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Oral contraceptives for family planning worldwide have revolutionized
the reproductive lives of millions of women since their introduction in
the 1960s.

2

Later on, a variety of side-effects including cardiovascular diseases
was recognized. In response to these concerns, new generations of
combined oral contraceptives were developed that featured lower
doses of estrogen and newer, more potent progestogens.

3

The effectiveness and ease of use of combined hormonal contraceptives suggest that they will continue to be used to a significant
extent in the future.

Cover design: Georges Mollon, IARC

CONTENTS
NOTE TO THE READER ..................................................................................................1
LIST OF PARTICIPANTS ..................................................................................................3
PREAMBLE........................................................................................................................7
1. Background..............................................................................................................9
2. Objective and Scope ................................................................................................9
3. Selection of Topics for Monographs ....................................................................10
4. Data for Monographs ............................................................................................11
5. The Working Group ..............................................................................................11
6. Working Procedures ..............................................................................................11
7. Exposure Data........................................................................................................12
8. Studies of Cancer in Humans ................................................................................14
9. Studies of Cancer in Experimental Animals..........................................................17
10. Other Data Relevant to an Evaluation of Carcinogenicity
and its Mechanisms ..............................................................................................20
11. Summary of Data Reported ..................................................................................22
12. Evaluation ..............................................................................................................23
13. References..............................................................................................................28
GENERAL REMARKS ....................................................................................................33
THE MONOGRAPHS ......................................................................................................37
−Progestogen Contraceptives ......................................................39
Combined Estrogen−
1. Exposure Data ........................................................................................................41
1.1 Introduction ....................................................................................................41
1.2 Historical overview ........................................................................................42
1.3 Preparations of combined hormonal contraceptives......................................44
1.4 Patterns of use ................................................................................................45
1.4.1 Prevalence of use ................................................................................46
1.4.2 Trends in prevalence ..........................................................................48
2. Studies of Cancer in Humans ................................................................................50
2.1 Breast cancer ..................................................................................................50
2.1.1 Background ........................................................................................50
2.1.2 Use of combined oral contraceptives and detection of
breast cancer ......................................................................................50
2.1.3 Cohort studies ....................................................................................53
2.1.4 Case−control studies ..........................................................................55

–v–

vi

IARC MONOGRAPHS VOLUME 91

2.2 Endometrial cancer ........................................................................................60
2.2.1 Descriptive studies..............................................................................61
2.2.2 Cohort studies ....................................................................................61
2.2.3 Case−control studies ..........................................................................63
2.3 Cervical cancer ..............................................................................................74
2.3.1 Introduction ........................................................................................74
2.3.2 Meta-analysis ......................................................................................76
2.3.3 Methodological considerations ..........................................................77
2.3.4 Studies of in-situ and invasive cervical cancer in which
HPV antibodies were measured..........................................................78
2.3.5 Studies in which cervical tissue was assayed for HPV DNA ............80
2.3.6 Studies conducted to determine whether oral contraceptives
alter the risk for progression of cervical lesions ................................84
2.4 Ovarian cancer ..............................................................................................84
2.4.1 Descriptive studies..............................................................................85
2.4.2 Cohort studies ....................................................................................85
2.4.3 Case−control studies ..........................................................................86
2.4.4 Case−control studies among breast cancer gene (BRCA1/2)
carriers ................................................................................................94
2.5 Liver cancer ..................................................................................................95
2.5.1 Descriptive studies..............................................................................96
2.5.2 Cohort studies ....................................................................................96
2.5.3 Case−control studies ..........................................................................97
2.6 Colorectal cancer ........................................................................................103
2.6.1 Cohort studies ..................................................................................103
2.6.2 Case−control studies ........................................................................106
2.7 Cutaneous malignant melanoma ..................................................................109
2.7.1 Cohort studies ..................................................................................109
2.7.2 Case−control studies ........................................................................111
2.7.3 Meta- and pooled analysis ................................................................120
2.8 Thyroid cancer ............................................................................................120
2.9 Other cancers ..............................................................................................122
3. Studies of Cancer in Experimental Animals ........................................................122
3.1 Estrogen−progestogen combinations ..........................................................122
3.2 Estrogens used in combined oral contraceptives ........................................131
3.2.1 Subcutaneous implantation ..............................................................134
3.2.2 Subcutaneous injection ....................................................................136
3.2.3 Oral administration to transgenic mice ............................................137
3.3 Progestogens used in combined oral contraceptives ..................................138
4. Other Data Relevant to an Evaluation of Carcinogenicity and
its Mechanisms ....................................................................................................143
4.1 Absorption, distribution, metabolism and excretion....................................143
4.1.1 Ethinylestradiol and mestranol ........................................................144

CONTENTS

vii

4.1.2 Norethisterone ..................................................................................145
4.1.3 Norethisterone acetate, ethynodiol diacetate, norethynodrel
and lynestrenol..................................................................................146
4.1.4 Levonorgestrel ..................................................................................146
4.1.5 Desogestrel ......................................................................................148
4.1.6 Gestodene ........................................................................................149
4.1.7 Norgestimate ....................................................................................150
4.1.8 Newly developed progestogens ........................................................151
4.1.9 Interactions of other drugs with oral contraceptives ........................152
4.2 Receptor-mediated effects............................................................................153
4.2.1 Combined oral contraceptives ..........................................................153
4.2.2 Oral contraception and HPV ............................................................159
4.2.3 Individual estrogens and progestogens ............................................161
4.3 Genetic and related effects ..........................................................................164
4.3.1 Ethinylestradiol ................................................................................164
4.3.2 Progestogens ....................................................................................166
5. Summary of Data Reported and Evaluation ........................................................168
5.1 Exposure data ..............................................................................................168
5.2 Human carcinogenicity data ........................................................................169
5.3 Animal carcinogenicity data ........................................................................171
5.4 Other relevant data ......................................................................................174
5.5 Evaluation ....................................................................................................175
6. References ............................................................................................................176
−Progestogen Menopausal Therapy ..........................................203
Combined Estrogen−
1. Exposure Data ......................................................................................................205
1.1 Introduction ..................................................................................................205
1.2 Historical overview ......................................................................................206
1.3 Preparations of estrogen−progestogen menopausal therapy........................208
1.4 Patterns of use ..............................................................................................210
1.4.1 Patterns of use in 1990−2000 ..........................................................210
1.4.2 Recent trends in hormonal menopausal therapy ..............................215
2. Studies of Cancer in Humans ..............................................................................217
2.1 Breast cancer ................................................................................................217
2.1.1 Background ......................................................................................217
2.1.2 Randomized controlled trials............................................................218
2.1.3 Cohort studies ..................................................................................219
2.1.4 Case−control studies ........................................................................228
2.2 Endometrial cancer ......................................................................................235
2.2.1 Descriptive studies............................................................................235
2.2.2 Randomized controlled trials............................................................235
2.2.3 Cohort studies ..................................................................................235

viii

IARC MONOGRAPHS VOLUME 91

2.3

2.4

2.5
2.6

2.7
2.8

2.2.4 Case−control studies ........................................................................240
2.2.5 Overview ..........................................................................................245
Cervical cancer ............................................................................................249
2.3.1 HPV infection ..................................................................................249
2.3.2 Cervical neoplasia ............................................................................251
2.3.3 Overview ..........................................................................................252
Ovarian cancer ............................................................................................252
2.4.1 Background ......................................................................................252
2.4.2 Randomized controlled trials............................................................253
2.4.3 Cohort studies ..................................................................................253
2.4.4 Case−control studies ........................................................................253
Liver cancer ................................................................................................255
Colorectal cancer ........................................................................................256
2.6.1 Background ......................................................................................256
2.6.2 Randomized controlled trials............................................................256
2.6.3 Cohort studies ..................................................................................257
2.6.4 Case−control studies ........................................................................259
Lung cancer..................................................................................................260
Other cancers ..............................................................................................260

3. Studies of Cancer in Experimental Animals ........................................................261
3.1 Oral administration ......................................................................................261
3.1.1 Mouse ..............................................................................................261
3.1.2 Monkey ............................................................................................261
3.2 Administration with a known carcinogen....................................................262
4. Other Data Relevant to an Evaluation of Carcinogenicity and
its Mechanisms ....................................................................................................263
4.1 Absorption, distribution, metabolism and excretion....................................263
4.1.1 Humans ............................................................................................263
4.1.2 Experimental systems ......................................................................282
4.2 Receptor-mediated effects............................................................................282
4.2.1 Combined estrogen−progestogen therapy ........................................283
4.2.2 Individual estrogens and progestogens ............................................297
4.3 Side-effects other than genetic or cancer-related effects ............................300
4.3.1 Cardiovascular effects ......................................................................300
4.3.2 Other effects......................................................................................311
4.4 Genetic and related effects ..........................................................................317
4.4.1 Humans ............................................................................................325
4.4.2 Experimental systems ......................................................................325
5. Summary of Data Reported and Evaluation ........................................................326
5.1 Exposure data ..............................................................................................326
5.2 Human carcinogenicity data ........................................................................327
5.3 Animal carcinogenicity data ........................................................................329

CONTENTS

ix

5.4 Other relevant data ......................................................................................329
5.5 Evaluation ....................................................................................................332
6. References ............................................................................................................332
ANNEXES ......................................................................................................................373
Annex 1. Chemical and Physical Data on Compounds Used in Combined
Estrogen-Progestogen Contraceptives and Hormonal Menopausal
Therapy ..........................................................................................................375
1. Estrogens ....................................................................................................376
2. Progestogens ..............................................................................................395
Annex 2. Composition of Oral and Injectable Estrogen-Progestogen
Contraceptives ..............................................................................................431
Annex 3. Brands of Estrogen-Progestogen Contraceptives ......................................465
Annex 4. Estrogen-Progestogen Therapies ................................................................487
LIST OF ABBREVIATIONS..........................................................................................491
CUMULATIVE INDEX TO THE MONOGRAPHS SERIES ........................................495

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 under some circumstances. 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.
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
Carcinogen Identification and Evaluation Group, 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 Carcinogen
Identification and Evaluation Group, so that corrections can be reported in future volumes.
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PREAMBLE

IARC MONOGRAPHS PROGRAMME ON THE EVALUATION
OF CARCINOGENIC RISKS TO HUMANS
PREAMBLE
1.

BACKGROUND

In 1969, the International Agency for Research on Cancer (IARC) initiated a programme to evaluate the carcinogenic risk of chemicals to humans and to produce monographs on individual chemicals. The Monographs programme has since been expanded
to include consideration of exposures to complex mixtures of chemicals (which occur,
for example, in some occupations and as a result of human habits) and of exposures to
other agents, such as radiation and viruses. With Supplement 6 (IARC, 1987a), the title
of the series was modified from IARC Monographs on the Evaluation of the Carcinogenic Risk of Chemicals to Humans to IARC Monographs on the Evaluation of Carcinogenic Risks to Humans, in order to reflect the widened scope of the programme.
The criteria established in 1971 to evaluate carcinogenic risk to humans were
adopted by the working groups whose deliberations resulted in the first 16 volumes of
the IARC Monographs series. Those criteria were subsequently updated by further adhoc working groups (IARC, 1977, 1978, 1979, 1982, 1983, 1987b, 1988, 1991a; Vainio
et al., 1992).
2.

OBJECTIVE AND SCOPE

The objective of the programme is to prepare, 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 may also indicate where additional research efforts are needed.
The Monographs represent the first step in carcinogenic risk assessment, which
involves examination of all relevant information in order to assess the strength of the available evidence that certain exposures could alter the incidence of cancer in humans. The
second step is quantitative risk estimation. Detailed, quantitative evaluations of epidemiological data may be made in the Monographs, but without extrapolation beyond the range
of the data available. Quantitative extrapolation from experimental data to the human
situation is not undertaken.
The term ‘carcinogen’ is used in these monographs to denote an exposure that is
capable of increasing the incidence of malignant neoplasms; the induction of benign neo–9–
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plasms may in some circumstances (see p. 19) contribute to the judgement that the exposure is carcinogenic. The terms ‘neoplasm’ and ‘tumour’ are used interchangeably.
Some epidemiological and experimental studies indicate that different agents may act
at different stages in the carcinogenic process, and several mechanisms may be involved.
The aim of the Monographs has been, from their inception, to evaluate evidence of carcinogenicity 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, 1991a; Vainio et al., 1992; see also pp. 25–27).
The Monographs may assist national and international authorities in making risk
assessments and in formulating decisions concerning any necessary preventive measures.
The evaluations of IARC working groups are scientific, qualitative judgements about the
evidence for or against carcinogenicity provided by the available data. These evaluations
represent only one part of the body of information on which regulatory measures may be
based. Other components of regulatory decisions vary from one situation to another and
from country to country, responding to different socioeconomic and national priorities.
Therefore, no recommendation is given with regard to regulation or legislation,
which are the responsibility of individual governments and/or other international
organizations.
The IARC Monographs are recognized as an authoritative source of information on
the carcinogenicity of a wide range of human exposures. A survey of users in 1988 indicated that the Monographs are consulted by various agencies in 57 countries. About 2500
copies of each volume are printed, for distribution to governments, regulatory bodies and
interested scientists. The Monographs are also available from IARCPress in Lyon and via
the Marketing and Dissemination (MDI) of the World Health Organization in Geneva.
3.

SELECTION OF TOPICS FOR MONOGRAPHS

Topics are selected on the basis of two main criteria: (a) there is evidence of human
exposure, and (b) there is some evidence or suspicion of carcinogenicity. The term
‘agent’ is used to include individual chemical compounds, groups of related chemical
compounds, physical agents (such as radiation) and biological factors (such as viruses).
Exposures to mixtures of agents may occur in occupational exposures and as a result of
personal and cultural habits (like smoking and dietary practices). Chemical analogues
and compounds with biological or physical characteristics similar to those of suspected
carcinogens may also be considered, even in the absence of data on a possible carcinogenic effect in humans or experimental animals.
The scientific literature is surveyed for published data relevant to an assessment of
carcinogenicity. The IARC information bulletins on agents being tested for carcinogenicity (IARC, 1973–1996) and directories of on-going research in cancer epidemiology (IARC, 1976–1996) often indicate exposures that may be scheduled for future
meetings. Ad-hoc working groups convened by IARC in 1984, 1989, 1991, 1993 and
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1998 gave recommendations as to which agents should be evaluated in the IARC Monographs series (IARC, 1984, 1989, 1991b, 1993, 1998a,b).
As significant new data on subjects on which monographs have already been prepared
become available, re-evaluations are made at subsequent meetings, and revised monographs are published.
4.

DATA FOR MONOGRAPHS

The Monographs do not necessarily cite all the literature concerning the subject of
an evaluation. Only those data considered by the Working Group to be relevant to making
the evaluation are included.
With regard to biological and epidemiological data, only reports that have been
published or accepted for publication in the openly available scientific literature are
reviewed by the working groups. In certain instances, government agency reports that
have undergone peer review and are widely available are considered. Exceptions may
be made on an ad-hoc basis to include unpublished reports that are in their final form
and publicly available, if their inclusion is considered pertinent to making a final
evaluation (see pp. 25–27). In the sections on chemical and physical properties, on
analysis, on production and use and on occurrence, unpublished sources of information
may be used.
5.

THE WORKING GROUP

Reviews and evaluations are formulated by a working group of experts. The tasks of
the group are: (i) to ascertain that all appropriate data have been collected; (ii) to select
the data relevant 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 understanding of mechanism of action; and
(vi) to make an overall evaluation of the carcinogenicity of the exposure to humans.
Working Group participants who contributed to the considerations and evaluations
within a particular volume are listed, with their addresses, at the beginning of each publication. 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. In
addition, nominees of national and international agencies and industrial associations may
be invited as observers.
6.

WORKING PROCEDURES

Approximately one year in advance of a meeting of a working group, the topics of
the monographs are announced and participants are selected by IARC staff in consultation with other experts. Subsequently, relevant biological and epidemiological data are
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collected by the Carcinogen Identification and Evaluation Unit of IARC from recognized
sources of information on carcinogenesis, including data storage and retrieval systems
such as MEDLINE and TOXLINE.
For chemicals and some complex mixtures, the major collection of data and the preparation of first drafts of the sections on chemical and physical properties, on analysis,
on production and use and on occurrence are carried out under a separate contract funded
by the United States National Cancer Institute. Representatives from industrial associations may assist in the preparation of sections on production and use. Information on
production and trade is obtained from governmental and trade publications and, in some
cases, by direct contact with industries. Separate production data on some agents may not
be available because their publication could disclose confidential information. Information on uses may be obtained from published 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 material obtained is sent to meeting participants,
or is used by IARC staff, to prepare sections for the first drafts of monographs. The first
drafts are compiled by IARC staff and sent before the meeting to all participants of the
Working Group for review.
The Working Group meets in Lyon for seven to eight days to discuss and finalize the
texts of the monographs and to formulate the evaluations. After the meeting, the master
copy of each monograph is verified by consulting the original literature, edited and prepared for publication. The aim is to publish monographs within six months of the
Working Group meeting.
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 supplementary analyses are
given in square brackets. When an important aspect of a study, directly impinging on its
interpretation, should be brought to the attention of the reader, a comment is given in
square brackets.
7.

EXPOSURE DATA

Sections that indicate the extent of past and present human exposure, the sources of
exposure, the people most likely to be exposed and the factors that contribute to the
exposure are included at the beginning of each monograph.
Most monographs on individual chemicals, groups of chemicals or complex mixtures
include sections on chemical and physical data, on analysis, on production and use and
on occurrence. In monographs on, for example, physical agents, occupational exposures
and cultural habits, other sections may be included, such as: historical perspectives, description of an industry or habit, chemistry of the complex mixture or taxonomy. Mono-
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graphs on biological agents have sections on structure and biology, methods of detection,
epidemiology of infection and clinical disease other than cancer.
For chemical exposures, the Chemical Abstracts Services Registry Number, the latest
Chemical Abstracts primary name and the IUPAC systematic name are recorded; other
synonyms are given, but the list is not necessarily comprehensive. For biological agents,
taxonomy and structure are described, and the degree of variability is given, when
applicable.
Information on chemical and physical properties and, in particular, data relevant to
identification, occurrence and biological activity are included. For biological agents,
mode of replication, life cycle, target cells, persistence and latency and host response are
given. A description of technical products of chemicals includes trade names, relevant
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.
The purpose of the section on analysis or detection is to give the reader an overview
of current methods, with emphasis on those widely used for regulatory purposes.
Methods for monitoring human exposure are also given, when available. No critical evaluation or recommendation of any of the methods is meant or implied. The IARC
published a series of volumes, Environmental Carcinogens: Methods of Analysis and
Exposure Measurement (IARC, 1978–93), that describe validated methods for analysing
a wide variety of chemicals and mixtures. For biological agents, methods of detection
and exposure assessment are described, including their sensitivity, specificity and
reproducibility.
The dates of first synthesis and of first commercial production of a chemical or
mixture are provided; for agents which do not occur naturally, this information 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 provided. In addition, methods of synthesis used in past and present commercial
production and different methods of production which may give rise to different impurities are described.
Data on production, international trade and uses are obtained for representative
regions, which usually include Europe, Japan and the United States of America. 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.
Information on the occurrence of an agent or mixture in the environment is obtained
from data derived from the monitoring and surveillance of levels in occupational environments, air, water, soil, foods and animal and human tissues. When available, data on
the generation, persistence and bioaccumulation of the agent are also included. In the
case of mixtures, industries, occupations or processes, information is given about all
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agents present. For processes, industries and occupations, a historical description is also
given, noting variations in chemical composition, physical properties and levels of occupational exposure with time and place. For biological agents, the epidemiology of
infection is described.
Statements concerning regulations and guidelines (e.g., pesticide registrations,
maximal levels permitted in foods, occupational exposure limits) are included for some
countries as indications of potential exposures, but they may not reflect the most recent
situation, since such limits are continuously reviewed and modified. 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,
legislation and control, including vaccines and therapy, are described.
8.

STUDIES OF CANCER IN HUMANS
(a)

Types of studies considered

Three types of epidemiological studies of cancer contribute to the assessment of
carcinogenicity in humans — cohort studies, case–control studies and correlation (or
ecological) studies. Rarely, results from randomized trials may be available. Case series
and case reports of cancer in humans may also be reviewed.
Cohort and case–control studies relate the exposures under study to the occurrence
of cancer in individuals and provide an estimate of relative risk (ratio of incidence or
mortality in those exposed to incidence or mortality in those not exposed) as the main
measure of association.
In correlation studies, the units of investigation are usually whole populations (e.g.
in particular geographical areas or at particular times), and cancer frequency is related to
a summary measure of the exposure of the population to the agent, mixture or exposure
circumstance under study. Because individual exposure is not documented, however, a
causal relationship is less easy to infer from correlation studies than from cohort and
case–control studies. Case reports 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 usually lack complete ascertainment of cases in any population,
definition or enumeration of the population at risk and estimation of the expected number
of cases in the absence of exposure. The uncertainties surrounding interpretation of case
reports and correlation 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, relevant case reports or correlation studies may add
materially to the judgement that a causal relationship is present.
Epidemiological studies of benign neoplasms, presumed preneoplastic lesions and
other end-points thought to be relevant to cancer are also reviewed by working groups.
They may, in some instances, strengthen inferences drawn from studies of cancer itself.
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Quality of studies considered

The Monographs are not intended to summarize all published studies. Those that are
judged to be inadequate or irrelevant to the evaluation are generally omitted. They may
be mentioned briefly, particularly when the information is considered to be a useful
supplement to that in other reports or when they provide the only data available. Their
inclusion does not imply acceptance of the adequacy of the study design or of the
analysis and interpretation of the results, and limitations are clearly outlined in square
brackets at the end of the study description.
It is necessary to take into account the possible roles of bias, confounding and chance
in the interpretation of epidemiological studies. By ‘bias’ is meant the operation of
factors in study design or execution that lead erroneously to a stronger or weaker association than in fact exists between disease and an agent, mixture or exposure circumstance. By ‘confounding’ is meant a situation in which 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 incidence of the disease. In evaluating the extent to which these factors
have been minimized in an individual study, working groups consider a number of
aspects of design and analysis as described in the report of the study. Most of these considerations 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.
Firstly, the study population, disease (or diseases) 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.
Secondly, the authors should have taken account in the study design and analysis of
other variables that can influence the risk of disease and may have been related to the
exposure of interest. Potential confounding by such variables 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 be more
appropriate than those with national rates. Internal comparisons of disease frequency
among individuals at different levels of exposure should also have been made in the
study.
Thirdly, 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 investigated factors other than the exposure of interest should have been reported.
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Finally, the statistical methods used to obtain estimates of relative risk, absolute rates
of cancer, confidence intervals and significance tests, and to adjust for confounding
should have been clearly stated by the authors. The methods used should preferably have
been the generally accepted techniques that have been refined since the mid-1970s.
These methods have been reviewed for case–control studies (Breslow & Day, 1980) and
for cohort studies (Breslow & Day, 1987).
(c)

Inferences about mechanism of action

Detailed analyses of both relative and absolute risks in relation to temporal variables,
such as age at first exposure, time since first exposure, duration of exposure, cumulative
exposure and time since exposure ceased, are reviewed and summarized when available.
The analysis of temporal relationships can be useful in formulating models of carcinogenesis. In particular, such analyses may suggest whether a carcinogen acts early or late
in the process of carcinogenesis, although at best they allow only indirect inferences
about the mechanism of action. Special attention is given to measurements of biological
markers of carcinogen exposure or action, such as DNA or protein adducts, as well as
markers of early steps in the carcinogenic process, such as proto-oncogene mutation,
when these are incorporated into epidemiological studies focused on cancer incidence or
mortality. Such measurements may allow inferences to be made about putative mechanisms of action (IARC, 1991a; Vainio et al., 1992).
(d )

Criteria for causality

After the individual epidemiological studies of cancer have been summarized and the
quality assessed, a judgement is made concerning the strength of evidence that the agent,
mixture or exposure circumstance in question is carcinogenic for humans. In making its
judgement, the Working Group considers several criteria for causality. A strong association (a large relative risk) is more likely to indicate causality than a weak association,
although it is recognized that relative risks of small magnitude do not imply lack of
causality and may be important if the disease is common. Associations that are replicated
in several studies of the same design or using different epidemiological approaches or
under different circumstances 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 amount of
exposure), and results of studies judged to be of high quality are given more weight than
those of studies judged to be methodologically less sound. When suspicion of carcinogenicity arises largely from a single study, these data are not combined with those from
later studies in any subsequent reassessment of the strength of the evidence.
If the risk of the disease in question increases with the amount of exposure, this is
considered to be a strong indication of causality, although absence of a graded response
is not necessarily evidence against a causal relationship. Demonstration of a decline in
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risk after cessation of or reduction in exposure in individuals or in whole populations also
supports a causal interpretation of the findings.
Although a carcinogen may act upon more than one target, the specificity of an association (an increased occurrence of cancer at one anatomical site or of one morphological
type) adds plausibility to a causal relationship, particularly when excess cancer occurrence is limited to one morphological type within the same organ.
Although rarely available, results from randomized trials showing different rates
among exposed and unexposed individuals provide particularly strong evidence for
causality.
When several epidemiological studies show little or no indication of an association
between an exposure and cancer, the judgement may be made that, in the aggregate, they
show evidence of lack of carcinogenicity. Such a judgement requires first of all that the
studies giving rise to it meet, to a sufficient degree, the standards of design and analysis
described above. Specifically, the possibility that bias, confounding or misclassification
of exposure or outcome could explain the observed results should be considered and
excluded with reasonable certainty. In addition, all studies that are judged to be methodologically sound should be consistent with a relative risk of unity for any observed level
of exposure and, when considered together, should provide a pooled estimate of relative
risk which is at or near unity and has a narrow confidence interval, due to sufficient population size. Moreover, no individual study nor the pooled results of all the studies should
show any consistent tendency for the relative risk of cancer to increase with increasing
level of exposure. It is important to note that evidence of lack of carcinogenicity obtained
in this way from several epidemiological studies can apply only to the type(s) of cancer
studied and to dose levels and intervals between first exposure and observation of disease
that are the same as or less than those observed in all the studies. Experience with human
cancer indicates that, in some cases, the period from first exposure to the development of
clinical cancer is seldom less than 20 years; studies with latent periods substantially
shorter than 30 years cannot provide evidence for lack of carcinogenicity.
9.

STUDIES OF CANCER IN EXPERIMENTAL ANIMALS

All known human carcinogens that have been studied adequately in experimental
animals have produced positive results in one or more animal species (Wilbourn et al.,
1986; Tomatis et al., 1989). For several agents (aflatoxins, 4-aminobiphenyl, azathioprine, betel quid with tobacco, bischloromethyl ether and chloromethyl methyl ether
(technical grade), chlorambucil, chlornaphazine, ciclosporin, coal-tar pitches, coal-tars,
combined oral contraceptives, cyclophosphamide, diethylstilboestrol, melphalan, 8methoxypsoralen plus ultraviolet A radiation, mustard gas, myleran, 2-naphthylamine,
nonsteroidal estrogens, estrogen replacement therapy/steroidal estrogens, solar radiation,
thiotepa and vinyl chloride), carcinogenicity in experimental 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
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and mixtures that cause cancer in experimental animals also cause cancer in humans,
nevertheless, in the absence of adequate data on humans, it is biologically plausible
and prudent to regard agents and mixtures for which there is sufficient evidence (see
p. 24) of carcinogenicity in experimental animals as if they presented a carcinogenic
risk to humans. The possibility that a given agent may cause cancer through a speciesspecific mechanism which does not operate in humans (see p. 27) should also be taken
into consideration.
The nature and extent of impurities or contaminants present in the chemical or
mixture being evaluated are given when available. Animal strain, sex, numbers per
group, age at start of treatment and survival are reported.
Other types of studies summarized include: experiments in which the agent or
mixture was administered in conjunction with known carcinogens or factors that modify
carcinogenic effects; studies in which the end-point was not cancer but a defined
precancerous lesion; and experiments on the carcinogenicity of known metabolites and
derivatives.
For experimental studies of mixtures, consideration is given to the possibility of
changes in the physicochemical properties of the test substance during collection,
storage, extraction, concentration and delivery. Chemical and toxicological interactions
of the components of mixtures may result in nonlinear dose–response relationships.
An assessment is made as to the relevance to human exposure of samples tested in
experimental animals, which may involve consideration of: (i) physical and chemical
characteristics, (ii) constituent substances that indicate the presence of a class of
substances, (iii) the results of tests for genetic and related effects, including studies on
DNA adduct formation, proto-oncogene mutation and expression and suppressor gene
inactivation. The relevance of results obtained, for example, with animal viruses
analogous to the virus being evaluated in the monograph must also be considered. They
may provide biological and mechanistic information relevant to the understanding of the
process of carcinogenesis in humans and may strengthen the plausibility of a conclusion
that the biological agent under evaluation is carcinogenic in humans.
(a)

Qualitative aspects

An assessment of carcinogenicity involves several considerations of qualitative
importance, including (i) the experimental conditions under which the test was performed, including route and schedule of exposure, species, strain, sex, age, duration of
follow-up; (ii) the consistency of the results, for example, across species and target
organ(s); (iii) the spectrum of neoplastic response, from preneoplastic lesions and benign
tumours to malignant neoplasms; and (iv) the possible role of modifying factors.
As mentioned earlier (p. 11), the Monographs are not intended to summarize all
published studies. Those studies in experimental animals that are inadequate (e.g., too
short a duration, too few animals, poor survival; see below) or are judged irrelevant to

PREAMBLE

19

the evaluation are generally omitted. Guidelines for conducting adequate long-term
carcinogenicity experiments have been outlined (e.g. Montesano et al., 1986).
Considerations of importance to the Working Group in the interpretation and evaluation of a particular study include: (i) how clearly the agent was defined and, in the
case of mixtures, how adequately the sample characterization was reported; (ii)
whether the dose was adequately monitored, particularly in inhalation experiments;
(iii) whether the doses and duration of treatment were appropriate and whether the
survival of treated animals was similar to that of controls; (iv) whether there were
adequate numbers of animals per group; (v) whether animals of each sex were used;
(vi) whether animals were allocated randomly to groups; (vii) whether the duration of
observation was adequate; and (viii) whether the data were adequately reported. If
available, recent data on the incidence of specific tumours in historical controls, as
well as in concurrent controls, should be taken into account in the evaluation of tumour
response.
When benign tumours occur together with and originate from the same cell type in
an organ or tissue as malignant tumours in a particular study and appear to represent a
stage in the progression to malignancy, it may be valid to combine them in assessing
tumour incidence (Huff et al., 1989). The occurrence of lesions presumed to be preneoplastic may in certain instances aid in assessing the biological plausibility of any neoplastic response observed. If an agent or mixture induces only benign neoplasms that
appear to be end-points that do not readily progress to malignancy, it should nevertheless
be suspected of being a carcinogen and requires further investigation.
(b)

Quantitative aspects

The probability that tumours will occur may depend on the species, sex, strain and
age of the animal, the dose of the carcinogen and the route and length of exposure.
Evidence of an increased incidence of neoplasms with increased level of exposure
strengthens the inference of a causal association between the exposure and the development of neoplasms.
The form of the dose–response relationship can vary widely, depending on the
particular agent under study and the target organ. Both DNA damage and increased cell
division are important aspects of carcinogenesis, and cell proliferation is a strong determinant of dose–response relationships for some carcinogens (Cohen & Ellwein, 1990).
Since many chemicals require metabolic activation before being converted into their
reactive intermediates, both metabolic and pharmacokinetic aspects are important in
determining the dose–response pattern. Saturation of steps such as absorption, activation,
inactivation and elimination may produce nonlinearity in the dose–response relationship,
as could saturation of processes such as DNA repair (Hoel et al., 1983; Gart et al., 1986).
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(c)

Statistical analysis of long-term experiments in animals

Factors considered by the Working Group include the adequacy of the information
given for each treatment group: (i) the number of animals studied and the number
examined histologically, (ii) the 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 techniques refined for this purpose (Peto et al., 1980; Gart
et al., 1986). When there is no difference in survival between control and treatment
groups, the Working Group usually compares the proportions of animals developing each
tumour type in each of the groups. Otherwise, consideration is given as to whether or not
appropriate adjustments have been made for differences in survival. These adjustments
can include: comparisons of the proportions of tumour-bearing animals among the
effective number of animals (alive at the time the first tumour is discovered), in the case
where most differences in survival occur before tumours appear; life-table methods,
when tumours are visible or when they may be considered ‘fatal’ because mortality
rapidly follows tumour development; and the Mantel-Haenszel test or logistic regression,
when occult tumours do not affect the animals’ risk of dying but are ‘incidental’ findings
at autopsy.
In practice, classifying tumours as fatal or incidental may be difficult. Several
survival-adjusted methods have been developed that do not require this distinction (Gart
et al., 1986), although they have not been fully evaluated.
10.

OTHER DATA RELEVANT TO AN EVALUATION OF
CARCINOGENICITY AND ITS MECHANISMS

In coming to an overall evaluation of carcinogenicity in humans (see pp. 25–27), the
Working Group also considers related data. The nature of the information selected for the
summary depends on the agent being considered.
For chemicals and complex mixtures of chemicals such as those in some occupational situations or involving cultural habits (e.g. tobacco smoking), the other data considered to be relevant are divided into those on absorption, distribution, metabolism and
excretion; toxic effects; reproductive and developmental effects; and genetic and related
effects.
Concise information is given on absorption, distribution (including placental
transfer) and excretion in both humans and experimental animals. Kinetic factors that
may affect the dose–response relationship, such as saturation of uptake, protein binding,
metabolic activation, detoxification and DNA repair processes, are mentioned. Studies
that indicate the metabolic fate of the agent in humans and in experimental animals are
summarized briefly, and comparisons of data on humans and on animals are made when
possible. Comparative information on the relationship between exposure and the dose
that reaches the target site may be of particular importance for extrapolation between
species. Data are given on acute and chronic toxic effects (other than cancer), such as
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organ toxicity, increased cell proliferation, immunotoxicity and endocrine effects. The
presence and toxicological significance of cellular receptors is described. Effects on
reproduction, teratogenicity, fetotoxicity and embryotoxicity are also summarized
briefly.
Tests of genetic and related effects are described in view of the relevance of gene
mutation and chromosomal damage to carcinogenesis (Vainio et al., 1992; McGregor
et al., 1999). The adequacy of the reporting of sample characterization is considered and,
where necessary, commented upon; with regard to complex mixtures, such comments are
similar to those described for animal carcinogenicity tests on p. 18. The available data
are interpreted critically by phylogenetic group according to the end-points detected,
which may include DNA damage, gene mutation, sister chromatid exchange, micronucleus formation, chromosomal aberrations, aneuploidy and cell transformation. The
concentrations employed are given, and mention is made of whether use of an exogenous
metabolic system in vitro affected the test result. These data are given as listings of test
systems, data and references. The data on genetic and related effects presented in the
Monographs are also available in the form of genetic activity profiles (GAP) prepared in
collaboration with the United States Environmental Protection Agency (EPA) (see also
Waters et al., 1987) using software for personal computers that are Microsoft Windows®
compatible. The EPA/IARC GAP software and database may be downloaded free of
charge from www.epa.gov/gapdb.
Positive results in tests using prokaryotes, lower eukaryotes, plants, insects and
cultured mammalian cells suggest that genetic and related effects could occur in
mammals. Results from such tests may also give information about the types of genetic
effect produced and about the involvement of metabolic activation. Some end-points
described are clearly genetic in nature (e.g., gene mutations and chromosomal aberrations), while others are to a greater or lesser degree associated with genetic effects (e.g.
unscheduled DNA synthesis). In-vitro tests for tumour-promoting activity and for cell
transformation may be sensitive to changes that are not necessarily the result of genetic
alterations but that may have specific relevance to the process of carcinogenesis. A
critical appraisal of these tests has been published (Montesano et al., 1986).
Genetic or other activity detected in experimental mammals and humans is regarded
as being of greater relevance than that in other organisms. The demonstration that an
agent or mixture can induce gene and chromosomal mutations in whole mammals indicates that it may have carcinogenic activity, although this activity may not be detectably
expressed in any or all species. Relative potency in tests for mutagenicity and related
effects is not a reliable indicator of carcinogenic potency. 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 cannot
be considered to provide evidence to rule out carcinogenicity of agents or mixtures that
act through other mechanisms (e.g. receptor-mediated effects, cellular toxicity with
regenerative proliferation, peroxisome proliferation) (Vainio et al., 1992). Factors that
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may lead to misleading results in short-term tests have been discussed in detail elsewhere
(Montesano et al., 1986).
When available, data relevant to mechanisms of carcinogenesis that do not involve
structural changes at the level of the gene are also described.
The adequacy of epidemiological studies of reproductive outcome and genetic and
related effects in humans is evaluated by the same criteria as are applied to epidemiological studies of cancer.
Structure–activity relationships that may be relevant to an evaluation of the carcinogenicity of an agent are also described.
For biological agents — viruses, bacteria and parasites — other data relevant to
carcinogenicity include descriptions of the pathology of infection, molecular biology
(integration and expression of viruses, and any genetic alterations seen in human
tumours) and other observations, which might include cellular and tissue responses to
infection, immune response and the presence of tumour markers.
11.

SUMMARY OF DATA REPORTED

In this section, the relevant epidemiological and experimental data are summarized.
Only reports, other than in abstract form, that meet the criteria outlined on p. 11 are
considered for evaluating carcinogenicity. Inadequate studies are generally not summarized:
such studies are usually identified by a square-bracketed comment in the preceding text.
(a)

Exposure

Human exposure to chemicals and complex mixtures is summarized on the basis of
elements such as production, use, occurrence in the environment and determinations in
human tissues and body fluids. Quantitative data are given when available. Exposure to
biological agents is described in terms of transmission and prevalence of infection.
(b)

Carcinogenicity in humans

Results of epidemiological studies that are considered to be pertinent to an
assessment of human carcinogenicity are summarized. When relevant, case reports and
correlation studies are also summarized.
(c)

Carcinogenicity in experimental animals

Data relevant to an evaluation of carcinogenicity in animals are summarized. For
each animal species and route of administration, it is stated whether an increased
incidence of neoplasms or preneoplastic lesions was observed, and the tumour sites are
indicated. If the agent or mixture produced tumours after prenatal exposure or in singledose experiments, this is also indicated. Negative findings are also summarized. Dose–
response and other quantitative data may be given when available.
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Other data relevant to an evaluation of carcinogenicity and its mechanisms

Data on biological effects in humans that are of particular relevance are summarized.
These may include toxicological, kinetic and metabolic considerations and evidence of
DNA binding, persistence of DNA lesions or genetic damage in exposed humans. Toxicological information, such as that on cytotoxicity and regeneration, receptor binding
and hormonal and immunological effects, and data on kinetics and metabolism in
experimental animals are given when considered relevant to the possible mechanism of
the carcinogenic action of the agent. The results of tests for genetic and related effects
are summarized for whole mammals, cultured mammalian cells and nonmammalian
systems.
When available, comparisons of such data for humans and for animals, and particularly animals that have developed cancer, are described.
Structure–activity relationships are mentioned when relevant.
For the agent, mixture or exposure circumstance being evaluated, the available data on
end-points or other phenomena relevant to mechanisms of carcinogenesis from studies in
humans, experimental animals and tissue and cell test systems are summarized within one
or more of the following descriptive dimensions:
(i) Evidence of genotoxicity (structural changes at the level of the gene): for
example, structure–activity considerations, adduct formation, mutagenicity (effect on
specific genes), chromosomal mutation/aneuploidy
(ii) Evidence of effects on the expression of relevant genes (functional changes at
the intracellular level): for example, alterations to the structure or quantity of the product
of a proto-oncogene or tumour-suppressor gene, alterations to metabolic activation/inactivation/DNA repair
(iii) Evidence of relevant effects on cell behaviour (morphological or behavioural
changes at the cellular or tissue level): for example, induction of mitogenesis, compensatory cell proliferation, preneoplasia and hyperplasia, survival of premalignant or malignant cells (immortalization, immunosuppression), effects on metastatic potential
(iv) Evidence from dose and time relationships of carcinogenic effects and interactions between agents: for example, early/late stage, as inferred from epidemiological
studies; initiation/promotion/progression/malignant conversion, as defined in animal
carcinogenicity experiments; toxicokinetics
These dimensions are not mutually exclusive, and an agent may fall within more than
one of them. Thus, for example, the action of an agent on the expression of relevant genes
could be summarized under both the first and second dimensions, even if it were known
with reasonable certainty that those effects resulted from genotoxicity.
12.

EVALUATION

Evaluations of the strength of the evidence for carcinogenicity arising from human
and experimental animal data are made, using standard terms.
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It is recognized that the criteria for these evaluations, described below, cannot
encompass all of the factors that may be relevant to an evaluation of carcinogenicity. In
considering all of the relevant scientific data, the Working Group may assign the agent,
mixture or exposure circumstance to a higher or lower category than a strict interpretation of these criteria would indicate.
(a)

Degrees of evidence for carcinogenicity in humans and in experimental
animals and supporting evidence

These categories refer only to the strength of the evidence that an exposure is carcinogenic and not to the extent of its carcinogenic activity (potency) nor to the mechanisms
involved. A classification may change as new information becomes available.
An evaluation of degree of evidence, whether for a single agent or a mixture, is limited
to the materials tested, as defined physically, chemically or biologically. When the agents
evaluated are considered by the Working Group to be sufficiently closely related, they
may be grouped together for the purpose of a single evaluation of degree of evidence.
(i)
Carcinogenicity in humans
The applicability of an evaluation of the carcinogenicity of a mixture, process, occupation or industry on the basis of evidence from epidemiological studies depends on the
variability over time and place of the mixtures, processes, occupations and industries.
The Working Group seeks to identify the specific exposure, process or activity which is
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.
The evidence relevant to carcinogenicity from studies in humans is classified into
one of the following categories:
Sufficient evidence of carcinogenicity: The Working Group considers that a causal
relationship has been established between exposure to the agent, mixture or exposure
circumstance 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.
Limited evidence of carcinogenicity: A positive association has been observed
between exposure to the agent, mixture or exposure circumstance 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, consistency or statistical power to permit a conclusion 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 human beings are known to encounter,
which are mutually consistent in not showing a positive association between exposure to
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the agent, mixture or exposure circumstance and any studied cancer at any observed level
of exposure. A conclusion of ‘evidence suggesting lack of carcinogenicity’ is inevitably
limited to the cancer sites, conditions and levels of exposure and length of observation
covered by the available studies. In 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.
(ii) 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
relationship has been established between the agent or mixture 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) in two or more independent
studies in one species carried out at different times or in different laboratories or under
different protocols.
Exceptionally, a single study in one species might be considered to provide sufficient
evidence of carcinogenicity when malignant neoplasms occur to an unusual degree with
regard to incidence, site, type of tumour or age at onset.
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; or (b) there are unresolved questions
regarding the adequacy of the design, conduct or interpretation of the study; or (c) the
agent or mixture increases the incidence only of benign neoplasms or lesions of uncertain
neoplastic potential, or of certain neoplasms which may occur spontaneously in high
incidences in certain strains.
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 or
mixture is not carcinogenic. A conclusion of evidence suggesting lack of carcinogenicity
is inevitably limited to the species, tumour sites and levels of exposure studied.
(b) Other data relevant to the evaluation of carcinogenicity and its mechanisms
Other evidence judged to be relevant to an evaluation of carcinogenicity and of
sufficient importance to affect the overall evaluation is then described. This may include
data on preneoplastic lesions, tumour pathology, genetic and related effects, structure–
activity relationships, metabolism and pharmacokinetics, physicochemical parameters
and analogous biological agents.
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Data relevant to mechanisms of the carcinogenic action are also evaluated. The
strength of the evidence that any carcinogenic effect observed is due to a particular
mechanism is assessed, using terms such as weak, moderate or strong. Then, the Working
Group assesses if that particular mechanism is likely to be operative in humans. The
strongest indications that a particular mechanism operates in humans come from data on
humans or biological specimens obtained from exposed humans. The data may be considered to be especially relevant if they show that the agent in question 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 compounds may be kept from human use solely on the basis of evidence of their toxicity
and/or carcinogenicity in experimental systems.
For complex exposures, including occupational 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 materials tested in experimental systems are related to those to which humans are exposed.
(c)
Overall evaluation
Finally, the body of evidence is considered as a whole, in order to reach an overall
evaluation of the carcinogenicity to humans of an agent, mixture or circumstance of
exposure.
An evaluation may be made for a group of chemical compounds that have been evaluated by the Working Group. In addition, when supporting data indicate that other,
related compounds for which there is no direct evidence of capacity to induce cancer in
humans or in animals may also be carcinogenic, a statement describing the rationale for
this conclusion is added to the evaluation narrative; an additional evaluation may be
made for this broader group of compounds if the strength of the evidence warrants it.
The agent, mixture or exposure circumstance is described according to the wording
of one of the following categories, and the designated group is given. The categorization
of an agent, mixture or exposure circumstance is a matter of scientific judgement, reflecting the strength of the evidence derived from studies in humans and in experimental
animals and from other relevant data.
Group 1 — The agent (mixture) is carcinogenic to humans.
The exposure circumstance entails exposures that are carcinogenic to humans.
This category is used when there is sufficient evidence of carcinogenicity in humans.
Exceptionally, an agent (mixture) may be placed in this category when evidence of carcinogenicity in humans is less than sufficient but there is sufficient evidence of carcinogenicity in experimental animals and strong evidence in exposed humans that the agent
(mixture) acts through a relevant mechanism of carcinogenicity.
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Group 2
This category includes agents, mixtures and exposure circumstances for which, at
one extreme, the degree of evidence of carcinogenicity 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, mixtures and exposure
circumstances are assigned to either group 2A (probably carcinogenic to humans) or
group 2B (possibly carcinogenic to humans) on the basis of epidemiological and experimental evidence of carcinogenicity and other relevant data.
Group 2A — The agent (mixture) is probably carcinogenic to humans.
The exposure circumstance entails exposures that are probably carcinogenic to
humans.
This category is used when there is limited evidence of carcinogenicity in humans
and sufficient evidence of carcinogenicity in experimental animals. In some cases, an
agent (mixture) may be classified in this category when there is inadequate evidence of
carcinogenicity in humans, sufficient evidence of carcinogenicity in experimental
animals and strong evidence that the carcinogenesis is mediated by a mechanism that
also operates in humans. Exceptionally, an agent, mixture or exposure circumstance may
be classified in this category solely on the basis of limited evidence of carcinogenicity in
humans.
Group 2B — The agent (mixture) is possibly carcinogenic to humans.
The exposure circumstance entails exposures that are possibly carcinogenic to
humans.
This category is used for agents, mixtures and exposure circumstances for which
there is limited evidence of carcinogenicity in humans and less than sufficient evidence
of carcinogenicity in experimental animals. It may also be used when there is inadequate
evidence of carcinogenicity in humans but there is sufficient evidence of carcinogenicity
in experimental animals. In some instances, an agent, mixture or exposure circumstance
for which there is inadequate evidence of carcinogenicity in humans but limited evidence
of carcinogenicity in experimental animals together with supporting evidence from other
relevant data may be placed in this group.
Group 3 — The agent (mixture or exposure circumstance) is not classifiable as to its
carcinogenicity to humans.
This category is used most commonly for agents, mixtures and exposure circumstances for which the evidence of carcinogenicity is inadequate in humans and inadequate
or limited in experimental animals.
Exceptionally, agents (mixtures) for which the evidence of carcinogenicity is inadequate in humans but sufficient in experimental animals may be placed in this category
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when there is strong evidence that the mechanism of carcinogenicity in experimental
animals does not operate in humans.
Agents, mixtures and exposure circumstances that do not fall into any other group are
also placed in this category.
Group 4 — The agent (mixture) is probably not carcinogenic to humans.
This category is used for agents or mixtures for which there is evidence suggesting
lack of carcinogenicity in humans and in experimental animals. In some instances, agents
or mixtures for which there is inadequate evidence of carcinogenicity in humans but
evidence suggesting lack of carcinogenicity in experimental animals, consistently and
strongly supported by a broad range of other relevant data, may be classified in this group.
13.
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GENERAL REMARKS
This ninety-first volume of IARC Monographs contains evaluations of the carcinogenic hazard to humans of combined estrogen–progestogen contraceptives and combined
estrogen–progestogen menopausal therapy. These hormonal drugs were evaluated
previously in Supplement 7 (IARC, 1987) and Volume 72 (IARC, 1999). A recent IARC
Monographs Advisory Group (IARC, 2003) recommended that they be re-evaluated with
high priority, and cited on-going epidemiological studies at that time that might suggest
possible associations with additional cancer sites.
The hormonal drugs reviewed in this volume involve co-administration of an estrogen
and a progestogen. Studies that did not provide information on the use of combined estrogen–progestogen agents are not reviewed. This volume does not review studies of estrogenonly agents; because of the interactions between estrogens and progestogens, estrogen-only
agents are less relevant to an evaluation of combined estrogen and progestogen agents and
adequate information is available on such agents themselves. It should be noted that this
volume reviews only studies that are publicly available and therefore does not include
pharmaceutical test results that are not in the public domain.
Worldwide, 61% of all women of reproductive age (aged 15–49 years) who are married
or in a consensual union use contraception. Nine in 10 women who use contraception rely
on modern methods, including female sterilization (21%), intrauterine devices (14%) and
oral pills (7%). Based on a compilation of sources, it appears that oral contraception is the
most widely used method of contraception among married women in developed countries
as well as in two-thirds of the developing countries. In 2000, approximately 100 million
women worldwide were current users of combined hormonal contraceptives (Blackburn
et al., 2000; United Nations, 2004).
Hormonal menopausal therapy was developed during the first half of the twentieth
century to control menopausal symptoms and mitigate ageing, and originally comprised
estrogen only. Its use increased steadily in the 1960s and 1970s, almost exclusively in
North America and western Europe, until 1975 when an increased risk for endometrial
cancer was observed. Addition of progestogen to the treatment was found to alleviate the
risk, and the use of hormonal menopausal therapy increased again, in a combined estrogen–
progestogen form, to peak at about 50 million prescriptions per year in the USA in 2000.
In 2002, the Women’s Health Initiative identified the treatment as a risk factor for stroke
and other heart disorders, and the use decreased dramatically as a consequence.
–33–
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Comparison of risks and benefits
The conclusion that combined estrogen–progestogen contraceptives increase the risk for
some forms of cancer and decrease the risk for others highlights the need for a rigorous
quantitative assessment of risks and benefits. This would require quantitative risk estimates
for each form of cancer that is increased or decreased, and calculation of absolute risks
rather than the relative risks used in this volume to assess causality. A comprehensive
assessment would also consider the availability and efficacy of screening for these cancers,
the efficacy and side-effects of cancer treatments and the extent to which this information is
known or uncertain. The efficacy of cancer screening and treatment varies between different
parts of the world; accordingly, the preferred methods of contraception may be specific to a
particular country and population. Cervical cancer screening and treatment, for example,
vary widely between countries, and cervical cancer is more common in many countries of
Africa, Asia and South America. A comprehensive assessment should also go beyond cancer
to compare hormonal and non-hormonal methods of contraception, their effectiveness and
cost, and adverse and beneficial health effects other than cancer. The evaluations developed
in this volume identify specific forms of cancer for which the risk is increased or decreased
by combined estrogen–progestogen contraceptives and provide information that will help
address the health concerns and well-being of hundreds of millions of women worldwide.
Such comprehensive assessments are outside the scope of the IARC Monographs but will
have important implications for public health.
Uncertainties for women who use both contraceptives and menopausal therapy
This volume considers combined estrogen–progestogen contraceptives and combined
estrogen–progestogen menopausal therapy because these two classes of pharmaceuticals
have many similarities. Combined contraceptives and combined menopausal therapy both
involve co-administration of an estrogen and a progestogen. There is also some concordance
in the tumour sites at which the risks for cancer are increased by combined contraceptives
and by combined menopausal therapy.
Consequently, there is a possibility that women who use both combined estrogen–
progestogen contraceptives and menopausal therapy during their lifetime may experience
effects that are greater than those experienced by women who use either contraceptives or
menopausal therapy but not both. For example, the conclusion that the increased risk for
breast cancer returns to background levels 10 years after cessation of use of combined
contraceptives may or may not apply to women who have begun to use combined menopausal therapy. Epidemiological studies of women who have used both combined contraceptives and menopausal therapy will be important to elucidate their joint effects.
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Implications for cervical cancer screening
This volume contains a conclusion that combined estrogen–progestogen contraceptives
can increase the risk for cervical cancer in women who have a human papillomavirus infection. This suggests that women who use this form of hormonal contraception over a long
period of time should be encouraged to participate in cervical cancer screening programmes.
Recent trends in breast cancer incidence
After the Working Group met to develop this volume of IARC Monographs, it has been
reported that breast cancer incidence in the USA has been declining since 2003 (Jemal et al.,
2007; Colditz, 2007). Careful analysis is warranted to determine to what extent this decline
may be attributed to the concurrent decline in the use of combined estrogen–progestogen
menopausal therapy and whether similar trends are occurring in other countries.
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COMBINED ESTROGEN–PROGESTOGEN
CONTRACEPTIVES
These substances were considered by a previous Working Group, in June 1998 (IARC,
1999), under the title ‘Oral contraceptives, combined’. Since that time, new data have
become available, and these have been incorporated into the monograph and taken into
consideration in the present evaluation.

1.
1.1

Exposure Data

Introduction

Combined hormonal contraceptives consist of an estrogen and a progestogen, and act
primarily by preventing ovulation through the inhibition of follicle-stimulating hormone and
luteinizing hormone. The progestogen component also renders the cervical mucus relatively
impenetrable to sperm and reduces the receptivity of the endometrium to implantation.
These mechanisms render combined hormonal contraceptives very effective in the prevention of pregnancy. Annual failure rates vary between 0.02% (two per 10 000 women/year)
when full adherence to instructions for use is assumed (Ketting, 1988) and 5% for typical
use (Fu et al., 1999).
A variety of innovations have been developed since combined hormonal contraceptives were first made available in the late 1950s, but not all of these have proved
valuable in practice. Changes in drug components, doses used and the temporal sequencing of exposure to drugs have incorporated new technologies and responded to suggested
risks. While regional variations in use are abundant, the dominant trends have been
towards less androgenic progestogens, lower doses of estrogen and progestogen, the near
abandonment of hormonal contraceptives with an estrogen-only phase, a proliferation of
different product formulations and the continuing development of novel delivery systems.
In combined hormonal contraception, ethinylestradiol is the most common estrogen,
although other are used occasionally. A variety of progestogens is available and these differ
in their properties with regard to progestogenic and androgenic characteristics. The estrogen and progestogen contained in combined hormonal contraceptives are usually given in
a monthly cycle, and a variety of regimens ensure that the doses of the two constituents
–41–
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produce menstrual cycling. In general, estrogen and progestogen are taken in combination
for 21 days followed by 7 drug-free days (often placebo tablets) during which time withdrawal bleeding usually occurs. Other cyclic schedules may be used to reduce or eliminate
menses. A constant combination of estrogen and progestogen doses may be used (monophasic) or the doses of progestogen and (less often) estrogen may vary in two (biphasic) or
three (triphasic) phases. While oral administration predominates, combined hormonal
contraceptives can also be administered by injection, a transdermal patch or a transvaginal
device.
Although the primary indication of these medications is to prevent pregnancy through
regular use, they are also used to regulate menstrual disorders, to treat acne vulgaris or for
emergency contraception. Worldwide, more than 100 million women use combined hormonal contraceptives. While their use is more common in developed countries, substantial
consumption also occurs in the developing world. Recent trends suggest that overall use
has continued to increase slowly in some regions, while it has remained constant in others.
The demographic and social characteristics of combined hormonal contraception users are
known to differ from those of non-users of these drugs.
1.2

Historical overview

Researchers in the late nineteenth century noted that follicular development and ovulation were suppressed during pregnancy and that extracts of the corpus luteum inhibited
ovulation in laboratory animals. In 1921, Ludwig Haberlandt proposed that similar extracts
might act as a contraceptive (IARC, 1999; Fraser, 2000).
Three estrogens were identified in the late 1920s and 1930s — estrone, estriol and
estradiol. Progesterone was identified in 1929 and was crystallized in 1934. An oral equivalent of progesterone was not available until 1941, when diosgenin was synthesized from
extracts of the Mexican yam. Further experimentation yielded the synthesis of norethisterone (known as norethindrone in the USA) in 1951 and norethynodrel in 1952. These compounds were named progestogens (or progestins) due to their progesterone-like properties
(IARC, 1999; Fraser, 2000; Junod & Marks, 2002).
In the early 1950s, the combination of estrogen and progestogen was tested as a
treatment for infertility, and it was noted that women who took this combined formulation
did not ovulate. In 1956, during clinical trials of oral norethynodrel (a progestogen) as a
contraceptive, it was found that preparations that contained mestranol (an estrogen) as a
contaminant were more effective in suppressing ovulation than those that contained pure
norethynodrel. In 1957, the combination of mestranol and norethynodrel was approved for
use in the USA for the regulation of menstruation. Even before this combination was
approved as a contraceptive in the USA in 1960, it was already being used for such purposes
by 0.5 million women. In the same year, it became available in the United Kingdom.
Diffusion of this and a second combined hormonal contraceptive formulation (mestranol
and norethisterone) to continental Europe and Latin America occurred somewhat later in
1964–68. By the early 1970s, over 25% of women of child-bearing age in many developed
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countries were using combined hormonal contraceptives (IARC, 1999; Fraser, 2000; Junod
& Marks, 2002; Shampo & Kyle, 2004).
The doses of combined hormonal contraceptives during this early period were 150 μg
mestranol and 9.35 mg norethynodrel (Enovid in 1957), but quickly declined to 100 μg
mestranol and 2 mg norethisterone (Ortho-Novum in 1964). Doses were further reduced to
50 μg estrogen as confirmation was received that low-dose formulations remained effective with a consequent reduction in adverse effects that had tended to limit continued use.
The ease of use, efficacy and reversibility of hormonal contraceptives, as well as changing
sexual behaviours and new expectations regarding the regulation of fertility, contributed to
the rapid increase in combined hormonal contraceptive use in the 1960s (IARC, 1999;
Junod & Marks, 2002).
The upward trend in the use of combined hormonal contraceptives came to a temporary
halt in the early 1970s when adverse events associated with their use were highlighted,
particularly in women who smoked cigarettes (WHO, 1995). While a variety of side-effects
and a risk for thromboembolic events had been recognized earlier, new reports also focused
on the risk for cardiovascular disease (Fraser, 2000). As a result, use of combined hormonal
contraceptives declined substantially in most developed nations throughout the 1970s.
Partly in response to these concerns, a new generation of combined hormonal contraceptives
was developed that featured lower doses of estrogen (30 and 35 μg) and newer, more potent
progestogens.
Increased use of combined hormonal contraceptives resumed in 1979–81 in many
countries, particularly in the light of studies that suggested their relative safety and potential
benefits on some outcomes, including reductions in rates of ovarian and endometrial cancer
rates (Burkman et al., 2004). At this time, use of combined hormonal contraceptives also
increased in many countries in Asia, Africa and the Middle East, facilitated by international
aid programmes that were aimed at alleviating the economic consequences of high rates of
fertility (IARC, 1999).
At the same time, dose schedules were also modified and refined. With the introduction of biphasic (1982) and triphasic (1984) combined hormonal contraceptives, doses
of progestogen were modulated in a manner thought to mimic physiological patterns,
although the objective benefits are subject to debate (Van Vliet et al., 2006a,b,c). The
previous practice of sequential exposure to estrogen only, followed by combined exposure
to estrogen and progestogen, was abandoned after it was found to be associated with an
increased risk for endometrial cancer (IARC, 1999).
Further modifications have been made more recently through the continued development of other progestogens, the use of even lower doses of estrogen and the use of alternative dose schedules. Newer progestogens, such as spironolactone-derived drospirenone
and more potent and less androgenic gonanes (desogestrel, gestodene), became more
common. These formulations were partly aimed at reducing androgenic side-effects such
as hirsutism and weight gain. Estrogen doses were reduced to 20 μg and then 15 μg. These
low doses may be unsatisfactory for many women because of breakthrough bleeding and
they require stricter adherence to instructions for use in order to be effective (Gallo et al.,
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2004). Other recent innovations in combined hormonal contraception include devices for
transvaginal and transdermal administration, variations in length of schedule (both shorter
and longer cycles) and combined injectable formulations.
The increase in the use of combined hormonal contraceptives appeared to diminish in
the mid-1990s (IMS Health, 2005), possibly due to renewed concerns regarding adverse
effects and the growth of alternative contraceptive technologies (e.g. progestogen-only
contraception) in developed countries. Similar declining increases in developing countries
may reflect a shift towards greater use of other longer-term contraception, including sterilization, injections of progestogen and intrauterine devices (United Nations, 2004a).
In the 1990s, concerns about potential risks of combined hormonal contraceptives for
cardiovascular disease (Hannaford et al., 1994) and thromboembolic events persisted. In
addition, the risk for breast cancer, which had been a concern since the introduction of
hormonal contraceptives, was also re-emphasized (Collaborative Group on Hormonal
Factors in Breast Cancer, 1996a,b). Specific concerns were also raised about the increased
incidence of thromboembolism associated with progestogens such as gestodene and desogestrel (Jick et al., 1995; WHO, 1995). In spite of these qualms, the effectiveness, ease of
use and the risk profile of combined hormonal contraceptives suggest that they will continue
to be used to a significant extent in the future. As in the past, the nature of the exposure associated with the components of combined hormonal contraception will probably continue to
evolve.
1.3

Preparations of combined hormonal contraceptives

A plethora of products is available for use in combined hormonal contraceptives.
Products that are currently available differ in a number of important aspects, including the
estrogen compound used and its dose, the progestogen used, the schedule of exposure to the
drugs and the route of administration. In addition, identical formulations may carry different
brand names in different countries or even within the same country. These products and their
ingredients are presented in Annexes 1–3.
The most common estrogen in combined hormonal contraceptives is ethinylestradiol.
Over time, other estrogens have been used, including initially mestranol (a pro-drug of
ethinylestradiol) and, more recently, estradiol. In the early development of combined
hormonal contraceptives, doses of estrogen in the range of 100–150 μg were commonly
used. Contemporary combined hormonal contraceptives may be classified by estrogen
dose into ‘high-dose’ (≥ 50 μg), ‘moderate-dose’ (30–35 μg) and ‘low-dose’ (15–20 μg).
A variety of progestogens is used in combined hormonal contraceptives. Currently,
they are often distinguished as ‘first-generation’ estranes (such as norethynodrel or norethisterone), ‘second-generation’ gonanes (such as levonorgestrel or norgestimate), ‘thirdgeneration’ gonanes (gestodene and desogestrel) and ‘fourth-generation’ drospirenone. An
additional class of progestogens, the pregnanes (e.g. cyproterone and chlormadinone), may
also be used. Estranes are highly androgenic, while pregnanes and drospirenone have antiandrogenic activity. The later gonanes are less androgenic than the earlier compounds in
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that series. Lower androgenic activity minimizes androgenic side-effects such as acne,
hirsutism, nausea and lipid changes. The affinity of individual progestogens for progesterone receptors varies considerably and determines the daily doses required to produce
endometrial differentiation. Drospirenone has the lowest affinity (typical daily dose, 3 mg),
while the later gonanes have the greatest affinity (0.05–0.15 mg daily dose) (Hammond
et al., 2001).
The schedule by which exposure to the drugs occurs may also vary. Most commonly,
a constant combination of estrogen and progestogen is used for 3 weeks of a 4-week cycle
(monophasic). The doses of progestogen and (less often) estrogen may vary in two (biphasic) or three (triphasic) phases followed by a drug-free phase. While multiphasic
schedules seek to mimic physiological variations in exposure to hormones, they may not
produce objective benefits over monophasic schedules (Van Vliet et al., 2006a,b).
Sequential exposure regimens that used prolonged exposure to estrogen alone are no
longer used (IARC, 1999), but a short, 5-day, estrogen-only sequence has been re-introduced. Cycle lengths shorter and longer than 4 weeks may be used with the aim of limiting the duration of menses or eliminating menses altogether (Sulak, 2004). One-day-only
use of hormones may be used for emergency contraception.
While oral administration predominates in combined hormonal contraception, the
drugs also can be provided by injection, transdermal patch or transvaginal device. Injection of an estrogen and progestogen was used early in the development of hormonal
contraception and is still available. Innovations in drug delivery have generated transdermal patches and a vaginal device.
The vast array of products available allows combined hormonal contraception to be
tailored to the specific needs and preferences of individual women. While some of the
newer products may offer advantages over the older ones, differences in adverse effects
and effectiveness are not clear. [In addition, the proliferation of products also represents
market differentiation in a large and profitable, but competitive market.]
It is important to recognize that many products are relatively new to the market, particularly those that provide newer progestogens. These, together with products that are
currently under development, create a challenge for the evaluation of long-term risk from
this class of pharmaceuticals.
1.4

Patterns of use

This section includes the indications of combined hormonal contraceptives, their
current prevalence of use globally and trends in the use of these preparations. The characteristics of women who use combined hormonal contraception are also described. Most
information on patterns of use of combined hormonal contraceptives is limited to oral
forms, and does not include other routes of exposure except for progestogen-only formulations. However, these non-oral forms are generally much less common and information
on oral use provides a reasonable proxy for all combined hormonal contraceptive use.
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Prevalence of use

Based on a compilation of data sources, Blackburn et al. (2000) concluded that approximately 100 million women were current users of combined hormonal contraceptives
worldwide and, outside of India and China, which have a very low prevalence of use, that
32% of married women in the developing world had ever used them. While variations in
their use were enormous, they were the most widely used method of contraception among
married women in two-thirds (44/68) of developing countries.
The United Nations (2004b) has compiled data from multiple sources on worldwide
patterns of combined hormonal contraceptive use (Table 1). It was estimated that, among
women in marital or consensual unions, 7.3% currently use combined hormonal contraception orally and 2.9% currently use hormonal injections or implants. Together, these
methods account for 17% of all women who use contraception. Current oral use of combined hormonal contraception is greater in developed nations (15.7%) than in less developed nations (5.8%) (see Table 1), while the converse is true of injectable preparations and
implants (0.7% versus 3.3%).
Reported use in the late 1990s varied considerably by region, with a relatively high prevalence of use among women in northern Africa, South-East Asia, South America, North
America, New Zealand/Australia and Europe (except eastern Europe) (United Nations,
2004b). On a national level, particularly high prevalences of use were noted in Algeria
(44%), Bangladesh (23%), Brazil (21%), Hungary (38%), Iran (21%), Kuwait (29%),
Morocco (32%), Thailand (23%) and Zimbabwe (36%). In addition, all countries in
western Europe had a prevalence above 30%. In many cases, countries adjacent to those
with high prevalence of use had low prevalence: China (2%), India (2%), Peru (7%),
Poland (2%), Rwanda (1%), Sudan (5%) and Yemen (4%). A range of factors contribute to
these striking differences, including level of economic development, patterns of foreign aid
and national family planning programmes (United Nations, 2004c).
Lundberg et al. (2004) presented additional information on worldwide variations in
use. Current use among women aged 25–44 years varied from < 1 to 58%. In general, the
variations within countries were relatively small compared with those between countries.
In accordance with other studies, particularly high oral use of combined hormonal contraceptives was noted in western Europe and Australia/New Zealand.
Ross et al. (2002) suggested that a hierarchy of preferences for contraceptive methods
exists in developing countries and depends on availability of contraception. At the highest
level of access, sterilization is generally the method of choice, followed by oral contraceptives, intrauterine devices and condoms in decreasing order of preference. On the
contrary, oral contraceptives are the most prevalent method in those countries that have
the lowest mean availability of contraception.
Ali and Cleland (2005) also noted substantial variations in oral use of combined
hormonal contraceptives within South and Central America where it was fairly prevalent
in Brazil and Nicaragua, but low in Peru and Bolivia.
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Table 1. Prevalence of oral use of combined hormonal contraceptives worldwide
No. of
women
includeda

Prevalence of oral
contraceptive useb
Mean
(%)

World
More developedd
Less developede

1 043 265
170 043
873 223

7.3
15.7
5.8

Africa
Eastern
Middle
Northern
Southern
Western

117 120

7.3
5.9
1.6
17.7
10.4
2.7

Asia
China
India
South Central Asia
South-East Asia
Western Asia

293 294

Europe
Eastern
Northern
Southern
Western

109 277

Range (%)

0.6–23.0
6.2–23.1
1.0–28.8

17.4
6.9
19.2
11.8
48.2

2.3–37.7
3.9–26.0
4.5–21.7
30.8–58.6

13.8
7.6
7.5
17.1

2.3–31.5
5.0–18.0
3.8–24.5

81 810

USA/Canada

42 029

15.5

Australia/New Zealand

2 989

23.3

Oceania (except Australia/
New Zealand)

1 303

4.7

Year of
survey

12.1
22.9
9.8

1998
1996
1998

27.2

1999

7.1

1997

26.0

1995

19.5

1997

20.3

1995

30.7

1998

17.6

1996

1.4–35.5
1.0–16.7
5.1–44.3
5.4–14.7
1.8–18.2

4.5
1.7
2.1
4.8
12.8
6.4

Latin America and Caribbean
Caribbean
Central America
South America

Proportion of oral
contraceptive use
among all forms
of contraception
(%)c

4.4–22.6

From United Nations (2004b)
a
Women aged 15–49 in a marital or consensual union (in thousands)
b
Includes all formulations of oral contraceptives.
c
Includes oral contraceptives, male and female sterilization, injectable implants, intrauterine devices,
condoms, vaginal barriers, other modern methods, rhythm, withdrawal and other traditional methods.
d
More developed: Europe, USA/Canada, Australia/New Zealand, Japan
e
Less developed: Latin America and the Caribbean, Africa, Asia (except Japan), Oceania (except
Australia and New Zealand)
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Yuzpe (2002) reported that 17% of women of reproductive age in the USA were
current users of oral contraceptives in 1995. In 2000, it was estimated that there were
more than 10 million users in the USA, and that use was more common among younger
women. In the USA, 80% of women born after 1945 have used oral contraceptives at
some time (Blackburn et al., 2000).
1.4.2

Trends in prevalence

Information on trends over time also indicates substantial heterogeneity between
countries. Different investigators have reached contradictory conclusions on whether worldwide use is increasing or remains constant. Bongaarts and Johansson (2000) tracked changes
in combined oral contraceptive use in the developing world and projected that it would
double between 1993 (11% of women) and 2015 (22%). This trend is attributed to improved
access, changes in the characteristics of users with better education, a desire for smaller
families and new and improved technology. In contrast, Zlidar et al. (2003) suggested that
use among married women had been more or less constant in 38 developing countries since
1990. However, Blackburn et al. (2000) noted very large increases in oral contraceptive use
in Bangladesh (from 3 to 21%), Kenya (from 3 to 9%) and Morocco (from 13 to 32%)
between 1978 and 1998, while rates declined or remained similar in Colombia, India and
Egypt during the same period. A United Nations analysis of data on trend suggested little net
change over time. Substantial variations were noted, however, with sizeable increases or
decreases in selected countries (United Nations, 2004a).
Data on sales of combined hormonal contraceptives (IMS Health, 2005) confirmed
many of the data on prevalence observed in the United Nations data compilation, but indicated increasing use worldwide (Table 2). A worldwide increase of 19% between 1994
and 1999 and a subsequent 21% increase from 1999 to 2004 were noted. The largest
relative increases occurred in eastern Europe, the eastern Mediterranean, South-East Asia
and the western Pacific. Only modest increases were observed in Africa and South
America. It should be noted that these data may not include large quantities of hormonal
contraceptives that are provided by national and international family planning
programmes. Several other trends are indicated from the sales data: (i) the use of higher
estrogen doses (≥ 50 μg) has continued to decline; (ii) growth in the use of products that
contain later progestogens (gestodene, desogestrel) has slowed down and in some
countries there has been a shift back to earlier progestogens (norethynodrel, norethisterone); and (iii) monophasic hormonal formulations have continued to predominate with
some shift away from multiphasic forms (IMS Health, 2005).
On the basis of case–control data from several large cities in the USA, the most
frequent duration of use among controls was 1–5 years, although some women reported
use for more than 15 years (Marchbanks et al., 2002).
While most use of combined hormonal contraception is for on-going contraception,
additional common indications include emergency contraception, regulation of menstrual
disorders and treatment of acne. In a study of use in Dutch adolescents (14–17 years old),
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Table 2. Trends in sales of combined hormonal contraceptives for selected years (millions of standard unitsa)
Regionsb

1994

1999

2004

Africa
South Africa
West Africa
Eastern Mediterranean
Europe
Eastern Europe
Western Europe
North America
South America
South-East Asia
Bangladesh
India
Republic of Korea
Rest of South-East Asia
Western Pacific
Australia/New Zealand
China/Hong Kong
Japan
Taiwan, China
Rest of Western Pacific
Total

9.5
8.9
0.6
14.8
259.3
14.3
245.0
103.3
91.1
17.0
6.4
0
2.7
7.9
21.7
16.5
0.2
0
1.4
3.6
516.9

10.4
9.7
0.6
16.7
293.4
31.9
261.5
122.4
103.6
45.0
4.2
22.1
2.3
16.4
24.7
16.6
0.7
0.6
1.3
5.4
616.4

10.2
9.5
0.7
20.7
338.1
46.0
292.2
161.0
110.9
70.1
6.9
15.4
2.9
44.9
34.6
15.9
0.9
3.0
1.4
13.5
745.8

From IMS Health (2005)
a
Standard units, sales in terms of standard dose units; the standard dose
unit for oral products is one tablet or capsule.
b
The countries were grouped according to the WHO classification:
West Africa includes: Benin, Burkina, Cameroon, Congo, Gabon,
Guinea, Ivory Coast, Mali, Senegal, Togo;
Eastern Mediterranean includes: Egypt, Jordan, Kuwait, Lebanon,
Morocco, Saudi Arabia, Tunisia, United Arab Emirates;
Eastern Europe includes: Belarus, Bulgaria, Czech Republic, Estonia,
Hungary, Latvia, Lithuania, Poland, Russian Federation, Slovakia,
Slovenia, Ukraine;
Western Europe includes: Austria, Belgium, Denmark, Finland, France,
Germany, Greece, Ireland, Israel, Italy, Luxembourg, Netherlands,
Norway, Portugal, Spain, Sweden, Switzerland, Turkey, United
Kingdom;
North America includes: Canada, Central America (Costa Rica, El Salvador, Guatemala, Honduras, Nicaragua, Panama), Mexico, Puerto
Rico, USA;
Rest of South-East Asia includes: Indonesia, Pakistan, Thailand;
South America includes: Argentina, Brazil, Chile, Colombia, Dominican Republic, Ecuador, Peru, Uruguay, Venezuela;
Rest of Western Pacific includes: Malaysia, Philippines, Singapore.
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current use for indications other than contraception (34%) included use for irregular
cycles (18%), dysmenorrhoea (25%) and acne (11%) (van Hooff et al., 1998).
The characteristics of women who use combined contraceptives differ from those who
do not. Use appears to be more frequent among women who are younger and more highly
educated, and increases with access to modern contraceptives (Piccinino & Mosher, 1998;
Ross et al., 2002).
Characteristics of users depend on regional differences and have evolved over time.
Women have gradually begun to use oral contraceptives at younger ages, and initiation of
use at 15–19 years of age is now frequent, while in the past it tended to start at 20–24 years
of age. One study in the Netherlands reported a large increase in use among 15–17-yearold girls (Van Hooff et al., 1998). In contrast, Piccinino and Mosher (1998) observed a
decline in use among teenagers between 1988 and 1995 in the USA.

2.
2.1

Breast cancer

2.1.1

Background

Studies of Cancer in Humans

In the previous evaluation of exogenous hormones and risk for cancer in women
(IARC, 1999), the overall assessment of the use of combined oral contraceptives and the
risk for breast cancer relied heavily on the work of the Collaborative Group on Hormonal
Factors in Breast Cancer (1996a,b) (Figure 1). More than 50 case–control and cohort
studies that included over 53 000 women with breast cancer had assessed the relation
between use of combined oral contraceptives and risk for breast cancer. The weight of the
evidence suggested a small increase in the relative risk among current and recent users of
combined oral contraceptives. The small increase in risk was not related to duration of
use, type of use or dose of the preparation used. By 10 years after cessation of use, the risk
for breast cancer in women who had used combined oral contraceptives was similar to that
of women who had never used this type of contraception (Figure 2). It was concluded that,
if the reported association was causal, the excess risk for breast cancer associated with
typical patterns of current use of combined oral contraceptives was very small.
2.1.2

Use of combined oral contraceptives and detection of breast cancer

The increase in risk for breast cancer associated with the use of combined oral contraceptives in younger women could be due to more frequent contacts with doctors, which
leads to earlier detection of breast cancer through mammography, breast examination or
echography. An effect of early detection would normally lead to an increase in the number
of women diagnosed with in-situ or early stage breast cancer (i.e. tumour node metastasis
stage I or cancer < 2 cm in size).
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Figure 1. Relative risk for breast cancer in ever-users compared with never-users of combined oral
contraceptives

From Collaborative Group on Hormonal Factors in Breast Cancer (1996a)
Separate results are given for individual studies. Each relative risk and its 99% confidence interval (CI) is plotted as a black square and a line.
The area of the square is proportional to the amount of statistical information (i.e. to the inverse of the variance of the logarithm of the relative
risk). Diamonds indicate 99% CIs for totals. The solid vertical line represents a relative risk of 1.0 and the broken vertical line indicates the
overall relative risk estimate for all studies combined.
*Relative risk (given with 99% CI) relative to never-users, stratified by study, age at diagnosis, parity and, where appropriate, the age of a woman
when her first child was born and her age when her risk for conception ceased.
The numbers next to the references refer to the citations in the original article.
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Figure 2. Relative risk for breast cancer by time since last use of combined oral
contraceptives

From Collaborative Group on Hormonal Factors in Breast Cancer (1996a,b)
Relative risk (given with 95% confidence interval [CI]) relative to no use, stratified by study, age at diagnosis,
parity, age at first birth and age at which risk for conception ceased.

An analysis of the methods of detection of breast cancer in the Cancer and Steroid
Hormone Study (CASH, 1986) found that, among women 20–44 years of age, 86% of breast
cancers in oral contraceptive users and 84% of breast cancers in non-users were detected by
the women themselves (Schlesselman et al., 1992). In both groups, 2% or fewer of cancers
were detected by mammography. Proportions of in-situ carcinomas were 4% and 5% in nonusers and users, respectively. On average, the tumour diameter was 0.3 cm smaller in
women who had used oral contraceptives (p < 0.001). Similar results were found in women
aged 45–54 years. In clinical terms, however, that difference in size is small, and the authors
concluded that the net effect of any diagnostic bias on advancing the date of diagnosis of
cancer was less than 8 weeks. This corresponds to a spurious increase in the risk of early
occurring breast cancer in oral contraceptive users of at most 2.4% (relative risk, 1.024).
Two large-scale studies of breast cancer and oral contraceptive use in the USA found
significantly increased risks in women under 35 years of age who had used oral contraceptives for 5 years or more (Brinton et al., 1995) or for 10 years or more (White et al.,
1994). Both studies examined breast screening and methods of diagnosis in case and control
women, and concluded that the increased risks could not be explained by differences in
screening or in biopsy rates between oral contraceptive users and non-users.

COMBINED ESTROGEN−PROGESTOGEN CONTRACEPTIVES

53

In the Women’s CARE (Contraceptive and Reproductive Experience) study
(Marchbanks et al., 2002), the risk for invasive breast cancer with current low-estrogen
oral contraceptive use was 1.5 (95% confidence interval [CI], 0.9–2.6) in women aged
45–64 years. In order to exclude a screening effect, the authors analysed the data after
exclusion of women with stage I tumours. They did not report the data but stated that the
relative risk did not decrease.
In the study conducted in Los Angeles, USA, cases of breast cancer included in-situ
and invasive tumours (Ursin et al., 1998). To examine the probability of early detection
bias, the authors limited the analysis to invasive cancers and, although results were not
reported, they stated that the findings remained unchanged.
2.1.3

Cohort studies (Table 3)

Grabrick et al. (2000) studied 426 families of women who were diagnosed with breast
cancer at a tumour clinic in Minnesota, USA. Among a total of 6150 women who were
studied, 239 cases of breast cancer were diagnosed. The aim of the study was to assess
whether family history of breast cancer might modify the association between use of combined oral contraceptives and the risk for breast cancer. Among the entire cohort, ever use
of oral contraceptives was associated with a relative risk of 1.4 (95% CI, 1.0–2.0) for breast
cancer. The risk for 4 or more years of use was 1.3 (95% CI, 0.9–1.9). The relative risk for
breast cancer associated with ever use of combined oral contraceptives was 3.3 (95% CI,
1.6–6.7) among sisters and daughters of the probands, 1.2 (95% CI, 0.8–2.0) among granddaughters and nieces of the probands and 1.2 (95% CI, 0.8–1.9) among women who had
married into the families. The positive association with breast cancer among relatives of the
probands was mainly confined to the use of oral contraceptives before 1975.
The long-term effects of oral contraceptives have been examined in a nested case–
control study from the Netherlands. Van Hoften et al. (2000) studied the effect of past use
of combined oral contraceptives and the long-term risk for developing breast cancer.
Within a cohort of more than 12 000 women, 309 cases of breast cancer had developed
during 7 years of follow-up, and these were compared with 610 controls. The risk for ever
use of combined oral contraceptives was 1.31 (95% CI, 0.96–1.79). Duration of use was
not associated with risk for breast cancer (relative risk, 1.43; 95% CI, 0.92–2.22) but, in a
sub-analysis of women over 55 years of age who had used oral contraceptives for more
than 10 years, the relative risk was 2.1 (95% CI, 1.1–4.0; based on 22 exposed cases) compared with never users.
The Women’s Lifestyle and Health cohort combined data from Norway and Sweden,
and included more than 103 000 women who were aged 30–49 years at entry into the study
in the early 1990s (Kumle et al., 2002). The population was followed up for breast cancer
incidence by linkage to the Norwegian and the Swedish Cancer Registries; during 10 years
of follow-up, 1008 women were diagnosed with invasive breast cancer. The relative risk
was 1.3 (95% CI, 1.1–1.5) for ever use of combined oral contraceptives, 1.6 (95% CI,
1.2–2.1) for current use of any type of oral contraceptives at the beginning of follow-up and
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Table 3. Cohort studies on the use of oral contraceptives and the risk for breast cancer
Reference

Country

Age at
recruitment
(years)

Size of
cohort

Histological No. of
diagnosis
cases

Any
use
(%)

Relative risk
(95% CI),
any versus
none

Relative risk
(95% CI),
longest
duration

Relative risk
(95% CI),
current,
recent use

1.3 (0.9–1.9)

No difference
between strata
(data not shown)

Grabrick et al. USA
(2000)a

21–88

6 150

1991–96

NS

239

51

1.4 (1.0–2.0)

Van Hoften Netherlands
et al. (2000)b

42–63

12 184

1982–96

NS

309

62.1

1.31 (0.96–1.79) 1.43 (0.92–2.22)

Kumle et al.
(2002)

30–49

103 027

1991–99

Invasive

1008

Dumeaux
Norway
et al. (2003)c

30–70

96 362

1991–97

Invasive

851

Dumeaux
Norway
et al. (2004)c,d

30–70

86 948

1991–97

Invasive

1130

Norway and
Sweden

74.11 1.3 (1.1–1.5)

1.3 (1.0–1.8)

NS
1.6 (1.2–2.3)

61.29 1.25 (1.07–1.46) 1.40 (1.09–1.79)

1.06 (0.39–2.87)

NS

NS

NS

1.29 (1.05–1.60)

CI, confidence interval; NS, not specified
a
Cases included high-risk population
b
Nested case–control study
c
63 patients were excluded from the multivariate analysis. Norwegian component of the study by Kumle et al. (2002)
d
Update of Dumeaux et al. (2003), with adjustment for alcoholic beverage consumption. Included only women with complete information on alcoholic
beverage consumption and duration of oral contraceptive use.
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Period of
cohort
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1.2 (95% CI, 1.1–1.4) for past use (before recruitment to the study). The results showed no
increase in risk with longest duration of use. In relation to time since last use, the risk
appeared to be higher in women who had used oral contraceptives within the last 2 years
(relative risk, 1.6; 95% CI, 1.2–2.3) compared with women who had stopped using oral
contraceptives 10–14 years previously (relative risk, 1.2; 95% CI, 1.0–1.6). Slightly
stronger associations were related to early use (before the age of 20 years) and to relatively
long-term use before first birth, but these were of borderline statistical significance.
In the Norwegian component of the previous study (Dumeaux et al., 2003), the investigators studied whether specific types of estrogens and progestogens contained in oral
contraceptives exert different effects on the risk for breast cancer. Among more than 96 000
women, 851 cases of invasive breast cancer were diagnosed during follow-up. The relative
risk for ever use of combined oral contraceptives was 1.25 (95% CI, 1.07–1.46). An
increased risk was related to use for 10 years or more (relative risk, 1.40; 95% CI, 1.09–
1.79), but no trend in risk related to recency of use (p = 0.42) or to time since last use. In
this study, the investigators examined the dose of estrogen contained in the respective
brands of oral contraceptives, and reported a relative risk of 1.5 (95% CI, 1.1–2.0) associated with a cumulative dose of 100 mg or more. Within the same cohort, Dumeaux et al.
(2004) studied whether the association with use of combined oral contraceptives may be
modified by the use of alcoholic beverages. More than 86 000 women were followed up and
included in the analysis, and 1130 cases of invasive breast cancer were diagnosed. The
results suggested that combined oral contraceptives had an increasing effect on risk only
among low consumers of alcoholic beverages (i.e. < 5 g per day) and not among women
who reported regular use of alcoholic beverages (p ≤ 0.0001).
2.1.4

Case–control studies (Table 4)

A case–control study in the USA assessed whether the combined use of oral contraceptives at a young age may increase the risk for breast cancer (Brinton et al., 1998). The
participants were under 55 years of age and included 1031 cases of breast cancer and 919
population controls. The study reported that the relative risk associated with ever use was
1.14 (95% CI, 0.9–1.4).
In Taiwan, China, where the incidence of breast cancer is generally low, Chie et al.
(1998) studied the association between the use of combined oral contraceptives and subsequent risk for breast cancer in a case–control study of 174 cases and 453 hospital-based
controls. The odds ratio for ever versus never use of oral contraceptives was 1.7 (95% CI,
0.9–3.2), and appeared to be somewhat higher among women who had started using oral
contraceptives before the age of 25 years (odds ratio, 3.5; 95% CI, 1.2–9.7) and women
who had used them for 5 years or more (odds ratio, 2.1; 95% CI, 0.8–5.6).
In a case–control study from California, Ursin et al. (1998) examined the use of combined oral contraceptives and the risk for breast cancer in young women. The aim of the
study was to assess aspects of oral contraceptive use that may be important for the
increased risk related to current or recent use in young women. The study included more
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Table 4. Case–control studies of the use of oral contraceptives and the risk for breast cancer
Reference,
location

Years of
case
diagnosis

Age
(years)

Use

Ever versus never
Cases

< 55

Chie et al.
(1998),
Taiwan,
China

NS

Ursin et al.
1983–88
(1998), USA

≤ 40

Magnusson 1993–95
et al. (1999),
Sweden

50–74

Ursin et al.
1983–87
(1999), USA

20–55

Shapiro
1994–97
et al. (2000),
South Africa

20–54

Tessaro
1995–98
et al. (2001),
Brazil

20–60

Heimdal
1999
et al. (2002),
Norway

40–60

Marchbanks 1994–98
et al. (2002),
USA

35–64

Longest duration of use

Controls Odds
ratio

95% CI

Cases Controls Odds
ratio

Time since
last use

Current/recent use
95% CI

Use
(years)

Cases

Controls

Odds
ratio

95% CI

In-situ or
invasive

Never
Ever

283
748

278
641

Ref.
1.14

0.9–1.4

283
173

278
127

Ref.
1.27

0.9–1.7

≥ 10

NS

Never
Ever

149
25

406
47

Ref.
1.7

0.9–3.2

149
9

406
15

Ref.
2.1

0.8–5.6

≥5

In-situ and Never
invasive
Ever

124
618

116
626

Ref.
0.83

0.62–1.12

124
52

116
30

Ref.
1.4

0.81–2.40

> 12

124
111

116
84

Ref.
1.14

0.75–1.72

< 1 year

1733
898

1938
889

Ref.
0.98

0.86–1.12

1733
357

1938
353

Ref.
0.98

0.82–1.18

≥5

1733
73

1938
59

Ref.
1.0

0.69–1.44

< 10 years

383
207

594
351

Ref.
0.91

0.72–1.15

383
45

594
87

Ref.
0.71

0.47–1.07

>5

383
29

594
63

Ref.
0.68

0.41–1.14

< 5 years

Never
Ever

264
220

992
633

Ref.
1.2

1.0–1.5

264
16

992
39

Ref.
1.2

0.7–2.3

> 10

264
16

992
53

Ref.
1.2

0.7–2.0

< 5 years

Never

45a
42b
127a
126b

141a
112b
375a
392b

Ref.
Ref.
1.1
0.9

0.7–1.6
0.6–1.6

141a
111b
92a
123b

Ref.
Ref.
1.2
1.0

0.7–2.0
0.5–1.8

> 12

Never
Ever

NR
NR

NR
NR

Ref.
0.9

0.68–1.18

NR
NR

NR
NR

1.99

0.80–4.98

0–4 years

Never
Ever

1032
3497

980
3658

Ref.
0.9

0.8–1.0

1032
200

980
172

Ref.
1.0

0.8–1.3

<7
months

Invasive

Never
Ever

NS
Invasive

NS

Ever
NS

Invasive

45a
41b
38a
35b

1032
234

980
202

Ref.
1.0

0.8–1.3

> 15
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Brinton
1990–92
et al. (1998),
USA
1993–94

Histology

Reference,
location

Narod et al.
(2002)c,
11 countries

Years of
case
diagnosis

Age
(years)

1977–2001

47.3 ± 10

Histology

Use

Ever versus never
Cases

Invasive

Controls Odds
ratio

95% CI

Never
Ever

NR
NR

NR
NR

Ref.
1.2

1.02–1.52

371
1269

406
1086

Ref.
1.24

1.0–1.5

425
404

465
522

Ref.
1.0

0.8–1.2

5864
3447

Ref.
1.2

0.9–1.6

5864
3447

Ref.
1.0

0.9–1.1

Althuis et al. 1990–92
(2003), USA

20–44

In-situ and Never
invasive
Ever

Claus et al. 1994–98
(2003), USA

20–79

Ductal
carcinoma
in situ

Newcomer
NS
et al. (2003),
USA

< 75

Lobular
and ductal

Longest duration of use

Never
Ever

Never
Ever
Never
Ever

Lobular
334
159
Ductal
3391
1676

CI, confidence interval; NR, not reported; NS not specified; Ref., reference
a
Hospital cases/controls
b
Neighbourhood cases/controls
c
Results only for BRCA1 mutation carriers

Cases Controls Odds
ratio

425
47

465
61

Ref.
0.9

Time since
last use

Current/recent use
95% CI

0.6–1.5

Use
(years)

≥ 10

Cases

Controls

Odds
ratio

95% CI

NR
NR

NR
NR

Ref.
0.83

0.66–1.04

< 1 year

309

258

1.47

1.2–1.9

≤ 5 years

425
17

465
38

Ref.
0.6

0.3–1.3

< 1 year

141

2.6

1.0–7.1

141

1.2

0.8–1.9

Lobular
6
Ductal
47
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than 700 women under 40 years of age who had invasive breast cancer or ductal carcinoma
in situ and 744 population controls matched to the cases. The relative risk for ever versus
never use was 0.83 (95% CI, 0.62–1.12) and that for use of oral contraceptives for 12 years
or more was 1.4 (95% CI, 0.8–2.4). These results were adjusted for age, age at menarche,
age at first birth, parity, duration of breast feeding and physical activity.
In another report restricted to Asian immigrants to California, Ursin et al. (1999) studied
the relation between combined oral contraceptive use and risk for breast cancer. The study
included nearly 600 cases of breast cancer and 1000 population controls. The results showed
that the use of oral contraceptives increased with increasing time since migration, but there
was no indication that use of oral contraceptives increased the risk for breast cancer. The
relative risk for ever versus never use was 0.91 (95% CI, 0.72–1.15). The investigators
conducted several subgroup analyses, according to age when the women started using oral
contraceptives, duration of use and time since last use, but found no consistent association
related to the use of oral contraceptives and the risk for breast cancer in any of these
analyses.
In a large case–control study from Sweden, Magnusson et al. (1999) studied reproductive factors and the risk for breast cancer among women 50–74 years of age. As part
of the study, the investigators also collected information on past use of combined oral contraceptives and were thus able to evaluate whether use in the past influenced the risk for
breast cancer after the menopause. The study included 3016 women with invasive breast
cancer and 3263 population controls without breast cancer, but information on oral contraceptives was available only for a subset of the population. The results showed no clear
association with ever use of oral contraceptives (relative risk, 0.98; 95% CI, 0.86–1.12)
and no association related to duration of use (p for trend = 0.88). The odds ratio for last
use < 10 years previously was 1.00 (95% CI, 0.69–1.44) compared with never users.
These results were adjusted for age, age at menarche, parity, age at first birth, menopausal
status, age at menopause, height, body mass index and use of combined hormonal
menopausal therapy.
The use of oral contraceptives in relation to the risk for breast cancer has been assessed
in a case–control study in South Africa (Shapiro et al., 2000). The primary aim of the study
was to examine the effects of injectable contraceptives, but information was also collected
on the use of oral contraceptives. Shapiro et al. (2000) included women aged 20–54 years
who came from a defined area close to Cape Town, and were of either black or mixed racial
descent. The odds ratio associated with ever use of oral contraceptives was 1.2 (95% CI,
1.0–1.5), that for use of 10 or more years was 1.2 (95% CI, 0.7–2.3) and that associated with
use within the last 5 years was 1.2 (95% CI, 0.7–2.0). In analyses within age groups, the
relative risk for ever use was 1.7 (95% CI, 1.0–3.0; based on 36 exposed cases) in women
under 35 years of age, 1.2 (95% CI, 0.8–1.6; based on 91 exposed cases) in women aged
35–44 years and 1.1 (95% CI, 0.8–1.6; based on 93 exposed cases) in women aged 45–54
years.
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A case–control study from Brazil (Tessaro et al., 2001) reported the use of combined
oral contraceptives and the risk for breast cancer using different groups of controls, but
the results showed no association with ever use or with duration of use.
In a case–control study of high-risk families, Heimdal et al. (2002) studied the use of
combined oral contraceptives in carriers of the BRCA1 mutation in relation to risk for
breast cancer. The hazard ratio for ever use of oral contraceptives was 0.90 (95% CI,
0.68–1.18) in the total data set and 3.00 (95% CI, 0.36–10.2) in BRCA1 carriers.
A large case–control study in the USA also aimed at studying whether the use of
combined oral contraceptives at a relatively young age is associated with risk for breast
cancer later in life (Marchbanks et al., 2002). The study included more than 4500 women
with breast cancer and a similar number of controls from the same area as the cases, identified by random-digit dialling, aged 35–64 years. There was no association with ever use
of oral contraceptives (odds ratio, 0.9; 95% CI, 0.8–1.0); the odds ratio was 1.0 (95% CI,
0.8–1.3) for current use and 0.9 (95% CI, 0.8–1.0) for use in the past. There was no
increase in risk related to duration of use, age at first use or time since last use, and no
increase in risk for breast cancer associated with any use of oral contraceptives that
contained a relatively high dose of estrogen (relative risk, 0.8; 95% CI, 0.7–0.9; based on
1082 exposed cases). The relative risk associated with first use between 15 and 19 years
was 1.0 (95% CI, 0.8–1.1; based on 1239 exposed cases). The results did not differ for
black and white women, and there was no increase in risk associated with oral contraceptive use of women who had a family history of breast cancer. These results were adjusted
for age, age at menarche, age at first birth, parity, body mass index, menopausal status and
use of combined hormonal therapy.
Women who are carriers of BRCA1 and BRCA2 mutations have an inherited increase
in risk for breast cancer. Narod et al. (2002) investigated whether women with these
characteristics who have used combined oral contraceptives are at particularly high risk
in a matched case–control study of 1311 pairs of women with known BRCA1 or BRCA2
mutations. Use of oral contraceptives was not associated with an increase in risk for those
who were carriers of BRCA2 mutations. However, the results suggested that BRCA1
carriers may be at slightly elevated risk if they had used oral contraceptives before 1975,
if they had used them before the age of 30 years and if the use had lasted for at least 5
years.
Althuis et al. (2003) studied risk for breast cancer related to current or recent use of
combined oral contraceptives in a case–control study of women aged 20–44 years. The
study involved more than 1600 women with invasive breast cancer and a comparable
number of community controls. The odds ratio for ever use of oral contraceptives was 1.24
(95% CI, 1.0–1.5). Women who had used oral contraceptives within the last 5 years had a
relative risk of 1.47 (95% CI, 1.2–1.9) and the odds ratio in women who had stopped taking
oral contraceptives at least 10 years previously was 1.13 (95% CI, 0.9–1.4). Compared with
never users, women who had used oral contraceptives that contained more than 35 μg
ethinylestradiol were at higher risk (relative risk, 1.99; 95% CI, 1.2–3.2; based on 54
exposed cases) than women who used lower-dose preparations (relative risk, 1.27; 95% CI,
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0.9–1.7; based on 161 exposed cases). In the subgroup of women under 35 years of age, the
relative risk associated with ever use was 2.05 (95% CI, 1.3–3.2; based on 209 exposed
cases), that for use within the last 5 years was 2.22 (95% CI, 1.4–3.5; based on 135 exposed
cases) and that for cessation of use 10 or more years previously was 1.52 (95% CI, 0.8–3.0;
based on 31 exposed cases). In this subgroup, dose of estrogen was also associated with an
increased risk for breast cancer: the odds ratio associated with using oral contraceptives that
contained high-dose estrogen was 3.62 (95% CI, 1.7–7.9; based on 27 exposed cases) and
that for use of low-dose estrogen contraceptives was 1.91 (95% CI, 1.1–3.2; based on 81
exposed cases), compared with the risk in never users.
In a case–control study in the USA, Claus et al. (2003) assessed whether the use of combined oral contraceptives was associated with the development of ductal breast carcinoma
in situ by comparing more than 800 cases with this condition and approximately 1000
control women aged 20–79 years. The results showed no association between any use of oral
contraceptives and the risk for breast cancer in situ (odds ratio, 1.0; 95% CI, 0.8–1.2).
The association between oral contraceptive use and the risk for breast cancer was
investigated in a population-based case–control study in the USA (Norman et al., 2003)
that included 1847 postmenopausal women with invasive breast cancer and 1932 controls
(not shown in Table 4). The aim of the study was to assess the combined effect of use of
oral contraceptives at a young age and use of hormonal therapy after the menopause. The
report did not present detailed results related to the use of oral contraceptives alone, but
stated that the use of oral contraceptives, independent of the use of hormonal therapy, was
not associated with a risk for breast cancer.
Whether the use of combined oral contraceptives has different effects on various histological subtypes of breast cancer was investigated by Newcomer et al. (2003) in a case–
control study of women under 75 years of age (mean age, 57.5 years). The study involved
493 women with lobular breast cancer, 5510 women with ductal carcinoma and 9311
randomly selected controls. The odds ratio for ever versus never use of oral contraceptives
was 1.2 (95% CI, 0.9–1.6) for lobular breast carcinoma and 1.0 (95% CI, 0.9–1.1) for ductal
carcinoma. The odds ratio associated with current use was 2.6 (95% CI, 1.0–7.1; based on
six exposed cases) for lobular carcinoma, and there was a significant trend (p = 0.02) of
increased risk with more recent use. Current use of oral contraceptives was not clearly associated with risk for ductal carcinoma (odds ratio, 1.2; 95% CI, 0.8–1.9). Among women who
had started using oral contraceptives before the age of 20 years, the odds ratio was 1.0 (95%
CI, 0.5–1.9; based on 17 exposed cases) for lobular carcinoma and 1.0 (95% CI, 0.8–1.2;
based on 217 exposed cases) for ductal carcinoma.
2.2

Endometrial cancer

When the association between endometrial cancer and use of combined oral contraceptives was last reviewed, relevant data were available from three cohort studies and 16
case–control studies (IARC, 1999). The results from these studies consistently showed that
the risk for endometrial cancer was reduced in women who had used oral contraceptives,
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and the reduction in risk was greater with longer duration of use. The evidence for combined
oral contraceptives (including studies that were reviewed in 1999) is summarized here,
together with new studies.
The cohort and case–control studies in which use of combined oral contraceptives and
the risk for endometrial cancer has been investigated are summarized below and, when
available, the risk associated with duration and recency of use is given. Risk estimates for
women of different weight and parity (or gravidity) or who are users of hormonal menopausal therapy are given when available.
2.2.1

Descriptive studies

Several analyses have suggested that increased use of combined oral contraceptives
can partially explain the decreasing rates of mortality from cancer of the uterine corpus (i.e.
excluding those from cervical cancer) seen between 1960 and the 1980s (Beral et al., 1988;
Persson et al., 1990; dos Santos Silva & Swerdlow, 1995). The decrease is particularly
evident among women aged 55 years or younger, who most probably used combined oral
contraceptives. Interpretation of these trends is complicated by improvements in cancer
treatment over time and by a lack of correction for the proportion of women who had their
uterus removed and were no longer at risk for developing (or dying from) endometrial
cancer. Furthermore, the rates of death from cancer of the uterine corpus have generally
decreased since the early 1950s, a decade before oral contraceptives were available. Thus,
while it is plausible that increased use of combined oral contraceptives could have
preceded and then paralleled the decrease in mortality from endometrial cancer, the magnitude of any decrease in the rate of death from cancer of the uterine corpus that is related to
increased use of oral contraceptives remains unclear.
2.2.2

Cohort studies

A questionnaire to obtain information on oral contraceptive use was sent to approximately 97 300 married women aged 25–57 years in eastern Massachusetts, USA, in 1970,
who were identified from the 1969 Massachusetts residence lists (Trapido, 1983). The agestandardized rate ratio for women who had ever used oral contraceptives relative to nonusers was 1.4 (95% CI, 0.9–2.4); there was no consistent pattern of a risk with longer or
more recent use (Table 5). Among nulliparous women, the age-adjusted rate ratio for oral
contraceptive users relative to non-users was 2.4 (95% CI, 0.6–9.2), whereas the analogous
rate ratio for parous women was 1.4 (95% CI, 0.8–2.4). Among women who also reported
any use of menopausal estrogen therapy, the age-adjusted rate ratio for oral contraceptive
users relative to non-users was 2.0 (95% CI, 0.9–4.3). No distinction was made between
sequential and combined oral contraceptive use, and both preparations were available to
the cohort before and during the study follow-up.
Beral et al. (1988) followed up approximately 23 000 oral contraceptive users and a
similar number of non-users identified in 1968 and 1969 by the Royal College of General

Age (range/
median)

Source population

Follow-up

Type/measure of
therapy

No. of
cases

No. of
person–
years

Relative risk
(95% CI)

Trapido
(1983),
USA

25–57 years

97 300 residents
of Boston and
14 contiguous towns

1970–76

No use
Any use
Duration (months)
1–11
12–23
24–35
36–59
≥ 60

75
18

296 501
124 851

1.0
1.4 (0.9–2.4)

6
4
3
2
3

33 997
21 978
21 437
28 705
18 734

1.7 (NR)
1.9 (NR)
1.6 (NR)
0.6 (NR)
1.5 (NR)

Beral et al.
(1988),
United
Kingdom

49 years

46 000 British
women identified
by general
practitioners

1968–87
(incidence)
Dec. 1993
(mortality)

No use
Any use
No use
Any use

16
2
6
2

182 866
257 028
335 998
517 519

1.0
0.2 (0.0–0.7)
1.0
0.3 (0.1–1.4)

Vessey &
Painter
(1995),
United
Kingdom

25–39 years

17 032 patients at
17 family planning
clinics

1968–93

No use
Any use

14
1

NR
NR

1.0
0.1 (0.0–0.7)

Kumle et al.
(2003),
Norway

30–70 years

102 443 Norwegian
women

1991–99

No use
Ever use
Duration (years)
<5
5–9
> 10
No information

1.0
0.59 (0.38–0.92)
23
8
5
38

28 115
12 159
8 840
53 328

CI, confidence interval; NR, not reported
a
May be use of either combined or sequential oral contraceptive pills, but the majority of women used combined

0.66 (0.39–1.10)
0.65 (0.31–1.39)
0.41 (0.15–1.13)
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Practitioners. Use of oral contraceptives (not otherwise specified) and the occurrence of
uterine cancer were both determined from physicians’ reports. Endometrial cancer was
diagnosed in two of the oral contraceptive users and 16 of the non-users, which resulted in
a rate ratio of 0.2 (95% CI, 0.0–0.7) after adjustment for age, parity, tobacco smoking, social
class, number of previously normal Papanicolaou (Pap) smears and history of sexually
transmitted disease. In a 25-year follow-up of deaths in the cohort (Beral et al., 1999), eight
deaths from endometrial cancer occurred, two among women who had ever used oral
contraceptives and six among women who had never used them (rate ratio, 0.3; 95% CI,
0.1–1.4).
The Oxford Family Planning Association Study included 17 032 white married women
identified at 17 family planning clinics in England and Scotland (Vessey & Painter, 1995)
who had used oral contraceptives (not otherwise specified), a diaphragm or an intrauterine
device for at least 5 months. Information on contraceptive history and any hospital referrals
was obtained from physicians or from the women themselves (for those who stopped attending the clinics) during the study follow-up. A total of 15 292 women remained under
observation until the age of 45 years; only those who had never used oral contraceptives
(5881) or had used them for 8 years or more (3520) were followed from that time onwards.
Endometrial cancer was diagnosed in 15 women, only one of whom had used oral contraceptives (age-adjusted rate ratio, 0.1; 95% CI, 0.0–0.7). In a previous analysis of mortality
in this cohort (Vessey et al., 1989), none of the oral contraceptive users but two of those
who used a diaphragm or an intrauterine device (the comparison group) had died from
endometrial cancer.
Kumle et al. (2003) followed 102 443 Norwegian women aged 30–70 years who were
recruited into a cohort study in 1991–97. Endometrial cancers were identified by linkage
to the Cancer Registry of Norway. Follow-up was through to December 1999, during
which time 110 endometrial cancers were diagnosed. The relative risk associated with use
of combined oral contraceptives was 0.59 (95% CI, 0.38–0.92). For use of less than 5
years, 5–9 years and more than 10 years, the relative risks were 0.66 (95% CI, 0.39–1.10),
0.65 (95% CI, 0.31–1.39) and 0.41 (95% CI, 0.15–1.13), respectively. Among the users
of oral contraceptives, there was a significant trend of decreasing risk for endometrial
cancer with increasing duration of use of oral contraceptives (p = 0.03).
2.2.3

Case–control studies (Table 6)

Among 152 women who had endometrial cancer and 516 controls in a hospital-based
study in the USA and Canada (Kaufman et al., 1980), a 60% reduction in risk was seen
among women who used combined oral contraceptives relative to non-users. The risk for
endometrial cancer declined with increasing duration of use, and a sustained reduction in
risk was suggested among women who had stopped using oral contraceptives during the
previous 5 years or more.
Weiss and Sayvetz (1980), in a population-based case–control study from western
Washington State (USA), found that women who had used combined oral contraceptives for
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Table 6. Case–control studies of use of combined oral contraceptives and the risk for endometrial cancer (by duration and
recency of use when available)
Reference,
location

Age

Source of
controls

Ascertainment
of use

Participation (%)
Cases

< 60 years

Hospital
patients

Personal
interviews

96a

Controls
96a

No. of subjects
Cases

No use
Any use
Duration (years)
<1
1–2
≥3
Unknown
Recency of use
≥ 5 years
Use ≥ 1 year

Odds ratio
(95% CI)

Controls

136
16

411
105

1.0
[0.4 (0.2–0.8)b]

5
6
5
0

14
32
53
6

0.8 (NR)
0.5 (NR)
0.3 (NR)

12
8

60
52

0.6 (0.3–1.2)
0.5 (0.2–1.0)

Weiss &
Sayvetz (1980),
Washington
State, USA

36–55 years

General
population

Personal
interviews

83

96

No use or < 1 year of use
≥ 1 year of use

93
17

173
76

1.0
0.5 (0.1–1.0)

Hulka et al.
(1982), North
Carolina,
USA

< 60 years

General
population

Personal
interviews
and medical
record
reviews

90a

90a

No use or < 6 months’ use
≥ 6 months’ use
Duration (years)
<5
≥5
Recency (years)
<1
≥1

74
5

172
31

1.0
0.4 (NR)

3
2

14
17

0.6 (NR)
0.3 (NR)

0
5

13
14

–
0.9 (NR)

NR
NR

NR
NR

1.0
0.6 (0.3–1.5)

31
4
2

256
42
44

1.0
0.9 (NR)
0.5 (NR)

Kelsey et al.
(1982),
Connecticut,
USA

45–74 years

Hospital
patients

Personal
interviews

67

72

No use
Each 5 years of use
Age 45–55 years
No use
Duration (years)
≤ 2.5
> 2.5
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Kaufman et al.
(1980), Canada
and USA

Type/measure of use

Table 6 (contd)
Age

Source of
controls

Ascertainment
of use

Participation (%)
Cases

Henderson et al.
(1983a), Los
Angeles county,
USA

≤ 45 years

La Vecchia
et al. (1986),
greater Milan,
Italy
Pettersson et al.
(1986), Uppsala,
Sweden

CASH (1987a),
eight US areas

Controls

Residents in
neighbourhood
of cases

Telephone
interviews

< 60 years

Hospital patients

Personal
interviews

98c

98c

Non-user
Any use

≤ 60 years

General
population

Personal
interviews

93

80

No use
Any use
Duration (years)
<1
≥1

20–54 years

General
population

Personal
interviews

81

Type/measure of use

73

NR

84

No use
Duration (years)
<2
2–3
4–5
≥6

No use
Ever use
Duration (months)
3–6
7–11
12–23
24–71
72–119
≥ 120
Recency (years)
<5
5–9
10–14
≥ 15

No. of subjects

Odds ratio
(95% CI)

Cases

Controls

67

50

1.0

23
12
4
4

22
11
9
18

0.8 (NR)
0.8 (NR)
0.3 (NR)
0.1 (NR)

163
7

1104
178

96
12

91
22

1.0
0.5 (0.2–1.1)

5
7

6
16

0.8 (0.2–2.7)
0.4 (0.2–1.0)

250
NR

1147
NR

1.0
0.5 (0.4–0.6)

24
13
20
26
12
15

186
80
266
576
317
241

0.9 (0.5–1.5)
1.3 (0.6–2.6)
0.7 (0.4–1.2)
0.4 (0.3–0.7)
0.4 (0.2–0.8)
0.4 (0.2–0.8)

12
22
30
9

471
417
368
144

0.3 (0.1–0.5)
0.4 (0.2–0.6)
0.5 (0.3–0.8)
0.3 (0.2–0.6)

1.0
0.50 (0.23–1.12)
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Table 6 (contd)
Reference,
location

Age

Source of
controls

Ascertainment
of use

Participation (%)
Cases

< 60 years

Hospital
patients

Personal
interviews

87

Controls
93

No use
Progestogen content
High
Ever use
Duration (months)
1–24
≥ 25
Recency (months)
1–120
≥ 121
Low
Ever use
Duration (months)
1–24
≥ 25
Recency (months)
1–120
≥ 121

Koumantaki
et al. (1989),
Athens, Greece

40–79 years

Hospital
patients

Personal
interviews

80

95

No use or ≤ 6 months’ use
> 6 months’ use

Levi et al.
(1991), Canton
of Vaud,
Switzerland

32–75 years

Hospital patients

Personal
interviews

85a

85a

No use
Any use
Duration (years)
<2
2–5
>5
Recency (years)
< 10
10–19
> 19

No. of subjects

Odds ratio
(95% CI)

Cases

Controls

182

1072

3

156

0.1 (0.1–0.4)

1
2

85
69

0.1 (0.0–0.7)
0.2 (0.0–0.8)

1
2

61
93

0.1 (0.0–0.8)
0.2 (0.0–0.7)

9

132

0.6 (0.3–1.2)

8
1

69
56

1.0 (0.5–2.4)
0.1 (0.0–1.1)

2
7

72
54

0.3 (0.0–1.1)
1.1 (0.5–2.8)

80
3

151
13

1.0
0.6 (0.2–2.0)d

105
17

227
82

1.0
0.5 (0.3–0.8)

9
3
5

19
18
45

1.0 (0.5–2.3)
0.5 (0.1–1.2)
0.3 (0.1–0.7)

4
7
5

30
37
15

0.3 (0.1–0.9)
0.4 (0.2–1.0)
0.8 (0.3–2.2)

1.0
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WHO
Collaborative
Study (1988);
Rosenblatt et al.
(1991), nine
centers in seven
countries:
Australia, Chile,
China, Israel,
Mexico, the
Philippines,
Thailand

Type/measure of use

Table 6 (contd)
Age

Source of
controls

Ascertainment
of use

Participation (%)
Cases

Shu et al.
(1991),
Shanghai,
China

18–74 years

Jick et al.
(1993),
Washington
State,
USA

50–64 years

Stanford et al.
(1993), five
US areas

20–74 years

General
population

Members
of health
maintenance
organization

General
population

Personal
interviews

Mailed form
and pharmacy
database

Personal
interviews

91

83

87

Type/measure of use

Controls
96

79

66

No. of subjects

Odds ratio
(95% CI)

Cases

Controls

84
32

72
46

1.0
0.8 (0.4–1.8)

NR
NR

NR
NR

1.4 (0.6–3.0)
0.4 (0.1–1.2)

No use
Any use
Duration (years)
1
2–5
≥6
Recency (years)
1–10
11–15
16–20
≥ 21

110
26

737
270

1.0
0.5 (0.3–0.9)

7
11
8

65
90
115

0.4 (0.1–1.4)
0.8 (0.3–1.7)
0.3 (0.1–0.9)

5
6
4
9

67
82
57
54

0.4 (0.1–1.1)
0.4 (0.1–1.2)
0.5 (0.1–1.8)
0.6 (0.2–2.1)

No use
Any use
Duration (years)
<1
1–2
3–4
5–9
≥ 10
Recency (years)
< 10
10–14
15–19
≥ 20

321
81

187
107

1.0
0.4 (0.3–0.7)

27
16
12
14
7

21
33
16
15
19

0.7 (0.3–1.4)
0.3 (0.1–0.6)
0.3 (0.1–0.8)
0.7 (0.3–1.6)
0.2 (0.1–0.5)

6
15
24
33

18
27
32
27

0.1 (0.0–0.3)
0.3 (0.1–0.7)
0.4 (0.2–0.8)
0.7 (0.4–1.3)

No use of any birth control
Any use of oral contraceptives
Duration (years)
≤2
>2
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Table 6 (contd)
Reference,
location

Age

Source of
controls

Ascertainment
of use

Participation (%)
Cases

40–59 years

General
population

Personal
interviews

83

Controls
95
and
73f

No. of subjects
Cases

Odds ratio
(95% CI)

Controls

No use or < 1 year of use
Recency of use
> 10 years
Duration (years)
1–5
>5
≤ 10 years
Duration (years)
1–5
>5
Progestogen content
Low
Duration (years)
1–5
>5
High
Duration (years)
1–5
>5

117

284

1.0

14
4

30
16

0.9 (0.4–1.9)
0.4 (0.1–1.2)

7
7

28
74

1.0 (0.4–2.4)
0.3 (0.1–0.6)

10
3

22
32

1.1 (0.5–2.6)
0.2 (0.1–0.8)

3
3

14
28

0.8 (0.2–3.1)
0.3 (0.1–0.9)

143
2

293
5

1.0
1.3 (0.2–7.7)

Kalandidi et al.
(1996), Athens,
Greece

< 59–≥ 70
years

Hospital patients

Personal
interviews

83

88

No use
Any use

SalazarMartinez et al.
(1999), Mexico
City, Mexico

37.1 (mean)
years

Hospital patients

Personal
interviews

100

93

No use
Duration (years)
<1
>1

71

473

1.0

6
7

78
117

0.56 (0.22–1.30)
0.36 (0.15–0.83)

Weiderpass
et al. (1999),
Sweden

50–74 years

No use
Duration (years)
<3
>3

551

2252

91
45

421
518

General
population

Self-completed
questionnaire

75

80

1.0
1.0 (0.7–1.3)
0.5 (0.3–0.7)
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Voigt et al.
(1994)e,
Washington
State,
USA

Type/measure of use

Reference,
location

Age

Source of
controls

Ascertainment
of use

Participation (%)
Cases

Type/measure of use

Controls

Cases

Jain et al.
(2000),
Ontario, Canada

30–79 years

Population

Personal
interview

70

59

No use
Any use

Parslov et al.
(2000),
Denmark

> 50 years

Population

Self-completed
questionnaire

93

91

Newcomb &
Trentham-Deitz
(2003),
Wisconsin, USA

40–79 years

Population

45-min
telephone
interview

87

85.2

No. of subjects
Controls

317
195

265
248

No use
Duration (years)
<1
1–5
>5

90

75

52
50
45

95
210
158

No use
Duration (years)
<3
>3

460

1494

74
54

260
275

CI, confidence interval; NR, not reported
a
Responses reported for case and control women combined
b
Crude odds ratio and 95% CI calculated from data provided in the published paper by exact methods
c
Methods state that less than 2% of eligible case and control women refused an interview.
d
90% confidence interval
e
Includes women from the study of Weiss & Sayvetz (1980).
f
Response for controls identified in 1985–87

Odds ratio
(95% CI)

1.0
0.66 (0.51–0.84)
1.0
0.4 (0.3–0.7)
0.2 (0.1–0.3)
0.2 (0.1–0.4)
1.0
1.04 (0.74–1.40)
0.73 (0.52–1.02)
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1 year or more had half the risk for endometrial cancer of women who were either non-users
or had used combined oral contraceptives for less than 1 year (odds ratio, 0.5; 95% CI,
0.1–1.0). The risk estimates were adjusted for age and use of menopausal estrogen therapy.
No further difference in duration of use was seen between cases and controls. In stratified
analyses, the reduced risk was present only for women who had never used menopausal
estrogen therapy (odds ratio, 0.4; 95% CI, 0.1–1.1) or who had used it for 2 years or less
(odds ratio, 0.1; 95% CI, 0.01–1.1); no risk reduction was noted among women who had
used it for 3 years or more (odds ratio, 1.3; 95% CI, 0.3–6.6).
Among 79 women treated at a hospital in North Carolina, USA, for endometrial cancer,
6.3% had used combined oral contraceptives for 6 months or longer compared with 15.3%
of the 203 controls from 52 counties in the State (the main referral area for the hospital)
(Hulka et al., 1982).
Kelsey et al. (1982) studied women who were admitted to seven hospitals in
Connecticut, USA. A total of 167 newly diagnosed cases of endometrial cancer were
compared with 903 control women admitted for non-gynaecological surgery. Among the
study participants aged 45–55 years — women who had had the opportunity to use oral
contraceptives — those who had used oral contraceptives for 2.5 years or more had a 50%
decrease in risk for endometrial cancer.
Henderson et al. (1983a) identified women with endometrial cancer from the population-based cancer registry for Los Angeles County and matched them to control women
of similar age who lived in the same neighbourhood as the case. The risk for endometrial
cancer decreased with increasing duration of use of combined oral contraceptives, and this
pattern remained after further adjustment for parity, current weight, infertility and amenorrhoea. Neither the recency of use of oral contraceptives nor their relative estrogen and
progestogen content had a clear impact on the risk, beyond that explained by duration of
use (data not shown). When the analysis was stratified by body weight, a reduction in risk
with longer duration of use was seen among women who weighed less than 170 lbs [77 kg]
but not among women who weighed more.
In a hospital-based study in the area of greater Milan, Italy, La Vecchia et al. (1986)
compared the use of combined oral contraceptives by women admitted for endometrial
cancer and by women admitted for traumatic, orthopaedic, surgical and other conditions.
Seven (4%) of the 170 case women and 178 (14%) of the 1282 control women reported use
of combined oral contraceptives, which resulted in an odds ratio of 0.50 (95% CI, 0.23–
1.12) after adjustment for age, marital status, education, parity, age at menarche, age at first
birth, age at menopause, body mass index, cigarette smoking and use of non-contraceptive
female hormones.
Pettersson et al. (1986) studied 254 women who resided in the health care region of
Uppsala (Sweden) and who were referred to the Department of Gynaecologic Oncology
with a newly diagnosed endometrial malignancy; each case was matched by age and
county of residence to one control woman who was identified from a population registry.
Use of combined oral contraceptives was analysed for women aged 60 years or under, and
108 cases and 113 controls were analysed. Women who had ever used contraceptives and
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users for 1 year or more had a lower risk than non-users (odds ratios, 0.5; 95% CI, 0.2–1.1;
and 0.4; 95% CI, 0.2–1.0, respectively). [The Working Group noted that it is unclear
whether the estimates were adjusted for potentially confounding factors.]
In a population-based study conducted by the Centers for Disease Control and the
National Institute of Child Health and Human Development in the USA, women 20–54
years of age with newly diagnosed endometrial cancer were identified from eight cancer
registries (Atlanta, Detroit, San Francisco, Seattle, Connecticut, Iowa, New Mexico and
four urban counties in Utah) in the US Surveillance, Epidemiology and End Results
(SEER) Program; 3191 controls were selected from the general population (CASH,
1987a). Women who had used only combined oral contraceptives had half the risk for
endometrial cancer of non-users (age-adjusted odds ratio, 0.5; 95% CI, 0.4–0.6). The risk
generally decreased with increasing duration of oral contraceptive use, and the greatest
reduction in risk was seen among women who had used combined oral contraceptives for
2 years or more. The strength of the association was similar after adjustment for age alone
and after multivariate adjustment for age, parity, education, body mass, menopausal status,
geographical region, exogenous estrogen use and infertility. The risk for endometrial
cancer did not vary with recency of use of combined oral contraceptives or with time since
first use; women who had ceased use of oral contraceptives 15 years or more before the
study interview and women who had first used oral contraceptives more than 20 years
before the interview had a lower risk than non-users (age-adjusted odds ratios, 0.3
[95% CI, 0.2–0.6] and 0.4 [95% CI, 0.2–0.7], respectively). When the analysis was stratified by formulation of the oral contraceptive, all formulations that had been used for at
least 6 months or more were associated with a decreased risk for endometrial cancer.
In a worldwide multicentre hospital-based study (nine centres in seven countries), the
use of combined oral contraceptives was compared in 132 women who had endometrial
cancer and 836 control women who were admitted to units other than obstetrics and gynaecology in each centre between 1979 and 1986 (WHO Collaborative Study of Neoplasia and
Steroid Contraceptives, 1988). Women who had used combined oral contraceptives only
had a lower risk for endometrial cancer than non-users (odds ratio, 0.5; 95% CI, 0.3–1.0),
after adjustment for socioeconomic status, source of referal, use of injectable contraceptives, menopausal status, age of menopause, total number of pregnancies and years until
becoming pregnant after infertility. The numbers of cases (total, 220) and control women
(total, 1537) in this study continued to accrue through to 1988 and these were then further
evaluated by Rosenblatt et al. (1991). Oral contraceptives were classified as being lowestrogen dose if they contained less than 50 μg ethinylestradiol or less than 100 μg mestranol and as being high-estrogen dose if they contained larger amounts of these estrogens.
Based on their ability to induce subnuclear vacuolization in the endometrium, progestogens in oral contraceptives were classified as being high and low potency. The level of
reduction in risk for endometrial cancer was related to both the estrogen dose and progestogen potency of the preparation: odds ratios for ever use were 1.1 (95% CI, 0.1–9.1) for
high estrogen–low progestogen, 0.6 (95% CI, 0.3–1.3) for low estrogen–low progestogen,
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0.2 (95% CI, 0.05–0.5) for high estrogen–high progestogen and 0.0 (95% CI, 0.0–1.1) for
low estrogen–high progestogen preparations.
Koumantaki et al. (1989) studied women who had endometrial cancer and were
admitted to two hospitals in Athens, Greece, and control women who were admitted to the
Athens Hospital for Orthopaedic Disorders. Only three (4%) of the 83 case women and
13 (8%) of the 164 controls had used combined oral contraceptives for 6 months or longer
(odds ratio, 0.6; 90% CI, 0.2–2.0, adjusted for age, parity, age at menarche, age at menopause, menopausal estrogen use, years of smoking, height and weight).
Among 122 women who were treated at a major referral hospital in the Canton of Vaud
(Switzerland) for endometrial cancer, 14% had used combined oral contraceptives, as had
27% of the 309 control women admitted to the same hospital for non-neoplastic, nongynaecological conditions (Levi et al., 1991). The risk decreased from 1.0 (95% CI,
0.5–2.3) for use of less than 2 years to 0.5 (95% CI, 0.1–1.2) for use of 2–5 years and 0.3
(95% CI, 0.1–0.7) for use of more than 5 years. Oral contraceptive use within the previous
10 years (odds ratio, 0.3; 95% CI, 0.1–0.9) or within the previous 10–19 years (odds ratio,
0.4; 95% CI, 0.2–1.0) and first use before the age of 30 years (odds ratio, 0.3; 95% CI,
0.1–0.7) were all associated with a reduction in the risk for endometrial cancer. Women
who had used oral contraceptives for 5 years or longer had a reduction in risk even when
use had occurred 20 or more years previously. The risk estimates were adjusted for age,
area of residence, marital status, education, parity, body mass, cigarette smoking and use
of menopausal estrogen therapy. Little variation in risk was seen by categories of body
mass (odds ratios, 0.6 for < 25 kg/m2 and 0.2 for ≥ 25 kg/m2) or cigarette smoking (odds
ratios, 0.5 for ever smokers and 0.6 for never smokers). Stratification by use of menopausal
estrogen therapy was also presented (odds ratios, 0.4 for ever use and 0.5 for never use).
There was no significant difference in the relative risk between nulliparous women (six
cases and 14 controls) who used oral contraceptives (age-adjusted odds ratio, 0.8; 95% CI,
0.2–2.9) and the parous oral contraceptive users (11 cases and 68 controls; age-adjusted
odds ratio, 0.3; 95% CI, 0.1–0.7).
Shu et al. (1991) studied 116 Chinese women who had endometrial cancer identified
from the population-based Shanghai Cancer Registry and 118 control women identified
from the Shanghai Residents’ Registry. The odds ratio for use of oral contraceptives (not
otherwise specified) compared with never use of this type of contraception, after
adjustment for age, gravidity and weight, was 0.8 (95% CI, 0.4–1.8). When the duration of
use was evaluated, there was a suggestion that oral contraceptive use for more than 2 years
was associated with a greater reduction in the risk for endometrial cancer (odds ratio, 0.4;
95% CI, 0.1–1.2).
Jick et al. (1993) studied women who were members of a large health maintenance
organization in western Washington State, USA. Women in whom endometrial cancer had
been diagnosed were identified from the organization’s tumour registry; the controls were
also members of the organization. Both groups included only women who used the pharmacies of the organization and who had previously completed a questionnaire sent to all
female members for a mammography study. Use of oral contraceptives (not otherwise
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specified), determined from the questionnaire, was reported by 18% of cases and 26% of
controls which gave an odds ratio of 0.5 (95% CI, 0.3–0.9), adjusted for age, date of
enrolment in the organization, body mass, age at menopause, parity and current use of
menopausal estrogen therapy. In comparison with non-users, the reduced risk for endometrial cancer was most pronounced for women who had used oral contraceptives for
6 years or more (odds ratio, 0.3; 95% CI, 0.1–0.9) or within the last 10 years (odds ratio,
0.4; 95% CI, 0.1–1.1).
In the USA, 402 women who had endometrial cancer diagnosed at seven hospitals (in
Chicago, IL; Hershey, PN; Irvine and Long Beach, CA; Minneapolis, MN; and WinstonSalem, NC) and 294 age-, race- and residence-matched control women from the general
population agreed to be interviewed (Stanford et al., 1993). Use of combined oral contraceptives was reported by 20% of the cases and 36% of the controls (odds ratio, 0.4;
95% CI, 0.3–0.7, after adjustment for age, education, parity, weight and use of menopausal
estrogen therapy). There was no clear pattern of decreasing risk with increasing duration
of use. Relative to non-users, a strong reduction in risk was noted for women who had used
these preparations within the last 10 years (odds ratio, 0.1; 95% CI, 0.0–0.3) and for those
who had first used them less than 15 years previously (odds ratio, 0.1; 95% CI, 0.0–0.4);
both of these effects waned with more distant oral contraceptive use. The risk estimates
varied little by age at first use (< 25, 25–29, 30–34, ≥ 35 years). When duration and recency
were evaluated jointly, use within the previous 20 years was more strongly predictive of a
reduction in risk than longer duration of use (≥ 3 years). In a joint evaluation with other
possible modifying factors, 3 or more years of use of combined oral contraceptive was
associated with a reduced risk for endometrial cancer among women of high parity (odds
ratio for women with five or more births, 0.2; 95% CI, 0.0–0.6), women who weighed less
than 150 lbs [68 kg] (odds ratio, 0.4; 95% CI, 0.2–0.9) and women who had never (odds
ratio, 0.2; 95% CI, 0.1–0.6) or briefly (< 3 years) (odds ratio, 0.8; 95% CI, 0.2–3.2) used
menopausal estrogen therapy.
Voigt et al. (1994) combined the study population described in the study of Weiss and
Sayvetz (1980) with a similar study population identified between 1985 and 1987 in western
Washington State, USA. A reduction in risk for endometrial cancer associated with combined oral contraceptive use was present only among users of 5 or more years of duration,
and even then only in women who were not long-term users of unopposed postmenopausal
estrogens. Among these women, the risk did not substantially vary according to progestogen
potency of the combined oral contraceptive used. When duration and recency of use of combined oral contraceptives were evaluated jointly, longer use (> 5 years) was associated with
a reduced risk for endometrial cancer irrespective of recency (last use, ≤ 10 years ago versus
> 10 years ago). When duration and the relative potency of the progestogens in the formulation were evaluated jointly, a longer duration of use (> 5 years), and not progestogen dose,
was most predictive of a reduced risk.
Kalandidi et al. (1996) studied 145 women who had endometrial cancer and were
admitted to two hospitals in Athens, Greece, and 298 control women who were admitted
to the major accident hospital in Athens with bone fractures or other orthopaedic disorders.
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Only two (1%) of the cases and five (1.7%) of the controls had ever used oral contraceptives (not otherwise specified). The multivariate-adjusted risk estimate was 1.3
(95% CI, 0.2–7.7).
Salazar-Martinez et al. (1999) conducted a hospital-based case–control study in Mexico
City that involved 84 women who had endometrial cancer diagnosed in 1995–97 and 668
controls from 63 hospitals. The odds ratio for use of oral contraceptives for less than 1 year
was 0.56 (95% CI, 0.22–1.30) and that for use for more than 1 year was 0.36 (95% CI,
0.15–0.83).
Weiderpass et al. (1999) conducted a population-based case–control study in Sweden
that involved 687 women aged 50–74 years who had had endometrial cancer diagnosed
in 1994–95 and 3191 controls. The odds ratio for use of oral contraceptives of less than
3 years was 1.0 (95% CI, 0.7–1.3) and that for use of 3 or more years was 0.5 (95% CI,
0.3–0.7; based on 45 exposed cases and 518 exposed controls). All analyses were adjusted
for age, age at menopause, parity and age at last birth, body mass index and duration of
previous use of various types of menopausal hormonal therapy.
Jain et al. (2000) conducted a case–control study in Ontario, Canada, that involved
512 women who had had endometrial cancer diagnosed in 1994–98 and 513 controls. The
odds ratio for ever use of oral contraceptives was 0.66 (95% CI, 0.51–0.84). The estimate
of relative risk was adjusted for age, education, parity, weight, age at menarche, tobacco
smoking, education, calorie intake and expenditure. No results were given according to
duration or recency of use of oral contraceptives.
Parslov et al. (2000) conducted a population-based case–control study in Denmark
that involved 237 women aged under 50 years who had had endometrial cancer diagnosed
in 1987–94 and 538 controls. The odds ratio was 0.4 (95% CI, 0.3–0.7) for use of oral
contraceptives of less than 1 year, 0.2 (95% CI, 0.1–0.3) for use of 1–5 years and 0.2
(95% CI, 0.1–0.4) for use of more than 5 years.
Newcomb and Trentham-Deitz (2003) conducted a population-based case–control
study in Wisconsin, USA, that involved 591 women aged 40–79 years who had had endometrial cancer diagnosed in 1991–94 and 2045 controls. The relative risk for endometrial
cancer was 1.04 (95% CI, 0.74–1.40) for use of oral contraceptives of less than 3 years
and 0.73 (95% CI, 0.52–1.02) for use of more than 3 years.
2.3

