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NOTE TO THE READER

The term ‘carcinogenic risk’ in the JARC Monographs series is taken to mean the
probability that exposure to an agent will lead to cancer in humans.

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 Unit of
Carcinogen Identification and Evaluation, 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 Unit of
Carcinogen Identification and Evaluation, so that corrections can be reported in future
volumes.

11—
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IARC MONOGRAPHS PROGRAMME ON THE
EVALUATION OF CARCINOGENIC RISKS
TO HUMANS'

PREAMBLE

1. BACKGROUND

In 1969, the International Agency for Research on Cancer (IARCQ) 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, the title of the series was
modified from IARC Monographs on the Evaluation of the Carcinogenic Risk of Chem-
icals 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 carcino genicrisk to humans were adopted by
the working groups whose deliberations resulted in the first 16 volumes of the J4 RC
Monographs series. Those criteria were subsequently re-evaluated by working groups which
met in 1977(1), 1978(2), 1979(3), 1982(4) and 1983(5). The present preamble was prepared by
a Working Group which met in September 1986.

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 agents to which humans are
or may be exposed. The Monographs may also indicate where additional research efforts
are needed.

1 This project is supported by PHS Grant No. 5 UO1 CA33193-05 awarded by the US National Cancer Institute, Department of
Health and Human Services, and with a subcontract to Tracor Jitco, Inc. and Technical Resources, Inc. Since 1986, this
programme has also been supported by the Commission of the European Communities.
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18 IARC MONOGRAPHS SUPPLEMENT 7

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, under certain conditions of exposure, an agent could alter the incidence of
cancer in humans. The second step is quantitative risk estimation, which is not usually
attempted in the Monographs. 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.

These monographs may assist national and international authorities in making risk
assessments and in formulating decisions concerning any necessary preventive measures.
No recommendation is given for regulation or legislation, since such decisions are made by
individual governments and/or other international agencies. The /4 RC Monographs are
recognized as an authoritative source of information on the carcinogenicity of chemicals
and complex exposures. A users’ survey, made in 1984, indicated that the Monographs are
consulted by various agencies in 45 countries. Each volume is printed in 4000 copies for
distribution to governments, regulatory bodies and interested scientists. The Monographs
are also available via the Distribution and Sales Service of the World Health Organization.

3. SELECTION OF TOPICS FOR MONOGRAPHS

Topics are selected on the basis of two main criteria: (a) that they concern agents for
which 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 chemical compounds, physical agents (such as radiation), biological factors (such as
viruses) and mixtures of agents such as 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 carcinogenicity.

The scientific literature is surveyed for published data relevant to an assessment of
carcinogenicity; the IARC surveys of chemicals being tested for carcinogenicity(6) and
directories of on-going research in cancer epidemiology(7) often indicate those agents that
may be scheduled for future meetings. An ad-hoc working group convened by IARC in 1984
gave recommendations as to which chemicals and exposures to complex mixtures should be
evaluated in the 4 RC Monographs series(8).

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 of the literature on a particular agent. Only
those data considered by the Working Group to be relevant to making an evaluation are
included.


kajo
Pencil


PREAMBLE 19

With regard to biological and epidemiological data, only reports that have been
published or accepted for publication in the openly available scientific literature are re-
viewed 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 p-29et
seq.). In the sections on chemical and physical properties and on production, use,
occurrence and analysis, 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 this
group are five-fold: (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; (i11) to prepare accurate
summaries of the data to enable the reader to follow the reasoning of the Working Group;
(1v) to evaluate the results of experimental and epidemiological studies; and (v) to make an
overall evaluation of the carcinogenicity of the agent to humans.

Working Group participants who contributed to the consideration and evaluation of the
agents 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, representatives from national and international agencies and industrial asso-
ciations are invited as observers.

6. WORKING PROCEDURES

Approximately one year in advance of a meeting of a working group, the agents to be
evaluated are announced and participants are selected by IARC staff in consultation with
other experts. Subsequently, relevant biological and epidemiological data are collected by
IARC from recognized sources of information on carcinogenesis, including data storage
and retrieval systems such as CANCERLINE, MEDLINE and TOXLINE. Bibliographical
sources for data on genetic and related effects and on teratogenicity are the Environmental
Mutagen Information Center and the Environmental Teratology Information Center, both
located at the Oak Ridge National Laboratory, USA.

The major collection of data and the preparation of first drafts of the sections on
chemical and physical properties, on production and use, on occurrence, and on analysis are
carried out under a separate contract funded by the US National Cancer Institute. Efforts
are made to supplement this information with data from other national and international
sources. Representatives from industrial associations may assist in the preparation of
sections on production and use.

Production and trade data are 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.
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Information on uses is usually obtained from published sources but is often complemented
by direct contact with manufacturers.

Six months before the meeting, reference material is sent to experts, or is used by IARC
staff, to prepare sections for the first drafts of monographs. The complete first drafts are
compiled by IARC staff and sent, prior to 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 nine months of the Working
Group meeting.

7. EXPOSURE DATA

Sections that indicate the extent of past and present human exposure, the sources of
exposure, the persons most likely to be exposed and the factors that contribute to exposure
to the agent under study are included at the beginning of each monograph.

Most monographs on individual chemicals or complex mixtures include sections on
chemical and physical data, and production, use, occurrence and analysis. In other
monographs, for example on physical agents, biological factors, occupational exposures
and cultural habits, other sections may be included, such as: historical perspectives,
description of an industry or habit, exposures in the workplace or chemistry of the complex
mixture.

The Chemical Abstracts Services Registry Number, the latest Chemical Abstracts
Primary Name and the IUPAC Systematic Name are recorded. Other synonyms and trade
names are given, but the list is not necessarily comprehensive. Some of the trade names may
be those of mixtures in which the agent being evaluated is only one of the ingredients.

Information on chemical and physical properties and, in particular, data relevant to
identification, occurrence and biological activity are included. A separate description of
technical products gives relevant specifications and includes available information on
composition and impurities.

The dates of first synthesis and of first commercial production of an agent 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, foreign trade and uses are obtained for representative regions,
which usually include Europe, Japan and the USA. It should not, however, be inferred that
those areas or nations are necessarily the sole or major sources or users of the agent being
evaluated.
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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 clinical
efficacy.

Information on the occurrence of an agent in the environment is obtained from data
derived from the monitoring and surveillance of levels in occupational environments, air,
water, soil, foods and animal and human tissues. When available, data on the generation,
persistence and bioaccumulation of the agent are also included.

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 agent.

The purpose of the section on analysis is to give the reader an overview of current
methods cited in the literature, with emphasis on those widely used for regulatory purposes.
No critical evaluation or recommendation of any of the methods is meant or implied.
Methods for monitoring human exposure are also given, when available. The IARC
publishes a series of volumes, Environmental Carcinogens: Selected Methods of Anal lysis(9),
that describe validated methods for analysing a wide variety of agents.

8. BIOLOGICAL DATA RELEVANT TO THE EVALUATION OF
CARCINOGENICITY TO HUMANS

The term ‘carcinogen’ is used in these monographs to denote an agent that is capable of
increasing the incidence of malignant neoplasms; the induction of benign neoplasms may in
some circumstances (see p. 23) contribute to the judgement that an agent 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, probably by fundamentally different mechanisms.
In the present state of knowledge, the aim of the Monographs is to evaluate evidence of
carcinogenicity at any stage in the carcinogenic process independently of the underlying
mechanism involved. There is as yet insufficient information to implement a classification of
agents according to their mechanism of action(5).

Definitive evidence of carcinogenicity in humans is provided by epidemiological studies.
Evidence relevant to human carcinogenicity may also be provided by experimental studies
of carcinogenicity in animals and by other biological data, particularly those relating to
humans.

The available studies are summarized by the working groups, 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
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their assessment of the evidence and may include them in their summary of a study; the
results of such supplementary analyses are given in square brackets. Any comments are also
made in square brackets; however, these are kept to a minimum, being restricted to those
instances in which it is felt that an important aspect of a study, directly impinging on its
interpretation, should be brought to the attention of the reader.

9. EVIDENCE FOR CARCINOGENICITY IN EXPERIMENTAL ANIMALS

For several agents (e.g., 4-aminobiphenyl, bis(chloromethyl)ether, diethylstilboestrol,
melphalan, 8-methoxypsoralen(methoxsalen) plus UVR, mustard gas and vinyl chloride),
evidence of carcinogenicity in experimental animals preceded evidence obtained from
epidemiological studies or case reports. Information compiled from the first 41 volumes of
the J4ARC Monographs(10) shows that, of the 44 agents for which there is sufficient or
limited evidence of carcinogenicity to humans (see p. 30), all 37 that have been tested
adequately experimentally produce cancer in at least one animal species. Although this
association cannot establish that all agents 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 for which there is sufficient evidence (see
p- 30) of carcinogenicity in experimental animals as if they presented a carcinogenic risk to
humans.

The monographs are not intended to summarize all published studies. Those that are
inadequate (e.g., too short a duration, too few animals, poor survival; see below) or are
judged 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 of other
reports or when they provide the only data available. Their inclusion does not, however,
imply acceptance of the adequacy of the experimental design or of the analysis and
interpretation of their results. Guidelines for adequate long-term carcinogenicity experi-
ments have been outlined(e.g., 11).

The nature and extent of impurities or contaminants present in the agent being evaluated
are given when available. Mention is made of all routes of exposure by which the agent has
been adequately studied and of all species in which relevant experiments have been
performed. Animal strain, sex, numbers per group, age at start of treatment and survival are
reported.

Experiments in which the agent was administered in conjunction with known
carcinogens or factors that modify carcinogenic effects are also reported. Experiments on
the carcinogenicity of known metabolites and derivatives may be included.

(a) Qualitative aspects

The overall assessment of the carcinogenicity of an agent 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 with which the agent has been shown to be carcinogenic,
e.g., in how many species and at which target organs(s); (iii) the spectrum of neoplastic
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response, from benign tumours to malignant neoplasms; and (iv) the possible role of
modifying factors.

Considerations of importance to the Working Group in the interpretation and
evaluation of a particular study include: (i) how clearly the agent was defined; (ii) whether
the dose was adequately monitored, particularly in inhalation experiments; (iii) whether the
doses used 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 both sexes 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 appeartorepresentastagein
the progression to malignancy, it may be valid to combine them in assessing tumour
incidence. The occurrence of lesions presumed to be preneoplastic may in certain instances
aid in assessing the biological plausibility of any neoplastic response observed.

Among the many agents that have been studied extensively, there are few instances in
which the only neoplasms induced were benign. Benign tumours in experimental animals
frequently represent a stage in the evolution of a malignant neoplasm, but they may be
‘endpoints’ that do not readily undergo transition to malignancy. However, if an agent is
found to induce only benign neoplasms, it should be suspected of being a carcinogen and it
requires further investigation.

(b) Quantitative aspects

The probability that tumours will occur may depend on the species and strain, the dose
of the carcinogen and the route and period of exposure. Evidence of an increased incidence
of neoplasms with increased exposure strengthens the inference of a causal association
between exposure to the agent 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. Since many chemicals require metabolic activation
before being converted into their reactive intermediates, both metabolic and pharmaco-
kinetic aspects are important in determining the dose-response pattern. Saturation of steps
such as absorption, activation, inactivation and elimination of the carcinogen may produce
nonlinearity in the dose-response relationship, as could saturation of processes such as
DNA repair(12,13).

(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 on study 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(13,14). When there is no difference in survival
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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(13), although
they have not been fully evaluated.

10. OTHER RELEVANT DATA IN EXPERIMENTAL SYSTEMS AND HUMANS

(a) Structure-activity considerations

This section describes structure-activity correlations that are relevant to an evaluation of
the carcinogenicity of an agent.

(b) Absorption, distribution, excretion and metabolism

Concise information is given on absorption, distribution (including placental transfer)
and excretion. Kinetic factors that may affect the dose-reponse relationship, such as
saturation of uptake, protein binding, metabolic activation, detoxification and DN A-repair
processes, are mentioned. Studies that indicate the metabolic fate of the agent in
experimental animals and humans are summarized briefly, and comparisons of data from
animals and humans 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.

(¢) Toxicity
Data are given on acute and chronic toxic effects (other than cancer), such as organ

toxicity, immunotoxicity, endocrine effects and preneoplastic lesions. Effects on repro-
duction, teratogenicity, feto- and embryotoxicity are also summarized briefly.

(d) Genetic and related effects

Tests of genetic and related effects may indicate possible carcinogenic activity. They can
also be used in detecting active metabolites of known carcinogens in human or animal body
fluids, in detecting active components in complex mixtures and in the elucidation of possible
mechanisms of carcinogenesis.

The available data are interpreted critically by phylogenetic group according to the
endpoints detected, which may include DNA damage, gene mutation, sister chromatid
exchange, micronuclei, chromosomal aberrations, aneuploidy and cell transformation. The
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concentrations (doses) employed are given and mention is made of whether an exogenous
metabolic system was required. When appropriate, these data may be represented by bar
graphs (activity profiles), with corresponding summary tables and listings of test systems,
data and references. Detailed information on the preparation of these profiles is given in an
appendix to those volumes in which they are used.

Positive results in tests using prokaryotes, lower eukaryotes, plants, insects and cultured
mammalian cells suggest that genetic and related effects (and therefore possibly carcino-
genic effects) could occur in mammals. Results from such tests may also give information
about the types of genetic effects produced by an agent and about the involvement of
metabolic activation. Some endpoints described are clearly genetic in nature (e.g., gene
mutations and chromosomal aberrations), 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 detect 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(11).

Genetic or other activity detected in the systems mentioned above is not always manifest
in whole mammals. Positive indications of genetic effects in experimental mammals and in
humans are regarded as being of greater relevance than those in other organisms. The
demonstration that an agent can induce gene and chromosomal mutations in whole
mammals indicates that it may have the potential for carcinogenic activity, although this
activity may not be detectably expressed in any or all species tested. The relative potency of
agents 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 endpoints cannot be considered to provide evidence to rule out carcinogenicity of
agents that act through other mechanisms. Factors may arise in many tests that could give
misleading results; these have been discussed in detail elsewhere(11).

The adequacy of epidemiological studies of reproductive outcomes and genetic and
related effects in humans is evaluated by the same criteria as are applied to epidemiological
studies of cancer.

11. EVIDENCE FOR CARCINOGENICITY IN HUMANS

(@) Types of studies considered

Three types of epidemiological studies of cancer contribute data to the assessment of
carcinogenicity in humans — cohort studies, case-control studies and correlation studies.
Rarely, results from randomized trials may be available. Case reports of cancer in humans
exposed to particular agents are also reviewed.

Cohort and case-control studies relate individual exposure to the agent under study to
the occurrence of cancer in individuals, and provide an estimate of relative risk (ratio of
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incidence in those exposed to incidence 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 incidence is related to a
summary measure of the exposure of the population to the agent 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, exposure to a particular agent 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 and presumed preneoplastic lesions are
also reviewed by working groups. They may, in some instances, strengthen inferences drawn
from studies of cancer itself.

(b) Quality of studies considered

It is necessary to take into account the 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 between
an agent and disease than in fact exists. By ‘confounding’ is meant a situation in which the
relationship between an agent and a disease is made to appear stronger or to appear weaker
than it truly is as a result of an association between the agent and another agent 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 its consequent weighting 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 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
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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
avoid the possibility of reporting bias. In a case-control study, the effects of investigated
factors other than the agent of interest should have been reported.

Finally, the statistical methods used to obtain estimates of relative risk, absolute cancer
rates, 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(15) and for cohort studies(16).

(¢) Quantitative considerations

Detailed analyses of both relative and absolute risks in relation to age at first exposure
and to temporal variables, such as time since first exposure, duration of exposure and time
since exposure ceased, are reviewed and summarized when available. The analysis of
temporal relationships can provide a useful guide in formulating models of carcinogenesis.
In particular, such analyses may suggest whether a carcinogen acts early or late in the
process of carcinogenesis(5), although such speculative inferences cannot be used to draw
firm conclusions concerning the mechanism of action of the agent and hence the shape
(linear or otherwise) of the dose-response relationship below the range of observation.

(d) Criteria for causality

After the quality of individual epidemiological studies has been summarized and
assessed, a judgement is made concerning the strength of evidence that the agent in question
is carcinogenic for humans. In making their judgement, the Working Group considers
several criteria for causality. A strong association (i.e., 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 from 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.
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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 risk
after cessation of or reduction in exposure in individuals or in whole populations also
supports a causal interpretation of the findings.

Although the same carcinogenic agent may act upon more than one target, the specificity
of an association (i.e., 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 agent 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 to the
agent 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 relative risk of cancer to increase with increasing amount of
exposure to the agent. 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 of the agent and intervals between first exposure to it and
observation of disease that are the same as or less than those observed in all the studies.
Experience with human cancer indicates that, for some agents, the period from first
exposure to the development of clinical cancer is seldom less than 20 years; latent periods
substantially shorter than 30 years cannot provide evidence for lack of carcinogenicity.

12. SUMMARY OF DATA REPORTED

In this section, the relevant experimental and epidemiological data are summarized.
Only reports, other than in abstract form, that meet the criteria outlined on pp. 18-19 are
considered for evaluating carcinogenicity. Inadequate studies are generally not summarized:
such studies are usually identified by a square-bracketed comment in the text.

(@) Exposures

Human exposure is summarized on the basis of elements such as production, use,
occurrence in the environment and determinations in human tissues and body ﬂu1ds
Quantitative data are given when available.
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(b) Experimental carcinogenicity data

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

(¢) Human carcinogenicity data

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 considered.

(d) Other relevant data
Structure-activity correlations are mentioned when relevant.

Toxicological information and data on kinetics and metabolism in experimental
animals are given when considered relevant. The results of tests for genetic and related
effects are summarized for whole mammals, cultured mammalian cells and nonmammalian
systems.

Data on other biological effects in humans of particular relevance are summarized.
These may include kinetic and metabolic considerations and evidence of DNA binding,
persistence of DNA lesions or genetic damage in humans exposed to the agent.

When available, comparisons of such data for humans and for animals, and particularly
animals that have developed cancer, are described.

13. EVALUATION

Evaluations of the strength of the evidence for carcinogenicity arising from human and
experimental animal data are made, using standard terms.

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 the carcinogenicity of
anagent. In considering all of the relevant data, the Working Group may assign the agent to
a higher or lower category than a strict interpretation of these criteria would indicate.

(a) Degrees of evidence for carcinogenicity to humans and to experimental animals
and supporting evidence

It should be noted that these categories refer only to the strength of the evidence that
these agents are carcinogenic and not to the extent of their carcinogenic activity (potency)
nor to the mechanism involved. The classification of some agents may change as new
information becomes available.
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(1) Human carcinogenicity data

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 and human cancer. That is,
a positive relationship has been observed between exposure to the agent 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 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.

Evidence suggesting lack of carcinogenicity: There are several adequate studies covering
the full range of doses to which human beings are known to be exposed, which are mutually
consistent in not showing a positive association between exposure to the agent 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, circumstances and doses 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.

Insome instances, the above categories may be used to classify the degree of evidence for
the carcinogenicity of the agent for specific organs or tissues.

(11) Experimental carcinogenicity data

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 and an increased incidence of malignant
neoplasms or of an appropriate combination of benign and malignant neoplasms (as
described on p.23) 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.

In the absence of adequate data on humans, it is biologically plausible and prudent to |
regard agents for which there is sufficient evidence of carcinogenicity in experimental
animals as if they presented a carcinogenic risk to humans.
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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 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.

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

(i)  Supporting evidence of carcinogenicity

The other relevant data judged to be of sufficient importance as to affect the making of
the overall evaluation are indicated.

(b) Overall evaluation

Finally, the total body of evidence is taken into account; the agent is described according
to the wording of one of the following categories, and the designated group is given. The
categorization of an agent 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 is carcinogenic to humans.

This category is used only when there is sufficient evidence of carcinogenicity in humans.

Group 2

This category includes agents for which, at one extreme, the degree of evidence of
carcinogenicity in humans is almost sufficient, as well as agents for which, at the other
extreme, there are no human data but for which there is experimental evidence of
carcinogenicity. Agents are assigned to either 2A (probably carcinogenic) or 2B (possibly
carcinogenic) on the basis of epidemiological, experimental and other relevant data.

Group 24 — The agent is 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. Exceptionally, an agent may
be classified into this category solely on the basis of limited evidence of carcinogenicity in
humans or of sufficient evidence of carcinogenicity in experimental animals strengthened by
supporting evidence from other relevant data.
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Group 2B — The agent is possibly carcinogenic to humans.

This category is generally used for agents for which there is limited evidence in humans in
the absence of sufficient evidence in experimental animals. It may also be used when there is
inadequate evidence of carcinogenicity in humans or when human data are nonexistent but
there is sufficient evidence of carcinogenicity in experimental animals. In some instances, an
agent for which there is inadequate evidence or no data 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 is not classifiable as to its carcinogenicity to humans.
Agents are placed in this category when they do not fall into any other group.

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

This category is used for agents for which there is evidence suggesting lack of
carcinogenicity in humans together with evidence suggesting lack of carcinogenicity in
experimental animals. In some circumstances, agents for which there is inadequate evidence
of or no data on 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.
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INTRODUCTION

An international group of experts in cancer research met in Lyon in February 1982 to
re-evaluate the epidemiological and experimental carcinogenicity data, as well as other
relevant data, on 155 chemicals, groups of chemicals and exposures to complex mixtures
that had been evaluated in Volumes 1-29 of the JA RC M. onographs, for which there were
some data on carcinogenicity in humans. The background, purpose and overall conclusions
of the Working Group and the evidence on which the evaluation for each agent was based
were issued as Supplement 4 to the JARC Monographs (IARC, 1982).

This volume, Supplement 7, of the JARC Monographs is an updating of Supplement 4
to the I4A RC Monographs and represents the conclusions of two IARC Working Groups
—one which met in December 1986 and another which met in March 1987.

The aim of the Working Group that met in December 1986 was to summarize and bring
up to date the findings from tests for genetic and related effects and from studies of DNA
damage, chromosomal effects and mutation in humans for all the agents (chemicals, groups
of chemicals, industrial processes, occupational exposures and cultural habits) that had
been evaluated in Volumes 1-42 of the Monographs and for which some data on
carcinogenicity in humans were available. Other data considered particularly relevant to
evaluations of carcinogenicity were also included. The conclusions of the December
Working Group are presented in full in Supplement 6 of the JARC Monographs (1IARC,
1987). Summaries of their conclusions are given in the sections on other relevant data for
each compound and in Appendix 1 to this volume.

The aim of the Working Group that met in March 1987 was two-fold. The first was to
summarize and bring up to date the data on carcinogenicity in humans and in experimental
animals for all 189 agents that had been evaluated in Volumes 1-42 of the Monographs and
for which some data on carcinogenicity in humans were available. The second was to make
overall evaluations of carcinogenicity to humans for all 628 agents (comprising more than
700 chemicals, groups of chemicals, industrial processes, occupational exposures and
cultural habits) that had been evaluated in Volumes 1-42 of the M. onographs, on the basis of
all the available data, as described below.

—37—
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METHODS

The data on animal and human carcinogenicity for each of the agents for which
information on carcinogenicity in humans was available were reviewed and evaluated
before the meeting by members of the Working Group, who prepared draft summaries of
the findings. During the meeting of the Working Group, these summaries and evaluations
were discussed, modified as appropriate and adopted. Overall evaluations of carcino-
genicity to humans for these agents were made by the Working Group on the basis of the
combined evidence from: human carcinogenicity data, animal carcinogenicity data, the
conclusions of the December 1986 Working Group on studies on genetic and related effects,
and other relevant data judged to be of sufficient importance to affect the making of the
overall evaluation.

The criteria for evaluating the degree of evidence for carcinogenicity in humans and in
experimental animals and for making the overall evaluation of carcinogenicity to humans
are those described in the Preamble to this volume (see pp. 29-32), which represents the

conclusions of two working groups which met in September/October 1986 and in January
1987.

Some closely-related chemicals were evaluated as groups, as at previous meetings, when
such an approach was biologically plausible and when the available evidence did not permit
separate evaluation of each individual chemical within the group. For groups of chemicals
categorized into Group 1 (‘The agent is carcinogenic to humans’), the evaluation was
considered to apply to the group as a whole and not necessarily to all chemicals within the
group. If and when further evidence is obtained, separate evaluations may be made for
individual chemicals, possibly into different categories.

Evaluations of carcinogenicity to humans were sometimes made for a group of human
exposures, €.g., industrial processes and therapeutic combinations. Under such circum-
stances, the composition of different mixtures, and consequently their biological effects, are
likely to vary with settings and conditions. Although the degree of evidence for
carcinogenicity has been characterized with all possible specificity, it is difficult to be
specific for such variable human exposures, which are also likely to change considerably
over time, e.g., with the introduction of new processes. The Working Group therefore

-recognizes that the evaluation of a complex situation may not apply to all constituents or to
every combination or to every point in time.

Other relevant data, including the results of tests for genetic and related effects (see
Supplement 6 [IARC, 1987]), were used by the Working Group in making the overall
evaluation of carcinogenicity to humans of an agent when one of the following sets of
information was available:

(1) the agent produces genetic or related effects in exposed humans (i.e., indicative of
'DNA or chromosomal damage) and also gives positive results in a range of other types of
assays;
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or

(2) the agent is active in a broad spectrum of assays for genetic and related effects,
including those involving mammalian cells, and there is evidence from structure-activity
and/or metabolism studies that the agent itself reacts covalently with DNA or is likely to be
converted to a reactive form in humans.

This information was used in two ways:

(1) to classify in Group 2A, as a probable human carcinogen, an agent for which there is
sufficient evidence of carcinogenicity in experimental animals, which would otherwise have
been classified in Group 2B as a possible human carcinogen; and

(2) to classify in Group 2B, as a possible human carcinogen, an agent for which there is
limited evidence of carcinogenicity in experimental animals, which would otherwise have
been classified in Group 3.

In using the above information, it was recognized that certain known carcinogens are
not detected in currently used assays for genetic and related effects.

Overall evaluations of carcinogenicity to humans for agents for which no data on
carcinogenicity in humans were available were made on the basis of the combined evidence
from animal carcinogenicity tests and from other relevant data that fell into one of the two
categories described above. The overall evaluation was generally based on the summary and
evaluation of the most recent monograph on that agent. The same procedure was used in the
case of three agents (benzoyl peroxide, polyvinyl chloride and selenium and selenium
compounds) for which a previous evaluation of inadequate evidence for carcinogenicity in
humans had been made.

Prior to Volume 20 of the Monographs, the evaluations of sufficient, limited, inadequate
and no evidence of carcinogenicity were not used. However, an ad-hoc group which was
convened in 1978 re-evaluated all chemicals evaluated in Volumes 1-19 of the monographs
and listed those for which there was considered to be sufficient evidence of carcinogenicity in
experimental animals according to the criteria established at that time. All chemicals for
which there is sufficient evidence of carcinogenicity in experimental animals were re-
evaluated by the present group.

For agents for which there were no data on carcinogenicity in humans and which were
evaluated in Volumes 1-19 of the I4 RC Monographs, prior to the development of criteria
for defining limited and inadequate evidence of carcinogenicity, no formal re-evaluation
was made. However, on the basis of data presented in the summaries in those volumes, an
attempt was made in conjunction with the Secretariat to judge whether the available data at
that time would have met the present criteria for limited and inadequate evidence.

Withregard to compounds for which there are no data on carcinogenicity in humans, the
Working Group also examined data from short-term tests and other relevant biological data
in Monographs volumes 14-42. Only those compounds for which data were limited or
sufficient in animal studies were considered for recategorization on the basis of the
procedures described above for using data on genetic and related effects.

When additional published data of significant importance to affect the evaluation
of sufficient evidence of carcinogenicity in experimental animals (upgrading to or
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downgrading from) were available to the Working Group, new summaries and evaluations
of the data in experimental animals were prepared (see p. 389), and these were used in
making the overall evaluations.

Only one agent was categorized as probably not carcinogenic to humans (Group 4).
More agents did not fall into this category partly because one of the criteria used for
selecting agents to be considered in the Monographs series is that there be a suspicion for the
carcinogenicity of the agents on the basis of either epidemiological or experimental
observations. Therefore, the monographs tend to represent a selection of agents for which
positive findings have been reported in the literature.

The epidemiological evidence for diazepam, fluorides (inorganic, used in drinking-
water) and prednisone appeared to be suitable for classification as ‘suggesting lack of
carcinogenicity’in humans. The different reasons why it could not be so described are given
in the texts on each compound.

For two chemicals, ferric oxide and methyl parathion, there was considered to be
‘evidence suggesting lack of carcinogenicity’ in experimental animals, but there were
insufficient supporting data to allow their classification into Group 4.
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RESULTS AND CONCLUSIONS

The assessments of degrees of evidence for carcinogenicity in humans and in
experimental animals, as well as the overall evaluations of carcinogenicity to humans, are
given in Table 1. A summary of the conclusions of the December 1986 Working Group on
genetic and related effects is given in Appendix 1.

Group 1. The Working Group concluded that the following agents are carcinogenic to
humans:

Aflatoxins

Aluminium production

4-Aminobiphenyl

Analgesic mixtures containing phenacetin
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Arsenic and arsenic compounds™

Asbestos

Auramine, manufacture of

Azathioprine

Benzene

Benzidine

Betel quid with tobacco

N, N-Bis(2-chloroethyl)-2-naphthylamine (Chlornaphazine)

Bis(chloromethyl)ether and chloromethyl methyl ether (technical-grade)

Boot and shoe manufacture and repair

1,4-Butanediol dimethanesulphonate (Myleran)

Chlorambucil

1-(2-Chloroethy!)-3-(4-methylcyclohexyl)-1-nitrosourea (Methyl-CCNU)

Chromium compounds, hexavalent*

Coal gasification

Coal-tar pitches

Coal-tars

Coke production

Cyclophosphamide

Diethylstilboestrol

Erionite

Furniture and cabinet making

Haematite mining, underground, with exposure to radon

Iron and steel founding

Isopropyl alcohol manufacture, strong-acid process

Magenta, manufacture of

Melphalan

8-Methoxypsoralen (Methoxsalen) plus ultraviolet radiation

Mineral oils, untreated and mildly-treated

MOPP (combined therapy with nitrogen mustard, vincristine, procarbazine and
prednisone) and other combined chemotherapy including alkylating agents

Mustard gas (Sulphur mustard)

2-Naphthylamine

Nickel and nickel compounds*

Oestrogen replacement therapy

Oestrogens, nonsteroidal*

Oestrogens, steroidal”

Oral contraceptives, combined!

Oral contraceptives, sequential

The rubber industry

“This evaluation applies to the group of chemicals as a whole and not necessarily to all individual chemicals within the group (see
also Methods, p. 38).

'There is also conclusive evidence that these agents have a protective effect against cancers of the ovary and endometrium (see
summary, p. 297).



42 IARC MONOGRAPHS SUPPLEMENT 7

Shale-oils

Soots

Talc containing asbestiform fibres
Tobacco products, smokeless
Tobacco smoke

Treosulphan

Vinyl chloride

Group 2A. The Working Group concluded that the following agents are probably
carcinogenic to humans:

Acrylonitrile

Adriamycin

Androgenic (anabolic) steroids
Benz[alanthracene

Benzidine-based dyes
Benzo[a]pyrene

Beryllium and beryllium compounds
Bischloroethyl nitrosourea (BCNU)
Cadmium and cadmium compounds
1-(2-Chloroethyl)-3-cyclohexyl-1-nitrosourea (CCNU)
Cisplatin

Creosotes

Dibenz[a,h]anthracene

Diethyl sulphate
Dimethylcarbamoyl chloride
Dimethyl sulphate

Epichlorohydrin

Ethylene dibromide

Ethylene oxide
N-Ethyl-N-nitrosourea
Formaldehyde

5-Methoxypsoralen

4,4'-Methylene bis(2-chloroaniline) (MOCA)
N-Methyl-N"-nitro-N-nitrosoguanidine (MNNG)
N-Methyl-N-nitrosourea

Nitrogen mustard
N-Nitrosodiethylamine
N-Nitrosodimethylamine
Phenacetin

Polychlorinated biphenyls
Procarbazine hydrochloride
Propylene oxide

Silica, crystalline
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Styrene oxide

Tris(1-aziridinyl)phosphine sulphide (Thiotepa)
Tris(2,3-dibromopropyl) phosphate

Vinyl bromide

Group 2B. The Working Group concluded that the following agents are possibly
carcinogenic to humans:

A-a-C (2-Amino-9 H-pyrido[2,3-blindole)
Acetaldehyde

Acetamide

Acrylamide

AF-2 [2-(2-Furyl)-3-(5-nitro-2-furyl)acrylamide]
para-Aminoazobenzene
ortho-Aminoazotoluene
2-Amino-5-(5-nitro-2-furyl)-1,3,4-thiadiazole
Amitrole

ortho-Anisidine

Aramite®

Auramine, technical-grade

Azaserine

Benzo[b]fluoranthene
Benzo[j]}fluoranthene
Benzo[k]fluoranthene

Benzyl violet 4B

Bitumens, extracts of steam-refined and air-refined
Bleomycins

Bracken fern

1,3-Butadiene

Butylated hydroxyanisole (BHA)
B-Butyrolactone

Carbon-black extracts

Carbon tetrachloride

" Carpentry and joinery

Carrageenan, degraded

Chloramphenicol

Chlordecone (Kepone)

a-Chlorinated toluenes

Chloroform

Chlorophenols

Chlorophenoxy herbicides
4-Chloro-ortho-phenylenediamine
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para-Chloro-ortho-toluidine
Citrus Red No. 2

para-Cresidine

Cycasin

Dacarbazine

Daunomycin

DDT

N,N'-Diacetylbenzidine

2,4-Diaminoanisole

4,4-Diaminodipheny! ether
2,4-Diaminotoluene

Dibenz[a,h]acridine

Dibenz[a,jlacridine
7H-Dibenzo[c,g]carbazole
Dibenzo[a,e]pyrene

Dibenzo[a,h]pyrene

Dibenzo[a,i]pyrene

Dibenzo[a,/]pyrene
1,2-Dibromo-3-chloropropane
para-Dichlorobenzene
3,3’-Dichlorobenzidine
3,3"-Dichloro-4,4’-diaminodiphenyl ether
1,2-Dichloroethane

Dichloromethane

1,3-Dichloropropene (technical-grade)
Diepoxybutane

Di(2-ethylhexyl)phthalate
1,2-Diethylhydrazine

Diglycidyl resorcinol ether

Dihydrosafrole

3,3-Dimethoxybenzidine (ortho-Dianisidine)
para-Dimethylaminoazobenzene
trans-Z—[(Dimethylamino)methylimino]-5-[2—(5—nitro—2—furyl)vinyl]-l ,3,4-oxadiazole
3,3-Dimethylbenzidine (ortho-Tolidine)
1,1-Dimethylhydrazine
1,2-Dimethylhydrazine

1,4-Dioxane

Ethyl acrylate

Ethylene thiourea

Ethyl methanesulphonate

2-(2-F ormylhydrazino)-4-(5-nitro-2-furyl)thiazole
Glu-P-1 (2-Amino-6-methyldipyrido[ 1 ,2-a:3',2'-d]imidazole)
Glu-P-2 (2-Aminodipyridof[1 ,2-a:3',2"-dlimidazole)
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Glycidaldehyde

Griseofulvin

Hexachlorobenzene

Hexachlorocyclohexanes
Hexamethylphosphoramide

Hydrazine

Indeno[1,2,3-cd]pyrene

IQ (2-Amino-3-methylimidazo[4,5-f]quinoline)
Iron-dextran complex

Lasiocarpine

Lead and lead compounds, inorganic

MeA-a-C (2-Amino-3-methyl-9 H-pyrido[ 2,3-b]ind ole)
Medroxyprogesterone acetate

Merphalan

2-Methylaziridine

Methylazoxymethanol and its acetate
5-Methylchrysene

4,4'-Methylene bis(2-methylaniline)
4,4'-Methylenedianiline

Methyl methanesulphonate
2-Methyl-1-nitroanthraquinone (uncertain purity)
N-Methyl-N-nitrosourethane

Methylthiouracil

Metronidazole

Mirex

Mitomycin C

Monocrotaline
5-(Morpholinomethyl)-3-[(S-nitrofurfurylidene)amino}-2-oxazolidinone
Nafenopin

Niridazole

5-Nitroacenaphthene

Nitrofen (technical-grade)
I-{(5-Nitrofurfurylidene)amino]-2-imidazolidinone
N-[4-(5-Nitro-2-furyl)-2-thiazolylJacetamide
Nitrogen mustard N-oxide

2-Nitropropane

N-Nitrosodi-n-butylamine
N-Nitrosodiethanolamine
N-Nitrosodi-n-propylamine
3-(N-Nitrosomethylamino)propionitrile
4-(N-Nitrosomethylamino)-1-(3-pyridyl)-1-butanone (NNK)
N-Nitrosomethylethylamine
N-Nitrosomethylvinylamine

45
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N-Nitrosomorpholine

N’-Nitrosonornicotine

N-Nitrosopiperidine

N-Nitrosopyrrolidine

N-Nitrososarcosine

Oil Orange SS

Panfuran S (containing dihydroxymethylfuratrizine)
Phenazopyridine hydrochloride

Phenobarbital

Phenoxybenzamine hydrochloride

Phenytoin

Polybrominated biphenyls

Ponceau MX

Ponceau 3R

Potassium bromate

Progestins

I,3-Propane sultone

B-Propiolactone

Propylthiouracil

Saccharin

Safrole

Sodium ortho-phenylphenate

Sterigmatocystin

Streptozotocin

Styrene

Sulfallate
2,3,7,8-Tetrachlorodibenzo-para-dioxin (TCDD)
Tetrachloroethylene

Thioacetamide

4,4’-Thiodianiline

Thiourea

Toluene diisocyanates

ortho-Toluidine

Toxaphene (Polychlorinated camphenes)
Trp-P-1 (3-Amino-1,4-dimethyl-5 H-pyrido[4,3-b]indole)
Trp-P-2 (3-Amino-1-methyl-5 H-pyrido[4,3-b]indole)
Trypan blue

Uracil mustard

Urethane
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Group 3. The Working Group concluded that the following agents are not classifiable as to
their carcinogenicity to humans:

Acridine orange
Acriflavinium chioride
Acrolein

Acrylic acid

Acrylic fibres
Acrylonitrile-butadiene-styrene copolymers
Actinomycin D
Agaritine

Aldrin

Allyl chloride

Allyl isothiocyanate
Allyl isovalerate
Amaranth
5-Aminoacenaphthene
2-Aminoanthraquinone
para-Aminobenzoic acid
1-Amino-2-methylanthraquinone
4-Amino-2-nitrophenol
2-Amino-5-nitrothiazole
11-Aminoundecanoic acid
Anaesthetics, volatile
Angelicin plus ultraviolet A radiation
Aniline

para-Anisidine
Anthanthrene
Anthracene

Anthranilic acid
Apholate

Attapulgite
Aurothioglucose
5-Azacytidine

Aziridine
2-(1-Aziridinyl)ethanol
Aziridyl benzoquinone
Azobenzene
Benz[a]acridine
Benz[c]acridine
Benzo[ghilfluoranthene
Benzo[a]fluorene
Benzo[b]fluorene
Benzo[c]fluorene
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Benzo[ghi]perylene
Benzo[c]phenanthrene
Benzo[e]pyrene
para-Benzoquinone dioxime
Benzoyl chloride

Benzoyl peroxide

Benzyl acetate

Betel quid without tobacco
Bis(1-aziridinyl)morpholinophosphine sulphide
Bis(2-chloroethyl)ether
1,2-Bis(chloromethoxy)ethane
1,4-Bis(chloromethoxymethyl)benzene
Bis(2-chloro-1-methylethyl)ether
Bitumens

Blue VRS

Brilliant Blue FCF

n-Butyl acrylate

Butylated hydroxytoluene (BHT)
Butyl benzyl phthalate
v-Butyrolactone

Cantharidin

Captan

Carbaryl

Carbazole

3-Carbethoxypsoralen

Carbon blacks

Carmoisine

Carrageenan, native

Catechol

Chlordane/Heptachlor
Chlordimeform

Chlorinated dibenzodioxins (other than TCDD)
Chlorobenzilate
Chlorodifluoromethane
Chlorofluoromethane
4-Chloro-meta-phenylenediamine
Chloroprene

Chloropropham

Chloroquine

Chlorothalonil
2-Chloro-1,1,1-trifluoroethane
Cholesterol

Chromium compounds, trivalent
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Chromium metal

Chrysene

Chrysoidine

CI Disperse Yellow 3

Cinnamyl anthranilate

Citrinin

Clofibrate

Clomiphene citrate

Copper 8-hydroxyquinoline
Coronene

Coumarin

meta-Cresidine

Cyclamates

Cyclochlorotine

Cyclopenta[ cd]pyrene

D & C Red No. 9

Dapsone

Diacetylaminoazotoluene

Diallate

1,2-Diamino-4-nitrobenzene
1,4-Diamino-2-nitrobenzene
2,5-Diaminotoluene

Diazepam

Diazomethane
Dibenz[a,c]anthracene
Dibenz{a,jlanthracene
Dibenzo[a,e]fluoranthene
Dibenzo[h,rst]pentaphene
Dichloroacetylene
ortho-Dichlorobenzene
trans-1,4-Dichlorobutene
2,6-Dichloro-para-phenylenediamine
1,2-Dichloropropane

Dichlorvos

Dicofol

Dieldrin

Di(2-ethylhexyl)adipate
Dihydroxymethylfuratrizine
Dimethoxane
3,3’-Dimethoxybenzidine-4,4’-diisocyanate
para-Dimethylaminoazobenzenediazo sodium sulphonate
4,4’-Dimethylangelicin plus ultraviolet A radiation
4,5'-Dimethylangelicin plus ultraviolet A radiation
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1,4-Dimethylphenanthrene
1,8-Dinitropyrene
Dinitrosopentamethylenetetramine
2,4-Diphenyldiamine

Disulfiram

Dithranol

Dulcin

Endrin

Eosin
l-Epoxyethyl-3,4—epoxycyclohexane
3,4-Epoxy-6-methylcyclohexylmethyl-3,4-ep0xy-6-methylcyclohexane carboxylate
¢is-9,10-Epoxystearic acid
Ethionamide

Ethylene

Ethylene sulphide

Ethyl selenac

Ethyl tellurac

Eugenol

Evans blue

Fast Green FCF

Ferbam

Ferric oxide

Fluometuron

Fluoranthene

Fluorene

Fluorides (inorganic, used in drinking-water)
5-Fluorouracil

Furazolidone

Fusarenon-X

Glycidyl oleate

Glycidyl stearate

Guinea Green B

Gyromitrin

Haematite

Hexachlorobutadiene
Hexachloroethane
Hexachlorophene

Hycanthone mesylate

Hydralazine

Hydrogen peroxide

Hydroquinone
4-Hydroxyazobenzene
8-Hydroxyquinoline


kajo
Pencil

kajo
Pencil

kajo
Pencil


RESULTS AND CONCLUSIONS

Hydroxysenkirkine

Iron-dextrin complex

Iron sorbitol-citric acid complex

Isatidine

Isonicotinic acid hydrazide (Isoniazid)
Isophosphamide

Isopropyl alcohol

Isopropyl oils

Isosafrole

Jacobine

Kaempferol

Lauroyl peroxide

Lead compounds, organolead

Leather goods manufacture

Leather tanning and processing

Light Green SF

Lumber and sawmill industries (including logging)
Luteoskyrin

Magenta

Malathion

Maleic hydrazide

Malonaldehyde

Maneb

Mannomustine

Medphalan

MelQ (2-Amino-3,4-dimethylimidazo[4,5-f]quinoline)
MelQx (2-Amino-3,8-dimethylimidazo[4,5-f]quinoxaline)
Melamine

6-Mercaptopurine

Methotrexate

Methoxychlor

Methyl acrylate

5-Methylangelicin plus ultraviolet A radiation
Methyl bromide

Methyl carbamate

Methyl chloride

I-Methylchrysene

2-Methylchrysene

3-Methylchrysene

4-Methylchrysene

6-Methylchrysene
N-Methyl-N,4-dinitrosoaniline
4,4'-Methylenebis(N, N-dimethyl)benzenamine
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4,4"-Methylenediphenyl diisocyanate
2-Methylfluoranthene
3-Methylfluoranthene

Methyl iodide

Methyl methacrylate

Methyl parathion
I-Methylphenanthrene
7-Methylpyrido[3,4-c]psoralen
Methyl red

Methyl selenac

Mineral oils, highly-refined
Modacrylic fibres

Monuron

1,5-Naphthalenediamine
1,5-Naphthalene diisocyanate
I-Naphthylamine
1-Naphthylthiourea (ANTU)
Nithiazide

5-Nitro-ortho-anisidine
9-Nitroanthracene
6-Nitrobenzo[a]pyrene
4-Nitrobiphenyl

6-Nitrochrysene
3-Nitrofluoranthene
5-Nitro-2-furaldehyde semicarbazone
I-Nitropyrene

N'-Nitrosoanabasine
N'-Nitrosoanatabine
N-Nitrosodiphenylamine
para-Nitrosodiphenylamine
N-Nitrosofolic acid
N-Nitrosoguvacine
N-Nitrosoguvacoline
N-Nitrosohydroxyproline
3—(N-Nitrosomethylamino)propionaldehyde
4-(N-Nitrosomethylamino)-4-(3-pyridyl)-l-butanal (NNA)
N-Nitrosoproline

Nitrovin

Nylon 6

Ochratoxin A

Oestradiol mustard
Oestrogen-progestin replacement therapy
Orange I
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Orange G

Oxazepam
Oxyphenbutazone
Parasorbic acid
Parathion

Patulin

Penicillic acid
Pentachloroethane
Perylene

Petasitenine
Phenanthrene
Phenelzine sulphate
Phenicarbazide
Phenylbutazone
meta-Phenylenediamine
para-Phenylenediamine
N-Phenyl-2-naphthylamine
ortho-Phenylphenol
Piperonyl butoxide
Polyacrylic acid
Polychloroprene
Polyethylene
Polymethylene polyphenyl isocyanate
Polymethyl methacrylate
Polypropylene
Polystyrene
Polytetrafluoroethylene
Polyurethane foams
Polyvinyl acetate
Polyvinyl alcohol
Polyvinyl chloride
Polyvinyl pyrrolidone
Ponceau SX

Potassium bis(2-hydroxyethyl)dithiocarbamate
Prednisone

Proflavine salts
Pronetalol hydrochloride
Propham

n-Propyl carbamate
Propylene

Ptaquiloside

Pulp and paper manufacture
Pyrene
Pyrido[3,4-c]psoralen
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Pyrimethamine

Quercetin

para-Quinone

Quintozene (Pentachloronitrobenzene)
Reserpine

Resorcinol

Retrorsine

Rhodamine B

Rhodamine 6G

Riddelliine

Rifampicin

Rugulosin

Saccharated iron oxide

Scarlet Red

Selenium and selenium compounds
Semicarbazide hydrochloride
Seneciphylline

Senkirkine

Sepiolite

Shikimic acid

Silica, amorphous

Sodium diethyldithiocarbamate
Spironolactone
Styrene-acrylonitrile copolymers
Styrene-butadiene copolymers
Succinic anhydride

Sudan I

Sudan II

Sudan III

Sudan Brown RR

Sudan Red 7B

Sulfafurazole (Sulphisoxasole)
Sulfamethoxazole

Sunset Yellow FCF

Symphytine

Talc not containing asbestiform fibres
Tannic acid and tannins
Terpene polychlorinates (Strobane®)
2,2',5,5"-Tetrachlorobenzidine
1,1,1,2-Tetrachloroethane
1,1,2,2-Tetrachloroethane
Tetrachlorvinphos
Tetrafluoroethylene
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Thiouracil

Thiram

Trichlorfon

1,1,1-Trichloroethane
1,1,2-Trichloroethane

Trichloroethylene

Trichlorotriethylamine hydrochloride
T,-Trichothecene

Triethylene glycol diglycidyl ether
4,4’,6-Trimethylangelicin plus ultraviolet A radiation
2,4,5-Trimethylaniline
2,4,6-Trimethylaniline
4,5,8-Trimethylpsoralen

Triphenylene
Tris(aziridinyl)-para-benzoquinone (Triaziquone)
Tris(1-aziridinyl)phosphine oxide
2,4,6-Tris(1-aziridinyl)-s-triazine
1,2,3-Tris(chloromethoxy)propane
Tris(2-methyl-1-aziridinyl)phosphine oxide
Vinblastine sulphate

Vincristine sulphate

Vinyl acetate

Vinyl chloride-vinyl acetate copolymers
4-Vinylcyclohexene

Vinyl fluoride

Vinylidene chloride

Vinylidene chloride-vinyl chloride copolymers
Vinylidene fluoride

N-Vinyl-2-pyrrolidone

Wollastonite

2,4-Xylidine

2,5-Xylidine

Yellow AB

Yellow OB

Zearalenone

Zectran

Zineb

Ziram

Group 4. The Working Group concluded that the following agent is probably not carci-
nogenic to humans:

Caprolactam
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Table 1. Degrees of evidence for carcinogenicity in humans and in experimental animals,
and overall evaluations of carcinogenicity to humans for agents evaluated in /ARC

Monographs volumes 1-42

Agent Degree of evidence Overall
for carcinogenicity? evaluation?
Human Animal
A-a-C (2-Amino-9H—pyrido[2,3-b]indole)b [40, 1986] ND S 2B
Acetaldehyde I S 2B
Acetamide® ND S 2B
Acridine oranged {16, 1978} ND | 3
Acriflavinium chlorided[13, 1977} ND I 3
Acrolein I | 3
Acrylamide® [39, 1986] ND S 2B
Acrylic acid9 [19, 1979] ND ND 3
Acrylic fibres? [19, 1979] ND ND 3
Acrylonitrile L S 2A
Acrylonitrile-butadiene-styrene copolymersd [19, 1979} ND ND 3
Actinomycin D I L 3
Adriamycin® 1 S 2A
AF-2 [2-(2-Furyl)-3—(S—nitro-2-furyl)acrylamide]b [31, 1983] ND S 2B
Aflatoxins S S 1
Agaritine? [31, 1983] ND I 3
Aldrin I L 3
Allyl chloride? (36, 1985] ND I 3
Allyl isothiocyanate? [36, 1985] ND L 3
Allyl isovalerate® [36, 1985] ND L 3
Aluminium production S 1
Amaranth? [8, 1975] ND I 3
5-Aminoacenaphthene? [16, 1978] ND I 3
2—Aminoanthraquinoneb [27, 1982] ND L 3
para-Aminoazobenzene® ND S 2B
ortho-Aminoazotoluene? [8, 1975] ND S 2B
para-Aminobenzoic acid? [16, 1978] ND I 3

IND, no adequate data; ESL, evidence suggesting lack of carcinogenicity; I, inadequate evidence; L, limited evidence; S, sufficient
evidence. For definitions of terms and overall evaluations, see Preamble, pp. 30-32.

boverall evaluation based only on evidence of carcinogenicity in monograph [volume, year] (see Methods, p. 39) or in

Supplement 4

cDegree of evidence in animals revised on the basis of data that appeared after the most recent monograph and/ or on the basis of

present criteria (see Methods, pp. 39-40)

dDegree of evidence not previously categorized; evaluation made according to present criteria on the basis of data in monograph

[volume, year] (see Methods, p. 39)

€Other relevant data, as given in the summaries here orin monograph[volume, year], influenced the making of the overall evaluation

(see Methods, pp. 38-39)
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Table 1. (contd)

Agent : Degree of evidence Overall
for carcinogenicity? evaluation?

