 
allow only indirect inferences about mechanisms 
of carcinogenesis.

(e) Use of biomarkers in epidemiological 
studies

Biomarkers indicate molecular, cellular or 
other biological changes and are increasingly 
used in epidemiological studies for various pur-
poses (IARC, 1991; Vainio et al., 1992; Toniolo 
et al., 1997; Vineis et al., 1999; Buffler et al., 2004). 
These may include evidence of exposure, of early 
effects, of cellular, tissue or organism responses, 
of individual susceptibility or host responses, 
and inference of a mechanism (see Part B, Section 
4b). This is a rapidly evolving field that encom-
passes developments in genomics, epigenomics 
and other emerging technologies.

Molecular epidemiological data that identify 
associations between genetic polymorphisms 
and interindividual differences in susceptibility 
to the agent(s) being evaluated may contribute 
to the identification of carcinogenic hazards to 
humans. If the polymorphism has been demon-
strated experimentally to modify the functional 
activity of the gene product in a manner that is 
consistent with increased susceptibility, these 
data may be useful in making causal inferences. 
Similarly, molecular epidemiological studies that 
measure cell functions, enzymes or metabolites 
that are thought to be the basis of susceptibil-
ity may provide evidence that reinforces biologi-
cal plausibility. It should be noted, however, that 
when data on genetic susceptibility originate 
from multiple comparisons that arise from sub-
group analyses, this can generate false-positive 
results and inconsistencies across studies, and 
such data therefore require careful evaluation. 
If the known phenotype of a genetic polymor-
phism can explain the carcinogenic mechanism 

of the agent being evaluated, data on this pheno-
type may be useful in making causal inferences.

(f) Criteria for causality

After the quality of individual epidemiologi-
cal studies of cancer has been summarized and 
assessed, a judgement is made concerning the 
strength of evidence that the agent in question 
is carcinogenic to humans. In making its judge-
ment, the Working Group considers several crite-
ria for causality (Hill, 1965). A strong association  
(e.g. a large relative risk) is more likely to indicate 
causality than a weak association, although it is 
recognized that estimates of effect of small mag-
nitude do not imply lack of causality and may be 
important if the disease or exposure is common. 
Associations that are replicated in several studies 
of the same design or that use different epidemi-
ological approaches or under different circum-
stances of exposure are more likely to represent 
a causal relationship than isolated observations 
from single studies. If there are inconsistent 
results among investigations, possible reasons 
are sought (such as differences in exposure), and 
results of studies that are judged to be of high 
quality are given more weight than those of stud-
ies that are judged to be methodologically less 
sound.

If the risk increases with the exposure, this is 
considered to be a strong indication of causality, 
although the absence of a graded response is not 
necessarily evidence against a causal relation-
ship. The demonstration of a decline in risk after 
cessation of or reduction in exposure in indi-
viduals or in whole populations also supports a 
causal interpretation of the findings.

Several scenarios may increase confidence in 
a causal relationship. On the one hand, an agent 
may be specific in causing tumours at one site or 
of one morphological type. On the other, carci-
nogenicity may be evident through the causation 
of multiple tumour types. Temporality, precision 
of estimates of effect, biological plausibility and 

19



IARC MONOGRAPHS – 100E

coherence of the overall database are consid-
ered. Data on biomarkers may be employed in 
an assessment of the biological plausibility of epi-
demiological observations.

Although rarely available, results from rand-
omized trials that show different rates of cancer 
among exposed and unexposed individuals pro-
vide particularly strong evidence for causality.

When several epidemiological studies show 
little or no indication of an association between 
an exposure and cancer, a judgement may be made 
that, in the aggregate, they show evidence of lack 
of carcinogenicity. Such a judgement requires 
first that the studies meet, to a sufficient degree, 
the standards of design and analysis described 
above. Specifically, the possibility that bias, con-
founding or misclassification of exposure or out-
come could explain the observed results should 
be considered and excluded with reasonable cer-
tainty. In addition, all studies that are judged to 
be methodologically sound should (a) be con-
sistent with an estimate of effect of unity for any 
observed level of exposure, (b) when considered 
together, provide a pooled estimate of relative 
risk that is at or near to unity, and (c) have a nar-
row confidence interval, due to sufficient popula-
tion size. Moreover, no individual study nor the 
pooled results of all the studies should show any 
consistent tendency that the relative risk of can-
cer increases with increasing level of exposure. 
It is important to note that evidence of lack of 
carcinogenicity obtained from several epidemio-
logical studies can apply only to the type(s) of 
cancer studied, to the dose levels reported, and to 
the intervals between first exposure and disease 
onset observed in these studies. Experience with 
human cancer indicates that the period from first 
exposure to the development of clinical cancer is 
sometimes longer than 20 years; latent periods 
substantially shorter than 30 years cannot pro-
vide evidence for lack of carcinogenicity.

3. Studies of cancer in experimental 
animals

All known human carcinogens that have been 
studied adequately for carcinogenicity in experi-
mental animals have produced positive results 
in one or more animal species (Wilbourn et al., 
1986; Tomatis et al., 1989). For several agents 
(e.g. aflatoxins, diethylstilbestrol, solar radiation, 
vinyl chloride), carcinogenicity in experimen-
tal animals was established or highly suspected 
before epidemiological studies confirmed their 
carcinogenicity in humans (Vainio et al., 1995). 
Although this association cannot establish that 
all agents that cause cancer in experimental ani-
mals also cause cancer in humans, it is biologically 
plausible that agents for which there is sufficient 
evidence of carcinogenicity in experimental ani-
mals (see Part B, Section 6b) also present a car-
cinogenic hazard to humans. Accordingly, in 
the absence of additional scientific information, 
these agents are considered to pose a carcinogenic 
hazard to humans. Examples of additional scien-
tific information are data that demonstrate that 
a given agent causes cancer in animals through 
a species-specific mechanism that does not oper-
ate in humans or data that demonstrate that the 
mechanism in experimental animals also oper-
ates in humans (see Part B, Section 6).

Consideration is given to all available long-
term studies of cancer in experimental animals 
with the agent under review (see Part A, Section 
4). In all experimental settings, the nature and 
extent of impurities or contaminants present in 
the agent being evaluated are given when avail-
able. Animal species, strain (including genetic 
background where applicable), sex, numbers per 
group, age at start of treatment, route of expo-
sure, dose levels, duration of exposure, survival 
and information on tumours (incidence, latency, 
severity or multiplicity of neoplasms or prene-
oplastic lesions) are reported. Those studies in 
experimental animals that are judged to be irrel-
evant to the evaluation or judged to be inadequate 
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(e.g. too short a duration, too few animals, poor 
survival; see below) may be omitted. Guidelines 
for conducting long-term carcinogenicity exper-
iments have been published (e.g. OECD, 2002).

Other studies considered may include: exper-
iments in which the agent was administered in 
the presence of factors that modify carcinogenic 
effects (e.g. initiation–promotion studies, co-
carcinogenicity studies and studies in geneti-
cally modified animals); studies in which the 
end-point was not cancer but a defined precan-
cerous lesion; experiments on the carcinogenic-
ity of known metabolites and derivatives; and 
studies of cancer in non-laboratory animals (e.g. 
livestock and companion animals) exposed to 
the agent.

For studies of mixtures, consideration is 
given to the possibility that changes in the phys-
icochemical properties of the individual sub-
stances may occur during collection, storage, 
extraction, concentration and delivery. Another 
consideration is that chemical and toxicological 
interactions of components in a mixture may 
alter dose–response relationships. The relevance 
to human exposure of the test mixture adminis-
tered in the animal experiment is also assessed. 
This may involve consideration of the following 
aspects of the mixture tested: (i) physical and 
chemical characteristics, (ii) identified constitu-
ents that may indicate the presence of a class of 
substances and (iii) the results of genetic toxicity 
and related tests.

The relevance of results obtained with an 
agent that is analogous (e.g. similar in structure 
or of a similar virus genus) to that being evalu-
ated is also considered. Such results may provide 
biological and mechanistic information that is 
relevant to the understanding of the process of 
carcinogenesis in humans and may strengthen 
the biological plausibility that the agent being 
evaluated is carcinogenic to humans (see Part B, 
Section 2f).

(a) Qualitative aspects

An assessment of carcinogenicity involves 
several considerations of qualitative impor-
tance, including (i) the experimental conditions 
under which the test was performed, including 
route, schedule and duration of exposure, spe-
cies, strain (including genetic background where 
applicable), sex, age and duration of follow-up; 
(ii) the consistency of the results, for example, 
across species and target organ(s); (iii) the spec-
trum of neoplastic response, from preneoplastic 
lesions and benign tumours to malignant neo-
plasms; and (iv) the possible role of modifying 
factors.

Considerations of importance in the inter-
pretation and evaluation of a particular study 
include: (i) how clearly the agent was defined and, 
in the case of mixtures, how adequately the sam-
ple characterization was reported; (ii) whether 
the dose was monitored adequately, particu-
larly in inhalation experiments; (iii) whether the 
doses, duration of treatment and route of expo-
sure were appropriate; (iv) whether the survival 
of treated animals was similar to that of con-
trols; (v) whether there were adequate numbers 
of animals per group; (vi) whether both male and 
female animals were used; (vii) whether animals 
were allocated randomly to groups; (viii) whether 
the duration of observation was adequate; and 
(ix) whether the data were reported and analysed 
adequately.

When benign tumours (a) occur together 
with and originate from the same cell type as 
malignant tumours in an organ or tissue in a 
particular study and (b) appear to represent a 
stage in the progression to malignancy, they are 
usually combined in the assessment of tumour 
incidence (Huff et al., 1989). The occurrence of 
lesions presumed to be preneoplastic may in cer-
tain instances aid in assessing the biological plau-
sibility of any neoplastic response observed. If an 
agent induces only benign neoplasms that appear 
to be end-points that do not readily undergo 
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transition to malignancy, the agent should nev-
ertheless be suspected of being carcinogenic and 
requires further investigation.

(b) Quantitative aspects

The probability that tumours will occur may 
depend on the species, sex, strain, genetic back-
ground and age of the animal, and on the dose, 
route, timing and duration of the exposure. 
Evidence of an increased incidence of neoplasms 
with increasing levels of exposure strengthens 
the inference of a causal association between the 
exposure and the development of neoplasms.

The form of the dose–response relation-
ship can vary widely, depending on the par-
ticular agent under study and the target organ. 
Mechanisms such as induction of DNA dam-
age or inhibition of repair, altered cell division 
and cell death rates and changes in intercellular 
communication are important determinants of 
dose–response relationships for some carcino-
gens. Since many chemicals require metabolic 
activation before being converted to their reac-
tive intermediates, both metabolic and toxicoki-
netic aspects are important in determining the 
dose–response pattern. Saturation of steps such 
as absorption, activation, inactivation and elim-
ination may produce nonlinearity in the dose–
response relationship (Hoel et al., 1983; Gart 
et al., 1986), as could saturation of processes such 
as DNA repair. The dose–response relationship 
can also be affected by differences in survival 
among the treatment groups.

(c) Statistical analyses

Factors considered include the adequacy of 
the information given for each treatment group: 
(i) number of animals studied and number exam-
ined histologically, (ii) number of animals with a 
given tumour type and (iii) length of survival. 
The statistical methods used should be clearly 
stated and should be the generally accepted tech-
niques refined for this purpose (Peto et al., 1980; 

Gart et al., 1986; Portier & Bailer, 1989; Bieler & 
Williams, 1993). The choice of the most appro-
priate statistical method requires consideration 
of whether or not there are differences in sur-
vival among the treatment groups; for example, 
reduced survival because of non-tumour-related 
mortality can preclude the occurrence of 
tumours later in life. When detailed informa-
tion on survival is not available, comparisons 
of the proportions of tumour-bearing animals 
among the effective number of animals (alive at 
the time the first tumour was discovered) can 
be useful when significant differences in sur-
vival occur before tumours appear. The lethal-
ity of the tumour also requires consideration: for 
rapidly fatal tumours, the time of death provides 
an indication of the time of tumour onset and 
can be assessed using life-table methods; non-
fatal or incidental tumours that do not affect 
survival can be assessed using methods such as 
the Mantel-Haenzel test for changes in tumour 
prevalence. Because tumour lethality is often dif-
ficult to determine, methods such as the Poly-K 
test that do not require such information can 
also be used. When results are available on the 
number and size of tumours seen in experimen-
tal animals (e.g. papillomas on mouse skin, liver 
tumours observed through nuclear magnetic 
resonance tomography), other more complicated 
statistical procedures may be needed (Sherman 
et al., 1994; Dunson et al., 2003).

Formal statistical methods have been devel-
oped to incorporate historical control data into 
the analysis of data from a given experiment. 
These methods assign an appropriate weight to 
historical and concurrent controls on the basis 
of the extent of between-study and within-study 
variability: less weight is given to historical con-
trols when they show a high degree of variability, 
and greater weight when they show little varia-
bility. It is generally not appropriate to discount 
a tumour response that is significantly increased 
compared with concurrent controls by arguing 
that it falls within the range of historical controls, 
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particularly when historical controls show high 
between-study variability and are, thus, of little 
relevance to the current experiment. In analys-
ing results for uncommon tumours, however, the 
analysis may be improved by considering histori-
cal control data, particularly when between-study 
variability is low. Historical controls should be 
selected to resemble the concurrent controls as 
closely as possible with respect to species, gen-
der and strain, as well as other factors such as 
basal diet and general laboratory environment, 
which may affect tumour-response rates in con-
trol animals (Haseman et al., 1984; Fung et al., 
1996; Greim et al., 2003).

Although meta-analyses and combined anal-
yses are conducted less frequently for animal 
experiments than for epidemiological studies 
due to differences in animal strains, they can be 
useful aids in interpreting animal data when the 
experimental protocols are sufficiently similar.

4. Mechanistic and other relevant 
data

Mechanistic and other relevant data may pro-
vide evidence of carcinogenicity and also help in 
assessing the relevance and importance of find-
ings of cancer in animals and in humans. The 
nature of the mechanistic and other relevant data 
depends on the biological activity of the agent 
being considered. The Working Group considers 
representative studies to give a concise descrip-
tion of the relevant data and issues that they con-
sider to be important; thus, not every available 
study is cited. Relevant topics may include toxi-
cokinetics, mechanisms of carcinogenesis, sus-
ceptible individuals, populations and life-stages, 
other relevant data and other adverse effects. 
When data on biomarkers are informative about 
the mechanisms of carcinogenesis, they are 
included in this section.

These topics are not mutually exclusive; thus, 
the same studies may be discussed in more than 

one subsection. For example, a mutation in a 
gene that codes for an enzyme that metabolizes 
the agent under study could be discussed in the 
subsections on toxicokinetics, mechanisms and 
individual susceptibility if it also exists as an 
inherited polymorphism.

(a) Toxicokinetic data

Toxicokinetics refers to the absorption, dis-
tribution, metabolism and elimination of agents 
in humans, experimental animals and, where 
relevant, cellular systems. Examples of kinetic 
factors that may affect dose–response relation-
ships include uptake, deposition, biopersis-
tence and half-life in tissues, protein binding, 
metabolic activation and detoxification. Studies 
that indicate the metabolic fate of the agent in 
humans and in experimental animals are sum-
marized briefly, and comparisons of data from 
humans and animals are made when possible. 
Comparative information on the relationship 
between exposure and the dose that reaches the 
target site may be important for the extrapola-
tion of hazards between species and in clarifying 
the role of in-vitro findings.

(b) Data on mechanisms of carcinogenesis

To provide focus, the Working Group 
attempts to identify the possible mechanisms by 
which the agent may increase the risk of cancer. 
For each possible mechanism, a representative 
selection of key data from humans and experi-
mental systems is summarized. Attention is 
given to gaps in the data and to data that suggests 
that more than one mechanism may be operat-
ing. The relevance of the mechanism to humans 
is discussed, in particular, when mechanistic 
data are derived from experimental model sys-
tems. Changes in the affected organs, tissues or 
cells can be divided into three non-exclusive lev-
els as described below.
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(i) Changes in physiology

Physiological changes refer to exposure-
related modifications to the physiology and/or 
response of cells, tissues and organs. Examples 
of potentially adverse physiological changes 
include mitogenesis, compensatory cell division, 
escape from apoptosis and/or senescence, pres-
ence of inflammation, hyperplasia, metaplasia 
and/or preneoplasia, angiogenesis, alterations in 
cellular adhesion, changes in steroidal hormones 
and changes in immune surveillance.

(ii) Functional changes at the cellular level

Functional changes refer to exposure-related 
alterations in the signalling pathways used by 
cells to manage critical processes that are related 
to increased risk for cancer. Examples of func-
tional changes include modified activities of 
enzymes involved in the metabolism of xenobi-
otics, alterations in the expression of key genes 
that regulate DNA repair, alterations in cyclin-
dependent kinases that govern cell cycle progres-
sion, changes in the patterns of post-translational 
modifications of proteins, changes in regula-
tory factors that alter apoptotic rates, changes 
in the secretion of factors related to the stimula-
tion of DNA replication and transcription and 
changes in gap–junction-mediated intercellular 
communication.

(iii) Changes at the molecular level

Molecular changes refer to exposure-related 
changes in key cellular structures at the molec-
ular level, including, in particular, genotoxicity. 
Examples of molecular changes include forma-
tion of DNA adducts and DNA strand breaks, 
mutations in genes, chromosomal aberrations, 
aneuploidy and changes in DNA methylation 
patterns. Greater emphasis is given to irrevers-
ible effects.

The use of mechanistic data in the identifica-
tion of a carcinogenic hazard is specific to the 
mechanism being addressed and is not readily 

described for every possible level and mechanism 
discussed above.

Genotoxicity data are discussed here to illus-
trate the key issues involved in the evaluation of 
mechanistic data.

Tests for genetic and related effects are 
described in view of the relevance of gene muta-
tion and chromosomal aberration/aneuploidy 
to carcinogenesis (Vainio et al., 1992; McGregor 
et al., 1999). The adequacy of the reporting of 
sample characterization is considered and, when 
necessary, commented upon; with regard to 
complex mixtures, such comments are similar 
to those described for animal carcinogenicity 
tests. The available data are interpreted critically 
according to the end-points detected, which 
may include DNA damage, gene mutation, sister 
chromatid exchange, micronucleus formation, 
chromosomal aberrations and aneuploidy. The 
concentrations employed are given, and men-
tion is made of whether the use of an exogenous 
metabolic system in vitro affected the test result. 
These data are listed in tabular form by phyloge-
netic classification.

Positive results in tests using prokary-
otes, lower eukaryotes, insects, plants and cul-
tured mammalian cells suggest that genetic and 
related effects could occur in mammals. Results 
from such tests may also give information on 
the types of genetic effect produced and on the 
involvement of metabolic activation. Some end-
points described are clearly genetic in nature 
(e.g. gene mutations), while others are associated 
with genetic effects (e.g. unscheduled DNA syn-
thesis). In-vitro tests for tumour promotion, cell 
transformation and gap–junction intercellular 
communication may be sensitive to changes that 
are not necessarily the result of genetic altera-
tions but that may have specific relevance to the 
process of carcinogenesis. Critical appraisals 
of these tests have been published (Montesano 
et al., 1986; McGregor et al., 1999).

Genetic or other activity manifest in humans 
and experimental mammals is regarded to be of 
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greater relevance than that in other organisms. 
The demonstration that an agent can induce 
gene and chromosomal mutations in mammals 
in vivo indicates that it may have carcinogenic 
activity. Negative results in tests for mutagenicity 
in selected tissues from animals treated in vivo 
provide less weight, partly because they do not 
exclude the possibility of an effect in tissues other 
than those examined. Moreover, negative results 
in short-term tests with genetic end-points can-
not be considered to provide evidence that rules 
out the carcinogenicity of agents that act through 
other mechanisms (e.g. receptor-mediated 
effects, cellular toxicity with regenerative cell 
division, peroxisome proliferation) (Vainio et al., 
1992). Factors that may give misleading results 
in short-term tests have been discussed in detail 
elsewhere (Montesano et al., 1986; McGregor 
et al., 1999).

When there is evidence that an agent acts by 
a specific mechanism that does not involve gen-
otoxicity (e.g. hormonal dysregulation, immune 
suppression, and formation of calculi and other 
deposits that cause chronic irritation), that evi-
dence is presented and reviewed critically in the 
context of rigorous criteria for the operation of 
that mechanism in carcinogenesis (e.g. Capen 
et al., 1999).

For biological agents such as viruses, bacteria 
and parasites, other data relevant to carcinogenic-
ity may include descriptions of the pathology of 
infection, integration and expression of viruses, 
and genetic alterations seen in human tumours. 
Other observations that might comprise cellu-
lar and tissue responses to infection, immune 
response and the presence of tumour markers 
are also considered.

For physical agents that are forms of radia-
tion, other data relevant to carcinogenicity may 
include descriptions of damaging effects at the 
physiological, cellular and molecular level, as 
for chemical agents, and descriptions of how 
these effects occur. ‘Physical agents’ may also be 
considered to comprise foreign bodies, such as 

surgical implants of various kinds, and poorly 
soluble fibres, dusts and particles of various 
sizes, the pathogenic effects of which are a result 
of their physical presence in tissues or body 
cavities. Other relevant data for such materials 
may include characterization of cellular, tissue 
and physiological reactions to these materi-
als and descriptions of pathological conditions 
other than neoplasia with which they may be 
associated.

(c) Other data relevant to mechanisms

A description is provided of any structure–
activity relationships that may be relevant to an 
evaluation of the carcinogenicity of an agent, the 
toxicological implications of the physical and 
chemical properties, and any other data relevant 
to the evaluation that are not included elsewhere.

High-output data, such as those derived from 
gene expression microarrays, and high-through-
put data, such as those that result from testing 
hundreds of agents for a single end-point, pose a 
unique problem for the use of mechanistic data 
in the evaluation of a carcinogenic hazard. In 
the case of high-output data, there is the possi-
bility to overinterpret changes in individual end-
points (e.g. changes in expression in one gene) 
without considering the consistency of that find-
ing in the broader context of the other end-points 
(e.g. other genes with linked transcriptional con-
trol). High-output data can be used in assessing 
mechanisms, but all end-points measured in a 
single experiment need to be considered in the 
proper context. For high-throughput data, where 
the number of observations far exceeds the num-
ber of end-points measured, their utility for iden-
tifying common mechanisms across multiple 
agents is enhanced. These data can be used to 
identify mechanisms that not only seem plausi-
ble, but also have a consistent pattern of carci-
nogenic response across entire classes of related 
compounds.
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(d) Susceptibility data

Individuals, populations and life-stages may 
have greater or lesser susceptibility to an agent, 
based on toxicokinetics, mechanisms of carcino-
genesis and other factors. Examples of host and 
genetic factors that affect individual susceptibil-
ity include sex, genetic polymorphisms of genes 
involved in the metabolism of the agent under 
evaluation, differences in metabolic capacity due 
to life-stage or the presence of disease, differ-
ences in DNA repair capacity, competition for 
or alteration of metabolic capacity by medica-
tions or other chemical exposures, pre-existing 
hormonal imbalance that is exacerbated by a 
chemical exposure, a suppressed immune sys-
tem, periods of higher-than-usual tissue growth 
or regeneration and genetic polymorphisms that 
lead to differences in behaviour (e.g. addiction). 
Such data can substantially increase the strength 
of the evidence from epidemiological data and 
enhance the linkage of in-vivo and in-vitro labo-
ratory studies to humans.

(e) Data on other adverse effects

Data on acute, subchronic and chronic 
adverse effects relevant to the cancer evaluation 
are summarized. Adverse effects that confirm 
distribution and biological effects at the sites of 
tumour development, or alterations in physiol-
ogy that could lead to tumour development, are 
emphasized. Effects on reproduction, embryonic 
and fetal survival and development are summa-
rized briefly. The adequacy of epidemiological 
studies of reproductive outcome and genetic and 
related effects in humans is judged by the same 
criteria as those applied to epidemiological stud-
ies of cancer, but fewer details are given.

5. Summary

This section is a summary of data presented 
in the preceding sections. Summaries can be 

found on the Monographs programme web site 
(http://monographs.iarc.fr).

(a) Exposure data

Data are summarized, as appropriate, on the 
basis of elements such as production, use, occur-
rence and exposure levels in the workplace and 
environment and measurements in human tis-
sues and body fluids. Quantitative data and time 
trends are given to compare exposures in dif-
ferent occupations and environmental settings. 
Exposure to biological agents is described in 
terms of transmission, prevalence and persis-
tence of infection.

(b) Cancer in humans

Results of epidemiological studies pertinent 
to an assessment of human carcinogenicity are 
summarized. When relevant, case reports and 
correlation studies are also summarized. The tar-
get organ(s) or tissue(s) in which an increase in 
cancer was observed is identified. Dose–response 
and other quantitative data may be summarized 
when available.

(c) Cancer in experimental animals

Data relevant to an evaluation of carcino-
genicity in animals are summarized. For each 
animal species, study design and route of admin-
istration, it is stated whether an increased inci-
dence, reduced latency, or increased severity 
or multiplicity of neoplasms or preneoplastic 
lesions were observed, and the tumour sites are 
indicated. If the agent produced tumours after 
prenatal exposure or in single-dose experiments, 
this is also mentioned. Negative findings, inverse 
relationships, dose–response and other quantita-
tive data are also summarized.

(d) Mechanistic and other relevant data

Data relevant to the toxicokinetics (absorp-
tion, distribution, metabolism, elimination) and 
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the possible mechanism(s) of carcinogenesis (e.g. 
genetic toxicity, epigenetic effects) are summa-
rized. In addition, information on susceptible 
individuals, populations and life-stages is sum-
marized. This section also reports on other toxic 
effects, including reproductive and developmen-
tal effects, as well as additional relevant data that 
are considered to be important.

6. Evaluation and rationale

Evaluations of the strength of the evidence for 
carcinogenicity arising from human and experi-
mental animal data are made, using standard 
terms. The strength of the mechanistic evidence 
is also characterized.

It is recognized that the criteria for these 
evaluations, described below, cannot encompass 
all of the factors that may be relevant to an eval-
uation of carcinogenicity. In considering all of 
the relevant scientific data, the Working Group 
may assign the agent to a higher or lower cat-
egory than a strict interpretation of these criteria 
would indicate.

These categories refer only to the strength of 
the evidence that an exposure is carcinogenic 
and not to the extent of its carcinogenic activ-
ity (potency). A classification may change as new 
information becomes available.

An evaluation of the degree of evidence is lim-
ited to the materials tested, as defined physically, 
chemically or biologically. When the agents eval-
uated are considered by the Working Group to be 
sufficiently closely related, they may be grouped 
together for the purpose of a single evaluation of 
the degree of evidence.

(a) Carcinogenicity in humans

The evidence relevant to carcinogenicity from 
studies in humans is classified into one of the fol-
lowing categories:

Sufficient evidence of carcinogenicity: 
The Working Group considers that a causal 

relationship has been established between expo-
sure to the agent and human cancer. That is, a 
positive relationship has been observed between 
the exposure and cancer in studies in which 
chance, bias and confounding could be ruled 
out with reasonable confidence. A statement that 
there is sufficient evidence is followed by a sepa-
rate sentence that identifies the target organ(s) or 
tissue(s) where an increased risk of cancer was 
observed in humans. Identification of a specific 
target organ or tissue does not preclude the pos-
sibility that the agent may cause cancer at other 
sites.

Limited evidence of carcinogenicity:  
A positive association has been observed 
between exposure to the agent and cancer for 
which a causal interpretation is considered by 
the Working Group to be credible, but chance, 
bias or confounding could not be ruled out with 
reasonable confidence.

Inadequate evidence of carcinogenicity: The 
available studies are of insufficient quality, con-
sistency or statistical power to permit a conclu-
sion regarding the presence or absence of a causal 
association between exposure and cancer, or no 
data on cancer in humans are available.

Evidence suggesting lack of carcinogenicity: 
There are several adequate studies covering the 
full range of levels of exposure that humans are 
known to encounter, which are mutually consist-
ent in not showing a positive association between 
exposure to the agent and any studied cancer 
at any observed level of exposure. The results 
from these studies alone or combined should 
have narrow confidence intervals with an upper 
limit close to the null value (e.g. a relative risk 
of 1.0). Bias and confounding should be ruled 
out with reasonable confidence, and the studies 
should have an adequate length of follow-up. A 
conclusion of evidence suggesting lack of carcino-
genicity is inevitably limited to the cancer sites, 
conditions and levels of exposure, and length of 
observation covered by the available studies. In 

27



IARC MONOGRAPHS – 100E

addition, the possibility of a very small risk at the 
levels of exposure studied can never be excluded.

In some instances, the above categories may 
be used to classify the degree of evidence related 
to carcinogenicity in specific organs or tissues.

When the available epidemiological stud-
ies pertain to a mixture, process, occupation or 
industry, the Working Group seeks to identify 
the specific agent considered most likely to be 
responsible for any excess risk. The evaluation 
is focused as narrowly as the available data on 
exposure and other aspects permit.

(b) Carcinogenicity in experimental 
animals

Carcinogenicity in experimental animals can 
be evaluated using conventional bioassays, bioas-
says that employ genetically modified animals, 
and other in-vivo bioassays that focus on one or 
more of the critical stages of carcinogenesis. In 
the absence of data from conventional long-term 
bioassays or from assays with neoplasia as the 
end-point, consistently positive results in several 
models that address several stages in the multi-
stage process of carcinogenesis should be con-
sidered in evaluating the degree of evidence of 
carcinogenicity in experimental animals.

The evidence relevant to carcinogenicity in 
experimental animals is classified into one of the 
following categories:

Sufficient evidence of carcinogenicity: The 
Working Group considers that a causal relation-
ship has been established between the agent and 
an increased incidence of malignant neoplasms 
or of an appropriate combination of benign and 
malignant neoplasms in (a) two or more species 
of animals or (b) two or more independent stud-
ies in one species carried out at different times 
or in different laboratories or under different 
protocols. An increased incidence of tumours in 
both sexes of a single species in a well conducted 
study, ideally conducted under Good Laboratory 
Practices, can also provide sufficient evidence.

A single study in one species and sex might be 
considered to provide sufficient evidence of carci-
nogenicity when malignant neoplasms occur to 
an unusual degree with regard to incidence, site, 
type of tumour or age at onset, or when there are 
strong findings of tumours at multiple sites.

Limited evidence of carcinogenicity:  
The data suggest a carcinogenic effect but are 
limited for making a definitive evaluation 
because, e.g. (a) the evidence of carcinogenicity 
is restricted to a single experiment; (b) there are 
unresolved questions regarding the adequacy of 
the design, conduct or interpretation of the stud-
ies; (c) the agent increases the incidence only of 
benign neoplasms or lesions of uncertain neo-
plastic potential; or (d) the evidence of carcino-
genicity is restricted to studies that demonstrate 
only promoting activity in a narrow range of tis-
sues or organs.

Inadequate evidence of carcinogenicity:  
The studies cannot be interpreted as showing 
either the presence or absence of a carcinogenic 
effect because of major qualitative or quantitative 
limitations, or no data on cancer in experimental 
animals are available.

Evidence suggesting lack of carcinogenicity: 
Adequate studies involving at least two species 
are available which show that, within the limits 
of the tests used, the agent is not carcinogenic. 
A conclusion of evidence suggesting lack of car-
cinogenicity is inevitably limited to the species, 
tumour sites, age at exposure, and conditions 
and levels of exposure studied.

(c) Mechanistic and other relevant data

Mechanistic and other evidence judged to 
be relevant to an evaluation of carcinogenicity 
and of sufficient importance to affect the over-
all evaluation is highlighted. This may include 
data on preneoplastic lesions, tumour pathol-
ogy, genetic and related effects, structure–activ-
ity relationships, metabolism and toxicokinetics, 
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physicochemical parameters and analogous bio-
logical agents.

The strength of the evidence that any carcino-
genic effect observed is due to a particular mech-
anism is evaluated, using terms such as ‘weak’, 
‘moderate’ or ‘strong’. The Working Group then 
assesses whether that particular mechanism is 
likely to be operative in humans. The strongest 
indications that a particular mechanism oper-
ates in humans derive from data on humans 
or biological specimens obtained from exposed 
humans. The data may be considered to be espe-
cially relevant if they show that the agent in ques-
tion has caused changes in exposed humans that 
are on the causal pathway to carcinogenesis. 
Such data may, however, never become available, 
because it is at least conceivable that certain com-
pounds may be kept from human use solely on 
the basis of evidence of their toxicity and/or car-
cinogenicity in experimental systems.

The conclusion that a mechanism operates in 
experimental animals is strengthened by find-
ings of consistent results in different experimen-
tal systems, by the demonstration of biological 
plausibility and by coherence of the overall data-
base. Strong support can be obtained from stud-
ies that challenge the hypothesized mechanism 
experimentally, by demonstrating that the sup-
pression of key mechanistic processes leads to 
the suppression of tumour development. The 
Working Group considers whether multiple 
mechanisms might contribute to tumour devel-
opment, whether different mechanisms might 
operate in different dose ranges, whether sepa-
rate mechanisms might operate in humans and 
experimental animals and whether a unique 
mechanism might operate in a susceptible group. 
The possible contribution of alternative mecha-
nisms must be considered before concluding 
that tumours observed in experimental animals 
are not relevant to humans. An uneven level of 
experimental support for different mechanisms 
may reflect that disproportionate resources 

have been focused on investigating a favoured 
mechanism.

For complex exposures, including occupa-
tional and industrial exposures, the chemical 
composition and the potential contribution of 
carcinogens known to be present are considered 
by the Working Group in its overall evaluation 
of human carcinogenicity. The Working Group 
also determines the extent to which the materi-
als tested in experimental systems are related to 
those to which humans are exposed.

(d) Overall evaluation

Finally, the body of evidence is considered as 
a whole, to reach an overall evaluation of the car-
cinogenicity of the agent to humans.

An evaluation may be made for a group of 
agents that have been evaluated by the Working 
Group. In addition, when supporting data indi-
cate that other related agents, for which there is 
no direct evidence of their capacity to induce 
cancer in humans or in animals, may also be 
carcinogenic, a statement describing the ration-
ale for this conclusion is added to the evaluation 
narrative; an additional evaluation may be made 
for this broader group of agents if the strength of 
the evidence warrants it.

The agent is described according to the word-
ing of one of the following categories, and the 
designated group is given. The categorization of 
an agent is a matter of scientific judgement that 
reflects the strength of the evidence derived from 
studies in humans and in experimental animals 
and from mechanistic and other relevant data.

Group 1: The agent is carcinogenic to 
humans.

This category is used when there is suffi-
cient evidence of carcinogenicity in humans. 
Exceptionally, an agent may be placed in this 
category when evidence of carcinogenicity in 
humans is less than sufficient but there is suffi-
cient evidence of carcinogenicity in experimental 
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animals and strong evidence in exposed humans 
that the agent acts through a relevant mechanism 
of carcinogenicity.

Group 2.
This category includes agents for which, at 

one extreme, the degree of evidence of carcino-
genicity in humans is almost sufficient, as well as 
those for which, at the other extreme, there are 
no human data but for which there is evidence of 
carcinogenicity in experimental animals. Agents 
are assigned to either Group 2A (probably car-
cinogenic to humans) or Group 2B (possibly 
carcinogenic to humans) on the basis of epide-
miological and experimental evidence of carci-
nogenicity and mechanistic and other relevant 
data. The terms probably carcinogenic and possi-
bly carcinogenic have no quantitative significance 
and are used simply as descriptors of different 
levels of evidence of human carcinogenicity, with 
probably carcinogenic signifying a higher level of 
evidence than possibly carcinogenic.

Group 2A: The agent is probably 
carcinogenic to humans.

This category is used when there is limited 
evidence of carcinogenicity in humans and suffi-
cient evidence of carcinogenicity in experimental 
animals. In some cases, an agent may be classi-
fied in this category when there is inadequate evi-
dence of carcinogenicity in humans and sufficient 
evidence of carcinogenicity in experimental ani-
mals and strong evidence that the carcinogenesis 
is mediated by a mechanism that also operates 
in humans. Exceptionally, an agent may be clas-
sified in this category solely on the basis of lim-
ited evidence of carcinogenicity in humans. An 
agent may be assigned to this category if it clearly 
belongs, based on mechanistic considerations, to 
a class of agents for which one or more members 
have been classified in Group 1 or Group 2A.

Group 2B: The agent is possibly carcinogenic 
to humans.

This category is used for agents for which 
there is limited evidence of carcinogenicity in 
humans and less than sufficient evidence of car-
cinogenicity in experimental animals. It may 
also be used when there is inadequate evidence 
of carcinogenicity in humans but there is suffi-
cient evidence of carcinogenicity in experimental 
animals. In some instances, an agent for which 
there is inadequate evidence of carcinogenicity in 
humans and less than sufficient evidence of car-
cinogenicity in experimental animals together 
with supporting evidence from mechanistic and 
other relevant data may be placed in this group. 
An agent may be classified in this category solely 
on the basis of strong evidence from mechanistic 
and other relevant data.

Group 3: The agent is not classifiable as to its 
carcinogenicity to humans.

This category is used most commonly for 
agents for which the evidence of carcinogenicity 
is inadequate in humans and inadequate or lim-
ited in experimental animals.

Exceptionally, agents for which the evidence 
of carcinogenicity is inadequate in humans but 
sufficient in experimental animals may be placed 
in this category when there is strong evidence 
that the mechanism of carcinogenicity in experi-
mental animals does not operate in humans.

Agents that do not fall into any other group 
are also placed in this category.

An evaluation in Group 3 is not a determi-
nation of non-carcinogenicity or overall safety. 
It often means that further research is needed, 
especially when exposures are widespread or 
the cancer data are consistent with differing 
interpretations.

Group 4: The agent is probably not 
carcinogenic to humans.

This category is used for agents for which 
there is evidence suggesting lack of carcinogenicity 
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in humans and in experimental animals. In 
some instances, agents for which there is inad-
equate evidence of carcinogenicity in humans 
but evidence suggesting lack of carcinogenicity in 
experimental animals, consistently and strongly 
supported by a broad range of mechanistic and 
other relevant data, may be classified in this 
group.

(e) Rationale

The reasoning that the Working Group used 
to reach its evaluation is presented and discussed. 
This section integrates the major findings from 
studies of cancer in humans, studies of cancer 
in experimental animals, and mechanistic and 
other relevant data. It includes concise state-
ments of the principal line(s) of argument that 
emerged, the conclusions of the Working Group 
on the strength of the evidence for each group of 
studies, citations to indicate which studies were 
pivotal to these conclusions, and an explanation 
of the reasoning of the Working Group in weigh-
ing data and making evaluations. When there 
are significant differences of scientific interpre-
tation among Working Group Members, a brief 
summary of the alternative interpretations is 
provided, together with their scientific rationale 
and an indication of the relative degree of sup-
port for each alternative.
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GENERAL REMARKS
Part E of Volume 100 of the IARC Monographs on the Evaluation of Carcinogenic Risks to 
Humans contains updated assessments of personal habits and indoor combustions that 
were first classified as carcinogenic to humans (Group 1) in Volumes 1–99. 

 Volume 100 – General Information

About half of the agents classified in Group 1 were last reviewed more than 20 years ago, before 
mechanistic studies became prominent in evaluations of carcinogenicity. In addition, more recent 
epidemiological studies and animal cancer bioassays have demonstrated that many cancer hazards 
reported in earlier studies were later observed in other organs or through different exposure sce-
narios. Much can be learned by updating the assessments of agents that are known to cause cancer 
in humans. Accordingly, IARC has selected A Review of Human Carcinogens to be the topic for 
Volume 100. It is hoped that this volume, by compiling the knowledge accumulated through several 
decades of cancer research, will stimulate cancer prevention activities worldwide, and will be a valued 
resource for future research to identify other agents suspected of causing cancer in humans.

Volume 100 was developed by six separate Working Groups:
Pharmaceuticals
Biological agents
Arsenic, metals, fibres, and dusts
Radiation
Personal habits and indoor combustions
Chemical agents and related occupations

Because the scope of Volume 100 is so broad, its Monographs are focused on key information. 
Each Monograph presents a description of a carcinogenic agent and how people are exposed, criti-
cal overviews of the epidemiological studies and animal cancer bioassays, and a concise review of 
the toxicokinetic properties of the agent, plausible mechanisms of carcinogenesis, and potentially 
susceptible populations, and life-stages. Details of the design and results of individual epidemiologi-
cal studies and animal cancer bioassays are summarized in tables. Short tables that highlight key 
results appear in the printed version of Volume 100, and more extensive tables that include all stud-
ies appear on the website of the IARC Monographs programme (http://monographs.iarc.fr). For a few 
well-established associations (for example, tobacco smoke and human lung cancer), it was impracti-
cal to include all studies, even in the website tables. In those instances, the rationale for inclusion or 
exclusion of sets of studies is given.
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Each section of Volume 100 was reviewed by a subgroup of the Working Group with appropriate 
subject expertise; then all sections of each Monograph were discussed together in a plenary session 
of the full Working Group. As a result, the evaluation statements and other conclusions reflect the 
views of the Working Group as a whole.

Volume 100 compiles information on tumour sites and mechanisms of carcinogenesis. This infor-
mation will be used in two scientific publications that may be considered as annexes to this volume. 
One publication, Tumour Site Concordance between Humans and Experimental Animals, will ana-
lyse the correspondence of tumour sites among humans and different animal species. It will dis-
cuss the predictive value of different animal tumours for cancer in humans, and perhaps identify 
human tumour sites for which there are no good animal models. Another publication, Mechanisms 
Involved in Human Carcinogenesis, will describe mechanisms known to or likely to cause cancer in 
humans. Joint consideration of multiple agents that act through similar mechanisms should facilitate 
the development of a more comprehensive discussion of these mechanisms. Because susceptibility 
often has its basis in a mechanism, this could also facilitate a more confident and precise description 
of populations that may be susceptible to agents acting through each mechanism. This publication 
will also suggest biomarkers that could render future research more informataive. In this way, IARC 
hopes that Volume 100 will serve to improve the design of future cancer studies.

Specific remarks about the agents reviewed in this volume

Billions of people around the world are exposed to one or several of these agents as part of their 
everyday life. A common theme is that they cause adverse health effects at levels of exposure that 
are commonly experienced, and collectively are responsible for a disproportionately high portion 
of the global burden of cancer. At the same time, some of these agents, notably tobacco in all forms 
and alcoholic beverages, are also mostly discretionary, although marketing and societal influences 
have played an important role in promoting their use. Therefore, exposure to these agents is largely 
preventable, through a combination of individual action and governmental intervention, the lat-
ter being especially important, for example, in promoting smoking cessation or smoke-free indoor 
environments.

Tobacco consumption is the single largest cause of cancer in the world. Tobacco smoking was 
evaluated as providing sufficient evidence of carcinogenicity in humans in Volumes 38 (IARC, 1986) 
and 83 (IARC, 2004a). Some types of smokeless tobacco were evaluated in Volume 37 (IARC, 1985) 
as having sufficient evidence of carcinogenicity in humans; two decades later, Volume 89 (IARC, 2007) 
classified all types of smokeless tobacco in Group 1. In this volume, the tobacco-specific nitrosamines 
NNK and NNN were also classified in Group 1 based on strong mechanistic evidence in exposed 
humans (IARC, 2007). Betel quid, a preparation that includes areca nut with betel leaf and other 
ingredients, and often tobacco, is chewed by over 600 million people in southern Asia and in Asian-
migrant communities across the world. Betel quid with tobacco was evaluated in Volume 37 as having 
sufficient evidence of carcinogenicity in humans, and this classification was reaffirmed and extended 
to betel quid without tobacco in Volume 85 (IARC, 2004b). In the latter volume, areca nut, the com-
mon ingredient in all betel quid preparations, was also classified in Group 1. Alcohol consumption, 
another major contributor to the global burden of cancer, was classified in Group 1 in Volumes 44 
(IARC, 1988) and 96 (IARC, 2010a). Ethanol and acetaldehyde associated with alcoholic beverage 
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consumption were specifically mentioned as carcinogenic agents in the latter volume. Indoor smoke 
from solid fuels is yet another major contributor to the global burden of disease. The highest indi-
vidual risks are seen in households that use unvented coal stoves for cooking and heating, an expo-
sure that was classified in Group 1 in Volume 95 (IARC, 2010b). Finally, salted fish was evaluated in 
Volume 56 (IARC, 1993), with Chinese-style salted fish classified in Group 1.

1. Alcoholic beverages, ethanol and acetaldehyde associated with their 
consumption

Consumption of alcoholic beverages is one of the top-10 exposures responsible for the burden of 
disease worldwide. Nearly two billion adults consume alcoholic beverages regularly, with an aver-
age daily consumption of 13 g ethanol (about one drink). The Working Group that evaluated alcohol 
consumption recently (IARC, 2010a) concluded that it causes cancers of the oral cavity, pharynx, 
larynx, oesophagus, colorectum, liver and female breast. With respect to the latter cancer type, the 
risk increases with increasing alcohol intake by about 10% per 10 g per day. Epidemiological evidence 
shows little indication that the carcinogenic effects depend on the type of alcoholic beverage. 

The metabolism of ethanol, the key component in alcoholic beverages, can be essentially described 
as a two-step dehydrogenation process. In humans, the major enzymes involved are the alcohol dehy-
drogenases (ADH), which oxidize ethanol to its toxic intermediate, acetaldehyde, and the aldehyde 
dehydrogenases (ALDH), which detoxify acetaldehyde to acetate. The two groups of dehydrogenases 
exhibit genetic variations that confer wide differences in enzyme kinetics and substrate specificities 
and that vary widely across ethnicities (figure). Studies on the carcinogenicity of alcoholic bever-
ages consumption give a striking example of a genetic polymorphism that strongly influences the 
response to a carcinogen. The variant ALDH2*2 allele, which encodes an inactive subunit of the 
enzyme ALDH2, is highly prevalent in certain eastern-Asian populations (28–45%), but rare in other 
ethnic groups. Most homozygous carriers of this allele (ALDH2*2/*2) are abstainers or infrequent 
drinkers, because the complete deficiency of enzymatic activity would cause a strong facial flush-
ing response, physical discomfort, and severe toxic reactions when consuming alcoholic beverages. 
In heterozygous carriers (ALDH2*1/*2), who have about 10% residual ALDH2 activity, these acute 
adverse effects are less severe, but these persons have higher levels of acetaldehyde in their blood and 
saliva after alcohol drinking, and higher levels of acetaldehyde-related DNA adducts in their lym-
phocytes compared with those with fully active enzyme (ALDH2*1/*1 genotype). In addition, these 
individuals are at high risk for several alcohol-related aerodigestive cancers. Examining the role of 
acetaldehyde as a cause of aerodigestive cancers is further complicated by competing risk factors such 
as tobacco smoking, areca nut chewing, infection by HPV; in addition, this association may be modi-
fied by microflora present in the aerodigestive tract, which have high ADH but low ALDH enzyme 
activity (Chang et al., 2011). 

 The previous Working Group acknowledged the important role of acetaldehyde in the devel-
opment of alcohol-related cancer, especially of the esophagus, but refrained from making a formal 
evaluation of this metabolite. The Working Group for this Volume considered that the available epi-
demiological data clearly indicates that humans who are deficient in the oxidation of acetaldehyde 
to acetate have a substantially increased risk for development of alcohol-related cancers, and decided 
to make a separate evaluation for “acetaldehyde associated with alcoholic beverage consumption”.
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36 ADH1B*1& ADH1C*2 (slow ethanol-oxidizing) & ALDH2*2 (null) allele frequencies by population and incidence of head and neck 
cancer

 

From Chang et al. (2011) (Supplementary figure)
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2. Betel quid with and without tobacco, areca nut and smokeless tobacco

Smokeless tobacco and areca nut are consumed by millions of people across the globe and may be 
social practices deeply rooted in their respective cultures. In this Monograph, any product containing 
areca nut is referred to as ‘betel quid’, the most common name given for such products.

Smokeless tobacco and betel quid share many features. Both products are addictive 
(Warnakulasuriya, 2004; Chu, 2001), and most evidence suggests that users find it difficult to quit 
these behaviours. Both are typically used orally, being chewed and then spit out. Although generally 
considered as a social practice, both have other uses: for example, various forms of smokeless tobacco 
are used as a dentifrice in India. Both products are rarely used alone and are generally consumed 
with other constituents, added during manufacture or by the user. Notably, both may contain an 
additive that increases the pH of the product, which has the effect of unprotonating the psychoactive 
substance, thus making it readily bioavailable: nicotine in the case of smokeless tobacco and arecoline 
in the case of areca nut (for reviews, see Chu, 2001; Djordjevic et al., 1995). Other additives to both 
smokeless tobacco and industrially manufactured betel quid may include flavourings and sweeteners.

2.1 Disentangling the effects of the various ingredients

Some populations use only areca nut and slaked lime in their betel quid. Since cancer bioassays 
have shown that slaked lime is not carcinogenic, studies from these populations provide evidence 
that areca nut is a cause of cancer in human populations. Studies of betel quids with a variety of other 
ingredients except tobacco provide evidence for the carcinogenicity to humans of betel quid with-
out tobacco overall. Finally, studies that either assess specifically betel quid with tobacco, or that did 
not specify whether tobacco was added, or that combined individuals who may or may not include 
tobacco in their quid, together provide evidence for the carcinogenicity of betel quid with tobacco.

Areca nut and/or smokeless tobacco are highly prevalent in some cultures, e.g. in Sweden, up to 
30% of men use smokeless tobacco. In 2002, it was estimated that 600 million people worldwide, pri-
marily in the Indian sub-continent, used areca nut. In the successive IARC Monographs that have 
addressed either smokeless tobacco or areca nut, new formulations of these products and new popu-
lations with such habits have been reported.

New forms of these products are constantly being developed and introduced on the market in 
formulations that encourage initiation or maintenance of use of these products. For example, portion 
sizes and packaging render them more convenient for people to use, while flavourings may appeal to 
young persons.

Finally, no betel quid or tobacco product in any culture has been shown to be safe or free of risk 
of cancer. Despite the wide variation in added ingredients, method of preparation or manufacture of 
the product, mode of use and populations concerned, these products have been associated with an 
increased risk of cancer. Nevertheless, these products are promoted as “safe” alternatives to tobacco 
smoking and many people consider products such as pan masala to be safe. However, one study from 
North America found that smokers who had switched to smokeless tobacco had a higher death rate 
than men who quit tobacco entirely (Henley et al., 2007).
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2.2 Betel inflorescence

Betel inflorescence grows on Piper betel L. and is the male fruit, consumed with unripe areca nut 
in Taiwan, China. Betel inflorescence contains high levels of phenolic compounds including hydroxy-
chavicol and safrole.

Of the different types of betel quid consumed in Taiwan, China, those that include betel inflores-
cence (lao-hwa quid) induced the highest risk for both oral leukoplakia and submucous fibrosis (Lee 
et al. 2003), and for oral and combined cancers of the oro- and hypopharynx (Ko et al. 1995; Chen 
et al. 2002). 

Carcinogenic risk of betel inflorescence and mechanistic pathways should be examined in detail 
in the future.

2.3 Cancer burden

The magnitude of the risks associated with smokeless tobacco and betel quid vary, and can be 
very high. This, combined with the high prevalence of some behaviours in some parts of the world, 
leads to a very high cancer burden. In India for instance, the cancer burden from these habits meets 
or exceeds that of smoking.

3. Tobacco smoke: multiple exposures, multiple chemicals, multiple target 
sites

3.1 Tobacco smoke carcinogens

Tobacco smoke is the most pleiotropic carcinogen ever evaluated by the IARC Monographs 
Programme, with over 20 target sites to which it has been shown to be causally associated. The chemi-
cal compositions of mainstream smoke and sidestream smoke are qualitatively similar, although 
quantitatively different. Tobacco smoke contains over 60 chemicals or other agents that have been 
shown to be carcinogenic in rodents; for a dozen of those, there is also sufficient evidence of their 
carcinogenicity in humans. 

For the agents present in tobacco smoke and that are classified as IARC Group 1 or Group 2A, 
the table below presents the target sites for which there is sufficient or limited evidence in humans. 

 3.2 Parental tobacco smoking

The prevalence of exposure to tobacco smoke from parental smoking varies by socioeconomic 
status and country, ranging up to 60% in some surveys. Exposure of the offspring may occur pre-
conception, in utero or postnatally. Active smoking by either genitor preconception and maternal 
smoking during pregnancy both imply direct exposure to mainstream tobacco smoke of the germ 
cells (spermatozoa and ova) and of the foetus, respectively. In contrast, paternal smoking during 
pregnancy and parental smoking post-natally represent exposures to second-hand tobacco smoke.

How to evaluate separately the effect of the different exposures and time periods? Early studies gen-
erally only assessed the contribution of maternal exposures during pregnancy, whereas recent studies 
included assessments of exposure preconception, in particular from paternal smoking. Exposure may 
have occurred in all three periods even when a study reports on only one, or exposure may also be 
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reported as ‘ever’ exposed. In addition, parental smoking during each of these time periods tends to 
be correlated, in particular from the father, because father’s smoking habits are less likely to change 
during pregnancy. Furthermore, paternal and maternal smoking habits are often correlated, and the 
risks may be increased when both parents smoke. Thus establishing a link between parental smok-
ing and childhood cancer risk relates to several different exposures that are tightly correlated and 
difficult to disentangle.

The younger the child at diagnosis, the more direct prenatal exposures appear to be relevant 
compared to post-natal exposures. Stronger associations for cancer in offspring were observed from 
parental smoking preconception than from maternal smoking during pregnancy. Interestingly, the 
strongest and most consistent association was observed for hepatoblastoma, an embryonal tumour 
of presumably foetal origin, which has a median age of diagnosis of about 12 months. Cigarette 
smoke is a known germ-cell mutagen in mice and a likely germ-cell mutagen in humans. The effect 
of such mutagenicity on cancer risk in the offspring of smoking parents has now been demonstrated 
in human populations. 
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Target sites associated with some carcinogenic chemical compounds and metals present 
in tobacco smoke

Agent Tumour sites or types for which 
there is sufficient evidence in 
humans

Tumour sites or types for which there 
is limited evidence in humans

Chemicals 
1,3-Butadiene Hematolymphatic organs
2-Naphthylamine Urinary bladder
4-Aminobiphenyl Urinary bladder
Benzene Acute non-lymphocytic leukaemia Acute lymphocytic leukaemia, chronic 

lymphocytic leukaemia, multiple myeloma, 
non-Hodgkin lymphoma

Ethylene oxide Breast, lymphoid tumours
Formaldehyde Nasopharynx, leukaemia (particularly 

myeloid leukaemia)
Sinonasal cancer

o-Toluidine Urinary bladder
Vinyl chloride Hepatocellular carcinoma, hepatic 

angiosarcoma
Metals
Arsenic and inorganic arsenic 
compounds

Lung, skin, urinary bladder Kidney, liver, prostate

Beryllium and beryllium compounds Lung
Cadmium and cadmium compounds Lung Kidney, prostate
Chromium (VI) compounds Lung Nasal cavity and paranasal sinuses

Lead Stomach 
Nickel compounds Lung, nasal cavity and paranasal 

sinuses

Adapted from Cogliano et al. (2011)
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4. Coal Emissions
The use of coal in homes for cooking and heating is a major source of indoor air pollution in Asia, 

particularly in China. Emissions from the combustion of coal have been associated with a variety of 
health outcomes, especially lung cancer. The population at risk for illness from indoor air pollution 
numbers in the hundreds of millions in China alone, and possibly more than a billion worldwide. 
Women and children bear the largest share of the burden of disease from this exposure since they 
spend longer periods of time inside the home. Greater awareness of this exposure should be empha-
sized for these vulnerable groups. The development and implementation of appropriate improvement 
in ventilation and other strategies to reduce indoor air pollution in developing countries should be 
supported and encouraged from both the government and interested private parties in the commer-
cial sector. The replacement of coal with cleaner fuels should also be a high priority. However, since 
many millions of people cannot afford to change the household fuels that they use, alternative efforts 
are necessary in the interim.

5. Salted fish
The Working Group has evaluated Chinese-style salted fish defined as salted fish consumed in 

Chinese populations, the majority of studies being from the Southern part of China. The evaluation 
of epidemiological studies has found sufficient evidence for an association with nasopharyngeal car-
cinoma, and limited evidence for an association with stomach cancer. The most consistent association 
between Chinese-style salted fish and nasopharyngeal carcinoma has been observed for ingestion 
during weaning or early childhood in the early studies; interestingly, the diet-related lifestyle changes 
that started in the second half of the 20th century in the Chinese populations, characterized by a large 
decrease in preserved food consumption and especially the decline in the habit of feeding young 
children with salted fish, coincides with the lower rate of nasopharyngeal cancer incidence observed 
in the most recent studies.

Defining a clear mechanism linking salted fish consumption with nasopharyngeal carcinoma has 
been hampered by the lack of data and by the fact that the composition of salted fish may greatly vary 
depending on the mode of preparation in different areas of Southern China. Possible mechanisms 
include the formation of N-nitrosamines and other N-nitroso compounds during the processing of 
the fish and/or endogenously after ingestion in the human body.

Another likely mechanism is the interaction between Chinese-style salted fish and Epstein-Baar 
virus (EBV). EBV involvement in the carcinogenesis of nasopharyngeal cancer in South-eastern 
China has been clearly demonstrated; its role is also suggested in gastric adenocarcinoma (see Volume 
100B). Experimental data have shown that salted fish extracts can reactivate EBV in latently infected 
cells in vitro. This is an important finding, since EBV is known to be present in a latent form in almost 
every person unless reactivated.

Aqueous extracts of some other preserved food samples from Tunisia (e.g harissa, a spiced mix-
ture) and Greenland (salted fish), two high risk areas for nasopharyngeal cancer, were also shown to 
activate EBV in cells in vitro. In addition, other preserved food whose consumption can potentially 
lead to N-nitroso compounds intake is consumed in many part of the world.

The Working Group recommends that IARC undertake a full review of the carcinogenic hazards 
of preserved food.

A summary of the findings of this volume appears in The Lancet Oncology (Secretan et al., 2009). 
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1. Exposure Data

1.1 Smoked tobacco products

Smoked forms of tobacco include various 
kinds of cigarettes (manufactured, hand-rolled, 
filtered, un-filtered and flavoured), cigars and 
pipes. While cigarette smoking, particularly 
manufactured cigarettes, is by far the main form 
of tobacco smoked globally, in some countries 
other forms of smoked tobacco are dominant 
(IARC, 2004a). In India, for example, bidis 
(made of coarse and uncured tobacco) account 
for about 60% of smoked tobacco products 
whereas cigarettes account for 20% (Ray & 
Gupta, 2009; IIPS, 2010). Water pipes, another 
form of smoked tobacco known by other various 
names such as gaza, hookah, narghile, shisha, 
hubble-bubble, are commonly smoked in the 
Eastern Mediterranean region, in some parts of 
Asia including India, and in North Africa (Asma 
et al., 2009).

1.2 Chemical composition of tobacco 
smoke

1.2.1 Smoke from cigarettes

One cubic cm of fresh, un-aged cigarette 
mainstream smoke [the smoke emerging from 
the mouth end of a cigarette during smoking] 
has about 4 × 109 particles with a mean diameter 
of about 0.2 µm (Borgerding & Klus, 2005). The 
size of the particles increases as the smoke ages. 
Temperatures in the burning cone of the cigarette 
are about 800 °C during the smoulder period 
between puffs and increase to 910–920 °C at the 
periphery of the cone during puffing (Borgerding 
& Klus, 2005). Hydrogen is generated in the 
glowing cone, resulting in an oxygen deficient 
reducing atmosphere (Borgerding & Klus, 2005). 
The approximate composition of mainstream 
smoke of a plain cigarette is summarized in Table 
1.1 (Borgerding & Klus, 2005). The total particu-
late matter, after subtraction of the amounts of 
nicotine and water, is referred to as ‘tar’.

Over 5300 compounds have been identi-
fied in tobacco smoke (Rodgman & Perfetti, 
2009). Classes of compounds include but are not 
limited to neutral gases, carbon and nitrogen 
oxides, amides, imides, lactams, carboxylic 
acids, lactones, esters, aldehydes, ketones, 

TOBACCO SMOKING
Tobacco smoking was considered by previous IARC Working Groups in 1986, 1987 and 2002 
(IARC, 1986, 1987, 2004a). Since that time, new data have become available, these have been 
incorporated into the Monograph, and taken into consideration in the present evaluation.
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alcohols, phenols, amines, N-nitrosamines, 
N-heterocyclics, aliphatic hydrocarbons, mono-
cyclic and polycyclic aromatic hydrocarbons 
(PAHs), nitriles, anhydrides, carbohydrates, 
ethers, nitro compounds and metals (Rodgman 
& Perfetti, 2009).

The addictive properties of tobacco smoke 
are attributed to nicotine, the principal tobacco 
alkaloid in smoke (Hukkanen et al., 2005). Minor 
tobacco alkaloids include nornicotine, anatabine 
and anabasine (Hukkanen et al., 2005). The 
tobacco alkaloids are not generally considered 
carcinogenic, but are accompanied by carcino-
gens in each puff of smoke.

There are over 70 carcinogens in tobacco 
smoke that have been evaluated by the IARC 
Monographs programme as having sufficient 
evidence for carcinogenicity in either laboratory 
animals or humans (IARC, 2004a). The different 
chemical classes of carcinogens and representa-
tives of each are presented in Table 1.2 (IARC, 
2004a). Sixteen of these – benzo[a]pyrene 
(BaP), 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanone (NNK) and N′-nitrosonornicotine 
(NNN), 2-naphthylamine, 4-aminobiphenyl, 
formaldehyde, 1,3-butadiene, benzene, vinyl 
chloride, ethylene oxide, arsenic, beryllium, 
nickel compounds, chromium VI, cadmium, and 
polonium-210 – are classified as carcinogenic to 

humans (Group 1). Structures of some represent-
ative carcinogens in cigarette smoke are shown 
in Fig. 1.1. There are other likely carcinogens in 
cigarette smoke that have not been evaluated 
by the IARC Monographs programme. These 
include, for example, PAHs with incompletely 
characterized occurrence levels and carcino-
genic activities; over 500 PAHs have been identi-
fied (Rodgman & Perfetti, 2006).

PAHs, tobacco-specific N-nitrosamines, 
aromatic amines, aldehydes and certain volatile 
organics likely contribute significantly to the 
carcinogenic activity of tobacco smoke (Hecht, 
2003).

In the early part of the 20th century, PAHs 
were identified as carcinogenic constituents of 
coal tar (Phillips, 1983). They are products of 
incomplete combustion of all organic matter 
and occur, always as complex mixtures, in tars, 
soots, broiled foods, vehicle engine exhaust and 
tobacco smoke. PAHs are generally locally acting 
carcinogens, and some, such as the prototypic 
compound BaP, have strong carcinogenic activity 
on mouse skin and in rodent lung. Heterocyclic 
analogues of PAHs also occur in cigarette smoke. 
Concentrations of individual PAHs in main-
stream cigarette smoke are generally in the range 
of 1–50 ng per cigarette (IARC, 2004a).

Among the carcinogenic N-nitrosamines 
in tobacco smoke are tobacco-specific 
N-nitrosamines, which are derived from, and 
structurally related to, the tobacco alkaloids. 
Two of the most important of these are NNK and 
NNN (Hecht & Hoffmann, 1988). Levels of NNK 
and NNN in cigarette smoke vary depending on 
tobacco type and other factors, but are frequently 
in the range of 50–200 ng per cigarette (IARC, 
2004a).

Aromatic amines were first identified as 
human carcinogens from industrial expo-
sures in the dye industry in the early part of 
the 20th century. They include the well known 
human bladder carcinogens 2-naphthylamine 
and 4-aminobiphenyl which, along with other 
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Table 1 .1 Approximate chemical composition 
of mainstream smoke generated by a plain 
cigarette

Compound or class of 
components Relative amount w/w (%)

Nitrogen 58
Oxygen 12
Carbon dioxide 13
Carbon monoxide 3.5
Hydrogen, argon 0.5
Water 1
Volatile organic substances 5
Particulate phase 8
From Borgerding & Klus (2005)
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isomers, are found in cigarette smoke, but their 
levels are generally quite low (1–20 ng per ciga-
rette) (IARC, 2004a).

Aldehydes such as formaldehyde and 
acetaldehyde occur widely in the human envi-
ronment and are also found in human blood. 
Concentrations of acetaldehyde and formal-
dehyde in cigarette smoke are far higher than 
those of PAHs, N-nitrosamines or aromatic 
amines but their carcinogenic activities are weak 
(Hecht, 2003). Cigarette mainstream smoke typi-
cally contains 10–30 µg formaldehyde/cigarette 
and 800–900 µg acetaldehyde/cigarette (IARC, 
2004a).

Volatile hydrocarbons in cigarette smoke 
include 1,3-butadiene, a powerful multi-
organ carcinogen in the mouse, and benzene, 
a known human leukaemogen. 1,3-Butadiene 
(20–40 µg/cigarette) and benzene (12–50 µg/ciga-
rette) are two of the most prevalent strong carcin-
ogens in cigarette smoke (IARC, 2004a).

In summary, cigarette smoke is an exceed-
ingly complex mixture which contains over 5300 

compounds including multiple toxicants and 
carcinogens. 

1.2.2 Smoke from other tobacco products

Some constituents have been measured in 
roll-your-own cigarettes, and their levels are 
comparable to or higher than those in commer-
cial brands. Carcinogen and toxicant levels 
expressed per unit are higher in cigars than in 
cigarettes because of their larger size, and in 
some instances are also higher per litre of smoke. 
Levels of nicotine and tobacco-specific nitro-
samines were comparable in bidis and commer-
cial Indian cigarettes; bidis also contain high 
levels of eugenol, as do kreteks. Levels of NNK 
and NNN in chuttas were considerably higher 
than in standard cigarettes (IARC, 2004a).
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Table 1 .2 Tobacco smoke carcinogens evaluated in the IARC Monographs

Chemical Class Number of Carcinogens Representative Carcinogens

Polycyclic aromatic hydrocarbons (PAHs) 
and their heterocyclic analogues

15 Benzo[a]pyrene (BaP) 
Dibenz[a,h]anthracene

N-Nitrosamines 8 4-(Methylnitrosamino)-1-(3-pyridyl)-1-
butanone (NNK) 
N′-Nitrosonornicotine (NNN)

Aromatic amines 12 4-Aminobiphenyl 
2-Naphthylamine

Aldehydes 2 Formaldehyde 
Acetaldehyde

Phenols 2 Catechol 
Caffeic acid

Volatile hydrocarbons 3 Benzene 
1,3-Butadiene 
Isoprene

Other organics 12 Ethylene oxide 
Acrylonitrile

Inorganic compounds 8 Cadmium 
Polonium-210

There are many other carcinogens in cigarette smoke that have not been evaluated in an IARC Monograph. 
From IARC (2004a)
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Fig. 1.1 Structures of some representative tobacco smoke carcinogens
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1.3 Prevalence of tobacco smoking

1.3.1 Data collection and methods

Data on smoking tobacco are available from 
WHO’s Global Infobase (www.who.int/infobase) 
and the WHO Global Health Observatory (www.
who.int/gho/en) – repositories of information 
on tobacco use and other risk factors in young 
people (13–15 years old) and adults (aged 15 years 
and over). The data span several years and are 
acquired from government reports, journals and 
unpublished sources. WHO has in the recent 
past used and modelled these data to produce 
estimates of tobacco smoking prevalence, 
published in the WHO Reports on the Global 
Tobacco Epidemic. For a complete explanation 
of methods used, the reader is referred to the 
Technical Note on Prevalence in the 3rd WHO 
Report on the Global Tobacco Epidemic (WHO, 
2011). The six WHO regions are: EMRO, Eastern 
Mediterranean Region; EURO, European 

Region; AFRO, African Region; WPRO, Western 
Pacific Region; SEARO, South East Asian Region; 
AMRO, Region of the Americas. A listing of the 
countries in each region can be viewed at http://
www.who.int/about/structure/en/index.html.

1.3.2 Distribution of smokers by WHO region 
and country

WHO estimates that in 2009, there was about 
1.1 billion adult smokers worldwide, representing 
nearly a quarter (22%) of the global adult popula-
tion (WHO, 2011). A disaggregation by the six 
WHO regions (Fig. 1.2) shows that over a third 
of smokers worldwide live in WPRO (highly 
influenced by the People’s Republic of China), 
followed by SEARO, which has around a fifth 
of the world’s smokers (influenced by India and 
Indonesia).

The number of smokers in any country is 
a function of both the prevalence of smoking 
and the size of the population. A further 
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Fig. 1.2 Proportion of adult smokers by WHO region in 2009

From WHO (2011)

http://www.who.int/infobase
http://www.who.int/gho/en
http://www.who.int/gho/en
http://www.who.int/about/structure/en/index.html
http://www.who.int/about/structure/en/index.html
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disaggregation of the regions by country shows 
that a few countries account for a large propor-
tion of tobacco smokers. Ranked in descending 
order of the number of smokers, the five countries 
of China, India, United States of America (USA), 
Russian Federation and Indonesia account for 
about 52% of adult smokers in the world, with 
China and India alone accounting for 40% 
(Fig. 1.3). Furthermore, nearly two-thirds of the 

world’s smokers live in only ten countries of the 
world.

1.3.3 Distribution of smokers by sex

With a global average smoking prevalence of 
36%, men account for just over 80% of all smokers. 
The male adult prevalence is 4–5 times that for 
women, at 8%. This difference varies across WHO 
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Fig. 1.3 Proportion and cumulative percentage of smokers in high-burden countries, in men (A) 
and women (B) in 2009

From WHO (2011)
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regions. Smoking among men, concentrated in 
the five countries of China, India, Indonesia, 
Russian Federation and USA (Fig. 1.3), accounts 
for about 56% of global smoking among men. 
Women smokers are mostly concentrated in 
EURO and AMRO. These two regions account 
for 40% and 26% of all women smokers glob-
ally, respectively. The prevalences for women in 
these two regions are about half of those in men, 
whereas the difference is substantially greater 
in the other regions. Just as men smoke more 
than women everywhere, so too among young 
people, boys generally smoke more than girls. 
There is an increasing concern, however, that the 
gap may diminish, not because of a reduction in 
boys prevalence but because of an increase in the 
proportion of girls who are taking up smoking 
(Warren et al., 2006).

1.3.4 The four stage smoking model

(a) The four stages of tobacco use

Lopez et al. (1994) used trend data on smoking 
prevalence and tobacco attributable mortality to 
show the evolution of tobacco use in a country. 
Four stages of smoking and attributable mortality 
have been identified to represent the growth and 
eventual decline of smoking among men and 
women (Fig. 1.4).

Stage 1 is characterized by low smoking prev-
alence in men (less than 15%) and very low in 
women (less than 10%). Death and disease from 
smoking are not apparent in this phase, as nearly 
all health effects from smoking are related to past 
smoking habits and their cumulative effects rather 
than current smoking. In Stage 2, smoking prev-
alence in men rapidly increases while it increases 
more slowly in women. Towards the end of this 
stage, smoking prevalence in men typically peaks 
to lie at 50–60%, with 10% of deaths in men 
attributable to smoking; deaths in women are 
comparatively fewer. After a protracted period of 
high smoking prevalence, Stage 3 shows a decline 
in smoking prevalence in men to around 40%. 

Smoking prevalence in women peaks and then 
begins to decline; towards the end of this stage 
the gap between men’s and women’s prevalence 
starts to narrow. However, smoking attribut-
able deaths in men increase from around 10% to 
25–30% within a span of three decades; in women 
the deaths are increasing but are still quite low. 
In the final Stage 4, smoking prevalences in both 
men and women continue to decline albeit rela-
tively slowly in comparison with Stage 3, with the 
gap substantially narrowing to lie at around five 
percentage points, and as little as one percentage 
point in some countries. In Stage 4, smoking 
mortality in men peaks to between 30–35% and 
then declines to below 30% at the end of this 
period. In women, the health effects from past 
smoking persist, with increasing mortality, but 
remain lower than in men, and recently have 
begun to decline in some countries.

(b) Smoking prevalence worldwide

Using prevalence data for men and women 
collected in 2006 for 140 countries, WHO deter-
mined at which stage of the tobacco epidemic 
countries are in the model of Lopez et al. (1994). 
In Fig.  1.5, countries have been ranked by 
smoking prevalence in men in ascending order 
for Stages 1 and 2, and then in descending order 
for Stages 3 and 4. (Smoking prevalence in men 
is almost always higher than in women, with 
a few exceptions observed in the fourth stage.) 
While most countries fit the classification, there 
are a few exceptions, most of which in the last 
stage. Prevalence between Stage 3 and Stage 4 is 
discontinuous in both sexes. This is due to the 
classification followed, which puts countries 
with a relatively narrow difference in prevalence 
between men and women in Stage 4 even though 
their prevalence is largely comparable with those 
in Stage 3.

Most African countries fall in the first stage 
of the smoking model, characterized by low 
smoking prevalence in men and very low preva-
lence in women. Three of the five high burden 
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countries fall in stage 2 (India, Indonesia and 
China), with the rest comprising a combina-
tion of countries from Africa, South East Asia, 
eastern Europe and the Middle East. At this 
stage smoking prevalences in women continue to 
remain very low, most countries having a preva-
lence in adult women of less than 10%. 

Stage 3 includes the fourth high burden 
country (Russian Federation), along with coun-
tries in eastern Europe, South America and 
western Europe, which fall at the end of Stage 
3. Stage 4 is populated entirely by the developed 
countries of western Europe, North America 
and Oceania. The USA, the fifth high burden 
country, fall in the last stage as a result of the 
relatively small difference in the smoking preva-
lence between men and women compared to the 

other intermediate stages. As mentioned before, 
Stage 4 includes countries where the smoking 
prevalence is higher in women than in men, with 
a small (< 8%) difference.

(c) Age-specific prevalence

Age-specific prevalence for men and women 
aged 15 years or older is presented for six repre-
sentative countries for current smoking (Fig. 1.6). 
There are wide variations in age-specific preva-
lence between these countries. In men, preva-
lence varies from less than 10% to 75% in the 
15–19 years age range to lie between 10% and 
55% in the oldest age range. Prevalence among 
women varies from less than 1% to as high as 
45% in young adults (15–19 years). Unlike men, 
prevalence in women tends to converge after age 
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Fig. 1.4 The four stages of the tobacco epidemic

From Lopez et al. (1994)
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Fig. 1.5 Prevalence of smoking in 140 countries in 2009, staged according to the model by Lopez 
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Fig. 1.6 Age-specific rates of smoking prevalence, in men and women in 2009



Tobacco smoking

50, lying within 15 percentage points. Prevalence 
in women is almost always lower than in men in 
all age groups. 

Initiation of smoking is shifting, and is taking 
place at earlier ages in both developed and devel-
oping countries. In developed countries, quitting 
smoking is also shifting to occur at a younger 
age, whereas in developing countries there is no 
such evidence.

(d) Smoking in youth

Information on smoking habits in youth 
are collected from a variety of youth surveys 
that include the Global Youth Tobacco Survey 
(GYTS), Global school-based Student Health 
Survey (GSHS) and Health Behaviour in School 
Aged Children (HBSC). Some countries have 
their own youth surveys, or have them as part of 
a general health or household survey, such as the 
Student Survey in Argentina, the Youth Smoking 
Survey in Canada, and New Zealand’s Tobacco 
Survey.

The GYTS is a school-based survey designed to 
monitor tobacco use among youths aged 13 to 15 
years. The GYTS uses a standard set of questions 
and sampling methods in over 160 countries. 
The survey has core questions that span seven 
thematic areas pertinent to tobacco. In addition 
to these, countries can include country-specific 
questions that allow assessment of tobacco use 
unique to the country. To assess prevalence 
of smoking, students are asked to report their 
smoking habits for both cigarettes and other 
tobacco products that they may have consumed 
over the past 30 days. Since its inception in 1999, 
the GYTS has covered over 2 million students. 
Although most GYTS are national surveys, in 
some countries they are limited to subnational 
locations. Further, countries conduct the GYTS 
in different years, rendering comparison for the 
same year difficult.

Prevalence of current tobacco use [including 
smokeless tobacco] in youth in 2004–09 for 
fourteen high burden low and middle income 

countries is shown in Fig.  1.7. The Russian 
Federation has the highest prevalence of current 
tobacco use among the high burden countries for 
which national data are available. Further, in the 
Americas and Europe the difference in preva-
lence between boys and girls is smaller than in 
other regions. In contrast, in Egypt, India and 
Thailand, prevalences in boys are significantly 
higher than in girls.

Fig.  1.8 shows the range of current tobacco 
use by WHO region for boys and for girls and 
for both sexes combined. There are wide varia-
tions in current tobacco use within each region. 
The largest variations are observed in EMRO and 
SEARO irrespective of sex, reflecting potentially 
disparate initiation rates in countries within the 
region. In AFRO, the range of current tobacco 
use between boys and girls is virtually the same. 
In some countries (e.g. Argentina, Peru, Sierra 
Leone, Bulgaria, Croatia, Cook Islands, New 
Zealand), tobacco use in girls exceeds that in 
boys; but overall boys and girls show remarkably 
similar propensity to take up tobacco use.

Warren et al. (2006) present global esti-
mates and regional averages for current tobacco 
smoking in youth using GYTS data spanning 
1999–2005. Their estimates show that one in 
five boys and one in seven girls currently smoke 
tobacco. Prevalence of current smoking for both 
boys and girls combined was highest in AMRO 
(22.2%) and lowest in WPRO (11.4%). AMRO have 
the highest average for current tobacco smoking 
for boys (24%) and for girls (20.4%) whereas the 
lowest prevalence was in WPRO among boys 
(15%) and in SEARO among girls (7.1%).

1.4 Regulations and policies: the 
WHO Framework Convention on 
Tobacco Control

The WHO Framework Convention on 
Tobacco Control (WHO FCTC) – the first multi-
lateral evidence-based treaty on tobacco control 

53



IA
RC M

O
N

O
G

RA
PH

S – 100E

54 Fig. 1.7 Prevalence of current tobacco use in youth for selected countries, 2005–2009
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Fig. 1.8 Range of prevalence of current tobacco use in youth, 2005–2009, by WHO region

Figures have been rounded off and show prevalences in countries with national and subnational jurisdiction.



IARC MONOGRAPHS – 100E

– articulates tobacco control measures available 
to countries to counter the growing tobacco 
epidemic. This treaty, which entered into force in 
2005, represents one of the most universal trea-
ties in the United Nations history. In 2008, the 
WHO launched MPOWER, a technical assist-
ance package comprised of six strategies that 
reflects one or more of the WHO FCTC measures 
and helps countries meet their commitments to 
the WHO FCTC.

2. Cancer in Humans

2.1 Introduction

The available knowledge on the relationship 
between tobacco smoking and a variety of human 
cancers is based primarily on epidemiological 
evidence. An immense amount of such evidence 
has been obtained, and only a small proportion 
can be referred to here. The cancers considered 
to be causally related to tobacco smoking in the 
previous IARC Monograph on tobacco smoking 
(IARC, 2004a) included lung, oral cavity, nasal 
cavity and paranasal sinuses, nasopharynx, 
oropharynx, hypopharynx, larynx, oesophagus 
(adenocarcinoma and squamous cell carcinoma), 
upper aerodigestive tract combined, stomach, 
pancreas, liver, kidney (body and pelvis), ureter, 
urinary bladder, cervix and myeloid leukaemia. 
In addition, it was concluded that there was 
evidence suggesting lack of carcinogenicity for 
cancers of the breast and of the endometrium.

Since 2002, there have been additional cohort 
and case–control studies on the relationship of 
tobacco smoking in different forms to these and 
other cancers in many countries. A large body 
of evidence has been obtained from cohort 
studies with respect to different cancer sites and 
types of tobacco product. These cohort studies 
are described briefly in Table  2.1 (available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-01-Table2.1.pdf), listed by country. 

Case–control studies are described in the sections 
pertaining to cancer sites. More studies are now 
available from countries and populations that 
are still at an early stage of the tobacco epidemic. 
These studies are prone to underestimate the true 
strengths of the association between tobacco 
smoking and any specific cancer as the full effect 
of duration of smoking cannot be evaluated.

2.2 Cancer of the lung 

2.2.1 Overview of studies
The main cause of lung cancer in humans is 

tobacco smoking and most information estab-
lishing this fact comes from epidemiological 
studies in which the assessment of exposure 
was based on self-reported information on 
personal smoking habits via self-administered 
questionnaire or in-person interviews. Since 
the previous IARC Monograph (IARC, 2004a), 
numerous studies have been published on the 
issues of tobacco smoking and sex and racial/
ethnic susceptibility, ‘tar’ yields as measured 
by machine smoking, the relationship between 
histological changes and the design of cigarettes, 
dose–response association, genetic susceptibili-
ties and interactions.

2.2.2 Factors affecting risk

Recent epidemiological studies incorporating 
measures of smoking metabolites in serum or 
urine are helping to refine our understanding 
of exposure-response relationships with tobacco 
smoke. Dose–response evidence has been obtained 
from three cohort studies (Flanders et al., 2003; 
Boffetta et al., 2006; Yuan et al., 2009; Table 2.2 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-01-Table2.2.pdf) 
and four pooled analyses (Lubin & Caporaso, 
2006; Lubin et al., 2007a, b, 2008; Table  2.3 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-01-Table2.3.pdf) 
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since the previous IARC Monograph (IARC, 
2004a).

The US American Cancer Society Cancer 
Prevention Study-II (CPS-II) is the largest cohort 
study on smoking and lung cancer risk using 
questionnaire assessment of exposure (Flanders 
et al., 2003). In this study cigarette smoking dura-
tion is a much stronger predictor of lung cancer 
mortality than is cigarette smoking intensity, 
regardless of age in both men and women. These 
results are qualitatively similar to those reported 
by Doll & Peto (1978) and are consistent with 
IARC (2004a).

In a questionnaire-based assessment of the 
association of tobacco smoking with lung cancer 
risk, smokers at higher smoking intensities seem 
to experience a “reduced potency” per pack 
such that for equal total exposure, the excess 
odds ratio per pack–year decreases with inten-
sity (Lubin et al. 2008). Below 15–20 cigarettes/
day, the excess odds ratio/pack–year increases 
with intensity (Lubin & Caporaso, 2006; Lubin 
et al., 2007a) while above 20 cigarettes/day, there 
is an ‘inverse-exposure-rate’ effect (Lubin et al., 
2007a) suggesting a greater risk for total exposure 
delivered at lower intensity (or a longer dura-
tion) than the equivalent exposure delivered at 
a higher intensity. The intensity effects were also 
statistically homogeneous across diverse cancer 
types, indicating that after accounting for risk 
from total pack–years, intensity patterns were 
comparable for cancer of the lung, bladder, oral 
cavity, pancreas and oesophagus. These analyses 
suggest that the risk of lung cancer increases with 
increasing tobacco exposure at all dose levels, but 
there is some levelling-off effect at the highest 
intensity of tobacco smoking.

However, when serum cotinine was used 
as a measure of exposure to tobacco smoking, 
rather than questionnaire-based data, the odds 
ratio of lung cancer increased linearly over the 
full range of exposure from ≤ 5 ng/mL through 
≥  378 ng/mL, with an odds ratio of 55.1 (95% 
confidence interval (CI): 35.7–85.0) in the 

highest exposure group. These results suggest 
that the decreased rate of lung cancer risk at 
high intensity of tobacco smoke previously 
described is a statistical artefact. Such an effect 
may be due to an inaccurate assessment of total 
tobacco smoke exposure from questionnaire-
based studies at high exposure levels (Boffetta 
et al., 2006). Somewhat similar results were 
obtained when both 4-(methylnitrosamino)-1-
(3-pyridyl)-1-butanol (NNAL) and total coti-
nine in urine were measured in subjects of two 
large cohort studies from Shanghai men and 
Singapore men and women (Yuan et al., 2009). 
Among smokers with comparable smoking 
histories (as noted in questionnaire data) there 
is a 9-fold variation in subsequent risk of lung 
cancer between those with high and those with 
low levels of total urinary NNAL and cotinine. 
Thus measurements of urinary cotinine and total 
NNAL at a single point in time in a smoker could 
substantially improve the predictive power of a 
lung cancer assessment model based solely on 
self-reported smoking history (number of ciga-
rettes/day, number of years of regular smoking). 
A positive NNAL-lung cancer association of 
comparable magnitude was observed in both 
Shanghai and Singapore subjects despite differ-
ences in the NNK content of tobacco smoked. The 
independent association between total urinary 
cotinine and lung cancer risk, after adjustment 
for total urinary NNAL and smoking history, 
suggests that tobacco smoke compounds other 
than NNK play a role in lung cancer develop-
ment in smokers. Further, a single measurement 
of urinary NNAL may closely predict the average 
level of NNAL measured over a much longer 
period of time.

2.2.3 Types of tobacco or of cigarette

(a) Tar levels

In a previous IARC Monograph (IARC, 1986), 
it was concluded on the basis of the case–control, 
cohort studies and ecological evaluations 
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available at the time that prolonged use of ‘high-
tar’ and unfiltered cigarettes is associated with 
greater risks than prolonged use of filter-tipped 
and ‘low-tar’ cigarettes. More recently (IARC, 
2004a), it has been recognized that the actual 
quantitative impact of reduced ‘tar’ and filter-
tipped cigarettes is difficult to assess because 
of, respectively, the concomitant increase in 
tobacco-specific nitrosamines that accompanies 
the greater use of blend tobacco and the compen-
satory changes in smoking behaviour by smokers 
attempting to maintain their accustomed level of 
nicotine intake. Nevertheless, it was concluded 
that changes in cigarette types since the 1950s 
have probably tended to reduce the risk for lung 
cancer associated with tobacco smoking.

Additional refinement in assessing the health 
effects associated with smoking cigarettes of 
various tar content has been possible since the 
publication of the earlier reports. Compared 
with smokers of medium tar (15–21 mg) filtered 
cigarettes risk was higher among men and 
women who smoked high tar (≥  22 mg) non-
filtered brands but there was no difference in risk 
among men and women who smoked ‘very low 
tar’ or ‘low tar’ brands compared with those who 
smoked ‘medium tar’ brands (Harris et al., 2004). 
Regardless of tar content of their cigarettes, all 
current smokers had a far greater risk for lung 
cancer than people who had stopped smoking or 
had never smoked (Harris et al., 2004).

(b) Mentholated cigarettes

In the previous IARC Monograph (IARC, 
2004a) the conclusion was drawn that there is no 
additional risk associated with smoking mentho-
lated cigarettes when total consumption (pack–
years) was controlled versus non-mentholated 
ones. Recent evidence supports that conclusion.

Mentholated cigarettes first appeared in the 
1920s, but were not widely used until the mid-
1950s (Bogen, 1929; Federal Trade Commission, 
2001). Since the early 1970s, menthol varieties 
have accounted for 25–60% of all cigarettes 

sold in the USA (Federal Trade Commission, 
2001). There are strong ethnic differences in 
the use of menthol cigarettes; more than 60% 
of Black smokers of both sexes use menthol 
brands compared to fewer than 25% of White 
smokers (Royce et al., 1993; Hymowitz et al., 
1995). Studies have generally not demonstrated 
an increased risk of lung cancer for mentholated 
cigarettes versus non-mentholated cigarettes 
(Kabat & Hebert, 1994; Carpenter et al., 1999; 
Brooks et al., 2003; Stellman et al., 2003). Recent 
evidence also suggests that users of mentholated 
cigarettes smoke fewer pack–years than those of 
non-mentholated cigarettes.

The higher incidence of lung cancer among 
Blacks is an important public health concern but 
the causes remain unclear. Mentholated cigarette 
use does not appear to explain the racial disparity 
observed in lung cancer risk among those having 
the same total tobacco consumption.

2.2.4 Histology

Compiled databases from IARC and other 
sources indicated that squamous cell carcinoma 
rates [per 100000 person-years] among men 
declined by 30% or more in North America and 
some European countries between 1980–82 and 
1995–97, while changing less dramatically in 
other areas; small cell carcinoma rates decreased 
less rapidly. In contrast, the proportion of adeno-
carcinoma cases rose among men and women in 
virtually all areas, with the increases among men 
exceeding 50% in many areas of Europe (Devesa 
et al., 2005).

Based on a comparison of two large cohort 
studies initiated by the American Cancer Society 
(ACS) (CPS-I and CPS-II) in 1960 and 1980, 
respectively, a stronger association between 
smoking and adenocarcinoma was observed in 
recent compared to earlier follow-up periods 
(Thun & Heath, 1997). Additionally, an asso-
ciation between cigarette smoking and bronchi-
oloalveolar carcinoma was also found in several 
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studies (Falk et al., 1992; Morabia & Wynder, 
1992).

A meta-analysis of 8 cohort and 14 case–
control studies conducted in Japan among active 
smokers indicated significant excess lung cancer 
risks among men for both squamous cell carci-
noma (relative risk (RR), 11.7) and adenocarci-
noma (RR, 2.30). Among women the risks were 
11.3 for squamous cell carcinoma and 1.37 for 
adenocarcinoma (Wakai et al., 2006).

2.2.5 Population characteristics

(a) Sex

Meta-analyses on sex-specific susceptibility to 
lung cancer associated with tobacco smoking are 
presented in Table 2.4 (available at http://mono-
graphs.iarc.fr/ENG/Monographs/vol100E/100E-
01-Table2.4.pdf) and cohort studies in Table 2.5 
(available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-01-Table2.5.pdf).

In the 1990s, two case–control studies indi-
cated that relative risks for lung cancer associated 
with specific amounts and duration of cigarette 
smoking may be higher among women than 
among men (Risch et al., 1993; Zang & Wynder, 
1996).

In the large NIH-AARP [National Institutes 
of Health-American Association of Retired 
People] cohort (Freedman et al., 2008), smoking 
was associated with lung cancer risk in both 
men and women. Age-standardized incidence 
rates for lung cancer tended to be higher in men 
than in women with comparable smoking histo-
ries (for current smokers and for quitters of less 
than 10 years), and in cases with squamous cell 
tumours. However, lung cancer risk was gener-
ally similar between men and women. 

In a joint analysis, results from the Nurses’ 
Health Study of women and the Health 
Professionals Follow-up Study in men (Bain 
et al., 2004) suggest little difference in lung 
cancer susceptibility between men and women 
given equal smoking exposure. The hazard ratio 

in women ever smokers compared with men was 
1.11 (95%CI: 0.95–1.31).

Serum cotinine levels were analysed in lung 
cancer cases and controls (Boffetta et al., 2006). 
The lung cancer odds ratios (ORs) estimated for 
men and women were very similar for those with 
comparable serum cotinine levels. Other studies 
that have carefully quantified tobacco exposure 
via self-administered questionnaire or interview 
provide additional evidence of a comparable 
increase in lung cancer risk in the two sexes 
(Kreuzer et al., 2000; Flanders et al., 2003; Bain 
et al., 2004).

In a meta-analysis of observational studies 
on cigarette smoking and cancer from 1961–
2003 (conducted on 177 case–control studies, 
75 cohort studies and two nested case–control 
studies), dose–response estimates were available 
in 44 studies: 19 with estimates for men only, 
11 with estimates for women only and 14 with 
separate estimates for men and women (Gandini 
et al., 2008). Overall, the risk of lung cancer 
for men and women increased by 7% for each 
additional cigarette smoked per day (RR,  1.07; 
95%CI: 1.06–1.08). The increased risk appears to 
be slightly higher in women (RR,  1.08; 95%CI: 
1.07–1.10) than in men (RR, 1.07; 95%CI: 1.05–
1.08) (P < 0.001; adjusting for study type).

(b) Ethnicity

It has been postulated that susceptibility to 
lung cancer from tobacco smoking may differ by 
race and ethnicity (Schwartz & Swanson, 1997; 
Peto et al., 1999; Stellman et al., 2001; Kiyohara 
et al., 2004, 2005, 2006; Pinsky, 2006; Wakai 
et al., 2006; Vineis et al., 2007; Takahashi et al., 
2008; Table  2.6 available at http://monographs.
iarc.fr/ENG/Monographs/vol100E/100E-01-
Table2.6.pdf). Lung cancer incidence rates vary 
considerable across racial/ethnic groups in the 
USA and elsewhere. Black men have higher rates 
than white men, while Hispanics, Asians and 
American Indians of both sexes have lower rates 
than whites (Stellman et al., 2003; SEER, 2004). 
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Nutritional habits, smoking patterns, type of 
tobacco smoked and genetic factors may play a 
role in such differences between racial and ethnic 
groups.

The association of tobacco smoking and lung 
cancer does not appear to be as strong among 
Japanese as among populations of North America 
or Europe (Wakai et al., 2006). In a meta-analysis 
of 8 cohort studies and 14 case–control studies 
conducted in Japan, the excess lung cancer risks 
observed for both men (RR, 4.39; 95%CI: 3.92–
4.92) and women (RR,  2.79; 95%CI: 2.44–3.20) 
in both case–control and cohort studies were 
lower than would have been expected from 
studies in North America and Europe. The lower 
lifetime consumption of cigarettes in Japanese, 
due in part to a later initiation of smoking and a 
lower consumption per day has been suggested 
to explain this. Other differences that may have 
etiological significance include tobacco ingre-
dients, different filters on cigarettes, lifestyle 
factors including diet, and possibly differences 
in genetic susceptibility. [The Working Group 
noted that North American or European popu-
lations were not directly included in any of these 
studies.]

Data from the Asian Pacific Cohort Studies 
Collaboration, 31 studies involving 480125 
persons, evaluated the risk of death from lung 
cancer associated with smoking habits in 
Australia, New Zealand and Asia (Huxley et al., 
2007b). Among Asian men the hazard ratio was 
2.48 versus 9.87 in men in Australia and New 
Zealand. Among women, the corresponding 
estimates were 2.35 and 19.33, respectively. [In 
these studies, Asian populations smoked fewer 
cigarettes for a shorter period of time compared 
to those in Australia and New Zealand.]

Based on data from the National Cancer 
Institute’s Surveillance, Epidemiology, and End 
Results program (SEER), Chinese women residing 
in the USA have a fourfold increased risk of lung 
cancer, and Filipino women a twofold increased 
risk, compared to that expected based on rates in 

non-Hispanic whites in the USA with a similar 
amount of cigarettes smoked (Epplein et al., 
2005). Among Chinese women, the increased 
risk was largely restricted to adenocarcinoma 
and large cell undifferentiated carcinoma. 
Chinese females residents of the western US 
mainland have a much higher risk of lung cancer 
than would be expected from their tobacco use 
patterns, just as they do in Asia (Peto et al., 1999; 
Epplein et al., 2005), the reason for these differ-
ence have not been identified. [Controlling for 
potential confounding factors was limited using 
aggregate data from SEER.]

Age, sex and race-specific risks of lung cancer 
mortality among lifetime non-smokers were 
compared in the two large ACS Cancer Prevention 
Study cohorts (CPS-I; CPS-II). The mortality rate 
was higher among African American women 
than among white women in CPS-II (hazard 
ratio (HR), 1.43; 95%CI: 1.11–1.36) (Thun et al., 
2006). This suggests an inherent susceptibility 
difference between white and black women but 
it could also be explained by access to care, diet, 
or exposure to environmental carcinogens.

The risk for lung cancer associated with 
cigarette smoking in 183813 African-American, 
Japanese-American, Latino, native Hawaiian 
and white men and women was examined in the 
Multiethnic Cohort Study in the USA (Haiman 
et al., 2006). Information on demographic factors, 
smoking status, cigarettes/day smoked, years of 
smoking, years since quitting, diet, occupations, 
educational level and racial and ethnic group were 
collected for all subjects through a self-adminis-
tered questionnaire at enrolment. Information 
about age of smoking initiation and cessation 
rates were collected on a subgroup of 5090 study 
subjects. Incident lung cancer cases were iden-
tified by linkage to the SEER cancer registries 
covering California and Hawaii. Among those 
who smoked no more than 10 cigarettes/day and 
those who smoked 11–20 cigarettes/day, relative 
risks ranged from 0.21 to 0.39 (P < 0.001) among 
Japanese Americans and Latinos and from 0.45 
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to 0.57 (P  <  0.001) among whites as compared 
with African Americans. However, at levels 
exceeding 30 cigarettes/day, differences between 
racial/ethnic groups were no longer significant. 
The differences in lung cancer risk by racial 
group associated with smoking were observed 
for both men and women and for all histological 
types of lung cancer. These findings could not be 
explained by differences between populations in 
other known or suspected risk factors, including 
diet, occupation, and education level or by age at 
starting smoking or cessation of smoking.

Polymorphisms in glutathione-S-transferase 
(GST), GSTM1, GSTT1 and GSTP1 genes 
in humans are associated with reduction of 
enzymatic activity towards several substrates, 
including those found in tobacco smoke. In a 
population based case–control study involving 
early-onset lung cancer, African Americans 
carrying at least one G allele at the GSTP1 locus 
were more likely to have lung cancer compared 
with African Americans without a G allele after 
adjustment for age, sex, pack–years of smoking 
and a history of lung cancer in a first degree 
relative (OR, 2.9; 95%CI: 1.29–6.20). African 
Americans with either one or two risk geno-
types at the GSTM1 (i.e. null genotype) and 
GSTP1 loci were at increased risk of having 
lung cancer compared with those having fully 
functional GSTM1 and GSTP1 genes (one risk 
genotype: OR, 2.8; 95%CI: 1.1–7.2 and two risk 
genotypes: OR, 4.0; 95%CI: 1.3–12.2). No signifi-
cant single gene associations between GSTM1, 
GSTT1 and GSTP1 and early-onset lung cancer 
were observed in Caucasians, after adjusting for 
age, sex, pack–years and a family history of lung 
cancer (Cote et al., 2005).

The cytochrome P450 (CYP) superfamily of 
enzymes catalyses one of the first steps in the 
metabolism of carcinogens such as polycylic 
aromatic hydrocarbons, nitroaromatics and 
arylamines. A population-based case–control 
study of lung cancer in the metropolitan Detroit 
area found that neither CYP1A1 MspI nor CYP1A1 

Ile462Val was associated with lung cancer suscep-
tibility among Caucasians or African Americans. 
Among Caucasians, however, CYP1B1 Leu432 Val 
was significantly associated with lung cancer 
susceptibility (OR for at least one Val allele, 2.87; 
95%CI: 1.63–5.07). Individuals with both this 
polymorphism and exposure to second-hand 
tobacco smoke were at particularly high risk for 
lung cancer. Combinations of particular CYP1B1 
polymorphisms appeared to increase risk, 
although no combination differed significantly 
from the risk associated with CYP1B1 Leu432 Val 
alone (Cote et al., 2005; Wenzlaff et al., 2005).

The hypothesis that polymorphisms in TP53 
may modulate the risk for lung cancer associ-
ated with tobacco smoke was evaluated in a 
case–control study of lung cancer in Baltimore, 
Maryland. African-Americans with Pro-T-
A-G-G haplotype (combining the polymorphisms 
TP53_01 (rs1042522), TP53_65 (rs9895829), 
TP53_66 (re2909430), TP53_16 (rs1625895), and 
TP_11 (rs12951053)) had both an increased risk 
for lung cancer (HR,  2.32; 95%CI: 1.38–4.10) 
and a worsened lung cancer prognosis (HR, 2.38; 
95%CI: 0.38–4.10) compared with those having 
the Arg-T-A-G-T haplotype. No association 
of TP53 polymorphisms with lung cancer was 
observed in Caucasians (Mechanic et al., 2007). 
Common genetic variation in TP53 could modu-
late lung cancer pathways in African Americans. 
Differences in lung cancer susceptibility may 
exist based on race, tobacco exposure and selected 
genetic polymorphisms (Mechanic et al., 2007).

2.2.6 Interactions

(a) Diet and exercise

Antioxidant vitamins, carotenoids, isothio-
cyanates, total dietary vegetables and fruit, and 
physical exercise have been associated with a 
decreased risk for cancer in some studies but 
the overall protective effect of diet and exercise 
account for only a small fraction of the total risk 
associated with tobacco smoking.
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The association of fruit and vegetable with 
lung cancer incidence among both smokers and 
non-smokers was evaluated in the European 
Prospective Investigation into Cancer and 
Nutrition (EPIC). In current smokers lung cancer 
risk was significantly decreased with higher 
vegetable consumption, the hazard ratio being 
0.78 (95%CI: 0.62–0.98) per 100 g increase in 
daily vegetable consumption, and 0.90 (95%CI: 
0.81–0.99) per 100 g fruit (Linseisen et al., 2007). 
While overall consumption of fruits and vegeta-
bles was not found to be protective of lung cancer 
in the NIH-AARP Diet and Health Study, higher 
consumption of several botanical subgroups (i.e. 
rosaceae, convolvulaceae, and umbelliferae) was 
significantly inversely associated with risk, but 
only in men (Wright et al., 2008). 

Cruciferous vegetables (i.e. broccoli, cabbage, 
cauliflower, Brussels sprouts, kale) are rich in 
isothiocyanates and have been hypothesized to 
have anticancer properties that may contribute to 
reduced risk for lung cancer. Isothiocyanates may 
inhibit the bioactivation of procarcinogens found 
in tobacco smoke such as polycyclic aromatic 
hydrocarbons and 4-(methylnitrosamino)-
1-(3-pyridyl)-1-butanone (Hecht, 2000). 
Isothiocyanates may also enhance excretion of 
carcinogenic metabolites before they can damage 
DNA (Gasper et al., 2005). Furthermore, sulf-
oraphane, a major isothiocyanate found in broc-
coli, can induce cell cycle arrest and apoptosis 
(Seow et al., 2005). GSTM1 and GSTT1 encode 
isoenzymes that play an important role in xenobi-
otic metabolism (Hecht, 2000). Individuals with 
homozygous deletion of GSTM1 and GSTT1, or 
both may metabolize isothiocyanates less effi-
ciently and may be more intensely exposed to 
isothiocyanates after consumption of cruciferous 
vegetables. Epidemiological evidence from 30 
studies on the association between lung cancer 
and either total cruciferous vegetable consump-
tion (6 cohort and 12 case–control studies) or 
specific cruciferous vegetables (1 cohort and 11 
case–control studies) was recently evaluated 

(Lam et al., 2009). The risk for lung cancer among 
those in the highest category of total cruciferous 
vegetable intake was 22% lower in case–control 
studies (pooled OR, 0.78; 95%CI: 0.70–0.88) and 
17% lower in cohort studies (pooled RR,  0.83; 
95%CI: 0.62–1.08). The strongest inverse asso-
ciation of total cruciferous vegetable intake with 
lung cancer was seen among individuals with 
GSTM1 and GSTT1 double null genotypes (OR, 
0.41; 95%CI: 0.26–0.65; p for interaction = 0.01). 
The inverse association was observed in both 
smokers and non-smokers.

The potential role of vitamin A in the devel-
opment of lung cancer attracted early research 
interest (Bjelke, 1975). Carotenoids were thought 
to have anti-cancer properties and early evidence 
from case–control studies tended to support an 
inverse association of lung cancer incidence with 
β-carotene intake and with serum concentrations 
of β-carotene. However, the case–control design 
is not ideal for assessing the effect of serum carot-
enoids as a risk factor for lung cancer risk since the 
disease is likely to effect serum levels. In a meta-
analysis of six randomized clinical trials and 25 
prospective observational studies, Gallicchio 
et al. (2008) computed a pooled relative risk 
for studies comparing β-carotene supplements 
with placebo of 1.10 (95%CI: 0.89–1.36). Among 
observational studies, the pooled relative risk for 
total carotenoid dietary intake from six studies 
was 0.86 (95%CI: 0.75–0.99) among current 
smokers. For dietary intake of β-cryptoxanthin, 
data from six studies gave a pooled relative risk 
among smokers of 0.75 (95%CI: 0.58–0.96). No 
other carotenoids significantly reduced the risk 
in current, former or never smokers.

Based on a review of the literature, antioxi-
dant vitamins show no clear protective effect 
on lung cancer risk in smokers or non-smokers, 
although there was some, albeit inconsistent, 
evidence pointing to a protective role for vitamin 
C and E. No clear protective role was observed 
for vitamin A (Ruano-Ravina et al., 2006).
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Increased physical activity has been asso-
ciated with a reduction in the incidence and 
mortality from all-site cancer and some site-
specific cancers in studies of non-smokers, but 
less is known about whether physical activity 
is associated with similar risk reduction in 
smokers. Several early studies suggested that 
physical activity is associated with decreased 
risk of lung cancer in men and women after 
adjusting for smoking, with risk reductions esti-
mated from 18% (Peterson et al., 2001) to 62% 
(Kubík et al., 2001). The effect of physical activity 
on lung cancer risk was assessed in a sample 
drawn from participants in the Beta-Carotene 
and Retinol Efficacy Trial. The results suggested 
that physical activity may play a small role in 
reducing cancer risk and mortality among those 
with significant tobacco exposure. The incidence 
of lung cancer and of all cancer sites combined 
seemed to be more attenuated by exercise in men 
than in women, while the attenuation in lung 
cancer mortality was greater in women than in 
men. These effects may be more pronounced for 
younger people and may differ inconsistently by 
pack–years of smoking (Alfano et al., 2004). 

(b) Radon

In a pooled analysis of data from 13 case–
control studies of residential radon and lung 
cancer from nine European countries (7148 cases 
of lung cancer and 14208 controls), the dose–
response relation seemed to be linear with no 
threshold and remained significant in analyses 
limited to individuals from homes with measured 
radon <  200 Bq/m3. The absolute risks of lung 
cancer by age 75 years at radon concentrations of 
0, 100, and 400 Bq/m3 would be about 0.4%, 0.5% 
and 0.7%, respectively, for lifelong non-smokers, 
and about 25 times greater (10%, 12% and 16%) 
for cigarette smokers. These studies show appre-
ciable hazards from residential radon, particu-
larly for smokers and recent ex-smokers (Darby 
et al., 2005). Similar risks were identified in a 

pooling project of North American case–control 
studies (Krewski et al., 2005).

(c) Asbestos

Exposure to asbestos and tobacco smoking 
are both known causes of lung cancer in humans 
(Doll & Peto, 1978; de Klerk et al., 1996). Some 
studies suggest a multiplicative effect [where the 
effect of asbestos exposure is a multiple of the 
effect of smoking] (Hammond et al., 1979; Doll 
& Peto, 1985), and meta-analyses have suggested 
that the additive model [where asbestos exposure 
and smoking are independent of each other] is 
unsound (Lee, 2001; Liddell, 2001). In a recent 
study of 2935 asbestos miners, persons exposed 
to asbestos and tobacco who subsequently quit 
smoking remained at a 90% increased risk of 
lung cancer up to 20 years after smoking cessa-
tion, compared to never-smoker asbestos workers 
(Reid et al., 2006a).

(d) Genetic polymorphisms

Lung cancer is plausibly caused by the inter-
play between environmental factors and several 
low-risk alleles. Attempts in identifying specific 
single nucleotide polymorphisms (SNPs) respon-
sible for modulating lung cancer risk have yielded 
few conclusive results. Recent studies have 
focused on mechanistically plausible polymor-
phisms in genes coding for enzymes involved 
in the activation, detoxification and repair of 
chemical damage caused by tobacco smoke. 
Genetic association studies indicate that several 
inherited genetic polymorphisms may be asso-
ciated with lung cancer risk, but the data from 
individual studies with low statistical power 
are conflicting. Evidence from pooled or meta-
analyses, along with some individual studies, is 
briefly summarized below.

(i) Metabolic genes
Most of the 70 carcinogens in tobacco smoke 

are procarcinogens that must be activated by 
phase I enzymes and may then be deactivated by 
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phase II enzymes. Polymorphisms that alter the 
function of the genes involved in the activation 
or detoxification of tobacco smoke carcinogens 
can potentially influence an individual’s risk of 
developing a tobacco-related cancer.

Meta and pooled analyses of 34 case–control, 
genotype-based studies were conducted to assess 
the effect of GSTT1 genotypes and smoking 
on lung cancer risk. No significant interaction 
was observed (Raimondi et al., 2006). A pooled 
analysis of 21 case–control studies from the 
International Collaborative study of Genetic 
Susceptibility to Environmental Carcinogens 
showed no evidence of increased risk for lung 
cancer among carriers of the GSTM1 null geno-
type and there was no evidence of interaction 
between GSTM1 genotype and either smoking 
status or cumulative tobacco consumption 
(Benhamou et al., 2002). Similarly, in another 
pooled analysis the summary OR indicated the 
slow acetylator genotype of N-acetyltransferase 2 
(NAT2) detoxification enzyme was not associated 
with lung cancer risk among Caucasians (Borlak 
& Reamon-Buettner, 2006). In a pooled analysis 
to test the hypothesis of interaction among 
genetic variants in increasing the individual 
risk for cancer, the cumulative effect of variants 
in three metabolic genes, CYP1A1, GSTM1 and 
GSTT1 was assessed. The risk for lung cancer was 
increased with the combination of CYP1A1*2B 
or CYP1A1*4 alleles and the double deletion of 
both GSTM1 and GSTT1 up to an OR of 8.25 
(95%CI: 2.29–29.77). The combination including 
CY1A1*4 among never smokers was associated 
with an OR of 16.19 (95%CI: 1.90–137). These 
estimates did not change after adjustment by 
the number of cigarettes smoked and duration 
of smoking. The results were consistent across 
ethnicities and were approximately the same for 
adenocarcinoma and squamous cell carcinoma 
(Vineis et al., 2007).

Microsomal epoxide hydrolase 1 (EPHX1) 
plays an important role in both the activation and 
detoxification of tobacco-derived carcinogens. 

Polymorphisms at exons 3 and 4 of the EPHX1 
gene have been reported to be associated with 
variations in EPHX1 activity. In a meta-anal-
ysis of 13 case–control studies the low-activity 
(variant) genotype of EPHX1 polymorphism at 
exon 3 was associated with decreased risk for 
lung cancer (OR, 0.65; 95%CI: 0.44–0.96) among 
whites. In white-populations, the high activity 
(variant) genotype of EPHX1 polymorphism at 
exon 4 was associated with a modest increased 
risk of lung cancer (OR, 1.22; 95%CI: 0.79–1.90) 
and the predicted low activity was associated with 
a modest decrease in risk (OR, 0.72; 95%CI: 0.43–
1.22) (Kiyohara et al., 2006).

(ii) DNA repair and cell cycle pathways
Data from 14 studies of lung cancer were used 

in a pooled analysis focusing on 18 sequence vari-
ants in 12 DNA repair genes, including APEX1, 
OGG1, XRCC1, XRCC2, XRCC3, ERCC1, XPD, 
XPF, XPG, XPA, MGMT and TP53 (Hung et al., 
2008a). None of the variants appeared to have a 
large effect on lung cancer risk. In a recent meta-
analysis the X-ray repair cross-complementing 
protein group 3 (XRCC3) and the xeroderma 
pigmentosum group D (XPD)/excision repair 
cross-complementing group 2 (ERCC2) genes 
were evaluated (Manuguerra et al., 2006). The 
authors found no association between these genes 
and the cancer sites investigated (skin, breast and 
lung). A significant association was identified for 
XPD/ERCC2 single nucleotide polymorphisms 
(codons 312 and 751) and lung cancer.

(iii) Nicotine acetylcholine receptor genes
A series of large genome-wide association 

studies for lung cancer have identified suscepti-
bility loci for lung cancer in chromosome arms 
5p, 6p and 15q (Landi et al., 2009). In particular, 
the susceptibility locus at chromosome region 
15q25 includes several genes, including three 
that encode nicotinic acetylcholine receptor 
subunits (CHRNA5, CHRNA3 and CHRNB4). 
Nicotinic acetylcholine receptor subunit genes 
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code for proteins that form receptors present in 
neuronal and other tissue, in particular alveolar 
epithelial cells, pulmonary neuroendocrine cells, 
and lung cancer cell lines (Wang et al., 2001; 
Minna, 2003) and bind to nicotine and nicotine 
derivatives including NNN. An association of 
CHRNA3 and CHRNA5 variants with nicotine 
dependence has been reported (Saccone et al., 
2007; Berrettini et al., 2008). These genes may 
act, at least partially, upon cigarette smoking. 
Current smokers with one or two copies of the 
susceptibility variant are likely to smoke between 
one and two cigarettes more a day (Spitz et al., 
2008). Evidence for an effect of the 15q25 locus 
among never smokers is conflicting, with an 
association found in one study in Europe (Hung 
et al., 2008b) and one in Asia (Wu et al., 2009a), 
but not in others. Whether genes in the 15q25 
locus have an effect on lung cancer beyond their 
propensity to increase numbers of cigarettes 
smoked is unclear.

Three genome-wide association studies iden-
tified genetic factors that modified disease risk. 
The first was a genome-wide association anal-
ysis to identify genetic polymorphisms associ-
ated with lung cancer risk in 1154 lung cancer 
patients of European ancestry who were current 
or former smokers and 1137 control subjects 
who were frequency matched to the lung cancer 
patients by age, sex, race and smoking status. Two 
SNPs, rs105173 and rs803419, which mapped to 
a region of strong linkage disequilibrium within 
15q25.1, were strongly associated with risk of 
lung cancer, with an odds ratio for rs105173 of 
1.31 (P = 9.84x10−6). This finding was replicated 
with an additional 711 case subjects and 632 
control subjects from Texas (P  =  0.00042) and 
in 2013 case subjects and 3062 control subjects 
in the United Kingdom (P  =  2.33x10−10). The 
region of interest encompasses the nicotinic 
acetylcholine receptor subunit genes CHRNA3 
and CHRNA5 (as well as CHRNB4) (Spitz et al., 
2008). A second genome-wide association study 
conducted among 1989 lung cancer cases and 

2625 controls from six central European coun-
tries confirm these results (Hung et al., 2008a). 
In a third genome-wide association study of 665 
Icelandic, 269 Spanish and 90 Dutch lung cancer 
cases and 32244 controls a common variant in 
the nicotinic acetylcholine receptor gene cluster 
[chromosome region 15q24] was significantly 
associated with lung cancer risk (OR, 1.31; 
95%CI: 0.1.19–1.44). The variant was observed to 
have a significant effect on the number of ciga-
rettes smoked per day (Thorgeirsson et al., 2008). 
These studies have all shown a link between this 
variant and lung cancer risk either through a 
mechanism involving nicotine dependence or a 
direct role in downstream signalling pathways 
that promote carcinogens. Together these results 
provide compelling evidence of a locus at 15q25 
and 15q24 predisposing to lung cancer.

(iv) Alpha(1)-antitrypsin
Alpha(1)-antitrypsin deficiency (α(1)ATD) 

is one of the most common genetic disor-
ders, especially among European descendents. 
Recent results suggest that α(1)ATD carriers 
are at a 70–100% increased risk of lung cancer, 
accounting for 11% to 12% of patients with lung 
cancer (Yang et al., 2008). [The specific effect by 
smoking status was not evaluated.]

(v) Other genes
Mutations in the checkpoint CHEK2 gene 

have been associated with increased risk of 
breast, prostate and colon cancer and a decreased 
risk of lung cancer among those with the I157T 
missense variant of the CHEK2 gene. In a large 
Polish case–control study CHEK2 mutations 
were protective against lung cancer (OR, 0.3; 
95%CI: 0.2–0.5) (Cybulski et al., 2008).

The Swedish Family-Cancer Database was 
used to compare the rate of lung cancers among 
persons without family history of lung cancer 
to those with a family history (Li & Hemminki, 
2004). A high risk by family history in adeno-
carcinoma (standardized incidence ratio (SIR), 
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2.03) and large cell carcinoma (SIR, 2.14) was 
found, a slightly lower risk among patients with 
squamous cell carcinoma (SIR, 1.63) and small 
cell carcinoma (SIR, 1.55). Among siblings, an 
increased risk was shown for concordant adeno-
carcinoma and small cell carcinoma at all ages 
and for all histological types when cancer was 
diagnosed before age 50. At young age, risks 
between siblings were higher than those between 
offspring and parents. These data suggest that a 
large proportion of lung cancers before age 50 are 
heritable and due to a high-penetrant recessive 
gene or genes that predispose to tobacco carcin-
ogen susceptibility.

(e) Viral infection

Data are limited regarding lung cancer risk in 
human immunodeficiency virus (HIV)-infected 
persons with modest immune suppression, 
before the onset of acquired immunodeficiency 
syndrome (AIDS). Among 57350 HIV-infected 
persons registered in the USA during 1991–2002 
(median CD4 counts 491 cells/mm3), 871 cancers 
occurred. Risk was elevated for several non-
AIDS defining malignancies, including cancer of 
the lung (SIR, 2.6 [n = 109]) (Engels et al., 2008). 
[Specific evaluation with smoking status was not 
performed.]

2.3 Cancers of the upper 
aerodigestive tract

Evidence relating to cancers of the upper 
aerodigestive tract obtained from relevant 
cohort and case–control studies on specific sites 
is described in Sections 2.3.1 to 2.3.6; studies that 
looked at several subsites combined are described 
in Section 2.3.7. The major potential confounders 
for the relationship between smoking and cancers 
of the upper aerodigestive tract are alcohol 
consumption and use of any form of smokeless 
tobacco, and for some sites infection with human 
papillomavirus (HPV) (especially HPV16). In 

general, the studies examined by the Working 
Group had adjusted for these two confounders 
when appropriate. Some studies also adjusted for 
dietary intake, especially of fruits and vegetables, 
although few reported stratified relative risks.

2.3.1 Cancer of the oral cavity

Tobacco smoking was found to be caus-
ally related to oral cancer (IARC, 1986, 2004a). 
New studies on the relationship between oral 
cancer and cigarette smoking published since 
the most recent IARC Monograph (IARC, 2004a) 
include four cohort studies (Table  2.7 available 
at http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-01-Table2.7.pdf), and eight case–
control studies (Tables  2.8–2.11 online; see 
below).

(a) Intensity and duration of smoking

Intensity of smoking was measured in almost 
all cohort (Table  2.7 online) and case–control 
studies (IARC 2004a; Table  2.8 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-01-Table2.8.pdf and Table  2.9 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-01-Table2.9.pdf). In 
addition to the number of cigarettes or amount 
of tobacco smoked daily, cumulative exposure 
to cigarette smoke was also measured in terms 
of pack–years, tobacco-years or lifetime tobacco 
consumption. The link between duration of ciga-
rette consumption and oral cancer was examined 
in 15 case–control studies. Seven case–control 
studies also considered age at starting smoking.

One cohort study (McLaughlin et al., 1995) 
and 14 case–control studies reported a dose-
dependent increase in risk with increasing 
number of cigarettes smoked daily or increasing 
daily tobacco consumption (Franceschi et al., 
1990, 1992, 1999; Nandakumar et al., 1990; Zheng 
et al., 1990; Choi & Kahyo, 1991; Oreggia et al., 
1991; Bundgaard et al., 1995; Zheng et al., 1997; De 
Stefani et al., 1998; Hayes et al., 1999; De Stefani 
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et al., 2007; Subapriya et al., 2007; Muwonge et 
al. 2008). Whenever analysed, the trend was 
always statistically significant (Franceschi et al., 
1990, 1992; Oreggia et al., 1991; Bundgaard et al., 
1995; McLaughlin et al. 1995; Hayes et al., 1999; 
Subapriya et al., 2007), except in the study of 
Muwonge et al. (2008) which also included bidi 
smokers.

Bundgaard et al. (1995) used lifetime tobacco 
consumption divided into four categories and 
reported a positive, significant trend after adjust-
ment for life-time consumption of alcohol and 
other risk factors. A positive trend was also found 
in all studies that have analysed consumption in 
pack–years or tobacco-years (Zheng et al., 1990; 
Maier et al., 1992a; Macfarlane et al., 1995; Hung 
et al., 1997; Zheng et al., 1997; De Stefani et al., 
1998, 2007; Applebaum et al., 2007; Muwonge 
et al., 2008), except Muwonge et al. (2008).

Ten studies (Franceschi et al., 1990, 1992; 
Nandakumar et al., 1990; Zheng et al., 1990; Choi 
& Kahyo, 1991; Oreggia et al., 1991; Zheng et al., 
1997; De Stefani et al., 1998, 2007; Znaor et al., 
2003; Subapriya et al., 2007; Muwonge et al., 
2008) classified the duration of smoking in up 
to four categories, and all but one (Nandakumar 
et al., 1990) reported increased relative risks and 
a positive trend.

Of six studies that considered age at start of 
smoking (Franceschi et al., 1990, 1992; Choi & 
Kahyo, 1991; Oreggia et al., 1991; Zheng et al., 
1997; Balaram et al., 2002) two reported a statis-
tically significant trend of increasing risk with 
decreasing age at starting (Franceschi et al., 
1990, 1992).

(b) Cessation of smoking

Three cohort studies (McLaughlin et al., 
1995; Freedman et al., 2007a; Friborg et al. 2007) 
and nine case–control studies (Zheng et al., 
1990; Choi & Kahyo, 1991; Oreggia et al., 1991; 
Franceschi et al., 1992; Ko et al., 1995; Zheng 
et al., 1997; De Stefani et al., 1998, 2007; Schildt 
et al., 1998; Balaram et al., 2002; Pacella-Norman 

et al., 2002; Muwonge et al. 2008) estimated risks 
for former smokers which were always lower than 
those for current smokers and in five studies 
almost reached unity (Zheng et al., 1990; Choi 
& Kahyo, 1991; Zheng et al., 1997; Schildt et al., 
1998; Muwonge et al., 2008). Twelve case–control 
studies examined the risk by years since quit-
ting and all reported a negative trend, with rela-
tive risks compared with those in non-smokers 
decreasing to near unity after 10 or more years 
(Franceschi et al., 1990, 1992; De Stefani et al., 
1998, 2007; Schlecht et al., 1999a; Table 2.7 online; 
Table 2.10 available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-01-Table2.10.
pdf).

(c) Type of cigarette

The effect of the type of cigarette smoked 
was examined in several case–control studies 
(Table  2.11 available at http://monographs.
iarc.fr/ENG/Monographs/vol100E/100E-01-
Table2.11.pdf). The characteristics of the ciga-
rettes included the presence of a filter, the type of 
tobacco, the tar content and whether the product 
was manufactured or hand-rolled. Two studies 
reported a statistically significantly higher risk 
for black than for blond tobacco (Oreggia et al., 
1991; De Stefani et al., 1998, 2007). Similarly, 
a much higher risk was found for hand-rolled 
cigarettes than for manufactured cigarettes, and 
plain cigarettes had a much higher risk than 
filter-tipped cigarettes (De Stefani et al., 1998, 
2007). In one study the differences between black 
and blond tobacco and between hand-rolled and 
manufactured cigarettes persisted after stratifi-
cation by duration of smoking (De Stefani et al., 
1998). Smoking cigarettes with a high-tar content 
led to higher risks than smoking cigarettes with a 
low-tar content (Franceschi et al., 1992) and the 
same trend was observed for cigarettes without 
filter compared to cigarettes with filter (De 
Stefani et al., 2007).
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(d) Sex

Sex-specific effects were examined in two 
case–control studies (Zheng et al., 1990; Hayes 
et al., 1999). In both studies, the relative risks for 
all categories of intensity, duration of smoking 
and pack–years were higher for women than for 
men. [The Working Group noted that the back-
ground risk of oral cancer is considerably lower 
in women than men. Thus, the higher relative 
risk estimates in women than men indicate a 
higher proportionate contribution from smoking 
in women than men, rather than higher absolute 
risk.]

2.3.2 Cancer of the pharynx

Tobacco smoking was considered to be an 
important cause of oropharyngeal and hypopha-
ryngeal cancers in the previous IARC Monographs 
on tobacco smoking (IARC, 1986, 2004a). 
Since then, results available from three cohort 
(Table 2.12 available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-01-Table2.12.
pdf) and seven case–control studies (Table 2.13 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-01-Table2.13.pdf and 
Table 2.14 available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-01-Table2.14.
pdf) provide further support for the associa-
tion. Many studies, however, combine cancers of 
the oral cavity and pharynx (see Section 2.3.7). 
This section summarizes the evidence from all 
eight cohort and 21 case–control studies that 
reported results specifically on oropharyngeal 
and hypopharyngeal cancer, or on pharyngeal 
cancer in general; the latter may include data on 
nasopharyngeal cancer.

The risk for pharyngeal cancer was signifi-
cantly increased in smokers in four cohort 
studies (Doll et al., 2005; McLaughlin et al.,1995; 
Freedman et al., 2007a; Friborg et al., 2007) and 
all but one of the case–control studies (Rao et al., 
1999). The trend of increasing risk associated 
with increasing daily or cumulative consumption 

of cigarettes was evident from all these studies, 
particularly those from Europe (Brugere et al., 
1986; Tuyns et al., 1988; Franceschi et al., 1990, 
1999; Maier et al., 1994; Escribano Uzcudun et al., 
2002; Vlajinac et al., 2006), India (Znaor et al., 
2003; Sapkota et al., 2007), Uruguay (De Stefani 
et al., 1998, 2007) and the USA (McLaughlin 
et al., 1995; Applebaum et al., 2007), and less 
strongly so in studies from Canada (Elwood et al., 
1984) and the Republic of Korea (Choi & Kahyo, 
1991). The multicentre study in Europe, North 
and South America of Hashibe et al. (2007c) 
showed increased risks according to frequency 
(cigarettes/day) and duration (years) in never 
drinkers. Applebaum et al. (2007) found a rela-
tionship between increasing risk of pharyngeal 
cancer and increased pack–years of smoking in 
subjects with negative HPV16 serology but not in 
those with positive HPV16 serology (p value for 
interaction = 0.007).

In two case–control studies the risk increased 
with decreasing age at starting smoking 
(Franceschi et al., 1990; Choi & Kahyo, 1991,), 
but adjustment was not made for duration and 
intensity of smoking. In a case–control study 
from Spain (Escribano Uzcudun et al., 2002) the 
risk increased with the age of starting smoking.

Former smokers had consistently lower 
relative risks than did current smokers in both 
cohort (McLaughlin et al., 1995; Freedman et al., 
2007a) and case–control studies (Choi & Kahyo, 
1991; De Stefani et al., 1998; Vlajinac et al., 2006). 
In comparison with non-smokers, the relative 
risks for former smokers who had quit smoking 
for more than 10 years were between 2 and 4 
(Franceschi et al., 1990; De Stefani et al., 1998; La 
Vecchia et al., 1999), whereas the relative risks for 
current smokers in these studies were 10–14. In 
one study in Brazil (Schlecht et al., 1999a), rela-
tive risks for former smokers who had stopped 
smoking for more than 10 years approached 1, 
whereas that for current smokers was just below 
6. Consumption of black tobacco, hand-rolled 
cigarettes or plain cigarettes resulted in a higher 
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risk for pharyngeal cancer than consumption of 
blond tobacco, manufactured cigarettes or filter-
tipped cigarettes (De Stefani et al., 1998; 2007).

2.3.3 Cancer of the nasal cavity and 
accessory sinuses

In the Life Span Study in Japan (Akiba, 1994) 
the association of tobacco use with sinonasal 
cancer was examined. A total of 26 cases of sino-
nasal cancer were identified among 61505 adults 
during follow-up. Relative risk estimates, adjusted 
for sex, location, population group, atomic bomb 
exposure, year of birth and attained age, were 
2.9 (95%CI: 0.5–) and 4.0 (95%CI: 1.2–) for 
former and current smokers, respectively, when 
compared with non-smokers [upper confidence 
limits were not reported]. The cohort of 34439 
British doctors followed up to 50 years (Doll et al., 
2005) showed increased risk for current smokers 
and smokers of more than 25 cigarettes per day, 
but only six deaths from nasal cavity and sinuses 
cancers were observed (Table  2.15 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-01-Table2.15.pdf).

A total of nine case–control studies of nasal 
cavity and sinus cancers have been conducted. 
When histological types were combined, all 
studies found an increased risk associated with 
cigarette smoking, but only one was statistically 
significant (Caplan et al., 2000). In seven studies, 
dose–response in terms of intensity of smoking 
(cigarettes/day), duration of smoking or pack–
years was considered. A positive significant trend 
was found in five studies (Brinton et al., 1984; 
Hayes et al., 1987; Fukuda & Shibata, 1990; Zheng 
et al., 1993; Caplan et al., 2000) and suggested in 
the other two (Strader et al., 1988; Zheng et al., 
1992c).

One study (Zheng et al., 1993a) found a 
significant decrease in risk for sinonasal cancer 
associated with increasing number of years since 
cessation of smoking. In a previous study, the 

same authors had found a negative, non-signif-
icant association (Zheng et al., 1992c).

Five studies analysed squamous-cell carci-
nomas and adenocarcinomas separately (Brinton 
et al., 1984; Hayes et al., 1987; Strader et al., 1988; 
Zheng et al., 1992c; ’t Mannetje et al., 1999). In all 
studies, there was a significantly increased risk 
for squamous-cell carcinomas, whereas the risk 
was generally not increased for adenocarcinomas.

2.3.4 Cancer of the nasopharynx

(a) Cohort studies

The risk for nasopharyngeal carcinoma has 
been examined in relation to tobacco use in six 
cohort studies, three of them reported since 
the last evaluation (IARC 2004a; Table  2.16 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-01-Table2.16.pdf). 
In one study, conducted in a low-risk area (Chow 
et al., 1993a), a significant increase in risk among 
smokers and suggestive positive dose–response 
relationships by duration of smoking and age at 
starting smoking were found. In another study, 
conducted in Province of Taiwan, China, an 
area in which nasopharyngeal cancer area is 
endemic, a similarly increased risk was found, 
but it was not statistically significant (Liaw & 
Chen, 1998). Doll et al. (2005) identified a risk 
only for smokers of more than 25 cigarettes 
per day, however, this result was based on only 
four deaths. Friborg et al. (2007) in Singapore 
found statistically significant increased risk of 
nasopharyngeal cancer only for those smoking 
for 40 years or more. Hsu et al. (2009) in Taiwan, 
China observed increased statistically significant 
risks only for those smoking for 30 years or more 
and those with cumulative exposure of 30 pack–
years or more.

(b) Case–control studies

The study designs and the results of the case–
control studies on the association of nasopha-
ryngeal carcinoma with cigarette smoking 
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reported since the previous IARC Monograph 
(IARC, 2004a) are given in Table 2.17 (available 
at http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-01-Table2.17.pdf) and Table  2.18 
(available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-01-Table2.18.pdf), 
one being a nested case–control analysis within 
a cohort study (Marsh et al., 2007).

In total, 14 informative case–control studies 
were available. In almost all of these, the risk 
for nasopharyngeal carcinoma was higher in 
smokers than in non-smokers. In Taiwan, China 
(Cheng et al., 1999) high risks were statistically 
significant only for duration of smoking of 20 
years or more. In the five studies conducted in 
the USA (Mabuchi et al., 1985; Nam et al., 1992; 
Zhu et al., 1995; Vaughan et al., 1996; Marsh 
et al., 2007), where the incidence of nasopha-
ryngeal carcinoma is low, the relative risks for 
current smokers ranged between 2 and 4, but 
were not statistically significant in the two 
studies (Mabuchi et al., 1985; Marsh et al., 2007). 
In a study conducted in Shanghai, an area of 
China in which nasopharyngeal carcinoma is not 
endemic (Yuan et al., 2000), the relative risk was 
just below 2. In one study from the Philippines 
there was a sevenfold increase in risk after more 
than 30 years of smoking (West et al., 1993). The 
four studies (Lin et al., 1973; Yu et al., 1990; Ye 
et al., 1995; Cao et al., 2000) conducted in areas 
of China in which nasopharyngeal carcinoma is 
endemic (Taiwan, China, Guangzhou, and Sihui) 
found relative risks for ever smoking ranging 
between 2 and 5. In the study from the North 
of Africa (Feng et al., 2009) the only statistically 
significant increased risk was found for differen-
tiated nasopharyngeal cancer in those that had 
smoked more than 22 cigarettes/day. [The result, 
based only on three cases, is very unstable (RR, 
313; 95%CI: 1.94–50336).]

A statistically significant dose–response rela-
tionship was detected in seven studies that evalu-
ated the effects of daily or cumulative exposure to 
tobacco smoke (Yu et al., 1990; Nam et al., 1992; 

Zhu et al., 1995; Vaughan et al., 1996; Cao et al., 
2000; Yuan et al., 2000; Feng et al., 2009) and was 
suggestive in two others (Lin et al., 1973; West 
et al., 1993). In two studies the risk of nasopha-
ryngeal carcinoma decreased with increasing 
time since quitting smoking (Nam et al., 1992; 
Vaughan et al., 1996).

In the remaining studies, six from areas in 
which nasopharyngeal carcinoma is endemic 
(Ng, 1986; Yu et al., 1986; Sriamporn et al., 1992; 
Zheng et al., 1994; Cheng et al., 1999; Feng et al., 
2009; Guo et al., 2009) and seven from areas in 
which it was not endemic (Henderson et al., 1976; 
Lanier et al., 1980; Mabuchi et al., 1985; Ning et al., 
1990; Armstrong et al., 2000, Marsh et al., 2007), 
the relative risks for nasopharyngeal carcinoma 
for ever smoking were not significantly increased 
(Lanier et al., 1980; Mabuchi et al., 1985; Cheng 
et al., 1999) or were close to 1.0 (Henderson et al., 
1976; Ng, 1986; Yu et al., 1986; Ning et al., 1990; 
Sriamporn et al., 1992; Zheng et al., 1994; Guo 
et al., 2009). 

In the two studies that distinguished between 
different histological types, relative risks were 
higher for keratinized (squamous-cell) carci-
noma than for unkeratinized carcinoma (Zhu 
et al., 1995; Vaughan et al., 1996).

In the three studies in which men and women 
were analysed separately (Lin et al., 1973; Nam 
et al., 1992; Yuan et al., 2000), the relative risks 
were found to increase similarly in both sexes in 
two studies (Nam et al., 1992; Yuan et al., 2000) 
and were higher among women in the study of 
Lin et al. (1973).

2.3.5 Cancer of the oesophagus

In the previous IARC Monograph (IARC, 
2004a), both histological subtypes of oesophageal 
cancer (squamous-cell carcinoma and adenocar-
cinoma) were considered to be causally related to 
cigarette smoking. Many more epidemiological 
studies have since been conducted, and results 
of these studies further support this conclusion.
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(a) Squamous cell carcinoma and unspecified 
cancer of the oesophagus

Since the previous IARC Monograph (IARC, 
2004a), there have been reports on 9 cohort 
studies (Table  2.19 available at http://mono-
graphs.iarc.fr/ENG/Monographs/vol100E/100E-
01-Table2.19.pdf) and 22 case–control studies 
(Tables 2.20–2.23; see below), making 30 cohort 
and 55 case–control studies in all. All showed 
that the risk of oesophageal squamous cell carci-
noma was associated with cigarette smoking. In 
one study (Li et al., 1989), the elevated risk was 
observed only in an area with a relatively low 
incidence of oesophageal cancer. However, two 
later studies in the same area, Lin County, China, 
found a twofold increase in risk for oesophageal 
cancer among smokers (Gao et al., 1994; Lu et al., 
2000).

In most cohort studies and in most case–
control studies with relatively large sample sizes 
(IARC, 2004a; Table  2.19 online; Table  2.20 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-01-Table2.20.pdf; 
Table 2.21 available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-01-Table2.21.
pdf), the risk for oesophageal cancer was shown to 
increase with increasing duration of smoking (11 
cohort and 32 case–control studies) or number of 
cigarettes smoked daily (18 cohort and 31 case–
control studies), and to decrease with increasing 
age at starting smoking (12 case–control studies). 
In comparison with pharyngeal and laryngeal 
cancers, relative risks for oesophageal cancer esti-
mated by duration and by intensity of smoking 
were somewhat lower (see Sections 2.3.2 and 
2.3.6, respectively).

Ten cohort and 20 case–control studies 
(IARC, 2004a; Table  2.19 online; Table  2.22 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-01-Table2.22.pdf) 
investigated the effect of smoking cessation on 
risk of oesophageal cancer. Although not all 
studies analysed the trend, all found a decreasing 

relative risk with increasing number of years since 
quitting. In some studies, the risk first started to 
decrease after 10 years of cessation (Brown et al., 
1988; Rolón et al., 1995; Gammon et al., 1997; 
Castellsagué et al., 1999; Freedman et al., 2007b; 
Bosetti et al., 2008) or after 30 years of cessation 
(Pandeya et al., 2008).

When comparing the types of tobacco smoked 
(Table 2.23 available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-01-Table2.23.
pdf), consumption of black tobacco resulted 
in a higher risk for oesophageal cancer than 
did consumption of blond tobacco (De Stefani 
et al., 1990; Rolón et al., 1995; Castellsagué et al., 
1999; Launoy et al., 2000; Vioque et al., 2008). 
Similarly, smoking untipped cigarettes generally 
resulted in a higher risk than smoking filter-
tipped cigarettes (Vaughan et al., 1995; Gammon 
et al., 1997; Castellsagué et al., 1999).

Two studies from the USA reported risks 
separately for blacks and whites. After adjust-
ment for alcohol consumption, age and income, 
risks were very similar for former and current 
smokers and for the number of cigarettes smoked 
per day and duration of smoking (Brown et al., 
1994a; Brown et al., 2001). 

(b) Adenocarcinoma of the oesophagus

Two decades ago it was noted that incidence 
rates for adenocarcinoma of the oesophagus 
and gastric cardia had increased steadily in the 
USA, whereas the incidence rate for squamous-
cell carcinoma of the oesophagus had remained 
relatively stable (Blot et al., 1991). An increase 
in the incidence of adenocarcinoma of the 
distal oesophagus and cardia was also noted 
in the United Kingdom (Powell & McConkey, 
1990), and in several other countries. Since 
1990, several studies have focused on the risk 
factors for adenocarcinoma of the oesophagus. 
Since the last evaluation (IARC, 2004a) one 
cohort study (Freedman et al., 2007b) and three 
case–control studies (Table  2.24 available at 
http://monographs.iarc.fr/ENG/Monographs/

71

http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-01-Table2.19.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-01-Table2.19.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-01-Table2.19.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-01-Table2.20.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-01-Table2.20.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-01-Table2.21.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-01-Table2.21.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-01-Table2.21.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-01-Table2.22.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-01-Table2.22.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-01-Table2.23.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-01-Table2.23.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-01-Table2.23.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-01-Table2.24.pdf


IARC MONOGRAPHS – 100E

vol100E/100E-01-Table2.24.pdf; Table  2.25 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-01-Table2.25.pdf) 
have been reported, totaling 13 case–control 
studies on the association of cigarette smoking 
and adenocarcinoma of the oesophagus. 

(i) Intensity and duration of smoking
Ten studies, three that included only cases 

of adenocarcinoma of the oesophagus (Menke-
Pluymers et al., 1993; Gammon et al., 1997; Wu 
et al., 2001), three that included cases of adeno-
carcinoma of the oesophagus, gastro-oesoph-
ageal junction and gastric cardia combined 
(Kabat et al., 1993; Brown et al., 1994b; Vaughan 
et al., 1995), and four that stratified by histology 
(Lindblad et al., 2005; Freedman et al., 2007b; 
Hashibe et al., 2007a; Pandeya et al., 2008), 
showed a significant positive association of 
adenocarcinoma of the oesophagus with ciga-
rette smoking. The relative risks were somewhat 
lower than those for squamous cell carcinoma 
of the oesophagus. Three studies, one in China 
(Gao et al., 1994), one in Sweden (Lagergren 
et al., 2000), and one in the USA (Zhang et al., 
1996), reported similarly elevated relative risks, 
but some of these risks were not statistically 
significant, probably because of relatively small 
numbers of cases.

Of those studies that reported risks adjusted 
for alcohol consumption, a positive, significant 
dose–response relationship was found with 
intensity of smoking (Kabat et al., 1993; Brown 
et al., 1994b; Gammon et al., 1997; Hashibe 
et al., 2007a), duration of smoking (Gammon 
et al., 1997; Pandeya et al., 2008) and/or pack–
years (Vaughan et al., 1995; Zhang et al., 1996; 
Gammon et al., 1997; Pandeya et al., 2008).

(ii) Cessation of smoking
Ten studies provided point estimates for 

former smokers. In eight, relative risks were 
lower in former smokers than in current smokers, 
although they remained elevated (Kabat et al., 

1993; Gao et al., 1994; Vaughan et al., 1995; 
Gammon et al., 1997; Wu et al., 2001; Lindblad 
et al., 2005; Freedman et al., 2007b; Pandeya et al., 
2008), and were increased in the other studies 
(Lagergren et al., 2000; Hashibe et al., 2007a). 
The decrease in relative risk associated with years 
since cessation was weak, but a significant trend 
was found in two out of six studies (Gammon 
et al., 1997; Wu et al., 2001).

(iii) Confounding
With the exception of two studies (Levi 

et al., 1990; Wu et al., 2001), all studies adjusted 
for alcohol intake as a potential confounder. 
Three more recent studies also adjusted for fruit 
and vegetables intake (Freedman et al., 2007b; 
Hashibe et al., 2007a; Pandeya et al., 2008). Ten 
of these studies were conducted in the USA 
(Kabat et al., 1993; Brown et al., 1994b; Vaughan 
et al., 1995; Zhang et al., 1996; Gammon et al., 
1997; Freedman et al., 2007b) the Netherlands 
(Menke-Pluymers et al., 1993), the United 
Kingdom (Lindblad et al., 2005), central and 
eastern Europe (Hashibe et al., 2007a) and 
Australia (Pandeya et al., 2008), where chewing 
of betel quid with tobacco or use of other forms 
of smokeless tobacco are not likely confounders. 
One study conducted in Sweden was adjusted for 
snuff use (Lagergren et al., 2000).

(iv) Sex
Kabat et al. (1993) examined risks for men 

and women separately and observed similar 
patterns in both sexes, although risks among 
current smokers and heavy smokers were some-
what higher for women than for men. Lindblad et 
al. (2005) also found higher risks in women than 
in men, but they were not statistically significant.

2.3.6 Cancer of the larynx

Laryngeal cancer is one of the cancers most 
strongly associated with cigarette smoking 
(IARC, 1986, 2004a). Since the previous IARC 
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Monograph, more epidemiological evidence has 
become available to strengthen this conclusion.

(a) Potential confounders

Other causes of laryngeal cancer include 
alcohol consumption, some occupational expo-
sures (e.g. sulphuric acid; IARC, 2012a) and 
possibly some dietary habits. In investigating 
associations between smoking and laryn-
geal cancer, potential confounding by alcohol 
consumption has been considered in most of the 
studies. 

(b) Intensity and duration of smoking
Cohort and case–control studies have been 

carried out in Asia, Europe, North and South 
America, and South Africa. In all, the risk for 
laryngeal cancer was consistently higher in 
smokers, and a positive significant trend was 
observed with increasing duration and intensity 
of smoking (IARC, 2004a; Table  2.26 available 
at http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-01-Table2.26.pdf; Table  2.27 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-01-Table2.27.pdf; 
Table 2.28 available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-01-Table2.28.
pdf). 

In most case–control studies, the relative 
risks for laryngeal cancer were near to or greater 
than 10 for smokers who had smoked for longer 
than 40 years (Falk et al., 1989; Zheng et al., 
1992b) or had smoked more than 20 cigarettes 
per day (Tuyns et al., 1988; Falk et al., 1989; Choi 
& Kahyo, 1991; Zatonski et al., 1991; Muscat 
& Wynder, 1992; Zheng et al., 1992b; Hedberg 
et al., 1994; Sokić et al., 1994; Talamini et al., 
2002). Cancer of the larynx in non-smokers is 
so rare that several studies used as the reference 
category light smokers (Herity et al., 1982; Olsen 
et al., 1985a; De Stefani et al., 1987; Zatonski 
et al., 1991; López-Abente et al., 1992; Maier & 
Tisch, 1997), or former smokers (Hashibe et al., 
2007b). Consequently, relative risks were lower 

in these studies, although the increases were still 
statistically significant.

Three case–control studies reported odds 
ratios for cancer of the larynx that increased with 
decreasing age of starting smoking (Franceschi 
et al., 1990; Zatonski et al., 1991; Talamini et al., 
2002).

(c) Cessation of smoking

The risk for cancer of the larynx declines 
rather rapidly after cessation of smoking (IARC, 
2004a; Table  2.29 available at http://mono-
graphs.iarc.fr/ENG/Monographs/vol100E/100E-
01-Table2.29.pdf). No detectable higher risk 
compared with never-smokers was seen among 
subjects who had quit smoking for at least 10 
years (Franceschi et al., 1990; Ahrens et al., 1991; 
Schlecht et al., 1999a, b; Bosetti et al., 2006; 
Hashibe et al., 2007b).

(d) Types of tobacco or of cigarette

Some investigators considered the role of type 
of tobacco (IARC, 2004a; Table 2.30 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-01-Table2.30.pdf). An average 
2.5-fold higher risk was observed in smokers 
of black tobacco compared to smokers of blond 
tobacco (De Stefani et al., 1987; Tuyns et al., 1988; 
López-Abente et al., 1992). Smoking untipped 
cigarettes also led to a higher risk than smoking 
filter-tipped cigarettes (Wynder & Stellman, 
1979; Tuyns et al., 1988; Falk et al., 1989). Those 
that smoke cigarettes only had higher risks of 
larynx cancer than those that smoke cigars only 
(Hashibe et al., 2007b).

(e) Subsites

Six studies investigated the risk for glottic 
and supraglottic cancer separately (Olsen et al., 
1985a; Tuyns et al., 1988; López-Abente et al., 
1992; Maier et al., 1992b; Muscat & Wynder, 
1992; Sapkota et al., 2007). The cancer risk 
increased with increasing amount smoked per 
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day and with cumulative exposure for both 
subsites (IARC, 2004a; Table  2.28 online). In 
addition, the observed relative risks were higher 
for supraglottic cancer than for glottic cancer 
(Maier et al., 1992b; Sapkota et al., 2007).

(f) Sex

Few studies investigated sex-specific effects. 
In one cohort study (Raitiola & Pukander, 1997) 
similar risks were found for men and women, 
whereas in two case–control studies (Zheng 
et al., 1992b; Tavani et al., 1994), the relative 
risks for women were up to 10-fold higher than 
for the corresponding categories in men, though 
a small number of cases were involved. However, 
Freedman et al. (2007a) observed higher relative 
risks in men than women (Table  2.26 online). 
One study looked at women only and found 
higher risks of laryngeal cancer in former and 
current smokers relative to non-smokers, and 
also according to the number of cigarettes per 
day with a clear dose–response effect (P < 0.001) 
(Gallus et al., 2003b).

2.3.7 Cancer of the upper aerodigestive tract 
combined

In epidemiological studies, especially in 
cohort studies in which there are few cases at 
some sites, investigators often combine cancers of 
the oral cavity, pharynx, larynx and oesophagus 
and term these ‘cancer of the upper aerodigestive 
tract’. This section summarizes the data from 19 
cohort studies (IARC, 2004a; Table 2.31 available 
at http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-01-Table2.31.pdf), and 40 case–
control studies (IARC, 2004a; Tables 2.32–2.35; 
see below).

(a) Intensity and duration of smoking

In all but two cohort studies from Japan (Kono 
et al., 1987; Akiba, 1994), the risk for cancer of the 
upper aerodigestive tract was strongly associated 
with cigarette smoking. Relative risks increased 

with increasing daily cigarette consumption 
(Hammond & Horn, 1958; Doll et al., 1980, 
1994; Akiba & Hirayama, 1990; Kuller et al., 
1991; Chyou et al., 1995; Engeland et al., 1996; 
Murata et al., 1996; Yuan et al., 1996; Kjaerheim 
et al., 1998; Liaw & Chen, 1998; Yun et al., 2005; 
Freedman et al., 2007a), duration of smoking 
(Chyou et al., 1995; Yun et al. 2005; Friborg 
et al., 2007) or pack–years (Liaw & Chen, 1998; 
Freedman et al., 2007a).

The main characteristics and results of 
the case–control studies are presented in 
IARC (2004a), and in Table  2.32 (available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-01-Table2.32.pdf) and Table  2.33 
(available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-01-Table2.33.pdf), 
respectively. Intensity of smoking was measured 
in most of these studies. The link between dura-
tion of smoking and cancer of the upper aero-
digestive tract was examined in 20 case–control 
studies (Blot et al., 1988; Merletti et al., 1989; 
Barra et al., 1991; De Stefani et al., 1992, 2007; 
Franceschi et al., 1992; Day et al., 1993; Mashberg 
et al., 1993; Kabat et al., 1994; Lewin et al., 1998; 
Bosetti et al., 2000a; Garrote et al., 2001; Gallus 
et al., 2003a; Lissowska et al., 2003; Znaor et al., 
2003; Castellsagué et al., 2004; Menvielle et al., 
2004a, b; Rodriguez et al., 2004; Hashibe et al., 
2007c; Sapkota et al., 2007). Nine also considered 
age at starting smoking (Blot et al., 1988; Merletti 
et al., 1989; Barra et al., 1991; Franceschi et al., 
1992; Day et al., 1993; Lewin et al., 1998; Garrote 
et al. 2001; Lissowska et al. 2003; Menvielle et al. 
2004a).

In all but one study (Rao et al., 1999) there was 
an increased risk for cancer of the upper aerodi-
gestive tract associated with cigarette smoking. 
A clear dose–response relationship was seen 
with increasing daily tobacco consumption and 
duration of smoking as well as with decreasing 
age at starting smoking in most of the studies 
examined.
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(b) Cessation of smoking

Twelve cohort studies (Doll et al., 1980, 1994; 
Tomita et al., 1991; Akiba, 1994; Chyou et al., 
1995; Engeland et al., 1996; Nordlund et al., 1997; 
Kjaerheim et al., 1998; Yun et al., 2005; Freedman 
et al., 2007a; Friborg et al., 2007; Ide et al., 2008) 
provided point estimates for former smokers 
(IARC 2004a; Table  2.31 online). The relative 
risks for former smokers were always lower than 
those for current smokers. 

In 16 case–control studies the relative risk by 
years since quitting was examined and gener-
ally a statistically significant negative trend 
was found (Table 2.34 available at http://mono-
graphs.iarc.fr/ENG/Monographs/vol100E/100E-
01-Table2.34.pdf).

(c) Types of cigarette

The characteristics studied in several case–
control studies included the use of a filter, the 
type of tobacco, the tar content and whether the 
product was manufactured or hand-rolled (IARC, 
2004a; Table 2.35 available at http://monographs.
iarc.fr/ENG/Monographs/vol100E/100E-01-
Table2.35.pdf). Consumption of black tobacco, 
cigars, untipped cigarettes, hand-rolled ciga-
rettes, or cigarettes with a high-tar yield gener-
ally resulted in a higher risk than consumption of 
blond tobacco (Merletti et al., 1989; Castellsagué 
et al., 2004; De Stefani et al., 2007), filter-tipped 
cigarettes (Merletti et al., 1989; Mashberg et al., 
1993; Kabat et al., 1994; Lissowska et al., 2003; De 
Stefani et al., 2007), manufactured cigarettes (De 
Stefani et al., 1992, 2007) or low-tar cigarettes 
(Franceschi et al., 1992). Two studies from India 
(Znaor et al., 2003; Sapkota et al. 2007) revealed 
higher risks of bidi smoking related to cigarettes 
smoking.

(d) Sex

Sex-specific effects were analysed in four 
cohort studies (IARC 2004a; Table 2.31 online). 
In three cohort studies (Hammond & Seidman, 

1980; Akiba & Hirayama, 1990; Freedman et al., 
2007a) a higher relative risk was found for male 
smokers than for female smokers; however, Ide et 
al. (2008) detected a higher risk among women 
in a study with a small number of cases.

In three case–control studies (Blot et al., 1988; 
Kabat et al., 1994; Muscat et al., 1996) the relative 
risks were higher for women than for men in all 
categories of intensity of smoking (number of 
cigarettes per day), cumulative exposure (cumu-
lative tar consumption, pack–years, duration of 
smoking) and age at starting smoking, as well as 
for former smokers. However, the trends in men 
were always in the same direction and of the same 
order of magnitude. An exception to the pattern 
was that in one study (Merletti et al., 1989) the 
relative risk for smoking filter-tipped cigarettes 
was higher than that for smoking untipped ciga-
rettes for women.

Overall, the strength of association by sex was 
generally similar, especially when taking into 
account the fact that women generally under-
report levels of smoking and that most studies 
included many fewer women than men.

(e) Ethnicity

Relative risks were reported separately for 
blacks and whites in a large case–control study 
from the USA (Day et al., 1993). Relative risks 
adjusted for alcohol consumption, sex and other 
relevant variables were very similar for the 
number of cigarettes smoked per day, years of 
cigarette smoking, age at starting smoking and 
number of years since stopping smoking.

2.4 Cancer of the stomach

2.4.1 Overview of studies

In the previous IARC Monograph (IARC, 
2004a) it was concluded that there was sufficient 
evidence that tobacco smoking causes cancer of 
the stomach. Three meta-analyses have since 
examined the evidence for gastric cancer in 42 
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independent cohort studies published between 
1958 and July 2007 (Ladeiras-Lopes et al., 2008), 
in 46 case–control studies published between 
1997 and June 2006 (La Torre et al., 2009), and in 
10 cohort and 16 case–control studies conducted 
in Japanese populations published between 
1966 and March 2005 (Nishino et al., 2006; 
Table 2.36 available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-01-Table2.36.
pdf). For current smokers compared to never 
smokers, the risk for stomach cancer was found 
to be statistically significantly increased by 53% 
(Ladeiras-Lopes et al., 2008), 56% (Nishino et al., 
2006), and 57% when considering high quality 
case–control studies (La Torre et al., 2009), with 
moderate to high heterogeneity.

Since the previous IARC Monograph (IARC, 
2004a), the association between cigarette 
smoking and stomach cancer risk (15 studies) 
and mortality (4 studies) has been examined 
in 19 cohort studies (Table  2.37 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-01-Table2.37.pdf). Eleven of these 
were conducted in Asia (Sasazuki et al., 2002; Jee 
et al., 2004; Koizumi et al., 2004; Wen et al., 2004; 
Fujino et al., 2005; Sauvaget et al., 2005; Tran et al., 
2005; Kurosawa et al., 2006; Kim et al., 2007; Sung 
et al., 2007; Shikata et al., 2008), seven in Europe 
(Simán et al., 2001; González et al., 2003; Doll 
et al., 2005; Lindblad et al., 2005; Sjödahl et al., 
2007; Batty et al., 2008; Zendehdel et al., 2008) 
and one in the USA (Freedman et al., 2007a). Only 
the updated British Doctors’ study (Doll et al., 
2005) and the most recent studies (Shikata et al., 
2008; Zendehdel et al., 2008) were not included 
in the meta-analysis of cohort studies (Ladeiras-
Lopes et al., 2008). Elevated risks in current 
smokers were found in all studies. The reported 
association of current smoking with mortality 
in the four cohort studies conducted in Taiwan, 
China (Wen et al., 2004), Japan (Kurosawa et al., 
2006) and the United Kingdom (Doll et al., 2005; 
Batty et al., 2008) was comparable to that with 
incidence.

In addition, the association between smoking 
and stomach cancer risk has been reported in 37 
case–control studies since the previous IARC 
Monograph, of which 22 are hospital-based and 
15 population-based. With the exception of three 
studies (Campos et al., 2006; García-González 
et al., 2007; Suwanrungruang et al., 2008; 
Table 2.38 available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-01-Table2.38.
pdf), all these studies were included in the meta-
analysis conducted by (La Torre et al., 2009).

2.4.2 Factors affecting risk

(a) Intensity and duration

Clear evidence has been provided by the 
meta-analyses as well as by the additional 
cohort studies that the risk for stomach cancer 
increases significantly with increasing daily 
cigarette consumption, duration or pack–years 
of smoking, although individual studies did 
not always find statistically significant dose–
response relationships. In one meta-analysis 
based on 21 cohort studies, the risk for stomach 
cancer increased statistically significantly by 53% 
with consumption of approximately 20 cigarettes 
per day (Ladeiras-Lopes et al., 2008). Using trend 
estimation analysis as proposed by Greenland & 
Longnecker (1992), the authors found an increase 
in relative risk from 1.3 for the lowest consump-
tion to 1.7 for smoking 30 cigarettes per day.

(b) Cessation of smoking

Risk for stomach cancer has been gener-
ally found to be lower in former smokers than 
in current smokers. In six of the cohort studies 
decreasing risk with increasing years since stop-
ping smoking was found although none found 
statistically significant dose–response relation-
ships (González et al., 2003; Koizumi et al., 
2004; Sauvaget et al., 2005; Freedman et al., 
2007a; Kim et al., 2007; Zendehdel et al., 2008). 
Risk in former smokers was comparable to never 
smokers after quitting for 5  years (Kim et al., 
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2007), 10 years (González et al., 2003; Sauvaget 
et al., 2005; Freedman et al., 2007a) or 15 years 
(Koizumi et al., 2004).

2.4.3 Subsites

The effect of current smoking on the risk 
for stomach cancer by subsite was assessed in 
ten cohort studies. Elevated risks were found 
for both cardia and non-cardia cancers. In six 
studies higher risks were found for cancer of 
the gastric cardia than for cancer of the distal 
stomach (Simán et al. 2001; González et al., 
2003; Freedman et al., 2007a; Sung et al., 2007; 
Shikata et al., 2008; Zendehdel et al., 2008), 
three studies found no difference (Sasazuki et al., 
2002; Lindblad et al., 2005; Tran et al., 2005), 
and in one study higher risk for cancer in the 
antrum rather than the body or the cardia was 
found (Koizumi et al., 2004). A meta-analysis 
yielded statistically significant summary rela-
tive risks of 1.87 for cardia cancers and 1.60 for 
non-cardia cancers based on nine cohort studies 
(Ladeiras-Lopes et al., 2008). However, there 
was substantial heterogeneity across studies for 
cardia cancers. For case–controls studies, the 
corresponding odds ratios were 2.05 (95%CI: 
1.50–2.81) and 2.04 (95%CI: 1.66–2.50), respec-
tively, with greater heterogeneity for non-cardia 
cancers. Criteria for the classification by subsite 
were not always described (Simán et al., 2001; 
Koizumi et al., 2004; Lindblad et al., 2005; Tran 
et al., 2005) and some studies included tumours 
located in the upper third of the stomach in the 
group of cardia cancer (Sasazuki et al., 2002; 
Sung et al., 2007; Shikata et al. 2008).

In three studies risk estimates for smoking 
associated stomach cancer were estimated by 
histological type (Sasazuki et al., 2002; Koizumi 
et al., 2004; Shikata et al., 2008). The relative risks 
were 2.1 (95%CI: 1.2–3.6), 1.6 (95%CI: 1.1–2.3) 
and 2.3 (95%CI: 1.3–4.1) for the differentiated 
type, respectively, and 0.6 (95%CI: 0.3–1.1), 2.1 

(95%CI: 1.1–4.1), and 1.3 (95%CI: 0.5–3.5) for the 
non-differentiated type, respectively.

2.4.4 Population characteristics

In four of the additional cohort studies risk 
was reported separately for men and women 
(González et al., 2003; Jee et al., 2004; Fujino 
et al., 2005; Kim et al., 2007), in three studies 
only for men (Koizumi et al., 2004; Tran et al., 
2005; Sung et al., 2007) and in one mortality 
study for men as well as for women (Wen et al., 
2004). Generally, the relative risks were smaller in 
women than in men. For all stomach cancers, risk 
in current smokers compared to never smokers 
was found to be significantly increased by 62% in 
men (based on 18 studies) and by 20% in women 
(based on nine studies) in the meta-analysis of 
cohort studies (Ladeiras-Lopes et al., 2008). The 
men–women differences were independent of 
exposure level but could be explained by the sex 
difference in the distribution by histological type 
and other factors associated with socioeconomic 
status.

Ethnicity does not appear to modify the effect 
of smoking on stomach cancer risk. In the meta-
analysis of case–control studies risk in current 
smokers was increased by 78% in Caucasians 
and by 48% in Asians (La Torre et al., 2009). 
The summary risk based on the cohort studies 
increased by 46% and 47% in Caucasian and 
Asian studies, respectively. In a meta-regression 
analysis including the variables sex, population, 
and fruit and vegetable consumption, sex but 
not origin of the population showed significant 
differences in risk estimates (Ladeiras-Lopes 
et al., 2008).

2.4.5 Bias and confounding

Generally, most cohort studies have relied 
on baseline information and did not update 
the exposure information, possibly leading to 
misclassification of smoking status. Most of 
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the recent cohort studies have accounted for 
confounding by alcohol consumption (Fujino 
et al., 2005; Lindblad et al., 2005; Sjödahl 
et al., 2007; Sung et al., 2007) as well as fruit and 
vegetable consumption (González et al., 2003; 
Koizumi et al., 2004; Freedman et al. 2007a) 
and still observed significantly increased risk of 
stomach cancer in current smokers.

2.4.6 Helicobacter pylori infection

The association between tobacco smoking 
and stomach cancer could be confounded or 
modified by the effect of H. pylori infection, an 
established risk factor for stomach cancer. In 
three case–control studies (Zaridze et al., 2000; 
Brenner et al., 2002; Wu et al. 2003), and two 
cohort studies (Simán et al., 2001; Shikata et al., 
2008) the joint effects and possible interaction 
between H. pylori status and smoking in rela-
tion to risk for stomach cancer was investigated. 
Among subjects who had H. pylori infection, the 
risk for stomach cancer was higher in current 
smokers than in non-smokers by 1.6 to 2.7 fold, 
providing evidence for a causal effect of tobacco 
smoking independently of H. pylori infection. 
Smoking was associated with risk elevations of 
the same order of magnitude among subjects 
without H. pylori infection. Smoking and H. 
pylori therefore may act synergistically, leading to 
very high risks in current smokers with H. pylori 
infection compared to non-smokers without H. 
pylori infection. In one study that examined risk 
by subsite an effect of smoking independent of H. 
pylori infection for gastric cardia as well as distal 
gastric cancer was found (Wu et al., 2003). In 
none of the studies was there statistically signifi-
cant evidence for interaction.

2.5 Cancer of the pancreas

2.5.1 Overview of studies

Previous IARC Monographs (IARC, 1986, 
2004a) concluded that exposure to tobacco 
smoke caused cancer of the pancreas. Additional 
evidence has come from a pooled analysis of 
eight cohort studies with almost 1500 inci-
dent cases of pancreatic cancer and an equal 
number of controls (Lynch et al., 2009) as well 
as a meta-analysis of 82 independent studies 
(42 case–control studies, 40 cohort studies) 
published between 1950 and 2007 (Iodice et al., 
2008; Table 2.39 available at http://monographs.
iarc.fr/ENG/Monographs/vol100E/100E-01-
Table2.39.pdf). In the meta-analysis 74% and 
20% significant increased risks for current and 
former smokers, respectively, were found with 
significant heterogeneity of effect regarding 
current smoking across studies. Adjustment for 
confounders explained some of the heterogeneity 
(Iodice et al., 2008). A similar significant risk 
elevation of 77% for current smokers was found 
in the pooled analysis, without study heteroge-
neity (Lynch et al., 2009). For former smokers, 
risk was increased non-significantly by 9%.

Since the previous IARC Monograph (IARC, 
2004a), a total of 15 cohort studies have reported 
on the association between cigarette smoking 
and pancreatic cancer incidence (8 studies) 
and mortality (5 studies) or both (one study) 
(Table  2.40 available at http://monographs.
iarc.fr/ENG/Monographs/vol100E/100E-01-
Table2.40.pdf), two of which were included in the 
pooled analysis (Coughlin et al., 2000; Vrieling 
et al., 2009). Excluding case–control studies that 
did not report odds ratios for current smokers, 
there were three additional case–control studies 
(Duell et al., 2002; Inoue et al., 2003; Alguacil 
& Silverman, 2004; Table  2.41 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-01-Table2.41.pdf). The effect of 
cigar and pipe smoking on pancreatic cancer was 
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also examined in the ACS Cancer Prevention 
Study II regarding mortality (Shapiro et al., 2000; 
Henley et al., 2004) and in the Kaiser Permanente 
Medical Care Program regarding incidence 
(Iribarren et al., 1999). All the additional studies 
showed an increased risk for pancreatic cancer 
associated with tobacco smoking, generally 
higher in current than in former smokers. The 
reported risk estimates were not always statisti-
cally significant, predominantly due to the small 
size of some studies and therefore lack of statis-
tical precision.

2.5.2 Factors affecting risks

(a) Intensity and duration

Clear evidence has been provided by the 
meta-analysis, the pooled analysis as well as the 
additional studies that the risk for cancer of the 
pancreas increases significantly with increasing 
daily cigarette consumption, duration and pack–
years of smoking (Coughlin et al., 2000; Gapstur 
et al., 2000; Nilsen & Vatten, 2000; Nilsson et al., 
2001; Isaksson et al., 2002; Doll et al., 2005; Yun 
et al., 2005; Ansary-Moghaddam et al., 2006; 
Gallicchio et al., 2006; Vrieling et al., 2009). 
In the meta-analysis risk of pancreatic cancer 
increased significantly by 62% with an increase of 
20 cigarettes per day (based on 45 studies) and by 
16% with a 10-year increase in smoking duration 
(based on 16 studies), but with significant study 
heterogeneity. In the pooled analysis, the excess 
odds ratio per pack–years generally declined with 
increasing smoking intensity (Lynch et al., 2009).

(b) Cessation of smoking

A reduction in risk in former smokers who 
had stopped smoking for at least 10 years was 
found in the meta-analysis (Iodice et al., 2008) 
and the pooled study (Lynch et al., 2009). In 
some cohort studies risk was already comparable 
to never smokers five years after quitting (Boyle 
et al., 1996; Fuchs et al., 1996; Nilsen & Vatten, 
2000; Vrieling et al., 2009).

(c) Types of tobacco

In non–cigarette smokers, mortality from 
pancreatic cancer was increased although not 
statistically significantly so in cigar smokers in 
the CPS-II cohort study (Shapiro et al., 2000) 
as well as a large case–control study (Alguacil 
& Silverman, 2004) but was less clearly elevated 
in the smaller Kaiser Permanente cohort study 
(Iribarren et al., 1999). There was a significantly 
increased mortality for current cigar smokers 
who reported inhaling cigar smoke (Shapiro 
et al., 2000). Pipe smoking was also found to be 
associated with an increased risk of cancer of 
the pancreas, which was stronger in those who 
reported that they inhaled the smoke (Henley 
et al., 2004). A limitation of the cohort studies is 
that smoking habits were reported only at base-
line, misclassification of smoking exposure is 
likely to underestimate the associated risks. In 
the meta-analysis there was a significant increase 
in risk of 47% associated with current cigar and/
or pipe smoking (18 studies) and a non-signifi-
cant risk elevation of 29% with former cigar and/
or pipe smoking (5 studies) (Iodice et al., 2008). 

2.5.3 Population characteristics

The effect of sex on pancreatic cancer risk 
was investigated in two cohort studies (Nilsen 
& Vatten, 2000; Larsson et al., 2005) and on 
pancreatic cancer mortality in four cohort 
studies (Coughlin et al., 2000; Gapstur et al., 
2000; Nilsson et al., 2001; Lin et al., 2002a). The 
relative risks were comparable between men and 
women and no consistent evidence for an effect 
modification by sex was observed.

Ethnicity does not appear to modify the 
association of smoking with pancreatic cancer 
risk. The roughly twofold elevated risk in 
current smokers compared to never smokers was 
observed both in studies of Caucasians (Lynch 
et al., 2009) and of Asians (Lin et al., 2002a; Jee 
et al., 2004; Yun et al., 2005; Li et al., 2006). In 
populations of the Asia-Pacific Region, there 
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was also no difference in the strength of associa-
tion between Asia and Australia/New Zealand 
(Ansary-Moghaddam et al., 2006).

2.5.4 Confounding factors

In two large cohort studies the risk estimates 
for pancreatic cancer associated with cigarette 
smoking were not substantially influenced by 
adjustment for further potential confounding 
factors, including diabetes, body mass index 
(BMI), alcohol and dietary intake (Coughlin 
et al., 2000; Vrieling et al., 2009).

2.6 Cancer of the colorectum

2.6.1 Overview of studies

In the previous IARC Monograph (IARC, 
2004a) it was not possible to conclude that the 
association between tobacco smoking and 
colorectal cancer is casual, principally because 
of concern about confounding by other risk 
factors. That evaluation was based on a total 
of 60 epidemiologic studies, although only few 
were specifically designed to study the effects of 
smoking. Studies have however shown consist-
ently that cigarette smoking is a risk factor for 
colorectal adenomatous polyps, which are recog-
nized precursor lesions of colorectal cancer (Hill, 
1978). To explain this discrepancy, Giovannucci 
et al. (1994) hypothesized that a long induction 
period is required for tobacco to play a role in 
colorectal carcinogenesis, which would not be 
captured by studies with shorter follow-up time.

Four recent meta-analyses consistently 
showed a strong association between cigarette 
smoking and colorectal cancer (Botteri et al., 
2008a; Liang et al., 2009; Huxley et al., 2009; Tsoi 
et al., 2009).

2.6.2 Cohort studies

Since the previous IARC Monograph (IARC, 
2004a), 22 additional cohort studies have inves-
tigated the association between tobacco smoke 
and colorectal cancer (Table  2.42 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-01-Table2.42.pdf). [Studies that 
did not provide point estimates of risk (Andersen 
et al., 2009; Hansen et al., 2009; Murphy et al., 
2009) and included prevalent colorectal cancer 
in patients with other diagnosis (Chan et al., 
2007) are excluded from this review]. Seven of 
the studies were conducted in Europe, nine in 
Asia and five in the USA. In eleven studies, risk 
estimates were reported solely for colorectal 
cancer (Tiemersma et al., 2002a; Limburg et al., 
2003; Otani et al., 2003; Colangelo et al., 2004; 
Sanjoaquin et al., 2004; Lüchtenborg et al., 2005a; 
Kim et al., 2006; Akhter et al., 2007; Huxley, 
2007a; Kenfield et al., 2008; Hannan et al., 2009), 
five studies separately for colon cancer and rectal 
cancer (Shimizu et al., 2003; Wakai et al., 2003; 
Jee et al., 2004; Yun et al., 2005; Batty et al., 2008) 
and five studies both for colorectal cancer as 
well as for colon and rectal cancers (Terry et al., 
2002a; van der Hel et al., 2003a; Doll et al., 2005; 
Paskett et al., 2007; Tsong et al., 2007; Gram 
et al., 2009). Six studies were restricted to women 
(Terry et al., 2002a; Limburg et al., 2003; van der 
Hel et al., 2003a; Paskett et al., 2007; Kenfield 
et al., 2008; Gram et al., 2009), and two studies 
to men (Doll et al., 2005; Yun et al., 2005; Akhter 
et al., 2007). One study reported both colorectal 
incidence and mortality (Limburg et al., 2003) 
and three studies only reported colorectal cancer 
mortality (Doll et al., 2005; Huxley, 2007a; Batty 
et al., 2008; Kenfield et al., 2008).

(a) Smoking status

Virtually all studies reported elevated risk 
associated with smoking, although results were 
not always statistically significant. The largest 
meta-analysis based on 36 prospective studies 
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with data from a total of 3007002 subjects found 
that compared to never smokers, current smokers 
had a 15% significantly higher risk of developing 
colorectal cancer and 27% significantly higher risk 
of colorectal cancer mortality (Liang et al., 2009; 
Table 2.43 available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-01-Table2.43.
pdf). In former smokers, colorectal cancer risk 
was also significantly elevated by 20% whereas 
colorectal cancer mortality was non-significantly 
increased by 20%. The risk estimates were not 
significantly different between colon and rectal 
cancer for current smokers (RR, 1.10 versus 1.19) 
and for former smokers (RR, 1.10 versus 1.20). 
There was no heterogeneity among colorectal 
cancer studies and no evidence for publication 
bias. Comparable risk elevations in current and 
former smokers were found in the other meta-
analyses. For current smokers, the risk for color-
ectal cancer increased significantly by 16% when 
using data from 22 cohort studies (Huxley et al., 
2009), by 20% based on 28 cohort studies (Tsoi 
et al., 2009), and by 7% based on data from 45 
cohort and case–control studies (Botteri et al., 
2008a). In the latter meta-analysis a 17% signifi-
cantly higher risk of colorectal cancer in former 
smokers was found.

(b) Intensity of smoking

All but three of the recent 21 cohort studies 
(van der Hel et al., 2003a; Jee et al., 2004; 
Sanjoaquin et al., 2004) investigated dose–
response relationships, using at least one of 
number of cigarettes smoked, duration of 
smoking, pack–years of smoking, age at smoking 
initiation, time since smoking cessation. In two 
further studies (Tiemersma et al., 2002a; Batty 
et al., 2008) these parameters were examined 
separately in current and former smokers, as by 
Chao et al. (2000). Statistically significant dose–
response trends with amount smoked daily were 
reported for colorectal cancer (Lüchtenborg et al., 
2005a; Akhter et al., 2007; Paskett et al., 2007; 
Kenfield et al., 2008), for colon cancer (Paskett 

et al., 2007), and for rectal cancer (Paskett et al., 
2007; Tsong et al., 2007). The dose–response 
of daily cigarette consumption and colorectal 
cancer was assessed in two meta-analyses (Liang 
et al., 2009; Tsoi et al., 2009) and both found 
statistically significant relationships. Based on 
eleven studies, Liang et al. (2009) found that risk 
for colorectal cancer increased significantly by 
17% with an increase of 20 cigarettes/day and by 
38% with an increase of 40 cigarettes/day, while 
colorectal cancer mortality increased by 41% and 
98%, respectively (Table  2.43 online). The risk 
elevation associated with an increase of 20 ciga-
rettes/day was greater for rectal than for colon 
cancer (13% versus 3%) but this difference was 
not statistically significant.

(c) Duration of smoking

In addition to two previously reported studies 
(Hsing et al., 1998; Chao et al., 2000), thirteen 
studies have examined duration of smoking and 
colorectal cancer risk. A statistically significant 
trend of increasing risk with increasing duration 
was found for colorectal (Limburg et al., 2003; 
Kim et al., 2006; Paskett et al., 2007; Gram et al., 
2009), for colon cancer (Paskett et al., 2007) and 
for rectal cancer (Terry et al., 2002a; Paskett et al., 
2007; Tsong et al., 2007). In one study, increasing 
duration of smoking was significantly associated 
with risk for colorectal cancer solely in former 
smokers (Tiemersma et al., 2002a). Based on 
eight studies (Terry et al., 2002a; Tiemersma 
et al., 2002a; Limburg et al., 2003; Lüchtenborg 
et al., 2005a; Kim et al., 2006; Akhter et al., 2007; 
Paskett et al., 2007; Tsong et al., 2007), a meta-
analysis for duration of smoking and colorectal 
cancer incidence yielded highly significant results 
(Liang et al., 2009). Risk was increased by 9.4% 
with a 20-year increase in smoking duration and 
19.7% with a 40-year increase. Smoking duration 
was also significantly associated with risk for 
rectal cancer but not for colon cancer. In another 
meta-analysis where dose–response relationship 
was modelled, a nonlinear increase in risk with 
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increasing duration was observed (Botteri et al., 
2008a). The risk started to increase after approxi-
mately 10 years of smoking and reached statis-
tical significance after 30 years.

(d) Pack–years

Since the previous IARC Monograph, the 
association of colorectal cancer with pack–years 
of cigarette smoking has been evaluated in six 
studies (Limburg et al., 2003; Otani et al., 2003; 
Shimizu et al., 2003; Wakai et al., 2003; Kim et al., 
2006; Gram et al., 2009). In addition to the previ-
ously reported significant results (Giovannucci 
et al., 1994; Heineman et al., 1994; Chao et al., 
2000; Stürmer et al., 2000), a statistically signifi-
cant trend of increasing risk with increasing 
pack–years was found for colorectal cancer in 
two studies (Limburg et al., 2003; Gram et al., 
2009), and for colon cancer in one study (Gram 
et al., 2009). In their dose–response analysis of 
pack–years and colorectal incidence, Liang et al. 
(2009) included five studies (Giovannucci et al., 
1994; Stürmer et al., 2000; Limburg et al., 2003; 
Otani et al., 2003; Kim et al., 2006) and found 
a statistically significant trend of increasing risk 
with increasing pack–years of smoking for color-
ectal cancer but not specifically for colon or rectal 
cancer. Risk for colorectal cancer increased by 
27% for an increase of 35 pack–years and by 50% 
for an increase of 60 pack–years.

(e) Age at initiation

In nine of the cohort studies the age at 
smoking initiation in relation to colorectal 
cancer (eight studies) or colon and rectal cancer 
(four studies) was investigated. In four studies a 
statistically significant trend of increasing risk 
with decreasing age at initiation of smoking 
for colorectal cancer was found (Limburg et al., 
2003; Kim et al., 2006; Akhter et al., 2007; Gram 
et al., 2009) and for colon cancer (Gram et al., 
2009) and rectal cancer (Tsong et al., 2007). In 
one meta-analysis (Liang et al., 2009), a highly 
significant association was found for age at 

smoking initiation and colorectal cancer inci-
dence based on six studies (Limburg et al., 2003; 
Kim et al., 2006; Akhter et al., 2007; Paskett et al., 
2007; Tsong et al., 2007; Gram et al., 2009). Risk 
for colorectal cancer was reduced by 2.2% for a 
5-year delay in smoking initiation and by 4.4% 
for a 10-year delay.

(f) Smoking cessation

The effect of smoking cessation by years 
since stopping was assessed in seven studies, six 
for colorectal cancer (Tiemersma et al., 2002a; 
Lüchtenborg et al., 2005a, 2007; Paskett et al., 
2007; Kenfield et al., 2008; Gram et al., 2009; 
Hannan et al., 2009) and three for colon and/or 
rectal cancer (Wakai et al., 2003; Paskett et al., 
2007; Gram et al., 2009). In one study a statisti-
cally significant trend in risk reduction with years 
since quitting was found both overall as well as 
separately for men and for women (Hannan 
et al., 2009).

(g) Population characteristics

It has been suggested that the association 
between smoking and colorectal cancer may be 
stronger in men than in women. In the three 
recent cohort studies reporting sex–specific 
results (Shimizu et al., 2003; Wakai et al., 2003; 
Colangelo et al., 2004), this was only observed 
in studies in Japan (Shimizu et al., 2003; Wakai 
et al., 2003), but could be attributed to the very 
low prevalence of smoking in women. The studies 
restricted to women have generally shown asso-
ciations with cigarette smoking that were of 
comparable magnitude to those observed in men 
(Terry et al., 2002a; Limburg et al., 2003; van der 
Hel et al., 2003a; Paskett et al., 2007; Kenfield 
et al., 2008; Gram et al., 2009).

Recent studies have been carried out either 
in Europe and in USA, with predominantly 
Caucasian study subjects, or in Asia, mostly in 
Japan and in the Republic of Korea. The results 
from these studies suggest no differences in 
the association between tobacco smoking and 
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colorectal cancer between different ethnic 
groups.

(h) Subsites

Smoking and risks for colon cancer and for 
rectal cancer were investigated in eleven of the 
21 additional studies. Risk patterns are gener-
ally consistent between colon and rectal cancer 
(Otani et al., 2003; van der Hel et al., 2003a; 
Wakai et al., 2003; Jee et al., 2004; Yun et al., 
2005; Batty et al., 2008). In some studies, dose–
response relationships were stronger for rectal 
cancer than for colon cancer (Terry et al., 2002a; 
Paskett et al., 2007) or were statistically signifi-
cant only for rectal cancer (Shimizu et al., 2003; 
Doll et al., 2005; Tsong et al., 2007). In a meta-
analysis (Liang et al., 2009) the association was 
stronger for rectal cancer than for colon cancer 
in the subset of cohort studies that differentiated 
cancer by site. Most dose–response variables 
were not associated with colon cancer incidence 
whereas associations were stronger for rectal 
cancer incidence and statistically significant with 
longer duration of smoking, albeit based only on 
a small number of studies. In one cohort study 
the increased risk associated with smoking was 
more apparent for proximal than for distal colon 
cancer (Lüchtenborg et al., 2005a), which was not 
found in an earlier study (Heineman et al., 1994). 

(i) Confounding and effect modification

Smokers have been shown to be more likely 
than non-smokers to be physically inactive, to 
use alcohol, to have lower consumption of fruits 
and vegetables and higher consumption of fat 
and meat, and they are less likely to be screened 
for colorectal cancer (Le Marchand et al., 1997; 
Ghadirian et al., 1998; Nkondjock & Ghadirian, 
2004; Reid et al., 2006b; Mutch et al., 2009).

Few potential confounders were considered 
in the cohort studies evaluated in the previous 
IARC Monograph (IARC, 2004a). Of the cohort 
studies published since, all except three (van der 
Hel et al., 2003a; Jee et al., 2004; Doll et al., 2005) 

considered two or more potential confounders. 
In eleven of the recent studies adjustments were 
made for physical activity, alcohol consumption, 
overweight/obesity (Terry et al., 2002a; Limburg 
et al., 2003; Otani et al., 2003; Wakai et al., 2003; 
Yun et al., 2005; Akhter et al., 2007; Ashktorab 
et al., 2007; Paskett et al., 2007; Tsong et al., 2007; 
Kenfield et al., 2008; Hannan et al., 2009), and 
seven also adjusted for dietary habits (e.g. intake 
of fruits and vegetables, dietary fibres, fat, red 
meat). Among the studies with the latter adjust-
ments, eight (Giovannucci et al., 1994; Chao 
et al., 2000; Stürmer et al., 2000; Limburg et al., 
2003; Yun et al., 2005; Akhter et al., 2007; Paskett 
et al., 2007; Hannan et al., 2009) found signifi-
cant dose–response relationships with at least 
one of the smoking variables. In two studies a 
significant association of smoking with color-
ectal cancer risk was observed after accounting 
for history of colonoscopy (Paskett et al., 2007; 
Hannan et al., 2009). Risk factors in multivariable 
analyses in several studies were level of educa-
tion, use of menopausal hormone therapy, family 
history and regular aspirin use. The association 
between smoking and colorectal cancer was not 
modified by these other characteristics, or by 
alcohol consumption in two studies (Otani et al., 
2003; Tsong et al., 2007). Therefore, confounding 
factors do not seem to affect the observed 
significant increase in risk for colorectal cancer 
associated with tobacco smoking and the dose–
response relationships with smoking variables.

When considering other types of smoking, it 
is generally found that cigar and pipe smoking 
are less associated with socioeconomic class and 
other life-style habits than cigarette smoking. 
Therefore, it is logical to assume that, for these 
types of smoking, risk associations derived 
from epidemiologic studies may be less prone to 
potential confounding. In all the cohort studies 
reviewed in the previous IARC Monograph 
(IARC, 2004a) an elevated, though not always 
statistically significant, risk was consistently 
reported for cancers of the colon and the rectum 
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associated with exclusive pipe and/or cigar 
smoking.

Infection with JC virus has been proposed as 
a potential risk factor for colon cancer (Rollison 
et al., 2009) but results still need further 
validation.

Three cohort studies assessed possible modi-
fying effects by genetic susceptibility. Rapid 
acetylator phenotype (as determined by poly-
morphisms of the NAT2 gene involved in metab-
olism of heterocyclic aromatic amines) was 
found to increase the risk for colorectal cancer 
in smokers, in one (van der Hel et al., 2003a) but 
not in another study (Tiemersma et al., 2002a). 
For genes involved in the metabolism of polycy-
clic aromatic hydrocarbons such as GSTM1 or 
GSTT1, no statistical contribution to the risk of 
colorectal cancer associated with smoking was 
observed (Tiemersma et al., 2002a; Lüchtenborg 
et al., 2005a).

2.6.3 Case–control studies

Thirty-one case–control studies were included 
in the previous IARC Monograph (IARC, 2004a). 
Although results were inconsistent with respect to 
risk association in ever versus former and current 
smokers, a dose–response relationship with 
smoking variables was found in some studies. 
Since then, seventeen case–control studies inves-
tigating the association between tobacco smoke 
and colorectal cancer risk have been published, 
seven carried out in Asia, four in Europe, five in 
North America and one in Hawaii (Table  2.44 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-01-Table2.44.pdf). 
Six studies reported solely for colorectal cancer 
(Ateş et al., 2005; Chia et al., 2006; Verla-Tebit 
et al., 2006; Lüchtenborg et al., 2007; Steinmetz 
et al., 2007; Wu et al., 2009b), four separately for 
colon and rectal cancer (Ji et al., 2002; Sharpe 
et al., 2002; Minami & Tateno, 2003; Goy et al., 
2008), two for colorectal cancer as well as for 
colon and rectal cancer (Ho et al., 2004; Gao 

et al., 2007; Wei et al., 2009), three for colon 
cancer only (Diergaarde et al., 2003; Kim et al., 
2003; Hu et al., 2007) and one for rectal cancer 
only (Slattery et al., 2003). Nine of the studies 
reported risk estimates separately for men and 
for women.

(a) Smoking status

Most case–control studies considered the 
effects of current and former smoking separately. 
A positive association between smoking and 
colorectal cancer was found in virtually all the 
studies, although the results were generally not 
statistically significant. Statistically significant 
increased risk was reported in current smokers 
for colorectal cancer (Chia et al., 2006; Wu et al., 
2009b), for rectal cancer (Slattery et al., 2003; Ho 
et al., 2004), and in former smokers for colorectal 
cancer both in men and women combined (Chia 
et al., 2006) and in women only (Lüchtenborg 
et al., 2007). Five studies, which did not focus on 
the main effects of smoking, only evaluated risks 
for ever smoking (Diergaarde et al., 2003; Kim 
et al., 2003; Ateş et al., 2005; Gao et al., 2007; Hu 
et al., 2007); none of these reported significant 
risk estimates.

(b) Intensity of smoking

Nine case–control studies investigated dose–
response relationships considering at least one 
smoking variable. Number of cigarettes smoked 
daily was evaluated in seven studies, three 
for colorectal cancer (Verla-Tebit et al., 2006; 
Lüchtenborg et al., 2007; Wu et al., 2009b), two for 
colon and rectal cancer (Ji et al., 2002; Minami & 
Tateno, 2003), one for rectal cancer (Slattery et al., 
2003) and one for colorectal cancer and both 
subsites (Ho et al., 2004). Statistically significant 
positive trends of increasing risk with increasing 
number of cigarettes smoked daily were found 
for colorectal cancer in only one study (Wu et al., 
2009b).
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(c) Duration of smoking, pack–years, age at 
initiation, smoking cessation

Duration of smoking was examined in several 
studies in relation to colorectal cancer (Ho et al., 
2004; Chia et al., 2006; Verla-Tebit et al., 2006; 
Lüchtenborg et al., 2007; Wu et al., 2009b) and/
or to colorectal cancer by subsite (Ji et al., 2002; 
Minami & Tateno, 2003; Ho et al., 2004). A statis-
tically significant trend with increasing number 
of years smoked was found in two of the five 
studies of colorectal cancer (Chia et al., 2006; 
Wu et al., 2009b). In one study, increasing dura-
tion of smoking was significantly associated with 
risk for rectal cancer in ever smokers but not in 
current smokers (Ho et al., 2004). In only one 
earlier case–control study was a significant asso-
ciation in ever smokers with increasing number 
of years of smoking for colon as well as rectal 
cancer found (Newcomb et al., 1995).

Duration of smoking exposure was assessed 
by pack–years of smoking in seven studies (Ji 
et al., 2002; Slattery et al., 2003; Chia et al., 2006; 
Verla-Tebit et al., 2006; Lüchtenborg et al., 2007; 
Goy et al., 2008; Wu et al., 2009b) and by age at 
smoking initiation in three studies (Ji et al., 2002; 
Slattery et al., 2003; Wu et al., 2009b). All four 
studies that evaluated pack–years of smoking 
with respect to colorectal cancer risk found 
statistically significant associations. Two studies 
found a significant association with increasing 
pack–years in men and women combined; when 
investigated separately, the increasing trend was 
statistically significant only in women (Verla-
Tebit et al., 2006) or only in men (Wu et al., 
2009b). In one study a statistically significant 
trend with pack–years of smoking in both men 
and women was found only with non-filtered 
cigarettes (Lüchtenborg et al., 2007); the relative 
risk was significant for colon as well as rectal 
cancer and was greater for rectal cancer.

In two studies a non-significant trend of 
decreasing risk with increasing time since 

stopped smoking was found (Verla-Tebit et al., 
2006; Lüchtenborg et al., 2007).

(d) Subsites and molecular subtypes

A stronger association between tobacco 
smoking and rectal cancer compared with colon 
cancer has generally been observed in the studies 
that reported risk estimates by cancer site. In a 
recent meta-analysis including both cohort and 
case–control studies, higher smoking-related risk 
estimates for rectal cancer were found than for 
proximal and distal colon cancer (Botteri et al., 
2008a). Stronger relative risk in ever smokers, but 
not in current smokers, was found for proximal 
compared to distal tumours in one recent study 
(Hu et al., 2007).

Colorectal cancer is a multipathway disease. 
A molecular approach to its classification utilizes: 
(1) the type of genetic instability, specifically 
microsatellite instability, and (2) the presence of 
DNA methylation or the CpG island methylator 
phenotype (CIMP) (Jass, 2007). Smoking has 
been associated with microsatellite instability 
in sporadic colon cancer. Higher risk for micro-
satellite-unstable than for microsatellite-stable 
tumours was found in four studies (Slattery 
et al., 2000; Yang et al., 2000; Chia et al., 2006; 
Campbell et al., 2009). The observed twofold risk 
elevation for colorectal cancer showing microsat-
ellite instability is similar in order of magnitude 
to that found for colorectal polyps. In only one 
small study similar risk estimates for stable and 
unstable tumours were found (Diergaarde et al., 
2003). Microsatellite instability is characteristic 
of hereditary nonpolyposis colorectal cancer 
syndrome and smoking has been associated with 
colorectal cancer in patients with this syndrome 
(Watson et al., 2004; Diergaarde et al., 2007). 
Among sporadic colorectal tumours with micro-
satellite instability, about 11–28% carry somatic 
genetic mutations. In addition, the association of 
colon cancer with smoking was increased two to 
threefold when widespread CIMP and/or BRAF 
mutation, irrespective of microsatellite instability 
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status, was present (Samowitz et al., 2006). These 
data indicate that the association with MSI-high 
tumours may be attributed to the association of 
smoking with CIMP and BRAF mutation.

(e) Effect modification

Effect modification by genetic polymor-
phisms in enzymes metabolizing tobacco smoke 
constituents could provide further evidence for 
a causal association between smoking and color-
ectal cancer. Most studies that have investigated 
modification of colorectal cancer risk associated 
with smoking by genetic polymorphisms of xeno-
biotic enzymes were too small to be informative 
(Inoue et al., 2000; Smits et al., 2003; Jin et al., 
2005; Tranah et al., 2005; van den Donk et al., 
2005; Tijhuis et al., 2008). Studies on the possible 
differential effect by acetylation status have 
reported stronger association of tobacco smoking 
(in terms of pack–years) with colorectal cancer 
risk in slow acetylators phenotypes (Lilla et al., 
2006), and with rectal cancer in rapid acetylators 
phenotypes (Curtin et al., 2009). Furthermore, 
CYP1A1 and GSTM1 variant alleles were found 
to greatly affect colon cancer or rectal cancer risk 
in smokers (Slattery et al., 2004).

2.6.4 Colorectal polyps

Colorectal adenomas and possibly some 
hyperplastic polyps are considered precursors of 
colorectal cancer. The epidemiologic evidence on 
the relationship between cigarette smoking and 
colorectal polyps has been generally consistent. 
Since the previous IARC Monograph (IARC, 
2004a), twelve further independent studies have 
investigated this association (Table 2.45 available 
at http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-01-Table2.45.pdf). All studies 
found a significantly increased risk for polyps in 
association with one or more smoking variables. 
A recent meta-analysis including 42 studies 
reported a statistically significant positive associ-
ation between smoking and colorectal adenomas 

(Botteri et al., 2008b). The meta-analysis, which 
included several studies that did not explic-
itly report relative risks for tobacco smoking 
(Cardoso et al., 2002; Voskuil et al., 2002; Sparks 
et al., 2004; Gong et al., 2005; Jiang et al., 2005; 
Kim et al., 2005; Mitrou et al., 2006; Otani et al., 
2006; Skjelbred et al., 2006), found a twofold 
risk elevation for colorectal adenomas in current 
smokers and a 50% increase in former smokers. 
The association had been previously found to 
be equally strong in men and women. In one of 
two recent studies, there was no difference in the 
results for men and women separately (Tranah 
et al., 2004) but significantly greater effects in 
women were found in the other (Hermann et al., 
2009).

Significant positive trends with number 
of cigarettes per day were found in four (Ji 
et al., 2006; Larsen et al., 2006; Stern et al., 2006; 
Shrubsole et al., 2008) of five studies (Tiemersma 
et al., 2004). Dose–response with duration of 
smoking was assessed in four studies (Ji et al., 
2002; Tiemersma et al., 2004; Stern et al., 2006; 
Shrubsole et al., 2008) and with pack–years 
of smoking in five studies (Hoshiyama et al., 
2000; Ulrich et al., 2001; Tranah et al., 2004; 
Ji et al., 2006; Shrubsole et al., 2008; Omata 
et al., 2009). All nine studies found statistically 
significant trends, which were consistent with 
those for adenomas and hyperplastic polyps 
when reported separately (Ulrich et al., 2001; Ji 
et al., 2006; Shrubsole et al., 2008). Ever smokers 
were estimated to have a 13% (95%CI: 9–18%) 
increasing risk of presenting with adenomatous 
polyps for every additional 10 pack–years smoked 
in comparison to never smokers, based on data 
from 19 studies (Botteri et al., 2008b).

Decreasing risks with years since quitting 
smoking were found in four studies (Ulrich 
et al., 2001; Tiemersma et al., 2004; Ji et al., 2006; 
Shrubsole et al., 2008), statistically significant 
so in the latter three studies. In comparison to 
never smokers, former smokers retained moder-
ately elevated risk for colorectal polyps even 20 
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years after quitting smoking. One study exam-
ined both dose metrics (cigarettes per day, dura-
tion, and pack–years) and recency of tobacco use: 
in subjects who had quit smoking for at least 20 
years, only the heaviest users of tobacco still had 
modest excess risks (Ji et al., 2006).

It has been proposed that the association 
between cigarette smoking and polyps may be 
stronger with non-progressing adenomas, such 
as those that are smaller and less villous but 
the hypothesis is not supported in most studies 
(Anderson et al., 2003; Toyomura et al., 2004; 
Ji et al., 2006; Skjelbred et al., 2006). In one 
study a clearly higher risk for large and multiple 
adenomas in every anatomic site of the colon was 
found in a dose–response manner (Toyomura 
et al., 2004). A meta-analysis found that the 
combined risk estimate for high-risk adenomas 
associated with smoking was greater than that 
for low-risk adenomas and that the difference 
was statistically significant for current smokers 
but not former smokers (Botteri et al., 2008b). 
In addition, a stronger association of smoking 
with hyperplastic polyps than with adenomas 
was found in some studies (Ulrich et al., 2001; 
Ji et al., 2006; Shrubsole et al., 2008) but not in 
another (Erhardt et al., 2002). The risk associated 
with smoking may be even higher in subjects 
presenting with concurrent benign hyperplastic 
and adenomatous polyps (Ji et al., 2006; Shrubsole 
et al., 2008).

Relative risk estimates for tobacco smoking 
and polyps generally range between 2 and 3 
whereas those for colorectal cancer range between 
1.2 and 1.4. One possible explanation is the effect 
dilution due to the inclusion of a high propor-
tion of individuals with precursor lesions in the 
unscreened control groups in most colorectal 
cancer studies (Terry & Neugut, 1998). Some 
indirect evidence for this hypothesis is provided 
by the meta-analysis of colorectal adenomas, 
which showed that the smoking-associated risk 
for adenomas was significantly higher in studies 
including subjects who had undergone complete 

colonoscopy in comparison to those in which 
some or all controls had undergone incomplete 
examination (i.e. only sigmoidoscopy) (Abrams 
et al., 2008; Botteri et al., 2008b).

It is also possible that smoking is associated 
with a subset of colorectal cancers so that relative 
risk estimates for colorectal cancer as a whole are 
diluted. The pattern of risk observed for color-
ectal cancer by microsatellite instability status 
and for type of colorectal polyps suggests that the 
traditional (non-serrated) adenoma-carcinoma 
sequence may proceed through a hyperplastic 
polyps-mixed polyps-serrated adenoma progres-
sion and that smoking may be more strongly 
related to the development of these subtypes 
(Jass et al., 2000; Hawkins & Ward, 2001). More 
recently, a BRAF mutation was shown to be a 
specific marker for the serrated polyp neoplasia 
pathway originating from a hyperplastic polyp, 
in which the CIMP-high develops early and the 
microsatellite instability carcinoma develops 
late (O’Brien et al., 2006). The findings of strong 
associations between smoking and colon cancer 
with CIMP and/or BRAF mutation, irrespective 
of microsatellite status, are compatible with this 
observation (Samowitz et al., 2006).

2.7 Hepatocellular carcinoma

2.7.1 Overview of studies

In the previous IARC Monograph (IARC, 
2004a), a causal relationship between liver cancer 
(hepatocellular carcinoma) and smoking was 
established. Two case–control and one cohort 
studies have been published since (Table  2.46 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-01-Table2.46.pdf). 
Overall, most cohort studies and the largest case–
control studies, most notably those that included 
community controls, showed a moderate asso-
ciation between tobacco smoking and risk for 
hepatocellular carcinoma.
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Confounding from alcohol has been addressed 
in the best studies. The association between 
alcohol drinking and hepatocellular carcinoma is 
strong, and alcohol intake is frequently misclas-
sified, leading to potential residual confounding. 
However an association with smoking has been 
demonstrated also among non-drinkers.

A meta-analysis was based on 38 cohort 
studies and 58 case–control studies (Lee 
et al., 2009). Compared to never smokers, the 
meta-relative risks adjusted for appropriate 
confounders were 1.51 (95%CI: 1.37–1.67) for 
current smokers and 1.12 (0.78–1.60) for former 
smokers. The increased liver cancer risk among 
current smokers appeared to be consistent in 
strata of different regions, study designs, study 
sample sizes, and publication periods. The 
association with smoking was observed in non-
alcohol-drinkers (RR, 1.34; 95%CI: 0.92–1.94 
in men and 1.31; 95%CI: 0.70–2.44 in women). 
Further supportive evidence is provided by the 
association between smoking and liver cancer 
observed among Chinese women and Japanese 
women, in whom alcohol drinking is extremely 
rare (Li et al., 2011). One difficulty is that some-
times studies do not specify the histology of 
liver cancer (hepatocellular versus intra-hepatic 
biliary tract).

In the update of the Whitehall study (Batty 
et al., 2008) (a cohort of 17363 government 
employees in London, followed-up for 38 years), 
the hazard ratio for death from liver cancer was 
1.03 (0.49–2.16) in former smokers and 1.43 
(0.69–2.95) in current smokers (based on 57 
deaths). In the 50-year follow-up of the British 
doctors cohort (Doll et al., 2005), there were 74 
deaths from liver cancer. Death rates per 100000 
per year were 4.4 in never smokers, 10.7 in 
smokers of 1–14 cigarettes/day, 2.6 in smokers of 
15–24 cigarettes/day, and 31.3 in smokers of ≥ 25 
cigarettes/day.

2.7.2 Factors affecting risks

(a) Dose–response relationship

Most studies, including the recent ones 
(Table 2.46 online), show a dose–response rela-
tionship with the number of cigarettes smoked 
and with smoking duration, with exceptions such 
as Franceschi et al. (2006) and some older studies 
from Asia. Relative risk estimates increased to 
2.0 after 20 years of smoking.

(b) Cessation

Though former smokers tend to have lower 
relative risks than current smokers, there were 
no consistent patterns of risks after cessation, 
including in the recent studies (Table 2.46 online).

2.7.3 Interaction with hepatitis B or C

Infection with hepatitis B virus (HBV) is one 
of the major causes of liver cancer worldwide, 
whereas hepatis C virus (HCV) infection causes 
a large fraction of liver cancer in Japan, Northern 
Africa and southern Europe. While many studies, 
most notably from Asia, have found no attenu-
ation of the association between smoking and 
liver cancer after adjustment/stratification for 
markers of HBV or HCV infection, an apparent 
interaction between smoking and HBV or HCV 
infection has been reported. The increase in 
risk for liver cancer associated with cigarette 
smoking appears to be greater among HBV 
carriers than among uninfected persons in some 
studies (Tu et al., 1985), but not in others (Kuper 
et al., 2000a). Two recent reports (Franceschi 
et al., 2006; Hassan et al., 2008a) studied possible 
interactions between smoking and hepatitis 
virus infection and both reported an apparent 
interaction between smoking and hepatitis C 
infection. Interactions between smoking and 
hepatitis B infection were not found among men 
in one study (Hassan et al., 2008a) and the rarity 
of HBsAg prevented the evaluation of HBV and 
smoking in the other (Franceschi et al., 2006; 
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Table 2.46 online). In the meta-analysis by Lee et 
al. (2009) adjustment for HBV reduced the rela-
tive risks in both men and women, while adjust-
ment for HCV did not change the risk in women 
and increased it in men.

2.8 Renal cell carcinoma

2.8.1 Overview of studies

The previous IARC Monograph (IARC, 2004a) 
concluded that renal-cell carcinoma is associated 
with tobacco smoking in both men and women. 
Four case–control studies and no cohort studies 
have become available since then (Table  2.47 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-01-Table2.47.pdf). 
Overall these confirm the previous evidence, 
though with some conflicting results. In partic-
ular, both the study by Hu et al. (2005) in Canada 
and the multicentre European study by Brennan 
et al. (2008) do not show a clear effect of smoking. 
In contrast, the study by Theis et al. (2008) shows 
an increased risk with smoking duration (irreg-
ular, levelling-off after 40 years) and a statisti-
cally significant dose–response relationship with 
pack–years. 

In the update of the Whitehall study (Batty 
et al., 2008) (a cohort of 17363 government 
employees in London, followed for 38 years), the 
hazard ratio for deaths from kidney cancer was 
0.64 (0.32–1.26) for former smokers, and 1.29 
(0.69–2.41) for current smokers (based on 68 
deaths). In the 50-year follow-up of the British 
doctor cohort (Doll et al., 2005) there were 140 
deaths from kidney cancer. Mortality rates per 
100000 per year were 9.3 in never smokers, 16.4 
in smokers of 1–14 cigarettes/day, 16.6 in smokers 
of 15–24 cigarettes/day, and 15.5 in smokers of 
≥ 25 cigarettes/day (age-adjusted).