Cervical cancer

2.3.1

Introduction

Five cohort and 16 case–control studies of oral contraceptive use and cervical cancer
were evaluated previously (IARC, 1999). On aggregate, the studies showed a small increase
in relative risk associated with long-term use. This was observed in four studies in which
some analyses were restricted to cases and controls who tested positive for human papillomavirus (HPV) infection. However, the Working Group concluded that biases related to
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sexual behaviour, screening and other factors could not be ruled out as possible explanations
for the observed associations.
Studies to determine whether the use of hormonal oral contraceptives increases the risk
for HPV infection have been reviewed previously (IARC, 1999); it was concluded that oral
contraceptives probably do not enhance susceptibility to HPV infection (although in some
cultures the sexual behaviours of oral contraceptive users may be more conducive to the
acquisition of HPV infection than that of non-users).
It is now generally accepted that persistent infection by one of several carcinogenic
strains of sexually transmitted HPV is prerequisite for the development of most cervical
carcinomas. However, most infected women do not develop cervical cancer, which indicates that additional co-factors may play an etiological role. The uterine cervical epithelium at the squamocolumnar junction is the tissue from which cervical carcinomas arise
and is responsive to estrogens and progestogens. It is therefore reasonable to question
whether combined oral contraceptives that contain these two types of hormone act as cofactors to alter the risk for cervical cancer.
Invasive cervical cancer is the final result of a presumed series of events: initial HPV
infection, establishment of a persistent infection, resultant development of cervical intraepithelial neoplasia (CIN) of increasing severity (from dysplasia or low-grade CIN to carcinoma in situ or CIN3) and finally invasive carcinoma. In-situ and invasive carcinomas are
classified histologically as squamous-cell carcinoma, adenocarcinoma or adenosquamous
carcinoma if they have both squamous and adenomatous elements. Combined hormonal
contraceptives could theoretically increase the risks for cervical cancer by increasing
susceptibility to an HPV infection, increasing the probability of persistence in infected
women, enhancing the development of mild intraepithelial lesions in women with persistent
infection, increasing progression from mild intraepithelial lesions to carcinoma in situ or
promoting in-situ lesions to invade surrounding tissues (development of invasive carcinomas). Studies of different design are thus needed to address different hypotheses regarding the possible role of hormonal contraceptives in the development of cervical cancer.
It was long acknowledged that cervical cancer was probably caused by one or more
sexually transmitted agent (IARC, 2007). A major difficulty in studying the possible role
of oral use of combined hormonal contraceptives in the development of cervical cancer
was to account adequately for the potential confounding influence of sexual behaviour on
the results. After the establishment of the role of HPV in the genesis of cervical carcinoma, studies of oral use of hormonal contraceptives as a possible co-factor were conducted in which HPV infection was assessed using serological tests for HPV antibodies
or tests for HPV DNA in cervical scrapings. Cases and controls were classified as HPVpositive or HPV-negative, and estimates of the relative risk for cervical cancer in relation
to various features of oral contraceptive use were either calculated separately for HPVpositive women or controlled for HPV status. However, this has been of limited value in
assessing the role of oral use of hormonal contraceptives in cervical carcinogenesis
because of the lack of sensitivity of the serological tests, and the difficulty in interpreting
both negative and positive HPV DNA assays in controls. Another problem in assessing
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observed associations of cervical cancer with the oral use of hormonal contraceptives has
been the difficulty to rule out the possible effect of selective screening of users (IARC,
2007).
2.3.2

Meta-analysis

Since the previous evaluation (IARC, 1999), Smith et al. (2003) performed a metaanalysis of data from 28 studies or groups of studies that had been reported up to July 2002;
results of the meta-analysis are summarized in Table 7 by duration of use. Risk for cervical
cancer was found to increase significantly with duration of oral contraceptive use in most,
but not all, case–control and cohort studies, and there was a statistically significant divergence of results in some of the analyses. The combined relative risks from all studies for
in-situ and invasive cancers combined in women who used oral contraceptives for < 5, 5–9
and ≥ 10 years were 1.1 (95% CI, 1.1–1.2), 1.6 (95% CI, 1.4–1.7) and 2.2 (95% CI,
1.9–2.4), respectively. The association was stronger in the cohort studies, and risks were
higher for in-situ than invasive carcinomas and for adenocarcinomas than squamous-cell
carcinomas. An increase in risk with duration of use was apparent in most studies and in
all studies combined, but the risk tended to decline with time since cessation of oral contraceptive use regardless of duration of use (Table 8). Invasive and in-situ carcinomas were
not separated in these analyses. The association was stronger in women who tested positively for HPV DNA than in those who tested negatively, and the trend in risk with duration
of use remained after adjustment for HPV status. The associations were not materially

Table 7. Summary of results of a meta-analysis of data from
28 studies on the risk for cervical cancer in relation to years of
oral use of hormonal contraceptives
Type of study or carcinoma

All cervical cancer types
Cohort
Case–control
All studies
HPV positive subjects
HPV negative subjects
Adjusted for HPV statusa
Invasive carcinoma
Carcinoma in situ
Squamous-cell carcinoma
Adenocarcinoma

Approximate duration of use (years)
<5

5–9

≥ 10

1.8 (1.4–2.4)
1.1 (1.0–1.2)
1.1 (1.1–1.2)
0.9 (0.7–1.2)
0.9 (0.6–1.4)
0.9 (0.7–1.1)
1.1 (1.0–1.2)
1.3 (1.2–1.4)
1.1 (1.0–1.2)
1.5 (1.2–1.8)

2.2 (1.7–2.9)
1.5 (1.4–1.7)
1.6 (1.4–1.7)
1.3 (1.0–1.9)
0.9 (0.5–1.4)
1.3 (1.0–1.7)
1.4 (1.2–1.6)
2.1 (1.4–2.4)
1.5 (1.3–1.7)
1.7 (1.2–2.3)

3.3 (2.4–4.5)
2.0 (1.8–2.3)
2.2 (1.9–2.4)
2.5 (1.6–3.9)
1.3 (0.9–1.9)
1.7 (1.3–2.3)
2.0 (1.8–2.4)
2.4 (1.9–2.9)
2.0 (1.7–2.3)
2.8 (2.0–3.9)

From Smith et al. (2003)
a
Nine studies measured HPV DNA using polymerase chain reaction (PCR)based assays, one study used HPV antibodies.
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Table 8. Summary of results of a meta-analysis
of data from four studiesa on the risk for cervical
cancer in relation to years of use and time since
last use of oral hormonal contraceptives
Years since last use

<8
≥8

Approximate duration of use (years)
<5

≥5

1.4 (1.2–1.5)
1.1 (1.0–1.2)

2.1 (1.8–2.4)
1.4 (1.1–1.9)

From Smith et al. (2003)
a
Including two multicentre collaborative studies

altered after adjustment for numbers of sexual partners, cervical cancer screening, tobacco
smoking and use of barrier contraceptives, and were observed in selected studies in both
developed and developing countries.
2.3.3

Methodological considerations

In some of the analyses of Smith et al. (2003), cases of in-situ and invasive carcinoma
were not distinguished. Since bias due to selective screening of users of oral contraceptives more probably affected results of studies of in-situ diseases, they were
considered separately in this review. In addition, studies of carcinomas in situ in screened
women were considered separately from studies in general populations.
Although Green et al. (2003) reviewed the prevalence of HPV DNA in cancer-free
women in 19 case–control studies of cervical cancer and in surveys of HPV prevalence,
such studies cannot distinguish between recent, transient HPV infections and persistent
infections. Women who have long-term (persistent) infections are more likely to test positive at a single point in time than those who have short-term transient infections; therefore,
women who tested positive in these studies may represent persistent infections. No
consistent associations were found between prevalence of high- or low-risk types of HPV
and any use, current use or long-term use of oral contraceptives. One prospective study of
1995 women in Bogota, Colombia (Molano et al., 2003), reported that clearance of HPV
infection was slightly more frequent among women who had ever used oral contraceptives
than among non-users (hazard ratio adjusted for age, HPV type, multiplicity of HPV types
and parity, 1.38; 95% CI, 1.07–1.77), whereas another prospective study of 621 female
university students followed over 24 months (Richardson et al., 2005) found that the use
of oral contraceptives was unrelated to clearance of high-risk (age-adjusted hazard ratio,
0.8; 95% CI, 0.3–1.3) or low-risk (hazard ratio, 1.1; 95% CI, 0.6–1.9) HPV infection. It
thus seems unlikely that oral contraceptives play a role in the persistence of HPV infections. These results provide evidence that associations of cervical cancer with oral contraceptive use are probably not a result of confounding by detection of HPV.
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Infection by high-risk types of HPV has been assessed in two ways: serological tests
for HPV antibodies and tests for HPV DNA in cervical tissue (usually using polymerase
chain reaction (PCR)-based technology). A small proportion of DNA-based assays and
approximately half of the serological tests in cases of cervical cancer give negative results,
although nearly all cases are presumably a result of HPV infection, which indicates that
these tests are not 100% sensitive (IARC, 2007). Therefore, in some case–control analyses,
either all cases (on the assumption that they are all HPV-related) or HPV-positive cases
have been compared with HPV-positive controls. In this review, studies based on HPV
serology and those based on HPV DNA assays are considered separately, and studies in
which cases are compared with HPV-positive controls are distinguished from those in
which HPV status is controlled for in the statistical analyses (IARC, 2007).
2.3.4

Studies of in-situ and invasive cervical cancer in which HPV antibodies
were measured

In two of the most recent studies that presumably used the most sensitive tests available, only 43 (19.5%) of 221 women who had invasive cervical cancer tested positive for
antibodies to HPV 16-E7 in an enzyme-linked immunosorbant assay (ELISA) with synthetic peptides (Berrington et al., 2002) and 156 (66.4%) of 235 women who had invasive
squamous-cell cervical carcinoma tested positive for antibodies to types 16, 18, 31, 45 or
52 using a polymer-based viral-like particle ELISA (Shields et al., 2004). Since these tests
do not identify correctly all women who have been infected with a high-risk type of HPV,
residual confounding can occur in studies in which relative risk estimates are stratified on
or controlled for HPV status (IARC, 2007). It has been proposed that all cases (regardless
of their HPV antibody status) be compared with HPV-positive controls, but if the proportion of controls that test positive for HPV antibodies varies by use of oral contraceptives,
spurious associations with oral contraceptives can occur.
The results of three studies of cervical neoplasia and the use of oral contraceptives, in
which HPV antibodies were measured, that have been published since the previous review
(IARC, 1999) are summarized in Table 9.
Two studies provided estimates of relative risk for cervical carcinoma in relation to
duration of oral contraceptive use after controlling for HPV antibody status. Madeleine
et al. (2001) compared 150 cases of adenocarcinoma in situ in western Washington State,
USA, with 651 controls selected from the same population. Berrington et al. (2002) compared 221 women aged 20–44 years who had invasive cervical cancer diagnosed in the
United Kingdom between 1984 and 1988 with 393 control women selected from the same
general practitioners’ registers as the cases. In contrast to the study of Shields et al.
(2004), the percentage of controls with HPV antibodies decreased with duration of oral
contraceptive use in this study. [The trend in risk ratios for seropositivity was not statistically significant, but the variables that were controlled for in their calculation was not
indicated.] In both of these studies, risk increased with duration of use before controlling
for HPV antibody status. Berrington et al. (2002) found similar trends in women with and
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Table 9. Relative risks for three types of cervical cancer in relation to duration
of oral use of hormonal contraceptives controlled for the presence or absence
of human papillomavirus (HPV) antibodies
Reference

Lesion

Years
of use

No. of subjects

Relative risk adjusted for HPV
serology

Cases

Controls

No

Yes

Madeleine
et al. (2001)

Adenocarcinoma
in situ

None
Ever
1–5
6–11
≥ 12

8
124
64
40
20

74
384
250
101
33

1.0
2.7 (1.2–5.8)
2.1 (1.0–4.8)
3.4 (1.5–8.0)
5.5 (2.1–14.6)
p for trend < 0.0001

–
4.0 (1.7–9.4)
–
–
–

Berrington
et al. (2002)

Invasive
cervical
cancer

None
1–4
5–9
≥ 10

12
73
76
60

49
159
117
68

[1.0]a
[1.9]a
[2.6]a
[3.6]a

1.0 (0.5–2.1)
1.6 (1.2–2.2)
1.9 (1.3–2.6)
2.8 (1.9–4.2)

Shields et al.
(2004)

Invasive
squamous
- cell

None
<5
5–10
> 10

123
59
33
20

81
69
30
26

Data not given

1.0b
0.6 (0.4–0.9)b
0.7 (0.4–1.3)b
0.5 (0.3–1.0)b

a

Crude estimates calculated by the Working Group from the numbers of cases and controls shown in
the table
b
Results restricted to women with a positive test for HPV antibodies

without HPV antibodies (data not shown) but, after controlling for HPV antibodies, the
trend was slightly attenuated; however, Madeleine et al. (2001) found that the risk estimate in women who ever had used oral contraceptives was increased after controlling for
HPV antibodies.
A case–control study in the USA (Shields et al., 2004) compared 235 cases of invasive
squamous-cell cancer (all reasonably presumed to have been exposed to HPV) with 206
(43.0%) of 486 population-based controls who tested positive for antibodies against HPV
types 16, 18, 31, 45 or 52. In relation to duration of oral contraceptive use, there was no
trend in risk for cervical cancer when cases were compared with all controls [data not
presented in the published report], but the prevalence of HPV antibodies in the controls
increased, which resulted in a decrease in risk in analyses that compared cases with seropositive controls. [Although the results of the US study were controlled for time since last
Pap smear, screening bias could have influenced the results if most cases were detected at
screening and if oral contraceptive users were more likely to have been screened than nonusers. The discrepant results in the relationship of HPV antibody prevalence in the controls
with duration of oral contraceptive use in the studies of Berrington et al. (2002) and
Shields et al. (2004) render the results of both investigations questionable.]
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Studies in which cervical tissue was assayed for HPV DNA
(a)

Cervical carcinoma in situ

Among women with HPV infection at enrolment into a cohort in Manchester, United
Kingdom (Deacon et al., 2000), relative risks for subsequent development of CIN3 in
current and former users of oral contraceptives were 1.3 (95% CI, 0.7–2.5) and 1.2 (95% CI,
0.6–2.1), respectively. Risk did not vary linearly with increasing duration of use or with time
since last use, although the relative risk in women with more than 8 years of use was 1.5
(95% CI, 0.8–2.9).
Castle et al. (2002) followed 1812 women who had tested positive for high-risk HPV
DNA when they enrolled in a 10-year prospective study of cervical neoplasia at Kaiser
Permanente in Portland, OR, USA, for a period of 122 months. The risks for developing
CIN3 in current users of oral contraceptives versus non-users was 0.84 (95% CI, 0.49–1.5).
It was shown in the studies below that women who tested positive for HPV DNA in
their cervical tissue had an increasing risk for in-situ cervical cancer with increasing
duration of oral contraceptive use (Table 10).
In a multicentre case–control study of squamous-cell carcinoma and adenocarcinoma
of the cervix in the USA (Lacey et al., 1999), cases were selected from hospital admissions and population controls were selected by random-digit dialling. Forty-eight
cases of squamous-cell carcinoma in situ and 33 cases of adenocarcinoma in situ (regardless of their HPV DNA status) were compared with 48 controls who tested positive to one
or more of 18 high-risk types of HPV. As shown in Table 10, the relative risk in current
users was increased for in-situ adenocarcinoma but not significantly for in-situ squamouscell carcinoma, and a trend in risk with duration of use was observed only for adenocarcinoma (p for trend = 0.03).
In a study nested in a cohort of screened women in Uppsala county, Sweden, Ylitalo
et al. (1999) compared 178 cases of carcinoma in situ (most presumably squamous-cell)
who had HPV type 16 or 18 in pre-diagnostic smears with 178 matched controls with the
same HPV types. Risk was higher in current than in former users of oral contraceptives
and increased with duration of use (p-value of test for trend = 0.12). A similar trend was
observed for women who tested negative for HPV 16 or 18.
In a collaborative study in Colombia and Spain (Moreno et al., 2002), 211 cases of
squamous-cell carcinoma in situ (selected from hospitals, pathology laboratories and
screening clinics) who tested positive for one of 14 high-risk types of HPV were compared with 28 controls with normal cervical cytology (selected from the same place of
recruitment as the cases) but who had similar positive tests for a high-risk type of HPV.
Risk increased with duration of use of oral contraceptives.
[The Working Group noted that the results of the studies of Lacey et al. (1999) and
Moreno et al. (2002) were based on a very small number of controls who were HPV-positive. The relative risk estimates therefore had wide confidence intervals.]
In conclusion, the results from two case–control studies of screened women (Ylitalo
et al., 1999; Moreno et al., 2002) showed a significant increase in risk for squamous-cell
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Table 10. Relative risks for in-situ cervical neoplasia in relation to oral use of
hormonal contraceptives in case–control studies in which cases were compared
with controls with high-risk types of HPV DNA in their cervical tissue
Reference,
country

Lacey
et al.
(1999),
USA

Type of study

Populationbased case–
control

Reported
diagnosis in
the cases

Oral contraceptive use

Squamouscell
carcinoma
in situ

Never
Former
Current
Years of use
≤2
3–6
>6
Never
Former
Current
Years of use
≤2
3–6
>6

7
32
9

11
27
10

1.0 (reference)
1.0 (0.4–2.8)
1.3 (0.5–3.6)

10
15
16
2
13
18

9
12
16
11
27
10

0.9 (0.3–3.0)
0.9 (0.3–2.8)
1.2 (0.3–3.9)
1.0 (reference)
2.0 (0.4–9.9)
12.6 (2.5–64.2)

7
7
17

9
12
16

3.2 (0.6–17.2)
1.7 (0.3–9.5)
6.0 (1.2–30.7)

Never
Former
Current
Years of use
<2
2–9
≥ 10

48
241
77

84
239
48

1.0 (reference)
1.5 (0.8–3.1)
2.7 (1.1–6.7)

Never
Ever
> 5 years of
use

65
146
92

Adenocarcinoma
in situ

Ylitalo
et al.
(1999),
Sweden

Moreno
et al.
(2002),
Spain and
Columbia

Case–control
nested in
screening
cohort

Screeningbased case–
control

Carcinoma
in situ

Squamouscell
carcinoma
in situ

No. of subjects
Cases

Relative risk
(95% CI)

Controls

1.6 (0.7–3.7)
2.2 (1.0–4.9)
2.8 (1.1–6.9)
14
14
9

1.0 (reference)
2.5 (1.0–6.8)
2.9 (1.2–7.1)

CI, confidence interval; HPV, human papillomavirus

intraepithelial cervical lesions with duration of oral contraceptive use, but the populationbased (but not screening-based) study did not show such an association (Lacey et al.,
1999); two prospective studies showed no significant association of use of oral contraceptives with risk for CIN3 (Deacon et al., 2000; Castle et al., 2002). The studies of Lacey
et al. (1999) and Madeleine et al. (2001) showed a strong increasing trend in risk for
adenocarcinoma in situ with duration of oral contraceptive use, but in neither study were
the controls selected from screening programmes. [Since most cases of adenocarcinoma
in situ are detected at screening, these studies could have yielded spurious results if the
probability of being screened is related to duration of oral contraceptive use.]
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(b)

Invasive cervical neoplasia

In a study in Thailand (Thomas et al., 2001a), 126 women with in-situ or invasive
cervical cancer that contained HPV 16 and 42 women with HPV 18-associated adenomatous cervical carcinoma were compared with 250 hospital control women who had no
evidence of HPV infection in their cervical scrapings. Relative risks for HPV 16- and
HPV 18-associated tumours in women who had ever used oral contraceptives were
estimated to be 1.3 (95% CI, 0.8–2.0) and 1.4 (95% CI, 0.7–2.7), respectively. No trends
in risk with duration of oral contraceptive use were found. [Thus, if oral contraceptives do
enhance the risk for cervical cancer, they appear to do so equally for women who are
infected with HPV types 16 and 18.]
Two case–control studies of invasive cervical cancer, in which PCR-based assays for
HPV DNA were used and in which there was sufficient use of oral contraceptives for
meaningful analysis, are summarized in Table 11 (Moreno et al., 2002; Shapiro et al., 2003).
Moreno et al. (2002) conducted a multinational pooled analysis with studies from
Brazil, Columbia, Morocco, Paraguay, Peru, the Philippines, Spain and Thailand which
included overall more than 1400 cases and 1900 controls. Cases were women who had been
newly diagnosed with invasive squamous-cell cervical carcinoma and admitted to participating hospitals and controls were women with no cervical cancer who were selected from

Table 11. Relative risks for invasive cervical carcinoma in relation
to oral use of hormonal contraceptives in two case–control studies
in which cases were compared with controls with high-risk types of
HPV DNA in their cervical tissue
Reference, country

Oral contraceptive
use

Moreno et al. (2002),
eight countries

Never
Ever
> 5 years of use

Shapiro et al. (2003),
South Africa

Never
Ever
Years of use
<1
1–4
≥5
Years since last use
current/< 1
1–4
5–9
10–14
≥ 15

No. of women

Relative risk
(95% CI)

Cases

Controls

1006
459
239

149
78
19

1.0
1.3 (0.88–1.91)
4.0 (2.0–8.0)

364
160

166
88

1.0
0.9 (0.7–1.3)

63
58
32

41
32
13

0.8 (0.5–1.2)
0.9 (0.6–1.6)
1.3 (0.6–2.7)

16
17
20
25
73

9
8
11
19
38

1.3 (0.7–2.4)
1.9 (1.0–3.5)
1.0 (0.6–1.6)
0.8 (0.5–1.3)
0.7 (0.5–0.9)

CI, confidence interval; HPV, human papillomavirus
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the same hospitals as the cases. Cervical tissue from all cases and controls was tested for
high-risk types of HPV DNA using PCR-based technology. In analyses in which HPV
DNA-positive cases and controls were compared, the estimate of the relative risk in women
who had ever used oral contraceptives was 1.3 (95% CI, 0.88–1.91), and the individual estimates among the participating countries were significantly heterogeneous (not shown).
However, there was a clear increase in risk for more than 5 years of duration of use, and the
estimates of relative risks in such users were not significantly heterogeneous among the
study centres.
In a large study of invasive cervical cancer published after the meta-analysis by Smith
et al. (2003), Shapiro et al. (2003) recruited 484 women who had invasive squamous-cell
cervical cancer and 40 women who had invasive cervical adenocarcinoma from two
tertiary care hospitals in South Africa. A total of 1541 control women were recruited from
the same hospitals, or from local hospitals or community health centres from which the
cases were referred. The overall results are consistent with those of the meta-analysis of
Smith et al. (2003). No significant trend in risk was seen with duration of use, but a statistically non-significant increase in risk was observed for duration of use of ≥ 5 years. The
relative risks for users of oral contraceptives for < 1, 1–4, ≥ 5 years were 0.8 (95% CI,
0.5–1.2), 0.9 (95% CI, 0.6–1.6) and 1.3 (95% CI, 0.6–2.7), respectively. As in the metaanalysis, the risk declined with time since last use: the relative risks for current users and
for women who had last used oral contraceptives < 1, 1–4, 5–9, 10–14 and ≥ 15 years
previously were 1.3 (95% CI, 0.7–2.4), 1.9 (95% CI, 1.0–3.5), 1.0 (95% CI, 0.6–1.6), 0.8
(95% CI, 0.5–1.3) and 0.7 (95% CI, 0.5–0.9), respectively. Cervical scrapings from all
controls were tested for 13 high-risk types of HPV and 254 (16.5%) were positive. As
shown in Table 11, when the cases (all reasonably presumed to be HPV-positive) were
compared with the HPV-positive controls, risk was not significantly increased in women
who had ever used oral contraceptives. Among the controls, the proportions that tested
positive for HPV DNA in users and non-users of oral contraceptives were 14.6 and 17.7%,
respectively. Although this proportion declined slightly with duration of oral contraceptive
use (16.3, 14.7 and 10.7% in users of < 1, 1–4 and ≥ 5 years), it did not vary consistently
by time since last use, and the relative risks did not differ appreciably from those based on
the comparison of cases to all controls (not shown).
In a study in Latvia (Silins et al., 2004), 223 women who had invasive cervical carcinoma were identified in the oncology centre, which treats about 90% of all cases in the
country, and were compared with 239 healthy controls selected from the Latvian population registry. Serum from all women were tested for immunoglobulin G (IgG) antibodies to HPV types 6, 11, 16, 18 and 33, and cervical scrapings were tested for 18 highrisk and nine low-risk HPV types. The relative risk for cervical cancer in women who had
ever used oral contraceptives was 0.4 before controlling for HPV, 0.4 (95% CI, 0.2–1.0)
after controlling for HPV 16/18 antibodies and 0.4 (95% CI, 0.2–1.1) after controlling for
HPV in cervical tissue.
In a hospital-based study of 198 cases of invasive cervical cancer and 202 controls
conducted in Algeria (Hammouda et al., 2005), relative risks for users of oral contra-
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ceptives for < 5, 5–9 and ≥ 10 years were 0.6 (95% CI, 0.3–1.2), 0.5 (95% CI, 0.3–1.1)
and 0.8 (95% CI, 0.4–1.6), respectively. Although cases and controls were tested for HPV
DNA, the results were presented separately or were adjusted for HPV DNA status.
On aggregate, there is inconsistent evidence that the oral use of hormonal contraceptives alters the risk for invasive cervical carcinoma, although studies in which all
(Shapiro et al., 2003) or most (Moreno et al., 2002) cases were compared with HPV-positive controls should theoretically be the best design to attempt to determine such an alteration in women with an HPV infection.
2.3.6

Studies conducted to determine whether oral contraceptives alter the risk
for progression of cervical lesions

In a prospective study in Brazil (Cavalcanti et al., 2000), 280 women who were initially diagnosed with intraepithelial lesions were tested for HPV types by in-situ hybridization. The risk for progression to carcinoma in situ or invasive carcinoma was 1.4 (95%
CI, 0.4–5.6) in users of oral contraceptives compared with non-users. [The methods used
in this study could not be evaluated adequately from the published report.]
Two studies have been conducted in which cases of invasive cancer were directly
compared with cases of carcinoma in situ. Relative risk estimates from such studies can
be interpreted as risks for progression from in-situ to invasive disease.
Thomas et al. (2002) analysed data from five centres in Chile, Mexico and Thailand
that participated in the WHO Collaborative Study of Neoplasia and Steroid Contraceptives.
Based on data from more than 1300 women who had squamous-cell carcinoma in situ and
more than 2000 women who had invasive squamous-cell carcinoma, those who had ever
used oral contraceptives and those who had used them for 1–12, 13–60 and > 60 months
had relative risks for invasive versus in-situ disease of 1.0 (95% CI, 0.8–1.2), 1.0 (95% CI,
0.8–1.3), 0.9 (95% CI, 0.7–1.1) and 1.0 (95% CI, 0.8–1.3), respectively, compared with
non-users. [Although HPV assays were not performed in this study, since HPV is a
necessary cause of cervical carcinoma, this would only be needed in the improbable event
that oral contraceptive use was related differently to various types of high-risk HPVs with
different potentials to cause progression to invasive disease.]
In a study in Thailand (Thomas et al., 2001b), HPV assays were performed on 190
women who had invasive squamous-cell cervical carcinoma and 75 women who had
carcinoma in situ. After controlling for HPV types, the relative risk in women who had
ever used oral contraceptives was 1.3 (95% CI, 0.8–2.0) for HPV-16 and 1.4 (95% CI,
0.7–2.7) for HPV 18 positivity.
2.4

Ovarian cancer

This section reviews studies on the use of combined oral contraceptives and ovarian
cancer that have been published or updated since the last evaluation (IARC, 1999). On the
basis of four cohort studies and 21 case–control studies, the previous Working Group
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(IARC, 1999) found a substantially reduced incidence of ovarian cancer among combined
oral contraceptive users, with a consistent inverse duration–risk relationship.
2.4.1

Descriptive studies

Analyses of mortality trends in several areas of Europe (Adami et al., 1990; La
Vecchia et al., 1998; Levi et al., 2004; Bray et al., 2005) and in the USA (Gnagy et al.,
2000; Tarone & Chu, 2000) showed that women born after 1920 — i.e. the generations
who had used oral contraceptives — experienced reduced rates of ovarian cancer. The
downward trends were larger in countries where oral contraceptives had been used more
widely (Bray et al., 2005).
2.4.2

Cohort studies

Two cohort studies have been updated (Beral et al., 1999; Vessey et al., 2003) and an
additional study has been published (Kumle et al., 2004). The main findings from these
are given in Table 12.
The Royal College of General Practitioners’ study was based on 46 000 women
recruited in 1968 from 1400 British general practices (Beral et al., 1988); 30 cases of
ovarian cancer were observed up to 1987, which corresponded to multivariate relative risks
of 0.6 (95% CI, 0.3–1.4) for women who had ever used oral contraceptives and of 0.3 for
those who had used them for 10 years or longer. Adjustment was made for age, parity,

Table 12. Cohort studies of oral use of combined contraceptives
and ovarian cancer, 1998–2004
Reference, country

No. of
cases

Relative risk (95% CI)
Ever use

Longest use

Ramcharan et al. (1981),
USA

16

0.4 (0.1–1.0)

–

Beral et al. (1988, 1999),
United Kingdom

55

0.6 (0.3–1.0)

0.2 (0.1–1.3) (≥ 10 years)

Hankinson et al. (1995),
USA

260

1.1 (0.8–1.4)

0.7 (0.4–1.1) (≥ 5 years)

Vessey & Painter (1995),
Vessey et al. (2003),
United Kingdom

61

0.4 (0.2–0.7)

0.2 (0.1–0.6) (> 8 years)

214a

0.6 (0.5–0.7)

0.1 (0.01–0.6) (> 15 years)

Kumle et al. (2004),
Norway and Sweden
CI, confidence interval
a
135 invasive, 79 borderline
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smoking and social class. At the 25-year follow-up for mortality (Beral et al., 1999), 55
deaths from ovarian cancer were observed, which corresponded to relative risks of 0.6
(95% CI, 0.3–1.0) for women who had ever used oral contraceptives and 0.2 (95% CI,
0.1–1.3) for ≥ 10 years of use, based on one death. The protection persisted for ≥ 20 years
since cessation of use (relative risk, 0.7; 95% CI, 0.4–1.4).
The Oxford Family Planning Association study was based on 17 032 women who were
enrolled between 1968 and 1976 from various family planning clinics in the United
Kingdom (Vessey & Painter, 1995). Adjustment was made for age and parity. At the 32year follow-up of the same cohort at 31 December 2000, 61 deaths from ovarian cancer
were observed. The relative risks for oral use of combined hormonal contraceptives were
0.4 (95% CI, 0.2–0.7) for ever use, 1.1 (95% CI, 0.6–2.0; 17 deaths) for a duration of
≤ 48 months, 0.2 (95% CI, 0.0–0.5; three deaths) for 49–96 months and 0.2 (95% CI,
0.1–0.6; five deaths) for ≥ 97 months (Vessey et al., 2003).
The Norwegian-Swedish Women’s Lifestyle and Health cohort included 103 551
women aged 30–49 years in 1991–92 (Kumle et al., 2004). During the follow-up through
to 2000, 214 incident cases of ovarian epithelial neoplasms were observed (135 invasive,
79 borderline). Relative risks were adjusted for country, age, parity, menopausal status and
use of menopausal hormonal therapy. Compared with women who had never used oral
contraceptives, the overall relative risk for those who ever had was 0.6 (95% CI, 0.5–0.7);
the relative risk for progestogen-only preparations was 0.5 (95% CI, 0.2–1.2). Ever use was
associated with relative risks of 0.6 (95% CI, 0.4–0.8) for invasive cancers and 0.7
(95% CI, 0.5–1.2) for borderline cases. For duration of use, the relative risks were 0.9 for
< 1 year of use, 0.5 for 1–4 years, 0.6 for 5–9 years, 0.5 for 10–14 years and 0.1 for ≥ 15
years. The trend in risk with duration of use was significant, and the relative risk per year
of use was 0.91 (95% CI, 0.85–0.96). Corresponding values per year of use were 0.89
(95% CI, 0.84–0.94) for invasive and 0.96 (95% CI, 0.91–1.0) for borderline tumours.
2.4.3

Case–control studies

Studies that include information on oral contraceptives and ovarian cancer that have
been published or updated since the previous evaluation (IARC, 1999) are summarized in
Table 13.
In a population-based study of 824 cases and 860 controls diagnosed between 1990
and 1993 in three Australian states (New South Wales, Victoria and Queensland), Purdie
et al. (1995) found a relative risk of 0.5 (95% CI, 0.4–0.7) for any use of oral contraceptives and 0.3 (95% CI, 0.2–0.4) for ≥ 10 years of use. The response rate was 90% for
cases and 73% for controls. Adjustment was made for sociodemographic factors, family
history of cancer, use of talc, smoking and reproductive and hormonal factors. A subsequent analysis of the same dataset (Siskind et al., 2000) indicated that the reduction in
risk was 7% (95% CI, 4–9%) per year of use, that the protection was observed in various
strata of age at first use and that there was little evidence that the effect waned with time
since last use. When this dataset was analysed separately by histological type, the relative
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risk was 0.62 (95% CI, 0.37–1.04) for mucinous and 0.52 (95% CI, 0.39–0.68) for nonmucinous ovarian cancers (Purdie et al., 2001).
Table 13. Case–control studies of oral use of combined contraceptives and ovarian
cancer
Reference, country

Type of study

Relative risk (95% CI)a
No. of cases
(age in years)

Ever use

Longest use

Duration
(years)

Hildreth et al.
(1981), USA

Hospital-based

62 (45–74)

0.5 (0.1–1.7)

NR

Weiss et al.
(1981a), USA

Population-based

112 (36–55)

0.6 (NR)

0.5 (0.2–1.3)

≥9

Willett et al.
(1981), USA

Nested in a cohort

47 (< 60)

0.8 (0.4–1.5)

0.8 (0.3–2.1)

>3

Cramer et al.
(1982), USA

Population-based

144 (< 60)

0.4 (0.2–1.0)

0.6

>5

Franceschi et al.
(1982), Italy

Hospital-based

161 (19–69)

0.7 (0.4–1.1)

NR

Rosenberg et al.
(1982), USA

Hospital-based

136 (< 60)

0.6 (0.4–0.9)

0.3 (0.1–0.8)

Risch et al. (1983),
USA

Population-based

284 (20–74)

[0.5] (NR)

NR

Tzonou et al.
(1984), Greece

Hospital-based

150 (NR)

0.4 (0.1–1.1)

NR

CASH (1987b),
USA

Population-based

492 (20–54)

0.6 (0.5–0.7)

0.2 (0.1–0.4)

≥ 10

Harlow et al.
(1988), USA

Population-based

116 (20–79)

0.4 (0.2–0.9)

0.4 (0.2–1.0)

>4

Wu et al. (1988),
USA

Hospital- and
population-based

299 (18–74)

0.7 (0.5–1.1)

0.4 (0.2–0.7)

>3

Booth et al. (1989),
United Kingdom

Hospital-based

235 (< 65)

0.5 (0.3–0.9)

0.1 (0.01–1.0)

> 10

Hartge et al. (1989),
USA

Hospital-based

296 (20–79)

1.0 (0.7–1.7)

0.8 (0.4–1.5)

>5

Shu et al. (1989),
China

Population-based

229 (18–70)

1.8 (0.8–4.1)

1.9 (0.4–9.3)

>5

WHO Collaborative
Study (1989a),
7 countries

Hospital-based

368 (< 62)

0.8 (0.6–1.0)

0.5 (0.3–1.0)

>5

Parazzini et al.
(1991a), Italy

Hospital-based

505 (22–59)

0.7 (0.5–1.0)

0.5 (0.3–0.9)

≥2

Parazzini et al.
(1991b), Italy

Hospital-based

91 (23–64)

0.3 (0.2–0.6)

0.2 (0.1–0.6)

≥2

≥5
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Table 13 (contd)
Reference, country

Type of study

Relative risk (95% CI)a
No. of cases
(age in years)

Ever use

Longest use

Duration
(years)

Polychronopoulou
et al. (1993),
Greece

Hospital-based

189 (< 75)

0.8 (0.2–3.7)

NR

Risch et al. (1994,
1996), Canada

Population-based

450 (35–79)

0.5 (0.4–0.7)

0.3 (0.2–0.6)

≥ 10

Rosenberg et al.
(1994), USA

Hospital-based

441 (< 65)

0.8 (0.6–1.0)

0.5 (0.2–0.9)

≥ 10

Purdie et al. (1995),
Australia

Population-based

824 (18–79)

0.5 (0.4–0.7)

0.3 (0.2–0.4)

≥1

Godard et al.
(1998), Canada

Population-based

170 (20–84)

p = 0.038

0.33 (0.13–0.82)

> 10

Salazar-Martinez
et al. (1999),
Mexico

Hospital-based
(outpatient
controls)

84 (mean,
54.6)

0.4 (0.2–0.8)

0.4 (0.2–0.8)

>1

Wittenberg et al.
(1999), USA

Population-based

322 (20–79)

0.9 (0.4–2.1)b
0.8 (0.6–1.3)c

0.4 (0.1–1.4)b
0.6 (0.4–1.0)c

≥5

Beard et al. (2000),
USA

Population-based

103 (15–85+)

1.1 (0.6–2.3)

0.8 (0.4–1.1)

≥ 0.5

Cramer et al.
(2000), USA

Population-based

563 (mean, 51) 0.7 (0.5–0.8)

–

–

Greggi et al. (2000), Hospital-based
Italy

440 (≤ 80)

0.4 (0.3–0.6)

0.3 (0.2–0.5)

≥2

Ness et al. (2000),
USA

Population-based

767 (< 70)

0.6 (0.3–0.8)

0.3 (0.1–0.5)

≥ 10

Chiaffarino et al.
(2001), Italy

Hospital-based

1031 (< 80)

0.9 (0.7–1.2)

0.5 (0.3–0.9)

≥5

Riman et al. (2001),
Sweden

Population-based

193 (50–74)
borderline

1.2 (0.9–1.8)

1.2 (0.6–2.1)

≥ 10

Royar et al. (2001),
Germany

Population-based

282 (< 75)

0.5 (0.3–0.7)

0.4 (0.3–0.6)

>5

Riman et al. (2002),
Sweden

Population-based

655 (50–74)

0.7 (0.6–0.9)

0.4 (0.2–0.6)

≥ 10

Schildkraut et al.
(2002), USA

Population-based

390 (20–54)

1.0 referentd
0.0e
2.1 (1.2–3.7)f
1.6 (0.9–3.0)g
2.9 (1.8–4.5)h
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Table 13 (contd)
Reference, country

Type of study

Relative risk (95% CI)a
No. of cases
(age in years)

Ever use

Longest use

Duration
(years)

0.6 (0.4–0.8)

0.4 (0.3–0.6)

>5

Tung et al. (2003),
USA (Hawaii and
California)

Population-based

558 (mean,
borderline, 48;
invasive, 58)

Mills et al. (2004),
USA

Population-based

256 (mean,
56.6)

0.4 (0.2–0.7)

> 10

Pike et al. (2004),
USA

Population-based

477 (18–74)

0.5 (0.2–0.8)

≥ 10

Franceschi et al.
(1991a), Greece,
Italy, United
Kingdom

Three hospitalbased studies

971 (< 65)

0.6 (0.4–0.8)

0.4 (0.2–0.7)

≥5

Harris et al. (1992),
USA

Pooled analysis of
12 US populationand hospital-based
case–control
studies

327 (NR)

0.8 (0.6–1.1)

0.6 (0.4–0.9)

>5

Whittemore et al.
(1992), USA

Same pooled
analysis as Harris
et al. (1992)

2197 (NR)

0.7 (0.6–0.8)

0.3 (0.2–0.4)

≥6

John et al. (1993),
USA

Pooled analysis of
7 of the 12 studies
in the pooled
analysis of
Whittemore et al.
(1992)

110
(mean,
invasive, 53.3;
borderline,
37.1)

0.7 (0.4–1.2)

0.6 (0.2–1.6)

≥6

Bosetti et al.
(2002), Greece,
Italy, United
Kingdom

Re-analysis of
6 studies

2768 (< 40–
69)

0.7 (0.6–0.8)

0.4 (0.3–0.6)

≥5

Pooled analyses

CI, confidence interval; NR, not reported
a
Whenever available
b
Mucinous
c
Non-mucinous
d
Potency progestogen/estrogen high/high
e
Potency progestogen/estrogen high/low
f
Potency progestogen/estrogen low/high
h
Non-users, potency progestogen/estrogen low/low
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A case–control study was conducted in 1995–96 in Montréal, Canada, on 170 women
aged 20–84 years with invasive or borderline ovarian cancer and 170 population controls
(Godard et al., 1998). Fifty-eight cases were familial (i.e. with a history of breast or ovarian
cancer in first-degree relatives) and 111 were non-familial. Overall, 50% of cases versus
61.8% of controls reported ever having used oral contraceptives (p = 0.038). The multivariate model was based on 152 cases (101 sporadic, 51 familial) and 152 controls. Compared with women who had used oral contraceptives for < 1 year (66 cases, 88 controls),
the relative risk was 0.77 (95% CI, 0.44–1.36) for use of 1–5 years, 0.49 (95% CI,
0.27–0.91) for use of 6–10 years and 0.33 (95% CI, 0.13–0.82) for use of 11–25 years.
A case–control study was conducted in Mexico city in 1995–97 on 84 cases of ovarian
epithelial cancer and 668 outpatient controls (Salazar-Martinez et al., 1999). The response
rate was 100% for cases and 93% for controls. Overall, 13 (15.4%) cases versus 195
(29.2%) controls had ever used oral contraceptives (odds ratio, 0.36; 95% CI, 0.15–0.83).
Compared with never users of oral contraceptives, the multivariate relative risks, adjusted
for age, parity, breast-feeding, smoking, diabetes mellitus, physical activity, menopausal
status and body mass index, were 0.56 (95% CI, 0.22–1.3) for ≤ 1 year of use and 0.36
(95% CI, 0.15–0.83) for > 1 year of use.
An extraction from a previously published case–control study from western
Washington State, USA, included a separate analysis of 43 mucinous and 279 non-mucinous ovarian epithelial cancers compared with 426 population controls aged 20–79 years
(Wittenberg et al., 1999). The participation rate was approximately 64% for cases and 68%
for controls. After adjustment for age and parity, the relative risk for ever use of oral contraceptives was 0.9 (95% CI, 0.4–2.1) for mucinous and 0.8 (95% CI, 0.6–1.3) for non-mucinous cancers. Corresponding values for duration of use of ≥ 5 years were 0.4 (95% CI,
0.1–1.4) and 0.6 (95% CI, 0.4–1.0) and for time since last use ≥ 15 years were 1.2 (95% CI,
0.5–3.0) and 1.0 (95% CI, 0.7–1.7), respectively.
In a population-based case–control study of 103 incident cases of ovarian cancer
diagnosed between 1975 and 1991 and 103 controls from Olmsted County, MN, USA, the
age-matched relative risk was 1.1 (95% CI, 0.6–2.3) for ever having used oral contraceptives and 0.8 (95% CI, 0.4–1.1) for ≥ 6 months of use (Beard et al., 2000).
A population-based case–control study conducted between 1992 and 1997 in Massachusetts and New Hampshire, USA, included 563 incident cases and 523 controls (Cramer
et al., 2000). The overall participation rate was about 55% for both cases and controls. Ever
(≥ 3 months) use of oral contraceptives was reported by 226 (40%) cases and 276 (53%)
controls [which corresponded to a crude odds ratio of 0.66 (95% CI, 0.52–0.84)].
A hospital-based case–control study of ovarian cancer was conducted between 1992
and 1997 in the Rome area, Italy, and included 440 cases and 868 hospital controls, with
a response rate over 97% for both cases and controls (Greggi et al., 2000). The multivariate odds ratio (adjusted for age, education, parity and family history of ovarian cancer)
for ever having used oral contraceptives was 0.4 (95% CI, 0.3–0.6) and that for long-term
use (≥ 2 years) was 0.3.
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A study was conducted in Delaware Valley, USA, which included contiguous counties
in Pennsylvania, New Jersey and Delaware, between 1994 and 1998 (Ness et al., 2000) on
767 cases and 1367 community controls under the age of 70 years; the response rate was
88% for incident cases and 72% for controls. A relative risk of 0.6 (95% CI, 0.3–0.8) for
ever having used oral contraceptives and 0.3 (95% CI, 0.1–0.5) for ≥ 10 years of use was
found after adjustment for age, parity and family history of ovarian cancer. The protection
was similar for use of low-estrogen/low-progestogen and for high-estrogen (≥ 50 μg
ethinylestradiol)/high-progestogen (≥ 0.5 mg norgestrel) formulations (relative risk ranged
between 0.5 and 0.7 for women who had ever used various combinations). The reduced
risk was similar across strata of gravidity and when hormonal preparations were used for
contraceptive or non-contraceptive uses (e.g. endometriosis) (Ness et al., 2001). Another
report from the same dataset considered 616 invasive and 151 borderline tumours and
various histotypes separately (Modugno et al., 2001). The relative risk per year of oral contraceptive use was 0.94 (95% CI, 0.91–0.96) for all invasive cancers, 0.93 (95% CI,
0.90–0.97) for serous (218 cases), 0.93 (95% CI, 0.85–1.02) for mucinous (52 cases), 0.93
(95% CI, 0.88–0.97) for endometrioid (136 cases) and 0.98 for other invasive tumours
(150 cases), 0.92 (95% CI, 0.88–0.98) for all borderline cancers, 0.91 (95% CI, 0.85–0.98)
for serous (79 cases) and 0.94 (95% CI, 0.88–1.01) for mucinous (60 cases) ovarian
borderline tumours. In this dataset, information on androgenicity of oral contraceptives
was available for 568 cases and 1026 controls (Greer et al., 2005). The relative risk was
0.52 (95% CI, 0.35–0.76) for use of androgenic oral contraceptives and 0.58 (95% CI,
0.45–0.78) for use of non-androgenic oral contraceptives. No difference in risk between
androgenic and non-androgenic formulations was observed in relation to duration of use,
age at first use or time since last use. Another report (Walker et al., 2002) showed a protective effect in both women with and those without a family history of ovarian cancer,
although the number of women with a family history was small (three cases, nine controls).
In a case–control study conducted in Italy between 1983 and 1991 on 971 incident cases
under 75 years of age and 2758 hospital controls that was included in the previous evaluation (IARC, 1999), no appreciable difference in the relation between oral use of
hormonal contraceptives and the risk for ovarian cancer was observed between women with
and those without family history of ovarian and breast cancer (Tavani et al., 2000). The
response rate was over 95% for both cases and controls. The relative risk for women who
had ever used oral contraceptives was 0.7 in those with and 0.8 in those without a family
history. Adjustment was made for age and area of residence. When different histological
types of ovarian cancer were considered in the same dataset, the relative risk for ever use of
oral contraceptives was 0.7 (95% CI, 0.5–1.0) for serous, 1.4 (95% CI, 0.6–3.4) for mucinous and 0.8 (95% CI, 0.2–2.9) for endometrioid neoplasms (Parazzini et al., 2004).
A multicentric study was conducted between in 1992 and 1997 in four areas of
northern, central and southern Italy and included 1031 cases of ovarian cancer and 2441
hospital controls under the age of 80 years (Chiaffarino et al., 2001). The response rate was
over 95% for both cases and controls. Adjustment was made for age, centre, education,
parity and family history of ovarian and breast cancer. The multivariate relative risk was
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0.9 for ever having used hormonal contraceptives and 0.5 for ≥ 5 years of use. In the same
dataset, the relative risk for ≥ 5 years of oral contraceptive use was 0.9 for women with a
family history of breast or ovarian cancer in first-degree relatives and 0.5 for those without
(Tavani et al., 2004).
A case–control study was conducted between 1993 and 1996 in two regions of Germany
and included 282 patients with ovarian cancer (invasive and borderline) aged 20–75 years
and 533 population controls (Royar et al., 2001). [The overall response rate was approximately 58% for cases and 53% for controls.] The multivariate relative risk for ever having
used oral contraceptives was 0.5, after adjusting for parity, breast-feeding, family history of
ovarian cancer, tubal ligation and hysterectomy; the decrease in risk was 7% per year of use
(95% CI, 4–10%). The reduced risk was observed for oral contraceptives that contained
< 35 μg (relative risk, 0.14; 95% CI, 0.06–0.36), 35–45 μg (relative risk, 0.33; 95% CI,
0.15–0.72) and ≥ 50 μg (relative risk, 0.57; 95% CI, 0.34–0.89) ethinylestradiol.
The potency of progestogen and estrogen in oral contraceptives in relation to the risk
for ovarian cancer was also considered in a re-analysis of the CASH Study that was
conducted between 1980 and 1982 in eight population-based cancer registries of the US
SEER Program and included 390 cases and 2869 controls. This highest risk was found for
non-users compared with users of high-potency oral contraceptives (odds ratio, 2.9;
95% CI, 1.8–4.5) (Schildkraut et al., 2002). Compared with women who did not use oral
contraceptives, the relative risk for long-term (≥ 5 years) use was 0.2 (95% CI, 0.1–0.5) for
high-potency progestogen, 0.4 (95% CI, 0.2–0.6) for high-potency estrogen, 0.4 (95% CI,
0.2–0.6) for low-potency progestogen and 0.3 (95% CI, 0.1–0.6) for low-potency estrogen
formulations.
In a population-based case–control study of 655 incident cases of ovarian cancer and
3899 controls aged 50–74 years conducted between 1993 and 1995 in Sweden (Riman
et al., 2002), the relative risk for ever having used oral contraceptives was 0.73 (95% CI,
0.59–0.90) and that for longest use (≥ 10 years) was 0.36 (95% CI, 0.22–0.59). The
response rate was 76% for cases and 83% for controls. Adjustment was made for age,
parity, body mass index and age at menopause. The inverse association with oral use of
hormonal contraceptives tended to decrease with time since last use, although the risk
remained below unity 25 years or more after last use. The inverse association was
observed for serous (odds ratio, 0.56; 95% CI, 0.42–0.71 for ever use), endometrioid
(odds ratio, 0.71; 95% CI, 0.49–1.03) and clear-cell (odds ratio, 0.66; 95% CI, 0.31–1.43)
cancers but not for mucinous tumours (relative risk, 1.96; 95% CI, 1.04–3.67). The same
group of 3899 controls was used in a case–control study of 193 cases of borderline
ovarian tumours (including 110 serous and 81 mucinous) aged 50–74 years (Riman et al.,
2001). The refusal rate for cases was less than 25%. Oral use of hormonal contraceptives
conferred no protection against borderline ovarian cancers. The multivariate risks for ever
having used oral contraceptives, adjusted for age, parity, body mass index, age at menopause and use of various types of hormonal therapy, were 1.23 (95% CI, 0.9–1.8) overall,
1.40 (95% CI, 0.87–2.26) for serous borderline tumours and 1.04 (95% CI, 0.61–1.79) for
mucinous borderline tumours. No relation was observed with duration of or time since last

COMBINED ESTROGEN−PROGESTOGEN CONTRACEPTIVES

93

use of oral contraceptives; the relative risk for ≥ 10 years of use was 1.16 (95% CI, 0.61–
2.10). [The apparent difference from other studies on borderline cancers may be related
to the older age of these users.]
A multicentric case–control study conducted between 1993 and 1999 in Hawaii, HI,
and Los Angeles, CA, USA, included 558 histologically confirmed ovarian epithelial
cancers and 601 population controls (Tung et al., 2003). The participation rate was 62%
for cases and 67% for controls. Adjustment was made for age, ethnicity, study site, education, pregnancy and tubal ligation. The relative risk for ever having used oral contraceptives was 0.6 (95% CI, 0.4–0.8) and that for > 5 years of use was 0.4 (95% CI, 0.3–0.6).
The inverse relation was similar for mucinous (relative risk, 0.5; 95% CI, 0.3–0.9) and
non-mucinous (relative risk, 0.6; 95% CI, 0.4–0.8) neoplasms, as well as for invasive (relative risk, 0.6; 95% CI, 0.4–0.8) and borderline ovarian tumours (relative risk, 0.6; 95% CI,
0.4–1.0). The protection appeared to level off with time since last use, and no protective
effect was evident 10 years or more after last use.
A population-based case–control study was conducted in 2000–01 in 22 counties of
central California and included 256 ovarian cancer cases (182 invasive, 74 borderline)
and 1122 controls who were frequency-matched on age and ethnicity (Mills et al., 2004).
Compared with women who had never used oral contraceptives, the relative risks adjusted
for age, race or ethnicity and breast-feeding were 0.89 (95% CI, 0.59–1.36) for ≤ 1 year
of use, 0.82 (95% CI, 0.55–1.21) for 2–5 years of use, 0.62 (95% CI, 0.38–1.00) for 6–10
years of use and 0.37 (95% CI, 0.20–0.68) for > 10 years of use. The results did not differ
materially for invasive and borderline tumours, but the numbers were small.
A case–control study was conducted between 1992 and 1998 in Los Angeles County,
CA, USA, on 477 cases of invasive ovarian epithelial cancer and 660 population controls
aged 18–74 years (Pike et al., 2004). The participation rate was approximately 80% of
cases and 70% of controls approached. Multivariate relative risks were adjusted for age,
ethnicity, socioeconomic status, education, family history of ovarian cancer, tubal ligation,
use of talc, nulliparity, age at last birth, menopausal status, age at menopause and type of
hormonal therapy. Compared with women who had never used oral contraceptives, the
relative risks were 1.00 (95% CI, 0.72–1.39) for < 5 years of use, 0.72 (95% CI, 0.46–1.13)
for 5–9 years of use and 0.48 (95% CI, 0.23–0.78) for ≥ 10 years of use. The relative risk
per year of use was 0.94 (95% CI, 0.91–0.97) overall and 0.88 (95% CI, 0.81–0.97) for
high-estrogen/high-progestogen, 0.94 (95% CI, 0.88–1.00) for high-estrogen/low-progestogen, 0.66 (95% CI, 0.36–1.21) for low-estrogen/high-progestogen and 0.95 (95% CI,
0.92–0.99) for low-estrogen/low-progestogen preparations.
A collaborative re-analysis (Bosetti et al., 2002) of use of oral contraceptives and risk
for ovarian cancer was based on 2768 cases and 6274 controls from six studies conducted
in three European countries (Greece, Italy and the United Kingdom; Tzonou et al., 1984;
Booth et al., 1989; Polychronopoulou et al., 1993; Parazzini et al., 1994; Greggi et al.,
2000; Chiaffarino et al., 2001). Adjustment was made for age and other sociodemographic
factors, calendar year of interview, menopausal status and parity. The multivariate relative
risk was 0.7 (95% CI, 0.6–0.8) for ever use and 0.4 (95% CI, 0.3–0.6) for longest use
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(≥ 5 years), which corresponded to a decrease in risk of approximately 5% per year of use.
The protective effect appeared to persist for at least 20 years after last use of oral contraceptives in the absence of any significant trend of decreasing risk with time since cessation
of use.
Oral hormonal contraceptives are commonly used in the treatment of endometriosis.
Data from four population-based case–control studies conducted in the USA between 1993
and 2001 were pooled to analyse risk factors for ovarian cancer in women with no
endometriosis (Modugno et al., 2004). These included 2759 cases of ovarian cancer with
no endometriosis, 184 cases with endometriosis, 1972 controls with no endometriosis and
177 controls with endometriosis. Multivariate relative risks were computed with adjustment for study centre, age and family history of ovarian cancer. Compared with women
who had never used oral contraceptives, the relative risk was 0.58 (95% CI, 0.33–1.03) for
< 10 years and 0.21 (95% CI, 0.08–0.58) for ≥ 10 years of use among women with endometriosis and 0.70 (95% CI, 0.60–0.80) for < 10 years and 0.47 (95% CI, 0.37–0.61) for
≥ 10 years of use among women with no endometriosis.
2.4.4

Case–control studies among breast cancer gene (BRCA1/2) carriers
(Table 14)

A study conducted in North America and Europe on 207 susceptible women with hereditary ovarian cancer (179 with BRCA1 and 28 with BRCA2 mutations) and 161 sister
controls found a relative risk of 0.5 (95% CI, 0.3–0.8) for ever use of oral contraceptives;
the risk decreased with increasing duration of use (relative risk, 0.4; 95% CI, 0.2–0.7 for
> 6 years). Adjustment was made for geographical area of residence, year of birth, parity and
age at first birth. The results were similar (relative risk, 0.4 for ever use and 0.3 for > 6 years
of use) when the comparison was made with control carriers of BRCA1 or BRCA2 only
(Narod et al., 1998).
In a population-based case–control study from Israel (Modan et al., 2001), 240 cases
of ovarian cancer with BRCA1 or BRCA2 mutations and 592 cases with no mutations were
compared with 2257 controls. Oral use of hormonal contraceptives and duration of use
were inversely related to the risk for ovarian cancer in women with no mutations, but not
in those with BRCA1 or BRCA2 mutations. The relative risk for ≥ 5 years of use was 1.07
(95% CI, 0.63–1.83) in mutation carriers and 0.53 (95% CI, 0.34–0.84) in non-carriers.
In a case–control study of 36 BRCA1-carrier cases of ovarian cancer, 381 non-carrier
cases and 568 population controls conducted between 1997 and 2001 in the San Francisco
Bay Area, CA, USA (McGuire et al., 2004), the relative risk for ever having used oral
contraceptives was 0.54 (95% CI, 0.26–1.13) among BRCA1 mutation carriers and 0.55
(95% CI, 0.41–0.75) among non-carriers. The relative risk for use of ≥ 7 years was 0.22
(95% CI, 0.07–0.71) among BRCA1 carriers and 0.43 (95% CI, 0.30–0.63) among noncarriers. The response rate was 75% among cases and 72% among controls. Adjustment
was made for age, ethnicity and parity.
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Table 14. Case–control studies on combined oral contraceptives and
ovarian cancer among BRCA1/2 carrier cases
Reference, country Type of
study

Relative risk (95% CI)
No. of cases (age in
years)

Ever use

Longest use
(duration)

Narod et al.
(1998), USA

Hereditary
cancers

207 (< 75) with BRCA1
(179) or BRCA2 (28)
mutations

0.5 (0.3–0.8)

0.4 (0.2–0.7)
(> 6 years)

Modan et al.
(2001), Israel

Populationbased

240 with BRCA1/2
mutations

1.1 (0.7–1.9)
(0.1–1.9 years)
0.8 (0.4–1.4)
(2.0–4.9 years)

1.1 (0.6–1.8)
(≥ 5 years)

McGuire et al.
(2004), USA

Populationbased

36 BRCA1 carriers
381 BRCA1 noncarriers

0.5 (0.3–1.1)
0.6 (0.4–0.8)

0.2 (0.1–0.7)
(≥ 7 years)
0.4 (0.3–0.6)
(≥ 7 years)

Whittemore et al.
(2004), Australia
and United
Kingdom

Registrybased
BRCA1/2
carriers

147 with BRCA1 or
BRCA2 mutations

0.9 (0.5–1.4)

0.6 (0.4–1.1)
(≥ 6 years)

CI, confidence interval

A study based on registers of women with BRCA1 or BRCA2 germline mutations from
Australia and the United Kingdom included 147 cases of ovarian cancer and 304 controls.
The multivariate relative risk for ever having used oral contraceptives was 0.85 (95% CI,
0.53–1.4) and that for ≥ 6 years of use was 0.62 (95% CI, 0.35–1.1). Adjustment was made
for study centre, parity and age. The continuous relative risk per year of use among users
was 0.95 (95% CI, 0.91–0.99) (Whittemore et al., 2004).
2.5

Liver cancer

The majority of primary liver cancers are hepatocellular carcinomas. The major risk
factor for these cancers in areas of high incidence is chronic infection with hepatitis B
(HBV) virus, but the continuing increase seen in low-risk western populations is due at
least in part to the increasing prevalence of hepatitis C virus, which also causes hepatocellular carcinoma (IARC, 1994). Aflatoxin on mouldy food, liver cirrhosis, consumption
of alcoholic beverages (IARC, 1988; Baan et al., 2007) and tobacco smoking (IARC,
2004) are also important causes of this disease. Cholangiocarcinoma is less common than
hepatocellular carcinoma, although it frequently occurs in parts of South-East Asia, and
can be caused by infection with liver flukes (Parkin et al., 1991).
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Descriptive studies

Forman et al. (1983) analysed the rates of mortality from primary liver cancer among
men and women in England and Wales between 1958 and 1981. The age-standardized death
rate in women aged 20–39 years increased from 0.9 per million in 1970–75 to 1.8 per
million in 1976–81 (p < 0.005), whereas changes in death rates between these periods
among women aged 40–54 years and among men were small and were not statistically significant. The authors suggested that the change was consistent with the idea that combined oral
contraceptives caused some cases of liver cancer, but noted that no such trend was apparent
in Australia, western Germany, the Netherlands or the USA — other countries where the use
of combined oral contraceptives had been similar to that in England and Wales. In an
analysis of subsequent secular trends in mortality in England and Wales, Mant and Vessey
(1995) concluded that the rate of mortality from liver cancer had remained constant in age
groups of women who had had major exposure to oral contraceptives, and Waetjen and
Grimes (1996) found no evidence for an effect of the oral use of hormonal contraceptives
on secular trends in death rates from liver cancer in Sweden or the USA.
2.5.2

Cohort studies

In the Nurses’ Health Study in the USA, Colditz et al. (1994) studied a cohort of
121 700 female registered nurses aged 30–55 years in 1976 who were followed up for
deaths until 1988. Women who reported angina, myocardial infarct, stroke or cancer at
baseline were excluded, which left 116 755 women for follow-up. Of these, 55% reported
having used combined oral contraceptives and 5% reported current use. Incidence rates
with person–months of follow-up were used as the denominator and oral contraceptive
use at recruitment as the exposure. The risks associated with any use of oral contraceptives relative to no use, adjusted for age, tobacco smoking, body mass index and
follow-up interval, was 0.9 (95% CI, 0.8–1.0) for death from any cancer. Ten deaths from
primary liver or biliary-tract cancer occurred during the 12 years of follow-up, two of
which were among women who had used oral contraceptives, with a relative risk of 0.4
(95% CI, 0.1–2.4). No information was provided on infection with hepatitis viruses.
Hannaford et al. (1997) described the relationships between use of oral contraceptives
and liver disease in two British prospective studies conducted by the Royal College of
General Practitioners and the Oxford Family Planning Association. In the first study, 46 000
women, half of whom were using combined oral contraceptives, were recruited in 1968–69
and followed up until they changed their general practitioner or until 1995. Five cases of
liver cancer were observed, comprising one hepatocellular carcinoma in a woman who had
never used oral contraceptives, three cholangiocarcinomas in women who had formerly
used oral contraceptives and one cholangiocarcinoma in a woman who had never used oral
contraceptives. The risk for cholangiocarcinoma associated with former use of oral contraceptives in relation to no use was 3.2 (95% CI, 0.3–31). In a study of mortality in the same
cohort after 25 years of follow-up, five deaths from liver cancer occurred among women
who had used combined oral contraceptives and one in a woman who had never used them,
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to give a relative risk of 5.0 (95% CI, 0.6–43) (Beral et al., 1999). In the study of the Oxford
Family Planning Association, 17 032 women were recruited between 1968 and 1974, and
most were followed up until 1994. Three liver cancers were reported, comprising two
hepatocellular carcinomas and one cholangiocarcinoma, all in women who had formerly
used oral contraceptives. No information on infection with hepatitis viruses was provided.
2.5.3

Case–control studies
(a)

Benign neoplasms of the liver

Edmondson et al. (1976) interviewed by telephone 34 of 42 eligible women who had
undergone surgery for hepatocellular adenoma in Los Angeles, CA, USA, between 1955
and 1976. One age-matched friend control was interviewed for each case. Twenty-eight of
the 34 (82%) cases and 19 of 34 (56%) controls had used oral contraceptives for more than
12 months. The risks relative to use of combined oral contraceptives for less than 12 months
were 1.3 for 13–36 months of use, 5.0 for 61–84 months of use, 7.5 for 85–108 months of
use and 25 for 109 months of use and longer.
Rooks et al. (1979) interviewed 79 of 89 eligible women aged 16–50 years in whom
hepatocellular adenoma had been diagnosed between 1960 and 1976 at the Armed Forces
Institute of Pathology, Washington DC, USA. Three age-matched neighbourhood controls
were sought for each case, and 220 were interviewed. Seventy-two of the 79 (91%) cases
and 99 of 220 (45%) controls had used oral contraceptives for more than 12 months. The
risks relative to use of oral contraceptives for less than 12 months were 0.9 for 13–36
months of use, 1.16 for 37–60 months of use, 1.29 for 61–84 months of use and 5.03 for
85 months of use and longer.
Gemer et al. (2004) conducted a case–control study of liver haemangioma in women
that included 40 cases diagnosed between 1995 and 2002 at the Barzilai Medical Centre,
Ashkelon, Israel, and 109 control women with normal liver scans. The odds ratio for liver
lesions was 1.2 (95% CI, 0.5–2.6) for women who had ever used oral contraceptives and
0.7 (95% CI, 0.2–3.0) for use within the last 2 years.
(b)

Malignant tumours of the liver

The studies on malignant tumours of the liver described below are summarized in
Table 15.
Henderson et al. (1983b) studied women in Los Angeles County, CA, USA, in whom
liver cancer had been diagnosed and confirmed histologically during 1975–80 when they
were 18–39 years of age. Two neighbourhood controls were sought for each case and
matched on age and ethnic group. Twelve cases of liver cancer were identified, and interviews were obtained with 11 of the patients: eight with hepatocellular carcinoma, one with
a giant-cell carcinoma, one with a sclerosing duct-forming carcinoma and one with a
papillary carcinoma. Four of 22 identified controls refused to be interviewed and were
replaced, to give a response rate among those first selected of 82%; the true response rate
was probably lower because the census information used to identify controls could not be

Reference, study area

Age (years)

Henderson et al. (1983b),
California, USA

Odds ratioa
(95% CI)

No. of
controls

Comments

18–39

11

22

[7.0 (0.7–71)]

Forman et al. (1986),
England and Wales

20–44

30

147

3.8 (1.0–14.6)

Adjusted for age, year of birth

Neuberger et al. (1986),
United Kingdom

< 50

26

1333

1.0 (0.4–2.4)

Not adjusted for tobacco smoking or alcoholic
beverage consumption. Three cases are also included
in Forman et al. (1986).

Palmer et al. (1989), USA

19–54

WHO Collaborative Study
(1989b), Chile, China,
Colombia, Israel, Kenya,
Nigeria, Philippines,
Thailand

15–56
(mean, 41.8)

Kew et al. (1990), South
Africa

12

60

[15 (1.7–126)]

No information on tobacco smoking

122

802

0.7 (0.4–1.2)

Adjusted for alcoholic beverage consumption, number
of live births, occupation

15–54

46

92

1.9 (0.6–5.6)

No effect of alcoholic beverage or tobacco
consumption on risk estimates

Vall Mayans et al. (1990),
Catalonia region, Spain

No age limits

29

57

[4.7 (1.1–20)]

86.5 % of cases had liver cirrhosis. Tobacco and
alcohol adjustment did not alter risk estimates.

Yu et al. (1991), California,
USA

18–74

25

58

3.0 (1.0–9.0)

Adjustment for tobacco and alcohol did not alter risk
estimates.

Hsing et al. (1992), USA

25–49

72

549

1.6 (0.6–2.6)

Tavani et al. (1993), Italy

28–60

43

194

2.6 (1.0–7.0)

Adjusted for age, education, parity

Collaborative MILTS
(1997), France, Germany,
Greece, Italy, Spain, United
Kingdom

< 65

293

1779

0.8 (0.5–1.0)

No association for duration of use, type of
formulation; significantly increased risk for > 6 years
of use in individuals with no hepatitis infection or
liver cirrhosis

Yu et al. (2003), Taiwan
(China)

≥ 35

218

729

0.75 (0.44–1.28)

No association for ≥ 2 years’ duration of use

CI, confidence interval; MILTS, Multicentre International Liver Tumour Study
a
Odds ratios are given for never versus ever use of oral contraceptives.
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No. of
cases
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Table 15. Case–control studies of use of combined oral contraceptives and liver cancer
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obtained for 4.3% of the houses surveyed. None of the patients or controls reported a prior
history of hepatitis or jaundice; none of the four cases had HBV surface antigens (HBsAg);
none of the patients reported exposure to any known hepatotoxin, and there was no
difference in the frequency of alcoholic beverage consumption between cases and controls.
Tobacco smoking histories were not reported. Ten of the 11 patients (including seven of the
eight cases of hepatocellular carcinoma) had used oral contraceptives, and the 11th had
received hormone injections of an undetermined type; 13 of the 22 controls had used oral
contraceptives. The average duration of use of oral contraceptives was 64.7 months for the
patients and 27.1 months for the controls (one-sided matched p < 0.005). [The relative risk
for any use of oral contraceptives was 7.0 (95% CI, 0.7–71) for hepatocellular carcinoma
and 6.9 (95% CI, 0.7–64) for all liver cancers (unmatched analyses).]
Forman et al. (1986) identified all women certified to have died from primary liver
cancer at the age of 20–44 years in England and Wales between 1979 and 1982. Two
controls were selected for each case from among women who had died from cancer of the
kidney, cancer of the brain or acute myeloid leukaemia, and, for 1982 only, two further
controls were selected for each case from among women who had died as a result of a road
traffic accident. Information on exposure was obtained from a questionnaire sent to the
general practitioners of cases for 46 of 85 (54.1%) potential cases and for 147 of 233
(63.1%) eligible controls. Eighteen of 30 (60%) cases had used oral contraceptives compared with 79 of 147 (54%) controls. Information on tobacco smoking and alcoholic beverage consumption was not available. The relative risks, adjusted for age and year of birth,
were: for hepatocellular carcinoma, 3.8 for any use, 3.0 for < 4 years, 4.0 for 4–7 years and
20.1 for ≥ 8 years of use; for cholangiocarcinoma, 0.3 for any use, 0.1 for < 4 years and 0.9
for ≥ 4 years of use. [The published risks were adjusted for age and year of birth, but CIs
were not given. The unadjusted relative risks and 95% CIs, calculated from the published
data, were: hepatocellular carcinoma, any use, 3.2 (95% CI, 1.0–10); < 4 years, 2.4 (95% CI,
0.7–8.5); 4–7 years, 3.6 (95% CI, 0.8–16); and ≥ 8 years, 13 (95% CI, 2.1–78); cholangiocarcinoma, any use, 0.3 (95% CI, 0.1–1.3); < 4 years, 0.2 (95% CI, 0.0–1.3); and ≥ 4 years,
0.7 (95% CI, 0.2–3.7).] There was no information on infection with hepatitis viruses. Three
cases in this study were also included in the study of Neuberger et al. (1986), described
below.
Neuberger et al. (1986) studied 26 women in whom hepatocellular carcinoma had been
diagnosed and confirmed histologically in a non-cirrhotic liver when they were under the
age of 50 years. The cases were referred from all over the United Kingdom to the Liver
Unit at King’s College School of Medicine and Dentistry, London, between 1976 and
1985. The controls were 1333 women who had been hospital controls in a case–control
study of breast cancer and had been interviewed during 1976–80. The results were not
adjusted for tobacco smoking or alcoholic beverage use. Eighteen of the 26 (69%) cases
had taken hormonal contraceptives orally. The controls were used to calculate the expected
numbers of cases for each duration of oral contraceptive use, within age and calendar
groups. The expected number of women who had ever used oral contraceptives was 18.7,
which gave a relative risk of 1.0 (95% CI, 0.4–2.4). The relative risks by duration of use
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were 0.3 (95% CI, 0.1–1.1) for < 4 years, 0.9 (95% CI, 0.3–3.4) for 4–7 years and 4.4 (95%
CI, 1.5–13) for ≥ 8 years. None of the cases had HBsAg, but one had antisurface antibodies
and three had anticore antibodies. Exclusion of these four cases changed the relative risks
associated with oral contraceptive use to 1.5 (95% CI, 0.5–4.4) for any use, 0.5 (95% CI,
0.1–1.9) for < 4 years, 1.5 (95% CI, 0.4–6.3) for 4–7 years and 7.2 (95% CI, 2.0–26) for
≥ 8 years. Three cases in this study were also included in the study of Forman et al. (1986),
described above.
Palmer et al. (1989) conducted a hospital-based case–control study of women in
whom liver cancer had been diagnosed when they were 19–54 years of age in five cities
in the USA in 1977–85. They identified 12 cases of liver cancer, of which nine were
hepatocellular carcinoma, two were cholangiocarcinoma and one was undetermined.
None of the cases reported a history of hepatitis, nor was there mention in their hospital
discharge summaries of HBV infection; liver cirrhosis was discovered at the time of
surgery in one case of hepatocellular carcinoma. Five controls were selected for each case
and matched on hospital, age and date of interview. Tobacco smoking status was not
reported, but alcoholic beverage intake was similar in cases and controls. Eleven of the 12
cases (including eight of the nine cases of hepatocellular carcinoma) and 20 of the 60
controls had used oral contraceptives. The risk for hepatocellular carcinoma relative to
women who had used oral contraceptives for < 2 years was 20 (95% CI, 2.0–190) for 2–4
years of use and 20 (95% CI, 1.6–250) for ≥ 5 years of use. [The unmatched relative risk
for any use was 15 (95% CI, 1.7–126).]
The WHO Collaborative Study of Neoplasia and Steroid Contraceptives (1989) was a
hospital-based case–control study conducted in eight countries between 1979 and 1986.
A total of 168 eligible cases were identified; 122 (72.6%) of the diagnoses were confirmed,
and these women were interviewed. Histological typing was available for 69 cases: 36
were hepatocellular carcinoma, 29 were cholangiocarcinoma, one was an adenocarcinoma
and three were not specified. Controls were selected from among individuals admitted to
the same hospitals as the cases with conditions not thought to be related to the use of oral
contraceptives. The overall response rate of controls was 94.3%. Information on tobacco
smoking was not collected; there was no statistically significant difference in alcoholic
beverage consumption between cases and controls (17.2% of the cases and 26% of the
controls had ever drunk alcoholic beverages). The finding that 25 of 122 cases (20.5%) and
216 of 802 controls (26.9%) had used oral contraceptives gave odds ratios, adjusted for
number of live births and occupation, of 0.7 (95% CI, 0.4–1.2) for any use, 0.8 (95% CI,
0.4–1.5) for use of 1–12 months, 0.7 (95% CI, 0.3–1.7) for use of 13–36 months and 0.7
(95% CI, 0.3–1.7) for use of ≥ 37 months. The odds ratios for any use by histological subtype were 0.6 (95% CI, 0.2–1.6) for hepatocellular carcinoma, 1.2 (95% CI, 0.5–3.1) for
cholangiocarcinoma and 0.5 (95% CI, 0.2–1.3) for a clinical diagnosis with no histological
confirmation. Information on prior infection with hepatitis viruses was not collected, but
all except one of the study centres were in countries with high rates of liver cancer where
HBV infection is endemic.
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Kew et al. (1990) conducted a hospital-based case–control study in Johannesburg,
South Africa, among patients in whom histologically confirmed hepatocellular carcinoma
had been diagnosed when they were aged 19–54 years. Two controls per case were selected
and matched by age, race, tribe, rural or urban birth, hospital and ward. Patients with
diseases in which contraceptive steroids might be causally implicated were not considered
eligible as controls. Tobacco smoking and alcoholic beverage intake were associated with
the risk for liver cancer, but inclusion of these variables in the analysis did not alter the
results. Seven of 46 (15.2%) cases and eight of 92 (8.7%) controls had ever used oral
contraceptives, to give an overall relative risk of 1.9 (95% CI, 0.6–5.6). The relative risks
were 2.1 (95% CI, 0.4–11) for use of < 4 years, 2.0 (95% CI, 0.1–33.1) for use of 4–8 years
and 1.5 (95% CI, 0.3–7.2) for use of > 8 years. Nineteen of 46 cases were HBsAg-positive,
25 had evidence of past infection with HBV and two had never been infected. The odds
ratio for hepatocellular carcinoma in HBsAg-negative patients who used contraceptive
steroids of any type was 0.4 (95% CI, 0.2–1.0).
Vall Mayans et al. (1990) conducted a hospital-based case–control study in the
Catalonia region of northeastern Spain, where 96 patients admitted to the Liver Unit of
the University Hospital in Barcelona between 1986 and 1988 were identified, 74 of whom
had histologically or cytologically confirmed hepatocellular carcinoma. Liver cirrhosis
was present in 83 (86.5%) cases. For the 29 female cases, two controls were selected per
case and matched on sex, age, hospital and time of admission. Patients with diagnoses
related to the use of oral contraceptives were considered ineligible as controls. One
control was excluded from the analysis because of later confirmation of liver cirrhosis.
Serum from all patients was tested for HBsAg, antibody to hepatitis B core antigen and
antibody to hepatitis surface antigen. All patients were interviewed, but the response rates
were not given. Tobacco smoking was not associated with risk, and adjustment for alcoholic beverage intake did not alter the results. Six of 29 female cases (20.7%) and three
of 57 female controls (5.3%) had used oral contraceptives [unmatched relative risk, 4.7
(95% CI, 1.1–20)]. Overall, 9.4% of cases and 2.1% of controls were HBsAg-positive,
and all of the users of oral contraceptives were HBsAg-negative.
Yu et al. (1991) used a population-based cancer registry to identify cases of histologically confirmed hepatocellular carcinoma diagnosed in black or white non-Asian
women aged 18–74 years resident in Los Angeles County, CA, USA, between 1984 and
1990. Two neighbourhood controls were sought for each case and matched on sex, year of
birth and race. Adjustment for tobacco smoking and alcoholic beverage consumption did
not alter the results. Thirteen of 25 (52%) cases and 18 of 58 (31%) controls had used oral
contraceptives. The odds ratios were 3.0 (95% CI, 1.0–9.0) for any use, 2.3 (95% CI,
0.5–11) for use of ≤ 12 months, 1.7 (95% CI, 0.3–9.1) for use of 13–60 months and 5.5
(95% CI, 1.2–25) for use of ≥ 61 months. For the 11 cases who had formerly used oral
contraceptives, the mean time since last use was 14.5 years. Seven cases had antibodies to
one or more markers of hepatitis viral infection; when these cases were excluded, the association between the use of oral contraceptives and the risk for hepatocellular carcinoma
became stronger.
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Hsing et al. (1992) studied deaths from primary liver cancer among women aged
25–49 years in the USA (except the State of Oregon) in 1985 and in the National Mortality
Followback Survey in 1986. The study included 98 cases for analysis, of which 76 were
primary liver cancer and 22 were cholangiocarcinoma. Controls were selected from among
women in the National Mortality Followback Study who had died in 1986 from causes
other than liver cancer and whose next of kin returned the questionnaire. Potential controls
with evidence of chronic liver disease or whose causes of death were thought to be associated with oral contraceptive use were excluded, which left 629 controls for analysis. The
odds ratios were adjusted for tobacco smoking and alcoholic beverage use. For all subjects
with complete data, 39 of 72 (54.2%) cases and 243 of 549 (44.3%) controls had ever used
oral contraceptives; the odds ratios were 1.6 (95% CI, 0.9–2.6) for any use, 1.2 (95% CI,
0.6–2.4) for use of < 5 years, 2.0 (95% CI, 1.0–4.4) for use of 5–9 years and 2.0 (95% CI,
0.8–4.8) for use of ≥ 10 years. For subjects whose spouse or parent responded, the relative
risks were 2.7 (95% CI, 1.4–5.3) for any use, 2.1 (95% CI, 0.9–4.6) for use of < 5 years,
3.9 (95% CI, 1.6–9.6) for use of 5–9 years and 4.8 (95% CI, 1.7–14) for use of ≥ 10 years.
When the four Asian cases and 10 controls from populations who were presumed to have
a higher prevalence of HBV infection were excluded from the analysis, higher risk estimates were seen for any use (2.8; 95% CI, 1.4–5.5) and for long-term (≥ 10 years) use (5.2;
95% CI, 1.7–15). The relative risks for the 13 cases of cholangiocarcinoma were 0.8 (95%
CI, 0.3–2.7) for any use, 0.5 (95% CI, 0.1–2.7) for < 5 years of use, 0.6 (95% CI, 0.1–5.4)
for 5–9 years of use and 3.3 (95% CI, 0.7–16) for ≥ 10 years of use.
Tavani et al. (1993) conducted a hospital-based case–control study of women who had
histologically or serologically confirmed hepatocellular carcinoma diagnosed at the age of
28–73 years in the greater Milan area, Italy, between 1984 and 1992. Controls were women
admitted to hospital for acute non-neoplastic diseases (37% traumas, 13% other orthopaedic
disorders, 40% acute surgical conditions, 10% other). Since none of the women aged 60
years or over had ever used oral contraceptives, the analysis was restricted to women under
that age. Nine of 43 (20.9%) cases and 21 of 194 (10.8%) controls had ever used oral contraceptives. The odds ratios, adjusted for age, education and parity, were 2.6 (95% CI, 1.0–7.0)
for any use, 1.5 (95% CI, 0.5–5.0) for use of ≤ 5 years and 3.9 (95% CI, 0.6–25) for use of
> 5 years. In relation to time since oral contraceptives were last used, the odds ratios were
1.1 (95% CI, 0.3–4.6) for ≤ 10 years and 4.3 (95% CI, 1.0–18) for > 10 years. No information was available on infection with hepatitis viruses.
The Multicentre International Liver Tumour Study (Collaborative MILTS Project Team,
1997) included women who had hepatocellular carcinoma and were diagnosed before the
age of 65 years between 1990 and 1996 in seven hospitals in Germany and one each in
France, Greece, Italy, Spain and the United Kingdom. The diagnoses were based on histological examination or on imaging and increased α-fetoprotein concentration. An average of
four controls was sought for each case: two general hospital controls without cancer, one
hospital control with a diagnosis of an eligible tumour and one population control. The
controls were frequency-matched for age, and living controls were obtained for cases who
had died. Of the 368 eligible cases, 317 (86.1%) were included. Oral contraceptive use was
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reported for 148 of the 293 (50.5%) cases and 1086 of the 1779 (61.0%) controls. The odds
ratio for any use of oral contraceptives was 0.8 (95% CI, 0.5–1.0); those by duration of use
were 0.8 (95% CI, 0.5–1.3) for 1–2 years, 0.6 (95% CI, 0.3–1.1) for 3–5 years and 0.8
(95% CI, 0.5–1.1) for ≥ 6 years of use. For use of oral contraceptives that contained cyproterone acetate, the odds ratios were 0.9 (95% CI, 0.5–1.6) for any use, 0.9 (95% CI, 0.4–2.4)
for use of 1–2 years, 0.9 (95% CI, 0.3–2.4) for use of 3–5 years and 0.9 (95% CI, 0.4–2.0)
for use of ≥ 6 years. When the analysis was restricted to the 51 cases who had no liver
cirrhosis or evidence of infection with hepatitis viruses, the odds ratios increased to 1.3
(95% CI, 0.4–4.0) for use of any oral contraceptives of 1–2 years, 1.8 (95% CI, 0.5–6.0) for
use of 3–5 years and 2.8 (95% CI, 1.3–6.3) for use of ≥ 6 years.
Yu et al. (2003) conducted a multicentre case–control study on reproductive risk factors
for hepatocellular carcinoma in women in Taiwan, China, where this disease is common.
Cases were 218 women aged 35 years or over who had hepatocellular carcinoma and were
recruited through four large hospitals; 729 controls were selected from first-degree or nonbiological relatives. Twenty cases (9.2%) and 110 (15%) controls had used oral contraceptives, to give an adjusted odds ratio of 0.75 (95% CI, 0.44–1.28) for ever having used
and 0.38 (95% CI, 0.13–1.09) for more than 2 years of use of oral contraceptives.
2.6

Colorectal cancer

Several studies have provided information on the use of combined oral contraceptives
and the risk for colorectal cancer. The previous evaluation of exogenous hormones and
risk for cancer reviewed four cohort and 10 case–control studies, none of which showed
significantly elevated risks in women who used these preparations for any length of time
(Tables 16 and 17). The relative risks were below unity for nine studies, and statistically
significant in two (IARC, 1999).
Some aspects, however, remain undefined, including the risk related to duration and
recency of use and more adequate allowance for confounding, which left the issue of a
causal inference for the observed association open to discussion. This section reviews
data on oral contraceptives and colorectal cancer that have been published since the last
evaluation (IARC, 1999).
2.6.1

Cohort studies

In addition to the four cohort studies reviewed previously (IARC, 1999), four cohort
studies have provided new data on the potential association between oral contraceptives
and colorectal cancer (Table 16).
van Wayenburg et al. (2000) analysed the mortality from colorectal cancer according
to several reproductive variables in the Diagnostisch Onderzoek Mammacarcinoom
(DOM) cohort study, a population-based breast cancer screening programme in Utrecht,
The Netherlands. Between 1974 and 1977, 14 697 women who lived in Utrecht were
enrolled in the DOM study, and 12 239 women who attended the second screening visit
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Table 16. Cohort studies of oral use of contraceptives and colorectal cancer
Reference

Country and
study

Population
(follow-up);
no. of cases/
deaths

Relative risk (95% CI) (ever versus never users)

Comments

Colorectal

Colon

Rectum

USA
Nurses’
Health Study

89 448
(12 years);
501 cases

0.84 (0.69–1.02)

0.64 (0.40–1.02)

0.76 (0.49–1.18)

Adjusted for age, body mass index,
exercise, family history of cancer,
aspirin, alcohol, meat intake,
menstrual factors; significant
inverse trend with duration of use

Bostick et al.
(1994)

Iowa State,
USA

35 215
(4 years);
212 cases

–

1.0 (0.7–1.4)

–

Adjusted for age, height, parity,
caloric intake, vitamin intake

Troisi et al.
(1997)

USA
BCDDP

57 528
(10 years);
95 cases

1.0 (0.7–1.4)

–

–

Adjusted for age only; adjustment
for education, body mass index did
not alter relative risk; no significant
effect with duration of use.

Beral et al.
(1999);
Hannaford &
Elliot (2005)a

United Kingdom
RCGP OCS

46 000
(25 years);
146 cases,
438 controls

0.84 (0.56–1.24)
< 5 years: 0.85 (0.52–1.38)
5–9 years: 0.75 (0.44–1.30)
≥ 10 years: 0.97 (0.52–1.80)

–

–

Adjusted for social class, smoking,
parity, hormonal menopausal
therapy (age and length of followup by matching)

van Wayenburg
et al. (2000)

Netherlands
DOM Study

10 671
(18 years);
95 deaths

0.68 (0.21–2.21)

–

–

Adjusted for age at entry, age at
first birth, smoking, type of
menopause, socioeconomic status,
body mass index

Vessey et al.
(2003)

United Kingdom
OPFA Study

17 032
(30 years);
46 deaths

0.9 (0.4–2.1)

–

–

Relative risk of death for use < 24
months versus never use; no trend
with duration of use; adjusted for
age, parity, social class, smoking

Rosenblatt
et al. (2004)

Shanghai, China

267 400
(10 years);
655 cases

–

1.09 (0.86–1.37)

No trend with duration of use;
adjustment for age, parity

BCDDP, Breast Cancer Detection Demonstration Project; CI, confidence interval; DOM, Diagnostich Onderzoek Mammacarcinoom; OFPA, Oxford Family
Planning Association; RCGP OCS, Royal College of General Practitioners Oral Contraceptive Study
a
Nested case-control study within the RCGP OCS
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Chute et al.
(1991);
Martinez et al.
(1997)

COMBINED ESTROGEN−PROGESTOGEN CONTRACEPTIVES

105

were followed up over a median of 18 years. Few women in the cohort (5%) had ever used
oral contraceptives and 95 women in the cohort died of colorectal cancer [number of deaths
among exposed and unexposed not provided]. The relative risk for death from colorectal
cancer was 0.68 (95% CI, 0.21–2.21), after adjustment for age at entry, age at first birth,
tobacco smoking habits, natural or artificial menopause, socioeconomic status and body
mass index (analysis according to duration of use not presented).
The Oxford Family Planning Association study was based on 17 032 women, aged
25–39 years at entry, who were recruited between 1968 and 1974 from various family
planning clinics in the United Kingdom (Vessey & Painter, 1995) and followed up for
mortality until the end of 2000. A total of 889 deaths were noted during 479 400 woman–
years of observation. Only 8% of the woman–years related to women aged 60 years or
more; 16% represented current or recent (within 1 year) users of oral contraceptive and
33% related to women who had not used such contraceptives in the preceding 96 months.
From the total mortality observed, 46 women died from colorectal cancer, 18 of whom had
never and 28 had ever used oral contraceptives. The multivariate relative risks for mortality
from colorectal cancer were 0.9 (95% CI, 0.3–2.3) for < 4 years of oral contraceptive use,
1.1 (95% CI, 0.5–2.5) for 4–8 years of use and 0.8 (95% CI, 0.4–1.9) for > 8 years of use
compared with no use. Adjustment was made for age, parity, social class and tobacco
smoking (Vessey et al., 2003). [The relative risk for mortality from colorectal cancer was
0.90 (95% CI, 0.38–2.11) for ever versus never use, as computed by the Working Group.]
Rosenblatt et al. (2004) reported on a 10-year follow-up of 267 400 female textile
workers at 519 factories in Shanghai, China, who were administered a questionnaire at
enrolment into a randomized trial of breast self-examination between 1989 and 1991 and
who were followed up until 2000. At the end of follow-up, 655 women had been diagnosed
with incident colon cancer (563 who had never and 92 who had ever used oral contraceptives). The relative risk for colon cancer was 1.09 (95% CI, 0.86–1.37) for women who
had ever used oral contraceptives (adjusted for age and parity), 0.97 (95% CI, 0.64–1.47)
for < 6 months of oral contraceptive use, 0.96 (95% CI, 0.67–1.38) for 7–24 months of use,
1.13 (95% CI, 0.65–1.97) for 25–36 months of use and 1.56 (95% CI, 1.01–2.40) for > 36
months of use (p for trend = 0.16).
Hannaford and Elliot (2005) conducted a nested case–control study within the Royal
College of General Practitioners’ Oral Contraceptive Cohort Study. This cohort included
46 000 women who were recruited in 1968–69 by general practitioners throughout the
United Kingdom and were followed up for 25 years. This nested case–control study
updated data from a previous report (Beral et al., 1999). In this analysis, 146 cases of fatal
and non-fatal colorectal cancer [separate number of colon and rectal cases not given] and
438 controls matched by age and length of follow-up (three controls for each case) were
identified. Of these, 76 cases and 247 controls had used oral contraceptives. The odds
ratio for colorectal cancer, adjusted for social class, tobacco smoking, parity and use of
hormonal therapy, was 0.84 (95% CI, 0.56–1.24). The reduction in risk was greater but
not significant among current users (odds ratio, 0.38; 95% CI, 0.11–1.32) than among
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former users (odds ratio, 0.89; 95% CI, 0.59–1.31). The trend in risk by duration of use
was not significant and no clear trend with time since last or first use was observed.
2.6.2

Case–control studies

In addition to the 10 case–control studies reviewed in the last evaluation (IARC,
1999), three case–control studies on the use of oral contraceptives and colorectal cancer
have been published (Table 17).
Kampman et al. (1994) conducted a population-based case–control study of 102 women
who had incident colon cancer and 123 controls in the Netherlands. Of these, 46 cases and
58 controls had ever used oral contraceptives, which gave an odds ratio for colon cancer of
0.97 (95% CI, 0.46–2.03). Adjustment was made for age, urbanization grade, energy intake,
energy-adjusted intake of fat, carbohydrate, dietary fibre and vitamin C, cholecystectomy,
family history of colon cancer and socioeconomic level. [Estimates for duration of use and
time since first and last use were not provided.]
Levi et al. (2003) conducted a hospital-based case–control study of 131 women who
had incident colorectal cancer (71 colon cancers, 60 rectal cancers) and 373 control women
in the Swiss Canton of Vaud. Of these, 14 cases and 65 controls had ever used oral contraceptives, to give an odds ratio of 0.8 (95% CI, 0.4–1.7) [separate odds ratios for colon and
rectal cancers were not given]. Adjustment was made for age, education, family history of
colorectal cancer, parity, fibre intake and physical activity. There was no consistent relation
with duration of or time since first or last use (most odds ratios were non-significantly
below unity).
Nichols et al. (2005) conducted a population-based case–control study in the State of
Wisconsin, USA, of 1488 women aged 20–74 years who had incident colorectal (1122
colon, 366 rectal) cancer and were enrolled in either 1988–91 or 1997–2001. Of these
women, 426 cases and 1968 controls had ever used combined oral contraceptives, which
gave an odds ratio for colorectal cancer of 0.89 (95% CI, 0.75–1.06). The odds ratio was
conditional on age and date of enrolment and was adjusted for family history of colorectal
cancer, body mass index, education, screening, tobacco smoking, use of hormonal therapy
and age at first birth. The odds ratio for colon cancer was 0.87 (95% CI, 0.72–1.06), conditional on age and date of enrolment, and adjusted for family history of colorectal cancer,
body mass index, education, screening, tobacco smoking, use of hormonal therapy, age at
first birth, alcoholic beverage consumption and menopausal status; that for rectal cancer was
0.87 (95% CI, 0.65–1.17), conditional on age and date of enrolment, and adjusted for family
history of colorectal cancer, physical activity, education, screening, smoking and use of
hormonal therapy. No pattern in risk was seen according to duration of use or age at starting
use. Recency of use was not related to risk for colon cancer. Among women who had rectal
cancer, a reduction in risk was seen (odds ratio, 0.53; 95% CI, 0.28–1.00) in the category of
most recent (i.e. < 14 years) oral contraceptive use.

Table 17. Case–control studies of use of oral contraceptives and colorectal cancer
Reference

Cases:
controls

Relative risk (95% CI) (ever versus never users)

Comments

Colorectal

Colon

Rectum

≤ 5 years:
1.3 (0.5–3.1)
> 5 years:
2.0 (0.7–5.2)

1.0

2.6 (p = 0.09)

Adjusted for age; no significant trends
with duration of use

0.5 (0.3–1.2)

0.7 (0.3–1.8)

Adjusted for reproductive variables;
inverse trend with duration of use

Washington
State, USA

143:707

Potter &
McMichael
(1983)

Adelaide,
Australia

155:311

Furner et al.
(1989)

Chicago,
USA

90:208

0.6 (0.3–1.3)

Kune et al.
(1990)

Melbourne,
Australia

190:200

–

1.2 (0.6–2.6)

2.04 (1.0–4.1)

Adjusted for age, parity, age at first
child; no significant trend with
duration of use

Peters et al.
(1990)

Los Angeles,
USA

327:327

–

< 5 years:
1.0 (0.6–1.8)
≥ 5 years:
1.1 (0.4–2.9)

–

Family history of cancer, parity,
exercise, fat, alcohol, calcium intake;
no effect of duration of use

Franceschi
et al. (1991b)

Northeastern
Italy

89:148

0.2 (0.0–2.0)

Wu-Williams
et al. (1991)

North
America
(NAm) and
China (Ch)

395:1112

–

NAm:
1.2 (p = 0.67)
Ch:
0.55 (p = 0.27)

NAm:
0.4 (p = 0.04)
Ch:
0.7 (p = 0.34)

Unadjusted (but unaltered by exercise,
saturated fat, duration of residence in
NAm); no trend with duration of use

Jacobs et al.
(1994)

Seattle, USA

193:194

–

1.2 (0.70–1.90)

–

Adjusted for age, age at birth of first
birth, vitamin intake; no trend with
duration of use

Unadjusted

Unadjusted; only 1 case and 9 controls
had ever used oral contraceptives.
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Table 17 (contd)
Reference

Country and
study

Cases:
controls

Relative risk (95% CI) (ever versus never users)
Colorectal

Colon

Rectum

Comments

The
Netherlands

102:123

–

0.97 (0.46–2.03)

–

Adjusted for age, urbanization,
cholecystectomy, socio-economic
level, colon cancer, family history,
dietary habits

Kampman
et al. (1997)

USA, KPMCP

894:1120

–

0.86 (0.67–1.10)

–

Adjusted for age, cancer family
history, aspirin, caloric intake,
hormonal menopausal therapy, exercise

Fernandez
et al. (1998)

Italy

1232:2793

0.6 (0.5–0.9)

0.7 (0.5–0.9)

0.7 (0.5–1.1)

Adjusted for age, education, family
history of cancer, body mass index,
estrogen replacement therapy, energy
intake; no effect with duration of use;
stronger protection in recent users

Levi et al.
(2003)

Canton of
Vaud,
Switzerland

131:373

Nichols et al.
(2005)

Wisconsin
State, USA

1488:4297

0.8 (0.4–1.7)
≤ 5 years:
0.7 (0.2–2.4)
> 5 years:
0.9 (0.4–2.0)
0.89 (0.75–
1.06)

0.87 (0.72–1.06)

CI, confidence interval; KPMCP, Kaiser Permanente Medical Care Program

Adjusted for age, education, family
history of colorectal cancer, parity,
fibre intake, physical activity; no trend
with duration, time since first or last
use
0.87 (0.65–1.17)

Adjusted for age, study enrollment,
family history of colorectal cancer,
body mass index, education, screening,
smoking, hormonal menopausal
therapy, alcohol, age at first birth;
no effect with duration of use; greater
reduced risk in recent users (rectal)
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Cutaneous malignant melanoma

The previous evaluation (IARC, 1999) omitted several studies and contained inaccuracies in the reporting of some results. The four cohort and 18 case–control studies of oral
contraceptive use and cutaneous melanoma have therefore been re-assessed.
2.7.1

Cohort studies (Table 18)

Beral et al. (1977) and Ramcharan et al. (1981) first reported on a study of oral contraceptive use and cutaneous melanoma that comprised a cohort and a case–control component. Cohort data were derived from a prospective study on non-contraceptive effects of
oral contraceptive use among 17 942 women aged 17–59 years at baseline, who were
members of the Kaiser Permanente Health Plan, California, USA. Between 1968 and 1976,
22 cases of melanoma were found; eight had never used oral contraceptives, eight had used
oral contraceptives for less than 4 years and six had used them for 4 years or more.
In the United Kingdom, 17 032 white married women aged 25–39 years were recruited
between 1968 and 1974 at 17 family planning clinics within the framework of a study by
the Oxford Family Planning Association (Adam et al., 1981; Hannaford et al., 1991). On
entry, 56% of women were taking oral contraceptives, 25% were using a diaphragm and
19% were using an intrauterine device. Since each woman’s oral contraceptive status could
change during the course of the study, users of these preparations may have contributed
periods of observation as either current or former users. After 266 866 woman–years of
follow-up, 32 new cases of cutaneous malignant melanoma were recorded, 17 of which
occurred among women who had ever used oral contraceptives (relative risk, 0.8; 95% CI,
0.4–1.8). None of the rates observed in any category of duration of use was materially
different from that seen in women who had never used these preparations. The relative
risks, adjusted for age, parity, social class and tobacco smoking, were 0.6 (95% CI,
0.2–1.6) for < 5 years of use, 1.0 (95% CI, 0.4–2.6) for 5–9 years of use and 1.0 (95% CI,
0.2–3.1) for ≥ 10 years of use. There was no relationship between time since cessation of
use of oral contraceptives and the risk for cutaneous malignant melanoma, and none of the
formulations resulted in a specific pattern of risk.
In the United Kingdom, 1400 general practitioners recruited 23 000 women who were
using oral contraceptives and an equal number of age-matched women who had never used
them between 1968 and 1969 within the framework of the study of the Royal College of
General Practitioners (Kay, 1981; Hannaford et al., 1991). After 482 083 woman–years of
follow-up, 58 new cases of cutaneous malignant melanoma had been recorded, 31 of which
occurred among women who had ever used combined oral contraceptives; the relative risk,
adjusted for age, parity, social class and tobacco smoking, was 0.9 (95% CI, 0.6–1.5). No
significant trend of increasing risk with duration of use was seen, with a relative risk for
10 years or more of use of 1.8 (95% CI, 0.8–3.9). Relative risks did not vary according to
recency of use, estrogen or progestogen content of the contraceptives or the site of cutaneous malignant melanoma.
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Table 18. Cohort studies of the use of combined oral contraceptives and the risk for cutaneous malignant melanoma
Population
cohort

Age
(years)

No. of
cases

Beral et al.
(1977);
Ramcharan
et al. (1981),
USA

17 942 white
women

17–59

22

Hannaford
et al. (1991),
United
Kingdom

17 032 married
white women

Hannaford
et al. (1991),
United
Kingdom

46 000 women

Feskanish
et al. (1999),
USA

183 693 premenopausal
white women

25–39

NR

25–55

CI, confidence interval; NR, not reported

32

58

252

Type of
exposure

No. of
cases

Relative risk
(95% CI)

Comments

Walnut Creek Contraceptive Drug Study; hospitalbased cases diagnosed in 1968–76; interviews
based on postal, telephone and direct interviews;
median follow-up, 6 years

Never used
Ever used for
< 4 years
Ever used
for ≥ 4 years

8
8

NR
NR

6

NR

Never used
Ever use
Duration of use
< 5 years
5–9 years
≥ 10 years

15
17

1.0
0.8 (0.4–1.8)

5
8
4

0.6 (0.2–1.6)
1.0 (0.4–2.6)
1.0 (0.2–3.1)

Never used
Ever use
Duration of use
< 5 years
5–9 years
≥ 10 years

27
31

1.0
0.9 (0.6–1.5)

15
8
8

0.8 (0.4–1.5)
0.7 (0.3–1.5)
1.8 (0.8–3.9)

64
374
23
9
14
165
98
47
18

1.0
1.4 (0.8–1.6)
2.0 (1.2–3.4)
1.0 (0.4–2.8)
3.4 (1.7–7.0)
1.1 (0.8–1.5)
1.0 (0.7–1.4)
1.2 (0.8–1.9)
1.4 (0.8–2.5)

Never used
Ever use
Current use
< 10 years
≥ 10 years
Past use
< 5 years
5–9 years
≥ 10 years

Oxford Family Planning Association (1968–74);
interviews based on postal questionnaire, telephone
and home visits; maximum follow-up, 21 years;
adjusted for age, parity, social class, tobacco
smoking
Royal College of General Practitioners; based on
questionnaires provided by physicians; maximum
follow-up, 21 years; adjusted for age, parity, social
class, tobacco smoking

Nurses’ Health Study I and II; self-reported cases
by nurses; adjusted for age, skin reaction to sun
exposure; history of sunburn, mole counts, hair
colour, family history of melanoma, parity, height,
body mass index
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The Nurses’ Health study in the USA (Feskanich et al., 1999) included two cohorts of
79 571 and 104 122 pre-menopausal white women. Response rates were 90% in both
cohorts. Two hundred and fifty-two cases of melanoma were confirmed in both cohorts
(146 in the first cohort from 1976 to 1994 and 106 in the second cohort from 1989 to 1995).
All relative risks were adjusted for age, skin reaction to sun exposure, history of sunburn,
mole counts, hair colour, family history of melanoma, parity, height and body mass index.
The risk for cutaneous melanoma was 2.0 (95% CI, 1.2–3.4) among current users of oral
contraceptives compared with women who had never used them. The increase in risk for
melanoma was concentrated in the subgroup of current oral contraceptive users with 10 or
more years of use, in whom 14 cutaneous melanomas occurred during the follow-up period
(5.5% of all verified cases), which led to an adjusted relative risk of 3.4 (95% CI, 1.7–7.0).
A higher estrogen dose did not appear to be associated with a higher risk for melanoma
(assessed only in the second cohort). Risk did not appear to be elevated among past oral
contraceptive users, even with longer duration of use. In women who had stopped taking
oral contraceptives, no progressive decline in risk was observed with time since last use.
No significant increase in risk was found in users who began taking oral contraceptives at
20 years of age or less.
2.7.2

Case–control studies (Table 19)

Beral et al. (1977) reported on oral contraceptive use and cutaneous melanoma in a
study that was developed at a medical centre for the Kaiser Permanente Health Plan,
California, USA. Thirty-seven cases aged 20–59 years at the time of diagnosis were
registered at the medical centre. Two age-matched controls per case were recruited from
administrative records of the plan. The crude risk for cutaneous melanoma for ever having
used versus never having used oral contraceptives was 1.8 (95% CI, 0.7–4.6).
Adam et al. (1981) investigated 169 cases of cutaneous malignant melanoma in
women aged 15–49 years who had been recorded at the cancer registries of southwestern
England during 1971–76 and 342 age-matched control women drawn from the lists of the
same general practitioners as the cases. Data were obtained from the general practitioners’
records and from postal questionnaires for approximately 70% of the study women. The
risk for cutaneous malignant melanoma was 1.1 (95% CI, 0.7–1.8) for ever having used
combined oral contraceptives and [1.1 (95% CI, 0.4–2.8)] for current use. There was no
increase in risk with duration of past or current use. Cases were moderately more sensitive
to the sun and more likely to engage in outdoor tanning activities; 8% of cases had ever
used sunlamps compared with 3% of controls (p < 0.05). No adjusted risks were presented,
but the authors stated that adjustment did not affect the estimated risks.
In a case–control study of cutaneous melanoma in Seattle, USA (Holly et al., 1983),
use of combined oral contraceptives for 5 years or longer was more common among cases
than controls, which gave a relative risk of 3.1 (95% CI, 1.3–7.3) for duration of use of 10
years or more, with a highly significant trend (p = 0.004) with duration of use. The risk for
melanoma increased steeply in women who had taken oral contraceptives for 5 years or
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Table 19. Case–control studies of the use of combined oral contraceptives and malignant melanoma
No. of cases

Age
(years)

No. of
controls

Exposure

No. of
cases/no.
of controls

Odds ratios
(95% CI)

Adjustment/comments

Beral et al.
(1977), USA

37 from
hospital-based
cancer register

20–59

74

Never used
Ever used
No information

22/33
13/36
2/5

1.0
1.8 [0.7–4.6]
–

Walnut Creek Contraceptive Drug
Study; review of medical records

Adam
et al. (1981),
United
Kingdom

169

15–49

342

Never used
Ever used
Current or past use
1 month–4 years
≥ 5 years
No information

66/214
44/126

1.0
[1.1 (0.7–1.8)]

22/72
17/35
5/19

[1.0 (0.6–1.8)]
1.6 (0.8–3.1)

Unadjusted; cases were moderately
more sensitive to sun and more likely to
engage in outdoor tanning activities; 8%
of cases and 3% of controls had ever
used sunlamps (p < 0.05); postal
questionnaire

Holly et al.
(1983), Seattle,
USA

87

Never used
Current or past use
1–4 years
5–9 years
≥ 10 years
For SSM only, use for
≥ 5 years, and
Current use
1–4 years since last use
≥ 5 years since last use

38/621

1.0

6/118
9/78
9/47

[0.8 (0.3–2.2)]
[1.9 (0.8–4.2)]
[3.1 (1.3–7.3)]

NR
NR
NR

0.9 (0.1–9.7)
2.5 (0.8–7.0)
5.1 (2.0–12.8)

–

–

–

Lew et al.
(1983),
Massachusetts
State, USA

111

35–74

23–81

863

107

Age; no data on exposure to sun

No data reported but authors stated that
there was no difference in combined
oral contraceptive use between cases
and controls.
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Reference,
location

Table 19 (contd)
No. of cases

Age
(years)

No. of
controls

Exposure

No. of
cases/no.
of controls

Odds ratios
(95% CI)

Adjustment/comments

Beral et al.
(1984),
Sydney,
Australia

287

15–24

574

Never used
Current or past use
1–4 years
5–9 years
≥ 10 years

79/159

1.0

124/274
56/103
28/36

[0.9 (0.6–1.3)]
[1.1 (0.7–1.7)]
[1.6 (0.9–2.9)]

No adjustment made, but authors stated
that education, phenotype, history of
sunburn and exposure to sun did not
alter results; no difference by body
location, thickness or histological type
of melanoma

Helmrich
et al. (1984),
Canada and
USA

160

Never used
Ever used
Use during year before study
Use for 5 years before study
Current or past use
< 1 year
1–4 years
5–9 years
≥ 10 years
Unknown
Use for ≥ 5 years, starting
10 years before study

97/370
63/270
8/52
4/18

1.0
0.9 (0.6–1.3)
0.5 (0.2–1.3)
0.9 (0.3–2.9)

15/82
23/106
11/49
5/21
9/12
12/46

0.7 (0.4–1.3)
0.8 (0.5–1.4)
0.8 (0.4–1.7)
1.0 (0.4–2.9)

Never used
Ever used
Current or past use
< 2 years
2–4 years
≥ 5 years

NR
NR

1.0
1.0 (0.6–1.6)

NR
NR
NR

0.8 (0.3–2.0)
2.2 (0.7–6.8)
1.6 (0.5–4.9)

Holman
et al. (1984),
Western
Australia

276

20–59

18–79

640

276

Adjusted for age, area, religion,
education, hormone-related variables

1.0 (0.5–2.1)
Adjusted for sensitivity to sun,
migration status, sun exposure; no
difference in risk estimates for the
different histological types; no
association with time since last use;
home interviews
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Table 19 (contd)
No. of cases

Age
(years)

No. of
controls

Exposure

No. of
cases/no.
of controls

Odds ratios
(95% CI)

Adjustment/comments

Gallagher
et al. (1985),
Canada

361

20–79

361

Never used
Current or past use
< 1 year
1–4 years
≥ 5 years

NR

1.0

NR
NR
NR

1.0 (NR)
0.9 (NR)
0.8 (NR)
Trend NS

Adjusted for age, education, phenotype,
freckling; no difference in risk estimates
for the different histological types; home
interviews

Green & Bain
(1985),
Queensland,
Australia

91

Never used
Ever used
Current and past use
1 month–4 years
> 4 years

48/42
43/49

1.0
0.7 (0.4–1.5)

31/30
12/19

[0.9 (0.5–1.8)]
0.4 (0.2–1.1)

Østerlind
et al. (1988),
Denmark

280

Never used
Ever used
Current or past use
< 2 years
2–4 years
5–9 years
≥ 10 years

167/299
111/237

1.0
0.8 (0.5–1.2)

24/58
30/68
27/59
30/52

0.8 (0.4–1.4)
0.8 (0.4–1.3)
0.8 (0.4–1.4)
1.0 (0.6–1.7)

Never used
Ever used
Current or past use
< 3 years
≥ 3 years

83/88
NR

1.0
1.0 (0.5–1.9)

14/18
13/17

0.9 (0.4–1.8)
0.9 (0.3–2.0)

Zanetti
et al. (1990),
Province of
Turin, Italy

186

15–81

20–79

19–92

91

536

205

Adjustment for phenotypic
characteristics, solar exposure did not
change results; no trend with time since
last use and age at last use
Adjusted for age, sensitivity to sun,
sunbathing; no difference according to
type and potency of combined oral
contraceptives

Analysed only in women aged 60 or
younger; adjusted for age, education,
phenotype, sunbathing; risk did not
change according to type or location of
melanoma, age or potency of combined
oral contraceptive; hospital and home
interviews.
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Reference,
location

Reference,
location

No. of cases

Age
(years)

No. of
controls

Exposure

No. of
cases/no.
of controls

Odds ratios
(95% CI)

Adjustment/comments

Lê et al.
(1992), France

91

18–44

149

Never used
Current or past use
1–9 years
≥ 10 years

24/38

1.0

54/97
13/14

1.1 (0.6–2.0)
2.1 (0.7–5.9)

Adjusted for sensitivity, exposure to sun
for a subgroup of cases and controls with
no substantial changes in risk estimates
for duration of use; no association with
time since first use, age at first use or
combined duration of use and time since
first use

Never used
Current or past use
< 3 years
≥ 3 years
Unknown
Severe cases with
5–9 years of use
≥ 10 years of use
Non-severe cases with
5–9 years of use
≥ 10 years of use

313/800

1.0

201/447
73/193
23/57

[1.2 (0.9–1.4)]
[1.0 (0.7–1.3)]

12/80
29/187

1.0 (0.5–2.0)
1.1 (0.6–2.1)

11/79
6/80

1.5 (0.8–2.6)
2.0 (0.9–4.3)

Never used
Ever used

53/47
1/7

1.0
0.04 (0.00–0.5)

Palmer
et al. (1992),
New York and
Philadelphia,
USA

Zaridze
et al. (1992),
Moscow,
Russian
Federation

615

54

18–64

NR

2107

54

Adjusted for age, education, body mass
index, menopause, phenotype; elevated
risk among non-severe cases of
melanoma was attributed to surveillance
bias; similar relative risk for different
types

Adjusted for phenotype, naevi and
sunbathing
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Table 19 (contd)
No. of cases

Age
(years)

No. of
controls

Exposure

Holly et al.
(1995),
San Francisco,
USA

452

25–59

930

CMM
Never used
Ever used
Current or past use
< 5 years
5–9 years
≥ 10 years
SMM
Ever used
Current or past use
< 5 years
5–9 years
≥ 10 years

Westerdahl
et al. (1996),
Sweden

180

Smith et al.
(1998),
Connecticut
State, USA

308

Naldi et al.
(2005), Italy

316

15–75

≥ 18

≥ 18

292

233

308

No. of
cases/no.
of controls

Odds ratios
(95% CI)

NR
NR

1.0
0.7 (0.5–1.0)

NR
NR
NR

0.6 (0.4–0.9)
0.9 (0.6–1.4)
1.0 (0.6–1.6)

NR
NR
NR
NR

0.7 (0.5–0.9)
0.6 (0.4–0.8)
0.8 (0.6–1.1)
0.8 (0.5–1.3)

Never used
Ever used
Current or past use
< 4 years
4–7 years
≥ 8 years

108/182
65/78

1.0
1.6 (0.9–2.8)

26/30
20/28
19/40

2.2 (0.9–4.6)
1.5 (0.7–3.5)
1.0 (0.5–2.0)

Never used
Ever used
Current or past use
≤ 2 years
> 2–5 years
> 5 years

170/131
138/72

1.0
1.1 (0.6–1.7)

60/40
29/7
49/25

1.3 (0.7–2.3)
0.6 (0.3–1.2)
1.4 (0.7–2.8)

Never used
Ever used

266/258
50/60

1.0
1.1 (0.6–1.7)

Adjustment/comments

Adjusted for age; authors stated that risk
estimates were unaltered by education,
phenotype or exposure to sun.

Adjusted for phenotype, naevi, sunburn;
age at use and timing of use in relation to
first child did not influence risk.