Human Animal

4-Aminobiphenyl S S |
I- Ammo—2-methylanthraqumone [27, 1982] ND L 3
2-Amino-5-(5-nitro- 2-furyl) 1,3, 4—th1ad1azoleb [7, 1974] ND S 2B
4-Amino-2-nitrophenol? [I 6, 1978] ND I 3
2-Amino-5-nitrothiazole? 231 1983] ND L 3
I 1-Aminoundecanoic acid® [39, 1986] ND L 3
Amitrole I S 2B
Anaesthetics, volatile I 3

Cyclopropane ND

Diethyl ether ND

Divinyl ether ND

Enflurane I

Fluroxene ND

Halothane I

Isoflurane I

Methoxyflurane I

Nitrous oxide I
Androgenic (anabolic) steroids L 2A

Oxymetholone ND

Testosterone S
Angelicins? [40, 1986]

Angelicin plus ultraviolet A radiation ND L 3

S5-Methylangelicin plus ultraviolet A radiation ND L 3

4,4’-Dimethylangelicin plus ultraviolet A radiation ND ND 3

4,5'-Dimethylangelicin plus ultraviolet A radiation ND L 3

4,4',6-Trimethylangelicin plus ultraviolet A radiation ND ND 3
Aniline I L 3
ortho-Amsxdmeb [27, 1982] ND S 2B
para—Amsldme [27, 1982] ND I 3
Anthanthrene? [32, 1982] ND L 3
Anthracene® ND I 3
Anthramhc acid? [16, 1978] ND I 3
Apholate [9 1975] ND I 3
Aramite® {5, 1974] ND S 2B
Arsenic and arsenic compounds S L *
Asbestos S S 1
Attapulgite I L 3
Auramine (technical-grade) I S 2B

Manufacture of auramine S I
Aurothloglucose [13, 1977] ND L 3
5-Azacyt1dme [26, 1981] ND L 3
Azaserine? [10, 1976] ND S 2B

*This evaluation applies to the group of chemicals as a whole and not necessarily to all individual chemicals within the group (see
also Methods, p. 38).
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Table 1. (contd)

Agent Degree of evidence Overall
for carcinogenicity? evaluation?
Human Animal

Azathioprine S L i
Aziridine? [9, 1975) ND L 3
241- Aziridinyl)ethanold {9, 1975] ND L 3
Aziridyl benzoqumone [9, 1975] ND L 3
Azobenzene? [8, 19751 ND L 3
Bcnz[a]acridine [32, 1983] ND I 3
Benz[clacridine? [32, 1983] ND L 3
Benz[a]anthraceneb'e [32, 1983] ND S 2A
Benzene S S 1
Benzidine S S 1
Benzidine-based dyes® I 2A

Direct Black 38 (technical-grade) S

Direct Blue 6 (technical-grade) S

Direct Brown 95 (technical-grade) S
Benzo[b]ﬂuorantheneb [32, 1983] ND S 2B
Benzo[/]ﬂuoranthene [32, 1983] ND S 2B
Benzo[k]fluoranthene? [32 1983] ND S 2B
Benzo[ght]ﬂuoranthcne {32, 1983] ND 1 3
Benzo[a]ﬂuorene {32, 1983] ND I 3
Bcnzo[b]ﬂuorene [32, 1983] ND I 3
Benzo[c]ﬂuorcneb [32, 1983] ND I 3
Benzo[ghi]perylene [32 1983] ND I 3
Benzo[c]phenanthrcne [32, 1983] ND I 3
Benzo[a]pyreneb €32, 1983] ND S 2A
Benzo[e]pyrene [32, 1983] ND I 3
para-Benzoquinone dioxime? [29, 1982] ND L 3
Benzoyl chloride I I 3
Benzoyl peroxxdeb [36, 1985] I | 3
Benzyl acetate? [40 1986] ND L 3
Benzyl violet 40 {16, 1978] ND S 2B
Beryllium and beryllium compounds L S 2A
Betel quid

With tobacco S L 1

Without tobacco I L 3
Bls(l—aZIrldmyl)morpholmophosphlne sulphlded [9, 1975] ND L 3
Bis(2- chloroethyl)ether [9, 1975] ND L 3
N, N-Bis(2-chioroethyl)-2- naphthylamme (Chlornaphazine) S L 1
1,2- Bls(chloromethoxy)ethane [15, 1977] ND L 3
1,4- Bls(chloromcthoxymethyl)benzenc [15,1977] ND L 3
Bis(chloromethyl)ether and chloromethyl methyl ether S S 1

(technical-grade)
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Table 1. (contd)

59

Agent Degree of evidence Overall
for carcinogenicity? evaluation?
Human Animal

Bis(2-chloro-l-methylethyl)etherb [41, 1986] ND L 3
Bitumens I 3

Steam-refined and cracking-residue bitumens L

Air-refined bitumens I

Extracts of steam-refined and air-refined bitumens S 2B
Bleomycins€ I L 2B
Biue VRS9 [16, 1978] ND L 3
Bracken fern I S 2B
Brilliant Blue FCF9 [l6, 1978] ND L 3
1,3-Butadiene I S 2B
1,4-Butanediol dimethanesulphonate (Myleran) S L 1
n-Butyl acrylate? [39, 1986] ND I 3
Butylated hydroxyanisole (BHA)b [40, 1986] ND S 2B
Butylated hydroxytoluene (BHT)? [40, 1986] ND L 3
Butyl benzyl phthalateb {29, 1982] ND I 3
B-Butyrolactone® [11, 1976] ND S 2B
y-Butyrolactone®-€ [11, 1976] ND I 3
Cadmium and cadmium compounds L S 2A
Cantharidin® [10, 1976] ND L 3
Caprolactam® ND ESL 4
Captan® [30, 1983] ND L 3
Carbaryl?[12, 1976] ND I 3
Carbazole? [32, 1983] ND L 3
3-Carbethoxypsoralen® € [40, 1986] ND I 3
Carbon blacks I I 3

Carbon-black extracts S 2B
Carbon tetrachloride I S 2B
Carmoisine9 8, 1975] ND I 3
Carrageenan

Native? € [31, 1983] ND I 3

Degraded” [31, 1983] ND S 2B
Catechol9[15, 1977] ND I 3
Chlorambucil S S |
Chloramphenicol L I 2B
Chlordane/ Heptachlor I L 3
Chlordecone (Kepone)? [20, 1979] ND S 2B
Chlordimeform® [30, 1983] ND I 3
Chlorinated dibenzodioxins (other than TCDD)d (15, 1977] ~ND I 3
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Table 1. (contd)

Agent Degree of evidence Overall
for carcinogenicity? evaluation?
Human Animal

a-Chlorinated toluenes I 2B

Benzyl chloride L

Benzal chloride L

Benzotrichloride S
Chlorobenzilate? [30, 1983] ND L 3
Chlorodifluoromethane I L 3
Chloroethyl nitrosoureas

Bischloroethyl nitrosourea (BCNU) L S 2A

1-(2-Chloroethyl)-3-cyclohexyl-1-nitrosourea (CCNU)¢ I S 2A

1-(2-Chloroethyl)-3<(4-methylcyclohexyl)-1-nitrosourea S L |

(Methyl-CCNU)

Chlorofluoromethane® [41, 1986] ND L 3
Chloroform 1 S 2B
Chlorophenols L 2B

Pentachlorophenol I

2,4,5-Trichlorophenol I

2,4,6-Trichlorophenol S
Chlorophenoxy herbicides L 2B

2,4-D I

2,4.5-T I

MCPA ND
4—Chlcorca-om’:o~phenylenvf:di::lmin«e"5 [27, 1982] ND S 2B
4-Chloro-meta-phenylenediamine? [27, 1982] ND I 3
Chloroprene I 1 3
Chloropropham® [12, 1976] ND I 3
Chloroquine? [13, 1977] ND I 3
Chlorothalonil® [30, 1983] ND L 3
para-Chloro-ortho-toluidine? [30, 1983] ND S 2B
2-Chloro-1,1,1-trifluoroethane® [41, 1986] ND L 3
Cholesterol I I 3
Chromium and chromium compounds

Chromium metal I I 3

Trivalent chromium compounds I I 3

Hexavalent chromium compounds S S "
Chrysene? [32, 1983] ND L 3
Chrysoidine I L 3
CI Disperse Yellow 398, 1975] ND I 3
Cinnamyl anthranilate® [31, 1983] ND L 3
Cisplatin® I S 2A
Citrinin® [40, 1986] ND L 3

S 2B

Citrus Red No. 28 [8, 1975) ND

“This evaluation applies to the group of chemicals as a whole and not necessarily to all individual chemicals within the group (see
also Methods, p. 38).
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Table 1. (contd)
Agent Degree of evidence Overall

for carcinogenicity? evaluation?

Human Animal
Clofibrate I L 3
Clomiphene citrate I I 3
Coal gasification S 1
Coal-tar pitches S S 1
Coal-tars S S 1
Coke production S 1
Copper 8—hydr0xyquinolined [15, 1977] ND 1 3
Coronene? [32, 1983] ND I 3
Coumarin® [10, 1976] ND L 3
Creosotes L S 2A
meta-Cresidine® [27, 1982] ND I 3
para-Cresidine? [27, 1982] ND S 2B
Cycasinb [10, 1976] (see also Methylazoxymethanol and its acetate)  ND S 2B
Cyclamates I L 3
Cyclochlorotine? (10, 1976] ND I 3
Cyclopenta[cd]pyreneb [32, 1983] ND L 3
Cyclophosphamide S S 1
Dacarbazine I S 2B
D & C Red No. 998, 1975) ND I 3
Dapsone I L 3
Daunomycinb [10, 1976] ND S 2B
DDT 1 S 2B
Diacetylaminoazotoluene? {8, 1975] ND 1 3
N,N’-Diacetylbenzidineb {16, 1978] ND S 2B
Diallate? [30, 1983] ND L 3
2,4-Diaminoanisole? [27, 1982] ND S 2B
4,4-Diaminodiphenyl ether? [29, 1982] ND S 2B
1,2-Diamino-4-nitrobenzene? [16, 1978] ND I 3
1,4-Diamino-2-nitrobenzene? [6, 1978] ND I 3
2,4-Diaminotoluene? 16, 1978] ND S 2B
2,5-Diaminotoluene? {16, 1978]) ND 1 3
Diazepam I I 3
Diazomethane? [7, 1974] ND L 3
Dibenz{a, hlacridine? [32, 1983] ND S 2B
Dibenz{a,fJacridine? [32, 1983] ND S 2B
Dibenz{a, cJanthracene? [32, 1983] ND L 3
Dibcnz[a,h]anthraceneb'e {32, 1983] ND S 2A
Dibenz{a, Janthracene? [32, 1983] ND L 3
7H-Dibenzo[c,g]carbazoleb [32, 1983] ND S 2B
Dibenzo[a,e]fluoranthene? [32, 1983] ND L 3
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Table 1. (contd)

Agent Degree of evidence Overall
for carcinogenicity? evaluation?
Human Animal
Dibenzo[h,rst]pentaphened {3, 1973] ND L 3
Dibenzo[a,e]pyrene? [32, 1983] ND S 2B
Dibenzo[a,h]pyrene? [32, 1983] ND S 2B
Dibenzo[a,i]pyreneb [32, 1983] ND S 2B
Dibenzo[a,l]pyreneb [32, 1983] ND S 2B
1,2-Dibromo-3-chloropropane I S 2B
Dichloroacetylencb [39, 1986] ND L 3
ortho-Dichlorobenzene I 1 3
para-Dichlorobenzene I S 2B
3,3-Dichlorobenzidine I S 2B
trans-l,4-Dichlorobutened {15, 1977] ND I 3
3,3-Dichloro-4,4’-diaminodiphenyl ether? [16, 1978] ND S 2B
1,2-Dichloroethane? [20, 1979] ND S 2B
Dichloromethane I S 2B
2,6-Dichloro-para-phenylenediamineb [39, 1986] ND L 3
1,2-Dichloropropane? [41, 1986] ND L 3
1,3-Dichloropropene (technical-grade) I S 2B
Dichlorvos? [20, 1979] ND I 3
Dicofol? [30, 1983] ND L 3
Dieldrin I L 3
Diepoxybutane® [11, 1976] ND S 2B
Di(2-ethylhexyl)adipate? [29, 1982] ND L 3
Di(2~ethylhexyl)phthalateb {29, 1982] ND S 2B
I,Z-Diethylhydrazineb [4, 1974] ND S 2B
Diethyl sulphate L S 2A-
Diglycidyl resorcinol ether? [36, 1985] ND S 2B
Dihydrosafrole? [ 10, 1976] ND S 2B
Dihydroxymethylfuratrizineb {24, 1980] (see also Panfuran S) ND I 3
Dimethoxane? [15, 1977] ND L 3
3,3"-Dimethoxybenzidine (ortho-Dianisidine) I S 2B
3,3’—Dimethoxybenzidine—4,4’-diisocyanateb [39, 1986] ND L 3
para-Dimethylaminoazobenzeneb [8, 1975] ND S 2B
para-Dimethylaminoazobenzenediazo sodium sulphonated [8,1975] ND I 3
trans-2-{(Dimethylamino)methylimino}-5-{2-(5-nitro-2-furyl)vinyl}- ND S 2B
1,3,4-oxadiazole? [7, 1974]
3,3’-Dimethylbenzidine (ortho—Tolidine)b [1, 1972] ND S 2B
Dimethylcarbamoy] chloride® I S 2A
1,1-Dimethylhydrazine? [4, 1974] ND S 2B
1,2-Dimethylhydrazine® [4, 1974] ND S 2B
1,4-Dimethylphenanthrene? [32, 1983] ND I 3
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Table 1. (contd)

63

Agent Degree of evidence Overall
for carcinogenicity? evaluation?
Human Animal
Dimethyl sulphate® I S 2A
1,8-Dinitropyrene? [33, 1984] ND I 3
Dinitrosopentamethylenetetramined [11, 1976] ND I 3
1,4-Dioxane 1 S 2B
2,4'-Diphenyldiamine? [16, 1978] ND I 3
Disulfiram? [12, 1976] ND I 3
Dithranol9[13, 1977] ND I 3
Dulcin?[12, 1976] ND I 3
Endrin? [5, 1974] ND I 3
Eosind [15, 1977] ND I 3
Epichlorohydrin€ I S 2A
l-Epoxyethyl-3,4-epoxycyclohcxaned[11, 1976} ND L 3
3,4-Epoxy-6-methylcyclohexylmethyl-3,4-epoxy-6-methylcyclohexane ~ ND L 3
carboxylate? [11, 1976]

¢is-9,10-Epoxystearic acid? [11, 1976] ND I 3
Erionite S S I
Ethionamide9 [13, 1977] ND L 3
Ethyl acrylate? [39, 1986] ND S 2B
Ethylene?[19, 1979] ND ND 3
Ethylene dibromide® I S 2A
Ethylene oxide L S 2A
Ethylene sulphided [11,1976] ND L 3
Ethylene thiourea I S 2B
Ethyl methanesulphonate? [7, 1974] ND S 2B
N-Ethyl-N-nitrosourea®€ [17, 1978] ND S 2A
Ethyl selenac? [12, 1976] ND I 3
Ethy! tellurac [12, 1976] ND I 3
Eugenol? [36, 1985] ND L 3
Evans blue? [8, 1975] ND L 3
Fast Green FCF9[16, 1978] ND L 3
Ferbam?[12, 1976] ND I 3
Fluometuron® [30, 1983] ND I 3
Fluoranthene? € [32, 1983] ND I 3
Fluorene® [32, 1983] ND I 3
Fluorides (inorganic, used in drinking-water) I I 3
5-Fluorouracil I I 3
Formaldehyde L S 2A
2—(2-Formylhydrazino)—4-(5-nitro—2—furyl)thiazoleb [7, 1974] ND S 2B
Furazolidone? [31, 1983] ND I 3
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Table 1. (contd)

Agent Degree of evidence Overall
for carcinogenicity? evaluation?
Human Animal

Fusarenon-X? [31, 1983] ND I 3
Glu-P-1 (2-Amino-6-methyldipyrido[l,2—a:3’,2'-d]imidazolc)b ND S 2B

[40, 1986]
Glu-P-2 (2-Aminodipyrido[l,2~a:3’,2'-d]imidazole)b [40, 1986] ND S 2B
Glycidaldehyde® [11, 1976] ND S 2B
Glycidyl oleate? [11, 1976] ND I 3
Glycidy! stearate? [11, 1976] ND I 3
Griseofulvin® ND S 2B
Guinea Green B[16, 1978] ND L 3
Gyromitrin® ND L 3
Haematite and ferric oxide

Ferric oxide 1 ESL 3

Haematite I I 3

Underground haematite mining with exposure to radon S 1
Hexachlorobenzene I S 2B
Hexachlorobutadiene? (20, 1979] ND L 3
Hexachlorocyclohexanes (HCH) I 2B

Technical-grade HCH S

a-HCH S

B-HCH L

v-HCH (Lindane) L
Hexachloroethane? [20, 1979] ND L 3
Hexachlorophene? [20, 1979] ND I 3
chamethylphosphoramideb [15, 1977] ND S 2B
Hycanthone mesylated [13, 1977] ND I 3
Hydralazine 1 L 3
Hydrazine I S 2B
Hydrogen peroxide® [36, 1985] ND L 3
Hydroguinone® [15, 1977] ND I 3
4-Hydroxyazobenzened [8, 1975] ND | 3
8-Hydroxyquinoline? [13, 1977] ND I 3
Hydroxysenkirkine? [10, 1976] ND I 3
Indeno[1,2,3-cdJpyrene® [32, 1983] ND S 2B
1Q (2—Amino-3-methylimidazo[4,5-j]quinoline)b [40, 1986] ND S 2B
Iron and steel founding S I
Iron-dextran complex I S 2B
Iron-dextrin complexd (2, 1973] ND L 3
Iron sorbitol-citric acid complex? [2, 1973] ND I 3
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Table 1. (contd)
Agent Degree of evidence Overall
for carcinogenicity? evaluation?
Human Animal

Isatidine [10, 1976] ND L 3
Isonicotinic acid hydrazide (Isoniazid) I L 3
Isophosphamideb [26, 1981] ND L 3
Isopropyl alcohol manufacture (strong-acid process) S I

Isopropyl alcohol I I 3

Isopropyl oils I I 3
Isosafrole? {10, 1976] ND L 3
Jacobine? [10, 1976] ND I 3
Kaempferol? [31, 1983] ND I 3
Lasiocarpine® [10, 1976] ND S 2B
Lauroyl peroxideb [36, 1985] ND I 3
Lead and lead compounds

Inorganic I S 2B

Organolead I I 3
Leather industries

Boot and shoe manufacture and repair S 1

Leather goods manufacture I 3

Leather tanning and processing I 3
Light Green SFA[16, 1978] ND L 3
Luteoskyrin® [0, 1976] ND L 3
Magenta I I 3

Manufacture of magenta S I
Malathion?:€ [30, 1983] ND I 3
Maleic hydrazided [4, 1974] ND I 3
Malonaldehyde® [36, 1985] ND I 3
Maneb? [12, 1976] ND I 3
Mannomustine? {9, 1975] ND L 3
MeA-a-C (Z-Amino-3—methyl—9H—pyrid0[2,3-b]indole)b [40, 1986] ND S 2B
Medphalan? [9, 1975] ND I 3
MelQ (2-Amino-3,4-dimethylimidazo[4,5-f]quinoline)b [40, 1986] ND I 3
MelQx (2-Amino-3,8-dimethylimidazo[4,5-f]quinoxaline)b ND I 3

[40, 1986]
Melamine? [39, 1986] ND I 3
Melphalan S S 1
6-Mercaptopurine I I 3
Merphalan® [9, 1975] ND S 2B
Methotrexate I I 3
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Table 1. (contd)

Agent Degree of evidence Overall
for carcinogenicity? evaluation?
Human Animal

Methoxychlor®€ [20, 1979] ND I 3
5-Methoxypsoralen® | S 2A
8-Methoxypsoralen (Methoxsalen) plus ultraviolet radiation S S 1
Methyl acrylate? [39, 1986] ND I 3
2-Methylaziridine? [9, 1975] ND S 2B
Methylazoxymethano!l and its acetate? {10, 1976] ND S 2B
Methyl bromide I L 3
Methyl carbamate? [12, 1976] ND I 3
Methyl chloride I I 3
l-Methylchryseneb [32, 1983] ND I 3
2-Mcthylchryseneb [32, 1983] ND L 3
3-Mcthylchryseneb {32, 1983] ND L 3
4-Methylchrysene® [32, 1983] ND L 3
5-Methylchryseneb [32, 1983] ND S 2B
6-Methylchryseneb {32, 1983] ND L 3
N—Methyl—N,4-dinitrosoanilined[1 , 1972] ND L 3
4,4'-Methylene bis(2-chloroaniline) (MOCA)¢ I S 2A
4,4’-Methylenebis(N,N—dimethyl)benzenamineb [27, 1982] ND L 3
4,4-Methylene bis(2-methylaniline) I S 2B
4,4'—Methylenedianilineb [39, 1986] ND S 2B
4,4'-Methylenediphenyl diisocyanated [19, 1979] ND ND 3
2~Methylﬂuorantheneb {32, 1983] ND L 3
3—Methylﬂuorantheneb [32, 1983] ND 1 3
Methyl iodide® (41, 1986] ND L 3
Methyl methacrylated [19, 1979] ND 1 3
Methyl methanesulphonateb [7, 1974] ND S 2B .
2-Methyl-1-nitroanthraquinone (uncertain purity)b [27, 1982] ND S 2B
N-Methyl-N'-nitro- N-nitrosoguanidine (MNNG)® 1 S 2A
N-Methyl-N—nitrosoureab’e [17, 1978] ND S 2A
N—Methyl-N~nitrosourethaneb [4, 1974] ND S 2B
Methyl parathion® ND ESL 3
1-Methylphenanthrene? [32, 1983] ND I 3
Methy! red9 {8, 1975] ND I 3
Methyl selenac? [12, 1976] ND I 3
Methylthiouracilb [7, 1974] ND S 2B
Metronidazole I S 2B
Mineral oils

Untreated and mildly-treated oils S S I

Highly-refined oils I I 3
Mirex? [20, 1979] ND S 2B
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Table 1. (contd)

Agent Degree of evidence Overall
for carcinogenicity? evaluation?

Human Animal

Mitomycin cb[m 1976] ND S 2B
Modacrylic flbres {19, 1979] ND ND 3
Monocrotalme [10, 1976] ND S 2B
Monuron? [12, 1976] ND L 3
MOPP! and other combined chemotherapy including S I 1
alkylating agents
5—(Morpholm0methyl) -3{(5-nitrofurfurylidene)amino]-2- ND S 2B
oxazolidinone® (7, 1974]
Mustard gas (Sulphur mustard) S L 1
Nafenopm [24, 1980] ND S 2B
1,5-Naphthalenediamine® [27 1982] ND L 3
1,5-Naphthalene dusocyanate [19, 1979] ND ND 3
I-Naphthylamine I | 3
2-Naphthylamine S S 1
I-Naphthylthiourea (ANTU) I I 3
Nickel and nickel compounds S S 1
deazole [13, 1977} ND S 2B
Nithiazide? [31, 1983 ND L 3
5-Nitroacenaphthene® [ 16, 1978] ND S 2B
5-Nitro- ortho—amsldme [27, 1982] ND L 3
9-Nitroanthracene? [33 1984] ND ND 3
6- Nltrobenzo[a]dyrene [33, 1984] ND I 3
4- Nltrobxphcnyl {4, 1974] ND I 3
6—N1trochrysene {33, 1984] ND I 3
Nitrofen (tcchmcal-gb ade) [30, 1983} ND S 2B
3-Nitrofluoranthene® [33, 1984] ND I 3
5-Nitro-2-furaldehyde semicarbazone? [7, 1974} ND I 3
1{(5-Nitrofurfurylidene)amino]- 2-1m1dazohdmone [7, 1974] ND S 2B
N44-(5-Nitro-2-furyl)- 2—th1azolyl]acetam1de {7, 1974] ND S 2B
Nitrogen mustard L S 2A
Nitrogen mustard N-oxide [9, 1975] ND S 2B
2—N1tropropane [29, 1982] ND S 2B
1-Nitropyrene? 33, 1984] ND L 3
N'-Nitrosoanabasine? [37, 1985] ND L 3
N-Nitrosoanatabine? [37, 19851 ND I 3
N-Nitrosodi-n- butylamme [17, 1978] ND S 2B
N-Nitrosodiethanolamine? [17, 1978] ND S 2B
N-Nitrosodiethylamine®€ [17, 1978] ND S 2A
N-Nitrosodimethylamincb'e [17, 1978} ND S 2A
N-Nitrosodiphenylamine® [27, 1982] ND L 3

ICombined therapy with nitrogen mustard, vincristine, procarbazine and prednisone
*This evaluation applies to the group of chemicals as a whole and not necessarily to all individual chemicals within the group (see
also Methods, p. 38).
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Table 1. (contd)

Agent Degree of evidence Overall
for carcinogenicity? evaluation?
Human Animal
para—Nitrosodiphenylamineb [27, 1982] ND I 3
N-Nitrosodi-n-propylamine® [17, 1978] ND S 2B
N-Nitrosofolic acid [17, 1978] ND I 3
N—Nitrosoguvacineb [37, 1985] ND ND 3
N-Nitrosoguvacoline? [37, 1985] ND I 3
N-Nitrosohydroxypmlined [17, 1978] ND I 3
3—(N—Nitrosomelhylamino)propionaldehydcb [37, 1985] ND ND 3
3-(1\’-1'\1itrosomethylamino}pmpionitrilc‘el [37, 1985] ND S 2B
4-(N-Nitrosomethylamino)-4-(3-pyridyl)-1-butanal (NNA)b [37,1985] ND I 3
4-(N-Nitrosomethylamino)-1-(3-pyridyl)-1-butanone (NNK}'!J [37, 1985] ND S 2B
N-Nitrosomethylethylamine? {17, 1978) ND S 2B
N-Nitrosomethylvinylami ne {17, 1978] ND S 2B
N-Nitrosomorpholine? [17, 1978] ND S 2B
N'-Nitrosonornicotine® [37, 1985] ND S 2B
N-Nitrosopiperidine® [17, 1978] ND S 2B
N-Nitrosoproline? [17, 1978] ND I 3
N-Nitrosopyrrolidine? [17, 1978] ND S 2B
N-Nitrososarcosine? [17, 1978] ND S 2B
Nitrovin? [31, 1983] ND I 3
Nylon 69 [19, 1979] ND I 3
Ochratoxin A I L 3
Oestradiol mustard? [9, 1975] ND L 3
Oestrogens, progestins and combinations
Oestrogens
Nonsteroidal oestrogens S "

Diethylstilboestrol S S 1

Dienoestrol : L

Hexoestrol S

Chlorotrianisene I

Steroidal oestrogens S 1*

Oestrogen replacement therapy S 1

Conjugated oestrogens L

Oestradiol-178 and esters S

Oestriol L

Oestrone S

Ethinyloestradiol S

Mestranol S

*This evaluation applies to the group of chemicals as a whole and not necessarily to all individual chemicals within the group (see also
Methods, p. 38).
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Table 1. (contd)

Agent Degree of evidence Overall
for carcinogenicity? evaluation?

Human Animal

Progestins I 2B
Medroxyprogesterone acetate I S 2B
Chlormadinone acetate L
Dimethisterone I
Ethynodiol diacetate L
17a-Hydroxyprogesterone caproate I
Lynoestrenol I
Megestrol acetate L
Norethisterone S
Norethynodrel L
Norgestrel I
Progesterone S

Oestrogen-progestin combinations
Sequential oral contraceptives S I

Dimethisterone and oestrogens I
Combined oral contraceptives S I
Chlormadinone acetate and oestrogens L
Ethynodiol diacetate and oestrogens L
Lynoestrenol and oestrogens I
Megestrol acetate and oestrogens L
Norethisterone and oestrogens L
Norethynodrel and oestrogens S
Norgestrel and oestrogens I
Progesterone and oestrogens L
Investigational oral contraceptives L
Oestrogen-progestin replacement therapy I 3
0il Orange SS® [8, 1975] ND S 2B
Orange 198, 1975] ND I 3
Orange G }8, 1975] ND I 3
Oxazepam® [13, 1977} ND L 3
Oxyphenbutazone? [13, 1977} ND ND 3
Panfuran S (containing dihydroxymethylfuratrizine)b [24, 1980] ND S 2B
Parasorbic acid [10, 1976] ND L 3
Parathion® [30, 1983] ND I 3
Patulin® [40, 1986] ND I 3
Penicillic acid? [10, 1976] ND L 3
Pentachloroethane® [41, 1986] ND L 3
Perylene? [32, 1983) ND I 3
Petasitenine? [31, 1983] ND L 3
Phenacetin L S 2A
Analgesic mixtures containing phenacetin S L 1
Phenanthrene? [32, 1983] ND I 3

IThere is also conclusive evidence that these agents have a protective effect against cancers of the ovary and endometrium (see
summary, p. 297).
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Table 1. (contd)
Agent Degree of evidence Overall
for carcinogenicity? evaluation?
Human Animal
Phenazopyridine hydrochloride I S 2B
Phenelzine sulphate I L 3
Phenicarbazide? [12, 1976] ND L 3
Phenobarbital I S 2B
Phenoxybenzamine hydrochlorideb [24, 1980] ND S 2B
Phenylbutazone I ND 3
meta»Phcnylenediamincd {16, 1978] ND 1 3
para-Phenylenediamine? [16, 1978] ND I 3
N-Phenyl-2-naphthylamine I L 3
ortho-Phenylphenol? [30, 1983] ND I 3
Phenytoin L L 2B
Piperonyl butoxide? € [30, 1983) ND I 3
Polyacrylic acid9 [19, 1979] ND ND 3
Polybrominated biphenyls I S 2B
Polychlorinated biphenyls L S 2A
Polychloroprened [19, 1979] ND ND 3
Polyethylene? [19, 1979] ND I 3
Polymethylene polyphenyl isocyanat:t:"r [19, 1979] ND ND 3
Polymethyl methacrylate? [19, 1979] ND I 3
Polypropylened [19, 1979] ND I 3
Polystyrened [19, 1979] ND I 3
Polytetrafluoroet hylened [19, 1979] ND I 3
Polyurethane foamsd[ls", 1979] ND I 3
Polyvinyl acetated [19, 1979] ND I 3
Polyvinyl alcohol? [19, 1979] ND I 3
Polyvinyl chloride? [19, 1979] I I 3
Polyvinyl pyrrolidone9 [19, 1979] ND L 3
Ponceau MX? [8, 1975) ND S 2B
Ponceau 3R [8, 1975] ND S 2B
Ponceau SX4 [8, 1975] ND I 3
Potassium l:uis(?.-hydrm(yt:thyl)dithim:arbama\tedr [12, 1976] ND L 3
Potassium bromate® [40, 1986] ND S 2B
Prednisone 1 I 3
Procarbazine hydrochloride® I S 2A
Proflavine salts® [24, 1980] ND I 3
Pronetalol hydrochlorided [13, 1977] ND L 3
1,3-Propane sultone? [4, 1974] ND S 2B
Propham9 [12, 1976) ND I 3
B-Propiolactone® [4, 1974) ND S 2B
n-Propyl carbamate? [12, 1976] ND L 3
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Table 1. (contd)
Agent Degree of evidence Overall
for carcinogenicity? evaluation?
Human Animal

Propylened 19, 1979] ND ND 3
Propylene oxide® I S 2A
Propylthiouracil I S 2B
Ptaquiloside® [40, 1986] ND L 3
Pyrene€ [32, 1983] ND I 3
Pyrido[3,4-c]psoralenb [40, 1986] ND I 3

7-Methy1pyrid0[3,4—c]psoralenb {40, 1986] ND I 3
Pyrimethamine® [13, 1977] ND L 3
Quercetin® [31, 1983] ND L 3
para-Quinoned (15, 1977] ND I 3
Quintozene (Pentachloronitrobcnzene)d [5, 1974] ND L 3
Reserpine I L 3
Resorcinol? [15, 1977] ND I 3
Retrorsine? [10, 1976] ND L 3
Rhodamine B4 [16, 1978] ND L 3
Rhodamine 6G¥ [16, 1978] ND L 3
Riddelliine? [10, 1976] ND I 3
Rifampicin? [24, 1980] ND L 3
Rubber industry S I 1
Rugulosin® [40, 1986] ND I 3
Saccharated iron oxide? {2, 1973] ND L 3
Saccharin I S 2B
Safrole? [10, 1976] ND S 2B
Scarlet Red? [8, 1975] ND I 3
Selenium and selenium compoundsd [9, 1975} | I 3
Semicarbazide hydrochlorided [12, 1976] ND L 3
Seneciphylline? [10, 1976] ND ND 3
Senkirkine? [31, 1983] ND L 3
Sepiolite? [42, 1987] ND I 3
Shale-oils S S 1
Shikimic acid® [40, 1986] ND I 3
Silica

Crystalline silica L S 2A

Amorphous silica I I 3
Sodium diethyldithiocarbamate? [12, 1976] ND I 3
Sodium ortho-phenylphenate® ND S 2B
Soots S 1 1
Spironolactone 1 L 3
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Table 1. (contd)

Agent Degree of evidence Overall
for carcinogenicity? evaluation?
Human Animal

Sterigmatocystin® [10, 1976] ND S 2B
Streptozotocinb [17, 1978] ND S 2B
Styrene® I L 2B
Styrene-acrylonitrile copolymcrsd[.' 9, 1979] ND ND 3
Styrene-butadiene copolymersd [19, 1979] ND ND 3
Styrene oxideb-€ [36, 1985] ND S 2A
Succinic anhydrided [15, 1977] ND L 3
Sudan 198, 1975] ND L 3
Sudan 119 [8, 1975] ND L 3
Sudan 1119 8, 1975] ND I 3
Sudan Brown RRY [8, 1975] ND I 3
Sudan Red 7B9 8, 1975] ND I 3
Sulfafurazole (Sulphisoxazole) I I 3
Sulfallate? [30, 1983] ND S 2B
Sulfamethoxazole I L 3
Sunset Yellow FCF9[8, 1975] ND I 3
Symphytine? [31, 1983] ND I 3
Tale

Not containing asbestiform fibres 1 I 3

Containing asbestiform fibres S I 1
Tannic acid and tannins? [10, 1976] ND L 3
Terpene polychlorinates (Strobam:@)d (5, 1974] ND L 3
2,2',5,5'-Tetrachlorobenzidine? [27, 1982] ND I 3
2,3,7,8-Tetrachlorodibenzo-para-dioxin (TCDD) I S 2B
1,1,1,2-Tetrachloroethane? [41, 1986] ND L 3
1,1,2,2-Tetrachloroethane I L 3
Tetrachloroethylene I S 2B
Tetrachlorvinphos? [30, 1983] ND L 3
Tetraﬂuoroethy}ened {19, 1979] ND ND 3
Thioacctamideb [7, 1974] ND S 2B
4,4'"-Thiodianiline? [27, 1982] ND S 2B
Thiouracil® [7, 1974) ND L 3
Thiourea® [7, 1974] ND S 2B
Thiram® [12, 1976) ND I 3
Tobacco products, smokeless S I 1
Tobacco smoke S S 1
Toluene diisocyanatesb [39, 1986] ND S 2B
ortho-Toluidine I S 2B
Toxaphene (Polychlorinated camphenes)b [20, 1979] ND S 2B
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Table 1. (contd)
Agent Degree of evidence Overall
for carcinogenicity? evaluation?
Human Animal
Treosulphan S ND 1
Trichlorfon® [30, 1983] ND I 3
L1, 1-Trichloroethane? 20, 1979] ND I 3
1,1,2-Trichloroethane? 20, 1979] ND L 3
Trichloroethylene I L 3
Trichlorotriethylamine hydrochloride? [9, 1975] ND 1 3
T,-Trichothecene? [31, 1983] ND I 3
Triethylene glycol diglycidyl ether? [11, 1976] ND L 3
2,4,5-Trimethylaniline® [27, 1982] ND L 3
2,4,6-Trimethylaniline® [27, 1982] ND I 3
4,5",8-Trimethylpsoralen I I 3
Triphenylene® [32, 1983] ND I 3
Tris(aziridinyl)-para-benzoquinone (Triaziquone) 1 L 3
Tris(1-aziridinyl)phosphine oxide? [9, 1975] ND I 3
Tris(1-aziridinyl)phosphine sulphide (Thiotepa)® I S 2A
2,4,6-Tris(1-aziridinyl)-s-triazine? [9, 1975] ND L 3
l,2,3-Tris(chloromethoxy)propaned [15, 1977] ND L 3
Tris(2,3-dibromopropyl) phosphate® I S 2A
Tris(2-methyl~l-aziridinyl)phosphine oxide? [9, 1975] ND I 3
Trp-P-1 (3-Amino-l,4-dimethyl-5H-pyrido[4,3-b]indole)b [31, 1983] ND S 2B
Trp-P-2 (3-Amino-l-methyl-SH-pyrido[4,3-b]indole)b[31 , 1983] ND S 2B
Trypan blue? 8, 1975] ND S 2B
Uracil mustard I S 2B
Urethane? [7, 1974] ND S 2B
Vinblastine sulphate I 1 3
Vincristine sulphate I I 3
Vinyl acetate? [39, 1986] ND I 3
Vinyl bromide®-€ [39, 1986] ND S 2A
Vinyl chloride S S 1
Vinyl chloride-vinyl acetate copolymersd [19, 1979] ND 1 3
4-Vinylcyclohexene® [39, 1986] ND L 3
Vinyl fluoride? [39, 1986] ND ND 3
Vinylidene chloride I L 3
Vinylidene chloride-vinyl chloride copolymersd [19, 1979] ND ND 3
Vinylidene ﬂuorideb [39, 1986] ND I 3
N-Vinyl-2-pyrrolidone? [19, 1979] ND ND 3
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Table 1. (contd)

Agent Degree of evidence Overall
for carcinogenicity? evaluation®
Human Animal
Wollastonite I L 3
Wood industries
Carpentry and joinery L 2B
Furniture and cabinet making S I 1
Lumber and sawmill industries (including logging) I 3
Pulp and paper manufacture I 3
2,4-Xylidine4 [16, 1978] ND I 3
2,5—Xylidined [16, 1978] ND I 3
Yellow AB9 [8, 1975] ND I 3
Yellow OB4 [8, 1975] ND L 3
Zearalenone? [31, 1983) ND L 3
Zectran® [12, 1976] ND I 3
Zineb9[12, 1976] ND I 3
Ziram?[12, 1976] ND I 3
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SUMMARIES AND EVALUATIONS OF EVIDENCE
FOR CARCINOGENICITY IN HUMANS AND IN
EXPERIMENTAL ANIMALS, AND SUMMARIES OF
OTHER RELEVANT DATA, FOR AGENTS FOR WHICH
THERE AREDATA ON CARCINOGENICITY IN HUMANS





kajo
Pencil

kajo
Pencil


ACETALDEHYDE (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

In a survey of chemical plants (without prior hypothesis) in the German Democratic
Republic, nine cancer cases were found in a factory where the main process was dimer-
ization of acetaldehyde and where the main exposures were to acetaldol, acetaldehyde,
butyraldehyde, crotonaldehyde and other higher, condensed aldehydes, as well as to traces
of acrolein (see p. 78). Of the cancer cases, five were bronchial tumours and two were
carcinomas of the oral cavity. All nine patients were smokers. The relative frequencies of
these tumours were reported to be higher than those expected in the German Democratic
Republic!. The study is inconclusive because of mixed exposure, the small number of cases
and the poorly defined exposed population.

B. Evidence for carcinogenicity to animals (sufficient)

Acetaldehyde was tested for carcinogenicity in rats by inhalation and in hamsters by
inhalation and by intratracheal instillation. It produced tumours of the respiratory tract
following its inhalation, particularly adenocarcinomas and squamous-cell carcinomas of
the nasal mucosa in rats!-2 and laryngeal carcinomas in hamsters!. In hamsters, it did not
result in an increased incidence of tumours following intratracheal instillation!. Inhalation
of acetaldehyde enhanced the incidence of respiratory-tract tumours induced by intra-
tracheal instillation of benzo[a]pyrene in hamsters!.

C. Other relevant data
No data were available on the genetic and related effects of acetaldehyde in humans.

Acetaldehyde increased the incidence of sister chromatid exchanges in bone-marrow
cells of mice and hamsters treated in vivo and induced chromosomal aberrations in rat

— 77—
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embryos exposed in vivo. It induced DNA cross-links, chromosomal aberrations and sister
chromatid exchanges in human cells in vitro and chromosomal aberrations, micronuclei
and sister chromatid exchanges in cultured rodent cells. It induced chromosomal
aberrations, micronuclei and sister chromatid exchanges in plants and DNA damage and
mutation in bacteria. Acetaldehyde induced cross-links in isolated DNA3,

References
ITARC Monographs, 36, 101-132, 1985

*Woutersen, R.A., Appelman, L.M., van Garderen-Hoetmer, A. & Feron, V.J. (1986) Inhalation
toxicity of acetaldehyde in rats. III. Carcinogenicity study. Toxicology, 41, 213-231

3IARC Monographs, Suppl. 6, 21-23, 1987

ACROLEIN (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

Exposure to traces of acrolein was reported to have occurred in a chemical plant in the
German Democratic Republic, where the main exposures were to acetaldol, acetaldehyde
(see p. 77), butyraldehyde and crotonaldehyde. Nine cancer cases occurred in the plant; the
relative frequencies of the tumours observed were reported to be higher than those expected
in the German Democratic Republic. Acrolein was a relatively minor component of the
exposure!. Because of the mixed exposure pattern, the small number of cases and the poorly
defined exposed population, this study is inconclusive.

B. Evidence for carcinogenicity to animals (inadequate)

Acrolein was tested in mice by skin application and in hamsters by inhalation. The study
in mice was inadequate for an evaluation of carcinogenicity. No carcinogenic effect was
detected in hamsters!.

C. Other relevant data

No data were available on the genetic and related effects of acrolein in humans. It did not
induce dominant lethal mutations in mice. It induced sister chromatid exchanges in Chinese
hamster ovary cells in vitro. In yeast, it did not cause DNA cross-links or strand breaks and
was not mutagenic. Acrolein was mutagenic to bacteria2.

References

1IARC Monographs, 36, 133-161, 1985
2IARC Monographs, Suppl. 6, 24-26, 1987
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ACRYLONITRILE (Group 2A)

A. Evidence for carcinogenicity to humans (limited)

In the USA, 1345 male workers potentially exposed to acrylonitrile in a textile fibre
plant and observed for 20 or more years had a greater than expected incidence of lung cancer
(8 observed, 4.4 expected). The risk was greater among workers with more than five years’
exposure (6 observed, 2.3 expected) or with jobs where exposure was likely to have been
heavier (6 observed, 2.7 expected) than among workers with shorter duration of exposure
(2 observed, 1.4 expected) or low levels of exposure (2 observed, 1.4 expected)!-2. Further
follow-up of this cohort until 1981 revealed a continued excess of lung cancer (10 observed,
1.2 expected), although during the actual follow-up period (1976-1981) there was no excess
(2 observed, 2.8 expected). The updating also showed, however, a significant excess of
cancer of the prostate (6 observed, 1.8 expected)’. In a similar study at another US textile
fibre plant, an excess of prostatic cancer (5 cases observed, 1.9 expected) was observed, but
there was no excess of lung cancer?. In the UK, a study of 1111 male workers exposed to
acrylonitrile during polymerization between 1950 and 1968 and followed for ten years or
more revealed five stomach cancers (1.9 expected), two colon cancers (1.1 expected), two
brain cancers (0.7 expected) and nine cancers of the respiratory tract (7.6 expected)’. Among
327 rubber workers exposed to acrylonitrile in the USA, excesses were noted for cancers of
the lung (9 observed, 5.9 expected), bladder (2 observed, 0.5 expected) and of the lymphatic
and haematopoietic system (4 observed, 1.8 expected). The risk for lung cancer was greatest
among workers with five to 14 years’ exposure and 215 years of latency (4 observed, 0.8
expected)®. Another study of rubber workers in the USA, however, showed no association
between exposure to acrylonitrile and lung cancer’. In the Federal Republic of Germany,
one study of 1469 workers exposed to acrylonitrile in 12 different plants showed excesses of
bronchial cancer (11 observed, 5.7 expected) and of tumours of the lymphatic system
(4 observed, 1.7 expected)?.

B. Evidence for carcinogenicity to animals (sufficient)

Acrylonitrile was tested for carcinogenicity in rats by oral administration and by
inhalation. Following its oral administration, it induced neoplasms of the brain, squamous-
cell papillomas of the stomach and Zymbal-gland carcinomas; tumours of the tongue, small
intestine and mammary gland were also reported!9-10. F ollowing its inhalation, neoplasms
of the central nervous system, mammary gland, Zymbal gland and forestomach were
observed!’1!,

C. Other relevant data

Acrylonitrile did not enhance the frequency of chromosomal aberrations in lymphocytes
of exposed workers in one study'2.

