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NOTE TO THE READER

The term ‘carcinogenic risk’ in the IARC Monograph series is taken to mean the
probability that exposure to a chemical or complex mixture or employment in a particular
occupation will lead to cancer in humans.

The fact that a monograph has been prepared on a chemical, complex mixture or
occupation does not imply that a carcinogenic hazard is associated with the exposure,
only that the published data have been examined. Equally, the fact that a chemical,
complex mixture or occupation has not yet been evaluated in a monograph does not
mean that it does not represent a carcinogenic hazard.

Anyone who is aware of published data that may alter an evaluation of the carcinogenic
risk of a chemical, complex mixture or employment in an occupation is encouraged to
make this information available to the Division of Environmental Carcinogenesis, Interna-
tional Agency for Research on Cancer, Lyon, France, in order that the chemical, complex
mixture or occupation 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 Division
of Environmental Carcinogenesis, so that corrections can be reported in future volumes.
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CHEMICALS, INDUSTRIAL PROCESSES AND INDUSTRIES
ASSOCIATED WITH CANCER IN HUMANS

INTRODUCTION

The programme on the Evaluation of the Carcinogenic Risk of Chemicals to Humans
has existed since 1971 and involves the preparation and publication of monographs that
evaluate individual chemicals and, more recently, carcinogenic risks resulting from
exposures to complex mixtures, since it is in this way that human populations are often
exposed. Exposures occurring in the wood and leather industries and in the rubber
manufacturing industry were thus the subject of recent IARC monographs. (A full list of
IARC Monographs, both published and in press, is given in Appendix 1.) The evaluations
contained in each volume of monographs are made by independent international Working
Groups and provide governments and their advisers with authoritative scientific opinions
on which to base preventive measures.

The criteria used for preparing draft monographs, for judging the adequacy of available
data and for evaluating carcinogenic risk to humans were first established in 1971, and
these criteria (with minor modifications) were adopted by the Working Groups whose
deliberations resulted in the first 16 volumes of the IARC Monographs. In 1977, a further
ad hoc Working Group revised the criteria’, and these have appeared as the Preamble?
to the Monographs since Volume 17.

The terms ‘sufficient evidence’ and 'limited evidence' of carcinogenicity used in those
criteria refer only to the amount of evidence available and not to the potency of the
carcinogenic effect nor to the mechanism involved. However, in the case of chemicals
for which there is sufficient evidence of carcinogenicity in experimental animals, it was
considered reasonable to recommend that, for practical purposes, such chemicals be
regarded as if they presented a carcinogenic risk to humans. In the case of chemicals
for which there is only limited evidence of carcinogenicity, further experimental and
epidemiological research was deemed to be desirable.

The use of the expressions ‘for practical purposes’ and ‘as if they presented a
carcinogenic risk’ indicates that at the present time a correlation between carcinogenicity
in animals and possible human risk cannot be made on a purely scientific basis, but only
pragmatically. Such a pragmatic correlation may be useful to regulatory agencies in
making decisions related to the primary prevention of cancer.

An international ad hoc Working Group of 20 experts in cancer research met in Lyon
in January 1979 to re-evaluate the epidemiological and experimental carcinogenicity data
on 54 chemicals, groups of chemicals or industrial processes which had been evaluated
in Volumes 1-20 of the IARC Monographs. Of these, 18 chemicals and industrial processes
were considered to be carcinogenic for. humans. A further 18 chemicals and groups of
chemicals were considered to be probably - carcinogenic for humans, although the data
were considered inadequate to establish a causal association. To reflect different degrees
of evidence within the latter group, it was subdivided: six chemicals were found to have
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a higher degree of evidence and 12 chemicals a lower degree. Data on the remaining 18
chemicals were considered to be insufficient to allow an evaluation of their carcinogeni-
city for humans. A report summarizing the background, purpose and overall conclusions
of the Working Group, and the evidence on which the evaluation for each chemical was
based was published as Supplement 1 of the JARC Monographs® and as a leading article
in Cancer Research®. '

In the first 29 volumes of the /IARC Monographs, 585 chemicals, groups of chemicals,
industrial processes and occupational exposures were evaluated or re-evaluated. Pre-
vious analyses of these evaluations indicated that for 44 of these, the working groups
found that there was positive evidence of or a suspicion of an association with human
cancer. For the remaining 541 exposures, epidemiological data were either unavailable
or were considered to be inadequate to evaluate carcinogenicity to humans; one
exception was fluorides used in drinking-water and dental preparations, for which no
evidence of a carcinogenic effect was found. For 147 of the exposures, there was
considered to be sufficient evidence of carcinogenicity in animals, and for a further 157
exposures there was limited evidence. The data were inadequate to evaluate the presence
or absence of a carcinogenic effect for the remaining 236 exposures.