Adjusted for age, marital status, hair
colour, number of arm naevi, sun
exposure index; no trend with duration of
use and no association with age at first
use
Adjusted for age, education, body mass
index, number of melanocytic naevi,
pigmentary traits, history of sunburn and
reaction to sun exposure

CI, confidence interval; CMM, cutaneous malignant melanoma; NR, not reported; NS, not significant; SMM, superficial spreading melanoma
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more and had stopped since 1–4 or 5 years or more. There was no increase in risk among
current users. The highest risk was found for superficial spreading melanoma. No adjustment was made for sensitivity or exposure to the sun. [Category-specific risks were not
presented in the publication and were calculated by the Working Group.]
In a study in Sydney, Australia (Beral et al., 1984), increasing duration of oral contraceptive use was not associated with increased risk for cutaneous malignant melanoma. An
increased risk was found for a subgroup of women who had used these formulations for
5 years or longer and who had begun use at least 10 years before diagnosis of cutaneous
malignant melanoma, with a relative risk of 1.5 (95% CI, 1.0–2.1). The increase in risk
persisted after control for phenotypic characteristics, number of moles and measures of
exposure to ultraviolet light. The risk did not vary according to the location, thickness or
type of melanoma.
A case–control study carried out in several parts of the USA and Canada between
1976 and 1982 (Helmrich et al., 1984) included 160 women aged 20–59 years who had a
recent histological diagnosis of cutaneous malignant melanoma and 640 control women
aged 20–59 years who were admitted to hospital for trauma or orthopaedic and surgical
conditions. The age-adjusted relative risk for women who had ever used combined oral
contraceptives was 0.9 (95% CI, 0.6–1.3). There was no trend in risk with increasing
duration of use, and the relative risk for ≥ 10 years of use was 1.0 (95% CI, 0.4–2.9). For
the 40 cases and 140 controls who had first used combined oral contraceptives at least 10
years previously, the relative risk was 1.1 (95% CI, 0.7–1.8). For women with more
advanced cutaneous malignant melanoma (i.e. Clark’s level IV and V), the relative risk
was 0.6 (95% CI, 0.2–2.3).
In Australia (Holman et al., 1984), a study was conducted in 276 women with melanoma and age-matched controls. The risk for melanoma for ever having used oral contraceptives was 1.0 (95% CI, 0.6–1.6). Extensive adjustement for sensitivity and exposure to
the sun and migration status was made. For all melanoma and for the different types of
melanoma, no association was observed with duration of use or with time since last use.
In a Canadian study (Gallagher et al., 1985), no association was found between the
risk for cutaneous malignant melanoma and the use of combined oral contraceptives in
361 cases and an equal number of controls aged 20–69 years. The relative risks for < 1,
1–4 and ≥ 5 years of use, adjusted for age, phenotypic characteristics and freckling, were
1.0, 0.9 and 0.8, respectively. No association was seen between the histological type of
superficial spreading melanoma and duration of use or years since last use; the relative
risk for women who had used combined oral contraceptives for 10 or more years before
diagnosis of cutaneous malignant melanoma was 1.0.
A study in Queensland, Australia, in 1979–80 (Green & Bain, 1985) included 91
women aged 15–81 years who had melanoma and 91 age-matched controls chosen at
random from the population. No increased risk for cutaneous malignant melanoma was
found in relation to ever having used combined oral contraceptives (age-adjusted odds
ratio, 0.7; 95% CI, 0.4–1.5), and no trend in risk was found with increasing duration of use,
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age at last use or time since last use. Adjustment for sensitivity and exposure to the sun did
not affect the risk estimates.
In a study from Denmark (Østerlind et al., 1988), all risk estimates were adjusted for
age, phenotypic characteristics and sunbathing. The risk from ever having used oral contraceptives was 0.8 (95% CI, 0.5–1.2) for all melanoma and 0.9 (95% CI, 0.6–1.3) for superficial spreading melanoma. There was no evidence of an increased risk for cumulative
exposure; the relative risk for ≥ 10 years of use was 1.0 (95% CI, 0.6–1.7). No specific
pattern of risk was seen with the type of oral contraceptive, such as sequential progestogenonly or high-potency combined oral contraceptives, when these were assessed separately,
but there were few women in each group.
Zanetti et al. (1990) carried out a case–control study in the Province of Turin, Italy, of
186 of 211 women aged 19–92 years who had histologically confirmed cutaneous malignant melanoma and were identified from the Turin Cancer Registry between 1984 and
1987 and 205 control women aged 17–92 years drawn from the National Health Service
Registry. Use of combined oral contraceptives was analysed only in women aged 60 years
or younger. Adjustment was made for age, education, phenotypic characteristics and
sunbathing. The risk for cutaneous malignant melanoma of ever having used combined oral
contraceptives was 1.0 (95% CI, 0.5–1.9) for all melanoma and 1.3 (95% CI, 0.4–4.5) for
superficial spreading melanoma. No association was observed with duration of use. The
longest duration of use (≥ 3 years) that began 10 or more years before the diagnosis of
cutaneous malignant melanoma was not associated with an increased risk [risk estimates
not reported]. The relative risks were identical for use of combined oral contraceptives that
contained high estrogen doses (≥ 50 μg) and low estrogen doses.
Lê et al. (1992) assessed the effect of the use of combined oral contraceptives on the
risk for cutaneous malignant melanoma in France between 1982 and 1987. The 91 cases
from five hospitals were women under 45 years of age who had newly diagnosed histologically confirmed melanomas. Controls were 149 age-matched women who consulted in
the same hospital for diagnosis or treatment of diseases that were unrelated to the use of
combined oral contraceptives, including skin diseases. The risk for cutaneous malignant
melanoma for ≥ 10 years of use of oral contraceptives was 2.1 (95% CI, 0.7–5.9). No association was found with time since first use (relative risk for 15–20 years since first use, 1.9;
95% CI, 0.8–4.5). No difference was found between superficial spreading melanoma and
other types of cutaneous malignant melanoma. In the subgroup of 49 cases and 78 controls
who were aged 30–40 years, a risk for melanoma of 4.4 (95% CI, 1.1–17) was found, based
on 10 cases and eight controls who had used oral contraceptives for 10 years or more.
A case–control study of cutaneous malignant melanoma was carried out between 1979
and 1991 in Philadelphia and New York, USA (Palmer et al., 1992); the cases were 615
women under the age of 70 years (median age, 40 years) who had recently received a first
diagnosis of cutaneous malignant melanoma. Patients with melanoma in situ were not
included. Two control groups of white women (median age, 41 years) with other malignancies (610 patients) or non-malignant illnesses (1497 patients) that were judged to be
unrelated to the use of combined oral contraceptives were selected. In order to address the
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possibility of selection bias due to differential surveillance of combined oral contraceptive
users and non-users, the cases were subdivided by severity. For severe cases (thickness
≥ 0.75 mm, or Clark’s level IV or V), the relative risks adjusted for age, education, menopause and phenotypic characteristics were 1.1 (95% CI, 0.8–1.5) for any use and 1.1
(95% CI, 0.6–2.1) for ≥ 10 years of use. For non-severe cases, duration of use was not associated with the risk.
Zaridze et al. (1992) evaluated risk factors in 96 cases of cutaneous malignant melanoma in Moscow, Russian Federation. Controls were recruited from among persons who
were visiting cancer patients and matched by age. Use of combined oral contraceptives
was analysed for 54 women with cutaneous malignant melanoma and 54 controls and
showed a strong inverse association: the relative risk, adjusted for phenotypic characteristics, naevi and sunbathing, was 0.04 (95% CI, 0.0–0.5), based on one case and seven
controls who had ever used combined oral contraceptives.
In the study of Holly et al. (1995), 72% of cases of cutaneous malignant melanoma and
79% of control subjects in San Francisco, USA, reported ever having used combined oral
contraceptives. The age-adjusted relative risk was 0.7 (95% CI, 0.5–1.0) for all cutaneous
malignant melanoma and 0.7 (95% CI, 0.5–0.9) for superficial spreading melanoma.
Examination by latency and duration of use showed no significant trend. The relative risk
for ≥ 10 years of use was 0.8 (95% CI, 0.5–1.3) for all cutaneous malignant melanoma and
1.0 (95% CI, 0.6–1.6) for superficial spreading melanoma. Use beginning ≥ 17 years
before diagnosis was associated with relative risks of 0.6 (95% CI, 0.4–0.7) for all cutaneous malignant melanoma and 0.6 (95% CI, 0.4–0.8) for superficial spreading melanoma.
In the Swedish study of Westerdahl et al. (1996), use of combined oral contraceptives
(40% of cases and 37% of controls) was associated with a non-significantly elevated risk
of 1.6 (95% CI, 0.9–2.8) after adjustment for phenotypic characteristics, naevi and sunburn. No trend in risk was seen with duration of use (relative risk for > 8 years of use, 1.0;
95% CI, 0.5–2.0), age at first use or age at last use.
In Connecticut State, USA, Smith et al. (1998) investigated 308 women with melanoma
aged ≥ 18 years and 233 control women in 1987–89. Cases were drawn from hospital-based
records and controls were chosen from the general population by random-digit dialling. The
risk for cutaneous melanoma among women who had ever used oral contraceptives was 1.1
(95% CI, 0.7–1.8) after adjustment for age, hair colour, marital status, number of arm naevi
and sun exposure index. No association was found with duration of oral contraceptive use
or with age at first use.
In Italy, Naldi et al. (2005) investigated 316 cases of melanoma in women of all ages
and 308 control women in 1992–94. Cases were drawn from hospital-based records and
controls were chosen from among non-dermatological and non-oncological patients who
attended the same hospitals. The participation rate for cases and controls was 99%. The
risk for cutaneous melanoma among women who had ever used oral contraceptives was
1.1 (95% CI, 0.6–1.7) after adjustment for age, education, body mass index, number of
melanocytic naevi, pigmentary traits, history of sunburn and reaction to sun exposure.
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Meta- and pooled analyses

A meta-analysis of 18 published case–control studies of cutaneous malignant melanoma and the use of combined oral contraceptives showed a pooled relative risk of 1.0
(95% CI, 0.9–1.0) (Gefeller et al., 1998). The data for 3796 cases and 9442 controls
showed no significant variation in the effect of combined oral contraceptives in the different studies, and analysis of various subgroups, defined by the design characteristics of
the studies, did not materially alter this result.
In 2002, the investigators of case–control studies of cutaneous melanoma agreed to pool
their original data in order to perform a new analysis of associations between melanoma and
oral contraceptive use, using the same categories for exposure (Karagas et al., 2002). The
analyses were limited to studies that ascertained data on major risk factors for melanoma
including pigmentary characteristics and exposure to sunlight. Analysis was further restricted to studies that involved a personal interview because questions designed for postal
surveys may have been phrased differently or have been less complex. Studies that were
limited to hospitalized cases were also excluded since these cases might have been biased
by over-representation of advanced lesions. Finally, only studies that included at least 100
cases and 100 controls were retained, as smaller studies would have required a similar analytical effort, but would have contributed little to the overall analysis. Eleven case–control
studies met the analytical criteria (Beral et al., 1984; Holman et al., 1984; Gallagher et al.,
1985; Green & Bain, 1985; Østerlind et al., 1988; Swerdlow et al., 1986; Elwood et al.,
1990; Zanetti et al., 1990; Kirkpatrick et al., 1994; Holly et al., 1995; Langholz et al., 2000)
and data were available for all but one of these (Beral et al., 1984). Two studies had never
published their results on oral contraceptive use (Kirkpatrick et al., 1994; Langholz et al.,
2000). The 10 pooled studies totalled 2110 women with melanoma and 3178 control
women. Overall, no excess risk was associated with oral contraceptive use for 1 year or
longer compared with never use or use for less than 1 year (pooled odds ratio, 0.86; 95% CI,
0.74–1.01) and there was no evidence of variation between studies. No relation was found
between incidence of melanoma and duration of oral contraceptive use, age at starting use,
year of use, years since first use or last use or specifically current oral contraceptive use.
2.8

Thyroid cancer

The results of 13 case–control studies of thyroid cancer and the use of oral contraceptives, 10 of which were reviewed in the previous evaluation (IARC, 1999), were pooled
by La Vecchia et al. (1999) (see Table 20). The overall odds ratio was 1.5 (95% CI, 1.0–2.1)
for current users, and declined to 1.1 over 10 years after cessation of oral contraceptive use.
Six subsequent studies are also summarized in Table 20. The largest (Sakoda & HornRoss, 2002), in which 544 cases and 558 population controls from the San Francisco Bay
area, USA, were interviewed, yielded a slightly reduced risk for ever users (odds ratio,
0.7; 95% CI, 0.5–1.0). A hospital-based case–control study in Serbia of 204 matched
case–control pairs reported ever use of oral contraceptives in 52 cases and 25 controls,

Table 20. Studies of the use of combined oral contraceptives and thyroid cancer
Age
(years)

Cancer type

Oral contraceptive use

Rossing et al. (1998),
Washington State,
USA

18–64

Papillary
thyroid

Age < 45 years
Never
Ever
Age 45–64 years
Never
Ever

Cases

Controls

Odds ratio
(95% CI)

48
247

40
341

1.0
0.6 (0.4–0.9)

34
81

62
131

1.0
1.2 (0.7–2.2)

1324
808
91

2011
1290
118

1.0
1.2 (1.0–1.4)
1.5 (1.0–2.1)

La Vecchia et al.
(1999), North
America, Europe
and Asia

All ages

Thyroid

Never
Ever
Current

Mack et al. (1999),
Los Angeles County,
USA

15–54

Thyroid

Never
Ever

81
211

90
202

1.0
1.0 (0.6–1.6)

Iribarren et al. (2001),
San Francisco Bay
area, USA

10–89

Thyroid

Use in last year

NR

NR

1.07 (0.69–
1.67)

Sakoda & Horn-Ross
(2002), San Francisco
Bay Area, USA

20–74

Papillary thyroid

Never
Ever
Current

204
337
79

177
380
83

1.0
0.7 (0.5–1.0)
0.7 (0.5–1.1)

Haselkorn et al.
(2003), San Francisco
Bay Area, USA

20–74

Thyroid

Age < 50 years
Never
Ever

121
246

97
239

1.0
0.8 (0.6–1.2)

Age ≥ 50 years
Never
Ever

79
69

62
87

1.0
0.5 (0.3–0.8)

152
52

179
25

1.0
2.5 (1.4–4.2)

Zivaljevic et al.
(2003), Serbia

14–87

Thyroid

Pooled data from
13 studies

Kaiser Permanente
cohort

No effect of
duration; cases were
Caucasian and
Asian.
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Never
Ever

Comments
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which gave a significant excess risk for ever users (odds ratio, 2.5; 95% CI, 1.4–4.2)
(Zivaljevic et al., 2003). The remaining four studies gave odds ratio estimates for ever use
of oral contraceptives of between 0.6 and 1.2 (Rossing et al., 1998; Mack et al., 1999;
Iribarren et al., 2001; Haselkorn et al., 2003).
2.9

Other cancers

Twenty-one studies of cancers at other sites (lung, gallbladder, pancreas, lymphomas,
gestational trophoblastic diseases, neuroblastoma, oesophagus and kidney) are summarized
in Table 21. Marginally significant reductions in risk among ever users of oral contraceptives were reported in two studies of lung cancer and in single studies for cancer of the
pancreas, B-cell non-Hodgkin lymphoma and oesophageal cancer. All overall confidence
intervals for other studies included unity.

3.

Studies of Cancer in Experimental Animals

In this section, only relevant studies on estrogens and progestogens alone and in combination that were published subsequent to or were not included in the previous evaluation
(IARC, 1999) are reviewed in detail. Studies that were reviewed previously are summarized
briefly.
3.1

Estrogen–progestogen combinations

The results of studies reviewed previously (IARC, 1979, 1999) on the carcinogenicity
of combinations of estrogens and progestogens that are used in combined oral contraceptives are summarized below (see Tables 22 and 23).
The incidence of pituitary adenomas in female and male mice was increased by administration of mestranol plus chlormadinone acetate, mestranol plus ethynodiol diacetate,
ethinylestradiol plus ethynodiol diacetate, mestranol plus norethisterone, ethinylestradiol
plus norethisterone (females only) and mestranol plus norethynodrel. The latter combination also increased the incidence of pituitary adenomas in female rats.
The incidence of benign mammary tumours was increased in intact and castrated male
mice by ethinylestradiol plus chlormadinone acetate and in castrated male mice by mestranol plus norethynodrel. In male rats, the incidence of benign mammary tumours was
increased by administration of ethinylestradiol plus norethisterone acetate. This combination
did not cause tumour formation in any tissue in one study in female monkeys.
The incidence of malignant mammary tumours was increased in female and male
mice by ethinylestradiol plus megestrol acetate, in female and male rats by ethinylestradiol plus ethynodiol diacetate, and in female rats by mestranol plus norethisterone and
mestranol plus norethynodrel.

Table 21. Association between oral contraceptive use and the risk for other cancers
Age
(years)

Cancer type

Oral contraceptive use

Cases

Nelson et al.
(2001), Los
Angeles, USA

18–75

Intermediate or
high-grade B-cell
non-Hodgkin
lymphoma

Never
Ever
< 5 years
≥ 5 years

111
66
43
21

Glaser et al.
(2003), San
Francisco Bay
Area, USA

19–79

Hodgkin
lymphoma

Never
≤ 2.2 years
2.3–5.3 years
> 5.3 years

Vessey et al.
(2003), England
and Scotland

25–39

Lymphoma/
haemopoietic
cancer

Schiff et al.
(1998),
Rochester, MN,
USA

≥ 20

Gago-Dominguez
et al. (1999),
Los Angeles,
USA
Olshan et al.
(1999), Canada
and USA

Controls

Odds ratio
(95% CI)

Comments

93
84
53
29

1.00
0.47 (0.26–0.86)
0.50 (0.26–0.95)
0.35 (0.15–0.82)

Matched, fitting education,
place of birth

87
91
72
62

91
79
73
82

1.0
1.2 (0.8–1.9)
0.9 (0.6–1.5)
0.8 (0.5–1.3)

Multivariate parsimonious
model that includes variables
significant at p < 0.10 (reproductive history, socio-economic
status)

Never
< 4 years
4–8 years
> 8 years

16
6
8
11

–
–
–
–

1.0
0.9 (0.3–2.5)
1.0 (0.4–2.5)
1.2 (0.5–2.7)

OFPA cohort of 17 032
Caucasian women; adjusted for
parity, social class, smoking

Central nervous
system
lymphoma

Never
Ever

35
3

52
19

1.0
0.3

25–74

Renal-cell cancer

Never
Ever

258
164

255
167

< 20

Neuroblastoma

Maternal use
during first
trimester
No
Yes

1.0
1.0 (0.7–1.4)

Adjusted for age, education,
hysterectomy

Odds ratios also unity for oral
contraceptive use in previous
year or ever
442
17

444
15
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Reference,
location

1.0
1.0 (0.5–2.1)
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Table 21 (contd)
Reference,
location

Age
(years)

Cancer type

Oral contraceptive
use

Controls

Odds ratio
(95% CI)

Schüz et al.
(2001), Germany

≤7

Neuroblastoma

Maternal use
during pregnancy
No
Yes
Unspecified

159
4
16

1671
26
70

1.0
5.7 (1.5–23)
NR

Comments

Palmer et al.
(1999), USA

≥ 18

GTD

Never
Ever

36
199

98
315

1.0
1.8 (1.2–2.8)

Matched analysis; p = 0.03 for
trend with duration

Parazzini et al.
(2002), Greater
Milan area, Italy

13–56

GTD

Never
Ever

164
104

306
130

1.0
1.5 (1.1–2.1)

Risk increased with duration

Taioli & Wynder
(1994), USA

20–89

Lung adenocarcinoma

Never
Ever

134
46

229
74

1.0
0.8 (0.5–1.5)

Beral et al.
(1999), United
Kingdom

16–79

Lung

Never
Ever

40
75

–
–

1.0
1.2 (0.8–1.8)

RCGP cohort of 46 000 women

Kreuzer et al.
(2003), Germany

≤ 75

Lung

Never
Ever
< 5 years
5–11 years
≥ 12 years
Nonsmokers
Never
Ever
Smokers
Never
Ever

528
279
86
87
102

557
354
105
130
115

1.00
0.69 (0.51–0.92)
0.69 (0.46–1.03)
0.65 (0.44–0.95)
0.69 (0.47–1.02)

Adjusted for age, region,
education, smoking variables

–
–

–
–

1.00
1.18 (0.78–1.79)

–
–

–
–

1.00
0.50 (0.34-0.74)

Adjusted for age, region,
education, time since stopped
smoking
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Table 21 (contd)
Age
(years)

Cancer type

Oral contraceptive
use

Cases

Controls

Odds ratio
(95% CI)

Comments

Vessey et al.
(2003), England
and Scotland

25–39

Lung

Never
< 4 years
4–8 years
> 8 years

15
9
12
18

–
–
–
–

1.0
1.4 (0.6–3.5)
1.2 (0.5–2.6)
1.3 (0.6–2.8)

OFPA cohort of 17 032
Caucasian women; adjusted for
parity, social class, smoking

Kreiger et al.
(2001), Ontario,
Canada

20–74

Pancreas

< 6 months
≥ 6 months

41
9

160
64

1.00
0.36 (0.13–0.96)

Multivariate, fitting age, oral
contraceptives, hormonal
menopausal therapy, obstetric
history, body mass index, diet,
smoking

Skinner et al.
(2003), USA

30–55

Pancreas

Never
Ever
< 1 year
1–2.9 years
3–7.9 years
≥ 8 years

159
83
26
13
27
17

–
–
–
–
–
–

1.00
1.21 (0.91–1.61)
1.45 (0.94–2.21)
0.78 (0.44–1.39)
1.38 (0.85–1.99)
1.26 (0.76–2.10)

Nurses Health Study;
multivariate, fitting age, period,
smoking, diabetes, body mass
index, parity; age at baseline,
30–55 and followed up to 1998

Duell & Holly
(2005),
San Francisco
Bay Area, USA

21–85

Pancreas

Never
Ever
< 1 year
1–2 years
3–7 years
≥ 8 years

135
102
18
25
18
41

402
394
70
140
73
103

1.00
0.95 (0.65–1.4)
0.85 (0.47–1.5)
0.67 (0.39–1.2)
0.92 (0.50–1.7)
1.4 (0.89–2.3)

Adjusted for age, education,
smoking

Yen et al. (1987),
Rhode Island
State, USA

< 60

Gallbladder

Never
Ever

6
4

70
6

1.0
7.8 (2.0–30)

COMBINED ESTROGEN−PROGESTOGEN CONTRACEPTIVES

Reference,
location

125
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Table 21 (contd)
Age
(years)

Cancer type

Oral contraceptive
use

Cases

Controls

Odds ratio
(95% CI)

WHO
Collaborative
Study (1989c),
Chile, China,
Columbia, Israel,
Kenya, Mexico

NR

Gallbladder

Never
Ever
Current

49
9
1

269
86
8

1.0
0.6 (0.3–1.3)
0.9 (0.1–7.4)

Moerman et al.
(1994),
Netherlands

35–79

Gallbladder and
biliary tract

Never
Ever

61
14

203
49

1.0
1.1 (0.5–2.4)

Zatonski et al.
(1997),
Australia,
Canada,
Netherlands,
Poland

64.9
(mean)

Gallbladder

Never
Ever

132
20

558
142

1.0
1.0 (0.5–2.0)

Gallus et al.
(2001),
Italy and
Switzerland

< 79

Squamous-cell
oesophageal
cancer

Never
Ever

110
4

392
33

1.0
0.24 (0.06–0.96)

Comments

Three hospital-based
case–control studies pooled;
adjusted for age, education,
body mass index, energy intake,
tobacco, alcoholic beverages

CI, confidence interval; GTD, gestational trophoblastic diseases; OFPA, Oxford Family Planning Association; RCGP, Royal College of General
Practitioners
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Reference,
location

Table 22. Effects of combinations of various progestogens and estrogens on tumour incidence in mice
Pituitary adenomas

Mammary tumours

Male

Benign
(males)

Female

Malignant
Male

Chlormadinone acetate + mestranol
Chlormadinone acetate + ethinylestradiol
Ethynodiol diacetate + mestranol
Ethynodiol diacetate + ethinylestradiol
Lynestranol + mestranol
Lynestranol + ethinylestradiol + 3-methylcholanthrene
Megestrol acetate + ethinylestradiol
Norethisterone acetate + ethinylestradiol
Norethisterone + ethinylestradiol
Norethisterone + mestranol
Norethynodrel + mestranol
Norethynodrel + mestranol + 3-methylcholanthrene
Norgestrel + ethinylestradiol + 3-methylcholanthrene

+

+

+
+

+
+

Uterine
tumours

Cervical/
vaginal
tumours

Female

+/c
+
+/–
+a
+
+/?
+
+

+/?
+
+
+

c

+

+/?
+

+
–
+a

From IARC (1979, 1999)
+, increased tumour incidence; +/–, slighly increased tumour incidence; +/c, increased tumour incidence in intact and castrated animals; c, increased tumour incidence in castrated animals; +/?, increased tumour incidence, but not greater than that with the estrogen or
progestogen alone
a
Protection at doses 1/2000th and 1/200th that of a contraceptive pill for women; enhancement at a dose of 1/20th that of a contraceptive pill for women
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Table 23. Effects of combinations of various progestogens and estrogens on tumour incidence in rats
Combination

Mammary tumours

Liver

Male

Benign
(males)

Malignant

Adenoma

Carcinoma

Male

Female

Male

Female

Male

Female

+
?
+/–

+
?
+/–

+/?
–

+

+/?

+
+

+/?
+
+
+/?

–

–
–

Female

+/–
+
+/?

+

+/?

–
–
–

Foci
(females)

+
+

+/–

From IARC (1979, 1999)
+, increased tumour incidence; +/–, slighly increased tumour incidence; +/?, increased tumour incidence, but not greater than that with the estrogen or
progestogen alone; ? conflicting result; –, no effect
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Ethynodiol diacetate + ethinylestradiol
Ethynodiol diacetate + mestranol
Megestrol acetate + ethinylestradiol
Norethisterone acetate + ethinylestradiol
Norethisterone + mestranol
Norethynodrel + mestranol
Norethynodrel + mestranol + N-nitrosodiethylamine
Norgestrel + ethinylestradiol

Pituitary adenomas
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In female mice, the incidence of malignant non-epithelial uterine tumours was increased
by ethinylestradiol plus ethynodiol diacetate and that of vaginal or cervical tumours by
norethynodrel plus mestranol. In mice treated with 3-methylcholanthrene to induce genital
tumours, ethinylestradiol plus lynestrenol, ethinylestradiol plus norgestrel and mestranol
plus norethynodrel increased the incidence of uterine tumours; however, this occurred only
at the highest doses of ethinylestradiol plus lynestrenol and ethinylestradiol plus norgestrel
that were tested. Lower doses inhibited the tumorigenesis induced by 3-methylcholanthrene
alone.
In male rats, the incidence of liver adenomas was increased by mestranol plus norethisterone and by ethinylestradiol plus norethisterone acetate; the latter combination also
increased the incidence of hepatocellular carcinomas in female rats. Liver foci, which are
putative preneoplastic lesions, were induced in female rats by mestranol plus norethynodrel.
In rats initiated for hepatocarcinogenesis with N-nitrosodiethylamine, mestranol plus norethynodrel increased the formation of altered hepatic foci.
Subcutaneous implantation and oral administration in rabbits
Virgin female New Zealand white rabbits, about 6 months of age and weighing 3.2–
4.7 kg, were randomized into groups of five. Steroids (estradiol plus levonorgestrel or
ethinylestradiol plus levonorgestrel) were delivered by subdermal implants in the neck or,
in one case, by oral administration. The estimated dose of levonorgestrel was based on its
loss from implants of the same type in women. Estimates of the doses of estradiol or ethinylestradiol delivered were based on measurements of in-vitro release from the implants
used. Because of the high release and early exhaustion of steroid supply, the progestogen
implants were replaced at 20-day intervals. The steroids administered orally were the commercially available combination pill Lo Femenal®; each tablet contained 30 μg ethinylestradiol and 300 μg norgestrel. Norgestrel contained equal amounts of levonogestrel and
its inactive isomer. The pills were dispersed in 2 mL water and were administered intragastrically, but evaluation of the effects was confounded by the very low bioavailability of
ethinylestradiol in this species when given orally. Hence, a new experiment was conducted
in which levonorgestrel was delivered by oral pill and 30 μg of ethinylestradiol per day was
delivered by implant for 8 weeks. At necropsy, lesions were noted and the weights of the
uterus, liver and spleen were determined. Samples for tissue block preparation were taken
from all lesions identified in organs or tissues, and samples were routinely taken from the
uterus, spleen, lung, liver and bone marrow. Tissues were stained with haematoxylin and
eosin and were studied microscopically. The animals were killed after 2 or 4.5 months. The
incidences of tumours among the groups treated subcutaneously with a combination of
estradiol and levonorgestrel are shown in Table 24. Estradiol alone resulted in decidualization, but did not induce deciduosarcoma, nor did tumours develop when estradiol was
supplemented with lower doses of levonorgestrel, with the exception of an early atypical
deciduosarcoma in one group. All animals in the groups treated with 66 or 233 μg/day
levonorgestrel for 2 or 4.5 months had multiple deciduosarcomas. Neoplastic decidual
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cells were found in the uterine blood vessels of many animals of these groups. In the other
experiments by subcutaneous administration, ethinylestradiol was substituted for estradiol.
The implants were in place for 6 months before the animals were killed. The experimental
design and histological findings are summarized in Table 25. Ethinylestradiol alone
induced deciduosarcomas in the spleen and ovary of one animal. In combination with a
high dose of levonorgestrel (150 μg/day), even 10 μg/day ethinylestradiol produced many

Table 24. Incidence of malignant tumours in female New Zealand
white rabbits treated subcutaneously with estradiol (E2) and
levonorgestrel (LNG)
Treatment
time

E2
(μg/day)

2 months

4.5 months

LNG
(μg/day)

% of animals with deciduosarcomas (n = 4–5)
Uterus

Spleen

Liver

Ovary

Lung

0
60
60
60
60
60

0
0
8
25
66
233

0
0
0
0
80
100

0
0
25a
0
100
100

0
0
0
0
60
40

0
0
0
0
40
20

0
0
0
0
40b
0

0
6
20
60
200

0
233
233
233
233

0
20
100
100
100

0
0
40
75
100

0
0
20
25
40

0
0
0
0
40

0
0
0
25
20

From Jänne et al. (2001)
a
Atypical deciduosarcoma
b
Metastasis

Table 25. Incidence of malignant tumours in female New Zeland white
rabbits treated subcutaneously with ethinylestradiol (EE) and levonorgestrel (LNG)
Treatment
time

6 months

EE
(μg/day)

0
30
10
30

From Jänne et al. (2001)
a
Metastasis

LNG
(μg/day)

0
0
150
150

Proliferation
of hepatic
bile ductules
(%)

% of animals with deciduosarcomas (n = 5)
Uterus

Spleen

Liver

Ovary

Lung

0
80
20
20

0
0
100
100

0
20
100
100

0
0
20
100

0
20
0
20

0
0
0
20a
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deciduosarcomas. As in the experiments cited earlier, hyperplasia of splenic mesenchymal
cells was seen in most animals in all groups that received estrogen. Proliferation of hepatic
bile ductules was observed in 40% of rabbits that received ethinylestradiol. This lesion was
not seen in any other test or control rabbits. In the experiment in which levonorgestrel was
delivered by an oral pill and 30 μg/day ethinylestradiol were delivered by implant, one of
five animals developed a spleen deciduosarcoma (Jänne et al., 2001). [This study clearly
shows the carcinogenic effects of combinations of levonorgestrel with ethinylestradiol as
well as with estradiol. It is interesting to note that, although the study is well designed,
there is no human counterpart for deciduosarcomas. Hepatic bile duct proliferation is a
more relevant lesion in this context.]
3.2

Estrogens used in combined oral contraceptives

The results of studies reviewed previously (IARC, 1979, 1999) on the carcinogenicity
of estrogens used in combined oral contraceptives are summarized below (see Tables 26
and 27).
The incidence of pituitary adenomas was increased by ethinylestradiol and mestranol
in female and male mice and by ethinylestradiol in female rats.
The incidence of malignant mammary tumours was increased by ethinylestradiol and
mestranol in female and male mice and female rats; however, mestranol did not increase
the incidence of mammary tumours in female dogs in a single study.
Ethinylestradiol increased the incidence of cervical tumours in female mice.
In female and male mice, ethinylestradiol increased the incidence of hepatocellular
adenomas. In female rats, ethinylestradiol and mestranol increased the numbers of altered
hepatic foci. In rats, ethinylestradiol increased the incidence of hepatocellular adenomas
in females and males and of hepatocellular carcinomas in females, whereas mestranol
increased the incidence of hepatic nodules and carcinomas combined in females.
The incidence of microscopic malignant kidney tumours was increased in male
hamsters exposed to ethinylestradiol.
In female mice initiated for liver carcinogenesis and exposed to unleaded gasoline,
ethinylestradiol increased the number of altered hepatic foci; however, when given alone
after the liver carcinogen, it reduced the number of altered hepatic foci.
In female rats initiated for liver carcinogenesis, ethinylestradiol and mestranol
increased the number of altered hepatic foci and the incidence of adenomas and carcinomas. Ethinylestradiol also increased the incidence of kidney adenomas, renal-cell carcinomas and liver carcinomas in male rats initiated with N-nitrosoethyl-N-hydroxyethylamine. In female hamsters initiated with N-nitrosobis(2-oxopropyl)amine, ethinylestradiol increased the incidence of renal tumours and the multiplicity of dysplasias.
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Estrogen

Pituitary adenoma
Male

Ethinylestradiol
Mestranol
Ethinylestradiol + N-nitrosodiethylamine
Ethinylestradiol + N-nitrosodiethylamine
+ unleaded gasoline
From IARC (1979, 1999)
+, increased tumour incidence; –, no effect

+
+

Female

+
+

Malignant
mammary
tumours
Male

Female

+
+

+
+

Uterine
tumours

+

Vaginal/
cervical
tumours

+

Liver
Adenoma
Male

Female

+
–

+
–

Foci
(females)

Protective
+
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Table 26. Effects of ethinylestradiol and mestranol alone and with known carcinogens on tumour incidence in mice

Estrogen

Ethinylestradiol
Mestranol
Ethinylestradiol + N-nitrosoethylN-hydroxyethylamine
Ethinylestradiol + N-nitrosodiethylamine
Mestranol + N-nitrosodiethylamine

Pituitary
adenoma
(females)

+

Malignant
mammary
tumours
(females)

+
+

Liver

Kidney

Adenoma

Carcinoma

Male

Female

+

+

Male

Foci
(females)

Carcinoma
(females)

+

+

Female
+
+/–

+
+

+
+

+

+

+

+a

+

+

+

+

+

From IARC (1979, 1999)
+, increased tumour incidence; –, no effect; +/–, slightly increased tumour incidence
a
In one of three studies, ethinylestradiol initiated hepatocarcinogenesis.

Adenoma
(males)
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Table 27. Effects of ethinylestradiol and mestranol alone and with known carcinogens on tumour incidence in rats
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3.2.1
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Subcutaneous implantation
(a)

Mouse

A total of 272 female CD-1 (ICR) mice, 9 weeks of age, were divided equally into 17
groups and received subcutaneous implants into the back of cholesterol pellets (31.84 mg)
that contained 0 or 0.16 mg estrone, estradiol, estriol, 2-hydroxyestrone, 2-hydroxyestradiol,
2-hydroxyestriol, 2-methoxyestrone, 2-methoxyestradiol, 2-methoxyestriol, 4-hydroxyestrone, 4-hydroxyestradiol, 16β-hydroxyestrone diacetate, 16-epiestriol, 16,17-epiestriol,
16α-hydroxyestrone or 17-epiestriol. The pellets were renewed every 7 weeks throughout
the experiment. At 10 weeks of age, each mouse received a single injection of 12.5 mg/kg
bw N-ethyl-N′-nitro-N-nitrosoguanidine (ENNG) dissolved at a concentration of 1.5% (w/v)
in polyethylene glycol into one of the uterine cavities via the vagina. The experiment was
terminated at 30 weeks of age, when all surviving animals were autopsied to obtain reproductive organs, and the uterus and ovaries were weighed and processed for histological examination. Endometrial proliferative lesions were classified histologically into two categories
— hyperplasia and adenocarcinoma — and the incidence is given in Table 28. The results
indicated that estrogens and their metabolites affect endometrial carcinogenesis in mice initiated with ENNG in a manner that is dependent on their metabolic attributes. Estrogens
(estrone, estradiol and estriol) and their metabolites that belong to the 16α-hydroxylation
pathway (16α-hydroxyestrone and 17-epiestriol) and the upstream of the 16β-hydroxylation
pathway (16β-hydroxyestrone diacetate) exerted both promoting and additive co-carcinogenic effects on endometrial carcinogenesis in ENNG-initiated mice as shown by the development of invasive adenocarcinomas. Estrogen metabolites that belong to the downstream
of the 16β-hydroxylation pathway exerted mainly promoting effects in this experimental
model, as shown by the enhanced development of endometrial hyperplasia (16-epiestrol), or
exerted no effect (16,17-epiestriol) (Takahashi et al., 2004).
(b)

Hamster

Groups of 10 male Syrian hamsters, 4–6 weeks of age, were implanted subcutaneously
with 25-mg pellets of estradiol, 17α-estradiol, ethinylestradiol, menadione, a combination
of 17α-estradiol and ethinylestradiol or a combination of ethinylestradiol and menadione
[no effective dose provided]. The hamsters received a second identical pellet 3 months after
the initial treatment. A control group of 10 animals was sham-operated and left untreated.
The animals were killed after 7 months and inspected macroscopically for tumour nodules
on the surface of each kidney (see Table 29). No tumour nodules were detected in untreated
hamsters or in groups of hamsters that were treated with 17α-estradiol, ethinylestradiol,
menadione or a combination of 17α-estradiol and ethinylestradiol for 7 months. In contrast,
hamsters treated with either estradiol or a combination of ethinylestradiol and menadione
for 7 months developed renal tumours. The tumour incidence was 90% in the group treated
with estradiol (versus 0% in untreated controls; p < 0.05, Fisher’s exact test) and 30% in
the group treated with a combination of ethinylestradiol and menadione. The mean number
of tumour nodules per hamster was higher in the group treated with estradiol compared

Table 28. Incidence of endometrial proliferative lesions in female CD-1 mice treated with a
single dose of ENNG and various estrogens

Control
Estrone
Estradiol
Estriol
2-Hydroxyestrone
2-Hydroxyestradiol
2-Hydroxyestriol
2-Methoxyestrone
2-Methoxyestradiol
2-Methoxyestriol
4-Hydroxyestrone
4-Hydroxyestradiol
16β-Hydroxyestrone diacetate
16-Epiestriol
16,17-Epiestriol
16α-Hydroxyestrone
17-Epiestriol

Effective
no. of
animals

Endometrial hyperplasiasa,b
+

++

+++

Total

16
16
16
16
16
16
16
16
16
16
15
16
15
16
16
15
15

2 (13)
1 (6)
0
1 (6)
5 (31)
7 (44)
6 (38)
7 (44)
7 (44)
8 (50)
4 (27)
6 (38)
2 (13)
9 (56)*
5 (31)
1 (7)
1 (7)

6 (38)
1 (6)
2 (13)
7 (44)
6 (38)
4 (25)
8 (50)
3 (19)
7 (44)
8 (50)
5 (33)
4 (25)
7 (47)
5 (31)
6 (38)
6 (40)
2 (13)

1 (6)
2 (13)
1 (6)
2 (13)
2 (13)
1 (6)
1 (6)
0
1 (6)
0
1 (7)
2 (13)
2 (13)
2 (13)
1 (6)
4 (27)
1 (7)

9 (56)
4 (25)
3 (19)
10 (63)
13 (81)
12 (75)
15 (93)*
10 (62)
15 (93)*
16 (100)*
10 (67)
12 (75)
11 (73)
16 (100)*
12 (75)
11 (73)
4 (27)

Adenocarcinomasb

Totalb

0
12 (75)*
13 (81)*
6 (38)*
0
0
0
0
0
0
0
0
4 (27)*
0
0
4 (27)*
11 (73)*

9 (56)
16 (100)*
16 (100)*
16 (100)*
13 (81)
12 (75)
15 (93)*
10 (62)
15 (93)*
16 (100)*
10 (67)
12 (75)
15 (100)*
16 (100)*
12 (75)
15 (100)*
15 (100)*

From Takahashi et al. (2004)
ENNG, N-ethyl-N′-nitro-N-nitrosoguanidine
a
Hyperplasias are classified based on the degree of cellular atypism into three subcategories: +, slight; ++, moderate; +++,
severe
b
Numbers of animals (percentage incidence)
*
Significantly different from control value (p < 0.05, Fisher’s exact test)
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Table 29. Influence of different estrogens and menadione on
renal carcinogenesis in male Syrian hamsters
Treatment

No. of animals
with tumours/
no. of animals

Mean no. of tumour
nodules per hamster

Estradiol
17α-Estradiol
Ethinylestradiol
17α-Estradiol + ethinylestradiol
Menadione
Menadione + ethinylestradiol
Untreated

9/10a
0/10
0/10
0/10
0/10
3/10c
0/10

7.0 ± 3.16b
0
0
0
0
1.6 ± 2.67
0

From Bhat et al. (2003)
a
p < 0.05 compared with untreated controls and the menadione + ethinylestradiol-treated group by Fisher’s exact test
b
p < 0.05 compared with untreated controls by the ÷2 test; p < 0.05 compared
with the menadione + ethinylestradiol-treated group by using the unpaired t
test
c
p < 0.10 compared with untreated controls by Fisher’s exact test

with the group treated with a combination of ethinylestradiol and menadione or the untreated control group (Bhat et al., 2003).
3.2.2

Subcutaneous injection

Mouse
Groups of outbred female CD-1 mice [initial number of animals per group not specified] were given daily subcutaneous injections of 2 μg estrogen (2- or 4-hydroxyestradiol,
estradiol or ethinylestradiol) dissolved in corn oil or corn oil alone (as a control) on days 1–5
of life. Mice were killed at 12 or 18 months of age. Tissue sections were stained and evaluated by light microscopy. The number of mice with reproductive tract tumours was determined. The incidence of uterine adenocarcinomas was compared by Fisher’s exact tests (see
Table 30). Both of the catechol estrogens examined (2- and 4-hydroxyestradiol) induced
tumours in CD-1 mice. 2-Hydroxyestradiol was more carcinogenic than estradiol: 14 and
11% of the rodents developed uterine adenocarcinomas at 12 and 18 months, respectively,
after neonatal administration of catechol estrogen. In contrast, 4-hydroxyestradiol was
considerably more carcinogenic than 2-hydroxyestradiol and produced a 74% (12 months)
and 56% (18 months) tumour incidence after treatment during the neonatal period. Ethinylestradiol also induced more tumours (38% at 12 months and 50% at 18 months) than estradiol. This study, which was designed to demonstrate the carcinogenic properties of catechol
estrogens, also included a group that was treated with ethinylestradiol in which uterine
adenocarcinomas were induced at a high incidence (Newbold & Liehr, 2000). [It should be
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Table 30. Uterine adenocarcinomas in groups of female CD-1
mice injected subcutaneously with various estrogens during
the neonatal period
Compound

Incidence of uterine adenocarcinoma
No. of animals with tumour/total no. of animals (%)
12 months

18 months

Total

Control (corn oil)

0/12 (0)

0/22 (0)

0/34 (0)

2-Hydroxyestradiol
4-Hydroxyestradiol
Estradiol
Ethinylestradiol

3/21 (14)
14/19 (74)
0/5a
9/24 (38)

2/19 (11)
9/16 (56)
1/10 (10)
9/18 (50)

5/40 (12)*
23/35 (66)**
1/15 (7)
18/42 (43)**

From Newbold & Liehr (2000)
* p < 0.05 versus corn oil controls (Fisher’s exact test)
** p < 0.01 versus corn oil controls (Fisher’s exact test)
a
These data were published previously (Newbold et al., 1990).

noted that studies in neonatal mice could have additional limitations for the extrapolation of
the effects of hormones in adult women who take oral contraceptives.]
3.2.3

Oral administration to transgenic mice

Sixty female p53 (+/–) mice (heterozygous female p53-deficient CBA mice, in which
exon 2 of the lateral p53 allele was inactivated, were the Fl offspring of heterozygous p53deficient male C57 BL/6J mice that had been back-crossed with female CBA mice (Tsukada
et al., 1993)) and 60 female wild-type p53 (+/+) litter mates, 6 weeks of age, were each
divided into four groups of 15 animals. [The Working Group noted the small number of
animals.] All mice received an intraperitoneal injection of 120 mg/kg bw N-ethyl-N-nitrosourea (ENU) in physiological saline, followed by no further treatment (Group 1) or were
fed ad libitum diets that contained 1 ppm ethinylestradiol (Group 2), 2.5 ppm ethinylestradiol (5 ppm for the first 4 weeks reduced to 2.5 ppm thereafter because of marked body
weight depression; Group 3) or 2000 ppm methoxychlor [a weakly estrogenic pesticide]
(Group 4) for 26 weeks. Individual body weights in each group were measured every week.
One of the 15 p53 (+/–) mice in Group 2 died during the early period of the experiment.
After the end of the 26-week experiment, surviving animals were killed and autopsied. The
uterine tissues were sectioned and stained for microscopic examination. The differences in
the incidence of uterine proliferative lesions were assessed by the Fisher’s exact test.
Multiple nodules (5–20 mm in diameter) of the uterine horn suggestive of uterine tumours
were observed in seven, nine, 12 and seven p53 (+/–) mice in Groups 1, 2, 3 and 4, respectively. The absolute uterine weights and uterine weight/body weight ratios of p53 (+/–) and
p53 (+/+) mice in Groups 2, 3 and 4 were significantly higher than those in the Group 1
mice. The uterine weights of p53 (+/–) mice, especially in Group 3, were considerably
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increased because of marked growth of uterine tumours. Uterine proliferative lesions were
classified into endometrial stromal polyps, endometrial stromal sarcomas, adenocarcinomas,
atypical hyperplasias and endometrial glandular hyperplasias. Atypical hyperplasias were
classified into two cell types — clear and basophilic — characterized by small proliferative
foci of endometrial glandular epithelia with atypia. Non-atypical endometrial glandular
hyperplasias were composed of increased numbers of endometrial glands with occasional
cysts. The incidence of uterine stromal tumours in p53 (+/–) mice was 87% (47% stromal
sarcomas, 40% polyps), 85% (64% stromal sarcomas, 21% polyps), 87% (stromal sarcomas) and 53% (stromal sarcomas) in Groups 1, 2, 3 and 4, respectively; there was a significant difference in the incidence of stromal sarcomas between Groups 1 and 3 (see Table 31).
In p53 (+/+) mice, only stromal polyps were seen at an incidence of 20, 13, 0 and 0% in
Groups 1, 2, 3 and 4, respectively; these values displayed a clear decrease compared with
the incidence of stromal tumours in the groups of p53 (+/–) mice. The incidence of clearcell type atypical hyperplasias in p53 (+/–) mice was 0, 14, 60 and 0% in Groups 1, 2, 3 and
4, respectively; that in p53 (+/+) mice was 0, 7, 53, and 0%; the difference between Groups
1 and 3 was significant in both cases (p < 0.05, Fisher’s exact test). For atypical hyperplasias
of the basophilic cell type, there were no significant differences among the groups [incidence not specified]. One p53 (+/–) mouse in Group 3 developed a clear-cell adenocarcinoma. The incidence of glandular hyperplasias in p53 (+/–) mice was 60, 79, 60 and 27% in
Groups 1, 2, 3 and 4, respectively, whereas that in p53 (+/+) mice was 60, 80, 100 and 100%;
the incidence in Group 3 and Group 4 p53 (+/+) mice showed significant differences from
values in Group 1 (Mitsumori et al., 2000). [This study suggests that ethinylestradiol
possibly exerts tumour-promoting (co-carcinogenic) effects on stromal and epithelial proliferative lesions of the uterus in p53-deficient mice initiated with ENU.]
3.3

Progestogens used in combined oral contraceptives

The results of studies that were reviewed previously (IARC, 1979, 1999) on the carcinogenicity of progestogens used in combined oral contraceptives are summarized below
(see Tables 32, 33 and 34).
The incidence of pituitary adenomas was increased by norethisterone in female mice
and by norethynodrel in female and male mice and male rats.
The incidence of malignant mammary tumours was increased in female mice by lynestrenol, megestrol acetate and norethynodrel. In female rats, lynestrenol and norethisterone
slightly increased the incidence of malignant mammary tumours. In male rats, norethisterone also slightly increased the incidence of malignant mammary tumours, while norethynodrel increased the incidence of both benign and malignant mammary tumours. In female
dogs, chlormadinone acetate, lynestrenol and megestrol acetate increased the incidence of
benign and malignant mammary tumours; however, lynestrenol had a protective effect at a
low dose but enhanced tumour incidence at two higher doses. Levonorgestrel did not
increase the incidence of mammary tumours in one study in dogs.

Treatment

ENU
ENU + 1 ppm EE
ENU + 2.5 ppm EE
ENU + MXC

p53 (+/–) Mice (n = 15)a

p53 (+/+) Mice (n = 15)

Uterine stromal
tumours

Atypical hyperplasias

Polyps

Stromal
sarcomas

Clear-cell
type

Basophilic
cell typeb

40
21
0
0

47
64
87*
53

0
14
60*c
0

NR
NR
NR
NR

Glandular
hyperplasias

60
79
60
27

Uterine stromal
tumours

Atypical hyperplasias

Polyps

Stromal
sarcomas

Clear-cell
type

Basophilic
cell typeb

20
13
0
0

0
0
0
0

0
7
53*
0

NR
NR
NR
NR

From Mitsumori et al. (2000)
ENU, N-ethyl-N-nitrosourea; EE, ethinylestradiol; MXC, methoxychlor; NR, not reported
*
Significantly different from the ENU group (p < 0.05, Fisher’s exact test)
a
ENU + 1 ppm EE group (n = 14)
b
Crude number not specified in the paper, but the authors state that there were no significant differences among treatment groups.
c
One animal in this group developed a clear-cell adenocarcinoma.

Glandular
hyperplasias

60
80
100*
100*
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Table 31. Incidence of lesions (percentage) in female p53 (+/+) and (+/–) CBA mice injected intraperitoneally with
ENU and given EE or MXC in the diet
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Table 32. Effects of various progestogens alone or with a known carcinogen on tumour incidence in mice
Progestogen

Mammary tumours

Male

Benign
(males)

Female

Uterine
tumours

Malignant
(females)

Vaginal/
cervical
tumours

Liver
Adenoma
Male

Chlormadinone acetate
Cyproterone acetate
Ethynodiol diacetate
Lynestrenol
Megestrol acetate
Norethisterone acetate
Norethisterone
Norethynodrel
Norethynodrel + 3-methylcholanthrene

+/–
+a
+/–
+

c
+
+

+

+
+

Carcinoma
Female

Male

Female

+/–a

+a

+a

+
+/–
+/–

c

+

+/–
+

–

From IARC (1979, 1999)
+, increased tumour incidence; +/–, slightly increased tumour incidence; –, no effect; c, increased incidence in castrated males
a
Dose exceeded the maximum tolerated daily dose

IARC MONOGRAPHS VOLUME 91

Pituitary adenoma

Progestogen

Cyproterone acetate
Ethynodiol diacetate
Lynestrenol
Norethisterone acetate
Norethisterone
Norethynodrel
Norethynodrel + N-nitrosodiethylamine

Pituitary
adenoma
(males)

Mammary tumours

Liver

Benign
(males)

Malignant

Adenoma

Male

Male

Female

+a

+a

+
+
+

+

Female

Carcinoma
(males)

Foci
Male

Female
+b

+
+/–

+

+/–
+

+/–
+

+/–

+

+
+

+ or –c
–c
+

From IARC (1979, 1999)
+, increased tumour incidence; +/–, slightly increased tumour incidence; –, no effect
a
Liver adenomas detected only at high doses
b
Tested for initiating activity; the results were positive in one study in which it was administered for 5 days and negative when it was
administered as a single dose.
c
Tested as a single dose for initiating activity
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Table 33. Effects of various progestogens alone or with a known carcinogen on tumour incidence in rats
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Table 34. Effects of various progestogens on mammary
tumour incidence in female dogs
Progestogen

Benign

Malignant

Chlormadinone acetate
Lynestrenol
Megestrol acetate

+
+a
+

+
+a
+

From IARC (1979, 1989)
+, increased tumour incidence
a
In this study, lynestrenol had a biphasic effect, with protection at the
low dose (10 times the human contraceptive dose) and enhancement at
50 and 125 times the human contraceptive dose.

In female mice treated with 3-methylcholanthrene to induce uterine tumours, norethynodrel further increased the tumour incidence.
In male mice treated with chlormadinone acetate, ethynodiol diacetate, lynestrenol,
norethisterone or norethisterone acetate, the incidence of liver adenomas was increased.
Megestrol acetate increased the incidence of adenomas in female mice. Cyproterone acetate
increased the incidence of liver adenomas and that of hepatocellular carcinomas in male and
female mice, but at levels that exceeded the maximum tolerated dose. In rats, the incidence
of liver adenomas was increased by norethisterone acetate (males and females), norethisterone (males), norethynodrel and cyproterone acetate (males and females). The numbers of
altered hepatic foci in female rats were also increased by norethisterone acetate and cyproterone acetate. In female rats treated with N-nitrosodiethylamine to initiate hepatocarcinogenesis, norethynodrel increased the number of altered hepatic foci. Norethynodrel alone
was shown to increase the incidence of hepatocarcinomas in male rats.
Levonorgestrel in combination with N-nitrosobis(2-oxopropyl)amine did not increase
the incidence of renal dysplastic lesions or tumours in female hamsters.
Oral administration to dogs
Groups of three female beagle dogs, 9–10 months old, were treated orally for 91 days
with 0.03, 0.3 or 3 mg/kg bw per day dienogest. Three control animals were given the
vehicle (0.5% carboxymethylcellulose) alone. On the day after the last treatment, the
animals were killed and their mammary glands and pituitary glands were removed. The
mammary glands from dogs treated with dienogest for 91 days showed dose-dependent
proliferation. Dogs given 3 mg/kg bw per day showed severe alveoli hyperplasia and a
large number of vacuoles in the alveolar cells. The pituitary glands from dienogest-treated
dogs showed slight hypertrophy compared with those from control dogs (Ishikawa et al.,
2000). [Dienogest has progestational activity and caused proliferation of mammary gland
epithelial cells in dogs, although no conclusive evidence of a carcinogenic effect was provided. As part of this same study, and with a similar design, dienogest showed no effects
in female rats or monkeys.]
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Other Data Relevant to an Evaluation of Carcinogenicity
and its Mechanisms
Absorption, distribution, metabolism and excretion in humans

The metabolism and disposition of various formulations of oral contraceptives used in
humans differ. After entering the small intestine, estrogenic and progestogenic compounds
in combined oral contraceptives undergo metabolism by bacterial enzymes and enzymes
in the intestinal mucosa to varying extents. The mixture of metabolized and unmetabolized
compounds then undergoes intestinal absorption, and thus enters the portal vein blood,
which perfuses the liver. In the liver, the compounds can be metabolized extensively, which
leads to variations in the amount of active drug. A fraction of the absorbed dose of ethinylestradiol and some progestogens is also excreted in the bile during its first transit through
the liver. Although some of these compounds are partially reabsorbed via the enterohepatic
circulation, a fraction may also be excreted in this ‘first pass’, which reduces overall bioavailability.
Since steroids penetrate normal skin easily, various systems have also been developed
that deliver estrogens and progestogens parenterally, e.g. transdermal patches, nasal
sprays, subcutaneous implants, vaginal rings and intrauterine devices (Fanchin et al.,
1997; Dezarnaulds & Fraser, 2002; Meirik et al., 2003; Sarkar, 2003; Wildemeersch et al.,
2003; Sturdee et al., 2004). These different modes of administration have been described
previously (IARC, 1999). In general, all parenteral routes avoid loss of the drug by
hepatic first-pass metabolism and minimally affect hepatic protein metabolism.
The absorption rates of orally administered estrogens and progestogens are usually
rapid; peak serum values are observed between 0.5 and 4 h after intake. Serum concentrations rise faster with multiple treatments than with single doses and achieve higher
steady-state levels, which are still punctuated by rises after each daily dose. The rise in
steady-state levels with multiple doses may reflect the inhibitory effect of both estrogens
and progestogens on cytochrome P450 (CYP) metabolic enzyme activities. Alternatively,
estrogens may induce the production of sex hormone-binding globulin (SHBG), which
may increase the capacity of the blood to carry progestogens. The metabolism of progestogens and ethinylestradiol typically involves reduction, hydroxylation and conjugation.
In some cases, metabolism converts an inactive pro-drug into a hormonally active compound. Hydroxylated metabolites are typically conjugated as glucuronides or sulfates and
most are eliminated rapidly, with half-lives of 8–24 h (IARC, 1999).
Little is known about the effect of hormonal therapy on aromatase (CYP 19), which is
responsible for the synthesis of estrogens. Aromatase is expressed in both normal and
malignant breast tissues and its activity in the breast varies widely. However, the mechanisms and extent of regulation of aromatase in breast tissues have not been fully established
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and, to investigate the potential role of estrogen in this regulation, studies were carried out
in an in-vitro model (Yue et al., 2001) in which MCF-7 cells were cultured in long-term
estrogen-deprived medium (LTED cells). It was found that long-term estrogen deprivation
enhanced aromatase activity by three- to fourfold compared with that in wild-type MCF-7
cells. Re-exposure of LTED cells to estrogen reduced aromatase activity to the levels of
wild-type MCF-7 cells. The authors also measured aromatase activity in 101 frozen breast
carcinoma specimens and compared tumour aromatase activities in premenopausal patients
with those in postmenopausal patients and in postmenopausal patients who did or did not
take hormonal therapy. Although not statistically significant, a trend was observed that
paralleled that in the in-vitro studies. Aromatase activity was higher in breast cancer tissues
from patients who had lower levels of circulating estrogen. These data suggest that estrogen
may be involved in the regulation of aromatase activity in breast tissues.
Two epidemiological studies examined the association of a common aromatase polymorphism (intron 4 TTTA repeat) and osteoporosis in postmenopausal women who did or
did not take hormonal menopausal therapy. The Danish Osteoporosis Prevention Study
showed an increase in bone mineral density in women who had long TTTA repeats and
who received therapy (Tofteng et al., 2004). In untreated women, no association was
observed between bone mass or bone loss and the TTTA polymorphism. In contrast, a
Finnish study found that the TTTA polymorphism did not influence bone mineral density,
which is a risk for fracture, or circulating levels of estradiol in treated or untreated women
(Salmen et al., 2003).
4.1.1

Ethinylestradiol and mestranol

Structural modification of the estradiol molecule by insertion of an ethinyl group at
carbon 17 yields ethinylestradiol, which is considerably more potent than estradiol and
has high activity following oral administration. This compound is used frequently as the
estrogenic component of oral contraceptives.
Modification of ethinylestradiol by formation of a methyl ether at carbon 3 gives rise
to mestranol, which was widely used in the early years of oral contraception, but is now
rarely employed. Mestranol binds poorly to the estrogen receptor and its estrogenic effect
is due to its rapid demethylation in the liver to form ethinylestradiol; however, demethylation is not complete and more mestranol must be administered than ethinylestradiol to
achieve similar effects.
Goldzieher and Brody (1990) studied the pharmacokinetics of doses of 35 μg ethinylestradiol (24 women) and 50 μg mestranol (27 women) in combination with 1 mg norethisterone. Serum concentrations of ethinylestradiol were measured after treatment with
either estrogen, each of which produced an average serum concentration of approximately
175 pg/mL ethinylestradiol, with wide inter-individual variation. The maximal serum concentrations were achieved within about 1–2 h, and the half-life for elimination ranged from
13 to 27 h. The oral bioavailability of ethinylestradiol was 38–48%, and a 50-μg dose of
mestranol was shown to be bioequivalent to a 35-μg dose of ethinylestradiol.

COMBINED ESTROGEN−PROGESTOGEN CONTRACEPTIVES

145

Hümpel et al. (1990) obtained serum samples from one group of 30 women who were
taking a cycle of a combined oral contraceptive that contained ethinylestradiol and desogestrel and from another group of 39 women who were taking ethinylestradiol and gestodene. The serum concentrations of ethinylestradiol reached mean maximal levels of 106–
129 pg/mL 1.6–1.8 h after intake. The mean serum concentrations of SHBG were 186–
226 nmol/L, those of cortisol-binding globulin were 89–93 mg/L and those of cortisol
were 280–281 μg/L.
Kuhnz et al. (1990a) compared the pharmacokinetics of ethinylestradiol administered
as a single dose in combination with either gestodene or desogestrel to 18 women. In
contrast to previous reports (Goldzieher & Brody, 1990; Hümpel et al., 1990), which
showed that the bioavailability of ethinylestradiol differed according to the associated
progestogen, this study showed no significant difference.
The major pathway of ethinylestradiol metabolism in the liver of humans and animals
is 2-hydroxylation, which is presumably catalysed by CYP 3A4 (Guengerich, 1988; see
Section 4.1 of the monograph on Combined estrogen–progestogen menopausal therapy).
4.1.2

Norethisterone

Most of the data that pertain to the pharmacokinetics of norethisterone derive from a
study (Back et al., 1978) in which l mg norethisterone acetate and 0.05 mg ethinylestradiol
were administered orally and intraveneously as a single dose or at 4-weekly intervals to a
group of six premenopausal women. The results show that the absolute bioavailability of
norethisterone after administration ranged from 47 to 73% (mean, 64%) compared with
intravenous administration. The half-life [of the β phase of a two-component model] of elimination ranged from 4.8 to 12.8 h (mean, 7.6 h) with no significant differences between
oral and intravenous administration.
Data from two different studies (Odlind et al., 1979; Stanczyk et al., 1983; Stanczyk,
2003) showed a dose–response in circulating levels of norethisterone following oral administration to premenopausal women of 5 mg, 1 mg (combined with 0.12 mg ethinylestradiol), 0.5 mg and 0.3 mg norethisterone. Mean peak plasma levels were approximately 23,
16, 6 and 4 ng/mL, respectively, within 1–2 h after treatment.
Norethisterone undergoes extensive ring A reduction to form dihydro- and tetrahydronorethisterone metabolites that undergo conjugation; it can also be aromatized. Low serum
levels of ethinylestradiol have been measured in postmenopausal women following oral
administration of relatively large doses of norethisterone acetate or norethisterone (Kuhnz
et al., 1997). On the basis of the area-under-the-curve (AUC) values that were determined
for ethinylestradiol and norethisterone, it was shown that the mean conversion ratio of norethisterone to ethinylestradiol was 0.7 and 1.0% at doses of 5 and 10 mg, respectively. The
authors calculated that this corresponds to an oral dose equivalent of about 6 μg ethinylestradiol/mg of norethisterone acetate. Similarly, it was shown that a dose of 5 mg norethisterone administered orally was equivalent to about 4 μg ethinylestradiol/mg norethisterone. On the basis of these calculations, it was estimated that lower doses of norethiste-
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rone or its acetate (e.g. 0.5–1.0 mg) in combination with ethinylestradiol would add between
0.002 and 0.01 mg ethinylestradiol to that already present. [The estimations for these lower
doses were extrapolated from high doses of these compounds, which were not combined
with ethinylestradiol. Nevertheless, it appears that significant amounts of ethinylestradiol
are formed from norethisterone, and that the amount formed appears to be highly variable.]
No information on the pharmacokinetics of ethinylestradiol or mestranol via the dermal
route (patch) was available to the Working Group.
4.1.3

Norethisterone acetate, ethynodiol diacetate, norethynodrel and lynestrenol

It is generally considered that progestogens that are structurally related to norethisterone
are pro-drugs and that their progestational activity is due to their conversion to norethisterone. After oral administration, norethisterone acetate and ethynodiol diacetate are rapidly
converted to norethisterone by esterases during hepatic first-pass metabolism. Although less
is known about the transformation of lynestrenol and norethynodrel (Stanczyk & Roy,
1990), it appears that lynestrenol first undergoes hydroxylation at carbon 3 and then
oxidation of the hydroxyl group to form norethisterone. Although there is no convincing evidence for the in-vivo transformation of norethynodrel to norethisterone, data from receptorbinding tests and bioassays suggest that norethynodrel is also a pro-drug.
4.1.4

Levonorgestrel

Stanczyk and Roy (1990) reviewed the metabolism of levonorgestrel in women treated
orally with the radioactively labelled compound. Levonorgestrel was found mostly untransformed in serum within 1–2 h after administration, but the concentrations of conjugated metabolites increased progressively between 4 and 24 h after ingestion. Most of the
conjugates were sulfates and glucuronides. In addition to the remaining unconjugated levonorgestrel, considerable amounts of unconjugated and sulfate-conjugated forms of 3α,5βtetrahydrolevonorgestrel were found; smaller quantities of conjugated and unconjugated
3α,5α-tetrahydrolevonorgestrel and 16β-hydroxylevonorgestrel were also identified
(Sisenwine et al., 1975a). Approximately 45% of radioactively labelled levonorgestrel was
excreted via the urine and about 32% via the faeces. The major urinary metabolites were
glucuronides (the most abundant was 3α,5β-tetrahydrolevonorgestrel glucuronide) and
smaller quantities of sulfates were found (Sisenwine et al., 1975b).
A dose–response has been demonstrated for circulating levels of levonorgestrel
(Stanczyk, 2003) following administration of single oral doses of 0.25, 0.15 and 0.075 mg
levonorgestrel to six, 24 and 24 women, respectively (Humpel et al., 1977; Goebelsmann
et al., 1986; Stanczyk et al., 1990). When the three doses were combined with 30–50 μg
ethinylestradiol, mean peak levonorgestrel levels of 6.0, 3.5 and 2.5 ng/mL were attained
at 1–3 h with the decreasing order of doses. At 24 h, the mean levonorgestrel level was
1.2 ng/mL with the highest dose and less than 0.5 ng/mL with the other two doses.
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The bioavailability of levonorgestrel is generally accepted to be 100%. This generalization is based on two studies that used only a small number of women (Humpel et al.,
1978; Back et al., 1981). In one of the studies (Back et al., 1981), absolute bioavailabilities
were determined for doses of 0.25 and 0.15 mg levonorgestrel, each of which was administered to five women in combination with ethinylestradiol (0.05 mg). The results show
that the bioavailability for the 0.15-mg dose of levonorgestrel ranged from 72 to 125%
(mean, 99%); that for the 0.15-mg dose ranged from 63 to 108% (mean, 89%). When the
individual bioavailabilities for the 0.25-mg dose were examined, it was noted that 60% of
the subjects had bioavailabilities greater than 100%. [This demonstrates that, for each of
these subjects, the AUC for levonorgestrel obtained by the oral route was greater than that
obtained intravenously, and implies that there was a methodological problem in the study.]
In the same study, the mean half-life of elimination was found to be 13.2 h and 9.9 h for the
0.15-mg and 0.25-mg doses of levonorgestrel, respectively, when administered intravenously. These values were similar after oral dosing.
Carol et al. (1992) evaluated the pharmacokinetics of levonorgestrel in groups of 11–20
women who were given single or multiple treatments with combined oral contraceptive
preparations that contained 0.125 mg levonorgestrel plus 0.03 or 0.05 mg ethinylestradiol.
The serum concentrations of levonorgestrel reached a maximum of about 4 ng/mL at 1–2 h
after a single treatment with either preparation. After 21 days of treatment, the peak and
sustained concentrations of levonorgestrel were about twice as high as those after a single
treatment. The serum concentration of SHBG increased after treatment with both
contraceptives (but to a greater extent with the contraceptive containing 0.05 mg ethinylestradiol), which indicates the important role of estrogen in the induction of this protein.
Kuhnz et al. (1992) treated a group of nine women with a single dose of a combined
oral contraceptive that contained 0.15 mg levonorgestrel plus 0.03 mg ethinylestradiol; eight
of these women received the same regimen for 3 months after an abstention period of
3 months. The peak concentrations of levonorgestrel were found 1 h after single or multiple
treatments. The peak serum concentrations of levonorgestrel were 3.1 and 5.9 ng/mL,
respectively. The AUC concentration for total and free levonorgestrel increased by two- to
fourfold after a single dose compared with multiple treatments. The distribution of free,
albumin-bound and SHBG-bound levonorgestrel was similar in women who had received
one or multiple treatments, but the serum concentration of the globulin increased significantly after multiple treatments.
Kuhnz et al. (1994a) treated 14 women with a combined oral contraceptive that
contained 0.125 mg levonorgestrel plus 0.03 mg ethinylestradiol as a single dose and for 3
months as a triphasic regimen (Triquilar®) after an abstention period of 1 week. The serum
concentration of free levonorgestrel reached a peak of 0.06–0.08 ng/mL about 1 h after
treatment with a single dose or on day 1 of the first or third cycle. In contrast, the calculated
values of the AUC more than doubled, from 0.32 (single dose) to 0.75 (multiple treatment,
first cycle)–0.77 (multiple treatment, third cycle) ng × h/mL. The serum concentrations of
cortisol-binding globulin and SHBG more than doubled after multiple treatments with the
contraceptive. After a single dose, 1.4% of the levonorgestrel in serum was free, 43% was
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bound to albumin and 55% was bound to SHBG. After multiple treatments, only 0.9–1.0%
levonorgestrel in serum was free and 25–30% was bound to albumin and the amount that
was bound to SHBG increased to 69–74%. The concentrations of free and total testosterone
decreased from 3 and 460 pg/mL, respectively, before treatment to 1 and 270 pg/mL, respectively, at the end of one treatment cycle and increased again to 2 and 420 pg/mL, respectively, by the 1st day of the third cycle. Thus, the treatment-free interval of 1 week was sufficient to restore pretreatment values for testosterone.
4.1.5

Desogestrel

Desogestrel is a pro-drug and its progestational activity is mediated by one of its metabolites, 3-ketodesogestrel. In a study in which 10 women ingested single doses of 0.15 mg
desogestrel combined with 0.03 mg ethinylestradiol and another group of women ingested
single doses of 0.15 mg 3-ketodesogestrel combined with 0.03 mg ethinylestradiol
(Hasenack et al., 1986), serum 3-ketodesogestrel levels were essentially the same in both
groups of women, whereas desogestrel was not found in significant amounts.
Following administration of a single oral dose of 0.15 mg desogestrel combined with
0.03 mg ethinylestradiol to a group of 25 women, the mean maximum concentration of 3ketodesogestrel was 3.69 ng/mL, which was reached at a mean time of 1.6 ± 1.0 h (Bergink
et al., 1990). The mean bioavailability of 3-ketodesogestrel in two cross-over studies, in
which women received either a single oral or intravenous dose of 0.15 mg desogestrel combined with 0.03 mg ethinylestradiol, was reported to be 76 and 62%, respectively (Back
et al., 1987; Orme et al., 1991). The mean half-life of elimination for 3-ketodesogestrel,
calculated from two studies (Back et al., 1987; Bergink et al., 1990) in which women were
given a single oral dose of 0.15 mg desogestrel combined with 0.03 mg ethinylestradiol, was
not consistent (23.8 h versus 11.9 h); the longer half-life was calculated from serum 3-ketodesogestrel levels that were obtained up to 72 h (Bergink et al., 1990) whereas frequent
blood sampling was carried out only up to 24 h in the other study. [The lack of data beyond
24 h is a deficiency of most studies of progestogen pharmacokinetics in which the half-life
of elimination is calculated.]
A multiple dosing study (Kuhl et al., 1988a) was carried out in 11 women who ingested
0.15 mg desogestrel in combination with 0.03 mg ethinylestradiol daily for 12 continuous
treatment cycles and whose blood was sampled at frequent intervals on days 1, 10 and 21
of cycles 1, 3, 6 and 12. The results showed that 3-ketodesogestrel levels were relatively
low on day 1 but rose progressively and were higher on day 21 of the treatment cycles. This
increase was attributed to the elevated serum levels of SHBG induced by the estrogenic
component of the pill.
A group of 19 women were given three cycles of a triphasic oral contraceptive that
contained combinations of desogestrel and ethinylestradiol at doses of 0.15, 0.05 and
0.035 mg for the first 7 days, 0.10 and 0.03 mg for days 8–14 and 0.15 and 0.03 mg for
days 15–21, respectively, followed by 7 days without hormone. Multiple blood samples
were taken from the women throughout this interval, and serum concentrations of 3-keto-
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desogestrel, ethinylestradiol and SHBG were determined, together with the elimination
half-life and dose proportionality. The concentration of 3-ketodesogestrel reached steadystate levels at each desogestrel dose, and the pharmacokinetics was proportional to the
dose. The concentration of ethinylestradiol also reached a steady state, and the pharmacokinetics was constant thereafter. The concentration of SHBG was significantly increased
between days 1 and 7 of the cycle but not between days 7, 14 and 21 (Archer et al., 1994).
4.1.6

Gestodene

Gestodene is metabolized primarily in the liver by CYP 3A4 and is a strong inducer
of this enzyme. Although ethinylestradiol is also metabolized by CYP 3A4, gestodene
does not appear to inhibit its metabolism. Known metabolites of gestodene include dihydrogestodene, 3,5-tetrahydrogestodene and hydroxygestodene.
Gestodene is not a pro-drug. Following administration of a single oral dose of 0.025,
0.075 or 0.125 mg gestodene in combination with or without 0.03 mg ethinylestradiol to
six women, a dose–response was observed. The half-life of elimination of gestodene was
shown to range from 12 to 14 h for the three doses studied (Tauber et al., 1989). Mean
maximum concentration values of 1.0, 3.6 and 7.0 ng/mL gestodene were attained between
1.4 and 1.9 h, respectively. The mean absolute bioavailability was calculated to be 99%
(range, 86–112%) for the commonly prescribed dose of 0.075 mg gestodene. In another
similar study (Orme et al., 1991), the mean absolute bioavailability was reported to be 87%
(range, 64–126%).
The same experimental design that was used for the multiple dosing studies with desogestrel (Kuhl et al., 1988a) was also used for gestodene (Kuhl et al., 1988b). The results
showed a dramatic rise in mean gestodene levels between day 1 and day 10, and a further
rise between day 10 and day 21 in all study cycles. These findings were attributed to
increased levels of SHBG and were similar to those obtained when multiple dosing was
performed with desogestrel.
Following oral administration of 0.075 mg gestodene combined with 0.03 mg ethinylestradiol, either as a single dose or as multiple doses, the circulating levels of gestodene
were relatively high compared with similar treatments with other progestogens in combination with ethinylestradiol (Fotherby, 1990). [This finding was surprising because the
0.075-mg dose of gestodene is the lowest dose of any progestogen used in a combined oral
contraceptive pill. The major factor responsible for the elevated levels of gestodene
appears to be the high affinity of SHBG for gestodene, which results in a lower metabolic
clearance and consequently a higher concentration of this progestogen in the blood. It has
been reported that approximately 75% of gestodene is bound to SHBG after oral treatment
with gestodene/ethinylestradiol, which is considerably higher than that observed with other
progestogens combined with ethinylestradiol.]
Kuhnz et al. (1990b) studied the binding of gestodene to serum proteins in 37 women
who had taken a combined oral contraceptive that contained gestodene plus ethinyl-
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estradiol for at least 3 months: 0.6% was free, 24% was bound to albumin and 75% was
bound to SHBG.
Kuhnz et al. (1991) examined the effects of a single administration followed by
multiple administrations over one cycle (after an abstention period of 1 week) of a triphasic combined oral contraceptive that contained gestodene and ethinylestradiol on the
concentrations of ethinylestradiol and testosterone in 10 women. After a single oral dose
of 0.10 mg gestodene plus 0.03 mg ethinylestradiol, the serum ethinylestradiol concentration reached 100 pg/mL in about 1.9 h; thereafter, the concentration declined, with a
half-life of 11 h. On day 21 of the treatment cycle, the maximum concentrations reached
140 pg/mL 1.6 h after intake. In comparison with day 21 after the single dose treatment,
the levels of total and free testosterone were reduced by about 60% on day 21 of the
treatment cycle.
Kuhnz et al. (1993) treated 14 women with a combined oral contraceptive that contained 0.10 mg gestodene plus 0.03 mg ethinylestradiol as a single dose and for 3 months
as a triphasic regimen after an abstention of 1 week. The maximum serum concentrations
of gestodene 30 min after dosing were 4.3 ng/mL after a single dose, 15 ng/mL at the end
of the first cycle and 14.4 ng/mL at the end of three cycles. A half-life for clearance of 18 h
was observed after a single treatment, with a volume of distribution of 84 L. Multiple
treatments increased the clearance half-life to 20–22 h and reduced the distribution volume
to about 19 L. The serum concentration of SHBG increased with multiple treatments,
presumably as an effect of ethinylestradiol, which is thought to account for the observed
change in the distribution of gestodene (from 1.3% free, 69% bound to SHBG and 29%
bound to albumin after a single treatment to 0.6% free, 81% bound to SHBG and 18%
bound to albumin after multiple treatments).
Heuner et al. (1995) treated 14 women with a combined oral contraceptive that
contained 0.075 mg gestodene plus 0.02 mg ethinylestradiol by a single administration or
for 3 months as a triphasic regimen. The serum concentrations of gestodene, ethinylestradiol, cortisol-binding globulin, SHBG and testosterone were followed after the single
treatment and through cycles 1 and 3. The concentration of gestodene reached a maximum
of 3.5 ng/mL within 0.9 h after a single dose and 8.7 ng/mL within 0.7 h after multiple
doses. The clearance half-time for a single dose of gestodene also increased from 12.6 h to
nearly 20 h after multiple treatments. There was a large increase in the concentration of
SHBG with time after multiple treatments. After a single dose, 1.3% of gestodene in serum
was free, 30% was bound to albumin and 68% was bound to SHBG.
4.1.7

Norgestimate

Very little is known about the pharmacokinetics of orally administered norgestimate
except that it is a relatively complex pro-drug. After its oral administration, the acetate
group at carbon 17 is rapidly removed during hepatic first-pass metabolism. The product
formed — levonorgestrel-3-oxime — has progestational activity. It has also been referred
to as deacetylated norgestimate and, more recently, has been assigned the common name
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norelgestromin. Rapid formation of norelgestromin from norgestimate was demonstrated
by McGuire et al. (1990); serum levels of norelgestromin were measured after administration of single and multiple oral doses of 0.36 mg norgestimate combined with 0.07 mg
ethinylestradiol to 10 women. Mean peak serum levels of 17-deacetylnorgestimate (norelgestromin) were approximately 4 ng/mL and were attained after about 1.4 h; the levels
remained elevated up to 36 h after treatment. In contrast, peak levels of norgestimate were
only ∼100 pg/mL 1 h after treatment; the concentration declined rapidly thereafter and
none was detectable 5 h after treatment.
Norgestimate is converted to levonorgestrel. In a randomized, comparative pharmacokinetic study by Kuhnz et al. (1994b), 12 women received single oral doses of 0.25 mg
norgestimate combined with 0.035 mg ethinylestradiol and 0.25 mg levonorgestrel
combined with 0.05 mg ethinylestradiol. The levonorgestrel AUC ratios were determined
after administration of both formulations and were used to calculate the bioavailability of
norgestimate-derived levonorgestrel: on average, about 22% of the administered dose of
norgestimate became systemically available as levonorgestrel.
In addition to norelgestromin and levonorgestrel, a third progestationally active metabolite of orally administered norgestimate is formed, which is probably levonorgestrel17-acetate (Kuhnz et al., 1994b).
4.1.8

Newly developed progestogens

In recent years, new progestogens have been synthesized that may improve the
performance of combined hormones. Two of these that are currently in use (Sitruk-Ware,
2004a) are discussed below. Other members of this group, e.g. nesterone, nomegestrol
acetate and trimegestone, are used much less frequently, although their pharmacological
profile is similar with respect to receptor binding (see Tables 17 and 18 in Section 4.2 of
the monograph on Combined estrogen–progestogen menopausal therapy) (Kuhl, 1996;
Couthino et al., 1999; Kumar et al., 2000; Tuba et al., 2000; Lepescheux et al., 2001;
Shields-Botella et al., 2003).
(a)

Dienogest

Dienogest (17α-cyanomethyl-17β-hydroxyestra-4,9-dien-3-one) is a derivative of 19nortestosterone. It has progestational activity but no androgenic, estrogenic, anti-estrogenic or corticoid activity. It strongly suppresses endometrial proliferation and does not
antagonize the beneficial effects of estrogens. Dienogest binds highly selectively to the
progesterone receptor, but does not bind to SHBG. As a result, it does not compete with
testosterone for binding, and thereby helps to minimize the free serum levels of the
androgen. Relatively high levels of the compound (approximately 9%) are free in the
serum. After oral intake, a maximum serum concentration of dienogest is reached after
about 1 h and does not accumulate after repeated dosing. The compound has an elimination
half-life of 9.1 h. Studies of receptor binding have shown that the anti-androgenic activity
of dienogest is similar to that of cyproterone acetate and progesterone (Teichmann, 2003).
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Studies on the pharmacokinetics of dienogest have been carried out following oral and
intravenous administration of different doses (Oettel et al., 1995). A dose–response in
serum dienogest levels was observed in 12 women after oral administration of four single
doses (1, 2, 4 and 8 mg) in randomized order during four consecutive menstrual cycles.
Following administration of the 1-mg dose, the mean maximum concentration was
23.4 ng/mL and the time to reach this level was 2.2 ± 1.1 h; half-life of elimination was
6.5 h. The absolute bioavailability of dienogest was determined in 16 healthy male volunteers who ingested a single dose of two tablets, each of which contained 2 mg dienogest
and 0.03 mg ethinylestradiol; the average bioavailability value was 96.2%. In the same
study, the average terminal half-life was reported to be 10.8 and 11.6 h after oral and intravenous doses, respectively.
From the two studies described above and other related studies by Oettel et al. (1995),
it can be concluded that circulating levels of dienogest are relatively high compared with
those found with similar doses of other progestogens. The clearance of dienogest appears
to be lower than that of other progestogens, although most of it is weakly bound to albumin
in the blood (Oettel et al., 1995). No significant accumulation of dienogest was observed
in serum during its daily intake (Oettel et al., 1995).
(b)

Drospirenone

The pharmacokinetic characteristics of drospirenone (3 mg) combined with ethinylestradiol (0.03 mg) were assessed in 13 women during 13 continuous cycles, each of which
consisted of 21 continuous days of treatment followed by a 7-day treatment-free interval
(Blode et al., 2000). Frequent blood sampling was carried out on day 21 of treatment cycles
1, 6, 9 and 13. After administration of the first tablet, the mean maximum concentration of
drospirenone was 36.9 ng/mL, which rose to 87.5 ng/mL on day 21 of the first cycle and
ranged from 78.7 to 84.2 ng/mL on day 21 of the next three sampling cycles. The corresponding time to reach peak levels ranged from 1.6 to 1.8 h, and the half-life of elimination
values were 31.1–32.5 h.
Other pharmacokinetic characteristics of drospirenone, based on data obtained by the
manufacturer of an oral contraceptive that contained 3 mg drospirenone combined with
0.03 mg ethinylestradiol, have been reviewed (Krattenmacher, 2000). It was reported that
a steady-state in circulating drospirenone levels is achieved after 1 week of treatment, and
a dose–response in circulating drospirenone levels is obtained following oral administration of doses ranging from 1 to 10 mg. In addition, the absolute bioavailability was
reported to be on average 76%.
4.1.9

Interactions of other drugs with oral contraceptives

Kopera (1985) reviewed the drug interactions associated with the administration of
progestogens to patients who received other medications. Progestogens adversely affect
the metabolism of certain drugs and, in turn, the metabolism of progestogens is affected
by other drugs. These effects presumably occur as a consequence of the induction of
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metabolic enzymes, or competition for metabolic pathways or for binding to serum carrier
proteins (Shenfield et al., 1993).
Data on the effects of some oral contraceptive estrogens and progestrogens in animals
were reviewed previously (IARC, 1999) (see also Section 4.2 of this monograph and
Sections 4.1 and 4.2 of the monograph on Combined estrogen–progestogen menopausal
therapy in this volume).
4.2

Receptor-mediated effects

There is evidence that not all the effects of estrogens and progestogens that are used in
combined hormonal (oral) contraceptives are mediated through nuclear or other receptors.
In addition, the effects of these steroids probably involve several molecular pathways and
cross-talk between receptor- and/or non-receptor-mediated pathways. During the past
decade, research on the mechanisms of hormonal action and on hormones and cancer has
grown immensely. Two different subtypes of the progesterone receptor, subtypes A and B
(Kazmi et al., 1993; Vegeto et al., 1993), and several estrogen receptors that have different
functions — the nuclear estrogen receptors-α and -β and their subtypes — have been identified (Kuiper et al., 1996; Mosselman et al., 1996; Kuiper et al., 1997). In addition, estrogen receptors-α and other estrogen-binding proteins that are located in the plasma membrane appear to be responsible for rapid non-genomic estrogen responses (Pietras et al.,
2001; Song et al., 2002; Razandi et al., 2003) and may activate signal transduction pathways by estrogens (Razandi et al., 2003; Song et al., 2004). There is also some evidence to
suggest that a non-genomically acting progesterone receptor is responsible for rapid progestogen responses (Castoria et al., 1999; Sutter-Dub, 2002; Sager et al., 2003). However, the
literature on specific interactions of constituents of combined oral contraceptive preparations with these receptor subtypes is still limited.
Increased attention to the various components of combined oral contraceptives in
recent years has resulted in the availability of more information on the progestogens used
with respect to their hormonal activities and binding to various receptors and other
binding proteins. This information is summarized in Tables 35 and 36.
4.2.1

Combined oral contraceptives
(a)

Humans

(i)
Breast epithelial cell proliferation
It was concluded previously that exposure to combined oral contraceptives increases
breast epithelial cell proliferation and that, when ethinylestradiol is the estrogen component,
this effect is dose-dependent (IARC, 1999). Increased breast epithelial cell proliferation
may be associated with an increased risk for breast cancer (Russo & Russo, 1996; Pihan
et al., 1998). Isaksson et al. (2001) confirmed and extended these conclusions which are
consistent with an increase in risk for breast cancer: all 53 women who had taken combined
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Table 35. Overview of the spectrum of hormonal activities of progestogens used in combined oral
contraceptivesa
Progestogenic

Antiestrogenic

Estrogenic

Androgenic

Antiandrogenic

Glucocorticoid

Antimineralocorticoid

Chlormadinone acetate
Cyproterone acetate
Desogestrel
Dienogest
Drospirenone
Gestodene
Levonorgestrel
Norethisterone acetate

+
+
+
+
+, +
+
+
+, +

+
+
+
+, ±
+
+
+
+

–
–
–
–, ±
–
–
–
+

–
–
+
–
–
+
+
+

+
+, +
–
+
+
–
–
–

+
+
±, –
–
?, –
±, +
–
–

–
–
–
–
+
+
–
–

Adapted from Wiegratz & Kuhl (2004); second value for progestogenic activity only from Sitruk-Ware (2002); second value,
except for progestogenic activity from Schindler et al. (2003)
+, effective; ±, weakly effective; –, ineffective; ?, unknown
a
Data are based mainly on animal experiments. The clinical effects of progestogens are dependent on their tissue concentrations.
No comparable data were available for ethynodiol diacetate or lynestrenol.
Note: This information should be viewed as only an indication of the hormonal activity (and its order of magnitude) of the various
progestogens.
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Progestogen

Progestogen

PR

AR

ER

GR

MR

SHBG

CBG

Chlormadinone acetate
Cyproterone acetate
Desogestrel (as 3-ketodesogestrel)
Dienogest
Drospirenone
Gestodene
Levonorgestrel
Norethisterone acetate
Reference compounds (100%)

134
180
300
10
70, 19
180, 864
300, 323
150, 134
Progesterone

5
6
20
10
65, 2
85, 71
45, 58
15, 55
Metribolone
R1881

0
0
0
0
0, < 0.5
0, < 0.02
0
0.015
Estradiol17β

8
6
14
1
6, 3
27, 38
1, 7.5
0, 1.4
Dexamethasone
(or cortisol)

0
8
0
0
230, 500
290, 97
75, 17
0, 2.7
Aldosterone

0
0
15
0
0
40
50
16
5α-dihydrotestosterone

0
0
0
0
0
0
0
0
Cortisol

Adapted from Wiegrazt & Kuhl (2004); second value from Sitruk-Ware (2004)
AR, androgen receptor; CBG, corticoid-binding globulin; ER, estrogen receptor; GR, glucocorticoid receptor; MR, mineralocorticoid receptor;
PR, progesterone receptor; SHBG, sex hormone-binding globulin
a
Values were compiled by these authors by cross-comparison of the literature. Because the results of the various in-vitro experiments depend
largely on the incubation conditions and biological materials used, the published values are inconsistent. These values do not reflect the biological effectiveness, but should be viewed as only an indication of the order of magnitude of the binding affinities of the various progestogens.
No comparable data were available for ethinodiol acetate or lynestrenol.
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Table 36. Relative binding affinities of progestogens used in combined oral contraceptives to steroid receptors
and serum binding globulinsa
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oral contraceptives had used preparations that contained ethinylestradiol combined with
levonorgestrel, desogestrel, lynestrenol or norethisterone; however, the actual dose levels
were not provided. Data from these women were compared with those from 54 women who
had not used hormonal contraception. Fine needle aspirates were obtained between days 16
and 21 on the first cycle of treatment or, for control women, during the second half of the
menstrual cycle. The mean percentage of breast epithelial cells that stained for Ki-67 (using
the MIB-1 antibody that reacts with a human nuclear antigen present in proliferating cells)
was 4.8% (median, 3.0%; range, 0–50%) in women exposed to combined oral contraceptives and 2.2% (median, 1.5%; range, 0–8%) in control women, a difference that was
statistically significant. In 37 women who had taken ethinylestradiol plus levonorgestrel, the
correlation between serum levonorgestrel levels and breast epithelial cell proliferation was
found to be statistically significant in a positive direction (Spearman r = 0.43; p = 0.02). For
16 women who had taken ethinylestradiol plus levonorgestrel, fine needle aspirates were
obtained both before the start of the oral contraceptive treatment and 2 months afterwards.
The mean percentage of breast epithelial cells that stained for Ki-67 was 1.4% (median,
0.5%; range, 0–5%) before treatment and 5.8% (median, 0.8%; range, 0–50%) after
2 months of treatment; this change was of borderline significance (p = 0.055).
(ii) Effects on the endometrium
Four independent studies have investigated the effects of combined oral contraceptives
on the endometrium. Moyer and Felix (1998) obtained endometrial biopsies from two
groups of nine women who were exposed for an unreported duration to a regimen that
consisted of oral treatment with either 0.06 mg mestranol plus 5 or 10 mg norethisterone
acetate or 0.075 mg mestranol plus 5 mg norethynodrel for 21 days, followed by 7 days
with no treatment. Biopsies were taken during the 7 days with no treatment. For comparison, biopsies were also taken from 10 untreated premenopausal women between days 5 and
14 of the menstrual cycle. Mitotic counts were significantly reduced from 12.3/1000 glandular cells in untreated women to 1.6 and 0.01/1000 cells in women exposed to mestranol
plus norethynodrel and norethisterone acetate, respectively. [The Working Group noted
that the timing of biopsy in the treated and untreated women probably does not permit an
adequate comparison.]
Archer (1999) studied 11 women who took a triphasic oral regimen of 0.02 mg ethinylestradiol plus 0.05 mg desogestrel for 21 days, placebo for 2 days and 0.01 g ethinylestradiol for the last 5 days of each 28-day cycle. Endometrial biopsies were taken after
13–14 cycles. A progestational effect on endometrial histology was observed with secretory changes in samples obtained between days 11 and 21 of the treatment cycle. However,
this was benign and no endometrial hyperplasia or metaplasia was observed.
Oosterbaan (1999) reported a study of women who took an oral preparation that
consisted of 0.05 mg ethinylestradiol plus 0.06 mg gestodene for 24 days followed by 4 days
with no treatment. Endometrial biopsies were taken during the late luteal phase before
treatment (baseline biopsies) and between days 15 and 24 of the treatment cycle during cycle
3 or 6. Histological evidence of endometrial atrophy was observed in three of nine subjects
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during cycle 3 and in four of nine subjects during cycle 6, whereas 11 of 13 baseline biopsies
showed a secretory endometrium.
A regimen that consisted of 21 days of 0.03 mg ethinylestradiol plus 3 mg drospirenone
followed by 7 days of no treatment was studied by Lüdicke et al. (2001). Endometrial
biopsies were taken at baseline (26 women) and after 3 (11 women), 6 (10 women) and 13
cycles (26 women); endometrial thickness was also assessed by ultrasound at these four
time-points (n = 26). Morphometry and ultrasound showed endometrial atrophy following
the treatment: after 3, 6 and 13 cycles, 41, 44 and 63% of subjects, respectively, had an atrophic endometrium. Glandular mitotic activity (normally 0.3/1000 cells) was also absent at
these three time-points.
Collectively, these four studies indicate atrophic and anti-proliferative endometrial
effects of progestogen-containing combined oral contraceptives, apparently regardless of
the regimen and the actual progestogen used. This anti-proliferative effect may be associated with a reduction in the risk for endometrial cancer.
(iii) Effects on the colon
In addition to a range of growth factor receptors, the human colon has both estrogen
and progesterone nuclear receptors and expresses known estrogen-inducible genes (pS2
and ERD5) (Di Leo et al., 1992; Hendrickse et al., 1993; Singh et al., 1998). However,
some studies did not confirm these findings; in addition, there are conflicting results on
the expression of these receptors in stromal versus epithelial cells which are perhaps
related to differences in the methodology used between studies (Waliszewski et al., 1997;
Slattery et al., 2000). Nevertheless, these observations suggest that there may be a link
between exposures to hormones in combined oral contraceptives and menopausal therapy
and colon cancer, but they do not predict the nature of such a relationship.
(iv) Effects on hormonal systems
Several new studies have investigated the relationship between combined oral contraceptives and hormonal parameters. In four of these, serum levels of SHBG and free testosterone were measured. Levels of SHBG were increased by two- to fourfold and free testosterone levels were reduced by 40–80%, regardless of the combined oral contraceptive
regimen used (Piérard-Franchimont et al., 2000; Boyd et al., 2001; Isaksson et al., 2001;
Wiegratz et al., 2003). Wiegratz et al. (2003) studied women who were taking four different
contraceptive regimens for 21 days followed by 7 days with no treatment: 0.03 mg ethinylestradiol plus 2 mg dienogest, 0.02 mg ethinylestradiol plus 2 mg dienogest, 0.01 mg
ethinylestradiol plus 2 mg estradiol valerate plus 2 mg dienogest or 0.02 mg ethinylestradiol
plus 0.10 mg levonorgestrel. In addition to reducing free testosterone and increasing the
levels of SHBG, all treatments reduced levels of dehydroepiandrosterone sulfate and
increased those of corticoid-binding globulin by approximately twofold and of thyroxinbinding globulin by approximately 50%, while prolactin was not affected. All four regimens
had comparable effects, except that ethinylestradiol plus levonorgestrel increased levels of
SHBG by only 50–100% and ethinylestradiol plus estradiol valerate plus dienogest
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increased levels of prolactin by up to 40%. In the study by Isaksson et al. (2001), levels of
androstenedione and total testosterone were also reduced as well as that of serum progesterone by 10-fold; levels of insulin-like growth factor-1 in the serum were not affected.
Chatterton et al. (2005) found an even stronger reduction in nipple aspirate fluid progesterone from the breast (98%) and in serum progesterone (96.5%) in women who took a
variety of triphasic contraceptives, but observed no effect on dehydroepiandrosterone or its
sulfate or androstenedione, which are the potential precursors of 17β-estradiol. Levels of
17β-estradiol and estrone sulfate were also substantially reduced. These data suggest the
possible involvement of reduced androgenic and estrogenic stimulation of responsive tissue,
e.g. the breast. However, all combined oral contraceptives contain estrogens and several of
the progestogens used, such as levonorgestrel and norethisterone, have androgenic activity.
These studies highlight the possibility of complex interactions with other hormonal systems.
(b)

Experimental systems

Rodriguez et al. (1998, 2002) examined the effects of a triphasic oral contraceptive
regimen on the ovary of cynomolgus macaque monkeys. The treatment was equivalent to
human doses of 0.03 mg ethinylestradiol plus 0.05 mg levonorgestrel per day for 6 days,
followed by 0.04 mg ethinylestradiol plus 0.075 mg levonorgestrel for 5 days, followed
by 0.03 mg ethinylestradiol plus 0.125 mg levonorgestrel for 10 days, followed by 7 days
with no treatment. Parallel groups received ethinylestradiol only, levonorgestrel only or
no treatment (control). This cyclic regimen was repeated every 28 days continuously for
35 months. The percentage of ovarian epithelial (surface) cells that stained positively for
a reaction indicative of apoptosis was reduced by ethinylestradiol alone to a mean value
of 1.8% compared with the mean control value of 3.9%. In contrast, apoptosis was
increased more than sixfold by levonorgestrel alone and almost fourfold by the contraceptive combination of ethinylestradiol and levonorgestrel (Rodriguez et al., 1998). The
treatments also affected the protein (immunohistochemical) expression of isoforms of
transforming growth factor-β (TGF-β) that are known to be associated with apoptosis.
TGF-β1 expression was reduced in epithelial cells, whereas expression of TGF-β2/3 was
increased (Rodriguez et al., 2002). These findings may be consistent with a protective
effect of combined oral contraceptives against the risk for ovarian cancer.
In cell culture, 0.01 nM, 1 nM and 100 nM gestodene, levonorgestrel and the active
metabolite of gestodene, 3-ketodesogestrel, given together either for 7 days or for the last
4 days of a 7-day estrogen treatment, all inhibited the cell proliferation induced by 10–10M
17β-estradiol in estrogen receptor-positive MCF-7 breast cancer cells (Seeger et al.,
2003). The inhibition was dose-dependent for the combined 7-day treatment, but was
similar regardless of dose when given on the last 4 days of estrogen treatment. A concentration of 10 μM had a lesser (continuous progestogen) or no (sequential progestogen)
inhibitory effect. This study suggests that the progestogen components of combined oral
contraceptives may reduce the stimulation of breast cell proliferation by the estrogen component, but no human studies are available.
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Oral contraception and HPV
(a)

Humans

Both estrogen and progesterone receptors are expressed in normal human uterine
cervix epithelium; in many cases, estrogen receptors, but not progesterone receptors, are
lost during the development of cervical carcinoma in situ and invasive cancer (Nonogaki
et al., 1990; Monsonego et al., 1991). Expression of progesterone receptors is increased in
carcinoma in situ and greatly diminished in invasive cancer (Monsonego et al., 1991).
Infection with HPV is an essential causative component of human cervical cancer in more
than 90% of cases (see IARC, 2007). HPV has more than 100 genotypes, some of which
are associated with high risk for cancer and others with lower risk (see IARC, 2007). The
loss of estrogen receptors may be associated with infection with specific types of HPV
(Nonogaki et al., 1990). These observations suggest that estrogen and progesterone may be
involved in cervical carcinogenesis (de Villiers, 2003).
(b)

Experimental systems

Transcription of HPV is regulated by the long control region of the viral genome (see
IARC, 2007). Expression of the E6 and E7 genes of HPV is affected by progesterone (and
glucocorticoids for which there are also receptors in cervical epithelium) through hormone
response elements on the long control region (Chan et al., 1989). This appears to occur in
both high-risk (HPV 16 and 18) and low-risk HPV (HPV 11) types. There is also evidence
that E6 and E7 expression is regulated by estrogen but there are no known estrogenresponse elements on the long control region. Plasmids for the expression of chloramphenicol acetyl transferase (CAT) in the HPV 16 and 18 long control regions that were
transfected into HeLa cells that contain progesterone but no estrogen receptors responded
differentially to different estrogen and progestogens, but combinations of these were not
tested (Chen et al., 1996). 17β-Estradiol and estriol, but not estrone, induced HPV 16 CAT
expression (2.3- and 2.7-fold, respectively) and, to a lesser extent, HPV 18 CAT expression
(1.3- and 1.5-fold, respectively) at concentrations of 100 nM. HPV 18 CAT expression was
only minimally increased by some progestogens (cyproterone acetate, norethynodrel and
ethynodiol diacetate), hardly increased by progesterone itself and not increased by norethisterone acetate or norgestrel (all tested at concentrations of 100 nM). In contrast, HPV
16 CAT expression was increased by all of these progestogens (except norgestrel); progesterone and norethisterone acetate were the least active (1.7- and 1.8-fold increase, respectively) and ethynodiol diacetate, cyproterone acetate and northynodrel were the most active
(2.3-, 2.5- and 2.5-fold increase, respectively).
In cervical epithelial cells transfected with and immortalized by HPV 16, 17β-estradiol
was metabolized to a greater extent to 16α-hydroxy metabolites than to 2-hydroxy metabolites; 4-hydroxy metabolites were not detected (Auborn et al., 1991). 17β-Estradiol and
16α-hydroxyestrone stimulated cell proliferation and caused increased growth in soft agar
of cervical epithelial cells transfected with and immortalized by HPV 16 (Newfield et al.,
1998). In both studies, human foreskin epithelial cells (which do not express estrogen recep-
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tors) transfected with and immortalized by HPV 16 did not metabolize or respond to estrogen. Fifty women who had moderate or high-grade carcinoma in situ of the cervix and an
HPV infection but not 29 women who had carcinoma in situ and no HPV infection had
serum estrone levels twofold higher (p < 0.05) than those found in women who did not have
cervical carcinoma in situ (n = 45) (Salazar et al., 2001). [The hypothesis that 16α-hydroxyestrone is a major factor in estrogen-induced carcinogenesis in general is not supported by
recent data (see Sections 4.1 and 4.3 in the monograph on Combined estrogen–progestogen
menopausal therapy of this volume), but it may play a role in the HPV-infected cervix.
However, in the study by Salazar et al. (2001), only serum estrone and not 16α-hydroxyestrone was measured and other estrogen metabolites have not been considered systematically in the studies reviewed. Therefore, support for the hypothesis that 16α-hydroxyestrone
is a major factor in HPV 16-induced cervical carcinogenesis (de Villiers, 2003) is uncertain.]
In transgenic mice that carry the β-galactosidase gene under the control of the HPV 18
long control region (Morales-Peza et al., 2002), ovariectomy suppressed gene expression
in the vagina–cervix, but not in the tongue (used as a non-estrogen-responsive control).
Treatment with 17β-estradiol, but not progesterone, restored gene expression in the
vagina–cervix, and combined treatment with these hormones did not further increase
expression. The effect of estrogen was partially blocked by the anti-estrogen tamoxifen.
The anti-progestogen RU486 markedly blocked the effect of both hormones combined
and also that of 17β-estradiol alone.
In transgenic mice that carry the HPV 16 early region, which contains the E6 and E7
genes, under the control of the human keratin 14 promotor (Arbeit et al., 1994), E6/E7
gene expression was increased by treatment with 17β-estradiol, which ultimately resulted
in the development of cervical (and vaginal) squamous-cell carcinomas (Arbeit et al.,
1996). These genes were not shown to be estrogen-responsive (Arbeit et al., 1996), and a
direct effect of estrogen on their expression is unlikely. In contrast with estrogen-treated
wild-type mice, 17β-estradiol caused a substantial increase in proliferating cells in the
cervical epithelium in the K14-HPV 16 transgenic mice, an effect that is known to be
mediated by the estrogen receptor (Lubahn et al., 1993). When these K14-HPV 16 transgenic mice were compared with other transgenic mice that carry either HPV 16 E6, HPV
16 E7 or HPV 16 E6/E7 genes under the control of the keratin 14 promotor, the estrogeninduced increase in cell proliferation appeared to be confined to the HPV 16 E7 and the
HPV 16 E6/E7 mice, whereas estrogen-induced up-regulation of transgene expression
was confined to the HPV 16 E6 mice. After 6 months of treatment with estrogen, the
HPV 16, HPV 16 E7 and HPV 16 E6/E7 mice all developed cervical cancer at a high incidence, but no such cancer occurred in the HPV 16 E6 mice (Riley et al., 2003). In another
study, continuous treatment with estrogen for 9 months resulted in the development of
cervical cancer in 100% of HPV 16 E7 and HPV 16 E6/E7 mice (HPV 16 E6 mice were
not studied). However, when the estrogen treatment was discontinued 3 months before the
end of the experiment, only the HPV 16 E6/E7 mice developed cervical cancer at a high
incidence, whereas the HPV 16 E7 mice had a 50% lower cancer incidence, tumours were
smaller and multiplicity was lower (Brake & Lambert, 2005). Estrogen appears to act in

COMBINED ESTROGEN−PROGESTOGEN CONTRACEPTIVES

161

these models as a receptor-mediated stimulus of proliferation that is related to the neoplastic transforming activity of HPV to which genotoxic estrogen metabolites possibly
contribute (Arbeit et al., 1996; Riley et al., 2003; Brake & Lambert, 2005). [The results
of the discontinuation study by Brake and Lambert (2005) and the observation that E6 and
E7 expression is enhanced by estrogen via a mechanism that apparently does not involve
the estrogen receptor (Arbeit et al., 1996) indicate a complex interaction between E6 and
E7 in the estrogen-enhanced causation of cervical cancer in these mouse models that carry
parts of the HPV genome. In addition to acting as a mitogen via the estrogen receptor, the
effects of estrogen probably involve progesterone, progesterone receptors and/or other
cellular factors that act on HPV gene expression in a manner that is poorly understood.
The effects of progestogens or estrogen–progestogen combinations were not examined in
any of these studies.]
4.2.3

Individual estrogens and progestogens
(a)

Humans

Pakarinen et al. (1999) studied 28 premenopausal women (mean age, 31–32 years)
who had used either 0.03 mg per day levonorgestrel orally, an intrauterine device that
released levonorgestrel or an intrauterine device that contained copper for 3 months. The
only statistically significant change from baseline was a slight reduction in serum levels
of SHBG in the women who took oral levonorgestrel. Levels of serum testosterone and
insulin growth factor-binding protein-1 were not changed and no changes occurred in
women who used the two intrauterine devices.
(b)

Experimental systems

No new studies of the estrogens ethinylestradiol or mestranol or the progestogens
chlormadinone acetate, ethynodiol diacetate, lynestrenol or norethynodrel that are
relevant to the evaluation of the carcinogenic risk of combined contraceptives via the oral
or other routes have been published since the last evaluation (IARC, 1999).
(i)
Estrogens
17β-Estradiol stimulates the growth of human colon cancer CaCo-2 cells directly
in vitro via the estrogen receptor which is blocked by anti-estrogens (Di Domenico et al.,
1996) and by anti-sense-mediated inhibition of estrogen receptor expression in mouse
colon cancer MC-26 cells (Xu & Thomas, 1994). This stimulation appears to be mediated
via estrogen receptor-α, since growth is inhibited in colon cancer cells when estrogen
receptor-β is expressed (Arai et al., 2000; Nakayama et al., 2000). Moreover, estrogen
receptor-β appears to be the predominant form of estrogen receptor in colon cancer and
colon cancer cells (Fiorelli et al., 1999; Campbell-Thompson et al., 2001; Witte et al.,
2001). Mediation of the stimulatory action of 17β-estradiol on the proliferation of colon
cancer cells may also involve a non-genomic mechanism via the protein kinase C pathway (Winter et al., 2000). Male rats treated with colon carcinogens develop more colon

162

IARC MONOGRAPHS VOLUME 91

cancers than female rats (Di Leo et al., 2001). Treatment of ovariectomized female rats
with 17β-estradiol and the colon carcinogen dimethylhydrazine leads to a significant inhibition of the development of colon tumours, from 8.1 ± 1.9 tumours per rat in those treated
with carcinogen only to 2.3 ± 1.1 tumours per rat (p < 0.001) (Smirnoff et al., 1999). Thus,
the available evidence indicates that estrogens inhibit colon carcinogenesis in animal
experiments, and experimental studies strongly suggest that the estrogen receptor-β plays
an inhibitory role in colon carcinogenesis. These observations support the protective
effect of hormonal oral contraceptives and menopausal therapy against colon cancer that
has been observed in epidemiological studies (Nanda et al., 1999; Grodstein et al., 1999;
Di Leo et al., 2001).
(ii) Progestogens
Cyproterone acetate stimulated the in-vitro production of growth hormone by explants
of normal human breast tissue with an estrogen receptor-negative and progesterone
receptor-positive phenotype and of insulin-like growth factor I by explants of normal and
cancerous human breast tissue with this phenotype (Milewicz et al., 2002).
Recent studies have demonstrated that desogestrel activates the estrogen receptor-α at
an activity of about 50% of that of 17β-estradiol but activates the estrogen receptor-β at an
activity of only 20% (Rabe et al., 2000). Desogestrel and/or its metabolite 3-keto-desogestrel (etonogestrel) were strongly progestogenic (approximately twofold over progesterone), weakly or not androgenic in animal studies in vivo and in-vitro binding assays and
weakly or not active on the glucocorticoid receptor (Deckers et al., 2000; Schoonen et al.,
2000). The active metabolite of desogestrel, 3-ketodesogestrel, strongly bound to and activated progesterone receptor-A and, to a slightly lesser extent, progesterone receptor-B
(Schoonen et al., 1998).
Dienogest has the same degree of progestogenic activity as progesterone; it is anti-estrogenic and anti-androgenic, and binds weakly to progesterone and androgen receptors
(Kaufmann et al., 1983; Katsuki et al., 1997a). It has uterotropic effects in rabbits that are
stronger than those of norethisterone, medroxyprogesterone acetate and dydrogesterone and
are blocked by the anti-progestogen RU486 but does not appear to have anti-mineralocorticoid activity (Katsuki et al., 1997a). Mammary hyperplasia but not neoplasia was observed
in preclinical toxicological studies of dienogest in dogs (Hoffmann et al., 1983). Dienogest
can inhibit neovascularization, including tumour cell-induced angiogenesis (Nakamura
et al., 1999), which raises the possibility that it may counteract tumour progression.
The in-vivo anti-tumour activity and anti-uterotropic activity of dienogest were studied
in mice and compared with those of several progestogens. At oral doses of 0.01–1 mg/kg bw
per day, dienogest significantly suppressed the 17β-estradiol benzoate-dependent tumour
growth of HEC-88nu cells, which express estrogen receptors but not progesterone receptors.
These cells were unresponsive to known progestogens such as medroxyprogesterone acetate
(100 mg/kg bw per day orally) and norethisterone (100 mg/kg bw per day orally). The suppressive effect of dienogest on tumour growth was not diminished in the presence of excess
medroxyprogesterone acetate (100 mg/kg bw per day). Dienogest also suppressed the
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estradiol-dependent tumour growth of Ishikawa cells (derived from a well-differentiated
human endometrial carcinoma) and MCF-7 cells (derived from a human breast carcinoma),
both of which express estrogen and progesterone receptors and respond to medroxyprogesterone acetate. However, the minimal effective dose of dienogest (0.01–1 mg/kg per day)
was much lower than that of medroxyprogesterone acetate (100 mg/kg per day). Thus
dienogest showed potent anticancer activity against hormone-dependent cancers at doses at
which other progestogens show no activity. Dienogest showed no anti-uterotropic activity
at tumour-suppressive doses (Katsuki et al., 1997b).
Drospirenone is a relatively new progestogen that is used in combined oral contraceptives (Keam & Wagstaff, 2003). It has anti-androgenic and anti-mineralocorticoid
effects; it binds strongly to mineralocorticoid receptors, but weakly or not at all to the
androgen, glucocorticoid or estrogen (α) receptors (Pollow et al., 1992), with the potential
to decrease blood pressure (for reviews see Muhn et al., 1995; Krattenmacher, 2000; Keam
& Wagstaff, 2003; Rübig, 2003; Oelkers, 2004).
Studies on the highly progestogenic compound gestodene have demonstrated that its
progestogenic activity in an in-vivo system is far lower than those of its in-vitro binding or
receptor activation (Deckers et al., 2000; Schoonen et al., 2000; Garcia-Becerra et al.,
2004); however, its androgenic activity in vitro has been confirmed (Garcia-Becerra et al.,
2004) and it appears to have weak binding activity to the glucocorticoid receptor (Schoonen
et al., 2000). Its weak estrogenic activity (transactivation of estrogen receptor-mediated
gene expression in model cells) appears to derive from its metabolism to the A ring-reduced
metabolites, 3β- and 3α,5α-tetrahydrogestodene, and is probably mediated by the activity
of 5α-reductase (Lemus et al., 2000, 2001). These metabolites appeared to be selective
agonists of estrogen receptor-α but not of estrogen receptor-β (Larrea et al., 2001). The
parent compound did not activate estrogen receptors-α or -β (Rabe et al., 2000).
Recent studies have demonstrated that the estrogenic activity (transactivation of estrogen receptor-mediated gene expression in model cells) of levonorgestrel appears to be
derived from its metabolism to the A ring-reduced metabolites, 3β- and 3α,5α-levonorgestrel, and is abolished by co-treatment with the pure steroidal anti-estrogen ICI 182,780
(Santillán et al., 2001). Levonorgestrel appears to activate estrogen receptor-β strongly
(75–90% of the activity of 17β-estradiol) but estrogen receptor-α is only slightly activated
(15–25% of the activity of 17β-estradiol) (Rabe et al., 2000). Its weak androgenic activity
was confirmed in androgen receptor-binding and transactivation studies (Garcia-Becerra
et al., 2004). Levonorgestrel weakly induced a decrease in insulin growth factor-I and an
increase in growth hormone production in primary human breast cancer explants in vitro
when the explants were progesterone receptor-positive and estrogen receptor-negative, but
not in the presence of estrogen receptors or the absence of progesterone receptors (Milewicz
et al., 2002).
Studies on norethisterone are summarized in the monograph on Combined estrogen–
progestogen menopausal therapy.
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Genetic and related effects

The extensive literature on direct genetic toxicological effects, or the lack of such
effects, of the steroid hormones used in combined oral contraceptives has been reviewed
previously (IARC, 1979, 1999), and the reader is referred to these tabular and textual
considerations of the earlier genotoxicity data. Reports published since the previous
evaluations are summarized below. Because many hormones are used in both combined
oral contraceptives and hormonal menopausal therapy, synthetic hormones that are used
widely in combined oral contraceptives are considered below, but several hormones relevant to this topic are listed exclusively in Section 4.4 of the monograph on Combined
estrogen–progestogen menopausal therapy. New evidence has shown that, in aggregate
with previous findings, there is a stronger case for the potential of some of these hormones
to cause direct genetic damage that could result in genetic alterations of cells.
4.3.1

Ethinylestradiol
(a)

Humans

Daily oral doses of 0.02 mg ethinylestradiol and 0.075 mg gestodene administered to
30 healthy women in a monthly cycle of 3 weeks with and 1 week without treatment for
six consecutive menstrual cycles did not induce micronuclei in the peripheral blood lymphocytes (Loncar et al., 2004).
A significant increase in the number of lymphocytes with DNA fragmentation and an
increased frequency of sister chromatid exchange per metaphase was observed in 18
women who took combined oral contraceptives (daily oral doses of 0.02–0.03 mg ethinylestradiol and 0.15 mg desogestrel) for 24 months compared with age-matched untreated
controls (p < 0.005) (Biri et al., 2002).
In a population-based study of young women (< 45 years of age) in the USA, those
who had started using oral contraceptives at least 20 years before the reference date had
a twofold increased risk for breast cancer with cyclin D1 overexpression (odds ratio, 2.2;
95% CI, 1.2– 4.0) but not for breast cancer without cyclin D1 overexpression (odds ratio,
1.1; 95% CI, 0.7–1.8) (Terry et al., 2002). The authors suggested that early oral contraceptive use may be associated with the induction of a subset of mammary tumours that
overexpress cyclin D1.
Prolonged use of oral contraceptives is more strongly associated with p53-positive
breast cancer (odds ratio, 3.1; 95% CI, 1.2–8.1) than p53-negative breast cancer (odds
ratio, 1.3; 95% CI, 0.6–3.2) among younger women only (Furberg et al., 2003).
[In the above studies, women who were administered combined oral contraceptives
appear to have sustained genetic alterations. It should be recognized that the observed
effects of combined oral contraceptives could have been the result of a direct genotoxic
effect of the hormonal preparation or could have been an indirect effect of hormonal
influences on cellular functions, most notably cell proliferation, mediated by receptor- or
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non-receptor-linked mechanisms. It is therefore appropriate not to overinterpret these
observations as evidence for a direct genotoxic effect.]
(b)

Experimental systems

The tissue- and gender-specific patterns of DNA methylation in the promoter regions
of the estrogen receptor and aromatase genes were analysed in adult male and female
Japanese Medaka fish (Oryzias latipes) exposed to either 0 or 500 ng/L 17α-ethinylestradiol in the water for 14 days. The protein content of the estrogen receptor in exposed fish
was significantly increased in all male and female tissues (liver, gonads and brain) compared with controls. Aromatase activity in the exposed fish was significantly increased in
the male brain and gonads and female brain compared with controls (Contractor et al.,
2004). The changes in DNA methylation of the estrogen receptor and aromatase genes
observed indicated that the mechanisms that control gene expression could potentially be
altered, as well as gender- and tissue-specific sensitivity. While differences in patterns of
DNA methylation did not parallel the changes observed in protein expression, they may
impact the regulation of normal gene expression and could be genetically imprinted and
transmitted to offspring.
The formation of 8-dihydroxy-2′-deoxyguanosine, an indicator of oxidative DNA
damage, has been shown to be increased in the testicular cells of Wistar rats 1 h or 4 h after
intraperitoneal injection of 0, 2.8 or 56 mg/kg bw ethinylestradiol in vivo and after exposure
to 0.1–10 nM 17α-ethinylestradiol for 30 min in vitro (Wellejus & Loft, 2002). In the total
cell population and in round haploid rat testicular cells, oxidized purines show a bell-shaped
concentration–response relationship with maximally increased levels at 10 nM. No significant effects were observed in diploid, S-phase or tetraploid cells. The mRNA level of rat
8-oxo-guanine DNA glycosylase was unaffected by ethinylestradiol (Wellejus et al., 2004).
Siddique et al. (2005) recently analysed the genotoxicity of ethinylestradiol in human
lymphocytes by measuring chromosomal aberrations, mitotic index and sister chromatid
exchange. Ethinylestradiol was genotoxic at 5 and 10 μM in the presence of a rat liver
microsomal fraction (metabolic activation system) with nicotinamide adenine dinucleotide
phosphate (NADP). Concomitant treatment with superoxide dismutase increased the
frequency of chromosomal aberrations and sister chromatid exchange and decreased the
mitotic index compared with levels induced by treatment with ethinylestradiol alone,
whereas concomitant treatment with catalase decreased the frequencies of chromosomal
aberrations and sister chromatid exchange and increased the mitotic index. Concomitant
treatment with catalase in combination with superoxide dismutase also decreased the
frequencies of chromosomal aberrations and sister chromatid exchange and increased the
mitotic index, which suggests a possible role of reactive oxygen species in the induction of
the genotoxic damage. Bukvic et al. (2000) reported that ethinylestradiol and norgestrel
(1:5) had an aneuploidogenic effect on cultures of human fibroblasts and lymphocytes.
Fluorescent in-situ hybridization (with pancentromeric alphoid probes) analysis of micronuclei from lymphocyte cultures and anaphase preparations from fibroblast cultures
supported this conclusion.
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In primary rat hepatocytes exposed to ethinylestradiol for 20 h at subtoxic concentrations in the range of 1–50 μM, DNA repair was induced in cells derived from both of
two males and one of two females (Martelli et al., 2003).
4.3.2

Progestogens

Most progestogens have not been tested systematically for genotoxicity (see Table 20 in
the monograph on Combined estrogen–progestogen menopausal therapy and Brambilla &
Martelli, 2002). [It should be noted that the negative results for progestogens obtained with
the standard battery of genotoxicity tests may be the consequence of using insufficiently
sensitive assays, inappropriate target cells and/or suboptimal metabolic activation systems.]
(a)

Cyproterone acetate and some structural analogues

The genotoxic potential of cyproterone acetate and some of its analogues has been established. Cyproterone acetate is metabolically activated in the liver of female rats to one or
more DNA-damaging intermediates that may induce the formation of DNA adducts, DNA
repair and increased levels of micronuclei and gene mutations (reviewed by Kasper, 2001;
Brambilla & Martelli, 2002; Joosten et al., 2004). Most importantly, cyproterone acetate
induced the formation of DNA adducts in primary cultures of human hepatocytes, which
indicates that human liver cells can metabolically activate cyproterone acetate to genotoxic
intermediates (Werner et al., 1996, 1997). Cyproterone acetate is activated by hepatocytes
to reactive species with such a short half-life that they react only with the DNA of the cell
in which they are formed. The response is similar in both men and women but is markedly
greater in female than in male rats. The promutagenic character of DNA lesions in the liver
of female rats is indicated by the increase in the frequency of micronucleated cells, mutations and enzyme-altered preneoplastic foci (reviewed by Brambilla & Martelli, 2002).
Two other synthetic progestogens, chlormadinone acetate and megestrol acetate, and
an aldosterone antagonist, potassium canrenoate, share the 17-hydroxy-3-oxopregna-4,6diene structure with cyproterone acetate. They all induce genotoxic effects that are qualitatively similar to those of cyproterone acetate (Brambilla & Martelli, 2002).
Chlormadinone acetate and megestrol acetate are genotoxic only in the liver of female
rats and in primary human hepatocytes from male and female donors (Brambilla &
Martelli, 2002). The metabolic activation of these molecules to reactive species and the
consequent formation of DNA adducts occur only in intact hepatocytes.
In primary rat hepatocytes exposed for 20 h to subtoxic concentrations ranging from 1
to 50 μM, DNA repair was induced by drospirenone in both of two males and all of three
females, by ethinylestradiol in both of two males and one of two females, by oxymetholone
in one of two males and one of two females, by norethisterone in one of two males, by progesterone in one of four females and by methyltestosterone in one of four males (Martelli
et al., 2003). A few inconclusive responses were observed in rat hepatocytes exposed to
progesterone, medroxyprogesterone, norethisterone, methyltestosterone and oxymetholone.
The authors of this small study assert that steroid hormones differ in their ability to induce
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DNA repair, and that their genotoxicity may be: (a) different in rat and human hepatocytes;
(b) dependent on the sex of the donor; and (c) affected by interindividual variability.
In rat hepatocytes, subtoxic concentrations of potassium canrenoate ranging from 10 to
90 μM consistently induced a dose-dependent increase in DNA fragmentation (Martelli
et al., 1999; Brambilla & Martelli, 2002). In another study with other steroids, DNA fragmentation was greater in female than in male rat hepatocytes and DNA-damaging potency
was decreased in the following order: cyproterone acetate > dienogest > 1,4,6-androstatriene-17β-ol-3-one acetate > dydrogesterone (Mattioli et al., 2004). Under the same experimental conditions, responses in an assay of DNA repair synthesis were positive or inconclusive in hepatocytes from female rats and were consistently negative in those from male
rats.
Analysis of sister chromatid exchange and chromosomal aberrations in bone-marrow
cells from mice exposed in vivo to chlormadinone acetate (5.62 mg/kg bw) showed that
this dose is non-genotoxic (Siddique & Afzal, 2004). However, doses of 11.25 and
22.50 mg/kg bw chlormadinone acetate significantly increased the frequency of sister
chromatid exchange (p < 0.001) and chromosomal aberrations (p < 0.01) compared with
untreated controls (Siddique & Afzal, 2004). The authors suggested a genotoxic effect of
chlormadinone acetate in mouse bone-marrow cells.
Administration of a single high dose of 100 mg/kg bw cyproterone acetate to female
lacI-transgenic Big BlueTM rats induced a strong initial rise in mutation frequency in the
liver over that in controls up to a maximum at 2 weeks after administration accompanied by
a corresponding increase in cell proliferation and levels of DNA adducts (Topinka et al.,
2004a). The mutation frequency decreased after 2 weeks to one-third of the maximum level
and this was maintained for an additional 4 weeks. The levels of DNA adducts in the liver
decreased by only 15% during this time, which suggests that most adducts were lost as
affected hepatocytes were eliminated. When given as a single dose, 5 mg/kg bw cyproterone
acetate did not produce significantly elevated levels of mutation. However, mutation
frequencies increased 2.5-fold when female lacI-transgenic Big BlueTM rats received
repeated daily doses of 5 mg/kg bw cyproterone acetate for 3 weeks (Topinka et al., 2004b).
(b)

Norgestrel

A study on human lymphocytes showed that norgestrel induced chromosomal aberrations and significant levels of sister chromatid exchange and inhibited lymphocyte proliferation at concentrations of 25 and 50 μg/mL only. In the presence of a metabolic activation system, the values obtained for chromosomal aberrations, sister chromatid
exchange and mitotic index were more significant. A time- and dose-dependent genotoxic
effect of norgesterol was observed (Ahmad et al., 2001). The authors concluded that norgestrel itself, and possibly its metabolites, are potent mutagens in human lymphocytes.
(c)

Norethisterone

A study on human lymphocytes that used chromosomal aberrations, sister chromatid
exchange and cell-growth kinetics as end-points showed that doses of 20, 40 and 75 μg/mL
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norethisterone were non-genotoxic either in the presence or in the absence of a metabolic
activation system (Ahmad et al., 2001).
Gallmeier et al. (2005) applied a novel and particularly sensitive method to screen for
DNA damage with special attention to double-strand breaks. They found that norethisterone is probably genotoxic and therefore potentially mutagenic. A p53-reporter assay
served as a first, high-throughput screening method and was followed by the immunofluorescence detection of phosphorylated H2AX (a variant of histone H2A protein) as a
sensitive assay for the presence of double-strand breaks. Norethisterone at concentrations
of 2–100 μg/mL activated p53 and induced phosphorylation of H2AX on Ser-139 in the
vicinity of double-strand breaks. Phosphorylation of H2AX increased in a dose-dependent
manner. Double-strand breaks were not detected with the neutral comet assay, a less sensitive method than H2AX phosphorylation. The authors suggested that, since norethisterone
induced double-strand breaks in their experiments, this both complements and adds a new
aspect to the existing literature on its genotoxic potential. However, they noted that, since
the effective concentrations of norethisterone in these assays were approximately 100–
1000-fold higher than therapeutic doses, the significance of these findings with regard to
human exposure has yet to be determined.
In-vitro studies that analysed gene expression of isolated normal endometrial epithelial cells treated with estradiol and norethisterone acetate showed upregulation of the
Wnt-7a gene; with estradiol only, Wnt-7a was expressed at very low levels (Oehler et al.,
2002). Wnt genes are a large family of developmental genes that are associated with
cellular responses such as carcinogenesis.