Hunt et al. (2005) performed a meta-analysis 
based on 19 case–control studies and 5 cohort 
studies (total 8032 cases in case–control and 1326 
in cohort studies). The relative risk for smoking 

men was 1.54 (1.42–1.68), and for smoking 
women was 1.22 (1.09–1.36). A dose–response 
relationship was found in both men and women. 
The association observed was more convincing 
in population-based compared to hospital-based 
studies.

2.8.2 Confounding

Hypertension is a well established risk factor 
for kidney cancer but the association with 
smoking is only indirect. Potential confounding 
from hypertension was considered only by 
Brennan et al. (2008).

Other potential confounders such as BMI 
have been appropriately addressed in most 
studies.

2.8.3 Cessation 

Most studies reviewed in the previous 
Monograph showed a lower risk for former 
smokers compared to current smokers, with 
a significant negative trend with increasing 
number of years since quitting (IARC, 2004a). 
In case–control study on smoking cessation and 
renal-cell carcinoma, the decrease in risk became 
significant only after 30 years of quitting (Parker 
et al., 2003). In the meta-analysis (Hunt et al., 
2005), former smokers were at reduced risk after 
10 years or more of quitting. A clear decline in 
risk after cessation was also reported by Theis et 
al. (2008). [The Working Group noted the poor 
quality of the study, considering the low response 
rate among controls.]
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2.9 Cancer of the lower urinary tract 
(including cancer of the bladder, 
ureter, and renal pelvis)

2.9.1 Overview of studies

The previous IARC Monograph (IARC, 
2004a) clearly identified a causal relationship 
of smoking with transitional-cell carcinomas 
and squamous-cell carcinomas of the bladder, 
ureter and renal pelvis both in men and women. 
Two new case–control studies (Cao et al., 2005; 
Samanic et al., 2006; Table  2.48 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-01-Table2.48.pdf) and two cohort 
studies (Bjerregaard et al., 2006; Alberg et al., 
2007; Table 2.49 available at http://monographs.
iarc.fr/ENG/Monographs/vol100E/100E-01-
Table2.49.pdf) have been reported since then in 
addition to updates of cohort studies with longer 
follow-up. 

In the update of the Whitehall study (Batty 
et al., 2008) (a cohort of 17363 government 
employees in London, followed-up for 38 years), 
the hazard ratio for death from bladder cancer 
was 0.98 (0.62–1.54) in former smokers and 1.66 
(1.06–2.59) in current smokers (based on 164 
deaths). In the 50-year follow-up of the British 
doctors cohort (Doll et al., 2005), there were 
220 deaths from bladder cancer. Death rates per 
100000 per year were 13.7 in never smokers, 37.7 
in smokers of 1–14 cigarettes/day, 31.8 in smokers 
of 15–24 cigarettes/day, and 51.4 in smokers of 
≥ 25 cigarettes/day. All the new studies confirm 
the existence of a dose–response relationship with 
the number of cigarettes smoked and with dura-
tion, and a decline in relative risk with time since 
quitting smoking, compared to non-quitters. 

2.9.2 Types of tobacco

The risk of lower urinary tract cancer was 
more strongly associated with smoking air-
cured (black) tobacco than smoking flue-cured 

(blond) tobacco in several studies (IARC, 2004a). 
The stronger association with air-cured (black) 
than blond tobacco among current smokers 
has not been clearly confirmed in a re-analysis 
of the Spanish multicentre case–control study 
(Samanic et al., 2006). Relative risks in current 
smokers were 7.3 (4.9–10.9) in black tobacco 
smokers and 5.8 (3.4–10.0) in blond tobacco 
smokers; in former smokers, 4.2 (2.9–6.0) for 
black tobacco and 1.8 (1.0–3.2) for blond tobacco 
(Table  2.48 online). The effect of cessation was 
more pronounced in blond tobacco smokers than 
in black tobacco smokers, suggesting potentially 
different mechanisms of action of the two types 
of tobacco. Air-cured (black) tobacco is richer in 
arylamines.

2.9.3 Gene–environment interactions

A large number of studies have considered 
gene–environment interactions between tobacco 
smoking and genetic polymorphisms, including 
DNA repair genes (Vineis et al., 2009) and genes 
involved in carcinogen metabolism (Malats, 
2008; Dong et al., 2008). Overall, there is evidence 
that the slow acetylator variant of the NAT2 gene 
is involved in bladder carcinogenesis and may 
interact with smoking. The meta-relative risk for 
NAT2 slow acetylator and bladder cancer was 
1.46 (95%CI: 1.26–1.68; P  =  2.5  ×  10−7), based 
on 36 studies and 5747 cases (Dong et al., 2008). 
Similar but weaker evidence has been provided 
for GSTM1 (Malats, 2008).

The extent of interaction between NAT2 vari-
ants and smoking is still unclear. In one study the 
NAT2 acetylation status was found to modulate 
the association of bladder cancer and cigarette 
smoking through smoking intensity and not 
smoking duration (Lubin et al., 2007). Studies 
are not consistent concerning the three-way 
association between smoking intensity, NAT2 
and bladder cancer. Some studies found greater 
effects at a lower level of exposure and others 
the opposite (Malats, 2008). Genome-wide 
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association studies have indicated 8q24 as a 
region that may confer high risk for bladder 
cancer (Kiemeney et al., 2008).

2.10 Myeloid leukaemia (acute and 
chronic)

Myeloid leukaemia in adults was observed 
to be causally related to cigarette smoking in 
the previous IARC Monograph (IARC, 2004a). 
Risk increased with amount of tobacco smoked 
in a substantial number of adequate studies, 
with evidence of a dose–response relationship. 
Biological plausibility for a causal relationship of 
smoking with myeloid leukaemia is provided by 
the finding of known leukaemogens in tobacco 
smoke, one of which (benzene) is present in rela-
tively large amounts. No evidence was found for 
an association with acute lymphocytic leukaemia.

One recently published cohort study included 
information on acute and chronic myeloid 
leukaemias (Fernberg et al.., 2007), based on 372 
incident cases. A weak association was found 
between acute myeloid leukaemia and intensity 
of smoking, and a statistically significant asso-
ciation with current smoking (RR, 1.5; 95%CI: 
1.06–2.11). No association was found with 
chronic myeloid leukaemia.

In the update of the Whitehall study (Batty 
et al.., 2008) (a cohort of 17363 government 
employees in London, followed-up for 38 years), 
the hazard ratio for mortality from myeloid 
leukaemias (acute plus chronic) was 5.08 (95%CI: 
1.78–14.5) for current smokers, and 3.84 (95%CI: 
1.35–11.0) for former smokers (based on 66 
deaths). In the 50-year follow-up of the British 
doctors cohort (Doll et al.., 2005), there were 100 
deaths from myeloid leukaemias. The mortality 
rates per 100000 per year were 6.3 in never 
smokers, 2.8 in smokers of 1–14 cigarettes/day, 
14.0 in smokers of 15–24, and 18.3 in smokers of 
≥ 25 cigarettes/day (age-adjusted).

2.11 Other leukaemias and 
lymphomas

2.11.1  Non-Hodgkin lymphoma

Six cohort studies have been published on the 
association between non-Hodgkin lymphoma 
and smoking, all reviewed in the previous IARC 
Monograph (IARC, 2004a). In five of these, no 
increased risk among smokers was evident (Doll 
et al., 1994; McLaughlin et al., 1995; Adami et al., 
1998; Herrinton & Friedman, 1998; Parker et al., 
2000). However, in one study, men who had ever 
smoked cigarettes had a twofold increase in risk 
for non-Hodgkin lymphoma, and the risk was still 
higher among the heaviest smokers (Linet et al., 
1992). Data from case–control studies generally 
also fail to support an effect of smoking on the 
incidence of non-Hodgkin lymphoma (Peach & 
Barnett, 2001; Stagnaro et al., 2001; Schöllkopf 
et al., 2005; Bracci & Holly, 2005; Table  2.50 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-01-Table2.50.pdf). 
Reanalysis of data of an Italian study (Stagnaro 
et al., 2004) found a statistically significant asso-
ciation (OR, 1.4; 95%CI: 1.1–1.7) for blond tobacco 
exposure and non-Hodgkin lymphoma risk. 

Three studies and a pooled analysis have 
examined histological subtypes of non-Hodgkin 
lymphoma. In one cohort study in women, 
smoking was associated with increased risk for 
follicular non-Hodgkin lymphoma (Parker et al., 
2000). Similarly, two other studies reported a 
weak positive association between smoking and 
risk for follicular lymphoma, but no effect for 
other histological types (Herrinton & Friedman, 
1998; Stagnaro et al., 2001). A large pooled 
analysis based on nine North-American and 
European case–control studies found an overall 
odds ratio of 1.07 (95%CI: 1.0–1.15) for smokers; 
the association was particularly strong for follic-
ular lymphoma (OR, 1.31; 95%CI: 1.12–1.52) 
(Morton et al., 2005).
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2.11.2  Hodgkin lymphoma

In the previous IARC Monograph (IARC, 
2004a) seven studies on the association between 
Hodgkin lymphoma and smoking were exam-
ined and null or weakly positive associations 
were noted. Among studies published since, a 
positive association was observed in two case–
control (Willett et al., 2007; Kanda et al., 2009) 
and three cohort studies (Nieters et al., 2006; Lim 
et al., 2007; Nieters et al., 2008), while one study 
found no clear association (Monnereau et al., 
2008). Several other recent studies also reported 
a positive association, but with some internal 
inconsistencies. In a European multicentre 
case–control study, no association was observed 
between tobacco and Hodgkin lymphoma for 
subjects below age 35 years, whereas for older 
subjects, ever-smokers experienced a doubled 
risk of Hodgkin lymphoma as compared to never 
smokers (Besson et al., 2006). In contrast, a posi-
tive association was observed in young adults 
participating in the International Twin Study 
(Cozen et al., 2009). A positive association was 
observed in a Scandinavian case–control study, 
but without a clear dose–response (Hjalgrim 
et al., 2007). In a case–control study addressing 
infectious precursors, particularly Epstein-Barr 
virus (EBV), an increased risk for EBV-positive 
Hodgkin lymphoma was found among current 
smokers (Glaser et al., 2004; Table 2.50 online). 

Several of the above studies found positive 
associations for Hodgkin lymphoma while also 
demonstrating null or inverse associations with 
non-Hodgkin lymphoma (Nieters et al., 2006; 
Lim et al., 2007; Nieters et al., 2008; Kanda et al., 
2009).

2.11.3  Multiple myeloma

In the previous IARC Monograph (IARC, 
2004a), the large majority of studies on tobacco 
smoking and risk for multiple myeloma evalu-
ated showed no clear association. More recently, 

two case–control studies found a positive asso-
ciation (Vlajinac et al., 2003; Nieters et al., 2006), 
whereas no clear association was observed in 
another case–control study (Monnereau et al., 
2008) or in a cohort study in Sweden (Fernberg 
et al., 2007; Table 2.51 available at http://mono-
graphs.iarc.fr/ENG/Monographs/vol100E/100E-
01-Table2.51.pdf).

2.12 Cancer of the breast

Approximately 150 epidemiological studies 
have been published on the relationship between 
breast cancer and active and passive smoking. 
The results from these studies have been 
comprehensively examined in peer-reviewed 
literature (Palmer & Rosenberg, 1993; Terry 
et al., 2002a; Johnson et al., 2002; Johnson, 2005; 
Terry & Goodman, 2006; Miller et al., 2007). 
The previous IARC Monograph (IARC, 2004a) 
considered studies conducted through June 2002 
and concluded that there is evidence suggesting 
lack of carcinogenicity of tobacco smoking in 
humans for cancers of the female breast.

Other consensus reviews have drawn 
different conclusions, based partly on the avail-
ability of new data, and partly on differences in 
interpretation:

• The 2001 US Surgeon General Report on 
Women and Smoking (Department of 
Health & Human Services, 2001) con-
cluded that tobacco smoking does not 
appear to appreciably affect breast cancer 
risk overall. However, several issues were 
not entirely resolved, including whether 
starting to smoke at an early age increases 
risk, whether certain subgroups defined 
by genetic polymorphisms are differen-
tially affected by smoking, and whether 
exposure to second-hand smoke affects 
risk.

• The 2004 US Surgeon General report on 
“The Health Consequences of Smoking” 
(Department of Health & Human 
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Services, 2004) concluded the evidence 
is suggestive of no causal relationship 
between tobacco smoking and breast 
cancer.

• The 2009 Canadian Expert Panel on 
Tobacco Smoke and Breast Cancer Risk 
(Collishaw et al., 2009) concludes that 
based on the weight of evidence from 
epidemiological and toxicological studies 
and understanding of biological mecha-
nisms, the associations between tobacco 
smoking and both pre- and post-meno-
pausal breast cancer are consistent with 
causality.

The lack of agreement in the conclusions 
from these groups is not surprising, given 
that the observed associations are weaker and 
less consistent for breast cancer than for other 
tobacco-related cancers. Furthermore, several 
methodological considerations could either 
obscure a small increase in risk caused by tobacco 
smoking, or alternatively introduce a spurious 
association where no causal relationship exists. 

2.12.1  Methodological and related issues

The principal concerns about studies of 
tobacco smoking and breast cancer are the 
following: timing of exposure, the relevant 
disease endpoint, the potential for confounding 
by factors associated with both smoking and 
the occurrence/detection of breast cancer, the 
hypothesis that tobacco smoking may have 
opposing effects on breast cancer risk (protec-
tive and detrimental), and the hypothesis that 
some women may be genetically more suscep-
tible to develop breast cancer from smoking, 
and that increased risk in these subgroups may 
be obscured in analyses of average risk in the 
population.

(a) Misclassification of exposure

Self-reported information on tobacco 
smoking is generally considered more reliable 
than questionnaire information on exposure to 
second-hand tobacco smoke. However, studies 
of tobacco smoking have not uniformly consid-
ered the duration of smoking (years), the average 
amount smoked (cigarettes/day), or the timing of 
initiation in relation to first full-term pregnancy. 
Only one (Al-Delaimy et al., 2004) of the seven 
available cohort studies updated the informa-
tion on smoking behaviour during follow-up. 
Whereas some exposure variables, such as age 
at initiation and age at first full-term preg-
nancy remain constant over time, others, such 
as smoking status, duration and age at cessation 
do not. Furthermore, the average age at initia-
tion and duration of smoking are highly corre-
lated with birth cohort and attained age. While 
the number of years of smoking before first full 
term pregnancy has been proposed as a poten-
tially relevant measure of exposure, the range 
of this variable is constrained except among 
women whose first pregnancy occurs at an older 
age, which is itself an independent risk factor for 
breast cancer.

(b) Specificity of disease endpoints

Breast cancer is not a single disease. 
Accordingly, some researchers have postulated 
that exposure to tobacco smoke (from tobacco 
smoking or second-hand tobacco smoke) could 
differentially affect certain clinical subtypes of 
breast such as pre- or post-menopausal cancers 
or tumours with or without hormonal recep-
tors. It is also possible that smoking might 
affect the survival of women with breast cancer, 
whether or not it affects incidence rates. Most 
published studies have measured incidence rates 
as the endpoint, although some have measured 
mortality rates or effects on survival.
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(c) Confounding

Alcohol consumption is positively correlated 
with tobacco smoking (Marshall et al., 1999) and 
is an established cause of breast cancer (IARC, 
2010a; Monograph on Consumption of Alcoholic 
Beverages in this Volume). Most epidemiologic 
studies attempt to control for alcohol consump-
tion using questionnaire information on usual 
drinking patterns. This approach is vulnerable 
to residual confounding, because self-reported 
data on lifetime alcohol consumption leave room 
for misclassification. Potential confounding 
by alcohol consumption is of greater concern 
for current than for former smokers, since, 
on average, current smokers drink more than 
former smokers (Reynolds et al., 2004a, b). One 
study by the Collaborative Group on Hormonal 
Factors and Breast Cancer (Hamajima et al., 
2002) controlled rigorously for alcohol consump-
tion by restricting the analysis of smoking and 
breast cancer to women who reported drinking 
no alcohol. 

Conversely, mammography screening can 
be a negative confounder in studies of tobacco 
smoking and breast cancer incidence. Few studies 
of tobacco smoking in relation to breast cancer 
have controlled for mammography screening. 
Current smokers report a lower frequency of 
mammographic screening than never-smokers, 
whereas health conscious former smokers report 
higher screening rates (Gross et al., 2006). 
Mammography screening affects the detection 
rather than the occurrence of breast cancer; it 
detects some tumours that might otherwise never 
have been recognized and allows earlier diag-
nosis of others, thereby increasing breast cancer 
incidence in the short-term. The consequence of 
uncontrolled confounding by mammography 
screening would be to underestimate an associa-
tion between current smoking and breast cancer 
incidence, and to overestimate the association 
in former smokers. Confounding by screening 

would be expected to have the opposite effect in 
studies of breast cancer mortality.

Other correlates of tobacco smoking might 
also confound a potential association between 
tobacco smoking and breast cancer, although 
their net effect is likely to be smaller and harder 
to predict than confounding by alcohol and 
mammography screening. Women who smoke 
undergo menopause about two to three years 
earlier than never-smokers (Baron et al., 1990). 
The effect of this may be partly or wholly offset 
by the greater likelihood of girls who experi-
ence early menarche to initiate smoking in 
early adolescence (Jean et al., 2011). There is no 
documentation that smokers and never-smokers 
differ with respect to average years of ovulation. 
Tobacco smoking also has a complex relationship 
to body mass index. Post-menopausal women 
who smoke are less likely to be overweight or 
obese than former or never smokers, but over-
weight adolescent girls are more likely to begin 
smoking for weight control (Fine et al., 2004). 
Similarly complex relationships exist between 
smoking and physical activity. Current smokers 
report less physical activity than either former or 
never smokers (Kaczynski et al., 2008; Trost et al., 
2002), but only a small proportion of the popu-
lation engages in the vigorous physical activity 
that is needed to protect against breast cancer. 
The socioeconomic correlates of smoking have 
changed over time. Women who attended college 
during the 1960s and 1970s were more likely 
to initiate smoking than less educated women, 
but subsequently college-educated women have 
been more likely to quit. Thus, the potential for 
confounding by reproductive patterns and use of 
post-menopausal hormone treatment varies by 
birth cohort and differs for current and former 
smokers.

Most epidemiological studies have attempted 
to control for factors that might confound the 
relationship between breast cancer and tobacco 
smoking using questionnaire information 
collected on these factors. None of the published 

94



Tobacco smoking

studies have been able to control for all of the 
potential confounders, however. Most studies 
lack data on screening behaviour and have 
limited information on alcohol consumption, 
use of post-menopausal hormones, and physical 
activity.

(d) Potential anti-estrogenic effects of tobacco 
smoking

Indirect evidence suggests that tobacco 
smoking may have anti-estrogenic effects that 
might offset the adverse effects of tobacco smoke 
carcinogens on breast cancer risk. Baron et al. 
(1990) pointed to observations suggesting lower 
estrogen activity levels in women who smoke 
compared to those who do not. Smokers have 
lower risk of endometrial cancer (Department 
of Health & Human Services, 2004), higher risk 
of osteoporosis (Jensen et al., 1985; Jensen & 
Christiansen, 1988), earlier age at natural meno-
pause (Baron et al., 1990) and lower mammog-
raphy density (Roubidoux et al., 2003) than 
women who do not smoke. Smoking also attenu-
ates the effects of hormone replacement therapy 
(HRT) on lipid profiles (Jensen & Christiansen, 
1988) and serum estrone (McDivit et al., 2008). No 
difference in serum concentrations of estradiol 
and estrone between post-menopausal smokers 
and non-smokers have been reported in several 
studies (Cassidenti et al., 1992; Khaw et al., 1988; 
Berta et al., 1991; Longcope et al., 1986; Berta 
et al., 1992; Cauley et al., 1989; Friedman et al., 
1987; Key et al., 1991). However, smokers have 
been observed to have higher levels of androgens 
(Cassidenti et al., 1992) (specifically androsten-
edione) (Khaw et al., 1988; Cauley et al., 1989; 
Friedman et al., 1987; Key et al., 1991), prolactin 
(Berta et al., 1991), and unbound serum estradiol 
(Cassidenti et al., 1992). 

(e) Genetically susceptible subgroups

Certain subgroups of women may have 
greater risk of breast cancer when exposed to 
tobacco smoke because of genetic or other factors 

affecting cancer susceptibility. Potential interac-
tions between inherited polymorphisms and 
tobacco smoking have been studied for selected 
candidate genes that affect carcinogen metabo-
lism, modulation of oxidative damage, immune 
responses, and DNA repair (see Sections 2.12.4b 
and 4.2).

2.12.2  Analytical studies

Over 130 epidemiological studies on tobacco 
smoking and breast cancer were reviewed.

(a) Incidence in current and former smokers

Since the previous IARC Monograph 
(IARC, 2004a), seven reports on cohort studies 
(Al-Delaimy et al., 2004; Reynolds et al., 2004a; 
Gram et al., 2005; Hanaoka et al., 2005; Olson 
et al., 2005; Cui et al., 2006; Ha et al., 2007) have 
been published on breast cancer incidence in 
relation to tobacco smoking (Table 2.52 available 
at http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-01-Table2.52.pdf). Breast cancer 
incidence was significantly associated with 
current tobacco smoking in three studies 
(Reynolds et al., 2004a; Olson et al., 2005; Cui 
et al., 2006), with relative risk estimates among 
the larger studies ranging from 1.12 (95%CI: 
0.92–1.37) (Al-Delaimy et al., 2004) to 1.32 
(95%CI:1.10–1.57) (Reynolds et al., 2004a). Former 
smoking was significantly associated with risk in 
only one cohort (Al-Delaimy et al., 2004), with 
relative risk estimates across all of the cohorts 
ranging from 1.00 (95%CI: 0.93–1.08) (Cui et al., 
2006) to 1.18 (95%CI:  1.02–1.36) (Al-Delaimy 
et al., 2004). The association with breast cancer 
is stronger in current than in former smokers 
in four of the seven cohort studies (Reynolds 
et al., 2004a; Hanaoka et al., 2005; Olson et al., 
2005; Cui et al., 2006), although the confidence 
intervals overlap widely in all but one (Cui et al., 
2006). [The Working group noted that three 
cohort studies (Gram et al., 2005; Hanaoka et al., 
2005; Olson et al., 2005) provided data on both 
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the age-adjusted and the multivariate-adjusted 
risk estimates for current and former smoking. 
None of these showed attenuation of the esti-
mate associated with current smoking, and two 
(Hanaoka et al., 2005; Olson et al., 2005) reported 
somewhat stronger estimates when adjusted for 
established risk factors besides age. None of the 
studies adjusted for the frequency of mammog-
raphy screening. Residual confounding by 
screening and incomplete control for other risk 
factors would be expected to cause underestima-
tion of the association with current smoking, and 
overestimation of the association with former 
smoking.]

Since the previous IARC Monograph (IARC, 
2004a), a total of 12 case–control studies on 
tobacco smoking and breast cancer incidence 
have been published (Table  2.53 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-01-Table2.53.pdf). Results from 
the case–control studies are less consistent than 
those from the cohort studies. Six studies (Li 
et al., 2004; Mechanic et al., 2006; Magnusson 
et al., 2007; Prescott et al., 2007; Roddam et al., 
2007; Slattery et al., 2008) differentiated between 
current and former smokers, while the six other 
reports (Band et al., 2002; Lash & Aschengrau, 
2002; Gammon et al., 2004; Rollison et al., 2008; 
Ahern et al., 2009; Young et al., 2009) specify only 
ever or never smokers. Only one study (Li et al., 
2004) reported a borderline significant increase 
in risk associated with current smoking, and two 
studies (Band et al., 2002; Rollison et al., 2008) 
with ever smoking. 

None of the six case–control studies that 
presented data on breast cancer incidence sepa-
rately for current and former smokers found a 
significant difference in risk between the two 
smoking categories; the relative risk estimates 
were higher for former than for current smokers 
in four of the studies (Mechanic et al., 2006; 
Prescott et al., 2007; Roddam et al., 2007; Slattery 
et al., 2008) and identical in the fifth (Magnusson 
et al., 2007). 

(b) Years of cessation

When the relative risk for breast cancer inci-
dence in former smokers is examined by years since 
cessation in cohort studies (Table 2.54 available 
at http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-01-Table2.54.pdf), the point esti-
mates do not consistently decrease with longer 
time since cessation. In none of the four cohort 
studies (London et al., 1989b; Egan et al., 2002; 
Reynolds et al., 2004a; Cui et al., 2006) and in 
only one (Li et al., 2005) of the five case–control 
studies (Chu et al., 1990; Gammon et al., 1998; 
Johnson et al., 2000; Kropp & Chang-Claude, 
2002; Li et al., 2005) that formally tested for trend 
(Table 2.55 available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-01-Table2.55.
pdf) was there a statistically significant decrease 
in relative risk observed with longer time since 
cessation. Only one study has reported data on 
breast cancer mortality in relation to years since 
quitting or age at cessation (Calle et al., 1994). A 
statistically significant inverse trend in the rela-
tive risk estimates was reported with both years 
since quitting (p trend = 0.04) and younger age at 
cessation (p trend = 0.02). [The Working Group 
noted that the inverse trends in the relative risk 
of dying from breast cancer observed in this 
study are weaker than those observed with most 
other cancers designated as causally associated 
with smoking.]

(c) Duration of smoking and age at initiation

Tables 2.56–2.61 (see below for links) list 
the published epidemiologic studies that relate 
breast cancer incidence to duration of tobacco 
smoking, age at initiation and/or timing relative 
to first full term pregnancy. 

Longer duration of smoking is associated 
with higher breast cancer incidence in five of 
seven cohort studies (Table  2.56 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-01-Table2.56.pdf). A similar trend 
is seen inconsistently among the 33 case–control 
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studies that report relative risk estimates by 
duration of smoking (Table  2.57 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-01-Table2.57.pdf). Among the 18 
studies that reported a formal test of trend, eight 
studies (Gammon et al., 1998; Johnson et al., 2000; 
Reynolds et al., 2004a; Gram et al., 2005; Li et al., 
2005; van der Hel et al., 2005; Cui et al., 2006; 
Mechanic et al., 2006) reported a statistically 
significant or borderline increase in the relative 
risk of incident breast cancer with the duration 
of smoking; seven studies (Ewertz, 1990; Palmer 
et al., 1991; Egan et al., 2002; Al-Delaimy et al., 
2004; Lissowska et al., 2006; Magnusson et al., 
2007; Prescott et al., 2007) reported no trend, 
and one study (Brinton et al., 1986) reported an 
inverse relationship.

Thirty studies, including cohort (Tables 2.58 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-01-Table2.58.pdf) 
and case–control studies (Table  2.59 available 
at http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-01-Table2.59.pdf) related breast 
cancer incidence to age at smoking initia-
tion. Fifteen of these (Chu et al., 1990; Ewertz, 
1990; Palmer et al., 1991; Nordlund et al., 1997; 
Gammon et al., 1998; Johnson et al., 2000; Egan 
et al., 2002; Kropp & Chang-Claude, 2002; Gram 
et al., 2005; Cui et al., 2006; Lissowska et al., 
2006; Ha et al., 2007; Lissowska et al., 2007; 
Magnusson et al., 2007; Prescott et al., 2007; 
Slattery et al., 2008) reported a formal test of 
trend. Among these, only two (Gram et al., 2005; 
Ha et al., 2007) found a statistically significant 
or borderline significantly higher risk in women 
who began smoking at a younger ages; twelve 
studies (Chu et al., 1990; Ewertz, 1990; Palmer 
et al., 1991; Nordlund et al., 1997; Gammon et al., 
1998; Johnson et al., 2000; Egan et al., 2002; Cui 
et al., 2006; Lissowska et al., 2006; Magnusson 
et al., 2007; Prescott et al., 2007; Slattery et al., 
2008) found no relationship with age at initia-
tion, and one (Kropp & Chang-Claude, 2002) 
reported higher risk among women who began 

smoking later. [The Working Group noted that at 
least two studies (Cui et al., 2006; Slattery et al., 
2008) appear to have included never-smokers 
in the tests of trend and that the categories that 
define age at initiation differ across studies.]

The relative risk of incident breast cancer 
according to the timing of smoking initiation 
relative to first full-term pregnancy was reported 
in 21 studies, of cohort (Table 2.60 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-01-Table2.60.pdf) and case–
control (Table 2.61 available at http://monographs.
iarc.fr/ENG/Monographs/vol100E/100E-01-
Table2.61.pdf) design. For nine studies (Hunter 
et al., 1997; Egan et al., 2002; Al-Delaimy et al., 
2004; Reynolds et al., 2004a; Li et al., 2005; Cui 
et al., 2006; Prescott et al., 2007; Rollison et al., 
2008; Young et al., 2009) categorical data on years 
of smoking before first pregnancy are presented, 
whereas for 12 (Lash & Aschengrau, 1999; Innes 
& Byers, 2001; Band et al., 2002; Kropp & Chang-
Claude, 2002; Lash & Aschengrau, 2002; Fink 
& Lash, 2003; Lawlor et al., 2004; Gram et al., 
2005; Olson et al., 2005; Lissowska et al., 2006; 
Magnusson et al., 2007; Slattery et al., 2008) 
whether smoking was initiated before or after the 
initial pregnancy was considered. Breast cancer 
incidence is consistently higher when smoking 
began before or during first pregnancy in most 
(Hunter et al., 1997; Lash & Aschengrau, 1999; 
Innes & Byers, 2001; Band et al., 2002; Egan 
et al., 2002; Al-Delaimy et al., 2004; Reynolds 
et al., 2004a; Gram et al., 2005; Li et al., 2005; 
Olson et al., 2005; Cui et al., 2006; Slattery et al., 
2008; Young et al., 2009) but not all (Kropp & 
Chang-Claude, 2002; Lash & Aschengrau, 2002; 
Fink & Lash, 2003; Prescott et al., 2007) studies 
that tested this. [The Working Group noted that 
the number of years of smoking before first preg-
nancy is highly correlated with age at first full-
term pregnancy, which is itself an independent 
risk factor for breast cancer.]

It has been argued that some studies, and 
especially cohort studies, may underestimate 
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the true association between tobacco smoking 
and breast cancer risk by ignoring or under-
estimating lifetime exposure to second-hand 
tobacco smoke of those in the referent group 
(California Environmental Protection Agency, 
2005; Johnson, 2005; Collishaw et al., 2009). This 
criticism is based on the hypothesis that expo-
sure to second-hand smoke may confer almost 
the same degree of breast cancer risk as tobacco 
smoking. Under this hypothesis, the inclusion 
of women exposed to second-hand smoke in 
the referent group dilutes the contrast between 
exposed and unexposed women in studies of 
tobacco smoking, and causes underestimation 
of the association between tobacco smoking and 
breast cancer. In several case–control studies the 
association between breast cancer and tobacco 
smoking strengthened when the referent group 
was defined as women with “never active, never-
passive” exposure to tobacco smoke (Morabia 
et al., 1996; Lash & Aschengrau, 1999; Johnson 
et al., 2000; Kropp & Chang-Claude, 2002). In 
contrast, a stronger association between tobacco 
smoking and breast cancer risk, when women 
exposed only to second-hand smoke are excluded 
from the referent group, has not been observed in 
cohort studies (Egan et al., 2002; Reynolds et al., 
2004a). Debate continues over whether the case–
control studies should be considered “of highest 
quality” because they provide “lifetime exposure 
assessment” (Collishaw et al., 2009) or whether 
the cohort studies are more credible, because 
prospectively-collected exposure data are not 
susceptible to the recall bias that can affect retro-
spective studies.

(d) Survival and mortality from breast cancer

The relationship between smoking and the 
natural history of breast cancer has been exam-
ined in several studies (Daniell, 1988; Ewertz 
et al., 1991; Daniell et al., 1993; Scanlon et al., 
1995; Yu et al., 1997; Manjer et al., 2000; Murin 
& Inciardi, 2001; Holmes et al., 2007). In cross-
sectional analyses, Daniell et al. (1993) found that 

smokers with breast cancer had more and larger 
lymph node metastases than non-smokers, after 
controlling for primary tumour size and other 
variables. Further, a case–control study (Murin 
& Inciardi, 2001) and a retrospective cohort study 
(Scanlon et al., 1995) found smoking to be associ-
ated with an increased risk of developing pulmo-
nary metastases from breast cancer. However, 
these studies could not definitively distinguish 
lung metastases from primary lung cancers.

Five cohort studies have focused specifically 
upon the association of tobacco smoking with 
either breast cancer survival (Ewertz et al., 1991; 
Yu et al., 1997; Manjer et al., 2000; Holmes et al., 
2007) or breast cancer death rates (Calle et al., 
1994). A study of 1774 Danish women showed no 
association between smoking and breast cancer 
survival (Ewertz et al., 1991), as did a study of 
5056 women with breast cancer in the Nurse’s 
Health Study (Holmes et al., 2007). In contrast, 
follow-up of 792 women with in situ or invasive 
breast cancer detected in a screening study in 
Malmø, Sweden found a crude relative risk for 
smokers and ex-smokers, compared to never 
smokers, of 1.44 (95%CI: 1.01–2.06) and of 1.13 
(95%CI: 0.66–1.94), respectively (Manjer et al., 
2000). The relative risk associated with smoking 
remained significant after adjustment for age and 
stage at diagnosis (RR,  2.14; 95%CI: 1.47–3.10). 
A study based on the ACS Cancer Prevention 
Study II reported an association between current 
smoking and increased breast cancer death rates 
after six years of follow-up (Table  2.56 online; 
Calle et al., 1994). Risk of death attributed to 
breast cancer was positively and significantly 
related to the duration of current smoking 
reported at the time of enrolment. However, 
the authors acknowledge that mortality studies 
cannot exclude biases arising from the effect 
of smoking on overall death rates, which could 
increase the potential for prevalent breast cancer 
to be coded as the underlying cause of death on 
the death certificate (Calle et al., 1994).
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2.12.3  Subtypes

(a) Pre- versus post-menopausal

Since the previous IARC Monograph (IARC, 
2004a), 19 case–control studies have published 
data on tobacco smoking in relation to pre- 
and post-menopausal breast cancer (Table  2.62 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-01-Table2.62.pdf). 
The results are inconsistent. Of the 12 studies 
that provide information separately for current 
smokers (Schechter et al., 1985; Brinton et al., 
1986; Rohan & Baron, 1989; Ewertz, 1990; Baron 
et al., 1996; Gammon et al., 1998; Millikan et al., 
1998; Johnson et al., 2000; Zheng et al., 2002; 
Magnusson et al., 2007; Slattery et al., 2008), 
only five (Schechter et al., 1985; Johnson et al., 
2000; Magnusson et al., 2007; Slattery et al., 
2008) found a stronger association with pre- 
than with post-menopausal breast cancer. The 
other analyses show either similar associations 
(Brinton et al., 1986; Ewertz, 1990; Baron et al., 
1996; Gammon et al., 1998; Millikan et al., 1998; 
Zheng et al., 2002) or a stronger association with 
post-menopausal breast cancer (Rohan & Baron, 
1989; Millikan et al., 1998; Johnson et al., 2000; 
Zheng et al., 2002).

(b) Hormone receptor status

Two cohort studies (London et al., 1989a; 
Manjer et al., 2001), one case–control study 
(Morabia et al., 1998) and a case series (Yoo et al., 
1997) have examined the association between 
quantitative measures of cigarette smoking and 
breast cancer risk according to estrogen receptor 
(ER) status. In one of the cohort studies (Manjer 
et al., 2001), a statistically significant increased 
risk (RR, 1.6) of ER negative tumours associated 
with current smoking was found but no clear 
association between smoking and ER positive 
tumours, and no difference in the association 
with progestogen receptor (PR)-positive and 
PR-negative tumours. In the other three studies 

there was no clear difference in the association 
related to ER or PR receptor status.

2.12.4  Susceptible populations

More than 30 studies and meta-analyses 
(Alberg et al., 2004; Terry & Goodman, 2006; 
Ambrosone et al., 2008; Collishaw et al., 2009) 
have evaluated whether a family history of breast 
cancer and/or inherited polymorphisms in 
various genes may confer greater susceptibility to 
develop breast cancer from exposure to tobacco 
smoke. These are described below in relation to 
the measure indicating potential susceptibility.

(a) Family history

In two studies, whether a family history of 
breast cancer modifies susceptibility to develop 
breast cancer from tobacco smoking has been 
examined. Couch et al. (2001) measured breast 
cancer incidence among female family members 
in a cohort of breast cancer cases diagnosed 
between 1944 and 1952 at the University of 
Minnesota. Sisters and daughters in families 
with at least three breast and/or ovarian cancers 
were at 2.4 fold higher risk for breast cancer 
(95%CI: 1.2–5.1) if they smoked compared to 
never-smokers. No dose–response was observed 
in relation to pack–years of smoking.

Suzuki et al. (2007) reported a statistically 
significant interaction between family history of 
breast cancer and smoking history in a hospital-
based case–control study of 3861 breast cancer 
cases treated at a large cancer centre in Japan 
between 1988 and 2000. A family history of 
breast cancer in the absence of smoking was 
associated with a relative risk of 1.44 (95%CI: 
1.21–1.71); the relative risk estimate was 1.95 
(95%CI: 1.36–2.81) in women who reported < 30 
pack–years of tobacco smoking, and 4.33 (95%CI: 
1.65–11.40) in women who reported > 30 pack–
years of smoking.

[The Working group noted that Japanese 
women who smoked during this time period 
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may have differed from never-smokers in other 
characteristics related to breast cancer. Besides 
its strong correlation with female smoking, 
“Westernization” might be associated with 
delayed childbearing, smaller families, higher 
body mass index, and greater use of post-meno-
pausal hormones.]

(b) Genetic polymorphisms

Studies of breast cancer, smoking and 
low penetrance genetic polymorphisms are 
summarized in Table  2.63 (available at http://
monog r aphs . ia rc . f r/ ENG/Monog r aphs/
vol100E/100E-01-Table2.63.pdf). The candidate 
genes in these studies are involved in carcinogen 
metabolism [N-acetyltransferases (NAT1, NAT2), 
cytochrome P450s (CYP1A1, CYP1B1, CYP2E2), 
GSTs], host responses to oxidative stress (super-
oxide dismutase) or to infectious organisms 
(myeloperoxidase and immunoglobulin binding 
protein) and DNA repair (O6-methylguanine 
DNA methyltransferase, nucleotide excision 
repair).

The most consistent associations with breast 
cancer risk have been observed among long-term 
smokers with the NAT2 slow acetylation genotype 
(Terry & Goodman, 2006). NAT2 slow acetyla-
tion genotype is thought to confer less capability 
to detoxify tobacco smoke carcinogens and is 
associated with an increase in breast cancer risk 
(Ambrosone et al., 1996, 2008). Approximately 
50–60% of Caucasian women are reported to be 
slow acetylators.

Table 2.63 (online) lists 15 studies of poly-
morphisms in NAT2, of which 9 were included 
in a pooled analysis and 13 in a meta-analysis 
(Ambrosone et al., 2008). [The study by Delfino 
et al. (2000) was excluded from these analyses 
because cases included women with benign 
breast disease; the study by Lilla et al. (2005) 
was not considered because it is based on the 
same population as that by Chang-Claude et al. 
(2002).] The meta-analysis found a statistically 
significant association between ever tobacco 

smoking and breast cancer risk among women 
with the NAT2 slow acetylator genotype (meta-
RR,  1.27; 95%CI:  1.16–1.40) but not in those 
with rapid acetylator genotype (meta-RR,  1.05; 
95%CI:  0.95–1.17). Pack–years of tobacco 
smoking was significantly associated with 
increasing breast cancer risk among women with 
NAT2 slow acetylator genotype (meta-RR for ever 
smokers, 1.44; 95%CI: 1.23–1.68, for > 20 pack–
years versus never smokers), but not among rapid 
acetylators (Ambrosone et al., 2008). No main 
effect was seen between NAT2 status and breast 
cancer risk (meta-RR,  1.0; 95%CI:  0.93–1.07). 
In contrast to an earlier meta-analysis (Alberg 
et al., 2004), this study observed no difference in 
risk for pre- or post-menopausal breast cancer. 
The pooled analysis of nine studies (Ambrosone 
et al., 2008) reported pooled risk estimates 
for pre- and post-menopausal women of 1.49 
(95%CI: 1.08–2.04) and 1.42 (95%CI: 1.16–1.74), 
respectively, among women with slow NAT2 
genotype and at least 20 pack–years of smoking 
compared to never-smokers. The corresponding 
values for women with rapid acetylator genotype 
were 1.29 (95%CI: 0.89–1.86) and 0.88 (95%CI: 
0.69–1.13). A statistically significant interaction 
was observed between pack–years of smoking 
as a continuous variable and NAT2 genotype (p 
interaction = 0.03).

A population-based case–control study 
published after the meta-analysis by Ambrosone 
et al. compared the prevalence of the NAT2 
genotypes and their joint effect with smoking on 
breast cancer risk in Hispanic and non-Hispanic 
white women (Baumgartner et al., 2009). 
Non-Hispanic white women were more likely 
(P < 0.001) than Hispanics to have a slow (41.7% 
versus 33.5%) or very slow (19.0% versus 11.1%) 
NAT2 acetylator status. Breast cancer risk was 
significantly increased in non-Hispanic smoking 
white women with a very slow acetylator geno-
type (RR,  2.46; 95%CI: 1.07–5.65 for current 
versus never).
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[The Working Group noted that publication 
bias remains a concern in the studies of NAT2 
published to date. All of the studies included 
in the meta-analysis by Ambrosone et al. were 
published between 1996 and 2006; some among 
them (Morabia et al., 2000; Sillanpää et al., 2007) 
reported very strong associations that seem 
inconsistent with the rest of the data. Because 
genetic studies often examine multiple genes, it 
is plausible that studies that find no main effect 
with NAT2 have not examined this association 
or that null results for smoking have not been 
published.]

Fewer studies with less consistent find-
ings have been published on polymorphisms in 
other genes such as NAT1, CYP1A1, GST, NOS3, 
MPO, MnSOD2 and various DNA repair genes 
(Table 2.63 online).

2.12.5  High penetrance genes & prognosis

At least seven studies have examined the 
hypothesis that tobacco smoking may modify 
breast cancer risk among women who carry 
BRCA1 and BRCA2 mutations (Brunet et al., 
1998; Ghadirian et al., 2004; Colilla et al., 2006; 
Gronwald et al., 2006; Nkondjock et al., 2006; 
Breast Cancer Family Registry, 2008; Ginsburg 
et al., 2009). The results have been inconsistent. 
A recent case–control study of women under 
age 50 years who were carriers of mutations 
in BRCA1 or BRCA2 reported increased risk 
for breast cancer associated with as little as 
five pack–years of smoking. Compared to non-
smokers, the risk associated with five or more 
pack–years of smoking was 2.3 (95%CI: 1.6–3.5) 
for BRCA1 mutation carriers and 2.6 (95%CI: 
1.8–3.9) for BRCA2 mutation carriers (Breast 
Cancer Family Registry, 2008). In contrast, six 
other studies reported no increased risk among 
BRCA1 or BRCA2 carriers who smoke. The 
Canadian Panel review (Collishaw et al., 2009) 
postulated that the five previous studies (Brunet 
et al., 1998; Ghadirian et al., 2004; Colilla et al., 

2006; Gronwald et al., 2006; Nkondjock et al., 
2006) may have failed to observe a relationship 
because they included prevalent cases. However, 
a sixth study published since the Canadian panel 
review is also negative (Ginsburg et al., 2009).

2.13 Cancer of the cervix

The association between smoking and cervical 
cancer has been examined in many epidemiolog-
ical studies over the past few decades. 

Since the previous IARC Monograph (IARC, 
2004a), additional epidemiological studies have 
been published. Study design and results of the 
case–control studies restricted to HPV posi-
tive women or that adjusted for HPV status are 
presented in Table 2.64 (available at http://mono-
graphs.iarc.fr/ENG/Monographs/vol100E/100E-
01-Table2.64.pdf) and Table  2.65 (available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-01-Table2.65.pdf). Cohort studies 
and pooled analyses are presented in Table 2.66 
(available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-01-Table2.66.pdf) 
and Table  2.67 (available at http://monographs.
iarc.fr/ENG/Monographs/vol100E/100E-01-
Table2.67.pdf), respectively. Table 2.68 (available 
at http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-01-Table2.68.pdf) and Table  2.69 
(available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-01-Table2.69.pdf) 
present additional cohort studies and pooled 
analyses on tobacco smoking and cervical, 
cervical intraepithelia neoplasia and carcinoma 
in situ, with our without controlling for HPV 
status, respectively.

2.13.1 Dose–response relationship

A positive association between smoking and 
incidence of cervical squamous-cell carcinoma, 
which account for approximately 90% of all 
cervical cancers, has been shown consistently over 
several decades in many epidemiological studies 
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of various designs conducted across different 
geographic regions. Dose–response associations 
with smoking intensity and duration were noted 
in many of the studies where such associations 
were examined (Berrington de González et al., 
2004; Appleby et al., 2006). Conversely, no clear 
association was found among former smokers. 
For adenocarcinoma of the cervix, which usually 
account for less than 10% of the total of all types of 
cervical cancer, there appears to be no clear asso-
ciation with smoking (Berrington de González 
et al., 2004).

2.13.2 Interaction with HPV positivity

Epidemiological studies of smoking and 
cervical cancer increasingly have considered the 
effects of HPV infection, which is recognized as 
the main etiological factor for invasive and pre-
invasive cervical neoplasia worldwide (IARC, 
1995, 2012b). HPV infection has been considered 
not only with respect to possible effect modifi-
cation (Hellberg & Stendahl, 2005; Gunnell 
et al., 2006), but also to confounding, as both 
HPV infection and smoking habits are directly 
associated with number of sexual partners and 
other indications of high-risk sexual behaviours 
(Sikström et al., 1995; Wang et al. 2004; Hellberg 
& Stendahl, 2005; McIntyre-Seltman et al., 2005; 
Syrjänen et al., 2007). Although there have been 
exceptions (Syrjänen et al., 2007), recent studies 
have generally continued to show that statistical 
adjustment for the potential confounding effects 
of HPV infection, or restricting studies to women 
with high risk HPV infection (Plummer et al., 
2003), does not appreciably alter the finding of a 
positive association or its magnitude (McIntyre-
Seltman et al., 2005; Appleby et al., 2006; Tolstrup 
et al., 2006; Tsai et al., 2007; Nishino et al., 2008; 
Kapeu et al., 2009). 

Statistical adjustment for the potentially 
confounding effect of HPV infection was usually 
based on the measured presence of HPV DNA 
in cervical cells or anti-HPV serum antibodies 

in multivariate analytical models; as noted 
above, studies have also restricted their analyses 
to HPV-positive cases and controls. As there 
is currently no reliable marker of persistent 
HPV infection, case–control studies based on 
a cross-sectional measurement of HPV cannot 
distinguish between transient and persistent 
infections (Franco et al., 1999). Tobacco smoking 
is suspected to facilitate acquisition or persistence 
of an HPV infection through a reduced number 
of Langerhans cells and CD4 lymphocytes, 
which are markers of local immune response in 
the cervix (Vaccarella et al., 2008). In addition, 
smoking may affect innate immunity (Ferson 
et al., 1979). Current smokers have been shown 
to have a slightly higher HPV prevalence than 
non-smokers in a broad range of world popu-
lations after adjustment for life-time number 
of sexual partners (OR, 1.18; 95%CI: 1.01–1.39) 
(Vaccarella et al., 2008). Studies have evaluated 
the effect of smoking on HPV persistence. One 
study shows lower probability of HPV clearance 
among ever smokers (Giuliano et al., 2002) but a 
few others found no relationship (Molano et al., 
2003; Richardson et al., 2005).

2.14 Cancer of the endometrium

2.14.1  Overview of studies

To date, at least 42 epidemiological studies 
have examined the association between smoking 
and endometrial cancer, 25 reviewed in the 
previous IARC Monograph (IARC, 2004a) and 
17 published since then (Petridou et al., 2002; 
Folsom et al., 2003; Furberg & Thune, 2003; 
Newcomb & Trentham-Dietz, 2003; Beral 
et al., 2005; Matthews et al., 2005; Viswanathan 
et al., 2005; Okamura et al., 2006; Strom et al., 
2006; Trentham-Dietz et al., 2006; Weiss et al., 
2006a; Al-Zoughool et al., 2007; Bjørge et al., 
2007; Lacey et al., 2007; Loerbroks et al., 2007; 
Setiawan et al., 2007; Lindemann et al., 2008). 
Study design and results of the additional studies 
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are presented separately for the case–control 
studies (Table  2.70 available at http://mono-
graphs.iarc.fr/ENG/Monographs/vol100E/100E-
01-Table2.70.pdf and Table  2.71 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-01-Table2.71.pdf, respectively) 
and for the cohort studies (Table 2.72 available 
at http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-01-Table2.72.pdf and Table  2.73 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-01-Table2.73.pdf, 
respectively).

(a) Cohort studies

The majority of the 13 cohort studies 
(Engeland et al., 1996; Terry et al., 1999, 2002b; 
Folsom et al., 2003; Furberg & Thune 2003; Beral 
et al., 2005; Viswanathan et al., 2005; Al-Zoughool 
et al., 2007; Bjørge et al., 2007; Lacey et al., 2007; 
Loerbroks et al., 2007; Setiawan et al., 2007; 
Lindemann et al., 2008) suggest a decreased risk 
among current smokers, including the largest 
study with over 9000 cases (Bjørge et al., 2007). 
In five of these studies quantitative smoking 
measures have been examined in relation to 
endometrial cancer risk (Terry et al., 1999, 2002b; 
Viswanathan et al., 2005; Al-Zoughool et al., 2007; 
Loerbroks et al., 2007). Of these, one (Terry et al., 
1999) found a 50% reduced risk among current 
smokers in the highest level of intensity (11 
cigarettes per day or more) compared with non-
smokers, but the number of cases was low and 
the confidence intervals correspondingly wide. 
A more recent and larger cohort study (Terry 
et al., 2002b) found a statistically significant 40% 
reduced risk among current smokers of more 
than 20 cigarettes per day, but showed somewhat 
weaker and statistically non-significant reduc-
tions in risk with smoking of long duration or 
high cumulative consumption (i.e. pack–years). 
In contrast, the risk among former smokers was 
similar to that among never smokers. The largest 
of these studies generally showed decreasing 
risk of endometrial cancer with increasing 

smoking intensity, duration, and pack–years of 
consumption (Viswanathan et al., 2005). Three 
studies examined the association between time 
since smoking cessation and endometrial cancer 
risk. Two of these studies suggested a positive 
association with time since quitting (compared 
with non-smokers) (Viswanathan et al., 2005; 
Loerbroks et al., 2007), whereas one found no 
association (Terry et al., 2002b).

(b) Case–control studies

The results of 17 population-based case–
control studies (Smith et al., 1984; Tyler et al., 
1985; Franks et al., 1987; Elliott et al., 1990; Rubin 
et al., 1990; Brinton et al., 1993; Goodman et al., 
1997; Shields et al., 1999; Jain et al., 2000; McCann 
et al., 2000; Newcomer et al., 2001; Weiderpass 
& Baron, 2001; Newcomb & Trentham-Dietz, 
2003; Matthews et al., 2005; Strom et al., 2006; 
Trentham-Dietz et al., 2006; Weiss et al., 2006a), 
that have included between 46 and 1304 endome-
trial cancer cases, generally have shown reduc-
tions in risk among current smokers compared 
with never smokers (although the magnitude 
of the reduction in risk has varied somewhat); 
results among former smokers compared with 
never smokers were equally variable, albeit 
somewhat weaker overall. The results of eight 
hospital-based case–control studies (Kelsey 
et al., 1982; Lesko et al., 1985; Levi et al., 1987; 
Stockwell & Lyman, 1987; Koumantaki et al., 
1989; Austin et al., 1993; Petridou et al., 2002; 
Okamura et al., 2006), which included between 
83 and 1374 endometrial cancer cases, are some-
what consistent with those of population-based 
studies. They showed moderate (e.g. 30–40%) 
reduction in risks among current compared with 
never smokers, and unaltered risks (or perhaps 
a small 10–20% reduction in risk) in former 
compared with never smokers. The largest of 
the hospital-based studies (Stockwell & Lyman, 
1987), with 1374 cases and 3921 controls, found 
both former and current smokers to be at 
moderately (approximately 30%) reduced risk 
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of endometrial cancer. To date, six population-
based case–control studies (Tyler et al., 1985; 
Lawrence et al., 1987, 1989; Brinton et al., 1993; 
Newcomer et al., 2001; Weiderpass & Baron, 
2001) have examined quantitative measures of 
smoking in relation to endometrial cancer risk, 
generally showing inverse associations to be 
strongest among current smokers of high inten-
sity or long duration.

2.14.2  Confounders

Whereas the majority of these studies 
adjusted their relative risk estimates for poten-
tially confounding variables, such as BMI, HRT, 
parity, diabetes, and age at menopause, studies 
that did not adjust for these variables tended 
to show similar inverse associations. Within 
individual studies, statistical adjustment for 
the effects of BMI and other covariates often 
made little difference, although some attenu-
ation of relative risk estimates has been noted 
(Weiderpass & Baron, 2001; Terry et al., 2002c).

2.14.3  Effect modification

The association between smoking and 
endometrial cancer risk according to factors that 
are known determinants of endogenous hormone 
concentrations, and which may counteract or 
augment possible tobacco-related hormonal 
changes, have been examined in several studies. 
These factors include menopausal status, HRT 
and BMI. Effect modification can reflect true 
underlying differences in the association across 
strata (for example, if cigarette smoking acts to 
reduce or modify estrogen concentrations differ-
ently in one group compared with another), but 
can also reflect methodological factors, such as 
differences that occur by chance or through the 
varying prevalence of confounding variables.

(a) Menopausal status

Although endometrial cancer is rare among 
pre-menopausal women, several studies have 
examined the association between cigarette 
smoking and endometrial cancer risk according 
to menopausal status, because the effect of 
smoking (if any) might vary according to the 
underlying hormonal milieu. The studies have 
included two cohort studies (Terry et al., 2002b; 
Al-Zoughool et al., 2007), five population-
based case–control studies (Smith et al., 1984; 
Franks et al., 1987; Lawrence et al., 1987; Brinton 
et al., 1993; Weiderpass & Baron, 2001), and 
four hospital-based case–control studies (Lesko 
et al., 1985; Levi et al., 1987; Stockwell & Lyman, 
1987; Koumantaki et al., 1989). In all but one 
of these studies, a study of early stage endome-
trial cancer (Lawrence et al., 1987), the inverse 
association was (to varying degrees) stronger 
among post-menopausal than pre-menopausal 
women. Among pre-menopausal women, the 
relative risk estimates for cigarette smoking have 
been inconsistent, sometimes showing increased 
risks with certain measures of cigarette smoking 
(Smith et al., 1984; Stockwell & Lyman, 1987; 
Koumantaki et al., 1989; Brinton et al., 1993; 
Al-Zoughool et al., 2007), sometimes showing 
decreased risks (Lawrence et al., 1987; Levi et al., 
1987; Brinton et al., 1993; Terry et al., 2002b), and 
sometimes showing practically no association 
(Lesko et al., 1985; Weiderpass & Baron, 2001; 
Al-Zoughool et al., 2007). In analyses limited to 
post-menopausal women, on the other hand, all 
showed between 10% and 80% reduced risks of 
endometrial cancer with the various smoking 
measures.

(b) Hormone replacement therapy

Given the possibility that cigarette smoking 
affects hormone concentrations mostly among 
women who are taking HRT (Jensen et al., 1985; 
Jensen & Christiansen, 1988; Cassidenti et al., 
1990), the inverse association between tobacco 
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smoking and endometrial cancer risk might be 
stronger among HRT users than among non-
users. However, the results of studies that have 
examined the association between smoking and 
endometrial cancer risk according to HRT use 
have been equivocal (Weiss et al., 1980; Franks 
et al., 1987; Lawrence et al., 1987; Levi et al., 1987; 
Terry et al., 2002b; Beral et al., 2005). Whereas in 
two studies (Franks et al., 1987; Levi et al., 1987) 
a larger reduction in risk among smokers taking 
HRT than among smokers not taking HRT was 
observed, in two other studies (Lawrence et al., 
1987; Terry et al., 2002b) there was no difference 
in the association according to HRT status. A 
cohort study that examined associations only 
among women using HRT showed no clear asso-
ciation among users of continuous combined 
HRT and cyclic combined HRT, but some sugges-
tion of increased risk among smokers who used 
tibolone (perhaps more clearly among former 
smokers) (Beral et al., 2005). Thus, although 
effect modification by HRT status is biologically 
plausible, the available epidemiological evidence 
is equivocal.

(c) Relative body weight

Obesity is an established risk factor for 
endometrial cancer (IARC, 2002). Smokers 
tend to have a lower BMI than non-smokers, 
although former smokers tend to have a higher 
BMI than current or never smokers (Baron et al., 
1990). Two case–control studies have examined 
the association between cigarette smoking and 
endometrial cancer risk according to BMI, one 
population-based (Elliott et al., 1990) and one 
hospital-based (Levi et al., 1987). Neither of these 
studies found clear differences in the associa-
tion between smoking and endometrial cancer 
risk according to BMI. In a population-based 
case–control study of early stage endometrial 
cancer (Lawrence et al., 1987), the inverse asso-
ciation with cigarette smoking tended to become 
stronger with increasing absolute rather than 
relative body weight.

2.14.4  Gene polymorphisms

Cigarette smoking and estrogen are both 
thought to influence cancer risk through path-
ways that are under the control of specific 
genes, such as those involved in the formation 
of bulky DNA adducts by estrogen metabolites 
(Cavalieri et al., 2000) and both bulky and non-
bulky adducts formed by carcinogens in tobacco 
smoke (Terry & Rohan, 2002). Therefore, studies 
have been conducted to examine the associa-
tion between smoking and endometrial cancer 
risk according to genes that repair these types of 
DNA damage. In a moderately-sized population-
based case–control study no clear effect modi-
fication according to certain polymorphisms 
in the XPA and XPC genes, both of which are 
involved in the nucleotide excision repair of 
bulky DNA adducts and may influence endome-
trial cancer risk, were found (Weiss et al., 2005, 
2006b). A nested case–control study also showed 
no clear effect modification according to three 
polymorphisms in CYP1A1 (McGrath et al., 
2007), a gene that encodes microsomal CYP1A1, 
which contributes to aryl hydrocarbon hydroxy-
lase activity, catalysing the metabolism of PAHs 
and other carcinogens found in tobacco smoke 
(Masson et al., 2005). In another nested case–
control study some evidence was found that the 
association between smoking and endometrial 
cancer may vary according to a polymorphism 
(Ile143Val) in O6-methylguanine DNA meth-
yltransferase (MGMT). Overall, studies that 
address the association between smoking and 
endometrial cancer risk according to genotype 
are scarce.

2.15 Cancer of the prostate

Many epidemiological studies have exam-
ined the association between cigarette smoking 
and prostate cancer risk, and most have shown 
no consistent association (Hickey et al., 2001; 
Levi & La Vecchia, 2001; Batty et al., 2008; Butler 
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et al., 2009; Huncharek et al., 2010; Table  2.74 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-01-Table2.74.pdf; 
Table 2.75 available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-01-Table2.75.
pdf). However, questions remain regarding 
whether smoking may alter risk in various popu-
lation subgroups, for example, those defined by 
certain genotypes, and whether any association 
with smoking may be stronger for, or limited to, 
advanced tumours or prostate cancer mortality. 
Regarding this latter issue, the majority of 
epidemiological studies, including several large, 
long-term cohort studies, have reported a posi-
tive association between smoking and prostate 
cancer mortality (Rohrmann et al., 2007; Zu & 
Giovannucci, 2009). Several studies that exam-
ined smoking in relation to both prostate cancer 
incidence and mortality tend to show positive 
results only for the latter (Rohrmann et al., 2007; 
Zu & Giovannucci, 2009). Given the largely null 
results with respect to prostate cancer incidence, 
the latter findings suggest that smoking is less 
likely to be a causal agent in prostate cancer initi-
ation than an agent that acts on existing tumours 
to promote their progression (Zu & Giovannucci, 
2009). 

A recent review of smoking and prostate 
cancer that focused specifically on aggressive 
and fatal tumours, considered the findings from 
14 cohort studies (Zu & Giovannucci, 2009). 
Nine of these studies showed statistically signifi-
cant increased risk with at least one smoking 
measure, and five showed increased risks that 
were not statistically significant for any measure. 
Only one study showed no association with any 
measure of tobacco consumption. Seven studies of 
various designs examined smoking with respect 
to indicators of cancer aggressive behaviour at 
the time of diagnosis. In these studies smoking 
was associated positively with tumour grade, 
risk of regional, distant, extraprostatic or meta-
static disease, Gleason score, and biochemical 
outcome (failure) after prostate brachytherapy 

and in several dose–response associations with 
the respective endpoint were demonstrated. 
In one study smoking cessation was associated 
with a decline in risk compared with that among 
current smokers.

The association between smoking and pros-
tate cancer risk according to genotype and other 
potentially effect-modifying factors have been 
examined in several studies. For example, in a 
population-based case–control study tobacco 
use was a risk factor for prostate cancer primarily 
among men with high BMI (Sharpe & Siemiatycki, 
2001). The results of a cohort study in Switzerland 
suggest that risk of prostate cancer mortality is 
increased in smokers, particularly those with 
low plasma vitamin E levels (Eichholzer et al., 
1999). These latter associations, as well as those 
regarding several genotypes that may modify the 
association (Mao et al., 2004; Nock et al., 2006; 
Quiñones et al., 2006; Yang et al., 2006; Iguchi 
et al., 2009; Kesarwani et al., 2009), have yet to 
be fully clarified.

[The Working Group noted that several of the 
studies of smoking and prostate cancer mortality 
did not demonstrate clear dose–response asso-
ciations with risk, and noted the possibility of 
bias due to confounding by screening behaviour. 
However, in the Health Professionals Follow-up 
Study, screening behaviour was not found to 
differ appreciably between smokers and non-
smokers. In an analysis limited to men with a 
negative digital rectal examination in the prior 
two years, stronger associations were found 
between smoking and metastatic prostate cancer 
risk among high intensity smokers (RR,  4.2; 
95%CI: 1.6–10.9) (Zu & Giovannucci, 2009). This 
finding was evidence against bias from screening 
behaviour.] 
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2.16 Cancer of the ovary

2.16.1  Overview of studies

A total of over 30 epidemiological studies have 
investigated the association between tobacco 
smoking and ovarian cancer risk. Of these, 24 were 
case–control studies (IARC, 2004a; Table  2.76 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-01-Table2.76.pdf; 
Table 2.77 available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-01-Table2.77.
pdf) and six were cohort studies (IARC, 2004a; 
Table 2.78 available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-01-Table2.78.
pdf; Table  2.79 available at http://monographs.
iarc.fr/ENG/Monographs/vol100E/100E-01-
Table2.79.pdf). Most studies showed no statisti-
cally significant association between a measure 
of smoking and risk for ovarian cancer overall 
(Newhouse et al., 1977; Smith et al., 1984; Tzonou 
et al., 1984; Baron et al., 1986; Stockwell & Lyman, 
1987; Whittemore et al., 1988; Hartge et al., 1989; 
Polychronopoulou et al., 1993; Engeland et al., 
1996; Goodman et al., 2001; Goodman & Tung, 
2003; Pan et al., 2004; Zhang et al., 2004; Kurian 
et al., 2005; Niwa et al., 2005; Baker et al., 2006; 
Huusom et al., 2006; Fujita et al., 2008; Lurie 
et al., 2008; Nagle et al., 2008; Tworoger et al., 
2008); some showed positive associations (Doll 
et al., 1980; Tverdal et al., 1993; Kuper et al., 
2000b; Marchbanks et al., 2000; Green et al., 
2001; Modugno et al., 2002; Gram et al., 2008; 
Rossing et al., 2008) and one (Riman et al., 2004) 
showed an inverse association.

2.16.2  Histological subtypes

Differences in ovarian cancer risk factor 
profiles have been observed according to histo-
logical type, on the basis of which it has been 
suggested that mucinous and non-mucinous 
tumours are etiologically distinct diseases (Risch 
et al., 1996). Epidemiological studies that have 
considered histological type tend to support a 

positive association primarily between cigarette 
smoking and mucinous ovarian tumours (Kuper 
et al., 2000b; Marchbanks et al., 2000; Green 
et al., 2001; Modugno et al., 2002; Pan et al., 2004; 
Zhang et al., 2004; Kurian et al., 2005; Tworoger 
et al., 2008). In contrast, two studies showed no 
clear association between smoking and risk of 
mucinous or non-mucinous ovarian tumours 
(Riman et al., 2004; Baker et al., 2006). In addi-
tion, one early case–control study (Newhouse 
et al., 1977), with 300 ovarian cancer cases and 
with both population and hospital controls, 
found no clear association with “ever” compared 
with “never” smoking, and reported no differ-
ences according to histological type.

A pooled analysis of 10 case–control studies 
(Kurian et al., 2005) with 254 cases of muci-
nous and 1580 non-mucinous tumours found 
an increased risk of mucinous tumours among 
current smokers (RR,  2.4; 95%CI:  1.5–3.8), a 
positive association that was not observed with 
other histological types. Former smokers in that 
analysis did not have an increased risk of any 
histological type of ovarian cancer. This type of 
dose–response, whereby current smokers have a 
higher risk than former smokers, was observed 
in most, but not all, studies of mucinous ovarian 
cancer (Tables 2.77 and 2.79 online). Overall, the 
positive association between cigarette smoking 
and risk of mucinous ovarian tumours is gener-
ally consistent across both case–control and 
cohort studies conducted among various popu-
lations. In contrast, associations with smoking 
have been mostly null with respect to non-muci-
nous ovarian tumours, suggesting that recall 
bias is unlikely to explain the association with 
mucinous tumours.

[The Working Group considered the possi-
bility that women who smoke may come to 
medical attention more frequently. This raises 
the possibility of detection bias, because muci-
nous tumours, benign or malignant, tend to be 
quite large and could be more easily detected on 
routine physical exam or testing. However, the 
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Working Group felt that detection bias would not 
account for the association entirely.

2.17 Cancer of the thyroid 

The previous IARC Monograph (IARC, 
2004a) noted inconsistent associations between 
smoking and thyroid cancer risk. In 2003, 
a pooled analysis of 14 case–control studies 
showed that smoking was inversely associated 
with thyroid cancer risk (Mack et al., 2003; 
Table 2.80 available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-01-Table2.80.
pdf; Table  2.81 available at http://monographs.
iarc.fr/ENG/Monographs/vol100E/100E-01-
Table2.81.pdf). The sample consisted of 2725 
thyroid cancer cases (2247 women, 478 men) 
and 4776 controls (3699 women, 1077 men). The 
inverse association was stronger among current 
smokers (RR, 0.6; 9% CI: 0.6–0.7) than former 
smokers (RR,  0.9; 9% CI:  0.8–1.1) and were 
similar in both men and women, for both papil-
lary and follicular thyroid cancers, as well as by 
age and region. An inverse association between 
smoking and thyroid cancer risk was also found 
in a subsequent case–control study (Nagano 
et al., 2007). In contrast, two case–control 
studies (Zivaljevic et al., 2004; Bufalo et al., 2006) 
reported no clear association between smoking 
and thyroid cancer risk (no risk ratio estimates 
were reported; hence, data are not shown in the 
tables) and a cohort study with 169 incident cases 
of thyroid cancer, also found no clear association 
with any qualitative or quantitative smoking 
measure (Navarro Silvera et al., 2005; Table 2.82 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-01-Table2.82.pdf; 
Table 2.83 available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-01-Table2.83.
pdf).

2.18 Other cancers

The cancers reviewed in this section gener-
ally have low incidence and mortality rates and 
are not considered to be strongly associated with 
cigarette smoking. This raises the possibility of 
preferential reporting of positive associations in 
epidemiological studies.

2.18.1  Cancer of the salivary gland 

Studies of smoking and cancers of the sali-
vary gland reviewed in the previous IARC 
Monograph (IARC, 2004a) were sparse and 
their results were inconsistent (Spitz et al., 1990; 
Swanson & Burns, 1997; Hayes et al., 1999). A few 
additional studies also show inconsistent results 
(Kotwall, 1992; Pinkston & Cole, 1996; Horn-
Ross et al., 1997; Vories & Ramirez, 1997; Muscat 
& Wynder, 1998). Studies that focused specifi-
cally on Warthin’s tumour [papillary cystad-
enoma lymphomatosum or adenolymphoma, 
a benign tumour of the parotid gland] tend to 
show strong positive associations with smoking 
(Kotwall, 1992; Pinkston & Cole, 1996; Vories 
& Ramirez, 1997). One study (Pinkston & Cole, 
1996) compared the risk for Warthin’s tumour 
with that for other salivary gland tumours and 
found that smoking increased risk significantly 
only for Warthin’s tumour.

2.18.2  Cancer of the small intestine

Epidemiological studies (all of case–control 
design) reviewd in the previous IARC Monograph 
(IARC, 2004a) have been inconsistent in 
showing a positive association between smoking 
and cancers of the small intestine (Chow et al., 
1993b; Chen et al., 1994; Wu et al., 1997; Negri 
et al., 1999; Kaerlev et al., 2002). A more recent 
study showed no clear association (Hassan et al., 
2008b).

108

http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-01-Table2.80.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-01-Table2.80.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-01-Table2.80.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-01-Table2.81.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-01-Table2.81.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-01-Table2.81.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-01-Table2.82.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-01-Table2.82.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-01-Table2.83.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-01-Table2.83.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-01-Table2.83.pdf


Tobacco smoking

2.18.3  Cancers of the gallbladder and extra-
hepatic bile ducts

Epidemiological studies of smoking and 
risk of cancers of the gallbladder and extra-
hepatic bile ducts reviewed in the previous IARC 
Monograph (IARC, 2004a) tended to show null, 
weak, or moderately strong positive associations. 
More recent studies also tend to show either no 
clear association with biliary tract carcinoma/
extra-hepatic cholangiocarcinoma (Shaib et al., 
2007; Welzel et al., 2007) or suggest positive asso-
ciations with gallbladder/biliary cancers (Pandey 
& Shukla, 2003; Yagyu et al., 2008; Grainge et al., 
2009). Attention should be paid to potential 
confounders, especially BMI, when considering 
the results of epidemiological studies of risk of 
cancers of the gallbladder and extra-hepatic bile 
ducts. Recent studies that statistically adjusted 
for BMI, on gallbladder disease risk (Grainge 
et al., 2009) or on extrahepatic biliary tract carci-
noma risk (Ahrens et al., 2007), showed a positive 
and null association with smoking, respectively. 
To date, there are too few studies with adequate 
control for potentially confounding factors to 
determine any clear pattern.

2.18.4  Soft-tissue sarcoma

As reported in the previous IARC Monograph 
(IARC, 2004a), one cohort study found an asso-
ciation between cigarette smoking and mortality 
from soft-tissue sarcoma after 26 years of follow-
up but no dose–response relationship with the 
number of cigarettes/day, duration of smoking 
or pack–years (Zahm et al., 1992). No effect of 
cigarette smoking was detected in an Italian 
hospital-based case–control study (Franceschi & 
Serraino, 1992).

2.18.5  Cancer of the skin

(a) Melanoma

Several case–control studies found no differ-
ence in the prevalence of tobacco smoking 
between patients with malignant melanoma and 
controls, and one study found an inverse associa-
tion (IARC, 2004a). An inverse association with 
smoking was also found in the US Radiologic 
Technologists cohort Study (Freedman et al., 
2003a). In that study, smoking for at least 30 
years compared with never smoking was 
inversely related to melanoma risk (RR,  0.6; 
95%CI: 0.3–1.3), though risk was not associated 
with number of cigarettes/day. An inverse asso-
ciation was also observed in a cohort of Swedish 
construction workers (Odenbro et al., 2007). 
In this study, the risk for malignant melanoma 
was reduced in a dose-dependant manner for 
both cigarette and pipe smokers. The possibility 
that smoking may reduce the risk for melanoma 
should, therefore, be considered.

(b) Non-melanoma skin cancer

Four studies showed a positive association 
between smoking and non-melanoma skin 
cancer risk (De Stefani et al., 1995; Wojno, 1999; 
Smith & Randle, 2001; Boyd et al., 2002), and 
two found no clear association (van Dam et al., 
1999; Corona et al., 2001). When distinguishing 
between histological subtypes, tobacco smoking 
was linked to the incidence of squamous-cell 
carcinoma of the skin in most studies, whereas 
the results for basal cell carcinoma remain 
inconsistent (Zak-Prelich et al., 2004). No clear 
association between smoking and risk for basal 
cell carcinoma was found in a cohort study 
(Freedman et al., 2003b).

2.18.6  Cancer of the penis

Case–control studies of smoking and penile 
cancer (Hellberg et al., 1987; Daling et al., 1992, 
2005; Maden et al., 1993; Harish & Ravi, 1995; 
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Table 2.84 available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-01-Table2.84.
pdf; Table  2.85 available at http://monographs.
iarc .f r/ENG/Monographs/vol100E/100E-
01-Table2.85.pdf) and reviews of studies of 
smoking and penile cancer and population 
surveys (Dillner et al., 2000; Favorito et al., 
2008; Bleeker et al., 2009; Table  2.86 available 
at http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-01-Table2.86.pdf; Table  2.87 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-01-Table2.87.pdf) 
consistently showed a positive association. In 
most studies there was a dose–response rela-
tionship, with higher risks among those with 
increased smoking intensity and/or duration. 
A study in Brazil showed a positive correlation 
with penile tumour grade (Favorito et al., 2008). 
Based on the two reviews (Dillner et al., 2000; 
Bleeker et al., 2009), relative risks were generally 
increased twofold to fivefold among smokers. 

Most studies did not adjust for HPV infec-
tion. In one case–control study (Daling et al., 
2005), current smoking was associated with 
a 160% increased risk of HPV-positive penile 
cancer (n  =  75), and a 180% increased risk of 
HPV-negative penile cancer (n = 19), suggesting 
no important effect modification.

2.18.7  Cancer of the testis

Studies reviewed in the previous IARC 
Monograph (IARC, 2004a) showed no association 
between cigarette smoking and risk for testicular 
cancer. More recently, two case–control studies 
showed positive associations with smoking, one 
in Canada (Srivastava & Kreiger, 2004) and one 
in the Czech Republic (Dusek et al., 2008).

2.18.8  Cancer of the central nervous system

A recent meta-analysis was conducted on 
smoking in relation to glioma risk (Mandelzweig 
et al., 2009), which included 17 epidemiological 

studies (6 cohort and 11 case–control). It was 
concluded that smoking is not associated 
with risk of glioma, despite a small significant 
increased risk seen in cohort studies. A recent 
cohort study found no association between 
smoking and carcinoma of the brain (Batty et al., 
2008). There have been no consistent associations 
of smoking with other CNS tumours (IARC, 
2004a). In a population-based case–control 
study in the USA, smoking was associated with 
increased risk of intracranial meningioma in 
men (OR, 2.1; 95%CI: 1.1–4.2) but not in women 
(Phillips et al., 2005).

2.18.9  Cancer of the adrenal gland

Data on risk factors for adrenal carcinoma 
are sparse. In the US Veterans’ Study there was a 
fivefold increase in risk among current cigarette 
smokers during 26 years of follow-up, with risk 
being particularly high among those who smoked 
most intensely (Chow et al., 1996). Other forms 
of tobacco use were associated with a statistically 
non-significant increase in risk. A case–control 
study in the USA found a twofold increase in risk 
for adrenal cancer among heavy smokers in men, 
but not in women (Hsing et al., 1996).

2.19 Bidi smoking

2.19.1  Cancer of the oral cavity

(a) Overview of studies

The association between cancers of oral 
cavity and bidi smoking has been examined 
in 10 case–control studies conducted in India 
(Sankaranarayanan et al., 1989a, b, 1990a; 
Rao et al., 1994; Rao & Desai, 1998; Dikshit & 
Kanhere, 2000; Balaram et al., 2002; Znaor et al., 
2003; Subapriya et al., 2007; Muwonge et al., 2008; 
Table 2.88 available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-01-Table2.88.
pdf). In these studies both cases and controls 
were interviewed and analyses were restricted 
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to men, except for the studies by Balaram et al. 
(2002) and Subapriya et al. (2007), because very 
few women smoked among study subjects.

Three hospital-based case–control studies 
considered cancers of subsites of the oral cavity 
(gingiva, tongue and floor of the mouth, buccal 
and labial mucosa) (Sankaranarayanan et al., 
1989a, b, 1990a). All three studies showed a 
higher oral cancer risk for bidi smoking. In one 
early study an unadjusted relative risk of 1.6 
(95%CI: 1.3–2.0) for oral cancer in bidi smokers 
was reported (Rao et al., 1994). [The Working 
Group noted that the study had several deficien-
cies, particularly in the selection of controls that 
resulted in cigarette smoking apparently being 
protective for oral cancer.] In another early 
study (Rao & Desai, 1998) relative risks were 
estimated after stratification by age and place 
of residence. Bidi smoking was a significant 
risk factor for cancer of the base of the tongue 
(RR, 5.9; 95%CI: 4.2–8.2) but not significant for 
cancer of the anterior tongue. Relative risk for 
bidi smoking adjusted for alcohol drinking, illit-
eracy, non-vegetarian diet and tobacco chewing 
showed significant risk for cancer of the base of 
the tongue (RR, 4.7; 95%CI: 3.5–6.3) but not for 
cancer of the anterior tongue. In a population-
based case–control study a relative risk of 1.5 
(95%CI: 0.9–2.4), adjusted for age and tobacco 
quid chewing for smokers (bidis and/or ciga-
rettes), was found (Dikshit & Kanhere, 2000).

Two hospital-based multi centre case–
control studies on cancer of the oral cavity were 
conducted in southern India. One included 309 
cases and 292 controls (Balaram et al., 2002). 
The risk for oral cavity cancer among those 
who smoked < 20 bidis per day was 2.0 (95%CI: 
1.1–3.8) and 2.5 (95%CI: 1.4–4.4) for ≥  20 per 
day. The second study included 1563 cases and 
3638 controls and found a risk for bidi smoking 
only of 2.2 (95%CI: 1.75–2.63) compared to never 
smokers, adjusted for age, centre, level of educa-
tion, alcohol consumption and chewing (Znaor 
et al., 2003).

In a hospital-based case–control study with 
388 oral squamous cell carcinoma cases (202 
men and 186 women) and an equal number of 
age and sex-matched controls the effect of life-
style factors (tobacco chewing, smoking and 
alcohol drinking, diet and dental care) on the 
risk of oral cancer was evaluated (Subapriya et al., 
2007). Both cases and controls were interviewed 
using a structured questionnaire. The risk esti-
mate for bidi smoking based on 22 cases (84 cases 
included in the model) and 22 controls was 4.6 
(95%CI not given).

Data from a randomized control trial 
conducted between 1996 and 2004 in 
Trivandrum, southern India were used in a 
nested case–control analysis with 282 (163 men 
and 119 women) incident oral cancer cases and 
1410 matched population controls aged 35 years 
and over (Muwonge et al., 2008). Oral cancer risk 
among men, adjusted for education and religion, 
was 1.9 (95%CI: 1.1–3.2) for bidi smokers only 
compared to never smokers. No association was 
found between mixed smoking of bidi and ciga-
rette and risk of oral cancer.

Rahman et al. (2003) performed a meta-
analysis to investigate the relationship between 
bidi smoking and oral cancer. They identified 
12 case–control studies published in English 
during 1996–2002 with quantitative information 
on bidi smoking and oral cancer. Of these, ten 
studies were conducted in India, one in Sri Lanka 
and one in Pakistan. All cases were confirmed 
histologically and exposure data were collected 
by direct interview. In these studies ORs were 
not adjusted for tobacco chewing or alcohol 
drinking. The OR for bidi smokers compared to 
never smokers based on random effects model 
was 3.1 (95%CI: 2.0 –5.0). The ORs ranged from 
2.0 to 3.6 in different regions of India: studies 
conducted in Mumbai had an OR of 3.6 (95%CI: 
1.6 –7.9), in central India 2.7 (95%CI: 1.6–4.6), in 
Kerala 2.0 (95%CI: 1.5–2.9) and in Bangalore 2.0 
(95%CI: 1.1–3.7).
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(b) Dose–response evidence

The trends in relative risks by intensity and 
duration of bidi smoking were both statistically 
significant in two studies (Rao et al., 1994; Rao 
& Desai, 1998). A meta-analysis based on three 
studies on duration of bidi smoking and on five 
studies on number of bidi sticks per day, showed 
a dose–response relationship for duration of bidi 
smoking but not for number of sticks used per 
day (Rahman et al., 2003). 

In a nested case–control analysis (Muwonge 
et al., 2008) a dose–response relationship was 
observed for duration of bidi smoking (P = 0.045). 
[It is not clear if the analysis was restricted to bidi 
smokers only (n = 40 men) and if smokers with 
combined smoking habits (bidi and cigarette) 
were excluded. Moreover, ORs for the dose–
response analysis were not reported.]

2.19.2  Cancer of the pharynx

Five case–control studies, two hospital-
based (Wasnik et al., 1998; Rao et al., 1999), one 
population-based (Dikshit & Kanhere, 2000) 
and two multicentric studies (Znaor et al., 2003; 
Sapkota et al., 2007) were conducted on cancers 
of oropharynx and hypopharynx in India 
(Table 2.88 online). In all these studies, analyses 
were restricted to men because very few women 
smoked among study subjects.

Wasnik et al. (1998) conducted a case–control 
study on oropharyngeal cancers with cases and 
controls were matched on age and sex. Odds 
ratios for tobacco smoking, predominantly in 
the form of bidi and/or chillum, were 2.3 (95%CI: 
1.2–3.7) after adjustment for tobacco chewing 
and outdoor occupation. [The Working Group 
noted some problems with the data analysis.]

Rao et al. (1999) reported a relative risk for bidi 
smoking adjusted for alcohol, illiteracy, diet and 
tobacco chewing of 4.7 (3.6–6.3) for oropharyn-
geal cancer and of 2.8 (2.1–3.7) for cancer of the 
hypopharynx. Dikshit & Kanhere (2000) found 

an odds ratio for oropharyngeal cancer among 
bidi smokers only of 7.9 (95%CI: 5.1–12.4).

Znaor et al. (2003) reported a risk for bidi 
smoking only for pharyngeal cancer of 4.7 
(95%CI: 3.5–6.3) and for combined bidi and ciga-
rette smoking of 3.6 (95%CI: 2.55–4.98). Sapkota 
et al. (2007) reported an odds ratio for hypopha-
ryngeal cancer of 6.8 (95%CI: 4.6–10.0) for bidi 
smokers compared to never smokers. 

A dose–response relationship was observed 
for intensity and duration of bidi smoking for 
both cancers of oropharynx and hypopharynx 
(Rao et al., 1999; Dikshit & Kanhere, 2000; 
Sapkota et al., 2007).

2.19.3  Cancer of the lung

One cohort study (Jayalekshmy et al., 2008), 
one population-based case–control study 
(Dikshit & Kanhere, 2000) and two hospital-
based case–control studies (Gupta et al., 2001; 
Gajalakshmi et al., 2003) in India (Table  2.88 
online) have investigated the relationship between 
bidi smoking and lung cancer. In all these studies 
both cases and controls were interviewed and 
analyses were restricted to men because very 
few women smoked among study subjects. One 
hospital-based case–control study in Chiang 
Mai, Thailand, looked at the association between 
lung cancer and khii yoo, hand-rolled cigars. The 
risk for lung cancer for khii yoo smoking was 
1.2 in men and 1.5 in women, P > 0.05 (Simarak 
et al., 1977).

In the population based case–control study 
by Dikshit & Kanhere (2000) the age-adjusted 
relative risk for lung cancer among bidi smokers 
only was 11.6 (95%CI: 6.4–21.3).

Gupta et al. (2001) reported an odds ratio 
for bidi smoking of 5.8 (95%CI: 3.4–9.7) from a 
hospital-based case–control study of lung cancer 
conducted in Chandigarh. Gajalakshmi et al. 
(2003) conducted a case–control study in two 
centres in which all subjects were interviewed 
by trained social investigators with standard 
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questionnaires. Odds ratios were adjusted for age, 
educational level, centre, chewing and alcohol 
habit. The odds ratios of lung cancer for former 
and current bidi smokers were 3.4 (95%CI: 2.1 
–5.4) and 5.3 (95%CI: 3.8–7.3), respectively. Odds 
ratios for former and current smokers of cigarette 
and bidi combined were 4.0 (95%CI: 2.5–6.6) and 
9.1 (95%CI: 6.2–13.2), respectively.

Baseline data of a cohort of 359  619 resi-
dents in Kerala, India was collected by direct 
interview using standardized questionnaires 
during 1990–97 (Jayalekshmy et al., 2008). 
After excluding rare earth workers, those who 
died, were diagnosed with cancer before 1997 
or died within three years of interview, there 
were 65 829 bidi-smoking men aged 30–84 years 
old. Two hundred and twelve lung cancer cases 
were identified by the Karunagappally Cancer 
Registry between 1997 and 2004. The relative 
risk for lung cancer for current compared to 
never bidi smokers calculated by Poisson regres-
sion analysis and adjusted for age, religion and 
education was 3.9 (95%CI: 2.6–6.0; P  <  0.001). 
The risk was lower among former than among 
current smokers.

(a) Dose–response evidence

Lung cancer risks increased with increasing 
bidi smoking intensities. The highest odds ratio 
was found for 9 pack–years (3.9; 95%CI: 2.1–7.1) 
(Gupta et al., 2001). In a cohort study Jayalekshmy 
et al. (2008) found increased lung cancer incidence 
with increasing number of bidi sticks smoked per 
day (P < 0.001) and with increasing duration of 
bidi smoking (P < 0.001). [The number of lung 
cancer cases was small in each category, resulting 
in wide confidence intervals.] Gajalakshmi et al. 
(2003) also reported increased risk with duration 
and intensity of bidi smoking.

(b) Cessation of smoking

In two case–control studies (Gupta et al., 
2001; Gajalakshmi et al., 2003) there was a clear 
decreasing trend in risk for years since quitting. 

Gajalakshmi et al. (2003) reported that lung 
cancer risk of former bidi smokers fell to 0.4 
(0.1–1.2) after quitting for more than 15 years. 
The cohort study conducted in Kerala did not 
have the power to assess the risk associated with 
stopping bidi smoking (Jayalekshmy et al., 2008).

2.19.4  Cancer of the larynx

Two hospital based case–control studies 
(Sankaranarayanan et al., 1990b; Rao et al., 1999) 
showed a higher risk for bidi smokers (Table 2.88 
online). The relative risk was adjusted for age 
and religion in Sankaranarayanan et al. (1990b) 
study and for alcohol use, illiteracy, vegetarian/
non-vegetarian diet and tobacco chewing in Rao 
et al. (1999) study. A multicentre case–control 
study on laryngeal cancer was conducted in 
four Indian centres using standardized ques-
tionnaires adjusting risks for centre, age, socio-
economic status, alcohol consumption, tobacco 
snuffing and tobacco chewing (Sapkota et al., 
2007). Compared to never smokers bidi smokers 
had a higher risk for cancers of the supraglottis 
(OR, 7.5; 95%CI: 3.8–14.7), glottis (OR, 5.3; 
95%CI: 3.2–8.9) and rest of larynx (OR, 9.6; 
95%CI: 5.6–16.4).

All levels of intensity and duration of bidi 
smoking were associated with significant relative 
risk estimates and dose–response for laryngeal 
cancer (Sankaranarayanan et al., 1990b; Rao 
et al., 1999). A strong dose–response relationship 
was observed for duration and frequency of bidi 
smoking for cancers of supraglottis, glottis and 
rest of larynx (Sapkota et al., 2007).

2.19.5  Cancer of the oesophagus

Three hospital-based case–control studies 
and one multicentre study (Sankaranarayanan 
et al., 1991; Nandakumar et al., 1996; Nayar et al., 
2000; Znaor et al. 2003) showed increased risk 
for oesophageal cancer among bidi smokers in 
India (Table 2.88 online). A significantly elevated 
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risk for all three segments of the oesophagus 
was reported (Nandakumar et al., 1996). One 
study (Nayar et al., 2000) adjusted for chewing 
of betel leaf with tobacco and low consumption 
of vegetables other than leafy vegetables. The 
multicentre case–control study conducted in 
two centres in South India found an increased 
risk for oesophageal cancer for bidi smoking only 
(OR, 3.3; 95%CI: 2.45–4.39) (Znaor et al., 2003). 
Odds ratios were adjusted for age, centre, level 
of education, alcohol consumption and chewing. 
Only men were analysed in all the above studies.

Significant effects were noted in men for all 
levels of intensity and for duration of more than 
20 years of bidi smoking (Sankaranarayanan 
et al., 1991).

2.19.6  Cancer of the stomach

In a hospital-based case–control study the 
association between stomach cancer and bidi 
smoking was analysed as part of a multicentre 
study (Gajalakshmi & Shanta, 1996). Cases and 
controls were matched on age, sex, religion and 
mother tongue. The odds ratio for stomach 
cancer for current bidi smokers only was 3.2 
(95%CI: 1.8–5.7) and for current smokers of any 
type of tobacco was 2.7 (95%CI: 1.8–4.1). 

Table  2.88 (online) summarizes the studies 
published since the last IARC Monograph (IARC, 
2004a). A hospital-based case–control study of 
stomach cancer included 170 stomach cancer 
cases (121 men and 49 women) and 2184 controls 
(1309 men and 875 women) aged 30–75 years 
(Rao et al., 2002). The association between bidi 
smoking and stomach cancer was not significant 
(RR, 0.8; 95%CI: 0.5–1.2) in a univariate analysis. 
The risk increased with increase in lifetime expo-
sure to bidi smoking and was highly significant 
(P < 0.001).

One study investigated stomach cancer risk 
in association with smoking of meiziol, a local 
cigarette in Mizoram, India (Phukan et al., 2005). 
Statistically significant higher risks were seen for 

smokers of combined users of tobacco (cigarette 
and meiziol), with an odds ratio of 3.1 (95%CI: 
2.0–11.1). Among users of a single type of tobacco, 
higher risks were seen for meiziol smokers (OR, 
2.2; 95%CI: 1.3–9.3) in the multivariate model 
in comparison to cigarette smokers. Overall, 
the excess risk was limited to smokers of >  10 
meiziols per day.

2.20 Synergistic effects of tobacco 
smoking and alcohol drinking

This section addresses the combined effects 
of smoking and alcohol consumption on cancers 
of oral cavity, pharynx, larynx and oesophagus, 
which have been examined extensively. For the 
purposes of this report interdependence of effects 
is termed effect modification, and synergism and 
antagonism are used to describe the consequences 
of the interdependence of disease risk when both 
risk factors are present (Rothman & Greenland, 
1998). The studies varied in their methods and in 
the approaches used to assess effect modification, 
which ranged from descriptive to formal estima-
tion of interaction terms in multivariate models. 
Study designs of the case–control and cohort 
studies are presented in Table 2.89 (available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-01-Table2.89.pdf) and Table  2.90 
(available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-01-Table2.90.pdf), 
respectively; and the results for both study 
designs are presented in Table 2.91 (available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-01-Table2.91.pdf).

2.20.1  Cancers of the upper aerodigestive 
tract

It was noted in the previous IARC Monograph 
(IARC, 2004a) with relatively large numbers of 
cases and controls that the pattern of increasing 
cancer risk with increasing alcohol consumption 
is strong (Mashberg et al., 1993; Kabat et al., 1994). 
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For cancers of the oral cavity, recent evidence 
comes from seven case–control studies and 
one cohort study. The pattern of odds ratios for 
smoking, across categories of alcohol consump-
tion, is consistent with synergism. In four case–
control studies with relatively large numbers of 
cases and controls (more than 200 cases and 
equivalent number of controls), the pattern of 
increasing cancer risks with increasing alcohol 
consumption was strong (Schlecht et al., 1999b; 
Znaor et al., 2003; Castellsagué et al., 2004; 
Hashibe et al., 2009). In the cohort study from 
Taiwan, China (Yen et al., 2008) similar strong 
risks were also observed. In all four case–control 
studies in which the estimate of formal statistical 
interaction was examined, the tests were statis-
tically significant (Schlecht et al., 1999b; Znaor 
et al., 2003; Castellsagué et al., 2004; Hashibe 
et al., 2009). In two case–control studies from 
India (Znaor et al., 2003; Muwonge et al., 2008) 
and in the cohort study from Taiwan, China (Yen 
et al., 2008) the interaction of tobacco smoking, 
alcohol and betel quid chewing was examined. 
In general, the results suggested increasing risks 
when betel quid chewing was included in the 
model.

Five case–control studies and one cohort 
study examined the effect of interaction between 
tobacco and alcohol in pharyngeal cancer. The 
results from case–control studies were similar to 
those observed for oral cancer (Olsen et al., 1985b; 
Choi & Kahyo, 1991; Schlecht et al., 1999b; Znaor 
et al., 2003; Hashibe et al., 2009). In a Singapore 
cohort study (Friborg et al., 2007) the pattern 
of odds ratios for smoking across categories of 
alcohol consumption was consistent with syner-
gism for oropharyngeal but not for nasopharyn-
geal cancer.

Two cohort and fourteen case–control studies 
reported on joint effects of tobacco smoking 
and alcohol drinking on the risk for oesopha-
geal cancer. Since multiple logistic regression 
models were used for analysing most of these 
studies, some of them tested likelihood ratio test 

for departure from multiplicativity of the indi-
vidual effects of tobacco and alcohol. Generally, 
the positive results were stronger for squamous 
cell carcinoma. However, these tests for inter-
action are inadequate to assess synergy. Four 
studies from India and Taiwan, China, included 
betel quid chewing to the joint effect analysis of 
tobacco smoking and alcohol consumption and 
the results suggested increasing risks of oesopha-
geal cancer.

Most of the twenty case–control studies 
of laryngeal cancer provided strong evidence 
for synergism of tobacco smoking and alcohol 
consumption. Only Zheng et al. (1992) did not 
find consistent evidence with synergism. In 
several studies, tests for interaction were carried 
out and reported to be ‘non significant.’ These 
were tests for departure from the multiplicative 
models, typically multiple logistic regression 
models, used to analyse the case–control data, 
and not tests for departure from additive model.

Several studies (14 case–control, 3 cohort) 
reported on cancer of the ‘mixed upper aero-
digestive tract’, comprising studies on squamous 
cell carcinomas, regardless of specific sites. 
These studies also provided strong evidence for 
synergism. 

The Working Group considers that there is 
strong evidence of tobacco smoking and alcohol 
consumption interaction on the incidence of 
upper aerodigestive tract cancers, as well as 
with regard to cancer of specific subsites of this 
anatomical region.

2.21 Synthesis

2.21.1 Lung

Tobacco smoking is the major cause of lung 
cancer, primarily from cigarettes. Duration 
of smoking is the strongest determinant of 
lung cancer in smokers. Risk also increases in 
proportion to the number of cigarettes smoked. 
The strong dose– and duration–response 
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relationships between lung cancer and tobacco 
smoking have been confirmed more recently in 
both questionnaire-based and biomarker-based 
studies. Tobacco smoking increases the risk of all 
histological types of lung cancer. 

Differences in the intensity and/or duration of 
tobacco smoking may explain, in part, the lower 
lung cancer risks in Asian populations relative 
to whites. However, several studies of genetic 
polymorphisms among African-American and 
Caucasian populations provide some prelimi-
nary evidence supporting the hypothesis of a 
racial/ethnic disparity in susceptibility.

The results from observational studies do not 
provide strong support that a higher intake or 
a greater circulating concentration of caroten-
oids reduce lung cancer risk, particular in light 
of the elevated risk of lung cancer observed in 
the randomized trials of β-carotene supplemen-
tation. Residual confounding from smoking 
and the possibility that carotenoid measure-
ments are serving as markers for a diet rich in 
total fruit and vegetables mitigate the likelihood 
of any protective role for total carotenoids or 
β-cryptoxanthins.

The specific genes that are responsible for 
enhanced lung cancer risk remain poorly under-
stood, in spite of hundreds of candidate gene 
studies. Single-gene studies conducted to date 
have several limitations which contribute to 
inconclusive results, including small sample size 
and associated low power to detect moderate 
risks when allele frequencies are low. 

2.21.2 Upper areodigestive tract

(a) Oral cavity

Tobacco smoking is causally associated 
with cancer of the oral cavity in both men and 
women. Since the previous Monograph, addi-
tional evidence has accumulated that further 
confirms the association. Risk increases with 
duration and intensity of smoking, and decreases 
after quitting.

(b) Pharynx

Tobacco smoking is an important cause of 
oropharyngeal and hypopharyngeal cancers. 
The risk increases with increasing duration 
and intensity of smoking and decreases with 
increasing time since quitting. 

(c) Nasal cavity and accessory sinuses

The evidence of an association between 
tobacco smoking and sinonasal cancer is based 
on the results from case–control studies, each of 
which may be subject to different sources of bias. 
However, presence of a dose–response relation-
ship in most studies, the decrease in risk asso-
ciated with time since quitting, the consistently 
higher risks for squamous-cell carcinoma than 
for adenocarcinoma and the lack of potential 
confounders support the existence of a causal 
association.

(d) Nasopharynx

Although the interpretation of the results 
is complicated by small sample sizes in several 
studies, by different criteria used for the selection 
of controls and by the control groups in some 
studies including smoking-related diseases, 
the combined evidence shows an association 
between tobacco smoking and nasopharyngeal 
carcinoma in both endemic and non-endemic 
areas. Most studies that adjusted for known and 
suspected causes of nasopharyngeal carcinoma 
such as intake of Chinese-style salted fish, other 
dietary factors, alcohol drinking and family 
history of nasopharyngeal carcinoma, suggested 
only a limited confounding effect of these 
factors. Adjustment for infection with Epstein–
Barr virus (human herpes virus 4), a major 
cause of nasopharyngeal carcinoma worldwide, 
was possible in just one of the available studies. 
However, it is unlikely that confounding by infec-
tion with Epstein–Barr virus would explain the 
observed association between tobacco smoking 
and risk for nasopharyngeal carcinoma.
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(e) Oesophagus

Several well conducted case–control studies 
found a statistically significant higher risk for 
adenocarcinoma of the oesophagus in smokers 
than in nonsmokers. Positive dose–response 
relationships obtained using various indicators 
of amount smoked support a causal association, 
which is further corroborated by the findings of 
decreasing risks after smoking cessation. Several 
of these studies reported relative risks adjusted 
for alcohol consumption and other potential 
confounders. Further risk factors, such as chewing 
betel quid with tobacco or use of other forms of 
smokeless tobacco, have not been considered in 
these populations, but are not likely to be strong 
confounders. Studies from Australia, China and 
Europe also found increased risks for smokers.

(f) Larynx

Laryngeal cancer is one of the cancers most 
strongly associated with cigarette smoking. 
Recent epidemiological evidence strengthens 
this conclusion.

2.21.3 Stomach

The additional epidemiologic data showing 
a consistent association of stomach cancer with 
tobacco smoking in both men and women greatly 
strengthens the previous conclusion of a causal 
association. There was insufficient evidence for 
differential risks between cardia and non-cardia 
stomach cancer. Confounding and effect modifi-
cation by H. pylori has not been found.

2.21.4 Pancreas

The additional data supports the previous 
evaluation that cancer of the pancreas is caus-
ally associated with tobacco smoking. The risk 
increases with increasing daily consumption 
levels and duration of smoking and decreases 
with increasing time since cessation of smoking. 

The risk remains elevated after accounting for 
potential confounding factors.

2.21.5 Colorectum

At the previous evaluation, there was already 
some evidence from prospective cohort and 
case–control studies that the risk of colorectal 
cancer is increased among tobacco smokers. 
However, inadequate adjustment for various 
potential confounders was considered to possibly 
account for some of the small increase in risk 
that appears to be associated with smoking. 
Since then, an appreciable amount of data has 
accumulated to support a causal association 
with smoking. In virtually all the cohort studies 
published since elevated risk associated with 
smoking was found, although not always statis-
tically significant. More than half of the cohort 
studies that assessed dose–response relation-
ships found statistically significant increasing 
risks with increasing daily cigarette consump-
tion, duration of smoking and/or pack–years of 
smoking. Risk of colorectal cancer decreased 
with increasing delay in smoking initiation and 
years since cessation of smoking. A meta-anal-
ysis based on 36 cohort studies with data from 
a total of 3 million subjects found a significantly 
15% increased risk of colorectal cancer and 27% 
higher risk of colorectal cancer mortality in 
current smokers compared to never smokers. 
A stronger association with smoking for rectal 
cancer than for colon cancer was found in the 
meta-analysis of the subset of cohort studies that 
differentiated colorectal cancer by site. Risk for 
colorectal cancer increased significantly by 17% 
and by 38% with 20 cigarettes and 40 cigarettes/
day, respectively, and was elevated by 9.4% and 
by 19.7% with a 20-year and a 40-year duration 
of smoking, respectively. While these results are 
persuasive, this meta-analysis could not correct 
for the potential confounders in the individual 
studies. Convincing evidence has been provided 
by three large cohort studies that adjusted for at 
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least four important potential confounders (i.e. 
physical activity, alcohol consumption, body 
mass index and dietary intake of fruits and vege-
tables and/or meat); two studies also adjusted for 
history of colonoscopy. Significant dose–response 
relationships were found with one or more of the 
smoking variables, for risk of colorectal cancer 
and/or colon cancer and/or rectal cancer. Earlier 
cohort studies may not have been able to estab-
lish the association because of insufficient follow-
up time and a limited number of cases. Updated 
results of several large cohort studies, which now 
show clearly significant increased risk of color-
ectal cancer associated with smoking, provide 
support for the lag-time hypothesis for smoking 
and colorectal risk.

Recent evidence suggests that smoking may 
be associated with the subtype of colorectal 
cancer characterized by microsatellite instability, 
and by CIMP status and BRAF mutation. For 
this subtype, the magnitude of risk associated 
with smoking reaches the twofold risk elevation 
consistently observed for colorectal adenomas 
and supported by a recent meta-analysis. 
Smoking has been associated with a stronger risk 
for hyperplastic polyps than for adenomas. Also, 
CIMP positivity and BRAF mutations have been 
associated with hyperplastic polyps, particularly 
serrated polyps. These data suggest that smoking 
may be associated primarily with a subtype of 
colorectal cancer that develops through a hyper-
plastic (serrated) polyp progression. The asso-
ciation with smoking may therefore be diluted 
when considering colon cancers overall.

2.21.6 Liver

Recent studies on smoking and hepatocel-
lular carcinoma supports the established causal 
relationship. Supporting evidence comes from 
the consistency of the findings across regions 
(with the best evidence coming from Asian 
studies), and the observations of an association 
among non-drinkers and after controlling for 
hepatitis B or C virus infection.

2.21.7 Kidney

Recent evidence supports a causal associa-
tion between kidney cancer and smoking. After 
adjustment for body mass index and hypertension, 
current and former smokers still had a greater 
risk for renal-cell cancer. A dose–response rela-
tionship with the number of cigarettes smoked 
has been noted in most studies, and a few also 
noted a reduction in risk after cessation.

2.21.8 Urinary bladder

Tobacco smoking is causally associated to 
bladder cancer, based on a large number of case–
control and cohort studies that showed statisti-
cally significant associations not explained by 
confounding or bias. Risk increased with the 
duration of smoking and the number of ciga-
rettes smoked. Also, stopping smoking at any 
age avoids the further increase in risk incurred 
by continued smoking. The evidence supporting 
a modulating role by NAT2 polymorphisms is 
convincing.

2.21.9 Myeloid leukaemia

There is evidence for a causal association of 
tobacco smoking with myeloid leukaemia.

2.21.10 Breast

New evidence from cohort and case–control 
studies and from meta-analyses of genetic 
polymorphisms has become available since 
the previous IARC Monograph (IARC, 2004a). 
Results from seven new cohort studies consist-
ently show a small overall association between 
current smoking and breast cancer incidence, 
with relative risk estimates ranging from 1.1–1.3 
in studies with at least 100 exposed cases. The 
overall association is weaker than that observed 
with other cancers that have been designated 
as causally related to smoking, and the dose–
response relationships (with years of smoking, 
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cigarettes smoked per day, age at initiation) are 
correspondingly small.

Emerging evidence from case–control 
studies suggests that inherited polymorphisms 
in the NAT2 gene, which encode the slow 
acetylator phenotype, may modify (increase) the 
association between smoking and breast cancer. 
The p-value for interaction with pack–years of 
smoking as a continuous variable is statistically 
significant (P  =  0.03) and another small study 
published since this meta-analysis supports the 
conclusion. The potential for publication bias 
remains of concern.

It is biologically plausible that tobacco smoke 
could be causally related to breast cancer risk. 
There are multiple chemicals in tobacco smoke 
that are known to cause mammary cancer in 
rodents. These substances reach the breast in 
humans; some are stored in adipose tissue, and 
some can be detected in nipple aspirate and DNA 
adducts.

Hypotheses have been proposed to explain 
why numerous well conducted epidemiological 
studies have generally not observed strong 
or consistent associations between tobacco 
smoking and breast cancer. Underlying all of 
these is the theory that tobacco smoking may 
have both protective and detrimental effects 
on breast cancer risk, which cancel each other 
out and which could explain the atypical dose–
response relationship that has been reported 
between tobacco smoke and breast cancer from 
some studies.

2.21.11 Cervix

The largely positive findings observed in 
studies of cohort design, the relatively high 
consistency of positive associations found for 
squamous-cell carcinoma of the cervix (but not 
adenocarcinomas) across all epidemiological 
studies, including those with adjustment for a 
wide range of potentially confounding variables, 
and the positive associations observed in studies 

restricted to HPV-positive individuals, all argue 
against the observed positive association being 
due to recall or selection bias or confounding.

2.21.12 Endometrium

The results of epidemiological studies to 
date, including recent studies, largely show 
inverse associations of smoking with risk of 
postmenopausal endometrial cancer. However, 
the Working Group noted the few studies of 
premenopausal cancer that were less consistent, 
as well as indications of an increased risk among 
smokers in a recent multicentre European study. 

2.21.13 Prostate

Many epidemiological studies have exam-
ined the association between cigarette smoking 
and prostate cancer risk, and most have shown 
no consistent association. The question remains 
whether smoking may alter risk in various popu-
lation subgroups.

2.21.14 Ovary

A causal association between cigarette 
smoking and risk for mucinous ovarian tumours 
is indicated by 1) the consistency of the posi-
tive association across the large majority of ten 
pooled case–control studies and ten additional 
independent epidemiological studies of both 
case–control and cohort design, 2) the relatively 
strong magnitude of the association (typically 
greater than a doubling of risk among current 
smokers), 3) the tendency to show dose–response 
associations with risk, such that current smokers 
generally have higher risk than former smokers 
and the dose–response observed with measures 
of smoking intensity in some (but not all) studies, 
and 4) the specificity of the positive association 
with the mucinous histological type, which 
argues against recall bias as an explanation of 
the findings.
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2.21.15 Thyroid

A pooled analysis of 14 case–control studies 
showed that smoking was inversely associated 
with thyroid cancer risk. Similar inverse asso-
ciations were also observed in two subsequent 
case–control studies. 

2.21.16 Other sites

There is inconsistent or sparse evidence for an 
association between tobacco smoking and other 
cancer sites that were considered by the Working 
Group. 

2.21.17 Bidi smoking

Overall, bidi smoking increases the risk 
for cancers of the oral cavity, oropharynx, 
hypopharynx, larynx, lung, oesophagus and 
stomach.

3. Cancer in Experimental Animals

3.1 Mainstream tobacco smoke

3.1.1 Mouse

There have been multiple studies of the 
carcinogenic potential of tobacco smoke in mice 
(Table 3.1). Lifetime exposure of several mouse 
strains to cigarette smoke failed to result in the 
production of lung tumours (Harris & Negroni, 
1967; Otto & Elmenhorst, 1967; Henry & Kouri, 
1986). However, studies involving lifetime expo-
sure of C57BL mice to a mixture of flue-cured 
or air-cured cigarette smoke or to the gas phase 
of flue-cured cigarette smoke led to signifi-
cant increases in the number of lung tumours 
(adenomas) (Harris et al., 1974). Similarly, life-
time exposure of Snell’s mice to the gas phase 
of cigarette smoke led to an increased incidence 
of lung adenocarcinomas (Leuchtenberger & 
Leuchtenberger, 1970). Exposure of B6C3F1 

female mice to smoke for lifetime led to 
increased incidence of lung adenomas, bron-
chiolar papillomas and lung adenocarcinomas 
in smoke-exposed mice. In addition, the occur-
rence of squamous cell carcinomas of the nasal 
cavity in smoke-exposed mice was increased 
(Hutt et al., 2005). In a recent study, Swiss mice 
were exposed whole-body to cigarette smoke for 
120 days, starting within 12 hours of the birth. 
Smoke-exposed mice developed microscopic 
lung tumours beginning only 75 days after birth 
and reaching an overall incidence of 78.3% after 
181–230 days. The mean lung tumour multiplicity 
was 6.1 and 13.6 tumours per mouse in males 
and females, respectively. In addition, malignant 
tumours, some of which may have had a meta-
static origin, were detected in the urinary tract 
of smoke-exposed mice (Balansky et al., 2007).

3.1.2 Rat

Several studies have evaluated the carcino-
genic potential of mainstream tobacco smoke 
in rats (Table  3.1). Exposure of Wistar rats to 
cigarette smoke for lifetime did not increase 
the lung tumour incidence (Davis et al., 1975). 
In contrast, exposure of Fischer 344 rats to a 
mixture of non-filter cigarette smoke for 128 
weeks resulted in an increased incidence of nasal 
and lung tumours. There was also an increase in 
subcutaneous sarcomas at forelimb ulceration 
sites (Dalbey et al., 1980). CDF rats were exposed 
to low-dose cigarette smoke (LCS) or high-dose 
cigarette smoke (HCS) for 126 weeks. The inci-
dence of lung tumours was significantly higher 
only in female rats that received HCS (Finch et al., 
1995). In a recent study, Fischer 344 rats received 
whole body exposure to smoke containing either 
100 mg (LCS) or 250 mg (HCS) total particulate 
matter/m3 for 30 months. This led to significant 
increases in the incidence of lung and nasal 
cavity tumours in male rats treated with HCS but 
not with LCS. In female rats, there were signifi-
cant increases in the incidence of lung adenomas 
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in animals treated with HCS and of all lung 
tumours in animals treated with both LCS and 
HCS. There was also a significant increase in the 
occurrence of nasal cavity tumours in female rats 
treated with HCS (Mauderly et al., 2004).

3.1.3 Hamster

Four studies have evaluated the ability of 
mainstream tobacco smoke to induce tumours in 
hamsters (Table 3.1). Syrian golden hamsters were 
exposed to either a mixture of German reference 
cigarette smoke or of dark air-cured cigarette 
smoke for lifetime. There were increases in the 
incidence of laryngeal carcinomas in hamsters 
exposed to both smoke preparations (Dontenwill 
et al., 1973). In a subsequent study, hamsters 
were exposed to a mixture of German reference 
cigarette smoke containing 1.5 mg nicotine, 
0.173 mg phenol and 12.7 mL carbon monoxide/
cigarette for lifetime. The incidence of laryngeal 
tumours in smoke-exposed hamsters was higher 
than in controls (Dontenwill et al., 1977). BIO 
male hamsters exposed to a mixture of US refer-
ence smoke for 100 weeks developed laryngeal 
and nasopharyngeal tumours (Bernfeld et al., 
1974). In a subsequent study, male BIO hamsters 
exposed to smoke from commercial British filter 
cigarettes developed higher incidence of laryn-
geal tumours than controls (Bernfeld et al., 1979).

3.2 Co-administration of tobacco 
smoke with known carcinogens 
and other agents

Study design and results of the studies on 
co-administration of tobacco smoke with known 
carcinogens and other agents are summarized in 
Table 3.2.

3.2.1 Rat

(a) Benzo[a]pyrene

Wistar rats received a single intratracheal 
instillation of 2 mg benzo[a]pyrene followed by 
lifetime exposure to cigarette smoke. This treat-
ment led to a low incidence of lung tumours that 
was not significantly higher than in controls 
(Davis et al., 1975). In another study Wistar rats 
were given intratracheal instillations of benzo[a]
pyrene mixed with ferric oxide and exposed to 
cigarette smoke either during initiation and post-
initiation or only after treatment with benzo[a]
pyrene/ferric oxide (post-initiation). Inhalation 
of cigarette smoke during the initiation and post-
initiation phases of carcinogenesis resulted in a 
higher lung tumour (squamous-cell carcinoma) 
multiplicity than that seen in rats exposed during 
the post-initiation phase only (Gupta et al., 1990).

(b) Radon progeny

Sprague-Dawley rats were exposed to radon 
progeny at cumulative doses of 4000, 500 or 
100 work-level-months (WLM), with or without 
concurrent exposure to cigarette smoke by inha-
lation for one year. Rats exposed to 4000 WLM 
radon progeny, without exposure to smoke, 
developed lung carcinomas (17/50). Thirty 
four carcinomas were seen in 50 rats exposed 
to radon and cigarette smoke. The 500 WLM 
radon progeny group exposed to radon only had 
2/28 lung carcinomas as compared with 8/30 
rats exposed to radon and cigarette smoke. No 
tumours were observed in rats treated with 100 
WLM radon and one carcinoma was seen among 
30 rats exposed to 100 WLM radon and cigarette 
smoke. Seventy five percent of the lung tumours 
were squamous-cell carcinomas, 20% were aden-
ocarcinomas, and the remainder were undiffer-
entiated carcinomas (Chameaud et al., 1982).
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Table 3 .1 Carcinogenicity in response to mainstream tobacco smoke in animals

Species, strain (sex) 
Reference

Animals/group at start 
Dosing regimen 
Duration

Lung burden Results 
Target organ 
Incidence and/or multiplicity 
of tumours (%)

Significance Comments

Mice, C57BL (M, F) 
Harris & Negroni (1967)

100 animals/sex/group 
Nose-only, mixture of fresh non-filter cigarette smoke/
air (1/39, v/v), nicotine, 0.1 mg/mL; CO, 0.064% (v/v), 
12 min/every other d; lifetime

Nicotine, 
14–17 μg

Alveologenic adenocarcinomas:
M–4/100 (alveologenic AdC) 
Controls–0/100

P = 0.06

F–4/100 (alveologenic AdC) 
Controls–0/100

P = 0.06

Mice, C57BL and BLH (sex, 
NR) 
Otto & Elmenhorst (1967)

126 animals/group 
Whole-body, gas phase of 12 cigarettes puffed 2 sec/
min, concentration (NR), 90 min/d; lifetime (~27 mo)

NR Lung (adenomas):
C57BL–7/126 (5.5%) 
Controls–3/90 (3%)

NS

BLH–40/126 (32%) 
Controls–19/60 (32%)

NS

Mice, (C57BL/Cum × C3H/
Anf Cum)F1 (F) 
Henry & Kouri (1986)

2053, 1 014 sham 
Nose-only, 10% smoke from US reference cigarettes, 
concentration (NR), smoke 20 sec/min, 6–8 min/d, 
5 d/wk for 110 wk; 116 wk

Particulate 
deposition, 
125–200 μg

Alveolar adenocarcinomas: Shorter latency of 
tumour occurrence 
in smoke-exposed 
group suggested

19/978 (2%) 
Sham-exposed controls–7/651 
(1%)

P = 0.10

Mice, C57BL (M, F) 
Harris et al. (1974)

100 animals/sex/group 
Nose-only, mixture of fresh flue-cured or air-cured 
cigarette smoke/air (1/39, v/v), concentration (NR), 12 
min/d on alternate d; lifetime

NR M: 9/162a (5%, flue-cured), 
7/189a (4%, air-cured) 
Controls–3/160a (2%)

P = 0.07, flue-cured 
P > 0.05, air-cured

F: 7/164a (4%, flue-cured), 0/173 
(air-cured) 
Controls–1/159a (1%)

P = 0.04, flue-cured

Nose-only, gas phase of flue-cured cigarette smoke, 
concentration (NR), 12 min/d on alternate d; lifetime

NR M: 3/8a (37%) 
Controls–3/160a (2%)

P > 0.05

F: 2/88a (2%) 
Controls–1/159a (1%)

P > 0.05
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Species, strain (sex) 
Reference

Animals/group at start 
Dosing regimen 
Duration

Lung burden Results 
Target organ 
Incidence and/or multiplicity 
of tumours (%)

Significance Comments

Mice, Snell (M, F) 
Leuchtenberger & 
Leuchtenberger (1970)

160 M, 118 F 
Whole-body, whole fresh cigarette smoke, 
concentration (NR), 2 puffs, 1 × /d, lifetime (26 mo)

Nicotine, 5 μg M:
Lung A–7/107 (6.5%) 
Controls–8/106 (7.5%)

NS

Lung AdC–11/107 (10%) 
Controls–5/106 (4.7%)

P = 0.15

F: 
Lung A–2/65 (3%) 
Controls–1/78 (1.2%)

 
P = 0.475

Lung AdC–5/65 (7.7%) 
Controls–3/78 (3.8%)

P = 0.035

100 M, 89 F 
Whole-body, gas phase of fresh cigarette smoke, 
concentration (NR), 2 puffs, 1 × /d, lifetime (26 mo)

NR M: 
Lung A–1/44 (2%) 
Controls–8/106 (7%)

 
NS

Lung AdC–10/44 (23%) 
Controls–5/106 (5%)

P = 0.005

F: 
Lung A–3/44 (7%) 
Controls–1/78 (1%)

 
P = 0.15

Lung AdC–5/44 (11%) 
Controls–3/78 (4%)

P = 0.15

Mice, B6C3F1 (F) 
Hutt et al. (2005)

330, 326 controls 
Whole-body, smoke from Kentucky 2R1 unfiltered 
reference cigarettes, 250 mg total particulate matter/
m3, 6 h/d, 5 d/wk for 30 mo; 30 mo or lifetime

NR Lung A: 93/330 (28%) 
Sham-exposed controls–22/326 
(7%)

P < 0.001

P < 0.007

Bronchiolar papillomas: 15/330 
(4%) 
Controls–0/326

P < 0.001

Lung AdC: 67/330 (20%) 
Controls–9/326

P < 0.001

All lung tumours: 148/330 
(45%) 
Controls–31/326

P < 0.001b

Nasal cavity tumours: 20/330 
(6%) 
Controls–0/326

P = 0.002, one-tailed 
Fisher

Squamous-cell carcinomas: 
9/330 (3%) 
Controls–0/326

Table 3 .1 (continued)
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Species, strain (sex) 
Reference

Animals/group at start 
Dosing regimen 
Duration

Lung burden Results 
Target organ 
Incidence and/or multiplicity 
of tumours (%)

Significance Comments

Mice, Swiss (M, F) 
Balansky et al. (2007)

38, 36 controls (neonatal mice, 21 h of age) 
Whole-body, cigarette smoke/air, 818 mg total 
particulate matter/m3, 65 min/d for 120 d

NR Lung A: 15/38(19%) 
Sham-exposed controls–0/36

P < 0.001

Lung AdC: 7/38 (18%) 
Controls–0/38

P < 0.01

Kidney A: 6/16 (16%) (F only) 
Controls–0/21

P < 0.01

Liver carcinomas: 2/16 (5%) (F 
only)  
Controls–0/21

Rats, Wistar (F) 
Davis et al. (1975)

408, 102 untreated, 102 sham 
Nose-only, mixture of cigarette smoke/air (1/5), 
concentration (NR), 15 sec/min, 2 × 11 min/d, 5 d/wk, 
lifetime

NR 4/408 (1%) (1 lung C and 3 
lung neoplasms of uncertain 
malignancy)  
Controls–0/102 
Sham treated controls–0/102

NS

Rats, F344 (F) 
Dalbey et al. (1980)

80, 63 untreated, 30 sham 
Nose-only, mixture of non-filter cigarette smoke/
air (1/10), 18.4 mg smoke particulate and 0.89 mg 
nicotine/cigarette, 1 cigarette/h, 7 cigarettes/d, 5 d/wk 
for 128 wk; 160 wk

Particulate 
deposition, 
1.75 mg/d

10/80 (12%) (1 nasal AdC, 1 
nasal C, 5 pulmonary A, 1 
pulmonary C, 2 alveologenic C) 
Controls–3/93 (3%)

P < 0.05

Subcutaneous sarcomas at 
forelimb ulceration sites: 21/80 
(26%) 
Controls–0/93

P < 0.05

Rats, CDF® (F344)/CrlBR 
(M, F) 
Finch et al. (1995)

2165 animals 
Whole-body, cigarette smoke/air, 100 mg (LCS) or 
250 mg (HCS) total particulate matter/m3, 6 h/d, 5 d/
wk for 30 mo; lifetime

NR Lung tumours: M: 
LCS 3/173 (2%) 
HCS 7/78 (9%) 
Filtered air 3/119 (2%)

 
P < 0.05

F: 
LCS–4/145 (3%) 
HCS–6/83 (7%) 
Filtered air–0/113

P < 0.05

Table 3 .1 (continued)
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Species, strain (sex) 
Reference

Animals/group at start 
Dosing regimen 
Duration

Lung burden Results 
Target organ 
Incidence and/or multiplicity 
of tumours (%)

Significance Comments

Rats, F344 (M, F) 
Mauderly et al. (2004)

M: 178 LCS, 82 HCS 
F: 175 LCS, 81 HCS 
Whole-body, smoke from Kentucky 1R3 unfiltered 
reference cigarettes, 100 mg (LCS) or 250 mg (HCS) 
total particulate matter/m3, 6 h/d, 5 d/wk for 30 mo; 
lifetime

NR M: 
Lung A– 
LCS 4/178 (2%) 
HCS 2/82 (2%) 
Sham-exposed controls 1/118 
(1%)

NS 

Lung AdC– 
LCS 1/178 (1%) 
HCS 5/82 (6%) 
Controls 3/118 (3%)

NS 

All lung tumours– 
LCS 4/178 (2%) 
HCS 7/82 (8%) 
Controls 4/118

NS; trend, P = 0.055 

Nasal cavity (all tumour 
types)– 
LCS 1/178 (1%) 
HCS 5/82 (6%) 
Controls 1/118 (1%)

P = 0.032 (HCS); 
trend, P = 0.010

F: Lung A– 
LCS 7/175 (6%) 
HCS 7/81 (9%) 
Sham-exposed controls 0/119

NS (LCS); P < 0.001 
(HCS)

AdC– 
LCS 4/175 (2%) 
HCS 4/81 (5%) 
Controls 0/119

NS

All lung tumours– 
LCS 10/175 (6%) 
HCS 11/81 (13%) 
Controls 0/119

P = 0.023 (LCS); 
P = 0.001 (HCS)

Nasal cavity (all tumour 
types)– 
LCS 0/175  
HCS 3/81 
Controls 0/119

P = 0.020 (HCS); 
trend, P = 0.003

Table 3 .1 (continued)
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Species, strain (sex) 
Reference

Animals/group at start 
Dosing regimen 
Duration

Lung burden Results 
Target organ 
Incidence and/or multiplicity 
of tumours (%)

Significance Comments

Hamsters, Syrian golden 
(M, F) 
Dontenwill et al. (1973)

80 animals/sex/group 
Whole-body, mixture of German reference cigarette 
smoke/air (1/15), concentration (NR), smoke of 
30 cigarettes for 7–10 min; 1, 2 or 3 × /d, 5 d/wk, 
lifetime

NR Laryngeal carcinomas: 1/160 
(1%), 17/160 (11%) and 11/160 
(7%) 
Controls–0/80

Whole-body, mixture of dark air-cured cigarette 
smoke/air (1/15), concentration (NR), Smoke of 
30 cigarettes for 7–10 min: twice/d, 5 d/wk, lifetime

NR Laryngeal carcinomas: 2/160 
(1%) 
Controls–0/80

Hamsters, Syrian golden 
(M, F) 
Dontenwill et al. (1977)

80 animals/group 
Whole-body, mixture of German reference cigarette 
smoke/air (1/15), 1.5 mg nicotine, 0.173 mg phenol and 
12.7 mL CO/cigarette, smoke of 30 cigarettes for 7–10 
min; 1, 2 or 3 × /d, 5 d/wk, lifetime

NR M: 
Laryngeal C–0, 4, 6 and 11%, 
Controls–0%
F: 
Laryngeal C–0, 1, 2 and 7%  
Controls–0%

Rats, Inbred BIO 15.16 & 
Inbred BIO 87.20 (M) 
Bernfeld et al. (1974)

102 animals/group 
Whole-body, mixture of US reference cigarette smoke/
air (1/5), concentration (NR), duration (NR)

Inbred BIO 15.16: 
Laryngeal tumours–9/84 (10%) 
Nasopharyngeal tumours–2/84 
(2%) 
Sham-exposed controls 0/42  
Controls 0/40
Inbred BIO 87.20: 
Laryngeal tumours–2/87 (2%) 
Sham-exposed controls 0/44 
Controls 0/48

Rats, Inbred BIO 15.16 (M) 
Bernfeld et al. (1979)

Number at start (NR) 
Whole-body, 11 or 22% smoke from commercial 
British filter cigarettes, concentration (NR), 2 × 12 
min/d, 7 d/wk for 35–42 wk; up to 74–80 wk

NR Laryngeal carcinomas:
11% smoke–3/44 (7%)
22% smoke–27/57 (47%)
Sham-exposed controls 0/36; 
Controls 0/50

a Most of these lung tumours are adenomas
b Nasal cavity tumours included 14 squamous cell carcinomas (5 in situ), 5 hemangiomas, and 1 respiratory papilloma
A, adenoma; AdC, adenocarcinoma; C, carcinoma; CO, carbon monoxide; d, day or days; F, female; h, hour or hours; HCS, high cigarette smoke; LCS, low cigarette smoke; M, male; 
min, minute or minutes; mo, month or months; NR, not reported; NS, not significant; sec, second or seconds; wk, week or weeks; yr, year or years

Table 3 .1 (continued)
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Table 3 .2 Carcinogenicity in response to exposure to mainstream tobacco smoke in conjunction with exposure to known 
carcinogens or other agents in animals

Species, strain (sex) 
Reference

Animals/group at start 
Dosing regimen 
Duration

Results 
Target organ 
Incidence and/or multiplicity of tumours (%)

Significance

Rats, Wistar (F) 
Davis et al. (1975)

84 or 408 animals/group 
A single intratracheal instillation of benzo[a]
pyrene (2 mg) + infusine + carbon black followed 
by British reference cigarette smoke/air (1/5); 1 
cigarette, twice/d, 5 d/wk, lifetime

3/84 (4%, lung C), 1/84 (1%, lung C; benzo[a]pyrene 
alone), 4/408 (1%, 3 A + 1 malignant neoplasm; cigarette 
smoke only), 0/204 (controls + sham-exposed controls)

NS

Rats, Wistar (M) 
Gupta et al. (1990)

35 animals/group 
Cigarette smoke; 5 cigarettes/8.2 L air; 1 h/d 
during 2nd–24th wk or 10th–24th wk of the study 
Benzo[a]pyrene (20 mg) + Fe2O3; intratracheally 
(3 weekly doses) during 6th–8th wk of the study; 
24 wk

Conventional diet: 2nd–24th wk, 2.14 lung C/animal; 
10th–24th wk, 1.33 lung C/animal; benzo[a]pyrene 
control, 1.22 lung C/animal.
Vitamin A-deficient diet: 2nd–24th wk, 2.86 lung C/
animal; 10th–24th wk, 1.67 lung C/animal; benzo[a]
pyrene control, 1.83 lung C/animal

Rats, Sprague-Dawley, 
sex NR) 
Chameaud et al. (1982)

28–50 animals/group 
French reference cigarette smoke (9 cigarettes/ 
500 L air); 10–15 min session, 4 d/wk for 1 yr 
Radon progeny (4 000, 500 or 100 WLM) 
Lifetime

4000 WLM: 34/50 (68%, lung C); 17/50 (34%, lung C; 
radon progeny alone)

P = 0.0015

500 WLM: 8/30 (27%, lung C); 2/28 (7%, lung C; radon 
progeny alone)

100 WLM: 1/30 (3%, lung C); 0/50 (radon progeny alone)
CDF®(F344)/CrlBR 
(M, F) 
Finch et al. (1995)

Number at start (NR) 
Cigarette smoke/air, 100 mg (LCS) or 250 mg 
(HCS) total particulate matter/m3; 6 h/d, 5 d/wk 
for 126 wk 
239PuO2 aerosol, 1 wk (6th wk of the study); > 52 
wk

49–61% (lung tumours, LCS + 239PuO2)
72–74% (HCS + 239PuO2)
20–33% (239PuO2)
2–3% (LCS)
7–8% (HCS)

Syrian golden (M, F) 
Dontenwill et al. (1973)

80 animals/sex/group 
German reference cigarette smoke/air (1/15); 
Smoke of 30 cigarettes for 7–10 min; twice/d, 5 d/
wk, lifetime 
DMBA (0.5 mg); intratracheally 10 d before the 
beginning of smoke exposure

32/160 (20%, laryngeal C), 17/160 (11%, laryngeal C; 
smoke only), 0/160 (DMBA alone)
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Table 3 .2 (continued)

Species, strain (sex) 
Reference

Animals/group at start 
Dosing regimen 
Duration

Results 
Target organ 
Incidence and/or multiplicity of tumours (%)

Significance

Syrian golden, (sex NR) 
Hoffmann et al. (1979)

20 or 40 animals/group 
Cigarette smoke/air (1/7); Cigarette smoke 2 × 10 
min/d, 5 d/wk, 48 wk 
DMBA (0.24 mg); intralaryngeally

3/40 (7%, laryngeal C), 0/20 (smoke only), 0/20 (DMBA 
alone)

Syrian golden (M) 
Takahashi et al. (1992)

10 or 30 animals/group 
Cigarette smoke/air (1/7); Smoke of 30 cigarettes 
for 9 min; twice/d, 5 d/wk, 12 wk 
NDEA (100 mg/kg bw); subcutaneously

Non-filter cigarettes (2.10 ± 1.74 P+H/animal) and filter 
cigarettes (1.93 ± 1.55 P + H/animal) versus sham-
exposed (0.97 ± 1.03 P + H/animal)

P < 0.01
P < 0.01

Syrian golden (M) 
Harada et al. (1985)

30 animals/group 
Non-filter cigarette smoke/air (1/7); Smoke of 30 
cigarettes for 6 min: twice/d, 5 d/wk, 58 wk 
NDEA (10 mg/hamster); subcutaneously 
(12 weekly doses)

Nasal cavity tumours
14/30 (47%, smoke + NDEA), 5/30 (17%, NDEA alone) P < 0.05

A, adenoma; bw, body weight; C, carcinoma; d, day or days; DMBA, 7,12-dimethylbenz[a]anthracene; F, female; h, hour or hours; HCS, high cigarette smoke; LCS, low cigarette smoke; 
M, male; min, minute or minutes; mo, month or months; NDEA, N-nitrosodiethylamine; NR, not reported; NS, not significant; P + H, epithelial hyperplasias and papillomas; sec, 
second or seconds; wk, week or weeks; WLM, work-level-months; yr, year or years
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(c) Plutonium oxide

CDF®/CrlBR rats were exposed to either 
filtered air or mainstream cigarette smoke at 
concentrations of either 100 or 250 mg total 
particulate matter/m3 (LCS and HCS groups, 
respectively). At 12 weeks, rats were removed 
from smoke chambers and exposed nose-only to 
plutonium oxide (239PuO2) then returned to the 
smoke chambers one week later for 30 months 
of continuous exposure to either filtered air or 
cigarette smoke. The incidence and multiplicity 
of lung tumours (adenocarcinomas, squamous-
cell carcinomas, adenosquamous carcinomas) in 
animals exposed to both concentrations of ciga-
rette smoke and 239PuO2 were higher than those 
in animals exposed to 239PuO2, LCS or HCS alone 
(Finch et al., 1995).

3.2.2 Hamster

(a) 7,12-Dimethylbenz[a]anthracene

Groups of 160 Syrian golden hamsters received 
7,12-dimethylbenz[a]anthracene (DMBA) 
intratracheally, followed by cigarette smoke for 
life, or treated with cigarette smoke or DMBA 
only. A total of 32 squamous-cell carcinomas of 
the larynx were observed in animals treated with 
both DMBA and cigarette smoke, in comparison 
with 17 in hamsters exposed to cigarette smoke 
only and none in hamsters treated with DMBA 
alone (Dontenwill et al., 1973). Similar results 
were reported from other experiments in which 
Syrian golden hamsters were exposed to DMBA 
and cigarette smoke (Hoffmann et al., 1979).

(b) N-Nitrosodiethylamine

Groups of hamsters received a single subcu-
taneous injection of N-nitrosodiethylamine 
(NDEA) and then were exposed to smoke from 
unfiltered cigarettes, filtered cigarettes and sham 
smoke. Controls were exposed to either unfil-
tered cigarette smoke, filtered cigarette smoke 
or sham smoke. In the NDEA-smoke-treated 

groups, epithelial hyperplasias and/or papil-
lomas of the larynx were induced at higher 
frequency than in controls (Takahashi et al., 
1992). Hamsters exposed to cigarette smoke in 
air also received 12 weekly subcutaneous injec-
tions of NDEA (total dose, 10 mg/hamster). 
Treatment with NDEA only resulted in both 
benign and malignant tumours of the respira-
tory tract, and co-exposure to cigarette smoke 
potentiated the development of tumours in the 
nasal cavity (Harada et al., 1985).

3.3 Smoke condensates

Study design and results of the studies on 
administration of tobacco smoke condensates 
are summarized in Table 3.3.

3.3.1 Skin application

(a) Mouse

Cigarette-smoke condensate produces both 
benign and malignant tumours on mouse skin. 
The carcinogenic potency of the cigarette-smoke 
condensate depends upon tobacco variety, 
composition of cigarette paper and the presence 
of additives (Wynder et al., 1957; Gargus et al., 
1976; Gori, 1976). 

(b) Rabbit

Cigarette-smoke condensate induced skin 
papillomas and carcinomas when applied to the 
ears of rabbits for lifetime (Graham et al., 1957).

3.3.2 Intrapulmonary administration

Injection of 24 mg cigarette-smoke conden-
sate into the lungs of female Osborne Mendel 
rats led to the development of squamous cell 
carcinomas (Stanton et al., 1972). These observa-
tions were confirmed by Dagle et al. (1978) who 
observed a dose-dependent incidence of lung 
carcinomas when cigarette-smoke condensate 
prepared from two types of cigarettes were given.
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Table 3 .3 Carcinogenicity in response to exposure to cigarette-smoke condensate in animals

Species, strain (sex) 
Reference

Animals/group at start 
Dosing regimen 
Duration

Results 
Target organ 
Incidence and/or multiplicity of tumours (%)

Significance

Mice CAF1 (M, F) 
Wynder et al. (1953)

112, 44 controls 
Skin painting (dorsal) of CSC, CSC/acetone solution (40 mg 
CSC/ 
application), 3 × /wk, lifetime

36/81 (44%, skin epidermoid C), 0/30 (acetone controls)

Mice ICR Swiss (F) 
Gargus et al. (1976)

5200 
Skin painting (dorsal) of CSC, CSC/acetone solution (150 
mg or 300 mg CSC/wk), 6 × /wk, 78 wk

482/5200 (9%, skin C), 3/800 (0.4%, acetone controls)a

Mice ICR Swiss (F) 
Gori (1976)

4900 
Skin painting (dorsal) of CSC, CSC/acetone solution (25 mg 
or 50 mg CSC/application), 6 × /wk, 78 wk

1157/4900 (24%, skin C), 0/800 (acetone controls)

Mice, ICR/Ha Swiss (F) 
Hoffmann & Wynder 
(1971)

30 animals/group 
Skin painting (dorsal) with CSC active fraction with 
or without subsequent painting of the skin with croton 
oil, CSC active fraction/acetone (2.5 mg of 0.6% CSC/
application), 10 times on alternate d 
Croton oil (2.5%), 3 × /wk, up to 12 mo, 10 d after last CSC 
active fraction application; 15 mo

After 12 and 15 mo: 4/30 (13%, skin C), 0/65 (croton oil 
controls)

Mice, Swiss (F) 
Wynder & Hoffmann 
(1961)

30–50 animals/group 
Skin painting (dorsal) of CSC with or without initiation by 
DMBA application; DMBA (75 μg); CSC/acetone (75 mg 
CSC/application, start: 1 wk after DMBA application), 
2–3 × /wk, 12 mo; 15 mo

DMBA: 2/30 (7%, skin C)
2 × CSC: 1/40 (3%, skin C)
DMBA + 2 × CSC: 8/30 (27%, skin C)
3 × CSC: 11/50 (22%, skin C)
DMBA + 3 × CSC: 11/30 (37%, skin C)

Mice, SENCAR (F) 
Meckley et al. (2004a)

40 animals/group 
Skin painting (dorsal) of CSC from Kentucky 1R4F 
reference cigarettes, with or without initiation by DMBA 
application; DMBA (75 μg) or acetone, 1x. Then starting 1 
wk after DMBA or acetone: CSC in acetone, 0, 10, 20 or 40 
mg/application, 3 × /wk, 29 wk; 31 wk

Mean mice with tumours/mice per group at 31 wke:
No DMBA: 0/40 acetone-acetone, 9/40 (22%) acetone-
CSC 40 mg/treatment
DMBA/CSC: 0/40, 3/40 (1.0), 16/40 
(75 tumours/16 mice = 4.7), 32/40 
(200 tumours/32 mice = 6.3)

Mice, SENCAR (F) 
Meckley et al. (2004b)

40 animals/group 
Skin painting (dorsal) of CSC from Kentucky 1R4F 
reference cigarettes or ECLIPSE (non-burned) cigarettes, 
with or without initiation by DMBA application; DMBA 
(75 μg) or acetone, 1 × . Then starting 1 wk after DMBA 
or acetone: CSC in acetone, 0, 10, 20 or 40 mg/application, 
3 × /wk, 29 wk; 31 wk

No DMBA: acetone/acetone 0/40 (0); acetone/1R4F CSC 
40 mg, 9/40 (1.8); acetone/ECLIPSE CSC 40 mg, 0/40 (0)

DMBA/CSC: acetone, 0/40 (0); 1R4F CSC 10 mg, 6/40 
(1.8); 1R4F CSC 12 mg, 28/40 (6.6); 1R4F CSC 40 mg, 
36/40 (6.8); ECLIPSE CSC, 0/40 (0); ECLIPSE CSC 10 mg, 
1/40 (1); ECLIPSE CSC 20 mg, 2/40 (5.5); ECLIPSE CSC 
40 mg, 12/40 (2.6)
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Table 3 .3 (continued)

Species, strain (sex) 
Reference

Animals/group at start 
Dosing regimen 
Duration

Results 
Target organ 
Incidence and/or multiplicity of tumours (%)

Significance

Mice, SENCAR (F) 
Hayes et al. (2007)

40 or 50 animals/group 
Skin painting (dorsal) of CSC from heat-exchanged flue 
cured tobacco (HE; low TSNA) or direct-fire (DF) cured 
tobacco, with or without initiation by DMBA application; 
DMBA (75 μg) or acetone, 1 × . Then starting 1 wk after 
DMBA or acetone: CSC/acetone, 0, 9, 18, or 36 mg/
application, 3 × /wk, 29 wk; 31 wk

No DMBA: acetone/acetone 0/40; acetone/DF CSC 36 mg, 
5/50 (1.4); acetone/HE CSC 36 mg, 8/50 (1.3)
DMBA/CSC: DF CSC, 0/40, DF CSC 9 mg, 15/40 (5.5); 
DF CSC 18 mg, 30/40 (10.0); DF CSC 36 mg, 43/50 (8.2); 
HE CSC, 0/40, HE CSC 9 mg, 17/40 (4.8); HE CSC 18 mg, 
32/40 (7.3); HE CSC 36 mg, 42/50 (8.5)

P < 0.05
P < 0.05
P < 0.05

Mice, Swiss albino (M) 
Pakhale et al. (1988)

20 animals/group 
Oral gavage of Indian bidi smoke condensate; 1 mg bidi 
smoke condensate/0.1 mg DMSO, 5 d/wk, 55 wk; 90 wk

4/15 (27%, hepatic haemangiomas); 1/15 (7%, stomach 
papilloma); 1/15 (7%, stomach carcinoma); 1/15 (7%, 
oesophageal carcinoma); 0/15 (untreated or DMSO-
treated controls)

Rats, Osborne Mendel 
(F) 
Stanton et al. (1972)

Number/group at start (NR) 
Intrapulmonary administration of CSC pellet; CSC/
beeswax:tricaprylin (24 mg CSC/injection), up to 107 wk 
after implantation

14/40c (35%, lung squamous-cell C), 0/63c 
(beeswax:tricaprylin controls)

Rats, OM/NCR (F) 
Dagle et al. (1978)

120d 
Intrapulmonary administration of CSC pellet; CSC/
beeswax:tricaprylin (5, 10, 20 or 67 mg CSC/injection), 120 
wk after implantation

4, 10, 20 and 42% pulmonary C prevalence; 0% C 
prevalence for 3 control groups of about 190 rats each

Rabbits, Albino New 
Zealand (M, F) 
Graham et al. (1957)

38, 7 controls 
Skin painting of CSC (both ears); CSC/acetone solution 
(100 mg CSC/ 
application/ear), 5 × /wk, lifetime 
(4–6 yr)

4/38 (11%, 2 skin C + 1 skin liposarcoma + 1 skin 
fibrosarcoma), 0/7 (acetone controls)

a Skin papillomas
b Mostly adenomas
c Incidence in animals that died 43–107 weeks after injection
d 4 × 10 rats/group terminated before 120 weeks
e Total visually identified and histologically confirmed skin tumours included mostly squamous papillomas and carcinomas [Tumour incidences and multiplicities estimated from 
graphs]
C, carcinoma; CSC, cigarette-smoke condensate; d, day or days; DMBA, 7,12-dimethylbenz[a]anthracene; DMSO, dimethyl sulfoxide; F, female; M, male; NR, not reported; TSNA, 
tobacco-specific N-nitrosamines; wk, week or weeks
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3.3.3 Initiation-promotion skin painting 
studies

Cigarette-smoke condensate and its frac-
tions can act as skin co-carcinogens in Swiss 
and SENCAR mice when tested in conjunction 
with croton oil (Hoffmann & Wynder, 1971) or 
DMBA (Wynder & Hoffmann, 1961; Meckley 
et al., 2004a, b; Hayes et al., 2007).

3.3.4 Bidi smoke

Swiss albino mice administered 1 mg bidi 
smoke condensate in dimethyl sulfoxide (DMSO) 
by oral gavage developed haemangiomas (4/15), 
stomach carcinoma (1/15), and esophageal carci-
noma (1/15), whereas no tumours were observed 
in controls (Pakhale et al., 1988).

3.4 Synthesis

Mainstream tobacco smoke induced lung 
tumours in mice, lung and nasal cavity tumours 
in rats and laryngeal carcinomas in hamsters.

Co-administration of tobacco smoke with 
benzo[a]pyrene, radon progeny and plutonium 
resulted in higher lung tumour responses in 
rats than administration of either agent alone. 
Hamsters exposed to cigarette smoke and either 
DMBA or NDEA had higher lung tumour 
responses compared to cigarette smoke, DMBA 
or NDEA alone.

Topical application of cigarette-smoke 
condensate led to the development of skin 
tumours in mice and rabbits; intrapulmonary 
administration of cigarette-smoke condensate 
induced squamous cell carcinomas in rat lung.

4. Other Relevant Data

4.1 Overview of the mechanistic 
evidence for the carcinogenicity 
of tobacco

4.1.1 Conceptual model of the carcinogenesis 
of tobacco and tobacco smoke

A conceptual model for understanding 
mechanisms by which tobacco smoke causes 
cancer is shown in Fig. 4.1 (Hecht, 1999, 2003). 
This model also applies to smokeless tobacco and 
other forms of smoked tobacco and, in theory, to 
second-hand tobacco smoke since it contains all 
of the same carcinogens and toxicants as main-
stream cigarette smoke, although at lower doses.

The major accepted mechanistic pathway 
is summarized in the central track of Fig.  4.1. 
Smokers inhale carcinogens which, either 
directly or after metabolism, covalently bind to 
DNA, forming DNA adducts. DNA adducts are 
central to chemical carcinogenesis because they 
can cause miscoding and permanent mutations. 
If these mutations occur in critical regions of 
oncogenes and tumour suppressor genes, which 
are essential in growth control, the result can 
be loss of normal cellular proliferation mecha-
nisms, genomic instability, and cancer. A study 
that sequenced 623 cancer-related genes in 188 
human lung adenocarcinomas validated this 
premise by finding multiple somatic mutations 
in critical growth control genes, consistent with 
the chronic bombardment of cellular DNA by 
tobacco smoke carcinogens and their metaboli-
cally activated forms (Ding et al., 2008).

Each step of this conceptual model is consid-
ered in detail below.

Most people begin smoking cigarettes when 
they are teenagers, and become addicted to nico-
tine. Nicotine is not generally considered to be 
a carcinogen (Schuller, 2009), but it is accompa-
nied in each puff of each cigarette by a complex 
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Fig. 4.1 Conceptual model for understanding mechanisms of tobacco carcinogenesis 
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mixture of carcinogens and toxicants. There are 
over 60 carcinogens in cigarette smoke that have 
been evaluated in the previous IARC Monograph 
as having sufficient evidence for carcinogenicity 
in laboratory animals (IARC, 2004a), sixteen of 
which are considered to be carcinogenic to humans 
(Group 1). There are also many other carcinogens 
and potential carcinogens in cigarette smoke that 
have not been evaluated (Rodgman & Perfetti, 
2006; see Section 1.1). Structures of tobacco 
smoke constituents and biomarkers discussed 
here are presented in Fig. 4.2.

Numerous studies demonstrate the uptake 
of tobacco smoke carcinogens and toxicants 
by smokers, and showed higher levels of their 
metabolites in urine and blood of smokers than 
non-smokers (Sections 4.1.1 and 4.1.2). There 
are substantial differences in carcinogen expo-
sure among people because of the number and 
types of cigarettes they smoke and the ways in 
which they smoke them. These differences can 
be monitored in part by biomarkers of exposure 
such as urinary metabolites or haemoglobin 
adducts (Section 4.1.2). Haemoglobin adducts of 
multiple aromatic amines and volatile carcino-
gens have been demonstrably related to tobacco 
(Hatsukami et al., 2006a). There may also be 
differences in carcinogen exposure due to genetic 
variations (Section 4.2). 

The body’s response to cigarette smoke 
constituents is similar to its response to pharma-
ceutical agents and other foreign compounds. 
Drug metabolizing enzymes, most frequently 
CYPs, convert these compounds to more water 
soluble forms, facilitating excretion. During 
this natural protective attempt, some reactive 
intermediates are formed. These intermediates 
are frequently electrophilic (electron seeking, 
or bearing a partial or full positive charge). 
Electrophilic intermediates may react with 
water, generally resulting in detoxification, 
or may covalently bind to nucleophilic (elec-
tron rich) sites in DNA, forming DNA adducts 
(Guengerich, 2001; Jalas et al., 2005), which are 

critical in the carcinogenic process (see Section 
4.1.3c). CYP1A1 and CYP1B1, repeatedly shown 
to be inducible by cigarette smoke via interactions 
of smoke compounds with the aryl hydrocarbon 
receptor (AhR), are particularly important in the 
metabolic activation of PAHs, while CYP2A13 
is critical for the metabolism of NNK (Nebert 
et al., 2004; Jalas et al., 2005). The inducibility of 
certain CYPs may be a critical aspect of cancer 
susceptibility in smokers (Nebert et al., 2004). 
CYP1A2, CYP2A6, CYP2E1 and CYP3A4 are 
also important in the metabolism of cigarette 
smoke carcinogens to DNA binding intermedi-
ates (Jalas et al., 2005), and aldo-keto reductase 
enzymes, also induced by tobacco smoke (Quinn 
et al., 2008), are involved in the metabolism of 
NNK, BaP and other tobacco smoke carcinogens. 
Competing with this process of “metabolic acti-
vation” resulting in DNA binding is the intended 
metabolic detoxification, which leads to harmless 
excretion of carcinogen metabolites, and is also 
catalysed by CYPs and a variety of other enzymes 
including GSTs, uridine diphosphate-glucuron-
osyl transferases (UGTs), and arylsulfatases. The 
relative amounts of carcinogen metabolic activa-
tion and detoxification differ among individuals. 
It is widely hypothesized that this balance will 
affect cancer risk with those having higher acti-
vation and lower detoxification capacity being 
the most susceptible. This premise is supported 
in part by molecular epidemiologic studies of 
polymorphisms, or variants in more than 1% of 
the population, in certain genes coding for these 
enzymes (Vineis et al., 2003; Carlsten et al., 2008). 

DNA adducts are thought to be a critical 
lesion in carcinogenesis. Many investigations 
demonstrate the presence of DNA adducts in 
human tissues, and some of these are summa-
rized in Section 4.1.2c. There is massive evidence, 
particularly from studies which use rela-
tively non-specific DNA adduct measurement 
methods, that DNA adduct levels in the lung 
and other tissues of smokers are higher than in 
non-smokers, and some epidemiologic data link 
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Fig. 4.2 Structures of compounds discussed in the text

BaP, Benzo[a]pyrene; BPDE, Benzo[a]pyrene diol epoxyde; DMBA, dimethylbenz[a]anthracene; 1-HOP, 1-hydroxypyrene; HEMA, 2-hydroxyethyl-mercapturic acid; HPMA, 
3-hydroxypropyl-mercapturic acid; HPB, 4-hydroxy-1-(3-pyridyl)-1-butanone; HPMA, 3-hydroxypropyl-mercapturic acid; MHBMA, monohydroxybutyl-mercapturic acid; NNAL, 
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol; NNK, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone; NNN, N’-nitrosonornicotine; PheT, phenanthrenetetrol; SPMA, S-phenyl-
mercapturic acid
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these higher adduct levels to increased cancer 
risk (IARC, 2004b; Veglia et al., 2008). However, 
there is much more limited evidence from studies 
using specific carcinogen-derived DNA adducts 
as biomarkers (Pfeifer et al., 2002). Oxidative 
DNA damage has also been observed, and this 
may result partially from exposure to metals in 
cigarette smoke (Stavrides, 2006).

Cellular DNA repair systems can excise 
DNA adducts and restore normal DNA struc-
ture (Christmann et al., 2003). These complex 
multiple systems include direct base repair by 
alkyltransferases, removal of DNA damage by 
base and nucleotide excision repair, mismatch 
repair, and double strand repair. If these DNA 
repair systems are unsuccessful in fixing the 
damage, then the DNA adducts can persist, 
increasing the probability of a permanent muta-
tion. There are polymorphisms in genes coding 
for some DNA repair enzymes. If these variants 
lead to deficient DNA repair, the probability of 
cancer development can increase (Vineis et al., 
2009).

DNA adducts can cause miscoding during 
replication when DNA polymerase enzymes 
misread the DNA adduct and consequently insert 
the wrong base opposite to it. There is some spec-
ificity in the relationship between specific DNA 
adducts formed from cigarette smoke carcinogens 
and the types of mutations which they cause. G to 
T and G to A mutations have often been observed 
(Section 4.1.3) (Hecht, 1999). Extensive studies 
have characterized the mutations which occur 
because of specific carcinogen-DNA adducts 
(Delaney & Essigmann, 2008). Mutations have 
been reported in the KRAS oncogene in lung 
cancer and in the TP53 tumour suppressor gene 
in a variety of cigarette smoke-induced cancers 
(Ahrendt et al., 2001; Pfeifer et al., 2002; Ding 
et al., 2008). The cancer causing role of these 
genes has been firmly established in animal 
studies (Lubet et al., 2000; Johnson et al., 2001). A 
selection and promotion process may also play a 
role in the final mutation spectrum seen in genes 

in smoking-associated tumours (Rodin & Rodin, 
2005; Sudo et al., 2008).

Urinary mutagenicity, sister chromatid 
exchanges, micronuclei in buccal cells, and other 
genetic effects have been consistently observed 
in smokers at higher levels than in non-smokers 
(IARC, 2004a; Proia et al., 2006). In addition 
to mutations, numerous cytogenetic changes 
are observed in lung cancer, and chromosome 
damage throughout the field of the aerodiges-
tive tract is strongly associated with cigarette 
smoke exposure. Mutations resulting from DNA 
adducts can cause loss of normal cellular growth 
control functions, via a complex process of signal 
transduction pathways, ultimately resulting 
in genomic instability, cellular proliferation 
and cancer (Ding et al., 2008). Apoptosis, or 
programmed cell death, is a protective process, 
and can remove cells which have DNA damage, 
thus serving as a counterbalance to these muta-
tional events. The balance between apoptotic 
mechanisms and those suppressing apoptosis 
will have a major impact on tumour growth.

While the central track of Fig. 4.1 is the major 
pathway by which tobacco smoke carcinogens 
cause cancer, other mechanisms also contribute, 
as indicated in the top and bottom tracks (Hecht, 
2003). Nicotine, NNK, and NNN bind to nicotinic 
and other cellular receptors, resulting in activa-
tion of serine/threonine kinase Akt (also known 
as protein kinase B), protein kinase A, and other 
changes. Nicotine and NNK increase expression 
of survivin, an inhibitor of apoptosis in normal 
human bronchial epithelial cells, and survivin 
mRNA is detected in bronchial brush samples 
from heavy smokers (Jin et al., 2008). This can 
cause decreased apoptosis, increased angiogen-
esis, and increased transformation (Heeschen 
et al., 2001; West et al., 2003). Thus, although 
nicotine is not carcinogenic, it may enhance 
carcinogenicity in various ways (Schuller, 2009). 
Cigarette smoke also contains well established 
oxidants, co-carcinogens, tumour promoting 
fractions, and inflammatory agents, as well as 
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cilia-toxic compounds such as acrolein, which 
impede clearance. Many studies demonstrate the 
co-carcinogenic and cytotoxic effects of catechol, 
an important constituent of cigarette smoke. 
An epigenetic pathway frequently observed in 
tobacco-induced cancers is enzymatic methyla-
tion of promoter regions of genes such as p16 and 
FHIT [fragile histidine triad gene, a gene coding 
for a dinucleoside 5′, 5′′′- P1, P3-triphosphate 
hydrolase, a putative tumour suppressor protein] 
resulting in gene silencing, which are also 
strongly implicated in tobacco-induced lung 
cancer (D’Agostini et al., 2006; Bhutani et al., 
2008). When this occurs in tumour suppressor 
genes, the result can be unregulated proliferation 
(Belinsky, 2005). Inflammation due to smoking 
is associated with tumour promotion and activa-
tion of factors such as NFκB. Inflammation also 
plays a role in chronic obstructive pulmonary 
disease (COPD), which in turn is an independent 
risk factor for lung cancer (Smith et al., 2006; 
Turner et al., 2007; Lee et al., 2008a).

This conceptual model can be applied to 
smokeless tobacco products. Smokeless tobacco 
products have much lower levels of carcinogens 
and toxicants that result from combustion, so the 
effects of these agents are not seen to a significant 
extent. The most prevalent strong carcinogens 
in smokeless tobacco are the tobacco-specific 
nitrosamines; other nitrosamines, PAHs, alde-
hydes and metals are also present, and there 
are large amounts of some inorganic salts that 
may contribute to inflammation (IARC, 2007a; 
Stepanov et al., 2008). An additional factor in 
carcinogenesis by betel quid with tobacco is the 
basic pH resulting from addition of slaked lime 
to the quid, leading to oxidative damage and 
inflammation (IARC, 2004b).

Multiple studies demonstrate that tobacco-
specific nitrosamines are absorbed and metabo-
lised in smokeless tobacco users (IARC, 2007a).

There is evidence for DNA adduct forma-
tion in oral tissues of smokeless tobacco users, 
and sister chromatid exchanges, chromosomal 

aberrations, and micronuclei – consequences 
of DNA adduct formation – have been reported 
(Proia et al., 2006; Warnakulasuriya & Ralhan, 
2007). Many studies have demonstrated RAS 
and TP53 mutations in smokeless tobacco users 
(Warnakulasuriya & Ralhan, 2007) consistent 
with the conceptual framework.

Oxidative stress and reactive oxygen species 
could play a significant role in cancer induction in 
smokeless tobacco users, particularly at high pH 
(Boffetta et al., 2008). Chronic local inflammation 
and irritation induced by smokeless tobacco and 
its constituents could have a tumour promoting 
or co-carcinogenic effect (Boffetta et al., 2008). 
Upregulation of cyclooxygenase-2, involved in 
prostaglandin synthesis and inflammation, has 
been observed in animal studies upon expo-
sure to smokeless tobacco (Boffetta et al., 2008). 
Smokeless tobacco products have relatively high 
levels of sodium chloride (NaCl), which could 
contribute to inflammation, tumour promotion, 
and co-carcinogenesis. Cancer of the oral cavity 
is strongly associated with tobacco smoking 
(IARC, 2004a) or chewing (IARC, 2007a) and 
alcoholic beverage drinking (IARC, 2010a) 
However only a fraction of exposed subjects 
develop tumours, which suggests that other 
exposures such as HPV may be independently 
involved or act as cofactors. HPV is known to 
infect the oral cavity of healthy individuals and 
several HPV-related lesions have been character-
ized (IARC, 2007b). Herpes simplex virus has 
also been shown to enhance the carcinogenicity 
of smokeless tobacco products in animal studies 
(Park et al., 1986). These factors may contribute 
significantly to the local carcinogenic effects 
characteristic of smokeless tobacco use.

4.1.2 Absorption, distribution, metabolism 
and excretion

There are examples of toxicant and carcin-
ogen metabolism and excretion for representa-
tives of virtually every major class of compounds; 
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some of these are summarized in Table 4.1. 
Nicotine and five of its urinary metabolites – 
cotinine, 3′-hydroxycotinine and their glucu-
ronides, and nicotine glucuronide – comprise 
about 73–96% of the nicotine dose (Hukkanen 
et al., 2005), and are found in blood, sweat, 
hair and toenails (Al Delaimy, 2002; Hukkanen 
et al., 2005; Stepanov et al., 2007; Al Delaimy & 
Willett, 2008). Metabolites of various polycyclic 
aromatic hydrocarbons including pyrene, phen-
anthrene, fluorene, and benzo[a]pyrene have 
been quantified in human urine and are higher 
in smokers than in non-smokers (Hecht, 2002; 
Hecht et al., 2005a; Jacob et al., 2007; Hansen 
et al., 2008). Metabolites of tobacco-specific 
nitrosamines – NNAL and its glucuronides (total 
NNAL) from NNK; and NNN and its glucuro-
nides (total NNN) from NNN – are present in 
human urine (Hecht, 2002; Stepanov & Hecht, 
2005; Hecht et al., 2008a; Stepanov et al., 2008). 
Total NNAL has also been quantified in blood 
and toenails (Hecht et al., 2002; Stepanov et al., 
2007). Aromatic amine-haemoglobin adducts 
have been frequently measured in human blood, 
and their levels increase with smoking (Hecht, 
2002; Hatsukami et al., 2006a). Mercapturic 
acids of several tobacco smoke compounds such 
as benzene, 1,3-butadiene, acrolein, and ethylene 
oxide are present in human urine and are related 
to smoking (Carmella et al., 2009). Haemoglobin 
adducts of acrylonitrile and related compounds 
are elevated in smokers’ blood, and levels of 
metals such as Cd are increased in smokers’ 
urine (Carmella et al., 2002; IARC, 2004b).

All of the metabolites listed in Table 4.1 
are elevated in cigarette smokers; in studies 
of second-hand smoke exposure, only nico-
tine metabolites and urinary total NNAL are 
consistently increased in exposed versus non-
exposed subjects, although one very large study 
also observed an increase in PAH metabolites 
(Pirkle et al., 2006; Hecht, 2008; Suwan-ampai 
et al., 2009). Smokeless tobacco users have 
significantly raised levels of nicotine metabolites 

and tobacco-specific nitrosamine metabolites 
compared to non-tobacco users (Hecht et al., 
2007).

4.1.3 Biomarkers

Tobacco carcinogen biomarkers are quanti-
fiable entities that can be specifically related to 
tobacco carcinogens. Specificity to a given carcin-
ogen is critical because tobacco carcinogens vary 
widely in their potency and target organs.

Considering the mechanistic framework 
outlined in Fig. 4.1, one could visualize various 
types of biomarkers. Currently, biomarkers of 
carcinogen/toxicant dose, reflecting the second 
box of the central track of Fig. 4.1, are by far the 
most extensively used and validated. The second 
most common are measurements of DNA adducts 
(or protein adducts as their surrogates), but fewer 
of these have both practical utility and validation 
with respect to tobacco carcinogen specificity.

The use of tobacco carcinogen biomarkers 
bypasses many uncertainties in estimation of 
dose. The most commonly used estimation of 
dose is self-reported number of cigarettes/day, 
but this is not a very good marker. It may not 
be reported accurately and it provides no infor-
mation on the way in which the cigarettes were 
smoked, which is critical when one considers the 
common phenomenon of smoker’s compensa-
tion. Brand information together with machine 
smoking measurements of specific components 
is another way of obtaining a measure of dose. 
However, machine smoking measurements are 
known to have limitations and the application 
of a given machine smoking protocol to a given 
smoker requires smoking topography measure-
ments for that smoker. A disadvantage of tobacco 
carcinogen biomarkers is that they are affected to 
some extent by individual differences in metab-
olism, which may complicate interpretation of 
dose.
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(a) Urinary biomarkers

Probably the most practical and, to date, the 
most extensively applied tobacco carcinogen 
biomarkers are urinary metabolites of tobacco 
carcinogens, and these have been comprehen-
sively reviewed (Hecht, 2002; IARC, 2004a). 
Advantages include the ready availability of 
samples, and concentrations in urine that are 
easily quantifiable using modern analytical 
chemistry methods, most frequently liquid 
chromatography-tandem mass spectrometry 
(LC-MS/MS). The urinary metabolites listed in 
Table 4.1 have all been used as biomarkers and 
all are validated with respect to exposure in 
cigarette smokers (Carmella et al., 2009). Total 
nicotine equivalents (the sum of nicotine and 
the five metabolites in Table 4.1) is a particularly 
effective way of estimating nicotine dose from 
tobacco products.

Total NNAL, the sum of NNAL and its 
glucuronides, is a highly useful biomarker of 
NNK exposure (Hecht, 2002, 2003; Hatsukami 
et al., 2006a). The tobacco-specificity of NNK, 
and therefore total NNAL, is a key feature of this 
biomarker because studies in which it is applied 
are not confounded by other environmental or 
dietary exposures. It also has a considerably 
longer half-life than cotinine and several other 
urinary biomarkers. Total NNAL has been used 
in numerous studies that estimated uptake of 
NNK in smokers under varying circumstances. 
In one example, smokers reduced their number 
of cigarettes smoked per day, but there was not 
a corresponding decrease in NNK uptake due 
to compensation (Hecht et al., 2004). In another 
study, NNK and PAH uptake, estimated by total 
NNAL and 1-hydroxypyrene, respectively, were 
compared in smokers of regular, light, and ultra-
light cigarettes, and found to be similar, consistent 
with epidemiologic studies that demonstrate 
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Table 4 .1 Examples of toxicant or carcinogen metabolites in tobacco users

Toxicant or carcinogen Examples of metabolites in tobacco users References

Nicotine Cotinine, 3′-hydroxycotinine and their 
glucuronides in urine, blood or saliva; 
nicotine and cotinine in toenails

Al Delaimy (2002), Hukkanen et al. (2005), 
Al Delaimy & Willett (2008), Stepanov et al. 
(2007)

Polycyclic Aromatic 
Hydrocarbons (PAHs)

1-hydroxypyrene, phenanthrols, 
phenanthrene tetraols, fluorenols, 
benzo[a]pyrenols, benzo[a]pyrene tetraols 
in urine

Hecht (2002), Hecht et al. (2005a), Hansen et al. 
(2008), Jacob et al. (2007)

Tobacco-specific nitrosamines NNAL and its glucuronides (total NNAL) 
in urine or blood, total NNN in urine; 
NNAL and NNN in toenails

Hecht (2002), Hecht et al. (2002, 2008a), 
Stepanov & Hecht (2005), Stepanov et al., (2007, 
2008)

Aromatic amines Parent amines in urine and haemoglobin 
adducts in blood

Hecht (2002), Hatsukami et al. (2006a)

Volatile hydrocarbons 
Benzene 
1,3-Butadiene

Muconic acid and S-phenyl-mercapturic 
acid (SPMA) in urine; Monohydroxybutyl-
mercapturic acid (MHBMA) in urine

Hecht (2002), Carmella et al. (2009)

Acrolein 3-hydroxypropyl-mercapturic acid 
(HPMA) in urine

Carmella et al. (2009)

Ethylene oxide 2-hydroxyethyl-mercapturic acid (HEMA) 
in urine, haemoglobin adducts in blood

Bono et al. (2002), Carmella et al. (2009)

Acrylonitrile Haemoglobin adducts in blood Carmella et al. (2002)
Metals Cadmium in urine IARC (2004a)
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no protection against lung cancer in smokers 
of light compared to regular cigarettes (Hecht 
et al., 2005b). Other studies evaluated NNK 
uptake in smokers who switched from their 
current cigarette brand to products advertised 
as being less hazardous, but the results generally 
did not support these claims (Hatsukami et al., 
2004). One of the most useful applications of 
total NNAL has been in studies of non-smokers 
exposed to second-hand tobacco smoke (Hecht, 
2003). The sensitivity and specificity of this 
biomarker are ideal for such studies, and it is the 
most commonly elevated tobacco carcinogen 
biomarker in non-smokers exposed to second-
hand smoke. Total NNAL has also found utility 
in establishing NNK uptake in smokeless tobacco 
users (Hecht et al., 2002, 2007, 2008a, b; Hecht, 
2008)

The relationship of urinary total NNAL to 
lung cancer was demonstrated in a study of stored 
urine samples collected years before diagnosis of 
lung cancer from smokers in Shanghai, China 
and Singapore (Yuan et al., 2009). There was a 
significant relationship between total NNAL 
and lung cancer incidence, after correction for 
numbers of cigarettes smoked per day and dura-
tion of smoking. An 8.5 fold increased risk for 
lung cancer was observed for those smokers in the 
highest tertile of total NNAL and cotinine, rela-
tive to smokers with the same smoking history 
but in the lowest tertiles of total NNAL and 
cotinine. Urinary biomarkers were also used to 
demonstrate higher uptake of nicotine and NNK 
per cigarette in smokers with polymorphisms in 
the nicotinic acetylcholine genes associated with 
lung cancer in genome-wide association studies 
(see Section 4.2; Le Marchand et al., 2008). 
Collectively, these results indicate that urinary 
total NNAL is not only a biomarker of exposure, 
but also a biomarker of risk for lung cancer.

(b) Serum and saliva metabolites

Serum and saliva metabolites have been used 
as biomarkers much less often than urine metab-
olites. The most frequently measured tobacco 
smoke toxicant in serum and saliva is cotinine, 
documented as a useful biomarker of cigarette 
smoking in many studies (Lee, 1999; Hukkanen 
et al., 2005). Total NNAL can be readily quan-
tified in serum and its levels remain relatively 
constant in a given smoker sampled at bimonthly 
intervals over a one year period. Consistent with 
the results described above, one study showed 
a significant relationship between total NNAL 
in prospectively collected serum samples from 
smokers and lung cancer risk (Church et al., 
2009). Other biomarkers that have been meas-
ured in serum include cadmium, benzene, 
styrene and r-1,t-2,3,c-4-tetrahydroxy-1,2,3,4-
tetrahydrophenanthrene (PheT) (IARC, 2004a; 
Church et al., 2009).

(c) DNA adducts

Fig. 4.3 presents an overview of metabolism 
and DNA adduct formation from eight tobacco 
smoke compounds (clockwise from top left): 
BaP, NNK, N-nitrosodimethylamine (NDMA), 
NNN, acrolein, ethylene oxide, acetaldehyde 
and 4-aminobiphenyl. Evidence exists for DNA 
adduct formation from each of these carcinogens 
in smokers, based on studies carried out with 
tissues or blood cells. DNA adduct biomarkers 
have been applied mainly in studies of smokers, 
and there is far less evidence from studies 
of second-hand tobacco smoke or smokeless 
tobacco use.

The structures of DNA adducts of tobacco 
smoke carcinogens have been characterized 
in detail, but a complete description of these 
structures is beyond the scope of this section. 
Selected DNA adduct structures are shown in 
Fig.  4.4. A major DNA adduct of BaP results 
from trans- addition of the benzo[a]pyrene diol 
epoxide (BPDE) to the N2-position of dG (Szeliga 
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Fig. 4.3 Overview of metabolism and DNA adduct formation from eight tobacco smoke constituents
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142 Fig. 4.4 Structures of some DNA adducts of tobacco smoke constituents
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& Dipple, 1998). Pyridyloxobutyl (POB)-DNA 
adducts of NNK and NNN are formed at the 
7- and O6-positions of deoxyguanosine dG, the 
O2-position of thymidine, and the O2-position 
of deoxycytidine (Hecht, 2008). They can be 
measured in part as 4-hydroxy-1-(3-pyridyl)-
1-butanone (HPB) released upon hydrolysis. 
Metabolic activation of NNK also leads to 
7-methyl-dG and O6-methyl-dG, identical to 
the DNA adducts formed from NDMA and 
other DNA methylating agents (Hecht, 2008). 
Ethylating agents and ethylene oxide in ciga-
rette smoke also alkylate dG (Zhao et al., 1999; 
Singh et al., 2005). Acrolein and crotonaldehyde 
react with DNA to produce exocyclic 1,N2-dG 
adducts, while acetaldehyde forms a Schiff base 
adduct with the exocyclic N2 amino group of dG. 
There is evidence for the presence of all these 
DNA adducts in tissues or blood cells of smokers, 
but there are also many studies in which these 
specific adducts have been sought but not found 
(Boysen & Hecht, 2003).

Measurement of these DNA adducts as 
biomarkers potentially can provide the most 
direct link between cellular exposure and cancer, 
because DNA adducts are so critical in carcino-
genesis. However, it is challenging because their 
levels are extremely low, frequently ranging 
from 1 per 106 to 1 per 108 normal bases, and 
the tissue or blood samples containing them 
are usually available in only small quanti-
ties. Fortunately, the routine detection of amol 
levels [attomole, equivalent to 10 moles] of DNA 
adducts by conventional LC-MS/MS techniques 
is now feasible (Singh & Farmer, 2006). There 
are still relatively few examples of quantitation 
of specific DNA adducts of tobacco carcinogens 
in tissues of smokers using mass spectrometry, 
high pressure liquid chromatography (HPLC)-
fluorescence, HPLC with electrochemical detec-
tion, or postlabelling techniques (Pfeifer et al., 
2002). A much larger body of work has used 
the highly sensitive, but relatively non-specific 
32P-postlabelling and immunoassay methods of 

DNA adduct detection. Although the adducts 
detected using 32P-postlabelling are often referred 
to as “aromatic DNA adducts,” there is strong 
evidence that they are not related to PAHs (Arif 
et al., 2006). Adduct levels are generally higher in 
lung tissues of smokers than non-smokers while 
studies using blood DNA have produced varied 
results. Adducts have also been detected in the 
larynx, oral and nasal mucosa, bladder, cervix, 
breast, pancreas, stomach, placenta, foetal tissue, 
cardiovascular tissues, sputum, and sperm of 
smokers (IARC, 2004a). A meta-analysis of the 
relationship of DNA adduct levels in smokers to 
cancer, as determined by 32P-postlabelling in the 
majority of studies or enzyme linked immuno-
sorbent assay (ELISA), demonstrated a positive 
relationship in current smokers (Veglia et al., 
2003; 2008).

(d) Protein adducts

Carcinogen-haemoglobin (Hb) and serum 
albumin adducts are regarded as surrogates for 
DNA adduct measurements. Although these 
proteins are not targets for carcinogenesis, virtu-
ally all carcinogens that react with DNA will also 
react with protein. Advantages of haemoglobin 
adducts include the ready availability of haemo-
globin from blood and the relatively long lifetime 
of the erythrocyte in humans – 120 days –,which 
provides an opportunity for adducts to accumu-
late. Studies on protein adducts in smokers have 
been comprehensively reviewed (IARC, 2004a).

Haemoglobin adducts of aromatic amines 
are a highly informative type of carcinogen 
biomarker, with levels that are consistently higher 
in smokers than non-smokers, particularly for 
3-aminobiphenyl and 4-aminobiphenyl-Hb 
adducts. Haemoglobin binds aromatic amines 
efficiently because heme accelerates the rate of 
nitrosoarene formation from the hydroxylamine, 
which is produced metabolically from the 
aromatic amine by CYP1A2 (Fig. 4.3; Skipper & 
Tannenbaum, 1990). Binding of the nitrosoarene 
occurs at the β-93 cysteine residue of human 
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haemoglobin; the adduct is hydrolysed releasing 
the free amine, which is quantified by GC-MS 
(Skipper & Tannenbaum, 1990). Adduct levels 
are clearly related to cigarette smoking (Skipper 
& Tannenbaum, 1990). Adducts that form at the 
terminal valine of haemoglobin are also useful 
biomarkers: examples include those derived from 
ethylene oxide, acrylonitrile and acrylamide 
(Bergmark, 1997; Fennell et al., 2000). Ethylated 
N-terminal valine of haemoglobin is also higher 
in smokers than in non-smokers (Carmella et al., 
2002).

HPB-releasing Hb adducts of NNK and NNN 
have been quantified in studies of smokers and 
smokeless tobacco users (IARC, 2004a, 2007a). 
These adducts are thought to be tobacco-specific, 
but some studies report their presence in non-
smokers (Falter et al., 1994; Schlöbe et al., 2008).

4.1.4 Genetic and related effects

(a) Mutagenicity and cytogenetic effects

Tobacco smoke and its condensates are 
mutagenic in a wide variety of test systems 
from bacteria to mammalian cells in culture to 
rodents and humans (DeMarini, 2004; IARC, 
2004a; Husgafvel-Pursiainen, 2004). In bacterial 
systems, the heterocyclic amines and aromatic 
amines in condensates account for much of 
the frameshift mutagenicity, whereas the PAHs 
and nitrosamines may account for some of the 
base-substitution mutagenicity (DeMarini et al., 
1995). G to T is the predominant class of base-
substitution mutation induced by condensates in 
experimental systems and found in oncogenes 
and tumour-suppressor genes in smoking-asso-
ciated lung tumours (IARC, 2004a). The geno-
toxic potencies of a variety of condensates in 
several genotoxicity assays likely have only quali-
tative value with regard to health risk assessment 
(DeMarini et al., 2008). This is consistent with 
findings that smokers of low- or high-tar ciga-
rettes have similar urinary levels of lung carcin-
ogens (Hecht et al., 2005b; Hatsukami et al., 

2006b) and similar risks for lung cancer (Harris 
et al., 2004).

In rodents, cigarette smoke induces sister 
chromatid exchange and micronuclei in bone 
marrow and lung cells. Human newborns of 
smoking mothers have increased frequencies of 
HPRT mutations, chromosomal translocations, 
and DNA strand breaks. Sperm of smokers 
has increased frequencies of aneuploidy, DNA 
adducts, strand breaks, and oxidative damage. 
Cigarette smoke also causes germ-cell muta-
tions in mice (Yauk et al., 2007). Collectively, 
these data suggest that smoking is likely a germ-
cell mutagen in humans. Smoking produces 
mutagenic urine and somatic-cell mutations in 
humans, including HPRT mutations, sister chro-
matid exchange, microsatellite instability and 
DNA damage in a variety of tissues. Genotoxic 
effects have been found in eight organ sites at 
which tobacco smoke causes cancer in humans 
(DeMarini, 2004; IARC, 2004a).

(b) Mutations in TP53, KRAS and related genes

Gene mutation data from a variety of data-
bases, including the IARC Cancer TP53 Mutation 
Database (http://www-p53.iarc.fr/), have been 
collated in the Genetic Alterations in Cancer 
(GAC) database (http://dir-apps.niehs.nih.gov/
gac/) so that mutations in a variety of genes in 
various cancerous tissues can be compared. An 
assessment of the Gene Alterations in Cancer 
database showed that at least three genes were 
mutated more frequently in lung tumours from 
smokers than non-smokers (Lea et al., 2007): 
TP53 (39 versus 26%), K-RAS (20 versus 3%), and 
loss of heterozygosity at FHIT (57 versus 27%). 
Thus, genes in the cell cycle (TP53), cell signal-
ling (KRAS) and apoptotic (FHIT) pathways are 
mutated more frequently in smoking- rather 
than in nonsmoking-associated lung tumours. 
Genomic sequencing of lung tumours has identi-
fied other mutated genes that are associated with 
smoking; ten times more genes are mutated in 

144

http://www-p53.iarc.fr/
http://dir-apps.niehs.nih.gov/gac/
http://dir-apps.niehs.nih.gov/gac/


Tobacco smoking

lung tumours from smokers compared to non-
smokers (Ding et al., 2008).

GC to TA transversions were the predomi-
nant class of base-substitution mutation found 
in TP53 and KRAS genes in lung tumours from 
smokers, with the frequency of this mutation in 
TP53 being 30% in smokers versus 22% in non-
smokers. In smoking-associated oral cancers, 
the percentage of GC to TA mutations in TP53 
was 15% versus 2%, respectively. This mutation 
spectrum is consistent with that produced by a 
variety of known carcinogens present in tobacco 
smoke (IARC, 2004a). At the codon level, the 
most frequently mutated codons in TP53 in lung 
tumours of smokers were 157, 175, 245, 248, 
and 273, all of which occur in the DNA-binding 
domain of the protein; among these codons, only 
273 was mutated in lung tumours from non-
smokers. Only three of these codons (157, 245 
and 273) were mutated in smoking-associated 
larynx tumours, and only codon 157 was mutated 
in smoking-associated oral tumours. Thus, the 
mutational specificity at TP53 is different among 
smoking- and nonsmoking-associated tumours 
and among smoking-associated tumours at 
various organs (Lea et al., 2007). Thus, different 
pathways are involved in the development of 
different types of tumours (Le Calvez et al., 
2005; Mounawar et al., 2007; Subramanian & 
Govindan, 2008).

4.1.5 Effects on gene expression profile

As indicated in a review by Sen et al. (2007) 
involving microarray analysis of 18 studies in 
human smokers, 7 in smoke-exposed rodents, 
and 3 in condensate-exposed mammalian cells, 
smoking generally upregulated a wide variety 
of genes, especially those involved in the stress 
response, phase I metabolism, and immune 
response. Genes that were consistently expressed 
differentially in smokers (as assessed in alveolar 
macrophages, lung cells or peripheral lympho-
cytes) included metallothioneins, heat-shock 

proteins, superoxide dismutase, glutathione 
transferase, heme oxygenase, CYP genes (1A2, 
1A1 and 1B1), interleukins and chemokines.

Spira et al. (2004) analysed global gene 
expression in bronchial epithelial cells and found 
that the expression levels of metabolizing and 
antioxidant genes had reverted to control levels 
after two years of smoking cessation. However, 
expression of potential oncogenes and tumour-
suppressor genes never reverted to never-smoker 
levels even after years of smoking cessation. 
Consistently, expression of microRNAs is gener-
ally downregulated by cigarette smoke (Izzotti 
et al., 2009). As discussed below, smoking also 
altered methylation patterns and gene expression 
in smoking-associated tumours.

4.1.6 Other effects associated with 
carcinogenesis

(a) Proliferation, differentiation, apoptosis, and 
inflammation

As noted above, the signal-transduction path-
ways in lung tumours from smokers are distinctly 
different from those of non-smokers (Mountzios 
et al., 2008). Fig 4.5 shows details of signalling 
pathways that are deregulated by tobacco smoke. 
The involvement of high frequencies of mutated 
K-RAS and TP53 genes in smoking-associated 
lung tumours results in altered regulation of cell 
proliferation, differentiation, cytoskeletal organi-
zation and protein trafficking. Cigarette smoking 
activates NF-κB, which induces pro-inflamma-
tory cytokine expression and induces growth 
factors and proliferative signals (Mountzios et al., 
2008). This gene also influences the expression of 
the anti-apoptotic gene BCL2 and pro-apoptotic 
gene BAX. Smoking produces chronic inflam-
mation, which promotes cancer (Walser et al., 
2008). Smoking results in high levels of reactive 
oxygen species, which damage epithelial and 
endothelial cells and impair their function. In 
smoking-associated lung cancer, elevated levels 
of cyclooxygenase-2 (COX-2) and prostaglandin 
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(PGE2) indicate apoptosis resistance, prolifera-
tion, immunosuppression, angiogenesis, inva-
sion, and epithelial-mesenchymal transition 
(Walser et al., 2008).

(b) Endogenous nitrosation

Intragastric formation of N-nitroso 
compounds, measured using urinary nitrosa-
mino acids excreted in urine, was increased in 
smokers compared to non-smokers (Hoffmann & 
Brunnemann, 1983). Two recent studies demon-
strated that NNN forms endogenously in some 
users of nicotine replacement therapy products 
(Stepanov et al., 2009a, b).

(c) Hormonal changes

These are described in Section 4.3.2a.

4.2 Polymorphisms in carcinogen-
metabolizing genes

4.2.1 Introduction

It has been long proposed that the known 
variation among individuals in their capacity to 
activate and detoxify carcinogens may be asso-
ciated with increased susceptibility to cancer, 
and that polymorphisms of carcinogen-metab-
olising genes may play a significant role. The 
most intensively studied genes involved in the 
metabolism of carcinogens include the various 
CYP genes, the GST genes and the NAT genes. 
Other relevant xenobiotic-metabolising genes, 
such as EPHX, sulfotransferase (SULT), UGT, 
myeloperoxidase (MPO), and NAD(P)H quinone 
oxidoreductase-1 (NQO1) genes, have also been 
studied. Recently, extensive pooled studies and 
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Fig. 4.5 General scheme of some cell-signalling pathways that are deregulated by tobacco smoke 
in lung carcinogenesis
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reviews have been published on polymorphisms 
of carcinogen-metabolising genes and their role 
in cancer susceptibility, especially in tobacco-
related lung cancer and cancers at other sites. 
Similarly, various biomarkers of exposure and 
genotoxicity that are presumed to provide a 
mechanistic basis for such associations have been 
comprehensively investigated in relation to these 
polymorphisms. A brief overview based largely 
on reviews and the meta- and pooled analyses is 
presented here.

4.2.2 Genetic polymorphisms of carcinogen 
metabolism: some central genes

(a) CYP genes

CYPs comprise the principal enzyme system 
catalysing various phase I oxidation reactions, 
including metabolic activation and detoxifica-
tion of many carcinogenic substances in tobacco 
smoke such as PAHs. Of the various CYP enzymes 
expressed in humans, many of those belonging 
to CYP1 to CYP3 families play a role in carcin-
ogen metabolism, producing highly reactive 
DNA-damaging metabolites as well as detoxified 
metabolites (Guengerich & Shimada, 1998; Lang 
& Pelkonen, 1999; Ingelman-Sundberg, 2004). 
CYPs have evolved into a wide superfamily with 
close to 60 different active genes currently identi-
fied; most of these genes exhibit polymorphism 
(www.cypalleles.ki.se).

(i) CYP1A1
Several allelic variants of the human CYP1A1 

gene are currently known (www.cypalleles.ki.se). 
The major variant forms of the CYP1A1 gene 
(wildtype allele CYP1A1*1) mostly frequently 
studied for association to cancer susceptibility 
include the following two alleles: (i) CYP1A1*2A 
allele (m1 allele; Msp I) and (ii) CYP1A1*2B 
(Cascorbi et al., 1996) or CYP1A1*2C (www.
cypalleles.ki.se) allele (m2 allele; Ile462Val). 
Importantly, the CYP1A1 m1 allele and m2 
allele are in complete linkage disequilibrium in 

Caucasians (Kawajiri, 1999; Bartsch et al., 2000). 
In addition, CYP1A1*4 allele (m4; Thr461Asn) 
(Cascorbi et al., 1996), and CYP1A1*3 (m3) 
allele found in African-Americans but not in 
Caucasians or Asians (Crofts et al., 1993) are 
included in some studies (Bartsch et al., 2000).

In smoking-related lung cancer, the various 
CYP1A1 polymorphisms as well as the differ-
ences in the frequencies of the rare variant alleles 
between ethnicities contribute to the differences 
in findings. There are collective analyses of data 
predominantly indicating an overall mild to 
moderate effect of CYP1A1 polymorphisms on 
lung cancer risk (Kawajiri, 1999; Bartsch et al., 
2000; Houlston, 2000; Le Marchand et al., 2003; 
Vineis et al., 2003; Vineis et al., 2004; Lee et al., 
2008a; Shi et al., 2008). In many reviews and meta- 
or pooled analyses the increased risk associated 
with CYP1A1 polymorphism has most clearly 
been seen in Asian populations (Kawajiri, 1999; 
Le Marchand et al., 2003; Vineis et al., 2003; Lee 
et al., 2008a; Shi et al., 2008).

Multiple studies have also analysed the gene-
gene interactions between CYP1A1, GSTM1 
and GSTT1 polymorphisms and lung cancer 
(d’Errico et al., 1999; Houlston, 1999; Benhamou 
et al., 2002; Bolt & Thier, 2006; Raimondi et al., 
2006; Ye et al., 2006; Carlsten et al., 2008). Some 
of the analyses have indicated that the elevated 
risk for lung cancer may be more pronounced for 
some CYP1A1/GSTM1 null genotype combina-
tions (Le Marchand et al., 1998; Bartsch et al., 
2000; Vineis et al., 2004, 2007; Lee et al., 2008a; 
Shi et al., 2008).

(ii) CYP1A2
CYP1A2 is highly inducible and metabolises, 

including deacetylation reactions, many tobacco 
smoke carcinogens such as aromatic and hetero-
cyclic amines and nitro-aromatic compounds, 
and tobacco-specific nitrosamines such as NNK 
(Nebert et al., 2004; Jalas et al., 2005; IARC, 
2007a). A few major variant alleles have been 
described (www.cypalleles.ki.se), some of which 
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may have been reported to influence inducibility 
(Nakajima et al., 1999; Ingelman-Sundberg et al., 
2007). Overall, the phenotype-genotype rela-
tions have not been well established for CYP1A2, 
although current evidence points towards contri-
bution of genetic variation (Murayama et al., 
2004; Ingelman-Sundberg et al., 2007); data on 
possible associations with tobacco related cancer 
are sparse (Agundez, 2004; Nebert & Dalton, 
2006).

(iii) CYP2A6
Several aspects of smoking behaviour are 

likely to be influenced by CYP2A6 genetic vari-
ation, which influences nicotine metabolism 
(Malaiyandi et al., 2005; Mwenifumbo & Tyndale, 
2007). The most important functionally altered 
allele is CYP2A6*4 (gene deletion), which confers 
a poor-metabolizer phenotype in homozygous 
individuals (Malaiyandi et al., 2005; Ingelman-
Sundberg et al., 2007; Mwenifumbo & Tyndale, 
2007). In some studies, polymorphic variants of 
CYP2A6 gene have been implicated in suscep-
tibility to smoking-related cancers (Gambier 
et al., 2005; Malaiyandi et al., 2005; Nakajima, 
2007). In line with this, the accumulated data 
have suggested that CYP2A6 polymorphism 
may affect cancer risk in smokers but not in non-
smokers (Tan et al., 2001; Kamataki et al., 2005; 
Malaiyandi et al., 2005; Canova et al., 2009).

(iv) CYP2A13
From human CYPs, CYP2A13 is the primary 

form involved in the metabolic activation of the 
tobacco-specific nitrosamines NNK and NNN 
(Jalas et al., 2005; IARC, 2007a). The CYP2A13 
gene exhibits polymorphism in humans (Zhang 
et al., 2002; Jalas et al., 2005), and experimental 
studies suggest that some of the polymorphisms 
may affect the hydroxylation of NNN and NNK 
(Jalas et al., 2005; Schlicht et al., 2007). However, 
the data on possible effects of these polymo-
prhisms on the risk of tobacco-related cancers in 

humans are still limited (Wang et al., 2003; Song 
et al., 2009; Timofeeva et al., 2009).

(v) CYP2D6
The CYP2D6 gene shows high variability in 

expression. The enzyme is not inducible, and 
therefore genetic variation largely contributes to 
the interindividual variation in enzyme activity. 
Currently, more than 100 different functional 
CYP2D6 gene variants have been described, 
and these are divided into alleles causing abol-
ished, decreased, normal, and ultrarapid enzyme 
activity (Ingelman-Sundberg, 2005; Ingelman-
Sundberg et al., 2007). The most important null 
alleles leading to poor-metabolizer phenotype are 
CYP2D6*4 (splice defect) and CYP2D6*5 (gene 
deletion) (Ingelman-Sundberg, 2005; Ingelman-
Sundberg et al., 2007).

A large series of studies have been carried out 
over the past 20 years on the association between 
CYP2D6 polymorphism and susceptibility to 
lung cancer and to some other tobacco-related 
cancers (Wolf & Smith, 1999). Despite some indi-
cation of an association between CYP2D6 poor-
metabolizer and decreased risk for lung cancer, 
no major role for CYP2D6 in carcinogen metab-
olism or a molecular basis for such an associa-
tion have been discovered (Wolf & Smith, 1999; 
Ingelman-Sundberg, 2005).

(vi) Other CYP genes
CYP1B1 allelic variants that affect the cata-

lytic activity have been described but they have 
been studied to a lesser extent for the association 
with susceptibility to smoking-related cancers 
(Thier et al., 2003). Some positive findings have 
been reported on head and neck cancer (Ko et al., 
2001), and lung cancer (Zienolddiny et al., 2008).

Several polymorphisms have been charac-
terized in the CYP2E1 gene and several positive 
associations with the risk of different cancers 
have been reported, in particular for cancers of 
the upper aerodigestive tract, lung and gastro-
intestinal tract (Section 2.19). CYP2E1 may also 
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play an important role in the interaction of 
the carcinogenic effects of alcohol and tobacco 
(Section 4.4).

From the human CYP3A locus (CYP3A4, 
CYP3A5 and CYP3A7), the CYP3A4*1B allele has 
been associated with lung cancer and prostate 
cancer in some studies but not in all (Dally et al., 
2003; Rodriguez-Antona & Ingelman-Sundberg, 
2006). However, the role of these variants in rela-
tion to tobacco smoking is unknown.

(b) GSTM1 and other GST genes

Polymorphic GST genes have long been 
proposed to modify susceptibility to lung cancer 
(Seidegård et al., 1986; Ketterer et al., 1992). The 
polymorphic genes encoding the various classes 
of cytosolic GST enzymes include the GSTM1 
and GSTM3 genes (mu class), the GSTP1 gene 
(pi class), and the GSTT1 gene (theta class). The 
gene deletion (null) allele of the GSTM1 gene 
(GSTM1*0) and of the GSTT1 gene (GSTT1*0) 
have been the most intensively studied polymor-
phisms in relation to increased susceptibility to 
cancer (Strange et al., 2001; Bolt & Thier, 2006; 
McIlwain et al., 2006). For the GSTP1 gene, the 
form most abundantly present in lung tissue, 
genetic variation in exon 5 (GSTP1*2; Ile105Val), 
in exon 6 (Ala114Val), as well as a combination of 
these, are the variations most frequently studied 
for cancer susceptibility (Watson et al., 1998; 
Cote et al., 2009).

Numerous reviews, meta- and pooled anal-
yses have been published over the past 15 years or 
so for the GST genes with systematic assessments 
covering altogether tens of thousands of cases 
and controls. For the GSTM1 null genotype, 
such analyses have largely provided negative, 
suggestive or at most moderately positive results 
for an association with an increased risk for lung 
cancer (d’Errico et al., 1999; Houlston, 1999; 
Benhamou et al., 2002; Ye et al., 2006; Carlsten 
et al., 2008). The larger the studies, the less signif-
icant the estimates for the role of GSTM1 emerge 
in systematic analysis (Ye et al., 2006; Carlsten 

et al., 2008). Also the varying allele frequencies 
related to ethnic background affect the findings 
for GSTM1 as well as for many other genes (Garte 
et al., 2001; Ye et al., 2006; Carlsten et al., 2008; 
Lee et al., 2008a).

In a meta-analysis of the association between 
the GSTT1 gene polymorphism and lung cancer 
no association between GSTT1 null genotype and 
risk for lung cancer in Caucasians was observed, 
but a positive association was found for Asians 
(Raimondi et al., 2006). A significant associa-
tion for either Caucasians or Asians was also 
not found in a pooled analysis (Raimondi et al., 
2006). A meta-analysis found no significant asso-
ciation between lung cancer risk and the GSTP1 
Ile105Val polymorphism; but the pooled analysis 
suggested an overall statistically significant mild 
association between lung cancer and homozy-
gosity or heterozygosity for the Val105 allele (Cote 
et al., 2009).

A recent body of epidemiologic data suggests 
an inverse association between cruciferous 
vegetables/isothiocyanates intake and cancers 
of the colorectum, lung and breast; the studies 
also provide evidence that this protective effect 
is greater among individuals who possess the 
GSTM1 or T1 null genotype, who would be 
expected to accumulate higher levels of isothio-
cyanates at the target tissue level, a pre-requisite 
for their enzyme-inducing effects (Seow et al., 
2005). The association between isothiocyanates 
and cancer, and its modification by GSTM1 and 
GSTT1 status, is most consistent for lung cancer 
and appears to be strongest among current 
smokers who possess the combined GSTM1 and 
GSTT1 null genotypes (London et al., 2000a; 
Spitz et al., 2000; Zhao et al., 2001; Brennan et al., 
2005; Seow et al., 2005).

(c) NAT1 and NAT2 genes

The pooled and meta-analyses carried out on 
NAT1 and NAT2 polymorphisms and bladder 
cancer risk have consistently reported signifi-
cantly increased risk for NAT2 slow acetylators 
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(Dong et al., 2008; Malats, 2008; see also Section 
2.9). Data on NAT1 fast acetylators are incon-
sistent, as are the studies suggesting an increased 
risk for NAT2 rapid acetylator status. Additionally, 
genotypes for other genes, specially GSTM1, have 
also been implicated (Vineis et al. 2001; García-
Closas et al., 2005; Hein, 2006; Sanderson et al., 
2007; Dong et al., 2008; Malats, 2008).

In a recent large study on tobacco-related 
lung cancer and upper aerodigestive cancers, 
the NAT genes, in particular NAT*10 haplotype, 
emerged from a set of 16 genes as involved in the 
risk (McKay et al., 2008). When more than one 
hundred single nucleotide polymorphisms for 31 
genes involved in phase I or phase II metabolism 
or in antioxidant defence were investigated, only 
four of the previously reported polymorphisms 
of the GSTP1, EPHX1 and superoxide dismutase 
SOD2 genes and the NAT1 fast acetylator pheno-
type remained significantly associated with risk 
of non-small cell lung cancer after correction for 
multiple testing (Zienolddiny et al., 2008).

In breast cancer, several recent meta-anal-
yses of epidemiological studies have suggested 
increased risk among smokers with the NAT2 
slow acetylator genotype; such an association 
has been observed especially among long-term 
smokers and post-menopausal women (Terry & 
Goodman, 2006; Ambrosone et al., 2008; Ochs-
Balcom et al., 2007; Baumgartner et al., 2009).

In all, the role of the NAT gene polymor-
phisms in tobacco-related cancers, with the 
exceptions of increased risk of bladder cancer 
and possibly breast cancer in NAT2 slow acetyla-
tors, remains largely open due to the incomplete 
understanding of phenotype-genotype relation-
ships, and the interplay between these two genes 
and their polymorphisms (Hein, 2002, 2006).

(d) Others

Genes coding for EPHX, UGT and SULT 
enzymes, mainly but not exclusively involved 
in detoxification reactions, exhibit polymoph-
isms with numerous gene variants discovered 

(Mackenzie et al., 1997; London et al., 2000b; 
Glatt et al., 2001; Burchell, 2003). Additional 
polymorphic genes studied for their significance 
in cancer susceptibility are the NQO1 and MPO 
genes, with NQO1 playing a dual role in the 
detoxification and activation of procarcinogens, 
and MPO converting lipophilic carcinogens 
into hydrophilic forms (Nebert et al., 2002). All 
these genes have been studied for their possible 
association with tobacco-related cancer risk to 
a varying extent and with variable outcomes 
(London et al., 2000b; Bamber et al., 2001; Garte, 
2001; To-Figueras et al., 2001; Tiemersma et al., 
2002b; Guillemette, 2003; Wells et al., 2004; 
Kiyohara et al., 2005; Moreno et al., 2005; Nagar 
& Remmel, 2006; Gallagher et al., 2007).

4.2.3 Biomarkers of tobacco carcinogenesis 
and polymorphic genes of carcinogen 
metabolism

A myriad of studies have investigated asso-
ciation between various biomarkers of tobacco-
related carcinogenesis and genetic variation of 
genes involved in carcinogen metabolism. For 
involvement in increased cancer susceptibility, 
a large variety of intermediate biomarker have 
been studied, including PAH metabolites in 
urine, urinary mutagenicity, DNA and protein 
adducts, cytogenetic alterations, HPRT mutant 
lymphocytes, as well as somatic mutations of the 
tumour suppressor gene TP53 and KRAS onco-
gene occurring in cancer tissue.

(a) PAH metabolites and mutagenicity in urine

(i) PAH metabolites in urine
Increased excretion of 1-hydroxypyrene 

in urine in association with the GSTM1 null 
genotype has been reported in many studies on 
individuals with occupational or environmental 
exposure to PAHs (Yang et al., 1999; Alexandrie 
et al., 2000; Lee et al., 2001; Kuljukka-Rabb 
et al., 2002; Kato et al., 2004). The associations 
seen between GSTT1 polymorphism and the 
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PAH metabolites are somewhat more variable. 
Similarly, the joint effect of GSTM1 and GSTT1 
null genotypes, as well as the effects of some 
other genes of xenobiotic metabolism, such as 
EPHX, CYP1A1, CYP1A2 and the aryl hydro-
carbon receptor (AhR) gene have been either 
positive or negative (Yang et al., 1999; Alexandrie 
et al., 2000; Lee et al., 2001; Zhang et al., 2001; 
Kuljukka-Rabb et al., 2002; Yang et al., 2003; 
Chen et al., 2007; Cocco et al., 2007; Bin et al., 
2008).

Another PAH metabolite studied in this 
context is phenanthrene, the simplest PAHs 
with a bay region, a feature closely associated 
with carcinogenicity. A study quantified ratios of 
urinary products of metabolic activation (such as 
PheT) and detoxification (such as phenanthrols, 
HOPhe) of phenanthrene in 346 smokers, who 
were also genotyped for 11 polymorphisms in 
genes involved in PAHs metabolism, including 
the CYP1A1 and GSTM1 genes. A significant 
association between the presence of the CYP1A1 
Ile462Val polymorphism and high PheT/3-HOPhe 
ratios was found, particularly in combination 
with the GSTM1 null polymorphism (Hecht 
et al., 2006).

Overall, the data on the influence of genetic 
variation in PAHs metabolism on the levels of 
the urinary metabolite biomarkers are variable, 
and currently inconclusive.

(ii) Urinary mutagenicity
One relatively early line of research investi-

gated the relationship between urinary muta-
genicity and genetic variation in activation or 
detoxification genes. These studies, however, 
have seldom been focused on smokers only but 
rather on other sources of exposure (Pavanello 
& Clonfero, 2000).

In some studies, NAT2 slow acetylator geno-
type either alone or in combination with GSTM1 
null genotype has been associated with increased 
urinary mutagenicity in the Salmonella test in 
individuals with occupational, environmental or 

medicinal PAH-related exposure, or in smokers 
(Vineis & Malats, 1999; Pavanello & Clonfero, 
2000). In another study, CYP1A2 activity, but 
not NAT2, GSTM1 or GSTT1 genotypes influ-
enced urinary mutagen excretion in smokers 
(Pavanello et al., 2002). A further study also 
suggested contribution of the CYP1A2 gene vari-
ation to increased urinary mutagenicity in heavy 
smokers (Pavanello et al., 2005). Associations 
with variants of other xenobiotic-metabolising 
genes (such as EPHX1) have also been reported, 
with somewhat complex results (Kuljukka-Rabb 
et al., 2002).

(b) DNA adducts

The relationship between the variants of poly-
morphic genes of carcinogen metabolism and 
tobacco smoke-related DNA adduct formation 
has been addressed in an abundant number of 
studies among smokers, occupationally exposed 
groups, and patients with smoking-related cancer. 
In addition, multiple in vitro studies on this rela-
tionship have been carried out (Bartsch et al., 
2000; Pavanello & Clonfero, 2000; Alexandrov 
et al., 2002; Wiencke, 2002).

The intensive efforts to study the relationship 
between CYP1A1 and GSTM1 gene polymor-
phism and the level of aromatic-hydrophobic/
bulky PAH-DNA adducts in human lungs have 
so far provided little evidence for a role of a 
single metabolic genotype or their combina-
tions on DNA adduct formation, with largely 
weak, non-significant or contradictory results. 
However, a trend of increasing adduct levels in 
subjects with the CYP1A1*2-GSTM1*0 genotype 
combination has been observed, which was rein-
forced when BPDE-DNA adducts were specifi-
cally assessed. These results suggest a gene-gene 
interaction, supported by biological data from 
other studies (Bartsch et al., 2000; Alexandrov 
et al., 2002; Wiencke, 2002). Such gene-gene 
interaction lends support to the increased risk for 
lung cancer found in carriers of these genotypes 
in Japanese, among whom the frequency of the 
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variant CYP1A1 allele is much higher (Bartsch 
et al., 2000; Alexandrov et al., 2002).

A wide selection of genes and genotypes 
included in the various studies have made it 
difficult to assess the overall role of the polymor-
phisms of GSTM1 and other genes alone or in 
combination. Differences between the studies 
in the types of adducts determined, the various 
tissues, cell types and cancers studied, detec-
tion methods, variation in sources and types of 
exposure, sample size, gender differences, and 
sometimes poor knowledge regarding the alleles, 
genotypes and haplotypes under study also 
contribute to the large variability seen in these 
studies (d’Errico et al., 1999; Hemminki et al., 
2001; Alexandrov et al., 2002; Wiencke, 2002).