A list of all exposures for which it is currently considered that there is sufficient
evidence of carcinogenicity in experimental animals is given in Appendix 2.

Objective

The aim of the present ad hoc Working Group was to update Supplement 1 of the /ARC
Monographs. All chemicals, groups of chemicals, industrial processes and occupational
exposures for which some data on carcinogenicity in humans were available were re-
evaluated, on the basis both of studies summarized previously in the monographs and of
data published subsequently. Similar data from studies on experimental animals and from
short-term tests were also summarized.

Short-term tests for the detection of potential chemical carcinogens

The induction of cancer is thought to proceed by a series of steps, some of which have
been distinguished experimentally®. The first step - ‘initiation’ - is thought to involve
damage to DNA resulting in heritable modifications in, or rearrangements of, genetic
information. Proliferation of cells whose properties have been permanently altered during
initiation (which may involve somatic mutation) is thought to result in the formation of
clones of cells whose further progress to malignancy is dependent on a series of events
- ’‘promotion’ and ‘progression’ - the underlying mechanisms of which are largely
unknown. Although this is a useful model, it should be kept in mind that the carcinogenic
process may not always proceed by such a multi-step mechanism.

The idea that damage to DNA is a critical event in the initiation of carcinogenesis is
based on a large body of data which show that many carcinogens are reactive
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electrophiles per se, or can be readily converted to reactive electrophiles by enzymic
pathways characteristic of eukaryotic metabolism®. A variety of DNA-carcinogen adducts,
formed by reaction of electrophilic moieties with nucleophilic centres in DNA, have been
identified in DNA recovered from reactions performed with carcinogens in vitro, or from
cultured cells or intact organisms treated with carcinogens®':'2, Moreover, the recogni-
tion that many classes of carcinogens (including ionizing and ultra-violet radiation and
chemicals of a very wide range of structure and reactivity) are mutagenic'® supports the
idea that DNA is a critical target of carcinogenic agents. Assays for mutagenicity and
allied effects, such as the induction of DNA repair, the misincorporation of nucleotide
triphosphates during in-vitro nucleic acid synthesis, and various manifestations of
chromosomal damage, in organisms ranging from bacteriophages to mammals, all exploit
this characteristic ability of carcinogens to cause DNA damage or chromosomal
anomalies either directly or indirectly. It should be noted, however, that some carcinogens
may act by mechanisms that do not involve DNA damage'* and thus would not cause
such genetic effects.

A number of short-term tests for carcinogens employ as endpoints well-defined genetic
markers in prokaryotes and lower eukaryotes (e.g., bacteria and fungi) and in mammalian
cell lines. Many of these cells do not possess or have lost, following culture, the range
of enzyme systems known in intact mammals to metabolize chemically unreactive
carcinogens to reactive electrophiles. It is often necessary, therefore, to provide an
exogenous source of such activity in the form of a tissue extract or cell feeder-layer or
whole-cell systems prepared from mammalian sources'. In-vitro metabolic systems may
not accurately reflect the fate of a chemical subjected to the checks and balances
afforded by absorption, distribution, metabolism and excretion in mammals's, and this
must be borne in mind when evaluating the results from short-term tests which employ in-
vitro metabolic activation. In addition, the organization of genetic material and its repair
processes in mammalian cells is highly complex and is not fully reflected in some lower
biological systems.

Tests have been devised which exploit the useful attributes of microbial or cellular
genetic systems without compromising the integrity of mammalian pharmacodynamics
and metabolism. Such ‘host-mediated’ assays involve the inoculation of indicator
organisms into mammals (usually rodents) which are then dosed with the test chemical.
There are limitations to both the numbers and types of organisms which can be
introduced and recovered from dosed animals and to the access of indicator organisms
to activated metabolites. Lack of sensitivity may therefore be a problem.

A group of short-term tests use ‘transformation’ of cultured mammalian cells, rather
than manifestation of DNA damage or chromosomal anomalies, as an indicator of
carcinogenic potential. Some of the assays also employ an exogenous metabolic
activation system. Cell transformation is assessed by scoring characteristic changes in
cellular and colonial morphology, or changes in growth characteristics (e.g., growth of
colonies in soft agar) following treatment with the test compound. In some protocols, the
ability of transformed cells to produce tumours is tested by injecting the cells into
appropriate animals.

Manifestations of damage to DNA and other components of the genetic apparatus can
also be assayed directly by exposing animals to the test compound and assaying the
effect in these animals or in their offspring. For example, the following endpoints can be
scored: mutations in the fruit fly, chromosomal anomalies in bone-marrow cells and blood
lymphocytes of rodents, and specific-locus mutations in rodents treated with the test
agent and in their offspring.