In animals treated in vivo, acrylonitrile did not induce dominant lethal mutations,
chromosomal aberrations (in bone-marrow cells or spermatogonia) or micronuclei in mice,
or chromosomal aberrations in rat bone-marrow cells. It bound covalently torat liver DNA
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in vivo and induced unscheduled DNA synthesis in rat liver but not brain. It induced sister
chromatid exchanges, mutation and unscheduled DNA synthesis but not chromosomal
aberrations in human cells in vitro. Acrylonitrile induced cell transformation in several test
systems and inhibited intercellular communication in Chinese hamster V79 cells. It did not
induce aneuploidy but induced chromosomal aberrations, micronuclei and sister chromatid
exchanges in Chinese hamster cells; in one study, it did not induce chromosomal aberrations
or sister chromatid exchanges in rat cells in vitro. It induced mutation and DNA strand
breaks in rodent cells in vitro. It induced somatic mutation in Drosophila and was weakly
mutagenic in plants. It induced aneuploidy, mutation, mitotic crossing-over and gene
conversion in fungi. Acrylonitrile was mutagenic to bacteria. Urine from treated mice and

rats, but not bile from rats, was mutagenic to bacteria. It bound covalently to isolated
DNA!,
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ACTINOMYCIN D (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

A comparison was made in the USA between survivors of childhood cancer who
developed second malignant neoplasms and controls, also survivors, matched on hospital,
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primary diagnosis, length of follow-up, site and dose of radiotherapy, and chronological
period. Subjects who had received no radiotherapy, or who were believed to have some
‘predisposing genetic syndrome’, and whose second tumour had been diagnosed within six
months of the first diagnosis, or with tumours that lay outside the field previously treated
with radiation were excluded. Unexpectedly, cases had been treated much less often with
actinomycin D than controls (relative risk, 0.13; upper 95% confidence limit, 0.47), and
those who had been treated had received fewer courses of treatment (median, 2, compared to
6.5). For each type of primary childhood malignancy, except for bone tumours, the majority
of cases had not been treated with actinomycin D. Second malignancies included soft-tissue
sarcomas, haematological malignancies and various solid tumours. A relationship is
plausible in view of the radiomimetic properties of actinomycin D, the simultaneous
exposure of the treated patients to radiation, and the modal shape of radiation dose-effect
curves in some laboratory systems!.

A single attempt to confirm this finding covered only eight second malignancies (meet-
ing criteria comparable to those in the first study) occurring among 412 patients who had
been treated with radiation for Wilms’ tumour of whom 222 had also received actinomycin
D. No similar reduction in risk was observed. This study differed from the original in the
small sample size, the uniformity with respect to primary diagnosis and that the comparison
was made with historical controlsz2.

B. Evidence for carcinogénicity to animals (/imited)

Actinomycin D was tested for carcinogenicity in rats by intraperitoneal injection and by
intragastric administration and in mice by repeated subcutaneous injections. It produced
peritoneal sarcomas in rats following intraperitoneal injections3+#, and a low incidence of
subcutaneous sarcomas occurred in mice following repeated subcutaneous injections3. No
tumour was observed in rats after intragastric administration of actinomycin D, but the
duration of the experiment was shorts.

C. Other relevant data

Actinomycin D did not induce sister chromatid exchanges in peripheral blood lymph-
ocytes of treated patients in one study®.

Actinomycin D induced chromosomal aberrations and DNA strand breaks in human
cells in vitro. It transformed mouse C3H 10T1/2 cells and induced chromosomal aber-
rations, sister chromatid exchanges, mutation, DNA strand breaks and unscheduled DNA
synthesis, but not aneuploidy, in rodent cells in vitro. It induced sex-linked recessive lethal
mutations in Drosophila. Actinomycin D did not cause chromosomal aberrations in plants.
It was mutagenic to Neurospora crassa but not to Saccharomyces cerevisiae, and conflicting
results were obtained for gene conversion and mitotic recombination. It did not induce
DNA damage in Schizosaccharom yces pombe. It was not mutagenic to bacteria and did not
induce prophages.
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ADRIAMYCIN (Group 2A)

A. Evidence for carcinogenicity to humans (inadequate)

No epidemiological study of adriamycin as a single agent was available to the Working
Group. Occasional case reports, especially in the presence of concurrent therapy with other
putative carcinogens, such as ionizing radiation, alkylating agents and other potent
oncotherapeutic drugs, do not constitute evidence of carcinogenesis.

In a large systematic follow-up of patients with Hodgkin’s disease treated with an
intensive chemotherapeutic combination including adriamycin [plus vinblastine (see p.
371), bleomycin (see p. 134) and dacarbazine (see p. 184)] but no alkylating agent,
preliminary evidence suggested no excess of acute nonlymphocytic leukaemia in the first
decade after therapy!.

B. Evidence for carcinogenicity to animals (sufficient)

Adriamycin was tested for carcinogenicity in rats by a single intravenous injection,
producing mammary tumours2-5, and by single or repeated subcutaneous injections,
producing local sarcomas and mammary tumoursé’. Intravesicular instillation of adriamycin
in rats resulted in a low incidence of bladder papillomas and enhanced the incidence of
bladder tumours induced by N-nitroso-N-(4-hydroxybutyl)-N-butylamines.

C. Other relevant data

Adriamycin induced chromosomal aberrations in treated patients in one of two studies
and sister chromatid exchanges in both studies. In another study, cisplatin-adriamycin
combination chemotherapy induced sister chromatid exchanges in peripheral blood
lymphocytes of treated patients. DNA strand breaks were induced in the cells of treated
patients in one study?’.

Adriamycin has been tested extensively for genetic effects in a wide variety of tests in
vivo and in vitro, giving consistently positive results. It induced chromosomal aberrations,
micronuclei, sister chromatid exchanges and DNA damage in rodents in vivo and
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chromosomal aberrations, micronuclei, sister chromatid exchanges and DNA damage in
human cells in vitro. It transformed virus-infected Fischer rat embryo cells and induced
chromosomal aberrations, sister chromatid exchanges, mutation and DNA damage in
cultured rodent cells. Adriamycin induced sex-linked recessive lethal mutations in Drosophila,

chromosomal aberrations in plants and mutation in fungi. It was mutagenic to bacteria and
induced DNA damage’.
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AFLATOXINS (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)

A positive correlation between estimated aflatoxin intake or level of aflatoxin
contamination of market food samples and cooked food and incidence of hepatocellular
cancer was observed ir early studies in Uganda, Swaziland, Thailand and Kenya!-4, Similar
correlations between aflatoxin intake and hepatocellular cancer incidence and mortality
have been reported from Mozambique and China, where there is considerable geographical
variation in the occurrence of this cancers-s. Summary analysis of the data obtained from
studies conducted in different regions of Africa and Asia where hepatocellular cancer
incidence or mortality and aflatoxin intake were measured revealed a highly significant
correlation between these variabless.

Insouth-eastern USA, inan area with a high average daily intake of aflatoxin B, (13-197
ng/kgbw), a 10% excess (6% for the 30-49 age group) in hepatocellular cancer incidence was
observed compared to ‘northern’ and ‘western’ areas with low aflatoxin B, intake (0.2-0.3
ng/kg bw)°.
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A case-control study in the Philippines, where mean aflatoxin contamination levels in
dietary items were established and individual levels of aflatoxin consumption were
determined retrospectively, demonstrated an increased, dose-related relative risk of
developing hepatocellular cancer in persons with higher ingestion of aflatoxin. Relative
risks of developing hepatocellular cancer by category of overall mean load of aflatoxin in
the diet, e.g., very heavy versus light and moderately heavy versus light, were 17.0 and 13.9
(both significant at the 0.05 level). The effect of aflatoxin on relative risk was increased by
alcohol consumption, and heavy aflatoxin/ heavy alcohol consumption gave a relative risk
of 35.010,

In a case-control study conducted in Hong Kong where 107 hepatocellular cancer
patients and 107 controls were studied, the relative risk of hepatocellular cancer was not
related to dietary intake of corn or beans, which are the chief sources of aflatoxin
contamination in Hong Kong. The relative risk was increased (2.2), but not significantly, for
consumption of ‘other grains’, including wheat, barley and oats!!; however, among 878
market food samples, only 22 contained aflatoxins!2.

One major difficulty in interpreting these studies is potential confounding due to
hepatitis virus B infection, which is endemic in many areas where the relationship between
aflatoxin intake and hepatocellular carcinoma has been examined. However, in three recent
studies, both factors have been taken into account. In China, both dietary and urinary levels
of aflatoxins were found to be related to hepatocellular cancer incidence. Levels of aflatoxin
M, as high as 35 ng were found in urine in high-incidence areas, whereas levels of <2 ng were
observed in low-risk areas. Serological surveys did not show corresponding differences in
the prevalence of the hepatitis B virus-carrier state!3. In another area of China, the mortality
rate for hepatocellular cancer was 9.9 times higher in villages with high aflatoxin
contamination of foodstuffs than in villages with lightly contaminated foods. In this area,
aflatoxin contamination of foods appeared to be a risk factor over and above hepatitis B
infection!4. In Swaziland, in a study based on surveys of levels of aflatoxin intake across four
broad geographic regions, liver cancer incidence was strongly associated with estimated
levels of aflatoxin. In a multivariate analysis involving ten smaller subregions, aflatoxin
exposure emerged as a more important determinant of the variation in liver cancer incidence
than the prevalence of hepatitis B infection. This analysis was based on 52 cases spread over
ten subareas, and estimations of aflatoxin intake and prevalence of hepatitis B infection
were based on surveys conducted among the general population and on samples from blood
donors, respectively. Imprecision in measuring intake of aflatoxin or in establishing
hepatitis B infection, or the presence of unmeasured confounders, seem unlikely to account
for the five-fold differences in hepatocellular cancer incidence seen in association with
aflatoxin intake!s.

Additional evidence for a causative association between aflatoxin exposure and human
cancer was found in a retrospective cohort study of 71 workersin a plant in the Netherlands
where oil was extracted from linseeds and from peanuts. In the aflatoxin-exposed group, the
observed mortality over the entire 18-year study period was higher than expected for all
cancers (standardized mortality ratio [SMR], 250; 95% confidence interval, 140-400) and
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for the first six years of observation (SMR, 438; 180-870). An increase in mortality from
respiratory cancer in the exposed group was also evident (SMR, 253; 100-500):¢.

A few case reports of cancer other than hepatocellular in aflatoxin-exposed workers
have been published!!7-19,

B. Evidence for carcinogenicity to animals (sufficient)

Aflatoxins produce liver tumours in mice, rats, fish, ducks, marmosets, tree shrews and
monkeys after administration by several routes, including the mouth. In rats, cancers of the
colon and kidney were also seen!. Recent studies have extended these findings. In hamsters,
aflatoxin B, produced cholangiocellular but not hepatocellular tumours2. In mice,
aflatoxin B, administered orally or intraperitoneally resulted in an increased incidence of
lung adenomas!:2!. All rats fed § mg/kg of diet aflatoxin B, for six weeks developed
hepatocellular carcinomas??; neoplastic hepatic nodules were produced in rats by oral
administration of a single dose of 5 mg/kg bw aflatoxin B,23; rats fed peanut oil containing
5-7 ug/kg aflatoxin B, developed parenchymal liver damage but no liver-cell tumour24,
Aflatoxin B, can induce liver tumours in monkeys?%2; osteogenic sarcoma, adeno- -
carcinoma of the gall-bladder or bile duct and carcinomas of the pancreas were also
observed?. Aflatoxin B, also induced liver tumours in the subhuman primate tree shrew,
Tupaia glis?. Intraperitoneal administration of aflatoxin B, to pregnant rats induced liver
and other tumours in the mothers and in the progeny?8. Aflatoxin M, a hydroxy metabolite
of aflatoxin B,, produced fewer hepatocellular carcinomas following its oral administration
to rats than aflatoxin B, given at the same dose level and by the same route?9,

C. Other relevant data

In one study, aflatoxin B,-DNA adducts were excreted in human urine. No data were
available on the genetic and related effects of aflatoxins B, G;, G, or M, in humans?30,

Aflatoxin B, has been tested extensively for genetic effects in a wide variety of tests in
vivo and in vitro, giving consistently positive results. It induced chromosomal aberrations,
micronuclei, sister chromatid exchanges, unscheduled DNA synthesis and DNA strand
breaks, and bound covalently to DNA in cells of rodents treated in vivo; it was reported to
be weakly active in a dominant-lethal mutation assay in mice. In human cells in vitro, it
induced chromosomal aberrations, micronuclei, sister chromatid exchanges and
unscheduled DNA synthesis and bound covalently to DNA. It induced cell transformation
in several test systems, and induced chromosomal aberrations, sister chromatid exchanges,
mutation, unscheduled DNA synthesis and DNA strand breaks in rodent cells in vitro. It
induced sex-linked recessive lethal mutations and somatic mutation and recombination in
Drosophila. In fungi, aflatoxin B, was mutagenic and induced gene conversion and mitotic
recombination. It was mutagenic and induced DNA damage in bacteria and bound’
covalently to isolated DN A3,

Aflatoxin B, bound covalently to DNA in hepatocytes of rats treated in vivo. It
transformed Syrian hamster embryo cells and induced sister chromatid exchanges in
Chinese hamster cells in vitro and induced unscheduled DNA synthesis in rat hepatocytes,
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but not in human fibroblasts, in vitro. It was not mutagenic to fungi in the absence of a
metabolic system and did not induce gene conversion or mitotic recombination in yeast.
Aflatoxin B, induced mutation but not DNA damage in bacteria.

Aflatoxin G, induced chromosomal aberrations in bone-marrow cells of Chinese
hamsters treated in vivo and bound to DNA in kidney and liver cells of treated rats. It
induced unscheduled DNA synthesis in human fibroblasts and rat hepatocytes in vitro and
caused chromosomal aberrations and sister chromatid exchanges in Chinese hamster cells
invitro. It induced mutation in Neurospora crassa but neither mutation nor gene conversion
in Saccharomyces cerevisiae. Aflatoxin G, induced mutation and DN A damage in bacteria
and bound covalently to isolated DNA30,

Aflatoxin G, did not induce unscheduled DNA synthesis in human fibroblasts in vitro. It
induced sister chromatid exchanges in Chinese hamster cells and unscheduled DNA
synthesis in rat and hamster hepatocytes in vitro. It did not induce mutation in cultured
rodent cells or in fungi in the absence of a metabolic system. Aflatoxin G, gave conflicting
results for mutation in bacteria and did not cause DNA damage®°.

Aflatoxin M, induced unscheduled DNA synthesis in rat hepatocytes in vitro and was
mutagenic to bacteria30.
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ALDRIN (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

Specific mention of aldrin in analytical epidemiological studies is limited to reports of
follow-up of two cohorts of men employed in its manufacture in plants where dieldrin (see
p. 196) and endrin (and, in one, telodrin) were also manufactured!-4. In the most recent
report of the first of these cohorts3, 232 of 233 exposed workers were successfully followed
from four to 29 (mean, 24) years, with duration of exposure to pesticides varying between
four and 27 (mean, 11) years. There were nine deaths from cancer with 12 expected
(standardized mortality ratio [SMR], 75; 95% confidence interval, 25-125). In the second
cohort?,90% of 1155 men were followed for 13 years or more. Mortality from all cancers was
not increased (SMR, 82; 56-116), although there were apparent increases in mortality from
cancers of the oesophagus, rectum and liver, based on very small numbers.

B. Evidence for carcinogenicity to animals (limited)

Aldrin was tested for carcinogenicity by the oral route in mice and rats. In mice, it
produced malignant liver neoplasms!S. In rats, the incidence of thyroid tumours was
increased in exposed animals in one studys, but this could not be clearly associated with
treatment; three other studies in rats gave negative results!-6 and one was inadequate!.

C. Other relevant data

No data were available on the genetic and related effects of aldrin in humans. It did not
induce dominant lethal mutations in mice. In single studies, it induced chromosomal
aberrations in bone-marrow cells of rats and mice, but no micronuclei in bone-marrow cells
of mice treated in vivo. It induced chromosomal aberrations in cultured human lympho-
cytes; studies of DN A damage in human and rodent cells in vitro were inconclusive. Aldrin
inhibited intercellular communication in both human and rodent cell systems. It did not
induce sex-linked recessive lethal mutations in Drosophila but was mutagenic to yeast. It
was not mutagenic to bacteria and did not induce breakage of plasmid DNA7.
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ALUMINIUM PRODUCTION (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)

The lung has been the most common site identified for which there is an excess cancer
risk in populations of aluminium production workers. Overall, early studies showed a
borderline excess in relative risk, with some studies showing a doubling of risk and some
showing no excess. Smoking histories were not given in any of these studies. In one study in
which populations in the industry were compared on the basis of their exposures to pitch
volatiles, there was a relationship between incidence of lung cancer and length of exposure,
and there was a significant excess of cancer among workers who had worked for 21 years or
morel.

In three studies in the same aluminium-producing area, an increased risk of bladder -
cancer was associated with work in aluminium production in plants where primarily the
Soderberg process was used. In one study in which smoking was controlled for, while there
was a borderline excess in risk for nonsmokers, the risk for smokers was markedly
increased!.

Excess mortality from lymphosarcoma/reticulosarcoma was noted in two cohort
studies, which covered partially the same population!.

Statistically significant excess risks for pancreatic cancer and for leukaemia were noted
as isolated findings in two studies and in one study, respectively!.

Some of these studies have been updated. In Canada, the mortality of a large group of
men employed in aluminium production using the Soderberg process was examined
between 1950 and 1977, and compared with the pertinent rates for the Province of Quebec.
Workers ‘ever’ exposed to condensed pitch volatiles (‘tar’) exhibited significantly increased
mortality from all cancers (304 observed, 246.6 expected), and from oesophageal and
stomach cancer (50 observed, 32.8 expected), lung cancer (101 observed, 70.7 expected) and
other malignancies (60 observed, 45.3 expected). Analysis of lung cancer mortality by
increasing years of exposure, tar-years of exposure and years since first exposure to tar
revealed a steady, statistically significant, increasing trend. No similarly clear-cut pattern
was noted for cancers of the oesophagus or stomach. Deaths from cancer of the urinary
organs (20 observed, 13.7 expected) and bladder (12 observed, 7.5 expected) were more
numerous than expected, but not significantly so. N onetheless, when mortality from cancer
at each of these sites was analysed according to tar-years of exposure, significantly
increasing trends were noted. Among workers ‘never’ exposed to tar, mortality was not
elevated above expectancy for any cancer site2.
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The risk for bladder cancer was further investigated in a case-control study based on 488
bladder cancer cases occurring in 1970-1979 in regions of the Province of Quebec where five
aluminium plants were operating using the S6derberg production process. A statistically
significant odds ratio of 2.7, based on 45 exposed cases, was found for employment in
Soderberg reactor rooms. The risk increased steadily with time worked in this department,
with odds ratios ranging from 1.9 for those who had worked for one to nine years, upto 4.5
for those who had worked in the department for over 30 years. This trend was statistically
significant. The risk also increased steadily with increasing estimated exposure to ‘tar’ and
polycyclic aromatic hydrocarbons and remained almost unchanged after adjusting for
cigarette smoking, length of employment and age?. This set of data was later reanalysed in
an attempt to quantify the noted exposure-response relationship. More refined quantitative
estimates of historical workplace exposure and more complete information on smoking
habits were used. Estimates of bladder cancer risk were highly statistically significantly
related to three exposure indices: years spent in the Soéderberg potroom; cumulative
exposure to benzene-soluble material, an indicator of overall exposure to tar volatiles; and
cumulative exposure to benzo[a]pyrene, an indicator of exposure to polycyclic aromatic
hydrocarbons. It was estimated that an aluminium smelter worker exposed to 0.2 mg/ m3
benzene-soluble material for 40 years has a likelihood of contracting bladder cancer
approximately 2.5-fold that of a nonexposed person. Workers exposed to 5 ug/m3
benzo[a]pyrene for 40 years had a likelihood of contracting bladder cancer approximately
five-fold that of an unexposed person. Smoking did not confound the relationship#.

There is sufficient evidence that certain exposures occurring during aluminium
production cause cancer. Pitch volatiles have fairly consistently been suggested in
epidemiological studies as being possible causative agents. Dose-response relationships
have been clarified, and confounding by smoking controlled for.

B. Other relevant data

No effect on the incidence of sister chromatid exchanges in peripheral blood
lymphocytes of workers in the aluminium industry was observed in one study. No increase
in the incidence of structural chromosomal aberrations was observed in the lymphocytes of
workers in an aluminium reduction plant exposed to coal-tar pitch volatiles (anode
production area); analyses of the semen showed no effect on sperm morphology, sperm
count or double-Y bodies, when compared to matched controls from the same area, but
there was an excess of mutagenic urine samples among these workers as compared to
controls. Urine samples from workers in an anode manufacturing plant were not mutagenic
to Salmonella typhimurium in the presence of a metabolic system. Methanol extracts of
sputum and bronchial expectorates, pooled separately for smoking and for nonsmoking
workers in a S6derberg process potroom, were tested for mutagenicity to S. typhimurium in
the presence of an exogenous metabolic system. Expectorates from smokers were
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mutagenic, while those from nonsmokers yielded inconclusive results; samples from pooled
controls were inactives.
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4-AMINOBIPHENYL (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)

The extent of bladder cancer risk associated with exposure to 4-aminobiphenyl was first
documented by a descriptive study in the mid-1950s: of 171 men exposed to 4-amino-
biphenyl between 1935 and 1955, 19 developed bladder tumours!. This observation appears
to have been sufficient to prompt discontinuation of production and to prevent widespread
use of the chemical. In 1955, a surveillance programme was initiated on workers reported to
have been exposed to the chemical: during the following 14 years, 541 men were kept under
surveillance by clinical and laboratory examinations; 86 had positive or suspicious cytology
of the urinary sediment some time during the observation period, and 43 developed
histologically confirmed carcinoma of the urinary bladder2.

The hypothesis that another potential carcinogen, 4-nitrobiphenyl, was actually
associated with the increased bladder cancer risk among these workers was raised but was
dismissed by careful reconsideration of the processes involved and the possible exposures of
the workers under surveillance3.

Ina survey of cancer mortality among workers at a chemical plant producinga variety of
chemicals, a ten-fold increase in mortality from bladder cancer was reported. All of the nine
cases on which the excess was based had started work in the plant before 1949, and
4-aminobiphenyl was known to have been used from 1941 until 19524,

B. Evidence for carcinogenicity to animals (sufficient)

4-Aminobiphenyl was tested for carcinogenicity by oral administration in rabbits, dogs
and mice and by subcutaneous administration in rats. F ollowing its oral administration, it
induced bladder papillomas and carcinomas in rabbits! and dogs!%, and neoplasms at
various sites in mice, including dose-related increases in the incidences of angiosarcomass,
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hepatocellular tumours!-¢ and bladder carcinomas!-¢. Following its subcutaneous admin-
istration to rats, it induced tumours of the mammary gland and intestine!.

C. Other relevant data

No data were available on the genetic and related effects of 4-aminobiphenyl in humans.
It formed DNA adducts in the bladder epithelium of dogs and protein adducts in serum
albumin of rats treated in vivo. It induced mutation in human fibroblasts and mutation,
DNA strand breaks and unscheduled DNA synthesis in cultured rodent cells. 4-Amino-
biphenyl was mutagenic to bacteria and induced prophage’.
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AMITROLE (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

In a small cohort study of 348 Swedish railroad workers exposed for 45 days or more to
amitrole, 2,4-D or 2,4,5-T (see p. 256) and to other organic (e.g., monuron and diuron) and
inorganic chemicals (e.g., potassium chlorate), there was an excess of deaths from malignant
neoplasms (17 observed, 11.9 expected). There was a statistically significant excess of all
cancers among those exposed to amitrole and chlorophenoxy herbicides: six deaths from
cancer with 2.9 expected, of which all six — with 1.8 expected (p < 0.005) — occurred in
those first exposed ten years or more before death. No significant excess was seen among
those exposed mainly to amitrole: five deaths from cancer with 3.3 expected, three deaths
with two expected occurring in those first exposed ten years or more before death!. Therole
of amitrole exposure is therefore not possible to evaluate.
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B. Evidence for carcinogenicity to animals (sufficient)

Amitrole was tested for carcinogenicity in mice by oral administration, skin application
and transplacental exposure, in rats by oral and subcutaneous administration and in
hamsters by oral administration. After oral administration, it produced thyroid tumours
and benign and malignant liver tumours in mice of each sex, benign and malignant thyroid
tumours in male and female rats and benign pituitary tumours in female rats!.

C. Other relevant data
No data were available on the genetic and related effects of amitrole in humans.

Amitrole did not induce micronuclei in bone-marrow cells of mice or unscheduled
DNA synthesis in hepatocytes of rats treated in vivo. It induced transformation of Syrian
hamster embryo cells and increased the incidence of sister chromatid exchanges in Chinese
hamster ovary cells; both positive and negative results were reported for mutation in
cultured rodent cells. Amitrole did not induce sex-linked recessive lethal mutations or
aneuploidy in Drosophila; it induced chromosomal aberrations in plants. Both positive and
negative results were obtained in assays for gene conversion and mutation in fungi, but
amitrole induced aneuploidy. It was not mutagenic to bacteria and did not induce DNA
damage?.
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ANAESTHETICS, VOLATILE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

Data from postal surveys of cancer incidence among working populations showed a
higher rate of cancer among female operating-room personnel than among controls!-4,
partly reflecting an excess of leukaemia and lymphoma2. In one of the studies?, a higher rate
of cancer was reported among dental assistants with relatively heavy exposure to
anaesthetics, reflecting a higher prevalence of cervical and uterine cancer in women with
heavier exposure to anaesthetics than in those with a lighter exposure (significant only for
cancer of the gervix). All of these postal surveys had major shortcomings’, with response
rates varying from 40-829. Five mortality studies were carried out on anaesthetistsé-10. A
deficiency of deaths from cancer was seen in four®-8-10; however, in one study®, there was an
excess of deaths from lymphoma and myeloma (17 observed, 8.9 expected, with a ratio of
1.9 [95% confidence interval, 1.2-2.6]) and, in another, a possible excess of cancer of the
pancreas’. Cancer incidence was also studied in 28 235 registered nurses. Minor excesses
of breast cancer, lymphoma and acute myelogenous leukaemia were balanced by deficits
in cancers at other sites. No significant difference was found for active operation and
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anaesthetic nurses as compared to the female Norwegian population!!. In a study of the
incidence of cancer among offspring born to nurse anaesthetists, three neoplasms occurred
in two of 434 children born to anaesthetists who had worked during pregnancy (a
neuroblastoma and a carcinoma of the thyroid in one, and a carcinoma of the parotid in the
other) and one leukaemia among the 261 children born to anaesthetists who had not worked
during pregnancy!2.

It is not possible to consider exposure to different volatile anaesthetics separately,
although the study of US anaesthesiologists working during 1930-19461° concerned the
period before fluorinated anaesthetic agents were introduced in the 1950s.

B. Evidence for carcinogenicity to animals (inadequate for enflurane, halothane, iso-
flurane, methoxyflurane and nitrous oxide)

Enflurane was tested for carcinogenicity by inhalation in one strain of mice at the
maximum tolerated dose!3 and at several dose levels in a limited study in which treatment
started in utero'®. No treatment-related neoplasm was observed.

Halothane was tested for carcinogenicity by inhalation in mice and rats. When mice were
exposed in utero and then three times weekly for 78 weeks at the maximum tolerated dose!s
or 24 times at several dose levels!4, no treatment-related neoplasm was observed. No
carcinogenic effect was seen in rats exposed to a low level of halothane alone or in
combination with nitrous oxide!s.

Isoflurane was tested for carcinogenicity by inhalation in one strain of mice. It induced
liver tumours in one experiment! but no treatment-related neoplasm in another!4. Both
experiments had limitations.

Methoxyflurane was tested for carcinogenicity in mice by inhalation in utero in one
limited study. No treatment-related neoplasm was observed!4.

Nitrous oxide was tested for carcinogencity by inhalation in mice and rats. In one limited
study in mice in which exposure started in utero, no treatment-related neoplasm was
observed!4. No carcinogenic effect was seen in rats exposed chronically to a low dose of
nitrous oxide alone or in combination with halothane!s.

C. Other relevant data

Studies in hospital personnel exposed to inhalation anaesthetics showed an increased
frequency of chromosomal aberrations but not of sister chromatid exchanges in peripheral
blood lymphocytes!’-18.

Neither enflurane nor halothane induced dominant lethal mutations in rodents in vivo,
and halothane did not induce chromosomal aberrations, micronuclei or sister chromatid
exchanges in rodents treated in vivo's.

Divinyl ether and fluroxene induced sister chromatid exchanges in cultured Chinese
hamster ovary cells and mutation in bacteria. Negative results were obtained in these tests
with halothane, enflurane, diethyl ether, isoflurane, methoxyflurane and nitrous oxide.
Halothane caused gene conversion and mutation in yeast under conditions that enhanced
endogenous levels of cytochrome P450. Diethyl ether was not mutagenic to fungi.
Cyclopropane was not mutagenic to bacterial®.
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ANDROGENIC (ANABOLIC) STEROIDS (Group 2A)

A. Evidence for carcinogenicity to humans (/imited)

Cases of benign hepatoma, peliosis hepatis, primary hepatocellular carcinoma and
hepatic cholangiocarcinoma have all been linked to the use of androgenic steroids, mostly
oxymetholone!-13, At least 25 cases of liver-cell tumour have been reported in patients with
Fanconi’s anaemial-6:11:12, aplastic anaemial-47-8, paroxysmal nocturnal haemoglobi-
nurial>12:13, panmyelopathy® or megaloblastic anaemial? treated with oxymetholone alone
or in combination with other androgenic steroid drugs. Usually, treatment was given for
years, but cancer has occurred within as little as two months of therapy®, and there have been
well-documented instances of remission following the withdrawal of oxymetholone
treatment®:9-11, Hepatocellular carcinomas were also reported after extended treatment with
oxymetholone of one patient with nephrolithiasis!4 and of another with chronic renal
failure!s; and hepatocellular carcinomas!-16, cholangiocarcinomas's and adenomas!s were
reported after extended treatment of patients with methyltestosterone, testosterone
oenanthate and nandrolone decanoate for hypogonadism!é, hypopituitarism!3, chronic
renal failure!S and generalized weakness!>.

The fact that castration palliates prostatic cancers suggests that testosterone may be
involved in the genesis of these tumours!?, and a number of epidemiological observations
suggest that increased testosterone levels may increase the risk for prostatic cancer. In
addition, patients with cirrhosis, who have depressed testosterone levels!®, have low rates of
prostatic cancer!?, and prostatic cancer is seemingly unknown among castrates?. There
have also been a number of case reports2!-23 of prostatic cancer developing after androgen
therapy; there was only one, unusual case, however, in which the cancer developed in a
‘body-builder’ at the age of 40 who had taken anabolic steroids for 18 years?3.

Blacks in the USA have the highest prostatic cancer rates in the world. Their two-fold
increased risk, compared to US whites, is evident at the earliest age at which prostatic cancer
occurs. Ross et al.24 showed that young US blacks have a 15% higher mean testosterone
serum leve] than young US whites, and argued that this difference could readily explain the
two-fold difference in rates.

In one study?s, prostatic cancer cases were found to have higher mean levels of serum
testosterone than healthy controls of the same age. Prostatic cancer cases in this study had a
clear excess of high testosterone values. Another study 26 showed significantly higher levels
of serum testosterone in prostatic cancer cases than in age-matched controls among US
blacks, but not among African blacks. A number of case-control studies, however, showed
no significant difference between cases and controls2’-2. At present, there are insufficient
data to permit firm conclusions to be drawn.

The development of myeloid leukaemia as a complication of Fanconi’s anaemia has
been reported in association with the use of oxymetholone!!-30:31 and there has been one
case report of paroxysmal nocturnal haemoglobinuria in which a myeloproliferative
disorder developed after oxymetholone therapy32.
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The evidence that anabolic steroids can cause both benign and malignant liver tumours
is quite strong. However, because no analytical epidemiological study has been done, the
Working Group felt constrained to classify the evidence for carcinogenicity in humans as no
more than ‘limited’.

B. Evidence for carcinogenicity to animals (sufficient for testosterone)

Testosterone propionate was tested for carcinogenicity in mice and rats by subcutaneous
implantation, producing cervical-uterine tumours in female mice and prostatic adenocarcinomas
in male rats. Neonatal treatment of female mice by subcutaneous injection of testosterone
induced hyperplastic epithelial lesions of the genital tract and increased the incidence of
mammary tumours. 58-Dihydrotestosterone, which is considered hormonally inactive in
adults, also increased the incidence of mammary tumours in mice when given neonatally by
subcutaneous injection33. Depots of testosterone propionate implanted in rats resulted in an
increased incidence of prostatic adenocarcinomas3. Subcutaneous administration of
testosterone propionate following intravenous treatment with N-methyl-N-nitrosourea
produced a high incidence of prostatic adenocarcinoma not seen with the individual
compounds3.

No data were available to the Working Group on oxymetholone.

C. Other relevant data

No data were available on the genetic and related effects of oxymetholone or
testosterone in humans.

Testosterone did not induce sperm abnormalities or micronuclei in mice treated in vivo
and was not mutagenic to bacteria3.
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ANILINE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

The excess of bladder cancer deaths observed in clusters of cases of workers in the
aniline-dye industry has been attributed to exposure to chemicals other than aniline.
Epidemiological studies of workers exposed to aniline but not to other known bladder
carcinogens have shown little evidence of increased risk. These studies are generally
methodologically inadequate due to incomplete follow-up of workers who left the industry
and to absence of estimates of expected numbers of bladder cancers. In the most
methodologically vigorous study, one death from bladder cancer was reported among 1223
men who had produced or used aniline, with 0.83 deaths expected from population rates!. A
recent mortality study of 342 men employed in the manufacture of organic dyes, in which
two of the three processes involved aniline as a raw material, showed no death from bladder
cancer?,

B. Evidence for carcinogenicity to animals (/imited)

Aniline hydrochloride was tested for carcinogenicity in single experiments in mice and
rats by oraladministration. No increase in tumour incidence was observed in mice. Inrats, it
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produced fibrosarcomas, sarcomas and haemangiosarcomas of the spleen and peritoneal
cavity!. In several limited studies, largely negative results were obtained following oral
administration to rats!, subcutaneous injection of mice! and hamsters®, and after single
intraperitoneal injection of mice*.

C. Other relevant data
No data were available on the genetic and related effects of aniline in humans.

Aniline induced sister chromatid exchanges, but not micronuclei, in bone-marrow cells
of mice treated in vivo, and DNA strand breakage was induced in liver and kidney of rats in
vivo. Sister chromatid exchange assays in human cells in vitro gave negative results. Syrian
hamster embryo cells and virus-infected Fischer rat embryo cells were not transformed by
aniline, but BALB/c 3T3 cells were. It induced sister chromatid exchanges and chromo-
somal aberrations but not DNA strand breaks or unscheduled DNA synthesis in
mammalian cells in vitro. Aniline did not induce sex-linked recessive lethal mutations in
Drosophila and did not induce mutation or mitotic recombination in fungi. It was not
mutagenic to bacteria and did not cause DNA damage. Urine from rats treated with aniline
was reported to be mutagenic to bacteria’.
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ARSENIC AND ARSENIC COMPOUNDS (Group 1%)

A. Evidence for carcinogenicity to humans (sufficient)

Many cases of skin cancer have been reported among people exposed to arsenic through
medical treatment with inorganic trivalent arsenic compounds, particularly Fowler’s

*This evaluation applies to the group of chemicals as a whole and not necessarily to all individual chemicals within the group (see
also Methods, p. 38).
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solution!, and further reports have confirmed these findings?. In some instances, skin
cancers have occurred in combination with other cancers, such as liver angiosarcoma (after
six months’ treatment with Fowler’s solution giving a total intake of 0.24 g arsenic)s,
intestinal and bladder cancers’ and meningioma®. Liver angiosarcomas have also been
associated with medicinal exposure to arsenic!+619,

Epidemiological studies of cancer following medical treatment with arsenic have shown
an excess of skin cancers, but no clear association with other cancers has been obtained!, as
confirmed by a recent cohort study on individuals treated with Fowler’s solution!!. No
relation was found between prostatic cancer and treatment of syphilis with arsenicals!2.

Anassociation between environmental exposure to arsenic through drinking-water and
skin cancer has been observed! and confirmed!3!4; two cases of bladder cancer were also
described, with latent periods of eight to 20 years!s. The latent periods for two cases of skin
cancer related to arsenic in drinking-water were 20 and 23 years, and the concentrations or
uptake of arsenic were reported to be 1.2 and | mg per day, respectively, with an estimated
total ingested dose of about 8 g in one study!®.

Epidemiological studies in areas with different frequencies of black-foot disease and
where drinking-water contained 0.35-1.14 mg/l arsenic revealed elevated risks for cancers of
the bladder, kidney, skin, lung, liver and colon in both men and women!6:17,

A case of liver angiosarcoma was reported in the 20-month-old child of an exposed
worker living in the vicinity of a copper mine and smelter!8. Four rather inconsistent studies
describing the effect of air pollutants containing arsenic'»1920 were followed by further
reports that indicated an effect on lung cancer incidence of arsenic in polluted air from
smelters and pesticide production, with risk ratios of 2.0-2.5 near smelters2!-22, Two further
studies near smelters showed no clear effect23:24,

Occupational exposure to inorganic arsenic, especially in mining and copper smelting,
has quite consistently been associated with an increased risk of cancer!. A number of studies
of smelter workers relate to populations that have been reported previously! and represent
both partial?>-?7 and total?®:2% updates. An almost ten-fold increase in the incidence of lung
cancer was found in workers most heavily exposed to arsenic, and relatively clear dose-
response relationships have been obtained with regard to cumulative exposure?® and
especially with 30-day ceiling levels?’. Sulphur dioxide in the smelter environment appeared
to play a minor role, if any, in the development of lung cancer?’. Other forms of cancer were
considered, but their incidences were not found to be consistently increased?s. Other US
smelter worker populations have been shown to have consistent increases in lung cancer
incidence, as well as increases of about 209% in the incidence of gastrointestinal cancer and of
30% for renal cancer and haematolymphatic malignancies30:3!. The observation in an earlier
study of an increase in lung cancer risk among a population of Swedish smelter workers! has
been confirmed, with a risk of six to eight fold among roasters32.

A decrease in lung cancer risk after cessation of exposure to arsenic has been observed in
some studies’*33, possibly indicating a late-stage effect of arsenic34:35.

With regard to histological type of lung cancer, a significant, relative excess of adeno-
carcinomas and a slight excess of oat-cell cancers were seen among smelter workers3s.
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A multiplicative effect of arsenic exposure and smoking was observed among Swedish
smelter workers3’. A slightly increased risk was also indicated for exposure to sulphur
dioxide in this study. Other studies have shown a lesser influence of smoking?25:33,

Relatively high concentrations of arsenic, as well as of antimony, cadmium, lead and
lanthanum, were found in lung tissue of lung cancer cases, whereas the concentrations of
selenium were low38:39,

Anapproximately two-fold risk for lung and stomach cancers has been observed among
(fine) glass workers with some exposure to arsenic but who were also exposed to other
potentially carcinogenic metals and to asbestos. Stomach cancer was especially frequent
among glass blowers, suggesting an association with oral contact with contaminated pipes40.

Some excess of lung cancer was seen among female hat makers exposed to arsenic, but
also to mercury?!,

Additional reports have suggested an increased risk of skin and lung cancers in vineyard
workers42-43 and have also suggested that ingestion of arsenic in wine byproducts may have
contributed to this increase*2. One case of lung cancer was reported in an individual involved
in the production of lead arsenate and calcium arsenate4*; multiple skin keratoses and
chronic lymphatic leukaemia were reported in one person involved in the production of
copper acetoarsenate*s.

Three studies of two populations of workers in pesticide production showed an
increased risk ratio for lung cancer — up to about 3 — and some excess of malignant
neoplasms of the lymphatic and haematopoietic tissues!#. In a study of liver angio-
sarcomas, two of 26 cases had been in contact with arsenical pesticides occupationally!.

B. Evidence for carcinogenicity to animals (/imited)

Various arsenic compounds have been tested for carcinogenicity by perinatal treatment
of mice, by intratracheal instillation in hamsters and rats and by implantation into the
stomach of rats. Arsenic trioxide produced lung adenomas in mice after perinatal
treatment#’, and induced low incidences of carcinomas, adenomas, papillomas and
adenomatoid lesions of the respiratory tract in hamsters after its intratracheal instil-
lation*8:49. It induced a low incidence of adenocarcinomas at the site of its implantation into
the stomach of ratss0. A high incidence of lung carcinomas was induced in rats following a
single intratracheal instillation of a pesticide mixture containing calcium arsenatel.
Intratrachealinstillations of calcium arsenate into hamsters resulted in a borderline increase
in the incidence of lung adenomas, while no such effect was observed with arsenic
trisulphides!. Oral administration of sodium arsenite enhanced the incidence of renal
tumours induced in rats by intraperitoneal injection of N-nitrosodiethylamines2.

No adequate data on the carcinogenicity of .organic arsenicals were available to the
Working Group.
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C. Other relevant data

In one study of people exposed to trivalent arsenic in drinking-water, no increase in the
incidence of sister chromatid exchanges or chromosomal aberrations was observed. A
number of other studies published on people occupationally exposed to arsenic or patients
treated with arsenic have shown increased levels of chromosomal aberrations or sister
chromatid exchanges. The interpretation of these results remains uncertain because of
methodological problemsss.

Trivalent arsenic did not induce dominant lethal mutations in mice, but it produced a
small increase in the incidence of chromosomal aberrations and micronuclei in bone-
marrow cells of mice treated in vivo. It induced chromosomal aberrations and sister
chromatid exchanges in human and rodent cells in vitro, and transformation of Syrian
hamster embryo cells; it did not induce mutation in rodent cells in vitro. It induced gene
conversion in yeast but did not cause mutation or induce prophage in bacterias3.

Pentavalent arsenic induced chromosomal aberrations in human and rodent cells ix
vitro; equivocal results were obtained in assays for the induction of sister chromatid
exchanges. It induced transformation in Syrian hamster embryo cells but did not induce
mutation or DNA strand breaks in rodent cells in vitro. It induced gene conversion in yeast
but did not induce mutation in bacterias3.
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ASBESTOS* (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)

Numerous reports from several countries have described cases or series of pleural and
peritoneal mesotheliomas in relation to occupational exposure to various types and
mixtures of asbestos (including talc containing asbestos), although occupational exposures
have not been identified in all cases!-21. Mesotheliomas of the tunica vaginalis testis and of
the pericardium have been reported in persons occupationally exposed to asbestos?2-24.

Environmental exposure either in the houses of asbestos workers or in the neighbour-
hood of asbestos mines or factories has been noted in some of the cases!»2:4-6:9,11,25.26 Tt has
been estimated that a third of the mesotheliomas occurring in the USA may be due to
nonoccupational exposure?’. In a study from Israel, the incidence of mesothelioma was
found to be higher among those born in the USA or in Europe relative to those born in
Israels.

In some of these case reports and in other studies, asbestos fibres were identified in the
lung$-6-11,28-32. Amphibole fibres usually predominated, but in a few cases mainly or only
chrysotile fibres were found®-28,

The long latency required for mesothelioma to develop after asbestos exposure has been
documented in a number of publications!!>!3,26,28,33-37  Ap increasing proportion of cases
has been seen with increasing duration of exposure36,

A number of epidemiological studies of respiratory cancer and mesothelioma have been
reported in relation to exposure to unspecified or complex mixtures of asbestos inshipyard
work38-45. The risk ratio for lung cancer has usually been moderately increased, bothin these
studies and in studies on various other occupational groups with similarly job-related but
unspecified or complex asbestos exposures3546-54, Risk ratios of about 2-5 have been
reported in some studies, but the ratio was considerably higher in one rather small study3>
and did not exceed unity in another42. In one study, individuals suffering from asbestosis
had a considerably greater risk for lung cancer, with a risk ratio of 9.0%. In some of the
studies referred to, a number of mesotheliomas were also observed?*!-42,44,47,51,53,55,
Abdominal mesotheliomas have sometimes been mistaken for pancreatic cancer’’. Meso-
thelioma cases have been observed to have a relatively lower fibre content in the lungs than
lung cancer cases32.

*Actinolite, amosite, anthophyllite, chrysotile, crocidolite, tremolite
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Laryngeal cancer has been considered in two case-control studies, resulting in risk ratios
of 2.4 and 2.3 that relate to shipyard work and unspecified exposure, respectively40-58. A
cohort study of insulation workers showed a relative risk of 1.9, based on nine cases”. A case
series indicated a high frequency of exposure to asbestos, especially in low-grade smokers.
A risk ratio of 3.2 for laryngeal cancer was reported among chrysotile miners in an area with
generally high incidence$®, but no increased risk was seen in a cohort of workers with
exposure to crocidolite®!. Two correlation studies have also indicated a relationship
between laryngeal cancer and exposure to asbestos39:62.

Mesotheliomas related to shipyard work and other exposures, including household
contact with asbestos workers, have also been subject to epidemiological studies36:63-67,
resulting in risk ratios of about 3-15 in comparison with background rates not clearly
referable to asbestos exposure.

Some studies have specifically considered environmental exposures with reference to
mesotheliomas®-7. Three correlation studies and one case-control study considering
exposure to piped drinking-waters®-7! did not show consistently increased risks for any type
of cancer, whereas another study’? considering chrysotile contamination mainly from
natural sources gave some indication of an increase in the incidence of peritoneal and
stomach cancers in persons of each sex, although no other cancer site was consistent in this
respect.

Exposure to crocidolite has been studied with regard to risk of lung cancert:73-76_ and
risk ratios of about 2-3 have been reported. Three lung cancers and two mesotheliomas
occurred in 20 individuals after one year of high exposure to crocidolite; at least 17 of the
cases had asbestos-induced lung changes on X-ray films7’.

One study?® of histological types of lung cancers showed that among persons exposed to
crocidolite 45.7% of cases were squamous-cell carcinomas, as compared to 35.2% among
unexposed persons. In the context of unspecified and complex exposures, small-cell
carcinoma was found to be relatively more prevalent than other forms0.

Exposure to chrysotile was found in some studies to result in virtually no increase in risk
ratio0-79-81_or a slightly elevated relative risk of lung cancer?2-8, Somewhat higher risk
ratios, up to 2.5, 3.5 and 2, respectively, were obtained in one study of chrysotile miners®’
and in two independent studies from one asbestos [chrysotile] textile plant88:39, the latter
being the more comprehensive. With regard to mesotheliomas, one study suggested a
particularly high risk of combined exposure to chrysotile and amphiboles (risk ratio, 61),
thus almost multiplying the risk ratios (6 and 12, respectively) of exposures to chrysotile and
to amphiboles alone. Another study showed no mesothelioma among a large worker
population with exposure to chrysotile only!.

A slight excess of lung cancer and some mesotheliomas appeared in some groups with
mixed exposures involving amosite, chrysotile and crocidolite®2-%, Exposure predomi-
nantly to amosite, but also to chrysotile, was reported to be the probable cause of at least
four of five mesotheliomas (one peritoneal) observed in a UK insulation-board factorys.
One cohort with exposure to cummingtonite-grunerite, which is closely related to amosite,
had no clear excess of lung cancer, although one case of mesothelioma was observed9.
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Exposure to tremolite and actinolite has been the subject of a few studies in
investigations of vermiculite mining and milling?’-%8 and environmental exposure®. The
studies of miners indicated a risk ratio for lung cancer of up to approximately six fold.
Deaths from mesothelioma were found in the occupational studies, whereas the study of
environmental exposure showed no increased risk, although pleural plaques were reported.
Publication of one case report of a mesothelioma after environmental exposure suggests
that tremolite was of etiological importance3!l.

Cancers other than of the lung or mesothelioma have been considered in many
studies!17:35:39,41-44,48,51,55,60-62,68-70,72-74,76,83,87,89,92,93,96,97,99-108 Some indicated an approxi-
mately two-fold risk with regard to gastrointestinal cancer in connection with shipyard
work443. and some increased risk was also seen in association with exposure to both
chrysotile and crocidolite!®3, to crocidolites!:’4 or to chrysotilet’. Cancer of the colon and
rectum was associated with asbestos exposure during chrysotile production, with an
approximately two-fold risk87; a similar excess was found for unspecified asbestos
exposure!®, Some excess of ovarian cancer has been reported in two studies’76 but not in
another%?; exposure to crocidolite was probably more predominant in the studies that
showed excesses. Bile-duct cancer appeared in excess in one study based on record-
linking!05, and large-cell lymphomas of the gastrointestinal tract and oral cavity appeared to
be strongly related to asbestos exposure in one small study covering 28 cases and 28
controls, giving a risk ratio of 8; however, ten cases and one control also had a history of
malarial%. An excess of lymphopoietic and haematopoietic malignancies has been reported
in plumbers, pipe-fitters, sheet-metal workers and others with asbestos exposure!7,34,107,108,

The relationship between asbestos exposure and smoking indicates a synergistic effect of
smoking with regard to lung cancer!. Further evaluations indicate that this synergistic effect
is close to a multiplicative model5»19. As noted previously!, the risk of mesothelioma
appears to be independent of smoking?7-66, and a significantly decreasing trend in risk was
observed with the amount smoked in one study®s.