5.
5.1

Summary of Data Reported and Evaluation

Exposure data

The first oral hormonal contraceptives that were found to inhibit both ovulation and
implantation were developed in the 1950s and included both estrogen and progestogen.
Since that time, changes in component ingredients, doses used and the temporal sequencing
of exposure to hormones have occurred with emerging technologies and in an effort to
reduce adverse effects. The dominant trends in recent years have been towards the use of
lower doses of estrogen, the use of progestogens that are less androgenic, the multiplication
of product formulations and the continuing development of novel delivery systems. In
current preparations, ethinylestradiol is the most common estrogen, although a variety of
other estrogens is also available. An even greater range of progestogens is used. The estrogen and progestogen components are usually given together orally in a monthly cycle, e.g.
21 days of constant or varying doses followed by 7 days without hormones. Combined hormonal contraceptives can also be administered by injection, transdermal patch and vaginal
device. In addition to their regular use for contraception, other common indications for these
products include emergency contraception, and the treatment of acne and menstrual dis-

COMBINED ESTROGEN−PROGESTOGEN CONTRACEPTIVES

169

orders. Some commonly used formulations, doses, routes of administration and schedules
of exposure are new and their possible long-term adverse effects have not been evaluated.
Worldwide, more than 100 million women — an estimated 10% of all women of reproductive age — currently use combined hormonal contraceptives, a large majority of which
are in the form of oral preparations. Current use of these drugs is greatest in developed
countries (16%) and is lower in developing countries (6%). Rates of ‘ever use’ higher than
80% have been reported for some developed countries. In developing countries, 32% of
women were estimated to have ever used hormonal contraception. Overall, the use of combined hormonal contraception is increasing, but there is extreme variability between
countries. In many countries, these preparations are mainly used by women of younger age
and higher level of education, and who have greater access to health care.
5.2

Human carcinogenicity data

Breast cancer
More than 10 cohort studies and 60 case–control studies that included over 60 000
women with breast cancer reported on the relationship between the oral use of combined
hormonal contraceptives and the risk for this disease. The totality of the evidence
suggested an increase in the relative risk for breast cancer among current and recent users.
This effect was noted particularly among women under 35 years of age at diagnosis who
had begun using contraceptives when young (< 20 years), whereas the increased risk
declined sharply with older age at diagnosis. By 10 years after cessation of use, the risk
in women who had used combined hormonal contraceptives appeared to be similar to that
in women who had never used them. Important known risk factors did not appear to
account for the association. The possibility that the association seen for current and recent
users is due to detection bias was not ruled out, but it was considered to be unlikely that
this would explain the association observed in young women.
Endometrial cancer
Four cohort studies and 21 case–control studies reported on the relationship between the
oral use of combined hormonal contraceptives and the risk for endometrial cancer. The
results of these studies consistently showed that the risk for endometrial cancer in women
who had taken these medications is approximately halved. The reduction in risk was generally greater with longer duration of use of combined hormonal contraceptives and persisted
for at least 15 years after cessation of use, although the extent of the protective effect may
wane over time. Few data were available on the more recent, low-dose formulations.
Cervical cancer
Five cohort and 16 case–control studies of the oral use of combined hormonal contraceptives and invasive cervical cancer had been reviewed previously. The Working Group at
that time could not rule out biases related to sexual behaviour, screening and other factors
as possible explanations for the observed association with increasing duration of use.
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Since then, two cohort and seven case–control studies have provided new information
on invasive or in-situ carcinoma and oral use of combined hormonal contraceptives; all
but the three most recent studies were summarized in a meta-analysis of published data.
The totality of the evidence indicated that, overall, the risk for cervical cancer increased
with increasing duration of use of combined hormonal contraceptives, and was somewhat
greater for in-situ than for invasive cancer. The relative risk appeared to decline after
cessation of use. The results were broadly similar regardless of adjustment for the number
of sexual partners, cervical screening, tobacco smoking and the use of barrier contraceptives. The association was found in studies conducted in both developed and developing countries. The possibility that the observed association is due to detection bias was
not ruled out, but it was considered to be unlikely that this would explain the increase in
risk. Studies in which information on human papillomavirus infection — the main cause
of cervical cancer — was available suggested that the prevalence of the infection was not
increased among users of combined hormonal contraceptives, and the association with
cervical cancer was also observed in analyses that were restricted to human papillomavirus-positive cases and controls.
Ovarian cancer
Data from an additional three cohort and 20 case–control studies that were new or had
been updated since the last evaluation showed that women who had ever used combined
hormonal contraceptives orally had an overall reduced risk for ovarian cancer and an
inverse relationship was observed with duration of use. The reduced risk appeared to
persist for at least 20 years after cessation of use. The effect of combined hormonal contraceptives on the reduction of risk for ovarian cancer is not confined to any particular type
of oral formulation nor to any histological type of ovarian cancer, although it was less
consistent for mucinous than for other types in several studies.
Liver cancer
Long-term oral use of combined hormonal contraceptives was associated with an
increase in the risk for hepatocellular carcinoma in all nine case–control studies conducted
in populations that had low prevalences of hepatitis B viral infection and chronic liver
disease — which are major causes of liver cancer — and in analyses in which women with
such infections were excluded. Three cohort studies showed no significant association
between the oral use of combined hormonal contraceptives and the incidence of or mortality from liver cancer, but the expected number of cases was very small, which resulted in
low statistical power. Few data were available for the more recent, low-dose formulations.
In the three case–control studies conducted in populations that had a high prevalence of
infection with hepatitis viruses, no statistically significant increase in the risk for hepatocellular carcinoma was associated with the oral use of combined hormonal contraceptives,
but little information was available on long-term use.
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Cutaneous melanoma
Four cohort and 16 case–control studies provided information on the oral use of
combined hormonal contraceptives and the risk for cutaneous malignant melanoma. No
consistent evidence for an association was found with respect to current use, duration of
use, time since last use or age at first use. The few studies that suggested an increase in
risk may reflect the possibility that women who took oral contraceptives may have had
more contacts with the medical system and were thus more likely to have had pigmented
lesions removed.
Colorectal cancer
Seven cohort and 13 case–control studies provided information on the oral use of
combined hormonal contraceptives and the risk for colorectal cancer. Most studies did not
show an increase in risk in women who had ever used contraceptives or in relation to
duration of use. The results were generally similar for colon and rectal cancer when examined separately, and two case–control studies showed a significant reduction in risk.
5.3

Animal carcinogenicity data

The data evaluated in this section showed a consistent carcinogenic effect of several
estrogen–progestogen combinations across different animal models in several organs. The
evidence of carcinogenicity for one of the newer progestogens studied, dienogest, was not
satisfactory for an evaluation.
Estrogen–progestogen combinations
In female and male mice, the incidence of pituitary adenoma was increased by administration of mestranol plus chlormadinone acetate, mestranol plus ethynodiol diacetate,
ethinylestradiol plus ethynodiol diacetate, mestranol plus norethisterone, ethinylestradiol
plus norethisterone (females only) and mestranol plus norethynodrel. The latter combination also increased the incidence of pituitary adenomas in female rats.
The incidence of malignant mammary tumours was increased in female and male
mice by ethinylestradiol plus megestrol acetate, in female and male rats by ethinylestradiol plus ethynodiol diacetate and in female rats by mestranol plus norethisterone and
mestranol plus norethynodrel. The incidence of benign mammary tumours was increased
in male rats by ethinylestradiol plus norethisterone acetate, in intact and castrated male
mice by ethinylestradiol plus chlormadinone acetate and in castrated male mice by
mestranol plus norethynodrel. Ethinylestradiol plus norethisterone acetate did not cause
tumour formation in any tissue in one study in female monkeys.
In female mice, the incidence of malignant non-epithelial uterine tumours was
increased by ethinylestradiol plus ethynodiol diacetate and the incidence of vaginal or
cervical tumours was increased by norethynodrel plus mestranol. In female mice treated
with 3-methylcholanthrene to induce genital tumours, ethinylestradiol plus lynestrenol,
ethinylestradiol plus norgestrel and mestranol plus norethynodrel increased the incidence
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of uterine tumours; however, this occurred only at the highest doses of ethinylestradiol
plus lynestrenol and ethinylestradiol plus norgestrel that were tested. Lower doses inhibited tumorigenesis induced by 3-methylcholanthrene alone.
In female rats, the incidence of hepatocellular carcinomas was increased by ethinylestradiol plus norethisterone acetate; this combination and mestranol plus norethisterone
also increased the incidence of liver adenomas in male rats. Liver foci, which are putative
preneoplastic lesions, were induced in female rats by mestranol plus norethynodrel. In
female rats initiated for hepatocarcinogenesis with N-nitrosodiethylamine, mestranol plus
norethynodrel increased the formation of altered hepatic foci.
In one study, subcutaneous administration of levonorgestrel with ethinylestradiol or
estradiol to female rabbits induced deciduosarcomas in several organs (uterus, spleen,
ovary, liver and lung).
Estrogens
The incidence of pituitary adenomas was increased by ethinylestradiol and mestranol
in female and male mice and by ethinylestradiol in female rats.
The incidence of malignant mammary tumours in female and male mice and female
rats was increased by ethinylestradiol and mestranol; however, mestranol did not increase
the incidence of mammary tumours in female dogs in a single study.
Ethinylestradiol increased the incidence of cervical tumours in female mice.
In female and male mice, ethinylestradiol increased the incidence of hepatocellular
adenomas. In female rats, ethinylestradiol and mestranol increased the numbers of altered
hepatic foci. In rats, ethinylestradiol increased the incidence of adenomas in females and
males and that of hepatocellular carcinomas in females, whereas mestranol increased the
incidence of hepatic nodules and carcinomas combined in females.
The incidence of microscopic malignant kidney tumours was increased in male
hamsters exposed to ethinylestradiol.
In female mice initiated for liver carcinogenesis and exposed to unleaded gasoline,
ethinylestradiol increased the number of altered hepatic foci; however, when given alone
after the liver carcinogen, it reduced the number of such foci.
In female rats initiated for liver carcinogenesis, ethinylestradiol and mestranol
increased the number of altered hepatic foci and the incidence of adenomas and carcinomas. Ethinylestradiol also increased the incidence of kidney adenomas, renal-cell carcinomas and liver carcinomas in male rats initiated with N-nitrosoethyl-N-hydroxyethylamine. In female hamsters initiated with N-nitrosobis(2-oxopropyl)amine, ethinylestradiol increased the incidence of renal tumours and the multiplicity of dysplasias.
In female rabbits, subcutaneous administration of ethinylestradiol alone was associated with the proliferation of hepatic bile duct cells.
In female mice, subcutaneous injection of ethinylestradiol alone was associated with
the development of uterine adenocarcinomas. In male hamsters, subcutaneous implantation
of estradiol alone was associated with the development of renal tumours of unspecified
histology.
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Oral administration of ethinylestradiol to p53-deficient female mice in combination
with an intraperitoneal injection of the known carcinogen N-ethyl-N-nitrosourea increased
the incidence of uterine atypical hyperplasias and stromal sarcomas.
Subcutaneous injection of 2-hydroxy- and 4-hydroxyestradiol induced uterine adenocarcinomas in female mice and subcutaneous implantation of estradiol induced renal
tumours in male hamsters.
In female mice initiated with N-ethyl-N′-nitro-N-nitrosoguanidine, subcutaneous
implantation of estradiol, estrone, estriol, 16β-hydroxyestrone diacetate, 16α-hydroxyestrone and 17-epiestrol increased the incidence of endometrial adenocarcinomas.
Progestogens
The incidence of pituitary adenomas was increased by norethisterone in female mice
and by norethynodrel in female and male mice and male rats.
The incidence of malignant mammary tumours was increased in female mice by
lynestrenol, megestrol acetate and norethynodrel. In female rats, lynestrenol and norethisterone slightly increased the incidence of malignant mammary tumours. Norethisterone
also slightly increased the incidence of malignant mammary tumours in male rats, while
norethynodrel increased the incidence of both benign and malignant mammary tumours
in male rats. In female dogs, chlormadinone acetate, lynestrenol and megestrol acetate
increased the incidence of benign and malignant mammary tumours; however, lynestrenol
had a protective effect at a low dose but enhanced tumour incidence at two higher doses.
Levonorgestrel did not increase the incidence of mammary tumours in one study in dogs.
In female mice treated with 3-methylcholanthrene to induce uterine tumours, norethynodrel further increased the tumour incidence.
Megestrol acetate increased the incidence of liver adenomas in female mice. Cyproterone acetate increased the incidence of liver adenomas and hepatocellular carcinomas in
female and male mice, but at levels that exceeded the maximum tolerated dose. In rats, the
incidence of liver adenomas was increased by norethisterone acetate (females and males),
norethisterone (males), norethynodrel and cyproterone acetate (females and males). The
numbers of altered hepatic foci in female rats were also increased by norethisterone acetate
and cyproterone acetate. In male mice treated with chlormadinone acetate, ethynodiol diacetate, lynestrenol, norethisterone or norethisterone acetate, the incidence of liver adenomas was increased. In female rats treated with N-nitrosodiethylamine to initiate hepatocarcinogenesis, norethynodrel increased the number of altered hepatic foci. Norethynodrel
alone was shown to increase the incidence of hepatocarcinomas in male rats.
Levonorgestrel in combination with N-nitrosobis(2-oxopropyl)amine did not increase
the incidence of renal dysplastic lesions or tumours in female hamsters.
Oral administration of dienogest induced mammary gland proliferation in female
dogs but not in female rats or monkeys.
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Other relevant data

Absorption, distribution, metabolism and excretion
Estrogenic and progestogenic compounds in oral contraceptives are readily absorbed
and undergo metabolism to varying extents by bacterial enzymes, enzymes in the intestinal mucosa and especially enzymes in the liver. The metabolism typically involves
reduction, hydroxylation and conjugation. The so-called ‘first-pass’ through the liver
reduces the overall bioavailability of oral contraceptives. Peak concentration levels in the
systemic circulation are observed between 0.5 and 4 h after intake. Hydroxylated metabolites are usually conjugated as glucuronides or sulfates and are eliminated rapidly with
half-lives of 8–24 h.
The formulations of combined hormonal contraceptives continue to evolve, especially
with the introduction of new progestogens. In general, the chemical structure of a progestogen determines its relative binding affinities for progesterone and other steroid receptors,
as well as sex hormone-binding globulin, which determine its biological effects. The logic
involved in the development of newly synthesized progestogens, such as dienogest and
drospirenone, is that they be devoid of estrogenic, androgenic and antagonist effects.
Estrogens are discussed in the monograph on Combined estrogen–progestogen menopausal therapy.
Receptor-mediated effects
Exposure to combined hormonal contraceptives increases the proliferation of human
breast epithelial cells, as observed in biopsies and fine-needle aspirate samples collected
during small randomized studies. Combined hormonal contraceptives have atrophic and
anti-proliferative effects on the endometrium that are apparently independent of the regimen
and the progestogen used. Ethinylestradiol plus levonorgestrel induces ovarian epithelial
cell apoptosis in intact monkeys. Estrogens or progestogens may enhance human papillomavirus gene expression in the human cervix via progesterone receptor mechanisms and
hormone-response elements in the viral genome. In-vitro studies support this concept, and
mechanisms other than those that are receptor-mediated may be involved. Experiments in
transgenic mouse models that express human papillomavirus 16 genes in the cervix showed
that estrogens can cause cervical cancer, probably via receptor-mediated processes. This
effect was diminished after cessation of treatment with estrogens. Colon carcinogenesis in
animal models is inhibited by estrogens and there is adequate evidence to suggest that estrogens have inhibitory effects on colon cancer cells via estrogen receptor-β. Various studies
document the possibility of complex interactions of combined hormonal contraceptives with
hormonal systems. No data were available to the Working Group on the effects of time since
cessation of treatment or duration of treatment.
Genetic and related effects
There is additional evidence to support the conjecture that certain estrogens function
as directly acting genotoxins. These findings give further credence to the hypothesis that
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certain estrogens are carcinogenic through direct genotoxic effects in addition to their
presumed action via a receptor-mediated mechanism. Some of the more recent genotoxicity data suggest that some progestogens used in combined hormonal contraceptives
may also act as direct genotoxins. Few data were available on the effects of combined
exposures to estrogens and progestogens.
5.5

Evaluation

There is sufficient evidence in humans for the carcinogenicity of combined oral
estrogen–progestogen contraceptives. This evaluation was made on the basis of increased
risks for cancer of the breast among current and recent users only, for cancer of the cervix
and for cancer of the liver in populations that are at low risk for hepatitis B viral infection.
There is evidence suggesting lack of carcinogenicity in humans for combined oral
estrogen–progestogen contraceptives in the endometrium, ovary and colorectum. There is
convincing evidence in humans for their protective effect against carcinogenicity in the
endometrium and ovary.
There is sufficient evidence in experimental animals for the carcinogenicity of the
combinations of ethinylestradiol plus ethynodiol diacetate, mestranol plus norethynodrel,
ethinylestradiol plus levonorgestrel and estradiol plus levonorgestrel.
There is sufficient evidence in experimental animals for the carcinogenicity of the
estrogens ethinylestradiol and mestranol.
There is sufficient evidence in experimental animals for the carcinogenicity of the
progestogens norethynodrel and lynestrenol.
There is limited evidence in experimental animals for the carcinogenicity of the combinations of ethinylestradiol plus megestrol acetate, mestranol or ethinylestradiol plus
chlormadinone acetate, mestranol plus ethynodiol diacetate, mestranol plus lynestrenol,
mestranol or ethinylestradiol plus norethisterone and ethinylestradiol plus norgestrel.
There is limited evidence in experimental animals for the carcinogenicity of the progestogens chlormadinone acetate, cyproterone acetate, ethynodiol diacetate, megestrol
acetate, norethisterone acetate and norethisterone.
There is inadequate evidence in experimental animals for the carcinogenicity of the
progestogens levonorgestrel, norgestrel and dienogest.
Overall evaluation
Combined oral estrogen-progestogen contraceptives are carcinogenic to humans
(Group 1). There is also convincing evidence in humans that these agents confer a protective effect against cancer of the endometrium and ovary.
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COMBINED ESTROGEN–PROGESTOGEN
MENOPAUSAL THERAPY
These substances were considered by a previous Working Group, in June 1998 (IARC,
1999), under the title ‘Post-menopausal hormonal therapy’. Since that time, new data have
become available, and these have been incorporated into the monograph and taken into
consideration in the present evaluation.

1.
1.1

Exposure Data

Introduction

Estrogen–progestogen menopausal therapy involves the co-administration of an estrogen and a progestogen to peri- or menopausal women. While it is indicated most clearly for
control of menopausal symptoms, the use of estrogens with or without progestogens has
expanded to include the treatment or prevention of a range of chronic conditions that are
associated with ageing. Such widespread, long-term use was often perceived as a ‘replacement’, in that it physiologically reconstituted vital functions that were lost with menopausal
ovarian failure. This pattern was propitiated by the ‘medicalization’ of the menopause,
which was perceived as pathological rather than as an expected and natural event in life.
Evidence from the Women’s Health Initiative, which showed a clearly harmful effect of the
use of estrogen–progestogen combinations, has modified this attitude; as a result, use of the
term ‘replacement’ has diminished. Patterns of exposure are also changing rapidly as the
use of hormonal therapy declines, the indications are restricted and the duration of the
therapy is reduced.
Combined estrogen–progestogen formulations are available for oral and transdermal
administration, although separate administration of each component is still frequent. Progestogens are available orally, while estrogen may be administered orally, transdermally or
transvaginally. The timing of exposure to these hormones may be continuous (both estrogen and progestogen at set daily doses), sequential (estrogen daily with progestogen for the
last 10–14 days of the cycle) or cyclical (as with sequential, but including 7 days without
hormonal exposure).
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Chemical and physical data and information on the production and use of individual
ingredients used in formulations of combined estrogen–progestogen therapy are given in
Annex 1. Trade names and composition of combined products used in hormonal menopausal therapy are presented in Annex 4.
1.2

Historical overview

The earliest forms of hormone used for the treatment of the effects of natural ovarian
failure or surgical removal of the ovaries were natural extracts of ovarian tissue, placenta
and urine from pregnant women. These extracts contained both estrogen and progestogen,
as well as other substances. Experiments in the late nineteenth century demonstrated the
clinical benefit of injecting these extracts to alleviate menopausal symptoms, particularly
in women who had premature natural or surgically induced menopause (IARC, 1999).
The identification and purification of ovarian hormones in the late 1920s and 1930s
enabled wider clinical use of hormonal menopausal therapy. Esterone, estriol and progesterone were identified in 1929, followed by estradiol in 1936 (IARC, 1979). Progesterone
was isolated in crystalline form in 1934. Although the use of estrogen and progesterone
injections was reported in the 1930s (Hirvonen, 1996), for several subsequent decades,
menopausal symptoms were treated mainly with estrogen alone rather than with combined
estrogen–progestogen therapy. The extraction of conjugated estrogens from the urine of
pregnant mares led to the marketing in 1943 of Premarin, the first orally active and readily
available estrogen (IARC, 1999).
Further developments followed the production of the orally active progestogens, norethisterone (also known as norethindrone in the USA) in 1950 and norethynodrel in 1952,
which were ultimately used in combined oral hormonal contraceptives (see the monograph
on ‘Combined estrogen–progestogen contraceptives’). During the 1960s and early 1970s,
hormonal menopausal therapy was most common in the USA and usually comprised
estrogen therapy without a progestogen (Davis et al., 2005). Estrogen–progestogen therapy
was used by some clinicians, particularly in Europe, primarily for better control of uterine
bleeding during treatment (IARC, 1999). Doses in hormonal menopausal therapy at that
time were relatively high compared with current standards, and 1.25 mg conjugated equine
estrogens were reportedly used in the USA (Pasley et al., 1984). Use of hormonal menopausal therapy increased through the 1960s until the mid-1970s, particularly in women
who experienced natural menopause.
An association between estrogen therapy and endometrial cancer described in 1975
(Smith et al., 1975; Ziel & Finkle, 1975) led to a rapid decline in levels of estrogen use,
and by 1980 reached those noted in the mid-1960s (Kennedy et al., 1985). Many clinicians
and researchers advocated that a progestogen be added to estrogen when treating menopausal women with a uterus to offset the proliferating action of estrogen with the differentiating action of progestogen. Studies that began in 1979 (Thom et al., 1979; Whitehead
et al., 1981) demonstrated that progestogens attenuated the risk for endometrial cancer
associated with the use of estrogen alone. In the early 1980s, the use of combined estrogen–
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progestogen became more common, while greater attention to endometrial monitoring was
recommended for users of estrogen only (American College of Physicians, 1992).
Ultimately, prescriptions for menopausal estrogens began to rise again with a significant
increase in the use of combined estrogen–progestogen that continued throughout the 1990s.
However, regional differences persisted; for example, combined therapy remained less
common in the USA compared with the United Kingdom (Kennedy et al., 1985; Townsend,
1998).
As use expanded in the 1980s and 1990s, the menopause was increasingly defined as a
hormone deficiency that could be treated through ‘replacement’ of the missing hormones.
Not only was estrogen established as a preventive therapy for osteoporosis in oophorectomised women (Aitken et al., 1973; Lindsay et al., 1980), but it was suggested that ‘hormone
replacement therapy’ could reduce the risk for a range of related conditions, including
cognitive decline (Campbell & Whitehead, 1977) and cardiovascular disease (Ross et al.,
1981; Greendale et al., 1999). A variety of social and medical factors stimulated an increase
in use, including evidence of supporting benefits, corporate promotion of hormonal therapy
(Palmlund, 1997) and increasing interest in women’s health issues.
Estrogen–progestogen therapy became increasingly used for longer periods by older
women and for indications far removed from menopausal symptoms. Combined therapy
also became the norm for women with a uterus whereas estrogen therapy alone was largely
limited to women who had surgically induced menopause. Use continued to increase
despite reports of a greater risk for breast cancer associated with hormonal therapy (Hoover
et al., 1976; Colditz et al., 1993), perhaps because of uncertainties in the estimation of the
magnitude of this risk (Grady et al., 1992).
During this time, prevalence of current use remained lower in non-white women and
lower socioeconomic groups (Stafford et al., 1998). Increase in the use of hormonal therapy
was greater outside of than within the USA (IARC, 1999).
In response to the increase in use of concomitant estrogens and progestogens, a number
of combined formulations were developed in the mid-1990s, including both continuous
combinations (fixed daily dose of estrogen and progestogen) and cyclical combinations
(fixed daily dose of estrogen with a progestogen component on a given number of days per
month). Intermittent administration of progestogen, as with the cyclical formulations, generally results in withdrawal uterine bleeding, whereas continuous administration does not.
A transdermal patch that contained estrogen and progestogen was marketed in 1998.
There were some indications that the benefit of hormonal therapy was uncertain, and
observational studies that suggested this benefit were unable to rule out confounding. The
assumptions that were fundamental to the expansion of hormonal therapy came under particular scrutiny following the publication of the Heart and Estrogen/Progestin Replacement
Study (HERS) in 1998. HERS showed no protective effect against recurrent events of
cardiovascular disease in women with known cardiovascular problems who were randomized to conjugated equine estrogens and medroxyprogesterone (Hulley et al., 1998). The
initial suggestion of a temporal pattern of early harm and later benefit that emerged in this
study was not confirmed on further follow-up (Grady et al., 2002a). As a result of dampened
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enthusiasm for hormonal therapy, levels of use peaked in 2000 and plateaued in subsequent
years (Hersh et al., 2004).
A more dramatic change in patterns of practice followed the results of the Women’s
Health Initiative (WHI) trial in July 2002. Women with no history of known cardiovascular
disease were randomized to receive combined hormonal therapy. Contrary to expectations
based on observational data, WHI showed that rates of cardiovascular events were higher in
women exposed to conjugated equine estrogens and medroxyprogesterone than in those
exposed to placebo (Rossouw et al., 2002; Manson et al., 2003; Majumdar et al., 2004). In
addition, it was reported that conjugated equine estrogens and medroxyprogesterone
increased the risk for other adverse events (Chlebowski et al., 2003; Rapp et al., 2003;
Shumaker et al., 2003; Wassertheil-Smoller et al., 2003) that were not offset by reduced
risks for fractures and colorectal cancer. Furthermore, overall quality of life was not
improved by treatment compared with placebo (Hays et al., 2003a). While the results were
not as dramatic, publication of the second WHI trial that involved administration of estrogen alone (Women’s Health Initiative Steering Committee, 2004) reinforced a new consensus on the increase in adverse vascular outcomes associated with hormonal menopausal
therapy.
Although some doubts were raised regarding the reliability and generalizability of the
WHI results (Shapiro, 2003; Strickler, 2003), practice patterns changed tremendously. Prescriptions in the USA fell by 50% during the 18 months that followed the results of the WHI
(Hersh et al., 2004; Majumdar et al., 2004). Internationally, similar reductions occurred in
western Europe and most of the Western Pacific (Table 1). The decline in the use of hormonal therapy was particularly marked for combined estrogen–progestogen therapy.
Use has begun to shift towards lower-dose formulations (e.g. 0.30 mg conjugated
equine estrogens and 1.5 mg medroxyprogesterone). Simultaneously, there is less use of
hormonal menopausal therapy among older women. Patterns of use will probably change
further as numerous professional organizations continue to recommend the use of lower
doses, shorter durations of use and limiting use to more severe menopausal symptoms (US
Preventive Service Task Force, 2002; North American Menopause Society, 2004; Wathen
et al., 2004).
1.3

Preparations of estrogen–progesterone menopausal therapy

A variety of products are available for use in combined estrogen–progestogen menopausal therapy, either as individual estrogen and progestogen components that can be coadministered or as a combined product. The use of individual components may allow
better tailoring compared with combined products. A number of combined formulations
are described in Annex 4.
Available estrogen products can be defined by their estrogen form, dose and mode of
delivery. The most common estrogens available for hormonal menopausal therapy are conjugated equine estrogen, conjugated plant-based estrogen, estradiol and ethinylestradiol.
A range of three to five different doses are often available for each product, varying from
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low-dose (0.3–0.5 mg orally) to high-dose (2.5–5 mg). Estrogen products are available in
oral form, transdermal patches and intravaginal rings. These products can be used either
for estrogen-only therapy (e.g. in women who have had a hysterectomy) or in conjunction
with a progestogen to provide combined hormonal therapy.

Table 1. Trends in sales of combined estrogen–progestogen menopausal
therapy products for selected years (millions of standard unitsa)
Regionsb

1994

1999

2004

Africa
South Africa
West Africa
Eastern Mediterranean
Europe
Eastern Europe
Western Europe
North America
South America
South East Asia
India
Korea
Rest of South East Asia
Western Pacific
Australia/New Zealand
China/Hong Kong
Japan
Taiwan, China
Rest of Western Pacific
Total

21.0
20.0
1.1
8.9
1 269.5
36.2
1 233.3
39.7
100.2
20.0
0
7.8
10.5
100.8
17.5
0.8
67.6
4.6
10.4
1 560.1

29.9
28.9
1.0
21.5
1 858.3
184.8
1 673.5
1 089.4
284.5
36.9
0
16.8
17.3
219.7
75.8
10.8
54.6
58.5
20.0
3 550.2

27.7
26.7
1.1
27.7
1 078.4
159.8
918.6
421.8
190.4
67.5
1.2
43.9
20.5
107.0
34.3
4.5
36.9
24.3
7.1
1 920.6

From IMS Health (2005)
a
Standard units are sales in terms of standard dose units; the standard dose unit for oral
products is one tablet or capsule
b
West Africa includes: Benin, Burkina, Cameroon, Congo, Gabon, Guinea, Ivory Coast,
Mali, Senegal, Togo;
Eastern Mediterranean includes: Egypt, Jordan, Kuwait, Lebanon, Morocco, Saudi Arabia,
Tunisia, United Arab Emirates;
Eastern Europe includes: Belarus, Bulgaria, Czech Republic, Estonia, Hungary, Latvia,
Lithuania, Poland, Russian Federation, Slovakia, Slovenia, Ukraine;
Western Europe includes: Austria, Belgium, Denmark, Finland, France, Germany, Greece,
Ireland, Israel, Italy, Luxembourg, Netherlands, Norway, Portugal, Spain, Sweden,
Switzerland, Turkey, UK;
North America includes: Canada, Central America (Costa Rica, El Salvador, Guatemala,
Honduras, Nicaragua, Panama), Mexico, Puerto Rico, USA;
Rest of South East Asia includes: Indonesia, Pakistan, Thailand;
South America includes: Argentina, Brazil, Chile, Colombia, Dominican Republic, Ecuador,
Peru, Uruguay, Venezuela;
Rest of Western Pacific includes: Malaysia, Philippines, Singapore.
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A range of progestogens are available for use in combined hormonal therapy. Those
most commonly used are medroxyprogesterone acetate, norethisterone and levonorgestrel.
Several doses of each progestogen are usually available. For example, medroxyprogesterone
acetate is often available in doses of 1.5, 2.5, 5 and 10 mg. While oral forms predominate,
progestogens also are available as a vaginal pessary, a systemically absorbed vaginal gel, a
transdermal patch and an intrauterine device. Administration of progestogen may follow one
of three types of schedule. In continuous combined therapy, the same dose of both estrogen
and progestogen is administered each day. In sequential therapy, 10–14 days of progestogen
is provided per cycle in addition to daily estrogen. In cyclical therapy, a cycle consists of
estrogen alone, followed by progestogen with estrogen and then 5–7 days with no hormones.
Combined oral products that contain both estrogen and progestogen provide greater
convenience to users, as only one rather than two tablets are taken. The various preparations
available differ in their estrogen component, their progestogen component, the dose of these
components, and the schedule and mode of drug administration. Despite the potential for a
plethora of combinations, a relatively small number are manufactured. Continuous dose
schedules during which the same doses are taken on a daily basis are most common. Less
commonly, progestogens may be delivered for only a portion of a monthly cycle (e.g. Premphase). Combined products are frequently available at two dose levels. Oral forms of combined therapy predominate, but a combined transdermal patch and a vaginal ring are also
available.
The selection of a specific regimen for menopausal therapy depends on the preferences and needs of each women. Further, evidence regarding long-term risk may motivate physicians to recommend a specific formulation. A number of the products available
for hormonal menopausal therapy have only recently been introduced and their long-term
effects have not been evaluated fully.
1.4

Patterns of use

A number of studies have provided information on patterns of use of hormonal menopausal therapy, most of which is related to women in developed countries and does not
differentiate between use of estrogen alone or in combination with progestogen. Data
from individual studies are summarized in Table 2. Most of the available information
reflects use in the late 1990s when hormonal therapy had reached its peak. Another set of
studies examined more recent use and provided an indication of the extent to which use
has declined since the results of the WHI Study.
1.4.1

Patterns of use in 1990–2000

Table 2 summarizes the prevalence of current use of estrogen–progestogen menopausal therapy during the years 1997–2003. The section below details those studies that
provide additional information on patterns of use during this period.

Table 2. Selected studies of the prevalence of current use of estrogen–progestogen menopausal therapy, 1997–2003

Pre-2002
MacLaren & Woods
(2001)

Country

Year(s)
of study

Age group
(years)

Comments

Prevalence of current use
Combined estrogen–
progestogen therapy

Any current
hormonal therapy

1998

40–65

NR

39%

Progetto Menopausa
Italia Study (2001)

Italy

1997–99

45–75

NR

8.5%

Banks et al. (2002)
(EPIC)

Denmark
Germany
Greece
Italy
Netherlands
Spain
United
Kingdom

1993–97

50–64

NR

29.0%
38.6–40.7%
2.1%
4.4–11.5%
14.3%
4.5–11.5%
28.1–30.3%

Benet Rodriguez et al.
(2002)

Spain

1989–99

≥ 40

NR

> 3.19%

Merom et al. (2002)

Israel

1998

45–74

NR

16.8%

Million Women Study
Collaborators (2002)

United
Kingdom

1996–2000

50–64

17%

33%

Mueller et al. (2002)

Germany

1985
1990
1995

45–64

0.1%
4.0%
13.9%

3.0%
8.8%
22.6%

Bakken et al. (2004)

Norway

1996–98

Postmenopausal
45–54

24%

35%

2 centres
2 centres
2 centres
2 centres
Detail by 5-year age
group and by year
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Table 2 (contd)
Reference

Country

Year(s)
of study

Age group
(years)

Comments

Prevalence of current use
Combined estrogen–
progestogen therapy

Any current
hormonal therapy

USA

1999

40–80

14.6%

27.2%

Heng et al. (2004)

Singapore

1994–97

45–69

NR

21%

Hersch et al. (2004)

USA

1995
2001

50–74
50–74

16%

33%
42%

Lundberg et al. (2004)

20 countries

1989–97

45–64

NR

0–56%

Manzoli et al. (2004)

Italy

1999–2001

50–70

2.9%

6.9%

Rachoñ et al. (2004)

Poland

April 2002

45–64

[9.3%]

12%

Carney et al. (2006)

USA

1996–99

> 40

13%

43%

France
Germany
Spain
United
Kingdom

2003

45–75

NR

23%
19%
5%
19%

Bilgrami et al. (2004)

New Zealand

December
2002

45–64

3%

11%

Buist et al. (2004)

USA

December
2002

40–80

8%

17%

MacLennan et al.
(2004)

Australia
2003

> 50

7%

19%

Post-2002
Strothmann &
Schneider (2003)

NR, not reported

Ever use
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Buist et al. (2004)
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Based on sales data, Jolleys and Olesen (1996) compared the use of hormonal therapy
in the USA and Europe and found three strata of prevalence of use: the USA were in the
highest stratum (20% of women); the United Kingdom and Scandinavian countries were
in the intermediate group (9–16%); and continental Europe had the lowest prevalence
(< 5%). The authors noted that use in France, however, was increasing towards levels
found in the intermediate group. A later review on the use of hormonal therapy and risk for
cancer by Beral et al. (1999) estimated that at least 20 million women in developed
countries were currently using hormonal therapy.
Based on sales data, Benet-Rodriguez et al. (2002) estimated that prevalence of the use
of hormonal therapy among women aged 40 years or over increased from 0.7% in 1989 to
3.4% in 1999. In 1998, prevalence was highest in the age group 50–54 years (10.8%) and
was below 1% in women over 65 years of age.
Buist et al. (1999) examined patterns of long-term use of hormonal therapy in women
aged 50–80 years in Seattle, WA, USA. Long-term users (> 10 years) and short-term users
were significantly younger than never users. Compared with never users, long-term users
were also more likely to be married, to have had surgically induced menopause, to have
experienced menopausal symptoms, to see their family doctor and have mammograms and
were less likely to smoke. Estrogen alone was the predominant therapy; combined therapy
was more common among short-term (< 10 years) users than among long-term users.
Donker et al. (2000) reported on first-time users of hormonal therapy in a survey in the
Netherlands. The number of prescriptions for such therapy increased from 2 to 3% between
1995 and 1998. Between 1987–88 and 1995–98, sequential therapy was prescribed more
frequently than continuous therapy, but there has been a gradual shift from sequential to
continuous therapy in the last few years. There was also a trend in prescriptions from
estrogen towards combinations of estrogen and progestogen.
MacLaren and Woods (2001) found that, among peri- or postmenopausal women aged
40–65 years in the USA, use of hormonal therapy was lower among women who experienced natural menopause (31%) than among those who had surgically induced menopause
(56%). The median duration of use was 5 years, and 25% reported taking hormones for
10 years or more.
In a study of over 40 000 women aged 45–75 years in Italy (Progetto Menopausa Italia
Study Group, 2001), 12% were ever users, among whom 74% were current users. Mean
duration of use was approximately 20 months in both current and former users. Ever users
were more likely to have a higher education, be nulliparous, have had an early menopause,
have ever used oral contraceptives and have a history of osteoporosis, and less likely to
have cardiovascular disease or diabetes.
The EPIC [European Prospective Investigation into Cancer and Nutrition] Working
Group (Banks et al., 2002) examined the patterns of use of hormonal therapy in women
aged 50–64 years in several European countries. Current use varied from 2% in Greece to
41% in Heidelberg, Germany, and ever-use varied from 7 to 55%, respectively. In all centres
(except in Germany), the most frequent duration of use among ever users was less than
1 year; long-term use (> 10 years) varied from 26% in Denmark to 2% in southern Italy.
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Merom et al. (2002) examined Israeli women aged 45–74 years in 1998 who had had
a natural menopause, among whom 17% were current users and 13% were past users. The
prevalence of current use was higher among post- than among perimenopausal women
(15% versus 7%). The rates of current and ever use were highest in the 55–59-year age
group and lowest in the 70–74-year age group. Current users were more likely to be more
highly educated, to work outside the home and be married (compared with divorcees or
widows), to have used contraceptives, to make regular visits to a gynaecologist, to be lean,
to have regular physical activity and ever to have smoked.
The Million Women Study Collaborators (2002) examined patterns of use in women
in the United Kingdom aged 50–64 years in 1996–2000. Of this cohort, 50% had ever
used hormonal therapy, of whom 33% reported current use and 17% reported past use.
Average age at initiation of therapy was 49.1 years; 38% started at 45–49 years and 37%
started at 50–54 years of age. The most common duration of treatment was 1–4 years
(37%) followed by 5–9 years (33%); the mean duration of use was 4.9 years.
Mueller et al. (2002) reported trends in use of hormonal therapy in Germany in
1984–95, based on a survey of women aged 45–64 years who were included in the WHO
Monitoring Trends and Determinants in Cardiovascular Disease (MONICA) study. The
highest prevalence of use (29.8%) was among women aged 55–59 years. Use of combined
hormonal therapy increased from almost non-existent levels in 1985 to 4.0% in 1990 and
13.9% in 1995.
Ekström et al. (2003) examined patterns of use of hormonal therapy in women aged
45, 50, 55 and 60 years in Sweden and found that 50–52% of women aged 55 and 60 years
had ever used hormonal therapy; the mean length of treatment was 4.4 years. Current users
were more likely to be on antidepressive medication and/or cardiovascular drugs, to report
psychological and physical menopausal symptoms and to have visited a psychotherapist.
Bakken et al. (2004) reported on over 35 000 postmenopausal women aged 45–64
years from the Norwegian Women and Cancer (NOWAC) cohort study, among whom
80% of ever-users of hormones were current users.
From a sample of women in the USA, Haas et al. (2004) found that use of hormones
in 1997 was highest among white women (53%) and lowest among African-American,
Latina, Chinese and Philipina women (30–34%); it was also much higher among women
who had had a hysterectomy (60% versus 36%).
By 2001 in the USA, almost half (42%) of all postmenopausal women under the age
of 65 years were being treated with hormonal therapy (Hersh et al., 2004). It was reported
that 38% of users were taking combined therapy, either as a single preparation or as separate estrogen and progestogen components.
Based on a sample population for a case–control study, Newcomb et al. (2002) reported
that 25–28% of all postmenopausal women in the USA had ever used hormonal therapy in
1992–95. Of these users, 30% had used combined therapy.
Bromley et al. (2004) reported on the proportion of women who used hormonal
therapy from 1992 to 1998. Women who started hormonal therapy during this period were
less likely to have a history of a range of diseases but were more likely to have a history
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of osteoporosis, hysterectomy, hyperlipidaemia and prior oral contraceptive use than nonusers.
Lundberg et al. (2004) reported data collected from the MONICA study. Prevalence
of current use in women aged 45–64 years varied enormously from 0% in Moscow,
Russian Federation, to 42% in Newcastle, Australia, and Canada. Low prevalence of use
(< 10%) was noted for central, eastern and southern Europe, the Russian Federation and
China, while the highest prevalence of use was reported in populations in western and
northern Europe, North America and Australia. Ever use in Perth, Australia, was
estimated at 66% of women aged 50–54 years. Regional differences within the same
country were generally modest compared with inter-country variations. The highest
prevalence was in the age group 45–49 years in 12 populations, in the age group 50–54
years in nine populations and in the age group 55–59 years in four populations.
Rachon et al. (2004) examined use of hormonal therapy among Polish women over
45 years of age in April 2002. Overall current use was 12% in women aged 45–64 years
and was 16% in the age group 45–54 years; ever use was in the range of 25 and 20% for
women aged 45–54 years and 55–64 years, respectively. Women with a medium or higher
level of education were more likely to be current users than those who had had a basic
education.
Fournier et al. (2005) reported that, among women born between 1925 and 1950 and
followed-up between 1990 and 2000, users were more likely than non-users to have had
an early menarche, an early menopause, to be parous, to have a personal history of benign
breast disease, to have no familial history of breast cancer in first-degree relatives, to be
lean, to have a higher level of education, to have used oral contraceptives and to have used
oral progestogens before the menopause.
1.4.2

Recent trends in hormonal menopausal therapy

Large and rapid changes in the use of combined hormonal menopausal therapy took
place in 2002 as a consequence of the publication of the results of the WHI. International
data (IMS Health, 2005) suggest that sales of combined hormonal therapy (estrogen and
progestogens in a single preparation) declined substantially worldwide (Table 1). Decreases
between 1999 and 2004 were noted in Europe (42% decline), North America (61%), South
America (33%) and the western Pacific (51%). Increased or stable sales of combined
hormonal therapy were noted in Africa, the eastern Mediterranean and South-East Asia
during the same period.
In the USA, overall use of hormonal therapy fell by about 38% and that of combined
estrogen–progestogen therapy by 58% between 2001 and the first half of 2003 (Hersh et al.,
2004) (Figure 1). As use continued to decrease 18 months after the WHI results (Rossouw
et al., 2002), sales of Prempro (conjugated equine estrogens plus methoxyprogesterone
acetate) had fallen by 80% (Majumdar et al., 2004). Haas et al. (2004) found similar time
trends from survey data.
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Figure 1. Annual number of US prescriptions for hormonal therapy by formulation,
1995–July 2003

Modified from Hersh et al. (2004)
HERS, Heart and Estrogen/Progestin Replacement Study; WHI, Women’s Health Initiative
Data for January to June 2002, July to December 2002 and January to July 2003 are included (open symbols).
Data are from the National Prescription Audit Plus, IMS Health.

Strothmann and Schneider (2003) analysed data from France, Germany, Spain and the
United Kingdom in women aged 45–75 years in 2003 and found that in all four countries
the number of former users was relatively similar to that of current users.
Bilgrami et al. (2004) presented data from New Zealand. Based on survey information,
current use of hormone therapy dropped from 15% in June 2002 to 11% in December 2002.
The majority of women who had stopped using hormonal therapy specifically identified the
results of the WHI trial as their reason. Further data from the New Zealand Pharmacy
Management Agency (Metcalfe, 2004) showed a decline of 65% in use of hormonal
therapy between 2001 and 2004. Examination of monthly data showed a continued decline
through to March 2005.
MacLennan et al. (2004a) specifically examined changes in use patterns in Australia
and found that prevalence of current use had declined from 22.5% in 2000 to 14.4% in
2003 among women aged > 40 years. Over the same period, duration of use decreased by
an average of 10 months among current users. Unlike in studies in the 1990s, the number
of past users exceeded the number of current users.
No data were available to the Working Group on changes in use in developing
countries.
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Background
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Studies of Cancer in Humans

In the previous evaluation (IARC, 1999), most of the epidemiological evidence
derived from studies that assessed the use of estrogen alone in relation to subsequent risk
for breast cancer. The evidence related to combined therapy with estrogen plus a progestogen was considered to be insufficient to reach any firm conclusion. However, in relation
to hormonal menopausal therapy with estrogen alone, the evidence was summarized as
follows.
A pooled analysis from 51 studies and a review that included 15 cohort studies and 23
case–control studies showed a small increase in risk for ever use, which increased with
longer duration of use (5 years or more), and an increased risk in current and recent users.
Some information was available on women who used and then stopped using menopausal
estrogen therapy; based on this evidence, the increased risk appeared to disappear several
years after cessation of use. There was also evidence to suggest that the increase in risk was
predominantly for small, localized tumours of the breast. The data were, however, insufficient to determine whether the risk varied with type of compound or the dose of various
compounds used.
This evaluation relied heavily on the pooled analysis from the collaborative group in
Oxford (Collaborative Group on Hormonal Factors in Breast Cancer, 1997), which had
compiled and re-analysed the original data of 51 studies, 22 of which provided information on the hormonal constituents of the preparations. In the re-analysis, data on hormonal
constituents were available for 4640 women; 12% (557) of these women had received
combined estrogens and progestogens, and 249 women with breast cancer had used combined treatment. The results showed that, among women who were currently using combined therapy, the relative risk was 1.2 (95% confidence interval [CI], 0.8–1.5; based on
136 exposed cases) for less than 5 years of use and 1.5 (95% CI, 0.9–2.2; based on 58
exposed cases) for more than 5 years of use.
These limited data did not provide a firm basis for any conclusion regarding the
effects of the use of combined estrogen–progestogen therapy on the risk for breast cancer.
Subsequently, many studies, including clinical trials, have assessed the risk for breast
cancer in relation to the use of combined hormonal therapy by menopausal women.
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Randomized clinical trials (Table 3)

The WHI investigators conducted two large, randomized, double-blind, placebocontrolled trials that evaluated the effects of estrogen alone and estrogen plus progestogen
on the prevention of chronic disease in 27 347 postmenopausal women aged 50–79 years
(Women’s Health Initiative Study Group, 1998; Anderson et al., 2003; Stefanick et al.,
2003). The incidence of coronary heart disease was the primary outcome and the incidence
of invasive breast cancer was the primary safety outcome. Both trials were interrupted prematurely because of adverse effects.
In these two trials, postmenopausal women were recruited between 1993 and 1998
from 40 US clinical centres mainly by mass mailing (Hays et al., 2003b). All women had
baseline mammograms and clinical breast examinations. A total of 16 608 eligible women
with a uterus at baseline were randomized in equal proportions to treatment with continuous combined conjugated equine estrogens (0.625 mg per day) plus medroxyprogesterone acetate (2.5mg per day) in a single tablet or to a matching placebo. A total of 10 739
women who had had a hysterectomy were randomized with equal probability to conjugated
equine estrogens (0.625 mg per day) or placebo. The intervention period was planned to
end in 2005, giving a projected mean follow-up of 8.5 years. Participants were followed
every 6 months; annual visits to the clinic and mammography were required. Designated
outcomes were ascertained by self-reporting at every 6-month contact and documented by
medical records that were locally and centrally adjudicated. These outcome procedures
were performed by study staff who were blinded to treatment assignment. Vital status was
known for 96.7 and 94.7% of the participants in the estrogen plus progestogen (mean
follow-up, 5.6 years) and estrogen alone trials (mean follow-up, 6.8 years), respectively
(Chlebowski et al., 2003; Anderson et al., 2004).
In May 2002, the Independent Data and Safety Monitoring Board recommended that
the estrogen plus progestogen trial be stopped on the basis of an adverse effect on the incidence of breast cancer and an overall assessment that risks exceeded benefits. The protocol-specified weighted log-rank statistic for breast cancer (p-value = 0.001) had crossed
the pre-defined monitoring boundary for adverse effects (p-value = 0.02) (Rossouw et al.,
2002). The weights in this log-rank statistic were defined by time since randomization, and
rose linearly from 0 at time of randomization to 1 at year 10 and thereafter; this effectively
down-weighted early differences that were thought to be less probably related to treatment.
For simplicity, the initial publication presented unweighted hazard ratios for comparisons
of all outcomes, based on the locally adjudicated data available on outcomes at the time
that the trial was stopped. These analyses did not acknowledge the anticipated time-dependent effect for breast cancer.
The final unweighted hazard ratio of estrogen plus progestogen for invasive breast
cancer was 1.24 (95% CI, 1.04–1.50; weighted p = 0.003; 349 cases) (Chlebowski et al.,
2003). There was a statistically significant interaction with time since randomization that
suggested an effect of duration of exposure. In women who took estrogen plus progestogen, tumours were slightly larger, and more likely to be node-positive and to be at regional

Reference,
Country Age at
name of trial
recruitment

Size of
trial

Hulley et al. USA
(2002),
HERS

44–79

2 763

Chlebowski USA
et al. (2003),
WHI

50–79

16 608

Period of
trial

Mean
No. of
duration of exposed
follow-up women
(years)

No. (%)
of women
using
placebo

Total no.
of breast
cancer
cases

1993–2000 4.1

1 380

1 383

88

1993–98

8 506

8 102

822

5.6

Histological
type of breast
cancer

Invasive

Invasive +
in situ
Invasive
In situ

Cases in
exposed
women

Cases in Hazard ratio
placebo (95% CI),
women treated versus
placebo

34

25

1.38 (0.82–2.31)

245

185

1.24 (1.02–1.50)

199
46

150
37

1.24 (1.01–1.54)
1.18 (0.77–1.82)

CI, confidence interval; HERS, Heart and Estrogen/Progestin Replacement Study; WHI, Women’s Health Initiative
a
In both studies, the treated group received 0.625 mg conjugated equine estrogens and 2.5 mg of medroxyprogesterone acetate.
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or advanced stages than those diagnosed in women who took placebo. The incidence of
in-situ cancers was not significantly elevated (hazard ratio, 1.18; 95% CI, 0.77–1.82;
weighted p = 0.09; 84 cases). Mammography rates were high (≥ 88.6% in each year) and
did not differ between groups (Chlebowski et al., 2003). Limitations of the study included
the proportion of women who discontinued study medications (42% for estrogen plus progestogen and 38% for placebo), the proportion who initiated hormonal therapy outside of
the trial (6% versus 11%, respectively) and the proportion of women for whom unblinding
of clinical gynaecologists was required (40% versus 7%), primarily to manage vaginal
bleeding (Rossouw et al., 2002).
The HERS was a randomized, double-blind, placebo-controlled trial designed to test
the effects of continuous combined hormonal therapy (0.625 mg conjugated equine estrogens plus 2.5 mg medroxyprogesterone acetate daily) for the prevention of recurrent coronary heart disease among 2763 women aged 44–79 years with a uterus and with documented coronary disease at enrolment. The trial ended after a mean duration of follow-up
of 4.1 years and reported no overall effect on coronary heart disease. No significant effect
was found on the incidence of breast cancer (relative risk, 1.38; 95% CI, 0.82–2.31; 88
cases) (Hulley et al., 2002).
2.1.3

Cohort studies (Table 4)

Persson et al. (1999) assessed the use of combined hormonal menopausal therapy and
subsequent risk for breast cancer in a prospective study of 10 472 women in Sweden.
Information on use of hormonal therapy was obtained at recruitment to the study through
prescription records in pharmacies. The cohort was followed for over 6 years by linkage
to the Swedish Cancer Registry, and 198 women were registered with incident breast
cancer during that time. The relative risk associated with ever use of combined hormonal
menopausal therapy was not specified. However, the relative risk for 1–6 years of use at
entry to the study was 1.4 (95% CI, 0.9–2.3) compared with never use or use for less than
1 year, and that associated with use for more than 6 years was 1.7 (95% CI, 1.1–2.6).
These results were adjusted for age, length of follow-up, age at first full-term pregnancy,
body mass index, education and age at menopause. The results also showed that the estimated relative risks were higher for recent or current use than for past use. Recent or
current use was associated with a relative risk of 2.8 (95% CI, 0.8–10.0) and use in the
past with a relative risk of 1.9 (95% CI, 0.6–6.1).
In a cohort study in the USA, Schairer et al. (2000) investigated whether the use of combined hormonal menopausal therapy increased the risk for breast cancer. The cohort of
46 355 postmenopausal women was recruited from a mammography screening programme
and followed for 10 years. During follow-up, 2082 women were diagnosed with breast
cancer. Ever use of combined hormonal menopausal therapy was associated with a relative
risk of 1.3 (95% CI, 1.0–1.6), but the increase in risk was largely restricted to current users
or use within the last 4 years (relative risk, 1.4; 95% CI, 1.1–1.8). These results were
adjusted for age, mammography screening, age at menopause, body mass index and level of

Reference

Country

Age at
recruitment
(years)

Person et al.
(1999)

Sweden

65 (mean)

Not
specified

Schairer et al. USA
(2000)

Size of
cohort

Period of
cohort

Average of
follow-up
(years)

Total
no. of
cases

Histological
diagnosis

10 472

1987–93

5.7

198

Invasive

46 355

1980–95

10.2

2802

UK

50–64

1 084 110

1996–2001

2.6

9364

Never
1–6 years
≥ 6 years

All

All

Invasive

Ductal/
lobular
Ductal
only

Invasive
Beral et al.
(2003)

Sub-sites Hormone
therapy
(type/
regimen)

Invasive

Never
Ever
Never
Ever
Never
Ever
Never
Current
Durationb
< 1 year
1–4 years
5–9 years
≥ 10 years
All continuous
combined
< 5 years
≥ 5 years
All sequential
combined
< 5 years
≥ 5 years

No. of
cases

Relative risk
(95% CI)

Comments

48
28
44

1.0
1.4 (0.9–2.3)
1.7 (1.1–2.6)

Adjusted for age, follow-up time,
age at first full-term pregnancy,
body mass index, education,
menopausal age/status

761
101
145
33
128
26

1.0
1.3 (1.0–1.6)
1.0
[1.73a]
1.0
[1.55a]

Adjusted for age, education, body
mass index, age at menopause,
mammographic screening

2894
1934

1.0
2.00 (1.91–2.09)

97
582
850
362

1.45 (1.19–1.78)
1.74 (1.60–1.89)
2.17 (2.03–2.33)
2.31 (2.08–2.56)

Adjusted for age, region, socioeconomic status, body mass
index, alcoholic beverage
consumption, ever use of oral
contraceptives, time since
menopause, parity

243
388

1.57 (1.37–1.79)
2.40 (2.15–2.67)

403
778

1.77 (1.59–1.97)
2.12 (1.95–2.30)
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Table 4 (contd)
Reference

Country

Olsson et al.
(2003)

Sweden

Bakken et al. Norway
(2004)

50–64

25–65

45–64

Size of
cohort

6 586

29 508

31 451

Period of
cohort

Average of
follow-up
(years)

1995–2000

4.1

1990–92

1996–98

Not
specified

Not
specified

Total
no. of
cases

101

556

331

Histological
diagnosis

Sub-sites Hormone
therapy
(type/
regimen)
Never
Ever
Duration
≤ 2 years
3–4 years
> 4 years

NR

Never
Ever combined
continuous
therapy
Never
Ever combined
sequential
therapy

NR

NR

All

Never
Current
Ever use
< 5 years
≥ 5 years
Sequential
regimen
< 5 years
≥ 5 years
Continuous
regimen
< 5 years
≥ 5 years

No. of
cases

Relative risk
(95% CI)

Comments

2422
NR

1.0
3.3 (1.9–5.6)

Adjusted for age at entry and
time of follow-up; continuous
combined formula only

NR
NR
NR

3.7 (1.8–7.4)
2.2 (0.84–5.9)
3.7 (1.8–7.7)

622

1.0
2.45 (1.61–3.71)

655

1.0
1.22 (0.74–2.00)

130
116

1.0
2.5 (1.9–3.2)

63
51

2.3 (1.7–3.2)
2.8 (2.0–4.0)

19
14

1.7 (1.0–2.8)
2.2 (1.3–3.8)

44
37

2.6 (1.9–3.7)
3.2 (2.2–4.6)

Adjusted for age, age at
menarche, age at first full-term
pregnancy, parity, age at
menopause, family history of
breast cancer

Adjusted for age, body mass
index, age at menarche, ever use
of oral contraceptives, time since
menopause, family history of
breast cancer, mammography,
parity, age at first delivery
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Jernström
Sweden
et al. (2003a)

Age at
recruitment
(years)

Table 4 (contd)
Country

Age at
recruitment
(years)

Stahlberg
et al. (2004)

Denmark ≥ 45

Tjønneland
et al. (2004)

Ewertz et al.
(2005)

Size of
cohort

Period of
cohort

Average of
follow-up
(years)

Total
no. of
cases

Histological
diagnosis

10 874

1993–99

Not
specified

244

In situ/
invasive

Denmark 50–60

23 618

1993–97

4.8

423

Invasive

Denmark 50–67

48 812

1989–2002

10

869

NR

Sub-sites Hormone
therapy
(type/
regimen)

Lobular
only
Ductal
only

No. of
cases

Relative risk
(95% CI)

Comments

Never
Current
Continuous
< 5 years
5–9 years
≥ 10 years
Current cyclical
< 5 years
5–9 years
≥ 10 years

110
75
23
4
6
10
52
10
9
10

1.0
2.70 (1.96–3.73)
4.16 (2.56–6.75)
1.96 (0.72–5.36)
4.96 (2.16–11.39)
6.78 (3.41–13.48)
1.94 (1.26–3.00)
1.58 (0.79–3.17)
2.47 (1.23–4.95)
2.18 (1.09–4.33)

Adjusted for age at menopause,
age at menarche, parity, age at
first birth, use of oral contraceptives, history of benign breast
disease, smoking, night work,
body mass index, height, physical
activity, alcoholic beverage
intake

Never
Current
Never
Current

15
41
109
158

1.0
3.53 (1.94–6.41)
1.0
2.10 (1.64–2.7)

Adjusted for parity, age at first
birth, history of benign breast
tumour surgery, education, alcoholic beverage consumption,
body mass index

Never
Sequential
progestogenderived
progestogen
Sequential
testosteronederived
progestogen
Continuous
testosteronederived
progestogen

561
6

1.0
0.57 (0.26–1.28)

Adjusted for age, age at first
birth, parity

80

1.52 (1.21–1.93)

13

0.99 (0.57–1.72)
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Table 4 (contd)
Country

Age at
recruitment
(years)

Fournier
et al. (2005)

France

52.8
(mean)

Size of
cohort

NR, not reported
a
No confidence intervals were provided.
b
Data on duration missing for 43 women

54 548

Period of
cohort

Average of
follow-up
(years)

Total
no. of
cases

Histological
diagnosis

Nonspecified

5.8

NR

Invasive

Sub-sites Hormone
therapy
(type/
regimen)
Never
Current use

No. of
cases

Relative risk
(95% CI)

Comments

NR
323

1.0
1.3 (1.1–1.5)

Adjusted for time since
menopause, body mass index, age
at menopause, parity, age at first
full-term pregnancy, family
history of breast cancer, personal
history of benign breast disease,
use of oral contraceptives,
mammography screening
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education. When the data were stratified by body mass index, no increased risk related to
the use of hormonal therapy was observed in women with an index > 24.4. However, in
women with an index of 24.4 or less, the relative risk associated with 5 years of use or more
was 2.0 (95% CI, 1.3–3.0). Thus, hormonal therapy that comprised estrogen plus a progestogen exerted its effects primarily, if not solely, among lean women. The investigators also
studied the effect of duration of combined therapy and histological subtypes of breast
cancer. The results suggested a similar increase in risk with increasing duration of use for
ductal and lobular carcinoma, but the number of cases within the subtypes of breast cancer
was small and the results should be interpreted with caution.
Risk for breast cancer and the use of hormonal menopausal therapy was also evaluated
in the Million Women Study (Beral et al., 2003). More than a million women in the United
Kingdom between 50 and 64 years of age were recruited into the study between 1996 and
2001 and provided detailed information on their use of hormonal menopausal therapy.
They were followed up for cancer incidence and death. Half of the women had used some
type of hormonal menopausal therapy and nearly 150 000 women were current users of
combined hormonal therapy. During 2.6 years of follow-up, 9364 women were diagnosed
with invasive breast cancer, and current users were more likely than never users to develop
the disease. The relative risk for current compared with never use of combined hormonal
therapy at the time of recruitment was 2.00 (95% CI, 1.91–2.09), but the association varied
according to duration of use. Among current users, use for 1–4 years was associated with
a relative risk of 1.74 (95% CI, 1.60–1.89; 582 exposed cases) compared with never users,
and use for 10 years or more was associated with a relative risk of 2.31 (95% CI,
2.08–2.56; 362 exposed cases). In relation to past use, the relative risk was 1.04 (95% CI,
0.94–1.16). The relative risks were adjusted for age, region of residence, socioeconomic
status, body mass index, alcoholic beverage consumption, ever use of oral contraceptives,
time since menopause and parity. Little variation in the associations was observed among
women who used different preparations of combined regimens. Thus, among women who
had used a treatment containing medroxyprogesterone acetate for less than 5 years, the
relative risk was 1.60 (95% CI, 1.33–1.93), and that for women who had taken it for 5 years
or more was 2.42 (95% CI, 2.10–2.80). Similarly, treatment for less than 5 years with a
therapy containing norethisterone was associated with a relative risk of 1.53 (95% CI,
1.35–1.75); when use of norethisterone lasted for 5 years or more, the relative risk was 2.10
(95% CI, 1.89–2.34). Different modes of administration were also compared and broadly
similar relative risks related to daily (relative risk, 1.57; 95% CI, 1.37–1.79) and cyclical
(relative risk, 1.77; 95% CI, 1.59–1.97) use of combined hormonal therapy were found.
Among women with a body mass index < 25, the relative risk for breast cancer associated
with the use of combined hormonal therapy was 2.31 (95% CI, 2.12–2.53) and that in
women with a body mass index of ≥ 25 was 1.78 (95% CI, 1.64–1.94). An attempt was
made to assess the association between use of hormonal menopausal therapy and mortality
from breast cancer, but, at the time of publication, the data did not allow reliable estimates
of this. However, in a letter (Banks et al., 2004), it was reported that, for all types com-
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bined, current users had a 30% higher risk for mortality from breast cancer than never users
(relative risk, 1.30; 95% CI, 1.11–1.53).
The association of the use of combined hormonal menopausal therapy with an
increased risk for breast cancer was assessed in a prospective study in southern Sweden
(Jernström et al., 2003a) in a cohort of 6586 women aged 50–64 years at baseline. During
4 years of follow-up by linkage to the Swedish Cancer Registry, 101 women were registered with incident breast cancer. Ever use of combined hormonal menopausal therapy
was associated with a relative risk of 3.3 (95% CI, 1.9–5.6) compared with never use. In
relation to duration of use, the relative risk associated with use for 2 years or less (relative
risk, 3.7; 95% CI, 1.8–7.4) was not substantially different from that associated with use
for 5 years or more (relative risk, 3.7; 95% CI, 1.8–7.7).
Another prospective study, conducted in the same region in Sweden as the above
study, was based on more than 29 000 women (Olsson et al., 2003). The women were
followed up by linkage to the Swedish Cancer Registry, and 556 cases of breast cancer
were registered. The analyses focused on the duration of use of combined hormonal
menopausal therapy and whether the mode of administration had different effects on the
risk for breast cancer. The relative risk associated with daily ever use of combined
hormonal menopausal therapy was 2.45 (95% CI, 1.61–3.71), and sequential administration was associated with a relative risk of 1.22 (95% CI, 0.74–2.00) compared with
never users. The relative risk increased with recency and duration of use. Compared with
never users, those who reported daily use of combined preparations for 4 years or more
had a relative risk of 4.60 (95% CI, 2.39–8.84) and those who had taken combined
sequential therapy for 4 years or more had a relative risk of 2.23 (95% CI, 0.90–5.56).
These results were adjusted for age, age at menarche, age at first full-term pregnancy,
parity, age at menopause and family history of breast cancer.
In the NOWAC Study, the association between use of combined hormonal menopausal
therapy and the risk for breast cancer was assessed in a prospective follow-up of 31 451
postmenopausal women who were aged 45–64 years at entry (Bakken et al., 2004). Information on the use of hormonal menopausal therapy was collected at recruitment by selfadministered questionnaires; during follow-up by linkage to the Norwegian Cancer
Registry, 331 women were registered with incident breast cancer. The association for ever
use versus never use of combined preparations was not reported, but current users of combined hormonal therapy at study entry had a relative risk of 2.5 (95% CI, 1.9–3.2; 116
exposed cases) compared with never users. For current users of combined therapy for less
than 5 years, the relative risk was 2.3 (95% CI, 1.7–3.2; 63 exposed cases); for longer
duration of use, the relative risk was 2.8 (95% CI, 2.0–4.0; 51 exposed cases). These results
were adjusted for age, body mass index, age at menarche, ever use of oral contraceptives,
time since menopause, family history of breast cancer, history of mammography screening
and age at first birth. The investigators also studied the effect of daily versus sequential use
of progestogens in the combined treatment. Daily treatment for less than 5 years was associated with a relative risk of 2.6 (95% CI, 1.9–3.7; 44 exposed cases); for longer duration of
daily treatment, the relative risk was 3.2 (95% CI, 2.2–4.6; 37 exposed cases) compared with
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the risk of never users. In comparison, the relative risk associated with a cyclical regimen
was 1.7 (95% CI, 1.0–2.8; 19 exposed cases) for less than 5 years of use and 2.2 (95% CI,
1.3–3.8; 14 exposed cases) for 5 years or more.
A cohort study from Denmark investigated whether different progestogens in combined hormonal menopausal therapy exert different effects on the risk for breast cancer
(Stahlberg et al., 2004). Brands of combined hormonal menopausal therapy were coded as
containing either ‘progesterone-like’ (typically medroxyprogesterone acetate) or ‘testosterone-like’ (typically norethisterone or levonorgestrel) progestogens. More than 23 000
nurses received a questionnaire in 1993, of whom nearly 20 000 responded and returned
information on their use of combined hormonal menopausal therapy. After exclusions,
10 874 women were eligible for breast cancer follow-up through the Danish Cancer
Registry and, among these, 244 women were registered with incident breast cancer during
6 years of follow-up. The association with ever use or with past use of combined hormonal
therapy was not specified in the report. However, the relative risk associated with current
use at entry to the study was 2.70 (95% CI, 1.96–3.73) compared with the risk of never
users. Among current users of combined treatment with ‘testosterone-like’ progestogens,
the relative risk was also increased. When these progestogens were administered daily, the
relative risk was 4.16 (95% CI, 2.56–6.75) and when they were given less than daily
(termed cyclically or sequentially), the relative risk was 1.94 (95% CI, 1.26–3.00) compared with never users. The report did not provide details on the number of days during a
cycle that sequential treatment was given.
Another Danish cohort study (The Diet, Cancer and Health Study) assessed type of
hormonal menopausal therapy used in relation to the risk for breast cancer, and specified
the association according to histological subtypes (Tjønneland et al., 2004). Among
23 618 women with information on hormonal therapy who were assumed to be postmenopausal, 423 incident cases of breast cancer were identified through the Danish Cancer
Registry over a median follow-up of 4.8 years. The results for ever use or past use were
not reported. However, the effects of daily and cyclical regimens of combined preparations were compared, and whether these modes of administration exterted different effects
on the risk for lobular and ductal breast carcinoma was examined. In relation to lobular
carcinoma, rates of breast cancer associated with the use of daily and cyclical regimens
were essentially identical, whereas the risk for ductal carcinoma was slightly higher when
the progestogens were administered daily compared with sequentially.
In a cohort of 48 812 Danish women who were aged 50–67 years at baseline, Ewertz
et al. (2005) linked information from the Danish Prescription Database to information on
incident cases of breast cancer registered by the Danish Cancer Registry during 10 years of
follow-up. Altogether, 869 women were registered with breast cancer during the study
period. The effects of different progestogens were studied: combined therapy that contained
either levonorgestrel, norethisterone, norgestimate, desogestrel or gestodene was classified
as combined treatment with ‘testosterone-derived’ progestogens, and treatment containing
medroxyprogesterone [acetate] as combined treatment with ‘progesterone-derived’ progestogens. Results related to ever use versus never use of combined preparations were not
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reported, but the association with current use was specified for various types of combined
regimens. Current cyclical use of estrogen plus a progesterone-derived progestogen was
associated with a relative risk of 0.57 (95% CI, 0.26–1.28; six exposed cases). Current daily
use of estrogen plus a testosterone-derived progestogen was associated with a relative risk
of 0.99 (95% CI, 0.57–1.72; 13 exposed cases); among current users of cyclical regimens of
estrogen plus a testosterone-derived progestogen, the relative risk was 1.52 (95% CI,
1.21–1.93; 80 exposed cases). These results were adjusted for age, age at first birth and
parity.
Fournier et al. (2005) assessed the use of different types of hormonal menopausal
therapy in relation to risk for breast cancer among 54 548 French women; 948 primary
invasive breast cancers were diagnosed during 5.8 years of follow-up. Average use of
combined hormonal menopausal therapy was 2.8 years. The association for ever use
versus never use with breast cancer was not specified in the report, but women who were
current users of combined hormonal therapy had a relative risk of 1.3 (95% CI, 1.1–1.5)
compared with never users. The main aim of this study was to examine the effects of different types of progestogens that were used in the combined treatment. Current use of
treatment that contained micronized progesterone (only given transdermally) was associated with a relative risk of 0.9 (95% CI, 0.7–1.2; 55 exposed cases). In contrast, current
use of synthetic progestogens was associated with a relative risk of 1.4 (95% CI, 1.2–1.7;
268 exposed cases). These results were adjusted for a range of factors, including age, age
at menopause, body mass index, parity, age at first birth, family history of breast cancer
and previous use of oral contraceptives.
2.1.4

Case-control studies (Table 5)

A large population-based case–control study in Sweden (Magnusson et al., 1999)
included 3345 women aged 50–74 years who had been diagnosed with invasive breast
cancer and 3454 controls of similar age. The main objective was to assess whether the use
of combined hormonal therapy is associated with risk for breast cancer, with particular
reference to long duration of use. For ever use of combined therapy, the relative risk for
breast cancer was 1.63 (95% CI, 1.37–1.94) compared with never use. Risk increased with
duration of use: the relative risk for 2–5 years of use was 1.40 (95% CI, 1.01–1.94), that
for 5–10 years of use was 2.43 (95% CI, 1.72–3.44) and that for 10 or more years of use
was 2.95 (95% CI, 1.84–4.72). These results were adjusted for age, parity, age at first
birth, age at menopause, body mass index and height. The results from two sub-analyses
were also presented; however, these analyses did not include only women who had exclusively used combined treatment, but also women who had used estrogen-only treatment
at some time. The results suggested that combined preparations that contain testosteronederived progestogens may confer higher risk (relative risk, 1.68; 95% CI, 1.39–2.03; 324
exposed cases) than combined therapy that contains progesterone-derived progestogens
(relative risk, 1.14; 95% CI, 0.69–1.88; 32 exposed cases). The results also showed that

Table 5. Case–control studies of the use of combined hormone therapy and the risk for breast cancer

Magnusson
et al. (1999),
Sweden

Study
period

Age
(years)

1993–95 50–74

Histology

Invasive

Sub-site

All

Therapy
(type/regimen)

Never
Ever

Ross et al.
(2000), USA
(Los Angeles,
CA)

Invasive
and in situ
Invasive

1987–96 55–72

Invasive
and in situ

95% CI

2201
295

1.0
1.63

1.37–1.94

324

229

1.68

1.39–2.03

Cyclic

102

76

1.48

1.08–2.04

Continuous

139

124

1.41

1.09–1.83

32

34

1.14

0.69–1.88

1.0
0.70
2.50
1.0
0.70
2.60

E + Pb
1988–90 50–64

Controls Odds
ratio

1738
409

E + Ta

Li, C.I. et al.
(2000), USA
(King County,
WA)

Cases

All
Ductal
Lobular
All
Ductal
Lobular

Never
Ever
Ever
Never
Ever
Ever

180
35
12
159
30
9

187
55
55
187
55
55

All

Never
Ever
Cyclical

873
425
218
75
27
59
23
23

784
324
166
48
14
58
18
20

Daily

NR

Duration

Time since last use

Years

Odds
ratio

95% CI

> 2–5
> 5–10
> 10
≤5
>5
> 2–5
> 5–10
> 2–5
> 5–10
≤5
>5

1.40
2.43
2.95
1.33
2.74
1.34
1.89
1.26
2.89
1.41
0.79

1.01–1.94
1.72–3.44
1.84–4.72
1.05–1.68
1.99–3.78
0.71–2.54
0.88–4.09
0.76–2.09
1.66–5.00
0.80–2.51
0.26–2.39

Years

Odds
ratio

95% CI

0.50–1.20
1.10–4.60

NR
NR

Current
Current

0.70
2.60

0.50–1.10
1.10–5.80

0.40–1.20
1.00–6.70

NR
NR

Current
Current

0.70
2.60

0.40–1.10
0.80–5.80

1.0
NR
1–5
> 5–10
> 10

1.19
1.58
1.79

NR
NR
NR

1–5
> 5–10
> 10

0.88
1.28
1.23

NR
NR
NR
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Table 5 (contd)
Study
period

Age
(years)

Histology

Kirsh & Kreiger 1995–96 20–74
(2002), Canada

Invasive

Newcomb
et al. (2002),
USA (New
Hampshire,
Wisconsin,
Massachusetts)

Invasive

1992–94 50–79

Sub-site

All

All

Ductal
Lobular

Therapy
(type/regimen)

Cases

Controls Odds
ratio

95% CI

Duration

Time since last use

Years

Odds
ratio

95% CI

Never
Ever

272
48

283
33

1.0
1.22

0.72–2.06

<1
1–4
5–9
≥ 10

0.86
0.96
0.84
3.48

0.26–2.82
0.39–2.39
0.31–2.24
1.00–12.1

Never
Ever

3827
315

4132
286

1.0
1.43

1.18–1.74

<5
≥5

1.36
1.57

1.07–1.73
1.15–2.14

Ever
Ever

208
32

286
286

1.43
2.01

1.14–1.79
1.25–3.22

Years

Odds
ratio

95% CI

Current
<5
≥5

1.39
1.71
2.38

1.12–1.71
0.92–3.18
0.82–6.87
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Reference,
location

Reference,
location

Study
period

Age
(years)

Weiss et al.
1994–98 35–64
(2002); Daling
et al. (2002),
USA (Atlanta,
GA; Detroit, MI;
Philadelphia,
PA; Los
Angeles, CA;
Seattle, WA)

Histology

Invasive

Sub-site

All

Ductal

Lobular

Therapy
(type/regimen)

Never
Ever

Cases

Controls Odds
ratio

95% CI

672
689

655
630

1.0
[1.13]

Sequential

287

267

[1.05]

Continuous

419

352

[1.20]

515
448

655
534

1.0
1.00

0.80–1.30

Sequential

230

284

1.00

0.80–1.30

Continuous

268

280

1.20

0.90–1.50

75
112

655
534

1.0
1.80

1.20–2.60

Sequential

53

284

1.40

0.90–2.20

Continuous

75

280

2.20

1.40–3.50

Never
Ever

Never
Ever

Duration

Time since last use

Years

Odds
ratio

95% CI

Years

Odds
ratio

95% CI

2–< 5
≥5
2–< 5
≥5
2–< 5
≥5

1.3
1.2
1.1
1
1.20
1.4

0.96–1.63
0.92–1.48
0.73–1.58
0.69–1.32
0.88–1.65
0.98–1.85

Current
≥ 0.5
Current
≥ 0.5
Current
≥ 0.5

1.22
0.76
0.91
1.07
1.29
0.78

0.99–1.50
0.60–0.97
0.67–1.24
0.80–1.41
1.02–1.64
0.57–1.06

2–< 5
≥5
0.5–< 5
≥5
0.5–< 5
≥5

1.00
1.00
1.00
1.00
1.20
1.20

0.80–1.30
0.80–1.30
0.80–1.40
0.70–1.30
0.90–1.50
0.90–1.50

≥5
> 0–0.5
≥5
> 0–0.5
≥5
> 0–0.5

0.70
1.20
0.90
0.90
0.70
1.30

0.50–1.10
0.90–1.50
0.60–1.40
0.70–1.30
0.40–1.30
1.00–1.70

0.5–< 5
≥5
0.5–< 5
≥5
0.5–< 5
≥5

1.60
2.00
1.30
1.50
2.10
2.50

1.00–2.40
1.30–3.20
0.80–2.30
0.80–2.60
1.30–3.30
1.40–4.30

≥5
> 0–0.5
≥5
> 0–0.5
≥5
> 0–0.5

0.90
2.20
1.30
1.40
1.60
2.40

0.40–2.10
1.40–3.30
0.60–2.70
0.80–2.50
0.60–4.10
1.50–3.80
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Table 5 (contd)
Reference,
location

Study
period

Age
(years)

Invasive

Sub-site

All

Ductal

Lobular

CI, confidence interval; NR, not reported
a
Estrogen + testosterone-like progestogen
b
Estrogen + progesterone-like progestogen

Therapy
(type/regimen)

Cases

Controls Odds
ratio

95% CI

Duration

Time since last use

Years

Odds
ratio

95% CI

Years

Odds
ratio

95% CI

1.30–2.50
1.20–2.70
1.20–2.20

0.5–< 5
5–< 15

1.30
2.00

0.80–2.20
1.30–3.20

Current

1.9

1.6–2.6

1.10–2.30

<5
5–< 15
≥ 15

1.40
1.60
1.90

0.8–2.5
1.0–2.7
1.1–3.2

Former
Current
0.5–< 5
5–< 15

2.00
1.70
1.30
1.70

1.1–3.7
1.2–2.4
0.8–2.3
1.1–2.7

<5
5–< 15
≥ 15

1.40
3.40
2.40

0.8–2.5
1.7–7.0
1.1–5.5

Former
Current
0.5–< 5
5–< 15

2.00
3.10
1.30
4.60

0.7–5.7
1.9–5.2
0.5–3.6
2.5–8.5

Never
Ever
Sequential
Continuous
Never
Ever

284
136
80
159
199
89

339
964
55
116
339
96

1.0
1.80
1.80
1.60
1.0
1.60

Sequential
Continous
Never
Ever

52
102
47
29

55
116
339
96

1.70
1.50
1.0
2.50

1.10–2.60
1.10–2.00

Sequential
Continous

19
40

55
116

2.80
2.70

1.50–5.40
1.60–4.40

1.40–4.30
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Li et al. (2003), 1997–99 65–79
USA (3-county
Puget Sound,
WA)

Histology

COMBINED ESTROGEN−PROTESTOGEN MENOPAUSAL THERAPY

233

the positive association between the use of hormonal menopausal therapy and risk for
breast cancer may be confined to women with a body mass index lower than 27 kg/m2.
Li, C.I. et al. (2000) conducted a case–control study in the USA that involved 537
women who had breast cancer and were 50–64 years of age and 492 controls selected at
random from the population. The aim of the study was to investigate whether the use of
combined hormonal menopausal therapy has different effects on different histological
subtypes of breast cancer. For women who had used combined hormonal therapy for at
least 6 months, the relative risk for ductal breast carcinoma was 0.7 (95% CI, 0.5–1.2; 35
exposed cases) and that for lobular breast carcinoma was 2.5 (95% CI, 1.1–4.6; 12
exposed cases). Using a likelihood ratio test, the difference between these two estimates
of relative risk was statistically significant (p = 0.007). The relative risk associated with
current use of combined hormonal therapy for at least 6 months was 2.6 (95% CI, 1.1–5.8)
for lobular breast carcinoma compared with the risk in never users. These results were
adjusted for age and type of menopause (natural or surgical). In comparison, there was no
increase in the risk for ductal breast carcinoma (relative risk, 0.7; 95% CI, 0.5–1.1) related
to current use of combined hormonal menopausal therapy. A similar comparison between
the estimates suggested that the difference was statistically significant (p < 0.03).
The specific aim of a case–control study in the USA (Ross et al., 2000) was to investigate whether daily administration of combined hormonal therapy exerts a different effect
on risk for breast cancer than sequential administration. The study included 1897 postmenopausal women with breast cancer and 1637 postmenopausal population controls. The
age range of the participants was 55–72 years. The relative risk for ever use versus never
use of combined preparations was not reported, but the risk for breast cancer increased
with duration of use. For every 5 years of use of combined therapy, the relative risk was
1.24 (95% CI, 1.07–1.45). The risk related to combined regimens with cyclical progestogens was slightly higher than that found for regimens in which progestogens were
given daily, but the difference was not statistically significant: for 5 years of use, the odds
ratio for the cyclical regimen was 1.38 (95% CI, 1.13–1.68; 320 exposed cases) versus 1.09
(95% CI, 0.88–1.35; 105 exposed cases) for the daily regimen. These results were adjusted
for age, age at menarche, family history of breast cancer, age at first full-term pregnancy,
parity, age at menopause, previous use of oral contraceptives, body weight and consumption of alcoholic beverages.
A population-based case–control study in Canada on data from the Enhanced Cancer
Surveillance Project (Kirsh & Kreiger, 2002) included 320 incident cases of breast cancer
and 316 controls (with information or hormonal therapy use) who were frequencymatched by age. A self-administered questionnaire was used to collect information on the
use of combined hormonal menopausal therapy between 1995 and 1997. Long duration
of use (10 years or longer) of combined estrogen–progestogen therapy was associated
with an increased risk (odds ratio, 3.48; 95% CI, 1.00–12.11) compared with never use.
Another large case–control study in the USA (Newcomb et al., 2002) investigated the
type and duration of use of combined hormonal menopausal therapy in relation to the risk
for breast cancer. The study included 5298 postmenopausal cases of breast cancer aged
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50–79 years of age and 5571 control women who were randomly selected from population
lists. The relative risk for ever use versus never use of combined regimens was 1.43
(95% CI, 1.18–1.74; 315 exposed cases). Women who used regimens with daily progestogens had a relative risk of 1.45 (95% CI, 1.06–1.99; 115 exposed cases), but the association was similar for women who used the different types of sequential therapy. The relative risk for breast cancer increased with duration of use: the increase per year of combined
treatment was approximately 4% (relative risk, 1.04; 95% CI, 1.01–1.08) and that for
recent use for more than 5 years was 1.57 (95% CI, 1.15–2.14).
The association between the use of combined hormonal menopausal therapy and the risk
for breast cancer was also studied in the CARE [Contraceptive and Reproductive Experience] multicentre case–control study in the USA. Weiss et al. (2002) included 1870 postmenopausal women with breast cancer aged 35–64 years and 1953 controls identified by
random-digit dialling. Current users for 5 or more years of daily combined hormonal menopausal therapy were at increased risk for breast cancer (odds ratio, 1.54; 95% CI, 1.10–2.17)
compared with never users. Among current users, increasing duration of use was associated
with increasing risk (p for trend = 0.01). Whether different regimens of combined hormonal
menopausal therapy may have different effects on different histological subtypes of breast
cancer was also studied within the same study (Daling et al., 2002). Cases were 1749 postmenopausal women under 65 years of age with a diagnosis of breast cancer; the 1953
controls were those included in the study of Weiss et al. (2002). The aim was to assess
whether combined hormonal therapy increases the risk for lobular breast carcinoma. The
tumours were grouped into three histological categories: 1386 patients had ductal carcinoma, 148 had lobular carcinoma and 115 women were diagnosed with a mixture of these
histological subtypes. Another 100 patients were divided among less prevalent histological
types of breast cancer. The association with ever use (≥ 6 months) versus never use of combined menopausal therapy was not reported, but current daily use of combined treatment
was associated with an increased risk for invasive lobular disease (odds ratio, 2.2; 95% CI,
1.4–3.5; 75 exposed cases). The relative risks were adjusted for age, race, study site and age
at menopause.
A case–control study in the USA (Li et al., 2003) assessed duration and patterns of use
of combined hormonal therapy in relation to histological subtypes and hormonal receptor
status of breast cancer. The study included 975 women aged 65–79 years who had invasive
breast cancer classified according to histology and hormone receptor status and 1007 population controls. For women who had ever used combined hormonal therapy only, the
relative risk for breast cancer was 1.8 (95% CI, 1.3–2.5) compared with the risk in never
users. When examined by histological subtype, ever users of combined hormonal menopausal therapy had an increased risk for both invasive ductal carcinoma (relative risk, 1.6;
95% CI, 1.1–2.3; 89 exposed cases) and invasive lobular carcinoma (relative risk, 2.5;
95% CI, 1.4–4.3; 29 exposed cases). The increased risk for lobular carcinoma was greater
in women who had used combined therapy for a relatively long time. For lobular carcinoma, the relative risk for use for between 5 and 15 years was 3.4 (95% CI, 1.7–7.0) and
that for use for longer than 15 years was 2.4 (95% CI, 1.1–5.5). Both current and former

COMBINED ESTROGEN−PROTESTOGEN MENOPAUSAL THERAPY

235

use for at least 6 months were associated with an increased risk for all histological subtypes. With regard to different hormone receptor properties, the results showed that, among
ever users, the relative risk for estrogen and progesterone receptor-positive tumours was
2.0 (95% CI, 1.5–2.7). The risk increased with duration of use, but did not differ according
to whether progestogens were given sequentially (relative risk, 1.8; 95% CI, 1.2–2.7) or
daily (relative risk, 1.6; 95% CI, 1.2–2.2). In relation to estrogen or progesterone receptornegative breast cancer, no increase in risk was found, but low statistical power related to
hormone receptor-negative disease limited the ability of the study to evaluate this subtype
of breast cancer reliably.
2.2

Endometrial cancer

Postmenopausal women who use estrogen-only therapy are at an increased risk for
endometrial cancer, and the risk increases with increasing duration of use (IARC, 1999).
To counteract this risk, many women use combined estrogen–progestogen regimens. At
the time when the previous evaluation on this topic was made, only four published studies
provided information on the effects of the combined regimens on the risk for endometrial
cancer, and the limited available evidence suggested that the addition of progestogens
reduced the elevated risk associated with estrogen.
2.2.1

Descriptive studies

Using data from the Southern California Kaiser Foundation Health Plan, Ziel et al.
(1998) reported patterns of prescription of hormonal menopausal therapy among women
aged over 45 years in 1971–93 and related them to trends in the incidence of endometrial
cancer. Use of combined estrogen–progestogen regimens began to increase during the mid1980s. A log-linear model fitted to the data indicated that, since about 1984, the prescription of progestogens together with estrogens was negatively associated with the incidence
rates of endometrial cancer. The authors concluded that their observation was consistent
with the hypothesis that progestogens administered in conjunction with estrogens can
protect against much of the increased risk for endometrial cancer associated with the use
of estrogens alone.
2.2.2

Randomized trials

In a trial in which 168 institutionalized women were randomized to receive estrogen–progestogen menopausal therapy or placebo, no case of endometrial cancer occurred
in the treated group and one case occurred in those who received placebo (Nachtigall et al.,
1979).
The HERS randomized 2763 women with previous coronary heart disease to either
placebo or a daily regimen of 0.625 mg conjugated equine estrogen and 2.5 mg medroxyprogesterone acetate. The women were then followed up for 4.1 years on average (Hulley

236

IARC MONOGRAPHS VOLUME 91

et al., 1998). During the follow-up period, two endometrial cancers were diagnosed in the
treated group and four were diagnosed in the placebo group to give a relative risk of 0.49
(95% CI, 0.09–2.68) for use of continuous combined therapy compared with placebo.
In the WHI Trial, 16 608 women who had not had a hysterectomy were randomized to
receive placebo or a daily regimen of 0.625 mg conjugated equine estrogen and 2.5 mg
medroxyprogesterone acetate. After an average follow-up of 5.6 years, Anderson et al.
(2003) reported that 27 incident cases of endometrial cancer had occurred among those randomized to continuous combined hormonal therapy and 31 cases among those randomized
to placebo. The relative risk was 0.81 (95% CI, 0.48–1.36) for the use of continuous combined therapy compared with placebo.
2.2.3

Cohort studies

Cohort studies that presented relative risk estimates for endometrial cancer associated
with the use of estrogen–progestogen menopausal therapy published from 1999 onwards
are summarized in Table 6.
Hammond et al. (1979) followed up approximately 600 women, approximately half of
whom had used either estrogen-only or estrogen–progestogen preparations and half of
whom had not used hormones. No cases of endometrial cancer were observed among the
72 women who received estrogen–progestogen therapy, whereas three cases were observed
among women who did not. No person–years or age-adjusted relative risks were reported.
Gambrell (1986) reported that the incidence of endometrial cancer among women
who had used combined hormonal therapy (eight cases in 16 327 woman–years) was
lower than that among women who did not use any hormonal therapy (nine cases in 4480
woman–years). No age-adjusted relative risks were reported.
Persson et al. (1999) updated their earlier report on the follow-up of a cohort of
Swedish women who had used hormonal menopausal therapy (Persson et al., 1989). The
cohort had initially been identified through pharmacy records; in 1987–88, the women
were mailed a follow-up questionnaire requesting further details on their use of hormonal
therapy and other personal characteristics. The 8438 women who replied were linked to the
National Swedish Cancer Registry; 66 endometrial cancers were identified in the cohort up
to December 1993. In comparison with the population rates in the Uppsala health care
region, the relative risk for endometrial cancer associated with use of estrogen–progestogen therapy was 1.4 (95% CI, 0.9–2.3; six exposed cases) for 1–6 years of use and 1.7
(95% CI, 1.1–2.6; 11 exposed cases) for more than 6 years of use. There was no significant
difference according to duration of use. Estimates of relative risk were not given according
to the number of days per month that progestogens were added to estrogen therapy or by
time since last use of the therapy.
Pukkala et al. (2001) linked prescription records for hormonal menopausal therapy to
cancer registry data in Finland and compared incidence rates of endometrial cancer in users
of combined therapy with those in the general population in Finland. Among 78 549 women
who were taking progestogens added to estrogen therapy for 10–12 days every month, the

Reference,
location

Study
period

Age range
(years)

Source
population

Type/measure of combined
therapy

No. of
cases

Persson
et al. (1999),
Sweden

1987–93

65 (median)

8438 women

None
Any progestogen added to
estrogen
Duration
≤ 6 years
> 6 years
Progestogens 14 days every
3 months
Progestogens 10–12 days
per month

Pukkala
et al. (2001),
Finland

1994–97

Bakken
et al. (2004),
Norway

1991–NR

Any age

45–64

94 505 women

67 336 women

None
Any

Relative risk
(95% CI)

Comments

12

1.0

6
11

1.4 (0.9–2.3)
1.7 (1.1–2.6)

Adjusted for age, length of
follow-up, age at first fullterm pregnancy, body mass
index, education, menopausal
age/status

61

2.0 (1.6–2.6)

141

1.3 (1.1–1.6)

45
11

1.0
0.7 (0.4–1.4)

Standardized incidence ratios,
using the female Finnish
population
Adjusted for age, body mass
index, smoking, ever use of
oral contraceptives, time since
menopause, parity, age at last
birth
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Table 6. Cohort studies of the use of estrogen–progestogen menopausal therapy use and risk for endometrial cancer by
number of days that progestogens were added to estrogen therapy per month, duration of use and type of progestogen
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Table 6 (contd)
Study
period

Age range
(years)

Source
population

Type/measure of combined
therapy

No. of
cases

Relative risk
(95% CI)

Comments

Beral et al.
(2005),
United
Kingdom

1996–2002

50–65

716 738 women

None
Progestogens, every day/month
Any
Duration
< 5 years
≥ 5 years
Type of progestogen
Norethisterone
Medroxyprogesterone acetate
Progestogens, 10–14 days/
month
Any
Duration
< 5 years
≥ 5 years
Type of progestogen
Norgestrel
Norethisterone

773

1.0

Adjusted for age, region of
residence, socioeconomic
status, body mass index,
alcoholic beverage
consumption, ever use of oral
contraceptives, time since
menopause, parity

CI, confidence interval; NR, not reported

73

0.71 (0.59–0.90)

28
44

0.55 (0.37–0.80)
0.90 (0.66–1.22)

46
27

0.76 (0.57–1.03)
0.63 (0.43–0.93)

242

1.05 (0.90–1.22)

95
140

0.90 (0.72–1.12)
1.17 (0.97–1.41)

183
53

1.09 (0.93–1.29)
0.93 (0.70–1.23)
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location
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standardized incidence ratio (SIR) for endometrial cancer was 1.3 (95% CI, 1.1–1.6; 141
cases); among 15 956 women who used progestogens added to estrogen for 14 days every
3 months, the standardized incidence ratio was 2.0 (95% CI, 1.6–2.6; 61 cases).
Bakken et al. (2004) followed 67 336 Norwegian women aged 45–64 years who were
recruited in 1991–97. Information on use of hormonal therapy was obtained from self-completed questionnaires and incident cancers were determined by linkage to data from the
Cancer Registry of Norway. Among 7268 women who were using estrogen–progestogen
menopausal therapy at the time of recruitment, 11 incident endometrial cancers were
diagnosed. The associated relative risk was 0.7 (95% CI, 0.4–1.4), adjusted for age, body
mass index, tobacco smoking, use of oral contraceptives, time since menopause, parity and
age at first birth. Estimates of relative risk were not given according to the number of days
per month that progestogens were added to estrogen therapy or by time since last use of the
therapy.
In 1996–2001, the Million Women Study Collaborators (Beral et al., 2005) recruited
over a million women in the United Kingdom aged 50–65 years through the National Health
Service Breast Screening Programme. Information was collected on the last formulation of
hormonal therapy used and the total duration of use of such therapy or any type of hormonal
therapy. This self-reported information showed 97% agreement with prescription records on
whether combined or estrogen-only menopausal therapy was currently used (Banks et al.,
2001). At recruitment, 716 738 members of the cohort were postmenopausal and had not
had a hysterectomy or previous diagnosis of cancer. Follow-up of these women via national
cancer registries over an average of 3.4 years identified 1320 women with incident endometrial cancer. Compared with never users of hormonal therapy (773 cases), the relative
risks for endometrial cancer were 0.71 (95% CI, 0.56–0.90; 73 exposed cases) for any use
of continuous estrogen–progestogen therapy and 1.05 (95% CI, 0.91–1.22; 242 exposed
cases) for any use of cyclical estrogen–progestogen therapy (usually including progestogens
for 10–14 days per month). The relative risks were adjusted for age, region of residence,
socioeconomic status, body mass index, alcoholic beverage consumption, ever use of oral
contraceptives, time since menopause and parity. The difference between the effects of
continuous and cyclical estrogen–progestogen therapy was highly significant (p = 0.006).
Most women were current or recent users of these therapies at the time of recruitment into
the study and, although there was no significant difference in the findings between current
and past users, there was limited power to detect any difference, since the average time since
last use was only 1–3 years among former users. Among women who had last used a combined therapy (both continuous and cyclical), there were no significant differences according to duration of use or the constituent progestogen. Nine factors that could potentially
modify the effects of hormonal therapy on endometrial cancer were examined, and only
body mass index consistently showed a significant interaction. Among women with body
mass indices of < 25, 25–29 and ≥ 30 kg/m2, respectively, the relative risks for endometrial
cancer were 1.07 (95% CI, 0.73–1.56), 0.88 (95% CI, 0.60–1.30) and 0.28 (95% CI,
0.14–0.55) for use of continuous combined therapy and 1.54 (95% CI, 1.20–1.99), 1.07
(95% CI, 0.82–1.40) and 0.67 (95% CI, 0.49–0.91) for use of cyclical combined therapy.
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Case–control studies

The case–control studies that presented relative risk estimates for endometrial cancer
associated with the use of estrogen–progestogen menopausal therapy are summarized in
Table 7.
A multicentre study was conducted with 300 menopausal women who had been diagnosed with endometrial cancer at seven US hospitals located in five different areas of the
country and 207 age-, race- and residence-matched control women from the general population (Brinton & Hoover, 1993). Use of any estrogen–progestogen therapy for 3 months
or longer was reported by 11 (4%) of the case women and nine (5%) of the control women
(odds ratio, 1.8; 95% CI, 0.6–4.9 adjusted for age, parity, weight and years of oral contraceptive use).
Jick et al. (1993) studied women who were members of a large health maintenance
organization in western Washington State, USA. Women with endometrial cancer were
identified from the tumour registry of the organization and control women were other
members; both groups included only women who used the pharmacies of the organization
and who had previously completed a questionnaire sent to all female members for a study
of mammography. Use of hormonal menopausal therapy was ascertained from the pharmacy database. Relative to women who had never or briefly (≤ 6 months) used menopausal
hormones, those who had used any estrogen–progestogen therapy within the previous year
had a non-significant increased risk (odds ratio, 1.9; 95% CI, 0.9–3.8; 18 cases), after
adjustment for age, calendar year, age at menopause, body mass and history of oral contraceptive use. Former users (last use ≥ 1 year earlier) had no significant increase in risk (odds
ratio, 0.9; 95% CI, 0.3–3.4; six incident cases), but the statistical power to compare current
and past users was limited.
Beresford et al. (1997) expanded the study population originally investigated by Voigt
et al. (1991) and evaluated the risk for endometrial cancer among women who had used
estrogen–progestogen therapy exclusively. Women who had been diagnosed with endometrial cancer in 1985–91 were identified from a population-based cancer registry and
their characteristics were compared with control women from the general population in
western Washington State, USA. The analysis included 394 cases and 788 controls. Relative to women who had never or briefly (≤ 6 months) used menopausal hormones, women
who had used only estrogen–progestogen therapy had a borderline increased risk for endometrial cancer (odds ratio, 1.4; 95% CI, 1.0–1.9), after adjustment for age, body mass and
county of residence. For women who had used estrogen–progestogen therapy for ≤ 10 days
per cycle for at least 5 years, the odds ratio was 3.7 (95% CI, 1.7–8.2; five exposed cases);
among women who had used combined therapy with progestogens added cyclically for
more than 10 days each month for at least 5 years, the relative risk was 2.5 (95% CI,
1.1–5.5). Statistical power to compare current and past users was limited. Using data from
the same study population, McKnight et al. (1998) reported that the relative risk associated
with the use of cyclical progestogens added for 10–24 days per month was 2.6 (95% CI,
1.3–5.5; 14 exposed cases) among women who had never used estrogen-only previously,

Reference,
location

Study
period

Age
range
(years)

Source of
controls

Type/measure of combined therapy

No. of subjects
Cases

Controls

Adjusted odds
ratio (95% CI)

Comments

Brinton &
Hoover (1993),
USA (seven
hospitals in five
areas)

1987–90

20–74

General
population

No use
Any use for ≥ 3 monthsa

222
11

176
9

1.0
1.8 (0.6–4.9)

Adjusted for age,
parity, weight, years
of oral contraceptive
use

Jick et al.
(1993), USA
(Washington
State)

1989–89

50–64

Members of
health
maintenance
organization

No use or use ≤ 6 months
Current/recent
Duration (years)
<3
≥3

97
18

606
83

1.0
1.9 (0.9–3.8)

NR
NR

NR
NR

2.2 (0.7–7.3)
1.3 (0.5–3.4)

Adjusted for age,
calendar year, age at
menopause, body
mass index, oral
contraceptive use

Beresford et al.
(1997), USA
(Washington
State)

1985–91

General
population

No use or use ≤ 6 months
Any use
Progestogen ≤ 10 days/month
Duration (months)
6–35
36–59
≥ 60
Progestogen > 10 days/month
Duration (months)
6–35
36–59
≥ 60
Progestogen every day/month

337
67

685
134

1.0
1.4 (1.0–1.9)

12
3
15

14
7
12

2.1 (0.9–4.7)
1.4 (0.3–5.4)
3.7 (1.7–8.2)

10
5
12
9

31
23
16
33

0.8 (0.4–1.8)
0.6 (0.2–1.6)
2.5 (1.1–5.5)
0.6 (0.3–1.3)

45–74

Adjusted for age,
body mass index,
country of residence
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added per cycle, duration, and type of progestogen
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Table 7 (contd)
Reference,
location

Weiderpass
et al. (1999),
Sweden

1987–93

1994–95

Age
range
(years)

Source of
controls

50–74

General
population
(neighbours)

50–74

Type/measure of combined therapy

No. of subjects
Cases

General
population

Any use, progestogen < 10 days/monthb
Duration (months)
0
1–24
25–60
≥ 60
Any use, progestogen ≥ 10 days/month
Duration (months)
0
1–24
25–60
≥ 60
Any use, progestogen every day/month
Duration (months)
0
1–24
25–60
≥ 60
No use
Any usea
Progestogen ~10 days/month, ever
Duration (years)
<5
≥5
Progestogen, every day/month, ever
Duration (years)
<5
≥5

Adjusted odds
ratio (95% CI)

Comments

Controls

759
35
12
27

744
22
12
13

1.0
1.4 (NR)
1.5 (NR)
3.5 (NR)

754
37
19
23

703
30
25
33

1.0
1.0 (NR)
0.7 (NR)
1.1 (NR)

739
45
25
24

710
41
15
25

1.0
1.1 (NR)
1.4 (NR)
1.3 (NR)

573
119
90

2798
477
300

1.0
1.3 (1.0–1.7)
2.0 (1.4–2.7)

38
40
41

191
78
237

1.5 (1.0–2.2)
2.9 (1.8–4.6)
0.7 (0.4–1.0)

32
2

162
53

0.8 (0.5–1.3)
0.2 (0.1–0.8)

Adjusted for age at
menarche, time to
regular cycle, parity,
weight, duration of
breast feeding,
amenorrhoea, tobacco
smoking, oral
contraceptive use,
age at menopause

Adjusted for age, age
at menopause, parity,
age at last birth, body
mass index and
duration of previous
menopausal hormone
use
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Pike et al.
(1997), USA
(California)

Study
period

Table 7 (contd)

Jain et al.
(2000), Canada
(Ontario)

Mizunuma et al.
(2001), Japan

Newcomb &
Trentham-Dietz
(2003), USA
(Wisconsin)

Study
period

1994–98

1995–97

1991–94

Age
range
(years)

Source of
controls

> 48

Property
assessment
list of the
Ontario
Ministry of
Finance

No use
Ever use of combined therapy
Progestogen for ~10 days/month, ever
Duration (years)
<3
≥3
Progestogen every day/month only

292
128
65

63 hospitals

62.0
(mean)

40–79

Type/measure of combined therapy

Adjusted odds
ratio (95% CI)

Comments

316
136
87

1.0
1.37 (0.99–1.89)
1.05 (0.71–1.56)

18
47
15

40
47
14

0.57 (0.31–1.06)
1.49 (0.93–2.40)
1.51 (0.67–3.42)

Adjusted for age,
weight, menarche
age, age at menopause, period disorders, education,
parity, smoking and
physical activity

Never use of therapy
Ever use of combined therapy
Duration (months)
< 12
≥ 12

934

1188

6
2

6
6

No use
Ever use of any combined therapy
Progestogen added for
< 10 days/month
10–21 days/month
> 21 days/month
Progestogen for ≤ 21 days/month
Medroxyprogesterone acetate
< 10 mg
> 10 mg
Progestogen for > 21 days/month
Medroxyprogesterone acetate
< 10 mg
> 10 mg

402
48

1667
166

1.0
1.69 (1.15–2.47)

8
14
20

21
71
62

2.43 (1.00–5.92)
1.10 (0.59–2.07)
2.26 (1.27–4.00)

6
10

24
54

1.29 (0.49–3.36)
1.11 (0.53–2.32)

12
2

45
8

1.68 (0.82–3.43)
5.75 (1.75–18.9)

No. of subjects
Cases

Medicare
beneficiaries

1.0

Adjusted for age,
parity, body mass
index, height

0.9 (0.3–3.0)
0.6 (0.1–3.1)
Adjusted for age,
parity, body mass
index, tobacco
smoking, oral
contraceptive use
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CI, confidence interval; NR, not reported
a
Women taking estrogen only included
b
Use of estrogen only and other combined therapy adjusted for in the analysis

Controls
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but only 0.21 (95% CI, 0.07–0.66; four exposed cases and controls) among women who
had used estrogen-only therapy previously. In a study that included the same study
subjects, Hills et al. (2000) reported that the relative risk associated with the use of progestogens added to estrogen on a daily basis was 0.6 (95% CI, 0.3–1.3; nine exposed cases,
33 exposed controls).
Pike et al. (1997) identified 833 women with endometrial cancer from a populationbased cancer registry in Los Angeles County, CA, USA, and matched them to control
women of similar age and race (white) who lived in the same neighbourhood as the
matched case or to 791 women randomly identifed from the US Health Care Financing
Administration computer tapes. The risk for endometrial cancer was investigated among
women who had used estrogen–progestogen with progestogen added for fewer than 10
days per cycle, for ≥ 10 days per cycle and continuously. The relative risks were [1.9
(95% CI, 1.3–2.6)] for fewer than 10 days per cycle and [0.96 (95% CI, 0.69–1.34)] for
≥ 10 days per month [the referent group for each analysis was women who had never used
that type of therapy]. The odds ratios for every additional 5 years of use were 1.9 (95% CI,
1.3–2.7) and 1.1 (95% CI, 0.8–1.4), respectively, after adjustment for age at menarche,
time to regular cycles, parity, weight, duration of breast-feeding, amenorrhoea, tobacco
smoking, duration of oral contraceptive use and age at menopause. No significant increase
in the odds ratio was found for daily use of progestogens together with estrogens (relative
risk, 1.23; 95% CI, 0.88–1.71; 94 exposed cases, 81 exposed controls); for every additional 5 years of use, the odds ratio increased by 1.1 (95% CI, 0.8–1.4). No comparisons
were made between current and past users of these therapies.
Weiderpass et al. (1999) conducted a population-based case–control study in Sweden
of 709 women aged 50–74 years who were diagnosed with endometrial cancer in 1994–95
and 3368 matched controls. When users of estrogen–progestogen menopausal therapy were
compared with never users of any type of therapy, the overall relative risk for endometrial
cancer was 1.3 (95% CI, 1.0–1.7; 119 exposed cases, 477 exposed controls). All analyses
were adjusted by age, age at menopause, parity, age at last birth, body mass index and
duration of previous use of various types of menopausal hormones. The odds ratio was 2.0
(95% CI, 1.4–2.7) for use of progestogens added cyclically for an average of 10 days each
month and 0.7 (95% CI, 0.4–1.0) for use of continuous combined therapy. Among the users
of therapy with progestogens added cyclically, the relative risk was significantly higher in
women who had used hormonal therapy for more than 5 years (odds ratio, 2.9; 95% CI,
1.8–4.6) than in those who had used them for shorter durations (odds ratio, 1.5; 95% CI,
1.0–2.2). Among users of continuous combined therapy, the risk was lower in women who
had used the therapy for more than 5 years (odds ratio, 0.2; 95% CI, 0.1–0.8) than in those
who had used them for shorter durations (odds ratio, 0.8; 95% CI, 0.5–1.3). There were no
significant differences in risk according to the specific progestogenic constituent of the
therapy.
Jain et al. (2000) conducted a population-based case–control study in Ontario, Canada,
on 512 women with endometrial cancer and 513 controls. Cases identified through the
Ontario Cancer Registry were diagnosed between 1994 and 1998. Controls were identified
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from property assessment lists maintained by the Ontario Ministry of Finances. Subjects
were interviewed at home. For women who reported that they had used estrogen–progestogen menopausal therapy compared with those who had never used any type of therapy,
the relative risk for endometrial cancer was 1.37 (95% CI, 0.99–1.89). All analyses were
adjusted by age, education, parity, weight, age at menarche, tobacco smoking, past oral
contraceptive use, education, and calorie intake and expenditure. Among the users of combined therapy, there were no significant differences according to duration of use, recency
of use or the number of days each month that progestogens were added to estrogen therapy
but statistical power to compare such patterns of use was limited.
Mizunuma et al. (2001) conducted a hospital-based case–control study in Japan of
1025 women who were diagnosed with endometrial cancer in 1995–97 and 1267 matched
controls from 63 hospitals. Women who used estrogens with progestin for ≥ 12 months had
an odds ratio of 0.6 (95% CI, 0.11–3.11), and those who used estrogens without progestin
for ≥ 12 months had an odds ratio of 2.6 (95% CI, 0.23–28.2). Among the users of combined therapy, there were no significant differences according to duration of use; data on
risk were not given according to the number of days per month that progestogens were
added to estrogen therapy.
Newcomb and Trentham-Dietz (2003) conducted a population-based case–control
study in Wisconsin, USA, of 591 women aged 40–79 years who were diagnosed with endometrial cancer in 1991–94 and 2045 matched controls. For ever use of any type of estrogen–progestogen menopausal therapy compared with never use, the odds ratio for endometrial cancer was 1.69 (95% CI, 1.15–2.47). All analyses were adjusted for age, parity,
body mass index, tobacco smoking and past oral contraceptive use. For progestogens added
cyclically for fewer than 10 days each month, the odds ratio for endometrial cancer was 2.43
(95% CI, 1.00–5.92); for progestogens added cyclically for 10–21 days each month, the
relative risk was 1.10 (95% CI, 0.59–2.07); and for daily use of progestogens, the relative
risk was 2.26 (95% CI, 1.27–4.00). There were no significant differences in risk according
to recency of use, duration of use or the dose of progestogen used, but the power to detect
such differences was low.
2.2.5

Overview

Two randomized trials, four cohort studies and eight case–control studies have reported
relative risks for endometrial cancer associated with the use of combined estrogen–progestogen therapy. Most investigators found that the fewer days each month that progestogens
were added to estrogen therapy, the higher was the relative risk for endometrial cancer.
Figure 2 summarizes the overall findings. Five of eight studies, including the Million
Women Study, reported risks below unity for the addition of progestogen every day. Five of
six studies on progestogens added for 10–24 days per month and all four studies on progestogens added for < 10 days per month reported an increased risk for endometrial cancer
(Million Women Study Collaborators, 2005).
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Figure 2. Summary of published studies on the relation between use of combined
estrogen–progestogen hormonal therapy and endometrial cancer, according to the
number of days per month that progestogens are added to estrogen therapy
Progestogens added every day
Pike et al. (1997)
Hulley et al. (1998)
Weiderpass et al. (1999)
Jain et al. (2000)
Hill (2000)
Newcomb & Trentham-Dietz (2003)
Anderson et al. (2003)
Beral et al. (2005)
−24 days per month
Progestogens added 10−
Beresford et al. (1997)
Pike et al. (1997)
Weiderpass et al. (1999)
Jain et al. (2000)
Pukkala et al. (2001)
Newcomb & Trentham-Dietz (2003)
Beral et al. (2005)
Progestogens added < 10 days per month
Pike et al. (1997)
Beresford et al. (1997)
Pukkala et al. (2001)
Newcomb & Trentham-Dietz (2003)

Adapted from Million Women Study Collaborators (2005)

Among the eight studies that reported on the effect of progestogens added to estrogen
therapy on a daily basis, only one (Newcomb & Trentham-Dietz, 2003) found that the risk
for endometrial cancer was significantly higher in never users of any type of hormonal
therapy.
Overall, no consistent trend was found with increasing duration of use of continuous
combined therapy (Table 8), and no significant differences were found according to the
specific type of progestogen used (Beral et al., 2005) or according to progestogen dose
(Newcomb & Trentham-Deitz, 2003).
In the seven studies that reported on the effect of progestogens added to estrogens for
10–21 days per month, all found that the risk for endometrial cancer was similar to or
slightly higher than that seen in never users of any type of hormonal therapy (Table 9). Five
of the seven studies presented results separately according to duration of use of the therapy
and, in every study, the relative risk tended to be higher with longer use. Among users of
hormonal therapy with progestogens added for 10–21 days per month, no significant
differences were found according to the specific type of progestogen used (Beral et al.,
2005).
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Table 8. Summary of results on the association of endometrial cancer
with the daily addition of progestogens to estrogen therapy
Reference,
location

Exposure category

Observational studies
Pike et al. (1997), No use
USA
Any use
Duration ≥ 5 years

No. of
cases

No. of
controls/
population
at risk

739
94
24

710
81
33

Relative risk/
odds ratio
(95% CI)

1.0
1.07 (0.80–1.43)
1.34 (NR)

Weiderpass et al.
(1999), Sweden

Never
Ever
Duration ≥ 5 years

641
41
2

3 014
237
32

1.0
0.7 (0.4–1.0)
0.2 (0.1–0.8)

Hill et al. (2000),
USA

No use of any hormonal
therapy
Ever continuous hormonal
therapy

392
9

793
33

1.0
0.6 (0.3–1.3)

Jain et al. (2000),
Canada

No use
Exclusive use of continuous
hormonal therapy

292
15

316
14

1.0
1.51 (0.67–3.42)

Newcomb &
Threntham-Dietz
(2003), USA

No use
Any use

402
20

1 667
62

1.0
2.26 (1.27–4.00)

Beral et al.
(2005), United
Kingdom

Never users
Any use
Duration ≥ 5 years

763
73
44

395 786
69 577
33 600

1.0
0.71 (0.56–0.90)
0.90 (0.66–1.22)

Randomized trials
Hulley et al.
Placeboa
(1998), USA
Estrogen-progestina

2
4

1.0
0.49 (0.09–2.68)

Placebob
Estrogen-progestinb

27
31

1.0
0.81 (0.48–1.36)

Anderson et al.
(2003), USA

CI, confidence interval; NR, not reported
a
2763 women were randomized.
b
16 608 women were randomized.

All four studies that reported on the risk for endometrial cancer associated with use of
combined hormonal therapy with progestogens added for less than 10 days per month found
an increased risk for endometrial cancer associated with such use, although the risk was
lower than that associated with the use of estrogen-only therapy (Beresford et al., 1997; Pike
et al., 1997; Pukkala et al., 2001; Newcomb & Trentham-Dietz, 2003). The two studies that
reported results according to duration of use found that the risk tended to be higher with
longer use (Table 10).
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Table 9. Summary of results from studies of endometrial cancer and the
addition of progestogens cyclically to estrogen therapy for 10–21 days
each month
Reference, location

Exposure category

No. of
cases

No. of controls/
population
at risk

SIR/odds ratio
(95% CI)

Beresford et al.
(1997), USA

Never
Any use
Duration ≥ 5 years

270
25
12

593
64
16

1.0
1.3 (0.8–2.2)
2.5 (1.1–5.5)

Pike et al. (1997),
USA

No use
Any use
Duration > 5 years

754
79
23

703
88
33

1.0
1.07 (0.82–1.41)
1.09 [NR]

Weiderpass et al.
(1999)a, Sweden

Never
Ever
Duration ≥ 5 years

597
90
40

2 963
300
78

Jain et al. (2000)b,
Canada

No use
Any use
Duration ≥ 3 years

292
65
47

316
87
47

1.0
1.05 (0.71–1.56)
1.49 (0.93–2.40)

Pukkala et al.
(2001), Finland

Any use

141

105c

1.3 (1.1–1.6)

Newcomb &
Threntham-Dietz
(2003), USA

No use
Any use

402
14

1 667
71

1.0
1.10 (0.59–2.07)

Beral et al.
(2005), United
Kingdom

No use
Any use
Duration ≥ 5 years

763
242
140

395 785
145 486
75 000

1.0
1.05 (0.91–1.22)
1.17 (0.97–1.41)

1.0
2.0 (1.4–2.7)
2.9 (1.8–4.6)

CI, confidence interval; NR, not reported; SIR, standardized incidence ratio
a
The average duration of use of progestogens was about 10 days each month.
b
All but six cases used progestogens for 10 or more days each month.
c
Expected number of cases, based on incidence rates of endometrial cancer in Finland

Taken together, the results are consistent with the view that the addition of progestogens to estrogen therapy lessens the risk associated with the use of estrogens alone, and
that the greater the number of days per month that progestogens are added, the greater is
the reduction in risk. The addition of progestogens for less than 10 days per month is associated with a clear increase in the risk for endometrial cancer. To reduce the rates of endometrial cancer in menopausal women to levels that are found in never users of hormonal
therapy, progestogens may need to be added to estrogens most of the time and possibly on
a daily basis. Since the use of combined estrogen–progestogen therapy began relatively
recently, there is as yet little information on the effects of combined estrogen–progestogen
therapy on the risk for endometrial cancer many years after cessation of use.
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Table 10. Summary of results of studies of endometrial cancer
and the addition of progestogens to estrogen therapy cyclically
for < 10 days each month
Reference,
location

Exposure category

No. of
cases

No. of controls/
population
at risk

Relative risk/
odds ratio
(95% CI)

Beresford et al.
(1997), USA

Never
Any use
Duration ≥ 5 years

270
25
15

593
26
12

1.0
3.1 (1.7–5.7)
3.7 (1.7–8.2)

Pike et al.
(1997), USA

No use
Any use
Duration > 5 years

759
74
27

744
49
13

1.0
1.9 (1.3–2.6)
3.49 (NR)

Pukkala et al.
(2001), Finland

Any use

61

30

2.0 (1.6–2.6)

Newcomb &
Threntham-Dietz
(2003), USA

No use
Any use

402
8

1667
21

1.0
2.4 (1.0–5.9)

CI, confidence interval; NR, not reported

2.3

Cervical cancer

Persistent infection by certain types of human papillomavirus (HPV) is generally considered to be a necessary cause of cervical cancer (IARC, 2007). However, only a small proportion of women who are infected by these viruses develop a cervical neoplasm, which
clearly indicates that co-factors probably play an etiological role. Since the uterine cervix is
responsive to estrogens and progestogens, these hormones could act to modify the carcinogenic potential of an HPV infection. Combined estrogen–progestogen hormonal therapy at
menopause is one exogenous source of these hormones. Their possible role in cervical
carcinogenesis has not been studied adequately in humans. Combined estrogen–progestogen hormonal therapy has not been widely used for a sufficiently long period of time for
adequate epidemiological study of the risk for cervical cancer in relation to long-term use
or to use a long time after initial or most recent exposure.
2.3.1

HPV infection

Two randomized trials have provided some initial information of relevance (Smith
et al., 1997; Anderson et al., 2003). In a study from Iowa, USA, among women who were
enrolled in the Postmenopausal Estrogen/Progestin Intervention trial (Smith et al., 1997),
105 women aged 45–64 years were initially tested for nine high-risk types of HPV DNA
(16, 18, 31, 33, 35, 39, 45, 51, 52) in cervical scrapings on enrolment and two years later
using polymerase chain reaction (PCR)-based technology. Table 11 shows the results at
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Table 11. Summary of results from a randomized trial of estrogen and
estrogen–progestogen combinations that show percentages of women who
were HPV-positive or HPV-negative at baseline and who were HPVpositive after 2 years of treatment
Treatment

HPV-negative at baseline

HPV-positive at baseline

Total
no. of
women

Total
no. of
women

HPV-positive
at 2 years
No.

Placebo

%

HPV-positive
at 2 years
No.

%

17

3

17.6

5

1

20.0

12

3

25.0

8

3

37.5

CEE + progestogen (all combinations)

36

7

19.4

27

7

25.9

CEE/2.5 MPAb
CEE/10 MPAc
CEE/200 MPd

11
12
13

2
2
3

18.2
16.7
23.1

8
10
9

3
2
2

37.5
20.0
22.2

Any hormone treatment

48

10

20.8

35

10

28.6

CEE

a

From Smith et al. (1997)
CEE, conjugated equine estrogens; HPV, human papillomavirus; MP, micronized progesterone;
MPA, medroxyprogesterone acetate
a
CEE, 0.625 mg daily
b
0.625 mg CEE plus 2.5 mg MPA daily
c
0.625 mg CEE daily plus 10 mg MPA daily on days 1–12 of cycle
d
0.625 mg CEE daily plus 200 mg MP daily on days 1–12 of cycle

2 years in women who initially tested HPV-positive or HPV-negative. Among women who
initially tested negative for HPV DNA, the percentage that became positive was not significantly higher in any of the treatment groups than in the placebo group. The treatment groups
included one estrogen-only group and three estrogen–progestogen groups. When these three
groups were combined, the percentage that were HPV DNA-positive after 2 years of followup was also not statistically significantly different in the combined group than in the placebo
group. Thus, the incidence of HPV (or recrudescence of existing infection missed on
enrolment) was apparently not influenced by estrogen–progestogen treatment. Among
women who were initially positive for HPV DNA, the percentage that remained positive at
2 years did not vary significantly by treatment, and the percentage in the three
estrogen–progestogen groups combined was not significantly different from that in the
placebo group. In any individual woman, the type of HPV at 2 years was not always the
same as the type at baseline. The infections at 2 years thus represented a mixture of new and
persistent infections. The results did not provide evidence to suggest that estrogen–progestogen therapy alters the risk for either new or persistent infection. Five women were
found 2 years after enrolment to have an abnormal Papanicolaou (Pap) smear; four had

COMBINED ESTROGEN−PROTESTOGEN MENOPAUSAL THERAPY

251

atypical cells of undetermined significance and one had atypical squamous cells. No such
cells occurred in women with a positive HPV DNA test at baseline or concurrently with a
suspicious Pap smear; their relevance to cervical carcinoma and the sensitivity of the HPV
DNA assays used were therefore questioned. Abnormal Pap smears were not associated
with treatment group. At baseline, the prevalence of HPV DNA was 22.7% in the placebo
group and varied from 40.0 to 45.5% in the four treatment groups, suggesting that women
in the placebo group may have been at lower risk for HPV infection than those in the treatment groups. If this were the case, it would bias the results towards higher rates of HPV
being observed in the treatment groups than in the placebo group at follow-up, and this, in
addition to chance, could explain the slightly higher rates of HPV in some of the treatment
groups than in the placebo group as shown in Table 11. [However, this study was of low statistical power, so that true differences in rates of HPV infection among study groups could
have been missed. Larger studies of longer duration will be needed to determine more definitively whether estrogen–progestogen therapy alters the risk for acquisition or persistence
of HPV.]
2.3.2

Cervical neoplasia

Table 12 summarizes results relevant to cervical cancer from the WHI (Anderson et al.,
2003). Between October 1993 and October 1998, women who had not had a hysterectomy
aged 50–79 years in 40 participating clinics in the USA were randomized to either treatment

Table 12. Summary of results from a randomized trial of estrogen–
progestogen combination showing percentages of women at followup with LGSIL, HGSIL and cervical cancer
Treatment

Total no.
of womena

LGSIL

Placebo
e

CEE/MPA

Cancerb

Reported
cervical
cancerb,c

Results of Pap smears
HGSIL

No.

%

No.

%

No.

%

No.

%d

7599

420

5.5

29

0.4

3

0.04

8

0.02

7950

619

7.8

25

0.3

2

0.03

5

0.01

From Anderson et al. (2003)
CEE, conjugated equine estrogen; HGSIL, high-grade squamous intrepithelial lesion;
LGSIL, low-grade squamous intraepithelial lesion; MPA, medroxyprogesterone acetate
a
503 women in the placebo group and 556 women in the estrogen–progestogen group
with no follow-up smears excluded
b
Whether in situ or invasive not stated in published report
c
Not stated whether reported cervical cancer cases include those detected at Papanicolaou smear screening.
d
Annualized %
e
0.625 mg CEE plus 0.25 mg MPA daily
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with 0.625 mg conjugated equine estrogens plus 2.5 mg medroxyprogesterone acetate daily
(n = 8506) or placebo (n = 8102). Most women had Pap smears every 3 years. After a mean
follow-up period of 5.6 years, the incidence of cervical cancer as reported from the 40 participating clinics did not differ significantly between the treatment and placebo groups
(hazard ratio, 1.4; 95% CI, 0.5–4.4). It was not indicated whether the cancers were invasive
or in situ. There were significantly (p < 0.001) more low-grade squamous intraepithelial
lesions in the treatment group (7.8%) than in the placebo group (5.5%), but the relationship
of these lesions to cervical neoplasia is uncertain. Furthermore, this may result from more
women in the treatment group having had Pap smears as part of a clinical evaluation for
vaginal bleeding than those in the placebo group. There was no significant difference in rates
of high-grade squamous intraepithelial lesions (HSIL) or of cervical cancer (presumably
carcinoma in situ) detected by Pap smears in the two groups of women. Although this study
provides little cause for concern that combined continuous estrogen–progestogen therapy
for over 5 years alters the risk for cervical cancer, the statistical power to detect an alteration
in risk of any type of cervical carcinoma was low, and the duration of follow-up was too
short to determine whether risk is increased a long time after initial or last use. The increased
risk for HSIL in the treated group warrants further investigation.
2.3.3

Overview

There is little evidence from these two randomized trials to suggest that combined
estrogen–progestogen therapy alters the risk for persistent HPV infection, HSIL or cervical
cancer, but both studies were of limited statistical power to detect true increases in risks in
women who are exposed to these treatments.
2.4

Ovarian cancer

2.4.1

Background

Major findings of cohort and case–control studies published before the last evaluation
(IARC, 1999), including two meta-analyses (Garg et al., 1998; Coughlin et al., 2000), and
a re-analysis of individual data on hormonal therapy and risk for ovarian cancer indicate
that long-term use of hormonal therapy is associated with a moderate, but consistent
excess risk for ovarian cancer (IARC, 1999; Negri et al., 1999; Bosetti et al., 2001). In a
meta-analysis of 10 published studies (nine case–control, one cohort), the overall risk for
invasive ovarian cancer for ever users of hormonal therapy was 1.15 (95% CI, 1.05–1.27),
with no difference in risk for hospital-based and population-based case–control studies
(Garg et al., 1998). Another meta-analysis of 15 studies (Coughlin et al., 2000), however,
found no significant overall association (relative risk, 1.1; 95%, CI, 0.9–1.7). The studies
that have been published since the last evaluation (IARC, 1999) are summarized below.
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Controlled clinical trials

The WHI, a randomized, controlled primary prevention trial, included 8506 women
aged 50–79 years who were treated with combined hormonal therapy and 8102 untreated
women (Writing Group for the Women’s Health Initiative Investigators, 2002). In the
group that received combined hormonal therapy, 20 cases of ovarian cancer occurred
versus 12 in the placebo group, which corresponded to a multivariate relative risk of 1.58
(95% CI, 0.77–3.24). Nine deaths from ovarian cancer occurred in the combined
hormonal therapy group versus three in the placebo group (relative risk, 2.70; 95% CI,
0.73–10.00) (Anderson et al., 2003).
2.4.3

Cohort studies

One cohort study (Pukkala et al., 2001) provided data on combined hormonal therapy
and ovarian cancer. In this Finnish record linkage study, 15 956 women who received
long-cycle hormonal therapy (with added progestogen every 2nd or 3rd month) and
78 549 who used monthly cycle therapy were identified from the medical reimbursement
register of the national Social Insurance Institution (between 1994 and 1997). Cancer
incidence was ascertained through the files of the population-based country-wide Finnish
Cancer Registry. By the end of follow-up, 23 cases of ovarian cancer in the long-cycle
cohort and 104 in the monthly cycle cohort were observed, to yield SIRs of 1.0 (95% CI,
0.63–1.5) and 1.1 (95% CI, 0.93–1.4), respectively.
A cohort study based on the Breast Cancer Detection Demonstration Project included
329 incident cases of ovarian cancer (Lacey et al., 2002). Compared with never use of any
type of hormonal therapy, the relative risk for exclusive use of combined hormonal therapy
was 1.1 (95% CI, 0.64–1.7; 18 cases), in the absence of any duration–risk relation (relative
risk for ≥ 2 years of use, 0.80; 95% CI, 0.35–1.8). The relative risk for use of combined
hormonal therapy after that of estrogen-only therapy was 1.5 (95% CI, 0.91–2.4; based on
21 cases).
2.4.4

Case–control studies (Table 13)

In a population-based study of 793 incident cases of epithelial ovarian cancer diagnosed
between 1990 and 1999 in Queensland, New South Wales and Victoria, Australia, and 855
controls (Purdie et al., 1999), the relative risk adjusted for age, education, area of residence,
body mass index, hysterectomy, tubal sterilization, use of talc, tobacco smoking, oral contraceptive use, parity and family history of breast or ovarian cancer was 1.34 (95% CI, 0.83–
2.17) for the use of estrogens and progestogens in combination. There was no consistent
relation with duration of use, time since last use or any other time factor.
In a case–control study from Sweden of 193 epithelial borderline cases, Riman et al.
(2001) reported an odds ratio of 0.98 (95% CI, 0.57–1.68) for estrogens with cyclic progestogens and 0.87 (95% CI, 0.46–1.64) for estrogens and continuous progestogens compared with never users. None of the trends in risk with duration of use were significant.
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Table 13. Case–control studies of the use of combined hormonal therapy and the risk for ovarian cancer
Reference, location

No. of
cases

No. of
controls

793

855

Riman et al. (2001),
Sweden (borderline
neoplasms)

193

3899

Riman et al. (2002),
Sweden (invasive
neoplasms)

655

3899

Sit et al. (2002),
USA

484

926

Glud et al. (2004),
Denmark

376

1111

Pike et al. (2004),
USA

477

660

Ever use

Longest use (duration)

Current/recent use

1.34 (0.83–2.17)

1.33 (0.88–2.00)
(> 3 years)

1.24 (0.73–2.09)

0.98 (0.57–1.68) sequential

0.91 (0.44–2.03)
(≥ 2 years)
0.89 (0.35–2.28)
(≥ 2 years)

–

1.41 (1.15–1.72)

2.03 (1.30–3.17)
(≥ 10 years)

–

1.06 (0.74–1.52) conjugated estrogens
1.08 (0.59–2.00) non-conjugated estrogens

–

–

1.14 (1.01–1.28)b
1.00 (0.95–1.06)c

–

–

–

0.90 (0.55–1.48)d
(≥ 5 years)
1.13 (0.15–8.3)e

–

0.87 (0.46–1.64) continuous

–
CI, confidence interval
a
Reference category was never use of combined hormonal therapy.
b
Per additional gram of estrogen intake
c
Per additional gram of progestogen intake
d
Natural menopause
e
Hysterectomy

–

–
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Purdie et al. (1999),
Australia

Odds ratioa (95% CI)
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In the same study that included 655 cases of ovarian cancer and 3899 controls aged
50–74 years, the odds ratio was 1.41 (95% CI, 1.15–1.72) for ever use of combined
hormone therapy (Riman et al., 2002). For longest use (≥ 10 years), the odds ratio was 2.03
(95% CI, 1.30–3.17). There was no consistent pattern for time since last use. Adjustment
was made for age, parity, body mass index, age at menopause, hysterectomy and duration
of oral contraceptive use. The results were similar for serous, mucinous and endometrioid
ovarian cancers. No information was presented on sequential or combined hormonal
therapy.
A study conducted between 1994 and 1998 in Delaware Valley, USA, included 484
cases of ovarian cancer aged 45 years or over and 926 community controls frequencymatched by age and area of residence (Sit et al., 2002). Adjustment was made for age, parity,
oral contraceptive use, family history of ovarian cancer and history of tubal ligation. The
hormonal therapy formulation was classified as estrogen plus progestogen or estrogen
alone. The relative risk was 1.06 (95% CI, 0.74–1.52) for progestogen with conjugated
estrogens and 1.08 (95% CI, 0.59–2.00) for progestogen with non-conjugated estrogens.
A nationwide case–control study was conducted in Denmark between 1995 and 1999
and included 376 cases of ovarian cancer and 1111 population controls (Glud et al., 2004).
The results were presented in terms of groups of estrogen or progestogen intake, with
adjustment for parity, use of oral contraceptives, family history of ovarian cancer and infertility. The odds ratio per additional gram of intake was 1.14 (95% CI, 1.01–1.28) for estrogens and 1.00 (95% CI, 0.95–1.06) for progestogens and was similar for estrogen only
(odds ratio, 1.05; 95% CI, 0.97–1.14) and combined estrogen–progestogen therapies (odds
ratio, 1.08; 95% CI, 1.01–1.16). There was no relationship with duration of use independent from cumulative dose.
A case–control study was conducted between 1992 and 1998 in Los Angeles County,
CA, USA, on 477 cases of invasive epithelial ovarian cancer and 660 populations controls
aged 18–74 years (Pike et al., 2004). Participation rates were approximately 80% of cases
and 70% of controls approached. Multivariate relative risks were adjusted for age, ethnicity, socioeconomic status, education, family history of ovarian cancer, tubal ligation, use
of talc, nulliparity, age at last birth, menopausal status, age at menopause and use of oral
contraceptives. Among women with natural menopause, the odds ratios per 5 years of use
were 1.16 (95% CI, 0.92–1.48) for estrogen-only therapy and 0.97 (95% CI, 0.77–1.23) for
combined hormonal therapy. Corresponding values for women with surgical menopause
were 1.11 (95% CI, 0.92–1.35) and 1.30 (95% CI, 0.63–2.67).
2.5

Liver cancer

Persson et al. (1996) studied cancer risks after hormonal menopausal therapy in a population-based cohort of 22 579 women aged 35 years or more who lived in the Uppsala health
care region in Sweden. Women who had ever received a prescription for hormonal menopausal therapy between 1977 and 1980 were identified and followed until 1991; information
on use of hormones was obtained from pharmacy records. The expected numbers of cases
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were calculated from national incidence rates. There was no information on tobacco smoking or alcoholic beverage consumption. There were 43 cancers of the hepatobiliary tract
that comprised 14 hepatocellular carcinomas, five cholangiocarcinomas, 23 gallbladder
cancers and one unclassified. The expected number was 73.2, to give an SIR of 0.6 (95% CI,
0.4–0.8) for any type of hormonal menopausal therapy. The SIRs for treatment with estradiol combined with levonorgestrel were 0.6 (95% CI, 0.1–2.3) for hepatocellular carcinoma,
0.7 (95% CI, 0.0–3.8) for cholangiocarcinoma and zero (six cases expected) for gallbladder
cancer. There was no information on infection with hepatitis viruses.
2.6

Colorectal cancer

2.6.1

Background

The previous monograph (IARC, 1999) reported details from three cohort studies and
one case–control study on the use of combinations of estrogens and progestogens. Since
then, new data have been published on the risks and benefits of estrogen plus progestogen
treatment in menopausal women, including two randomized trials (the WHI Trial and the
HERS Follow-up Study) (Hulley et al., 2002; Writing Group for the Women’s Health Initiative Investigators, 2002), one cohort study (Pukkala et al., 2001) and two case–control
studies (Jacobs et al., 1999; Prihartono et al., 2000). Other studies have focused on estrogen
only or did not provide separate information for estrogen only and combined hormonal
therapy (Paganini-Hill, 1999; Csizmadi et al., 2004; Hannaford & Elliot, 2005; Nichols
et al., 2005).
2.6.2

Randomized trials

Two large randomized clinical trials have been published that provided information
on combined hormonal therapy and colorectal cancer (Table 14).
The HERS was a randomized trial of the use of estrogen plus progestogen in which
2763 menopausal women under 80 years of age at baseline who had coronary artery disease
and no prior hysterectomy were recruited at 20 outpatient and community settings between
1993 and 2000 in the USA (Hulley et al., 2002). Of these, 1380 women were allocated to
the treatment group (0.625 mg per day conjugated estrogens plus 2.5 mg per day medroxyprogesterone acetate) and 1383 to the placebo group. After a mean of 4.1 years of followup, 11 cases of colon cancer were observed in the combined hormonal therapy group versus
16 in the placebo group, which corresponded to a relative risk of 0.69 (95% CI, 0.32–1.49)
(Hulley et al., 2002).
The WHI Study was a randomized, controlled, primary prevention trial (that was
planned to continue for 8.5 years) in which 16 608 menopausal women aged 50–79 years
who had a uterus at baseline were recruited at 40 clinical centres between 1993 and 1998
in the USA. Of these, 8506 women were allocated to the treatment group (0.625 mg per
day conjugated estrogens plus 2.5 mg per day medroxyprogesterone acetate) and 8102 to
the placebo group (Writing Group of the Women’s Health Initiative, 2002). At the end of
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Table 14. Randomized clinical trials on the association between the use of
combined hormonal therapy and the risk for colorectal cancer
Reference,
location

Participants
Outcome
No. cases/group size

Chlebowski
et al.
(2004),
USA

Healthy postmenopausal women 0.56 (0.38–0.81)
with intact uterus
Colorectal cancer
Treatment group: 43/8506
Placebo group: 72/8102

Hulley et al. Postmenopausal women with
(2002),
previous heart disease
USA
Colon cancer
Treatment group: 11/1380
Placebo group: 16/1383

Relative risk
(95% CI)

0.69 (0.32–1.49)

Comments

WHI study; treatment: 0.625
mg/day conjugated estrogens
plus 2.5 mg/day medroxyprogesterone acetate; multicentre study; terminated early
HERS; treatment: 0.625
mg/day conjugated estrogens
plus 2.5 mg/day medroxyprogesterone acetate; multicentre study; terminated early

CI, confidence interval; HERS, Heart and Estrogen/Progestin Replacement Study; WHI, Women’s
Health Initiative

active intervention (mean follow-up, 5.6 years), 43 cases of invasive colorectal cancer
were observed in the combined hormonal therapy group versus 72 in the placebo group
(relative risk, 0.56; 95% CI, 0.38–0.81) (Chlebowski et al., 2004). The reduction in the risk
for colorectal cancer in the hormonal therapy group was largely confined to local disease
(relative risk, 0.26; 95% CI, 0.13–0.53), rather than regional or metastatic disease (relative
risk, 0.87; 95% CI, 0.54–1.41). Within the category of regional or metastatic disease, the
cancers in the hormonal therapy group were associated with a greater number of positive
nodes than the corresponding types of cancer in the placebo group (Chlebowski et al.,
2004).
2.6.3

Cohort studies (Table 15)

In addition to the three cohort studies reviewed previously (IARC, 1999), one cohort
study (Pukkala et al., 2001) provided new data on the potential association between the
use of combined hormonal therapy and the risk for colorectal cancer. In this Finnish
record linkage study, 15 956 women who took long-cycle hormonal therapy (administered
orally on a 3-month basis: 70 days 2 mg estradiol valerate, 14 days 2 mg estradiol valerate
plus 20 mg medroxyprogesterone acetate and 7-day tablet-free period) and 78 549 who
took monthly or short-cycle (11 days 2 mg estradiol valerate, 10 days 2 mg estradiol valerate and 0.25 mg levonorgestrel and 7-day tablet-free period) hormonal therapy were
identified from the medical reimbursement register of the national Social Insurance
Institution (between 1994 and 1997); cancer incidence was ascertained through the files
of the population-based country-wide Finnish Cancer Registry. SIRs were computed by
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Table 15. Cohort studies on the association between the use of combined hormonal therapy and the risk for
colorectal cancer
No. cases (or
deaths)/cohort
size

Follow-up Relative risk (95% CI)
(years)
(ever versus never use)

Comments

Risch & Howe
(1995), Canada

230/32 973

14

Colon, 1.07 (0.58–1.99)
Rectum, 1.16 (0.53–2.52)

Linkage study (cancer registry–drug database); ageadjusted

Persson et al.
(1996), Sweden

295/22 597

13

Colon, 0.6 (0.4–1.0)
Rectum, 0.8 (0.4–1.3)

Relative risk for incident cancer (age-adjusted); no effect
among 5573 hormone users (fixed combined brand);
relative risk for mortality from colon cancer adjusted for
age, 0.6 (95% CI, 0.2–1.1)

Troisi et al. (1997),
USA

313/33 779

7.7

Colon, 1.4 (0.7–2.5)

Relative risk adjusted for age (unaltered when adjusted for
education, body mass index, parity or use of oral
contraceptives); no differences right/left colon; no trend
with duration of use

Pukkala et al.
(2001), Finland

11/15 956a
50/78 549b

5

Colon, 0.67 (0.34–1.20)
Colon, 0.85 (0.63–1.10)

Linkage study (Social Insurance Institution drug database
and Cancer Registry); relative risk adjusted for age; recency
and duration of use not assessed

CI, confidence interval
a
Long cycle (2 or 3-month) administration of combined hormonal therapy
b
Short cycle (1-month) administration of combined hormonal therapy
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comparing the observed number of cases in the assembled cohort with those expected
using national incidence rates. By the end of follow-up, 11 cases of colon cancer were
observed in the long-cycle cohort and 50 cases in the monthly cycle cohort, to yield an
age-adjusted SIR for colon cancer of 0.67 (95% CI, 0.34–1.20) and 0.85 (95% CI,
0.63–1.10), respectively (Pukkala et al., 2001).
2.6.4

Case–control studies (Table 16)

Since the previous evaluation (IARC, 1999), a nested case–control study of more than
1400 women aged 55–79 years who were enrolled from the Group Health Cooperative, a
health maintenance organization in Washington State, USA, has been published (Jacobs
et al., 1999). Between 1984 and 1993, 341 incident cases of colon cancer and 1679
controls matched by age and length of enrolment in the cooperative were identified. From
the records of prescriptions for progestogen tablets, the authors identified 268 cases and
1294 controls who had used combined hormonal therapy during a 5-year period (progestogen-only users and estrogen-only users excluded). The age-adjusted odds ratio for colon
Table 16. Case–control studies on the association between the use of combined
hormonal therapy and the risk for colorectal cancer
Odds ratio (95% CI)a

Comments

Newcomb & 694/1622
Storer (1995),
USA

Colon, 0.54 (0.28–1.0)a
Rectum, 1.1 (0.51–2.5)a

Adjustment for age, alcoholic
beverage consumption, body mass
index, family history of cancer,
sigmoidoscopy

Jacobs et al.
(1999), USA

268/1294

Colon
< 180 tabletsb, 0.59 (0.28–1.24)
≥ 180 tabletsb, 1.04 (0.59–1.82)

Nested case–control study in a
health maintenance organization;
adjustment for age; further
adjustment for smoking, height,
weight, body mass index, oral
contraceptive use, parity, age at first
birth, age at menopause and
hysterectomy status did not alter the
odds ratios.