10 IARC MONOGRAPHS SUPPLEMENT 4

Similar studies may be conducted on cells taken from people exposed to putative
chemical carcinogens and by examining the cells for mutation and for chromosomal
anomalies either directly or after short-term culture in vitro. Samples of sperm from such
individuals may also be analysed for morphological abnormalities. Evidence of absorption
of putative carcinogens may be adduced from the assay of body fluids and excreta for
DNA-damaging activity, using, for example, bacterial mutation assays.

Results from several studies'®'” of the predictive value of various short-term tests show
that some chemicals of proven carcinogenicity in experimental animals are, as far as
could be judged, inactive in tests that utilize DNA or chromosomal damage as endpoints.
These include, for example, certain hormones, metals, minerals and tumour promoters'4,
which do not appear to exert their effects through modifications of DNA that are
expressed in the form of mutations or chromosomal anomalies. No well-validated short-
term tests for putative promoters are yet available, aithough several lines of investigation
are being pursued'8-2',

Uses of short-term tests

Validated short-term tests of the type described above are useful (a) for predicting
potential carcinogenicity in the absence of data on animal carcinogenicity, (b) as a
contribution in deciding which chemicals should be tested or retested in animals, (¢) for
identifying active fractions of complex mixtures containing putative carcinogens, (d) for
recognizing active metabolites of known carcinogens in human or animal body fluids, (e)
in helping to elucidate mechanisms of carcinogenesis and (f) as additional evidence in
interpreting ambiguous data from experimental or epidemiological studies.

In view of the limitations of current knowledge about mechanisms of carcinogenesis,
certain cautions should be emphasized: (1) at present, these tests should not be used by
themselves to conclude whether or not an agent is carcinogenic; (2) even when positive
results are obtained in one or more of these tests, it is not clear that they can be used
reliably to predict the relative potencies of compounds as carcinogens in intact animals;
(3) since the currently available tests do not detect all classes of agents that are active
in the carcinogenic process (e.g., hormones, promoters), one must be cautious in utilizing
these tests as the sole criterion for setting priorities in carcinogenesis research and in
selecting compounds for animal bioassays.

The present state of knowledge does not permit the selection of a specific test(s) as
the most appropriate for identifying all classes of potential carcinogens, although certain
systems are more sensitive to some classes. Before the results of a particular test can be
considered to be fully acceptable for predicting potential carcinogenicity, certain criteria
should be met: (a) the test should have been validated with respect to known animal
carcinogens and noncarcinogens, and (b) when possible, a structurally related carcino-
gen(s) and noncarcinogen(s) should have been tested simultaneously with the chemical
in question. The results should have been confirmed in additional test systems.
Confidence. in positive results is increased if a mechanism of action can be deduced and
if appropriate dose-response data -are available. Ideally, a compound should be tested in
a-battery ‘of ‘short ‘term tests. For optimum usefulness, data on purity must be given. For
several recent reviews on the use of short-term tests see IARC'5'¢, de Serres and Ashby'’,
Bartsch et al.?2, Hollstein et al.?® and Sugimura et al.?'.
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METHODS

The data on each chemical were reviewed in detail before the meeting by selected
members of the group: the animal studies and short-term test results were evaluated by
experimentalists and the human studies by an epidemiologist. During the meeting of the
Working Group these assessments were debated and adopted, and overall evaluations of
carcinogenicity for humans were made on the basis of the combined evidence from
humans and experimental systems (Table 1). Brief descriptions of the data on which the
assessments and evaluations were based are given in the section on Results, together
with references to the Monographs volumes in which they were evaluated previously and,
when applicable, to papers published subsequently.

Assessment of evidence for carcinogenicity from studies in humans

Evidence of carcinogenicity from human studies comes from three main sources:

1. Case reports of individual cancer patients who were exposed to the chemical or
process.

2. Descriptive epidemiological studies in which the incidence of cancer in human
populations was found to vary in space or time with exposure to the agents.

3. Analytical epidemiological (case-control and cohort) studies in which individual
exposure to the chemical or group of chemicals was found to be associated with an
increased risk of cancer.

Three criteria must be met before a causal association can be inferred between
exposure and cancer in humans:

1. There is no identified bias which could explain the association.

2. The possibility of confounding has been considered and ruled out as explaining the
association.

3. The association is unlikely to be due to chance.

In general, although a single study may be indicative of a cause-effect relationship,
confidence in inferring a causal association is increased when several independent
studies are concordant in showing the association, when the association is strong, when
there is a dose-response relationship, or when a reduction in exposure is followed by a
reduction in the incidence of cancer.