(c) Cytogenetic biomarkers of genotoxicity

(i) Chromosome aberrations and sister 
chromatid exchanges

Early studies investigating whether homozy-
gosity for the GSTM1 null allele affects preva-
lence of cytogenetic changes in lymphocytes 
of smokers reported positive results (Seidegård 
et al., 1990; van Poppel et al., 1992; Cheng et al., 
1995). Since then, studies have investigated the 
association between genetic polymorphisms of 
xenobiotic-metabolising genes and cytogenetic 
biomarkers in smokers and in some occupational 
groups (Rebbeck, 1997; Autrup, 2000; Pavanello 
& Clonfero, 2000; Norppa, 2003, 2004).

Collectively, the reported findings are in 
support of increased susceptibility of smokers to 
chromosomal effects in association with GSTM1 
and GSTT1 null variants deficient in detoxifica-
tion of tobacco smoke carcinogens. Exposure 
to genotoxicants generated from other environ-
mental sources (e.g. polluted air, diet, endog-
enous sources such as reactive oxygen species) 
may contribute to the observed associations, 
and it is likely that other polymorphic metabolic 
genes such as NAT2 may be involved (Pavanello 
& Clonfero, 2000; Norppa, 2001, 2003).

(ii) Micronucleus induction
The relationship between formation of micro-

nuclei and genetic polymorphisms of carcinogen 
metabolism has been addressed in a wide range 
of human population studies (Norppa, 2003, 
2004). Induction of micronuclei in smokers may 
be little, if at all, affected by GSTM1, GSTT1 or 
NAT2 genotypes. In contrast, the NAT1 rapid 
genotype appears to show an association with 
increased susceptibility to smoking-related 
micronuclei (Norppa, 2004).

A recent review evaluated more than seventy 
human studies on genetic polymorphisms 
and micronucleus frequency detected either 
in peripheral blood lymphocytes or exfoliated 
cells in populations exposed to various geno-
toxic agents. There were no significant genotype 
effects involved in micronucleus induction in 
smokers (Iarmarcovai et al., 2008). The relation-
ship between genetic polymorphisms and micro-
nucleus formation is complex, and is influenced 
to a variable extent by several genes of xenobiotic 
metabolism and DNA repair, as well as the variety 
of chromosomal alterations known to contribute 
to micronucleus formation (Iarmarcovai et al., 
2008).

(iii) Chromosomal damage induced in vitro
The effects of genotypes or genotype combi-

nations in vitro on the induction of various 
cytogenetic endpoints by tobacco-smoke carcin-
ogens and their metabolites have been studied, 
initially focused on the GSTM1 and GSTT1 null 
genotypes (Norppa, 2001, 2004). In a study inves-
tigating NNK in vitro, lymphocytes from GSTM1 
null donors were more sensitive to induction of 
chromosomal aberrations and sister chromatid 
exchanges by NNK than lymphocytes from 
GSTM1 positive donors (Salama et al., 1999).
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(d) Gene mutations

(i) HPRT mutant lymphocytes
Associations between the frequencies of HPRT 

mutant T-lymphocytes in populations exposed 
to genotoxic agents, such as smokers, and the 
polymorphism of xenobiotic-metabolising genes 
have been studied. In the early studies, positive, 
weak, or negative associations were reported for 
GSTM1 null genotype, and negative findings 
were published for NAT2 slow acetylator geno-
type in occupationally exposed or non-exposed 
subjects (Rebbeck, 1997; Vineis & Malats, 1999). 
When healthy, non-smoking and occupation-
ally non-exposed young adults were studied for 
HPRT mutant frequency and polymorphisms in 
CYP1A1, GSTM1 and NAT2 genes, none of these 
polymorphisms, analysed individually, were 
found to influence the HPRT mutant frequency 
(Davies et al., 1999). A significant interaction 
between the GSTM1 null genotype and NAT2 
slow acetylator was associated with higher mutant 
frequency, but no other genotype combinations 
(Davies et al., 1999). Some later studies have 
reported variable associations between HPRT 
mutant frequency and polymorphisms for either 
individual genes (GSTM1, GSTT1 or EPHX1) or 
some of the genotypes in combination among 
exposed (Viezzer et al., 1999; Abdel-Rahman 
et al., 2001, 2003).

(ii) Mutations of the TP53 gene and other 
cancer-related genes

Whether the frequency of somatic muta-
tions detected in tumour tissue in cancer-related 
genes, primarily the TP53 tumour suppressor 
gene and KRAS oncogene, may be modified by 
polymorphisms in carcinogen metabolizing 
genes was first investigated assessing the effects 
of the GSTM1 genotype, alone or in combination 
with other genetic polymorphisms. Several, but 
not all, such studies showed significant associa-
tion between GSTM1 null genotype and either 
the frequency or type of TP53 mutations in 

smoking-induced lung cancer or other cancer 
type (Rebbeck, 1997; Vineis & Malats, 1999; 
Autrup, 2000). Fewer studies examined the 
association between TP53 mutations and GSTT1 
polymorphism, and some results suggested the 
involvement of both null genotypes (Vineis & 
Malats, 1999; Autrup, 2000). 

In smokers with non-small cell lung cancer, 
the risk of mutation was found to be the highest 
among the homozygous carriers of the CYP1A1 
rare allele CYP1A1 MspI (Ile462Val) who also 
exhibited the GSTM1 null genotype (Kawajiri 
et al., 1996). Similarly, positive associations 
between K-RAS mutations and homozygosity for 
the CYP1A1 rare allele were observed; the risk 
of mutation was enhanced when the CYP1A1 
susceptible genotype was combined with GSTM1 
null genotype (Kawajiri et al., 1996). In another 
study, also carried out in a Japanese study popu-
lation, K-RAS mutations occurred with greater 
frequency in lung adenocarcinoma smoking 
patients and of the GSTM1 null genotype as 
compared with the GSTM1 positive genotype 
(Noda et al., 2004).

Many of the studies that assessed NAT2 
acetylator genotypes have found non-significant 
associations with the frequency or type of TP53 
mutation in bladder, lung, or other cancers 
(Vineis & Malats, 1999; Autrup, 2000). A study 
on bladder cancer did not find an overall asso-
ciation between TP53 mutation frequency and 
GSTM1, GSTT1, GSTP1 or NAT2 genotypes. 
However, among patients with TP53 mutations, 
transversion mutations were more frequent in 
those with GSTM1 null genotype as compared to 
those with GSTM1 positive genotype; no signifi-
cant associations were found for the NAT2 gene 
(Ryk et al., 2005).

In rectal cancer, overall negative results for 
an association between TP53 or KRAS mutations 
and GSTM1 and NAT2 polymorphisms among 
smokers and non-smokers exposed to tobacco 
smoke were found (Curtin et al., 2009). An inter-
action of second-hand tobacco smoke and NAT2 
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was found in TP53 mutation positive tumours 
but not in smokers (Curtin et al., 2009). Earlier, 
an increased risk of TP53 transversion mutations 
among GSTM1 positive individuals who smoked 
cigarettes was found in colon cancer (Slattery 
et al., 2002).

A statistically significant association was 
observed between the GSTT1 null genotype and 
TP53 mutation status of breast tumour in one 
study (Gudmundsdottir et al., 2001), while in 
another larger study none of the genotypes for 
CYP1B1, GSTM1, GSTT1 and GSTP1 genes alone 
were associated with somatic TP53 mutations 
(Van Emburgh et al., 2008).

In summary, data from various cancer 
types on the association between genetic poly-
morphisms of carcinogen-metabolizing genes 
and somatic mutations of the TP53 and K-RAS 
genes vary widely and do not permit to conclude 
(Rebbeck, 1997; Vineis & Malats, 1999; Autrup, 
2000).

4.3 Site-specific mechanisms of 
carcinogenicity of tobacco smoke

4.3.1 Sites with sufficient evidence of 
carcinogenicity of tobacco smoking

(a) Lung

The conceptual model presented in Section 
4.1 (Fig.  4.1) depicts the main mechanistic 
steps by which cigarette smoke causes cancer. 
Smokers inhale into their lungs carcinogens 
which, either directly or after metabolism, cova-
lently bind to DNA, forming DNA adducts (see 
Section 4.1, Fig.  4.3). Tobacco smoke contains 
multiple strong lung carcinogens such as NNN, 
NNK, PAHs, 1,3-butadiene and cadmium. 
Levels of tobacco smoke-related DNA adducts, 
mainly 32P-postlabelled aromatic-hydrophobic/
PAH-related bulky DNA adducts, in the lung are 
higher in smokers than in non-smokers (Phillips, 
2002; IARC, 2004a; Hecht, 2008). Higher levels 

of DNA adducts have further been linked to 
increased risk for cancer in pooled and meta-
analyses (IARC, 2004a; Veglia et al., 2008).

Mutations in TP53 and K-RAS genes, two 
central genes of human carcinogenesis, are more 
frequently mutated in smokers’ lung cancer as 
compared to lung cancer from non-smokers 
(DeMarini, 2004; IARC, 2004a; Lea et al., 2007; 
Ding et al., 2008; see Section 4.1.3). In particular, 
TP53 but also to some extent K-RAS mutations 
found in smoking-associated lung tumours 
exhibit mutational specificity that is consistent 
with the pattern produced by PAH diol epoxides 
in experimental studies and different from that 
observed in non-smokers’ lung cancer (Pfeifer 
et al., 2002; DeMarini, 2004; IARC, 2004a; Le 
Calvez et al., 2005; Section 4.1.3). Keeping with 
such exposure-specific mutation profile, lung 
cancer in non-smokers exposed to second-hand 
tobacco smoke shows mutational similarity to 
smokers’ lung cancer, although less data are 
available (Husgafvel-Pursiainen, 2004; IARC, 
2004a; Le Calvez et al., 2005; Subramanian & 
Govindan, 2008). The different pathways of lung 
carcinogenesis for smokers and non-smokers are 
likely to involve somatic mutations and other 
genetic alterations in a larger set of genes that 
are critical in controlling normal cellular growth 
via signal transduction (Bode & Dong, 2005; Lea 
et al., 2007; Ding et al., 2008).

Smoking-related lung carcinogenesis also 
involves a multitude of other alterations influ-
encing the complex pathogenic pathways 
involved in lung cancer development, such as 
increased inflammation, aberrant apoptosis, 
increased angiogenesis, tumour progression and 
tumour metastasis (Wolff et al., 1998; Heeschen 
et al., 2001; Schuller, 2002; West et al., 2003; 
Smith et al., 2006; Lee et al., 2008b; Section 4.1.5). 
Continued exposure to toxicants, genotoxi-
cants, carcinogens, co-carcinogens and tumour 
promoters present in tobacco smoke has major 
effects on biological processes at all steps of 
multistep tumourigenesis of human lung (Hecht, 
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2003, 2008; Section 4.1). For example, nicotine 
in tobacco smoke is currently not described as a 
full carcinogen, but it exerts its biological effects 
via binding to nicotinic and other cellular recep-
tors and likely enhances cell transformation and 
carcinogenicity through mechanisms not yet 
defined (Heeschen et al., 2001; West et al., 2003).

Numerous studies have provided evidence 
that the human genome may contain one or 
several loci that confer susceptibility to lung 
cancer. There are low-penetrance genes involved 
in the metabolism of tobacco smoke carcinogens, 
DNA repair and cell cycle control that may influ-
ence individual susceptibility to lung cancer (Spitz 
et al., 2006). The role of the polymorphisms of 
these various classes of genes in lung carcinogen-
esis requires a systematic evaluation of the genetic 
evidence with stringent criteria (Ioannidis, 2008; 
Risch & Plass, 2008; Vineis et al., 2009; Sections 
4.1 and 4.2). Recently, genome-wide association 
studies have identified a susceptibility locus at 
chromosome 15q25.1 (Amos et al., 2008; Hung 
et al., 2008; Thorgeirsson et al., 2008). The iden-
tity or function of the gene is not yet known, nor 
is the mechanism through which it may predis-
pose to lung cancer. It is however likely that lung 
cancer susceptibility is related to the nicotine 
receptor gene residing at 15q25.1, and there is 
some evidence suggesting that it may be related 
to increased uptake of nicotine and NNK per 
cigarette (Le Marchand et al., 2008).

In addition to genetic alterations, a growing 
body of evidence shows that epigenetic mecha-
nisms, such as aberrant DNA methylation, 
histone modifications and RNA-mediated gene 
silencing are involved in cancer development 
(Jones & Baylin, 2007; Cortez & Jones, 2008). In 
lung carcinogenesis, gene promoter-associated 
(CpG island-specific) hypermethylation is an 
early and frequent event causing transcriptional 
inactivation of genes involved in regulation of 
cellular growth and differentiation (Belinsky, 
2004). For example, several studies have indi-
cated that the tumour suppressor gene p16 

(p16INK4a/CDKN2A), a cell cycle regulator, is among 
the genes most frequently inactivated by aber-
rant methylation in lung cancer from smokers 
(Belinsky, 2004), with differences seen between 
smokers and never-smokers (Toyooka et al., 2006). 
Significant associations have been established 
between smoking and promoter hypermethyla-
tion of tumour suppressor genes in lung tumours 
from smokers, and in plasma, serum or sputum 
DNA from cancer-free smokers (Belinsky, 2004; 
Belinsky et al., 2005, 2006; Toyooka et al., 2006).

(b) Oral cavity

PAHs can be carcinogenic at the site of applica-
tion, which could include the human oral cavity. 
DMBA, a highly carcinogenic PAH not present 
in tobacco or tobacco smoke, is a standard model 
compound for induction of oral tumours in the 
hamster cheek pouch; less is known about the 
effects on the oral cavity of PAHs that do occur 
in tobacco products (Shklar, 1972; Rao, 1984; 
Vairaktaris et al., 2008). A mixture of NNN and 
NNK induced oral tumours in rats when applied 
locally (Hecht et al., 1986), and DNA adduct 
formation from NNN, NNK and NNAL has been 
observed in the rat oral cavity (Zhang et al., 2009a, 
b). HPB-releasing DNA adducts from NNK and/
or NNN have been reported in exfoliated oral 
cells from smokers and smokeless tobacco users 
(Heling et al., 2008) and HPB-releasing heamo-
globin adducts are elevated in smokeless tobacco 
users (IARC, 2007a). Unidentified DNA adduct 
levels are consistently elevated in oral cells and 
tissues from smokers compared to non-smokers 
(IARC, 2004a). Mutations in the TP53 gene have 
been observed in oral tumours from smokers and 
smokeless tobacco users (IARC, 2006b, 2007a; 
Warnakulasuriya & Ralhan, 2007). Tobacco-
associated genetic mutations including micronu-
clei, gene mutations, DNA polymorphisms, and 
chromosomal abnormalities have been reported 
in studies of buccal cells from smokers and 
smokeless tobacco users (Proia et al., 2006). The 
use of lime by betel quid chewers is associated 
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with enhanced oxidative damage that could play 
a role in inflammation or tumour promotion 
(IARC, 2004b).

(c) Larynx and nasopharynx

Hamsters exposed to cigarette smoke by 
inhalation consistently developed benign and 
malignant tumours of the larynx; tumours were 
produced by inhalation of the particulate phase, 
but not the gas phase of cigarette smoke (IARC, 
1986). In related studies in which hamsters were 
treated with DMBA by intratracheal instillation 
followed by exposure to cigarette smoke, a signif-
icantly higher incidence of laryngeal tumours 
was observed than in hamsters exposed only 
to cigarette smoke or to DMBA (IARC, 1986). 
Collectively, these results indicate an initiation-
promotion mechanism for the production of 
laryngeal tumours, and are consistent with the 
results of experiments in which tobacco smoke 
condensate is applied to mouse skin (IARC, 1986). 
The combined data implicate PAHs and tumour 
promoters in tobacco smoke as potential etio-
logic agents for cancer of the larynx in hamsters. 
Levels of DNA adducts measured by non-specific 
methods were higher in larynx tissue from 
smokers than from non-smokers (IARC, 2004a). 
Analyses of mutations in the TP53 gene from 
tumours of the larynx in smokers show a pattern 
similar to that observed in lung tumours, and 
both are consistent with the pattern produced by 
PAH diol epoxides (IARC, 2006b). The available 
data are consistent with the conceptual frame-
work illustrated in Fig. 4.1 (Szyfter et al., 1999).

Formaldehyde, a constituent of cigarette 
smoke, causes nasopharyngeal cancer in humans 
(IARC, 2006a). A recent study demonstrates a 
10-fold higher level of the formaldehyde-DNA 
adduct N6-hydroxymethyldeoxyadenosine 
in leukocytes of smokers compared to non-
smokers, suggesting its possible involvement 
in nasopharyngeal cancer in smokers (Wang 
et al., 2009). Acetaldehyde, another carcino-
genic constituent of tobacco smoke, which also 

forms genotoxic adducts (Section 4.1), may also 
contribute to the development of these forms of 
head and neck cancer.

(d) Oesophagus

Nitrosamines are probably the most effective 
oesophageal carcinogens known, with particu-
larly strong activity in the rat (Lijinsky, 1992). 
NNN and NDEA are both present in cigarette 
smoke, and levels of NNN greatly exceed those 
of NDEA (IARC, 2004a). NNN is also present 
in considerable quantities in smokeless tobacco 
and betel quid containing tobacco (IARC, 
2004a, 2007a). Thus, NNN is a likely candidate 
as a causative agent for esophageal cancer in 
smokers, smokeless tobacco users, and chewers 
of betel-quid with tobacco. While considerable 
mechanistic data are available from studies of 
NNN in laboratory animals (Hecht, 1998; Wong 
et al., 2005; Lao et al., 2007; Zhang et al., 2009a), 
there are little comparable data in humans. 

Increased acetaldehyde production derived 
both from tobacco smoke and from microbial 
alcohol oxidation may play a role in the syner-
gistic carcinogenic action of alcohol and smoking 
on oesophagus, as well as on other upper aerodi-
gestive locations (Homann et al., 2000; Salaspuro 
& Salaspuro, 2004; Lee et al., 2007a).

(e) Stomach

Hypermethylation of the E-cadherin 1 gene 
(CDH1) was observed preferentially in gastric 
tumours from smokers rather than non-smokers 
(Poplawski et al., 2008). CDH1 can act as a 
tumour-suppressor gene, preventing cells from 
growing and dividing in an uncontrolled way to 
form a cancerous tumour. Because the protein 
encoded by this gene helps cells stick together, 
altered regulation may lead to metastasis. 

Boccia et al. (2007) found an increased risk 
for stomach cancer among smokers who had the 
SULT1A1 His genotype, and Lee et al. (2006) 
found an increased risk for those who had the m2 
allelic variant of CYP1A1. A nested case–control 
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study found that smokers had an increased 
risk of gastric cancer if they carried at least one 
variant allele A in Ex7+129 C > A (Thr461Asn, m4) 
of CYP1A1 (Agudo et al., 2006). Stomach cancer 
tissue from smokers had higher levels of stable 
DNA adducts than did those from non-smokers; 
however, the number of non-smokers was quite 
small (Dyke et al., 1992).

(f) Pancreas

NNK and its metabolite NNAL are the only 
pancreatic carcinogens known to be present in 
tobacco and tobacco smoke. NNK was detected 
in the pancreatic juice of 15 of 18 samples from 
smokers, at levels significantly higher than 
in non-smokers; NNAL and NNN were also 
detected in some samples (Prokopczyk et al., 
2002). DNA adducts of NNK and NNAL were 
present in pancreatic tissue of rats treated with 
these nitrosamines (Zhang et al., 2009b), but 
were not detected in most human pancreatic 
tissue samples (Prokopczyk et al., 2005).

(g) Colorectum

Tobacco smoke contains heterocyclic 
amines, such as 2-amino-1-methyl-6-phenylim-
idazo[4,5,6]pyridine (PhIP), which are intestinal 
carcinogens in rats and mutate the adenomatous 
polyposis coli (Apc) gene in mice (Møllersen 
et al., 2004). The APC gene is frequently mutated 
and has altered expression in human colon 
cancer (Samowitz et al., 2007; Samowitz, 2008). 
A recent model of colon cancer by Sweeney et 
al. (2009) suggests that this disease can develop 
via at least three independent mechanistic path-
ways. One pathway is initiated by methylation 
of MINT (methylation in tumour) markers that 
proceeds down a pathway predisposing to micro-
satellite instability, followed by methylation of 
the mismatch repair gene mutL homologue 1 
(MHL1) and the tumour-suppressor gene TP16, 
followed by mutation in BRAF (a homologue 
of a viral raf oncogen). A second independent 
pathway is initiated with a mutation in the APC 

gene, followed by a mutation in the TP53 gene. 
A third independent pathway involves only 
KRAS2 mutations. One study found BPDE-DNA 
adducts at a higher frequency in colon DNA from 
smokers than from non-smokers (Alexandrov 
et al., 1996). Mutations or epigenetic changes in 
some or all of these genes have been found in 
smoking-associated colon or colorectal tumours.

Microsatellite instability, which is the expan-
sion or contraction of short nucleotide repeats, 
occurs in approximately 10–15% of sporadic 
colorectal cancer, and is usually associated with 
smoking and hypermethylation of the promoter 
of the mismatch repair gene MLH1 (Samowitz, 
2008). Smoking-associated colorectal tumours 
also have high frequencies of methylation at CpG 
islands (Samowitz, 2008).

In a case–control study of colorectal cancer, 
Kasahara et al. (2008) found that the genetic 
polymorphism APEX1/APE1 (apurinic/apyrimi-
dinic endonuclease-1) Asp148Glu, which is a gene 
involved in DNA repair, was associated with 
risk for colorectal cancer among smokers but 
not non-smokers. Other studies have also found 
associations between polymorphisms in the 
DNA repair genes XRCC1 and smoking and risk 
for colorectal cancer (Stern et al., 2007; Campbell 
et al., 2009).

(h) Liver

Tobacco smoke contains liver carcinogens 
such as furan and certain nitrosamines. Liver 
tumours exhibit increased expression of C-MYC, 
P16INK4A, epidermal growth factor receptor 
(EGFR), telomerase, transforming growth 
factor-α (TGF-α), insulin-like growth factor-2 
(IGF-2) and RAF oncogene (Abou-Alfa, 2006). 
Smokers show altered expression of some of these 
genes or of genes in the same or similar path-
ways (Sen et al., 2007). A genome-wide associa-
tion study found that SNP rs1447295 in the 8q24 
chromosome was positively associated with liver 
cancer among ever-smokers (Park et al., 2008). 
Thus, tobacco smoke appears to have epigenetic 
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effects on the liver that may contribute to hepa-
tocellular carcinoma.

(i) Urinary bladder

Tobacco smoke contains aromatic amines 
such as 4-aminobiphenyl and 2-naphthylamine, 
which are human bladder carcinogens (see IARC, 
2012a). In bladder tumours, smoking was associ-
ated with a more than twofold increase risk of 
methylation of the promoter region of the P16INK4A 
gene and of the soluble Frizzled receptor protein 
(SFRP) gene (Marsit et al., 2006). In addition, Tang 
et al. (2009) suggested that epigenetic silencing of 
Wnt antagonists through hypermethylation may 
play a role in smoking-related invasive bladder 
cancer (Tang et al., 2009). SNP rs6983267 of 
the 8q24 chromosome was inversely associated 
with bladder cancer among ever-smokers (Park 
et al., 2008). Smokers generally have mutagenic 
urine and smoking is associated with specific 
cytogenetic changes and DNA breaks in bladder 
tumours (DeMarini, 2004). Smoking-associated 
stable DNA adducts have been found in bladder 
tissue or exfoliated urothelial cells, supporting 
a role for DNA damage in smoking-associated 
bladder cancer (Phillips, 2002).

(j) Cervix

The cervical mucus of smokers is more muta-
genic than that of non-smokers, and cervical 
epithelia of smokers have higher frequencies 
of micronuclei than those of non-smokers 
(DeMarini, 2004). Several studies have found 
increased levels of DNA adducts in cervical 
tissue from smokers relative to non-smokers, 
suggesting a role for smoking-associated DNA 
damage in cervical cancer (Phillips, 2002).

(k) Ovary

It has been observed that the inverse asso-
ciations reported for serous and endometrioid 
tumours with respect to parity and oral contra-
ceptives did not hold for the mucinous tumours. 

Based on these observations, Risch et al. (1996) 
suggested that mucinous ovarian tumours may 
be etiologically unrelated to the other types of 
epithelial tumours. Whereas mucinous elements 
such as gastric or intestinal type glands may be 
seen in mature teratomas, a form of germ cell 
neoplasia, overall mucinous tumours are classi-
fied as surface epithelial tumours because tran-
sitions among the subtypes may be observed. 
The major difference between mucinous and 
serous tumours is their biologic behaviour. 
Mucinous carcinomas of the ovary are slow 
growing tumours that appear to develop from 
their benign counterparts. The fact that the 
transitions between the benign, borderline, and 
malignant form of the disease can be seen in the 
same tumour suggests that over time, there is a 
progression from benign to malignant (Riopel 
et al., 1999). K-ras mutational analysis, for 
example, demonstrates a heterogeneous distri-
bution of the mutation within different parts 
of the same neoplasm, suggesting that acquisi-
tion of the K-ras mutation occurs in malignant 
transformation (Mandai et al., 1998). Serous 
carcinomas seem to develop de novo rather than 
from a benign pre-existing lesion; alternatively, 
the rate of progression is rapid and the precursor 
lesion is obliterated before the detection of the 
tumour. In some data, current smoking is asso-
ciated with a shorter interval to detection of 
mucinous than non-mucinous tumours. Because 
the mucinous tumour is slow growing, smoking 
could contribute to the malignant progression of 
the adenoma-carcinoma sequence, as the benign 
form of the tumour may have been present for 
some time.

(l) Leukaemia

Tobacco smoke contains known 
leukaemogens such as benzene, 1,3-butadiene 
and formaldehyde (IARC, 2012a). The mecha-
nisms of leukaemogenesis are currently not well 
understood. Data indicate that leukaemogenic 
agents, such as benzene, cause toxicity to the 
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haemotopoietic system, as well as genotoxicity at 
low levels, and that genetic polymorphisms may 
be involved in these processes (Aksoy, 1989; Lan 
et al., 2004; Garte et al., 2008; Hosgood et al., 
2009; Lau et al., 2009; Rappaport et al., 2009). 
Recent studies suggest the importance in carcin-
ogen-related leukaemogenesis of damage to 
haematopoietic stem/progenitor cells circulating 
in the peripheral blood, or, alternatively, damage 
to primitive pluripotent progenitor cells present 
in other tissues (Zhang et al., 2009c). In these two 
models, damaged stem/progenitor cells would 
then travel to the bone marrow and become initi-
ated leukaemic stem cells. Mechanisms consid-
ered central in these models are: disruption of 
bone marrow DNA, through e.g. formation of 
DNA adducts, DNA–protein crosslinks, the 
action of free radicals or active states of oxygen; 
intercalation of metals within the DNA struc-
ture; or inhibition of enzymes involved in cell 
division (Zhang et al., 2007, 2009c).

4.3.2 Sites with limited evidence of 
carcinogenicity or evidence suggesting 
lack of carcinogenicity

(a) Breast

(i) Carcinogenic pathway
Carcinogens found in tobacco smoke pass 

through the alveolar membrane and into the 
blood stream, by means of which they can be 
transported to the breast via plasma lipopro-
teins (Yamasaki & Ames, 1977; Shu & Bymun, 
1983; Plant et al., 1985). Tobacco smoke contains 
known rodent mammary carcinogens, including 
PAHs and aromatic amines (IARC, 1986, 2004a; 
el-Bayoumy, 1992; Ambrosone & Shields, 1999; 
Ambrosone, 2001; Hoffmann et al., 2001) which, 
due to their lipophilicity, can be stored in breast 
adipose tissue (Obana et al., 1981; Morris & 
Seifter, 1992) and then metabolized and activated 
by human mammary epithelial cells (MacNicoll 
et al., 1980). Tobacco smoke constituents reach 

the breast as demonstrated by the detection of 
cotinine in breast fluid (Petrakis et al., 1978). 
There is evidence suggesting the presence of 
mutagenic arylamines (Thompson et al., 2002) 
and PAHs (Zanieri et al., 2007) in human breast 
milk. Cigarette smoke condensate has been shown 
to transform normal human breast epithelial 
cells in vitro (Narayan et al., 2004), perhaps by 
blocking long-patch base excision repair (Kundu 
et al., 2007). Transformation and cytogenetic 
effects have been observed in human mammary 
epithelial cells after exposure to chemical carcin-
ogens such as PAHs or arylamine (Mane et al., 
1990; Eldridge et al., 1992; Calaf & Russo, 1993).

The formation of specific adducts from 
PAHs and aromatic amines has been observed 
in human breast epithelial cells in vitro, and 
unspecified-DNA adducts have been found in 
exfoliated ductal epithelial cells in human breast 
milk (Gorlewska-Roberts et al., 2002; Thompson 
et al., 2002).

Mutations in the TP53 tumour suppressor 
gene have been found in 15–30% of breast 
cancers (Goldman & Shields, 1998; Olivier & 
Hainaut, 2001). An increased prevalence and 
altered spectrum of TP53 mutations in breast 
tumours have been observed among current 
smokers compared with never smokers (Conway 
et al., 2002). The breast tumours with the most 
pronounced smoking-related mutational pattern 
(for example, a greater number of G:C→T:A trans-
versions) were from women who had smoked for 
more than 20 years, although total TP53 muta-
tions were not associated with smoking duration 
(Conway et al., 2002). This increased frequency 
of G to T transversions in smokers versus non-
smokers is also observed in the IARC TP53 data-
base (IARC, 2006b; Van Emburgh et al., 2008).

Recent meta-analyses of epidemiological 
studies tend to show positive associations of 
breast cancer with long-term smoking among 
NAT2 slow acetylators, especially among post-
menopausal women (who are more likely than 
pre-menopausal women to be very long-term 
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smokers). Firozi et al. (2002) showed that breast 
tissue from NAT2 slow acetylators had signifi-
cantly higher levels of the diagonal radioactive 
zone (smoking-related) DNA adduct pattern 
than that from fast acetylators.

High rates of breast cancer in women exposed 
to ionizing radiation during adolescence (aged 
10–19 years at exposure) (Tokunaga et al., 1987) 
suggested that the adolescent breast may also 
be sensitive to the DNA-damaging effects of 
other exposures. This might also be true for 
the genotoxic compounds contained in tobacco 
smoke. Although some studies have supported 
such association, the results have been sparse 
and mixed. In addition, it is difficult to separate 
the effects of early life exposure to tobacco and 
smoking duration (Terry & Rohan, 2002).

Early age at first full-term pregnancy has been 
associated with reduced breast cancer risk (Kelsey 
et al., 1993), hypothetically due to terminal differ-
entiation of the breast epithelium that occurs late 
in the first trimester. It has been suggested that 
in the early stages of pregnancy, when growth-
promoting hormone levels are high, but before 
terminal differentiation (Montelongo et al., 1992), 
the breast may be particularly susceptible to the 
cancer-promoting chemicals in tobacco smoke. 
Several epidemiological studies compared meas-
ures of smoking before and after a first full-term 
pregnancy. Although suggestive, the data did not 
consistently show an increased risk for breast 
cancer among women who smoked before a first 
full-term pregnancy (Adami et al., 1988; Hunter 
et al., 1997; Band et al., 2002; Egan et al., 2003; 
Gram et al., 2005; Li et al., 2005; Olson et al., 
2005; Cui et al., 2006). Smoking was associated 
with a 50% increased risk among women with 
slow NAT2 acetylation genotype (Egan et al., 
2003). Overall, studies of risk in association with 
the timing of smoking relative to a first preg-
nancy are inconclusive; nevertheless, the breast 
tissue appears to have a greater susceptibility to 
the carcinogenic chemicals in tobacco smoke 

before compared to after terminal differentiation 
of breast epithelium.

(ii) Estrogenic pathway
The “anti-estrogenic” mechanism through 

which tobacco smoking may inhibit breast 
cancer progression is unclear. Estrogen is a 
known risk factor for breast cancer and several 
hypotheses have been proposed: earlier age at 
menopause among smokers, a reduction in the 
gastrointestinal absorption or distribution of 
estrogen, enhanced metabolism of estradiol to 
inactive catechol estrogens, increased binding 
of estrogens by serum sex hormone-binding 
globulin, lowered levels of estrogen derived from 
adipose tissue (Baron, 1984; Baron et al., 1990; 
Terry & Rohan, 2002). Several studies of cigarette 
smoking and mammographically-defined breast 
density showed lower measures of breast density 
in current smokers than in non-smokers (Sala 
et al., 2000; Vachon et al., 2000; Warwick et al., 
2003; Jeffreys et al., 2004; Modugno et al., 2006; 
Bremnes et al., 2007; Butler et al., 2008). Since 
exposure to estrogen has been associated posi-
tively with breast density, a strong risk factor for 
breast cancer (McCormack & dos Santos Silva, 
2006), the results of these studies are consistent 
with an anti-estrogenic effect of cigarette 
smoking. Although smokers and non-smokers 
may have the same concentrations of estrogens 
overall, it may be the type rather than the abso-
lute levels of circulating estrogens that is impor-
tant. Smokers might have a lower concentration 
of more biologically active estrogens, primarily 
16-α-hydroxyestrone (16α-OHE1) (Michnovicz 
et al., 1986, 1988; Berta et al., 1992; Berstein et al., 
2000; Terry et al., 2002b). Estrogen can be metab-
olized along three pathways, to 16α-OHE1 or to 
2-OHE1 or to 4-OHE1. 16α-OHE1 and 4-OHE1 
have been observed to increase mammary 
epithelial cell proliferation rates in experimental 
studies (Schütze et al., 1993, 1994; IARC, 2007c). 
In contrast, 2-OHE1 might decrease epithelial 
cell proliferation rates (Bradlow et al., 1996; 
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Muti et al., 2000). If cigarette smoking increases 
estradiol 2-hydroxylation, as has been suggested 
(Michnovicz et al., 1986), thereby increasing the 
ratio of 2-OHE1:16-α-OHE1, an inverse asso-
ciation between smoking and breast cancer risk 
might be observed. However, only one study has 
directly examined 2-hydroxylation in relation 
to cigarette smoking (Michnovicz et al., 1986). 
Using injected radiolabelled estradiol, a 50% 
increased estradiol 2-hydroxylation was found in 
premenopausal women who smoked at least 15 
cigarettes/day compared with non-smokers. Two 
studies of urinary estrogens found increased 
excretion of 2-OHE1 and decreased excretion of 
estriol among smokers (Michnovicz et al., 1988; 
Berstein et al., 2000), which may also support the 
hypothesis that smoking decreases the forma-
tion of active estrogen metabolites along the 
16α-hydroxylation pathway. However, the ratio 
of urinary 2-OHE1:16α-OHE1 was not related 
to breast cancer risk in the one case–control 
study that examined the association (Ursin et al., 
1999). The 4-hydroxylation of estrogens is cata-
lysed by CYP1B1, which is induced by tobacco 
smoke (Nebert et al., 2004). This has been 
postulated as an additional pathway that could 
lead to formation of DNA adducts via catechol 
estrogen-quinones (Gaikwad et al., 2008) and 
oxidative/DNA damage via redox-cycling (Zhu 
& Conney, 1998). The ratio of 2-OHE1:4-OHE1 
has been studied in relation to breast cancer 
risk and smoking in one study (Berstein et al., 
2000). Smokers carrying the CYP1B1 Val allele 
[associated with high hydroxylation activity] 
had a significantly higher risk for breast cancer 
compared to never smokers with the Leu/Leu 
[wildtype] genotype (Saintot et al., 2003).

(b) Endometrium

Exogenous estrogens unopposed by proges-
terone have been shown to increase the risk for 
endometrial cancer through increased mitotic 
activity of endometrial cells, increased number of 
DNA replication errors, and somatic mutations 

resulting in the malignant phenotype (IARC, 
2007c, 2012c). Hence, factors associated with 
estrogen absorption or metabolism may alter 
the risk of this malignancy. Several investigators 
have hypothesized that cigarette smoking might 
be have anti-estrogenic effects, and through 
this mechanism reduce the risk of endometrial 
cancer (Baron, 1984; Baron et al., 1990; Terry 
et al., 2002b, 2004a).

Whether mediated through changes in 
the amount of adipose tissue, altered age at 
menopause, or anti-estrogenic effects, blood 
hormone concentrations might be an important 
link between smoking and the reduced risk of 
endometrial cancer observed in most epidemio-
logical studies. The estrogens that have typically 
been studied in relation to cigarette smoking 
include estrone, sex hormone binding globulin 
(SHBG)-bound estradiol, and estriol. Blood 
concentrations of androgens, typically andros-
tenedione and dehydroepiandrosterone sulfate 
(DHEAS), have also been studied, because these 
are biological precursors of estrone. Studies that 
have examined blood concentrations of SHBG 
are less common, and studies of unbound (free) 
estradiol are scarce.

Studies of cigarette smoking and blood 
hormone concentrations have been conducted 
mostly among post-menopausal women who 
were not taking HRT. Of these studies, nine 
examined serum (Friedman et al., 1987; Cauley 
et al., 1989; Slemenda et al., 1989; Schlemmer 
et al., 1990; Cassidenti et al., 1992; Austin et al., 
1993; Law et al., 1997) or plasma (Khaw et al., 
1988; Longcope & Johnston, 1988) estrone, ten 
examined serum (Friedman et al., 1987; Cauley 
et al., 1989; Slemenda et al., 1989; Schlemmer 
et al., 1990; Key et al., 1991; Cassidenti et al., 1992; 
Austin et al., 1993; Law et al., 1997) or plasma 
(Khaw et al., 1988; Longcope & Johnston, 1988) 
estradiol, and two examined serum (Cassidenti 
et al., 1992) or plasma (Longcope & Johnston, 
1988) free estradiol. These studies consistently 
showed little or no association between smoking 
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and blood estrogen concentrations among post-
menopausal women who were not taking hormone 
replacement therapy. Among pre-menopausal 
women, three studies (Longcope & Johnston, 
1988; Key et al., 1991; Berta et al., 1992) found no 
clear association between cigarette smoking and 
estrogen concentrations. Studies that adjusted 
hormone measurements for the effects of BMI 
(and other covariates) showed similar results to 
those that did not, suggesting that BMI is not a 
strong confounder of this association.

In two studies the association between ciga-
rette smoking and blood estrogen concentra-
tions after randomization of women to groups 
receiving either estradiol or placebo were exam-
ined (Jensen & Christiansen, 1988; Cassidenti 
et al., 1990). In a small study of 25 post-meno-
pausal women, unbound estradiol was signifi-
cantly lower among smokers than non-smokers 
both at baseline and shortly after taking 
micronized estradiol orally (Cassidenti et al., 
1990). No important differences were observed 
between smokers and non-smokers in serum 
concentrations of either estrone or bound estra-
diol. In contrast, in a study in which 110 post-
menopausal women were randomized to take 
hormones (either orally or percutaneously) or a 
placebo (Jensen & Christiansen, 1988), smokers 
had lower concentrations of both estrone and 
bound estradiol than non-smokers after oral 
(but not percutaneous) hormone treatment for at 
least one year (concentrations of free estrogens 
were not examined). These results indicate that 
smoking might affect the absorption or metabo-
lism of hormones used in replacement therapy.

Of the five studies that have examined the 
association between cigarette smoking and 
serum (Lapidus et al., 1986; Cassidenti et al., 
1992; Law et al., 1997) or plasma (Khaw et al., 
1988; Longcope & Johnston, 1988) SHBG, none 
found any clear association. However, one of 
these studies (Khaw et al., 1988) found an inverse 
association between smoking and the ratio of 
bound estradiol to SHBG, a measure of estrogen 

activity. In this context, Cassidenti et al. (1990) 
found unbound (but not SHBG-bound) estra-
diol was significantly lower among smokers than 
non-smokers both at baseline and after taking 
oral estradiol, suggesting an increased SHBG-
binding capacity in the women who smoked.

In post-menopausal women, androgens are 
the major source of estrone, converted through 
aromatization in fat deposits. Thus, adiposity is 
positively correlated with estrogen concentra-
tions in post-menopausal women. Of the nine 
studies in which blood concentrations of andros-
tenedione were examined in smokers (Friedman 
et al., 1987; Khaw et al., 1988; Longcope & 
Johnston, 1988; Cauley et al., 1989; Slemenda 
et al., 1989; Schlemmer et al., 1990; Cassidenti 
et al., 1992; Austin et al., 1993; Law et al., 1997), 
higher circulating concentrations were found 
among current than among never or former 
smokers in all studies. However, there was no 
clear variation in blood estrone concentrations by 
smoking status, suggesting a reduced conversion 
of androstenedione to estrone among smokers. 
Of the five studies where cigarette smoking and 
DHEAS concentrations were examined, three 
(Khaw et al., 1988; Cassidenti et al., 1992; Law 
et al., 1997) found increased blood concentra-
tions among current smokers, one (Friedman 
et al., 1987) found also an increase that was not 
statistically significant, whereas another (Key 
et al., 1991) found no clear differences according 
to smoking status.

Cigarette smoking and urinary estrogen 
concentrations have been examined in seven 
studies (MacMahon et al., 1982; Michnovicz 
et al., 1986; Trichopoulos et al., 1987; Michnovicz 
et al., 1988; Berta et al., 1992; Key et al., 1996; 
Berstein et al., 2000). Of these, three found no 
major differences according to smoking status 
(Trichopoulos et al., 1987; Michnovicz et al., 1988; 
Berta et al., 1992). The remaining four studies 
all showed lower urinary estriol concentrations 
among smokers than among non-smokers, but 
mixed results for urinary estrone and estradiol. 
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Two of these studies (Michnovicz et al., 1988; 
Berstein et al., 2000) showed higher concentra-
tions of 2-hydroxyestrone among smokers, than 
non-smokers but only after estrogen treatment in 
Berstein et al. (2000).

Age at natural menopause varies substantially 
under the influence of genetic and environmental 
factors (McKinlay, 1996). A relatively early age 
at menopause has been associated with reduced 
risk of endometrial cancer (Kelsey et al., 1982; 
Baron, 1984; Baron et al., 1990; Akhmedkhanov 
et al., 2001). A one year decrease in age at meno-
pause has been associated approximately with a 
7% decrease in risk (Kelsey et al., 1982). It has 
been proposed that cigarette smoking decreases 
the age at natural menopause (Baron et al., 1990), 
more clearly with qualitative than quantitative 
smoking measures (Parente et al., 2008), and thus 
might reduce endometrial cancer risk through 
reduced exposure to endogenous estrogens. On 
average, smokers have menopause approximately 
1 to 1.5  years earlier than non-smokers (Terry 
et al., 2002b, 2004a). Adjustment for obesity and 
other covariates did not alter the results (Terry 
et al., 2002b).

4.4 Mechanistic considerations of 
the interaction of ethanol and 
tobacco carcinogens

The combined effects of alcoholic beverages 
and tobacco on the risk for cancer incidence and 
mortality have been widely studied in human 
populations. When tested for multiplicative and 
additive interactions, synergistic effects of alco-
holic beverages and tobacco have been found, 
especially for oropharyngeal and oesophageal 
cancers (Homann et al., 2000; Castellsagué et al., 
2004; Salaspuro & Salaspuro, 2004; Lee et al., 
2005a; Lee et al., 2007b).

Data support at least four possible mecha-
nisms for the modifying effects of alcoholic 
beverages on cancer risk due to tobacco.

1. Alcohol may have a local permeabilizing 
effect on penetration of the oral mucosa by 
tobacco carcinogens (Du et al., 2000), par-
ticularly important in the case of oropharyn-
geal and oesophageal cancer.

2. CYP2E1 and other CYPs may both activate 
and detoxify carcinogens present in tobacco 
smoke, including NDMA, NDEA, NNK, 
benzene and other tobacco-derived carcino-
gens in two ways: CYP induction increases 
metabolic activation of tobacco carcinogens 
leading to enhanced formation of proximate 
reactive chemical species at target sites; and 
alteration of phase II conjugation/detoxifi-
cation enzymes by ethanol may also occur, 
changing the effective dose at the target site.

3. Competitive inhibition of CYP metabolism 
leads to reduced central hepatic and gas-
trointestinal clearance thus increasing dose 
delivery of carcinogens to peripheral target 
tissues (reviewed in Meskar et al., 2001).

4. Effects of acetaldehyde derived by micro-
bial alcohol oxidation and from the tobacco 
smoke (Homann et al., 2000; Salaspuro & 
Salaspuro, 2004).

Supportive evidence for ii) and iii) is briefly 
presented below.

4.4.1 Effects of induction of CYPs by ethanol

(a) CYP2E1

Ethanol induces CYP2E1 in the human liver 
and in all species tested. Over 70 substrates of 
CYP2E1 have been compiled (Raucy & Carpenter, 
1993; Guengerich et al., 1994; Djordjević et al., 
1998; Klotz & Ammon, 1998; Cederbaum, 2006). 
Among those are tobacco carcinogens such as 
benzene, vinyl chloride, NDMA, NDEA and 
N-nitrosopyrrolidine, as well as many low-
molecular-weight compounds. Induction of 
CYP2E1 by ethanol generated increased levels of 
toxic metabolites from the metabolism of many 
of these chemicals (Novak & Woodcroft, 2000). 
Pyridine, a constituent of tobacco smoke and 
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substrate of CYP2E1, generates DNA damaging 
products by redox-cycling (Kim & Novak, 1990).

In humans, in addition to the prominent 
CYP2E1 expression in the centrilobular regions 
of the liver, the enzyme is also detectable in the 
kidney cortex and, at lower levels, in organs such 
as the oropharynx, nasal mucosa, ovary, testis, 
small intestine, colon and pancreas (Ingelman-
Sundberg et al., 1994; Lieber, 1999, 2004).

In rats, ethanol induced CYP2E1 in epithelia 
of the cheek, tongue and oesophagus (Shimizu 
et al., 1990). As a result of CYP2E1 induction 
by ethanol in the upper respiratory tract and 
possibly of inhibition of carcinogen clearance, 
hamsters had a significant increase of nasal 
cavity and tracheal tumours after intraperitoneal 
injection of N-nitrosopyrrolidine (McCoy et al., 
1981). Thus, induction of CYP2E1 by ethanol may 
participate in the genesis of cancers at several 
sites via metabolic activation of tobacco carcino-
gens into reactive species in target tissues.

(b) Other xenobiotic-activating CYPs

In addition to CYP2E1, several CYPs, 
including CYP3A4 and probably CYP1A2 in 
humans, and CYP1A1, 2B1 and 3A in rat liver, 
may be induced by ethanol. Of particular interest 
are members of the CYP3A family, which have 
wide substrate specificity and have been impli-
cated in the activation of several known or 
suspected human carcinogens, including those 
derived from tobacco (Wojnowski & Kamdem, 
2006). Both CYP3A4 and CYP1A2 metabolize 
NNK (Jalas et al., 2005). Based on the Michaelis 
constant (Km) data (IARC, 2007a), the rela-
tive efficiencies in NNK metabolism by human 
CYP are (from greatest catalyst to least): 2A13 
> 2B6 > 2A6 > 1A2 ~1A1 > 2D6 ~2E1 ~3A4. As 
the amount of CYP enzymes with overlapping 
substrate specificity that participate in nitro-
samine metabolism varies according to organ 
and species, it is difficult to determine their indi-
vidual contribution at target sites.

4.4.2 Effects of inhibition of CYPs by ethanol

Ethanol is a competitive inhibitor of CYP2E1 
(reviewed in Anderson, 1992). It also inhibits the 
activities of CYP1A1, 2B6 and 2C19 but not those 
of CYP1A2.

Direct inhibition of CYPs by ethanol in target 
tissues may reduce metabolic activation of xeno-
biotics and hence local toxic and tumorigenic 
effects. Thus CYP inhibition in the liver could 
increase extrahepatic exposure to genotoxic 
metabolites from tobacco carcinogens that are 
substrates for these CYP enzymes. This mecha-
nism is supported by several studies.

Ethanol caused a fivefold increase in 
oesophageal DNA adducts in rats induced 
by NDEA (Swann, 1984). In monkeys, 
O6-methylguanine-DNA adducts after an oral 
dose of NDMA with or without ethanol were 
increased by co-exposure to ethanol in all tissues 
except the liver (Anderson et al., 1996). Effects 
were seen in the oesophagus (17-fold increase), 
colonic mucosa (12-fold), pancreas (sixfold), 
urinary bladder (11-fold), ovary (ninefold), uterus 
(eightfold), brain (ninefold), spleen (13-fold) and 
nasal mucosa (fivefold). In these studies, ethanol 
treatment was acute, so that enzyme induction 
was improbable, and the oesophagus was not 
directly exposed to either ethanol or carcinogen. 
This indicates that a systemic interaction, most 
likely inhibition of hepatic carcinogen clearance, 
was responsible for the observed effects in the 
oesophagus and other extrahepatic tissues. The 
17-fold increase in DNA adducts in the monkey 
oesophagus is similar to the 18-fold increased 
risk for human oesophageal cancers in tobacco 
smokers combined with heavy alcohol drinking 
(Tuyns et al., 1977).

The relevance of increased genotoxic effects in 
extrahepatic target sites by ethanol is confirmed 
by many rodent experiments. Oral dosing of mice 
with NDMA in ethanol resulted in nasal cavity 
tumours (olfactory neuroblastoma) that were 
not seen with NDMA or ethanol alone (Griciute 
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et al., 1981). Ethanol in the drinking-water led 
to a ninefold increase in oesophageal tumours in 
rats induced by NDEA (Aze et al., 1993). Ethanol 
given by gavage to nursing dams together with 
NDMA or NNK (Chhabra et al., 2000) increased 
O6-methylguanine-DNA adducts in maternal 
mammary glands, by 10-fold with NDMA and to 
a lesser extent with NNK. In the suckling infants, 
DNA adducts were detected in the lungs and 
kidneys after maternal exposure to NDMA and 
increased about fourfold after maternal co-treat-
ment with ethanol. In mice, ethanol given with 
NDMA in the drinking-water resulted in a 
fourfold increase in lung tumours, but had no 
significant effect when NDMA was given intra-
gastrically, intraperitoneally, subcutaneously or 
intravenously (Anderson, 1992). These negative 
findings support that direct inhibition of hepatic 
carcinogen clearance by ethanol is the main 
operative mechanism.

There is indirect evidence that ethanol can 
inhibit the in vivo clearance of the carcinogen 
NDMA in humans: individuals with chronic 
renal failure showed detectable blood and 
urine levels of NDMA, which were increased 
by consumption of ethanol (Dunn et al., 1990). 
Other studies that involved sources of NDMA 
from tobacco smoke, diet or pharmaceuticals are 
consistent with ethanol reducing its clearance 
rate in humans (Anderson, 1992). 

Other possible modifying effects of ethanol 
in tobacco-related tumorigenesis are presented 
in Section 4 of the Monograph on Consumption 
of Alcoholic Beverages in this Volume.

4.5 Synthesis

4.5.1 Mechanisms of tobacco-related 
carcinogenesis

The pathways by which tobacco products 
cause cancer essentially recapitulate established 
mechanisms of carcinogenesis by individual 
compounds, which were elaborated by landmark 

studies during the second half of the 20th century. 
These studies demonstrate that most carcinogens, 
either directly or after metabolism catalyzed by 
multiple cytochrome P450 enzymes, react with 
nucleophilic sites in DNA to form covalent 
binding products called adducts (a contraction 
for “addition products”). These DNA adducts, if 
left unrepaired by cellular DNA repair enzymes, 
persist and cause mistakes during DNA replica-
tion leading to incorporation of the wrong base 
in a DNA strand and consequent permanent 
mutations. If these permanent mutations occur 
in important regions of critical growth control 
genes such as the oncogene KRAS or the tumor 
suppressor gene p53, cellular growth processes 
can become severely unregulated and cancer can 
result. Multiple studies of mutations in KRAS, 
p53, and other growth control genes in lung 
tumours from smokers, some of which report 
thousands of mutations, are fully consistent with 
this overall concept.

It is the complexity of tobacco carcinogen-
esis which challenges investigators to identify 
specific mechanisms that fully explain the ways 
in which tobacco products cause each type of 
cancer. There are over 70 established carcino-
gens in cigarette smoke, and analyses of smokers’ 
urine and blood clearly demonstrate higher 
uptake of these compounds in smokers than in 
non-smokers. The urine of smokers is consist-
ently mutagenic. Similar considerations apply to 
smokeless tobacco users, although there are fewer 
identified carcinogens. Multiple DNA adducts 
are present in the lungs and other tissues of 
smokers, and sister chromatid exchanges as well 
as other genetic effects are consistently observed. 
But much less is known about the specifics of 
the process. Only relatively few DNA adducts 
in smokers’ lungs have been structurally char-
acterized and the relationship between specific 
adducts and the consequent mutations in critical 
genes is still somewhat unsettled.

There are other processes which contribute to 
cancer induction by tobacco products, based on 
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multiple studies in both laboratory animals and 
humans. These include inflammation, tumor 
promotion, oxidative damage, co-carcinogen-
esis, and direct activation of cellular growth 
pathways by constituents of smoke. Many studies 
demonstrate the involvement of these processes 
in tobacco carcinogenesis but the details by 
which they interact with the DNA damage path-
ways and their roles in specific cancers caused by 
tobacco products are still not fully understood. 

4.5.2 Genetic polymorphisms

Multiple studies have been carried out on 
the role of genetic polymorphisms of xenobiotic 
metabolism in smoking-related carcinogenesis 
in humans. These studies have covered various 
cancer types, with lung cancer representing one 
of the most intensively studied. The polymor-
phic genes, their variant forms, and the geno-
type combinations investigated in these studies 
have similarly been numerous. In addition to the 
associations with increased risk of cancer, much 
data have accumulated on relationships between 
the polymorphisms and the various biomarkers 
of tobacco carcinogenesis in non-cancer control 
populations, whether smokers or non-smokers, 
in subjects with work-related exposure or in 
patients with other cancers.

Despite the massive body of research, many 
observations remain ambiguous. Some asso-
ciations between genetic polymorphism and 
increased risk for cancer, such as for the GSTM1 
null genotype, alone or in combination with 
CYP1A1 polymorphism, in lung cancer, or 
the NAT2 slow acetylator genotype in bladder 
cancer and breast cancer appear stronger and 
more consistent, but not without controver-
sies. Similarly, the data on the various biomar-
kers of tobacco-related carcinogenesis exhibit 
inconsistencies.

The variability in the data is at least partially 
likely due to differences between the studies in 
the genes and gene variants included (many of 

which are still of unknown functional or regula-
tory consequence), in the types of cancer studied, 
in levels and sources of exposure, in ethnic back-
grounds, in sex, in histological types and in the 
features of the genome such as haplotype blocks 
and copy number variation resulting in linkage 
disequilibrium. In addition, gene-gene interac-
tions and gene-environment interactions are 
likely to contribute to the discrepancies in current 
data. Mechanisms of tobacco-related carcino-
genesis also involve genes from numerous other 
classes, such as those encoding for DNA repair 
proteins and many other regulators of cell cycle 
and growth. In addition; there are well described 
mechanistic pathways of carcinogenesis medi-
ated via epigenetic alterations and genetic insta-
bility, to mention a few. 

4.5.3 Site-specific mechanisms

The Working Group reviewed the mechanistic 
evidence relative to specific target sites for which 
there is sufficient evidence of carcinogenicity 
in humans, i.e. lung, oral cavity, oesophagus, 
larynx and nasopharynx, pancreas, stomach, 
liver, urinary bladder, leukaemia, cervix and 
ovary. Genotoxic effects have been found in eight 
organ sites at which tobacco smoke causes cancer 
in humans (DeMarini, 2004).

Sites with limited evidence of carcinogenicity 
or evidence suggesting lack of carcinogenicity in 
humans include the breast and the endothelium 
and relevant mechanisms are presented below. 

Breast — There are several plausible mecha-
nisms by which smoking may increase breast 
cancer risk, and some data support such an 
effect, including the increased risk among long-
term smokers with NAT2 slow genotype. Despite 
the overall lack of clear association in epidemio-
logical studies, and the potential anti-estrogenic 
effects of smoking, the possibility that smoking 
increases breast cancer risk is biologically 
plausible.
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Endothelium — The mechanisms by which 
cigarette smoking reduces the risk for endo-
metrial cancer among current smokers, mainly 
among postmenopausal, remain unclear. 

4.5.4 Interaction of ethanol and tobacco 
carcinogens

Data in rodents and non-human primates on 
the relationships between a) inhibition of hepatic 
clearance of nitrosamines by ethanol, b) the 
formation of promutagenic DNA adducts and 
c) tumours in extra-hepatic targets, likely also 
pertain in humans.

5. Evaluation

There is sufficient evidence in humans for the 
carcinogenicity of tobacco smoking.

Tobacco smoking causes cancers of the lung, 
oral cavity, naso-, oro- and hypopharynx, nasal 
cavity and accesory sinuses, larynx, oesophagus, 
stomach, pancreas, colorectum, liver, kidney 
(body and pelvis), ureter, urinary bladder, 
uterine cervix and ovary (mucinous), and 
myeloid leukaemia. Also, a positive association 
has been observed between tobacco smoking 
and cancer of the female breast. For cancers of 
the endometrium (post-menopausal) and of 
the thyroid, there is evidence suggesting lack of 
carcinogenicity.

There is sufficient evidence in humans for the 
carcinogenicity of parental smoking. Parental 
smoking causes hepatoblastoma in children. Also, 
a positive association has been observed between 
parental smoking and childhood leukaemia 
(particularly acute lymphocytic leukaemia).

There is sufficient evidence in experimental 
animals for the carcinogenicity of tobacco smoke 
and of tobacco smoke condensates.

Tobacco smoking is carcinogenic to humans 
(Group 1).
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SECOND-HAND TOBACCO SMOKE
Second-hand tobacco smoke was considered by a previous IARC Working Group in 2002 as 
“involuntary smoking” (IARC, 2004). Since that time, new data have become available, these 
have been incorporated into the Monograph, and taken into consideration in the present 
evaluation.

1. Exposure Data

Second-hand tobacco smoke comprises the 
smoke released from the burning tip of a ciga-
rette (or other burned tobacco product) between 
puffs (called sidestream smoke (SM)) and the 
smoke exhaled by the smoker (exhaled main-
stream smoke (MS)). Small additional amounts 
are contributed from the tip of the cigarette and 
through the cigarette paper during a puff, and 
through the paper and from the mouth end of 
the cigarette between puffs (Jenkins et al., 2000).

Second-hand tobacco smoke is also referred 
as ‘environmental tobacco smoke’, ‘passive 
smoking’ or ‘involuntary smoking’ (IARC, 
2004). The terms ‘passive smoking’ or ‘involun-
tary smoking’ suggest that while involuntary or 
passive smoking is not acceptable, voluntary or 
active smoking is acceptable. In this document, 
we use the term second-hand tobacco smoke 
(WHO, 2010).

1.1 Chemical composition

Many studies have examined the concentra-
tions of cigarette smoke constituents in main-
stream and sidestream smoke. The composition 

of mainstream and sidestream smoke is quali-
tatively similar but quantitatively different. The 
ratios of sidestream to mainstream smoke vary 
greatly depending on the constituent. Some 
representative SS:MS ratios are: nicotine, 7.1; 
carbon monoxide, 4.8; ammonia, 455; formal-
dehyde, 36.5; acrolein, 18.6; benzo[a]pyrene, 
16.0; N′-nitrosonornicotine (NNN), 0.43; 
(methylnitrosamino)-1-(3-pyridyl)-1-butanone 
(NNK), 0.40 (Jenkins et al., 2000; IARC, 2004).

The physicochemical properties of second-
hand tobacco smoke are different from those 
of mainstream smoke and sidestream smoke 
because of its rapid dilution and dispersion 
into the indoor environment (IARC, 2004). 
Concentrations of individual constituents in 
second-hand tobacco smoke can vary with time 
and environmental conditions. Field studies of 
these constituents and representative data have 
been extensively summarized (Jenkins et al., 
2000; IARC, 2004). Some representative data are 
presented in Table 1.1 (Jenkins et al., 2000; IARC, 
2004; US Department of Health and Human 
Services, 2006).
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1.2 Sources of exposure

 Second-hand tobacco smoke is present 
in virtually all places where smoking takes 
place (Navas-Acien et al., 2004): at home, in the 
workplace, in bars, restaurants, public build-
ings, hospitals, public transport and educational 
institutions. The setting that represents the most 
important source of exposure differs depending 
on the population. For example in children, the 
home environment may constitute a significant 
source of exposure, while other sources that may 
contribute are schools and public transporta-
tion. Likewise, for most women, the home envi-
ronment is the primary source of second-hand 
tobacco smoke, which may be enhanced by expo-
sure at the workplace.

Biomarker studies have evaluated carcinogen 
uptake in non-smokers to second-hand tobacco 
smoke. The NNK metabolites NNAL and its 
glucuronides (total NNAL) are consistently 
elevated in non-smokers exposed to second-hand 
tobacco smoke, in studies conducted in various 
living and occupational environments, and from 
infancy through adulthood (Hecht et al., 2006; 
Hecht, 2008). Levels of the biomarker of PAHs, 
urinary 1-hydroxypyrene, were significantly 
elevated in a large study of non-smokers exposed 
to second-hand tobacco smoke (Suwan-ampai 
et al., 2009).

1.3 Measures of exposure

A conceptual framework for considering 
exposure to second-hand tobacco smoke is the 
“microenvironmental model,” which takes the 
weighted sum of the concentrations of second-
hand tobacco smoke in the microenviron-
ments where time is spent, with the weights the 
time spent in each, as a measure of personal 
exposure (Jaakkola & Jaakkola, 1997). Direct 
measures of exposure use concentrations of 
second-hand tobacco smoke components in the 
air in the home, workplace, or other environ-
ments, combined with information on the time 
spent in the microenvironments where exposure 
took place. Measurements of tobacco smoke 
biomarker(s) in biological specimens also repre-
sent a direct measure of exposure to second-hand 
smoke (Samet & Yang, 2001; Table 1.2). Indirect 
measures are generally obtained by survey ques-
tionnaires. These include self-reported exposure 
and descriptions of the source of second-hand 
tobacco smoke in relevant microenvironments, 
most often the home and workplace (Samet & 
Yang, 2001).

 One useful surrogate measure, and the 
only available in many countries, is the preva-
lence of smoking among men and women. It 
provides a measure of the likelihood of exposure. 
In most countries in Asia and the Middle East, 
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Table 1 .1 Concentration of selected constituents in second-hand tobacco smoke

  Constituent Concentration

  Nicotine 10–100 µg/m3

  Carbon monoxide 5–20 ppm
  Benzene 15–30 µg/m3

  Formaldehyde 100–140 µg/m3

  Acetaldehyde 200–300 µg/m3

  1,3-Butadiene 20–40 µg/m3

  Benzo[a]pyrene 0.37–1.7 ng/m3

  NNK 0.2–29.3 ng/m3

  NNN 0.7–23 ng/m3
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for example, the very high prevalence of smoking 
among men combined with the low prevalence 
among women would imply that most women 
are exposed to second-hand tobacco smoke at 
home (Samet & Yang, 2001).

To measure exposure to second-hand tobacco 
smoke in children, self-reported smoking habits 
of their parents are used as a surrogate (US 
Department of Health and Human Services, 
2006). More recently, other surrogate measures 
such as nicotine concentrations in house dust 
have been considered less biased than parental 
smoking as they reflect cumulative smoking 
habits and long-term exposure rather than 
current patterns of smoking (Whitehead et al., 
2009).

1.4 Prevalence of exposure

1.4.1 Exposure among children

(a) Overview

The most extensive population-based data on 
exposure to second-hand tobacco smoke among 
children are available through the Global Youth 
Tobacco Survey (GYTS) (CDC/WHO, 2009). 
GYTS is part of the Global Tobacco Surveillance 
System (GTSS), developed by the WHO and the 
United States’ Centers for Disease Control and 
Prevention (CDC) in 1998. The GYTS is a school-
based survey designed to measure tobacco use 
and some key tobacco control measures among 
youth (13–15 years) using a common method-
ology and core questionnaire. While most GYTS 
are national surveys, in some countries they 
are limited to subnational locations. Further, 
countries conduct the GYTS in different years, 
rendering comparison across countries for the 
same year difficult. The GYTS questionnaire 
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Table 1 .2 Types of indicators measuring exposure to second-hand tobacco smoke

Measure Suggested indicators

Direct Concentration of second-hand tobacco smoke components in the air:
         - Nicotine
         - Respirable particles
         - Other markers
Biomarker concentrations:
         - Cotinine
         - Carboxyhaemoglobin

Indirect Report of second-hand tobacco smoke exposure at:
Home
         - Number of smokers
         - Smoking of parents
         - Intensity (number of cigarettes smoked)
Workplace
         - Presence of second-hand tobacco smoke
         - Number of smokers

Surrogate Pre Prevalence of smoking tobacco in men and in women
Sel Self reported smoking habits of parents
Nic Nicotine concentration in house dust

From Samet & Yang (2001) and Whitehead et al. (2009)
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asks about children’s exposure to second-hand 
tobacco smoke in their home or in other places 
in the last 7 days preceding the survey. Since its 
inception in 1999, over 2 million students in 160 
countries representing all six WHO regions have 
participated in the GYTS (WHO, 2008, 2009a).

Country-level estimates on second-hand 
tobacco smoke exposure at home and in public 
places among youth are available in the WHO 
Reports on the global tobacco epidemic (WHO, 
2008, 2009a, 2011).

(b) Exposure at home

Nearly half of youth aged 13–15 years are 
exposed to second-hand tobacco smoke in their 
homes (Fig. 1.1; CDC, 2008). Among the six WHO 
regions, exposure to second-hand tobacco smoke 
at home was highest in the European Region 

(77.8%) and lowest in the African region (27.6%). 
In the other four regions, exposure to second-
hand tobacco smoke at home ranged from 50.6% 
in the Western Pacific Region to 34.3% in the 
South East Asian Region.

 Fig.  1.2 shows the range of exposure to 
second-hand tobacco smoke at home by WHO 
region for boys and girls and for both sexes 
combined. The largest variations are observed 
in the Eastern Mediterranean Region and the 
European Region irrespective of sex. These vari-
ations are predominantly due to differences in 
parental smoking prevalence between countries, 
as well as the impact of the smoke-free places 
campaigns in place in various countries.

 Country-level estimates from the Global 
Youth Tobacco Survey (1999–2009) are presented 
in Table 1.3.
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Fig. 1.1 Average prevalence (in%) of 13–15 year old children living in a home where others smoke, 
by WHO region, 2007

 

From CDC (2008)
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 Öberg and colleagues have estimated the 
worldwide exposure to second-hand tobacco 
smoke among children by using parent’s current 
smoking status as an indicator of exposure among 
children (WHO, 2010). Four out of ten children 
(approximately 700 million children globally) 
have at least one parent who currently smokes, 
predisposing them to exposure to second-hand 
tobacco smoke at home (Table 1.4). Children in 
the Western Pacific Region had the highest level 
of potential exposure (68%) while Africa had 
the lowest, with about 13% of children having 
at least one parent who smoked. In the 2010 
WHO Report on global estimate of the burden 
of disease from second-hand smoke (WHO, 

2010), country-level estimates were collected or 
modelled from various sources. [Data partially 
overlap with those of the Global Youth Tobacco 
Survey].

(c) Exposure outside home

Similar to second-hand tobacco smoke expo-
sure at home, almost half of the youth are exposed 
to second-hand tobacco smoke in public places, 
according to estimates from the Global Youth 
Tobacco Survey (Fig. 1.3; CDC, 2008). Exposure 
was highest in Europe (86.1%); for the other 
five regions, exposure to second-hand tobacco 
smoke in public places ranged from 64.1% in the 
Western Pacific to 43.7% in Africa.
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Fig. 1.2 Range of prevalence (in%) of exposure of 13–15 year old children to second-hand tobacco 
smoke at home, by WHO region, 2009

 

From CDC/WHO (2009)
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Table 1 .3 Prevalence of exposure to second-hand tobacco smoke at home and outside home among 13–15 year olds, by 
country and sex, from the Global Youth Tobacco Survey (participating countries only) — 1999–2009

Country WHO region National survey, or 
jurisdiction where 
survey conducted

Year Exposed to second-hand 
tobacco smoke at home

Exposed to second-hand 
tobacco smoke outside 
their homes

Total Boys Girls Total Boys Girls

Afghanistan EMRO Kabul 2004 38.8 43.4 33.3 45.0 60.2 23.6
Albania EURO National 2009 49.7 48.6 50.9 64.5 65.3 63.9
Algeria AFRO Constantine 2007 38.7 39.8 37.9 60.2 66.0 56.2
Antigua and Barbuda AMRO National 2009 26.7 22.5 29.7 47.5 45.0 49.6
Argentina AMRO National 2007 54.7 51.7 57.7 68.6 66.4 70.7
Armenia EURO National 2009 70.6 69.2 71.6 78.3 80.7 76.4
Bahamas AMRO National 2009 25.1 23.4 27.0 51.0 50.8 52.7
Bahrain EMRO National 2002 38.7 37.2 39.5 45.3 49.7 40.9
Bangladesh SEARO National 2007 34.7 37.8 32.4 42.2 47.1 38.7
Barbados AMRO National 2007 25.9 25.9 26.0 59.6 59.7 59.6
Belize AMRO National 2008 25.7 26.2 25.1 50.4 52.1 48.6
Benin AFRO Atlantique Littoral 2003 21.5 23.7 18.3 38.0 41.3 33.5
Bhutan SEARO National 2009 29.5 29.2 29.5 59.4 58.6 59.7
The Plurinational State of Bolivia AMRO La Paz 2003 34.3 34.3 34.4 52.9 54.4 51.4
Bosnia and Herzegovina EURO National 2008 77.3 74.0 80.3 84.0 82.3 85.6
Botswana AFRO National 2008 38.5 38.2 38.6 62.1 60.0 63.7
Brazil AMRO São Paulo 2009 35.5 31.9 38.7 51.3 48.2 54.1
Bulgaria EURO National 2008 63.9 61.5 66.3 70.1 66.7 73.7
Burkina Faso AFRO Ouagadougou 2009 29.2 28.9 29.2 47.5 53.5 42.2
Burundi AFRO National 2008 33.9 35.2 31.7 49.3 54.0 45.3
Cambodia WPRO National 2003 47.0 48.9 44.5 58.5 60.6 56.5
Cameroon AFRO Yaounde 2008 21.7 25.0 19.1 45.8 49.3 42.4
Cape Verde AFRO National 2007 13.9 13.9 13.7 25.4 27.0 24.2
Central African Republic AFRO Bangui 2008 35.2 29.9 40.7 52.4 49.9 53.8
Chad AFRO National 2008 33.9 34.1 31.2 55.1 54.0 56.2
Chile AMRO Santiago 2008 51.7 48.9 54.4 68.3 63.4 73.0
China WPRO Shanghai 2005 47.0 46.6 47.4 35.2 34.2 36.2
Colombia AMRO Bogota 2007 26.2 25.3 27.0 56.1 55.1 56.9
Comoros AFRO National 2007 35.2 35.7 34.9 58.3 66.7 52.9
Congo AFRO National 2009 22.3 24.7 19.6 44.4 46.8 41.5
Cook Islands WPRO National 2008 61.9 58.8 64.5 73.8 70.3 76.8
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Table 1 .3 (continued)

Country WHO region National survey, or 
jurisdiction where 
survey conducted

Year Exposed to second-hand 
tobacco smoke at home

Exposed to second-hand 
tobacco smoke outside 
their homes

Total Boys Girls Total Boys Girls

Costa Rica AMRO National 2008 21.6 20.8 22.1 41.5 40.0 42.8
Côte d’Ivoire AFRO National 2009 33.1 33.1 33.0 74.4 75.9 72.3
Croatia EURO National 2007 73.4 71.4 75.7 82.5 81.2 84.2
Cuba AMRO Havana 2004 62.4 59.1 65.7 65.0 64.6 65.8
Cyprus EURO National 2005 87.9 86.8 89.1 87.8 85.4 90.4
Czech Republic EURO National 2007 38.0 37.3 38.9 75.2 71.6 79.5
Democratic Republic of the Congo AFRO Kinshasa 2008 30.2 32.5 27.0 36.8 37.4 34.7
Djibouti EMRO National 2009 36.0 36.2 35.3 44.7 44.8 44.8
Dominica AMRO National 2009 26.9 25.2 27.4 62.3 61.4 62.5
Dominican Republic AMRO National 2004 33.1 31.1 34.5 41.9 38.5 44.9
Ecuador AMRO Quito 2007 28.9 27.5 30.2 52.5 49.5 54.6
Egypt EMRO National 2009 47.6 50.1 45.9 52.2 57.7 47.5
El Salvador AMRO National 2009 17.9 19.3 16.5 33.7 36.7 30.7
Equatorial Guinea AFRO National 2008 47.5 47.8 45.8 61.7 64.0 59.8
Eritrea AFRO National 2006 18.4 20.4 14.8 37.3 40.4 32.3
Estonia EURO National 2007 41.1 39.3 42.8 68.5 68.2 68.7
Ethiopia AFRO Addis Ababa 2003 14.9 15.5 12.8 41.2 45.1 37.4
Fiji WPRO National 2009 42.1 45.4 39.6 55.1 55.2 54.9
Gambia AFRO Banjul 2008 45.8 45.8 44.4 59.2 61.6 57.2
Georgia EURO National 2008 62.7 62.4 62.8 74.4 75.5 73.4
Ghana AFRO National 2009 19.1 19.6 17.9 32.3 33.9 30.4
Greece EURO National 2005 … … … … … …
Grenada AMRO National 2009 27.3 24.9 29.7 53.1 50.5 55.7
Guatemala AMRO National 2008 23.1 23.9 22.1 40.8 43.8 37.9
Guinea AFRO National 2008 27.7 27.6 28.1 52.3 57.0 48.1
Guinea-Bissau AFRO Bissau 2008 31.0 32.1 29.7 35.3 36.6 34.1
Guyana AMRO National 2004 33.4 36.6 30.6 61.1 62.9 59.1
Haiti AMRO Port-au-Prince 2005 32.3 34.7 29.6 43.2 46.2 40.4
Honduras AMRO Tegucigalpa 2003 29.6 26.2 31.6 42.2 46.9 38.4
Hungary EURO National 2008 43.0 39.9 45.3 72.6 70.0 74.7
India SEARO National 2009 21.9 24.1 18.8 36.6 39.0 33.1
Indonesia SEARO National 2009 68.8 72.6 65.3 78.1 83.7 73.1
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Table 1 .3 (continued)

Country WHO region National survey, or 
jurisdiction where 
survey conducted

Year Exposed to second-hand 
tobacco smoke at home

Exposed to second-hand 
tobacco smoke outside 
their homes

Total Boys Girls Total Boys Girls

Islamic Republic of Iran EMRO National 2007 35.4 38.1 32.7 44.8 49.8 39.6
Iraq EMRO Baghdad 2008 32.3 30.3 34.4 29.2 27.8 30.7
Jamaica AMRO National 2006 32.5 32.2 32.5 60.5 59.9 61.6
Jordan EMRO National 2009 53.6 50.6 55.5 50.5 50.6 49.7
Kenya AFRO National 2007 24.7 25.4 23.6 48.2 48.6 47.6
Kiribati WPRO National 2009 68.3 68.7 68.3 65.8 67.9 64.0
Kuwait EMRO National 2009 49.8 46.9 52.0 53.3 54.3 52.4
Kyrgyzstan EURO National 2008 33.4 35.1 31.9 57.7 58.7 56.8
Lao People’s Democratic Republic WPRO Vientiane Capital 2007 40.3 41.2 39.5 55.4 57.7 53.2
Latvia EURO National 2007 55.2 55.1 55.1 72.7 73.2 72.3
Lebanon EMRO National 2005 78.4 76.0 80.4 74.4 73.9 74.7
Lesotho AFRO National 2008 36.9 34.2 37.3 52.6 50.2 53.2
Liberia AFRO Monrovia 2008 23.6 22.2 24.5 45.5 45.1 45.4
Lithuania EURO National 2009 38.3 34.1 42.6 64.9 66.5 63.3
Madagascar AFRO National 2008 49.5 55.0 44.9 62.9 69.5 57.5
Malawi AFRO National 2009 19.7 25.0 14.0 29.5 32.9 26.1
Malaysia WPRO National 2009 48.7 49.6 47.6 64.1 67.7 60.2
Maldives SEARO National 2007 48.3 49.4 47.1 68.0 70.6 65.4
Mali AFRO National 2008 48.5 50.1 46.9 81.4 83.1 79.2
Marshall Islands WPRO National 2009 52.1 54.7 50.5 59.7 60.5 60.6
Mauritania AFRO National 2009 37.5 39.8 35.0 50.9 55.4 47.1
Mauritius AFRO National 2008 36.1 38.5 34.1 73.6 77.2 70.7
Mexico AMRO Mexico City 2006 46.2 46.3 45.5 60.2 61.6 59.0
Federated States of Micronesia WPRO National 2007 60.7 60.4 59.6 71.3 73.3 68.7
Mongolia WPRO National 2007 54.4 53.7 54.3 55.5 60.7 50.7
Montenegro EURO National 2008 76.8 73.5 79.9 69.9 68.8 70.8
Morocco EMRO National 2006 27.1 24.7 29.2 41.1 41.1 40.9
Mozambique AFRO Maputo 2007 22.5 25.2 19.6 26.2 28.6 23.0
Myanmar SEARO National 2007 34.1 38.8 29.4 46.4 51.2 42.1
Namibia AFRO National 2008 38.1 38.0 37.9 49.9 47.7 51.5
Nepal SEARO National 2007 35.3 38.5 31.7 47.3 49.5 44.7
New Zealand WPRO National 2008 36.0 38.5 33.1 67.2 63.3 71.3
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Table 1 .3 (continued)

Country WHO region National survey, or 
jurisdiction where 
survey conducted

Year Exposed to second-hand 
tobacco smoke at home

Exposed to second-hand 
tobacco smoke outside 
their homes

Total Boys Girls Total Boys Girls

Nicaragua AMRO Centro Managua 2003 43.7 43.9 43.2 54.1 56.4 51.9
Niger AFRO National 2009 24.1 28.1 20.4 54.3 58.8 50.2
Nigeria AFRO Abuja 2008 21.7 29.2 12.8 39.7 43.6 36.0
Oman EMRO National 2007 13.9 16.7 11.2 27.4 29.8 25.2
Pakistan EMRO Islamabad 2003 26.6 32.1 21.7 33.9 42.5 26.4
Palau WPRO National 2009 … … … 79.2 70.4 85.3
Panama AMRO National 2008 21.9 22.2 21.5 40.3 38.9 41.4
Papua New Guinea WPRO National 2007 73.9 75.4 72.2 86.4 87.0 85.6
Paraguay AMRO National 2008 32.5 35.1 30.1 55.3 57.3 53.4
Peru AMRO National 2007 25.5 26.2 24.2 46.8 46.9 46.4
Philippines WPRO National 2007 54.5 55.7 53.1 64.8 67.2 62.8
Poland EURO Warsaw 2009 49.1 42.8 54.6 76.8 75.5 77.8
Qatar EMRO National 2007 35.7 36.3 35.2 45.9 52.1 42.8
Republic of Korea WPRO National 2008 37.6 33.8 41.6 70.8 67.3 74.8
Republic of Moldova EURO National 2008 20.3 20.6 20.1 57.0 59.4 54.8
Romania EURO National 2009 52.8 50.0 55.4 59.1 57.1 61.3
Russian Federation EURO National 2004 76.4 74.3 78.5 89.4 89.0 89.9
Rwanda AFRO National 2008 19.2 19.9 18.0 … … …
Saint Kitts and Nevis AMRO National 2002 16.5 16.2 15.3 48.8 48.0 49.0
Saint Lucia AMRO National 2007 25.2 28.4 22.6 64.0 61.1 65.7
Saint Vincent and the Grenadines AMRO National 2007 31.5 31.7 30.9 59.7 56.5 61.8
Samoa WPRO National 2007 59.1 60.8 56.4 62.8 64.8 60.5
San Marino EURO National 2009 32.9 31.8 34.0 65.8 62.8 69.3
Saudi Arabia EMRO National 2007 27.9 28.9 26.4 38.2 45.1 31.6
Senegal AFRO National 2007 47.6 49.9 42.5 48.3 48.3 45.0
Serbia EURO National 2008 76.9 73.4 80.0 71.9 68.1 74.8
Seychelles AFRO National 2007 42.3 38.2 46.1 57.1 54.3 60.6
Sierra Leone AFRO National 2008 44.2 46.3 42.9 56.5 59.9 53.4
Singapore WPRO National 2000 35.1 34.8 35.2 65.1 64.0 66.0
Slovakia EURO National 2007 44.9 42.4 46.9 69.3 68.0 70.5
Somalia EMRO Somaliland 2007 29.1 30.8 21.9 48.7 50.2 41.8
South Africa AFRO National 2008 32.1 32.7 31.5 41.1 43.5 39.4
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Table 1 .3 (continued)

Country WHO region National survey, or 
jurisdiction where 
survey conducted

Year Exposed to second-hand 
tobacco smoke at home

Exposed to second-hand 
tobacco smoke outside 
their homes

Total Boys Girls Total Boys Girls

Sri Lanka SEARO National 2007 35.4 37.6 33.4 65.9 66.5 65.1
Sudan EMRO National 2009 27.6 26.0 28.7 33.1 33.8 32.0
Suriname AMRO National 2009 46.6 44.2 47.7 53.3 51.4 53.8
Swaziland AFRO National 2009 23.3 21.8 24.3 55.6 52.1 58.0
Syrian Arab Republic EMRO National 2010 60.1 58.7 61.7 58.4 61.1 55.7
Thailand SEARO National 2009 45.7 46.6 44.7 67.6 68.0 67.1
The former Yugoslav Republic of Macedonia EURO National 2008 67.5 64.7 70.5 66.0 63.7 68.3
Timor-Leste SEARO National 2009 59.4 66.7 52.1 61.3 66.7 56.0
Togo AFRO National 2007 20.2 23.5 15.7 41.6 45.1 36.7
Trinidad and Tobago AMRO National 2007 40.1 36.3 43.6 64.2 62.8 65.9
Tunisia EMRO National 2007 51.9 53.1 50.6 65.2 69.7 61.0
Turkey EURO National 2009 48.6 43.8 53.0 79.9 80.1 79.6
Tuvalu WPRO National 2006 76.6 77.8 75.8 76.7 72.0 79.3
Uganda AFRO National 2007 20.0 20.7 18.8 45.6 46.1 45.2
United Arab Emirates EMRO National 2005 25.3 24.3 25.4 31.6 34.3 28.4
United Republic of Tanzania AFRO Arusha 2008 15.7 16.4 14.9 34.7 35.2 33.9
United States of America AMRO National 2009 35.7 35.3 36.1 42.8 38.2 47.6
Uruguay AMRO National 2007 50.5 47.6 52.5 68.6 64.0 72.1
Uzbekistan EURO Tashkent 2008 17.3 17.6 15.8 46.7 47.5 42.4
Vanuatu WPRO National 2007 59.3 62.8 56.7 75.9 78.7 73.9
Venezuela (Bolivarian Republic of) AMRO National 1999 43.5 40.7 45.3 47.8 47.0 48.4
Viet Nam WPRO National 2007 58.5 59.0 58.0 71.2 71.4 71.0
West Bank* EMRO West Bank 2009 63.0 61.6 64.4 61.6 67.6 55.8
Gaza Strip* EMRO Gaza Strip 2005 47.4 48.0 46.5 46.1 51.9 40.6
Yemen EMRO National 2008 44.9 48.2 37.8 42.7 49.8 30.7
Zambia AFRO Lusaka 2007 23.1 21.2 24.3 45.5 43.2 47.1
Zimbabwe AFRO Harare 2008 20.9 22.0 19.4 40.1 40.5 39.5
* Refers to a territory
From WHO (2008, 2009a)
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Table 1 .4 Proportion of children under 15 years with one or more parent who smokes, by WHO 
subregion (based on survey data and modeling)

Subregion Parental smoking (%)

Africa (D) 13
Africa (E) 13
The Americas (A) 25
The Americas (B) 29
The Americas (D) 22
Eastern Mediterranean (B) 37
Eastern Mediterranean (D) 34
Europe (A) 51
Europe (B) 61
Europe (C) 61
South-eastern Asia (B) 53
South-eastern Asia (D) 36
Western Pacific (A) 51
Western Pacific (B) 68
GLOBAL 41
WHO subregional country grouping (adapted from WHO, 2002):
Africa. Region D: Algeria, Angola, Benin, Burkina Faso, Cameroon, Cape Verde, Chad, Comoros, Equatorial Guinea, Gabon, The Gambia, Ghana, 
Guinea, Guinea-Bissau, Liberia, Madagascar, Mali, Mauritania, Mauritius, Niger, Nigeria, Sao Tome and Principe, Senegal, Seychelles, Sierra 
Leone, Togo; Region E: Botswana, Burundi, Central African Republic, Congo, Côte d’Ivoire, Democratic Republic of the Congo, Eritrea, Ethiopia, 
Kenya, Lesotho, Malawi, Mozambique, Namibia, Rwanda, South Africa, Swaziland, Uganda, United Republic of Tanzania, Zambia, Zimbabwe
The Americas. Region A: Canada, Cuba, USA; Region B: Antigua and Barbuda, Argentina, Bahamas, Barbados, Belize, Brazil, Chile, Colombia, 
Costa Rica, Dominica, Dominican Republic, El Salvador, Grenada, Guyana, Honduras, Jamaica, Mexico, Panama, Paraguay, Saint Kitts and Nevis, 
Saint Lucia, Saint Vincent and the Grenadines, Suriname, Trinidad and Tobago, Uruguay, Venezuela; Region D: Bolivia, Ecuador, Guatemala, 
Haiti, Nicaragua, Peru
Eastern Mediterranea. Region B: Bahrain, Islamic Republic of Iran, Jordan, Kuwait, Lebanon, Libyan Arab Jamahirya, Oman, Qatar, Saudi 
Arabia, Syrian Arab Republic, Tunisia, United Arab Emirates; Region D: Afghanistan, Djibouti, Egypt, Iraq, Morocco, Pakistan, Somalia, Sudan, 
Yemen
Europe. Region A: Andorra, Austria, Belgium, Croatia, Cyprus, Czech Republic, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, 
Israel, Italy, Luxembourg, Malta, Monaco, Netherlands, Norway, Portugal, San Marino, Slovenia, Spain, Sweden, Switzerland, United Kingdom; 
Region B: Albania, Armenia, Azerbaijan, Bosnia and Herzegovina, Bulgaria, Georgia, Kyrgyzstan, Poland, Romania, Serbia and Montenegro, 
Slovakia, Tajikistan, Former Yugoslav Republic of The former Yugoslav Republic of Macedonia, Turkey, Turkmenistan, Uzbekistan; Region C: 
Belarus, Estonia, Hungary, Kazakhstan, Latvia, Lithuania, Republic of the Republic of Moldova, Russian Federation, Ukraine
South-eastern Asia. Region B: Indonesia, Sri Lanka, Thailand; Region D: Bangladesh, Bhutan, Democratic People’s Republic of Korea, India, 
Maldives, Myanmar (Burma), Nepal, Timor-Leste
Western Pacific. Region A: Australia, Brunei Darussalam, Japan, New Zealand, Singapore; Region B: Cambodia, China, Cook Islands, Fiji, 
Kiribati, Lao People’s Democratic Republic, Malaysia, Marshall Islands, Federated States of Micronesia, Mongolia, Nauru, Niue, Palau, Papua 
New Guinea, Philippines, Republic of Korea, Samoa, Solomon Islands, Tonga, Tuvalu, Vanuatu, Viet Nam
Regions are categorized as follows (WHO-approved classifications): A = very low child mortality and very low adult mortality; B =  low child 
mortality and low adult mortality; C = low child mortality and high adult mortality; D = high child mortality and high adult mortality; E = high 
child mortality and very high adult mortality.
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 Fig. 1.4 presents the range of exposure to 
second-hand tobacco smoke outside home by 
WHO region for boys and girls and for both sexes 
combined. There are wide variations in second-
hand tobacco smoke exposure outside home 
within each region. The largest variations are 
observed in the African region and the Western 
Pacific region irrespective of sex. This is largely 
influenced by the presence of smoke-free legis-
lation for public paces in the countries, as well 
as levels of enforcement and public’s compliance 
with these laws.

1.4.2. Exposure among adults

(a) Overview

While the GYTS offers a valuable global 
source for estimating exposure to second-hand 
tobacco smoke among children, there is no such 
extensive source of data for adults. Estimates of 
second-hand tobacco smoke exposure among 
adults have used the definitions of exposure 
based on having a spouse who smokes or expo-
sure to tobacco smoke at work. For the countries 
lacking such data, exposure was estimated using 
a model based on smoking prevalence among 
men from the WHO Global InfoBase.

About one third of adults worldwide are 
regularly exposed to second-hand tobacco smoke 
(Table 1.5). The highest exposure was estimated 
in European Region C with 66% of the population 
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Fig. 1.3 Average prevalence (in%) of exposure of 13–15 year old children to second-hand tobacco 
smoke in public places, by WHO region, 2007

 

From CDC (2008)
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being regularly exposed to second-hand tobacco 
smoke. The lowest regional exposure was esti-
mated in the African region (4%). Differences 
between men and women were generally small, 
except in Eastern Mediterranean Region D and 
South East Asia Region B.

(b) Exposure at home

The Global Tobacco Surveillance System, 
through its adult household survey “Global Adult 
Tobacco Survey” (GATS), collects information on 
key tobacco control indicators including infor-
mation on second-hand tobacco smoke exposure 
at home, at work and several public places (WHO, 
2009b). GATS is a nationally representative survey 
conducted among persons aged ≥ 15 years using a 
standardized questionnaire, sample design, data 

collection method, and analysis protocol. GATS 
results are available from 14 countries with a 
high tobacco burden. Additionally since 2008, 
The WHO STEPwise approach to surveillance 
(STEPS) surveys have started to collect informa-
tion on exposure to second-hand tobacco smoke 
at home and at work, now available for 7 coun-
tries (WHO, 2009c).

In the 21 countries that have reported data on 
exposure to second-hand tobacco smoke, large 
numbers of people are exposed at home (Fig. 1.5). 
Exposure was highest in Sierra Leone (74%) 
and lowest in the British Virgin Islands (3%). 
Overall, differences between men and women 
were relatively small in most countries; in China, 
Cambodia and Mongolia, more women reported 
being exposed to second-hand tobacco smoke 
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Fig. 1.4 Range of prevalence (in%) of exposure of 13–15 year old children to second-hand tobacco 
smoke outside their home, by WHO region, 2009

 

From CDC/WHO (2009)
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in their homes then men. This lack of difference 
implies that even when prevalence of smoking 
among women is low, they are exposed to second-
hand tobacco smoke at home as much as men.

(c) Exposure at the workplace

The same magnitude of second-hand tobacco 
smoke exposure at the workplace was reported 
as at home (Fig. 1.6). Exposure to second-hand 
tobacco smoke at the workplace was highest 
in Sierra Leone (74%) and lowest in the British 
Virgin Islands (3%). However, more men reported 
being exposed to others’ smoke at their work-
place as compared to women in all countries. 
This difference was most significant in Libyan 
Arab Jamahirya and Bangladesh. These differ-
ences could be explained by the fact that women 
either tend to work in places where smoking is 
banned, such as education or health facilities, or 
work predominantly with other women.

1.5 Regulations

The World Health Organization’s Framework 
Convention on Tobacco Control (WHO FCTC) 
is a multilateral treaty with legally binding 
obligations for its 174 Parties (as of November 
2011) (WHO, 2003). This comprehensive treaty 
contains supply and demand reduction meas-
ures available to countries to counter the tobacco 
epidemic. Article 8 of the Treaty specifically 
addresses the need for protection from second-
hand tobacco smoke, and articulates the “adop-
tion and implementation of effective legislative, 
executive, administrative and /or other meas-
ures” by Parties to the Convention to this effect. 
Guidelines to Article 8 specify key elements 
needed in legislation to help countries meet the 
highest standards of protection from second-
hand tobacco smoke and provide a clear time-
line for Parties to adopt appropriate measures 
(within five years after entry into Force of the 
WHO FCTC) (WHO, 2007).
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Table 1 .5 Proportion of non-smoking adults exposed regularly to second-hand tobacco smoke, 
by WHO region (based on survey data and modeling)

WHO Subregion

Exposure in men Exposure in women

(%) (%)

Africa (D) 7 11
Africa (E) 4 9
The Americas (A) 16 16
The Americas (B) 13 21
The Americas (D) 15 18
Eastern Mediterranean (B) 24 22
Eastern Mediterranean (D) 21 34
Europe (A) 34 32
Europe (B) 52 53
Europe (C) 66 66
South-eastern Asia (B) 58 41
South-eastern Asia (D) 23 18
Western Pacific (A) 50 54
Western Pacific (B) 53 51
GLOBAL 33 31
From WHO (2010)
For the WHO subregional country grouping, see footnote of Table 1.4.
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All countries, regardless of their FCTC ratifi-
cation status, are taking steps to reduce second-
hand tobacco smoke in public places, through 
either planning the steps to or implementing 
national smoke-free laws for public places or 
workplaces. In 2008, approximately 5% of the 
world’s population (354 million) had national 
smoke-free laws. Fig. 1.7 provides details on the 
number of public places with national smoke-
free legislation for all WHO Member States.

 As of December 2008, fifteen countries 
across the globe have legislation that provide 
the highest level of protection against second-
hand tobacco smoke exposure. These include: 
Albania, Australia, Bhutan, Canada, Colombia, 
Guatemala, Islamic Republic of Iran, Ireland, 

Marshall Islands, New Zealand, Panama, Turkey, 
Turkmenistan, United Kingdom of Great Britain 
and Northern Ireland and Uruguay.

2 Cancer in Humans

2.1 Cancer of the lung

More than 50 epidemiological studies 
since 1981 have examined the association 
between second-hand tobacco smoke and lung 
cancer resulting in the conclusion that expo-
sure of non-smokers to second-hand tobacco 
smoke is causally associated with lung cancer 
risk (IARC, 2004). Many studies previously 
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Fig. 1.5 Prevalence of adults exposed to second-hand tobacco smoke in their homes, in the 
countries that completed the Global Adult Tobacco Survey (GATS) and WHO STEPwise approach 
to surveillance (STEPS) surveys, 2008–2009

 

From WHO (2009b, c)
GATS defines second-hand tobacco smoke exposure at home as reporting that smoking inside their home occurs daily, weekly, or monthly.
STEPS defines second-hand tobacco smoke exposure at home as reporting exposure in the home on one or more days in the past 7 days.
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available assessed the lung cancer risk among the 
nonsmoking spouses of smokers since it is one 
of the sources of adult exposure to second-hand 
tobacco smoke that is less likely to be subject to 
exposure misclassification or other bias. Several 
important new, cohort, case–control studies and 
meta-analyses have been published since 2004 
that provide additional evidence confirming 
the causal association (Table  2.1 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-02-Table2.1.pdf, Table 2.2 available 
at http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-02-Table2.2.pdf, and Table  2.3 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-02-Table2.3.pdf). 
These new studies also expand our assessment of 

the effect of second-hand tobacco smoke in the 
workplace allowing for more refined estimates of 
lung cancer risk. Preliminary data also suggest 
significant interactions between several genetic 
polymorphisms, second-hand tobacco smoke 
and lung cancer risk.

In a meta-analysis of 55 studies, including 7 
cohort, 25 population based case–control studies 
and 23 hospital based case–control studies the 
pooled relative risk (RR) for lung cancer for 
never smoking women exposed to second-hand 
tobacco smoke from spouses was 1.27 (95%CI: 
1.17–1.37). The relative risk for studies in North 
America was 1.15 (95%CI: 1.03–1.28), in Asia 1.31 
(95%CI: 1.16–1.48) and Europe 1.31 (1.24–1.52) 
(Taylor et al., 2007).
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Fig. 1.6 Prevalence of adults exposed to second-hand tobacco smoke in their workplaces, in 
the countries that completed the Global Adult Tobacco Survey and WHO STEPwise approach to 
surveillance (STEPS) surveys, 2008–2009

 

GATS defines second-hand tobacco smoke exposure at work as indoor workers who were exposed at work in the past 30 days.
STEPS defines second-hand tobacco smoke exposure at work as reporting exposure in the workplace on one or more days in the past 7 days
From WHO (2009b, c)

http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-02-Table2.1.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-02-Table2.1.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-02-Table2.2.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-02-Table2.2.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-02-Table2.3.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-02-Table2.3.pdf
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In a meta-analysis of 22 studies that assessed 
the effect of second-hand tobacco smoke expo-
sures at work, the relative risk for lung cancer 
among exposed non-smokers was 1.24 (95%CI: 
1.18–1.29) and among those workers classified as 
highly exposed to second-hand tobacco smoke at 
work 2.01 (95%CI: 1.33–2.60) compared to those 
with no exposure at work (Stayner et al., 2007). 

In a large cohort study conducted in 10 
European countries (European Prospective 
Investigation into Cancer and Nutrition, EPIC), 
it was estimated that the hazard ratio (HR) for 
lung cancer risk from second-hand tobacco 
smoke exposure at home and/or at work for 
never smokers and ex-smokers (at least 10 years) 

was 1.34 (0.85−2.13) (Vineis et al., 2007a). The 
main component of this risk was attributable to 
exposure at the workplace, resulting in a hazard 
ratio of 1.65 (1.04–2.63). The overall hazard ratio 
between childhood exposure and the risk of lung 
cancer in adulthood was 2.00 (0.94–4.28); among 
children with daily exposure for many hours 
each day the hazard ratio was 3.63 (1.19–11.12). 
In a separate analysis of workplace exposure 
to second-hand tobacco smoke in this cohort 
women were observed to have a lung cancer 
hazard ratio of 2.13 (1.6–3.4) (Veglia et al., 2007).

In a large population-based cohort study 
conducted in Japan, findings confirmed that 
exposure to second-hand tobacco smoke is 
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Fig. 1.7 Number and percentage of countries with number of public places covered by smoke free 
legislations, by income status (as of 31 December 2008) 

 

From WHO (2009a)
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a risk factor for lung cancer among Japanese 
women (Kurahashi et al., 2008). Compared with 
women married to never smokers, the hazard 
ratio for all lung cancer incidence was  1.34 
(95%CI:0.81–2.21) and for adenocarcinoma 
2.03 (95%CI:1.07–3.86). For adenocarcinoma 
dose–response relationships were seen for both 
intensity (P for trend = 0.02) and total amount 
(P for trend  =  0.03) of the husband’s smoking. 
Exposure to second-hand tobacco smoke at the 
workplace also increased the risk of lung cancer 
(HR, 1.32; 95%CI: 0.85–2.04).

Data from a cohort study of women from 
Shanghai, China also found that exposure to 
second-hand tobacco smoke is associated with 
lung cancer mortality. Exposure to second-hand 
tobacco smoke at work was associated with a 
significantly increased mortality to lung cancer 
(HR 1.79, 95%CI: 1.09–2.93) but the risk was not 
significant for exposure to husband’s second-
hand tobacco smoke (HR 1.09, 95%CI: 0.74–1.61) 
(Wen et al., 2006). In a case–control study of lung 
cancer among lifetime non-smoking Chinese 
men living in Hong Kong Special Administrative 
Region a non-significant association between all 
lung cancer and ever being exposed to household 
and/or workplace second-hand tobacco smoke 
was observed (OR, 1.11, 95%CI: 0.74–1.67) but a 
significant increase was observed for adenocar-
cinoma (OR, 1.68, 95%CI: 1.00–2.38) (Tse et al., 
2009).

In a long-term case–control study of lung 
cancer cases at the Massachusetts General 
Hospital, study participants exposed to second-
hand tobacco smoke at work and at leisure were 
at a significantly greater risk (OR, 1.30, 95%CI: 
1.08–1.57) if the exposure occurred between 
birth and 25 years of age. If the exposures 
occurred after the age of 25 years the risk was 
not elevated (OR, 0.66, 95%CI: 0.21–1.57) but 
the confidence limits are wide for this subgroup 
analysis (Asomaning et al., 2008).

In two other cohort studies, one conducted 
in California (Enstrom & Kabat, 2003) and 

another in New Zealand (Hill et al., 2007) no 
excess risk was observed among lifelong non-
smokers exposed to second-hand tobacco smoke. 
In the California study the relative risk was 0.99 
(95%CI: 0.72–1.37) based on 126 lung cancer 
cases. [The confidence intervals in this study 
are relatively wide and they include the current 
IARC estimate of lung cancer risk from second-
hand tobacco smoke exposure. In addition the 
opportunity for substantial misclassification of 
second-hand tobacco smoke exposure is great 
because exposures outside the home were not 
assessed and the second-hand tobacco smoke 
exposures were not re-evaluated after enrollment 
into the study.] Hill et al. (2007) observed no 
association between second-hand tobacco smoke 
exposure in a census enumeration of current 
second-hand tobacco smoke exposure at home 
and linkage to cancer registries three years later. 
The authors suggest that this may be a result of 
either the misclassification of total second-hand 
tobacco smoke exposure since exposures outside 
the home were not assessed and/or the fact that 
a 3-year follow-up after exposure ascertainment 
may have been too short to capture important 
exposures before the diagnosis of lung cancer.

One case–control study (Wenzlaff et al., 
2005) and one case-only study (Bonner et al., 
2006) assessed lung cancer risk associated with 
second-hand tobacco smoke exposure and 
several polymorphisms. In the case–control 
study, individuals were stratified by household 
second-hand tobacco smoke exposure (yes/no), 
those with CYP1B1 Leu432Val genotype alone or 
in combination with Phase II enzyme polymor-
phisms were more strongly associated with lung 
cancer risk if they also were exposed to at least 
some household second-hand tobacco smoke 
exposure compared to those that had no expo-
sure. In the case-only study a significant inter-
action was observed between lung cancer risk, 
second-hand tobacco smoke and a GSTM1 (null) 
genotype (OR, 2.28, 95%CI:1.15–4.51). 
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2.2 Cancer of the breast

2.2.1 Overview of studies

The relationship between exposure to 
second-hand tobacco smoke and breast cancer 
has been comprehensively reviewed in the peer 
reviewed literature (Johnson, 2005; Miller et al., 
2007) and in reports from national and interna-
tional committees (IARC, 2004, 2009; California 
Environmental Protection Agency, 2005; US. 
Department of Health and Human Services, 
2006; Collishaw et al., 2009). These reviews have 
drawn different conclusions. IARC (2004) char-
acterized the evidence as “inconsistent,” based 
on studies published or in press by June, 2002. 
A US Surgeon General Report (2006) concluded 
that the evidence was “suggestive but not suffi-
cient” to infer a causal relationship between 
second-hand tobacco smoke and breast cancer, 
whereas reviews by the California Environmental 
Protection Agency (CalEPA) in 2005 and by 
a panel of researchers in this area convened in 
Canada (Collishaw et al., 2009) designated the 
evidence for second-hand tobacco smoke as 
“consistent with a causal association in younger 
primarily premenopausal women.”

A total of 16 new studies have been published 
since the previous IARC Monograph (IARC, 
2004). These include three cohort studies 
(Reynolds et al., 2004; Hanaoka et al., 2005; Pirie 
et al., 2008) (Table 2.4 available at http://mono-
graphs.iarc.fr/ENG/Monographs/vol100E/100E-
02-Table2.4.pdf), and 13 new case–control 
studies (Lash & Aschengrau, 2002; Alberg 
et al., 2004; Gammon et al., 2004; Shrubsole 
et al., 2004; Bonner et al., 2005; Sillanpää et al., 
2005; Lissowska et al., 2006; Mechanic et al., 
2006; Roddam et al., 2007; Rollison et al., 2008; 
Slattery et al., 2008; Ahern et al., 2009; Young 
et al., 2009) (Table 2.5 available at http://mono-
graphs.iarc.fr/ENG/Monographs/vol100E/100E-
02-Table2.5.pdf). Table  2.5 also presents two 
case–control studies not discussed previously 

(Zhao et al., 1999; Liu et al., 2000). Several meta-
analyses have also been published as new data 
became available (California Environmental 
Protection Agency, 2005; Johnson, 2005; US. 
Department of Health and Human Services, 
2006; Pirie et al., 2008; IARC, 2009).

The largest of the cohort studies, identified 
2518 incident breast cancers among 224917 never 
smokers followed for an average of 3.5 years in 
the British Million Women Study (Pirie et al., 
2008). The cohort was drawn from women, age 
50–64 years, participating in mammography 
screening programmes. Nearly all cases were 
post-menopausal and the overall analyses 
pertain to postmenopausal breast cancer. No 
relationship was observed between breast cancer 
risk and smoking by a parent at the time of birth 
and/or age 10 years (HR,  0.98; 95%CI: 0.88–
1.08); the results were also null for smoking by 
a current partner (HR,  1.02; 95%CI: 0.89–1.16) 
or exposure to the combination of parental and 
spousal smoking (HR,  1.03; 95%CI: 0.90–1.19). 
Pirie et al. (2008) also present a meta-analysis of 
studies of second-hand smoke and breast cancer 
risk, separating studies by cohort or case–control 
design. No overall association was observed in 
the cohort studies. These largely represent post-
menopausal breast cancer, so the analysis was 
not stratified by menopausal status. An overall 
association was seen in the case–control studies, 
similar to the findings of other meta-analyses 
(California Environmental Protection Agency, 
2005; US. Department of Health and Human 
Services, 2006; IARC, 2009). [Pirie et al. (2008) 
focus on the discrepancy between the cohort and 
case–control results and propose that the asso-
ciations observed in early case–control studies 
can likely be explained by recall bias. The study 
has been criticized for the lack of information on 
occupational exposures to second-hand smoke 
(Collishaw et al., 2009).]

A second large cohort study (Reynolds et al., 
2004) identified 1998 women diagnosed with 
breast cancer during five years of follow-up of the 
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California Teachers Study. Analyses were based 
on 433 women with pre/peri-menopausal breast 
cancer and 1361 women with postmenopausal 
cancer. No association was observed between 
post-menopausal breast cancer and residen-
tial exposure to second-hand tobacco smoke 
in childhood or adulthood. No association was 
initially reported with pre/peri-menopausal 
breast cancer in analyses based on menopausal 
status at enrollment (RR 0.93, 95%CI: 0.71–1.22). 
When menopausal status was defined by age at 
diagnosis rather than by age at enrollment, the 
hazard ratio for premenopausal breast cancer 
among women exposed in both childhood and 
adulthood increased to 1.27 (95%CI: 0.84–1.92) 
(Reynolds et al., 2006). 

Hanaoka et al. (2005) identified 162 incident 
breast cancer cases during a nine-year follow-
up of 20169 Japanese women, age 40–59 years, 
who reported no history of active smoking when 
enrolled in the Japan Public Health Center 
(JPHC) study in 1990. Nearly three quarters 
(72%) of the women reported exposure to second-
hand tobacco smoke. About half of the women 
were premenopausal when enrolled in the study, 
although there were only nine unexposed cases 
among the pre-menopausal women. The multi-
variate-adjusted relative risk for breast cancer 
among all exposed women irrespective of meno-
pausal status was 1.1 (95%CI: 0.8–1.6) compared 
to those classified as unexposed. The corre-
sponding relative risks for women who were pre- 
or postmenopausal at baseline were 2.6 (95%CI: 
1.3–5.2) and 0.7 (95%CI: 0.4–1.0), respectively.

Six of the 13 new population-based case–
control studies included more than 1000 cases 
each (Shrubsole et al., 2004; Bonner et al., 2005; 
Lissowska et al., 2006; Mechanic et al., 2006; 
Slattery et al., 2008; Young et al., 2009; Table 2.5 
on-line). None of these 13 studies showed an 
overall increase in breast cancer risk associated 
with second-hand tobacco smoke exposure in 
Caucasians. The incidence of premenopausal 
breast cancer was associated with one or more 

indices of second-hand tobacco smoke expo-
sure in all four studies that stratified the results 
by menopausal status (Gammon et al., 2004; 
Shrubsole et al., 2004; Bonner et al., 2005; Slattery 
et al., 2008) although the association was not 
always statistically significant (Gammon et al., 
2004; Bonner et al., 2005; Fig. 2.1). Associations 
were also reported between second-hand tobacco 
smoke exposure and overall breast cancer risk in 
African Americans (Mechanic et al., 2006) and 
with premenopausal breast cancer in Hispanics/
American Indians (Slattery et al., 2008). The 
associations observed in these case–control 
studies are generally weaker than those reported 
in earlier case–control studies. Whereas the rela-
tive risk estimates reported in the earlier studies 
often equalled or exceeded 2.0 (Sandler et al., 
1985a; Lash & Aschengrau, 1999; Zhao et al., 
1999; Johnson & Repace, 2000; Liu et al., 2000) 
or 3.0 (Smith et al., 1984; Morabia et al., 1996; Liu 
et al., 2000; Morabia et al., 2000), the estimates in 
the later studies were mostly under 1.5, even in 
studies that reported positive associations.

2.2.2 Issues affecting the interpretation of 
studies 

One important consideration in evalu-
ating these data has been the lack of a strong 
and convincing relationship between active 
smoking and breast cancer. Several theories 
have been advanced to explain why second-
hand tobacco smoke might have a stronger 
effect on breast cancer than active smoking 
(California Environmental Protection Agency, 
2005; Johnson, 2005; Collishaw et al., 2009). 
Central to these is the hypothesis that active 
smoking may have counterbalancing protective 
and detrimental effects on breast cancer risk 
that, in combination, produce little or no overall 
association, whereas second-hand tobacco 
smoke may have only an adverse effect on risk. 
The weakness of this theory is that there is little 
direct evidence (see Section 4) identifying the 
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mechanism by which active smoking may cause 
the proposed [protective] antiestrogenic effects. 
Without knowing the mechanism, it has been 
impossible to prove that active smoking has 
this effect but exposure to second-hand tobacco 
smoke does not. A second hypothesis that has 
been advanced is that second-hand tobacco 
smoke may have a greater effect on pre- than on 
postmenopausal breast cancer. This theory was 
proposed by CalEPA in 2005 (Johnson & Glantz, 
2008) based on analyses of studies available at 
the time, and was subsequently questioned by 
some (US. Department of Health and Human 

Services, 2006) but not all (Collishaw et al., 
2009) subsequent reviews. [Because this arose as 
an a posteriori observation rather than as an a 
priori hypothesis, it must be confirmed by inde-
pendent studies.] The strongest support for the 
hypothesis comes from a cohort study in Japan 
(Hanaoka et al., 2005), which reported signifi-
cantly increased risk (RR  2.6, 95%CI: 1.3–5.2) 
of premenopausal breast cancer in women who 
previously reported having ever lived with a 
regular smoker or ever being exposed to second-
hand tobacco smoke for at least one hour per 
day in settings outside the home. However, the 
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Fig. 2.1 Relative risk of pre-menopausal breast cancer associated with second-hand tobacco 
smoke. Ever versus never.

 

Study sorted by calendar year
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referent group in this analysis included only 
nine unexposed cases. No associations were 
observed with post-menopausal breast cancer. A 
weak association between second-hand tobacco 
smoke exposure and premenopausal breast 
cancer was reported in the California Teachers 
cohort, when menopausal status was defined by 
age at diagnosis rather than age at entry into the 
study (Reynolds et al., 2006). In case–control 
studies published since the CalEPA review 
(California Environmental Protection Agency, 
2005) that reported results stratified by meno-
pausal status, Bonner et al. (2005) and Slattery 
et al. (2008) reported stronger associations with 
pre- than with post-menopausal breast cancer, 
although the only statistically significant asso-
ciation with premenopausal breast cancer was in 
Hispanic or American Indian women who had 
second-hand tobacco smoke exposure of more 
than ten hours per week (OR, 2.3, 95%CI:1.2–4.5) 
(Slattery et al., 2008). In a case–control study of 
breast cancer in women age 36–45 years Roddam 
et al. (2007) observed no increased risk in 
premenopausal women who, since age 16, were 
married to or lived with a boyfriend who smoked 
for at least one year.

Two other explanations for inconsistencies 
in the evidence relate to the fundamental design 
differences between cohort and case–control 
studies. A critical advantage of cohort studies 
is that they collect information on exposures 
before the disease of interest is diagnosed, thus 
preventing knowledge of disease status influ-
encing how participants recall and/or report 
their exposures. Recall bias is especially chal-
lenging in case–control studies of exposures that 
are difficult to measure, when recollection of the 
frequency and intensity of exposure is necessarily 
subjective. In counterpart, an important advan-
tage of case–control studies is that they can collect 
more detailed information on the exposure of 
interest than is usually possible in cohort studies. 
Together, these factors create what has been 
described as “a tension” between the potential for 

recall or selection bias in case–control studies, 
and the reduced possibility of collecting full 
“lifetime exposure histories” in cohort studies 
(Collishaw et al., 2009). The discrepancy in the 
results from case–control and cohort studies 
is seen especially in the earlier case–control 
studies, which found much stronger associations 
than those observed in most recent studies. Five 
studies in particular (Smith et al., 1984; Morabia 
et al., 1996; Zhao et al., 1999; Johnson & Repace, 
2000; Kropp & Chang-Claude, 2002) were consid-
ered by Collishaw et al. (2009) as having the most 
complete information on lifetime exposure to 
second-hand tobacco smoke from all sources. 
At the same time, these studies are among the 
most susceptible to recall bias for two reasons. 
The first is a general problem of case–control 
studies, in that cases are more likely to remember 
and report potentially hazardous exposures than 
controls. Second, recall bias is potentially more 
problematic when subjective considerations can 
influence reporting. It is easier to report smoking 
by a parent or spouse than it is to remember expo-
sures from other sources that possibly occurred 
many years ago in daily life. Exposure to second-
hand tobacco smoke was highly prevalent in 
the decades following World War II in Europe 
and North America. It would be unusual for 
someone not to be exposed. The studies that the 
California Environmental Protection Agency 
(2005) considered to have the best information 
on exposure to second-hand tobacco smoke are 
also those which rely more heavily on recall of 
past exposures outside the home. Moreover, 
inclusion in the referent group in these studies is 
also vulnerable to recall bias. Previous reviews by 
IARC (2004) and the US Surgeon General (US. 
Department of Health and Human Services, 
2006) have expressed concern about potential 
biases that may be introduced by relying on a 
small and unusual subgroup (the unexposed to 
active smoking and second-hand tobacco smoke) 
as the referent category in these studies. Recall 
bias remains a plausible explanation for why the 
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association with second-hand tobacco smoke is 
stronger in studies that collect “lifetime expo-
sure histories” than in those that rely on parental 
or spousal smoking. In addition, publication 
bias cannot be ruled out because the reporting 
of association limited by subgroup (pre-meno-
pausal) could have been selective.

[The Working Group noted that adjustment 
for potential confounders using the question-
naire data on other established risk factors for 
breast cancer did not eliminate the associa-
tion with second-hand tobacco smoke in these 
studies. However, this does not resolve concerns 
about the possibility of recall or publication bias.]

Several meta-analyses have been published, 
largely showing similar results but leading to 
substantially different interpretations of the 
evidence (California Environmental Protection 
Agency, 2005; US Department of Health and 
Human Services, 2006; Johnson, 2007; IARC, 
2009). The California Environmental Protection 
Agency (2005) calculated a pooled estimate for 
second-hand tobacco smoke and breast cancer 
risk of 1.11 (95%CI: 1.04–1.19) in all women 
and 1.38 (95%CI: 1.21–1.56) in premenopausal 
women, based on 19 studies and a fixed effects 
model. These estimates increased to 1.89 (95%CI: 
1.57–2.27) for all women and 2.18 (95%CI: 1.70–
2.79) in premenopausal women when the analysis 
was restricted to the subset of studies considered 
to have the best exposure data. 

Based on these analyses, the California 
Environmental Protection Agency (2005) and 
Collishaw et al. (2009) emphasized the positive 
association with premenopausal breast cancer in 
their conclusion that the evidence is “consistent 
with a causal relationship” whereas the US 
Surgeon General (US Department of Health and 
Human Services, 2006) was more cautious in 
characterizing the evidence as “suggestive but 
not sufficient.”

[The Working Group noted that the crite-
rion used by IARC specifies “sufficient evidence 
of carcinogenicity in which chance, bias and 

confounding could be ruled out with reasonable 
confidence.” This is a more stringent definition 
than “consistent with a causal relationship.”]

2.3 Cancers of the upper 
aerodigestive tract 

2.3.1 Upper areodigestive tract combined

Cancers of the upper aerodigestive tract 
traditionally comprise cancers of the oral cavity, 
pharynx, larynx and oesophagus. However, some 
epidemiological studies have examined only head 
and neck cancers restricted to tumours of the oral 
cavity, pharynx and larynx. Four case–control 
studies (Tan et al., 1997; Zhang et al., 2000; Lee 
et al., 2008; Ramroth et al., 2008) assessed the 
effects of second-hand tobacco smoke on head and 
neck cancers combined and separately for oral 
cavity, oropharynx or larynx cancers (Table 2.6 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-02-Table2.6.pdf).

In a hospital-based case–control study in 
the USA, including only non smoking cases and 
controls, Tan et al. (1997) detected high risk of 
head and neck cancer among those ever exposed 
to second-hand tobacco smoke at home or at work. 
Women presented higher risk at home (OR, 7.3; 
P < 0.001) than men (OR, 1.1; P < 0.79). On the 
other hand, men showed higher risk at work (OR, 
11.6; P < 0.001) than women (OR, 8.9; P < 0.002). 
[The authors did not provide the percentages of 
the telephone interviews done with the spouses 
of cases and controls. Probably, this is the main 
weakness of this study and differential misclas-
sification of exposure to second-hand tobacco 
smoke could not be excluded. The analysis 
was performed without adjustment for poten-
tial confounding variables.] In a study in the 
USA, Zhang et al. (2000) observed an increased 
risk (OR, 2.4; 95%CI: 0.9–6.8) with lifetime 
second-hand tobacco smoke exposure (ever/
never) for head and neck cancers, adjusted for 
age, sex, ethnicity, education, alcohol drinking, 
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pack-years of cigarette smoking, and marijuana 
consumption.

Lee et al. (2008) pooled the data from several 
studies including cases of head and neck cancers 
and controls (population and hospital) from 
central Europe, Latin America and United 
States. Two groups were examined separately, 
never tobacco users and never tobacco and 
alcohol users. Among never tobacco users, no 
association was observed between ever expo-
sure to second-hand tobacco smoke at home or 
at work and the risk for head and neck cancers. 
Among never tobacco and alcohol users, a non-
statistically significant risk (or 1.30; 95%ci: 0.94–
1.81) was observed. When considering specific 
anatomical sites, only laryngeal cancer risk was 
increased when ever exposed to second-hand 
tobacco smoke in a lifetime, detected among 
never tobacco users (OR, 1.71; 95%CI: 0.98–3.00) 
and among never tobacco and alcohol users (OR, 
2.90; 95%CI: 1.09–7.73).

In Germany, in a population-based case–
control study on laryngeal cancer, Ramroth et 
al. (2008) observed a non-statistically significant 
risk (OR, 2.0; 95%CI: 0.39–10.7) for exposure to 
second-hand tobacco smoke (ever/never) at home 
and in workplaces among nonsmokers.

(a) Evidence of a dose–response

Zhang et al. (2000) observed a dose–response 
relationship with the intensity of exposure to 
second-hand tobacco smoke (never, moderate 
and heavy) on head and neck cancers (P = 0.025); 
those at heavy level of exposure at home or at 
work showed highest risk for head and neck 
cancer (OR, 3.6; 95%CI: 1.1–11.5). However, the 
classification of exposure to second-hand tobacco 
smoke at work as never, occasionally or regularly 
did not show any dose–response effect; and the 
risk for the groups of occasionally or regularly 
exposed at home were similar and non statisti-
cally significant.

Lee et al. (2008) explored the intensity and 
duration of sexposure to second-hand tobacco 

smoke. For intensity the number of hours 
of exposure per day was considered at home 
(0–3 hours, > 3 hours) or at the workplace (never, 
1–3 hours and > 3 hours). Among both groups 
of never tobacco users and never tobacco and 
alcohol users non-statistically significant risks of 
head and neck cancers were observed for those 
exposed for > 3 hours per day at home or at work. 
For duration the number of years of exposure at 
home and at work was considered (never, 1–15 
years, and >  15 years). Among never tobacco 
users, there was a trend of increase in risk for head 
and neck cancers with greater number of years of 
exposure at home, but not at work. Among never 
tobacco and alcohol users, the duration of expo-
sure showed a trend for exposure both at work 
or at home. 

Considering specific anatomical sites, for 
cancer of the oral cavity no dose–response effect 
was observed with increasing number of years of 
exposure to second-hand tobacco smoke at home 
or at work. For cancer of the pharynx, a dose–
response effect was observed with increasing 
number of years of exposure to second-hand 
tobacco smoke with only at home, in both never 
tobacco users and never tobacco and alcohol 
users. For cancer of the larynx, a dose–response 
effect was noted with increasing number of years 
of exposure to second-hand tobacco smoke at 
home among never tobacco users and at work 
among never tobacco and alcohol users. Among 
never tobacco and alcohol users, all the odd ratios 
(OR) were statistically significantly elevated for 
>  15 years of exposure at home or at work for 
head and neck cancers overall and separately 
for cancer of the pharynx, and only at work for 
cancer of the larynx.

2.3.2 Cancers of the nasopharynx, and nasal 
cavity and sinonasal cavity 

The relationship between exposure to 
second-hand tobacco smoke and risk for these 
rare cancers of the upper respiratory tract has 
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been examined in one cohort study (Hirayama, 
1984; Table  2.7 available at http://monographs.
iarc.fr/ENG/Monographs/vol100E/100E-02-
Table2.7.pdf) and five case–controls studies 
(Fukuda & Shibata, 1990; Yu et al., 1990; Zheng 
et al., 1993; Cheng et al., 1999; Yuan et al., 2000; 
Table  2.6 on-line). A positive association was 
found in most of these studies.

Hirayama (1984) found an increased risk of 
sinonasal cancer in women (histology not noted) 
associated with increasing numbers of cigarettes 
smoked by husbands of nonsmoking women. 
When compared with nonsmoking women 
married to nonsmokers, wives whose husbands 
smoked had a relative risk of 1.7 (95%CI: 0.7–4.2) 
for 1–14 cigarettes per day, 2.0 (95%CI: 0.6–6.3) 
for 15–19 cigarettes per day and 2.55 (95%CI: 
1.0–6.3) for ≥  20 cigarettes per day (P for 
trend = 0.03).

Fukuda & Shibata (1990) reported the results 
of a Japanese case–control study based on 169 
cases of squamous-cell carcinoma of the maxil-
lary sinus and 338 controls matched on sex, 
age and residence in Hokkaido, Japan. Among 
nonsmoking women, a relative risk of 5.4 
(P  <  0.05) was associated with exposure in the 
household to second-hand tobacco smoke from 
one or more smokers. Active smoking was asso-
ciated with an increased risk for squamous-cell 
carcinoma of the maxillary sinus in men in the 
same study.

Zheng et al. (1993) used data from the 1986 
US National Mortality Followback Survey to 
assess risk for cancer of the nasal cavity and 
sinuses in relation to exposure to second-hand 
tobacco smoke in white men. A total of 147 deaths 
from cancer of the nasal cavity and sinuses was 
compared to 449 controls who had died from 
other causes (excluding any causes strongly 
linked to alcohol and/or tobacco use). Data were 
obtained from postal questionnaires completed 
by next-of-kins. Among nonsmokers, patients 
with nasal cancer were more likely to have a 
spouse who smoked cigarettes (RR, 3.0; 95%CI: 

1.0–8.9) after adjustment for age and alcohol use. 
When the analysis of cases was restricted to those 
with cancer of the maxillary sinus, the risk was 
somewhat higher (RR 4.8; 95%CI: 0.9–24.7). The 
risks reported for active smoking and exposure 
to second-hand tobacco smoke were of similar 
magnitude in this study.

Neither second-hand tobacco smoke expo-
sure during childhood nor exposure during 
adulthood were positively associated with an 
increased risk for nasopharyngeal cancer in a 
study in Taiwan, China (Cheng et al., 1999). 
Although histological type was not specified, 
all cases were histologically confirmed. Among 
never-smokers, the risk estimates for cumulative 
exposure to second-hand tobacco smoke (pack-
person-years) in childhood declined as exposure 
increased (P for trend = 0.05); a similar but non-
significant inverse relationship was found for 
exposure during adulthood. Significant eleva-
tions in risk for nasopharyngeal cancer were 
observed for active smokers in this study. [The 
Working Group noted that the exposure assess-
ment was relatively detailed and that the esti-
mates of relative risk were adjusted for age, sex, 
education and family history of nasopharyngeal 
cancer.]

A large population-based case–control study 
conducted in Shanghai, China, included 935 
cases of nasopharyngeal carcinoma and 1032 
population controls randomly selected from a 
population-registry and frequency-matched by 
sex and 5-year age group (Yuan et al., 2000). 
All cases were histologically confirmed, but the 
cell type was not specified. The study subjects 
were interviewed face to face, and the response 
rates were 84% for cases and 99% for controls. 
In female never-smokers, a consistent increase 
in risk related to exposure to second-hand 
tobacco smoke during childhood was noted. 
The relative risk was 3.4 (95%CI: 1.4–8.1) if the 
mother smoked; 3.0 (95%CI: 1.4–6.2) if the father 
smoked; 2.7 (95%CI: 1.1–6.9) if another house-
hold member smoked and 3.0 (95%CI: 1.4–6.2) 
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if any household member smoked. Risks asso-
ciated with exposure to second-hand tobacco 
smoke during adulthood in women were also 
statistically significantly increased. For male 
never-smokers, the associations were weaker and 
were not statistically significantly elevated for 
exposure during childhood and adulthood. [The 
Working Group noted that this was a large, well 
conducted study that included a detailed expo-
sure assessment and adjustment for numerous 
potential confounders.]

2.4 Leukaemia and lymphomas
Kasim et al. (2005) analysed the risk of 

leukaemia in adults after exposure to second-
hand tobacco smoke (Table  2.8 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-02-Table2.8.pdf). This case–
control study was based on postal question-
naires. There was a slightly increased risk (P 
for trend  =  0.001) with increasing duration of 
exposure to second-hand tobacco smoke. The 
association was limited to chronic lymphocytic 
leukaemia and was stronger for occupational 
exposures to second-hand tobacco smoke.

2.5 Other cancers in adults

2.5.1 All cancer combined

Hirayama (1984), Sandler et al. (1985b), and 
Miller (1990) observed a significant associa-
tion between exposure to second-hand tobacco 
smoke and overall cancer incidence or mortality. 
Nishino et al. (2001) also studied all cancers 
combined and reported a relative risk of 1.1 
(95%CI: 0.92–1.4) associated with husband’s 
smoking.

2.5.2 Cancers of the gastrointestinal tract

In addition to the studies reviewed previously 
(Sandler et al. 1988; Gerhardsson de Verdier 
et al., 1992; Mao et.al., 2002), ten new studies 

have been identified: two cohort (Nishino et al., 
2001; Hooker et al., 2008; Table 2.13 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-02-Table2.13.pdf); seven case–
control (Sandler et al., 1985a, b; Slattery et al., 
2003; Lilla et al., 2006; Wang et al., 2006; Duan 
et al., 2009; Verla-Tebit et al., 2009; Table  2.14 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-02-Table2.14.pdf) 
and one case-only study (Peppone et al., 2008; 
Table 2.15 available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-02-Table2.15.
pdf). Two studies (Sandler et al., 1985a; Wang 
et al., 2006) did not provide risk estimates of 
gastrointestinal cancers for never smokers and 
are not discussed further. [No data for these 
studies are included in the tables.]

Sandler et al. (1985b) observed a relative risk 
of 0.7 and 1.3 for cancer of the digestive system 
from exposure to maternal and paternal passive 
smoke, respectively. [No CIs were provided and 
the numbers of never smokers exposed were 
small.] Verla-Tebit et al. (2009) found no evidence 
of an increased risk for colorectal cancer asso-
ciated with exposure to second-hand tobacco 
smoke overall.

(a) Cancer of the colorectum 

Nishino et al. (2001) observed no association 
with husband’s smoking for cancer of the colon 
(RR 1.3; CI: 0.65–2.4) or of the rectum (RR 1.8; 
0.85–3.9). 

Four studies investigated risk for cancer or the 
colon and/or rectum by sex. Sandler et al. (1988) 
reported an increased risk for colorectal cancer 
in men (RR 3.0; 95%CI: 1.8–5.0) but a protective 
effect in women (RR 0.7; 95%CI: 0.6–1.0). Slattery 
et al. (2003) noted that rectal cancer was signifi-
cantly associated with exposure to second-hand 
tobacco smoke in men (OR, 1.5; 95%CI: 1.1–2.2 for 
never smokers) but not in women. Hooker et al. 
(2008) reported an effect among men only, with 
a significantly increased risk for rectal cancer in 
the 1963 cohort (RR 5.8, 95%CI: 1.8–18.4) but not 
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the 1975 cohort. Gerhardsson de Verdier et al. 
(1992) found an increased risk for rectal cancer 
in men (RR  1.9; 95%CI: 1.0–3) and for colon 
cancer in women (RR 1.8; 95%CI: 1.2–2.8). [The 
Working Group noted that it is unclear whether 
the analysis was restricted to never-smokers.] 

When analysing different sources of expo-
sure to second-hand tobacco smoke, Verla-Tebit 
et al. (2009) found no evidence of an increased 
risk for cancer of the colorectum associated with 
exposure to second-hand tobacco smoke specifi-
cally during childhood or at work, but observed 
a significant increase in risk associated with 
spousal exposure.

Peppone et al. (2008) noted that consider-
able exposure to second-hand tobacco smoke, 
especially during childhood, was more likely to 
lead to an earlier-age diagnosis of cancer of the 
colorectum. 

In exploring the association of cancer of 
the colorectum with exposure to second-hand 
tobacco smoke and NAT1 and NAT2 status, Lilla 
et al. (2006) noted that risk may only be relevant 
among genetically susceptible (NAT1 and NAT2 
status) individuals.

(b) Cancer of the stomach

Nishino et al. (2001) observed no associa-
tion with husband’s smoking for cancer of the 
stomach (RR, 0.95; 95%CI: 0.58–1.6).

The two studies on the association of expo-
sure to second-hand tobacco smoke with 
stomach cancer by subsite (cardia versus distal) 
gave contradictory results. In one study (Mao 
et al., 2002) a positive trend (P = 0.03) in risk for 
cancer of the gastric cardia was associated with 
lifetime exposure to second-hand tobacco smoke 
(residential plus occupational) in never smoking 
men, with a relative risk of 5.8 (95%CI: 1.2–27.5) 
at the highest level of exposure (≥ 43 years); no 
increased risks or trends were observed for distal 
gastric cancer. In the other study, Duan et al. 
(2009) an increased risk for distal gastric cancer 

was found, but not for gastric cardia [Data were 
not analysed by sex due to small sample size].

2.5.3 Cancer of the pancreas

Six studies have been identified on the asso-
ciation of exposure to second-hand tobacco 
smoke with cancer of the pancreas: three cohort 
(Nishino et al., 2001; Gallicchio et al., 2006; Bao 
et al., 2009; the latter two are summarized in 
Table 2.17 available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-02-Table2.17.
pdf) and three case–control (Villeneuve et al., 
2004; Hassan et al., 2007; Lo et al., 2007; the 
former two studies are summarized in Table 2.18 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-02-Table2.18.pdf).

(a) Exposure in adulthood

Data from the majority of the studies (Nishino 
et al., 2001; Villeneuve et al., 2004; Gallicchio 
et al., 2006; Hassan et al., 2007; Bao et al., 2009) 
suggested lack of an association of cancer of the 
pancreas with never smokers exposed to second-
hand tobacco smoke in adulthood at home or at 
work. (RR 1.2 (95%CI: 0.45–3.1) and 1.21 (95%CI: 
0.60–2.44) respectively).

Lo et al. (2007) reported an odd ratio of 6.0 
(95%CI: 2.4 −14.8) for never smokers (both sexes 
combined) exposed to second-hand tobacco 
smoke in Egypt. [The Working Group noted 
the small numbers of cases, the use of hospital 
controls and the small proportion of the cases 
(35%) with histopathological confirmation. Data 
are not included in Table 2.18 on-line].

(b) Exposure during childhood

In the Nurses’ Health Study, Bao et al. (2009) 
noted an increased risk for cancer of the pancreas 
(RR 1.42; 95%CI: 1.07–1.89) for maternal but not 
for paternal smoking (RR 0.97; 95%CI: 0.77–1.21) 
during childhood.
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2.5.4 Cancer of the kidney (renal cell 
carcinoma)

Two case–control studies have been published 
on the association of exposure to second-hand 
tobacco smoke with cancer of the kidney (specifi-
cally renal cell carcinoma) since IARC (2004) (Hu 
et al., 2005; Theis et al., 2008; Table 2.19 available 
at http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-02-Table2.19.pdf). In both studies 
a significantly increased risk associated with 
exposure to second-hand tobacco smoke among 
never smokers was reported.

2.5.5 Cancer of the urinary bladder
A total of seven studies and one meta-analysis 

have considered the association between exposure 
to second-hand tobacco smoke and cancer of the 
urinary bladder: three cohort studies (Zeegers 
et al., 2002; Bjerregaard et al., 2006; Alberg et al., 
2007; Table 2.9, available at http://monographs.
iarc.fr/ENG/Monographs/vol100E/100E-02-
Table2.9.pdf), four case–control studies (Burch 
et al., 1989; Chen et al., 2005a; Samanic et al., 
2006; Jiang et al., 2007; Table  2.10 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-02-Table2.10.pdf), and one meta-
analysis (Van Hemelrijck et al., 2009).

(a) Population-based exposure-response 
relationship

Burch et al. (1989) and Zeegers et al. (2002) 
reported no increased risk for cancer of the 
urinary bladder [Data are not included in the 
Tables]. Van Hemelrijck et al. (2009) reported a 
meta-relative risk of 0.99 (95%CI: 0.86–1.14) for 
never smokers exposed to second-hand tobacco 
smoke. [Data not included in Table. The Working 
Group noted the marked variation in risk in the 
analyses by sex and by timing of exposure to 
second-hand tobacco smoke during adulthood 
or childhood].

In the European Prospective Investigation 
into Cancer and Nutrition (EPIC) study, 

Bjerregaard et al. (2006) compared ever versus 
never exposed to second-hand tobacco smoke 
as an adult or a child: the risk for cancer of the 
urinary bladder increased for exposures during 
childhood (OR, 1.38; 95%CI: 1.00–1.90), and was 
stronger for never-smokers (OR, 2.02; 95%CI: 
0.94–4.35).

Alberg et al. (2007) analysed data from two 
cohorts of non-smoking women in the USA 
exposed to second-hand smoke at home. An asso-
ciation with exposure to second-hand tobacco 
smoke was found in the 1963 cohort (RR,  2.3; 
95%CI: 1.0–5.4) but not in the 1975 cohort (RR, 
0.9; 95%CI: 0.4–2.3). [The Working Group noted 
the small number of cases available for some of 
the risk estimates.]

In a study assessing occupational exposure 
to second-hand tobacco smoke (Samanic et al., 
2006), the risk for cancer of the urinary bladder 
was increased in the highest exposure category 
among women (RR, 3.3; 95%CI: 1.1–9.5) but not 
among men (RR, 0.6; 95%CI: 0.2–1.4).

(b) Molecular-based exposure-response 
relationship

4-aminobiphenyl (4-ABP) can form DNA 
adducts and induce mutations, and ciga-
rette smoke is the most prominent source of 
exposure to 4-aminobiphenyl in humans (see 
Section 4). Jiang et al. (2007) used variation in 
4-ABP-haemoglobin adducts levels to assess expo-
sure to second-hand tobacco smoke and reported 
a significantly increased risk with increasing 
lifetime exposure among never-smoking women 
exposed in adulthood or childhood.

Chen et al. (2005a) hypothesized that the 
ability to detoxify arsenic (a risk factor urinary 
bladder cancer) through methylation may modify 
risk related to second-hand tobacco smoke expo-
sure. Results of the adjusted analyses show that a 
high primary methylation index associates with 
lower risk of cancer of the urinary bladder (OR, 
0.37; 95%CI: 0.14–0.96, p interaction  =  0.11) in 
second-hand tobacco smoke exposed subjects 

240

http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-02-Table2.19.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-02-Table2.19.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-02-Table2.9.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-02-Table2.9.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-02-Table2.9.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-02-Table2.10.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-02-Table2.10.pdf


Second-hand tobacco smoke

compared to unexposed. In endemic area the 
ability to methylate arsenic may play a role in 
reducing the risk of cancer of the urinary bladder 
associated with second-hand tobacco smoke 
exposure. [The Working Group noted that the 
small number of cases and the use of hospital 
controls limit the validity of inferences from this 
study].

Using case–control data for never and former 
smokers nested within the EPIC study Vineis 
et al. (2007b) examined susceptibility in genes 
involved in oxidative stress (such as NQO1, MPO, 
COMT, MnSOD), in phase I (such as CYP1A1 
and CYP1B1) and phase II (such as GSTM1, and 
GSTT1) metabolizing genes, and in methylene-
tetrahydrofolate (MTHFR). GSTM1 deletion was 
strongly associated with risk for urinary bladder 
cancer in never smokers (OR, 1.75; 95%CI: 0.89–
3.43), and a similar association was noted for 
former smokers and for men. 

2.5.6 Cancer of the cervix

The cohort studies evaluated previously 
(Hirayama, 1984; Jee et al., 1999; Nishino et al., 
2001) consistently indicated the lack of associa-
tion between exposure to second-hand tobacco 
smoke and cancer of the uterine cervix, while the 
informative case–control studies (Sandler et al., 
1985b; Slattery et al., 1989; Scholes et al., 1999) 
suggested a non-statistically significant increase 
in risk.

A total of 10 new studies have been identi-
fied: one cohort study (Table  2.11 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-02-Table2.11.pdf) and nine case–
control studies (Buckley et al., 1981; Brown 
et al., 1982; Hellberg et al., 1986; Hirose et al., 
1996; Coker et al., 2002; Wu et al., 2003; Tay & 
Tay, 2004; Sobti et al., 2006; Tsai et al., 2007; 
Table 2.12 available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-02-Table2.12.
pdf). Three early case–control studies (Buckley 
et al., 1981; Brown et al., 1982; Hellberg et al., 

1986) did not look at risk of exposure to second-
hand tobacco smoke in never smoking women, 
and are not further discussed.

(a) Squamous cell carcinoma of the cervix

A significant increase risk for invasive cancer 
of the uterine cervix associated with exposure to 
second-hand tobacco smoke during adulthood 
was found in three case–control studies (Hirose 
et al., 1996; Wu et al., 2003; Tay & Tay, 2004) and 
one cohort study (Trimble et al., 2005). 

(b) Cervical intraepithelial lesions and neoplasia

An earlier case–control study (Coker et al., 
1992) found no statistically significant associa-
tion between exposure to second-hand tobacco 
smoke and CIN II/III in non-smokers, after 
adjustment for age, race, education, number of 
partners, contraceptive use, history of sexually 
transmitted disease and history of Pap smear. A 
later study (Coker et al., 2002) looked at risk of low 
grade and high grade cervical squamous intraep-
ithelial lesions (LSIL and HSIL, respectively) in 
HPV positive never-smokers and reported a 
significant association with exposure to second-
hand tobacco smoke. In a community-based 
case–control study, Tsai et al. (2007) observed 
a markedly increased risk for both CIN1 and 
CIN2 in both HPV-positive and HPV-negative 
women exposed to second-hand tobacco smoke. 
Only Coker et al. (2002) and Tsai et al. (2007) 
controlled for HPV status in women.

Sobti et al. (2006) reported that cervical 
cancer risk is increased in individuals exposed to 
second-hand tobacco smoke with GSTM1 (null), 
GSTT1 (null) and GSTP1 (Ile105Val) genotypes, 
with odd ratios ranging from 6.4 to 10.2.

2.5.7 Cancer of the ovary

One cohort study (Nishino et al., 2001) and 
two case–control studies (Goodman & Tung, 
2003; Baker et al., 2006; Table  2.16 available at 
http://monographs.iarc.fr/ENG/Monographs/
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vol100E/100E-02-Table2.16.pdf) have been 
published on the association of exposure to 
second-hand tobacco smoke with cancer of the 
ovary. In all three studies a null or inverse asso-
ciation of cancer of the ovary for never smokers 
exposed to second-hand tobacco smoke was 
found. Nishino et al. (2001) observed no asso-
ciation with husband’s smoking (RR 1.7; 95%CI: 
0.6- 5.2). Goodman & Tung (2003) reported no 
association of exposure to second-hand tobacco 
smoke during childhood with risk of cancer 
of the ovary. Baker et al. (2006) reported a 
decreased risk of cancer of the ovary for never 
smokers exposed to second-hand tobacco smoke 
(OR, 0.68; 95%CI: 0.46–0.99), with similar find-
ings for former and current smokers.

2.5.8 Tumours of the brain and CNS

A total of three case–control studies (Ryan 
et al., 1992; Hurley et al., 1996; Phillips et al., 
2005) have considered the association of second-
hand tobacco smoke and cancers of the brain 
and central nervous system. Ryan et al. (1992) 
reported an increased risk of meningioma 
associated with spousal exposure, particularly 
among women (RR  2.7; 95%CI: 1.2–6.1). In a 
case–control study of gliomas in Australia no 
association was found for exposure to second-
hand tobacco smoke in never smokers (RR 0.97, 
95%CI: 0.61–1.53) (both sexes combined) (Hurley 
et al., 1996). However Phillips et al. (2005) found 
that spousal smoking was associated with an 
increased risk for intracranial meningioma in 
both sexes combined (OR, 2.0; 95%CI: 1.1–3.5), 
the risk increased with increasing duration of 
exposure (P for trend = 0.02). 

2.5.9 Other cancers

One case–control study on hepatocellular 
cancer (Hassan et al., 2008) and one on cancer of 
the testis (McGlynn et al., 2006) were published 
since IARC (2004). Hassan et al. (2008) did not 

find an association with exposure to second-
hand tobacco smoke and hepatocellular cancer, 
while that of McGlynn et al. (2006) did not 
support the hypothesis that maternal smoking 
is related to the development of cancer of the 
testis (Table 2.20 available at http://monographs.
iarc.fr/ENG/Monographs/vol100E/100E-02-
Table2.20.pdf). However, these studies provide 
limited information on the association of expo-
sure to second-hand tobacco smoke with the risk 
of these cancers.

2.6 Parental tobacco smoking and 
childhood cancers

2.6.1. Overview

A large number of studies have evaluated 
the association of cancer risk in childhood with 
exposure to parental smoking. However, child-
hood cancers are extremely heterogeneous, both 
between major cancer sites and within subtypes. 
In addition, given the rarity of childhood cancers, 
studies of specific cancer sites and subtypes that 
have adequate sample sizes and detailed expo-
sure assessments are difficult to achieve.

(a) Smoking exposure assessment

Parental smoking before and during preg-
nancy exposes germ cells (spermatozoa and ova) 
and/or the fetus to the same chemical mixture 
and levels of tobacco smoke as during active 
smoking, while post-natal exposure to parental 
tobacco smoking exposes the offspring to second-
hand tobacco smoke. Some studies distinguish 
whether exposure to parental smoking was 
preconceptional, in utero or postnatal. Even 
when a study reports only on one time period, 
exposure may have occurred at all three periods. 
Exposures to tobacco smoking during each of 
these periods tend to correlate, in particular, 
paternal smoking is less likely to change during 
and after pregnancy. In addition, paternal and 
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maternal smoking habits are highly correlated 
(Boffetta et al., 2000).

Most studies assessed the number of ciga-
rettes smoked per day (e.g. 0–10, 11–20, 20+) and, 
when data were available, some assessed contin-
uous consumption of cigarettes per day. One 
study reported exposure in pack-years (Lee et al., 
2009). The SEARC international case–control 
study assessed polycyclic aromatic hydrocar-
bons (PAHs) as the main exposure of interest and 
obtained information on both tobacco smoke and 
occupational exposures (Cordier et al., 2004).

(b) Bias and confounding

Whitehead et al. (2009) evaluated the 
adequacy of self-reported smoking histories on 
469 homes of leukaemia cases and controls and 
found that nicotine concentrations derived from 
interview responses to a structured question-
naire strongly correlated to measured levels in 
dust samples.

The major confounders for the relation-
ship between parental smoking and childhood 
cancers were markers of socioeconomic status, 
race or ethnicity, birth weight or gestational 
age, parental age, sex and age of the case child. 
In most studies matching or adjusting for these 
confounders was performed as appropriate. In 
some studies matching was performed for birth 
order and centre of diagnosis.

2.6.2 All childhood cancers combined

In addition to the four cohort and 10 case–
control studies reviewed by IARC (2004), three 
case–control studies have examined the role of 
second-hand tobacco smoke in relation to risk for 
all childhood cancers combined (Sorahan et al., 
2001; Pang et al., 2003; Sorahan & Lancashire, 
2004; Table 2.21 available at http://monographs.
iarc.fr/ENG/Monographs/vol100E/100E-02-
Table2.21.pdf).

(a) Intensity and timing of parental smoking
In a follow-up of the Inter-Regional 

Epidemiological Study of Childhood Cancer 
(IRESCC) by McKinney et al. (1987), a statisti-
cally significant positive trend with daily paternal 
smoking before pregnancy was observed when 
cases were compared with controls selected from 
General Practitioners’ (GPs’) lists, but not from 
hospitals; an inverse trend was noted for maternal 
smoking before pregnancy when cases were 
compared with hospital, but not with General 
Practitioners, controls (Sorahan et al., 2001).

In the United Kingdom Childhood Cancer 
Study (UKCCS), Pang et al. (2003) observed a 
similar pattern of increasing risk with increasing 
intensity of paternal preconception smoking, 
and of decreasing risk for increasing maternal 
smoking before and during pregnancy for all 
diagnoses combined, and for most individual 
diagnostic groups.

In the most recent report from the Oxford 
Survey of Childhood Cancers (OSCC), the risk 
of death from all childhood cancers combined 
was not associated with maternal smoking, 
but was consistently associated with paternal 
smoking alone or in combination with maternal 
smoking, in both adjusted and unadjusted anal-
yses [Ex-smokers of more than 2  years before 
birth of the survey child were assimilated to non-
smokers] (Sorahan & Lancashire, 2004).

(b) Bias and confounding

The significant trends observed by Sorahan 
et al. (2001) and Pang & Birch (2003) did 
not diminish when adjusted for potential 
confounding covariates or with simultaneous 
analysis of parental smoking habits. The relation-
ship between maternal smoking and birth weight 
reported by Sorahan et al. (2001) suggested that 
self-reported maternal smoking was equally 
reliable for cases and for controls. However, 
comparisons of smoking patterns with national 
data suggested that control parents in this study 
were heavier smokers.
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2.6.3 Leukaemias and lymphomas

Since IARC (2004), one cohort study (Mucci 
et al., 2004) (Table 2.22 available at http://mono-
graphs.iarc.fr/ENG/Monographs/vol100E/100E-
02-Table2.22.pdf), eleven case–control studies 
(Table  2.23 available at http://monographs.
iarc.fr/ENG/Monographs/vol100E/100E-02-
Table2.23.pdf), and one meta-analysis (Lee et al., 
2009) (Table 2.24 available at http://monographs.
iarc.fr/ENG/Monographs/vol100E/100E-02-
Table2.24.pdf) have evaluated the association 
of parental tobacco smoking with the risk for 
lymphatic and haematopoietic cancers.

(a) Duration and intensity of exposure

From a meta-analysis of 30 studies published 
before 1999 Boffetta et al. (2000) reported 
no statistically significant association for all 
lymphatic and haematopoietic neoplasms and 
noted evidence of publication bias for the avail-
able data. 

Lee et al. (2009) performed a meta-analysis 
of twelve studies on paternal smoking and risk of 
childhood leukaemia. Paternal smoking before 
conception of the index child was significantly 
associated with the risk for acute leukaemia 
(AL) and acute lymphoblastic leukaemia (ALL) 
(Fig. 2.2).

 In a cohort study, maternal smoking was 
associated with a lower risk of acute lympho-
blastic leukaemia, a higher risk of acute myeloid 
leukaemia (AML) particularly among heavy 
smokers, and a slight excess risk for non-Hodgkin 
lymphoma (NHL) (Mucci et al., 2004).

Because of the diversity of types of expo-
sure (paternal, maternal, parental), of timing of 
exposure (preconception, in utero, post-natally) 
and of the outcome, the case–control studies are 
briefly summarized individually.

Schüz et al. (1999) showed that the risk 
for acute childhood leukaemias was inversely 
related to maternal smoking during pregnancy. 
Paternal smoking before pregnancy showed no 

association with leukaemia risk for any smoking 
category. Sorahan et al. (2001) reported a non-
significant positive association between risk for 
acute lymphoblastic leukaemia and daily ciga-
rette smoking by fathers before pregnancy, and 
a non-significant inverse association between 
risk for acute lymphoblastic leukaemia and 
daily smoking by mothers before pregnancy. 
Down Syndrome children are highly suscep-
tible to the development of acute leukaemia. In 
a case–control study of 27 children with acute 
leukaemia and Down Syndrome compared with 
58 Down Syndrome children without acute 
leukaemia Mejía-Aranguré et al. (2003) found 
that paternal smoking of more than 10 cigarettes/
day, both preconception and after birth of the 
index child was associated with acute leukaemia. 
In the UKCC case–control study (Pang et al., 
2003), paternal but not maternal preconception 
tobacco smoking of 1–19 cigarettes/day was asso-
ciated with an increased risk of leukaemia, and 
a similar pattern was reported for lymphoma. 
Menegaux et al. (2005) reported no increased 
risk of acute lymphoblastic leukaemia or acute 
nonlymphocytic leukaemia (ANLL) associ-
ated with any category of post-natal exposure 
to tobacco smoking (i.e. maternal smoking 
during breastfeeding or after, paternal smoking 
after birth, other smokers at home), except for 
an increased risk of acute nonlymphocytic 
leukaemia with paternal smoking. In a later study, 
(Menegaux et al., 2007) reported no association 
between acute and parental smoking, by subtype 
(acute myeloid leukaemia or acute lymphoblastic 
leukaemia) or by time of exposure, with the excep-
tion of an increased risk of acute lymphoblastic 
leukaemia associated with maternal smoking 
during pregnancy. Chang et al. (2006) reported 
no risk for acute leukaemia, acute lymphoblastic 
leukaemia or acute myeloid leukaemia associ-
ated with maternal smoking either by period 
of smoking (preconception, during pregnancy, 
post-natally) or by amount smoked. Paternal 
preconception smoking was strongly associated 
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with risk for acute myeloid leukaemia both by 
period and intensity of smoking. When both 
paternal preconception smoking and maternal 
postnatal smoking were considered, the risk for 
acute lymphoblastic leukaemia was stronger. 
Rudant et al. (2008) reported a significant posi-
tive association between paternal smoking and 
acute lymphoblastic leukaemia, acute myeloid 
leukaemia, Burkitt lymphoma, and anaplastic 
large cell non-Hodgkin lymphoma, with 
increasing relative risks (RR) with increasing 

number of cigarettes smoked. No associa-
tions with Hodgkin lymphoma or other types 
of non-Hodgkin lymphoma were observed. 
Non-significantly elevated risks were observed 
for maternal smoking during pregnancy for acute 
lymphoblastic leukaemia and non-Hodgkin 
lymphoma, but not in the highest category of 10 
or more cigarettes/day. MacArthur et al. (2008) 
reported non-significantly elevated risk estimates 
for acute lymphoblastic leukaemia and acute 
myeloid leukaemia with maternal smoking, but 
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not with paternal smoking, before and during 
pregnancy. Lee et al. (2009) in Seoul, Republic of 
Korea, reported that paternal smoking was asso-
ciated with a significantly increased risk of acute 
leukaemia and acute lymphoblastic leukaemia 
in a dose–response manner. The proportion 
of mothers who smoked was too low (6.1% in 
controls) to analyse risk in association with 
maternal smoking.

(b) Potential confounders

In the study of Down Syndrome children 
(Mejía-Aranguré et al., 2003), the adjustment 
models did not show any interaction between 
paternal alcoholism and smoking. Menegaux et 
al. (2005) examined the association of parental 
smoking and maternal alcohol and coffee intake 
during pregnancy with the risk for childhood 
leukaemia. They found no association of acute 
lymphoblastic leukaemia or acute nonlympho-
cytic leukaemia with maternal smoking during 
pregnancy but an association with maternal 
alcohol and coffee consumption.

(c) Effect modification

Cigarette smoke is a known germ-cell mutagen 
in mice (Yauk et al., 2007), a likely germ-cell 
mutagen in humans (see Section 4.1.3a) and alters 
gene expression (see Section 4.1.4). Infante-Rivard 
et al. (2000) first assessed the role of parental 
smoking and CYP1A1 genetic polymorphisms 
with leukaemia and reported no statistically 
significant association with leukaemia overall. 
However, a case-only subanalysis suggested that 
the effect of parental smoking may be modified by 
variant alleles in the CYP1A1 gene: CYP1A1*2B 
tended to decrease risks and CYP1A1*2A and 
CYP1A1*4 increased the risks associated with 
smoking in the second and third trimesters of 
pregnancy. Clavel et al. (2005) examined the role 
of metabolic polymorphisms in the CYP1A1, 
GSTM1, GSTP1, GSTT1 and NQO1 genes. The 
slow EPHX1 allele (exon 3 homozygous geno-
type) was negatively associated with leukaemia, 

in particular acute lymphoblastic leukaemia, 
whereas the fast EPHX1 allele (exon 4 homozy-
gous genotype) was positively associated with 
leukaemia overall. A non-significant association 
with acute lymphoblastic leukaemia was noted 
for the homozygous NQO1*2 genotype. There 
was a significant interaction of the CYP1A1*2A 
allele with smoking in the case-only analysis 
and a not significant interaction, but similar 
in magnitude, in the case–control analysis. A 
significant interaction was also observed with 
the GSTM1 deletion in the case-only analysis, but 
not in the case–control analysis. Lee et al. (2009) 
genotyped five single-nucleotide CYP1A1 poly-
morphisms: acute lymphoblastic leukaemia risk 
was significantly increased for cases without the 
CGACC haplotype and with paternal smoking or 
the presence of at least one smoker in the home.

RAS is the second most mutated gene in 
smoking-associated lung tumours (Section 
4.1.3b). RAS mutations have been consistently 
correlated with myeloid leukaemias in adults 
and children, in particular with occupationally-
associated adult myeloid leukemias (Taylor et al., 
1992; Barletta et al., 2004). Wiemels et al. (2005) 
studied the relationship of RAS mutations, 
hyperdiploidy (> 50 chromosomes) and smoking 
in a case series of 191 acute leukaemia. Smoking 
was negatively associated with hyperdiploidy 
(possibly due to the sensitivity of the hyperdip-
loid clone and consequent differential survival) 
and hyperdiploid acute leukaemia cases had 
the highest rates of RAS mutations. [Paternal 
smoking in the three months before pregnancy 
was less frequent among hyperdiploids than 
among non-hyperdiploids.]

2.6.4 Cancers of the brain and central 
nervous system

Since IARC (2004), the association of expo-
sure to parental smoking and risk for childhood 
brain and central nervous system (CNS) tumours 
has been examined in one cohort study (Brooks 
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et al., 2004; Table 2.25 available at http://mono-
graphs.iarc.fr/ENG/Monographs/vol100E/100E-
02-Table2.25.pdf), six case–control studies 
(Schüz et al., 1999; Sorahan et al., 2001; Filippini 
et al., 2002; Pang et al., 2003; Cordier et al., 
2004; Plichart et al., 2008; Table  2.26 available 
at http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-02-Table2.26.pdf), and one meta-
analysis (Huncharek et al., 2002; Table  2.27 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-02-Table2.27.pdf).

A meta-analysis of 30 studies published before 
1999 indicated no significant increase in risk for 
CNS tumours associated with maternal smoking 
during pregnancy and an increased risk for brain 
tumours with paternal smoking (Boffetta et al., 
2000).

Huncharek et al. (2002) included one cohort 
and eleven case–control studies in a meta-anal-
ysis and found no clear association of maternal 
smoking during pregnancy with risk for child-
hood brain tumours, and a null risk estimate 
for all CNS tumours (even when the analysis 
was restricted to astrocytomas, the main brain 
tumour type). The results were comparable 
and consistently null for all sensitivity analyses 
conducted (Table 2.27 on-line).

Brooks et al. (2004) analysing the Swedish 
birth cohort study observed that children, in 
particular those aged 2–4 years, whose mother 
smoked during pregnancy, had an increased inci-
dence of childhood brain tumours; the increase 
in risk was similar for benign and malignant 
brain tumours and most apparent for astrocy-
tomas (Table 2.25 on-line).

Schüz et al. (1999) evaluated parental smoking 
and CNS tumour risk in children < 15 years from 
the German Childhood Cancer Registry (see 
Table 2.26 on-line). No association with risk of 
CNS tumours was observed for either maternal 
smoking during pregnancy or paternal smoking 
before pregnancy. Sorahan et al. (2001) found 
no significant association or trends of risk of 
CNS tumours with either paternal or maternal 

smoking, except for low level of maternal expo-
sure [the latter analysis is based on only eleven 
exposed cases and one control, yielding a very 
wide confidence interval]. Filippini et al. (2002) 
observed no association between risk of child-
hood brain tumours and parental smoking before 
pregnancy, maternal smoking, regular maternal 
exposure to second-hand tobacco smoke during 
pregnancy, or exposure of the child to second-
hand tobacco smoke during its first year of life. 
The results did not vary by child’s age at diag-
nosis, type of CNS tumour or study centre. 
Plichart et al. (2008) reported no association for 
maternal smoking during pregnancy with CNS 
tumours, while paternal smoking preconception 
showed a significant association, especially for 
astrocytomas. When assessing parental expo-
sure to PAHs, Cordier et al. (2004) observed an 
association of paternal exposure to occupational 
PAHs preconception with all childhood brain 
tumours and with astroglial tumours, but no 
trend of increasing risk with increased exposure. 
Paternal smoking alone was associated with 
a risk for astroglial tumours when compared 
with non-smoking, non-occupationally-exposed 
fathers. Pang et al. (2003) found a decreased 
CNS risk with maternal smoking of more than 
20 cigarettes/day preconception, in both unad-
justed and adjusted analyses. In the analyses by 
histological subgroups a statistically significant 
decreased risk was associated with maternal 
smoking during pregnancy for primitive neuroe-
ctodermal tumours. 

2.6.5 Hepatoblastoma

Hepatoblastoma is an embryonal tumour 
presumably of fetal origin and prenatal expo-
sures are likely more important than post-natal. 
In some children, a diagnosis of hepatoblastoma 
is evident at birth or shortly thereafter, with a 
median age at diagnosis of 12 months. The ability 
of hepatoblastoma tumour cells to synthesize 
α-fetoprotein (AFP), a major serum protein 
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synthesized by fetal liver cells, also suggests a 
fetal origin. Also, hepatoblastomas, like many 
other embryonal tumours, are associated with 
Beckwith-Wiedemann syndrome and hemi-
hypertrophy, further suggesting a gestational 
oncogenic event (DeBaun & Tucker, 1998). Data 
were available for both maternal and paternal 
exposures from two studies (Pang et al., 2003; 
Sorahan & Lancashire, 2004) while two other 
studies (McLaughlin et al., 2006; Pu et al., 2009) 
were limited to data on maternal smoking, avail-
able from birth certificates and medical records, 
respectively (Table  2.28). Most of these studies 
had limited sample sizes given the extreme rarity 
of these tumours.

(a) Parental smoking exposure

After adjustment for relevant covariates, 
Pang et al. (2003) observed a statistically signifi-
cant increased risk of hepatoblastoma in associa-
tion with maternal preconception smoking (OR, 
2.68; 95%CI: 1.16–6.21, P = 0.02) in a somewhat 
dose-dependent manner (P  =  0.058). The asso-
ciation with parental smoking was strongest 
(relative to neither parent smoking) when both 
parents smoked (OR, 4.74; 95%CI: 1.68–13.35, 
P = 0.003). Sorahan & Lancashire (2004) found 
no increased risk associated with maternal 
or paternal smoking alone compared to non-
smokers, in both adjusted and unadjusted anal-
yses. In contrast, parental smoking (paternal and 
maternal smoking combined) was strongly and 
consistently associated with an increased risk for 
hepatoblastoma in both adjusted and unadjusted 
analyses.

In a record-based case–cohort study only 
maternal smoking was examined (McLaughlin 
et al., 2006). Extremely low birth weight (< 1000 
g) was strongly associated with hepatoblastoma. 
After adjustement for birth weight, a statistically 
significant elevated risk for hepatoblastoma was 
found with maternal smoking (RR 2.1; 95%CI: 
1.0–4.2). The increased risk was stronger for 
children diagnosed at the age of two years or 

older (RR 6.0 versus 1.4). Also, the relarive risk 
for maternal smoking and hepatoblastoma was 
stronger for children with normal birth weight 
[>  2500 g] than for low birth weight children. 
For cases of hepatoblastoma diagnosed after the 
age of two years, the relative risk for maternal 
smoking among children with normal birth 
weight was also stronger than that among chil-
dren with low birth weight.

Another study on maternal smoking only 
was conducted in Chonquing, China (Pu et al., 
2009). After adjustment for birth weight, a signif-
icantly increased risk for hepatoblastoma was 
found for maternal smoking (RR 2.9; 95%CI: 
1.1–4.2). Adjustments for maternal age, maternal 
body mass index and sex of the baby did not 
change the odd ratios. When analyses were 
stratified by birth weight, the odd ratio associ-
ated with maternal smoking for children with a 
birth weight greater than 2500 g was increased 
almost fourfold. Stratification by age at diagnosis 
showed that the risk increased almost fivefold 
with diagnosis at the age of two years or over. 
[The Working Group noted that since informa-
tion regarding mother’s smoking status for both 
cases and controls was obtained before diagnosis 
the potential for biased recall of maternal expo-
sures during pregnancy is reduced].

(b) Bias and confounding

The known risk factors for hepatoblastoma 
include low and very low birth weights (< 2000 
g and < 1000 g, respectively), maternal age and 
use of assisted reproductive technologies. All 
studies adjusted for maternal age, and low birth 
weight was addressed in three of them (Pang & 
Birch, 2003; McLaughlin et al., 2006; Pu et al., 
2009). Assisted reproductive technologies were 
not considered to be an important potential 
confounder of these studies.

Spector & Ross (2003) argued that the 
association of hepatoblastoma with parental 
smoking observed by Pang et al. (2003) might be 
confounded by birth weight. In their response, 

248



Second-hand tobacco sm
oke

249

Table 2 .28 Studies of parental tobacco smoking and childhood hepatoblastoma

Reference, 
study 
location and 
period

Characteristics 
of cases

Characteristics 
of controls

Exposure 
assessment

Exposure categories 
(case/control)

(Cases/
controls) 

OR (95% CI)*  
* P < 0.05 ** 
P < 0.01

Adjustment 
for potential 
confounders

Comments

Pang et al. 
(2003) 
United 
Kingdom

3838 childhood 
cancer cases, 
of which 28 
hepatoblastoma; 
Hospital based; 
< 15 yr of age; 
1991–94 in 
Scotland; 1992–
94 in England 
and Wales

7581 controls; 
matched for 
sex, date of 
birth and 
geographical 
area of 
residence at 
diagnosis; 
randomly 
selected from 
Family Health 
Services 
Authorities in 
England and 
Wales and 
Health boards 
in Scotland

Face-to-face 
structured 
interviews; 
Computerized 
self-
administered 
questionnaires 
to parents of 
index child

Parental smoking Deprivation 
and parental 
age at birth of 
index child

Underreporting 
of smoking by 
case mothers

Neither parent (8/3142) 1.00 (ref)
Mother only (2/574) 2.02 (0.40–10.2)
Father only (3/1008) 1.86 (0.46–7.55)
Both parents (10/1249) ** 4.74 (1.68–13.35)
Paternal preconception 
smoking (cigarettes 
per d)
0 (11/3082) 1 (ref)
1–19 (6/1003) 1.88 (0.67–5.26)
20+ (7/1440) 1.65 (0.61–4.45)
Trend P 0.272
Maternal 
preconception smoking 
(cigarettes per d)
0 (10/3916) 1 (ref)
1–19 (9/1490) 2.99 (1.15–7.76)*
20+ (4/882) 2.17 (0.65–7.20)
P for trend 0.058

Pang & Birch 
(2003) 
United 
Kingdom

Birch and 
Kelsey 
diagnostic 
subgroups, 
which group 
biologically 
similar tumours 
together 
(UKCCS 
Investigators, 
2000) excluding 
diagnostic 
subgroups with 
less than 10 
cases

Maternal 
preconception smoking

(28/7581) 2.68 (1.16–6.21)* § As above, 
additionally 
adjusted for 
birth weight

Both parents 
preconception smoking

(27/6987) 4.74**

§ Maternal 
preconception smoking

2.50*

§ Both parents 
preconception smoking

4.97**
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Reference, 
study 
location and 
period

Characteristics 
of cases

Characteristics 
of controls

Exposure 
assessment

Exposure categories 
(case/control)

(Cases/
controls) 

OR (95% CI)*  
* P < 0.05 ** 
P < 0.01

Adjustment 
for potential 
confounders

Comments

Sorahan & 
Lancashire 
(2004) 
United 
Kingdom, 
1953–84

43 deaths from 
hepatoblastoma 
< 16 yr of age 

5777 matched 
controls, 
(analysed as 
unmatched 
series)

Parental 
smoking 
during yr 
1953–55, 
1971–76, 
1977–81

Maternal cigarette 
smoking

Sex, age at 
death, yr of 
death, social 
class, sibship 
position, age 
of mother 
and father at 
birth of child, 
obstetric 
radiography

Non-smoker (19/3191) 1 (ref)
Smoker (24/2524) 1.73 (0.93–3.21)
Paternal cigarette 
smoking
Non-smoker (12/2267) 1 (ref)
Smoker (28/3359) 2.10 (1.03–4.25)*
Parental cigarette 
smoking
Neither parent (9/1601) 1.0 (ref)
Mother only (3/662) 0.85 (0.23–3.19)
Father only (8/1545) 1.23 (0.46–3.28)
Both parents (20/1800) 2.69 (1.18–6.13)*

McLaughlin 
et al. (2006),  
New York, 
USA, 
1985–2001

58 cases of 
hepatoblastoma, 
identified from 
New York State 
Cancer Registry

Matched on 
yr of birth, 
electronic 
birth records 
for 1985–2001 
from New York 
State

Routinely 
recorded 
data on birth 
certificate

Maternal smoking Birth yr and 
birth weight

Association 
of maternal 
smoking was 
stronger in 
children with 
birth weights 
over 2.5kg.

Non-smoker (36/3439) 1 (ref)
Smoker (12/742) 2.1 (1.0–4.2)
Birth weight > 2500 g 2.7 (1.2–5.5)
Birth weight > 2500 g 
and age > 2 yr

5.8 (1.4–25.1)

Maternal smoking
Pu et al. 
(2009), 
Chongquing 
China, 
1990–97

58 cases 92 controls, 
appendicitis 
patients, 
matched on 
age, sex, yr

Medical 
record of 
mother or 
follow-up 
interviews as 
needed

Non-smoker (43/84) 1 (ref) Birth weight
Smoker (15/8) 2.9 (1.1–4.2)

d, day or days; yr, year or years

Table 2 .28 (continued)
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Pang & Birch (2003) showed evidence supporting 
their initial conclusion: the comparable results 
for maternal smoking, smoking by both parents 
and maternal smoking for cases diagnosed at 
an older age, i.e. one year or older, before and 
after adjustment for birth weight, appear to rule 
out low birth weight as an explanation for the 
association.

Also, both later studies (McLaughlin et al., 
2006; Pu et al., 2009) reported higher relative risks 
for children with normal birth weight compared 
to those with low birth weight, particularly in 
cases diagnosed after the age of two years.

2.6.6 Other childhood cancers

Several other childhood cancers have been 
studied in relation to parental tobacco smoke 
exposures, namely neuroblastoma, nephro-
blastoma, bone tumours, Wilms tumour, soft 
tissue sarcomas, other neoplasms of the reticu-
loendothelial system, and childhood germ cell 
tumours. The data are few and inconsistent 
(Schüz et al., 1999; Sorahan et al., 2001; Chen 
et al., 2005b; Table 2.28).

2.7 Synthesis

2.7.1 Lung

The totality of evidence available to date firmly 
establishes that exposure to second-hand tobacco 
smoke at home and at the workplace is causally 
associated with lung cancer risk in both men 
and women. This association has been observed 
in studies from North America, Europe, and 
Asia. Emerging evidence is also suggesting that 
exposure to second-hand tobacco smoke among 
children significantly enhances the risk of lung 
cancer in adulthood.

2.7.2 Breast

A large number of cohort studies, case–
control studies and meta-analyses have assessed 
the association between exposure to second-hand 
tobacco smoke and breast cancer. Recent large 
cohort studies in Europe and North America 
showed no association between second-hand 
tobacco smoke and breast cancer. Positive asso-
ciations in one or more subgroups were reported 
from some case–control studies; however, these 
associations were weaker in more recent studies 
compared with earlier studies. 

Explorative analyses focusing on premeno-
pausal breast cancer have suggested that second-
hand tobacco smoke may preferentially cause 
premenopausal breast cancer. Positive associa-
tions were largely reported from case–control 
studies, in which both recall and publication bias 
cannot be ruled out. Case–control studies that 
collect a lifetime exposure history are particularly 
vulnerable to subjective and differential reporting 
of exposures that occurred long in the past from 
sources that are difficult to quantify. Overall, the 
results for an association with premenopausal 
breast cancer are also inconsistent. 

2.7.3 Upper aerodigestive tract combined

Most evidence of the association between 
second-hand tobacco smoke and upper aerodi-
gestive tract cancers, and the subsites of the oral 
cavity, pharynx and larynx, comes from a pooled 
analysis. Overall, the association between second-
hand tobacco smoke exposure and cancers of the 
larynx and pharynx is less than causal.

2.7.4 Nasopharynx, and nasal cavity and 
accesory sinuses

There is some evidence from a cohort and 
case–control study that exposure to second-
hand tobacco smoke increases the risk of sinon-
asal cancer; for cancer of the nasopharynx, the 
evidence is contradictory.
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2.7.5 Others sites

Overall, data are conflicting and sparse for the 
association of exposure to second-hand tobacco 
smoke with all cancers combined, cancers of the 
gastrointestinal tract combined,  and cancers 
of the stomach, colon, rectum, pancreas, liver 
(hepatocellular carcinoma), kidney (renal cell 
carcinoma), urinary bladder, cervix, ovary, testes, 
and brain and central nervous system.

2.7.6 Childhood cancers

(a) All childhood cancers combined 

Four cohort studies, 13 case–control studies 
and one meta-analysis have assessed the associa-
tion of parental tobacco smoking with childhood 
cancers, all sites combined, in offspring. Most 
of the early studies only assessed the contri-
bution of maternal smoking, whereas recent 
studies generally assessed both paternal and 
maternal smoking, and at various time periods 
(preconception, during pregnancy, post-natally). 
Overall, the evidence for an association between 
parental smoking and childhood cancer (all sites 
combined) remains inconsistent and may be 
subject to bias. Nevertheless, a fairly consistent 
association of paternal tobacco smoking with 
childhood cancers is beginning to emerge, which 
is stronger in studies with more specific exposure 
assessments.

(b) Leukaemias and lymphomas 

Two cohort studies, 27 case–control studies 
and 2 meta-analyses have examined the asso-
ciation of childhood haematopoietic malignan-
cies (leukaemia and lymphoma) with exposure 
to parental smoking (paternal, maternal or 
both). All studies examined leukaemia, and a 
large number of these addressed non-Hodgkin 
lymphoma.

The body of evidence suggests a consistent 
association of leukaemia (and lymphoma) with 
paternal smoking preconception and with 

combined parental smoking, with risk ratios 
ranging from 1.5 to 4.0. Maternal tobacco 
smoking during pregnancy generally showed 
modest increases in risk, or null or inverse rela-
tionships. The combined effects of preconception 
and post-conception exposures to tobacco smoke 
were highly significant.

Several studies on lymphoma risk associ-
ated with parental smoking showed significantly 
elevated risks associated with paternal tobacco 
smoking preconception. The analyses had small 
samples sizes, and biases due to participation, 
recall and response, especially related to expo-
sure, cannot be ruled out.

(c) Brain and central nervous system 

The association of childhood tumours of the 
brain and central nervous system with parental 
smoking was assessed in two cohort studies, 
21 case–control studies and 2 meta-analyses. 
Overall these studies do not show an association 
with either paternal smoking, largely preconcep-
tion, or maternal smoking prior, during or after 
pregnancy, or by CNS types, gliomas and primi-
tive neuroectodermal tumours. The strongly 
positive associations noted in some studies for 
paternal tobacco smoking with astrocytomas 
are offset by the lack of association with child-
hood brain tumours reported by the large UK 
Childhood Cancer Study.

(d) Hepatoblastoma 

Four informative case–control studies 
provided data on the association between 
parental smoking and hepatoblastomas. Two 
studies reported on both maternal and paternal 
smoking, while the two others assessed only 
maternal smoking. In one study where a large 
number of categories of childhood cancers 
(n = 25) were assessed, the only childhood cancer 
that showed an association with parental smoking 
was hepatoblastoma. This original observation 
was confirmed in three later studies, with relative 
risks ranging from 2.0 to 5.5. Chance, bias and 
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confounding were adequately addressed in the 
data from the studies available. The evidence for 
the association of parental smoking with hepa-
toblastoma is convincing, with an emphasis on 
prenatal exposures.

(e) Other childhood cancers

Most of the associations reported for the other 
childhood cancers, notably soft tissue sarcomas, 
rhabdomyosarcomas, Ewing’s sarcoma, neuro-
blastoma, Wilms tumour, reticuloendothelial 
sarcomas and germ cell tumours were null, 
with a few isolated and inconsistent positive 
observations.

3. Cancer in Experimental Animals

3.1 Simulated second-hand tobacco 
smoke

Simulated second-hand tobacco smoke, 
frequently a mixture of 89% sidestream and 11% 
mainstream smoke, generated from cigarettes by 
smoking machines (Teague et al., 1994) has been 
tested for carcinogenicity in adult mice of strains 
that are genetically susceptible to induction of 
lung tumours (Malkinson, 1992). Mice were 
exposed in inhalation chambers. Several studies 
reported no increase in lung tumour incidence or 
multiplicity in mice exposed to simulated second-
hand tobacco smoke for 5–9 months and killed 
immediately thereafter (Witschi et al., 1995, 
1997a; Finch et al., 1996). It was suggested that 
the lack of tumour response in simulated second-
hand tobacco smoke-exposed mice might be due 
to treatment-induced stress (as determined by 
the increased plasma corticosterone level) that 
has been shown to attenuate lung tumorigenesis 
(Stinn et al., 2005a).

In subsequent studies from several labora-
tories (Table 3.1), an increased multiplicity and 
often increased incidence of lung tumours was 

reported in male and female A/J mice exposed 
for five months and kept in filtered air for another 
four months (Witschi et al., 1997a, b, 1998, 1999; 
D’Agostini et al., 2001) or longer (Witschi et al., 
2006) before the mice were killed. Similar results 
were obtained with Swiss albino mice (Witschi 
et al., 2002). In these studies, no nasal tumours 
were observed in smoke-exposed mice.

 In one study, male and female transgenic 
mice with a dominant negative p53 mutation on 
an A/J background were exposed to simulated 
second-hand tobacco smoke for 9.5 continuous 
months or for 5 months followed by recovery in 
air for 4.5 months. Transgenic mice exposed by 
either regimen developed significantly higher 
incidence and multiplicity of lung tumours than 
sham-exposed control transgenic mice (DeFlora 
et al., 2003). Neither lung tumour incidence nor 
multiplicity was increased in smoke-exposed 
wild-type control mice in this study.

In one study, male and female rats exposed to 
room-aged sidestream cigarette smoke by nose-
only inhalation for 24 months and then killed 
had no increased incidence of lung or other 
tumours in comparison with fresh-air controls. 
Lung tumours were not significantly increased 
in rats exposed for 24 months and kept until 30 
months of age (Stinn et al., 2005b).

3.2 Sidestream smoke condensate

In one study, sidestream cigarette smoke 
condensate applied to the shaved skin of female 
NMRI mice lower back, at total weekly doses of 
5, 10 and 15 mg, for 3 months caused benign and 
malignant skin tumours and mammary carci-
nomas in mice observed for their lifespan and 
was more potently carcinogenic in this assay than 
mainstream smoke condensate. No cutaneous or 
subcutaneous tumours developed in any of three 
control groups (P < 0.001) (Mohtashamipur et al., 
1990). In one study, fractionated sidestream ciga-
rette smoke condensates were implanted into the 
lungs of female rats. The fraction containing 
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Table 3 .1 Carcinogenicity studies of inhalation exposure to simulated second-hand tobacco smokea in A/J mice, transgenic 
mice with a dominant negative p53 mutation, and Wistar rats as a function of length of the post-exposure recovery period

Species, strain 
(sex) 
Reference

Animals/group at start 
Dosing regimen 
Duration

Results 
Target organ 
Incidence and/or 
multiplicity of tumours 
(%)

Significance Comments

Mice, A/J (M) 
Witschi et al. 
(1997a)

48 animals/group 
Chamber concentration, 0 or 87 mg/m3 total suspended 
particulates; 6 h/d, 5 d/wk for 5 mo followed by 0 or 
4 mo post-exposure recovery 
9 mo

5 mo: 2/24 (8%, 0.1 ± 0.1); 
6/24 (25%, 0.3 ± 0.1)

NS > 80% of tumours were 
adenomas; the rest 
were adenocarcinomas9 mo: 9/24 (38%, 

0.5 ± 0.2); 20/24 (83%, 
1.4 ± 0.2)

Incidence: P < 0.05 
Multiplicity: P < 0.05

Mice, A/J (F) 
D’Agostini et al. 
(2001)

20 animals/group 
Chamber concentration, 0 or 120 mg/m3 total suspended 
particulates; 6 h/d, 5 d/wk, for 5 mo followed by 4 mo 
post-exposure recovery 
9 mo

5/20 (25%, 0.25 ± 0.10); 
15/20 (75%, 1.05 ± 0.17)

Incidence: P < 0.01  
Multiplicity: P < 0.01

A/J mice (sex 
NR) 
Witschi et al. 
(2006)

24, 25 controls (12 mo) 
19, 17 controls (24 mo) 
Chamber concentration, 0 (control) or 158 mg/m3 total 
suspended particulates; 6 h/d, 5 d/wk, for 6 mo followed 
by 4 or 16 mo post-exposure recovery 
24 mo

12 mo: 13/24 (54%, 
0.9 ± 0.2); 24/25 (96%, 
1.8 ± 0.2)

Incidence: P < 0.05 
Multiplicity: P < 0.05

80% of tumours were 
adenomas

24 mo: 8/9 (89%, 
2.1 ± 0.5); 10/10 (100%, 
4.3 ± 0.7)

Incidence: NS 
Multiplicity: P < 0.05

(UL53–3xA/J)F1, 
Transgenic mice 
(M, F) 
De Flora et al. 
(2003)

222 (108; 114 controls) 
Chamber concentration, 0 (control) or 113 mg/m3 
total suspended particulates; 6 h/d for 5 mo or 9.5 mo 
followed by 0 or 4.5 mo post-exposure recovery 
9.5 mo

No recovery: NR; 17/30 
(57%, 0.93 ± 0.18)

Incidence: P < 0.01 
Multiplicity: P < 0.01

With recovery: 5/26 (19%, 
0.27 ± 0.10); 15/23 (65%, 
0.74 ± 0.11)

Incidence: P < 0.01 
Multiplicity: P < 0.01

Wistar rats (M, F) 
Stinn et al. 
(2005b)

99 rats/group 
Nose-only exposure; concentration, 0 (controls) or low 
dose 3 mg/m3 or high dose 10 mg/m3; 6 h/d, 7 d/wk, 
24 mo followed by 0 or 6 mo post-exposure recovery 
30 mo

24 mo: controls–0/16 
Low dose–0/16 
High dose–0/16
30 mo: controls–2/99 (2%) 
Low dose–4/98 (4%) 
High dose–5/94 (5%)

NS

a Simulated second-hand tobacco smoke: 89% sidestream and 11% mainstream smoke from Kentucky 1R4F or 2R1 reference cigarettes
d, day or days; F, female; h, hour or hours; M, male; mo, month or months; NR, not reported; NS, not significant; wk, week or weeks
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PAHs with four and more rings (dose, 1.06 mg/rat) 
induced 5  lung carcinomas in 35 treated rats; 
fractions containing no PAHs or PAHs with two 
or three rings (16 mg/rat) had little or no carci-
nogenic effect (Grimmer et al., 1988).

3.3 Observational studies of 
companion animals

In one study, sinonasal cancers occurred 
more frequently in pet dogs of long-nosed breeds 
which lived in homes with at least one smoker 
(Reif et al., 1998), but no such excess risk was 
seen in a second study (Bukowski et al., 1998). A 
marginal excess risk of lung cancer was observed 
in dogs aged 10 years or less and exposed to 
household tobacco smoke in one study (Reif 
et al., 1992). Risk of bladder cancer in dogs was 
not related to exposure to household cigarette 
smoke in another study (Glickman et al., 1989).

Risk of malignant lymphoma was increased 
in pet cats exposed to household tobacco smoke 
in one study (Bertone et al., 2002), but the conclu-
sion that this association was causal has been 
questioned (Denson, 2003). In another study by 
the same group (Bertone et al., 2003), exposure 
of pet cats to household tobacco smoke was also 
associated with a non-significant 2-fold increase 
in risk of oral squamous cell carcinoma.

3.4 Synthesis

Several studies showed consistent increases 
in lung tumour multiplicity and often lung 
tumour incidence in inbred strain A/J mice and 
in transgenic mice with a dominant negative p53 
tumour suppressor gene exposed by inhalation. 
In addition, in one report, skin and mammary 
tumours were induced in NMRI mice exposed to 
sidestream cigarette smoke condensate applied 
topically to the skin.

4. Other Relevant Data

See Section 4 of the Monograph on Tobacco 
Smoking in this volume.

5. Evaluation

There is sufficient evidence in humans for the 
carcinogenicity of second-hand tobacco smoke. 
Second-hand tobacco smoke causes cancer of 
the lung. Also, a positive association has been 
observed between exposure to second-hand 
tobacco smoke and cancers of the larynx and the 
pharynx.

There is sufficient evidence in experimental 
animals for the carcinogenicity of mixtures of 
mainstream and sidestream tobacco smoke.

There is sufficient evidence in experimental 
animals for the carcinogenicity of sidestream 
tobacco smoke condensates.

Second-hand tobacco smoke is carcinogenic 
to humans (Group 1).
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SMOKELESS TOBACCO
Smokeless tobacco was considered by a previous IARC Working Group in 2004 (IARC, 2007a). 
Since that time, new data have become available, these have been incorporated into the 
Monograph, and taken into consideration in the present evaluation.

1. Exposure Data

1.1 Smokeless tobacco products

The term smokeless tobacco implies use of 
unburned tobacco in the finished products. A 
variety of smokeless tobacco products are avail-
able, for oral or nasal use. Products intended for 
oral use are sucked, chewed (dipped), gargled or 
applied to the gums or teeth, while fine tobacco 
mixtures are usually inhaled into the nostrils.

Table 1.1 summarizes for each smokeless 
tobacco product its mode of use, the main ingre-
dients included, the WHO regions in which 
the product is used, and some specification 
of the countries is which the product is used 
most commonly or specifically (DHHS, 2001; 
IARC, 2007a; European Commission, 2008). 
Smokeless tobacco products that contain areca 
nut are commonly used in India, other coun-
tries in South Asia, and in migrant populations 
from these countries. These products may be 
mentioned here for comparison but are reviewed 
in the Monograph on Betel Quid and Areca Nut 
in this volume.

1.2 Chemical composition of 
smokeless tobacco

The tobacco used in a particular product has 
a decisive influence on its chemical composition, 
and varies with tobacco species, growing, curing, 
processing and storage. During product manu-
facture, tobacco is blended to achieve a specific 
nicotine content and pH. The pH strongly 
influences the concentration of unprotonated 
nicotine, the bioavailable form of nicotine, 
while the nitrite/nitrate content strongly influ-
ences the levels of carcinogenic nitrosamines 
in the product. Other tobacco components are 
alkaloids which include nicotine (85–95% of 
total alkaloids), terpenes, polyphenols, phytos-
terols, carboxylic acids, aromatic hydrocarbons, 
aldehydes, ketones, amines, nitriles, N- and 
O-heterocyclic hydrocarbons, pesticides, and 
metallic compounds. Flavour-type additives 
are also present (Bates et al., 1999). Ammonia, 
ammonium carbonate and sodium carbonate are 
applied to control nicotine delivery by raising pH 
and subsequently the level of unprotonated nico-
tine which is most readily absorbed through the 
mouth into the bloodstream (Djordjevic et al., 
1995).
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Table 1 .1 Smokeless tobacco products, ingredients, and use by WHO region

Tobacco product Mode  
of use

Ingredients WHO Region

AFRO AMRO EMRO EURO SEARO WPRO

Oral use
Betel quid with tobaccoa Chewing Betel leaf, areca nut, slaked lime, tobacco in various 

forms
X X X

Chimó Sucking Paste of crushed and boiled tobacco leaves, sodium 
bicarbonate, sugar, wood ash, flavourings

Xb

Chewing tobacco Chewing See Tobacco chewing gum
Chewing tobacco twist/
roll

Chewing Dark, air- or fire-cured tobacco leaves treated with 
tobacco extract, flavourings

Xc

Creamy snuff Other Finely ground tobacco with aromatic substances 
(manufactured commercially)

X

Dry snuff Sucking Fire- or air-cured, fermented powdered tobacco Xd Xc Xe Xf Xg

Gudhaku Other Paste of powdered tobacco and molasses Xg

Gul Other Powdered tobacco, molasses and other ingredients Xg

Gutkaa Sucking Sun-dried finely chopped tobacco, areca nut, slaked 
lime, catechu, flavourings, sweeteners (manufactured 
commercially)

X

Iq’mik Chewing Fire-cured tobacco leaves with punk ash Xh

Khaini Sucking Sun-dried or fermented coarsely crushed tobacco leaves Xi

Khiwam Chewing Paste of tobacco extract, spices, additives Xj

Loose leaf Chewing Small strips of air-cured, shredded cigar tobacco leaves 
(manufactured commercially)

Xc X

Maraş Sucking Sun-dried powdered tobacco leaves, wood ash, water Xk

Mawaa Chewing Sun-cured areca nut, crushed tobacco leaves, slaked lime Xj

Mishri Sucking Tobacco toasted on hot metal plate and powdered Xg

Moist snuff Sucking Air- or fire-cured tobacco, processed into fine particles 
(fine-cut) or strips (long-cut), with stem and seeds

Xc Xl

Naswar/nass Sucking Sun-dried, powdered tobacco, ash, oil, flavourings, 
colourings, slaked lime (optional)

Xd Xm X

Plug chewing tobacco Chewing Heavy-grade or cigar tobacco top leaves immersed in 
liquorice or sugar, pressed into a plug

Xc

Red tooth powder Other Fine tobacco powder, many additional ingredients 
(manufactured commercially)

X

Shammah Sucking Powdered tobacco, lime, ash, black pepper, oils, 
flavourings

Xn X

Snus - See moist stuff Xc Xl
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Tobacco product Mode  
of use

Ingredients WHO Region

AFRO AMRO EMRO EURO SEARO WPRO

Saffa - Toomback rolled into a ball Xq

Tobacco tablet Sucking Compressed powdered tobacco, mint, eucalyptus Xc

Toombak Sucking Dried, fermented, ground and matured tobacco leaves, 
sodium bicarbonate

Xq

Tuibur Other Tobacco water Xr

Zarda Chewing Tobacco leaves boiled with lime and spices until dry, 
colourings; chewed with areca nut and spices

X X

Nasal use
Dry snuff Sniffing Fire-cured, fermented and powdered tobacco Xs X Xt X
Liquid snuff Sniffing Powered tobacco mixed with ash from plants, oil, lemon 

juice, herbs
Xu

a These products contain areca nut and are reviewed in theMonograph on Betel Quid and Areca Nut in this volume.
b Specific to Venezuela, used by young boys and urban teenagers
c Used in the USA
d Used principally in South Africa; dry snuff is mostly inhaled.
e Common in North Africa, notably in Tunisia asneffa
f Used in Germany, Georgia and the United Kingdom
g Used as dentifrice, mostly by women, in various parts of India
h Specific to native American tribes of North-West Alaska
i Used in India, Bangladesh and Nepal
j Specific to India
k Specific to remote regions of Turkey
l Used in Sweden, Norway and Finland
m Common in Afghanistan, Islamic Republic of Iran, Pakistan and central Asia
n Common in the Middle East, particularly in Saudi Arabia and Yemen
o Used in Sweden and Denmark
p Specific to Japan (new product)
q Specific to Sudan, used by men
r Specific to eastern States of India
s Used by several tribes in South Africa, namely Bantus
t Used in the United Kingdom
u Specific to tribes in East Africa
AFRO, African Region; AMRO, Regions of the Americas; EMRO, Eastern Mediterranean Region; EURO, European Region; SEARO, South East Asian Region, WPRO, Western Pacific 
Region; the countries included in each region are available at http://www.who.int/about/regions/en/

Table 1 .1 (continued)

http://www.who.int/about/regions/en/
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1.2.1 Nicotine content in smokeless tobacco

The majority of commercial tobacco prod-
ucts are made from N. tabacum species, grown 
throughout the world with an alkaloid content 
that varies greatly. In randomly cultivated vari-
eties examined, the alkaloid content ranged 
between 0.17 and 4.93%.

N. rustica species is cultivated in eastern 
Europe, Asia Minor and Africa, and the cured 
leaves may contain up to 12% nicotine. Toombak 
from Sudan, which contains N. rustica tobacco, 
had the highest reported levels of nicotine (Idris 
et al., 1991; Prokopczyk et al., 1995). In 17 brands 
of moist snuff from the USA, the nicotine content 
ranged from 0.47 to 3.43%.The nicotine content 
of Swedish snus ranges from 0.5–1.7% (Idris 
et al., 1998; Stepanov et al., 2008).

1.2.2 Carcinogenic compounds in smokeless 
tobacco

Multiple carcinogens have been identified in 
smokeless tobacco (IARC, 2007a) including:

(a) Tobacco-specific N-nitrosamines 

Tobacco-specific N-nitrosamines include 
the carcinogens N′-nitrosonornicotine (NNN), 
and 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanone (NNK).

Tobacco-specific N-nitrosamines are formed 
from tobacco alkaloids (nicotine, nornicotine, 
anatabine, anabasine, and nitrite) primarily 
during tobacco curing, fermentation and ageing. 
The nitrate or nitrite content, the mode of curing 
and the various steps of processing are the main 
determining factors for the yields of tobacco-
specific N-nitrosamines in tobacco.

IARC (2007a) compiled an international 
comparison of the concentrations of NNN and 
NNK in smokeless tobacco products. The ranges 
vary widely and are product- and country-
specific. In some moist snuff brands in the USA, 
the highest concentrations of NNN and NNK 

measured were 135 and 17.8 μg/g tobacco, respec-
tively. In home-made toombak from Sudan, 
values as high as 3085 and 7870 μg/g dry wt 
tobacco, respectively, have been reported (Idris 
et al., 1991; Prokopczyk et al., 1995).

(b) N-Nitrosamino acids 

The amino acids present in tobacco, and 
probably also the proteins with secondary 
amino groups, are amenable to N-nitrosation. 
Since 1985, numerous studies have reported the 
presence of N-nitrosamino acids in smokeless 
tobacco products (IARC, 2007a).

To date, 11 N-nitrosamino acids have been iden-
tified in smokeless tobacco: N-nitrososarcosine 
(NSAR), N-nitrosoazetidine-4-carboxylic 
acid (NAzCA), 3-(methylnitrosamino)propi-
onic acid (MNPA), 4-(methylnitrosamino) 
butyric acid (MNBA), N-nitrosoproline 
(NPRO), N-nitrosohydroxyproline 
(NHPRO), N-nitrosopipecolic acid (NPIC), 
N-nitrosothiazolidine-4-carboxylic acid 
(NTCA), N-nitroso-2-methylthiazolidine-
4-carboxylic acid (MNTCA), 
4-(methylnitrosamino)-4-(3-pyridyl)butyric 
acid (iso-NNAC) and 2-(methylnitrosamino)-
3-phenylpropionic acid (MNPhPA) (Ohshima 
et al., 1985; Tricker & Preussmann, 1988; 
Hoffmann et al., 1995). Of these, NSAR, MNPA, 
MNBA and NAzCA have been established as 
carcinogens in experimental animals.

The concentration of N-nitrosamino acids 
depends on the nitrate or nitrite content of 
tobacco; they are formed during prolonged 
storage, particularly under adverse conditions of 
temperature and relative humidity. The concen-
trations reported in USA moist snuff samples 
were in the range of 5.7 to 13.45 μg/g dry wt. 
Highest amounts of MNPA were found in Indian 
zarda (up to 18 μg/g) and in moist snuff (up to 
70 μg/g).
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(c) Volatile N-nitrosamines

These include N-nitrosodimehtylamine 
(NDMA), N-nitrosopyrrolidine (NPYR) and 
N-nitrosopiperidine (NPIP).

Levels of volatile N-nitrosamines formed 
from volatile amines and nitrosating agents in 
smokeless tobacco products worldwide have been 
summarized (IARC, 2007a). The highest amounts 
were found in moist snuff (NDMA up to 265 ng/g 
dry wt and NPYR up to 860 ng/g dry wt).

(d) PAHs

These include benzo[a]pyrene, benz[a]
anthracene, chrysene, benzofluoranthenes, and 
dibenz[a,h]anthracene.

Levels of various PAHs in 23  moist snuff 
brands marketed in the USA were determined 
by Stepanov et al. (2010) and are summarized in 
Table 1.2.

(e) Other carcinogenic compounds and 
constituents

Levels of the volatile aldehydes formaldehyde, 
acetaldehyde, acrolein and crotonaldehyde in 
smokeless tobacco products ranged from 0.207–
10.6, 0.97–72.3, 0.27–7.85, and 0.55–19.4  µg/g 
dry weight tobacco, respectively (Stepanov et al., 
2010).

Uranium was reported in Indian snuff at a 
concentration of about 3 pCi/g tobacco (Sharma 
et al., 1985). Levels of polonium-210 in commer-
cial moist and dry snuff in the USA were reported 
to be 0.16–1.22 and 0.23–0.39 pCi/g, respectively.

In several parts of the world, smokeless 
tobacco is invariably chewed with lime which is 
responsible for highly alkaline pH (Nair et al., 
1990, 1992), facilitating absorption of nicotine in 
the oral mucosa.

1.2.3 Comparison of new and traditional 
smokeless tobacco products

Newer types of smokeless tobacco products 
are appearing on the market. These products are 
sold as small pouches and do not require spit-
ting. Similar to Swedish snus, they have been 
manufactured with additional controls to inhibit 
nitrosamine formation, and are being promoted 
as reduced risk products. Levels of carcinogens 
in these newer products are compared to those in 
traditional products in Table 1.3 (Stepanov et al., 
2008).

1.3 Prevalence of use

1.3.1 Prevalence of smokeless tobacco use 
among adults

Several surveys have evaluated the preva-
lence of smokeless tobacco use at different times 
and targeting different populations in the WHO 
regions (AFRO, African Region; AMRO, Region 
of the Americas; EURO, European Region; 
EMRO, Eastern Mediterranean Region; SEARO, 
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Table 1 .2 PAHs in moist snuff brands marketed 
in the USA

Compound Mean ± SD of 23 brands 
(ng/g dry weight)

Naphthalene 1726 ± 392.3
Acenaphthylene 110.5 ± 42.9
Acenaphthene 105.1 ± 53.8
Fluorene 826.5 ± 287.0
Phenanthrene 4700 ± 1571
Anthracene 844.2 ± 277.8
Fluoranthene 1404 ± 537.4
Pyrene 1292 ± 428.5
Benz[a]anthracene 193.6 ± 71.3
Chrysene 232.1 ± 109.8
Methylchrysenes 92.6 ± 35.0
Benzo[b]fluoranthene + 
Benzo[f]fluoranthene

107.0 ± 69.5

Benzo[k]fluoranthene 19.6 ± 6.6
Benzo[e]pyrene 52.4 ± 23.8
Benzo[a]pyrene 55.8 ± 21.5
Indeno[c,d]pyrene 20.5 ± 12.1
Benzo[g,h,i]perylene 18.0 ± 8.3
Dibenz[a,h]anthracene 7.5 ± 1.9
From Stepanov et al. (2010)
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South-East Asian Region; WPRO, Western 
Pacific Region). The major surveys that form the 
basis of this report are (Table 1.4):

• the Global Adult Tobacco Survey con-
ducted during 2009–10 among adults 
aged 15 years or more in 14 middle and 
low-income countries in AMRO, SEARO, 
EURO, EMRO and WPRO;

• the national level STEPS noncommunica-
ble risk factor survey (2006–09) was con-
ducted in 8 countries in AFRO, and a few 
countries in SEARO, EURO (Georgia), 
EMRO and WPRO (Mongolia), in adults 
aged 15–64 years, except for AFRO (age 
group, 25–64 years);

• the Demographic and Health Surveys 
(2003–10) provide prevalence on smoke-
less tobacco use among adults aged 15–49 
years in countries in AFRO (16), EURO 
(4), EMRO (2), WPRO (8);

• some other surveys such as the Behavioural 
Risk Factor Survey, the National Smoking/
Tobacco/Drug use Survey, health cost 
studies, and national health, public health 
or morbidity surveys.

The prevalence of smokeless tobacco use 
reported in the various surveys are not directly 
comparable because of the different methodologies 

and time periods; however, they provide a snap-
shot of the global smokeless tobacco burden. 
Large variations are observed between countries 
(Table 1.5), between sex within a country, and 
sometimes within a country (Table 1.6). Those 
countries with a high prevalence (≥ 10%) repre-
sent about 25% of the global adult population. 
They include, by WHO region:

• in AFRO: Benin (men, 13%), Madagascar 
(men 23%; women, 20%), Mauritania 
(women, 28%), South Africa (women, 
11%);

• in EMRO: Yemen (men, 15%);
• in EURO: Norway (men, 17.0%; women, 

5.0%), Sweden (men, 26%), Uzbekistan 
(men, 22.5%);

• in SEARO: Bangladesh (men, 26%; 
women, 28%), India (men, 33%; women 
11–18%), Myanmar (men, 51.4%; women, 
16.1%), Nepal (men, 31%), Sri Lanka (men, 
24.9%);

• in WPRO: Cambodia (women, 12.7%).
A few countries have medium prevalence 

(between 5% and 10%); these include:
• in AFRO: Benin, Cape Verde, Malawi 

in women; Lesotho, Mali, Mauritania, 
Swaziland, Zimbabwe in men;

• in AMRO: USA in men;
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Table 1 .3 Mean levels of selected carcinogens in newer and traditional smokeless tobacco 
products

Newer products (n = 12) Traditional products 
(n = 5)

NNN (µg/g dry weight) 2.05 4.41
NNK (µg/g dry weight) 0.231 1.20
Benzo[a]pyrene (ng/g dry weight) 3.12 38.2
Fluoranthene 10.0 400
Benzo[b]fluoranthene 
+ Benzo[k]fluoranthene  
(ng/g dry weight)

2.76 38.3

Formaldehyde (µg/g dry weight) 3.23 8.43
Acetaldehyde (µg/g dry weight) 6.16 35.7
Crotonaldehyde (µg/g dry weight) 9.12 2.98
NNN, N′-nitrosonornicotine; NNK, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone
From Stepanov et al. (2008)
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• in EMRO: Tunisia in men; Yemen in 
women;

• in EURO: Finland, Iceland and Kyrgyzstan 
in men; Norway and Sweden in women;

• in SEARO: Sri Lanka and Thailand in 
women.

In most countries, current prevalence of 
smokeless tobacco use is higher among men 
than among women. Some exceptions are found 
at all levels of prevalence (in women and men, 
respectively): Bangladesh (27.9, 26.9), Barbados 
(0.6, 0), Cambodia (12.7, 0.7), Cape Verde (5.8, 
3.5), Malaysia (3.1, 0.5), Mauritania (28.3, 5.7), 
South Africa (10.9, 2.4), Thailand (6.3, 1.3) and 
Viet Nam (2.3, 0.3).

Demographic health survey data indicate 
that in countries in AFRO and SEARO smoke-
less tobacco is more prevalent in rural compared 
to urban areas, and higher among low-income 
compared to high-income groups. Also, preva-
lence generally increases with increasing age.

Some countries warrant more detailed infor-
mation of their pattern of smokeless tobacco use, 
and are presented below.

1.3.2 Country specific data

(a) India

The India Global Adult Tobacco Survey 
(2009–10) revealed that 26% of all adults use 
smokeless tobacco in some form, 21.4% daily and 
4.5% occasionally. Prevalence in men (32.9%) is 
higher than in women (18.4%), and is higher in 
rural (29.3%) than urban areas (17.7%). Large vari-
ations are observed between States, from around 
5% in Himachal Pradesh, Goa and Chandigarh 
to 49% in Bihar (India GATS Report, 2009–10).

Khaini is the most commonly used smoke-
less tobacco product (11.6%), followed by gutka 
(8.2%). Prevalence of khaini chewing is signifi-
cantly higher among men (18%) than among 
women (5%); 13.1% men and 2.9% women chew 
gutka; 6.2% (7.5% men, 4.9% women) of adults 
use betel quid with tobacco; 4.7% (3.3% men, 6.3% 

women) use tobacco products such as mishri, gul, 
gudakhu for oral application (dentifrice); and 
4.4% uses some other products, such as snuff for 
nasal application and some local products. The 
pattern of use of smokeless tobacco products also 
varies widely in different States of India (Table 
1.6) (India GATS Report, 2009–10).