Prihartono
et al. (2000),
USA

404/404

Colon
Last use < 1 year, 0.9 (0.4–2.2)
Duration ≥ 5 years, 0.7 (0.2–2.5)

Adjusted for fat, fruit and vegetable
intake, physical activity, body mass
index, history of screening for
colorectal cancer

Reference,
location

No. cases/
controls

CI, confidence interval
a
Ever use versus never use
b
Progestogen tablet counts: assuming 100% compliance and 10 progestogen tablets per month, consumption of < 180 tablets is equivalent to 1.5 years of use and consumption of ≥ 180 tablets is
equivalent to ≥ 1.5 years of consumption.
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cancer was 0.59 (95% CI, 0.28–1.24) for those who consumed less than 180 progestogen
tablets [assuming 100% compliance and 10 progestogen tablets per month, consumption of
180 tablets is equivalent to 1.5 years of use] and 1.04 (95% CI, 0.59–1.82) for those who
consumed > 180 tablets [or used combined hormonal therapy for more than 1.5 years]
compared with never users. Adjustment for other covariates did not substantially change
these estimates. Duration of use and analysis of colon subsite was not presented for users
of combined hormonal therapy.
Prihartono et al. (2000) conducted a matched population-based case–control study
among women aged 20–69 years in Massachusetts, USA, between 1992 and 1994, and
included 515 incident cases of colon cancer (out of 1847 potential eligible cases) and 515
matched controls. The final analysis was restricted to pairs of women with natural menopause or who had had a hysterectomy (404 cases, 404 matched controls). Recent use
(interval since last use, < 1 year) of combined hormonal therapy showed an odds ratio of
0.9 (95% CI, 0.4–2.2; 13 exposed cases, 15 exposed controls). Longer duration of use
(> 5 years) of combined hormonal therapy showed an odds ratio of 0.7 (95% CI, 0.2–2.5;
seven exposed cases, nine exposed controls). The odds ratio was adjusted for fat, fruit and
vegetable intake, physical activity, body mass index and history of screening for colorectal cancer.
2.7

Lung cancer

The large population-based mortality study in Sweden (Persson et al., 1996) found no
association with lung cancer in users of combined hormonal therapy, and a similar study
in Finland found non-significant associations for long (SIR, 1.2; 95% CI, 0.69–1.9) or
monthly (SIR, 0.75; 95% CI, 0.53–1.0) cycles of hormonal therapy (Pukkala et al., 2001).
A case–control study in Texas, USA, in which 60 cases of lung cancer and 78 controls
reported use of combined hormonal therapy reported a multivariate odds ratio of 0.61
(95% CI, 0.40–0.92) (Schabath et al., 2004).
The HERS (Hulley et al., 2002) and WHI (Writing Group for the Women’s Health Initiative Investigators, 2002) trials showed a hazard ratio of 1.39 (95% CI, 0.84–2.28) and
1.04 (95% CI, 0.71–1.53) for lung cancer, respectively.
2.8

Other cancers

Data on other cancers were inadequate for an evaluation as nearly all studies failed to
report the type of hormonal therapy used.
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Studies of Cancer in Experimental Animals

Only one study on the carcinogenicity of conjugated equine estrogens plus progestogens was reviewed in the previous monograph (IARC, 1999; Sakamoto et al., 1997a).
3.1

Oral administration

3.1.1

Mouse

In a study to compare estrogen therapy with combined estrogen–progestogen therapy
that used conjugated equine estrogens or conjugated equine estrogens plus medroxyprogesterone acetate, three groups of 14 female SHN mice (a strain that has a high spontaneous
rate of mammary tumours and uterine adenomyosis), 71 days [about 10 weeks] of age, were
fed 0 (controls) or 1.875 mg/kg of diet conjugated equine estrogens (Premarin®) with or
without 7.5 mg/kg of diet medroxyprogesterone acetate (Provera®) for 230 days. Based
upon a daily dietary intake of 2–3 g per mouse weighing 20–30 g, the daily intakes of conjugated equine estrogens and medroxyprogesterone acetate were calculated to be 0.19 and
0.75 mg/kg bw per day, respectively. Mice were killed 20 days after the appearance of a
palpable mammary tumour or at 300 days of age. The significance of differences was evaluated by the χ2 test. The incidence of mammary tumours [of unspecified histopathology]
did not differ in the three groups (control, 4/14; estrogen alone, 6/14; estrogen–progestogen,
5/14). However, treatment with estrogen–progestogen shortened the latent period of mammary tumorigenesis by 44 days (p < 0.05 versus controls; not statistically significantly different from estrogen only). Treatment with estrogen–progestogen completely suppressed the
development of uterine adenomyosis (0/14 versus 5/14 controls or 6/14 estrogen onlytreated mice, p < 0.01) (Sakamoto et al., 1997b). [These results are somewhat confounded
by the potential influence of endogenous ovarian hormones that are reduced in the postmenopausal state. Endogenous estradiol levels in controls (3.91 ± 1.16 pg/mL) were significantly lower (p < 0.01) than those in estrogen only-treated (28.15 ± 2.91 pg/mL) and estrogen–progestogen-treated (20.15 ± 1.37 pg/mL) mice. However, the levels in hormonetreated mice were physiological and did not exceed that observed on day 1 of the estrus
cycle (Raafat et al. 1999).]
3.1.2

Monkey

In one study, ovariectomized cynomolgus monkeys (Macaca fascicularis), 5–13 years
of age, were treated for 2.5 years with either conjugated equine estrogen alone (Premarin®)
(equivalent to 0.625 mg per woman per day; 22 animals) or in combination with medroxyprogesterone acetate (Cycrin®) (equivalent to 2.5 mg per woman per day; 21 animals) in
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the diet or were untreated (26 animals). Determination of serum hormone levels of estradiol
and medroxyprogesterone acetate confirmed the completeness of ovariectomy. The experiment was terminated at the end of the treatment phase. Mammary gland atrophy was seen
in control animals. Eighty-six per cent (18/21) of the estrogen–progestogen-treated animals
had mammary hyperplasia, defined as greater mammary gland development than that seen
in animals with normal cycles (p = 0.0065). Forty-one per cent (9/22) of the animals given
estrogen only had mammary hyperplasia. No neoplasms were observed (Cline et al., 1996).
In a subsequent, similar study, a progestogen-only group was added and the treatments
were administered in the diet for 3 years. Ovariectomies were carried out 3 months before
the start of treatments. The treatment groups were controls (no treatment; 27 animals),
conjugated equine estrogen-treated (0.625 mg per woman per day equivalent; 27 animals),
medroxyprogesterone acetate-treated (2.5 mg per woman per day equivalent; 26 animals)
and estrogen–progestogen-treated (0.625 mg per woman per day equivalent conjugated
equine estrogen plus 2.5 mg per woman per day equivalent medroxyprogesterone acetate;
26 animals); mean age at the end of the study was 7.5 years. The effective number of control
animals was 20. Mammary gland lobuloalveolar hyperplasia was increased with estrogenonly treatment (effective number of animals, 25) and the effect was further increased with
estrogen–progestogen treatment (effective number of animals, 26) [incidence not provided];
this development exceeded that usually seen in premenopausal animals with normal cycles.
Progestogen-alone treatment (effective number of animals, 19) did not increase hyperplasia.
No neoplasms, ductal hyperplasia or atypia were observed (Cline et al., 1998).
In a third study (Cline et al., 2002a) designed to assess the effect of tibolone, a similar
experimental protocol and the same doses were used as those described by Cline et al.
(1996). Twenty-eight to 31 ovariectomized monkeys (6–8 years of age) per group were
treated for 2 years. Mammary lobuloalveolar hyperplasia was observed in 19/30 (63%)
control, 27/28 (96%, p < 0.001) estrogen only-treated and 28/29 (97%, p < 0.001) estrogen–progestogen-treated animals. No neoplasms were observed.
3.2

Administration with a known carcinogen

Rat
7,12-Dimethylbenz[a]anthracene
Female Sprague-Dawley rats, 48 days [about 7 weeks] of age, were divided into four
groups of seven rats per group and were administered: 7,12-dimethylbenz[a]anthracene
(DMBA) alone (as a single intravenous injection of 5 mg); DMBA and were oophorectomized; DMBA plus conjugated estrogens (Premarin®) at a concentration of 1.875 mg/kg of
diet and were oophorectomized; or DMBA plus Premarin® plus medroxyprogesterone
acetate (Proveza®) at a concentration of 7.5 mg/kg of diet and were oophorectomized. The
animals were autopsied at 285 days [about 41 weeks] of age. Mammary tumours were found
in 6/7 rats given DMBA, 0/7 given DMBA plus oophorectomy, 5/7 given DMBA plus
Premarin® plus oophorectomy and 5/7 given Premarin® plus medroxyprogesterone acetate
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plus oophorectomy. Thus, oophorectomy completely inhibited mammary tumour development, but conjugated estrogen with or without medroxyprogesterone acetate markedly
stimulated mammary carcinogenesis in the ovariectomized rats (Sakamoto et al., 1997a).

4.

4.1

Other Data Relevant to an Evaluation of Carcinogenicity
and its Mechanisms
Absorption, distribution, metabolism and excretion

The distribution of progestogens is described in the monograph on Combined estrogen–progestogen contraceptives. That of estrogens is described below.
4.1.1

Humans

Little more has been discovered about the absorption and distribution of estrone,
estradiol and estriol products and conjugated equine estrogens in humans since the
previous evaluation (IARC, 1999). Greater progress has been made in the identification
and characterization of the enzymes that are involved in estrogen metabolism and excretion. The various metabolites and the responsible enzymes, including genotypic variations, are described below (see Figures 3 and 4). Sulfation and glucuronidation are the
main metabolic reactions of estrogens in humans.
(a)

Metabolites

(i)
Estrogen sulfates
Several members of the sulfotransferase (SULT) gene family can sulfate hydroxysteroids, including estrogens. The importance of SULTs in estrogen conjugation is demonstrated by the observation that a major component of circulating estrogen is sulfated, i.e.
estrone sulfate (reviewed by Pasqualini, 2004). In addition to the parent hormones, estrone
and estradiol, SULTs can also conjugate their respective catechols and also methoxyestrogens (Spink et al., 2000; Adjei & Weinshilboum, 2002). The resulting sulfated metabolites
are more hydrophilic and can be excreted.
In postmenopausal breast cancers, levels of estrone sulfate can reach 3.3 ± 1.9 pmol/g
tissue, which is five to nine times higher than the corresponding plasma concentration
(equating gram of tissue with millilitre of plasma) (Pasqualini et al., 1996). In contrast,
levels of estrone sulfate in premenopausal breast tumours are two to four times lower than
those in plasma. Since inactive estrone sulfate can serve as a source for biologically active
estradiol, it is of interest that various progestogens caused a significant decrease in the
formation of estradiol when physiological concentrations of estrone sulfate were incubated with breast cancer cells MCF-7 and T47D (reviewed by Pasqualini, 2003).
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Figure 3. Pathways of the metabolism and redox cycling of estradiol, estriol and estrone
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Figure 4. The estrogen metabolism pathway is regulated by oxidizing phase I and
conjugating phase II enzymes
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CYP1A1 and CYP1B1 catalyse the oxidation of E2 to the catechol estrogens 2-OHE2 and 4-OHE2. The catechol
estrogens are either methylated by COMT to methoxyestrogens (2-MeOE2, 2-OH-3-MeOE2, 4-MeOE2) or
further oxidized to semiquinones (E2-2,3-SQ, E2-3,4-SQ) and quinones (E2-2,3-Q, E2-3,4-Q). The methoxyestrogens exert feedback inhibition on CYP1A1 and CYP1B1, as indicated by the curved arrows, and reduce the formation of oxidative E2 metabolites. The estrogen quinones are either conjugated by GSTP1 to GSH-conjugates
(2-OHE2-1-SG, 2-OHE2-4-SG, 4-OHE2-2-SG) or they form quinone−DNA adducts (e.g. 4-OHE2-N7-guanine)
or oxidative DNA adducts via quinone–semiquinone redox cycling (e.g. 8-OH-deoxyguanosine). The same pathway applies to estrone. The thicker arrows indicate preferential reactions.

(ii) Estrogen glucuronides
Estradiol and estrone and their respective catechols are recognized as substrates by
various isoforms of the uridine-5′ diphosphate (UDP)-glucuronyltransferase (UGT) enzyme
family. Several isoforms were more active towards catechol estrogens than towards the
parent hormones (Albert et al., 1999; Turgeon et al., 2001). The resulting glucuronidated
metabolites are more hydrophilic and can be excreted in bile and urine.
(iii) Estrogen fatty acid esters
Several steroids, including estradiol, have been shown to undergo esterification to longchain fatty acids in a number of mammalian tissues (Hochberg, 1998). The responsible
enzyme, fatty acyl-coenzyme A (CoA):estradiol-17β-acyltransferase, has a pH optimum of
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5–5.5, which distinguishes it from the related enzyme, acyl-CoA:cholesterol acyltransferase
(optimal pH ~7.0) (Xu et al., 2001a,b). The fatty acyl-CoA:estradiol-17β-acyltransferase
shows specificity for the D-ring, especially the C-17β group of the estrogen molecule. The
vicinity of a bulky 16α-hydroxy group appears to hamper the accessibility to the C-17β
hydroxyl, which results in a reduced rate (28%) of esterification of estriol compared with
estradiol (Pahuja et al., 1991). The D-ring esterification of estradiol has two effects: (i) the
bulky fatty acid moiety prevents the binding of estradiol fatty acid to the estrogen receptor;
and (ii) the fatty acid moiety shields the D-ring from oxidative metabolism to estrone. Thus,
estradiol fatty acid may play a role in the action of estrogen by affecting the intracellular
equilibrium between estrone and estradiol.
In the circulation, estradiol fatty acids are mainly bound by plasma lipoproteins; the
majority (54%) are recovered in the high-density lipoprotein (HDL) and 28% in the lowdensity lipoprotein (LDL) fractions (Vihma et al., 2003a). They are present in very small
amounts in the blood of premenopausal women, although their concentration increases 10fold during pregnancy, from 40 pmol/L in early pregnancy to 400 pmol/L in late pregnancy
(Vihma et al., 2001). Treatment of postmenopausal women with either oral or transdermal
estradiol for 12 weeks resulted in a differential effect on serum estradiol fatty acids and nonesterified estradiol. Both types of application led to similar median concentrations of free
(non-protein-bound) estradiol but only the oral therapy caused an increase (27%) in median
serum estradiol fatty acid (Vihma et al., 2003b). The change during treatment in serum
concentrations of estradiol fatty acid, but not those of non-esterified estradiol correlated
positively with enhanced forearm blood flow responses in vivo. These data suggest that an
increase in serum estradiol fatty acid may contribute to the effects of oral treatment with
estradiol, compared with those of an equipotent transdermal dose.
(iv) Oxidative metabolism
Estradiol and estrone undergo extensive oxidative metabolism via the action of several
cytochrome P450 (CYP) monooxygenases. Each CYP favours the hydroxylation of
specific carbons, altogether, the CYP enzymes can hydroxylate virtually all carbons in the
steroid molecule, with the exception of the inaccessible angular carbons 5, 8, 9, 10 and 13
(Badawi et al., 2001; Lee et al., 2001, 2002, 2003a,b; Kisselev et al., 2005). The generation
of hydroxyl and keto functions at specific sites of the steroid nucleus markedly affects the
biological properties of the respective estrogen metabolites, i.e. different hydroxylation
reactions yield estrogenic, non-estrogenic or carcinogenic metabolites. Quantitatively and
functionally, the most important reactions occur at carbons 2, 4 and 16.
Catechol estrogens
2- and 4-Hydroxyestrone, -estradiol and -estriol have been shown to serve a physiological function, to have some hormonal activity and to be substrates in the oxidative
estrogen metabolism pathway. In their physiological function, they mediate the activation
of dormant blastocysts for implantation into the receptive uterus. Specifically, 4-hydroxyestradiol produced in the uterus from estradiol mediates blastocyst activation for implanta-
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tion in a paracrine manner. This effect is not mediated by the estrogen receptor but via
prostaglandin synthesis (Paria et al., 1998, 2000). The oxidative metabolism of estrogens
to catechol estrogens is generally thought to terminate the estrogenic signal, although
catechol estrogens retain some binding affinity to the estrogen receptor. Treatment of
MCF-7 cells with 2- and 4-hydroxyestradiol increased the rate of cell proliferation and the
expression of estrogen-inducible genes such as the progesterone receptor (PR) gene and
pS2. Relative to estradiol, 2- and 4-hydroxyestradiol increased proliferation rate, level of
PR protein and pS2 mRNA expression by 36 and 76%, 10 and 28% and 48 and 79%, respectively (Schütze et al., 1993, 1994).
Catechol estrogens occupy a key position in the oxidative pathway of estrogen metabolism (see Figures 3 and 4). They are products as well as substrates of CYP1A1 and
CYP1B1 (Hachey et al., 2003; Dawling et al., 2004). Specifically, CYP1A1 converts estradiol firstly to 2-hydroxyestradiol and then to the estradiol-2,3-semiquinone and estradiol
quinone. CYP1B1 converts estradiol firstly to 2- as well as to 4-hydroxyestradiol and then
to the corresponding semiquinones and quinones. Estrone is metabolized in a similar
manner by CYP1A1 and CYP1B1 (Lee et al., 2003a). The catechol estrogens also serve as
substrates for catechol-O-methyltransferase (COMT), which catalyses O-methylation by
forming monomethyl ethers at the 2-, 3- and 4-hydroxyl groups. Conjugated equine estrogens are also substrates for COMT (Yao et al., 2003). COMT generated two products from
2-hydroxyestrogens, but only one product from 4-hydroxyestrogens (Dawling et al., 2001;
Lautala et al., 2001; Goodman et al., 2002). With 2-hydroxyestradiol and 2-hydroxyestrone, COMT catalysed the methylation of the 2- and 3-hydroxy groups, which resulted
in the formation of 2-methoxyestradiol and 2-hydroxy-3-methoxyestradiol and 2-methoxyestrone and 2-hydroxy-3-methoxyestrone, respectively. In contrast, for 4-hydroxyestradiol
and 4-hydroxyestrone, methylation occurred only at the 4-hydroxyl group, which resulted
in the formation of 4-methoxyestradiol and 4-methoxyestrone, respectively. 3-Methoxy-4hydroxyestradiol and -estrone were not produced by COMT.
The observation that catechol estrogens are carcinogenic in animal experiments (IARC,
1999) has prompted studies in human tissues. Examination of microsomal estradiol hydroxylation in human breast cancer showed significantly higher 4-hydroxy-:2-hydroxyestradiol
ratios in tumour tissue than in adjacent normal breast tissue (Liehr & Ricci, 1996), while the
breast cancer tissue samples contained fourfold higher levels of 4-hydroxyestradiol than
normal tissue from benign breast biopsies (Rogan et al., 2003). Comparison of intra-tissue
concentrations of estrogens (estrone, estradiol, estriol), hydroxyestrogens (16α-hydroxyestrone, 2-hydroxyestrone, 2-hydroxyestradiol, 4-hydroxyestrone, 4-hydroxyestradiol) and
methoxyestrogens (2-methoxyestrone, 2-methoxyestradiol, 4-methoxyestrone, 4-methoxyestradiol) in normal and malignant breast revealed the highest concentration of 4-hydroxyestradiol in malignant tissue (Castagnetta et al., 2002). The concentration (1.6 nmol/g
tissue) determined by combined high performance liquid chromatography (HPLC) and gas
chromatography–mass spectrometry (GC–MS) was more than twice as high as that of any
other compound. [The Working Group noted that such high levels in neoplastic mammary
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tissue suggests a mechanistic role of 4-hydroxyestradiol in tumour development; see also
Section 4.4.]
α-Hydroxyestrogens
16α
An analysis of 15 CYP isozymes showed that CYP1A1, 3A4, 3A5 and 2C8 catalysed
the 16α-hydroxylation of both estrone and estradiol (Badawi et al., 2001; Lee et al.,
2003a,b). In contrast, CYP3A7 distinguished the two estrogen substrates with > 100 times
higher maximum velocity of the enzyme:Michaelis-Menten constant (Vmax:Km) ratio for
the 16α-hydroxylation of estrone than that of estradiol. The difference in reaction rates is
most probably due to the difference in structure at the C-17 position of estrone and estradiol. The presence of the 17-ketogroup in estrone appears to be essential for recognition
of the substrate and 16α-hydroxylation by CYP3A7 (Lee et al., 2003b).
Similarly to catechol estrogens, 16α-hydroxylated estrogens are hormonally active,
chemically reactive and potentially mutagenic. 16α-Hydroxyestrone possesses the unique
property of binding covalently to the estrogen receptor and other nuclear proteins, such as
histones. Mechanistically, a Schiff base is formed from 16α-hydroxyestrone by a reaction
with amino groups in proteins. The Schiff base, in turn, undergoes Heyns rearrangement to
result in the formation of a stable 16-keto-17β-amino estrogen adduct (Miyairi et al.,
1999).
Bradlow et al. (1996) proposed that increased formation of 16α-hydroxyestrone and
estriol may be associated with an increased risk for developing breast cancer. They
presented the hypothesis that the ratio of the two urinary metabolites 2-hydroxyestrone:16α-hydroxyestrone is inversely correlated with the risk for breast cancer. They
chose the numerator 2-hydroxyestrone to reflect the ‘good’ C-2 hydroxylation and the
denominator 16α-hydroxyestrone to reflect the ‘bad’ C-16α hydroxylation pathways of
estrogen metabolism. Enzyme immunoassays for simultaneous quantitation of 2- and 16αhydroxyestrone levels in urine have been developed and improved to correlate with results
obtained by GC–MS (Falk et al., 2000). The enzyme immunoassay has been applied to the
analysis of blood samples from premenopausal women. Current users of oral contraceptives had a significantly lower plasma 2-hydroxyestrone:16α-hydroxyestrone ratio than
non-users (p = 10–21) (Jernstrom et al., 2003b).
Results from epidemiological studies on the association between 2- and 16α-hydroxylation and breast cancer are inconsistent. Several case–control studies found an increased
risk for breast cancer associated with a lower 2-hydroxyestrone:16α-hydroxyestrone ratio
(Ho et al., 1998; Zheng et al., 1998), while other groups did not observe a difference in this
ratio between controls and patients (Ursin et al., 1999). All of these studies measured metabolites after the diagnosis of breast cancer, which raises the possibility that the results may
have been affected by the tumour. Two prospective studies addressed this issue but also
yielded inconsistent results. The first was carried out in women on the island of Guernsey,
United Kingdom. Urine samples were collected and stored in the 1970s when all women
were healthy. Almost 20 years later, Meilahn et al. (1998) analysed the samples and

COMBINED ESTROGEN−PROTESTOGEN MENOPAUSAL THERAPY

269

reported a median of 1.6 for the 2-hydroxyestrone:16α-hydroxyestrone ratio in 42 postmenopausal women who had developed breast cancer and 1.7 in 139 matched control
subjects. Compared with women in the lowest tertile category of 2:16α-hydroxyestrone
ratio, women in the highest tertile had an odds ratio for breast cancer of 0.71, but the
95% CI was wide and was not statistically significant (95% CI, 0.29–1.75). Analysis of
premenopausal women in the Guernsey cohort showed no difference between cases and
controls. The second prospective study of Italian women had a shorter average follow-up
of 5.5 years (Muti et al., 2000). The odds ratio in postmenopausal women was 1.31
(95% CI, 0.53–3.18). In the premenopausal group, women in the highest quintile of the
2:16α-hydroxyestrone ratio had an adjusted odds ratio of 0.55 (95% CI, 0.23–1.32). A third
type of epidemiological study examined urinary metabolites in women of different ethnic
groups that are known to have different rates of breast cancer. One study examined healthy
postmenopausal women randomly selected from the Singapore Chinese Health Study
(67 subjects) and the Los Angeles Multiethnic Cohort Study (58 subjects). Although the
incidence of breast cancer is substantially lower in Singaporean women than among
American women, there were no significant differences between the groups in urinary
16α-hydroxyestrone levels or 2:16α-hydroxyestrone ratios (Ursin et al., 2001). Finally, no
differences were found in premenopausal women with or without a family history of breast
cancer (Ursin et al., 2002).
(v) Methoxyestrogens
Methoxyestrogens are methyl ether metabolites of catechol estrogens produced by
COMT. In addition, 2-methoxyestradiol is not just a by-product of estrogen metabolism but
is also endowed with antiproliferative activity. It has been shown to inhibit the proliferation
of both hormone-dependent and hormone-independent breast cancer cells (LaVallee et al.,
2003). The antiproliferative effect is not limited to breast cancer cells but extends to
leukaemia, and pancreatic and lung cancer cells (Schumacher et al., 1999; Huang et al.,
2000). Human xenograft studies in animal models have demonstrated the oral bioavailability and a high therapeutic index of methoxyestrogens with no sign of systemic toxicity.
These features and their broad antitumour activity against a variety of tumour cells have led
to the current testing of methoxyestrogens as potential therapeutic agents in clinical trials
(Pribluda et al., 2000; Schumacher & Neuhaus, 2001). Several synthetic analogues were
equally as effective as 2-methoxyestradiol or were even more potent than the endogenous
compound (Wang et al., 2000; Brueggemeier et al., 2001; Tinley et al., 2003).
The antiproliferative effect of 2-methoxyestradiol appears to be concentrationdependent and to involve several mechanisms. At nano- and micromolar concentrations,
2-methoxyestradiol disrupted microtubule function, induced apoptosis and inhibited
angiogenesis (Klauber et al., 1997; Yue et al., 1997; Huang et al., 2000; LaVallee et al.,
2003). At concentrations ≥ 1 μM , it caused chromosome breaks and aneuploidy (Tsutsui
et al., 2000).
Methoxyestrogens are also substrates for CYP1A1 and CYP1B1, which catalyse their
O-demethylation to catechol estrogens, and thus effectively reverse the COMT reaction by
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which they were formed (Dawling et al., 2003). Specifically, both CYP1A1 and CYP1B1
demethylated 2-methoxy- and 2-hydroxy-3-methoxyestradiol to 2-hydroxyestradiol, and
CYP1B1 additionally demethylated 4-methoxyestradiol to 4-hydroxyestradiol. Thus,
CYP1A1 and CYP1B1 recognize as substrates both the parent hormone estradiol and the
methoxyestrogens, 2-methoxy-, 2-hydroxy-3-methoxy- and 4-methoxyestradiol. Kinetic
analysis showed that estradiol and the methoxyestrogens are alternate substrates, each of
which is catalysed by the same enzyme but by a different type of reaction (Dawling et al.,
2003). Because they are converted to identical catechol estrogen products, each inhibits
formation of 2- and 4-hydroxyestradiol from the other substrate in a non-competitive
manner. It has been proposed that methoxyestrogens exert feedback inhibition on CYP1A1
and CYP1B1, which affects the entire oxidative metabolic pathway of estrogen in several
ways. First, CYP1A1 and CYP1B1 generate catechol estrogen substrates for COMT and,
at the same time, compete with COMT by converting the catechol estrogens to estrogen
quinones. In turn, the methoxyestrogens generated by COMT are alternate substrates for
CYP1A1 and CYP1B1 and inhibit oxidation of the parent hormone estradiol (and most
probably also that of the catechol estrogens). Second, the inhibition occurs at a strategic
point in the pathway where it branches into 2- and 4-hydroxycatechol estrogens. This may
be important in view of the apparent difference in carcinogenicity of these two substances
(Liehr & Ricci, 1996; Cavalieri et al., 2000). Third, all three products of the COMTmediated reaction (i.e. 2-methoxy-, 2-hydroxy-3-methoxy- and 4-methoxyestradiol) act as
inhibitors, and thereby maximize the feedback regulation (Dawling et al., 2003). Fourth,
the feedback regulation occurs at the step in the pathway that precedes the conversion to
estrogen semiquinones and quinones, and thereby reduces the formation of reactive oxygen
species during semiquinone–quinone redox cycling and the potential for estrogen-induced
DNA damage (Dawling et al., 2003).
(vi) Estrogen–glutathione conjugates
The labile estrogen quinones react with a variety of physiological compounds, including amino acids such as lysine and cysteine and the tripeptide, glutathione (γ-glutamylcysteinyl-glycine, GSH) (Cao et al., 1998). MS analysis of the GSH–estrogen isomers
revealed that the catechol estrogen attachment is at the cysteine moiety of GSH, and the
cysteine sulfur binds to an A-ring carbon vicinal to the catechol carbons, i.e. C-1 or C-4
in 2-hydroxyestradiol and C-2 in 4-hydroxyestradiol (Ramanathan et al., 1998). Thus, the
point of attachment of the -S-glutathione (-SG) moiety is always directly adjacent to an
oxygen-bearing carbon, in line with all other known quinone–GSH conjugates (Bolton
et al., 2000).
GSH is the most abundant intracellular non-protein thiol and is found at concentrations
that range from 0.1 to 10 mM. In an in-vitro study, Hachey et al. (2003) used 0.1 mM GSH
and recombinant, purified glutathione S-transferase P1 (GSTP1) and estradiol and
observed a faster rate of estrogen quinone conjugation in the presence of GSTP1 than in
the absence of the enzyme. 2-Hydroxyestradiol and 4-hydroxyestradiol did not form conjugates with GSH alone or in the presence of GSTP1. These data indicate that the enzy-
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matic conversion of catechol estrogens to estrogen quinones by CYP1B1 is a necessary
step for the subsequent GSH conjugation reaction. The enzymatic reaction with GSTP1
yielded only mono-conjugates, i.e. 2-hydroxyestradiol-1-SG, 2-hydroxyestradiol-4-SG and
4-hydroxyestradiol-2-SG. There was no evidence of bis-conjugates, such as 2-hydroxyestradiol-1,4-bisSG and 4-hydroxyestradiol-1,2-bisSG. GSTP1 is also a target for equine
catechol estrogens (Yao et al., 2002). Equine catechol significantly decreased GSH levels
and the activity of GSTP1-1 in human breast cancer cells.
All GSH conjugates are catabolized via the mercapturic acid pathway. First, the glutamyl moiety is removed from the GSH conjugate by transpeptidation, which is catalysed by
γ-glutamyl transpeptidase. The resulting cysteinylglycine conjugate is then hydrolysed by
cysteinyl-glycine dipeptidase to yield the cysteine conjugate. The final step entails acetylation to the N-acetylcysteine conjugate, a mercapturic acid compound. Estrogen–GSH
conjugates are excreted in the urine mostly as N-acetylcysteine conjugates but also as
cysteine conjugates (Todorovic et al., 2001). Thus, estrogen quinones are detoxified in
tissues by GST-mediated GSH conjugation and the resultant GSH conjugates are catabolized to N-acetylcysteine conjugates that are readily excreted.
(b)

Enzymes

(i)
CYP1A1
Although other CYP enzymes, such as CYP1A2 and CYP3A4, are involved in hepatic
and extrahepatic hydroxylation of estrogen, CYP1A1 and CYP1B1 display the highest level
of expression in breast tissue (reviewed by Jefcoate et al., 2000; Lee et al., 2003a). The
human gene for CYP1A1 is polymorphic. Apart from the wild-type (CYP1A1*1), 10 alleles
have been described in different populations. However, several are very rare and of
unknown functional significance (Karolinska Institutet, 2007). The most common alleles
that result in amino acid substitutions are CYP1A1*2 (462Ile → Val) and CYP1A1*4
(461Thr → Asn). Kisselev et al. (2005) expressed and purified CYP1A1.1, CYP1A1.2 and
CYP1A1.4 proteins and performed enzymatic assays of estrogen hydroxylation in reconstituted CYP1A1 systems. All three CYP1A1 isoforms catalysed the hydroxylation of
estradiol and estrone to 2-, 15α-, 6α- and barely detectable 4-hydroxylated estrogen
metabolites. The CYP1A1.2 variant had a significantly higher catalytic activity, especially
for 2-hydroxylation. The catalytic efficiencies for 2-hydroxyestradiol and 2-hydroxyestrone
were 5.7- and 12-fold higher, respectively, compared with the wild-type enzyme. Several
studies found no overall association between the risk for breast cancer and the
polymorphisms in codons 461 and 462 (Huang et al., 1999; reviewed by Mitrunen &
Hirvonen, 2003).
In addition to genetic variation, there is a striking interindividual variation in CYP1A1
expression. For example, Goth-Goldstein et al. (2000) measured CYP1A1 mRNA
expression in 58 non-tumour breast specimens from 26 breast cancer patients and 32 cancerfree individuals by reverse transcription-PCR. CYP1A1 expression varied between specimens by ~400-fold and was independent of CYP1A1 genotype and age of the patient.
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A second study used quantitative immunoblotting of normal and malignant breast tissues
and observed ~150-fold differences in CYP1A1 protein expression between individuals (ElRayes et al., 2003). Attempts to explain such a high degree of interindividual variation in
CYP1A1 expression have focused primarily on genetic polymorphisms within the CYP1A1
gene with inconsistent results. Since the expression of CYP1A1 is induced via the aryl
hydrocarbon receptor (AhR), Smart and Daly (2000) extended the investigation to the AhR
gene, and observed that AhR-mediated induction of CYP1A1 appears to be influenced by
the 1721G → A (554Arg → Lys) polymorphism in exon 10 of the AhR gene. The 554Arg
residue lies close to the transactivation domain of the AhR protein. Individuals who had at
least one copy of the variant 1721A allele showed significantly higher levels of CYP1A1
activity compared with individuals who were negative for the polymorphism (p = 0.0001).
Levels of 3-methylcholanthrene-induced CYP1A1 activity in lymphocytes also varied by
sex: women exhibited significantly lower activity than men (Smart & Daly, 2000). The
authors suggested that interindividual variation in levels of CYP1A1 activity appears to be
associated more with regulatory factors than with polymorphisms in the CYP1A1 gene.
(ii) CYP1B1
CYP1B1 is the main enzyme that converts estradiol to 4-hydroxyestradiol (Jefcoate
et al., 2000). Since animal studies have implicated 4-hydroxyestradiol in the development
of cancer, the expression of CYP1B1 in hormone-responsive tissues such as the breast has
attracted interest. Murray et al. (2001) performed several immunohistochemical studies of
CYP1B1 expression in the breast. Breast cancer tissue but not normal breast tissue
expressed CYP1B1. Forty-six of 60 (77%) invasive breast cancers showed cytoplasmic
staining of tumour cells, which ranged from strong in 10 to moderate in 12 and weak in
24 cases. There was no relationship between the presence of CYP1B1 and the histological
type or grade of the tumour, the presence of lymph node metastasis or estrogen receptor
status (McFadyen et al., 1999). Immunohistochemical analysis of CYP1B1 expression
also revealed cytoplasmic staining in a wide range of other cancers of different histogenetic types, including cancers of the colon, oesophagus, lung, brain and testis. Similar
to the breast, no immunostaining occurred in corresponding normal tissues (Murray et al.,
1997). These findings contradict the observation that normal human mammary epithelial
cells isolated and cultured from reduction mammoplasty tissue of seven individual donors
expressed significant levels of CYP1B1 (< 0.01–1.4 pmol/mg microsomal protein) as
determined by immunoblot analysis (Larsen et al., 1998). The discrepancy between the
studies regarding the presence of CYP1B1 protein in normal mammary epithelium may
be due to the use of different antibodies, to the induction of CYP1B1 as a result of the isolation of the mammary epithelial cells from mammoplasty tissue or to their in-vitro
culture over 6 days (Murray et al., 2001).
Several polymorphisms have been identified in the CYP1B1 gene, four of which are
associated with amino acid substitutions: 48Arg → Gly, 119Ala → Ser, 432Val → Leu
and 453Asn → Ser (Stoilov et al., 1998; McLellan et al., 2000). There is considerable
ethnic variation in the frequency of these polymorphisms. For example, the 432Val allele
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is present in approximately 70% of African-Americans, 40% of Caucasians and less than
20% of Chinese (Bailey et al., 1998; Tang et al., 2000).
Several investigators have examined the effect of CYP1B1 polymorphisms on enzyme
function (Shimada et al., 1999; Hanna et al., 2000; Li, D.N. et al., 2000; McLellan et al.,
2000; Lewis et al., 2003). Although all studies analysed the 4- and 2-hydroxylation of
estradiol by CYP1B1, a comparison of the results needs to take into account differences in
expression systems (bacteria, yeast), assay conditions (microsomal membranes, purified
proteins) and the type of analysis of estrogen metabolites (HPLC, GC–MS). Some studies
also provided an incomplete definition of constructs, i.e. only two or three of the four
amino acids were listed. For these reasons, the results are inconsistent, although it appears
that there is at best a two- to threefold difference in catalytic activity between wild-type
CYP1B1 and any variant isoform.
Several studies have examined the association of CYP1B1 polymorphisms with the
risk for breast and endometrial cancer. Two case–control studies that involved 1355 Caucasian and African-American women found no association with the risk for breast cancer
(Bailey et al., 1998; De Vivo et al., 2002). Another case–control study of 186 Asian cases
of breast cancer and 200 Asian controls found that women with the 432Leu/Leu genotype
had a 2.3-fold (95% CI, 1.2–4.3) elevated risk for breast cancer compared with women
with the 432Val/Val genotype (Zheng et al., 2000). Sasaki et al. (2003) examined 113
Japanese patients with endometrial cancer and 202 healthy controls. Women who had the
homozygous 119Ser/Ser and 432Val/Val genotypes had relative risks for endometrial
cancer of 3.32 (95% CI, 1.38–8.01) and 2.49 (95% CI, 1.10–5.66) compared with those
who had wild-type CYP1B1. McGrath et al. (2004) examined codons 432 and 453 in
women who had endometrial cancer within the Nurses’ Health Study (222 cases, 666
controls). Carriers of the 453Ser allele had a significantly decreased risk for endometrial
cancer (odds ratio, 0.62; 95% CI, 0.42–0.91), and there was no association with the 432Val
→ Leu polymorphism. A case–control study of postmenopausal Swedish women (689
cases, 1549 controls) examined polymorphisms at codons 119, 432 and 453 and found no
evidence for an association between CYP1B1 genotype and risk for endometrial cancer
(Rylander-Rudqvist et al., 2004). However, two studies observed an association of the
432Val/Val genotype with expression of estrogen receptor in breast cancer patients (Bailey
et al., 1998; De Vivo et al., 2002). Another study noted a significant association between
the 119Ser/Ser genotype and expression of estrogen receptors α and β in endometrial
cancer patients (Sasaki et al., 2003). One study of postmenopausal women found that
carriers of the 432Leu and 453Ser alleles had modestly higher plasma levels of estradiol
but similar levels of estrone and estrone sulfate (De Vivo et al., 2002), while another study
found no such association (Tworoger et al., 2004). The 432Leu → Val polymorphism was
also investigated in relation to other cancers and showed no association with lung cancer
but increased risks for ovarian cancer associated with the 432Leu allele and for prostate
cancer associated with the 432Val allele (Tang et al., 2000; Watanabe et al., 2000;
Goodman, M.T. et al., 2001).
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(iii) Catechol-O-methyltransferase (COMT)
The enzymatic activity of recombinant, purified COMT has been determined for methylation of the catechol estrogen substrates 2- and 4-hydroxyestradiol and 2- and 4-hydroxyestrone (Dawling et al., 2001; Lautala et al., 2001; Goodman et al., 2002). COMT catalysed
the formation of monomethyl ethers at the 2-, 3- and 4-hydroxyl groups. Dimethyl ethers
were not observed. The rates of methylation of 2-hydroxyestradiol and 2-hydroxyestrone
yielded typical hyperbolic patterns, whereas those of 4-hydroxyestradiol and 4-hydroxyestrone exhibited a sigmoid curve pattern (Dawling et al., 2001). Thus, COMT interacts
differently with the 2- and 4-hydroxyestrogen substrates. Methylation of 2-hydroxyestrogen
substrates exhibits Michaelis-Menten saturation kinetics and yields two products, i.e. 2- and
3-methoxyestrogens. In contrast, the methylation of 4-hydroxyestrogen substrates displays
sigmoid saturation kinetics that indicates cooperative binding and yields only a single
product, i.e. 4-methoxyestrogen. The main structural difference between 2- and 4-hydroxy
catechol estrogens is the proximity of the 4-hydroxyl group to the B-ring of the steroid. The
2- and 3-hydroxyl groups in 2-hydroxyestrogen appear to be similar in reactivity, whereas
the 3- and 4-hydroxyl groups in 4-hydroxyestrogen differ in reactivity to the point that, in
the latter, only the 4-hydroxyl group becomes methylated.
Dawling et al. (2001) compared the enzymatic activity of wild-type (108Val) COMT
with that of the common variant (108Met). The 108Met variant, unlike wild-type COMT,
was thermolabile, and led to two- to threefold lower levels of production of methoxyestrogen. These results differ from those of Goodman et al. (2002) but are in agreement
with two other studies (Lachman et al., 1996; Syvänen et al., 1997). Dawling et al. (2001)
developed an enzyme-linked immunosorbent assay to quantify COMT in breast cancer
cell lines and determined that ZR-75 and MCF-7 cells contain similar amounts of COMT,
but differ in genotype and enzymatic activity. The catalytic activity of variant COMT in
MCF-7 cells was two- to threefold lower than that of wild-type COMT in ZR-75 cells.
Since COMT is expressed ubiquitously, it appears that the COMT genotype significantly
affects levels of catechol estrogens throughout the body. However, Goodman et al. (2002)
found no difference between breast cancer cell lines of different COMT genotypes (MCF10A and ZR-75-1 with high activity allele COMTHH, and NCF-7 and T47D with low
activity allele COMTLL), except for the formation of 2-methoxyestradiol.
Immunohistochemical analysis of benign and malignant breast tissue revealed the
presence of COMT in the cytoplasm of all epithelial cells. Immunoreactive COMT was
also observed in the nucleus of some benign and malignant epithelial cells. There was no
correlation between histopathology and the number of cells with nuclear COMT, size of
foci that contained such cells or intensity of nuclear COMT immunostaining. Staining of
both intra- and interlobular stromal cells was always of a much lower intensity than that
of epithelial cells in the same tissue sections (Weisz et al., 2000).
Several epidemiological studies have examined the association of COMT genotype
with the risk for breast cancer. A meta-analysis of 13 studies published through to July 2004
did not support the hypothesis that the low-activity variant of COMT, as a single factor,
leads to increased risk for breast cancer (Wen et al., 2005). However, Goodman, J.E. et al.
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(2001) observed an association between the risk for breast cancer, COMT genotype and
micronutrients in the folate metabolic pathway. These micronutrients (i.e. cysteine, homocysteine, folate, vitamin B12, pyridoxal 5′-phosphate) are known to influence levels of the
methyl donor S-adenosylmethionine, and S-adenosylhomocysteine, a COMT inhibitor that
is generated by the demethylation of S-adenosylmethionine. High-activity homozygous
COMT*1 cases of breast cancer had significantly lower levels of homocysteine (p = 0.05)
and cysteine (p = 0.04) and higher levels of pyridoxal 5′-phosphate (p = 0.02) than
homozygous COMT*1 controls. In contrast, low-activity homozygous COMT*2 cases had
higher levels of homocysteine (p = 0.05) than low-activity homozygous COMT*2 controls.
An increase in the number of COMT*2 alleles was significantly associated with an
increased risk for breast cancer in women with levels of folate below the median (p for
trend = 0.05) or levels of homocysteine above the median (p for trend = 0.02). No
association was seen between vitamin B12, COMT genotype and risk for breast cancer
(Goodman, J.E. et al., 2001). These findings are consistent with a role of certain folate
pathway micronutrients in the mediation of the association between COMT genotype and
the risk for breast cancer. At the same time, these results illustrate the complex interaction
of genetic and nutritional factors in the development of breast cancer. Equally complex is
the interaction of the COMT genotype with other risk factors such as mammographic
density (Hong et al., 2003).
Lavigne et al. (2001) examined the effect of estrogen metabolism on oxidative DNA
damage (8-hydroxy-2′-deoxyguanosine [8-OH-dG]) in 2,3,7,8-tetrachlorodibenzo-paradioxin-pretreated MCF-7 cells exposed to estradiol with and without Ro41-0960, a
specific inhibitor of COMT. Administration of the COMT inhibitor blocked the formation
of 2-methoxyestradiol and, at the same time, increased the levels of 2-hydroxyestradiol
and 8-OH-dG. During inhibition of COMT, increased oxidative DNA damage was
detected in MCF-7 cells exposed to concentrations of estradiol as low as 0.1 μM, whereas,
when COMT was not inhibited, no increase in 8-OH-dG was detected at concentrations
of estradiol ≤ 10 μM. These results demonstrate that COMT activity is protective against
oxidative DNA damage associated with catechol estrogen metabolites. In the absence of
COMT activity and methoxyestrogens, a linear relation was observed between levels of
2- plus 4-hydroxyestradiol and 8-OH-dG. However, this relationship did not remain under
experimental conditions that allowed limited formation of methoxyestrogens (when cells
were treated with a lower concentration of COMT inhibitor), i.e. 8-OH-dG levels were
lower than those expected for a given concentration of 2- plus 4-hydroxyestradiol in the
presence of 2-methoxyestradiol. The authors suggested that 2-methoxyestradiol may
reduce the formation of 8-OH-dG.
(iv) Glutathione S-transferases
Hachey et al. (2003) determined that GSTP1 and CYP1B1 are coordinated in sequential
reactions, i.e. 4- and 2-hydroxyestradiol did not form GSH conjugates in the presence of
GSTP1 unless they were first oxidized by CYP1B1 to their corresponding quinones.
CYP1B1 metabolized estradiol to two products, 4- and 2-hydroxyestradiol, and further to
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estradiol-3,4-quinone and estradiol-2,3-quinone, while GSTP1 formed three products,
4-hydroxyestradiol-2-SG, 2-hydroxyestradiol-4-SG, and 2-hydroxyestradiol-1-SG, the last
of which in smaller amounts. The rate of conjugation was in the order 4-hydroxyestradiol2-SG > 2-hydroxyestradiol-4-SG >> 2-hydroxyestradiol-1-SG, which indicated a difference
in the regiospecific reactivity of the two quinones. Estradiol-2,3- and estradiol-3,4-quinones
are products of CYP1B1- and substrates of GSTP1-mediated reactions but also react nonenzymatically with other nucleophiles, as indicated by a 10-fold concentration gap between
catechol estrogens and GSH–estrogen conjugates. It has been suggested that, although both
reactions are coordinated qualitatively in terms of product formation and substrate utilization, the quantitative gap would enable the accumulation of estrogen quinones and their
potential for DNA damage.
Based on protein levels, GSTP1 is the most important member of the GST family
expressed in breast tissue (Kelley et al., 1994; Alpert et al., 1997). However, two other
GST isoforms, GSTM1 and GSTA1, are also expressed in mammary epithelium, although
at lower levels. About 50% of Caucasian and 30% of African women possess the GSTM1
null genotype and therefore completely lack GSTM1 expression in all tissues including the
breast (Garte et al., 2001). GSTs are known to have selective as well as overlapping
substrate specificities. It is unknown at present whether GSTM1 and GSTA1 are capable
of conjugating estrogen quinones similarly to GSTP1 (Hachey et al., 2003).
The GSTP1 gene also possesses two polymorphisms in codons 104 (Ile → Val) and
113 (Ala → Val) that are associated with altered catalytic activity towards polycyclic aromatic hydrocarbons (Hu et al., 1997; Ji et al., 1999). It is unknown at present whether the
GSTP1-mediated conjugation of estrogen quinones varies between the GSTP1 wild-type
and its variants.
Several epidemiological studies found no overall association between polymorphism
in GSTP1 codon 104 and the risk for breast cancer (reviewed by Mitrunen & Hirvonen,
2003). The polymorphic allele in codon 113 showed a tendency for an increased risk in one
study and a protective effect in another (Krajinovic et al., 2001; Maugard et al., 2001).
A comprehensive review of 15 studies of GSTM1 published through to 2002 found no
overall evidence for an association of the GSTM1 null genotype with risk for breast cancer
(Mitrunen & Hirvonen, 2003).
(v) Uridine-5′ diphosphate (UDP)-glucuronosyltransferases
The UDP-glucuronosyltransferase (UGT) superfamily currently consists of 16 functional genes that are organized into two families of enzymes, UGT1 and UGT2 (King et al.,
2000; Tukey & Strassburg, 2000). The study of UGTs was initiated by the hypothesis that
UGT-mediated estrogen conjugation reduces catechol estrogen levels and thereby
decreases the risk for breast cancer (Raftogianis et al., 2000). Similarly to the sulfotransferase (SULT) superfamily, several UGT isoforms are capable of estrogen conjugation, i.e.
UGT1A1, -1A3, -1A7, -1A8, -1A9, -1A10, -2B4, -2B7, -2B11 and -2B15 (Lévesque et al.,
1999; King et al., 2000; Turgeon et al., 2001). Although a comprehensive study of all
known UGTs has not yet been performed, individual studies indicate that, of those tested,
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UGT1A1, -1A3, -1A8, -1A9 and -2B7 have the highest activity toward estrogens (Albert
et al., 1999; Tukey & Strassburg, 2000; Turgeon et al., 2001; Vallée et al., 2001). The
parent hormones, estradiol and estrone, and their respective catechols are recognized as
substrates, but individual isoforms display distinct differences in substrate specificity and
conjugation efficiency. Comparison of UGT1A3 and -2B7 showed regioselective conjugation of estradiol, i.e. UGT1A3 only conjugated the C-3 hydroxyl group of the A-ring,
whereas UGT2B7 conjugated the 17β-hydroxyl in the D-ring, to yield estradiol-3 and 17βglucuronides, respectively (Gall et al., 1999). Several isoforms, including UGT1A1, -1A9
and -2B7, were more active towards the catechol estrogens than the parent hormones. In
contrast, comparison of catechol estrogen substrates revealed that UGT1A1 and -1A3 were
more active toward 2-hydroxyestradiol, while UGT1A9 and -2B7 conjugated 4-hydroxyestradiol more efficiently (Cheng et al., 1998; Albert et al., 1999). Although the catechols
derived from estradiol and estrone are generally metabolized with similar efficiencies,
UGT2B7 displayed seven- to 12-fold higher activity (1320 pmol/min/mg microsomal
protein) towards 4-hydroxyestrone than 4-hydroxyestradiol, in spite of similar apparent Km
values (Cheng et al., 1998; Turgeon et al., 2001). The highest activity was recorded for the
UGT1A9-mediated conjugation of 4-hydroxyestradiol (2500 pmol/min/mg) (Albert et al.,
1999).
Few studies have examined UGT expression in breast tissue, and have usually been
limited to the detection of the transcript. Of the isoforms with the highest activity toward
estrogen conjugation, UGT1A9 mRNA was detectable in breast tissue whereas UGT1A1
mRNA was not detected (Albert et al., 1999; Vallée et al., 2001). UGT2B7 appears to be
the only isoform that has been examined for both transcript and protein. UGT2B7 transcript was present in normal mammary tissue, but not in T47D and ZR-75 breast cancer
cells (Turgeon et al., 2001). A detailed immunohistochemical study (Gestl et al., 2002)
demonstrated expression of UGT2B7 protein in normal mammary epithelium obtained
from either reduction mammoplasties or tissue distant from invasive cancer in mastectomy
specimens. In contrast, expression of UGT2B7 protein was significantly reduced in
malignant cells. The observed difference in UGT2B7 expression between benign and
malignant cells is consistent with the hypothesis that UGT-mediated conjugation of
catechol estrogens prevents the formation of potentially carcinogenic estrogen quinones.
Based on the efficiency of estrogen conjugation and expression in breast tissue, UGT1A9
and -2B7 may be considered to be the predominant isoforms in mammary metabolism of
estrogen.
To date, polymorphisms have been described in seven of the 16 functional human
UGT genes, namely UGT1A1, -1A6, -1A7, -1A8, -2B4, -2B7 and -2B15 (Lévesque et al.,
1999; Huang et al., 2002; Miners et al., 2002). Altered catalytic activity has been shown
for variants of UGT1A6, -1A7, -1A8 and -2B15, but the biological significance has yet
to be proven (Huang et al., 2002; Miners et al., 2002). A polymorphism in UGT2B7
(268His → Tyr) exhibited similar efficiencies for the glucuronidation of a number of
substrates for the wild-type and variant enzymes (Bhasker et al., 2000). Functional significance has only been convincingly demonstrated for a polymorphism in a TA repeat

278

IARC MONOGRAPHS VOLUME 91

element, (TA)5-8TAA, of the UGT1A1 promoter. The length of the TA repeat appears to
influence UGT1A1 transcription, i.e. UGT1A1 gene expression decreases with increasing
number of repeats, and results in impaired glucuronidation of bilirubin in Gilbert syndrome. The UGT1A1 polymorphism was associated with a marginal effect (p = 0.06) on
the risk for breast cancer in premenopausal but not in postmenopausal African-American
women (Guillemette et al., 2000). No association with risk was observed in a larger study
of Caucasian women, and levels of circulating estradiol and estrone were not affected by
the polymorphism (Guillemette et al., 2001).
(vi) Sulfotransferases
The SULT superfamily currently consists of 10 distinct enzymes that are classified
into three families (SULT1, -2 and -4) based on the identity of amino acid sequence
(Falany et al., 2000; Glatt et al., 2000; Adjei & Weinshilboum, 2002). Growing recognition of the carcinogenic potential of catechol estrogens has led to increased interest in the
role of SULTs in the intracellular metabolism of estrogen (Raftogianis et al., 2000). These
studies were initiated by the hypothesis that SULT-mediated estrogen conjugation reduces
catechol estrogen levels and thereby decreases the risk for breast cancer.
The identification of new SULT isoforms during the past few years (Falany et al.,
2000) has shown that earlier tissue studies frequently encompassed unrecognized isoforms,
which obscured the issue of SULT specificity in estrogen conjugation. In a comprehensive
study, Adjei and Weinshilboum (2002) prepared the known 10 recombinant SULT isoforms
and determined that seven (1A1, 1A2, 1A3, 1E1, 2A1, 2B1a, 2B1b) catalysed the sulfate
conjugation of catechol estrogens, whereas three (1B1, 1C1, 4A1) did not.
Although seven SULT isoforms were shown to conjugate estrogens, they differ significantly in their substrate affinity. There is consensus among investigators that only SULT1E1
can conjugate estradiol, and 2- and 4-hydroxyestradiol at nanomolar concentrations, in
contrast to the micromolar concentrations observed for SULT1A1, -1A2, -1A3 and -2A1
(Faucher et al., 2001; Adjei & Weinshilboum, 2002). However, there is disagreement with
respect to the sulfation of methoxyestrogens at nanomolar concentrations (Spink et al.,
2000; Adjei et al., 2003).
Immunocytochemical studies have shown that SULT1E1 is the principal isoform in
normal mammary epithelial cells derived from reduction mammoplasties, the non-tumourderived cell line 184A1 and epithelial cells in normal breast tissues (Spink et al., 2000;
Suzuki et al., 2003). Other isoforms, such as SULT1A1, were not detectable immunohistochemically in normal mammary epithelium, although reverse transcription-PCR revealed
SULT1A1 and -1A3 mRNA in 184A1 cells (Spink et al., 2000). The expression pattern of
SULT was almost converse in breast cancer cell lines and tissues. Virtually every malignant
cell line expresses one or more members of the SULT1A subfamily. For example,
SULT1A1 protein and mRNA levels were particularly high in BT-20, MCF-7, T47D and
ZR-75 cells. In contrast, SULT1E1 was present in trace amounts or undetectable in most
malignant cell lines (Spink et al., 2000; Falany et al., 2002). However, SULT1E1 was
detected by immunohistochemistry in 50/113 (44.2%) invasive ductal carcinomas (Suzuki
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et al., 2003). A subgroup analysis of 35 cases showed a significant correlation (p < 0.01)
between the immunohistochemical SULT1E1 score and SULT1E1 mRNA levels that was
semiquantified by reverse transcriptase-PCR or with SULT1E1 enzymatic activity. Women
who had SULT1E1-positive tumours had a better prognosis (longer disease-free interval
[p = 0.0044] and overall survival [p = 0.0026]) than their SULT1E1-negative counterparts
(Suzuki et al., 2003). Both the expression of SULT1E1 in normal mammary epithelium
and the poor clinical outcome of SULT1E1-negative breast cancers support the view that
SULT1E1-mediated conjugation is important in limiting long-term exposure of the mammary glands to carcinogenic catechol estrogens.
The SULT1A1 and -1E1 genes contain polymorphisms that are associated with
decreased enzyme activity and thermal stability (Carlini et al., 2001; Adjei et al., 2003).
Two SULT1A1 polymorphisms have been described in codons 213Arg → His and 223Met
→ Val, which result in three alleles, SULT1A1*1 (213Arg, 223Met), SULT1A1*2 (213His,
223Met) and SULT1A1*3 (213Arg, 223Val). Allele frequencies for SULT1A1*1, -*2 and
-*3 were 65, 33 and 1% for Caucasians and 48, 29 and 23% for African-Americans, respectively (Carlini et al., 2001). A kinetic analysis of 2-methoxyestradiol showed similar Km
values for SULT1A1*1 and SULT1A1*2 (0.90 ± 0.12 and 0.81 ± 0.06 μM, respectively)
(Spink et al., 2000). Three SULT1E1 polymorphisms cause amino acid substitutions in
codons 22Asp → Tyr, 32Ala → Val and 253Pro → His (Adjei et al., 2003). Kinetic studies
with estradiol and the recombinant SULT1E1 variant 22Tyr revealed an increase in apparent Km, which resulted in a 40-fold lower activity compared with the wild-type enzyme
(Adjei et al., 2003) and is consistent with the location of residue 22 at the entrance of the
substrate-binding pocket (Pedersen et al., 2002). The striking decrease in enzyme activity
and concentration observed for 32Ala → Val and 22Asp → Tyr are expected to have considerable impact on the mammary metabolism of estrogen. However, the allele frequency of
these SULT1E1 variants is < 1% (Adjei et al., 2003), which is much lower than the variant
SULT1A1 allele frequency, and raises the question whether they are indeed polymorphisms
or mutations. One epidemiological study found an increased risk for breast cancer associated with the SULT1A1*2 genotype (213Arg → His) (155 cases, 328 controls; odds ratio,
1.8; 95% CI, 1.0–3.2; p = 0.04) (Zheng et al., 2001). However, another study reported the
lack of an association (444 cases, 227 controls; p = 0.69) (Seth et al., 2000).
(vii) Steroid (estrone) sulfatase
In contrast to the many SULTs, only one steroid sulfatase hydrolyses several sulfated
steroids, including estrone sulfate, estradiol sulfate, dehydroepiandrosterone sulfate and
cholesterol sulfate (Burns, 1983). Steroid sulfatase is not expressed in normal
endometrium but was observed in 65/76 (86%) endometrial carcinomas (Utusunomiya
et al., 2004). In contrast, the enzyme is expressed in both normal and malignant breast
tissues (Chapman et al., 1995; Utsumi et al., 1999; Miyoshi et al., 2001). Utsunomiya
et al. (2004) found a positive correlation (p < 0.05) between the steroid sulfatase:estrogen
SULT ratio and shorter survival in patients with endometrial carcinomas, and suggested
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that increased steroid sulfatase and decreased estrogen SULT expression may result in
increased availability of biologically active estrogens.
Several studies have shown that progestogens can act as ‘selective estrogen enzyme
modulators’ in hormone-responsive breast cancer cells (reviewed by Pasqualini, 2004).
Specifically, several progestogens exert an inhibitory effect on estrone sulfatase, which
produces estradiol, in conjunction with a stimulatory effect on SULT, which forms the
inactive estrogen sulfate. These data help to explain the antiproliferative effect of progestogens in breast tissue. It was also shown in MCF-7 and T47D cells that estradiol inhibited
estrone sulfatase in a dose-dependent manner (IC50: concentration of estradiol that inhibits
the activity of the enzyme by 50%, 8.8 × 10–10 M and 1.8 × 10–9 M, respectively) and thereby
decreased its own formation by blocking the conversion of estrone sulfate to estradiol
(Pasqualini & Chetrite, 2001).
(viii) 17β-Hydroxysteroid dehydrogenase
17β-Hydroxysteroid dehydrogenase (17β-HSD) enzyme is responsible for the interconversion of 17-ketosteroids and their active 17β-hydroxysteroid counterparts, such as
estrone, estradiol, androstenedione and testosterone. Six human genes that encode isozymes of 17β-HSD have been cloned (Peltoketo et al., 1999). These isozymes are designated types 1–6 or HSD1–HSD6.
17β-HSD1 is a key enzyme in estrogen metabolism because it catalyses the conversion
of estrone into the biologically more active estradiol. It is abundantly expressed in ovarian
granulosa cells and placental syncytiotrophoblasts (Peltoketo et al., 1999). 17β-HSD1 is
detected in certain peripheral tissues, such as breast and endometrium, in addition to steroidogenic cells in the ovary and placenta. However, the degree of expression reported is quite
variable. In breast cancers, for example, the detection of 17β-HSD1 mRNA varies from 16
to 100% (Gunnarsson et al., 2001; Oduwole et al., 2004) and the immunohistochemical
staining of 17β-HSD1 ranges from 20 to 61% of cases (Poutanen et al., 1992a,b; Sasano
et al., 1996; Suzuki et al., 2000; Oduwole et al., 2004). A positive, inverse or no correlation
was observed between 17β-HSD1 expression and estrogen receptor-positive status in
breast cancers (Sasano et al., 1996; Suzuki et al., 2000; Oduwole et al., 2004). One study
observed significantly higher expression of 17β-HSD1 in postmenopausal cancers while
another study found no correlation with menopausal status (Suzuki et al., 2000; Miyoshi
et al., 2001). Correlation between 17β-HSD1 expression and prognosis has been inconsistent, and either no association or a shorter overall and disease-free survival have been
found in breast cancer patients (Suzuki et al., 2000; Oduwole et al., 2004). One reason for
the discrepant data on 17β-HSD1 expression could be the amplification of the 17β-HSD1
gene, which was observed in 14.5% of postmenopausal breast cancers (Gunnarsson et al.,
2003). However, 17β-HSD1 is not expressed in normal or malignant endometrium
(Utsunomiya et al., 2001, 2003).
The 17β-HSD1 gene contains several polymorphisms, including a common one in
exon 6 that results in the amino acid substitution 312Ser → Gly (Normand et al., 1993).
Several studies found no association of this polymorphism with either breast or endo-
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metrial cancers (Feigelson et al., 2001; Wu et al., 2003; Setiawan et al., 2004). This is
consistent with experimental data that show no difference in the catalytic activity of recombinant wild-type and variant 312 alleles (Puranen et al., 1994). Nevertheless, one study
observed higher plasma levels of estradiol in lean women with the homozygous
312Gly/Gly genotype (p = 0.01) (Setiawan et al., 2004).
17β-HSD2 catalyses the conversion of estradiol into less potent estrone. In contrast to
17β-HSD1, expression studies of 17β-HSD2 yielded more consistent results. 17β-HSD2 is
expressed in normal mammary epithelium but is frequently absent in breast cancer cells
(Miettinen et al., 1999; Ariga et al., 2000; Suzuki et al., 2000; Gunnarsson et al., 2001;
Oduwole et al., 2004). 17β-HSD2 mRNA was found in 10–31% of tumours and 17β-HSD2
protein was absent in all breast cancers (Suzuki et al., 2000; Gunnarsson et al., 2001). In
contrast, 17β-HSD2 was regularly expressed in normal endometrium and was detected in
75% of endometrial hyperplasias and 37–50% of endometrial carcinomas (Utsunomiya
et al., 2001, 2003). Since 17β-HSD2 preferentially catalyses the oxidation of estradiol to
less active estrone, it has been suggested that the expression of 17β-HSD2 in proliferative
glandular cells of endometrial disorders may represent an in-situ defence mechanism that
modulates unopposed estrogenic effects (Utsunomiya et al., 2003).
17β-HSD5 (also known as aldo-keto reductase, AKR1C3) is expressed in normal
breast and prostate (Penning et al., 2000). The level of 17β-HSD5 expression in breast
cancer specimens was higher than that in normal breast tissue and 65% of 794 tumours
labelled 17β-HSD5-positive (Oduwole et al., 2004). Since 17β-HSD5 recognizes a wide
range of substrates, including estrogens, androgens, progestogens and prostaglandins, its
role in breast tissue is uncertain.
Progestogens have a complex effect on 17β-HSD activity and can direct the interconversion of estrone to estradiol in both directions (reviewed by Pasqualini, 2004). Studies
with the hormone-dependent breast cancer cells MCF-7 and T47D have shown that some
progestogens stimulate the reductive activity of estrone to estradiol and thereby enhance cell
proliferation (Coldham & James, 1990; Poutanen et al., 1990, 1992b; Peltoketo et al.,
1996). Other progestogens favour the oxidation of estradiol to estrone and may thereby
inhibit cell growth (Chetrite et al., 1999a,b).
(c)

Tobacco smoke

Several compounds in tobacco smoke might affect estrogen metabolism by the induction of CYPs (Zeller & Berger, 1989). An epidemiological study of 27 premenopausal
women (14 smokers, 13 nonsmokers) showed a significant increase in urinary excretion
of 2-hydroxyestrone that is a result of 2-hydroxylation of reversibly oxidized estradiol
(Michnovicz et al., 1986). [The concentration of 4-hydroxylated estrogen metabolites was
not assessed by this assay.]
Berstein et al. (2000) used GC–MS to measure urinary excretion of catechol estrogens
in six smoking and 10 nonsmoking postmenopausal women who received 2 mg/day estradiol valerate for 1 month. Before administration of estradiol valerate, smokers had significantly lower excretion of 16-epiestriol and 4-hydroxyestrone than nonsmokers. After
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administration of estradiol valerate, much higher excretion of 2-hydroxyestrone and 4hydroxyestradiol was observed in smokers compared with nonsmokers. These data indicate
that only the combination of estradiol valerate and smoking (and not smoking itself) leads
to an increase in potentially genotoxic catechol estrogens.
4.1.2

Experimental systems
(a)

Estrogen fatty acid esters

Chronic treatment of ovariectomized rats with 0.5 or 5 nmol/day estradiol stearate for
10 or 23 days had a stronger stimulatory effect on mammary gland cell proliferation than
treatment with equimolar doses of estradiol (Mills et al., 2001). Two commonly prescribed
hypolipidaemic drugs, clofibrate and gemfibrozil, increase the size and number of hepatic
peroxisomes upon administration to rodents. Treatment of rats with clofibrate caused a
multifold increase in the hepatic microsomal formation of estradiol fatty acids (Xu et al.,
2001a). The stimulatory effect of clofibrate on hepatic fatty acid esterification of estradiol
was paralleled by enhanced estradiol-induced increases in the formation of lobules in the
mammary gland and by increased incorporation of bromodeoxyuridine, a marker of cell
proliferation, into these lobules (Xu et al., 2001b).
(b)

Catechol estrogens

Catechol estrogens are carcinogenic in animal experiments. The experimental evidence
was reviewed by Cavalieri et al. (2000) and showed that 4-catechol estrogens are more
carcinogenic than the isomers 2-hydroxyestrogens. In addition to the induction of renal
cancer in hamsters (Liehr et al., 1986), 4-hydroxyestradiol induces uterine adenocarcinoma, a hormonally related cancer, in mice. Administration of estradiol, 2-hydroxyestradiol and 4-hydroxyestradiol induced endometrial carcinomas in 7, 12 and 66%, respectively, of neonatally treated CD-1 mice (Newbold & Liehr, 2000). However, in adult
ACI rats, administration of estradiol but not that of 2- or 4-hydroxyestradiol or 4-hydroxyestrone induced mammary tumours (Turan et al., 2004).
4.2

Receptor-mediated effects

As indicated in the monograph on Combined estrogen–progestogen contraceptives,
there is evidence that not all of the effects of estrogens and progestogens used in hormonal
therapy for the menopause are mediated through nuclear or other receptors. In addition,
the effects of these steroids probably involve several molecular pathways and cross-talk
between receptor- and/or non-receptor-mediated pathways. During the past decade, extensive growth in research on the mechanisms of action of hormones and on hormones and
cancer has taken place, and several steroid hormone receptor subtypes and non-genomic
mechanisms of action have been determined.
Hormonal therapy with ‘estrogens only’ is effective in the treatment of many aspects
of the menopause, but the increased risk for endometrial cancer renders the prescription
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of combined estrogen–progestogen products for women with a uterus essential. In this
context, an ideal progestogen would prevent endometrial cancer and maintain the protective benefits of estrogens, which means that it should have no significant anti-estrogenicity, except in the endometrium.
The various components of hormonal therapy for the menopause have received
increased attention in recent years. Information has become available on the progestogens
used and on their hormonal activities and their binding affinities to various receptors and
proteins. This information is summarized in Tables 17 and 18, which were compiled on
the basis of information gathered by Sitruk-Ware (2002), Schindler et al. (2003), ShieldsBotella et al. (2003), Sitruk-Ware (2004a,b) and Wiegratz and Kuhl (2004).
There has also been tremendous growth in research on the effects of postmenopausal
hormonal therapy on a variety of non-cancer end-points related to endometrial function
(vaginal bleeding), postmenopausal vasomotor symptoms, treatment of problems with the
menstrual cycle, skin, bone and related calcium metabolism, the cardiovascular system
and lipid metabolism. Many of these effects are probably at least in part mediated by
mechanisms of steroid receptors. This topic is reviewed in Section 4.3.
4.2.1

Combined estrogen–progestogen therapy
(a)

Humans

(i)
Breast
No data were available on the effects of exposure to combined estrogen–progestogen
therapy on the human breast in the previous evaluation (IARC, 1999). During the past
6 years, several reports have been published that are pertinent to this issue.
Hargreaves et al. (1998) obtained archival paraffin-embedded breast tissue samples
from women who underwent surgery for benign (n = 61) or malignant (n = 124) breast
disease and stained sections from these for the proliferation marker Ki-67 and the progesterone receptor. The median percentage of normal epithelial cells that stained for Ki-67 [using
an unspecified antibody] was 0.19% (range, 0–3.66%) in breast samples of 111 women who
did not receive hormonal therapy. This was not significantly different from the percentages
in normal epithelial cells from 35 women who took estrogen only (0.22%; range, 0–1.44%)
or 39 women who took combined estrogen plus progesterone therapy (0.25%; range,
0–2.80%). However, the median percentage of normal epithelial cells that stained for the
nuclear progesterone receptor significantly increased from 4.8% (range, 0–39%) in 100
untreated women to 10.2% (range, 0.2–40%) in 31 women who took estrogen only and
6.7% (range, 0–44%) in 36 women who took combined estrogen plus progesterone therapy.
This increased expression of the progesterone receptor is consistent with an effect of
estrogen on breast cells.
Hofseth et al. (1999) obtained breast biopsies from women who were taking oral estrogen–progestogen therapy that contained conjugated equine estrogens (0.3–2.5 mg/day) or
micronized 17β-estradiol (0.5–1.0 mg/day) plus medroxyprogesterone acetate (2.5–
5.0 mg/day), from women who were taking these estrogens only or from women who did
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Table 17. Overview of the spectrum of hormonal activities of progestogens used in hormonal menopausal
therapy
Progestogenic

Antiestrogenic

Estrogenic

Androgenic

Antiandrogenic

Glucocorticoid

Antimineralocorticoid

Chlormadinone acetate
Cyproterone acetate
Desogestrel
Dienogest
Drospirenone
Dydrogesterone
Etonogestrel [3-keto-desogestrel]
Gestodene
Levonorgestrel/norgestrel
Medroxyprogesterone (acetate)
Norethisterone (acetate)
Progesterone
Trimegestone

+
+
+
+
+, +
+
+
+
+
+
+, +
+, +
+

+
+
+
+, ±
+
+
+
+
+
+
+
+
+

–
–
–
–, ±
–
–
–
–
–
–
+
–
–

–
–
+
–
–
–
+
+
+
±
+
–
–

+
+, +
–
+
+
–, ±
–
–
–
–
–
±
±

+
+
±, –
–
?, –
?
±, –
±, +
–
+
–
+
–

–
–
–
–
+
±
–
+
–
–
–
+
±

Adapted from Wiegratz and Kuhl (2004); second value, for progestogenic activity only from Sitruk-Ware (2002); second value, except for
progestogenic activity from Schindler et al. (2003)
+, effective; ±, weakly effective; –, ineffective; ?, unknown
Data are based mainly on animal experiments. The clinical effects of the progestogens are dependent on their tissue concentrations.
No comparable data were available for ethynodiol diacetate.
Note: This information should be viewed as only an indication of the hormonal activity and its order of magnitude of the various progestogens.
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Progestogen

Progestogen

PR

AR

ER

GR

MR

SHBG

CBG

Chlormadinone acetate
Cyproterone acetate
Desogestrel (as 3-keto-desogestrel)
Dienogest
Drospirenone
Dydrogesterone
Etonogestrel (3-keto-desogestrel)
Gestodene
Levonorgestrel/norgestrel
Medroxyprogesterone acetate
Norethisterone acetate
Norgestimate/nomegestrol acetate
Progesterone
Trimegestone
Reference compounds (100%)

134
180
300
10
70, 19
150
300
180, 864
300, 323
130, 298
150, 134
30
100
660, 588
Progesterone

5
6
20
10
65, 2
0
20
85, 71
45, 58
5, 36
15, 55
0
0
1, 2.4
Metribolone
(R1881)

0
0
0
0
0, < 0.5
?
0
0, < 0.02
0
0, < 0.02
0, 0.15
0
0
0, < 0.02
17β-Estradiol

8
6
14
1
6, 3
?
14
27, 28
1, 7.5
29, 58
0, 1.4
1
10
9, 13
Dexamethasone
(or cortisol)

0
8
0
0
230, 500
?
0
290, 97
75, 17
160, 3.1
0, 2.7
0
100
120, 42
Aldosterone

0
0
15
0
0
?
15
40
50
0
16
0
0
?
5α-Dihydrotestosterone

0
0
0
0
0
?
0
0
0
0
0
0
36
?
Cortisol

Adapted from Wiegrazt and Kuhl (2004a,b); second value from Sitruk-Ware (2004)
?, unknown; AR, androgen receptor; CBG, corticoid-binding globulin; ER, estrogen receptor; GR, glucocorticoid receptor; MR, mineralocorticoid
receptor; PR, progesterone receptor; SHBG, sex hormone-binding globulin
a
Values were compiled by these authors by cross-comparison of the literature. Because the results of the various in-vitro experiments depend
largely on the incubation conditions and biological materials used, the published values are inconsistent. These values do not reflect the biological
effectiveness, but should be viewed as only an indication of the order of magnitude of the binding affinities of the various progestogens.
No comparable data were available for ethynodiol diacetate.
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Table 18. Relative binding affinities of progestogens used in hormonal therapy for the menopause to steroid
receptors and serum binding globulinsa
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not take hormonal treatment. Compared with untreated women (n = 16–19), the percentage
of epithelial cells in the inter- and intralobular ducts and the duct-lobular units that stained
positive for proliferating cell nuclear antigen were significantly (p < 0.01) increased by
approximately twofold in women who took estrogen alone (n = 21) and those who took
estrogen plus progestogen (n = 15; ducts only); staining was increased by almost threefold
in the duct-lobular unit cells of women who took estrogen plus progestogen (n = 19;
p < 0.01). When another marker of proliferation (Ki-67) was examined, similar differences
were found, but only the difference (approximately sixfold) for the duct-lobular unit cells of
women who took estrogen plus progestogen was statistically significant (p < 0.05). There
was a positive correlation between the percentage of epithelial breast cells that stained for
markers of proliferation with the duration of both types of hormonal treatment, but this was
only statistically significant for the treatment with estrogen plus progestogen when the Ki67 marker was considered (p = 0.03). There was also a significant increase (p ≤ 0.01) in the
percentage of breast tissue occupied by epithelium, i.e. twofold for women who took
estrogen only and threefold for women who took estrogen plus progestogen. The percentage
of epithelial cells that were positive for the nuclear staining for the progesterone receptor
was increased three- to fourfold (p < 0.01) in women who took estrogen only and approximately twofold in the lobular units of women who took estrogen plus progestogen
(p < 0.05); again, the observed increase in the expression of the progesterone receptor is
consistent with an effect of estrogen on these cells. No differences were observed in nuclear
staining for the estrogen receptor.
Conner et al. (2001) studied 12 women who were treated continuously with 17β-estradiol (50 μg per day by skin patch) and either oral (5 mg per day) medroxyprogesterone
acetate or vaginal (8 mg every 2 days) progesterone on days 15–26 of each cycle. They
obtained fine needle aspiration biopsies during the last 2 days of the estrogen part of the
cycle and during day 25 or 26 at the end of the estrogen plus progestogen part of the cycle
after 6–8 weeks and after 14–16 weeks of treatment. The percentage of epithelial cells that
stained for Ki-67 (using the MIB-1 antibody) was 1.4% at the end of the estrogen phase
and 2.1% at the end of the estrogen plus progestogen phase of the cycle, but this was not
statistically significant. There was no difference in Ki-67 staining between the two progestogen treatments. In follow-up studies, Conner et al. (2003, 2004a) examined women who
received continuous oral 17β-estradiol (2 mg per day) plus norethisterone acetate (1 mg per
day) or 17β-estradiol valerate (2 mg per day) plus dienogest (2 mg per day) for 6 months.
In the first study, two groups of 13–17 women received estrogen plus either norethisterone
acetate or estrogen plus dienogest. For both treatments combined, the mean percentage of
epithelial cells that stained for Ki-67 in fine needle aspiration was statistically significantly
increased (p < 0.001) from 2.2% (n = 28; median, 1.4%; range, 0–11.7%) at baseline to
9.1% (n = 30; median, 7.6%; range, 0–27.1%) after 3 months and 8.0% (n = 31; median,
5.7%; range, 0–25.9%) after 6 months of treatment. One woman who had a high baseline
proliferation index showed a decrease in proliferation after treatment. The increases in cell
proliferation index were similar for both hormonal treatments (Conner et al., 2003). In the
second study of 83 women who were treated with 17β-estradiol (2 mg per day) plus
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norethisterone acetate (1 mg per day), the mean percentage of epithelial cells that stained
for Ki-67 in fine needle aspiration biopsies was significantly (p < 0.01) increased from
2.2% (median, 1.9%; range, 0–11.9%) at baseline to 6.4% (median, 5.0%; range, 0–20.4%)
after 6 months of treatment. There was a negative correlation between the rate of epithelial
proliferation in this study and total and free serum testosterone levels (Conner et al.,
2004a).
Valdivia et al. (2004) obtained breast core biopsies from 19 women at baseline and
after treatment for 12 months with continuous conjugated equine estrogen (0.625 mg per
day) and medroxyprogesterone acetate (5 mg per day). Of these women, 15 responded with
an increase in percentage of epithelial cells that stained for Ki-67, one exhibited a decrease
and three women had no change in this parameter; the increase from baseline was probably
statistically significant, but this was not clear. Expression of the apoptosis marker Bcl-2
was increased in nine women, decreased in five and unchanged in five.
The results of all but one of these studies indicate that combined estrogen–progestogen
menopausal therapy increases the rate of cell proliferation in the breast. The addition of
progestogens appears to enhance significantly the modest increase in the rate of breast cell
proliferation caused by estrogen-only therapy. This is consistent with the notion of an
increase in risk for breast cancer associated with combined estrogen–progestogen menopausal therapy over that associated with estrogen-only menopausal therapy (see also
IARC, 1999). Only the study of archival surgical specimens of women with breast disease
by Hargreaves et al. (1998) did not show an increase in breast cell proliferation associated
with combined estrogen–progestogen menopausal therapy. The other studies used either
fine needle aspirates or core biopsies from women without breast disease, which may
explain the discrepancy.
Mammographic density is a strong identifier of risk for sporadic breast cancer that
exceeds the risk associated with elevated circulating levels of 17β-estradiol (Santen,
2003). Risk for breast cancer was increased in a number of case–control studies in which
mammographic density was not only subjectively evaluated by radiologists but was also
assessed by observer bias-free, automated, computer-assisted techniques. The relative
risks were in the order of 4–6 for subjective evaluations and 3–4 for computer-assisted
evaluations (Byng et al., 1997; Yaffe et al., 1998; Boyd et al., 1999; Li et al., 2005). A
number of recent studies have reported on the effects of estrogen–progestogen therapy on
mammographic density. Valdivia et al. (2004) (see study details above) observed an
increase in mammographic density (BI-RADS method) in 11/19 women (58%) who took
conjugated equine estrogen plus medroxyprogesterone acetate for 12 months, while
density was decreased in only one woman and was unchanged in seven.
Conner et al. (2004b) randomized women to continuous oral treatment for 6 months
with either 17β-estradiol (2 mg per day) plus norethisterone acetate (1 mg per day)
(22 women) or 17β-estradiol valerate (2 mg per day) plus dienogest (2 mg per day)
(23 women). Both treatments resulted in an increase in mammographic density (Wolfe
method) over baseline values in 50–60% of these women; this change was statistically
significant.
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Christodoulakos et al. (2003) randomized 94 women to continuous oral treatment for
12 months with conjugated equine estrogen alone (0.625 mg per day) (25 women), equine
estrogen (0.625 mg per day) plus medroxyprogesterone acetate (5 mg per day) (34 women)
or 17β-estradiol (2 mg per day) plus norethisterone acetate (1 mg per day) (35 women);
27 untreated control women were also included. Mammographic density (Wolfe classification method) increased in 12% of women who took equine estrogen plus medroxyprogesterone acetate, 31% of women who took 17β-estradiol plus norethisterone acetate and in
8% of women who took estrogen only, whereas density did not increase in any of the
control women. Density decreased in 26% of control women but in none of the women
who took hormonal treatment. The difference from controls was statistically significant for
all three treatment groups.
Georgiev and Manassiev (2002) found that breast density increased in 16% of 19
women who were treated with continuous oral 17β-estradiol (2 mg per day) plus dienogest
(2 mg per day) or 17β-estradiol (2 mg per day) plus norethisterone acetate (1 mg per day)
and were followed annually by mammography for 4 years using the Wolfe method.
Sendag et al. (2001) compared women who received continuous oral treatment with
17β-estradiol (2 mg per day) plus norethisterone acetate (1 mg per day) (44 women),
conjugated equine estrogen (0.625 mg per day) plus medroxyprogesterone acetate (5 mg per
day) (17 women), equine estrogen only (0.625 mg per day) (20 women) or transdermal 17βestradiol (3.9 mg per week) (56 women) and 44 women who received a variety of sequential
treatments with estrogen and estrogen plus progestogen. The mean follow-up was 20
months (range, 12–96 months) and the Wolfe method was used to assess breast density.
Density was increased in 31% of women who took continuous estrogen plus progestogen
and in 4% of women who took estrogen only, but did not change in women who received
the sequential treatments with estrogen plus progestogen. More women (34%) who took the
continuous treatment with 17β-estradiol plus norethisterone acetate had increased breast
density than those who took continuous estrogen plus medroxyprogesterone acetate (24%).
Colacurci et al. (2001) randomized women to continuous treatment with transdermal
17β-estradiol (0.05 mg per day) plus nomegestrol acetate at one of two doses (5 mg per
day, 26 women; or 2.5 mg per day, 25 women), 17β-estradiol only (23 women) or no treatment (controls; 23 women). Mammographic density (Wolfe method) after 12 months of
treatment was increased in 35% and 43% of the women who took estrogen plus the high
and low dose of nomegestrol acetate, respectively, in 21% of women who took estrogen
only and in none of the control women. The differences from the control group were statistically significant.
Erel et al. (2001) assigned women to continuous oral treatment with conjugated
equine estrogen (0.625 mg per day) plus medroxyprogesterone acetate (2.5 mg per day)
(26 women), continuous treatment with estrogen (0.625 mg per day) plus medroxyprogesterone acetate (10 mg/day) for the last 10 days of the 28-day cycle (21 women) or continuous treatment with estrogen only (0.625 mg per day) (23 women). Women were
followed by mammography for 4 years using the Wolfe method to assess breast density.
Density was increased in 35% of women who took continuous estrogen plus progestogen,
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in 19% of women who took estrogen plus cyclic progestogen and in 22% of women who
took estrogen only. Although the differences between these three groups were not statistically significant, the results suggest that treatment with continuous estrogen plus progestogen is more likely to increase breast density than treatment with continuous estrogen
only or estrogen plus sequential progestogen.
Lundström et al. (2001) studied women who took continuous oral conjugated equine
estrogen (0.625 mg per day) plus medroxyprogesterone acetate (5 mg per day) (52 women)
or estriol (2 mg per day) (51 women) or used a transdermal patch of 17β-estradiol (0.05 mg
per day) (55 women) and were followed every 2 years by mammography using the Wolfe
method to assess breast density. Density increased over baseline at the first 2-year visit in
40% of women who took continuous estrogen plus progestogen, in 6% of women who took
oral estrogen only and in 2% of women who used a transdermal patch of estrogen only.
Collectively, these studies consistently show that approximately one third of women
treated with continuous estrogen (by any route) plus oral progestogen respond with
increased mammographic breast density. Treatment with continuous estrogen plus
sequential progestogen resulted in fewer women developing increased breast density than
treatment with continuous estrogen plus progestogen. Estrogen-only treatment appeared
to result in increased breast density in fewer women. These findings correspond to the
supposition that continuous estrogen plus progestogen therapy results in an increased risk
for breast cancer.
(ii) Uterus
In the previous evaluation (IARC, 1999), it was concluded that the addition of progestogens reduces the increased rate of cell proliferation in the endometrium that is seen
with estrogen-only therapy. The effects of estrogen only and their reduction by progestogens were dose-related. Two previous studies from the 1980s on cell proliferation
concerned combined treatment with conjugated equine estrogens (Premarin®) and norethisterone. At least nine additional studies have been conducted with norethisterone, all
but one of which combined the treatment with 17β-estradiol. In addition, studies have
been carried out on six other progestogens combined with estrogen therapy. Many of
these studies include histopathological analysis of endometrial biopsies. Although many
studies have taken care to standardize this analysis, it should be noted that there is
considerable potential for significant inter-observer and inter-study variation (Wright et
al., 2002)
Norethisterone (acetate) plus estrogen
Cameron et al. (1997) followed 14 postmenopausal women for 3 months during
which they were treated with a dermal patch that released 0.05 mg per day 17β-estradiol
for 7 days alternated with a patch that released 0.05 mg per day 17β-estradiol plus 0.25
mg per day norethisterone acetate for 3 days. End-of-study endometrial biopsies were
obtained at the end of an estrogen-only period and at the end of an estrogen plus norethisterone acetate period. Staining for the proliferation marker Ki-67 was reduced at the end
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of the estrogen plus norethisterone acetate period compared with the estrogen-only period,
but staining for estrogen (α) and progesterone receptors and histological endometrial
thickness did not differ. No endometrial hyperplasia was found.
Johannisson et al. (1997) randomized postmenopausal women in an open-label
dermal patch study to continuous 0.05 mg per day 17β-estradiol plus doses of norethisterone acetate of 0.17 or 0.35 mg per day either continuously or sequentially on days
14–28. A reference group (not randomized) was treated with a continuous 0.05-mg per
day 17β-estradiol patch and orally with either 1 mg per day norethisterone acetate or
20 mg per day dydrogesterone during the last 14 days of each cycle. End-of-study endometrial biopsies were obtained from 107–124 women per group after 13 cycles of 28 days.
No significant differences were observed in the percentage of women with atrophic or
proliferative endometrial histology and no malignancies occurred; only one case of endometrial hyperplasia developed in the group that received 17β-estradiol plus sequential
norethisterone acetate at 0.35 mg per day.
Habiba et al. (1998) studied 103 postmenopausal women who were treated orally with
2 mg per day 17β-estradiol valerate continuously and 1 mg per day norethisterone on days
16–28 of the cycle. The women received a baseline and end-of-study endometrial biopsy
after 6 months of therapy. Most women had inactive or non-secretory endometrial histology at baseline whereas over 90% had secretory morphology after 6 months of treatment.
No cases of endometrial hyperplasia or carcinoma occurred.
Dahmoun et al. (2004) assigned postmenopausal women to continuous treatment with
either 2 mg per day 17β-estradiol plus 1 mg per day norethisterone acetate or 0.625 mg
per day conjugated equine estrogens plus 5 mg per day medroxyprogesterone acetate. The
two treatment groups were analysed in combination after 1 year of treatment. Staining for
the proliferation marker Ki-67 was increased in stromal cells, but was not affected in epithelial cells. Staining for estrogen (α) receptor was reduced in the epithelium but was only
slightly reduced in stromal cells. Staining for a marker of apoptosis (TUNEL) and the progesterone receptor in stroma and epithelium were not affected by the treatments, nor was
endometrial thickness as assessed by ultrasound.
Kurman et al. (2000) conducted a double-blind clinical trial in which postmenopausal
women were randomized to continuous oral treatment with 1 mg per day 17β-estradiol
only or 1 mg per day 17β-estradiol plus 0.10, 0.25 or 0.50 mg per day norethisterone
acetate. End-of-study endometrial biopsies were obtained from 241–251 women per group
after 12 months of treatment. In the estrogen-only group, 14.6% of women had endometrial
hyperplasia, whereas only 0.8% of women who took estrogen plus 0.10 mg norethisterone
acetate and 0.4% of women who took the two higher doses of norethisterone acetate had
such lesions. In women over 65 years of age, 4/21 (19%) who took estrogen only had endometrial hyperplasia, while none of the women who received estrogen plus either of the
doses of norethisterone acetate had this lesion (0/18, 0/18 and 0/19 women).
Iatrakis et al. (2004) conducted an open-label prospective study of continuous oral
treatment with 1 mg per day 17β-estradiol and 0.5 mg per day norethisterone acetate of 124
postmenopausal women for up to 3 years. A concurrent control group (not randomized) of
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130 untreated women was available. Endometrial thickness, as assessed by ultrasound, was
virtually unaffected. In end-of-study endometrial biopsies, no differences in the percentage
of women with atrophic, secretory or proliferative histology were observed between the
treated and control women. No cases of endometrial hyperplasia or carcinoma occurred.
Wells et al. (2002) conducted an open-label prospective study of postmenopausal
women who were given continuous oral treatment with 2 mg per day 17β-estradiol plus
1 mg per day norethisterone acetate for up to 5 years; the mean follow-up was 4.4 years.
Endometrial biopsies were obtained at baseline, between 24 and 36 months and at the end
of the study. Inactive or atrophic endometrium was found in 68/164 (41%) women who had
had no hormonal treatment at baseline, in 157/465 (34%) women after 24–36 months of
treatment and in 185/398 (46%) women at the end of the study. (The entire cohort
consisted of a mixture of women who had had no hormonal treatment and women who had
already been taking either sequential or estrogen-only hormonal therapy.) At baseline,
14/164 women had a secretory endometrial histology (9%); this increased to 162/465
(35%) and 102/398 (26%) women after 24–36 months of treatment and at the end of the
study, respectively. No cases of endometrial hyperplasia or carcinoma occurred. Sturdee
et al. (2000) reported on 9 months of follow-up in this study. At baseline the prevalence of
complex hyperplasia was 5.3% and that of atypical hyperplasia was 0.7% in the entire
group of 1196 women who completed 9 months of treatment, many of whom had
previously taken hormonal therapy that may have induced these hyperplastic lesions. None
of these women had endometrial hyperplasia after 9 months of treatment and no new cases
arose.
Neven et al. (2004) reported results of the EURALOX (European double-blind clinical
trial on raloxifene) in which postmenopausal women were randomized to continuous oral
treatment with 2 mg per day 17β-estradiol plus 1 mg per day norethisterone acetate or
60 mg per day raloxifene alone. End-of-study endometrial biopsies were obtained after 12
months of treatment. The conclusion of a detailed histopathological analysis was that more
endometrial pathology occurred in 261 women on estrogen plus norethisterone acetate than
in 73 women on raloxifene (polyps, 4.3% versus 2.0%; p < 0.05; endometrial proliferation/
hyperplasia, 8.8% versus 1.2%; p < 0.001; cystic atrophy, 5.5% versus 1.2%; p < 0.001).
Very few cases of malignant or premalignant endometrial histology occurred in either
group.
Portman et al. (2003) conducted a double-blind placebo-controlled clinical trial in
which postmenopausal women were randomized to continuous oral treatment with
placebo, ethinylestradiol at 0.005 mg per day without or with 0.25 or 1.0 mg per day norethisterone acetate, or ethinylestradiol at 0.01 mg per day without or with 0.5 or 1.0 mg per
day norethisterone acetate. In addition, an open-label comparison group was given
0.625 mg per day conjugated equine estrogens plus 2.5 mg per day medroxyprogesterone
acetate. After 12 months of therapy, 114–121 women in each group received an end-ofstudy endometrial biopsy. Endometrial hyperplasia was found in 23/118 (19%) of the
women who took 0.01 mg per day ethinylestradiol only, but only in a maximum of one
woman in each of the other groups. In the estrogen-only groups, 80–90% of women had
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proliferative endometrial morphology, including the 19% of women with hyperplasia in the
group who took 0.01 mg per day ethinylestradiol only. The occurrence of this morphology
was reduced to 30–45% of women in all groups who were given co-treatment with norethisterone acetate, but was found in 70% of women who took estrogens plus medroxyprogesterone acetate. The differences between the co-treatment with norethisterone acetate
and that with estrogen only or estrogen plus medroxyprogesterone acetate were statistically
significant.
Other progestogens plus estrogens
Ferenczy and Gelfand (1997) conducted an open-label prospective study of postmenopausal women who were given continuous oral treatment with 2 mg per day 17βestradiol and 10 mg dydrogesterone on days 15–28. Baseline biopsies from 146 women
who completed the 12-month course of treatment showed predominantly atrophic endometrium, whereas biopsies taken after 12 months of treatment showed that endometrial
histology was predominantly secretory. One endometrial hyperplasia was found, but no
endometrial carcinomas.
Hänggi et al. (1997) randomized 35 postmenopausal women per group to oral treatment
with either placebo, 2 mg per day of continuous 17β-estradiol plus 10 mg dydrogesterone
on days 15–28 or 0.05 mg per day continuous 17β-estradiol by dermal patch plus 10 mg oral
dydrogesterone on days 15–28. Ultrasound assessment revealed a 2.5- to threefold increase
over baseline of endometrial thickness after 12 and 24 months of hormonal treatment.
Biopsies taken at the same time-points showed a shift from a predominantly inactive or
atrophic endometrial histology to a predominantly secretory morphology.
Ross et al. (1997) conducted a double-blind clinical trial in which postmenopausal
women were randomized to continuous oral treatment with 2 mg per day 17β-estradiol
plus 0.1, 0.25 or 0.5 mg per day trimegestone on days 15–28. In each of the three groups,
10–11 women were available for evaluation. After three cycles, biopsies were taken and
90–100% of the women in all groups had a secretory endometrial morphology; no hyperplasia was found in any of the groups.
Suvanto-Luukkonen et al. (1998) conducted an open-label clinical trial in which postmenopausal women were randomized to continuous treatment with a skin gel that released
0.15 mg per day 17β-estradiol into the circulation plus either an intrauterine device that
released 0.02 mg per day levonorgestrel for up to 5 years, 100 mg per day oral micronized
progesterone on days 1–25 or 100–200 mg per day vaginal progesterone on days 1–25.
After 12 months of treatment, endometrial thickness (assessed by ultrasound) was not
significantly changed from baseline. No change in endometrial histology was observed in
end-of-study biopsies in the group that received 17β-estradiol plus intrauterine levonorgestrel but, in the groups that received 17β-estradiol plus oral or vaginal progesterone,
morphology changed from predominantly atrophic at baseline (46/50 cases; 92%) to predominantly proliferative (13/18 cases [72%] in the oral progesterone-treated group and
8/14 cases [57%] in the vaginal progesterone-treated group).
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Byrjalsen et al. (1999) conducted a double-blind clinical trial in which 55–56 postmenopausal women per group were randomized to placebo or continuous oral treatment
with 2 mg per day 17β-estradiol plus 0.025 or 0.05 mg per day gestodene sequentially
(days 17–28), 1 mg per day 17β-estradiol plus 0.025 mg per day gestodene sequentially
(days 17–28) or 1 mg per day 17β-estradiol plus 0.025 mg per day gestodene continuously. After 2 years of follow-up, end-of-study biopsies were obtained and examined
histologically. Treatment with continuous estrogen plus gestodene did not change the high
percentage of women with atrophic endometrium (83%) compared with placebo (81%)
but, in women who received sequential treatments, the majority (54–79%) had a secretory
type of endometrial histology. In the latter groups, endometrial thickness, the histochemical expression of secretory markers and staining for estrogen and progesterone
receptors in the endometrium were increased. One endometrial carcinoma developed in
the group who took 1 mg 17β-estradiol and 0.025 mg gestodene sequentially. No cases of
endometrial hyperplasia occurred.
van de Weijer et al. (1999) randomized 151 women to continuous oral treatment with
1 mg 17β-estradiol plus 5 or 10 mg dydrogesterone on days 15–28. Biopsies at baseline
and after 13 cycles revealed that 98% of these women had no endometrial lesions; only
one woman in each group developed either proliferative changes or hyperplasia.
Wahab et al. (1999) conducted a double-blind clinical trial in which postmenopausal
women were randomized to continuous oral treatment with 2 mg per day 17β-estradiol
plus 0.05, 0.1, 0.25 or 0.5 mg per day trimegestone on days 15–28. After 6 months of
follow-up, biopsies were taken and compared with those of untreated control women who
were not randomized. Extensive morphometric analysis of the endometrium was carried
out. In the endometrium of treated women compared with that of untreated women, there
was evidence of somewhat smaller glands and a clearly significantly reduced area occupied by glands, but no change in the number of glands per unit area. Glands with evidence
of secretion were less frequent in the high-dose group only. Discriminant analysis revealed
a significant relation with dose for the all histomorphometric parameters combined.
Jondet et al. (2002) randomized postmenopausal women to treatment with a skin gel
that released 1.5 mg per day 17β-estradiol on days 1–24 plus oral administration of either
10 mg per day chlormadinone acetate (42 women) or 200 mg per day progesterone
(63 women) on days 10–24. Endometrial biopsies were taken at baseline and at the end of
the study (18 months). There was a shift in atrophic morphology from 92% of women who
were affected at baseline to 20–27% who were affected after 18 months of treatment; at the
same point in time, 63–77% of women had a secretory endometrial morphology versus 3%
at baseline.
Drospirenone (1, 2 or 3 mg) in combination with 1 mg 17β-estradiol is a continuous
combined product used in hormonal therapy. Phase II/III trials of these combinations have
demonstrated that, at all three doses of drospirenone, the combination is associated with a
highly favourable safety profile, with excellent endometrial protection after 1 and 2 years
(no cases of hyperplasia or cancer) (Rubig, 2003).
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The combination of 2 mg estradiol valerate with 2 mg dienogest is the first continuous
combined hormonal menopausal therapy preparation to contain a progestogen with substantial anti-androgenic activity. This combination was compared with a continuous combination of 2 mg estradiol plus 1 mg norethisterone acetate. In a large-scale study (1501
women) (Von Schoultz, 2003), biopsy and ultrasound assessment demonstrated that estradiol valerate plus dienogest quickly and effectively achieved endometrial atrophy in the
vast majority of subjects, which indicates a protective effect on the endometrium.
Fugère et al. (2000) conducted a double-blind clinical trial in which postmenopausal
women were randomized to continuous treatment with 0.625 mg per day conjugated equine
estrogens plus 2.5 mg per day medroxyprogesterone acetate (69 women) or 150 mg per day
raloxifene (67 women). Endometrial thickness, as assessed by ultrasound, increased slightly
but significantly after 1 and 2 years of follow-up in the group given estrogen plus progestogen but no change was observed in the raloxifene-treated group. In the former group, more
women developed benign proliferative endometrial changes (19–24%) when biopsies were
taken 1 and 2 years after the start of treatment, whereas in the raloxifene-treated group only
6% of women developed such changes, which did not differ from baseline (4–6%).
Chang et al. (2003) conducted a double-blind clinical trial in which postmenopausal
women were randomized to 0.625 mg per day conjugated equine estrogens on days 1–25
plus 5 (102 women) or 10 (66 women) mg per day medroxyprogesterone acetate or 20 mg
per day dydrogesterone (73 women) sequentially on days 12–25. After 10–12 cycles, no
statistically significant changes in endometrial thickness were observed by ultrasound
assessment. End-of-study biopsies were taken and flow cytometric analysis was performed
on endometrial tissue. No differences in cell-cycle distribution were observed among the
three treatment groups, in all of which 61–81% of women had secretory or proliferative
endometrial morphology. Endometrial hyperplasia was found in two cases in the group that
took 0.625 mg equine estrogens plus 5 mg medroxyprogesterone acetate. No cases of endometrial carcinoma occurred.
Overall, these studies confirm that addition of progestogens to estrogen therapy for
the menopause prevents the development of endometrial hyperplasia and reduces the
increased rate of endometrial cell proliferation caused by estrogen only. This beneficial
effect was found for all progestogens studied, regardless of the route of administration and
dose. Norethisterone was the most frequently studied progestogen and, even at the lowest
dose examined in randomized studies (in the range of 0.1 mg per day), there was a
maximal protective effect for both estrogen-induced hyperplasia and cell proliferation.
Treatment with some, but not all, progestogens given sequentially in combination with
continuous estrogen treatment resulted in increased endometrial thickness, but this has not
been studied in a sufficiently rigorous fashion to draw any conclusion. Most women
treated with estrogen only and, to a lesser extent, women who took the combined therapy
had a proliferative or secretory type endometrial histology, whereas most untreated postmenopausal women have atrophic or inactive endometrial morphology.
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(iii) Other effects of hormonal therapy
Conner et al. (2004b) (see above for study details) found statistically significant reductions in free and total serum testosterone and increases in sex hormone-binding globulin
(SHBG) caused by the combination of 17β-estradiol and norethisterone, but no change in
insulin-like growth factor (IGF)-I levels. However, the combination of 17β-estradiol and
norethisterone (acetate) or dienogest did not alter total serum testosterone levels in another
study (Conner et al., 2003; see above for details), although it also increased SHBG but did
not affect IGF-I. Dören et al. (2001) and Hofling et al. (2005) reported essentially the same
findings in postmenopausal women treated with 17β-estradiol (2 mg per day) and norethisterone acetate (1 mg per day) for 6 or 12 months but found a decrease in the circulating
levels of IGF-binding protein-1 and -3, no effects on dehydroepiandrosterone or its sulfate
and only minor effects on androstenedione. However, Chatterton et al. (2005) found a
reduction in the level of dehydroepiandrosterone sulfate in women who took Prempro®
(conjugated estrogens plus medroxyprogesterone acetate).
Other studies have investigated the effects of treatment with progestogen plus estrogen
on the IGF axis in more detail and have found that a variety of progestogens in combination with 17β-estradiol result in decreases in total and free IGF-I and IGF binding
protein-3, increases in IGF-binding protein-1 and no effect on IGF-II (Heald et al., 2000;
Campagnoli et al., 2002). The magnitude of these effects appears to depend on the type of
progestogens used (Biglia et al., 2003; Campagnoli et al., 2003), but apparently not on the
route of administration of the estrogen and progestogens (Raudaskoski et al., 1998).
However, in another study, significant differences were found between the effects of transdermal and oral treatment on IGF-I, SHBG and growth hormone-binding protein (Nugent
et al., 2003).
Another issue is the possibility that the various regimens used in hormonal therapy
for the menopause may affect the metabolism of the hormonal agents used, as suggested
by studies of estrogen metabolism (Seeger et al., 2000; Mueck et al., 2001, 2002) (see
also Section 4.1).
These studies may suggest reduced androgenic stimulation, e.g. of the breast, and
changes in the IGF axis. However, several of the progestogens used, such as norethisterone, have androgenic activity themselves and antigonadotropic effects reported for progestogens such as norethisterone may not be mediated by androgen receptor mechanisms
(Couzinet et al., 1996). Furthermore, there is a lack of consistency in many observations,
such as the inconsistent effects reported on the IGF axis. Nevertheless, these studies raise
the possibility of complex interactions of the agents used in hormonal therapy for the
menopause with various hormonal systems.
(b)

Experimental systems

(i)
Animal studies
Three studies of the effects of hormonal therapy regimens in cynomolgus monkeys that
had been surgically rendered postmenopausal are summarized in Section 3.1.2 (Cline et al.,
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1996, 1998; 2002a,b). In these studies, continuous treatment with conjugated equine estrogens slightly increased the rate of cell proliferation in the mammary gland after 2–3 years
of exposure, but this increase was not statistically significant. Addition of medroxyprogesterone acetate to the continuous treatment with estrogen increased the rate of cell proliferation in the lobuloalveolar mammary tissue by 50–100% over control values. Staining of
mammary tissue for progesterone receptor, an indicator of estrogenic activity, was markedly
increased by treatment with estrogen only and this effect was reduced by the addition of
progestogen to the treatment. A preliminary study (Isaksson et al., 2003) explored the effect
of the same regimens on the immunohistochemical mammary expression of progesterone
receptor-A and -B subtypes in cynomolgus monkeys. Treatment with progestogen alone did
not significantly affect cell proliferation or expression of the progesterone receptor-A and
-B. However, when ethinylestradiol plus norethisterone acetate was used as a regimen for
only 1 year, cell proliferation was not increased (Suparto et al., 2003). One study of short
duration in mice injected with 17β-estradiol and progesterone also found increased
mammary cell proliferation in the combined estrogen plus progestogen group compared
with the control groups (Raafat et al., 2001).
[These results are consistent with the observations in breast tissue of women who took
conjugated equine estrogen plus medroxyprogesterone acetate as hormonal menopausal
therapy but not those who took ethinylestradiol plus norethisterone.]
(ii) Cell culture and other studies
Studies of the effects of estrogen–progestogen combinations on breast cell proliferation
in vitro were carried out with 17β-estradiol and a variety of progestogens, doses and
treatment regimens. Lippert et al. (2000, 2001, 2002), Mueck et al. (2003) and Seeger et al.
(2003a,b) determined the in-vitro effects of a range of progestogens on the proliferation of
MCF-7 breast cancer cells induced by 10 nM 17β-estradiol, either combined for 5–7 days
or sequentially using estrogen only for 4–5 days followed by combined exposure for 3–5
days. Although the results of these studies are not completely identical, they generally
showed that norethisterone, medroxyprogesterone acetate, progesterone, chlormadinone
acetate, dienogest, 3-keto-desogestrel, gestodene and levonorgestrel counteracted the cell
proliferation induced by 17β-estradiol in these estrogen receptor-positive cells. The effects
were stronger when exposure to the estrogen and progestogens occurred simultaneously for
5–10 days than when the progestogens were added 4–5 days after the start of estrogen treatment for 3–5 days in some, but not in all studies (Lippert et al., 2000, 2001). Although the
consistency across these studies was not perfect, the continuous regimen with progesterone
generally produced the strongest counteraction to the 17β-estradiol-induced stimulation of
cell proliferation; medroxyprogesterone acetate gave an intermediate and norethisterone
gave the weakest counteraction (Seeger et al., 2003a). The inhibitory effect required concentrations of progestogens greater than 1 nM. The equine estrogens, equilin and 17α-dihydroequilin, induced cell proliferation to a lesser extent than 17β-estradiol and progestogens inhibited their activity to a lesser extent than that of 17β-estradiol (Mueck et al.,
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2003). [These findings suggest a protective effect on breast cancer of combined exposure to
estrogen–progestogen but this does not correlate with the epidemiological data.]
Franke and Vermes (2002, 2003) and Franke et al. (2003) observed similar effects, but
the potencies of progestogens to inhibit 17β-estradiol-induced cell proliferation differed
from those found previously (Lippert et al., 2001; Mueck et al., 2003; Seeger et al.,
2003a,b), which may be related to the fact that they measured an indicator of cell proliferation, cyclin D, and not proliferation per se. They also found that apoptosis (measured by
flow cytometry) was induced by 17β-estradiol and enhanced by progestogens, but the actual
data were not presented in their reports. However, they used single high doses of both
hormones (1 μM) and one time-point — 6 days of continuous treatment. Treatment of T47D
human breast cancer cells with 17β-estradiol and medroxyprogesterone acetate resulted in
a variety of changes in gene expression patterns (Mrusek et al., 2005). [Although the biological significance of these findings is not clear at present, the changes in gene expression
patterns differed between treatments with estrogen only and those with estrogen plus progestogen.]
The endometrial effects of 17β-estradiol (10 nM) with or without medroxyprogesterone acetate (100 nM) were studied by Bläuer et al. (2005) in an organotypic culture
system of primary human endometrial cells. 17β-Estradiol significantly doubled the percentage of cells that stained for Ki-67 over control values, whereas addition of the progestogen significantly reduced the percentage of Ki-67-positive cells to 50–70% of control
values. The apparent effect of 17β-estradiol on cell proliferation required the presence of
stromal cells and raised the possibility that the effect is indirect and stroma-mediated.
These findings correlate with the supposition that the addition of progestogens to estrogen
therapy confers a protective effect for the endometrium. Treatment of primary human
endometrial cells with 17β-estradiol in the presence or absence of norethisterone acetate
resulted in a variety of changes in gene expression patterns that differed depending on the
presence of progestogen (Oehler et al., 2002). [Although the biological significance of
these findings is not clear at present, the differences in gene expression patterns between
treatment with estrogen only and estrogen plus progestogen may, once confirmed and
extended, provide a mechanistic basis for differences in the known biological effects of the
two treatments.]
4.2.2

Individual estrogens and progestogens
(a)

Humans

No new data were available to the Working Group.
(b)

Experimental systems

(i)
Estrogens
Only one new study of estrogenic compounds that are used in hormonal therapy for
the menopause (conjugated equine estrogens, ethinylestradiol or mestranol) that is rele-
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vant to the evaluation of the carcinogenic risk of such therapy via the oral or other routes
has been carried out since the previous evaluation (IARC, 1999).
17β-Estradiol has been shown to increase the generation of reactive oxygen species
through anchorage- and integrin-dependent signalling to mitochondria. The 17β-estradiolinduced reactive oxygen species increased the phosphorylation of c-Jun and cyclic adenosine monophosphate-response element-binding protein and increased the transcriptional
activity of redox-sensitive transcription factors, activator protein 1 and the phosphorylated
element-binding protein; these are involved in growth of estrogen-dependent cancer cells
(Felty et al., 2005a). Inhibitors of protein synthesis, transcription and replication and function of mitochondria, as well as antioxidants, effectively reduced the estrogen-induced
growth of breast cancer cells by blocking the estrogen-induced G1/S transition of G0arrested MCF-7 cells (Felty et al., 2005b). These authors suggested that, in addition to the
receptor activity of estrogens, other factors such as reactive oxygen species may be
involved in the early growth of cancer cells (Felty et al., 2005b).
(ii) Progestogens
New studies of progestogens, including those most recently introduced, have been conducted that may be relevant to an evaluation of the carcinogenic risk of combined hormonal
therapy via the oral or other routes, but no new studies were available on chlormadinone
acetate, ethynodiol diacetate or norethynodrel.
Many studies described the influence of substituting active groups on the basic molecule of several progestogens — desogestrel, (3-keto-)desogestrel (etonogestrel), gestodene,
levonorgestrel, norethisterone and drospirenone — on receptor binding, receptor transactivation and in-vivo hormonal activities (Deckers et al., 2000; Schoonen et al., 2000a;
Garciá-Becerra et al., 2004); these are summarized in Section 4.2.3(b) of the monograph
on Combined estrogen–progestrogen contraceptives in this volume.
A few studies have examined the role of estrogen and progesterone receptor subtypes
on the activities of progestogens and their divergent tissue-specific effects. Estrogen
receptor α but not estrogen receptor β appears to be activated by the A-ring 5α-reduced
metabolites of both norethisterone and gestodene which have weak estrogenic activity
(Larrea et al., 2001). However, Pasapera et al. (2002) found that the same metabolites of
norethisterone activated both estrogen receptors α and β, and Rabe et al. (2000) obtained
similar results for norethisterone but not for gestodene. These divergent findings may be
related to the fact that the former study used HeLa and Chinese hamster ovary cells,
whereas the latter studies used CV-1 monkey kidney cells and T-47D breast cancer cells or
COS7 cells. Progesterone, norethisterone, levonorgestrel, desogestrol and gestodene are
progestogens that are used in hormonal therapy and contraception. They bind with approximately equal affinity to the progesterone receptor subtypes A and B in MCF-7 cells, in
Chinese hamster ovary cells stably transfected with these receptor subtypes and in in-vivo
assays (Schoonen et al., 1998). However, after supertransfection of these receptor subtypes
in different Chinese hamster ovary cell subclones, differences among the progestogens
tested were found in the stimulation of reporter genes for the two receptor subtypes in diffe-
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rent clones (Dijkema et al., 1998). These studies illustrate the critical roles of both metabolism and receptor-subtype specificity in the various hormonal effects of progestogens,
while tissue or cell specificity appears to be another critical determinant of the activities of
progestogens on receptor subtypes.
Progestogens may potentially affect not only factors that are related to tumour development and tumour cell growth. Some new evidence suggests that they may also affect
factors that are related to tumour progression, such as angiogenesis. However, this is an
emerging field of research that does not allow any conclusions to be drawn at present. For
example, medroxyprogesterone acetate, progesterone, norethisterone, norgestrel and norethynodrel are mediated by the progesterone receptor B and have been shown to induce
vascular endothelial growth factor in human breast cancer cells (Wu et al., 2004). Dienogest, on the contrary, was shown to inhibit tumour cell-induced angiogenesis (Nakamura
et al., 1999) (See also Section 4.2.3(b) of the monograph on Combined estrogen–progestogen contraceptives).
Dydrogesterone inhibits the activity of estrogen sulfatase and 17β-HSD in the human
breast cancer cell lines MCF-7 and T-47D and inhibits the conversion of estrone to 17βestradiol in these cells (Chetrite et al., 2004).
Medroxyprogesterone acetate stimulated proliferation of the progesterone receptorpositive breast cancer cell line T-47D in a time-dependent manner with a biphasic dose–
response (Thuneke et al., 2000). Induction of cyclin D1 was found to parallel the stimulation of cell proliferation at the same (fairly high) dose of 250 nM. In addition, medroxyprogesterone acetate appears to inhibit the induction of apoptosis by serum depletion of
several human breast cancer cell lines at a non-cytotoxic dose of 10 nM. However, this
effect was only found in progesterone receptor-positive cell lines and not in the progesterone receptor-negative cell line MDA-MB-231, which suggests that this is a progesterone
receptor-mediated effect (Ory et al., 2001).
A study of norethisterone by Schoonen et al. (2000b) indicates that some of its various
3β- and 5α-reduced metabolites are much stronger estrogens or androgens in vivo than the
parent compound. Their respective receptor-binding affinities and receptor-transactivation
activities correlate with this observation. Rabe et al. (2000) found that norethisterone moderately transactivated estrogen receptor α in COS7 cells in a manner that was inversely
related to dose. It transactivated estrogen receptor β somewhat more strongly; a concentration of 0.1 nM was strongly estrogenic (85% that of ethinylestradiol, which is 100% estrogenic) but higher (1 nM) and lower (0.01 nM) concentrations were far less estrogenic.
Nomegestrol acetate is a strong progestogen that is relatively devoid of other hormonal
activities. Its properties have been reviewed by Shields-Botella et al. (2003).
Nestorone and trimegestone are newly synthesised progestogens that are less progestogenic than nomegestrol acetate but have activities that are in the same range as those of progesterone itself and are also relatively devoid of other hormonal activities. The properties
and activities of nestorone have been reviewed and described by Kumar et al. (2000), Tuba
et al. (2000) and Sitruk-Ware et al. (2003), and those of trimegestone by Zhang et al. (2000),
Lundeen et al. (2001) and Winneker et al. (2003).
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Progesterone is a natural progestogen that is used in a highly bioavailable, micronized
form in hormonal therapy in combination with estrogens (de Lignières, 1999). Differential
metabolism occurs in normal and malignant human breast tissue and results in 4-pregnene
and 5α-pregnane metabolites that have opposite effects on MCF-7 breast cancer cell proliferation in vitro (Wiebe et al., 2000). The 5α-pregnane metabolites stimulate, whereas the
4-pregnene metabolites inhibit cell proliferation. Progesterone and 17β-estradiol affect
IGF-I and IGF-binding protein -2 and -3 in a complex but non-synergistic manner, and not
all of these effects can be blocked by the anti-estrogen tamoxifen or the anti-progestogen
RU486 (mifepristone) (Milewicz et al., 2005a). Similarly, progesterone has been shown
to stimulate local production of growth hormone in human breast cancer explants, which
cannot be counteracted by RU486 (Milewicz et al., 2005b). Progesterone inhibits the 17βestradiol-stimulated proliferation of MCF-7 cells more strongly than either medroxyprogesterone acetate or norethisterone (Seeger et al., 2003a); this may have implications
for the risk for breast cancer in women who are treated with either progesterone or a
synthetic progestogen in combination with estrogen (Fournier et al., 2005).
Medroxyprogesterone acetate or synthetic progestogen R5020 (as surrogate of progesterone) induced distinctly different changes in gene expression in progesterone receptornegative Ishikawa endometrial cells that had been stably transfected with either progesterone receptor A or B (Smid-Koopman et al., 2005). In both cases, however, the cells
responded to medroxyprogesterone acetate or synthetic progestogen R5020 by growth
inhibition and induction of apoptosis, which suggests that there is no difference between
the two subtypes in the molecular pathways involved in these responses. In a rat endometrial cell line that expresses progesterone receptor, however, progestogen R5020
prevented apoptosis; this was counteracted by RU486 (Pecci et al., 1997). [These results
indicate that the progesterone receptor is required for these types of response of endometrial cells to progestogens, but suggest that the responses are highly cell type-specific.]
4.3

Side-effects other than genetic or cancer-related effects

Estrogen–progestogen therapy was designed to provide estrogen to women in order to
relieve the vasomotor effects of the menopause and progestogen to modulate the adverse
effects of estrogen on the uterus. The actual effects of the combination of these two types
of hormone may differ from those of estrogen alone, depending on the target tissue
considered. The addition of progestogen may ameliorate the adverse effects of estrogen at
some sites, but counteract its possible beneficial effects at other sites. The complexity and
interactions of estrogen–progestogen combinations should be borne in mind when
considering these therapies.
4.3.1

Cardiovascular effects

It is generally believed that women are relatively protected from the development of
coronary artery disease until the menopause: the incidence of cardiovascular disease in
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women lags behinds that in men by approximately 20 years (Colditz et al., 1987; Grundy
et al., 1999). Ovarian hormones appear to be involved in the maintenance of these lower
rates, since ovariectomized women who do not take hormonal therapy have an incidence
of cardiovascular disease similar to that of men of the same age and, at any given age,
postmenopausal women have a higher incidence of cardiovascular disease than women
who menstruate normally (Wuest et al., 1953; Gordon et al., 1978).
A large body of evidence from observational studies has suggested that postmenopausal
hormonal supplementation is associated with a 35–50% reduction in cardiovascular mortality and morbidity (Stampfer & Colditz, 1991). However, the majority of case–control and
cohort studies on this subject have been conducted on women who used estrogen-only
therapy. These hypothetical benefits have not been confirmed by several recent randomized
trials of generally asymptomatic postmenopausal women (Hulley et al., 1998; Herrington
et al., 2000; Manson et al., 2003; Anderson et al., 2004). Progestogens that are added to
estrogens in combined hormonal therapy to reduce the risk for uterine malignancy have a
number of potential adverse effects on the cardiovascular system, which may alter their
efficacy in postmenopausal women. [Because combined hormonal therapy is so widely
used, it is of pivotal importance to know whether or not it has an effect on cardiovascular
disease.] Progestogens can have various effects on the vasomotor system, which are dependent on the agent and the dose regimen, and may also induce vasoconstriction of estrogenized vessels (Horwitz & Horwitz, 1982; Lin et al., 1982).
It should be noted that hormonal therapy is designed to address symptoms that are
related to reduced production of female hormones in the peri- and postmenopausal intervals. The menopause may involve changes other than cessation of estrogen and progestogen production, and the use of exogenous hormones may not mimic premenopausal
physiology.
(a)