The studies of the carcinogenic effect of asbestos exposure, including evidence reviewed
earlier!, show that occupational exposure to chrysotile, amosite and anthophyllite asbestos
and to mixtures containing crocidolite results in an increased risk of lung cancer, as does
exposure to minerals containing tremolite and actinolite and to tremolitic material mixed
with anthophyllite and small amounts of chrysotile. Mesotheliomas have been observed
after occupational exposure to crocidolite, amosite, tremolitic material and chrysotile
asbestos. Gastrointestinal cancers occurred at an increased incidence in groups occupa-
tionally exposed to crocidolite, amosite, chrysotile or mixed fibres containing crocidolite,
although not all studies are consistent in this respect. An excess of laryngeal cancer has also
been observed in some groups of exposed workers. No clear excess of cancer has been
associated with the presence of asbestos fibres in drinking-water. Mesotheliomas have
occurred in individuals living in the neighbourhood of asbestos factories and mines and in
people living with asbestos workers.
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B. Evidence for carcinogenicity to animals (sufficient)

Asbestos has been tested for carcinogenicity by inhalation in rats, by intrapleural
administration in rats and hamsters, by intraperitoneal injection in mice, rats and hamsters
and by oral administration in rats and hamsters. Chrysotile, crocidolite, amosite,
anthophyllite and tremolite produced mesotheliomas and lung carcinomas in rats after
inhalation!-110:111 and mesotheliomas following intrapleural administration!-112,
Chrysotile, crocidolite, amosite and anthophyllite induced mesotheliomas in hamsters
following intrapleural administration!. Intraperitoneal administration of chrysotile,
crocidolite and amosite induced peritoneal tumours, including mesotheliomas, in mice!-!13
and ratsblibll4. Given by the same route, crocidolite produced abdominal tumours in
hamsters!!5, and tremolite and actinolite produced abdominal tumours in rats!10:116-118 A
statistically significant increase in the incidence of malignant tumours was observed in rats
given filter material containing chrysotile orally!. In more recent studies, tumour incidence
was not increased by oral administration of amosite or tremolite in rats!!9, of amosite in
hamsters20-121 or of chrysotile in hamsters!?!. In two studies in rats, oral administration of
chrysotile produced a low incidence of benign adenomatous polyps of the large intestine in
males (9/250 versus 3/254 pooled controls)!?2 and of mesenteric haemangiomas (4/22
versus 0/47 controls)i2. Synergistic effects were observed following intratracheal adminis-
tration of chrysotile and benzo[a]pyrene to rats and hamsters! and of intratracheal
administration of chrysotile and subcutaneous or oral administration of N-nitroso-
diethylamine to hamsters!24,

C. Other relevant data

Insulation workers exposed to asbestos ‘displayed a marginal increase’ in the incidence
of sister chromatid exchanges in lymphocytes in one study!25.

Chrysotile did not induce micronuclei in bone-marrow cells of mice or chromosomal
aberrations in bone-marrow cells of rhesus monkeys treated in vivo. In cultured human
cells, conflicting results were reported for the induction of chromosomal aberrations and
negative results for the induction of sister chromatid exchanges by chrysotile and
crocidolite; amosite and crocidolite did not induce DNA strand breaks, and crocidolite was
not mutagenic. Amosite, anthophyllite, chrysotile and crocidolite induced transformation
of Syrian hamster embryo cells, chrysotile and crocidolite transformed BALB/ ¢ 3T3 mouse
cells, and chrysotile transformed rat mesothelial cells. Neither amosite nor crocidolite
transformed CH3 10T1/2 cells. In cultured rodent cells, amosite, anthophyllite, chrysotile
and crocidolite induced chromosomal aberrations, and amosite, chrysotile and crocidolite
induced sister chromatid exchanges; chrysotile and crocidolite induced aneuploidy and
micronuclei. Chrysotile induced unscheduled DNA synthesis in rat hepatocytes. Amosite,
chrysotile and crocidolite were inactive or weakly active in inducing mutation in rodent cells
in vitro; none was mutagenic to bacteria!2s, ’
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ATTAPULGITE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

A cohort study of 2302 men employed for at least one month between 1940 and 1975 at
an attapulgite mining and milling facility in the USA showed a statistically significant excess
of lung cancer deaths for white men (16 observed, 8.3 expected), but not for black men. Lung
cancer risk was not significantly associated with cumulative dust exposure level, induction-
latent period or duration of employment, except that among men employed for five years or
more in high-exposure jobs five lung cancer deaths were observed, with 1.6 expected!.
Interpretation of the excess of lung cancer in this study is restricted because of a relatively
small study population, the possibly incomplete identification of the study population,
incomplete demographic information on original records, lack of information on smoking
and the use of national mortality rates for comparison.

B. Evidence for carcinogenicity to animals (limited)

Attapulgite was tested for carcinogenicity in rats by intraperitoneal injection, by
intrapleural administration and by inhalation. One sample of attapulgite with 309 of fibres
longer than 5 um and another with 509% of fibres longer than 1.3 um produced
mesotheliomas and sarcomas in the abdominal cavity of rats following its intraperitoneal
injection. Three samples of shorter fibre length gave negative results!2. One sample of
attapulgite with some fibres longer than 4 um and two samples with some fibres longer than
6 pm induced mesothelial tumours following intrapleural administration to rats!3, but one
sample with fewer such fibres did not!. Rats administered particles (with a mean length of
0.77 um, no fibres longer than 4 um and a mean diameter of 0.06 um) of ‘French’attapulgite
by intrapleural administration did not develop mesothelioma, whereas about 50% of rats
treated similarly with various types of asbestos did4. One mesothelioma was observed in rats
following inhalation of two samples of attapulgite3.

C. Other relevant data

Nodata were available on the genetic and related effects of attapulgite in humans. It did
not induce sister chromatid exchanges in rat mesothelial cells or unscheduled DNA
synthesis in rat hepatocytes in vitros.
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AURAMINE (TECHNICAL-GRADE) (Group 2B) and
MANUFACTURE OF AURAMINE (Group 1)

A. Evidence for carcinogenicity to humans (inadequate for auramine, technical-grade;
sufficient for the manufacture of auramine)

The manufacture of auramine (which also involves exposure to other chemicals) was
judged to be causally associated with an increased incidence of bladder cancer on the basis of
one study dealing with experiences in the first half of the century in the UK!. Data reported
later, in two studies dealing with one group of workers in the Federal Republic of Germany
involved in the manufacture of auramine, were judged to show increased risks of both
bladder cancer and prostatic cancer; however, these workers had also been exposed to other
chemicals, including 2-naphthylamine (see p. 261)%3.

In a study of mortality and cancer incidence among hairdressers, the hypothesis was
raised that the observed excess risk of bladder cancer was associated with exposure to
colouring agents present in brilliantines used on men’s hair. Auramine was reported to be
one of the most commonly used dyes in brilliantines, at least in the 1930s; however, the
occurrence of impurities, such as 2-naphthylamine could not be ruled out®. Data on
exposure to auramine alone were considered to be inadequate for evaluation.

B. Evidence for carcinogenicity to animals (sufficient for auramine, technical-grade)

Auramine (technical-grade) was tested for carcinogenicity by oral administration in
mice and rats and by subcutaneous injection in rats. Following its oral administration, it
induced liver neoplasms in animals of each species!:2. After subcutaneous injection in one
study in rats, it induced local sarcomas!. Studies in rabbits and dogs were inadequate for
evaluation!.

C. Other relevant data

No data were available on the genetic and related effects of auramine in humans. It did
not induce micronuclei in bone-marrow cells of mice treated in vivo. It transformed Syrian
hamster embryo cells and induced sister chromatid exchanges and DNA strand breaks in
rodent cells in culture. It caused aneuploidy, mitotic recombination and DNA damage in
yeast. Auramine was mutagenic to bacteria and induced prophage’.
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AZATHIOPRINE (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)

Two large prospective epidemiological studies have shown that renal transplant
patients, who usually receive azathioprine as an immunosuppressant, become at high risk
for non-Hodgkin’s lymphoma, squamous-cell cancers of the skin, hepatobiliary carcinomas
and mesenchymal tumours. While this is true for each of the various etiological entities
resulting in the need for a transplant, these patients also have in common heavy exposure to
foreign antigens!. Other patients who have received azathioprine as an immunosuppressant,
including those with rheumatoid arthritis, systemic lupus and other ‘collagen’ disorders,
inflammatory bowel disease and certain skin and renal diseases, have also been studied: the
same array of malignancies was found to be in excess, although to a lesser extent!s2, For
these patients, however, the picture is still not completely clear, because patients with
rheumatoid arthritis constituted the largest category in the latter study?, and some3, but not
all studies?, have found that this disease conveys a risk for non-Hodgkin’s lymphoma in the
absence of treatment.

B. Evidence for carcinogenicity to animals (/imited)

Suggestive evidence was obtained that lymphomas were induced in mice after
intraperitoneal, subcutaneous or intramuscular injection of azathioprine, and that thymic
lymphomas and squamous-cell carcinomas of the ear duct were induced in rats after oral
administration, but there were limitations in the design and reporting of these studies!s5,

C. Other relevant data

There are conflicting reports of effects on the incidence of chromosomal aberrations in
lymphocytes and bone-marrow cells of patients treated with azathioprine. In one study, the
incidence of sister chromatid exchanges in lymphocytes of treated patients was not
increaseds.

In animals treated in vivo, azathioprine induced dominant lethal mutations in mice,

chromosomal aberrations in rabbit lymphocytes and Chinese hamster bone-marrow cells,
and micronuclei in mice, rats and hamsters; it did not induce sister chromatid exchanges in
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Chinese hamster bone-marrow cells. Azathioprine induced chromosomal aberrations but
not sister chromatid exchanges in human lymphocytes in vitro. It induced chromosomal
aberrations in Drosophila, was weakly mutagenic to fungi and was mutagenic to bacteria®.
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BENZENE (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)

Numerous case reports and series have suggested a relationship between exposure to
benzene and the occurrence of various types of leukaemia!. Several case-control studies
have also shown increased odds ratios for exposure to benzene, but mixed exposure patterns
and poorly defined exposures render their interpretation difficult!s2,

Three independent cohort studies have demonstrated an increased incidence of acute
nonlymphocytic leukaemia in workers exposed to benzene!»3. An updating of a cohort study
published earlier on benzene-exposed workers! confirmed the previous findings and added a
further case of myelogenous leukaemia, giving a standardized mortality ratio (SMR) of 194
(95% confidence interval, 52-488), based on four cases; the difference was statistically
significant when only myelogenous leukaemia was considered (4 observed, 0.9 expected;
p=0.011)4. A further cohort study found an excess of acute myeloid leukaemia (SMR, 394;
172-788) among refinery workers, based on eight cases; however, the patients had not
worked in jobs identified as having the highest benzene exposure>. Another study of refinery
workers showed no death from leukaemia (0.4 expected); however, the median exposure
intensity for benzene was 0.14 ppm (0.45 mg/m?), and only 169% of 1394 personal samples,
taken between 1973 and 1982 inclusive, contained more than 1 ppm (3.19 mg/m3). The
median exposure intensity in ‘benzene-related units’ was 0.53 ppm (1.7 mg/ m3)S.
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In a Chinese retrospective cohort study, encompassing 28 460 workers exposed to
benzene in 233 factories, 30 cases of leukaemia (23 acute, seven chronic) were found, as
compared to four cases in a reference cohort of 28 257 workers in 83 machine production,
textile and cloth factories. The mortality rate from leukaemia was 14/100 000 person-years
among the exposed and 2/100 000 person-years among the unexposed (SMR, 574;
P <0.01). Mortality was especially high for workers engaged in organic synthesis, painting
and rubber production. The mortality from leukaemia for cases that had previously had
benzene poisoning was 701/100 000 person-years. ‘Grab’ samples of benzene in air were
taken during the time of the survey in workplaces where cases of leukaemia were observed;
the mean concentrations varied in a wide range, from 10 to 1000 mg/ m3, but the range
50-500 mg/ m3 covered most of them’.

B. Evidence for carcinogenicity to animals (sufficient)

Benzene was tested for carcinogenicity in mice and rats by several routes of admin-
istration. Following its oral administration at several dose levels, it induced neoplasms at
multiple sites in males and females of both species!-8-1!. After mice were exposed to benzene
by inhalation, a tendency towards induction of lymphoid neoplasms was observed!>12:13,
Exposure of rats by inhalation increased the incidence of neoplasms, mainly carcinomas, at
various sites?1%:14-16_ Skin application or subcutaneous injection of benzene to mice did not
produce evidence of carcinogenicity, but most of the experiments were inadequate for
evaluation!. In a mouse-lung tumour bioassay by intraperitoneal injection, an increase in
the incidence of lung adenomas was observed in males!’.

C. Other relevant data

Chromosomal aberrations in human peripheral lymphocytes have been associated with
occupational exposure to benzene, although many of the studies are very difficult to
interpret!s,

Benzene induced chromosomal aberrations, micronuclei and sister chromatid exchanges
in bone-marrow cells of mice, chromosomal aberrations in bone-marrow cells of rats and
Chinese hamsters and sperm-head anomalies in mice treated in vivo. It induced chromo-
somal aberrations and mutation in human cells in vitro but did not induce sister chromatid
exchanges in cultured human lymphocytes, except in one study in which high concen-
trations of an exogenous metabolic system were used. In some test systems, benzene induced
cell transformation. It did not induce sister chromatid exchanges in rodent cells in vitro, but
did induce aneuploidy and, in some studies, chromosomal aberrations in cultured Chinese
hamster ovary cells. Benzene induced mutation and DNA damage in some studies in rodent
cells in vitro's,

In Drosophila, benzene was reported to be weakly positive in assays for somatic
mutation and for crossing-over in spermatogonia; in single studies, it did not induce
sex-linked recessive lethal mutations or translocations. It induced aneuploidy, mutation
and gene conversion in fungi. Benzene was not mutagenic to bacteria!s.
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BENZIDINE (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)

Case reports and follow-up studies of workers in many countries have demonstrated that
occupational exposure to benzidine is causally associated with an increased risk of bladder
cancer. In one extreme instance, all five of a group of workers continuously employed in the
manufacture of benzidine for 15 years or more developed bladder cancer!. Earlier data
suggesting that the incidence of this cancer in workers decreased after a reduction in
industrial exposure! have been supported by a study of a cohort of workers at a US
benzidine-manufacturing facility, in which major preventive measures were instituted in
1950 to minimize worker exposure. The study period covered 1945-1979, and, overall, there
was a clearly significant excess of bladder cancer incidence, which, however, declined in
those first employed after 19502. Although a longer follow-up is required to evaluate fully
the effect of preventive measures on cancer risks, the causal association is strengthened by
these two independent observations. Few other epidemiological studies have examined the
cancer risk associated with exposure to benzidine alone. In a study at a dyestuffs factory in
Italy, it was possible to distinguish a very high bladder cancer risk (5 deaths observed, 0.06
expected) associated with benzidine production3. The study was extended and updated, but
the role of exposure to benzidine alone in the dramatically increased bladder cancer risk
could not be examined further. Of 25 benzidine ‘operators’ at a plant in the USA, 13
developed bladder cancer; all cases had been exposed for six years or moreS. A surveillance
programme of 179 active and 65 retired workers in a dyestuffs manufacturing plant in J apan
revealed nine cases of bladder cancer that occurred between 1968 and 198 1; all of the cases
had been engaged in benzidine productions.

Other investigations have shown high incidences of cancer of the bladder and urinary
tract after concomitant exposure to benzidine and 2-naphthylamine (see p. 261) 78,
Exposure to these two compounds was also associated with an increase in the occurrence of
second primary cancers at sites other than the bladder, including the liver?.

Among 1601 workers in the chemical-dye industry in China who were exposed to
benzidine, methylnaphthylamine and dianisidine (see p. 198), 21 cases of bladder carcinoma
were found. All had a history of exposure to benzidine, while no carcinoma was found
among workers exposed to methylnaphthylamine or dianisidine. Suggestions of a dose-
response relationship were provided by analysis according to length of exposure!0.

Bladder cancer was also found to be increased in ecological studies of areas where
benzidine (as well as 2-naphthylamine and other compounds) was used, manufactured or
stored!1:12,

B. Evidence for carcinogenicity to animals (sufficient)

Benzidine and/ or its salts were tested for carcinogenicity by oral administration in mice,
rats, hamsters and dogs and by subcutaneous and intraperitoneal injection and inhalation in
rats. Following oral administration of benzidine and its hydrochloride, significant increases
in the incidences of benign and malignant liver neoplasms were observed in mice and
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hamsters!-13-17 and of mammary cancer in rats; benzidine induced bladder carcinomas in
dogs. Following subcutaneous administration of benzidine and its sulphate to rats, a high
incidence of Zymbal-gland tumours was observed. After intraperitoneal administration of
benzidine to rats, a marked increase in the incidence of mammary-gland and Zymbal-gland
neoplasms was observed. The results of one study in rats by inhalation could not be
evaluated!.

Two metabolites of benzidine, N,N'-diacetylbenzidine and N-hydroxy-N,N’-diacetyl-
benzidine, produced mammary-gland and Zymbal-gland tumours in rats following their
intraperitoneal injection!.

C. Other relevant data
No data were available on the genetic and related effects of benzidine in humans.

Covalent binding products of benzidine with DN A have been described in the liver of
mice and rats treated in vivo. Benzidine induced micronuclei, sister chromatid exchanges,
DNA strand breaks and unscheduled DNA synthesis in cells of rodents treated in vivo. It
induced unscheduled DNA synthesis in humans cells in vitro. It caused transformation of
Syrian hamster embryo and BALB/c 3T3 cells and induced chromosomal aberrations,
sister chromatid exchanges, unscheduled DNA synthesis and DNA strand breaks inrodent
cells in vitro; conflicting results were obtained for mutation. Benzidine induced aneuploidy,
gene conversion and DNA damage in yeast, but not mutation. It was mutagenic to plants
and bacteria!s.
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BENZIDINE-BASED DYES (Group 2A)

A. Evidence for carcinogenicity to humans (inadequate)

The epidemiological data were inadequate to evaluate the carcinogenicity of three
benzidine-based dyes, Direct Black 38, Direct Blue 6 and Direct Brown 95, to humans.
However, a study of silk dyers and painters who had had multiple exposure to benzidine-
based and other dyes indicated that those exposures were strongly associated with the
occurrence of bladder cancer!.

B. Evidence for carcinogenicity to animals (sufficient for technical-grade Direct Black 38,
technical-grade Direct Blue 6 and technical-grade Direct Brown 95)

Direct Black 38 was tested for carcinogenicity in mice by administration in drinking-
water, producing liver and mammary tumours. Commercial Direct Black 38 produced
hepatocellular carcinomas within 13 weeks after administration in the diet to rats and small
numbers of carcinomas in the urinary bladder, liver and colon after administration to rats in
drinking-water!.

In a single study, commercial Direct Blue 6 produced hepatocellular carcinomas in rats
within 13 weeks after its oral administration.

Commercial Direct Brown 95 produced neoplastic nodules in the livers of 4/8 female
rats, and a hepatocellular carcinoma in one, after its oral administration in a single study
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terminated after 13 weeks. The finding of preneoplastic lesions after such a short exposure
prior indicates a carcinogenic effect similar to that of Direct Black 38 and Direct Blue 6!.

C. Other relevant data

Benzidine-based dyes are structurally related to benzidine, exposure to which is causally
associated with cancer in humans (see p. 123), and commercial material may contain small
amounts of benzidine. Commercial Direct Black 38 may contain small quantities of
4-aminobiphenyl (see p. 91) and 2,4-diaminobenzene (the hydrochloride of which is
chrysoidine [see p. 169]).

Benzidine has been detected in the urine of workers exposed to benzidine-based azo
dyes. No data were available on the genetic and related effects of Direct Black 38, Direct
Blue 6 or Direct Brown 95, in humans!.

In experimental animals, Direct Black 38, Direct Blue 6 and Direct Brown 95 undergo
reduction of the azo bonds with the appearance in the urine of benzidine and monoacetyl-
benzidine. The reductive cleavage of the azo bond has been attributed to the activities of
intestinal microflora and/ or liver azoreductases?

Direct Black 38 was mutagenic to bacteria. Urine from rodents treated with Direct Black
38 was mutagenic to bacteria in the presence of an exogenous metabolicsystem, and human
intestinal microflora metabolized Direct Black 38 to highly mutagenic metabolites?2.

DNA adducts (including covalent binding products of benzidine) have been described in
the livers of rats treated with Direct Blue 6 in vivo. Direct Blue 6 is mutagenic to bacteria
only in the presence of an exogenous metabolic system and the cofactor flavine
mononucleotide?.

Direct Brown 95 induced unscheduled DNA synthesis in rat hepatocytes in an in-
vivo/in-vitro assay but not in hepatocytes in vitro. It was mutagenic to bacteria in the
presence of an exogenous metabolic system; this activity was enhanced by the cofactor
flavine mononucleotide. The urine from rats treated with Direct Brown 95 was mutagenic to
bacteria in the presence of an exogenous metabolic system?.
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BENZOYL CHLORIDE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

Six cases of respiratory cancer were reported among workers in two small factories
where benzoyl chloride and its chlorinated precursors were produced!.
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B. Evidence for carcinogenicity to animals (inadequate)

Benzoyl chloride was tested in two sets of experiments by skin application to female
mice. A few skin carcinomas were observed, but their incidence was not statistically
significant!.

C. Other relevant data

No data were available on the genetic and related effects of benzoyl chloride in humans.
It did not induce mutation or DNA damage in bacteria2.
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BERYLLIUM AND BERYLLIUM COMPOUNDS (Group 2A)

A. Evidence for carcinogenicity to humans (limited)

Observations, reviewed elsewhere!:2, on beryllium-exposed subjects cover two industrial
populations and a registry of berylliosis cases. Workers at beryllium extraction, production
and fabrication facilities in the USA were followed up and their causes of mortality
compared with those of both the general population and a cohort of viscose-rayon workers.
Ratios of observed to expected deaths for lung cancer in the two industrial populations (65
observed) were found to be elevated in both comparisons (1.4 in respect of both the general
population [95% confidence interval (CI), 1.1-1.8] and the viscose-rayon workers [1.0-2.0])
and tended to be concentrated in workers who had been employed for less than five years.
Data from the US Beryllium Case Registry, in which cases of beryllium-related lung diseases
were collected from a wide variety of sources (including the two facilities previously
mentioned), indicate an approximately three-fold (six deaths observed, 2.1 expected; ratio
of observed:expected, 2.9 [95% CI, 1.0-6.2]) increase in mortality from lung cancer among
subjects who had suffered from acute berylliosis, which usually follows heavy exposure to
beryllium, but not among those who had had chronic berylliosis (one death observed, 1.4
expected, ratio of observed:expected, 0.7; 95% Cl, 0.1-3.7).

B. Evidence for carcinogenicity to animals (sufficient)

Beryllium metal, beryllium-aluminium alloy, beryl ore, beryllium chloride, beryllium
fluoride, beryllium hydroxide, beryllium sulphate (and its tetrahydrate) and beryllium
oxide!»34 all produced lung tumours in rats exposed by inhalation or intratracheally. Single
intratracheal instillations or one-hour inhalation exposures were effective3. Beryllium oxide
and beryllium sulphate produced lung tumours in monkeys after intrabronchial implan-
tation or inhalation!. Beryllium metal, beryllium carbonate, beryllium oxide, beryllium
phosphate, beryllium silicate and zinc beryllium silicate all produced osteosarcomas in
rabbits following their intravenous and/ or intramedullary administration!.
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C. Other relevant data

No data were available on the genetic and related effects of beryllium and beryllium
compounds in humans.

All of the available experimental studies considered by the Working Group were carried
out with water-soluble beryllium salts. In one study, beryllium sulphate increased the
frequency of chromosomal aberrations and sister chromatid exchanges in human lymphocytes
and in Syrian hamster cells in vitro; in another study, chromosomal aberrations were not
seen in human lymphocytes. It caused transformation of cultured rodent cells in several test
systems. In one study, beryllium chloride induced mutation in cultured Chinese hamster
cells. Beryllium sulphate did not induce unscheduled DNA synthesis in rat hepatocytes in
vitro, mitotic recombination in yeast or mutation in bacteria. Berylllum chloride was
mutagenic to bacteria’.

References

ILIARC Monographs, 23, 143-204, 1980

2Saracci, R. (1985) Beryllium: epidemiological evidence. In: Wald, N.J. & Doll, R., eds,
Interpretation for Negative Epidemiological Evidence for Carcinogenicity (IARC Scientific
Publications No. 65), Lyon, International Agency for Research on Cancer, pp. 203-219

3Litvinov, N.N., Kazenashev, V.K. & Bugryshev, P.F. (1983) Blastomogenic activities of various
beryllium compounds (Russ.). Eksp. Oncol., 5, 23-26

4Ishinishi, N., Mizunoe, M., Inamasu, T. & Hisanaga, A. (1980) Experimental study on carcino-
genicity of beryllium oxide and arsenic trioxide to the lung of rats by an intratracheal instillation
(Jpn.). Fukuoka Actamed., 71, 19-26

SIARC Monographs, Suppl. 6, 110-112, 1987

BETEL QUID WITH TOBACCO (Group 1) and
BETEL QUID WITHOUT TOBACCO (Group 3)

A. Evidence for carcinogenicity to humans (sufficient for betel quid with tobacco;
inadequate for betel quid without tobacco)

Many descriptive studies and case reports have shown an association between the habit
of chewing betel quid with tobacco and oral cancer. A significant increase in the risk of oral
cancer has been observed in chewers of betel quid with tobacco in several case-control
studies and in one large-scale cohort study. In chewers of betel quid with tobacco, a
statistically significant increase in risk was also observed for cancers of the oropharynx,
hypopharynx, larynx and oesophagus!.

Several descriptive studies from Papua-New Guinea and a number of case-control
studies have suggested an association between the habit of chewing betel quid without
tobacco and oral cancer. In one of the case-control studies, in which smoking was not
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controlled for, a statistically significant increase in risk was also observed for cancers of the
oropharynx, hypopharynx, larynx and oesophagus. In another case-control study of oral
cancer, in which a clear effect of chewing betel with tobacco was found, no such effect was
found for chewing betel without tobacco!.

B. Evidence for carcinogenicity to animals (limited for betel quid with and without
tobacco)

Aqueous extracts of betel quid containing tobacco were tested for carcinogenicity in
mice by gastric intubation, skin painting and subcutaneous injection; some malignant
tumours occurred at the site of skin or subcutaneous administration. In hamsters,
forestomach carcinomas occurred after painting of the cheek-pouch mucosa with aqueous
extracts or implantation of wax pellets containing powdered betel quid with tobacco in the
cheek pouch; carcinomas occurred in the cheek pouch following implantation of wax
pellets!.

Aqueous extracts of betel quid without tobacco were tested in mice by gastric intubation
and by subcutaneous administration; an increased incidence of local tumours was observed
after subcutaneous injection. In hamsters, painting of the cheek-pouch mucosa or
implantation of wax pellets into the cheek pouch resulted in the induction of forestomach
carcinomas; carcinomas occurred in the cheek pouch following implantation of wax
pellets!.

Aqueous or dimethyl sulphoxide extracts of areca nut with tobacco were tested in mice
by skin application; a low incidence of skin tumours was reported in a study lacking
controls. In hamsters, applications of such extracts to cheek-pouch mucosa produced
squamous-cell carcinomas of the cheek pouch and forestomach carcinomas!.

Areca nut and aqueous extracts of areca nut were tested in mice by oral intubation,
dietary administration, skin application and intraperitoneal and subcutaneous injection.
Local tumours were produced following subcutaneous injection. In rats, areca nut was
inadequately tested by oral administration; aqueous extracts tested by subcutaneous
injection produced local mesenchymal tumours. In hamsters, administration of areca nut
and application of aqueous or dimethyl sulphoxide extracts to the cheek-pouch mucosa
resulted in squamous-cell carcinomas of the cheek pouch and carcinomas of the
forestomach!. Oral administration of a diet containing 20% betel-nut powder enhanced the
incidences of preneoplastic and neoplastic lesions. of the tongue in rats pretreated with
4-nitroquinoline-1-oxide and of preneoplastic liver lesions in rats pretreated with
2-acetylaminofluorene2.

Aqueous extracts of betel leaf were tested in mice by oral intubation and by
intraperitoneal injection, in hamsters by application to the cheek-pouch mucosa! and in rats
by oral administration3. Betel leaf was tested in rats by dietary administration and in
hamsters by implantation in beeswax pellets into the cheek pouch!. All of these studies were
inadequate for evaluation.
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C. Other relevant data

Chewing of betel quid with or without tobacco increased the frequencies of micro-
nucleated cells in the buccal mucosa of chewers; dose-dependence was observed in relation
to the number of betel quids chewed per day. Chewing of betel quid with or without tobacco
increased the frequency of sister chromatid exchanges in peripheral blood lymphocytes of
chewers. Increased frequencies of sister chromatid exchanges were observed in peripheral
blood lymphocytes of chewers of areca nut with slaked lime and tobacco, either alone or
wrapped in betel leaf, particularly among chewers who had developed oral submucous
fibrosis. Extracts of urine from chewers of betel quid with tobacco were mutagenic to
Salmonella typhimurium in the presence of an exogenous metabolic system?.

An aqueous extract of betel quid (containing tobacco) induced micronuclei in bone-
marrow cells of mice treated in vivo and was mutagenic to Chinese hamster V79 cells. No
such effect was observed with extracts of betel quids not containing tobacco. Aqueous
extracts of betel quids (both with and without tobacco) were mutagenic to S. typhimurium?®.
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N,N-BIS(2-CHLOROETHYL)-2-NAPHTHYLAMINE
(CHLORNAPHAZINE) (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)

Among 61 patients with polycythaemia vera treated with chlornaphazine in 1954-1962
and followed until 1974, eight developed invasive carcinoma of the bladder, five developed
papillary carcinomas of the bladder and eight had abnormal urinary cytology. The invasive
carcinomas were seen in four of five patients treated with a cumulative dose of 200 g or more,
in two of 15 patients given 100-199 g, in one of ten patients given 50-99 g and in one of 31
patients given less than 50 g. No noncausal explanation can be suggested!.

B. Evidence for carcinogenicity to animals (/imited)

Chlornaphazine produced lung tumours in mice following its intraperitoneal injection,
and local sarcomas in rats after its subcutaneous administration2.
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C. Other relevant data
No data were available on the genetic and related effects of chlornaphazine in humans.

Rats administered chlornaphazine excreted metabolites of 2-naphthylamine (see p. 261)
in the urine. Chlornaphazine induced chromosomal aberrations in Chinese hamster cells,
mutation in mouse lymphoma cells and unscheduled DNA synthesis in rat hepatocytes in
vitro. A single study of cell transformation in virus-infected Syrian hamster embryo cells
was inconclusive. It induced sex-linked recessive lethal mutations and chromosomal
aberrations in Drosophila and was mutagenic to bacteria3.
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BIS(CHLOROMETHYL)ETHER AND CHLOROMETHYL METHYL
ETHER (TECHNICAL-GRADE) (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)

Numerous epidemiological studies!-? and case reports!o-13 from around the world have
demonstrated that workers exposed to chloromethyl methyl ether and/ or bis(chloromethyl)-
ether have an increased risk for lung cancer. Among heavily exposed workers, the relative
risks are ten fold or more. Risks increase with duration and cumulative exposure.
Histological evaluation indicates that exposure results primarily in lung cancer of the
small-cell type®. Maximal relative risks appear to occur 15-20 years after first exposure$, and
latency is shortened among workers with heavier exposures1!.

B. Evidence for carcinogenicity to animals (sufficient)

Bis(chloromethyl)ether produced tumours at the site of its administration to mice after
exposure by inhalation!!4, skin application! or subcutaneous injection!-!5 and was an
initiator of mouse skin tumours!s; it also increased the incidence of lung tumours after its
subcutaneous administration!. In rats, it produced tumours of the respiratory tract (lung
tumours and nasal-cavity carcinoma) after exposure by inhalation!416-18_

Technical-grade chloromethyl methyl ether produced local sarcomas in mice after its
subcutaneous administration and was an initiator of mouse skin tumours!; in rats and
hamsters, it produced a low incidence of tumours of the respiratory tract after exposure by
inhalation?s.
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C. Other relevant data

A slight increase in the incidence of chromosomal aberrations was observed in
peripheral lymphocytes of workers exposed to bis(chloromethyl)ether or chloromethyl
methyl ether in the preparation of ion-exchange resins20.

Bis(chloromethyl)ether did not cause chromosomal aberrations in bone-marrow cells of
rats treated in vivo. It induced unscheduled DN A synthesis in human fibroblasts in vitro and
was mutagenic to bacteria20,

Chloromethyl methyl ether enhanced virus-induced transformation of Syrian hamster
embryo cells and was mutagenic to bacteria20.
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BITUMENS (Group 3) and

EXTRACTS OF STEAM-REFINED AND AIR-REFINED BITUMENS
(Group 2B)

A. Evidence for carcinogenicity to humans (inadequate for bitumens)

No epidemiological study of workers exposed only to bitumens is available. A cohort
study of US roofers indicates an increased risk for cancer of the lung and suggests increased
risks for cancers of the oral cavity, larynx, oesophagus, stomach, skin and bladder and for
leukaemia. Some evidence of excess risks for lung, oral cavity and laryngeal cancers is
provided by other epidemiological studies of roofers. As roofers may be exposed not only to
bitumens but also to coal-tar pitches (see p. 174) and other materials, the excess cancer risk
cannot be attributed specifically to bitumens!. Several case reports of skin cancer among
workers exposed to bitumens are available; however, exposure to coal-tars (see p. 175) or
products derived from them cannot be ruled out!-3,

B. Evidence for carcinogenicity to animals (limited for undiluted steam-refined and
cracking-residue bitumens; inadequate for undiluted air-refined bitumens; sufficient for
extracts of steam-refined and air-refined bitumens)

In several studies, application to the skin of mice of various extracts of steam- and
air-refined bitumens and mixtures of the two resulted in tumours at the sites of
application!4. Undiluted steam-refined bitumens and cracking-residue bitumens produced
skin tumours when applied to the skin of mice. No skin tumour was found in mice after
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application of an undiluted air-refined bitumen. In limited studies, subcutaneous injection
into mice and intramuscular injection into mice and rats of steam- and air-refined bitumens
produced sarcomas at the injection sites!.

C. Other relevant data

Antigenicity against benzo[a]pyrene diol epoxide-DNA adducts has been demonstrated
in peripheral blood lymphocytes of rooferss.

Both an extract of road-surfacing bitumen and its emissions were mutagenic to
Salmonella typhimurium, whereas, in another study, ‘asphalt tar’extracted from an asphalt
concrete used for road surfacing was not. Bitumen-based paints for pipe coating were not
mutagenic to S. typhimuriums.
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BLEOMYCINS (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

No epidemiological study of bleomycins alone was available to the Working Group.
Occasional case reports of exposure to bleomycins, especially in the presence of concurrent
therapy with other putative carcinogens such as ionizing radiation, alkylating agents and
other potent oncotherapeutic drugs, do not constitute evidence of carcinogenesis!.

In a large systematic follow-up of patients with Hodgkin’s disease treated with an
intensive chemotherapeutic combination including bleomycins (plus adriamycin [see p. 82],
vinblastine [see p. 371] and dacarbazine [see p. 184]) but no alkylating agent, preliminary
evidence suggested no excess of acute nonlymphocytic leukaemia in the first decade after
therapy2.

B. Evidence for carcinogenicity to animals (limited)

Bleomycin has been tested in mice by subcutaneous and intramuscular injection and in
rats transplacentally. These studies could not be evaluated because of incomplete
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reporting!. A study in rats by repeated subcutaneous injections showed that bleomycin
produced renal tumours (adenomas, adenocarcinomas, sarcomas) and fibrosarcomas at the
site of application at significantly dose-related incidences3.

C. Other relevant data

Bleomycins induced chromosomal aberrations in lymphocytes of treated patients in one
study*.

In mice treated in vivo, bleomycin induced chromosomal aberrations (including
heritable translocations) and sister chromatid exchanges but gave conflicting results in tests
for micronuclei. It induced chromosomal aberrations and DNA strand breaks in human
cells in vitro but gave conflicting results in tests for unscheduled DNA synthesis and sister
chromatid exchange. It induced transformation of mouse C3H 10T1/2 cells, and induced
aneuploidy, chromosomal aberrations, mutation and DNA damage in rodent cells in vitro;
a weakly positive response was observed for the induction of sister chromatid exchanges. In
Drosophila, bleomycin induced aneuploidy, chromosomal aberrations, sex-linked recessive
lethal mutations, somatic mutations, genetic crossing-over and recombination, but not
heritable translocations. It induced chromosomal aberrations but not sister chromatid
exchanges in plants. Bleomycin was mutagenic to fungi and induced gene conversion,
recombination and genetic crossing-over. It was mutagenic and caused DNA damage in
bacteria?.
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BRACKEN FERN (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

In a case-control study of 98 oesophageal cancer patients and 476 controls in Japan, a
relative risk of 2.7 was found for daily consumption of bracken fern. Interpretation of this
study is hampered by the absence of detail about the survey and the method of selecting
controls, and by failure to take account of consumption of alcohol, a risk factor for cancer of
the oesophagus!. '
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B. Evidence for carcinogenicity to animals (sufficient)

Bracken fern was tested for carcinogenicity in mice, rats, guinea-pigs, cows and toads by
- oral administration, producing leukaemia, intestinal tumours, lung adenomas and gastric
tumours in mice, small-intestinal tumours, urinary bladder carcinomas and mammary
adenocarcinomas in rats, urinary bladder tumours in guinea-pigs, alimentary-tract and
bladder cancers in cows, and intestinal carcinomas and hepatomas in toads. Processed
bracken fern produced intestinal tumours in rats; boiling-water extracts of bracken fern
produced intestinal and bladder tumours in rats; and hot-ethanol extracts produced
intestinal tumours in quails!.

Shikimic acid isolated from bracken fern induced neoplasms of the glandular stomach in
mice after a single intraperitoneal injection. Ptaquiloside derived from bracken fern induced
mammary and small-intestinal carcinomas in female rats after administration by gavage!.

Most of these studies involved small numbers of animals and were incompletely
reported; however, they indicate that bracken fern is associated with cancers of the intestine
and urinary bladder in many different species.

C. Other relevant data

No data were available on the genetic and related effects of bracken fern in humans.

An acetone extract of bracken fern was mutagenic to Sa/lmonella typhimurium in the
presence of an exogenous metabolic system. Light-petroleum and methanol extracts of
bracken fern activated by alkaline treatment were also mutagenic to S. typhimurium?.
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1,3-BUTADIENE (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

A retrospective cohort study conducted in two styrene-butadiene rubber plants showed
a slight excess of lymphatic and haematopoietic tissue cancers in one plant but not in the
other, where exposure levels had been ten-fold higher. Concomitant exposure to styrene (see
p. 345) and to traces of benzene (see p. 120) had occurred at least in the first plant!.

Another cohort study comprised 13 920 men who had worked in eight styrene-butadine
rubber polymer manufacturing plants in the USA and Canada for at least one year and who
had been followed for deaths from 1943 to 1979. There was no excess of mortality from all
cancers or from cancer at any specific site, either in the total cohort or in subcohorts defined
on the basis of major work area or salaried and hourly pay grade?.
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Several studies have shown elevated standardized mortality ratios for cancers at various
sites among workers in the rubber industry (see p. 332), where there is potential exposure to
1,3-butadiene, among other chemicals3.

B. Evidence for carcinogenicity to animals (sufficient)

1,3-Butadiene was tested for carcinogenicity in mice by inhalation. It was carcinogenic
to animals of each sex, producing haemangiosarcomas of the heart, malignant lymphomas,
alveolar/bronchiolar adenomas and carcinomas, papillomas and carcinomas of the
stomach, hepatocellular adenomas and carcinomas, mammary-gland carcinomas and
granulosa-cell tumours of the ovary!. Exposure of rats to 1,3-butadiene by inhalation
resulted in increased incidences of tumours of the mammary gland, thyroid and pancreas®.

C. Other relevant data

No data were available on the genetic and related effects of 1,3-butadiene in humans. It
induced micronuclei and sister chromatid exchanges in bone-marrow cells of mice but not of
rats treated in vivo. It was mutagenic to bacteria’.
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1,4-BUTANEDIOL DIMETHANESULPHONATE (MYLERAN)
(Group 1)

A. Evidence for carcinogenicity to humans (sufficient)

Leukaemia patients who had been treated with Myleran developed many different
cytological abnormalities, and some developed carcinomas!-8. A follow-up study of patients
with bronchial carcinoma who were randomized to chemotherapy after pulmonary
resection showed that of 69 who had been given Myleran and had survived five years, four
developed acute nonlymphocytic leukaemia (three myelomonocytic leukaemias and one
erythroleukaemia) and 15 others developed pancytopenia in the succeeding four years;
among 148 other survivors at five years who had not been given Myleran, one case of
pancytopenia appeared. Risk was not dose-related, although the cases were confined to
those who had received no radiation and no other cytotoxic agentd.

Tr—
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B. Evidence for carcinogenicity to animals (/imited)

Myleran was tested for carcinogenicity by intraperitoneal injection and by intravenous
injection in mice and rats and by oral administration to rats. Intraperitoneal administration
of Myleran to mice did not increase the incidence of tumours in two studies’>!0, but
leukaemia!! and hypoplastic marrow!!-12 were induced in further studies and T-cell
lymphoma in another, in which the effect was markedly enhanced by combined adminis-
tration of chloramphenicol!3. Leukaemia/lymphosarcoma was also reported in one study!2,
but the experiment could not be evaluated due to incomplete reporting. No mammary
tumour was seen in rats after intraperitoneal injection, but near-lethal doses were used and
the animals were followed for only five months!4. Intravenous administration of Myleran to
mice significantly increased the incidences of thymic and ovarian tumours!. Intravenous
administration of 7% of the LD, dose to rats for one year was reported to induce a variety of
tumours in male rats, but the experiments could not be evaluated due to incomplete
reporting!s. Oral administration to rats of Myleran did not increase the incidence of
tumours over that seen in untreated animals!.

C. Other relevant data

Myleran is a bifunctional alkylating agent. Patients treated with Myleran for chronic
myeloid leukaemia were found to have increased frequencies of sister chromatid exchanges
and chromosomal aberrations (in a single study) in their peripheral blood lymphocytes!s.

Treatment of rodents in vivo with Myleran induced dominant lethal mutations and
increased the frequency of chromosomal aberrations and micronuclei in bone-marrow cells;
in single studies, it induced DNA damage but not mutation. Evidence for covalent binding
to DNA, RNA and protein was obtained in mice treated in vivo. Myleran induced chromo-
somal aberrations and sister chromatid exchanges in human and rodent cells in vitro, and
mutation in rodent cells in vitro. It induced sex-linked recessive lethal mutations in
Drosophila and was mutagenic to bacteriale.
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CADMIUM AND CADMIUM COMPOUNDS (Group 2A)

A. Evidence for carcinogenicity to humans (/imited)

Exposure to cadmium (primarily as the oxide) has been associated with increased risks
of prostatic and respiratory cancers!:2, In one follow up of an investigation of 269 cadmium-
nickel battery workers (see also summary for nickel, p. 264) and 94 cadmium-copper alloy
factory workers in Sweden, additional cases of nasopharyngeal, colorectal, prostatic and
lung cancer were reported3. In another study, the mortality of 347 cadmium-copper alloy
workers in the UK who were exposed to cadmium fume was compared with that of workers
exposed indirectly to cadmium but also to arsenic (see p. 100). A third group of iron or brass
founders was included, and the mortality rates were compared separately with statistics for
the general population. Significantly increased mortality from prostatic, genito-urinary and
lung cancers was seen in people working in the vicinity, but not in the cadmium workers
themselves. Insufficient information was given regarding the movement of men between or
out of the three adjacent plants to assess the relative contributions of arsenic, cadmium and
smoking to the results (which run counter to those of most other studies)4.

Follow-up studies of four populations of cadmium-exposed workers have been reported
more recently. In the UK, excess lung cancer (16 observed, 11.3 expected) was noted among
6995 male workers employed at one of 17 plants in a group that had had ‘ever medium’
exposure for ten years or more; and an excess risk of prostatic cancer was seen in a group
that had had ‘always low’ exposures for ten years or more (15 observed, 11.0 expected)s.
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Using a case-control approach for these cases of prostatic cancer and for those in two other
UK cohorts (of cadmium-nickel battery and cadmium-copper alloy workers), 39 cases were
reported to have an odds ratio for cadmium exposure of 1.6 for ‘ever medium’ compared to
‘always low’ exposure levels and 1.4 for ‘ever high’ compared to ‘always low’ exposures; a
similar approach for nine renal cancer patients revealed no elevation of odds ratios. In a
cohort of 522 male Swedish cadmium workers, eight cases of lung cancer were reported,
resulting in a statistically nonsignificantly elevated standardized mortality ratio (SMR) for
five years’exposure and ten or more years’ latency. For prostatic cancer, four cases resulted
in a statistically nonsignificant excess for the same exposure and latent periods’.

Inthe USA, a follow-up study of 602 white male cadmium smelter workers with at least
six months of production work between 1940 and 1969 was extended to 1978. The SMR.
(95% confidence interval) for respiratory cancer deaths was 165 (101-254), based on 20
deaths, and that for lung cancer, 157 (93-249), based on 18 deaths. Concomitant exposure to
arsenic was especially high up to 1925. Reanalysis of lung cancer mortality for workers
employed before or after 1 January 1926 revealed SMRs of 714 (195-1829) for the pre-1926
group (four cases) and 229 (131-371) for the post-1926 group with two or more years
employment (16 deaths). For the post-1926 group (576 workers), a significant trend was
noted for cumulative cadmium exposure and lung cancer mortality. Although the data on
smoking are inadequate, and arsenic exposure continued after 1926, albeit at a lower level,
the authors contend that these factors do not account for the excess lung cancer rates noted
in the study. The number of prostatic cancers was unchanged from the earlier study
(3 observed, 2.2 expected)8. Further reports of a UK population of 3025 (2559 male and 466
female) cadmium-nickel battery workers showed an excess of lung cancer in groups exposed
for 18 years or more?. The excess mortality from prostatic cancer was accounted for by the
original four cases described in 1967!.

Potential confounding factors in these studies, such as smoking and exposure to nickel
and arsenic, do not appear to account for the excess of lung cancer deaths. For prostatic
cancer, the risk appears to be debatable, especially when the four hypothesis-generating UK
cases from 1967 are removed from the analysis.

B. Evidence for carcinogenicity to animals (sufficient)

Cadmium chloride, oxide, sulphate and sulphide produced local sarcomas in rats after
their subcutaneous injection, and cadmium powder and cadmium sulphide produced local
sarcomas in rats following their intramuscular administration. Cadmium chloride and
cadmium sulphate produced testicular tumours in mice and rats after their subcutaneous
administration!-19. In one experiment, cadmium chloride administered subcutaneously to
rats produced local sarcomas, testicular tumours and a significant increase in the incidence
of pancreatic islet-cell tumours!!. Cadmium chloride produced a dose-dependent increase in
the incidence of lung carcinomas in rats after exposure by inhalation!2!3 and a low incidence
(5/100) of prostatic carcinomas after injection into the ventral prostate!4. Administration of
up to 50 mg/kg (ppm) cadmium chloride in the diet to rats did not increase the incidence of
tumours’s. Cadmium acetate was not carcinogenic in a mouse-lung adenoma assay!s,
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C. Other relevant data

People exposed occupationally to cadmium (in an alkaline-battery factory and in the
manufacture of cadmium pigments) did not exhibit increased frequencies of chromosomal
aberrations in their peripheral lymphocytes. These findings contrast markedly with the
positive results obtained on workers exposed in zinc smelting plants and on people
environmentally intoxicated by cadmium; these people were also exposed to other
compounds. In one study, sister chromatid exchanges were not induced in people exposed
to cadmium in the environment!?.