Proportion of dual tobacco users 
(smoking+smokeless) is 19.4% among men and 
5.3% among women (Sinha et al., 2011).

(b) Bangladesh

In Bangladesh the most prevalent form of 
smokeless tobacco is betel quid with tobacco 
(24.3%), followed by gul (5.3%), sada pata (1.8%), 
khaini (1.5%) and others (1.4%) (BAN GATS 
Report, 2009). Use decreases with increasing 
education and socioeconomic level in both men 
and women, by a steeper rate among women 
compared to men. Among current users, those 
with the highest prevalence of use of gul and 
khaini were labourers among men (7.5% and 
2.8%, respectively) and homemaker among 
women (5.7% and 1.4%, respectively) (BAN 
GATS Report, 2009).

Proportion of dual tobacco users 
(smoking+smokeless) is 22.5% among men and 
2.5% among women (Sinha et al., 2011).

(c) Canada

Unchanged from surveys conducted in 
2008 and 2009, 8% of Canadians aged 15 years 
and older reported having ever tried smokeless 
tobacco products in 2010. In 2009, 11% of young 
adults aged 20 to 24 years reported ever using 
smokeless tobacco and 1% having used it within 
the past 30 days. There has been a shift in the 
distribution of past-30-day smokeless tobacco 
users from youth towards older adults: in 2003, 
23% of users were aged 15–19 years and 14% 
were older than 45 years, whereas in 2009, 16% 
of smokeless tobacco users were 15 to 19 years old 
and 33% were aged 45 and older.
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Table 1 .4 Surveys and articles used to compile the information presented*

Bangladesh GATS report Government of the People’s Republic of Bangladesh, Ministry of Health and Family Welfare; World Health Organization, Country Office 
for Bangladesh. Global Adult Tobacco Survey: Bangladesh Report 2009. Dhaka, 2009. http://www.searo.who.int/LinkFiles/Regional_Tobacco_Surveillance_
System_GATSBAN_FullReport2009.pdf
Canada CTUMS Canadian Tobacco Use Monitoring Survey (CTUMS) 2010, http://www.hc-sc.gc.ca/hc-ps/tobac-tabac/research-recherche/stat/_ctums-esutc_2010/
ann_summary-sommaire-eng.php
Central Statistical Office (CSO) [Swaziland], and Macro International Inc. 2008. Swaziland Demographic and Health Survey 2006–07. Mbabane, Swaziland: Central 
Statistical Office and Macro International Inc. http://www.measuredhs.com/pubs/pdf/FR202/FR202.pdf
Central Statistical Office (CSO) [Zimbabwe] and Macro International Inc. 2007. Zimbabwe Demographic and Health Survey 2005–06. Calverton, Maryland: CSO 
and Macro International Inc. http://www.measuredhs.com/pubs/pdf/FR186/FR186.pdf
Central Statistical Office (CSO), Ministry of Health (health ministry), Tropical Diseases Research Centre (TDRC), University of Zambia, and Macro International 
Inc. 2009. Zambia Demographic and Health Survey 2007. Calverton, Maryland, USA: CSO and Macro International Inc. http://www.measuredhs.com/pubs/pdf/
FR211/FR211[revised-05-12-2009].pdf
Department of Health, Medical Research Council, OrcMacro. 2007. South Africa Demographic and Health Survey 2003. Pretoria: Department of Health. http://www.
measuredhs.com/pubs/pdf/FR206/FR206.pdf
Ghana Statistical Service (GSS), Ghana Health Service (GHS), and ICF Macro. 2009. Ghana Demographic and Health Survey 2008. Accra, Ghana: GSS, GHS, and 
ICF Macro. http://www.measuredhs.com/publications/publication-FR221-DHS-Final-Reports.cfm
Global Tobacco epidemic report World Health Organization. World Report on the Global Tobacco Epidemic, 2009: Implementing Smoke-Free Environments. 
Geneva: WHO, 2009.
Global Tobacco epidemic report World Health Organization. World Report on the Global Tobacco Epidemic, 2011 Geneva: WHO, 2011.
India GATS report Government of India, Ministry of Health and Family Welfare. Global Adult Tobacco Survey: GATS India 2009–2010. Mumbai, 2010. http://
www.searo.who.int/LinkFiles/Regional_Tobacco_Surveillance_System_GATS_India.pdf
Institut National de la Statistique (INSTAT) et ICF Macro. 2010. Enquête Démographique et de Santé de Madagascar 2008–2009. Antananarivo, Madagascar: 
INSTAT et ICF Macro. http://www.measuredhs.com/pubs/pdf/FR236/FR236.pdf
Institut National de la Statistique et de l’Analyse Économique (INSAE) [Bénin] et Macro International Inc. 2007: Enquête Démographique et de Santé (EDSB-III) – 
Bénin 2006. Calverton, Maryland, USA: Institut National de la Statistique et de l’Analyse Économique et Macro International Inc. http://www.measuredhs.com/
publications/publication-FR197-DHS-Final-Reports.cfm
Kenya National Bureau of Statistics (KNBS) and ICF Macro. 2010. Kenya Demographic and Health Survey 2008–09. Calverton, Maryland: KNBS and ICF Macro. 
http://www.measuredhs.com/publications/publication-FR229-DHS-Final-Reports.cfm
Liberia Institute of Statistics and Geo-Information Services (LISGIS) [Liberia], Ministry of Health and Social Welfare [Liberia], National AIDS Control Program 
[Liberia], and Macro International Inc. 2008. Liberia Demographic and Health Survey 2007. Monrovia, Liberia: Liberia Institute of Statistics and Geo-Information 
Services (LISGIS) and Macro International Inc. http://www.measuredhs.com/publications/publication-FR201-DHS-Final-Reports.cfm
Lund M, Lindbak R. Norwegian Tobacco Statistics 1973–2006. Oslo: Norwegian Institute for Alcohol and Drug Research; 2007. Sirus skrifter No. 3/2007.
Lundqvist G, Sandström H, Ohman A, Weinehall L. Patterns of tobacco use: a 10-yr follow-up study of smoking and snus habits in a middle-aged Swedish 
population, Scand J Public Health. 2009, 37:161–7
Ministry of Health and Social Services (MoHSS) [Namibia] and Macro International Inc. 2008. Namibia Demographic and Health Survey 2006–07. Windhoek, 
Namibia and Calverton, Maryland, USA: MoHSS and Macro International Inc. http://www.measuredhs.com/publications/publication-FR204-DHS-Final-Reports.
cfm
Ministry of Health and Social Welfare (MOHSW) [Lesotho] and ICF Macro. 2010. Lesotho Demographic and Health Survey 2009. Maseru, Lesotho: MOHSW and 
ICF Macro. http://www.measuredhs.com/publications/publication-FR241-DHS-Final-Reports.cfm

http://www.searo.who.int/LinkFiles/Regional_Tobacco_Surveillance_System_GATSBAN_FullReport2009.pdf
http://www.searo.who.int/LinkFiles/Regional_Tobacco_Surveillance_System_GATSBAN_FullReport2009.pdf
http://www.hc-sc.gc.ca/hc-ps/tobac-tabac/research-recherche/stat/_ctums-esutc_2010/ann_summary-sommaire-eng.php
http://www.hc-sc.gc.ca/hc-ps/tobac-tabac/research-recherche/stat/_ctums-esutc_2010/ann_summary-sommaire-eng.php
http://www.measuredhs.com/pubs/pdf/FR202/FR202.pdf
http://www.measuredhs.com/pubs/pdf/FR186/FR186.pdf
http://www.measuredhs.com/pubs/pdf/FR211/FR211[revised-05-12-2009].pdf
http://www.measuredhs.com/pubs/pdf/FR211/FR211[revised-05-12-2009].pdf
http://www.measuredhs.com/pubs/pdf/FR206/FR206.pdf
http://www.measuredhs.com/pubs/pdf/FR206/FR206.pdf
http://www.measuredhs.com/publications/publication-FR221-DHS-Final-Reports.cfm
http://www.searo.who.int/LinkFiles/Regional_Tobacco_Surveillance_System_GATS_India.pdf
http://www.searo.who.int/LinkFiles/Regional_Tobacco_Surveillance_System_GATS_India.pdf
http://www.measuredhs.com/pubs/pdf/FR236/FR236.pdf
http://www.measuredhs.com/publications/publication-FR197-DHS-Final-Reports.cfm
http://www.measuredhs.com/publications/publication-FR197-DHS-Final-Reports.cfm
http://www.measuredhs.com/publications/publication-FR229-DHS-Final-Reports.cfm
http://www.measuredhs.com/publications/publication-FR201-DHS-Final-Reports.cfm
http://www.measuredhs.com/publications/publication-FR204-DHS-Final-Reports.cfm
http://www.measuredhs.com/publications/publication-FR204-DHS-Final-Reports.cfm
http://www.measuredhs.com/publications/publication-FR241-DHS-Final-Reports.cfm
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MMWR August 27, 2010, 59(33), 487–92, Tobacco use among Middle and High school students –USA 2000–2009
MMWR August 6, 2010/59(30);946–950, Any tobacco use in 13 states-Behavioural Risk factor Surveillance System 2008
National Bureau of Statistics (NBS) [United Republic of Tanzania] and ICF Macro. 2011. United Republic of Tanzania Demographic and Health Survey 2010. Dar es 
Salaam, United Republic of Tanzania: NBS and ICF Macro. http://www.measuredhs.com/pubs/pdf/FR243/FR243[24June2011].pdf
National Institute of Population Research and Training (NIPORT), Mitra and Associates, and Macro International. 2009. Bangladesh Demographic and Health 
Survey 2007. Dhaka, Bangladesh and Calverton, Maryland, USA: National Institute of Population Research and Training, Mitra and Associates, and Macro 
International. http://www.measuredhs.com/pubs/pdf/FR207/FR207[April-10-2009].pdf
National Population Commission (NPC) [Nigeria] and ICF Macro. 2009. Nigeria Demographic and Health Survey 2008. Abuja, Nigeria: National Population 
Commission and ICF Macro. http://www.measuredhs.com/publications/publication-FR222-DHS-Final-Reports.cfm
National Statistics Directorate (NSD) [Timor-Leste], Ministry of Finance [Timor-Leste], and ICF Macro. 2010. Timor-Leste Demographic and Health Survey 
2009–10. Dili, Timor-Leste: NSD [Timor-Leste] and ICF Macro. http://www.measuredhs.com/pubs/pdf/FR235/FR235.pdf
Sinha DN, Palipudi KM, Rolle I et al. (2011). Tobacco use among youth and adults in member countries of South-East Asia region: Review of findings from surveys 
under the global tobacco surveillance system. Indian J Public Health, 55:169–176. PMID:22089684
Statistics Indonesia (Badan Pusat Statistik—BPS) and Macro International. 2008. Indonesia Demographic and Health Survey 2007. Calverton, Maryland, USA: BPS 
and Macro International. http://www.measuredhs.com/pubs/pdf/FR218/FR218[27August2010].pdf
Statistics Sierra Leone (SSL) and ICF Macro. 2009. Sierra Leone Demographic and Health Survey 2008. Calverton, Maryland, USA: Statistics Sierra Leone (SSL) and 
ICF Macro. http://www.measuredhs.com/pubs/pdf/FR225/FR225.pdf
Uganda Bureau of Statistics (UBOS) and Macro International Inc. 2007. Uganda Demographic and Health Survey 2006. Calverton, Maryland, USA: UBOS and 
Macro International Inc. http://www.measuredhs.com/pubs/pdf/FR194/FR194.pdf
*, Exceptionally, the most recent updates of well established ongoing surveys and reports, published after the meeting, were included in this Monograph. The methodology and data 
available at the time of the meeting were reviewed by the Working Group; the updates reflect the most current estimates of prevalence of exposure and therefore have no influence on the 
final evaluation.

Table 1 .4 (continued)

http://www.measuredhs.com/pubs/pdf/FR243/FR243[24June2011].pdf
http://www.measuredhs.com/pubs/pdf/FR207/FR207[April-10-2009].pdf
http://www.measuredhs.com/publications/publication-FR222-DHS-Final-Reports.cfm
http://www.measuredhs.com/pubs/pdf/FR235/FR235.pdf
http://www.measuredhs.com/pubs/pdf/FR218/FR218[27August2010].pdf
http://www.measuredhs.com/pubs/pdf/FR225/FR225.pdf
http://www.measuredhs.com/pubs/pdf/FR194/FR194.pdf


IARC MONOGRAPHS – 100E

(d) USA

According to the Behavioural Risk Factor 
Surveillance System survey (2008), conducted 
in 13 States, prevalence varied from 0.5% (New 
Jersey) to 8.8% (West Virginia). Dual use of 
cigarette and smokeless tobacco products varied 
from 0.2% (Delaware) to 1.8% (West Virginia).

In an overall analysis of users’ demographic 
characteristics, prevalence of smokeless tobacco 
use was higher among men (6.3%) than women 
(0.3%); more prevalent among non-Hispanic 
whites (4.1%) compared to other ethnic groups; 
highest in the youngest age group (18–24 years) 
and decreased steadily with age. Users of smoke-
less tobacco were almost equally distributed 
between the sextiles of annual income (3.0 to 
3.8%).

(e) Europe

In Europe, countries with a high prevalence 
of smokeless tobacco use are Norway, Sweden 
and Uzbekistan.

In Sweden, a 10-year follow-up study of 
smoking and snus [Swedish moist snuff] habits in 
a middle-aged Swedish population showed that 
use of snus increased from 3.1% to 6.0% among 
women and from 24.6% to 26.3% among men. 
The number of people who used both snus and 
cigarettes was stable: 0.5% to 0.8% from baseline 

to follow-up for women and 4.1% to 3.3% for men. 
Whereas nearly all snus users in Sweden are daily 
users, almost half of snus users in Norway use it 
only occasionally.

1.3.3 Prevalence of smokeless tobacco use 
among youth

The Global Youth Tobacco Survey (GYTS) 
is a school-based survey of students aged 13–15 
years that uses a two-stage sampling design. In a 
first stage, schools are selected based on the prob-
ability proportional to the enrolment of students 
in schools. In a second stage, classes are selected 
randomly. It uses standard questionnaire, field 
methodology and analysis. The Survey has 
core questions that spans seven thematic areas 
pertinent to tobacco. In addition, countries can 
include country-specific questions that allow 
assessment of tobacco unique to the country 
[smokeless tobacco use may include betel quid 
with tobacco.]

In AFRO, all countries surveyed reported 
a prevalence of smokeless tobacco use among 
youth above 5%, ranging from 5.4% in Swaziland 
to 16.4% in Congo. Among boys, it varied from 
5.2% in Seychelles to 18.3% in Congo, whereas 
among girls, from 4.8% in Togo to 15.8% in 
Namibia. Prevalence was higher among boys than 
girls in most countries, except in Uganda where 
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Table 1 .5 Highest and lowest prevalence of smokeless tobacco use by WHO regions and by sex

Men Women

WHO region Lowest Highest Lowest Highest

AFRO 0.8% in Gambia 22.6% in Madagascar 0.2% in Ghana 28.3% in Mauritania
AMRO 0.0% in Barbados 6.9% in USA 0.2% in Guyana & 

Dominican Republic
0.6% in Barbados

EMRO 1.3% in Saudi Arabia 15.1% in Yemen 0.1% in Libyan 6.2% in Yemen
EURO 0.2% in Switzerland & 

Latvia
26.0% in Sweden 0% in Switzerland & 

Ukraine
5% in Kyrgyzstan

SEARO 1.3% in Thailand 51.4% in Myanmar 0.3% in Indonesia 27.9% in Bangladesh
WPRO 0.3% in Viet Nam 2.8% in Mongolia & 

Philippines
0.1% in the People’s 
Republic of China

12.7% in Cambodia
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it was higher among girls (9.6% versus 8.6%) 
(Asma et al., 2011). Four countries (Botswana, 
Congo, Lesotho and Namibia) are particu-
larly noteworthy: these countries reported the 
highest prevalence in both sexes (11.3–16.4%), 
the highest prevalence in boys (11.3–18.3%), the 
highest prevalence in girls (11.4–15.8%), and 
similar prevalence in boys and girls.

In AMRO, prevalence of smokeless tobacco 
use among youth varied from 3.5% in Panama 
to 9.8% in Barbados. Among boys, it varied from 
3.8% in Panama to 11.5% in Barbados, whereas 
among girls, it varies from 2.6% in Venezuela to 
8.5% in Jamaica. Most notably, smokeless tobacco 
use among boys was above 10% in Barbados, 
Dominican Republic and Grenada. Girls in 
most countries used less smokeless tobacco than 
boys, except in Jamaica (8.5% for both) and Peru 
(boys, 4.3%; girls, 4.8%) where boys and girls had 
comparable prevalence (Asma et al., 2011).

In SEARO, all countries surveyed reported a 
prevalence of smokeless tobacco use among youth 
above 5%, ranging from 4.9% in Bangladesh to 
9.4% in Bhutan. Among boys, it ranged from 
5.8% in Bangladesh to 14.1% in Bhutan whereas 
among girls, it varies from 2.7% in Myanmar to 
6% in India. In all countries more boys than girls 
used smokeless tobacco products (Asma et al., 
2011).

In EURO, prevalence of smokeless tobacco 
use among youth is lower than in other WHO 
regions, ranging from 1.1% in Montenegro to 
6.9% in Estonia. While it ranged from 1.1% in 
Montenegro to 9.4% in Estonia among boys, it 
varied from 0.7% in Serbia to 4.5% in Estonia 
among girls. Except for Estonia (6.9%), all coun-
tries reported a prevalence among youth below 
5%. Also, in all countries boys used more smoke-
less tobacco than girls (Asma et al., 2011).

In EMRO, prevalence of smokeless tobacco 
use among youth varied from 1.6% in Oman to 
12.6% Djibouti. Among boys, it varied from 2% 
in Libyan Arab Jamahirya to 15.2% in Djibouti, 
whereas among girls, it varied from 0.9% in Oman 
and Tunisia to 9% in Djibouti. Prevalence of 
smokeless tobacco use among youth was highest 
in Djibouti (12.6%), where it is also highest 
among boys and girls separately. Boys generally 
used more smokeless tobacco than girls, except 
in Libyan Arab Jamahirya and Yemen where 
girl users slightly outnumbered boy users (Asma 
et al., 2011).

In WPRO, prevalence of smokeless tobacco 
use among youth varies from 2.1% in Macau to 
8.7% in Cook Islands. Among boys, it varies from 
2.2% in Macau to 10.5% in Cook Islands, whereas 
among girls, it varies from 2.1% in Macau to 7.3% 
in Cook Islands. Prevalence of smokeless tobacco 
use among youth in Cook Island and Republic of 
Korea is above 5% for boys and girls combined, as 
well as separately for boys and girls. Prevalence 
among boys was generally higher than among 
girls (Asma et al., 2011).

In summary, among the countries included 
in the GYTS survey 2007–2010, the prevalence of 
smokeless tobacco use among youth aged 13–15 
years exceeds 5% in all or most countries in 
AFRO, AMRO and SEARO, in Djibouti, Islamic 
Republic of Iran, Qatar, Syrian Arab Republic 
and Yemen in EMRO, and in the Cook Islands 
and Republic of Korea in WPRO (Asma et al., 
2011). 
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Table 1 .6 Highest and lowest prevalence of 
use of selected smokeless tobacco products in 
India, by State

Lowest Highest

Betel quid 0.5% in Punjab, 
Himachal Pradesh, 
Chandigarh and 
Uttrakhand

32.8% in Tripura

Dentifrice 0.4% in Tripura 28.35 in Chattishgarh
Khaini 0.5% in Tamil Nadu 32.6% in Jharkhand
Gutka 0.6% in Puducherry 17.0% in Madhya 

Pradesh
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In general, prevalence among boys was higher 
than among girls, although in several countries 
prevalence was similar, or higher among girls.

In several countries, smokeless tobacco use 
among 13 to 15 year-old men is higher than 
that among adult men (aged 15 years or more). 
These include Albania, Argentina, Brazil, 
the Dominican Republic, Guyana, Lesotho, 
Mexico, Namibia, Saudi Arabia, Tunisia and 
Uganda. Similarly, in Albania, Argentina, 
Barbados, Brazil, Dominican Republic, Guyana, 
Kyrgyzstan, Libyan Arab Jamahirya, Mexico, 
Saudi Arabia, Swaziland, Uganda and Yemen, 
smokeless tobacco use among 13–15 year women 
is higher than that in adult women.

2. Cancer in Humans

2.1 Oral use

2.1.1 Cancers of the oral cavity and pharynx

(a) Overview of studies

Studies of smokeless tobacco and oral and 
pharyngeal cancer have been conducted in North 
and South America, Europe, Asia, and Africa. 
All of the studies reported here examined oral 
cancer risks associated with use of unsmoked 
tobacco that was not part of a betel quid. 
Evidence regarding betel quid is presented in the 
Monograph on Betel Quid in this volume. This 
section focuses on the predominant smokeless 
tobacco products and behaviours in the coun-
tries in which the studies were conducted, for 
example on chewing tobacco and snuff in North 
America, snus in northern Europe, shammah in 
Saudi Arabia and Yemen, toombak in Sudan, and 
a variety of types in South Asia (see Table 1.1 for 
their mode of use, ingredients and region of use). 
The studies typically examine cancers arising in 
intra-oral sites, which are predominantly squa-
mous cell in origin (Canto & Devesa, 2002), 
but some include other sites as well, such as the 

oropharynx, hypopharynx, or larynx. Studies 
involving smokeless tobacco and nasopharyn-
geal cancer are discussed in another chapter.

The previous Monograph (IARC, 2007a) 
concluded that there was sufficient evidence in 
humans that smokeless tobacco causes cancer of 
the oral cavity. Studies published since include 
updates on mortality and incidence for one of the 
cohorts reviewed previously (Accortt et al., 2002, 
2005), two new cohort studies (Luo et al., 2007; 
Roosaar et al., 2008); case–control studies from 
Sweden (Rosenquist, 2005; Rosenquist et al., 
2005) and India (Sapkota et al., 2007); and three 
meta-analyses (Weitkunat et al., 2007; Boffetta 
et al., 2008; Lee & Hamling, 2009). 

Because tobacco smoking is a risk factor 
for oral and pharyngeal cancers (IARC, 2004), 
and tobacco smoking is often positively corre-
lated with smokeless tobacco use (Tomar, 2002), 
addressing confounding by smoking is important 
in the examination of causality related to smoke-
less tobacco. Heavy alcohol use is another impor-
tant risk factor and can potentially confound the 
relationship between tobacco use and risk of oral 
and pharyngeal cancer (IARC, 2010, 2012).

While analysis restricted to non-smokers and 
non-alcohol drinkers eliminates the possibility 
of confounding due to smoking and alcohol 
drinking, the sample sizes can be small in study 
populations in regions where these behaviours 
are common. Adjusting statistically for smoking 
and alcohol can alternatively be used to address 
confounding by these factors in populations 
where these behaviours are common and can 
provide unbiased estimates that may be more 
stable if there is no residual confounding within 
smoking/drinking categories used in the adjust-
ment. There is sufficient evidence that human 
papillomavirus (HPV) 16 causes oral cancer 
in humans (IARC, 2007b). Studies have shown 
that the prevalence of HPV DNA is negatively 
correlated with tobacco smoking and alcoholic 
beverage consumption (Gillison et al., 2000), 
suggesting that positive confounding by HPV is 
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not likely to account for a spurious association 
between smokeless tobacco and oral cancer.

The specific name of the smokeless tobacco 
product will be used whenever available. In the 
USA, where moist snuff and chewing tobacco 
are both common, the term “smokeless tobacco” 
refers to use of either. Most publications provide 
data on “ever” versus “never” use of these prod-
ucts, usually defined as using the product or 
not for some minimal length of time such as 
a year. Due to the large body of evidence, this 
Monograph will focus on studies published since 
IARC (2007a).

(i) Cohort studies
Ever lifetime use or ever daily use of smoke-

less tobacco and risk of oral and pharyngeal 
cancers was examined in six cohort studies 
conducted in the USA (Zahm et al., 1992; 
Accortt et al., 2002, 2005; Henley et al., 2005), 
Sweden (Luo et al., 2007; Roosaar et al., 2008), 
and Norway (Boffetta et al., 2005). Mortality 
data were analysed in four studies (Zahm et al., 
1992; Accortt et al., 2002; Henley et al., 2005; 
Roosaar et al., 2008), four (Accortt et al., 2005; 
Boffetta et al., 2005; Luo et al., 2007; Roosaar 
et al., 2008) analysed cancer incidence. None of 
the studies excluded persons diagnosed in the 
first 1 or 2 years of follow-up nor did they collect 
information on changes in behaviours, such 
as smokeless tobacco or smoking cessation or 
initiation, after the baseline (Table 2.1 available 
at http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-03-Table2.1.pdf).

Ever use of smokeless tobacco was associ-
ated with a statistically significant threefold 
increased risk of death from oral cancer and an 
8.7 fold increased risk of death from pharyngeal 
cancer in one study from the USA (Zahm et al., 
1992). Risks were greater among those with more 
frequent use, but adjustment was not performed 
for tobacco smoking and therefore this study will 
not be considered further in this section.

Ever use of smokeless tobacco was not associ-
ated with risk for cancer in four cohorts (Accortt 
et al., 2005; Boffetta et al., 2005; Henley et al., 
2005; Luo et al., 2007). In one cohort the age-
adjusted standardized mortality ratio for oral 
cancer associated with ever smokeless tobacco 
use was not elevated (Accortt et al., 2002) and 
the age-adjusted standardized incidence ratio for 
smokeless tobacco use and oral cancer was statis-
tically lower than expected (Accortt et al., 2005). 
The expected number of oral cancer deaths 
among ever smokeless tobacco users in this 
cohort was zero, suggesting limited statistical 
power to detect elevated risks.

In the Cancer Prevention Study I and II 
cohorts (Henley et al., 2005; CPS-I and CPS-II, 
respectively), the hazard ratio (HR) for death 
from oral and pharyngeal cancer in CPS-I for 
current use of smokeless tobacco versus never 
use among men who never used any other form 
of tobacco was 2.0 (95%CI: 0.5–7.7), based on four 
deaths adjusting for alcohol consumption, fruit/
vegetable intake and other factors. The corre-
sponding HR in CPS-II was 0.9 (95%CI: 0.1–6.7), 
based on one death adjusting for similar factors 
as CPS-I.

In the Norwegian cohort (Boffetta et al., 
2005), the HR for ever use of smokeless tobacco 
was 1.1 (95%CI: 0.5–2.4), for oral, pharynx or 
salivary gland cancer after adjusting for age and 
smoking. Among non-smokers in a cohort of 
280 000 Swedish male construction workers, the 
relative risk of developing oral cancer was 0.8 
(95%CI: 0.4–1.7), adjusting for attained age and 
body mass index (BMI) (Luo et al., 2007).

One cohort study in Sweden involved 9 860 
men who participated in an oral examination 
(Roosaar et al., 2008). An elevated relative risk 
(RR) of 3.1 (95%CI: 1.5–6.6) was found for ever 
daily use of snus compared to never daily use of 
snus controlling for calendar period, area of resi-
dence, alcohol consumption, smoking, and an 
interaction variable for age and smoking. Among 

277

http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-03-Table2.1.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-03-Table2.1.pdf


IARC MONOGRAPHS – 100E

the never-smokers in the cohort, the relative risk 
for ever daily use of snus was 2.3 (95%CI: 0.7–8.3).

All cohort studies had at least 12 years of 
follow-up. No increased risk of oral cancer was 
observed for the three cohorts with 12–26 years 
of follow-up (Accortt et al., 2002, 2005; Henley 
et al., 2005; Luo et al., 2007). One study with 35 
years follow-up found no association of smokeless 
tobacco and oral cancer risk (Boffetta et al., 2005) 
and another study with 27–29 years follow-up 
had significant positive findings among smokers 
only (Roosaar et al., 2008).

(ii) Case–control studies
Many case–control studies examined smoke-

less tobacco and oral and pharyngeal cancer 
(Broders, 1920; Moore et al., 1953; Wynder & 
Bross, 1957; Wynder et al., 1957a, b; Peacock et al., 
1960; Chandra, 1962; Vogler et al., 1962; Vincent 
& Marchetta, 1963; Martinez, 1969; Keller, 1970; 
Browne et al., 1977; Jafarey et al., 1977; Williams 
& Horm, 1977; Wynder & Stellman, 1977; 
Westbrook, 1980; Winn et al., 1981a; Wynder 
et al., 1983; Stockwell & Lyman, 1986; Young 
et al., 1986; Blot et al., 1988; Spitz et al., 1988; 
Franco et al., 1989; Goud et al., 1990; Blomqvist 
et al., 1991; Maden et al., 1992; Marshall et al., 
1992; Mashberg et al., 1993; Spitz et al., 1993; 
Kabat et al., 1994; Bundgaard et al., 1995; Idris 
et al., 1995a; Muscat et al., 1996; Lewin et al., 
1998; Muscat & Wynder, 1998; Schildt et al., 
1998; Schwartz et al., 1998; Wasnik et al., 1998; 
Chelleng et al., 2000; Merchant et al., 2000; 
Rosenquist et al., 2005; Rosenquist, 2005; Sapkota 
et al., 2007). Two studies were of cancer of the 
salivary gland (Keller, 1969; Muscat & Wynder, 
1998), one reported on hypopharyngeal cancer 
(Sapkota et al., 2007), and one on nasopharyngeal 
cancer (Chelleng et al., 2000). The same study 
was reported on twice in two instances (Wynder 
& Bross, 1957; Wynder et al., 1957a; Rosenquist, 
2005; Rosenquist et al., 2005). Additionally, one 
cross-sectional study was conducted, but the 
comparability of the two surveys analysed to 

yield risk estimates was uncertain (Sterling et al., 
1992).

Nearly half the studies addressed poten-
tial confounding by tobacco smoking. In three 
(Broders, 1920; Stockwell & Lyman, 1986; Keller, 
1970), smokeless tobacco information was prob-
ably obtained from medical records and, if ascer-
tainment of smokeless tobacco use was more 
likely from cases than from controls, measure-
ment error might account for the findings and 
these studies will not be considered further. The 
remaining 15 studies were conducted in the USA 
(Vogler et al., 1962; Martinez, 1969; Williams 
& Horm, 1977; Winn et al., 1981a; Blot et al., 
1988; Mashberg et al., 1993; Kabat et al., 1994), 
Sweden (Lewin et al., 1998; Schildt et al., 1998; 
Rosenquist, 2005; Rosenquist et al., 2005), India 
(Chandra, 1962; Wasnik et al., 1998; Sapkota 
et al., 2007), Pakistan (Merchant et al., 2000), and 
Sudan (Idris et al., 1995a) (Table 2.2 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-03-Table2.2.pdf).

Five studies were population-based (Williams 
& Horm, 1977; Blot et al., 1988; Lewin et al., 1998; 
Schildt et al., 1998; Rosenquist et al., 2005); posi-
tive findings were observed in the majority of 
them (Williams & Horm, 1977; Blot et al., 1988; 
Lewin et al., 1998) and in all of the hospital-based 
studies except one (Mashberg et al., 1993). One 
study (Winn et al., 1981a) also included death 
certificate cases and controls.

Several case–control studies of oral cancer 
addressed potential confounding by tobacco 
smoking either by statistically controlling for 
tobacco smoking or by restricting to non-
smokers. Odds ratios (OR) for ever versus never 
use of smokeless tobacco overall, or for at least 
one of the major cancer subtypes, was statisti-
cally significantly elevated in eight studies, with 
odds ratios for oral cavity cancer ranging from 
3.9 to 34.5 (Vogler et al., 1962; Martinez, 1969; 
Williams & Horm, 1977; Winn et al., 1981a; Blot 
et al., 1988; Kabat et al., 1994; Idris et al., 1995a; 
Wasnik et al., 1998; Merchant et al., 2000) and 
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in one study of hypopharyngeal cancer in India 
(Sapkota et al., 2007). In case–control studies 
conducted in Sweden, there was no association 
with use of smokeless tobacco in 2 studies (Schildt 
et al., 1998; Rosenquist, 2005) or in another study 
(Lewin et al., 1998) that controlled for smoking 
and alcohol intake. However, when Lewin et al., 
1998 restricted the analysis to non-smokers the 
odds ratio for head and neck cancer associ-
ated with ever use of smokeless tobacco was 4.7 
(95%CI: 1.6–13.8). [Rosenquist (2005) was based 
on a relatively small sample size of 132 cases and 
320 controls.]

In one case–control study conducted in the 
USA (Vogler et al., 1962) and another of toombak 
users in Sudan (Idris et al., 1995a), neither 
statistical adjustment for tobacco smoking nor 
restriction to non-smokers was done. However, 
confounding by smoking was not likely to have 
a major effect on the risk estimates from these 
studies. The proportions of smokers in the case 
and control groups were low in the rural women 
in the study of Vogler et al. (1962) among whom 
positive findings were found. In the study in 
Sudan less than 10–12% of the two case groups 
and in a hospital-based control groups smoked; 
in the population-based control group 21% were 
smokers, but most had smoked for less than one 
year (Idris et al., 1995a). 

In a meta-analysis Boffetta et al. (2008) 
included studies published through 2007 that 
provided information about non-smokers and 
studies that adjusted for tobacco smoking. The 
summary estimate for the 11 studies of oral cancer 
(6 of them also including pharyngeal cancer) was 
1.8 (95%CI: 1.1–2.9) overall. For the USA, it was 
2.6 (95%CI: 1.3–5.2) and for northern European 
countries, 1.0 (95%CI: 0.7–1.3) (Table 2.3 available 
at http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-03-Table2.3.pdf).

Another meta-analysis included 40 studies 
published through May 2008 (Table 2.4 available 
at http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-03-Table2.4.pdf) but excluded 

studies in Asian or African populations (Lee & 
Hamling, 2009). In addition to the studies in 
the meta-analysis by Boffetta et al. (2008), 15 
other studies were included: (Moore et al., 1953; 
Wynder & Bross, 1957; Wynder et al., 1957, 1983; 
Peacock et al., 1960; Vincent & Marchetta, 1963; 
Martinez, 1969; Keller, 1970; Browne et al., 1977; 
Wynder & Stellman, 1977; Young et al., 1986; 
Spitz et al., 1988; Franco et al., 1989; Blomqvist 
et al., 1991; Maden et al., 1992; Marshall et al., 
1992; Sterling et al., 1992; Zahm et al., 1992; Spitz 
et al., 1993; Bundgaard et al., 1995; Muscat et al., 
1996; Schwartz et al., 1998) and one unpublished 
study by Perry and colleagues in 1993. Among 
never-smokers the odds ratio was 1.72 (95%CI: 
1.01–2.94) based on 9 studies; further adjust-
ment for alcohol in the three studies where 
this was possible yielded an odds ratio among 
never-smokers of 1.87 (95%CI: 0.82–4.27). The 
estimate for never-smokers among the studies 
conducted in the USA was 3.33 (95%CI: 1.76–
6.32), and decreased with additional adjustment 
for alcohol drinking (1.58; 95%CI: 0.52–4.81), 
based on two studies among never-smokers. 
Corresponding estimates for snuff use in never-
smokers in Scandinavia were 1.01 (95%CI: 0.71–
1.45; 4 studies) and 2.30 (95%CI: 0.67–7.92; 1 
study) adjusted for alcohol drinking. For studies 
published since 1990, the corresponding esti-
mates were 1.24 (95%CI: 0.80–1.90; 7 studies) 
in never-smokers and 1.87 (95%CI: 0.82–4.27; 3 
studies) adjusted for alcohol drinking.

Lee & Hamling (2009) updated an earlier 
meta-analysis (Weitkunat et al., 2007) of 
32 studies through 2005, excluding studies 
conducted in Asian populations. Weitkunat et al. 
(2007) did not include three studies (Rosenquist 
et al., 2005; Luo et al., 2007; Roosaar et al., 2008), 
but provided sex- and tobacco type- specific esti-
mates not reported by Lee & Hamling (2009). For 
smokeless tobacco, the overall smoking-adjusted 
relative risk was 1.35 (95%CI: 1.04–1.76), and 
for chewing tobacco and snuff, the estimates 
were 1.42 (95%CI: 0.99–2.03; 6 studies) and 
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1.28 (95%CI: 0.76–2.14; 7 studies). For men the 
smoking-adjusted estimate was 1.15 (95%CI: 
0.97–1.37) and for women 2.51 (95%CI: 1.73–
3.64). For case–control studies with hospital-
based controls, the estimates were 1.41 (95%CI: 
1.18–1.68) and for studies with population-based 
controls 0.99 (95%CI: 0.69–1.42). Smoking-
adjusted relative risks for smokeless tobacco were 
elevated only for studies conducted before 1980: 
2.02 (95%CI: 1.28–3.20) for earlier than 1969, 
2.67 (95%CI: 1.83–3.90) for 1970–1979, compared 
with 0.97 (95%CI: 0.71–1.31) for 1980–1989, and 
1.10 (95%CI: 0.88–1.37) for 1990 or later.

(b) Dose–response evidence

In this and subsequent sections, the relative 
risks and odds ratios are either among non-
smokers or are adjusted for tobacco smoking. 
Dose–response relationships were observed in 
several studies.

(i) Duration and intensity
Williams & Horm (1977) found that the odds 

ratio for oral cavity cancers in men associated 
with heavy use of smokeless tobacco was higher 
than for moderate use. Lewin et al. (1998) also 
reported relative risks for head and neck cancer 
that increased with increasing intensity of oral 
snuff use. Of the case–control studies that exam-
ined duration, higher risks of oral cancer with 
greater numbers of years of snuff use were noted 
for cancers of the gum/buccal mucosa, but not 
for other cancers of the mouth/pharynx category 
(Winn et al., 1981a). No increase with years of snus 
use was observed in two Swedish case–control 
studies (Lewin et al., 1998; Rosenquist et al., 
2005). In a study in Sudan (Idris et al., 1995a), the 
odds ratio for use of toombak for more than 11 
years was greater than that for fewer years of use.

(ii) Cessation
In two cohort (Boffetta et al., 2005; Luo et al., 

2007) and three case–control studies (Lewin 
et al., 1998; Schildt et al., 1998; Rosenquist et al., 

2005), risks were not significantly elevated in 
either current or former smokeless tobacco users. 
No studies provided information on time since 
stopping.

(c) Comparison of types of smokeless tobacco 
by geographical location

(i) Northern Europe
Four studies from this area found no overall 

association between use of snus and oral cancer 
(Lewin et al., 1998; Schildt et al., 1998; Boffetta 
et al., 2005; Rosenquist, 2005). One case–control 
study (Rosenquist, 2005) examined users of 
fermented and not fermented snuff and observed 
no risk for either type. In Sweden before 1983, 
snuff was fermented as part of the manufac-
turing process, and this process is conducive to 
formation of tobacco-specific N-nitrosamines. 
In one cohort study (Roosaar et al., 2008) the 
relative risk for ever daily use of snus was 3.1 
(95%CI: 1.5–6.6, adjusted for smoking, calendar 
period, area of residence, alcohol consumption 
and a variable to account for the interaction 
between age and smoking) and 2.3 (95%CI: 
0.7–8.3) among non-smokers with adjustment 
for calendar period, area of residence and alcohol 
consumption. In a case–control study, among 
non-smokers, the odds ratio for cancers of the 
oral cavity, pharynx and oesophagus combined 
was 4.7 (95%CI: 1.6–13.8) (Lewin et al., 1998).

(ii) USA
In the USA chewing tobacco and moist snuff 

are the predominant forms of smokeless tobacco. 
In five case–control studies of oral cancer, the 
odds ratio for ever use of smokeless tobacco 
were statistically significantly elevated overall 
for use of one or other type, ranging from 4.2 to 
34.5 (Martinez, 1969; Williams & Horm, 1977; 
Williams et al., 1977; Winn et al., 1981a; Blot 
et al., 1988; Kabat et al., 1994). No association 
with use of either of these products was observed 
in 2 cohort studies (Accortt et al., 2002; 2005; 
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Henley et al., 2005) and one case–control study 
(Mashberg et al., 1993).

The odds ratio for chewing tobacco was not 
statistically significantly elevated in two studies 
(Mashberg et al., 1993; Kabat et al., 1994); but was 
in a third (Martinez, 1969). For snuff, one study 
found no association (Mashberg et al., 1993) and 
in three others statistically significant elevated 
risks were observed, ranging from 4.2 to 34.5 
(Winn et al., 1981a; Blot et al., 1988; Kabat et al., 
1994). In one case–control study in the southern 
USA positive associations were observed among 
non-smoking women who were snuff dippers, 
but a significant association was observed for 
white, but not black women; dry snuff was the 
predominant form of snuff used by women in 
that area (Winn et al., 1981a). Elevated odds 
ratios persisted with control for poor dentition 
(Winn et al., 1981b), use of mouthwashes (Blot 
et al., 1983), fruits and vegetables (Winn et al., 
1984), type of respondent (self versus proxy), and 
alcohol consumption (Winn, 1986).

(iii) Africa, Middle East, and Asia
In Sudan the majority of a consecutively 

accrued series of oral cancer cases used saffa, 
an oral snuff, a moistened, powdered tobacco 
treated with sodium sesquicarbonate (Elbeshir 
et al., 1989). Also, in Sudan toombak use was 
higher in oral cancer cases with squamous cell-
carcinomas in sites with direct contact with the 
quid (e.g. floor of mouth) than cases with less or 
no contact (e.g. palate) (Idris et al., 1995b). The 
odds ratio for toombak use was 7.3 (4.3–12.4) 
comparing hospital-based cases with oral cancers 
in direct contact with the quid versus hospital 
controls, and 1.4 (0.8–2.5) for cases with oral 
cancers not usually in direct contact with the 
quid (Idris et al., 1995a), adjusting for age, sex, 
tribe and residence. Ten to twelve percent of the 
cases and hospital controls smoked. Twenty-one 
percent of population controls smoked, although 
most had smoked for less than one year.

Case series from Saudi Arabia have noted a 
high frequency of use of shammah or al-shammah 
in series of oral, pharyngeal, and laryngeal 
cancer cases (Amer et al., 1985; Ibrahim et al., 
1986; al-Idrissi, 1990; Allard et al., 1999). 

In Pakistan, ever using naswar was associ-
ated with an odds ratio of 9.5 (95%CI: 1.7–52.5; 
adjusted for cigarette smoking and alcohol 
consumption) (Merchant et al., 2000). Reports 
based on small series of users in which poten-
tial confounding by tobacco smoking could not 
be ruled out also noted higher frequencies of 
naswar use in oral cancer cases than controls or 
oral cancers among naswar users (Aleksandrova, 
1970; Nugmanov & Baimakanov, 1970).

In India, a case–control study of buccal 
mucosa cancer observed an odds ratio of [2.7] for 
men and [2.5] for women associated with tobacco 
chewing among non-smokers (Chandra, 1962). 
In a cross-sectional survey, the period prevalence 
of oral and oropharyngeal cancer among persons 
who used pattiwala, sun-cured tobacco leaf only, 
was 1.17 per 100 persons compared to 0.36 among 
non-chewers of tobacco (Wahi, 1968) [tobacco 
smoking was not accounted for]. A case–control 
study of oropharyngeal cancer, using a smokeless 
tobacco product for teeth cleaning was associ-
ated with an odds ratio of 5.2 (95%CI: 2.5–11.8), 
adjusted for smoking (Wasnik et al., 1998). In 
another case–control study in India, snuffing 
tobacco nasally or orally, generally using naswar, 
was associated with elevated odds ratios for 
hypopharyngeal cancer in never-smokers and 
in analyses adjusted for tobacco smoking and 
alcohol consumption (Sapkota et al., 2007). [The 
Working Group noted that in the Sapkota et al. 
(2007) study, snuff use was nasal as well as oral 
so the role of oral use could not be separately 
determined.] In the same study, odds ratios for 
hypopharyngeal cancer among never-smokers 
were significantly elevated for zarda and non-
significantly elevated for khaini, after adjusting 
for centre, age, sex, socioeconomic status, alcohol 
consumption and tobacco snuffing. 
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(d) Interactions

In one study in the USA that provided odds 
ratios for smokers only, smokeless tobacco users 
only, and smokers who also used smokeless 
tobacco, each compared to non-users of either, 
there was no evidence of an interaction between 
smokeless tobacco use and smoking (Winn et al., 
1981a), nor was there any evidence of an interac-
tion between smokeless tobacco use and alcohol 
consumption in a similar analysis of that study 
population (Winn, 1986).

2.1.2 Precancerous lesions of the oral cavity

(a) Overview of studies 

Studies on the natural history of oral 
cancer suggest that several types of potentially 
malignant lesions and conditions precede the 
development of cancer of the oral cavity. Oral 
precancerous lesions of relevance are leuko-
plakia and erythroplakia. The term leukoplakia 
will be used below to describe white lesions and 
erythroplakia to describe red lesions. Several 
classification systems for the lesions have been 
used (Axéll et al., 1976; Pindborg, 1980, Greer 
& Poulson, 1983; Pindborg et al., 1996), all 
involving visual inspection of the oral cavity 
and a diagnosis based on clinical appearance of 
the lesions to identify the causes of the white and 
red oral lesions. Smokeless tobacco use has previ-
ously been identified as a risk factor for oral pre-
malignant lesions (IARC, 2007a). Histological 
and clinical changes occur in the mucosa of snuff 
users in as few as 2–7 days after initiation of use 
(Payne et al., 1998). Furthermore, the location of 
the lesion in the mouth has been shown to corre-
spond to where the smokeless tobacco is typically 
placed (Salem et al., 1984; Zaridze et al., 1986; 
Ernster et al., 1990; Tomar et al., 1997; Martin 
et al., 1999; Ayo-Yusuf et al., 2000). 

Since IARC (2007a) one cross-sectional study 
has been published in the USA (Fisher et al., 
2005), one from Sweden (Roosaar et al., 2008), 

and one from Yemen (Scheifele et al., 2007).
Cross-sectional studies and case series from 
many parts of the world have reported that leuko-
plakia occurs more commonly among smokeless 
tobacco users and that persons with lesions are 
more frequently smokeless tobacco users. Many 
cross-sectional studies were conducted in the 
USA (Greer & Poulson, 1983; Poulson et al., 1984; 
Offenbacher & Weathers, 1985; Wolfe & Carlos, 
1987; Creath et al., 1988; Cummings et al., 1989; 
Stewart et al., 1989; Ernster et al., 1990; Grady 
et al., 1990; Creath et al., 1991; Daniels et al., 1992; 
Sinusas et al., 1992; Grasser & Childers, 1997; 
Tomar et al., 1997; Martin et al., 1999; Lee et al., 
2000; Shulman et al., 2004; Fisher et al., 2005; 
Sinusas & Coroso, 2006). The types of smokeless 
tobacco implicated are snus in Sweden (Salonen 
et al., 1990; Rolandsson et al., 2005), Finland 
(Jungell & Malmström, 1985), and Denmark 
(Roed-Petersen et al., 1972; Roed-Petersen & 
Pindborg, 1973; Rolandsson et al., 2005), chewing 
tobacco in the United Kingdom (Tyldesley, 1971) 
and India (Jacob et al., 2004), nass (naswar) in 
Uzbekistan (Zaridze et al., 1985, 1986; Evstifeeva 
& Zaridze, 1992), toombak in Sudan (Idris et al., 
1996; Ahmed et al., 2003; Ahmed & Mahgoob, 
2007), snuff (finely ground fermented tobacco 
leaf with the wet ash of an Amaranthus species 
plant) in South Africa (Ayo-Yusuf et al., 2000), 
shammah in Yemen (Scheifele et al., 2007) and 
Saudi Arabia (Salem et al., 1984; Mani, 1985).

Table  2.5 (available at http://monographs.
iarc.fr/ENG/Monographs/vol100E/100E-03-
Table2.5.pdf) includes cross-sectional and 
case–control studies of smokeless tobacco and 
leukoplakia, listed by country. Eight reports from 
the USA adjusted for tobacco smoking, either 
through statistical adjustment or restriction 
to non-smokers, one in schoolchildren (Tomar 
et al., 1997) and the others in adults (Shulman 
et al., 2004; Ernster et al., 1990; Grady et al., 1990; 
Daniels et al., 1992; Greene et al., 1992; Martin 
et al., 1999; Fisher et al., 2005). The prevalence 
rate ratio or odds ratio for oral leukoplakia in 
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current smokeless tobacco users exceeded those 
of non-users for smokeless tobacco overall in 
four studies from the USA (Ernster et al., 1990; 
Tomar et al., 1997; Martin et al., 1999; Fisher 
et al., 2005) for snuff in four studies (Ernster 
et al., 1990; Tomar et al., 1997; Martin et al., 1999; 
Fisher et al., 2005) and for chewing tobacco in 
two (Ernster et al., 1990; Tomar et al., 1997) but 
not in a third (Fisher et al., 2005).

In Uzbekistan nass (naswar) use was posi-
tively associated with oral leukoplakia in non-
smokers (Zaridze et al., 1986) and after adjusting 
for smoking, alcoholic beverage consumption, 
and age (Evstifeeva & Zaridze, 1992). In India, 
oral precancerous lesions (oral leukoplakia, 
submucous fibrosis, erythroplakia, and multiple 
lesions) were associated with tobacco chewing 
after adjusting for age, sex, BMI, pack–years of 
smoking, and years of drinking alcohol (Thomas 
et al., 2003; Jacob et al., 2004).

(b) Dose–response evidence

(i) Duration and intensity
Strong dose–response relationships have been 

observed in studies in the USA with intensity and 
duration of use of smokeless tobacco, snuff or 
chewing tobacco. The prevalence odds ratio for 
mucosal lesions increased with increasing inten-
sity (amounts used per day or week) and duration 
(months, years, minutes or hours per day with 
tobacco in the mouth; shorter time since last used) 
of use of smokeless tobacco (chewing tobacco and 
snuff) (Ernster et al., 1990; Tomar et al., 1997; 
Martin et al., 1999; Fisher et al., 2005). Baseball 
players who used smokeless tobacco only during 
the playing season had a lower prevalence rate of 
oral lesions than year-long users, but higher than 
non-users (Greene et al., 1992).

In Uzbekistan there was a trend of greater 
odds ratios for pre-leukoplakia and leukoplakia 
with the number of times nass was used per day, 
earlier age at initiation of the habit, years used, 
and lifetime intake (Evstifeeva & Zaridze, 1992). 

In Yemen, there was a dose–response relation-
ship with number of minutes shammah was 
kept in the mouth and the risk was reduced if 
the mouth was rinsed after using the product 
(Scheifele et al., 2007).

(ii) Cessation
The prevalence or prevalence odds ratio for 

oral lesions were higher in current than in former 
users in studies in the USA (Ernster et al., 1990; 
Tomar et al., 1997; Shulman et al., 2004; Fisher 
et al., 2005). Former users generally had higher 
prevalence or prevalence odds ratio (although 
not always statistically significantly elevated) 
than never users (Ernster et al., 1990; Tomar 
et al., 1997; Fisher et al., 2005). In Uzbekistan, 
both former (OR, 3.00; 95%CI: 1.08–8.32) and 
current users (OR, 3.86; 95%CI: 2.60–5.72) had 
statistically significantly elevated odds ratios 
associated with nass use (Evstifeeva & Zaridze, 
1992).

(c) Severity of lesions

The percentage of more severe leuko-
plakia lesions (degree 3 and 4) was higher with 
increasing amount of use, longer duration of use, 
shorter time since last use of snuff, and expo-
sure time in the mouth in studies in the USA 
(Ernster et al., 1990; Grady et al., 1990; Daniels 
et al., 1992; Greene et al., 1992; Tomar et al.; 1997; 
Martin et al., 1999). Basal-cell hyperplasia was 
observed in 4% of 132 lesion biopsies from snuff 
users, while no hyperplasia was found in the 6 
biopsies from chewing tobacco users (Daniels 
et al., 1992). Severe epithelial atypia was observed 
in toombak users (38%) in a case series in Sudan 
(Ahmed et al., 2003). Also in Sudan greater dura-
tion of toombak use was associated with greater 
severity of the lesions (Idris et al., 1996). In a 
South African study, lesions were more severe 
among those with more minutes per day of use 
and the users of the commercial brand compared 
to home-made snuff (Ayo-Yusuf et al., 2000).
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(d) Types

The prevalence of lesions was higher among 
snuff users compared with tobacco chewers in 
several studies (Ernster et al., 1990; Greene et al., 
1992; Tomar et al., 1997; Martin et al., 1999). 
Among snuff users, the prevalence of lesions and 
the relative risk varied depending on the brand 
used (Grady et al., 1990; Greene et al., 1992; Martin 
et al., 1999). In Yemen (Scheifele et al., 2007) the 
prevalence odds ratio was higher for using black 
shammah compared to white shammah. Greater 
frequency of more severe lesions has been found 
in users of loose snus compared to men using 
portion-bag snus (Andersson & Axéll, 1989; 
Andersson et al., 1994; Rolandsson et al., 2005).

(e) Reversal or progression of lesions

Table 2.6 (available at http://monographs.
iarc.fr/ENG/Monographs/vol100E/100E-03-
Table2.6.pdf) provides information from studies 
that examined reversal or progression of lesions. 
In men with leukoplakia that were re-exam-
ined 1–21 days after the first examination, 15% 
of the lesions resolved and 18% improved by 
one degree (Grady et al., 1991). Smaller lesions 
were most likely to have resolved in men who 
decreased or stopped smokeless tobacco use, 
among users of chewing tobacco compared with 
those of snuff, among light users, and among 
seasonal users only. Disappearance or regres-
sion of lesions was not associated with duration 
of smokeless tobacco use or the number of days 
between the initial examination and follow-up. 
In a study of military recruits, 97% of the oral 
lesions observed at the initial examination had 
completely resolved six weeks after they ceased 
using tobacco (Martin et al., 1999). In a study in 
Denmark, there was a lower percentage of snuff 
users whose lesions transformed to dysplasia or 
malignancy compared to patients with leuko-
plakia who did not use snuff (Roed-Petersen & 
Pindborg, 1973).

Men in Sweden with snus-induced lesions 
followed over 27–29 years did not have a higher 
risk of oral cancer (not smoking adjusted) 
compared to the entire Swedish population 
(Roosaar et al., 2006). A subset of men had a 
repeat oral examination 19–22 years after the 
baseline. Among those who stopped snus entirely 
or used it less than once per day, 6.1% had a lesion 
at the follow-up exam. Lesions were still present 
with the same or lesser severity in 91% of the men 
who continued use of loose snuff or changed to 
portion-bag snuff and 8.7% had a worse lesion. 
Of those who used snus for more hours per day at 
the follow-up than at baseline, 12.1% had a worse 
lesion. In an earlier study, after 3–6  months, 
snus users with oral lesions who used portion-
bag snus were more likely to have less severe 
lesions and users who stopped using snus or who 
changed to portion bags and changed the place-
ment of the snus in the mouth had no lesions at 
the original site (Larsson et al., 1991). Snus users 
who changed to snus with a lower pH and lower 
nicotine concentrations had less severe lesions 
after 24 weeks (Andersson & Warfvinge, 2003).

In a 10 year follow up study in India, Gupta et 
al. (1980) reported significantly higher malignant 
transformation in a group of smokeless tobacco 
users with precancer.

2.1.3 Cancer of the oesophagus

(a) Overview of studies

Studies of smokeless tobacco and oesophageal 
cancer have been conducted in North America, 
Europe and Asia. All of the studies reported here 
examined oesophageal cancer risks associated 
with use of unsmoked tobacco that was not part 
of a betel quid. Evidence regarding betel quid is 
presented in the Monograph on Betel Quid in this 
volume. These studies generally focused on the 
predominant smokeless tobacco products and 
behaviours in the countries in which the studies 
were conducted.
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Two studies (Zendehdel et al., 2008; 
Nasrollahzadeh et al., 2008) have been published 
since the previous Monograph (IARC, 2007a).

Major risk factors for oesophageal cancers 
are tobacco smoking, betel quid chewing, heavy 
alcohol consumption (only for squamous cell 
carcinomas of the oesophagus) (IARC, 2004, 
IARC, 2010) and BMI (for adenocarcinoma of 
the oesophagus) (Kubo & Corley, 2006), making 
these factors potential confounders in studies of 
smokeless tobacco. [The Working Group notes 
that betel quid chewing and smokeless tobacco 
use are nearly always mutually exclusive in 
certain geographic regions.]

In two cohort studies (Boffetta et al., 2005; 
Zendehdel et al., 2008) smokeless tobacco use and 
oesophageal cancer has been examined (Table 2.7 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-03-Table2.7.pdf); 
both addressed potential confounding by 
smoking and included incident cases occurring 
in the first few years of follow-up.

One of the cohort studies was conducted in 
Norway and study participants were followed for 
35 years for cancer incidence (Boffetta et al., 2005). 
The relative risk for oesophageal cancer was 1.4 
(95%CI: 0.6–3.2) for ever use of snuff compared 
to never use, adjusted for age and smoking. In a 
Swedish cohort study (Zendehdel et al., 2008) the 
relative risk for squamous cell carcinoma of the 
oesophagus among non-smoking men who used 
only snuff compared to never users of tobacco 
was 3.5 (95%CI: 1.6–7.6) adjusting for age and 
BMI.

Several case–control studies in the USA 
have been conducted that did not include odds 
ratio among non-smokers or did not adjust 
statistically for smoking behaviours (Wynder 
et al., 1957; Wynder & Bross, 1961; Wynder 
& Stellman, 1977; Pottern et al., 1981). Of the 
seven case–control studies of smokeless tobacco 
and oesophageal cancer that did so (Table  2.8 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-03-Table2.8.pdf), 

two were conducted in Sweden (Lewin et al., 
1998; Lagergren et al., 2000), three in the USA 
(Martinez, 1969; Williams & Horm, 1977; 
Williams et al., 1977; Brown et al., 1988), one in 
India (Phukan et al., 2001) and one in the Islamic 
Republic of Iran (Nasrollahzadeh et al., 2008). 
Because the survival rate for oesophageal cancer 
is poor (Crew & Neugut, 2004), case–control 
studies may be susceptible to selection bias from 
not interviewing study cases who died before the 
time of interview or measurement error due to 
obtaining information from proxy interviews 
(Winn, 1986).

Three case–control studies from the USA 
(one from Puerto Rico) showed no association 
between use of smokeless tobacco and oesopha-
geal cancer (Martinez, 1969; Williams & Horm, 
1977; Williams et al., 1977; Brown et al., 1988) 
after adjusting for smoking or restricting the 
analysis to non-smokers. The proportion of 
proxy interviews needed to ascertain smokeless 
tobacco use in these studies was 45% (Williams 
& Horm, 1977; Williams et al., 1977), at least 69% 
(Brown et al., 1988), and 12% (Martinez, 1969).

Both of the Swedish case–control studies 
were population-based and adjusted the analyses 
for smoking and alcohol intake (Lewin et al., 
1998; Lagergren et al., 2000). In one of them 
that involved both squamous cell and adeno-
carcinoma, no proxy interviews were permitted 
(Lagergren et al., 2000). The odds ratio for users 
of smokeless tobacco only compared to non-
users of tobacco was 1.4 (95%CI: 0.9–2.3) for 
squamous cell carcinoma of the oesophagus and 
1.2 (95%CI: 0.7–2.0) for adenocarcinoma of the 
oesophagus adjusting for age, tobacco smoking, 
alcohol drinking and other factors. In the other 
Swedish study (Lewin et al., 1998) on squamous 
cell carcinoma, most were interviewed about a 
month after the case’s diagnosis date. The odds 
ratio for ever use of snuff was 1.2 (95%CI: 0.7–2.2), 
adjusting for age, region, tobacco smoking and 
alcoholic beverages.
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In a hospital-based case–control study from 
India an association between smokeless tobacco 
and oesophageal cancer was found (Phukan 
et al., 2001). Relative to persons who neither 
used smokeless tobacco nor smoked, the odds 
ratio for persons who used only chadha (a type 
of smokeless tobacco) but did not chew betel quid 
nor smoke was 3.2 (95%CI: 1.6–9.5) for men and 
6.2 (95%CI: 2.4–12.1) for women, adjusting for 
alcohol. In a study in the Islamic Republic of Iran 
cases were interviewed at the time of diagnosis 
(there were no proxy interviews), and only histo-
logically confirmed squamous cell carcinoma 
were included (Nasrollahzadeh et al., 2008); when 
use of different tobacco products was examined 
in a multivariate model, there was a significant 
positive association with nass use only compared 
to never users of any tobacco product, after 
adjustment for education, ethnicity, and total 
intake of fruit and vegetables.

In a meta-analysis of studies published 
through 2007 (Boffetta et al., 2008; Table  2.9, 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-03-Table2.9.pdf), 
only studies from Europe and the USA that 
provided information about non-smokers and 
studies that included smokers but adjusted for 
tobacco smoking were included. The overall 
estimate of effect for the five studies of oesopha-
geal cancer was 1.6 (95%CI: 1.1–2.3). In a second 
meta-analysis Lee & Hamling (2009) included 
studies from Europe and the USA of smoke-
less tobacco and oesophageal cancer through 
May 2008, including and two studies that did 
not adjust for smoking (Wynder & Bross, 1961; 
Wynder & Stellman, 1977; Table 2.10, available 
at http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-03-Table2.10.pdf). The overall rela-
tive risk among never-smokers was 1.91 (95%CI: 
1.15–3.17) and the smoking-adjusted relative 
risk 1.13 (95%CI: 0.95–1.36). For Scandinavian 
studies, the summary relative risk in never-
smokers was 1.92 (95%CI: 1.00–3.68; one study) 
and 1.10 (95%CI: 0.92–1.33) when smoking 

adjusted. For studies from the USA, the relative 
risks restricted to never-smokers or adjusted for 
smoking were identical, 1.89 (95%CI: 0.84–4.25).

(b) Dose–response evidence

(i) Duration and intensity
In one case–control study (Lagergren et al., 

2000), there were no significant increases in 
risk for years of use up to 25 years, adjusted for 
smoking, alcohol, and other factors. For more 
than 25 years of use, the odds ratio for snuff use 
controlling for smoking, alcohol intake and other 
factors was 2.0 (95%CI: 0.9–4.1) for squamous 
cell carcinoma of the oesophagus and 1.9 (95%CI: 
0.9–4.0) for adenocarcinoma of the oesophagus. 
The odds ratio for use of 15–35 quids per week 
for squamous cell carcinoma was 2.1 (95%CI: 
1.0–4.4) and for adenocarcinoma, 2.0 (95%CI: 
1.0–4.3). Corresponding estimates for using more 
than 35 quids per week were 1.0 (95%CI: 0.4–2.4) 
and 0.8 (95%CI: 0.3–2.0), respectively. In another 
case–control study (Lewin et al., 1998), the odds 
ratio for smokeless tobacco users of more than 
50 g per week was 1.9 (95%CI: 0.8–3.9) adjusting 
for smoking and alcohol intake among other 
factors. In the Islamic Republic of Iran study 
(Nasrollahzadeh et al., 2008), there were signifi-
cant positive exposure-response relationships for 
frequency of use per day of nass, cumulative use 
(frequency times duration), and duration of nass 
use. However, these findings were not controlled 
for tobacco smoking.

(ii) Cessation
In one case–control study of oesophageal 

cancer (Lewin et al., 1998), there was no associa-
tion with snuff use for former or current smoke-
less tobacco users compared to never smokeless 
tobacco users.

(c) Types

In northern Europe, the predominant form 
of smokeless tobacco is snus. Of the four studies 
from that geographic region – two cohort 
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(Boffetta et al., 2005; Zendehdel et al., 2008) and 
two case–control (Lewin et al., 1998; Lagergren 
et al., 2000) – all of the odds ratios were greater 
than 1.0, but statistically significantly elevated 
only in one study (Zendehdel et al., 2008). The 
odds ratios in the three studies from the USA 
where snuff and chewing tobacco are used, were 
not statistically significantly elevated (Martinez, 
1969; Williams & Horm, 1977; Brown et al., 1988).

In India, among non-smokers, statistically 
significantly elevated odds ratios associated with 
chewing chadha were reported for both men 
and women adjusting for alcohol consumption 
(Phukan et al., 2001). In a study in the Islamic 
Republic of Iran, nass users had a signifi-
cantly increased risk of oesophageal cancer 
(Nasrollahzadeh et al., 2008).

It was noted in a report on a case series in 
Sudan that use of tobacco in the form of toombak 
under the tongue or in the labiodental groove was 
common in an area where oesophageal cancer 
incidence rates were high (Babekir et al., 1989).

(d) Histology

Two studies analysed squamous cell cancer 
and adenocarcinoma separately (Lagergren 
et al., 2000; Zendehdel et al., 2008); in the other 
studies (Brown et al., 1988; Phukan et al., 2001; 
Nasrollahzadeh et al., 2008), most (if not all) of the 
cases had squamous cell carcinomas. Statistically 
significantly elevated odds ratios were found for 
ever use of smokeless tobacco and squamous cell 
carcinomas in one study (Zendehdel et al., 2008), 
in another study (Lagergren et al., 2000) for users 
of 15–35 quids per week, and in a third study 
of predominantly squamous cell carcinomas 
(Phukan et al., 2001). In a fourth study from the 
Islamic Republic of Iran that assessed squamous 
cell carcinomas, nass use was found to have a 
significant positive association with oesophageal 
cancer (Nasrollahzadeh et al., 2008).

Two studies provided odds ratios for use 
of smokeless tobacco and adenocarcinoma 
of the oesophagus; in one the odds ratio was 

statistically significantly elevated for ever 
users (Zendehdel et al., 2008) and in the other 
(Lagergren et al., 2000) users of 15–35 quids per 
week had an increased risk for adenocarcinoma 
of the oesophagus.

(e) Population characteristics

In the study in India (Phukan et al., 2001), 
significantly elevated odds ratios were observed 
in both men and women.

(f) Subsites of cancers of the upper 
aerodigestive tract

In some studies smokeless tobacco-associ-
ated risks were examined only for oral cancer or 
provided oral cavity cancer-specific findings. Of 
these studies, statistically significantly elevated 
odds ratios for ever use of smokeless tobacco 
were noted in seven (Chandra, 1962; Williams & 
Horm, 1977; Blot et al., 1988; Idris et al., 1995a; 
Merchant et al., 2000) but no association in two 
(Schildt et al., 1998; Accortt et al., 2002, 2005; 
Luo et al., 2007). Some other studies provided 
estimates for the oral cavity plus one or more 
of the pharynx, lip, salivary gland, oesophagus, 
and larynx. Of these four had positive findings 
(Kabat et al., 1994; Lewin et al., 1998; Wasnik 
et al., 1998; Roosaar et al., 2008) and four had 
relative risks below one or close to approximately 
equal to one (Mashberg et al., 1993; Boffetta et al., 
2005; Henley et al., 2005; Rosenquist, 2005). In 
studies providing information separately for 
the pharynx, estimates were positive for women 
with 20 or more years of snuff use in the USA 
(Winn et al., 1981a); for hypopharyngeal cancer, 
estimates were positive in one study in India 
(Sapkota et al., 2007) and below one in two other 
studies (Williams & Horm, 1977; Lewin et al., 
1998).
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2.1.4 Cancer of the pancreas

Three cohort studies (Zheng et al., 1993; 
Boffetta et al., 2005; Luo et al. 2007), three popu-
lation-based case–control studies (Williams & 
Horm 1977; Farrow & Davis, 1990; Alguacil & 
Silverman, 2004) and two hospital based case–
control studies (Muscat et al., 1997; Hassan et al., 
2007) in North America and in Europe investi-
gated the association between the use of smoke-
less tobacco and pancreatic cancer.

(a) North America

(i) Cohort study
In the Lutheran Brotherhood Insurance 

Society cohort with 20 years follow-up, a rela-
tive risk of 1.7 (95%CI: 0.9–3.1, based on 16 
deaths) adjusted for age, alcoholic beverages and 
smoking was found for male ever users of smoke-
less tobacco (Zheng et al., 1993).

(ii) Case–control studies 
No association was found with smokeless 

tobacco in two population-based case–control 
studies (Williams & Horm 1977; Farrow & 
Davis, 1990). In a population-based case–control 
study that restricted analyses to lifelong non-
smokers of cigarettes, a non-significantly 40% 
increase in risk for pancreatic cancer (95%CI: 
0.5–3.6) was found in those who used smoke-
less tobacco regularly compared to non-users of 
tobacco (Alguacil & Silverman, 2004). Among 
tobacco chewers who were not current cigarette 
smokers, an elevated risk of 3.6 (CI: 1.0–12.8) 
was seen when compared to never-smokers and 
long-term quitters (≥ 20 years) in one hospital-
based case–control study (Muscat et al., 1997) 
and no association with chewing tobacco or 
using snuff was noted in an another hospital-
based case–control study (Hassan et al., 2007). 
None of the studies adjusted for BMI or alcohol, 
which are potentially important risk factors 
for pancreatic cancer (Table  2.11, available at 

http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-03-Table2.11.pdf).

In a meta-analysis of four studies from the 
USA, the summary relative risk for pancreatic 
cancer among users of smokeless tobacco was 1.4 
(95%CI: 0.7–2.7) (Boffetta et al., 2008).

(iii) Duration and intensity
Only a few studies assessed risk in relation 

to duration and intensity of use, assessing oz per 
week or grams per day and duration of use. In 
one study (Alguacil & Silverman, 2004), the odds 
ratio for those who used > 2.5 oz of smokeless 
tobacco a week compared to non-users of tobacco 
was 3.5 (95%CI: 1.1–10.6) and for those who used 
smokeless tobacco for more than 20 years was 1.5 
(95%CI: 0.6–4.0), adjusted for age, sex, race, cigar 
smoking and study area.

(b) Europe 

In the Norwegian Cohort Study followed up 
for 35 years the relative risk for pancreatic cancer 
for ever use of snuff (snus) was 1.67 (95%CI: 1.12–
2.50; 45 cases), adjusted for smoking and age 
(Boffetta et al., 2005). Among ever users of snuff, 
the relative risk was 0.85 (95%CI: 0.24–3.07, based 
on three cases) in never-smokers. In the Swedish 
construction worker cohort study, analyses were 
restricted to never smoking men at the time of 
entry into the study (Luo et al., 2007). Average 
follow-up was 20 years and 83 pancreatic cancers 
were recorded. Compared to never users of any 
tobacco product, and after adjustment for age and 
BMI, the relative risk for never smoking current 
users of snus was 2.1 (95%CI: 1.2–3.6; 18 cases) 
and in never-smokers who used ≥ 10 g/day snus 
was 2.1 (95%CI: 1.1–3.8) (Table 2.12, available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-03-Table2.12.pdf).

A meta-analysis showed a summary relative 
risk for pancreatic cancer among users of smoke-
less tobacco based on the two above cohort studies 
of 1.8 (95%CI: 1.3–2.5) (Boffetta et al., 2008).
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2.1.5 Other cancers 

(a) Cancer of the stomach

Four cohort studies (Kneller et al., 1991; Chao 
et al., 2002; Boffetta et al., 2005; Zendehdel et al. 
2008) and 4 case–control studies (Williams & 
Horm, 1977; Hansson et al., 1994; Ye et al., 1999; 
Phukan et al., 2005) investigated the association 
between stomach cancer and use of smokeless 
tobacco. Phukan et al. (2005) also reported expo-
sure to tuibur (Table 1.1).

(i) Cohort studies 
In the USA, non-significantly elevated risks 

associated with smokeless tobacco use were 
observed among never-smokers compared to 
men who never used tobacco in the Lutheran 
Brotherhood cohort study with 20 years follow-
up (Kneller et al., 1991) and in the CPS-II cohort 
study with 18 years follow-up (Chao et al., 2002). 
In the cohort study from Norway (35 years 
follow-up), a non-significantly elevated risk for 
snuff use was found (Boffetta et al., 2005). A total 
of 343 822 men were analysed in the construc-
tion worker cohort study from Sweden (33 years 
follow-up) and a significant positive relative risk 
was seen among non-smoking snus users aged 
70 and over for cancer in the non-cardia region 
of the stomach when compared to never users 
of any tobacco product (Zendehdel et al., 2008; 
Table 2.13, available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-03-Table2.13.
pdf).

(ii) Case–control studies
Williams & Horm (1977), Hansson et al. 

(1994) and Ye et al. (1999) found no significant 
associations with the use of smokeless tobacco 
products or snuff. The study by Phukan et al. 
(2005) showed a significantly elevated risk for 
chewing tobacco alone among non-betel quid 
users (adjusted for tobacco smoking, alcohol 
drinking, tuibur, education, occupation, income) 
and for tuibur use (adjusted for tobacco smoking, 

alcohol drinking, education, occupation, 
income) (Table  2.14, available at http://mono-
graphs.iarc.fr/ENG/Monographs/vol100E/100E-
03-Table2.14.pdf).

(iii) Dose–response evidence
In one study, risk increased with cumula-

tive dose of tobacco chewing and for tuibur use 
(p for trend <  0.001), each adjusted for other 
confounding factors (Phukan et al., 2005).

(iv) Cessation
Phukan et al. (2005) found that risk decreased 

with years of cessation of tuibur use, although 
the test for trend was not significant.

(b) Cancer of the colon and rectum 

In the US Veterans’ cohort study with 26 
years follow-up (Heineman et al., 1995), smoke-
less tobacco users had a relative risk of 1.2 
(95%CI: 0.9–1.7; based on 39 deaths) for cancer 
of the colon and 1.9 (95%CI: 1.2–3.1; based on 
17 deaths) for cancer of the rectum compared to 
those who had never used tobacco. No new data 
have been published since the previous IARC 
Monograph (IARC, 2007a).

(c) Cancer of the extra-hepatic bile duct

In a population-based case–control study in 
Los Angeles County, USA (Chow et al., 1994) an 
odds ratio of 18 (95%CI: 1.4–227.7; based on 3 
cases) was found for chewing tobacco and cancer 
of the ampulla of Vater. [All cases of cancer 
of the ampulla of Vater who chewed tobacco 
also smoked.] There have been no new studies 
published since the previous IARC Monograph 
(IARC, 2007a).

(d) Cancers of the digestive system combined

A reduced risk with use of smokeless tobacco 
was seen in the case–control study by Sterling et al. 
(1992) and in the National Health and Nutrition 
Examination Survey (NHANES I) follow-up 
study that analysed 6805 men and women aged 
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45–75 years at baseline (1971–75) (Accortt et al., 
2002). The entire NHANES I cohort was reas-
sessed between 1982 and 1984 and analysed 7787 
subjects aged 45 and over at baseline. The results 
showed non-significantly elevated risks for those 
aged 65 years and over in men and aged 45–64 
years in women (Accortt et al., 2005). [The anal-
ysis was limited to incident diseases that required 
an overnight stay in health care facility. Hence, 
there is a possibility of underrepresentation of the 
actual number of cancer cases that occurred in 
the cohort. Analysis was based on a small sample 
size, 414 exclusive smokeless tobacco users, and 
chewing tobacco and snuff use were not analysed 
separately. Pipe and cigar use was not controlled 
for in the analysis.]

The hazard ratio for men who reported 
current use of smokeless tobacco and never used 
other tobacco products was significantly elevated 
after adjustment for age, race, educational level, 
BMI, exercise, alcoholic beverage consumption, 
fat consumption, fruit and vegetable intake and 
aspirin use in the CPS I cohort but not in the 
CPS II cohort (additionally adjusted for status 
and type of employment) (Henley et al., 2005).

(e) Cancer of the gall bladder 

One case–control study in India found 
positive associations with chewing khaini [raw 
tobacco with lime] and cancer of the gall bladder 
(OR, 1.65; 95%CI: 0.78–3.49) or chewing tobacco 
alone (OR, 2.71, 95%CI: 1.22–6.02), unadjusted 
for other potential confounding factors (Shukla 
et al., 2008).

(f) Cancers of the respiratory tract

(i) Nasal cavities
Brinton et al. (1984) in a case–control 

study found non-significant sex-adjusted odds 
ratios for tobacco chewers or snuff users while 
Stockwell & Lyman (1986) found an odds ratio 
for smokeless tobacco of 3.3 (95%CI,0.4–25.9), 
adjusted for age, race, sex and tobacco use. [The 

Working Group noted that information about 
tobacco use was obtained from medical records 
and ascertainment bias cannot be ruled out.] No 
new studies were identified since the previous 
IARC Monograph (IARC, 2007a).

(ii) Larynx
In a case–control study in Florida, USA, a 

significantly elevated odds ratio for smokeless 
tobacco use, adjusted for age, race, sex and tobacco 
smoking was found (Stockwell & Lyman, 1986). 
[The Working Group noted that information 
about tobacco use was obtained from medical 
records and ascertainment bias cannot be ruled 
out.] From a case–control study in Sweden Lewin 
et al. (1998) reported no significant association 
for current and former use of snuff, adjusted for 
age, smoking and alcoholic beverages. No new 
studies were identified since the previous IARC 
Monograph (IARC, 2007a).

(iii) Lung
The NHANES follow-up study ascertained 

incident cases (Accortt et al., 2005) and deaths 
from lung cancer (Accortt et al., 2002). Never-
smoking women who ever used smokeless tobacco 
had significantly higher mortality compared to 
never tobacco users. In men, no deaths from lung 
cancer occurred among those who were never-
smokers and used smokeless tobacco. Estimates 
of the relative risk were adjusted for age, race, 
poverty index ratio, region of residence, alcoholic 
beverages, recreational physical exercise and 
fruit/vegetable intake. The results for cancer inci-
dence (Accortt et al., 2005) showed significantly 
elevated risks in women aged 65 years and over, 
based on small numbers of cases among exclusive 
smokeless tobacco users (n < 4 cases). No inci-
dent cases of lung cancer occurred in men who 
used smokeless tobacco. Risk was adjusted for 
age, race and poverty index ratio. [The Working 
Group noted limitations to this study. See section 
on cancers of the digestive system (d).]
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In the Cancer Prevention Study I (CPS-I) in the 
USA, the hazard ratio for lung cancer for current 
smokeless tobacco users who never used other 
tobacco products was non-significantly elevated 
and the corresponding hazard ratio in the CPS-II 
cohort was significantly elevated, after adjusting 
for age, race, level of education, BMI, exercise, 
alcoholic beverage consumption, fat consump-
tion, fruit and vegetable intake, aspirin use and 
status and type of employment (for CPS-II only) 
(Henley et al., 2005). The magnitude of effect was 
similar for those who chewed tobacco but never 
used snuff and for those who used snuff but never 
chewed tobacco. In the Norwegian cohort study 
the relative risk adjusted for age and smoking was 
non-significantly reduced for ever users of snus 
compared to never users (Boffetta et al., 2005). 
In the Swedish construction worker cohort study 
with 279 897 men followed for an average of 20 
years there was no significant association for 
snus use among never-smokers (Luo et al., 2007).

Henley et al. (2007) used CPS II data to 
compare mortality among former cigarette 
smokers who switched to smokeless tobacco 
(switchers) with those who quit using tobacco 
entirely (quitters), based on tobacco use ascer-
tained at baseline and followed-up for 20 years. 
In a subset of the cohort that examined uptake 
of tobacco after baseline, the proportions of 
persons taking up cigarette smoking was very 
low. Compared with quitters, the relative risk 
of lung cancer was 1.5 (95%CI: 1.2–1.7) for all 
switchers, 1.3 (95%CI: 1.1–1.6) for switchers to 
tobacco chewing only, 1.8 (95%CI: 1.2–2.5) for 
snuff only, and 1.9 (95%CI: 1.2–2.9) for tobacco 
chewing and snuff combined. Compared with 
men who never used any tobacco product, the 
relative risk of lung cancer was 3.9 for quitters 
and 5.6 for switchers (statistically significant but 
95% confidence intervals were not provided). 
Risk estimates were adjusted for age, number of 
cigarettes formerly smoked per day, number of 
years smoking cigarettes, age at which they quit 
smoking cigarettes, race, educational level, BMI, 

exercise level, alcohol consumption, employ-
ment type, employment status, fat consumption, 
fruit and vegetable intake and aspirin use. The 
analysis was restricted to men because women 
were not asked whether or not they used smoke-
less tobacco.

The case–control study of lung cancer by 
Williams & Horm (1977) reported non-signif-
icant risk for smokeless tobacco use in men, 
adjusted for age, race, and smoking.

(g) Sarcoma 

In the US Veterans’ cohort, the relative risk 
for soft-tissue sarcomas associated with smoke-
less tobacco use compared to persons who never 
used tobacco products was 1.5 (95%CI: 0.8–2.7) 
(Zahm et al., 1992). In a population-based case–
control study conducted in the USA, the unad-
justed odds ratio for ever use of smokeless tobacco 
was 1.8 (95%CI: 1.1–2.9); the risk was highest for 
those diagnosed at age 80 years or above (3.2; 
95%CI: 1.0–10.1). Risks were elevated but not 
significantly so when analysed by anatomical site 
of the soft-tissue sarcoma (upper gastrointestinal; 
lung, pleura and thorax; head, neck and face) or 
by cell type (fibromatous; adipose, myomatous) 
(Zahm et al., 1989). No new studies were identi-
fied since the previous IARC Monograph (IARC, 
2007a).

(h) Cancer of the breast

Spangler et al. (2001, 2002) conducted a case–
control study in Cherokee Native American 
women and reported a non-significant elevated 
risk of breast cancer for use of smokeless tobacco. 
[There was no medical verification of breast 
cancer and the time relationship between use of 
smokeless tobacco and breast cancer diagnosis 
was not reported.] A prospective cohort study 
of the US population (NHANES I) showed a 
positive but non-significant association with 
smokeless tobacco (snuff or chewing tobacco) 
in women aged 45 years and over based on five 
breast cancer cases, however the hazard ratios 
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were below one when stratified by age (Accortt 
et al., 2005). [The Working Group noted limita-
tions to this study. See Section on cancer of the 
digestive system, 2.1.5 (d).]

(i) Cancer of the uterine cervix

In a population-based case–control study 
elevated risks for cervical cancer, adjusted for 
smoking, age and race, for use of chewing tobacco 
or snuff were reported (Williams & Horm, 1977). 
No new studies were identified since the previous 
IARC Monograph (IARC, 2007a).

(j) Cancer of the prostate 

In two cohort studies significantly elevated 
risks were found among users of smokeless 
tobacco compared to never users of tobacco 
(Hsing et al., 1990, 1991). Putnam et al. (2000) 
reported no association with use of snuff and 
chewing tobacco. [The Working Group noted 
that data were not presented to support this.] 
In one case–control study (Hayes et al., 1994) 
and one cohort study (Accortt et al., 2005) non-
significantly elevated risks of prostate cancer 
associated with chewing tobacco were found.

(k) Cancer of the penis

In a case–control study of cancer and the 
penis in India, the relative risk for snuff users 
was 4.2 (95%CI: 1.6–11.3), adjusted for smoking, 
tobacco chewing and phimosis (Harish & Ravi, 
1995). [It was not clear whether snuff was used 
orally or nasally.] No new studies were identi-
fied since the previous IARC Monograph (IARC, 
2007a).

(l) Cancer of the urinary bladder

Population-based case–control studies 
conducted in three provinces of Canada (Howe 
et al., 1980), in the USA (Hartge et al., 1985; 
Slattery et al., 1988) and in Alberta and Ontario 
provinces of Canada (Burch et al., 1989) did not 
show a significant association between chewing 

tobacco and bladder cancer. No association with 
snuff use was seen in the Norwegian cohort 
(Boffetta et al., 2005).

(m) Cancer of the kidney 

Four case–control studies (Goodman et al., 
1986; McLaughlin et al., 1995; Muscat et al., 
1995; Asal et al., 1988) and one cohort study 
(Boffetta et al., 2005) evaluated the risk associ-
ated with smokeless tobacco use. The adjusted 
risk for chewing tobacco in non-smokers was not 
significantly elevated in two case–control studies 
(Goodman et al., 1986; McLaughlin et al., 1995) 
and in one cohort study in Norway (Boffetta et al., 
2005). In two studies, a significant association 
was reported for ever use of smokeless tobacco 
(Asal et al., 1988; Muscat et al., 1995) but there 
was no adjustment for potential confounders 
in either study. A dose–response relationship 
was observed: odds ratio 2.5 (95%CI: 1.0–6.1) 
for chewing 10 times or fewer per week and 6.0 
(95%CI: 1.9–18.7) for chewing 11 or more times 
per week (Muscat et al., 1995), although there was 
no adjustment for smoking and other potentially 
confounding factors.

(n) Cancer of the brain

From a population-based case–control study 
in the USA (Zheng et al., 2001), no significantly 
increased risk of brain cancer was reported for 
either men or women with the use of snuff or 
chewing tobacco. [Data to support this were not 
presented.] No new studies were identified since 
the previous IARC Monograph (IARC, 2007a).

(o) Non-Hodgkin lymphoma

Two population-based case–control studies of 
non-Hodgkin lymphoma in men were conducted 
in the USA (Brown et al., 1992a; Schroeder et al., 
2002). Schroeder et al. (2002) found an increased 
risk for t(14;18)-positive non-Hodgkin lymphoma 
cases who started chewing tobacco ≤ 18 years of 
age, after adjusting for age and state (OR, 2.5; 
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95%CI: 1.0–6.0). No significant associations were 
observed in the study by Brown et al., (1992a) for 
any non-Hodgkin lymphoma subtype or overall.

Bracci & Holly (2005) from a population-based 
case–control study of non-Hodgkin lymphoma 
conducted in the USA reported significantly 
elevated risks for non-Hodgkin lymphoma and 
for follicular and diffuse large cell types in those 
who used smokeless tobacco. Risk estimates were 
adjusted for age, level of education and level of 
average weekly alcohol consumption. [The results 
are based on only seven cases and six controls.]

(p) Leukaemia

Brown et al. (1992b) conducted a population-
based case–control study in the USA of chewing 
tobacco/snuff only and risk for leukaemia. 
Non-significant elevated risks were seen for all 
leukaemias, chronic myelogenous leukaemia, 
chronic lymphocytic leukaemia and myelod-
ysplasia. In the Swedish construction worker 
cohort study (average follow-up 22.2 years), non-
significantly elevated risks for acute lymphocytic 
and chronic myelogenous leukaemias and no 
association in men for snuff dipping and acute 
myelogenous leukaemia and multiple myeloma 
were found (Fernberg et al., 2007).

(q) Myeloma

In a population-based case–control study in 
the USA, Brown et al. (1992a) compared users 
of smokeless tobacco only with never users of 
tobacco and found an odds ratio of 1.9 (95%CI: 
0.5–6.6; based on 5 cases). A Swedish construc-
tion worker cohort study showed no association 
for myeloma in men with snuff dipping (Fernberg 
et al., 2007).

(r) Cutaneous squamous cell carcinoma 

Odenbro et al. (2005) analysed the Swedish 
cohort study and found a relative risk of 0.64 
(95%CI: 0.44–0.95) for the association between 

snuff dipping and the incidence of cutaneous 
squamous cell carcinoma.

2.2 Nasal use

There are no cohort or case–control studies 
that examined the association between nasal 
snuff use and nasal cancer.

2.2.1 Cancers of the oral cavity and pharynx 

(a) Overview of studies

Three case–control studies from India inves-
tigated the association between nasal snuff use 
and cancer of oral and pharyngeal subsites 
(Table  2.15, available at http://monographs.
iarc.fr/ENG/Monographs/vol100E/100E-03-
Table2.15.pdf).

Sankaranarayanan et al. (1989a) focused 
on cancer of the anterior two-thirds of tongue 
and floor of the mouth; the age-adjusted odds 
ratio was 4.27 (95%CI: 1.24–14.67; men only) for 
occasional nasal snuff users and 3.02 (95%CI: 
0.94–9.60) for daily snuff users. For cancer of 
the gingiva the odds ratio for regular snuff use 
was 3.04 (95%CI: 0.67–12.65) after adjustment for 
daily frequency of use of betel quid, bidi smoking 
and alcoholic beverage use (Sankaranarayanan 
et al., 1989b). For cancer of the buccal and labial 
mucosa, the age-adjusted odds ratio was 3.98 
(95%CI: 1.53–10.34) for regular nasal snuff users 
and 2.28 (95%CI: 0.74–7.03) for occasional nasal 
snuff users (Sankaranarayanan et al., 1990a). 
After adjusting for daily frequency of use of betel 
quid, bidi smoking and alcoholic beverage use, 
the odds ratio associated with ever snuff use was 
2.93 (95%CI: 0.98–8.77).

In a multicentre case–control study of cancer 
of the hypopharynx in India, Sapkota et al. (2007) 
found an odds ratio of 2.85 (95%CI: 1.15–7.08) 
for tobacco snuffing among never-smokers who 
did not chew tobacco or a non-tobacco product, 
adjusting for alcohol use, and other factors [The 
Working Group noted that snuff use was oral as 
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well as nasal so the role of nasal use could not be 
determined separately.]

(b) Dose–response evidence

In the study of cancer of the gingiva 
(Sankaranarayanan et al., 1989b), the age-
adjusted odds ratio for daily nasal snuff use was 
3.90 (95%CI: 1.19–12.70) and that for occasional 
use was 3.78 (95%CI: 1.05–13.54). When catego-
ries of high versus low defective nasal snuff use 
were compared, the odds ratios were signifi-
cantly elevated for the category of lower inten-
sity for cancers of the tongue (Sankaranarayanan 
et al., 1989a) and of the buccal and labial mucosa 
(Sankaranarayanan et al., 1990a).

2.2.2 Other cancers

No new studies were identified since the 
previous IARC Monograph (IARC, 2007a) for the 
sites listed except for cancer of the nostril.

(a) Cancer of the oesophagus

A case–control study of oesophageal cancer 
form India showed an age-adjusted odds ratio for 
daily snuff use of 2.39 (95%CI: 0.81–7.04) and that 
for occasional use of 3.59 (95%CI: 1.20–10.67) 
(Sankaranarayanan et al., 1991). [Estimates were 
not adjusted for smoking or betel quid chewing.]

(b) Cancer of the paranasal sinuses

Shapiro et al. (1955) studied Bantu cases of 
paranasal sinus cancer from radiation therapy 
department records from 1949–51 of a group 
of hospitals in South Africa. The authors noted 
that a high proportion (80%) of the antral cancer 
cases reported ‘prolonged and heavy’ use of snuff 
in contrast to 34% of Bantu men with cancer at 
other sites. The product snuffed by Bantus typi-
cally contained powdered tobacco leaves and an 
ash from aloe plants or other species, with the 
occasional addition of oil, lemon juice and herbs; 
typical use was ‘one teaspoonful’ per day (Keen 
et al., 1955). [The Working Group noted that the 

source and nature of the control group was not 
described.]

(c) Cancer of the larynx

A case–control study from India 
(Sankaranarayanan et al., 1990b) of laryngeal 
cancer showed a non-significant risk for snuff 
use.

(d) Cancer of the lung

Hsairi et al. (1993) conducted a case–control 
study of bronchial cancer in Tunisia. The odds 
ratio for ever use of inhaled snuff (‘tabac à priser’), 
adjusted for age, sex, cigarette use, water pipe and 
cannabis use was 2.2 (95%CI: 0.9–5.6). 

(e) Carcinoma of the nostril

Sreedharan et al. (2007) reported a case of 
squamous cell carcinoma in the right nostril in 
a 69-year-old woman in Karnataka, south India, 
with a history of daily snuff usage of more than 
2 g for a duration of 30 years.

2.3 Synthesis

2.3.1 Oral use

(a) Oral cavity and pharynx

Smokeless tobacco was positively associated 
with cancers of the oral cavity in a cohort study 
in northern Europe and several case–control 
studies, some of which that adjusted for smoking 
and others that adjusted both for smoking and 
alcohol. There were elevated risks for every type 
of smokeless tobacco studied: snuff and chewing 
tobacco in the USA, snus in northern Europe, 
toombak in Sudan, smokeless tobacco used as a 
dentifrice in India and naswar in Pakistan. Case 
series implicate shammah used in Saudi Arabia as 
a risk factor for oral cancer. Not all reports were 
positive, namely some studies in Scandinavia 
and the USA, including two cohorts with small 
sample sizes. The evidence is strongest for the 
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oral cavity, with some indication of increased 
risks for the hypopharynx, or oropharynx and 
hypopharynx combined. Dose–response rela-
tionships with intensity of use were noted in one 
study and with duration in another. It is unclear 
whether risks are elevated in former smokeless 
tobacco users. Three meta-analyses of studies 
from northern Europe and the USA were gener-
ally consistent. In one meta-analysis an overall 
relative risk of 1.8 (95%CI: 1.1–2.9) was computed 
for studies that adjusted for smoking or among 
non-smokers; in another the relative risk was 1.72 
(95%CI: 1.01–2.94) among never-smokers and 
1.87 (95%CI: 0.82–4.27) when further adjusted 
for alcohol among never-smokers. In conclusion, 
there is strong evidence in humans that smoke-
less tobacco causes cancer of the oral cavity. 

(b) Precancerous lesions

Studies in many countries have observed 
that oral lesions are more common in smoke-
less tobacco users than non-users, regardless of 
the type of smokeless tobacco used. The types 
include snus, snuff, chewing tobacco, smokeless 
tobacco used as a dentifrice, naswar, toombak, 
and shammah. In many studies the oral lesions 
were observed to be in the place in the mouth 
where users in that geographic region typically 
place the smokeless tobacco. The prevalence 
of the lesions increased with various exposure 
metrics of increasing intensity and duration of 
use, such as amounts used per day, time kept 
in mouth, duration of use in months or years. 
Although some lesions in young persons resolve, 
the prevalence of lesions in older adult users of 
these products remains elevated even in former 
users. There is some evidence from three studies 
that a small proportion of the lesions among 
smokeless tobacco users can progress to oral 
cancer over a period of years, although the rates 
vary, are not adjusted for any medical interven-
tion to remove the lesions, smoking has not been 
taken into account, and the follow-up periods are 
highly variable. Use of smokeless tobacco causes 

leukoplakia and erythroplakia, both consid-
ered precancerous, with a much higher risk of 
progressing to cancer than normal mucosa.

(c) Oesophagus

Nine studies evaluated the association 
between smokeless tobacco use and oesopha-
geal cancer. The risks for ever use of smokeless 
tobacco compared to never use were statisti-
cally significantly elevated in one cohort study 
from Sweden and case–control studies from the 
Islamic Republic of Iran and India. In a Swedish 
case–control study, increased risks were observed 
with 15–35 quids used per week. Smoking could 
be ruled out as a potential confounder in all of 
the studies, as well as alcohol intake in two. No 
increased risk was observed in the three studies 
from the USA, which included a significant 
proportion of proxy respondents. Two meta-
analyses found that, overall and for the Nordic 
countries, the estimates of effect for smokeless 
tobacco use were significantly elevated. The two 
studies published since the previous Monograph 
on Smokeless Tobacco showed a positive signifi-
cant association with oesophageal cancer and 
were adjusted for major confounders. Four of five 
studies of squamous cell carcinomas and both 
studies of adenocarcinoma showed significantly 
positive results.  

(d) Pancreas

In North America, 3 case–control studies 
showed no association, one cohort study and 
two case–control studies showed a non-signifi-
cant increased risk and one case–control study 
showed a borderline significant increase in risk. 
While these studies accounted for smoking, none 
adjusted for BMI or alcohol, potentially impor-
tant risk factors for pancreatic cancer. In Europe, 
two cohort studies showed a significant increase 
in risk of pancreatic cancer associated with snuff 
use. Both studies controlled for smoking; one 
study adjusted for BMI and also showed that the 
highest risks were seen in the highest exposure 
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category. There is good evidence to support a 
causal association between smokeless tobacco 
use and pancreatic cancer. 

(e) Stomach

One cohort study in Sweden showed a signifi-
cantly higher risk among non-smoking snus 
users aged 70 years and over for cancer in the 
non-cardia region of the stomach, not adjusted 
for alcohol use. One case–control study in India 
showed significantly higher risks for chewing 
tobacco alone and for tuibur users, with dose-
dependent increases in risk. Risk decreased with 
cessation of tuibur use. The risk was not statis-
tically significant in the other studies. Despite 
some positive findings for chewing tobacco in 
two different countries and for tobacco smoke-
infused water, it was not considered strong 
enough to conclude for a causal association.

(f) Lung

In summary, in two cohort studies signifi-
cant positive associations between smokeless 
tobacco use and lung cancer were found while in 
three cohort studies and one case–control study 
there was no association. In one of the positive 
cohort studies switching from cigarette smoking 
to smokeless tobacco significantly increased the 
risk for lung cancer compared to never-tobacco 

users, and the risk was of greater magnitude than 
for quitting all together (RR, 3.9 versus 5.6).

2.3.2 Nasal use

Strong positive associations for cancers of the 
tongue and floor of mouth, gingiva and buccal 
and labial mucosa were observed in one study in 
India. In one positive study snuff use was oral as 
well as nasal so the role of nasal use could not be 
determined separately.

3. Cancer in Experimental Animals

Since the previous IARC Monograph on 
Smokeless Tobacco (IARC, 2007a), only one new 
study has been published. The collective evidence 
for the carcinogenicity of smokeless tobacco in 
experimental animals is summarized below.

3.1 Chewing tobacco, unburned 
cigarette tobacco, mishri and 
naswar

3.1.1 Mouse

Topical application of unburned cigarette 
tobacco induced skin papillomas in mice (Wynder 
& Wright, 1957; Table 3.1). Similar treatment with 
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Table 3 .1 Carcinogenicity studies of application of smokeless tobacco to the skin of experimental 
animals

Species, strain 
(sex) 
Reference

Animals/group at start 
Dosing regimen 
Duration

Results 
Target organ 
Incidence and/or multiplicity of 
tumours (%)

Significance Comments

Mouse, CAF1 and 
Swiss (sex NR) 
Wynder & Wright 
(1957)

40, 30 controls 
Skin application 3 × /wk of 
unburnt cigarette tobacco 
50% methanol extract, 
(dose NR), controls 
received whole tar extract; 
24 mo

Skin (papillomas): No adequate 
control groupsCAF1–11/40 (27%), 16/30 (53%) in 

controls (8 converted to carcinoma)
NR

Swiss–3/40 (7%) (1 converted to 
carcinoma), 16/30 (53%) in controls (3 
converted to carcinoma)

NR

mo, month or months; NR, not reported



Smokeless tobacco

chewing tobacco extract for 95 weeks followed by 
croton oil increased the incidence of skin papil-
lomas and carcinomas in mice (Ranadive et al., 
1963; Table 3.2). Application of chewing tobacco 
extract to benzo[a]pyrene-initiated mouse skin 
promoted development of a few skin papillomas 
and carcinomas in mice (Ranadive et al., 1963). In 
mice initiated with 7,12-dimethylbenz[a]anthra-
cene (DMBA) applied topically, application of a 
barium hydroxide extract of unburned tobacco 
promoted skin papilloma development (Bock 
et al., 1964; Table 3.2). Skin-tumour-promoting 
activity of unburned tobacco was reported in 
some DMBA-initiated mice in two additional 
studies (Bock et al., 1965; Van Duuren et al., 
1966; Table 3.2). Application of brown or black 
mishri extracts to DMBA-initiated skin increased 
significantly the total incidence of papilloma and 
carcinoma in Swiss mice (Kulkarni et al., 1989; 
Table  3.3). Administration of chewing tobacco 
extracts to the oral mucosa (Mody & Ranadive, 

1959), skin painting with chewing tobacco 
extracts (Mody & Ranadive, 1959; Ranadive 
et al., 1976), or intravesicular or intravaginal 
application of jarda (Randeria, 1972) did not 
induce tumours in mice.

Inhalation of powdered tobacco leaves led to 
a significant increase in the incidence of tumours 
of the lung and liver in strain A mice (Hamazaki 
& Murao, 1969; Table 3.4). Mice given chewing 
tobacco extract by oral intubation developed 
lung adenocarcinoma and hepatocellular carci-
noma in one study [with incomplete reporting 
of the distribution of different neoplasms] (Bhide 
et al., 1984). Adding black or brown mishri in 
the diet increased significantly the incidence of 
forestomach papilloma in Swiss mice (Kulkarni 
et al., 1988; Table 3.5).

297

Table 3 .2 Carcinogenicity studies on administration of smokeless tobacco with known 
carcinogens or modifiers to the skin of experimental animals

Species, strain (sex) 
Reference

Animals/group at start 
Dosing regimen 
Duration

Results 
Target organ 
Incidence and/or multiplicity 
of tumours (%)

Significance

Mouse, Paris albino  
XVII x 57 black (sex NR) 
Ranadive et al. (1963)

11–36 animals/ group 
Totally alkaloid free extract, twice/wk for 
95 wk + croton oil/dose and duration not 
specified, controls received acetone

Papillomas: 
22/35 (63%) 
Controls–3/19 (16%) 

 
P > 0.001 
P = 0.0097

Carcinomas: 
10/35 (27%) 
Controls–0/19 

Mouse, ICR Swiss (F) 
Bock et al. (1964, 1965)

30 animals/group 
A single DMBA application of 125 μg DMBA 
in 0.25 mL acetone + 0.25 mL acetone extract 
of unburnt tobacco 2.5 from cigarettes/d, 5 × /
wk; controls received a single application of 
DMBA 125 μg 
36 wk

16 papillomas in 7/30 (23%) mice 
Controls–0/30

P > 0.01

Mouse, ICR Swiss (F) 
Van Duuren et al. (1966)

20 animals/group 
150 μg DMBA in 0.1 ml acetone once + (after 
2–3 wk) reconstituted extract of flue-cured 
cigarette tobacco leaf, 25 mg in 0.1 ml solvent, 
tobacco extract, 3 × /wk; 52 wk

Papillomas: 
5/14 (36%) 
Controls–0/12

P = 0.04

d, day or days; F, female; NR, not reported; wk, week or weeks
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3.1.2 Rat

Administration of chewing tobacco extract 
by gavage to vitamin-A-sufficient rats induced 
benign tumours in the lung and forestomach 
while similarly treated vitamin-A-deficient rats 
developed benign tumours in the stomach and 
pituitary gland and “lymphoma” in the lung 
[extremely rare tumour in rats] (Bhide et al., 
1991; Table 3.6).

Administration of mishri by gavage to 
vitamin-A-sufficient or vitamin-A-deficient rats 
increased significantly the proportion of tumour-
bearing rats in both groups. Lung adenomas and 
forestomach papillomas developed in vitamin-
A-sufficient animals while multiple neoplasms 
including lung lymphoma [an extremely rare 
tumour in rats] pituitary adenoma and fores-
tomach papilloma occurred in vitamin-A-defi-
cient animals. Control animals did not develop 
tumours (Ammigan et al., 1991; Table  3.5). No 
tumours appeared when chewing tobacco extract 
was applied to the oral mucosa (Gothoskar et al., 

1975). Adding black or brown mishri in the diet 
increased significantly the incidence of fores-
tomach papillomas in male and female Sprague-
Dawley rats (Kulkarni et al., 1988; Table 3.5).

3.1.3 Hamster

Application of a chewing tobacco extract 
to the cheek pouch of Syrian golden hamsters 
produced squamous cell papillomas and/or 
carcinomas in a small number of animals (Rao, 
1984; Table 3.7). Adding black or brown mishri 
in the diet significantly increased the incidence 
of forestomach papillomas (Kulkarni et al., 1988; 
Table  3.5). Implantation of chewing tobacco in 
the cheek pouch (Peacock & Brawley, 1959; 
Peacock et al., 1960; Dunham & Herrold, 1962; 
Summerlin et al., 1992), or application of chewing 
tobacco extract (Suri et al., 1971; Ranadive et al., 
1976) or jarda (Kandarkar et al., 1981) to the 
cheek pouch did not induce tumours.

Application of naswar to the cheek pouch for 
life increased incidence of tumours in treated 
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Table 3 .3 Carcinogenicity studies of mishri alone or with known carcinogens or modifiers to the 
skin of experimental animals

Species, strain (sex) 
Reference

Animals/group at start 
Dosing regimen 
Duration

Results 
Target organ 
Incidence and/or 
multiplicity of tumours 
(%)

Significance

Mouse Swiss (M) 
Kulkarni et al., (1989)

30 animals  
Topical/a single application of 200 
nmol DMBA; 24 mo

No tumours

29 animals  
200 nmol DMBA + 2.5 mg per 
application of black mishri extract, 
5 d/wk for 20 wk; 24 mo

Skin papillomas: 
4/29 (14%)

P < 0.05

30 animals 
Topical application of black mishri 
extract, 2.5 mg per application, 5 d/
wk for 20 wk; 24 mo

No skin tumours

30 animals 
200 nmol DMBA + 2.5 mg per 
application of brown mishri extract, 
5 d/wk for 20 wk; 24 mo

Skin papillomas: 
4/30 (13%)

P < 0.05

d, day or days; M, male; mo, month or months; wk, week or weeks
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Table 3 .4 Carcinogenicity studies of inhalation of smokeless tobacco in experimental animals

Species, strain (sex) 
Reference

Animals/group at start 
Dosing regimen 
Duration

Results 
Target organ 
Incidence and/or multiplicity of tumours 
(%)

Significance Comments

Mouse, Strain A (M) 
Hamazaki & Murao 
(1969)

80 animals/group 
Inhalation of powdered tobacco leaf, 
dose (NR), alternate days, controls were 
untreated; 30 mo

Treated– 
Lung tumours 12/75 (16%; alveologenic 
carcinomas 6, squamous cell carcinomas 3, 
malignant adenomas 3) 
Leukaemia 11/80 (15%) 
Hepatocellular carcinomas 3/75 (4%)

 
Lung tumours: 
P < 0.001 
Leukaemias: 
P < 0.01

The incidence of 
lung tumours and 
leukaemia was 
significantly increased 
in treated animals, 
the incidence of lung 
and liver tumours in 
the untreated controls 
was unusually low

Controls– 
Malignant lung adenomas 1/80 
Leukaemia 2/80  
Hepatocellular carcinomas 0/80 
Controls– 
Malignant lung adenomas 1/80 
Leukaemia 2/80  
Hepatocellular carcinomas 0/80 

P < 0.01

M, male; mo, month or months, NR, not reported
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Table 3 .5 Carcinogenicity studies of oral administration of mishri alone or with modifiers to experimental animals

Species, strain (sex) 
Reference

Animals/group at start 
Dosing regimen 
Duration

Results 
Target organ 
Incidence and/or multiplicity of tumours (%)

Significance

Mouse, Swiss (M, F) 
Kulkarni et al. (1988)

26 animals/sex/group  
Black mishri 10% in diet for 20 mo; 25 mo

Forestomach (papillomas): 
M–11/24 (46%) 
F–11/26 (42%)

P < 0.01 vs controls

26 animals/sex/group 
Brown mishri 10% in diet for 20 mo; 25 mo

Forestomach (papillomas): 
M–14/26 (54%) 
F–11/26 (42%)

P < 0.01 vs controls

27 M, 31 F (controls) 
No mishri tobacco, standard diet only; 25 mo

Forestomach (papillomas): 
M–3/27 (11%) 
F–1/31 (3%)

P < 0.01 vs controls

Rat Sprague Dawley (M, F) 
Kulkarni et al. (1988)

27 M, 24 F 
Brown mishri 10% in diet for 20 mo; 25 mo

Forestomach (papillomas): 
M–10/27 (37%) 
F–9/24 (37%) 

P < 0.01 vs controls

25 M, 30 F 
No mishri tobacco, standard diet only; 25 mo

Forestomach (papillomas): 
M, F–0% 

P < 0.01 vs controls

Hamster Syrian Golden 
(M, F) 
Kulkarni et al. (1988)

23 M, 26 F 
Black mishri 10% in diet for 20 mo; 25 mo

Forestomach (papillomas): 
M–10/23 (43%) 
F–7/26 (27%)

 
P < 0.01 vs controls 
P < 0.02 vs controls

28M, 20F 
Brown mishri 10% in diet for 20 mo; 25 mo

Forestomach (papillomas): 
M–12/28 (43%) 
F–5/20 (25%)

 
P < 0.01 vs controls 
P < 0.01 vs controls

23 animals/sex 
No mishri tobacco, standard diet only; 25 mo

Forestomach (papillomas): 
M–2/23 (9%)  
F–1/23 (4%) 

Rat Sprague Dawley (M) 
Ammigan et al. (1991)

30 or 31 animals/group 
VitA sufficient diet + 3 mg mishri extract per 
application by gavage 5 × /wk; 21 mo 
Controls received VitA sufficient diet + 0.0.5 ml 
per application DMSO by gavage 5 × /wk; 21 mo

Lung (adenomas and stomach papillomas): 
8/30 (27%) 
Controls–0/31

Total tumour incidence 
treated vs controls 
P < 0.001

30 animals/group 
Vit A deficient diet + 3 mg mishri extract per 
application by gavage 5 × /wk; 21 mo 
Controls received Vit A deficient diet + 0.05 ml 
per application DMSO by gavage 5 × /wk; 21 mo

28/30 (93%) 
Controls–0/30 

Total tumour incidence 
Vit deficient vs controls 
P < 0.001

F, female; M, male; mo, month or months; vs, versus; wk, week or weeks
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Table 3 .6 Carcinogenicity studies of oral administration of chewing tobacco in experimental animals

Species, strain (sex) 
Reference

Animals/group at start 
Dosing regimen 
Duration

Results 
Target organ 
Incidence and/or multiplicity of tumours 
(%)

Significance Comments

Rat Sprague Dawley 
(M) 
Bhide et al. (1991) 

29, 31 controls 
Diet containing shark liver oil + 
tobacco by gavage, 3mg tobacco extract 
(vaccum dried powder of 100 g tobacco 
extracted with 1L dichloromethane) 
in 0.05 ml DMSO, 5 × /wk; controls 
received diet containing shark liver oil 
+ 0.05 ml DMSO 5 d/wk; 21 mo

Lung (adenomas):3/29 (10%) 
Forestomach (papillomas): 3/29 (10%) 
Controls–0/31 

P < 0.05 χ2 test

31, 30 controls 
Diet containing shark liver oil + 
tobacco by gavage, diet without shark 
liver oil + tobacco by gavage; controls 
received diet without shark liver oil + 
0.05 ml DMSO, 5 × /wk; 21 mo

Lung (lymphomas): 22/31 (71%) 
Pituitary (adenomas): 19/31 (61%) 
Stomach (papillomas): 24/31 (77%)  
Controls–0/30 

P < 0.001 χ2 test Primary lymphoma of 
the lung is extremely rare 
in rats

d, day or days; mo, month or months; wk, week or weeks
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Table 3 .7 Carcinogenicity studies of application of smokeless tobacco to the oral mucosa or cheek pouch of experimental 
animals

Species, strain (sex) 
Reference

Animals/group at start 
Dosing regimen 
Duration

Results 
Target organ 
Incidence and/or multiplicity of tumours 
(%)

Significance Comments

Hamster Syrian golden 
(M) 
Suri et al. (1971)

11–12 animals/group 
Banarasi Tobacco-DMSO extract/not 
specified; application to the cheek 
pouch 3 × /wk for 21 wk; controls 
received DMSO; 21 wk

No tumours found in treated and control 
animals 
Leukoplakia: 8/12 (67%)

Short duration of 
exposure, 
tobacco/DMSO dose not 
specified

Hamster Syrian golden 
(F) 
Rao (1984)

20, 10 controls 
Topical application to the cheek pouch 
of lyophilised aqueous tobacco extract, 
1 mg in 0.05 mL water twice/d for 6 mo; 
controls received topical application of 
0.05 mL water; 12 mo

Squamous cell papillomas and carcinomas: 
3/17 (18%) 
Controls–no tumours

NR Statistics not provided

D, day or days; F, female; M, male; mo, month or months; NR, not reported; wk, week or weeks
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Table 3 .8 Carcinogenicity studies of administration of naswar with known carcinogens or modifiers to the skin of 
experimental animals

Species, strain (sex) 
Reference

Animals/group at start 
Dosing regimen 
Duration

Results 
Target organ 
Incidence and/or multiplicity of tumours 
(%)

SSignificance Comments

Hamster Syrian golden 
(M, F) 
Kiseleva et al. (1976)

33 M, 28 F 
Naswar introduced as dry powder 
in the left buccal pouch (mixture of 
tobacco 45%, lime 8%, ash 30%, plant 
oil 12% and water 5%, dose (NR); life 
time

13 animals with tumours: 
Liver–6 
Mixed–1 
Adrenal gland–3 
Forestomach–1 
Uterus/ovary–1 
Skin (melanoma)–1 
Large intestine–1

Tumour frequency 
higher than in 
controls 
P < 0.05

Dose of naswar not 
specified  
Tumour type not 
specified genderwise

24 M, 13 F 
Nas introduced as sunflower oil 
suspension in the left buccal pouch

Liver: 1 
Uterus/ovary: 2 
Skin (Papilloma): 1 

Tumour frequency 
higher than in 
controls, 
P < 0.05

46 M, 40 F 
Nas introduced as sunflower oil 
suspension in the left buccal pouch

13 animals with tumours:  
Liver–4 
Mixed–1 
Adrenal gland–3 
Forestomach (papillomas)–4 
Uterus/ovary–1 
Skin (papilloma)–1 
Pancreas–1

Tumour frequency 
higher than in 
controls  
P < 0.05

41 M, 9 F 
Nas suspension in sunflower oil 
introduced in oesophagus

No tumours

31 M, 19 F 
Nas suspension in sunflower oil applied 
to dorsal skin

3 animals with tumours: 
Liver–1 
Adrenal gland–1 
Forestomach (papilloma)–1

41 M, 69 F 
Untreated controls

2 animals with tumours: 
Stomach–1 
Adrenal gland–1
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Table 3 .8 (continued)

Species, strain (sex) 
Reference

Animals/group at start 
Dosing regimen 
Duration

Results 
Target organ 
Incidence and/or multiplicity of tumours 
(%)

SSignificance Comments

Hamster Syrian golden 
(M, F) 
Milievskaja & Kiseleva 
(1976)

184 animals  
Naswar introduced in the buccal pouch 
as dry powder or 50% suspension in 
sunflower oil; life time

Buccal pouch: 0 
Forestomach: 5 
Liver: 13 
Adrenal gland: 6 
Others: 9

NR The number of animals 
that survived at the 
time of first tumour 
appearance was small 
High mortality was seen 
even in control animals30 animals 

DMBA only introduced in the buccal 
pouch once

Buccal pouch: 1 
Stomach: 2

30 animals 
0.1 g DMBA only + naswar introduced 
in the buccal pouch as dry powder or 
50% suspension in sunflower oil; life 
time 
110 untreated controls

Buccal pouch: 0 
Stomach: 5 
Others: 1

Stomach: 1 
Adrenal gland: 1

F, female; M, male; NR, not reported



Sm
okeless tobacco

305

Table 3 .9 Carcinogenicity studies of oral administration of snuff to experimental animals

Reference 
Species, strain (sex)

Animals/group at start 
Dosing regimen 
Duration

Results 
Target organ 
Incidence and/or multiplicity of 
tumours (%)

Significance Comments

Stenström et al. (2007) 5.9% snuff diet (snus mixed with 
powdered standard mouse show); 
6 mo

Gastric carcinoma in situ

Mouse, wild type, FVB 
(M)

8, 11 controls 0/8 
Controls: 0/11

NR

Wild type, FVB 
Helicobacter pylori 
infected (M)

20, 8 controls 9/17 
Controls: 0/11

NR Gastric carcinoma in situ 
invading the mucosa and 
submucosa

INS-GAS (M) 8 animals/group 4/8 
Controls: 2/8

NR

INS-GAS (M) 
Helicobacter pylori-
infected (M)

22, 8 controls 12/12 
Controls: 2/8

NR Gastric carcinoma in situ 
invading the mucosa

M, male; mo, month or months; NR, not reported
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hamsters compared to controls (Kiseleva et al., 
1976; Milievskaja & Kiseleva, 1976; Table 3.8).

3.2 Snuff

3.2.1 Mouse

Addition of snuff (snus) to the diet induced 
stomach tumours in gastrin transgenic mice but 
not in wild-type mice unless they were infected 
with Helicobacter pylori (H. pylori). Feeding snuff 
to H. pylori-infected transgenic mice increased 
gastric carcinoma incidence 2-fold versus control 
transgenic mice (Stenström et al., 2007; Table 3.9).

3.2.2 Rat

Application of snuff to the oral mucosa (Chen, 
1989) or swabbing of lips and oral cavity with a 
snuff extract (Hecht et al., 1986) did not induce 
tumours.

In one study, the administration of snuff 
in a surgically created lip canal did not induce 

tumours in the oral cavity (Hirsch et al., 1984) 
while a squamous cell carcinoma of the oral 
mucosa developed in one rat in another study 
(Hirsch & Johansson, 1983). Insertion of snuff in 
a surgically prepared lip canal induced a squa-
mous cell carcinoma in the lip canal, a papilloma 
in the oral cavity and an olfactory tumour (Hecht 
et al., 1986).

Insertion of snuff in a surgically prepared lip 
canal induced squamous cell carcinoma in the 
lip, hard palate, nasal cavity and forestomach and 
a carcinoma in situ in the hard palate. In addi-
tion, the treated animals developed squamous 
cell papillomas in the lip, hard palate and nasal 
cavity and two undifferentiated lip sarcomas. The 
incidence of all squamous cell tumours, squa-
mous cell carcinomas and the total number of 
tumours in the treated group were significantly 
greater than in controls (Johansson et al., 1989; 
Table 3.10).

In another independent study, the inser-
tion of snuff in the surgically prepared lip canal 
induced two squamous cell papillomas in the lip, 
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Table 3 .10 Carcinogenicity studies of snuff to the oral mucosa or cheek pouch of experimental 
animals

Species, strain 
(sex) 
Reference

Animals/group at start 
Dosing regimen 
Duration

Results 
Target organ 
Incidence and/or multiplicity of 
tumours (%)

Significance

Rat, Sprague 
Dawley (M) 
Johansson et al. 
(1989)

30 animals/group 
Snuff insertion in lip canal, 100 mg 
per application twice/d, 5 d/wk, 
controls received cotton pellet dipped 
in saline; 108 wk

Squamous cell carcinomas: 5 (lip–1, 
hard palate–2, nasal cavity–1, 
forestomach–1)

All squamous cell tumours

Squamous cell carcinomas in situ: 
hard palate–1

P < 0.01

Squamous cell papillomas: 3 (lip–1, 
hard palate–1, nasal cavity–1) 
Undifferentiated lip sarcomas: 2 
Controls: no tumours

Malignant squamous cell 
tumours  
P < 0.05

Rat, Sprague-
Dawley (M) 
Johansson et al. 
(1991)

38, 30 controls 
Snuff inserted in surgically created lip 
canal, moist snuff,150–200 mg/ 
application twice/d, 5 d/wk for 104 
wk, controls received a cotton pellet 
dipped in saline once/d 
5 d/wk for 100 wk

Sarcoma of the lip: 10/38 (26%) Comparison of sarcoma 
P < 0.01 

Squamous cell carcinomas and 
papillomas of the oral cavity: 3/38 
(8%) (lip palate and buccal mucosa), 
Controls–1/30 (3%) sarcoma of the 
lip

Comparison of all tumours 
P < 0.01 

d, day or days; M, male; wk, week or weeks
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Table 3 .11 Carcinogenicity studies of snuff with known carcinogens or modifiers to experimental animals

Species, strain 
(sex) 
Reference

Animals/group at start 
Dosing regimen 
Duration

Results 
Target organ 
Incidence and/or multiplicity of tumours (%)

Significance

Rat, Sprague- 
Dawley (M) 
Johansson et al. 
(1991)

40 animals/group with surgically created lip canal 
Group 1: DMBA in mineral oil – 70 mg solution + a 
cotton pellet containing saline 1 × /d, 5 d/wk + snuff 
150–200 mg/application. 
Group 2: DMBA initiation as for control group + snuff in 
the lip canal twice/d, 5 d/wk. 
Group 3: Controls initiated with cotton pellets 
containing 0.1% DMBA in mineral oil in lip canal 3 × /
wk for 4 wk only, 104 wk

Sarcomas of the lip: 9/40 (22%) 
Squamous cell carcinomas and papillomas of the oral 
cavity (lip, palate, and buccal mucosa): 3/40 (7%) 
Controls: 0/40

Significant increase 
in lip sarcoma over 
Group 1

38, 40 controls 
Group 4: Initiation with 4 NQO as for control group + 
snuff in the lip canal twice/d, 5 d/wk, 70 mg 4NQO sol + 
cotton pellet containing saline 1 × /d, 5 d/wk + snuff 150 
– 200 mg/application. 
Group 5: Controls initiated with 4 NQO (0.5% in 
propylene glycol) in cotton pellet placed in lip canal 3 × /
wk for 4 wk only, 70 mg 4NQO sol + cotton dipped in 
saline inserted in the lip canal once/d, 5d/wk; 100 wk

Sarcoma of the lip: 25/38 (66%) 
Controls–1/40 (2%)  
Squamous cell carcinomas and papillomas of the oral 
cavity (lip, palate, and buccal mucosa): 8/38 (21%) 
Controls–9/40 (22%)

Significant increase 
in lip sarcoma over 
control

Hamster Syrian 
golden (M) 
Park et al. (1986)

15–20 animals/group  
Cheek pouches inoculated with HSV1 or HSV2 (groups 
1 and 1’), once/mo for 6 mo (no snuff); 6 mo

No tumours 0/19 (HSV1) 
No tumours 0/16 (HSV2)

Cheek pouches inoculated with HSV1 once/mo + snuff 
150 mg/pouch, in both pouches twice/d, 5 d/wk for 
6 mo; 6 mo (Group 2)

Invasive squamous cell buccal pouch carcinomas: 10/20 
(50%)

Increase in carcinoma 
P < 0.05 
Group 2 vs Group 1

Cheek pouches inoculated with HSV2 once a mo + Snuff 
150 mg/pouch in both pouches twice/d, 5 d/wk for 6 mo; 
6 mo (Group 3)

Invasive squamous cell buccal pouch carcinoma: 11/20 
(55%)

Increase in carcinoma 
P < 0.05 
Group 3 vs Group 1’
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Table 3 .11 (continued)

Species, strain 
(sex) 
Reference

Animals/group at start 
Dosing regimen 
Duration

Results 
Target organ 
Incidence and/or multiplicity of tumours (%)

Significance

Hamster Syrial 
golden (M) 
Gijare et al. (1990)

15 or 20 animals/group 
Application of 0.125 mg DMBA in 50 μl oil, twice/wk 
for 1 mo to both cheek pouches 0.25% in liquid paraffin; 
6 mo

Cheek pouch tumours: 10/15 (66%) 
Forestomach tumours: 15/15 (100%)

NR

Application of 0.125 mg DMBA in 50 ml oil, twice/wk 
for 1 mo + 50 μl snuff in liquid paraffin 20 mg per cheek 
pouch twice/wk to both cheek pouches 0.25% in liquid 
paraffin + Manglorian snuff; 6 mo

Cheek pouch tumours: 3/20 (15%) 
Forestomach tumours: 20/20 (100%)

NR

Application of 50 μl snuff in liquid paraffin, 20 mg per 
cheek pouch twice/wk to both cheek pouches; 6 mo

Cheek pouch tumours: 0/20  
Forestomach tumours: 17/20 (85%)

NR

Application of 0.125 mg DMBA in 50 ml oil, twice/wk 
for 1 mo + 50 μl scented snuff in liquid paraffin 20 mg 
per cheek pouch twice/wk to both cheek pouches 0.25% 
in liquid paraffin + Scented snuff; 6 mo

Cheek pouch tumours: 2/20 (10%) 
Forestomach tumours: 19/20 (95%)

NR

Untreated controls No tumours
d, day or days; M, male; mo, month or months; NR, not reported; vs, versus; wk, week or weeks
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10 lip sarcomas and three squamous cell carci-
nomas in the hard palate. In the control group, 
a lip sarcoma occurred in one rat. The total inci-
dence of epithelial and mesenchymal tumours 
of the lip and oral cavity and the incidence of 
lip sarcoma was significantly greater in snuff-
treated rats than in controls (Johansson et al., 
1991; Table 3.10).

In one study, animals were repeatedly admin-
istered snuff extracts by the subcutaneous route. 
No local tumours developed in either treated or 
control groups (Schmähl, 1965).

Application of snuff to the surgically created 
lip canal of rats infected with HSV 1 resulted in 
the development of squamous cell carcinoma of 
the oral cavity in 2/7 (28%) rats and a retroperito-
neal sarcoma developed in one rat. In the group 
exposed to snuff alone, one rat each developed a 
squamous cell carcinoma of the anus and a retro-
peritoneal sarcoma (Hirsch et al., 1984).

In animals whose hard palate was treated 
with 4-Nitroquinoline 1-oxide (4NQO), repeated 
application of snuff did not enhance the incidence 
of benign and malignant oral cavity tumours 
over that in animals treated with 4NQO alone 
(Johansson et al., 1989). However, in another 
study, application of snuff to a 4NQO-treated 
surgically created lip canal increased the inci-
dence of lip sarcoma (Johansson et al., 1991; 
Table 3.10).

3.2.3 Hamster

In hamsters infected with HSV1 or HSV2, 
insertion of snuff in the cheek pouch increased 
significantly the incidence of squamous cell 
carcinoma over that in animals infected with 
HSV1 or HSV2 and not administered snuff (Park 
et al., 1986; Table  3.11). Application of a snuff 
suspension alone to the cheek pouch resulted 
in the development of stomach papillomas but 
did not increase the forestomach papilloma inci-
dence in animals initiated with DMBA (Gijare 
et al., 1990). In one study, chronic feeding of 

snuff and calcium hydroxide induced a pancre-
atic carcinoid in one animal only (Dunham et al., 
1975) but did not induce any tumours in another 
study (Homburger et al., 1976). Snuff instillation 
in the cheek pouch did not induce tumours in six 
studies (Peacock & Brawley, 1959; Peacock et al., 
1960, Dunham & Herrold, 1962; Dunham et al., 
1975; Homburger et al., 1976; Park et al., 1986).

3.3 Synthesis

In animals administered various smokeless 
tobacco preparations, consistent increases were 
observed for forestomach, lung, oral cavity and 
nasal tumours in rats; lung, skin, forestomach 
and liver tumours in mice; and oral cavity (cheek 
pouch) and forestomach tumours in hamsters.

4. Other Relevant Data

See Section 4 of the Monograph on Tobacco 
Smoking in this volume.

5. Evaluation

There is sufficient evidence in humans for the 
carcinogenicity of smokeless tobacco. Smokeless 
tobacco causes cancers of the oral cavity, oesoph-
agus and pancreas.

There is sufficient evidence in experimental 
animals for the carcinogenicity of smokeless 
tobacco.

Smokeless tobacco is carcinogenic to humans 
(Group 1).
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N′-NITROSONORNICOTINE AND 
4-(METHYLNITROSAMINO)-1-(3-PYRIDYL)-1-

BUTANONE
N′-Nitrosonornicotine (NNN) and 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK) 
were considered by previous IARC Working Groups in 1984 and 2004 (IARC, 1985, 2007). 
Since that time, new data have become available, these have been incorporated into the 
Monograph, and taken into consideration in the present evaluation.

1. Exposure Data

1.1. Chemical and physical data

1.1.1 4-(Methylnitrosamino)-1-(3-pyridyl)-1-
butanone

(a) Synonyms and trade names

Chem. Abstr. Services Reg. No.: 64091-91-4
Chem. Abstr. Name: 1-Butanone, 
4-(methylnitrosoamino)-1-(3-pyridinyl)-
IUPAC Systematic Name: 
4-(Methylnitrosamino)-1-(3-pyridyl)-1-
butanone
Synonym: 4-(N-Methyl-N-nitrosamino)-1-
(3-pyridyl)-1-butanone

(b) Structural and molecular formulae and 
relative molecular mass

C10H13N3O2 
Relative molecular mass: 207.2

(c) Chemical and physical properties of the pure 
substance

From IARC (2007)
Description: Light-yellow crystalline solid
Melting-point: 61–63 °C
Spectroscopy data: Infrared, nuclear 
magnetic resonance and mass spectra have 
been reported.
Solubility: Soluble in dichloromethane, 
dimethyl sulfoxide (DMSO), dimethylfor-
mamide, ethyl acetate and methanol
Stability: Sensitive to light

1.1.2 N′-Nitrosonornicotine

(a) Synonyms and trade names

Chem. Abstr. Services Reg. Nos: 80508-23-2; 
16543-55-8; 84237-38-7
Chem. Abstr. Names: Pyridine, 
3-(1-nitroso-2-pyrrolidinyl)-; pyridine, 
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3-(1-nitroso-2-pyrrolidinyl)-,(S)-; pyridine, 
3-(1-nitroso-2-pyrrolidinyl)-, (+,–)-
IUPAC Systematic Name: 
1′-Demethyl-1′-nitrosonicotine
Synonyms: 1′-Demethyl-1′-nitrosonicotine; 
1′-desmethyl-1′-nitrosonicotine; 1′-nitroso-
1′-demethylnicotine; nitrosonornicotine; 
N-nitrosonornicotine; 1′-nitrosonornico-
tine; 1-nitroso-2-(3-pyridyl)pyrrolidine; 
3-(1-nitroso-2-pyrrolidinyl)pyridine

Note: the chemical abstracts services registry 
number 16543-55-8 and name refer to the (s) 
stereoisomer; the chemical abstracts services 
registry number 84237-38-7 and name refer to 
the racemic mixture that was synthesized and 
used in the biological studies reported in this 
Monograph.

(b) Structural and molecular formulae and 
relative molecular mass

C9H11N3O
Relative molecular mass: 177.2

(c) Chemical and physical properties of the pure 
substance

From IARC (2007)
Description: Light-yellow oil
Boiling-point: 154 °C at 0.2 mm 
Melting-point: 47 °C; 42–45 °C
Spectroscopy data: Mass, ultraviolet, 
infrared and nuclear magnetic resonance 
spectra have been reported.
Solubility: Soluble in acetone and 
chloroform
Stability: Hygroscopic

1.2 Occurrence in tobacco products

Virtually all commercial tobacco prod-
ucts contain NNN and NNK, and they always 
occur together. They are mainly formed during 
the curing of tobacco. There is a great variation 
in levels of these compounds in mainstream 
smoke and sidestream smoke of cigarettes and 
in smokeless tobacco products. This is mainly 
due to differences in tobacco types used for 
the various products, in agricultural prac-
tices, curing methods, and in manufacturing 
processes. Factors that lead to relatively high 
levels of NNN and NNK in cured tobacco include 
the use of Burley tobacco, the use of midribs from 
air-cured tobacco or lamina from flue-cured 
tobacco, storage of tobacco leaves under humid 
conditions or in bales, processes that encourage 
bacterial growth thus leading to increased nitrite, 
and heating with propane during curing (IARC, 
2007).

Since the first reports of NNN and NNK 
in tobacco (Hoffmann et al., 1974; Hecht et al., 
1978), many studies have quantified their levels 
in various tobacco products. Extensive compi-
lations of data may be found in previous IARC 
Monographs (IARC, 2004, 2007). Levels of NNN 
ranged from 20 to 58000 ng per cigarette and 
NNK from 19 to 10745 ng per cigarette in tobacco 
from commercial cigarettes sold in different parts 
of the world; and from 4 to 2830 ng per cigarette 
(NNN) and 3 to 1749 ng per cigarette (NNK) in 
mainstream smoke of internationally available 
commercial cigarettes. Levels of NNN ranged 
from 19 to 3080000 ng per gram tobacco and 
NNK from 10 to 7870000 ng per gram tobacco 
in smokeless tobacco products worldwide.

Several recent studies have examined levels 
of NNN and NNK in cigarette tobacco and 
mainstream smoke, and in smokeless tobacco. 
Hammond & O’Connor (2008) reported data for 
247 brands sold in Canada, and tested in 2004. Mean 
(± standard deviation (SD)). levels of NNN were 
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significantly higher in the tobacco of imported 
(1776.2  ±  817.2 ng/cigarette) than domestic 
Canadian brands (286.9 ± 118.3 ng/cigarette) while 
those of NNK were similar (437.2 ± 376.1 ng/ciga-
rette imported and 448.5  ±  237.4 ng/cigarette 
domestic). Using the Canadian Intense smoking 
conditions, levels of NNN (353.3 ± 91.3 ng/ciga-
rette) were significantly higher in mainstream 
smoke of imported cigarettes than if Canadian 
brands (53.1 ± 12.6 ng/cigarette), as were levels 
of NNK (212.1  ±  90.8 ng/cigarette imported; 
110.3  ±  33.2 domestic Canadian). These 
differences are caused by the exclusive use 
of Virginia flue-cured tobacco in Canadian 
brands while imported brands – mainly from 
the USA – use a blend of tobacco types.

The impact of curing using indirect-fired 
barns instead of direct-fired methods on levels 
of NNK and NNN in cigarette tobacco and 
mainstream smoke was examined in a study 
of Canadian brands. Reductions of 65–78% in 
tobacco NNN levels and 60–85% in NNK levels 
were observed while the corresponding reduc-
tions in mainstream smoke levels (under ISO 
conditions) were 57–69% for NNN and 59–72% 
for NNK (Rickert et al., 2008).

Levels of NNN and NNK were quanti-
fied in the smoke of research cigarettes made 
from different tobacco varieties, using the ISO 
method (Ding et al., 2008). Levels of NNN and 
NNK were greatest in Burley tobacco smoke, 
with substantially lower amounts in the smoke 
of Oriental and Bright cigarettes. Nitrate content 
of the tobacco was significantly related to levels 
of smoke NNK (but not NNN), and was inversely 
proportional to PAH levels. These results are 
completely consistent with earlier studies (IARC, 
1986; IARC, 2004).

Based on currently available data, NNN and 
NNK in smokeless tobacco products, expressed 
per g dry weight, can be divided arbitrarily into 
three levels:

Level I: less than 2 μg per g NNN plus 
NNK;
Level II: 2–10 μg per g NNN plus NNK;
Level III: greater than 10 μg per g NNN 
plus NNK.

The “new” products Taboka, Marlboro Snus, 
and Camel Snus were introduced in test markets 
in the USA and probably use pasteurization-like 
processing parameters designed to reduce levels 
of NNN and NNK, similar to those used by 
Swedish Match for products sold in Sweden. The 
NNN plus NNK levels in these products mostly 
fall into Level I, while “traditional” smokeless 
tobacco products manufactured in the USA fall 
into Level II (Stepanov et al., 2008a).

Another study reported tobacco-specific 
nitrosamine levels in 40 top selling brands of 
USA moist snuff manufactured by four different 
companies, which collectively held over 97% of 
the US market in the year in which they were 
purchased (Richter et al., 2008). The results for 
NNN plus NNK demonstrate that 12 brands 
were in Level II while 27 were in Level III. None 
were in Level I. In this study, amounts of NNN 
ranged from 2.2–42.5 µg/g wet weight while those 
of NNK ranged from 0.38–9.9 µg/g wet weight. 
The amounts in the brand with the highest levels 
of NNN and NNK are reminiscent of tobacco-
specific nitrosamine levels in smokeless tobacco 
products of the 1970s.

While NNN and NNK have not been detected 
in oral gum nicotine-replacement therapy prod-
ucts, two recent studies demonstrate that NNN 
can be formed endogenously in trace amounts 
in some users of these products (Stepanov et al., 
2009a, b).

2. Cancer in Humans

Two molecular epidemiology studies inves-
tigated the relationship of NNK to lung cancer 
in smokers using nested case–control designs. 
In one, urinary levels of NNAL plus its glucuro-
nides (total NNAL), metabolites of NNK, were 
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significantly associated with risk for lung cancer 
in a dose-dependent manner (Yuan et al., 2009). 
Relative to the lowest tertile, risks associated with 
the second and third tertiles of total NNAL were 
1.4 (95%CI: 0.9–2.4) and 2.1 (95%CI: 1.2–3.5), 
respectively (P for trend  =  0.005) after adjust-
ment for smoking history and total cotinine. In 
a second study, after adjustment for sex, age at 
randomization, family history of lung cancer, 
cotinine, r-1,t-2,3,c-4-tetrahydroxy-1,2,3,4-
tetrahydrophenanthrene (PheT), and years of 
cigarette smoking, total NNAL was significantly 
associated with risk for lung cancer (odds ratio 
(OR), 1.6 per unit SD increase; 95%CI: 1.1–2.3) 
(Church et al., 2009). A similar statistically 
significant result was obtained for adenocar-
cinoma risk, but not for nonadenocarcinoma. 
Although these results demonstrate an asso-
ciation of NNK metabolites with lung cancer in 
smokers, it is impossible to exclude the potential 
confounding effect of other carcinogens present 
in tobacco smoke.

3. Cancer in Experimental Animals

NNK and NNN have been tested for carci-
nogenicity by various routes of administration 
in adult mice, rats, and Syrian hamsters, and 
in limited experiments in mink and ferrets. 
NNK has also been tested for carcinogenicity 
in neonatal and infant mice and transplacen-
tally in hamsters. NNK and NNN in combina-
tion have been tested in rats and minks. Of all 
the numerous studies on tumour development 
in animal models, a selection is presented in 
this Monograph. Table  3.1 includes the studies 
considered the most representative of the carci-
nogenicity of NNK and NNN.

3.1 Administration of NNN and NNK

3.1.1 Oral administration

(a) Mouse
Mice given NNK or NNN orally developed 

both lung and forestomach tumours and a few 
liver tumours in one study (Padma et al., 1989).

(b) Rat
Oral administration of NNK in drinking-

water caused tumours of the lung, nasal cavity, 
and liver (Rivenson et al., 1988; Prokopczyk et al., 
1991). In two studies, tumours of the exocrine 
pancreas were observed following administra-
tion of NNK in drinking-water (Rivenson et al., 
1988; Hoffmann et al., 1993). Rats given NNN 
orally developed tumours of the oesophagus and 
of the nasal cavity (Hoffmann et al., 1975; Hecht 
et al., 1983).

3.1.2 Subcutaneous administration

(a) Rat
NNK given to rats subcutaneously caused 

tumours of the lung, nasal cavity, and liver 
(Hoffmann et al., 1984; Hecht et al., 1986a; 
Belinsky et al., 1990). Rats given NNN subcuta-
neously developed tumours of the oesophagus 
and of the nasal cavity (Castonguay et al., 1984; 
Hoffmann et al., 1984).

(b) Hamster
NNK given subcutaneously to Syrian 

hamsters caused lung tumours (Hoffmann et al., 
1981; Schüller et al., 1990). NNN given subcu-
taneously to hamsters caused tumours of the 
trachea (Hilfrich et al., 1977).

(c) Mink
In one study, NNK caused malignant 

tumours of the nasal cavity after subcutaneous 
injection (Koppang et al., 1997). Subcutaneously 
injected NNN caused malignant tumours of the 
nasal cavity in mink (Koppang et al., 1992, 1997).
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Table 3 .1 Selected carcinogenicity studies of subcutaneous (sc) or oral exposure to NNK, NNN, and NNK + NNN in rats

Species, strain (sex) 
Reference

No/group at start 
Dosing regimen 
Duration

Results 
Target organ  
Incidence and/or multiplicity of 
tumours (%)

Significance Comments

NNN
Rat, F344 (M) 
Rivenson et al. 
(1988)

80, 80, 80, 30 
0, 0.5, 1.0, 5.0 ppm in drinking-
water, daily 
108–128 wk

Nasal cavity Purity > 99% 
Lung carcinomas included 
adenocarcinomas, adenosquamous 
carcinomas, and squamous cell 
carcinomas. Pancreatic tumours were 
acinar adenomas and acinar or ductal 
carcinomas

0, 1, 2, 5a aP < 0.01
Lung
adenomas: 3, 5, 16a, 2 aP < 0.01
carcinomas: 3, 4, 4, 25a

total: 6, 9, 20a, 27a

Liver
adenomas: 6, 2, 9, 10a aP < 0.01
carcinomas: 0, 1, 2, 2
total: 6, 3, 11, 12a

Exocrine pancreas
adenomas: 1, 5, 8b, 1 aP < 0.01
carcinomas: 0, 0, 1, 1 bP < 0.05
total: 1, 5, 9a, 2

Rat, F344 (M) 
Prokopczyk et al. 
(1991)

30 animals/group 
0, 15 mmolar aqueous solution; 0.3 
mL by oral swabbing, 3 ×/wk (wk 
1), daily (wk 2–4), and twice/d (wk 
5–61) 
Up to 61 wk

Nasal cavity NR Purity > 99% 
Lung carcinomas were adenocarcinomas 
and adenosquamous carcinomas.

adenomas or papillomas: 0/30, 13/29 
(45%)
carcinomas: 0/30, 2/29 (7%)
Lung
adenomas: 0/30, 5/29 (17%)  
carcinomas: 0/30, 23/29 (79%)

NR

Liver
adenomas: 0/30, 9/29 (31%)
carcinomas: 0/30, 3/29 (10%)
Oral cavity
papilloma: 0/20, 1/29 (3%)
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Species, strain (sex) 
Reference

No/group at start 
Dosing regimen 
Duration

Results 
Target organ  
Incidence and/or multiplicity of 
tumours (%)

Significance Comments

NNK
Rat, F344 (M) 
Hoffmann et al. 
(1984)

27, 27, 15, 15 
SC, 3 × /wk, 20 wk: total average 
doses 0, 0.312, 0.936, 2.81 mmole 
(1.0, 3.0, 9.0 mmole/kg) 
Lifespan (70–120 wk)

Nasal cavity aP < 0.01 NNK analysed for purity by HPLC  
Benign nasal cavity tumours included 
papillomas and polyps. Malignant nasal 
cavity tumours included anaplastic 
and squamous cell carcinomas, 
esthesioneuroepitheliomas and a 
sarcoma. Lung carcinomas included 
adenocarcinomas and squamous cell 
carcinomas

benign: 0, 19, 6, 4
malignant: 0, 1, 7, 10
total: 0, 20a, 13a, 14a

Lung aP < 0.01
benign: 0, 7, 1, 7
malignant: 0, 16, 12, 7
total: 0, 23a, 13a, 14a

Liver bP < 0.05
benign: 3, 2, 1, 2
malignant: 0, 1, 3, 4
total: 3, 3, 4, 6b

Oesophagus
benign: 0, 1, 1, 0

Rat, F344 (F) 
Hoffmann et al. 
(1984)

27, 27, 15, 15 
SC, 3 × /wk, 20 wk: total average 
doses 0, 0.18, 0.54, 1.62 mmole  
(1.0, 3.0, 9.0 mmole/kg) 
Lifespan (60–120 wk)

Nasal cavity aP < 0.01
benign: 0, 10, 9, 3
malignant: 0, 0, 3, 11
total: 0, 10a, 12a, 14a

Lung aP < 0.01
benign: 1, 5, 4, 8 bP < 0.05
malignant: 0, 3, 3, 1
total: 1, 8b, 7a, 9a

Liver bP < 0.05
benign: 1, 3, 2, 2
malignant: 0, 1, 2, 3
total: 1, 4, 4, 5b

Oesophagus
benign: 0, 0, 0, 0

Table 3 .1 (continued)
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Species, strain (sex) 
Reference

No/group at start 
Dosing regimen 
Duration

Results 
Target organ  
Incidence and/or multiplicity of 
tumours (%)

Significance Comments

NNN
Rat, F344 (M) 
Hoffmann et al. 
(1975)

19, 20 
0, 0.02% NNN in drinking-water 
5 d/wk for 30 wk 
11 mo

Oesophagus P < 0.0001
papillomas: 0, 11
carcinomas: 0, 3
Nasal cavity
carcinomas: 0, 3
Pharynx
papilloma 0, 1

Rat, F344 (M) 
Hoffmann et al. 
(1984)

27, 27, 15, 15 
SC, 3 × /wk, 20 wk: total average 
doses 0, 0.312, 0.936, 2.81 mmole 
(1.0, 3.0, 9.0 mmole/kg) 
Lifespan (50–120 wk)

Nasal cavity aP < 0.01 NNN analysed for purity by HPLC  
Benign nasal cavity tumours included 
papillomas and polyps. Malignant nasal 
cavity tumours included anaplastic 
and squamous cell carcinomas, 
esthesioneuroepitheliomas and a 
sarcoma. Lung carcinomas included 
adenocarcinomas and squamous cell 
carcinomas

benign: 0, 11, 3, 0
malignant: 0, 4, 8, 12
total: 0, 15a, 11a, 12a

Lung aP < 0.01
benign: 0, 2, 5, 0
malignant: 0, 0, 0, 0
total: 0, 2, 5a, 0
Liver
benign: 3, 0, 2, 0
malignant: 0, 0, 0, 0
total: 3, 0, 2, 0
Oesophagus aP < 0.01
benign: 0, 1, 5a, 4a

Table 3 .1 (continued)
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Species, strain (sex) 
Reference

No/group at start 
Dosing regimen 
Duration

Results 
Target organ  
Incidence and/or multiplicity of 
tumours (%)

Significance Comments

Rat, F344 (F) 
Hoffmann et al. 
(1984)

27, 27, 15, 15 
SC, 3 × /wk, 20 wk: total average 
doses 0, 0.18, 0.54, 1.62 mmole (1.0, 
3.0, 9.0 mmole/kg) 
Lifespan (50–120 wk)

Nasal cavity aP < 0.01
benign: 0, 12, 4, 0
malignant: 0, 0, 5, 15
total: 0, 12a, 9a, 15a

Lung
benign: 1, 2, 1, 1
malignant: 0, 1, 0, 0
total: 1, 3, 1, 1
Liver 
benign: 1, 2, 0, 0
malignant: 0, 0, 0, 0
total: 1, 2, 0, 0
Oesophagus bP < 0.05
benign: 0, 1, 2, 3b

NNN + NNK
Rat, F344 (M) 
Hecht et al. (1986b)

21, 30 
0, 68μg NNN + 14μg NNK in 
0.5 mL aqueous solution by oral 
swabbing, twice/d 
131 wk

Lung NS Purity NR
adenomas: 1/21 (5%), 1/30 (3%) 
carcinomas: 0/21, 4/30 (13%)
Oral cavity
papillomas: 0/21, 8/30 (27%) P < 0.05
(9 tumours in 8 animals)

d, day or days; F, female; M, male; mo, month or months; NNK, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone; NNN, N′-nitrosonornicotine; NR, not reported; NS, not significant; 
SC. subcutaneous; wk, week or weeks

Table 3 .1 (continued)
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3.1.3 Intraperitoneal administration

(a) Mouse
NNK or NNN given to mice intraperitoneally 

increased the incidence of lung adenomas and 
carcinomas after less than one year (Hecht et al., 
1978, 1988, 1989; Rivenson et al., 1989; Belinsky 
et al., 1992; Amin et al., 1996; Castonguay et al., 
1983).

(b) Hamster
NNN given intraperitoneally to hamsters 

caused tumours of the trachea and nasal cavity 
(McCoy et al., 1981).

3.1.4 Skin application

When applied topically to SENCAR mice, 
NNK was weakly active as a skin tumour initi-
ator, but lung tumours were observed, while 
NNN was inactive (LaVoie et al., 1987). A few 
skin tumours developed in mice given NNN by 
skin application for 104 weeks (Deutsch-Wenzel 
et al., 1985).

3.1.5 Perinatal administration

NNK increased both lung and liver tumours 
when given intraperitoneally to neonatal and 
infant mice (Anderson et al., 1991) but was not 
a transplacental carcinogen when given intra-
peritoneally to pregnant females (Beebe et al., 
1993). NNK injected subcutaneously to pregnant 
Syrian hamsters caused tumours of the nasal 
cavity, larynx, and trachea in offspring in one 
experiment (Correa et al., 1990).

3.1.6 Administration with known carcinogens

In one study, NNK and NNN in combination 
caused oral cavity papillomas and lung carci-
nomas when administered to rats by swabbing 
the lips and oral cavity with an aqueous solu-
tion of the nitrosamines (Hecht et al., 1986b); 
oral cavity tumours were rarely observed in rats 
given NNK alone. In one study, NNK and NNN 

in combination caused nasal cavity tumours 
in mink of both sexes (Koppang et al., 1997). 
Offspring of Syrian hamsters given ethanol in 
drinking-water during pregnancy and NNK by 
intratracheal instillation on day 15 of pregnancy 
developed tumours of the nasal cavity, exocrine 
pancreas, and adrenal medulla (Schüller et al., 
1994, 2002). In a single study of limited duration, 
NNK given by injection concurrently with ciga-
rette smoke by inhalation caused lung tumours 
in 6 of 12 ferrets within six months (Kim et al., 
2006).

3.2 NNK and NNN metabolites
NNN-1-N-oxide given in drinking-water 

caused tumours of the oesophagus and nasal 
cavity in rats but not in hamsters (Hecht et al., 
1983). In a short-term study, NNK-1-N-oxide 
and 4-(methylnitrosamino)-1-(3-pyridyl)
butan-1-ol (NNAL) given intraperitoneally 
caused lung tumours in mice and was as effec-
tive as NNK. Similarly, in a lifetime study in 
rats, NNAL was equally as effective as NNK in 
inducing lung tumours (Rivenson et al., 1988). 
4′-Hydroxy-NNN given intraperitoneally slightly 
increased the incidence and multiplicity of lung 
tumours, while 3′-hydroxy-NNN and NNN-1-
N-oxide had no significant carcinogenic effect 
(Castonguay et al., 1983).

3.3 Synthesis
NNK by various routes of administration 

consistently caused tumours of the lung in mice, 
hamsters and rats, and tumours of the nasal cavity 
in rats and mink. NNN given by various routes 
and particularly in drinking-water consistently 
caused tumours of the oesophagus in rats, and in 
many studies caused tumours of the nasal cavity 
in multiple species. NNN and NNK adminis-
tered in combination caused tumours of the oral 
cavity in rats and nasal cavity in mink. Table 3.2 
summarizes the reports of tumours induced in 
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experimental animals after exposure to NNK 
and/or NNN.

4. Other Relevant Data

See Section 4 of the Monograph on Tobacco 
Smoking in this volume.

5. Evaluation

There is inadequate evidence in humans for 
the carcinogenicity of N′-nitrosonornicotine 
(NNK) and 4-(methylnitrosamino)-1-(3-
pyridyl)-1-butanone (NNN).

There is sufficient evidence in experi-
mental animals for the carcinogenicity of 
4 -(met hyl n it rosa mi no)-1-(3-py r idyl)-1-
butanone.

There is sufficient evidence in experi-
mental animals for the carcinogenicity of 
N′-nitrosonornicotine.

4-(Methylnitrosamino)-1-(3-pyridyl)-1-
butanone and N′-nitrosonornicotine are carci-
nogenic to humans (Group 1).

In making the overall evaluation, the Working 
Group took into consideration the following 
mechanistic evidence, detailed in Section 4 of the 
Monograph on Tobacco Smoking in this volume.

NNK and NNN are the most abundant strong 
carcinogens in smokeless tobacco; their uptake 
and metabolic activation has been clearly docu-
mented in smokeless tobacco users. Combined 
application of NNN and NNK to the oral mucosa 
of rats induced oral tumours, consistent with 
their induction by smokeless tobacco. One of the 
mechanisms of carcinogenicity is cytochrome-
P450-mediated α-hydroxylation, which leads to 
the formation of DNA and haemoglobin adducts 
that have been detected in users of tobacco.
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Table 3 .2 Summary of reports of tumours induced in experimental animals by NNK and NNN

Compound/ 
species

Lung Nasal 
cavity

Oral 
cavity

Trachea Oesophagus Fore-
stomach

Pancreas 
(exocrine)

Liver Adrenal 
gland

Skin

NNK
Mouse 
infants

x x x xa

x x
Rat x x x x
Hamster 
progeny

x
x x xc x

Mink x
Ferret xb

NNN
Mouse x x x
Rat x x
Hamster x x
Mink x
NNK + NNN
Rat x x
Mink x

a Initiator only (SENCAR mouse skin)
b Co-exposure to NNK and cigarette smoke
c Transplacental co-exposure to NNK and ethanol
NNK, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone; NNN, N′-nitrosonornicotine
From IARC (2007)
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BETEL QUID AND ARECA NUT
Betel quid and areca nut were considered by previous IARC Working Groups in 1984, 1987 
and 2003 (IARC, 1985, 1987, 2004). Since that time, new data have become available, these 
have been incorporated into the Monograph, and taken into consideration in the present 
evaluation.

1. Exposure Data

1.1 Constituents of betel quid

1.1.1 Definitions

Betel quid chewing is an ancient practice in 
the Indian subcontinent and many parts of Asia, 
and is still prevalent today. In modern times the 
term “betel quid” for most people is synonymous 
with “pan,” a chewing item used in India and 
neighbouring countries.

The term “quid” denotes a substance or a 
mixture of substances that is placed and retained 
in the mouth, and often swallowed. Apart from 
areca nut it may contain a variety of ingredients, 
including betel leaf and tobacco (Zain et al., 1999; 
IARC, 2004).

In India and neighbouring countries, dry 
areca nut pieces or tobacco may be chewed alone, 
as a mixture of areca nut, tobacco and slaked lime, 
or tobacco and slaked lime. Dry powdered ready-
to-chew mixtures containing areca nut, catechu, 
lime, unspecified spices without betel leaf and 
with or without tobacco are sold commercially 
in India (Ramchandani et al., 1998). The product 
that does not contain tobacco is called pan masala 

while the term gutka is used for the product that 
contains tobacco in addition to the ingredients 
of pan masala (Nair et al., 2004). In the south-
eastern part of China, unprocessed fresh areca 
nut is treated with maltose and lime. It is cut into 
pieces and chewed with a few drops of cassia oil 
(Tang et al., 1997).

A pan comprises mainly betel leaf (Piper 
betel), areca nut (areca catechu), catechu and 
slaked lime. The basic ingredients may be supple-
mented with condiments, sweetening agents and 
tobacco as per individual preference (IARC, 
1985). The ingredients are placed on the betel leaf 
and the leaf is folded into a triangular-shaped 
object to obtain a betel quid with or without 
tobacco. Like slaked lime, thick paste of catechu 
may be smeared on the betel leaf or small bits 
of dry catechu may be placed on the betel leaf 
before it is folded to form a pan. Three types 
of betel quid are consumed in Taiwan, China. 
These are lao-hwa quid, betel quid and stem quid 
(Yang et al., 2001). Lao-hwa quid is prepared by 
inserting a piece of inflorescence of Piper betel L. 
and red lime into an unripe areca nut. Another 
variety of Taiwanese betel quid is prepared by 
wrapping two halves of an unripe areca nut and 
white slaked lime in a betel leaf. The third variety 
is similar to the lao-hwa quid except that stems 
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of Piper betel L. are used in place of the inflo-
rescence (IARC, 2004). While flavouring agents 
may be added to the Taiwanese betel quid, it does 
not contain tobacco. Different types of areca nut-
containing chewing products and their ingredi-
ents are listed in Table 1.1.

1.1.2 Main ingredients of a quid

Areca nut, the major constituent of a betel 
quid, is the fruit of the Areca catechu L., a palm 
tree that grows in South and South-East Asia and 
the Pacific islands.

The chemical composition of areca nut has 
been reported in many studies (Raghavan & 
Baruah, 1958; Shivashankar et al., 1969; Arjungi, 
1976; Jayalakshmi & Mathew, 1982). The major 
constituents are carbohydrates, fats, proteins, 
crude fibre, polyphenols, alkaloids and minerals. 
The concentrations of various constituents vary 
between raw and ripe areca nuts (Jayalakshmi & 
Mathew, 1982). Arecaidine, arecoline, guvacine 
and guvacoline are the four alkaloids conclusively 
identified in areca nut (Raghavan & Baruah, 

1958; Huang & McLeish, 1989; Lord et al., 2002). 
Areca nut also contains sodium, magnesium, 
calcium, vanadium, manganese and copper (Wei 
& Chung, 1997; Ridge et al., 2001).

Betel leaf (Piper betel L.) is a vine cultivated 
in many South-Asian countries including India. 
It contains betel oil, which includes phenolic 
compounds such as hydroxychevicol, euginol 
phenol, and chevicol. Trace elements, vitamin C 
and carotenes are also present in betel leaf (Wang 
& Wu, 1996; Zaidi et al., 2002).

Slaked lime is prepared from seashells or quar-
ried from limestone in regions that are far from 
the sea. Seashells are roasted, finely powdered 
and water is added to make slaked lime paste. 
The pH of slaked lime obtained from seashells or 
limestone is similar (Bhonsle et al., 1992).

Catechu is a common ingredient of betel 
quid. It is a reddish brown substance derived 
from the heartwood of the Acacia Catechu tree, 
which is indigenous to India and Myanmar. It 
is obtained from the resins extracted from the 
matrix of Acacia catechu or Acacia suma (Muir 
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Table 1 .1 Composition of the different types of areca-containing chewing substances

Areca nuta Betelb Catechud Tobaccoe Slaked lime

Leaf Inflorescence Stemc

Areca nut X
Betel quid without tobacco X X (X)f X
Betel quid with tobacco X X (X)f X X
Gutka X X X X
Pan masalag X X X
Mawa X X X
Mainpuri tobacco X X X
Lao-hwa (Taiwan, China) Xg X X
Betel quid (Taiwan, China) Xg X X
Stem quid (Taiwan, China) Xg X X

a May be used unripe, raw or processed by baking, roasting or baking with sweetening, flavouring and decorative agents (see Table 1.2)
b In place of the leaf, the inflorescence or its stem may also be used (see Table 1.2)
c Stem of inflorescence
d In powdered or paste form (see Table 1.2)
e In flaked, powdered or paste form, with or without processing, with or without sweetening (see Table 1.2)
f (X) means optional
g Used in unripe form
Adapted from IARC (2004)
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& Kirk, 1960). The main constituents of catechu 
are catechin, catechu tannic acid, quercetin and 
catechu red (IARC, 2004). Catechu contains 
a variety of trace elements as well (Zaidi et al., 
2002).

The chewing tobacco added to a betel quid is 
prepared from sun-dried and partly fermented 
coarse leaves of Nicotiana tabacum and Nicotiana 
rustica (IARC 2004).

A list of different forms in which areca 
nut is used is given in Table  1.2 (Gupta & 
Warnakulasuriya, 2002; IARC, 2004).

1.2 Prevalence of use

1.2.1 Distribution of betel quid chewing 
worldwide

It has been estimated that betel quid is used 
by about 10–20% of the world’s population and 
that globally up to 600 million users chew areca 

nut (Gupta & Warnakulasuriya, 2002). Users are 
distributed around the world, but concentrated 
in South and South-eastern Asia, including 
South-eastern China, Hainan Island and Taiwan, 
China, and the Pacific Islands, as well as in areas 
of immigration of peoples from South Asia, e.g. 
in the Malay peninsula, eastern and southern 
Africa, Europe and North America. Concern 
among health professionals over increasing use 
of areca nut among South Asians and in Taiwan, 
China, have led to increasing numbers of preva-
lence surveys in the past several years.

In South Asia, South-eastern Asia, and parts 
of the Pacific Islands, the most common way 
of chewing betel quid is by inserting smoke-
less tobacco in the quid. Betel quid is chewed 
exclusively without tobacco in Southern China, 
Taiwan, China and Papua New Guinea, but in 
these areas, most chewers are also cigarette 
smokers. Emigrants from these areas have 
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Table 1 .2 Forms of different betel quids that contain areca nut and regions where they are used

Some common names 
and spellings

Major ingredients Country where used

Betel quid Areca nut (fresh, unripe) alone or with lime Southern China, Pacific Islands
Areca nut (dried, unripe) alone or with lime Hunan Province in China
Areca nut (cured, ripe) alone or with lime South Asia
Areca nut (fresh, unripe) with lime and betel leaves Taiwan, China, Hainan Island, Papua 

New Guinea and Pacific Islands
Lao-hwa quid Areca nut (fresh, unripe) with lime and betel 

inflorescence
Taiwan, China (lao-hwa quid), Papua 
New Guinea

Stem quid Areca nut (fresh, unripe) with lime and betel stem Taiwan, China
Areca nut (fresh, unripe) with betel leaves Guam
Areca nut (cured, ripe) with lime and betel leaves South Asia

Pan or paan Areca nut (cured, ripe) with lime, an additional source of 
catechins, flavourings and betel leaves

South Asia

Pan or paan with 
tobacco, (the most 
common form)

Areca nut (cured, ripe) with lime, an additional source of 
catechins, flavourings, tobacco and betel leaves

South Asia, parts of South-eastern Asia

Pan masala or chaalia Areca nut (cured, ripe) with lime, catechu, flavourings 
and other chemicals

India (paan masala), Pakistan (chaalia)

Mawa, kharra Areca nut (cured, ripe) with lime, catechu, flavourings 
and other chemicals and tobacco – a variant of pan 
masala – usually called gutka; similar products with 
different proportions and shavings of areca nut

India
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carried their betel quid practices to the countries 
of immigration.

In South Asia, dry mixtures of areca nut 
and betel quid related ingredients (minus the 
betel leaf) are prepared industrially and sold 
in sachets. The most popular form contains 
tobacco and is usually called gutka, a variant of 
pan masala. These forms are now being exported 
from India to over 50 countries. Surveys on the 
prevalence of areca nut use across the world 
are summarized in Table  1.3 (available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-05-Table1.3.pdf) and Table  1.4 
(available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-05-Table1.4.pdf).

1.2.2 Prevalence by country or region

(a) Adults

Information from several countries, espe-
cially in South-eastern Asia, has indicated that 
areca nut usage may be dying out in Cambodia, 
Indonesia, Thailand, and Viet Nam as it has 
declined considerably and become confined to the 
older middle aged and elderly groups. In contrast, 
rapidly increasing prevalence of areca nut usage 
has been registered in India and Taiwan, China 
(IARC, 2004). This corresponds, in India, to the 
introduction of industrially manufactured areca 
nut products, especially pan masala, gutka and 
mawa, while betel quid use has declined; and in 
Taiwan, China, to changes in marketing of betel 
quid, where young women sell betel quid and 
cigarettes on roadsides.

Surveys on prevalence of areca nut use have 
been conducted in India, Pakistan, Taiwan, 
China, the People’s Republic of China, Thailand, 
the United Kingdom and the United States.

(i) India
In India, prevalence of areca nut chewing 

nationwide can be estimated at around 30% of 
men and 7% of women, since the National Family 
Health Survey found 36.5% of men and 8.4% of 

women aged 15–49 years chewing some form of 
tobacco, “including pan masala, gutka, and other 
tobacco” (IIPS, 2007). [The Working Group noted 
that pan masala does not contain tobacco.] Since 
in many states of India tobacco is mainly chewed 
in the form of betel quid, and betel quid is mainly 
chewed with tobacco, the prevalence of “tobacco 
chewing” is only slightly higher than that of areca 
nut use. Local surveys have found betel quid 
use to be as high as 80% among both male and 
female adult school personnel in Mizoram; gutka 
was used by 44.8% of male school personnel in 
Sikkim (Sinha et al., 2003). Reasons for use of 
tobacco products, including those containing 
areca nut (gutka, mawa, and pan, i.e. betel 
quid), among non teaching university personnel 
in Mumbai included peer pressure, the media 
(TV, advertisements, films, sports) as well as 
family influence (Bansode, 2002). In Chitrakoot, 
Madhya Pradesh, on the border with Uttar 
Pradesh, 46% of dental outpatients were current 
gutka users (Anwar et al., 2005). In two districts 
of Uttar Pradesh in 2001, the prevalence of betel 
quid with tobacco use was only 2.0% (2.3% men, 
1.4% women) (Chaudhry et al., 2001). Fig. 1.1 and 
1.2 present the age and sex distribution of use of 
betel quid with tobacco in Karnataka and Uttar 
Pradesh, respectively (Chaudhry et al., 2001).

 A statewide survey in 63 districts of 
Uttar Pradesh found that among 1209 pan [betel 
quid] and pan masala users, 94.4% (1141) used 
pan while 59.1% (n = 714) used both pan and pan 
masala, mostly by incorporating pan masala into 
pan. Additionally, 5.6% (n = 68) were exclusive 
pan masala users (Tripathi et al., 2006).

(ii) Pakistan
A few recent studies in low-income urban 

areas of Karachi, Pakistan, have found 30–40% 
use of areca nut use among adults, as betel quid, 
areca nut by itself (chaalia), gutka and packaged 
chaalia, the equivalent of Indian pan masala 
(Mazahir et al., 2006; Nisar et al., 2007; Tanwir 
et al., 2008). Among the ethnic groups in Karachi, 
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the Mohajir appear to have a higher prevalence 
of use of areca nut products (Mazahir et al., 
2006). Adolescents prefer chaalia (Mazahir et al., 
2006), while adults over 30 years prefer betel quid 
(Tanwir et al., 2008).

(iii) Bangladesh
A rural oral screening study in Bangladesh 

found that 40% of adult villagers of Kishore Ganj 
used areca nut with slaked lime and tobacco in 
various combinations (Eswar, 2002). 

(iv) Thailand
In a survey of 4955 rural adults aged 30–89 

years in Thailand, 17% reported using betel 
quid (Chatrchaiwiwatana, 2007). Betel quid 
chewing has been reported to be on the decline 
in Thailand as early as 1955 as a result of educa-
tional campaigns, and to be more common in the 
older population (Reichart, 1995).

(v) China
National surveys in Taiwan, China, indi-

cate that 20.9% of men and 1.2% of women 
chew betel quid. Prevalence was highest in the 
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Fig. 1.1 Current use of betel quid with tobacco by age and sex in Karnataka

 

From Chaudhry et al. (2001)
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aboriginal population: 54.3% of men and 33.8% 
of women (Yap et al., 2008). Betel quid chewing 
is more common among those who consume 
alcohol or who smoke. In another study, betel 
quid was chewed by 34.7% of aboriginal preg-
nant women (Chou et al., 2009). Almost all betel 
quid chewers started chewing after they started 
smoking, particularly so among people over 
25 years (Wen et al., 2005a). Two thirds of the 
increase in betel quid chewing in the past decade 
has been attributed to the opening of the market 
to foreign cigarette brands in 1987, after which 
these cigarettes began to be placed in betel quid 

stalls. Betel quid sales increased dramatically as 
smokers turned to betel quid stalls to purchase 
cigarettes. Notably, 34% of betel quid chewers 
smoke, while 3% of non-smokers chew. Per capita 
consumption of betel quid increased 5 fold from 
1981 to 1996 (Wen et al., 2005b).

In the People’s Republic of China, betel quid 
chewing is most common in, but not confined 
to, Yunnan and Hunan provinces and Hainan 
Island, all located in the south-eastern part of 
China. In Hunan, a land locked province where 
areca nut is not grown, the nuts are cut in half with 
the husk and dried, flavoured and industrially 
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Fig. 1.2 Current use of betel quid with tobacco by age and sex in Uttar Pradesh

 

The age-wise pan-tobacco usage pattern of men and women differs significantly, but prevalence may be too low to be interesting.
From Chaudhry et al. (2001)
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packaged. Reports on prevalence of betel quid 
chewing from China are limited; a review of the 
Chinese literature from the late 1980s and early 
1990s showed that prevalence in Hunan at that 
time was between 64.5% and 82.7% (Zhang & 
Reichart, 2007).

(vi) Pacific Islands
In the Pacific islands, betel quid chewing 

is high among adults: 72% of men and 80% of 
women in Palau (Ysaol et al., 1996); and 76.8% of 
adults (83.0% men, 68.4% women) in the Solomon 
Islands (Tovosia et al., 2007) use betel quid.

(vii) Immigrants
In areas of immigration of South Asians, such 

as the United Kingdom, people of Bangladeshi 
origin appear to have the highest prevalence 
of betel quid use (mostly with tobacco) from 
around 30% to over 90% in both men and women 
(IARC, 2004). In a recent study of Bangladeshi 
women in the United Kingdom aged 18–39 years, 
prevalence of betel quid chewing was 25–35% 
(Núñez-de la Mora et al., 2007).

Changrani et al. (2006) from the United States 
found 25% current use of betel quid and 6% gutka 
use among people of Bangladeshi origin, but a 
reverse pattern among people of Indian-Gujarati 
origin, with 2% current betel quid use and 24% 
gutka use. Areca nut and betel quid chewing 
without tobacco have been reported from South 
Africa for many years among the population of 
Indian origin, but no recent studies are available.

(b) Children and youth

In India pan masala use and gutka use have 
increased among children, also in rural areas, as 
a mouth freshener and a status symbol. Even after 
an educational intervention and a local ban on 
gutka sales near schools, 46% of 986 rural school-
children aged 10–15 years in Madhya Pradesh 
were using gutka regularly (Chaturvedi et al., 
2002). In a state-wide survey in Uttar Pradesh in 
2002, 9.9% of students in 8th through 10th grades 

(mostly 13–15 years) were currently using gutka 
(at least once in 30 days) (Sinha & Gupta, 2005). In 
a survey of 385 rural adolescents (15–19 years) in 
villages of Wardha, Maharashtra in 2008, 17.1% 
were using gutka (31.7% boys, 4.0% girls) and 
26.2% (54.1% boys, 1.0% girls) were using kharra 
[mawa] (Dongre et al., 2008). In a very small 
unpublished survey in a small town in Gujarat 
in 1999, 16% of boys in 8th and 9th grades were 
using gutka (Gupta & Ray, 2002). In a survey in 
Delhi, 10.2% of 2387 urban students aged 10–18 
years were using betel quid with tobacco (Kapil 
et al., 2005a).

Male college students (16–23 years) in 
Karnataka in 1998 who smoked cigarettes said 
they sometimes substituted gutka for a cigarette 
when and where it was inappropriate to smoke. 
Though believed it to be very harmful and addic-
tive, some students used gutka to help themselves 
quit smoking and then switched to pan masala to 
wean themselves off gutka. Those who believed 
that gutka was more addictive than cigarettes 
thought this strategy was unwise (Nichter et al., 
2004).

Use of areca nut products is prevalent among 
youth in other South Asian countries. In a 
deprived area of Karachi, Pakistan, 47.2% of 
school boys aged 10–16 years were using areca 
nut by itself; [12.6%] used betel quid without 
tobacco and 16.1% used gutka or other smoke-
less tobacco products (Rozi & Akhtar, 2007). In 
Pokhara City, Nepal, ever use of pan masala and 
gutka by adolescents aged 13–15 years was found 
to be 51.4% in boys and 30.3% in girls (Paudel, 
2003).

Among adolescent students in Taiwan, China, 
overall use of betel quid was 3.9% (6.6% boys, 1.5% 
girls), and ranged from 0.8% in cities to 4.3% in 
towns and 7.6% in villages (Wang et al., 2003a). 
The most variance in prevalence of betel quid use 
is found by type of school, ranging from 10.3% 
boys and 1.4% girls in general schools to 20.6% 
in boys and 4.7% in girls in agricultural schools 
(Wang et al., 2004). It was found that 26.9% of 
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ex-chewers and 22.3% of current chewers tried 
betel quid for the first time in elementary school. 
Peer pressure was the most important influence, 
followed by fathers giving the nuts to their child 
(Wang et al., 2003a). A survey of fourth grade 
elementary students in northern Taiwan, China, 
found ever chewers to be 10.8% in city schools 
and 56.6% in mountain schools, reflecting a 
higher prevalence in aboriginal population in 
mountainous areas (Huang et al., 2009).

Areca nut and tobacco practices and products 
from India are also becoming popular among 
children in countries of immigration, especially 
but not exclusively among children of Asian 
origin. A study from United Republic of Tanzania 
found that gutka and other packaged oral prod-
ucts imported from India were beginning to be 
used by adolescent students there, including those 
not of Indian origin (Kaduri et al., 2008). In the 
United Kingdom, betel quid chewing is known 
to be taken up by students of South Asian origin, 
and gutka is available and has been reportedly 
used among them (Warnakulasuriya, 2002). In 
East London, three quarters of the students of 
Bangladeshi origin in ninth grade had ever tried 
betel quid [apparently no question was asked 
about gutka] (Jayakody et al., 2006).

2. Cancer in Humans

2.1 Cancer of the oral cavity

Studies on betel quid and oral cavity cancers 
have been conducted in India, Pakistan, Sri 
Lanka, Thailand, Taiwan, China, South Africa, 
and Papua New Guinea. These populations differ 
in their patterns of betel quid use and the prod-
ucts and ingredients added to the quid (Yang 
et al., 2001; Gupta & Warnakulasuriya, 2002). 
Betel quid is defined as any chewing substance 
that contains areca nut. In evaluating betel quid 
exposure, the main distinction is whether or not 
tobacco is added to the betel quid. When this was 

not explicitly stated, tobacco was considered to 
be absent from the betel quid only if the study 
was conducted in a region/ethnicity where it is 
uncommon/unlikely for tobacco to be added to 
the betel quid (i.e. Taiwan, China). However if 
there was good background information that the 
habit of betel quid chewing was very prevalent in 
a region/ethnicity (i.e. India, Sri Lanka, persons 
of Indian descent), studies that assessed “tobacco 
chewing” and mentioned betel quid chewing 
in the exposure assessment were considered as 
exposure to betel quid with added tobacco. If 
this background information was not available, 
studies that assessed tobacco chewing without 
mention of betel quid chewing were excluded 
from both this Monograph and the Monograph 
on Smokeless Tobacco in this volume. Studies 
that evaluated genetic polymorphisms as a 
main effect and their interaction with betel quid 
chewing were also excluded even if a crude relative 
risk for betel quid chewing could be calculated.

2.1.1 Overview of studies

When the carcinogenicity of betel quid was 
first evaluated in 1984 (IARC, 1985), the rela-
tionship between betel quid chewing and cancer 
of the oral cavity had been investigated in four 
cohort studies (Wahi, 1968; Mehta et al., 1972; 
Bhargava et al., 1975; Gupta et al., 1980) and 
many case–control studies (Orr, 1933; Sanghvi 
et al., 1955; Sarma, 1958; Khanolkar, 1959; Shanta 
& Krishnamurthi, 1959, 1963; Chandra, 1962; 
Wahi et al., 1965; Hirayama, 1966; Jussawalla 
& Deshpande, 1971; Khanna et al., 1975; Kwan, 
1976; Notani & Sanghvi, 1976; Simarak et al., 
1977; Jafarey et al., 1977). The effect of betel quid 
without added tobacco was investigated in only 
a few studies. 

When the available evidence was evaluated 
in 2003 (IARC, 2004), 15 additional case–control 
studies had been published (Sankaranarayanan 
et al., 1989a, b, 1990a; Nandakumar et al., 1990; 
van Wyk et al., 1993; Rao et al., 1994; Ko et al., 
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1995; Lu et al., 1996; Rao & Desai, 1998; Wasnik 
et al., 1998; Dikshit & Kanhere, 2000; Merchant 
et al., 2000; Balaram et al., 2002; Chen et al., 
2002; Znaor et al., 2003). 

The case–control studies of cancer of the 
oral cavity that clearly distinguish betel quid 
without and with added tobacco are summarized 
in Table  2.1 (available at http://monographs.
iarc.fr/ENG/Monographs/vol100E/100E-05-
Table2.1.pdf) and Table  2.2 (available at http://
monog r aphs . ia rc . f r/ ENG/Monog r aphs/
vol100E/100E-05-Table2.2.pdf) respectively. The 
derived relative risk estimates ranged from 1.5 to 
58.4 for use of betel quid without tobacco and from 
0.7 to 45.9 for betel quid with tobacco. Most of 
these studies adjusted for potential confounders 
such as tobacco smoking, use of smokeless 
tobacco, alcohol use, and HPV infection. 

Since then there have been several publica-
tions assessing the association between betel quid 
chewing and cancer of the oral cavity (Wen et al., 
2005a; Yang et al., 2005a; Subapriya et al., 2007; 
Thomas et al., 2007; Muwonge et al., 2008; Yen 
et al., 2008b; Jayalekshmi et al., 2009). The rela-
tive risk estimates from the three case–control 
studies ranged from 2.03 to 5.4 for use of betel 
quid without tobacco and from 3.19 to 11.8 for 
betel quid with tobacco.

2.1.2 Risk by type of agent

(a) Betel quid without added tobacco 

An increased risk of statistical (or borderline) 
significance associated with betel quid chewing 
without tobacco was reported from all case–
control studies of cancer of the oral cavity that 
considered this after adjusting for smoking and/
or alcohol intake (Nandakumar et al., 1990; Ko 
et al., 1995; Lu et al., 1996; Wasnik et al., 1998; 
Dikshit & Kanhere, 2000; Merchant et al., 2000; 
Balaram et al., 2002; Chen et al., 2002; Znaor et al., 
2003; Subapriya et al., 2007; Thomas et al., 2007; 
Muwonge et al., 2008; Table 2.1 online). Znaor et 

al. (2003) reported an increased risk for cancer 
of the oral cavity associated with the use of betel 
quid without added tobacco in non-smoking 
and non-drinking men that had no other known 
risk factors (OR, 3.39; 95%CI: 2.04–5.66) after 
adjustment for age, centre and education level. 
In a study in Pakistan (Merchant et al., 2000) an 
increased risk for oral cancer was associated with 
the use of betel quid without added tobacco, after 
adjusting for smoking and alcohol. Data from 
Taiwan, China and Papua New Guinea, where 
betel quid is generally used without tobacco, also 
support this association.

In three cohort studies (Bhargava et al., 1975; 
Yang et al., 2005a; Yen et al., 2008b) increased 
risks of cancer of the oral cavity among betel 
quid chewers were found (IARC, 2004; Table 2.3 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-05-Table2.3.pdf); in 
two of these studies (Bhargava et al., 1975; Yang 
et al., 2005a), incident cancers only occurred 
among betel quid chewers. Yen et al. (2008b) 
reported that the use of betel quid was signifi-
cantly associated with cancer of the oral cavity in 
subjects who were neither smokers nor drinkers 
(OR, 10.97; 95%CI: 3.22–37.34). In a nested case–
control study conducted in India, betel quid 
use without added tobacco was associated with 
cancer of the oral cavity overall (Muwonge et al., 
2008). Among women [with a low prevalence of 
smoking in this population], the risk was highly 
significant after adjusting for smoking and 
drinking.

In a meta-analysis Thomas et al. (2007) 
included 11 independent studies that exam-
ined risk of cancer of the oral cavity associated 
with chewing betel quid without added tobacco 
(Chandra, 1962; Hirayama, 1966; Jafarey et al., 
1977; Ko et al., 1995; Lu et al., 1996; Dikshit & 
Kanhere, 2000; Merchant et al., 2000; Balaram 
et al., 2002; Chen et al., 2002; Znaor et al., 
2003; Thomas et al., 2007). These studies either 
excluded smokers or controlled for smoking. 
The overall odds ratio estimated for betel quid 
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without tobacco was 2.14 (95%CI: 1.06–4.32) 
among non-smokers and 3.50 (95%CI: 2.16–5.65) 
in studies that adjusted for smoking.

(b) Betel quid with added tobacco 

Significantly increased risks for cancer of 
the oral cavity associated with chewing betel 
quid with added tobacco were observed in all 
of the case–control studies that considered this 
(Orr, 1933; Sanghvi et al., 1955; Sarma, 1958; 
Khanolkar, 1959; Shanta & Krishnamurthi, 1959, 
1963; Chandra, 1962; Hirayama, 1966; Wahi et al., 
1965; Wahi, 1968; Jussawalla & Deshpande, 1971; 
IARC, 1985; Sankaranarayanan et al., 1989a, b, 
1990a; Nandakumar et al., 1990; van Wyk et al., 
1993; Rao et al., 1994; Rao & Desai, 1998; Wasnik 
et al., 1998; Dikshit & Kanhere, 2000; Merchant 
et al., 2000; Balaram et al., 2002; Znaor et al., 
2003; Subapriya et al., 2007; Muwonge et al., 
2008; Table 2.2 online) and in two cohort studies 
(Wahi, 1968; Gupta et al., 1980). All of the case–
control studies adjusted for smoking and some 
studies additionally adjusted for alcohol use.

(c) Areca nut and betel inflorescence

The risk of chewing areca nut alone without 
other ingredients (particularly tobacco) was 
examined in one Indian study (Wasnik et al., 
1998), a suggestive increased risk of cancer of 
the oropharynx was reported (OR, 2.6; 95%CI: 
0.9–7.7).

In a study in Taiwan, China, the risk for cancer 
of the oral cavity was highest among those who 
chewed only unripe areca nut (OR, 11.6; 95%CI: 
3.7–36.9; 41 exposed cases) compared with those 
who chewed betel leaf alone (OR, 0.1; 95%CI: 
0.0–6.3; 1 exposed case) or a mixture of the two 
(OR, 8.5; 95%CI: 2.7–26.3; 34 exposed cases) after 
adjustment for education, occupation, smoking 
and drinking (Ko et al., 1995).

2.1.3 Exposure–response relationship

(a) Intensity and duration

An exposure–response relationship (by 
various metrics of exposure such as intensity, 
duration, age at starting or betel quid-years) 
between betel quid chewing and oral cancer 
was demonstrated in several studies (Orr, 
1933; Sankaranarayanan et al., 1989a, b, 1990a; 
Nandakumar et al., 1990; Rao et al., 1994; Lu 
et al., 1996; Rao & Desai, 1998; Wasnik et al., 1998; 
Dikshit & Kanhere, 2000; Merchant et al., 2000; 
Balaram et al., 2002; Znaor et al., 2003; Thomas 
et al., 2007; Muwonge et al., 2008; Jayalekshmi 
et al., 2009; IARC, 1985; Table  2.4 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-05-Table2.4.pdf). Not all reports 
distinguished whether or not tobacco was added 
to the betel quid, though many controlled for 
smoking, consumption of alcoholic beverages, 
or both. [Merchant et al. (2000) did not present 
odds ratios and corresponding 95% confidence 
intervals were not present for the tertiles of paan-
years (P for trend  =  0.004 for paan-years with 
tobacco and P for trend = 0.0008 for paan-years 
without tobacco.] 

(b) Cessation

The effect of cessation has not been examined 
extensively. In one study, having quit chewing 
betel quid with added tobacco 10 years earlier or 
within 10 years did not demonstrate a beneficial 
effect in either sex (Balaram et al., 2002). Znaor 
et al. (2003), however, were able to demonstrate a 
decrease of risk for cancer of the oral cavity after 
10 years or more of quitting. [Znaor et al. (2003) 
did not distinguish whether or not tobacco was 
added to the quid for this analysis.]

2.1.4 Anatomical subsites of cancer

Some authors reported site-specific (gingiva, 
tongue, mouth) differences in relative risk 
(Sanghvi et al., 1955; Khanolkar, 1959; Shanta 
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& Krishnamurthi, 1959, 1963; Chandra, 1962; 
Hirayama, 1966; Wahi, 1968; Jussawalla & 
Deshpande, 1971; Kwan, 1976; Sankaranarayanan 
et al., 1989b; Rao & Desai, 1998; Znaor et al., 
2003). In non-smokers and non-drinkers, Wahi 
(1968) reported the highest risks for the buccal 
mucosa, gingiva and lip combined associated 
with chewing betel quid with tobacco. After 
adjusting for smoking and alcohol, Znaor et 
al. (2003) reported higher risks for the mouth 
compared to the tongue, for betel quid use both 
with or without tobacco.

2.1.5 Population characteristics

In most studies, markedly higher estimates 
of risk for cancer of the oral cavity were found 
in women than in men for betel quid chewing, 
with or without tobacco (Sanghvi et al., 1955; 
Chandra, 1962; Shanta & Krishnamurthi, 
1963; Hirayama, 1966; Wahi, 1968; Notani & 
Sanghvi, 1976; Jafarey et al., 1977; Simarak et al., 
1977; Sankaranarayanan et al., 1989a, b, 1990a; 
Nandakumar et al., 1990; van Wyk et al., 1993; 
Rao et al., 1994; Rao & Desai, 1998; Dikshit & 
Kanhere, 2000; Balaram et al., 2002; Znaor et al., 
2003; Muwonge et al., 2008; Yen et al., 2008b; 
Jayalekshmi et al., 2009).

2.1.6 Interactions

Among the many studies of cancer of the 
oral cavity that have examined multiple habits 
with 2- and 3-way combinations among tobacco 
smoking, alcohol drinking and betel quid 
chewing, only a few studies formally tested for 
interaction. Table 2.5 (available at http://mono-
graphs.iarc.fr/ENG/Monographs/vol100E/100E-
05-Table2.5.pdf) and Table  2.6 (available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-05-Table2.6.pdf) provide data 
from studies reporting combined odds ratios 
for combination of habits. Findings are not 

consistent across studies. In general interaction 
is at an additive level only. 

In three studies the interaction between 
betel quid chewing without added tobacco and 
tobacco smoking was examined (Ko et al., 1995; 
Znaor et al., 2003; Thomas et al., 2007) and it was 
found that risk was highest in those who smoked, 
drank alcohol and chewed betel quid. For 
subjects consuming betel quid (with or without 
added tobacco) there was an interaction with 
smoking among non-alcohol drinkers by Znaor 
et al. (2003) (P = 0.00). However, in another study 
from India, there was no suggestion of an interac-
tion between betel quid chewing with or without 
added tobacco and tobacco smoking (Muwonge 
et al., 2008). For those chewing betel quid with 
tobacco, interactions with tobacco smoking were 
found in a few other studies (Sankaranarayanan 
et al., 1989a, b, 1990a; Dikshit & Kanhere, 2000), 
and were significant in some (Sankaranarayanan 
et al., 1989a, b, 1990a). In a study that exam-
ined 2-way interactions between betel quid 
chewing and consumption of alcoholic bever-
ages, evidence suggestive of a synergistic effect 
was observed in men who chewed betel quid with 
tobacco (Znaor et al., 2003). However, in another 
study from India, there was no suggestion of an 
interaction between betel quid chewing with or 
without added tobacco and consumption of alco-
holic beverages (Muwonge et al., 2008).

The 3-way interaction of betel quid chewing, 
tobacco smoking and consumption of alcoholic 
beverages was considered in few studies (Table 2.7 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-05-Table2.7.pdf). 
While the interactions were found significant 
in two studies (Sankaranarayanan et al., 1989a; 
Znaor et al., 2003) and, in 2 other studies from 
India there was no suggestion of an interaction 
(Sankaranarayanan et al., 1990a; Muwonge et al., 
2008).
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2.1.7 Population attributable risk

The population attributable risk fraction of 
cancer of the oral cavity was observed to be 66% 
for chewers of betel quid with tobacco in Bhopal, 
India (Dikshit & Kanhere, 2000). In a study in 
Trivandrum, India, the adjusted population 
attributable risk fraction estimated for women 
for having ever chewed (81.2%) was nearly double 
that of men (42.6%) (Muwonge et al., 2008).

2.2 Precancerous lesions of the oral 
cavity 

Precancerous lesions or potentially malig-
nant disorders of the oral cavity precede cancer 
development and largely contribute to the burden 
of cancer of the oral cavity in South Asia. In the 
restricted geographic locations where people 
consume betel quid, the disorders of concern are 
leukoplakia, erythroplakia, erythroleukoplakia, 
and oral submucous fibrosis (Warnakulasuriya 
et al., 2007). 

In India, betel quid or areca nut use either 
alone or in combination with tobacco account for 
most of the leukoplakia cases (Smith et al., 1975; 
Gupta et al., 1980). The studies examining the 
association between betel quid chewing and oral 
precancerous lesions undertaken before 2004 
were reviewed in previous IARC Monographs 
(IARC, 1985, 2004). The relative risk estimates for 
oral leukoplakia (Hashibe et al., 2000a; Shiu et al., 
2000; Yang et al., 2001; Lee et al., 2003), erythro-
plakia (Hashibe et al., 2000b), oral submucous 
fibrosis (Sinor et al., 1990; Maher et al., 1994; 
Gupta et al., 1998; Hazare et al., 1998; Shah & 
Sharma, 1998; Hashibe et al., 2002) ranged from 
7 to around 30. Other studies of oral submucous 
fibrosis reported high risks associated with betel 
quid use: RR  32 (95%CI: 6–177) for betel quid 
without tobacco and RR  154 (95%CI: 34–693) 
for areca nut alone (Maher et al., 1994); RR 75.6 
among users of mawa (a mixture of areca nut, 
tobacco and slaked lime) (Gupta et al., 1998) 

and RR  49.2 (95%CI: 24.3–99.6) among betel 
quid chewers (with and without added tobacco) 
(Hashibe et al., 2002).

Since then new evidence has accumulated 
on the association between betel quid and areca 
nut use and oral pre-cancer. Some of these 
studies evaluated the risks for combinations of 
oral mucosal disorders grouped together (oral 
precancer; oral potentially malignant disorders) 
or separately for leukoplakia, erythroplakia or 
oral submucous fibrosis. Data from these new 
studies are summarized in Table  2.8 (available 
at http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-05-Table2.8.pdf). In two cross-
sectional studies from Sri Lanka and Taiwan, 
China, where betel quid is used without added 
tobacco, significant associations for areca quid/
betel quid chewing with oral precancerous lesions 
were found. The risks were 8.40 (95%CI: 5.13–
13.75) in Taiwan, China (Chung et al., 2005) and 
3.01 (95%CI: 2.25–4.0) in Sri Lanka (betel quid 
with or without added tobacco) (Ariyawardana 
et al., 2007). Both studies were adjusted for 
tobacco smoking and alcohol drinking. In several 
case–control studies (in India, Sri Lanka, Taiwan, 
China and Papua New Guinea), use of betel quid 
without added tobacco in non tobacco smokers 
and/or non alcohol drinkers was associated with 
an increased risk in oral precancerous lesions 
(Jacob et al., 2004; Yang et al., 2005b; Thomas 
et al., 2008). The risks for oral leukoplakia and 
erythroplakia were significantly elevated in 
betel quid chewers with tobacco, as well as in 
those chewing betel quid without tobacco in an 
Indian population (Jacob et al., 2004) and among 
Taiwan, China, Chinese populations, who do not 
add tobacco to their betel quid (Shiu et al., 2000; 
Chen et al., 2006; Yen et al., 2007). In some of 
these studies significant exposure–response rela-
tionships were found (Jacob et al., 2004; Yang 
et al., 2005b; Yen et al., 2008a). Shiu et al. (2000) 
found that betel quid use without added tobacco 
is a significant factor influencing malignant 
transformation of oral leukoplakia (OR, 4.59; 
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95%CI: 1.25–16.86). Ho et al. (2009) however 
found no positive association with betel quid 
use without added tobacco and malignant trans-
formation of existing premalignant disorders 
(OR, 0.98; 95%CI: 0.36–2.97). Yang et al. (2005b) 
reported a significant positive association for 
betel quid chewing without tobacco (among non 
smokers) with oral submucous fibrosis from a 
case–control study in Taiwan, China (OR, 4.51; 
95%CI: 1.20–16.94). In a further study from Sri 
Lanka, Ariyawardana et al. (2006) found that 
betel quid chewing with and without tobacco 
was the only significantly associated risk factor 
in oral submucous fibrosis (OR, 171.8; 95%CI: 
36.35–812.25) and there was no interaction with 
either tobacco smoking or alcohol use. However, 
alcohol drinking had a significant effect on the 
malignant transformation in oral submucous 
fibrosis, while areca/betel quid chewing showed 
no association (Ho et al., 2007). In a study from 
the People’s Republic of China, duration of betel 
quid use without added tobacco was associated 
with a significantly increased risk (OR for longest 
duration, 10.15; 95%CI: 2.72–37.79) for malignant 
transformation of oral submucous fibrosis, (P for 
trend = 0.008) (Zhou et al., 2008). [The Working 
Group noted that interpretation of these results 
may be hampered by the use of oral submucous 
fibrosis controls]. In a further case–control study 
(Ahmad et al., 2006), gutka and other areca nut 
products had a highly significant association with 
oral submucous fibrosis (χ2 = 188.14, P < 0.001). 
[The Working Group noted that oral submucous 
fibrosis is not associated with tobacco use or 
alcohol drinking.]

Intervention studies demonstrated that 
reduction in the use of betel quid with added 
tobacco resulted in lowering the incidence of 
precancerous lesions (Gupta et al., 1986, 1992) 
and cessation resulted in development of no new 
precancerous lesions (Gupta et al., 1995).

Thomas et al. (2008) included 6 studies in a 
meta-analysis that examined risk of oral precan-
cerous disorders associated with betel quid 

without tobacco. These studies either excluded 
smokers or controlled for smoking. Among non-
smokers with oral precancerous lesions their 
overall odds ratio estimated for betel quid without 
tobacco was 10.13 (95%CI:4.09–25.08) and in 
studies that adjusted for smoking the combined 
odds ratio was 5.17 (95%CI: 2.79–9.57).

2.3 Other cancers of the upper 
aerodigestive tract

2.3.1 Cancers of the pharynx 

(a) Nasopharynx

In a cohort study from Taiwan, China, 
where tobacco is never added to betel quid (Wen 
et al., 2005a), betel quid chewers who smoked 
had an increased risk of death from cancer of 
the nasopharynx (RR, 4.2; 95%CI: 1.5–11.4) 
after adjusting for age, alcohol use and educa-
tion (Table  2.9 available at http://monographs.
iarc.fr/ENG/Monographs/vol100E/100E-05-
Table2.9.pdf). [There has been no publication 
from Taiwan, China where betel quid chewing 
was reported separately from smoking, because 
most betel quid chewers smoke.] Positive associa-
tions with 20 or more years of area nut use were 
found in a case–control study of cancer of the 
nasopharynx from Taiwan, China (Yang et al., 
2005; Table 2.10 available at http://monographs.
iarc.fr/ENG/Monographs/vol100E/100E-05-
Table2.10.pdf). [The models were adjusted for age 
and sex but it was unclear if they were further 
adjusted for other factors such as cigarette 
smoking, Guangdong salted fish consumption 
during childhood, and cumulative wood dust 
exposure]. Two case–control studies of cancer 
of the nasopharynx from India, where tobacco 
is commonly added to the betel quid, also found 
positive associations with betel quid chewing 
(Jussawalla & Deshpande, 1971; Chelleng et al., 
2000).
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(b) Oropharynx 

Cancer of the oropharynx has been associ-
ated with chewing betel quid with added tobacco 
(Sanghvi et al., 1955; Khanolkar, 1959; Shanta & 
Krishnamurthi, 1963; Hirayama, 1966; Jussawalla 
& Deshpande, 1971; Wasnik et al., 1998; Dikshit 
& Kanhere, 2000; Znaor et al., 2003) and without 
added tobacco (Shanta & Krishnamurthi, 1963; 
Hirayama, 1966; Jussawalla & Deshpande, 1971; 
Wasnik et al., 1998; Znaor et al., 2003) in all of 
the studies in which it was assessed (IARC (2004) 
and Table  2.10 online. [The Working Group 
noted that the title of the study by Dikshit & 
Kanhere (2000) mentioned ‘oropharyngeal’ 
but the authors made occasional references to 
‘oral cavity’ in the article]. None of the studies 
controlled for HPV, an important risk factor for 
cancer of the oropharynx. All of the studies were 
conducted in India, and Hirayama (1966) addi-
tionally enrolled subjects from Sri Lanka.

(c) Hypopharynx 

Several positive associations between cancer 
of the hypopharynx and chewing betel quid (with 
or without added tobacco or unspecified) have 
been reported (Sanghvi et al., 1955; Shanta & 
Krishnamurthi, 1963; Jussawalla & Deshpande, 
1971; Simarak et al., 1977; Znaor et al., 2003; 
Sapkota et al., 2007; IARC (2004) and Table 2.10 
online. Most analyses accounted for tobacco 
use and two additionally adjusted for alcohol 
drinking (Znaor et al., 2003; Sapkota et al., 2007). 
For users of products containing both tobacco 
and areca nut (mawa, pan with tobacco and 
gutka), statistically significant results were seen 
for each of those behaviours (separately evalu-
ated) for never smokers only, with adjustment for 
snuff use (nasal or oral), alcohol, drinking and 
smoking (Sapkota et al., 2007).

(d) Pharynx

In several case–control studies a positive 
association between chewing betel quid with 
added tobacco and cancer of the pharynx has 
been found after controlling for tobacco smoking 
(Sanghvi et al., 1955; Shanta & Krishnamurthi, 
1963; Jussawalla & Deshpande, 1971; Simarak 
et al., 1977; Wasnik et al., 1998; Dikshit & 
Kanhere, 2000; Znaor et al., 2003; Sapkota et al., 
2007; IARC, 2004; Table  2.10 online). Znaor et 
al. (2003) and Sapkota et al. (2007) additionally 
adjusted for alcohol drinking. Znaor et al. (2003) 
also found dose-dependent increases in risk of 
combined oro-, hypo- and unspecified pharyn-
geal cancers by amount used, duration of use and 
cumulative use of unspecified betel quid (consid-
ered to be mostly with added tobacco).

In two studies chewing of betel quid without 
added tobacco was found to be positively asso-
ciated with cancer of the pharynx (Znaor 
et al., 2003; Lee et al., 2005a), after adjusting for 
tobacco smoking and alcohol drinking. Lee et al. 
(2005a) showed dose-dependent increases in risk 
of combined hypo- and oro-pharyngeal cancers 
by age of chewing initiation and amount chewed. 
The highest odds ratios were for people who used 
betel inflorescence and for those who swallowed 
the juice of the quid (Lee et al., 2005a).

2.3.2 Cancer of the oesophagus

The risk of cancer of the oesophagus associ-
ated with chewing betel quid with added tobacco 
has been assessed in several studies (IARC, 2004; 
Table 2.10 online). These included studies carried 
out in India that specifically assessed betel quid 
with added tobacco (Shanta & Krishnamurthi, 
1963; Jussawalla & Deshpande, 1971; Jayant et al., 
1977; Sankaranarayanan et al., 1991; Znaor et al., 
2003); others carried out in India that did not 
specify as to whether tobacco was added to the 
betel quid (Sanghvi et al., 1955; Nandakumar 
et al., 1996; Chitra et al., 2004); and studies in 
Thailand (Phukan et al., 2001; Boonyaphiphat 
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et al., 2002) where tobacco is typically added to 
the quid. The majority of studies reported posi-
tive associations but only three (Nandakumar 
et al., 1996; Boonyaphiphat et al., 2002; Znaor 
et al., 2003) controlled for both smoking and 
alcohol use. In a case–control study in Kerala, 
India no association of cancer of the oesophagus 
with chewing betel quid with added tobacco 
was found but there was no control for smoking 
(Sankaranarayanan et al., 1991). In the case–
control study in Thailand odds ratios increased 
with increasing number of quids chewed from1.47 
(95%CI: 0.9–2.3) with chewing less than 10 quids 
per day to 5.6 (95%CI: 2.7–11.8) for chewing more 
than 10 quids per day (Boonyaphiphat et al., 
2002).

The association between betel quid without 
added tobacco and cancer of the oesophagus 
has been evaluated in eight studies (Shanta & 
Krishnamurthi, 1963; Jussawalla & Deshpande, 
1971; Wu et al., 2001, 2004a, 2006; Znaor 
et al., 2003; Lee et al., 2005b, 2007); five analyses 
controlled for tobacco smoking and alcohol 
drinking (Znaor et al. 2003; Wu et al. 2004a, 2006; 
Lee et al. 2005b, 2007). Positive associations were 
found in all studies, of which six (Jussawalla & 
Deshpande, 1971; Wu et al., 2001, 2004a; Znaor 
et al., 2003; Lee et al., 2005b, 2007) were statis-
tically significant. Significant dose–response 
relationships after controlling for smoking and 
alcohol were observed by Lee et al. (2005b, 2007). 
In a cohort study based on a national survey and 
community, Wen et al. (2005a) could not separate 
the effect of chewing betel quid without added 
tobacco and tobacco smoking since currently 
most betel quid chewers smoke in Taiwan, China 
(Table 2.9 online). The highest relative risks were 
reported in Taiwan, China among those who 
chewed betel inflorescence (Wu et al., 2004a, Lee 
et al., 2005b, 2007; Wu et al., 2006). [Betel inflo-
rescence contains a high concentration of safrole, 
a possible human carcinogen (IARC Group 2B)].

In two studies risk was evaluated for cancer 
at subsites of the oesophagus. The highest 

magnitude of effect associated with chewing 
betel quid were reported for the upper third of 
the oesophagus in Taiwan, China (Lee et al., 
2007) and for the middle-third of the oesophagus 
in India (Nandakumar et al., 1996). Both studies 
controlled for tobacco smoking and alcohol 
drinking.

2.3.3 Cancer of the larynx

In India, where tobacco is commonly added to 
the betel quid, positive associations with chewing 
betel quid were found in two case–control studies 
of cancer of the larynx (Jussawalla & Deshpande, 
1971; Kapil et al., 2005b) while in two other 
case–control studies there was no association 
(Sankaranarayanan et al., 1990b; Sapkota et al., 
2007; IARC, 2004; Table 2.10 online). [Jussawalla 
& Deshpande (1971), Sankaranarayanan et al. 
(1990b) and Kapil et al. (2005b) did not adjust for 
smoking or drinking habits.] In Taiwan, China 
(Lee et al., 2005a), chewing betel quid without 
added tobacco was positively but not signifi-
cantly associated with the risk of cancer of the 
larynx, after adjusting for smoking and alcohol 
(OR, 1.3; 95%CI: 0.7–2.5).

2.3.4 Interactions

Several studies have reported the joint effects 
of chewing betel quid, adding chewing tobacco, 
smoking tobacco and/or drinking alcohol. 
A re-analysis of the data from Jussawalla & 
Deshpande (1971) found that chewing and smoking 
practices interacted synergistically for cancers 
of the oral cavity, oropharynx, hypopharynx, 
larynx and oesophagus (Jayant et al., 1977). 
Znaor et al. (2003) also showed a synergistic rela-
tionship between betel quid chewing, tobacco 
smoking and alcohol consumption for cancer of 
the pharynx. These findings are similar to those 
on smoking and betel quid chewing from a cohort 
study in Taiwan, China with nasopharyngeal and 
oesophageal cancer as reported outcomes (Wen 
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et al., 2005a). The common occurrence of dual 
or multiple substance use (chewing betel quid, 
adding chewing tobacco, smoking tobacco and 
drinking alcohol) in populations makes these 
findings important, as the magnitude of effect is 
highest for those who combine these habits.

2.4 Cancer of the liver

2.4.1 Cohort studies

Three cohort studies conducted in Taiwan, 
China, investigated the association between 
betel quid use [without added tobacco] and 
cancer of the liver (Sun et al., 2003; Wang et al., 
2003b; Wen et al., 2005a; Table 2.11 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-05-Table2.11.pdf). Sun et al. (2003) 
found a synergistic association between hepa-
tocellular carcinoma and betel quid chewing 
without added tobacco in those with hepatitis 
C virus (HCV) infection. [The number of cases 
was small (2 cases among betel quid chewers 
with HCV infection; 8 cases among betel quid 
chewers without HCV infection) and there was 
no adjustment for tobacco smoking and alcohol 
consumption.]