Biological effects of estrogens on the cardiovascular system

The putative protective effect of estrogens on the cardiovascular system has for a long
time been associated with their beneficial effect on the metabolism and deposition of cholesterol, which contributes to the inhibition of the formation of atherosclerotic plaque in
the arterial walls (Bush & Barrett-Connor, 1985; Bush et al., 1987). Although early reports
suggested that up to 50% of the protective effect of estrogens on coronary artery disease
was attributable to favourable changes in plasma lipids, it is now believed that the changes
in lipids induced by estrogens are probably not relevant (Rossouw, 2000; Rossouw et al.,
2002).
Estrogen deprivation has been associated with an increased risk for coronary artery
disease and poorer vascular functions in women (Wuest et al., 1953; Gordon et al., 1978;
Colditz et al., 1987). Acute and chronic administration of estrogens to estrogen-deficient
individuals restores the endothelium-dependent vasodilatation of coronary arteries that is
lost after the menopause (Herrington et al., 1994; Collins et al., 1995; Volterrani et al.,
1995).
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In the past decade, it has become clear that ovarian hormones have significant effects
on arterial blood flow (Gilligan et al., 1994a; Reis et al., 1994; Collins et al., 1995). The
vascular effects of ovarian hormones may differ according to their chemical structure, and
it is important not only to differentiate the effects of estrogens from those of progestogens
but also to distinguish between the effects of different estrogens. Estrogens induce vasodilation while estrogen depletion leads to vasomotor instability, diminished vasodilatory
activity and enhanced sensitivity to vasoconstrictor stimuli (Kronenberg et al., 1984;
Penotti et al., 1993; Gilligan et al., 1994a; Herrington et al., 1994; Reis et al., 1994;
Collins et al., 1995). Ovarian hormones act at all levels of the arterial structure — the
endothelium, the vascular smooth muscle and the nerve endings in the adventitia in almost
all the arterial systems; they act very rapidly and at both non-genomic and genomic levels
(Kronenberg et al., 1984; Jiang et al., 1991, 1992a; Penotti et al., 1993; Gilligan et al.,
1994a; Herrington et al., 1994; Reis et al., 1994; Collins et al., 1995).
(i)
Calcium-antagonistic action of estrogens
Early in-vitro studies showed that 17β-estradiol has a relaxing effect on isolated rabbit
and human coronary artery rings and cardiac myocytes contracted both by activation of
receptor-operated and potential-operated calcium channels, due to a calcium-antagonistic
effect (Jiang et al., 1991, 1992a,b; Chester et al., 1995). Subsequent in-vitro studies in
animals and humans produced further evidence that estrogens have calcium-antagonistic
properties, which account for a new non-endothelium-dependent mechanism of relaxation
of coronary and peripheral arteries. The calcium-antagonistic property of estrogen was confirmed in coronary vascular myocytes by measuring cytosolic concentration, contraction
and calcium current. Sudhir et al. (1995) demonstrated that estrogens cause dilation of
coronary conductance and resistance arteries in dogs when administered acutely into the
coronary circulation. This in-vivo effect was shown to be endothelium-independent and
partially mediated by effects on calcium channels. Calcium-antagonistic properties of
estrogen have also been demonstrated in uterine arteries, cardiac myocytes and vascular
smooth muscle cells (Stice et al., 1987; Jiang et al., 1991, 1992a; Sudhir et al., 1995). Since
it has been proposed that calcium channel blockers may reduce the progression of atherosclerosis in animals, it has been suggested that estrogens may reduce the progression of
coronary artery disease by a similar mechanism in humans (Collins et al., 1993).
(ii) Endothelial action of estrogens
Another important component of the effect of estrogens on the vascular system is
mediated through the endothelium. In-vivo studies have demonstrated that estrogens potentiate the endothelium-dependent vasodilator response to acetylcholine in the coronary
arteries of animals and humans (Gilligan et al., 1994a; Reis et al., 1994; Collins et al.,
1995). The effect of estrogens on the restoration of altered endothelial function was
demonstrated in vitro, and in animals and humans in vivo in different vascular beds.
Williams et al. (1990) reported that a reversal of acetylcholine-induced vasoconstriction
was produced by subcutaneous implants of 17β-estradiol in ovariectomized monkeys fed
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an atherogenic diet for 30 months. Volterrani et al. (1995) showed that 17β-estradiol
reduces peripheral vascular resistance and increases peripheral blood flow in menopausal
women. Collins et al. (1995) showed that acute administration of 17β-estradiol reverses
the coronary constrictor effect of acetylcholine in postmenopausal women with coronary
artery disease and that the effect is gender-dependent. Reis et al. (1994) demonstrated an
increase in coronary blood flow and epicardial cross-sectional area and decreased resistance in postmenopausal women 15 min after an intravenous infusion of ethinylestradiol.
Abnormal coronary vasomotor responses to acetylcholine were also attenuated. Similar
results were obtained by Gilligan et al. (1994a,b) in women who received continuous infusions of estrogens to achieve physiological concentrations of intracoronary 17β-estradiol.
These studies indicated that estrogens influence vascular tone by enhancing the production
of an endothelium-derived relaxant factor (nitric oxide). Estrogen receptors have been
identified in endothelial cells from human aorta, and coronary and umbilical arteries (KimSchulze et al., 1996; Venkov et al., 1996). Caulin-Glaser et al. (1997) demonstrated that
estradiol induced a rapid (within 30 min) increase in the production of nitric oxide in
human umbilical vein endothelial cells grown in cell culture and that this action was inhibited when the estradiol receptor was blocked. Estrogen can induce calcium-dependent
nitric oxide synthase activity, which results in an increased release of nitric oxide. Using
inhibitors of nitric oxide synthase, Tagawa et al. (1997) demonstrated that estrogens considerably improve both nitric oxide-mediated and non nitric oxide-mediated vasodilation
in the peripheral vasculature of the forearm in humans.
Since coronary artery tone plays a significant role in the pathogenesis of ischaemic
cardiac syndromes, the effect of estrogens on the reactivity of coronary arteries may be
important to the cardiovascular effects of these hormones. Rosano et al. (2006) showed
that intracoronary administration of 17β-estradiol attenuates the vasoconstrictor effect of
methylergometrine in women with coronary artery disease, which suggests that 17β-estradiol has a direct effect on the smooth muscle of coronary vessels in humans.
(iii) Inflammatory effects of estrogens
C-Reactive protein is a marker of inflammation that has been associated with the risk
for coronary heart disease in menopausal women (Ridker et al., 2000; Pradhan et al.,
2002). Estrogen administered with or without progestogen rapidly and substantially
increases plasma concentrations of C-reactive protein in menopausal women (van Baal
et al., 1999; Cushman et al., 1999; Ridker et al., 1999). The effects of hormonal therapy
on other markers of inflammation are not consistent with those on C-reactive protein,
which suggests that they may be related to metabolic hepatic activation (Silvestri et al.,
2003). [The extent to which hormonal therapy affects cardiovascular risk through inflammation is unknown.]
(iv) Route of administration
To establish differences in alteration of some risk factors for cardiovascular disease
(such as lipoproteins, fibrinogen) according to the route of administration of hormonal
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menopausal therapy, a study was carried out among women aged 50–65 years who
received hormones orally, transdermally or by implantation. Initial therapy consisted of
oral or transdermal estrogen alone for 3 months, followed by concomitant cyclical, continuous oral or transdermal administration of norethisterone, as appropriate, for a further
3 months. A separate group of women received an implant of estrogen only followed by
an implant of estrogen and testosterone combined. All regimes lowered LDL cholesterol;
the oral route was more potent than the parenteral route. Risk factors for cardiovascular
disease were significantly reduced in women who used both oral and transdermal estrogen–progestogen therapy compared with untreated menopausal women (controls),
although some of the benefit of estrogen alone on fibrinogen and HDL were attenuated
(Seed et al., 2002).
(b)

Biological effects of progestogens on the cardiovascular system

Progesterone receptors are present in the arterial wall, and the effects of progestogens
on arteries are therefore probably mediated by these receptors as well as by down-regulation of the estradiol receptor. Progestogen therapy has various effects on arterial function; it can stabilize arteries that are in a state of vasomotor instability, but may also induce
vasoconstriction of estrogenized vessels (Mercuro et al., 1999). Because progestogens
have estrogenic effects in some systems and also have progestational mineralo-corticoid
and androgenic effects, there has been some concern that combined estrogen–progestogen
therapy may modify some of the effects of estrogens on the cardiovascular system
(Williams et al., 1994; Adams et al., 1997).
(i)
Progestogens and lipid profile
Estrogen-only therapy lowers total serum cholesterol and LDL cholesterol, increases
HDL cholesterol and produces an effect upon plasma triglycerides, which is dependent
upon the route of administration of the estrogens and the baseline plasma levels of lipids
(Walsh et al., 1991). It also stimulates the removal of cholesterol from the systemic circulation, which results in an increase in reverse cholesterol transport (Tikkanen et al., 1982).
In contrast to estrogens, progestogens induce hepatic lipase activity, which increases
the degradation of HDL-cholesterol. Accordingly, the addition of a progestogen to estrogens tends to attenuate the increase in serum HDL-cholesterol and the decrease in LDLcholesterol that are obtained with estrogen only, an effect that may be related to the biochemical structure, dose, androgenic potency and regimen of the progestogen. Progestogens that have pure progestogenic activity do not alter lipid metabolism; 19-nortestosterone
derivatives reduce HDL cholesterol, while 17α-hydroxyprogesterone derivatives and nonandrogenic progestogens (19-norpregnane derivatives) seem to have little effect and progesterone has no detrimental effect on plasma lipids (Tikkanen et al., 1986; Rijpkema
et al., 1990; Walsh et al., 1991; The Writing Group for the PEPI Trial, 1995).
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(ii) Progestogens and coronary atherosclerosis
The vasodilatory and anti-atherogenic effects of estrogens on normal and diseased
arteries are well known. Estrogens may influence the progression of coronary atherosclerosis and, when administered either acutely or chronically, may reverse acetylcholineinduced vasoconstriction in both animals and humans. When administered in combination
with estrogens, progestogens may interfere with these effects.
Adams et al. (1997) evaluated the effect of estrogen-only and estrogen–progestogen
therapy in ovariectomized monkeys fed an atherogenic diet and found that estrogens
alone or in association with progesterone or medroxyprogesterone acetate significantly
reduced (by 50–70%) the degree of coronary atherosclerosis when therapy began soon
after oophorectomy, but not when it began later (Williams et al., 1994, 1995; Adams
et al., 1997; Clarkson et al., 1998, 2001). Nevertheless, it should be noted that the effect
of progestogens on the arteries of non-human primates may be mediated by different
metabolic pathways than those present in human arteries. Therefore, the effects of progestogens on atherosclerosis and vascular function cannot be extrapolated fully from animals
to humans.
In a randomized, placebo-controlled trial, Herrington et al. (2000) compared the
effect of hormonal supplementation with conjugated equine estrogens alone or in combination with medroxyprogesterone acetate on the progression of coronary atherosclerosis
in normocholesterolaemic postmenopausal women (aged ≥ 55 years) with proven coronary artery disease. After a mean follow-up of 3.2 years, no significant difference in mean
coronary artery stenosis was found between women allocated to estrogen alone, estrogen
plus progestogen or placebo.
The evaluation of intima-media thickening of arteries may help to identify initial stages
of atherosclerosis. Several studies have shown that long-term estrogen therapy or combined
hormonal therapy are effective in delaying the progression of early stages of atherosclerosis
by reducing the intimal thickening in users of hormone compared with non-users (Espeland
et al., 1995a; Liang et al., 1997; Hodis et al., 2001).
At present, no role has been established for combined hormonal therapy in the prevention of the progression of atherosclerosis in postmenopausal women. From a preventive
aspect, the inhibition of plaque formation and progression of small plaques is more important than a reduction in the size of pre-existing atherosclerotic plaques.
(iii) Progestogens and vascular reactivity
Progestogens have vasoactive properties that are partly mediated by non-nuclear
receptors. Since the expression of these receptors on the cell surface is influenced by
levels of circulating estrogen, exposure to estrogens may affect the response of the
vascular tree to progestogens.
Several studies have evaluated the effect of progesterone and other progestogens on
coronary arteries in vitro and have demonstrated an endothelium-independent mechanism
of relaxation that differs minimally between a variety of substances (Jiang et al., 1992c).
Miller and Vanhoutte (1991) assessed relaxation in coronary artery strips from ovariecto-
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mized dogs treated with estrogen, progesterone or estrogen plus progesterone. The relaxation response was similar in the coronary arteries of animals that received estrogen and in
those that received progesterone, while it was minimally reduced in the group treated with
the combined therapy. Therefore, it seems that there is little or no detrimental effect of
progesterone on vasomotility, at least in vitro (Rosano et al., 2003). However, pure progesterone is not commonly used in combined hormonal therapy.
Studies carried out in vivo suggested that synthetic progestogens may antagonize the
dilator effect of estrogens in experimental animals. Two studies evaluated the separate and
combined effects of conjugated equine estrogens and medroxyprogesterone acetate on the
coronary reactivity of atherosclerotic monkeys. Exposure to estrogen increased coronary
dilator responses and blood flow reserve, while co-administration of the progestogen
resulted in a 50% reduction in dilation (Williams et al., 1994; Adams et al., 1997). Again,
the effect of synthetic progestogens cannot be fully translated to women, due to the different metabolic pathways that operate in animals and humans.
Androgenic progestogens have been reported to reduce the beneficial effect of estrogens on vascular reactivity to a greater extent than progesterone and less androgenic progestogens; similar results were found in studies of carotid artery stiffness (Vitale et al.,
2001; Rosano et al., 2001; Gambacciani et al., 2002; Rosano et al., 2003).
(c)

Biological effects of hormones on risk for thrombosis

Estrogens have many different effects on the coagulation system. These include
increases in the levels of prothrombin fragments 1 + 2 and reductions in those of the anticoagulant factors, protein S and antithrombin, and may also occur after transdermal administration (Teede, et al., 2000; Post et al., 2003). These modifications predict a change
towards a more pro-coagulant state (which was confirmed in studies that examined activated protein C resistance or thrombin generation) that is not counterbalanced by an
increase in fibrinolytic activity (Teede et al., 2000). It is currently unclear how these
effects are induced at the molecular level of the estrogen receptor. At the cellular level,
these effects are probably under genetic control, because the haemostatic system of some
women appears to be more sensitive to the effect of estrogens than that of others. How
estrogens and progestogens interact in their effect on thrombosis is also unclear. It appears
that estrogens are pro-thrombotic rather than pro-atherogenic, which explains an increase
in risk for thrombosis in former users (Bloemenkamp et al., 1998; Koh et al., 1999); again
genetic factors may play an important role (Bloemenkamp et al., 2002).
Selective modulators of the estrogen receptor, such as tamoxifen and raloxifene, have
anti-estrogenic effects on breast and endometrial tissue and are used in the treatment and
prevention of breast cancer. However, these drugs have estrogenic effects on blood
clotting (Peverill, 2003).
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Effects of the use of estrogen and estrogen plus progestogen on the
risk for cardiovascular disease

(i)
Coronary heart disease
The effects of hormonal therapy on coronary heart disease have been evaluated in two
randomized trials. The HERS and the WHI have provided critical data on the effect of hormonal therapy on primary and secondary prevention in postmenopausal women with or
without coronary artery disease (Hulley et al., 1998; Rossouw et al., 2002). Neither study
found a protective effect of fixed-dose hormonal therapy. For continuous combined
hormones, the WHI reported a hazard ratio for coronary heart disease of 1.24 (95% CI,
1.00–1.54) over an average of 5.2 years of follow-up; most of the apparent risk occurred
during the first year (hazard ratio, 1.81; 95% CI, 1.09–3.01). These effects did not differ
by age (Manson et al., 2003). In the HERS secondary prevention trial, the hazard ratio for
coronary heart disease for the same combined hormonal therapy over an average of 4.1
years of follow-up was 0.99 (95% CI, 0.80–1.22) with some evidence of an increased risk
in the first year (Hulley et al., 1998). The WHI found no significant effects on the risk for
coronary heart disease of estrogen alone over an average of 6.8 years of follow-up (hazard
ratio, 0.91; 95% CI, 0.75–1.12). The data suggested the possibility that younger women
experience a reduction in risk (p value for interaction, 0.14; hazard ratio, 0.56; 95% CI,
0.30–1.03) (Anderson et al., 2004).
Few epidemiological studies have investigated the effect of combined hormones, but
all have suggested that estrogen plus progestogen therapy may be more effective than
estrogen therapy alone in the reduction of cardiovascular events. The majority of the observational studies suggested that the risk for coronary artery disease was reduced in women
who received both estrogen only and estrogen–progestogen therapy (Stampfer & Colditz,
1991).
All of the observational studies were conducted in healthy women who used hormonal
therapy for reasons other than the menopause and who were generally at low risk for coronary heart disease. The effect of the adjunct of a progestogen to estrogens in women who
are at increased risk for cardiovascular disease may differ. The discrepancies with the randomized trials require that the observational studies be viewed cautiously. Biases inherent
in cohort and case–control studies and variability of dosing, duration and other time-dependent effects of hormonal therapy must be taken into account in order to present a balanced
view of the results. Careful control for confounding and an allowance for an adverse effect
during the first 2 years of exposure, with attenuation of this effect in subsequent years, has
been shown to align the results from observational studies with those of randomized trials
(Prentice et al., 2005). Petitti (1994) argued that compliance bias could account for some
of the observed benefits. It has been suggested that the women who were included in the
hormonal therapy groups were of higher socioeconomic class, had healthier habits and
exercised regularly. Barrett-Connor (1991) demonstrated that a healthy women bias exists
at least for the women who were included in the Rancho Bernardo (CA, USA) study population (Barrett-Connor et al., 1989). Not all study populations were restricted to upper class
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retirement areas, however, and no socioeconomic differences were noted in the Nurses’
Health Study (Grodstein et al., 2000) or other studies. Selection bias probably exists in
nearly all studies, since women who take hormonal therapy tend to exercise more and have
healthier habits. Therefore, estimates of risk reduction in women who take ovarian hormones may be biased towards finding a protective effect that may be due in part to a
healthier lifestyle (Nelson et al., 2002a).
(ii) Stroke
The WHI trial reported an increase in risk for stroke from estrogen plus progestogen
therapy (hazard ratio, 1.31; 95% CI, 1.02–1.68) that was restricted to ischaemic stroke
(hazard ratio, 1.44; 95% CI, 1.09–1.90) (Wassertheil-Smoller et al., 2003). The WHI trial of
estrogen alone was interrupted because of the observed increase in risk for stroke (hazard
ratio, 1.39; 95% CI, 1.10–1.77) (Anderson et al., 2004). The HERS trial reported a hazard
ratio for estrogen plus progestogen of 1.18 (95% CI, 0.83–1.66) for non-fatal stroke and 1.61
(95% CI, 0.73–3.55) for fatal stroke during an average follow-up of 4.1 years (Simon et al.,
2001a). The Women’s Estrogen for Stroke Trial conducted on 664 postmenopausal women
who had had a recent ischaemic stroke or a transient ischaemic attack found no beneficial
effect of 17β-estradiol (1 mg per day) for stroke (hazard ratio, 1.1; 95% CI, 0.8–1.6) or
mortality (hazard ratio, 1.2; 95% CI, 0.8–1.8) after a mean follow-up of 2.8 years (Viscoli
et al., 2001). A meta-analysis of randomized trials found a significant increase in risk for
stroke (relative risk, 1.44; 95% CI, 1.10–1.89) with no substantial variation between studies
(Gabriel-Sanchéz et al., 2005).
A meta-analysis of nine observational studies suggested that hormonal therapy is associated with a small increase in risk for stroke (relative risk, 1.12; 95% CI, 1.01–1.23) that
is primarily confined to thromboembolic stroke (relative risk, 1.20; 95% CI, 1.01–1.40)
(Nelson et al., 2002b).
(iii) Thrombosis
The risk for venous thrombotic disease was increased twofold (hazard ratio, 2.06;
95% CI, 1.57–2.70) for estrogen plus progestogen in the WHI trial (Cushman et al., 2004)
and almost threefold in the HERS trial (hazard ratio, 2.89; 95% CI, 1.50–5.58) (Hulley
et al., 1998). Pulmonary embolism and deep vein thrombosis were similarly affected. The
WHI trial reported a smaller increase with estrogen alone (hazard ratio, 1.33; 95% CI,
0.99–1.79) (Anderson et al., 2004).
(e)

Estrogen–progestogen therapy in postmenopausal women

The divergent results of observational and randomized studies on cardiovascular endpoints have led many authors to stress the superiority of randomized clinical trials over
observational studies, but have not solved the dilemma of the effect of hormonal therapy
on the cardiovascular system. The discrepancies in the results of observational and randomized studies are related to methodological issues and to differences between study populations, hormonal regimens and time- and age-dependent biological effects of hormones
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during different periods of the lives of women. Observational studies typically did not
distinguish between the hormonal regimens used, whereas the randomized studies examined a fixed dose of continuous combined conjugated equine estrogens plus medroxyprogesterone acetate. Although the treatment regimens in the two types of study differed, the
dose of estrogen and progestogen used probably played an important role. More recent
progestogens that have fewer androgenic and mineralo-corticoid effects may influence the
risks for cardiovascular disease differently. Several varied opinions on the potential cardiovascular effects — beneficial and adverse — of hormonal therapy for postmenopausal
women are still emerging, and the selection of patients, dose regimen and timing of treatment are probably critical (Rosano et al., 2004).
It is possible that factors other than methodological differences may explain the divergent effects of hormonal therapy noted in observational and randomized studies. The
randomized clinical studies were conducted exceptionally well and methodological
design is not an issue. A key difference between the observational and randomized studies
is the women under study: in the observational studies, the exposed women chose to take
hormonal therapy for menopausal symptoms and represented long-term compliers while,
in the randomized studies, the absence of severe menopausal symptoms was a prerequisite
for inclusion in the study. This seemingly small difference may have important implications, since symptomatic women are younger and have clinical symptoms that suggest
an effect of a lack of estrogen on several organs or systems. The low prevalence of symptoms may indicate a physiological adaptation to lower levels of ovarian hormone in these
women, due to a slow decline in estrogen levels or the long time lapse since menopause,
and therefore a new homeostasis. These and other biological explanations for the divergent results of observational and randomized studies should be considered in detail
(Rosano et al., 2004).
(i)

Ageing and cardiovascular response to estrogen–progestogen
therapy
Several studies that evaluated the effect of hormonal therapy on intermediate markers
of coronary heart disease in women and in non-human primates indicated substantial
benefits, although they also suggested some adverse effects (Scarabin et al., 1999; Walsh
et al., 2000; Silvestri et al., 2003). Clinical and experimental evidence suggests that the
putative cardio-protective and anti-atherogenic effects of ovarian hormones are receptormediated and endothelium-dependent (Caulin-Glaser et al., 1997; Mikkola et al., 1998).
Both estrogen receptors and endothelial function are markedly influenced by the time at
which estrogen deprivation and progression of the atherosclerotic injury occur. Evidence
indicates that expression of the estrogen receptor in the arterial wall is sharply diminished
with increasing age, which might be related to an age-related increase in methylation of the
promoter region of the estrogen receptor gene in vascular areas with atherosclerosis (Post
et al., 1999).
Time since menopause and the presence of atherosclerosis are associated with a
reduced cardio-protective effect of estrogens, while the unfavourable effects of hormones
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on coagulation remain unaltered. Therefore, in early postmenopausal women such as those
included in observational studies, hormonal therapy may be cardio-protective because of
the responsiveness of the endothelium to estrogens while, in late postmenopausal women,
hormonal therapy has either no effect or even a detrimental effect because of the predominance of the pro-coagulant or plaque-destabilizing effects over the vasculo-protective
effects. It is possible that hormonal therapy inhibits atherosclerosis in younger women but
may not be able to inhibit progression of atherosclerosis and complicated plaques that lead
to coronary events in older women. This hypothesis has also been suggested by randomized
studies of postmenopausal cynomolgus monkeys in which estrogens had no effect on the
extent of coronary artery plaque in those assigned to estrogen alone or to estrogen combined with medroxyprogesterone acetate beginning 2 years (approximately 6 human years)
after oophorectomy (Williams et al., 1995). When given to younger monkeys soon after
oophorectomy, hormonal treatment resulted in a 50% reduction in the extent of plaques
(Clarkson et al., 2001; Mikkola & Clarkson, 2002).
The effect of atherosclerosis and ageing on the vascular responsiveness to hormonal
menopausal therapy has been also analysed in several clinical studies (Herrington et al.,
2001). In the Cardiovascular Health Study, women (over 65 years of age) who had established cardiovascular disease had a flow-mediated vasodilator response that was equal
among women who used hormones (estrogen alone or estrogen combined with progestogen) and those who did not; among women (over 65 years of age) who had no cardiovascular disease, users of hormones had a 40% better response than non-users (Herrington
et al., 2001). In the Estrogen Replacement and Atherosclerosis Trial, a randomized trial that
involved women (aged ≥ 55 years) who had documented coronary disease, no effect of
estrogen alone or of estrogen combined with progestogen was found on the diameter of
coronary arteries (Herrington et al., 2000). In contrast, in the Estrogen in the Prevention of
Atherosclerosis Trial, in which younger women (aged ≥ 45 years) who had no cardiovascular disease were randomly assigned to 17β-estradiol or placebo, the average rate of
progression of carotid atherosclerosis was lower in women assigned to estrogen (Hodis
et al., 2001).
(ii) Characteristics of the study populations
Women recruited in the randomized studies comprised a broader age range and were
representative of individuals for whom prevention interventions would be contemplated.
Observational studies recruited women who were exposed to hormonal therapy primarily
for short-term relief of menopausal symptoms and longer-term use for the prevention or
treatment of osteoporosis. Recently, a new class of progestational agents with anti-aldosteronic properties has been developed: the prototype of this class is drospirenone, a progestational agent that can reduce water retention, body weight and blood pressure (Keam &
Wagstaff, 2003). The addition of this newer progestogen to estrogens in hormonal therapy
schemes may help to minimize the side-effects of estrogen therapy that are related to water
and salt retention and may represent a new strategy for the treatment of postmenopausal
women (Pollow et al., 1992; Krattenmacher, 2000).
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In a randomized trial of 230 hypertensive postmenopausal women, treatment with drospirenone plus 17β-estradiol was not associated with a higher incidence of hyperkalaemia
than treatment with placebo in patients with and without type-2 diabetes mellitus and
concomitant use of angiotensin-converting enzyme inhibitors, angiotensin receptor antagonists or ibuprofen. Drospirenone plus 17β-estradiol was found to reduce both systolic and
diastolic blood pressure compared with the placebo group (Preston et al., 2005).
Body mass index is an important marker of endogenous estrogen in postmenopausal
women and has been associated with risk for cardiovascular disease especially when it is
≥ 25 kg/m2 (Wilson et al., 2002). In a very large cohort of 290 827 postmenopausal women,
the coronary benefits of hormonal therapy were found exclusively in women with a lower
body mass index (< 22 kg/m2) (Rodriguez et al., 2001). In the WHI, there was no significant
interaction with body mass index, which mean was 28.5 (standard deviation [SD], 5.9)
(Manson et al., 2003).
Randomized studies of hormones in younger women who seek treatment for menopausal symptoms are not informative with regard to hormonal effects on rates of cardiovascular disease, because of the very low incidence rates in this population.
4.3.2

Other effects
(a)

Established benefits

(i)
Control of vasomotor symptoms
The primary indication for use of hormonal therapy during the menopause is vasomotor symptoms. Numerous studies have documented the beneficial effects of estrogen,
either alone or combined with progestogen, for the relief of hot flushes/flashes and night
sweats. MacLennan et al. (2004b) recently reviewed the randomized, double-blind placebo
controlled trials of hormonal therapy and reported a summary measure of the reduction in
the frequency of hot flushes of 75% (95% CI, 64.3–82.3%) relative to placebo, accompanied by similarly important reductions in the severity of symptoms.
(ii) Prevention of osteoporosis and fractures
Hormonal therapy has also been shown to be effective for the prevention or treatment
of osteoporosis and bone fractures. In the WHI trial, the risk for hip fractures was reduced
by both estrogen alone (hazard ratio, 0.61; 95% CI, 0.41–0.91) and by estrogen plus progestogen (hazard ratio, 0.67; 95% CI, 0.47–0.96) (Cauley et al., 2003; Anderson et al., 2004).
Beneficial effects on bone mineral density have been shown for other hormonal preparations
(Recker et al., 1999; Lees & Stevenson, 2001; Arrenbrecht & Boermans, 2002; Civitelli
et al., 2002).
(b)

Overview of evidence for other effects

The efficacy of hormonal therapy for the above indications has typically been established in randomized trials of up to a few hundred women and a follow-up of a few
months for vasomotor symptoms and 3 years for osteoporosis. These trials lack sufficient
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power to establish rates of disease or rarer side-effects with adequate precision. Further,
because of the strong evidence for beneficial effects on vasomotor symptoms, such trials
often lack a placebo group, which obscures any inference of hormonal effects on other outcomes. Two large randomized trials, the WHI (Rossouw et al., 2002) and the HERS (Grady
et al., 1998) are the primary exceptions. Both of these were randomized, double-blinded,
placebo-controlled trials of hormonal therapies that tested chronic disease prevention
strategies in the USA. The WHI trial involved separate placebo-controlled comparisons of
estrogen plus progestogen (conjugated equine estrogens plus medroxyprogesterone
acetate) in 16 608 postmenopausal women aged 50–79 years with an uterus and estrogen
alone in 10 739 postmenopausal women in the same age range with prior hysterectomy
(Stefanick et al., 2003). The HERS trial tested the same combined hormonal regimen in
2764 postmenopausal women under 80 years of age who had a uterus and documented
coronary artery disease. Additional details for both trials are provided in Section 2. Because
of the strength of the evidence derived from these two studies, most of the information
summarized here on other effects of hormonal therapy relies on data from these trials. For
many outcomes, important additional information derives from the Postmenopausal Estrogen/Progestin Interventions (PEPI) study, another randomized, double-blinded, placebocontrolled trial conducted in the USA to evaluate the effects of three combined hormonal
regimens and one estrogen-alone therapy on biomarkers of cardiovascular disease in 840
postmenopausal women aged 45–65 years (Espeland et al., 1995b). Data from other randomized trials are described only when they contradict these findings or introduce different
inferences. There is also an immense body of data from observational studies that include
many features of health that cannot be summarized adequately here. Mention is made of
these data only when significant controversy exists between the findings from trials and
observational studies.
(i)

Quality of life and symptoms associated with menopause or
ageing

Quality of life
Improvement in other symptoms that are commonly associated with ageing or menopause have been reported, occasionally in conjunction with overall quality of life. The
reported benefits vary across studies; the differences are probably attributable to the populations studied and the dimensions of symptoms and quality of life used. No clinically
significant effects on measures of general quality of life were observed with estrogen plus
progestogen therapy in the WHI trial (Hays et al., 2003a) despite significant improvements
in vasomotor symptoms and vaginal or genital dryness (Barnabei et al., 2005). In the HERS
trial, estrogen plus progestogen decreased hot flushes, vaginal dryness and sleep troubles
(Barnebei et al., 2002) and improved depression scores, but was associated with worsening
of some health measures (i.e. more rapid decline in physical function scores and in
energy/fatigue) (Hlatky et al., 2002). Trials designed specifically to test the effect of
hormonal therapy on vasomotor symptoms as their primary objective generally reported an
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improvement in quality of life, derived primarily from the relief of hot flushes, night
sweats and related conditions (e.g. Wiklund et al., 1993).
Vaginal bleeding
Common side-effects of hormonal therapy are vaginal bleeding, breast tenderness,
urinary incontinence and headaches. Among women with a uterus, bleeding rates vary by
type of hormonal therapy, schedule of progestogen, age and time since initiation of
therapy. The prevalence of bleeding with both sequential and continuous formulations has
led to numerous attempts to identify hormonal therapy regimens that provide good relief
of vasomotor symptoms while minimizing bleeding (e.g. Saure et al., 1996; Al-Azzawi
et al., 1999; Cano et al., 1999; Saure et al., 2000; Mendoza et al., 2002). Intermittent and
continuous treatment with progestogen has been used to reduce bleeding, especially in
older women. In the WHI estrogen plus progestogen trial, 51% of women randomized to
continuous combined therapy but less than 5% of women who took placebo reported
vaginal bleeding within the first 6 months. The proportion who reported bleeding in the
active hormonal therapy group declined thereafter but remained above 11% throughout
the study (Barnabei et al., 2005). These estimates do not take into account the non-compliance to the therapy (approximately 42% by year 5) (Rossouw et al., 2002), some of
which was a result of bleeding. Most of the bleeding in the active hormonal therapy group
was classified as spotting (Barnabei et al., 2005). Bleeding, especially after the first few
months of use, causes concern and may lead to significantly increased rates of endometrial biopsy (Anderson et al., 2003). Intermittent treatment provides only a marginal
improvement in bleeding rates (Cano et al., 1999), but some studies have found reduced
bleeding with higher doses of progestogen (Al-Azzawi et al., 1999). Many smaller randomized trials lacked either a placebo control or a common active treatment control group
against which to judge the relative effects. Nevertheless, few significant differences in
symptom control or vaginal bleeding were reported.
Breast symptoms
The frequency of breast symptoms, variously reported as breast tenderness, discomfort,
pain or mastalgia, is also significantly increased by hormonal therapy. In the WHI trial,
9.3% of asymptomatic women randomized to combined hormones reported breast tenderness at year 1 compared with 2.4% who took placebo, and this proportion remained elevated
at year 3 (odds ratio, 2.55; 95% CI, 0.98–6.64) (Barnabei et al., 2005). In the PEPI trial, the
risk for greater breast discomfort was doubled by all three combined hormonal regimens
relative to placebo (range of odds ratios, 1.92–2.33). Corresponding risks for estrogen alone
were not increased over those for placebo (odds ratio, 1.16; 95% CI, 0.70–1.93) (Greendale
et al., 1998), which suggests that these breast symptoms may be an effect of protestogen.
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Mammographic screening
Use of exogenous hormones interferes with mammographic screening. In the WHI trial,
Chlebowski et al. (2003) reported that 9.4% of women assigned to combined hormones had
an abnormal mammogram during the first year of use compared with 5.4% of placebotreated women (p < 0.001), a period during which there was no excess incidence of breast
cancer. This pattern of increased incidence of mammographic abnormalities persisted
throughout the follow-up. In a study ancillary to the PEPI trial, Greendale et al. (2003)
reported increased breast density with all three combined hormonal regimens (change from
baseline in adjusted mean mammographic per cent density ranged from 3.1 to 4.8%), which
was significantly different from the rate of change in the placebo group (–0.07%; 95% CI,
–1.50–1.38%). Use of estrogen alone resulted in a non-significant 1.17% (95% CI,
–0.28–2.62%) adjusted mean change, which again suggests that progestogen is the active
agent in these breast changes. However, in a randomized, double-blinded, placebo-controlled multi-arm trial of raloxifene and estrogen, the mean breast density in women who
took estrogen was significantly greater than that in the other arms (Freedman et al., 2001).
Urinary incontinence
Urinary incontinence is adversely affected by hormonal therapy. Asymptomatic
women randomized to estrogen alone in the WHI Trial experienced an increased risk for
self-reported urinary incontinence at 1 year, including all subtypes: stress (hazard ratio,
2.15; 95% CI, 1.77–2.62), urge (hazard ratio, 1.32; 95% CI, 1.10–1.58) and mixed urinary
incontinence (hazard ratio, 1.79; 95% CI, 1.26–2.53). The addition of medroxyprogesterone acetate did not alter these effects substantially. Among women who reported urinary
incontinence at baseline, the risk for worsening the self-reported frequency of incontinence, amount of leakage, limitation in activities and bother associated with the symptoms was significantly elevated by both hormonal regimens at 1 year (Hendrix et al., 2005).
In a 3-year randomized, double-blind, placebo-controlled osteoporosis prevention trial
(Goldstein et al., 2005), 7% of 158 women randomized to conjugated equine estrogens
reported new or worsening urinary incontinence compared with 1.3% of the 152 women
randomized to placebo (p ≤ 0.02). In the HERS trial, Grady et al. (2001) found that 39%
of women who took estrogen plus progestogen reported worsening symptoms compared
with 27% of women who took placebo (p = 0.001). Several smaller, short-term, randomized, double-blind, placebo-controlled trials of hormonal therapy have been carried out
in incontinent women (Wilson et al., 1987; Fantl et al., 1996; Jackson et al., 1999); some
of these used objective measurements of response, but none identified any significant
therapeutic response.
Headaches
Frequency and duration of headaches may be affected by hormonal therapy. In the
WHI trial, the incidence of headaches or migraines in the placebo-treated group was 4.7%
and was modestly increased by estrogen plus progestogen at 1 year to 5.8% (odds ratio,
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1.26; 95% CI, 1.08–1.46) (Barnabei et al., 2005). Vestergaard et al. (2003) did not find an
effect on the occurrence of headache after 5 years in the Danish Osteoporosis Prevention
Study. In women who are known to suffer from migraine headaches, however, there is
evidence of an increase in the frequency of attacks, the number of days with headache and
analgesic consumption over 6 months of observation during continuous combined, continuous sequential or cyclical sequential hormonal therapy (Facchinetti et al., 2002).
(ii) Incidence of disease
In addition to the more common symptoms associated with hormonal therapy, there
is increasing evidence of hormonal effects on other clinical outcomes.
Gallbladder disease
Randomized trials have shown a significant increase in the rates of gallbladder disease
and biliary tract surgical procedures following hormonal therapy. In the WHI trial, Cirillo
et al. (2005) reported a hazard ratio for estrogen alone of 1.67 (95% CI, 1.35–2.06) for the
incidence of hospitalized gallbladder disease or related surgical procedures over an average
of 7.1 years of follow-up and a hazard ratio for estrogen plus progestogen of 1.59 (95% CI,
1.28–1.97) over a mean 5.6 years of follow-up (attributable risk of 31 and 20 cases per
10 000 person–years, respectively). The HERS results on estrogen plus progestogen for the
same combined outcome over the initial mean 4.1 years of follow-up were similar (hazard
ratio, 1.38; 95% CI, 1.00–1.92) (Simon et al., 2001b) and became significant (hazard ratio,
1.48; 95% CI, 1.12–1.95) during the 6.8-year average open-label extended follow-up
period (Hulley et al., 2002). [The Working Group noted that these results suggest that the
effect is primarily a function of estrogen alone and may be dependent on duration.] Several
observational studies have also found evidence of an adverse effect of hormonal therapy
on gallbladder disease (e.g. Mamdani et al., 2000; Boland et al., 2002).
Dementia and cognitive function
Despite preliminary evidence of improved cognitive function following hormonal
therapy, randomized trials have not provided evidence of a benefit. On the contrary, data
from these trials suggest an increased risk for dementia and a negative impact on cognitive
function in women randomized to hormones. The strongest evidence derives from the WHI
Memory Study, which is an ancillary study of women over 65 years of age at randomization into one of the WHI hormone trials. In this subset of older participants, the combined hormonal therapy group experienced a significantly increased risk for probable
dementia relative to the placebo-treated group (hazard ratio, 2.05; 95% CI, 1.21–3.48) over
an average of 4 years of follow-up (Shumaker et al., 2003). A somewhat smaller increase
was observed with estrogen alone relative to placebo (hazard ratio, 1.49; 95% CI,
0.83–2.66) over an average of 5 years (Shumaker et al., 2004). The increases in the incidence of probable dementia were not explained by those observed in the incidence of
stroke. Rapp et al. (2003) and Espeland et al. (2004) found an adverse effect of hormonal
therapy on global cognitive function for both combined hormones and estrogen alone.
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Grady et al. (2002b) reported no significant differences between the effects of estrogen
plus progestogen and placebo among women at 10 HERS centres from six end-of-study
measurements of cognitive function (mean age at time of testing, 71 ± 6 years). One
measurement, verbal fluency, was significantly worse (p = 0.02) in women who were randomized to estrogen plus progestogen. In the PEPI trial, in which the average age of participants was 56 years (SD, 4.3 years; somewhat younger than those in the WHI or HERS),
no significant differences were found between the placebo-treated group and the four
hormonal therapy groups at 12 or 36 months for self-reported forgetfulness, concentration
or distraction (Reboussin et al., 1998). No randomized trial has been conducted to examine
the risk for dementia in younger women. Several very small, short-term randomized trials
of hormonal therapy in women with dementia have been conducted (Henderson et al.,
2000; Mulnard et al., 2000; Asthana et al., 2001), each of which reported some modest
improvements in a subset of the cognitive measurements examined but no consistent
pattern of effects.
In contrast, observational studies have mostly reported substantially lower rates of
dementia associated with hormonal therapy but with variable relationships between duration and recency of use. In a Cache County Study report, women who had ever used hormonal therapy had a reduced risk for Alzheimer disease compared with non-users (odds
ratio, 0.59; 95% CI, 0.35–0.96); the reduction was concentrated in former users or those
who had more than 10 years of exposure. The risk for Alzheimer disease in current users
of hormonal therapy was not affected (odds ratio, 1.08; 95% CI, 0.59–1.91). According to
the authors, this pattern of effects suggests a limited window of time in which a beneficial
effect of hormonal therapy on the risk for Alzheimer disease exists (Zandi et al., 2002).
Baldereschi et al. (1998) reported a reduced risk for Alzheimer disease with ever use of
estrogen (odds ratio, 0.28; 95% CI, 0.08–0.98) in the Italian Longitudinal Study on Aging,
which was an analysis of data from 1582 postmenopausal women in eight Italian cities. A
similar reduction in risk for Alzheimer disease was reported in the Baltimore Longitudinal
Study of Aging cohort of 472 peri- or postmenopausal women (mean age at enrollment,
61.5 years). After 16 years of follow-up, the hazard ratio for Alzheimer disease for ever
use of oral or transdermal estrogen was 0.46 (95% CI, 0.21–1.00), but no effect of duration was observed (Kawas et al., 1997). Paganini-Hill and Henderson (1994) reported a
reduced risk for dementia in users of estrogen (odds ratio, 0.69; 95% CI, 0.46–1.03) and
evidence of a stronger effect with higher dose and longer duration of use in a nested
case–control study within the Leisure World cohort of southern California.
[Whether hormonal therapy used early in the menopausal period has a beneficial
effect on dementia rates or whether these observed reductions arise from subtle patterns
of prescription, adherence, survival or other biases remains unanswered.]
Diabetes
The risk for non-insulin-dependent diabetes has been found to be reduced by use of
estrogen plus progestogen. In the WHI trial, rates of self-reported diabetes were reduced
by 21% (95% CI, 7–33%) (Margolis et al., 2004), and the observed reduction in the HERS
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trial was 35% (95% CI, 11–52%) (Kanaya et al., 2003), each of which was accompanied
by corresponding changes in fasting glucose and insulin levels.
Other diseases or conditions
The potential impact of hormonal therapy on other age-related health conditions (e.g.
osteoarthritis, rheumatoid arthritis, lupus, macular degeneration, cataract, Parkinson
disease) has been examined in observational studies and in some randomized trials. The
evidence for substantial effects on these disease processes is limited at this time, but additional studies would provide much needed clarification (Cooper et al., 2002; d’Elia et al.,
2003; Abramov et al., 2004; Currie et al., 2004; Freeman et al., 2004).
Mortality
Randomized trials have not shown a statistically significant effect on mortality during
average intervention periods that ranged from 5.2 to 6.8 years (Hulley et al., 2002;
Roussouw et al., 2002; Anderson et al., 2004). Additional follow-up of the WHI cohorts will
be of particular interest. A recent meta-analysis of 30 trials also found no effect of hormonal
therapy on mortality (odds ratio, 0.98; 95% CI, 0.87–1.18). Further analyses suggested a
possible reduction in mortality due to factors other than cancer or cardiovascular disease
(Salpeter et al., 2004).
4.4

Genetic and related effects

Estrogen may contribute to the promotion of uterine, breast, ovarian and cervix
tumours. It is thought to sustain the growth of preneoplastic and malignant cells by acting
through estrogen receptor-mediated signalling pathways that regulate the production of
growth factors that maintain clonal growth of both cell types. Epidemiological observations and mathematical models derived therefrom have suggested that most malignant cells
accumulate several genetic changes in the genes or chromosomes as they evolve into
cancer. Since the previous evaluation (IARC, 1999), many studies in experimental systems
on the possible direct genetic and genotoxic effects of steroid sex hormones as a factor in
carcinogenesis have been published, and these are summarized in Tables 19 and 20. The
data that are now available indicate more strongly that some of these hormones and their
metabolites can cause DNA damage, which can potentially induce genetic alterations in
cells.
As described in detail in Section 4.1 of this monograph, estrogens, i.e. estrone, 17βestradiol, estriol and 17α-ethinylestradiol, are activated by aromatic hydroxylation at the
C-2 and C-4 positions that is catalysed by CYPs. Subsequently, peroxidase enzymes
convert them into catechol estrogens, i.e. 2-hydroxyestrogens and 4-hydroxyestrogens
(Roy & Liehr, 1999; Cavalieri et al., 2000; Roy & Singh, 2004). Catalytic oxidation of
these two catechol estrogens gives rise to the corresponding estrogen-2,3-quinone and
estrogen-3,4-quinone, which react with DNA to form adducts (Roy & Liehr, 1999;
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Table 19. Genetic and related effects of estrogens in experimental systems
Test system

Resultsa

Reference

0.01 nM
[0.0027 ng/mL]
10 μg/mL

Kong et al. (2000)

10 μg/mL
1 μg/mL
50 μM [13.6
μg/mL]
10 μM [2.7
μg/mL]
1 nM [0.27 ng/mL]
10 nM [2.7 ng/mL]
25 μg

Tsutsui et al. (2000a)
Tsutsui et al. (2000a)
Anderson et al. (1997)

Without
exogenous
metabolic
system

With
exogenous
metabolic
system

+

NT

Gene mutation, Syrian hamster embryo cells, Na+/K+ ATPase,
Hprt locus, in vitro
Chromosomal aberrations, Syrian hamster embryo cells in vitro
Aneuploidy, Syrian hamster embryo cells in vitro
DNA single-strand breaks, comet assay, human peripheral blood
lymphocytes in vitro
DNA single-strand breaks, comet assay, human sperm in vitro

–

NT

–
+
+

NT
NT
NT

+

NT

DNA single-strand breaks, human MCF-7 cells in vitro
DNA single-strand breaks, human MCF-7 cells in vitro
Sister chromosome exchange, human peripheral blood lymphocytes
in vitro
Micronucleus formation, human MCF-7 cells in vitro
Chromosomal aberrations, human peripheral blood lymphocytes in vitro
Chromosomal aberrations, human peripheral blood lymphocytes in vitro
Aneuploidy, human MCF-7 cells in vitro
Micronucleus formation, mouse bone-marrow cells in vivo
Micronucleus formation, rat and mouse bone-marrow cells in vivo

+
+
+

NT
NT
+

+
+
–
–
–
–

NT
+
+
NT

1 nM [0.27 ng/mL]
25 μg
10 μg
3.6 μM [1 μg/mL]
150 mg/kg bw ip
1250 mg/kg bw ip

Yared et al. (2002)
Ahmad et al. (2000)
Ahmad et al. (2000)
Fernandez et al. (2005)
Ashby et al. (1997)
Shelby et al. (1997)

–

NT

3 μg/mL

Tsutsui et al. (2000a)

+
+

NT
NT

3 μg/mL
1 μg/mL

Tsutsui et al. (2000a)
Tsutsui et al. (2000a)

Estradiol
Gene mutation, Chinese hamster V79 cells, Hprt locus, in vitro

2-Hydroxyestradiol
Gene mutation, Syrian hamster embryo cells, Na+/K+ ATPase,
Hprt locus, in vitro
Chromosomal aberrations, Syrian hamster embryo cells in vitro
Aneuploidy, Syrian hamster embryo cells in vitro

Tsutsui et al. (2000a)

Anderson et al. (1997)
Yared et al. (2002)
Rajapakse et al. (2005)
Ahmad et al. (2000)
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Dose
(LED or HID)b

Table 19 (contd)
Resultsa

Dose
(LED or HID)b

Reference

Rajapakse et al. (2005)

With
exogenous
metabolic
system

DNA single-strand breaks, human MCF-7 cells in vitro

+

NT

Aneuploidy, human MCF-7 cells in vitro

–

NT

100 nM
[30 ng/mL]
3.6 μM [1 μg/mL]

+

NT

1 μg/mL

Tsutsui et al. (2000a)

+
+
+

NT
NT
NT

Tsutsui et al. (2000a)
Tsutsui et al. (2000a)
Rajapakse et al. (2005)

Aneuploidy, human MCF-7 cells in vitro

–

NT

3 μg/mL
1 μg/mL
100 nM
[30 ng/mL]
3.6 μM [1 μg/mL]

2-Methoxyestradiol
Gene mutation, Syrian hamster embryo cells, Na+/K+ ATPase, in vitro
Gene mutation, Syrian hamster embryo cells, Hprt locus, in vitro
Chromosomal aberrations, Syrian hamster embryo cells in vitro
Aneuploidy, Syrian hamster embryo cells in vitro

+
+
+
+

NT
NT
NT
NT

0.1 μg/mL
0.3 μg/mL
0.3 μg/mL
0.3 μg/mL

Tsutsui et al. (2000b)
Tsutsui et al. (2000b)
Tsutsui et al. (2000b)
Tsutsui et al. (2000b)

–

NT

10 μg/mL

Tsutsui et al. (2000a)

+
+
+

NT
NT
NT

10 μg/mL
30 μg/mL
0.1 nM
[0.03 ng/mL]

Tsutsui et al. (2000a)
Tsutsui et al. (2000a)
Yared et al. (2002)

4-Hydroxyestradiol
Gene mutation, Syrian hamster embryo cells, Na+/K+ ATPase,
Hprt locus, in vitro
Chromosomal aberrations, Syrian hamster embryo cells in vitro
Aneuploidy, Syrian hamster embryo cells in vitro
DNA single-strand breaks, human MCF-7 cells in vitro

Estrone
Gene mutation, Syrian hamster embryo cells, Na+/K+ ATPase,
Hprt locus, in vitro
Chromosomal aberrations, Syrian hamster embryo cells in vitro
Aneuploidy, Syrian hamster embryo cells in vitro
DNA single-strand breaks, comet assay human MCF-7 cells in vitro

Fernandez et al. (2005)

Fernandez et al. (2005)
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metabolic
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Table 19 (contd)
Test system

2-Hydroxyestrone
Gene mutation, Syrian hamster embryo cells, Na+/K+ ATPase,
Hprt locus, in vitro
Chromosomal aberrations, Syrian hamster embryo cells in vitro
Aneuploidy, Syrian hamster embryo cells in vitro
4-Hydroxyestrone
Gene mutation, Syrian hamster embryo cells, Na+/K+ ATPase, in vitro
Gene mutation, Syrian hamster embryo cells, Hprt locus, in vitro
Chromosomal aberrations, Syrian hamster embryo cells in vitro
Aneuploidy, Syrian hamster embryo cells in vitro
2-Methoxyestrone
Gene mutation, Syrian hamster embryo cells, Na+/K+ ATPase,
Hprt locus, in vitro
Chromosomal aberrations, Syrian hamster embryo cells in vitro
Aneuploidy, Syrian hamster embryo cells in vitro
α-Hydroxyestrone
16α
Gene mutation, Syrian hamster embryo cells, Na+/K+ ATPase,
Hprt locus, in vitro
Chromosomal aberrations, Syrian hamster embryo cells in vitro
Aneuploidy, Syrian hamster embryo cells in vitro

Dose
(LED or HID)b

Reference

Without
exogenous
metabolic
system

With
exogenous
metabolic
system

+

NT

0.1 nM
[0.03 ng/mL]

Yared et al. (2002)

–

NT

10 μg/mL

Tsutsui et al. (2000a)

+
+

NT
NT

3 μg/mL
0.3 μg/mL

Tsutsui et al. (2000a)
Tsutsui et al. (2000a)

+
+
+
+

NT
NT
NT
NT

3 μg/mL
1 μg/mL
3 μg/mL
3 μg/mL

Tsutsui et al. (2000a)
Tsutsui et al. (2000a)
Tsutsui et al. (2000a)
Tsutsui et al. (2000a)

–

NT

10 μg/mL

Tsutsui et al. (2000a)

–
+

NT
NT

10 μg/mL
10 μg/mL

Tsutsui et al. (2000a)
Tsutsui et al. (2000a)

–

NT

10 μg/mL

Tsutsui et al. (2000a)

–
+

NT
NT

10 μg/mL
10 μg/mL

Tsutsui et al. (2000a)
Tsutsui et al. (2000a)
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Micronucleus formation, human MCF-7 cells in vitro

Resultsa

Table 19 (contd)

Estriol
Gene mutation, Syrian hamster embryo cells, Na+/K+ ATPase,
Hprt locus, in vitro
Chromosomal aberrations, Syrian hamster embryo cells in vitro
Aneuploidy, Syrian hamster embryo cells in vitro
DNA single-strand breaks, human MCF-7 cells in vitro
Micronucleus formation, human MCF-7 cells in vitro
Ethinylestradiol
Salmonella typhimurium TA100, TA1535, TA98, TA97a, reverse
mutation
Unscheduled DNA synthesis, rat hepatocytes in vitro
Unscheduled DNA synthesis, human hepatocytes in vitro
Sister chromosome exchange, human peripheral blood lymphocytes
in vitro
Chromosomal aberrations, human peripheral blood lymphocytes in vitro
Chromosomal aberrations, human peripheral blood lymphocytes in vitro
Sister chromosome exchange, mouse bone-marrow cells in vivo
Micronucleus formation, mouse bone-marrow cells in vivo
a

Resultsa

Dose
(LED or HID)b

Reference

Without
exogenous
metabolic
system

With
exogenous
metabolic
system

–

NT

10 μg/mL

Tsutsui et al. (2000a)

–
–
+
–

NT
NT
NT
NT

10 μg/mL
10 μg/mL
10 nM [3 ng/mL]
0.1 mM
[28.9 μg/mL]

Tsutsui et al. (2000a)
Tsutsui et al. (2000a)
Yared et al. (2002)
Yared et al. (2002)

–

–

10 mg/plate

Hundel et al. (1997)

+
–
+

NT
NT
+

1 μM [0.3 μg/mL]
50 μM [15 μg/mL]
1 μg/mL

Martelli et al. (2003)
Martelli et al. (2003)
Hundal et al. (1997)

+
–
+
+

NT
+

1 μg/mLc 48 h
10 μg/mLd 6 h
1 mg/kg bw ip
1 mg/kg bw ip

Hundal et al. (1997)
Hundal et al. (1997)
Hundal et al. (1997)
Hundal et al. (1997)

+, positive; –, negative; NT, not tested
LED, lowest effective dose; HID, highest ineffective dose; ip, intraperitoneal
c
Tested for 48 h without exogenous metabolic system only
d
Tested with exogenous metabolic system only for 6 h. The result was negative without exogenous metabolic system after an exposure of 6 h.
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Table 20. Genetic and related effects of progestogens in experimental animals
Test system

Resultsa

Dose (LED or HID)b

Reference

With
exogenous
metabolic
system

Progesterone
Unscheduled DNA synthesis, rat hepatocytes in vitro
Unscheduled DNA synthesis, human hepatocytes in vitro
Micronucleus formation, rat liver in vivo

–
–
+

NT
NT

50 μM [15.7 μg/mL]
50 μM [15.7 μg/mL]
100 mg/kg bw po

Martelli et al. (2003)
Martelli et al. (2003)
Martelli et al. (1998)

Medroxyprogesterone
Unscheduled DNA synthesis, rat hepatocytes in vitro
Unscheduled DNA synthesis, human hepatocytes in vitro

–
–

NT
NT

50 μM [ 17.2 μg/mL]
50 μM [ 17.2 μg/mL]

Martelli et al. (2003)
Martelli et al. (2003)

±
–
–

NT
NT
–

10 μM [3 μg/mL]
50 μM [15 μg/mL]
75 μg/mL

Martelli et al. (2003)
Martelli et al. (2003)
Ahmad et al. (2001)

–

–

75 μg /mL

Ahmad et al. (2001)

100 mg/kg bw po

Martelli et al. (1998)

Norethisterone
Unscheduled DNA synthesis, rat hepatocytes in vitro
Unscheduled DNA synthesis, human hepatocytes in vitro
Sister chromosome exchange, human peripheral blood lymphocytes
in vitro
Chromosomal aberrations, human peripheral blood lymphocytes
in vitro
Micronucleus formation, rat liver in vivo
Norgestrel
Sister chromosome exchange, human peripheral blood lymphocytes
in vitro
Chromosomal aberrations, human peripheral blood lymphocytes
in vitro
Chromosomal aberrations, human peripheral blood lymphocytes
in vitro

–
+

+

25 μg/mL

Ahmad et al. (2001)

+

+

25 μg/mL

Ahmad et al. (2001)

–

+

10 μg/mL

Ahmad et al. (2001)
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Without
exogenous
metabolic
system

Table 20 (contd)
Test system

Resultsa

Dose (LED or HID)b

Reference

Cyproterone acetate
DNA single-strand breaks, comet assay, rat hepatocytes in vitro
Unscheduled DNA synthesis, male rat hepatocytes in vitro
Unscheduled DNA synthesis, female rat hepatocytes in vitro
Gene mutation, Big BlueTM transgenic Fischer 344 rats, LacI gene,
in vivo

+
–
+
+

NT
NT
NT

10 μM [4 μg/mL]
10 μM [4 μg/mL]
10 μM [4 μg/mL]
75 mg/kg bw × 1 po

Mattioli et al. (2004)
Mattioli et al. (2004)
Mattioli et al. (2004)
Krebs et al. (1998)

Levonorgestrel
Gene mutation, mouse lymphoma L5178Y cells in vitro
Chromosomal aberrations, Chinese hamster ovary fibroblasts
in vitro

–
–

NT
NT

NG
NG

Jordan (2002)
Jordan (2002)

–
–

–

NG
NG

Jordan (2002)
Jordan (2002)

+
+
+
+
–

NT
NT
NT
NT
NT

10 μM [3.7 μg/mL]
30 μM [11 μg/mL]
30 μM [11 μg/mL]
30 μM [11 μg/mL]
90 μM [33 μg/mL]

Martelli et al. (1999)
Martelli et al. (1999)
Martelli et al. (1999)
Martelli et al. (1999)
Martelli et al. (1999)

–
–
–

NT
NT
NT

90 μM [33 μg/mL]
90 μM [33 μg/mL]
90 μM [33 μg/mL]

Martelli et al. (1999)
Martelli et al. (1999)
Martelli et al. (1999)

Desogestrel
Salmonella typhimurium [strains NG], reverse mutation
Micronucleus formation, female rat liver in vivo
Potassium canrenoate
DNA single-strand breaks, rat hepatocytes in vitro
Unscheduled DNA synthesis, rat liver in vitro
Micronucleus formation, rat hepatocytes in vitro
DNA single-strand breaks, human hepatocytes in vitro
DNA single-strand breaks, human peripheral blood lymphocytes
in vitro
Unscheduled DNA synthesis, human liver in vitro
Micronucleus formation, human hepatocytes in vitro
Micronucleus formation, human peripheral blood lymphocytes
in vitro
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metabolic
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Table 20 (contd)
Test system

Reference

+
+

325 mg/kg bw po
325 mg/kg bw po

Martelli et al. (2002)
Martelli et al. (2002)

+
–
–

81 mg/kg bw po
325 mg/kg bw po
325 mg/kg bw po

Martelli et al. (2002)
Martelli et al. (2002)
Martelli et al. (2002)

1 μM [0.36 μg/mL]
50 μM [18.3 μg/mL]

Martelli et al. (2003)
Martelli et al. (2003)

Without
exogenous
metabolic
system
DNA single-strand breaks, male rat liver in vivo
DNA single-strand breaks, female rat thyroid and bone marrow
in vivo
DNA single-strand breaks, rat testes and ovary in vivo
Micronucleus formation, rat liver in vivo
Micronucleus formation, rat bone marrow polychromatic
erythtocytes in vivo
Drospirenone
Unscheduled DNA synthesis, rat hepatocytes in vitro
Unscheduled DNA synthesis, human hepatocytes in vitro
a
b

+
–

+, positive; –, negative; ±, equivocal; NT, not tested
LED, lowest effective dose; HID, highest ineffective dose; NG, not given; po, oral

With
exogenous
metabolic
system

NT
NT
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Dose (LED or HID)b

Resultsa
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Cavalieri et al., 2000). These adducts can form stable modifications that remain in the
DNA unless they are removed by repair. Alternatively, the modified bases can be released
from DNA by destabilization of the glycosydic bond and result in the formation of depurinated or depyrimidinated sites (Cavalieri et al., 2000).
4.4.1

Humans

At present, only two studies have reported the presence of catechol estrogen adducts
in human breast tissue. Embrechts et al. (2003) analysed estrogen adducts in the DNA from
18 human samples: five malignant breast tumour samples, five samples of tissues adjacent
to the tumour and eight alcohol-fixed and paraffin-embedded malignant breast tumour
samples. Almost every DNA sample showed the presence of deoxyguanosine adducts of 4hydroxyestradiol and 4-hydroxyestrone. In four patients who had used conjugated equine
estrogens, 4-hydroxyequilenin–DNA adducts, derived from conjugated equine estrogen
metabolites, were detected. In seven patients, deoxyadenosine adducts of 4-hydroxy-17αethinylestradiol were observed. The formation of catechol estrogen quinone-derived DNA
adducts has also been reported in two breast samples that were collected from one woman
with and one woman without breast cancer (Markushin et al., 2003). The catechol quinonederived adducts identified were 4-hydroxyestradiol-1-N3-adenosine, 4-hydroxyestrone-1N3-adenosine and 4-hydroxyestradiol-1-N7-guanine.
4.4.2

Experimental systems (Tables 19 and 20)

Liquid chromatographic–tandem MS analysis of mammary fat pads of rats injected with
4-hydroxyequilenin showed a dose-dependent increase in DNA single-strand breaks and
formation of alkylated guanine adducts that are prone to depurination; stable cyclic deoxyguanosine and deoxyadenosine adducts and other oxidized bases were also observed (Zhang
et al., 2001). Injection of 4-hydroxyestradiol or estradiol-3,4-quinone into the mammary
glands of female ACI rats resulted in formation of the depurinating adducts 4-hydroxyestradiol-1-N3-adenosine and 4-hydroxyestradiol-1-N7-guanosine (Li et al., 2004). 4-Hydroxyestradiol-GSH conjugates were also detected. Recently, 4-hydroxy catechol estrogen conjugates with GSH or its hydrolytic products (cysteine and N-acetylcysteine) were detected in
picomole amounts both in tumours and hyperplastic mammary tissues from ERKO/Wnt-1
mice and demonstrated the formation of estrogen-3,4-quinones (Devanesan et al., 2001).
DNA adducts derived from 2-hydroxyestrogen-quinone have been shown to be mutagenic,
and primarily produced G→T and A→T mutations in simian kidney (COS-7) cells
(Terashima et al., 2001). Estradiol-3,4-quinone reacted rapidly to form 4-hydroxyestradiol1-N3-adenosine adducts that are depurinating adducts. Numerous A→G mutations in H-ras
DNA were observed in SENCAR mouse skin treated with estradiol-3,4-quinone
(Chakravarti et al., 2001). [These studies indicate that certain estrogen metabolites can react
with DNA to form adducts. Such adducts or the apurinic sites they generate in DNA can
give rise to mutations and these, in turn, could contribute to the development of tumours.]
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Recently, it was reported that estrogen-induced mammary gland tumours in female
ACI rats show losses and gains in chromosomes. Cells with an increased copy number of
the c-myc gene (7q33), one on each of the three homologues of a trisomy of chromosome 7,
were observed. A frequency of aneuploidy of 61% in sporadic invasive human ductal breast
cancers and 71% in ductal carcinoma in situ was also observed. The authors asserted that
the estrogen-induced mammary tumours in female ACI rats resembled human ductal
carcinoma in situ and invasive ductal breast cancer because they are aneuploid and exhibit
a high frequency of c-myc amplification (Li et al., 2002).
Mitochondria are significant targets of estrogen (reviewed by Roy et al., 2004; Felty &
Roy, 2005a,b). Recently Felty et al. (2005a) reported that physiological concentrations of
17β-estradiol stimulate a rapid production of intracellular reactive oxygen species which, in
epithelial cells, depends on cell adhesion, the cytoskeleton and integrins. Induction of the
production of reactive oxygen species by estradiol occurs much more rapidly than the
estrogen receptor-mediated interaction with the genome. Furthermore, estradiol-stimulated
production of reactive oxygen species does not depend on the presence of the estrogen
receptor in breast cancer cells because it was equal in both estrogen receptor-positive cell
lines MCF7, T47D and ZR75.1 and the estrogen receptor-negative cell line MDA-MB 468.
Exposure of human mammary epithelial cells to 2- or 4-hydroxyestradiol has been shown to
produce reactive oxygen species and a subsequent increase in the formation of 8-OHdG
(Hurh et al., 2004; Chen et al., 2005). This finding shows that formation of reactive oxygen
species following exposure to estradiol could explain oxidative damage in hormonedependent tumours and subsequent genetic alterations reported earlier (Malins & Haimanot,
1991; Musarrat et al., 1996; Yamamoto et al., 1996; Malins et al., 2001). Mutations have
recently been reported to occur following exposures to physiological and pharmacological
concentrations of estrogens (Kong et al., 2000; Singh et al., 2005).
It has been shown that catechol estrogens can induce aldehydic DNA lesions in calf
thymus DNA (Lin et al., 2003). Equilin and equilenin are major constituents of Premarin®,
a widely prescribed drug used in estrogen therapy for the menopause. These equine estrogens are metabolized, respectively, to 4-hydroxyequilin and 4-hydroxyequilenin, which,
in turn, are oxidized to products that react with DNA. Mutations induced by 4-hydroxyequilin have been identified in supF plasmid shuttle vectors that were transfected in human
fibroblast cells (Yasui et al., 2003).

5.
5.1

Summary of Data Reported and Evaluation

Exposure data

Combined estrogen–progestogen menopausal therapy involves the co-administration
of an estrogen and a progestogen to peri- or postmenopausal women. These hormones
may be given as individual compounds administered simultaneously or as combination
preparations. Early treatment regimens included estrogen only. After a substantial increase
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in the 1960s and early 1970s, the use of these regimens declined after 1975 when a strong
association with endometrial cancer was found. When the addition of a progestogen was
introduced as a strategy to reduce this risk, the use of hormonal menopausal therapy again
increased steadily in the 1980s, particularly in developed countries. Combined estrogen–
progestogen menopausal therapy is now administered to women who have not undergone
a hysterectomy, whereas estrogen-only menopausal treatment tends to be prescribed to
hysterectomized women. Although combined hormonal therapy was initially indicated for
the control of menopausal symptoms, its application was expanded in the 1990s to include
the treatment or prevention of a range of conditions related to ageing. However, since
2002, dramatic declines in use followed the report of a broad range of adverse effects in
the Women’s Health Initiative Estrogen Plus Progestin Trial in the USA. Reflecting this
new evidence, practices are returning to a narrower set of indications directed at the shortterm treatment of menopausal symptoms.
Combined estrogen–progestogen formulations are frequently used in hormonal menopausal therapy, although separate administration of each hormonal component is still prevalent. Commercial preparations are available for oral, vaginal and transdermal administration. Currently, continuous exposure to both hormones (both estrogen and progestogen
at fixed daily doses) is common, particularly in the USA, whereas cyclical dosing, in which
progestogen is added periodically to daily estrogen, is prevalent in other countries. Other
scheduling strategies are also used occasionally. Some formulations and doses that are
currently available for combined hormonal therapy are new and their possible long-term
adverse effects have not been evaluated.
Combined hormonal therapy is much more commonly used in developed than in developing countries. At the peak of use in 1999, approximately 20 million women in developed countries used combined hormonal therapy, including 50% of women aged 50–65
years in the USA. Use has fallen by more than 50% since 2002, particularly for continuous
combined hormonal therapy. Use in some developing countries also has declined modestly,
although the data are more limited. Among peri- and postmenopausal women in developed
countries, current users of combined hormonal therapy tend to be younger and more highly
educated, to have a lower body mass and to use health care more regularly than non-users.
The characteristics of users are known to vary between countries and to change over time.
5.2

Human carcinogenicity data

Breast cancer
Two large randomized trials, 10 cohort studies and seven case–control studies reported
on the relationship between the use of combined estrogen–progestogen menopausal
therapy and breast cancer in postmenopausal women. The studies consistently reported an
increased risk for breast cancer in users of combined estrogen–progestogen therapy compared with non-users. The increased risk was greater than that in users of estrogen alone.
The available evidence was inadequate to evaluate whether or not the risk for breast cancer
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varies according to the progestogenic content of the therapy or its dose, or according to the
number of days each month that the progestogens are added to the estrogen therapy. Observational studies showed that the relative risk was greater for lobular than for ductal cancers.
The increase in the risk for breast cancer was largely confined to current or recent users,
and the risk increased with increasing duration of use of the combined hormonal therapy.
Endometrial cancer
One randomized trial, four cohort studies and eight case–control studies reported on
the relationship between use of combined estrogen–progestogen menopausal therapy and
the risk for endometrial cancer in postmenopausal women. The risk for endometrial cancer
was inversely associated with the number of days per month that progestogens were added
to the regimen. The addition of progestogens to estrogen therapy for less than 10 days per
month was associated with a significantly higher risk for endometrial cancer than never use
of hormonal therapy, and the risk increased with increasing duration of use of that regimen.
Estrogen therapy with daily progestogens was associated with a risk for endometrial cancer
similar to, and possibly lower than, that found in women who had never used hormonal
therapy. In contrast, the use of estrogens alone was associated with a considerably higher
risk than that of any combined estrogen–progestogen regimen. Use of combined estrogen–
progestogen menopausal therapy began relatively recently and, as yet, there is little
information on its effects on the risk for endometrial cancer many years after cessation of
use. The available evidence was inadequate to evaluate whether or not the risk for endometrial cancer varies according to the type or daily dose of progestogen.
Cervical cancer
The data from two randomized trials were inadequate to suggest that combined estrogen–progestogen hormonal therapy alters the risk for human papillomavirus infection or
cervical cancer, and are of limited statistical power.
Ovarian cancer
Data from one randomized trial and two cohort and four case–control studies were inadequate to evaluate an association between ovarian cancer and combined estrogen–
progestogen hormonal therapy.
Colorectal cancer
Two randomized trials and four cohort and three case–control studies provided information on the use of combined estrogen–progestogen hormonal therapy and the risk for
colorectal cancer. None showed significantly elevated risks in women who had used these
preparations for any length of time. Seven studies showed relative risks below 1.0 and the
risk was significantly reduced in two, which suggests a potential protective effect. The
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reduced risk tended to be observed among recent users and did not appear to be related to
duration of use.
Other cancers
Large randomized trials provided the only substantial data on risk for lung cancer,
which was slightly but not significantly elevated in users of combined estrogen–progestogen hormonal therapy. Observational data on lung cancer include both slightly
increased and slightly reduced rates in users of such combined hormonal therapy. Data on
cancer at other sites, including the liver, were too limited for evaluation.
5.3

Animal carcinogenicity data

Relatively few studies have been carried out to examine the tumorigenic effects of
combined hormonal therapy in animals.
Oral administration of combined hormonal therapy in mice that are prone to develop
mammary tumours resulted in similar incidences of mammary tumours in controls and in
animals treated with conjugated equine estrogens alone and with conjugated equine estrogens plus medroxyprogesterone acetate. However, tumour latency was reduced in animals
treated with conjugated equine estrogens plus medroxyprogesterone acetate. Conjugated
equine estrogens plus medroxyprogesterone acetate suppressed the development of uterine
adenomyosis.
Oral administration of conjugated equine estrogens alone or with medroxyprogesterone acetate to ovariectomized rats pretreated with the carcinogen 7,12-dimethylbenz[a]anthracene increased the incidence of mammary tumours with equal frequency and to a
level equal to that in non-ovariectomized controls.
5.4

Other relevant data

Absorption, distribution, metabolism and excretion
Various combinations of estrogens and progestogens are used for hormonal menopausal therapy. Since steroids penetrate normal skin easily, a variety of systems have been
developed that deliver estrogens and progestogens parenterally (e.g. transdermal patches),
thus by-passing the liver.
While the mechanisms of absorption and distribution of estrogens and progestogens
have been known for a number of years, only recently has an understanding of the genes
that encode the enzymes which control the enzymatic steps involved in steroid metabolism
been acquired. This applies especially to the oxidative metabolism of estrogen. The phase I
enzymes cytochrome P450 1A1 and 1B1 catalyse the production of catechol estrogen and
metabolites of estrogen quinone that can induce the formation of DNA adducts. This is
counteracted by the phase II enzymes, catechol-O-methyltransferase and glutathione
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S-transferase P1, which reduce the levels of catechol and quinones by forming methoxyestrogens and glutathione conjugates. Polymorphic variants of these and other enzymes
occur frequently in the population and several are associated with altered enzyme function.
A large body of epidemiological data has failed to identify a consistent association between
exposure to hormones and risk for cancer with any single enzyme variant. However,
possible interactions between these genes need to be examined.
Progestogens are discussed in the monograph on Combined estrogen–progestogen
contraceptives.
Receptor-mediated effects
The use of combined estrogen–progestogen menopausal therapy increases the rate of
cell proliferation in the postmenopausal human breast, and appears to enhance significantly
the modest increase in breast-cell proliferation induced by estrogen alone. Oral administration of conjugated equine estrogens alone or in combination with medroxyprogesterone
acetate to ovariectomized monkeys resulted in an increase in epithelial cell proliferation
and epithelial density in the mammary gland, as determined histologically, whereas the
combination of conjugated equine estrogens and norethisterone acetate did not. The effects
were greater with conjugated equine estrogens plus medroxyprogesterone acetate than with
conjugated equine estrogens or medroxyprogesterone alone. Subcutaneous implantation of
17β-estradiol alone or in combination with progesterone for 3 days into ovariectomized
monkeys resulted in a slight increase in epithelial cell proliferation in the mammary gland
as did intraperitoneal administration of 17β-estradiol alone or in combination with progesterone to ovariectomized mice; the effect in mice was greater with 17β-estradiol plus progesterone than with 17β-estradiol alone. Approximately one-third of women treated with
daily estrogen (by any route) plus daily oral progestogen develop increased mammographic
breast density. In contrast, following treatments with estrogen daily plus progestogen less
frequently than daily, a smaller proportion of women develop increased breast density. The
addition of progestogens to estrogen therapy for the menopause prevents the development
of endometrial hyperplasia and reduces the increased rate of endometrial cell proliferation
induced by treatment with estrogen only. This effect has been found for all progestogens
studied, regardless of the route of administration or dose. Inadequate data were available
to the Working Group on duration of treatment or time since cessation of treatment.
Cardiovascular effects of estrogen and progestogen
Randomized trials that studied combined hormonal menopausal therapy did not show
a protective effect of a fixed single dose of conjugated equine estrogens with or without
medroxyprogesterone acetate on the incidence of coronary heart disease, although a large
body of literature from observational studies suggests that such treatment confers benefits
for this disease. These discrepancies have not been fully resolved but may arise from
methodological limitations in some observational studies. Randomized trials have consis-
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tently reported a small adverse effect of combined hormonal therapy on the incidence of
stroke, which is generally supported by observational studies. Evidence of an increase in
the incidence of venous thromboembolism from hormonal therapy, particularly with
estrogen plus progestogen, has been found in both randomized trials and observational
studies, and is supported by mechanistic studies. The overall evidence relies heavily on
studies of conjugated equine estrogens and medroxyprogesterone acetate, the data from
which suggest a small increase in risk for broadly defined cardiovascular disease as a
whole. The extent to which these results apply to other estrogens and progestogens, doses
or routes of administration is not known.
Other effects
The beneficial effects of combined hormonal menopausal therapy have been established
unambiguously for vasomotor symptoms, osteoporosis and fractures, with moderate evidence for a reduced risk for non-insulin-dependent diabetes. The evidence for an increase in
breast density and an increase in the prevalence of breast tenderness and vaginal bleeding is
also unambiguous. There is strongly suggestive evidence of interference in mammographic
screening associated with breast density and an increase in problems of urinary incontinence. There is consistent evidence for an increase in the risk for gallbladder disease.
Results for cognitive function and dementia are less clear. In women who initiate therapy
later in life (≥ 65 years of age), randomized trials have provided evidence of a small deleterious effect on cognitive function and an increased risk for dementia. The cognitive effects
in women who initiate therapy at younger ages are still uncertain. Randomized trials did not
show substantial effects on mortality or on the quality of life, other than the relief of symptoms related to the menopause.
Genetic and related effects
Data on the genetic effects of estrogens and their derivatives indicate that these compounds give rise to reactive metabolites and reactive oxygen species that can induce DNA
damage. The evidence reported since the previous evaluation further substantiates the
premise that these mechanisms could contribute to the induction of cancer by estrogens.
New evidence demonstrates that DNA adducts that are expected to result from the metabolites of catechol estrogen are found in humans, experimental animals and in-vitro
systems and that exposure to estrogens generates reactive oxygen species. While these
new findings increase the plausibility of these pathways as mechanisms of estrogenrelated carcinogenesis, they do not prove that these are the major pathways to estrogenrelated cancers. The way in which progestogens might influence the genotoxicity of estrogens is not known.
Receptor-mediated responses to hormones are a plausible and probably necessary
mechanism for hormonal carcinogenesis. The results of research over the past few years add
considerable support for a direct genotoxic effect of hormones or their associated by-
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products such as reactive oxygen species. Current knowledge does not allow a conclusion
as to whether either of these mechanisms is the major determinant of hormonally induced
cancer. It is entirely possible that both mechanisms contribute to and are necessary for carcinogenesis. Cessation of hormonal treatment may reduce the receptor-mediated effects while
gene damage may be more persistent.
5.5

Evaluation

There is sufficient evidence in humans for the carcinogenicity of combined estrogen–
progestogen menopausal therapy in the breast.
There is evidence suggesting lack of carcinogenicity in humans for combined estrogen–
progestogen menopausal therapy in the colorectum.
There is sufficient evidence in humans for the carcinogenicity of combined estrogen–
progestogen menopausal therapy in the endometrium when progestogens are taken for
fewer than 10 days per month, and there is evidence suggesting lack of carcinogenicity in
the endometrium when progestogens are taken daily. The risk for endometrial cancer is
inversely associated with the number of days per month that progestogens are added to
the regimen.
There is limited evidence in experimental animals for the carcinogenicity of conjugated equine estrogens plus medroxyprogesterone acetate.
Overall evaluation
Combined estrogen–progestogen menopausal therapy is carcinogenic to humans
(Group 1).
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ANNEXES

ANNEX 1
CHEMICAL AND PHYSICAL DATA ON
COMPOUNDS USED IN COMBINED
ESTROGEN–PROGESTOGEN CONTRACEPTIVES
AND HORMONAL MENOPAUSAL THERAPY
Annex 1 describes the chemical and physical data, technical products, trends in production by region and uses of estrogens and progestogens in combined estrogen–progestogen
contraceptives and hormonal menopausal therapy. Estrogens and progestogens are listed
separately in alphabetical order. Trade names for these compounds alone and in combination
are given in Annexes 2–4.
Sales are listed according to the regions designated by WHO. These are:
Africa: 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 and Zimbabwe
America (North): Canada, Central America (Antigua and Barbuda, Bahamas, Barbados,
Belize, Costa Rica, Cuba, Dominica, El Salvador, Grenada, Guatemala, Haiti,
Honduras, Jamaica, Mexico, Nicaragua, Panama, Puerto Rico, Saint Kitts and Nevis,
Saint Lucia, Saint Vincent and the Grenadines, Suriname, Trinidad and Tobago), United
States of America
America (South): Argentina, Bolivia, Brazil, Chile, Colombia, Dominican Republic,
Ecuador, Guyana, Paraguay, Peru, Uruguay, Venezuela
Eastern Mediterranean: Afghanistan, Bahrain, Djibouti, Egypt, Iran (Islamic Republic of),
Iraq, Jordan, Kuwait, Lebanon, Libyan Arab Jamahiriya, Morocco, Oman, Pakistan,
Qatar, Saudi Arabia, Somalia, Sudan, Syrian Arab Republic, Tunisia, United Arab Emirates, Yemen
Europe: 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, Netherlands, Norway,
Poland, Portugal, Republic of Moldova, Romania, Russian Federation, San Marino,
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Serbia and Montenegro, Slovakia, Slovenia, Spain, Sweden, Switzerland, Tajikistan,
The Former Yugoslav Republic of Macedonia, Turkey, Turkmenistan, Ukraine, United
Kingdom of Great Britain and Northern Ireland, Uzbekistan
South-East Asia: Bangladesh, Bhutan, Democratic People’s Republic of Korea,
Democratic Republic of Timor-Leste, India, Indonesia, Maldives, Myanmar, Nepal, Sri
Lanka, Thailand
Western Pacific: Australia, Brunei Darussalam, Cambodia, China, Cook Islands, Fiji,
Japan, Kiribati, Lao People’s Democratic Republic, Malaysia, Marshall Islands, Micronesia (Federated States of), Mongolia, Nauru, New Zealand, Niue, Palau, Papua New
Guinea, Philippines, Republic of Korea, Samoa, Singapore, Solomon Islands, Tokelau,
Tonga, Tuvalu, Vanuatu, Viet Nam

1.
1.1

Estrogens

Conjugated estrogens

The term ‘conjugated estrogens’ refers to mixtures of at least eight compounds, including sodium estrone sulfate and sodium equilin sulfate, that are derived wholly or in part
from equine urine, are plant-based or are manufactured synthetically from estrone and
equilin. Conjugated estrogens contain as concomitant components the sodium sulfate
conjugates of 17α-dihydroequilin, 17β-dihydroequilin and 17α-estradiol (Pharmacopeial
Convention, 2004).
1.1.1

Nomenclature

Sodium estrone sulfate
Chem. Abstr. Serv. Reg. No.: 438-67-5
Chem. Abstr. Name: 3-(Sulfooxy)-estra-1,3,5(10)-trien-17-one, sodium salt
IUPAC Systematic Name: Estrone, hydrogen sulfate sodium salt
Synonyms: Estrone sodium sulfate; estrone sulfate sodium; estrone sulfate sodium salt;
oestrone sodium sulfate; oestrone sulfate sodium; oestrone sulfate sodium salt; sodium
estrone sulfate; sodium estrone-3-sulfate; sodium oestrone sulfate; sodium oestrone-3sulfate; 3-sulfatoxyestra-1,3,5(10)-trien-17-one, sodium salt
Sodium equilin sulfate
Chem. Abstr. Serv. Reg. No.: 16680-47-0
Chem. Abstr. Name: 3-(Sulfooxy)-estra-1,3,5(10),7-tetraen-17-one, sodium salt
IUPAC Systematic Name: 3-Hydroxyestra-1,3,5(10),7-tetraen-17-one, hydrogen sulfate,
sodium salt
Synonyms: Equilin, sulfate, sodium salt; equilin sodium sulfate; sodium equilin 3-monosulfate; sodium equilin sulfate
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Structural and molecular formulae and relative molecular mass

Sodium estrone sulfate
CH3

O

H
H

H

NaO3SO

C18H21O5S.Na

Relative molecular mass: 372.4

Sodium equilin sulfate
CH3

H

O

H

NaO3SO

C18H19O5S.Na
1.1.3

Relative molecular mass: 370.4

Chemical and physical properties

From Gennaro (2000) and American Hospital Formulary Service (2005)
(a) Description: Buff-coloured, odourless or with a slight characteristic odour,
amorphous powder (from natural sources); white to light buff, odourless or with
a slight odour, crystalline or amorphous powder (synthetic)
(b) Solubility: Soluble in water
1.1.4

Technical products and impurities

Conjugated estrogens contain 52.5% min. and 61.5% max. sodium estrone sulfate and
22.5% min. and 30.5% max. sodium equilin sulfate; the total of sodium estrone sulfate and
sodium equilin sulfate is 79.5% min. and 88.0% max. of the labelled content of conjugated
estrogens. Conjugated estrogens contain as concomitant components (as sodium sulfate
conjugates) 13.5% min. and 19.5% max. 17α-dihydroequilin, 0.5% min. and 4.0% max.
17β-dihydroequilin and 2.5% min. and 9.5% max. 17α-estradiol of the labelled content of
conjugated estrogens (Pharmacopeial Convention, 2004).
Conjugated estrogens are available as tablets for oral administration, as a liquid for
parenteral injection and as a 0.0625% vaginal cream (American Hospital Formulary
Service, 2005).
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Conjugated estrogens (natural) are a mixture that contains the sodium salts of the watersoluble sulfate esters of estrone and equilin derived wholly or in part from equine urine or
prepared synthetically from estrone and equilin. Conjugated estrogens (natural) also contain
conjugated estrogenic substances of types that are excreted by pregnant mares and include
δ8,9-dehydroestrone, 17α-dihydroequilenin, 17β-dihydroequilenin, 17α-dihydroequilin,
17β-dihydroequilin, equilenin, 17α-estradiol and 17β-estradiol (American Hospital Formulary Service, 2005).
Conjugated estrogens (synthetic) are a mixture of conjugated estrogens that are prepared
synthetically from plant sources (i.e. soya and yams). Conjugated estrogens (synthetic) are
commercially available as preparations that contain a mixture of nine of the 10 known conjugated estrogenic substances that are present in currently available commercial preparations of conjugated estrogens (natural). However, in contrast to currently available preparations of conjugated estrogens (natural), the conjugated estrogenic substances present in
conjugated estrogens (synthetic) are prepared entirely synthetically (American Hospital
Formulary Service, 2005).
1.1.5

Use

Conjugated estrogens are used mainly in the treatment of menopausal disorders (e.g.
vasomotor symptoms, vulvar and vaginal atrophy) and for the prevention and treatment
of osteoporosis. Conjugated estrogens are usually administered orally at a dose of 0.3–
1.25 mg/day (American Hospital Formulary Service, 2005).
Table 1 presents comparative global data on sales of conjugated estrogens in 1994,
1999 and 2004 (IMS Health, 2005). The regions are broadly as those defined by WHO.

Table 1. Conjugated estrogens used in combined estrogen–
progestogen menopausal therapy (thousands of standard
unitsa)
Region

1994

1999

2004

Africa
Eastern Mediterranean
Europe
North America
South America
South-East Asia
Western Pacific
Total

7 980
51
448 555
9 250
15 330
1 162
17 521
499 848

10 814
3 102
508 776
1 039 067
103 701
1 992
70 675
1 738 126

9 780
1 683
192 332
217 181
32 713
9 555
27 576
490 820

From IMS Health (2005)
a
Standard units are sales in terms of standard dose units; the standard dose
unit for oral products is one tablet or capsule.
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Chem. Abstr. Serv. Reg. No.: 57-63-6
Deleted CAS Reg. No.: 77538-56-8; 406932-93-2
Chem. Abstr. Name: (17α)-19-Norpregna-1,3,5(10)-trien-20-yne-3,17-diol
IUPAC Systematic Name: 19-Nor-17α-pregna-1,3,5(10)-trien-20-yne-3,17-diol
Synonyms: Ethinylestradiol; 17-ethinylestradiol; 17-ethinyl-3,17-estradiol; 17α-ethinyl-3,17-dihydroxy-Δ1,3,5-estratriene; 17α-ethinylestradiol; 17α-ethinyl-17β-estradiol; 17α-ethinylestra-1,3,5(10)-triene-3,17β-diol; 17α-ethinyl-1,3,5(10)-estratriene3,17-diol; ethinyloestradiol; 17-ethynyl-3,17-dihydroxy-1,3,5-oestratrione; ethynylestradiol; 17-ethynylestradiol; 17α-ethynylestradiol; 17-ethynylestra-1,3,5(10)-triene3,17β-diol; ethynyloestradiol; 19-Nor-17α-pregna-1,3,5(10)-trien-20-yne-3,17β-diol
1.2.2

Structural and molecular formulae and relative molecular mass
CH3

OH
C

CH

H
H

H

HO

C20H24O2
1.2.3

Relative molecular mass: 296.4

Chemical and physical properties of the pure substance

From O’Neil (2001) and Sweetman (2005), unless otherwise specified
(a) Description: White to creamy or slightly yellowish white, odourless, crystalline
powder
(b) Melting-point: 182–184 °C
(c) Solubility: Practically insoluble in water; soluble in acetone (1 part in 5), ethanol
(1 part in 6), chloroform (1 part in 20), dioxane (1 part in 4), diethyl ether (1 part
in 4) and vegetable oils
(d) Optical rotation: [α]2D0, less than –27° to –30° (Pharmacopeial Convention,
2004; Council of Europe, 2005)
1.2.4

Technical products and impurities

Ethinylestradiol is commercially available as tablets either alone or in combination
with progestogens, as described in the monograph on Combined estrogen–progestogen
contraceptives.
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Reported impurities include: estradiol, 3-hydroxyestra-1,3,5(10)-trien-17-one (estrone),
19-nor-17α-pregna-1,3,5(10),9(11)-tetraen-20-yne-3,17-diol and 19-norpregna-1,3,5(10)trien-20-yne-3,17-diol (17β-ethinylestradiol) (British Pharmacopoeial Commission, 2004).
1.2.5

Use

Ethinylestradiol is a synthetic estrogen that acts similarly to estradiol. It is frequently
used as the estrogenic component of combined oral contraceptive preparations; a typical
daily dose is 20–50 μg. Ethinylestradiol is also used as an emergency contraceptive combined with levonorgestrel or norgestrel. A combined preparation of ethinylestradiol with
the anti-androgen cyproterone is used for the hormonal treatment of acne and hirsutism,
particularly when contraception is also required. Ethinylestradiol has also been used for
hormonal menopausal therapy; doses of 10–20 μg daily were given (in conjunction with a
progestogen in women with a uterus). For the treatment of female hypogonadism, 50 μg
has been given up to three times daily for 14 consecutive days in every 4 weeks, followed
by a progestogen for the next 14 days (Sweetman, 2005).
Table 2 presents comparative global data on sales of ethinylestradiol in 1994, 1999
and 2004 (IMS Health, 2005). The regions are broadly as those defined by WHO.

Table 2. Ethinylestradiol used in combined estrogen–progestogen contraceptives and combined estrogen–progestogen
menopausal therapy (thousands of standard unitsa)
Region

1994

Combined estrogen–progestogen contraceptives
Monophasic preparations (< 50 μg estrogen)
Africa
2 564
Eastern Mediterranean
6 353
Europe
159 180
North America
55 356
South America
52 552
South-East Asia
11 807
Western Pacific
10 414
Subtotal
298 225
Monophasic preparations (≥ 50 μg estrogen)
Africa
2 060
Eastern Mediterranean
1 942
Europe
15 319
North America
4 343
South America
23 611
South-East Asia
3 463
Western Pacific
2 125
Subtotal
52 863

1999

2004

2 955
8 728
197 014
67 909
69 183
29 288
14 467
389 543

3 881
7 494
266 090
101 390
83 406
58 282
25 673
546 215

1 611
827
9 577
2 371
19 761
12 619
2 000
48 765

1 364
126
4 932
1 788
14 395
7 794
1 371
31 770
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Table 2 (contd)
Regions

1994

1999

2004

Biphasic preparations
Africa
Eastern Mediterranean
Europe
North America
South America
South-East Asia
Western Pacific
Subtotal

439
70
25 126
455
41
0
312
26 442

429
59
22 918
1 979
732
1
211
26 330

473
217
18 833
5 634
1 297
2
95
26 551

Triphasic preparations
Africa
Eastern Mediterranean
Europe
North America
South America
South-East Asia
Western Pacific
Subtotal

4 447
1 586
62 951
39 551
13 612
352
8 613
131 111

5 360
965
69 133
48 081
12 400
2 232
7 829
146 000

4 477
1 860
55 880
51 048
10 871
3 389
7 251
134 776

Total

508 641

610 638

739 312

226
267
34 581
1 187
20 039
5 714
52 461
114 475

0
0
13 016
333
15 072
5 041
45 300
78 761

0
0
5 783
81 863
19 291
5 297
30 246
142 480

Hormonal menopausal therapy
Africa
Eastern Mediterranean
Europe
North America
South America
South-East Asia
Western Pacific
Total

From IMS Health (2005)
a
Standard units are sales in terms of standard dose units; the standard dose unit
for oral products is one tablet or capsule.

1.3

Mestranol

1.3.1

Nomenclature

Chem. Abstr. Serv. Reg. No.: 72-33-3
Deleted CAS Reg. No.: 43085-54-7; 53445-46-8
Chem. Abstr. Name: (17α)-3-Methoxy-19-norpregna-1,3,5(10)-trien-20-yn-17-ol
IUPAC Systematic Name: 3-Methoxy-19-nor-17α-pregna-1,3,5(10)-trien-20-yn-17-ol
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Synonyms: Ethinylestradiol 3-methyl ether; 17α-ethinylestradiol 3-methyl ether; ethinyloestradiol 3-methyl ether; 17α-ethinyloestradiol 3-methyl ether; ethynylestradiol
methyl ether; ethynylestradiol 3-methyl ether; 17-ethynylestradiol 3-methyl ether; 17αethynylestradiol 3-methyl ether; 17α-ethynylestradiol methyl ether; ethynyloestradiol
methyl ether; ethynyloestradiol 3-methyl ether; 17-ethynyloestradiol 3-methyl ether;
17α-ethynyloestradiol 3-methyl ether; 17α-ethynyloestradiol methyl ether; 3-methoxy17α-ethinylestradiol; 3-methoxy-17α-ethinyloestradiol; 3-methoxy-17α-ethynylestradiol; 3-methoxyethynylestradiol; 3-methoxy-17α-ethynyloestradiol; 3-methoxyethynyloestradiol; 3-methylethynylestradiol; 3-O-methylethynylestradiol; 3-methylethynyloestradiol; 3-O-methylethynyloestradiol; Δ-MVE
1.3.2

Structural and molecular formulae and relative molecular mass
CH3

OH
C

CH

H
H

H

H3CO

C21H26O2
1.3.3

Relative molecular mass: 310.4

Chemical and physical properties of the pure substance

From O’Neil (2001) and Sweetman (2005)
(a) Description: White to creamy white, odourless, crystalline powder
(b) Melting-point: 150–154 °C
(c) Solubility: Practically insoluble in water; sparingly soluble in ethanol; slightly
soluble in methanol; soluble in acetone, dioxane and diethyl ether; freely soluble
in chloroform
(d) Optical rotation: [α]2D0, –20° to –24° (British Pharmacopoeial Commission, 2004;
Council of Europe, 2005); +2° to +8° (Society of Japanese Pharmacopoeia, 2001;
Pharmacopeial Convention, 2004)
1.3.4

Technical products and impurities

Mestranol is commercially available as a component of combination tablets with chlormadinone acetate, ethynodiol diacetate, levonorgestrel, lynoestrenol or norethisterone and
formerly with norethynodrel (IPPF, 2002; Sweetman, 2005; see the monograph on Combined estrogen–progestogen contraceptives and Annex 2).
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Use

Mestranol is a synthetic estrogen pro-drug that is rapidly metabolized to ethinylestradiol; it therefore acts similarly to estradiol. It is used as the estrogen component of combined oral contraceptive preparations at a usual daily dose of 50 μg. The progestogen component is frequently norethisterone. Mestranol has also been used as the estrogen component of some preparations for hormonal menopausal therapy. Administration has usually
been in a sequential regimen with doses ranging from 12.5 to 50 μg daily, in combination
with a cyclical progestogen (Sweetman, 2005).
Table 3 presents comparative global data on sales of mestranol in 1994, 1999 and
2004 (IMS Health, 2005). The regions are broadly as those defined by WHO.

Table 3. Mestranol used in combined estrogen–progestogen contraceptives and combined estrogen-progestogen menopausal therapy
(thousands of standard units)
Region

1994

1999

2000

Combined hormonal contraceptives
Monophasic preparations (≥ 50 μg estrogen)
Africa
Europe
North America
South America
South-East Asia
Western Pacific
Subtotal
Biphasic preparations
Europe
North America
South America
Subtotal
Total
Combined hormonal menopausal therapy
Europe
North America
South-East Asia
Western Pacific
Total

11
1 436
2 983
1 144
1 381
188
7 142

35
589
1 587
1 253
882
164
4 510

42
45
928
588
645
181
2 430

48
624
175
848
7 990

0
479
78
557
5 067

0
220
0
220
2 650

2 794
12 006
299
18 287
33 386

939
10 476
17
13 811
25 243

0
7 930
0
9 312
17 242

From IMS Health (2005)
a
Standard units are sales in terms of standard dose units; the standard dose unit for oral
products is one tablet or capsule.
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1.4

Estradiols

1.4.1

Estradiol
(a)

Nomenclature

Chem. Abstr. Serv. Reg. No.: 50-28-2
Chem. Abstr. Name: (17β)-Estra-1,3,5(10)-triene-3,17-diol
IUPAC Systematic Name: Estra-1,3,5(10)-triene-3,17β-diol
Synonyms: Dihydrofollicular hormone; dihydrofolliculin; dihydromenformon; dihydrotheelin; dihydroxyestrin; 3,17β-dihydroxyestra-1,3,5(10)-triene; 3,17-epidihydroxyestratriene; β-estradiol; 17β-estradiol; 3,17β-estradiol; (D)-3,17β-estradiol; oestradiol17β; 17β-oestradiol
(b)

Structural and molecular formulae and relative molecular mass
CH3

OH
H

H
H

H

HO

C18H24O2
(c)

Relative molecular mass: 272.4
Chemical and physical properties of the pure substance

From O’Neil (2001) and Sweetman (2005)
(i)
Description: White or creamy white, odourless, crystalline powder
(ii) Melting-point: 173–179 °C
(iii) Solubility: Practically insoluble in water; soluble in ethanol (1 part
in 28), chloroform (1 part in 435), diethyl ether (1 part in 150), acetone, dioxane, and other organic solvents
(iv) Optical rotation: [α]2D5, +76° to +83° (in dioxane)
Estradiol hemihydrate is a white, or almost white, crystalline powder or colourless
crystal; it is practically insoluble in water, sparingly soluble in ethanol, slightly soluble in
dichloromethane and diethyl ether and soluble in acetone. Approximately 1.03 g estradiol
hemihydrate are equivalent to 1 g of the anhydrous substance (Reynolds, 1996).
(d)

Technical products and impurities

Estradiol is available commercially as oral and vaginal tablets, as a metered topical
gel, as topical transdermal patches, as a vaginal cream and as an extended-release vaginal
insert (ring) (American Hospital Formulary Service, 2005; Food and Drug Administration, 2005).
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Reported impurities (for estradiol hemihydrate) include: estra-1,3,5(10),9(11)tetraene-3,17β-diol, estra-1,3,5(10)-triene-3,17α-diol (17α-estradiol), 3-hydroxyestra1,3,5(10)-trien-17-one (estrone) and 4-methylestra-1,3,5(10)-triene-3,17β-diol (British
Pharmacopoeial Commission, 2004).
1.4.2

Estradiol benzoate
(a)

Nomenclature

Chem. Abstr. Serv. Reg. No.: 50-50-0
Chem. Abstr. Name: (17β)-Estra-1,3,5(10)-triene-3,17-diol, 3-benzoate
IUPAC Systematic Name: Estradiol, 3-benzoate
Synonyms: Estradiol benzoate; β-estradiol benzoate, β-estradiol 3-benzoate; 17βestradiol benzoate; 17β-estradiol 3-benzoate; estradiol monobenzoate; 1,3,5(10)estratriene-3,17β-diol 3-benzoate; β-oestradiol benzoate; β-oestradiol 3-benzoate;
17β-oestradiol benzoate; 17β-oestradiol 3-benzoate; oestradiol monobenzoate;
1,3,5(10)-oestratriene-3, 17β-diol 3-benzoate
(b)

Structural and molecular formulae and relative molecular mass
CH3

OH
H

H
O
H
C

C25H28O3
(c)

H

O

Relative molecular mass: 376.5
Chemical and physical properties of the pure substance

From O’Neil (2001) and Sweetman (2005)
(i)
Description: Almost white crystalline powder or colourless crystals
that exhibit polymorphism
(ii) Melting-point: 191–196 °C
(iii) Solubility: Practically insoluble in water; slightly soluble in ethanol
and diethyl ether; sparingly soluble in acetone and vegetable oils;
and soluble in dioxane and dichloromethane
(iv) Optical rotation: [α]2D5, +58° to +63° (in dioxane)
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(d)

Technical products and impurities

Estradiol benzoate is commercially available for injection (oily or aqueous suspension)
and implant (Society of Japanese Pharmacopoeia, 2001; British Pharmacopoeial Commission, 2004).
Reported impurities include: estradiol, estra-1,3,5(10)-triene-3,17β-diyl dibenzoate,
17β-hydroxyestra-1,3,5(10),9(11)-tetraen-3-yl benzoate, 3-hydroxyestra-1,3,5(10)-trien17β-yl benzoate, 17α-hydroxyestra-1,3,5(10)-trien-3-yl benzoate and 17β-hydroxy-4methylestra-1,3,5(10)-trien-3-yl benzoate (British Pharmacopoeial Commission, 2004).
1.4.3

Estradiol cypionate
(a)

Nomenclature

Chem. Abstr. Serv. Reg. No.: 313-06-4
Chem. Abstr. Name: (17β)-Estra-1,3,5(10)-triene-3,17-diol, 17-cyclopentanepropanoate
IUPAC Systematic Name: Oestradiol, 17-cyclopentanepropionate
Synonyms: Cyclopentanepropionic acid, 17-ester with oestradiol; cyclopentanepropionic acid, 3-hydroxyestra-1,3,5(10)-trien-17β-yl ester; depo-estradiol cyclopentylpropionate; depoestradiol cypionate; estradiol 17β-cyclopentanepropionate; estradiol
cyclopentylpropionate; estradiol 17-cyclopentylpropionate; estradiol 17β-cyclopentylpropionate; 17β-estradiol 17-cyclopentylpropionate; estradiol cypionate; estradiol 17cypionate; estradiol 17β-cypionate
(b)

Structural and molecular formulae and relative molecular mass
O
C

CH3 O

CH2CH2

H
H
H

H

HO

C26H36O3
(c)

Relative molecular mass: 396.6
Chemical and physical properties of the pure substance

From O’Neil (2001) and Sweetman (2005)
(i)
Description: White, odourless crystalline powder
(ii) Melting-point: 151–152 °C
(iii) Solubility: Practically insoluble in water; soluble in ethanol (1 part
in 40), chloroform (1 in 7), diethyl ether (1 in 2800), acetone and
dioxane
(iv) Optical rotation: [α]2D5, +45° (in chloroform)
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Technical products and impurities

Estradiol cypionate is available commercially as injectable suspensions in oil for
parenteral administration (American Hospital Formulary Service, 2005; Food and Drug
Administration, 2005).
1.4.4

Estradiol valerate
(a)

Nomenclature

Chem. Abstr. Serv. Reg. No.: 979-32-8
Deleted CAS Nos.: 907-12-0; 69557-95-5
Chem. Abstr. Name: (17β)-Estra-1,3,5(10)-triene-3,17-diol, 17-pentanoate
IUPAC Systematic Name: Estradiol 17-valerate
Synonyms: Estradiol 17β-valerate; estradiol valerianate; estra-1,3,5(10)-triene-3,17βdiol 17-valerate; 3-hydroxy-17β-valeroyloxyestra-1,3,5(10)-triene; oestradiol valerate
(b)

Structural and molecular formulae and relative molecular mass
O
CH3

O

C

CH2CH2CH2CH3

H
H
H

H

HO

C23H32O3
(c)

Relative molecular mass: 356.5
Chemical and physical properties of the pure substance

From O’Neil (2001) and Sweetman (2005)
(i)
Description: White, odourless, crystalline powder
(ii) Melting-point: 144–145 °C
(iii) Solubility: Practically insoluble in water; soluble in benzyl benzoate, dioxane, methanol and castor oil; sparingly soluble in arachis oil and sesame oil
(d)

Technical products and impurities

Estradiol valerate is available commercially as injectable suspensions in oil for parenteral administration; it is also available commercially as tablets alone or in combination
with progestogens (IPPF, 2002; American Hospital Formulary Service, 2005; Editions du
Vidal, 2005; Sweetman, 2005).
Reported impurities include: estradiol, estra-1,3,5(10)-trien-3,17β-diyl dipentanoate, 3hydroxyestra-1,3,5(10),9(11)-tetraen-17β-yl pentanoate, 3-hydroxyestra-1,3,5(10)-trien-
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17β-yl butanoate (estradiol butyrate), 17β-hydroxyestra-1,3,5(10)-trien-3-yl pentanoate and
3-hydroxy-4-methylestra-1,3,5(10)-trien-17β-yl pentanoate (British Pharmacopoeial Commission, 2004).
Other esters of estradiol that have been reported and that may have been used as pharmaceuticals include: estradiol 17β-acetate 3-benzoate, estradiol 3,17β-dipropionate, estradiol 3,17β-diundecylenate, estradiol 17β-enanthate, estradiol 17β-hexahydrobenzoate,
estradiol 17β-phenylpropionate, estradiol 17β-stearate, estradiol 17β-undecylate and polyestradiol phosphate.
1.4.5

Use of estradiols

Estradiol is the most active of the naturally occurring estrogens. Estradiol and its semisynthetic esters and other natural estrogens are primarily used in hormonal menopausal
therapy, whereas synthetic derivatives such as ethinylestradiol and mestranol have a major
role as components of combined oral contraceptives. Estradiol may also be used in
hormonal therapy for female hypogonadism or primary ovarian failure (Sweetman, 2005).
For hormonal menopausal therapy, oral preparations of estradiol are commonly used,
as are transdermal patches. Transdermal gels, subcutaneous implants and a nasal spray are
also available. Intramuscular injections were used formerly. In women with a uterus, a progestogen is also required, given cyclically or continuously, and is usually taken orally,
although some transdermal preparations are available. Vaginal estradiol preparations are
used specifically for the treatment of menopausal atrophic vaginitis; these are generally recommended for short-term use only, if given without a progestogen in women with a
uterus, although specific recommendations vary between products (Sweetman, 2005).
For oral use, estradiol or estradiol valerate are normally given; doses are 1–2 mg daily
cyclically or, more usually, continuously (Sweetman, 2005).
Estradiol may be used topically as transdermal skin patches to provide a systemic effect;
a variety of patches are available that release between 25 and 100 μg estradiol every 24 h.
Depending on the preparation, patches are replaced once or twice weekly. Topical gel preparations are also applied for systemic effect: the usual dose is 0.5–1.5 mg estradiol daily.
A nasal spray is available that delivers 150 μg estradiol hemihydrate per spray. The usual
initial dose is 300 μg daily; maintenance doses are 150–600 μg daily (Sweetman, 2005).
In order to prolong the duration of action, subcutaneous implants of estradiol may be
used. The dose of estradiol is generally 25–100 mg and a new implant is given after about
4–8 months according to the concentrations of estrogen (Sweetman, 2005).
Estradiol may be used locally as vaginal tablets, as a 0.01% vaginal cream or as a 3month vaginal ring (Sweetman, 2005).
Intramuscular injections of estradiol benzoate or valerate esters have been used as oily
depot solutions, usually given once every 3–4 weeks. The cypionate, dipropionate, enanthate, hexahydrobenzoate, phenylpropionate and undecylate esters of estradiol have been
used similarly. The enanthate and cypionate esters are used as the estrogen component of
combined injectable contraceptives (Sweetman, 2005).
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Tables 4 and 5 present comparative global data on sales of estradiol and methylestradiol,
respectively, in 1994, 1999 and 2004 (IMS Health, 2005). The regions are broadly as those
defined by WHO.
Table 4. Estradiol used in combined estrogen–progestogen contraceptives and combined estrogen–progestogen menopausal therapy
(thousands of standard unitsa)
Region

1994

1999

2004

Combined hormonal contraceptives
Monophasic preparations (< 50 μg estrogen)
Eastern Mediterranean
0
South America
0
Subtotal
0
Biphasic preparations
Europe
114
North America
0
Subtotal
114
Total
114
Combined hormonal menopausal therapy
Africa
12 079
Eastern Mediterranean
7 849
Europe
698 456
North America
17 233
South America
62 451
South-East Asia
7 954
Western Pacific
12 558
Total
818 581

0
192
192

3 075
298
3 372

222
0
222
414

245
2
248
3 620

18 307
15 895
1 254 408
39 571
163 521
21 790
84 200
1 597 690

17 130
23 611
854 592
114 851
136 594
44 194
38 764
1 229 735

From IMS Health (2005)
a
Standard units are sales in terms of standard dose units; the standard dose unit for oral
products is one tablet or capsule.

Table 5. Methylestradiol used in combined estrogen–progestogen
menopausal therapy (thousands of standard unitsa)
Region

1994

1999

2004

Eastern Mediterranean
South America
South-East Asia
Total

10
2023
1694
3727

0
2019
2857
4876

0
1767
1839
3606

From IMS Health (2005)
a
Standard units are sales in terms of standard dose units; the standard dose unit for
oral products is one tablet or capsule.
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1.5

Estriol

1.5.1

Nomenclature

Chem. Abstr. Serv. Reg. No.: 50-27-1
Chem. Abstr. Name: (16α,17β)-Estra-1,3,5(10)-triene-3,16,17-triol
IUPAC Systematic Name: Estriol
Synonyms: Estra-1,3,5(10)-triene-3,16α,17β-triol; estratriol; 16α-estriol; 16α,17βestriol; 3,16α,17β-estriol; follicular hormone hydrate; 16α-hydroxyestradiol;
3,16α,17β-trihydroxyestra-1,3,5(10)-triene; trihydroxyestrin
1.5.2

Structural and molecular formulae and relative molecular mass
CH3

OH
H
H

H

OH
H

H

HO

C18H24O3
1.5.3

Relative molecular mass: 288.4

Chemical and physical properties of the pure substance

From O’Neil (2001) and Sweetman (2005)
(a) Description: White, odourless, crystalline powder
(b) Melting-point: 282 °C
(c) Solubility: Practically insoluble in water; sparingly soluble in ethanol; soluble in
acetone, chloroform, dioxane, diethyl ether and vegetable oils; freely soluble in
pyridine
(d) Specific rotation: [α]2D5, +58° (in dioxane)
1.5.4

Technical products and impurities

Estriol is commercially available as tablets, pessaries and a cream. Sodium succinate
and succinate salts of estriol are also available (Sweetman, 2005).
Reported impurities include: estradiol, estra-1,3,5(10),9(11)-tetraene-3,16α,17β-triol
(9,11-didehydroestriol), estra-1,3,5(10)-triene-3,16α,17α-triol (17-epi-estriol), estra1,3,5(10)-triene-3,16β,17β-triol (16-epi-estriol), estra-1,3,5(10)-triene-3,16β,17α-triol
(16,17-epi-estriol), 3-hydroxyestra-1,3,5(10)-trien-17-one (estrone); 3,16α-dihydroxyestra-1,3,5(10)-trien-17-one, 3-hydroxy-17-oxa-D-homoestra-1,3,5(10)-trien-17a-one and
3-methoxyestra-1,3,5(10)-triene-16α,17β-diol (estriol 3-methyl ether) (British Pharmacopoeial Commission, 2004).
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Use

Estriol is a naturally occurring estrogen that has actions and uses similar to those
described for estradiol. It is used for hormonal menopausal therapy. For short-term
treatment, oral doses of estriol have been 0.5–3 mg daily given for 1 month, followed by
0.5–1 mg daily. Estriol has also been given in combination with other natural estrogens,
such as estradiol and estrone; usual doses of estriol have ranged from about 250 μg to
2 mg daily. It is also administered intravaginally for the short-term treatment of menopausal atrophic vaginitis as a 0.01% or 0.1% cream or as pessaries containing 500 μg
(Sweetman, 2005).
Table 6 presents comparative global data on sales of estriol in 1994, 1999 and 2004
(IMS Health, 2005). The regions are broadly as those defined by WHO.

Table 6. Estriol used in combined estrogen–
progestogen menopausal therapy (thousands
of standard unitsa)
Region

1994

1999

2004

Europe
South-East Asia
Western Pacific
Total

85 372
3 151
0
88 523

83 465
5 249
10
88 724

28 058
6 577
71
34 706

From IMS Health (2005)
a
Standard units are sales in terms of standard dose units;
the standard dose unit for oral products is one tablet or
capsule.

1.6

Estrone

1.6.1

Nomenclature

Chem. Abstr. Serv. Reg. No.: 53-16-7
Deleted CAS Reg. No.: 37242-41-4
Chem. Abstr. Name: 3-Hydroxyestra-1,3,5(10)-trien-17-one
IUPAC Systematic Name: 3-Hydroxyestra-1,2,5(10)-triene-17-one
Synonyms: d-Estrone; d-oestrone
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1.6.2

Structural and molecular formulae and relative molecular mass
CH3

O

H
H

H

HO

C18H22O2
1.6.3

Relative molecular mass: 270.4

Chemical and physical properties of the pure substance

From O’Neil (2001) and Sweetman (2005)
(a) Description: White to creamy white, odourless, crystalline powder (exists in
three crystalline phases: one monoclinic, the other two orthorhombic)
(b) Melting-point: 254.5–256 °C
(c) Solubility: Practically insoluble in water (0.003 g/100 mL at 25 °C); soluble in
ethanol (1 in 250), chloroform (1 in 110 at 15 °C), acetone (1 in 50 at 50 °C),
dioxane and vegetable oils; slightly soluble in diethyl ether and solutions of
alkali hydroxides
(d) Specific rotation: [α]2D2, +152° (in chloroform)
1.6.4

Technical products and impurities

Estrone is available commercially as pessaries and as a sterile suspension in water or
0.9% sodium chloride for injection. It is also available as a multicomponent tablet, cream
and injectable solution (American Hospital Formulary Service, 2005; APPCo, 2005; Editions du Vidal, 2005).
1.6.5

Use

Estrone is a naturally occurring estrogen that has actions and uses similar to those
described for estradiol. For hormonal menopausal therapy, estrone has been given orally
at a dose of 1.4–2.8 mg daily, in a cyclical or continuous regimen, as a combination product with estradiol and estriol. Estrone has also been administered by intramuscular injection in oily solutions and aqueous suspensions. When used specifically for menopausal
atrophic vaginitis, estrone has been administered vaginally (Sweetman, 2005).
Table 7 presents comparative global data on sales of estrone in 1994, 1999 and 2004
(IMS Health, 2005). The regions are broadly as those defined by WHO.
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Table 7. Estrone used in combined estrogen–progestogen
menopausal therapy (thousands of standard unitsa)
Region

1994

1999

2004

Africa
Europe
North America
South America
Total

765
499
6
34
1305

754
69
1
6
829

812
48
0
0
860

From IMS Health (2005)
a
Standard units are sales in terms of standard dose units; the standard dose
unit for oral products is one tablet or capsule.

1.7

Estropipate

1.7.1

Nomenclature

Chem. Abstr. Serv. Reg. No.: 7280-37-7
Deleted CAS No.: 29080-16-8
Chem. Abstr. Name: 3-(Sulfooxy)-estra-1,3,5(10)-trien-17-one, compd. with piperazine (1:1)
IUPAC Systematic Name: Estrone, hydrogen sulfate, compd. with piperazine (1:1)
Synonyms: Piperazine estrone sulfate; piperazine oestrone sulfate; 3-sulfatoxyestra1,3,5(10)-trien-17-one piperazine salt; 3-sulfatoxyoestra-1,3,5(10)-trien-17-one piperazine salt
1.7.2

Structural and molecular formulae and relative molecular mass
CH3

O

H
O

NH2+
HN

O

S

H

H

O

O

C22H32N2O5S
1.7.3

Relative molecular mass: 436.6

Chemical and physical properties of the pure substance

From O’Neil (2001) and Sweetman (2005)
(a) Description: White to yellowish white, odourless, fine crystalline powder
(b) Melting-point: 190 °C; solidifies on further heating and decomposes at 245 °C
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(c) Solubility: Very slightly soluble in water, ethanol, chloroform and diethyl ether;
soluble in warm water and warm ethanol (1 part in 500)
(d) Optical rotation: [α]2D5, +87.8° (in sodium hydroxide)
1.7.4

Technical products and impurities

Estropipate is available as tablets and as a vaginal cream (American Hospital Formulary
Service, 2005).
Reported impurities include: estrone (British Pharmacopoeial Commission, 2004).
1.7.5

Use

Estropipate is a semi-synthetic conjugate of estrone with piperazine that is used for
hormonal menopausal therapy. Its action is due to estrone to which it is hydrolysed in the
body. Estropipate is given orally for the short-term treatment of menopausal symptoms;
suggested doses have ranged from 0.75 to 6 mg daily, given cyclically or continuously.
When used for longer periods for the prevention of postmenopausal osteoporosis, a daily
dose of 0.75 or 1.5 mg is given cyclically or continuously. In women with a uterus, estropipate should be used in conjunction with a progestogen. Estropipate has also been used in
the short-term treatment of menopausal atrophic vaginitis as a vaginal cream that contains
0.15%; 2–4 g of cream is applied daily (Sweetman, 2005).
Table 8 presents comparative global data on sales of estropipate in 1994, 1999 and
2004 (IMS Health, 2005). The regions are broadly as those defined by WHO.

Table 8. Estropipate used in combined estrogen–progestogen menopausal therapy (thousands of standard unitsa)
Region

1994

1999

2004

Europe
Total

0
0

121
121

0
0

From IMS Health (2005)
a
Standard units are sales in terms of standard dose units; the standard dose
unit for oral products is one tablet or capsule.

1.8

Regulations and guidelines

Guidelines for the use of estrogens are found in national and international pharmacopoeias (Secretaría de Salud, 1994, 1995; Society of Japanese Pharmacopoeia, 2001; Pharmacopeial Convention, 2004; Swiss Pharmaceutical Society, 2004; Council of Europe,
2005; Sweetman, 2005).
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Chlormadinone acetate

2.1.1

Nomenclature
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Progestogens

Chem. Abstr. Serv. Reg. No.: 302-22-7
Chem. Abstr. Name: 17-(Acetyloxy)-6-chloropregna-4,6-diene-3,20-dione
IUPAC Systematic Name: 6-Chloro-17-hydroxypregna-4,6-diene-3,20-dione, acetate
Synonyms: 17α-Acetoxy-6-chloro-4,6-pregnadiene-3,20-dione; 6-chloro-Δ6-17-acetoxyprogesterone; 6-chloro-Δ6-[17α]acetoxyprogesterone
2.1.2

Structural and molecular formulae and relative molecular mass
CH3

O
CH3

C

CH3
O

CH3

H

H

C
O

H

O
Cl

C23H29ClO4
2.1.3

Relative molecular mass: 404.9

Chemical and physical properties of the pure substance

From O’Neil (2001) and Society of Japanese Pharmacopoeia (2001)
(a) Description: White to light-yellow, odourless crystals
(b) Melting-point: 212–214 °C
(c) Solubility: Practically insoluble in water; very soluble in chloroform; soluble in
acetonitrile; slightly soluble in ethanol and diethyl ether
(d) Optical rotation: [α]2D0, –10.0° to –14.0° (in acetonitrile) (Society of Japanese
Pharmacopoeia, 2001); [α]D, +6° (in chloroform) (O’Neil, 2001)
2.1.4

Technical products and impurities

Chlormadinone acetate is available commercially as tablets, either alone or in combination with ethinylestradiol or mestranol (IPPF, 2002).
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Use

Chlormadinone acetate is a progestogen that is structurally related to progesterone and
that may have some anti-androgenic activity. It is given orally either alone or in combination
with an estrogen in the treatment of menstrual disorders such as menorrhagia and endometriosis at doses of 2–10 mg daily either cyclically or continuously. It may also be used as the
progestogen component of combined oral contraceptives at a dose of 1–2 mg daily, particularly in women with androgen-dependent conditions such as acne and hirsutism (Sweetman,
2005).
Table 9 presents comparative global data on sales of chlormadinone acetate in 1994,
1999 and 2004 (IMS Health, 2005). The regions are broadly as those defined by WHO.

Table 9. Chlormadinone acetate used in combined estrogen–progestogen
contraceptives and combined estrogen–progestogen menopausal therapy
(thousands of standard unitsa)
Region

1994

1999

2004

Combined hormonal contraceptives
Monophasic preparations (< 50 μg estrogen)
Eastern Mediterranean
Europe
North America
South America
Subtotal

0
0
0
0
0

0
1 768
0
0
1 768

40
5 937
72
238
6 288

Monophasic preparations (≥ 50 μg estrogen)
Europe
Subtotal

858
858

547
547

0
0

2 312
506
2 818
3 676

2 769
329
3 098
5 413

1 797
167
1 964
8 252

226
267
860
12 006
509
13 868

0
0
0
10 476
365
10 841

0
0
0
7 930
299
8 230

Biphasic preparations
Europe
North America
Subtotal
Total
Combined hormonal menopausal therapy
Africa
Eastern Mediterranean
Europe
North America
Western Pacific
Total

From IMS Health (2005)
a
Standard units are sales in terms of standard dose units; the standard dose unit for oral products
is one tablet or capsule.
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Cyproterone acetate

2.2.1

Nomenclature
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Chem. Abstr. Serv. Reg. No.: 427-51-0
Chem. Abstr. Name: (1β,2β)-17-(Acetyloxy)-6-chloro-1,2-dihydro-3′H-cyclopropa[1,2]pregna-1,4,6-triene-3,20-dione
IUPAC Systematic Name: 6-Chloro-1β,2β-dihydro-17-hydroxy-3′H-cyclopropa[1,2]pregna-1,4,6-triene-3,20-dione acetate
Synonyms: Cyproterone 17-O-acetate; cyproterone 17α-acetate; 1,2α-methylene-6chloro-17α-acetoxy-4,6-pregnadiene-3,20-dione; 1,2α-methylene-6-chloro-Δ4,6-pregnadien-17α-ol-3,20-dione acetate; 1,2α-methylene-6-chloro-pregna-4,6-diene-3,20dione 17α-acetate; methylene-6-chloro-17-hydroxy-1α,2α-pregna-4,6-diene-3,20dione acetate
2.2.2

Structural and molecular formulae and relative molecular mass
CH3

O
CH3

C

CH3
O

CH3

H

H

C
O

H

O
Cl

C24H29ClO4
2.2.3

Relative molecular mass: 416.9

Chemical and physical properties of the pure substance

From O’Neil (2001) and Council of Europe (2005)
(a) Description: White, crystalline powder
(b) Melting-point: 200–201 °C
(c) Solubility: Practically insoluble in water; very soluble in dichloromethane and
acetone; soluble in methanol; sparingly soluble in ethanol
(d) Specific rotation: [α]2D0, +152° to +157°
2.2.4

Technical products and impurities

Cyproterone acetate is commercially available as tablets and an injectable solution
(IPPF, 2002; British Medical Association/Royal Pharmaceutical Society of Great Britain,
2004; APPCo, 2005).
Reported impurities include: 3,20-dioxo-1β,2β-dihydro-3′H-cyclopropa[1,2]pregna1,4,6-trien-17-yl acetate and 6-methoxy-3,20-dioxo-1β,2β-dihydro-3′H-cyclopropa[1,2]pregna-1,4,6-trien-17-yl acetate (British Pharmacopoeial Commission, 2004).
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Use

Cyproterone acetate is a progestogen that has anti-androgenic properties. It is typically used in conjunction with ethinylestradiol for the control of acne and hirsutism in
women, and also provides contraception in these women. The usual oral doses are 2 mg
cyproterone acetate with 35 μg ethinylestradiol given daily for 21 days of each menstrual
cycle (Sweetman, 2005).
Table 10 presents comparative global data on sales of cyproterone acetate in 1994,
1999 and 2004 (IMS Health, 2005). The regions are broadly as those defined by WHO.