The degrees of evidence for carcinogenicity from studies in humans were categorized
as:

i. Sufficient evidence of carcinogenicity, which indicates that there is a causal
relationship between the agent and human cancer.

ii. Limited evidence of carcinogenicity, which indicates that a causal interpretation is
credible, but that alternative explanations, such as chance, bias or confounding, could
not adequately be excluded.

iii. Inadequate evidence, which indicates that one of three conditions prevailed: (a)
there were few pertinent data; (b) the available studies, while showing evidence of
association, did not exclude chance, bias or confounding; (c) studies were available
which do not show evidence of carcinogenicity.
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Assessment of evidence for carcinogenicity from studies in experimental animals

These assessments were classified into four groups:

i. Sufficient evidence of carcinogenicity, which indicates that there is an increased
incidence of malignant tumours: (a) in multiple species or strains; or (b) in multiple
experiments (preferably with different routes of administration or using different dose
levels); or (c) to an unusual degree with regard to incidence, site or type of tumour, or
age at onset. Additional evidence may be provided by data on dose-response effects, as
well as information from short-term tests or on chemical structure.

il. Limited evidence of carcinogenicity, which means that the data suggest a carcinoge-
nic effect but are limited because: (a) the studies involve a single species, strain, or
experiment; or (b) the experiments are restricted by inadequate dosage levels, inadequate
duration of exposure to the agent, inadequate period of follow-up, poor survival, too few
animals, or inadequate reporting; or (c) the neoplasms produced often occur sponta-
neously and, in the past, have been difficult to classify as malignant by histological criteria
alone (e.g., lung and liver tumours in mice).

iii. Inadequate evidence, which indicates that because of major qualitative or quantita-
tive limitations, the studies cannot be interpreted as showing either the presence or
absence of a carcinogenic effect; or that within the limits of the tests used, the chemical
is not carcinogenic. The number of negative studies is small, since, in general, studies
that show no effect are less likely to be published than those suggesting carcinogenicity.

iv. No data indicates that data were not available to the Working Group.

The categories sufficient evidence and limited evidence refer only to the strength of
the experimental evidence that these chemicals are carcinogenic and not to the extent
of their carcinogenic activity nor to the mechanism involved. The classification of any
chemical may change as new information becomes available.

Assessment of data from short-term tests

Because of the large number and wide variety of short-term tests that may be relevant
for the prediction of potential carcinogens, the data relative to each compound have been
summarized in the form of tables. These indicate both the type of test used and the
biological complexity of the test system. '‘DNA damage’ includes evidence for covalent
binding to DNA, induction of DNA breakage or repair, induction of prophage in bacteria,
and a positive response in tests of comparative survival in DNA repair-proficient and DNA
repair-deficient bacteria. ‘Mutagenicity refers to induction of mutations in cultured cells
or in organisms (e.g., heritable alterations in phenotype, including forward or reverse
point mutations, recombination, gene conversion, and specific-locus mutation). ‘Chromo-
somal anomalies’ refers to the induction of chromosomal aberrations, including breaks,
gaps, rearrangements and micronuclei, sister chromatid exchange and aneuploidy. 'Other
refers to various additional endpoints, including cell transformation (T), i.e., morphologi-
cal transformation and colony formation in agar; dominant lethal (DL) tests; morphologi-
cal abnormalities in sperm (SA); and mitochondrial mutation (Mt). The biological systems
include: 'Prokaryotes’, i.e., bacteria, in the presence or absence of an exogenous
metabolic activation system, and cellular systems; '‘Fungi and green plants’; 'Insects’,
usually Drosophila melanogaster; 'Mammalian cells (in vitro);either rodent or human
somatic cells or cell lines in culture; ‘Mammals (in vivo), studies in which the test
compound was administered to intact experimental animals; and 'Humans (in vivoy,
studies of cells from groups of individuals drawn from a population exposed to the
substance in question.



METHODS 13

In these tables, a '+’ indicates that the resuit was judged by the Working Group to be
significantly positive in one or more assays; -’ indicates that it was judged to be negative
from an evaluation of one or more assays; and '?' indicates that contradictory results
were obtained in assays from different laboratories or in different biological systems, or
that the result was judged to be equivocal. The individual tables for each compound are
summarized, for purposes of comparison, in Appendix 3.-

The overall evidence summarized in the table was adjudged to fall into one of three
categories, sufficient, limited and inadequate:

i. Sufficient evidence, when there were at least three positive results in at least two of
three test systems measuring DNA damage, mutagenicity or chromosomal effects. When
two of the positive results were for the same genetic effect, they had to be derived from
systems of different biological complexity.

ii. Limited evidence, when there were at least two positive results, either for different
endpoints or in systems representing two levels of biological complexity.

iii. Inadequate evidence, when there were generally negative or only one positive test
results. Up to two positive test results were considered inadequate if they were
accompanied by two or more negative test results.