Cadmium compounds did not produce dominant lethal effects in mice or rats nor did
they increase the frequencies of chromosomal aberrations or micronuclei in mice treated in
vivo. Cadmium compounds induced aneuploidy in hamsters but not in mice treated in vivo.
They did not induce sister chromatid exchanges in human cells in vitro, and studies of
chromosomal aberrations gave inconclusive results. They induced transformation of
cultured rodent cells in several test systems and induced chromosomal aberrations but not
sister chromatid exchanges in rodent cells in vitro. Cadmium compounds induced DNA
single-strand breaks in human and rodent cells, and there is conflicting evidence that they
produced mutation in rodent cells in vitro. Cadmium compounds did not induce aneuploidy
or somatic or sex-linked recessive lethal mutations in Drosophila. They induced mitotic
recombination in yeast, but they did not induce mutation in yeast or bacteria, nor did they
induce prophage in bacteria!’.
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CARBON BLACKS (Group 3) and
CARBON-BLACK EXTRACTS (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate for carbon blacks)

One study of the carbon-black producing industry showed a high proportion of cancers
of the skin, particularly melanomas, in equal numbers of carbon-black workers and of a
comparison group consisting of other workers in the same plant!. A study from the UK in
which workers were followed up beyond retirement showed excesses of cancers of the lung
and bladder. The excess of lung cancer occurred in each of the five plants studied and was
concentrated among persons with ten or more years of follow-up. The bladder cancer excess
was based on only three deaths but was also concentrated in the group followed up longer2.
Excesses of stomach cancer were reported in workers in other industries whose employment
entailed exposure to dusts that included carbon blacks!:3.

B. Evidence for carcinogenicity to animals (inadequate for carbon blacks; sufficient for
carbon-black extracts)

In limited studies by oral administration in mice, carbon blacks were reported not to
produce the gastrointestinal tumours seen after administration of solvent (benzene) extracts
of one carbon black!. No increase in the development of colonic tumours occurred in mice
or rats fed carbon black in the diet4. Skin-painting studies with carbon blacks showed them
to have no tumorigenic activity in mice, while solvent (benzene) extracts induced benign and
malignant skin tumours. Inhalation studies in mice, hamsters, guinea-pigs and monkeys
with carbon blacks did not demonstrate tumorigenic activity; the studies suffered from
many inadequacies, including poor characterization of the carbon-black aerosol. Studies in
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mice showed that materials extracted from carbon blacks were carcinogenic, producing local
tumours after their subcutaneous injection. A carbon black containing demonstrable
quantities of carcinogenic polynuclear aromatic compounds also produced local sarcomas
when injected subcutaneously in tricaprylin. Administration of the same carbon black as
pellets in the absence of that solvent produced a low incidence of subcutaneous tumours!.
Carbon black given in the diet did not enhance the incidence of colonic tumours induced in
mice and rats by intraperitoneal injection of 1,2-dimethylhydrazine?.

C. Other relevant data
No data were available on the genetic and related effects of carbon blacks in humans.

Extracts of various commercial carbon blacks were mutagenic to Salmonella typhimurium
in the presence and absence of an exogenous metabolic systems.

References
\IARC Monographs, 33, 35-85, 1984

2Hodgson, J.T. & Jones, R.D. (1985) A mortality study of carbon black workers employed at five
United Kingdom factories between 1947 and 1980. Arch. environ. Health, 40, 261-266

3IARC Monographs, 28, 183-230, 1982

‘Pence, B.C. & Buddingh, F. (1985) The effect of carbon black ingestion on 1,2-dimethylhydrazine-
induced colon carcinogenesis in rats and mice. Toxicol. Lett., 25, 273-277

SIARC Monographs, Suppl. 6, 136, 1987

CARBON TETRACHLORIDE (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

Three case reports describe the occurrence of liver tumours associated with cirrhosis in
people who had been exposed to carbon tetrachloride!. A mortality study of laundry and
dry-cleaning workers exposed to a variety of solvents suggested excesses of respiratory
cancers (17 observed, 10.0 expected), cervical cancers (10 observed, 4.8 expected), liver
tumours (4 observed, 1.7 expected) and leukaemia (5 observed, 2.2 expected)2.

B. Evidence for carcinogenicity to animals (sufficient)

Carbon tetrachloride produced liver neoplasms in mice and rats after its administration
by various routes!-? and mammary neoplasms in rats following its subcutaneous injection!.
It also produced liver tumours in trout and hamsters following its oral administration!,
although these studies were not adequate.

C. Other relevant data

No data were available on the genetic and related effects of carbon tetrachloride in
humans.
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It did notinduce chromosomal aberrations, unscheduled DNA synthesis or DNA strand
breaks in cells of rodents treated in vivo. It did not induce chromosomal aberrations or sister
chromatid exchanges in rat cells in vitro, but anaphase abnormalities were induced in
cultured Chinese hamster ovary cells. It induced mutation, gene conversion and mitotic
recombination in Saccharomyces cerevisiae, under conditions in which endogenous levels
of cytochrome P450 were enhanced; there was a weak induction of mitotic crossing-over
and mutation in Aspergillus. It was not mutagenic to bacteria®.
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CHLORAMBUCIL (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)

Many case reports and a few small epidemiological studies of malignancy after therapy
with chlorambucil have been reported among patients treated for breast cancer, juvenile
arthritis, glomerulonephritis and ovarian cancer. Although in each study an excess of
subsequent malignancy, especially acute nonlymphocytic leukaemia (ANLL), is inferred,
these reports are difficult to interpret because the cases are few or because they had also
received radiation or other putative carcinogens!:2. A randomized trial of therapy in 431
polycythemia vera patients3 showed a significant, 13-fold increase in the incidence of ANLL
in those receiving chlorambucil — 2.3 times higher than in patients receiving radioactive
phosphorus. The excess was strongly related to dose and persisted throughout the first
decade after treatment.

B. Evidence for carcinogenicity to animals (sufficient)

Chlorambucil has been tested for carcinogenicity in mice and rats by intraperitoneal
injection and in female rats by oral gavage. It produced tumours of the lung and probably
tumours of the haematopoietic system and ovaries in mice!, and produced haematopoietic
tumours in male rats and haematopoietic and lymphatic tumours in female rats!-. It had an
initiating effect in a two-stage skin carcinogenesis experiment in mice!.
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C. Other relevant data

Chlorambucil is a bifunctional alkylating agent. It induced sister chromatid exchanges
in the lymphocytes of treated patients; studies of induction of chromosomal aberrations
were inconclusives.

Chlorambucil induced chromosomal aberrations in embryo cells of rats treated in vivo.
Sister chromatid exchanges and chromosomal aberrations were induced in human
lymphocytes and sister chromatid exchanges and mutation in Chinese hamster cells in vitro.
Chlorambucil induced sex-linked recessive lethal mutations in Drosophila and mutation
and gene conversion in yeast. It was mutagenic to bacterias.
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CHLORAMPHENICOL (Group 2B)

A. Evidence for carcinogenicity to humans (limited)

Aplastic anaemia has been associated with exposure to chloramphenicol!2, and case
reports have described leukaemia in patients following chloramphenicol-induced aplastic
anaemial>3. A follow-up study showed three cases of leukaemia in 126 patients who had had
bone-marrow depression following treatment with chloramphenicol!.

B. Evidence for carcinogenicity to animals (inadequate)

Tests for the carcinogenicity of chloramphenicol in experimental animals were
inadequate'. In a study reported only as an abstract, chloramphenicol administered in
drinking-water increased the incidence of lymphomas in two strains of mice and of
hepatocellular carcinomas in one strains.

C. Other relevant data
No data were available on the genetic and related effects of chloramphenicol in humans.
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Contradictory results were obtained with respect to the ability of chloramphenicol to
induce dominant lethal mutations in mice. It induced chromosomal aberrations in bone-
marrow cells of mice, but not of rats, treated in vivo. Chloramphenicol induced
chromosomal aberrations but not sister chromatid exchanges in cultured human
lymphocytes and chromosomal aberrations in one study using cultured pig lymphocytes. It
induced neither dominant lethal nor sex-linked recessive lethal mutations in Drosophila. It
induced chromosomal aberrations but not mutation in plants. Chloramphenicol was not
mutagenic and did not cause DNA damage in bacterias.

References

'IARC Monographs, 10, 85-98, 1976

2Aoki, K. (1978) Aplastic anaemia induced by chloramphenicol — clinical studies (Jpn.). Jpn. J. clin.
Med., 36, 30-37

3Schmitt-Griff, A. (1981) Chloramphenicol-induced aplastic anemia terminating with acute non-
lymphocytic leukemia. Acta haematol., 66, 267-268

4Robin, E., Berman, M., Bhoopalam, N., Cohen, H. & Fried, W. (1981) Induction of lymphomas in
mice by busulfan and chloramphenicol. Cancer Res., 41, 3478-3482

SSanguineti, M., Rossi, L., Ognio, E. & Santi, L. (1983) Tumours induced in BALB/c and C5TBL/6N
mice following chronic administration of chloramphenicol (Abstract No. 50) (Ital.). In:
Proceedings of a National Meeting on Experimental and Clinical Oncology, Parma 23-25
November, 1983, Milan, Italian Society of Cancerology, p. 45

S$IARC Monographs, Suppl. 6, 142-144, 1987

CHLORDANE/HEPTACHLOR (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

These compounds were evaluated together because they are structurally similar and
because technical-grade chlordane contains 3-10% heptachlor.

Domestic use of chlordane has been reported to be associated with cases of
neuroblastoma and acute leukaemia. Aplastic anaemia and blood dyscrasias have also been
associated with exposure to chlordane and heptachlor!. Follow-up of 4411 pesticide
applicators from Florida, USA, some of whom applied chlordane/heptachlor for treatment
of termites, showed an excess of lung cancer deaths (34) which increased to nearly three fold
(standardized mortality ratio, 267) among those who had been licensed for 20 years or more.
The excess occurred in all licensing categories (termite, household pests, fumigants), except
lawn and garden. There was also a slight, but nonsignificant excess of acute myeloid
leukaemia (3 deaths)?. Follow-up of a group of 16 126 male pesticide applicators in the USA
showed a deficit of deaths from all cancers but small excesses of deaths from cancers of the
lung, skin and bladder, which did not appear to be related to intensity of exposure or to time
since first exposure to pesticides. No excess of deaths from lung cancer was seen in
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termite-control workers (with particular exposure to chlordane and heptachlor) in
comparison with other pesticide applicators3. Follow-up of 1403 men in two US factories
where chlordane, and heptachlor and endrin were manufactured, respectively, also showed
a deficit of deaths from all cancers and a small excess of lung cancer. The latter was not
related to time since first exposure, and smoking habits were not documented*. In another
study of four plants, including the two factories mentioned above, no significant excess in
the incidence of lung cancer was observed. Slight excesses of lung cancer were noted in three
of the four plants, and an excess of stomach cancer was seen, based on three deaths, in one
plantS. A further study$ of one plant included in these studies®5 has been reported, but the
analyses were inappropriate and do not provide useful information.

B. Evidence for carcinogenicity to animals (limited)

Chlordane and heptachlor (containing about 209 chlordane) produced liver neoplasms
in mice following their oral administration; results for rats were inconclusive!, Oral
administration of chlordane or heptachlor enhanced the incidence of liver tumours induced
in mice by oral administration of N-nitrosodiethylamine’.

C. Other relevant data

No data were available on the genetic and related effects of chlordane or heptachlor in
humans.

Chlordane did not induce dominant lethal mutations in mice; it induced sister chromatid
exchanges in intestinal cells of fish treated in vivo. It was not mutagenic to cultured human
fibroblasts, and studies on DNA damage in transformed human cells yielded conflicting
results. It did not induce unscheduled DNA synthesis in cultured rodent hepatocytes; it was
mutagenic to Chinese hamster V79 cells but not to rat liver cells. Evidence of inhibition of

“intercellular communication was obtained in rodent cell systems. Chlordane was mutagenic

to plants and induced gene conversion in yeast. It was not mutagenic to bacteria and did not
induce breakage of plasmid DNAS,

Heptachlor did not induce dominant lethal mutations in mice. It induced unscheduled
DNA synthesis in human fibroblast cultures but did not induce repair synthesis in cultured
rodent cells. Heptachlor inhibited intercellular communication in rodent cell systems; it was
not mutagenic to cultured rat liver cells. It did not induce sex-linked recessive lethal
mutations in Drosophila or gene conversion in yeast. It was mutagenic to plants. It was not
mutagenic to bacteria, but in one study, positive results were reported for technical-grade
but not commercial-grade heptachlor. It did not produce breakage of plasmid DNAS.
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a-CHLORINATED TOLUENES (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

Six cases of respiratory cancer were reported in two small factories in Japan where
benzoyl chloride (see p. 126) and chlorinated toluenes were produced!. A mortality studyin
the UK of 163 workers exposed to benzoyl chloride and chlorinated toluenes showed
excesses for cancers of the respiratory tract (5 observed, 1.8 expected) and digestive system
(5 observed, 1.2 expected). The limited data did not, however, allow any differential risk
estimation for the individual chlorinated toluenes2.

B. Evidence for carcinogenicity to animals (/imited for benzyl chloride and benzal chloride;
sufficient for benzotrichloride)

Benzyl chloride was tested in mice by skin application and in rats by subcutaneous
injection. Sarcomas at the injection site were observed in rats; a few skin carcinomas were
observed in some mice, but their incidence was not statistically significant!. When mice and
rats were administered benzyl chloride in corn oil by gavage, increased incidences of
papillomas and carcinomas of the forestomach were observed in mice of each sex, and the
incidence of thyroid C-cell tumours was increased in female rats but decreased in male rats; a
few neoplasms of the forestomach were observed in male rats3.

In one experiment in which benzal chloride was tested by skin application to female
mice, it produced squamous-cell carcinomas of the skin. In a concurrent experiment in
which it was tested for a shorter duration, a low incidence of skin papillomas was observed!.

Benzotrichloride was tested in three studies by skin application to female mice. It
produced squamous-cell carcinomas of the skin and lung tumours in all three experiments;
upper digestive-tract tumours were also observed in two of the three experiments. Increases
in the incidence of tumours at other sites were reported!. In a mouse-lung tumour bioassay,
benzotrichloride increased the incidence of lung adenomas¢.
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C. Other relevant data

No data were available on the genetic and related effects of benzal chloride,
benzotrichloride or benzyl chloride in humans.

Benzyl chloride did not induce micronuclei in mice treated in vivo. It induced DNA
strand breaks but not unscheduled DN A synthesis or chromosomal aberrations in cultured
human cells; conflicting results were obtained for the induction of sister chromatid
exchanges. Benzyl chloride induced sister chromatid exchanges, chromosomal aberrations,
mutation and DNA strand breaks in cultured rodent cells. It induced somatic and sex-linked
recessive lethal mutations in Drosophila and mitotic recombination, gene conversion,
mutation and DNA damage in fungi. Benzyl chloride induced mutation and DNA damage
in bacterias.

Benzal chloride and benzotrichloride induced mutation and DNA damage in bacteriaS.
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CHLORODIFLUOROMETHANE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

A small study of 539 refrigeration workers exposed to a mixture of chlorofluorocarbons,
including chlorodifluoromethane, for at least six months with up to 30 years’ follow up was
uninformative with regard to the carcinogenic hazard of this chemical (6 deaths due to
cancer, 5.7 expected; 2 deaths from lung cancer, 1.0 expected)!.

B. Evidence for carcinogenicity to animals (limited)

Chlorodifluoromethane was tested for carcinogenicity in rats by oral administration and
in mice and rats by inhalation. Oral administration to rats yielded no increase in tumour
incidence in one study. A study by inhalation in mice gave inconclusive results for males and
negative results for females. One study by inhalation in rats was inadequate, while, in
another, males exposed to the highest concentration had a marginal increase in the
incidence of subcutaneous fibrosarcomas and Zymbal-gland tumours and negative results
were obtained for females!.
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C. Other relevant data

No data were available on the genetic and related effects of chlorodifluoromethane in
humans. It did not induce dominant lethal mutations in rats or chromosomal aberrations in
bone-marrow cells of mice treated in vivo. It did not induce unscheduled DN A synthesis in
human cells in vitro or mutation in cultured Chinese hamster V79 cells. It did not induce
mutation or mitotic gene conversion in yeast, either after direct exposure or in a host-
mediated assay. It was mutagenic to plants and bacteria?.
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CHLOROETHYL NITROSOUREAS:
BISCHLOROETHYL NITROSOUREA (BCNU) (Group 2A)
1-(2-CHLOROETHYL)-3-CYCLOHEXYL-1-NITROSOUREA
(CCNU) (Group 2A)
1-(2-CHLOROETHYL)-3-(4-METHYLCYCLOHEXYL)-1-
NITROSOUREA (METHYL-CCNU) (Group 1)

A. Evidence for carcinogenicity to humans (/imited for BCNU; inadequate for CCNU;
sufficient for methyl-CCNU)

In seven randomized trials of treatment for brain tumours, two cases of acute
nonlymphocytic leukaemia (ANLL) occurred among 1628 patients treated with BCNU
(0.08 expected) within the first two years of treatment, whereas no such case occurred
among 1028 patients not treated with BCN UL

No epidemiological study of CCNU as a single agent was available to the Working
Group?.

Adjuvant treatment with methyl-CCNU has been evaluated in 3633 patients with
gastrointestinal cancer treated in nine randomized trials. Among 2067 patients treated with
methyl-CCNU, 14 cases of ANLL occurred (relative risk, 12.4; 95% confidence interval,
1.7-250), whereas one occurred among 1566 patients treated with other therapies.
Cumulative (actuarial) risk was 49 at six years and was not affected by concomitant
radiotherapy or immunotherapy3. A subsequent report described a strong dose-response
relationship, adjusted for survival time, giving a relative risk of almost 40 fold among
patients who had received the highest dose?.

B. Evidence for carcinogenicity to animals (sufficient for BCNU and CCNU; limited for
methyl-CCNU)

BCNU produced malignant tumours of the lung and an increased risk for neurogenic
tumours in rats after its repeated intraperitoneal or intravenous administration, and
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tumours in the peritoneal cavity after its intraperitoneal administration?56. Tests in mice by
intraperitoneal administration and in rats by oral administration could not be evaluated?.
When tested in mice by skin application together with ultraviolet B irradiation, BCNU
caused an earlier appearance of skin tumours2. Two studies by skin painting in mice were
inadequate?’7.

CCNU produced lung tumours in rats following its intraperitoneal or intravenous
injection®5, When tested in mice by intraperitoneal injection, it induced a slight increase in
the incidence of lymphomas. Tests in rats by oral administration could not be evaluated2. In
one study by skin application to mice, no skin tumour was observed, but the duration of the
experiment was inadequate’. ’

Data on methyl-CCNU were included in a report in which a large number of cancer
chemotherapeutic agents were tested for carcinogenicity by intraperitoneal injection in
Sprague-Dawley rats and Swiss mice. In male rats injected with methyl-CCNU thrice
weekly for six months, total tumour incidence was reported to be increased 1.5-2 fold over
that in controls at 18 months. A slight increase in tumour incidence was reported in mice8.
Intravenous administration of methyl CCNU to rats induced lung tumourss.

C. Other relevant data
BCNU, CCNU and Me-CCNU are directly-acting, bifunctional alkylating agents?.

No data were available on the genetic and related effects of BCNU in humans. An
increased frequency of sister chromatid exchanges was observed in a single study of
peripheral blood lymphocytes of patients treated with CCNU.

BCNU induced chromosomal aberrations, micronuclei and sister chromatid exchanges
in cells of mice treated in vivo, DNA damage in human cells in vitro, and aneuploidy,
chromosomal aberrations, sister chromatid exchanges, mutation and DNA damage in
rodent cells in vitro. It induced sex-linked recessive lethal mutations in Drosophila and gene
conversion in yeast. It was mutagenic and caused DNA damage in bacteria®.

CCNU induced dominant lethal mutations in rats and DNA damage in cells of mice and
rats treated in vivo. It induced DNA damage in human and rodent cells in virro and sister
chromatid exchanges and mutation in cultured Chinese hamster cells. It induced mutation
and DNA damage in bacteria?.
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CHLOROFORM (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

Two studies of trihalomethane levels in drinking-water supplies and community-based
rates of cancer mortality have been reported. Correlations were found between these levels
and various site-specific cancer mortality rates, especially those for bladder cancer, but also
those for cancers of the rectum/large intestine, brain and kidney and lymphoma?:2. In one
study in which trihalomethane levels in drinking-water at place of residence were compared
directly for 395 matched pairs of female teachers with regard to colorectal cancer, no
association with trihalomethane exposure was observed3. A mortality study of anaesthesio-.
logists who worked at the time chloroform was used provided no significant information#.

Several investigations have attempted to assess the effects of trihalomethanes in
drinking-water indirectly by comparing risks of cancers at various sites with extent of
chlorination. Although excesses of some cancers have been found, it is not possible to
evaluate any effect of chloroform from such studiess-16,

B. Evidence for carcinogenicity to animals (sufficient)

Chloroform produced benign and malignant tumours of the liver and kidney in mice
following oral gavage!7-18. Administration in drinking-water to female mice did not increase
the incidence of liver tumours!®. Administration of chloroform to rats by gavage or in
drinking-water increased the incidences of kidney!7-!9 and thyroid tumours!? and of
neoplastic nodules of the liver20. Chloroform was tested inadequately by subcutaneous and
intraperitoneal injection in mice!”. A study by oral administration in dogs gave negative
results?!. Oral administration of chloroform did not enhance the incidences of liver and lung
tumours induced in mice by intraperitoneal injection of N-ethyl-N-nitrosourea??, but it
enhanced the incidence of liver preneoplastic foci induced in rats treated by gavage with a
single dose of N-nitrosodiethylamine23,
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C. Other relevant data

No adequate data were available on the genetic and related effects of chloroform in
humans.

Chloroform did not induce micronuclei in bone-marrow cells of mice or DNA damagein
liver or kidney cells of rats treated in vivo. It did not induce chromosomal aberrations, sister
chromatid exchanges or unscheduled DNA synthesis in human lymphocytes in vitro.
Chloroform enhanced virus-induced cell transformation of Syrian hamster embryo cells. It
did not induce sister chromatid exchanges or mutation in Chinese hamster cells or DNA
damage in rat hepatocytes in vitro. Chloroform did not induce sex-linked recessive lethal
mutations in Drosophila or aneuploidy, mutation or somatic segregation in Aspergillus.
Chloroform induced DNA damage but not mutation, aneuploidy, mitotic recombination or
gene conversion in Saccharomyces cerevisiae, whereas mutation, mitotic recombination
and gene conversion were induced in S. cerevisiae under conditions in which endogenous
levels of cytochrome P450 were enhanced. Chloroform did not induce mutation or DNA
damage in bacteria2¢,
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CHLOROPHENOLS (Group 2B)

A. Evidence for carcinogenicity to humans (/imited)

Several cohort studies have concerned workers in the chemical industry with potential
exposure to 2,4,5-trichlorophenol, 2,3,7,8-tetrachlorodibenzo-para-dioxin (TCDD) and
other chemicals. Mortality rates for all cancers combined were not elevated over those
expected. A Danish cohort with potential exposure to 2,4-dichlorophenol, present as an
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intermediate during the production of chlorophenoxy herbicides, had no increase in the
incidence of cancers at all sites combined, but there were statistically significantly increased
risks of soft-tissue sarcoma and lung cancer in some subcohorts. Two case-control studies
conducted in different regions of Sweden showed a statistically significant association
between soft-tissue sarcoma and exposure to chlorophenols; studies from New Zealand
have not clearly confirmed the results from Sweden, although slightly but nonsignificantly
elevated risks were seen for non-Hodgkin’s lymphoma with respect to chlorophenol
exposure!2. A case-control study from Washington State, USA, briefly reported an
increased risk of soft-tissue sarcoma in connection with exposure to chlorophenols, but only
in persons of Scandinavian descent3.

A case-control study in Sweden detected a significant association between nasal and
nasopharyngeal cancer and exposure to chlorophenols, independent of exposure to wood
dust!,

B. Evidence for carcinogenicity to animals (inadequate for pentachlorophenol and 2,4,5-
trichlorophenol; sufficient for 2,4,6-trichlorophenol)

Pentachlorophenol was tested in one experiment in two strains of mice and in one
experiment in rats by oral administration at dose levels sufficiently high to cause mild
toxicity; no carcinogenic effect was seen in either species. Pentachlorophenol was also tested
in two strains of mice by subcutaneous injection of single doses; it produced hepatomas in
males of one strain?.

2,4,6-Trichlorophenol was tested in one experiment in two strains of mice by oral
administration, and 2,4,5- and 2,4,6-trichlorophenols were tested in one experiment by
subcutaneous injection in two strains of mice. 2,4,5-Trichlorophenol was also tested in one
experiment for its promoting activity in female mice. All three experiments were considered
to be inadequateS. In a further experiment, oral administration of 2,4,6-trichlorophenol to
rats and mice caused increased incidences of hepatocellular carcinomas or adenomas in
mice of each sex and increased incidences of lymphomas and leukaemias in male ratss.

C. Other relevant data

No data were available on the genetic and related effects of 2,4-dichlorophenol, 2,3,4,6-~
tetrachlorophenol or 2,4,6-trichlorophenol in humans. In one study, the frequency of
chromosomal aberrations but not of sister chromatid exchanges was increased in the
lymphocytes of men exposed occupationally to pentachlorophenol; in a smaller study, no
increase in chromosomal aberrations was observed. Neither chromosomal aberrations nor
sister chromatid exchanges were observed in a single study of workers exposed to 2,4,5-
trichlorophenol’.

2,4-Dichlorophenol did not induce unscheduled DNA synthesis in rat hepatocytes in
vitro or mutation in bacteria’.

Pentachlorophenol was mutagenic in the mouse spot test. It did not induce aneuploidy
or sex-linked recessive lethal mutations in Drosophila. It induced mutation and gene
conversion but not mitotic crossing-over in yeast. There were conflicting data for
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mutagenicity in bacteria. Pentachlorophenol did not induce strand breaks in DNA from
bacteriophage. It gave negative results in a host-mediated assay with mice using bacteria as
indicators’.

2,4,6-Trichlorophenol induced somatic mutations in the spot test in mice in vivo. It
induced mutation but not gene conversion or crossing-over in yeast and was not mutagenic
to bacteria’.

Neither 2,3,4,6-tetrachlorophenol nor 2,4,5-trichlorophenol was mutagenic to bacteria?.
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CHLOROPHENOXY HERBICIDES (Group 2B)

A. Evidence for carcinogenicity to humans (/imited)

In a Danish cohort study of chemical workers exposed to chlorophenoxy herbicides
[particularly (4-chloro-2-methylphenoxy)acetic acid (MCPA), 2-(4-chloro-2-methylphenoxy)-
propanoic acid (mecoprop), 2,4-dichlorophenoxyacetic acid (2,4-D) and 2-(2,4-dichloro-
phenoxy)propanoic acid (dichlorprop)], as well as other chemicals, no overall increase in
cancer incidence rate was observed, but there were significantly increased risks for soft-
tissue sarcoma and lung cancer in some subcohorts, which were not necessarily those with
the highest exposures to chlorophenoxy herbicide preparations!.

A recently reported cohort of 5784 male employees in a UK company that manufac-
tured, formulated and sprayed MCPA and other pesticides, but only small amounts of
2,4,5-trichlorophenoxyacetic acid (2,4,5-T), had no general excess mortality from cancer.
Three potentially exposed workers died from nasal carcinoma, however. One death due to
soft-tissue sarcoma approximately equalled the expected rate. No excess of lymphoma was
seen?,

A Finnish cohort study of brush control workers with short follow-up time showed no
increased cancer risk. A small Swedish cohort study of railroad workers who sprayed
herbicides showed an increased risk of cancers at all sites combined for those exposed to
chlorophenoxy herbicide preparations and other herbicides. An excess incidence of all
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cancers was also reported from a very small cohort of Swedish forestry foremen exposed to
chlorophenoxy herbicide preparations and other herbicides. A study of long-term pesticide
applicators in the German Democratic Republic, heavily exposed to a number of chemicals,
including 2,4-D and MCPA, demonstrated an increased risk of bronchial carcinomal.

Two population-based case-control studies conducted in northern and southern
Sweden, respectively, showed a statistically significant association between exposure to
chlorophenoxy herbicides, especially in forestry and agriculture, and the occurrence of
soft-tissue sarcomas. An increased risk of soft-tissue sarcoma was described among highly
exposed Italian rice weeders in a population-based case-control study. However, a case-
control study from New Zealand did not demonstrate any increased risk of soft-tissue
sarcoma in people exposed to chlorophenoxy herbicides!. Nor did a recently reported
population-based case-control study of soft-tissue sarcoma and lymphoma in Kansas, USA,
find any association between soft-tissue sarcoma and exposure to 2,4-D3.

A statistically significant association between malignant lymphoma (Hodgkin’s and
non-Hodgkin’s) and exposure to chlorophenoxy herbicides was found in a Swedish case-
control study!. The population-based case-control study of soft-tissue sarcoma and
Hodgkin’s and non-Hodgkin’s lymphoma in Kansas showed that use of 2,4-D was
associated with non-Hodgkin’s lymphoma, especially among farmers who had been
exposed for more than 20 days per year, among whom there was an approximately six-fold
excess, and among those who had mixed or applied the herbicides themselves. Hodgkin’s
lymphoma was not, however, found to be associated with herbicide exposure’. No
significant or consistent association was seen in a case-control study of these tumours from
New Zealand, and in a Danish cohort of chemical workers exposed to chlorophenoxy
herbicides there was also no significantly increased risk of malignant lymphoma!+4, Farmers
and forestry workers in Washington State, USA, with exposure to phenoxy herbicides had a
significantly increased risk of non-Hodgkin’s lymphoma. People of Scandinavian descent in
the area had an increased risk of soft-tissue sarcoma in connection with phenoxy herbicide
exposure, but no increased risk of non-Hodgkin’s lymphomas.

Three Swedish case-control studies of colon, liver, and nasal and nasopharyngeal
cancer, which used the same study design and methods as in the studies on soft-tissue
sarcoma and malignant lymphoma, did not demonstrate significantly increased risks,
although a risk ratio of 2.1 was reached for nasal and nasopharyngeal cancer!.

A record-linkage study using census data on occupation and cancer registry information
in Sweden did not reveal any excess of soft-tissue sarcoma among agricultural and forestry
workersS:”. However, on the basis of occupational titles, the elevated risks seen in Swedish
case-control studies of soft-tissue sarcoma and lymphoma were reduced to 1.4 or lesss. A
UK study based on data from cancer registration showed a slightly but significantly
increased risk of soft-tissue sarcoma among farmers, farm managers and market gardeners,
but not in other subgroups in forestry and farming®. No association with soft-tissue sarcoma
has been found with military service in Viet Nam, despite potential exposure to phenoxy
herbicides!>19, although there is a case report in this respect!.
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B. Evidence for carcinogenicity to animals (inadequate for 2,4-D and 2,4,5-T)

2,4-D and several of its esters were tested in rats and mice by oral administration and in
mice by subcutaneous administration. All of these studies had limitations, due either to
inadequate reporting or to the small number of animals used. Therefore, although increased
incidences of tumours were observed in one study in which rats received 2,4-D orallyand in
another in which mice received its isooctyl ester by subcutaneous injection, no evaluation of
the carcinogenicity of this compound could be made!!.

2,4,5-T was tested in mice by oral and subcutaneous administration. All of the studies
had limitations due to the small numbers of animals used. Therefore, although an increased
incidence of tumours at various sites was observed in one study in which 2,4,5-T (containing
less than 0.05 mg/kg chlorinated dibenzodioxins) was given orally, no evaluation of the
carcinogenicity of this compound could be made on the basis of the available data!2. In rats
fed diets containing three different concentrations of 2,4,5-T, the incidences of all tumour
types were comparable to those in the control groups, with the exception that the incidence
of interfollicular C-cell adenomas of the thyroid was increased significantly in female rats
receiving the lowest dose. This increase was not considered to be related to treatment since it
was not dose-related and the female control group had an unusually low incidence of
thyroid adenomas!3,

A study of the incidence of small-intestinal adenocarcinoma in groups of sheep from
different farms showed an association with use of phenoxy herbicides, as elicited by farmers’
responses to a questionnaire. However, other herbicides were in use, and there was no
documentation of exposures!4.

No adequate data were available on the carcinogenicity of MCPA!S.

C. Other relevant data

In single studies, lymphocytes of persons occupationally exposed to chlorophenoxy
herbicides, including 2,4-D, did not show increased frequencies of sister chromatid
exchanges or chromosomal aberrations. Other studies could not be assessed since workers
were also exposed to other formulations. A single study of herbicide and pesticide sprayers
exposed to 2,4,5-T, in which a small increase in the incidence of sister chromatid exchanges
was reported, could not be assessed since workers were also exposed to other formulations.
Persons occupationally exposed to MCPA did not have increased frequencies of sister
chromatid exchanges (one study) or chromosomal aberrations in their lymphocytes!s.

2,4-D did not induce dominant lethal mutations, micronuclei or sister chromatid
exchanges inrodents treated in vivo. Pure 2,4-D did not induce chromosomal aberrations in
human lymphocytes in vitro, whereas a commercial formulation did. 2,4-D induced sister
chromatid exchanges and unscheduled DNA synthesis in human cells in vitro. It did not
induce sister chromatid exchanges but did induce mutation and inhibited intercellular
communication in Chinese hamster cells in vitro. 2,4-D induced somatic mutation in
Drosophila, but conflicting results were obtained for induction of sex-linked recessive lethal
mutations; it did not induce aneuploidy. 2,4-D caused chromosomal aberrations and was
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mutagenic in plants. It induced mutation, gene conversion and mitotic recombination in
yeast. It was not mutagenic to bacteria or bacteriophage. The n-butyl and iso-octyl esters of
2,4-D were also not mutagenic to bacteria!s.

2,4,5-T induced chromosomal aberrations in bone-marrow cells of Mongolian gerbils,
but not in spermatogonia of Chinese hamsters, and aneuploidy in oocytes of rats treated in
vivo. It did not induce micronuclei in mice or dominant lethal mutations in mice or rats in
vivo. 2,4,5-T inhibited intercellular communication in Chinese hamster V79 cells in vitro.
There was weak evidence for the induction of sex-linked recessive lethal mutations in
Drosophila; it did not induce aneuploidy or somatic mutation. It induced chromosomal
aberrations in plants. It was mutagenic to yeast, but neither 2,4,5-T nor the n-butyl-,
iso-butyl or iso-octyl ester of 2,4,5-T was mutagenic to bacteria!s.

MCPA did not induce structural chromosomal aberrations or micronuclei in mice
treated in vivo; weakly positive results were obtained for sister chromatid exchanges in cells
of Chinese hamsters treated in vivo and in vitro. It was weakly active in inducing sex-linked
recessive lethal mutations but did not induce aneuploidy in Drosophila. MCPA and its
methyl ester were mutagenic to yeast but not to bacterials.
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CHLOROPRENE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

In one study, an excess of lung and skin cancers was related to occupational exposure to
chloroprene. In another investigation, no excess of lung or other type of cancer was reported
among chloroprene workers. There is one case report of an angiosarcoma of the liverina
worker exposed to chloroprene!.

:B. Evidence for carcinogenicity to animals (inadequate)

A number of experimental studies were considered to be inadequate for an evaluation of
the carcinogenicity of chloroprene!. In a further study? in which chloroprene was given
orally to pregnant rats and their offspring were treated for life by stomach tube, the total
incidence of tumours was similar in treated and untreated animals.

C. Other relevant data

An increased incidence of chromosomal aberrations was found in the lymphocytes of
workers exposed to chloroprene?.

Chloroprene induced dominant lethal mutations in rats and chromosomal aberrations
in bone-marrow cells of mice treated in vivo. It induced transformation in one hamster cell
line but did not induce mutation in Chinese hamster cells. It induced sex-linked recessive
lethal mutations in Drosophila and was mutagenic to bacteria’.
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CHOLESTEROL (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

Intake of dietary cholesterol was greater in premenopausal cases than controls in a
case-control study of diet and breast cancer; however, this finding was not statistically
significant, and the association was less strong than that with dietary fat!. In a reanalysis of
the same data, dietary cholesterol did not have an effect independent of saturated fat
intake?. Further, in a cohort study of 89 538 US nurses, there was no increased risk of breast
cancer associated with dietary fat or dietary cholesterol®. Dietary cholesterol intake was
greater in cases than in controls in a case-control study of colorectal cancer, but the risk
ratios were lower than for saturated fat intake¢. Risk ratios were also elevated for dietary
cholesterol and colon cancer in a second case-control study, although they were lower for
rectal cancer and risk ratios were elevated to a greater extent for dietary protein’. In a study
in which cholesterol intake of Seventh-Day Adventists was compared with that of lacto-
ovo-vegetarians and nonvegetarians, differences for colon cancer risk were not ‘striking®.
However, a study using food disappearance data from 20 countries showed that, when
dietary cholesterol was controlled for, the partial correlations of dietary fat and fibre with
colon cancer mortality were no longer significant. Cross-classification showed a significant,
main effect for cholesterol but not for fat or fibre’.

Dietary cholesterol was associated with increased risk of lung cancer in a case-control
study. The association was found in all subjects, in smoking subjects and in males, but notin
females8. Dietary cholesterol was also found to be weakly associated with increased risk of
bladder cancer in a further case-control study’. These studies involved the use of relatively
restricted dietary questionnaires, and it was not possible to determine whether the
association with dietary cholesterol was part of a stronger association with other dietary
factors with which the intake of cholesterol is associated.

Dietary cholesterol was analysed in relation to cancer mortality in a ten-year follow-up
of the Honolulu Heart Program in the USA. There was no significant association, but data
for individual cancer sites were not reported!0.

The available data on serum cholesterol levels and cancer have been considered!!, and
subsequently reported independently!2. It was concluded that observational studies afford
substantial evidence that preclinical cancer causes a lowering of blood cholesterol, and
limited, but biologically plausible evidence that males with naturally low blood cholesterol
levels are at increased risk of colon cancer. Since then, there have been reports of seven
studies primarily related to follow-up of cohorts established for the study of cardiovascular
disease!3-20, A study of 4035 residents of California, USA, aged 40-89, showed no
association between plasma cholesterol and cancer morbidity or mortality over a seven-year
period for either men or women for any cancer site!3. In a five-year follow-up of 10 940
participants in the Hypertension Detection and Follow-up Program in the USA, a small but
statistically significant inverse relationship was found between baseline serum cholesterol
level and cancer incidence. When cases diagnosed in the first two years were excluded, the
association was similar in magnitude but no longer statistically significant. The numbers of
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cases did not permit analysis by cancer site!4. Up to six years of follow-up (mean, three
years) were reported for 10 000 middle-aged men in the Malmé Preventive Program in
Sweden!s, Serum cholesterol was inversely related to cancer mortality (44 deaths) — a
relationship seen also for the 25 cancer deaths that occurred more than 2.5 years after
screening!S. Serum urate levels at screening were correlated with early but not late (more
than 2.5 years after screening) cancer mortality. As urate levels might indicate proliferation
of cancer cells, the association of raised serum cholesterol with late deaths may be due to
another mechanism than cancer present at the time of screening!6.

In the Busselton community study in Western Australia, 1564 subjects have been
followed for 13 years. In men aged 60-74, but not in men aged 40-59 or in women, a negative
association between serum cholesterol level and cancer mortality was found!’. It was not
indicated if the association persisted when early cancer deaths were excluded. In New
Zealand, 630 Maoris aged 25-74 were followed for over 17 years. A significant inverse
relationship between cancer mortality and serum cholesterol was found for men and women
considered together. The relative risk in the pooled data, derived by comparing the
approximate 10th and 90th percentiles of serum cholesterol concentration, decreased from
3.0 to 2.4 after excluding deaths in the first five years!8. Fifteen years of follow-up of I 1 325
healthy men aged 40-59 in the Seven Countries Study has also been reported. Among 477
cancer deaths five or more years after cholesterol measurement, there was a significant
excess of deaths from lung cancer in the lower 209 of the cholesterol distribution in the
populations. Nevertheless, regional comparisons of cancer mortality showed highest cancer
rates in northern Europe, where the cholesterol levels were highest!®. In contrast, ina cohort
study in Sweden of 92 000 subjects less than 75 years old examined in 1963-1965 and
followed by linkage to the Swedish Cancer Registry until 1979, there was a positive
association between serum cholesterol level and risk of rectal cancer in men. When serum
cholesterol and B-lipoprotein levels were considered together, the risk for men with elevated
serum cholesterol (= 2.5 g/1) and B-lipoprotein (== 2.2 g/1), relative to those with lower
levels, was 1.6 for colon cancer (95% confidence interval, 1.2-2.2) and 1.7 for rectal cancer
(1.2-2.4)2. In the largest study so far reported, the incidence of cancer was determined in
160 135 male and female members of a prepaid health plan in California, USA, for whom
serum cholesterol levels were determined as part of a multiphasic health examination.
Follow-up was for eight to 16 years. No consistent association of low cholesterol with cancer
incidence was found, although cancer incidence was highest in those in the lowest quintile of
serum cholesterol levels in the first two years after the measurement?!.

Five case-control studies have been reported in which serum cholesterol was as-
sessed?2-26. A case-control study of 37 cases of primary brain tumours and two controls per
case found elevated levels of serum cholesterol in the cases compared to the controls. The
difference was not reduced by controlling for potential confounders (including weight)22. In
the second study, serum cholesterol was measured in 244 patients with adenomatous polyps
of the colon, 182 patients with Dukes’ A or B colon cancer and 688 hospital controls. The
mean serum cholesterol levels were lower for the Dukes’ B cases, accounting for most of the
difference. There was no difference in mean levels between those with adenomatous polyps
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and their controls. After adjustment for nutritional status using serum albumin level,
however, there was no difference between any of the groups2. In a nested case-control study
within a cohort, 245 newly-diagnosed cases of large-bowel cancer in members of a prepaid
health care plan and five matched controls for each case were compared, on the basis of
serum cholesterol measurements performed as part of a multiphasic health examination
prior to the diagnosis of the cases. No direct or inverse relationship between serum
cholesterol and large-bowel cancer was found2¢. A fourth case-control study was based on a
cohort of 18 995 people examined at a health centre between 1970-1973, where medical
records were found for 100 of 176 cancer cases who had died by 1979, for 393 of 900 control
subjects still alive in 1979, and for 69 of 153 people who had died of cardiovascular disease in
the same period. Serum cholesterol levels in the cancer cases were significantly lower than
those in controls only in the two-year period prior to death and were inconsistently
depressed three to six or seven to 16 years prior to death?s. In a fifth study, a positive
association was found between serum cholesterol levels and the prevalence of adenomatous
polyps at colonoscopy performed in 842 patients. The odds ratio for large-bowel adenoma
between the highest and lowest quintiles of serum cholesterol was 1.9 (95% confidence
interval, 1.1-3.5) after adjustment for age and 2.0 (1.1-3.6) after adjustment for body-mass
index?. Serum cholesterol was assessed in relation to disease-free survival of 279 colon
cancer patients. There was an 11% (nonsignificant) lower cumulative disease-free survival at
five years in those with serum cholesterol levels below the median than in those with levels
above the median?’. In a further study, family history of cancer was found to be positively
associated with serum cholesterol levels in young adults28.

Thus, although studies of cohorts assembled to study cardiovascular disease risk
continue to show associations of low serum cholesterol with cancer incidence and mortality,
the studies designed specifically to assess the relationship do not in general confirm the
association. When site-specific data are available, they are not consistent. Nevertheless, a
plausible mechanism exists — namely, that those who maintain a low serum cholesterol in
face of a possibly elevated fat intake increase the concentration of cholesterol metabolites
(especially bile acids) in the intestine and thus increase their risk for colon cancer®.

B. Evidence for carcinogenicity to animals (inadequate)

Cholesterol was tested for carcinogenicity in mice by administration in the diet, by
subcutaneous administration and by bladder implantation. These studies were all inadequate
for evaluation. Cholesterol has also been tested in combination with various carcinogens,
but the results were inadequate to assess the carcinogenesis-enhancing potential of the
compound!!. Feeding of cholesterol to rats exposed to a mammary carcinogen did not affect
the incidence of mammary tumours3?, while feeding after administration of a colon
carcinogen resulted in a lower incidence of colon tumours3!.

C. Other relevant data

No data were available on the genetic and related effects of cholesterol in humans. It did
not transform Syrian hamster embryo cells and was not mutagenic to bacteria32.
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CHROMIUM AND CHROMIUM COMPOUNDS:
CHROMIUM METAL (Group 3)
TRIVALENT CHROMIUM COMPOUNDS (Group 3)
HEXAVALENT CHROMIUM COMPOUNDS (Group 1*)

A. Evidence for carcinogenicity to humans (inadequate for chromium metal and trivalent
chromium compounds; sufficient for hexavalent chromium compounds)

An increased incidence of lung cancer has been observed among workers in both the
bichromate-producing industry and chromate-pigment manufacturing. There is evidence of

*This evaluation applies to the group of chemicals as a whole and not necessarily to all individual chemicals within the group (see
also Methods, p. 38).



166 IARC MONOGRAPHS SUPPLEMENT 7

a similar risk among chromium platers and chromium alloy workers. The incidences of
cancers at other sites may also be increased in such populations. However, a clear distinction
between the relative carcinogenicity of chromium compounds of different oxidation states
or solubilities has been difficult to achieve!.

Recent studies of chromate-pigment makers and users2-1%, chrome platers!!, welders!2-16
and chrome-alloy foundry workers!” have shed some light on this problem. For chromate-
pigment makers and users, respiratory cancer excesses have usually been found. Chromium
pigments are usually hexavalent and commonly include zinc, lead (see p. 230) or strontium
chromate. A small Norwegian study identified 24 workers primarily exposed to zinc
chromate out of a total chromium-pigment worker population of 133. All six lung cancer
cases, with more than three years’exposure, occurred among the zinc chromate group (0.14
expected)®. One report from the UK contrasts the mortality experience of three plants, in
one of which only lead chromate was used. The lung cancer excess was restricted to the
plants in which there was mixed exposure to lead and zinc chromate. In the lead chromate
plant, there was no lung cancer excess, whereas in the other two the observed:expected
ratios for high-/ medium-exposed workers ranged from 13:5.9 to 5:0.910.

Chrome platers have also been found to have excess lung cancer!!. Stainless-steel
welding involves the greatest exposure to hexavalent chromium, as well as to nickel' (see p.
264), and observed:expected ratios for lung cancer for this subgroup of welders ranged from
4.4 (based on three cases)!2to 1.7 (based on six cases)!3. One study of chromium-nickel alloy
foundry workers showed a statistically significant excess of lung cancer in the 65-99-year age
group only!’.

Excess ratios for tumours at other sites are an unusual finding, but they have been
reported for chromate paint workers (gastrointestinal tract)!>!8, chromate-pigment users
(stomach and pancreas)® and chrome platers (gastrointestinal tract)!!. The observed
numbers are, however, small, and the observed:expected ratios do not reach statistical
significance. In a post-mortem investigation of lung cancer deaths, it was found that, of the
cases diagnosed as small-cell carcinoma, many had been exposed mainly to hexavalent
chromium compounds?.

B. Evidence for carcinogenicity to animals (inadequate for chromium metal and trivalent
chromium compounds; sufficient for hexavalent chromium compounds)

Chromium metal and chromium compounds have been tested for carcinogenicity by a
wide variety of routes in mice, rats and rabbits. Calcium chromate produced bronchial
carcinomas after implantation of an intrabronchial pellet in rats’-? and injection-site
sarcomas after intramuscular implantation in rats and mice and after intrapleural injection
in rats!. Bronchial carcinomas were produced in rats after intrabronchial implantation of
strontium chromate and zinc chromate?0. Injection-site sarcomas were produced in rats and
mice after intramuscular, intrapleural and subcutaneous injections of chromite ore,
strontium chromate, chromium trioxide, lead chromate and zinc chromate, but few or no
sarcomas were induced by barium chromate, sodium chromate or dichromate, or chromic
acetate. Chromium powder has been tested inadequately in mice, rats and rabbits!.
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C. Other relevant data

The available evidence indicates that the carcinogenicity of chromium-containing
materials can be related to both valency and bioavailability. Trivalent and hexavalent
chromium have markedly different chemical and biological properties. Trivalent chromium
is the more stable oxidation state, and under physiological conditions it may form
complexes with ligands such as nucleic acids, proteins and organic acids. Biological
membranes are thought to be impermeable to trivalent chromium, although phagocytosis of
particulate trivalent chromium can occur. Hexavalent chromium usually forms strongly
oxidizing chromate and dichromate ions, which readily cross biological membranes and are
easily reduced under physiological conditions to trivalent chromium. Trivalent chromium
compounds may be contaminated with hexavalent chromium compounds (and vice
versa)?!. Chromium compounds that are sparingly soluble in water appear to have greater
carcinogenic activity than those substances that are either highly soluble or insoluble.