Table 10. Cyproterone acetate used in combined estrogen–
progestogen contraceptives, combined estrogen–progestogen
menopausal therapy and other uses (thousands of standard
unitsa)
Region

1994

1999

2004

Combined hormonal contraceptives
Biphasic preparations
Europe
Total

114
114

222
222

245
245

0
0
15 170
0
323
0
0
15 493

2 064
139
84 098
6 322
42 043
3 461
1 625
139 751

1 503
1 125
42 379
5 324
25 999
10 455
2 577
89 363

10 015
3 684
447 961
5 995
80 570
28 711
17 838
594 773

12 875
7 312
495 803
15 219
129 686
31 593
41 116
733 603

15 901
11 576
627 266
36 054
254 244
63 107
87 877
1 096 026

Combined hormonal menopausal therapy
Africa
Eastern Mediterranean
Europe
North America
South America
South-East Asia
Western Pacific
Total
Oral anti-acne preparations
Africa
Eastern Mediterranean
Europe
North America
South America
South-East Asia
Western Pacific
Total

From IMS Health (2005)
a
Standard units are sales in terms of standard dose units; the standard dose
unit for oral products is one tablet or capsule.
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Desogestrel

2.3.1

Nomenclature
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Chem. Abstr. Serv. Reg. No.: 54024-22-5
Chem. Abstr. Name: (17α)-13-Ethyl-11-methylene-18,19-dinorpregn-4-en-20-yn-17-ol
IUPAC Systematic Name: 13-Ethyl-11-methylene-18,19-dinor-17α-pregn-4-en-20-yn17-ol
Synonyms: 13-Ethyl-11-methylene-18,19-dinor-17α-4-pregnen-20-yn-17-ol; 17α-ethynyl-18-methyl-11-methylene-Δ4-oestren-17β-ol
2.3.2

Structural and molecular formulae and relative molecular mass
H3C
CH2
H2C

C

CH

H

H
H

C22H30O
2.3.3

OH

H

Relative molecular mass: 310.5

Chemical and physical properties of the pure substance

From O’Neil (2001) and Sweetman (2005)
(a) Description: White, crystalline powder
(b) Melting-point: 109–110 °C
(c) Solubility: Practically insoluble in water; slightly soluble in ethanol and ethyl
acetate; sparingly soluble in n-hexane
(d) Optical rotation: [α]2D0, +53° to +57° (in chloroform)
2.3.4

Technical products and impurities

Desogestrel is available commercially only in combination with ethinylestradiol in
tablets for monophasic and triphasic regimens (IPPF, 2002; British Medical Association/
Royal Pharmaceutical Society of Great Britain, 2004; American Hospital Formulary
Service, 2005; Editions du Vidal, 2005; Sweetman, 2005).
Reported impurities include: 13-ethyl-16-[13-ethyl-17β-hydroxy-11-methylene18,19-dinor-17α-pregn-4-en-20-yn-16-ylidene]-11-methylene-18,19-dinor-17α-pregn-4en-20-yn-17β-ol, 13-ethyl-11-methylene-18,19-dinor-5α,17α-pregn-3-en-20-yn-17-ol
(desogestrel D3-isomer) and 11-methylene-19-nor-17α-pregn-4-en-20-yn-17-ol; 13ethyl-11-methylenegon-4-en-17-one (British Pharmacopoeial Commission, 2004).
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2.3.5

Use

Desogestrel is a synthetic progestene that is structurally related to levonorgestrel, has
actions and uses similar to those of progestogens in general and has little or no androgenic
activity. It is used as the progestogenic component of combined mono- and multiphasic oral
contraceptive preparations and as a subdermal implantable ‘progestogen-only’ contraceptive. A typical daily oral dose of 150 μg is used as the progestogenic component of combined oral contraceptive preparations. An oral dose of 75 μg daily is used as a progestogenonly contraceptive (Editions du Vidal, 2005; Sweetman, 2005).
Table 11 presents comparative global data on sales of desogestrel in 1994, 1999 and
2004 (IMS Health, 2005). The regions are broadly as those defined by WHO.
2.4

Drospirenone

2.4.1

Nomenclature

Chem. Abst. Services Reg. No.: 67392-87-4
Chem. Abstr. Name: (2′S,6R,7R,8R,9S,10R,13S,14S,15S,16S)-1,3′,4′,6,7,8,9,10,11,12,
13,14,15,16,20,21-Hexadecahydro-10,13-dimethyl-spiro[17H-dicyclopropa[6,7:15,16]cyclopenta[a]phenanthrene-17,2′ (5′H)-furan]-3,5′ (2H)-dione
Synonyms: Dihydrospirorenone; 1,2-dihydrospirorenone; drospirenona; spiro[17H-dicyclopropa[6,7:15,16]cyclopenta[a]phenanthrene-17,2′ (5′H)-furan]-3,5′ (2H)-dione,
1,3′,4′,6,7,8,9,10,11,12,13,14,15,16,20,21-hexadecahydro-10,13-dimethyl-, [6R-(6α,
7α,8β,9α,10β,13β,14α,15α,16α,17β)]2.4.2

Structural and molecular formulae and relative molecular mass
O
H3C
CH3
H

O

H
H

O

C24H30O3
2.4.3

Relative molecular mass: 366.5

Chemical and physical properties

From O’Neil (2001)
(a) Melting-point: 201.3 °C
(b) Optical rotation: [α]2D2, –182° (in chloroform)
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Table 11. Desogestrel used in combined estrogen–progestogen
contraceptives and combined estrogen–progestogen menopausal
therapy (thousands of standard unitsa)
Region

1994

1999

2004

Combined hormonal contraceptives
Monophasic preparations (< 50 μg estrogen)
Africa
287
Eastern Mediterranean
495
Europe
65 347
North America
9 875
South America
7 675
South-East Asia
1 618
Western Pacific
2 320
Subtotal
87 617

231
841
51 877
11 326
9 952
4 078
2 122
80 426

223
1 129
53 550
15 764
8 295
5 933
2 237
87 131

Monophasic preparations (≥ 50 μg estrogen)
North America
0
South America
1
Subtotal
1

0
0
0

19
0
19

0
3 430
0
0
0
0
3 430

0
3 893
1 879
732
1
3
6 508

148
4 774
5 620
1 298
2
46
11 888

0
0
0
91 048

120
0
120
87 054

1 690
880
2 571
101 609

Combined hormonal menopausal therapy
Europe
10 563
Total
10 563

3 992
3 992

2 532
2 532

Biphasic preparations
Eastern Mediterranean
Europe
North America
South America
South-East Asia
Western Pacific
Subtotal
Triphasic preparations
Europe
North America
Subtotal
Total

From IMS Health (2005)
a
Standard units are sales in terms of standard dose units; the standard dose unit for
oral products is one tablet or capsule.

2.4.4

Technical products and impurities

Drospirenone is available as capsules that contain 3.0 mg drospirenone and 0.030 mg
ethinylestradiol as part of an oral contraceptive regimen (IPPF, 2002).
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2.4.5

Use

Drospirenone is a progestogen with anti-mineralo-corticoid and anti-androgenic activities; it is used as the progestogenic component of a combined oral contraceptive at doses
of 3 mg daily (Sweetman, 2005). Its use in hormonal menopausal therapy has also been
reported very recently (IMS Health, 2005).
Table 12 presents comparative global data on sales of drospirenone in 1994, 1999 and
2004 (IMS Health, 2005). The regions are broadly as those defined by WHO.

Table 12. Drospirenone used in combined estrogen–progestogen
contraceptives and combined estrogen–progestogen menopausal
therapy (thousands of standard unitsa)
Region

1994

1999

2004

Monophasic preparations (< 50 μg estrogen)
Africa
Eastern Mediterranean
Europe
North America
South America
South East Asia
Western Pacific
Total

0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0

293
601
25 422
11 996
4 129
92
1 087
43 620

Combined hormonal menopausal therapy
Africa
Europe
Total

0
0
0

0
0
0

209
3 191
3 400

Combined hormonal contraceptives

From IMS Health (2005)
a
Standard units are sales in terms of standard dose units; the standard dose unit for
oral products is one tablet or capsule.

2.5

Dydrogesterone

2.5.1

Nomenclature

Chem. Abstr. Serv. Reg. No.: 152-62-5
Chem. Abstr. Name: (9β,10α)-Pregna-4,6-diene-3,20-dione
IUPAC Systematic Name: 10α-Pregna-4,6-diene-3,20-dione
Synonyms: 10α-Isopregnenone; dehydro-retroprogesterone; dehydroprogesterone
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2.5.2
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Structural and molecular formulae and relative molecular mass
O
CH3
CH3
H

CH3
C

H
H

O

C21H28O2
2.5.3

Relative molecular mass: 312.5

Chemical and physical properties of the pure substance

From O’Neil (2001) and Sweetman (2005)
(a) Description: White to pale yellow, odourless, crystalline powder
(b) Melting-point: 169–170 °C
(c) Solubility: Practically insoluble in water; soluble in acetone, chloroform (1 in 2),
ethanol (1 in 40) and diethyl ether (1 in 200); slightly soluble in fixed oils; sparingly soluble in methanol
(d) Specific rotation: [α]2D5, –484.5° (in chloroform)
2.5.4

Technical products and impurities

Dydrogesterone is available commercially as tablets and capsules, either alone or in
combination with estradiol (British National Formulary, 2004; APPCo, 2005; Editions du
Vidal, 2005).
2.5.5

Use

Dydrogesterone is a progestogen that is structurally related to progesterone, but does
not have estrogenic or androgenic properties. Together with cyclic or continuous estrogen,
dydrogesterone is also given cyclically in oral doses of 10 mg once or twice daily, or continuously in doses of 5 mg daily, for endometrial protection during hormonal menopausal
therapy. It is also given orally in the treatment of menstrual disorders such as menorrhagia,
usually in a dose of 10 mg twice daily in a cyclical regimen, and for the treatment of endometriosis at a dose of 10 mg two or three times daily cyclically or continuously (British
Medical Association, 2004; Sweetman, 2005).
Table 13 presents comparative global data on sales of dydrogesterone in 1994, 1999
and 2004 (IMS Health, 2005). The regions are broadly as those defined by WHO.
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Table 13. Dydrogesterone used in a combined estrogen–progestogen menopausal therapy (thousands of
standard unitsa)
Region

1994

1999

2004

Africa
Eastern Mediterranean
Europe
South America
South-East Asia
Western Pacific
Total

0
0
0
0
0
0
0

0
1 226
51 054
0
104
368
52 752

87
2 283
115 892
2 429
3 352
570
124 613

From IMS Health (2005)
a
Standard units are sales in terms of standard dose units; the
standard dose unit for oral products is one tablet or capsule.

2.6

Ethynodiol diacetate

2.6.1

Nomenclature

Chem. Abstr. Serv. Reg. No.: 297-76-7
Chem. Abstr. Name: (3β,17α)-19-Norpregn-4-en-20-yne-3,17-diol, diacetate
IUPAC Systematic Name: 19-Nor-17α-pregn-4-en-20-yne-3β,17β-diol, diacetate
Synonyms: Ethinodiol diacetate; ethynodiol acetate; β-ethynodiol diacetate
2.6.2

Structural and molecular formulae and relative molecular mass
O
CH3

C

O
C

H
O
H3C

C24H32O4
2.6.3

C

CH3
CH

H
H

H

O
H

Relative molecular mass: 384.5

Chemical and physical properties of the pure substance

From O’Neil (2001) and Sweetman (2005), unless otherwise noted
(a) Description: White, odourless, crystalline powder
(b) Melting-point: ~126–127 °C
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(c)

Solubility: Very slightly soluble to practically insoluble in water; soluble in ethanol; freely to very soluble in chloroform; freely soluble in diethyl ether
(d) Optical rotation: [α]2D0, –70° to –76° (in chloroform) (Pharmacopeial Commission,
2004)
2.6.4

Technical products and impurities

Ethynodiol diacetate is available commercially alone or as a component of a combination tablet that contains ethynodiol diacetate plus ethinylestradiol or mestranol (Sweetman,
2005).
2.6.5

Use

Ethynodiol diacetate is a progestogen that is used as the progestogenic component of
combined oral contraceptives and also alone as an oral progestogen-only contraceptive.
Typical daily doses are 1–2 mg in combination products and 500 μg for progestogen-only
contraceptives (Sweetman, 2005).
Table 14 presents comparative global data on sales of ethynodiol diacetate in 1994,
1999 and 2004 (IMS Health, 2005). The regions are broadly as those defined by WHO.
2.7

Gestodene

2.7.1

Nomenclature

Chem. Abstr. Serv. Reg. No.: 60282-87-3
Deleted CAS Reg. No.: 110541-55-4
Chem. Abstr. Name: (17α)-13-Ethyl-17-hydroxy-18,19-dinorpregna-4,15-dien-20yn-3-one
IUPAC Systematic Name: 13-Ethyl-17-hydroxy-18,19-dinor-17α-pregna-4,15-dien20-yn-3-one
2.7.2

Structural and molecular formulae and relative molecular mass
H3C

CH2

OH
C

H

CH

H
H

H

O

C21H26O2

Relative molecular mass: 310.4

406

IARC MONOGRAPHS VOLUME 91

Table 14. Ethynodiol diacetate used in combined estrogen–
progestogen contraceptives and combined estrogen–progestogen
menopausal therapy (thousands of standard unitsa)
Region

1994

1999

2004

Monophasic preparations (< 50 μg estrogen)
Europe
North America
Western Pacific
Subtotal

65
3 904
32
4 000

28
4 363
0
4 390

0
3 239
26
3 265

Monophasic preparations (≥ 50 μg estrogen)
Africa
Europe
North America
South America
South-East Asia
Western Pacific
Subtotal

26
127
533
299
778
69
1 832

0
0
232
176
655
6
1 069

0
0
40
62
448
2
551

9
9

7
7

0
0

Total

5 841

5 466

3 816

Combined hormonal menopausal therapy
Europe
Western Pacific
Total

0
2 427
2 427

49
1 283
1 332

0
598
598

Combined hormonal contraceptives

Biphasic preparations
South America
Subtotal

From IMS Health (2005)
a
Standard units are sales in terms of standard dose units; the standard dose unit for
oral products is one tablet or capsule.

2.7.3

Chemical and physical properties of the pure substance

From O’Neil (2001)
(a) Description: Crystals
(b) Melting-point: 197.9 °C
2.7.4

Technical products and impurities

Gestodene is available commercially as a component of combination tablets with
ethinylestradiol (IPPF, 2002; Editions du Vidal, 2005).
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Use

Gestodene is used as the progestogenic component of combined oral contraceptives;
a typical daily dose is 75 μg in monophasic preparations and 50–100 μg in triphasic preparations (Sweetman, 2005).
Table 15 presents comparative global data on sales of gestodene in 1994, 1999 and
2004 (IMS Health, 2005). The regions are broadly as those defined by WHO.

Table 15. Gestodene used in combined estrogen–progestogen
contraceptives and combined estrogen–progestogen menopausal
therapy (thousands of standard unitsa)
Region

1994

1999

2004

Combined hormonal contraceptive
Monophasic preparations (< 50 μg estrogen)
Africa
416
Eastern Mediterranean
305
Europe
42 138
North America
1 232
South America
9 939
South-East Asia
1 932
Western Pacific
1 111
Subtotal
57 072

580
1 118
49 100
1 873
16 905
1 661
1 359
72 595

778
2 103
59 460
1 864
22 829
2 686
1 633
91 352

1
1

0
0

0
0

155
11 958
0
0
12 113
69 186

136
15 204
121
53
15 514
88 109

84
9 695
69
1
9 849
101 201

0
0
0
0

4 980
1 412
428
6 821

Biphasic preparations
Europe
Subtotal
Triphasic preparations
Africa
Europe
South America
Western Pacific
Subtotal
Total

Combined hormonal menopausal therapy
Europe
South America
North America
Total

0
0
0
0

From IMS Health (2005)
a
Standard units are sales in terms of standard dose units; the standard dose unit for
oral products is one tablet or capsule.
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2.8

Levonorgestrel

2.8.1

Nomenclature

Chem. Abstr. Serv. Reg. No.: 797-63-7
Deleted CAS Reg. No.: 797-62-6; 4222-79-1; 121714-72-5
Chem. Abstr. Name: (17α)-13-Ethyl-17-hydroxy-18,19-dinorpregn-4-en-20-yn-3-one
IUPAC Systematic Name: 13-Ethyl-17-hydroxy-18,19-dinor-17α-pregn-4-en-20-yn3-one
Synonyms: 13-Ethyl-17-ethynyl-17β-hydroxy-4-gonen-3-one; 13-ethyl-17α-ethynyl17-hydroxygon-4-en-3-one; 13-ethyl-17α-ethynylgon-4-en-17β-ol-3-one; 13β-ethyl17α-ethynyl-17β-hydroxygon-4-en-3-one; 13-ethyl-17-hydroxy-18,19-dinor-17αpregn-4-en-20-yn-3-one; 17-ethynyl-18-methyl-19-nortestosterone; 18-methylnorethindrone; l-norgestrel; D-l-norgestrel; D-norgestrel
2.8.2

Structural and molecular formulae and relative molecular mass
H3C

CH2

OH
C

CH

H

H
H

H

O

C21H28O2
2.8.3

Relative molecular mass: 312.5
Chemical and physical properties of the pure substance

From O’Neil (2001) and Sweetman (2005)
(a) Description: White or almost white, odourless, crystalline powder
(b) Melting-point: 235–237 °C
(c) Solubility: Practically insoluble in water; slightly soluble in ethanol; sparingly
soluble in dichloromethane; soluble in chloroform
(d) Specific rotation: [α]2D0, –32.4° (in chloroform)
2.8.4

Technical products and impurities

Levonorgestrel is available commercially as a single-ingredient tablet and in combined
tablets with estradiol, estradiol valerate, estriol and ethinylestradiol for hormonal therapy
(British Pharmacopaeial Commission, 2004). It is also available as an intrauterine system
and as a flexible, closed-capsule implant made of silicone rubber tubing (Sweetman, 2005).
Reported impurities include: 13-ethyl-3,4-diethynyl-18,19-dinor-17α-pregn-5-en-20yn-3β,4α,17-triol, 13-ethyl-3,4-diethynyl-18,19-dinor-17α-pregn-5-en-20-yn-3α,4α,17triol 13-ethyl-18,19-dinor-17α-pregn-4-en-20-yn-17-ol, 13-ethyl-3-ethynyl-18,19-dinor-
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17α-pregna-3,5-dien-20-yn-17-ol, 13-ethyl-17-hydroxy-18,19-dinor-17α-pregna-4,8(14)dien-20-yn-3-one and 13-ethyl-17-hydroxy-18,19-dinor-17α-pregn-5(10)-en-20-yn-3-one
(British Pharmacopoeial Commission, 2004).
2.8.5

Use

Levonorgestrel is D-(–)-norgestrel, the active levorotatory form of norgestrel.
Levonorgestrel is more commonly used as a hormonal contraceptive than norgestrel
(and is twice as potent) and has androgenic activity. The typical daily dose of levonorgestrel is 30 or 37.5 μg when used as an oral progestogen-only contraceptive, 150–250 μg
when used as a combined oral contraceptive in monophasic preparations, and 50–125 μg
when used as a combined oral contraceptive in triphasic preparations. Levonorgestrel is
also used as a long-acting (up to 5 years) progestogen-only contraceptive administered by
subcutaneous implantation. A long-acting intrauterine device is also available for contraception or menorrhagia (Sweetman, 2005).
Levonorgestrel is used as the progestogenic component of hormonal menopausal
therapy. A typical oral regimen is 75–250 μg levonorgestrel for 10–12 days of a 28-day
cycle. Levonorgestrel may also be given via a combined transdermal patch, applied once
weekly for 2 weeks of a 4-week cycle, that releases 10 μg per 24 h together with an estrogen. Alternatively, a patch that releases 7 μg per 24 h together with an estrogen is applied
once weekly for continuous hormonal therapy (Sweetman, 2005).
Table 16 presents comparative global data on sales of levonorgestrel in 1994, 1999
and 2004 (IMS Health, 2005). The regions are broadly as those defined by WHO.
2.9

Lynestrenol

2.9.1

Nomenclature

Chem. Abstr. Serv. Reg. No.: 52-76-6
Deleted CAS Reg. No.: 60416-16-2
Chem. Abstr. Name: (17α)-19-Norpregn-4-en-20-yn-17-ol
IUPAC Systematic Name: 19-Nor-17α-pregn-4-en-20-yn-17-ol
Synonyms: 3-Desoxynorlutin; Δ4-17α-ethinylestren-17β-ol; Δ4-17α-ethinyloestren17β-ol; ethynylestrenol; ethynyloestrenol; 17α-ethynylestrenol; 17α-ethynyloestrenol; 17α-ethynyl-17β-hydroxy-Δ4-estrene; 17α-ethynyl-17β-hydroxy-Δ4-oestrene
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Table 16. Levonorgestrel used in combined estrogen–progestogen
contraceptives and combined estrogen–progestogen menopausal
therapy (thousands of standard unitsa)
Region

1994

1999

2001

Combined hormonal contraceptives
Monophasic preparations (< 50 μg estrogen)
Africa
1 854
Eastern Mediterranean
5 501
Europe
31 996
North America
10 928
South America
34 863
South-East Asia
3 640
Western Pacific
5 858
Subtotal
94 638

2 142
6 636
61 292
16 583
42 064
19 803
9 167
157 686

2 584
3 364
79 164
22 538
46 906
42 426
18 916
215 897

Monophasic preparations (≥ 50 μg estrogen)
Africa
30
Eastern Mediterranean
318
Europe
7 637
North America
1 132
South America
15 709
South-East Asia
238
Western Pacific
1 439
Subtotal
26 502

15
286
4 679
671
15 387
8 734
1 304
31 077

5
66
2 706
537
13 050
3 962
753
21 079

Biphasic preparations
Africa
Eastern Mediterranean
Europe
Western Pacific
Subtotal

313
70
14 814
312
15 508

336
59
13 302
200
13 896

400
69
10 835
49
11 352

Triphasic preparations
Africa
Eastern Mediterranean
Europe
North America
South America
South-East Asia
Western Pacific
Subtotal
Total

4 181
1 586
43 499
21 673
13 418
352
8 329
93 037
229 685

5 150
965
47 396
18 226
11 908
2 232
7 545
93 421
296 080

4 353
1 860
39 636
11 415
10 607
3 389
6 718
77 977
326 305

Combined hormonal menopausal therapy
Europe
187 978
North America
0
South America
20 543
South-East Asia
0
Western Pacific
354
Total
208 875

231 661
0
20 553
428
300
252 942

85 112
790
10 889
2 054
95
98 941

From IMS Health (2005)
a
Standard units are sales in terms of standard dose units; the standard dose unit for
oral products is one tablet or capsule.
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Structural and molecular formulae and relative molecular mass
CH3

OH
C

H
H

H

C20H28O
2.9.3

CH

H

Relative molecular mass: 284.4

Chemical and physical properties of the pure substance

From O’Neil (2001) and Sweetman (2005)
(a) Description: White, crystalline powder
(b) Melting-point: 158–160 °C
(c) Solubility: Practically insoluble in water; soluble in ethanol, acetone and diethyl
ether; freely soluble in chloroform
(d) Specific rotation: [α]D, –13° (in chloroform)
2.9.4

Technical products and impurities

Lynestrenol is available commercially as a single-ingredient tablet and as a component of combination tablets that contain ethinylestradiol or mestranol (Reynolds, 1996;
IPPF, 2002; Editions du Vidal, 2005).
2.9.5

Use

Lynestrenol is used alone or as the progestogenic component of oral contraceptives.
Typical oral daily doses for contraception are 0.5 mg when used as a progestogen-only
preparation and 0.75–2.5 mg when combined with an estrogen. When used alone for
menstrual disorders, doses of 5 to 10 mg daily are given, frequently as cyclical regimens
(Sweetman, 2005).
Table 17 presents comparative global data on sales of lynestrenol in 1994, 1999 and
2004 (IMS Health, 2005). The regions are broadly as those defined by WHO.
2.10

Medroxyprogesterone acetate

2.10.1

Nomenclature

Chem. Abstr. Serv. Reg. No.: 71-58-9
Chem. Abstr. Name: (6α)-17-(Acetyloxy)-6-methylpregn-4-ene-3,20-dione
IUPAC Systematic Name: 17-Hydroxy-6α-methylpregn-4-ene-3,20-dione, acetate
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Table 17. Lynoestrenol used in combined estrogen–progestogen
contraceptives and combined estrogen–progestogen menopausal
therapy (thousands of standard unitsa)
Region

1994

1999

2004

Monophasic preparations (< 50 μg estrogen)
Europe
South America
South-East Asia
Subtotal

1197
0
23
1220

658
0
0
658

538
13
0
551

Monophasic preparations (≥ 50 μg estrogen)
Africa
Eastern Mediterranean
Europe
North America
South America
South-East Asia
Western Pacific
Subtotal

8
10
1619
114
1644
1684
82
5162

0
0
842
0
1570
2156
76
4643

0
0
0
0
581
2374
0
2956

Biphasic preparations
Africa
Europe
South America
Subtotal
Total

7
1839
41
1887
8269

7
1088
0
1095
6396

0
310
0
310
3817

Combined hormonal menopausal therapy
Europe
Western Pacific
Total

986
6676
7662

407
4373
4780

0
2344
2344

Combined hormonal contraceptives

From IMS Health (2005)
a
Standard units are sales in terms of standard dose units; the standard dose unit for
oral products is one tablet or capsule.

Synonyms: 17α-Acetoxy-6α-methylprogesterone; depomedroxyprogesterone acetate;
depo-progestin; depot-medroxyprogesterone acetate; DMPA; 17-hydroxy-6α-methylprogesterone, acetate; 17α-hydroxy-6α-methylprogesterone acetate; MAP; medroxyprogesterone 17-acetate; 6α-methyl-17-acetoxyprogesterone; 6α-methyl-17αhydroxyprogesterone acetate
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Structural and molecular formulae and relative molecular mass
CH3

O
CH3

C

CH3
O

CH3

H

H

C
O

H

O
H
CH3

C24H34O4
2.10.3

Relative molecular mass: 386.5

Chemical and physical properties of the pure substance

From O’Neil (2001) and Sweetman (2005)
(a) Description: White to off-white, odourless, crystalline powder
(b) Melting-point: 207–209 °C
(c) Solubility: Practically insoluble in water; slightly soluble in diethyl ether; sparingly soluble in ethanol and methanol; soluble in acetone and dioxane; freely
soluble in chloroform and dichloromethane
(d) Specific rotation: [α]2D5, +61° (in chloroform)
2.10.4

Technical products and impurities

Medroxyprogesterone acetate is available commercially as single-ingredient tablets, as
combination tablets with conjugated estrogens, estradiol or estradiol cypionate and as sterile
suspensions (IPPF, 2002; American Hospital Formulary Service, 2005; Editions du Vidal,
2005).
Reported impurities include: 6α,17a-dimethyl-3,17-dioxo-D-homoandrost-4-en-17aαyl acetate, 6β-hydroxy-6-methyl-3,20-dioxopregn-4-en-17-yl acetate (6β-hydroxymedroxyprogesterone acetate), 17-hydroxy-6α-methylpregn-4-ene-3,20-dione (medroxyprogesterone), 6-methyl-3,20-dioxopregna-4,6-dien-17-yl acetate, 6α-methyl-3,20-dioxo-5βpregnan-17-yl acetate (4,5β-dihydromedroxyprogesterone acetate), 6β-methyl-3,20-dioxopregn-4-en-17-yl acetate (6-epimedroxyprogesterone acetate) and 6-methylene-3,20-dioxopregn-4-en-17-yl acetate (6-methylenehydroxyprogesterone acetate) (British Pharmacopoeial Commission, 2004).
2.10.5

Use

Medroxyprogesterone acetate is given by intramuscular injection as a contraceptive.
A combined contraceptive injection that contains 25 mg medroxyprogesterone acetate
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with 5 mg estradiol cypionate is given monthly. As a progestogen-only contraceptive, a
dose of 150 mg is given every 12 weeks.
When used as the progestogen component of hormonal menopausal therapy, medroxyprogesterone acetate is administered orally in a variety of regimens that include 2.5 or 5 mg
daily continuously, 5 or 10 mg daily for 12–14 days of a 28-day cycle and 20 mg daily for
14 days of a 91-day cycle (Sweetman, 2005).
It is also used for the treatment of menorrhagia and secondary amenorrhoea and in the
palliative treatment of some hormone-dependent malignant neoplasms (Sweetman, 2005).
Table 18 presents comparative global data on sales of medroxyprogesterone acetate in
1994, 1999 and 2004 (IMS Health, 2005). The regions are broadly as those defined by
WHO.

Table 18. Medroxyprogesterone acetate used in combined estrogen–
progestogen menopausal therapy (thousands of standard unitsa)
Region

1994

1999

2004

Africa
Eastern Mediterranean
Europe
North America
South America
South-East Asia
Western Pacific
Total

0
0
54 980
0
23 322
4 782
6 364
89 447

1 068
514
298 081
1 031 863
131 139
6 691
101 908
1 571 264

2 669
511
167 948
219 035
41 098
13 091
31 230
475 583

From IMS Health (2005)
a
Standard units are sales in terms of standard dose units; the standard dose unit for oral
products is one tablet or capsule.

2.11

Megestrol acetate

2.11.1

Nomenclature

Chem. Abstr. Serv. Reg. No.: 595-33-5
Chem. Abstr. Name: 17-(Acetyloxy)-6-methylpregna-4,6-diene-3,20-dione
IUPAC Systematic Name: 17-Hydroxy-6-methylpregna-4,6-diene-3,20-dione, acetate
Synonyms: DMAP; megestryl acetate; MGA
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Structural and molecular formulae and relative molecular mass
CH3

O
CH3

C

CH3
O

CH3

H

H

C
O

H

O
CH3

C24H32O4
2.11.3

Relative molecular mass: 384.5

Chemical and physical properties of the pure substance

From O’Neil (2001) and Sweetman (2005)
(a) Description: White to creamy white, odourless, crystalline powder
(b) Melting-point: 214–216 °C
(c) Solubility: Practically insoluble in water (2 μg/mL at 37 °C); very soluble in
chloroform; soluble in acetone; slightly soluble in diethyl ether and fixed oils;
sparingly soluble in ethanol
(d) Specific rotation: [α]2D4, +5° (in chloroform)
2.11.4

Technical products and impurities

Megestrol acetate is available commercially as tablets and as an oral suspension
(IPPF, 2002; Editions du Vidal, 2005).
Reported impurities include: 6,17a-dimethyl-3,17-dioxo-D-homoandrosta-4,6-dien17aα-yl acetate (D-homo megestrol acetate), 6α-methyl-3,20-dioxopregn-4-en-17-yl acetate (medroxyprogesterone acetate), 6-methyl-3,20-dioxopregna-1,4,6-trien-17-yl acetate,
6-methylene-3,20-dioxopregn-4-en-17-yl acetate (6-methylene hydroxyprogesterone acetate) and 6-methyl-17-hydroxypregna-4,6-diene-3,20-dione (megestrol) (British Pharmacopoeial Commission, 2004).
2.11.5

Use

Megestrol acetate has been used in a few countries as an oral contraceptive, usually in
combination with ethinylestradiol, although it is believed that such usage has been discontinued. It is used for the palliative treatment of carcinoma of the breast or endometrium, in
the treatment of acne, hirsutism and sexual infantilism in women and in the treatment of
anorexia and cachexia in patients with acquired immunodeficiency syndrome or cancer
(Reynolds, 1996; Sweetman, 2005).
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Table 19 presents comparative global data on sales of megestrol acetate in 1994, 1999
and 2004 (IMS Health, 2005). The regions are broadly as those defined by WHO.

Table 19. Megestrol acetate used in combined oestrogen–progestogen
contraceptives (thousands of standard unitsa)
Region

1994

1999

2004

Monophasic preparations (≥ 50 μg estrogen)
South America
Total

185
185

87
87

0
0

From IMS Health (2005)
a
Standard units are sales in terms of standard dose units; the standard dose unit for oral
products is one tablet or capsule.

2.12

Norethisterone

2.12.1

Nomenclature

Chem. Abstr. Serv. Reg. No.: 68-22-4
Chem. Abstr. Name: (17α)-17-Hydroxy-19-norpregn-4-en-20-yn-3-one
IUPAC Systematic Name: 17-Hydroxy-19-nor-17α-pregn-4-en-20-yn-3-one
Synonyms: Ethinylnortestosterone; 17α-ethinyl-19-nortestosterone; ethynylnortestosterone; 17-ethynyl-19-nortestosterone; 17α-ethynyl-19-nortestosterone; norethindrone;
norethisteron; norethynodrone; 19-nor-17α-ethynyltestosterone; norpregneninolone
2.12.2

Structural and molecular formulae and relative molecular mass
CH3

OH
C

CH

H

H
H

H

O

C20H26O2
2.12.3

Relative molecular mass: 298.4

Chemical and physical properties of the pure substance

From O’Neil (2001) and Sweetman (2005)
(a) Description: White or yellowish white, odourless, crystalline powder
(b) Melting-point: 203–204 °C
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(c) Solubility: Practically insoluble in water; slightly to sparingly soluble in ethanol;
slightly soluble in diethyl ether; soluble in chloroform and dioxane
(d) Specific rotation: [α]2D0, –31.7° (in chloroform)
2.12.4

Technical products and impurities

Norethisterone is available commercially as single-ingredient tablets or as a component of combination tablets with ethinylestradiol or mestranol (IPPF, 2002).
2.12.5

Use (norethisterone and its acetate and enanthate esters)

Norethisterone and its acetate and enanthate esters are progestogens that have weak
estrogenic and androgenic properties. They are commonly used as hormonal contraceptives in monophasic, biphasic and triphasic regimens (Sweetman, 2005).
Norethisterone and norethisterone acetate are both given orally. Typical daily doses are
0.35 mg for norethisterone and 0.6 mg for norethisterone acetate when used alone, or
0.5–1 mg for norethisterone and 1–1.5 mg for norethisterone acetate when used with an
estrogen. Norethisterone enanthate is given by intramuscular injection; a dose of 200 mg
provides contraception for 8 weeks (Sweetman, 2005).
Norethisterone and norethisterone acetate are used as the progestogen component of
hormonal menopausal therapy. Typical regimens have included either continuous daily
doses of 0.7 mg norethisterone or 0.5–1 mg norethisterone acetate, or cyclical regimens of
1 mg norethisterone or norethisterone acetate daily for 10–12 days of a 28-day cycle. Norethisterone acetate is also available as transdermal patches that supply 170 or 250 μg in 24 h
and are applied twice weekly for 2 weeks of a 4-week cycle; the lower dose may also be
applied twice weekly on a continuous basis (Sweetman, 2005).
Table 20 presents comparative global data on sales of norethisterone in 1994, 1999
and 2004 (IMS Health, 2005). The regions are broadly as those defined by WHO.
2.13

Norethisterone acetate

2.13.1

Nomenclature

Chem. Abstr. Serv. Reg. No.: 51-98-9
Chem. Abstr. Name: (17α)-17-(Acetyloxy)-19-norpregn-4-en-20-yn-3-one
IUPAC Systematic Name: 17-Hydroxy-19-nor-17α-pregn-4-en-20-yn-3-one, acetate
Synonyms: 17α-Ethinyl-19-nortestosterone 17β-acetate; 17α-ethinyl-19-nortestosterone acetate; 17α-ethynyl-19-nortestosterone acetate; norethindrone acetate; norethindrone 17-acetate; norethisteron acetate; norethisterone 17-acetate; 19-norethisterone
acetate; norethynyltestosterone acetate; 19-norethynyltestosterone acetate; norethysterone acetate
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Table 20. Norethisterone used in combined estrogen–progestogen
contraceptives and combined estrogen–progestogen menopausal
therapy (thousands of standard unitsa)
Region

1994

1999

2004

Combined hormonal contraceptives
Monophasic preparations (< 50 μg estrogen)
Africa
7
Eastern Mediterranean
52
Europe
4 462
North America
20 035
South America
8
South-East Asia
6 421
Western Pacific
1 094
Subtotal
32 079

2
0
6 107
20 682
85
0
1 819
28 696

0
0
4 654
17 720
59
0
1 698
24 132

Monophasic preparations (≥ 50 μg estrogen)
Africa
94
Eastern Mediterranean
1 185
Europe
1 827
North America
3 734
South America
75
South-East Asia
1 439
Western Pacific
181
Subtotal
8 535

92
11
930
1 889
23
892
163
4 000

42
0
202
1 193
13
650
181
2 281

Biphasic preparations
Africa
Europe
North America
South America
Western Pacific
Subtotal

119
2 778
574
167
0
3 637

87
1 867
250
71
9
2 283

74
1 117
70
0
0
1 260

Triphasic preparations
Africa
Europe
North America
South America
Western Pacific
Subtotal

111
6 587
16 279
138
284
23 399

63
4 995
12 882
135
231
18 306

34
3 134
7 908
24
532
11 632

Total

67 650

53 285

39 305

Combined hormonal menopausal therapy
Africa
8 687
Eastern Mediterranean
15
Europe
390 651
North America
409
South America
16 951
South-East Asia
4 520
Western Pacific
21 123
442 356
Total

12 325
632
702 960
16 506
60 481
8 229
42 462
843 594

12 960
1 008
444 352
159 294
75 382
22 067
37 686
752 747

From IMS Health (2005)
a
Standard units are sales in terms of standard dose units; the standard dose unit
for oral products is one tablet or capsule.
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Structural and molecular formulae and relative molecular mass
O
CH3

O

C
C

H

CH3
CH

H
H

H

O

C22H28O3
2.13.3

Relative molecular mass: 340.5

Chemical and physical properties of the pure substance

(a) Description: White or creamy white, odourless, crystalline powder (Sweetman,
2005)
(b) Melting-point: 161–162 °C (O’Neil, 2001)
(c) Solubility: Practically insoluble in water (1 g in > 10 L); soluble in ethanol
(1 part in 10), chloroform (1 part in < 1), dioxane (1 part in 2) and diethyl ether
(1 part in 18) (Sweetman, 2005)
(d) Specific rotation: [α]2D5, –32° to –38° (Pharmacopeial Convention, 2004)
2.13.4

Technical products and impurities

Norethisterone acetate is available commercially as single-ingredient tablets or as a
component of combination tablets with ethinylestradiol. For hormonal postmenopausal
therapy, norethisterone acetate is used in combination with estradiol or estradiol hemihydrate. It is also available as a percutaneous patch with estradiol (IPPF, 2002; British
Medical Association, 2004; Editions du Vidal, 2005).
Reported impurities include: 6β-acetyl-3-oxo-19-nor-17α-pregn-4-en-20-yn-17-yl
acetate, 3,20-dioxo-19-nor-17α-pregn-4-en-17-yl acetate, 6β-hydroxy-3-oxo-19-nor-17αpregn-4-en-20-yn-17-yl acetate, 3,6-dioxo-19-nor-17α-pregn-4-en-20-yn-17-yl acetate,
norethisterone, 3-oxo-19-nor-17α-pregn-5(10)-en-20-yn-17-yl acetate and 3-oxo-19-nor17α-pregn-5-en-20-yn-17-yl acetate (British Pharmacopoeial Commission, 2004).
2.13.5

Use

See norethisterone.
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2.14

Norethisterone enanthate

2.14.1

Nomenclature

Chem. Abstr. Serv. Reg. No.: 3836-23-5
Chem. Abstr. Name: (17α)-17-(Heptanoyl)-19-norpregn-4-en-20-yn-3-one
IUPAC Systematic Name: 17-Hydroxy-19-nor-17α-pregn-4-en-20-yn-3-one, heptanoate
Synonyms: Norethindrone enanthate; norethindrone oenanthate; norethisterone enanthate; norethisterone heptanoate; 17β-hydroxy-19-nor-17α-pregn-4-en-20-yn-3-one
heptanoate
2.14.2

Structural and molecular formulae and relative molecular mass
O
CH3

O

C
C

H

(CH2)5

CH3

CH

H
H

H

O

C27H38O3
2.14.3

Relative molecular mass: 410.6

Chemical and physical properties of the pure substance

No information was available to the Working Group.
2.14.4

Technical products and impurities

Norethisterone enanthate is available commercially in an oily solution for depot injection (IPPF, 2002).
2.14.5

Use

See norethisterone.
2.15

Norethynodrel

2.15.1

Nomenclature

Chem. Abstr. Serv. Reg. No.: 68-23-5
Chem. Abstr. Name: (17α)-17-Hydroxy-19-norpregn-5(10)-en-20-yn-3-one
IUPAC Systematic Name: 17-Hydroxy-19-nor-17α-pregn-5(10)-en-20-yn-3-one
Synonyms: Enidrel; noretynodrel
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Structural and molecular formulae and relative molecular mass
CH3

OH
C

CH

H
H

H

O

C20H26O2
2.15.3

Relative molecular mass: 298.4

Chemical and physical properties of the pure substance

From O’Neil (2001) and Sweetman (2005)
(a) Description: White, odourless, crystalline powder
(b) Melting-point: 169–170 °C
(c) Solubility: Very slightly soluble in water; freely soluble in chloroform; soluble
in acetone; sparingly soluble in ethanol
(d) Optical rotation: [α]2D5, +108° (in 1% chloroform)
2.15.4

Technical products and impurities

Norethynodrel was available commercially as a component of a combination tablet
with mestranol. Information available in 2005 indicated that there is no usage of norethynodrel at any dose in any form of drug (Sweetman, 2005).
2.15.5

Use

Norethynodrel is a progestogen that is structurally related to norethisterone, which
has been given orally in conjunction with an estrogen such as mestranol for the treatment
of various menstrual disorders and endometriosis (Sweetman, 2005). Available information indicates that it is no longer produced or used.
Table 21 presents comparative global data on sales of norethynodrel in 1994, 1999
and 2004 (IMS Health, 2005). The regions are broadly as those defined by WHO.
Table 21. Norethynodrel used in combined estrogen–
progestogen menopausal therapy (thousands of standard unitsa)
Region

1994

1999

2004

Western Pacific
Total

18
18

0
0

0
0

From IMS Health (2005)
a
Standard units are sales in terms of standard dose units; the standard
dose unit for oral products is one tablet or capsule.
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2.16

Norgestimate

2.16.1

Nomenclature

Chem. Abstr. Serv. Reg. No.: 35189-28-7
Chem. Abstr. Name: (17α)-17-(Acetyloxy)-13-ethyl-18,19-dinorpregn-4-en-20-yn-3one, 3-oxime
IUPAC Systematic Name: 13-Ethyl-17-hydroxy-18,19-dinor-17α-pregn-4-en-20-yn3-one oxime acetate (ester)
Synonyms: 17α-Acetoxy-13-ethyl-17-ethynylgon-4-en-3-one oxime; dexnorgestrel acetime
2.16.2

Structural and molecular formulae and relative molecular mass
O
H3C

CH2

O

C
C

H

H
H
HO

H

N

C23H31NO3
2.16.3

CH3
CH

Relative molecular mass: 369.5

Chemical and physical properties of the pure substance

From O’Neil (2001) and Sweetman (2005), unless otherwise noted
(a) Description: White to pale yellow powder (a mixture of (E)- and (Z)-isomers
that has a ratio of (E)- to (Z)-isomer of between 1.27 and 1.78)
(b) Melting-point: 214–218 °C
(c) Solubility: Insoluble in water; sparingly soluble in acetonitrile; freely to very
soluble in dichloromethane
(d) Specific rotation: [α]2D5, +110°; [α]D, +40° to +46° (in chloroform) (Pharmacopeial Commission, 2004)
2.16.4

Technical products and impurities

Norgestimate is available commercially as a component of a combination tablet with
ethinylestradiol (British Medical Association, 2004; IPPF, 2004; Editions du Vidal, 2005).
2.16.5

Use

Norgestimate is structurally related to levonorgestrel (to which it is partly metabolized) and is used as the progestogenic component of combined oral contraceptives and
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in hormonal menopausal therapy. A typical daily dose is 250 μg in monophasic contraceptive preparations and 180–250 μg in triphasic preparations. For hormonal menopausal
therapy, a regimen of estradiol daily for 3 days followed by estradiol combined with
90 μg norgestimate daily for 3 days is used; this 6-day cycle is repeated continuously
without interruption (Sweetman, 2005).
Table 22 presents comparative global data on sales of norgestimate in 1994, 1999 and
2004 (IMS Health, 2005). The regions are broadly as those defined by WHO.

Table 22. Norgestimate used in combined estrogen–progestogen
contraceptives and combined estrogen–progestogen menopausal
therapy (thousands of standard unitsa)
Region

1994

1999

2004

0
0
13 748
2 865
60
0
16 673

0
133
19 133
6 091
359
0
25 717

4
258
16 355
5 562
204
172
22 554

0
907
1 599
56
2 562

12
1 421
16 973
236
18 642

6
1 732
30 846
171
32 755

19 235

44 359

55 309

0
0
0

0
0
0

14 095
6 364
20 459

Combined hormonal contraceptives
Monophasic preparations (< 50 μg estrogen)
Africa
Eastern Mediterranean
Europe
North America
South America
South-East Asia
Subtotal
Triphasic preparations
Africa
Europe
North America
South America
Subtotal
Total
Combined hormonal menopausal therapy
North America
South America
Total

From IMS Health (2005)
a
Standard units are sales in terms of standard dose units; the standard dose unit for oral
products is one tablet or capsule.
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2.17

Norgestrel

2.17.1

Nomenclature

Chem. Abstr. Serv. Reg. No.: 6533-00-2
Chem. Abstr. Name: (17α)-dl-13-Ethyl-17-hydroxy-18,19-dinorpregn-4-en-20-yn-3one
IUPAC Systematic Name: dl-13-Ethyl-17-hydroxy-18,19-dinor-17α-pregn-4-en-20yn-3-one
Synonyms: (17α)-13-Ethyl-17-hydroxy-18,19-dinorpregn-4-en-20-yn-3-one; methylnorethindrone; α-norgestrel; dl-norgestrel; DL-norgestrel
2.17.2

Structural and molecular formulae and relative molecular mass
H3C

CH2

OH
C

H

CH

H
H

H

O

C21H28O2
2.17.3

Relative molecular mass: 312.5

Chemical and physical properties of the pure substance

From O’Neil (2001) and Sweetman (2005), unless otherwise noted
(a) Description: White, practically odourless, crystalline powder
(b) Boiling-point: 205–207 °C
(c) Solubility: Practically insoluble in water; slightly to sparingly soluble in ethanol;
sparingly soluble in dichloromethane; freely soluble in chloroform
(d) Optical rotation: [α]2D5, –0.1° to +0.1° (in chloroform) (Pharmacopeial Convention, 2004)
2.17.4

Technical products and impurities

Norgestrel is available commercially as a single-ingredient tablet and as a component
of combination tablets with ethinylestradiol, estradiol valerate or as combined injectable
solution with ethinylestradiol (IPPF, 2002; Editions du Vidal, 2005).
2.17.5

Use

Uses of norgestrel in oral contraception and menopausal hormonal therapy are similar
to those of levonorgestrel, with the exception of applications of the levo-enantiomer in
subcutaneous implants and intrauterine devices (Sweetman, 2005).
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Table 23 presents comparative global data on sales of norgestrel in 1994, 1999 and
2004 (IMS Health, 2005). The regions are broadly as those defined by WHO.

Table 23. Norgestrel used in combined estrogen–progestogen
contraceptives and combined estrogen–progestogen menopausal
therapy (thousands of standard unitsa)
Region

1994

1999

2004

Combined hormonal contraceptives
Monophasic preparations (< 50 μg estrogen)
Eastern Mediterranean
Europe
North America
South America
South-East Asia
Western Pacific
Subtotal

0
227
6 751
8
120
0
7 105

0
193
7 185
10
3 746
0
11 134

3 075
361
7 007
52
7 103
8
17 605

Monophasic preparations (≥ 50 μg estrogen)
Africa
Eastern Mediterranean
Europe
North America
South America
South-East Asia
Western Pacific
Subtotal

1 912
430
4 285
1 814
7 141
762
541
16 886

1 539
530
3 024
1 165
3 948
1 074
615
11 895

1 359
60
2 019
928
1 339
1 010
615
7 330

Total

23 991

23 029

24 935

3 308
6 545
338 968
14 787
31 690
5 821
53 391
454 510

3 213
15 656
237 793
13 048
24 458
10 489
49 259
353 916

1 797
19 387
91 053
12 237
21 968
11 395
29 457
187 294

Combined hormonal menopausal therapy
Africa
Eastern Mediterranean
Europe
North America
South America
South East Asia
Western Pacific
Total

From IMS Health (2005)
a
Standard units are sales in terms of standard dose units; the standard dose unit for
oral products is one tablet or capsule.
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2.18

Progesterone

2.18.1

Nomenclature

Chem. Abst. Services Reg. No.: 57-83-0
Chem. Abstr. Name: Pregn-4-ene-3,20-dione
Synonyms: Corpus luteum hormone; luteal hormone; luteine; luteohormone; Δ4-pregnene-3,20-dione
2.18.2

Structural and molecular formulae and relative molecular mass
CH3

O
CH3

C
H

CH3
H

H
H

O

C21H30O2
2.18.3

Relative molecular mass: 314.5

Chemical and physical properties

From O’Neil (2001) and Sweetman (2005), unless otherwise noted
(a) Description: Exists in two readily interconvertible crystalline forms: the α form,
in white orthorhombic prisms, and the β form, in white orthorhombic needles
(b) Melting-point: α form, 128.5–131 °C; β form, 121–122 °C
(c) Solubility: Practically insoluble in water; soluble in ethanol (1 in 8), arachis oil
(1 in 60), chloroform (1 in < 1), diethyl ether (1 in 16), ethyl oleate (1 in 60) and
light petroleum (1 in 100) (Wade, 1977); soluble in acetone, dioxane and concentrated sulfuric acid; sparingly soluble in vegetable oils
(d) Optical rotation: α form — [α]2D0, +192°; β form — [α]2D0, +172° to +182° (in
dioxane)
2.18.4

Technical products and impurities

Progesterone is available in an oily solution for injection, as pessaries or suppositories
and as an intrauterine device (IPPF, 2002; British Medical Association, 2004; Editions du
Vidal, 2005).
Reported impurities include: 21-(cyclohex-1-enyl)pregn-4-ene-3,20-dione, 21-(cyclohexylidene)pregn-4-ene-3,20-dione, (20R)-20-hydroxypregn-4-en-3-one, (20S)-20-hydroxypregn-4-en-3-one, (20R)-3-oxopregn-4-en-20-yl acetate, (20S)-3-oxopregn-4-en-20-yl
acetate and pregna-4,14-diene-3,20-dione (British Pharmacopoeial Commission, 2004).
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Use

Progesterone is a naturally occurring steroidal hormone found in a wide variety of
tissues and biological fluids, including cow’s milk. It has also been found in certain plant
species (IARC, 1979).
Progesterone is used in human medicine for the treatment of secondary amenorrhoea
and dysfunctional uterine bleeding, although progestational agents that are active orally are
generally preferred to progesterone (Reynolds, 1996). Progesterone is usually administered
as an oily intramuscular injection, a vaginal gel or pessaries or as suppositories. An oral
micronized preparation of progesterone is also available. In dysfunctional uterine bleeding
or amenorrhoea, 5–10 mg progesterone daily may be given by intramuscular injection for
about 5–10 days until 2 days before the anticipated onset of menstruation. Alternatively,
progesterone may be administered as a vaginal gel at a usual dose of 45 mg on alternate days
from day 15 to 25 of the cycle or orally at a dose of 400 mg daily for 10 days (Sweetman,
2005).
Progesterone gel may be administered intravaginally at a dose of 45 mg on alternate
days for 12 days of a 28-day cycle as the progestogen component of menopausal hormonal
therapy. A progesterone-releasing intrauterine device has also been used as a hormonal contraceptive; the device contains 38 mg of progesterone and is effective for up to 12 months
(Sweetman, 2005).
In women with a history of recurrent miscarriage and proven progesterone deficiency,
twice-weekly intramuscular injections (increased to daily if necessary) of 25–100 mg progesterone, from approximately day 15 of the pregnancy until 8–16 weeks, has been used.
A similar schedule has been used in in-vitro fertilization or gamete intra-fallopian transfer
techniques (Sweetman, 2005).
Table 24 presents comparative global data on sales of progesterone in 1994, 1999 and
2004 (IMS Health, 2005). The regions are broadly as those defined by WHO.
Table 24. Progesterone used for combined estrogen–
progestogen menopausal therapy (thousands of standard units)
Region

1994

1999

2004

Africa
Eastern Mediterranean
Europe
North America
South America
South-East Asia
Western Pacific
Total

837
1 255
2 844
2 824
3 122
1 231
465
12 578

827
729
1 946
1 438
2 402
1 764
6 253
15 358

1 143
979
1 415
1 005
897
1 806
1 298
8 543

From IMS Health (2005)
a
Standard units are sales in terms of standard dose units; the standard
dose unit for oral products is one tablet or capsule.
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Regulations and guidelines

Guidelines for the use of progestogens are those found in national and international
pharmacopoeias (Secretaría de Salud, 1994, 1995; Society of Japanese Pharmacopoeia,
2001; British Pharmacopoeial Commission, 2004; Pharmacopeial Convention, 2004;
Swiss Pharmaceutical Society, 2004; Council of Europe, 2005; Sweetman, 2005).
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ANNEX 2
COMPOSITION OF ORAL AND INJECTABLE
ESTROGEN–PROGESTOGEN CONTRACEPTIVES
Annex 2 lists the composition of brands of estrogen–progestogen preparations used
in combined injectables (Table 1), combined oral (Table 2) and phasic oral (Table 3)
contraceptives. The countries in which these formulations are used are noted. Are listed
only those brands for which availability was reported. The source of these tables is the
International Planned Parenthood Foundation (IPPF). Data have been taken from the
IPPF 2002 website [http://contraceptive.ippf.org] at the time of the monograph meeting
(June 2005). This online site is regularly updated.
Table 1. Combined injectables
Brand name

Composition

Countries of availability

Acefil

Dihydroxyprogesterone acetophenide 150 mg
+ estradiol enanthate 10 mg
Dihydroxyprogesterone acetophenide 150 mg
+ estradiol enanthate 10 mg
Dihydroxyprogesterone acetophenide 75 mg
+ estradiol enanthate 5 mg
Medroxyprogesterone acetate 25 mg
+ estradiol cypionate 5 mg
Medroxyprogesterone acetate 25 mg
+ estradiol cypionate 5 mg
Dihydroxyprogesterone acetophenide 150 mg
+ estradiol enanthate 10 mg
Dihydroxyprogesterone acetophenide 150 mg
+ estradiol enanthate 10 mg
Dihydroxyprogesterone acetophenide 150 mg
+ estradiol enanthate 10 mg
Medroxyprogesterone acetate 25 mg
+ estradiol cypionate 5 mg
Medroxyprogesterone acetate 25 mg
+ estradiol cypionate 5 mg
Dihydroxyprogesterone acetophenide 150 mg
+ estradiol enanthate 10 mg

Paraguay

Agurin
Anafertin
Ciclofem
Ciclofemina
Ciclomes
Ciclovular
Clinomin
Cyclofem
Cyclofemina
Cycloven

–431–

Chile
El Salvador, Mexico
Guatemala
El Salvador
Paraguay
Brazil
Paraguay
Chile, Indonesia, Malaysia, Mexico,
Panama, Zimbabwe
Brazil, Costa Rica, Mexico
Paraguay
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Table 1 (contd)
Brand name

Composition

Countries of availability

Deproxone

Dihydroxyprogesterone acetophenide 150 mg
+ estradiol enanthate 10 mg
Dihydroxyprogesterone acetophenide 150 mg
+ estradiol enanthate 10 mg
Dihydroxyprogesterone acetophenide 150 mg
+ estradiol enanthate 10 mg
Dihydroxyprogesterone acetophenide 150 mg
+ estradiol enanthate 10 mg
Medroxyprogesterone acetate 25 mg
+ estradiol cypionate 5 mg
Norethisterone enanthate 50 mg
+ estradiol valerate 5 mg

Dominican Republic, El Salvador,
Honduras, Panama
Paraguay

Neogestar

Dihydroxyprogesterone acetophenide 150 mg
+ estradiol enanthate 10 mg

Paraguay

Norigynon

Norethisterone enanthate 50 mg
+ estradiol valerate 5 mg

Ghana, Kenya, Zimbabwe

Normagest

Dihydroxyprogesterone acetophenide 150 mg
+ estradiol enanthate 10 mg

El Salvador, Honduras, Nicaragua,
Panama

Novafem

Medroxyprogesterone acetate 25 mg
+ estradiol cypionate 5 mg

Chile

Novular

Dihydroxyprogesterone acetophenide 150 mg
+ estradiol enanthate 10 mg

El Salvador

Oterol

Dihydroxyprogesterone acetophenide 150 mg
+ estradiol enanthate 10 mg

Paraguay

Ovoginal

Dihydroxyprogesterone acetophenide 150 mg
+ estradiol enanthate 10 mg

Paraguay

Perlutal

Dihydroxyprogesterone acetophenide 150 mg
+ estradiol enanthate 10 mg

Argentina, Belize, Mexico, Peru

Perlutan

Dihydroxyprogesterone acetophenide 150 mg
+ estradiol enanthate 10 mg

Brazil

PerlutinUnifarma

Dihydroxyprogesterone acetophenide 150 mg
+ estradiol enanthate 10 mg

Paraguay

Permisil

Dihydroxyprogesterone acetophenide 150 mg
+ estradiol enanthate 10 mg

Paraguay

Ginestest
Gynomes
Listen
Lunelle
Mesigyna

El Salvador
Paraguay
Puerto Rico, USA
Argentina, Bahamas, Barbados,
Bolivia, Brazil, Chile, Colombia,
Dominican Republic, Ecuador,
Egypt, El Salvador, Ghana,
Grenada, Guatemala, Guyana,
Honduras, Jamaica, Mexico,
Nicaragua, Panama, Paraguay, Peru,
St. Lucia, Turkey, Uruguay,
Venezuela
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Table 1 (contd)
Brand name

Composition

Countries of availability

Proter

Dihydroxyprogesterone acetophenide 150 mg
+ estradiol enanthate 10 mg
Dihydroxyprogesterone acetophenide 150 mg
+ estradiol enanthate 10 mg
Dihydroxyprogesterone acetophenide 150 mg
+ estradiol benzoate 10 mg
Dihydroxyprogesterone acetophenide 150 mg
+ estradiol enanthate 10 mg

Costa Rica

Unigalen

Dihydroxyprogesterone acetophenide 150 mg
+ estradiol enanthate 10 mg

Paraguay

Uno Ciclo

Dihydroxyprogesterone acetophenide 150 mg
+ estradiol enanthate 10 mg

Brazil

Vagital

Dihydroxyprogesterone acetophenide 150 mg
+ estradiol enanthate 10 mg

Paraguay

Yectames

Dihydroxyprogesterone acetophenide 75 mg
+ estradiol enanthate 5 mg

Yectuna

Dihydroxyprogesterone acetophenide 120 mg
+ estradiol enanthate 10 mg

Costa Rica, Dominican Republic,
El Salvador, Honduras, Mexico,
Panama
Paraguay

Seguralmes
Soluna
Topasel

Chile
Peru
Costa Rica, Dominican Republic,
Ecuador, El Salvador, Honduras,
Nicaragua, Panama, Spain

From IPPF (2002)

Table 2. Combined pills
Brand name

Composition

Countries of availability

Alesse

Levonorgestrel 0.1 mg
+ ethinylestradiol 20 μg
Levonorgestrel 0.25 mg
+ ethinylestradiol 50 μg
Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg
Norethisterone acetate 1 mg
+ ethinylestradiol 50 μg
Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg
Cyproterone acetate 2 mg
+ ethinylestradiol 35 μg
Levonorgestrel 0.1 mg
+ ethinylestradiol 20 μg

Canada, USA

Anfertil
Anna
Anovlar 1mg
Anovulatorios
Microdosis
Anuar
Anulette 20

Brazil
Cambodia, Laos, Myanmar, Thailand, Viet
Nam
Egypt, Iraq, Morocco
Chile
Chile
Chile
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Table 2. Combined pills
Brand name

Composition

Countries of availability

Anulette C.D.

Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg
Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg
Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg
Levonorgestrel 0.1 mg
+ ethinylestradiol 20 μg
Chlormadinone acetate 2 mg
+ ethinylestradiol 30 μg
Cyproterone acetate 2 mg
+ ethinylestradiol 35 μg
Norethisterone 0.5 mg
+ ethinylestradiol 35 μg
Norethisterone 0.5 mg
+ ethinylestradiol 35 μg
Norethisterone 1 mg
+ ethinylestradiol 35 μg
Norethisterone 0.5 mg
+ ethinylestradiol 35 μg
Norethisterone 0.5 mg
+ ethinylestradiol 35 μg

Chile

Brevinor-1

Norethisterone 1 mg
+ ethinylestradiol 35 μg

Australia

Ciclidon

Desogestrel 0.15 mg
+ ethinylestradiol 30 μg

Chile

Ciclidon 20

Desogestrel 0.15 mg
+ ethinylestradiol 20 μg

Chile

Ciclo 21

Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg

Brazil

Ciclomex

Gestodene 0.075 mg
+ ethinylestradiol 30 μg

Chile

Ciclomex 20

Gestodene 0.075 mg
+ ethinylestradiol 20 μg

Chile

Ciclon

Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg

Brazil

Anulette
Anulit
April
Belara
Brenda 35
Brevicon
Brevicon 0.5 + 35
Brevicon 1+35
Brevicon 20
Brevinor

Chile, Peru
Paraguay
Uruguay
Ecuador, Germany
Australia
Puerto Rico, St. Lucia, USA
Canada
Canada
Mexico
Australia, Hong Kong, Ireland, Malaysia,
Malta, Mauritius, New Zealand, South Africa,
Sudan, United Kingdom
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Table 2 (contd)
Brand name

Composition

Countries of availability

Cilest

Norgestimate 0.25 mg +
ethinylestradiol 35 μg

Argentina, Armenia, Aruba, Austria,
Barbados, Belgium, Bermuda, Bolivia,
Bulgaria, Colombia, Costa Rica, Cyprus,
Czech Republic, Denmark, Dominican
Republic, Egypt, El Salvador, Estonia,
Finland, France, Germany, Guatemala,
Honduras, Hungary, Ireland, Israel, Italy,
Jamaica, Kuwait, Latvia, Lithuania,
Luxembourg, Macedonia, Mexico,
Netherlands, Netherlands Antilles, Nicaragua,
Norway, Panama, Paraguay, Poland, Qatar,
Romania, Russia, Slovak Republic, Slovenia,
Spain, Sudan, Sweden, Switzerland, Trinidad
and Tobago, United Arab Emirates, United
Kingdom, Uruguay, Yugoslavia

Conceplan M

Norethisterone 0.5 mg
+ ethinylestradiol 30 μg

Germany

Confiance

Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg

Côte D’Ivoire

Conova

Ethynodiol diacetate 2 mg
+ ethinylestradiol 30 μg

Bermuda

Conova 30

Ethynodiol diacetate 2 mg
+ ethinylestradiol 30 μg

Cycleane 30

Desogestrel 0.15 mg
+ ethinylestradiol 30 μg
Desogestrel 0.15 mg
+ ethinylestradiol 20 μg
Ethynodiol diacetate 1 mg
+ ethinylestradiol 50 μg
Ethynodiol diacetate 1 mg
+ ethinylestradiol 35 μg
Ethynodiol diacetate 1 mg
+ ethinylestradiol 50 μg
Ethynodiol diacetate 2 mg
+ ethinylestradiol 30 μg
Levonorgestrel 0.25 mg
+ ethinylestradiol 50 μg
Levonorgestrel 0.25 mg
+ ethinylestradiol 50 μg
Desogestrel 0.15 mg
+ ethinylestradiol 20 μg

Belgium, Luxembourg, Malawi, St. Vincent
and the Grenadines, Tanzania, Trinidad and
Tobago
Djibouti, France

Cycleane-20
Demulen
Demulen 1/35
Demulen 1/50
Demulen 30
Denoval
Denoval-Wyeth
Desmin 20

France
Russia, Trinidad and Tobago
Jamaica, Netherlands Antilles, Puerto Rico,
USA
Russia, USA
Canada, Puerto Rico
Belize, Dominican Republic, El Salvador,
Guatemala, Honduras, Nicaragua
Costa Rica
Germany
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Table 2 (contd)
Brand name

Composition

Countries of availability

Desmin 30

Desogestrel 0.15 mg
+ ethinylestradiol 30 μg
Desogestrel 0.15 mg
+ ethinylestradiol 30 μg
Desogestrel 0.15 mg
+ ethinylestradiol 30 μg
Desogestrel 0.15 mg
+ ethinylestradiol 30 μg
Desogestrel 0.15 mg
+ ethinylestradiol 30 μg
Desogestrel 0.15 mg
+ ethinylestradiol 20 μg
Cyproterone acetate 2 mg
+ ethinylestradiol 35 μg

Germany

Desogen
Desolett
Desoran
Desorelle
Desoren 20
Diane

Diane 35 DIARIO
Diane Mite
Diane Nova

Cyproterone acetate 2 mg
+ ethinylestradiol 35 μg
Cyproterone acetate 2 mg
+ ethinylestradiol 35 μg
Cyproterone acetate 2 mg
+ ethinylestradiol 35 μg

USA
Sweden, Turkey
Chile
Denmark, Romania
Chile
Albania, Armenia, Australia, Azerbaijan,
Bahrain, Barbados, Belarus, Belgium,
Bermuda, Brazil, Bulgaria, Canada,
Colombia, Croatia, Cyprus, Czech Republic,
Egypt, France, Georgia, Germany, Hungary,
Ireland, Israel, Italy, Jordan, Kazakhstan,
Kenya, Kuwait, Kyrgyzstan, Lebanon,
Luxembourg, Macedonia, Malawi, Malaysia,
Malta, Mauritius, Mexico, Moldova,
Morocco, Netherlands, New Zealand, Nigeria,
Norway, Oman, Pakistan, Peru, Philippines,
Poland, Portugal, Qatar, Romania, Russia,
Saudi Arabia, Singapore, Slovak Republic,
Slovenia, South Africa, Spain, Sri Lanka, St.
Lucia, Sweden, Switzerland, Taiwan (China),
Tajikistan, Thailand, Trinidad and Tobago,
Tunisia, Turkey, Turkmenistan, Ukraine,
United Arab Emirates, Uruguay, Uzbekistan,
Venezuela, Viet Nam, Yemen, Yugoslavia,
Zimbabwe
Spain
Austria, Denmark, Iceland
Finland
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Table 2 (contd)
Brand name

Composition

Countries of availability

Diane-35

Cyproterone acetate 2 mg
+ ethinylestradiol 35 μg

Albania, Algeria, Argentina, Australia,
Bahrain, Belgium, Bermuda, Bolivia, Brazil,
Chile, Colombia, Croatia, Czech Republic,
Côte D’Ivoire, Dominican Republic, Ecuador,
El Salvador, Estonia, France, Germany,
Guatemala, Guyana, Hong Kong, Indonesia,
Jamaica, Kenya, Kuwait, Latvia, Lebanon,
Lithuania, Madagascar, Mauritius, Morocco,
Netherlands Antilles, New Zealand,
Nicaragua, Pakistan, Paraguay, Peru,
Philippines, Portugal, Qatar, Romania, Russia,
Saudi Arabia, Serbia, Slovak Republic,
Slovenia, South Africa, Spain, Sri Lanka, St.
Lucia, Switzerland, Taiwan (China), Thailand,
Togo, Trinidad and Tobago, Tunisia, Turkey,
Uganda, Ukraine, United Arab Emirates,
Uruguay, Venezuela, Zimbabwe

Dianette

Cyproterone acetate 2 mg
+ ethinylestradiol 35 μg

Ireland

Dianette Generic

Cyproterone acetate 2 mg
+ ethinylestradiol 35 μg

Ireland

Diminut

Gestodene 0.075 mg
+ ethinylestradiol 20 μg

Brazil

Dixi 35

Cyproterone acetate 2 mg
+ ethinylestradiol 35 μg

Chile

Duofem

Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg

Duoluton

Levonorgestrel 0.25 mg
+ ethinylestradiol 50 μg
Levonorgestrel 0.25 mg
+ ethinylestradiol 50 μg
Levonorgestrel 0.25 mg
+ ethinylestradiol 50 μg
Norethisterone 0.5 mg
+ ethinylestradiol 20 μg
Norethisterone acetate 2 mg
+ ethinylestradiol 50 μg
Norethisterone acetate 1 mg
+ ethinylestradiol 30 μg

Bolivia, Cameroon, Democratic Republic of
Congo, Dominican Republic, Ecuador,
Zimbabwe
Argentina, Hong Kong, Japan, Luxembourg,
Taiwan (China)
India, Nepal

Duoluton L
Dystrol
EVE 20
Econ
Econ Mite

Denmark
Germany
Denmark
Denmark
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Table 2 (contd)
Brand name

Composition

Countries of availability

Effiprev

Norgestimate 0.25 mg
+ ethinylestradiol 35 μg
Norgestimate 0.25 mg
+ ethinylestradiol 35 μg
Acetomepreginol 0.5 mg
+ ethinylestradiol 40 μg
Levonorgestrel 0.25 mg
+ ethinylestradiol 50 μg

France

Eugynon 30

Levonorgestrel 0.25 mg
+ ethinylestradiol 30 μg

Fiji, United Kingdom

Eugynon CD

Levonorgestrel 0.25 mg
+ ethinylestradiol 50 μg

Mexico

Evacin

Gestodene 0.075 mg
+ ethinylestradiol 30 μg

Uruguay

Evanor

Levonorgestrel 0.25 mg
+ ethinylestradiol 50 μg

Brazil, Italy

Evanor-d

Levonorgestrel 0.25 mg
+ ethinylestradiol 50 μg

Italy

Evilin

Cyproterone acetate 2 mg
+ ethinylestradiol 35 μg

Chile

FMP

Levonorgestrel 0.25 mg
+ ethinylestradiol 50 μg

Cambodia, Laos, Myanmar, Thailand, Viet
Nam

Fedra

Gestodene 0.075 mg
+ ethinylestradiol 20 μg

Italy

Femiane

Gestodene 0.075 mg
+ ethinylestradiol 20 μg

Argentina, Bolivia, Brazil, Colombia,
Dominican Republic, Ecuador, El Salvador,
Guatemala, Guyana, Honduras, Panama,
Paraguay, Peru, Trinidad and Tobago,
Uruguay, Venezuela

Effiprev 35
Egestrenol
Eugynon

France
Russia
Algeria, Angola, Argentina, Brunei, Burkina
Faso, Bénin, Cameroon, Central African
Republic, Congo, Cook Islands, Cuba,
Dominican Republic, El Salvador, Equatorial
Guinea, Ethiopia, Fiji, Greece, Guinea-Bissau,
Guinea-Conakry, Haiti, Hong Kong, Iraq,
Italy, Kenya, Kuwait, Lesotho, Libya,
Malawi, Malaysia, Maldives, Mali, Malta,
Mauritania, Mauritius, Mexico, Mozambique,
Nicaragua, Niger, Norway, Qatar, Saudi
Arabia, Sierra Leone, Solomon Islands, Sri
Lanka, St. Lucia, St. Vincent and the
Grenadines, Swaziland, Syria, Sénégal,
Tanzania, Trinidad and Tobago, Turkey,
Vanuatu, Zambia
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Table 2 (contd)
Brand name

Composition

Countries of availability

Femigoa

Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg
Desogestrel 0.15 mg
+ ethinylestradiol 20 μg
Desogestrel 0.15 mg
+ ethinylestradiol 20 μg
Gestodene 0.075 mg
+ ethinylestradiol 30 μg
Gestodene 0.075 mg
+ ethinylestradiol 20 μg
Gestodene 0.075 mg
+ ethinylestradiol 30 μg
Gestodene 0.075 mg
+ ethinylestradiol 30 μg

Germany

Femodene

Gestodene 0.075 mg
+ ethinylestradiol 30 μg

Femodene ED

Gestodene 0.075 mg
+ ethinylestradiol 30 μg
Gestodene 0.075 mg
+ ethinylestradiol 20 μg
Gestodene 0.075 mg
+ ethinylestradiol 30 μg
Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg
Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg
Levonorgestrel 0.25 mg
+ ethinylestradiol 50 μg
Desogestrel 0.15 mg
+ ethinylestradiol 30 μg
Norethisterone 1 mg
+ ethinylestradiol 35 μg
Norethisterone 1 mg
+ mestranol 50 μg

Belgium, Democratic Republic of Congo,
Ireland, Luxembourg, New Zealand, South
Africa, United Kingdom
United Kingdom

Femilon
Femina
Feminol
Feminol-20
Femodeen
Femoden

Femodette
Femovan
Femranette mikro
Follimin
Follinette
Frilavon
Genora 1/35
Genora 1/50

India, Nepal
Brazil
Chile
Chile
Netherlands
Albania, Armenia, Australia, Azerbaijan,
Belarus, Bulgaria, Croatia, Czech Republic,
Estonia, Finland, Georgia, Hungary,
Kazakhstan, Kyrgyzstan, Latvia, Lithuania,
Poland, Romania, Russia, Serbia, Slovak
Republic, Slovenia, Tajikistan, Turkmenistan,
Ukraine, United Kingdom, Uzbekistan

United Kingdom
Germany, Lebanon
Germany
Norway, Sweden
Sweden
Serbia, Slovenia
USA
USA
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Table 2 (contd)
Brand name

Composition

Countries of availability

Gestamestrol N

Chlormadinone acetate 2 mg
+ mestranol 50 μg
Gestodene 0.075 mg
+ ethinylestradiol 30 μg
Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg
Gestodene 0.075 mg
+ ethinylestradiol 30 μg
Gestodene 0.075 mg
+ ethinylestradiol 30 μg
Levonorgestrel 0.25 mg
+ ethinylestradiol 50 μg
Levonorgestrel 0.125 mg
+ ethinylestradiol 50 μg
Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg
Gestodene 0.075 mg
+ ethinylestradiol 30 μg

Germany

Gynera 75/20

Gestodene 0.075 mg
+ ethinylestradiol 20 μg

Chile

Gynofen 35

Cyproterone acetate 2 mg
+ ethinylestradiol 35 μg

Greece

Gynostat

Desogestrel 0.15 mg
+ ethinylestradiol 30 μg

Chile

Gynostat-20

Desogestrel 0.15 mg
+ ethinylestradiol 20 μg

Chile

Gynovin

Gestodene 0.075 mg
+ ethinylestradiol 30 μg

Argentina, Austria, Bolivia, Colombia,
Dominican Republic, El Salvador, Guatemala,
Honduras, Mexico, Nicaragua, Panama,
Paraguay, Spain

Gynovin 20

Gestodene 0.075 mg
+ ethinylestradiol 20 μg

Mexico

Gestodeno
Gestrelan
Ginera
Ginoden
Gravistat
Gravistat 125
Gynatrol
Gynera

Chile
Brazil
Turkey
Italy
Bulgaria, Poland
Bulgaria, Germany, Slovak Republic
Denmark, Iceland
Bahrain, Barbados, Belize, Bermuda, Brazil,
Brunei, Cape Verde, Chile, Cyprus, Denmark,
Ecuador, Egypt, Greece, Guyana, Haiti, Hong
Kong, Iceland, Indonesia, Israel, Jamaica,
Jordan, Kuwait, Malaysia, Malta, Netherlands
Antilles, Oman, Palestine, Peru, Philippines,
Portugal, Qatar, Saudi Arabia, Singapore, St.
Lucia, St. Vincent and the Grenadines,
Switzerland, Taiwan (China), Thailand,
Trinidad and Tobago, United Arab Emirates,
Uruguay, Venezuela, Western Sahara, Yemen
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Table 2 (contd)
Brand name

Composition

Countries of availability

Gynovin CD

Gestodene 0.075 mg
+ ethinylestradiol 30 μg
Norethisterone acetate 2 mg
+ ethinylestradiol 50 μg
Norethisterone acetate 3 mg
+ ethinylestradiol 50 μg
Gestodene 0.075 mg
+ ethinylestradiol 20 μg

Mexico

Innova CD

Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg

Chile

Jeanine

Dienogest 2 mg
+ ethinylestradiol 30 μg

Czech Republic, Slovak Republic

Juliet-35 ED

Cyproterone acetate 2 mg
+ ethinylestradiol 35 μg

Australia

Lady-Ten 35

Cyproterone acetate 2 mg
+ ethinylestradiol 35 μg

Chile

Leios

Levonorgestrel 0.1 mg
+ ethinylestradiol 20 μg

Germany

Lerogin

Gestodene 0.075 mg
+ ethinylestradiol 30 μg

Paraguay

Lerogin 20

Gestodene 0.075 mg
+ ethinylestradiol 20 μg

Paraguay

Levlen

Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg

Australia, New Zealand, USA

Levlite

Levonorgestrel 0.1 mg
+ ethinylestradiol 20 μg

USA

Levora

Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg

USA

Gynovlane
Gynovlar
Harmonet

Côte D’Ivoire, Djibouti, France, Togo
Argentina, Brunei, Lesotho, Libya, Malawi,
Morocco, Saudi Arabia, St. Lucia, Tanzania
Argentina, Aruba, Austria, Bahamas,
Barbados, Belgium, Bolivia, Brazil, Bulgaria,
Chile, Colombia, Costa Rica, Czech Republic,
Democratic Republic of Congo, Denmark,
Djibouti, Ecuador, El Salvador, Estonia,
Finland, France, Greece, Guatemala,
Honduras, Hong Kong, Hungary, Iceland,
Ireland, Israel, Italy, Jamaica, Latvia,
Lithuania, Luxembourg, Mexico, Netherlands,
Netherlands Antilles, Nicaragua, Panama,
Paraguay, Poland, Portugal, Singapore,
Slovak Republic, Spain, Sweden, Switzerland,
Trinidad and Tobago, Uruguay, Venezuela
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Table 2 (contd)
Brand name

Composition

Countries of availability

Lo-Femenal

Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg

Lo-Gentrol

Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg
Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg
Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg
Norethisterone acetate 1 mg
+ ethinylestradiol 20 μg
Norethisterone acetate 1.5 mg
+ ethinylestradiol 30 μg
Norethisterone acetate 1 mg
+ ethinylestradiol 20 μg
Norethisterone acetate 1 mg
+ ethinylestradiol 20 μg
Norethisterone acetate 1.5 mg
+ ethinylestradiol 30 μg
Norethisterone acetate 1 mg
+ ethinylestradiol 20 μg
Norethisterone acetate 1 mg
+ ethinylestradiol 30 μg
Norethisterone acetate 1.5 mg
+ ethinylestradiol 30 μg
Norethisterone acetate 1 mg
+ ethinylestradiol 20 μg

Antigua, Bahamas, Belize, Burkina Faso,
Burundi, Bénin, Cameroon, Cape Verde,
Central African Republic, Chad, Chile,
Congo, Côte D’Ivoire, Democratic Republic
of Congo, Dominica, Dominican Republic,
Ecuador, El Salvador, Eritrea, Ethiopia,
Ghana, Grenada, Guatemala, GuineaConakry, Guyana, Haiti, Jamaica, Jordan,
Lebanon, Lesotho, Liberia, Madagascar, Mali,
Mauritius, Nepal, Netherlands Antilles,
Nicaragua, Niger, Nigeria, Oman, Pakistan,
Peru, Rwanda, Sierra Leone, St. Lucia, St.
Vincent and the Grenadines, Swaziland,
Sénégal, Thailand, The Gambia, Togo, Tonga,
Turkey, Uganda, Uruguay, Vanuatu, Zambia,
Zimbabwe
Philippines

Lo-Ovral
Lo-Rondal
Loestrin
Loestrin 1.5/30
Loestrin 1/20
Loestrin 20
Loestrin 21 1.5/30
Loestrin 21 1/20
Loestrin 30
Loestrin Fe 1.5/30+
Loestrin Fe 1/20+

Puerto Rico, Turkey, USA
Costa Rica, Kenya
Bermuda
Canada
El Salvador
Bahrain, Kuwait, Saudi Arabia, United Arab
Emirates, United Kingdom
USA
USA
Bahrain, Saudi Arabia, United Arab Emirates,
United Kingdom
USA
USA
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Loette

Levonorgestrel 0.1 mg
+ ethinylestradiol 20 μg

Australia, Canada, Chile, Germany, India,
Italy, Malaysia, Netherlands, New Zealand,
Puerto Rico, Singapore

Loette 21

Levonorgestrel 0.1 mg
+ ethinylestradiol 20 μg

Bulgaria

Logest

Gestodene 0.075 mg
+ ethinylestradiol 20 μg

Bulgaria, Czech Republic, Estonia, Georgia,
Kazakhstan, Latvia, Lithuania

Lorsax

Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg

Mexico

Lovelle

Desogestrel 0.15 mg
+ ethinylestradiol 20 μg

Germany

Lovette

Levonorgestrel 0.1 mg
+ ethinylestradiol 20 μg

Netherlands

Lovina 20

Desogestrel 0.15 mg
+ ethinylestradiol 20 μg

Germany

Lovina 30

Desogestrel 0.15 mg
+ ethinylestradiol 30 μg

Germany

Lyn-ratiopharm

Lynestrenol 2.5 mg
+ ethinylestradiol 50 μg

Germany

Mactex

Norgestimate 0.25 mg
+ ethinylestradiol 35 μg

Chile

Marvelon

Desogestrel 0.15 mg
+ ethinylestradiol 30 μg

Albania, Algeria, Angola, Anguilla, Antigua,
Argentina, Australia, Austria, Bahrain,
Bangladesh, Barbados, Belgium, Bermuda,
Botswana, Brazil, Bulgaria, Burkina Faso,
Bénin, Canada, Central African Republic,
Chile, China, Colombia, Cook Islands, Cuba,
Cyprus, Czech Republic, Côte D’Ivoire,
Democratic People's Republic of Korea,
Democratic Republic of Congo, Denmark,
Dominica, Ecuador, Egypt, Estonia, Ethiopia,
Finland, France, Georgia, Germany, Ghana,
Greece, Guatemala, Guyana, Hong Kong,
Hungary, Iceland, Indonesia, Iraq, Jordan,
Kenya, Kuwait, Latvia, Lebanon, Lesotho,
Libya, Lithuania, Luxembourg, Malaysia,
Malta, Mexico, Myanmar, Netherlands,
Netherlands Antilles, New Zealand,
Nicaragua, Norway, Oman, Palestine,
Paraguay, Peru, Philippines, Poland, Portugal,
Qatar, Romania, Russia, Saudi Arabia,
Seychelles, Singapore, Slovak Republic,
South Africa, St. Lucia, St. Vincent and
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Marvelon (contd)

Marvelon 20
Marvelon 28
Marviol
Meliane

Desogestrel 0.15 mg
+ ethinylestradiol 20 μg
Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg
Desogestrel 0.15 mg
+ ethinylestradiol 30 μg
Gestodene 0.075 mg
+ ethinylestradiol 20 μg

Countries of availability
the Grenadines, Sudan, Sweden, Switzerland,
Syria, Taiwan (China), Tanzania, Thailand,
Tonga, Tunisia, Ukraine, United Arab
Emirates, United Kingdom, Uruguay,
Venezuela, Viet Nam, Yemen, Zambia,
Zimbabwe
Chile
Myanmar
Ireland
Austria, Belgium, Côte D’Ivoire, Finland,
France, Greece, Hong Kong, Hungary, Israel,
Luxembourg, Madagascar, Malta,
Netherlands, Philippines, Singapore, Spain,
Thailand

Meliane Light

Gestodene 0.06 mg
+ ethinylestradiol 15 μg

Colombia

Meloden

Gestodene 0.075 mg
+ ethinylestradiol 20 μg

Denmark, Switzerland

Melodene

Gestodene 0.075 mg
+ ethinylestradiol 20 μg

New Zealand, South Africa

Melodene 15

Gestodene 0.06 mg
+ ethinylestradiol 15 μg

Spain

Melodia

Gestodene 0.06 mg
+ ethinylestradiol 15 μg

France

Mercilon

Desogestrel 0.15 mg
+ ethinylestradiol 20 μg

Argentina, Austria, Belgium, Bermuda,
Brazil, Canada, Colombia, Czech Republic,
Côte D’Ivoire, Democratic Republic of
Congo, Denmark, Djibouti, Ecuador, Estonia,
Finland, France, Georgia, Greece, Hong
Kong, Hungary, Iceland, Indonesia, Ireland,
Israel, Italy, Kenya, Latvia, Lithuania,
Luxembourg, Malaysia, Mexico, Morocco,
Netherlands, Netherlands Antilles, New
Zealand, Peru, Philippines, Poland, Portugal,
Republic of Korea, Romania, Russia,
Singapore, Slovak Republic, South Africa, St.
Lucia, Sweden, Switzerland, Taiwan (China),
Thailand, Ukraine, United Kingdom, Uruguay

Microdiol

Desogestrel 0.15 mg
+ ethinylestradiol 30 μg

Algeria, Brazil, Denmark, Israel, Morocco,
Palestine, Spain, Western Sahara
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Microfemin

Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg
Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg
Gestodene 0.075 mg
+ ethinylestradiol 20 μg
Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg
Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg
Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg

Chile, Colombia

Microfemin Cd
Microgen
Microgest
Microgyn
Microgynon

Microgynon 20
Microgynon 21
Microgynon 30 ED
Microgynon 50 ED
Microgynon CD
Microgynon ED
Microgynon ED 28

Levonorgestrel 0.1 mg
+ ethinylestradiol 20 μg
Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg
Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg
Levonorgestrel 0.125 mg
+ ethinylestradiol 50 μg
Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg
Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg
Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg

Colombia
Chile
Cuba, Portugal, Sri Lanka, Thailand
Denmark
Albania, Argentina, Armenia, Azerbaijan,
Bangladesh, Belarus, Bolivia, Brunei,
Bulgaria, Chile, Colombia, Cook Islands,
Croatia, Cyprus, Czech Republic, Democratic
Republic of Congo, Djibouti, Dominican
Republic, Ecuador, El Salvador, Eritrea,
Estonia, Finland, Gabon, Georgia, Germany,
Guatemala, Guyana, Hong Kong, Iceland,
Iraq, Italy, Kazakhstan, Kenya, Kyrgyzstan,
Latvia, Lithuania, Madagascar, Malaysia,
Mauritius, Moldova, Mongolia, Morocco,
Nicaragua, Nigeria, Norway, Panama,
Paraguay, Peru, Poland, Romania, Russia,
Singapore, Slovak Republic, Slovenia,
Solomon Islands, Spain, Sri Lanka, Syria,
Tajikistan, The Gambia, Turkey,
Turkmenistan, Ukraine, Uruguay, Uzbekistan,
Yugoslavia
Australia, New Zealand
Germany, Turkey
Antigua, Cape Verde, Jamaica, New Zealand,
United Kingdom
New Zealand
Chile, Mexico
Cambodia, Comoros
Papua New Guinea
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Microgynon Suave

Levonorgestrel 0.1 mg
+ ethinylestradiol 20 μg
Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg
Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg

Colombia

Microgynon-50

Levonorgestrel 0.125 mg
+ ethinylestradiol 50 μg

Microlite

Levonorgestrel 0.1 mg
+ ethinylestradiol 20 μg
Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg
Norethisterone acetate 1 mg
+ ethinylestradiol 50 μg
Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg
Cyproterone acetate 2 mg
+ ethinylestradiol 35 μg

Albania, Australia, Austria, Belgium,
Luxembourg, Malaysia, Netherlands, New
Zealand, St. Lucia, Switzerland
Ireland

Microgynon-28
Microgynon-30

Microvlar
Milli-Anovlar
Min-Ovral
Minerva

Colombia
Albania, Algeria, Angola, Anguilla, Australia,
Austria, Bahamas, Bahrain, Barbados,
Belgium, Belize, Bermuda, Bolivia, Bulgaria,
Burkina Faso, Burundi, Bénin, Cameroon,
Central African Republic, Chad, Congo, Cook
Islands, Costa Rica, Cyprus, Côte D’Ivoire,
Democratic People’s Republic of Korea,
Democratic Republic of Congo, Dominica,
Equatorial Guinea, Ethiopia, Fiji, Ghana,
Greece, Grenada, Guinea-Bissau, GuineaConakry, Honduras, Hong Kong, Indonesia,
Ireland, Israel, Jamaica, Jordan, Kenya,
Kuwait, Lebanon, Lesotho, Liberia,
Luxembourg, Malawi, Maldives, Mali, Malta,
Mauritania, Mauritius, Mexico, Montserrat,
Morocco, Mozambique, Netherlands,
Netherlands Antilles, Nevis and St. Kitts, New
Zealand, Oman, Pakistan, Palestine,
Philippines, Portugal, Qatar, Rwanda, Samoa,
Saudi Arabia, Serbia, Seychelles, Sierra
Leone, Singapore, Slovak Republic, Solomon
Islands, Somalia, St. Lucia, Sudan, Suriname,
Switzerland, Sénégal, Tanzania, Thailand,
Togo, Tonga, Trinidad and Tobago, Tunisia,
Uganda, Ukraine, United Arab Emirates,
United Kingdom, Vanuatu, Venezuela, Viet
Nam, Yemen, Zambia

Argentina, Brazil, Egypt
Cameroon, Chad, Côte D’Ivoire, France,
Madagascar, Togo
Canada, Puerto Rico, Turkey, United
Kingdom
South Africa
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Minesse

Gestodene 0.06 mg
+ ethinylestradiol 15 μg

Argentina, Austria, Belgium, Chile,
Colombia, Czech Republic, France, Ireland,
South Africa, Spain, Switzerland

Minestril-20

Norethisterone acetate 1 mg
+ ethinylestradiol 20 μg

Belgium, Democratic Republic of Congo,
Luxembourg

Minestril-30

Norethisterone acetate 1.5 mg
+ ethinylestradiol 30 μg

Belgium, Democratic. Republic of Congo,
Luxembourg

Minestrin 1/20

Norethisterone acetate 1 mg
+ ethinylestradiol 20 μg

Canada

Mini Pregnon

Lynestrenol 0.75 mg
+ ethinylestradiol 37.5 μg

Netherlands

Minidril

Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg

Algeria, Bénin, Cameroon, Côte D’Ivoire,
Djibouti, France, Gabon, Guinea-Conakry,
Madagascar, Morocco, Niger, Romania,
St. Lucia, Togo

Minifem

Gestodene 0.075 mg
+ ethinylestradiol 20 μg

Uruguay

Minigeste

Gestodene 0.075 mg
+ ethinylestradiol 20 μg

Portugal

Minigynon

Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg

Bolivia, Peru, Venezuela

Minigynon 30

Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg

Minisiston

Levonorgestrel 0.125 mg
+ ethinylestradiol 30 μg

Haiti, Jamaica, St. Vincent and the
Grenadines, Taiwan (China), Trinidad and
Tobago
Bulgaria, Czech Republic, Estonia, Germany,
Kazakhstan, Latvia, Lithuania, Poland,
Russia, Slovak Republic, Ukraine

Minivlar

Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg

Republic of Korea

Minovlar

Norethisterone acetate 1 mg
+ ethinylestradiol 50 μg

Guinea-Bissau, Swaziland
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Minulet

Gestodene 0.075 mg
+ ethinylestradiol 30 μg

Minulette

Gestodene 0.075 mg
+ ethinylestradiol 30 μg
Levonorgestrel 0.1 mg
+ ethinylestradiol 20 μg
Gestodene 0.06 mg
+ ethinylestradiol 15 μg

Argentina, Aruba, Australia, Austria,
Bahamas, Bahrain, Bangladesh, Barbados,
Belgium, Belize, Bermuda, Bolivia, Brazil,
Bulgaria, Chile, China, Colombia, Congo,
Dem. Republic, Costa Rica, Cyprus, Czech
Republic, Côte D’Ivoire, Denmark, Djibouti,
Dominican Republic, Ecuador, Egypt, El
Salvador, Estonia, Finland, France, Gabon,
Germany, Greece, Guatemala, Haiti,
Honduras, Hong Kong, Hungary, Ireland,
Israel, Italy, Jamaica, Jordan, Korea, Republic
of, Kuwait, Latvia, Lithuania, Luxembourg,
Macedonia, Malaysia, Malta, Mauritius,
Mexico, Moldova, Morocco, Netherlands,
Netherlands Antilles, New Zealand,
Nicaragua, Oman, Palestine, Panama,
Philippines, Poland, Portugal, Qatar,
Romania, Samoa, Saudi Arabia, Singapore,
Slovak Republic, Slovenia, South Africa,
Spain, Sri Lanka, St. Lucia, Switzerland,
Taiwan (China), Thailand, Trinidad and
Tobago, Turkey, United Arab Emirates,
United Kingdom, Uruguay, Venezuela,
Zimbabwe
South Africa

Miranova
Mirelle

Modicon
Moneva
Mono Step
Monofeme
Myralon

Norethisterone 0.5 mg
+ ethinylestradiol 35 μg
Gestodene 0.075 mg
+ ethinylestradiol 30 μg
Levonorgestrel 0.125 mg
+ ethinylestradiol 30 μg
Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg
Desogestrel 0.15 mg
+ ethinylestradiol 20 μg

Argentina, Germany, Ireland, Italy, New
Zealand, Turkey, Uruguay
Argentina, Austria, Belgium, Chile, Czech
Republic, Denmark, Finland, Luxembourg,
Slovak Republic, South Africa, Switzerland,
Uruguay
Luxembourg, Netherlands, USA
Côte D’Ivoire, Djibouti, France, Gabon,
Madagascar, Morocco
Germany
New Zealand
Turkey
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Myvlar

Gestodene 0.075 mg
+ ethinylestradiol 30 μg
Ethynodiol diacetate 1 mg
+ mestranol 50 μg
Levonorgestrel 0.125 mg
+ ethinylestradiol 50 μg

Republic of Korea

Neocon

Norethisterone 1 mg
+ ethinylestradiol 35 μg

Australia, Ireland, Luxembourg, Netherlands,
United Kingdom

Neocon 1/35

Norethisterone 1 mg
+ ethinylestradiol 35 μg

Bermuda, Jamaica

Neofam

Norgestimate 0.25 mg
+ ethinylestradiol 35 μg

Chile

Neogentrol

Levonorgestrel 0.25 mg
+ ethinylestradiol 50 μg

Denmark

Neogynon

Levonorgestrel 0.25 mg
+ ethinylestradiol 50 μg

Albania, Algeria, Angola, Antigua, Argentina,
Austria, Bahrain, Barbados, Belgium, Belize,
Bénin, Cameroon, Colombia, Congo, Cook
Islands, Costa Rica, Croatia, Côte D’Ivoire,
Democratic People’s Republic of Korea,
Democratic Republic of Congo, Denmark,
Djibouti, Dominica, Dominican Republic,
Ecuador, El Salvador, Ethiopia, Gabon,
Germany, Greece, Grenada, Guatemala,
Guinea-Bissau, Guinea-Conakry, Haiti,
Honduras, Hong Kong, Iceland, Iraq, Israel,
Italy, Jordan, Kenya, Kuwait, Lebanon, Libya,
Luxembourg, Malawi, Malaysia, Malta,
Mauritania, Mauritius, Mexico, Morocco,
Netherlands, Netherlands Antilles, Nicaragua,
Nigeria, Palestine, Papua New Guinea,
Paraguay, Qatar, Rwanda, Samoa, Saudi
Arabia, Serbia, Seychelles, Sierra Leone,
Slovenia, Solomon Islands, Somalia, St.
Lucia, St. Vincent and the Grenadines, Sudan,
Suriname, Switzerland, Syria, Sénégal, The
Gambia, Togo, Trinidad and Tobago, Tunisia,
Uganda, United Arab Emirates, Uruguay,
Vanuatu, Venezuela, Yemen, Zambia

Neogynon 21

Levonorgestrel 0.25 mg
+ ethinylestradiol 50 μg

Germany

Neogynon 30

Levonorgestrel 0.25 mg
+ ethinylestradiol 30 μg

Central African Republic, United Kingdom

Neo-Ovulen
Neo-Stediril

Iceland
Albania, Australia, Austria, Belgium,
Germany, Luxembourg, Netherlands,
Switzerland
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Neogynon CD

Levonorgestrel 0.25 mg
+ ethinylestradiol 50 μg
Levonorgestrel 0.15 mg
+ Ethinylestradiol 50 μg
Levonorgestrel 0.25 mg
+ ethinylestradiol 50 μg
Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg
Norethisterone acetate 0.6 mg
+ ethinylestradiol 30 μg
Levonorgestrel 0.25 mg
+ ethinylestradiol 50 μg
Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg
Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg
Norethisterone 1 mg
+ ethinylestradiol 50 μg
Norethisterone acetate 1 mg
+ ethinylestradiol 50 μg
Norethisterone 0.5 mg
+ ethinylestradiol 30 μg
Levonorgestrel 0.25 mg
+ ethinylestradiol 50 μg
Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg
Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg

Mexico

Neogynon ED
Neogynona
Neomonovar
Neorlest 21
Neovlar
Neovletta
Nociclin
Non-Ovlon
Nonovlon
Nora-ratiopharm
Noral
Nordet
Nordette

Comoros
Spain
Portugal
Germany
Brazil, Taiwan (China)
Sweden
Brazil
Estonia, Germany, Iraq, Libya, Russia
Bulgaria, Czech Republic, Latvia
Germany
Colombia
Mexico
Angola, Argentina, Aruba, Australia, Austria,
Bahamas, Bahrain, Bangladesh, Barbados,
Belgium, Belize, Bermuda, Bolivia,
Botswana, Brazil, Bulgaria, Bénin, Canada,
Cayman Islands, Chile, Colombia, Cook
Islands, Costa Rica, Croatia, Cyprus,
Denmark, Dominica, Dominican Republic,
Ecuador, Egypt, El Salvador, Eritrea, Estonia,
Ethiopia, Fiji, Finland, France, Germany,
Gibraltar, Greece, Grenada, Guatemala,
Guinea-Bissau, Guyana, Haiti, Honduras,
Hong Kong, Iceland, India, Indonesia, Iraq,
Israel, Italy, Jamaica, Jordan, Kenya, Kuwait,
Lebanon, Lesotho, Liberia, Libya, Macedonia,
Malaysia, Malta, Mauritius, Mexico, Namibia,
Nepal, Netherlands, Netherlands Antilles,
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Countries of availability
Nevis and St. Kitts, New Zealand, Nicaragua,
Norway, Oman, Pakistan, Palestine, Panama,
Peru, Philippines, Poland, Portugal, Puerto
Rico, Qatar, Samoa, Saudi Arabia, Sierra
Leone, Singapore, Slovak Republic, Slovenia,
Solomon Islands, South Africa, Spain, Sri
Lanka, St. Lucia, St. Vincent and the
Grenadines, Sudan, Suriname, Sweden,
Switzerland, Syria, Taiwan (China), Tanzania,
Thailand, Trinidad and Tobago, United Arab
Emirates, United Kingdom, USA, Uruguay,
Vanuatu, Venezuela, Viet Nam, Zambia,
Zimbabwe

Nordette 150/30

Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg

Uruguay

Nordette 28

Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg

Bangladesh, Papua New Guinea

Nordette 50

Levonorgestrel 0.125 mg
+ ethinylestradiol 50 μg

Australia, St. Lucia

Nordiol

Levonorgestrel 0.25 mg
+ ethinylestradiol 50 μg

Argentina, Aruba, Australia, Austria,
Bahamas, Bahrain, Barbados, Belgium,
Belize, Bermuda, Brazil, Brunei, Chile,
Colombia, Cook Islands, Costa Rica, Croatia,
Cyprus, Denmark, Dominican Republic, El
Salvador, Fiji, Germany, Greece, Guatemala,
Guyana, Haiti, Honduras, Hong Kong, Italy,
Jordan, Kuwait, Lebanon, Lesotho,
Macedonia, Malawi, Malaysia, Malta,
Mauritius, Mexico, Netherlands, Netherlands
Antilles, New Zealand, Nicaragua, Nigeria,
Palestine, Panama, Philippines, Poland, Qatar,
Samoa, Saudi Arabia, Slovenia, South Africa,
Spain, St. Lucia, St. Vincent and the
Grenadines, Sweden, Switzerland, Syria,
Taiwan (China), Tanzania, Thailand, Trinidad
and Tobago, United Kingdom, Uruguay,
Vanuatu, Venezuela

Nordiol 21

Levonorgestrel 0.25 mg
+ ethinylestradiol 50 μg

Chile, Cyprus, Papua New Guinea

Norgylen

Levonorgestrel 0.15 mg
+ ethinylestradiol 50 μg

Dominican Republic

Norimin

Norethisterone 1 mg
+ ethinylestradiol 35 μg

Australia, Bermuda, Hong Kong, Mauritius,
New Zealand, Thailand, United Kingdom
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Norinyl

Norethisterone 1 mg
+ mestranol 50 μg
Norethisterone 1 mg
+ ethinylestradiol 35 μg
Norethisterone 1 mg
+ mestranol 50 μg
Norethisterone 1 mg
+ ethinylestradiol 35 μg
Norethisterone 1 mg
+ mestranol 50 μg
Norethisterone 1 mg
+ ethinylestradiol 50 μg
Norethisterone 1 mg
+ mestranol 50 μg

Bolivia, Botswana, Costa Rica, Mauritius, St.
Lucia
USA

Norlestrin

Norethisterone acetate 2.5 mg
+ ethinylestradiol 50 μg

Argentina, Jordan, St. Vincent and the
Grenadines

Normamor

Levonorgestrel 0.25 mg
+ ethinylestradiol 50 μg

Brazil

Norminest

Norethisterone 0.5 mg
+ ethinylestradiol 35 μg

Dominican Republic, Egypt, Honduras,
Malaysia

Norquest

Norethisterone 1 mg
+ ethinylestradiol 35 μg

Bangladesh, Uganda, Zimbabwe

Norvetal

Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg

Bolivia, Chile

Nouvelle Duo

Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg

Cameroon

Novelon

Desogestrel 0.15 mg
+ ethinylestradiol 30 μg

India, Nepal

Novogyn 21

Levonorgestrel 0.25 mg
+ ethinylestradiol 50 μg

Italy

Novynette

Desogestrel 0.15 mg
+ ethinylestradiol 20 μg

Armenia, Azerbaijan, Belarus, Bulgaria,
Czech Republic, Denmark, Estonia, Georgia,
Hungary, Jamaica, Kazakhstan, Kyrgyzstan,
Latvia, Lithuania, Malaysia, Moldova, Poland,
Romania, Russia, Slovak Republic,
Turkmenistan, Ukraine, Uzbekistan

Ologyn

Levonorgestrel 0.25 mg
+ ethinylestradiol 50 μg

Jordan, Switzerland, Yemen

Ologyn-micro

Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg

Switzerland, Yemen

Norinyl 1+35
Norinyl 1+50
Norinyl 1/35
Norinyl 1/50
Norinyl 28
Norinyl-1

Canada, Costa Rica, USA
Puerto Rico
Dominican Republic, El Salvador, Nicaragua,
Puerto Rico
Mexico
Australia, Bermuda, Brunei, Hong Kong,
Lesotho, Malta, Mexico, Saudi Arabia, South
Africa, Sudan, United Kingdom
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Ortho 0.5 + 35

Norethisterone 0.5 mg
+ ethinylestradiol 35 μg
Norethisterone 1 mg
+ ethinylestradiol 35 μg
Norethisterone 1 mg
+ mestranol 50 μg

Canada

Ortho Novum 1/35

Norethisterone 1 mg
+ ethinylestradiol 35 μg

Ortho Novum 1/50

Norethisterone 1 mg
+ mestranol 50 μg

Ortho-Cept

Desogestrel 0.15 mg
+ ethinylestradiol 30 μg
Norgestimate 0.25 mg
+ ethinylestradiol 35 μg
Norethisterone 0.5 mg
+ ethinylestradiol 35 μg
Norethisterone 1 mg
+ ethinylestradiol 35 μg
Norethisterone 0.4 mg
+ ethinylestradiol 35 μg
Norethisterone 1 mg
+ ethinylestradiol 50 μg
Levonorgestrel 0.25 mg
+ ethinylestradiol 50 μg

Armenia, Aruba, Central African Republic,
Dominican Republic, Finland, France, Haiti,
Jamaica, Mexico, USA
Aruba, Bahrain, Belgium, Canada, Cyprus,
Dominican Republic, El Salvador, Germany,
Greece, Haiti, Jordan, Korea, Dem. People’s
Rep of, Kuwait, Luxembourg, Netherlands,
Netherlands Antilles, Puerto Rico, St. Lucia,
St. Vincent and the Grenadines, Switzerland,
Taiwan (China), Tanzania, Trinidad and
Tobago, United Arab Emirates, USA
Canada, Puerto Rico, USA

Ortho 1/35
Ortho Novin 1/50

Ortho-Cyclen
Orthonett Novum
Orthonovum
Ovcon 35
Ovcon 50
Ovidon

Oviprem
Ovoplex
Ovoplex 3

Norethisterone 0.4 mg
+ ethinylestradiol 35 μg
Levonorgestrel 0.25 mg
+ ethinylestradiol 50 μg
Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg

Canada
Bahrain, Iceland, Ireland, Jamaica, Malawi,
Malta, Palestine, Portugal, Qatar, United
Kingdom, Western Sahara

Canada, Puerto Rico, Slovenia, USA
Sweden
France, Mexico
Puerto Rico, USA
Puerto Rico, USA
Algeria, Angola, Armenia, Azerbaijan,
Belarus, Bulgaria, Ethiopia, Hungary,
Jamaica, Kazakhstan, Kyrgyzstan, Latvia,
Maldives, Moldova, Mongolia, Russia, Syria,
Thailand, Turkmenistan, Ukraine, Uzbekistan,
Zimbabwe
Mexico
Spain
Spain
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Ovoplex 30/50

Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg
Levonorgestrel 0.25 mg +
ethinylestradiol 50 μg

Spain

Ovran

Levonorgestrel 0.25 mg
+ ethinylestradiol 50 μg

Ireland, United Kingdom

Ovran 30

Levonorgestrel 0.25 mg
+ ethinylestradiol 30 μg

India, Ireland, Nepal, Poland, United
Kingdom

Ovranet

Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg

Italy

Ovranette

Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg

Austria, Ireland, United Kingdom

Ovranette 30

Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg

Austria, Ireland, United Kingdom

Ovulen

Ethynodiol diacetate 1 mg
+ ethinylestradiol 50 μg

El Salvador, Pakistan, Puerto Rico, Sierra
Leone, St. Lucia, Thailand

Ovulen 1/50

Ethynodiol diacetate 1 mg
+ mestranol 50 μg

Singapore

Ovulen 50

Ethynodiol diacetate 1 mg
+ mestranol 50 μg

Angola, Argentina, Bahrain, Belize, Iraq,
Libya, Malawi, Malaysia, Malta, Mauritius,
Netherlands, Qatar, Saudi Arabia, St. Vincent
and the Grenadines, Tanzania, Thailand,
Turkey, United Arab Emirates

Ovral

Argentina, Aruba, Bahamas, Bahrain,
Bangladesh, Barbados, Belgium, Belize,
Bermuda, Brazil, Brunei, Burkina Faso,
Bénin, Canada, Cayman Islands, Chad, Cook
Islands, Costa Rica, Croatia, Cyprus, Czech
Republic, Democratic Republic of Congo,
Dominica, Dominican Republic, Ecuador, El
Salvador, France, Georgia, Germany, Greece,
Guatemala, Guyana, Haiti, Honduras, Hong
Kong, India, Iraq, Jamaica, Japan, Jordan,
Kuwait, Latvia, Lebanon, Lesotho, Liberia,
Libya, Macedonia, Maldives, Mali, Malta,
Mauritius, Mexico, Namibia, Nepal,
Netherlands Antilles, New Zealand,
Nicaragua, Oman, Pakistan, Panama, Peru,
Philippines, Puerto Rico, Qatar, Réunion,
Saudi Arabia, Sierra Leone, Slovak Republic,
Slovenia, South Africa, Sri Lanka, St. Lucia,
St. Vincent and the Grenadines, Swaziland,
Syria, Sénégal, Tanzania, Thailand, The
Gambia, Trinidad and Tobago, Turkey,
United Kingdom, USA, Uruguay, Venezuela,
Zambia, Zimbabwe
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Table 2 (contd)
Brand name

Composition

Countries of availability

Ovysmen

Norethisterone 0.5 mg
+ ethinylestradiol 35 μg

Belgium, Bermuda, Dominican Republic,
Egypt, Ethiopia, Ghana, Iceland, Ireland,
Israel, Jordan, Kuwait, Lebanon, Malta, Sierra
Leone, United Arab Emirates, United
Kingdom, Zimbabwe

Ovysmen 0.5/35

Norethisterone 0.5 mg
+ ethinylestradiol 35 μg

Ovysmen 1/35

Norethisterone 1 mg
+ ethinylestradiol 35 μg
Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg
Drospirenone 3 mg
+ ethinylestradiol 30 μg
Norgestrienone 2 mg
+ ethinylestradiol 50 μg
Desogestrel 0.15 mg
+ ethinylestradiol 30 μg
Cyproterone acetate 2 mg
+ ethinylestradiol 35 μg
Desogestrel 0.15 mg
+ ethinylestradiol 30 μg
Desogestrel 0.15 mg
+ ethinylestradiol 20 μg
Levonorgestrel 0.25 mg
+ ethinylestradiol 50 μg
Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg
Desogestrel 0.15 mg
+ ethinylestradiol 30 μg

Austria, Bahrain, Germany, Iceland, Ireland,
Kenya, Mauritius, Palestine, Qatar, Sierra
Leone, Switzerland, United Kingdom
Austria, Belgium, France, Germany, Kuwait,
Luxembourg, Puerto Rico
Jamaica

Perle Ld
Petibelle
Planor
Practil 21
Preme
Prevenon
Primera
Primovlar
R-den
Regulon

Germany
France
Italy
Cambodia, Laos, Myanmar, Thailand, Viet
Nam
Thailand
Brazil
Brazil, Costa Rica, Ecuador, Egypt, Taiwan
(China)
Thailand
Armenia, Azerbaijan, Belarus, Bulgaria,
Czech Republic, Estonia, Georgia, Hungary,
Kazakhstan, Kyrgyzstan, Latvia, Lithuania,
Moldova, Poland, Russia, Slovak Republic,
Turkmenistan, Ukraine, Uzbekistan

Regunon

Levonorgestrel 0.125 mg
+ ethinylestradiol 50 μg

Sweden

Riget

Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg

Malaysia, Thailand

456

IARC MONOGRAPHS VOLUME 91

Table 2 (contd)
Brand name

Composition

Countries of availability

Rigevidon

Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg

Albania, Algeria, Angola, Armenia,
Azerbaijan, Belarus, Bulgaria, Chile,
Dominican Republic, Georgia, Hong Kong,
Hungary, Jordan, Kazakhstan, Kyrgyzstan,
Latvia, Lithuania, Malaysia, Maldives,
Mexico, Moldova, Mongolia, Papua New
Guinea, Poland, Romania, Russia, Sudan,
Syria, Thailand, Turkmenistan, Ukraine,
Uzbekistan, Viet Nam, Yemen, Zimbabwe

Secure

Norethisterone 1 mg
+ ethinylestradiol 35 μg

Ghana

Securgin

Desogestrel 0.15 mg
+ ethinylestradiol 20 μg

Italy

Selene

Cyproterone acetate 2 mg
+ ethinylestradiol 35 μg

Brazil

Sinovula mikro

Norethisterone 0.5 mg
+ ethinylestradiol 30 μg

Germany

Stediril

Levonorgestrel 0.25 mg
+ ethinylestradiol 50 μg

Algeria, Bénin, Cameroon, Chad, Congo,
Croatia, Côte D’Ivoire, Djibouti, France,
Gabon, Germany, Luxembourg, Madagascar,
Morocco, Niger, Serbia, Slovenia, Togo

Stediril 30

Levonorgestrel 0.15 mg
+ ethinylestradiol 30 μg

Belgium, Bulgaria, Czech Republic,
Germany, Latvia, Luxembourg, Netherlands,
Poland, Slovak Republic, Slovenia,
Switzerland

Stediril-d

Levonorgestrel 0.25 mg
+ ethinylestradiol 50 μg

Suavuret

Desogestrel 0.15 mg
+ ethinylestradiol 20 μg
Cyproterone acetate 2 mg
+ ethinylestradiol 35 μg
Norethisterone acetate 1 mg
+ ethinylestradiol 30 μg
Levonorgestrel 0.125 mg
+ ethinylestradiol 30 μg
Dienogest 2 mg
+ ethinylestradiol 30 μg
Desogestrel 0.15 mg
+ ethinylestradiol 30 μg

Afghanistan, Austria, Belgium, Croatia,
Germany, Luxembourg, Netherlands, Serbia,
Slovenia, Switzerland
Spain

Tina
Trentovlane
Trust Pill
Valette
Varnoline

Thailand
France
Philippines
Germany, Mexico
Cameroon, Côte D’Ivoire, Djibouti, France,
Gabon, Mauritius, Togo
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Brand name

Composition

Countries of availability

Yasmin

Drospirenone 3 mg
+ ethinylestradiol 30 μg

Yermonil

Lynestrenol 2 mg
+ ethinylestradiol 40 μg

Austria, Belgium, Denmark, France,
Germany, Iceland, Ireland, Luxembourg,
Netherlands, Norway, Sweden, Switzerland,
United Kingdom
Austria, Costa Rica, Czech Republic,
Germany

From IPPF (2002)

Table 3. Phasic pills
Brand name

Composition

Countries of availability

Adépal

Levonorgestrel 0.15/0.2 mg
+ ethinylestradiol 30/40 μg

Anteovin

Levonorgestrel 0.05/0.125 mg
+ ethinylestradiol 50 μg

Algeria, Bénin, Cameroon, Chad, Congo,
Côte D’Ivoire, Democratic Republic of
Congo, Djibouti, France, Gabon, GuineaConakry, Madagascar, Togo
Algeria, Armenia, Azerbaijan, Belarus,
Bulgaria, Czech Republic, Hungary,
Jamaica, Kazakhstan, Kyrgyzstan, Latvia,
Lithuania, Moldova, Mongolia, Poland,
Romania, Russia, Slovak Republic,
Thailand, Turkmenistan, Ukraine,
Uzbekistan, Zimbabwe

Binordiol

Levonorgestrel 0.05/0.125 mg
+ ethinylestradiol 50 μg

Belgium, Italy, Luxembourg, Switzerland

Binovum

Norethisterone 0.5/1 mg
+ ethinylestradiol 35 μg

Colombia, Ireland, Peru, Puerto Rico,
United Kingdom

Biphasil

Levonorgestrel 0.05/0.125 mg
+ ethinylestradiol 50 μg

Biviol

Desogestrel 0.025/0.125 mg
+ ethinylestradiol 40/30 μg
Levonorgestrel 0.05/0.125 mg
+ ethinylestradiol 50 μg
Desogestrel 0/0.125 mg
+ ethinylestradiol 50 μg
Desogestrel 0.025/0.125 mg
+ ethinylestradiol 40/30 μg
Norethisterone 1/0.03/0.035 mg
+ ethinylestradiol 20 μg

Australia, Austria, Belgium, Germany,
Lesotho, Netherlands, New Zealand, South
Africa, Switzerland
Germany

Bivlar
Cyclosa
Dueva
Estrostep 21

Italy
Germany
Italy
USA
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Table 3 (contd)
Brand name

Composition

Countries of availability

Estrostep Fe+

Norethisterone 1/0.03/0.035 mg
+ ethinylestradiol 20 μg
Cyproterone acetate 1/2 mg
+ estradiol valerate 1/2 mg
Levonorgestrel 0.05/0.075/0.125 mg
+ ethinylestradiol 30/40/30 μg
Desogestrel 0.025/0.125 mg
+ ethinylestradiol 40/30 μg

USA

Gynophase

Norethisterone acetate 1/2 mg
+ ethinylestradiol 50 μg

Bénin, France, St. Lucia

Improvil

Norethisterone 0.5/1.0/0.5 mg
+ ethinylestradiol 35 μg

Australia

Jenest-28

Norethisterone 0.5/1 mg
+ ethinylestradiol 35 μg

USA

Laurina

Desogestrel 0.05/0.1/0.15 mg
+ ethinylestradiol 35/30 μg

Sweden

Levordiol

Levonorgestrel 0.05/0.075/0.125 mg
+ ethinylestradiol 30/40/30 μg

Brazil

Libian

Levonorgestrel 0.05/0.05/0.125 mg
+ ethinylestradiol 30/50/40 μg

Japan

Logynon

Levonorgestrel 0.05/0.075/0.125 mg
+ ethinylestradiol 30/40/30 μg

Australia, Bahrain, Barbados, Belize,
Bermuda, Cyprus, Guyana, Haiti, Ireland,
Israel, Jamaica, Jordan, Kenya, Kuwait,
Lesotho, Malawi, Malta, Mauritius,
Netherlands Antilles, Nigeria, Oman,
Palestine, Philippines, Qatar, Saudi Arabia,
South Africa, St. Lucia, St. Vincent and
the Grenadines, Syria, Taiwan (China),
Tanzania, Thailand, Trinidad and Tobago,
Uganda, United Arab Emirates, United
Kingdom, Western Sahara, Zambia,
Zimbabwe

Logynon 21

Levonorgestrel 0.05/0.075/0.125 mg
+ ethinylestradiol 30/40/30 μg

Papua New Guinea, Philippines

Logynon ED

Levonorgestrel 0.05/0.075/0.125 mg
+ ethinylestradiol 30/40/30 μg

United Kingdom

Lyn-ratiopharm
Sequenz

Lynestrenol 0/2.5 mg
+ ethinylestradiol 50 μg

Germany

Femilar
Fironetta
Gracial

Finland
Denmark
Austria, Bahrain, Belgium, Brazil, Chile,
Cyprus, Denmark, Estonia, Finland, Hong
Kong, Indonesia, Italy, Kuwait, Lithuania,
Luxembourg, Netherlands, Peru, Portugal,
Spain, Switzerland, Syria
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Brand name

Composition

Countries of availability

Milvane

Gestodene 0.05/0.07/0.1 mg
+ ethinylestradiol 30/40/30 μg
Norethisterone acetate 1/2 mg
+ ethinylestradiol 30/40 μg

Denmark, Italy, Poland, Russia, Slovak
Republic, Switzerland
Bénin, Cameroon, Chad, Côte D’Ivoire,
Djibouti, France, Gabon, Madagascar,
Togo

Mircette

Desogestrel 0.15/0.01 mg
+ ethinylestradiol 20 μg

USA

Neo-Eunomin

Chlormadinone acetate 1/2 mg
+ ethinylestradiol 50 μg

Germany, Switzerland

Normovlar

Levonorgestrel 0.05/0.125 mg
+ ethinylestradiol 50 μg

Lesotho, South Africa

NovaStep

Levonorgestrel 0.05/0.075/0.125 mg
+ ethinylestradiol 30/40/30 μg

Germany

Nuriphasic

Lynestrenol 0/2.5 mg
+ ethinylestradiol 50 μg

Germany

Ortho 10/11

Norethisterone 0.5/1 mg
+ ethinylestradiol 35 μg

Canada, Jamaica, Trinidad and Tobago

Ortho 7/7/7

Norethisterone 0.5/0.75/1.0 mg
+ ethinylestradiol 35 μg

Canada, Dominican Republic, India,
Jamaica, Trinidad and Tobago

Ortho 777-28

Norethisterone 0.5/0.75/1.0 mg
+ ethinylestradiol 35 μg

Japan

Ortho Novum
10/11

Norethisterone 0.5/1 mg
+ ethinylestradiol 35 μg

USA

Ortho Novum
7/7/7

Norethisterone 0.5/0.75/1.0 mg
+ ethinylestradiol 35 μg

Dominican Republic, Jamaica, Nepal,
USA

Ortho TriCyclen

Norgestimate 0.18/0.215/0.25 mg
+ ethinylestradiol 35 μg

Canada, Puerto Rico, USA

Ovidol

Desogestrel 0/0.125 mg
+ ethinylestradiol 50 μg

Belgium, Netherlands, Switzerland

Oviol 22

Desogestrel 0/0.125 mg
+ ethinylestradiol 50 μg

Germany

Oviol 28

Desogestrel 0/0.125 mg +
ethinylestradiol 50 μg

Germany

Perikursal

Levonorgestrel 0.05/0.125 mg
+ ethinylestradiol 50 μg

Austria

Perikursal 21

Levonorgestrel 0.05/0.125 mg
+ ethinylestradiol 50 μg

Austria, Germany

Phaeva

Gestodene 0.05/0.07/0.1 mg
+ ethinylestradiol 30/40/30 μg

Côte D’Ivoire, Djibouti, France, Gabon,
Madagascar, Morocco

Pramino

Norgestimate 0.18/0.215/0.25 mg
+ ethinylestradiol 35 μg

Czech Republic, Germany

Miniphase
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Brand name

Composition
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Sequilar

Levonorgestrel 0.05/0.125 mg
+ ethinylestradiol 50 μg
Norethisterone acetate 0/5 mg
+ ethinylestradiol 50 μg
Norethisterone 0.5/1.0/0.5 mg
+ ethinylestradiol 35 μg
Norethisterone 0.5/1.0/0.5 mg
+ ethinylestradiol 35 μg
Norethisterone 0.5/1.0/0.5 mg
+ ethinylestradiol 35 μg
Norethisterone 0.5/1.0/0.5 mg
+ ethinylestradiol 35 μg
Gestodene 0.05/0.07/0.1 mg
+ ethinylestradiol 30/40/30 μg
Norgestimate 0.18/0.215/0.25 mg
+ ethinylestradiol 35 μg
Gestodene 0.05/0.07/0.1 mg
+ ethinylestradiol 30/40/30 μg
Levonorgestrel 0.05/0.075/0.125 mg
+ ethinylestradiol 30/40/30 μg
Norgestimate 0.18/0.215/0.25 mg
+ ethinylestradiol 35 μg
Gestodene 0.05/0.07/0.1 mg
+ ethinylestradiol 30/40/30 μg

Australia, Austria, Germany

Sequostat
Synfase
Synphase
Synphasec
Synphasic
Tri Femoden
Tri-Cilest
Tri-Gynera
Tri-Levlen
Tri-Mactex
Tri-Minulet

Tri-Norinyl
Tri-Regol

Norethisterone 0.5/1.0/0.5 mg
+ ethinylestradiol 35 μg
Levonorgestrel 0.05/0.075/0.125 mg
+ ethinylestradiol 30/40/30 μg

Germany
Norway, Sweden
Hong Kong, Malta, Mauritius, Qatar,
United Kingdom
Germany
Australia, Canada, New Zealand
Finland
Bolivia, Slovak Republic
Cape Verde, Portugal
Puerto Rico, USA
Chile
Australia, Austria, Belgium, Czech
Republic, Denmark, Djibouti, Estonia,
Finland, France, Gabon, Germany, Greece,
Hungary, Ireland, Italy, Latvia, Lithuania,
Luxembourg, Morocco, Netherlands,
Poland, Portugal, Romania, Slovak
Republic, South Africa, Spain,
Switzerland, United Kingdom
Puerto Rico, USA
Albania, Algeria, Armenia, Azerbaijan,
Belarus, Bulgaria, Czech Republic,
Estonia, Hong Kong, Hungary, Jamaica,
Kazakhstan, Kyrgyzstan, Latvia,
Lithuania, Malaysia, Moldova, Philippines,
Poland, Romania, Russia, Slovak
Republic, Syria, Trinidad and Tobago,
Turkmenistan, Ukraine, Uzbekistan, Viet
Nam, Yemen
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Tri-Stediril

Levonorgestrel 0.05/0.075/0.125 mg
+ ethinylestradiol 30/40/30 μg
Levonorgestrel 0.05/0.05/0.125 mg
+ ethinylestradiol 30/50/40 μg
Gestodene 0.05/0.07/0.1 mg +
ethinylestradiol 30/40/30 μg
Levonorgestrel 0.05/0.075/0.125 mg
+ ethinylestradiol 30/40/30 μg
Gestodene 0.05/0.07/0.1 mg
+ ethinylestradiol 30/40/30 μg
Levonorgestrel 0.05/0.075/0.125 mg
+ ethinylestradiol 30/40/30 μg
Norgestimate 0.18/0.215/0.25 mg
+ ethinylestradiol 35 μg
Levonorgestrel 0.05/0.075/0.125 mg
+ mestranol 30/40/30 μg
Norgestimate 0.18/0.215/0.25 mg
+ ethinylestradiol 35 μg
Norethisterone 0.5/0.75/1.0 mg
+ ethinylestradiol 35 μg
Levonorgestrel 0.05/0.075/0.125 mg
+ ethinylestradiol 30/40/30 μg
Gestodene 0.05/0.07/0.1 mg
+ ethinylestradiol 30/40/30 μg
Levonorgestrel 0.05/0.075/0.125 mg
+ ethinylestradiol 30/40/30 μg
Levonorgestrel 0.05/0.075/0.125 mg
+ ethinylestradiol 30/40/30 μg
Levonorgestrel 0.05/0.075/0.125 mg
+ ethinylestradiol 30/40/30 μg
Levonorgestrel 0.05/0.075/0.125 mg
+ ethinylestradiol 30/40/30 μg
Gestodene 0.05/0.07/0.1 mg
+ ethinylestradiol 30/40/30 μg
Levonorgestrel 0.05/0.075/0.125 mg
+ ethinylestradiol 30/40/30 μg

Slovenia

Trigynovin

Gestodene 0.05/0.07/0.1 mg
+ ethinylestradiol 30/40/30 μg

Spain

Trikvilar

Levonorgestrel 0.05/0.075/0.125 mg
+ ethinylestradiol 30/40/30 μg

Finland

TriStep
Triadene
Triagynon
Triciclomex
Triciclor
Tricilest
Tridestan
Tridette
Triella
Triette 21
Trievacin
Trifas
Trifeme
Trifeminal
Trigoa 21
Trigynera
Trigynon

Bulgaria, Germany
United Kingdom
Spain
Chile, Paraguay
Spain
Austria, Belgium, Finland, Hungary, Italy,
Mexico, South Africa, Spain
Argentina
Bolivia, Paraguay, Uruguay
Côte D’Ivoire, Djibouti, France, GuineaConakry, Morocco
Germany
Uruguay
Chile, Paraguay
Australia, New Zealand
Colombia
Bulgaria, Germany
Greece
Albania, Austria, Belgium, Democratic
Republic of Congo, Italy, Luxembourg,
Morocco, Netherlands
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Trimiron

Desogestrel 0.05/0.1/0.15 mg
+ ethinylestradiol 35/30 μg
Levonorgestrel 0.05/0.075/0.125 mg
+ ethinylestradiol 30/40/30 μg

Sweden

Trinordiol 21

Levonorgestrel 0.05/0.075/0.125 mg
+ mestranol 30/40/30 μg

Trinordiol 28

Levonorgestrel 0.05/0.075/0.125 mg
+ mestranol 30/40/30 μg

Austria, Bahrain, Belgium, Bulgaria,
Cyprus, Czech Republic, Denmark, Egypt,
Finland, France, Germany, Greece,
Hungary, Iceland, Ireland, Israel, Italy,
Jordan, Kuwait, Lebanon, Luxembourg,
Malta, Netherlands, Norway, Oman, Peru,
Poland, Portugal, Qatar, Slovak Republic,
Sweden, Switzerland, Turkey, United Arab
Emirates, United Kingdom
Germany, Norway, Sweden

Trinordiol

Argentina, Australia, Austria, Bahamas,
Bahrain, Barbados, Belgium, Belize,
Bermuda, Bolivia, Brazil, Brunei,
Bulgaria, Canada, Chile, Congo, Costa
Rica, Cuba, Cyprus, Czech Republic, Côte
D’Ivoire, Democratic Republic of Congo,
Denmark, Djibouti, Dominica, Dominican
Republic, Ecuador, Egypt, El Salvador,
Estonia, Finland, France, Gabon, Georgia,
Germany, Gibraltar, Grenada, Guadeloupe,
Guatemala, Guinea-Conakry, Haiti,
Honduras, Hong Kong, Hungary, Iceland,
Indonesia, Israel, Italy, Jamaica, Japan,
Jordan, Kenya, Kuwait, Lebanon,
Luxembourg, Madagascar, Malaysia,
Malta, Mauritius, Mexico, Moldova,
Mongolia, Morocco, Netherlands,
Netherlands Antilles, New Zealand,
Nicaragua, Norway, Oman, Palestine,
Panama, Peru, Philippines, Poland,
Portugal, Puerto Rico, Qatar, Romania,
Sierra Leone, Singapore, Slovak Republic,
Slovenia, South Africa, Spain, Sri Lanka,
St. Lucia, St. Vincent and the Grenadines,
Sweden, Switzerland, Taiwan (China),
Thailand, Togo, Trinidad and Tobago,
Turkey, United Arab Emirates, United
Kingdom, USA, Uruguay, Venezuela,
Western Sahara, Zimbabwe
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Trinovum

Norethisterone 0.5/0.75/1.0 mg
+ ethinylestradiol 35 μg

Armenia, Austria, Barbados, Belgium,
Bermuda, Brazil, Bulgaria, Croatia, Czech
Republic, Denmark, Dominican Republic,
France, Germany, Hong Kong, Iran,
Ireland, Israel, Italy, Jamaica, Jordan,
Kazakhstan, Kenya, Lesotho, Libya,
Lithuania, Luxembourg, Mexico,
Netherlands, Netherlands Antilles,
Palestine, Peru, Poland, Puerto Rico,
Qatar, Romania, Serbia, Singapore, Slovak
Republic, Slovenia, South Africa, Sweden,
Switzerland, Taiwan (China), Tanzania,
Trinidad and Tobago, United Arab
Emirates, United Kingdom, Western
Sahara, Yemen, Yugoslavia, Zimbabwe

Triodeen

Gestodene 0.05/0.07/0.1 mg
+ ethinylestradiol 30/40/30 μg

Netherlands

Trioden

Gestodene 0.05/0.07/0.1 mg
+ ethinylestradiol 30/40/30 μg

Australia

Triodena

Gestodene 0.05/0.07/0.1 mg
+ ethinylestradiol 30/40/30 μg

Austria, Hungary

Triodene

Gestodene 0.05/0.07/0.1 mg
+ ethinylestradiol 30/40/30 μg

Belgium, Ireland, Luxembourg, South
Africa

Trionetta

Levonorgestrel 0.05/0.075/0.125 mg
+ ethinylestradiol 30/40/30 μg

Norway, Sweden

Triovalet

Levonorgestrel 0.05/0.075/0.125 mg
+ ethinylestradiol 30/40/30 μg

Belgium

Triovlar

Levonorgestrel 0.05/0.075/0.125 mg
+ ethinylestradiol 30/40/30 μg

Egypt

Triphasil

Levonorgestrel 0.05/0.075/0.125 mg
+ ethinylestradiol 30/40/30 μg

Triquilar

Levonorgestrel 0.05/0.075/0.125 mg
+ ethinylestradiol 30/40/30 μg

Australia, Canada, Lesotho, New Zealand,
Papua New Guinea, Puerto Rico, South
Africa, United Kingdom, USA
Albania, Argentina, Armenia, Australia,
Azerbaijan, Belarus, Bolivia, Brazil,
Bulgaria, Canada, Chile, Cook Islands,
Costa Rica, Croatia, Cuba, Czech
Republic, Denmark, Dominican Republic,
Ecuador, El Salvador, Estonia, Georgia,
Germany, Greece, Guatemala, Honduras,
Hong Kong, Hungary, Iceland, India,
Indonesia, Japan, Kazakhstan, Kyrgyzstan,
Latvia, Lithuania, Malaysia, Mexico,
Moldova, Morocco, Mozambique, Nepal,
New Zealand, Nicaragua, Panama,
Paraguay, Peru, Philippines, Poland,
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Triquilar
(contd)

Trisiston

Levonorgestrel 0.05/0.075/0.125 mg
+ ethinylestradiol 30/40/30 μg

Trolit

Levonorgestrel 0.05/0.075/0.125 mg
+ ethinylestradiol 30/40/30 μg

From IPPF (2002)

Countries of availability
Portugal, Republic of Korea, Romania,
Russia, Samoa, Seychelles, Singapore,
Slovak Republic, Suriname, Switzerland,
Syria, Tajikistan, Thailand, Tonga, Turkey,
Turkmenistan, Ukraine, Uruguay,
Uzbekistan, Venezuela
Bulgaria, Czech Republic, Estonia,
Germany, Kazakhstan, Latvia, Lithuania,
Poland, Russia, Slovak Republic, Syria,
Ukraine
Chile, Peru

ANNEX 3
BRANDS OF ESTROGEN–PROGESTOGEN
CONTRACEPTIVES
Annex 3 lists the brands of hormonal contraceptives that contain the estrogens and
progestogens that are listed and described in Annex 1. The type of contraceptives in
which it is used is also noted (Table 1). The source of this listing is the Directory of
Hormonal Contraceptives of the International Parenthood Foundation (IPPF, 2002).
Data have been taken from the IPPF 2002 website [http://contraceptive.ippf.org] at the
time of the monograph meeting (June 2005). This online site is regularly updated.