The Working Group was unable to define criteria for ‘negative’ evidence.

in establishing these categories the Working Group gave greater weight to the three
primary endpoints - DNA damage, mutagenicity and chromosomal effects - and judge-
ments were made on the quality as well as on the quantity of the evidence. In a minority
of cases, strict interpretation of these criteria was tempered by consideration of a variety
of other factors (such as the purity of the test compound, problems of metabolic
activation, appropriateness of the test system) which, in the judgement of the Working
Group, would place a compound in a category above or below that indicated by the
summary table.

Evaluation of carcinogenic risk to humans

At present, no objective criteria exist to interpret data from studies in experimental
animals or from short-term tests directly in terms of human risk. Thus, in the absence of
sufficient evidence from human studies, evaluation of the carcinogenic risk to humans
was based on consideration of both the epidemiological and experimental evidence. The
breadth of the categories of evidence defined above allows substantial variation within
each. The decisions reached by the Group regarding overall risk incorporated these
differences, even though they could not always be reflected adequately in the placement
of an exposure into a particular category, as listed in Table 1.

The chemicals, groups of chemicals, industrial processes or occupational exposures
were thus put into one of three groups:

Group 1

The chemical, group of chemicals, industrial process or occupational exposure Iis
carcinogenic to humans. This category was used only when there was sufficient evidence
from epidemiological studies to support a causal association between the exposure and
cancer.
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Group 2

The chemical, group of chemicals, industrial process or occupational exposure is
probably carcinogenic to humans. This category includes exposures for which, at one
extreme, the evidence of human carcinogenicity is almost ‘sufficient’, as well as exposures
for which, at the other extreme, it is inadequate. To reflect this range, the category was
divided into higher (Group A) and lower (Group B) degrees of evidence. Usually, category
2A was reserved for exposures for which there was at least limited evidence of
carcinogenicity to humans. The data from studies in experimental animals played an
important role in assigning studies to category 2, and particularly those in Group B; thus,
the combination of sufficient evidence in animals and inadequate data in humans usually
resulted in a classification of 2B.

In some cases, the Working Group considered that the known chemical properties of
a compound and the results from short-term tests allowed its transfer from Group 3 to
2B or from Group 2B to 2A.

Group 3

The chemical, group of chemicals, industrial process or occupational exposure cannot
be classified as to its carcinogenicity to humans.

RESULTS AND CONCLUSIONS

The assessments of degrees of evidence for carcinogenicity to humans and in
experimental animals and for activity in short-term tests, as well as the summary
evaluations of carcinogenic risk to humans are given in Table 1.

Group 1: The Working Group concluded that the following 7 industrial processes and
occupational exposures and 23 chemicals and groups of chemicals are causally
associated with cancer in humans™.

Industrial processes and occupational exposures:

Auramine manufacture

Boot and shoe manufacture and repair
(certain occupations)

Furniture manufacture

Isopropy! alcohol manufacture
(strong-acid process)

Nickel refining

Rubber industry (certain occupations)

Underground haematite mining
(with.exposure to radon)

** This- list does not include known human carcinogens such as tobacco smoke, betel quid and alcoholic
beverages, since they have not yet been covered in the Monographs programme.
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Chemicals and groups of chemicals:

4-Aminobiphenyl

Analgesic mixtures containing phenacetin?

Arsenic and arsenic compounds?

Asbestos

Azathioprine

Benzene

Benzidine

N,N-Bis(2-chloroethyl)-2-naphthylamine (Chlornaphazine)
Bis(chloromethyl)ether and technical-grade chioromethyl methyl ether
1,4-Butanediol dimethanesulphonate (Myleran)

Certain combined chemotherapy for lymphomas? (including MOPP®)
Chiorambucil

Chromium and certain chromium compounds?
Conjugated oestrogens?

Cyclophosphamide

Diethylstilboestrol

Melphalan

Methoxsalen with ultra-violet A therapy (PUVA)

Mustard gas

2-Naphthylamine

Soots, tars and oilsa°

Treosulphan

Vinyl chloride

Group 2: The following 61 chemicals, groups of chemicals or industrial processes are
probably carcinogenic to humans

Group 2A

Acrylonitrile

Aflatoxins

Benzola]pyrene

Beryllium and beryllium compounds?
Combined oral contraceptives?
Diethyl sulphate

Dimethyl sulphate

Manufacture of magenta®

Nickel and certain nickel compounds
Nitrogen mustard

Oxymetholone

Phenacetin

Procarbazine

ortho-Toluidine

2 The compound(s) responsible for the carcinogenic effect in humans cannot be specified.

b Procarbazine, nitrogen mustard, vincristine and prednisone

¢ Mineral oils may vary in composition, particularly in relation to their content of carcmogemc polycyclic aromatic
hydrocarbons.
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Group 2B