Wang et al. (2003b) found high and statisti-
cally significant relative risks for hepatocellular 
carcinoma associated with betel quid chewing 
without added tobacco. Compared to Hepatitis 
B surface Antigen (HBsAg) seronegative men 
who did not chew betel quid, chewing betel quid 
without added tobacco conferred a relative risk 
of 3.43 (95%CI: 1.19–9.89), with a dose–response 
relationship for quantity chewed per day (P 
trend = 0.007). [The Working Group noted that 
the authors adjusted for liver function at base-
line but did not adjust for tobacco smoking 
and alcohol consumption.] Wen et al. (2005a) 
conducted a cohort study in Taiwan, China and 
found a statistically significant positive associa-
tion with liver cancer and cirrhosis of the liver, 
after adjusting for HBsAg, for those who both 

smoked cigarettes and chewed betel quid without 
added tobacco (RR, 1.8; 95%CI: 1.1–2.8). The 
magnitude of effect observed was much higher 
than that observed for those who only smoked 
but did not chew betel quid. [The Working Group 
noted that there were too few non smoking betel 
chewers to calculate a relative risk for them in 
this study].

2.4.2 Case–control studies

Two case–control studies (Tsai et al., 2001, 
2004) and one cross-sectional study (Wu 
et al., 2009a) from Taiwan, China, and one case–
control study from Thailand (Srivatanakul et al., 
1991) showed significant associations between 
chewing betel quid without added tobacco and 
hepatocellular carcinoma (Table  2.12 available 
at http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-05-Table2.12.pdf). [It was not 
specified whether or not tobacco was added to 
the betel quid in Srivatanakul et al., 1991]. Tsai 
et al. (2001) reported an exposure-response rela-
tionship and a synergy with viral infection after 
adjusting for infection with hepatitis virus (HBV 
and HCV), tobacco smoking, alcohol consump-
tion and socio-demographic variables. Tsai et al. 
(2004) showed significant associations of hepa-
tocellular carcinoma with betel quid chewing, 
using two separate control groups (healthy popu-
lation-based controls and cirrhosis patients). 
Furthermore, an exposure-response relationship 
was observed with the duration and quantity of 
betel quid chewed (P for trend < 0.0001). There 
was also a positive association between betel 
quid chewing without tobacco and cirrhosis, a 
precursor to liver cancer (La Vecchia et al., 1998). 

Betel quid appears to act synergistically with 
viral infections in causing liver cancer. When 
comparing hepatocellular carcinoma patients 
to healthy controls, the odds ratio associated 
with chewing betel quid without tobacco among 
persons positive for a hepatitis virus (HBV or 
HCV) was statistically significantly elevated and 
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orders of magnitude higher than the odds ratio 
associated with being hepatitis virus positive and 
a non-chewer or being a chewer and hepatitis 
virus negative. [No formal test for interaction 
was presented and the 95% confidence intervals 
were wide due to the small sample size. It was 
not possible to determine whether these models 
were adjusted for alcohol consumption, tobacco 
smoking or other confounding factors. There was 
some overlap in cases between Tsai et al. (2001) 
and Tsai et al. (2004).]

A population-based study of liver cirrhosis 
and hepatocellular carcinoma combined was 
conducted in Keelung, northern Taiwan, China 
on 60 326 persons aged 30 years and above who 
were enrolled in a screening programme (Wu 
et al., 2009a). [Prevalent and incident cases were 
combined.] There was a statistically significant 
positive association with chewing betel quid 
without added tobacco and significant expo-
sure-response relationships for the number of 
quids chewed daily, number of years of chewing, 
cumulative exposure (portion-days), and age at 
initiation (P for trend < 0.01) after adjusting for 
sex, HBsAg, anti-HCV antibodies, cumulative 
exposure to alcohol consumption and cigarette 
smoking. Betel quid chewers who were seron-
egative for both HBsAg and anti-HCV had a 
hazard ratio of 5.09 (95%CI: 2.87–9.03); a syner-
gistic association was observed for betel quid 
chewing and seropositivity for one or both viral 
markers (hazard ratios ranged from 25–29). [The 
Working Group noted that the most popular 
type of betel quid in Keelung includes unripe 
nuts, betel inflorescence and red lime paste and 
is swallowed after chewing. It was mentioned 
that aflatoxin is commonly present in areca nuts, 
but this was according to a reference from India, 
where ripe nuts are used for chewing and may be 
stored for long periods, making them susceptible 
to mould. Both prevalent and incident cases were 
included and hepatocellular carcinoma and liver 
cirrhosis cases were combined, which limits the 

interpretation of the data for the carcinogenicity 
of betel quid chewing.]

2.5 Other cancers

2.5.1 Cancer of the stomach

In a case–control study on stomach cancer 
from Taiwan, China Wu et al. (2004b) found a 
positive association with cumulative chewing of 
betel quid without added tobacco (betel-years): 
the odds ratios increased with higher consump-
tion, after adjusting for alcohol consumption, 
tobacco smoking and H. pylori infection (P for 
trend  =  0.03). In a hospital-based case–control 
study from Chennai, India (Gajalakshmi & 
Shanta, 1996), elevated odds ratios (not statis-
tically significant) of similar magnitude (range 
1.2–1.4) were observed for chewing areca nut only, 
betel quid only, and betel quid with added tobacco, 
although the risk disappeared after adjusting 
for tobacco smoking, alcohol consumption and 
diet. From a hospital-based case–control study of 
stomach cancer in Mizoram, India Phukan et al. 
(2005) reported elevated odds ratios for chewing 
betel quid with or without added tobacco, with 
significant trends for increasing odds ratios with 
increasing exposure (according to various expo-
sure metrics) after adjusting for alcohol drinking, 
smoking, use of tuibur, level of education, occu-
pation and income group.

2.5.2 Cancer of the cervix

One study described the association between 
betel quid chewing (with or without added 
tobacco) and cervical cancer in which nearly all 
women were non-smokers and in which all cases, 
but one, were HPV positive (Rajkumar et al., 
2003). There was an association between the use 
of betel quid without tobacco and cervical cancer; 
among women who reported using betel quid 
more than 5 times per day the odds ratio was 4.0 
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(95%CI: 1.20–13.33) with a significant trend with 
increasing number of times used per day.

A cross-sectional study derived from a 
screening programme (Chakrabarti et al., 1990) 
showed an association between betel quid chewing 
with and without tobacco and cervical dysplasia. 
[Women with cytoepidemiological evidence of 
infection with HPV, HSV, Trichomonas vaginalis 
and Chlamydia trachomatis were excluded from 
the study.]

2.5.3 Cancers of thelung, colon and 
gallbladder

Several studies have assessed the association 
between chewing betel quid with or without 
added tobacco and cancer of the lung (Wen et al., 
2005a), colon (Wu et al., 2009b) and gallbladder 
(Pandey & Shukla, 2003; Shukla et al., 2008). 

2.6 Synthesis

2.6.1 Oral cavity

Chewing betel quid, both with and without 
added tobacco, causes cancer of the oral cavity 
(IARC, 2004). Recent studies, many of which  
were adjusted for tobacco smoking, consumption 
of alcoholic beverages, and/or HPV infection, 
the major risk factors for oral cancer, confirmed 
this evaluation. Additionally, positive exposure–
response relationships were reported in some 
studies.

2.6.2 Precancerous lesions of the oral cavity

Many cohort, case–control and cross-
sectional studies from a wide range of countries 
have noted a high prevalence of oral precancerous 
disorders (leukoplakia, erythroplakia, oral 
submucous fibrosis) among users of betel quid 
and areca nut compared to non-users. Among 
betel quid users with added tobacco in Sri Lanka 
and India, significant associations were reported 
in four studies after adjusting for or stratifying 

by tobacco smoking or consumption of alco-
holic beverages. The association between betel 
quid without added tobacco and precancerous 
disorders was examined in 6 studies from India, 
Taiwan, China and Papua New Guinea. A signif-
icant positive association was found in all studies 
and a significant dose–response was observed in 
2 of them. Among users of areca nut only, signifi-
cant associations were reported after adjusting 
for stratifying by tobacco smoking or consump-
tion of alcoholic beverages. A significant positive 
association was reported from three studies in 
Pakistan and India that examined the associa-
tion between areca nut use and oral submucous 
fibrosis.

2.6.3 Pharynx

Numerous studies, some of cohort and many 
of case–control design, have been performed on 
chewing betel quid, with or without tobacco, 
and the risk for cancers of the naso-, oro- and 
hypopharynx, or of the pharynx not otherwise 
specified. Chewing betel quid with added tobacco 
is causally associated with cancers of the pharynx 
and its subsites. Positive exposure–response rela-
tionships were noted in some studies, strength-
ening the credibility of a causal association. 
In some studies it was possible to demonstrate 
a synergistic relationship between betel quid 
chewing, tobacco smoking and consumption of 
alcoholic beverages on the risk of cancer of the 
pharynx.

2.6.4 Oesophagus

One cohort and several case–control studies 
have been performed on chewing betel quid and 
the risk for cancer of the oesophagus. Chewing 
betel quid, both with and without added tobacco, 
causes cancer of the oesophagus. Positive expo-
sure–response relationships were reported in 
some studies, strengthening the credibility of 
a causal association. A synergistic relationship 
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between betel quid chewing, tobacco smoking 
and consumption of alcoholic beverages on the 
risk of cancer of the oesophagus was demon-
strated in some studies.

2.6.5 Liver

The association between betel quid without 
added tobacco and cancer of the liver has been 
evaluated in six studies: 3 cohort studies, 2 
case–control and 1 cross-sectional study. Five 
studies were from Taiwan, China, where betel 
quid is chewed without added tobacco, and one 
study was from Thailand, in which the use of 
betel quid with or without added tobacco was 
not specified. Significant positive associations 
were observed in 4 of the 5 Taiwanese studies, 
although confounding by tobacco smoking, 
alcohol consumption, hepatitis B or C virus posi-
tivity could not be ruled out. Significant positive 
dose–response relationships with the amount of 
betel quid chewed were observed in two studies, 
although confounding could not be ruled out. 

2.6.6 Other sites

Several epidemiological studies assessed 
cancers at other sites but there are not enough 
data to permit a conclusion.

3. Cancer in Experimental Animals

Several studies investigating the carcino-
genicity of betel quid and areca nut in experi-
mental animal have inadequate numbers of 
animals per group, inadequate frequency and 
duration of treatment, absence of appropriate 
controls, ambiguous description of lesions, low 
survival of animals and inadequate reporting 
of survival data. Studies that were considered 
uninformative are not included in the present 
evaluation.

Representative studies are reported below 
and are described in Tables 3.1, 3.2, 3.3.

3.1 Mouse

Administration of either areca nut, areca nut 
and tobacco, arecoline or pan masala by skin 
application did not produce tumours in some 
studies (Ranadive et al., 1976; Pai et al., 1981; 
Ramchandani et al., 1998). Topical application 
of an extract of areca nut extract and tobacco 
produced epidermoid carcinomas in a small 
number (2/23) of C17 mice (Ranadive et al., 1976).

A group of 21 male Swiss mice was adminis-
tered 0.1 mL of an aqueous extract of areca nut 
(containing 1.5 mg arecoline and 1.9 mg poly-
phenol) by gavage on five days a week for life. 
Twelve out of 21 treated mice developed tumours 
(five hepatocellular carcinomas [P  <  0.05], two 
liver haemangiomas, two lung adenocarcinomas, 
one adenocarcinoma, one squamous cell carci-
noma of the stomach, and one leukaemia). No 
tumour was observed in 20 untreated controls 
(Bhide et al., 1979).

Administration of 0.1 mL of an aqueous 
extract of areca nut (containing 1.5 mg arecoline) 
on five days a week for life by gavage produced 
lung adenocarcinomas in 47% (9/19, P < 0.05) of 
male Swiss mice. One untreated control mouse of 
20 developed a lung adenocarcinoma (Shirname 
et al., 1983).

Administration by gavage of arecoline hydro-
chloride, a component of areca nut, induced three 
squamous cell carcinomas of the stomach, four 
lung adenocarcinomas and eight liver haemangi-
omas [not significant] in 43% (15/35) male Swiss 
mice. One untreated control mouse of 20 devel-
oped an unspecified tumour (Bhide et al., 1984).

Dietary feeding of unprocessed areca nut or 
application of a paste of unprocessed areca nut 
to the oral cavity of male and female Swiss mice 
induced squamous cell carcinomas and papil-
lomas in the oesophagus of a small number of 
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Table 3 .1 Carcinogenicity studies of administration of areca nut or betel quid in experimental animals

Species, strain (sex) 
Duration  
Reference

Route 
Dosing regimen 
Animals/group at start

Incidence and/or multiplicity 
of tumours

Significance Comments

Mouse, Swiss (M, F) 
Lifetime 
Ranadive et al. (1976) 

Subcutaneous injection Fibrosarcomas:
Areca nut (hot aqueous extract), 50 mg/mL, 0.2 
mL, once/wk for 6 wk; 20/group

14/20 [P < 0.0001]

Areca nut (cold aqueous extract), 50 mg/mL, 
0.2 mL, once/wk for 6 wk; 20/group

10/20 [P < 0.001]

Distilled water, 0.2 mL, once/wk for 10 wk; 25/
group

0/25 -

Mouse, Swiss (M, F) 
Lifetime 
Ranadive et al. (1976) 

Topical application Skin tumours:
Areca nut/DMSO extract, 30 g areca nut in 
20 mL DMSO, 0.1 mL, 3 × /wk; 10M+8F/group

0/18 NS

Tobacco/DMSO extract, 5 g tobacco in 20 mL 
DMSO, 0.1 mL, 3 × /wk; 10M+6F/group

0/16 NS

Areca nut + tobacco/DMSO extract, 30 g areca 
nut + 5 g tobacco in 20 mL DMSO, 0.1 mL, 
3 × /wk; 11M+12F/group

1/23 (papillomas), 2/23 
(carcinomas)

NS

DSMO 0.1 mL, 3 × /wk; 9M+12F/group 0/21 -
Mouse, Swiss (M) 
Lifetime 
Shivapurkar et al. (1980) 

Subcutaneous injection Age not specified
Areca nut/polyphenol fraction, 0.1 mL, once/
wk for 13 wk (total dose, 24.7 mg polyphenol)

20/20 (fibrosarcoma, 16/20; 
hepatoma, 1/20; lung 
adenocarcinoma, 3/20)

[P < 0.0001] 
(fibrosarcomas)

Betel quid aqueous extract, 0.2 mL, once/wk 
for 13 wk (total dose, 38.4 mg alkaloid + 46.0 
mg polyphenol)

7/20 (fibrosarcoma) [P < 0.01]

Distilled water, 0.1 mL, once/wk for 13 wk 
20/group

0/20 -

Rat, NIH Black (M, F) 
68 wk 
Kapadia et al. (1978)

Subcutaneous injection Fibrosarcomas:
Areca nut/tannin rich areca nut extract, 0.5 
mL, once/wk for 56 wk

30/30 Significant

Saline, 0.5 mL, once/wk for 56 wk 
30/group

0/30 -
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Species, strain (sex) 
Duration  
Reference

Route 
Dosing regimen 
Animals/group at start

Incidence and/or multiplicity 
of tumours

Significance Comments

Hamster, Syrian golden (M) 
21 wk 
Suri et al. (1971)

Cheek pouch application Cheek pouch squamous cell 
carcinomas:

DMSO extract of areca nut, 3 × /wk 8/21 [P < 0.05]
DMSO extract of areca nut + tobacco, 3 × /wk 16/21 [P < 0.0001]
DMSO-treated control, 3 × /wk 
11–21/group

0/11 -

Hamster, Syrian golden & 
white mutant (M, F) 
21 mo 
Ranadive et al. (1979)

Cheek pouch application Forestomach carcinomas–
Cheek pouch carcinomas:

Lack of information 
on sex and strain 
distribution.Areca nut aqueous extract, 3 × /wk 4/21–1/21 [P < 0.05]–[NS]

Polyphenol fraction of areca nut, 3 × /wk 4/20–1/20 [P < 0.05]–[NS]
Areca nut pieces + aqueous extract of areca 
nut, 3 × /wk

6/13–0/13 [P < 0.001]–[NS]

Betel quid aqueous extract, 3 × /wk 5/20–0/20 [P < 0.01]–[NS]
Betel quid aqueous extract + tobacco, 3 × /wk 4/13–0/13 [P < 0.01]–[NS]
Untreated control 
13–30/group

0/30–0/30 -

Hamster, Syrian golden & 
white mutant (M, F) 
21 mo 
Ranadive et al. (1979) 

Cheek pouch implantation Forestomach carcinomas–
Cheek pouch carcinomas:

Lack of information 
on sex and strain 
distribution.Areca nut powder, in capsule, 1 × /2wk 6/19–4/19 [NS]–[NS]

Capsule control 0/9–0/9 -
Betel quid, 0.8–13 mg of material in wax pellet, 
once/2wk

8/18–4/18 [P < 0.001]–
[P < 0.05]

Betel quid + tobacco, 0.8–13 mg of test material 
in wax pellet, once/2wk

6/21–3/21 [P < 0.01]–[NS]

Wax pellet control 
9–25/group

0/25–0/25 -

DMSO, dimethyl sulfoxide; F, female; M, male; mo, month or months; NS, not significant; wk, week or weeks

Table 3 .1 (continued)
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Table 3 .2 Carcinogenicity studies of administration of pan masala in mice

Species, strain (sex) 
Duration  
Reference

Route 
Dosing regimen 
Animals/group at start

Incidence and/or multiplicity 
of tumours

Significance Comments

Mouse, Swiss S/RVCri (M, F) 
Lifetime 
Bhisey et al. (1999)

Diet Positive trend for lung 
adenocarcinoma (P < 0.004)

Normal diet 0/108
Pan masala 2.5% in diet, 
lifetime

Liver haemangioma, 7/108; 
lung adenocarcinoma, 3/108; 
liver adenocarcinoma, 1/108; 
hepatoma, 1/108; forestomach 
papilloma, 1/108

Pan masala 5% in diet, 
lifetime 
108/group

Liver haemangioma, 1/108; 
lung adenocarcinoma, 
5/108; forestomach carcinoma, 
1/108; testicular lymphoma, 
1/108

Mouse, Swiss (M, F) 
56 wk 
Nigam et al. (2001)

Diet NS
Pan masala 2% in diet, 56 wk Lung tumour, 2/12; 

haemangioma, 1/12; 
haemangioendothelioma, 1/12

Normal diet, 56 wk 
12/group

Lung tumour, 1/12

Mouse, ICRC (M, F) 
6 mo 
Ramchandani et al. (1998)

Gavage P < 0.001; P < 0.01 EPME tested as promoter
NDEA in drinking-water for 
4 d (16 mg/kg bw) followed 
by EPME by gavage (25 mg/
treatment) 5 × /wk for 6 mo

Forestomach papilloma, 17/26; 
esophageal papilloma, 11/26

NDEA in drinking-water for 
4 d (16 mg/kg bw) followed by 
distilled water by gavage 5 × /
wk for 6 mo 
30/group

Forestomach papilloma, 5/27; 
esophageal papilloma, 3/27

-;-
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Species, strain (sex) 
Duration  
Reference

Route 
Dosing regimen 
Animals/group at start

Incidence and/or multiplicity 
of tumours

Significance Comments

Mouse, Swiss Bare (F) 
40 wk 
Ramchandani et al. (1998)

Topical application 
DMBA (20 nmol in 100 µl 
acetone) followed by EPME 
(25 mg in 100 µl acetone) 2x/
wk for 40 wk

Skin papilloma: 6.8/mouse P < 0.05 EPME tested as promoter

DMBA (20 nmol in 100 µl 
acetone) followed by 100 µl 
acetone twice/wk for 40 wk 
15/group

Skin papilloma: 4.2/mouse -

bw, body weight; d, day or days; DMBA, 7,12-dimethylbenz[a]anthracene; EPME, Ethanolic pan masala extract; F, female; M, male; mo, month or months; NDEA, 
N-nitrosodiethylamine; NS, not significant; wk, week or weeks

Table 3 .2 (continued)
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Table 3 .3 Carcinogenicity studies of administration of areca nut, betel quid or betel leaf with known carcinogens or 
modifiers of cancer risk in experimental animals

Species, strain 
(sex) 
Duration  
Reference

Route 
Dosing regimen 
Animals/group at start

Incidence and/or multiplicity 
of tumours (%)

Significance Comments

Mouse, Swiss 
(M) 
180 d 
Padma et al. 
(1989)

Intragastric instillation P < 0.005, tumour 
multiplicity inhibitionBLE (1 mg/d, 5 × /wk) for 2 wk, followed by B[a]P by gavage (1 

mg/d, 2 × /wk) for 4 wk, followed by BLE (1 mg/d, twice/wk) 
for 2 wk

Forestomach papilloma: 0.9/
mouse

B[a]P by gavage (1 mg/d, twice/wk) for 4 wk 
20/group

Forestomach papilloma: 4.9/
mouse

-

Mouse, Swiss 
(M) 
180 d 
Padma et al. 
(1989) 

Drinking-water -
NNN, application to tongue (22 mg/mouse) Total: 13/19 (lung, 4/19; 

stomach, 5/19; Lung + stomach, 
3/19; Liver + stomach, 1/19)

NNN, application to tongue (22 mg/mouse); BLE in drinking-
water 5 × /wk (2.5 mg/d)

Total: 3/21 (lung) [P < 0.005], inhibition of 
stomach tumourigenesis

NNK, application to tongue (22 mg/mouse) Total: 10/13 (lung, 8/13; 
stomach, 1/13;lung + liver, 
1/13)

-

NNK, application to tongue (22 mg/mouse); BLE in drinking-
water 5 × /wk (2.5 mg/d)

Total: 7/15 (lung, 5/15; 
stomach, 1/15; lung + LIVER, 
1/15)

NS

Untreated control 
20/group

Total: 2/18 (lung) -

Hamster, 
Syrian golden 
(M) 
30 wk 
Wong et al. 
(1992)

Cheek pouch insertion Cheek pouch
DMBA 0.5%, 3 × /wk for 4 wk Squamous cell carcinoma: 1/9 -
DMBA 0.5%, 3 × /wk for 4 wk, followed by betel quid twice/wk 
for 24 wk 10/group

Squamous cell carcinoma: 6/9 P < 0.05

Hamster, 
Syrian golden 
(M) 
18 wk 
Wong et al. 
(1992)

Cheek pouch insertion Cheek pouch
DMBA 0.5%, 3 × /wk for 6 wk Squamous cell carcinoma: 1/9 -
DMBA 0.5%, 3 × /wk for 6 wk, followed by betel quid twice/wk 
for 12 wk 
10/group

Squamous cell carcinoma: 7/7 P < 0.01
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Species, strain 
(sex) 
Duration  
Reference

Route 
Dosing regimen 
Animals/group at start

Incidence and/or multiplicity 
of tumours (%)

Significance Comments

Hamster, 
Syrian golden 
(M) 
35 wk 
Jin et al. (1996)

Cheek pouch insertion or painting Cheek pouch
DMBA 0.5%, 3 × /wk for 4 wk Squamous cell carcinoma: 2/9 -
DMBA 0.5%, 3 × /wk for 4 wk, followed by areca nut fibre 3 × /
wk for 24 wk

Squamous cell carcinoma: 9/10 P < 0.01

DMBA 0.5%, 3 × /wk for 4 wk, followed by cold aqueous 
extract of areca nut 3 × /wk for 24 wk 
10/group

Squamous cell carcinoma: 7/10 P < 0.05

BLE, Betel leaf extract; B[a]P, benzo[a]pyrene; d, day or days; DMBA, 7,12-dimethylbenz[a]anthracene; M, male; NNN, N′-Nitrosonornicotine; NNK, 4-(N-Nitrosomethylamino)- 
1-(3-pyridyl)-1-butanone; NS, not significant; wk, week or weeks

Table 3 .3 (continued)



IARC MONOGRAPHS – 100E

animals. No oesophageal tumours were observed 
in control mice (Rao & Das, 1989).

Subcutaneous injections of hot and cold 
areca nut extracts to Swiss mice increased the 
incidence of fibrosarcomas at the injection site 
(Ranadive et al., 1976). Subcutaneous injections 
of a polyphenol fraction of areca nut to Swiss mice 
produced fibrosarcomas in 80% (16/20) of the 
animals (Shivapurkar et al., 1980). In the same 
study, 35% (7/20) of mice concurrently treated 
with an aqueous extract of betel quid developed 
fibrosarcomas.

In a skin tumourigenesis experiment using 
7,12-dimethylbenz[a]anthracene (DMBA) plus 
croton oil, feeding of areca nut did not influence 
the incidence of skin papilloma in Swiss mice 
(Singh & Rao, 1995).

Betel leaf extract given to mice treated with 
benzo[a]pyrene (B[a]P) by gavage reduced the 
incidence and multiplicity of B[a]P-induced fores-
tomach papillomas (Padma et al., 1989; Bhide 
et al., 1991). It also reduced stomach tumour inci-
dence in mice treated with N′-nitrosonornicotine 
or 4-(N-nitrosomethylamino)-1-(3-pyridyl)-1-
butanone (Padma et al., 1989).

Lifetime feeding of a diet containing either 
2.5% or 5% pan masala to Swiss mice induced 
a variety of benign and malignant tumours in 
the liver, stomach and lung. No tumours were 
found in controls. A significant positive trend 
(P = 0.004) with dose was observed in the number 
of mice with lung adenocarcinoma (Bhisey et al., 
1999).

Administration of pan masala in the diet 
produced liver haemangiomas and papillary 
adenomas of the lung in Swiss mice [not signifi-
cant]. A few lung adenomas, liver tumours, and 
benign tumours at some other sites were also 
observed in mice receiving pan masala and 
tobacco in the diet (Nigam et al., 2001).

Topical application of an extract of pan 
masala to the skin of DMBA-initiated Swiss 
mice increased significantly the tumour multi-
plicity of skin papillomas. In the same study, 

administration of a pan masala extract by gavage 
to ICRC mice given N-nitrosodiethylamine 
(NDEA) in the drinking-water increased the 
incidence of squamous cell papillomas of the 
forestomach and oesophagus (Ramchandani 
et al., 1998).

3.2 Rat

Subcutaneous injection of a tannin rich-
extract of areca nut produced fibrosarcomas at 
the injection site in 30/30 NIH Black rats. No 
tumours were observed in 30 saline-treated 
controls (Kapadia et al., 1978).

Dietary administration of areca nut to ACI 
rats fed vitamin A-sufficient or -deficient diets 
did not increase tumour incidence (Tanaka et al., 
1983).

In ACI rats treated with 4-nitroquinoline-
1-oxide in the drinking-water followed by areca 
nut in the diet, the incidence of squamous cell 
carcinoma of the tongue was significantly greater 
(12/17 versus 4/14, P < 0.0205) than in animals 
given 4-nitroquinoline-1-oxide alone (Tanaka 
et al., 1986).

Oral administration to Holtzman rats of an 
aqueous extract of betel leaf inhibited DMBA-
induced mammary carcinogenesis (6/26 versus 
17/27, P  <  0.05) when given concurrently with 
DMBA (Rao et al., 1985).

3.3 Hamster

A topical application of either DMSO extracts 
of areca nut or areca nut with tobacco on the 
cheek-pouch mucosa increased the incidence 
of squamous cell carcinoma and leukoplakia in 
Syrian golden hamster (Suri et al., 1971).

Implantation in the cheek pouch of either 
(i) areca nut powder or (ii) betel quid with or 
without tobacco produced cheek-pouch carci-
nomas and forestomach carcinomas in Syrian 
golden hamsters and white mutant hamsters. In 
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the same study, topical application of extracts 
of betel quid with or without tobacco increased 
the incidence of forestomach carcinomas. Also, 
application of either (i) areca nut, (ii) a polyphenol 
fraction of areca nut, or (iii) areca nut pieces with 
extract of areca nut increased the incidence of 
forestomach carcinomas (Ranadive et al., 1979). 
[The Working Group noted the lack of informa-
tion on sex and strain distribution.]

Application of an extract of areca nut to the 
B[a]P-initiated cheek pouch of Syrian golden 
hamsters led to a slight increase in the incidence 
of squamous cell papillomas and carcinomas 
compared to B[a]P-only-treated animals. In the 
same study, application of betel leaf extract to B[a]
P-initiated hamster cheek pouch reduced signifi-
cantly the incidence of squamous cell papillomas 
and carcinomas (Rao, 1984).

Administration to the hamsters cheek-pouch 
of either areca nut fibre or areca nut extract 
by insertion (Jin et al., 1996) or arecaidine by 
painting (Lin et al., 1996) increased significantly 
the incidence of cheek pouch squamous cell 
carcinomas initiated by application of DMBA.

Concomitant treatment of hamster cheek 
pouch with DMBA and with an extract of betel 
quid, by insertion or painting, increased signifi-
cantly the incidence (Wong et al., 1992) or multi-
plicity (Lin et al., 1997) of cheek pouch squamous 
cell carcinomas.

3.4 Baboon

Insertion into a surgically created buccal 
pouch for 42 months of a betel quid prepara-
tion with tobacco in seven baboons or without 
tobacco in five baboons did not lead to tumour 
formation (Hamner, 1972).

3.5 Synthesis

In mice, administration by gavage of areca 
nut extracts containing arecholine increased the 
incidence of lung adenocarcinoma in one study 
and of hepatocellular carcinomas in another 
study. Subcutaneous injections of hot and cold 
areca nut extracts in one study and of a poly-
phenol fraction of areca nut in another study 
increased the incidence of fibrosarcoma. In one 
study in rats, subcutaneous injection of an areca 
nut extract also produced fibrosarcomas.

In mice, subcutaneous injection of an extract 
of betel quid increased the incidence of fibrosar-
coma in one study.

In one study in hamsters, topical applica-
tion of extracts of areca nut or areca nut with 
tobacco increased the incidence of cheek pouch 
squamous cell carcinoma. In another similar 
study, betel quid and betel quid plus tobacco 
extracts, and areca nut pieces, extracts and 
polyphenol fractions, increased the incidence of 
forestomach carcinomas. In a third study, cheek 
pouch implantation of betel quid increased the 
incidence of forestomach and cheek pouch carci-
nomas; implantation of betel quid plus tobacco 
increased the incidence of forestomach carci-
nomas. Areca nut or betel quid also promoted 
DMBA-induced cheek pouch squamous cell 
carcinomas.

In one study in mice, feeding of a diet 
containing pan masala increased the incidence 
of lung adenocarcinomas. Pan masala also 
enhanced DMBA-induced skin papillomas and 
NDEA-induced forestomach and oesophagus 
papillomas.

Betel leaf extracts reduced the incidence of 
B[a]P-induced squamous cell tumours of the 
oral cavity in hamsters, of B[a]P-induced fores-
tomach papillomas and NNN- and NNK-induced 
stomach tumours in mice, and of DMBA-induced 
mammary tumours in rats.
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4. Other Relevant Data

For the effects of chewing betel quid and areca 
nut with tobacco, we refer the reader to Section 
4 of the Monograph on Tobacco Smoking in this 
volume.

4.1 Distribution and metabolism of 
the constituents of betel quid

Metabolism, toxicity, genotoxicity, mutation 
induction in cancer-related genes, immuno-
modulatory effects and gene–environment inter-
actions have been investigated for arecoline, the 
major alkaloid in areca nut, and for other betel-
quid ingredients, e.g. catechu, betel leaf and 
slaked lime. In addition, reactive oxygen species 
and areca nut-derived nitrosamines are produced 
in situ in saliva during betel-quid chewing, and 
their adverse effects have been studied in the oral 
cavity of betel-quid chewers and in experimental 
systems.

Areca nut contains several alkaloids and 
tannins (polyphenols). Arecoline is the most 
abundant alkaloid, whereas arecaidine, guva-
cine and guvacoline occur in smaller quantities 
(Fig. 4.1). In rodents, arecoline is rapidly metabo-
lized in both liver and kidney. In rats, arecoline 
is de-esterified in the liver to arecaidine, and 
both arecoline and arecaidine are excreted as 
the mercapturic acid (Boyland & Nery, 1969). 
The metabolism of arecoline and arecaidine was 
investigated in the mouse using a metabolomic 
approach (Giri et al., 2006). The major metabolite 
of both alkaloids, N-methylnipecotic acid, is a 
newly discovered metabolite (see Fig. 4.1). A total 
of 11 metabolites of arecoline were identified. 
Arecaidine shares six of these with arecoline.

4.1.1 Formation of N-nitroso compounds in 
the oral cavity

Areca nut contains secondary and tertiary 
amines that can be nitrosated in saliva during 
betel-quid chewing by reaction with nitrite in the 
presence of thiocyanate as a nitrosation catalyst 
(Fig. 4.1).

Three areca nut-derived nitrosamines, i.e. 
3-methylnitrosaminopropionitrile (MNPN; a 
rodent carcinogen), N-nitrosoguvacine (NGC) 
and N-nitrosoguvacoline (NGL) have been 
detected in the saliva of betel-quid chewers 
(Nair et al., 1985; Prokopczyk et al., 1987; IARC, 
2004). The formation of these nitrosamines can 
be mimicked in vitro by nitrosation with nitrite, 
thiocyanate and arecoline, which are all present 
in saliva. Endogenous nitrosation reactions 
in the oral cavity have been demonstrated in 
chewers of betel quid mixed with proline (a probe 
for ingested secondary amines), by measuring 
increased levels of N-nitrosoproline in saliva 
and urine (Nair et al., 1987a). As chewers often 
swallow the quid – which contains nitrosamine 
precursors – the intragastric nitrosation reaction 
of secondary and tertiary amines may occur at 
higher rates due to the low pH in the stomach 
(Nair et al., 1985).

4.1.2 Formation of reactive oxygen species in 
the oral cavity

Direct evidence that oxidative stress and 
reactive oxygen species such as the hydroxyl 
radical (HO•) are generated in the oral cavity 
during betel-quid chewing was provided by 
measuring the formation of ortho- and meta-
tyrosines from l-phenylalanine in human saliva 
(Nair et al., 1995). Auto-oxidation of polyphenols 
in areca nut and catechu generates the super-
oxide anion (O2

• –), especially at the high pH of 
slaked lime. The superoxide anion is converted 
to H2O2, which reacts in the presence of copper 
and iron ions (present in µg/gram amounts in 
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areca nut, catechu and slaked lime) to generate 
hydroxyl radicals (Nair et al., 1987b). These can 
induce oxidation of deoxyguanosine to yield 
8-hydroxydeoxyguanosine 8-(OH-dG) and DNA 
strand-breaks (IARC, 2004). Areca-nut extract 
and arecoline treatment led to depletion of 
glutathione (GSH) and reduction of glutathione-
S-transferase (GST) activity in human oral cells 
and in rodent liver; both processes are known 
to increase cellular damage and DNA lesions 
(Chang et al., 2001a, b).

4.2 Genetic and related effects

The genetic and related effects of areca nut 
and the various constituents of betel quid without 
tobacco were reviewed in detail by IARC (2004) 
and are summarized below.

4.2.1 Humans

Elevated formation of micronuclei has been 
reported in oral exfoliated cells in chewers of 
betel quid without tobacco. Micronucleus forma-
tion has been observed in precancerous lesions 
in the oral cavity of chewers of betel quid alone 
(Dave et al., 1991; Kayal et al., 1993), and betel 
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Fig. 4.1 Relationship of areca-nut alkaloids to areca-nut-derived nitrosamines (formed by 
nitrosation) and a urinary metabolite of N-nitrosoguvacoline and N-nitrosoguvacine
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quid with tobacco (Stich et al., 1989, 1991; Nair 
et al., 1991).

Elevated sister-chromatid exchange and 
micronucleus formation have been demonstrated 
in cultured peripheral lymphocytes collected 
from chewers of areca nut without tobacco and 
slaked lime (Dave et al., 1991, 1992; Desai et al., 
1996) and with tobacco (Adhvaryu et al., 1986).

In subjects chewing betel quid without tobacco 
accumulation of p53 protein was observed (Kaur 
et al., 1994, 1998; Yan et al., 1996; Thongsuksai & 
Boonyaphiphat, 2001; Chang et al., 2002a). TP53 
mRNA was frequently downregulated in betel 
quid chewing associated oral cancer (Tsai et al., 
2008).

Arecoline modulates matrix metalloprotein-
ases (MMPs) and their tissue inhibitors (TIMPs), 
as well as the activity of lysyl oxidase, which leads 
to the accumulation of collagen in oral mucosal 
fibroblasts (Trivedy et al., 1999a, 2001; Chang 
et al., 2002b). Areca-nut polyphenols inhibit 
collagenases and increase the cross-linkage of 
collagen, reducing its degradation (Scutt et al., 
1987). These events may underlie the genera-
tion of oral submucous fibrosis in betel-quid 
chewers (Chang et al., 2002b), which could be 
further enhanced by the release of copper ions, 
present in areca nut, catechu and slaked lime into 
the oral cavity of the chewers; inorganic copper 
salts increased the production of collagen by oral 
fibroblasts (Trivedy et al., 1999b, 2001).

Cyclooxygenase-2 (COX2) is an inducible 
enzyme responsible for prostaglandin synthesis 
in certain inflammatory diseases. Its expres-
sion was significantly higher in oral submucous 
fibrosis specimens than in buccal mucosal fibro-
blasts (Tsai et al., 2003).

In an oral epithelial cell line, arecoline was 
found to elevate the expression of the heat-shock 
protein HSP70 and haem oxygenase HO-1 mRNA 
in a dose- and time-dependent manner (Lee 
et al., 2008a, b). Expression of HSP70 and HO-1 
was significantly higher in specimens of human 
oral squamous cell carcinoma associated with 

areca-quid chewing. Areca-nut extracts increased 
the expression of inflammatory cytokines, 
tumour necrosis factor-α, interleukin-1-β, inter-
leukin-6, and interleukin-8, in peripheral blood 
mononuclear cells (Chang et al., 2009).

Collagen-related genes (COLA1 and COLA2) 
and collagenase-1 lysil oxidase, transforming 
growth factor β (TGF-β1) and cystatin C involved 
in oral submucous fibrosis and DNA-repair genes 
(X-ray repair cross complementing 1 XRCC1) 
have been investigated in small studies in India, 
Taiwan, China, in relation to oral and oesopha-
geal cancer and premalignant lesions (Lee et al., 
2001; Chiu et al., 2002). No clear gene-environ-
ment interactions could be established because of 
the concurrent confounding by tobacco chewing 
and smoking or alcohol consumption (IARC, 
2004).

4.2.2 Experimental systems 

(a) Areca nut extracts

Extracts of betel quid and pan masala induced 
sister chromatid exchange and sperm abnormal-
ities in mice. Betel quid extracts were mutagenic 
in bacteria and induced chromosomal aberra-
tions, sister chromatid exchange and micronu-
cleus formation in Chinese hamster ovary cells.

Aqueous extracts of areca nut produced 
gene conversion in yeast, DNA strand-breaks, 
gene mutation, chromosomal aberrations, sister 
chromatid exchange and micronucleus forma-
tion in rodent cells, both in vitro and in vivo. 
It also induced cell transformation in mouse 
C3H10T1/2 cells and DNA strand-breaks, 
unscheduled DNA synthesis and DNA–protein 
crosslinks in cultured human buccal and laryn-
geal epithelial cells.

(b) Areca nut alkaloids

Arecoline and other areca-nut alkaloids gave 
positive responses in most bacterial mutagenicity 
assays, and induced chromosomal aberrations, 

362



Betel quid and areca nut

micronucleus formation and sister chromatid 
exchange in mammalian cells, both in vitro and 
in vivo. Arecoline inhibited Tp53 mRNA expres-
sion and its transactivating function, repressed 
DNA repair and triggered DNA damage response 
in human epithelial cells (Tsai et al., 2008).

(a) Areca-nut-derived nitrosamines

Three areca-nut-derived nitrosamines, i.e. 
N-nitrosoguvacoline (NGL), N-nitrosoguvacine 
(NGC) and 3-methylnitrosaminopropionitrile 
(MNPN), were detected in the saliva of chewers 
of betel quid without tobacco. Genotoxic effects 
of these nitrosamines and of 3-methylni-
trosaminopropionaldehyde (MNPA) can be 
summarized as follows: NGL but not NGC was 
mutagenic to bacteria. MNPN did not induced 
DNA single-strand breaks in human buccal 
epithelial cells (Sundqvist et al., 1989). MNPN 
formed the DNA adducts 7-methylguanine 
and O6-methylguanine (a pro-mutagenic DNA 
adduct) as well as (2-cyanoethyl)guanines in 
treated rats (Prokopczyk et al., 1987, 1988). 
MNPA was not mutagenic in the presence of a 
metabolic activating system but caused single-
strand breaks and DNA crosslinks in human 
buccal epithelial cells (Sundqvist et al., 1989; 
Sundqvist & Grafström, 1992).

In Taiwan, China, areca nut is often chewed 
with fresh betel inflorescence). Betel inflores-
cence contains safrole and hydroxychavicol at 
relatively high concentrations (10–15 mg/g fresh 
nut) (IARC, 2004). Safrole is a possible human 
carcinogen (IARC, 1987). Taiwanese betel 
quid-chewers had 3-fold higher urinary excre-
tion of hydroxychavicol, a metabolite of safrole, 
than non-chewers (Chang et al., 2002c). They 
also had a high frequency of safrole-like DNA 
adducts (detected by 32P-postlabelling) in the 
oral cavity that co-eluted with synthetic safrole-
2′deoxyguanosine 3′-monophosphate adducts 
(Chen et al., 1999). In HBsAg/HCV seronegative 
hepatocarcinoma, safrole-type DNA adducts 
were found in hepatic tissues of hepatocarcinoma 

patients who had chewed betel quid for > 10 years 
(Chung et al., 2008).

4.3 Mechanistic considerations

Betel quid and areca-nut ingredients and 
extracts exert a variety of genetic and related 
effects (Section 4.2.1). Continuous local irritation 
of buccal epithelial cells caused by betel quid and 
its ingredients, particularly areca nut and slaked 
lime, can generate chronic inflammation, oxida-
tive stress and cytokine production. Reactive 
oxygen species generated during chewing of 
betel quid and other genotoxic reactants formed 
from arecoline and areca nut-derived nitrosa-
mines, can lead to DNA- and genetic damage in 
exposed oral keratinocytes. Persistent oxidative 
stress can drive affected cells to uncontrolled 
proliferation and hyperplastic/dysplastic lesions. 
Chronic occurrence of these toxic insults in the 
oral cavity of chewers could drive these pre-
neoplastic cells towards full malignancy.

4.4 Synthesis

These mechanistic data support the causal 
associations for carcinogenicity observed in 
humans at several target sites (indicated in 
Section 2 of this Monograph) for chewers of betel 
quid without tobacco, and areca nut.

5 Evaluation

There is sufficient evidence in humans for the 
carcinogenicity of betel quid with added tobacco. 
Betel quid with added tobacco causes cancers of 
the oral cavity, pharynx and oesophagus.

There is sufficient evidence in humans for 
the carcinogenicity of betel quid without added 
tobacco. Betel quid without added tobacco causes 
cancers of the oral cavity and oesophagus. Also, 
a positive association has been observed between 
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exposure to betel quid without added tobacco 
and cancer of the liver. 

There is sufficient evidence in experimental 
animals for the carcinogenicity of betel quid with 
added tobacco.

There is sufficient evidence in experimental 
animals for the carcinogenicity of betel quid 
without added tobacco.

There is sufficient evidence in experimental 
animals for the carcinogenicity of areca nut. 

There is limited evidence in experimental 
animals for the carcinogenicity of pan masala.

There is evidence suggesting lack of carcino-
genicity of betel leaf in experimental animals.

Betel quid with added tobacco is carcinogenic 
to humans (Group 1).

Betel quid without added tobacco is carcino-
genic to humans (Group 1).

Areca nut is carcinogenic to humans (Group 1).
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1. Exposure Data

1.1 Types and ethanol content of 
alcoholic beverages

1.1.1 Types of alcoholic beverages

The predominant types of commercially 
produced alcoholic beverages are beer, wine and 
spirits. Basic ingredients for beer are malted 
barley, water, hops and yeast. Wheat may be 
used. Nearly all wine is produced from grapes, 
although wine can be also made from other fruits 
and berries. Spirits are frequently produced from 
cereals (e.g. corn, wheat), beet or molasses, grapes 
or other fruits, cane sugar or potatoes. Main 
beverage types (i.e. beer, wine and spirits) may 
be consumed in combination with each other to 
fortify the strength of an alcoholic beverage (e.g. 
fortified wine, in which spirits are added to wine) 
(WHO, 2004).

In addition to commercialized products, in 
many developing countries different types of 
home- or locally produced alcoholic beverages 
such as sorghum beer, palm wine or sugarcane 
spirits are consumed (WHO, 2004). Home- 
or locally produced alcoholic beverages are 
produced through fermentation of seed, grains, 

fruit, vegetables or parts of palm trees, by a fairly 
simple production process.

1.1.2 Ethanol content of alcoholic beverages

Percentage by volume (% vol) is used to indi-
cate the ethanol content of beverages, which is 
also called the French or Guy-Lussac system. 
Alcohol content differs according to the main 
beverage type and may also vary by country. 
Commonly, 4–5% vol are contained in beer, 
about 12% vol in wine and about 40% vol in 
distilled spirits. However, lower or higher ethanol 
content in alcoholic beverages is also possible. 
The ethanol content in beer can range from 
2.3% vol to over 10% vol (lower alcohol content 
in home- or locally produced alcoholic bever-
ages such as sorghum beer), in wine from 8 to 
15% vol, and in spirits from 20% vol (aperitifs) to 
well over 40% vol (e.g. 80% vol in some kinds of 
absinthe). There is a trend in recent years towards 
higher (13.5–14.5%) alcohol volume in consumed 
wines, associated with technology advances and 
increasing proportion in overall consumption 
of wines produced outside the traditional wine-
growing regions of Europe (IARC, 2010).

To calculate the amount of ethanol contained 
in a specific drink, the amount (e.g. ml) of 

CONSUMPTION OF ALCOHOLIC BEVERAGES
Consumption of alcoholic beverages was considered by previous IARC Working Groups in 
1987 and 2007 (IARC, 1988, 2010). Since that time, new data have become available, these 
have been incorporated into the Monograph, and taken into consideration in the present 
evaluation.
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alcoholic beverage consumed for each type of 
beverage (e.g. a 330-mL bottle of beer) is multi-
plied by the precentage of alcohol by volume, i.e. 
the proportion of the total volume of the beverage 
that is alcohol (e.g. (330 mL) × (0.04) = 13.2 mL 
of ethanol in a bottle of beer). Conversion factors 
may be used to convert the volume of alcoholic 
beverage into grams of ethanol, or volumes of 
alcohol may be recorded in ‘ounces’. Conversion 
factors for these different measures (WHO, 2000) 
are as follows:

• 1 mL ethanol = 0.79 g
• 1 UK oz = 2.84 cL = 28.4 mL = 22.3 g
• 1 US fluid oz = 2.96 cL = 29.6 mL = 23.2 g

1.2 Chemical composition

The main components of most alcoholic 
beverages are ethanol and water. Some phys-
ical and chemical characteristics of anhydrous 
ethanol are as follows (O’Neil, 2001):

Chem. Abstr. Services Reg. No.: 64–17.5
Formula: C2H5OH
Relative molecular mass: 46.07
Synonyms and trade name: Ethanol, ethyl 
alcohol, ethyl hydroxide, ethyl hydrate, 
absolute alcohol, anhydrous alcohol, dehy-
drated alcohol
Description: Clear, colourless, very mobile, 
flammable liquid, pleasant odour, burning 
taste
Melting-point: –114.1 °C
Boiling-point: 78.5 °C
Density: d4

20 0.789
Refractive index: nD

20 1.361
In addition to ethanol and water, wine, 

beer and spirits contain volatile and non-vola-
tile compounds. Volatile compounds include 
aliphatic carbonyl compounds, alcohols, mono-
carboxylic acids and their esters, nitrogen- and 
sulfur-containing compounds, hydrocarbons, 
terpenic compounds, and heterocyclic and 
aromatic compounds. Non-volatile extracts 
of alcoholic beverages comprise unfermented 

sugars, di- and tribasic carboxylic acids, colouring 
substances, tannic and polyphenolic substances 
and inorganic salts (IARC, 2010).

Occasionally, toxic additives, that are not 
permitted for use in commercial production 
have been identified in alcoholic beverages. These 
include methanol, diethylene glycol (used as 
sweetener) and chloroacetic acid or its bromine 
analogue, sodium azide and salicylic acid, which 
are used as fungicides or bactericides (Ough, 
1987).

Contaminants may also be present in alco-
holic beverages. Contaminants are defined as 
substances that are not intentionally added but 
are present in alcoholic beverages due to produc-
tion, manufacture, processing, preparation, 
treatment, packing, packaging, transport or 
holding, or as a result of environmental contami-
nation. Contaminants and toxins found in alco-
holic beverages are nitrosamines, mycotoxins, 
ethyl carbamate, pesticides, thermal processing 
contaminants, benzene, and inorganic contami-
nants such as lead, cadmium, arsenic, copper, 
chromium, inorganic anions, and organometals 
(IARC, 2010).

In view of the potential carcinogenicity of 
acetaldehyde and its known toxic properties, 
recent studies attempted to estimate exposure to 
acetaldehyde from alcoholic beverages outside 
ethanol metabolism at known levels of alcohol 
exposure. The average exposure to acetaldehyde 
as a result of consumption of alcoholic beverages, 
including “unrecorded alcohol,” was estimated 
at 0.112 mg/kg body weight/day (Lachenmeier 
et al., 2009a). Levels of acetaldehyde in alcoholic 
beverages vary from less than 1 g/hl of pure 
alcohol up to 600 g/hl, and high concentra-
tions of acetaldehyde were documented in alco-
holic beverages commonly consumed in many 
parts of the world, including distilled beverages 
from Brazil, the People’s Republic of China, 
Guatemala, Mexico, and the Russian Federation, 
as well as calvados and fortified wines and fruit 
and marc spirits from Europe (Lachenmeier & 
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Sohnius, 2008; Linderborg et al., 2008; Kanteres 
et al., 2009; Lachenmeier et al., 2009b).

1.3 Trends in consumption of 
alcoholic beverages

Volume, pattern and quality of consumed 
alcohol are included in the description of differ-
ential exposure to alcohol.

In a development of the WHO Global Alcohol 
Database, WHO has developed the Global 
Information System on Alcohol and Health 
(WHO, 2008). In 2008–09, WHO conducted the 
Global Survey on Alcohol and Health, collecting 
data on alcohol consumption, alcohol-related 
harm and policy responses from its Member 
States.

Total adult per capita consumption in litres 
of pure alcohol is defined as the total amount 
of alcohol consumed per person, taking into 
account recorded consumption (i.e. alcoholic 
beverages consumed that are recorded in offi-
cial statistics of production, trade or sales) and 
unrecorded consumption (i.e. alcoholic bever-
ages consumed that are not recorded in official 
statistics and that can come from a variety of 
sources such as home- or informally produced 
alcohol, illegal production and sale, smuggling 
and cross-border shopping), and subtracting 
consumption by tourists, if possible. Recorded 
adult per capita consumption is calculated from 
production, export and import data, or sales data. 
Unrecorded consumption is computed from 
representative surveys, specific empirical inves-
tigations or expert opinion. The percentage of 
lifetime and past-year abstainers provide impor-
tant information about drinking in a population 
and complement the indicator on total adult (15+ 
years) per capita consumption.

Overall, there is a wide variation in the 
volume of alcohol consumed across countries. 
As presented in Table 1.1 and Table 1.2 (available 
at http://monographs.iarc.fr/ENG/Monographs/

vol100E/100E-06-Table1.2.pdf), the countries 
with the highest overall consumption of alcohol 
per capita among the adult (15+ years) population 
can be found in the the WHO Regional Office 
for European Region (12.2 L of pure alcohol per 
capita), and more specifically in eastern Europe. 
The next highest alcohol consumption is in the 
WHO Region of the Americas (8.7 L of pure 
alcohol per capita). Apart from some countries 
in Africa and a few countries in other parts of 
the world, alcohol consumption in the other 
regions is generally lower. The WHO Eastern 
Mediterranean Region ranks lowest with 0.7 
litres of alcohol consumed per adult. Total adult 
(15+ years) per capita consumption in litres of 
pure alcohol by region and country is an indi-
cator of the alcohol consumption level of the 
adult population, irrespective of the number of 
abstainers (i.e. people who do not drink alcohol) 
in the country.

Globally, men consume more alcohol than 
women. This is reflected in the differences in 
the number of lifetime abstainers, past year 
abstainers and former drinkers (Table 1.2 on-line). 
Lifetime abstainers are defined as the proportion 
of people (15+ years) in a given population who 
have not consumed any alcohol during their life-
time, assessed at a given point in time. Past year 
abstainers are people aged 15+ years who did 
not consume any alcohol during the past year. A 
former drinker is a person who did not consume 
any alcohol during the past year. Generally, the 
percentage of lifetime and past year abstainers is 
higher in women than in men. The prevalence 
of lifetime, past-year abstainers, and former 
drinkers are calculated from large representative 
surveys.

Table 1.2 (on-line) provides information 
about the trend (i.e. robust estimate of five-year 
change) in per capita consumption (2001–05) of 
recorded alcohol, that is, indicates if consump-
tion remained stable, increased, decreased, or if 
no conclusion could be drawn. To estimate five-
year change in recorded adult (15+ years) per 
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capita consumption, three-year moving averages 
were calculated for per capita consumption of 
recorded alcohol for each year in the five-year 
period from 2001 to 2005.

Recent data on trends in consumption of 
alcoholic beverages indicate that the European 
Region and the Region of the Americas main-
tain a steady high consumption of alcoholic 
beverages, with 20% of all countries showing 
an increase in consumption. Alcohol consump-
tion remains low in the Eastern Mediterranean 
Region. In the African Region, out of 50 coun-
tries, 20% show a decrease and 20% an increase 
in consumption. There is a recent and continuing 
increase in alcohol consumption in several low 
and middle-income countries in the South-East 

Asia and Western Pacific Regions, which probably 
reflects economic development and increases in 
consumers’ purchasing power as well as increases 
in the marketing of branded alcoholic beverages 
(WHO, 2007).

2. Cancer in Humans

2.1 Description of cohort studies

2.1.1 Studies in the general population 

Cohort studies are classified by the country in 
which the study was conducted (Table 2.1 available 
at http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-06-Table2.1.pdf). The majority of 
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Table 1 .1 Estimate for total adult (15+ years) per capita consumption, by WHO region, average 
2003–05

WHO Region Adult (15+) per capita consumption*, total (recorded and unrecorded), 
average 2003–05

African Region (AFRO) 6.2
Region of the Americas (AMRO) 8.7
Eastern Mediterranean Region (EMRO) 0.7
European Region (EURO) 12.2
South-East Asian Region (SEARO) 2.2
Western Pacific Region (WPRO) 6.3
* in litres of pure alcohol
Source: WHO (2008)
AFRO: Algeria, Angola, Benin, Botswana, Burkina Faso, Burundi, Cameroon, Cape Verde, Central African Republic, Chad, Comoros, Congo, 
Côte d’Ivoire, Democratic Republic of the Congo, Equatorial Guinea, Eritrea, Ethiopia, Gabon, Gambia, Ghana, Guinea, Guinea-Bissau, Kenya, 
Lesotho, Liberia, Madagascar, Malawi, Mali, Mauritania, Mauritius, Mozambique, Namibia, Niger, Nigeria, Rwanda, Sao Tome and Principe, 
Senegal, Seychelles, Sierra Leone, South Africa, Swaziland, Togo, Uganda, United Republic of Tanzania, Zambia, Zimbabwe
AMRO: Antigua and Barbuda, Argentina, Bahamas, Barbados, Belize, Bolivia, Brazil, Canada, Chile, Colombia, Costa Rica, Cuba, Dominica, 
Dominican Republic, Ecuador, El Salvador, Grenada, Guatemala, Guyana, Haiti, Honduras, Jamaica, Mexico, Nicaragua, Panama, Paraguay, 
Peru, Saint Kitts and Nevis, Saint Lucia, Saint Vincent and the Grenadines, Suriname, Trinidad and Tobago, United States of America, Uruguay, 
Venezuela (Bolivarian Republic of)
EMRO: Afghanistan, Bahrain, Djibouti, Egypt, Islamic Republic of Iran, Iraq, Jordan, Kuwait, Lebanon, Libyan Arab Jamahiriya, Morocco, 
Oman, Pakistan, Qatar, Saudi Arabia, Somalia, Sudan, Syrian Arab Republic, Tunisia, United Arab Emirates, Yemen
EURO: Albania, Andorra, Armenia, Austria, Azerbaijan, Belarus, Belgium, Bosnia and Herzegovina, Bulgaria, Croatia, Cyprus, Czech Republic, 
Denmark, Estonia, Finland, France, Georgia, Germany, Greece, Hungary, Iceland, Ireland, Israel, Italy, Kazakhstan, Kyrgyzstan, Latvia, 
Lithuania, Luxembourg, Malta, Monaco, Montenegro, Netherlands, Norway, Poland, Portugal, Republic of the Republic of Moldova, Romania, 
Russian Federation, San Marino, Serbia, Slovakia, Slovenia, Spain, Sweden, Switzerland, Tajikistan, The former Yugoslav Republic of Macedonia, 
Turkey, Turkmenistan, Ukraine, United Kingdom, Uzbekistan
SEARO: Bangladesh, Bhutan, Democratic People’s Republic of Korea, India, Indonesia, Maldives, Myanmar, Nepal, Sri Lanka, Thailand, Timor-
Leste
WPRO: Australia, Brunei Darussalam, Cambodia, China, Cook Islands, Fiji, Japan, Kiribati, Lao People’s Democratic Republic, Malaysia, 
Marshall Islands, Federated States of Micronesia, Mongolia, Nauru, New Zealand, Niue, Palau, Papua New Guinea, Philippines, Republic of 
Korea, Samoa, Singapore, Solomon Islands, Tonga, Tuvalu, Vanuatu, Viet Nam

http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-06-Table2.1.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-06-Table2.1.pdf
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cohort studies have been conducted in the USA, 
western Europe and Japan. Since the previous 
IARC Monograph (IARC, 2010), data on the 
association between alcohol consumption and 
risk of cancer have been published from several 
cohorts, including updates of cohorts described 
previously (Bongaerts et al., 2006, 2008; Li et al., 
2006, 2009b; Weinstein et al., 2006; Ericson 
et al., 2007; Ferrari et al., 2007; Ishihara et al., 
2007; Ozasa, 2007; Sutcliffe et al., 2007; Thygesen 
et al., 2007, 2008a, b; Fan et al., 2008; Ide et al., 
2008; Kabat et al., 2008; Nielsen & Grønbaek, 
2008; Rohrmann et al., 2008, 2009; Shimazu 
et al., 2008; Friberg & Wolk, 2009; Ishiguro 
et al., 2009; Heinen et al., 2009; Klatsky et al., 
2009; Rod et al., 2009; Thun et al., 2009; Weikert 
et al., 2009) and reports from recently established 
cohorts and some older cohorts from which data 
on alcohol consumption and risk of cancer were 
not available (Nakaya et al., 2005; Velicer et al., 
2006; Akhter et al., 2007; Chlebowski et al., 
2007; Freedman et al., 2007a, b; Friborg et al., 
2007; Gwack et al., 2007; Khurana et al., 2007; 
Lim et al., 2007; Mørch et al., 2007; Sung et al., 
2007; Tsong et al., 2007; Visvanathan et al., 2007; 
Zhang et al., 2007a; Ansems et al., 2008; Brinton 
et al., 2008, 2009; Chao et al., 2008; Lim & Park, 
2008; Muwonge et al., 2008; Ohishi et al., 2008; 
Toriola et al., 2008, 2009; Allen et al., 2009; Duffy 
et al., 2009; Engeset et al., 2009; Gibson et al., 
2009; Gong et al., 2009; Jiao et al., 2009; Johansen 
et al., 2009; Lew et al., 2009; Setiawan et al., 2009; 
Chao et al., 2010).

2.1.2 Studies in special populations

This group of studies is characterized by the 
assumption that the study subjects have a pattern 
of consumption of alcoholic beverages that is 
different from that of the general population, 
e.g. alcoholics, brewery workers, members of a 
temperance organization (Table 2.2 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-06-Table2.2.pdf). Because of the 

availability of national registries of popula-
tions, inpatients and cancer, these studies were 
largely performed in Scandinavian countries. 
The estimation of risk in these individuals is not 
based upon a comparison of exposed and unex-
posed subjects within the cohort, but with the 
expected rates of cancer in the general popula-
tion. Thygesen et al. (2009) is the only report 
from cohorts of special populations that has been 
published since IARC (2010).

2.2. Cancers of the upper 
aerodigestive tract

2.2.1. Cancer of the oral cavity and pharynx

It was concluded in the previous IARC 
Monograph (IARC, 2010) that consumption of 
alcoholic beverages is causally related to cancer 
of the oral cavity and pharynx, and that the risk 
increases in a dose-dependent manner.

(a) Overview of cohort and case–control studies

The association of consumption of alcoholic 
beverages and risk of cancer of the oral cavity 
and/or pharynx has been assessed in six cohort 
studies (Freedman et al., 2007a; Friborg et al., 
2007; Ide et al., 2008; Muwonge et al., 2008; 
Allen et al., 2009; Weikert et al., 2009; Table 2.3 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-06-Table2.3.pdf). 
Significant increases in risk were found with 
increasing amount of alcohol consumption in 
all studies (Freedman et al., 2007a; Friborg et al., 
2007; Ide et al., 2008; Allen et al., 2009; Weikert 
et al., 2009), increasing frequency of consumption 
(Friborg et al., 2007; Muwonge et al., 2008), and 
duration of consumption (Muwonge et al., 2008). 
In one case–control study conducted in Taiwan, 
China among patients attending a hospital clinic 
(Yen et al., 2008) no association was found 
among non-smokers and a positive association 
among drinkers and smokers (Table 2.4 available 
at http://monographs.iarc.fr/ENG/Monographs/
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vol100E/100E-06-Table2.4.pdf). [No information 
on the quantity of alcohol or tobacco consump-
tion was available.] In a case–control study 
in Uruguay (De Stefani et al., 2009) a signifi-
cant positive association with a predominantly 
alcohol-based dietary pattern and cancer of the 
oral cavity and pharynx was found (data not 
shown). [No specific assessment of alcohol intake 
was presented and the contribution of other foods 
to this dietary pattern was not known.]

Undifferentiated nasopharyngeal carcinoma 
(NPC), which is common in parts of Southern 
Asia, North Africa and the Arctic, is associated 
with Epstein-Barr virus and preserved foods 
(see the Monograph on Chinese-style Salted Fish 
in this volume). Friborg et al. (2007) confirmed 
earlier results suggesting limited or no associa-
tion between alcohol and undifferentiated NPC 
(Yu et al., 2002). However, in a Western popu-
lation where differentiated forms of NPC are 
more common, a significantly increased risk of 
NPC has been associated with heavy drinking 
(>  21 drinks per week) (Vaughan et al., 1996), 
indicating a difference in ethiology between 
differentiated and undifferentiated types of NPC 
(Table 2.4 on-line).

Thygesen et al. (2009) reported a significantly 
higher rate of cancer of the oral cavity and pharynx 
among Danish alcohol abusers compared with 
national rates. [This cohort study provided no 
information on individual exposures or results 
adjusted for potential confounders.] See Table 2.5 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-06-Table2.5.pdf.

(b) Intensity and duration 

Previous studies consistently showed that 
consumption of alcoholic beverages is associ-
ated with an increased risk of cancer of the oral 
cavity and/or pharynx, although the nature 
of the dose–response relationship is not fully 
understood (IARC, 2010). In most studies an 
approximate threefold increased risk was found 
at relatively high levels of intake (i.e. > 60 g/day). 

There is increasing evidence from recent cohort 
studies that risk may already be increased at 
more moderate intake, particularly in women 
(Freedman et al., 2007a; Allen et al., 2009; 
Weikert et al., 2009).

A pooled analysis of the International Head 
and Neck Cancer Epidemiology Consortium, 
which specifically examined the association of 
alcohol consumption and duration, found that 
among drinkers of 10 drinks per day or less, 
the association with total drink-years increased 
with increasing drinks/day, indicating that more 
drinks/day for a shorter duration was more dele-
terious than fewer drinks/day for a longer dura-
tion (Lubin et al., 2009).

(c) Effect of cessation 

A meta-analysis of 13 case–control studies of 
cancer of the oral cavity and pharynx combined 
found that compared with current drinkers, risk 
did not decrease until 10 years or more after 
cessation of drinking (odds ratio (OR), 0.67; 
95%CI: 0.63–0.73) (Rehm et al., 2007) (Table 2.6 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-06-Table2.6.pdf). 
Consistent with many earlier studies, risks 
were found to be elevated among recent former 
drinkers, most likely due to ill health directly 
related to the cancer or its precursors.

(d) Types of alcoholic beverage

Some studies have assessed whether the 
association of consumption of alcoholic bever-
ages on risk varies by beverage type, and have 
found broadly similar associations in wine, beer 
and spirit drinkers (Freedman et al., 2007a; Allen 
et al., 2009).

(e) Population characteristics

The association of consumption of alcoholic 
beverages with risk of cancer of the oral cavity 
and pharynx is increased in both men and women 
(Freedman et al., 2007a; Weikert et al., 2009). 
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Studies have been hampered with low numbers 
of women at the highest levels of exposure. 

(f) Histological subtype

Very few studies have examined the asso-
ciation of consumption of alcoholic beverages by 
histological subtype for cancers of the oral cavity 
and pharynx. From a large-scale cohort study, 
Weikert et al. (2009) reported that both baseline 
and lifetime alcohol intake were associated with 
an increased risk of squamous cell carcinoma 
of the oral cavity and the pharynx, with an 
increased risk of 10% (95%CI: 8–13%) per 10 g 
per day increase in lifetime alcohol intake.

(g) Association among non-smokers

There is evidence from a pooled analysis 
of 15 case–control studies that increasing 
consumption of alcoholic beverages increases 
risk of cancer of the oral cavity and oropharynx/
hypopharynx cancer among never smokers, with 
risk estimates of 1.23 (95%CI: 0.59–2.57) and 
5.50 (95%CI: 2.26–13.36), for 5 or more drinks/
day versus never drinkers, for the two cancer 
sites, respectively (Hashibe et al., 2007; Table 2.6 
on-line). One study in Taiwan, China found no 
association with alcohol consumption among 
non-smoking ever-drinkers for cancer of the oral 
cavity (Yen et al., 2008). [No information was 
provided on the quantity of alcohol consumed.]

(h) Joint effect of alcoholic beverages and 
tobacco smoking

It is well established that there is a joint effect 
of tobacco smoking and consumption of alcoholic 
beverages on the risk of cancer of the oral cavity 
and pharynx, with very high risks observed in 
individuals who are both heavy drinkers and 
heavy smokers, corresponding to a greater than 
a multiplicative interaction (IARC, 2010). The 
joint effect of alcohol consumption and tobacco 
smoking on the risk of cancers of the oral cavity 

and pharynx is described in Section 2.20 of the 
Monograph on Tobacco Smoking in this volume.

2.2.2 Cancer of the larynx

It was concluded in the previous IARC 
Monograph (IARC, 2010) that consumption of 
alcoholic beverages is causally related to cancer 
of the larynx, and that the risk increases in a 
dose-dependent manner.

(a) Overview of cohort and case–control studies

Since IARC (2010), the association of 
consumption of alcoholic beverages and risk of 
cancer of the larynx has been assessed in three 
general-population cohort studies (Freedman 
et al., 2007a; Allen et al., 2009, Weikert et al., 
2009; Table  2.7 available at http://monographs.
iarc.fr/ENG/Monographs/vol100E/100E-06-
Table2.7.pdf) and one case–control study 
(Garavello et al., 2006; Table  2.8 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-06-Table2.8.pdf), all of which 
found significant increases in risk associated 
with alcohol consumption. In one further case–
control study in Uruguay (De Stefani et al., 2009) 
a significant positive association with a predomi-
nantly alcohol-based dietary pattern and cancer 
of the larynx was found (data not shown). 
[No specific assessment of alcohol intake was 
presented and the contribution of other foods to 
this dietary pattern was not known.] 

Thygesen et al. (2009) reported a signifi-
cantly higher rate of cancer of the larynx among 
Danish alcohol abusers compared with national 
rates (Table 2.5 on-line). This study provided no 
information on individual exposures or results 
adjusted for potential confounders 

(b) Intensity and duration 

Previous studies consistently showed that 
increasing alcohol consumption is associated 
with an increased risk of cancer of the larynx 
(IARC, 2010). Bagnardi et al. (2001) reported risk 
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estimates of 1.38 (95%CI: 1.32–1.45) for intake of 
25 g alcohol per day, 1.94 (95%CI: 1.78–2.11) for 
50 g per day, and 3.95 (95%CI: 3.43–4.57) for 100 
g per day from a meta-analysis of 20 case–control 
studies, including over 3500 cases. An increased 
risk for cancer of the larynx was found for 
women drinking above one drink/day in a large 
cohort of United Kingdom women [equivalent to 
an increased risk of 1.44 (95%CI: 1.10–1.88) per 
10 g alcohol per day] (Allen et al., 2009). This is 
consistent with the 1.38 (95%CI: 1.10–1.73) esti-
mate per 10 g per day reported among women 
in the European Prospective Investigation into 
Cancer and Nutrition (Weikert et al., 2009). 
Compatible with this, Freedman et al. (2007a) 
reported a risk estimate of 2.15 (95%CI: 0.82–
5.65) among women associated with 3 or more 
drinks/day from the NIH-AARP Diet and Health 
Study. Among men, the dose–response relation-
ship is slightly weaker (Freedman et al., 2007a; 
Weikert et al., 2009), although it is difficult to 
determine whether these differences are due to 
chance because of the relatively low number of 
cases in women. In a large case–control study in 
Italy there was clear evidence of a dose–response 
relationship for men and women combined 
(Garavello et al., 2006).

A pooled analysis of the International Head 
and Neck Cancer Epidemiology Consortium, 
which specifically examined the association of 
quantity and duration of alcohol consumption, 
found that among drinkers of 10 drinks per day 
or less, the association with total drink-years 
increased with increasing drinks/day, indicating 
that more drinks/day for a shorter duration was 
more deleterious than fewer drinks/day for a 
longer duration (Lubin et al., 2009).

(c) Effect of cessation 

Few studies have assessed whether the risk 
for cancer of the larynx declines since stopping 
drinking. Altieri et al. (2002) reported a risk 
estimate of 0.53 (95%CI: 0.15–1.94) for stopping 
drinking for 20 years or more ago compared with 

current drinkers; the risk for never-drinkers was 
0.56 (95%CI: 0.31–0.99). 

(d) Types of alcoholic beverage

Evidence suggests that the most frequently 
consumed beverage in a population tends to be 
associated with the highest risk of cancer of the 
larynx. Data published recently largely supports 
this view (Garavello et al., 2006). The NIH-AARP 
Diet and Health Study found a stronger associa-
tion for spirits than for beer or wine consump-
tion among men (Freedman et al., 2007a). [The 
Working Group noted the small number of 
cases.]

(e) Risk among non-smokers

There is evidence from a pooled analysis of 11 
case–control studies, based on 121 cases of laryn-
geal cancer, that increasing alcohol consump-
tion increases the risk for cancer of the larynx 
among never smokers, with a risk estimate of 
2.98 (95%CI: 1.72–5.17) for 5 or more drinks/
day versus never drinkers (Hashibe et al., 2007; 
Table 2.6 on-line). 

(f) Joint effect of alcoholic beverages and 
tobacco smoking

Evidence suggests that there exists a joint 
effect of tobacco smoking and consumption of 
alcoholic beverages on the risk of cancer of the 
larynx, with very high risks observed in indi-
viduals who are both heavy drinkers and heavy 
smokers. More recent studies that have exam-
ined the joint effect of alcohol consumption 
and tobacco smoking on the risk of cancer of 
the larynx are described in Section 2.20 of the 
Monograph on Tobacco Smoking in this volume.

2.2.3 Cancer of the oesophagus

It was concluded in the previous IARC 
Monograph (IARC, 2010) that consumption of 
alcoholic beverages is causally associated with 
cancer of the oesophagus. The increased risk is 
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largely restricted to squamous cell carcinoma, 
with little or no association for adenocarcinoma 
of the oesophagus.

(a) Overview of cohort and case–control studies

Since IARC (2010), the association of consump-
tion of alcoholic beverages and risk of cancer of 
the oesophagus has been assessed in six cohort 
studies (Freedman et al., 2007b; Ozasa et al., 2007; 
Fan et al., 2008; Allen et al., 2009; Ishiguro et al., 
2009; Weikert et al., 2009; Table 2.9 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-06-Table2.9 pdf) and four case–
control studies (Lee et al., 2005; Vioque et al., 
2008; Benedetti et al., 2009; Pandeya et al., 2009; 
Table 2.10 available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-06-Table2.10.
pdf), all of which found significant increases in 
risk with alcohol consumption. A case–control 
study in Uruguay (De Stefani et al., 2009) found 
a significant positive association with a predomi-
nantly alcohol-based dietary pattern and cancer 
of the oesophagus (data not shown). [No specific 
assessment of alcohol intake was presented and 
the contribution of other foods to this dietary 
pattern was not known.]

Thygesen et al. (2009) reported a significantly 
higher rate of cancer of the oesophagus among 
Danish alcohol abusers compared with national 
rates (Table 2.5 on-line). [This study provided no 
information on individual exposures or results 
adjusted for potential confounders.]

(b) Intensity and duration 

Data reviewed previously (IARC, 2010) 
consistently showed that increasing consump-
tion of alcoholic beverages is associated with 
an increased risk of cancer of the oesophagus. 
Consistently, a 3–8 fold increased risk with high 
intakes of alcohol has been reported in more 
recent studies (Lee et al., 2005; Freedman et al., 
2007b; Ozasa et al., 2007; Fan et al., 2008; Vioque 
et al., 2008; Ishiguro et al., 2009; Pandeya et al., 
2009). Smaller increases in risk at lower amounts 

of alcohol intake have been found by analysis 
of large cohorts in Europe, with a significant 
increased risk of approximately 20% per 10 g 
alcohol per day (Allen et al., 2009; Weikert et al., 
2009). 

In several studies an increased risk has been 
found with duration of drinking (Lee et al., 2005; 
Ozasa et al., 2007; Fan et al., 2008, Vioque et al., 
2008), frequency of drinking (Ozasa et al., 2007), 
a lower age at starting drinking (Ozasa et al., 
2007; Fan et al., 2008), or cumulative intake 
(Benedetti et al., 2009). Risk is similar when 
alcohol consumption is based on measures of 
either baseline or lifetime alcohol consumption 
(Fan et al., 2008; Weikert et al., 2009).

(c) Effect of cessation 

In several studies the risk for cancer of the 
oesophagus was reduced with increasing time 
since cessation of drinking. In a meta-analysis of 
5 case–control studies Rehm et al. (2007) reported 
that compared with current drinkers, risk was 
not reduced until 5 years or more after cessation 
of drinking (OR, 0.85; 95%CI: 0.78–0.92) and 
approached that of nondrinkers after 15 years or 
more since quitting drinking (Table 2.6 on-line). 
Similar results were obtained from a cohort 
study (Ozasa et al., 2007). Risks are elevated 
among more former drinkers, who most likely 
cease drinking due to ill health directly related 
to the cancer or its precursors (Rehm et al., 2007; 
Vioque et al., 2008; Ozasa et al., 2007).

(d) Types of alcoholic beverage

Most previous studies found no material 
difference in the association of consumption 
of alcoholic beverages on risk of cancer of the 
oesophagus according to specific beverage types, 
with the most commonly consumed beverage 
tending to be associated with the highest risk. 
This is supported by data from more recent 
studies (Lee et al., 2005; Freedman et al., 2007b; 
Fan et al., 2008; Vioque et al., 2008; Allen et al., 
2009; Pandeya et al., 2009).

381

http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-06-Table2.9
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-06-Table2.9
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-06-Table2.10.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-06-Table2.10.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-06-Table2.10.pdf


IARC MONOGRAPHS – 100E

(e) Population characteristics

All recent studies have found significant posi-
tive associations in both men (Fan et al., 2008; 
Benedetti et al., 2009; Ishiguro et al., 2009) and 
women (Allen et al., 2009), and in studies that 
have stratified by sex (Pandeya et al., 2009).

(f) Risk associated with facial flushing response

One cohort study in Japan examined the 
association of consumption of alcoholic bever-
ages with cancer of the oesophagus according 
to whether the cohort members experienced a 
facial flushing response. Although the risk asso-
ciated with a high alcohol intake among men 
with a flushing response was higher than among 
those with no flushing response, the differences 
were not significant. Details of the association of 
alcohol consumption according to genetic vari-
ants in alcohol-metabolizing genes related to the 
flushing response are presented in Section 2.19.

(g) Histological subtypes

In the previous IARC Monograph it was 
concluded that consumption of alcoholic bever-
ages is causally related to squamous cell carci-
noma of the oesophagus (OSCC), with no or 
little association with adenocarcinoma of the 
oesophagus (IARC, 2010). Data published since a 
strong association with OSCC or non-adenocar-
cinoma (Lee et al., 2005; Freedman et al., 2007b; 
Fan et al., 2008; Vioque et al., 2008; Allen et al., 
2009; Benedetti et al., 2009; Ishiguro et al., 2009; 
Pandeya et al., 2009; Weikert et al., 2009), and 
no association with alcohol consumption and 
adenocarcinoma of the oesophagus (Freedman 
et al., 2007b; Allen et al., 2009; Benedetti et al., 
2009; Pandeya et al., 2009).

(h) Association among non-smokers

Data on the association of consumption of 
alcoholic beverages with risk of cancer of the 
oesophagus among non-smokers are limited. 
Pandeya et al. (2009) reported higher risks with 

increasing alcohol consumption among current 
smokers compared to never smokers from a case–
control study in Australia. [The low numbers 
of highly exposed cases among never smokers 
makes it difficult to draw any conclusions.]

(i) Joint effect of alcoholic beverages and 
tobacco smoking

Evidence suggests a joint effect of tobacco 
smoking and consumption of alcoholic bever-
ages on the risk for cancer of the oesophagus, 
with very high risks observed in individuals 
who were both heavy drinkers and heavy 
smokers. Recent studies that have examined the 
joint effect of alcohol consumption and tobacco 
smoking on the risk of cancer of the oesophagus 
are described in Section 2.20 of the Monograph 
on Tobacco Smoking in this volume.

2.2.4. Cancers of the upper aerodigestive tract 
combined

(a) Overview of cohort and case–control studies

In the previous IARC Monograph (IARC, 
2010) the association between consumption of 
alcoholic beverages and risk of cancer of the 
upper aerodigestive tract combined was not eval-
uated. Since then, three cohort studies (Thygesen 
et al., 2007; Allen et al., 2009; Weikert et al., 2009; 
Table 2.11 available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-06-Table2.11.
pdf) and one case–control study (Zaridze et al., 
2009; Table 2.12 available at http://monographs.
iarc.fr/ENG/Monographs/vol100E/100E-06-
Table2.12.pdf) have examined the association 
of alcoholic beverage consumption and cancers 
of the upper aerodigestive tract (i.e. oral cavity, 
pharynx, larynx and oesophagus combined), 
and one reported on cancers of the oral cavity, 
pharynx and larynx combined (Freedman et al., 
2007a). All studies reported significant increases 
in risk with alcoholic beverage consumption, 
observed in both men and women (Freedman 
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et al., 2007a; Thygesen et al., 2007; Allen et al., 
2009; Weikert et al., 2009; Zaridze et al., 2009).

(b) Intensity and duration 

In one cohort study an increased risk for 
cancer of the upper aerodigestive tract combined 
was observed only among those who had a rela-
tively high alcohol intake (i.e. 42 drinks/week 
or more) (Thygesen et al., 2007). Other studies 
have reported increases in risk at more moderate 
levels of consumption, particularly among 
women (Freedman et al., 2007a; Allen et al., 
2009; Weikert et al., 2009).

(c) Types of alcoholic beverage

The association of consumption of alcoholic 
beverages on risk of cancer of the upper aerodi-
gestive tract combined does not vary by beverage 
type, as found in a meta-analysis of 15 case–
control studies (Purdue et al., 2009; Table  2.6 
on-line) and cohort studies (Allen et al., 2009; 
Weikert et al., 2009).

(d) Association among non-smokers

Few studies have had sufficient statis-
tical power to assess reliably the association of 
consumption of alcoholic beverages by smoking 
status with cancers of the upper aerodigestive tract 
combined. Most previous studies (as outlined 
in IARC, 2010), as well as recent data from the 
European Prospective Investigation into Cancer 
and Nutrition have found similar increased risks 
with increasing alcohol intake among both non-
smokers and smokers (Weikert et al., 2009). In a 
large cohort study among women in the United 
Kingdom with a low to moderate alcohol intake, 
alcohol consumption was not associated with an 
increased risk of cancers of the upper aerodiges-
tive tract in never smokers or former smokers, 
but was strongly associated with an increased 
risk among current smokers (Allen et al., 2009). 

2.3 Cancer of the colorectum

In the previous IARC Monograph (IARC, 
2010) it was concluded that consumption of 
alcoholic beverages is causally related to cancer 
of the colorectum. This conclusion was largely 
based on a pooled analysis of eight cohort studies 
of alcohol intake and cancer of the colorectum 
conducted in Europe and North America, which 
found a relative risk (RR) of about 1.4 for cancer 
of the colorectum with regular consumption of 
high intakes of alcohol (≥ 45 g/d), compared to 
non-drinkers, in men and women combined, 
and which was not related to beverage type (Cho 
et al., 2004).

2.3.1 Cohort studies and meta-analyses of 
cohort studies

Since IARC (2010), 12 cohort studies have 
evaluated the association between consumption 
of alcoholic beverages and risk of cancer of the 
colorectum and/or cancer of the colon and rectum 
separately (Table  2.13 available at http://mono-
graphs.iarc.fr/ENG/Monographs/vol100E/100E-
06-Table2.13.pdf). Of the nine cohort studies 
that examined the association of consumption 
of alcoholic beverages and risk of cancer of the 
colorectum, seven confirmed a significant posi-
tive association (Akhter et al., 2007; Ferrari et al., 
2007; Ishihara et al., 2007; Tsong et al., 2007; 
Bongaerts et al., 2008; Thygesen et al., 2008b; 
Toriola et al., 2008). In only two cohort studies 
was no overall association reported, although 
both of these likely included very few cases with 
a high alcohol intake (Kabat et al., 2008; Lim 
& Park, 2008). In one further study (Engeset 
et al., 2009) no association with a predominantly 
alcohol-based dietary pattern and cancer of the 
colorectum was found. [No quantitative assess-
ment of alcohol intake per se was provided and 
the contribution of other foods to this dietary 
pattern was not known.] Of the seven studies 
that evaluated cancer of the colon and rectum 
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separately (Akhter et al., 2007; Ferrari et al., 2007; 
Ozasa, 2007; Tsong et al., 2007; Thygesen et al., 
2008b; Bongaerts et al., 2008; Allen et al., 2009), 
three reported a significant increased risk with 
alcohol intake for both sites (Akhter et al., 2007; 
Ferrari et al., 2007; Tsong et al., 2007). This is 
consistent with findings from one meta-analysis 
and one pooled analysis (Table 2.14 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-06-Table2.14.pdf). In a meta-anal-
ysis of 21 cohort studies a significant increased 
risk for cancer of the colorectum, and for colon 
and rectal cancer separately, for heavy drinkers 
compared to light or non-drinkers was found 
(Huxley et al., 2009). There was also a signifi-
cant positive association of consumption of 
alcoholic beverages for men and women with 
both cancer of the colon and of the rectum in 
a pooled analysis of five cohort studies in Japan 
(Mizoue et al., 2008). Thygesen et al. (2008b) 
reported an increased risk for colon cancer 
and not for rectal cancer; in two other studies 
a significant increased risk for rectal cancer and 
a weaker, non-significant positive association for 
colon cancer was found (Ozasa, 2007; Bongaerts 
et al., 2008). [Such inconsistency may be due to 
the small numbers of heavy drinkers in each 
subsite.] In the largest study to date, with over 
4000 cases of colon and over 2000 cases of rectal 
cancer, no association of alcohol intake was 
found with colon cancer and a small, but statisti-
cally significant, increased risk for rectal cancer 
(Allen et al., 2009). [The Working Group noted 
that the reason for the lack of association with 
colon cancer in this study of United Kingdom 
women is not clear, but may, in part, relate to 
the narrower range of alcohol intake (which was 
mostly low to moderate), resulting in limited 
power to detect an association at higher levels of 
alcohol intake]. Most of the studies in which the 
association of alcohol intake has been examined 
by more detailed subsite definitions within the 
colon are more consistent in showing a positive 
association with alcohol intake for cancer of 

the distal colon, but a weak or null association 
for cancer of the proximal colon (Akhter et al., 
2007; Ferrari et al., 2007; Bongaerts et al., 2008; 
Thygesen et al., 2008b).

2.3.2 Cohort studies in special populations 

Since IARC (2010), in one cohort study in the 
Netherlands a significantly higher rate of rectal 
cancer among male alcohol abusers compared 
with national rates, but no association with 
colon cancer was found (Table 2.15 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-06-Table2.15.pdf). Among 
women, rates of both colon and rectal cancer 
were similar among alcohol abusers and the 
national population, although there were rela-
tively low numbers for each cancer site (Thygesen 
et al., 2009). [This study provided no information 
on individual exposures or results adjusted for 
potential confounders.]

2.3.3 Case–control studies

Since IARC (2010), reports on the association 
of consumption of alcoholic beverages and cancer 
of the colorectum have come from 10 case–control 
studies. There was a significant positive associa-
tion in five, three of which found an increased risk 
of cancer of the colorectum at relatively high levels 
of consumption (Gao et al., 2008; Lightfoot et al., 
2008; Benedetti et al., 2009) and for two studies 
in the Far East an increased risk among drinkers 
was reported (Sriamporn et al., 2007; Wei et al., 
2009). [Information on quantity of intake was not 
available for these studies.] (Table 2.16 available 
at http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-06-Table2.16.pdf). No asso-
ciation for consumption of alcoholic beverages 
and cancer of the colorectum was reported for 
five case–control studies (Wang et al., 2006a; 
Murtaugh et al., 2007; Pereira Serafim et al., 
2008; Ganesh et al., 2009; Wu et al., 2009). [These 
studies were conducted in populations with a low 
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intake of alcoholic beverages (Wang et al., 2006a; 
Murtaugh et al., 2007; Ganesh et al., 2009) and/
or had a small sample size and limited exposure 
information (Pereira Serafim et al., 2008; Ganesh 
et al., 2009; Wu et al., 2009).]

2.3.4 Dose–response relationship

One pooled analysis of eight cohort studies 
(Cho et al., 2004) and several independent studies 
found an increased risk for cancer of the colo-
rectum for an alcohol intake of 20 g/day or more 
(Gao et al., 2008), 30 g/day or more (Ferrari et al., 
2007; Bongaerts et al., 2008) or 45 g/day or more 
(Akhter et al., 2007). A pooled analysis of five 
cohort studies conducted in Japan also found an 
increased risk for cancer of the colorectum above 
23 g/day, evident for both cancer of the colon and 
of the rectum for both men and women (Mizoue 
et al., 2008). Other studies found an increased 
risk for cancer of the colorectum or rectum only 
with lower amounts of alcohol (i.e. of the order of 
1 drink/d or 10 g/d) (Tsong et al., 2007; Thygesen 
et al., 2008b; Allen et al., 2009). 

2.3.5 Types of alcoholic beverage 

(a) Other metrics of exposure

Few studies have examined the association 
between cancer of the colorectum and other 
metrics of exposure (average alcohol intake, over 
a lifetime or specifically during early adulthood, 
age at starting, duration). The limited evidence 
suggests that there is no strong association with 
duration of drinking in years or age at started 
drinking (Ferrari et al., 2007; Ozasa, 2007; Wu 
et al., 2009). In most earlier studies and some 
recent studies the risk associated with a base-
line measure of intake is similar to a measure 
of average lifetime intake (Ferrari et al., 2007; 
Thygesen et al., 2008b), Benedetti et al. (2009) 
reported an increased risk with increasing cumu-
lative intake. There is also very limited informa-
tion on whether the frequency of drinking is an 

important determinant of risk. In three studies 
no association with frequency of alcohol intake 
(drinks/day) was found (Ozasa, 2007; Lim & 
Park, 2008; Benedetti et al., 2009), while in others 
the frequency of intake was associated with an 
increased risk among those with a high intake 
of alcohol (> 15 g/d), but not among those with 
lower intake of alcohol (Mizoue et al., 2008; 
Thygesen et al., 2008b).

The association of consumption of alcoholic 
beverages and cancer of the colorectum does not 
appear to differ by beverage type (Ferrari et al., 
2007; Tsong et al., 2007; Bongaerts et al., 2008; 
Thygesen et al., 2008b).

2.3.6 Population characteristics

The association of consumption of alcoholic 
beverages and cancer of the colorectum appears 
to be similar for men and women (Ferrari et al., 
2007; Bongaerts et al., 2008). There is a causal 
association between cigarette smoking and risk 
for cancer of the colorectum (see the Monograph 
on Tobacco Smoking in this volume). Most 
studies of consumption of alcoholic beverages 
have adjusted for smoking status. In studies that 
statified the analysis by smoking status most 
found an increased risk among both never and 
current smokers, with the risk estimates slightly 
higher in current or ever smokers compared to 
never smokers (Akhter et al., 2007; Ferrari et al., 
2007; Tsong et al., 2007). 

Ferrari et al. (2007) did not find a statistically 
significant interaction term between alcohol 
drinking and smoking with regard to cancers 
of the colorectum. Tsong et al. (2007) reported 
that the interaction effect between alcohol and 
smoking was not statistically significant on risk 
of cancer of the colorectum overall and rectal 
cancer alone (both P > 0.19), while the interac-
tion effect on colon cancer risk was of marginal 
statistical significance (P = 0.051). 

Few studies have examined whether the asso-
ciation of alcohol with cancer of the colorectum 
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varies by folate status; the European Prospective 
Investigation into Cancer and Nutrition found 
some evidence that the risk for colorectal cancer 
associated with alcohol intake was stronger 
in individuals with a low folate intake, but the 
interaction term was of marginal statistical 
significance (Ferrari et al., 2007), and two other 
studies found no evidence that the association 
of alcohol intake with risk differed according 
to intake of folate, or intake of related nutrients 
such as vitamin B6, vitamin B12 or methionine 
(Ishihara et al., 2007; Kabat et al., 2008).

2.4 Cancer of the liver and 
hepatobiliary tract

In the previous IARC Monograph (IARC, 
2010) it was concluded that consumption of 
alcoholic beverages is causally related to risk of 
cancer of the liver. This conclusion was based 
on a considerable number of cohort and case–
control studies.

Chronic infection with hepatitis viruses B 
and C are the major causes of cancer of the liver. 
The increased risk associated with consumption 
of alcoholic beverages has been found consist-
ently among individuals infected with hepatitis 
viruses as well as among uninfected individuals. 
Quantification of the effect of consumption of 
alcoholic beverages on the risk of cancer of the 
liver cannot be determined reliably since cirrhosis 
and other liver disorders that often predate 
cancer of the liver tend to lead to a decrease in or 
the cessation of consumption of alcoholic bever-
ages many years before the occurrence of cancer 
of the liver.

The previous IARC Monograph did not sepa-
rately evaluate the effect of consumption of alco-
holic beverages on the risk of cholangiocarcinoma.

2.4.1 Hepatocellular carcinoma

Three cohort studies (Gwack et al., 2007; 
Ohishi et al., 2008; Allen et al., 2009; Table 2.17 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-06-Table2.17.pdf) 
and three case–control studies (Hassan et al., 
2008; Benedetti et al., 2009; Zaridze et al., 2009; 
Table 2.18 available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-06-Table2.18.
pdf) on the general population and one cohort 
study on alcoholics (Thygesen et al., 2009; 
Table 2.19 available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-06-Table2.19.
pdf) have been identified since IARC (2010). No 
new meta-analysis or studies on the joint effect of 
alcohol beverage and virus infection were found.

In the three cohort studies, Gwack et al. 
(2007) in Republic of Korea, Ohishi et al. (2008) 
in Japan, and Allen et al. (2009) in the United 
Kingdom, an association between consumption 
of alcoholic beverages and cancer of the liver was 
found. Hassan et al. (2008) reported from a study 
in USA an increased risk for cancer of the liver 
in women with increasing alcohol consumption. 
Among men, the risk for cancer of the liver was 
only increased among those with an ethanol 
intake of ≥ 60 ml per day. Zaridze et al. (2009) 
found an increased risk of cancer of the liver with 
consumption of alcoholic beverages (usually 
vodka) among both men and women in the 
Russian Federation as did Benedetti et al. (2009) 
from Canada. Thygesen et al. (2009) reported 
a higher risk of cancer of the liver among both 
alcoholic men and women compared to the 
general population. [There were only 8 cases 
among women.]

2.4.2 Cholangiocarcinoma

Ten studies on the association between 
consumption of alcoholic beverages and cholan-
giocarcinoma (CCA) in the general population 
were identified (Parkin et al., 1991; Shin et al., 
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1996, Donato et al., 2001; Kuper et al., 2001; 
Yamamoto et al., 2004; Honjo et al., 2005; Shaib 
et al., 2007; Hsing et al., 2008; Lee et al., 2008a; 
Zhou et al., 2008), all of which were case–control 
studies (Table 2.20 available at http://monographs.
iarc.fr/ENG/Monographs/vol100E/100E-06-
Table2.20.pdf). An increased risk for cholangi-
ocarcinoma among heavy drinkers (≥ 80 g/day) 
was reported in two studies from the Republic of 
Korea (Shin et al., 1996 for CCA; Lee et al., 2008a 
for intrahepatic CCA) and one study from the 
USA (Shaib et al., 2007 for both intrahepatic and 
extrahepatic CCA), among current drinkers in a 
study from China (Hsing et al., 2008 for extra-
hepatic CCA), and among regular drinkers in 
Thailand (Honjo et al., 2005 for CCA). In another 
study in Thailand a non-significant increased 
risk among regular drinkers was found (Parkin 
et al., 1991 for CCA). There was no association 
in three studies on intrahepatic CCA from Italy 
(Donato et al., 2001), Japan (Yamamoto et al., 
2004), and China (Zhou et al., 2008) (Table 2.20 
on-line). Kuper et al. (2001) did not find any 
association between consumption of alcoholic 
beverages and cholangiocarcinoma in a low-risk 
Caucasian population in Greece [data not shown 
due to only six cases].

Cholangiocarcinoma is a recognized compli-
cation of primary sclerosing cholangitis. A 
study among patients with primary sclerosing 
cholangitis (26 cases of CCA following primary 
sclerosing cholangitis, 87 controls with primary 
sclerosing cholangitis) reported alcohol drinking 
as one of the risk factor for developing CCA 
(Chalasani et al., 2000).

2.5 Cancer of the stomach

In the previous IARC Monograph (IARC, 
2010), results on the risk for cancer of the stomach 
associated with the consumption of alcoholic 
beverages were considered inconsistent. Since 
then, four cohort studies (Freedman et al., 2007; 
Larsson et al., 2007; Sung et al., 2007; Allen 

et al., 2009) and three case–control studies 
(Lucenteforte et al., 2008; Benedetti et al., 2009; 
Zaridze et al., 2009) in the general population, 
and one cohort study in alcoholics (Thygesen 
et al., 2009) have been published.

2.5.1 Cohort studies in the general 
population

Among cohort studies, no general associa-
tion between alcohol intake and cancer of the 
stomach was found in three studies (Freedman 
et al., 2007; Larsson et al., 2007; Allen et al., 2009), 
while Sung et al. (2007) reported a slight increase 
in risk (Table  2.21 available at http://mono-
graphs.iarc.fr/ENG/Monographs/vol100E/100E-
06-Table2.21.pdf).

2.5.2 Cohort studies in special populations 
(alcohol abusers)

Thygesen et al. (2009) reported a higher risk 
of cancer of the stomach in alcoholics than in 
the general population (Table  2.22 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-06-Table2.22.pdf). The increase 
was statistically significant in men (68 cases) but 
not in women (7 cases). [This study provided no 
information on individual exposures or results 
adjusted for potential confounders.]

2.5.3 Case–control studies

None of the case–control studies (Lucenteforte 
et al., 2008; Benedetti et al., 2009; Zaridze et al., 
2009; Table 2.23 available at http://monographs.
iarc.fr/ENG/Monographs/vol100E/100E-06-
Table2.23.pdf) found an overall association 
between alcohol intake and risk for cancer of the 
stomach. Benedetti et al. (2009) reported a statis-
tically significant increase in the risk of cancer 
of the stomach among those who consumed 1–6 
drinks per week, but not among those who drank 
7 or more per week.
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2.5.4 Types of alcoholic beverage

Analyses by different types of alcoholic 
beverages are presented in Table 2.24 (available 
at http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-06-Table2.24.pdf). Larsson et al. 
(2007) found an increased risk for cancer of the 
stomach with intake of medium or strong beer, 
while no effects were found with light beer, wine 
or hard liquor. Freedman et al. (2007) reported 
an increased risk for cancer of gastric cardia 
among those with high intake of hard liquor 
while no such association was found in the case 
of non-cardia gastric adenocarcinoma. Benedetti 
et al. (2009) reported a statistically significant 
increase in risk for cancer of the stomach among 
those who consumed 1–6 drinks per week of any 
of beer, wine or hard liquor, but not with those 
who drank 7 or more per week.

2.5.5 Confounding

In the previous Monograph, significantly 
increased risks were reported in some studies, 
including those from Japan, China, Poland and 
the Russian Federation. In no study was it possible 
to stratify or adjust fully for lifetime infection 
with Helicobacter pylori. It was concluded that 
since most of the population in areas where 
an association between consumption of alco-
holic beverages and stomach cancer emerged 
had probably been infected by the bacterium, 
potential confounding by H. pylori infection was 
not a major concern. Of concern, however, was 
the likelihood that dietary deficiencies exist in 
those populations and that the consumption of 
alcoholic beverages might be accompanied by 
other unfavourable lifestyle factors, such as low 
socioeconomic class and low intake of fresh fruit, 
vegetables and various micronutrients (IARC, 
2010).

New studies did not provide any additional 
information of potential confounders.

2.6 Cancer of the pancreas

In the previous IARC Monograph (IARC, 
2010), it was concluded that there was not 
strong evidence for an association between the 
consumption of alcoholic beverages and risk of 
cancer of the pancreas. 

2.6.1 Meta- and pooled analyses

A pooled analysis of 14 cohort studies 
(Genkinger et al., 2009) and a meta-analysis of 21 
case–control studies and 11 cohort studies (one 
of which was the pooled analysis) (Tramacere 
et al., 2009) reported a small, statistically signifi-
cant, increased risk for cancer of the pancreas 
associated with high intakes of alcoholic bever-
ages (Table 2.25 available at http://monographs.
iarc.fr/ENG/Monographs/vol100E/100E-06-
Table2.25.pdf). In the pooled analysis, with over 
2000 incident cases of cancer of the pancreas, a 
relative risk of 1.22 (95%CI: 1.03–1.45) for those 
drinking ≥  30 g/day versus none was found, 
with no significant difference by beverage type 
(Genkinger et al., 2009). Tramacere et al. (2009) 
reported a relative risk of 1.22 (95%CI: 1.12–1.34) 
for those drinking ≥ 3 drinks/day [approx. 30 g/
day] versus none or occasional drinkers. 

2.6.2 Cohort studies in the general 
population

In addition to the cohort studies included in 
the pooled analysis by Genkinger et al. (2009), 
the association of alcoholic beverage consump-
tion and risk for cancer of the pancreas has been 
independently examined in six cohort studies 
(Table 2.26 available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-06-Table2.26.
pdf). A nested case–control study within the 
Veterans Health Administration Cohort [the 
control population consisted of all participants 
without cancer of the pancreas enrolled in the 
study] found a significant negative association 
between alcohol use and cancer of the pancreas. 
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[Only data on current alcohol use were collected 
by the clinical provider, and duration and inten-
sity of alcohol use were not recorded. It is possible 
that patients might have stopped drinking due 
to ill health, thereby causing a spuriously high 
risk among the non-drinkers (Khurana et al., 
2007).] In another study, high alcohol consump-
tion, defined according to a scoring system that 
was based on a self-administered questionnaire 
designed to detect alcoholism and on serum 
levels of γ-glutamyl transferase [a biomarker 
of excessive drinking], was associated with 
an increased risk for cancer of the pancreas 
(Johansen et al., 2009). [Data on the amount of 
alcohol consumption were not available.] In the 
Million Women Study in the United Kingdom, 
with approximately 1300 incident cases, there 
was no association between alcohol intake and 
risk for cancer of the pancreas among this popu-
lation of low to moderate drinkers (only 5% drank 
≥  15 drinks/week) (Allen et al., 2009). In the 
European Prospective Investigation of nutrition 
and Cancer there was also no association with 
alcohol intake (Rohrmann et al., 2009), although 
there was some suggestion of an increased risk 
among those with a high average lifetime intake 
of spirits (RR for ≥ 10 g/day versus 0.1–4.9 g/day: 
1.40; 95%CI: 0.93–2.10). This finding is based on 
small numbers and should be interpreted with 
caution, in the NIH-AARP study (based on 
over 1000 incident cases) there was also a posi-
tive association between high alcohol intake and 
risk for cancer of the pancreas (RR for ≥ 3 versus 
>  0 – <  1 drinks/day: 1.45; 95%CI: 1.17–1.80), 
which was stronger among those with a high 
intake of spirits (RR for ≥  3 drinks/day versus 
>  0 – <  1 drinks/day: 1.62, 95%CI: 1.24–2.10); 
there was no association for increasing intake 
of beer or wine, although few participants were 
heavy wine or beer drinkers (Jiao et al., 2009). 
In the Netherlands Cohort Study the increased 
risk was limited to heavy drinkers (RR for ≥ 30 
g/day versus none: 1.57; 95%CI: 1.03–2.39), and 
was similar in a subgroup of individuals who 

reported a stable alcohol intake for the previous 
five years (RR for ≥ 30 g/day versus none: 1.82, 
95%CI: 1.05–3.15), but there was no association 
with a specific beverage type (Heinen et al., 2009). 
The increased risk was observed only during the 
first 7  years of follow-up and not with longer 
follow-ups.

2.6.3 Cohort studies in special populations 

In one cohort study conducted in the 
Netherlands there was a significantly higher rate 
of cancer of the pancreas among male alcohol 
abusers compared with the national average. 
Among women, rates of cancer of the pancreas 
were similar among alcohol abusers and the 
national population (Thygesen et al., 2009; 
Table 2.27 available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-06-Table2.27.
pdf). [The Working Group noted the low number 
of cases. This study provided no information 
on individual exposures or results adjusted for 
potential confounders.]

2.6.4 Case–control studies

In the previous IARC Monograph (IARC, 
2010) reports of 29 case–control studies with 
quantitative data on the association of alcoholic 
beverage intake and the risk for cancer of the 
pancreas were considered. Most of these found no 
association, although some suggested that heavy 
alcoholic beverage drinking (e.g. ≥  15 drinks/
week) may be associated with an increased risk, 
while others found significant reductions in risk 
with increasing alcoholic beverage intake. Since 
then, four further case–control studies have been 
published (Table  2.28 available at http://mono-
graphs.iarc.fr/ENG/Monographs/vol100E/100E-
06-Table2.28.pdf). In a case–control study in the 
USA, with over 800 cases, a significant positive 
association with heavy consumption of alcoholic 
beverages and risk for cancer of the pancreas was 
found (≥ 60 versus < 60 mL ethanol/day: RR, 1.6; 
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95%CI: 1.1–2.5) (Hassan et al., 2007). A positive 
association with high lifetime consumption of 
alcohol, and which was strongest for intake of 
spirits, was found in a small study in Canada 
(with 83 cases) (Benedetti et al., 2009). In another 
study in Canada, with over 400 cases, no asso-
ciation with alcohol intake was found (Anderson 
et al., 2009). [In this study the range of alcohol 
intake was narrow and the response rate among 
the cases was low (24% of all identified cases; 45% 
of contacted living cases), which may have led to 
some response bias.] In a study conducted in the 
Russian Federation with 366 pancreatic cancer 
deaths no significant association between a very 
high intake of vodka and death from cancer of 
the pancreas was found; however, the numbers 
were small (52 men and 4 women in the highest 
intake group) and exposure information was 
obtained from proxies of the decedents [which 
may have led to some misclassification of expo-
sure] (Zaridze et al., 2009). [Other studies with a 
high proportion of proxy respondents may also 
be prone to recall bias (Benedetti et al., 2009). On 
the other hand, given the lethality of the disease, 
studies that only included self-respondents 
(Hassan et al., 2007) may be prone to selection 
bias if alcohol consumption is associated with 
tumour aggressiveness.]

2.6.5 Patient characteristics

Some studies have shown higher risks in 
men than in women (Heinen et al., 2009; Jiao 
et al., 2009; Zaridze et al., 2009) [there were too 
few women in the highest category of alcohol 
intake to drawn meaningful comparisons.] Most 
studies, including the meta- and pooled analyses, 
have found no significant difference in risk esti-
mates between men and women (Genkinger et al., 
2009; Rohrmann et al., 2009; Tramacere et al., 
2009). No evidence of a significant interaction 
between alcohol intake and pancreatic risk was 
found by either smoking status (Anderson et al. 
2009; Genkinger et al., 2009; Heinen et al., 2009; 

Jiao et al., 2009; Johansen et al., 2009; Rohrmann 
et al., 2009), folate intake (Genkinger et al., 2009; 
Heinen et al., 2009; Jiao et al., 2009) or body mass 
index (Johansen et al., 2009; Rohrmann et al., 
2009), although Genkinger et al. (2009) found 
that the association of alcohol consumption with 
risk was stronger among normal-weight indi-
viduals compared with overweight and obese 
individuals. 

2.6.6 Potential confounders

Since individuals who consume high amounts 
of alcohol are also often smokers, it is possible 
that the positive association observed with 
alcohol intake may, in part, be due to residual 
confounding by smoking. In the pooled analysis 
no association with increasing alcohol consump-
tion among non-smokers was found but a small 
increased risk among past and current smokers 
(Genkinger et al., 2009). Although these differ-
ences were not statistically significant, it suggests 
that residual confounding by smoking cannot 
be ruled out. Evidence from other smaller 
studies is inconsistent, perhaps due to the low 
numbers of heavily exposed cases among non-
smokers (Anderson et al., 2009; Heinen et al., 
2009; Johansen et al., 2009; Jiao et al., 2009; 
Rohrmann et al., 2009). [The Working Group 
noted that among smokers, it is difficult to disen-
tangle the effects of alcohol from that of smoking 
due to differences in the amount of cigarettes 
consumed.]

2.7 Cancer of the lung

A possible link between consumption of alco-
holic beverages and risk for cancer of the lung 
has long been speculated; in the previous IARC 
Monograph (IARC, 2010) it was concluded that 
the available data were inadequate to determine 
a causal association between the consumption of 
alcoholic beverages and lung cancer. 
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Two case–control studies (Kubík et al., 2004; 
Benedetti et al., 2009), eight cohort studies 
(Takezaki et al., 2003; Nakaya et al., 2005; Chao 
et al., 2008; Shimazu et al., 2008; Allen et al., 2009; 
Thun et al., 2009; Thygesen et al., 2009; Toriola 
et al., 2009), two meta-analyses (Chao, 2007; Fan 
& Cai, 2009) and one systematic review (Wakai 
et al., 2007) were not considered in the previous 
IARC Monograph (IARC, 2010). More detailed 
analyses with regard to cancer of the lung for 
one of the case–control studies (Benedetti et al., 
2009) were available in an earlier publication 
(Benedetti et al., 2006); therefore, the earlier 
publication is considered for this evaluation. This 
section reviews all available data.

A high correlation has been identified 
between tobacco smoking and alcohol drinking 
in many populations. As such, careful adjust-
ment for smoking is one of the most important 
requirements for a valid interpretation for the 
association between alcohol drinking and cancer 
of the lung.

2.7.1 Overview of studies

(a) Cohort studies in the general population 

Among 29 cohort studies of the general popu-
lation that provided tobacco smoking-adjusted 
risk estimates for total alcoholic beverage use, of 
which one was a pooled analysis of seven cohort 
studies (Freudenheim et al., 2005), a signifi-
cant elevated risk for cancer of the lung associ-
ated with alcoholic beverage consumption was 
reported in 16 (Klatsky et al., 1981; Pollack et al., 
1984; Stemmermann et al., 1990; Chow et al., 
1992; Potter et al., 1992; Doll et al., 1994; Murata 
et al., 1996; Prescott et al., 1999; Lu et al., 2000; 
Korte et al., 2002 [which includes two separate 
studies: the Cancer Prevention Study (CPS) I 
and II]; Balder et al., 2005; Nakaya et al., 2005; 
Nishino et al., 2006; Chao et al., 2008; Toriola 
et al., 2009) (the new studies are summarized in 
Table 2.29 available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-06-Table2.29.

pdf). In some of these studies an increased 
risk at high levels of consumption was found 
(Klatsky et al., 1981; Pollack et al., 1984; Potter 
et al., 1992; Doll et al., 1994; Murata et al., 1996; 
Prescott et al., 1999; Lu et al., 2000; Korte et al., 
2002 [CPS I and II]; Balder et al., 2005; Nakaya 
et al., 2005; Chao et al., 2008), while no asso-
ciation at the highest consumption category but 
with moderate consumption was found in other 
studies (Stemmermann et al., 1990; Chao et al., 
2008, [only for drinking < 1 drink beer per week 
versus non-drinkers]), among former drinkers 
(Nakaya et al., 2005; Nishino et al., 2006), or 
among binge drinkers (Toriola et al., 2009). No 
significant association was observed in the other 
cohort studies with results adjusted for smoking, 
including the pooled analysis of seven cohorts 
(Kvåle et al., 1983; Kono et al., 1986; Bandera 
et al., 1997; Yong et al., 1997; Woodson et al., 
1999; Breslow et al., 2000; Djoussé et al., 2002; 
Takezaki et al., 2003; Freudenheim et al., 2005; 
Rohrmann et al., 2006; Shimazu et al., 2008; 
Allen et al., 2009; Thun et al., 2009). In some of 
these studies, levels of alcohol intake among the 
participants were moderate (Kono et al., 1986; 
Breslow et al., 2000; Freudenheim et al., 2005; 
Allen et al., 2009).

(b) Cohort studies in special populations 

The risk for cancer of the lung among alco-
holics or patients with alcohol use disorders 
was examined in seven cohort studies (Schmidt 
& Popham, 1981; Adami et al., 1992; Tønnesen 
et al., 1994; Sigvardsson et al., 1996; Sørensen 
et al., 1998; Boffetta et al., 2001; Thygesen et al., 
2009) are summarized in Table 2.30 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-06-Table2.30.pdf. All reported 
elevated risk of cancer of the lung. However, due 
to the lack of control for tobacco smoking in all 
of the studies, the observed association may be 
largely explained by the confounding effect of 
tobacco smoking. 
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(c) Case–control studies

In all, 22 case–control studies reported 
tobacco smoking-adjusted odds ratios for total 
consumption of alcoholic beverages and the 
risk for cancer of the lung (the new studies 
are summarized in Table  2.31 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-06-Table2.31.pdf). In seven 
population-based studies (Koo, 1988; Bandera 
et al., 1992; Mayne et al., 1994; Carpenter et al., 
1998; Hu et al., 2002; Freudenheim et al., 2003; 
Benedetti et al., 2006) and 11 hospital-based 
studies (Williams & Horm, 1977; Herity et al., 
1982; Kabat & Wynder, 1984; Mettlin, 1989; 
Pierce et al., 1989; Rachtan & Sokolowski, 1997; 
Zang & Wynder, 2001; De Stefani et al., 2002; 
Pacella-Norman et al., 2002; Ruano-Ravina et al., 
2004; Kubík et al., 2004) no significant asso-
ciation between any level of alcoholic beverage 
consumption and the risk for cancer of the lung 
was found, while in four hospital-based studies 
(De Stefani et al., 1993; Dosemeci et al., 1997; 
Rachtan, 2002; Gajalakshmi et al., 2003) an asso-
ciation was found.

(d) Meta- and pooled analyses 

Korte et al. (2002) found an increased risk for 
lung cancer with an ethanol intake of at least 2000 
g per month (≥  5 drinks/day): the relative risk 
from cohort studies was 1.53 (95%CI: 1.04–2.25) 
and the odds ratio from case–control studies 
was 1.86 (95%CI: 1.39–2.49) [the estimated risks 
for intake of 2000 g/month or more were based 
on only one study for both cohort and case–
control studies]; lower intakes were not associ-
ated with increased risk (Table 2.32 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-06-Table2.32.pdf). [The exposure 
studied most extensively was the frequency of 
drinking. Other parameters of alcoholic beverage 
exposure, such as duration and age at initiation 
of drinking and the relevant exposure period 
were not considered.] In another meta-analysis 

Fan & Cai (2009) provided estimates for total 
alcohol drinking, and did not find a significant 
association with risk of lung cancer. In a pooled 
analysis of 7 cohort studies, Freudenheim et al. 
(2005) found a slightly greater risk of cancer of 
the lung with the consumption of ≥ 30 g alcohol 
per day than with no alcohol consumption (RR, 
1.21; 95%CI: 0.91–1.61 in men, RR, 1.16; 95%CI: 
0.94–1.43 in women).

2.7.2 Types of alcoholic beverage 

Findings from studies examining risk esti-
mates for the consumption of different types 
of alcoholic beverages (i.e. beer, wine, and hard 
liquor) have been inconsistent (Pollack et al., 
1984; Mettlin, 1989; Bandera et al., 1992; Chow 
et al., 1992; De Stefani et al., 1993; Carpenter 
et al., 1998; Prescott et al., 1999; Woodson et al., 
1999; De Stefani et al., 2002; Hu et al., 2002; 
Rachtan 2002; Kubík et al., 2004; Ruano-Ravina 
et al., 2004; Freudenheim et al., 2005; Benedetti 
et al., 2006) (the new studies are summarized in 
Table  2.31 on-line). Risk estimates for different 
types of alcoholic beverages were also reported in 
two meta-analyses (Chao, 2007; Fan & Cai, 2009) 
using results adjusted for smoking (Table  2.32 
on-line). Both found a slightly increased risk 
associated with beer drinking; there was also 
a slight association between drinking of liquor 
(Chao, 2007) and spirits (Fan & Cai, 2009) and 
risk for cancer of the lung. However, when one of 
the meta-analyses included only the studies with 
more comprehensive adjustments for smoking 
(Chao, 2007), there was no significant association. 

2.7.3 Smoking status

Several cohort studies have examined the 
effect of alcoholic beverage consumption among 
both never smokers and smokers, and the inter-
action between these two risk factors (Korte et al., 
2002; Freudenheim et al., 2005; Nishino et al., 
2006; Rohrmann et al., 2006; Chao et al., 2008; 
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Shimazu et al., 2008; Thun et al., 2009; Toriola 
et al., 2009; Table 2.33 available at http://mono-
graphs.iarc.fr/ENG/Monographs/vol100E/100E-
06-Table2.33.pdf, and Table  2.34 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-06-Table2.34.pdf). Korte et al. 
(2002) found an increased risk for cancer of the 
lung associated with drinking ≥ 500 g of alcohol 
per month among both never smoker men and 
women in CPS I but not in CPS II. In a pooled 
study of seven cohorts, Freudenheim et al. 
(2005) found an elevated pooled relative risk for 
alcoholic beverage consumption among never-
smoking men but not among never-smoking 
women. A dose–response was also observed 
among men with a sixfold increase in risk among 
never smokers who consumed ≥ 15 g/day (pooled 
multivariate RR, 6.38; 95%CI: 2.74–14.90; P for 
trend < 0.001).

In contrast, Nishino et al. (2006), Rohrmann 
et al. (2006), Shimazu et al. (2008), Thun et al. 
(2009), and Toriola et al. (2009) reported no asso-
ciation among never smokers. [These analyses 
may have the limitation that most of the cases of 
cancer of the lung were smokers.] In a detailed 
analysis examining the effect of consumption 
of alcoholic beverages by smoking behaviour, 
Woodson et al. (1999) found no differences 
in the relative risks across smoking categories 
(<  20, 20–29, ≥  30 cigarettes/day) [results were 
on smokers only]. However, Shimazu et al. (2008) 
found an increased risk for cancer of the lung 
among current smokers who drank 300–449 g 
ethanol per week (hazard ratio (HR, 1.66; 95%CI: 
1.04–2.65) as well as those who drank ≥ 450 g/wk 
(HR, 1.69; 95%CI: 1.05–2.72; P for trend = 0.02) 
compared to current smokers who drank occa-
sionally. Toriola et al. (2009) also found a signifi-
cant positive association among smokers that 
was independent of the number of cigarettes 
smoked or the duration of smoking. However, 
the analysis was limited to binge drinkers. 

Three case–control studies based on popula-
tions of never smokers (Kabat & Wynder, 1984; 

Koo, 1988; Hu et al., 2002) found no significant 
risks for consumption of alcoholic beverages 
[There is a lack of power to examine the risk asso-
ciated with heavy drinking, as it is uncommon 
to find heavy drinkers among never smokers.] In 
contrast, Rachtan (2002) observed a significantly 
elevated risk associated with alcoholic beverage 
intake among women who never smoked and 
a strong positive dose–response. Other studies 
on total alcohol intake with results stratified by 
smoking status have found positive associations 
between alcohol drinking and risk for cancer 
of the lung among smokers and no association 
among non-smokers (Dosemeci et al., 1997; Zang 
& Wynder, 2001) or found associations among 
heavy smokers and no association among non-
smokers and low/moderate-smokers combined 
(Herity et al., 1982; Bandera et al., 1992; Benedetti 
et al., 2006 [men only]).

There is also some evidence that consump-
tion of alcoholic beverages results in an inverse 
association with risk of cancer of the lung. Two 
studies reported an inverse association between 
wine consumption and lung cancer, one case–
control study among non-smokers (Kubík et al., 
2004) [results not adjusted for consumption of 
other alcoholic beverages], and one cohort study 
(Chao et al., 2008) among smokers.

2.7.4 Histological subtypes

Two cohort studies (Rohrmann et al., 2006; 
Shimazu et al., 2008), one pooled analysis 
(Freudenheim et al., 2005) and eight case–
control studies (Koo, 1988; Dosemeci et al., 1997; 
Carpenter et al., 1998; Zang & Wynder, 2001; De 
Stefani et al., 2002; Djoussé et al., 2002; Rachtan, 
2002; Benedetti et al., 2006) presented smoking-
adjusted risk estimates for consumption of alco-
holic beverages by histological type of cancer 
of the lung (the new studies are summarized in 
Table 2.35 available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-06-Table2.35.
pdf). There appears to be no consistent pattern of 
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effect estimates by histological type. [Estimates 
for subtype of cancer of the lung were mostly 
based on small numbers of cases, which leads 
to difficulties in interpreting results due to wide 
confidence intervals and the possibility of chance 
findings.] Few studies have reported results by 
histological type among never smokers (Koo, 
1988). 

2.7.5 Population characteristics

Several studies conducted analyses strati-
fied by sex using the same exposure categories 
(Williams & Horm, 1977; Bandera et al., 1997; 
Prescott et al., 1999; Korte et al., 2002; Pacella-
Norman et al., 2002; Freudenheim et al., 2005; 
Benedetti et al., 2006; Rohrmann et al., 2006). 
No significant findings that differed by sex have 
been reported.

2.8 Cancer of the breast

2.8.1 Cancer of the female breast

The previous IARC Monograph (IARC, 2010) 
concluded that occurrence of cancer of the female 
breast was causally associated with the consump-
tion of alcoholic beverages. This conclusion was 
based on data from more than 100 epidemiolog-
ical studies, together with a pooled analysis of 53 
studies on more than 58000 women with breast 
cancer, which found a linear increase in risk for 
breast cancer with increasing levels of alcoholic 
beverage consumption (increase per 10 g/d of 
7.1%, 95%CI: 5.5–8.7%) (Hamajima et al., 2002).

(a) Cohort studies in the general population

Since IARC (2010), thirteen cohort studies 
have examined the association of consumption 
of alcoholic beverages and risk of cancer of the 
breast (Table 2.36 available at http://monographs.
iarc.fr/ENG/Monographs/vol100E/100E-06-
Table2.36.pdf), eight of which showed a signifi-
cant positive association (Ericson et al., 2007; 

Mørch et al., 2007; Zhang et al., 2007a; Thygesen 
et al., 2008a; Allen et al., 2009; Duffy et al., 2009; 
Lew et al., 2009; Li et al., 2009b), and four no 
significant association (Trentham-Dietz et al., 
2007; Visvanathan et al., 2007; Kabat et al., 2008; 
Gibson et al., 2009), [In two of these latter studies 
the number of drinkers was small and there was 
no quantitative assessment of alcohol intake.] 
One further study found no association with a 
predominantly alcohol-based dietary pattern and 
risk of cancer of the breast (Engeset et al., 2009) 
[No specific assessment of alcohol intake was 
presented and the contribution of other foods to 
this dietary pattern was not known.] The Million 
Women Study in the United Kingdom, with over 
28 000 incident cancers, is the largest single study 
to estimate reliably the risk for cancer of the breast 
at low to moderate levels of alcohol consumption. 
A linear increase in risk of cancer of the breast 
with increasing alcohol intake (increase per 10 
g/day [equivalent to about one drink regularly 
consumed per day] of 12%, 95%CI: 9–14%) was 
found (Allen et al., 2009). This estimate is slightly 
higher than the 7.1% increase in risk reported in 
the pooled analysis by Hamajima et al. (2002). 
[Allen et al. (2009) were able to take measure-
ment error into account by repeating the alcohol 
consumption measure approximately three years 
after recruitment].

(b) Cohort studies in special populations

Since IARC (2010), Thygesen et al. (2009) 
reported a significantly higher rate of cancer of 
the breast among female alcoholics compared 
with national rates from a cohort study among 
Danish alcohol abusers (Table  2.37 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-06-Table2.37.pdf) [This study 
provided no information on individual expo-
sures or adjusted for potential confounders.]
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(c) Case–control studies

The association of consumption of alco-
holic beverages and risk for incident cancer 
of the female breast has been examined in 11 
case–control studies (Table  2.38 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-06-Table2.38.pdf). A significant 
positive association has been reported from six 
studies (Beji & Reis, 2007; Kruk, 2007; Berstad 
et al., 2008; Kocić et al., 2008; Knight et al., 
2009; Newcomb et al., 2009) and a significant 
inverse association in one (Zaridze et al., 2009). 
[This latter study was conducted in the Russian 
Federation where alcohol consumption is very 
high relative to other populations and exposure 
information was obtained from proxies of the 
decedents (case and control status was based on 
death certification information). Reasons for the 
inverse association with very high intake are not 
clear and information on potential confounders 
was unavailable.] Null associations were found 
in four studies (Terry et al., 2007; Bessaoud & 
Daurès, 2008; Dolle et al., 2009; Brown et al., 
2010), although they either had a very low alcohol 
intake (Bessaoud & Daurès, 2008; Dolle et al., 
2009; Brown et al., 2010) or did not adjust for 
potential confounding factors (Terry et al., 2007).

(d) Other metrics of exposure

Very few investigators have examined 
whether the frequency of drinking, age at started 
drinking or the cumulative lifetime intake influ-
ences risk; in one cohort study in Denmark some 
evidence was found that binge drinking at the 
weekend may additionally increase risk (Mørch 
et al., 2007). Another cohort study in Denmark 
found that risk was attenuated when using 
updated alcohol information (i.e. most recent 
intake measured after recruitment), with the 
suggestion that there may be a long latent period 
between consumption of alcoholic beverages and 
development of cancer of the breast (Thygesen 
et al., 2008a). In contrast, Berstad et al. (2008) 

reported a positive association for recent intake 
(i.e. in the last five years), but no association with 
lifetime intake or intake at a young age from a 
case–control study in the USA.

(e) Types of alcoholic beverage

There is consistent evidence from both cohort 
and case–control studies that the risk for cancer 
of the female breast does not vary significantly by 
beverage type (Zhang et al., 2007a; Berstad et al., 
2008; Bessaoud & Daurès, 2008; Allen et al., 
2009; Lew et al., 2009; Li et al., 2009b; Newcomb 
et al., 2009). Among wine drinkers, the risk does 
not vary by intake of red wine, white wine or a 
mixture of both (Allen et al., 2009; Newcomb 
et al., 2009).

(f) Other factors affecting risk

There is consistent evidence that the associa-
tion does not vary by folate intake (Zhang et al., 
2007a; Duffy et al., 2009; Lew et al., 2009) or by 
menopausal status (Mørch et al., 2007; Terry 
et al., 2007; Visvanathan et al., 2007; Zhang 
et al., 2007a; Kabat et al., 2008), although in two 
case–control studies there was a slightly stronger 
association of consumption of alcoholic bever-
ages and risk for cancer of the breast in postmen-
opausal than in premenopausal women (Kruk, 
2007; Newcomb et al., 2009).

It remains unclear whether the association of 
consumption of alcoholic beverages with risk of 
cancer of the breast varies by use of hormone-
replacement therapy. In the Copenhagen City 
Heart Study, and to a lesser extent, the Women’s 
Health Study, a positive association between 
alcohol intake and risk for cancer of the breast 
among current users, and no association among 
non-users of hormone-replacement therapy was 
found (Zhang et al., 2007a; Nielsen & Grønbaek, 
2008), whereas others have found no such differ-
ences (Bessaoud & Daurès, 2008; Allen et al., 
2009; Lew et al., 2009).

Most of the data for an association of 
consumption of alcoholic beverages on risk for 
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cancer of the breast comes from Caucasian popu-
lations; there is very limited data among Asian 
populations (Gibson et al., 2009; Brown et al., 
2010), perhaps due to the generally low preva-
lence of alcohol consumption. Most studies that 
included different ethnic groups estimated risk 
after adjusting for ethnicity; in two studies that 
stratified by ethnic group there was no differ-
ence in the risk associated with consumption of 
alcoholic beverages (Berstad et al., 2008; Li et al., 
2009b).

There is accumulating evidence that ciga-
rette smoking may increase risk for cancer of 
the breast (see Monograph on Tobacco Smoking 
in this Volume), and because drinking and 
smoking are highly correlated, most studies that 
have evaluated the association of consumption 
of alcoholic beverages on risk for cancer of the 
breast have adjusted for smoking, to a greater 
or lesser extent. Hamajima et al. (2002) found 
that the association of consumption of alcoholic 
beverages with risk for cancer of the breast was 
similar in never, ever and current smokers. No 
subsequent studies have had sufficient statistical 
power to evaluate this in more detail, although 
the evidence to date suggests that the association 
of consumption of alcoholic beverages on risk of 
cancer of the breast is unlikely to be confounded 
by smoking. Another potentially important 
confounder is body size; in those studies that 
have examined potential effect modification by 
body mass index no significant differences have 
been found (Zhang et al., 2007a; Berstad et al., 
2008; Lew et al., 2009).

(g) Contralateral cancer of the breast 

The association of consumption of alcoholic 
beverages with risk for contralateral cancer of the 
breast was not evaluated in IARC (2010). To date, 
four cohort (Table 2.39 available at http://mono-
graphs.iarc.fr/ENG/Monographs/vol100E/100E-
06-Table2.39.pdf) and one case–control study 
(Table 2.40 available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-06-Table2.40.

pdf) have examined whether consumption of 
alcoholic beverages increases the risk of a subse-
quent contralateral cancer of the breast. In one 
cohort study alcohol consumption at the time of 
the first diagnosis and during the period between 
the first and second diagnosis was positively 
associated with the risk of contralateral cancer of 
the breast (Li et al., 2009a), although no associa-
tion was found in other cohort studies (Bernstein 
et al., 1992; Li et al., 2003b; Trentham-Dietz 
et al., 2007). In the case–control study women 
with a contralateral breast cancer were more 
likely to have drunk regularly and to have drunk 
for a prolonged period of time compared with 
women who only had one diagnosis of cancer 
of the breast, although regular drinking during 
the period between the first and second diag-
nosis was not significantly associated with risk 
(Knight et al., 2009).

(h) Tumour receptor status

The association of consumption of alcoholic 
beverages and risk for cancer of the breast by 
estrogen (ER) and progesterone (PR) receptor 
status has been examined in six cohort studies 
(Table  2.41 available at http://monographs.
iarc.fr/ENG/Monographs/vol100E/100E-06-
Table2.41.pdf). Similar associations for ER+ 
and ER- tumours were reported by Chlebowski 
et al. (2007), Visvanathan et al. (2007), Lew et 
al. (2009) and Setiawan et al. (2009). Lew et al. 
(2009) found a slightly stronger association with 
alcohol intake and ER+/PR+ tumours than for 
ER+/PR- or ER-/PR- tumours. Li et al. (2009b) 
and Zhang et al. (2007a) in contrast reported 
positive associations for ER+ and PR+ tumours 
(together with the subgroup of ER+/PR+) and no 
association with ER- or PR- tumours. Tumour 
receptor status has also been evaluated in five 
case–control studies (Table  2.42 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-06-Table2.42.pdf). In the largest, 
with approximately 1000 cases with informa-
tion on receptor status, an increased risk for all 
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ER+ tumours, and no significant association 
for ER- tumours, irrespective of PR status, was 
found; the relative risk per 10 g alcohol/day for 
ER+/PR+ tumours was  1.14 (95%CI:1.07–1.20), 
that for ER+/PR- tumours was 1.07 (95%CI: 
0.95–1.21) (Deandrea et al., 2008). The associa-
tion was slightly stronger among pre/perimeno-
pausal women and among women with a high 
folate intake, although the numbers in these 
subgroups were small (Deandrea et al., 2008). 
In a meta-analysis of 16 case–control studies 
and 3 cohort studies (Table  2.43 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-06-Table2.43.pdf) an increased 
risk per 10 g/day increase in alcohol intake for 
all ER+ tumours was found (12% increased risk), 
and for the subtypes of ER+/PR+ tumours (11%) 
and ER+/PR- tumours (15%), and a smaller posi-
tive association for all ER- (7%), but no associa-
tion with ER-/PR- or ER-/PR+ tumours (Suzuki 
et al., 2008).

There are limited data on the association 
of consumption of alcoholic beverages with 
tumours that are characterized as triple-nega-
tive or basal-like (defined as ER-/PR-/HER2-), 
largely because of the recency of available data 
on HER2 status (human epidermal growth 
factor receptor). From a case–control study 
among premenopausal women Dolle et al. (2009) 
reported no association between consumption of 
alcoholic beverages with triple-negative or non 
triple-negative tumours, and in another case–
control study no significant association with 
triple-negative or luminal B tumours (ER+ and/
or PR+/HER2+) was found, but a stronger posi-
tive association for luminal A tumours (ER+ 
and/or PR+/HER2-) and HER2+ overexpressing 
tumours (defined as ER-/PR-/HER2+) (Trivers 
et al., 2009). [The small numbers in some of these 
subgroups limits interpretation]. No significant 
differences in drinking status between women 
with luminal A tumours (the most common 
tumour type) and women diagnosed with triple-
negative or HER2+ overexpressing tumours were 

reported by Kwan et al. (2009) and Millikan et al. 
(2008) from case-only analyses; one found that 
women with luminal B tumours were less likely 
to be drinkers (Kwan et al., 2009), while there 
was no difference in the other study (Millikan 
et al., 2008). [The null associations seen for the 
rarer subtypes of ER+/PR- and ER-/PR+ tumours 
may reflect limited power of the studies.]

(i) Histological subtype

To date, the NIH-AARP (Lew et al., 2009) 
is the only cohort study to have examined the 
association of consumption of alcoholic bever-
ages by histological subtype among postmeno-
pausal women; similar positive associations were 
reported for ductal, lobular and ductal-lobular 
subtypes (Table  2.44 available at http://mono-
graphs.iarc.fr/ENG/Monographs/vol100E/100E-
06-Table2.44.pdf). This is consistent with findings 
from one case–control study (Nasca et al., 1994; 
Table 2.45 available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-06-Table2.45.
pdf), while a slightly stronger positive associa-
tion for alcohol intake with the risk for lobular 
tumours compared with ductal tumours, 
particularly among postmenopausal women, 
was found in two others (Li et al., 2003a, 2006). 
[The low numbers of cases in some subgroups 
resulted in limited power to detect a significant 
difference, and these may be chance findings. In 
addition, it should be noted that the histological 
data from all of these studies was derived from 
hospital records and were not subject to central 
pathology review, leading to potential misclas-
sification due to observer variability.]

2.8.2 Cancer of the male breast

It was concluded in the previous IARC 
Monograph (IARC, 2010) that the evidence for an 
association of consumption of alcoholic bever-
ages and risk of cancer of the male breast was 
inconsistent.
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(a) Cohort studies

Since IARC (2010), the association between 
consumption of alcoholic beverages and the risk 
for cancer of the male breast has been assessed 
in two cohort studies (Table  2.46 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-06-Table2.46.pdf). In the 
NIH-AARP Study no evidence was found that 
alcohol intake was associated with the risk for 
cancer of the male breast (Brinton et al., 2008). In 
a large cohort of US Army Veterans no associa-
tion with alcoholism as recorded from hospital 
records and risk for cancer of the male breast was 
found (Brinton et al., 2009).

(b) Studies in special populations

Thygesen et al. (2009) reported similar rates 
of cancer of the breast among male Danish alco-
holics compared with national rates (Table 2.47 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-06-Table2.47.pdf) 
[This was based on a very small number of cases 
and provided no information on individual 
exposures.]

2.9 Cancer of the uterine cervix

It was concluded in IARC (2010) that the 
evidence for an association between consump-
tion of alcoholic beverages and risk for cancer 
of the uterine cervix was sparse. Although some 
studies of special populations showed positive 
associations, bias and confounding could not be 
excluded. 

2.9.1 Cohort studies 

The association between consumption of 
alcoholic beverages and risk for cancer of the 
uterine cervix has been examined in 8 cohort 
studies, seven of which were carried out in 
women who were treated for alcohol abuse or 
alcoholism (Prior, 1988; Adami et al., 1992; 

Tønnesen et al., 1994; Sigvardsson et al., 1996; 
Weiderpass et al., 2001; Thygesen et al., 2009) or 
worked as waitresses (Kjaerheim & Andersen, 
1994), and one in the general population (Allen 
et al., 2009) (the new studies are summarized in 
Table 2.48 available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-06-Table2.48.
pdf).

The majority of studies were conducted in 
Scandinavia (Adami et al., 1992; Kjaerheim 
& Andersen, 1994; Tønnesen et al., 1994; 
Sigvardsson et al., 1996; Weiderpass et al., 2001; 
Thygesen et al., 2009), where the use of the unique 
identification numbers makes it possible to work 
on large, registry based data. Two cohort studies 
were conducted in the United Kingdom (Prior, 
1988; Allen et al., 2009). In all seven studies 
conducted in special populations elevated risk 
estimates for invasive cancer of the uterine cervix 
among alcoholic women were found compared 
to the general population. [None of the studies 
adjusted for known risk factors for cancer of the 
uterine cervix, namely human papilloma virus 
(HPV) infection, number of sexual partners 
and tobacco smoking, or attendance at cervical 
cancer screening programmes. It is possible that 
women with alcohol abuse have other behav-
ioural patterns that may affect risk for cancer of 
the uterine cervix, such as non-compliance to 
screening, tobacco smoking and having a higher 
prevalence of HPV than the general population 
in their respective countries.]

In the Million Women Study (Allen et al., 
2009) non-drinking women had an elevated risk 
for cancer of the uterine cervix compared to 
drinkers. Among drinkers, there was no associa-
tion between the amount of alcohol consumed 
and risk for cancer of the uterine cervix. The 
analyses were adjusted for socioeconomic status, 
smoking, body mass index, physical activity, oral 
contraceptives and hormone replacement therapy 
use, but not for particular risk factors of cancer of 
the uterine cervix, including HPV infection and 
factors related to a sexual behaviour such as the 
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number of lifetime sexual partners or age at first 
intercourse. 

2.9.2 Case–control studies 

The association between consumption of 
alcoholic beverages and cancer of the uterine 
cervix was evaluated in 12 case–control studies, 
seven of which were hospital-based (two from 
Italy, two from Thailand, one from Uganda, one 
from United Kingdom, one from the USA), three 
were register or cohort based (from the USA and 
Zimbabwe), and two were based on both hospital 
and population controls (one from Lesotho and 
one large multicentric study from Latin America). 
No or no significant increased risk for cancer 
of the uterine cervix among alcoholic drinkers 
was found in eight studies (Williams & Horm, 
1977; Harris et al., 1980; Marshall et al., 1983; 
Cusimano et al., 1989; Licciardone et al., 1989; 
Thomas et al., 2001a, b; Chiaffarino et al., 2002). 
In the three studies from Africa (Martin & Hill, 
1984; Parkin et al., 1994; Newton et al., 2007), 
women who drank alcohol had a significant or 
borderline significant elevated risk for cancer of 
the uterine cervix. [Adjustment for confounding 
in these studies was incomplete.] In the study 
from Latin America, in which adjustment for 
possible confounders was adequate, there was 
an elevated risk for cancer of the uterine cervix 
among occasional drinkers (confidence inter-
vals not given) but no association with heavy 
drinking (Herrero et al., 1989).

2.9.3 Evidence of a dose–response

The cohort studies on alcoholics did not 
provide convincing evidence of a dose–response 
between risk for cancer of the uterine cervix and 
duration of exposure, which was roughly esti-
mated as years since cohort enrolment (first hospi-
talization/clinical treatment for alcoholism).

A case–control study from Latin America 
(Herrero et al., 1989), which adjusted for 

important risk factors such as tobacco smoking 
and number of sexual partners, showed an 
inverse dose–response association. In four other 
case–control studies in which there was an indi-
cation of a higher risk for cancer of the uterine 
cervix with higher alcohol consumption, the 
observed association was weak in two (Harris 
et al., 1980; Marshall et al., 1983) and signifi-
cant in two other studies (Martin & Hill, 1984; 
Parkin et al., 1994), but adjustment for possible 
confounders was incomplete. In one study, a 
positive trend was observed among consumers 
in the category “wine and other alcoholic bever-
ages” (Chiaffarino et al., 2002).

2.9.4 Types of alcoholic beverage

The effect of specific types of alcoholic bever-
ages (beer, wine and spirits) on risk for cancer 
of the uterine cervix was not investigated in the 
cohort studies.

In almost all case–control studies that evalu-
ated specific types of alcoholic beverage (Marshall 
et al., 1983; Martin & Hill, 1984; Chiaffarino 
et al., 2002) no consistent differences in risk for 
cancer of the uterine cervix between drinkers 
and non-drinkers of a certain alcohol type were 
found. Williams & Horm (1977) found a non-
significant higher risk for cancer of the uterine 
cervix among wine drinkers, while Marshall et 
al. (1983) found beer drinkers were at higher risk.

2.10 Cancer of the endometrium

In the previous IARC Monograph (IARC, 
2010) it was concluded that the evidence for an 
association between consumption of alcoholic 
beverages and risk for cancer of the endometrium 
was inconsistent.
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2.10.1 Cohort studies in the general 
population

The association between consumption of alco-
holic beverages and cancer of the endometrium 
in the general population has been evaluated in 
eight cohort studies (Gapstur et al., 1993; Terry 
et al., 1999; Folsom et al., 2003; Loerbroks et al., 
2007; Kabat et al., 2008; Setiawan et al., 2008; 
Allen et al., 2009; Friberg & Wolk, 2009) (the new 
studies or updates are summarized in Table 2.49 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-06-Table2.49.pdf). 
These studies were conducted in North America 
(Gapstur et al., 1993; Folsom et al., 2003; Kabat 
et al., 2008; Setiawan et al., 2008) and in Europe, 
one in the Netherlands (Loerbroks et al., 2007), 
one in the United Kingdom (Allen et al., 2009) 
and two in Sweden (Terry et al., 1999; Friberg & 
Wolk, 2009). Risk estimates adjusted for multiple 
possible confounders (body size and reproduc-
tive factors) were presented in seven reports 
(Gapstur et al. 1993; Terry et al., 1999; Loerbroks 
et al., 2007; Kabat et al., 2008; Setiawan et al., 
2008; Allen et al., 2009; Friberg & Wolk, 2009) 
while only five of these (Jain et al., 2000a [an 
earlier report from the same study as Kabat et 
al. (2008) in which results were not adjusted for 
smoking]; Loerbroks et al., 2007; Setiawan et al., 
2008; Allen et al., 2009; Friberg & Wolk, 2009) 
adjusted the analysis of consumption of alco-
holic beverages for smoking. Smoking showed 
non-significant negative association in almost all 
studies except for Friberg & Wolk (2009), where 
the risk estimates for cancer of the endometrium 
were decreased among never smokers, especially 
in women drinking more than 10 g of alcohol 
daily. 

There was no clear evidence of association 
between consumption of alcoholic beverages 
and the risk for cancer of the endometrium in 
any of these studies. In four (Terry et al., 1999; 
Loerbroks et al., 2007; Kabat et al., 2008; Setiawan 
et al., 2008) some elevated risk for cancer of 

the endometrium among drinking women was 
found. Only Setiawan et al. (2008) reported a 
statistically significant association, which was 
among women who consumed more than 2 
drinks per day. In one study (Folsom et al., 2003), 
an inverse association was found. No association 
was found in the other studies (Gapstur et al., 
1993; Allen et al., 2009; Friberg & Wolk, 2009).

2.10.2 Cohort studies in special populations 

Three earlier cohort studies examined the 
association between alcoholic beverage intake 
and the risk for cancer of the endometrium in 
special populations, namely women hospital-
ized or being treated for alcohol dependence 
(Tønnesen et al., 1994; Sigvardsson et al., 1996; 
Weiderpass et al., 2001, which was an update 
of Adami et al., 1992). Thygesen et al. (2009) 
conducted the most recent study (Table  2.50 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-06-Table2.50.pdf).

Weiderpass et al. (2001) found an inverse asso-
ciation between alcoholic beverage consumption 
and cancer of the endometrium. [The analytical 
models did not include important covariates that 
may have confounded the association, such as 
cigarette smoking and body size.] In the other 
studies, there was no evidence of an association.

2.10.3 Case–control studies

Case–control studies that have inves-
tigated the relationship between alcoholic 
beverage consumption and the risk for cancer 
of the endometrium were carried out in North 
America, Japan and western Europe.Eight of 
these were hospital-based (La Vecchia et al., 
1986; Cusimano et al., 1989; Austin et al., 1993; 
Levi et al., 1993; Parazzini et al., 1995a; Kalandidi 
et al., 1996; Petridou et al., 2002; Hosono et al., 
2008), two were based on cases and controls from 
a cancer survey or registry database (Williams 
& Horm, 1977; Kato et al., 1989) and eight were 
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population-based (Webster et al., 1989; Shu et al., 
1991; Swanson et al., 1993; Goodman et al., 1997; 
Newcomb et al., 1997; Jain et al., 2000b; McCann 
et al., 2000; Weiderpass & Baron, 2001). The most 
recent study (Hosono et al., 2008) is summarized 
in Table  2.51 (available at http://monographs.
iarc.fr/ENG/Monographs/vol100E/100E-06-
Table2.51.pdf)

Eleven studies (Cusimano et al., 1989; Kato 
et al., 1989; Webster et al., 1989; Austin et al., 
1993; Swanson et al., 1993; Parazzini et al., 1995a; 
Kalandidi et al., 1996; Newcomb et al., 1997; 
Weiderpass & Baron, 2001; Petridou et al., 2002; 
Hosono et al., 2008) were designed to examine the 
association between consumption of alcoholic 
beverages, other lifestyle factors such as cigarette 
smoking, use of hormone replacement therapy 
and other risk factors in the etiology of cancer of 
the endometrium. Six studies (LaVecchia et al., 
1986; Shu et al., 1991; Levi et al., 1993; Goodman 
et al., 1997; Jain et al., 2000b; McCann et al., 2000) 
were designed to evaluate nutritional factors. 
Potentially confounding factors were consid-
ered in all the studies except for one (Cusimano 
et al., 1989), although adjustment may have been 
incomplete in three studies (Williams & Horm, 
1977, [age, race and smoking]; Shu et al., 1991, 
[pregnancies and weight]; Levi et al., 1993, [only 
adjusted for age and centre]).

The results of case–control studies were not 
consistent. In 10 studies little or no association 
between consumption of alcoholic beverages and 
the risk for cancer of the endometrium was found 
(Kato et al., 1989; Webster et al., 1989; Austin 
et al., 1993; Swanson et al., 1993; Kalandidi et al., 
1996; Goodman et al., 1997; Newcomb et al., 
1997; McCann et al., 2000; Weiderpass & Baron, 
2001; Petridou et al., 2002). An inverse associa-
tion was found in three (Williams & Horm, 1977; 
Jain et al., 2000b; Hosono et al., 2008), which was 
significant in two (Jain et al. 2000b; Hosono et 
al. 2008) among moderate drinking women. An 
increased risk for cancer of the endometrium 
with high consumption of alcoholic beverages 

was found by LaVecchia et al. (1986), Cusimano 
et al. (1989), Shu et al. (1991), Levi et al. (1993) and 
Parazzini et al. (1995a); in two the association 
was non-significant (Cusimano et al., 1989; Shu 
et al., 1991), in one it was significant (Parazzini 
et al., 1995a) and one (Levi et al., 1993) found a 
positive association relative to wine and liquor, 
but not to beer.

2.10.4 Evidence of a dose–response

There was no evidence of a trend of 
increasing risk for cancer of the endometrium 
with increasing consumption of alcoholic bever-
ages in the cohort studies, nor a suggestion of a 
dose–response among long-term drinkers only 
(Friberg & Wolk, 2009).

In most case–control studies there was no 
dose–response relationship between consump-
tion of alcoholic beverages and the risk for 
cancer of the endometrium. A negative dose–
response association with significant trend was 
observed by Jain et al. (2000b) and Hosono et al. 
(2008), while one study showed a clear positive 
dose–response trend (Parazzini et al., 1995a). 
In another study, there was an indication of a 
negative dose–response in the association but 
no formal test for trend was presented (Webster 
et al., 1989).

2.10.5 Types of alcoholic beverage

The effect of specific types of alcoholic bever-
ages (beer, wine, sprits) on the risk for cancer of 
the endometrium was investigated in three cohort 
studies, with no clear evidence of heterogeneity 
between different types of beverages (Gapstur 
et al., 1993; Loerbroks et al., 2007; Setiawan et al., 
2008).

Consumption of different alcoholic beverages 
in relation to risk for cancer of the endometrium 
was evaluated in seven case–control studies 
(Williams & Horm, 1977; Austin et al., 1993; 
Levi et al., 1993; Swanson et al., 1993; Parazzini 
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et al., 1995a; Goodman et al., 1997; Weiderpass 
& Baron, 2001). Levi et al. (1993) and Parazzini 
et al. (1995a) found increased risk for cancer of 
the endometrium with increasing consumption 
of wine and hard liquor, but not beer. Overall, 
there were no consistent patterns of association 
between any specific type of alcoholic beverage 
and risk for cancer of the endometrium.

2.10.6 Interactions

Only Setiawan et al. (2008) reported detailed 
results of interaction between other risk factors 
and consumption of alcoholic beverages for 
cancer of the endometrium. There was no clear 
effect modification by body mass index, post-
menopausal hormone use, parity, oral contra-
ceptive use or smoking status, though the power 
to detect such interactions was limited. The 
Million Women Study Collaborators (2005) 
investigated alcohol only as an interacting factor 
with hormone replacement therapy and found 
no evidence for an effect modification. Results 
from stratified analyses did not show any effect 
modification by age, smoking, body mass index, 
folic acid intake, or postmenopausal hormone 
use (Friberg & Wolk, 2009).

2.11 Cancer of the ovary

In the previous IARC Monograph (IARC, 
2010), it was concluded that the evidence for an 
association between consumption of alcoholic 
beverages and risk for cancer of the ovary in 
both cohort and case–control studies was sparse 
and inconsistent. Since IARC (2010), one cohort 
study in alcoholics (Thygesen et al., 2009) and one 
case–control study (Kolahdooz et al., 2009) have 
evaluated the association between consumption 
of alcoholic beverages and risk of cancer of the 
ovary.

2.11.1 Cohort studies 

A total of five cohort studies have examined 
the association between consumption of alcoholic 
beverages and the risk for cancer of the ovary in 
special populations, women hospitalized or being 
treated for alcohol dependence, four early (Adami 
et al., 1992; Tønnesen et al., 1994, Sigvardsson 
et al., 1996; Lagiou et al., 2001) and one more 
recent (Thygesen et al., 2009; Table 2.52 available 
at http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-06-Table2.52.pdf); the association 
in the general population has been examined in 
seven cohort studies (Kushi et al., 1999; Kelemen 
et al., 2004; Schouten et al., 2004; Chang et al., 
2007; Kabat et al., 2008; Tworoger et al., 2008; 
Allen et al., 2009). The studies were conducted in 
North America (USA and Canada) and Europe 
(the Netherlands, the United Kingdom and 
Scandinavia). The reports on studies in special 
populations presented results adjusted for age 
and calendar period only, whereas in the popu-
lation based cohort studies results were adjusted 
for a large variety of factors.

There was no evidence of an overall associa-
tion between consumption of alcoholic bever-
ages and the risk for cancer of the ovary in these 
studies.

2.11.2 Case–control studies 

Twenty-four case–control studies investi-
gated the relationship between alcoholic beverage 
consumption and the risk for cancer of the 
ovary in North America, Japan, Australia, India, 
western Europe and Scandinavia, including one 
recent (Kolahdooz et al., 2009; Table 2.53 available 
at http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-06-Table2.53.pdf). Eleven were 
hospital-based (West, 1966; Williams & Horm, 
1977; Byers et al., 1983; Tzonou et al., 1984; Mori 
et al., 1988; Hartge et al., 1989; LaVecchia et al., 
1992; Nandakumar et al., 1995; Tavani et al., 
2001a; Yen et al., 2003; Pelucchi et al., 2005), 

402

http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-06-Table2.52.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-06-Table2.52.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-06-Table2.53.pdf
http://monographs.iarc.fr/ENG/Monographs/vol100E/100E-06-Table2.53.pdf


Consumption of alcoholic beverages

one was based on cases and controls who were 
included in a cancer registry database (Kato et al., 
1989), 11 were population-based (Gwinn et al., 
1986; Polychronopoulou et al., 1993; Godard 
et al., 1998; Kuper et al., 2000; Goodman & Tung, 
2003; McCann et al., 2003; Modugno et al., 2003; 
Riman et al., 2004; Webb et al., 2004; Peterson 
et al., 2006; Kolahdooz et al., 2009) and one used 
controls chosen both among general popula-
tion and hospital patients (Whittemore et al., 
1988). The recent study (Kolahdooz et al., 2009) 
examined dietary patterns, including a predomi-
nantly snack and alcohol-based dietary pattern, 
and cancer of the ovary. [No specific assessment 
of alcohol intake was presented.] Confounding 
factors were considered in all studies, although 
adjustment was more extensive in more newly 
published studies than in studies published 
during the 1980s.

Overall, the results of case–control studies do 
not suggest any association between consump-
tion of alcoholic beverages and risk for cancer of 
the ovary, although a few studies indicated either 
positive or negative associations.

2.11.3 Types of alcoholic beverage

In four population-based cohort studies the 
association with different types of alcoholic 
beverages was investigated (Kelemen et al., 
2004; Schouten et al., 2004; Chang et al., 2007; 
Tworoger et al., 2008). Intake of wine during 
the year before baseline was associated with an 
increased risk for cancer of the ovary in one study 
(Chang et al., 2007), but was not confirmed in 
the others (Kelemen et al., 2004; Schouten et al., 
2004; Tworoger et al., 2008).

Seven case–control studies evaluated different 
alcoholic beverages in relation to risk for cancer 
of the ovary (Gwinn et al., 1986; LaVecchia et al., 
1992; Tavani et al., 2001a; Goodman & Tung, 
2003; Modugno et al., 2003; Webb et al., 2004; 
Peterson et al., 2006). Overall, there were no 
consistent patterns of association between any 

specific type of alcoholic beverage (beer, wine 
and spirits) and risk for cancer of the ovary.

2.11.4  Interactions

Kelemen et al. (2004), Schouten et al. (2004) 
and Chang et al. (2007) evaluated their data for 
possible interaction between alcoholic beverage 
intake and other variables. Kelemen et al. (2004) 
found a statistically significant interaction 
between folate intake and alcohol consumption 
with regard to risk for cancer of the ovary. A 
similar association was observed by Chang et al. 
(2007) for women drinking more than one glass 
of wine daily. No other consistent interactions 
were reported. Among the case–control studies, 
there was no consistent evidence of interaction 
between alcoholic beverage consumption and 
different variables known or suspected to be 
associated with risk of cancer of the ovary, such 
as reproductive history, education, body size or 
diet.

2.12 Cancer of the prostate

In the previous IARC Monograph (IARC, 
2010) it was concluded that the evidence for 
the association between consumption of alco-
holic beverages and risk of cancer of the pros-
tate is inconsistent. Increased risk for cancer of 
the prostate at elevated levels of consumption 
of alcoholic beverages was suggested from a 
few cohort studies, but there was no consistent 
dose–response relationship and in many cohort 
studies there was no association. The majority of 
case–control studies also showed no association 
between consumption of alcoholic beverages and 
cancer of the prostate.
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2.12.1 Cohort studies in the general 
population 

For studies of cancer of the prostate that 
were conducted more recently, there should be 
concern if no attempt is made to distinguish 
between cases that are detected by screening, 
with a possibility that many might not have 
presented clinically during the lifetime of the 
individual in the absence of screening, and those 
that present clinically and are more likely to be 
progressive. Among the 23 cohort studies six 
studies (Platz et al., 2004; Baglietto et al., 2006; 
Sutcliffe et al., 2007; Rohrmann et al., 2008; 
Gong et al., 2009; Chao et al., 2010; Table 2.54 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-06-Table2.54.pdf) 
have considered the stage or grade of the disease. 
None found any association between alcoholic 
beverage consumption and risk of advanced 
cases of cancer of the prostate. However in one 
study (Gong et al., 2009) a strong association 
of increased risk of high-grade cancer of the 
prostate with heavy alcohol consumption in the 
whole study population was found (RR  2.01; 
95%CI: 1.33–3.05), as well as among heavy beer 
drinkers (RR, 2.89; 95%CI: 1.76–3.76) compared 
to non-drinkers. In a few of the other cohort 
studies that did not make a distinction of cancer 
stage or grade there was an increased risk for 
cancer of the prostate at elevated levels of alco-
holic beverage consumption (Hirayama, 1992; 
Schuurman et al., 1999; Putnam et al., 2000; 
Sesso et al., 2001), but there was no consistent 
dose–response relationship. Many other cohort 
studies showed no association. The risk associated 
with different types of alcoholic beverages was 
inconsistent, with increased risks for both beer 
(Gong et al., 2009) and white wine consumption 
(Velicer et al., 2006), as well as null associations 
(Sutcliffe et al., 2007; Chao et al., 2010) for all 
alcoholic beverages. Most studies collected data 
on consumption of alcoholic beverages only at 
baseline. Two studies examined lifetime alcohol 

use up to baseline (Rohrmann et al., 2008) and 
another alcohol use at ages 18 and 45 (Velicer 
et al., 2006) and did not find associations.

2.12.2 Cohort studies in special populations 

Two of the nine studies of special popula-
tions showed an association between alcoholic 
beverage consumption and cancer of the prostate. 
Tønnesen et al. (1994) and more recently Thygesen 
et al. (2009) (Table 2.55 available at http://mono-
graphs.iarc.fr/ENG/Monographs/vol100E/100E-
06-Table2.55.pdf) studying Danish alcohol 
abusers observed greater numbers of cancers of 
the prostate compared with the number expected 
from the general population. None of the studies 
provided information on individual exposures 
or adjusted for potential confounders.

2.12.3 Case–control studies 

Studies published since IARC (2010) are 
summarized in Table  2.56 available at http://
monog r aphs . ia rc . f r/ ENG/Monog r aphs/
vol100E/100E-06-Table2.56.pdf. Six of the 38 
case–control studies considered aggressiveness 
of disease. In the study of Walker et al. (1992), 
90% of the cases were advanced at presentation, 
and in the study by Li et al. (2008b), almost 50% 
of the cases were advanced and about 40% of 
moderately differentiated tumour presentation. 
The majority of the studies showed no association 
between consumption of alcoholic beverages and 
cancer of the prostate. Six studies found a posi-
tive association (De Stefani et al., 1995; Hayes 
et al., 1996; Sharpe & Siemiatycki, 2001; Chang 
et al., 2005; Gallus et al., 2007; Benedetti et al., 
2009). De Stefani et al., (1995) found a borderline 
elevation of risk for high levels of consumption 
of beer, but the risk at high levels of total alcohol 
consumption was not significantly elevated. 
Hayes et al. (1996) found significant elevations 
in risk for ‘heavy’ and ‘very heavy’ consumers 
of alcoholic beverages, with higher risks among 
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those with poorly or undifferentiated tumours, 
or with regional or distant metastases. Sharpe 
& Siemiatycki (2001) reported an elevation in 
risk for those with long duration of drinking, 
with the greatest elevation in risk for those who 
started drinking at age < 15 years. An elevated 
risk with increasing drink/year [with close to 
significant trend] was reported by Benedetti 
et al. (2009) among beer drinkers, as well as a 
borderline increased risk among moderate red 
wine drinkers. Gallus et al. (2007) reported an 
increased risk among men with poorly differ-
entiated tumours (Gleason score ≥  7). This 
association was not significant for all cancers of 
the prostate combined (regardless of the stage/
differentiation status). Chang et al. (2005) found 
an association between consumption of alcoholic 
beverages (in g/week) and risk of cancer of the 
prostate with a borderline trend; there was no 
association with advanced cancer, whereas local-
ized cancer showed significant association but 
without a dose–response relationship. De Stefani 
et al. (2009) analysed dietary patterns consisting 
of alcoholic beverages and processed meat and 
found no significant association with cancer of 
the prostate.

2.12.4 Meta-analyses 

A meta-analysis that included six cohort and 
27 case–control studies that were reported before 
July 1998 resulted in a relative risk estimate of 1.05 
(95%CI: 0.98–1.11) for ever consumption of alco-
holic beverages and of 1.05 (95%CI: 0.91–1.20) for 
each additional drink of alcohol per day (Dennis, 
2000). The latter estimate was based on 15 studies 
reporting amount of alcohol consumed. Based 
on these 15 studies, the estimated relative risk 
for 4 drinks/day was 1.21 (95%CI: 1.05–1.39) 
(Table 2.57 available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-06-Table2.57.
pdf). Middleton-Fillmore et al. (2009) conducted 
a meta-analysis in which 14 cohorts and 21 
case–control studies were included, reporting a 

weak but statistically significant association of 
incidence of cancer of the prostate with alcohol 
consumption levels in population case–control 
studies (RR, 1.24; 95%CI: 1.14–1.34), but meta-
analyses of 7 hospital-based case–control studies 
and 14 cohort studies found no associations 
between consumption of alcoholic beverages and 
cancer of the prostate.

2.13 Cancer of the kidney

In the previous IARC Monograph (IARC, 
2010) it was concluded that both cohort and 
case–control studies provide consistent evidence 
of no increase in risk for cancer of the kidney 
with consumption of alcoholic beverages (IARC, 
2010). In several studies, increasing intake of 
alcoholic beverages was associated with a signifi-
cantly lower risk for cancer of the kidney. These 
inverse trends were observed in both men and 
women and with multiple types of alcoholic 
beverage.

Since IARC (2010), one cohort (Table  2.58 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-06-Table2.58.pdf) 
and three case–control studies (Table  2.59 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-06-Table2.59.pdf) 
have been identified. 

Allen et al. (2009) reported a decrease in risk 
for cancer of the kidney associated with moderate 
alcohol intake in women. The relative risk associ-
ated with ≥ 15 drinks per week was 0.66 (95%CI: 
0.48–0.92); the reduction in risk per 10 g alcohol/
day was 12% (95%CI: 1% to 22%).

Greving et al. (2007) (855 cases) reported 
an inverse association between alcohol intake 
measured as gram of ethanol per month and 
cancer of the kidney. Pelucchi et al. (2008) (1534 
cases), in an update of a previous study (Pelucchi 
et al. (2002) together with a new study from the 
same area, found an inverse association between 
total alcohol intake or intake of wine measured 
as drinks per day and cancer of the kidney; 
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however, they did not find any effect of duration 
(years) of drinking or age of starting. Benedetti 
et al. (2009) (156 cases) found no effect of alcohol 
intake on the risk of cancer of the kidney.

2.14 Cancer of the urinary bladder

In the previous IARC Monograph (IARC, 
2010) it was concluded that the evidence for an 
association between consumption of alcoholic 
beverages and risk for cancer of the urinary 
bladder was inconsistent.

One cohort (Allen et al., 2009) and three 
case–control studies (Cao et al., 2005; Jiang 
et al., 2007; Zaridze et al., 2009) on the general 
population and one cohort study on alcoholics 
(Thygesen et al., 2009) have been identified since 
IARC (2010).

Allen et al. (2009) found no association 
between consumption of alcoholic beverages 
and cancer of the urinary bladder in women 
(Table 2.60 available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-06-Table2.60.
pdf). Likewise, Thygesen et al. (2009) reported 
no effect of alcohol on cancer of the urinary 
bladder among alcoholics (Table  2.61 available 
at http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-06-Table2.61.pdf).

Two of the case–control studies (Cao et al., 
2005; Zaridze et al., 2009) found no consistent 
association between consumption of alcoholic 
beverages and risk for cancer of the urinary 
bladder (Table  2.62 available at http://mono-
graphs.iarc.fr/ENG/Monographs/vol100E/100E-
06-Table2.62.pdf). However, Jiang et al. (2007) 
in a large case–control study (1671 cases) found 
a statistically significant reduced risk both in 
relation to frequency of alcohol intake, dura-
tion (in years), and age of initiation. The reduc-
tion in risk was particularly large among those 
who urinated frequently. [The reduced risk for 
cancer of the urinary bladder among those who 
urinated frequently may to some extent be due 

to a high liquid intake and dilution of potential 
carcinogens.]

2.15 Cancers of the lymphatic and 
haematopoietic system

Lymphomas and haematopoietic malig-
nancies comprise a heterogeneous group of 
malignancies and their respective etiologies 
are not fully understood. In the previous IARC 
Monograph (IARC, 2010) it was concluded that 
there was evidence suggesting lack of carcino-
genicity in humans for alcoholic beverages and 
non-Hodgkin lymphoma (NHL). The results of 
cohort studies and evidence from some very large 
case–control studies showed an inverse associa-
tion or no association between the consumption 
of alcoholic beverages and the risk for NHL. In 
general, there was no evidence of substantial 
differences in the effect of specific beverage types 
or for specific histological subtypes of NHL. The 
evidence for an association between consump-
tion of alcoholic beverages and risk for Hodgkin 
disease was sparse, and no consistent pattern 
of association was observed for leukaemia and 
multiple myeloma (IARC, 2010).

2.15.1 Cohort studies in the general 
population 

In seven cohort studies, associations of 
consumption of alcoholic beverages and the risk 
for lymphatic and/or haematopoietic cancers were 
examined (Boffetta et al., 1989; Kato et al., 1992; 
Chiu et al., 1999; Lim et al., 2006; Lim et al., 2007; 
Allen et al., 2009; Klatsky et al., 2009). Studies 
published since the previous Monograph (IARC, 
2010) are summarized in Table  2.63 (available 
at http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-06-Table2.63.pdf)

For NHL specifically, Chiu et al. (1999) 
found a non-significant inverse association with 
consumption of alcoholic beverages among post-
menopausal women in the USA. This relationship 
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persisted after adjustment for several potential 
confounding factors including age, total energy 
intake, residence (farm, no farm), education, 
marital status, history of transfusion and diabetes, 
and intake of red meat and fruit. [The Working 
Group noted that the level of alcohol intake was 
very low in this study.] Lim et al. (2006) found 
weak evidence of an inverse association among 
Finnish male smokers in a multivariate analysis. 
The three cohort studies published recently and 
conducted among retired persons in the USA 
(Lim et al., 2007), among middle-aged women 
in the United Kingdom (Allen et al., 2009), and 
in a multiethnic USA population (Klatsky et al., 
2009) have shown significantly decreased risk 
of NHL among people with moderate alcohol 
intake A borderline significant inverse associa-
tion was also shown for consumers of 7 or more 
drinks per week who were diagnosed with B-cell 
lymphoma, chronic lymphocytic lymphoma 
or small lymphocytic lymphoma, as well as an 
inverse (although non-significant) association of 
Hodgkin lymphoma risk with consumption of 
alcoholic beverages (Lim et al., 2007).

In a study among American men of Japanese 
ancestry that also considered several poten-
tial lifestyle, medical and dietary confounding 
factors, consumption of ≥  30 ml alcohol per 
day compared with non-drinkers was associ-
ated with a threefold higher risk for lymphoma 
and leukaemia combined (Kato et al., 1992). 
In the multiethnic cohort in the USA (Klatsky 
et al., 2009) risk for myelocytic leukaemia among 
regular drinkers compared with never-drinkers 
plus those reporting <  1 drink/month, and 
risk for lymphocytic leukaemia among people 
drinking more than 2 drinks per week versus 
drinkers who drank <  1 drink/week showed 
inverse associations (p for trend 0.01 and 0.03, 
respectively). Allen et al. (2009) did not find any 
association between alcohol intake and risk of all 
leukaemias combined. 

In the four cohort studies that assessed 
consumption of alcoholic beverages and the risk 

for multiple myeloma, no association was found in 
three (Lim et al., 2006; Allen et al., 2009; Klatsky 
et al., 2009) and in one a lower risk among ever 
regular drinkers compared with never regular 
drinkers was found (Boffetta et al., 1989).

2.15.2 Cohort studies in special populations

Five studies among heavy alcoholic beverage 
users or brewery workers have investigated the 
risk for lymphatic and/or haematopoietic cancers 
(Hakulinen et al., 1974; Jensen, 1979; Robinette 
et al., 1979; Schmidt & Popham, 1981; Carstensen 
et al., 1990).

Three studies examined lymphatic and 
haematopoietic cancers combined (Jensen, 
1979; Robinette et al., 1979; Carstensen et al., 
1990), Jensen (1979) found no significant differ-
ences between the observed number of cases 
among Danish brewery workers compared with 
the expected number of cases computed from 
age-, sex-, and area-specific rates. Carstensen 
et al. (1990) found slightly increased risk for 
these cancers among Swedish brewery workers 
compared to the expected cases calculated using 
age, follow-up time, and area-standardized rates 
of the Swedish male population. Robinette et al. 
(1979) found a non-significant decreased risk 
among chronic alcoholic male USA veterans 
compared with expected numbers computed 
from age- and time-specific rates for the US male 
population. 

In two studies, the observed number of cases 
of lymphoma among alcoholics was lower than 
that expected based on rates for the local popula-
tion (Hakulinen et al., 1974; Schmidt & Popham, 
1981).

In studies among alcoholics, the observed 
number of cases of leukaemia did not differ 
significantly from those expected in one study 
(Hakulinen et al., 1974), and was non-signif-
icantly lower in two other studies (Robinette 
et al., 1979; Schmidt & Popham, 1981). In studies 
among brewery workers, Jensen (1979) found 
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no significant difference between the observed 
and expected number of leukaemia deaths, 
while Carstensen et al. (1990) found a 1.6-fold 
higher risk of mortality among brewery workers 
compared with those expected from the local 
population. 

2.15.3 Case–control studies

(a) Lymphomas 

Associations between consumption of alco-
holic beverages and the risk for lymphoma were 
evaluated in 22 case–control studies (Williams & 
Horm, 1977; Cartwright et al., 1988; Brown et al., 
1992; Nelson et al., 1997; Tavani et al., 1997; De 
Stefani et al., 1998; Matsuo et al., 2001a; Tavani 
et al., 2001b; Briggs et al., 2002; Chiu et al., 2002; 
Morton et al., 2003; Chang et al., 2004; Willett 
et al., 2004; Besson et al., 2006a, b; Nieters 
et al., 2006; Deandrea et al., 2007; Casey et al., 
2007; Gorini et al., 2007b; Willett et al., 2007; 
Monnereau et al., 2008; Benedetti et al., 2009). 
Studies published since the previous Monograph 
(IARC, 2010) are summarized in Table  2.64 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-06-Table2.64.pdf).

Most case–control studies of consumption 
of alcoholic beverages and lymphoma focused 
specifically on NHL and/or its histological 
subtypes. Chang et al. (2004) found no overall 
association of NHL risk with moderate consump-
tion of alcoholic beverages, although there was a 
suggestive possible increased risk of NHL among 
men. In that study, all cases and controls were free 
of human immunodeficiency viral infection and 
several potential confounding factors including 
age, tobacco smoking and occupational exposure 
to pesticides were considered. Briggs et al. (2002) 
also found no difference in the risk for NHL 
between drinkers and non-drinkers after adjust-
ment for age, ethnicity and smoking status. Casey 
et al. (2007) found no significant associations 
of different characteristics of consumption of 
alcoholic beverages considering drinkers versus 

non drinkers, current and former drinking, age 
at drinking debut, drinking duration or daily 
intake for all lymphoid neoplasms and B-cell 
lymphomas. An inverse association for ever 
alcohol drinking and NHL was observed in a 
large multicentric study (Monnereau et al., 2008) 
with 399 NHL cases (OR, 0.7; 95%CI: 0.5–1.0).

Most individual studies of NHL have limited 
power to conduct detailed analyses of consump-
tion of alcoholic beverages and risk for this 
disease, particularly for specific beverage types 
and histological subtypes. Therefore, data from 
nine case–control studies conducted in Italy, 
Sweden, the United Kingdom and the USA 
were pooled to include 6492 cases of NHL and 
8683 controls (Morton et al., 2005). The analysis 
showed a significantly lower risk for NHL for 
ever drinkers when compared to non-drinkers; 
however, there was no consistent dose–response 
relationship between risk and frequency of 
consumption of alcoholic beverages, dura-
tion of alcoholic beverage consumption or 
age at starting drinking. The risk for NHL for 
current drinkers was lower than that for former 
drinkers. There was no difference in association 
by alcoholic beverage type or for the combina-
tion of beverages types consumed. For specific 
subtypes of NHL, no significantly elevated risks 
were found. The lowest risk associated with 
ever drinking versus non-drinker was that for 
Burkitt lymphoma (OR, 0.51; 95%CI: 0.33–0.77). 
Low risks for diffuse B-cell, follicular and T-cell 
lymphomas associated with ever drinking were 
also noted. The findings were unchanged when 
the analyses were restricted to studies that had a 
high response rate.

A multicentre case–control study of NHL 
and consumption of alcoholic beverages 
included data from five European countries and 
comprised 1742 cases and 2465 controls (Besson 
et al., 2006a). Overall, there were no associa-
tions observed for ever drinking, age at starting 
drinking, duration of drinking or monthly 
consumption with risk for all NHL or with any 
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histological subtype; similarly, no associations 
with risk of NHL were found with any specific 
type of alcoholic beverage. However, a lower risk 
associated with regular alcoholic beverage intake 
was observed for men (OR, 0.76; 95%CI: 0.62–
0.93; 691 exposed cases) and for non-Mediterra-
nean countries (OR, 0.73; 95%CI: 0.61–0.86).

Among the nine studies that examined 
Hodgkin lymphoma specifically (Williams 
& Horm, 1977; Tavani et al., 1997; Besson 
et al., 2006b; Nieters et al., 2006; Deandrea et al., 
2007; Gorini et al., 2007b; Willett et al., 2007; 
Monnereau et al., 2008; Benedetti et al., 2009), a 
consistent inverse association was found almost 
in all. In the large multicentre European study, 
the odds ratio for Hodgkin lymphoma associated 
with ever regular drinking compared with never 
regular drinking was 0.61 (95%CI: 0.43–0.87; 81 
exposed cases); this association was consistent for 
younger and older adults (Besson et al., 2006b). 
Other multicentre studies have also shown 
an inverse association of Hodgkin lymphoma 
risk and frequent alcohol consumption of the 
order of 0.50 (Gorini et al., 2007b; Monnereau 
et al., 2008). Willett et al. (2007) found that the 
risk of Hodgkin lymphoma was higher among 
non-drinkers and persons with low alcohol 
consumption.

Inverse associations were also observed 
between specific alcoholic beverage types, namely 
wine and aperitif, and Hodgkin lymphoma 
(Gorini et al., 2007b; Monnereau et al., 2008).

(b) Leukaemia 

The association of consumption of alcoholic 
beverages with risk for adult leukaemia was 
examined in eight case–control studies (Williams 
& Horm, 1977; Brown et al., 1992; Wakabayashi 
et al., 1994; Chang et al., 2004; Pogoda et al., 
2004; Rauscher et al., 2004; Gorini et al., 2007a; 
Monnereau et al., 2008). Studies published since 
the previous Monograph are summarized in 
Table 2.65 (available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-06-Table2.65.

pdf). No consistent patterns of associations 
between total consumption of alcoholic bever-
ages and risk for all leukaemias combined were 
observed. In two studies a non-significant two- 
to threefold higher risk for acute lymphocytic 
leukaemia associated with heavy drinking 
(Wakabayashi et al., 1994) or with any drinking 
(Brown et al., 1992) was found, while in another 
no association of drinking with risk for this type 
of leukaemia was found (Gorini et al., 2007a). 
Similarly, there was no consistent evidence 
of associations with acute non-lymphocytic 
leukaemia, chronic lymphocytic leukaemia or 
chronic myeloid leukaemia in these studies. 
Chang et al. (2004) found a positive significant 
association between high wine intake and risk 
for chronic lymphocytic leukaemia. 

(c) Multiple myeloma 

Associations between consumption of 
alcoholic beverages and the risk for multiple 
myeloma were examined in nine case–control 
studies, five in the USA, one in Canada, two in 
Italy and one in France (Williams & Horm, 1977; 
Gallagher et al., 1983; Linet et al., 1987; Brown 
et al., 1992; Brown et al., 1997; Deandrea et al., 
2007; Gorini et al., 2007b; Hosgood et al., 2007; 
Monnereau et al., 2008). Studies published since 
the previous Monograph are summarized in 
Table 2.66 (available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-06-Table2.66.
pdf). In the largest studies, there was a statisti-
cally significant lower risk for multiple myeloma 
among drinkers compared with non-drinkers in 
white men (Hosgood et al., 2007) and to a lesser 
extent in black men and white women (Brown 
et al., 1997) and among both men and women 
(Gorini et al., 2007b), but the latter associations 
were non-significant. Brown et al. (1997) found a 
non-significant 2.8-fold higher risk for multiple 
myeloma for white women who consumed ≥ 22 
drinks per week. Non-significantly increased risk 
of multiple myeloma for consumption of alcoholic 
beverages was found by Deandrea et al. (2007) 
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and Monnereau et al. (2008) after adjustment for 
age, centre, sex and tobacco. No consistent asso-
ciation patterns were observed among the other 
case–control studies. Most studies collected 
data on alcoholic beverage consumption from 
proxy respondents, and some included preva-
lent cases. In addition, not all studies controlled 
for the potential confounding effects of tobacco 
smoking, and only two controlled for other 
factors such as farming, family history of cancer 
and occupational exposure to high-risk chemi-
cals (Brown et al., 1992; Monnereau et al., 2008).

2.16 Other cancers

In the previous IARC Monograph (IARC, 
2010) it was noted that the evidence for an asso-
ciation of consumption of alcoholic beverages 
with risk of other female cancers (vulva and 
vagina) and cancers of the testis, brain, thyroid, 
and skin melanoma was generally sparse and/or 
inconsistent. 

2.16.1 Cancers of the vulva and vagina

In two cohort studies the association between 
consumption of alcoholic beverages and risk for 
other female cancers was examined. These were 
carried out in women being treated for alcohol 
abuse or alcoholism in Sweden (Sigvardsson 
et al., 1996; Weiderpass et al., 2001). In one 
study an elevated risk for vaginal cancer but 
not for vulva cancer was found (Weiderpass 
et al., 2001). Sigvardsson et al. (1996) reported 
high relative risks for both vulva and vaginal 
cancers combined. In these studies relative risk 
estimates could not be adjusted for factors that 
may have confounded the association between 
alcoholic beverage consumption and vulva and 
vaginal cancers, such as HPV infections, number 
of sexual partners and tobacco smoking. It is 
possible that women who abuse alcohol have 
other behavioural patterns that may affect risks 
for these cancers.

Four case–control studies investigated the 
association between consumption of alcoholic 
beverages and risk for vulva cancer, conducted 
in Italy (Parazzini et al., 1995b) and in the USA 
(Williams & Horm, 1977; Mabuchi et al., 1985; 
Sturgeon et al., 1991); one study from Denmark 
(Madsen et al., 2008) investigated both cancer of 
the vulva and vagina. Studies published since the 
previous Monograph (IARC, 2010) are summa-
rized in Table 2.67 available at http://monographs.
iarc.fr/ENG/Monographs/vol100E/100E-06-
Table2.67.pdf). Three were hospital-based 
studies (Williams & Horm, 1977; Mabuchi et al., 
1985; Parazzini et al., 1995b), one was popula-
tion-based (Sturgeon et al., 1991), while Madsen 
et al. (2008) used two sets of controls, popula-
tion- and hospital-based. Confounding factors 
were considered in four studies (Williams & 
Horm, 1977; Sturgeon et al., 1991; Parazzini 
et al., 1995b; Madsen et al., 2008), but only two 
of these provided risk estimates adjusted for 
both smoking and sexual behaviour (Sturgeon 
et al., 1991; Madsen et al., 2008). Williams & 
Horm (1977), Mabuchi et al. (1985), Sturgeon et 
al. (1991) and Parazzini et al. (1995b) reported 
no association between alcoholic beverage 
consumption and risk for vulva cancer. Madsen 
et al. (2008) found a higher risk among drinkers 
compared to non-drinkers, for both vaginal and 
vulva cancers.

There was no evidence of dose–response for 
consumption of alcoholic beverages and vulva 
cancer, in any of these studies, either in terms 
of frequency of alcohol consumption (Parazzini 
et al., 1995b), in terms of years of alcohol consump-
tion (Madsen et al., 2008), or when providing two 
defined levels of alcohol consumption (Williams 
& Horm, 1977). Williams & Horm (1977), 
Mabuchi et al. (1985) and Sturgeon et al. (1991) 
investigated risk of vulva cancer in relation to 
consumption of different alcoholic beverages. No 
significant associations were found with any type 
of alcoholic beverage.
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2.16.2 Other sites

No new studies have been identified for 
cancer of testis, one on brain cancer and thyroid 
cancer, and three on skin cancer (malignant 
melanoma, basal cell carcinoma and squamous 
cell carcinoma).

In a large cohort study of women in the 
United Kingdom (Allen et al., 2009) no associa-
tion of consumption of alcoholic beverages was 
found with brain cancer (Table 2.68 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-06-Table2.68.pdf), but a signifi-
cant inverse association with thyroid cancer 
(Table  2.69 available at http://monographs.
iarc.fr/ENG/Monographs/vol100E/100E-06-
Table2.69.pdf).

No association between consumption of alco-
holic beverages and malignant melanomas was 
found by Allen et al. (2009) (Table 2.70 available 
at http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-06-Table2.70.pdf) or by Benedetti 
et al. (2009) in a case–control study (Table 2.71 
available at http://monographs.iarc.fr/ENG/
Monographs/vol100E/100E-06-Table2.71.pdf). 
In a cohort study in Australia Ansems et al. 
(2008) found no significant association between 
overall basal cell carcinoma or squamous cell 
carcinoma risk and total alcohol intake or intake 
of beer, white wine, red wine or sherry and port 
(Table 2.70 on-line). Among those with a prior 
skin cancer history, there was a significant 
increase in risk of squamous cell carcinoma 
for above-median consumption of sherry and 
port compared with abstainers (multivariable 
adjusted RR, 2.46; 95%CI: 1.06–5.72).

2.17 Parental exposure and 
childhood cancers 

Associations of paternal consumption of 
alcoholic beverages before pregnancy and/or 
maternal consumption of alcoholic beverages 
during pregnancy with risk for haematopoietic 

cancers in children were examined in nine case–
control studies in Australia, Canada, France, 
the Netherlands, the United Kingdom and the 
USA (McKinney et al., 1987; Severson et al., 
1993; van Duijn et al., 1994; Shu et al., 1996; 
Infante-Rivard et al., 2002; Menegaux et al., 
2005; Menegaux et al., 2007; MacArthur et al., 
2008; Rudant et al., 2008). Studies published 
since the previous Monograph are summarized 
in Table  2.72 (available at http://monographs.
iarc.fr/ENG/Monographs/vol100E/100E-06-
Table2.72.pdf). 

No association between maternal alcoholic 
beverage intake 1 month or 1 year before preg-
nancy with risk of any childhood leukaemia 
or lymphoma was reported by Severson et al. 
(1993), Shu et al. (1993) and van Duijn et al. 
(1994), whereas a borderline significant associa-
tion for acute leukaemia and ALL was observed 
by MacArthur et al. (2008) and Infante-Rivard et 
al. (2002) found a positive association for ALL. 

For maternal alcoholic beverage consumption 
during pregnancy, no association was found with 
leukaemia or lymphoma (McKinney et al.,1987) 
or with ALL (Rudant et al., 2008), while Infante-
Rivard et al. (2002) found a reduced risk for ALL 
when comparing any intake with no intake. 
Statistically significant two- to 2.4-fold increased 
risk for acute non-lymphocytic leukaemia were 
associated with any maternal alcoholic beverage 
consumption during pregnancy in two studies 
(van Duijn et al., 1994; Menegaux et al., 2005). 
Similarly, statistically significant positive asso-
ciations between maternal alcoholic beverage 
consumption and risk for ALL (Shu et al., 1993; 
Menegaux et al., 2005, 2007; MacArthur et al., 
2008) and acute myeloid leukaemia (Severson 
et al., 1993; Shu et al., 1993) were observed. The 
strongest associations observed in the studies of 
alcoholic beverages and acute myeloid leukaemia 
were for children diagnosed at 10 years of age or 
younger (Severson et al., 1993; Shu et al., 1993). 
Overall, there was no consistent evidence of 
dose–response relationships for maternal or 
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paternal alcoholic beverage intake or for intake 
of any specific type of alcohol beverage and risk 
for any childhood haematopoietic cancer. Most 
studies adjusted for potential confounding factors 
including maternal age, maternal smoking, 
and child’s sex. Importantly, whether any of 
the observed associations between maternal or 
paternal consumption of alcoholic beverages and 
risk for childhood haematopoietic cancers are 
attributed to recall bias is unclear.

2.18 Polymorphisms and genetic 
susceptibility

Studies that identify associations between 
genetic polymorphisms and inter-individual 
differences in susceptibility to the agent(s) being 
evaluated may contribute to the identification 
of carcinogenic hazards to humans. If the poly-
morphism has been demonstrated experimen-
tally to modify the functional activity of the 
gene product in a manner that is consistent with 
increased susceptibility, these data may be useful 
in making causal inferences. Similarly, studies 
that measure cell functions, enzymes or metabo-
lites that are thought to be the basis of suscep-
tibility may provide evidence that reinforces 
biological plausibility. If the known phenotype 
of a genetic polymorphism can explain the carci-
nogenic mechanism of the agent being evaluated, 
data on this phenotype may be useful in making 
causal inferences.

However, when data on genetic suscepti-
bility originate from multiple comparisons in 
subgroup analyses, false-positive results and 
inconsistencies across studies can be generated. 
Furthermore, many of the identified suscepti-
bility genes have no or unknown functional char-
acterization; only for a few genes (e.g. ALDH2) 
are functional studies available; and generally 
induction of enzymes is not considered. Such 
data therefore require careful evaluation.

A challenge in the interpretation of the asso-
ciations between the polymorphisms affecting 
alcohol and/or acetaldehyde metabolism and 
cancer is that the genes coding for more active 
alcohol oxidizing enzyme and/or less active 
acetaldehyde oxidizing enzyme, may both 
promote and inhibit the development of cancer. 
Carriers of genes enhancing alcohol oxidation 
and/or inhibiting acetaldehyde oxidation on 
average consume less alcohol (Matsuo et al., 
2006b, 2007; Zintzaras et al., 2006) and thus may 
be protected from harmful chronic effects (e.g. 
cancer) induced by alcohol unless they drink 
heavily. Thus, in studying the mechanisms of the 
associations between these polymorphisms and 
cancer, it is essential to control for differences in 
alcohol drinking.

2.18.1 Alcohol dehydrogenase-1B (ADH1B)

ADH1B (previously called ADH2) is polymor-
phic, and its superactive ADH1B*2 allele is highly 
prevalent among East Asians (54–96%; Goedde 
et al., 1992), but relatively rare among Caucasians 
(1–23%). Individuals with the ADH1B*1/*1 geno-
type code less active ADH, which is a risk factor 
for excessive alcohol consumption in both East 
Asians and Caucasians (Zintzaras et al., 2006; 
Matsuo et al., 2007).

(a) Cancer of the oesophagus

Individuals with the ADH1B*1/*1 genotype 
were at increased risk for oesophageal cancer in 15 
case–control studies among several populations 
(Hori et al., 1997; Yokoyama et al., 1998; Chao 
et al., 2000; Matsuo et al. 2001b; Yokoyama et al., 
2001, 2002; Boonyaphiphat et al., 2002; Yang et al., 
2005; Yang et al., 2007; Guo et al., 2008; Hashibe 
et al., 2008; Lee et al., 2008b; Cui et al., 2009; 
Ding et al., 2009) and in a cohort study in cancer-
free Japanese alcoholics (Yokoyama et al., 2006b) 
(Tables 2.73, 2.74). The difference was not signifi-
cant in two Japanese studies (Tanabe et al. 1999; 
Yokoyama et al., 2006a) and one study in South 
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Africa (Li et al., 2008a). [Many studies did not 
control for the amount of alcohol consumption, 
which makes it difficult to make firm conclusions 
about the etiology of the ADH1B*1/*1 associated 
cancers.]

(b) Upper aerodigestive tract cancers combined 

In four Japanese studies (Yokoyama et al., 
2001, 2006b; Asakage et al., 2007; Hiraki et al., 
2007), one European study (Hashibe et al., 2006) 
and one Indian study (Solomon et al., 2008) an 
ADH1B*1/*1-associated increased risk for upper 
aerodigestive tract cancers was found in alcohol 
drinkers. No significant association was found 
in another European study (Risch et al., 2003; 
Tables 2.74, 2.75).

A recent large multicentre study from 
Europe and Latin America of ADH genes and 
UADT cancer that focused on seven separate 
ADH variants known to change an amino acid 
(missense substitution) included a total of 3800 
cases and 5200 controls (Hashibe et al., 2008). 
One variant in ADH1B (rs1229984) that codes 
for fast ethanol metabolism was associated with 
a strong decreased risk for UADT cancer, after 
adjusting for amount of alcohol consumed (OR 
for dominant model, 0.56; 95%CI: 0.47–0.66; 
P = 4 × 10−11). The odds ratio was 0.45 (95%CI: 
0.35–0.57) for oral/pharyngeal cancers combined 
and 0.71 (95%CI: 0.57–0.88) for laryngeal cancer.

(c) Cancers of the stomach, colorectum and 
pancreas 

One Polish study showed no significant 
effects of the ADH1B polymorphism on risk 
for cancer of the stomach (Zhang et al., 2007b; 
Table 2.76 available at http://monographs.iarc.fr/
ENG/Monographs/vol100E/100E-06-Table2.76.
pdf). For cancer of the colorectum, two Japanese 
case–control studies of alcohol drinkers found an 
increased risk in ADH1B*1/*1 subjects compared 
with ADH1B*2 carriers without stratification 
of ALDH2 genotypes (Matsuo et al., 2006a; Yin 
et al., 2007). However, stratification by ALDH2 

genotypes rendered the association opposite 
within the ALDH2*1/*1 subjects in one of the 
studies (Matsuo et al., 2006a), while no such effect 
was seen in the other study (Yin et al., 2007). In a 
Chinese study the ADHB1*2/*2 genotype tended 
to increased the risk for cancer of the colorectum 
regardless of the ALDH2 genotype (Gao et al., 
2008). Also, a study in Spain reported a non-
significant decrease in risk for cancer of the colo-
rectum for the ADH1B*2/*2 versus ADH1B*1/*1 
(Landi et al., 2005).

The ADH1B*2 allele has been associated with 
an increase in risk for cancer of the pancreas 
and consumption of alcoholic beverages among 
Japanese (Kanda et al., 2009).

(d) Hepatocellular cancer 

In two studies in Japan and in a study in 
China it was concluded that the ADH1B poly-
morphism had no significant impact on the risk 
for hepatocellular carcinoma (Takeshita et al., 
2000b; Sakamoto et al., 2006; Ding et al., 2008; 
Table 2.76 on-line).

(e) Cancer of the breast

In a study in Germany (Lilla et al., 2005), 
a decreased risk for cancer of the breast with 
consumption of alcoholic beverages ≥  12 g 
ethanol/day compared with no intake was 
observed in women with the ADH1B*2 allele, 
whereas no such association was found in 
women with the ADH1B*1/*1 genotype. In four 
other studies from Japan, United Kingdom and 
the USA, no significant differences in the risk 
by ADH1B polymorphism were observed (Cox 
et al., 2007; Terry et al., 2007b; Visvanathan et al., 
2007; Kawase et al., 2009; Table 2.76 on-line).

2.18.2  ADH1C

ADH1C (previously called ADH3) is a 
major gene polymorphism among Caucasians. 
The homodimer encoded by the ADH1C*1 
allele catalyses the production of acetaldehyde 
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Table 2 .73 Case-control studies and meta-analyses of ALDH2, ADH1B and ADH1C genotype-associated risk for cancer of the 
oesophagus

Reference, study 
location, period

Cancer site and/or type Genes involved No of cases/deaths Relative risk (95% CI)1 Comments

Hori et al. (1997), 
Tokyo, Japan, study 
period NR

Squamous cell 
carcinoma

ALDH2 No adjustment was reported
*1/*1 20 1.0
*1/*2 70 4.4 (2.5–7.7)
*2/*2 3 0.9 (0.2–3.6)
ADH1B
*2/*2 40 1.0
*1/*2 33 1.7 (0.9–3.0)
*1/*1 21 6.2 (2.6–14.7)

Yokoyama et al. 
(1998), Kanagawa, 
Japan, 1987–97

Oesophagus 
NOS

ALDH2 Male alcoholics; because the differences in 
odds ratio between the incident cases and 
the prevalent cases were slight, the cases 
were combined. Adjusted for age, alcohol 
drinking and cigarette smoking. Possible 
partial overlap with Yokoyama et al. (2001)

*1/*1 41 1.00
*1/*2 46 12.50 (7.23–21.61)

Tanabe et al. (1999), 
Hokkaido, Japan, 
1994–97

Squamous cell 
carcinoma

ALDH2 NS Alcohol consumption and smoking did 
not differ between the cases and controls.*1/*1 8

*1/*2 11
*2/*2 0

Chao et al. (2000), 
Taipei, Taiwan, 
China, 1997–99

Oesophagus ALDH2 Allele *2 was associated 
with risk 
(P < 0.001) 
Allele *1 was associated 
with risk 
(P < 0.025) 
No significant difference 
in prevalence of alleles in 
alcoholics with different 
diseases and between 
alcoholic and non-
alcoholic oesophageal 
cancer cases

Alcoholics and non-alcoholic oesophageal 
cancer cases and alcoholic and non-
alcoholic controls. No adjustment

*1/*1 22
*1/*2 37
*2/*2 0
ADH1B
*1/*1 17
*1/*2 26
*2/*2 16
ADH1C
*1/*1 38
*1/*2 21
*2/*2 0
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Reference, study 
location, period

Cancer site and/or type Genes involved No of cases/deaths Relative risk (95% CI)1 Comments

Matsuo et al. (2001b), 
Aichi, Japan, 1999–
2000 (cases were first 
diagnosed as having 
esophageal cancer 
between 1984–2000 
and visited the study 
centre in 1999–2000)

Oesophagus 
NOS

ALDH2 Adjusted for age, sex, drinking, smoking. 
Heavy drinkers defined as those drinking 
75 mL ethanol/d, ≥ 5 d/wk. “Other 
participants” refers to those who were not 
heavy drinker

All participants
*1/*1 35 1.00
*1/*2 66 3.72 (1.88–7.36)
*2/*2 1 0.80 (0.09–6.88)
Heavy drinkers
*1/*1 22 1.00
*1/*2 46 16.4 (4.41–61.2)
*2/*2 0 –
Other 
participants
*1/*1 13 1.00
*1/*2 20 1.68 (0.78–3.62)
*2/*2 1 0.42 (0.28–1.25)

Yokoyama et al. 
(2001), Kanagawa, 
Japan, 1993–2000

Squamous cell 
carcinoma

ALDH2 Male alcoholics. Adjusted for age, 
drinking, smoking, ALDH2 and ADH1B 
genotypes. Possible partial overlap with 
Yokoyama et al. (1998)

*1/*1 50 1.00
*1/*2 62 13.50 (8.06–22.60)
ADH1B
*1/*2 + *2/*2 56 1.00
*1/*1 56 2.64 (1.62–4.31)

Table 2 .73 (continued)
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Reference, study 
location, period

Cancer site and/or type Genes involved No of cases/deaths Relative risk (95% CI)1 Comments

Boonyaphiphat et 
al. (2002), Songkhla, 
Thailand, 1997–2000

Squamous cell 
carcinoma

By alcohol 
intake

Unlike Japanese and Chinese studies, 
frequency of inactive ALDH2 is low in 
the Thais: 20% in cases, 18% in controls. 
Adjusted for age, sex, smoking, betel 
chewing (drinking, ALDH2 and ADH1B 
genotypes for overall)

ALDH2
Non-drinker
*1/*1 40 1.00
*1/*2 12 1.56 (0.65–3.70)
≤ 60 g/d
*1/*1 42 2.16 (1.11–4.21)
*1/*2 8 2.52 (0.85–7.46)
> 60 g/d
*1/*1 79 5.28 (2.70–10.32)
*1/*2 20 10.83 (3.37–34.69) 

Interaction P = 0.031
ADH1B
Non-drinker
*1/*2 35 1.00
*1/*1 18 0.89 (0.41–1.93)
≤ 60 g/d
*1/*2 28 2.00 (0.97–4.11)
*1/*1 22 2.34 (1.06–5.11)
> 60 g/d
*1/*2 38 3.35 (1.50–7.02)
*1/*1 61 11.46 (5.16–25.45) 

Interaction P = 0.064
Itoga et al. (2002), 
Chiba, Japan [study 
period NR]

Oesophagus 
NOS

Habitual 
drinkers

No adjustment was reported

ALDH2*1 47 1.0

ALDH2*2 18 4.9 (P < 0.0001)

Watanabe et al. 
(2002), Kagawa, 
Japan, 1998–2001

Squamous cell 
carcinoma

ALDH2 See comments Prevalence of *2 allele was significantly 
higher in cases than in controls.*1/*1 10

*1/*2 18
*2/*2 1

Table 2 .73 (continued)
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Reference, study 
location, period

Cancer site and/or type Genes involved No of cases/deaths Relative risk (95% CI)1 Comments

Yokoyama et al. 
(2002), Tokyo, Chiba, 
Kanagawa, Osaka, 
Japan, 2000–01

Squamous cell 
carcinoma

By alcohol 
intake

Only male participants. Multivariate 
odds ratio of ALDH2*2/*2 in comparison 
with ALDH2*1/*1 was 7.83 (1.33–46.08). 
However, most men with *2/*2 genotype 
drank rarely or never and the risk was 
evaluated based on a small sample size (2 
cases/43 controls). 
For ADH1C genotype the relative risk was 
associated with less active ADH1C*1/*1 
versus active *1/*2 or *2/*2. When the 
linkage disequilibrium between ADH1B 
and ADH1C was taken into consideration, 
the ADH1C genotype did not significantly 
affect the risk for cancer. 
Adjusted for age, strong alcoholic 
beverage, green-yellow vegetables and 
fruit (and alcohol drinking, ALDH2, 
ADH1B and ADH1C genotypes for overall 
association). Cases included in Yokoyama 
et al. (2001) were excluded from this study.

ALDH2
*1/*1
< 22 g/wk 0 0.0 (not calculable)
22–197 g/wk 3 1.00
198–395 g/wk 23 5.58 (1.54–20.25)
≥ 396 g/wk 33 10.38 (2.85–37.84)
Former drinker 4 8.81 (1.53–50.76)
*1/*2
< 22 g/wk 3 0.75 (0.14–4.11)
22–197 g/wk 21 5.82 (1.59–21.38)
198–395 g/wk 63 55.84 (15.40–202.51)
≥ 396 g/wk 73 88.88 (23.97–329.57)
Former drinker 9 50.50 (9.18–277.95)
*2/*2
< 22 g/wk 2 1.44 (0.22–9.54)
ADH1B
*1/*2 or *2/*2
< 22 g/wk 4 0.21 (0.06–0.68)
22–197 g/wk 20 1.00
198–395 g/wk 68 4.09 (2.25–7.42)
≥ 396 g/wk 80 7.01 (3.77–13.04)
Former drinker 11 5.73 (2.03–16.20)
*1/*1

Table 2 .73 (continued)
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Reference, study 
location, period

Cancer site and/or type Genes involved No of cases/deaths Relative risk (95% CI)1 Comments

Yokoyama et al. 
(2002) 
Contd..

< 22 g/wk 1 4.25 (0.41–43.82)
22–197 g/wk 4 3.97 (1.01–15.63)
198–395 g/wk 18 33.30 (11.14–99.50)
≥ 396 g/wk 26 38.64 (13.27–112.55)
Former drinker 2 19.63 (1.65–233.20)
ADH1C
*1/*1
< 22 g/wk 5 0.23 (0.08–0.68)
22–197 g/wk 22 1.00
198–395 g/wk 69 3.66 (2.04–6.55)
≥ 396 g/wk 88 6.64 (3.66–12.05)
Former drinker 12 8.44 (2.94–24.25)
*1/*2 or *2/*2
< 22 g/wk 0 Not calculable
22–197 g/wk 2 0.81 (0.17–3.99)
198–395 g/wk 17 13.32 (5.28–33.63)
≥ 396 g/wk 18 23.83 (7.67–74.06)
Former drinker 1 1.01 (0.09–11.93)

Yang et al. (2005), 
Aichi, Japan, 
2001–04

Oesophagus 
NOS

Overall 
analyses

Results from overall analyses were 
adjusted for age, sex, smoking and alcohol 
drinking. Results by alcohol intake were 
adjusted for smoking. P for interaction 
between alcohol intake and genotypes 
for ALDH2 was 0.03 for ≤ 250 g/wk and 
< 0.01 for > 250 g/wk alcohol intake. P for 
interaction for ADH1B was 0.24 for ≤ 250 
g/wk and 0.32 for > 250 g/wk alcohol 
intake

ALDH2
*1/*1 1.00
*1/*2 6.43 (4.02–10.3)
*2/*2 1.92 (0.23–15.7)
ADH1B
*2/*2 1.00
*1/*2 1.57 (1.04–2.36)
*1/*1 0.62 (0.22–1.72)
By alcohol 
intake
ALDH2
*1/*1
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Reference, study 
location, period

Cancer site and/or type Genes involved No of cases/deaths Relative risk (95% CI)1 Comments

Yang et al. (2005), 
Contd.

Non drinker 1.00
≤ 250 g/wk 1.88 (0.42–8.37)
> 250 g/wk 4.62 (0.93–23.1)
*1/*2
Non-drinker 1.00
≤ 250 g/wk 9.64 (3.23–28.8)
> 250 g/wk 95.4 (28.7–317)
ADH1B
*2/*2
Non-drinker 38 1.00
< 1200 g/yr 126 5.03 (1.67–15.1)
≥ 1200 g/yr 1 25.8 (8.01–83.3)
*1/*2 or *1/*1
Non-drinker 74 1.00
< 1200 g/yr 85 8.50 (1.90–38.0)
≥ 1200 g/yr 6 33.9 (7.34–157)

Cai et al. (2006), 
Taixing, Jiangsu 
Province, China, 
2000

Squamous cell 
carcinoma

ALDH2 Adjusted for age, sex, education level, body 
mass index, and history of smoking and 
alcohol drinking. An elevation of the risk 
for ESCC was pronounced most among 
carriers of ALDH2 *2/*2 and XRCC1 
399Gln/Gln or Gln/Arg who consumed a 
low level of dietary selenium (adjusted OR, 
4.16; 95% CI: 1.14–15.12).

*1/*1 119 1.00
*1/*2 61 0.76 (0.50–1.16)
*2/*2 25 1.72 (0.85–3.48)
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Reference, study 
location, period

Cancer site and/or type Genes involved No of cases/deaths Relative risk (95% CI)1 Comments

Yokoyama et al. 
(2006a), Tokyo, 
Chiba, Kanagawa, 
Osaka, Japan, 
2000–04

Squamous cell 
carcinoma

By alcohol 
intake

Only female participants. Adjusted for 
age, smoking, green-yellow vegetables and 
fruit, hot food and beveragesALDH2*1/*1

< 22 g/wk 12 1
22–197 g/wk 5 0.80 (0.24–2.60)
198–395 g/wk 4 1.99 (0.52–7.68)
≥ 396 g/wk 4 3.16 (0.65–15.48)
ALDH2*1/*2
< 22 g/wk 8 0.5 (0.2–1.3)
22–197 g/wk 5 2.0 (0.5–7.1)
198–395 g/wk 2 4.7 (0.7–31)
≥ 396 g/wk 3 59 (4.7–750)
ADH1B NS

Hashibe et al. (2006), 
Romania, Poland, the 
Russian Federation, 
Slovakia, Czech 
Republic,  
2000–02

Squamous cell 
carcinoma

ADH1B R48H ALDH2 +82A > G, +348C > T and –261C 
> T showed linkage disequilibrium and 
were associated with risk for oesophageal 
squamous-cell carcinoma. 
Adjusted for age, sex, country, yr of 
alcohol drinking, pack-yr of tobacco 
smoking.