Table 1. Brands of estrogen–progestogen contraceptives
Common name of ingredient

Brand name

Type of contraceptive

Chlormadinone acetate

Belara
Gestamestrol N
Neo-Eunomin

Combined pills
Combined pills
Phasic pills

Cyproterone acetate

Anuar
Brenda 35
Diane
Diane 35 DIARIO
Diane Mite
Diane Nova
Diane-35
Dianette
Dianette Generic
Dixi 35
Evilin
Femilar
Gynofen 35
Juliet-35 ED
Lady-Ten 35
Minerva
Preme
Selene
Tina

Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
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Table 1 (contd)
Common name of ingredient

Brand name

Type of contraceptive

Desogestrel

Biviol
Ciclidon
Ciclidon 20
Cycleane 30
Cycleane-20
Cyclosa
Desmin 20
Desmin 30
Desogen
Desolett
Desoran
Desorelle
Desoren 20
Dueva
Femilon
Femina
Frilavon
Gracial
Gynostat
Gynostat-20
Laurina
Lovelle
Lovina 20
Lovina 30
Marvelon
Marvelon 20
Marviol
Mercilon
Microdiol
Mircette
Myralon
Novelon
Novynette
Ortho-Cept
Ovidol
Oviol 22
Oviol 28
Practil 21
Prevenon
Primera
Regulon
Securgin
Suavuret
Trimiron
Varnoline

Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Combined pills
Combined pills
Combined pills
Phasic pills
Combined pills
Combined pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Phasic pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Combined pills
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Common name of ingredient

Brand name

Type of contraceptive

Dienogest

Jeanine
Valette

Combined pills
Combined pills

Drospirenone

Petibelle
Yasmin

Combined pills
Combined pills

Estradiol

No. 2 injectable

Combined injectables

Estradiol benzoate

Protegin
Soluna
Unijab
Vermagest

Combined injectables
Combined injectables
Combined injectables
Emergency contraception

Estradiol cypionate

Ciclofem
Ciclofemina
Cyclofem
Cyclofemina
Cycloprovera
Lunelle
Novafem

Combined injectables
Combined injectables
Combined injectables
Combined injectables
Combined injectables
Combined injectables
Combined injectables

Estradiol valerate

Femilar
No. 1 injectable

Phasic pills
Combined injectables

Ethinylestradiol

Adépal
Alesse
Anfertil
Anna
Anovlar 1mg
Anovulatorios Microdosis
Anteovin
Anuar
Anulette 20
Anulette C.D.
Anulette
Anulit
April
Belara
Binordiol
Binovum
Biphasil
Biviol
Bivlar
Brenda 35
Brevicon
Brevicon 0.5 + 35
Brevicon 1+35
Brevicon 20
Brevinor
Brevinor-1
Ciclidon

Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
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Table 1 (contd)
Common name of ingredient

Brand name

Type of contraceptive

Ethinylestradiol (contd)

Ciclidon 20
Ciclo 21
Ciclomex
Ciclomex 20
Ciclon
Cilest
Combination 3
Conceplan M
Confiance
Conova
Conova 30
Contraceptive H.D.
Contraceptive L.D.
Cycleane 30
Cycleane-20
Cyclen
Cyclosa
D-Norginor
Demulen
Demulen 1/35
Demulen 1/50
Demulen 30
Denoval
Denoval-Wyeth
Desmin 20
Desmin 30
Desogen
Desolett
Desoran
Desorelle
Desoren 20
Diane
Diane 35 DIARIO
Diane Mite
Diane Nova
Diane-35
Dianette
Dianette Generic
Diminut
Dixi 35
Dueva
Duofem
Duoluton
Duoluton L
Dystrol
E Gen C
EVE 20

Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Emergency contraception
Combined pills
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Table 1 (contd)
Common name of ingredient

Brand name

Type of contraceptive

Ethinylestradiol (contd)

Econ
Econ Mite
Effiprev
Effiprev 35
Egestrenol
Estrostep 21
Estrostep Fe+
Eugynon
Eugynon 30
Eugynon CD
Evacin
Evanor
Evanor-d
Evilin
FMP
Fedra
Femenal
Femiane
Femigoa
Femilon
Femina
Feminol
Feminol-20
Femodeen
Femoden
Femodene
Femodene ED
Femodette
Femovan
Femranette mikro
Fertilan
Fironetta
Follimin
Follinette
Frilavon
Genora 1/35
Gestodeno
Gestrelan
Ginera
Ginoden
Gracial
Gravistat
Gravistat 125
Gynatrol
Gynera
Gynera 75/20

Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Emergency contraception
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
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Table 1 (contd)
Common name of ingredient

Brand name

Type of contraceptive

Ethinylestradiol (contd)

Gynofen 35
Gynophase
Gynostat
Gynostat-20
Gynovin
Gynovin 20
Gynovin CD
Gynovlane
Gynovlar
Harmonet
Improvil
Innova CD
Jeanine
Jenest-28
Juliet-35 ED
Kanchan
Lady-Ten 35
Laurina
Leios
Lerogin
Lerogin 20
Levlen
Levlite
Levonorgestrel Pill
Levora
Levordiol
Libian
Lo-Femenal
Lo-Gentrol
Lo-Ovral
Lo-Rondal
Loestrin
Loestrin 1.5/30
Loestrin 1/20
Loestrin 20
Loestrin 21 1.5/30
Loestrin 21 1/20
Loestrin 30
Loestrin Fe 1.5/30+
Loestrin Fe 1/20+
Loette
Loette 21
Logest
Logynon
Logynon 21
Logynon ED

Combined pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Combined pills
Combined pills
Phasic pills
Combined pills
Combined pills
Combined pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Phasic pills
Phasic pills
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Table 1 (contd)
Common name of ingredient

Brand name

Type of contraceptive

Ethinylestradiol (contd)

Lorsax
Lovelle
Loveston
Lovette
Lovina 20
Lovina 30
Lyn-ratiopharm
Lyn-ratiopharm Sequenz
Mactex
Mala D
Mala N
Marvelon
Marvelon 20
Marvelon 28
Marviol
Meliane
Meliane Light
Meloden
Melodene
Melodene 15
Melodia
Mercilon
Mesigyna
Microdiol
Microfemin
Microfemin Cd
Microgen
Microgest
Microgyn
Microgynon
Microgynon 20
Microgynon 21
Microgynon 30 ED
Microgynon 50 ED
Microgynon CD
Microgynon ED
Microgynon ED 28
Microgynon Suave
Microgynon-28
Microgynon-30
Microgynon-50
Microlite
Micropil
Microvlar
Milli-Anovlar
Milvane

Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined injectables
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
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Table 1 (contd)
Common name of ingredient

Brand name

Type of contraceptive

Ethinylestradiol (contd)

Min-Ovral
Minerva
Minesse
Minestril-20
Minestril-30
Minestrin 1/20
Mini Pregnon
Minidril
Minifem
Minigeste
Minigynon
Minigynon 30
Miniphase
Minisiston
Minivlar
Minovlar
Minulet
Minulette
Miranova
Mircette
Mirelle
Mithuri
Modicon
Modutrol
Moneva
Mono Step
Monofeme
Myralon
Myvlar
Nelova 0.5/35 E
Nelova 1+35 E
Nelova 1/35
Nelova 10/11
Neo-Eunomin
Neo-Stediril
Neocon
Neocon 1/35
Neofam
Neogentrol
Neogynon
Neogynon 21
Neogynon 30
Neogynon CD
Neogynon ED
Neogynona

Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Combined pills
Combined pills
Combined pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
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Table 1 (contd)
Common name of ingredient

Brand name

Type of contraceptive

Ethinylestradiol (contd)

Neomonovar
Neorlest 21
Neovlar
Neovletta
Nilocan
No. 0 oral Pill
No. 1 oral Pill
No. 2 oral Pill
No. 3 injectable
Nociclin
Non-Ovlon
Nonovlon
Nora-ratiopharm
Noral
Nordet
Nordette
Nordette 150/30
Nordette 28
Nordette 50
Nordiol
Nordiol 21
Norethin 1/50M
Norgylen
Norgylene
Norigynon
Norimin
Norinyl 1+35
Norinyl 1/35
Norinyl 28
Norlestrin
Normanor
Norminest
Normovlar
Norquest
Norvetal
Nouvelle Duo
NovaStep
Novelon
Novogyn 21
Novynette
Nuriphasic
Ologyn
Ologyn-micro
Orgalutin
Ortho 0.5 + 35
Ortho 1/35

Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined injectables
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined injectables
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Combined pills
Combined pills
Combined pills
Phasic pills
Combined pills
Combined pills
Combined pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
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Table 1 (contd)
Common name of ingredient

Brand name

Type of contraceptive

Ethinylestradiol (contd)

Ortho 10/11
Ortho 7/7/7
Ortho 777-28
Ortho Novum 1/35
Ortho Novum 10/11
Ortho Novum 7/7/7
Ortho Tri-Cyclen
Ortho-Cept
Ortho-Cyclen
Orthonett Novum
Orthonovum
Ovacon
Ovcon 35
Ovcon 50
Ovidol
Ovidon
Oviol 22
Oviol 28
Oviprem
Ovoplex
Ovoplex 3
Ovoplex 30/50
Ovral
Ovran
Ovran 30
Ovranet
Ovranette
Ovranette 30
Ovulen
Ovysmen
Ovysmen 0.5/35
Ovysmen 1/35
Perikursal
Perikursal 21
Perle LD
Perle Ld
Petibelle
Phaeva
Planor
Practil 21
Pramino
Preme
Preven
Prevenon
Primera
Primovlar
R-den

Phasic pills
Phasic pills
Phasic pills
Combined pills
Phasic pills
Phasic pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Combined pills
Phasic pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Phasic pills
Combined pills
Combined pills
Combined pills
Phasic pills
Combined pills
Combined pills
Phasic pills
Combined pills
Emergency contraception
Combined pills
Combined pills
Combined pills
Combined pills
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Table 1 (contd)
Common name of ingredient

Brand name

Type of contraceptive

Ethinylestradiol (contd)

Regulon
Regunon
Riget
Rigevidon
Secure
Securgin
Selene
Sequilar
Sequostat
Sexcon
Sinovula mikro
Stediril
Stediril 30
Stediril-d
Suavuret
Suginor
Sukhi
Synfase
Synphase
Synphasec
Synphasic
Tetragynon
Tina
Trentovlane
Tri Femoden
Tri-Cilest
Tri-Gynera
Tri-Levlen
Tri-Mactex
Tri-Minulet
Tri-Norinyl
Tri-Regol
Tri-Stediril
TriStep
Triadene
Triagynon
Triciclomex
Triciclor
Tricilest
Tridette
Triella
Triette 21
Trievacin
Trifas
Trifeme
Trifeminal

Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Emergency contraception
Combined pills
Combined pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
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Table 1 (contd)
Common name of ingredient

Brand name

Type of contraceptive

Ethinylestradiol (contd)

Trigoa 21
Trigynera
Trigynon
Trigynovin
Trikvilar
Trimiron
Trinordiol
Trinovum
Triodeen
Trioden
Triodena
Triodene
Trionetta
Triovalet
Triovlar
Triphasil
Triquilar
Trisiston
Trolit
Trust Pill
Valette
Varnoline
Yasmin
Yermonil

Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills

Ethynodiol diacetate

Conova
Conova 30
Continuin
Demulen
Demulen 1/35
Demulen 1/50
Demulen 30
Femulen
Neo-Ovulen
Ovulen
Ovulen 1/50
Ovulen 50

Combined pills
Combined pills
Progestagen-only Pills
Combined pills
Combined pills
Combined pills
Combined pills
Progestagen-only Pills
Combined pills
Combined pills
Combined pills
Combined pills

Etonogestrel

Implanon

Implants

Gestodene

Ciclomex
Ciclomex 20
Diminut
Evacin
Fedra
Femiane
Feminol
Feminol-20

Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
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Table 1 (contd)
Common name of ingredient

Brand name

Type of contraceptive

Gestodene

Femodeen
Femoden
Femodene
Femodene ED
Femodette
Femovan
Gestodeno
Ginera
Ginoden
Gynera
Gynera 75/20
Gynovin
Gynovin 20
Gynovin CD
Harmonet
Lerogin
Lerogin 20
Logest
Meliane
Meliane Light
Meloden
Melodene
Melodene 15
Melodia
Microgen
Milvane
Minesse
Minifem
Minigeste
Minulet
Minulette
Mirelle
Moneva
Myvlar
Phaeva
Tri Femoden
Tri-Gynera
Tri-Minulet
Triadene
Triciclomex
Trievacin
Trigynera
Trigynovin
Triodeen
Trioden
Triodena
Triodene

Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills

478

IARC MONOGRAPHS VOLUME 91

Table 1 (contd)
Common name of ingredient

Brand name

Type of contraceptive

Levonorgestrel

Adépal
Alesse
Anfertil
Anna
Anovulatorios Microdosis
Anteovin
Anulette 20
Anulette C.D.
Anulette
Anulit
April
Binordiol
Biphasil
Bivlar
Ciclo 21
Ciclon
Combination 3
Confiance
Contraceptive H.D.
Contraceptive L.D.
D-Norginor
Denoval
Denoval-Wyeth
Duofem (ECP)
Duofem
Duoluton
Duoluton L
Dystrol
E Gen C
Estinor
Eugynon
Eugynon 30
Eugynon CD
Evanor
Evanor-d
FMP
Femenal
Femigoa
Femranette mikro
Fertilan
Fironetta
Follimin
Follinette
Gestrelan
Gravistat

Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Phasic pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Emergency contraception
Combined pills
Combined pills
Combined pills
Combined pills
Emergency contraception
Emergency contraception
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Emergency contraception
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
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Table 1 (contd)
Common name of ingredient

Brand name

Type of contraceptive

Levonorgestrel (contd)

Gravistat 125
Gynatrol
Innova CD
Jadelle
Leios
Levlen
Levlite
Levonelle
Levonorgestrel Pill
Levora
Levordiol
Libian
Lo-Femenal
Lo-Gentrol
Lo-Ovral
Lo-Rondal
Loette
Loette 21
Logynon
Logynon 21
Logynon ED
Lorsax
Lovette
Madonna
Mala D
Microfemin
Microfemin Cd
Microgest
Microgyn
Microgynon
Microgynon 20
Microgynon 21
Microgynon 30 ED
Microgynon 50 ED
Microgynon CD
Microgynon ED
Microgynon ED 28
Microgynon Suave
Microgynon-28
Microgynon-30
Microgynon-50
Microlite
Microvlar
Min-Ovral
Minidril
Minigynon

Combined pills
Combined pills
Combined pills
Implants
Combined pills
Combined pills
Combined pills
Emergency contraception
Combined pills
Combined pills
Phasic pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Phasic pills
Phasic pills
Combined pills
Combined pills
Emergency contraception
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
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Table 1 (contd)
Common name of ingredient

Brand name

Type of contraceptive

Levonorgestrel (contd)

Minigynon 30
Minisiston
Minivlar
Miranova
Mithuri
Modutrol
Mono Step
Monofeme
Neo-Stediril
Neogentrol
Neogynon
Neogynon 21
Neogynon 30
Neogynon CD
Neogynon ED
Neogynona
Neomonovar
Neovlar
Neovletta
Nociclin
Noral
Nordet
Nordette
Nordette 150/30
Nordette 28
Nordette 50
Nordiol
Nordiol 21
Norgylen
Norgylene
Norlevo
Normanor
Normovlar
Norplant
Norvetal
Nouvelle Duo
NovaStep
Novogyn 21
Ologyn
Ologyn-micro
Ovidon
Ovoplex
Ovoplex 3
Ovoplex 30/50
Ovral
Ovran

Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Emergency contraception
Combined pills
Phasic pills
Implants
Combined pills
Combined pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
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Table 1 (contd)
Common name of ingredient

Brand name

Type of contraceptive

Levonorgestrel (contd)

Ovran 30
Ovranet
Ovranette
Ovranette 30
Perikursal
Perikursal 21
Perle Ld
Plan B
Postinor
Postinor-2
Preven
Primovlar
R-den
Regunon
Rigesoft
Riget
Rigevidon
Sequilar
Sexcon
Sino implant (2 rods)
Stediril
Stediril 30
Stediril-d
Subdermal implant (6 rods)
Suginor
Tetragynon
Tri-Levlen
Tri-Regol
Tri-Stediril
TriStep
Triagynon
Triciclor
Tridestan
Triette 21
Trifas
Trifeme
Trifeminal
Trigoa 21
Trigynon
Trikvilar
Trinordiol
Trinordiol 21
Trinordiol 28
Trionetta
Triovalet
Triovlar

Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Phasic pills
Combined pills
Emergency contraception
Emergency contraception
Emergency contraception
Emergency contraception
Combined pills
Combined pills
Combined pills
Emergency contraception
Combined pills
Combined pills
Phasic pills
Combined pills
Implants
Combined pills
Combined pills
Combined pills
Implants
Combined pills
Emergency contraception
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills

482

IARC MONOGRAPHS VOLUME 91

Table 1 (contd)
Common name of ingredient

Brand name

Type of contraceptive

Levonorgestrel (contd)

Triphasil
Triquilar
Trisiston
Trolit
Trust Pill
Vikela

Phasic pills
Phasic pills
Phasic pills
Phasic pills
Combined pills
Emergency contraception

Lynestrenol

Lyn-ratiopharm
Lyn-ratiopharm Sequenz
Minette
Mini Pregnon
Nuriphasic
Orgalutin
Sukhi
Yermonil

Combined pills
Phasic pills
Progestagen-only Pills
Combined pills
Phasic pills
Combined pills
Combined pills
Combined pills

Medroxyprogesterone acetate

Ciclofem
Ciclofemina
Cyclofem
Cyclofemina
Cycloprovera
Lunelle
Novafem

Combined injectables
Combined injectables
Combined injectables
Combined injectables
Combined injectables
Combined injectables
Combined injectables

Megestrol acetate

No. 2 injectable
No. 2 oral pill

Combined injectables
Combined pills

Mestranol

Combiginor
Genora 1/50
Gestamestrol N
Gulaf
Nelova 1/50 M
Neo-Ovulen
Norace
Norinyl
Norinyl 1+50
Norinyl 1/50
Norinyl-1
Ortho Novin 1/50
Ortho Novum 1/50
Ovulen 1/50
Ovulen 50
Perle
Regovar
Tridestan
Trinordiol 21
Trinordiol 28

Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Phasic pills
Phasic pills
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Table 1 (contd)
Common name of ingredient

Brand name

Type of contraceptive

Norethisterone

Binovum
Brevicon
Brevicon 0.5 + 35
Brevicon 1+35
Brevicon 20
Brevinor
Brevinor-1
Combiginor
Conceplan M
EVE 20
Estrostep 21
Estrostep Fe+
Genora 1/35
Genora 1/50
Gulaf
Improvil
Jenest-28
Kanchan
Micropil
Modicon
Nelova 0.5/35 E
Nelova 1+35 E
Nelova 1/35
Nelova 1/50 M
Nelova 10/11
Neocon
Neocon 1/35
Nilocan
No. 0 oral Pill
No. 1 oral Pill
Non-Ovlon
Nora-ratiopharm
Norace
Norethin 1/50M
Norimin
Norinyl
Norinyl 1+35
Norinyl 1+50
Norinyl 1/35
Norinyl 1/50
Norinyl 28
Norinyl-1
Norminest
Norquest
Ortho 0.5 + 35
Ortho 1/35

Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Phasic pills
Combined pills
Combined pills
Combined pills
Phasic pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
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Table 1 (contd)
Common name of ingredient

Brand name

Type of contraceptive

Norethisterone (contd)

Ortho 10/11
Ortho 7/7/7
Ortho 777-28
Ortho Novin 1/50
Ortho Novum 1/35
Ortho Novum 1/50
Ortho Novum 10/11
Ortho Novum 7/7/7
Orthonett Novum
Orthonovum
Ovacon
Ovcon 35
Ovcon 50
Oviprem
Ovysmen
Ovysmen 0.5/35
Ovysmen 1/35
Perle
Perle LD
Regovar
Secure
Sequostat
Sinovula mikro
Synfase
Synphase
Synphasec
Synphasic
Tri-Norinyl
Triella
Trinovum

Phasic pills
Phasic pills
Phasic pills
Combined pills
Combined pills
Combined pills
Phasic pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Combined pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills

Norethisterone acetate

Anovlar 1mg
Econ
Econ Mite
Gynophase
Gynovlane
Gynovlar
Loestrin
Loestrin 1.5/30
Loestrin 1/20
Loestrin 20
Loestrin 21 1.5/30
Loestrin 21 1/20
Loestrin 30
Loestrin Fe 1.5/30+
Loestrin Fe 1/20+
Loveston

Combined pills
Combined pills
Combined pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
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Table 1 (contd)
Common name of ingredient

Brand name

Type of contraceptive

Norethisterone acetate (contd)

Mala N
Milli-Anovlar
Minestril-20
Minestril-30
Minestrin 1/20
Miniphase
Minovlar
Neorlest 21
Nonovlon
Norlestrin
Trentovlane

Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills

Norethisterone enanthate

Mesigyna
No 3 injectable
Norigynon

Combined injectables
Combined injectables
Combined injectables

Norgestimate

Cilest
Cyclen
Effiprev
Effiprev 35
Mactex
Neofam
Ortho Tri-Cyclen
Ortho-Cyclen
Pramino
Tri-Cilest
Tri-Mactex
Tricilest
Tridette

Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Combined pills
Phasic pills
Combined pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills
Phasic pills

Progesterone

Vermagest

Emergency contraception

From IPPF (2002)

ANNEX 4
COMPOSITION OF COMBINED ESTROGEN–
PROGESTOGEN MENOPAUSAL THERAPY
Annex 4 lists the composition of brands of combined hormonal menopausal
therapy preparations that are used continuously (Table 1) or sequentially (Table 2).

Table 1. Combined continuous preparations
Trade name

Preparation

Active ingredient/dose

Activella, Kliovance

Tablet

Estradiol, 1 mg + norethisterone acetate, 500 μg

Climesse

Tablet

Estradiol valerate, 2 mg + norethisterone, 700 μg

CombiPatch

Patch

Estradiol, 50 μg/24 h + norethisterone acetate,
0.14 mg/24 h

Elleste-Duet Conti,
Kliofem, Nuvelle
Continuous

Tablet

Estradiol, 2 mg + norethisterone acetate, 1 mg

Evorel Conti

Patch

Estradiol, 50 μg/24 h + norethisterone acetate,
170 μg/24 h

Femhrt

Tablet

Ethinylestradiol, 5 μg + norethisterone acetate, 1 mg

Femoston Conti

Tablet

Estradiol, 1 mg + dydrogesterone, 5 mg

FemSeven Conti

Patch

Ethinylestradiol, 50 μg/24 h + levonorgestrel,
25 μg/24 h

Indivina

Tablet

Estradiol valerate, 1 mg + medroxyprogesterone
acetate, 2.5 mg (also 1 mg/5 mg and 2 mg/5 mg)

Premique, Prempro

Tablet

Conjugated equine estrogen, 625 μg + medroxyprogesterone acetate, 5 mg

Premfest

Tablet

Estradiol, 1 mg + norgestimate, 90 μg

From Sturdee (2004)
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Table 2. Combined sequential preparations
Trade name

Preparation

Active ingredient/dose

Adgyn Combi

Tablet

White tablet: estradiol, 2 mg; pink tablet: estradiol, 2 mg +
norethisterone, 1 mg

Climagest

Tablet

Grey-blue tablet: estradiol valerate, 1 mg (also 2 mg strength);
white tablet: estradiol valerate, 1 mg + norethisterone, 1 mg

Cyclo-Progynova

Tablet

Beige tablet: estradiol valerate, 1 mg; brown tablet: estradiol
valerate, 1 mg + levonorgestrel, 250 μg (also 2 mg strength
with estradiol valerate, 2 mg + norgestrel, 500 μg)

Elleste-Duet

Tablet

White tablet: estradiol, 1 mg (also 2 mg strength); green
tablet: estradiol, 1 mg + norethisterone acetate, 1 mg

Estracombi

Patch

Estraderm TTS 50: estradiol, 50 μg/24 h; Estragest TTS:
estradiol, 50 μg/24 h + norethisterone acetate, 250 μg/24 h

Estrapak 50

Patch and tablet

Patch: estradiol, 50 μg/24 h; tablet: norethisterone acetate,
1 mg

Evorel Pak

Patch and tablet

Patch: estradiol, 50 μg/24 h; tablet: norethisterone, 1 mg

Evorel Sequi

Patch

Evorel 50: estradiol, 50 μg/24 h; Evorel Conti: estradiol,
50 μg/24 h + norethisterone, 0.17 mg/24 h

Femapak

Patch and tablet

Patch: estradiol, 40 μg/24 h (also 80 μg strength); tablet:
dydrogesterone, 10 mg

Femoston

Tablet

White tablet: estradiol, 1 mg (also 2 mg strength); grey tablet:
estradiol, 1 mg + dydrogesterone, 10 mg

FemSeven Sequi

Patch

Phase I patch: estradiol, 50 μg/24 h; phase II patch: estradiol,
50 μg/24 h + levonorgestrel, 25 μg/24 h

NovoFem

Tablet

Red tablet: estradiol, 1 mg; white tablet: estradiol, 1 mg +
norethisterone acetate, 1 mg

Nuvelle

Tablet

White tablet: estradiol valerate, 2 mg; pink tablet: estradiol
valerate, 2 mg + levonorgestrel 75 μg

Nuvelle TS

Patch

Phase I patch: estradiol, 80 μg/24 h; phase II patch: estradiol,
50 μg/24 h + levonorgestrel, 20 μg/24 h

Premique Cycle

Tablet

White tablet: conjugated equine estrogen, 625 μg; green
tablet: conjugated equine estrogen, 625 μg + medroxyprogesterone acetate, 10 mg

Prempak-C

Tablet

Maroon tablet: conjugated equine estrogen, 625 μg; brown
tablet: norgestrel, 150 μg (also 1.25 mg tablet)

Premphase

Tablet

Maroon tablet: conjugated equine estrogen, 625 μg; blue
tablet: conjugated equine estrogen, 625 μg +
medroxyprogesterone acetate, 5 mg
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Table 2 (contd)
Trade names

Preparation

Active ingredient/dose

Tridestra

Tablet

White tablet: estradiol valerate, 2 mg; blue tablet: estradiol
valerate, 2 mg + medroxyprogesterone acetate, 20 mg; yellow
tablet: inactive

Trisequens

Tablet

Blue tablet: estradiol, 2 mg; white tablet: estradiol, 2 mg +
norethisterone acetate, 1 mg; red tablet: estradiol, 1 mg

From Sturdee (2004)

Reference
Sturdee, D.W. (2004) The Facts of Hormone Therapy for Menopausal Women, London, The
Parthenon Publishing Group, pp. 37–51, 174–180

LIST OF ABBREVIATIONS
AhR
AP-1
AR
AUC
BCDDP
BRCA
CARE
CASH
CAT
CBG
CEE
CI
CIN
CMM
CoA
COMT
CYP
DMBA
DOM
E2
EE
ENNG
ENU
EPIC
ER
GC
GR
GSH
GST
GT
GTD
HBsAg
HBV
HDL

Aryl hydrocarbon receptor
Activator protein 1
Androgen receptor
Area under the curve
Breast Cancer Detection Demonstration Project
Breast cancer gene
Contraceptive and Reproductive Experiences
Cancer and Steroid Hormone
Chloramphenicol acetyl transferase
Corticoid-binding globulin
Conjugated equine estrogen
Confidence interval
Cervical intraepithelial neoplasia
Cutaneous malignant melanoma
Coenzyme A
Catechol-O-methyltransferase
Cytochrome P450
7,12-Dimethylbenz[a]anthracene
Diagnostisch Onderzoek Mammacarcinoom
Estradiol
Ethinylestradiol
N-Ethyl-N′-nitro-N-nitrosoguanidine
N-Ethyl-N-nitrosourea
European Prospective Investigation into Cancer and Nutrition
Estrogen receptor
Gas chromatography
Glucocorticoid receptor
Glutathione
Glutathione S-transferase
Glucuronyltransferase
Gestational trophoblastic disease
Hepatitis B virus surface antigen
Hepatitis B virus
High-density lipoprotein
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HERS
HPLC
HPV
HSD
HSIL
K14
Km
KPMCP
LDL
LSIL
LTED
MeOE2
MILTS
MONICA
MP
MPA
MR
MS
MXC
NA
NOWAC
NR
NS
OFPA
OH
8-OH-dG
OHE2
Pap
PCR
PEPI
PR
Q
RCGP
RCGPOCS
SD
SEER
SG
SHBG
SIR
SMM

Heart and Estrogen/Progestin Replacement Study
High-performance liquid chromatography
Human papillomavirus
Hydroxysteroid dehydrogenase
High-grade squamous intraepithelial lesions
Keratin 14
Michaelis-Menten constant
Kaiser Permanente Medical Care Program
Low-density lipoprotein
Low-grade squamous intraepithelial lesions
Long-term estrogen-deprived
Methoxyestradiol
Multicentre International Liver Tumour Study
WHO Monitoring Trends and Determinants in
Cardiovascular Disease
Micronized progesterone
Medroxyprogesterone acetate
Mineralocorticoid receptor
Mass spectrometry
Methoxychlor
Not available
Norwegian Women and Cancer
Not reported
Not significant
Oxford Family Planning Association
Hydroxy
8-Hydroxy-2′-deoxyguanosine
Hydroxyestradiol
Papanicolaou
Polymerase chain reaction
Postmenopausal Estrogen/Progestin Interventions
Progesterone receptor
Quinine
Royal College of General Practitioners
Royal College of General Practitioners’ Oral Contraceptive
Study
Standard deviation
Surveillance, Epidemiology and End Results
S-Glutathione
Sex hormone-binding globulin
Standardized incidence ratio
Superficial malignant melanoma

LIST OF ABBREVIATIONS

SQ
SULT
TGF
UDP
UGT
Vmax
WHI

Semiquinone
Sulfotransferase
Transforming growth factor
Uridine-5′-diphosphate
Uridine-5′-diphosphate glucuronyltransferase
Maximum velocity of an enzymatic reaction
Women’s Health Initiative
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CUMULATIVE CROSS INDEX TO IARC MONOGRAPHS ON
THE EVALUATION OF CARCINOGENIC RISKS TO HUMANS
The volume, page and year of publication are given. References to corrigenda are given
in parentheses.
A
A-α-C
Acetaldehyde

40, 245 (1986); Suppl. 7, 56 (1987)
36, 101 (1985) (corr. 42, 263);
Suppl. 7, 77 (1987); 71, 319 (1999)

Acetaldehyde formylmethylhydrazone (see Gyromitrin)
Acetamide
Acetaminophen (see Paracetamol)
Aciclovir
Acid mists (see Sulfuric acid and other strong inorganic acids,
occupational exposures to mists and vapours from)
Acridine orange
Acriflavinium chloride
Acrolein

Acrylamide
Acrylic acid
Acrylic fibres
Acrylonitrile
Acrylonitrile-butadiene-styrene copolymers
Actinolite (see Asbestos)
Actinomycin D (see also Actinomycins)
Actinomycins
Adriamycin
AF-2
Aflatoxins

7, 197 (1974); Suppl. 7, 56, 389
(1987); 71, 1211 (1999)
76, 47 (2000)

16, 145 (1978); Suppl. 7, 56 (1987)
13, 31 (1977); Suppl. 7, 56 (1987)
19, 479 (1979); 36, 133 (1985);
Suppl. 7, 78 (1987); 63, 337 (1995)
(corr. 65, 549)
39, 41 (1986); Suppl. 7, 56 (1987);
60, 389 (1994)
19, 47 (1979); Suppl. 7, 56 (1987);
71, 1223 (1999)
19, 86 (1979); Suppl. 7, 56 (1987)
19, 73 (1979); Suppl. 7, 79 (1987);
71, 43 (1999)
19, 91 (1979); Suppl. 7, 56 (1987)
Suppl. 7, 80 (1987)
10, 29 (1976) (corr. 42, 255)
10, 43 (1976); Suppl. 7, 82 (1987)
31, 47 (1983); Suppl. 7, 56 (1987)
1, 145 (1972) (corr. 42, 251);
10, 51 (1976); Suppl. 7, 83 (1987);
56, 245 (1993); 82, 171 (2002)

Aflatoxin B1 (see Aflatoxins)
Aflatoxin B2 (see Aflatoxins)
Aflatoxin G1 (see Aflatoxins)
Aflatoxin G2 (see Aflatoxins)
Aflatoxin M1 (see Aflatoxins)
Agaritine
Alcohol drinking
Aldicarb

31, 63 (1983); Suppl. 7, 56 (1987)
44 (1988)
53, 93 (1991)
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Aldrin
Allyl chloride
Allyl isothiocyanate
Allyl isovalerate
Aluminium production
Amaranth
5-Aminoacenaphthene
2-Aminoanthraquinone
para-Aminoazobenzene
ortho-Aminoazotoluene
para-Aminobenzoic acid
4-Aminobiphenyl
2-Amino-3,4-dimethylimidazo[4,5-f]quinoline (see MeIQ)
2-Amino-3,8-dimethylimidazo[4,5-f]quinoxaline (see MeIQx)
3-Amino-1,4-dimethyl-5H-pyrido[4,3-b]indole (see Trp-P-1)
2-Aminodipyrido[1,2-a:3′,2′-d]imidazole (see Glu-P-2)
1-Amino-2-methylanthraquinone
2-Amino-3-methylimidazo[4,5-f]quinoline (see IQ)
2-Amino-6-methyldipyrido[1,2-a:3′,2′-d]imidazole (see Glu-P-1)
2-Amino-1-methyl-6-phenylimidazo[4,5-b]pyridine (see PhIP)
2-Amino-3-methyl-9H-pyrido[2,3-b]indole (see MeA-α-C)
3-Amino-1-methyl-5H-pyrido[4,3-b]indole (see Trp-P-2)
2-Amino-5-(5-nitro-2-furyl)-1,3,4-thiadiazole
2-Amino-4-nitrophenol
2-Amino-5-nitrophenol
4-Amino-2-nitrophenol
2-Amino-5-nitrothiazole
2-Amino-9H-pyrido[2,3-b]indole (see A-α-C)
11-Aminoundecanoic acid
Amitrole

Ammonium potassium selenide (see Selenium and selenium compounds)
Amorphous silica (see also Silica)
Amosite (see Asbestos)
Ampicillin
Amsacrine
Anabolic steroids (see Androgenic (anabolic) steroids)
Anaesthetics, volatile
Analgesic mixtures containing phenacetin (see also Phenacetin)
Androgenic (anabolic) steroids
Angelicin and some synthetic derivatives (see also Angelicins)
Angelicin plus ultraviolet radiation (see also Angelicin and some
synthetic derivatives)
Angelicins
Aniline

5, 25 (1974); Suppl. 7, 88 (1987)
36, 39 (1985); Suppl. 7, 56 (1987);
71, 1231 (1999)
36, 55 (1985); Suppl. 7, 56 (1987);
73, 37 (1999)
36, 69 (1985); Suppl. 7, 56 (1987);
71, 1241 (1999)
34, 37 (1984); Suppl. 7, 89 (1987)
8, 41 (1975); Suppl. 7, 56 (1987)
16, 243 (1978); Suppl. 7, 56 (1987)
27, 191 (1982); Suppl. 7, 56 (1987)
8, 53 (1975); Suppl. 7, 56, 390
(1987)
8, 61 (1975) (corr. 42, 254);
Suppl. 7, 56 (1987)
16, 249 (1978); Suppl. 7, 56 (1987)
1, 74 (1972) (corr. 42, 251);
Suppl. 7, 91 (1987)

27, 199 (1982); Suppl. 7, 57 (1987)

7, 143 (1974); Suppl. 7, 57 (1987)
57, 167 (1993)
57, 177 (1993)
16, 43 (1978); Suppl. 7, 57 (1987)
31, 71 (1983); Suppl. 7, 57 (1987)
39, 239 (1986); Suppl. 7, 57 (1987)
7, 31 (1974); 41, 293 (1986) (corr.
52, 513; Suppl. 7, 92 (1987);
79, 381 (2001)
42, 39 (1987); Suppl. 7, 341 (1987);
68, 41 (1997) (corr. 81, 383)
50, 153 (1990)
76, 317 (2000)
11, 285 (1976); Suppl. 7, 93 (1987)
Suppl. 7, 310 (1987)
Suppl. 7, 96 (1987)
40, 291 (1986)
Suppl. 7, 57 (1987)
Suppl. 7, 57 (1987)
4, 27 (1974) (corr. 42, 252);
27, 39 (1982); Suppl. 7, 99 (1987)

CUMULATIVE INDEX
ortho-Anisidine
para-Anisidine
Anthanthrene
Anthophyllite (see Asbestos)
Anthracene
Anthranilic acid
Anthraquinones
Antimony trioxide
Antimony trisulfide
ANTU (see 1-Naphthylthiourea)
Apholate
para-Aramid fibrils
Aramite®
Areca nut (see also Betel quid)
Aristolochia species (see also Traditional herbal medicines)
Aristolochic acids
Arsanilic acid (see Arsenic and arsenic compounds)
Arsenic and arsenic compounds
Arsenic in drinking-water
Arsenic pentoxide (see Arsenic and arsenic compounds)
Arsenic trioxide (see Arsenic in drinking-water)
Arsenic trisulfide (see Arsenic in drinking-water)
Arsine (see Arsenic and arsenic compounds)
Asbestos

Atrazine
Attapulgite (see Palygorskite)
Auramine (technical-grade)
Auramine, manufacture of (see also Auramine, technical-grade)
Aurothioglucose
Azacitidine
5-Azacytidine (see Azacitidine)
Azaserine
Azathioprine
Aziridine
2-(1-Aziridinyl)ethanol
Aziridyl benzoquinone
Azobenzene
AZT (see Zidovudine)
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27, 63 (1982); Suppl. 7, 57 (1987);
73, 49 (1999)
27, 65 (1982); Suppl. 7, 57 (1987)
32, 95 (1983); Suppl. 7, 57 (1987)
32, 105 (1983); Suppl. 7, 57 (1987)
16, 265 (1978); Suppl. 7, 57 (1987)
82, 129 (2002)
47, 291 (1989)
47, 291 (1989)
9, 31 (1975); Suppl. 7, 57 (1987)
68, 409 (1997)
5, 39 (1974); Suppl. 7, 57 (1987)
85, 39 (2004)
82, 69 (2002)
82, 69 (2002)
1, 41 (1972); 2, 48 (1973);
23, 39 (1980); Suppl. 7, 100 (1987)
84, 39 (2004)

2, 17 (1973) (corr. 42, 252);
14 (1977) (corr. 42, 256); Suppl. 7,
106 (1987) (corr. 45, 283)
53, 441 (1991); 73, 59 (1999)
1, 69 (1972) (corr. 42, 251);
Suppl. 7, 118 (1987)
Suppl. 7, 118 (1987)
13, 39 (1977); Suppl. 7, 57 (1987)
26, 37 (1981); Suppl. 7, 57 (1987);
50, 47 (1990)
10, 73 (1976) (corr. 42, 255);
Suppl. 7, 57 (1987)
26, 47 (1981); Suppl. 7, 119 (1987)
9, 37 (1975); Suppl. 7, 58 (1987);
71, 337 (1999)
9, 47 (1975); Suppl. 7, 58 (1987)
9, 51 (1975); Suppl. 7, 58 (1987)
8, 75 (1975); Suppl. 7, 58 (1987)

B
Barium chromate (see Chromium and chromium compounds)
Basic chromic sulfate (see Chromium and chromium compounds)
BCNU (see Bischloroethyl nitrosourea)
Benz[a]acridine

32, 123 (1983); Suppl. 7, 58 (1987)
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Benz[c]acridine
Benzal chloride (see also α-Chlorinated toluenes and benzoyl chloride)
Benz[a]anthracene
Benzene

Benzidine
Benzidine-based dyes
Benzo[b]fluoranthene
Benzo[j]fluoranthene
Benzo[k]fluoranthene
Benzo[ghi]fluoranthene
Benzo[a]fluorene
Benzo[b]fluorene
Benzo[c]fluorene
Benzofuran
Benzo[ghi]perylene
Benzo[c]phenanthrene
Benzo[a]pyrene
Benzo[e]pyrene
1,4-Benzoquinone (see para-Quinone)
1,4-Benzoquinone dioxime
Benzotrichloride (see also α-Chlorinated toluenes and benzoyl chloride)
Benzoyl chloride (see also α-Chlorinated toluenes and benzoyl chloride)
Benzoyl peroxide
Benzyl acetate
Benzyl chloride (see also α-Chlorinated toluenes and benzoyl chloride)
Benzyl violet 4B
Bertrandite (see Beryllium and beryllium compounds)
Beryllium and beryllium compounds

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)

3, 241 (1973); 32, 129 (1983);
Suppl. 7, 58 (1987)
29, 65 (1982); Suppl. 7, 148 (1987);
71, 453 (1999)
3, 45 (1973); 32, 135 (1983);
Suppl. 7, 58 (1987)
7, 203 (1974) (corr. 42, 254); 29,
93, 391 (1982); Suppl. 7, 120
(1987)
1, 80 (1972); 29, 149, 391 (1982);
Suppl. 7, 123 (1987)
Suppl. 7, 125 (1987)
3, 69 (1973); 32, 147 (1983);
Suppl. 7, 58 (1987)
3, 82 (1973); 32, 155 (1983);
Suppl. 7, 58 (1987)
32, 163 (1983); Suppl. 7, 58 (1987)
32, 171 (1983); Suppl. 7, 58 (1987)
32, 177 (1983); Suppl. 7, 58 (1987)
32, 183 (1983); Suppl. 7, 58 (1987)
32, 189 (1983); Suppl. 7, 58 (1987)
63, 431 (1995)
32, 195 (1983); Suppl. 7, 58 (1987)
32, 205 (1983); Suppl. 7, 58 (1987)
3, 91 (1973); 32, 211 (1983)
(corr. 68, 477); Suppl. 7, 58 (1987)
3, 137 (1973); 32, 225 (1983);
Suppl. 7, 58 (1987)
29, 185 (1982); Suppl. 7, 58 (1987);
71, 1251 (1999)
29, 73 (1982); Suppl. 7, 148 (1987);
71, 453 (1999)
29, 83 (1982) (corr. 42, 261);
Suppl. 7, 126 (1987); 71, 453 (1999)
36, 267 (1985); Suppl. 7, 58 (1987);
71, 345 (1999)
40, 109 (1986); Suppl. 7, 58 (1987);
71, 1255 (1999)
11, 217 (1976) (corr. 42, 256); 29,
49 (1982); Suppl. 7, 148 (1987);
71, 453 (1999)
16, 153 (1978); Suppl. 7, 58 (1987)
1, 17 (1972); 23, 143 (1980)
(corr. 42, 260); Suppl. 7, 127
(1987); 58, 41 (1993)

CUMULATIVE INDEX
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 tobacco
Betel quid without tobacco
BHA (see Butylated hydroxyanisole)
BHT (see Butylated hydroxytoluene)
Bis(1-aziridinyl)morpholinophosphine sulfide
2,2-Bis(bromomethyl)propane-1,3-diol
Bis(2-chloroethyl)ether
N,N-Bis(2-chloroethyl)-2-naphthylamine
Bischloroethyl nitrosourea (see also Chloroethyl nitrosoureas)
1,2-Bis(chloromethoxy)ethane
1,4-Bis(chloromethoxymethyl)benzene
Bis(chloromethyl)ether
Bis(2-chloro-1-methylethyl)ether
Bis(2,3-epoxycyclopentyl)ether
Bisphenol A diglycidyl ether (see also Glycidyl ethers)
Bisulfites (see Sulfur dioxide and some sulfites, bisulfites and
metabisulfites)
Bitumens
Bleomycins (see also Etoposide)
Blue VRS
Boot and shoe manufacture and repair
Bracken fern
Brilliant Blue FCF, disodium salt
Bromochloroacetonitrile (see also Halogenated acetonitriles)
Bromodichloromethane
Bromoethane
Bromoform
1,3-Butadiene

1,4-Butanediol dimethanesulfonate
2-Butoxyethanol
1-tert-Butoxypropan-2-ol
n-Butyl acrylate
Butylated hydroxyanisole
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37, 141 (1985); Suppl. 7, 128
(1987); 85, 39 (2004)
37, 141 (1985); Suppl. 7, 128
(1987); 85, 39 (2004)

9, 55 (1975); Suppl. 7, 58 (1987)
77, 455 (2000)
9, 117 (1975); Suppl. 7, 58 (1987);
71, 1265 (1999)
4, 119 (1974) (corr. 42, 253);
Suppl. 7, 130 (1987)
26, 79 (1981); Suppl. 7, 150 (1987)
15, 31 (1977); Suppl. 7, 58 (1987);
71, 1271 (1999)
15, 37 (1977); Suppl. 7, 58 (1987);
71, 1273 (1999)
4, 231 (1974) (corr. 42, 253);
Suppl. 7, 131 (1987)
41, 149 (1986); Suppl. 7, 59 (1987);
71, 1275 (1999)
47, 231 (1989); 71, 1281 (1999)
71, 1285 (1999)

35, 39 (1985); Suppl. 7, 133 (1987)
26, 97 (1981); Suppl. 7, 134 (1987)
16, 163 (1978); Suppl. 7, 59 (1987)
25, 249 (1981); Suppl. 7, 232
(1987)
40, 47 (1986); Suppl. 7, 135 (1987)
16, 171 (1978) (corr. 42, 257);
Suppl. 7, 59 (1987)
71, 1291 (1999)
52, 179 (1991); 71, 1295 (1999)
52, 299 (1991); 71, 1305 (1999)
52, 213 (1991); 71, 1309 (1999)
39, 155 (1986) (corr. 42, 264);
Suppl. 7, 136 (1987); 54, 237
(1992); 71, 109 (1999)
4, 247 (1974); Suppl. 7, 137 (1987)
88, 329
88, 415
39, 67 (1986); Suppl. 7, 59 (1987);
71, 359 (1999)
40, 123 (1986); Suppl. 7, 59 (1987)
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Butylated hydroxytoluene
Butyl benzyl phthalate
β-Butyrolactone
γ-Butyrolactone

40, 161 (1986); Suppl. 7, 59 (1987)
29, 193 (1982) (corr. 42, 261);
Suppl. 7, 59 (1987); 73, 115 (1999)
11, 225 (1976); Suppl. 7, 59
(1987); 71, 1317 (1999)
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

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
Caffeine
Calcium arsenate (see Arsenic in drinking-water)
Calcium chromate (see Chromium and chromium compounds)
Calcium cyclamate (see Cyclamates)
Calcium saccharin (see Saccharin)
Cantharidin
Caprolactam

Captafol
Captan
Carbaryl
Carbazole
3-Carbethoxypsoralen
Carbon black

Carbon tetrachloride

Carmoisine
Carpentry and joinery
Carrageenan
Cassia occidentalis (see Traditional herbal medicines)
Catechol
CCNU (see 1-(2-Chloroethyl)-3-cyclohexyl-1-nitrosourea)
Ceramic fibres (see Man-made vitreous fibres)

2, 74 (1973); 11, 39 (1976)
(corr. 42, 255); Suppl. 7, 139
(1987); 58, 119 (1993)

56, 115 (1993)
51, 291 (1991)

10, 79 (1976); Suppl. 7, 59 (1987)
19, 115 (1979) (corr. 42, 258);
39, 247 (1986) (corr. 42, 264);
Suppl. 7, 59, 390 (1987); 71, 383
(1999)
53, 353 (1991)
30, 295 (1983); Suppl. 7, 59 (1987)
12, 37 (1976); Suppl. 7, 59 (1987)
32, 239 (1983); Suppl. 7, 59
(1987); 71, 1319 (1999)
40, 317 (1986); Suppl. 7, 59 (1987)
3, 22 (1973); 33, 35 (1984);
Suppl. 7, 142 (1987); 65, 149
(1996)
1, 53 (1972); 20, 371 (1979);
Suppl. 7, 143 (1987); 71, 401
(1999)
8, 83 (1975); Suppl. 7, 59 (1987)
25, 139 (1981); Suppl. 7, 378
(1987)
10, 181 (1976) (corr. 42, 255); 31,
79 (1983); Suppl. 7, 59 (1987)
15, 155 (1977); Suppl. 7, 59
(1987); 71, 433 (1999)

CUMULATIVE INDEX
Chemotherapy, combined, including alkylating agents (see MOPP and
other combined chemotherapy including alkylating agents)
Chloral (see also Chloral hydrate)
Chloral hydrate
Chlorambucil
Chloramine
Chloramphenicol
Chlordane (see also Chlordane/Heptachlor)
Chlordane and Heptachlor
Chlordecone
Chlordimeform
Chlorendic acid
Chlorinated dibenzodioxins (other than TCDD) (see also
Polychlorinated dibenzo-para-dioxins)
Chlorinated drinking-water
Chlorinated paraffins
α-Chlorinated toluenes and benzoyl chloride
Chlormadinone acetate

Chlornaphazine (see N,N-Bis(2-chloroethyl)-2-naphthylamine)
Chloroacetonitrile (see also Halogenated acetonitriles)
para-Chloroaniline
Chlorobenzilate
Chlorodibromomethane
3-Chloro-4-(dichloromethyl)-5-hydroxy-2(5H)-furanone
Chlorodifluoromethane

Chloroethane
1-(2-Chloroethyl)-3-cyclohexyl-1-nitrosourea (see also Chloroethyl
nitrosoureas)
1-(2-Chloroethyl)-3-(4-methylcyclohexyl)-1-nitrosourea (see also
Chloroethyl nitrosoureas)
Chloroethyl nitrosoureas
Chlorofluoromethane
Chloroform

Chloromethyl methyl ether (technical-grade) (see also
Bis(chloromethyl)ether)
(4-Chloro-2-methylphenoxy)acetic acid (see MCPA)
1-Chloro-2-methylpropene
3-Chloro-2-methylpropene
2-Chloronitrobenzene
3-Chloronitrobenzene
4-Chloronitrobenzene
Chlorophenols (see also Polychlorophenols and their sodium salts)
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63, 245 (1995); 84, 317 (2004)
63, 245 (1995); 84, 317 (2004)
9, 125 (1975); 26, 115 (1981);
Suppl. 7, 144 (1987)
84, 295 (2004)
10, 85 (1976); Suppl. 7, 145
(1987); 50, 169 (1990)
20, 45 (1979) (corr. 42, 258)
Suppl. 7, 146 (1987); 53, 115
(1991); 79, 411 (2001)
20, 67 (1979); Suppl. 7, 59 (1987)
30, 61 (1983); Suppl. 7, 59 (1987)
48, 45 (1990)
15, 41 (1977); Suppl. 7, 59 (1987)
52, 45 (1991)
48, 55 (1990)
Suppl. 7, 148 (1987); 71, 453
(1999)
6, 149 (1974); 21, 365 (1979);
Suppl. 7, 291, 301 (1987);
72, 49 (1999)
71, 1325 (1999)
57, 305 (1993)
5, 75 (1974); 30, 73 (1983);
Suppl. 7, 60 (1987)
52, 243 (1991); 71, 1331 (1999)
84, 441 (2004)
41, 237 (1986) (corr. 51, 483);
Suppl. 7, 149 (1987); 71, 1339
(1999)
52, 315 (1991); 71, 1345 (1999)
26, 137 (1981) (corr. 42, 260);
Suppl. 7, 150 (1987)
Suppl. 7, 150 (1987)
Suppl. 7, 150 (1987)
41, 229 (1986); Suppl. 7, 60
(1987); 71, 1351 (1999)
1, 61 (1972); 20, 401 (1979);
Suppl. 7, 152 (1987); 73, 131
(1999)
4, 239 (1974); Suppl. 7, 131 (1987)

63, 315 (1995)
63, 325 (1995)
65, 263 (1996)
65, 263 (1996)
65, 263 (1996)
Suppl. 7, 154 (1987)
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Chlorophenols (occupational exposures to)
Chlorophenoxy herbicides
Chlorophenoxy herbicides (occupational exposures to)
4-Chloro-ortho-phenylenediamine
4-Chloro-meta-phenylenediamine
Chloroprene
Chloropropham
Chloroquine
Chlorothalonil
para-Chloro-ortho-toluidine and its strong acid salts
(see also Chlordimeform)
4-Chloro-ortho-toluidine (see para-chloro-ortho-toluidine)
5-Chloro-ortho-toluidine
Chlorotrianisene (see also Nonsteroidal oestrogens)
2-Chloro-1,1,1-trifluoroethane
Chlorozotocin
Cholesterol
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)

41, 319 (1986)
Suppl. 7, 156 (1987)
41, 357 (1986)
27, 81 (1982); Suppl. 7, 60 (1987)
27, 82 (1982); Suppl. 7, 60 (1987)
19, 131 (1979); Suppl. 7, 160
(1987); 71, 227 (1999)
12, 55 (1976); Suppl. 7, 60 (1987)
13, 47 (1977); Suppl. 7, 60 (1987)
30, 319 (1983); Suppl. 7, 60 (1987);
73, 183 (1999)
16, 277 (1978); 30, 65 (1983);
Suppl. 7, 60 (1987); 48, 123
(1990); 77, 323 (2000)
77, 341 (2000)
21, 139 (1979); Suppl. 7, 280
(1987)
41, 253 (1986); Suppl. 7, 60
(1987); 71, 1355 (1999)
50, 65 (1990)
10, 99 (1976); 31, 95 (1983);
Suppl. 7, 161 (1987)

2, 100 (1973); 23, 205 (1980);
Suppl. 7, 165 (1987); 49, 49 (1990)
(corr. 51, 483)

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)
Chrysoidine
8, 91 (1975); Suppl. 7, 169 (1987)
Chrysotile (see Asbestos)
CI Acid Orange 3
57, 121 (1993)
CI Acid Red 114
57, 247 (1993)
CI Basic Red 9 (see also Magenta)
57, 215 (1993)
Ciclosporin
50, 77 (1990)
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)
CI Pigment Red 53:1 (see D&C Red No. 9)
26, 151 (1981); Suppl. 7, 170
Cisplatin (see also Etoposide)
(1987)
Citrinin
40, 67 (1986); Suppl. 7, 60 (1987)

CUMULATIVE INDEX
Citrus Red No. 2
Clinoptilolite (see Zeolites)
Clofibrate
Clomiphene citrate
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8, 101 (1975) (corr. 42, 254);
Suppl. 7, 60 (1987)
24, 39 (1980); Suppl. 7, 171
(1987); 66, 391 (1996)
21, 551 (1979); Suppl. 7, 172
(1987)
61, 121 (1994)
68, 337 (1997)
34, 65 (1984); Suppl. 7, 173 (1987)
35, 83 (1985); Suppl. 7, 174 (1987)
35, 83 (1985); Suppl. 7, 175 (1987)

Clonorchis sinensis (infection with)
Coal dust
Coal gasification
Coal-tar pitches (see also Coal-tars)
Coal-tars
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)
Combined estrogen−progestogen contraceptives
Suppl. 7, 297 (1987); 72, 49
(1999); 91, 39 (2007)
Combined estrogen−progestogen menopausal therapy
Suppl. 7, 308 (1987); 72, 531
(1999); 91, 203 (2007)
Conjugated equine oestrogens
72, 399 (1999)
Conjugated oestrogens (see also Steroidal oestrogens)
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)
Coumarin
10, 113 (1976); Suppl. 7, 61
(1987); 77, 193 (2000)
Creosotes (see also Coal-tars)
35, 83 (1985); Suppl. 7, 177 (1987)
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)
Crude oil
45, 119 (1989)
Crystalline silica (see also Silica)
42, 39 (1987); Suppl. 7, 341
(1987); 68, 41 (1997) (corr. 81,
383)
1, 157 (1972) (corr. 42, 251); 10,
Cycasin (see also Methylazoxymethanol)
121 (1976); Suppl. 7, 61 (1987)
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Cyclamates
Cyclamic acid (see Cyclamates)
Cyclochlorotine
Cyclohexanone
Cyclohexylamine (see Cyclamates)
Cyclopenta[cd]pyrene
Cyclopropane (see Anaesthetics, volatile)
Cyclophosphamide
Cyproterone acetate

22, 55 (1980); Suppl. 7, 178 (1987);
73, 195 (1999)
10, 139 (1976); Suppl. 7, 61 (1987)
47, 157 (1989); 71, 1359 (1999)
32, 269 (1983); Suppl. 7, 61 (1987)
9, 135 (1975); 26, 165 (1981);
Suppl. 7, 182 (1987)
72, 49 (1999)

D
2,4-D (see also Chlorophenoxy herbicides; Chlorophenoxy
herbicides, occupational exposures to)
Dacarbazine
Dantron
D&C Red No. 9
Dapsone
Daunomycin
DDD (see DDT)
DDE (see DDT)
DDT

Decabromodiphenyl oxide
Deltamethrin
Deoxynivalenol (see Toxins derived from Fusarium graminearum,
F. culmorum and F. crookwellense)
Diacetylaminoazotoluene
N,N′-Diacetylbenzidine
Diallate
2,4-Diaminoanisole and its salts
4,4′-Diaminodiphenyl ether
1,2-Diamino-4-nitrobenzene
1,4-Diamino-2-nitrobenzene

15, 111 (1977)
26, 203 (1981); Suppl. 7, 184
(1987)
50, 265 (1990) (corr. 59, 257)
8, 107 (1975); Suppl. 7, 61 (1987);
57, 203 (1993)
24, 59 (1980); Suppl. 7, 185 (1987)
10, 145 (1976); Suppl. 7, 61 (1987)

5, 83 (1974) (corr. 42, 253);
Suppl. 7, 186 (1987); 53, 179
(1991)
48, 73 (1990); 71, 1365 (1999)
53, 251 (1991)

8, 113 (1975); Suppl. 7, 61 (1987)
16, 293 (1978); Suppl. 7, 61 (1987)
12, 69 (1976); 30, 235 (1983);
Suppl. 7, 61 (1987)
16, 51 (1978); 27, 103 (1982);
Suppl. 7, 61 (1987); 79, 619 (2001)
16, 301 (1978); 29, 203 (1982);
Suppl. 7, 61 (1987)
16, 63 (1978); Suppl. 7, 61 (1987)
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)
Diazomethane
7, 223 (1974); Suppl. 7, 61 (1987)
3, 247 (1973); 32, 277 (1983);
Dibenz[a,h]acridine
Suppl. 7, 61 (1987)

CUMULATIVE INDEX
Dibenz[a,j]acridine
Dibenz[a,c]anthracene
Dibenz[a,h]anthracene
Dibenz[a,j]anthracene
7H-Dibenzo[c,g]carbazole
Dibenzodioxins, chlorinated (other than TCDD)
(see Chlorinated dibenzodioxins (other than TCDD))
Dibenzo[a,e]fluoranthene
Dibenzo[h,rst]pentaphene
Dibenzo[a,e]pyrene
Dibenzo[a,h]pyrene
Dibenzo[a,i]pyrene
Dibenzo[a,l]pyrene
Dibenzo-para-dioxin
Dibromoacetonitrile (see also Halogenated acetonitriles)
1,2-Dibromo-3-chloropropane

1,2-Dibromoethane (see Ethylene dibromide)
2,3-Dibromopropan-1-ol
Dichloroacetic acid
Dichloroacetonitrile (see also Halogenated acetonitriles)
Dichloroacetylene
ortho-Dichlorobenzene
meta-Dichlorobenzene
para-Dichlorobenzene
3,3′-Dichlorobenzidine
trans-1,4-Dichlorobutene
3,3′-Dichloro-4,4′-diaminodiphenyl ether
1,2-Dichloroethane
Dichloromethane
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3, 254 (1973); 32, 283 (1983);
Suppl. 7, 61 (1987)
32, 289 (1983) (corr. 42, 262);
Suppl. 7, 61 (1987)
3, 178 (1973) (corr. 43, 261);
32, 299 (1983); Suppl. 7, 61 (1987)
32, 309 (1983); Suppl. 7, 61 (1987)
3, 260 (1973); 32, 315 (1983);
Suppl. 7, 61 (1987)

32, 321 (1983); Suppl. 7, 61 (1987)
3, 197 (1973); Suppl. 7, 62 (1987)
3, 201 (1973); 32, 327 (1983);
Suppl. 7, 62 (1987)
3, 207 (1973); 32, 331 (1983);
Suppl. 7, 62 (1987)
3, 215 (1973); 32, 337 (1983);
Suppl. 7, 62 (1987)
3, 224 (1973); 32, 343 (1983);
Suppl. 7, 62 (1987)
69, 33 (1997)
71, 1369 (1999)
15, 139 (1977); 20, 83 (1979);
Suppl. 7, 191 (1987); 71, 479
(1999)
77, 439 (2000)
63, 271 (1995); 84, 359 (2004)
71, 1375 (1999)
39, 369 (1986); Suppl. 7, 62
(1987); 71, 1381 (1999)
7, 231 (1974); 29, 213 (1982);
Suppl. 7, 192 (1987); 73, 223 (1999)
73, 223 (1999)
7, 231 (1974); 29, 215 (1982);
Suppl. 7, 192 (1987); 73, 223 (1999)
4, 49 (1974); 29, 239 (1982);
Suppl. 7, 193 (1987)
15, 149 (1977); Suppl. 7, 62
(1987); 71, 1389 (1999)
16, 309 (1978); Suppl. 7, 62 (1987)
20, 429 (1979); Suppl. 7, 62
(1987); 71, 501 (1999)
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)
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1,3-Dichloropropene (technical-grade)
Dichlorvos
Dicofol
Dicyclohexylamine (see Cyclamates)
Didanosine
Dieldrin
Dienoestrol (see also Nonsteroidal oestrogens)
Diepoxybutane (see also 1,3-Butadiene)
Diesel and gasoline engine exhausts
Diesel fuels
Diethanolamine
Diethyl ether (see Anaesthetics, volatile)
Di(2-ethylhexyl) adipate
Di(2-ethylhexyl) phthalate
1,2-Diethylhydrazine
Diethylstilboestrol

Diethylstilboestrol dipropionate (see Diethylstilboestrol)
Diethyl sulfate

N,N′-Diethylthiourea
Diglycidyl resorcinol ether

Dihydrosafrole
1,8-Dihydroxyanthraquinone (see Dantron)
Dihydroxybenzenes (see Catechol; Hydroquinone; Resorcinol)
1,3-Dihydroxy-2-hydroxymethylanthraquinone
Dihydroxymethylfuratrizine
Diisopropyl sulfate
Dimethisterone (see also Progestins; Sequential oral contraceptives)
Dimethoxane
3,3′-Dimethoxybenzidine
3,3′-Dimethoxybenzidine-4,4′-diisocyanate
para-Dimethylaminoazobenzene
para-Dimethylaminoazobenzenediazo sodium sulfonate
trans-2-[(Dimethylamino)methylimino]-5-[2-(5-nitro-2-furyl)vinyl]-1,3,4-oxadiazole
4,4′-Dimethylangelicin plus ultraviolet radiation (see also
Angelicin and some synthetic derivatives)
4,5′-Dimethylangelicin plus ultraviolet radiation (see also
Angelicin and some synthetic derivatives)
2,6-Dimethylaniline
N,N-Dimethylaniline

41, 113 (1986); Suppl. 7, 195
(1987); 71, 933 (1999)
20, 97 (1979); Suppl. 7, 62 (1987);
53, 267 (1991)
30, 87 (1983); Suppl. 7, 62 (1987)
76, 153 (2000)
5, 125 (1974); Suppl. 7, 196 (1987)
21, 161 (1979); Suppl. 7, 278
(1987)
11, 115 (1976) (corr. 42, 255);
Suppl. 7, 62 (1987); 71, 109 (1999)
46, 41 (1989)
45, 219 (1989) (corr. 47, 505)
77, 349 (2000)
29, 257 (1982); Suppl. 7, 62
(1987); 77, 149 (2000)
29, 269 (1982) (corr. 42, 261);
Suppl. 7, 62 (1987); 77, 41 (2000)
4, 153 (1974); Suppl. 7, 62 (1987);
71, 1401 (1999)
6, 55 (1974); 21, 173 (1979)
(corr. 42, 259); Suppl. 7, 273
(1987)
4, 277 (1974); Suppl. 7, 198
(1987); 54, 213 (1992); 71, 1405
(1999)
79, 649 (2001)
11, 125 (1976); 36, 181 (1985);
Suppl. 7, 62 (1987); 71, 1417
(1999)
1, 170 (1972); 10, 233 (1976)
Suppl. 7, 62 (1987)

82, 129 (2002)
24, 77 (1980); Suppl. 7, 62 (1987)
54, 229 (1992); 71, 1421 (1999)
6, 167 (1974); 21, 377 (1979))
15, 177 (1977); Suppl. 7, 62 (1987)
4, 41 (1974); Suppl. 7, 198 (1987)
39, 279 (1986); Suppl. 7, 62 (1987)
8, 125 (1975); Suppl. 7, 62 (1987)
8, 147 (1975); Suppl. 7, 62 (1987)
7, 147 (1974) (corr. 42, 253);
Suppl. 7, 62 (1987)
Suppl. 7, 57 (1987)
Suppl. 7, 57 (1987)
57, 323 (1993)
57, 337 (1993)

CUMULATIVE INDEX
Dimethylarsinic acid (see Arsenic and arsenic compounds)
3,3′-Dimethylbenzidine
Dimethylcarbamoyl chloride
Dimethylformamide
1,1-Dimethylhydrazine
1,2-Dimethylhydrazine
Dimethyl hydrogen phosphite
1,4-Dimethylphenanthrene
Dimethyl sulfate
3,7-Dinitrofluoranthene
3,9-Dinitrofluoranthene
1,3-Dinitropyrene
1,6-Dinitropyrene
1,8-Dinitropyrene
Dinitrosopentamethylenetetramine
2,4-Dinitrotoluene
2,6-Dinitrotoluene
3,5-Dinitrotoluene
1,4-Dioxane
2,4′-Diphenyldiamine
Direct Black 38 (see also Benzidine-based dyes)
Direct Blue 6 (see also Benzidine-based dyes)
Direct Brown 95 (see also Benzidine-based dyes)
Disperse Blue 1
Disperse Yellow 3
Disulfiram
Dithranol
Divinyl ether (see Anaesthetics, volatile)
Doxefazepam
Doxylamine succinate
Droloxifene
Dry cleaning
Dulcin
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1, 87 (1972); Suppl. 7, 62 (1987)
12, 77 (1976); Suppl. 7, 199
(1987); 71, 531 (1999)
47, 171 (1989); 71, 545 (1999)
4, 137 (1974); Suppl. 7, 62 (1987);
71, 1425 (1999)
4, 145 (1974) (corr. 42, 253);
Suppl. 7, 62 (1987); 71, 947 (1999)
48, 85 (1990); 71, 1437 (1999)
32, 349 (1983); Suppl. 7, 62 (1987)
4, 271 (1974); Suppl. 7, 200
(1987); 71, 575 (1999)
46, 189 (1989); 65, 297 (1996)
46, 195 (1989); 65, 297 (1996)
46, 201 (1989)
46, 215 (1989)
33, 171 (1984); Suppl. 7, 63
(1987); 46, 231 (1989)
11, 241 (1976); Suppl. 7, 63 (1987)
65, 309 (1996) (corr. 66, 485)
65, 309 (1996) (corr. 66, 485)
65, 309 (1996)
11, 247 (1976); Suppl. 7, 201
(1987); 71, 589 (1999)
16, 313 (1978); Suppl. 7, 63 (1987)
29, 295 (1982) (corr. 42, 261)
29, 311 (1982)
29, 321 (1982)
48, 139 (1990)
8, 97 (1975); Suppl. 7, 60 (1987);
48, 149 (1990)
12, 85 (1976); Suppl. 7, 63 (1987)
13, 75 (1977); Suppl. 7, 63 (1987)
66, 97 (1996)
79, 145 (2001)
66, 241 (1996)
63, 33 (1995)
12, 97 (1976); Suppl. 7, 63 (1987)

E
Endrin
Enflurane (see Anaesthetics, volatile)
Eosin
Epichlorohydrin

5, 157 (1974); Suppl. 7, 63 (1987)
15, 183 (1977); Suppl. 7, 63 (1987)
11, 131 (1976) (corr. 42, 256);
Suppl. 7, 202 (1987); 71, 603
(1999)
47, 217 (1989); 71, 629 (1999)

1,2-Epoxybutane
1-Epoxyethyl-3,4-epoxycyclohexane (see 4-Vinylcyclohexene diepoxide)
3,4-Epoxy-6-methylcyclohexylmethyl 3,4-epoxy-6-methyl11, 147 (1976); Suppl. 7, 63
cyclohexane carboxylate
(1987); 71, 1441 (1999)
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cis-9,10-Epoxystearic acid
Epstein-Barr virus
d-Equilenin
Equilin
Erionite
Estazolam
Ethinyloestradiol
Ethionamide
Ethyl acrylate

Ethylbenzene
Ethylene

Ethylene dibromide
Ethylene oxide

Ethylene sulfide
Ethylenethiourea
2-Ethylhexyl acrylate
Ethyl methanesulfonate
N-Ethyl-N-nitrosourea
Ethyl selenac (see also Selenium and selenium compounds)
Ethyl tellurac
Ethynodiol diacetate

Etoposide
Eugenol
Evans blue
Extremely low-frequency electric fields
Extremely low-frequency magnetic fields

11, 153 (1976); Suppl. 7, 63
(1987); 71, 1443 (1999)
70, 47 (1997)
72, 399 (1999)
72, 399 (1999)
42, 225 (1987); Suppl. 7, 203
(1987)
66, 105 (1996)
6, 77 (1974); 21, 233 (1979);
Suppl. 7, 286 (1987); 72, 49 (1999)
13, 83 (1977); Suppl. 7, 63 (1987)
19, 57 (1979); 39, 81 (1986);
Suppl. 7, 63 (1987); 71, 1447
(1999)
77, 227 (2000)
19, 157 (1979); Suppl. 7, 63
(1987); 60, 45 (1994); 71, 1447
(1999)
15, 195 (1977); Suppl. 7, 204
(1987); 71, 641 (1999)
11, 157 (1976); 36, 189 (1985)
(corr. 42, 263); Suppl. 7, 205
(1987); 60, 73 (1994)
11, 257 (1976); Suppl. 7, 63 (1987)
7, 45 (1974); Suppl. 7, 207 (1987);
79, 659 (2001)
60, 475 (1994)
7, 245 (1974); Suppl. 7, 63 (1987)
1, 135 (1972); 17, 191 (1978);
Suppl. 7, 63 (1987)
12, 107 (1976); Suppl. 7, 63 (1987)
12, 115 (1976); Suppl. 7, 63 (1987)
6, 173 (1974); 21, 387 (1979);
Suppl. 7, 292 (1987); 72, 49
(1999)
76, 177 (2000)
36, 75 (1985); Suppl. 7, 63 (1987)
8, 151 (1975); Suppl. 7, 63 (1987)
80 (2002)
80 (2002)

F
Fast Green FCF
Fenvalerate
Ferbam
Ferric oxide
Ferrochromium (see Chromium and chromium compounds)
Fluometuron
Fluoranthene
Fluorene
Fluorescent lighting (exposure to) (see Ultraviolet radiation)

16, 187 (1978); Suppl. 7, 63 (1987)
53, 309 (1991)
12, 121 (1976) (corr. 42, 256);
Suppl. 7, 63 (1987)
1, 29 (1972); Suppl. 7, 216 (1987)
30, 245 (1983); Suppl. 7, 63 (1987)
32, 355 (1983); Suppl. 7, 63 (1987)
32, 365 (1983); Suppl. 7, 63 (1987)

CUMULATIVE INDEX
Fluorides (inorganic, used in drinking-water)
5-Fluorouracil
Fluorspar (see Fluorides)
Fluosilicic acid (see Fluorides)
Fluroxene (see Anaesthetics, volatile)
Foreign bodies
Formaldehyde

2-(2-Formylhydrazino)-4-(5-nitro-2-furyl)thiazole
Frusemide (see Furosemide)
Fuel oils (heating oils)
Fumonisin B1 (see also Toxins derived from Fusarium moniliforme)
Fumonisin B2 (see Toxins derived from Fusarium moniliforme)
Furan
Furazolidone
Furfural
Furniture and cabinet-making
Furosemide
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)
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27, 237 (1982); Suppl. 7, 208
(1987)
26, 217 (1981); Suppl. 7, 210
(1987)

74 (1999)
29, 345 (1982); Suppl. 7, 211
(1987); 62, 217 (1995) (corr. 65,
549; corr. 66, 485); 88, 39 (2006)
7, 151 (1974) (corr. 42, 253);
Suppl. 7, 63 (1987)
45, 239 (1989) (corr. 47, 505)
82, 301 (2002)
63, 393 (1995)
31, 141 (1983); Suppl. 7, 63 (1987)
63, 409 (1995)
25, 99 (1981); Suppl. 7, 380 (1987)
50, 277 (1990)

G
Gallium arsenide
Gamma (γ)-radiation
Gasoline
Gasoline engine exhaust (see Diesel and gasoline engine exhausts)
Gemfibrozil
Glass fibres (see Man-made mineral fibres)
Glass manufacturing industry, occupational exposures in
Glass wool (see Man-made vitreous fibres)
Glass filaments (see Man-made mineral fibres)
Glu-P-1
Glu-P-2
L-Glutamic acid, 5-[2-(4-hydroxymethyl)phenylhydrazide]
(see Agaritine)
Glycidaldehyde
Glycidol
Glycidyl ethers
Glycidyl oleate
Glycidyl stearate
Griseofulvin

86, 163 (2006)
75, 121 (2000)
45, 159 (1989) (corr. 47, 505)
66, 427 (1996)
58, 347 (1993)

40, 223 (1986); Suppl. 7, 64 (1987)
40, 235 (1986); Suppl. 7, 64 (1987)

11, 175 (1976); Suppl. 7, 64
(1987); 71, 1459 (1999)
77, 469 (2000)
47, 237 (1989); 71, 1285, 1417,
1525, 1539 (1999)
11, 183 (1976); Suppl. 7, 64 (1987)
11, 187 (1976); Suppl. 7, 64 (1987)
10, 153 (1976); Suppl. 7, 64, 391
(1987); 79, 289 (2001)

510

IARC MONOGRAPHS VOLUME 91

Guinea Green B
Gyromitrin

16, 199 (1978); Suppl. 7, 64 (1987)
31, 163 (1983); Suppl. 7, 64, 391
(1987)

H
Haematite
Haematite and ferric oxide
Haematite mining, underground, with exposure to radon
Hairdressers and barbers (occupational exposure as)
Hair dyes, epidemiology of
Halogenated acetonitriles
Halothane (see Anaesthetics, volatile)
HC Blue No. 1
HC Blue No. 2
α-HCH (see Hexachlorocyclohexanes)
β-HCH (see Hexachlorocyclohexanes)
γ-HCH (see Hexachlorocyclohexanes)
HC Red No. 3
HC Yellow No. 4
Heating oils (see Fuel oils)
Helicobacter pylori (infection with)
Hepatitis B virus
Hepatitis C virus
Hepatitis D virus
Heptachlor (see also Chlordane/Heptachlor)
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclohexanes

Hexachlorocyclohexane, technical-grade (see Hexachlorocyclohexanes)
Hexachloroethane
Hexachlorophene
Hexamethylphosphoramide
Hexoestrol (see also Nonsteroidal oestrogens)
Hormonal contraceptives, progestogens only
Human herpesvirus 8
Human immunodeficiency viruses
Human papillomaviruses
Human T-cell lymphotropic viruses
Hycanthone mesylate
Hydralazine
Hydrazine
Hydrochloric acid
Hydrochlorothiazide

1, 29 (1972); Suppl. 7, 216 (1987)
Suppl. 7, 216 (1987)
1, 29 (1972); Suppl. 7, 216 (1987)
57, 43 (1993)
16, 29 (1978); 27, 307 (1982)
52, 269 (1991); 71, 1325, 1369,
1375, 1533 (1999)
57, 129 (1993)
57, 143 (1993)

57, 153 (1993)
57, 159 (1993)
61, 177 (1994)
59, 45 (1994)
59, 165 (1994)
59, 223 (1994)
5, 173 (1974); 20, 129 (1979)
20, 155 (1979); Suppl. 7, 219
(1987); 79, 493 (2001)
20, 179 (1979); Suppl. 7, 64 (1987);
73, 277 (1999)
5, 47 (1974); 20, 195 (1979)
(corr. 42, 258); Suppl. 7, 220
(1987)
20, 467 (1979); Suppl. 7, 64 (1987);
73, 295 (1999)
20, 241 (1979); Suppl. 7, 64 (1987)
15, 211 (1977); Suppl. 7, 64
(1987); 71, 1465 (1999)
Suppl. 7, 279 (1987)
72, 339 (1999)
70, 375 (1997)
67, 31 (1996)
64 (1995) (corr. 66, 485);
90 (2007)
67, 261 (1996)
13, 91 (1977); Suppl. 7, 64 (1987)
24, 85 (1980); Suppl. 7, 222 (1987)
4, 127 (1974); Suppl. 7, 223
(1987); 71, 991 (1999)
54, 189 (1992)
50, 293 (1990)

CUMULATIVE INDEX
Hydrogen peroxide
Hydroquinone
1-Hydroxyanthraquinone
4-Hydroxyazobenzene
17α-Hydroxyprogesterone caproate (see also Progestins)
8-Hydroxyquinoline
8-Hydroxysenkirkine
Hydroxyurea
Hypochlorite salts
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36, 285 (1985); Suppl. 7, 64
(1987); 71, 671 (1999)
15, 155 (1977); Suppl. 7, 64
(1987); 71, 691 (1999)
82, 129 (2002)
8, 157 (1975); Suppl. 7, 64 (1987)
21, 399 (1979) (corr. 42, 259)
13, 101 (1977); Suppl. 7, 64 (1987)
10, 265 (1976); Suppl. 7, 64 (1987)
76, 347 (2000)
52, 159 (1991)

I
Implants, surgical
Indeno[1,2,3-cd]pyrene
Indium phosphide
Inorganic acids (see Sulfuric acid and other strong inorganic acids,
occupational exposures to mists and vapours from)
Inorganic lead compounds
Insecticides, occupational exposures in spraying and application of
Insulation glass wool (see Man-made vitreous fibres)
Involuntary smoking
Ionizing radiation (see Neutrons, γ- and X-radiation)
IQ
Iron and steel founding
Iron-dextran complex
Iron-dextrin complex
Iron oxide (see Ferric oxide)
Iron oxide, saccharated (see Saccharated iron oxide)
Iron sorbitol-citric acid complex
Isatidine
Isoflurane (see Anaesthetics, volatile)
Isoniazid (see Isonicotinic acid hydrazide)
Isonicotinic acid hydrazide
Isophosphamide
Isoprene
Isopropanol
Isopropanol manufacture (strong-acid process)
(see also Isopropanol; Sulfuric acid and other strong inorganic
acids, occupational exposures to mists and vapours from)
Isopropyl oils
Isosafrole

74, 1999
3, 229 (1973); 32, 373 (1983);
Suppl. 7, 64 (1987)
86, 197 (2006)

Suppl. 7, 230 (1987); 87 (2006)
53, 45 (1991)
83, 1189 (2004)
40, 261 (1986); Suppl. 7, 64
(1987); 56, 165 (1993)
34, 133 (1984); Suppl. 7, 224
(1987)
2, 161 (1973); Suppl. 7, 226 (1987)
2, 161 (1973) (corr. 42, 252);
Suppl. 7, 64 (1987)

2, 161 (1973); Suppl. 7, 64 (1987)
10, 269 (1976); Suppl. 7, 65 (1987)

4, 159 (1974); Suppl. 7, 227 (1987)
26, 237 (1981); Suppl. 7, 65 (1987)
60, 215 (1994); 71, 1015 (1999)
15, 223 (1977); Suppl. 7, 229
(1987); 71, 1027 (1999)
Suppl. 7, 229 (1987)

15, 223 (1977); Suppl. 7, 229
(1987); 71, 1483 (1999)
1, 169 (1972); 10, 232 (1976);
Suppl. 7, 65 (1987)
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J
Jacobine
Jet fuel
Joinery (see Carpentry and joinery)

10, 275 (1976); Suppl. 7, 65 (1987)
45, 203 (1989)

K
Kaempferol
Kaposi’s sarcoma herpesvirus
Kepone (see Chlordecone)
Kojic acid

31, 171 (1983); Suppl. 7, 65 (1987)
70, 375 (1997)
79, 605 (2001)

L
Lasiocarpine
Lauroyl peroxide
Lead acetate (see Lead and lead compounds)
Lead and lead compounds (see also Foreign bodies)

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
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
Leather industries
Leather tanning and processing
Ledate (see also Lead and lead compounds)
Levonorgestrel
Light Green SF
d-Limonene
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)
Luteoskyrin

10, 281 (1976); Suppl. 7, 65 (1987)
36, 315 (1985); Suppl. 7, 65
(1987); 71, 1485 (1999)
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)

Suppl. 7, 230 (1987); 87 (2006)

25, 279 (1981); Suppl. 7, 235
(1987)
25, 199 (1981); Suppl. 7, 232
(1987)
25, 201 (1981); Suppl. 7, 236
(1987)
12, 131 (1976)
72, 49 (1999)
16, 209 (1978); Suppl. 7, 65 (1987)
56, 135 (1993); 73, 307 (1999)

25, 49 (1981); Suppl. 7, 383 (1987)
10, 163 (1976); Suppl. 7, 65 (1987)

CUMULATIVE INDEX
Lynoestrenol
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21, 407 (1979); Suppl. 7, 293
(1987); 72, 49 (1999)

M
Madder root (see also Rubia tinctorum)
Magenta

Magenta, manufacture of (see also Magenta)
Malathion
Maleic hydrazide
Malonaldehyde
Malondialdehyde (see Malonaldehyde)
Maneb
Man-made mineral fibres (see Man-made vitreous fibres)
Man-made vitreous fibres
Mannomustine
Mate
MCPA (see also Chlorophenoxy herbicides; Chlorophenoxy
herbicides, occupational exposures to)
MeA-α-C
Medphalan
Medroxyprogesterone acetate

Megestrol acetate
MeIQ
MeIQx
Melamine
Melphalan
6-Mercaptopurine
Mercuric chloride (see Mercury and mercury compounds)
Mercury and mercury compounds
Merphalan
Mestranol

82, 129 (2002)
4, 57 (1974) (corr. 42, 252);
Suppl. 7, 238 (1987); 57, 215
(1993)
Suppl. 7, 238 (1987); 57, 215
(1993)
30, 103 (1983); Suppl. 7, 65 (1987)
4, 173 (1974) (corr. 42, 253);
Suppl. 7, 65 (1987)
36, 163 (1985); Suppl. 7, 65
(1987); 71, 1037 (1999)
12, 137 (1976); Suppl. 7, 65 (1987)
43, 39 (1988); 81 (2002)
9, 157 (1975); Suppl. 7, 65 (1987)
51, 273 (1991)
30, 255 (1983)
40, 253 (1986); Suppl. 7, 65 (1987)
9, 168 (1975); Suppl. 7, 65 (1987)
6, 157 (1974); 21, 417 (1979)
(corr. 42, 259); Suppl. 7, 289
(1987); 72, 339 (1999)
Suppl. 7, 293 (1987); 72, 49 (1999)
40, 275 (1986); Suppl. 7, 65
(1987); 56, 197 (1993)
40, 283 (1986); Suppl. 7, 65 (1987)
56, 211 (1993)
39, 333 (1986); Suppl. 7, 65
(1987); 73, 329 (1999)
9, 167 (1975); Suppl. 7, 239 (1987)
26, 249 (1981); Suppl. 7, 240
(1987)
58, 239 (1993)
9, 169 (1975); Suppl. 7, 65 (1987)
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)

514

IARC MONOGRAPHS VOLUME 91

Methoxychlor
Methoxyflurane (see Anaesthetics, volatile)
5-Methoxypsoralen
8-Methoxypsoralen (see also 8-Methoxypsoralen plus ultraviolet
radiation)
8-Methoxypsoralen plus ultraviolet radiation
Methyl acrylate

5-Methylangelicin plus ultraviolet radiation (see also Angelicin
and some synthetic derivatives)
2-Methylaziridine
Methylazoxymethanol acetate (see also Cycasin)
Methyl bromide

Methyl tert-butyl ether
Methyl carbamate
Methyl-CCNU (see 1-(2-Chloroethyl)-3-(4-methylcyclohexyl)1-nitrosourea)
Methyl chloride
1-, 2-, 3-, 4-, 5- and 6-Methylchrysenes
N-Methyl-N,4-dinitrosoaniline
4,4′-Methylene bis(2-chloroaniline)

4,4′-Methylene bis(N,N-dimethyl)benzenamine
4,4′-Methylene bis(2-methylaniline)
4,4′-Methylenedianiline
4,4′-Methylenediphenyl diisocyanate
2-Methylfluoranthene
3-Methylfluoranthene
Methylglyoxal
Methyl iodide

Methylmercury chloride (see Mercury and mercury compounds)
Methylmercury compounds (see Mercury and mercury compounds)
Methyl methacrylate
Methyl methanesulfonate
2-Methyl-1-nitroanthraquinone
N-Methyl-N′-nitro-N-nitrosoguanidine
3-Methylnitrosaminopropionaldehyde [see 3-(N-Nitrosomethylamino)propionaldehyde]

5, 193 (1974); 20, 259 (1979);
Suppl. 7, 66 (1987)
40, 327 (1986); Suppl. 7, 242
(1987)
24, 101 (1980)
Suppl. 7, 243 (1987)
19, 52 (1979); 39, 99 (1986);
Suppl. 7, 66 (1987); 71, 1489
(1999)
Suppl. 7, 57 (1987)
9, 61 (1975); Suppl. 7, 66 (1987);
71, 1497 (1999)
1, 164 (1972); 10, 131 (1976);
Suppl. 7, 66 (1987)
41, 187 (1986) (corr. 45, 283);
Suppl. 7, 245 (1987); 71, 721
(1999)
73, 339 (1999)
12, 151 (1976); Suppl. 7, 66 (1987)

41, 161 (1986); Suppl. 7, 246
(1987); 71, 737 (1999)
32, 379 (1983); Suppl. 7, 66 (1987)
1, 141 (1972); Suppl. 7, 66 (1987)
4, 65 (1974) (corr. 42, 252);
Suppl. 7, 246 (1987); 57, 271
(1993)
27, 119 (1982); Suppl. 7, 66 (1987)
4, 73 (1974); Suppl. 7, 248 (1987)
4, 79 (1974) (corr. 42, 252);
39, 347 (1986); Suppl. 7, 66 (1987)
19, 314 (1979); Suppl. 7, 66
(1987); 71, 1049 (1999)
32, 399 (1983); Suppl. 7, 66 (1987)
32, 399 (1983); Suppl. 7, 66 (1987)
51, 443 (1991)
15, 245 (1977); 41, 213 (1986);
Suppl. 7, 66 (1987); 71, 1503
(1999)

19, 187 (1979); Suppl. 7, 66
(1987); 60, 445 (1994)
7, 253 (1974); Suppl. 7, 66 (1987);
71, 1059 (1999)
27, 205 (1982); Suppl. 7, 66 (1987)
4, 183 (1974); Suppl. 7, 248 (1987)

CUMULATIVE INDEX
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3-Methylnitrosaminopropionitrile [see 3-(N-Nitrosomethylamino)propionitrile]
4-(Methylnitrosamino)-4-(3-pyridyl)-1-butanal [see 4-(N-Nitrosomethylamino)-4-(3-pyridyl)-1-butanal]
4-(Methylnitrosamino)-1-(3-pyridyl)-1-butanone [see 4-(N-Nitrosomethylamino)-1-(3-pyridyl)-1-butanone]
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)
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)
Mineral oils
3, 30 (1973); 33, 87 (1984)
(corr. 42, 262); Suppl. 7, 252
(1987)
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)
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
Suppl. 7, 254 (1987)
alkylating agents
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]-27, 161 (1974); Suppl. 7, 67 (1987)
oxazolidinone
Musk ambrette
65, 477 (1996)
Musk xylene
65, 477 (1996)
Mustard gas
9, 181 (1975) (corr. 42, 254);
Suppl. 7, 259 (1987)
Myleran (see 1,4-Butanediol dimethanesulfonate)
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N
Nafenopin
Naphthalene
1,5-Naphthalenediamine
1,5-Naphthalene diisocyanate
1-Naphthylamine
2-Naphthylamine
1-Naphthylthiourea
Neutrons
Nickel acetate (see Nickel and nickel compounds)
Nickel ammonium sulfate (see Nickel and nickel compounds)
Nickel and nickel compounds (see also Implants, surgical)

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)
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
Nithiazide
Nitrilotriacetic acid and its salts
5-Nitroacenaphthene
5-Nitro-ortho-anisidine
2-Nitroanisole
9-Nitroanthracene
7-Nitrobenz[a]anthracene
Nitrobenzene
6-Nitrobenzo[a]pyrene
4-Nitrobiphenyl
6-Nitrochrysene
Nitrofen (technical-grade)
3-Nitrofluoranthene
2-Nitrofluorene
Nitrofural
5-Nitro-2-furaldehyde semicarbazone (see Nitrofural)
Nitrofurantoin
Nitrofurazone (see Nitrofural)
1-[(5-Nitrofurfurylidene)amino]-2-imidazolidinone
N-[4-(5-Nitro-2-furyl)-2-thiazolyl]acetamide
Nitrogen mustard

24, 125 (1980); Suppl. 7, 67 (1987)
82, 367 (2002)
27, 127 (1982); Suppl. 7, 67 (1987)
19, 311 (1979); Suppl. 7, 67
(1987); 71, 1515 (1999)
4, 87 (1974) (corr. 42, 253);
Suppl. 7, 260 (1987)
4, 97 (1974); Suppl. 7, 261 (1987)
30, 347 (1983); Suppl. 7, 263
(1987)
75, 361 (2000)

2, 126 (1973) (corr. 42, 252); 11,
75 (1976); Suppl. 7, 264 (1987)
(corr. 45, 283); 49, 257 (1990)
(corr. 67, 395)

13, 123 (1977); Suppl. 7, 67 (1987)
31, 179 (1983); Suppl. 7, 67 (1987)
48, 181 (1990); 73, 385 (1999)
16, 319 (1978); Suppl. 7, 67 (1987)
27, 133 (1982); Suppl. 7, 67 (1987)
65, 369 (1996)
33, 179 (1984); Suppl. 7, 67 (1987)
46, 247 (1989)
65, 381 (1996)
33, 187 (1984); Suppl. 7, 67
(1987); 46, 255 (1989)
4, 113 (1974); Suppl. 7, 67 (1987)
33, 195 (1984); Suppl. 7, 67
(1987); 46, 267 (1989)
30, 271 (1983); Suppl. 7, 67 (1987)
33, 201 (1984); Suppl. 7, 67 (1987)
46, 277 (1989)
7, 171 (1974); Suppl. 7, 67 (1987);
50, 195 (1990)
50, 211 (1990)
7, 181 (1974); Suppl. 7, 67 (1987)
1, 181 (1972); 7, 185 (1974);
Suppl. 7, 67 (1987)
9, 193 (1975); Suppl. 7, 269 (1987)
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Nitrogen mustard N-oxide
Nitromethane
1-Nitronaphthalene
2-Nitronaphthalene
3-Nitroperylene
2-Nitro-para-phenylenediamine (see 1,4-Diamino-2-nitrobenzene)
2-Nitropropane
1-Nitropyrene
2-Nitropyrene
4-Nitropyrene
N-Nitrosatable drugs
N-Nitrosatable pesticides
N′-Nitrosoanabasine (NAB)
N′-Nitrosoanatabine (NAT)
N-Nitrosodi-n-butylamine
N-Nitrosodiethanolamine
N-Nitrosodiethylamine

N-Nitrosodimethylamine
N-Nitrosodiphenylamine
para-Nitrosodiphenylamine
N-Nitrosodi-n-propylamine
N-Nitroso-N-ethylurea (see N-Ethyl-N-nitrosourea)
N-Nitrosofolic acid
N-Nitrosoguvacine
N-Nitrosoguvacoline
N-Nitrosohydroxyproline
3-(N-Nitrosomethylamino)propionaldehyde
3-(N-Nitrosomethylamino)propionitrile
4-(N-Nitrosomethylamino)-4-(3-pyridyl)-1-butanal
4-(N-Nitrosomethylamino)-1-(3-pyridyl)-1-butanone (NNK)
N-Nitrosomethylethylamine
N-Nitroso-N-methylurea (see N-Methyl-N-nitrosourea)
N-Nitroso-N-methylurethane (see N-Methyl-N-nitrosourethane)
N-Nitrosomethylvinylamine
N-Nitrosomorpholine
N′-Nitrosonornicotine (NNN)
N-Nitrosopiperidine
N-Nitrosoproline
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9, 209 (1975); Suppl. 7, 67 (1987)
77, 487 (2000)
46, 291 (1989)
46, 303 (1989)
46, 313 (1989)
29, 331 (1982); Suppl. 7, 67
(1987); 71, 1079 (1999)
33, 209 (1984); Suppl. 7, 67
(1987); 46, 321 (1989)
46, 359 (1989)
46, 367 (1989)
24, 297 (1980) (corr. 42, 260)
30, 359 (1983)
37, 225 (1985); Suppl. 7, 67
(1987); 89, 419 (2007)
37, 233 (1985); Suppl. 7, 67
(1987); 89, 419 (2007)
4, 197 (1974); 17, 51 (1978);
Suppl. 7, 67 (1987)
17, 77 (1978); Suppl. 7, 67 (1987);
77, 403 (2000)
1, 107 (1972) (corr. 42, 251);
17, 83 (1978) (corr. 42, 257);
Suppl. 7, 67 (1987)
1, 95 (1972); 17, 125 (1978)
(corr. 42, 257); Suppl. 7, 67 (1987)
27, 213 (1982); Suppl. 7, 67 (1987)
27, 227 (1982) (corr. 42, 261);
Suppl. 7, 68 (1987)
17, 177 (1978); Suppl. 7, 68 (1987)
17, 217 (1978); Suppl. 7, 68 (1987)
37, 263 (1985); Suppl. 7, 68
(1987); 85, 281 (2004)
37, 263 (1985); Suppl. 7, 68
(1987); 85, 281 (2004)
17, 304 (1978); Suppl. 7, 68 (1987)
37, 263 (1985); Suppl. 7, 68
(1987); 85, 281 (2004)
37, 263 (1985); Suppl. 7, 68
(1987); 85, 281 (2004)
37, 205 (1985); Suppl. 7, 68 (1987)
37, 209 (1985); Suppl. 7, 68
(1987); 89, 419 (2007)
17, 221 (1978); Suppl. 7, 68 (1987)

17, 257 (1978); Suppl. 7, 68 (1987)
17, 263 (1978); Suppl. 7, 68 (1987)
17, 281 (1978); 37, 241 (1985);
Suppl. 7, 68 (1987); 89, 419 (2007)
17, 287 (1978); Suppl. 7, 68 (1987)
17, 303 (1978); Suppl. 7, 68 (1987)
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N-Nitrosopyrrolidine
N-Nitrososarcosine
Nitrosoureas, chloroethyl (see Chloroethyl nitrosoureas)
5-Nitro-ortho-toluidine
2-Nitrotoluene
3-Nitrotoluene
4-Nitrotoluene
Nitrous oxide (see Anaesthetics, volatile)
Nitrovin
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)
Nonsteroidal oestrogens
Norethisterone

Norethisterone acetate
Norethynodrel

Norgestrel
Nylon 6

17, 313 (1978); Suppl. 7, 68 (1987)
17, 327 (1978); Suppl. 7, 68 (1987)
48, 169 (1990)
65, 409 (1996)
65, 409 (1996)
65, 409 (1996)
31, 185 (1983); Suppl. 7, 68 (1987)

Suppl. 7, 273 (1987)
6, 179 (1974); 21, 461 (1979);
Suppl. 7, 294 (1987); 72, 49
(1999)
72, 49 (1999)
6, 191 (1974); 21, 461 (1979)
(corr. 42, 259); Suppl. 7, 295
(1987); 72, 49 (1999)
6, 201 (1974); 21, 479 (1979);
Suppl. 7, 295 (1987); 72, 49 (1999)
19, 120 (1979); Suppl. 7, 68 (1987)

O
Ochratoxin A

Oestradiol

Oestradiol-17β (see Oestradiol)
Oestradiol 3-benzoate (see Oestradiol)
Oestradiol dipropionate (see Oestradiol)
Oestradiol mustard
Oestradiol valerate (see Oestradiol)
Oestriol

Oestrogen replacement therapy (see Post-menopausal oestrogen
therapy)
Oestrogens (see Oestrogens, progestins and combinations)
Oestrogens, conjugated (see Conjugated oestrogens)
Oestrogens, nonsteroidal (see Nonsteroidal oestrogens)
Oestrogens, progestins (progestogens) and combinations

Oestrogens, steroidal (see Steroidal oestrogens)
Oestrone

10, 191 (1976); 31, 191 (1983)
(corr. 42, 262); Suppl. 7, 271
(1987); 56, 489 (1993)
6, 99 (1974); 21, 279 (1979);
Suppl. 7, 284 (1987); 72, 399
(1999)

9, 217 (1975); Suppl. 7, 68 (1987)
6, 117 (1974); 21, 327 (1979);
Suppl. 7, 285 (1987); 72, 399
(1999)

6 (1974); 21 (1979); Suppl. 7, 272
(1987); 72, 49, 339, 399, 531
(1999)
6, 123 (1974); 21, 343 (1979)
(corr. 42, 259); Suppl. 7, 286
(1987); 72, 399 (1999)

CUMULATIVE INDEX
Oestrone benzoate (see Oestrone)
Oil Orange SS
Opisthorchis felineus (infection with)
Opisthorchis viverrini (infection with)
Oral contraceptives, sequential (see Sequential oral contraceptives)
Orange I
Orange G
Organic lead compounds
Organolead compounds (see Organic lead compounds)
Oxazepam
Oxymetholone (see also Androgenic (anabolic) steroids)
Oxyphenbutazone
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8, 165 (1975); Suppl. 7, 69 (1987)
61, 121 (1994)
61, 121 (1994)
8, 173 (1975); Suppl. 7, 69 (1987)
8, 181 (1975); Suppl. 7, 69 (1987)
Suppl. 7, 230 (1987); 87 (2006)
13, 58 (1977); Suppl. 7, 69 (1987);
66, 115 (1996)
13, 131 (1977)
13, 185 (1977); Suppl. 7, 69 (1987)

P
Paint manufacture and painting (occupational exposures in)
Palygorskite
Panfuran S (see also Dihydroxymethylfuratrizine)
Paper manufacture (see Pulp and paper manufacture)
Paracetamol
Parasorbic acid
Parathion
Patulin
Penicillic acid
Pentachloroethane
Pentachloronitrobenzene (see Quintozene)
Pentachlorophenol (see also Chlorophenols; Chlorophenols,
occupational exposures to; Polychlorophenols and their sodium salts)
Permethrin
Perylene
Petasitenine
Petasites japonicus (see also Pyrrolizidine alkaloids)
Petroleum refining (occupational exposures in)
Petroleum solvents
Phenacetin
Phenanthrene
Phenazopyridine hydrochloride

Phenelzine sulfate
Phenicarbazide
Phenobarbital and its sodium salt
Phenol
Phenolphthalein

47, 329 (1989)
42, 159 (1987); Suppl. 7, 117
(1987); 68, 245 (1997)
24, 77 (1980); Suppl. 7, 69 (1987)
50, 307 (1990); 73, 401 (1999)
10, 199 (1976) (corr. 42, 255);
Suppl. 7, 69 (1987)
30, 153 (1983); Suppl. 7, 69 (1987)
10, 205 (1976); 40, 83 (1986);
Suppl. 7, 69 (1987)
10, 211 (1976); Suppl. 7, 69 (1987)
41, 99 (1986); Suppl. 7, 69 (1987);
71, 1519 (1999)
20, 303 (1979); 53, 371 (1991)
53, 329 (1991)
32, 411 (1983); Suppl. 7, 69 (1987)
31, 207 (1983); Suppl. 7, 69 (1987)
10, 333 (1976)
45, 39 (1989)
47, 43 (1989)
13, 141 (1977); 24, 135 (1980);
Suppl. 7, 310 (1987)
32, 419 (1983); Suppl. 7, 69 (1987)
8, 117 (1975); 24, 163 (1980)
(corr. 42, 260); Suppl. 7, 312
(1987)
24, 175 (1980); Suppl. 7, 312
(1987)
12, 177 (1976); Suppl. 7, 70 (1987)
13, 157 (1977); Suppl. 7, 313
(1987); 79, 161 (2001)
47, 263 (1989) (corr. 50, 385); 71,
749 (1999)
76, 387 (2000)
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Phenoxyacetic acid herbicides (see Chlorophenoxy herbicides)
Phenoxybenzamine hydrochloride
Phenylbutazone
meta-Phenylenediamine
para-Phenylenediamine
Phenyl glycidyl ether (see also Glycidyl ethers)
N-Phenyl-2-naphthylamine
ortho-Phenylphenol
Phenytoin
Phillipsite (see Zeolites)
PhIP
Pickled vegetables
Picloram
Piperazine oestrone sulfate (see Conjugated oestrogens)
Piperonyl butoxide
Pitches, coal-tar (see Coal-tar pitches)
Polyacrylic acid
Polybrominated biphenyls
Polychlorinated biphenyls

Polychlorinated camphenes (see Toxaphene)
Polychlorinated dibenzo-para-dioxins (other than
2,3,7,8-tetrachlorodibenzodioxin)
Polychlorinated dibenzofurans
Polychlorophenols and their sodium salts
Polychloroprene
Polyethylene (see also Implants, surgical)
Poly(glycolic acid) (see Implants, surgical)
Polymethylene polyphenyl isocyanate (see also 4,4′-Methylenediphenyl
diisocyanate)
Polymethyl methacrylate (see also Implants, surgical)
Polyoestradiol phosphate (see Oestradiol-17β)
Polypropylene (see also Implants, surgical)
Polystyrene (see also Implants, surgical)
Polytetrafluoroethylene (see also Implants, surgical)
Polyurethane foams (see also Implants, surgical)
Polyvinyl acetate (see also Implants, surgical)
Polyvinyl alcohol (see also Implants, surgical)
Polyvinyl chloride (see also Implants, surgical)
Polyvinyl pyrrolidone
Ponceau MX
Ponceau 3R
Ponceau SX
Post-menopausal oestrogen therapy

9, 223 (1975); 24, 185 (1980);
Suppl. 7, 70 (1987)
13, 183 (1977); Suppl. 7, 316
(1987)
16, 111 (1978); Suppl. 7, 70 (1987)
16, 125 (1978); Suppl. 7, 70 (1987)
71, 1525 (1999)
16, 325 (1978) (corr. 42, 257);
Suppl. 7, 318 (1987)
30, 329 (1983); Suppl. 7, 70
(1987); 73, 451 (1999)
13, 201 (1977); Suppl. 7, 319
(1987); 66, 175 (1996)
56, 229 (1993)
56, 83 (1993)
53, 481 (1991)
30, 183 (1983); Suppl. 7, 70 (1987)
19, 62 (1979); Suppl. 7, 70 (1987)
18, 107 (1978); 41, 261 (1986);
Suppl. 7, 321 (1987)
7, 261 (1974); 18, 43 (1978)
(corr. 42, 258); Suppl. 7, 322
(1987)
69, 33 (1997)
69, 345 (1997)
71, 769 (1999)
19, 141 (1979); Suppl. 7, 70 (1987)
19, 164 (1979); Suppl. 7, 70 (1987)
19, 314 (1979); Suppl. 7, 70 (1987)
19, 195 (1979); Suppl. 7, 70 (1987)
19, 218 (1979); Suppl. 7, 70 (1987)
19, 245 (1979); Suppl. 7, 70 (1987)
19, 288 (1979); Suppl. 7, 70 (1987)
19, 320 (1979); Suppl. 7, 70 (1987)
19, 346 (1979); Suppl. 7, 70 (1987)
19, 351 (1979); Suppl. 7, 70 (1987)
7, 306 (1974); 19, 402 (1979);
Suppl. 7, 70 (1987)
19, 463 (1979); Suppl. 7, 70
(1987); 71, 1181 (1999)
8, 189 (1975); Suppl. 7, 70 (1987)
8, 199 (1975); Suppl. 7, 70 (1987)
8, 207 (1975); Suppl. 7, 70 (1987)
Suppl. 7, 280 (1987); 72, 399
(1999)

CUMULATIVE INDEX
Potassium arsenate (see Arsenic and arsenic compounds)
Potassium arsenite (see Arsenic and arsenic compounds)
Potassium bis(2-hydroxyethyl)dithiocarbamate
Potassium bromate
Potassium chromate (see Chromium and chromium compounds)
Potassium dichromate (see Chromium and chromium compounds)
Prazepam
Prednimustine
Prednisone
Printing processes and printing inks
Procarbazine hydrochloride
Proflavine salts
Progesterone (see also Progestins; Combined oral contraceptives)
Progestins (see Progestogens)
Progestogens
Pronetalol hydrochloride
1,3-Propane sultone

Propham
β-Propiolactone

n-Propyl carbamate
Propylene
Propyleneimine (see 2-Methylaziridine)
Propylene oxide

Propylthiouracil
Ptaquiloside (see also Bracken fern)
Pulp and paper manufacture
Pyrene
Pyridine
Pyrido[3,4-c]psoralen
Pyrimethamine
Pyrrolizidine alkaloids (see Hydroxysenkirkine; Isatidine; Jacobine;
Lasiocarpine; Monocrotaline; Retrorsine; Riddelliine; Seneciphylline;
Senkirkine)

Q
Quartz (see Crystalline silica)
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12, 183 (1976); Suppl. 7, 70 (1987)
40, 207 (1986); Suppl. 7, 70 (1987);
73, 481 (1999)

66, 143 (1996)
50, 115 (1990)
26, 293 (1981); Suppl. 7, 326
(1987)
65, 33 (1996)
26, 311 (1981); Suppl. 7, 327
(1987)
24, 195 (1980); Suppl. 7, 70 (1987)
6, 135 (1974); 21, 491 (1979)
(corr. 42, 259)
Suppl. 7, 289 (1987); 72, 49, 339,
531 (1999)
13, 227 (1977) (corr. 42, 256);
Suppl. 7, 70 (1987)
4, 253 (1974) (corr. 42, 253);
Suppl. 7, 70 (1987); 71, 1095
(1999)
12, 189 (1976); Suppl. 7, 70 (1987)
4, 259 (1974) (corr. 42, 253);
Suppl. 7, 70 (1987); 71, 1103
(1999)
12, 201 (1976); Suppl. 7, 70 (1987)
19, 213 (1979); Suppl. 7, 71
(1987); 60, 161 (1994)
11, 191 (1976); 36, 227 (1985)
(corr. 42, 263); Suppl. 7, 328
(1987); 60, 181 (1994)
7, 67 (1974); Suppl. 7, 329 (1987);
79, 91 (2001)
40, 55 (1986); Suppl. 7, 71 (1987)
25, 157 (1981); Suppl. 7, 385
(1987)
32, 431 (1983); Suppl. 7, 71 (1987)
77, 503 (2000)
40, 349 (1986); Suppl. 7, 71 (1987)
13, 233 (1977); Suppl. 7, 71 (1987)
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Quercetin (see also Bracken fern)
para-Quinone
Quintozene

31, 213 (1983); Suppl. 7, 71
(1987); 73, 497 (1999)
15, 255 (1977); Suppl. 7, 71
(1987); 71, 1245 (1999)
5, 211 (1974); Suppl. 7, 71 (1987)

R
Radiation (see gamma-radiation, neutrons, ultraviolet radiation,
X-radiation)
Radionuclides, internally deposited
Radon
Refractory ceramic fibres (see Man-made vitreous fibres)
Reserpine

Resorcinol
Retrorsine
Rhodamine B
Rhodamine 6G
Riddelliine
Rifampicin
Ripazepam
Rock (stone) wool (see Man-made vitreous fibres)
Rubber industry
Rubia tinctorum (see also Madder root, Traditional herbal medicines)
Rugulosin

78 (2001)
43, 173 (1988) (corr. 45, 283)
10, 217 (1976); 24, 211 (1980)
(corr. 42, 260); Suppl. 7, 330
(1987)
15, 155 (1977); Suppl. 7, 71
(1987); 71, 1119 (1990)
10, 303 (1976); Suppl. 7, 71 (1987)
16, 221 (1978); Suppl. 7, 71 (1987)
16, 233 (1978); Suppl. 7, 71 (1987)
10, 313 (1976); Suppl. 7, 71
(1987); 82, 153 (2002)
24, 243 (1980); Suppl. 7, 71 (1987)
66, 157 (1996)
28 (1982) (corr. 42, 261); Suppl. 7,
332 (1987)
82, 129 (2002)
40, 99 (1986); Suppl. 7, 71 (1987)

S
Saccharated iron oxide
Saccharin and its salts
Safrole
Salted fish
Sawmill industry (including logging) (see Lumber and
sawmill industry (including logging))
Scarlet Red
Schistosoma haematobium (infection with)
Schistosoma japonicum (infection with)
Schistosoma mansoni (infection with)
Selenium and selenium compounds
Selenium dioxide (see Selenium and selenium compounds)
Selenium oxide (see Selenium and selenium compounds)
Semicarbazide hydrochloride
Senecio jacobaea L. (see also Pyrrolizidine alkaloids)

2, 161 (1973); Suppl. 7, 71 (1987)
22, 111 (1980) (corr. 42, 259);
Suppl. 7, 334 (1987); 73, 517 (1999)
1, 169 (1972); 10, 231 (1976);
Suppl. 7, 71 (1987)
56, 41 (1993)

8, 217 (1975); Suppl. 7, 71 (1987)
61, 45 (1994)
61, 45 (1994)
61, 45 (1994)
9, 245 (1975) (corr. 42, 255);
Suppl. 7, 71 (1987)

12, 209 (1976) (corr. 42, 256);
Suppl. 7, 71 (1987)
10, 333 (1976)

CUMULATIVE INDEX
Senecio longilobus (see also Pyrrolizidine alkaloids, Traditional)
herbal medicines)
Senecio riddellii (see also Traditional herbal medicines)
Seneciphylline
Senkirkine
Sepiolite
Sequential oral contraceptives (see also Oestrogens, progestins
and combinations)
Shale-oils
Shikimic acid (see also Bracken fern)
Shoe manufacture and repair (see Boot and shoe manufacture
and repair)
Silica (see also Amorphous silica; Crystalline silica)
Silicone (see Implants, surgical)
Simazine
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
Sodium chromate (see Chromium and chromium compounds)
Sodium cyclamate (see Cyclamates)
Sodium dichromate (see Chromium and chromium compounds)
Sodium diethyldithiocarbamate
Sodium equilin sulfate (see Conjugated oestrogens)
Sodium fluoride (see Fluorides)
Sodium monofluorophosphate (see Fluorides)
Sodium oestrone sulfate (see Conjugated oestrogens)
Sodium ortho-phenylphenate (see also ortho-Phenylphenol)
Sodium saccharin (see Saccharin)
Sodium selenate (see Selenium and selenium compounds)
Sodium selenite (see Selenium and selenium compounds)
Sodium silicofluoride (see Fluorides)
Solar radiation
Soots
Special-purpose glass fibres such as E-glass and ‘475’ glass fibres
(see Man-made vitreous fibres)
Spironolactone
Stannous fluoride (see Fluorides)
Static electric fields
Static magnetic fields
Steel founding (see Iron and steel founding)
Steel, stainless (see Implants, surgical)
Sterigmatocystin
Steroidal oestrogens

523
10, 334 (1976); 82, 153 (2002)
82, 153 (1982)
10, 319, 335 (1976); Suppl. 7, 71
(1987)
10, 327 (1976); 31, 231 (1983);
Suppl. 7, 71 (1987)
42, 175 (1987); Suppl. 7, 71
(1987); 68, 267 (1997)
Suppl. 7, 296 (1987)
35, 161 (1985); Suppl. 7, 339
(1987)
40, 55 (1986); Suppl. 7, 71 (1987)

42, 39 (1987)
53, 495 (1991); 73, 625 (1999)

52, 145 (1991)

12, 217 (1976); Suppl. 7, 71 (1987)

30, 329 (1983); Suppl. 7, 71, 392
(1987); 73, 451 (1999)

55 (1992)
3, 22 (1973); 35, 219 (1985);
Suppl. 7, 343 (1987)

24, 259 (1980); Suppl. 7, 344
(1987); 79, 317 (2001)
80 (2002)
80 (2002)

1, 175 (1972); 10, 245 (1976);
Suppl. 7, 72 (1987)
Suppl. 7, 280 (1987)
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Streptozotocin
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)
Styrene

Styrene−acrylonitrile copolymers
Styrene−butadiene copolymers
Styrene-7,8-oxide

Succinic anhydride
Sudan I
Sudan II
Sudan III
Sudan Brown RR
Sudan Red 7B
Sulfadimidine (see Sulfamethazine)
Sulfafurazole

4, 221 (1974); 17, 337 (1978);
Suppl. 7, 72 (1987)

19, 231 (1979) (corr. 42, 258);
Suppl. 7, 345 (1987); 60, 233
(1994) (corr. 65, 549); 82, 437
(2002)
19, 97 (1979); Suppl. 7, 72 (1987)
19, 252 (1979); Suppl. 7, 72 (1987)
11, 201 (1976); 19, 275 (1979);
36, 245 (1985); Suppl. 7, 72
(1987); 60, 321 (1994)
15, 265 (1977); Suppl. 7, 72 (1987)
8, 225 (1975); Suppl. 7, 72 (1987)
8, 233 (1975); Suppl. 7, 72 (1987)
8, 241 (1975); Suppl. 7, 72 (1987)
8, 249 (1975); Suppl. 7, 72 (1987)
8, 253 (1975); Suppl. 7, 72 (1987)

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
54, 41 (1992)
to mists and vapours from
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)
Talc
Tamoxifen
Tannic acid
Tannins (see also Tannic acid)
TCDD (see 2,3,7,8-Tetrachlorodibenzo-para-dioxin)
TDE (see DDT)
Tea
Temazepam
Teniposide

15, 273 (1977)
42, 185 (1987); Suppl. 7, 349
(1987)
66, 253 (1996)
10, 253 (1976) (corr. 42, 255);
Suppl. 7, 72 (1987)
10, 254 (1976); Suppl. 7, 72 (1987)

51, 207 (1991)
66, 161 (1996)
76, 259 (2000)

CUMULATIVE INDEX
Terpene polychlorinates
Testosterone (see also Androgenic (anabolic) steroids)
Testosterone oenanthate (see Testosterone)
Testosterone propionate (see Testosterone)
2,2′,5,5′-Tetrachlorobenzidine
2,3,7,8-Tetrachlorodibenzo-para-dioxin
1,1,1,2-Tetrachloroethane
1,1,2,2-Tetrachloroethane
Tetrachloroethylene
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5, 219 (1974); Suppl. 7, 72 (1987)
6, 209 (1974); 21, 519 (1979)

27, 141 (1982); Suppl. 7, 72 (1987)
15, 41 (1977); Suppl. 7, 350
(1987); 69, 33 (1997)
41, 87 (1986); Suppl. 7, 72 (1987);
71, 1133 (1999)
20, 477 (1979); Suppl. 7, 354
(1987); 71, 817 (1999)
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)
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)
Titanium (see Implants, surgical)
Titanium dioxide
47, 307 (1989)
Tobacco
Involuntary smoking
83, 1189 (2004)
Smokeless tobacco
37 (1985) (corr. 42, 263; 52, 513);
Suppl. 7, 357 (1987); 89, 39 (2007)
Tobacco smoke
38 (1986) (corr. 42, 263); Suppl. 7,
359 (1987); 83, 51 (2004)
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)

526

IARC MONOGRAPHS VOLUME 91

ortho-Toluidine

Toremifene
Toxaphene
T-2 Toxin (see Toxins derived from Fusarium sporotrichioides)
Toxins derived from Fusarium graminearum, F. culmorum and
F. crookwellense
Toxins derived from Fusarium moniliforme
Toxins derived from Fusarium sporotrichioides
Traditional herbal medicines
Tremolite (see Asbestos)
Treosulfan
Triaziquone (see Tris(aziridinyl)-para-benzoquinone)
Trichlorfon
Trichlormethine
Trichloroacetic acid
Trichloroacetonitrile (see also Halogenated acetonitriles)
1,1,1-Trichloroethane
1,1,2-Trichloroethane

Trichloroethylene

2,4,5-Trichlorophenol (see also Chlorophenols; Chlorophenols,
occupational exposures to; Polychlorophenols and their sodium salts)
2,4,6-Trichlorophenol (see also Chlorophenols; Chlorophenols,
occupational exposures to; Polychlorophenols and their sodium salts)
(2,4,5-Trichlorophenoxy)acetic acid (see 2,4,5-T)
1,2,3-Trichloropropane
Trichlorotriethylamine-hydrochloride (see Trichlormethine)
T2-Trichothecene (see Toxins derived from Fusarium sporotrichioides)
Tridymite (see Crystalline silica)
Triethanolamine
Triethylene glycol diglycidyl ether
Trifluralin
4,4′,6-Trimethylangelicin plus ultraviolet radiation (see also
Angelicin and some synthetic derivatives)
2,4,5-Trimethylaniline
2,4,6-Trimethylaniline
4,5′,8-Trimethylpsoralen
Trimustine hydrochloride (see Trichlormethine)
2,4,6-Trinitrotoluene
Triphenylene

16, 349 (1978); 27, 155 (1982)
(corr. 68, 477); Suppl. 7, 362
(1987); 77, 267 (2000)
66, 367 (1996)
20, 327 (1979); Suppl. 7, 72
(1987); 79, 569 (2001)
11, 169 (1976); 31, 153, 279
(1983); Suppl. 7, 64, 74 (1987);
56, 397 (1993)
56, 445 (1993)
31, 265 (1983); Suppl. 7, 73
(1987); 56, 467 (1993)
82, 41 (2002)
26, 341 (1981); Suppl. 7, 363
(1987)
30, 207 (1983); Suppl. 7, 73 (1987)
9, 229 (1975); Suppl. 7, 73 (1987);
50, 143 (1990)
63, 291 (1995) (corr. 65, 549);
84 (2004)
71, 1533 (1999)
20, 515 (1979); Suppl. 7, 73
(1987); 71, 881 (1999)
20, 533 (1979); Suppl. 7, 73
(1987); 52, 337 (1991); 71, 1153
(1999)
11, 263 (1976); 20, 545 (1979);
Suppl. 7, 364 (1987); 63, 75 (1995)
(corr. 65, 549)
20, 349 (1979)
20, 349 (1979)

63, 223 (1995)

77, 381 (2000)
11, 209 (1976); Suppl. 7, 73
(1987); 71, 1539 (1999)
53, 515 (1991)
Suppl. 7, 57 (1987)
27, 177 (1982); Suppl. 7, 73 (1987)
27, 178 (1982); Suppl. 7, 73 (1987)
40, 357 (1986); Suppl. 7, 366
(1987)
65, 449 (1996)
32, 447 (1983); Suppl. 7, 73 (1987)

CUMULATIVE INDEX
Tris(aziridinyl)-para-benzoquinone
Tris(1-aziridinyl)phosphine-oxide
Tris(1-aziridinyl)phosphine-sulphide (see Thiotepa)
2,4,6-Tris(1-aziridinyl)-s-triazine
Tris(2-chloroethyl) phosphate
1,2,3-Tris(chloromethoxy)propane
Tris(2,3-dibromopropyl) phosphate
Tris(2-methyl-1-aziridinyl)phosphine-oxide
Trp-P-1
Trp-P-2
Trypan blue
Tussilago farfara L. (see also Pyrrolizidine alkaloids)
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9, 67 (1975); Suppl. 7, 367 (1987)
9, 75 (1975); Suppl. 7, 73 (1987)
9, 95 (1975); Suppl. 7, 73 (1987)
48, 109 (1990); 71, 1543 (1999)
15, 301 (1977); Suppl. 7, 73
(1987); 71, 1549 (1999)
20, 575 (1979); Suppl. 7, 369
(1987); 71, 905 (1999)
9, 107 (1975); Suppl. 7, 73 (1987)
31, 247 (1983); Suppl. 7, 73 (1987)
31, 255 (1983); Suppl. 7, 73 (1987)
8, 267 (1975); Suppl. 7, 73 (1987)
10, 334 (1976)

U
Ultraviolet radiation
Underground haematite mining with exposure to radon
Uracil mustard
Uranium, depleted (see Implants, surgical)
Urethane

40, 379 (1986); 55 (1992)
1, 29 (1972); Suppl. 7, 216 (1987)
9, 235 (1975); Suppl. 7, 370 (1987)
7, 111 (1974); Suppl. 7, 73 (1987)

V
Vanadium pentoxide
Vat Yellow 4
Vinblastine sulfate
Vincristine sulfate
Vinyl acetate
Vinyl bromide
Vinyl chloride

Vinyl chloride-vinyl acetate copolymers
4-Vinylcyclohexene
4-Vinylcyclohexene diepoxide
Vinyl fluoride
Vinylidene chloride

Vinylidene chloride-vinyl chloride copolymers

86, 227 (2006)
48, 161 (1990)
26, 349 (1981) (corr. 42, 261);
Suppl. 7, 371 (1987)
26, 365 (1981); Suppl. 7, 372
(1987)
19, 341 (1979); 39, 113 (1986);
Suppl. 7, 73 (1987); 63, 443 (1995)
19, 367 (1979); 39, 133 (1986);
Suppl. 7, 73 (1987); 71, 923 (1999)
7, 291 (1974); 19, 377 (1979)
(corr. 42, 258); Suppl. 7, 373
(1987)
7, 311 (1976); 19, 412 (1979)
(corr. 42, 258); Suppl. 7, 73 (1987)
11, 277 (1976); 39, 181 (1986)
Suppl. 7, 73 (1987); 60, 347 (1994)
11, 141 (1976); Suppl. 7, 63
(1987); 60, 361 (1994)
39, 147 (1986); Suppl. 7, 73
(1987); 63, 467 (1995)
19, 439 (1979); 39, 195 (1986);
Suppl. 7, 376 (1987); 71, 1163
(1999)
19, 448 (1979) (corr. 42, 258);
Suppl. 7, 73 (1987)
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Vinylidene fluoride
N-Vinyl-2-pyrrolidone
Vinyl toluene
Vitamin K substances

39, 227 (1986); Suppl. 7, 73
(1987); 71, 1551 (1999)
19, 461 (1979); Suppl. 7, 73
(1987); 71, 1181 (1999)
60, 373 (1994)
76, 417 (2000)

W
Welding
Wollastonite
Wood dust
Wood industries

49, 447 (1990) (corr. 52, 513)
42, 145 (1987); Suppl. 7, 377
(1987); 68, 283 (1997)
62, 35 (1995)
25 (1981); Suppl. 7, 378 (1987)

X
X-radiation
Xylenes
2,4-Xylidine
2,5-Xylidine
2,6-Xylidine (see 2,6-Dimethylaniline)

75, 121 (2000)
47, 125 (1989); 71, 1189 (1999)
16, 367 (1978); Suppl. 7, 74 (1987)
16, 377 (1978); Suppl. 7, 74 (1987)

Y
Yellow AB
Yellow OB

8, 279 (1975); Suppl. 7, 74 (1987)
8, 287 (1975); Suppl. 7, 74 (1987)

Z
Zalcitabine
Zearalenone (see Toxins derived from Fusarium graminearum,
F. culmorum and F. crookwellense)
Zectran
Zeolites other than erionite
Zidovudine
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
Ziram

76, 129 (2000)

12, 237 (1976); Suppl. 7, 74 (1987)
68, 307 (1997)
76, 73 (2000)

12, 245 (1976); Suppl. 7, 74 (1987)
12, 259 (1976); Suppl. 7, 74
(1987); 53, 423 (1991)
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