Actinomycin D

Adriamycin

Amitrole

Auramine (technical grade)
Benzotrichloride

Bischloroethyl nitrosourea (BCNU)
Cadmium and cadmium compounds
Carbon tetrachloride

Chloramphenicol
1-(2-Chloroethyl)-3-cyclohexyl-1-nitrosourea (CCNU)
Chloroform

Chlorophenols (occupational exposure to)2
Cisplatin

Dacarbazine

DDT

3,3"-Dichlorobenzidine

Dienoestrol

3,3'-Dimethoxybenzidine (ortho-Dianisidine)
Dimethylcarbamoy! chloride

1,4-Dioxane

Direct Black 38 (technical grade)

Direct Blue 6 (technical grade)

Direct Brown 95 (technical grade)
Epichlorohydrin

Ethinyloestradiol

Ethylene dibromide

Ethylene oxide

Ethylene thiourea

Formaldehyde (gas)

Hydrazine

Mestranol

Metronidazole

Norethisterone

Oestradiol-178

Oestrone

Phenazopyridine

Phenytoin

Phenoxyacetic acid herbicides (occupational exposure to)?
Polychlorinated biphenyls

Progesterone

Propylthiouracil

Sequential oral contraceptives?
Tetrachlorodibenzo-para-dioxin (TCDD)
2,4,6-Trichlorophenol
Tris(aziridinyl)-para-benzoquinone (Triaziquone)
Tris(1-aziridinyl)phosphine sulphide (Thiotepa)
Uracil mustard

Group 3: The remaining 64 chemicals, groups of chemicals, industrial processes and
occupational exposures could not be classified as to their carcinogenicity to humans.

2 The compound(s) responsible for the probable carcinogenic effect in humans cannot be specified.
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Table 1. Summary evaluations of carcinogenic risk to humans from chemicals, industrial
processes and industries* based on evidence for carcinogenicity to humans and to
animals and for activity in short-term testst

Chemical, process Evidence Evidence Evidence Summary
or industry for carci- for carci- for activity evaluation
nogenicity nogenicity in of carcino-
in humans in animals short-term genic risk -
tests to humans
Acrylonitrile limited sufficient sufficient 2A
Actinomycin D inadequate  limited sufficient 2B
Adriamycin inadequate  sufficient sufficient 2B
Aflatoxins limited sufficient sufficient 2A
Aldrin inadequate limited inadequate 3
4-Aminobiphenyl sufficient sufficient sufficient 1
Amitrole inadequate  sufficient inadequate 2B
Anaesthetics, volatile inadequate  inadequate  inadequate 3
Analgesic mixtures containing '
phenacetin sufficient limited no data 1
Phenacetin limited sufficient lim:ted 2A
Aniline inadequate  limited inadequate 3
Arsenic and certain arsenic
compounds sufficient inadequate limited 1
Asbestos sufficient sufficient inadequate 1
Auramine (technical grade) limited limited sufficient 2B
Manufacture of auramine sufficient - - 1
Azathioprine sufficient limited sufficient 1
Benzene sufficient limited limited 1
Benzidine sufficient sufficient sufficient 1
Benzidine-based dyes
Direct Black 38 (technical
grade) inadequate  sufficient inadequate 2B
Direct Blue 6 (technical
grade) inadequate  sufficient no data 2B
Direct Brown 95 (technical
grade) inadequate  limited no data 2B
Beryllium and beryllium
compounds limited sufficient inadequate  2A
N,N-Bis(2-chloroethyl)-2-
naphthylamine
(Chlornaphazine) sufficient limited limited 1
Bischloroethyl nitrosourea
(BCNU) inadequate  sufficient sufficient 2B
Bis(chloromethyl)ether and
technical-grade
chloromethylmethyl ether sufficient sufficient limited 1

* In IARC Monographs 1-29, for which data in humans were available
+ This table does not include known human carcinogens such as tobacco smoke, betel quid and alcohol
beverages, since they have not yet been considered in the JARC Monographs.