People occupationally exposed to hexavalent chromium compounds (in chromate
production and in electroplating factories) had elevated incidences of chromosomal
aberrations in their peripheral blood lymphocytes; reports on sister chromatid exchange
induction were conflicting. Workers exposed to chromium compounds during stainless-
steel welding did not show increased incidences of chromosomal aberrations, micronuclei or
sister chromatid exchanges in peripheral blood lymphocytes?!.

No data were available on the genetic and related effects of trivalent chromium
compounds in humans.

Hexavalent chromium induced dominant lethal mutations, chromosomal aberrations
and micronuclei in rodents treated in vivo. In human cells in vitro, it caused chromosomal
aberrations, sister chromatid exchanges and DNA damage. In cultured rodent cells, it
induced transformation, chromosomal aberrations, sister chromatid exchanges, mutation
and DNA damage. Itinduced aneuploidy in Drosophila and mitotic recombination in yeast.

"It was mutagenic and caused DNA damage in bacteria?!.

There is no consistent evidence that water-soluble trivalent chromium has genetic
activity. The few positive results were obtained only with doses about 100 times higher than
those of hexavalent chromium required to produce such effects2!.

Trivalent chromium did not induce micronuclei in bone-marrow cells of mice treated in
vivo. Conflicting results were obtained for the induction of chromosomal aberrations in
human lymphocytes in vitro, and neither sister chromatid exchange nor unscheduled DNA
synthesis was induced in human cells in vitro. Conflicting results were obtained concerning
the induction of chromosomal aberrations, mutation and sister chromatid exchanges in
rodent cells in culture. Trivalent chromium did not induce mutation in bacteria, but it
induced DNA damage?!.

Insoluble crystalline chromium oxide (Cr,0,) induced sister chromatid exchanges and
mutation in cultured Chinese hamster cells, which were shown to contain particles of the test
material?!,
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CHRYSOIDINE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

A report of bladder cancer in three amateur anglers with exposure to chrysoidine-dyed
maggots! stimulated reports of four further cases23 and two case-control studies*5. A study
in Yorkshire, UK, used an existing large-scale bladder cancer case-control study (over 900
pairs) and made further enquiries regarding fishing, maggots and dyes used on or in the
maggots. The relative risks were 0.7 (95% confidence interval, 0.2-2.3) based on five exposed
cases for the use of bronze (surface-coloured) maggots, and 2.0 (0.6-6.2) based on nine
exposed cases for yellow maggots (ready or self-coloured)4. A study in the West Midlands,
UK, was smaller (202 pairs) but showed a higher percentage of use of dyed maggots (149 of
cases, 8% of controls). A three-fold excess risk was noted for the use of bronze maggots for
more than five yearss. This study aimost certainly included five cases from the previous case
reports that stimulated the case-control studies, but this factor is unlikely to remove the
statistically significant excess risk.

B. Evidence for carcinogenicity to animals (/imited)

Chrysoidine was tested for carcinogenicity in single experiments in mice and rats by oral
administration only. In mice, it produced liver-cell adenomas and carcinomas, leukaemia
and reticulum-cell sarcomas. The experiment on rats was inadequately reporteds.

C. Other relevant data

No data were available on the genetic and related effects of chrysoidine in humans. It was
mutagenic to bacteria’.
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CISPLATIN (Group 2A)

A. Evidence for carcinogenicity to humans (inadequate)

No epidemiological study of cisplatin as a single agent was available to the Working
Group. Occasional case reports of exposure to cisplatin, especially in the presence of
concurrent therapy with other putative carcinogens, such as ionizing radiation, alkylating
agents and other potent oncotherapeutic drugs, do not constitute evidence of carcino-
genesis!-3,

B. Evidence for carcinogenicity to animals (sufficient)

Multiple intraperitoneal administrations of cisplatin to mice significantly increased the
incidence and number of lung adenomas. Similar treatments caused a significant increase in
the incidence of skin papillomas in mice given promoting treatment of croton oil applied to
the skin. The incidences of epidermoid carcinomas and of both malignant and benign
tumours in internal organs were increased by the same treatment, but were not significantly
different from those in controls'. In two studies, multiple intraperitoneal injections of
cisplatin to rats induced leukaemia’.

C. Other relevant data

In one study, cisplatin-adriamycin combination chemotherapy induced sister chromatid
exchanges in peripheral blood lymphocytes of patients treated with this agent. In another
study, antigenicity against cisplatin-DNA adducts was demonstrated in blood cells of
treated patients’.

Cisplatin induced structural chromosomal aberrations and sister chromatid exchanges
in cells of rodents treated in vivo, but it did not induce dominant lethal mutations in mice. It
transformed Syrian hamster embryo cells; it induced chromosomal aberrations, micro-
nuclei and sister chromatid exchanges in both human and rodent cells in vitro, and mutation
and DNA damage (including DNA cross-links) in rodent cells in vitro. In Drosophila,
cisplatin induced aneuploidy and dominant lethal and sex-linked recessive lethal mutations.
It induced chromosomal aberrations and mutation in plants. Cisplatin induced mutation,
gene conversion and DNA damage in fungi and mutation and DNA damage in bacteria’.
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CLOFIBRATE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

Results of a further four years of follow-up to the clofibrate trial of the World Health
Organization! have become available2. On average, the total follow-up period was 13.2
years, 5.3 of which were during the actual treatment phase (range, four to eight years) and
7.9 thereafter. Three groups of men, divided according to their cholesterol levels, were
studied, comprising 208 000 man-years of observation. The first two groups included
subjects in the upper third of the serum cholesterol distribution, randomly allocated either
to treatment by clofibrate (1.6 g daily) or an olive-oil placebo. The third group was
composed of half of the men in the lowest third of the distribution, who received an olive-oil
placebo. At the conclusion of follow-up, the age-standardized death rates from malignant
neoplasms per 1000 per annum were 2.4, 2.4 and 2.3, respectively (based on 206, 197 and 173
deaths from neoplasms). However, the age-standardized death rates for malignant
neoplasms during the treatment phase had been 1.9 (42 deaths), 1.2 (25 deaths) and 1.7 (30
deaths), respectively.

Reports of two of four other clofibrate trials did not include information on the
occurrence of cancer!. Of those which did, one showed no excess of cancer in treated groups
over the six-year period of the trial (eight cancer deaths in all)3, and, in the other, coveringa
follow-up period of five to 8.5 years, the death rates for all cancers were 0.9% for the group
receiving clofibrate, 0.8% for a group receiving niacin and 0.9% for the placebo group?. Two
further trials of clofibrate showed no excess of cancer in treated groups?.

In a single case report, a man who received clofibrate (among other drugs) for 15 years
developed a jejunal adenocarcinomaZ.

B. Evidence for carcinogenicity to animals (limited)

Clofibrate was tested in two studies by oral administration to male rats; it produced
hepatocellular carcinomas, and a few pancreatic exocrine acinar adenomas and carcinomas
were observed!. Clofibrate decreased the incidence of 7,12-dimethylbenz{a]anthracene-
induced mammary carcinomas in rats, but did not affect the carcinogenic action of
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N-methyl-N-nitrosourea$ or of dimethylhydrazine (isomer unspecified)s. In two studies, it
enhanced N-nitrosodiethylamine-induced liver tumorigenesis’-8, but, in a limited bioassay,
when fed after the induction of liver foci by 2-acetylaminofluorene, it did not enhance liver
carcinogenesis®.

C. Other relevant data

No data were available on the genetic and related effects of clofibrate in humans, It did
not induce chromosomal aberrations in Chinese hamster fibroblasts in vitro and was not
mutagenic to bacterialo.
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CLOMIPHENE CITRATE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

Only case reports of benign and malignant tumours occurring at various sites are
available!-S. These include testicular tumours in three young men who had received
‘clomiphene as part of hormonal treatment for oligospermia2, a hepatoblastoma in a female
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infant whose mother had received clomiphene citrate as treatment for infertility?, a liver-cell
adenoma in a women who had received clomiphene citrate for oligomenorrhoea4, and
unilateral testicular neoplasms in two of 650 oligospermic men who had received monthly
treatments with clomiphene citrate (daily for three weeks followed by a week of rest) for six
to 12 monthss.

B. Evidence for carcinogenicity to animals (inadequate)

Clomiphene citrate was tested in an inadequate experiment in newborn rats by single
subcutaneous injection; reproductive-tract abnormalities, including uterine and ovarian
tumours, were reported!.

C. Other relevant data

No data were available on the genetic and related effects of clomiphene citrate in
humans. It did not induce chromosomal aberrations or micronuclei in bone-marrow cells of
mice treated in vivoS.
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COAL GASIFICATION (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)

Case reports of tumours of the skin (including the scrotum), bladder and respiratory
tract in association with employment in industries involving the destructive distillation of
coal suggested a link between work in that industry and human cancer. Descriptive
epidemiological studies based on death certificates corroborated these early suggestions!.

A series of detailed analytical epidemiological studies of the British gas industry add
further weight to the hypothesis that work in such coal gasification plants carries a risk for
tumours of the lung, bladder and scrotum. There appeared to be a relationship between
elevated relative risk of tumours and work in retort houses, particularly when the job had
entailed exposure to fumes emanating from the retorts!.
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B. Other relevant data

No relevant data were available to the Working Group.
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COAL-TAR PITCHES (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)

A mortality analysis in the UK from 1946 showed a greatly increased risk for scrotal
cancer among patent-fuel workers; furthermore, a large number of case reports describe the
development of skin (including the scrotum) cancer in workers exposed to coal-tars (see p.
175) or coal-tar pitch!. Several epidemiological studies have shown excesses of lung and
bladder cancer among workers exposed to pitch fumes in aluminium production plants2. A
slight excess of lung cancer was found among furnace and maintenance workers exposed to
coal-tar pitch fumes in a calcium carbide production plant3. A cohort study of US roofers
indicated an increased risk for cancer of the lung and suggested increased risks for cancers of
the oral cavity, larynx, oesophagus, stomach, skin and bladder and for leukaemia. Some
support for excess risks of lung, laryngeal and oral-cavity cancer is provided by other studies
of roofers. One study showed a small excess of bladder cancer in tar distillers and in
patent-fuel workers. An elevated risk of cancer of the renal pelvis was seen in workers
exposed to ‘petroleum or tar or pitch’. One study of millwrights and welders exposed to
coal-tars and coal-tar pitch in a stamping plant showed significant excesses of leukaemia
and of cancers of the lung and digestive organs®.

B. Evidence for carcinogenicity to animals (sufficient)

Application of coal-tar pitches and extracts of coal-tar pitches to the skin of mice
produced malignant skin tumours. Extracts of coal-tar pitches had both initiating and
promoting activities in mouse skin!-5:,

C. Other relevant data
No data were available on the genetic and related effects of coal-tar pitches in humans.

Extracts of coal-tar pitches and ‘coal-tar’ paints (formulated with coal-tar pitches) were
mutagenic to Salmonella typhimurium in the presence of an exogenous metabolic system.
Extracts of emissions from a roofing-tar pot (coal-tar pitch-based tar) enhanced viral
transformation in Syrian hamster embryo cells but did not cause DNA strand breaks. The
same material induced sister chromatid exchanges and mutation in cultured rodent cells,
both in the presence and absence of an exogenous metabolic system, and was mutagenic to
§. typhimurium in the presence of an exogenous metabolic system’.
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COAL-TARS (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)

There have been a number of case reports of skin cancer in patients who used tar
ointments for a variety of skin diseases!-2. A mortality analysis in the UK from 1946 showed
a greatly increased scrotal cancer risk for patent-fuel workers. Furthermore, a large number
of case reports describe the development of skin (including the scrotum) cancer in workers
exposed to coal-tars or coal-tar pitches (see p. 174)!. Several epidemiological studies have
shown an excess of lung cancer among workers exposed to coal-tar fumes in coal
gasification and coke production34. One study showed a small excess of bladder cancer in
tar distillers and in patent-fuel workers. An elevated risk of cancer of the renal pelvis was
seen in workers exposed to ‘petroleum or tar or pitch’. One study of millwrights and welders
exposed to coal-tars and coal-tar pitch in a stamping plant showed significant excesses of
leukaemia and of cancers of the lung and digestive organs>.

B. Evidence for carcinogenicity to animals (sufficient)

Coal-tars from blast furnaces, coke ovens and coal gasification plants, as well as
pharmaceutical coal-tars, were tested for carcinogenicity by skin application in mice,
producing skin tumours. Pharmaceutical coal-tars and tars from coal gasification plants
also produced skin tumours when applied to the ears of rabbits. Pharmaceutical coal-tars
applied to the skin of rats produced lung tumours but not skin tumours. Inhalation of tar
from coke ovens produced benign and malignant lung tumours in mice and rats and skin
tumours in mice!»3:4,
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C. Other relevant data

An increased frequency of chromosomal aberrations was observed in peripheral
lymphocytes of coal-tar workers, both smokers and nonsmokers. Extracts of urine from
patients undergoing combined treatment with coal-tar preparations and ultraviolet light
were mutagenic to Salmonella typhimuriums.

Coal-tar induced transformation of Syrian hamster embryo cells. Samples of thera-
peutic coal-tar, extracts of coal-tar shampoos, an industrial coal-tar and vapours emitted
from a coal-tar sample at 37°C were mutagenic to S. typhimurium in the presence of an
exogenous metabolic systems.
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COKE PRODUCTION (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)

In the first half of the century, case reports of tumours of the skin (including the
scrotum), bladder and respiratory tract, in association with employment in industries
involving the destructive distillation of coal, suggested a link between that industry and
human cancer. Despite their methodological shortcomings, descriptive epidemiological
studies based on death certificates corroborated these early suggestions!.

Later studies carried out in Japan, Sweden, the UK and the USA identified the lung as
the site at which the excess cancer rates occurred most commonly among workers in coke
production. All but two of the pertinent analytical epidemiological cohort studies provided
evidence that work in coke production carries a significantly elevated risk of lung cancer.
The two studies showing no lung cancer excess suffered from serious methodological
limitations. The risk was evident in comparison with both the general population and
non-coke production workers, and the extent of the increased relative risk estimates varied
from three to seven fold. In those studies in which the relevant information was available,
differences in smoking habits were shown not to have severely confounded the risk
estimates!,
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Excess risk of kidney cancer has been repeatedly associated with work in coke plants. In
one study in the USA, a seven-fold increase in risk was seen for workers employed for five
years or more at coke ovens. In single studies, excess risks were reported for cancers of the
large intestine and pancreas!.

The largest study was conducted on a cohort of some 59 000 steel workers in the
Pittsburgh area (USA)!. The study has recently been extended up to 1975 and the dose-
response analysis of exposure to coal-tar pitch volatiles and lung cancer reviewed. Coke-
oven workers (both white and nonwhite) exhibited a large, statistically significant increase
in lung cancer mortality that was strongly associated with duration of exposure to coke-
oven fumes and intensity of exposure, as documented by comparing topside- with side-oven
experience. Significantly elevated mortality from prostatic and kidney cancer was also
noted, but without clear evidence of an exposure-response relationship. Non-oven workers
had no excess of lung cancer but a significantly increased mortality from cancer of the large
intestine and pancreas. Cumulative exposure indices of exposure to coal-tar pitch volatiles
were calculated and increasing lung cancer risk with increasing estimated exposure was
found?3. A possible causative agent is coal-tar fumes.

B. Other relevant data

An increase in the incidence of sister chromatid exchanges was observed in cultured
peripheral blood lymphocytes from 12 nonsmoking coke-oven workers in a steel plant,
when they were compared to a group of age-matched controls. Urine samples from
nonsmoking coke-plant workers were mutagenic to Salmonella typhimurium in the
presence of an exogenous metabolic system. In a second study of coke-plant workers, the
mutagenic activity in S. typhimurium of extracts of urine samples collected after work was
not statistically different from that of samples taken before work. Antigenicity against
benzo[a]pyrene diol epoxide-DNA adducts has been demonstrated in peripheral blood
lymphocytes of coke-oven workers®.
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CREOSOTES (Group 2A)

A. Evidence for carcinogenicity to humans (limited)

In a number of case reports, the development of skin cancer in workers exposed to
creosotes is described. One study involved a review of 3753 cases of cutaneous epithelioma
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from 1920 to 1945 and showed that 35 cases (12 of which were of the scrotum) had had
exposure to creosotes. Most cases occurred in workers handling creosotes or creosoted
wood during timber treatment. A mortality analysis of workers in many occupations
indicated an increased risk of scrotal cancer for creosote-exposed brickmakers!.

B. Evidence for carcinogenicity to animals (sufficient)

Creosotes, creosote oils and anthracene oils were tested for carcinogenicity in mice by
skin application, producing skin tumours, including carcinomas. One of the creosotes also
produced lung tumours in mice after skin application!.

C. Other relevant data

No occupationally related increase in mutagenicity was detected in the urine of creosote
workers, but urine from rats administered creosote was mutagenic to Salmonella
typhimurium in the presence of an exogenous metabolic system?.

Creosote enhanced transformation of Syrian hamster embryo cells initiated with
benzo[a]pyrene in a two-stage transformation assay, and creosote and a coal-tar/creosote
mixture gave positive results in the mouse lymphoma L5178Y system. Creosote, vapour
emitted from creosote at 37°C and a coal-tar/creosote mixture were mutagenic to S. typhi-
murium in the presence of an exogenous metabolic system?2.
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CYCLAMATES (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

The evidence that the risk of cancer is increased among users of artificial sweeteners is
inconsistent!. Since the positive report of Howe et al.2, reports have become available on six
case-control studies and on one population study of bladder cancer.

The largest was a population-based study in ten areas of the USA, with 3010 bladder
cases and 5783 controls. The relative risk for bladder cancer associated with use of artificial
sweeteners was 1.0 (95% confidence interval, 0.89-1.1) among men and 1.1 (0.89-1.3)among
women. Significant trends of increasing risk with increasing average daily consumption
were found in certain subgroups examined a priori on the basis of the results of animal
experiments; these subgroups were female nonsmokers and male heavy smokers’.
Subsequent, independent re-analysis of the same data by a different statistical technique
(multiple logistic regression) confirmed the original findings overall but cast doubt on the
significance of the findings in the two subgroups because of inconsistent dose-response
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trends, especially among the male heavy smokers?. In response, the original investigators
noted that the inconsistency derived from the development of risk scores which, in their
opinion, were not correctly derived, as two relevant variables had been omitted’. In a
subsequent report on data from one of the areas participating in this study, the use of
hospital and population controls was compared. A higher proportion of hospital controls
was found to have used artificial sweeteners than population controlss. This had been
postulated earlier? as a possible reason for the negative findings of a hospital-based case-
control study’. Bias resulting from use of prevalent rather than incident cases has been
suggested as a possible reason for the negative findings of another hospital-based case-
control study?.

Two other case-control studies have also shown increased risks among subgroups. In
one, conducted simultaneously in Japan, the UK and the USA, the relative risks among
women in the US component of the study associated with ‘any’ use of diet drinks and of
sugar substitutes were 1.6 and 1.5, respectively, and 2.6 and 2.1, respectively, for non-
smokers®. In the other two areas, however, a history of use of sugar substitutes, primarily
saccharin, was not associated with an elevated bladder cancer risk!!. In the other study,
conducted in West Yorkshire, UK, although elevated risks were found for saccharin takers
(see p. 334) who were nonsmokers, the risks associated with cyclamate use were not
examined!2.

Two studies in Denmark!3:4, one in the USA!S and a further case-control study in
Canadal$, however, gave negative results. In one of the Danish studies, incidence of bladder
cancer at ages 20-34 among people born 1941-1945 (when use of saccharin was high in
Denmark) was compared with that among those born 1931-1940. The risk for men was 1.0
(0.7-1.6) and that for women, 0.3 (0.1-1.0)13. The other two studies were population-based
case-control studies of bladder cancer. In Denmark, the relative risk for people of the two
sexes combined was 0.78 (0.58-1.05)!4. In a study in the USA of bladder cancer in women
aged 20-49, the odds ratio for regular use of artificially sweetened beverages, table-top
sweetener or both was 1.1 (0.7-1.7)15. In Canada, the odds ratio for use of cyclamate was 1.09
(0.60-1.97) in males and 0.92 (0.63-1.36) in females!6. In neither study were the increased
risks seen in subgroups in other studies replicated.

In the USA, in a study of 1862 patients hospitalized for cancer and of 10 874 control
patients, a greater proportion of artificial sweetener users was found only among women
with cancer of the stomach. Little information was available on urinary-tract cancer. No
overall association was found between artificial sweetener use and cancer!?.

B. Evidence for carcinogenicity to animals (limited)

Sodium cyclamate was tested for carcinogenicity both alone and in combination with
other chemicals in different animal species and by several routes of administration.
Following its oral administration to two strains of mice, an increased incidence of
lymphosarcomas was observed in female mice of one strain; a few bladder tumours were
seen in rats exposed orally. Several other experiments in mice, rats, hamsters and monkeys
were inadequate for evaluation. A 10:1 mixture of sodium cyclamate:sodium saccharin was
given to mice in one multigeneration experiment and to rats in two single-generation
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experiments: transitional-cell carcinomas were induced in the bladders of male rats of one
strain given the highest dose!. In a similar two-generation experiment in rats, no treatment-
related tumour was observed!8. Instillation of low doses of N-methyl-N-nitrosourea into the
bladder of rats fed sodium cyclamate for long periods resulted in a dose-related induction of
transitional-cell neoplasms of the bladder. After subcutaneous injection of rats with sodium
cyclamate, no tumour was observed at the site of injection, the only site for which tumour
incidence was reported. A significant increase in the incidence of bladder carcinomas was
observed in mice given bladder implants of pellets containing sodium cyclamate!. Trans-
placental application of cyclamate to rats did not produce an increase in tumour incidence at
any sitels.

Calcium cyclamate did not alter tumour incidence when tested by oral administration in
a two-generation experiment in rats but produced local tumours in another experiment
following its subcutaneous injection!.

Cyclohexylamine was tested by oral administration at several dose levels in different
strains of mice and rats, and in one multigeneration study in mice. No tumour related to
treatment was observed!.

C. Other relevant data

No data were available on the genetic and related effects of calcium cyclamate, dicyclo-
hexylamine or cyclohexylamine in humans. In a single study, eight persons ingesting sodium
cyclamate (70 mg/kg per day) did not exhibit chromosomal aberrations in their
lymphocytes20.

Calcium cyclamate induced chromosomal aberrations in bone-marrow cells of gerbils,
but not in bone-marrow cells or spermatogonia of rats, treated in vivo. It did not induce
dominant lethal mutations in rats or mice or micronuclei or sperm abnormalities in mice
treated in vivo. It induced chromosomal aberrations in human lymphocytes but not in rat
kangaroo cells in culture. It did not induce aneuploidy in Drosophila, but contradictory
results were reported in assays for sex-linked recessive lethal mutations and heritable
translocations. Calcium cyclamate was not mutagenic to bacteria2.

Sodium cyclamate did not induce dominant lethal mutations or chromosomal
aberrations in spermatogonia or spermatocytes of mice treated in vivo. It induced sister
chromatid exchanges and chromosomal aberrations in cultured human lymphocytes and
chromosomal aberrations in cultured Chinese hamster cells. It did not induce aneuploidy or
sex-linked recessive lethal mutations in Drosophila or chromosomal aberrations in plants2°.

Cyclohexylamine did not induce dominant lethal mutations in one study in rats, but
contradictory results were obtained in mice. It gave weakly positive results in the mouse spot
test. Cyclohexylamine induced chromosomal aberrations in lymphocytes but not in bone-
marrow cells of hamsters and lambs or in spermatogonia of hamsters and mice treated in
vivo. In treated rats, chromosomal aberrations were induced in spermatogonia but not in
leucocytes, and contradictory results were obtained for bone-marrow cells. Cyclohexyl-
amine induced sister chromatid exchanges in cultured human lymphocytes, but, again,
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conflicting results were obtained concerning the induction of chromosomal aberrations.
Cyclohexylamine enhanced virus-induced transformation of Syrian hamster embryo cells
and induced chromosomal aberrations in cultured rat kangaroo cells. It did not induce
somatic or sex-linked recessive lethal mutations, aneuploidy or heritable translocations in
Drosophila and was not mutagenic and did not induce prophage in bacteria. In host-
mediated assays, it did not induce mutation in bacteria or chromosomal aberrations in
human leucocytes20,

Dicyclohexylamine induced chromosomal aberrations in cultured human lymphocytes.
It was not mutagenic to bacteria°.
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CYCLOPHOSPHAMIDE (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)
Many cases of cancer have been reported following therapy with cyclophosphamide!.

Excess frequencies of bladder cancer following therapy with cyclophosphamide for
nonmalignant diseases have been clearly demonstrated. in two epidemiological studies!-2.
Three recent studies confirmed that cyclophosphamide is also a leukaemogen. Among 602
patients treated predominantly with cyclophosphamide for non-Hodgkin’s lymphoma in
Denmark, nine cases of acute nonlymphocytic leukaemia (ANLL) or preleukaemia were
observed, compared to 0.12 expected on the basis of incidence rates in the general "
population3. In the USA, three cases of ANLL or preleukaemia were observed among 333
women treated only with cyclophosphamide for ovarian cancer; 1.2 were expected*. In the
German Democratic Republic, a case-control study was carried out of leukaemia arising as
a second primary malignancy following breast or ovarian cancer. Relative risks of 1.5, 3.3
and 7.3 were estimated in association with cumulative doses of <10 g, 10-29 g and >30 g of
cyclophosphamide, respectively’.

Cyclophosphamide is a far less potent leukaemogen than 1,4-butanediol dimethane-
sulphonate (Myleran; see p. 137) when used following surgery for lung cancerS. Similarly,
melphalan (see p. 239) produces a much higher incidence of leukaemia than cyclo-
phosphamide when used in the therapy of multiple myeloma’ and of ovarian cancer.

B. Evidence for carcinogenicity to animals (sufficient)

Cyclophosphamide has been tested for carcinogenicity by oral administration and by
intravenous and intraperitoneal injection in rats and by subcutaneous and intraperitoneal
injection in mice. It produced benign and malignant tumours at various sites, including the
bladder, in rats after its oral or intravenous administration, and benign and malignant
tumours at the site of injection and at distant sites in mice following its subcutaneous
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injection. There was some evidence of its carcinogenicity to mice and rats following
intraperitoneal injection!. A study in which cyclophosphamide was given intraperitoneally
torats in combination with methotrexate (see p. 241) and 5-fluorouracil (see p. 210) resulted
in induction of tumours in the nervous system, haematopoietic and lymphatic tissues, the
urinary bladder and adrenal glands; however, because of lack of matched controls, it could
not be concluded whether tumour induction was due to a combined effect of the three
chemicals or of any one of thems.

C. Other relevant data

Cyclophosphamide is metabolized to an alkylating intermediate. Increased incidences of
chromosomal aberrations and sister chromatid exchanges were observed in peripheral
blood lymphocytes and, in one study, in bone-marrow cells of patients treated with
cyclophosphamide for a variety of malignant and nonmalignant diseases?.

Cyclophosphamide has been tested extensively for genetic effects in a wide variety of
tests in vivo and in vitro, giving consistently positive results. It bound to DNA in kidney,
lung and liver of mice and induced dominant lethal mutations, chromosomal aberrations,
micronuclei, sister chromatid exchanges, mutation and DNA damage in rodents treated in
vivo. In human cells in vitro, it induced chromosomal aberrations, sister chromatid
exchanges and DNA damage. In rodent cells in vitro, it induced transformation,
chromosomal aberrations, sister chromatid exchanges, mutation and unscheduled DNA
synthesis. In Drosophila, it induced aneuploidy, heritable translocations and somatic and
sex-linked recessive lethal mutations. In fungi, it induced aneuploidy, mutation, recombi-
nation, gene conversion and DNA damage. In bacteria, it induced mutation and DNA
damage. In bacteria, it induced mutation and DNA damage. In host-mediated assays, it
induced chromosomal aberrations and sister chromatid exchanges in human lymphoid
cells, mutation and sister chromatid exchanges in Chinese hamster cells, gene conversion in
yeast, and mutation in bacteria. It was active in body-fluid assays of urine from humans and
rodents exposed in vivo, and in one study using serum from rats®.
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DACARBAZINE (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

No epidemiological study of dacarbazine as a single agent was available to the Working
Group. Occasional case reports of exposure to dacarbazine, especially in the presence of
concurrent therapy with other putative carcinogens, such as ionizing radiation, alkylating
agents and other potent oncotherapeutic drugs, do not constitute evidence of carcino-
genesis!.

In a large systematic follow-up of patients with Hogdkin’s disease treated with an
intensive chemotherapeutic combination including dacarbazine (plus adriamycin [see
p. 82], vinblastine [see p. 371] and bleomycins [see p. 134]) but no alkylating agent, pre-
liminary evidence suggested no excess of acute nonlymphocytic leukaemia in the first
decade after therapy?.

B. Evidence for carcinogenicity to animals (sufficient)

Following its oral or intraperitoneal administration to rats, dacarbazine produced
tumours at various sites, including the mammary gland, thymus, spleen and brain, in as little
as 18 weeks after initial exposure!. After its intraperitoneal administration to rats at the end
of pregnancy, dacarbazine produced tumours, the majority of which were malignant
neurinomas, in offspring3. Dacarbazine produced tumours at various sites, including lung,
haematopoietic tissue and uterus, after intraperitoneal administration to mice!.

C. Other relevant data

Dacarbazine did not induce sister chromatid exchanges in lymphocytes of treated
patients in one study. It gave weakly positive results for induction of sister chromatid
exchanges in Chinese hamster cells in vitro and was mutagenic to cultured rodent cells and
- to bacteria‘.
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DAPSONE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

Cases of cancer have been reported in patients treated with dapsone for dermatitis
herpetiformis! and leprosy2. Several follow-up studies have been undertaken of patients
with leprosy, some of whom were treated with dapsone!:3-6, Increased mortality from
cancer, restricted to males (standardized mortality ratio [SMR], 1.5; 95% confidence
interval, 1.1-1.9), has been observed only in the most recent of them. The excess was most
evident for cancers of the oral cavity and bladder and for lymphoma in males (SMRs, 4.5,
4.0 and 3.0, respectively) and for dapsone users. Possible confounding effects of tobacco and
alcohol intake could not be addressed, but there was no substantial increase in mortality
from lung cancers.

B. Evidence for carcinogenicity to animals (limited)

Dapsone has been tested by oral administration in mice and rats, by intraperitoneal
administration in mice and by prenatal and lifetime oral exposure in mice and rats. In three
different studies in rats, high doses of dapsone induced mesenchymal tumours of the spleen
in males (and of the peritoneum in two studies). An increased incidence of tumours of the
thyroid was found in rats of each sex in one study and in males in a further study. The
experiment in mice involving intraperitoneal administration of dapsone could not be
evaluated. The other two experiments in mice did not provide evidence of carcinogenicity!.

C. Other relevant data

No data were available on the genetic and related effects of dapsone in humans. It was
not mutagenic to bacteria’.
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DDT (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

Alveolar-cell carcinoma of the lung has been reported in five patients with granulo-
matous disease of the lungs associated with the inhalation of DDT powder!. In four
studies?-5, tissue levels of DDT were reported to be higher in cancer patients than in subjects
who died from other causes; no significant difference was found in four other studies2-6-3,
one of which was confined to cancer of the breast and included some living patients’. Serum
DDT levels appeared to be elevated in another study of nine cancer patients?, but the study is
difficult to interpret. In two case-control studies of soft-tissue sarcoma'®!! and in three of
malignant lymphoma!?-14, relative risks for the association of these diseases with exposure
to DDT were 1.2,1.3,1.6, 1.5 and 1.8, respectively. Some of the men in these studies had also
been exposed to chlorophenoxy herbicides (see p. 156) and chlorophenols (see p. 154), for
which there were higher relative risks. Excesses of leukaemia (particularly chronic
lymphocytic leukaemia) were noted in two studies!5:!6, A case-control study of colon
cancer!’ showed no increased relative risk for exposure to DDT. A small excess of deaths
from cancer (3 observed, 1.0 expected) was found in forestry foremen exposed to DDT,
2,4-D and 2,4,5-T'8. In two other cohort studies of men involved in the manufacture of
DDT, there was no increase in mortality from cancer overall!9:20 (standardized mortality
ratio[SMRY], 68 and 95, respectively), although in one2, mortality from respiratory cancer
was increased slightly (SMR, 156; 95% confidence interval, 74-286). An increase in lung
cancer mortality was also observed in agricultural workers who had used DDT and a variety
of other pesticides and herbicides (180 [140-2407)2!, but a small case-control study of lung
cancer deaths in orchardists showed no excess?2. Studies of pesticide applicators, who use
DDT as well as a number of other pesticides, showed excesses of lung cancer?324, In one of
these studies, the risk for lung cancer increased with duration of holding a licence to nearly
three fold among those licensed for 20 or more years2¢. Exposure to multiple pesticides in
these studies prevents a clear evaluation of the cancer risk associated with DDT alone.
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B. Evidence for carcinogenicity to animals (sufficient)

DDT has been tested for carcinogenicity by oral administration in mice, rats, hamsters,
dogs and monkeys and by subcutaneous injection in mice. After oral administration to
mice, it caused benign and malignant liver neoplasms, lymphomas and lung neoplasms2:25;
oral administration to rats caused liver neoplasms26:27, Three feeding studies with hamsters
gave negative results>28:29, and feeding studies with dogs and monkeys were inconclusive?,
Following subcutaneous injection to mice, it produced liver tumours, lymphomas and lung
tumours?s. Oral administration of DDT enhanced the incidence of liver neoplasms induced
in mice by oral administration of N-nitrosodiethylamine®, and the incidences of liver
preneoplasticlesions induced in rats by oral administration of 3’-methyl-4-(dimethylamino)-
azobenzene3! and of liver tumours induced in rats by oral administration of
N-nitrosodiethylamine32. Feeding of DDT to rats also accelerated the development of
mammary-gland tumours induced by 2-acetamidophenanthrene33.

C. Other relevant data

In a single study, it was reported that workers exposed to DDT and other pesticides
showed increases in chromatid-type aberrations, but not in chromosomal aberrations, in
peripheral lymphocytes34. |

Conlflicting results were obtained for the induction of dominant lethal mutations in mice
and rats. DDT induced chromosomal aberrations in bone-marrow cells of mice, but not of
rats, and chromosomal aberrations in spermatocytes of mice treated in vivo; it did not
induce micronuclei in bone-marrow cells of treated mice. In human cells in vitro, it did not
induce chromosomal aberrations, mutation or unscheduled DNA synthesis. It did not
induce mutation, DNA strand breaks or unscheduled DNA synthesis in cultured rodent
cells; conflicting results were obtained for chromosomal aberrations in Chinese hamster
cells. DDT inhibited intercellular communication in human and rodent cell systems. It did
not induce sex-linked recessive lethal mutations in Drosophila, but conflicting results were
obtained with regard to aneuploidy; it caused dominant lethal mutations. It did not induce
mutation in fungi, either after direct exposure or in a host-mediated assay. DDT was not
mutagenic to bacteria and did not induce breakage of plasmid DNA34,

References

'Pimentel, J.C. & Menezes, A.P. (1979) Granulomatous disease with alveolar cell carcinoma due to
the inhalation of powdered DDT (Abstract). Pathology, 165, 140

2IARC Monographs, 5, 83-124, 1974

*Kasai, A., Asanuma, S. & Nakamura, S. (1972) Studies on organochlorine pesticide residues in
human organs. Part III (Jpn.). Nippon Noson Igakkai Zasshi, 21, 296-297

“Unger, M. & Olsen, J. (1980) Organochlorine compounds in the adipose tissue of deceased people
with and without cancer. Environ. Res., 23, 257-263

SUnger, M., Olsen, J. & Clausen, J. (1982) Organochlorine compounds in the adipose tissue of
deceased persons with and without cancer: a statistical survey of some potential confounders.
Environ. Res., 29, 371-376

$Maier-Bode, H. (1960) DDT in human body fat (Ger.). Med. exp. (Basel), 1, 146-152


kajo
Rectangle


188 JARC MONOGRAPHS SUPPLEMENT 7

"Unger, M., Kiaer, H., Blichert-Toft, M., Olsen, J. & Clauseh, J. (1984) Organochlorine compounds in
human breast fat from deceased with and without breast cancer and in a biopsy material from
newly diagnosed patients undergoing breast surgery. Environ. Res., 34, 24-28

8Davies, J.E., Barquet, A., Morgade, C. & Raffonelli, A. (1975) Epidemiologic studies of DDT and
~ dieldrin residues and their relationship to human carcinogenesis. In: Proceedings of the
International Symposium on Recent Advances Assessing Health Effects of Environmental
Pollution, 1974, Vol. 2 (EUR 5360), Luxembourg, Commission of the European Communities,

pp. 695-702

Caldwell, G.G., Cannon, S.B., Pratt, C.B. & Arthur, R.D. (1981) Serum pesticide levels in patients
with childhood colorectal carcinoma. Cancer, 48, 774-778

0Hardell, L. & Sandstrom, A. (1979) Case-control study: soft-tissue sarcomas and exposure to
phenoxyacetic acids or chlorophenols. Br. J. Cancer, 39, 711-717

HEriksson, M., Hardell, L., Berg, N.O., Méller, T. & Axelson, O. (1981) Soft-tissue sarcomas and
exposure to chemical substances: a case-referent study. Br. J. ind. Med., 38, 27-33

12Hardell, L., Eriksson, M., Lenner, P. & Lundgren, E. (1981) Malignant lymphoma and exposure to
chemicals, especially organic solvents, chlorophenols and phenoxy acids: a case-control study.
Br. J. Cancer, 43, 169-176

BCantor, K., Everett, G., Blair, A., Gibson, R., Schuman, L. & Isacson, P. (1984) Farming and
non-Hodgkin’s lymphoma (Abstract). Am. J. Epidemiol., 122, 535

1¥Woods, J.S., Polissar, L., Severson, R.K., Heuser, L.S. & Kulander, B.G. (1987) Soft-tissue sarcoma
and non-Hodgkin’s lymphoma in relation to phenoxy herbicide and chlorinated exposure in
western Washington. J. nat! Cancer Inst., 78, 899-910

I5Blair, A., Everett, G., Cantor, K., Gibson, R., Schuman, L., Isacson, P., Blattner, W. & Van Lier, S.
(1985) Léukemia and farm practices (Abstract). Am. J. Epidemiol., 122, 535

16Flodin, U., Fredriksson, M., Persson, B. & Axelson, O. (1987) Chronic lymphatic leukaemia and
engine exhausts, fresh wood and DDT. A case-referent study. Br. J. ind. Med. (in press)

"Hardell, L. (1981) Relation of soft-tissue sarcoma, malignant lymphoma and colon cancer to
phenoxy acids, chlorophenols and other agents. Scand. J. Work Environ. Health, 7, 119-130

18Hogstedt, C. & Westerlund, B. (1980) Cohort studies on causes of death of forestry workers with and
without exposure to phenoxyacid preparations (Swed.). Ldkartidningen, 77, 1828-1831

¥Ditraglia, D., Brown, D.P., Namekata, T. & Iverson, N. (1981) Mortality study of workers employed
at organochlorine pesticide manufacturing plants. Scand. J. Work Environ. Health, 7 (Suppl. 4),
140-146

2Wong, O., Brocker, W., Davis, H.V. & Nagle, G.S. (1984) Mortality of workers potentially exposed
to organic and inorganic brominated chemicals, DBCP, Tris, PBB, and DDT. Br. J. ind. Med.,
41, 15-24

2Bartel, E. (1981) Increased risk of lung cancer in pesticide-exposed male agricultural workers.
J. Toxicol. environ. Health, 8, 1027-1040

2Wiklund, K.G.K. (1983) Respiratory cancer among orchardists in Washington State, 1968-1980
(Abstract). Diss. Abstr. int., 44, 128-B

3Wang, H.H. & MacMahon, B. (1979) Mortality of pesticide applicators. J. occup. Med.,21,741-744

24Blair, A., Grauman, D.J., Lubin, J.H. & Fraumeni, J.F., Jr (1983) Lung cancer and other causes of
death among licensed pesticide applicators. J. natl Cancer Inst., 71, 31-37


kajo
Pencil


DIAZEPAM 189

»Kashyap, S.K., Nigam, S.K., Karnik, A.B., Gupta, R.C. & Chatterjee, S.K. (1977) Carcinogenicity
of DDT (dichlorodiphenyltrichloroethane) in pure inbred Swiss mice. Int. J. Cancer, 19,725-729

*Rossi, L., Ravera, M., Repetti, G. & Santi, L. (1977) Long-term administration of DDT or
phenobarbital-Na in Wistar rats. Int. J. Cancer, 19, 179-185

2’Cabral, J.R.P., Hall, R K., Rossi, L., Bronczyk, S.A. & Shubik, P. (1982a) Effects of long-term
intake of DDT on rats. Tumori, 68, 11-17

#Cabral, J.R.P., Hall, R.X., Rossi, L., Bronczyk, S.A. & Shubik, P. (1982b) Lack of carcinogenicity
of DDT in hamsters. Tumori, 68, 5-10

»Rossi, L., Barbieri, O., Sanguineti, M., Cabral, J.R.P., Bruzzi, P. & Santi, L. (1983) Carcinogenicity
study with technical-grade dichlorodiphenyltrichloroethane and 1,1-dichloro-2,2-bis(p-chloro-
phenyl)ethylene in hamsters. Cancer Res., 43, 776-781

OWilliams, G.M. & Numoto, S. (1984) Promotion of mouse liver neoplasms by the organochlorine
pesticides chlordane and heptachlor in comparison to dichlorodiphenyltrichloroethane.
Carcinogenesis, 5, 1689-1696

3Kitagawa, T., Hino, O., Nomura, K. & Sugano, H. (1984) Dose-response studies on promoting and
anticarcinogenic effects of phenobarbital and DDT in the rat hepatocarcinogenesis. Carcino-
genesis, 5, 1653-1656

32Nishizumi, M. (1979) Effect of phenobarbital, dichlorodiphenyltrichloroethane, and poly-
chlorinated biphenyls on diethylnitrosamine-induced hepatocarcinogenesis. Gann, 70, 835-837

33Scribner, J.D. & Mottet, N.K. (1981) DDT acceleration of mammary gland tumors induced in the
male Sprague-Dawley rat by 2-acetamidophenanthrene. Carcinogenesis, 2, 1235-1239

MIARC Monographs, Suppl. 6, 212-215, 1987

DIAZEPAM (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

A short-term screening study of 12 961 users of diazepam showed no evidence of excess
of any cancer, and one negative association (lower risks of lymphoma and leukaemia than
expected) was found over a four-year period. The morbidity ratio for all cancers was 1.0!.
Subsequent studies have tended to concentrate on the suggestion that diazepam acts as a
promoter in cancer?, and most relate to breast cancer. No evidence of increased risk of breast
cancer with diazepam use was found in a breast cancer screening study. The relative risk for
‘ever’ use of diazepam was 0.87 (95% confidence interval, 0.7-1. 1). For use of diazepam 15 or
more years earlier, the relative risk was 1.1 (0.5-2.4); for three or more years since last use of
diazepam, the relative risk was 0.94 (0.7-1.3)3. Subsequent evaluation of the data from this
study showed a negative association between diazepam use and extent of breast cancer and
lymph node involvement4. These data suggest that diazepam does not act during the late
stages of induction of breast cancer. The hypothesis was further evaluated in two case-
control studies of breast cancers. In one, 1236 cases of breast cancer and 728 controls with
other malignancies were evaluated. The relative risk for women who had used diazepam
four days a week for at least six months was 0.9 (0.5-1 .6)5. In the second study, no increased
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risk from diazepam use was found in 151 breast cancer cases in comparison with 151
hospital controls (relative risk, 0.95)6. In a further study of women newly diagnosed with
breast cancer, the age-adjusted risk ratio for diazepam use six months prior to diagnosis was
0.9 (0.7-1.3)7. Diazepam use was also studied in relation to malignant melanoma in a
case-control study of 166 cases and 498 controls, using both medical records and
questionnaires. Although 35% of the cases and 33% of the controls did not return
questionnaires, neither data source suggested excess use of diazepam by the cases8.

The evidence that diazepam is not a breast carcinogen could not be described as
‘suggesting lack of carcinogenicity’ for breast cancer, because of (1) the restricted statistical
power to detect increases after long latent periods or to detect small increases (i.e., relative
risks under 2.0), even though these might be expected under reasonable hypotheses, and
(2) the special problems of studying a human cancer closely tied to life events in relation to
usage of a drug given for poorly defined indications.

B. Evidence for carcinogenicity to animals (inadequate)

Oral administration of diazepam to mice resulted in an elevated incidence of liver
tumours in malesd. In rats, a study reported in detail® and one reported briefly!? showed no
increase in the incidence of tumours of any type compared to controls. In limited bioassays,
oral administration of diazepam enhanced the occurrence of liver preneoplastic lesions and
neoplasms induced in mice by N-nitrosodiethylamine!!, but not that induced in rats by
3’-methyl-4-(dimethylamino)azobenzene or 2-acetylaminofluorene!2:13.

C. Other relevant data

A metabolite of diazepam, oxazepam, produced liver tumours in mice after its oral
administration!4,

Neither chromosomal aberrations nor sister chromatid exchanges (one study) were
observed in the lymphocytes of patients receiving treatment with diazepam!s.

Diazepam did not induce chromosomal aberrations in bone-marrow cells of Chinese
hamsters treated in vivo, or in human or Chinese hamster cells in vitro. It did not inhibit
intercellular communication in cultured rat hepatocytes. It was not mutagenic to bacteria,
but urine from mice treated with diazepam showed increased mutagenicity as compared to
controls!s.
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1,2-DIBROMO-3-CHLOROPROPANE (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

Among a cohort of 550 chemical workers exposed to many compounds including
1,3-dibromo-3-chloropropane, a moderate, statistically nonsignificant increase in mortality
from cancers at all sites was found (12 observed, 7.7 expected), due mainly to deaths from
respiratory cancer. The slight excess was not removed after controlling for exposure to
arsenicals!.

A group of some 3500 workers classified as having had exposure on a ‘routine’ or
‘nonroutine’ basis to several brominated chemicals, including 1,2-dibromo-3-chloro-
propane, was studied in four facilities in the USA. Among the 1034 workers ever exposed to
1,2-dibromo-3-chloropropane, a slightly increased, statistically nonsignificant mortality
rate from cancer was observed. Nine respiratory cancers were observed, whereas 5.0 would
have been expected; of these, seven were due to lung cancer (4.8 expected). Among 238
workers exposed on a ‘routine’ basis, no cancer death was observed?.

In view of the numbers involved and the lack of control of confounding factors, the
studies were considered to be inadequate.
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B. Evidence for carcinogenicity to animals (sufficient)

1,2-Dibromo-3-chloropropane has been tested by oral administration and inhalation in
mice and rats. After oral administration, it produced squamous-cell carcinomas of the
forestomach in animals of each species and adenocarcinomas of the mammary gland in
female rats’. After inhalation, it induced nasal cavity and lung tumours in mice, and nasal
cavity and tongue tumours in rats of each sex and adrenal cortex adenomas in females*.

C. Other relevant data

Several reports indicate that occupational exposure to 1,2-dibromo-3-chloropropane
may result in azospermia’.

1,2-Dibromo-3-chloropropane induced dominant lethal mutations in rats, but not in
mice, and DNA strand breaks in rat testicular cells and unscheduled DNA synthesis in
mouse testicular cells, but not abnormalities in sperm morphology in mice treated in vivo.In
studies in vitro, it induced chromosomal aberrations and sister chromatid exchanges in
Chinese hamster cells and DNA strand breaks in rat testicular cells. In Drosophila, it
induced aneuploidy and sex-linked recessive lethal mutations; heritable translocation was
seen in one study but not in another, although crossing-over was found in the latter. It was
mutagenic to bacteria but did not cause DNA damage’.
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ortho-DICHLOROBENZENE (Group 3) and
para-DICHLOROBENZENE (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

One report of a series of five cases has suggested an association between leukaemia and
exposure to dichlorobenzenes!.
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B. Evidence for carcinogenicity to animals (inadequate for ortho-dichlorobenzene; sufficient
for para-dichlorobenzene)

ortho-Dichlorobenzene was tested in mice and rats by gastric intubation; no evidence of
carcinogenicity was observed2. A study by inhalation in several species was considered
inadequate!.

para-Dichlorobenzene was tested in mice and rats by gastric intubation; it caused renal
tubular-cell adenocarcinomas in male rats and hepatocellular carcinomas in male and
female mice3. It was also tested in mice and rats by inhalation; no increase in the incidence of
tumours was noted, but the duration of exposure was limited<.