*1/*1 163 1.00
*1/*2 + *2/*2 4 0.19 (0.07–0.53)
ADH1C I350V 
Ile/Ile (slow) 42 1.00
Ile/Val 92 1.61 (1.07–2.43)
Val/Val (fast; 
*1/*1)

30 1.74 (1.02–2.98)

ADH1C R272Q 
Arg/Arg (slow) 42 1.00
Arg/Gln 88 1.62 (1.07–2.44)
Gln/Gln (fast; 
*1/*1)

30 2.03 (1.18–3.47)

ALDH2 +82A 
> G
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Reference, study 
location, period

Cancer site and/or type Genes involved No of cases/deaths Relative risk (95% CI)1 Comments

Hashibe et al. (2006), 
Contd.

A/A 82 1.00
A/G 69 2.11 (1.46–3.05)
G/G 15 4.14 (2.03–8.46)
ALDH2 +348C 
> T
T/T 83 1.00
T/C 71 2.29 (1.59–3.30)
C/C 12 3.71 (1.73–7.97)
ALDH2 −261C 
> T
T/T 85 1.00
T/C 71 2.32 (1.61–3.35)
C/C 12 3.85 (1.78–8.36)

Homann et al. 
(2006), Germany, 
1999–2003

Oesophagus 
NOS

ADH1C*1/*1 in 
heavy drinkers

2.93 (1.84–4.67) Study participants were heavy alcohol 
drinkers: 123 oesophageal cancer 
cases and 525 controls with benign 
tumours. Adjusted for age, sex and 
smoking. [The reference group was not 
reported: ADH1C*2/*2 or ADH1C*2/*2 + 
ADH1C*1/*1.]

Yang et al. (2007), 
Yanting, Sichuan 
Province, China, 
2003–04

Oesophagus (96% 
squamous cell 
carcinoma)

ADH1B Adjusted for age, sex, smoking, rapid 
food eating, quality of drinking-water, 
consumption of picked vegetables and 
fresh fruits, vegetables and eggs. 
Non-drinkers also included ex-drinkers.

*2/*2
Non-drinker 37 1.0
Current drinker 41 1.88 (0.86–4.15)
*1/*2 or *1/*1
Non-drinker 43 1.21 (0.63–2.33)
Current drinker 70 3.94 (1.76–8.81)
ALDH2 
*1/*1
Non-drinker 33 1.0
Current drinker 57 3.15 (1.39–7.13)
*1/*2 or *2/*2
Non-drinker 47 2.03 (1.03–3.99)
Current drinker 54 4.82 (2.06–11.27)
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Reference, study 
location, period

Cancer site and/or type Genes involved No of cases/deaths Relative risk (95% CI)1 Comments

Terry et al. (2007a), 
Connecticut, 
New Jersey and 
Washington, USA, 
1993–95

Squamous cell 
carcinoma

ADH1C Adjusted for age, gender and geographic 
site*2/*2 4 1.0

*1/*2 10 1.0 (0.3–3.3)
*1/*1 9 1.7 (0.5–5.9)

Oesophageal and gastric 
cardia adenocarcinoma

ADH1C
*2/*2 17 1.0
*1/*2 52 1.2 (0.6–2.5)
*1/*1 45 2.0 (1.0–4.2)

Guo et al. (2008), 
Lanzhou, Gansu 
Province, China, 
2004–07

Squamous cell 
carcinoma

ALDH2 Variables for which the results were 
adjusted were NR*1/*1 37 1.00

*1/*2 43 2.89 (1.11–5.64)
*2/*2 0 –
ADH1B
*1/*1 17 1.00
*2/*1 25 3.67 (1.26–8.73)
*2/*2 38 1.46 (0.71–2.59)
By alcohol 
intake
ALDH2
*1/*1
0–200 g/wk 7 1.00
> 200 g/wk 30 2.29 (0.91–5.57)
*1/*2
0–200 g/wk 7 0.56 (0.20–1.59)
> 200 g/wk 36 8.58 (3.28–22.68)
*2/*2
0–200 g/wk 0 –
ADH1B
*1/*2 or *2/*2
0–200 g/wk 13 1.00
> 200 g/wk 50 4.75 (2.53–9.38)
*1/*1
0–200 g/wk 1 1.00 (0.18–9.22)
> 200 g/wk 16 27.12 (8.52–70.19)
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Reference, study 
location, period

Cancer site and/or type Genes involved No of cases/deaths Relative risk (95% CI)1 Comments

Lee et al. (2008b), 
Taipei and 
Kaohsiung, Taiwan, 
China,  
2000–05

Squamous cell 
carcinoma

By alcohol 
intake

Adjusted for age, sex, study hospital, 
ethnicity, smoking, education, smoking, 
betel quid chewing, and consumption of 
fruits and vegetables. Another publication 
from this study (Lee et al., 2009), reported 
that heterozygous ALDH2 increased the 
oesophageal cancer risk more prominently 
in younger population.

ALDH2
*1/*1
Non-drinker 17 1.0
0.1–30 g/d 45 2.2 (1.1–4.5)
> 30 g/d 49 7.2 (3.3–15.9)
*1/*2
Non-drinker 38 1.1 (0.6–2.3)
0.1–30 g/d 114 14.5 (7.1–29.6)
> 30 g/d 129 102.6 (38.3–274.8)
*2/*2
Non-drinker 8 1.2 (0.4–3.4)
0.1–30 g/d 3 17.3 (1.4–213.7)
> 30 g/d 3 – (0 control subject)
ADH1B
*2/*2
Non-drinker 29 1.0
0.1–30 g/d 58 3.5 (1.9–6.5)
> 30 g/d 53 11.1 (5.0–24.4)
*1/*2
Non-drinker 26 0.8 (0.4–1.6)
0.1–30 g/d 59 4.2 (2.2–7.9)
> 30 g/d 64 14.2 (6.6–30.6)
*1/*1
Non-drinker 8 1.2 (0.4–3.6)
0.1–30 g/d 45 10.6 (4.7–23.7)
> 30 g/d 64 71.9 (22.6–228.5)
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Reference, study 
location, period

Cancer site and/or type Genes involved No of cases/deaths Relative risk (95% CI)1 Comments

Ding et al. (2008), 
Taixing, Jiangsu 
Province, China, 
2005–06

Oesophagus 
NOS

By alcohol 
intake

Adjusted for income

ADH1B
Non-drinker 
*2/*2 50 1.00
*1/*2 42 1.31 (0.70–2.46)
*1/*1 4 2.10 (0.35–12.54)
*1/*2 or *1/*1 46 1.37 (0.74–2.54)
Drinker
*2/*2 56 1.00
*1/*2 54 1.18 (0.64–2.16)
*1/*1 15 2.90 (0.85–9.90)
*1/*2 or *1/*1 69 1.36 (0.76–2.43)
ALDH2 
Non-drinker 
*1/*1 26 1.00
*1/*2 43 1.29 (0.65–2.55)
*2/*2 27 4.67 (1.63–13.38)
*1/*2 or *2/*2 70 1.78 (0.94–3.37)
Drinker
*1/*1 64 1.00
*1/*2 46 2.47 (1.27–4.82)
*2/*2 15 8.63 (2.07–35.95)
*1/*2 or *2/*2 61 3.08 (1.65–5.78)

Li et al. (2008a), Cape 
Town, South Africa, 
1997–2003

Squamous cell 
carcinoma

ADH1B Results for participants from black racial 
groups (282 cases and 348 controls). All 
results for those with mixed ancestry 
(192 cases and 188 controls) were non-
significant. Non-adjusted results.

*1 allele 265 1.00
*2 allele 4 NS
*3 allele 13 NS
ADH1C 
*1 allele 153 1.00
*2 allele 129 1.80 (P = 0.0004)
ALDH2 
*1 allele 155 1.00
*2 allele 27 2.35 (P = 0.008)
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Reference, study 
location, period

Cancer site and/or type Genes involved No of cases/deaths Relative risk (95% CI)1 Comments

Hashibe et al. (2008), 
Multicenter study 
(see Comments), 
2000–05

Oesophagus ADH1B 427 cases of oesophageal cancer. Pooled 
analysis of studies conducted in the 
Russian Federation (Moscow), Poland 
(Lodz), Romania (Bucharest), Czech 
Republic (Prague, Olomouc), Slovakia 
(Banská  Bystrica), France (Paris), 
Greece (Athens), Italy (Aviano, Padova, 
Torino), Norway (Oslo), United Kingdom 
(Edinburgh, Manchester, Newcastle), 
Spain (Barcelona), Croatia (Zagreb), 
Cuba, Argentina (Buenos Aires) and 
Brazil (Goianna, Pelotas, Rio de Janeiro, 
Sao Paulo) Adjusted for age, sex, centre, 
cumulative alcohol consumption and 
smoking

*1/*1 1
*1/*2 or *2/*2 0.34 (0.20–0.56)
ADH1C G > A 
was in linkage 
disequilibrium 
with ADH1B

Cui et al. (2009), 
Japan (see 
Comments)

Squamous cell 
carcinoma

ALDH2 Case samples (n = 1070) were from 
BioBank Japan, a collaborative network of 
66 hospitals in Japan. Control samples in 
the first stage (n = 938) were obtained from 
volunteers in Osaka, Japan. The control 
groups for the second stage and replication 
analysis consisted of 1898 individuals 
who were registered in BioBank Japan as 
subjects with diseases other than cancers. 
Adjusted for age, gender, alcohol and 
smoking. Heterozygous ALDH2 increased 
the oesophageal cancer risk more 
prominently in younger population.

*1/*1 314 1.00
*1/*2 735 3.48 (2.99–4.06)
*2/*2 17 0.47 (0.28–0.78)
ADH1B
*2/*2 510 1.00
*1/*2 363 1.17 (1.01–1.37)
*1/*1 194 4.10 (3.24–5.18)
By alcohol 
intake
ALDH2
*2/*1 vs 1*1 + 
*2/*2
0–96.5 g/wk 3.35 (2.66–4.22)
> 96.5 g/wk 6.20 (4.76–8.09)
ADH1B
*1/*1 vs *1/*2 + 
*2/*2
0–96.5 g/wk 3.18 (2.28–4.43)
> 96.5 g/wk 4.74 (3.21–6.99)
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Reference, study 
location, period

Cancer site and/or type Genes involved No of cases/deaths Relative risk (95% CI)1 Comments

Meta-analysis
Lewis & Smith (2005) Oesophagus 

NOS
ALDH2*1/*1 1.0 Meta-analysis of the studies: Hori 

et al. (1997), Matsuo et al. (2001b), 
Boonyaphiphat et al. (2002), Itoga et al. 
(2002), Yokoyama et al. (2002) 
[Reduced risk with *2/*2 likely due 
to markedly lower levels of alcohol 
consumption in *2/*2 versus *1/*1 
homozygotes.]

ALDH2*1/*2 3.19 (1.86–5.47) 
ALDH2*2/*2 0.39 (0.16–0.80)

ALDH2 *1 is more active, ADH1B *1 is less active, and ADH1C *1 is more active alleles than the other allele in the respective genes. 
ALDH, aldehyde dehydrogenase; ADH, alcohol dehydrogenase; CI, confidence intervall d, day or days; NOS, not otherwise specified; NR, not reported; NS, not significant; vs, versus; wk, 
week or weeks
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Table 2 .74 Cohort study of ALDH2 and ADH1B genotype-associated risk for cancer of the oesophagus and upper 
aerodigestive tract

Reference, 
location

Cohort description Exposure 
assessment

Cancer and site Exposure 
categories

No. of 
subjects/ 
squamous-
cell 
carcinoma

Hazard ratio (95% 
CI)

Adjustment 
factors

Comments

Yokoyama 
et al. 
(2006b), 
Kanagawa, 
Japan

808 Japanese alcoholic 
men confirmed cancer-
free by endoscopic 
screening during 
1993–2005; endoscopic 
follow-up from 1 to 148 
mo (median, 31 mo)

ALDH2, 
ADH1B 
genotyping 
at baseline 
examination 
in 556 
patients

Upper aerodigestive 
tract squamous-cell 
carcinoma

ALDH2 Age
*1/*1 484/27 1
*1/*2 72/26 11.6 (5.7–23.3)
ADH1B
*1/*2 + *2/*2 381/28 1
*1/*1 175/25 2.0 (1.02–4.0)

Oesophageal 
squamous-cell 
carcinoma

ALDH2
*1/*1 484/14 1
*1/*2 72/19 13.0 (5.2–32.1)
ADH1B
*1/*2 + *2/*2 381/18 1
*1/*1 175/15 1.6 (0.7–3.9)

Oropharyngolaryngeal 
squamous-cell 
carcinoma

ALDH2
*1/*1 484/17 1
*1/*2 72/13 11.7 (4.7–29.5)
ADH1B
*1/*2 + *2/*2 381/16 1
*1/*1 175/14 2.0 (0.8–5.0)

ADH, alcohol dehydrogenase; ALDH, aldehyde dehydrogenase; CI, confidence interval; mo, month or months
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from ethanol at a rate 2.5 times faster than the 
homodimer encoded by the ADH1C*2 allele 
(Bosron & Li, 1986).

(a) Cancer of the oesophagus

Associations between ADH1C genotype and 
oesophageal cancer have been investigated in 
five studies in populations mainly composed of 
Caucasians. A higher ADH1C*1/*1-associated 
risk was found in four (Visapää et al., 2004; 
Hashibe et al., 2006; Homann et al., 2006; Terry 
et al., 2007a; Table  2.73), in one of which all 
UADT cancers were combined (Visapää et al., 
2004; Table  2.75). However, no association was 
observed when the linkage disequilibrium 
between ADH1B*2 and ADH1C*1 was taken into 
consideration in one study (Hashibe et al., 2006). 
Both ADH1B*2 and ADH1C*1 were in linkage 
disequilibrium in an analysis by Hashibe et al. 
(2008).

In contrast to the overall direction in 
Caucasian populations, in two Japanese studies 
it was reported that the ADH1C*2 allele increases 
the risk for oesophageal cancer (Yokoyama et al., 
2002; Muto et al., 2005). Again, when the linkage 
disequilibrium between ADH1B and ADH1C 
was taken into consideration, no relationship 
was found between ADH1C genotype and UADT 
cancer risk (Yokoyama et al., 2002). No signifi-
cant associations were observed in a Chinese 
study (Chao et al., 2000). An association between 
ADH1C*2 allele and risk of oesophageal cancer 
was reported in an African population (Li et al., 
2008a).

(b) Other upper aerodigestive tract cancers 

In six studies of Caucasians (Coutelle et al., 
1997; Harty et al., 1997; Homann et al., 2006; 
Hashibe et al., 2006, 2008; Arndt et al., 2008) 
increased risk of other upper aerodigestive tract 
cancer cancers associated with the ADH1C*1/*1 
genotype was reported (Table  2.75). In two 
other studies of Caucasians (Schwartz et al., 
2001; Peters et al., 2005), two studies from Japan 

and India (Asakage et al., 2007; Solomon et al., 
2008) and one Brazilian study of a mixed popu-
lation (Nishimoto et al., 2004) opposite results 
were reported, with the ADH1C*2/*2 genotype 
increasing the risk. When the linkage disequi-
librium between ADH1B and ADH1C was taken 
into consideration (Asakage et al., 2007), no 
relationship was found between ADH1C geno-
type and cancer risk. No significant associations 
were observed in six other studies of Caucasians 
(Bouchardy et al., 2000; Olshan et al., 2001; 
Sturgis et al., 2001; Zavras et al., 2002; Risch 
et al., 2003; Wang et al., 2005), or in a study of 
Japan (Muto et al., 2005).

(c) Cancers of the stomach and colorectum

In one study in the USA increased risk of 
gastric adenocarcinomas associated with the 
ADH1C*1/*1 genotype was reported (Terry et al., 
2007a) but in a Polish study no significant effects 
of the ADH1C polymorphism on stomach cancer 
risk was found (Zhang et al., 2007b) (Table 2.76 
on-line).

Regarding the risk for cancer of the color-
ectum, in two European studies an increased 
risk in ADH1C*1/*1 carriers compared with 
ADH1C*2 subjects was found (Tiemersma 
et al., 2003; Homann et al., 2009). However, an 
increased risk with ADH1C*2/*2 genotype was 
reported in another study (Giovannucci et al., 
2003). A trend with the ADH1C*2/*2 genotype 
increasing the risk for cancer of the colorectum 
was also observed in another study of Caucasians 
[which was perhaps explained by higher alcohol 
consumption by those with *2/*2 genotype] 
(Jung et al., 2008). In two other studies of prima-
rily Caucasians (van der Logt et al., 2006; Curtin 
et al., 2007) and a study on Japanese subjects (Yin 
et al., 2007) no significant associations between 
ADH1C polymorphism and cancer of the color-
ectum were found.
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Table 2 .75 Studies of ALDH2, ADH1B and ADH1C genotype-associated risk for cancers of the head and neck

Reference, study 
location, period

Cancer and site Genes involved Relative risk 
(95% CI)1

Comments

Coutelle et al. 
(1997), Bordeaux, 
France, study 
period NR

Oropharynx, larynx 
Both cancer sites

ADH1C Study participants were classified as alcoholics and consumed > 100 
g ethanol per d for > 10 yr; 21 with oropharyngeal cancer, 18 with 
laryngeal cancer, and 37 controls with no cancer. ORs adjusted for 
age. Risk for laryngeal cancer in alcoholics who were GSTμ- and 
ADH3*1/*1 was 12.9 (95% 1.8–92) compared with those who were 
GSTμ— and ADH3*1/*2 or *2/*2

*1/*2, *2/*2 1.0
*1/*1 3.6 (0.7–10.0)

Oropharynx *1/*2, *2/*2 1
*1/*1 2.6 (0.7–10.0)

Larynx *1/*2, *2/*2 1
*1/*1 6.1 (1.3–28.6)

Harty et al. (1997), 
Puerto Rico, 
1992–95

Oral cavity and pharynx Alcohol intake Patients (n = 137) with histologically confirmed oral cancer, and 146 
controls 
ORs adjusted for sex, age, cigarette use, other tobacco use, fruit and 
vegetable intake

ADH1C Non-drinkers
*1/*1 1.0
*1/*2 0.9 (0.2–3.7)
*2/*2 –

0–14 drinks/wk
*1/*1 1.2 (0.3–5.2)
*1/*2 0.9 (0.2–4.2)
*2/*2 1.0 (0.1–12.2)

15–56 drinks/wk
*1/*1 3.5 (0.8–15.8)
*1/*2 4.1 (0.9–18.7)
*2/*2 6.3 (1.1–36.8)

≥ 57 drinks/wk
*1/*1 40.1 (5.4–296.0)
*1/*2 7.0 (1.4–35.0)
*2/*2 4.4 (0.6–33.3)

Yokoyama et al. 
(1998), Japan, 
1987–97

Oropharynx-larynx 11.1 (5.1–24.4) Adjusted for age, drinking, smoking. Because the differences in odds 
ratio between the incident cases and the prevalent cases were small, 
the cases were combined.

Katoh et al. (1999), 
Japan, 1992–98

Oral squamous-cell 
carcinoma

Overall Alcoholic beverage drinking not significantly associated with the 
risk for oral cancer. Adjusted for age, sex, smoking.ALDH2 1.2 (0.7–2.1)
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Reference, study 
location, period

Cancer and site Genes involved Relative risk 
(95% CI)1

Comments

Bouchardy et al. 
(2000), France, 
1988–92

UADT squamous-cell 
carcinoma 
All oral cavity and 
pharynx

ADH1C Hospital-based case–control study. Patients with oral cavity or 
pharyngeal cancer (n = 121), laryngeal cancer (n = 129), and 172 
controls. Patients had histologically confirmed primary SCC. All 
were regular smokers. 
Adjusted for age, sex, alcohol drinking and smoking.

*2/*2 1.0
*1/*2 1.1 (0.6–2.2)
*1/*1 0.7 (0.4–1.4)

Oral cavity *2/*2 1.0
*1/*2 0.9 (0.4–2.0)
*1/*1 0.8 (0.4–1.8)

Pharynx *2/*2 1.0
*1/*2 1.7 (0.7–4.3)
*1/*1 0.8 (0.3–2.1)

Larynx *2/*2 1.0
*1/*2 0.7 (0.4–1.4)
*1/*1 1.0 (0.5–1.8)

Nomura et al. 
(2000)

Oral squamous cell 
carcinoma

ALDH2 Hospital-based case–control study. Habitual drinking increased the 
risk for oral cancer (odd ratio [95%CI], 3.9 [2.4–6.3])Habitual drinkers 2.9 (1.1–7.8)

Olshan et al. 
(2001), North 
Carolina, USA, 
1994–96

UADT squamous cell 
carcinoma

ADH1C Alcohol intake Patients (n = 182), and 202 controls. Patients had pathologically 
confirmed SCC of oral cavity, pharynx, larynx. Adjusted for tobacco 
use, age, sex and race

Non-drinkers
*1/*1 + *1/*2 1.1 (0.3–4.8)
*2/*2 1.0

1–19 drinks/wk
*1/*1 + *1/*2 1.4 (0.3–5.8)
*2/*2 1.5 (0.3–8.6)

20–59 drinks/wk
*1/*1 *1/*2 2.8 (0.6–12.5)
*2/*2 2.4 (0.2–29.2)

≥ 60 drinks/wk
*1/*1 + *1/*2 5.2 (0.9–27.7)
*2/*2 – (no controls)
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Reference, study 
location, period

Cancer and site Genes involved Relative risk 
(95% CI)1

Comments

Schwartz et 
al. (2001), 
Washington, USA, 
1985–89

Oral squamous cell 
carcinoma

ADH1C Alcohol intake Population-based case–control study. Oral SCC cases (n = 333) and 
541 controls  
Distribution of ADH1C among cases and controls: 
ADH1C *1/*1: 32.7% vs 36.5% 
ADH1C *1/*2: 49.0% vs 43.1% 
ADH1C *2/*2: 18.3% vs 20.3% 
ORs adjusted for age, race and cigarette smoking

< 1 drinks/wk
*1/*1 2.1 (0.8–5.9)
*1/*2 1.7 (0.6–4.7)
*2/*2 1.0

1–14 drinks/wk
*1/*1 2.0 (0.8–5.3)
*1/*2 2.1 (0.8–5.3)
*2/*2 1.4 (0.5–4.1)

15–28 drinks/wk
*1/*1 3.4 (1.1–10.8)
*1/*2 3.9 (1.3–11.8)
*2/*2 3.4 (1.0–11.5)

≥ 29 drinks/wk
*1/*1 6.1 (1.9–19.5)
*1/*2 8.7 (2.9–26.1)
*2/*2 10.0 (2.5–40.2)

Overall
*1/*1 1.3 (0.8–2.0)
*1/*2 1.3 (0.9–2.0)
*2/*2 1.0
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Reference, study 
location, period

Cancer and site Genes involved Relative risk 
(95% CI)1

Comments

Sturgis et al. 
(2001), Houston, 
TX, USA, 
1995–2000

Oral cavity, pharynx ADH1C Cases (n = 229), histologically confirmed SCC of the oral cavity and 
pharynx, matched by age, sex and smoking status with 575 controls. 
ORs controlled for age, sex, and smoking status.

Never drinkers
*1/*1 1.0
*1/*2 1.5 (0.7–3.1)
*2/*2 1.2 (0.5–3.0)

Former drinkers
*1/*1 2.9 (1.3–6.3)
*1/*2 2.1 (1.0–4.4)
*2/*2 3.4 (1.3–8.6)

Current drinkers
*1/*1 2.6 (1.2–5.5)
*1/*2 2.4 (1.2–4.9)
*2/*2 3.6 (1.6–8.1)

Total
*1/*1 1.0
*1/*2 1.0 (0.7–1.4)
*2/*2 1.2 (0.8–1.9)
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Reference, study 
location, period

Cancer and site Genes involved Relative risk 
(95% CI)1

Comments

Yokoyama et al. 
(2001), Kanagawa, 
Japan, 1993–2000

Oropharyngo-laryngeal 
squamous-cell carcinoma

ALDH2 Adjusted for age, drinking, smoking, ALDH2 and ADH1B genotypes
*1/*1 1.00
*1/*2 18.52 (7.72–44.44)
ADH1B
*1/*2 +*2/*2 1.00
*1/*1 6.68 (2.81–15.90)

Oral cavity/
oropharyngeal 
squamous-cell carcinoma

ALDH2
*1/*1 1.00
*1/*2 20.83 (6.62–65.49)
ADH1B
*1/*2 +*2/*2 1.00
*1/*1 5.48 (1.77–16.96)

Epilaryngeal/
hypolaryngeal squamous-
cell carcinoma

ALDH2
*1/*1 1.00
*1/*2 20.83 (6.62–65.49)
ADH1B
*1/*2 +*2/*2 1.00
*1/*1 5.48 (1.77–16.96)

Yokoyama et al. 
(2002a), Tokyo, 
Chiba, Japan, 
1998–99

Multiple primary cancer 
with oesophageal 
squamous-cell carcinoma

ALDH2 5.3 (1.1–51.1) 107 patients. Multiple cancers included both multiorgan cancer and 
multiple intra-oesophageal squamous-cell carcinoma. Adjusted for 
age, sex, drinking, smoking.

*2/*2 or *1/*2 vs *1/*1

Multiorgan primary 
cancer with head and 
neck squamous-cell 
carcinoma

ALDH2 7.4 (1.3–80.1)
*2/*2 or *1/*2 vs *1/*1

Oesophageal SCC ALDH2 Desophageal cancer, n = 48; oropharyngolaryngeal cancer, n = 29; 
combination, n = 30 
ORs for multiple cancer, adjusted for age, drinking, smoking

*1/*1 1.0
*1/*2 5.26 (1.08–51.1)

Oropharyngolaryngeal 
SCC 
(alone or in combination)

*2/*2 7.36 (1.29–80.7) 
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Reference, study 
location, period

Cancer and site Genes involved Relative risk 
(95% CI)1

Comments

Zavras et al. 
(2002), Athens, 
Greece, 1995–98

Oral cavity ADH1C Alcohol intake 93 cases and 99 controls. Adjusted for sex, smoking and referring 
hospital.Non-drinker

*1/*1 1.0 
*1/*2 0.7 (0.3–2.0)
*2/*2 0.4 (0.1–1.8)

1–28 drinks/wk
*1/*1 1.7 (0.6–4.6)
*1/*2 1.0 (0.3–3.0)
*2/*2 3.4 (0.7–17.0)

> 28–42 drinks/
wk

*1/*1 1.9 (0.3–11.6)
*1/*2 2.2 (0.4–12.3)
*2/*2 – (no subjects)

> 42 drinks/wk
*1/*1 3.0 (0.6–15.8)
*1/*2 11.2 (1.1–112.1)
*2/*2 – (no subjects)
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Reference, study 
location, period

Cancer and site Genes involved Relative risk 
(95% CI)1

Comments

Risch et al. (2003), 
Heidelberg, 
Germany, 
1998–2000

Larynx ADH1C Low intake Cases (n = 257) of histologically confirmed SCC of the larynx 
and 251 age- and sex-matched controls. Adjusted for tobacco use. 
Alcohol intake (gram/d): low, 0–16.95; medium, > 16.95–50.16; high, 
> 50.16.

*1/*2 +*2/*2 1.00
*1/*1 1.14 (0.5–2.6)

Medium intake
*1/*2 +*2/*2 0.85 (0.4–2.0)
*1/*1 1.21 (0.6–2.5)

High intake
*1/*2 +*2/*2 1.46 (0.7–3.1)
*1/*1 1.14 (0.6–2.3)
ADH1B Low intake
*1/*1 1.00
*1/*2 0.63 (0.2–2.8)

Medium intake
*1/*1 0.94 (0.5–1.7)
*1/*2 1.85 (0.2–14.3)

High intake
*1/*1 1.16 (0.7–2.0)
*1/*2 0.89 (0.3–2.5)

Nishimoto et al. 
(2004), Sao Paulo, 
Brazil, 1995–2001

UADT (oral cavity, 
oropharynx, 
hypopharynx and larynx) 
cancers

ADH1C Adjusted for age, sex and cancer in first-degree relative
Lifetime alcohol 
intake
< 100 kg

*1/*1 + *1/*2 1.0
*2/*2 3.8 (1.5–9.7)

≤ 100 kg
*1/*1 + *1/*2 1.0
*2/*2 0.5 (0.2–1.2)

Muto et al. (2005), 
Kashiwa, Japan, 
Japan, 1999–2001

Squamous-cell 
carcinoma, oesophagus 
and head and neck 
(multiple cancers only)

ALDH2 Male and female patients, development of multiple carcinomas, 
adjusted for age and sex*1 allele 1.0

*2 allele 5.45 (2.37 – 12.56)
ADH1C
*1 allele 1.0
*2 allele 2.08 (0.86–4.99)
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Reference, study 
location, period

Cancer and site Genes involved Relative risk 
(95% CI)1

Comments

Wang et al. (2005), 
Iowa, USA, 1994–
97 and 2000–02

UADT (oral cavity, 
oropharynx, 
hypopharynx and larynx) 
squamous cell carcinoma

ADH1C*1/*2 Adjusted for age and tobacco pack-yr. “Total” were additionally 
adjusted for alcohol drinking. 
Reference group for each drinking level, *2/*2

Never drinker 0.95 (0.4–2.0)
1–21 drinks/wk 0.5 (0.2–1.1)
≥ 22 drinks/wk 0.9 (0.4–2.1)
Total 0.8 (0.5–1.2)
ADH1C*1/*1
Never drinker 0.8 (0.4–1.8)
1–21 drinks/wk 0.6 (0.3–1.2)
≥ 22 drinks/wk 0.8 (0.3–1.9)
Total 0.7 (0.4–1.1)

Peters et al. (2005), 
USA, 1999–2003

UADT (oral cavity, 
oropharynx, 
hypopharynx and larynx) 
squamous cell carcinoma

ADH1C*1/*1 + *1/*2 Adjusted for age, gender, race and smoking. 
Cutpoint for heavy alcohol is > 30 drinks per wk. 
Test for heavy drinking x ADH interaction, P = 0.05. ADH1B and 
ADH1C showed linkage disequilibrium.

Non drinker 1.0
Light drinker 0.9 (0.6–1.3)
Heavy drinker 2.3 (1.4–3.8)
ADH1C*2/*2
Non drinker 0.8 (0.4–1.8)
Light drinker 0.9 (0.6–1.6)
Heavy drinker 7.1 (2.3–22.0)

Hashimoto 
et al. (2006), 
Yamaguchi, Japan,  
2002–04

UADT (oral cavity, 
oropharynx, 
hypopharynx and larynx) 
cancer

Case versus controls 
ALDH2

Not significantly 
different

More cases < 66 yr were drinkers than cases ≥ 66 yr.

Case drinkers 
 ALDH2

Significantly 
increased 
(P < 0.009) in 
cases < 66 yr 
compared with 
cases ≥ 66 yr

Homann et al. 
(2006), Germany, 
1999–2003

All tumours ADH1C*1/*1 in heavy 
drinkers

818 patients with alcohol-associated esophageal (n = 123), head 
and neck (n = 84) and hepatocellular cancer (n = 86) as well as in 
patients with alcoholic pancreatitis (n = 117), alcoholic liver cirrhosis 
(n = 217), combined liver cirrhosis and pancreatitis (n = 17) and in 
alcoholics without gastrointestinal organ damage (n = 174). [The 
reference group was not reported: ADH1C*2/*2 or ADH1C*2/*2 + 
ADH1C*1/*1.]

Malignant versus 
benign tumour

2.77 (1.89–4.07)

Malignant vs benign 
tumour

2.2 (1.11–4.36)
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Reference, study 
location, period

Cancer and site Genes involved Relative risk 
(95% CI)1

Comments

Hashibe et al. 
(2006), Czech 
Republic, Poland 
Romania, 
the Russian 
Federation, 
Slovakia, 2000–02

UADT (oral cavity, 
oropharynx, 
hypopharynx and larynx) 
squamous cell carcinoma

ADH1B R48H *1/*2 
+ *2/*2

Reference groups were as following: ADH1B R48H, *1/*1; ADH1C 
I350V, Ile/Ile; ADH1C R272Q, Arg/Arg; ALDH2 +82A > G, A/A; 
ALDH2 +348C > T, T/T; ALDH2 −261C > T, T/T. Frequency of 
alcohol use was as following: Never/light drinkers, ≤ 2 times/
wk; Medium/heavy ≥ 3 times/wk. Adjusted for age, sex, country, 
and pack-yr of tobacco smoking. Overall results were additionally 
adjusted for yr of alcohol drinking. Results for oral, pharyngeal, 
laryngeal and oesophageal cancers were also presented in the 
article. When results were analysed by subsite, strong main effects 
for ALDH2 variants were observed for squamous cell carcinoma 
of the oesophagus; among other subsites, only the association 
between ALDH2 +82A > G (A/G versus A/A) and pharyngeal cancer 
remained statistically significant.

Overall 0.47 (0.32–0.70)
Never/light alcohol 
use

0.57 (0.36–0.91)

Medium/heavy use 0.36 (0.17–0.77)
P for interaction 0.33
ADH1C I350V 
Val/Val (*1/*1)
Overall 1.38 (1.01–1.88)
Never/light alcohol  
use

1.48 (1.02–2.15)

Medium/heavy use 1.48 (0.80–2.73)
P for interaction 0.52
ADH1C R272Q
Gln/Gln (*1/*1)
Overall 1.49 (1.08–2.05)
Never/light alcohol 
use

1.69 (1.15–2.46)

Medium/heavy use 1.42 (0.76–2.66)
P for interaction 0.30
ALDH2 +82A > G
G/G
Overall 1.63 (0.94–2.82)
Never/light alcohol 
use

1.70 (0.88–3.29)

Medium/heavy use 4.38 (1.32–14.5)

P for interaction 0.02
ALDH2 +348C > T 
C/C
Overall 1.63 (0.92–2.89)
Never/light alcohol 
use

1.28 (0.65–2.55)

Medium/heavy use 5.79 (1.49–22.5)
P for interaction 0.009
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Reference, study 
location, period

Cancer and site Genes involved Relative risk 
(95% CI)1

Comments

Hashibe et al. 
(2006)
Contd.

ALDH2 −261C > T
C/C
Overall 1.66 (0.93–2.95)
Never/light alcohol 
use

1.29 (0.65–2.58) 

Medium/heavy use 5.79 (1.49–22.5)
P for interaction 0.007

Asakage et al. 
(2007), Tokyo, 
Chiba, Kanagawa, 
Osaka, Japan 
2000–03

Oral and hypo- and 
oropharynx

Alcohol intake Patients with oropaharyngeal or oral/oropharynx cancer (n = 53) 
and with hypopharyngeal cancer (n = 43) and 642 cancer-free men. 
Moderate-to-heavy drinkers: 22 g/drink, ≥ 9 drinks/wk. Adjusted 
for age, strong alcoholic beverage use, smoking, green-yellow 
vegetable use, and subcategory of alcohol drinking. When the 
linkage disequilibrium between ADH1B and ADH1C was taken into 
consideration, no relationship was found between ADH1C genotype 
and cancer risk

ALDH2 Never or light
*1/1 1
*1/2 0.56 (0.20–1.59)

Moderate-heavy
*1/1 2.29 (0.94–5.57)
*1/2 8.26 (3.30–20.68)
ADH1B Never or light
*1/*2 + *2/*2 1
*1/*1 1.00 (0.10–10.22)

Moderate-heavy
*1/*2 + *2/*2 4.75 (2.44–9.23)
*1/*1 26.40 (9.57–72.84)
ADH1C Never or light
*1/*1 1
*1/*2 + *2/*2 2.34 (0.58–9.48)

Moderate-heavy
*1/*1 5.64 (2.82–11.31)
*1/*2 + *2/*2 17.93 (6.43–50.00)
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Reference, study 
location, period

Cancer and site Genes involved Relative risk 
(95% CI)1

Comments

Hiraki et al. 
(2007), Aichi, 
Japan, 2001–04

Squamous cell carcinoma 
of the lip and oral cavity, 
pharynx, larynx

ADH1B His/His Adjusted for age, sex and smoking. 
No cases of heavy drinkers in ALDH2 Lys/Lys carriers. 
P trend for heavy drinkers for ADH1B, 0.002 
P trend for heavy drinkers for ALDH2, 0.003

Never drinker 1.0
Moderate drinker 1.08 (0.66–1.77)
Heavy drinker 1.98 (1.20–3.30)
P for trend 0.005
ADH1B His/Arg
Never drinker 1.22 (0.63–2.35)
Moderate drinker 1.06 (0.58–1.94)
Heavy drinker 1.66 (1.51–4.71)
P for trend drinker 0.056
ADH2 Arg/Arg
Never drinker 0.50 (0.06–4.11)
Moderate drinker 2.46 (0.89–6.73)
Heavy drinker 9.52 (3.89–23.3)
P for trend 0.008
ALDH2 Glu/Glu
Never drinker 1.0
Moderate drinker 0.66 (0.32–1.36)
Heavy drinker 1.41 (0.69–2.89)
P for trend 0.058
ALDH2 Glu/Lys
Never drinker 0.75 (0.37–1.53)
Moderate drinker 1.05 (0.50–2.20)
Heavy drinker 3.13 (1.46–6.72) 
P for trend < 0.001
ALDH2 Lys/Lys
Never drinker 0.56 (0.22–1.43)
Moderate drinker 3.14 (0.45–21.6)
Heavy drinker n/a
P for trend 0.44
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Reference, study 
location, period

Cancer and site Genes involved Relative risk 
(95% CI)1

Comments

Visapää et al. 
(2004), Mannheim 
and Heidelberg, 
Germany, study 
period NR

UADT ADH1C Hospital-based case–control study. Cases (n = 107) of UADT cancer 
(99 smokers) and 103 control patients (95 smokers) with liver 
cirrhosis (n = 39), alcoholic pancreatitis (n = 38) or without organ 
injury (n = 26), whose alcohol intake was similar to that of the 
UADT patients. 
Adjusted for alcohol use, smoking, age, sex

*2/*2 1.00
*1/*1 1.69 (1.12–2.56)

Hashibe et 
al. (2008), 
Multicenter study 
(see Comments), 
2000–05

ADH1B Pooled analysis of studies conducted in the Russian Federation 
(Moscow), Poland (Lodz), Romania (Bucharest), Czech Republic 
(Prague, Olomouc), Slovakia (Banská  Bystrica), France (Paris), 
Greece (Athens), Italy (Aviano, Padova, Torino), Norway (Oslo), 
United Kingdom (Edinburgh, Manchester, Newcastle), Spain 
(Barcelona), Croatia (Zagreb), Cuba, Argentina (Buenos Aires) 
and Brazil (Goianna, Pelotas, Rio de Janeiro, Sao Paulo). Mostly 
Caucasian populations, men and women, adjusted for age, gender, 
centre, alcohol and tobacco use. The OR (95% CI) for codominant 
model was 0.59 (0.50–0.69) for all four cancer sites combined.

Oral/pharynx *1/*1 1.00
*1/*2+*2/*2 0.45 (0.35–0.57)

Larynx *1/*1 1.00
*1/*2+*2/*2 0.71 (0.57–0.88)

Oral, pharynx, larynx, 
and oesophagus

*1/*1 1.00
*1/*2+*2/*2 0.56 (0.47–0.66)
ADH7

Oral/pharynx *1/*1 1.00
*1/*2+*2/*2 0.70 (0.59–0.84)

Larynx *1/*1 1.00
*1/*2+*2/*2 0.78 (0.59–0.93)

Oral, pharynx, larynx, 
and oesophagus

*1/*1 1.00
*1/*2+*2/*2 0.68 (0.60–0.78)

Solomon et al. 
(2008), Tamil 
Nadu, India, study 
period NR

Squamous-cell 
carcinoma, oral cavity

ADH1B Heavy drinkers
*2/*1 + *2/*2 1.00
*1/*1 1.62 (1.08–2.14)
ADH1C
*1/*1 +*1/*2 1
*2/*2 2.65 (1.78–3.53)

Arndt et al. (2008), 
Poznan, Poland, 
2006–08

Laryngeal cancer ADH1C No adjustment was reported
*2/*2 1.00
*1/*2 1.40 (0.68–2.85)
*1/*1 1.53 (0.67–3.46)
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Reference, study 
location, period

Cancer and site Genes involved Relative risk 
(95% CI)1

Comments

Yokoyama et al. 
(2008), Japan

Development to 
multiple carcinomas in 
oropharyngolarynx

ALDH2 Prospective part of study
*1/*1 1.0
*1/*2 4.3 (1.4–12.9) 
ADH1B2
*1/*2 + *2/*2 1.0
*1/*1 0.8 (0.3–2.0)

Meta-analysis
Boccia et al. (2009) Head and neck cancer ALDH2*1/*1 1.0 Meta-analysis of six Japanese studies. 

[Reduced risk with *2/*2 likely due to markedly lower levels of 
alcohol consumption in *2/*2 versus *1/*1 homozygotes.]

ALDH2*1/*2 1.83 (1.21–2.77) 
ALDH2*2/*2 0.53 (0.28–1.00)

ALDH2 *1 is more active, ADH1B *1 is less active, and ADH1C *1 is more active alleles than the other allele in the respective genes. 
ALDH, aldehyde dehydrogenase; ADH, alcohol dehydrogenase; CI, confidence interval; mo, month or months; NR, not reported; SCC, squamous cell carcinoma; vs, versus; wk, week or 
weeks
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(d) Hepatocellular cancer

Two European studies investigated associa-
tions between ADH1C genotype and hepatocel-
lular carcinoma. Covolo et al. (2005) reported 
negative results and Homann et al. (2006) found 
a positive association between ADH1C*1/*1 and 
the risk for alcohol-associated hepatocellular 
carcinoma (Table 2.76 on-line). 

(e) Cancer of the lung

No significant effect of the ADH1C poly-
morphism on the risk for cancer of the lung was 
found in one Japanese study (Minegishi et al., 
2007) and one study in the USA (Freudenheim 
et al., 2003) (Table 2.76 on-line).

(f) Cancer of the female breast

Six studies conducted in Germany and the 
USA investigated the relationship between 
ADH1C genotype and the risk for cancer of the 
female breast. Three of them showed an increased 
risk in ADH1C*1/*1 versus ADH1C*1/*2 and 
ADH1C*2/*2 carriers (Freudenheim et al., 1999; 
Coutelle et al., 2004; Terry et al., 2006; Table 2.76 
on-line). In two studies the association was more 
pronounced among premenopausal women 
(Freudenheim et al., 1999; Terry et al., 2006). 
No significant associations between ADH1C 
polymorphism and the risk for cancer of the 
female breast were observed in the three other 
studies (Hines et al., 2000; Terry et al., 2007b; 
Visvanathan et al., 2007) as well as in one 
large pooled study (Breast Cancer Association 
Consortium, 2006).

(g) Cancer of the urinary bladder

An increased risk for cancer of the urinary 
bladder cancer in moderate drinkers of the 
ADH1C*1/*1 genotype was reported from a 
Dutch study (van Dijk et al., 2001) (Table  2.76 
on-line).

2.18.3 Other ADHs

In a pooled study a rare allele of ADH7 was 
found to be significantly protective against 
UADT cancer (Hashibe et al., 2008). The role of 
this allele in the functional activity of the enzyme 
is not yet known.

2.18.4 CYP2E1 

CYP2E1 is induced by chronic alcoholic 
beverage consumption and in addition to 
ethanol oxidation it plays a role in the meta-
bolic activation of many carcinogens, including 
N-nitrosamines, benzene and aniline. The 
CYP2E1 gene contains several single nucleotide 
polymorphisms, including C1053T (CYP2E1*5; 
also referred to as RsaI polymorphism), G1293A 
(CYP2E1*5; also referred to as PstI polymor-
phism), T7632TA (CYP2E1*6; also referred to as 
DraI polymorphism) and G71T (CYP2E1*7).

(a) Cancer of the oesophagus

A CYP2E1*5B (earlier denoted *c2; *1A is 
the wild-type allele, earlier denoted *c1) allele-
associated risk of oesophageal cancer has been 
reported from one study of East-Asians (Tsutsumi 
et al., 1993). Opposite results, with the *5B allele 
decreasing the risk for oesophageal cancer, have 
been observed in four studies of East-Asians 
(Tan et al., 2000; Lu et al., 2005; Guo et al., 
2008; Qin et al., 2008). The absence of signifi-
cant results were reported from seven studies of 
East-Asians (Morita et al., 1997; Hori et al., 1997; 
Tanabe et al., 1999; Chao et al., 2000; Gao et al., 
2002; Yang et al., 2005; Wang et al., 2006b), and 
studies of Europeans (Lucas et al., 1996), South 
Africans (Li et al., 2005) and Brazilians (Rossini 
et al., 2007) (Table 2.77 available at http://mono-
graphs.iarc.fr/ENG/Monographs/vol100E/100E-
06-Table2.77.pdf).
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(b) Other upper aerodigestive tract cancers 
combined

In seven studies from East-Asia, India, Brazil 
and Europe an increased risk for other upper 
aerodigestive tract cancer cancers in carriers of 
the CYP2E1*5B allele was found (Hildesheim 
et al., 1997; Hung et al., 1997; Bouchardy et al., 
2000; Gattás et al., 2006; Sugimura et al., 2006; 
Olivieri et al., 2009; Ruwali et al., 2009). In 
contrast, an inverse association between the *5B 
allele and oral cancer has been reported in the 
USA (Liu et al., 2001). No significant associa-
tions were reported from eight European studies 
(Jahnke et al., 1996; Lucas et al., 1996; González 
et al., 1998; Matthias et al., 1998; Zavras et al., 
2002; Boccia et al., 2008), three Japanese studies 
(Katoh et al., 1999; Morita et al., 1999; Tanabe 
et al., 1999), and two studies from USA (Buch 
et al., 2008) and India (Soya et al., 2008).

(c) Cancers of the stomach and colorectum

In three studies, two of Chinese (Cai et al., 
2001; Wu et al., 2002) and one of Caucasians 
(Boccia et al., 2007), increased risk for cancer of 
the stomach by polymorphic alleles of CYP2E1 
was found. Opposite results with the *5B allele 
decreasing risk of cancer of the stomach were 
reported from one study from Brazil (Nishimoto 
et al., 2000). Lack of significant associations 
between the *5B allele and risk of cancer of the 
stomach has been reported from four studies of 
East-Asian populations (Kato et al., 1995, 1997; 
Gao et al., 2002; Nan et al., 2005).

With regard to cancer of the colorectum, in 
two studies, one of Hungarians (Kiss et al., 2000) 
and one study of Chinese (Gao et al., 2007), an 
increased risk for cancer of the colorectum was 
demonstrated in carriers of the CYP2E1*5B 
allele. From one study in Hawaii, USA (Le 
Marchand et al., 2002), and one study in Japan 
(Morita et al., 2009) an increased risk of cancer 
of the colorectum with 5′ 96-bp insertion variant 
in CYP2E1 was reported. In three other studies, 

one from China (Fan et al., 2007) and two from 
Europe (Landi et al., 2005; van der Logt et al., 
2006), significant associations between CYP2E1 
polymorphism and cancer of the colorectum were 
not reported. In one study in Japan a decreased 
risk for rectal cancer in carriers of the *5B allele 
was found (Morita et al., 2009).

(d) Hepatocellular cancer

A *5B allele-associated increased risk for 
hepatocellular carcinoma was reported from 
three studies of Japanese and European popu-
lations (Ladero et al., 1996; Koide et al., 2000; 
Munaka et al., 2003). No significant association 
was observed in four other East Asian popula-
tions (Lee et al., 1997; Wong et al., 2000; Yu et al., 
2002; Kato et al., 2003). A decreased risk with *5B 
allele was reported from a Taiwan, China study 
(Yu et al., 1995).

(e) Cancer of the lung

An increased risk for cancer of the lung asso-
ciated with the CYP2E1*5B allele was found in 
one Japanese study (Oyama et al., 1997) and 
one study of mainly Caucasians (el-Zein et al., 
1997c). A similar association was reported in 
another Japanese study (Minegishi et al., 2007), 
but the genotype distribution was not in Hardy–
Weinberg equilibrium in the control population 
[so the finding of an association with cancer of 
the lung is most likely a false-positive result]. 
Opposite results with the *5B allele decreasing 
risk for cancer of the lung have been obtained 
in studies from Sweden, USA and Republic 
of Korea (Persson, et al., 1993; Wu et al., 1997; 
Le Marchand et al., 1998; Eom et al., 2009). In 
eight studies, two of East Asians (Watanabe 
et al., 1995; Persson et al., 1999), four of mixed 
South and North American populations (Kato 
et al., 1994; Hamada et al., 1995; London et al., 
1996; Quiñones et al., 2001), and one of Finns 
(Hirvonen et al., 1993), no significant associa-
tions were observed.
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(f) Cancer of the breast

In one Korean study a non-significant 
increased risk for cancer of the breast associated 
with the *5B/*5B genotype was found (Choi et al., 
2003), while in a study from Taiwan, China, an 
inverse association between the *5B/*5B geno-
type and breast cancer risk was found (Wu et al., 
2006).

(g) Other cancers

For cancer of the urinary bladder no signifi-
cant associations to the *5B allele were observed 
in an Egyptian (Anwar et al., 1996) and a German 
population (Brockmöller et al., 1996). Also for 
cancer of the kidney (renal cell) and urothelial 
cancer no significant associations were found in 
one study from Germany (Farker et al., 1998a). 
Three studies on East-Asian populations demon-
strated a decreased risk for cancer of the prostate 
associated with the *5B allele (Murata et al., 2001; 
Yang et al., 2006a; Yang et al., 2009). No asso-
ciation between polymorphism in CYP2E1 and 
risk of cancer of the pancreas was observed in an 
East-Asian population (Lee et al. 2007).

2.18.5 ALDH2

The variant allele *2 that encodes an inac-
tive subunit of ALDH2 is prevalent among East 
Asians (28–45%; Goedde et al., 1992), but is rare 
in most other populations. Individuals with 
inactive ALDH2 generally abstain from heavy 
alcohol drinking due to subsequent acetaldehy-
daemia and alcoholic flushing responses. Most 
homozygotes for inactive ALDH2*2/*2 are non-
drinkers or occasional drinkers, but substantial 
percentages of East Asians who are habitual 
drinkers, including alcoholics, are heterozygous 
ALDH2*1/*2.

(a) Cancer of the oesophagus

The ALDH2*2 allele has been found to be a risk 
factor for oesophageal cancer in 19 East-Asian 
studies (Hori et al., 1997; Yokoyama et al., 1998, 

2001, 2002, 2006a, b; Tanabe et al., 1999; Chao 
et al., 2000; Matsuo et al., 2001b; Boonyaphiphat 
et al., 2002; Itoga et al., 2002; Watanabe et al., 
2002; Yokoyama et al., 2002; Yang et al., 2005, 
2007; Cai et al., 2006; Guo et al., 2008; Lee 
et al., 2008b; Cui et al., 2009; Ding et al., 2009; 
Tables 2.73, 2.74). The magnitude of the ALDH2-
associated risk depends on the extent of the asso-
ciation between oesophageal cancer and alcohol 
consumption. The risk was observed in light-to-
moderate drinkers as well as heavy drinkers, but 
was higher among heavier drinkers including 
alcoholics than the other drinkers. The findings 
were also supported by a meta-analysis (Lewis & 
Smith, 2005). In two large case–control studies 
in Taiwan, China (Lee et al., 2009) and Japan 
(Cui et al., 2009) heterozygous ALDH2 increased 
the oesophageal cancer risk more prominently in 
younger populations. Heterozygous ALDH2 has 
been consistently reported to be a strong risk 
factor for multiple cancers in Japanese patients 
with oesophageal cancer (Yokoyama et al., 2001, 
2002; Muto et al., 2005).

Case–control studies in high-risk rural 
regions in Mainland China showed modest-
positive associations (Cai et al., 2006; Yang et al., 
2007; Ding et al., 2009; Guo et al., 2008) between 
heterozygous ALDH2 and oesophageal cancer 
risk. In these studies, the risks were more distinct 
where the impact of alcohol consumption on 
oesophageal cancer was more distinct and when 
only male populations were evaluated. Tian et 
al. (1998) reported no significant association 
between ALDH2 polymorphism and oesopha-
geal cancer, but this study included only cases 
of oesophageal squamous carcinoma and the 
ALDH2 gene frequencies were compared just to 
other published data. In addition to the data on 
East-Asian populations, the association between 
oesophageal cancer and the ALDH2*2 allele has 
been found in a study in South Africa (Li et al., 
2008a). In addition, the +82A >  G, +348C >  T 
and −261C >  T variants of ALDH2 (without 
known functional actions) have been related to 
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oesophageal cancer in a large pooled European 
study (Hashibe et al., 2006).

(b) Other upper aerodigestive tract cancer 

In 10 Japanese studies, the ALDH2*2 allele has 
been shown to be a risk factor for upper aerodi-
gestive tract cancer (Yokoyama et al., 1998, 2001, 
2002, 2006b, 2008; Nomura et al., 2000; Muto 
et al., 2005; Hashimoto et al., 2006; Asakage 
et al., 2007; Hiraki et al., 2007; Table 2.75). In one 
Japanese study significant associations between 
the *2 allele and oral cancer were not found (Katoh 
et al., 1999); in this study a significant association 
between risk of oral cancer and consumption of 
alcoholic beverages was not found either. A meta-
analysis of these Japanese studies showed that 
heterozygous ALDH2 increased upper aerodi-
gestive tract cancer risks more strongly in heavy 
drinkers including alcoholics than the other 
drinkers (Boccia et al., 2009). In one Japanese 
study a higher frequency of heterozygous ALDH2 
in younger drinkers with upper aerodigestive 
tract cancer was found (Hashimoto et al., 2006). 
Heterozygous ALDH2 has been reported to be a 
strong risk factor for multiple cancers in Japanese 
patients with upper aerodigestive tract cancers 
(Yokoyama et al., 2001, 2002, 2008; Muto et al., 
2005). The other ALDH2 variants (reported by 
Hashibe et al., 2006) did not significantly affect 
the risk of oral and other upper aerodigestive 
tract cancers (excluding oesophageal cancer).

(c) Cancers of the stomach, colorectum and 
pancreas 

In two Japanese studies an increased risk 
for cancer of the stomach by the ALDH2*2 
allele has been reported (Yokoyama et al., 
1998, 2007b; Table 2.76 on-line). Such an asso-
ciation was reported from another Japanese 
study (Yokoyama et al., 2001) when all gastric 
cancer cases, including gastric cancer alone or 
combined with upper aerodigestive tract cancers 
were considered. However, when only cases 
of cancer of the stomach alone were included 

in the analyses, there was no association with 
ALDH2. In a study of Polish consumers of alco-
holic beverages an increased risk for cancer of 
the stomach by the ALDH2 +82A > G alleles was 
found (Zhang et al., 2007b). No significant asso-
ciations with the *2 allele were reported from a 
study from Republic of Korea (Nan et al., 2005).

Increased risks of colon and/or rectal cancer 
have been associated with the *2 allele in three 
East-Asian studies (Yokoyama et al., 1998; 
Murata et al., 1999; Matsuo et al., 2002). The *2 
allele has also been associated with lower risk in 
one Chinese (Gao et al., 2008) and a Japanese 
(Yin et al., 2007) study. No significant differences 
were seen in four Japanese studies (Takeshita 
et al., 2000a; Hirose et al., 2005; Otani et al., 
2005; Matsuo et al., 2006a).

In one of two Japanese studies Kanda et al. 
(2009) reported increased risk for the ALDH2*2 
allele for cancer of the pancreas; no significant 
associations were found by Miyasaka et al. (2005).

(d) Hepatocellular cancer

In four of 11 Japanese and Chinese studies 
an increased risk for hepatocellular carcinoma in 
carriers of the ALDH2*2 allele has been found 
(Kato et al., 2003; Munaka et al., 2003; Sakamoto 
et al., 2006; Ding et al., 2008) (Table 2.76 on-line). 
Four Japanese (Shibata et al., 1998; Yokoyama 
et al., 1998; Koide et al., 2000; Takeshita et al., 
2000b) and one Chinese (Yu et al., 2002) study 
reported no significant associations between 
ALDH2 polymorphism and hepatocellular 
cancer.

(e) Cancer of the lung

An increased risk for lung cancer associated 
with ALDH2*2 alleles has been observed in three 
studies, two from Japan (Yokoyama et al., 1998; 
Minegishi et al., 2007) and one from Republic of 
Korea (Eom et al., 2009) (Table 2.76 on-line).
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(f) Cancer of the female breast

No significant association between ALDH2 
polymorphism and risk of cancer of the breast 
has been observed in a Korean (Choi et al., 2003) 
and a Spanish population (Ribas et al., 2008) 
(Table 2.76 on-line).

2.19 Synthesis

2.19.1 Oral cavity and pharynx

Data published since the previous IARC mono-
graph (IARC, 2010) support the conclusion that 
consumption of alcoholic beverages is causally 
related to cancer of the oral cavity and pharynx. 
Increasing alcohol consumption increases risk in 
a dose-dependent manner, does not vary materi-
ally by beverage type or sex and the association is 
not due to chance, bias or confounding.

2.19.2 Larynx

Data published since the previous IARC 
Monograph (IARC, 2010) supports the conclu-
sion that consumption of alcoholic bever-
ages is causally related to cancer of the larynx. 
Increasing alcohol consumption increases risk in 
a dose-dependent manner, does not vary materi-
ally by beverage type or sex, and chance, bias and 
confounding can be ruled out.

2.19.3 Oesophagus 

Data published since the previous IARC 
Monograph (IARC, 2010) supports the conclu-
sion that consumption of alcoholic beverages is 
causally related to squamous cell carcinoma of 
the oesophagus. Increasing alcohol consumption 
increases risk in a dose-dependent manner, does 
not vary materially by beverage type or sex, and 
chance, bias and confounding can be ruled out. 
There is now a substantial body of evidence that 
alcoholic beverage consumption is not associated 
with adenocarcinoma of the oesophagus.

2.19.4 Upper aerodigestive tract combined

There is evidence that consumption of alco-
holic beverages is causally related to cancer of the 
upper aerodigestive tract, as it is for cancer of the 
oral cavity and pharynx, larynx and oesophagus 
separately. Increasing alcohol consumption 
increases risk in a dose-dependent manner, does 
not vary materially by beverage type or sex and 
chance, bias and confounding can be ruled out.

2.19.5 Colon and rectum

Data published since the previous IARC 
Monograph (IARC, 2010) supports the conclusion 
that consumption of alcoholic beverages is caus-
ally related to cancer of the colorectum. Most of 
the evidence suggests that consumption of alco-
holic beverages is positively associated with both 
cancer of the colon and cancer of the rectum, 
and is similar in men and women, although the 
data are not entirely consistent. Similarly, there 
is some evidence that risk may only be increased 
at relatively high levels of intake (i.e. > 30 g/d). 
There is consistent evidence that risk does not 
differ by beverage type; whether the risk asso-
ciated with consumption of alcoholic beverages 
differs by smoking status or intake of dietary 
folate is inconsistent.

2.19.6 Liver

Data published since the previous IARC 
Monograph (IARC, 2010) support the previous 
conclusion that the consumption of alcoholic 
beverages is causally related to hepatocellular 
carcinoma. It is not possible to draw any conclu-
sion concerning consumption of alcoholic bever-
ages and risk of cholangiocarcinoma.

2.19.7 Stomach

Results on the association between consump-
tion of alcoholic beverages and cancer of the 
stomach are difficult to interpret due to the lack 
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of information on important confounders, such 
as possible dietary deficiencies.

2.19.8 Pancreas

There is accumulating evidence that high 
alcohol intake (i.e. ≥  30 g/d) is associated 
with a small increased risk for cancer of the 
pancreas. However, the possibility that residual 
confounding by smoking may partly explain this 
association cannot be excluded. Whether the 
risk associated with heavy alcohol consumption 
differs by beverage type, smoking status or body 
mass index is unclear.

2.19.9 Lung

Available data are inadequate to determine 
a causal association between the consumption 
of alcoholic beverages and cancer of the lung. 
Although adjustment for tobacco smoking was 
attempted in many studies, residual confounding 
cannot be excluded for those analyses that found 
a positive association with consumption of alco-
holic beverages. For those studies that attempted 
to evaluate risk for cancer of the lung from the 
consumption of alcoholic beverages in non-
smokers, small numbers of cases, or few subjects 
with high consumption of alcoholic beverages, 
precluded detection of an association.

2.19.10 Breast

Occurrence of cancer of the female breast is 
causally associated with the consumption of alco-
holic beverages. Cancer risk increases propor-
tionately according to the amount of alcohol 
consumed, with an increase in risk of up to 12% 
for each additional drink consumed regularly 
each day (equivalent to about 10 g/d). The risk does 
not appear to vary significantly by beverage type 
or smoking status. It remains unclear whether 
the association of alcohol beverage consumption 
with risk for cancer of the female breast varies 

by use of hormone-replacement therapy or by 
tumour receptor status. 

The evidence that alcoholic beverage 
consumption is associated with cancer of the 
male breast remains inconsistent.

2.19.11 Uterine cervix

The weak associations noted in some studies 
for consumption of alcoholic beverages and risk 
of cancer of the uterine cervix are sufficient to 
draw any conclusion on causality. Few studies 
were able to adjust for the known risk factors for 
the disease.

2.19.12 Endometrium

The evidence for an association between 
consumption of alcoholic beverages and risk for 
cancer of the endometrium is inconsistent. The 
majority of studies show no association; the few 
that show an inverse association were not able to 
adjust for tobacco smoking.

Among both the cohort and case–control 
studies, there was no consistent evidence of an 
interaction between consumption of alcoholic 
beverages and different variables known or 
suspected to be associated with cancer of the 
endometrium, such as use of hormone replace-
ment therapy, body size, age, tobacco smoking, 
parity, education, physical activity, energy intake 
and other dietary aspects, oral contraceptive use 
or menopausal status.

2.19.13 Ovary

There is little evidence for an association 
between consumption of alcoholic beverages 
and risk for cancer of the ovary. The majority of 
studies show no association. 
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2.19.14 Prostate

There is little evidence for an association 
between consumption of alcoholic beverages 
and risk of cancer of the prostate. Although in 
some studies positive associations were found for 
advanced disease, the majority of studies show 
no association. 

2.19.15 Kidney

There is no causal association between 
consumption of alcoholic beverages and cancer 
of the kidney.

2.19.16 Urinary bladder

Overall, the studies on cancer of the urinary 
bladder suggest no association with consump-
tion of alcoholic beverages.

2.19.17 Haematopoietic malignancies

In cohort studies in the general population, 
most forms of lymphomas and leukaemias have 
shown no or inverse associations with consump-
tion of alcoholic beverages; studies that assessed 
risk for non-Hodgkin lymphoma, the form of 
lymphomas and leukaemias most studied, gener-
ally found an inverse association. 

There were consistent inverse associations in 
case–control studies investigating ever alcohol 
consumption and risk for Hodgkin lymphoma, 
with no significant differences between alcoholic 
beverage types.  A large pooled study observed a 
lower risk of several histological subtypes, such as 
Burkitt, B-cell, follicular and T-cell lymphomas 
among ever drinkers. 

No clear patterns of association between 
consumption of alcoholic beverages and risk of 
all leukaemias combined were shown in case–
control studies. Two studies indicated increased 
risk of acute lymphocytic leukaemia with any or 
heavy alcohol drinking, and also increased risk 
of chronic lymphocytic leukaemia among wine 

drinkers, but there was no consistent pattern of 
association for different types of leukaemias. In 
most studies on multiple myeloma no consistent 
results were observed.

2.19.18 Other cancers

It is not possible to draw any conclusions 
regarding the association between intake of alco-
holic beverages and risk for cancers of the brain 
and thyroid, melanoma and non-melanoma skin 
cancers.

2.19.19 Parental exposure and childhood 
cancers

Results for the association between maternal 
consumption of alcohol before or during preg-
nancy and risk of acute lymphocytic leukaemia, 
acute lymphocytic leukaemia and acute 
leukaemia in the offspring are inconsistent.

2.19.20 Polymorphisms and genetic 
susceptibility

(a) ADH1B

The available genetic epidemiological 
data suggest a positive association between 
ADH1B*1/*1 polymorphism and cancer of the 
oesophagus, and cancers of the upper aerodiges-
tive tract combined. The relationship between 
ADH1B genotype and cancer in other organs 
is inconclusive because of the small number of 
studies.

(b) ADH1C

The relationship between ADH1C genotype 
and cancer at any site is inconclusive, primarily 
because of the small number of studies.

(c) ALDH2

The available genetic epidemiological data 
provides ample evidence for a strong contribu-
tion of heterozygous ALDH2 genotype to the 

448



Consumption of alcoholic beverages

development of alcohol-related cancer in the 
oesophagus and in the upper aerodigestive tract. 
While it is often difficult to differentiate clearly 
between exact locations of tumours in the 
oropharyngolaryngeal area based on the available 
published data, there is also strong evidence for a 
contribution of heterozygous ALDH2 genotype to 
the development of alcohol-related cancer in the 
oropharyngolarynx as a whole, and especially in 
the hypopharynx. However, the epidemiological 
studies provide suggestive but inconclusive data 
for some association of heterozygous ALDH2 
genotype and alcohol-related cancers in the indi-
vidual oropharyngolaryngeal subsites of the oral 
cavity, oropharynx and larynx.

The evidence for cancers of the stomach, 
colorectum, pancreas, liver, breast, bladder and 
prostate is inconclusive.

3. Cancer in Experimental Animals

Consumption of alcoholic beverages was 
evaluated in 2007 (IARC, 2010). The studies 
described below were considered; no new studies 
have been published since.

An issue in evaluating bioassays of ethanol 
is the nutritive value of this substance, which 
results in a hyperalimentation of alcohol-fed 
animals. For rigorous evaluation of the carcino-
genicity of alcohol by ingestion in experimental 
animals, controls must be pair fed to equalize 
caloric intake.

3.1 Oral administration of ethanol in 
the drinking-water

Study design and results of studies of oral 
administration of ethanol in drinking-water are 
presented in Table 3.1.

3.1.1 Rat 

Eight groups of 50 male and 50 female 
Sprague-Dawley rats received either 1% or 3% 
ethanol or an equicaloric amount of glucose 
in a semisynthetic liquid diet for 120 weeks 
(Holmberg & Ekström, 1995). Males were given 
70 mL/day and females 60 mL/day of liquid 
diet. No tumours developed in male rats. There 
was a significant (P  <  0.05) increase in pitui-
tary tumours [not further specified] among 3% 
ethyl alcohol-treated females (80%) than among 
high-dose glucose-treated animals (58%). There 
was also an increase (P  <  0.05) in mammary 
gland fibromas, fibroadenomas and adenomas 
combined, in the 1% ethyl alcohol-treated females 
compared with the low-dose glucose animals [no 
incidence provided].

Male Sprague-Dawley rats administered 5% 
ethanol in the drinking-water for 130 weeks 
developed hepatocellular carcinomas (8/79 
versus 1/80 control rats). Additionally, the 
authors reported an increase in the incidence of 
hyperplastic liver nodules in the ethanol group. 
Pancreatic adenomas, adrenal gland adenomas, 
and pituitary adenomas occurred in the ethanol 
group in 18% (14/79), 18% (14/79), and 33% 
(26/79) of the animals, respectively. No tumours 
of the pancreas or adrenal gland were found in 
control rats. Pituitary adenomas were found in 
8/80 control rats (Radike et al., 1981).

In other experiments, the chronic admin-
istration of 5% or 10% ethanol had no effect 
on liver carcinogenesis of Wistar or F344 rats 
(Shibayama et al., 1993; Yamagiwa et al., 1994; 
Wanibuchi et al., 2006).

Sprague-Dawley rats and their offspring 
received either 10% ethanol or no ethanol in the 
drinking-water ad libitum starting at 39 weeks 
of age, 7 days before mating or from embryo life 
(offspring) until death. The intake of fluid was 
lower in the treated group but no difference in 
body weight was noted. An increased incidence 
of total malignant tumours was noted in female 
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Table 3 .1 Carcinogenicity studies on ethyl alcohol administered in the drinking-water to experimental animals

Species, strain (sex) 
Duration 
Reference

Dosing regimen, 
Animals/group at 
start

Incidence of tumours Significance Comments

Rat, Sprague-Dawley 
(M) 
130 wk 
Radike et al. (1981)

5% 
7 d/wk 
79 animals 
80 animals 
(controls)

Liver Carcinoma 
Control (1/80) 
5% Ethanol (8/79)

[P < 0.05]

Pituitary gland Adenoma 
Control (8/80) 
5% Ethanol (26/79)

[P < 0.001]

Adrenal gland Adenoma 
Control (0/80) 
5% Ethanol (14/79)

[P < 0.0001]

Pancreas Adenoma 
Control (0/80) 
5% Ethanol (14/79)

[P < 0.0001]

Testes Seminoma 
Control (0/80) 
5% Ethanol (3/79)

[NS]

Rat, Sprague-Dawley 
(M) 
140 wk 
Soffritti et al. (2002a)

10% 
7 d/wk 
110 animals 
110 animals 
(controls)

Forestomach Benign 
Control (1/110) 
10% Ethanol (8/110)

[P < 0.01] Animals were 
breeder

Benign and malignant 
Control (1/110) 
10% Ethanol (10/110)

[P < 0.01]

Head and other 
sites

Osteosarcoma 
Control (1/110) 
10% Ethanol (12/110)

[P = 0.0042]

Oral cavity, lips 
and tongue

Carcinoma 
Control (3/110) 
10% Ethanol (15/110)

P < 0.01

Testes Interstitial cell adenoma 
Control (9/110) 
10% Ethanol (23/110)

[P = 0.013]

Rat, Sprague-Dawley 
(F) 
140 wk 
Soffritti et al. (2002a)

10% 
7 d/wk 
110 animals 
110 animals 
(controls)

Lymphomas 
and leukaemias

Control (17/110) 
10% Ethanol (46/110)

[P < 0.0001]

Oral cavity, lips 
and tongue

Carcinoma 
Control (2/110) 
10% Ethanol (12/110)

P < 0.05
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Species, strain (sex) 
Duration 
Reference

Dosing regimen, 
Animals/group at 
start

Incidence of tumours Significance Comments

Rat, Sprague-Dawley 
(M) 
179 wk 
Soffritti et al. (2002a)

10% 
7 d/wk 
30 animals 
49 animals 
(controls)

Oral cavity, lips 
and tongue

Carcinoma 
Control (2/49) 
10% Ethanol (10/30)

P < 0.01 Animals were 
offspring

Rat, Sprague-Dawley 
(F) 
179 wk 
Soffritti et al. (2002a)

10% 
7 d/wk 
39 animals/group 
55 animals 
(controls)

Oral cavity, lips 
and tongue

Carcinoma 
Control (3/55) 
10% Ethanol (16/39)

P < 0.01 Animals were 
offspring

Mouse B6C3F1 (M) 
104 wk 
Beland et al. (2005)

0 (control), 2.5%, 5% 
7 d/wk 
48 animals/group

Liver Adenoma or Carcinoma 
Control (12/46) 
2.5% Ethanol (16/47) 
5% Ethanol (25/48)

P < 0.05 dose-related trend, P = 0.056 
(5% ethanol)

Adenoma 
Control (7/46) 
2.5% Ethanol (12/47) 
5% Ethanol (19/48)

P < 0.05 dose-related trend, P < 0.05 
(5% Ethanol)

Mouse, ICR (F) 
106 wk 
Watabiki et al. (2000)

10–15%  
7 d/wk 
20 animals/group

Mammary 
gland

Adenocarcinoma 
Control (0/20) 
10–15% Ethanol (9/20)

[P = 0.012]

Mouse, C57/ 
BL6APCmin (M) 
10 wk 
Roy et al. (2002)

15% alternating 
with 20% every 
other d 
12 animals/group

Intestine Adenoma 
Tumor multiplicity 
Control (26.8) 
15–20% Ethanol (36.9)

P < 0.05

d, day or days; F, female; M, male; NS, not significant; wk, week or weeks

Table 3 .1 (continued)
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breeders and male offspring. This was due to a 
significant increase in the incidence of head and 
neck carcinomas (oral cavity, lips, tongue) in 
male and female breeders and male and female 
offspring; benign and combined benign and 
malignant tumours of the forestomach in male 
breeders; and combined lymphomas and leuke-
mias in female breeders. Increases in the inci-
dence of interstitial-cell adenomas of the testis 
and osteosarcomas of the head and other sites 
were also observed in male breeders (Soffritti 
et al., 2002a). [The Working Group noted that 
some statements reporting increased incidence 
were not supported by statistical analyses 
performed by the Working Group].

3.1.2 Mouse

B6C3F1 male and female mice received 2.5% 
or 5% of ethanol in drinking-water for 104 weeks. 
No significant difference in tumour incidence at 
any site was observed in females. There was a 
significant dose-related trend for the incidence 
of hepatocellular adenomas, and hepatocellular 
adenomas and carcinomas combined in male 
mice. The administration of 5% ethanol resulted 
in an increase in the incidence of hepatocellular 
adenomas (P  <  0.05) and a marginal increase 
(P  =  0.056) in the incidence of hepatocellular 
adenomas and carcinomas combined in male 
mice (NTP, 2004; Beland et al., 2005).

ICR female mice received 10% ethanol in 
the drinking-water for 2 months and then 15% 
ethanol in the drinking-water for 23 months. 
Mammary gland tumours (papillary or medul-
lary adenocarcinomas) were found in 9/20 mice 
given ethanol in drinking-water compared with 
0/20 control mice [P  =  0.012] (Watabiki et al., 
2000).

C57BL/6APCmin male mice received ethanol in 
drinking-water at doses between 15 and 20% daily 
for 10 weeks. This treatment increased intestinal 
adenoma multiplicity (Roy et al., 2002).

3.2 Oral administration of 
acetaldehyde in drinking-water

See Table 3.2.
Acetaldehyde was evaluated in 1984 (IARC, 

1985), 1998 (IARC, 1999), and 2007 (IARC, 2010). 

3.2.1 Rat

Sprague-Dawley male and female rats 
received acetaldehyde in the drinking-water at 
doses of 50, 250, 500, 1500 and 2500 mg/L for 161 
weeks. With the exception of male rats treated 
with 1500 mg/L, the administration of acetalde-
hyde to male Sprague-Dawley rats resulted in a 
marginal dose-dependent increase in incidence 
of pancreatic islet cell adenomas. The incidence 
of pancreatic islet cell adenoma was significantly 
higher (18%; 9/50) in male rats exposed to the 
high dose of acetaldehyde (2500 mg/L) compared 
to 4% (2/50) in the control group. Acetaldehyde 
caused an increased incidence of head osteo-
sarcomas in the 50 and 2500 mg/L groups. 
Additionally, ingestion of acetaldehyde resulted 
in a higher incidence of lymphomas and leuke-
mias in male rats exposed to acetaldehyde at doses 
of 50 mg/L and 1500 mg/L. Acetaldehyde also 
caused an increase in lymphomas and leukemias 
in female rats, 16% in rats exposed to 250 mg/mL 
compared to 4% in control animals. A higher 
incidence of mammary gland adenocarcinomas 
and uterine adenocarcinomas was found in the 
groups of females exposed to 500 mg/L and 
250 mg/L, respectively (Soffritti et al., 2002b). 
[The Working Group noted that a variety of 
tumours were increased. However, no obvious 
dose–response relationship was observed.]
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3.3 Co-carcinogenicity studies on 
alcohol administered in drinking-
water 

A comprehensive analysis of the studies on 
the co-carcinogenicity of ethanol was presented 
in the previous IARC Monograph (IARC, 2010). 
Simultaneous administration of alcohol with 
known carcinogens enhanced tumour develop-
ment. A selection of positive studies is summa-
rized below.

3.3.1 Rat

Chronic administration of ethanol potenti-
ates the development of tumours in experimental 
animals induced by chemical agents.

Two groups of 80 Sprague-Dawley rats 
received either vinyl chloride or vinyl chloride 
and 5% ethanol in the drinking-water for 130 
weeks. Increases in the incidence of liver carci-
nomas and liver angiosarcomas were observed in 
the vinyl chloride and ethanol group compared 
to the vinyl chloride treated control rats. In rats 
exposed to vinyl chloride and ethanol 15% devel-
oped pancreatic adenomas, whereas no tumours 
were found in control rats (Radike et al., 1981).

Fischer 344/DuCrj rats were fed 200 ppm 
2-amino-3,8-dimethylimidazo[4,5]quinoxaline 
(MeIQx). After 8 weeks, rats were subdivided 
to receive either drinking-water or 0.1, 0.3, 1, 
3, or 10% ethanol in the drinking-water. In 
rats administered MeIQx in the diet, the inci-
dence of hepatocellular adenoma, carcinoma 
and adenoma plus carcinoma was increased 
by ethanol consumption in a dose-dependent 
manner (P < 0.001) (Kushida et al., 2005).

Chronic ethanol administration in 
drinking-water to male F344 rats for 55 
weeks after treatment with the chemical 
carcinogens N′-nitrosonornicotine (NNN) 
or 4-(methylnitrosoamino)-1-(3-pyridyl)-1-
butanone (NNK) increased the incidence of 
tumours of the oesophagus, oral cavity and 

lungs. NNK also induced liver tumours, which 
were significantly increased by ethanol ingestion 
(Nachiappan et al., 1994). Similarly, administra-
tion of 5% ethanol to male Wistar rats enhanced 
the oesophageal tumourigenesis induced 
by N-nitrosomethylbenzylamine (Tsutsumi 
et al., 2006). The enhancing effect of ethanol 
on N-nitrosodiethylamine (NDEA)-induced 
oesophageal carcinogenesis was also observed in 
male Fischer 344 rats. Two groups of Fischer 344 
rats received either 50 ppm NDEA dissolved in 
10% ethanol or 50 ppm NDEA solution in water, 
respectively, for 8 weeks. Rats were maintained 
on tap water and basal diet for 96 weeks. The 
incidence of oesophageal papillomas or carci-
nomas in rats that received NDEA dissolved in 
10% ethanol was higher than in rats that received 
NDEA alone (P < 0.01) (Aze et al., 1993).

Chronic intake of 10% ethanol for 56 weeks 
enhanced hepatocarcinogenesis induced by oral 
administration of combined ethinylestradiol 
and norethindrone acetate in male and espe-
cially female Wistar rats (Yamagiwa et al., 1994). 
Long-term ethanol treatment had a similar 
effect in male rats on liver preneoplastic lesions 
induced by aflatoxin B1 (Tanaka et al., 1989), 
N-nitrosomorpholine (Tatsuta et al., 1997), 
MeIQx (Wanibuchi et al., 2006), and NDEA and 
2-acetylaminofluorene (Pires et al., 2008).

The administration of ethanol (15% in the 
drinking-water) during the initiation and promo-
tion stages of mammary gland carcinogenesis, 
induced by N-methylnitrosourea in female 
Sprague-Dawley rats, increased the number 
of mammary adenocarcinomas compared to 
control rats. Likewise, ethanol intake during the 
promotion stage resulted in a greater number of 
mammary adenocarcinomas (Singletary et al., 
1995). The administration of ethyl alcohol to 
pregnant female Sprague-Dawley rats during 
gestation significantly increased mammary 
gland tumours induced by 7,12-dimethylbenz[a]
anthracene (DMBA) in offspring, as evidenced 
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by a greater tumour multiplicity (Hilakivi-Clarke 
et al., 2004).

3.3.2 Mouse

Treatment of CF-1 male mice with 6% ethanol 
in the drinking-water increased development of 
invasive pancreatic adenocarcinoma induced by 
DMBA (Wendt et al., 2007).

As part of the study to investigate the effect 
of ethanol on the carcinogenicity of NDEA, 
strain A male mice were administered NDEA 
in the drinking-water with or without 10% 
ethanol for 4 weeks and were maintained there-
after for 32 weeks on tap-water and basal diet. 
Ethanol strongly potentiated the tumorigenic 
effect of NDEA in the forestomach and the lung 
(Anderson et al., 1993).

The effect of ethanol on the carcinogenicity of 
nitrosamines was comprehensively summarized 
in the previous IARC Monographs (IARC, 1988, 
2010).

3.4 Synthesis

Administration of ethanol in the drinking-
water increased the incidence of cancers of the 
head and neck and the liver, benign tumours of 
the adrenal glands, pituitary gland, testes, and 
pancreas, osteosarcomas of the head and other 
sites, forestomach tumours, and combined 
lymphomas and leukemias in rats and liver 
tumours and mammary gland adenocarcinomas 
in mice.
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Table 3 .2 Carcinogenicity studies on acetaldehyde administered with drinking-water to rats

Species, strain (sex) 
Duration 
Reference

Dosing regimen, 
Animals/group at 
start

Incidence of tumours Significance Comments

Rat, Sprague-Dawley 
(M) 
161 wk 
Soffritti et al. (2002b)

50 mg/L 
7 d/wk 
50 animals/group

Head Osteosarcoma 
Control (0/50) 
Acetaldehyde (5/50)

P < 0.05

2500 mg/L 
7 d/wk 
50 animals/group

Head Osteosarcoma 
Control (0/50) 
Acetaldehyde (7/50)

P < 0.05

50 mg/L 
7 d/wk 
50 animals/group

Lymphomas and 
leukemias

Control (6/50) 
Acetaldehyde (14/50)

[P = 0.039]

1500 mg/L 
7 d/wk 
50 animals/group

Lymphomas and 
leukemias

Control (6/50) 
Acetaldehyde (15/50)

[P = 0.024]

2500 mg/L 
7 d/wk 
50 animals/group

Pancreas Islet cell adenoma 
Control (2/50) 
Acetaldehyde (9/50)

[P = 0.026]

Rat, Sprague-Dawley 
(F) 
161 wk 
Soffritti et al. (2002b)

250 mg/L 
7 d/wk 
50 animals/group

Lymphomas and 
leukemias

Control (2/50) 
Acetaldehyde (8/50)

[P = 0.046]

500 mg/L 
7 d/wk 
50 animals/group

Mammary gland Adenocarcinoma 
Control (3/50) 
Acetaldehyde (10/50)

[P = 0.036]

250 mg/L 
7 d/wk 
50 animals/group

Uterus Adenocarcinoma 
Control (0/50) 
Acetaldehyde (5/50)

[P = 0.028]

d, day or days; F, female; M, male; wk, week or weeks
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Administration of acetaldehyde in the 
drinking-water increased the incidence of 
pancreatic adenomas, combined lymphomas and 
leukaemias, uterine and mammary gland adeno-
carcinomas, and head osteosarcomas in rats.

Co-administration of ethanol in the drinking-
water with several known carcinogens enhanced 
tumour development in rats and mice.

4. Other Relevant Data

The current knowledge on mechanistic and 
other data relevant to the carcinogenicity of alco-
holic beverages was reported in the recent IARC 
Monograph (IARC, 2010). A synthesis of these 
data is presented below.

4.1 Absorption, distribution, 
metabolism and excretion

The biomedical effects of alcoholic bever-
ages either originate from the properties of the 
ethanol major component, or from its metabo-
lism. The metabolism of ethanol is depicted in 
Fig. 4.1. Ethanol is metabolized to acetaldehyde 
by three major pathways: the alcohol dehydro-
genase (ADH) pathway, the microsomal ethanol 
oxidizing cytochrome P450 (CYP) pathway, 
and the catalase-H2O2 system. Acetaldehyde, to 
which many deleterious effects of ethanol can 
be attributed, is oxidized to acetate primarily by 
acetaldehyde dehydrogenases (ALDHs) (Vasiliou 
et al., 2004). The four pharmacokinetic param-
eters, absorption, distribution, metabolism and 
excretion, that define the level of ethanol and/or 
its metabolites in different tissues, are relevant 
for consideration.

4.1.1 Ethanol

(a) Absorption and distribution

The absorption of orally ingested alcohol 
starts in the upper digestive mucosa and the 
stomach, but the bulk is absorbed by simple diffu-
sion in the small intestine into the bloodstream. 
Hereafter, alcohol is distributed into the body 
water. The absorption, immediately followed by 
the distribution phase, largely determines the 
ascending part and the peak of the blood-alcohol 
curve. Food in conjunction with alcohol drinking 
lowers the rate of absorption and diminishes the 
peak alcohol concentration, while fasting and 
dehydration create opposite effects. The distri-
bution process produces slightly lower ethanol 
levels in venous blood (Jones et al., 2004) and 
urine (Jones 2006) compared with arterial blood 
levels during the absorption phase. More fat and 
less body water per unit body-mass create higher 
blood alcohol levels, which explains why women 
on average reach a 10–15% higher blood-alcohol 
concentration compared with the same amount 
of alcohol per body-mass ingested by men (Goist 
& Sutker, 1985).

(b) Metabolism and excretion

It is generally believed that more than 90% 
of the ingested alcohol is oxidized in the liver. 
The remaining extrahepatic alcohol oxidation 
and other modes of elimination take place in the 
gastrointestinal mucosa and bacteria, via oral 
bacteria, the kidneys and other peripheral tissues, 
by excretion of body fluids (urine and sweat) and 
via exhalation. First-pass metabolism, i.e. when 
the ethanol is oxidized at its first passage through 
the oral cavity, gut and liver, reduces the amount 
of ethanol that reaches target organs. The relative 
contribution of first-pass metabolism to alcohol 
oxidation is debatable (Lim et al., 1993; Levitt & 
Levitt, 2000). However, the smaller the alcohol 
amount and the slower the alcohol absorption, 
the greater the relative contribution of first-pass 
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oxidation in overall alcohol elimination (Levitt 
& Levitt, 1998).

(i) Endogenous alcohol formation
In addition to ingestion via consumption of 

alcoholic beverages, small amounts of ethanol 
are also produced endogenously in normal 
intermediary metabolism (Ostrovsky, 1986) and 
by microbial formation, especially in the gastro-
intestinal tract (Krebs & Perkins, 1970). The 
resulting concentrations in human venous blood 
are estimated to vary between 0–50 µM (Jones 
et al., 1983; Watanabe-Suzuki et al., 1999). Based 
on case reports (Kaji et al., 1984; Spinucci et al., 
2006) and on data from experimental animals 
(Krebs & Perkins, 1970), it has been shown that 
considerably higher concentrations exist in the 
gastrointestinal tract. The relevance of endoge-
nous metabolism is further discussed in Section 
4.3.1.

(ii) Alcohol dehydrogenase pathway 
The oxidation of ethanol is largely catalysed 

by cytosolic ADHs, primarily by the low-Km 
variants in the liver. Because of the low Km (0.05–
4.2 mM) ADH quickly becomes saturated and 
the reaction follows zero-order kinetics with a 
constant rate for ethanol oxidation. In addition to 
the enzyme activity, the ADH-mediated ethanol 
oxidation rate is strictly regulated by the mito-
chondrial reoxidation of the reduced co-enzyme 
nicotinamide adenine dinucleotide (NADH) to 
the oxidized form, nicotinamide adenine nucleo-
tide (NAD+) (Zakhari, 2006). This explains why, 
in spite of huge variations in ADH activity, rela-
tively small effects on the overall alcohol oxida-
tion rate have been observed. The impact of the 
hepatic redox state is even more apparent under 
fasting conditions, which are well known to slow 
down the rate of alcohol oxidation (Rogers et al., 
1987), most likely due to limitations in the mito-
chondrial reoxidation of NADH (Lisander et al., 
2006). The less alcohol is ingested the larger the 

contribution of ADH activity in the regulation of 
the rate of alcohol oxidation (see Fig. 4.1).

Human ADHs
Three different nomenclature systems have 

been proposed for the human ADH genes 
(Table  4.1). The official nomenclature approved 
by the Human Genome Organization (HUGO) 
(www.gene.ucl.ac.uk/nomenclature) will be used 
here throughout.

Seven human ADHs have been isolated that 
are divided into five classes on the basis on simi-
larities in their amino acid sequences and kinetic 
properties (Table 4.1). They are dimeric enzymes 
consisting of two 40kDa subunits named α, β, 
γ, π, χ and either σ or μ. Class I comprises three 
enzymes: ADH1A, which contains at least one 
α subunit (αα, αβ, or αγ), ADH1B (ββ or βγ), 
and ADH1C (γγ).Class II contains ADH4 (ππ). 
Class III contains ADH5 (χχ). Class IV contains 
ADH7 (μμ or σσ). Class V contains ADH6 for 
which there is no subunit designation (Parkinson 
& Ogilvie, 2008).

The low-Km class I ADHs (α, β and γ subu-
nits, formerly called ADH-1, -2, and -3) account 
for most of the ethanol-oxidizing capacity in 
the liver and gastrointestinal mucosa (Lee et al., 
2006). Class I ADH is also expressed in several 
other tissues, such as the upper and lower diges-
tive tracts (Yin et al., 1993; Seitz et al., 1996; Yin 
et al., 1997; Jelski et al., 2002), pancreas (Chiang 
et al., 2009), lungs (Engeland & Maret, 1993), 
breast (Triano et al., 2003), blood vessels (Jelski 
et al., 2009) and salivary glands (Visapää et al., 
2004). In brain no functionally significant class 
I ADH has been detected (Estonius et al., 1996).

Allelic variants have been identified in the 
ADH1B and ADH1C genes that encode for the β1, 
β2, β3, γ1, and γ2 subunits, which can combine 
as homodimers or can form heterodimers with 
each other and with the α subunit. ADH1B 
enzymes that differ in the type of β subunit are 
known as allelozymes, as are ADH1C enzymes 
that differ in the type of γ subunit. Allelozymes 
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present different kinetic properties (Table  4.1) 
and so differ in their capacity to oxidize ethanol. 
The allelozymes that are homodimers or heter-
odimers of β2 subunit (encoded by the ADH1B*2 
allele) are especially active ethanol oxidizing 
enzymes. The ADH1B*2 allelic variant is found 
in 90% of the Pacific Rim Asian population and 
is responsible for the unusually rapid conver-
sion of ethanol to acetaldehyde in this popula-
tion. ADH1B*2 is also more common in people 
of Jewish origin compared to people of other 
Caucasian descent (where it is found in 0 to 
<  20%) (Neumark et al. 1998). The ADH1B*1 
allele is most common in Caucasians (up to 95%) 
and ADH1B*3 is found mostly in African and 
African Americans (~24%). These population 
differences in ADH1B alloenzyme expression 
potentially contribute to ethnic differences in 
alcohol consumption and toxicity. Unlike the 
ADH1B allelozymes, the ADH1C variants do not 

differ much in their ethanol oxidizing activities 
(Parkinson & Ogilvie, 2008).

The class II π-ADH (subunit encoded by 
ADH4) also contributes to hepatic ethanol 
oxidation, especially at higher concentrations 
(Edenberg 2007; Birley et al., 2009; Kimura et al., 
2009). ADH4 expression has been found in most 
epithelial tissues.

Little is known about the functional role of 
class III, IV and V ADHs (encoded by the genes 
ADH5, 7 and 6, respectively) in the oxidation of 
alcohol.

Microbial ADHs
There is a large population of microorgan-

isms present in the gastrointestinal tract that 
may contribute to ethanol oxidation. Another 
local site for microbial alcohol oxidation is the 
oral cavity. Microorganisms express numerous 
forms of ADH, the role of which may become 
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Fig. 4.1 Ethanol and acetaldehyde metabolism

ADH, alcool dehydrogenase; ALDH, aldehyde dehydrogenase; CYP, cytochrome P450; CNS, central nervous system; NADPH, nicotinamide-
adenine dinucleotide phosphate.
Adapted from Vasiliou et al. (2004).
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Table 4 .1 Major allele variants and biochemical properties of human alcohol dehydrogenases (ADHs)

Official 
nomenclaturea

Former 
nomenclatureb

Additional 
nonstandard 
nomenclaturec

Sequenced Allele Amino Acid 
differences  
between alleles

Protein 
subunit

Classe Km (mM) f Vmax (min-1) g

ADH1A ADH1 NM_000667 ADH1A α I 4.0 30
ADH1B ADH2 NM_000668 ADH1B*1 Arg48, Arg370 β1 I 0.05 4

ADH1B*2 His48, Arg370 β2 I 0.9 350
ADH1B*3 Arg48, Cys370 β3 I 40 300

ADH1C ADH3 NM_000669 ADH1C*1 Arg272, Ile350 γ1 I 1.0 90
ADH1C*2 Gln212, Val350 γ2 I 0.6 40
ADH1C*352Thr hThr352 NR I NR NR

ADH4 ADH4 ADH2 NM_000670 ADH4*1 π II 30 40
ADH4*2 π II NR NR

ADH5 ADH5 ADH3 NM_000671 χ III > 1000 100
ADH6 ADH6 ADH5 NM_000672 V NR NR
ADH7 ADH7 ADH4 NM_000673 σ or µ IV 30 1800

a Nomenclature approved by the Human Genome Organization (HUGO) Gene Nomenclature Committee (www.gene.ucl.ac.uk/nomenclature/), as used by the National Center for 
Biotechnology Information (NCBI)
b Former nomenclature
c Non-standard nomenclature proposed by Duester et al. (1999)
d Reference sequence number as listed in the NCBI RefSeq database (www.ncbi.nlm.nih.gov/RefSeq/)
e ADH proteins have been divided into five classes based on sequence and structural similarities
f Vmax indicates how many molecules of ethanol the enzyme will convert to acetaldehyde in 1 minute at saturating ethanol concentrations.
g Km indicates the concentration of ethanol at which the enzyme works at 50 percent capacity.
h ADHIC+352Thr has been found in Native Americans as an additional variation on chromosomes with the Val350 characteristics of ADH1C*2 (Osier et al., 2002); the protein has not been 
isolated for study. The kinetic constants are noted for the homodiners of the ADH subunits listed (heterodimers behave as if the active sites were independent).
NR, not reported
Adapted from Edenberg (2007)

http://www.gene.ucl.ac.uk/nomenclature/
http://www.ncbi.nlm.nih.gov/RefSeq/
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even more significant wherever microbial over-
growth occurs (Salaspuro, 2003).

(iii) Cytochrome P450 oxidation pathway
See Fig. 4.1.
Cytochrome P450 2E1 (CYP2E1) is constitu-

tively expressed in the endoplasmic reticulum of 
the liver and many other tissues including the 
brain, in contrast to the expression of ADHs. Its 
Km for ethanol is about 10 mM; thus CYP2E1 may 
assume a greater role in the first-order oxida-
tion reaction at high blood-alcohol levels. Other 
cytochrome enzymes, CYP1A2 and CYP3A4, 
also contribute to the oxidation of ethanol, albeit 
to a lesser extent (Lieber, 2004). CYP2E1 has 
the unique property of being induced as a result 
of chronic alcohol intake, which explains part 
of the increased alcohol elimination rate after 
chronic alcohol ingestion (Lieber, 2004). The 
CYP2E1-mediated ethanol oxidation is associ-
ated with nicotinamide-adenine dinucleotide 
phosphate (NADPH)-CYP reductase in the 
endoplasmic reticulum, and reduces molecular 
oxygen to water as ethanol is oxidized to acetal-
dehyde. CYP2E1 is unusually ‘leaky’ and gener-
ates reactive oxygen species including hydroxyl 
radical, superoxide anion, hydrogen peroxide 
and hydroxyethyl radical. Thus, CYP2E1 is a 
major source of alcohol-related oxidative stress 
(Caro & Cederbaum, 2004).

Genetic variants of CYP2E1
Several allele variants of CYP2E1 have been 

described in humans (see Table 4.2).
The allele variant commonly denoted as c2, 

CYP2E1*5B according to the new recommended 
nomenclature, has been found more frequently 
in East Asian individuals (~40%) compared 
with Caucasians (~8%) (Garte et al., 2001). Early 
studies showed an increased CYP2E1 expression 
and activity in ethanol oxidation associated with 
the *5B allele (Hayashi et al., 1991; Tsutsumi et al., 
1994; Watanabe et al., 1994), but this finding has 
not been confirmed in other studies (Carrière 

et al., 1996; Kim et al., 1996; Powell et al., 1998; 
Kato et al., 2003), and contrasting results have 
been reported (Huang et al., 2003). So it is unclear 
to what extent the functional activities regarding 
ethanol oxidation differ from those of the corre-
sponding wild types. Other variants of CYP2E1 
polymorphisms, such as CYP2E1*6, have also 
been shown to be more common in East Asians 
(ca. 52%) compared with Caucasian individuals 
(ca. 15%) (Garte et al., 2001).

(iv) Ethanol oxidation by catalase (Fig. 4.1)
Catalase is constitutively expressed in the 

peroxisomal part of the endoplasmic reticulum 
in virtually all tissues. It is an important anti-
oxidant enzyme that detoxifies H2O2 into oxygen 
and water and thus limits the deleterious effects 
of reactive oxygen species. The functional role of 
catalase in the oxidation of ethanol in humans 
is not known. Although catalase-mediated 
ethanol oxidation is very limited compared with 
ADH-mediated reactions, it may play a signifi-
cant role in specific organs and tissues that lack 
the functional ADH. Based on experimental 
animal research, catalase seems to contribute to 
alcohol oxidation in the brain (Cohen et al., 1980; 
Zimatkin et al., 2006). As with CYP2E1, catalase 
also has a high Km and, thus, the impact on alcohol 
oxidation would be higher at high alcohol levels. 
No functional polymorphism regarding alcohol 
oxidation or its effects has been reported.

(v) Non-oxidative ethanol metabolism
Ethanol can be non-oxidatively metabolized 

to form fatty-acid ethyl esters (FAEEs), which are 
toxic for cells (Laposata & Lange, 1986; Laposata 
et al., 2002). These esters are formed during the 
hydrolysis of fatty-acid esters (e.g. triglycerides) 
in the presence of ethanol. Such esterification 
activity has been detected in humans mainly with 
the two high-Km enzymes fatty-acid ethyl ester 
synthases (FAEEs) (Wright et al., 1987) and acyl-
coenzyme A:ethanol O-acyltransferase (AEAT) 
(Diczfalusy et al., 2001). Highest activities have 
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Table 4 .2 Major allelic variants and biochemical properties of humans cytochrome P450 2E1 (CYP2E1)

Recommended 
nomenclaturea

Alternative 
nomenclaturea

Protein Nucleotide changes, 
Gene

RFLP Effect Enzyme activity

In_vivo In_vitro

CYP2E1*1A CYP2E1*1 CYP2E1.1 None Normal Normal
CYP2E1*1B CYP2E1*2 CYP2E1.1 9896C > G TaqI-
CYP2E1*1C CYP2E1.1 6 repeats in the 5′ flanking region
CYP2E1*1D CYP2E1.1 8 repeats in the 5′ flanking region DraI and XbaI Incr. activity after alcohol 

exposure and in obese subjects
CYP2E1*2 CYP2E1.2 1132G > A R76H Reduced
CYP2E1*3 CYP2E1.3 10023G > A V389I Normal
CYP2E1*4 CYP2E1.4 4768G > A V179I Normal
CYP2E1*5A CYP2E1.1 −1293G > C; −1053C > T (c1 

> c2); 7632T > A
PstI+ RsaI- 
DraI-

CYP2E1*5B CYP2E1*3 CYP2E1.1 −1293G > C; −1053C > T (c1 > c2) PstI+ RsaI- 
CYP2E1*6 CYP2E1*4 CYP2E1.1 7632T > A DraI-
CYP2E1*7A CYP2E1.1 −333T > A
CYP2E1*7B CYP2E1.1 −71G > T; −333T > A
CYP2E1*7C CYP2E1.1 −333T > A; −352A > G
not included CYP2E1*5
not included CYP2E1*6

a Two different nomenclature systems were developed for the CYP2E1 alleles simultaneously. The authors of both nomenclature systems have agreed in July 2000 that the nomenclature 
system given in the first column should be the recommended one, see Ingelman-Sundberg et al. (2001); the other nomenclature that was proposed by Garte & Crosti (1999) is given in the 
second column.
RFLP, restriction fragment length polymorphism
Adapted from http://www.cypalleles.ki.se/cyp2e1.htm

http://www.cypalleles.ki.se/cyp2e1.htm
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been located in the liver and pancreas, and in 
the liver and duodenum, for FAEEs and AEAT, 
respectively (Diczfalusy et al., 2001). Lower 
activities of both enzymes were found in heart, 
lung, adipose, gall bladder and gastric tissues. 
Although FAEE may be important in the etiology 
of alcohol-mediated cellular toxicity, especially 
in the case of long-term accumulation during 
chronic alcohol intake, the relative contribution 
to overall alcohol elimination is rather small. 
In addition to FAEEs, alcohol also forms other 
conjugates, such as ethyl glucuronide, often used 
as a marker for recent alcohol drinking (Wurst 
et al., 2003).

4.1.2 Acetaldehyde

Acetaldehyde is the first metabolite in the 
oxidation of ethanol (Fig.  4.1). Interindividual 
variations of the acetaldehyde-mediated effects 
will depend on the genetic polymorphisms and 
other factors affecting the metabolism and levels 
of acetaldehyde, and the effects on the target 
organs.

(a) Origin of acetaldehyde

(i) Endogenous formation
Several degradation reactions are known to 

form endogenous acetaldehyde in the human 
body (Krebs & Perkins, 1970). Without external 
alcohol ingestion, acetaldehyde concentra-
tions are below the level of detection, except 
in the gastrointestinal tract (Väkeväinen et al., 
2000). However, under conditions of inhibited 
acetaldehyde-oxidation capacity, endogenous 
acetaldehyde levels may be detected in the blood 
(Eriksson, 1985). The relevance of the endoge-
nous acetaldehyde is further discussed in Section 
4.3.1.

(ii) Acetaldehyde in alcoholic beverages
A small part of the total acetaldehyde to which 

the body is exposed comes directly from ingested 
alcoholic beverages. All alcoholic beverages 

contain acetaldehyde in variable amounts: 
average levels in different types vary between 60 
to >  7000 µM (Lachenmeier & Sohnius, 2008). 
The magnitude and the significance of exposure 
to acetaldehyde from alcoholic beverages are 
further discussed in Section 4.3.1.

(iii) Acetaldehyde formation by oxidation of 
exogenous ethanol

The major part of the total acetaldehyde to 
which the body is exposed during alcohol inges-
tion originates from ethanol oxidation catalysed 
by the ADH, CYP2E1 and catalase enzymes. The 
liver and the gut are the primary sites of acetalde-
hyde formation to such an extent that the rate of 
alcohol oxidation exceeds the rate of acetaldehyde 
breakdown, which consequently leads to diffu-
sion of the surplus acetaldehyde into the blood-
stream. Under normal conditions, i.e. without 
reduced capacity for acetaldehyde oxidation 
or considerably increased acetaldehyde forma-
tion, the acetaldehyde produced at other sites is 
usually directly oxidized within the tissue. The 
exception is the aerodigestive tract, where acet-
aldehyde is produced at least partly by microbial 
alcohol oxidation. Consequently, acetaldehyde 
can be detected both in breath and saliva during 
alcohol intoxication (Eriksson, 2007).

(b) Metabolism

The bulk of the acetaldehyde formed in the 
liver is directly oxidized by NAD+-dependent 
aldehyde dehydrogenases (ALDHs) to acetate. 
The efficacy of normal hepatic oxidation of the 
alcohol-derived acetaldehyde is estimated to 
be close to 99% (Eriksson & Fukunaga, 1993). 
In addition, a minor part of the acetaldehyde 
is probably oxidized by aldehyde oxidase and 
CYP2E1. In addition, acetaldehyde reacts with a 
variety of chemical compounds in the body.
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(i) Aldehyde dehydrogenase pathway
Acetaldehyde is metabolized by ALDHs 

(Fig.  4.1), which are widely expressed in the 
mitochrondria (low-Km enzyme) and cytosol 
(high-Km enzyme) of most tissues (Crabb, 1995). 
Oxidation of acetaldehyde is regulated by the 
rate of acetaldehyde formation, ALDH activity 
and the cytosolic and mitochondrial redox 
states. Ethanol consumption is not known to 
induce ALDH expression. Chronic alcohol abuse, 
especially associated with liver disease, has been 
reported to reduce the ALDH activity (Nuutinen 
et al., 1983).

The major allelic variants of human ALDHs, 
their respective Km and their ethnical distribu-
tion are summarized in Table 4.3. The high-Km 
ALDH1A1 accounts for most of the acetal-
dehyde-oxidizing capacity in the cytosolic 
compartment of the liver and other tissues. 
This enzyme is also abundant in the erythro-
cytes. Several variant alleles of ALDH1A1 with 
potential functional relevance have recently been 
reported in the promoter (Spence et al., 2003), 
intron and untranslated regions (Lind et al., 
2008) (Table 4.1).

The low-Km (about 5 µM for acetaldehyde) 
ALDH2 is located in the mitochondria and is 
believed to be responsible for the bulk of the 
oxidation of the ethanol-derived acetaldehyde. 
This enzyme is not significantly expressed in 
the erythrocytes. Of all the polymorphisms in 
genes encoding enzymes that metabolize alcohol 
and acetaldehyde, the ALDH2*2 allele has the 
greatest functional impact on the human pheno-
type. This allele is common in East-Asian popu-
lations, about 5–10% homozygotes and 30–40% 
heterozygotes (Brennan et al., 2004). In these 
individuals the acetaldehyde levels are elevated, 
which creates several toxic effects and also 
euphoric reinforcing reactions (Eriksson, 2001). 
The relevance of the elevated acetaldehyde for the 
development of cancers is discussed in section 
4.3.1. In addition to the *2 allele, promoter-region 

variants have been reported (Harada et al., 1999). 
The functional significance of these other vari-
ants remains to be established. The relevance of 
other ALDHs, including ALDH1B1 and other 
classes of ALDH, also remains to be elucidated.

(ii) Other pathways in the metabolism and 
reactions of acetaldehyde

In addition to the ALDH-catalysed reactions, 
acetaldehyde may also be oxidized to a minor 
extent by CYP2E1 (Terelius et al., 1991) and by 
different oxidases (Deitrich et al., 2007).

Due to its chemical reactivity, most, if not all, 
of the ethanol-derived acetaldehyde that is not 
further oxidized binds to a variety of constituents. 
These interactions vary between easily revers-
ible and firm covalent bonds. Different kinds 
of Schiff’s base, which are formed by acetalde-
hyde and the free amino groups of amino acids, 
peptides and proteins, are the most common 
products (Eriksson & Fukunaga, 1993, Niemelä, 
2007). Some of these unstable products become 
stable under reducing conditions, such as during 
alcohol intoxication. Although only a small frac-
tion of all acetaldehyde formed during ethanol 
oxidation produces these adducts, they are 
important in some of the chronic toxic actions 
of alcohol. The role of the acetaldehyde adducts 
in the carcinogenic effects of alcohol is further 
discussed in Sections 4.2.2, 4.3.1 and 4.4.2.

(c) Levels of acetaldehyde in tissues

From the liver, where most of the ethanol-
derived acetaldehyde is formed and oxidized, 
the remaining acetaldehyde, free and/or loosely 
bound, escapes into the vena hepatica, reaching 
concentrations of approximately 70 µM under 
normal conditions (Eriksson & Fukunaga, 1993). 
Thereafter, the concentration of acetaldehyde in 
the blood will be diluted by the vena cava blood 
and further reduced by the circulation in the 
heart and the lungs before reaching peripheral 
tissues. Human data show that acetaldehyde 
levels in pulmonary arterial blood are in the 
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range of 0–4.4 µM, 30 and 60 minutes after 
ethanol consumption (DeMaster et al., 1983) 
during normal alcohol oxidation. Acetaldehyde 
in peripheral arterial or venous blood is below 
the limit of detection (<  1 µM) during normal 
alcohol intoxication in Caucasian male popula-
tions (Eriksson & Fukunaga, 1993). However, in 
Caucasian women, acetaldehyde levels of 1–8 µM 
have been detected during the use of oral contra-
ceptives and during the high-estradiol phase of 
the normal cycle (Eriksson et al., 1996).

Except for the blood and the liver, in which 
acetaldehyde concentration should be approxi-
mately the same as in the vena hepatica, little is 
known about acetaldehyde levels in other tissues 
during normal alcohol oxidation in humans. 
Acetaldehyde levels should rise in tissues where 
the ethanol oxidation rate exceeds the capacity 
of acetaldehyde oxidation. Breath acetaldehyde 
concentrations of 10–20 and 20–40 nM at blood 
alcohol levels of about 10 and 20 mM, respec-
tively, imply corresponding tissue acetaldehyde 
levels of 2–8 µM in the respiratory tract (Jones, 
1995; Eriksson, 2007). Part of this acetalde-
hyde is derived by microbial ethanol oxidation 
(Pikkarainen et al., 1980). Also, acetaldehyde 
levels in the saliva, which almost exclusively 

are derived from microbiological alcohol oxida-
tion, correlate positively with the blood alcohol 
concentration (Väkeväinen et al., 2001; Eriksson, 
2007). Levels varying between 15 to 25 µM and 20 
to 40 µM at corresponding blood ethanol concen-
trations of 10 to 20 mM, respectively, have been 
reported (Homann et al., 1997; Eriksson, 2007). 
The role of the acetaldehyde concentrations in 
the upper aerodigestive tract in the carcinogenic 
effects of alcohol is discussed in Section 4.3.1.

Under certain conditions, such as chronic 
alcohol consumption especially in combina-
tion with increased alcohol oxidation rate and/
or liver disease and genetically determined defi-
ciency in the ALDHs, acetaldehyde levels are 
considerably elevated. Peripheral venous blood 
acetaldehyde concentrations of 14 µM have been 
detected during alcohol intoxication (after a dose 
of 0.8 g per kg) in alcoholics (Nuutinen et al., 
1984). In Asian subjects carrying the ALDH*2 
allele, blood acetaldehyde levels above 200 µM 
have been reported (Eriksson & Fukunaga, 
1993). In addition to ALDH2 polymorphism, the 
ADH1B*2 and ADH1C*1 variant alleles, which 
encode more active ADHs, in turn may elevate 
ethanol-derived acetaldehyde levels. This possi-
bility was suggested by Visapää et al. (2004) who 
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Table 4 .3 Major allelic variants, biochemical properties, and ethnical distribution of human 
acetaldehyde dehydrogenases (ALDHs)

Gene Locus Allele Km µMa Ethnic/national distributionb References

ALDH1A1 50 All Vasiliou et al. (2000)
ALDH2 ALDH2*1 < 5 All

ALDH2*2 Asia Crabb et al. (1989)
ALDH2*3 Taiwan,  

People’s Republic of China
Novoradovsky et al. (1995)

ALDH1B1 
(ALDH5)

ALDH1B1*1 
ALDH1B1*2

NR 
NR

 
Sherman et al. (1993)

ALDH9A1 ALDH9A1*1 30 All Kurys et al. (1989)
ALDH9A1*2 Lin (1996)

a Kinetic constant of the enzyme when acetaldehyde is the substrate
b The column labelled ethnic/national distribution indicates which populations have high allele frequencies for these variants. The alleles are not 
limited to those populations.
NR, not reported
Compiled by the Working Group
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reported increased acetaldehyde concentrations 
in saliva of individuals with the ADH1C*1/*1 
genotype. The relevance of the ALDH and ADH 
genotypes for the etiology of cancer is further 
discussed in Section 4.3.1.

4.2 Genotoxicity

4.2.1 Humans

Studies of genotoxic effects of alcoholic bever-
ages have been reviewed (Obe & Anderson, 1987; 
IARC, 1988, 2010).

(a) Genotoxic effects in alcoholics

Maffei et al. (2000, 2002) and Castelli et al. 
(1999) found that alcoholics had significantly 
more chromosomal aberrations and cells with 
micronuclei than either non-drinking controls 
or abstinent alcoholics. The three groups were 
matched for age, sex and smoking (Maffei et al., 
2002). When centromeric fluorescence in situ 
hybridization (FISH) was combined with the 
analysis of micronuclei, the alcoholics showed 
an increase in the number of lymphocytes with 
centromere-positive micronuclei, indicating an 
elevated formation of micronuclei harbouring 
whole chromosomes, ie, an aneugenic effect 
(Maffei et al., 2000). In a combined analysis of 
three biomonitoring studies, Iarmarcovai et al. 
(2007) observed a small but significant increase 
in micronucleus frequency in alcoholic beverage 
users compared with controls (OR, 1.24; 95%CI: 
1.01–1.53).

While the majority of published studies 
showed no increase in chromosomal alterations 
in alcoholics following abstinence from ethanol 
compared to non-drinkers, some studies reported 
positive results (De Torok, 1972; Matsushima, 
1987). Gattás & Saldanha (1997) compared the 
frequency of structural or numerical chromo-
somal aberrations in lymphocytes of alcoholics 
who had been abstinent for 1 month to 32 years, 
with those in subjects not consuming alcoholic 

beverages. They noted a significant increase in 
the frequency of cells with structural chromo-
somal aberrations in the abstinent alcoholics. 
Burim et al. (2004) observed that the frequen-
cies of chromosomal aberrations in lymphocytes 
of 29 chronic alcoholics and 11 alcoholics in 
abstinence were higher than those in 10 control 
individuals. The level of chromosomal aberra-
tions was not statistically significantly different 
when smoking and non-smoking alcoholics were 
compared, which indicated a lack of interaction.

There is some indication that ethanol may 
lead to chromosomal aneuploidy in human 
sperm. Robbins et al. (1997) used FISH of the sex 
chromosomes and chromosome 18 to investigate 
the potential contribution of common lifestyle 
exposures to aneuploidy load in sperm from 
45 healthy male volunteers. Consumption of 
alcoholic beverages was significantly associated 
with increased frequencies of aneuploidy XX18, 
XY18–18 apparent diploidy, or XX18–18 dupli-
cation phenotype, after controlling for caffeine, 
smoking and donor age.

Härkönen et al. (1999) reported a significant 
negative association between alcohol intake 
and sperm aneuploid for chromosomes 1 and 7 
(1-1-7 and 1-7-7 constitutions and diploid sperm) 
among 30 agricultural workers before pesti-
cide exposures, while no statistically significant 
findings were related to alcohol intake after the 
exposure. [These inconclusive findings may 
reflect moderate alcohol consumption (average 6 
drinks/week).]

In a case–control study Kagan-Krieger et 
al. (2002) found no association between self-
reported paternal or maternal alcohol consump-
tion and Turner syndrome in offspring.

Pool-Zobel et al. (2004) used the comet assay 
to study DNA damage and repair in human rectal 
cells obtained from biopsies and found that male 
alcoholic beverage abusers had significantly less 
DNA strand-breaks than male controls. This may 
be the result of an enhancing effect on endog-
enous defence, e.g. through upregulation of DNA 
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repair in response to damage. [Alternatively, a 
reduced amount of DNA in the comet tails could 
reflect DNA–protein crosslinks resulting from 
exposure to endogenous acetaldehyde.]

van Zeeland et al. (1999) and Lodovici et al. 
(2000) did not detect any increase in 8-hydroxy-
deoxyguanosine (8-OHdG) levels [measure of 
oxidative DNA damage] in leukocyte DNA in 
relation to alcoholic beverage consumption. In 
a multicentre study in Europe, Bianchini et al. 
(2001) observed an inverse relationship between 
alcoholic beverage consumption and levels 
of 8-OHdG in leukocyte DNA. However, an 
increased level of 8-OHdG in leukocyte DNA 
was observed in ALDH2-deficient subjects who 
consumed alcoholic beverages (Nakajima et al., 
1996).

Frank et al. (2004) reported a significant 
increase in 1,N6-ethenodeoxyadenosine DNA 
adducts in seven subjects diagnosed with alco-
holic fatty liver and three diagnosed with alco-
holic fibrosis. Patients with alcoholic fibrosis 
had a much higher level of these adducts than 
patients with alcoholic fatty liver. [No diagnostic 
criteria were provided for patients identified as 
‘alcoholic’.]

Wang et al. (2009) observed that protein-bound 
4-hydroxynonenal [a major lipid peroxidation 
product] and both 1,N6-ethenodeoxyadenosine 
and 3,N4-ethenodeoxycytidine DNA adducts 
strongly correlated with CYP2E1 expression 
in fine-needle liver biopsy samples obtained 
from 14 German patients with alcoholic liver 
disease (r = 0.97, P < 0.01). [The results support 
the assumption that, particularly in non-Asian 
populations, ethanol-mediated induction of 
hepatic CYP2E1, leading to highly miscoding 
DNA lesions derived from lipid peroxidation, 
may play a central role in hepatocarcinogenesis 
in patients with alcoholic liver disease.]

A statistically significantly higher frequency 
of sister chromatid exchange in lymphocytes 
was observed in Japanese subjects deficient in 
ALDH2 (at least one *2 allele) compared to those 

who were proficient in ALDH2 (*l/*l genotype) 
and drank alcohol almost daily; such an effect 
was not seen in subjects who drank less or did 
not drink at all (Morimoto & Takeshita, 1996).

(b) Effects of polymorphisms for metabolic 
enzymes

A significant difference in micronucleus 
frequency between the ALDH2*2 allele carriers 
and the individuals carrying the ALDH2*1/*1 
genotype was found at all levels of alcohol 
consumption; the highest micronucleus levels 
were seen in the ALDH2*2 allele carriers 
consuming more than 100 g of alcohol per week 
and more than 3 times a week (Ishikawa et al., 
2003).

In non-smoking regular or occasional 
Japanese drinkers, the frequency of micronuclei 
was shown to be higher in ALDH2*2/*2 homozy-
gotes versus ALDH2*2/*1 heterozygotes and in 
ADH1B*1/*1 homozygotes versus ADH1B*1/*2 
heterozygotes. The highest micronucleus levels 
were seen in regular drinkers carrying both the 
ALDH2*2 and ADH1B*1 alleles. Nonetheless, 
due to the low number of subjects, a statistically 
significant increase of micronuclei was only seen 
for regular drinkers who carry the more common 
combination, i.e. ALDH2*2 and ADH1B*2 alleles 
(Ishikawa et al., 2007).

Regular drinkers with the CYP2E1*1/*1 geno-
type showed a significantly higher micronucleus 
frequency than drinkers carrying the CYP2E1*3 
allele; and drinkers with combined ALDH2*2 
and CYP2E1*1/*1 genotypes showed the highest 
micronucleus frequency (Ishikawa et al., 2006).

4.2.2 Experimental systems

(a) Ethanol

The genotoxic potential of ethanol has been 
extensively evaluated in lower organisms, plants, 
mammalian systems and in human cells, as 
reviewed previously (IARC, 1988, 2010; Phillips 
& Jenkinson, 2001).
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Ethanol gave negative results in bacterial 
mutagenicity tests, even in the presence of exog-
enous metabolic activation systems. These find-
ings are consistent with the negative findings 
obtained with acetaldehyde, the primary in vivo 
metabolite of ethanol, in bacterial genotoxicity 
assays (IARC, 2010).

Positive results were reported for the induc-
tion of DNA strand breaks and chromosome 
malsegregation by ethanol in fungi and sister 
chromatid exchange in plants without exog-
enous metabolic activation. [These findings were 
obtained at very high concentrations (16000–
39100 µg/ml) exceeding those usually recom-
mended as the highest allowable concentrations 
in genotoxicity testing.]

In mammalian cells in vitro, ethanol was not 
usually able to produce gene mutations or chro-
mosomal aberrations, but one study in mouse 
preimplantation embryos in vitro showed an 
induction of sister chromatid exchanges and 
chromosomal aberrations. In these experiments, 
sister chromatid exchange disappeared in the 
presence of 4-methylpyrazole, an inhibitor of 
alcohol dehydrogenase. This suggests that preim-
plantation embryos are able to convert ethanol to 
acetaldehyde.

A single study reported ethanol-induced 
DNA strand breaks in various types of human 
cells (Blasiak et al., 2000). The majority of studies 
showed no induction of chromosome damage by 
ethanol in human lymphocytes and lymphob-
lastoid cells in vitro. [The Working Group noted 
that in most of the in vitro genotoxicity studies, 
external metabolic activation systems were not 
used, which reduces the value of the negative 
findings.]

Ethanol induced micronuclei in human 
lymphoblastoid cells without external metabolic 
activation (Kayani & Parry, 2010). This effect 
appeared to be independent of acetaldehyde, 
since the micronuclei mostly contained whole 
chromosomes, while those induced by acetalde-
hyde harboured chromosomal fragments. Thus, 

ethanol produced micronuclei in vitro by an 
aneugenic mechanism while acetaldehyde was 
clastogenic.

In animals in vivo, ethanol induced DNA 
adducts, DNA strand breaks, and sister chro-
matid exchanges and dominant lethal mutations. 
No effect of ethanol was seen in the micronucleus 
or chromosome aberration assays in vivo. In rats, 
exposure to ethanol increased mitochondrial 
DNA (mt DNA) oxidation and decreased the 
amount of mt DNA (Cahill et al., 1997, 2005). 
Several studies showed that the administration 
of ethanol to rats and mice leads to changes in 
the activity and amount of DNA-repair proteins 
in the liver (Navasumrit et al., 2001a; Bradford 
et al., 2005).

The ethanol-induced DNA single-strand 
breaks in liver parenchymal cells of rat closely 
matched the timing of CYP2E1 induction 
and was inhibited by dietary antioxidants 
(Navasumrit et al., 2000). Ethanol also increased 
the level of the lipid peroxidation-derived DNA 
adduct, ethenodeoxycytidine in rats (Navasumrit 
et al., 2001b) and N2-ethyl-2′-desoxyguanosine 
(N2EtdG) adducts, not detectable in controls, 
were seen in liver DNA of ethanol-treated mice 
(Fang & Vaca, 1995). Rats and mice fed ethanol 
showed increased levels of oxidative DNA 
damage (abasic sites and 8-hydroxydeoxyguano-
sine) in the liver (Bradford et al. 2005); this effect 
was observed in transgenic mice that expressed 
human CYP2E1, but not in CYP2E1-knockout 
mice or in the presence of a CYP2E1 inhibitor. 
Increased levels of 1,N6-ethenodeoxyadenosine 
and 3,N4-ethenodeoxycytidine DNA adducts 
(measured by immunohistochemistry) were 
observed in the liver of ethanol-fed lean (Fa/Fa) 
and obese (fa/fa) Zucker rats (Wang et al., 2009). 
The number of hepatocyte nuclei that stained 
positively for these etheno-DNA adducts corre-
lated significantly with CYP2E1 expression.
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(b) Acetaldehyde

Numerous in vitro studies have consistently 
shown that acetaldehyde causes DNA–protein 
crosslinks, DNA strand breaks, DNA adducts, 
sister chromatid exchanges, chromosomal aber-
rations, and micronuclei in eukaryotic cells in 
vitro (Speit et al., 2008; Kayani & Parry, 2010; 
IARC, 2010). In comparison with other assays, 
the comet assay requires relatively high concen-
trations of acetaldehyde to show a positive result, 
probably reflecting the formation of crosslinks 
(Speit et al., 2008).

Acetaldehyde induced also DNA protein 
crosslinks, sister chromatid exchanges, and 
chromosomal aberrations in rodents in vivo 
(IARC, 2010).

4.2.3 Genotoxicity of acetaldehyde 

(a) DNA adduct formation

The structure of acetaldehyde-derived DNA 
adducts is depicted in Fig. 4.2.

(i) N2-Ethyl-2′-deoxyguanosine (N2EtdG)
The most abundant DNA adduct that 

results from the reaction of acetaldehyde is 
N2-ethylidenedeoxyguanosine (N2EtidG). This 
adduct is too unstable to be purified and isolated, 
but can be converted into the stable adduct 
N2EtdG, by treatment with a reducing agent 
(sodium cyanoborohydride). The reduction step 
can also be carried out by a mixture of GSH and 
ascorbic acid, which may occur in vivo (Fang & 
Vaca, 1995; Wang et al., 2006c).

Fang & Vaca (1997) examined the levels 
of the N2EtdG adduct in a group of Swedish 
alcohol abusers compared to controls. They 
found that chronic alcoholics had higher levels 
of the N2EtdG adduct in both lymphocytes and 
granulocytes compared with controls. The levels 
of adduct found in both cell types were on the 
order of one lesion/107 nucleotides. [The Working 
Group noted that the alcoholic subjects were also 
heavy smokers, whereas the control subjects were 

not. However, the authors reported that N2EtdG 
levels were undetectable in the DNA sample from 
the one moderate smoker in the control group, 
and also stated that no adducts were detectable 
in samples obtained from five additional heavy 
smokers (> 20 cigarettes/week)].

Inclusion of a reducing agent (cyanoboro-
hydride) in the DNA isolation and digestion 
solutions allowed N2EtidG to be converted 
quantitatively to N2EtdG. Wang et al. (2006c) 
concluded that N2EtidG is in fact an endogenous 
DNA adduct that is present in every animal and 
human liver DNA at levels in the range of 0.1 
lesion/106 normal nucleotides.

Balbo et al. (2008) measured the level of 
N2-EtdG in blood leukocyte DNA of two groups 
of subjects, one consisting of alcohol drinkers 
and abstainers and the other of heavy drinkers. 
A significant trend between N2-EtdG level and 
daily alcohol dose was found. In the first group, 
the mean level of N2-EtdG was significantly 
higher in drinkers (5270  ±  8770 fmol/µmol 
dG) than in non-drinkers (2690  ±  3040 fmol/
µmol dG; P = 0.04) after adjusting for potential 
confounders. Taking into account the dose, the 
adduct level was higher in younger than older 
drinkers.

Matsuda et al. (1999) reported that detect-
able levels of N2EtdG were found in the urine of 
healthy Japanese individuals who had abstained 
from ethanol for at least 1 week. These authors 
proposed that the lesion resulted from endog-
enously formed acetaldehyde.

(ii) Other acetaldehyde-derived DNA adducts
In addition to the major adduct N2EtidG, 

three acetaldehyde-derived DNA adducts have 
been identified. These are: N2-(2,6-dimethyl-
1,3-dioxan-4-yl) deoxyguanosine (N2-Dio-dG); 
an interstrand crosslink, and two diasterei-
somers (R and S) of α-methyl-γ-hydroxy-1,N2-
propanodeoxyguanosine (α-Me-γ-OH-PdG) 
(Wang et al., 2000).
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Matsuda et al. (2006) analysed the levels of 
acetaldehyde-derived DNA adducts in DNA 
samples from peripheral white blood cells of 
Japanese alcoholic beverage abusers with two 
different ALDH2 genotypes: *1/*1 versus *1/*2. 
The groups were matched by age, smoking and 
alcoholic beverage consumption. These authors 
developed very sensitive and specific liquid chro-
matograph–mass spectrometry assays for the 
DNA adducts: N2EtdG, α-Me-γ-OH-PdG (both 
R and S isomers) and N2-Dio-dG. The N2-Dio-dG 
adduct was not detected in any of the samples 
studied. Levels of the other three adducts were 
significantly higher in *1/*2 carriers than in *1/*1 
genotypes.

The formation of the methyl-hydroxypro-
pano-dG adducts can be facilitated by including 
basic amino acids, histones (which are rich in 
basic amino acids), or polyamines in the reac-
tion mixture. In the presence of physiologically 
relevant polyamine concentrations, detectable 
amounts of these adducts were formed from 
concentrations as low as 100 μM acetaldehyde 
(Theruvathu et al., 2005). Such concentrations 
are within the range of acetaldehyde concentra-
tions formed in the saliva of human volunteers 
who drank alcoholic beverage in a laboratory 
setting (Homann et al., 1997). Finally, acetalde-
hyde can react with malondialdehyde, and the 
resulting conjugate can form DNA adducts in 
vitro (Pluskota-Karwatka et al., 2006).

(b) Mutagenicity of acetaldehyde-derived DNA 
adducts

The mutagenic potential of DNA adducts can 
be tested with single-stranded DNA vectors that 
contain a single adduct located within a reporter 
gene. These constructs can then be transfected 
into cells, allowed to replicate and the resulting 
replication products analysed for mutations in 
various ways, depending on the specific nature 
of the reporter gene. Using such an approach, 
the N2EtdG adduct was only minimally muta-
genic to the supF gene in the reporter plasmid 

pLSX (mean mutant fraction, 0.9 ± 0.2% for the 
adduct-containing construct versus 0.4  ±  0.2% 
for the lesion-free control) when replicated in E. 
coli (P = 0.09). When deoxyuridines were placed 
on the complementary strand at 5′ and 3′ posi-
tions flanking the adduct, the mutant fractions 
increased to 1.4  ±  0.5% for the lesion versus 
0.6 ± 4% for the control (P = 0.04) (Upton et al., 
2006). The mutation spectrum generated by the 
N2EtdG adduct included mainly G to T transver-
sions and single base deletions three bases down-
stream from the adduct. [This study was carried 
out with N2EtdG, whereas, in vivo, most probably 
N2EtidG is formed predominantly.]

Two separate studies have shown that meth-
ylhydroxypropano-dG adducts result in mutant 
fractions of 5–11% when inserted into a shuttle 
vector and replicated in either monkey kidney 
cells (Fernandes et al., 2005) or human xero-
derma pigmentosum A (XPA) cells (Stein et al., 
2006). In both cases, the predominant mutagenic 
event observed was a G to T transversion, but G 
to A and G to C mutations were also found. In 
comparison, the ethenodeoxyadenosine adduct 
resulted in mutant fractions as a high as 70% in 
COS7 monkey kidney cells (Pandya & Moriya, 
1996), but the mutant fraction was only 7–14% in 
human cells (Levine et al., 2000). [Methodological 
differences, differences in the host cells used or 
in the local sequence in the shuttle vectors may 
be responsible for the results.]

An important feature of the methylhydroxy-
propano-dG adducts, which is not shared by 
N2EtidG or N2EtdG, is that these adducts can 
undergo ring-opening when located in double-
stranded DNA (Mao et al., 1999). The ring-opened 
forms of the methylhydroxypropano-dG adducts 
can react with proteins to generate DNA–protein 
crosslinks (Kurtz & Lloyd, 2003). With a deoxy-
guanosine residue in the opposite strand of the 
helix, a DNA-intrastrand crosslink can be formed 
(Wang et al., 2000). Intrastrand crosslinks gener-
ated in this manner are also mutagenic (mutant 
fraction 3–6%) in mammalian cells, generating 
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Fig. 4.2 Structure of acetaldehyde-derived DNA adducts
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primarily G to T transversions, as well as dele-
tion and insertion mutations (Liu et al., 2006). 
Matsuda et al. (1998) exposed plasmid DNA 
that contains a supF mutation reporter gene 
to acetaldehyde concentrations up to 1M, and 
allowed the plasmid to replicate in human XPA 
cells, which are deficient in nucleotide excision 
repair. In contrast to the results for the meth-
ylhydroxypropano-dG adducts, these authors 
observed specific tandem GG to TT mutations. 
The DNA lesions responsible for these mutations 
are most probably not propano-dG adducts, but 
the intrastrand crosslinks.

4.3 Synthesis: Mechanistic 
considerations

Although alcoholic beverages may contain 
several potentially carcinogenic compounds, 
this synthesis focuses on the role of ethanol and 
acetaldehyde in the carcinogenesis associated 
with alcoholic beverages.

4.3.1 Ethanol-related mechanisms of 
carcinogenesis

The role of ethanol metabolism in tumour 
initiation is implied by the associations observed 
between different forms of cancer and polymor-
phisms in genes involved in the oxidation of 
ethanol. Whether, or to what degree, these associ-
ations are explained by redox changes, formation 
of radicals, effects on intermediary metabolism 
and/or effects on other pro-carcinogens cannot 
be established from current findings.

(a) Oxidative stress

Ethanol-induced CYP2E1 produces various 
reactive oxygen species, which lead to the 
formation of lipid peroxidation products such 
as 4-hydroxy-nonenal and the condition of 
oxidative stress. Chronic tissue inflammation 
and increased iron content exacerbate these 
actions. The increased reactive oxygen species 

and oxidative stress, which damage the DNA 
and affect its repair, has been associated with 
ethanol-induced carcinogenesis in many organs, 
such as the breast, liver and pancreas. 

(b) Cirrhosis

Ethanol causes hepatocellular injury that 
can lead to enhanced fibrogenesis and finally 
cirrhosis. Liver cirrhosis is strongly associated 
with an increased risk for developing hepatocel-
lular carcinoma. Ethanol-related hepatocellular 
carcinoma without pre-existing cirrhosis is rare, 
which indicates that the pathogenic events that 
lead to cirrhosis precede those that cause cancer, 
or that the structural alterations in the liver 
during cirrhosis, together with other factors, 
favour the transformation of hepatocytes.

(c) Interaction between alcohol and tobacco 
smoking

This aspect is discussed in Section 4 of the 
Monograph on Tobacco Smoking in this Volume.

(d) Ethanol and sex hormones

Estrogens and androgens are well known 
activators of cellular proliferation, which is asso-
ciated with an increased risk for carcinogenesis. 
Alcoholic beverage consumption in women 
causes an increase in the levels of estrogen 
and androgen, which has been suggested to 
contribute to the development of breast cancer. 
ADH-mediated alcohol oxidation, which 
increases the hepatic redox state, which in turn 
inhibits catabolism of sex steroids, has been 
suggested as the mechanism for the alcohol-
mediated elevation in steroid levels. 

(e) Folate metabolism and DNA methylation

Folate deficiency is associated with different 
forms of cancer, of which cancer of the colon 
is the most common. Ethanol per se, and an 
underlying unhealthy lifestyle associated with 
high alcoholic beverage consumption, cause 
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folate deficiency. Several studies have shown 
interactions between alcohol use and polymor-
phisms of genes involved in folate metabolism 
in determining the risk for colon cancer and 
other cancers. The degree to which the relation 
between alcohol drinking, folate deficiency and 
cancer may be explained by the metabolism of 
ethanol is not known.

Other postulated modes of action of ethanol 
relevant to its carcinogenicity, such as tumour 
promotion, induction of the formation of poly-
unsaturated fatty acids, overproduction of 
mitogen-activated protein kinases, and effects 
on vitamin A (retinol) or insulin-like growth 
factors have not been rigorously established by 
published studies. 

4.3.2 The role of acetaldehyde in alcohol-
induced carcinogenesis

Over the past decade, epidemiological 
evidence of enhanced cancer risks among hete-
rozygous carriers of the inactive ALDH enzyme 
has become much stronger, in particular for 
oesophageal cancer: practically all studies 
conducted in East-Asian populations who 
consumed alcoholic beverages show significantly 
increased odds ratios for carriers of the inactive 
ALDH allele. In addition, several studies have 
demonstrated associations between the poly-
morphism of ADH1B and upper aerodigestive 
tract cancers, which have been explained either 
by more active ADH producing more acetalde-
hyde or by less active ADH causing prolonged 
exposure to lower levels of ethanol-derived acet-
aldehyde. These data imply that acetaldehyde is 
the key compound in the development of cancers 
of the oesophagus and other upper aerodigestive 
tract cancers associated with alcoholic beverage 
consumption. The considerations that support 
this suggestion are:

1. there is an established causal relationship 
between alcoholic beverage consumption 

and cancers of the oesophagus, oral cavity, 
pharynx and larynx;

2. it is generally accepted that ethanol in alco-
holic beverages is the principal ingredient 
that renders these beverages carcinogenic;

3. in the body, ethanol is converted by ADH 
and CYP2E1 to acetaldehyde, which is oxi-
dized by ALDH to acetate;

4. the formation of acetaldehyde starts in the 
mouth, mediated mostly by oral bacteria, 
and continues along the digestive tract;

5. the main production of acetaldehyde occurs 
in the liver and in the gut. However, the high-
est levels of acetaldehyde after consumption 
of alcoholic beverages are found in the saliva 
of the oral cavity, which is in the vicinity of 
the target organ sites known to be suscepti-
ble to ethanol-induced cancer.

6. the upper digestive tract is also the site that is 
in first contact with the acetaldehyde content 
of the alcoholic beverages, which in turn are 
known to increase the salivary acetaldehyde 
levels;

7. acetaldehyde is a cytotoxic, genotoxic, muta-
genic and clastogenic compound. It is carci-
nogenic in experimental animals;

8. after alcoholic beverage consumption, carri-
ers of an inactive allele of the ALDH2 enzyme 
show accumulating levels of acetaldehyde in 
the peripheral blood, a direct consequence of 
their enzyme deficiency, and show increased 
levels of N2EtdG and methylhydroxypro-
pano-dG adducts in lymphocyte DNA. The 
latter adducts have been shown to be formed 
from acetaldehyde; during DNA replication, 
these methylhydroxypropano-dG adducts 
cause mutations;

9. consumers of alcoholic beverages have a 
higher frequency of chromosomal aber-
rations, sister chromatid exchange and 
micronucleus formation in the peripheral 
lymphocytes than non-consumers. These 
effects may be attributable to acetaldehyde, 
which is a clastogen;

10. several of the observations made in ALDH2-
deficient individuals have been confirmed in 
ALDH2-knockout mice.
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5. Evaluation

There is sufficient evidence in humans for the 
carcinogenicity of alcohol consumption. Alcohol 
consumption causes cancers of the oral cavity, 
pharynx, larynx, oesophagus, colorectum, liver 
(hepatocellular carcinoma) and female breast. 
Also, an association has been observed between 
alcohol consumption and cancer of the pancreas.

For cancer of the kidney and non-Hodgkin 
lymphoma, there is evidence suggesting lack of 
carcinogenicity.

There is sufficient evidence in humans for 
the carcinogenicity of acetaldehyde associated 
with the consumption of alcoholic beverages. 
Acetaldehyde associated with the consump-
tion of alcoholic beverages causes cancers of 
the oesophagus and of upper aerodigestive tract 
combined.

There is sufficient evidence in experimental 
animals for the carcinogenicity of ethanol. 

There is sufficient evidence in experimental 
animals for the carcinogenicity of acetaldehyde. 

Alcohol consumption is carcinogenic to 
humans (Group 1).

Ethanol in alcoholic beverages is carcinogenic 
to humans (Group 1).

Acetaldehyde associated with the consump-
tion of alcoholic beverages is carcinogenic to 
humans (Group 1).

In reaching the second and third evalua-
tions, the Working Group took the following into 
consideration:

• The epidemiological evidence of the car-
cinogenicity of alcoholic beverage con-
sumption shows little indication that the 
carcinogenic effects depend on the type 
of alcoholic beverage, with ethanol being 
the common ingredient.

• Upon ingestion of alcoholic beverages, 
ethanol is converted into acetaldehyde, 
which is then oxidized to acetate.

• Ethanol and acetaldehyde are both carci-
nogenic in experimental animals.

• There is sufficient epidemiological evi-
dence showing that humans who are 
deficient in the oxidation of acetaldehyde 
to acetate have a substantially increased 
risk for development of alcohol-related 
cancers, in particular of the oesophagus 
and the upper aerodigestive tract.

References

Adami HO, McLaughlin JK, Hsing AW et  al. (1992). 
Alcoholism and cancer risk: a population-based cohort 
study. Cancer Causes Control, 3: 419–425. doi:10.1007/
BF00051354 PMID:1525322

Akhter M, Kuriyama S, Nakaya N et al. (2007). Alcohol 
consumption is associated with an increased risk 
of distal colon and rectal cancer in Japanese men: 
the Miyagi Cohort Study. Eur J Cancer, 43: 383–390. 
doi:10.1016/j.ejca.2006.09.020 PMID:17150353

Allen NE, Beral V, Casabonne D et  al.Million Women 
Study Collaborators (2009). Moderate alcohol intake 
and cancer incidence in women. J Natl Cancer Inst, 101: 
296–305. doi:10.1093/jnci/djn514 PMID:19244173

Altieri A, Bosetti C, Talamini R et al. (2002). Cessation of 
smoking and drinking and the risk of laryngeal cancer. 
Br J Cancer, 87: 1227–1229. doi:10.1038/sj.bjc.6600638 
PMID:12439710

Anderson LM, Carter JP, Driver CL et  al. 
(1993). Enhancement of tumorigenesis by 
N-nitrosodiethylamine, N-nitrosopyrrolidine and 
N6-(methylnitroso)-adenosine by ethanol. Cancer 
Lett, 68: 61–66. doi:10.1016/0304-3835(93)90220-4 
PMID:8422650

Anderson LN, Cotterchio M, Gallinger S (2009). Lifestyle, 
dietary, and medical history factors associated with 
pancreatic cancer risk in Ontario, Canada. Cancer 
Causes Control, 20: 825–834. doi:10.1007/s10552-009-
9303-5 PMID:19194662

Ansems TM, van der Pols JC, Hughes MC et al. (2008). 
Alcohol intake and risk of skin cancer: a prospec-
tive study. Eur J Clin Nutr, 62: 162–170. doi:10.1038/
sj.ejcn.1602717 PMID:17392700

Anwar WA, Abdel-Rahman SZ, El-Zein RA et  al. 
(1996). Genetic polymorphism of GSTM1, CYP2E1 
and CYP2D6 in Egyptian bladder cancer patients. 
Carcinogenesis, 17: 1923–1929. doi:10.1093/
carcin/17.9.1923 PMID:8824515

Arndt M, Rydzanicz M, Pabiszczak M et  al. (2008). 
[Distribution of alcohol dehydrogenase (ADH1C) 

472

http://dx.doi.org/10.1007/BF00051354
http://dx.doi.org/10.1007/BF00051354
http://www.ncbi.nlm.nih.gov/pubmed/1525322
http://dx.doi.org/10.1016/j.ejca.2006.09.020
http://www.ncbi.nlm.nih.gov/pubmed/17150353
http://dx.doi.org/10.1093/jnci/djn514
http://www.ncbi.nlm.nih.gov/pubmed/19244173
http://dx.doi.org/10.1038/sj.bjc.6600638
http://www.ncbi.nlm.nih.gov/pubmed/12439710
http://dx.doi.org/10.1016/0304-3835(93)90220-4
http://www.ncbi.nlm.nih.gov/pubmed/8422650
http://dx.doi.org/10.1007/s10552-009-9303-5
http://dx.doi.org/10.1007/s10552-009-9303-5
http://www.ncbi.nlm.nih.gov/pubmed/19194662
http://dx.doi.org/10.1038/sj.ejcn.1602717
http://dx.doi.org/10.1038/sj.ejcn.1602717
http://www.ncbi.nlm.nih.gov/pubmed/17392700
http://dx.doi.org/10.1093/carcin/17.9.1923
http://dx.doi.org/10.1093/carcin/17.9.1923
http://www.ncbi.nlm.nih.gov/pubmed/8824515


Consumption of alcoholic beverages

genotypes in subjects with tobacco smoke-asso-
ciated laryngeal cancer] Przegl Lek, 65: 466–469. 
PMID:19189524

Asakage T, Yokoyama A, Haneda T et al. (2007). Genetic 
polymorphisms of alcohol and aldehyde dehydroge-
nases, and drinking, smoking and diet in Japanese men 
with oral and pharyngeal squamous cell carcinoma. 
Carcinogenesis, 28: 865–874. doi:10.1093/carcin/bgl206 
PMID:17071628

Austin H, Drews C, Partridge EE (1993). A case-control 
study of endometrial cancer in relation to cigarette 
smoking, serum estrogen levels, and alcohol use. Am J 
Obstet Gynecol, 169: 1086–1091. PMID:8238164

Aze Y, Toyoda K, Furukawa F et  al. (1993). Enhancing 
effect of ethanol on esophageal tumor development in 
rats by initiation of diethylnitrosamine. Carcinogenesis, 
14: 37–40. doi:10.1093/carcin/14.1.37 PMID:8425269

Baglietto L, Severi G, English DR et  al. (2006). Alcohol 
consumption and prostate cancer risk: results from 
the Melbourne collaborative cohort study. Int J Cancer, 
119: 1501–1504. doi:10.1002/ijc.21983 PMID:16615108

Bagnardi V, Blangiardo M, La Vecchia C, Corrao G (2001). 
A meta-analysis of alcohol drinking and cancer risk. 
Br J Cancer, 85: 1700–1705. doi:10.1054/bjoc.2001.2140 
PMID:11742491

Balbo S, Hashibe M, Gundy S et  al. (2008). 
N2-ethyldeoxyguanosine as a potential biomarker 
for assessing effects of alcohol consumption on DNA. 
Cancer Epidemiol Biomarkers Prev, 17: 3026–3032. 
doi:10.1158/1055-9965.EPI-08-0117 PMID:18990745

Balder HF, Goldbohm RA, van den Brandt PA (2005). 
Dietary patterns associated with male lung cancer risk 
in the Netherlands Cohort Study. Cancer Epidemiol 
Biomarkers Prev, 14: 483–490. doi:10.1158/1055-9965.
EPI-04-0353 PMID:15734976

Bandera EV, Freudenheim JL, Graham S et  al. (1992). 
Alcohol consumption and lung cancer in white males. 
Cancer Causes Control, 3: 361–369. doi:10.1007/
BF00146890 PMID:1617124

Bandera EV, Freudenheim JL, Marshall JR et al. (1997). Diet 
and alcohol consumption and lung cancer risk in the 
New York State Cohort (United States) Cancer Causes 
Control, 8: 828–840. doi:10.1023/A:1018456127018 
PMID:9427425

Beji NK & Reis N (2007). Risk factors for breast cancer 
in Turkish women: a hospital-based case-control study. 
Eur J Cancer Care (Engl), 16: 178–184. doi:10.1111/
j.1365-2354.2006.00711.x PMID:17371428

Beland FA, Benson RW, Mellick PW et al. (2005). Effect 
of ethanol on the tumorigenicity of urethane (ethyl 
carbamate) in B6C3F1 mice. Food Chem Toxicol, 43: 
1–19. doi:10.1016/j.fct.2004.07.018 PMID:15582191

Benedetti A, Parent ME, Siemiatycki J (2006). Consumption 
of alcoholic beverages and risk of lung cancer: results 
from two case-control studies in Montreal, Canada. 

Cancer Causes Control, 17: 469–480. doi:10.1007/
s10552-005-0496-y PMID:16596299

Benedetti A, Parent ME, Siemiatycki J (2009). Lifetime 
consumption of alcoholic beverages and risk of 13 
types of cancer in men: results from a case-control 
study in Montreal. Cancer Detect Prev, 32: 352–362. 
doi:10.1016/j.canep.2009.03.001 PMID:19588541

Bernstein JL, Thompson WD, Risch N, Holford TR (1992). 
Risk factors predicting the incidence of second primary 
breast cancer among women diagnosed with a first 
primary breast cancer. Am J Epidemiol, 136: 925–936. 
PMID:1456269

Berstad P, Ma H, Bernstein L, Ursin G (2008). Alcohol 
intake and breast cancer risk among young women. 
Breast Cancer Res Treat, 108: 113–120. doi:10.1007/
s10549-007-9578-8 PMID:17468952

Bessaoud F & Daurès JP (2008). Patterns of alcohol (espe-
cially wine) consumption and breast cancer risk: a 
case-control study among a population in Southern 
France. Ann Epidemiol, 18: 467–475. doi:10.1016/j.
annepidem.2008.02.001 PMID:18440826

Besson H, Brennan P, Becker N et  al. (2006a). Tobacco 
smoking, alcohol drinking and Hodgkin’s lymphoma: 
a European multi-centre case-control study 
(EPILYMPH). Br J Cancer, 95: 378–384. doi:10.1038/
sj.bjc.6603229 PMID:16819547

Besson H, Brennan P, Becker N et  al. (2006b). Tobacco 
smoking, alcohol drinking and non-Hodgkin’s 
lymphoma: A European multicenter case-control study 
(Epilymph). Int J Cancer, 119: 901–908. doi:10.1002/
ijc.21913 PMID:16557575

Bianchini F, Jaeckel A, Vineis P et  al. (2001). Inverse 
correlation between alcohol consumption and 
lymphocyte levels of 8-hydroxydeoxyguanosine in 
humans. Carcinogenesis, 22: 885–890. doi:10.1093/
carcin/22.6.885 PMID:11375894

Birley AJ, James MR, Dickson PA et al. (2009). ADH single 
nucleotide polymorphism associations with alcohol 
metabolism in vivo. Hum Mol Genet, 18: 1533–1542. 
doi:10.1093/hmg/ddp060 PMID:19193628

Blasiak J, Trzeciak A, Malecka-Panas E et al. (2000). In 
vitro genotoxicity of ethanol and acetaldehyde in 
human lymphocytes and the gastrointestinal tract 
mucosa cells. Toxicol In Vitro, 14: 287–295. doi:10.1016/
S0887-2333(00)00022-9 PMID:10906435

Boccia S, Sayed-Tabatabaei FA, Persiani R et  al. (2007). 
Polymorphisms in metabolic genes, their combina-
tion and interaction with tobacco smoke and alcohol 
consumption and risk of gastric cancer: a case-control 
study in an Italian population. BMC Cancer, 7: 206 
doi:10.1186/1471-2407-7-206 PMID:17996038

Boccia S, Cadoni G, Sayed-Tabatabaei FA et  al. (2008). 
CYP1A1, CYP2E1, GSTM1, GSTT1, EPHX1 exons 3 
and 4, and NAT2 polymorphisms, smoking, consump-
tion of alcohol and fruit and vegetables and risk of head 

473

http://www.ncbi.nlm.nih.gov/pubmed/19189524
http://dx.doi.org/10.1093/carcin/bgl206
http://www.ncbi.nlm.nih.gov/pubmed/17071628
http://www.ncbi.nlm.nih.gov/pubmed/8238164
http://dx.doi.org/10.1093/carcin/14.1.37
http://www.ncbi.nlm.nih.gov/pubmed/8425269
http://dx.doi.org/10.1002/ijc.21983
http://www.ncbi.nlm.nih.gov/pubmed/16615108
http://dx.doi.org/10.1054/bjoc.2001.2140
http://www.ncbi.nlm.nih.gov/pubmed/11742491
http://dx.doi.org/10.1158/1055-9965.EPI-08-0117
http://www.ncbi.nlm.nih.gov/pubmed/18990745
http://dx.doi.org/10.1158/1055-9965.EPI-04-0353
http://dx.doi.org/10.1158/1055-9965.EPI-04-0353
http://www.ncbi.nlm.nih.gov/pubmed/15734976
http://dx.doi.org/10.1007/BF00146890
http://dx.doi.org/10.1007/BF00146890
http://www.ncbi.nlm.nih.gov/pubmed/1617124
http://dx.doi.org/10.1023/A:1018456127018
http://www.ncbi.nlm.nih.gov/pubmed/9427425
http://dx.doi.org/10.1111/j.1365-2354.2006.00711.x
http://dx.doi.org/10.1111/j.1365-2354.2006.00711.x
http://www.ncbi.nlm.nih.gov/pubmed/17371428
http://dx.doi.org/10.1016/j.fct.2004.07.018
http://www.ncbi.nlm.nih.gov/pubmed/15582191
http://dx.doi.org/10.1007/s10552-005-0496-y
http://dx.doi.org/10.1007/s10552-005-0496-y
http://www.ncbi.nlm.nih.gov/pubmed/16596299
http://dx.doi.org/10.1016/j.canep.2009.03.001
http://www.ncbi.nlm.nih.gov/pubmed/19588541
http://www.ncbi.nlm.nih.gov/pubmed/1456269
http://dx.doi.org/10.1007/s10549-007-9578-8
http://dx.doi.org/10.1007/s10549-007-9578-8
http://www.ncbi.nlm.nih.gov/pubmed/17468952
http://dx.doi.org/10.1016/j.annepidem.2008.02.001
http://dx.doi.org/10.1016/j.annepidem.2008.02.001
http://www.ncbi.nlm.nih.gov/pubmed/18440826
http://dx.doi.org/10.1038/sj.bjc.6603229
http://dx.doi.org/10.1038/sj.bjc.6603229
http://www.ncbi.nlm.nih.gov/pubmed/16819547
http://dx.doi.org/10.1002/ijc.21913
http://dx.doi.org/10.1002/ijc.21913
http://www.ncbi.nlm.nih.gov/pubmed/16557575
http://dx.doi.org/10.1093/carcin/22.6.885
http://dx.doi.org/10.1093/carcin/22.6.885
http://www.ncbi.nlm.nih.gov/pubmed/11375894
http://dx.doi.org/10.1093/hmg/ddp060
http://www.ncbi.nlm.nih.gov/pubmed/19193628
http://dx.doi.org/10.1016/S0887-2333(00)00022-9
http://dx.doi.org/10.1016/S0887-2333(00)00022-9
http://www.ncbi.nlm.nih.gov/pubmed/10906435
http://dx.doi.org/10.1186/1471-2407-7-206
http://www.ncbi.nlm.nih.gov/pubmed/17996038


IARC MONOGRAPHS – 100E

and neck cancer. J Cancer Res Clin Oncol, 134: 93–100. 
doi:10.1007/s00432-007-0254-5 PMID:17611777

Boccia S, Hashibe M, Gallì P et al. (2009). Aldehyde dehy-
drogenase 2 and head and neck cancer: a meta-analysis 
implementing a Mendelian randomization approach. 
Cancer Epidemiol Biomarkers Prev, 18: 248–254. 
doi:10.1158/1055-9965.EPI-08-0462 PMID:19124505

Boffetta P, Stellman SD, Garfinkel L (1989). A case-control 
study of multiple myeloma nested in the American 
Cancer Society prospective study. Int J Cancer, 43: 
554–559. doi:10.1002/ijc.2910430404 PMID:2703267

Boffetta P, Ye W, Adami H-O et al. (2001). Risk of cancers 
of the lung, head and neck in patients hospitalized 
for alcoholism in Sweden. Br J Cancer, 85: 678–682. 
doi:10.1054/bjoc.2001.1986 PMID:11531251

Bongaerts BW, de Goeij AF, van den Brandt PA, 
Weijenberg MP (2006). Alcohol and the risk of colon 
and rectal cancer with mutations in the K-ras gene. 
Alcohol, 38: 147–154. doi:10.1016/j.alcohol.2006.06.003 
PMID:16905440

Bongaerts BW, van den Brandt PA, Goldbohm RA 
et  al. (2008). Alcohol consumption, type of alcoholic 
beverage and risk of colorectal cancer at specific 
subsites. Int J Cancer, 123: 2411–2417. doi:10.1002/
ijc.23774 PMID:18752250

Boonyaphiphat P, Thongsuksai P, Sriplung H, Puttawibul 
P (2002). Lifestyle habits and genetic susceptibility 
and the risk of esophageal cancer in the Thai popu-
lation. Cancer Lett, 186: 193–199. doi:10.1016/S0304-
3835(02)00354-3 PMID:12213289

Bosron WF & Li TK (1986). Genetic polymorphism of 
human liver alcohol and aldehyde dehydrogenases, 
and their relationship to alcohol metabolism and 
alcoholism. Hepatology, 6: 502–510. doi:10.1002/
hep.1840060330 PMID:3519419

Bouchardy C, Hirvonen A, Coutelle C et  al. (2000). 
Role of alcohol dehydrogenase 3 and cytochrome 
P-4502E1 genotypes in susceptibility to cancers of the 
upper aerodigestive tract. Int J Cancer, 87: 734–740. 
doi:10.1002/1097-0215(20000901)87:5<734::AID-
IJC17>3.0.CO;2-E PMID:10925369

Bradford BU, Kono H, Isayama F et al. (2005). Cytochrome 
P450 CYP2E1, but not nicotinamide adenine dinucle-
otide phosphate oxidase, is required for ethanol-induced 
oxidative DNA damage in rodent liver. Hepatology, 41: 
336–344. doi:10.1002/hep.20532 PMID:15660387

Breast Cancer Association Consortium (2006). Commonly 
studied single-nucleotide polymorphisms and breast 
cancer: results from the Breast Cancer Association 
Consortium. J Natl Cancer Inst, 98: 1382–1396. 
doi:10.1093/jnci/djj374 PMID:17018785

Brennan P, Lewis S, Hashibe M et al. (2004). Pooled anal-
ysis of alcohol dehydrogenase genotypes and head and 
neck cancer: a HuGE review. Am J Epidemiol, 159: 1–16. 
doi:10.1093/aje/kwh003 PMID:14693654

Breslow RA, Graubard BI, Sinha R, Subar AF (2000). 
Diet and lung cancer mortality: a 1987 National 
Health Interview Survey cohort study. Cancer Causes 
Control, 11: 419–431. doi:10.1023/A:1008996208313 
PMID:10877335

Briggs NC, Levine RS, Bobo LD et al. (2002). Wine drinking 
and risk of non-Hodgkin’s lymphoma among men in 
the United States: a population-based case-control 
study. Am J Epidemiol, 156: 454–462. doi:10.1093/aje/
kwf058 PMID:12196315

Brinton LA, Carreon JD, Gierach GL et al. (2009). Etiologic 
factors for male breast cancer in the U.S. Veterans 
Affairs medical care system database. Breast Cancer 
Res Treat, In press PMID:19330525

Brinton LA, Richesson DA, Gierach GL et  al. (2008). 
Prospective evaluation of risk factors for male breast 
cancer. J Natl Cancer Inst, 100: 1477–1481. doi:10.1093/
jnci/djn329 PMID:18840816

Brockmöller J, Cascorbi I, Kerb R, Roots I (1996). Combined 
analysis of inherited polymorphisms in arylamine 
N-acetyltransferase 2, glutathione S-transferases M1 
and T1, microsomal epoxide hydrolase, and cyto-
chrome P450 enzymes as modulators of bladder cancer 
risk. Cancer Res, 56: 3915–3925. PMID:8752158

Brown LM, Gibson R, Burmeister LF et  al. (1992). 
Alcohol consumption and risk of leukemia, non-
Hodgkin’s lymphoma, and multiple myeloma. Leuk 
Res, 16: 979–984. doi:10.1016/0145-2126(92)90077-K 
PMID:1405712

Brown LM, Gridley G, Wu AH et  al. (2010). Low level 
alcohol intake, cigarette smoking and risk of breast 
cancer in Asian-American women Breast Cancer Res 
Treat, 120: 203–210. doi:10.1007/s10549-009-0464-4 
PMID:19597702

Brown LM, Pottern LM, Silverman DT et  al. (1997). 
Multiple myeloma among Blacks and Whites in 
the United States: role of cigarettes and alcoholic 
beverages. Cancer Causes Control, 8: 610–614. 
doi:10.1023/A:1018498414298 PMID:9242477

Buch SC, Nazar-Stewart V, Weissfeld JL, Romkes M 
(2008). Case-control study of oral and oropharyngeal 
cancer in whites and genetic variation in eight meta-
bolic enzymes. Head Neck, 30: 1139–1147. doi:10.1002/
hed.20867 PMID:18642288

Burim RV, Canalle R, Takahashi CS et  al. (2004). 
Clastogenic effect of ethanol in chronic and abstinent 
alcoholics. Mutat Res, 560: 187–198. PMID:15157656

Byers T, Marshall J, Graham S et al. (1983). A case-control 
study of dietary and nondietary factors in ovarian 
cancer. J Natl Cancer Inst, 71: 681–686. PMID:6578362

Cahill A, Hershman S, Davies A, Sykora P (2005). Ethanol 
feeding enhances age-related deterioration of the rat 
hepatic mitochondrion. Am J Physiol Gastrointest 
Liver Physiol, 289: G1115–G1123. doi:10.1152/
ajpgi.00193.2005 PMID:16020655

474

http://dx.doi.org/10.1007/s00432-007-0254-5
http://www.ncbi.nlm.nih.gov/pubmed/17611777
http://dx.doi.org/10.1158/1055-9965.EPI-08-0462
http://www.ncbi.nlm.nih.gov/pubmed/19124505
http://dx.doi.org/10.1002/ijc.2910430404
http://www.ncbi.nlm.nih.gov/pubmed/2703267
http://dx.doi.org/10.1054/bjoc.2001.1986
http://www.ncbi.nlm.nih.gov/pubmed/11531251
http://dx.doi.org/10.1016/j.alcohol.2006.06.003
http://www.ncbi.nlm.nih.gov/pubmed/16905440
http://dx.doi.org/10.1002/ijc.23774
http://dx.doi.org/10.1002/ijc.23774
http://www.ncbi.nlm.nih.gov/pubmed/18752250
http://dx.doi.org/10.1016/S0304-3835(02)00354-3
http://dx.doi.org/10.1016/S0304-3835(02)00354-3
http://www.ncbi.nlm.nih.gov/pubmed/12213289
http://dx.doi.org/10.1002/hep.1840060330
http://dx.doi.org/10.1002/hep.1840060330
http://www.ncbi.nlm.nih.gov/pubmed/3519419
http://dx.doi.org/10.1002/1097-0215(20000901)87:5<734::AID-IJC17>3.0.CO;2-E
http://dx.doi.org/10.1002/1097-0215(20000901)87:5<734::AID-IJC17>3.0.CO;2-E
http://www.ncbi.nlm.nih.gov/pubmed/10925369
http://dx.doi.org/10.1002/hep.20532
http://www.ncbi.nlm.nih.gov/pubmed/15660387
http://dx.doi.org/10.1093/jnci/djj374
http://www.ncbi.nlm.nih.gov/pubmed/17018785
http://dx.doi.org/10.1093/aje/kwh003
http://www.ncbi.nlm.nih.gov/pubmed/14693654
http://dx.doi.org/10.1023/A:1008996208313
http://www.ncbi.nlm.nih.gov/pubmed/10877335
http://dx.doi.org/10.1093/aje/kwf058
http://dx.doi.org/10.1093/aje/kwf058
http://www.ncbi.nlm.nih.gov/pubmed/12196315
http://www.ncbi.nlm.nih.gov/pubmed/19330525
http://dx.doi.org/10.1093/jnci/djn329
http://dx.doi.org/10.1093/jnci/djn329
http://www.ncbi.nlm.nih.gov/pubmed/18840816
http://www.ncbi.nlm.nih.gov/pubmed/8752158
http://dx.doi.org/10.1016/0145-2126(92)90077-K
http://www.ncbi.nlm.nih.gov/pubmed/1405712
http://dx.doi.org/10.1007/s10549-009-0464-4
http://www.ncbi.nlm.nih.gov/pubmed/19597702
http://dx.doi.org/10.1023/A:1018498414298
http://www.ncbi.nlm.nih.gov/pubmed/9242477
http://dx.doi.org/10.1002/hed.20867
http://dx.doi.org/10.1002/hed.20867
http://www.ncbi.nlm.nih.gov/pubmed/18642288
http://www.ncbi.nlm.nih.gov/pubmed/15157656
http://www.ncbi.nlm.nih.gov/pubmed/6578362
http://dx.doi.org/10.1152/ajpgi.00193.2005
http://dx.doi.org/10.1152/ajpgi.00193.2005
http://www.ncbi.nlm.nih.gov/pubmed/16020655


Consumption of alcoholic beverages

Cahill A, Wang X, Hoek JB (1997). Increased oxida-
tive damage to mitochondrial DNA following 
chronic ethanol consumption. Biochem Biophys Res 
Commun, 235: 286–290. doi:10.1006/bbrc.1997.6774 
PMID:9199183

Cai L, You NC, Lu H et al. (2006). Dietary selenium intake, 
aldehyde dehydrogenase-2 and X-ray repair cross-
complementing 1 genetic polymorphisms, and the risk 
of esophageal squamous cell carcinoma. Cancer, 106: 
2345–2354. doi:10.1002/cncr.21881 PMID:16639733

Cai L, Yu SZ, Zhan ZF (2001). Cytochrome P450 2E1 
genetic polymorphism and gastric cancer in Changle, 
Fujian Province. World J Gastroenterol, 7: 792–795. 
PMID:11854903

Cao W, Cai L, Rao JY et al. (2005). Tobacco smoking, GSTP1 
polymorphism, and bladder carcinoma. Cancer, 104: 
2400–2408. doi:10.1002/cncr.21446 PMID:16240451

Caro AA & Cederbaum AI (2004). Oxidative stress, 
toxicology, and pharmacology of CYP2E1. Annu Rev 
Pharmacol Toxicol, 44: 27–42. doi:10.1146/annurev.
pharmtox.44.101802.121704 PMID:14744237

Carpenter CL, Morgenstern H, London SJ (1998). 
Alcoholic beverage consumption and lung cancer risk 
among residents of Los Angeles County. J Nutr, 128: 
694–700. PMID:9521630

Carrière V, Berthou F, Baird S et al. (1996). Human cyto-
chrome P450 2E1 (CYP2E1): from genotype to phenotype. 
Pharmacogenetics, 6: 203–211. doi:10.1097/00008571-
199606000-00002 PMID:8807659

Carstensen JM, Bygren LO, Hatschek T (1990). Cancer 
incidence among Swedish brewery workers. Int J 
Cancer, 45: 393–396. doi:10.1002/ijc.2910450302 
PMID:2407667

Cartwright RA, McKinney PA, O’Brien C et  al. (1988). 
Non-Hodgkin’s lymphoma: case control epidemiolog-
ical study in Yorkshire. Leuk Res, 12: 81–88. doi:10.1016/
S0145-2126(98)80012-X PMID:3357350

Casey R, Piazzon-Fevre K, Raverdy N et al. (2007). Case-
control study of lymphoid neoplasm in three French 
areas: description, alcohol and tobacco consump-
tion. Eur J Cancer Prev, 16: 142–150. doi:10.1097/01.
cej.0000220629.00729.65 PMID:17297390

Castelli E, Hrelia P, Maffei F et  al. (1999). Indicators of 
genetic damage in alcoholics: reversibility after alcohol 
abstinence. Hepatogastroenterology, 46: 1664–1668. 
PMID:10430317

Chalasani N, Baluyut A, Ismail A et  al. (2000). 
Cholangiocarcinoma in patients with primary scle-
rosing cholangitis: a multicenter case-control study. 
Hepatology (Baltimore) MD, 31: 7–11. 

Chang ET, Canchola AJ, Lee VS et al. (2007). Wine and 
other alcohol consumption and risk of ovarian cancer 
in the California Teachers Study cohort. Cancer Causes 
Control, 18: 91–103. doi:10.1007/s10552-006-0083-x 
PMID:17186425

Chang ET, Hedelin M, Adami HO et al. (2005). Alcohol 
drinking and risk of localized versus advanced and 
sporadic versus familial prostate cancer in Sweden. 
Cancer Causes Control, 16: 275–284. doi:10.1007/
s10552-004-3364-2 PMID:15947879

Chang ET, Smedby KE, Zhang SM et al. (2004). Alcohol 
intake and risk of non-Hodgkin lymphoma in men 
and women. Cancer Causes Control, 15: 1067–1076. 
doi:10.1007/s10552-004-2234-2 PMID:15801490

Chao C (2007). Associations between beer, wine, and 
liquor consumption and lung cancer risk: a meta-anal-
ysis. Cancer Epidemiol Biomarkers Prev, 16: 2436–2447. 
doi:10.1158/1055-9965.EPI-07-0386 PMID:18006934

Chao C, Haque R, Van Den Eeden SK et al. (2010). Red 
wine consumption and risk of prostate cancer: the 
California men’s health study. Int J Cancer, 126: 
171–179. doi:10.1002/ijc.24637 PMID:19521962

Chao C, Slezak JM, Caan BJ, Quinn VP (2008). Alcoholic 
beverage intake and risk of lung cancer: the California 
Men’s Health Study. Cancer Epidemiol Biomarkers 
Prev, 17: 2692–2699. doi:10.1158/1055-9965.EPI-08-
0410 PMID:18843011

Chao YC, Wang LS, Hsieh TY et  al. (2000). Chinese 
alcoholic patients with esophageal cancer are geneti-
cally different from alcoholics with acute pancreatitis 
and liver cirrhosis. Am J Gastroenterol, 95: 2958–2964. 
doi:10.1111/j.1572-0241.2000.02328.x PMID:11051375

Chiaffarino F, Gallus S, Negri E et al. (2002). Correspondence 
re: Weiderpass et al., Alcoholism and risk of cancer 
of cervix uteri, vagina, and vulva. Cancer Epidemiol. 
Biomark. Prev., 10: 899–901, 2001. Cancer Epidemiol 
Biomarkers Prev, 11: 325–326. PMID:11895888

Chiang CP, Wu CW, Lee SP et  al. (2009). Expression 
pattern, ethanol-metabolizing activities, and cellular 
localization of alcohol and aldehyde dehydrogenases 
in human pancreas: implications for pathogenesis of 
alcohol-induced pancreatic injury. Alcohol Clin Exp Res, 
33: 1059–1068. doi:10.1111/j.1530-0277.2009.00927.x 
PMID:19382905

Chiu BC, Weisenburger DD, Cantor KP et  al. (2002). 
Alcohol consumption, family history of hematolym-
phoproliferative cancer, and the risk of non-Hodg-
kin’s lymphoma in men. Ann Epidemiol, 12: 309–315. 
doi:10.1016/S1047-2797(01)00259-9 PMID:12062917

Chiu BC-H, Cerhan JR, Gapstur SM et al. (1999). Alcohol 
consumption and non-Hodgkin lymphoma in a cohort 
of older women. Br J Cancer, 80: 1476–1482. doi:10.1038/
sj.bjc.6690547 PMID:10424754

Chlebowski RT, Anderson GL, Lane DS et  al.Women’s 
Health Initiative Investigators (2007). Predicting risk of 
breast cancer in postmenopausal women by hormone 
receptor status. J Natl Cancer Inst, 99: 1695–1705. 
doi:10.1093/jnci/djm224 PMID:18000216

Cho E, Smith-Warner SA, Ritz J et  al. (2004). Alcohol 
intake and colorectal cancer: a pooled analysis of 

475

http://dx.doi.org/10.1006/bbrc.1997.6774
http://www.ncbi.nlm.nih.gov/pubmed/9199183
http://dx.doi.org/10.1002/cncr.21881
http://www.ncbi.nlm.nih.gov/pubmed/16639733
http://www.ncbi.nlm.nih.gov/pubmed/11854903
http://dx.doi.org/10.1002/cncr.21446
http://www.ncbi.nlm.nih.gov/pubmed/16240451
http://dx.doi.org/10.1146/annurev.pharmtox.44.101802.121704
http://dx.doi.org/10.1146/annurev.pharmtox.44.101802.121704
http://www.ncbi.nlm.nih.gov/pubmed/14744237
http://www.ncbi.nlm.nih.gov/pubmed/9521630
http://dx.doi.org/10.1097/00008571-199606000-00002
http://dx.doi.org/10.1097/00008571-199606000-00002
http://www.ncbi.nlm.nih.gov/pubmed/8807659
http://dx.doi.org/10.1002/ijc.2910450302
http://www.ncbi.nlm.nih.gov/pubmed/2407667
http://dx.doi.org/10.1016/S0145-2126(98)80012-X
http://dx.doi.org/10.1016/S0145-2126(98)80012-X
http://www.ncbi.nlm.nih.gov/pubmed/3357350
http://dx.doi.org/10.1097/01.cej.0000220629.00729.65
http://dx.doi.org/10.1097/01.cej.0000220629.00729.65
http://www.ncbi.nlm.nih.gov/pubmed/17297390
http://www.ncbi.nlm.nih.gov/pubmed/10430317
http://dx.doi.org/10.1007/s10552-006-0083-x
http://www.ncbi.nlm.nih.gov/pubmed/17186425
http://dx.doi.org/10.1007/s10552-004-3364-2
http://dx.doi.org/10.1007/s10552-004-3364-2
http://www.ncbi.nlm.nih.gov/pubmed/15947879
http://dx.doi.org/10.1007/s10552-004-2234-2
http://www.ncbi.nlm.nih.gov/pubmed/15801490
http://dx.doi.org/10.1158/1055-9965.EPI-07-0386
http://www.ncbi.nlm.nih.gov/pubmed/18006934
http://dx.doi.org/10.1002/ijc.24637
http://www.ncbi.nlm.nih.gov/pubmed/19521962
http://dx.doi.org/10.1158/1055-9965.EPI-08-0410
http://dx.doi.org/10.1158/1055-9965.EPI-08-0410
http://www.ncbi.nlm.nih.gov/pubmed/18843011
http://dx.doi.org/10.1111/j.1572-0241.2000.02328.x
http://www.ncbi.nlm.nih.gov/pubmed/11051375
http://www.ncbi.nlm.nih.gov/pubmed/11895888
http://dx.doi.org/10.1111/j.1530-0277.2009.00927.x
http://www.ncbi.nlm.nih.gov/pubmed/19382905
http://dx.doi.org/10.1016/S1047-2797(01)00259-9
http://www.ncbi.nlm.nih.gov/pubmed/12062917
http://dx.doi.org/10.1038/sj.bjc.6690547
http://dx.doi.org/10.1038/sj.bjc.6690547
http://www.ncbi.nlm.nih.gov/pubmed/10424754
http://dx.doi.org/10.1093/jnci/djm224
http://www.ncbi.nlm.nih.gov/pubmed/18000216


IARC MONOGRAPHS – 100E

8 cohort studies. Ann Intern Med, 140: 603–613. 
PMID:15096331

Choi JY, Abel J, Neuhaus T et al. (2003). Role of alcohol 
and genetic polymorphisms of CYP2E1 and ALDH2 
in breast cancer development. Pharmacogenetics, 
13: 67–72. doi:10.1097/00008571-200302000-00002 
PMID:12563175

Chow WH, Schuman LM, McLaughlin JK et al. (1992). A 
cohort study of tobacco use, diet, occupation, and lung 
cancer mortality. Cancer Causes Control, 3: 247–254. 
doi:10.1007/BF00124258 PMID:1610971

Cohen G, Sinet PM, Heikkila R (1980). Ethanol oxidation 
by rat brain in vivo. Alcohol Clin Exp Res, 4: 366–370. 
doi:10.1111/j.1530-0277.1980.tb04833.x PMID:7004234

Coutelle C, Höhn B, Benesova M et al. (2004). Risk factors 
in alcohol associated breast cancer: alcohol dehydro-
genase polymorphism and estrogens. Int J Oncol, 25: 
1127–1132. PMID:15375565

Coutelle C, Ward PJ, Fleury B et  al. (1997). Laryngeal 
and oropharyngeal cancer, and alcohol dehydrogenase 
3 and glutathione S-transferase M1 polymorphisms. 
Hum Genet, 99: 319–325. doi:10.1007/s004390050365 
PMID:9050916

Covolo L, Gelatti U, Talamini R et al. (2005). Alcohol dehy-
drogenase 3, glutathione S-transferase M1 and T1 poly-
morphisms, alcohol consumption and hepatocellular 
carcinoma (Italy). Cancer Causes Control, 16: 831–838. 
doi:10.1007/s10552-005-2302-2 PMID:16132793

Cox A, Dunning AM, Garcia-Closas M et  al.Kathleen 
Cunningham Foundation Consortium for Research 
into Familial Breast Cancer; Breast Cancer Association 
Consortium (2007). A common coding variant in 
CASP8 is associated with breast cancer risk. Nat Genet, 
39: 352–358. doi:10.1038/ng1981 PMID:17293864

Crabb DW (1995). Ethanol oxidizing enzymes: roles in 
alcohol metabolism and alcoholic liver disease. Prog 
Liver Dis, 13: 151–172. PMID:9224501

Crabb DW, Edenberg HJ, Bosron WF, Li TK (1989). 
Genotypes for aldehyde dehydrogenase deficiency 
and alcohol sensitivity. The inactive ALDH2(2) allele 
is dominant. J Clin Invest, 83: 314–316. doi:10.1172/
JCI113875 PMID:2562960

Cui R, Kamatani Y, Takahashi A et al. (2009). Functional 
variants in ADH1B and ALDH2 coupled with alcohol 
and smoking synergistically enhance esophageal cancer 
risk. Gastroenterology, 137: 1768–1775. doi:10.1053/j.
gastro.2009.07.070 PMID:19698717

Curtin K, Slattery ML, Ulrich CM et al. (2007). Genetic 
polymorphisms in one-carbon metabolism: associa-
tions with CpG island methylator phenotype (CIMP) 
in colon cancer and the modifying effects of diet. 
Carcinogenesis, 28: 1672–1679. doi:10.1093/carcin/
bgm089 PMID:17449906

Cusimano R, Dardanoni G, Dardanoni L et  al. (1989). 
Risk factors of female cancers in Ragusa population 
(Sicily)–1. Endometrium and cervix uteri cancers. 

Eur J Epidemiol, 5: 363–371. doi:10.1007/BF00144839 
PMID:2792311

De Stefani E, Correa P, Deneo-Pellegrini H et al. (2002). 
Alcohol intake and risk of adenocarcinoma of the lung. 
A case-control study in Uruguay. Lung Cancer, 38: 9–14. 
doi:10.1016/S0169-5002(02)00153-8 PMID:12367787

De Stefani E, Correa P, Fierro L et al. (1993). The effect of 
alcohol on the risk of lung cancer in Uruguay. Cancer 
Epidemiol Biomarkers Prev, 2: 21–26. PMID:8380549

De Stefani E, Deneo-Pellegrini H, Boffetta P et al. (2009). 
Dietary patterns and risk of cancer: a factor analysis 
in Uruguay. Int J Cancer, 124: 1391–1397. doi:10.1002/
ijc.24035 PMID:19058195

De Stefani E, Fierro L, Barrios E, Ronco A (1995). Tobacco, 
alcohol, diet and risk of prostate cancer. Tumori, 81: 
315–320. PMID:8804446

De Stefani E, Fierro L, Barrios E, Ronco A (1998). Tobacco, 
alcohol, diet and risk of non-Hodgkin’s lymphoma: a 
case-control study in Uruguay. Leuk Res, 22: 445–452. 
doi:10.1016/S0145-2126(97)00194-X PMID:9652731

De Torok D (1972). Chromosomal irregularities in alco-
holics. Ann N Y Acad Sci, 197: 1 Nature and Nu90–100. 
doi:10.1111/j.1749-6632.1972.tb28125.x PMID:4504611

Deandrea S, Bertuccio P, Chatenoud L et  al. (2007). 
Reply to ‘Alcohol consumption and risk of Hodgkin’s 
lymphoma and multiple myeloma: a multicentre case-
control study’ by Gorini et al. Ann Oncol, 18: 1119–1121. 
doi:10.1093/annonc/mdm203 PMID:17586754

Deandrea S, Talamini R, Foschi R et al. (2008). Alcohol and 
breast cancer risk defined by estrogen and progesterone 
receptor status: a case-control study. Cancer Epidemiol 
Biomarkers Prev, 17: 2025–2028. doi:10.1158/1055-
9965.EPI-08-0157 PMID:18708394

Deitrich RA, Petersen D, Vasiliou V (2007). Removal 
of acetaldehyde from the body. Novartis Found 
Symp, 285: 23–40, discussion 40–51, 198–199. 
doi:10.1002/9780470511848.ch3 PMID:17590985

DeMaster EG, Redfern B, Weir K et al. (1983). Elimination 
of artifactual acetaldehyde in the measurement of 
human blood acetaldehyde by the use of polyethylene 
glycol and sodium azide: normal blood acetaldehyde 
levels in the dog and human after ethanol. Alcohol 
Clin Exp Res, 7: 436–442. doi:10.1111/j.1530-0277.1983.
tb05502.x PMID:6362469

Dennis LK (2000). Meta-analysis for combining rela-
tive risks of alcohol consumption and prostate 
cancer. Prostate, 42: 56–66. doi:10.1002/(SICI)1097-
0045(20000101)42:1<56::AID-PROS7>3.0.CO;2-P 
PMID:10579799

Diczfalusy MA, Björkhem I, Einarsson C et  al. (2001). 
Characterization of enzymes involved in formation of 
ethyl esters of long-chain fatty acids in humans. J Lipid 
Res, 42: 1025–1032. PMID:11441128

Ding J, Li S, Wu J et al. (2008). Alcohol dehydrogenase-2 
and aldehyde dehydrogenase-2 genotypes, alcohol 
drinking and the risk of primary hepatocellular 

476

http://www.ncbi.nlm.nih.gov/pubmed/15096331
http://dx.doi.org/10.1097/00008571-200302000-00002
http://www.ncbi.nlm.nih.gov/pubmed/12563175
http://dx.doi.org/10.1007/BF00124258
http://www.ncbi.nlm.nih.gov/pubmed/1610971
http://dx.doi.org/10.1111/j.1530-0277.1980.tb04833.x
http://www.ncbi.nlm.nih.gov/pubmed/7004234
http://www.ncbi.nlm.nih.gov/pubmed/15375565
http://dx.doi.org/10.1007/s004390050365
http://www.ncbi.nlm.nih.gov/pubmed/9050916
http://dx.doi.org/10.1007/s10552-005-2302-2
http://www.ncbi.nlm.nih.gov/pubmed/16132793
http://dx.doi.org/10.1038/ng1981
http://www.ncbi.nlm.nih.gov/pubmed/17293864
http://www.ncbi.nlm.nih.gov/pubmed/9224501
http://dx.doi.org/10.1172/JCI113875
http://dx.doi.org/10.1172/JCI113875
http://www.ncbi.nlm.nih.gov/pubmed/2562960
http://dx.doi.org/10.1053/j.gastro.2009.07.070
http://dx.doi.org/10.1053/j.gastro.2009.07.070
http://www.ncbi.nlm.nih.gov/pubmed/19698717
http://dx.doi.org/10.1093/carcin/bgm089
http://dx.doi.org/10.1093/carcin/bgm089
http://www.ncbi.nlm.nih.gov/pubmed/17449906
http://dx.doi.org/10.1007/BF00144839
http://www.ncbi.nlm.nih.gov/pubmed/2792311
http://dx.doi.org/10.1016/S0169-5002(02)00153-8
http://www.ncbi.nlm.nih.gov/pubmed/12367787
http://www.ncbi.nlm.nih.gov/pubmed/8380549
http://dx.doi.org/10.1002/ijc.24035
http://dx.doi.org/10.1002/ijc.24035
http://www.ncbi.nlm.nih.gov/pubmed/19058195
http://www.ncbi.nlm.nih.gov/pubmed/8804446
http://dx.doi.org/10.1016/S0145-2126(97)00194-X
http://www.ncbi.nlm.nih.gov/pubmed/9652731
http://dx.doi.org/10.1111/j.1749-6632.1972.tb28125.x
http://www.ncbi.nlm.nih.gov/pubmed/4504611
http://dx.doi.org/10.1093/annonc/mdm203
http://www.ncbi.nlm.nih.gov/pubmed/17586754
http://dx.doi.org/10.1158/1055-9965.EPI-08-0157
http://dx.doi.org/10.1158/1055-9965.EPI-08-0157
http://www.ncbi.nlm.nih.gov/pubmed/18708394
http://dx.doi.org/10.1002/9780470511848.ch3
http://www.ncbi.nlm.nih.gov/pubmed/17590985
http://dx.doi.org/10.1111/j.1530-0277.1983.tb05502.x
http://dx.doi.org/10.1111/j.1530-0277.1983.tb05502.x
http://www.ncbi.nlm.nih.gov/pubmed/6362469
http://dx.doi.org/10.1002/(SICI)1097-0045(20000101)42:1<56::AID-PROS7>3.0.CO;2-P
http://dx.doi.org/10.1002/(SICI)1097-0045(20000101)42:1<56::AID-PROS7>3.0.CO;2-P
http://www.ncbi.nlm.nih.gov/pubmed/10579799
http://www.ncbi.nlm.nih.gov/pubmed/11441128


Consumption of alcoholic beverages

carcinoma in a Chinese population. Asian Pac J Cancer 
Prev, 9: 31–35. PMID:18439068

Ding JH, Li SP, Cao HX et  al. (2009). Polymorphisms 
of alcohol dehydrogenase-2 and aldehyde dehydro-
genase-2 and esophageal cancer risk in Southeast 
Chinese males. World J Gastroenterol, 15: 2395–2400. 
doi:10.3748/wjg.15.2395 PMID:19452585

Djoussé L, Dorgan JF, Zhang Y et  al. (2002). Alcohol 
consumption and risk of lung cancer: the Framingham 
Study. J Natl Cancer Inst, 94: 1877–1882. doi:10.1093/
jnci/94.24.1877 PMID:12488481

Doll R, Peto R, Hall E et al. (1994). Mortality in relation 
to consumption of alcohol: 13 years’ observations on 
male British doctors. BMJ, 309: 911–918. doi:10.1136/
bmj.309.6959.911 PMID:7950661

Dolle JM, Daling JR, White E et al. (2009). Risk factors 
for triple-negative breast cancer in women under the 
age of 45 years. Cancer Epidemiol Biomarkers Prev, 
18: 1157–1166. doi:10.1158/1055-9965.EPI-08-1005 
PMID:19336554

Donato F, Gelatti U, Tagger A et al. (2001). Intrahepatic 
cholangiocarcinoma and hepatitis C and B virus infec-
tion, alcohol intake, and hepatolithiasis: a case-control 
study in Italy. Cancer Causes Control, 12: 959–964. 
doi:10.1023/A:1013747228572 PMID:11808716

Dosemeci M, Gokmen I, Unsal M et al. (1997). Tobacco, 
alcohol use, and risks of laryngeal and lung cancer by 
subsite and histologic type in Turkey. Cancer Causes 
Control, 8: 729–737. doi:10.1023/A:1018479304728 
PMID:9328195

Duester G, Farrés J, Felder MR et al. (1999). Recommended 
nomenclature for the vertebrate alcohol dehydroge-
nase gene family. Biochem Pharmacol, 58: 389–395. 
doi:10.1016/S0006-2952(99)00065-9 PMID:10424757

Duffy CM, Assaf A, Cyr M et al. (2009). Alcohol and folate 
intake and breast cancer risk in the WHI Observational 
Study. Breast Cancer Res Treat, 116: 551–562. 
doi:10.1007/s10549-008-0167-2 PMID:18785003

Edenberg HJ (2007). The genetics of alcohol metabo-
lism: role of alcohol dehydrogenase and aldehyde 
dehydrogenase variants. Alcohol Res Health, 30: 5–13. 
PMID:17718394

el-Zein R, Zwischenberger JB, Wood TG et  al. (1997c). 
Combined genetic polymorphism and risk for devel-
opment of lung cancer. Mutat Res, 381: 189–200. 
doi:10.1016/S0027-5107(97)00166-8 PMID:9434875

Engeland K & Maret W (1993). Extrahepatic, differential 
expression of four classes of human alcohol dehydro-
genase. Biochem Biophys Res Commun, 193: 47–53. 
doi:10.1006/bbrc.1993.1588 PMID:8503936

Engeset D, Dyachenko A, Ciampi A, Lund E (2009). 
Dietary patterns and risk of cancer of various sites in 
the Norwegian European Prospective Investigation 
into Cancer and Nutrition cohort: the Norwegian 
Women and Cancer study. Eur J Cancer Prev, 18: 69–75. 
doi:10.1097/CEJ.0b013e328305a091 PMID:19077568

Eom SY, Zhang YW, Kim SH et al. (2009). Influence of 
NQO1, ALDH2, and CYP2E1 genetic polymorphisms, 
smoking, and alcohol drinking on the risk of lung 
cancer in Koreans. Cancer Causes Control, 20: 137–145. 
doi:10.1007/s10552-008-9225-7 PMID:18798003

Ericson U, Sonestedt E, Gullberg B et  al. (2007). High 
folate intake is associated with lower breast cancer 
incidence in postmenopausal women in the Malmö 
Diet and Cancer cohort. Am J Clin Nutr, 86: 434–443. 
PMID:17684216

Eriksson CJP (1985). Endogenous acetaldehyde in rats. 
Effects of exogenous ethanol, pyrazole, cyanamide 
and disulfiram. Biochem Pharmacol, 34: 3979–3982. 
doi:10.1016/0006-2952(85)90375-2 PMID:4062972

Eriksson CJP (2001). The role of acetaldehyde in the 
actions of alcohol (update 2000). Alcohol Clin Exp Res,, 
25: 15S–32S. 

Eriksson CJP (2007). Measurement of acetaldehyde: what 
levels occur naturally and in response to alcohol? 
Novartis Found Symp, 285: 247–255, discussion 
256–260. PMID:17590999

Eriksson CJP & Fukunaga T (1993). Human blood 
acetaldehyde (update 1992). Alcohol Alcohol Suppl, 2: 
Suppl.29–25. PMID:7748353

Eriksson CJP, Fukunaga T, Sarkola T et  al. (1996). 
Estrogen-related acetaldehyde elevation in women 
during alcohol intoxication. Alcohol Clin Exp Res, 
20: 1192–1195. doi:10.1111/j.1530-0277.1996.tb01110.x 
PMID:8904969

Estonius M, Svensson S, Höög JO (1996). Alcohol dehy-
drogenase in human tissues: localisation of tran-
scripts coding for five classes of the enzyme. FEBS 
Lett, 397: 338–342. doi:10.1016/S0014-5793(96)01204-5 
PMID:8955375

Fan C, Jin M, Chen K et al. (2007). Case-only study of inter-
actions between metabolic enzymes and smoking in 
colorectal cancer. BMC Cancer, 7: 115 doi:10.1186/1471-
2407-7-115 PMID:17603900

Fan L & Cai L (2009). [Meta-analysis on the relationship 
between alcohol consumption and lung cancer risk] 
Wei Sheng Yan Jiu, 38: 85–89. PMID:19267084

Fan Y, Yuan JM, Wang R et al. (2008). Alcohol, tobacco, 
and diet in relation to esophageal cancer: the 
Shanghai Cohort Study. Nutr Cancer, 60: 354–363. 
doi:10.1080/01635580701883011 PMID:18444169

Fang J-L & Vaca CE (1995). Development of a 
32P-postlabelling method for the analysis of 
adducts arising through the reaction of acetalde-
hyde with 2′-deoxyguanosine-3′-monophosphate and 
DNA. Carcinogenesis, 16: 2177–2185. doi:10.1093/
carcin/16.9.2177 PMID:7554072

Fang J-L & Vaca CE (1997). Detection of DNA adducts of 
acetaldehyde in peripheral white blood cells of alcohol 
abusers. Carcinogenesis, 18: 627–632. doi:10.1093/
carcin/18.4.627 PMID:9111191

477

http://www.ncbi.nlm.nih.gov/pubmed/18439068
http://dx.doi.org/10.3748/wjg.15.2395
http://www.ncbi.nlm.nih.gov/pubmed/19452585
http://dx.doi.org/10.1093/jnci/94.24.1877
http://dx.doi.org/10.1093/jnci/94.24.1877
http://www.ncbi.nlm.nih.gov/pubmed/12488481
http://dx.doi.org/10.1136/bmj.309.6959.911
http://dx.doi.org/10.1136/bmj.309.6959.911
http://www.ncbi.nlm.nih.gov/pubmed/7950661
http://dx.doi.org/10.1158/1055-9965.EPI-08-1005
http://www.ncbi.nlm.nih.gov/pubmed/19336554
http://dx.doi.org/10.1023/A:1013747228572
http://www.ncbi.nlm.nih.gov/pubmed/11808716
http://dx.doi.org/10.1023/A:1018479304728
http://www.ncbi.nlm.nih.gov/pubmed/9328195
http://dx.doi.org/10.1016/S0006-2952(99)00065-9
http://www.ncbi.nlm.nih.gov/pubmed/10424757
http://dx.doi.org/10.1007/s10549-008-0167-2
http://www.ncbi.nlm.nih.gov/pubmed/18785003
http://www.ncbi.nlm.nih.gov/pubmed/17718394
http://dx.doi.org/10.1016/S0027-5107(97)00166-8
http://www.ncbi.nlm.nih.gov/pubmed/9434875
http://dx.doi.org/10.1006/bbrc.1993.1588
http://www.ncbi.nlm.nih.gov/pubmed/8503936
http://dx.doi.org/10.1097/CEJ.0b013e328305a091
http://www.ncbi.nlm.nih.gov/pubmed/19077568
http://dx.doi.org/10.1007/s10552-008-9225-7
http://www.ncbi.nlm.nih.gov/pubmed/18798003
http://www.ncbi.nlm.nih.gov/pubmed/17684216
http://dx.doi.org/10.1016/0006-2952(85)90375-2
http://www.ncbi.nlm.nih.gov/pubmed/4062972
http://www.ncbi.nlm.nih.gov/pubmed/17590999
http://www.ncbi.nlm.nih.gov/pubmed/7748353
http://dx.doi.org/10.1111/j.1530-0277.1996.tb01110.x
http://www.ncbi.nlm.nih.gov/pubmed/8904969
http://dx.doi.org/10.1016/S0014-5793(96)01204-5
http://www.ncbi.nlm.nih.gov/pubmed/8955375
http://dx.doi.org/10.1186/1471-2407-7-115
http://dx.doi.org/10.1186/1471-2407-7-115
http://www.ncbi.nlm.nih.gov/pubmed/17603900
http://www.ncbi.nlm.nih.gov/pubmed/19267084
http://dx.doi.org/10.1080/01635580701883011
http://www.ncbi.nlm.nih.gov/pubmed/18444169
http://dx.doi.org/10.1093/carcin/16.9.2177
http://dx.doi.org/10.1093/carcin/16.9.2177
http://www.ncbi.nlm.nih.gov/pubmed/7554072
http://dx.doi.org/10.1093/carcin/18.4.627
http://dx.doi.org/10.1093/carcin/18.4.627
http://www.ncbi.nlm.nih.gov/pubmed/9111191


IARC MONOGRAPHS – 100E

Farker K, Lehmann MH, Kästner R et al. (1998a). CYP2E1 
genotyping in renal cell/urothelial cancer patients 
in comparison with control populations. Int J Clin 
Pharmacol Ther, 36: 463–468. PMID:9760005

Fernandes PH, Kanuri M, Nechev LV et  al. (2005). 
Mammalian cell mutagenesis of the DNA adducts 
of vinyl chloride and crotonaldehyde. Environ 
Mol Mutagen, 45: 455–459. doi:10.1002/em.20117 
PMID:15690339

Ferrari P, Jenab M, Norat T et  al. (2007). Lifetime and 
baseline alcohol intake and risk of colon and rectal 
cancers in the European prospective investigation into 
cancer and nutrition (EPIC). Int J Cancer, 121: 2065–
2072. doi:10.1002/ijc.22966 PMID:17640039

Folsom AR, Demissie Z, Harnack LIowa Women’s Health 
Study (2003). Glycemic index, glycemic load, and 
incidence of endometrial cancer: the Iowa women’s 
health study. Nutr Cancer, 46: 119–124. doi:10.1207/
S15327914NC4602_03 PMID:14690786

Frank A, Seitz HK, Bartsch H et  al. (2004). 
Immunohistochemical detection of 
1,N6-ethenodeoxyadenosine in nuclei of human liver 
affected by diseases predisposing to hepato-carcino-
genesis. Carcinogenesis, 25: 1027–1031. doi:10.1093/
carcin/bgh089 PMID:14742317

Freedman ND, Abnet CC, Leitzmann MF et  al. (2007). 
A prospective study of tobacco, alcohol, and the risk 
of esophageal and gastric cancer subtypes. Am J 
Epidemiol, 165: 1424–1433. doi:10.1093/aje/kwm051 
PMID:17420181

Freedman ND, Abnet CC, Leitzmann MF et al. (2007a). 
A prospective study of tobacco, alcohol, and the risk 
of esophageal and gastric cancer subtypes. Am J 
Epidemiol, 165: 1424–1433. doi:10.1093/aje/kwm051 
PMID:17420181

Freedman ND, Schatzkin A, Leitzmann MF et al. (2007b). 
Alcohol and head and neck cancer risk in a prospective 
study. Br J Cancer, 96: 1469–1474. PMID:17387340

Freudenheim JL, Ambrosone CB, Moysich KB et  al. 
(1999). Alcohol dehydrogenase 3 genotype modifica-
tion of the association of alcohol consumption with 
breast cancer risk. Cancer Causes Control, 10: 369–377. 
doi:10.1023/A:1008950717205 PMID:10530606

Freudenheim JL, Ram M, Nie J et al. (2003). Lung cancer 
in humans is not associated with lifetime total alcohol 
consumption or with genetic variation in alcohol 
dehydrogenase 3 (ADH3). J Nutr, 133: 3619–3624. 
PMID:14608084

Freudenheim JL, Ritz J, Smith-Warner SA et  al. (2005). 
Alcohol consumption and risk of lung cancer: a pooled 
analysis of cohort studies. Am J Clin Nutr, 82: 657–667. 
PMID:16155281

Friberg E & Wolk A (2009). Long-term alcohol consump-
tion and risk of endometrial cancer incidence: a 
prospective cohort study. Cancer Epidemiol Biomarkers 

Prev, 18: 355–358. doi:10.1158/1055-9965.EPI-08-0993 
PMID:19124521

Friborg JT, Yuan JM, Wang R et  al. (2007). A prospec-
tive study of tobacco and alcohol use as risk factors for 
pharyngeal carcinomas in Singapore Chinese. Cancer, 
109: 1183–1191. doi:10.1002/cncr.22501 PMID:17315158

Gajalakshmi V, Hung RJ, Mathew A et al. (2003). Tobacco 
smoking and chewing, alcohol drinking and lung 
cancer risk among men in southern India. Int J Cancer, 
107: 441–447. doi:10.1002/ijc.11377 PMID:14506745

Gallagher RP, Spinelli JJ, Elwood JM, Skippen DH (1983). 
Allergies and agricultural exposure as risk factors for 
multiple myeloma. Br J Cancer, 48: 853–857. doi:10.1038/
bjc.1983.277 PMID:6652026

Gallus S, Foschi R, Talamini R et al. (2007). Risk factors 
for prostate cancer in men aged less than 60 years: a 
case-control study from Italy. Urology, 70: 1121–1126. 
doi:10.1016/j.urology.2007.07.020 PMID:18158031

Ganesh B, Talole SD, Dikshit R (2009). A case-control 
study on diet and colorectal cancer from Mumbai, 
India. Cancer Epidemiol, 33: 189–193. doi:10.1016/j.
canep.2009.07.009 PMID:19717354

Gao C, Takezaki T, Wu J et al. (2002). Interaction between 
cytochrome P-450 2E1 polymorphisms and environ-
mental factors with risk of esophageal and stomach 
cancers in Chinese. Cancer Epidemiol Biomarkers Prev, 
11: 29–34. PMID:11815398

Gao CM, Takezaki T, Wu JZ et al. (2007). CYP2E1 Rsa 
I polymorphism impacts on risk of colorectal cancer 
association with smoking and alcohol drinking. World 
J Gastroenterol, 13: 5725–5730. PMID:17963298

Gao CM, Takezaki T, Wu JZ et al. (2008). Polymorphisms 
of alcohol dehydrogenase 2 and aldehyde dehydroge-
nase 2 and colorectal cancer risk in Chinese males. 
World J Gastroenterol, 14: 5078–5083. doi:10.3748/
wjg.14.5078 PMID:18763293

Gapstur SM, Potter JD, Sellers TA et al. (1993). Alcohol 
consumption and postmenopausal endometrial cancer: 
results from the Iowa Women’s Health Study. Cancer 
Causes Control, 4: 323–329. doi:10.1007/BF00051334 
PMID:8347781

Garavello W, Bosetti C, Gallus S et  al. (2006). Type 
of alcoholic beverage and the risk of laryngeal 
cancer. Eur J Cancer Prev, 15: 69–73. doi:10.1097/01.
cej.0000186641.19872.04 PMID:16374233

Garte S & Crosti F (1999). A nomenclature system for 
metabolic gene polymorphisms. IARC Sci Publ, 1485–
12. PMID:10493244

Garte S, Gaspari L, Alexandrie AK et al. (2001). Metabolic 
gene polymorphism frequencies in control popula-
tions. Cancer Epidemiol Biomarkers Prev, 10: 1239–
1248. PMID:11751440

Gattás GJ & Saldanha PH (1997). Chromosomal 
aberrations in peripheral lymphocytes of absti-
nent alcoholics. Alcohol Clin Exp Res, 21: 238–243. 
doi:10.1111/j.1530-0277.1997.tb03755.x PMID:9113258

478

http://www.ncbi.nlm.nih.gov/pubmed/9760005
http://dx.doi.org/10.1002/em.20117
http://www.ncbi.nlm.nih.gov/pubmed/15690339
http://dx.doi.org/10.1002/ijc.22966
http://www.ncbi.nlm.nih.gov/pubmed/17640039
http://dx.doi.org/10.1207/S15327914NC4602_03
http://dx.doi.org/10.1207/S15327914NC4602_03
http://www.ncbi.nlm.nih.gov/pubmed/14690786
http://dx.doi.org/10.1093/carcin/bgh089
http://dx.doi.org/10.1093/carcin/bgh089
http://www.ncbi.nlm.nih.gov/pubmed/14742317
http://dx.doi.org/10.1093/aje/kwm051
http://www.ncbi.nlm.nih.gov/pubmed/17420181
http://dx.doi.org/10.1093/aje/kwm051
http://www.ncbi.nlm.nih.gov/pubmed/17420181
http://www.ncbi.nlm.nih.gov/pubmed/17387340
http://dx.doi.org/10.1023/A:1008950717205
http://www.ncbi.nlm.nih.gov/pubmed/10530606
http://www.ncbi.nlm.nih.gov/pubmed/14608084
http://www.ncbi.nlm.nih.gov/pubmed/16155281
http://dx.doi.org/10.1158/1055-9965.EPI-08-0993
http://www.ncbi.nlm.nih.gov/pubmed/19124521
http://dx.doi.org/10.1002/cncr.22501
http://www.ncbi.nlm.nih.gov/pubmed/17315158
http://dx.doi.org/10.1002/ijc.11377
http://www.ncbi.nlm.nih.gov/pubmed/14506745
http://dx.doi.org/10.1038/bjc.1983.277
http://dx.doi.org/10.1038/bjc.1983.277
http://www.ncbi.nlm.nih.gov/pubmed/6652026
http://dx.doi.org/10.1016/j.urology.2007.07.020
http://www.ncbi.nlm.nih.gov/pubmed/18158031
http://dx.doi.org/10.1016/j.canep.2009.07.009
http://dx.doi.org/10.1016/j.canep.2009.07.009
http://www.ncbi.nlm.nih.gov/pubmed/19717354
http://www.ncbi.nlm.nih.gov/pubmed/11815398
http://www.ncbi.nlm.nih.gov/pubmed/17963298
http://dx.doi.org/10.3748/wjg.14.5078
http://dx.doi.org/10.3748/wjg.14.5078
http://www.ncbi.nlm.nih.gov/pubmed/18763293
http://dx.doi.org/10.1007/BF00051334
http://www.ncbi.nlm.nih.gov/pubmed/8347781
http://dx.doi.org/10.1097/01.cej.0000186641.19872.04
http://dx.doi.org/10.1097/01.cej.0000186641.19872.04
http://www.ncbi.nlm.nih.gov/pubmed/16374233
http://www.ncbi.nlm.nih.gov/pubmed/10493244
http://www.ncbi.nlm.nih.gov/pubmed/11751440
http://dx.doi.org/10.1111/j.1530-0277.1997.tb03755.x
http://www.ncbi.nlm.nih.gov/pubmed/9113258


Consumption of alcoholic beverages

Gattás GJF, de Carvalho MB, Siraque MS et  al. (2006). 
Genetic polymorphisms of CYP1A1, CYP2E1, GSTM1, 
and GSTT1 associated with head and neck cancer. 
Head Neck, 28: 819–826. doi:10.1002/hed.20410 
PMID:16721740

Genkinger JM, Spiegelman D, Anderson KE et al. (2009). 
Alcohol intake and pancreatic cancer risk: a pooled 
analysis of fourteen cohort studies. Cancer Epidemiol 
Biomarkers Prev, 18: 765–776. doi:10.1158/1055-9965.
EPI-08-0880 PMID:19258474

Gibson LJ, Hery C, Mitton N et al. (2009). Risk factors for 
breast cancer among Filipino women in Manila Int J 
Cancer,  PMID:19626603

Giovannucci E, Chen J, Smith-Warner SA et  al. (2003). 
Methylenetetrahydrofolate reductase, alcohol dehy-
drogenase, diet, and risk of colorectal adenomas. 
Cancer Epidemiol Biomarkers Prev, 12: 970–979. 
PMID:14578131

Godard B, Foulkes WD, Provencher D et  al. (1998). 
Risk factors for familial and sporadic ovarian cancer 
among French Canadians: a case-control study. Am 
J Obstet Gynecol, 179: 403–410. doi:10.1016/S0002-
9378(98)70372-2 PMID:9731846

Goedde HW, Agarwal DP, Fritze G et  al. (1992). 
Distribution of ADH2 and ALDH2 genotypes in 
different populations. Hum Genet, 88: 344–346. 
doi:10.1007/BF00197271 PMID:1733836

Goist KC Jr & Sutker PB (1985). Acute alcohol intoxication 
and body composition in women and men. Pharmacol 
Biochem Behav, 22: 811–814. doi:10.1016/0091-
3057(85)90532-5 PMID:4011640

Gong Z, Kristal AR, Schenk JM et  al. (2009). Alcohol 
consumption, finasteride, and prostate cancer risk: 
results from the Prostate Cancer Prevention Trial. 
Cancer, 115: 3661–3669. doi:10.1002/cncr.24423 
PMID:19598210

González MV, Alvarez V, Pello MF et al. (1998). Genetic 
polymorphism of N-acetyltransferase-2, glutathione 
S-transferase-M1, and cytochromes P450IIE1 and 
P450IID6 in the susceptibility to head and neck cancer. 
J Clin Pathol, 51: 294–298. doi:10.1136/jcp.51.4.294 
PMID:9659241

Goodman MT, Hankin JH, Wilkens LR et al. (1997). Diet, 
body size, physical activity, and the risk of endometrial 
cancer. Cancer Res, 57: 5077–5085. PMID:9371506

Goodman MT & Tung KH (2003). Alcohol consumption 
and the risk of borderline and invasive ovarian cancer. 
Obstet Gynecol, 101: 1221–1228. doi:10.1016/S0029-
7844(03)00050-4 PMID:12798528

Gorini G, Stagnaro E, Fontana V et al. (2007a). Alcohol 
consumption and risk of leukemia: A multicenter 
case-control study. Leuk Res, 31: 379–386. doi:10.1016/j.
leukres.2006.07.002 PMID:16919329

Gorini G, Stagnaro E, Fontana V et al. (2007b). Alcohol 
consumption and risk of Hodgkin’s lymphoma and 
multiple myeloma: a multicentre case-control study. 