18 IARC MONOGRAPHS SUPPLEMENT 4

Chemical, process Evidence Evidence Evidence Summary
or industry for carci- for carci- for activity evaluation
nogenicity nogenicity in of carcino-
in humans in animals short-term genic risk
tests to humans
Bleomycins inadequate  inadequate  sufficient 3
1,4-Butanediol
dimethanesulphonate
(Myleran) sufficient limited sufficient 1
Cadmium and cadmium
compounds limited sufficient inadequate 2B
Carbon tetrachloride inadequate  sufficient inadequate 2B
Certain combined
chemotherapy for lymphomas
(including MOPP) sufficient - inadequate 1
Chlorambucil sufficient sufficient sufficient 1
Chloramphenicol limited inadequate  inadequate 2B
Chlordane/Heptachlor inadequate  limited inadequate 3
1-(2-Chloroethyl)-3-cyclohexyl-
1-nitrosourea (CCNU) inadequate  sufficient sufficient 2B
Chlorinated toluenes
(production of):
Benzyl chloride inadequate  limited sufficient 3
Benzoyl chloride - inadequate  inadequate  inadequate 3
Benzal chloride inadequate  limited limited 3
Benzotrichloride inadequate  sufficient limited 2B
Chloroform inadequate  sufficient inadequate 2B
Chlorophenols (occupational
exposure to) limited - - 2B
Chloroprene inadequate  inadequate  sufficient 3
Chromium and certain
chromium compounds sufficient sufficient sufficient 1
(Cr Vi)
inadequate
(Cr )
Cisplatin inadequate limited sufficient 2B
Clofibrate inadequate  limited inadequate 3
Clomiphene inadequate  inadequate  no data 3
Cyclamates inadequate  limited inadequate 3
Cyclophosphamide sufficient sufficient sufficient 1
2,4-D and esters (See also
Phenoxyacetic acid
herbicides, occupational
exposure to) inadequate  inadequate inadequate 3
Dacarbazine inadequate  sufficient limited 2B
Dapsone inadequate  limited inadequate 3
DDT inadequate  sufficient inadequate 2B
ortho-Dichlorobenzene and
para-Dichlorobenzene inadequate  inadequate inadequate 3
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Chemical, process Evidence Evidence Evidence Summary
or industry for carci- for carci- for activity evaluation
nogenicity nogenicity in of carcino-
in humans in animals short-term genic risk
tests to humans
3,3-Dichlorobenzidine inadequate  sufficient sufficient 2B
Dichloromethane inadequate  inadequate limited 3
Dieldrin inadequate limited inadequate 3
Diethyi sulphate limited sufficient sufficient 2A
3,3'-Dimethoxybenzidine (ortho-

Dianisidine) inadequate  sufficient limited 2B
Dimethylcarbamoyl chloride inadequate  sufficient sufficient 2B
Dimethyl sulphate inadequate  sufficient sufficient 2A
1,4-Dioxane inadequate  sufficient inadequate 2B
Epichiorohydrin inadequate  sufficient sufficient 2B
Ethylene dibromide inadequate  sufficient sufficient 2B
Ethylene oxide inadequate  limited sufficient 2B
Ethylene thiourea inadequate  sufficient limited 2B
5-Fluorouracil inadequate  inadequate  limited 3
Formaldehyde (gas) inadequate  sufficient sufficient 2B
Hexachlorocyclohexane inadequate  limited inadequate 3
Hydralazine inadequate  limited sufficient 3
Hydrazine inadequate  sufficient sufficient 2B
Industries

Boot and shoe manufacture

and repair (certain

occupations) sufficient - - 1
Carpentry and joinery (certain

exposures) inadequate - - 3

Furniture manufacture sufficient - - 1

Leather goods manufacture inadequate - - 3

Leather tanning inadequate - - 3

Lumber and sawmill industry inadequate - - 3

Pulp and paper manufacture

(certain exposures) inadequate - - 3

Rubber industry (certain

occupations) sufficient - - 1
Iron dextran complex inadequate  sufficient inadequate 3
Isonicotinic acid hydrazide inadequate  limited limited 3
Lead and lead compounds inadequate  sufficient inadequate 3
: (for some
salts)
Manufacture of isopropyl

alcohol (strong-acid process) sufficient - - 1

Isopropyl oils inadequate  inadequate  no data 3
Manufacture of magenta limited - - 2A

Magenta (technical grade) inadequate  inadequate inadequate 3
Melphalan sufficient sufficient sufficient 1
6-Mercaptopurine inadequate  inadequate  sufficient 3
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Evidence