C. Other relevant data

No data were available on the genetic and related effects of ortho- or para-dichloro-
benzene in humans. ortho-Dichlorobenzene was not mutagenic to fungi or bacteria.
para-Dichlorobenzene was mutagenic to fungi but not to bacterias.
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3,3-DICHLOROBENZIDINE (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

Three retrospective epidemiological studies of workers exposed to 3,3-dichloro-
benzidine gave no evidence of carcinogenicity, but the studies were of insufficient quality or
statistical power to permit confident exclusion of this possibility. Because 3,3'-dichloro-
benzidine and benzidine (see p. 123) may be made in the same plant, 3,3’-dichlorobenzidine
may have contributed to the incidence of bladder cancer attributed to benzidine!.

B. Evidence for carcinogenicity to animals (sufficient)

3,3’-Dichlorobenzidine was tested for carcinogenicity in mice, rats, hamsters and
dogs by oral administration, in rats by subcutaneous administration and in mice by
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transplacental exposure. Following its oral administration, it produced liver-cell tumours in
mice, hepatocellular carcinomas in dogs, mammary and Zymbal-gland tumours in rats and
carcinomas of the urinary bladder in hamsters and dogs. Increased incidences of leukaemias
were observed in rats following oral administration and in mice following transplacental
exposurel.

C. Other relevant data

No data were available on the genetic and related effects of 3,3"-dichlorobenzidine in
humans. It has been reported to induce unscheduled DNA synthesis in cultured human cells.
It was mutagenic to bacteriaZ.
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DICHLOROMETHANE (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

No excess risk of death from malignancies was observed in one proportionate mortality
study of 334 persons or in two cohort studies, one of which was a 13-year cohort mortality
study of 751 employees exposed to dichloromethane, of whom 252 had had at least 20 years
of work exposure, and the other a cohort study of 1271 workers in a fibre production plant
in which dichloromethane was used as a solvent!. The first cohort study was later updated
- through to 1984 and expanded to comprise 1013 full-time, hourly employees. No
statistically significant excess was observed for such hypothesized causes of mortality as
lung cancer (14 observed, 21 expected) and liver cancer (none observed, 0.8 expected) or for
cancer at any other site2. The proportionate mortality study and the first cohort mortality
study concern partially overlapping populations. The studies had limited power to detect
excess risk!.

B. Evidence for carcinogenicity to animals (sufficient)

Dichloromethane was tested by oral administration in mice and rats, by inhalation
exposure in mice, rats and hamsters, and by intraperitoneal injection in a lung-adenoma
assay in mice. Exposure by inhalation increased the incidences of benign and malignant lung
and liver tumours in mice of each sex, the incidence and multiplicity of benign mammary
tumours in rats of each sex and the incidence of sarcomas located in the neck of male rats!.
In another study in rats exposed by inhalation, an increase in the total number of malignant
tumours was found in rats of each sex. After its oral administration, an increased incidence
of lung tumours was seen in male mice and an increased incidence of malignant mammary
tumours in female rats3. Other studies by oral administration in mice and in male rats and a
study by inhalation in male hamsters gave negative results. Inconclusive results were
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obtained after oral administration to female rats and after exposure by inhalation of female
hamsters. In a mouse-lung adenoma bioassay by intraperitoneal injection, negative results
were obtained!.

C. Other relevant data

No data were available on the genetic and related effects of dichloromethane in humans.

It did not induce chromosomal aberrations in bone-marrow cells of rats or micronuclei
in mice treated in vivo. Unscheduled DNA synthesis was not induced in human cells in vitro.
Dichloromethane induced transformation of virus-infected Fischer rat and Syrian hamster
embryo cells. It induced chromosomal aberrations, but not mutation or DNA damage, in
rodent cells in vitro; conflicting results were reported for the induction of sister chromatid
exchanges in Chinese hamster cells. It induced sex-linked recessive lethal mutations in
Drosophila. It was mutagenic to plants and induced mutation, mitotic recombination and
gene conversion in Saccharomyces cerevisiae under conditions in which endogenous levels
of cytochrome P450 were enhanced. It was mutagenic to bacteria®.
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1,3-DICHLOROPROPENE (TECHNICAL-GRADE) (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

Two cases of malignant histiocytic lymphoma were reported among nine fireman
accidentally exposed to 1,3-dichloropropene six years prior to diagnosis!. Because firemen
are exposed to a large number of chemicals, the role of 1,3-dichloropropene cannot be
evaluated.

B. Evidence for carcinogenicity to animals (sufficient)

Technical-grade 1,3-dichloropropene (containing 1.0% epichlorohydrin [see p. 202)),
administered by gavage, produced tumours of the urinary bladder, lung and forestomach in
mice and of the liver and forestomach in rats. After subcutaneous administration to mice,
the purified cis-isomer produced malignant tumours at the site of injection!.
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C. Other relevant data

No data were available on the genetic and related effects of 1,3-dichloropropene in
humans. It induced unscheduled DNA synthesis in human cells in vitro and sex-linked
recessive lethal mutations but not reciprocal translocations in Drosophila. Both the
individual cis and trans isomers and a mixture of the two were mutagenic to bacteria2.
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'DIELDRIN (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

Mean tissue levels of dieldrin were reported to be elevated in one necropsy study of 50
cancer patients compared to 42 control subjects!. Mean serum levels were also reported to
be elevated in cancer patients compared with controls in one study?, but not in anothers.
Follow-up for four to 29 years (mean, 24 years) of 233 workers employed for four to 27 years
(mean, 11 years) in the manufacture of aldrin (see p. 88), dieldrin and endrin revealed nine
deaths from cancer with 12 expected (standardized mortality ratio [SMR], 75; 95%
confidence interval, 25-125)45. In a similar study, 90% of 1155 men employed in the
manufacture of aldrin, dieldrin and endrin were followed for 13 years or more. Mortality
from all cancers was not increased (82; 56-116), although there were apparent increases in
mortality from cancers of the oesophagus, rectum and liver, based on very small numbers®.

B. Evidence for carcinogenicity to animals (/imited)

Dieldrin has been tested by oral administration in mice, rats, trout, hamsters, dogs and
monkeys. In mice, it produced benign and malignant liver neoplasms!»’1%; no carcinogenic
effect was observed in feeding studies using several strains of rats:8!1, trout!? and
hamsters!3, the latter having been given relatively high doses. Feeding studies in dogs and
monkeys were inadequate for evaluation!. Dietary administration to trout of dieldrin
enhanced the incidence of liver tumours induced by dietary administration of aflatoxin B,!2.

C. Other relevant data

In one study, chromosomal aberrations were not found in peripheral blood lymphocytes
of workers exposed to dieldrin!4.

Dieldrin did not induce dominant lethal mutations in mice or chromosomal aberrations
in bone-marrow cells of Chinese hamsters treated in vivo. It induced unscheduled DNA
synthesis in transformed human fibroblasts but not in rat hepatocytes; it did not induce
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single-strand breaks in Chinese hamster V79 cells. Dieldrin inhibited intercellular commu-
nication in human and rodent cell systems. It did not induce sex-linked recessive lethal

mutations in Drosophila, was not mutagenic to bacteria and did not induce breakage of
plasmid DNA14,
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DIETHYL SULPHATE (Group 2A)

A. Evidence for carcinogenicity to humans (/imited)

A historical cohort study of 335 process workers and 408 chemical mechanics and
refinery workers at a plant manufacturing isopropyl alcohol (see p. 229) and ethanol in a
petrochemical complex showed excess mortality (standardized mortality ratio, 504) from
upper respiratory (laryngeal) cancers based on four cases. These persons had spent most of
their time working in the strong acid-ethanol plant, which produced high concentrations of
diethyl sulphate!.

B. Evidence for carcinogenicity to animals (sufficient)

Diethyl sulphate produced local tumours in rats following its subcutaneous admin-
istration and produced tumours of the nervous system after prenatal exposure. A few
tumours of the forestomach occurred in rats given diethyl sulphate by gavage?.

C. Other relevant data

Diethyl sulphate is an alkylating agent2, No data were available on the genetic and
related effects of this compound in humans.

Diethyl sulphate induced chromatid breaks in mouse embryos treated transplacentally
and dominant lethal mutations in mice. It induced unscheduled DNA synthesis in human
cells in vitro and chromosomal aberrations, micronuclei, sister chromatid exchanges,
mutation, DNA strand breaks and DNA alkylation in rodent cells in vitro. In Drosophila, it
induced sex-linked recessive lethal mutations, crossing-over and chromosomal aberrations.
Itinduced chromosomal aberrations, mutation and DN A damage in plants and mutation in
fungi. It was mutagenic to bacteria3.

References

'Lynch, J., Hanis, N.M., Bird, M.G., Murray, K.J. & Walsh, J.P. (1979) An association of upper
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3,3’-DIMETHOXYBENZIDINE (ortho-DIANISIDINE) (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

3,3-Dimethoxybenzidine (together with 3,3’-dichlorobenzidine [see p. 193] and ortho-
toluidine [see p. 362]) has been prepared in the same plants as benzidine (see p. 123) and may
therefore have contributed to the bladder cancer risk associated with benzidine!. No case is
onrecord in the USSR of an occupational urinary bladder neoplasm produced solely by this
compound?,
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B. Evidence for carcinogenicity to animals (sufficient)

Following its oral administration, 3,3’-dimethoxybenzidine produced tumours in rats at
various sites, including the bladder, intestine, skin and Zymbal gland; it produced
forestomach papillomas in hamsters3.

C. Other relevant data
3,3-Dimethoxybenzidine has been found in the urine of workers exposed to it3,

No data were available on the genetic and related effects of 3,3’-dimethoxybenzidine in
humans. It induced sister chromatid exchanges in Chinese hamster cells in vitro and
unscheduled DNA synthesis in human cells and rat hepatocytes in vitro. It was mutagenic to
bacteria‘.
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!Clayson, D.B. (1976) Occupational bladder cancer. Prev. Med., 5, 228-244
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DIMETHYLCARBAMOYL CHLORIDE (Group 2A)

A. Evidence for carcinogenicity to humans (inadequate)

No death from cancer was reported in an investigation of 39 dimethylcarbamoyl
chloride production workers, 26 processing workers and 42 ex-workers aged 17-65 exposed
for periods ranging from six months to 12 years!.

B. Evidence for carcinogenicity to animals (sufficient)

Dimethylcarbamoyl chloride was tested for carcinogenicity by skin application and by
subcutaneous and intraperitoneal injection in female mice of one strain; it induced local
tumours!. In another experiment, exposure of rats and male hamsters to dimethyl-
carbamoyl chloride by inhalation induced a high incidence of nasal-tract carcinomas?.

C. Other relevant data
No data were available on the genetic and related effects of dimethylcarbamoyl chloride
in humans.

Dimethylcarbamoyl chloride induced micronuclei but not sister chromatid exchangesin
mice treated in vivo. It did not cause unscheduled DNA synthesis in human fibroblasts
in vitro. It induced transformation of Syrian hamster embryo cells and chromosomal
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aberrations in Chinese hamster cells; conflicting results were obtained with regard to the
induction of sister chromatid exchanges. It was mutagenic to mouse lymphoma cells; it did
not induce unscheduled DNA synthesis in rat hepatocytes but did induce DNA strand
breaks in Chinese hamster cells. Dimethylcarbamoyl chloride did not induce sex-linked
recessive lethal mutations in Drosophila; it induced aneuploidy, mutation, gene conversion
and DNA damage in yeast. It was mutagenic to bacteria and caused DNA damage3.
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J. environ. Pathol. Toxicol., 4, 107-115

3IARC Monographs, Suppl. 6, 265-268, 1987

DIMETHYL SULPHATE (Group 2A)

A. Evidence for carcinogenicity to humans (inadequate)

Four cases of bronchial carcinoma were reported in men exposed occupationally to
dimethyl sulphate!. Additional case reports have since appeared: a case of pulmonary
carcinoma in a man exposed for seven years to ‘small amounts’ of dimethyl sulphate but to
larger amounts of bis(chloromethyl)ether and chloromethyl methyl ether (see p. 131)?,and a
case of choroidal melanoma in a man exposed for six years to dimethyl sulphate3.

B. Evidence for carcinogenicity to animals (sufficient)

Dimethyl sulphate produced mainly local tumours in rats following its inhalation or
subcutaneous injection; it produced tumours of the nervous system after prenatal
exposurel.

C. Other relevant data

Dimethyl sulphate is an alkylating agent4. No data were available on the genetic and
related effects of this compound in humans.

Dimethyl sulphate induced both structural and numerical chromosomal aberrations in
bone-marrow cells of rats treated in vivo and chromatid breaks in mouse embryos treated
transplacentally. It alkylated DNA in rats treated in vivo and in cultured rodent cells. It
induced sister chromatid exchanges, unscheduled DNA synthesis and DNA strand breaks
in human and rodent cells in vitro, and chromosomal aberrations and mutation in cultured
rodent cells. It induced sex-linked recessive lethal mutations in Drosophila and mutation
and mitotic recombination in yeast. Conflicting results were obtained for chromosomal
aberrations and mutation in plants. It induced mutation and DNA damage in bacteria?.
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1,4-DIOXANE (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

In a mortality study of 165 workers who had been exposed to low concentrations of
1,4-dioxane since 1954, seven deaths had occurred by 1975, two of which were from cancer!.

B. Evidence for carcinogenicity to animals (sufficient)

Administration of 1,4-dioxane in drinking-water at several dose levels to rats and male
guinea-pigs produced adenomas and carcinomas of the liver in rats of each sex, hepatomas
in guinea-pigs, carcinomas of the nasal cavity in male and female rats and carcinomas of the
gall-bladder in guinea-pigs. No increase in the incidence of tumours was observed in rats
following its inhalation. It increased the incidence of skin tumours in mice when applied
after 7,12-dimethylbenz[a]anthracene2. In a mouse-lung adenoma assay, l,4-dioxane
produced a statistically significant increase in the incidence of tumours in males given an
intermediate intraperitoneal dose; no such increase was noted in males given a lower or
higher intraperitoneal dose or in females given three intraperitoneal doses or in either males
or females given 1,4-dioxane orally>.

C. Other relevant data

No data were available on the genetic and related effects of 1,4-dioxane in humans. It
induced DNA strand breaks in rat hepatocytes in vitro. It did not induce sex-linked recessive
lethal mutations in Drosophila or aneuploidy in yeast. It induced chromosomal aberrations
in plants. It was not mutagenic to bacteria.
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EPICHLOROHYDRIN (Group 2A)

A. Evidence for carcinogenicity to humans (inadequate)

A cohort study of 474 and 389 workers exposed in 1948-1965 and 1955-1965 to
epichlorohydrin in two factories in Texas and Louisiana, USA, showed slight excesses of
lung cancer. In one of the factories, six cases were observed, with 4.2 expected; four of these
workers had also been engaged in the manufacture of isopropyl alcohol (see p. 229). In the
other, four cases were observed, with 3.1 expected. None of these excesses was statistically
significant, even after pooling the data on lung cancer!.

Another cohort study of 606 workers exposed to epichlorohydrin and other chemicals in
four European factories was inconclusive due to small cohort size and short follow-up. The
expected number of all cancers was 5.0; four cases were found2.

B. Evidence for carcinogenicity to animals (sufficient)

Epichlorohydrin was tested in rats by oral administration, inducing papillomas and
carcinomas of the forestomach4, and by inhalation, inducing papillomas and carcinomas
of the nasal cavitys. It was also tested in mice by skin application and by subcutaneous and
intraperitoneal injection; it gave negative results after continuous skin painting but was
active as an initiator on skin. It produced local sarcomas after subcutaneous injectioné and
was active in a mouse-lung tumour bioassay by intraperitoneal injection’.

C. Other relevant data

Epichlorohydrin is a bifunctional alkylating agent. Chromosomal aberrations have been
observed in workers exposed to this compound, although the studies are difficult to
interpret8.

Epichlorohydrin induced sister chromatid exchanges in bone-marrow cells but not
micronuclei or dominant lethal mutations in mice treated in vivo; equivocal findings were
found for chromosomal aberrations. It induced chromosomal aberrations, sister chromatid
exchanges and unscheduled DNA synthesis in human cells in vitro. Weakly positive results
were obtained in a cell transformation assay in C3H 10T1 /2 cells. It induced chromosomal
aberrations, sister chromatid exchanges, mutation and DNA strand breaks in rodent cells in
vitro. Epichlorohydrin induced sex-linked recessive lethal mutations in Drosophila;
aneuploidy, mutation, recombination, gene conversion and DNA damage in fungi; and
mutation and DNA damage in bacteria®.
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ERIONITE (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)

Descriptive studies have demonstrated very high mortality from malignant meso-
thelioma, mainly of the pleura, in three Turkish villages where there was contamination
from erionite and where exposure had occurred from birth!.

B. Evidence for carcinogenicity to animals (sufficient)

Erionite has been tested in mice by intraperitoneal injection and in rats by inhalation,
intrapleural and intraperitoneal administration, producing high incidences of meso-
theliomas!-2,

C. Other relevant data

Erionite fibres were identified in lung tissue samples in cases of pleural mesothelioma;
ferruginous bodies were found in a much higher proportion of inhabitants in contaminated
villages in Turkey than in those of two control villages!.

No data were available on the genetic and related effects of erionite in humans. It
induced unscheduled DNA synthesis in human cells in vitro and transformation and
unscheduled DNA synthesis in mouse C3H 10T1/2 cells3.
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ETHYLENE DIBROMIDE (Group 2A)

A. Evidence for carcinogenicity to humans (inadequate)

In one study, the mortality of 161 men exposed to ethylene dibromide in two factories
since the mid-1920s and 1942, respectively, was investigated. By 1 January 1976, 36 workers
had died, seven of them from cancer (5.8 expected)!.In another study, the mortality of 2510
male workers employed at a chemical plant was investigated. Ethylene dibromide was one of
several chemicals used and was apparently a minor component of the mixed exposure. No
statistically significant excess of cancer at any site was found2. An excess of lymphoma was
detected in a mortality study of grain workers in the USA who may have had exposure to
ethylene dibromide, among other compounds?.

B. Evidence for carcinogenicity to animals (sufficient)

Ethylene dibromide has been tested for carcinogenicity by oral administration and by
inhalation in mice and rats and by skin application in mice. Following its oral
administration, it produced squamous-cell carcinomas of the forestomach in animals of
each species, an increased incidence of alveolar/bronchiolar lung tumours in mice of each
sex, liver carcinomas in female rats, haemangiosarcomas in male rats and oesophageal
papillomas in female mice4-6. Following its inhalation, ethylene dibromide produced
adenomas and carcinomas of the nasal cavity, haemangiosarcomas of the spleen, mammary
tumours, subcutaneous mesenchymal tumours, an increased incidence of alveolar/bron-
chiolar lung tumours in animals of each species’?, and an increased incidence of peritoneal
mesotheliomas in male rats?. Ethylene dibromide induced skin and lung tumours in mice
after skin application!0,

C. Other relevant data

Ethylene dibromide did not induce chromosomal aberrations or sister chromatid
exchanges in exposed pine-tree sprayers and fruit packers!!.

Ethylene dibromide did not induce dominant lethal mutations in mice or rats or
chromosomal aberrations or micronuclei in bone-marrow cells of mice treated in vivo;
however, a weak sister chromatid exchange response was observed. It bound covalently to
DNA inrat hepatocytes and induced DNA strand breaks in mouse and rat hepatocytes and
in rat testicular cells in studies of rodents treated in vivo. Sister chromatid exchanges,
mutation and unscheduled DNA synthesis were induced in human cells in vitro, and
chromosomal aberrations, sister chromatid exchanges, mutation, DNA strand breaks and
unscheduled DNA synthesis in rodent cells in vitro. Ethylene dibromide induced sex-linked
recessive lethal mutations in Drosophila and chromosomal aberrations and mutation in
plants. It was mutagenic to fungi and bacteria and produced DNA damage in bacteria.
Ethylene dibromide bound covalently to isolated DNA!!.

References

10tt, M.G., Scharnweber, H.C. & Langner, R.R. (1980) Mortality experience of 161 employees
exposed to ethylene dibromide in two production units. Br. J. ind. Med., 37, 163-168


kajo
Rectangle


ETHYLENE OXIDE 205

2Sweeney, M.H., Beaumont, J.J., Waxweiler, R.J. & Halperin, W.E. (1986) An investigation of
mortality from cancer and other causes of death among workers employed at an East Texas
chemical plant. Arch. environ. Health, 41, 23-28

3Alavanja, M.C.R., Rush, G.A., Stewart, P. & Blair, A. (1987) Proportionate mortality study of
workers in the grain industry. J. natl Cancer Inst., 78, 247-252

4IARC Monographs, 15, 195-209, 1977

SNational Cancer Institute (1978) Bioassay of 1,2- Dibromoethane for Possible Carcinogenicity (Tech.
Rep. Ser. No. 86; DHEW Publ. No. (NIH)78-1336), Bethesda, MD, US Department of Health,
Education, and Welfare

6Van Duuren, B.L., Seidman, 1., Melchionne, S. & Kline, S. A. (1985) Carcinogenicity bioassays of
bromoacetaldehyde and bromoethanol — potential metabolites of dibromoethane. Teratog.
Carcinog. Mutagenesis, 5, 393-403

"National Toxicology Program (1982) Carcinogenesis Bioassay of 1,2-Dibromoethane (CAS No.
106-93-4) in F344 Rats and B6C3F, Mice (Inhalation Study) (Tech. Rep. Ser. No. 210; NIH
Publ. No. 82-1766), Research Triangle Park, NC

8Stinson, S.F., Reznik, G. & Ward, J.M. (1981) Characteristics of proliferative lesions in the nasal
cavities of mice following chronic inhalation of 1,2-dibromoethane. Cancer Lett., 12, 121-129

YWong, L.C.K., Winston, J.M., Hong, C.B. & Plotnick, H. (1982) Carcinogenicity and toxicity of
1,2-dibromoethane in the rat. Toxicol. appl. Pharmacol., 63, 155-165

10Van Duuren, B.L., Goldschmidt, B.M., Loewengart, G., Smith, A.C., Melchionne, S., Seidman, I. &
Rock, D. (1979) Carcinogenicity of halogenated olefinic and aliphatic hydrocarbons in mice.
J. natl Cancer Inst., 63, 1433-1439

UIARC Monographs, Suppl. 6, 296-299, 1987

ETHYLENE OXIDE (Group 2A)

A. Evidence for carcinogenicity to humans (/imited)

Five studies!2 have investigated the cancer mortality of workers exposed to ethylene
oxide.

Case reports of two myeloid leukaemias and one morbus Waldenstrom (later reclassified
as a non-Hodgkin’s lymphoma) were initially found among persons on the work force of a
small Swedish factory who had been exposed primarily to ethylene oxide during a sterilizing
process. In a subsequent five-year follow-up, a further death from leukaemia (acute ‘blastic’)
was reported. Hence, altogether, four deaths from malignancies of the lymphatic and
haematopoietic system (three leukaemias) occurred among the workers, compared with 0.3
expected!-2.

Another Swedish study comprising 89 ethylene oxide operators with all-day exposure
and 86 intermittently exposed maintenance workers involved in the production of ethylene
oxide by the chlorohydrin process showed a statistically significant excess of leukaemia,
based on two deaths and two incident cases (two lymphocytic, two myelogenous). The
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expected number was 0.52. There was also a statistically significant excess of deaths from
stomach cancer (5 observed, 0.6 expected; in addition, a sixth incident case was reported).
These excesses were confined to the workers exposed all day':2. It should be noted that these
workers had been exposed to a mixture of chemical compounds, including dichloromethane
(see p. 194), ethylene chlorohydrin and small amounts of bis(2-chloroethyl)ether!.

A third Swedish cohort consisted of 355 workers exposed at a plant producing ethylene
oxide through oxygenation of ethylene. Of these, 128 workers had had almost pure
exposure to ethylene oxide. Eight deaths occurred compared with 11.6 expected. There was
one case of myelogenous leukaemia (0.16 expected) and one of lung cancer among men with
mixed exposure?,

The total number of leukaemias observed in the three Swedish studies was thus eight,
with 0.83 expected. Stomach cancer occurred in excess in one plant only (six cases in a group
of 89 workers)>2.

In a cohort study of 767 ethylene oxide production workers in the USA, no case of
leukaemia was found. However, there was only low potential exposure to ethylene oxide
among the workforce and an unusually large deficit in total deaths compared to the number
expected, indicating diluting errors in the design of the study!.

A cohort study of 602 factory workers in the Federal Republic of Germany exposed to
ethylene oxide, propylene oxide (see p. 328), benzene (see p. 120) and ethylene chlorohydrin
showed a deficit of all deaths compared with four different expected figures. There were 14
deaths due to cancer (16.6 expected from national statistics), one of which was a myeloid
leukaemia (0.15 expected) and four of which were stomach cancers (2.7 expected). The
expected numbers used were not calendar period-specific over the whole observation
period, however, and it is not clear whether they were computed on the basis of the 929 of
identified workers or the full cohort!.

In the light of these data, a causal relationship between exposure to ethylene oxide and
leukaemia is possible, but the five small epidemiological studies so far available suffer from

various disadvantages, especially confounding exposures, which make their interpretation
difficult.

B. Evidence for carcinogenicity to animals (sufficient)

Ethylene oxide was tested by intragastric intubation in rats and produced local tumours,
mainly squamous-cell carcinomas, of the forestomach. When rats were fed diets fumigated
with ethylene oxide, no increased incidence of tumours was observed!. In two experiments
in which rats of one strain were exposed by inhalation, ethylene oxide increased the
incidences of mononuclear-cell leukaemia, brain tumours and proliferative lesions of the
adrenal cortex in animals of each sex and of peritoneal mesotheliomas in males!>34. In mice,
inhalation of ethylene oxide resulted in increased incidences of alveolar/bronchiolar lung
tumours and tumours of the Harderian gland in animals of each sex and of uterine
adenocarcinomas, mammary carcinomas and malignant lymphomas in femalesS. Ethylene
oxide was also tested by subcutaneous injection in mice, producing local tumours, which
were mainly fibrosarcomas!.
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C. Other relevant data

Significant increases in haemoglobin alkylation, in the incidences of chromosomal
aberrations and sister chromatid exchanges in peripheral lymphocytes and, in a single study,
micronuclei in erythrocytes have been observed in workers exposed occupationally to
ethylene oxides.

Ethylene oxide induced chromosomal aberrations and sister chromatid exchanges in
peripheral lymphocytes of monkeys exposed in vivo. It alkylated haemoglobin and DNA
and induced chromosomal aberrations, micronuclei, dominant lethal mutations, heritable
translocations and sister chromatid exchanges in rodents treated in vivo. In human cells in
vitro, it induced sister chromatid exchanges, chromosomal aberrations and unscheduled
DNA synthesis. It enhanced cell transformation in virus-infected Syrian hamster embryo
cells and induced mutation in rodent cells in vitro. Ethylene oxide induced somatic and
sex-linked recessive lethal mutations and heritable translocations in Drosophila. It induced
mutation and chromosomal aberrations in plants. Ethylene oxide was mutagenic to fungi
and bacteria and induced DNA damage in bacteria®.
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ETHYLENE THIOUREA (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

In one incidence study, 1929 workers were identified as having worked at some time with
ethylene thiourea in one of several rubber manufacturing companies and in one firm
producing ethylene thiourea. No case of thyroid cancer was reported in this group to the
regional cancer registry between 1957 and 1971, although less than one case would have
been expected!.
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B. Evidence for carcinogenicity to animals (sufficient)

In three studies, ethylene thiourea produced high incidences of follicular carcinomas of
the thyroid in rats after its oral administration; animals of each sex were affected, although
male rats had a higher incidence. Lower doses produced thyroid follicular hyperplasia2-6. In
mice, oral administration of ethylene thiourea produced liver tumours; the thyroids of these
animals were not examined?2. In dosed rats, either shortened survival due to thyroid tumours
or altered body weights may have obscured a potential carcinogenic effect on the liver due to
administration of ethylene thiourea. A feeding study in hamsters showed no effects.

C. Other relevant data
No data were available on the genetic and related effects of ethylene thiourea in humans.

Ethylene thiourea did not induce dominant lethal mutations, micronuclei or sister
chromatid exchanges in mice or chromosomal aberrations in rats treated in vivo. It did not
induce unscheduled DNA synthesis in human fibroblasts in vitro or chromosomal
aberrations, sister chromatid exchanges, mutation or unscheduled DNA synthesis in rodent
cells in vitro. Ethylene thiourea did not induce sex-linked recessive lethal mutations in
Drosophila, but it induced aneuploidy and mutation in yeast. Studies on gene conversion
and DNA damage in yeast and on mutation in bacteria have given conflicting results?.
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FLUORIDES (INORGANIC, USED IN DRIN KING-WATER) (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

Only studies on water fluoridation and cancer were reviewed. Comparisons have been
made of mortality from cancers at all sites and from particular types of cancer between areas
with high concentrations of inorganic fluoride in drinking-water (either occurring naturally
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or as a consequence of fluoridation) and areas with low concentrations, or before and after
fluoridation; the areas or groups of areas most frequently studied are in Australia, Canada,
China, England and Wales, New Zealand, Norway and the USA!-, When possible,
confounding of fluoride concentration with relevant variables such as age, sex, race and
ethnic composition of the populations was taken into account. Fluoridation of drinking-
water was introduced in the USA in 19501, and thus the studies in the USA encompass
periods of observation of 20 years or more. Studies of areas with different levels of naturally
fluoridation cover longer periods of exposure!6. The studies have shown no consistent
tendency for people living in areas with high concentrations of fluoride in the water to have
higher cancer rates than those living in areas with low concentrations or for cancer mortality
rates to increase following fluoridation.

In several studies, trends in cancer incidence or mortality in naturally or artificially
fluoridated areas and in areas with low natural fluoride content and no artificially
fluoridated water were evaluated according to individual cancer sites or groups of sites!-3:4:6,
Since a large number of comparisons was made, some would be expected by chance alone to
show differences. However, no consistent difference has been seen, and there have been as
many significant negative associations between fluoridated water supplies and cancer
incidence or mortality as there have been positive associations.

Many studies, therefore, cover the range of doses of fluoride in drinking-water to which
humans are exposed, and these are mutually consistent in not showing a positive association
between exposure to fluoride and overall cancer rates or rates of different cancers. The
Working Group noted that the studies involved were of the ecological or correlation type.
The Group was therefore unable to classify the evidence for inorganic fluorides used in
drinking-water as ‘suggesting lack of carcinogenicity’.

B. Evidence for carcinogenicity to animals (inadequate)

Sodium fluoride was tested in three experiments in three different strains of mice by oral
administration. The available data are insufficient to allow an evaluation to be made!.

C. Other relevant data

Epidemiological studies have shown no association between the presence of fluorides in
drinking-water and the incidence of Down’s syndrome’.

Sodium fluoride did not induce DNA strand breaks in testicular cells of rats treated in
vivo and did not cause chromosomal aberrations in bone-marrow or testicular cells or sister
chromatid exchanges in bone-marrow cells of mice treated in vivo. It was reported to induce
unscheduled DNA synthesis in cultured human cells, and conflicting results were obtained
on the induction of chromosomal aberrations; it did not induce sister chromatid exchanges.
It induced transformation, sister chromatid exchanges and chromosomal aberrations in
Syrian hamster embryo cells in vitro. At high doses and low cell survival, sodium fluoride
induced dose-related increases in mutations in cultured mouse lymphoma cells. It did not
induce aneuploidy in Drosophila. It induced chromosomal aberrations in plants. It did not
induce gene conversion in yeast and was not mutagenic to bacteria’.
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Stannous fluoride, sodium monofluorophosphate and sodium silicofluoride did not
induce sex-linked recessive lethal mutations in Drosophila, and sodium monofluoro-
phosphate did not induce dominant lethal mutations in Drosophila’.
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5-FLUOROURACIL (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

No epidemiological study of 5-fluorouracil as a single agent was available to the
Working Group. Occasional case reports of exposure to S-fluorouracil, especially in the
presence of concurrent therapy with other putative carcinogens, such as ionizing radiation,
alkylating agents and other potent oncotherapeutic drugs, do not constitute evidence of
carcinogenesis!.

No increased risk of second malignancies was found among 276 patients with colorectal
cancer randomized to low-dose (20 mg/ kg bw) 5-fluoro-2’-deoxyuridine adjuvant therapy,
followed for 1774 person-years (14 second noncolorectal cancers observed, 15 expected)?2.

B. Evidence for carcinogenicity to animals (inadequate)

5-Fluorouracil was tested by intravenous administration in mice and rats and by oral
administration in rats. No evidence of carcinogenicity was found, but the studies suffered
from limitations with regard to duration or dose!. It was reported that ingestion of
5-fluorouracil prevented or delayed the appearance of spontaneous mammary and pituitary
tumours in old female rats; no histopathological evaluation was made of the tumours that
developed3. A study in which S5-fluorouracil was given intraperitoneally to rats in
combination with methotrexate (see p. 241) and cyclophosphamide (see p. 182) resulted in
induction of tumours in the nervous system, haematopoietic and lymphatic tissue, the
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urinary bladder and the adrenal glands; however, because of the lack of matched controls, it
could not be concluded whether tumour induction was due to a combined effect of the three
chemicals or of any one of them?.

C. Other relevant data

Neither chromosomal aberrations (in two patients) nor sister chromatid exchanges (in
three patients) were induced following administration of 5-fluorouracils.

5-Fluorouracil induced micronuclei but not specific locus mutations in mice treated in
vivo. It induced aneuploidy, chromosomal aberrations and sister chromatid exchanges in
cultured Chinese hamster cells. It did not induce sex-linked recessive lethal mutations in
Drosophila, but caused genetic crossing-over in fungi. Studies on mutation in bacteria were
inconclusives.
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FORMALDEHYDE (Group 2A)

A. Evidence for carcinogenicity to humans (limited)

A number of epidemiological studies using different designs have been completed on
persons in a variety of occupations with potential exposure to formaldehyde!-24. Cancers
that occurred in excess in more than one study are: Hodgkin’s disease, leukaemia, and
cancers of the buccal cavity and pharynx (particularly nasopharynx), lung, nose, prostate,
bladder, brain, colon, skin and kidney!. The studies reported are not entirely independent;
the plant studied by Liebling er /.2 and Marsh!3 is also included in the study by Blair ef al.4;
the case-control study of Fayerweather et al.5 includes some subjects who were later studied
by Blair ez al.4. Detailed estimates of formaldehyde exposure levels were made in the studies
of British chemical workerss, US formaldehyde producers and users?, Finnish wood
workers” and US chemical workerss, and for the case-control studies of Vaughan et ql.8-% and
Hayes er al 10,

In the study of US producers and users of formaldehyde, 119 of the subjects were not
exposed, 12% had an estimated time-weighted average (TWA) exposure of <0.1 ppm
(<0.12 mg/m3), 34% a TWA of 0.1-<0.5 ppm (0.12-<0.6 mg/m3), 40% a TWA 0f0.5-<2 ppm



212 IARC MONOGRAPHS SUPPLEMENT 7

(0.6-<2.4 mg/m’) and 4% a TWA of >2.0 ppm (>>2.4 mg/ m3)*. On the basis of the job held
that incurred the highest level of exposure, the distribution among British chemical workers
was: nil/background, <0.1 ppm (<0.12 mg/m3), 25%; 0.1-0.5 ppm (0.12-0.6 mg/ m?), 24%;
0.6-2.0 ppm (0.7-2.4 mg/ m3), 9%; >2.0 ppm (>>2.4 mg/m3), 35%; and unknown, 6%#.

Excesses of cancers of the buccal cavity and pharynx have been reported in five
studies?-8:11-13 with a statistically significant excess for cancer of the buccal cavity based on
three deaths!! in one study and statistically significant excesses for cancer at both sites in
another study, based on two deaths?. Interpretation of the results of the last study is difficult
because the deaths were not obtained systematically from the entire workforce, but rather
were ascertained from worker reports and obituaries. The occurrence of cancer of the
nasopharynx was elevated in a cohort study of industrial workers* and in case-control
studies®%!4. Among industrial workers exposed to formaldehyde-containing particulates,
standardized mortality rates (SMRs) for nasopharyngeal cancer rose with cumulative
exposure to formaldehyde: 192 (one death) for <0.5 ppm(<0.6 mg/m3)-years, 403 (two
deaths) for 0.5-<5.5 ppm(0.6-<<6.7 mg/ m3)-years and 746 (two deaths) for >5.5 ppm(>6.7
mg/ m3)-years. There was a similar trend with duration of exposure to formaldehyde, and all
five cases held jobs in which hourly exposures exceeded 4.0 ppm formaldehyde!s. A rising
relative risk (RR) for nasopharyngeal cancer was seen by type of exposure to formaldehyde:
1.7 for occupation alone, 2.8 for living in mobile homes and 6.7 for both occupational and
mobile-home exposures. These risks were unaffected by potentially confounding factors
such as smoking, alcohol use and socioeconomic status8. An excess of nasopharyngeal
cancer was reported in one study among women (RR, 2.6) exposed to formaldehyde, but not
among men (RR, 0.7)!4. Several other studies showed no excesss6:1516_ but no death from
this tumour was reported in any of these studies.

Sinonasal cancer was associated with employment in jobs in which there is potential
contact with formaldehyde in case-control studies in Denmark (RR, 2.8 in men and
women)!4!7 and in the Netherlands (RR, 2.5 and 1.9 from two independent classifications of
exposure)!0. Risk for this tumour increased with level of exposure in the Netherlands!® and
with duration of exposure in Denmark!4. Excess risks persisted in both studies when
analyses were restricted to persons without exposure to wood dust (an established risk
factor for this tumour, see p. 380), although they were no longer statistically significant. In
one of the studies!?, the excess of sinonasal cancer from exposure to formaldehyde was
found to be limited primarily to squamous-cell carcinoma, further differentiating the
formaldehyde-associated excess from that caused by wood dust, with which adeno-
carcinoma predominates. In another of the studies!?, however, the excess was not confined
to squamous-cell carcinoma. No excess of sinonasal cancer was found in industrial workers
(SMR, 91), but only two deaths occurred. Sinonasal cancer was not associated with
occupational or residential exposure to formaldehyde in another study’9. None of the other
studies reported any death from sinonasal cancer. The RRs for sinonasal cancer in the
studies of Hayes!® and Vaughan®® were adjusted for smoking habits.
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Slight excesses in the occurrence of lung cancer have been noted in several
studies247:12,18:19 These excesses have shown no consistent pattern with increasing level or
duration of exposure to formaldehyde. A statistically significant excess (SMR, 132) was
reported among wage workers 20 or more years after first exposure. The risk of lung cancer
did not increase among this, or any other group, with either level or duration of exposure?,
In the UK, therisk of lung cancer rose with level of exposure in one factory from an SMR of
58 among those with low exposure to an SMR of 118 among those with high exposureé. No
such pattern was seen, however, for the other factoriess, nor was risk associated with
cumulative exposure?. In a case-control study of respiratory cancer among Finnish
plywood and particle-board workers, an odds ratio of 1.6 (adjusted for smoking) was found
after ten years of latency. RRs, however, decreased with level and duration of exposure to
formaldehyde’. In a cohort mortality study of 1332 workers in a formaldehyde-resin plant in
Italy, there was an overall excess of lung cancer (SMR, 186). The excess occurred among
those not exposed to formaldehyde (SMR, 148) as well as among those exposed (SMR,
136), with the greatest excess among those with uncertain exposure (SMR, 358). Lung
cancer mortality was not clearly associated with duration of exposurel!?,

Studies of professional groups have shown rather consistent deficits of lung cancer.
None of these studies, however, included information on smoking, and the lower prevalence
of tobacco use in these groups would probably lead to such deficits. No excess occurrence of
lung cancer was noted among Danish physicians?! or among persons exposed to formal-
dehyde at a US chemical production facility22.

Mortality from leukaemia and/ or cancer of the brain has been found consistently to be
elevated in studies of professional groups!-12.13,16,23,24_ Except for a very slight excess of
leukaemia reported in one study’ (which was not statistically significant), excesses of these
tumours have not been found among industrial workers exposed to formaldehyde. Among
professionals, gliomas were the predominant cell type of brain cancer, and the leukaemias
were predominantly of the myeloid type. The absence of excesses for these cancers among
industrial workers, however, argues against a role of formaldehyde.

Mortality from prostatic cancer has been found to be elevated among professionals!3
and among industrial workers%5, but the excess was statistically significant only among
embalmers!3. This tumour has shown a dose-response gradient in both studies of industrial
workers, although the test for trend in the study of Blair¢ was not statistically significant.

Slight excesses of mortality from bladder cancer have been reported among profes-
sionals!3-23 and among industrial workersS. No such excess occurred, however, in the other
large industrial cohorts, and none of the excesses was statistically significant. Significant
excesses of colon cancer were noted among professionals!2!3 and among industrial
workers?; nonsignificant elevations have also been reported!16. A significant excess
mortality from cancer of the skin was reported among New York embalmers (proportionate
mortality ratio, 221)'2, and a slight excess was noted among industrial workers (based on
two deaths)!!. Excesses of Hodgkin’s disease were seen among white industrial workers in
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two studies, based on 14 deaths (SMR, 142)4 and on one death!!. The risk of Hodgkin’s
disease rose with level of formaldehyde exposure among wage and salaried workers alike,
although each stratum had small numbers*.

Although excess occurrence of a number of cancers has been reported, the evidence fora
possible involvement of formaldehyde is strongest for nasal and nasopharyngeal cancer.
The occurrence of these cancers showed an exposure-response gradient in more than one
study, but the numbers of exposed cases were often small and some studies did not show
excesses. The nose and nasopharynx could come into direct contact with formaldehyde
through inhalation. Excess mortality from leukaemia and cancer of the brain was generally
not seen among industrial workers, which suggests that the excesses for these cancers among
professionals is due to factors other than formaldehyde. The slight excesses of cancer of the
lung noted in several studies generally did not display the patterns of increasing risk with
various measures of exposure (i.e., latency, duration, level or cumulative) usually seen for
occupational carcinogens. No other cancer showed a consistent excess across the various

studies.

B. Evidence for carcinogenicity to animals (sufficient)

Formaldehyde was tested for carcinogenicity by inhalation in two strains of rats and in
one strain of mice. Significant increases in the incidence of squamous-cell carcinomas of the
nasal cavity were induced in both strains of rats but not in mice!-?5. A slight increase in the
incidence of nasal cavity polypoid adenomas was also observed in male rats?3. The tumours
in the nasal cavity of rats were localized precisely: in the anterior portion of the lateral aspect
of the nasoturbinate and adjacent lateral wall2¢. Experiments in which rats were exposed to
both hydrogen chloride and formaldehyde showed that the carcinogenic response to formal-
dehyde does not result from the presence of bis(chloromethyl)ether (see p. 131), which is
formed from the mixture of gases?’. Another study in mice and one in hamsters by
inhalation, one in rats by subcutaneous administration and one in rabbits by exposure in
oral tanks were considered inadequate for evaluation'28.

C. Other relevant data

In single studies of persons exposed to formaldehyde, increases in the frequencies of
chromosomal aberrations and sister chromatid exchanges in peripheral lymphocytes have
been reported, but negative results have also been published. The interpretation of both the
positive and negative studies is difficult due to the small number of subjects studied and
inconsistencies in the findings?9.

No increase in the frequency of micronuclei or chromosomal aberrations was observed
in rodents treated with formaldehyde in vivo; assays for dominant lethal mutations and
DNA damage gave inconclusive results. Formaldehyde induced sperm-head anomalies in
rats. It induced DNA-protein cross-links, unscheduled DNA synthesis, chromosomal
aberrations, sister chromatid exchanges and mutation in human cells in vitro. It induced
transformation of mouse C3H 10T1/2 cells and chromosomal aberrations, sister chromatid
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exchanges, DNA strand breaks and DNA-protein cross-links in rodent cells in vitro. In
Drosophila, administration of formaldehyde in the diet induced lethal and visible
mutations, deficiencies, duplications, inversions and translocations and crossing-over in
spermatogonia. It induced mutation, gene conversion, DNA strand breaks and DNA-
protein cross-links in fungi and mutation and DNA damage in bacteria29,
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HAEMATITE AND FERRIC OXIDE:
FERRIC OXIDE (Group 3)
HAEMATITE (Group 3)
UNDERGROUND HAEMATITE MINING WITH EXPOSURE TO
RADON (Group 1)

A. Evidence for carcinogenicity to humans (inadequate for haematite and ferric oxide;
sufficient for underground haematite mining with exposure to radon)

Underground haematite miners have a higher incidence of lung cancer in the presence of
exposure to radon daughters (although other agents might also contribute to the risk) than
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surface haematite miners!-!!. Haematite mining with low-grade exposure to radon
daughters and silica dust was not associated with excess lung cancer in a relatively large
cohort!2. The importance of exposure to radon daughters in the occurrence of lung cancerin
haematite miners is also suggested by the time trend of lung cancer rates in a mining
population*. One mining population with an increased lung cancer risk but with current low
exposure to radon daughters might have had higher exposures in the past due to poorer
ventilation!3:14,

Some studies of metal workers exposed to ferric oxide dusts have shown an increased
incidence of lung cancer!:!5, but the influence of factors in the workplace other than ferric
oxide, i.e., soots (see p. 343), silica (see p. 341) and asbestos (see p. 106) in foundry work,
cannot be discounted. In other studies of metal and chemical workers exposed to ferric
oxide, the incidence of lung cancer has generally not been increased!-is.

B. Evidence for carcinogenicity to animals (inadequate for haematite; evidence suggesting
lack of carcinogenicity for ferric oxide)

No conclusive carcinogenic effect was observed in mice, hamsters or guinea-pigs given
ferric oxide intratracheally or by inhalation!. Repeated intratracheal instillation to
hamsters of benzo[a]pyrene bound to fine ferric oxide dust particles induced squamous-cell
and anaplastic carcinomas!’. There was no increase in tumour yield in hamsters
administered a constant dose of benzo[a]pyrene and increasing amounts of ferric oxide
intratracheally, indicating that, beyond a certain ratio of benzo[a]pyrene to ferric oxide, the
latter does not affect tumour yield!8. Administration of ferric oxide particles alone
occasionally induced interstitial fibrosis, indicating that ferrous oxide particles act as
cofactors in this system, mainly as carriers!®. In one study, intrapleural inoculation of the
respirable fraction of iron ore mine dust to female BALB/c mice resulted in an increased
incidence of lung adenomas; in a second study, an increased incidence of lym-
phoma/leukaemia was observed in female C57BL /6J mice exposed chronically to the same
dust. In neither study was the number of animals specified, nor whether the mice were killed
serially or died; in the second study, the type of exposure was not specified?, In several
studies in hamsters, ferric oxide was not carcinogenic when given alone but enhanced lung
and nasal-cavity carcinogenesis induced by N-nitrosodiethylamine and N-nitroso-
dimethylamine, respectively?!-23,

C. Other relevant data

No data were available on the genetic and related effects of ferric oxide in humans. It did
not induce transformation of Syrian hamster embryo cells24,
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HEXACHLOROBENZENE (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

No report of a direct association between hexachlorobenzene and human cancer is
available. Hepatocellular carcinoma has been associated with porphyria!-s. However,
although abnormal porphyrin metabolism persisted at least 20 years after an epidemic of
porphyria cutanea tarda in Turkey, caused by consumption of grain treated with
hexachlorobenzene$, no excess cancer occurrence has been reported in this population 25
years after the accident’.