Ann Oncol, 18: 143–148. doi:10.1093/annonc/mdl352 
PMID:17047000

Greving JP, Lee JE, Wolk A et al. (2007). Alcoholic bever-
ages and risk of renal cell cancer. Br J Cancer, 97: 
429–433. doi:10.1038/sj.bjc.6603890 PMID:17653076

Guo YM, Wang Q, Liu YZ et al. (2008). Genetic polymor-
phisms in cytochrome P4502E1, alcohol and aldehyde 
dehydrogenases and the risk of esophageal squamous 
cell carcinoma in Gansu Chinese males. World J 
Gastroenterol, 14: 1444–1449. doi:10.3748/wjg.14.1444 
PMID:18322963

Gwack J, Hwang SS, Ko KP et al. (2007). [Fasting serum 
glucose and subsequent liver cancer risk in a Korean 
prospective cohort] J Prev Med Pub Health, 40: 23–28. 
doi:10.3961/jpmph.2007.40.1.23 PMID:17310595

Gwinn ML, Webster LA, Lee NC et  al. (1986). Alcohol 
consumption and ovarian cancer risk. Am J Epidemiol, 
123: 759–766. PMID:3962959

Hakulinen T, Lehtimäki L, Lehtonen M, Teppo L (1974). 
Cancer morbidity among two male cohorts with 
increased alcohol consumption in Finland. J Natl 
Cancer Inst, 52: 1711–1714. PMID:4834405

Hamada GS, Sugimura H, Suzuki I et  al. (1995). The 
heme-binding region polymorphism of cytochrome 
P4501A1 (Cyp1A1), rather than the RsaI polymor-
phism of IIE1 (CypIIE1), is associated with lung cancer 
in Rio de Janeiro. Cancer Epidemiol. Biomarkers Prev., 
4: 63–67. 

Hamajima N, Hirose K, Tajima K et  al. Collaborative 
Group on Hormonal Factors in Breast Cancer (2002). 
Alcohol, tobacco and breast cancer–collaborative 
reanalysis of individual data from 53 epidemiological 
studies, including 58,515 women with breast cancer 
and 95,067 women without the disease. Br J Cancer, 87: 
1234–1245. doi:10.1038/sj.bjc.6600596 PMID:12439712

Harada S, Okubo T, Nakamura T et al. (1999). A novel poly-
morphism (-357 G/A) of the ALDH2 gene: linkage dise-
quilibrium and an association with alcoholism. Alcohol 
Clin Exp Res, 23: 958–962. doi:10.1111/j.1530-0277.1999.
tb04212.x PMID:10397278

Härkönen K, Viitanen T, Larsen SB et al. (1999). Aneuploidy 
in sperm and exposure to fungicides and lifestyle 
factors. ASCLEPIOS. A European concerted action on 
occupational hazards to male reproductive capability. 
Environ Mol Mutagen, 34: 39–46. PMID:10462722

Harris RW, Brinton LA, Cowdell RH et  al. (1980). 
Characteristics of women with dysplasia or carcinoma 
in situ of the cervix uteri. Br J Cancer, 42: 359–369. 
doi:10.1038/bjc.1980.246 PMID:7426342

Hartge P, Schiffman MH, Hoover R et al. (1989). A case-
control study of epithelial ovarian cancer. Am J Obstet 
Gynecol, 161: 10–16. PMID:2750791

Harty LC, Caporaso NE, Hayes RB et al. (1997). Alcohol 
dehydrogenase 3 genotype and risk of oral cavity and 
pharyngeal cancers. J Natl Cancer Inst, 89: 1698–1705. 
doi:10.1093/jnci/89.22.1698 PMID:9390539

479

http://dx.doi.org/10.1002/hed.20410
http://www.ncbi.nlm.nih.gov/pubmed/16721740
http://dx.doi.org/10.1158/1055-9965.EPI-08-0880
http://dx.doi.org/10.1158/1055-9965.EPI-08-0880
http://www.ncbi.nlm.nih.gov/pubmed/19258474
http://www.ncbi.nlm.nih.gov/pubmed/19626603
http://www.ncbi.nlm.nih.gov/pubmed/14578131
http://dx.doi.org/10.1016/S0002-9378(98)70372-2
http://dx.doi.org/10.1016/S0002-9378(98)70372-2
http://www.ncbi.nlm.nih.gov/pubmed/9731846
http://dx.doi.org/10.1007/BF00197271
http://www.ncbi.nlm.nih.gov/pubmed/1733836
http://dx.doi.org/10.1016/0091-3057(85)90532-5
http://dx.doi.org/10.1016/0091-3057(85)90532-5
http://www.ncbi.nlm.nih.gov/pubmed/4011640
http://dx.doi.org/10.1002/cncr.24423
http://www.ncbi.nlm.nih.gov/pubmed/19598210
http://dx.doi.org/10.1136/jcp.51.4.294
http://www.ncbi.nlm.nih.gov/pubmed/9659241
http://www.ncbi.nlm.nih.gov/pubmed/9371506
http://dx.doi.org/10.1016/S0029-7844(03)00050-4
http://dx.doi.org/10.1016/S0029-7844(03)00050-4
http://www.ncbi.nlm.nih.gov/pubmed/12798528
http://dx.doi.org/10.1016/j.leukres.2006.07.002
http://dx.doi.org/10.1016/j.leukres.2006.07.002
http://www.ncbi.nlm.nih.gov/pubmed/16919329
http://dx.doi.org/10.1093/annonc/mdl352
http://www.ncbi.nlm.nih.gov/pubmed/17047000
http://dx.doi.org/10.1038/sj.bjc.6603890
http://www.ncbi.nlm.nih.gov/pubmed/17653076
http://dx.doi.org/10.3748/wjg.14.1444
http://www.ncbi.nlm.nih.gov/pubmed/18322963
http://dx.doi.org/10.3961/jpmph.2007.40.1.23
http://www.ncbi.nlm.nih.gov/pubmed/17310595
http://www.ncbi.nlm.nih.gov/pubmed/3962959
http://www.ncbi.nlm.nih.gov/pubmed/4834405
http://dx.doi.org/10.1038/sj.bjc.6600596
http://www.ncbi.nlm.nih.gov/pubmed/12439712
http://dx.doi.org/10.1111/j.1530-0277.1999.tb04212.x
http://dx.doi.org/10.1111/j.1530-0277.1999.tb04212.x
http://www.ncbi.nlm.nih.gov/pubmed/10397278
http://www.ncbi.nlm.nih.gov/pubmed/10462722
http://dx.doi.org/10.1038/bjc.1980.246
http://www.ncbi.nlm.nih.gov/pubmed/7426342
http://www.ncbi.nlm.nih.gov/pubmed/2750791
http://dx.doi.org/10.1093/jnci/89.22.1698
http://www.ncbi.nlm.nih.gov/pubmed/9390539


IARC MONOGRAPHS – 100E

Hashibe M, Boffetta P, Zaridze D et al. (2006). Evidence 
for an important role of alcohol- and aldehyde-metab-
olizing genes in cancers of the upper aerodigestive 
tract. Cancer Epidemiol Biomarkers Prev, 15: 696–703. 
doi:10.1158/1055-9965.EPI-05-0710 PMID:16614111

Hashibe M, Brennan P, Benhamou S et al. (2007). Alcohol 
drinking in never users of tobacco, cigarette smoking 
in never drinkers, and the risk of head and neck cancer: 
pooled analysis in the International Head and Neck 
Cancer Epidemiology Consortium. J Natl Cancer Inst, 
99: 777–789. doi:10.1093/jnci/djk179 PMID:17505073

Hashibe M, McKay JD, Curado MP et al. (2008). Multiple 
ADH genes are associated with upper aerodigestive 
cancers. Nat Genet, 40: 707–709. doi:10.1038/ng.151 
PMID:18500343

Hashimoto T, Uchida K, Okayama N et al. (2006). ALDH2 
1510 G/A (Glu487Lys) polymorphism interaction 
with age in head and neck squamous cell carcinoma. 
Tumour Biol, 27: 334–338. doi:10.1159/000096126 
PMID:17033202

Hassan MM, Bondy ML, Wolff RA et  al. (2007). Risk 
factors for pancreatic cancer: case-control study. Am 
J Gastroenterol, 102: 2696–2707. doi:10.1111/j.1572-
0241.2007.01510.x PMID:17764494

Hassan MM, Spitz MR, Thomas MB et al. (2008). Effect 
of different types of smoking and synergism with 
hepatitis C virus on risk of hepatocellular carcinoma 
in American men and women: case-control study. 
Int J Cancer, 123: 1883–1891. doi:10.1002/ijc.23730 
PMID:18688864

Hayashi S, Watanabe J, Kawajiri K (1991). Genetic poly-
morphisms in the 5′-flanking region change transcrip-
tional regulation of the human cytochrome P450IIE1 
gene. J Biochem, 110: 559–565. PMID:1778977

Hayes RB, Brown LM, Schoenberg JB et al. (1996). Alcohol 
use and prostate cancer risk in US blacks and whites. 
Am J Epidemiol, 143: 692–697. PMID:8651231

Heinen MM, Verhage BA, Ambergen TA et  al. (2009). 
Alcohol consumption and risk of pancreatic cancer 
in the Netherlands cohort study. Am J Epidemiol, 169: 
1233–1242. doi:10.1093/aje/kwp028 PMID:19318612

Herity B, Moriarty M, Daly L et  al. (1982). The role of 
tobacco and alcohol in the aetiology of lung and 
larynx cancer. Br J Cancer, 46: 961–964. doi:10.1038/
bjc.1982.308 PMID:7150489

Herrero R, Brinton LA, Reeves WC et al. (1989). Invasive 
cervical cancer and smoking in Latin America. J Natl 
Cancer Inst, 81: 205–211. doi:10.1093/jnci/81.3.205 
PMID:2536087

Hilakivi-Clarke L, Cabanes A, de Assis S et al. (2004). In 
utero alcohol exposure increases mammary tumorigen-
esis in rats. Br J Cancer, 90: 2225–2231. PMID:15150620

Hildesheim A, Anderson LM, Chen CJ et  al. (1997). 
CYP2E1 genetic polymorphisms and risk of nasopha-
ryngeal carcinoma in Taiwan. J Natl Cancer Inst, 89: 
1207–1212. doi:10.1093/jnci/89.16.1207 PMID:9274915

Hines LM, Hankinson SE, Smith-Warner SA et al. (2000). 
A prospective study of the effect of alcohol consumption 
and ADH3 genotype on plasma steroid hormone levels 
and breast cancer risk. Cancer Epidemiol Biomarkers 
Prev, 9: 1099–1105. PMID:11045794

Hiraki A, Matsuo K, Wakai K et  al. (2007). Gene-gene 
and gene-environment interactions between alcohol 
drinking habit and polymorphisms in alcohol-metab-
olizing enzyme genes and the risk of head and neck 
cancer in Japan. Cancer Sci, 98: 1087–1091. doi:10.1111/
j.1349-7006.2007.00505.x PMID:17489985

Hirayama T (1992). Life-style and cancer: from epidemio-
logical evidence to public behavior change to mortality 
reduction of target cancers. J Natl Cancer Inst Monogr, 
12: 65–74. PMID:1616813

Hirose M, Kono S, Tabata S et al. (2005). Genetic poly-
morphisms of methylenetetrahydrofolate reductase 
and aldehyde dehydrogenase 2, alcohol use and risk 
of colorectal adenomas: Self-Defense Forces Health 
Study. Cancer Sci, 96: 513–518. doi:10.1111/j.1349-
7006.2005.00077.x PMID:16108833

Hirvonen A, Husgafvel-Pursiainen K, Anttila S et  al. 
(1993). The human CYP2E1 gene and lung cancer: DraI 
and RsaI restriction fragment length polymorphisms 
in a Finnish study population. Carcinogenesis, 14: 
85–88. doi:10.1093/carcin/14.1.85 PMID:8093864

Holmberg B & Ekström T (1995). The effects of long-term 
oral administration of ethanol on Sprague-Dawley 
rats–a condensed report. Toxicology, 96: 133–145. 
doi:10.1016/0300-483X(94)02917-J PMID:7886684

Homann N, Jousimies-Somer H, Jokelainen K et  al. 
(1997). High acetaldehyde levels in saliva after ethanol 
consumption: methodological aspects and patho-
genetic implications. Carcinogenesis, 18: 1739–1743. 
doi:10.1093/carcin/18.9.1739 PMID:9328169

Homann N, König IR, Marks M et al. (2009). Alcohol and 
colorectal cancer: the role of alcohol dehydrogenase 
1C polymorphism. Alcohol Clin Exp Res, 33: 551–556. 
doi:10.1111/j.1530-0277.2008.00868.x PMID:19120062

Homann N, Stickel F, König IR et al. (2006). Alcohol dehy-
drogenase 1C*1 allele is a genetic marker for alcohol-
associated cancer in heavy drinkers. Int J Cancer, 118: 
1998–2002. doi:10.1002/ijc.21583 PMID:16287084

Honjo S, Srivatanakul P, Sriplung H et al. (2005). Genetic 
and environmental determinants of risk for cholan-
giocarcinoma via Opisthorchis viverrini in a densely 
infested area in Nakhon Phanom, northeast Thailand. 
Int J Cancer, 117: 854–860. doi:10.1002/ijc.21146 
PMID:15957169

Hori H, Kawano T, Endo M, Yuasa Y (1997). Genetic poly-
morphisms of tobacco- and alcohol-related metabo-
lizing enzymes and human esophageal squamous 
cell carcinoma susceptibility. J Clin Gastroenterol, 
25: 568–575. doi:10.1097/00004836-199712000-00003 
PMID:9451664

480

http://dx.doi.org/10.1158/1055-9965.EPI-05-0710
http://www.ncbi.nlm.nih.gov/pubmed/16614111
http://dx.doi.org/10.1093/jnci/djk179
http://www.ncbi.nlm.nih.gov/pubmed/17505073
http://dx.doi.org/10.1038/ng.151
http://www.ncbi.nlm.nih.gov/pubmed/18500343
http://dx.doi.org/10.1159/000096126
http://www.ncbi.nlm.nih.gov/pubmed/17033202
http://dx.doi.org/10.1111/j.1572-0241.2007.01510.x
http://dx.doi.org/10.1111/j.1572-0241.2007.01510.x
http://www.ncbi.nlm.nih.gov/pubmed/17764494
http://dx.doi.org/10.1002/ijc.23730
http://www.ncbi.nlm.nih.gov/pubmed/18688864
http://www.ncbi.nlm.nih.gov/pubmed/1778977
http://www.ncbi.nlm.nih.gov/pubmed/8651231
http://dx.doi.org/10.1093/aje/kwp028
http://www.ncbi.nlm.nih.gov/pubmed/19318612
http://dx.doi.org/10.1038/bjc.1982.308
http://dx.doi.org/10.1038/bjc.1982.308
http://www.ncbi.nlm.nih.gov/pubmed/7150489
http://dx.doi.org/10.1093/jnci/81.3.205
http://www.ncbi.nlm.nih.gov/pubmed/2536087
http://www.ncbi.nlm.nih.gov/pubmed/15150620
http://dx.doi.org/10.1093/jnci/89.16.1207
http://www.ncbi.nlm.nih.gov/pubmed/9274915
http://www.ncbi.nlm.nih.gov/pubmed/11045794
http://dx.doi.org/10.1111/j.1349-7006.2007.00505.x
http://dx.doi.org/10.1111/j.1349-7006.2007.00505.x
http://www.ncbi.nlm.nih.gov/pubmed/17489985
http://www.ncbi.nlm.nih.gov/pubmed/1616813
http://dx.doi.org/10.1111/j.1349-7006.2005.00077.x
http://dx.doi.org/10.1111/j.1349-7006.2005.00077.x
http://www.ncbi.nlm.nih.gov/pubmed/16108833
http://dx.doi.org/10.1093/carcin/14.1.85
http://www.ncbi.nlm.nih.gov/pubmed/8093864
http://dx.doi.org/10.1016/0300-483X(94)02917-J
http://www.ncbi.nlm.nih.gov/pubmed/7886684
http://dx.doi.org/10.1093/carcin/18.9.1739
http://www.ncbi.nlm.nih.gov/pubmed/9328169
http://dx.doi.org/10.1111/j.1530-0277.2008.00868.x
http://www.ncbi.nlm.nih.gov/pubmed/19120062
http://dx.doi.org/10.1002/ijc.21583
http://www.ncbi.nlm.nih.gov/pubmed/16287084
http://dx.doi.org/10.1002/ijc.21146
http://www.ncbi.nlm.nih.gov/pubmed/15957169
http://dx.doi.org/10.1097/00004836-199712000-00003
http://www.ncbi.nlm.nih.gov/pubmed/9451664


Consumption of alcoholic beverages

Hosgood HD 3rd, Baris D, Zahm SH et al. (2007). Diet 
and risk of multiple myeloma in Connecticut women. 
Cancer Causes Control, 18: 1065–1076. doi:10.1007/
s10552-007-9047-z PMID:17694422

Hosono S, Matsuo K, Kajiyama H et al. (2008). Reduced 
risk of endometrial cancer from alcohol drinking in 
Japanese. Cancer Sci, 99: 1195–1201. doi:10.1111/j.1349-
7006.2008.00801.x PMID:18422741

Hsing AW, Zhang M, Rashid A et al. (2008). Hepatitis B 
and C virus infection and the risk of biliary tract cancer: 
a population-based study in China. Int J Cancer, 122: 
1849–1853. doi:10.1002/ijc.23251 PMID:18076042

Hu J, Mao Y, Dryer D, White KCanadian Cancer Registries 
Epidemiology Research Group (2002). Risk factors for 
lung cancer among Canadian women who have never 
smoked. Cancer Detect Prev, 26: 129–138. doi:10.1016/
S0361-090X(02)00038-7 PMID:12102147

Huang YS, Chern HD, Su WJ et al. (2003). Cytochrome 
P450 2E1 genotype and the susceptibility to antitu-
berculosis drug-induced hepatitis. Hepatology, 37: 
924–930. doi:10.1053/jhep.2003.50144 PMID:12668988

Hung HC, Chuang J, Chien YC et  al. (1997). Genetic 
polymorphisms of CYP2E1, GSTM1, and GSTT1; 
Environmental factors and risk of oral cancer. Cancer 
Epidemiol. Biomarkers Prev., 6: 901–905. 

Huxley RR, Ansary-Moghaddam A, Clifton P et al. (2009). 
The impact of dietary and lifestyle risk factors on risk 
of colorectal cancer: a quantitative overview of the 
epidemiological evidence. Int J Cancer, 125: 171–180. 
doi:10.1002/ijc.24343 PMID:19350627

IARC (1985). Allyl compounds, aldehydes, epoxides and 
peroxides. IARC Monogr Eval Carcinog Risk Chem 
Hum, 36: 1–369. 

IARC (1988). Alcohol drinking. IARC Monogr Eval 
Carcinog Risks Hum, 44: 1–378. PMID:3236394

IARC (1999). Re-evaluation of some organic chemicals, 
hydrazine and hydrogen peroxide. IARC Monogr Eval 
Carcinog Risks Hum, 71: 1–315. PMID:10507919

IARC (2010). Alcohol consumption and ethyl carbamate. 
IARC Monogr Eval Carcinog Risks Hum, 96: 1–1428. 

Iarmarcovai G, Bonassi S, Sari-Minodier I et al. (2007). 
Exposure to genotoxic agents, host factors, and lifestyle 
influence the number of centromeric signals in micro-
nuclei: a pooled re-analysis. Mutat Res, 615: 18–27. 
PMID:17198715

Ide R, Mizoue T, Fujino Y et  al.JACC Study Group 
(2008). Cigarette smoking, alcohol drinking, and 
oral and pharyngeal cancer mortality in Japan. Oral 
Dis, 14: 314–319. doi:10.1111/j.1601-0825.2007.01378.x 
PMID:18449960

Infante-Rivard C, Krajinovic M, Labuda D, Sinnett D 
(2002). Childhood acute lymphoblastic leukemia 
associated with parental alcohol consumption and 
polymorphisms of carcinogen-metabolizing genes. 
Epidemiology, 13: 277–281. doi:10.1097/00001648-
200205000-00007 PMID:11964928

Ingelman-Sundberg M, Oscarson M, Daly AK et  al. 
(2001). Human cytochrome P-450 (CYP) genes: a web 
page for the nomenclature of alleles. Cancer Epidemiol 
Biomarkers Prev, 10: 1307–1308. PMID:11751452

Ishiguro S, Sasazuki S, Inoue M et al.JPHC Study Group 
(2009). Effect of alcohol consumption, cigarette smoking 
and flushing response on esophageal cancer risk: a 
population-based cohort study (JPHC study). Cancer 
Lett, 275: 240–246. doi:10.1016/j.canlet.2008.10.020 
PMID:19036500

Ishihara J, Otani T, Inoue M et  al.Japan Public Health 
Center-based Prospective Study Group (2007). Low 
intake of vitamin B-6 is associated with increased 
risk of colorectal cancer in Japanese men. J Nutr, 137: 
1808–1814. PMID:17585035

Ishikawa H, Ishikawa T, Yamamoto H et  al. (2007). 
Genotoxic effects of alcohol in human peripheral 
lymphocytes modulated by ADH1B and ALDH2 gene 
polymorphisms. Mutat Res, 615: 134–142. doi:10.1016/j.
mrfmmm.2006.11.026 PMID:17207821

Ishikawa H, Miyatsu Y, Kurihara K, Yokoyama K 
(2006). Gene-environmental interactions between 
alcohol-drinking behavior and ALDH2 and CYP2E1 
polymorphisms and their impact on micronuclei 
frequency in human lymphocytes. Mutat Res, 594: 1–9. 
PMID:16126235

Ishikawa H, Yamamoto H, Tian Y et al. (2003). Effects of 
ALDH2 gene polymorphisms and alcohol-drinking 
behavior on micronuclei frequency in non-smokers. 
Mutat Res, 541: 71–80. PMID:14568296

Itoga S, Nomura F, Makino Y et al. (2002). Tandem repeat 
polymorphism of the CYP2E1 gene: an association study 
with esophageal cancer and lung cancer. Alcohol Clin Exp 
Res, 26: Suppl15S–19S. doi:10.1111/j.1530-0277.2002.
tb02696.x PMID:12198369

Jahnke V, Matthias C, Fryer A, Strange R (1996). 
Glutathione S-transferase and cytochrome-P-450 poly-
morphism as risk factors for squamous cell carcinoma 
of the larynx. Am J Surg, 172: 671–673. doi:10.1016/
S0002-9610(96)00298-X PMID:8988674

Jain MG, Howe GR, Rohan TE (2000b). Nutritional factors 
and endometrial cancer in Ontario, Canada. Cancer 
Control, 7: 288–296. PMID:10832115

Jelski W, Chrostek L, Szmitkowski M, Laszewicz W 
(2002). Activity of class I, II, III, and IV alcohol dehy-
drogenase isoenzymes in human gastric mucosa. Dig 
Dis Sci, 47: 1554–1557. doi:10.1023/A:1015871219922 
PMID:12141816

Jelski W, Orywal K, Panek B et al. (2009). The activity of 
class I, II, III and IV of alcohol dehydrogenase (ADH) 
isoenzymes and aldehyde dehydrogenase (ALDH) 
in the wall of abdominal aortic aneurysms. Exp Mol 
Pathol, 87: 59–62. doi:10.1016/j.yexmp.2009.03.001 
PMID:19332052

481

http://dx.doi.org/10.1007/s10552-007-9047-z
http://dx.doi.org/10.1007/s10552-007-9047-z
http://www.ncbi.nlm.nih.gov/pubmed/17694422
http://dx.doi.org/10.1111/j.1349-7006.2008.00801.x
http://dx.doi.org/10.1111/j.1349-7006.2008.00801.x
http://www.ncbi.nlm.nih.gov/pubmed/18422741
http://dx.doi.org/10.1002/ijc.23251
http://www.ncbi.nlm.nih.gov/pubmed/18076042
http://dx.doi.org/10.1016/S0361-090X(02)00038-7
http://dx.doi.org/10.1016/S0361-090X(02)00038-7
http://www.ncbi.nlm.nih.gov/pubmed/12102147
http://dx.doi.org/10.1053/jhep.2003.50144
http://www.ncbi.nlm.nih.gov/pubmed/12668988
http://dx.doi.org/10.1002/ijc.24343
http://www.ncbi.nlm.nih.gov/pubmed/19350627
http://www.ncbi.nlm.nih.gov/pubmed/3236394
http://www.ncbi.nlm.nih.gov/pubmed/10507919
http://www.ncbi.nlm.nih.gov/pubmed/17198715
http://dx.doi.org/10.1111/j.1601-0825.2007.01378.x
http://www.ncbi.nlm.nih.gov/pubmed/18449960
http://dx.doi.org/10.1097/00001648-200205000-00007
http://dx.doi.org/10.1097/00001648-200205000-00007
http://www.ncbi.nlm.nih.gov/pubmed/11964928
http://www.ncbi.nlm.nih.gov/pubmed/11751452
http://dx.doi.org/10.1016/j.canlet.2008.10.020
http://www.ncbi.nlm.nih.gov/pubmed/19036500
http://www.ncbi.nlm.nih.gov/pubmed/17585035
http://dx.doi.org/10.1016/j.mrfmmm.2006.11.026
http://dx.doi.org/10.1016/j.mrfmmm.2006.11.026
http://www.ncbi.nlm.nih.gov/pubmed/17207821
http://www.ncbi.nlm.nih.gov/pubmed/16126235
http://www.ncbi.nlm.nih.gov/pubmed/14568296
http://dx.doi.org/10.1111/j.1530-0277.2002.tb02696.x
http://dx.doi.org/10.1111/j.1530-0277.2002.tb02696.x
http://www.ncbi.nlm.nih.gov/pubmed/12198369
http://dx.doi.org/10.1016/S0002-9610(96)00298-X
http://dx.doi.org/10.1016/S0002-9610(96)00298-X
http://www.ncbi.nlm.nih.gov/pubmed/8988674
http://www.ncbi.nlm.nih.gov/pubmed/10832115
http://dx.doi.org/10.1023/A:1015871219922
http://www.ncbi.nlm.nih.gov/pubmed/12141816
http://dx.doi.org/10.1016/j.yexmp.2009.03.001
http://www.ncbi.nlm.nih.gov/pubmed/19332052


IARC MONOGRAPHS – 100E

Jensen OM (1979). Cancer morbidity and causes of death 
among Danish brewery workers. Int J Cancer, 23: 
454–463. doi:10.1002/ijc.2910230404 PMID:437924

Jiang X, Castelao JE, Groshen S et  al. (2007). Alcohol 
consumption and risk of bladder cancer in Los Angeles 
County. Int J Cancer, 121: 839–845. doi:10.1002/
ijc.22743 PMID:17440923

Jiao L, Silverman DT, Schairer C et  al. (2009). Alcohol 
use and risk of pancreatic cancer: the NIH-AARP Diet 
and Health Study. Am J Epidemiol, 169: 1043–1051. 
doi:10.1093/aje/kwp034 PMID:19299403

Johansen D, Borgström A, Lindkvist B, Manjer J (2009). 
Different markers of alcohol consumption, smoking 
and body mass index in relation to risk of pancre-
atic cancer. A prospective cohort study within the 
Malmö Preventive Project. Pancreatology, 9: 677–686. 
doi:10.1159/000212088 PMID:19684432

Jones AW (1995). Measuring and reporting the concentra-
tion of acetaldehyde in human breath. Alcohol Alcohol, 
30: 271–285. PMID:7545981

Jones AW (2006). Urine as a biological specimen 
for forensic analysis of alcohol and variability in 
the urine-to-blood relationship. Toxicol Rev, 25: 
15–35. doi:10.2165/00139709-200625010-00002 
PMID:16856767

Jones AW, Lindberg L, Olsson SG (2004). Magnitude 
and time-course of arterio-venous differences in 
blood-alcohol concentration in healthy men. Clin 
Pharmacokinet, 43: 1157–1166. doi:10.2165/00003088-
200443150-00006 PMID:15568892

Jones AW, Mårdh G, Anggård E (1983). Determination 
of endogenous ethanol in blood and breath by gas 
chromatography-mass spectrometry. Pharmacol 
Biochem Behav, 18: Suppl 1267–272. doi:10.1016/0091-
3057(83)90184-3 PMID:6634839

Jung AY, Poole EM, Bigler J et al. (2008). DNA methyl-
transferase and alcohol dehydrogenase: gene-nutrient 
interactions in relation to risk of colorectal polyps. 
Cancer Epidemiol Biomarkers Prev, 17: 330–338. 
doi:10.1158/1055-9965.EPI-07-2608 PMID:18268116

Kabat GC, Miller AB, Jain M, Rohan TE (2008). Dietary 
intake of selected B vitamins in relation to risk of major 
cancers in women. Br J Cancer, 99: 816–821. doi:10.1038/
sj.bjc.6604540 PMID:18665162

Kabat GC & Wynder EL (1984). Lung cancer 
in nonsmokers. Cancer, 53: 1214–1221. 
doi:10.1002/1097-0142(19840301)53:5<1214::AID-
CNCR2820530532>3.0.CO;2-8 PMID:6692309

Kagan-Krieger S, Selby P, Vohra S, Koren G (2002). 
Paternal alcohol exposure and Turner syndrome. 
Alcohol Alcohol, 37: 613–617. PMID:12414557

Kaji H, Asanuma Y, Yahara O et  al. (1984). 
Intragastrointestinal alcohol fermentation syndrome: 
report of two cases and review of the literature. J 
Forensic Sci Soc, 24: 461–471. doi:10.1016/S0015-
7368(84)72325-5 PMID:6520589

Kalandidi A, Tzonou A, Lipworth L et  al. (1996). A 
case-control study of endometrial cancer in relation 
to reproductive, somatometric, and life-style vari-
ables. Oncology, 53: 354–359. doi:10.1159/000227587 
PMID:8784467

Kanda J, Matsuo K, Suzuki T et  al. (2009). Impact of 
alcohol consumption with polymorphisms in alcohol-
metabolizing enzymes on pancreatic cancer risk in 
Japanese. Cancer Sci, 100: 296–302. doi:10.1111/j.1349-
7006.2008.01044.x PMID:19068087

Kanteres F, Lachenmeier DW, Rehm J (2009). Alcohol in 
Mayan Guatemala: consumption, distribution, produc-
tion and composition of cuxa. Addiction, 104: 752–759. 
doi:10.1111/j.1360-0443.2009.02507.x PMID:19215596

Kato I, Tominaga S, Terao C (1989). Alcohol consumption 
and cancers of hormone-related organs in females. Jpn 
J Clin Oncol, 19: 202–207. PMID:2810820

Kato S, Onda M, Matsukura N et al. (1995). Cytochrome 
P4502E1 (CYP2E1) genetic polymorphism in a case-
control study of gastric cancer and liver disease. 
Pharmacogenetics, 5: Special IssueS141–S144. 
doi:10.1097/00008571-199512001-00016 PMID:7581484

Kato S, Onda M, Matsukura N et al. (1997). Helicobacter 
pylori infection and genetic polymorphisms for 
cancer-related genes in gastric carcinogenesis. 
Biomed Pharmacother, 51: 145–149. doi:10.1016/S0753-
3322(97)85581-3 PMID:9207980

Kato S, Shields PG, Caporaso NE et al. (1992). Cytochrome 
P450IIE1 genetic polymorphisms, racial variation, 
and lung cancer risk. Cancer Res, 52: 6712–6715. 
PMID:1423319

Kato S, Shields PG, Caporaso NE et al. (1994). Analysis 
of cytochrome P450 2E1 genetic polymorphisms in 
relation to human lung cancer. Cancer Epidemiol 
Biomarkers Prev, 3: 515–518. PMID:8000304

Kato S, Tajiri T, Matsukura N et  al. (2003). Genetic 
polymorphisms of aldehyde dehydrogenase 2, cyto-
chrome p450 2E1 for liver cancer risk in HCV anti-
body-positive japanese patients and the variations of 
CYP2E1 mRNA expression levels in the liver due to 
its polymorphism. Scand J Gastroenterol, 38: 886–893. 
doi:10.1080/00365520310004489 PMID:12940444

Katoh T, Kaneko S, Kohshi K et al. (1999). Genetic polymor-
phisms of tobacco- and alcohol-related metabolizing 
enzymes and oral cavity cancer. Int J Cancer, 83: 606–609. 
doi:10.1002/(SICI)1097-0215(19991126)83:5<606::AID-
IJC6>3.0.CO;2-P PMID:10521794

Kawase T, Matsuo K, Hiraki A et al. (2009). Interaction 
of the effects of alcohol drinking and polymorphisms 
in alcohol-metabolizing enzymes on the risk of female 
breast cancer in Japan. J Epidemiol, 19: 244–250. 
doi:10.2188/jea.JE20081035 PMID:19667493

Kayani MA & Parry JM (2010). The in vitro genotoxicity of 
ethanol and acetaldehyde. Toxicol In Vitro, 24: 56–60. 
doi:10.1016/j.tiv.2009.09.003 PMID:19747536

482

http://dx.doi.org/10.1002/ijc.2910230404
http://www.ncbi.nlm.nih.gov/pubmed/437924
http://dx.doi.org/10.1002/ijc.22743
http://dx.doi.org/10.1002/ijc.22743
http://www.ncbi.nlm.nih.gov/pubmed/17440923
http://dx.doi.org/10.1093/aje/kwp034
http://www.ncbi.nlm.nih.gov/pubmed/19299403
http://dx.doi.org/10.1159/000212088
http://www.ncbi.nlm.nih.gov/pubmed/19684432
http://www.ncbi.nlm.nih.gov/pubmed/7545981
http://dx.doi.org/10.2165/00139709-200625010-00002
http://www.ncbi.nlm.nih.gov/pubmed/16856767
http://dx.doi.org/10.2165/00003088-200443150-00006
http://dx.doi.org/10.2165/00003088-200443150-00006
http://www.ncbi.nlm.nih.gov/pubmed/15568892
http://dx.doi.org/10.1016/0091-3057(83)90184-3
http://dx.doi.org/10.1016/0091-3057(83)90184-3
http://www.ncbi.nlm.nih.gov/pubmed/6634839
http://dx.doi.org/10.1158/1055-9965.EPI-07-2608
http://www.ncbi.nlm.nih.gov/pubmed/18268116
http://dx.doi.org/10.1038/sj.bjc.6604540
http://dx.doi.org/10.1038/sj.bjc.6604540
http://www.ncbi.nlm.nih.gov/pubmed/18665162
http://dx.doi.org/10.1002/1097-0142(19840301)53:5<1214::AID-CNCR2820530532>3.0.CO;2-8
http://dx.doi.org/10.1002/1097-0142(19840301)53:5<1214::AID-CNCR2820530532>3.0.CO;2-8
http://www.ncbi.nlm.nih.gov/pubmed/6692309
http://www.ncbi.nlm.nih.gov/pubmed/12414557
http://dx.doi.org/10.1016/S0015-7368(84)72325-5
http://dx.doi.org/10.1016/S0015-7368(84)72325-5
http://www.ncbi.nlm.nih.gov/pubmed/6520589
http://dx.doi.org/10.1159/000227587
http://www.ncbi.nlm.nih.gov/pubmed/8784467
http://dx.doi.org/10.1111/j.1349-7006.2008.01044.x
http://dx.doi.org/10.1111/j.1349-7006.2008.01044.x
http://www.ncbi.nlm.nih.gov/pubmed/19068087
http://dx.doi.org/10.1111/j.1360-0443.2009.02507.x
http://www.ncbi.nlm.nih.gov/pubmed/19215596
http://www.ncbi.nlm.nih.gov/pubmed/2810820
http://dx.doi.org/10.1097/00008571-199512001-00016
http://www.ncbi.nlm.nih.gov/pubmed/7581484
http://dx.doi.org/10.1016/S0753-3322(97)85581-3
http://dx.doi.org/10.1016/S0753-3322(97)85581-3
http://www.ncbi.nlm.nih.gov/pubmed/9207980
http://www.ncbi.nlm.nih.gov/pubmed/1423319
http://www.ncbi.nlm.nih.gov/pubmed/8000304
http://dx.doi.org/10.1080/00365520310004489
http://www.ncbi.nlm.nih.gov/pubmed/12940444
http://dx.doi.org/10.1002/(SICI)1097-0215(19991126)83:5<606::AID-IJC6>3.0.CO;2-P
http://dx.doi.org/10.1002/(SICI)1097-0215(19991126)83:5<606::AID-IJC6>3.0.CO;2-P
http://www.ncbi.nlm.nih.gov/pubmed/10521794
http://dx.doi.org/10.2188/jea.JE20081035
http://www.ncbi.nlm.nih.gov/pubmed/19667493
http://dx.doi.org/10.1016/j.tiv.2009.09.003
http://www.ncbi.nlm.nih.gov/pubmed/19747536


Consumption of alcoholic beverages

Kelemen LE, Sellers TA, Vierkant RA et  al. (2004). 
Association of folate and alcohol with risk of ovarian 
cancer in a prospective study of postmenopausal 
women. Cancer Causes Control, 15: 1085–1093. 
doi:10.1007/s10552-004-1546-6 PMID:15801492

Khurana V, Sheth A, Caldito G, Barkin JS (2007). Statins 
reduce the risk of pancreatic cancer in humans: a case-
control study of half a million veterans. Pancreas, 
34: 260–265. doi:10.1097/MPA.0b013e318030e963 
PMID:17312467

Kim RB, Yamazaki H, Chiba K et al. (1996). In vivo and in 
vitro characterization of CYP2E1 activity in Japanese 
and Caucasians. J Pharmacol Exp Ther, 279: 4–11. 
PMID:8858968

Kimura Y, Nishimura FT, Abe S et  al. (2009). 
Polymorphisms in the promoter region of the human 
class II alcohol dehydrogenase (ADH4) gene affect both 
transcriptional activity and ethanol metabolism in 
Japanese subjects. J Toxicol Sci, 34: 89–97. doi:10.2131/
jts.34.89 PMID:19182438

Kiss I, Sándor J, Pajkos G et  al. (2000). Colorectal 
cancer risk in relation to genetic polymorphism of 
cytochrome P450 1A1, 2E1, and glutathione-S-trans-
ferase M1 enzymes. Anticancer Res, 20: 1B519–522. 
PMID:10769717

Kjaerheim K & Andersen A (1994). Cancer incidence 
among waitresses in Norway. Cancer Causes Control, 
5: 31–37. doi:10.1007/BF01830724 PMID:8123777

Klatsky AL, Friedman GD, Siegelaub AB (1981). Alcohol 
and mortality. A ten-year Kaiser-Permanente experi-
ence. Ann Intern Med, 95: 139–145. PMID:7258861

Klatsky AL, Li Y, Baer D et al. (2009). Alcohol consumption 
and risk of hematologic malignancies. Ann Epidemiol, 
19: 746–753. doi:10.1016/j.annepidem.2009.03.005 
PMID:19394864

Knight JA, Bernstein L, Largent J et  al.WECARE Study 
Collaborative Group (2009). Alcohol intake and ciga-
rette smoking and risk of a contralateral breast cancer: 
The Women’s Environmental Cancer and Radiation 
Epidemiology Study. Am J Epidemiol, 169: 962–968. 
doi:10.1093/aje/kwn422 PMID:19211621

Kocić B, Petrovic B, Filipovic S (2008). Risk factors for 
breast cancer: a hospital-based case-control study. J 
BUON, 13: 231–234. PMID:18555470

Koide T, Ohno T, Huang XE et  al. (2000). HBV/HCV 
infection, alcohol, tobacco and genetic polymorphisms 
for hepatocellular carcinoma in Nagoya, Japan. Asian 
Pac J Cancer Prev, 1: 237–243. PMID:12718671

Kolahdooz F, Ibiebele TI, van der Pols JC, Webb PM 
(2009). Dietary patterns and ovarian cancer risk. Am 
J Clin Nutr, 89: 297–304. doi:10.3945/ajcn.2008.26575 
PMID:19056595

Kono S, Ikeda M, Tokudome S et al. (1986). Alcohol and 
mortality: a cohort study of male Japanese physicians. 
Int J Epidemiol, 15: 527–532. doi:10.1093/ije/15.4.527 
PMID:3818161

Koo LC (1988). Dietary habits and lung cancer risk among 
Chinese females in Hong Kong who never smoked. Nutr 
Cancer, 11: 155–172. doi:10.1080/01635588809513983 
PMID:2841651

Korte JE, Brennan P, Henley SJ, Boffetta P (2002). Dose-
specific meta-analysis and sensitivity analysis of 
the relation between alcohol consumption and lung 
cancer risk. Am J Epidemiol, 155: 496–506. doi:10.1093/
aje/155.6.496 PMID:11882523

Krebs HA & Perkins JR (1970). The physiological role of 
liver alcohol dehydrogenase. Biochem J, 118: 635–644. 
PMID:5481498

Kruk J (2007). Association of lifestyle and other risk 
factors with breast cancer according to menopausal 
status: a case-control study in the Region of Western 
Pomerania (Poland). Asian Pac J Cancer Prev, 8: 
513–524. PMID:18260721

Kubík A, Zatloukal P, Tomásek L et  al. (2004). Lung 
cancer risk among nonsmoking women in relation 
to diet and physical activity. Neoplasma, 51: 136–143. 
PMID:15190423

Kuper H, Lagiou P, Mucci LA et al. (2001). Risk factors 
for cholangiocarcinoma in a low risk Caucasian popu-
lation. Soz Praventivmed, 46: 182–185. doi:10.1007/
BF01324254 PMID:11565447

Kuper H, Titus-Ernstoff L, Harlow BL, Cramer DW (2000). 
Population based study of coffee, alcohol and tobacco 
use and risk of ovarian cancer. Int J Cancer, 88: 313–318. 
doi:10.1002/1097-0215(20001015)88:2<313::AID-
IJC26>3.0.CO;2-5 PMID:11004686

Kurtz AJ & Lloyd RS (2003). 1,N2-deoxyguanosine adducts 
of acrolein, crotonaldehyde, and trans-4-hydroxynon-
enal cross-link to peptides via Schiff base linkage. J Biol 
Chem, 278: 5970–5976. doi:10.1074/jbc.M212012200 
PMID:12502710

Kurys G, Ambroziak W, Pietruszko R (1989). Human 
aldehyde dehydrogenase. Purification and characteri-
zation of a third isozyme with low Km for gamma-
aminobutyraldehyde. J Biol Chem, 264: 4715–4721. 
PMID:2925663

Kushi LH, Mink PJ, Folsom AR et al. (1999). Prospective 
study of diet and ovarian cancer. Am J Epidemiol, 149: 
21–31. PMID:9883790

Kushida M, Wanibuchi H, Morimura K et  al. (2005). 
Dose-dependence of promotion of 2-amino-3,8-
dimethylimidazo[4,5-f]quinoxaline-induced rat 
hepatocarcinogenesis by ethanol: evidence for a 
threshold. Cancer Sci, 96: 747–757. doi:10.1111/j.1349-
7006.2005.00110.x PMID:16271068

Kvåle G, Bjelke E, Gart JJ (1983). Dietary habits and lung 
cancer risk. Int J Cancer, 31: 397–405. doi:10.1002/
ijc.2910310402 PMID:6832851

Kwan ML, Kushi LH, Weltzien E et al. (2009). Epidemiology 
of breast cancer subtypes in two prospective cohort 
studies of breast cancer survivors. Breast Cancer Res, 
11: R31 doi:10.1186/bcr2261 PMID:19463150

483

http://dx.doi.org/10.1007/s10552-004-1546-6
http://www.ncbi.nlm.nih.gov/pubmed/15801492
http://dx.doi.org/10.1097/MPA.0b013e318030e963
http://www.ncbi.nlm.nih.gov/pubmed/17312467
http://www.ncbi.nlm.nih.gov/pubmed/8858968
http://dx.doi.org/10.2131/jts.34.89
http://dx.doi.org/10.2131/jts.34.89
http://www.ncbi.nlm.nih.gov/pubmed/19182438
http://www.ncbi.nlm.nih.gov/pubmed/10769717
http://dx.doi.org/10.1007/BF01830724
http://www.ncbi.nlm.nih.gov/pubmed/8123777
http://www.ncbi.nlm.nih.gov/pubmed/7258861
http://dx.doi.org/10.1016/j.annepidem.2009.03.005
http://www.ncbi.nlm.nih.gov/pubmed/19394864
http://dx.doi.org/10.1093/aje/kwn422
http://www.ncbi.nlm.nih.gov/pubmed/19211621
http://www.ncbi.nlm.nih.gov/pubmed/18555470
http://www.ncbi.nlm.nih.gov/pubmed/12718671
http://dx.doi.org/10.3945/ajcn.2008.26575
http://www.ncbi.nlm.nih.gov/pubmed/19056595
http://dx.doi.org/10.1093/ije/15.4.527
http://www.ncbi.nlm.nih.gov/pubmed/3818161
http://dx.doi.org/10.1080/01635588809513983
http://www.ncbi.nlm.nih.gov/pubmed/2841651
http://dx.doi.org/10.1093/aje/155.6.496
http://dx.doi.org/10.1093/aje/155.6.496
http://www.ncbi.nlm.nih.gov/pubmed/11882523
http://www.ncbi.nlm.nih.gov/pubmed/5481498
http://www.ncbi.nlm.nih.gov/pubmed/18260721
http://www.ncbi.nlm.nih.gov/pubmed/15190423
http://dx.doi.org/10.1007/BF01324254
http://dx.doi.org/10.1007/BF01324254
http://www.ncbi.nlm.nih.gov/pubmed/11565447
http://dx.doi.org/10.1002/1097-0215(20001015)88:2<313::AID-IJC26>3.0.CO;2-5
http://dx.doi.org/10.1002/1097-0215(20001015)88:2<313::AID-IJC26>3.0.CO;2-5
http://www.ncbi.nlm.nih.gov/pubmed/11004686
http://dx.doi.org/10.1074/jbc.M212012200
http://www.ncbi.nlm.nih.gov/pubmed/12502710
http://www.ncbi.nlm.nih.gov/pubmed/2925663
http://www.ncbi.nlm.nih.gov/pubmed/9883790
http://dx.doi.org/10.1111/j.1349-7006.2005.00110.x
http://dx.doi.org/10.1111/j.1349-7006.2005.00110.x
http://www.ncbi.nlm.nih.gov/pubmed/16271068
http://dx.doi.org/10.1002/ijc.2910310402
http://dx.doi.org/10.1002/ijc.2910310402
http://www.ncbi.nlm.nih.gov/pubmed/6832851
http://dx.doi.org/10.1186/bcr2261
http://www.ncbi.nlm.nih.gov/pubmed/19463150


IARC MONOGRAPHS – 100E

La Vecchia C, Decarli A, Fasoli M, Gentile A 
(1986). Nutrition and diet in the etiology of 
endometrial cancer. Cancer, 57: 1248–1253. 
doi:10.1002/1097-0142(19860315)57:6<1248::AID-
CNCR2820570631>3.0.CO;2-V PMID:3002600

La Vecchia C, Negri E, Franceschi S et al. (1992). Alcohol 
and epithelial ovarian cancer. J Clin Epidemiol, 
45: 1025–1030. doi:10.1016/0895-4356(92)90119-8 
PMID:1432017

Lachenmeier DW, Ganss S, Rychlak B et  al. (2009b). 
Association between quality of cheap and unrecorded 
alcohol products and public health consequences in 
Poland. Alcohol Clin Exp Res, 33: Issue 101757–1769. 
doi:10.1111/j.1530-0277.2009.01013.x PMID:19572980

Lachenmeier DW, Kanteres F, Rehm J (2009a). 
Carcinogenicity of acetaldehyde in alcoholic beverages: 
risk assessment outside ethanol metabolism. Addiction, 
104: 533–550. doi:10.1111/j.1360-0443.2009.02516.x 
PMID:19335652

Lachenmeier DW & Sohnius EM (2008). The role of 
acetaldehyde outside ethanol metabolism in the carci-
nogenicity of alcoholic beverages: evidence from a large 
chemical survey. Food Chem Toxicol, 46: 2903–2911. 
doi:10.1016/j.fct.2008.05.034 PMID:18577414

Ladero JM, Agúndez JAG, Rodríguez-Lescure A et  al. 
(1996). RsaI polymorphism at the cytochrome P4502E1 
locus and risk of hepatocellular carcinoma. Gut, 39: 
330–333. doi:10.1136/gut.39.2.330 PMID:8977352

Lagiou P, Ye W, Wedrén S et  al. (2001). Incidence of 
ovarian cancer among alcoholic women: a cohort study 
in Sweden. Int J Cancer, 91: 264–266. doi:10.1002/1097-
0215(200002)9999:9999<::AID-IJC1027>3.3.CO;2-B 
PMID:11146456

Landi S, Gemignani F, Moreno V et al.Bellvitge Colorectal 
Cancer Study Group (2005). A comprehensive analysis 
of phase I and phase II metabolism gene polymorphisms 
and risk of colorectal cancer. Pharmacogenet Genomics, 
15: 535–546. doi:10.1097/01.fpc.0000165904.48994.3d 
PMID:16006997

Laposata EA & Lange LG (1986). Presence of nonoxida-
tive ethanol metabolism in human organs commonly 
damaged by ethanol abuse. Science, 231: 497–499. 
doi:10.1126/science.3941913 PMID:3941913

Laposata M, Hasaba A, Best CA et al. (2002). Fatty acid 
ethyl esters: recent observations. Prostaglandins 
Leukot Essent Fatty Acids, 67: 193–196. doi:10.1054/
plef.2002.0418 PMID:12324241

Larsson SC, Giovannucci E, Wolk A (2007). Alcoholic 
beverage consumption and gastric cancer risk: a 
prospective population-based study in women. 
Int J Cancer, 120: 373–377. doi:10.1002/ijc.22204 
PMID:17066442

Le Marchand L, Donlon T, Seifried A, Wikens LR (2002). 
Read meat intake, CYP2E1 genetic polymorphisms, and 
colorectal cancer risk. Cancer Epidemiol. Biomarkers 
Prev., 11: 1019–1024. 

Le Marchand L, Sivaraman L, Pierce L et  al. (1998). 
Associations of CYP1A1, GSTM1, and CYP2E1 poly-
morphisms with lung cancer suggest cell type specifici-
ties to tobacco carcinogens. Cancer Res, 58: 4858–4863. 
PMID:9809991

Lee CH, Lee JM, Wu DC et  al. (2008b). Carcinogenetic 
impact of ADH1B and ALDH2 genes on squamous 
cell carcinoma risk of the esophagus with regard to 
the consumption of alcohol, tobacco and betel quid. 
Int J Cancer, 122: 1347–1356. doi:10.1002/ijc.23264 
PMID:18033686

Lee CH, Wu DC, Lee JM et  al. (2007). Carcinogenetic 
impact of alcohol intake on squamous cell carci-
noma risk of the oesophagus in relation to tobacco 
smoking. Eur J Cancer, 43: 1188–1199. doi:10.1016/j.
ejca.2007.01.039 PMID:17383866

Lee CH, Wu DC, Wu IC et al. (2009). Genetic modulation 
of ADH1B and ALDH2 polymorphisms with regard 
to alcohol and tobacco consumption for younger 
aged esophageal squamous cell carcinoma diagnosis. 
Int J Cancer, 125: 1134–1142. doi:10.1002/ijc.24357 
PMID:19449376

Lee HC, Yoon YB, Kim CY (1997). Association between 
genetic polymorphisms of the cytochromes P-450 
(1A1, 2D6, and 2E1) and the susceptibility to pancre-
atic cancer. Korean J Intern Med, 12: 128–136. 
PMID:9439147

Lee CH, Lee JM, Wu DC et al. (2005). Independent and 
combined effects of alcohol intake, tobacco smoking 
and betel quid chewing on the risk of esophageal cancer 
in Taiwan. Int J Cancer, 113: 475–482. doi:10.1002/
ijc.20619 PMID:15455377

Lee SL, Chau GY, Yao CT et al. (2006). Functional assess-
ment of human alcohol dehydrogenase family in 
ethanol metabolism: significance of first-pass metabo-
lism. Alcohol Clin Exp Res, 30: 1132–1142. doi:10.1111/
j.1530-0277.2006.00139.x PMID:16792560

Lee TY, Lee SS, Jung SW et al. (2008a). Hepatitis B virus 
infection and intrahepatic cholangiocarcinoma in 
Korea: a case-control study. Am J Gastroenterol, 103: 
1716–1720. doi:10.1111/j.1572-0241.2008.01796.x 
PMID:18557716

Levi F, Franceschi S, Negri E, La Vecchia 
C (1993). Dietary factors and the risk of 
endometrial cancer. Cancer, 71: 3575–3581. 
doi:10.1002/1097-0142(19930601)71:11<3575::AID-
CNCR2820711119>3.0.CO;2-0 PMID:8490907

Levine AJ, Siegmund KD, Ervin CM et  al. (2000). The 
methylenetetrahydrofolate reductase 677C–>T poly-
morphism and distal colorectal adenoma risk. Cancer 
Epidemiol Biomarkers Prev, 9: 657–663. PMID:10919734

Levitt MD & Levitt DG (1998). Use of a two-compart-
ment model to assess the pharmacokinetics of human 
ethanol metabolism. Alcohol Clin Exp Res, 22: 1680–
1688. PMID:9835281

484

http://dx.doi.org/10.1002/1097-0142(19860315)57:6<1248::AID-CNCR2820570631>3.0.CO;2-V
http://dx.doi.org/10.1002/1097-0142(19860315)57:6<1248::AID-CNCR2820570631>3.0.CO;2-V
http://www.ncbi.nlm.nih.gov/pubmed/3002600
http://dx.doi.org/10.1016/0895-4356(92)90119-8
http://www.ncbi.nlm.nih.gov/pubmed/1432017
http://dx.doi.org/10.1111/j.1530-0277.2009.01013.x
http://www.ncbi.nlm.nih.gov/pubmed/19572980
http://dx.doi.org/10.1111/j.1360-0443.2009.02516.x
http://www.ncbi.nlm.nih.gov/pubmed/19335652
http://dx.doi.org/10.1016/j.fct.2008.05.034
http://www.ncbi.nlm.nih.gov/pubmed/18577414
http://dx.doi.org/10.1136/gut.39.2.330
http://www.ncbi.nlm.nih.gov/pubmed/8977352
http://dx.doi.org/10.1002/1097-0215(200002)9999:9999<::AID-IJC1027>3.3.CO;2-B
http://dx.doi.org/10.1002/1097-0215(200002)9999:9999<::AID-IJC1027>3.3.CO;2-B
http://www.ncbi.nlm.nih.gov/pubmed/11146456
http://dx.doi.org/10.1097/01.fpc.0000165904.48994.3d
http://www.ncbi.nlm.nih.gov/pubmed/16006997
http://dx.doi.org/10.1126/science.3941913
http://www.ncbi.nlm.nih.gov/pubmed/3941913
http://dx.doi.org/10.1054/plef.2002.0418
http://dx.doi.org/10.1054/plef.2002.0418
http://www.ncbi.nlm.nih.gov/pubmed/12324241
http://dx.doi.org/10.1002/ijc.22204
http://www.ncbi.nlm.nih.gov/pubmed/17066442
http://www.ncbi.nlm.nih.gov/pubmed/9809991
http://dx.doi.org/10.1002/ijc.23264
http://www.ncbi.nlm.nih.gov/pubmed/18033686
http://dx.doi.org/10.1016/j.ejca.2007.01.039
http://dx.doi.org/10.1016/j.ejca.2007.01.039
http://www.ncbi.nlm.nih.gov/pubmed/17383866
http://dx.doi.org/10.1002/ijc.24357
http://www.ncbi.nlm.nih.gov/pubmed/19449376
http://www.ncbi.nlm.nih.gov/pubmed/9439147
http://dx.doi.org/10.1002/ijc.20619
http://dx.doi.org/10.1002/ijc.20619
http://www.ncbi.nlm.nih.gov/pubmed/15455377
http://dx.doi.org/10.1111/j.1530-0277.2006.00139.x
http://dx.doi.org/10.1111/j.1530-0277.2006.00139.x
http://www.ncbi.nlm.nih.gov/pubmed/16792560
http://dx.doi.org/10.1111/j.1572-0241.2008.01796.x
http://www.ncbi.nlm.nih.gov/pubmed/18557716
http://dx.doi.org/10.1002/1097-0142(19930601)71:11<3575::AID-CNCR2820711119>3.0.CO;2-0
http://dx.doi.org/10.1002/1097-0142(19930601)71:11<3575::AID-CNCR2820711119>3.0.CO;2-0
http://www.ncbi.nlm.nih.gov/pubmed/8490907
http://www.ncbi.nlm.nih.gov/pubmed/10919734
http://www.ncbi.nlm.nih.gov/pubmed/9835281


Consumption of alcoholic beverages

Levitt MD & Levitt DG (2000). Appropriate use and 
misuse of blood concentration measurements to 
quantitate first-pass metabolism. J Lab Clin Med, 136: 
275–280. doi:10.1067/mlc.2000.109100 PMID:11039847

Lew JQ, Freedman ND, Leitzmann MF et  al. (2009). 
Alcohol and risk of breast cancer by histologic type and 
hormone receptor status in postmenopausal women: 
the NIH-AARP Diet and Health Study. Am J Epidemiol, 
170: 308–317. doi:10.1093/aje/kwp120 PMID:19541857

Lewis SJ & Smith GD (2005). Alcohol, ALDH2, and 
esophageal cancer: a meta-analysis which illustrates 
the potentials and limitations of a Mendelian randomi-
zation approach. Cancer Epidemiol Biomarkers Prev, 
14: 1967–1971. doi:10.1158/1055-9965.EPI-05-0196 
PMID:16103445

Li CI, Daling JR, Malone KE et al. (2006). Relationship 
between established breast cancer risk factors and risk 
of seven different histologic types of invasive breast 
cancer. Cancer Epidemiol Biomarkers Prev, 15: 946–954. 
doi:10.1158/1055-9965.EPI-05-0881 PMID:16702375

Li CI, Daling JR, Porter PL et  al. (2009a). Relationship 
between potentially modifiable lifestyle factors and 
risk of second primary contralateral breast cancer 
among women diagnosed with estrogen receptor-posi-
tive invasive breast cancer. J Clin Oncol, 27: 5312–5318. 
doi:10.1200/JCO.2009.23.1597 PMID:19738113

Li CI, Malone KE, Porter PL et al. (2003a). The relation-
ship between alcohol use and risk of breast cancer by 
histology and hormone receptor status among women 
65–79 years of age. Cancer Epidemiol Biomarkers Prev, 
12: 1061–1066. PMID:14578143

Li CI, Malone KE, Porter PL, Daling JR (2003b). 
Epidemiologic and molecular risk factors for contralat-
eral breast cancer among young women. Br J Cancer, 89: 
513–518. doi:10.1038/sj.bjc.6601042 PMID:12888823

Li D, Dandara C, Parker MI (2005). Association of cyto-
chrome P450 2E1 genetic polymorphisms with squa-
mous cell carcinoma of the oesophagus. Clin Chem 
Lab Med, 43: 370–375. doi:10.1515/CCLM.2005.067 
PMID:15899651

Li DP, Dandara C, Walther G, Parker MI (2008a). Genetic 
polymorphisms of alcohol metabolising enzymes: their 
role in susceptibility to oesophageal cancer. Clin Chem 
Lab Med, 46: 323–328. doi:10.1515/CCLM.2008.073 
PMID:18254707

Li XM, Li J, Tsuji I et al. (2008b). Mass screening-based 
case-control study of diet and prostate cancer in 
Changchun, China. Asian J Androl, 10: 551–560. 
doi:10.1111/j.1745-7262.2008.00384.x PMID:18478158

Li Y, Baer D, Friedman GD et al. (2009b). Wine, liquor, 
beer and risk of breast cancer in a large population. Eur 
J Cancer, 45: 843–850. doi:10.1016/j.ejca.2008.11.001 
PMID:19095438

Licciardone JC, Wilkins JR 3rd, Brownson RC, Chang JC 
(1989). Cigarette smoking and alcohol consumption in 

the aetiology of uterine cervical cancer. Int J Epidemiol, 
18: 533–537. doi:10.1093/ije/18.3.533 PMID:2807654

Lieber CS (2004). The discovery of the microsomal 
ethanol oxidizing system and its physiologic and path-
ologic role. Drug Metab Rev, 36: 511–529. doi:10.1081/
DMR-200033441 PMID:15554233

Lightfoot TJ, Barrett JH, Bishop T et al. (2008). Methylene 
tetrahydrofolate reductase genotype modifies the 
chemopreventive effect of folate in colorectal adenoma, 
but not colorectal cancer. Cancer Epidemiol Biomarkers 
Prev, 17: 2421–2430. 

Lilla C, Koehler T, Kropp S et al. (2005). Alcohol dehydro-
genase 1B (ADH1B) genotype, alcohol consumption 
and breast cancer risk by age 50 years in a German case-
control study. Br J Cancer, 92: 2039–2041. doi:10.1038/
sj.bjc.6602608 PMID:15886702

Lim HJ & Park BJ (2008). [Cohort study on the asso-
ciation between alcohol consumption and the risk of 
colorectal cancer in the Korean elderly] J Prev Med 
Pub Health, 41: 23–29. doi:10.3961/jpmph.2008.41.1.23 
PMID:18250602

Lim RT Jr, Gentry RT, Ito D et al. (1993). First-pass metab-
olism of ethanol is predominantly gastric. Alcohol Clin 
Exp Res, 17: 1337–1344. doi:10.1111/j.1530-0277.1993.
tb05250.x PMID:8116851

Lim U, Morton LM, Subar AF et  al. (2007). Alcohol, 
smoking, and body size in relation to incident Hodgkin’s 
and non-Hodgkin’s lymphoma risk. Am J Epidemiol, 
166: 697–708. doi:10.1093/aje/kwm122 PMID:17596266

Lim U, Weinstein S, Albanes D et  al. (2006). Dietary 
factors of one-carbon metabolism in relation to non-
Hodgkin lymphoma and multiple myeloma in a cohort 
of male smokers. Cancer Epidemiol Biomarkers Prev, 
15: 1109–1114. doi:10.1158/1055-9965.EPI-05-0918 
PMID:16775167

Lin HJ (1996). Smokers and breast cancer. ‘Chemical 
individuality’ and cancer predisposition. JAMA, 276: 
1511–1512. doi:10.1001/jama.1996.03540180067035 
PMID:8903264

Lind PA, Eriksson CJP, Wilhelmsen KC (2008). The role 
of aldehyde dehydrogenase-1 (ALDH1A1) polymor-
phisms in harmful alcohol consumption in a Finnish 
population. Hum Genomics, 3: 24–35. PMID:19129088

Linderborg K, Joly JP, Visapää JP, Salaspuro M (2008). 
Potential mechanism for Calvados-related oesophageal 
cancer. Food Chem Toxicol, 46: 476–479. doi:10.1016/j.
fct.2007.08.019 PMID:17892909

Linet MS, Harlow SD, McLaughlin JK (1987). A case-
control study of multiple myeloma in whites: chronic 
antigenic stimulation, occupation, and drug use. 
Cancer Res, 47: 2978–2981. PMID:3567914

Lisander B, Lundvall O, Tomner J, Jones AW (2006). 
Enhanced rate of ethanol elimination from blood after 
intravenous administration of amino acids compared 
with equicaloric glucose. Alcohol Alcohol, 41: 39–43. 
PMID:16087660

485

http://dx.doi.org/10.1067/mlc.2000.109100
http://www.ncbi.nlm.nih.gov/pubmed/11039847
http://dx.doi.org/10.1093/aje/kwp120
http://www.ncbi.nlm.nih.gov/pubmed/19541857
http://dx.doi.org/10.1158/1055-9965.EPI-05-0196
http://www.ncbi.nlm.nih.gov/pubmed/16103445
http://dx.doi.org/10.1158/1055-9965.EPI-05-0881
http://www.ncbi.nlm.nih.gov/pubmed/16702375
http://dx.doi.org/10.1200/JCO.2009.23.1597
http://www.ncbi.nlm.nih.gov/pubmed/19738113
http://www.ncbi.nlm.nih.gov/pubmed/14578143
http://dx.doi.org/10.1038/sj.bjc.6601042
http://www.ncbi.nlm.nih.gov/pubmed/12888823
http://dx.doi.org/10.1515/CCLM.2005.067
http://www.ncbi.nlm.nih.gov/pubmed/15899651
http://dx.doi.org/10.1515/CCLM.2008.073
http://www.ncbi.nlm.nih.gov/pubmed/18254707
http://dx.doi.org/10.1111/j.1745-7262.2008.00384.x
http://www.ncbi.nlm.nih.gov/pubmed/18478158
http://dx.doi.org/10.1016/j.ejca.2008.11.001
http://www.ncbi.nlm.nih.gov/pubmed/19095438
http://dx.doi.org/10.1093/ije/18.3.533
http://www.ncbi.nlm.nih.gov/pubmed/2807654
http://dx.doi.org/10.1081/DMR-200033441
http://dx.doi.org/10.1081/DMR-200033441
http://www.ncbi.nlm.nih.gov/pubmed/15554233
http://dx.doi.org/10.1038/sj.bjc.6602608
http://dx.doi.org/10.1038/sj.bjc.6602608
http://www.ncbi.nlm.nih.gov/pubmed/15886702
http://dx.doi.org/10.3961/jpmph.2008.41.1.23
http://www.ncbi.nlm.nih.gov/pubmed/18250602
http://dx.doi.org/10.1111/j.1530-0277.1993.tb05250.x
http://dx.doi.org/10.1111/j.1530-0277.1993.tb05250.x
http://www.ncbi.nlm.nih.gov/pubmed/8116851
http://dx.doi.org/10.1093/aje/kwm122
http://www.ncbi.nlm.nih.gov/pubmed/17596266
http://dx.doi.org/10.1158/1055-9965.EPI-05-0918
http://www.ncbi.nlm.nih.gov/pubmed/16775167
http://dx.doi.org/10.1001/jama.1996.03540180067035
http://www.ncbi.nlm.nih.gov/pubmed/8903264
http://www.ncbi.nlm.nih.gov/pubmed/19129088
http://dx.doi.org/10.1016/j.fct.2007.08.019
http://dx.doi.org/10.1016/j.fct.2007.08.019
http://www.ncbi.nlm.nih.gov/pubmed/17892909
http://www.ncbi.nlm.nih.gov/pubmed/3567914
http://www.ncbi.nlm.nih.gov/pubmed/16087660


IARC MONOGRAPHS – 100E

Liu S, Park JY, Schantz SP et  al. (2001). Elucidation of 
CYP2E1 5′ regulatory RsaI/Pstl allelic variants and 
their role in risk for oral cancer. Oral Oncol, 37: 437–445. 
doi:10.1016/S1368-8375(00)00099-3 PMID:11377232

Liu X, Lao Y, Yang IY et al. (2006). Replication-coupled 
repair of crotonaldehyde/acetaldehyde-induced 
guanine-guanine interstrand cross-links and their 
mutagenicity. Biochemistry, 45: 12898–12905. 
doi:10.1021/bi060792v PMID:17042508

Lodovici M, Casalini C, Cariaggi R et al. (2000). Levels of 
8-hydroxydeoxyguanosine as a marker of DNA damage 
in human leukocytes. Free Radic Biol Med, 28: 13–17. 
doi:10.1016/S0891-5849(99)00194-X PMID:10656286

Loerbroks A, Schouten LJ, Goldbohm RA, van den Brandt 
PA (2007). Alcohol consumption, cigarette smoking, and 
endometrial cancer risk: results from the Netherlands 
Cohort Study. Cancer Causes Control, 18: 551–560. 
doi:10.1007/s10552-007-0127-x PMID:17437180

London SJ, Daly AK, Cooper J et al. (1996). Lung cancer 
risk in relation to the CYP2E1 Rsa I genetic polymor-
phism among African-Americans and Caucasians 
in Los Angeles County. Pharmacogenetics, 6: 
151–158. doi:10.1097/00008571-199604000-00002 
PMID:9156693

Lu Q-J, Yao S-Y, Huang C-Y et al. (2000[The cohort study 
on intake of alcohol and lung cancer risk in the Yunnan 
Tin Corporation (YTC) miners.]). China Pub Health, 
16: 707–708. 

Lu XM, Zhang YM, Lin RY et  al. (2005). Relationship 
between genetic polymorphisms of metabolizing 
enzymes CYP2E1, GSTM1 and Kazakh’s esophageal 
squamous cell cancer in Xinjiang, China. World J 
Gastroenterol, 11: 3651–3654. PMID:15968714

Lubin JH, Purdue M, Kelsey K et al. (2009). Total expo-
sure and exposure rate effects for alcohol and smoking 
and risk of head and neck cancer: a pooled analysis of 
case-control studies. Am J Epidemiol, 170: 937–947. 
doi:10.1093/aje/kwp222 PMID:19745021

Lucas D, Ménez C, Floch F et  al. (1996). Cytochromes 
P4502E1 and P4501A1 genotypes and susceptibility to 
cirrhosis or upper aerodigestive tract cancer in alco-
holic caucasians. Alcohol Clin Exp Res, 20: 1033–1037. 
doi:10.1111/j.1530-0277.1996.tb01943.x PMID:8892524

Lucenteforte E, Scita V, Bosetti C et al. (2008). Food groups 
and alcoholic beverages and the risk of stomach cancer: 
a case-control study in Italy. Nutr Cancer, 60: 577–584. 
doi:10.1080/01635580802054512 PMID:18791920

Mabuchi K, Bross DS, Kessler II (1985). 
Epidemiology of cancer of the vulva. A 
case-control study. Cancer, 55: 1843–1848. 
doi:10.1002/1097-0142(19850415)55:8<1843::AID-
CNCR2820550833>3.0.CO;2-M PMID:3978570

MacArthur AC, McBride ML, Spinelli JJ et  al. (2008). 
Risk of childhood leukemia associated with parental 
smoking and alcohol consumption prior to conception 
and during pregnancy: the cross-Canada childhood 

leukemia study. Cancer Causes Control, 19: 283–295. 
doi:10.1007/s10552-007-9091-8 PMID:18283545

Madsen BS, Jensen HL, van den Brule AJ et al. (2008). Risk 
factors for invasive squamous cell carcinoma of the 
vulva and vagina–population-based case-control study 
in Denmark. Int J Cancer, 122: 2827–2834. doi:10.1002/
ijc.23446 PMID:18348142

Maffei F, Fimognari C, Castelli E et al. (2000). Increased 
cytogenetic damage detected by FISH analysis on 
micronuclei in peripheral lymphocytes from alcoholics. 
Mutagenesis, 15: 517–523. doi:10.1093/mutage/15.6.517 
PMID:11077004

Maffei F, Forti GC, Castelli E et  al. (2002). Biomarkers 
to assess the genetic damage induced by alcohol 
abuse in human lymphocytes. Mutat Res, 514: 49–58. 
PMID:11815244

Mao H, Reddy GR, Marnett LJ, Stone MP (1999). Solution 
structure of an oligodeoxynucleotide containing the 
malondialdehyde deoxyguanosine adduct N2-(3-oxo-
1-propenyl)-dG (ring-opened M1G) positioned in a 
(CpG)3 frameshift hotspot of the Salmonella typhimu-
rium hisD3052 gene. Biochemistry, 38: 13491–13501. 
doi:10.1021/bi9910124 PMID:10521256

Marshall JR, Graham S, Byers T et  al. (1983). Diet and 
smoking in the epidemiology of cancer of the cervix. J 
Natl Cancer Inst, 70: 847–851. PMID:6573528

Martin PM & Hill GB (1984). Cervical cancer in relation to 
tobacco and alcohol consumption in Lesotho, southern 
Africa. Cancer Detect Prev, 7: 109–115. PMID:6713445

Matsuda T, Kawanishi M, Yagi T et  al. (1998). Specific 
tandem GG to TT base substitutions induced by acetal-
dehyde are due to intra-strand crosslinks between adja-
cent guanine bases. Nucleic Acids Res, 26: 1769–1774. 
doi:10.1093/nar/26.7.1769 PMID:9512551

Matsuda T, Terashima I, Matsumoto Y et al. (1999). Effective 
utilization of N2-ethyl-2′-deoxyguanosine triphos-
phate during DNA synthesis catalyzed by mamma-
lian replicative DNA polymerases. Biochemistry, 38: 
929–935. doi:10.1021/bi982134j PMID:9893988

Matsuda T, Yabushita H, Kanaly RA et al. (2006). Increased 
DNA damage in ALDH2-deficient alcoholics. Chem 
Res Toxicol, 19: 1374–1378. doi:10.1021/tx060113h 
PMID:17040107

Matsuo K, Hamajima N, Hirai T et al. (2002). Aldehyde 
dehydrogenase 2 (ALDH2) genotype affects rectal 
cancer susceptibility due to alcohol consump-
tion. J Epidemiol, 12: 70–76. doi:10.2188/jea.12.70 
PMID:12033531

Matsuo K, Hamajima N, Hirose K et al. (2001a). Alcohol, 
smoking, and dietary status and susceptibility to 
malignant lymphoma in Japan: results of a hospital-
based case-control study at Aichi Cancer Center. Jpn J 
Cancer Res, 92: 1011–1017. doi:10.1111/j.1349-7006.2001.
tb01054.x PMID:11676850

Matsuo K, Hamajima N, Shinoda M et  al. (2001b). 
Gene-environment interaction between an 

486

http://dx.doi.org/10.1016/S1368-8375(00)00099-3
http://www.ncbi.nlm.nih.gov/pubmed/11377232
http://dx.doi.org/10.1021/bi060792v
http://www.ncbi.nlm.nih.gov/pubmed/17042508
http://dx.doi.org/10.1016/S0891-5849(99)00194-X
http://www.ncbi.nlm.nih.gov/pubmed/10656286
http://dx.doi.org/10.1007/s10552-007-0127-x
http://www.ncbi.nlm.nih.gov/pubmed/17437180
http://dx.doi.org/10.1097/00008571-199604000-00002
http://www.ncbi.nlm.nih.gov/pubmed/9156693
http://www.ncbi.nlm.nih.gov/pubmed/15968714
http://dx.doi.org/10.1093/aje/kwp222
http://www.ncbi.nlm.nih.gov/pubmed/19745021
http://dx.doi.org/10.1111/j.1530-0277.1996.tb01943.x
http://www.ncbi.nlm.nih.gov/pubmed/8892524
http://dx.doi.org/10.1080/01635580802054512
http://www.ncbi.nlm.nih.gov/pubmed/18791920
http://dx.doi.org/10.1002/1097-0142(19850415)55:8<1843::AID-CNCR2820550833>3.0.CO;2-M
http://dx.doi.org/10.1002/1097-0142(19850415)55:8<1843::AID-CNCR2820550833>3.0.CO;2-M
http://www.ncbi.nlm.nih.gov/pubmed/3978570
http://dx.doi.org/10.1007/s10552-007-9091-8
http://www.ncbi.nlm.nih.gov/pubmed/18283545
http://dx.doi.org/10.1002/ijc.23446
http://dx.doi.org/10.1002/ijc.23446
http://www.ncbi.nlm.nih.gov/pubmed/18348142
http://dx.doi.org/10.1093/mutage/15.6.517
http://www.ncbi.nlm.nih.gov/pubmed/11077004
http://www.ncbi.nlm.nih.gov/pubmed/11815244
http://dx.doi.org/10.1021/bi9910124
http://www.ncbi.nlm.nih.gov/pubmed/10521256
http://www.ncbi.nlm.nih.gov/pubmed/6573528
http://www.ncbi.nlm.nih.gov/pubmed/6713445
http://dx.doi.org/10.1093/nar/26.7.1769
http://www.ncbi.nlm.nih.gov/pubmed/9512551
http://dx.doi.org/10.1021/bi982134j
http://www.ncbi.nlm.nih.gov/pubmed/9893988
http://dx.doi.org/10.1021/tx060113h
http://www.ncbi.nlm.nih.gov/pubmed/17040107
http://dx.doi.org/10.2188/jea.12.70
http://www.ncbi.nlm.nih.gov/pubmed/12033531
http://dx.doi.org/10.1111/j.1349-7006.2001.tb01054.x
http://dx.doi.org/10.1111/j.1349-7006.2001.tb01054.x
http://www.ncbi.nlm.nih.gov/pubmed/11676850


Consumption of alcoholic beverages

aldehyde dehydrogenase-2 (ALDH2) polymorphism 
and alcohol consumption for the risk of esophageal 
cancer. Carcinogenesis, 22: 913–916. doi:10.1093/
carcin/22.6.913 PMID:11375898

Matsuo K, Hiraki A, Hirose K et  al. (2007). Impact of 
the alcohol-dehydrogenase (ADH) 1C and ADH1B 
polymorphisms on drinking behavior in nonalco-
holic Japanese. Hum Mutat, 28: 506–510. doi:10.1002/
humu.20477 PMID:17285601

Matsuo K, Wakai K, Hirose K et al. (2006a). A gene-gene 
interaction between ALDH2 Glu487Lys and ADH2 
His47Arg polymorphisms regarding the risk of color-
ectal cancer in Japan. Carcinogenesis, 27: 1018–1023. 
doi:10.1093/carcin/bgi282 PMID:16332725

Matsuo K, Wakai K, Hirose K et  al. (2006b). Alcohol 
dehydrogenase 2 His47Arg polymorphism influences 
drinking habit independently of aldehyde dehydro-
genase 2 Glu487Lys polymorphism: analysis of 2,299 
Japanese subjects. Cancer Epidemiol Biomarkers Prev, 
15: 1009–1013. doi:10.1158/1055-9965.EPI-05-0911 
PMID:16702384

Matsushima Y (1987). Chromosomal aberrations in the 
lymphocytes of alcoholics and former alcoholics. 
Neuropsychobiology, 17: 24–29. doi:10.1159/000118336 
PMID:3627389

Matthias C, Bockmühl U, Jahnke V et  al. (1998). 
Polymorphism in cytochrome P450 CYP2D6, CYP1A1, 
CYP2E1 and glutathione S-transferase, GSTM1, 
GSTM3, GSTT1 and susceptibility to tobacco-related 
cancers: studies in upper aerodigestive tract cancers. 
Pharmacogenetics, 8: 91–100. doi:10.1097/00008571-
199804000-00001 PMID:10022746

Mayne ST, Janerich DT, Greenwald P et al. (1994). Dietary 
beta carotene and lung cancer risk in U.S. nonsmokers. 
J Natl Cancer Inst, 86: 33–38. doi:10.1093/jnci/86.1.33 
PMID:8271280

McCann SE, Freudenheim JL, Marshall JR et al. (2000). 
Diet in the epidemiology of endometrial cancer in 
western New York (United States). Cancer Causes 
Control, 11: 965–974. doi:10.1023/A:1026551309873 
PMID:11142531

McCann SE, Freudenheim JL, Marshall JR, Graham 
S (2003). Risk of human ovarian cancer is related to 
dietary intake of selected nutrients, phytochemicals and 
food groups. J Nutr, 133: 1937–1942. PMID:12771342

McKinney PA, Cartwright RA, Saiu JM et al. (1987). The 
inter-regional epidemiological study of childhood 
cancer (IRESCC): a case control study of aetiological 
factors in leukaemia and lymphoma. Arch Dis Child, 
62: 279–287. doi:10.1136/adc.62.3.279 PMID:3646026

Menegaux F, Ripert M, Hémon D, Clavel J (2007). Maternal 
alcohol and coffee drinking, parental smoking and 
childhood leukaemia: a French population-based case-
control study. Paediatr Perinat Epidemiol, 21: 293–299. 
doi:10.1111/j.1365-3016.2007.00824.x PMID:17564585

Menegaux F, Steffen C, Bellec S et al. (2005). Maternal coffee 
and alcohol consumption during pregnancy, parental 
smoking and risk of childhood acute leukaemia. Cancer 
Detect Prev, 29: 487–493. doi:10.1016/j.cdp.2005.06.008 
PMID:16289502

Mettlin C (1989). Milk drinking, other beverage habits, 
and lung cancer risk. Int J Cancer, 43: 608–612. 
doi:10.1002/ijc.2910430412 PMID:2703270

Middleton Fillmore K, Chikritzhs T, Stockwell T et  al. 
(2009). Alcohol use and prostate cancer: a meta-
analysis. Mol Nutr Food Res, 53: 240–255. doi:10.1002/
mnfr.200800122 PMID:19156715

Million Women Study Collaborators (2005). Endometrial 
cancer and hormone-replacement therapy in the 
Million Women Study. Lancet, 365: 1543–1551. 

Millikan RC, Newman B, Tse CK et  al. (2008). 
Epidemiology of basal-like breast cancer. Breast Cancer 
Res Treat, 109: 123–139. doi:10.1007/s10549-007-9632-6 
PMID:17578664

Minegishi Y, Tsukino H, Muto M et al. (2007). Susceptibility 
to lung cancer and genetic polymorphisms in the 
alcohol metabolite-related enzymes alcohol dehydro-
genase 3, aldehyde dehydrogenase 2, and cytochrome 
P450 2E1 in the Japanese population. Cancer, 110: 
353–362. doi:10.1002/cncr.22795 PMID:17559142

Miyasaka K, Kawanami T, Shimokata H et  al. (2005). 
Inactive aldehyde dehydrogenase-2 increased the risk 
of pancreatic cancer among smokers in a Japanese 
male population. Pancreas, 30: 95–98. doi:10.1097/01.
mpa.0000147084.70125.41 PMID:15714130

Mizoue T, Inoue M, Wakai K et  al.Research Group for 
Development and Evaluation of Cancer Prevention 
Strategies in Japan (2008). Alcohol drinking and colo-
rectal cancer in Japanese: a pooled analysis of results 
from five cohort studies. Am J Epidemiol, 167: 1397–
1406. doi:10.1093/aje/kwn073 PMID:18420544

Modugno F, Ness RB, Allen GO (2003). Alcohol 
consumption and the risk of mucinous and nonmu-
cinous epithelial ovarian cancer. Obstet Gynecol, 102: 
1336–1343. doi:10.1016/j.obstetgynecol.2003.08.008 
PMID:14662224

Monnereau A, Orsi L, Troussard X et al. (2008). Cigarette 
smoking, alcohol drinking, and risk of lymphoid 
neoplasms: results of a French case-control study. 
Cancer Causes Control, 19: 1147–1160. doi:10.1007/
s10552-008-9182-1 PMID:18781390

Mørch LS, Johansen D, Thygesen LC et al. (2007). Alcohol 
drinking, consumption patterns and breast cancer 
among Danish nurses: a cohort study. Eur J Public 
Health, 17: 624–629. doi:10.1093/eurpub/ckm036 
PMID:17442702

Mori M, Harabuchi I, Miyake H et al. (1988). Reproductive, 
genetic, and dietary risk factors for ovarian cancer. Am 
J Epidemiol, 128: 771–777. PMID:3421242

Morimoto K & Takeshita T (1996). Low Km aldehyde dehy-
drogenase (ALDH2) polymorphism, alcohol-drinking 

487

http://dx.doi.org/10.1093/carcin/22.6.913
http://dx.doi.org/10.1093/carcin/22.6.913
http://www.ncbi.nlm.nih.gov/pubmed/11375898
http://dx.doi.org/10.1002/humu.20477
http://dx.doi.org/10.1002/humu.20477
http://www.ncbi.nlm.nih.gov/pubmed/17285601
http://dx.doi.org/10.1093/carcin/bgi282
http://www.ncbi.nlm.nih.gov/pubmed/16332725
http://dx.doi.org/10.1158/1055-9965.EPI-05-0911
http://www.ncbi.nlm.nih.gov/pubmed/16702384
http://dx.doi.org/10.1159/000118336
http://www.ncbi.nlm.nih.gov/pubmed/3627389
http://dx.doi.org/10.1097/00008571-199804000-00001
http://dx.doi.org/10.1097/00008571-199804000-00001
http://www.ncbi.nlm.nih.gov/pubmed/10022746
http://dx.doi.org/10.1093/jnci/86.1.33
http://www.ncbi.nlm.nih.gov/pubmed/8271280
http://dx.doi.org/10.1023/A:1026551309873
http://www.ncbi.nlm.nih.gov/pubmed/11142531
http://www.ncbi.nlm.nih.gov/pubmed/12771342
http://dx.doi.org/10.1136/adc.62.3.279
http://www.ncbi.nlm.nih.gov/pubmed/3646026
http://dx.doi.org/10.1111/j.1365-3016.2007.00824.x
http://www.ncbi.nlm.nih.gov/pubmed/17564585
http://dx.doi.org/10.1016/j.cdp.2005.06.008
http://www.ncbi.nlm.nih.gov/pubmed/16289502
http://dx.doi.org/10.1002/ijc.2910430412
http://www.ncbi.nlm.nih.gov/pubmed/2703270
http://dx.doi.org/10.1002/mnfr.200800122
http://dx.doi.org/10.1002/mnfr.200800122
http://www.ncbi.nlm.nih.gov/pubmed/19156715
http://dx.doi.org/10.1007/s10549-007-9632-6
http://www.ncbi.nlm.nih.gov/pubmed/17578664
http://dx.doi.org/10.1002/cncr.22795
http://www.ncbi.nlm.nih.gov/pubmed/17559142
http://dx.doi.org/10.1097/01.mpa.0000147084.70125.41
http://dx.doi.org/10.1097/01.mpa.0000147084.70125.41
http://www.ncbi.nlm.nih.gov/pubmed/15714130
http://dx.doi.org/10.1093/aje/kwn073
http://www.ncbi.nlm.nih.gov/pubmed/18420544
http://dx.doi.org/10.1016/j.obstetgynecol.2003.08.008
http://www.ncbi.nlm.nih.gov/pubmed/14662224
http://dx.doi.org/10.1007/s10552-008-9182-1
http://dx.doi.org/10.1007/s10552-008-9182-1
http://www.ncbi.nlm.nih.gov/pubmed/18781390
http://dx.doi.org/10.1093/eurpub/ckm036
http://www.ncbi.nlm.nih.gov/pubmed/17442702
http://www.ncbi.nlm.nih.gov/pubmed/3421242


IARC MONOGRAPHS – 100E

behavior, and chromosome alterations in peripheral 
lymphocytes. Environ Health Perspect, 104: Suppl 
3563–567. doi:10.2307/3432824 PMID:8781384

Morita M, Le Marchand L, Kono S et al. (2009). Genetic 
polymorphisms of CYP2E1 and risk of colorectal 
cancer: the Fukuoka Colorectal Cancer Study. 
Cancer Epidemiol Biomarkers Prev, 18: 235–241. 
doi:10.1158/1055-9965.EPI-08-0698 PMID:19124503

Morita S, Yano M, Shiozaki H et  al. (1997). CYP1A1, 
CYP2E1 and GSTM1 polymorphisms are not asso-
ciated with susceptibility to squamous-cell carci-
noma of the esophagus. Int J Cancer, 71: 192–195. 
doi:10.1002/(SICI)1097-0215(19970410)71:2<192::AID-
IJC11>3.0.CO;2-K PMID:9139841

Morita S, Yano M, Tsujinaka T et al. (1999). Genetic poly-
morphisms of drug-metabolizing enzymes and suscep-
tibility to head-and-neck squamous-cell carcinoma. 
Int J Cancer, 80: 685–688. doi:10.1002/(SICI)1097-
0215(19990301)80:5<685::AID-IJC9>3.0.CO;2-W 
PMID:10048967

Morton LM, Holford TR, Leaderer B et al. (2003). Alcohol 
use and risk of non-Hodgkin’s lymphoma among 
Connecticut women (United States). Cancer Causes 
Control, 14: 687–694. doi:10.1023/A:1025626208861 
PMID:14575367

Morton LM, Zheng T, Holford TR et  al.InterLymph 
Consortium (2005). Alcohol consumption and risk of 
non-Hodgkin lymphoma: a pooled analysis. Lancet 
Oncol, 6: 469–476. doi:10.1016/S1470-2045(05)70214-X 
PMID:15992695

Munaka M, Kohshi K, Kawamoto T et al. (2003). Genetic 
polymorphisms of tobacco- and alcohol-related 
metabolizing enzymes and the risk of hepatocellular 
carcinoma. J Cancer Res Clin Oncol, 129: 355–360. 
doi:10.1007/s00432-003-0439-5 PMID:12759747

Murata M, Tagawa M, Watanabe S et  al. (1999). 
Genotype difference of aldehyde dehydrogenase 2 
gene in alcohol drinkers influences the incidence of 
Japanese colorectal cancer patients. Jpn J Cancer Res, 
90: 711–719. doi:10.1111/j.1349-7006.1999.tb00805.x 
PMID:10470282

Murata M, Takayama K, Choi BCK, Pak AWP (1996). A 
nested case-control study on alcohol drinking, tobacco 
smoking, and cancer. Cancer Detect Prev, 20: 557–565. 
PMID:8939341

Murata M, Watanabe M, Yamanaka M et al. (2001). Genetic 
polymorphisms in cytochrome P450 (CYP) 1A1, 
CYP1A2, CYP2E1, glutathione S-transferase (GST) 
M1 and GSTT1 and susceptibility to prostate cancer 
in the Japanese population. Cancer Lett, 165: 171–177. 
doi:10.1016/S0304-3835(01)00398-6 PMID:11275366

Murtaugh MA, Curtin K, Sweeney C et al. (2007). Dietary 
intake of folate and co-factors in folate metabolism, 
MTHFR polymorphisms, and reduced rectal cancer. 
Cancer Causes Control, 18: 153–163. doi:10.1007/
s10552-006-0099-2 PMID:17245555

Muto M, Takahashi M, Ohtsu A et al. (2005). Risk of multiple 
squamous cell carcinomas both in the esophagus and 
the head and neck region. Carcinogenesis, 26: 1008–
1012. doi:10.1093/carcin/bgi035 PMID:15718256

Muwonge R, Ramadas K, Sankila R et al. (2008). Role of 
tobacco smoking, chewing and alcohol drinking in the 
risk of oral cancer in Trivandrum, India: a nested case-
control design using incident cancer cases. Oral Oncol, 
44: 446–454. doi:10.1016/j.oraloncology.2007.06.002 
PMID:17933578

Nachiappan V, Mufti SI, Chakravarti A et al. (1994). Lipid 
peroxidation and ethanol-related tumor promotion in 
Fischer-344 rats treated with tobacco-specific nitro-
samines. Alcohol Alcohol, 29: 565–574. PMID:7811340

Nakajima M, Takeuchi T, Takeshita T, Morimoto K (1996). 
8-Hydroxydeoxyguanosine in human leukocyte DNA 
and daily health practice factors: effects of individual 
alcohol sensitivity. Environ Health Perspect, 104: 1336–
1338. doi:10.2307/3432971 PMID:9118876

Nakaya N, Tsubono Y, Kuriyama S et al. (2005). Alcohol 
consumption and the risk of cancer in Japanese 
men: the Miyagi cohort study. Eur J Cancer Prev, 14: 
169–174. doi:10.1097/00008469-200504000-00013 
PMID:15785321

Nan HM, Song YJ, Yun HY et al. (2005). Effects of dietary 
intake and genetic factors on hypermethylation of 
the hMLH1 gene promoter in gastric cancer. World J 
Gastroenterol, 11: 3834–3841. PMID:15991278

Nandakumar A, Anantha N, Dhar M et  al. (1995). A 
case-control investigation on cancer of the ovary in 
Bangalore, India. Int J Cancer, 63: 361–365. doi:10.1002/
ijc.2910630310 PMID:7591232

Nasca PC, Liu S, Baptiste MS et  al. (1994). Alcohol 
consumption and breast cancer: estrogen receptor 
status and histology. Am J Epidemiol, 140: 980–988. 
PMID:7985660

Navasumrit P, Margison GP, O’Connor PJ (2001a). 
Ethanol modulates rat hepatic DNA repair functions. 
Alcohol Alcohol, 36: 369–376. PMID:11524300

Navasumrit P, Ward TH, Dodd NJ, O’Connor PJ (2000). 
Ethanol-induced free radicals and hepatic DNA strand 
breaks are prevented in vivo by antioxidants: effects of 
acute and chronic ethanol exposure. Carcinogenesis, 
21: 93–99. doi:10.1093/carcin/21.1.93 PMID:10607739

Navasumrit P, Ward TH, O’Connor PJ et  al. (2001b). 
Ethanol enhances the formation of endogenously and 
exogenously derived adducts in rat hepatic DNA. Mutat 
Res, 479: 81–94. PMID:11470483

Nelson RA, Levine AM, Marks G, Bernstein L (1997). 
Alcohol, tobacco and recreational drug use and the 
risk of non-Hodgkin’s lymphoma. Br J Cancer, 76: 
1532–1537. doi:10.1038/bjc.1997.590 PMID:9400954

Neumark YD, Friedlander Y, Thomasson HR, Li TK 
(1998). Association of the ADH2*2 allele with reduced 
ethanol consumption in Jewish men in Israel: a pilot 
study. J Stud Alcohol, 59: 133–139. PMID:9500299

488

http://dx.doi.org/10.2307/3432824
http://www.ncbi.nlm.nih.gov/pubmed/8781384
http://dx.doi.org/10.1158/1055-9965.EPI-08-0698
http://www.ncbi.nlm.nih.gov/pubmed/19124503
http://dx.doi.org/10.1002/(SICI)1097-0215(19970410)71:2<192::AID-IJC11>3.0.CO;2-K
http://dx.doi.org/10.1002/(SICI)1097-0215(19970410)71:2<192::AID-IJC11>3.0.CO;2-K
http://www.ncbi.nlm.nih.gov/pubmed/9139841
http://dx.doi.org/10.1002/(SICI)1097-0215(19990301)80:5<685::AID-IJC9>3.0.CO;2-W
http://dx.doi.org/10.1002/(SICI)1097-0215(19990301)80:5<685::AID-IJC9>3.0.CO;2-W
http://www.ncbi.nlm.nih.gov/pubmed/10048967
http://dx.doi.org/10.1023/A:1025626208861
http://www.ncbi.nlm.nih.gov/pubmed/14575367
http://dx.doi.org/10.1016/S1470-2045(05)70214-X
http://www.ncbi.nlm.nih.gov/pubmed/15992695
http://dx.doi.org/10.1007/s00432-003-0439-5
http://www.ncbi.nlm.nih.gov/pubmed/12759747
http://dx.doi.org/10.1111/j.1349-7006.1999.tb00805.x
http://www.ncbi.nlm.nih.gov/pubmed/10470282
http://www.ncbi.nlm.nih.gov/pubmed/8939341
http://dx.doi.org/10.1016/S0304-3835(01)00398-6
http://www.ncbi.nlm.nih.gov/pubmed/11275366
http://dx.doi.org/10.1007/s10552-006-0099-2
http://dx.doi.org/10.1007/s10552-006-0099-2
http://www.ncbi.nlm.nih.gov/pubmed/17245555
http://dx.doi.org/10.1093/carcin/bgi035
http://www.ncbi.nlm.nih.gov/pubmed/15718256
http://dx.doi.org/10.1016/j.oraloncology.2007.06.002
http://www.ncbi.nlm.nih.gov/pubmed/17933578
http://www.ncbi.nlm.nih.gov/pubmed/7811340
http://dx.doi.org/10.2307/3432971
http://www.ncbi.nlm.nih.gov/pubmed/9118876
http://dx.doi.org/10.1097/00008469-200504000-00013
http://www.ncbi.nlm.nih.gov/pubmed/15785321
http://www.ncbi.nlm.nih.gov/pubmed/15991278
http://dx.doi.org/10.1002/ijc.2910630310
http://dx.doi.org/10.1002/ijc.2910630310
http://www.ncbi.nlm.nih.gov/pubmed/7591232
http://www.ncbi.nlm.nih.gov/pubmed/7985660
http://www.ncbi.nlm.nih.gov/pubmed/11524300
http://dx.doi.org/10.1093/carcin/21.1.93
http://www.ncbi.nlm.nih.gov/pubmed/10607739
http://www.ncbi.nlm.nih.gov/pubmed/11470483
http://dx.doi.org/10.1038/bjc.1997.590
http://www.ncbi.nlm.nih.gov/pubmed/9400954
http://www.ncbi.nlm.nih.gov/pubmed/9500299


Consumption of alcoholic beverages

Newcomb PA, Nichols HB, Beasley JM et al. (2009). No 
difference between red wine or white wine consumption 
and breast cancer risk. Cancer Epidemiol Biomarkers 
Prev, 18: 1007–1010. doi:10.1158/1055-9965.EPI-08-
0801 PMID:19273487

Newcomb PA, Trentham-Dietz A, Storer BE (1997). 
Alcohol consumption in relation to endometrial cancer 
risk. Cancer Epidemiol Biomarkers Prev, 6: 775–778. 
PMID:9332758

Newton R, Ziegler J, Casabonne D et al.Uganda Kaposi’s 
Sarcoma Study Group (2007). A case-control study of 
cancer of the uterine cervix in Uganda. Eur J Cancer 
Prev, 16: 555–558. doi:10.1097/01.cej.0000243863.22137.
b7 PMID:18090129

Nielsen NR & Grønbaek M (2008). Interactions between 
intakes of alcohol and postmenopausal hormones 
on risk of breast cancer. Int J Cancer, 122: 1109–1113. 
doi:10.1002/ijc.23195 PMID:17966122

Niemelä O (2007). Acetaldehyde adduct in circulation. 
Novartis Found Symp, 285: 19–197. 

Nieters A, Deeg E, Becker N (2006). Tobacco and alcohol 
consumption and risk of lymphoma: results of a popula-
tion-based case-control study in Germany. Int J Cancer, 
118: 422–430. doi:10.1002/ijc.21306 PMID:16080191

Nishimoto IN, Hanaoka T, Sugimura H et  al. (2000). 
Cytochrome P450 2E1 polymorphism in gastric cancer 
in Brazil: case-control studies of Japanese Brazilians 
and non-Japanese Brazilians. Cancer Epidemiol. 
Biomarkers Prev., 9: 675–680. 

Nishimoto IN, Pinheiro NA, Rogatto SR et  al. (2004). 
Alcohol dehydrogenase 3 genotype as a risk 
factor for upper aerodigestive tract cancers. Arch 
Otolaryngol Head Neck Surg, 130: 78–82. doi:10.1001/
archotol.130.1.78 PMID:14732773

Nishino Y, Wakai K, Kondo T et  al.JACC Study Group 
(2006). Alcohol consumption and lung cancer 
mortality in Japanese men: results from Japan collabo-
rative cohort (JACC) study. J Epidemiol, 16: 49–56. 
doi:10.2188/jea.16.49 PMID:16537984

Nomura T, Noma H, Shibahara T et al. (2000). Aldehyde 
dehydrogenase 2 and glutathione S-transferase M 1 
polymorphisms in relation to the risk for oral cancer in 
Japanese drinkers. Oral Oncol, 36: 42–46. doi:10.1016/
S1368-8375(99)00048-2 PMID:10889918

Novoradovsky A, Tsai SJ, Goldfarb L et  al. (1995). 
Mitochondrial aldehyde dehydrogenase polymor-
phism in Asian and American Indian populations: 
detection of new ALDH2 alleles. Alcohol Clin Exp Res, 
19: 1105–1110. doi:10.1111/j.1530-0277.1995.tb01587.x 
PMID:8561277

NTP (2004). Toxicology and Carcinogenesis Studies of 
Urethane, Ethanol, and Urethane/ethanol (Urethane, 
CAS No.51-79-6; Ethanol, CAS No. 64-17-5) in B6C3F1 
Mice (Drinking Water Studies). Technical Report Series 
No. 510, Research Triangle Park, NC.

Nuutinen H, Lindros KO, Salaspuro M (1983). Determinants 
of blood acetaldehyde level during ethanol oxidation in 
chronic alcoholics. Alcohol Clin Exp Res, 7: 163–168. 
doi:10.1111/j.1530-0277.1983.tb05432.x PMID:6346918

Nuutinen HU, Salaspuro MP, Valle M, Lindros KO (1984). 
Blood acetaldehyde concentration gradient between 
hepatic and antecubital venous blood in ethanol-
intoxicated alcoholics and controls. Eur J Clin Invest, 
14: 306–311. doi:10.1111/j.1365-2362.1984.tb01186.x 
PMID:6434326

O’Neil MJ, editor (2001). The Merck Index, 13th ed. 
Whitehouse Station, NJ, Merck & Co., Inc., pp. 1818

Obe G & Anderson D (1987). International Commission 
for Protection against Environmental Mutagens 
and Carcinogens. ICPEMC Working Paper No. 15/1. 
Genetic effects of ethanol. Mutat Res, 186: 177–200. 
PMID:3313027

Ohishi W, Fujiwara S, Cologne JB et al. (2008). Risk factors 
for hepatocellular carcinoma in a Japanese popula-
tion: a nested case-control study. Cancer Epidemiol 
Biomarkers Prev, 17: 846–854. doi:10.1158/1055-9965.
EPI-07-2806 PMID:18398026

Olivieri EHR, da Silva SD, Mendonça FF et  al. (2009). 
CYP1A2*1C, CYP2E1*5B, and GSTM1 polymorphisms 
are predictors of risk and poor outcome in head and 
neck squamous cell carcinoma patients. Oral Oncol, 
45: e73–e79. doi:10.1016/j.oraloncology.2009.03.004 
PMID:19442564

Olshan AF, Weissler MC, Watson MA, Bell DA (2001). 
Risk of head and neck cancer and the alcohol dehy-
drogenase 3 genotype. Carcinogenesis, 22: 57–61. 
doi:10.1093/carcin/22.1.57 PMID:11159741

Osier MV, Pakstis AJ, Goldman D et al. (2002). A proline-
threonine substitution in codon 351 of ADH1C is 
common in Native Americans. Alcohol Clin Exp Res, 
26: 1759–1763. doi:10.1111/j.1530-0277.2002.tb02481.x 
PMID:12500098

Ostrovsky  YM (1986). Endogenous ethanol–its meta-
bolic, behavioral and biomedical significance. 
Alcohol, 3: 239–247. doi:10.1016/0741-8329(86)90032-7 
PMID:3530279

Otani T, Iwasaki M, Hanaoka T et  al. (2005). Folate, 
vitamin B6, vitamin B12, and vitamin B2 intake, 
genetic polymorphisms of related enzymes, and risk 
of colorectal cancer in a hospital-based case-control 
study in Japan. Nutr Cancer, 53: 42–50. doi:10.1207/
s15327914nc5301_5 PMID:16351505

Ough CS (1987). Chemicals used in making wine. Chem 
Eng News, 65: 19–28. doi:10.1021/cen-v065n001.p019

Oyama T, Kawamoto T, Mizoue T et al. (1997). Cytochrome 
P450 2E1 polymorphism as a risk factor for lung cancer: 
in relation to p53 gene mutation. Anticancer Res, 17: 
1B583–587. PMID:9066584

Ozasa KJapan Collaborative Cohort Study for Evaluation 
of Cancer (2007). Alcohol use and mortality in the 
Japan Collaborative Cohort Study for Evaluation of 

489

http://dx.doi.org/10.1158/1055-9965.EPI-08-0801
http://dx.doi.org/10.1158/1055-9965.EPI-08-0801
http://www.ncbi.nlm.nih.gov/pubmed/19273487
http://www.ncbi.nlm.nih.gov/pubmed/9332758
http://dx.doi.org/10.1097/01.cej.0000243863.22137.b7
http://dx.doi.org/10.1097/01.cej.0000243863.22137.b7
http://www.ncbi.nlm.nih.gov/pubmed/18090129
http://dx.doi.org/10.1002/ijc.23195
http://www.ncbi.nlm.nih.gov/pubmed/17966122
http://dx.doi.org/10.1002/ijc.21306
http://www.ncbi.nlm.nih.gov/pubmed/16080191
http://dx.doi.org/10.1001/archotol.130.1.78
http://dx.doi.org/10.1001/archotol.130.1.78
http://www.ncbi.nlm.nih.gov/pubmed/14732773
http://dx.doi.org/10.2188/jea.16.49
http://www.ncbi.nlm.nih.gov/pubmed/16537984
http://dx.doi.org/10.1016/S1368-8375(99)00048-2
http://dx.doi.org/10.1016/S1368-8375(99)00048-2
http://www.ncbi.nlm.nih.gov/pubmed/10889918
http://dx.doi.org/10.1111/j.1530-0277.1995.tb01587.x
http://www.ncbi.nlm.nih.gov/pubmed/8561277
http://dx.doi.org/10.1111/j.1530-0277.1983.tb05432.x
http://www.ncbi.nlm.nih.gov/pubmed/6346918
http://dx.doi.org/10.1111/j.1365-2362.1984.tb01186.x
http://www.ncbi.nlm.nih.gov/pubmed/6434326
http://www.ncbi.nlm.nih.gov/pubmed/3313027
http://dx.doi.org/10.1158/1055-9965.EPI-07-2806
http://dx.doi.org/10.1158/1055-9965.EPI-07-2806
http://www.ncbi.nlm.nih.gov/pubmed/18398026
http://dx.doi.org/10.1016/j.oraloncology.2009.03.004
http://www.ncbi.nlm.nih.gov/pubmed/19442564
http://dx.doi.org/10.1093/carcin/22.1.57
http://www.ncbi.nlm.nih.gov/pubmed/11159741
http://dx.doi.org/10.1111/j.1530-0277.2002.tb02481.x
http://www.ncbi.nlm.nih.gov/pubmed/12500098
http://dx.doi.org/10.1016/0741-8329(86)90032-7
http://www.ncbi.nlm.nih.gov/pubmed/3530279
http://dx.doi.org/10.1207/s15327914nc5301_5
http://dx.doi.org/10.1207/s15327914nc5301_5
http://www.ncbi.nlm.nih.gov/pubmed/16351505
http://dx.doi.org/10.1021/cen-v065n001.p019
http://www.ncbi.nlm.nih.gov/pubmed/9066584


IARC MONOGRAPHS – 100E

Cancer (JACC). Asian Pac J Cancer Prev, 8: Suppl81–88. 
PMID:18260706

Pacella-Norman R, Urban MI, Sitas F et al. (2002). Risk 
factors for oesophageal, lung, oral and laryngeal 
cancers in black South Africans. Br J Cancer, 86: 1751–
1756. doi:10.1038/sj.bjc.6600338 PMID:12087462

Pandeya N, Williams G, Green AC et al.Australian Cancer 
Study (2009). Alcohol consumption and the risks of 
adenocarcinoma and squamous cell carcinoma of the 
esophagus. Gastroenterology, 136: 1215–1224, e1–e2. 
doi:10.1053/j.gastro.2008.12.052 PMID:19250648

Pandya GA & Moriya M (1996). 
1,N6-ethenodeoxyadenosine, a DNA adduct highly 
mutagenic in mammalian cells. Biochemistry, 35: 
11487–11492. doi:10.1021/bi960170h PMID:8784204

Parazzini F, La Vecchia C, D’Avanzo B et  al. (1995a). 
Alcohol and endometrial cancer risk: findings from 
an Italian case-control study. Nutr Cancer, 23: 55–62. 
doi:10.1080/01635589509514361 PMID:7739915

Parazzini F, Moroni S, Negri E et al. (1995b). Selected food 
intake and risk of vulvar cancer. Cancer, 76: 2291–2296. 
doi:10.1002/1097-0142(19951201)76:11<2291::AID-
CNCR2820761117>3.0.CO;2-W PMID:8635034

Parkin DM, Srivatanakul P, Khlat M et al. (1991). Liver 
cancer in Thailand. I. A case-control study of cholan-
giocarcinoma. Int J Cancer, 48: 323–328. doi:10.1002/
ijc.2910480302 PMID:1645697

Parkin DM, Vizcaino AP, Skinner ME, Ndhlovu A (1994). 
Cancer patterns and risk factors in the African popu-
lation of southwestern Zimbabwe, 1963–1977. Cancer 
Epidemiol Biomarkers Prev, 3: 537–547. PMID:7827583

Parkinson A, Ogilvie BW (2008). Biotransformation of 
Xenobiotics. In: Casarett & Doull’s Toxicology: The 
Basic Science of Poisons. Klaassen CD, editor. Kansas 
City: McGraw Hill Medical, pp. 161–304.

Pelucchi C, Galeone C, Montella M et al. (2008). Alcohol 
consumption and renal cell cancer risk in two Italian 
case-control studies. Ann Oncol, 19: 1003–1008. 
doi:10.1093/annonc/mdm590 PMID:18187482

Pelucchi C, La Vecchia C, Negri E et al. (2002). Alcohol 
drinking and renal cell carcinoma in women and men. 
Eur J Cancer Prev, 11: 543–545. doi:10.1097/00008469-
200212000-00006 PMID:12457106

Pelucchi C, Mereghetti M, Talamini R et al. (2005). Dietary 
folate, alcohol consumption, and risk of ovarian cancer 
in an Italian case-control study. Cancer Epidemiol 
Biomarkers Prev, 14: 2056–2058. doi:10.1158/1055-
9965.EPI-05-0192 PMID:16103462

Pereira Serafim PV, Cotrim Guerreiro da Silva ID, 
Manoukias Forones N (2008). Relationship between 
genetic polymorphism of CYP1A1 at codon 462 
(Ile462Val) in colorectal cancer. Int J Biol Markers, 23: 
18–23. PMID:18409146

Persson I, Johansson I, Bergung H et al. (1993). Genetic 
polymorphism of cytochrome P4502E1 in a Swedish 
population. Relationship to incidence of lung 

cancer. FEBS Lett, 319: 207–211. doi:10.1016/0014-
5793(93)80547-8 PMID:8096192

Persson I, Johansson I, Yue Q-Y et  al. (1999). Genetic 
polymorphism of xenobiotic metabolizing 
enzymes among Chinese lung cancer patients. 
Int J Cancer, 81: 325–329. doi:10.1002/(SICI)1097-
0215(19990505)81:3<325::AID-IJC2>3.0.CO;2-S 
PMID:10209943

Peters ES, McClean MD, Liu M et al. (2005). The ADH1C 
polymorphism modifies the risk of squamous cell 
carcinoma of the head and neck associated with 
alcohol and tobacco use. Cancer Epidemiol Biomarkers 
Prev, 14: 476–482. doi:10.1158/1055-9965.EPI-04-0431 
PMID:15734975

Peterson NB, Trentham-Dietz A, Newcomb PA et  al. 
(2006). Alcohol consumption and ovarian cancer risk 
in a population-based case-control study. Int J Cancer, 
119: 2423–2427. doi:10.1002/ijc.22137 PMID:16921486

Petridou E, Koukoulomatis P, Dessypris N et al. (2002). 
Why is endometrial cancer less common in Greece 
than in other European Union countries? Eur J Cancer 
Prev, 11: 427–432. doi:10.1097/00008469-200210000-
00004 PMID:12394239

Phillips BJ & Jenkinson P (2001). Is ethanol genotoxic? A 
review of the published data. Mutagenesis, 16: 91–101. 
doi:10.1093/mutage/16.2.91 PMID:11230549

Pierce RJ, Kune GA, Kune S et  al. (1989). Dietary and 
alcohol intake, smoking pattern, occupational risk, 
and family history in lung cancer patients: results of a 
case-control study in males. Nutr Cancer, 12: 237–248. 
doi:10.1080/01635588909514023 PMID:2771801

Pikkarainen P, Baraona E, Seitz H, Lieber CS (1980). Breath 
acetaldehyde: evidence of acetaldehyde production by 
oropharynx microflora and by lung microsomes. Adv 
Exp Med Biol, 132: 469–474. PMID:7424726

Pires PW, Furtado KS, Justullin LA Jr et  al. (2008). 
Chronic ethanol intake promotes double gluthatione 
S-transferase/transforming growth factor-alpha-posi-
tive hepatocellular lesions in male Wistar rats. Cancer 
Sci, 99: 221–228. doi:10.1111/j.1349-7006.2007.00677.x 
PMID:18271918

Platz EA, Leitzmann MF, Rimm EB et al. (2004). Alcohol 
intake, drinking patterns, and risk of prostate cancer in 
a large prospective cohort study. Am J Epidemiol, 159: 
444–453. doi:10.1093/aje/kwh062 PMID:14977640

Pluskota-Karwatka D, Pawłowicz AJ, Kronberg L (2006). 
Formation of malonaldehyde-acetaldehyde conjugate 
adducts in calf thymus DNA. Chem Res Toxicol, 19: 
921–926. doi:10.1021/tx060027h PMID:16841960

Pogoda JM, Nichols PW, Preston-Martin S (2004). 
Alcohol consumption and risk of adult-onset acute 
myeloid leukemia: results from a Los Angeles County 
case-control study. Leuk Res, 28: 927–931. doi:10.1016/j.
leukres.2004.01.007 PMID:15234569

Pollack ES, Nomura AM, Heilbrun LK et  al. (1984). 
Prospective study of alcohol consumption and 

490

http://www.ncbi.nlm.nih.gov/pubmed/18260706
http://dx.doi.org/10.1038/sj.bjc.6600338
http://www.ncbi.nlm.nih.gov/pubmed/12087462
http://dx.doi.org/10.1053/j.gastro.2008.12.052
http://www.ncbi.nlm.nih.gov/pubmed/19250648
http://dx.doi.org/10.1021/bi960170h
http://www.ncbi.nlm.nih.gov/pubmed/8784204
http://dx.doi.org/10.1080/01635589509514361
http://www.ncbi.nlm.nih.gov/pubmed/7739915
http://dx.doi.org/10.1002/1097-0142(19951201)76:11<2291::AID-CNCR2820761117>3.0.CO;2-W
http://dx.doi.org/10.1002/1097-0142(19951201)76:11<2291::AID-CNCR2820761117>3.0.CO;2-W
http://www.ncbi.nlm.nih.gov/pubmed/8635034
http://dx.doi.org/10.1002/ijc.2910480302
http://dx.doi.org/10.1002/ijc.2910480302
http://www.ncbi.nlm.nih.gov/pubmed/1645697
http://www.ncbi.nlm.nih.gov/pubmed/7827583
http://dx.doi.org/10.1093/annonc/mdm590
http://www.ncbi.nlm.nih.gov/pubmed/18187482
http://dx.doi.org/10.1097/00008469-200212000-00006
http://dx.doi.org/10.1097/00008469-200212000-00006
http://www.ncbi.nlm.nih.gov/pubmed/12457106
http://dx.doi.org/10.1158/1055-9965.EPI-05-0192
http://dx.doi.org/10.1158/1055-9965.EPI-05-0192
http://www.ncbi.nlm.nih.gov/pubmed/16103462
http://www.ncbi.nlm.nih.gov/pubmed/18409146
http://dx.doi.org/10.1016/0014-5793(93)80547-8
http://dx.doi.org/10.1016/0014-5793(93)80547-8
http://www.ncbi.nlm.nih.gov/pubmed/8096192
http://dx.doi.org/10.1002/(SICI)1097-0215(19990505)81:3<325::AID-IJC2>3.0.CO;2-S
http://dx.doi.org/10.1002/(SICI)1097-0215(19990505)81:3<325::AID-IJC2>3.0.CO;2-S
http://www.ncbi.nlm.nih.gov/pubmed/10209943
http://dx.doi.org/10.1158/1055-9965.EPI-04-0431
http://www.ncbi.nlm.nih.gov/pubmed/15734975
http://dx.doi.org/10.1002/ijc.22137
http://www.ncbi.nlm.nih.gov/pubmed/16921486
http://dx.doi.org/10.1097/00008469-200210000-00004
http://dx.doi.org/10.1097/00008469-200210000-00004
http://www.ncbi.nlm.nih.gov/pubmed/12394239
http://dx.doi.org/10.1093/mutage/16.2.91
http://www.ncbi.nlm.nih.gov/pubmed/11230549
http://dx.doi.org/10.1080/01635588909514023
http://www.ncbi.nlm.nih.gov/pubmed/2771801
http://www.ncbi.nlm.nih.gov/pubmed/7424726
http://dx.doi.org/10.1111/j.1349-7006.2007.00677.x
http://www.ncbi.nlm.nih.gov/pubmed/18271918
http://dx.doi.org/10.1093/aje/kwh062
http://www.ncbi.nlm.nih.gov/pubmed/14977640
http://dx.doi.org/10.1021/tx060027h
http://www.ncbi.nlm.nih.gov/pubmed/16841960
http://dx.doi.org/10.1016/j.leukres.2004.01.007
http://dx.doi.org/10.1016/j.leukres.2004.01.007
http://www.ncbi.nlm.nih.gov/pubmed/15234569


Consumption of alcoholic beverages

cancer. N Engl J Med, 310: 617–621. doi:10.1056/
NEJM198403083101003 PMID:6694673

Polychronopoulou A, Tzonou A, Hsieh CC et al. (1993). 
Reproductive variables, tobacco, ethanol, coffee and 
somatometry as risk factors for ovarian cancer. Int 
J Cancer, 55: 402–407. doi:10.1002/ijc.2910550312 
PMID:8375923

Pool-Zobel BL, Dornacher I, Lambertz R et  al. (2004). 
Genetic damage and repair in human rectal cells for 
biomonitoring: sex differences, effects of alcohol expo-
sure, and susceptibilities in comparison to periph-
eral blood lymphocytes. Mutat Res, 551: 127–134. 
PMID:15225587

Potter JD, Sellers TA, Folsom AR, McGovern PG 
(1992). Alcohol, beer, and lung cancer in post-
menopausal women. The Iowa Women’s Health 
Study. Ann Epidemiol, 2: 587–595. doi:10.1016/1047-
2797(92)90003-9 PMID:1342310

Powell H, Kitteringham NR, Pirmohamed M et  al. 
(1998). Expression of cytochrome P4502E1 in human 
liver: assessment by mRNA, genotype and phenotype. 
Pharmacogenetics, 8: 411–421. doi:10.1097/00008571-
199810000-00006 PMID:9825833

Prescott E, Grønbaek M, Becker U, Sørensen TI (1999). 
Alcohol intake and the risk of lung cancer: influence 
of type of alcoholic beverage. Am J Epidemiol, 149: 
463–470. PMID:10067906

Prior P (1988). Long-term cancer risk in alcoholism. 
Alcohol Alcohol, 23: 163–171. PMID:3390240

Purdue MP, Hashibe M, Berthiller J et al. (2009). Type of 
alcoholic beverage and risk of head and neck cancer–
a pooled analysis within the INHANCE Consortium. 
Am J Epidemiol, 169: 132–142. doi:10.1093/aje/kwn306 
PMID:19064644

Putnam SD, Cerhan JR, Parker AS et al. (2000). Lifestyle 
and anthropometric risk factors for prostate cancer 
in a cohort of Iowa men. Ann Epidemiol, 10: 361–369. 
doi:10.1016/S1047-2797(00)00057-0 PMID:10964002

Qin JM, Yang L, Chen B et al. (2008). Interaction of meth-
ylenetetrahydrofolate reductase C677T, cytochrome 
P4502E1 polymorphism and environment factors 
in esophageal cancer in Kazakh population. World J 
Gastroenterol, 14: 6986–6992. doi:10.3748/wjg.14.6986 
PMID:19058336

Quiñones L, Lucas D, Godoy J et  al. (2001). CYP1A1, 
CYP2E1 and GSTM1 genetic polymorphisms. The 
effect of single and combined genotypes on lung 
cancer susceptibility in Chilean people. Cancer 
Lett, 174: 35–44. doi:10.1016/S0304-3835(01)00686-3 
PMID:11675150

Rachtan J (2002). Alcoholic beverages consumption and 
lung cancer cell types among women in Poland. Lung 
Cancer, 35: 119–127. doi:10.1016/S0169-5002(01)00331-2 
PMID:11804683

Rachtan J & Sokolowski A (1997). Risk factors for lung 
cancer among women in Poland. Lung Cancer, 

18: 137–145. doi:10.1016/S0169-5002(97)00062-7 
PMID:9316005

Radike MJ, Stemmer KL, Bingham E (1981). Effect of 
ethanol on vinyl chloride carcinogenesis. Environ 
Health Perspect, 41: 59–62. doi:10.1289/ehp.814159 
PMID:6277614

Rauscher GH, Shore D, Sandler DP (2004). Alcohol intake 
and incidence of de novo adult acute leukemia. Leuk 
Res, 28: 1263–1265. doi:10.1016/j.leukres.2004.04.004 
PMID:15475066

Rehm J, Patra J, Popova S (2007). Alcohol drinking cessa-
tion and its effect on esophageal and head and neck 
cancers: a pooled analysis. Int J Cancer, 121: 1132–1137. 
doi:10.1002/ijc.22798 PMID:17487833

Ribas G, Milne RL, Gonzalez-Neira A, Benítez J (2008). 
Haplotype patterns in cancer-related genes with long-
range linkage disequilibrium: no evidence of asso-
ciation with breast cancer or positive selection. Eur J 
Hum Genet, 16: 252–260. doi:10.1038/sj.ejhg.5201953 
PMID:18000525

Riman T, Dickman PW, Nilsson S et al. (2004). Some life-
style factors and the risk of invasive epithelial ovarian 
cancer in Swedish women. Eur J Epidemiol, 19: 1011–
1019. doi:10.1007/s10654-004-1633-8 PMID:15648594

Risch A, Ramroth H, Raedts V et  al. (2003). Laryngeal 
cancer risk in Caucasians is associated with alcohol 
and tobacco consumption but not modified by 
genetic polymorphisms in class I alcohol dehydro-
genases ADH1B and ADH1C, and glutathione-S-
transferases GSTM1 and GSTT1. Pharmacogenetics, 
13: 225–230. doi:10.1097/00008571-200304000-00007 
PMID:12668919

Robbins WA, Vine MF, Truong KY, Everson RB (1997). 
Use of fluorescence in situ hybridization (FISH) to 
assess effects of smoking, caffeine, and alcohol on 
aneuploidy load in sperm of healthy men. Environ 
Mol Mutagen, 30: 175–183. doi:10.1002/(SICI)1098-
22 8 0 (19 97)3 0 :2<175: : A I D -E M10>3.0 .CO; 2-A 
PMID:9329642

Robinette CD, Hrubec Z, Fraumeni JF Jr (1979). Chronic 
alcoholism and subsequent mortality in World War II 
veterans. Am J Epidemiol, 109: 687–700. PMID:453188

Rod NH, Hansen AM, Nielsen J et  al. (2009). Low-risk 
factor profile, estrogen levels, and breast cancer risk 
among postmenopausal women. Int J Cancer, 124: 
1935–1940. doi:10.1002/ijc.24136 PMID:19123466

Rogers J, Smith J, Starmer GA, Whitfield JB (1987). 
Differing effects of carbohydrate, fat and protein on 
the rate of ethanol metabolism. Alcohol Alcohol, 22: 
345–353. PMID:3426763

Rohrmann S, Linseisen J, Boshuizen HC et  al. (2006). 
Ethanol intake and risk of lung cancer in the European 
Prospective Investigation into Cancer and Nutrition 
(EPIC). Am J Epidemiol, 164: 1103–1114. doi:10.1093/
aje/kwj326 PMID:16987924

491

http://dx.doi.org/10.1056/NEJM198403083101003
http://dx.doi.org/10.1056/NEJM198403083101003
http://www.ncbi.nlm.nih.gov/pubmed/6694673
http://dx.doi.org/10.1002/ijc.2910550312
http://www.ncbi.nlm.nih.gov/pubmed/8375923
http://www.ncbi.nlm.nih.gov/pubmed/15225587
http://dx.doi.org/10.1016/1047-2797(92)90003-9
http://dx.doi.org/10.1016/1047-2797(92)90003-9
http://www.ncbi.nlm.nih.gov/pubmed/1342310
http://dx.doi.org/10.1097/00008571-199810000-00006
http://dx.doi.org/10.1097/00008571-199810000-00006
http://www.ncbi.nlm.nih.gov/pubmed/9825833
http://www.ncbi.nlm.nih.gov/pubmed/10067906
http://www.ncbi.nlm.nih.gov/pubmed/3390240
http://dx.doi.org/10.1093/aje/kwn306
http://www.ncbi.nlm.nih.gov/pubmed/19064644
http://dx.doi.org/10.1016/S1047-2797(00)00057-0
http://www.ncbi.nlm.nih.gov/pubmed/10964002
http://dx.doi.org/10.3748/wjg.14.6986
http://www.ncbi.nlm.nih.gov/pubmed/19058336
http://dx.doi.org/10.1016/S0304-3835(01)00686-3
http://www.ncbi.nlm.nih.gov/pubmed/11675150
http://dx.doi.org/10.1016/S0169-5002(01)00331-2
http://www.ncbi.nlm.nih.gov/pubmed/11804683
http://dx.doi.org/10.1016/S0169-5002(97)00062-7
http://www.ncbi.nlm.nih.gov/pubmed/9316005
http://dx.doi.org/10.1289/ehp.814159
http://www.ncbi.nlm.nih.gov/pubmed/6277614
http://dx.doi.org/10.1016/j.leukres.2004.04.004
http://www.ncbi.nlm.nih.gov/pubmed/15475066
http://dx.doi.org/10.1002/ijc.22798
http://www.ncbi.nlm.nih.gov/pubmed/17487833
http://dx.doi.org/10.1038/sj.ejhg.5201953
http://www.ncbi.nlm.nih.gov/pubmed/18000525
http://dx.doi.org/10.1007/s10654-004-1633-8
http://www.ncbi.nlm.nih.gov/pubmed/15648594
http://dx.doi.org/10.1097/00008571-200304000-00007
http://www.ncbi.nlm.nih.gov/pubmed/12668919
http://dx.doi.org/10.1002/(SICI)1098-2280(1997)30:2<175::AID-EM10>3.0.CO;2-A
http://dx.doi.org/10.1002/(SICI)1098-2280(1997)30:2<175::AID-EM10>3.0.CO;2-A
http://www.ncbi.nlm.nih.gov/pubmed/9329642
http://www.ncbi.nlm.nih.gov/pubmed/453188
http://dx.doi.org/10.1002/ijc.24136
http://www.ncbi.nlm.nih.gov/pubmed/19123466
http://www.ncbi.nlm.nih.gov/pubmed/3426763
http://dx.doi.org/10.1093/aje/kwj326
http://dx.doi.org/10.1093/aje/kwj326
http://www.ncbi.nlm.nih.gov/pubmed/16987924


IARC MONOGRAPHS – 100E

Rohrmann S, Linseisen J, Key TJ et  al. (2008). Alcohol 
consumption and the risk for prostate cancer in the 
European Prospective Investigation into Cancer 
and Nutrition. Cancer Epidemiol Biomarkers Prev, 
17: 1282–1287. doi:10.1158/1055-9965.EPI-07-2888 
PMID:18483352

Rohrmann S, Linseisen J, Vrieling A et  al. (2009). 
Ethanol intake and the risk of pancreatic cancer in the 
European Prospective Investigation into Cancer and 
Nutrition (EPIC). Cancer Causes Control, 20: 785–794. 
doi:10.1007/s10552-008-9293-8 PMID:19145468

Rossini A, Rapozo DCM, Soares Lima SC et  al. (2007). 
Polymorphisms of GSTP1 and GSTT1, but not 
of CYP2A6, CYP2E1 or GSTM1, modify the risk 
for esophageal cancer in a western population. 
Carcinogenesis, 28: 2537–2542. doi:10.1093/carcin/
bgm222 PMID:17916905

Roy HK, Gulizia JM, Karolski WJ et al. (2002). Ethanol 
promotes intestinal tumorigenesis in the MIN mouse. 
Multiple intestinal neoplasia. Cancer Epidemiol 
Biomarkers Prev, 11: 1499–1502. PMID:12433735

Ruano-Ravina A, Figueiras A, Barros-Dios JM (2004). 
Type of wine and risk of lung cancer: a case-control 
study in Spain. Thorax, 59: 981–985. doi:10.1136/
thx.2003.018861 PMID:15516476

Rudant J, Menegaux F, Leverger G et al. (2008). Childhood 
hematopoietic malignancies and parental use of tobacco 
and alcohol: the ESCALE study (SFCE). Cancer Causes 
Control, 19: 1277–1290. doi:10.1007/s10552-008-9199-5 
PMID:18618277

Ruwali M, Khan AJ, Shah PP et al. (2009). Cytochrome 
P450 2E1 and head and neck cancer: interaction 
with genetic and environmental risk factors. Environ 
Mol Mutagen, 50: 473–482. doi:10.1002/em.20488 
PMID:19334053

Sakamoto T, Hara M, Higaki Y et  al. (2006). Influence 
of alcohol consumption and gene polymorphisms of 
ADH2 and ALDH2 on hepatocellular carcinoma in 
a Japanese population. Int J Cancer, 118: 1501–1507. 
doi:10.1002/ijc.21505 PMID:16187278

Salaspuro MP (2003). Acetaldehyde, microbes, and cancer 
of the digestive tract. Crit Rev Clin Lab Sci, 40: 183–208. 
doi:10.1080/713609333 PMID:12755455

Schmidt W & Popham RE (1981). The role of drinking 
and smoking in mortality from cancer and other 
causes in male alcoholics. Cancer, 47: 1031–1041. 
doi:10.1002/1097-0142(19810301)47:5<1031::AID-
CNCR2820470534>3.0.CO;2-C PMID:7226036

Schouten LJ, Zeegers MPA, Goldbohm RA, van den 
Brandt PA (2004). Alcohol and ovarian cancer 
risk: results from the Netherlands Cohort Study. 
Cancer Causes Control, 15: 201–209. doi:10.1023/
B:CACO.0000019512.71560.2b PMID:15017133

Schuurman AG, Goldbohm RA, van den Brandt PA (1999). 
A prospective cohort study on consumption of alco-
holic beverages in relation to prostate cancer incidence 

(The Netherlands). Cancer Causes Control, 10: 597–605. 
doi:10.1023/A:1008925103542 PMID:10616828

Schwartz SM, Doody DR, Fitzgibbons ED et  al. (2001). 
Oral squamous cell cancer risk in relation to alcohol 
consumption and alcohol dehydrogenase-3 genotypes. 
Cancer Epidemiol Biomarkers Prev, 10: 1137–1144. 
PMID:11700261

Seitz HK, Egerer G, Oneta C et al. (1996). Alcohol dehy-
drogenase in the human colon and rectum. Digestion, 
57: 105–108. doi:10.1159/000201322 PMID:8785998

Sesso HD, Paffenbarger RS Jr, Lee IM (2001). Alcohol 
consumption and risk of prostate cancer: The Harvard 
Alumni Health Study. Int J Epidemiol, 30: 749–755. 
doi:10.1093/ije/30.4.749 PMID:11511598

Setiawan VW, Monroe KR, Goodman MT et al. (2008). 
Alcohol consumption and endometrial cancer risk: 
the multiethnic cohort. Int J Cancer, 122: 634–638. 
doi:10.1002/ijc.23072 PMID:17764072

Setiawan VW, Monroe KR, Wilkens LR et  al. (2009). 
Breast cancer risk factors defined by estrogen and 
progesterone receptor status: the multiethnic cohort 
study. Am J Epidemiol, 169: 1251–1259. doi:10.1093/aje/
kwp036 PMID:19318616

Severson RK, Buckley JD, Woods WG et al. (1993). Cigarette 
smoking and alcohol consumption by parents of chil-
dren with acute myeloid leukemia: an analysis within 
morphological subgroups–a report from the Childrens 
Cancer Group. Cancer Epidemiol Biomarkers Prev, 2: 
433–439. PMID:8220087

Shaib YH, El-Serag HB, Nooka AK et  al. (2007). Risk 
factors for intrahepatic and extrahepatic cholangi-
ocarcinoma: a hospital-based case-control study. Am 
J Gastroenterol, 102: 1016–1021. doi:10.1111/j.1572-
0241.2007.01104.x PMID:17324130

Sharpe CR & Siemiatycki J (2001). Case-control study 
of alcohol consumption and prostate cancer risk in 
Montréal, Canada. Cancer Causes Control, 12: 589–598. 
doi:10.1023/A:1011289108040 PMID:11552706

Sherman D, Davé V, Hsu LC et al. (1993). Diverse poly-
morphism within a short coding region of the human 
aldehyde dehydrogenase-5 (ALDH5) gene. Hum Genet, 
92: 477–480. doi:10.1007/BF00216454 PMID:8244338

Shibata A, Fukuda K, Nishiyori A et  al. (1998). A case-
control study on male hepatocellular carcinoma based 
on hospital and community controls. J Epidemiol, 8: 
1–5. doi:10.2188/jea.8.1 PMID:9575688

Shibayama Y, Nishijima A, Asaka S, Nakata K (1993). 
Influence of chronic alcohol consumption on the devel-
opment of altered hepatocellular foci in rats. Exp Toxicol 
Pathol, 45: 15–19. doi:10.1016/S0940-2993(11)80442-2 
PMID:8467195

Shimazu T, Inoue M, Sasazuki S et al.Japan Public Health 
Center-based Prospective Study Group (2008). Alcohol 
and risk of lung cancer among Japanese men: data 
from a large-scale population-based cohort study, the 

492

http://dx.doi.org/10.1158/1055-9965.EPI-07-2888
http://www.ncbi.nlm.nih.gov/pubmed/18483352
http://dx.doi.org/10.1007/s10552-008-9293-8
http://www.ncbi.nlm.nih.gov/pubmed/19145468
http://dx.doi.org/10.1093/carcin/bgm222
http://dx.doi.org/10.1093/carcin/bgm222
http://www.ncbi.nlm.nih.gov/pubmed/17916905
http://www.ncbi.nlm.nih.gov/pubmed/12433735
http://dx.doi.org/10.1136/thx.2003.018861
http://dx.doi.org/10.1136/thx.2003.018861
http://www.ncbi.nlm.nih.gov/pubmed/15516476
http://dx.doi.org/10.1007/s10552-008-9199-5
http://www.ncbi.nlm.nih.gov/pubmed/18618277
http://dx.doi.org/10.1002/em.20488
http://www.ncbi.nlm.nih.gov/pubmed/19334053
http://dx.doi.org/10.1002/ijc.21505
http://www.ncbi.nlm.nih.gov/pubmed/16187278
http://dx.doi.org/10.1080/713609333
http://www.ncbi.nlm.nih.gov/pubmed/12755455
http://dx.doi.org/10.1002/1097-0142(19810301)47:5<1031::AID-CNCR2820470534>3.0.CO;2-C
http://dx.doi.org/10.1002/1097-0142(19810301)47:5<1031::AID-CNCR2820470534>3.0.CO;2-C
http://www.ncbi.nlm.nih.gov/pubmed/7226036
http://dx.doi.org/10.1023/B:CACO.0000019512.71560.2b
http://dx.doi.org/10.1023/B:CACO.0000019512.71560.2b
http://www.ncbi.nlm.nih.gov/pubmed/15017133
http://dx.doi.org/10.1023/A:1008925103542
http://www.ncbi.nlm.nih.gov/pubmed/10616828
http://www.ncbi.nlm.nih.gov/pubmed/11700261
http://dx.doi.org/10.1159/000201322
http://www.ncbi.nlm.nih.gov/pubmed/8785998
http://dx.doi.org/10.1093/ije/30.4.749
http://www.ncbi.nlm.nih.gov/pubmed/11511598
http://dx.doi.org/10.1002/ijc.23072
http://www.ncbi.nlm.nih.gov/pubmed/17764072
http://dx.doi.org/10.1093/aje/kwp036
http://dx.doi.org/10.1093/aje/kwp036
http://www.ncbi.nlm.nih.gov/pubmed/19318616
http://www.ncbi.nlm.nih.gov/pubmed/8220087
http://dx.doi.org/10.1111/j.1572-0241.2007.01104.x
http://dx.doi.org/10.1111/j.1572-0241.2007.01104.x
http://www.ncbi.nlm.nih.gov/pubmed/17324130
http://dx.doi.org/10.1023/A:1011289108040
http://www.ncbi.nlm.nih.gov/pubmed/11552706
http://dx.doi.org/10.1007/BF00216454
http://www.ncbi.nlm.nih.gov/pubmed/8244338
http://dx.doi.org/10.2188/jea.8.1
http://www.ncbi.nlm.nih.gov/pubmed/9575688
http://dx.doi.org/10.1016/S0940-2993(11)80442-2
http://www.ncbi.nlm.nih.gov/pubmed/8467195


Consumption of alcoholic beverages

JPHC study. Cancer Causes Control, 19: 1095–1102. 
doi:10.1007/s10552-008-9173-2 PMID:18493860

Shin HR, Lee CU, Park HJ et al. (1996). Hepatitis B and C 
virus, Clonorchis sinensis for the risk of liver cancer: a 
case-control study in Pusan, Korea. Int J Epidemiol, 25: 
933–940. doi:10.1093/ije/25.5.933 PMID:8921477

Shu XO, Brinton LA, Zheng W et al. (1991). A population-
based case-control study of endometrial cancer in 
Shanghai, China. Int J Cancer, 49: 38–43. doi:10.1002/
ijc.2910490108 PMID:1874568

Shu CC, Hoffman WE, Thomas C, Albrecht RF (1993). 
Sympathetic activity enhances glucose-related 
ischemic injury in the rat.). Sympathetic activity 
enhances glucose-related ischemic injury in the rat. 
Anesthesiology, 78: 1120–1125. doi:10.1097/00000542-
199306000-00015 PMID:8099768

Shu XO, Ross JA, Pendergrass TW et al. (1996). Parental 
alcohol consumption, cigarette smoking, and risk of 
infant leukemia: a Childrens Cancer Group study. J 
Natl Cancer Inst, 88: 24–31. doi:10.1093/jnci/88.1.24 
PMID:8847721

Sigvardsson S, Hardell L, Przybeck TR, Cloninger R (1996). 
Increased cancer risk among Swedish female alco-
holics. Epidemiology, 7: 140–143. doi:10.1097/00001648-
199603000-00006 PMID:8834552

Singletary K, Nelshoppen J, Wallig M (1995). Enhancement 
by chronic ethanol intake of N-methyl-N-nitrosourea-
induced rat mammary tumorigenesis. Carcinogenesis, 
16: 959–964. doi:10.1093/carcin/16.4.959 PMID:7728981

Soffritti M, Belpoggi F, Cevolani D et al. (2002a). Results of 
long-term experimental studies on the carcinogenicity 
of methyl alcohol and ethyl alcohol in rats. Ann N Y 
Acad Sci, 982: 46–69. doi:10.1111/j.1749-6632.2002.
tb04924.x PMID:12562628

Soffritti M, Belpoggi F, Lambertin L et al. (2002b). Results 
of long-term experimental studies on the carcino-
genicity of formaldehyde and acetaldehyde in rats. Ann 
N Y Acad Sci, 982: 87–105. doi:10.1111/j.1749-6632.2002.
tb04926.x PMID:12562630

Solomon PR, Selvam GS, Shanmugam G (2008). 
Polymorphism in ADH and MTHFR genes in oral squa-
mous cell carcinoma of Indians. Oral Dis, 14: 633–639. 
doi:10.1111/j.1601-0825.2007.01437.x PMID:18266839

Sørensen HT, Friis S, Olsen JH et al. (1998). Risk of liver 
and other types of cancer in patients with cirrhosis: a 
nationwide cohort study in Denmark. Hepatology, 28: 
921–925. doi:10.1002/hep.510280404 PMID:9755226

Soya SS, Vinod T, Reddy KS et  al. (2008). CYP2E1 
polymorphisms and gene-environment interac-
tions in the risk of upper aerodigestive tract cancers 
among Indians. Pharmacogenomics, 9: 551–560. 
doi:10.2217/14622416.9.5.551 PMID:18466102

Speit G, Fröhler-Keller M, Schütz P, Neuss S (2008). 
Low sensitivity of the comet assay to detect acetal-
dehyde-induced genotoxicity. Mutat Res, 657: 93–97. 
PMID:18755289

Spence JP, Liang T, Eriksson CJP et al. (2003). Evaluation 
of aldehyde dehydrogenase 1 promoter polymorphisms 
identified in human populations. Alcohol Clin Exp Res, 27: 
1389–1394. doi:10.1097/01.ALC.0000087086.50089.59 
PMID:14506398

Spinucci G, Guidetti M, Lanzoni E, Pironi L (2006). 
Endogenous ethanol production in a patient with 
chronic intestinal pseudo-obstruction and small intes-
tinal bacterial overgrowth. Eur J Gastroenterol Hepatol, 
18: 799–802. doi:10.1097/01.meg.0000223906.55245.61 
PMID:16772842

Sriamporn S, Wiangnon S, Suwanrungruang K et  al. 
(2007). Risk factors for colorectal cancer in northeast 
Thailand: lifestyle related. Asian Pac J Cancer Prev, 8: 
573–577. PMID:18260731

Stein S, Lao Y, Yang IY et  al. (2006). Genotoxicity 
of acetaldehyde- and crotonaldehyde-induced 
1,N2-propanodeoxyguanosine DNA adducts in human 
cells. Mutat Res, 608: 1–7. PMID:16797223

Stemmermann GN, Nomura AMY, Chyou P-H, Yoshizawa 
C (1990). Prospective study of alcohol intake and large 
bowel cancer. Dig Dis Sci, 35: 1414–1420. doi:10.1007/
BF01536750 PMID:2226103

Sturgeon SR, Ziegler RG, Brinton LA et al. (1991). Diet and 
the risk of vulvar cancer. Ann Epidemiol, 1: 427–437. 
doi:10.1016/1047-2797(91)90012-2 PMID:1669523

Sturgis EM, Dahlstrom KR, Guan Y et al. (2001). Alcohol 
dehydrogenase 3 genotype is not associated with 
risk of squamous cell carcinoma of the oral cavity 
and pharynx. Cancer Epidemiol Biomarkers Prev, 10: 
273–275. PMID:11303599

Sugimura T, Kumimoto H, Tohnai I et al. (2006). Gene-
environment interaction involved in oral carcinogen-
esis: molecular epidemiological study for metabolic 
and DNA repair gene polymorphisms. J Oral Pathol 
Med, 35: 11–18. doi:10.1111/j.1600-0714.2005.00364.x 
PMID:16393248

Sung NY, Choi KS, Park EC et al. (2007). Smoking, alcohol 
and gastric cancer risk in Korean men: the National 
Health Insurance Corporation Study. Br J Cancer, 97: 
700–704. doi:10.1038/sj.bjc.6603893 PMID:17637680

Sutcliffe S, Giovannucci E, Leitzmann MF et al. (2007). A 
prospective cohort study of red wine consumption and 
risk of prostate cancer. Int J Cancer, 120: 1529–1535. 
doi:10.1002/ijc.22498 PMID:17211860

Suzuki R, Orsini N, Mignone L et  al. (2008). Alcohol 
intake and risk of breast cancer defined by estrogen 
and progesterone receptor status — a meta-analysis of 
epidemiological studies. Int J Cancer 122: 1832–1841. 
EIN - Int J Cancer, 123: 981

Swanson CA, Wilbanks GD, Twiggs LB et  al. 
(1993). Moderate alcohol consumption and the 
risk of endometrial cancer. Epidemiology, 4: 
530–536. doi:10.1097/00001648-199311000-00009 
PMID:8268282

493

http://dx.doi.org/10.1007/s10552-008-9173-2
http://www.ncbi.nlm.nih.gov/pubmed/18493860
http://dx.doi.org/10.1093/ije/25.5.933
http://www.ncbi.nlm.nih.gov/pubmed/8921477
http://dx.doi.org/10.1002/ijc.2910490108
http://dx.doi.org/10.1002/ijc.2910490108
http://www.ncbi.nlm.nih.gov/pubmed/1874568
http://dx.doi.org/10.1097/00000542-199306000-00015
http://dx.doi.org/10.1097/00000542-199306000-00015
http://www.ncbi.nlm.nih.gov/pubmed/8099768
http://dx.doi.org/10.1093/jnci/88.1.24
http://www.ncbi.nlm.nih.gov/pubmed/8847721
http://dx.doi.org/10.1097/00001648-199603000-00006
http://dx.doi.org/10.1097/00001648-199603000-00006
http://www.ncbi.nlm.nih.gov/pubmed/8834552
http://dx.doi.org/10.1093/carcin/16.4.959
http://www.ncbi.nlm.nih.gov/pubmed/7728981
http://dx.doi.org/10.1111/j.1749-6632.2002.tb04924.x
http://dx.doi.org/10.1111/j.1749-6632.2002.tb04924.x
http://www.ncbi.nlm.nih.gov/pubmed/12562628
http://dx.doi.org/10.1111/j.1749-6632.2002.tb04926.x
http://dx.doi.org/10.1111/j.1749-6632.2002.tb04926.x
http://www.ncbi.nlm.nih.gov/pubmed/12562630
http://dx.doi.org/10.1111/j.1601-0825.2007.01437.x
http://www.ncbi.nlm.nih.gov/pubmed/18266839
http://dx.doi.org/10.1002/hep.510280404
http://www.ncbi.nlm.nih.gov/pubmed/9755226
http://dx.doi.org/10.2217/14622416.9.5.551
http://www.ncbi.nlm.nih.gov/pubmed/18466102
http://www.ncbi.nlm.nih.gov/pubmed/18755289
http://dx.doi.org/10.1097/01.ALC.0000087086.50089.59
http://www.ncbi.nlm.nih.gov/pubmed/14506398
http://dx.doi.org/10.1097/01.meg.0000223906.55245.61
http://www.ncbi.nlm.nih.gov/pubmed/16772842
http://www.ncbi.nlm.nih.gov/pubmed/18260731
http://www.ncbi.nlm.nih.gov/pubmed/16797223
http://dx.doi.org/10.1007/BF01536750
http://dx.doi.org/10.1007/BF01536750
http://www.ncbi.nlm.nih.gov/pubmed/2226103
http://dx.doi.org/10.1016/1047-2797(91)90012-2
http://www.ncbi.nlm.nih.gov/pubmed/1669523
http://www.ncbi.nlm.nih.gov/pubmed/11303599
http://dx.doi.org/10.1111/j.1600-0714.2005.00364.x
http://www.ncbi.nlm.nih.gov/pubmed/16393248
http://dx.doi.org/10.1038/sj.bjc.6603893
http://www.ncbi.nlm.nih.gov/pubmed/17637680
http://dx.doi.org/10.1002/ijc.22498
http://www.ncbi.nlm.nih.gov/pubmed/17211860
http://dx.doi.org/10.1097/00001648-199311000-00009
http://www.ncbi.nlm.nih.gov/pubmed/8268282


IARC MONOGRAPHS – 100E

Takeshita T, Morimoto K, Yamaguchi N et  al. (2000a). 
Relationships between cigarette smoking, alcohol 
drinking, the ALDH2 genotype and adenomatous 
types of colorectal polyps in male self-defense force offi-
cials. J Epidemiol, 10: 366–371. doi:10.2188/jea.10.366 
PMID:11210104

Takeshita T, Yang X, Inoue Y et al. (2000b). Relationship 
between alcohol drinking, ADH2 and ALDH2 geno-
types, and risk for hepatocellular carcinoma in 
Japanese. Cancer Lett, 149: 69–76. doi:10.1016/S0304-
3835(99)00343-2 PMID:10737710

Takezaki T, Inoue M, Kataoka H et al. (2003). Diet and 
lung cancer risk from a 14-year population-based 
prospective study in Japan: with special reference to fish 
consumption. Nutr Cancer, 45: 160–167. doi:10.1207/
S15327914NC4502_04 PMID:12881009

Tan W, Song N, Wang GQ et al. (2000). Impact of genetic 
polymorphisms in cytochrome P450 2E1 and glutath-
ione S-transferases M1, T1, and P1 on susceptibility 
to esophageal cancer among high-risk individuals in 
China. Cancer Epidemiol Biomarkers Prev, 9: 551–556. 
PMID:10868687

Tanabe H, Ohhira M, Ohtsubo T et  al. (1999). Genetic 
polymorphism of aldehyde dehydrogenase 2 in patients 
with upper aerodigestive tract cancer. Alcohol Clin Exp 
Res, 23: Suppl17S–20S. doi:10.1111/j.1530-0277.1999.
tb04527.x PMID:10235272

Tanaka T, Nishikawa A, Iwata H et al. (1989). Enhancing 
effect of ethanol on aflatoxin B1-induced hepatocar-
cinogenesis in male ACI/N rats. Jpn J Cancer Res, 
80: 526–530. doi:10.1111/j.1349-7006.1989.tb01671.x 
PMID:2474524

Tatsuta M, Iishi H, Baba M et  al. (1997). Enhancement 
by ethyl alcohol of experimental hepatocarcino-
genesis induced by N-nitrosomorpholine. Int J 
Cancer, 71: 1045–1048. doi:10.1002/(SICI)1097-
0215(19970611)71:6<1045::AID-IJC21>3.0.CO;2-B 
PMID:9185709

Tavani A, Gallus S, Dal Maso L et al. (2001a). Coffee and 
alcohol intake and risk of ovarian cancer: an Italian 
case-control study. Nutr Cancer, 39: 29–34. doi:10.1207/
S15327914nc391_4 PMID:11588899

Tavani A, Gallus S, La Vecchia C, Franceschi S (2001b). 
Alcohol drinking and risk of non-Hodgkin’s 
lymphoma. Eur J Clin Nutr, 55: 824–826. doi:10.1038/
sj.ejcn.1601245 PMID:11593342

Tavani A, Pregnolato A, Negri E et al. (1997). Diet and risk 
of lymphoid neoplasms and soft tissue sarcomas. Nutr 
Cancer, 27: 256–260. doi:10.1080/01635589709514535 
PMID:9101555

Terelius Y, Norsten-Höög C, Cronholm T, Ingelman-
Sundberg M (1991). Acetaldehyde as a substrate for 
ethanol-inducible cytochrome P450 (CYP2E1). Biochem 
Biophys Res Commun, 179: 689–694. doi:10.1016/0006-
291X(91)91427-E PMID:1822117

Terry MB, Gammon MD, Zhang FF et al. (2006). ADH3 
genotype, alcohol intake and breast cancer risk. 
Carcinogenesis, 27: 840–847. doi:10.1093/carcin/bgi285 
PMID:16344274

Terry MB, Gammon MD, Zhang FF et al. (2007a). Alcohol 
dehydrogenase 3 and risk of esophageal and gastric 
adenocarcinomas. Cancer Causes Control, 18: 1039–
1046. doi:10.1007/s10552-007-9046-0 PMID:17665311

Terry MB, Knight JA, Zablotska L et al. (2007). Alcohol 
metabolism, alcohol intake, and breast cancer risk: 
a sister-set analysis using the Breast Cancer Family 
Registry. Breast Cancer Res Treat, 106: 281–288. 
doi:10.1007/s10549-007-9498-7 PMID:17268812

Terry MB, Knight JA, Zablotska L et al. (2007b). Alcohol 
metabolism, alcohol intake, and breast cancer risk: 
a sister-set analysis using the Breast Cancer Family 
Registry. Breast Cancer Res Treat, 106: 281–288. 
doi:10.1007/s10549-007-9498-7 PMID:17268812

Terry P, Baron JA, Weiderpass E et  al. (1999). Lifestyle 
and endometrial cancer risk: a cohort study from 
the Swedish Twin Registry. Int J Cancer, 82: 38–42. 
doi:10.1002/(SICI)1097-0215(19990702)82:1<38::AID-
IJC8>3.0.CO;2-Q PMID:10360818

Theruvathu JA, Jaruga P, Nath RG et  al. (2005). 
Polyamines stimulate the formation of mutagenic 
1,N2-propanodeoxyguanosine adducts from acetalde-
hyde. Nucleic Acids Res, 33: 3513–3520. doi:10.1093/nar/
gki661 PMID:15972793

Thomas DB, Qin Q, Kuypers J et al. (2001b). Human papil-
lomaviruses and cervical cancer in Bangkok. II. Risk 
factors for in situ and invasive squamous cell cervical 
carcinomas. Am J Epidemiol, 153: 732–739. doi:10.1093/
aje/153.8.732 PMID:11296144

Thomas DB, Ray RM, Koetsawang A et al. (2001a). Human 
papillomaviruses and cervical cancer in Bangkok. 
I. Risk factors for invasive cervical carcinomas with 
human papillomavirus types 16 and 18 DNA. Am J 
Epidemiol, 153: 723–731. doi:10.1093/aje/153.8.723 
PMID:11296143

Thun MJ, Hannan LM, DeLancey JO (2009). Alcohol 
consumption not associated with lung cancer mortality 
in lifelong nonsmokers. Cancer Epidemiol Biomarkers 
Prev, 18: 2269–2272. doi:10.1158/1055-9965.EPI-09-
0361 PMID:19661085

Thygesen LC, Keiding N, Johansen C, Grønbaek M 
(2007). Changes in alcohol intake and risk of upper 
digestive tract cancer. Acta Oncol, 46: 1085–1089. 
doi:10.1080/02841860701441806 PMID:17851863

Thygesen LC, Mikkelsen P, Andersen TV et  al. (2009). 
Cancer incidence among patients with alcohol use 
disorders–long-term follow-up. Alcohol Alcohol, 44: 
387–391. PMID:19491282

Thygesen LC, Mørch LS, Keiding N et al. (2008a). Use of 
baseline and updated information on alcohol intake 
on risk for breast cancer: importance of latency. Int 

494

http://dx.doi.org/10.2188/jea.10.366
http://www.ncbi.nlm.nih.gov/pubmed/11210104
http://dx.doi.org/10.1016/S0304-3835(99)00343-2
http://dx.doi.org/10.1016/S0304-3835(99)00343-2
http://www.ncbi.nlm.nih.gov/pubmed/10737710
http://dx.doi.org/10.1207/S15327914NC4502_04
http://dx.doi.org/10.1207/S15327914NC4502_04
http://www.ncbi.nlm.nih.gov/pubmed/12881009
http://www.ncbi.nlm.nih.gov/pubmed/10868687
http://dx.doi.org/10.1111/j.1530-0277.1999.tb04527.x
http://dx.doi.org/10.1111/j.1530-0277.1999.tb04527.x
http://www.ncbi.nlm.nih.gov/pubmed/10235272
http://dx.doi.org/10.1111/j.1349-7006.1989.tb01671.x
http://www.ncbi.nlm.nih.gov/pubmed/2474524
http://dx.doi.org/10.1002/(SICI)1097-0215(19970611)71:6<1045::AID-IJC21>3.0.CO;2-B
http://dx.doi.org/10.1002/(SICI)1097-0215(19970611)71:6<1045::AID-IJC21>3.0.CO;2-B
http://www.ncbi.nlm.nih.gov/pubmed/9185709
http://dx.doi.org/10.1207/S15327914nc391_4
http://dx.doi.org/10.1207/S15327914nc391_4
http://www.ncbi.nlm.nih.gov/pubmed/11588899
http://dx.doi.org/10.1038/sj.ejcn.1601245
http://dx.doi.org/10.1038/sj.ejcn.1601245
http://www.ncbi.nlm.nih.gov/pubmed/11593342
http://dx.doi.org/10.1080/01635589709514535
http://www.ncbi.nlm.nih.gov/pubmed/9101555
http://dx.doi.org/10.1016/0006-291X(91)91427-E
http://dx.doi.org/10.1016/0006-291X(91)91427-E
http://www.ncbi.nlm.nih.gov/pubmed/1822117
http://dx.doi.org/10.1093/carcin/bgi285
http://www.ncbi.nlm.nih.gov/pubmed/16344274
http://dx.doi.org/10.1007/s10552-007-9046-0
http://www.ncbi.nlm.nih.gov/pubmed/17665311
http://dx.doi.org/10.1007/s10549-007-9498-7
http://www.ncbi.nlm.nih.gov/pubmed/17268812
http://dx.doi.org/10.1007/s10549-007-9498-7
http://www.ncbi.nlm.nih.gov/pubmed/17268812
http://dx.doi.org/10.1002/(SICI)1097-0215(19990702)82:1<38::AID-IJC8>3.0.CO;2-Q
http://dx.doi.org/10.1002/(SICI)1097-0215(19990702)82:1<38::AID-IJC8>3.0.CO;2-Q
http://www.ncbi.nlm.nih.gov/pubmed/10360818
http://dx.doi.org/10.1093/nar/gki661
http://dx.doi.org/10.1093/nar/gki661
http://www.ncbi.nlm.nih.gov/pubmed/15972793
http://dx.doi.org/10.1093/aje/153.8.732
http://dx.doi.org/10.1093/aje/153.8.732
http://www.ncbi.nlm.nih.gov/pubmed/11296144
http://dx.doi.org/10.1093/aje/153.8.723
http://www.ncbi.nlm.nih.gov/pubmed/11296143
http://dx.doi.org/10.1158/1055-9965.EPI-09-0361
http://dx.doi.org/10.1158/1055-9965.EPI-09-0361
http://www.ncbi.nlm.nih.gov/pubmed/19661085
http://dx.doi.org/10.1080/02841860701441806
http://www.ncbi.nlm.nih.gov/pubmed/17851863
http://www.ncbi.nlm.nih.gov/pubmed/19491282


Consumption of alcoholic beverages

J Epidemiol, 37: 669–677. doi:10.1093/ije/dyn060 
PMID:18390878

Thygesen LC, Wu K, Grønbaek M et al. (2008b). Alcohol 
intake and colorectal cancer: a comparison of 
approaches for including repeated measures of alcohol 
consumption. Epidemiology, 19: 258–264. doi:10.1097/
EDE.0b013e31816339e0 PMID:18300715

Tian D, Feng Z, Hanley NM et  al. (1998). Multifocal 
accumulation of p53 protein in esophageal carcinoma: 
evidence for field cancerization. Int J Cancer, 78: 568–575. 
doi:10.1002/(SICI)1097-0215(19981123)78:5<568::AID-
IJC7>3.0.CO;2-3 PMID:9808524

Tiemersma EW, Wark PA, Ocké MC et al. (2003). Alcohol 
consumption, alcohol dehydrogenase 3 polymorphism, 
and colorectal adenomas. Cancer Epidemiol Biomarkers 
Prev, 12: 419–425. PMID:12750236

Tønnesen H, Møller H, Andersen JR et al. (1994). Cancer 
morbidity in alcohol abusers. Br J Cancer, 69: 327–332. 
doi:10.1038/bjc.1994.59 PMID:8297729

Toriola AT, Kurl S, Laukanen JA et  al. (2008). Alcohol 
consumption and risk of colorectal cancer: the Findrink 
study. Eur J Epidemiol, 23: 395–401. doi:10.1007/s10654-
008-9244-4 PMID:18409007

Toriola AT, Kurl S, Laukkanen JA, Kauhanen J (2009). 
Does binge drinking increase the risk of lung cancer: 
results from the Findrink study. Eur J Public Health, 19: 
389–393. doi:10.1093/eurpub/ckp049 PMID:19369490

Tramacere I, Scotti L, Jenab M et  al. (2009). Alcohol 
drinking and pancreatic cancer risk: a meta-anal-
ysis of the dose-risk relation. Int J Cancer, In press 
PMID:19816941

Trentham-Dietz A, Newcomb PA, Nichols HB, Hampton 
JM (2007). Breast cancer risk factors and second primary 
malignancies among women with breast cancer. Breast 
Cancer Res Treat, 105: 195–207. doi:10.1007/s10549-
006-9446-y PMID:17186360

Triano EA, Slusher LB, Atkins TA et  al. (2003). Class I 
alcohol dehydrogenase is highly expressed in normal 
human mammary epithelium but not in invasive breast 
cancer: implications for breast carcinogenesis. Cancer 
Res, 63: 3092–3100. PMID:12810634

Trivers KF, Lund MJ, Porter PL et al. (2009). The epidemi-
ology of triple-negative breast cancer, including race. 
Cancer Causes Control, 20: 1071–1082. doi:10.1007/
s10552-009-9331-1 PMID:19343511

Tsong WH, Koh WP, Yuan JM et al. (2007). Cigarettes and 
alcohol in relation to colorectal cancer: the Singapore 
Chinese Health Study. Br J Cancer, 96: 821–827. 
doi:10.1038/sj.bjc.6603623 PMID:17311023

Tsutsumi M, George J, Ishizawa K et  al. (2006). Effect 
of chronic dietary ethanol in the promotion of 
N-nitrosomethylbenzylamine-induced esopha-
geal carcinogenesis in rats. J Gastroenterol Hepatol, 
21: 805–813. doi:10.1111/j.1440-1746.2005.04040.x 
PMID:16704527

Tsutsumi M, Takase S, Takada A (1993). Genetic factors 
related to the development of carcinoma in digestive 
organs in alcoholics. Alcohol Alcohol Suppl, 1B: 21–26. 
PMID:8003125

Tsutsumi M, Wang JS, Takase S, Takada A (1994). Hepatic 
messenger RNA contents of cytochrome P4502E1 in 
patients with different P4502E1 genotypes. Alcohol 
Alcohol Suppl, 29: Suppl.29–32. PMID:9063815

Tworoger SS, Gertig DM, Gates MA et al. (2008). Caffeine, 
alcohol, smoking, and the risk of incident epithelial 
ovarian cancer. Cancer, 112: 1169–1177. doi:10.1002/
cncr.23275 PMID:18213613

Tzonou A, Day NE, Trichopoulos D et  al. (1984). The 
epidemiology of ovarian cancer in Greece: a case-
control study. Eur J Cancer Clin Oncol, 20: 1045–1052. 
doi:10.1016/0277-5379(84)90107-X PMID:6540687

Upton DC, Wang X, Blans P et  al. (2006). Mutagenesis 
by exocyclic alkylamino purine adducts in 
Escherichia coli. Mutat Res, 599: 1–10. doi:10.1016/j.
mrfmmm.2005.12.014 PMID:16488449

Väkeväinen S, Tillonen J, Salaspuro M (2001). 
4-Methylpyrazole decreases salivary acetalde-
hyde levels in aldh2-deficient subjects but not in 
subjects with normal aldh2. Alcohol Clin Exp Res, 
25: 829–834. doi:10.1111/j.1530-0277.2001.tb02286.x 
PMID:11410717

Väkeväinen S, Tillonen J, Salaspuro M et  al. (2000). 
Hypochlorhydria induced by a proton pump inhibitor 
leads to intragastric microbial production of acetal-
dehyde from ethanol. Aliment Pharmacol Ther, 14: 
1511–1518. doi:10.1046/j.1365-2036.2000.00858.x 
PMID:11069323

van der Logt EMJ, Bergevoet SM, Roelofs HMJ et  al. 
(2006). Role of epoxide hydrolase, NAD(P)H:quinone 
oxidoreductase, cytochrome P450 2E1 or alcohol 
dehydrogenase genotypes in susceptibility to color-
ectal cancer. Mutat Res, 593: 39–49. doi:10.1016/j.
mrfmmm.2005.06.018 PMID:16039674

van Dijk BAC, van Houwelingen KP, Witjes JA et  al. 
(2001). Alcohol dehydrogenase type 3 (ADH3) and 
the risk of bladder cancer. Eur Urol, 40: 509–514. 
doi:10.1159/000049827 PMID:11752857

van Duijn CM, van Steensel-Moll HA, Coebergh JW, 
van Zanen GE (1994). Risk factors for childhood 
acute non-lymphocytic leukemia: an association 
with maternal alcohol consumption during preg-
nancy? Cancer Epidemiol Biomarkers Prev, 3: 457–460. 
PMID:8000294

van Zeeland AA, de Groot AJ, Hall J, Donato F (1999). 
8-Hydroxydeoxyguanosine in DNA from leukocytes 
of healthy adults: relationship with cigarette smoking, 
environmental tobacco smoke, alcohol and coffee 
consumption. Mutat Res, 439: 249–257. PMID:10023075

Vasiliou V, Pappa A, Estey T (2004). Role of human alde-
hyde dehydrogenases in endobiotic and xenobiotic 

495

http://dx.doi.org/10.1093/ije/dyn060
http://www.ncbi.nlm.nih.gov/pubmed/18390878
http://dx.doi.org/10.1097/EDE.0b013e31816339e0
http://dx.doi.org/10.1097/EDE.0b013e31816339e0
http://www.ncbi.nlm.nih.gov/pubmed/18300715
http://dx.doi.org/10.1002/(SICI)1097-0215(19981123)78:5<568::AID-IJC7>3.0.CO;2-3
http://dx.doi.org/10.1002/(SICI)1097-0215(19981123)78:5<568::AID-IJC7>3.0.CO;2-3
http://www.ncbi.nlm.nih.gov/pubmed/9808524
http://www.ncbi.nlm.nih.gov/pubmed/12750236
http://dx.doi.org/10.1038/bjc.1994.59
http://www.ncbi.nlm.nih.gov/pubmed/8297729
http://dx.doi.org/10.1007/s10654-008-9244-4
http://dx.doi.org/10.1007/s10654-008-9244-4
http://www.ncbi.nlm.nih.gov/pubmed/18409007
http://dx.doi.org/10.1093/eurpub/ckp049
http://www.ncbi.nlm.nih.gov/pubmed/19369490
http://www.ncbi.nlm.nih.gov/pubmed/19816941
http://dx.doi.org/10.1007/s10549-006-9446-y
http://dx.doi.org/10.1007/s10549-006-9446-y
http://www.ncbi.nlm.nih.gov/pubmed/17186360
http://www.ncbi.nlm.nih.gov/pubmed/12810634
http://dx.doi.org/10.1007/s10552-009-9331-1
http://dx.doi.org/10.1007/s10552-009-9331-1
http://www.ncbi.nlm.nih.gov/pubmed/19343511
http://dx.doi.org/10.1038/sj.bjc.6603623
http://www.ncbi.nlm.nih.gov/pubmed/17311023
http://dx.doi.org/10.1111/j.1440-1746.2005.04040.x
http://www.ncbi.nlm.nih.gov/pubmed/16704527
http://www.ncbi.nlm.nih.gov/pubmed/8003125
http://www.ncbi.nlm.nih.gov/pubmed/9063815
http://dx.doi.org/10.1002/cncr.23275
http://dx.doi.org/10.1002/cncr.23275
http://www.ncbi.nlm.nih.gov/pubmed/18213613
http://dx.doi.org/10.1016/0277-5379(84)90107-X
http://www.ncbi.nlm.nih.gov/pubmed/6540687
http://dx.doi.org/10.1016/j.mrfmmm.2005.12.014
http://dx.doi.org/10.1016/j.mrfmmm.2005.12.014
http://www.ncbi.nlm.nih.gov/pubmed/16488449
http://dx.doi.org/10.1111/j.1530-0277.2001.tb02286.x
http://www.ncbi.nlm.nih.gov/pubmed/11410717
http://dx.doi.org/10.1046/j.1365-2036.2000.00858.x
http://www.ncbi.nlm.nih.gov/pubmed/11069323
http://dx.doi.org/10.1016/j.mrfmmm.2005.06.018
http://dx.doi.org/10.1016/j.mrfmmm.2005.06.018
http://www.ncbi.nlm.nih.gov/pubmed/16039674
http://dx.doi.org/10.1159/000049827
http://www.ncbi.nlm.nih.gov/pubmed/11752857
http://www.ncbi.nlm.nih.gov/pubmed/8000294
http://www.ncbi.nlm.nih.gov/pubmed/10023075


IARC MONOGRAPHS – 100E

metabolism. Drug Metab Rev, 36: 279–299. doi:10.1081/
DMR-120034001 PMID:15237855

Vasiliou V, Pappa A, Petersen DR (2000). Role of alde-
hyde dehydrogenases in endogenous and xenobiotic 
metabolism. Chem Biol Interact, 129: 1–19. doi:10.1016/
S0009-2797(00)00211-8 PMID:11154732

Vaughan TL, Shapiro JA, Burt RD et  al. (1996). 
Nasopharyngeal cancer in a low-risk population: 
defining risk factors by histological type. Cancer 
Epidemiol Biomarkers Prev, 5: 587–593. PMID:8824359

Velicer CM, Kristal A, White E (2006). Alcohol use and 
the risk of prostate cancer: results from the VITAL 
cohort study. Nutr Cancer, 56: 50–56. doi:10.1207/
s15327914nc5601_7 PMID:17176217

Vioque J, Barber X, Bolumar F et  al.PANESOES Study 
Group (2008). Esophageal cancer risk by type of 
alcohol drinking and smoking: a case-control study in 
Spain. BMC Cancer, 8: 221 doi:10.1186/1471-2407-8-221 
PMID:18673563

Visapää JP, Götte K, Benesova M et al. (2004). Increased 
cancer risk in heavy drinkers with the alcohol dehy-
drogenase 1C*1 allele, possibly due to salivary acetal-
dehyde. Gut, 53: 871–876. doi:10.1136/gut.2003.018994 
PMID:15138216

Visvanathan K, Crum RM, Strickland PT et  al. (2007). 
Alcohol dehydrogenase genetic polymorphisms, low-
to-moderate alcohol consumption, and risk of breast 
cancer. Alcohol Clin Exp Res, 31: 467–476. doi:10.1111/
j.1530-0277.2006.00334.x PMID:17295732

Wakabayashi I, Sakamoto K, Masui H et al. (1994). A case-
control study on risk factors for leukemia in a district 
of Japan. Intern Med, 33: 198–203. doi:10.2169/internal-
medicine.33.198 PMID:8069013

Wakai K, Nagata C, Mizoue T et al.Research Group for 
the Development and Evaluation of Cancer Prevention 
Strategies in Japan (2007). Alcohol drinking and lung 
cancer risk: an evaluation based on a systematic review 
of epidemiologic evidence among the Japanese popu-
lation. Jpn J Clin Oncol, 37: 168–174. doi:10.1093/jjco/
hyl146 PMID:17332056

Walker AR, Walker BF, Tsotetsi NG et al. (1992). Case-
control study of prostate cancer in black patients 
in Soweto, South Africa. Br J Cancer, 65: 438–441. 
doi:10.1038/bjc.1992.89 PMID:1558801

Wang D, Ritchie JM, Smith EM et  al. (2005). Alcohol 
dehydrogenase 3 and risk of squamous cell carcinomas 
of the head and neck. Cancer Epidemiol Biomarkers 
Prev, 14: 626–632. doi:10.1158/1055-9965.EPI-04-0343 
PMID:15767341

Wang J, Gajalakshmi V, Jiang J et al. (2006a). Associations 
between 5,10-methylenetetrahydrofolate reductase 
codon 677 and 1298 genetic polymorphisms and envi-
ronmental factors with reference to susceptibility to 
colorectal cancer: a case-control study in an Indian 
population. Int J Cancer, 118: 991–997. doi:10.1002/
ijc.21438 PMID:16152599

Wang M, McIntee EJ, Cheng G et al. (2000). Identification 
of DNA adducts of acetaldehyde. Chem Res Toxicol, 13: 
1149–1157. doi:10.1021/tx000118t PMID:11087437

Wang M, Yu N, Chen L et al. (2006c). Identification of an 
acetaldehyde adduct in human liver DNA and quanti-
tation as N2-ethyldeoxyguanosine. Chem Res Toxicol, 
19: 319–324. doi:10.1021/tx0502948 PMID:16485909

Wang Y, Millonig G, Nair J et al. (2009). Ethanol-induced 
cytochrome P4502E1 causes carcinogenic etheno-
DNA lesions in alcoholic liver disease. Hepatology, 50: 
453–461. doi:10.1002/hep.22978 PMID:19489076

Wang Z, Tang L, Sun G et al. (2006b). Etiological study 
of esophageal squamous cell carcinoma in an endemic 
region: a population-based case control study in 
Huaian, China. BMC Cancer, 6: 287 doi:10.1186/1471-
2407-6-287 PMID:17173682

Wanibuchi H, Wei M, Karim MR et al. (2006). Existence 
of no hepatocarcinogenic effect levels of 2-amino-
3,8-dimethylimidazo[4,5-f]quinoxaline with or 
without coadministration with ethanol. Toxicol 
Pathol, 34: 232–236. doi:10.1080/01926230600713632 
PMID:16698719

Watabiki T, Okii Y, Tokiyasu T et al. (2000). Long-term 
ethanol consumption in ICR mice causes mammary 
tumor in females and liver fibrosis in males. Alcohol 
Clin Exp Res, 24: Suppl117S–122S. PMID:10803793

Watanabe J, Hayashi S, Kawajiri K (1994). Different regu-
lation and expression of the human CYP2E1 gene due 
to the RsaI polymorphism in the 5′-flanking region. J 
Biochem, 116: 321–326. PMID:7529759

Watanabe J, Yang JP, Eguchi H et  al. (1995). An Rsa I 
polymorphism in the CYP2E1 gene does not affect lung 
cancer risk in a Japanese population. Jpn J Cancer Res, 
86: 245–248. doi:10.1111/j.1349-7006.1995.tb03046.x 
PMID:7744693

Watanabe S, Sasahara K, Kinekawa F et  al. (2002). 
Aldehyde dehydrogenase-2 genotypes and HLA haplo-
types in Japanese patients with esophageal cancer. 
Oncol Rep, 9: 1063–1068. PMID:12168074

Watanabe-Suzuki K, Seno H, Ishii A et al. (1999). Ultra-
sensitive method for determination of ethanol in whole 
blood by headspace capillary gas chromatography with 
cryogenic oven trapping. J Chromatogr B Biomed Sci 
Appl, 727: 89–94. doi:10.1016/S0378-4347(99)00063-8 
PMID:10360426

Webb PM, Purdie DM, Bain CJ, Green AC (2004). 
Alcohol, wine, and risk of epithelial ovarian cancer. 
Cancer Epidemiol Biomarkers Prev, 13: 592–599. 
PMID:15066924

Webster LA & Weiss NSCancer and Steroid Hormone 
Study Group (1989). Alcoholic beverage consumption 
and the risk of endometrial cancer. Int J Epidemiol, 18: 
786–791. doi:10.1093/ije/18.4.786 PMID:2695474

Wei YS, Lu JC, Wang L et  al. (2009). Risk factors for 
sporadic colorectal cancer in southern Chinese. World 
J Gastroenterol, 15: 2526–2530. PMID:19469004

496

http://dx.doi.org/10.1081/DMR-120034001
http://dx.doi.org/10.1081/DMR-120034001
http://www.ncbi.nlm.nih.gov/pubmed/15237855
http://dx.doi.org/10.1016/S0009-2797(00)00211-8
http://dx.doi.org/10.1016/S0009-2797(00)00211-8
http://www.ncbi.nlm.nih.gov/pubmed/11154732
http://www.ncbi.nlm.nih.gov/pubmed/8824359
http://dx.doi.org/10.1207/s15327914nc5601_7
http://dx.doi.org/10.1207/s15327914nc5601_7
http://www.ncbi.nlm.nih.gov/pubmed/17176217
http://dx.doi.org/10.1186/1471-2407-8-221
http://www.ncbi.nlm.nih.gov/pubmed/18673563
http://dx.doi.org/10.1136/gut.2003.018994
http://www.ncbi.nlm.nih.gov/pubmed/15138216
http://dx.doi.org/10.1111/j.1530-0277.2006.00334.x
http://dx.doi.org/10.1111/j.1530-0277.2006.00334.x
http://www.ncbi.nlm.nih.gov/pubmed/17295732
http://dx.doi.org/10.2169/internalmedicine.33.198
http://dx.doi.org/10.2169/internalmedicine.33.198
http://www.ncbi.nlm.nih.gov/pubmed/8069013
http://dx.doi.org/10.1093/jjco/hyl146
http://dx.doi.org/10.1093/jjco/hyl146
http://www.ncbi.nlm.nih.gov/pubmed/17332056
http://dx.doi.org/10.1038/bjc.1992.89
http://www.ncbi.nlm.nih.gov/pubmed/1558801
http://dx.doi.org/10.1158/1055-9965.EPI-04-0343
http://www.ncbi.nlm.nih.gov/pubmed/15767341
http://dx.doi.org/10.1002/ijc.21438
http://dx.doi.org/10.1002/ijc.21438
http://www.ncbi.nlm.nih.gov/pubmed/16152599
http://dx.doi.org/10.1021/tx000118t
http://www.ncbi.nlm.nih.gov/pubmed/11087437
http://dx.doi.org/10.1021/tx0502948
http://www.ncbi.nlm.nih.gov/pubmed/16485909
http://dx.doi.org/10.1002/hep.22978
http://www.ncbi.nlm.nih.gov/pubmed/19489076
http://dx.doi.org/10.1186/1471-2407-6-287
http://dx.doi.org/10.1186/1471-2407-6-287
http://www.ncbi.nlm.nih.gov/pubmed/17173682
http://dx.doi.org/10.1080/01926230600713632
http://www.ncbi.nlm.nih.gov/pubmed/16698719
http://www.ncbi.nlm.nih.gov/pubmed/10803793
http://www.ncbi.nlm.nih.gov/pubmed/7529759
http://dx.doi.org/10.1111/j.1349-7006.1995.tb03046.x
http://www.ncbi.nlm.nih.gov/pubmed/7744693
http://www.ncbi.nlm.nih.gov/pubmed/12168074
http://dx.doi.org/10.1016/S0378-4347(99)00063-8
http://www.ncbi.nlm.nih.gov/pubmed/10360426
http://www.ncbi.nlm.nih.gov/pubmed/15066924
http://dx.doi.org/10.1093/ije/18.4.786
http://www.ncbi.nlm.nih.gov/pubmed/2695474
http://www.ncbi.nlm.nih.gov/pubmed/19469004


Consumption of alcoholic beverages

Weiderpass E & Baron JA (2001). Cigarette smoking, 
alcohol consumption, and endometrial cancer risk: 
a population-based study in Sweden. Cancer Causes 
Control, 12: 239–247. doi:10.1023/A:1011201911664 
PMID:11405329

Weiderpass E, Ye W, Tamimi R et al. (2001). Alcoholism 
and risk for cancer of the cervix uteri, vagina, and 
vulva. Cancer Epidemiol Biomarkers Prev, 10: 899–901. 
PMID:11489758

Weikert C, Dietrich T, Boeing H et  al. (2009). Lifetime 
and baseline alcohol intake and risk of cancer of the 
upper aero-digestive tract in the European Prospective 
Investigation into Cancer and Nutrition (EPIC) study. 
Int J Cancer, 125: 406–412. doi:10.1002/ijc.24393 
PMID:19378340

Weinstein SJ, Stolzenberg-Solomon R, Pietinen P et  al. 
(2006). Dietary factors of one-carbon metabolism 
and prostate cancer risk. Am J Clin Nutr, 84: 929–935. 
PMID:17023722

Wendt LR, Osvaldt AB, Bersch VP et al. (2007). Pancreatic 
intraepithelial neoplasia and ductal adenocarcinoma 
induced by DMBA in mice: effects of alcohol and 
caffeine. Acta Cir Bras, 22: 202–209. doi:10.1590/S0102-
86502007000300008 PMID:17546293

West RO (1966). Epidemiologic study of malignancies of 
the ovaries. Cancer, 19: 1001–1007. doi:10.1002/1097-
0142(196607)19:7<1001::AID-CNCR2820190714>3.0.CO;2-
S PMID:5939299

Whittemore AS, Wu ML, Paffenbarger RS Jr et al. (1988). 
Personal and environmental characteristics related 
to epithelial ovarian cancer. II. Exposures to talcum 
powder, tobacco, alcohol, and coffee. Am J Epidemiol, 
128: 1228–1240. PMID:3195564

WHO (2000). International Guide for Monitoring Alcohol 
Consumption and Related Harm. Geneva, World 
Health Organization,.

WHO (2004). Global Status Report on Alcohol. Geneva, 
World Health Organization.

WHO (2007). Expert Committee on Problems Related to 
Alcohol Consumption Second Report. WHO.

WHO (2008). Global Information System on Alcohol and 
Health. Available at http://apps.who.int/globalatlas/
default.asp

Willett EV, O’Connor S, Smith AG, Roman E (2007). 
Does smoking or alcohol modify the risk of 
Epstein-Barr virus-positive or -negative Hodgkin 
lymphoma? Epidemiology, 18: 130–136. doi:10.1097/01.
ede.0000248899.47399.78 PMID:17099321

Willett EV, Smith AG, Dovey GJ et  al. (2004). Tobacco 
and alcohol consumption and the risk of non-
Hodgkin lymphoma. Cancer Causes Control, 15: 
771–780. doi:10.1023/B:CACO.0000043427.77739.60 
PMID:15456990

Williams RR & Horm JW (1977). Association of cancer 
sites with tobacco and alcohol consumption and socio-
economic status of patients: interview study from the 

Third National Cancer Survey. J Natl Cancer Inst, 58: 
525–547. PMID:557114

Wong NACS, Rae F, Simpson KJ et  al. (2000). Genetic 
polymorphisms of cytochrome p4502E1 and suscepti-
bility to alcohol liver disease and hepatocellular carci-
noma in a white population: a study and literature 
review, including meta-analysis. J. Clin. Pathol. Mol. 
Pathol, 53: 88–93. doi:10.1136/mp.53.2.88

Woodson K, Albanes D, Tangrea JA et  al. (1999). 
Association between alcohol and lung cancer in the 
alpha-tocopherol, beta-carotene cancer prevention 
study in Finland. Cancer Causes Control, 10: 219–226. 
doi:10.1023/A:1008911624785 PMID:10454067

Wright M, Bieser KJ, Kinnunen PM, Lange LG (1987). 
Nonoxidative ethanol metabolism in human leuko-
cytes: detection of fatty acid ethyl ester synthase 
activity. Biochem Biophys Res Commun, 142: 979–985. 
doi:10.1016/0006-291X(87)91510-5 PMID:3827909

Wu IC, Lee CH, Kuo CH et al. (2009). Consumption of 
cigarettes but not betel quid or alcohol increases color-
ectal cancer risk. J Formos Med Assoc, 108: 155–163. 
doi:10.1016/S0929-6646(09)60046-2 PMID:19251551

Wu MS, Chen CJ, Lin MT et  al. (2002). Genetic poly-
morphisms of cytochrome p450 2E1, glutathione 
S-transferase M1 and T1, and susceptibility to gastric 
carcinoma in Taiwan. Int J Colorectal Dis, 17: 338–343. 
doi:10.1007/s00384-001-0383-2 PMID:12172927

Wu SH, Tsai SM, Hou MF et  al. (2006). Interaction of 
genetic polymorphisms in cytochrome P450 2E1 
and glutathione S-transferase M1 to breast cancer in 
Taiwanese woman without smoking and drinking 
habits. Breast Cancer Res Treat, 100: 93–98. doi:10.1007/
s10549-006-9226-8 PMID:16758119

Wu X, Shi H, Jiang H et al. (1997). Associations between 
cytochrome P4502E1 genotype, mutagen sensi-
tivity, cigarette smoking and susceptibility to lung 
cancer. Carcinogenesis, 18: 967–973. doi:10.1093/
carcin/18.5.967 PMID:9163682

Wurst FM, Skipper GE, Weinmann W (2003). Ethyl 
glucuronide–the direct ethanol metabolite on the 
threshold from science to routine use. Addiction, 98: 
Suppl 251–61. doi:10.1046/j.1359-6357.2003.00588.x 
PMID:14984242

Yamagiwa K, Mizumoto R, Higashi S et al. (1994). Alcohol 
ingestion enhances hepatocarcinogenesis induced by 
synthetic estrogen and progestin in the rat. Cancer 
Detect Prev, 18: 103–114. PMID:8025892

Yamamoto S, Kubo S, Hai S et  al. (2004). Hepatitis 
C virus infection as a likely etiology of intra-
hepatic cholangiocarcinoma. Cancer Sci, 95: 
592–595. doi:10.1111/j.1349-7006.2004.tb02492.x 
PMID:15245596

Yang CX, Matsuo K, Ito H et al. (2005). Esophageal cancer 
risk by ALDH2 and ADH2 polymorphisms and alcohol 
consumption: exploration of gene-environment and 

497

http://dx.doi.org/10.1023/A:1011201911664
http://www.ncbi.nlm.nih.gov/pubmed/11405329
http://www.ncbi.nlm.nih.gov/pubmed/11489758
http://dx.doi.org/10.1002/ijc.24393
http://www.ncbi.nlm.nih.gov/pubmed/19378340
http://www.ncbi.nlm.nih.gov/pubmed/17023722
http://dx.doi.org/10.1590/S0102-86502007000300008
http://dx.doi.org/10.1590/S0102-86502007000300008
http://www.ncbi.nlm.nih.gov/pubmed/17546293
http://dx.doi.org/10.1002/1097-0142(196607)19:7<1001::AID-CNCR2820190714>3.0.CO;2-S
http://dx.doi.org/10.1002/1097-0142(196607)19:7<1001::AID-CNCR2820190714>3.0.CO;2-S
http://dx.doi.org/10.1002/1097-0142(196607)19:7<1001::AID-CNCR2820190714>3.0.CO;2-S
http://www.ncbi.nlm.nih.gov/pubmed/5939299
http://www.ncbi.nlm.nih.gov/pubmed/3195564
http://apps.who.int/globalatlas/default.asp
http://apps.who.int/globalatlas/default.asp
http://dx.doi.org/10.1097/01.ede.0000248899.47399.78
http://dx.doi.org/10.1097/01.ede.0000248899.47399.78
http://www.ncbi.nlm.nih.gov/pubmed/17099321
http://dx.doi.org/10.1023/B:CACO.0000043427.77739.60
http://www.ncbi.nlm.nih.gov/pubmed/15456990
http://www.ncbi.nlm.nih.gov/pubmed/557114
http://dx.doi.org/10.1136/mp.53.2.88
http://dx.doi.org/10.1023/A:1008911624785
http://www.ncbi.nlm.nih.gov/pubmed/10454067
http://dx.doi.org/10.1016/0006-291X(87)91510-5
http://www.ncbi.nlm.nih.gov/pubmed/3827909
http://dx.doi.org/10.1016/S0929-6646(09)60046-2
http://www.ncbi.nlm.nih.gov/pubmed/19251551
http://dx.doi.org/10.1007/s00384-001-0383-2
http://www.ncbi.nlm.nih.gov/pubmed/12172927
http://dx.doi.org/10.1007/s10549-006-9226-8
http://dx.doi.org/10.1007/s10549-006-9226-8
http://www.ncbi.nlm.nih.gov/pubmed/16758119
http://dx.doi.org/10.1093/carcin/18.5.967
http://dx.doi.org/10.1093/carcin/18.5.967
http://www.ncbi.nlm.nih.gov/pubmed/9163682
http://dx.doi.org/10.1046/j.1359-6357.2003.00588.x
http://www.ncbi.nlm.nih.gov/pubmed/14984242
http://www.ncbi.nlm.nih.gov/pubmed/8025892
http://dx.doi.org/10.1111/j.1349-7006.2004.tb02492.x
http://www.ncbi.nlm.nih.gov/pubmed/15245596


IARC MONOGRAPHS – 100E

gene-gene interactions. Asian Pac J Cancer Prev, 6: 
256–262. PMID:16235983

Yang J, Gu M, Song NH et al. (2009). [Correlation of pros-
tate cancer susceptibility with genetic polymorphism 
of cytochrome P450 2E1, smoking and drinking: a 
case-control study in the population of Nanjing area] 
Zhonghua Nan Ke Xue, 15: 7–11. PMID:19288740

Yang J, Qian LX, Wu HF et al. (2006a). Genetic polymor-
phisms in the cytochrome P450 1A1 and 2E1 genes, 
smoking, drinking and prostate cancer susceptibility: 
a case-control study in a Han nationality population 
in Southern China. Int J Urol, 13: 773–780. doi:10.1111/
j.1442-2042.2006.01401.x PMID:16834659

Yang SJ, Wang HY, Li XQ et  al. (2007). Genetic poly-
morphisms of ADH2 and ALDH2 association with 
esophageal cancer risk in southwest China. World J 
Gastroenterol, 13: 5760–5764. PMID:17963305

Yen ML, Yen BL, Bai CH, Lin RS (2003). Risk factors for 
ovarian cancer in Taiwan: a case-control study in a 
low-incidence population. Gynecol Oncol, 89: 318–324. 
doi:10.1016/S0090-8258(03)00088-X PMID:12713998

Yen TT, Lin WD, Wang CP et  al. (2008). The associa-
tion of smoking, alcoholic consumption, betel quid 
chewing and oral cavity cancer: a cohort study. Eur 
Arch Otorhinolaryngol, 265: 1403–1407. doi:10.1007/
s00405-008-0659-z PMID:18389268

Yin G, Kono S, Toyomura K et al. (2007). Alcohol dehydro-
genase and aldehyde dehydrogenase polymorphisms 
and colorectal cancer: the Fukuoka Colorectal Cancer 
Study. Cancer Sci, 98: 1248–1253. doi:10.1111/j.1349-
7006.2007.00519.x PMID:17517051

Yin SJ, Chou FJ, Chao SF et al. (1993). Alcohol and alde-
hyde dehydrogenases in human esophagus: compar-
ison with the stomach enzyme activities. Alcohol Clin 
Exp Res, 17: 376–381. doi:10.1111/j.1530-0277.1993.
tb00779.x PMID:8488982

Yin SJ, Liao CS, Wu CW et al. (1997). Human stomach 
alcohol and aldehyde dehydrogenases: comparison of 
expression pattern and activities in alimentary tract. 
Gastroenterology, 112: 766–775. doi:10.1053/gast.1997.
v112.pm9041238 PMID:9041238

Yokoyama A, Kato H, Yokoyama T et al. (2002). Genetic 
polymorphisms of alcohol and aldehyde dehydroge-
nases and glutathione S-transferase M1 and drinking, 
smoking, and diet in Japanese men with esophageal 
squamous cell carcinoma. Carcinogenesis, 23: 1851–
1859. doi:10.1093/carcin/23.11.1851 PMID:12419833

Yokoyama A, Kato H, Yokoyama T et  al. (2006a). 
Esophageal squamous cell carcinoma and aldehyde 
dehydrogenase-2 genotypes in Japanese females. 
Alcohol Clin Exp Res, 30: 491–500. doi:10.1111/j.1530-
0277.2006.00053.x PMID:16499490

Yokoyama A, Muramatsu T, Ohmori T et  al. (1998). 
Alcohol-related cancers and aldehyde dehydrogenase-2 
in Japanese alcoholics. Carcinogenesis, 19: 1383–1387. 
doi:10.1093/carcin/19.8.1383 PMID:9744533

Yokoyama A, Muramatsu T, Omori T et al. (2001). Alcohol 
and aldehyde dehydrogenase gene polymorphisms 
and oropharyngolaryngeal, esophageal and stomach 
cancers in Japanese alcoholics. Carcinogenesis, 22: 
433–439. doi:10.1093/carcin/22.3.433 PMID:11238183

Yokoyama A, Omori T, Yokoyama T et al. (2006b). Risk 
of squamous cell carcinoma of the upper aerodigestive 
tract in cancer-free alcoholic Japanese men: an endo-
scopic follow-up study. Cancer Epidemiol Biomarkers 
Prev, 15: 2209–2215. doi:10.1158/1055-9965.EPI-06-
0435 PMID:17119048

Yokoyama A, Omori T, Yokoyama T et al. (2008). Risk of 
metachronous squamous cell carcinoma in the upper 
aerodigestive tract of Japanese alcoholic men with 
esophageal squamous cell carcinoma: a long-term 
endoscopic follow-up study. Cancer Sci, 99: 1164–1171. 
doi:10.1111/j.1349-7006.2008.00807.x PMID:18429959

Yokoyama A, Yokoyama T, Omori T et  al. (2007b). 
Helicobacter pylori, chronic atrophic gastritis, inac-
tive aldehyde dehydrogenase-2, macrocytosis and 
multiple upper aerodigestive tract cancers and the 
risk for gastric cancer in alcoholic Japanese men. J 
Gastroenterol Hepatol, 22: 210–217. doi:10.1111/j.1440-
1746.2006.04377.x PMID:17295873

Yong L-C, Brown CC, Schatzkin A et  al. (1997). Intake 
of vitamins E, C, and A and risk of lung cancer. The 
NHANES I epidemiologic followup study. First 
National Health and Nutrition Examination Survey. 
Am J Epidemiol, 146: 231–243. PMID:9247007

Yu MW, Gladek-Yarborough A, Chiamprasert S et al. (1995). 
Cytochrome P450 2E1 and glutathione S-transferase 
M1 polymorphisms and susceptibility to hepatocel-
lular carcinoma. Gastroenterology, 109: 1266–1273. 
doi:10.1016/0016-5085(95)90587-1 PMID:7557094

Yu SZ, Huang XE, Koide T et  al. (2002). Hepatitis B 
and C viruses infection, lifestyle and genetic poly-
morphisms as risk factors for hepatocellular carci-
noma in Haimen, China. Jpn J Cancer Res, 93: 
1287–1292. doi:10.1111/j.1349-7006.2002.tb01236.x 
PMID:12495467

Zakhari S (2006). Overview: how is alcohol metabo-
lized by the body? Alcohol Res Health, 29: 245–254. 
PMID:17718403

Zang EA & Wynder EL (2001). Reevaluation of the 
confounding effect of cigarette smoking on the rela-
tionship between alcohol use and lung cancer risk, with 
larynx cancer used as a positive control. Prev Med, 32: 
359–370. doi:10.1006/pmed.2000.0818 PMID:11304097

Zaridze D, Brennan P, Boreham J et  al. (2009). Alcohol 
and cause-specific mortality in Russia: a retrospec-
tive case-control study of 48,557 adult deaths. Lancet, 
373: 2201–2214. doi:10.1016/S0140-6736(09)61034-5 
PMID:19560602

Zavras AI, Wu T, Laskaris G et  al. (2002). Interaction 
between a single nucleotide polymorphism in the 
alcohol dehydrogenase 3 gene, alcohol consumption 

498

http://www.ncbi.nlm.nih.gov/pubmed/16235983
http://www.ncbi.nlm.nih.gov/pubmed/19288740
http://dx.doi.org/10.1111/j.1442-2042.2006.01401.x
http://dx.doi.org/10.1111/j.1442-2042.2006.01401.x
http://www.ncbi.nlm.nih.gov/pubmed/16834659
http://www.ncbi.nlm.nih.gov/pubmed/17963305
http://dx.doi.org/10.1016/S0090-8258(03)00088-X
http://www.ncbi.nlm.nih.gov/pubmed/12713998
http://dx.doi.org/10.1007/s00405-008-0659-z
http://dx.doi.org/10.1007/s00405-008-0659-z
http://www.ncbi.nlm.nih.gov/pubmed/18389268
http://dx.doi.org/10.1111/j.1349-7006.2007.00519.x
http://dx.doi.org/10.1111/j.1349-7006.2007.00519.x
http://www.ncbi.nlm.nih.gov/pubmed/17517051
http://dx.doi.org/10.1111/j.1530-0277.1993.tb00779.x
http://dx.doi.org/10.1111/j.1530-0277.1993.tb00779.x
http://www.ncbi.nlm.nih.gov/pubmed/8488982
http://dx.doi.org/10.1053/gast.1997.v112.pm9041238
http://dx.doi.org/10.1053/gast.1997.v112.pm9041238
http://www.ncbi.nlm.nih.gov/pubmed/9041238
http://dx.doi.org/10.1093/carcin/23.11.1851
http://www.ncbi.nlm.nih.gov/pubmed/12419833
http://dx.doi.org/10.1111/j.1530-0277.2006.00053.x
http://dx.doi.org/10.1111/j.1530-0277.2006.00053.x
http://www.ncbi.nlm.nih.gov/pubmed/16499490
http://dx.doi.org/10.1093/carcin/19.8.1383
http://www.ncbi.nlm.nih.gov/pubmed/9744533
http://dx.doi.org/10.1093/carcin/22.3.433
http://www.ncbi.nlm.nih.gov/pubmed/11238183
http://dx.doi.org/10.1158/1055-9965.EPI-06-0435
http://dx.doi.org/10.1158/1055-9965.EPI-06-0435
http://www.ncbi.nlm.nih.gov/pubmed/17119048
http://dx.doi.org/10.1111/j.1349-7006.2008.00807.x
http://www.ncbi.nlm.nih.gov/pubmed/18429959
http://dx.doi.org/10.1111/j.1440-1746.2006.04377.x
http://dx.doi.org/10.1111/j.1440-1746.2006.04377.x
http://www.ncbi.nlm.nih.gov/pubmed/17295873
http://www.ncbi.nlm.nih.gov/pubmed/9247007
http://dx.doi.org/10.1016/0016-5085(95)90587-1
http://www.ncbi.nlm.nih.gov/pubmed/7557094
http://dx.doi.org/10.1111/j.1349-7006.2002.tb01236.x
http://www.ncbi.nlm.nih.gov/pubmed/12495467
http://www.ncbi.nlm.nih.gov/pubmed/17718403
http://dx.doi.org/10.1006/pmed.2000.0818
http://www.ncbi.nlm.nih.gov/pubmed/11304097
http://dx.doi.org/10.1016/S0140-6736(09)61034-5
http://www.ncbi.nlm.nih.gov/pubmed/19560602


Consumption of alcoholic beverages

and oral cancer risk. Int J Cancer, 97: 526–530. 
doi:10.1002/ijc.1642 PMID:11802217

Zhang FF, Hou L, Terry MB et al. (2007b). Genetic poly-
morphisms in alcohol metabolism, alcohol intake 
and the risk of stomach cancer in Warsaw, Poland. 
Int J Cancer, 121: 2060–2064. doi:10.1002/ijc.22973 
PMID:17631643

Zhang SM, Lee IM, Manson JE et  al. (2007a). Alcohol 
consumption and breast cancer risk in the Women’s 
Health Study. Am J Epidemiol, 165: 667–676. doi:10.1093/
aje/kwk054 PMID:17204515

Zhou YM, Yin ZF, Yang JM et  al. (2008). Risk factors 
for intrahepatic cholangiocarcinoma: a case-control 
study in China. World J Gastroenterol, 14: 632–635. 
doi:10.3748/wjg.14.632 PMID:18203300

Zimatkin SM, Pronko SP, Vasiliou V et  al. (2006). 
Enzymatic mechanisms of ethanol oxidation in the 
brain. Alcohol Clin Exp Res, 30: 1500–1505. doi:10.1111/
j.1530-0277.2006.00181.x PMID:16930212

Zintzaras E, Stefanidis I, Santos M, Vidal F (2006). 
Do alcohol-metabolizing enzyme gene polymor-
phisms increase the risk of alcoholism and alcoholic 
liver disease? Hepatology, 43: 352–361. doi:10.1002/
hep.21023 PMID:16440362

499

http://dx.doi.org/10.1002/ijc.1642
http://www.ncbi.nlm.nih.gov/pubmed/11802217
http://dx.doi.org/10.1002/ijc.22973
http://www.ncbi.nlm.nih.gov/pubmed/17631643
http://dx.doi.org/10.1093/aje/kwk054
http://dx.doi.org/10.1093/aje/kwk054
http://www.ncbi.nlm.nih.gov/pubmed/17204515
http://dx.doi.org/10.3748/wjg.14.632
http://www.ncbi.nlm.nih.gov/pubmed/18203300
http://dx.doi.org/10.1111/j.1530-0277.2006.00181.x
http://dx.doi.org/10.1111/j.1530-0277.2006.00181.x
http://www.ncbi.nlm.nih.gov/pubmed/16930212
http://dx.doi.org/10.1002/hep.21023
http://dx.doi.org/10.1002/hep.21023
http://www.ncbi.nlm.nih.gov/pubmed/16440362




CHINESE-STYLE SALTED FISH
Chinese-style salted fish was considered by a previous IARC Working Group in 1992 (IARC, 
1993). Since that time, new data have become available, these have been incorporated in 
the Monograph, and taken into consideration in the present evaluation.