Chemical, process Evidence Evidence Summary
or industry for carci- for carci- for activity evaluation
nogenicity nogenicity in of carcino-
in humans in animals short-term genic risk
tests to humans
Methotrexate inadequate  inadequate  sufficient 3
Methoxsalen with ultraviolet A
therapy (PUVA) sufficient sufficient sufficient 1
Metronidazole inadequate  sufficient limited 2B
Mustard gas sufficient limited sufficient 1
1-Naphthylamine inadequate  inadequate  sufficient 3
2-Naphthylamine sufficient sufficient sufficient 1
Nickel refining sufficient - - 1
Nickel and certain nickel
compounds limited sufficient inadequate  2A
Nitrogen mustard (See also
Certain combined
chemotherapy for lymphomas) inadequate  sufficient sufficient 2A
Oestrogens and progestins
Combined oral contraceptives limited” - inadequate  2A
Sequential oral contraceptives limited - - 2B
Other oestrogen-progestin
combinations inadequate - - 3
Conjugated oestrogens sufficient inadequate  inadequate 1
Oestrogens
Dienoestrol limited inadequate  inadequate 2B
Diethylstilboestrol sufficient sufficient inadequate 1
Ethinyloestradiol inadequate  sufficient inadequate 2B
Mestranol inadequate  sufficient inadequate 2B
Oestradiol-17p inadequate  sufficient inadequate 2B
Oestrone inadequate  sulfficient inadequate 2B
Progestins:
Chlormadinone acetate inadequate  limited inadequate 3
Dimethisterone inadequate  inadequate  inadequate 3
Ethynodiol diacetate inadequate  limited inadequate 3
17a-Hydroxyprogesterone
caproate inadequate  inadequate  no data 3
Lynoestrenol inadequate  inadequate  inadequate 3
Medroxyprogesterone
acetate inadequate  limited inadequate 3
Megestrol acetate inadequate  limited inadequate 3
Norethisterone inadequate  sufficient inadequate 2B
Norethynodrel inadequate  limited inadequate 3
Norgestrel inadequate  inadequate  no data 3
Progesterone inadequate  sufficient inadequate 2B

* Sufficient for liver adenomas.
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Chemical, process Evidence Evidence Evidence Summary
or industry for carci- for carci- for activity evaluation
nogenicity nogenicity in of carcino-
in humans in animals short-term genic risk
tests to humans
Oxymetholone limited no data no data 2A
Pentachlorophenol (See also
Chlorophenols, occupational
exposure to) inadequate  inadequate inadequate 3
Phenazopyridine inadequate  sufficient no data 2B
Phenelzine inadequate  limited inadequate 3
Phenobarbital inadequate  limited inadequate 3
Phenoxyacetic acid herbicides
(occupational exposure to) limited - - 2B
Phenylbutazone inadequate  no data inadequate 3
N-Phenyl-2-naphthylamine inadequate  inadequate  inadequate 3
Phenytoin limited limited inadequate 2B
Polychlorinated biphenyls inadequate  sufficient inadequate 2B
Prednisone (See also Certain
combined chemotherapy for
lymphomas) inadequate  inadequate inadequate 3
Procarbazine (See also Certain
combined chemotherapy for
lymphomas) inadequate  sufficient sufficient 2A
Propyithiouracil inadequate  sufficient no data 2B
Reserpine inadequate  limited inadequate 3
Saccharin inadequate  limited inadequate 3
Soots, tars and oils sufficient sufficient - 1
Benzo|a]pyrene inadequate  sufficient sufficient 2A
Spironolactone inadequate  limited no data 3
Styrene inadequate  limited sufficient 3
Styrene oxide inadequate  limited sufficient 3
Sulfafurazole inadequate  inadequate inadequate 3
Sulfamethoxazole inadequate  limited inadequate 3
2,4,5-T and esters (See also
Phenoxyacetic acid
herbicides, occupational
exposure to) inadequate  inadequate  inadequate 3
Tetrachlorodibenzo-para-dioxin
(TCDD) inadequate  sufficient inadequate 2B
Tetrachloroethylene inadequate  limited inadequate 3
ortho-Toluidine inadequate  sufficient sufficient 2A
Treosulphan sufficient no data inadequate 1
Trichloroethylene inadequate  limited inadequate 3
2,4,5-Trichlorophenol (See also
Chlorophenols, occupational
exposure to) inadequate  inadequate  nho data 3
2.,4,6-Trichlorophenol (See also
Chlorophenols, occupational
exposure to) inadequate  sufficient no data 2B
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Chemical, process Evidence Evidence Evidence Summary
or industry for carci- for carci- for activity evaluation
nogenicity nogenicity in of carcino-
in humans in animals short-term genic risk
tests to humans
Tris(aziridinyl)-para-benzoquone
(Triaziquone) inadequate  limited sufficient 2B
Tris(1-aziridinyl)phosphine
sulphide (Thiotepa) inadequate  sufficient sufficient 2B
Underground haematite mining
(with exposure to radon) sufficient - - |
Haematite inadequate  inadequate  inadequate 3
Uracil mustard inadequate  sufficient sufficient 2B
Vinblastine inadequate  inadequate  inadequate 3
Vincristine (See also Certain
combined chemotherapy for
lymphomas) inadequate  inadequate  inadequate 3
Vinyl chloride sufficient sufficient sufficient |
Vinylidene chloride inadequate  limited sufficient 3
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