1. Exposure Data

1.1 Mode of production

In southern China, about 20 different fish, 
such as red snapper, threadfin, Spanish mackerel, 
croaker, Japanese mackerel, are used to prepare 
salted fish (Armstrong & Eng, 1983; Poirier et al., 
1987). Procedures for preparation of salted fish 
have been described in detail previously (IARC, 
1993). Briefly, salted fish are prepared by salting, 
brining, dry-salting, pickle curing, or a combi-
nation of these treatments. In brining, fish are 
placed in a solution of crude salt in water until 
the fish tissue has absorbed the required amount 
of salt. For dry-salting, fish are mixed with dry 
salt and the resultant brine (from dissolution of 
the salt in the water present in the fish) is allowed 
to drain away. When pickling or pickle curing 
the fish is mixed with salt and stored under the 
brine (pickle) formed when the salt dissolves in 
the water extracted from the fish.

In southern China, fish are generally not 
gutted before salting, and only when bigger fish 
such as red snapper are salted are the guts drawn 
out through the throat, without making an inci-
sion in the belly of the fish. Salting is done with 
crude salt in wooden vats. After a few days, the 
fish are immersed in brine and weights (often 

large stones placed on top of grass mats) are placed 
on the surface to prevent the fish from floating, 
for one to five days. After this the fish are dried 
under the sun for one to seven days, depending 
on the size of the fish and the weather. Salted fish 
prepared in this way are called ‘tough’ or ‘hard 
meat’ salted fish. Sometimes, fish is allowed 
to soften by decomposition before salting, to 
produce ‘soft meat’ salted fish (Poirier et al., 1989; 
Yu et al., 1989a). During drying salted fish, insect 
infestation can be a serious problem, especially 
in damp weather. In southern China, the average 
annual temperature and humidity are high and 
are favourable for the growth of bacteria such as 
Staphylococci (Armstrong & Eng, 1983; Zou et al., 
1994). Salted fish are stored for 4 to 5  months 
before being consumed.

1.2 Compounds present in salted fish

The previous IARC Monograph (IARC, 1993) 
reviewed levels of N-nitrosamines reported for 
uncooked salted fish obtained from different 
countries. The levels of N-nitrosodimethylamine 
in uncooked salted fish ranged from not detected 
to 388 µg/kg (Poirier et al., 1989). Some other vola-
tile nitrosamines such as N-nitrosodiethylamine, 
N-nitrosopyrrolidine and N-nitrosopiperidine 
were also reported, their levels ranged between 
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not detected and about 30 µg/kg (Poirier et al., 
1989). Twenty samples of salted fish purchased 
in high- and low-risk areas for nasopharyngeal 
carcinoma (NPC) were analysed for four volatile 
N-nitrosamines; the highest levels of the sum of 
the four N-nitrosamines (373 µg/kg) were found 
in samples from the area with the highest NPC 
mortality (Zou et al., 1992). Salted fish samples 
were also analysed for total N-nitroso compounds 
determined as the amount of nitric oxide (NO) 
released from the compounds after treatment 
with bromhydric acid (HBr) (Haorah et al., 
2001). Six types of dried salted fish purchased in 
the Fujian province of China, on the coast ~500 
miles south of Shanghai, contained 3.9  ±  2.0 
(range: 1.8–6.0) µmol/kg N-nitroso compounds. 
Upon steaming N-nitrosodiethylamine was 
detected in more samples than in uncooked 
or fried fish; N-nitrosodimethylamine was 
detected in all of the samples, whether cooked or 
uncooked (Huang et al., 1981). The average levels 
of N-nitrosamines in steam-cooked salted fish 
collected from areas with high NPC mortality 
(1.51  ±  0.23 mg/kg) were significantly higher 
than those from areas with lower NPC mortality 
(0.60 ± 0.14–0.83 ± 0.18) (Zou et al., 1994).

Fish are rich sources of secondary and tertiary 
amines, and nitrate and possibly nitrite occur in 
the crude salt used to pickle them. Steam-cooked, 
salted fish purchased in various areas in China have 
been found to contain nitrites (0.15 ± 0.24 mg/kg) 
and nitrates (6.54  ±  0.43 mg/kg) (Zou et al., 
1994). No differences were found in the levels of 
nitrites or nitrates between areas with different 
NPC mortality rates. 

N-nitroso compounds, including 
N-nitrosamines, can form during the prepara-
tion of salted fish. Several factors may affect the 
levels of N-nitroso compounds, including levels 
of nitrites and nitrates in crude salt, those of 
nitrogen oxide in the air (when the preparation 
took place in open air), the growth of nitrate-
reducing bacteria and pH. N-Nitroso compounds 
can also be formed after ingestion of foods by 

chemical nitrosation under acidic conditions in 
the stomach (IARC, 2010).

Aqueous food extracts of 116 samples of salted 
fish from China were analysed for four volatile 
N-nitrosamines before and after strong acid-
catalysed nitrosation in vitro. After nitrosation, 
N-nitrosodimethylamine levels were increased 
about 70-fold, while N-nitrosopiperidine levels 
were increased nearly 200-fold (Zou et al., 1994). 
Six types of dried salted fish purchased in the 
Fujian province of China contained 6000 ± 3200 
(range: 4200–12300) µmol/kg precursors of total 
N-nitroso compounds determined as the amount 
of NO released after HBr treatment (Haorah 
et al., 2001). These results confirm that salted 
fish contains high concentrations of precursors 
of N-nitroso compounds.

1.3 Prevalence of use of Chinese-style 
salted fish

Chinese-style salted fish is popular in 
Chinese populations along the south China coast 
and South-eastern Asian countries, where it is 
often used as an accompaniment to other dishes 
or rice. Although the amount consumed at any 
one time is small (not more than 10 g), the dish 
may appear at every meal; some people prefer the 
spoiled parts (Fong & Chan, 1973). Salted fish 
mixed with rice has also been used as a traditional 
weaning food, and was often given to infants 
early and frequently in their life (Topley, 1973; 
Yu et al., 1981, 1989b). In three studies, 6–53% 
of individuals reported use during weaning; use 
in the post-weaning period was slightly lower 
in each subsequent study (Yu et al., 1986, 1988, 
1989b).

Data on prevalence of use are mainly derived 
from studies on the association with NPC, but 
in most studies the type of salted fish is not 
specified. Prevalence of use varies significantly 
(Table 1.1); in southern Chinese populations 4 to 
48% of the adult population have reported eating 
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salted fish more than once weekly. Comparing 
earlier and later studies shows a decreasing trend 
in the prevalence of use. Consumption of salted 
fish in Chinese populations has been declining 
since the second half of the 20th century, and 
consumption in weaning and early childhood 
is now rare (Zheng et al., 1994a; Yu & Yuan, 
2002). Both cultural changes and other methods 
of preserving food may be responsible for the 
decrease.

2. Cancer in Humans

2.1 Nasopharyngeal carcinoma

2.1.1 Overview of studies

Ho (1967) estimated that the Tankas (boat 
people), who consumed Chinese-style salted 
fish in their daily diet, had twice the incidence 

of nasopharyngeal carcinoma (NPC) compared 
with the land-dwelling Cantonese in Hong Kong 
Special Administrative Region. Subsequent 
studies demonstrated that the distinct pattern of 
NPC incidence among different ethnic or dialect 
groups in southern China coincided with the 
prevalence of their consumption of salted fish 
(Ho, 1978; Yu et al., 1981), and that high inci-
dence rates of NPC were retained in the Chinese 
who continued consuming salted fish after they 
migrated to Malaysia (Armstrong et al., 1979; 
Armstrong & Eng, 1983). The peak in incidence 
rates at ages 45–54 years and decline thereafter 
suggested that the consumption of salted fish 
occurred early in life. [Salted fish mixed with soft 
rice was commonly fed to infants in the weaning 
and post-weaning period.] 

Eight case–control studies on the association of 
salted fish with NPC, conducted between the 1970s 
and 1980s, were reviewed in the previous IARC 
Monograph (IARC, 1993) and are summarized 
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Table 1 .1 Prevalence of salted fish consumption once weekly or more in Chinese populationsa

Reference Region or country Data 
collection

Number 
of adult 
controlsb

Consumption of salted fish

Childhoodc Adulthood

Armstrong & Eng (1983) Malaysia 1980 100 [47%] [20%]
Yu et al. (1986) Hong Kong Special Administrative 

Region
1981–NR 250 [16%] [8%]

Yu et al. (1988) Guangxi, Southern China 1984–86 174 4% NR
Yu et al. (1989b) Guangzhou, Southern China 1983–85 304 47% 33%
Ning et al. (1990) Tianjin, Northern China 1985–86 300 3% NR
Zheng et al. (1994a) Guangzhou, Southern China 1985–88 195 10% 1–3%
Lee et al. (1994) Singapore 1988–90 369 16% 4%
Yuan et al. (2000) Shanghai 1988–91 1032 NR 2%
Zou et al. (2000) Yangjiang, Southern China 1987–95 192 NR 48%
Ward et al. (2000) Taiwan, China 1991–94 327 NR < 5%

110 31% NR
Yang et al. (2005) Taiwan, China 1996–NR 1636 2% NR
Guo et al. (2009) Guangxi, Southern China 2004–05 758 NR 4%

a Prevalence in the control groups from the studies
b Number of controls with information on salted fish consumption
c Age 10 years, except Armstrong & Eng (1983) (‘Childhood’); Zheng et al. (1994a) (0–3 years). Childhood and adulthood population are the 
same but were asked their consumption at different time points.
NR, not reported
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in Table  2.1 (available at http://monographs.
iarc.fr/ENG/Monographs/vol100E/100E-07-
Table2.1.pdf) (Henderson et al., 1976; Henderson 
& Louie, 1978; Geser et al., 1978; Armstrong & 
Eng, 1983; Yu et al., 1986, 1988, 1989b; Ning 
et al., 1990; Sriamporn et al., 1992). All but one 
were conducted on Chinese subjects and consist-
ently demonstrated that consumption of Chinese 
salted fish was associated with increased risk for 
NPC. There was a dose-dependent relationship 
between frequency and duration of consumption 
and NPC risk. The association was stronger for 
intake of salted fish during childhood up to 10 
years of age compared with intake at older ages. 

Since the publication of the previous IARC 
Monograph (IARC, 1993), an additional 11 case–
control studies on the association of Chinese-
style salted fish with NPC association have 
been published in English or Chinese-language 
articles, all but one in Chinese populations (see 
Table 2.1 on-line). No cohort studies have been 
performed. In six studies a significant associa-
tion between salted fish and NPC was observed 
(Huang et al., 1993; Zheng et al., 1994a, b; 
Armstrong et al., 1998; Zou et al., 2000; Guo et al., 
2009), in two the association was of borderline 
significance (Yuan et al., 2000; Yang et al., 2005), 
while lack of an association was observed in three 
studies (West et al., 1993; Lee et al., 1994; Ward 
et al., 2000). Two of the negative studies were 
performed in populations with a low consump-
tion of Chinese-style salted fish (West et al., 
1993; Ward et al., 2000). In the positive studies, 
the strongest association was seen for intake in 
early childhood and during weaning, while the 
association with adult consumption was weaker. 
Only modestly increased risks were found in 
the majority of studies, and in the three largest 
studies (with more than 500 cases), increased 
risks were only observed for the most exposed 
individuals.

There are several possible reasons for the 
smaller risk observed in more recent studies. 
First, the consumption of salted fish by Chinese 

populations, especially feeding young children, 
has declined in parallel with economic develop-
ment (Lee et al., 1994; Zheng et al., 1994b). While 
NPC incidence in certain areas of Southern China 
has remained stable in recent decades (Jia et al., 
2006), the incidence of NPC has declined signifi-
cantly in Hong Kong Special Administrative 
Region and Singapore, and a preceding decrease 
in salted fish consumption may be a contrib-
uting factor (Yu & Yuan, 2002). Second, in 
recent decades the consumption of commercially 
produced salted fish and other preserved foods 
has increased and the consumption of home-
preserved foods with possible higher nitrite and 
nitrosamine levels has declined (Ward et al., 
2000). Third, compared with later studies (Yuan 
et al., 2000; Guo et al., 2009; Yang et al., 2005), 
the cases in some of the earlier studies were 
younger (Yu et al., 1986, 1988). This is relevant as 
the effect of salted fish on the risk of NPC seems 
to be most pronounced in younger onset cases 
(Yang et al., 2005).

2.1.2 Interaction with other risk factors

(a) Genetic risk factors

The involvement of a genetic factor in the 
development of NPC is likely and the familial 
risk of NPC in endemic areas is among the 
highest of any malignancy (IARC, 1997; Ung 
et al., 1999) compared to those reported for 
other cancers (Goldgar et al., 1994). Yang et al. 
(2005) found that the risk of NPC associated 
with salted fish consumption was strongest in 
families with three or more affected members 
in Taiwan, China; however, both genetic factors 
and shared environment could be responsible. 
In a study from Guangzhou comparing familial 
cases of NPC with sporadic cases, no significant 
differences in salted fish consumption between 
the two case groups were found (Luo et al., 2009).
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(b) Epstein-Barr virus

The association between Epstein-Barr virus 
(EBV) and undifferentiated NPC is firmly estab-
lished and EBV is found in all tumour cells from 
NPC in endemic areas (Hjalgrim et al., 2007). A 
synergistic effect between EBV and salted fish 
intake on the risk of NPC is suggested from a 
study where the association between salted fish 
and NPC was stronger in EBV VCA IgA posi-
tive individuals (Zheng et al., 1994a). In a study 
of Caucasian NPC patients in the USA, intake 
of preserved meats with high levels of added 
nitrites increased the risk of undifferentiated 
NPC, while the risk of differentiated NPC was 
unaffected (Farrow et al., 1998). In areas with low 
NPC incidence, undifferentiated, but not differ-
entiated, NPC is associated with EBV (Hjalgrim 
et al., 2007). 

In studies attempting to control for 
EBV-infection status, the association between 
Chinese-style salted fish and NPC remained 
(Zheng et al., 1994a; Guo et al., 2009).

2.2 Cancer of the stomach

2.2.1 Overview of studies

A total of five case–control studies have 
investigated the association between Chinese-
style salted fish and development of stomach 
cancer (Table 2.2 available at http://monographs.
iarc.fr/ENG/Monographs/vol100E/100E-07-
Table2.2.pdf). Two of the studies were conducted 
in Southern Chinese populations (Ye et al., 
1998; Cai et al., 2003), two studies in Northern 
Chinese populations (You et al., 1988; Takezaki 
et al., 2001a) and one study in Malaysia (33% of 
the controls were Chinese) (Goh et al., 2007). In 
the two largest studies, with 564 and 272 cases, 
modest increased risks around 1.4–1.6 were 
found in the most exposed group (You et al., 
1988; Ye et al., 1998). However, the amount of fish 
consumed in the study from Shandong was small 
(You et al., 1988). Higher risks were found in two 

of the smaller studies (Cai et al., 2003; Goh et al., 
2007). A dose–response relationship was found 
in two smaller studies, with odds ratios ranging 
from 3.4 to 5.7 in the most exposed individuals 
(salted fish at least three times/week) (Takezaki 
et al., 2001a; Cai et al., 2003). Adjustments for 
smoking and alcohol were missing in two studies 
(You et al., 1988; Ye et al., 1998), while adjustment 
for Helicobacter pylori status was only performed 
in one study (Goh et al., 2007). 

An increased risk for stomach cancer associ-
ated with intake of highly salty foods has been 
observed in other populations (You et al., 1988; 
Tsugane & Sasazuki, 2007). 

2.2.2 Histology and topography

In the single study reporting histology, all 
cases were adenocarcinomas (Goh et al., 2007). 
An equal effect of salted fish consumption was 
observed on cardia and non-cardia stomach 
cancer (Cai et al., 2003).

2.2.3 Interactions

Interactions between salted fish consumption 
and other risk factors for stomach cancer have not 
been reported. The possible significance of early 
age at consumption and risk for stomach cancer 
has not been investigated. Growing evidence has 
associated EBV infection with a subset (5–10%) 
of all gastric carcinomas globally (Hjalgrim et al., 
2007). Analogous to nasopharyngeal carcinoma, 
the virus in EBV-positive gastric carcinomas is 
found in all tumour cells (Imai et al., 1994), and 
EBV-antibodies are elevated in patients before 
diagnosis (Levine et al., 1995). However, no 
studies have investigated the association between 
salted fish and EBV-positive gastric carcinomas. 
Nor has a possible interaction between salted 
fish intake and Helicobacter pylori infection been 
investigated.
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2.3 Cancer of the oesophagus

Three studies have investigated the associa-
tion between Chinese-style salted fish and cancer 
of the oesophagus (see Table 2.2 on-line). In Hong 
Kong Special Administrative Region, frequent 
consumption of salted fish, especially early in life, 
was associated with an increased risk for oesoph-
ageal cancer in univariate analyses, but was much 
weakened when alcohol and other confounders 
were taken into account (Cheng et al., 1992). In 
a Northern Chinese population consumption 
of salted fish more than once weekly (the most 
exposed individuals) was associated with a non-
significant 80% increased risk, and there was no 
significant trend (Takezaki et al., 2001a). In a 
Southern Chinese population an increased risk 
for oesophageal cancer was associated with adult 
salted fish consumption in women, but not in 
men, and there was no dose–response relation-
ship from both sexes combined (Li et al., 2001). 
In the one study reporting histology, 85% of 
tumours were squamous cell carcinomas (Cheng 
et al., 1992). Information on topography was not 
provided.

2.4 Other cancers

Consumption of salted fish in Chinese popu-
lations has also been associated with an increased 
risk for cancer of the lung (Wang et al., 1996; Lu 
et al., 2003), brain (Hu et al., 1999), and prostate 
(Jian et al., 2004); no such association was seen 
for lung cancer in two studies in Japan (Takezaki 
et al., 2001b, 2003). Studies at these sites are too 
sparse to allow for a systematic evaluation.

2.5 Synthesis

In all five case–control studies salted fish 
consumption in adulthood is associated with an 
increased risk for stomach cancer. However, the 
effect in the largest studies is modest, and adjust-
ment for important confounding risk factors 

(including smoking, alcohol and Helicobacter 
pylori status) were missing in several of the 
studies. 

3. Cancer in Experimental Animals

Cantonese-style salted fish and salted fish 
extracts have been tested for carcinogenicity in 
three studies in rats and in one study in Syrian 
golden hamsters. Investigators administered 
specifically Cantonese-style salted fish to experi-
mental animals (Table 3.1).

3.1 Oral administration

3.1.1 Rat

In one study, carcinomas of the nasal or 
paranasal regions developed in 4/10 [not signifi-
cant] female rats fed steamed Cantonese-style 
salted fish for six months followed by extract of 
Cantonese-style salted fish heads as drinking-
water for 1–2 years. No such tumours developed 
in similarly treated males (0/10) or in controls 
of either sex (0/3 and 0/3) (Huang et al., 1978). 
[The working group noted the small number 
of animals.] In a larger study, malignant nasal 
cavity tumours of various kinds developed in 
male and female rats (4/148) fed Cantonese-style 
salted fish mixed in powdered diet for 18 months 
and observed until three years of age, but not in 
controls (0/73) (Yu et al., 1989a).

Groups of 40–41 offspring (male and female) 
of rats were exposed to Cantonese-style salted fish 
mixed in the dams’ diet during pregnancy and 
lactation and were themselves fed Cantonese-
style salted fish mixed in diet after weaning 
for two years; 5 rats of both sexes developed 
malignant nasal and nasopharyngeal tumours 
of various kinds. Two offspring of rats exposed 
to control diet during pregnancy and lactation 
that were given Cantonese-style salted fish-
containing diet after weaning also developed 
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Table 3 .1 Carcinogenicity studies of oral administration of Cantonese-style salted fish in experimental animals

Species, strain 
(sex) 
Duration 
Reference

Dosing regimen, 
Animals/group at start

Incidence of tumours Significance Comments

Rat, Inbred WA 
albino (M, F) 
up to 24 mo 
Huang et al. (1978)

Steamed salted fish (30 g/d) for 6 mo, 5 d/
wk, followed by salted fish soup (20 mL, 
0.2 g fish/mL), 5 d/wk, for 1–2 yr 
10 M, 10 F 
3 M, 3 F (controls)

Adenocarcinoma of the nasal cavity: 
M–0/10 
F–2/10

NR [NS] Small number 
of animals

Undifferentiated carcinoma of the paranasal sinus: 
M–0/10 
F–1/10
Highly invasive squamous carcinoma in the upper posterior 
part of the right buccoalveolar sulcus: 
M–0/10 
F–1/10 
No nasal cavity tumours in controls (0/6) -

Rat, Inbred 
Wistar-Kyoto 
(M, F) 
3 yr 
Yu et al. (1989a)

Steamed Cantonese-style salted fish (48% 
soft- & 52% hard-type):rat chow, 1:3 or 
1:5, for 18 mo 
Controls given rat chow only 
36–37 F or 37 M

Undifferentiated carcinoma in the mid-and left portions of the 
nasal cavity: 
(M–1/37) high dose diet

Positive 
(one sided 
P = 0.02), 
4/148 vs 
historical 
controls.

Moderately differentiated squamous cell carcinoma in the left 
lateral nasal cavity: 
(F–1/37) high dose diet
Spindle cell carcinoma in the left lateral nasal cavity: 
(F–1/37) high dose diet

NS

Spindle cell tumour in the left posterior nasal cavity: 
(M–1/37) low dose diet
No tumours in 73 controls

Rat, Sprague-
Dawley (M, F) 
2 yr 
Zheng et al. 
(1994c)

Steamed & dried Cantonese-style salted 
fish (50% soft- & 50% hard-type), 0, 5 or 
10% in the diet 
40–41 M, F

Positive (P for 
trend = 0.041)

Positive, 7/122 
vs historical 
controls 
(one tailed, 
P = 0.004)Pregnant rats fed 10% salted fish, 41 new 

born rats fed 10% salted fish (Group 1)
One squamous cell carcinoma (M) and 1 poorly differentiated 
carcinoma (F) of the nasopharynx; 1 adenocarcinoma (F) and 1 
fibrosarcoma (M) of the nasal cavity

Pregnant rats fed control pellets, 41 new 
born rats fed 10% salted fish (Group 2)

One squamous cell carcinoma (M) of the nasopharynx and 1 
rhabdomyosarcoma (F) of the nasal cavity

Pregnant rats fed 5% salted fish, 40 new 
born rats fed 5% salted fish (Group 3)

One soft tissue sarcoma (F) of the nasal cavity

40 untreated controls No nasal cavity or nasopharygeal tumours in controls -
d, day or days; F, female; M, male; mo, month or months; NR, not reported; NS, not significant; vs, versus; wk, week or weeks; yr, year or years
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malignant nasal or nasopharyngeal tumours. No 
nasal or nasopharyngeal tumours were found in 
control offspring born to untreated dams and 
fed regular pelleted diet throughout life (Zheng 
et al., 1994c).

3.1.2 Hamster

No nasal or paranasal tumours were observed 
in eight male and six female Syrian golden 
hamsters fed steamed Cantonese-style salted fish 
for six months and then an extract of Cantonese-
style salted fish heads as drinking-water five 
times per week for 1–2 years (Huang et al., 1978).

3.2 Synthesis

In three studies in rats fed Cantonese-style 
salted fish, there was a consistent increased 
frequency of nasal cavity tumours, which are 
uncommon neoplasms in rats.

4. Other Relevant Data

4.1 Absorption, distribution, 
metabolism and excretion

No data were available to the Working Group.

4.2 Genetic and related effects

4.2.1 Humans

No data were available to the Working Group.

4.2.2 Experimental systems 

The genotoxicity and mutagenicity of 
Chinese-style salted fish in experimental systems 
has been reviewed in detail (IARC, 1993).

(a) Genotoxicity and mutagenicity in bacteria

DMSO extracts of 4 samples of different 
species of salted fish and 2 samples of dried 
shrimps were mutagenic in Salmonella typh-
imurium TA 100 and TA 98 in the presence of a 
metabolic activation system (Fong et al., 1979). 
However, n-hexane and ethyl acetate extracts of 
hard and soft salted dried fish samples obtained 
in a high risk area for NPC in China were not 
mutagenic in S. typhimurium TA 100 and TA 98 
in the absence or presence of rat liver metabolic 
activation system. Nevertheless, these salted fish 
samples contained high levels of precursors that 
upon nitrosation in vitro with sodium nitrite 
under acidic conditions yielded directly-acting 
genotoxic (probably N-nitroso) compounds 
(Tannenbaum et al., 1985; Poirier et al., 1989). 
Mutagenicity on S. typhimurium TA 100 of 
salted fish obtained from Hong Kong Special 
Administrative Region increased with increasing 
nitrite concentration (Weng et al., 1992).

In one study, urine samples collected from 
WA rats fed Chinese-style salted fish showed 
mutagenic activity on S. typhimurium TA 100 
and TA 98 (Fong et al., 1979).

(b) Genotoxicity and mutagenicity in 
experimental animals

(i) DNA adduct
In one study, the levels of 7-methylguanine in 

the liver and nasopharynx of rats fed 5% or 10% 
steamed and dried Chinese-style salted fish were 
analysed by a post-labelling method. There was 
no significant difference in adduct levels between 
exposed and control animals, the levels ranging 
between 3.2–1.2 and 3.3–1.4 per 107 nucleotides, 
respectively (Widlak et al., 1995).

(ii) EBV-activation activity
Aqueous extracts of Cantonese-style salted 

dried fish from China showed a strong activity 
in EBV reactivation when assayed in Raji cells 
(Shao et al., 1988). EBV-reactivation activity was 
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decreased or showed no change after chemical 
nitrosation, but it was not correlated with the 
genotoxicity or nitrosamine levels of the samples 
(Poirier et al., 1989).

4.3 Mechanistic considerations

The mechanisms by which consumption of 
Cantonese-style salted fish induces NPC remain 
unresolved.

NPC has been classified into three histologic 
types: keratinizing squamous cell carcinoma 
(class I), nonkeratinizing carcinoma (class II) 
and basaloid squamous-cell carcinoma (class III) 
(Chan et al., 2005). Distinct etiological factors 
could be responsible for the three types of NPC. 
In high incidence areas such as southern China, 
99% of NPC are class II whereas class I NPC is 
predominant in low-incidence regions. The etio-
logical factors of NPC in high incidence areas 
include EBV, environmental risk factors and 
genetic susceptibility. 

EBV has been classified as a Group 1 carcin-
ogen by IARC, based on sufficient evidence for 
its carcinogenicity in humans, namely for NPC 
(IARC, 1997, 2012). EBV infects primarily B 
lymphocytes, but also epithelial cells such as 
oropharyngeal cells, essentially in the lymphoep-
ithelium of the palatine tonsils from Waldeyers 
ring. The etiological association of NPC with 
EBV was first suggested on the basis of sero-
logical evidence (Old et al., 1966). Circulating 
cell-free EBV DNA is detected in the plasma and 
serum of NPC patients, but not in healthy indi-
viduals, and its levels are positively correlated 
with disease stage and prognosis (Lin et al., 2004). 
EBV DNA, RNA and gene products are also 
present in most tumour cells (zur Hausen et al., 
1970). EBV is detected in cancer cells of virtu-
ally all cases of class II NPC in endemic regions. 
In addition, NPC tumour cells were shown to 
be clonal expansions of a single EBV-infected 
progenitor cell (Raab-Traub & Flynn, 1986). 
EBV infection alone is, however, not a sufficient 

cause of NPC: the ubiquitous EBV infects and 
persists latently in over 90% of the world popula-
tion, yet only a small proportion of individuals 
develop NPC. Although there is little variation in 
the prevalence of infection or the age at primary 
infection with EBV throughout China, risk for 
NPC is more than 20-fold higher in three prov-
inces in southern China (Zeng, 1985). Therefore 
environmental and/or genetic factors may also 
contribute to NPC risk.

On the basis of studies on the natural history 
of NPC from southern Chinese populations, 
the following pathogenesis model for NPC 
has been proposed (Lo & Huang, 2002; Young 
& Rickinson, 2004). Clonal cell proliferation 
with 3p and 9p deletion is frequently detected 
in dysplastic lesions and even in histologically 
normal nasopharyngeal epithelia in the absence 
of EBV infection; loss of heterozygosity (LOH) 
appear to be an early event in the pathogenesis 
of NPC in this high-risk area (allelic loss may 
confer growth advantage and cells may expand 
to form multiple clonal population within the 
nasopharynx). These genetic events could result 
from the consumption of Cantonese-style salted 
fish and other traditional foods. Samples of 
Chinese-style salted fish contain high concen-
trations of several N-nitrosamines and their 
precursors such as N-nitrosodimethylamine, 
N-nitrosodiethylamine, N-nitrosopyrroline and 
N-nitrosopiperidine (see Section 1.2) which were 
all shown to be carcinogenic in animals (IARC, 
1978, 1993; Tricker & Preussmann, 1991). In 
addition, increased formation of N-nitrosamines 
occurs after endogenous chemical nitrosation of 
salted fish with nitrite under acidic conditions 
(see Section 1.2). N-nitrosamino acids excreted in 
the urine were shown to be increased in subjects 
living in the high-risk areas of NPC in southern 
China, compared to those living in the low-
risk areas (Yi et al., 1993). These results suggest 
exposure to carcinogenic N-nitroso compounds, 
preformed in salted fish or formed endogenously 
by nitrosation of their precursors. 
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Polymorphisms in cytochrome P450 (CYP) 
2E1 (CYP2E1) (Hildesheim et al., 1995, 1997; 
Kongruttanachok et al., 2001) and CYP2A6 
(Tiwawech et al., 2006) and the absence of 
glutathione-S-transferase M1 (GSTM1) and/
or GSTT1 (Guo et al., 2008; Zhuo et al., 2009) 
have been associated with increased risk of NPC 
in Southern China. Polymorphisms in genes 
encoding for enzymes involved in N-nitrosamine 
metabolism and detoxification could affect 
carcinogenesis but exact mechanisms have not 
been elucidated. 

Aqueous extracts of Cantonese-style 
salted dried fish from China can activate 
EBV-reactivation (Shao et al., 1988). This is impor-
tant, since EBV can persist benignly in the body 
unless it is reactivated. Active EBV can induce 
many different cellular processes that may lead to 
carcinogenesis (IARC, 2012). It can for instance, 
induce genomic instability (Fang et al., 2009) 
and activation of the NADPH oxidase (Gruhne 
et al., 2009) and increased expression of induc-
ible nitric oxide synthase (Yu et al., 2002). These 
enzymes produce reactive oxygen and nitrogen 
species that damage DNA through formation 
of 8-oxo-deoxyguanosine and 8-nitroguanine 
in NPC (Ma et al., 2008; Segawa et al., 2008; 
Gruhne et al., 2009). Increased lipid peroxidation 
product (malondialdehyde) was also detected 
in the blood of NPC patients (Gargouri et al., 
2009). These findings indicate that reactivation 
by Chinese-style salted fish of latent EBV in 
infected cells may play a substantial role in NPC, 
by promoting genomic instability via induc-
tion of oxidative and nitrative DNA damage. 
Interestingly, epidemiological data showed that 
both EBV and Chinese-style salted fish are also 
associated with gastric carcinoma.

4.4 Synthesis

Possible mechanisms for the association of 
consumption of Cantonese-style salted fish with 
risk of NPC are the formation endogenously of 

N-nitroso compounds in the human body and/
or their formation due to the processing of the 
fish — i.e. a reaction between secondary and 
tertiary amines in the fish and nitrate/nitrite in 
the crude salt used — and activation of the onco-
genic Epstein-Barr virus. These two mechanisms 
are not mutually exclusive.

5. Evaluation

There is sufficient evidence in humans for 
the carcinogenicity of Chinese-style salted fish. 
Chinese-style salted fish causes cancer of the 
nasopharynx. Also, a positive association has 
been observed between consumption of Chinese-
style salted fish and cancer of the stomach.

There is sufficient evidence in experimental 
animals for the carcinogenicity of Cantonese-
style salted fish.

Chinese-style salted fish is carcinogenic to 
humans (Group 1). 
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INDOOR EMISSIONS FROM HOUSEHOLD 
COMBUSTION OF COAL

Indoor combustion of coal was considered by a previous IARC Working Group in 2006 
(IARC, 2010a). Since that time, new data have become available, these have been incorpo-
rated into the Monograph, and taken into consideration in the present evaluation.

1. Exposure Data

1.1 Constituents of coal emissions 
from household use of coal

1.1.1 Types and forms of coal

Coal is a highly variable fuel, which ranges 
from high heating-value anthracite through 
various forms of bituminous coal to intermedi-
ates in coal formation, viz. lignite and peat. Each 
of these types of fuel can contain different levels 
of moisture, non-combustible inorganic material 
(ash), sulfur, and sometimes significant levels of 
other impurities, e.g. arsenic, fluorine, lead and 
mercury.

Raw coal may be used in many forms, from 
lumps and briquettes to fine powders. Processing 
of coal may be as simple as forming coal balls 
or cakes by hand followed by sun-drying, or it 
may be a sophisticated procedure, blending coal 
into a uniform mixture with binders to reduce 
sulfur and particulate emissions and formed 
into briquettes designed to burn efficiently and 
cleanly in special stoves.

1.1.2 Constituents of coal emissions

When using small and simple combustion 
devices such as household cooking and heating 
stoves, coals are difficult to burn without substan-
tial emission of pollutants principally due to the 
difficulty of completely pre-mixing the fuel and 
air during burning. Consequently, a substantial 
fraction of the fuel carbon is converted to prod-
ucts of incomplete combustion. For example, 
typical household coal stoves in China and India 
divert between more than 10% and up to ~30% 
of their fuel carbon into products of incomplete 
combustion (Smith et al., 2000; Zhang et al., 
2000a).

The products that are formed can be present 
in the gas phase, the particle phase, or both, 
depending on their volatility. Hence, they repre-
sent a complex mixture of particulate and gaseous 
chemical species, including carbon monoxide, 
nitrogen dioxide and particulate matter (PM). 
Products of incomplete combustion include 
polycyclic aromatic hydrocarbons (PAHs) and a 
large number of compounds that are precursor 
components of photochemical smog, such as 
aldehydes (Chuang et al., 1992a; Tsai et al., 2003). 
In addition, many types of coal contain intrinsic 
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contaminants from their mineral deposits, such 
as sulfur, arsenic, silica, fluorine, lead or mercury. 
During combustion, these contaminants are 
released into the air in their original or oxidized 
form. In households that use sulfur-rich coals, 
for example, sulfur dioxide is present at elevated 
levels. The high temperature of coal combustion 
leads to emission of large amounts of nitrogen 
oxides (Zhang et al., 2000a).

The chemical constituents of coal emis-
sions have been reported as individual chemical 
compounds (e.g. carbon monoxide, benzene, 
formaldehyde, PAHs), groups of compounds 
(e.g. total non-methane hydrocarbon, total 
organic carbon), elements (e.g. carbon, arsenic), 
or ions (e.g. fluoride, sulfate) (IARC, 2010a). The 
constituents identified to date are summarized 
in Table 1.1 by compound class, element and ion, 
respectively. Selected chemicals that are associ-
ated with carcinogenicity are discussed below.

(a) Particles and particle components

Particles emitted from coal combustion are 
fine and ultra-fine in size (well below 1  µm in 
diameter) (Kleeman et al., 1999; Hays et al., 2002). 
Fresh coal emissions contain a large number of 
ultra-fine particles that condense rapidly as they 
cool and age. The emissions may include larger 
particles resulting from suspension of ash and 
solid fuel debris. Combustion-generated particles 
and ash/debris particles have different chemical 
composition and particle size. For this reason, 
there has been a switch in recent studies from 
measuring total suspended particles (TSP) to 
measuring inhalable particles (< 10 µm, referred 
to as PM10) or respirable particles (<  2.5 µm, 
referred to as PM2.5).

A large number of chemical species are 
found in combustion-generated particles and 
many of these are not stable (Rogge et al., 1998). 
Elemental carbon has a characteristic core onto 
which many metals and organic compounds can 
be readily adsorbed or absorbed.

Earlier studies also focused on different 
solvent extracts of particles (soot) emitted from 
coal combustion. For example, in Xuanwei 
County, China, particles released from smoky-
coal combustion contained the highest amount 
of organic compounds extractable with dichlo-
romethane, followed by particles released 
from anthracite (smokeless) coal combustion 
(Mumford et al., 1987). Some particles carry 
stabilized free radicals (Tian, 2005).

Analytical techniques such as ion chroma-
tography can measure chemicals in the extracts 
of combustion particles in their dissociated form 
(ions). The most abundant commonly identified 
ions in coal emissions are shown in Table 1.1.

(b) PAHs and substituted PAHs

Polycyclic aromatic hydrocarbons are formed 
during incomplete combustion of all carbon-
based fuels and organic materials, including 
coal. At typical ambient temperature, lower 
molecular-weight PAHs (with 2–4 aromatic 
rings) are present predominantly in the gas phase 
while higher molecular-weight PAHs are present 
predominantly in the particle phase. Because 
PAHs of higher cancer potency are predomi-
nantly present in the particle phase (IARC, 
2010a), combustion particles have often been 
subject to compositional analysis for PAHs and 
PAH derivatives. A detailed analysis of PAHs 
in dichloromethane extracts of soot deposits 
from coal-burning stoves in several homes of 
Hunan Province, China, has identified 32 indi-
vidual PAHs ranging in size from three to eight 
fused aromatic rings. The PAHs found in the 
soot deposits included 20 benzenoid PAHs, six 
fluoranthene benzologues, one cyclopenta-fused 
PAH, one indene benzologue, three oxygen-
ated PAHs and one ring-sulfur-containing 
aromatic compound (Table  1.1; Wornat et al., 
2001). Carcinogenic PAHs, methylated PAHs 
and nitrogen-containing heterocyclic aromatics 
were detected in the particles emitted from 
smoky coal combustion, as typically found 
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Table 1 .1 Constituents of coal emissions, by chemical class

Compound Species

Inorganic compounds CO, SO2, NOx

Hydrocarbons
Alkanes C1–C10

Alkenes C2–C10 (including 1,3-butadiene)
Aromatics Benzene, Xylene, Toluene, Styrene
PAHs and substituted PAHs Acenaphthene  

Acenaphthylene 
Acephenanthrylene 
Anthracene 
Benz[a]anthracene 
Benzanthrone 
Benzo[b]chrysene 
Benzo[a]coronene 
Benzo[b]fluoranthene 
Benzo[k]fluoranthene 
Benzo[b+j+k]fluorene 
Benzo[a]fluorine 
Benzo[b]naphtha[2,l-d]thiophene 
Benzo[pqr]naphtha[8,1,2-bcd]perylene 
Benzo[ghi]perylene 
Benzo[a]pyrene 
Benzo[e]pyrene 
Chrysene 
Coronene 
Cyclopenta[def]chrysene-4-one 
Cyclopent[hi]acephenanthrylene 
Cyclopenta[cd]benzo[ghi]perylene

Cyclopenta[bc]coronene  
Cyclopenta[cd]fluoranthrene 
Cyclopenta[cd]pyrene 
Dibenz[a,c]anthracene 
Dibenz[a,h]anthracene 
Dibenz[a,j]anthracene 
Dibenzo[a,e]pyrene 
Dibenzo[e,l]pyrene 
Dibenzo[b,k]fluoranthene 
Dicyclopenta[cd,mn]pyrene 
Dicyclopenta[cd,jk]pyrene 
Fluoranthene 
Fluorene 
Indeno[123-cd]pyrene 
Naphtho[1,2-b]fluoranthene 
Naphtho[2,1-a]pyrene 
Phenanthrene 
Picene 
Pyrene 
Triphenylene 
Tribenzo[e,ghi,k]perylene 
4-Oxa-benzo[cd]pyrene-3,5-dione

Aldehydes and ketones Acetaldehyde 
Acetone 
Acrolein 
Benzaldehyde 
Butyraldehyde 
Crotonaldehyde 
Formaldehyde  
Hexaldehyde

Isobutyraldehyde 
Isovaleraldehyde 
meta,para-Tolualdehyde 
ortho-Tolualdehyde 
Propionaldehyde 
Valeraldehyde 
2-Butanone 
2,4-Dimethylbenzaldehyde

Carbon Elemental and organic 
Metals Na, Mg, Al, K, Ca, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, As, Se, Br, Rb, Sr, Yt, Zr, Mo, Pd, Ag, 

In, Sn, Sb, Ba, La, Au, Hg, Tl, Pb
Non-metals S, P, Si, Cl, Br
Anions SO4

2-, Cl-, NO3
-

Cations NH4
+, K+

From Kauppinen & Pakkanen (1990), Chuang et al. (1992a), Miller et al. (1994), Zhang & Smith (1999), Watson et al. (2001), Wornat et al. (2001), 
Ross et al. (2002), Yan et al. (2002), Tsai et al. (2003), Chen et al. (2004, 2005), Ge et al. (2004), Lee et al. (2005) 
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in numerous households in Xuanwei County, 
Yunnan Province, China (Mumford et al., 1987; 
Chuang et al., 1992a). In the aromatic fraction, 
coal combustion particles appeared to contain 
high concentrations and many species of meth-
ylated PAHs (Chuang et al., 1992a). However, 
profiles of specific PAHs and their abundance 
vary largely, depending on the fuel types and 
combustion conditions (Tian, 2005).

(c) Hydrocarbons and partially oxidized organic 
compounds

Hydrocarbons identified in coal emissions 
include alkanes with 1–10 carbons, alkenes with 
2–10 carbons (including 1,3-butadiene) and 
aromatic compounds (e.g. benzene, xylenes, 
toluene, styrene) (Table  1.1). Partially oxidized 
organic compounds identified in coal emis-
sions include alkanols, aldehydes and ketones 
(carbonyls), carboxylic acids, alkyl esters and 
methoxylated phenolic compounds (Rogge et al., 
1998).

(d) Metals

Some carcinogenic substances were found to 
be released during the combustion of lignites used 
in Shenyang City in northern China and smoky 
coals used in Xuanwei County, China. Lignites 
from a local Shenyang coal field had very high 
concentrations of nickel (75 ppm) and chromium 
(79 ppm) (Ren et al., 1999, 2004) when compared 
with the levels reported elsewhere in the world 
(0.5–50 ppm for nickel and 0.5–60 ppm for chro-
mium) (Swaine, 1990). Microfibrous quartz has 
been found in some smoky coals from Xuanwei 
County and the resulting coal emissions (Tian, 
2005). In Guizhou Province of China and other 
areas, particles emitted from burning coal have 
been reported to contain high levels of chemi-
cals like fluorine, arsenic and mercury (Gu et al., 
1990; Yan, 1990; Shraim et al., 2003).

1.1.3 Emission factors of some carcinogens

The emission factor of a particular chemical 
species can be measured as the mass of the 
species emitted per unit mass of fuel combusted 
or the mass of the species emitted per unit energy 
produced or delivered through combustion. Few 
studies conducted to date have quantified emis-
sion factors of common pollutants from house-
hold stoves used in developing countries.

The available data for several known human 
carcinogens (benzene, 1,3-butadiene, formal-
dehyde and benzo[a]pyrene) are summarized 
in Table 1.2. The sum of PAHs, when ≥14 indi-
vidual PAHs were measured, is also shown. 
The cited studies measured the PAHs that are 
most commonly reported in the literature: 
acenaphthene, acenaphthylene, anthracene, 
benz[a]anthracene, benzo[b]fluoranthene, 
benzo[a]pyrene, benzo[ghi]perylene, benzo[k]
fluoranthene, chrysene, dibenz[a,h]anthracene, 
fluoranthene, fluorene, indeno[1,2,3-cd]pyrene, 
naphthalene, phenanthrene and pyrene.

 Burning four types of household coal 
fuel (honeycomb coal briquette, coal briquette, 
coal powder and water-washed coal powder) in 
three different coal stoves generated a very wide 
range of benzene (2.71–1050  mg/kg fuel) (Tsai 
et al., 2003) and 1,3-butadiene emission factors 
(Table  1.2). The range of emission factors for 
formaldehyde was smaller.

These patterns of emission factors measured 
under experimental conditions are, in general, 
consistent with indoor air concentration profiles 
measured in households using coal stoves.

1.2 Prevalence of use and exposure

1.2.1 China

(a) Use and determinants of use of coal

In China, coal accounts for 70–75% of energy 
consumption (Millman et al., 2008).
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Although in-home coal use is banned in all 
Chinese cities, about 10% of urban households 
still use coal as their primary source of fuel. In 
2004, this corresponded to 27 million tonnes of 
coal. The use of coal is associated with access to 
local fuel sources and household income; a greater 
percentage of households in rural areas tend to 
use coal than in urban areas. In rural regions with 
ample and inexpensive coal supplies, virtually all 
households depend upon coal as their domestic 
fuel. In aggregate, about 40% of all households in 
rural China rely on coal for heating or cooking 
(National Bureau of Statistics, 2005).

According to the National Bureau of Statistics 
(2005, 2006), household energy use from coal (raw 
coal, washed coal and briquettes) in China repre-
sented 21% of total energy use in urban areas, 
and 12.8% in rural areas. An earlier publication 
by the Ministry of Agriculture (EBCREY, 1999), 
by contrast, reported a corresponding value of 
34% in rural households.

Occasionally, use of coal for heating does not 
equate with use of coal for cooking. For example, 
some households that use coal for heating may 
use wood for cooking. A recent survey evalu-
ated the specific types of fuels used for cooking 

throughout rural China. Overall, about 30% of 
rural households cook with coal. This distribu-
tion varied by geographic region, with coal being 
used for cooking in 19% of homes in Eastern 
China, 38% in Central China, 27% in Western 
China, and 7% in North-eastern China (National 
Bureau of Statistics, 2008).

The use of coal varies largely by geographical 
conditions and socioeconomic status. Coal and 
other commercial fuels in generally associated 
with higher incomes. Where coal resources are 
highest – predominantly in the north – coal use 
is highest. In a 2003–04 winter survey of rural 
areas near Xi’an, 16% and 33% of the households, 
located in a small village, depended mainly 
on coal for heating and cooking, respectively 
(Tonooka et al., 2006). In a study in Shaanxi, 
Hubei and Zhejiang in China, most households 
(64%) in Shaanxi reported that they heated with 
coal in winter, compared to 0.2% in Zhejiang and 
28.5% in Hubei (Sinton et al., 2004). Similarly, 
70% of the households in Shaanxi used coal for 
heating, compared to 1.5% in Zhejiang and 6% in 
Hubei (Sinton et al., 2004).
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Table 1 .2 Emission factors of carcinogenic compounds from household stoves

Compound Fuel type Fuel 
source

Emission 
factora 
(mg/kg fuel)

Emission factora, b 
(mg/MJ)

Reference

Benzene Coal (4 types) China 2.71–1050 0.9–390 Tsai et al. (2003)
1,3-Butadiene Coal (4 types) China ND–21.3 ND–7.9 Tsai et al. (2003)
Styrene Coal (4 types) China ND ND Tsai et al. (2003)
Formaldehyde Coal (3 types) China 2–51 0.9–12 Zhang & Smith (1999)
Acetaldehyde Coal (3 types) China 0.8–81 0.3–20 Zhang & Smith (1999)
Naphthalene Coal briquettes Viet Nam 44.5 Kim Oanh et al. (1999)
Benzo[a]pyrene Coal briquettes Viet Nam 0.30 Kim Oanh et al. (1999)
Benz[a]anthracene Coal briquettes Viet Nam 0.11 Kim Oanh et al. (1999)
Dibenz[a,h]anthracene Coal briquettes Viet Nam ND Kim Oanh et al. (1999)
Sum of PAHs (≥14 individual 
PAHs)

Coal briquettes Viet Nam 102 4.4 Kim Oanh et al. (1999)

a The values are ranges of the means reported in individual studies.
b Denotes milligrams per megajoule of energy delivered to the pot
ND, not detected (below method detection limit)
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(b) Pollutant levels and exposures

Since the 1980s, many studies of indoor air 
quality in China have been published, meas-
uring particulate matter, benzo[a]pyrene, sulfur 
dioxide, nitrogen oxide and carbon monoxide 
(Table  1.3). The three-province survey (Sinton 
et al., 2004) found that in summer when stove 
use was dominantly for cooking, households that 
used coal experienced high particulate (PM4) 
levels, and traditional stoves emitted higher 
particulate levels than improved stoves.

 Kitchens may not be the sites with the 
highest average particulate matter levels. In the 
three-province study (Sinton et al., 2004), those 
households that used coal had higher particulate 
levels in living rooms than in kitchens; heating, 
smoking and perhaps other factors can result in 
levels over time that are higher in living rooms 
than in kitchens, despite the peaks associated 
with cooking. In another study (Jin et al., 2005), 
differences between rooms with and without 
stoves were small.

A large number of studies monitored benzo[a]
pyrene in households in Xuanwei County, 
Yunnan Province, others reported measure-
ments taken elsewhere (IARC, 2010a). Indoor 
levels of benzo[a]pyrene were in a range spanning 
four orders of magnitude, from 1 ng/m3 to over 
10 000 ng/m3 in some of the studies in Xuanwei 
County, in which bituminous coal led to much 
higher indoor levels than anthracite coal. In 

studies performed in other parts of the country, 
household averages rarely exceeded 40 ng/m3.

A recent study examined winter levels of PM4 
in households in Guizhou and Shaanxi, in areas 
where coal in contaminated with fluorine, and 
found that average levels in kitchen and living 
areas were from about 200 μg/m3 to 2000 μg/m3 
(He et al., 2005).

1.2.2 Ouside China

There is little literature about coal use 
outside China.

A few measurements of particulate size frac-
tions have been made in households of peri-urban 
Gujarat (in western India) that use coal (Aggarwal 
et al., 1982; Raiyani et al., 1993). During cooking, 
the proportion of total suspended particulates < 9 
μm in aerodynamic diameter was 92%, and 70% 
were particles < 2 μm in aerodynamic diameter. 
Particulate PAH size distributions measured in 
these same indoor environments showed that in 
houses that used coal, 76% of the PAH mass was 
contained in particulates <  2 μm aerodynamic 
diameter (Raiyani et al., 1993).

In one study, conducted in winter on house-
holds in urban Santiago in Chile, levels of PM10 
were 250 μg/m3 in the kitchen, and 295 ppb SO2 
(Cáceres et al., 2001).
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Table 1 .3 Levels of indoor air pollutants from coal emissions in Chinese homes

Pollutant Urban (mg/m3) Rural (mg/m3)

TSP 0.21–2.8 0.01–20
PM10 0.16–2.7 0.12–26
CO 0.58–97 0.7–87
SO2 0.01–5.8 0.01–23
NOx 0.01–1.8 0.01–1.7
B[a]P 0.3–190 5.3–19000
B[a]P, benzo[a]pyrene; PM, particulate matter; TSP, total suspended particles
From Sinton et al. (1995)



Indoor combustion of coal

2. Cancer in Humans

The Working Group evaluated studies that 
focused on exposure to coal emissions only 
without exposure to other solid fuels.

2.1 Studies in China

2.1.1 Cancer of the lung

(a) Overview of studies

Since the previous IARC Monograph (IARC, 
2010a), two new case–control studies (Galeone 
et al., 2008; Lan et al., 2008) and a re-analysis 
of a previously published cohort (Hosgood et al., 
2008) were published.

A retrospective cohort study carried out 
in Xuanwei, China, evaluated the association 
between lung cancer risk and in-home coal use 
(Lan et al., 2002). Among lifetime smoky coal users, 
households that changed to stoves with chimneys 
experienced a significantly decreased risk of lung 
cancer in both men and women compared to 
individuals that used fire pits. Reduction in lung 
cancer mortality was also observed among life-
time smoky coal users that changed to portable 
stoves compared to those that used fire pits, both 
in men and women (Hosgood et al., 2008). Both 
analyses were adjusted for average tons of fuel 
used annually, years of tobacco smoking, years 
of cooking, history of spousal lung cancer, family 
history of lung cancer, as well as other potential 
confounders.

Several case–control studies (Koo et al., 
1983; Xu et al., 1989; Wu-Williams et al., 1990; 
Liu et al., 1991; Huang et al., 1992; Sun, 1992; 
Ger et al., 1993; Lan et al., 1993; Liu et al., 1993; 
Dai et al., 1996; Du et al., 1996; Lei et al., 1996; 
Luo et al., 1996; Shen et al., 1996; Wang et al., 
1996; Ko et al., 1997; Shen et al., 1998; Zhong 
et al., 1999; Lan et al., 2000; Zhou et al., 2000; 
Le et al., 2001; Kleinerman et al., 2002; Galeone 
et al., 2008; Lan et al., 2008), have evaluated the 

association of lung cancer risk with in-home coal 
use in China (Table 2.1 available at http://mono-
graphs.iarc.fr/ENG/Monographs/vol100E/100E-
08-Table2.1.pdf). Four evaluated the effects by 
histology of lung cancer (Ger et al., 1993; Luo 
et al., 1996; Shen et al., 1996; Le et al., 2001). 
While these studies assessed exposure with 
different questionnaires and methodologies, in 
the aggregate, almost every study found in-home 
coal use to be associated with lung cancer risk 
in China by some measure of exposure. Notably, 
lung cancer has been associated with years of 
coal stove use (Xu et al., 1989; Wu-Williams 
et al., 1990; Dai et al., 1996), years of kang use 
(heated by coal) (Wu-Williams et al., 1990; Dai 
et al., 1996), years of cooking or heating with coal 
as the fuel source (Xu et al., 1989; Wu-Williams 
et al., 1990; He et al., 1991; Liu et al., 1991 Lan 
et al., 2002; Hosgood et al., 2008), amount of 
coal used (Lan et al., 1993; Lan et al., 2000; 
Kleinerman et al., 2002; Hosgood et al., 2008), 
and quality of ventilation in homes that use coal 
(Liu et al., 1993; Ko et al., 1997; Le et al., 2001). 
The studies were from different areas in China, 
including northern, southern, Xuanwei and the 
rest of central China, and Taiwan, China.

(b) Exposure–response evidence

All studies reporting an exposure–response 
association between coal use and lung cancer 
controlled for tobacco smoking. Lan et al. (1993) 
reported a significant exposure–response rela-
tionship according to the amount of smoky coal 
used per year in Xuanwei, China (P for trend 
<  0.001). Duration of cooking with coal was 
significantly and positively associated with the 
risk for lung cancer among women (Lan et al., 
2002; Hosgood et al., 2008). In Gansu, indi-
viduals who use coal as their main fuel source 
were also found to experience higher lung cancer 
risk, with a significant exposure–response 
relationship among men (P for trend  =  0.04) 
(Kleinerman et al., 2002) but not among women. 
In northern China, lung cancer risk increased in 
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an exposure–response manner according to the 
duration of use of heated kang (Xu et al., 1989). 
Galeone et al. (2008) constructed an index of 
indoor air pollution due to solid fuel use (mainly 
coal) and found a significant exposure–response 
relationship.

(c) Type of coal

Various smoky coal types were associated 
with a range of lung cancer risks with substantial 
heterogeneity (P < 0.001) in Xuanwei, China (Lan 
et al., 2008). The risk for lung cancer ranged from 
24.8 (95%CI: 12.4–49.6) for using smoky coal 
from the Laibin mine to 0.7 (95%CI: 0.2–3.1) from 
the Yangliu mine, compared to use of smoke-
less coal or wood. In this study, indoor benzo[a]
pyrene concentrations were highly correlated 
with the risk for lung cancer.

(d) Histology

In-home coal use has been associated with 
both adenocarcinomas and squamous-cell carci-
nomas of the lung (Ger et al., 1993; Luo et al., 
1996; Shen et al., 1996; Le et al., 2001); however 
these studies are based on small sample sizes.

(e) Population characteristics

Most studies have focused on women, as they 
tend to spend more time at home and conse-
quently have greater exposures to coal combus-
tion products than men. Six studies enrolled 
only women (Dai et al., 1996; Wang et al., 1996; 
Ko et al., 1997; Shen et al., 1998; Zhong et al., 
1999; Zhou et al., 2000), of which three (Dai et 
al. 1996; Wang et al., 1996; Shen et al., 1998) were 
also restricted to non-smokers. [Fuel type was 
not specified in Zhou et al. (2000) but both cases 
and controls had ‘high level’ of exposure to coal 
emissions.] In-home coal was associated with 
lung cancer risk in three studies (Dai et al., 1996; 
Shen et al., 1998; Zhong et al., 1999). In study 
populations including men, the risks associated 
with in-home coal use was generally greater 

among women than among men (He et al., 1991; 
Liu et al., 1991; Liu et al., 1993). 

(f) Interactions

The most notable genetic interaction with 
in-home coal use involves the GSTM1 null geno-
type. A meta-analysis found the GSTM1 null 
genotype to be associated with lung cancer risk 
(OR, 1.64; 95%CI: 1.25–2.14; 4 studies) among 
studies carried out in regions of China that use 
coal for heating and cooking (Hosgood et al., 
2007).

2.2 Studies outside China

2.2.1 Indoor exposures

Two case–control studies that adequately 
separated the effect of coal from wood or other 
biomass products evaluated the association of 
coal use for heating or cooking and cancers of the 
lung, hypopharynx and larynx (Lissowska et al., 
2005; Sapkota et al., 2008; Table 2.2 available at 
http://monographs.iarc.fr/ENG/Monographs/
vol100E/100E-08-Table2.2.pdf). 

In a multicenter study conducted in seven 
European countries (Czech republic, Hungary, 
Poland, Romania, the Russian Federation, 
Slovakia and the United Kingdom), Lissowska 
et al. (2005) evaluated the association of heating 
and cooking with solids fuels with risk of lung 
cancer. The study included 2861 cases and 3118 
matched population-based controls. In an anal-
ysis that evaluated coal use specifically, ever use 
of coal (either as a cooking or heating fuel) was 
not significantly related to the risk of lung cancer, 
after adjusting for tobacco smoking and other 
factors.

Sapkota et al. (2008) conducted a multicenter 
hospital-based case–control study in India to 
investigate lifetime fuel usage as risk factors for 
three different cancer types (1042 hypopharyn-
geal/laryngeal and 635 lung) and 718 matched 
controls. Compared with never users, among 
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those who always used coal for cooking the odds 
ratios for cancer was 1.92 (95%CI: 0.67–5.54) for 
the hypopharynx, 2.42 (95%CI: 0.94–6.25) for 
the larynx, and 3.76 (95%CI: 1.64–8.63) for the 
lung after adjusting for tobacco smoking and 
other factors. Among never smokers, the risk for 
lung cancer was 7.46 (95%CI: 2.15–25.94; based 
on 11 cases). The risk increased with years of 
coal usage for cancers of the hypopharynx (P for 
trend = 0.06), larynx (P for trend = 0.05) and lung 
(P for trend < 0.01).

2.2.2 Ambient coal smoke exposure from 
ecological studies

Two ecological studies evaluated the associa-
tion of coal emissions with lung cancer. A study 
conducted in Dublin (Kabir et al., 2007) evalu-
ated the impact of coal burning (black smoke 
outdoor concentration) on lung cancer mortality 
using data from 1981 to 2000. In 1990 the use 
of coal was banned in Dublin. A strong decline 
in black smoke was noted between the pre- and 
post-ban periods, from 46.4 μg/m3 in 1981–90 
(pre-ban) to 18.2 μg/m3 in 1991–2000 (post-ban). 
After adjusting for age, sex and smoking, annual 
mean black smoke concentration was not related 
to annual death rates from lung cancer. [The 
Working Group noted that the post-ban period 
was too short to see any changes in lung cancer 
mortality.]

Another study evaluated the impact of indus-
trial installations involving combustion of coal 
and other fuels on the mortality due to lung, 
laryngeal and bladder cancer in the population 
of 8073 Spanish towns in 1994–2003 (García-
Pérez et al., 2009). Mortality data were obtained 
form the National Statistics Institute and popu-
lation exposure was evaluated by the distance of 
the centroid of the town to the closest combus-
tion facility. Installations using coal only as the 
fuel source, within a vicinity of 5 km, was related 
to an increased risk for lung cancer overall (OR, 
1.10; 95%CI: 1.02–1.18) with higher risk in men 

(OR, 1.13; 95%CI: 1.05–1.22), for bladder cancer 
overall (OR, 1.18; 95%CI: 1.01–1.37) and 1.22 
(95%CI: 1.03–1.44) in men and for laryngeal 
cancer (OR, 1.46; 95%CI: 1.21–1.77 in men) after 
adjusting for smoking and sociodemographic 
variables. The authors noted that there was no 
other industry nearby that could bias the risk 
estimates.

2.3 Synthesis

Several case–control studies from China 
and a study from India have demonstrated an 
increased risk for lung cancer associated with 
exposure to emissions from coal burning, after 
accounting for potential confounders, including 
smoking and in analyses restricted to non-
smokers. There were higher risks in women 
than men, and exposure–response relationships 
were found. A European case–control study 
did not find a significant effect of indoor coal 
use for cooking or heating. An ecological study 
from Europe provided further evidence of an 
increased risk for lung cancer in the vicinity of 
coal plants. No major effect was observed on 
lung cancer mortality after the ban of coal use in 
Dublin, probably because there was insufficient 
latency to see a change. Other cancer sites have 
been studied (larynx, bladder, hypopharynx); 
however there is not enough evidence to evaluate 
carcinogenicity with exposure to coal emissions.

In conclusion, there is convincing evidence 
based on multiple studies, mainly from different 
parts of China and one in India, that indoor emis-
sions from household combustion of coal (used 
for heating and cooking) are causally linked to 
lung cancer in humans. 

3. Cancer in Experimental Animals

Soots have been evaluated previously (IARC, 
1985, 2010a).
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Coal soot has been tested for carcinogenicity 
to mice by whole body exposure and coal emis-
sions have been tested by inhalation in both mice 
and rats. Extracts of coal soot and smoke particles 
have also been tested by intratracheal, dermal, 
and subcutaneous administration to mice. A 
veterinary case–control study has studied sinon-
asal cancer in pet dogs from households with 
indoor use of coal.

3.1 Coal emissions and coal soot

3.1.1 Whole-body and inhalation exposure

In one study, whole-body exposure of Buffalo 
strain mice to coal soot mixed with bedding caused 
eight lung adenocarcinomas in 100 exposed mice 
compared to one in 50 controls [not significant] 
(Seeling & Benignus, 1936). In a second study, no 
increase in lung or skin tumours resulted from 
repeated exposure of mice to a ‘moderate’ cloud 
of soot in an inhalation chamber for a period of 
one year (Campbell, 1939).

Inhalation exposure to coal emissions for 
periods of 15 to 24 months caused markedly 
increased incidence of lung cancer in two studies 
in mice (Liang et al., 1988; Lin et al., 1995) and 
one study in rats (Liang et al., 1988; Table 3.1). 
Squamous cell lung carcinomas occurred in 
exposed animals in one of the studies in mice 
and the study in rats (Liang et al., 1988).

3.2 Extracts of coal soot

3.2.1 Intratracheal administration

Intratracheal administration of an aqueous 
detergent extract of coal soot once every 10 days 
for about 100 days increased lung adenocarci-
noma incidence (29/72 versus 7/43, P < 0.01) in 
Kumming mice compared to controls after 18 
months (Yin et al., 1984).

3.2.2 Dermal application

Coal-soot extracts applied repeatedly to 
mouse skin increased the incidence of skin 
tumours including squamous cell carcinomas 
in four studies (Passey, 1922; Passey & Carter-
Braine, 1925; Campbell, 1939; Mumford et al., 
1990).

Smoky coal-soot extracts applied to 
mouse skin followed by repeated dermal 
applications of the skin tumour promoter 
12-O-tetradecanoylphorbol-13-acetate initiated 
skin tumours in mice in two studies (Liang & 
Wang, 1987; Mumford et al., 1990; Table 3.2).

3.2.3 Subcutaneous injection

In one study, a low incidence (17%) of 
injection-site subcutaneous tumours [histology 
not specified] developed after 55 weeks in 30 
(C57BpxCBA)F1 male mice given five subcuta-
neous injections of extracts of brown coal. No 
tumours were observed in controls (Khesina 
et al., 1977).

In two experiments, repeated subcutaneous 
injections for 10 weeks of extracts of coal soot 
collected from Xuanwei County, China, increased 
the incidence of lung cancer (adenocarcinomas, 
adenosquamous and squamous cell carcinomas) 
in Kumming mice after 10 months (Liang et al., 
1983, 1984; Table 3.3).

3.3 Veterinary epidemiology

A case–control study in pet dogs found that 
indoor use of coal was a strong risk factor for 
sinonasal cancers (adjusted odds ratio, 4.24; 95% 
confidence interval: 1.30–16.52) (Bukowski et al., 
1998).
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Table 3 .1 Carcinogenicity studies of inhalation exposure to coal emissions in experimental animals

Species, strain (sex) 
Duration 
Reference

Dosing regimen, 
Animals/group at start

Incidence of tumours Significance Comments

Mouse, Kunming (M, F) 
2 yr 
Lin et al. (1995)

Control air Lung cancer, 3.6% – Purity NR; Age at start NR (weight, 13 ± 1 g) 
Amounts of coal chosen to simulate normal 
indoor air conditions for humans in Harbin 
City, China 
Exposure assumed to be daily exposure

Smoke, 60 g coal, daily Lung cancer, 9.4% NS
Smoke, 105 g coal, daily Lung cancer, 12.8% P < 0.05
Smoke, 160 g coal, daily Lung cancer, 24.3% P < 0.05

30 M + 30 F
Mouse, Kunming (M, F) 
15 mo 
Liang et al. (1988)

Control air 29/171, total lung cancer (all 
adenocarcinomas)

– Age at start NR (weight, 21 g) 
Total suspended particles, 0.91 mg/m3 
(control air) vs 14.38 mg/m3 (coal smoke). 
B[a]P, 0.15 μg/m3 (control air), 50.5 μg/m3 
(coal smoke) 
Bituminous coal incompletely burned to 
simulate normal indoor air in Xuanwei 
County, China

Coal smoke 188/210, total lung cancer 
(including: 119/210, 
adenocarcinoma; 45/210 
adenosquamous carcinoma; 
24/210 squamous-cell 
carcinoma)

P < 0.001

113 M + 58 F (control) 
160 M + 50 F

Rat, Wistar (M, F) 
19 mo 
Liang et al. (1988)

Control air 1/110, total lung tumours 
(1 adenocarcinoma)

– Age at start NR (weight, 105 g) 
Total suspended particles, 0.91mg/m3 
(control air) vs 14.38 mg/m3 (coal smoke). 
B[a]P, 0.15 μg/m3 (control air), 50.5 μg/m3 
(coal smoke) 
Bituminous coal incompletely burned to 
simulate normal indoor air in Xuanwei 
County, China

Coal smoke 84/125, total lung carcinomas 
(all squamous cell carcinomas)

P < 0.001

59 M + 51 F (control) 
62 M + 63 F

B[a]P, Benzo[a]pyrene; F, female; M, male; mo, month or months; NR, not reported; NS, not significant; yr, year or years
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Table 3 .2 Carcinogenicity studies of dermal exposure to coal-soot extracts in mice

Species, strain (sex) 
Duration 
Reference

Dosing regimen, 
Animals/group at start

Incidence of tumours Significance Comments

Mouse, SENCAR (F) 
77 wk 
Mumford et al. (1990)

0.2 ml, Acetone twice/wk, 52 
wk (control)

No skin carcinomas at 52 wk 
(100% survival) or at 77 wk 
(78% survival)

– Exposure to organic extracts of 
indoor air particles from burned 
smoky coal in Xuanwei County, 
China. B[a]P content, 19.3 μg/m3 air1 mg smoky coal extract, twice/

wk, 52 wk
38% carcinomasa (1.3 per 
tumour bearing mouse) at 52 
wk (88% survival), 88%a (1.1 per 
tumour bearing mouse) at 77 
wk (10% survival)

NR [significant]

40 animals
Mouse, SENCAR (F) 
27 wk 
Mumford et al. (1990)

Initiation with smoky coal 
extract, followed one wk after 
by promotion with TPA (2 μg/
mouse in 0.2 ml acetone, twice/
wk, 26 wk). 
Initiation doses:

Exposure to organic extracts of 
indoor air particles from burned 
smoky coal in Xuanwei County, 
China. B[a]P content, 19.3 μg/m3 air 
Tumour incidence and numbers 
estimated from graphical 
presentation of data.0 mg 15% with skin papillomas –

1 mg 80% with papillomas NR [significant]
2 mg 90% with papillomas NR [significant]
5 mg > 90% with papillomas NR [significant]
10 mg > 90% with papillomas NR [significant]
20 mg 100% with papillomas NR [significant]
40 animals

Mouse, Kunming (M) 
26 wk 
Liang & Wang (1987)

Initiation with 0, 1, 5, 10, 20 mg 
smoky coal soot; promotion 
with TPA (repeated application 
of 2 μg/mouse)

Skin tumours: 
10, 25, 54, 60, 40%

[P < 0.05],  
5–20 mg coal soot

Age at start NR (weight, 28.7 g) 
Extracts of smoky coal soot from 
Xuanwei County, China

40 animals
a mainly squamous cell carcinomas
B[a]P, benzo[a]pyrene; F, female; M, male; NR, not reported; TPA, 12-O-tetradecanoylphorbol-13-acetate; wk, week or weeks
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Table 3 .3 Carcinogenicity studies of subcutaneous injections of coal soot extracts in mice

Species, strain (sex) 
Duration 
Reference

Dosing regimen, 
Animals/group at start

Incidence of tumours Significance Comments

Lung cancera

Mouse, Kunming (M) 
10 mo 
Liang et al. (1983)

Once/wk, 10 wk: 
0 mg (control)

1/38 - Age at start NR (weight, 18–26 g) 
Exposure to cyclohexane extracts 
of coal soot from Xuanwei County, 
China.

500 mg soot extract (total dose) 44/57 P < 0.001
1000 mg soot extract (total dose) 36/56 P < 0.001
38–57 animals

Mouse, Kunming (M) 
311 d 
Liang et al. (1984)

Once/wk, 10 wk: 
0 mg (control)

6/60, all 
adenocarcinomas

- Age at start NR (weight, 18–22 g) 
Exposure to Tween 80 – saline 
extracts of coal soot from Xuanwei 
County, China.

119 mg soot extract (total dose) 52/58 P < 0.001
400 mg soot extract (total dose) 39/59 P < 0.001
~60 animals

a Lung cancers included squamous cell carcinomas, adenosquamous carcinomas, and adenocarcinomas.
d, day or days; M, male; mo, month or months; NR, not reported; wk, week or weeks
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3.4 Synthesis

There is convincing evidence for the carci-
nogenicity of coal smoke and coal soot in 
experimental animals, based on the consistent 
induction of lung cancers in mice and rats 
exposed to coal emissions by inhalation, and in 
mice given subcutaneous injections of coal soot 
extract, and induction of malignant tumours of 
the skin in mice given repeated dermal applica-
tions of coal soot extract.

4. Other Relevant Data

4.1 Inhalable particles

The primary mechanisms for deposition of 
airborne particles in the respiratory tract are sedi-
mentation, impaction and diffusion (see IARC 
(2010b) for a review). Deposition by sedimenta-
tion and impaction depends on the aerodynamic 
diameter of the particle, whereas deposition by 
diffusion depends on its thermodynamic diam-
eter (ICRP, 1994). Following inhalation, particles 
may either deposit in the extrathoracic, tracheo-
bronchial or pulmonary airways or remain in the 
air stream and be eliminated upon exhalation. 
The deposition of particles in the respiratory 
tract depends primarily on the size of the inhaled 
particle, the route of breathing (i.e. through the 
nose and/or mouth) and the breathing pattern 
(e.g. volume and frequency) (Bailey et al., 1985; 
Freedman & Robinson, 1988; ICRP, 1994).

Particles are frequently aggregates or agglom-
erates of smaller primary particles. The aerody-
namic and thermodynamic properties of these 
aggregates (rather than the primary particles) 
affect their behaviour in the air and the proba-
bility of deposition in the respiratory tract. Once 
deposited, properties such as the size and surface 
area of both the aggregate and the primary 
particle can potentially affect the kinetics of 
clearance (ICRP, 1994; Oberdörster, 1996).

The deposition and clearance of particles 
vary among individuals for several reasons, 
including age, sex, tobacco smoking status and 
health status. Pre-existing lung diseases or 
conditions such as asthma or chronic obstructive 
pulmonary disease can influence the efficiency 
and pattern of deposition within the respira-
tory tract. Deposition and retention determine 
the initial and retained dose of particles in each 
region of the respiratory tract and may, there-
fore, influence the risk for developing diseases 
specific to those regions of the respiratory tract 
(Oberdörster, 1988; ICRP, 1994).

All animal species that are routinely used 
in particle toxicology, as well as humans, are 
susceptible to impairment of clearance of poorly 
soluble particles from the lungs. In rats, impaired 
clearance is probably one of the first steps neces-
sary to initiate a sequence of events that may 
lead to lung cancer. Different animal species 
exhibit differences in particle-induced impair-
ment of clearance, which can result in different 
lung burdens (expressed as mass or surface 
area) following exposures to the same particle 
concentration (Brown et al., 2005; IARC, 2010b). 
In cancer bioassays in rats exposed to various 
types of poorly soluble particles of fine or ultra-
fine size, the surface area of the particles may be 
a better predictor of lung tumours than particle 
mass (Oberdörster & Yu, 1990; Driscoll et al., 
1996).

Inhaled and deposited particles are cleared 
more rapidly from the normal lungs of healthy 
rats than from those of humans. However, at 
high lung burdens, macrophage-mediated clear-
ance from the rat lung can be impaired and in 
time, clearance effectively ceases. This phenom-
enon (termed ‘overload’) is observed with poorly 
soluble particles generally considered to have 
low toxicity (Morrow, 1988). Several studies have 
shown that rats, but not mice or hamsters, develop 
excess incidence of lung cancer after chronic 
inhalation of ‘overloading’ doses of poorly soluble 
particles. Several authors have discussed this 
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phenomenon and the challenges it poses for the 
extrapolation of chronic effects in rats to humans 
(Morrow, 1994; Levy, 1995; Watson & Valberg, 
1996; ILSI, 2000; Miller, 2000; Oberdörster 2002; 
Hext et al., 2005; IARC, 2010b).

The events proposed to describe the biological 
process that starts with particle deposition on 
critical target cells (e.g. alveolar epithelial cells 
type II) or tissues within the rat lung and results 
in lung tumours include:

- sustained inflammation, where the cell 
population (dominated by activated and prob-
ably persistent polymorphonuclear neutrophils) 
secretes a collection of pro-/anti-inflammatory 
cytokines, proteases, cytotoxins, fibrogenic and 
other growth factors;

- production of reactive oxygen species 
by particle effects or intracellular formation, 
which may gradually deplete the antioxidant 
defences; damage DNA directly and potentially 
induce mutations, promote cell turnover and 
cell proliferation; events that may enhance the 
risk for DNA replication error and/or expand a 
mutated or transformed cell to initiate a tumour 
(Castranova, 2000; Knaapen et al., 2004).

Some of these events have been demonstrated 
in humans exposed to poorly soluble particles, 
but it is not known to what extent they are opera-
tive in humans and whether humans are eventu-
ally susceptible to particle-induced lung cancer. 
Species differences such as breathing condi-
tions, respiratory tract structure and pulmonary 
defences must be considered when extrapolating 
toxicological findings from rodents to humans 
(Castranova, 2000; Knaapen et al., 2004; Brown 
et al., 2005). Clear differences in antioxidant 
defence mechanisms in the lungs also exist 
between humans and rats, and there is evidence 
that humans overall are relatively deficient in 
some of these mechanisms compared with rats 
(IARC, 2010b). Studies in rats have shown that, 
depending on the concentration and duration of 
exposure, the long-term retention of particles in 
humans can be greater than that predicted from 

rodent studies that used lower concentrations or 
shorter durations of exposure (Morrow, 1988, 
1992; ILSI, 2000).

Although the degree of sustained inflamma-
tion experienced by rats at high lung burdens 
is not observed in humans, humans may expe-
rience sustained inflammation under certain 
disease conditions, including late-stage intersti-
tial pulmonary fibrosis. Patients who have inter-
stitial pulmonary fibrosis have a high incidence 
of lung tumours (Daniels & Jett, 2005). 

4.2 Polycyclic aromatic hydrocarbons

Polycyclic aromatic hydrocarbons are impor-
tant components of coal emissions (see IARC 
(2010c) for a review). These compounds are 
absorbed through the respiratory tract – from 
where, as adsorbed particulates, they can also 
be swept back up and swallowed into the gastro-
intestinal tract and even reach the skin. Smaller 
molecules (2–3-ring) are absorbed more rapidly 
than larger ones (IARC, 2010c).

The rate and extent of absorption by the 
respiratory tract of PAHs from particles onto 
which they are adsorbed is generally dependent 
on particle size, which determines regional 
deposition in the respiratory tract and the rate 
of release of PAHs from the particle. Highly 
lipophilic PAHs released from particles depos-
ited in the conducting and bronchial airways are 
largely retained for several hours and absorbed 
slowly by a diffusion-limited process. In contrast, 
PAHs that are released from particles in alveolar 
airways are generally absorbed within minutes 
(Gerde & Scott, 2001; IARC, 2010c).

Once absorbed, PAHs are distributed 
widely to most organs and tissues and tend to 
accumulate in fatty tissue (WHO, 1998; IARC, 
2010c). They are metabolized rapidly to more 
soluble metabolites, e.g. phenols, dihydrodiols, 
and phenol dihydrodiols, and in some cases to 
more reactive species like epoxides, dihydrodiol 
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epoxides, quinones and tetrols. At least three 
main pathways of metabolism are involved:

• the cytochrome P450 (CYP) pathway, 
where PAHs may be (1) metabolized to 
their bay- and fjord-region diol epoxides 
with the involvement of epoxide hydrolase 
(Xue & Warshawsky, 2005) or (2) undergo 
cyclopenta-ring oxidation (IARC, 2010c).

• the cytochrome P450/peroxidase path-
way, where removal of one electron from 
the π system by CYPs or peroxidases gen-
erates a radical cation (Cavalieri & Rogan, 
1992; Xue & Warshawsky, 2005).

• the cytochrome P450/aldo-keto reduc-
tase (oxidative) pathway where, following 
metabolization to dihydrodiols by CYPs 
and epoxide hydrolase, formation of 
ortho-quinones and generation of reac-
tive oxygen species is ensured by aldo-
keto reductases (Penning et al., 1999; Xue 
& Warshawsky, 2005; Penning & Drury, 
2007).

Many of the above-mentioned metabolites 
are electrophilic and bind to DNA and proteins, 
which results in genotoxic effects — primarily 
through the formation of DNA adducts (Xue 
& Warshawsky, 2005). Beyond these phase-I 
metabolic pathways, PAH metabolites may be 
eliminated in a conjugated form with either 
glutathione, sulfate or glururonic acid via the 
phase-II metabolism (WHO, 1998; IARC, 2010c).

Ample evidence, summarized in IARC 
(2010c), supports a role for PAHs in lung cancer 
due to exposure to indoor emissions from coal 
combustion.

A general genotoxic mechanism has emerged 
in which PAHs such as benzo[a]pyrene are metab-
olized to electrophilic compounds (e.g. benzo[a]
pyrene-7,8-diol-9,10-epoxide) that form adducts 
in DNA (Xue & Warshawsky, 2005; IARC, 
2010c). If these adducts are not repaired, misrep-
lication converts them primarily into G→T trans-
version mutations in the TP53 gene in the lung. 
An over-representation of G→T transversions 

has been found on the non-transcribed strand 
of DNA in the TP53 gene in lung tumours from 
smoky coal-exposed women in China, which 
is consistent with exogenous exposure and the 
lack of transcription-coupled DNA repair on 
that strand, resulting in mutations (DeMarini 
et al., 2001). A preference for G→T transversions 
in the methylated CpG dinucleotides in human 
lung tumours has been found, in agreement with 
in-vitro studies that show the same dinucleotide 
as a target of benzo[a]pyrene diol epoxide (Casale 
et al., 2001; DeMarini et al., 2001; Hainaut & 
Pfeifer, 2001; Pfeifer & Hainaut, 2003).

A study by Sun et al. (2007) found that coal 
emission-exposed subjects carrying an exon-3 
mutation in the microsomal epoxide hydro-
lase gene had a nearly 2-fold increased risk for 
lung cancer compared to those with the wild 
type version of the gene. Thus, metabolism to 
PAH-epoxides plays an important role in lung 
cancer associated with coal emissions.

A role for the aldo-keto reductase (AKR) 
pathway in the formation of mutagenic/carcino-
genic metabolites of PAHs has also been found 
among smoky coal emission-exposed lung 
cancer patients in China. Lan et al. (2004) found 
that subjects who had the AKR1C3-Gln/Gln 
genotype had a 1.84-fold increased risk for lung 
cancer compared with those without the poly-
morphism. In subjects having the OGG1-Cys/Cys 
or the OGG1-Ser/Cys polymorphism, the risk for 
lung cancer was increased about 1.9-fold relative 
to OGG1-Ser/Ser. Indeed, AKRs convert trans-
dihydrodiols to ortho-quinones, and Park et al. 
(2008) have used a yeast system to show that the 
pattern of ortho-quinone-induced mutations in 
TP53 in this system is driven by 8-oxo-dGuo 
formation, whereas the spectrum of muta-
tions is driven by biological selection for domi-
nance. Park et al. (2009) have shown recently 
that the aryl-hydrocarbon receptor shuttles the 
AKR-generated ortho-quinones into the nucleus.

Consistent with a role for PAHs, studies 
in smoky coal-exposed women in China have 
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shown that a polymorphism in nucleotide exci-
sion repair (ERCC2 Gln at codon 751) reduced 
lung cancer risk by 60%. A similar reduction 
was also found for subjects with a particular 
haplotype in ERCC2. A 2-fold increased risk for 
lung cancer was found for subjects having 1 or 2 
copies of the RAD23B gene with Val at codon 249 
(Shen et al., 2005).

In addition, accumulation of mutations in 
other key genes (e.g. KRAS; Mass et al., 1993; 
DeMarini et al., 2001; Keohavong et al., 2003), 
production of reactive oxygen species (Xue & 
Warshawsky, 2005), photomutagenicity (Yan 
et al., 2004), together with interruption of 
gap-junctional intercellular communication 
(Bláha et al., 2002), cell-cycle dysregulation, 
increase in cell proliferation, tumour promotion 
(Tannheimer et al., 1998, 1999; Burdick et al., 
2003; Oguri et al., 2003; Plísková et al., 2005), 
and induction of apoptosis (Ko et al., 2004) can 
result in tumour formation. PAHs can also have 
immunosuppressive and haematological effects 
(Burchiel & Luster, 2001; Booker & White, 2005). 
Several of the above effects are partly mediated 
by activation of the aryl-hydrocarbon receptor to 
which many PAHs can bind (IARC, 2010c).

4.3 Biomarkers and mutagenicity

The available information on the mutagen-
icity and genotoxicity of smoky-coal emissions 
from Xuanwei County, China, includes a wide 
range of end-points that encompass mutations 
in KRAS and TP53 genes in lung tumours from 
non-smokers who were exposed to smoky-coal 
emissions (Li et al., 1997; DeMarini et al., 2001; 
Keohavong et al., 2003, 2004, 2005). In addition, 
studies show that such exposures result in the 
excretion of several PAHs and their metabolites, 
e.g. methylated- and hydroxyl-PAHs (Mumford 
et al., 1995; Siwińska et al., 1999) and that 
exposed individuals exhibit elevated levels of 
DNA adducts (Gallagher et al., 1993; Mumford 
et al., 1993; Xu et al., 1997; Casale et al., 2001) and 

accumulation of TP53 protein (Feng et al., 1999; 
Lan et al., 2001). Recently, mitochondrial DNA 
content, which is associated with production of 
reactive oxygen species through oxidative phos-
phorylation, was found to be elevated in smoky 
coal-exposed subjects (Bonner et al., 2009).

It was also reported that exposure to coal 
emissions in Guizhou Province, China, is associ-
ated with increased levels of DNA–protein cross-
links, unscheduled DNA synthesis (Zhang et al., 
2000b), sister chromatid exchange, chromosomal 
aberrations, micronucleus formation (Zhang 
et al., 2007a) and p16 gene deletion and hyper-
methylation (Zhang et al., 2007b) in peripheral 
blood lymphocytes. Mutated P53 protein was 
also elevated in the skin (Hu et al., 2001). [Some 
of the observed cytogenetic damage were prob-
ably due to the elevated levels of arsenic present 
in this coal].

In many studies, extracts or condensates of 
coal emissions were found to be mutagenic in 
Salmonella with or without metabolic activation: 
in strain TA98 in the presence of S9 the potency 
for smoky-coal could reach 60000 revertants per 
cubic metre of air (Mumford et al., 1987) and 3000 
revertants per milligram of particle (Nakanishi 
et al., 1997). Bioassay-directed fractionation 
studies with Salmonella have identified that, for 
smoky-coal, most of the mutagenic activity is 
due to PAHs and alkylated PAHs (Chuang et al., 
1992a, b). Evaluation of the mutation spectrum 
produced by smoky coal extract in Salmonella 
showed a similar percentage of GC to TA muta-
tions (≈77–86%) as found in the TP53 (76%) and 
KRAS (86%) genes in lung tumours from smoky 
coal-exposed women (Granville et al., 2003).

Several studies evaluated populations who 
are exposed to indoor air pollution from coal for 
associations between polymorphisms in genes 
that are involved in xenobiotic metabolism and 
risk for lung cancer. However, multiple compari-
sons and generally small sample sizes could 
have resulted in both false-positive and false-
negative findings. There is some evidence that 
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the GSTM1-null genotype was associated with 
increased risk for lung cancer in some studies in 
which at least part of the study population was 
definitely or probably exposed to indoor coal 
emissions, particularly where exposure to PAHs 
was suspected to be a contributing agent (Lan 
et al., 2000; Chen et al., 2006). However, results 
for polymorphisms in other genes are incon-
sistent or have been analysed in only one study. 
Therefore, no conclusion can be made regarding 
the effect of polymorphisms of genes other than 
possibly GSTM1 on risk for lung cancer in these 
populations.

4.4 Synthesis

Chemical analyses and bioassay-directed 
fractionation of smoky coal emissions have 
identified PAHs as an important chemical class 
that accounts for much of their mutagenicity 
and carcinogenicity. The epidemiological link 
between exposure to smoky coal emissions and 
an increased risk for lung cancer is strengthened 
mechanistically by the fact that the mutation 
spectra of the P53 tumour-suppressor gene and 
the KRAS oncogene in the lung tumours from 
non-smokers exposed to smoky coal esmissions 
reflect an exposure to PAHs and differs from the 
mutation spectra found in these genes in lung 
tumours from cigarette smokers. Thus, the muta-
tion spectra in lung tumours from non-smokers 
whose cancers are linked to smoky coal emissions 
reflect the primary DNA damage induced by the 
most prominent class of mutagens/carcinogens 
in these emissions.

5. Evaluation

There is sufficient evidence in humans for the 
carcinogenicity of indoor emissions from house-
hold combustion of coal. Indoor emissions from 

household combustion of coal cause cancer of 
the lung.

There is sufficient evidence in experimental 
animals for the carcinogenicity of coal-derived 
soot extract.

There is sufficient evidence in experimental 
animals for the carcinogenicity of emissions 
from combustion of coal.

Indoor emissions from household combus-
tion of coal are carcinogenic to humans (Group 1).
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Aurothioglucose  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13, 39 (1977); Suppl. 7, 57 (1987)
Azacitidine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26, 37 (1981); Suppl. 7, 57 (1987); 50, 47 (1990)
5-Azacytidine (see Azacitidine)
Azaserine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 73 (1976) (corr. 42, 255); Suppl. 7, 57 (1987)
Azathioprine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26, 47 (1981); Suppl. 7, 119 (1987); 100A, 319 (2012)
Aziridine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 37 (1975); Suppl. 7, 58 (1987); 71, 337 (1999)
2-(1-Aziridinyl)ethanol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 47 (1975); Suppl. 7, 58 (1987)
Aziridyl benzoquinone  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 51 (1975); Suppl. 7, 58 (1987)
Azobenzene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 75 (1975); Suppl. 7, 58 (1987)
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AZT (see Zidovudine)

B

Barium chromate (see Chromium and chromium compounds)
Basic chromic sulfate (see Chromium and chromium compounds)
BCNU (see Bischloroethyl nitrosourea)
11H-Benz[bc]aceanthrylene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92, 35 (2010)
Benz[j]aceanthrylene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92, 35 (2010)
Benz[l]aceanthrylene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92, 35 (2010)
Benz[a]acridine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32, 123 (1983); Suppl. 7, 58 (1987)
Benz[c]acridine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3, 241 (1973); 32, 129 (1983); Suppl. 7, 58 (1987)
Benzal chloride (see also α-Chlorinated toluenes and
 benzoyl chloride) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29, 65 (1982); Suppl. 7, 148 (1987); 71, 453 (1999)
Benz[a]anthracene . . . . . . . . . . . . . . . . . . . . . . 3, 45 (1973); 32, 135 (1983); Suppl. 7, 58 (1987); 92, 35 (2010)
Benzene  . . . . . . . . .7, 203 (1974) (corr. 42, 254); 29, 93, 391 (1982); Suppl. 7, 120 (1987); 100F, 249 (2012)
Benzidine . . . . . . . . . . . . . . . . . . . . . . .1, 80 (1972); 29, 149, 391 (1982); Suppl. 7, 123 (1987); 100F, 53 (2012)
Benzidine-based dyes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Suppl. 7, 125 (1987); 100F, 65 (2012)
Benzo[b]chrysene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92, 35 (2010)
Benzo[g]chrysene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92, 35 (2010)
Benzo[a]fluoranthene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92, 35 (2010)
Benzo[b]fluoranthene . . . . . . . . . . . . . . . . . . . 3, 69 (1973); 32, 147 (1983); Suppl. 7, 58 (1987); 92, 35 (2010)
Benzo[j]fluoranthene . . . . . . . . . . . . . . . . . . . . 3, 82 (1973); 32, 155 (1983); Suppl. 7, 58 (1987); 92, 35 (2010)
Benzo[k]fluoranthene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32, 163 (1983); Suppl. 7, 58 (1987); 92, 35 (2010)
Benzo[ghi]fluoranthene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32, 171 (1983); Suppl. 7, 58 (1987); 92, 35 (2010)
Benzo[a]fluorene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32, 177 (1983); Suppl. 7, 58 (1987); 92, 35 (2010)
Benzo[b]fluorene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32, 183 (1983); Suppl. 7, 58 (1987); 92, 35 (2010)
Benzo[c]fluorene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32, 189 (1983); Suppl. 7, 58 (1987); 92, 35 (2010)
Benzofuran  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63, 431 (1995)
Benzo[ghi]perylene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32, 195 (1983); Suppl. 7, 58 (1987); 92, 35 (2010)
Benzo[c]phenanthrene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32, 205 (1983); Suppl. 7, 58 (1987); 92, 35 (2010)
Benzo[a]pyrene 3, 91 (1973); 32, 211 (1983); (corr. 68, 477); Suppl. 7, 58 (1987); 92, 35 (2010); 100F, 111 
(2012)
Benzo[e]pyrene  . . . . . . . . . . . . . . . . . . . . . . . .3, 137 (1973); 32, 225 (1983); Suppl. 7, 58 (1987); 92, 35 (2010)
1,4-Benzoquinone (see para-Quinone)
1,4-Benzoquinone dioxime . . . . . . . . . . . . . . . . . . . . . . . . 29, 185 (1982); Suppl. 7, 58 (1987); 71, 1251 (1999)
Benzotrichloride (see also α-Chlorinated toluenes and
 benzoyl chloride) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29, 73 (1982); Suppl. 7, 148 (1987); 71, 453 (1999)
Benzoyl chloride (see also α-Chlorinated toluenes and
 benzoyl chloride) . . . . . . . . . . . . . . . . . . . . 29, 83 (1982) (corr. 42, 261); Suppl. 7, 126 (1987); 71, 453 (1999)
Benzoyl peroxide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36, 267 (1985); Suppl. 7, 58 (1987); 71, 345 (1999)
Benzyl acetate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40, 109 (1986); Suppl. 7, 58 (1987); 71, 1255 (1999)
Benzyl chloride (see also α-Chlorinated toluenes and
 benzoyl chloride) . . . . . 11, 217 (1976) (corr. 42, 256); 29, 49 (1982); Suppl. 7, 148 (1987); 71, 453 (1999)
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Benzyl violet 4B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16, 153 (1978); Suppl. 7, 58 (1987)
Bertrandite (see Beryllium and beryllium compounds)
Beryllium and beryllium compounds . . . 1, 17 (1972); 23, 143 (1980) (corr. 42, 260); Suppl. 7, 127 (1987); 
58, 41 (1993); 100C, 95 (2012)
Beryllium acetate (see Beryllium and beryllium compounds)
Beryllium acetate, basic (see Beryllium and beryllium compounds)
Beryllium-aluminium alloy (see Beryllium and beryllium compounds)
Beryllium carbonate (see Beryllium and beryllium compounds)
Beryllium chloride (see Beryllium and beryllium compounds)
Beryllium-copper alloy (see Beryllium and beryllium compounds)
Beryllium-copper-cobalt alloy (see Beryllium and beryllium compounds)
Beryllium fluoride (see Beryllium and beryllium compounds)
Beryllium hydroxide (see Beryllium and beryllium compounds)
Beryllium-nickel alloy (see Beryllium and beryllium compounds)
Beryllium oxide (see Beryllium and beryllium compounds)
Beryllium phosphate (see Beryllium and beryllium compounds)
Beryllium silicate (see Beryllium and beryllium compounds)
Beryllium sulfate (see Beryllium and beryllium compounds)
Beryl ore (see Beryllium and beryllium compounds)
Betel quid with added tobacco  . . . .37, 141 (1985); Suppl. 7, 128 (1987); 85, 39 (2004); 100E, 333 (2012)
Betel quid without added tobacco .37, 141 (1985); Suppl. 7, 128 (1987); 85, 39 (2004); 100E, 333 (2012)
BHA (see Butylated hydroxyanisole)
BHT (see Butylated hydroxytoluene)
Biomass fuel (primarily wood),
 indoor emissions from household combustion of . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95, 41 (2010)
Bis(1-aziridinyl)morpholinophosphine sulfide . . . . . . . . . . . . . . . . . . . . . . . . 9, 55 (1975); Suppl. 7, 58 (1987)
2,2-Bis(bromomethyl)propane-1,3-diol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77, 455 (2000)
Bis(2-chloroethyl)ether . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 117 (1975); Suppl. 7, 58 (1987); 71, 1265 (1999)
N,N-Bis(2-chloroethyl)-2-naphthylamine  . . 4, 119 (1974) (corr. 42, 253); Suppl. 7, 130 (1987); 100A, 333 
(2012)
Bischloroethyl nitrosourea
 (see also Chloroethyl nitrosoureas) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26, 79 (1981); Suppl. 7, 150 (1987)
1,2-Bis(chloromethoxy)ethane . . . . . . . . . . . . . . . . . . . . . . 15, 31 (1977); Suppl. 7, 58 (1987); 71, 1271 (1999)
1,4-Bis(chloromethoxymethyl)benzene . . . . . . . . . . . . . 15, 37 (1977); Suppl. 7, 58 (1987); 71, 1273 (1999)
Bis(chloromethyl)ether . . . . . . . . . . . . . 4, 231 (1974) (corr. 42, 253); Suppl. 7, 131 (1987); 100F, 295 (2012)
Bis(2-chloro-1-methylethyl)ether  . . . . . . . . . . . . . . . . . . 41, 149 (1986); Suppl. 7, 59 (1987); 71, 1275 (1999)
Bis(2,3-epoxycyclopentyl)ether . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47, 231 (1989); 71, 1281 (1999)
Bisphenol A diglycidyl ether (see also Glycidyl ethers)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71, 1285 (1999)
Bisulfites (see Sulfur dioxide and some sulfites, bisulfites and metabisulfites)
Bitumens  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35, 39 (1985); Suppl. 7, 133 (1987)
Bleomycins (see also Etoposide)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26, 97 (1981); Suppl. 7, 134 (1987)
Blue VRS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16, 163 (1978); Suppl. 7, 59 (1987)
Boot and shoe manufacture and repair . . . . . . . . . . . . . . . . . . . . . . . . . . . .25, 249 (1981); Suppl. 7, 232 (1987)
Bracken fern  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40, 47 (1986); Suppl. 7, 135 (1987)
Brilliant Blue FCF, disodium salt . . . . . . . . . . . . . . . . . . . . . . 16, 171 (1978) (corr. 42, 257); Suppl. 7, 59 (1987)
Bromochloroacetonitrile
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 (see also Halogenated acetonitriles) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71, 1291 (1999)
Bromodichloromethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52, 179 (1991); 71, 1295 (1999)
Bromoethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52, 299 (1991); 71, 1305 (1999)
Bromoform  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52, 213 (1991); 71, 1309 (1999)
Busulfan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .(see 1,4-Butanediol dimethanesulfonate)
1,3-Butadiene . .39, 155 (1986) (corr. 42, 264); Suppl. 7, 136 (1987); 54, 237 (1992); 71, 109 (1999); 97,45 
(2008); 100F, 309 (2012)
1,4-Butanediol dimethanesulfonate . . . . . . . . . . . . . . . .4, 247 (1974); Suppl. 7, 137 (1987); 100A, 39 (2012)
2-Butoxyethanol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88, 329
1-tert-Butoxypropan-2-ol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88, 415
n-Butyl acrylate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39, 67 (1986); Suppl. 7, 59 (1987); 71, 359 (1999)
Butylated hydroxyanisole . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40, 123 (1986); Suppl. 7, 59 (1987)
Butylated hydroxytoluene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40, 161 (1986); Suppl. 7, 59 (1987)
Butyl benzyl phthalate  . . . . . . . . . . . . . . . 29, 193 (1982) (corr. 42, 261); Suppl. 7, 59 (1987); 73, 115 (1999)
β-Butyrolactone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11, 225 (1976); Suppl. 7, 59 (1987); 71, 1317 (1999)
γ-Butyrolactone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11, 231 (1976); Suppl. 7, 59 (1987); 71, 367 (1999)

C

Cabinet-making (see Furniture and cabinet-making)
Cadmium acetate (see Cadmium and cadmium compounds)
Cadmium and cadmium compounds 2, 74 (1973); 11, 39 (1976) (corr. 42, 255); Suppl. 7, 139 (1987); 58, 
119 (1993); 100C, 121 (2012)
Cadmium chloride (see Cadmium and cadmium compounds)
Cadmium oxide (see Cadmium and cadmium compounds)
Cadmium sulfate (see Cadmium and cadmium compounds)
Cadmium sulfide (see Cadmium and cadmium compounds)
Caffeic acid  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56, 115 (1993)
Caffeine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51, 291 (1991)
Calcium arsenate (see Arsenic in drinking-water)
Calcium carbide production . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92, 35 (2010)
Calcium chromate (see Chromium and chromium compounds)
Calcium cyclamate (see Cyclamates)
Calcium saccharin (see Saccharin)
Cantharidin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 79 (1976); Suppl. 7, 59 (1987)
Caprolactam . . . 19, 115 (1979) (corr. 42, 258); 39, 247 (1986) (corr. 42, 264); Suppl. 7, 59, 390 (1987); 71, 
383 (1999)
Captafol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53, 353 (1991)
Captan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30, 295 (1983); Suppl. 7, 59 (1987)
Carbaryl  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12, 37 (1976); Suppl. 7, 59 (1987)
Carbazole . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32, 239 (1983); Suppl. 7, 59 (1987); 71, 1319 (1999)
3-Carbethoxypsoralen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40, 317 (1986); Suppl. 7, 59 (1987)
Carbon black . . . . . . . . . . . . . . . . . .3, 22 (1973); 33, 35 (1984); Suppl.7, 142 (1987); 65, 149 (1996); 93, 2010
Carbon electrode manufacture  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92, 35 (2010)
Carbon tetrachloride . . . . . . . . . . . . . . . . . 1, 53 (1972); 20, 371 (1979); Suppl. 7, 143 (1987); 71, 401 (1999)
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Carmoisine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 83 (1975); Suppl. 7, 59 (1987)
Carpentry and joinery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .25, 139 (1981); Suppl. 7, 378 (1987)
Carrageenan . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 181 (1976) (corr. 42, 255); 31, 79 (1983); Suppl. 7, 59 (1987)
Cassia occidentalis (see Traditional herbal medicines)
Catechol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15, 155 (1977); Suppl. 7, 59 (1987); 71, 433 (1999)
CCNU (see 1-(2-Chloroethyl)-3-cyclohexyl-1-nitrosourea)
Ceramic fibres (see Man-made vitreous fibres)
Chemotherapy, combined, including alkylating agents 
(see MOPP and other combined chemotherapy including alkylating agents)
Chimney sweeps and other exposures to soot . . . . . . . . . . . . . . . . . . . . . . . . . 92, 35 (2010); 100F, 209 (2012)
Chloral (see also Chloral hydrate)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63, 245 (1995); 84, 317 (2004)
Chloral hydrate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63, 245 (1995); 84, 317 (2004)
Chlorambucil  . . . . . . . . . . . . . . . . . . . . . .9, 125 (1975); 26, 115 (1981); Suppl. 7, 144 (1987); 100A, 47 (2012)
Chloramine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84, 295 (2004)
Chloramphenicol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 85 (1976); Suppl. 7, 145 (1987); 50, 169 (1990)
Chlordane (see also Chlordane/Heptachlor) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .20, 45 (1979) (corr. 42, 258)
Chlordane and Heptachlor . . . . . . . . . . . . . . . . . . . . . . . . . Suppl. 7, 146 (1987); 53, 115 (1991); 79, 411 (2001)
Chlordecone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20, 67 (1979); Suppl. 7, 59 (1987)
Chlordimeform . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30, 61 (1983); Suppl. 7, 59 (1987)
Chlorendic acid  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48, 45 (1990)
Chlorinated dibenzodioxins (other than TCDD)
 (see also Polychlorinated dibenzo-para-dioxins)  . . . . . . . . . . . . . . . . . . . . 15, 41 (1977); Suppl. 7, 59 (1987)
Chlorinated drinking-water . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52, 45 (1991)
Chlorinated paraffins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48, 55 (1990)
α-Chlorinated toluenes and benzoyl chloride . . . . . . . . . . . . . . . . . . . . . .Suppl. 7, 148 (1987); 71, 453 (1999)
Chlormadinone acetate  . . . . . . . . . .6, 149 (1974); 21, 365 (1979); Suppl. 7, 291, 301 (1987); 72, 49 (1999)
Chlornaphazine (see N,N-Bis(2-chloroethyl)-2-naphthylamine)
Chloroacetonitrile (see also Halogenated acetonitriles) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71, 1325 (1999)
para-Chloroaniline  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57, 305 (1993)
Chlorobenzilate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .5, 75 (1974); 30, 73 (1983); Suppl. 7, 60 (1987)
Chlorodibromomethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52, 243 (1991); 71, 1331 (1999)
3-Chloro-4-(dichloromethyl)-5-hydroxy-2(5H)-furanone  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84, 441 (2004)
Chlorodifluoromethane  . . . . . . . . . . . . 41, 237 (1986) (corr. 51, 483); Suppl. 7, 149 (1987); 71, 1339 (1999)
Chloroethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52, 315 (1991); 71, 1345 (1999)
1-(2-Chloroethyl)-3-cyclohexyl-1-nitrosourea
 (see also Chloroethyl nitrosoureas) . . . . . . . . . . . . . . . . . 26, 137 (1981) (corr. 42, 260); Suppl. 7, 150 (1987)
1-(2-Chloroethyl)-3-(4-methylcyclohexyl)-1-nitrosourea
 (see also Chloroethyl nitrosoureas) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Suppl. 7, 150 (1987); 100A, 57 (2012)
Chloroethyl nitrosoureas  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Suppl. 7, 150 (1987)
Chlorofluoromethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41, 229 (1986); Suppl. 7, 60 (1987); 71, 1351 (1999)
Chloroform  . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 61 (1972); 20, 401 (1979); Suppl. 7, 152 (1987); 73, 131(1999)
Chloromethyl methyl ether (technical-grade)
 (see also Bis(chloromethyl)ether) . . . . . . . . . . . . . . . . . 4, 239 (1974); Suppl. 7, 131 (1987); 100F, 295 (2012)
(4-Chloro-2-methylphenoxy)acetic acid (see MCPA)
1-Chloro-2-methylpropene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63, 315 (1995)
3-Chloro-2-methylpropene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63, 325 (1995)
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2-Chloronitrobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65, 263 (1996)
3-Chloronitrobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65, 263 (1996)
4-Chloronitrobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65, 263 (1996)
Chlorophenols (see also Polychlorophenols and their sodium salts) . . . . . . . . . . . . . . .Suppl. 7, 154 (1987)
Chlorophenols (occupational exposures to) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41, 319 (1986)
Chlorophenoxy herbicides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Suppl. 7, 156 (1987)
Chlorophenoxy herbicides (occupational exposures to) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41, 357 (1986)
4-Chloro-ortho-phenylenediamine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27, 81 (1982); Suppl. 7, 60 (1987)
4-Chloro-meta-phenylenediamine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27, 82 (1982); Suppl. 7, 60 (1987)
Chloroprene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19, 131 (1979); Suppl. 7, 160 (1987); 71, 227 (1999)
Chloropropham . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12, 55 (1976); Suppl. 7, 60 (1987)
Chloroquine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13, 47 (1977); Suppl. 7, 60 (1987)
Chlorothalonil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30, 319 (1983); Suppl. 7, 60 (1987); 73, 183 (1999)
para-Chloro-ortho-toluidine and its strong acid salts
 (see also Chlordimeform)  . . . . 16, 277 (1978); 30, 65 (1983); Suppl. 7, 60 (1987); 48, 123 (1990); 77, 323 
(2000)
4-Chloro-ortho-toluidine (see para-chloro-ortho-toluidine)
5-Chloro-ortho-toluidine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77, 341 (2000)
Chlorotrianisene (see also Nonsteroidal estrogens) . . . . . . . . . . . . . . . .21, 139 (1979); Suppl. 7, 280 (1987)
2-Chloro-1,1,1-trifluoroethane . . . . . . . . . . . . . . . . . . . . . 41, 253 (1986); Suppl. 7, 60 (1987); 71, 1355 (1999)
Chlorozotocin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50, 65 (1990)
Cholesterol. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 99 (1976); 31, 95 (1983); Suppl. 7, 161 (1987)
Chromic acetate (see Chromium and chromium compounds)
Chromic chloride (see Chromium and chromium compounds)
Chromic oxide (see Chromium and chromium compounds)
Chromic phosphate (see Chromium and chromium compounds)
Chromite ore (see Chromium and chromium compounds)
Chromium and chromium compounds (see also Implants, surgical) . . . . . . 2, 100 (1973); 23, 205 (1980); 
Suppl. 7, 165 (1987); 49, 49 (1990) (corr. 51, 483); 100C,147 (2012)
Chromium carbonyl (see Chromium and chromium compounds)
Chromium potassium sulfate (see Chromium and chromium compounds)
Chromium sulfate (see Chromium and chromium compounds)
Chromium trioxide (see Chromium and chromium compounds)
Chrysazin (see Dantron)
Chrysene. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .3, 159 (1973); 32, 247 (1983); Suppl. 7, 60 (1987); 92, 35 (2010)
Chrysoidine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 91 (1975); Suppl. 7, 169 (1987)
Chrysotile (see Asbestos)
Ciclosporin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .50, 77 (1990); 100A, 337 (2012)
CI Acid Orange 3  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57, 121 (1993)
CI Acid Red 114  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57, 247 (1993)
CI Basic Red 9 (see also Magenta) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57, 215 (1993)
CI Direct Blue 15 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57, 235 (1993)
CI Disperse Yellow 3 (see Disperse Yellow 3)
Cimetidine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50, 235 (1990)
Cinnamyl anthranilate . . . . . . . . . . . . . . . 16, 287 (1978); 31, 133 (1983); Suppl. 7, 60 (1987); 77, 177 (2000)
CI Pigment Red 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57, 259 (1993)
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CI Pigment Red 53:1 (see D&C Red No. 9)
Cisplatin (see also Etoposide) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .26, 151 (1981); Suppl. 7, 170 (1987)
Citrinin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40, 67 (1986); Suppl. 7, 60 (1987)
Citrus Red No. 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 101 (1975) (corr. 42, 254); Suppl. 7, 60 (1987)
Clinoptilolite (see Zeolites)
Clofibrate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24, 39 (1980); Suppl. 7, 171 (1987); 66, 391 (1996)
Clomiphene citrate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .21, 551 (1979); Suppl. 7, 172 (1987)
Clonorchis sinensis (infection with)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .61, 121 (1994); 100B, 341 (2012)
Coal, indoor emissions from household combustion of . . . . . . . . . . . . . . . . 95, 43 (2010); 100E, 515 (2012)
Coal dust . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68, 337 (1997)
Coal gasification. . . . . . . . . . . . . . . . . . . . 34, 65 (1984); Suppl. 7, 173 (1987); 92, 35 (2010); 100F, 145 (2012)
Coal-tar distillation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92, 35 (2010); 100F, 153 (2012)
Coal-tar pitches (see also Coal-tars)  . . . . . . . . . . . . . . . 35, 83 (1985); Suppl. 7, 174 (1987); 100F, 161 (2012)
Coal-tars . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35, 83 (1985); Suppl. 7, 175 (1987); 100F, 161 (2012)
Cobalt[III] acetate (see Cobalt and cobalt compounds)
Cobalt-aluminium-chromium spinel (see Cobalt and cobalt compounds)
Cobalt and cobalt compounds (see also Implants, surgical)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52, 363 (1991)
Cobalt[II] chloride (see Cobalt and cobalt compounds)
Cobalt-chromium alloy (see Chromium and chromium compounds)
Cobalt-chromium-molybdenum alloys (see Cobalt and cobalt compounds)
Cobalt metal powder (see Cobalt and cobalt compounds)
Cobalt metal with tungsten carbide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86, 37 (2006)
Cobalt metal without tungsten carbide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86, 37 (2006)
Cobalt naphthenate (see Cobalt and cobalt compounds)
Cobalt[II] oxide (see Cobalt and cobalt compounds)
Cobalt[II,III] oxide (see Cobalt and cobalt compounds)
Cobalt sulfate and other soluble cobalt(II) salts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86, 37 (2006)
Cobalt[II] sulfide (see Cobalt and cobalt compounds)
Coffee  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .51, 41 (1991) (corr. 52, 513)
Coke production . . . . . . . . . . . . . . . . . . 34, 101 (1984); Suppl. 7, 176 (1987); 92, 35 (2010); 100F, 167 (2012)
Combined estrogen–progestogen
 contraceptives . . . . . . . . . . . . . . . . . . . . .Suppl. 7, 297 (1987); 72, 49 (1999); 91, 39 (2007); 100A, 283 (2012)
Combined estrogen–progestogen
 menopausal therapy . . . . . . . . . . . . Suppl. 7, 308 (1987); 72, 531 (1999); 91, 203 (2007); 100A, 249 (2012)
Conjugated equine estrogens  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72, 399 (1999)
Conjugated estrogens (see also Steroidal estrogens) . . . . . . . . . . . . . . .21, 147 (1979); Suppl. 7, 283 (1987)
Continuous glass filament (see Man-made vitreous fibres)
Copper 8-hydroxyquinoline  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15, 103 (1977); Suppl. 7, 61 (1987)
Coronene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32, 263 (1983); Suppl. 7, 61 (1987); 92, 35 (2010)
Coumarin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 113 (1976); Suppl. 7, 61 (1987); 77, 193 (2000)
Creosotes (see also Coal-tars) . . . . . . . . . . . . . . . . . . . . . . . . 35, 83 (1985); Suppl. 7, 177 (1987); 92, 35 (2010)
meta-Cresidine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27, 91 (1982); Suppl. 7, 61 (1987)
para-Cresidine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27, 92 (1982); Suppl. 7, 61 (1987)
Cristobalite (see Crystalline silica)
Crocidolite (see Asbestos)
Crotonaldehyde . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63, 373 (1995) (corr. 65, 549)
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Crude oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45, 119 (1989)
Crystalline silica (see also Silica) . . 42, 39 (1987); Suppl. 7, 341 (1987); 68, 41 (1997) (corr. 81, 383); 100C, 
355 (2012)
Cycasin 
(see also Methylazoxymethanol) . . . . . . . 1, 157 (1972) (corr. 42, 251); 10, 121 (1976); Suppl. 7, 61 (1987)
Cyclamates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22, 55 (1980); Suppl. 7, 178 (1987); 73, 195 (1999)
Cyclamic acid (see Cyclamates)
Cyclochlorotine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 139 (1976); Suppl. 7, 61 (1987)
Cyclohexanone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47, 157 (1989); 71, 1359 (1999)
Cyclohexylamine (see Cyclamates)
4-Cyclopenta[def]chrysene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92, 35 (2010)
Cyclopenta[cd]pyrene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32, 269 (1983); Suppl. 7, 61 (1987); 92, 35 (2010)
5,6-Cyclopenteno-1,2-benzanthracene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92, 35 (2010)
Cyclopropane (see Anaesthetics, volatile)
Cyclophosphamide . . . . . . . . . . . . . . . . .9, 135 (1975); 26, 165 (1981); Suppl. 7, 182 (1987); 100A, 63 (2012)
Cyproterone acetate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72, 49 (1999)

D

2,4-D (see also Chlorophenoxy herbicides;
 Chlorophenoxy herbicides, occupational exposures to)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15, 111 (1977)
Dacarbazine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .26, 203 (1981); Suppl. 7, 184 (1987)
Dantron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50, 265 (1990) (corr. 59, 257)
D&C Red No. 9. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 107 (1975); Suppl. 7, 61 (1987); 57, 203 (1993)
Dapsone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24, 59 (1980); Suppl. 7, 185 (1987)
Daunomycin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 145 (1976); Suppl. 7, 61 (1987)
DDD (see DDT)
DDE (see DDT)
DDT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 83 (1974) (corr. 42, 253); Suppl. 7, 186 (1987); 53, 179 (1991)
Decabromodiphenyl oxide  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48, 73 (1990); 71, 1365 (1999)
Deltamethrin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53, 251 (1991)
Deoxynivalenol (see Toxins derived from Fusarium graminearum, F. culmorum and F. crookwellense)
Diacetylaminoazotoluene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 113 (1975); Suppl. 7, 61 (1987)
N,N’-Diacetylbenzidine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16, 293 (1978); Suppl. 7, 61 (1987)
Diallate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12, 69 (1976); 30, 235 (1983); Suppl. 7, 61 (1987)
2,4-Diaminoanisole and its salts . . . . . . . 16, 51 (1978); 27, 103 (1982); Suppl. 7, 61 (1987); 79, 619 (2001)
4,4’-Diaminodiphenyl ether . . . . . . . . . . . . . . . . . . . . . . . . . 16, 301 (1978); 29, 203 (1982); Suppl. 7, 61 (1987)
1,2-Diamino-4-nitrobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16, 63 (1978); Suppl. 7, 61 (1987)
1,4-Diamino-2-nitrobenzene . . . . . . . . . . . . . . . . . . . . . . . . . 16, 73 (1978); Suppl. 7, 61 (1987); 57, 185 (1993)
2,6-Diamino-3-(phenylazo)pyridine (see Phenazopyridine hydrochloride)
2,4-Diaminotoluene (see also Toluene diisocyanates) . . . . . . . . . . . . . . . . 16, 83 (1978); Suppl. 7, 61 (1987)
2,5-Diaminotoluene (see also Toluene diisocyanates) . . . . . . . . . . . . . . . . 16, 97 (1978); Suppl. 7, 61 (1987)
ortho-Dianisidine (see 3,3’-Dimethoxybenzidine)
Diatomaceous earth, uncalcined (see Amorphous silica)
Diazepam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13, 57 (1977); Suppl. 7, 189 (1987); 66, 37 (1996)
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Diazomethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7, 223 (1974); Suppl. 7, 61 (1987)
Dibenz[a,h]acridine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3, 247 (1973); 32, 277 (1983); Suppl. 7, 61 (1987)
Dibenz[a,j]acridine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3, 254 (1973); 32, 283 (1983); Suppl. 7, 61 (1987)
Dibenz[a,c]anthracene  . . . . . . . . . . . . . . . . 32, 289 (1983) (corr. 42, 262); Suppl. 7, 61 (1987); 92, 35 (2010)
Dibenz[a,h]anthracene . . . 3, 178 (1973) (corr. 43, 261); 32, 299 (1983); Suppl. 7, 61 (1987); 92, 35 (2010)
Dibenz[a,j]anthracene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32, 309 (1983); Suppl. 7, 61 (1987); 92, 35 (2010)
7H-Dibenzo[c,g]carbazole  . . . . . . . . . . . . . . . . . . . . . . . . . . . 3, 260 (1973); 32, 315 (1983); Suppl. 7, 61 (1987)
Dibenzodioxins, chlorinated (other than TCDD) (see Chlorinated dibenzodioxins (other than TCDD))
Dibenzo[a,e]fluoranthene  . . . . . . . . . . . . . . . . . . . . . . . . . . . 32, 321 (1983); Suppl. 7, 61 (1987); 92, 35 (2010)
13H-Dibenzo[a,g]fluorene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92, 35 (2010)
Dibenzo[h,rst]pentaphene . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3, 197 (1973); Suppl. 7, 62 (1987); 92, 35 (2010)
Dibenzo[a,e]pyrene  . . . . . . . . . . . . . . . . . . . .3, 201 (1973); 32, 327 (1983); Suppl. 7, 62 (1987); 92, 35 (2010)
Dibenzo[a,h]pyrene . . . . . . . . . . . . . . . . . . . .3, 207 (1973); 32, 331 (1983); Suppl. 7, 62 (1987); 92, 35 (2010)
Dibenzo[a,i]pyrene . . . . . . . . . . . . . . . . . . . . .3, 215 (1973); 32, 337 (1983); Suppl. 7, 62 (1987); 92, 35 (2010)
Dibenzo[a,l]pyrene . . . . . . . . . . . . . . . . . . . . .3, 224 (1973); 32, 343 (1983); Suppl. 7, 62 (1987); 92, 35 (2010)
Dibenzo[e,l]pyrene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92, 35 (2010)
Dibenzo-para-dioxin  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69, 33 (1997)
Dibromoacetonitrile (see also Halogenated acetonitriles) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71, 1369 (1999)
1,2-Dibromo-3-chloropropane . . . . . . . 15, 139 (1977); 20, 83 (1979); Suppl. 7, 191 (1987); 71, 479 (1999)
1,2-Dibromoethane (see Ethylene dibromide)
2,3-Dibromopropan-1-ol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77, 439 (2000)
Dichloroacetic acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63, 271 (1995); 84, 359 (2004)
Dichloroacetonitrile (see also Halogenated acetonitriles)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71, 1375 (1999)
Dichloroacetylene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39, 369 (1986); Suppl. 7, 62 (1987); 71, 1381 (1999)
ortho-Dichlorobenzene . . . . . . . . . . . . . . 7, 231 (1974); 29, 213 (1982); Suppl. 7, 192 (1987); 73, 223 (1999)
meta-Dichlorobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73, 223 (1999)
para-Dichlorobenzene . . . . . . . . . . . . . . . 7, 231 (1974); 29, 215 (1982); Suppl. 7, 192 (1987); 73, 223 (1999)
3,3’-Dichlorobenzidine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 49 (1974); 29, 239 (1982); Suppl. 7, 193 (1987)
trans-1,4-Dichlorobutene . . . . . . . . . . . . . . . . . . . . . . . . . . 15, 149 (1977); Suppl. 7, 62 (1987); 71, 1389 (1999)
3,3’-Dichloro-4,4’-diaminodiphenyl ether  . . . . . . . . . . . . . . . . . . . . . . . . . . 16, 309 (1978); Suppl. 7, 62 (1987)
1,2-Dichloroethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20, 429 (1979); Suppl. 7, 62 (1987); 71, 501 (1999)
Dichloromethane  . . . . . . . . . . . . . . . . . . . 20, 449 (1979); 41, 43 (1986); Suppl. 7, 194 (1987); 71, 251 (1999)
2,4-Dichlorophenol (see Chlorophenols; Chlorophenols, occupational exposures to;
 Polychlorophenols and their sodium salts)
(2,4-Dichlorophenoxy)acetic acid (see 2,4-D)
2,6-Dichloro-para-phenylenediamine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39, 325 (1986); Suppl. 7, 62 (1987)
1,2-Dichloropropane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41, 131 (1986); Suppl. 7, 62 (1987); 71, 1393 (1999)
1,3-Dichloropropene (technical-grade) . . . . . . . . . . . . . 41, 113 (1986); Suppl. 7, 195 (1987); 71, 933 (1999)
Dichlorvos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20, 97 (1979); Suppl. 7, 62 (1987); 53, 267 (1991)
Dicofol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30, 87 (1983); Suppl. 7, 62 (1987)
Dicyclohexylamine (see Cyclamates)
Didanosine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76, 153 (2000)
Dieldrin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 125 (1974); Suppl. 7, 196 (1987)
Dienoestrol (see also Nonsteroidal estrogens) . . . . . . . . . . . . . . . . . . . . .21, 161 (1979); Suppl. 7, 278 (1987)
Diepoxybutane
 (see also 1,3-Butadiene) . . . . . . . . . . . . . . 11, 115 (1976) (corr. 42, 255); Suppl. 7, 62 (1987); 71, 109 (1999)

553



IARC MONOGRAPHS – 100E

Diesel and gasoline engine exhausts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46, 41 (1989)
Diesel fuels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45, 219 (1989) (corr. 47, 505)
Diethanolamine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77, 349 (2000)
Diethyl ether (see Anaesthetics, volatile)
Di(2-ethylhexyl) adipate . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29, 257 (1982); Suppl. 7, 62 (1987); 77, 149 (2000)
Di(2-ethylhexyl) phthalate . . . . . . . . . . . . . 29, 269 (1982) (corr. 42, 261); Suppl. 7, 62 (1987); 77, 41 (2000)
1,2-Diethylhydrazine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 153 (1974); Suppl. 7, 62 (1987); 71, 1401 (1999)
Diethylstilbestrol . . . . . 6, 55 (1974); 21, 173 (1979) (corr. 42, 259); Suppl. 7, 273 (1987); 100A, 175 (2012)
Diethylstilbestrol dipropionate (see Diethylstilbestrol)
Diethyl sulfate . . . . . . . . . . . . . . . . . . . . . . 4, 277 (1974); Suppl. 7, 198 (1987); 54, 213 (1992); 71, 1405 (1999)
N,N’-Diethylthiourea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79, 649 (2001)
Diglycidyl resorcinol ether . . . . . . . . . . 11, 125 (1976); 36, 181 (1985); Suppl. 7, 62 (1987); 71, 1417 (1999)
Dihydrosafrole  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1, 170 (1972); 10, 233 (1976) Suppl. 7, 62 (1987)
1,2-Dihydroaceanthrylene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92, 35 (2010)
1,8-Dihydroxyanthraquinone (see Dantron)
Dihydroxybenzenes (see Catechol; Hydroquinone; Resorcinol)
1,3-Dihydroxy-2-hydroxymethylanthraquinone  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82, 129 (2002)
Dihydroxymethylfuratrizine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24, 77 (1980); Suppl. 7, 62 (1987)
Diisopropyl sulfate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54, 229 (1992); 71, 1421 (1999)
Dimethisterone (see also Progestins; Sequential oral contraceptives) . . . . .6, 167 (1974); 21, 377 (1979))
Dimethoxane  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15, 177 (1977); Suppl. 7, 62 (1987)
3,3’-Dimethoxybenzidine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 41 (1974); Suppl. 7, 198 (1987)
3,3’-Dimethoxybenzidine-4,4’-diisocyanate . . . . . . . . . . . . . . . . . . . . . . . . 39, 279 (1986); Suppl. 7, 62 (1987)
para-Dimethylaminoazobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 125 (1975); Suppl. 7, 62 (1987)
para-Dimethylaminoazobenzenediazo sodium sulfonate . . . . . . . . . . . . 8, 147 (1975); Suppl. 7, 62 (1987)
trans-2-[(Dimethylamino)methylimino]-5-
[2-(5-nitro-2-furyl)-vinyl]-1,3,4-oxadiazole . . . . . . . . . . . . . 7, 147 (1974) (corr. 42, 253); Suppl. 7, 62 (1987)
4,4’-Dimethylangelicin plus ultraviolet radiation
 (see also Angelicin and some synthetic derivatives) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Suppl. 7, 57 (1987)
4,5’-Dimethylangelicin plus ultraviolet radiation
 (see also Angelicin and some synthetic derivatives) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Suppl. 7, 57 (1987)
2,6-Dimethylaniline  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57, 323 (1993)
N,N-Dimethylaniline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57, 337 (1993)
Dimethylarsinic acid (see Arsenic and arsenic compounds)
3,3’-Dimethylbenzidine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1, 87 (1972); Suppl. 7, 62 (1987); 100F, 93 (2012)
Dimethylcarbamoyl chloride . . . . . . . . . . . . . . . . . . . . . . . . 12, 77 (1976); Suppl. 7, 199 (1987); 71, 531 (1999)
Dimethylformamide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47, 171 (1989); 71, 545 (1999)
1,1-Dimethylhydrazine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 137 (1974); Suppl. 7, 62 (1987); 71, 1425 (1999)
1,2-Dimethylhydrazine  . . . . . . . . . . . . . . . . 4, 145 (1974) (corr. 42, 253); Suppl. 7, 62 (1987); 71, 947 (1999)
Dimethyl hydrogen phosphite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48, 85 (1990); 71, 1437 (1999)
1,4-Dimethylphenanthrene . . . . . . . . . . . . . . . . . . . . . . . . . . 32, 349 (1983); Suppl. 7, 62 (1987); 92, 35 (2010)
Dimethyl sulfate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 271 (1974); Suppl. 7, 200 (1987); 71, 575 (1999)
3,7-Dinitrofluoranthene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46, 189 (1989); 65, 297 (1996)
3,9-Dinitrofluoranthene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46, 195 (1989); 65, 297 (1996)
1,3-Dinitropyrene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46, 201 (1989)
1,6-Dinitropyrene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46, 215 (1989)

554



Cumulative Index

1,8-Dinitropyrene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33, 171 (1984); Suppl. 7, 63 (1987); 46, 231 (1989)
Dinitrosopentamethylenetetramine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11, 241 (1976); Suppl. 7, 63 (1987)
2,4-Dinitrotoluene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65, 309 (1996) (corr. 66, 485)
2,6-Dinitrotoluene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65, 309 (1996) (corr. 66, 485)
3,5-Dinitrotoluene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65, 309 (1996)
1,4-Dioxane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11, 247 (1976); Suppl. 7, 201 (1987); 71, 589 (1999)
2,4’-Diphenyldiamine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16, 313 (1978); Suppl. 7, 63 (1987)
Direct Black 38 (see also Benzidine-based dyes)  . . . . . . . . . . . . . . . . . . . . . . . . . 29, 295 (1982) (corr. 42, 261)
Direct Blue 6 (see also Benzidine-based dyes)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29, 311 (1982)
Direct Brown 95 (see also Benzidine-based dyes) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29, 321 (1982)
Disperse Blue 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48, 139 (1990)
Disperse Yellow 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 97 (1975); Suppl. 7, 60 (1987); 48, 149 (1990)
Disulfiram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12, 85 (1976); Suppl. 7, 63 (1987)
Dithranol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13, 75 (1977); Suppl. 7, 63 (1987)
Divinyl ether (see Anaesthetics, volatile)
Doxefazepam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66, 97 (1996)
Doxylamine succinate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79, 145 (2001)
Droloxifene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66, 241 (1996)
Dry cleaning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63, 33 (1995)
Dulcin  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12, 97 (1976); Suppl. 7, 63 (1987)

E

Endrin  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 157 (1974); Suppl. 7, 63 (1987)
Enflurane (see Anaesthetics, volatile)
Eosin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15, 183 (1977); Suppl. 7, 63 (1987)
Epichlorohydrin . . . . . . . . . . . . . . . . . . . . . 11, 131 (1976) (corr. 42, 256); Suppl. 7, 202 (1987); 71, 603 (1999)
1,2-Epoxybutane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47, 217 (1989); 71, 629 (1999)
1-Epoxyethyl-3,4-epoxycyclohexane (see 4-Vinylcyclohexene diepoxide)
3,4-Epoxy-6-methylcyclohexylmethyl
 3,4-epoxy-6-methyl-cyclohexane carboxylate . . . . . . 11, 147 (1976); Suppl. 7, 63 (1987); 71, 1441 (1999)
cis-9,10-Epoxystearic acid . . . . . . . . . . . . . . . . . . . . . . . . . . 11, 153 (1976); Suppl. 7, 63 (1987); 71, 1443 (1999)
Epstein-Barr virus  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70, 47 (1997); 100B, 49 (2012)
d-Equilenin  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72, 399 (1999)
Equilin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72, 399 (1999)
Erionite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42, 225 (1987); Suppl. 7, 203 (1987); 100C, 311 (2012)
Estazolam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66, 105 (1996)
Estradiol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6, 99 (1974); 21, 279 (1979); Suppl. 7, 284 (1987); 72, 399 (1999)
Estradiol-17β (see Estradiol)
Estradiol 3-benzoate (see Estradiol)
Estradiol dipropionate (see Estradiol)
Estradiol mustard  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 217 (1975); Suppl. 7, 68 (1987)
Estradiol valerate (see Estradiol)
Estriol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6, 117 (1974); 21, 327 (1979); Suppl. 7, 285 (1987); 72, 399 (1999)
Estrogen replacement therapy (see Post-menopausal estrogen therapy)
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Estrogens (see Estrogens, progestins and combinations)
Estrogens, conjugated (see Conjugated estrogens)
Estrogens, nonsteroidal (see Nonsteroidal estrogens)
Estrogens, progestins (progestogens)
 and combinations  . . . . . . . . . . . . . . . 6 (1974); 21 (1979); Suppl. 7, 272(1987); 72, 49, 339, 399, 531 (1999)
Estrogens, steroidal (see Steroidal estrogens)
Estrone  . . . . . . . . . . . . . . . 6, 123 (1974); 21, 343 (1979) (corr. 42, 259); Suppl. 7, 286 (1987); 72, 399 (1999)
Estrone benzoate (see Estrone)
Ethanol in alcoholic beverages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41, 96 (2010); 100E, 373 (2012)
Ethinyloestradiol . . . . . . . . . . . . . . . . . . . . . . .6, 77 (1974); 21, 233 (1979); Suppl. 7, 286 (1987); 72, 49 (1999)
Ethionamide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13, 83 (1977); Suppl. 7, 63 (1987)
Ethyl acrylate . . . . . . . . . . . . . . . . . . . . . . . . . 19, 57 (1979); 39, 81 (1986); Suppl. 7, 63 (1987); 71, 1447 (1999)
Ethyl carbamate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7, 111 (1974); Suppl. 7, 73 (1987); 96, 1295 (2010)
Ethylbenzene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77, 227 (2000)
Ethylene . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19, 157 (1979); Suppl. 7, 63 (1987); 60, 45 (1994); 71, 1447 (1999)
Ethylene dibromide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15, 195 (1977); Suppl. 7, 204 (1987); 71, 641 (1999)
Ethylene oxide 11, 157 (1976); 36, 189 (1985) (corr. 42, 263); Suppl. 7, 205 (1987); 60, 73 (1994); 97, 185 
(2008); 100F, 379 (2012)
Ethylene sulfide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11, 257 (1976); Suppl. 7, 63 (1987)
Ethylenethiourea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7, 45 (1974); Suppl. 7, 207 (1987); 79, 659 (2001)
2-Ethylhexyl acrylate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60, 475 (1994)
Ethyl methanesulfonate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7, 245 (1974); Suppl. 7, 63 (1987)
N-Ethyl-N-nitrosourea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 135 (1972); 17, 191 (1978); Suppl. 7, 63 (1987)
Ethyl selenac (see also Selenium and selenium compounds) . . . . . . . . 12, 107 (1976); Suppl. 7, 63 (1987)
Ethyl tellurac . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12, 115 (1976); Suppl. 7, 63 (1987)
Ethynodiol diacetate  . . . . . . . . . . . . . . . . . 6, 173 (1974); 21, 387 (1979); Suppl. 7, 292 (1987); 72, 49 (1999)
Etoposide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .76, 177 (2000); 100A, 91 (2012)
Eugenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36, 75 (1985); Suppl. 7, 63 (1987)
Evans blue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 151 (1975); Suppl. 7, 63 (1987)
Extremely low-frequency electric fields  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .80 (2002)
Extremely low-frequency magnetic fields  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .80 (2002)

F

Fast Green FCF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16, 187 (1978); Suppl. 7, 63 (1987)
Fenvalerate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53, 309 (1991)
Ferbam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12, 121 (1976) (corr. 42, 256); Suppl. 7, 63 (1987)
Ferric oxide  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 29 (1972); Suppl. 7, 216 (1987)
Ferrochromium (see Chromium and chromium compounds)
Firefighting  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98, 395 (2010)
Fission products, mixtures of  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100D, 285 (2012)
Fluometuron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30, 245 (1983); Suppl. 7, 63 (1987)
Fluoranthene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32, 355 (1983); Suppl. 7, 63 (1987); 92, 35 (2010)
Fluorene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32, 365 (1983); Suppl. 7, 63 (1987); 92, 35 (2010)
Fluorescent lighting (exposure to) (see Ultraviolet radiation)
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Fluorides (inorganic, used in drinking-water) . . . . . . . . . . . . . . . . . . . . . .27, 237 (1982); Suppl. 7, 208 (1987)
5-Fluorouracil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .26, 217 (1981); Suppl. 7, 210 (1987)
Fluorspar (see Fluorides)
Fluosilicic acid (see Fluorides)
Fluroxene (see Anaesthetics, volatile)
Foreign bodies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .74 (1999)
Formaldehyde  . . 29, 345 (1982); Suppl. 7, 211 (1987); 62, 217 (1995) (corr. 65, 549; corr. 66, 485); 88, 39 
(2006); 100F, 401 (2012)
2-(2-Formylhydrazino)-4-(5-nitro-2-furyl)thiazole . . . . . . 7, 151 (1974) (corr. 42, 253); Suppl. 7, 63 (1987)
Frusemide (see Furosemide)
Frying, emissions from high-temperature  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95, 309 (2010)
Fuel oils (heating oils)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45, 239 (1989) (corr. 47, 505)
Fumonisin B1 (see also Toxins derived from Fusarium moniliforme)  . . . . . . . . . . . . . . . . . . . . 82, 301 (2002)
Fumonisin B2 (see Toxins derived from Fusarium moniliforme)
Furan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63, 393 (1995)
Furazolidone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31, 141 (1983); Suppl. 7, 63 (1987)
Furfural . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63, 409 (1995)
Furniture and cabinet-making . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25, 99 (1981)
Furosemide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50, 277 (1990)
2-(2-Furyl)-3-(5-nitro-2-furyl)acrylamide (see AF-2)
Fusarenon-X (see Toxins derived from Fusarium graminearum, F. culmorum and F. crookwellense)
Fusarenone-X (see Toxins derived from Fusarium graminearum, F. culmorum and F. crookwellense)
Fusarin C (see Toxins derived from Fusarium moniliforme)

G

Gallium arsenide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86, 163 (2006)
Gamma (γ)-radiation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75, 121 (2000); 100D, 103 (2012)
Gasoline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45, 159 (1989) (corr. 47, 505)
Gasoline engine exhaust (see Diesel and gasoline engine exhausts)
Gemfibrozil  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66, 427 (1996)
Glass fibres (see Man-made mineral fibres)
Glass manufacturing industry, occupational exposures in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58, 347 (1993)
Glass wool (see Man-made vitreous fibres)
Glass filaments (see Man-made mineral fibres)
Glu-P-1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40, 223 (1986); Suppl. 7, 64 (1987)
Glu-P-2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40, 235 (1986); Suppl. 7, 64 (1987)
L-Glutamic acid, 5-[2-(4-hydroxymethyl)phenylhydrazide] (see Agaritine)
Glycidaldehyde  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11, 175 (1976); Suppl. 7, 64 (1987); 71, 1459 (1999)
Glycidol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77, 469 (2000)
Glycidyl ethers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47, 237 (1989); 71, 1285, 1417, 1525, 1539 (1999)
Glycidyl oleate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11, 183 (1976); Suppl. 7, 64 (1987)
Glycidyl stearate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11, 187 (1976); Suppl. 7, 64 (1987)
Griseofulvin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 153 (1976); Suppl. 7, 64, 391 (1987); 79, 289 (2001)
Guinea Green B  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16, 199 (1978); Suppl. 7, 64 (1987)
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Gyromitrin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31, 163 (1983); Suppl. 7, 64, 391 (1987)

H

Haematite  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 29 (1972); Suppl. 7, 216 (1987)
Haematite and ferric oxide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Suppl. 7, 216 (1987)
Haematite mining, underground, with 
exposure to radon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1, 29 (1972); Suppl. 7, 216 (1987); 100D, 241 (2012)
Hairdressers and barbers (occupational exposure as) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57, 43 (1993)
Hair dyes, epidemiology of  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16, 29 (1978); 27, 307 (1982)
Halogenated acetonitriles . . . . . . . . . . . . . . . . . . . . . . . . . . 52, 269 (1991); 71, 1325, 1369, 1375, 1533 (1999)
Halothane (see Anaesthetics, volatile)
HC Blue No. 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57, 129 (1993)
HC Blue No. 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57, 143 (1993)
α-HCH (see Hexachlorocyclohexanes)
β-HCH (see Hexachlorocyclohexanes)
γ-HCH (see Hexachlorocyclohexanes)
HC Red No. 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57, 153 (1993)
HC Yellow No. 4  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57, 159 (1993)
Heating oils (see Fuel oils)
Helicobacter pylori (infection with)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .61, 177 (1994); 100B, 385 (2012)
Hepatitis B virus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59, 45 (1994); 100B, 93 (2012)
Hepatitis C virus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .59, 165 (1994); 100B, 135 (2012)
Hepatitis D virus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59, 223 (1994)
Heptachlor (see also Chlordane/Heptachlor)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 173 (1974); 20, 129 (1979)
Hexachlorobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20, 155 (1979); Suppl. 7, 219 (1987); 79, 493 (2001)
Hexachlorobutadiene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20, 179 (1979); Suppl. 7, 64 (1987); 73, 277 (1999)
Hexachlorocyclohexanes . . . . . . . . . . . . . . 5, 47 (1974); 20, 195 (1979) (corr. 42, 258); Suppl. 7, 220 (1987)
Hexachlorocyclohexane, technical-grade (see Hexachlorocyclohexanes)
Hexachloroethane. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20, 467 (1979); Suppl. 7, 64 (1987); 73, 295 (1999)
Hexachlorophene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20, 241 (1979); Suppl. 7, 64 (1987)
Hexamethylphosphoramide . . . . . . . . . . . . . . . . . . . . . . . 15, 211 (1977); Suppl. 7, 64 (1987); 71, 1465 (1999)
Hexestrol (see also Nonsteroidal estrogens) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Suppl. 7, 279 (1987)
Hormonal contraceptives, progestogens only . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72, 339 (1999)
Human herpesvirus 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70, 375 (1997)
Human immunodeficiency viruses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67, 31 (1996); 100B, 215 (2012)
Human papillomaviruses . . . . . . . . . . . . . . . . . . . . . . . . 64 (1995) (corr. 66, 485); 90 (2007); 100B, 255 (2012)
Human T-cell lymphotropic viruses  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .67, 261 (1996); 100B, 315 (2012)
Hycanthone mesylate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13, 91 (1977); Suppl. 7, 64 (1987)
Hydralazine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24, 85 (1980); Suppl. 7, 222 (1987)
Hydrazine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 127 (1974); Suppl. 7, 223 (1987); 71, 991 (1999)
Hydrochloric acid  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54, 189 (1992)
Hydrochlorothiazide  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50, 293 (1990)
Hydrogen peroxide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36, 285 (1985); Suppl. 7, 64 (1987); 71, 671 (1999)
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Hydroquinone  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15, 155 (1977); Suppl. 7, 64 (1987); 71, 691 (1999)
1-Hydroxyanthraquinone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82, 129 (2002)
4-Hydroxyazobenzene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 157 (1975); Suppl. 7, 64 (1987)
17α-Hydroxyprogesterone caproate (see also Progestins) . . . . . . . . . . . . . . . . 21, 399 (1979) (corr. 42, 259)
8-Hydroxyquinoline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13, 101 (1977); Suppl. 7, 64 (1987)
8-Hydroxysenkirkine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 265 (1976); Suppl. 7, 64 (1987)
Hydroxyurea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76, 347 (2000)
Hypochlorite salts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52, 159 (1991)

I

Implants, surgical  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .74, 1999
Indeno[1,2,3-cd]pyrene . . . . . . . . . . . . . . . . .3, 229 (1973); 32, 373 (1983); Suppl. 7, 64 (1987); 92, 35 (2010)
Indium phosphide  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86, 197 (2006)
Inorganic acids (see Sulfuric acid and other strong inorganic acids, occupational exposures to mists 
and vapours from)
Inorganic lead compounds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Suppl. 7, 230 (1987); 87 (2006)
Insecticides, occupational exposures in spraying and application of . . . . . . . . . . . . . . . . . . . . . 53, 45 (1991)
Insulation glass wool (see Man-made vitreous fibres)
Involuntary smoking (see Tobacco, Second-hand smoke)
Ionizing radiation (all types)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100D, 103 (2012)
IQ  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40, 261 (1986); Suppl. 7, 64 (1987); 56, 165 (1993)
Iron and steel founding . . . . . . . . . . . . . . . . . . . . . . . . . .34, 133 (1984); Suppl. 7, 224 (1987); 100F, 497 (2012)
Iron-dextran complex  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2, 161 (1973); Suppl. 7, 226 (1987)
Iron-dextrin complex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2, 161 (1973) (corr. 42, 252); Suppl. 7, 64 (1987)
Iron oxide (see Ferric oxide)
Iron oxide, saccharated (see Saccharated iron oxide)
Iron sorbitol-citric acid complex  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2, 161 (1973); Suppl. 7, 64 (1987)
Isatidine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 269 (1976); Suppl. 7, 65 (1987)
Isoflurane (see Anaesthetics, volatile)
Isoniazid (see Isonicotinic acid hydrazide)
Isonicotinic acid hydrazide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 159 (1974); Suppl. 7, 227 (1987)
Isophosphamide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26, 237 (1981); Suppl. 7, 65 (1987)
Isoprene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60, 215 (1994); 71, 1015 (1999)
Isopropanol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .15, 223 (1977); Suppl. 7, 229 (1987); 71, 1027 (1999)
Isopropanol manufacture (strong-acid process)
 (see also Isopropanol; Sulfuric acid and other strong inorganic acids, occupational exposures to mists 
and vapours from) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Suppl. 7, 229 (1987); 100F, 479 (2012)
Isopropyl oils . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .15, 223 (1977); Suppl. 7, 229 (1987); 71, 1483 (1999)
Isosafrole  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 169 (1972); 10, 232 (1976); Suppl. 7, 65 (1987)
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J

Jacobine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 275 (1976); Suppl. 7, 65 (1987)
Jet fuel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45, 203 (1989)
Joinery (see Carpentry and joinery)

K

Kaempferol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31, 171 (1983); Suppl. 7, 65 (1987)
Kaposi sarcoma herpesvirus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .70, 375 (1997); 100B, 169 (2012)
Kepone (see Chlordecone)
Kojic acid  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79, 605 (2001)

L

Lasiocarpine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 281 (1976); Suppl. 7, 65 (1987)
Lauroyl peroxide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36, 315 (1985); Suppl. 7, 65 (1987); 71, 1485 (1999)
Lead acetate (see Lead and lead compounds)
Lead and lead compounds (see also Foreign bodies) . . .1, 40 (1972) (corr. 42, 251); 2, 52, 150 (1973); 12, 
131 (1976); 23, 40, 208, 209, 325 (1980); Suppl. 7, 230 (1987); 87 (2006)
Lead arsenate (see Arsenic and arsenic compounds)
Lead carbonate (see Lead and lead compounds)
Lead chloride (see Lead and lead compounds)
Lead chromate (see Chromium and chromium compounds)
Lead chromate oxide (see Chromium and chromium compounds)
Lead compounds, inorganic and organic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Suppl. 7, 230 (1987); 87 (2006)
Lead naphthenate (see Lead and lead compounds)
Lead nitrate (see Lead and lead compounds)
Lead oxide (see Lead and lead compounds)
Lead phosphate (see Lead and lead compounds)
Lead subacetate (see Lead and lead compounds)
Lead tetroxide (see Lead and lead compounds)
Leather goods manufacture  . . . . . . . . . . . . . . . . . . . . 25, 279 (1981); Suppl. 7, 235 (1987); 100C, 317 (2012)
Leather industries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25, 199 (1981); Suppl. 7, 232 (1987); 100C, 317 (2012)
Leather tanning and processing  . . . . . . . . . . . . . . . . 25, 201 (1981); Suppl. 7, 236 (1987); 100C, 317 (2012)
Ledate (see also Lead and lead compounds) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12, 131 (1976)
Levonorgestrel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72, 49 (1999)
Light Green SF  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16, 209 (1978); Suppl. 7, 65 (1987)
d-Limonene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56, 135 (1993); 73, 307 (1999)
Lindane (see Hexachlorocyclohexanes)
Liver flukes (see Clonorchis sinensis, Opisthorchis felineus and Opisthorchis viverrini)
Lucidin (see 1,3-Dihydro-2-hydroxymethylanthraquinone)
Lumber and sawmill industries (including logging) . . . . . . . . . . . . . . . . . 25, 49 (1981); Suppl. 7, 383 (1987)
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Luteoskyrin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 163 (1976); Suppl. 7, 65 (1987)
Lynoestrenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21, 407 (1979); Suppl. 7, 293 (1987); 72, 49 (1999)

M

Madder root (see also Rubia tinctorum) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82, 129 (2002)
Magenta . . . . . . . . . . . . . 4, 57 (1974) (corr. 42, 252); Suppl. 7, 238 (1987); 57, 215 (1993); 100F, 105 (2012)
Magenta, manufacture of (see also Magenta) . . . . .Suppl. 7, 238 (1987); 57, 215 (1993); 100F, 105 (2012)
Malathion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30, 103 (1983); Suppl. 7, 65 (1987)
Maleic hydrazide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 173 (1974) (corr. 42, 253); Suppl. 7, 65 (1987)
Malonaldehyde  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36, 163 (1985); Suppl. 7, 65 (1987); 71, 1037 (1999)
Malondialdehyde (see Malonaldehyde)
Maneb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12, 137 (1976); Suppl. 7, 65 (1987)
Man-made mineral fibres (see Man-made vitreous fibres)
Man-made vitreous fibres  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43, 39 (1988); 81 (2002)
Mannomustine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 157 (1975); Suppl. 7, 65 (1987)
Mate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51, 273 (1991)
MCPA (see also Chlorophenoxy herbicides; Chlorophenoxy herbicides, occupational exposures to) 30, 
255 (1983)
MeA-α-C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40, 253 (1986); Suppl. 7, 65 (1987)
Medphalan  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 168 (1975); Suppl. 7, 65 (1987)
Medroxyprogesterone acetate 6, 157 (1974); 21, 417 (1979) (corr. 42, 259); Suppl. 7, 289 (1987); 72, 339 
(1999)
Megestrol acetate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Suppl. 7, 293 (1987); 72, 49 (1999)
MeIQ  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40, 275 (1986); Suppl. 7, 65 (1987); 56, 197 (1993)
MeIQx  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .40, 283 (1986); Suppl. 7, 65 (1987) 56, 211 (1993)
Melamine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39, 333 (1986); Suppl. 7, 65 (1987); 73, 329 (1999)
Melphalan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 167 (1975); Suppl. 7, 239 (1987); 100A, 107 (2012)
6-Mercaptopurine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .26, 249 (1981); Suppl. 7, 240 (1987)
Mercuric chloride (see Mercury and mercury compounds)
Mercury and mercury compounds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58, 239 (1993)
Merphalan . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 169 (1975); Suppl. 7, 65 (1987)
Mestranol . . . . . . . . . . . . . . . . 6, 87 (1974); 21, 257 (1979) (corr. 42, 259); Suppl. 7, 288 (1987); 72, 49 (1999)
Metabisulfites (see Sulfur dioxide and some sulfites, bisulfites and metabisulfites)
Metallic mercury (see Mercury and mercury compounds)
Methanearsonic acid, disodium salt (see Arsenic and arsenic compounds)
Methanearsonic acid, monosodium salt (see Arsenic and arsenic compounds)
Methimazole . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79, 53 (2001)
Methotrexate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .26, 267 (1981); Suppl. 7, 241 (1987)
Methoxsalen (see 8-Methoxypsoralen)
Methoxychlor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 193 (1974); 20, 259 (1979); Suppl. 7, 66 (1987)
Methoxyflurane (see Anaesthetics, volatile)
5-Methoxypsoralen  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .40, 327 (1986); Suppl. 7, 242 (1987)
8-Methoxypsoralen (see also 8-Methoxypsoralen plus ultraviolet radiation) . . . . . . . . . . . . 24, 101 (1980)

561



IARC MONOGRAPHS – 100E

8-Methoxypsoralen plus ultraviolet radiation . . . . . . . . . . . . . . . . . . . Suppl. 7, 243 (1987); 100A, 363 (2012)
Methyl acrylate . . . . . . . . . . . . . . . . . . . . . . . 19, 52 (1979); 39, 99 (1986); Suppl. 7, 66 (1987); 71, 1489 (1999)
5-Methylangelicin plus ultraviolet radiation
 (see also Angelicin and some synthetic derivatives) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Suppl. 7, 57 (1987)
2-Methylaziridine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 61 (1975); Suppl. 7, 66 (1987); 71, 1497 (1999)
Methylazoxymethanol acetate (see also Cycasin) . . . . . 1, 164 (1972); 10, 131 (1976); Suppl. 7, 66 (1987)
Methyl bromide . . . . . . . . . . . . . . . . . . . . . 41, 187 (1986) (corr. 45, 283); Suppl. 7, 245 (1987); 71, 721 (1999)
Methyl tert-butyl ether . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73, 339 (1999)
Methyl carbamate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12, 151 (1976); Suppl. 7, 66 (1987)
Methyl-CCNU (see 1-(2-Chloroethyl)-3-(4-methylcyclohexyl)-1-nitrosourea)
Methyl chloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41, 161 (1986); Suppl. 7, 246 (1987); 71, 737 (1999)
1-, 2-, 3-, 4-, 5- and 6-Methylchrysenes  . . . . . . . . . . . . . . . 32, 379 (1983); Suppl. 7, 66 (1987); 92, 35 (2010)
N-Methyl-N,4-dinitrosoaniline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 141 (1972); Suppl. 7, 66 (1987)
4,4’-Methylene bis(2-chloroaniline)  . . . . 4, 65 (1974) (corr. 42, 252); Suppl. 7, 246 (1987); 57, 271 (1993); 
100F, 73 (2012)
4,4’-Methylene bis(N,N-dimethyl)benzenamine . . . . . . . . . . . . . . . . . . . . . 27, 119 (1982); Suppl. 7, 66 (1987)
4,4’-Methylene bis(2-methylaniline) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 73 (1974); Suppl. 7, 248 (1987)
4,4’-Methylenedianiline  . . . . . . . . . . . . . . . . .4, 79 (1974) (corr. 42, 252); 39, 347 (1986); Suppl. 7, 66 (1987)
4,4’-Methylenediphenyl diisocyanate . . . . . . . . . . . . . . 19, 314 (1979); Suppl. 7, 66 (1987); 71, 1049 (1999)
2-Methylfluoranthene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32, 399 (1983); Suppl. 7, 66 (1987); 92, 35 (2010)
3-Methylfluoranthene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32, 399 (1983); Suppl. 7, 66 (1987); 92, 35 (2010)
Methylglyoxal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51, 443 (1991)
Methyl iodide . . . . . . . . . . . . . . . . . . . . . . 15, 245 (1977); 41, 213 (1986); Suppl. 7, 66 (1987); 71, 1503 (1999)
Methylmercury chloride (see Mercury and mercury compounds)
Methylmercury compounds (see Mercury and mercury compounds)
Methyl methacrylate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19, 187 (1979); Suppl. 7, 66 (1987); 60, 445 (1994)
Methyl methanesulfonate . . . . . . . . . . . . . . . . . . . . . . . . . . 7, 253 (1974); Suppl. 7, 66 (1987); 71, 1059 (1999)
2-Methyl-1-nitroanthraquinone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27, 205 (1982); Suppl. 7, 66 (1987)
N-Methyl-N’-nitro-N-nitrosoguanidine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 183 (1974); Suppl. 7, 248 (1987)
3-Methylnitrosaminopropionaldehyde [see 3-(N-Nitrosomethylamino)-propionaldehyde]
3-Methylnitrosaminopropionitrile [see 3-(N-Nitrosomethylamino)-propionitrile]
4-(Methylnitrosamino)-4-(3-pyridyl)-1-butanal [see 4-(N-Nitrosomethyl-amino)-4-(3-pyridyl)-1-bu-
tanal]
4-(Methylnitrosamino)-1-(3-pyridyl)-1-butanone [see 4-(N-Nitrosomethyl-amino)-1-(3-pyridyl)-1-bu-
tanone]
N-Methyl-N-nitrosourea  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 125 (1972); 17, 227 (1978); Suppl. 7, 66 (1987)
N-Methyl-N-nitrosourethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 211 (1974); Suppl. 7, 66 (1987)
N-Methylolacrylamide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60, 435 (1994)
Methyl parathion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30, 131 (1983); Suppl. 7, 66, 392 (1987)
1-Methylphenanthrene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32, 405 (1983); Suppl. 7, 66 (1987); 92, 35 (2010)
7-Methylpyrido[3,4-c]psoralen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40, 349 (1986); Suppl. 7, 71 (1987)
Methyl red . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 161 (1975); Suppl. 7, 66 (1987)
Methyl selenac (see also Selenium and selenium compounds) . . . . . . 12, 161 (1976); Suppl. 7, 66 (1987)
Methylthiouracil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .7, 53 (1974); Suppl. 7, 66 (1987); 79, 75 (2001)
Metronidazole  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .13, 113 (1977); Suppl. 7, 250 (1987)
Microcystin-LR . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94, 331 (2010)
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Microcystis extracts  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94, 367 (2010)
Mineral oils  . . . . . . . . . . . .3, 30 (1973); 33, 87 (1984) (corr. 42, 262); Suppl. 7, 252 (1987); 100F, 179 (2012)
Mirex  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 203 (1974); 20, 283 (1979) (corr. 42, 258); Suppl. 7, 66 (1987)
Mists and vapours from sulfuric acid and other strong inorganic acids  . 54, 41 (1992); 100F, 487 (2012)
Mitomycin C  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 171 (1976); Suppl. 7, 67 (1987)
Mitoxantrone  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76, 289 (2000)
MNNG (see N-Methyl-N’-nitro-N-nitrosoguanidine)
MOCA (see 4,4’-Methylene bis(2-chloroaniline))
Modacrylic fibres . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19, 86 (1979); Suppl. 7, 67 (1987)
Monochloramine (see Chloramine)
Monocrotaline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 291 (1976); Suppl. 7, 67 (1987)
Monuron . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12, 167 (1976); Suppl. 7, 67 (1987); 53, 467 (1991)
MOPP and other combined chemotherapy
 including alkylating agents  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Suppl. 7, 254 (1987); 100A, 119 (2012)
Mordanite (see Zeolites)
Morinda officinalis (see also Traditional herbal medicines) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82, 129 (2002)
Morpholine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47, 199 (1989); 71, 1511 (1999)
5-(Morpholinomethyl)-3-[(5-nitrofurfurylidene)amino]-2-oxazolidinone . . . . . 7, 161 (1974); Suppl. 7, 67 
(1987)
Musk ambrette . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65, 477 (1996)
Musk xylene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65, 477 (1996)
Mustard gas . . . . . . . . . . . . . . . . . . . . . . . . 9, 181 (1975) (corr. 42, 254); Suppl. 7, 259 (1987); 100F, 437 (2012)
Myleran (see 1,4-Butanediol dimethanesulfonate)

N

Nafenopin  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24, 125 (1980); Suppl. 7, 67 (1987)
Naphthalene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82, 367 (2002)
1,5-Naphthalenediamine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27, 127 (1982); Suppl. 7, 67 (1987)
1,5-Naphthalene diisocyanate . . . . . . . . . . . . . . . . . . . . . 19, 311 (1979); Suppl. 7, 67 (1987); 71, 1515 (1999)
Naphtho[1,2-b]fluoranthene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92, 35 (2010)
Naphtho[2,1-a]fluoranthene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92, 35 (2010)
Naphtho[2,3-e]pyrene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92, 35 (2010)
1-Naphthylamine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 87 (1974) (corr. 42, 253); Suppl. 7, 260 (1987)
2-Naphthylamine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 97 (1974); Suppl. 7, 261 (1987); 100F, 83 (2012)
1-Naphthylthiourea  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .30, 347 (1983); Suppl. 7, 263 (1987)
Neutron radiation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75, 361 (2000);  100D, 231 (2012)
Nickel acetate (see Nickel and nickel compounds)
Nickel ammonium sulfate (see Nickel and nickel compounds)
Nickel and nickel compounds (see also Implants, surgical) . . 2, 126 (1973) (corr. 42, 252); 11, 75 (1976); 
Suppl. 7, 264 (1987) (corr. 45, 283); 49, 257 (1990) (corr. 67, 395); 100C, 169 (2012)
Nickel carbonate (see Nickel and nickel compounds)
Nickel carbonyl (see Nickel and nickel compounds)
Nickel chloride (see Nickel and nickel compounds)
Nickel-gallium alloy (see Nickel and nickel compounds)
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Nickel hydroxide (see Nickel and nickel compounds)
Nickelocene (see Nickel and nickel compounds)
Nickel oxide (see Nickel and nickel compounds)
Nickel subsulfide (see Nickel and nickel compounds)
Nickel sulfate (see Nickel and nickel compounds)
Niridazole . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13, 123 (1977); Suppl. 7, 67 (1987)
Nithiazide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31, 179 (1983); Suppl. 7, 67 (1987)
Nitrate or nitrite, ingested,
 under conditions that result in endogenous nitrosation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94, 43 (2010)
Nitrilotriacetic acid and its salts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48, 181 (1990); 73, 385 (1999)
Nitrite (see Nitrate or nitrite)
5-Nitroacenaphthene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16, 319 (1978); Suppl. 7, 67 (1987)
5-Nitro-ortho-anisidine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27, 133 (1982); Suppl. 7, 67 (1987)
2-Nitroanisole . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65, 369 (1996)
9-Nitroanthracene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33, 179 (1984); Suppl. 7, 67 (1987)
7-Nitrobenz[a]anthracene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46, 247 (1989)
Nitrobenzene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65, 381 (1996)
6-Nitrobenzo[a]pyrene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33, 187 (1984); Suppl. 7, 67 (1987); 46, 255 (1989)
4-Nitrobiphenyl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 113 (1974); Suppl. 7, 67 (1987)
6-Nitrochrysene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33, 195 (1984); Suppl. 7, 67 (1987); 46, 267 (1989)
Nitrofen (technical-grade) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30, 271 (1983); Suppl. 7, 67 (1987)
3-Nitrofluoranthene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33, 201 (1984); Suppl. 7, 67 (1987)
2-Nitrofluorene. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46, 277 (1989)
Nitrofural  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7, 171 (1974); Suppl. 7, 67 (1987); 50, 195 (1990)
5-Nitro-2-furaldehyde semicarbazone (see Nitrofural)
Nitrofurantoin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50, 211 (1990)
Nitrofurazone (see Nitrofural)
1-[(5-Nitrofurfurylidene)amino]-2-imidazolidinone . . . . . . . . . . . . . . . . . . 7, 181 (1974); Suppl. 7, 67 (1987)
N-[4-(5-Nitro-2-furyl)-2-thiazolyl]acetamide . . . . . . . . . . . 1, 181 (1972); 7, 185 (1974); Suppl. 7, 67 (1987)
Nitrogen mustard . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 193 (1975); Suppl. 7, 269 (1987)
Nitrogen mustard N-oxide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 209 (1975); Suppl. 7, 67 (1987)
Nitromethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77, 487 (2000)
1-Nitronaphthalene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46, 291 (1989)
2-Nitronaphthalene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46, 303 (1989)
3-Nitroperylene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46, 313 (1989)
2-Nitro-para-phenylenediamine (see 1,4-Diamino-2-nitrobenzene)
2-Nitropropane  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29, 331 (1982); Suppl. 7, 67 (1987); 71, 1079 (1999)
1-Nitropyrene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33, 209 (1984); Suppl. 7, 67 (1987); 46, 321 (1989)
2-Nitropyrene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46, 359 (1989)
4-Nitropyrene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46, 367 (1989)
N-Nitrosatable drugs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24, 297 (1980) (corr. 42, 260)
N-Nitrosatable pesticides . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30, 359 (1983)
N’-Nitrosoanabasine (NAB) . . . . . . . . . . . . . . . . . . . . . . . . . . 37, 225 (1985); Suppl. 7, 67 (1987); 89, 419 (2007)
N’-Nitrosoanatabine (NAT) . . . . . . . . . . . . . . . . . . . . . . . . . . 37, 233 (1985); Suppl. 7, 67 (1987); 89, 419 (2007)
N-Nitrosodi-n-butylamine . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 197 (1974); 17, 51 (1978); Suppl. 7, 67 (1987)
N-Nitrosodiethanolamine . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17, 77 (1978); Suppl. 7, 67 (1987); 77, 403 (2000)
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N-Nitrosodiethylamine . . . . 1, 107 (1972) (corr. 42, 251); 17, 83 (1978) (corr. 42, 257); Suppl. 7, 67 (1987)
N-Nitrosodimethylamine . . . . . . . . . . . . . . . .1, 95 (1972); 17, 125 (1978) (corr. 42, 257); Suppl. 7, 67 (1987)
N-Nitrosodiphenylamine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27, 213 (1982); Suppl. 7, 67 (1987)
para-Nitrosodiphenylamine  . . . . . . . . . . . . . . . . . . . . . . . . . 27, 227 (1982) (corr. 42, 261); Suppl. 7, 68 (1987)
N-Nitrosodi-n-propylamine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17, 177 (1978); Suppl. 7, 68 (1987)
N-Nitroso-N-ethylurea (see N-Ethyl-N-nitrosourea)
N-Nitrosofolic acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17, 217 (1978); Suppl. 7, 68 (1987)
N-Nitrosoguvacine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37, 263 (1985); Suppl. 7, 68 (1987); 85, 281 (2004)
N-Nitrosoguvacoline  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37, 263 (1985); Suppl. 7, 68 (1987); 85, 281 (2004)
N-Nitrosohydroxyproline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17, 304 (1978); Suppl. 7, 68 (1987)
3-(N-Nitrosomethylamino)propionaldehyde . . . . . . . . . 37, 263 (1985); Suppl. 7, 68 (1987); 85, 281 (2004)
3-(N-Nitrosomethylamino)propionitrile  . . . . . . . . . . . . . 37, 263 (1985); Suppl. 7, 68 (1987); 85, 281 (2004)
4-(N-Nitrosomethylamino)-4-(3-pyridyl)-1-butanal . . . . . . . . . . . . . . . . . . 37, 205 (1985); Suppl. 7, 68 (1987)
4-(N-Nitrosomethylamino)-1-(3-pyridyl)-1-butanone
   (NNK)  . . . . . . . . . . . . . . . . . . . . . . . . . . .37, 209 (1985); Suppl. 7, 68 (1987); 89, 419 (2007); 100E, 319 (2012)
N-Nitrosomethylethylamine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17, 221 (1978); Suppl. 7, 68 (1987)
N-Nitroso-N-methylurea (see N-Methyl-N-nitrosourea)
N-Nitroso-N-methylurethane (see N-Methyl-N-nitrosourethane)
N-Nitrosomethylvinylamine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17, 257 (1978); Suppl. 7, 68 (1987)
N-Nitrosomorpholine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17, 263 (1978); Suppl. 7, 68 (1987)
N’-Nitrosonornicotine
   (NNN) . . . . . . . . . . . . 17, 281 (1978); 37, 241 (1985); Suppl. 7, 68 (1987); 89, 419 (2007); 100E, 319 (2012)
N-Nitrosopiperidine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17, 287 (1978); Suppl. 7, 68 (1987)
N-Nitrosoproline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17, 303 (1978); Suppl. 7, 68 (1987)
N-Nitrosopyrrolidine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17, 313 (1978); Suppl. 7, 68 (1987)
N-Nitrososarcosine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17, 327 (1978); Suppl. 7, 68 (1987)
Nitrosoureas, chloroethyl (see Chloroethyl nitrosoureas)
5-Nitro-ortho-toluidine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48, 169 (1990)
2-Nitrotoluene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65, 409 (1996)
3-Nitrotoluene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65, 409 (1996)
4-Nitrotoluene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65, 409 (1996)
Nitrous oxide (see Anaesthetics, volatile)
Nitrovin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31, 185 (1983); Suppl. 7, 68 (1987)
Nivalenol (see Toxins derived from Fusarium graminearum, F. culmorum and F. crookwellense)
NNK (see 4-(N-Nitrosomethylamino)-1-(3-pyridyl)-1-butanone)
NNN (see N’-Nitrosonornicotine)
Nodularins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94, 329 (2010)
Nonsteroidal estrogens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Suppl. 7, 273 (1987)
Norethisterone . . . . . . . . . . . . . . . . . . . . . . . 6, 179 (1974); 21, 461 (1979); Suppl. 7, 294 (1987); 72, 49 (1999)
Norethisterone acetate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72, 49 (1999)
Norethynodrel  . . . . . . . . . .6, 191 (1974); 21, 461 (1979) (corr. 42, 259); Suppl. 7, 295 (1987); 72, 49 (1999)
Norgestrel  . . . . . . . . . . . . . . . . . . . . . . . . . . . 6, 201 (1974); 21, 479 (1979); Suppl. 7, 295 (1987); 72, 49 (1999)
Nylon 6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19, 120 (1979); Suppl. 7, 68 (1987)
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O

Ochratoxin A . . . . . . . . . 10, 191 (1976); 31, 191 (1983) (corr. 42, 262); Suppl. 7, 271 (1987); 56, 489 (1993)
Oil Orange SS  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 165 (1975); Suppl. 7, 69 (1987)
Oestrogen and Oestrogen-type compounds (see Estrogen)
Opisthorchis felineus (infection with)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61, 121 (1994)
Opisthorchis viverrini (infection with) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .61, 121 (1994); 100B, 341 (2012)
Oral contraceptives, sequential (see Sequential oral contraceptives)
Orange I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 173 (1975); Suppl. 7, 69 (1987)
Orange G  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 181 (1975); Suppl. 7, 69 (1987)
Organic lead compounds . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Suppl. 7, 230 (1987); 87 (2006)
Organolead compounds (see Organic lead compounds)
Oxazepam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13, 58 (1977); Suppl. 7, 69 (1987); 66, 115 (1996)
Oxymetholone (see also Androgenic (anabolic) steroids)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13, 131 (1977)
Oxyphenbutazone  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13, 185 (1977); Suppl. 7, 69 (1987)

P

Paint manufacture and painting (occupational exposures in)  . . 47, 329 (1989); 98, 41 (2010); 100F, 509 
(2012)
Palygorskite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42, 159 (1987); Suppl. 7, 117 (1987); 68, 245 (1997)
Panfuran S (see also Dihydroxymethylfuratrizine) . . . . . . . . . . . . . . . . . . . . 24, 77 (1980); Suppl. 7, 69 (1987)
Paper manufacture (see Pulp and paper manufacture)
Paracetamol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50, 307 (1990); 73, 401 (1999)
Parasorbic acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 199 (1976) (corr. 42, 255); Suppl. 7, 69 (1987)
Parathion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30, 153 (1983); Suppl. 7, 69 (1987)
Patulin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 205 (1976); 40, 83 (1986); Suppl. 7, 69 (1987)
Paving and roofing with coal-tar pitch  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92, 35 (2010)
Penicillic acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 211 (1976); Suppl. 7, 69 (1987)
Pentachloroethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41, 99 (1986); Suppl. 7, 69 (1987); 71, 1519 (1999)
Pentachloronitrobenzene (see Quintozene)
Pentachlorophenol (see also Chlorophenols; Chlorophenols, occupational exposures to;
 Polychlorophenols and their sodium salts) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20, 303 (1979); 53, 371 (1991)
Permethrin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53, 329 (1991)
Perylene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32, 411 (1983); Suppl. 7, 69 (1987); 92, 35 (2010)
Petasitenine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31, 207 (1983); Suppl. 7, 69 (1987)
Petasites japonicus (see also Pyrrolizidine alkaloids) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 333 (1976)
Petroleum refining (occupational exposures in)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45, 39 (1989)
Petroleum solvents . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47, 43 (1989)
Phenacetin . . . . . . . . . . . . . . . . . . . . . . 13, 141 (1977); 24, 135 (1980); Suppl. 7, 310 (1987); 100A, 377 (2012)
Phenanthrene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32, 419 (1983); Suppl. 7, 69 (1987); 92, 35 (2010)
Phenazopyridine hydrochloride . . . . . . . 8, 117 (1975); 24, 163 (1980) (corr. 42, 260); Suppl. 7, 312 (1987)
Phenelzine sulfate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .24, 175 (1980); Suppl. 7, 312 (1987)
Phenicarbazide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12, 177 (1976); Suppl. 7, 70 (1987)
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Phenobarbital and its sodium salt . . . . . . . . . . . . . . . . . . 13, 157 (1977); Suppl. 7, 313 (1987); 79, 161 (2001)
Phenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47, 263 (1989) (corr. 50, 385); 71, 749 (1999)
Phenolphthalein  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76, 387 (2000)
Phenoxyacetic acid herbicides (see Chlorophenoxy herbicides)
Phenoxybenzamine hydrochloride . . . . . . . . . . . . . . . . . . . 9, 223 (1975); 24, 185 (1980); Suppl. 7, 70 (1987)
Phenylbutazone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .13, 183 (1977); Suppl. 7, 316 (1987)
meta-Phenylenediamine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16, 111 (1978); Suppl. 7, 70 (1987)
para-Phenylenediamine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16, 125 (1978); Suppl. 7, 70 (1987)
Phenyl glycidyl ether (see also Glycidyl ethers)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71, 1525 (1999)
N-Phenyl-2-naphthylamine . . . . . . . . . . . . . . . . . . . . . . . . . 16, 325 (1978) (corr. 42, 257); Suppl. 7, 318 (1987)
ortho-Phenylphenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30, 329 (1983); Suppl. 7, 70 (1987); 73, 451 (1999)
Phenytoin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13, 201 (1977); Suppl. 7, 319 (1987); 66, 175 (1996)
Phillipsite (see Zeolites)
PhIP  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56, 229 (1993)
Phosphorus-32 as phosphate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100D, 285 (2012)
Picene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92, 35 (2010)
Pickled vegetables  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56, 83 (1993)
Picloram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53, 481 (1991)
Piperazine oestrone sulfate (see Conjugated estrogens)
Piperonyl butoxide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30, 183 (1983); Suppl. 7, 70 (1987)
Pitches, coal-tar (see Coal-tar pitches)
Plutonium-239 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100D, 241 (2012)
Polyacrylic acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19, 62 (1979); Suppl. 7, 70 (1987)
Polybrominated biphenyls . . . . . . . . . . . . . . . . . . . . . . . . . 18, 107 (1978); 41, 261 (1986); Suppl. 7, 321 (1987)
Polychlorinated biphenyls . . . . . . . . . . . . . 7, 261 (1974); 18, 43 (1978) (corr. 42, 258); Suppl. 7, 322 (1987)
Polychlorinated camphenes (see Toxaphene)
Polychlorinated dibenzo-para-dioxins
 (other than 2,3,7,8-tetrachlorodibenzodioxin) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69, 33 (1997)
Polychlorinated dibenzofurans  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69, 345 (1997)
Polychlorophenols and their sodium salts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71, 769 (1999)
Polychloroprene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19, 141 (1979); Suppl. 7, 70 (1987)
Polyestradiol phosphate (see Estradiol-17β)
Polyethylene (see also Implants, surgical)  . . . . . . . . . . . . . . . . . . . . . . . . . . 19, 164 (1979); Suppl. 7, 70 (1987)
Poly(glycolic acid) (see Implants, surgical)
Polymethylene polyphenyl isocyanate
 (see also 4,4’-Methylenediphenyl diisocyanate) . . . . . . . . . . . . . . . . . . . . 19, 314 (1979); Suppl. 7, 70 (1987)
Polymethyl methacrylate (see also Implants, surgical)  . . . . . . . . . . . . . . 19, 195 (1979); Suppl. 7, 70 (1987)
Polypropylene (see also Implants, surgical) . . . . . . . . . . . . . . . . . . . . . . . . . 19, 218 (1979); Suppl. 7, 70 (1987)
Polystyrene (see also Implants, surgical) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19, 245 (1979); Suppl. 7, 70 (1987)
Polytetrafluoroethylene (see also Implants, surgical) . . . . . . . . . . . . . . . . 19, 288 (1979); Suppl. 7, 70 (1987)
Polyurethane foams (see also Implants, surgical)  . . . . . . . . . . . . . . . . . . . 19, 320 (1979); Suppl. 7, 70 (1987)
Polyvinyl acetate (see also Implants, surgical) . . . . . . . . . . . . . . . . . . . . . . . 19, 346 (1979); Suppl. 7, 70 (1987)
Polyvinyl alcohol (see also Implants, surgical) . . . . . . . . . . . . . . . . . . . . . . . 19, 351 (1979); Suppl. 7, 70 (1987)
Polyvinyl chloride (see also Implants, surgical) . . . . . . . . 7, 306 (1974); 19, 402 (1979); Suppl. 7, 70 (1987)
Polyvinyl pyrrolidone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19, 463 (1979); Suppl. 7, 70 (1987); 71, 1181 (1999)
Ponceau MX  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 189 (1975); Suppl. 7, 70 (1987)
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Ponceau 3R . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 199 (1975); Suppl. 7, 70 (1987)
Ponceau SX . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 207 (1975); Suppl. 7, 70 (1987)
Post-menopausal estrogen therapy . . . . . . . . . . . . . Suppl. 7, 280 (1987); 72, 399 (1999); 100A, 219 (2012)
Potassium arsenate (see Arsenic and arsenic compounds)
Potassium arsenite (see Arsenic and arsenic compounds)
Potassium bis(2-hydroxyethyl)dithiocarbamate  . . . . . . . . . . . . . . . . . . . . 12, 183 (1976); Suppl. 7, 70 (1987)
Potassium bromate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40, 207 (1986); Suppl. 7, 70 (1987); 73, 481 (1999)
Potassium chromate (see Chromium and chromium compounds)
Potassium dichromate (see Chromium and chromium compounds)
Prazepam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66, 143 (1996)
Prednimustine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50, 115 (1990)
Prednisone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .26, 293 (1981); Suppl. 7, 326 (1987)
Printing processes and printing inks  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65, 33 (1996)
Procarbazine hydrochloride  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .26, 311 (1981); Suppl. 7, 327 (1987)
Proflavine salts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24, 195 (1980); Suppl. 7, 70 (1987)
Progesterone (see also Progestins;
 Combined oral contraceptives) . . . . . . . . . . . . . . . . . . . . . . . . . . . .6, 135 (1974); 21, 491 (1979) (corr. 42, 259)
Progestins (see Progestogens)
Progestogens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Suppl. 7, 289 (1987); 72, 49, 339, 531 (1999)
Pronetalol hydrochloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13, 227 (1977) (corr. 42, 256); Suppl. 7, 70 (1987)
1,3-Propane sultone . . . . . . . . . . . . . . . . . . 4, 253 (1974) (corr. 42, 253); Suppl. 7, 70 (1987); 71, 1095 (1999)
Propham . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12, 189 (1976); Suppl. 7, 70 (1987)
β-Propiolactone . . . . . . . . . . . . . . . . . . . . . . 4, 259 (1974) (corr. 42, 253); Suppl. 7, 70 (1987); 71, 1103 (1999)
n-Propyl carbamate  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12, 201 (1976); Suppl. 7, 70 (1987)
Propylene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19, 213 (1979); Suppl. 7, 71 (1987); 60, 161 (1994)
Propyleneimine (see 2-Methylaziridine)
Propylene oxide . . . . . . 11, 191 (1976); 36, 227 (1985) (corr. 42, 263); Suppl. 7, 328 (1987); 60, 181 (1994)
Propylthiouracil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7, 67 (1974); Suppl. 7, 329 (1987); 79, 91 (2001)
Ptaquiloside (see also Bracken fern) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40, 55 (1986); Suppl. 7, 71 (1987)
Pulp and paper manufacture  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .25, 157 (1981); Suppl. 7, 385 (1987)
Pyrene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32, 431 (1983); Suppl. 7, 71 (1987); 92, 35 (2010)
Pyridine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77, 503 (2000)
Pyrido[3,4-c]psoralen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40, 349 (1986); Suppl. 7, 71 (1987)
Pyrimethamine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13, 233 (1977); Suppl. 7, 71 (1987)
Pyrrolizidine alkaloids
 (see Hydroxysenkirkine; Isatidine; Jacobine; Lasiocarpine; Monocrotaline; Retrorsine; Riddelliine; 
Seneciphylline; Senkirkine)

Q

Quartz (see Crystalline silica)
Quercetin (see also Bracken fern)  . . . . . . . . . . . . . . . . . . . 31, 213 (1983); Suppl. 7, 71 (1987); 73, 497 (1999)
para-Quinone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15, 255 (1977); Suppl. 7, 71 (1987); 71, 1245 (1999)
Quintozene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 211 (1974); Suppl. 7, 71 (1987)
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R

Radiation (see gamma-radiation, neutrons, ultraviolet radiation, 
 X-radiation)
Radionuclides, internalized, that emit α-particles . . . . . . . . . . . . . . . . . . . . . . . . . 78 (2001); 100D, 241 (2012)
Radionuclides, internalized, that emit β-particles . . . . . . . . . . . . . . . . . . . . . . . . . 78 (2001); 100D, 285 (2012)
Radioisotopes of iodine, short-lived, including Iodine-131 . . . . . . . . . . . . . . . . . . . . . . . . . . 100D, 285 (2012)
Radium-224, radium-226, radium-228 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100D, 241 (2012)
Radon-222 with its decay products  . . . . . . . . . . . . . . . . . . . .43, 173 (1988) (corr. 45, 283); 100D, 241 (2012)
Refractory ceramic fibres (see Man-made vitreous fibres)
Reserpine . . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 217 (1976); 24, 211 (1980) (corr. 42, 260); Suppl. 7, 330 (1987)
Resorcinol. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15, 155 (1977); Suppl. 7, 71 (1987); 71, 1119 (1990)
Retrorsine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 303 (1976); Suppl. 7, 71 (1987)
Rhodamine B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16, 221 (1978); Suppl. 7, 71 (1987)
Rhodamine 6G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16, 233 (1978); Suppl. 7, 71 (1987)
Riddelliine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 313 (1976); Suppl. 7, 71 (1987); 82, 153 (2002)
Rifampicin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24, 243 (1980); Suppl. 7, 71 (1987)
Ripazepam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66, 157 (1996)
Rock (stone) wool (see Man-made vitreous fibres)
Rubber industry . . . . . . . . . . . . . . . . . . . . . . . 28 (1982) (corr. 42, 261); Suppl. 7, 332 (1987) ; 100F, 541 (2012)
Rubia tinctorum (see also Madder root, Traditional herbal medicines) . . . . . . . . . . . . . . . . . . 82, 129 (2002)
Rugulosin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40, 99 (1986); Suppl. 7, 71 (1987)

S

Saccharated iron oxide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2, 161 (1973); Suppl. 7, 71 (1987)
Saccharin and its salts . . . . . . . . . . . . . . . 22, 111 (1980) (corr. 42, 259); Suppl. 7, 334 (1987); 73, 517 (1999)
Safrole . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 169 (1972); 10, 231 (1976); Suppl. 7, 71 (1987)
Salted fish, Chinese-style . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56, 41 (1993); 100E, 501 (2012)
Sawmill industry (including logging)
 (see Lumber and sawmill industry (including logging))
Scarlet Red . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 217 (1975); Suppl. 7, 71 (1987)
Schistosoma haematobium (infection with) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61, 45 (1994); 100B, 371 (2012)
Schistosoma japonicum (infection with)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61, 45 (1994)
Schistosoma mansoni (infection with) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61, 45 (1994)
Selenium and selenium compounds . . . . . . . . . . . . . . . . . . 9, 245 (1975) (corr. 42, 255); Suppl. 7, 71 (1987)
Selenium dioxide (see Selenium and selenium compounds)
Selenium oxide (see Selenium and selenium compounds)
Semicarbazide hydrochloride . . . . . . . . . . . . . . . . . . . . . . . . 12, 209 (1976) (corr. 42, 256); Suppl. 7, 71 (1987)
Senecio jacobaea L. (see also Pyrrolizidine alkaloids)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 333 (1976)
Senecio longilobus
 (see also Pyrrolizidine alkaloids, Traditional) herbal medicines)  . . . . . . . . . 10, 334 (1976); 82, 153 (2002)
Senecio riddellii (see also Traditional herbal medicines) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82, 153 (1982)
Seneciphylline  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 319, 335 (1976); Suppl. 7, 71 (1987)
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Senkirkine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 327 (1976); 31, 231 (1983); Suppl. 7, 71 (1987)
Sepiolite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42, 175 (1987); Suppl. 7, 71 (1987); 68, 267 (1997)
Sequential oral contraceptives
 (see also Estrogens, progestins and combinations) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Suppl. 7, 296 (1987)
Shale-oils . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .35, 161 (1985); Suppl. 7, 339 (1987); 100F, 197 (2012)
Shiftwork  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98, 561 (2010)
Shikimic acid (see also Bracken fern) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40, 55 (1986); Suppl. 7, 71 (1987)
Shoe manufacture and repair (see Boot and shoe manufacture and repair)
Silica (see also Amorphous silica; Crystalline silica) . . . . . . . . . . . . . . . . . . . . . 42, 39 (1987); 100C, 355 (2012)
Silicone (see Implants, surgical)
Simazine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53, 495 (1991); 73, 625 (1999)
Slag wool (see Man-made vitreous fibres)
Sodium arsenate (see Arsenic and arsenic compounds)
Sodium arsenite (see Arsenic and arsenic compounds)
Sodium cacodylate (see Arsenic and arsenic compounds)
Sodium chlorite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52, 145 (1991)
Sodium chromate (see Chromium and chromium compounds)
Sodium cyclamate (see Cyclamates)
Sodium dichromate (see Chromium and chromium compounds)
Sodium diethyldithiocarbamate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12, 217 (1976); Suppl. 7, 71 (1987)
Sodium equilin sulfate (see Conjugated estrogens)
Sodium estrone sulfate (see Conjugated estrogens)
Sodium fluoride (see Fluorides)
Sodium monofluorophosphate (see Fluorides)
Sodium ortho-phenylphenate
 (see also ortho-Phenylphenol) . . . . . . . . . . . . . . . . . 30, 329 (1983); Suppl. 7, 71, 392 (1987); 73, 451 (1999)
Sodium saccharin (see Saccharin)
Sodium selenate (see Selenium and selenium compounds)
Sodium selenite (see Selenium and selenium compounds)
Sodium silicofluoride (see Fluorides)
Solar radiation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 (1992); 100D, 35 (2012)
Soots  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3, 22 (1973); 35, 219 (1985); Suppl. 7, 343 (1987); 100F, 209 (2012)
Special-purpose glass fibres such as E-glass and ‘475’ glass fibres (see Man-made vitreous fibres)
Spironolactone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24, 259 (1980); Suppl. 7, 344 (1987); 79, 317 (2001)
Stannous fluoride (see Fluorides)
Static electric fields . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .80 (2002)
Static magnetic fields . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .80 (2002)
Steel founding (see Iron and steel founding)
Steel, stainless (see Implants, surgical)
Sterigmatocystin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1, 175 (1972); 10, 245 (1976); Suppl. 7, 72 (1987)
Steroidal estrogens  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Suppl. 7, 280 (1987)
Streptozotocin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4, 221 (1974); 17, 337 (1978); Suppl. 7, 72 (1987)
Strobane® (see Terpene polychlorinates)
Strong-inorganic-acid mists containing sulfuric acid (see Mists and vapours from sulfuric acid and 
other strong inorganic acids)
Strontium chromate (see Chromium and chromium compounds)
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Styrene 19, 231 (1979) (corr. 42, 258); Suppl. 7, 345 (1987); 60, 233 (1994) (corr. 65, 549); 82, 437 (2002)
Styrene-acrylonitrile copolymers  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19, 97 (1979); Suppl. 7, 72 (1987)
Styrene-butadiene copolymers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19, 252 (1979); Suppl. 7, 72 (1987)
Styrene-7,8-oxide . . . . 11, 201 (1976); 19, 275 (1979); 36, 245 (1985); Suppl. 7, 72 (1987); 60, 321 (1994)
Succinic anhydride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15, 265 (1977); Suppl. 7, 72 (1987)
Sudan I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 225 (1975); Suppl. 7, 72 (1987)
Sudan II . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 233 (1975); Suppl. 7, 72 (1987)
Sudan III  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 241 (1975); Suppl. 7, 72 (1987)
Sudan Brown RR. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 249 (1975); Suppl. 7, 72 (1987)
Sudan Red 7B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 253 (1975); Suppl. 7, 72 (1987)
Sulfadimidine (see Sulfamethazine)
Sulfafurazole . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .24, 275 (1980); Suppl. 7, 347 (1987)
Sulfallate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30, 283 (1983); Suppl. 7, 72 (1987)
Sulfamethazine and its sodium salt  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79, 341 (2001)
Sulfamethoxazole . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24, 285 (1980); Suppl. 7, 348 (1987); 79, 361 (2001)
Sulfites (see Sulfur dioxide and some sulfites, bisulfites and metabisulfites)
Sulfur dioxide and some sulfites, bisulfites and metabisulfites . . . . . . . . . . . . . . . . . . . . . . . . . . 54, 131 (1992)
Sulfur mustard (see Mustard gas)
Sulfuric acid and other strong inorganic acids,
 occupational exposures to mists and vapours from  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54, 41 (1992)
Sulfur trioxide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54, 121 (1992)
Sulphisoxazole (see Sulfafurazole)
Sunset Yellow FCF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 257 (1975); Suppl. 7, 72 (1987)
Symphytine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31, 239 (1983); Suppl. 7, 72 (1987)

T

2,4,5-T (see also Chlorophenoxy herbicides;
 Chlorophenoxy herbicides, occupational exposures to)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15, 273 (1977)
Talc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .42, 185 (1987); Suppl. 7, 349 (1987)
Talc, inhaled, not containing asbestos or asbestiform fibres . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .93 (2010)
Talc-based body powder, perineal use of . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .93 (2010)
Tamoxifen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .66, 253 (1996); 100A, 131 (2012)
Tannic acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 253 (1976) (corr. 42, 255); Suppl. 7, 72 (1987)
Tannins (see also Tannic acid) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 254 (1976); Suppl. 7, 72 (1987)
TCDD (see 2,3,7,8-Tetrachlorodibenzo-para-dioxin)
TDE (see DDT)
Tea  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51, 207 (1991)
Temazepam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66, 161 (1996)
Teniposide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76, 259 (2000)
Terpene polychlorinates . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5, 219 (1974); Suppl. 7, 72 (1987)
Testosterone (see also Androgenic (anabolic) steroids) . . . . . . . . . . . . . . . . . . . 6, 209 (1974); 21, 519 (1979)
Testosterone oenanthate (see Testosterone)
Testosterone propionate (see Testosterone)
2,2’,5,5’-Tetrachlorobenzidine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27, 141 (1982); Suppl. 7, 72 (1987)
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2,3,7,8-Tetrachlorodibenzo-para-dioxin  . . . . 15, 41 (1977); Suppl. 7, 350 (1987); 69, 33 (1997); 100F, 339 
(2012)
1,1,1,2-Tetrachloroethane . . . . . . . . . . . . . . . . . . . . . . . . . . . 41, 87 (1986); Suppl. 7, 72 (1987); 71, 1133 (1999)
1,1,2,2-Tetrachloroethane . . . . . . . . . . . . . . . . . . . . . . . . . . 20, 477 (1979); Suppl. 7, 354 (1987); 71, 817 (1999)
Tetrachloroethylene . . . . . . . . . . . . . . . . . 20, 491 (1979); Suppl. 7, 355 (1987); 63, 159 (1995) (corr. 65, 549)
2,3,4,6-Tetrachlorophenol (see Chlorophenols; Chlorophenols, occupational exposures to;
 Polychlorophenols and their sodium salts)
Tetrachlorvinphos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30, 197 (1983); Suppl. 7, 72 (1987)
Tetraethyllead (see Lead and lead compounds)
Tetrafluoroethylene  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19, 285 (1979); Suppl. 7, 72 (1987); 71, 1143 (1999)
Tetrakis(hydroxymethyl)phosphonium salts . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48, 95 (1990); 71, 1529 (1999)
Tetramethyllead (see Lead and lead compounds)
Tetranitromethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65, 437 (1996)
Textile manufacturing industry, exposures in  . . . . . . . . . . . . . . . . . . . . . . . . . . . 48, 215 (1990) (corr. 51, 483)
Theobromine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51, 421 (1991)
Theophylline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51, 391 (1991)
Thioacetamide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7, 77 (1974); Suppl. 7, 72 (1987)
4,4’-Thiodianiline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16, 343 (1978); 27, 147 (1982); Suppl. 7, 72 (1987)
Thiotepa . . . . . . . . . . . . . . . . . . . . . . . . . . .9, 85 (1975); Suppl. 7, 368 (1987); 50, 123 (1990); 100A, 163 (2012)
Thiouracil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7, 85 (1974); Suppl. 7, 72 (1987); 79, 127 (2001)
Thiourea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7, 95 (1974); Suppl. 7, 72 (1987); 79, 703 (2001)
Thiram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12, 225 (1976); Suppl. 7, 72 (1987); 53, 403 (1991)
Thorium-232 (as Thorotrast)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100D, 241 (2012)
Titanium (see Implants, surgical)
Titanium dioxide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47, 307 (1989); 93 (2010)
Tobacco
—Second-hand tobacco smoke . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .83, 1189 (2004); 100E, 213 (2012)
—Smokeless tobacco  . . 37 (1985) (corr. 42, 263; 52, 513); Suppl. 7, 357 (1987); 89, 39 (2007); 100E, 265 
(2012)
—Tobacco smoking . . . . . . . 38 (1986) (corr. 42, 263); Suppl. 7, 359 (1987); 83, 51 (2004); 100E, 43 (2012)
ortho-Tolidine (see 3,3’-Dimethylbenzidine)
2,4-Toluene diisocyanate (see also Toluene diisocyanates)  . . . . . . . . . . . . . . 19, 303 (1979); 39, 287 (1986)
2,6-Toluene diisocyanate (see also Toluene diisocyanates)  . . . . . . . . . . . . . . 19, 303 (1979); 39, 289 (1986)
Toluene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47, 79 (1989); 71, 829 (1999)
Toluene diisocyanates . . . . . . . . . . . . . . . . 39, 287 (1986) (corr. 42, 264); Suppl. 7, 72 (1987); 71, 865 (1999)
Toluenes, α-chlorinated (see α-Chlorinated toluenes and benzoyl chloride)
ortho-Toluenesulfonamide (see Saccharin)
ortho-Toluidine . . . . . . . 16, 349 (1978); 27, 155 (1982) (corr. 68, 477); Suppl. 7, 362 (1987); 77, 267 (2000)
Toremifene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66, 367 (1996)
Toxaphene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20, 327 (1979); Suppl. 7, 72 (1987); 79, 569 (2001)
T-2 Toxin (see Toxins derived from Fusarium sporotrichioides)
Toxins derived from Fusarium graminearum,
 F. culmorum and F. crookwellense  . . . 11, 169 (1976); 31, 153, 279 (1983); Suppl. 7, 64, 74 (1987); 56, 397 
(1993)
Toxins derived from Fusarium moniliforme . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56, 445 (1993)
Toxins derived from Fusarium sporotrichioides . . . . . . . 31, 265 (1983); Suppl. 7, 73 (1987); 56, 467 (1993)
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Traditional herbal medicines . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .82, 41 (2002); 100A, 347 (2012)
Tremolite (see Asbestos)
Treosulfan  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26, 341 (1981); Suppl. 7, 363 (1987); 100A, 171 (2012)
Triaziquone (see Tris(aziridinyl)-para-benzoquinone)
Trichlorfon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30, 207 (1983); Suppl. 7, 73 (1987)
Trichlormethine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 229 (1975); Suppl. 7, 73 (1987); 50, 143 (1990)
Trichloroacetic acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63, 291 (1995) (corr. 65, 549); 84 (2004)
Trichloroacetonitrile (see also Halogenated acetonitriles) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71, 1533 (1999)
1,1,1-Trichloroethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20, 515 (1979); Suppl. 7, 73 (1987); 71, 881 (1999)
1,1,2-Trichloroethane . . . . . . . . . . . . . . . 20, 533 (1979); Suppl. 7, 73 (1987); 52, 337 (1991); 71, 1153 (1999)
Trichloroethylene  . . . . . 11, 263 (1976); 20, 545 (1979); Suppl. 7, 364 (1987); 63, 75 (1995) (corr. 65, 549)
2,4,5-Trichlorophenol (see also Chlorophenols; Chlorophenols, occupational exposures to;
 Polychlorophenols and their sodium salts) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20, 349 (1979)
2,4,6-Trichlorophenol (see also Chlorophenols; Chlorophenols, occupational exposures to;
 Polychlorophenols and their sodium salts) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20, 349 (1979)
(2,4,5-Trichlorophenoxy)acetic acid (see 2,4,5-T)
1,2,3-Trichloropropane  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63, 223 (1995)
Trichlorotriethylamine-hydrochloride (see Trichlormethine)
T2-Trichothecene (see Toxins derived from Fusarium sporotrichioides)
Tridymite (see Crystalline silica)
Triethanolamine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77, 381 (2000)
Triethylene glycol diglycidyl ether  . . . . . . . . . . . . . . . . . 11, 209 (1976); Suppl. 7, 73 (1987); 71, 1539 (1999)
Trifluralin  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53, 515 (1991)
4,4’,6-Trimethylangelicin plus ultraviolet radiation
 (see also Angelicin and some synthetic derivatives) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Suppl. 7, 57 (1987)
2,4,5-Trimethylaniline  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27, 177 (1982); Suppl. 7, 73 (1987)
2,4,6-Trimethylaniline  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27, 178 (1982); Suppl. 7, 73 (1987)
4,5’,8-Trimethylpsoralen  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .40, 357 (1986); Suppl. 7, 366 (1987)
Trimustine hydrochloride (see Trichlormethine)
2,4,6-Trinitrotoluene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65, 449 (1996)
Triphenylene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32, 447 (1983); Suppl. 7, 73 (1987); 92, 35 (2010)
Tris(aziridinyl)-para-benzoquinone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 67 (1975); Suppl. 7, 367 (1987)
Tris(1-aziridinyl)phosphine-oxide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 75 (1975); Suppl. 7, 73 (1987)
Tris(1-aziridinyl)phosphine-sulphide (see Thiotepa)
2,4,6-Tris(1-aziridinyl)-s-triazine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 95 (1975); Suppl. 7, 73 (1987)
Tris(2-chloroethyl) phosphate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48, 109 (1990); 71, 1543 (1999)
1,2,3-Tris(chloromethoxy)propane . . . . . . . . . . . . . . . . . 15, 301 (1977); Suppl. 7, 73 (1987); 71, 1549 (1999)
Tris(2,3-dibromopropyl) phosphate . . . . . . . . . . . . . . . . 20, 575 (1979); Suppl. 7, 369 (1987); 71, 905 (1999)
Tris(2-methyl-1-aziridinyl)phosphine-oxide. . . . . . . . . . . . . . . . . . . . . . . . . . 9, 107 (1975); Suppl. 7, 73 (1987)
Trp-P-1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31, 247 (1983); Suppl. 7, 73 (1987)
Trp-P-2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31, 255 (1983); Suppl. 7, 73 (1987)
Trypan blue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 267 (1975); Suppl. 7, 73 (1987)
Tussilago farfara L. (see also Pyrrolizidine alkaloids) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10, 334 (1976)
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U

Ultraviolet radiation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40, 379 (1986); 55 (1992); 100D, 35 (2012)
Underground haematite mining with exposure to radon (see Haematite mining, underground)
Uracil mustard  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9, 235 (1975); Suppl. 7, 370 (1987)
Uranium, depleted (see Implants, surgical)
Urethane (see Ethyl carbamate)
UV-emitting tanning devices, use of  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .100D, 35 (2012)

V

Vanadium pentoxide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86, 227 (2006)
Vat Yellow 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48, 161 (1990)
Vinblastine sulfate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26, 349 (1981) (corr. 42, 261); Suppl. 7, 371 (1987)
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 Suppl. 7, 73 (1987); 63, 443 (1995)
Vinyl bromide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .19, 367 (1979); 39, 133 (1986);
 Suppl. 7, 73 (1987); 71, 923 (1999); 97, 445 (2008)
Vinyl chloride  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7, 291 (1974); 19, 377 (1979) (corr. 42, 258);
 Suppl. 7, 373 (1987); 97, 311 (2008); 100F, 451 (2012)
Vinyl chloride-vinyl acetate copolymers . . . . . . . . . . . . . . . . . . . 7, 311 (1976); 19, 412 (1979) (corr. 42, 258);
 Suppl. 7, 73 (1987)
4-Vinylcyclohexene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11, 277 (1976); 39, 181 (1986) Suppl. 7, 73 (1987);
 60, 347 (1994)
4-Vinylcyclohexene diepoxide . . . . . . . . . . . . . . . . . . . . . . 11, 141 (1976); Suppl. 7, 63 (1987); 60, 361 (1994)
Vinyl fluoride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39, 147 (1986); Suppl. 7, 73 (1987);
 63, 467 (1995); 97, 459 (2008)
Vinylidene chloride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .19, 439 (1979); 39, 195 (1986);
 Suppl. 7, 376 (1987); 71, 1163 (1999)
Vinylidene chloride-vinyl chloride copolymers  . . . . . . . 19, 448 (1979) (corr. 42, 258); Suppl. 7, 73 (1987)
Vinylidene fluoride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39, 227 (1986); Suppl. 7, 73 (1987); 71, 1551 (1999)
N-Vinyl-2-pyrrolidone  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19, 461 (1979); Suppl. 7, 73 (1987); 71, 1181 (1999)
Vinyl toluene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60, 373 (1994)
Vitamin K substances . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76, 417 (2000)

W

Welding . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49, 447 (1990) (corr. 52, 513)
Wollastonite  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42, 145 (1987); Suppl. 7, 377 (1987); 68, 283 (1997)
Wood dust . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62, 35 (1995); 100C, 407 (2012)
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Wood industries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 (1981); Suppl. 7, 378 (1987)

X

X-radiation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75, 121 (2000); 100D, 103 (2012)
Xylenes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47, 125 (1989); 71, 1189 (1999)
2,4-Xylidine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16, 367 (1978); Suppl. 7, 74 (1987)
2,5-Xylidine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16, 377 (1978); Suppl. 7, 74 (1987)
2,6-Xylidine (see 2,6-Dimethylaniline)

Y

Yellow AB . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 279 (1975); Suppl. 7, 74 (1987)
Yellow OB . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8, 287 (1975); Suppl. 7, 74 (1987)

Z

Zalcitabine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76, 129 (2000)
Zearalenone (see Toxins derived from Fusarium graminearum, F. culmorum and F. crookwellense)
Zectran . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12, 237 (1976); Suppl. 7, 74 (1987)
Zeolites other than erionite . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68, 307 (1997)
Zidovudine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76, 73 (2000)
Zinc beryllium silicate (see Beryllium and beryllium compounds)
Zinc chromate (see Chromium and chromium compounds)
Zinc chromate hydroxide (see Chromium and chromium compounds)
Zinc potassium chromate (see Chromium and chromium compounds)
Zinc yellow (see Chromium and chromium compounds)
Zineb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12, 245 (1976); Suppl. 7, 74 (1987)
Ziram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12, 259 (1976); Suppl. 7, 74 (1987); 53, 423 (1991)
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Volume 100 of the IARC Monographs, A Review of Human Carcinogens, covers all agents 
previously classified by IARC as carcinogenic to humans (Group 1) and was developed by six 
separate Working Groups: Pharmaceuticals; Biological Agents; Arsenic, Metals, Fibres, and 
Dusts; Radiation; Personal Habits and Indoor Combustions; Chemical Agents and Related 
Occupations.

This Volume 100E covers Personal Habits and Indoor Combustions, specifically Tobacco 
Smoking, Second-hand Tobacco Smoke, Smokeless Tobacco, N′-Nitrosonornicotine and 
4-(Methylnitrosamino)-1-(3-pyridyl)-1-butanone, Betel Quid and Areca Nut, Consumption 
of Alcoholic Beverages, Chinese-style Salted Fish, and Indoor Emissions from Household 
Combustion of Coal.

Because the scope of Volume 100 is so broad, its Monographs are focused on key information. 
Each Monograph presents a description of a carcinogenic agent and how people are exposed, 
critical overviews of the epidemiological studies and animal cancer bioassays, and a concise 
review of the agent’s toxicokinetics, plausible mechanisms of carcinogenesis, and potentially 
susceptible populations, and life-stages. Details of the design and results of individual 
epidemiological studies and animal cancer bioassays are summarized in tables. Short tables 
that highlight key results are printed in Volume 100, and more extensive tables that include all 
studies appear on the Monographs programme website (http://monographs.iarc.fr).

It is hoped that this volume, by compiling the knowledge accumulated through several decades 
of cancer research, will stimulate cancer prevention activities worldwide, and will be a valued 
resource for future research to identify other agents suspected of causing cancer in humans.
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