B. Evidence for carcinogenicity to animals (sufficient)

Hexachlorobenzene was tested by oral administration in one experiment in mice and in
one in hamsters. In mice, it produced liver-cell tumours in animals of each sex; in hamsters
of each sex, it produced hepatomas, liver haemangioendotheliomas and thyroid adenomas.
An experiment involving intraperitoneal administration in mice was considered to be
inadequate$. In a study in rats fed hexachlorobenzene in the diet, hepatomas, hepatocellular
carcinomas, bile-duct adenomas and renal-cell adenomas were observed®. In a two-
generation feeding study in rats with lower dose levels, increased incidences of parathyroid
adenomas and adrenal phacochromocytomas were observed in animals of each sex and liver
neoplastic nodules in females of the F, generation®. After 90 weeks’ feeding of hexachloro-
benzene to rats, 1009 of surviving females and only 16% of males had developed liver
tumours!o, '

C. Other relevant data

No data were available on the genetic and related effects of hexachlorobenzene in
humans. It did not induce dominant lethal mutations in rats treated in vivo. It did not induce
chromosomal aberrations in cultured Chinese hamster cells or mutation in bacteria!l.
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HEXACHLOROCYCLOHEXANES (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

Four cases of leukaemia were reported in men exposed to vy-hexachlorocyclohexane
(lindane) with or without other chemicals!:2. Cases of aplastic anaemia have also been
associated with exposure to this compound!. Mean tissue levels of hexachlorocyclohexanes
were reported to be elevated in two of three studies of autopsy patients; in one of these, in
four liver cancer patients, the level of the B-isomer was abnormally high3-5. Mean serum
levels of B- hexachlorocyclohexane were not appreciably higher in four cancer patients than
in three controlss. Exposure to y-hexachlorocyclohexane was recorded in case-control
studies of soft-tissue sarcomas and of lymphomas’- but was insufficiently frequent for any
conclusion to be drawn. An increase in lung cancer mortality was observed in agricultural
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workers who had used hexachlorocyclohexane (unspecified) and a variety of other
pesticides and herbicides (standardized mortality ratio, 180 [95% confidence interval,
140-2407)°.

B. Evidence for carcinogenicity to animals (sufficient for technical-grade and the « isomer;
limited for the 8 and vy isomers)

Technical-grade, a- and B-hexachlorocyclohexane and the y isomer (lindane) produced
liver tumours in mice when administered orally!>10:11; the technical grade also produced
lymphoreticular neoplasms!?. In two studies in rats, an increased incidence of liver tumours
was observed with the a isomer!-12, and in one study in rats a few thyroid tumours were
observed with the -y isomer!; other studies in rats!!-13-15 were considered to be inadequate.
Studies in hamsters!! and dogs'¢é were also inadequate. Technical-grade hexachloro-
cyclohexane and the y isomer were tested inadequately by skin application in mice!!0,
a-Hexachlorocyclohexane enhanced the incidence of liver neoplasms induced in rats by
N-nitrosodiethylamine!2,

C. Other relevant data

In a single study, chromosomal aberrations were not found in workers involved in the
production of -y-hexachlorocyclohexane (lindane)!”.

Technical-grade hexachlorocyclohexane, but not vy-hexachlorocyclohexane, induced
dominant lethal mutations in mice; chromosomal aberrations were not found in bone-
marrow cells of mice exposed to technical-grade or y-hexachlorocyclohexane in vivo.
v-Hexachlorocyclohexane did not induce unscheduled DNA synthesis in human cells in
vitro and did not induce micronuclei or chromosomal aberrations in cultured rodent cells; it
induced DNA strand breaks but not unscheduled DN A synthesis. It inhibited intercellular
communication in Chinese hamster V79 cells. It did not induce sex-linked recessive lethal
mutations in Drosophila. a-Hexachlorocyclohexane was not mutagenic to yeast, but the y
isomer induced gene conversion. Neither - nor 8-hexachlorocyclohexane was mutagenic
to bacteria, and a-and B-hexachlorocyclohexane did not cause DNA damage in bacterial’.
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HYDRALAZINE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

Two studies suggest an association between exposure to hydralazine and cancer. One
was confined to patients with and without signs of toxicity due to hydralazine, and potential
confounding factors were not controlled for. The other involved a small number of subjects
exposed to hydralazine, but the possibility of selection bias could not be excluded!.
However, a study of 3988 participants in a hypertensive detection and follow-up programme
suggested no increased risk for cancers at all sites from use of hydralazine. A logistic
regression estimate of cancer risk after controlling for age, sex, race, smoking behaviour and
concomitant drug therapy was 0.89 (95% confidence interval, 0.45-1.8). It was noted that
this estimate of no excess risk was restricted to a hypertensive population over 40 years of
age, exposed to hydralazine for various periods (none longer than five years)2. Another
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study involving women with breast cancer also showed no increased risk with use of
hydralazine (relative risk, 0.9; 0.5-1.7)3.

B. Evidence for carcinogenicity to animals (limited)

Hydralazine hydrochloride was tested in one experiment in mice by oral administration.
A significant increase in the incidence of lung tumours was reported!.

C. Other relevant data
No data were available on the genetic and related effects of hydralazine in humans.

In asingle, limited study, hydralazine did not induce DNA damage in animals treated in
vivo. It induced sister chromatid exchanges in human lymphocytes in vitro, whereas assays
for chromosomal aberrations in rodent cells in vitro were inconclusive. Hydralazine
induced unscheduled DNA synthesis in rat and rabbit hepatocytes in vitro and induced
mutation and DNA damage in bacteriad.
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HYDRAZINE (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

Two reports of cancer mortality in workers exposed to hydrazine have appeared in
recent years. Choroidal melanoma was observed in one man who had been exosed to
hydrazine for six years!. A preliminary report of an epidemiological study of men engaged in
hydrazine manufacture revealed no unusual excess of cancer. This study comprised 423
men, with a 649, vital status ascertainment. None of the five cancers reported (three of the
stomach, one prostatic and one neurogenic) occurred in the group with the highest
exposure?. A follow-up study of this cohort3 has extended it to 1982. Mortality from all
causes was not elevated (49 observed, 61.5 expected), and the only excess entailed two lung
cancer cases within the highest exposure category, with a relative risk of 1.2 (95% confidence
interval, 0.2-4.5). '
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B. Evidence for carcinogenicity to animals (sufficient)

Hydrazine has been tested in mice by oral administration, producing liver and mammary
tumours and lung tumours in both P and F, generations; after intraperitoneal adminis-
tration to mice, it produced lung tumours, leukaemias and sarcomas*>. After oral
administration to rats, it produced lung and liver tumours*. When tested by inhalation, it
produced benign and malignant nasal tumours in rats, benign nasal polyps, a few colon
tumours and thyroid adenomas in hamsters, and a slight increase in the incidence of lung
adenomas in miceS.

C. Other relevant data

No data were available on the genetic and related effects of hydrazine in humans.

Hydrazine did not induce dominant lethal mutation or micronuclei in bone-marrow
cells of mice treated in vivo. It induced unscheduled DN A synthesis in human cells in vitro.
It did not induce chromosomal aberrations in rat cells in vitro but induced sister chromatid
exchanges in Chinese hamster cells; conflicting results were obtained for the induction of
mutation in mouse lymphoma cells. It induced DNA strand breaks in rat hepatocytes in
vitro. Hydrazine induced somatic mutation in Drosophila and chromosomal aberrations
and mutation in plants. It was mutagenic to yeast and bacteria and induced DNA damage in
bacteria’.
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IRON AND STEEL FOUNDING (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)

Analytical cohort epidemiological studies of foundry workers conducted in a number of
countries have typically noted risks of lung cancer elevated between 1.5 and 2.5 fold!-2.
Proportionate mortality studies have also shown the proportion of deaths from lung cancer
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to be 1.5- to 1.8-fold greater than that in the general population. Associations between
foundry work and lung cancer have similarly been observed in studies of mortality
statistics!.

In two studies in which site-specific cancer deaths among iron and steel foundry workers
were compared with corresponding rates for the general population, significantly increased
risks for cancer of the digestive system were observed; in one, the elevated risk was for
cancers in the ‘digestive system’, in the other, it was for ‘stomach cancer’!.

Results of studies of a single cohort of steel foundry workers in the USA showed a
significantly elevated risk of cancer of the genito-urinary system when compared with the
entire steel worker population under study, the risk being significantly elevated also for
some specific sites (prostate and kidney)!.

Elevated lung cancer risks have also been reported in a grey-iron foundry?, in steel
foundries’, in iron and steel foundries? and among persons living near steel foundries. No
consistent excess of lung cancer, however, was reported among foundrymen employed in a
nickel-chromium alloy foundry$. Other cancer excesses reported have included leukaemia,
stomach cancer and urogenital cancer?. Despite the absence of information to specify
definitely the carcinogenic substances in the work environment (e.g., polynuclear aromatic
hydrocarbons, silica [see p. 341], metal fumes, formaldehyde [see p. 211]), the consistency of
the excess in studies from around the world shows that certain exposures in iron and steel
founding can cause lung cancer in humans. Most studies lacked information on smoking,
but, when it was available, it did not appear that tobacco use could explain the lung cancer
excess.

B. Other relevant data

Antigenicity against benzo[a]pyrene diol epoxide-DNA adducts has been demonstrated
in peripheral lymphocytes of foundry workerss.
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IRON-DEXTRAN COMPLEX (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

An early report was made of a woman who had developed an undifferentiated soft-tissue
sarcoma following multiple injections of iron-dextran complex!. Ina report on 196 cases of
sarcoma of the buttock, four of 90 for whom records on drug use were still available had
been given intramuscular injections of iron. In three of the cases, an interval of at least two
years had elapsed2. A selective tendency to report receiving iron injections may have
introduced bias. A review of reports during the period 1960-1977 indicated that nine
malignancies had been described in five reports. Two were thought to have been foreign-
body reactions to fat necrosis; one was a metastatic carcinoma at the site of aniron-dextran
injection; and one was a reticulum-cell sarcoma with fractures of the pelvis possibly only
coincidentally related to iron injections six years before. Several of the remainder were of
different histological type3. Only one, a poorly differentiated spindle-cell fibrosarcoma, was
believed likely to be related to iron-dextran injections given 14 years previously*. No further
case report or epidemiological study is known to the Working Group. It seems probable that
the considerable publicity given to the initial case report! and the tendency to give parenteral
iron therapy intravenously may have considerably reduced human exposure to intra-
muscularly administered iron-dextran complex.

B. Evidence for carcinogenicity to animals (sufficient)

Iron-dextran complex has been tested in mice, rabbits and rats by repeated sub-
cutaneous or intramuscular injections, producing local tumours at the injection site!>3. The
Working Group noted that iron-dextran complex accumulates at the site of injection in
rodents, in contrast to its rapid dispersal after injection in human beings.

C. Other relevant data

No adequate data were available to the Working Group.
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ISONICOTINIC ACID HYDRAZIDE (ISONIAZID) (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

Several early studies showed no significant excess of cancer among patients treated with
isoniazid!. A study of 3842 tuberculosis patients followed for 16-24 years showed slight
excesses of deaths from malignant neoplasms of the bronchus, lung and pleura in 2041
patients treated with isoniazid during 1953-1957 and followed through to 1973 (relative risk,
1.6; 95% confidence interval, 1.2-2.1), but none in 655 treated for tuberculosis in 1950-1952
when isoniazid was not generally available (0.7; 0.1-1.5). An excess of all malignant
neoplasms was seen in patients treated in 1953-1957 (1.4; 1.2-1.7), but also in 145 patients
not treated with isoniazid over the same period (1.8;0.7-2.9). Again, no excess was observed
in those treated for tuberculosis in 1950-1952. No dose-response effect was seen either for
total consumption or for maximum daily dose of isoniazid2. Additional studies of cancer
incidence and mortality among patients treated with isoniazid have shown no excess of lung
cancer, or of cancer as a whole, that could be attributed to treatment3-6. A cancer incidence
study in patients with tuberculosis, involving heavy smokers, showed an excess of lung
cancer among men exposed to isoniazid (3.4, based on 88 cases observed, 26.2 expected) but
also among those not exposed (2.6, based on 18 cases observed, 7.0 expected). The differ-
ence between the two ratios was not statistically significant. The corresponding figures for
women were 4.6, based on 14 cases exposed, and 0.5, based on one case not exposed’. In a
preliminary analysis of one-year case records, 72 (4.9%) cancer patients had healed tuber-
culosis compared with 26 (2%) noncancer patients8. Four case-control studies concerning
bladder and kidney cancers®, bladder cancer!%-!! and cancer in children!? have provided no
conclusive evidence of a risk associated with isoniazid therapy. A single case of meso-
thelioma has been reported in a nine-year-old child whose mother was treated with isoniazid
for a positive tuberculin skin test in the second and third trimesters of pregnancy!3.

B. Evidence for carcinogenicity to animals (/imited)

Isoniazid produced lung tumours in mice after its oral, intraperitoneal or subcutaneous
administration!:8:14-16_ Studies in rats were considered inadequate for evaluation. No
tumour was produced in hamsters after oral administration of isoniazid!.

C. Other relevant data

In the one available study, isoniazid did not induce chromosomal aberrations in lym-
phocytes of treated patients!’.

Isoniazid did not induce dominant lethal mutations in mice, or chromosomal aber-
rations, sister chromatid exchanges or DNA damage in rodents treated in vivo. Results for
chromosomal aberrations and sister chromatid exchanges in human cells in vitro were
inconclusive; it did not induce unscheduled DNA synthesis. In cultured rodent cells, it
induced chromosomal aberrations and sister chromatid exchanges, but not DNA damage.
It did not induce transformation of Syrian hamster embryo cells. It did not induce gene
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conversion in yeast. Isoniazid was mutagenic to Salmonella typhimurium but not, ina single
study, to Escherichia coli'’.
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ISOPROPYL ALCOHOL MANUFACTURE (STRONG-ACID
PROCESS) (Group 1),

ISOPROPYL ALCOHOL (Group 3) and
ISOPROPYL OILS (Group 3)

A. Evidence for carcinogenicity to humans (sufficient for the manufacture of isopropyl
alcohol by the strong-acid process; inadequate for isopropyl alcohol and isopropyl oils)

An increased incidence of cancer of the paranasal sinuses was observed in workers at
factories where isopropyl alcohol was manufactured by the strong-acid process!:2. The risk
for laryngeal cancer may also have been elevated in these workers!. It is unclear whether the
cancer risk is due to the presence of diisopropyl sulphate, which is an intermediate in the
process, to isopropyl oils, which are formed as by-products, or to other factors, such as
sulphuric acid. Epidemiological data concerning the manufacture of isopropyl alcohol by
the weak-acid process are insufficient for an evaluation of carcinogenicity3. (See also the
summary of data for diethyl sulphate, p. 198.)

B. Evidence for carcinogenicity to animals (inadequate for isopropyl alcohol and isopropyl
oils)

Isopropyl oils, formed during the manufacture of isopropyl alcohol by both the strong-
acid and weak-acid processes, were tested inadequately in mice by inhalation, skin
application and subcutaneous administration. Isopropy!l oils formed during the strong-acid
process were also tested inadequately in dogs by inhalation and instillation into the sinuses!.

The available data on isopropyl alcohol were inadequate for evaluation!.

C. Other relevant data

No data were available to the Working Group.
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LEAD AND LEAD COMPOUNDS:
LEAD AND INORGANIC LEAD COMPOUNDS (Group 2B)
ORGANOLEAD COMPOUNDS (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

Three epidemiological studies of workers exposed to lead and lead compounds were
reviewed previously!: one on smelters and battery workers in the USA, one on workers
exposed to tetraethyllead in the USA, and one on copper smelters in the USA; data on the
first of these populations have been updated?. A study on battery workers in the UK3 is now
available, and studies of a US lead smelter4 and of a Swedish copper smelters have also been
reported. A statistically significant excess of cancers of the digestive system (21 observed,
12.6 expected) was found in the study of battery workers in the UK, spanning 1925-1976,
although the excess was confined to the years 1963-19663. Significant excesses of stomach
cancer (34 observed, 20.2 expected) and of respiratory cancers (116 observed, 93.5 expected)
were seen in the study of US battery plant workers?, although there was a downward trend in
standardized mortality ratio by number of years of employment; in the lead production
facilities, the excesses noted for stomach and respiratory cancers were not significant2. A
nonsignificant excess of respiratory cancer (41 observed, 36.9 expected) was reported in one
of the studies of smelters?, with 28 observed and 25.7 expected in the group with high
exposure to lead. Excesses were also noted in this study for kidney cancer (6 observed, 2.9
expected) and bladder cancer (6 observed, 4.2 expected)*. A small study of workers at a
Swedish smelterS with long-term exposure to lead demonstrated a nonsignificant excess of
lung cancers (8 observed, 5 expected). Two cases of kidney cancer in lead smelter workers
have also been reporteds:’.

The excesses of respiratory cancer in these studies were relatively small, showed no
clear-cut trend with length or degree of exposure, and could have been confounded by
factors such as smoking or exposure to arsenic (see p. 100).

A study of workers manufacturing tetraethyllead revealed excesses of respiratory cancer
(I5 observed, 11.2 expected) and brain cancer (3 observed, 1.6 expected)s.

B. Evidence for carcinogenicity to animals (sufficient for inorganic lead compounds;
inadequate for organolead compounds)

Lead acetate and lead subacetate were tested for carcinogenicity by oral, subcutaneous
and intraperitoneal administration in rats, lead phosphate was tested by subcutaneous and
intraperitoneal administration in rats, and lead subacetate was tested by oral administration
in mice. Renal tumours were produced in animals of each species by each route of
administration. Rats given lead acetate or lead subacetate orally developed gliomas. Lead
subacetate also produced an increased incidence of lung adenomas in mice after its
intraperitoneal administration!. Oral administration of lead dimethyldithiocarbamate
(ledate) increased the incidence of reticulum-cell sarcomas in male mice of one strain® but
was not carcinogenic to mice or rats in another experiment!9,
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Synergistic effects were reported!-!!-14 in the kidneys of rats given lead acetate and
N-nitroso-N-(hydroxyethyl)ethylamine, N-(4’-fluoro-4-biphenyl)acetamide or 2-(nitroso-
ethylamine)ethanol orally and in the lungs of hamsters given lead oxide with benzo-
[a]pyreneintratracheally. Lead subacetate given in the diet enhanced the incidences of liver
and kidney tumours induced in rats by 2-acetylaminofluorene given in the diet!.

The lead compounds tested for carcinogenicity in animals are almost all soluble salts
that were selected on the basis of ease of administration. Metallic lead, lead oxide and lead
tetraalkyls have not been tested adequately.

C. Other relevant data

Studies of chromosomal aberrations in people exposed to lead have given conflicting
results: positive reports have been published concerning workers in lead-battery industries
and lead smelters, but other studies of workers under comparable conditions have given
negative results. Increased incidences of sister chromatid exchanges have been reported in
the peripheral blood lymphocytes of workers exposed to lead but not in those of children
exposed to high levels of lead in the environment. An increased incidence of sperm
abnormalities was seen in men exposed occupationally to lead!s.

Although a few studies in rodents treated with lead salts in vivo have shown small (but
significant) increases in the frequency of chromosomal aberrations and micronuclei in
bone-marrow cells, most studies showed no increase. Lead salts caused morphological
sperm abnormalities in mice but not in rabbits. Sister chromatid exchanges and un-
scheduled DNA synthesis were not induced in cells of animals treated with lead salts in vivo.
Lead salts did not induce chromosomal aberrations in human lymphocytes in vitro.
Conflicting results have been obtained in assays for transformation in cultured rodent cells.
Lead salts did not cause aneuploidy in Drosophila, mutation or gene conversion in yeast or
mutation or DNA damage in bacteria!s.

Tetraethyl- and tetramethyllead did not induce mutation in bacterials.
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LEATHER INDUSTRIES:
BOOT AND SHOE MANUFACTURE AND REPAIR (Group 1)

Evidence for carcinogenicity to humans (sufficient)

Nasal adenocarcinoma has been caused by employment in boot and shoe manufacture
and repair. Relative risks well in excess of ten fold have been reported from studies in the
boot and shoe manufacturing industry in England and in Italy. Thereis also evidence that an
increased risk exists for other types of nasal cancer!-3. A far higher risk of nasal cancer was
found for people who worked in the dustiest operations, and for those classified into the
category of ‘heavy’ exposure to leather dust, strongly suggesting a role for exposure to
leather dust23. Thus, in comparison with the ‘nonexposed’ category, the sex-adjusted
standardized odds ratio for the ‘uncertain or light exposure’ category was 7.5, and for the
‘heavy exposure’ category, 121.0. A similar, highly significant pattern was noted when only
adenocarcinomas were considered. Exposure to solvents or to tobacco smoking could not
account for the noted increased risk3. A mortality study of over 5000 men known to have
been employed in the boot and shoe manufacturing industry in three towns in the UK in
1939 showed a large, significant excess of deaths from nasal cancer (10 observed, 1.9
expected). An observed:expected ratio of 14 was found among workers in the finishing
room?, The elevated nasal cancer risk was almost totally confined to employees in the
preparation and finishing rooms, where most of the dusty operations occurred. It was
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estimated that the risk to those men was 4.5 relative to that in other operations, and 9.8
relative to that of men resident in the area who had never been employed in the footwear
industry2.

Case reports have also suggested an association between exposure to leather, including
during shoe manufacture, and mucinous adenocarcinoma of the nose and ethmoidal cancer
in Switzerland and France, respectivelysS.

One mortality study conducted in London, UK, showed no association between nasal
cancer deaths occurring between 1968 and 1978 and occupation in the boot and shoe
industry, as recorded on death certificates’. A proportionate mortality analysis of 3754
deaths among US shoeworkers revealed no death from nasal cancer, whereas 2.2 were
expected on the basis of data for the general populations. Similar results were obtained from
a study of 2798 deaths between 1954 and 1974 in a shoe and leather industry area in
Massachusetts, USA; detailed occupational information was available, however, for only
289 of the deceaseds.

Early death certificate surveys showed an increased risk of bladder cancer among
shoemakers and repairers. Later studies provided evidence of an increased risk associated
with employment in the leather industry. Although boot and shoemakers were included in
these studies, it was not possible to determine whether the risk was related to them in
particular!. A nonsignificant increased risk for bladder cancer was reported in association
with work in the boot and shoe industry in a case-control study based on deaths of male
residents in certain London boroughs from 1968-1978. When data for these workers were
combined with those for leather workers, the estimated risk became significant”. A
significant association of leather work (leather or tanning industry, manufacture of leather
goods, or shoemaking) with cancer of the lower urinary tract was found in a collaborative
case-control study in the USA and the UK, but not in Japan!®. A statistically significant
increase was found among female shoe workers (7 deaths observed and 2.8 expected) in
another, independent study in the USA. Male shoeworkers and leather workers showed no
excess of bladder cancer in this study?. In Sweden, an increase in the incidence of bladder
cancer (22 cases observed, 14.5 expected) was reported among shoe factory workers!!. An
elevated risk that was not statistically significant was also found among boot and shoe
repairers in a British county. Smoking did not appear to account for the increase!2. In
another study in the UK, in a cohort of 5108 boot and shoe workers, 32 deaths from bladder
cancer were observed, with 39.2 expected!3.

A possible increase in risk for kidney cancer among shoe workers was suggested by a
study in Sweden!!. However, a large cohort study among boot and shoe workers in the UK
did not support this hypothesis!3. Three cases of mesothelioma were reported among 3806
deaths in shoe workers!4; it has further been reported that a female shoemaker (whose
husband was also a shoemaker) died of mesotheliomals.

The occurrence of leukaemia among shoemakers exposed to benzene (see p. 120) has
been well documented!-16, and this association has been supported further by a recent
mortality study in one town in the UK*.

Surveys conducted in the The Netherlands, the UK and the USA have suggested positive
associations between boot and shoe manufacture /repair and cancers of the lung, oral cavity
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and pharynx and stomach!. These suggestions were later confirmed by a mortality survey in
the USA, which also showed a significant increase in the proportion of deaths due to cancers
of the rectum and of the liver and gall-bladder, in people of each sex8. Excess mortality from
rectal cancer was also found among boot and shoemakers in two towns in the UK the excess
was significant for workers in the lasting and making room, who were probably exposed to
solvents, glues and leather dust¢. Exposure to solvents, dyes or metallic compounds in the
footwear industry, among nonfactory shoemakers and repairers and among operatives
making leather and leather products, was deemed to be associated with the increased risk of
bowel cancer noted ina US study!’. An increased proportion of cancer of the digestive tract
among male shoeworkers was found in another US study; however, it was suggested that
factors other than their occupation could have been responsible for the excess noted’. In a
study of gall-bladder cancer occurring in Sweden between 1961 and 1969, in which
information on occupation was drawn from 1960 census data, the incidences of cancers of
the gall-bladder and of the biliary tract were found to be significantly elevated among men
employed in shoemaking and repair!8. In view of the exploratory nature and design of these
studies, the findings were considered to be inadequate for a definite evaluation.

No indication of a link between Hodgkin’s disease and work in ‘textile, shoes, leather’
industries emerged from investigations in Italy!”.
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LEATHER GOODS MANUFACTURE (Group 3)

Evidence for carcinogenicity to humans (inadequate)

A few cases of leukaemia have been reported following exposure to benzene (a known
human carcinogen!; see p. 120) during the manufacture of leather goods other than boots
and shoes. The number of cases of nasal cancer reported is insufficient to make an
association with employment in the manufacture of leather goods (other than boots and
shoes)?. A positive association between bladder cancer and employment in the leather
products industry is suggested by a number of studies. A case-control study in West
Yorkshire, UK, showed a statistically nonsignificant risk of bladder cancer associated with
employment in leather goods production (as well as tanning, and boot and shoe repairing)3.
Indications of an association with dusty leather occupations (not only shoemaking) came
from a similar study in London¢. In two of three areas in which a collaborative study of
environmental risk factors for bladder cancer was conducted, a significant association with
employment in ‘leather’ was found; the term ‘leather’ comprised the manufacture of leather
goods, the leather and tanning industries and shoemaking®. Leather goods manufacture was
most probably included in the leather exposure found to be statistically significantly
associated with bladder cancer in another study in the USAS. None of the studies provides
sufficient grounds to evaluate the specific role of the production of leather goods in the
established association of leather work and cancer risk to humans.
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LEATHER TANNING AND PROCESSING (Group 3)

Evidence for carcinogenicity to humans (inadequate)

Early studies of cancer risks possibly associated with leather industries provide little
information specifically related to workers in tanneries. There was no evidence to suggest an
association between leather tanning and nasal cancer!. Following the observation of an
increased risk of nasal cancer among boot and shoe manufacturers, possibly associated with
exposure to dust from leather tanned by a particular process?, a study was designed to
examine the possible cancer risk carried by different methods of leather tanning. The
mortality experience of two groups of men working in tanneries in 1939 was compared to
that of the population of England and Wales, and for no cause of death was a statistically
significant increase above expectation found. Among the 573 men employed in tanneries
using a process with vegetable extracts, one death from nasal cancer was observed (0.21
expected); among 260 employees using a tanning process with chromium salts (tri- and
hexavalent; see p. 165), one death from soft-tissue tumour (0.07 expected) was reporteds?.

In a Swedish study, a slight increase in mortality from stomach cancer and a three-fold,
significantly increased risk for cancer of the pancreas were found to be associated with the
occupational titles ‘tanners’ and ‘tannery workers’ as recorded in the registry of deaths and
burials of a parish where a tannery had been in operation from 1873 to 1960. Tannery work
involved exposure to chromium and, probably, to chlorophenols (see p. 154); smoking was
an unlikely explanation for the findings, but the contribution of various dietary habits could
not be ruled out*. Suggestions of increased risks for intestinal cancer and lung cancer and for
cancer of the tonsils were imputed by a mortality study of workers employed in a tannery
plant using chromium salts and synthetic tannins’. An association between lung cancer and
tanning was also suggested by a study of incident cases in the UK¢ and by a study of cancer
deaths among shoe and leather workers in the USA, in which the estimated risk for tannery
workers relative to a group of workers classified as nonexposed was 4.2, which was
statistically significant. Chromium and arsenicals (see p. 100) were mentioned as possibly
contributing to the excess of lung cancer’. Significantly increased lung cancer mortality was
also found among a group of fur tanners in the USA, who had probably been exposed to
chrome (hexavalent) tanning agents8.
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In a study of bladder cancer and occupation, a relative risk of 1.5 was found for leather
tanners, which is not statistically significant!. No significant excess of bladder cancer was
found in another study of tanners in the UKY. In two of three areas in which a collaborative
study of environmental risk factors for bladder cancer was conducted, a significant
association with employment in ‘leather’ was found; the term ‘leather’ comprised the leather
and tanning industries, the manufacture of leather goods and shoemaking!0.

In a cohort of 1629 leather tanners in Sweden, eight cases of kidney cancer were
observed, while 3.4 would have been expected from regional rates!!. The hypothesis of this
association was not supported by another study!2.
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MAGENTA (Group 3) and
MANUFACTURE OF MAGENTA (Group 1)

A. Evidence for carcinogenicity to humans (inadequate for magenta; sufficient for the
manufacture of magenta)

The manufacture of magenta* was first reported to be associated with bladder tumours
in 1895. One study in the UK in 1954 showed an association between magenta production
and an increased incidence of bladder cancer, with three deaths (0.13 expected)!. An excess
of bladder tumours was also noted in one Italian plant manufacturing new fuchsin (‘new’
magenta) and safranine T (5 observed deaths, 0.08 expected). In addition to magenta, the
suspected agents include the precursors ortho-toluidine (see p. 362), 4,4-methylene bis(2-
methylaniline) (see p. 246) and ortho-nitrotoluene?.

B. Evidence for carcinogenicity to animals (inadequate for magenta)

Magenta products were tested for carcinogenicity in mice, rats and hamsters by
subcutaneous and oral administration. Subcutaneous administration of para-magenta, a
component of commercial magenta, induced local sarcomas in rats!. Oral administration of
magenta or para-magenta to rats and hamsters for life at the maximum tolerated dose
produce no treatment-related tumour34. In one limited study in mice, there was no increase
in tumour incidence following oral administration of commercial magental!.

C. Other relevant data
No data were available on the genetic and related effects of magenta in humanss.

Technical-grade magenta consists of a mixture of magenta I, para-magenta and related
compounds. In the studies considered below, one of these isomers was assayed rather than
the complete mixtureS. para-Magenta did not induce transformation of Syrian hamster
embryo cells or unscheduled DNA synthesis in rat hepatocytes in virro. It did not induce
recombination in yeast. para-Magenta and magenta I were mutagenic to bacteria. para-
Magenta did not induce prophages.
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MELPHALAN (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)

Epidemiological studies of patients with ovarian carcinoma!-3, multiple myeloma#5 or
breast cancer have consistently shown very large excesses of acute nonlymphocytic
leukaemia in the decade following therapy with melphalan. The relative risk was consis-
tently estimated to be in excess of 100, to increase with increasing dose, and to be roughly the
same with and without radiotherapy’.

B. Evidence for carcinogenicity to animals (sufficient)

Melphalan has been tested in mice and rats by intraperitoneal injection, producing
lymphosarcomas and a dose-related increase in the incidence of lung tumours in mice and
peritoneal sarcomas in ratss.

C. Other relevant data

Melphalan is a bifunctional alkylating agent. Patients treated therapeutically with
melphalan had increased frequencies of chromosomal aberrations and sister chromatid
exchanges in their peripheral lymphocytes?.

Melphalan induced chromosomal aberrations in bone-marrow cells of rats treated in
vivo. The compound induced chromosomal aberrations, sister chromatid exchanges and
DNA damage in human cells in vitro. It induced transformation of C3H 10T1/2 cells. In
cultured rodent cells, it induced chromosomal aberrations, sister chromatid exchanges,
mutation and DNA damage. It induced aneuploidy and sex-linked recessive lethal
mutations in Drosophila and mutation in bacteria®.
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6-MERCAPTOPURINE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

No epidemiological study of 6-mercaptopurine as a single agent was available to the
Working Group. Occasional case reports of exposure to 6-mercaptopurine, especially in the
presence of concurrent therapy with other putative carcinogens, such as ionizing radiation,
alkylating agents and other potent oncotherapeutic drugs, do not constitute evidence of
carcinogenesis!.

B. Evidence for carcinogenicity to animals (inadequate)

6-Mercaptopurine was tested by intraperitoneal administration and by skin painting
(followed by croton oil) in mice and by intraperitoneal, subcutaneous and intravenous
injection in rats. Limitations to the data in all the reports precluded evaluation of the
possible carcinogenicity of this compound!.

C. Other relevant data

6-Mercaptopurine induced chromosomal aberrations and sister chromatid exchanges in
lymphocytes of treated patients in single studies?.

In rodents treated in vivo, 6-mercaptopurine induced dominant lethal mutations,
chromosomal aberrations and micronuclei, but not aneuploidy. The compound induced
chromosomal aberrations in human lymphocytes in vitro. It induced mutation in cultured
rodent cells and chromosomal aberrations and sister chromatid exchanges but not
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aneuploidy in Chinese hamster cells in vitro. It did not transform mouse C3H 10T1/2 cells.
6-Mercaptopurine was mutagenic to and caused DNA damage in bacteria2.

References
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METHOTREXATE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

The relationship between methotrexate treatment and subsequent malignancy has been
investigated in one cohort of 457 patients (3522 person-years) treated for trophoblastic
tumours (2 observed, 3.5 expected)! and in a cohort of 248 patients treated for psoriasis (10
observed, 22 expected)2. A case-control study of treatment for psoriasis has also been
performed, in which 26 cases of noncutaneous cancer (104 matched controls) and 80 cases of
nonmelanoma skin cancer (297 matched controls) were studied; relative risks were 1.0 and
1.2, respectively?. In each comparison, no excess (significant or otherwise) or subsequent
malignancy was observed.

B. Evidence for carcinogenicity to animals (inadequate)

Methotrexate was tested by oral administration in mice and hamsters, by intraperitoneal
injection in mice and rats, and by intravenous injection in rats. One study in mice by oral
administration showed a high incidence of lung carcinomas, but the study design did not
include matched controls. No other study revealed a carcinogenic effect, but the significance
of several was limited because of deficiencies in experimental design or reporting of data%.
A study in which methotrexate was given intraperitoneally in combination with cyclo-
phosphamide (see p. 182) and 5-fluorouracil (see p. 210) to rats resulted in induction of
tumours in the nervous system, haematopoietic and lymphatic tissues, the urinary bladder
and adrenal glands; however, because of lack of matched controls, it could not be concluded
whether tumour induction was due to a combined effect of the three chemicals or to any one
of thems.

C. Other relevant data

In patients treated with methotrexate, chromosomal aberrations were observed in
bone-marrow cells, and, in one of two studies, sister chromatid exchanges were induced in
lymphocytess.

Methotrexate induced micronuclei in mice, but neither aneuploidy in mouse oocytes nor
DNA strand breaks in granuloma cells of rats treated in vivo. It induced chromosomal
aberrations in human and rodent cells in vitro and sister chromatid exchanges in rodent but
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not in human cells in vitro. It did not induce unscheduled DNA synthesis in human cells in
vitro. It caused transformation of C3H 10T1/2 cells but not of Syrian hamster embryo cells
and was mutagenic to mouse lymphoma cells but not to Chinese hamster cells in vitro.
Methotrexate induced genetic crossing-over but not sex-linked recessive lethal mutations in
Drosophila. It was not mutagenic to Salmonella typhimurium but gave conflicting results in
Escherichia coli and was mutagenic to Bacillus subtilis. It did not induce DN A damage in
bacteria®.
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S-METHOXYPSORALEN (Group 2A)

A. Evidence for carcinogenicity to humans (inadequate)

In a survey of 87 persons employed in the production of bergamot oil (of which
5-methoxypsoralen is a constituent), 199 of 79 exposed workers and 16% of a comparison
group of 31 people resident in the same area were observed to have ‘keratomas’ or
‘epitheliomas’ of the skin. Possible confounding effects of age, sex and outdoor employment
were not considered in this analysis!.

B. Evidence for carcinogenicity to animals (sufficient)

5-Methoxypsoralen was tested in mice by skin application in combination with
ultraviolet A radiation or solar-simulated radiation, producing skin papillomas and
carcinomas; in these studies, no or few skin tumours were observed with ultraviolet A
radiation or solar-simulated radiation alone. The studies were inadequate to evaluate the
local and systemic carcinogenic effects of the compound itself!. '
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C. Other relevant data

No data were available on the genetic and related effects of 5-methoxypsoralen in
humans.

In the presence of ultraviolet A radiation, 5S-methoxypsoralen induced chromosomal
aberrations, sister chromatid exchanges and unscheduled DN A synthesis in human cells in
vitro; sister chromatid exchanges, mutation and DNA cross-links in rodent cells in vitro;
mutation, gene conversion and DNA cross-links in yeast; and mutation and prophage in
bacteriaZ.

5-Methoxypsoralen, tested in the absence of ultraviolet A radiation, was reported to be
weakly mutagenic to bacteria2.

References
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8-METHOXYPSORALEN (METHOXSALEN) PLUS ULTRAVIOLET
RADIATION (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)

The development of nonmelanocytic skin cancer (basal- and squamous-cell skin
cancers) has been reported in patients treated with 8-methoxypsoralen and long-wave
ultraviolet light (UVA) (PUVA) for psoriasis or mycosis fungoides!-5. Three cases of
malignant melanoma of the skin have been reported in patients with psoriasis treated with
PUVAS7. The strongest evidence for a causal association between PUV A treatment and
nonmelanocytic skin cancer comes from the follow-up of 1380 psoriatic patients treated in
the USA. The standardized incidence ratio (SIR) for squamous-cell carcinoma increased
from4.1(95% confidence interval, 2.3-6.8) at low doses t0 22.3 (13.5-34.1) at medium doses
and 56.8 (42.7-74.2) at high doses; this effect was independent of possible confounding
effects of therapy with ionizing radiation and topical tar. The effect on basal-cell cancer
incidence was much weaker (high doses: SIR, 4.5; 2.8-6.9)8. One cohort study of 525
psoriatic patients treated with PUVA did not suggest an increase in the incidence of skin
cancer (mean follow-up period, 2.1 years)®. This ‘negative’result could have been due to lack
of statistical power and to the low doses used in the study. Another study with a five-year
follow up showed no skin tumour in 94 patients treated with PUV A for psoriasis or mycosis
fungoides!0.

8-Methoxypsoralen alone did not alter the incidence of new skin cancer over two years in
two small controlled trials of its use as a prophylactic for skin cancer!.
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B. Evidence for carcinogenicity to animals (sufficient)

8-Methoxypsoralen was tested by oral and intraperitoneal administration and by skin
application in combination with ultraviolet A radiation in mice, producing epidermal and
dermal tumours!-!!-15. When it was tested alone in mice by intraperitoneal administration!3
or by skin application!?13, it did not induce skin tumours. The studies were inadequate to
evaluate the systemic carcinogenicity of 8-methoxypsoralen.

C. Other relevant data

In patients treated with PUVA, neither chromosomal aberrations (one study) nor sister
chromatid exchanges were observed!s.

8-Methoxypsoralen in combination with ultraviolet A radiation induced sister chromatid
exchanges in epithelial cells of cheek pouches of hamsters treated in vivo. In a large number
of studies, it induced chromosomal aberrations, sister chromatid exchanges, mutation,
DNA damage and DNA cross-links in human cells in vitro. It transformed mouse
C3H 10T1/2 cells. In rodent cells in culture, it induced chromosomal aberrations, micro-
nuclei, sister chromatid exchanges, mutation, unscheduled DN A synthesis and DNA cross-
links. It induced mitotic recombination and mutation in fungi and mutation and DNA
damage in bacterial.

8-Methoxypsoralen in the absence of ultraviolet A radiation induced mutation in
bacteria, but inconclusive results were obtained with respect to chromosomal aberrations
and sister chromatid exchanges in human cells in vitro, gene mutation and DNA damage in
rodent cells in vitro and mutation in yeast!9.
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METHYL BROMIDE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)
Two cohort studies mention exposure to methyl bromide. In both study populations,
exposure to a great number of other chemical compounds occurred, and, therefore, the

slight excesses of some cancers found cannot be interpreted in terms of exposure to methyl
bromide!.

B. Evidence for carcinogenicity to animals (/imited)

In one 90-day study by oral administration in rats, methyl bromide was reported to
produce squamous-cell carcinomas of the forestomach!. In a second, 25-week study, it was
found that early hyperplastic lesions of the forestomach regressed after discontinuation of
treatment; one early carcinoma (1/11) developed after 25 weeks of continuous treatment by
gavage?.

C. Other relevant data
No data were available on the genetic and related effects of methyl bromide in humans.

Micronuclei were induced in the bone-marrow and peripheral blood cells of rats and
mice following exposure to methyl bromide by inhalation. After treatment of mice with
methyl bromide by different routes, DNA methylation of liver and spleen was observed.
Methyl bromide induced sister chromatid exchanges in human lymphocytes in vitro and
mutation in mouse lymphoma cells in vitro. It did not induce unscheduled DNA synthesis in
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rat hepatocytes. Methyl bromide induced sex-linked recessive lethal mutations in Drosophila
and was mutagenic to plants and bacteria3.
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METHYL CHLORIDE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

In a small study of 852 butyl rubber manufacturing workers exposed to methyl chloride,
there was a total of 30 deaths from cancer, which was fewer than expected on the basis of US
mortality data. The study is uninformative for assessing the carcinogenicity of methyl
chloride!.

B. Evidence for carcinogenicity to animals (inadequate)

A study in which methyl chloride was tested for carcinogenicity in mice and rats by
inhalation was reported only in an abstract and could not be evaluated!.

C. Other relevant data
No data were available on the genetic and related effects of methyl chloride in humans.

Methyl chloride induced sister chromatid exchanges and mutation but not DNA strand
breaks in human lymphocytes in vitro. It enhanced transformation of virus-infected Syrian
hamster embryo cells. It induced chromosomal aberrations in plants and was mutagenic to
bacteriaZ.
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4,4-METHYLENE BIS(2-CHLOROANILINE) (MOCA) (Group 2A)

A. Evidence for carcinogenicity to humans (inadequate)

In a review, a higher than expected incidence of bladder cancer was reported among
workers ina UK plant manufacturing MOCA'. An earlier study of workers manufacturing
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this compound in the USA, who were followed up for less than 16 years, failed to reveal any
bladder tumour2.

B. Evidence for carcinogenicity to animals (sufficient)

After oral administration of MOCA, mice developed haemangiosarcomas and hepa-
tomas?3; rats developed lung, liver, mammary gland and Zymbal gland tumours and
haemangiosarcomas?-5; and dogs developed urinary bladder tumourss. Tumours of the lung
and liver were produced after subcutaneous injection of rats2.

C. Other relevant data

MOCA is an aromatic amine with structural similarities to benzidine, which is causally
associated with cancer in humans (see p. 123).

No data were available on the genetic and related effects of MOCA in humans.

MOCA induced micronuclei in bone-marrow cells of mice treated in vivo. Conlflicting
results were obtained for the induction of sister chromatid exchanges in Chinese hamster
cells in vitro; it induced unscheduled DN A synthesis in rodent hepatocytes. In yeast, MOCA
induced aneuploidy, gave equivocal results in assays for gene conversion and did not cause
mutation. It was mutagenic and induced prophage in bacteria’.
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4,4-METHYLENE BIS(2-METHYLANILINE) (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

A study of an Italian cohort of 906 dyestuffs workers employed between 1922 and 1970
revealed an impressive excess of deaths from bladder cancer (36 observed, 1.2 expected).
Workers were classified into ten exposure categories. Among 53 workers employed in the
manufacture of new fuchsin (‘new’ magenta [see p. 238]) and safranine T, five died from
bladder cancer, whereas 0.08 would have been expected. Their minimum length of employ-
ment was 12 years. Three of the five deaths occurred among workers engaged in the
synthesis of ortho-toluidine (see p. 362) and 4,4"-methylenebis(2-methylaniline), used as
precursors in the production of new fuchsin and safranine T, which was carried out in a
separate building within the plant!.

B. Evidence for carcinogenicity to animals (sufficient)

4,4'-Methylene bis(2-methylaniline) was tested for carcinogenicity by oral administration
in rats and dogs, inducing high incidences of hepatocellular carcinomas in animals of each
species; neoplasms of the lung, mammary gland and skin in rats and of the lung in dogs were
also reported?-.

C. Other relevant data
No data were available to the Working Group.
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N-METHYL-N'-NITRO-N-NITROSOGUANIDINE (MNNG)
(Group 2A)

A. Evidence for carcinogenicity to humans (inadequate)

Three cases of brain tumour (gliomas) and one of colon cancer have been reported from
a genetics laboratory over a 13-year period. All the subjects were likely to have been exposed
to MNNG for at least six to 15 years prior to death, but other carcinogens had been used in
the laboratory!-2,
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B. Evidence for carcinogenicity to animals (sufficient)

MNNG has been tested for carcinogenicity in mice, rats, hamsters, rabbits and dogs,
producing tumours at many sites. It has a predominantly local carcinogenic effect and is
carcinogenic in single-dose experiments. Following its oral administration, papillomas and
squamous-cell carcinomas of the oesophagus and forestomach, adenocarcinomas of the
stomach, small intestine and large bowel, and sarcomas of the gastrointestinal tract were
reported’. These findings have been extended in more recent studies after oral adminis-
tration to rats*7, hamsters®:® and dogs!®!!. After subcutaneous injection of mice, it
produced lung and liver tumours and haemangioendotheliomas!2; after intrarectal instill-
ationinrats and guinea-pigs!3-15 and after intrauterine and intravaginal application to rats,
it produced local tumours!6.

C. Other relevant data

MNNG is an alkylating agent!’. No data were available to evaluate the genetic and
related effects of this compound in humans.

MNNG induced DNA strand breaks in various organs of rats treated in vivo. It did not
cause dominant lethal mutations in mice, but it gave positive results for mutation in the
mouse spot test; it induced chromosomal aberrations and micronuclei in bone-marrow cells
of mice and sister chromatid exchanges in bone-marrow cells of mice and Chinese hamsters
treated in vivo. It induced chromosomal aberrations, sister chromatid exchanges, DNA
strand breaks and unscheduled DNA synthesis in human and rodent cells in vitro and
induced mutation in cultured rodent cells. It gave positive results in several assays for cell
transformation. MNNG induced somatic and sex-linked recessive lethal mutations in
Drosophila. It caused chromosomal aberrations, sister chromatid exchanges and mutation
in plants and recombination and mutation in fungi. It was mutagenic to and caused DNA
damage in bacteria, and gave positive results in host-mediated assays using bacteria or yeast
as indicators and mice as hosts!7.
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METRONIDAZOLE (Group 2B)

A. Evidence for carcinogenicity to humans (inadequate)

Two epidemiological studies!:2 of women treated with metronidazole showed some
excesses of cancers of the uterine cervix, a neoplasm that has risk factors in common with
vaginal trichomoniasis, the main indication in women for treatment with this drug. In one
study!, a greater excess of cervical cancer was observed in women with trichomoniasis who
were not exposed to metronidazole than in those who were (relative risk, 2.1 versus 1.7). An
excess of lung cancer (4 observed, 0.6 expected) seen in one of these studies! was not found in
the other (2 observed, 2.6 expected)?. In the former, the excess was mainly of adeno-
carcinoma (3/4 cases) and was concentrated after at least ten years from first use of
metronidazole (3 observed, 0.3 expected)?. Further follow-up and analysis of these data
have suggested that the excess could be explained entirely by confounding with smoking®.
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Another study in which 12 280 users of metronidazole were followed up for two and one-half
years gave a relative risk of 0.9 (95% confidence interval, 0.5-1.9) for all cancers®.

B. Evidence for carcinogenicity to animals (sufficient)

Metronidazole has been tested for carcinogenicity by oral administration to mice and
rats. It significantly increased the incidences of lung tumours in mice of each sex, of
lymphomas in female mice’® and of mammary, pituitary, testicular and liver tumours in
rats”-%:10_ It increased the incidence of colonic tumours induced in rats by subcutaneous
administration of 1,2-dimethylhydrazine!!-12,

C. Other relevant data

Studies on bone-marrow cells and lymphocytes from a series of patients treated with
metronidazole showed no increase in the incidence of chromosomal damage. Metronidazole
was active in body fluid assays using sweat, faeces and urine from humans exposed in vivo
and urine from rodents exposed in vivo!3.

Metronidazole did not induce micronuclei in bone-marrow cells of mice or rats, sister
chromatid exchanges in bone-marrow cells of Chinese hamsters or unscheduled DNA
synthesis in germ cells of male rabbits treated in vivo. Human cells exposed to
metronidazole in vitro did not show increased incidences of chromosomal aberrations,
whereas results with respect to sister chromatid exchanges were inconclusive. Metronidazole
did not induce sister chromatid exchanges in cultured hamster cells; conflicting results were
reported for the induction of mutation and DNA damage in rodent cells in vitro. It did not
induce sex-linked recessive lethal mutations in Drosophila or recombination in yeast. It
induced mutation in fungi and bacteria and induced prophage in bacteria!3.
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MINERAL OILS:
UNTREATED AND MILDLY-TREATED OILS (Group 1)
HIGHLY-REFINED OILS (Group 3)

A. Evidence for carcinogenicity to humans (sufficient for untreated and mildly-treated oils;
inadequate for highly-refined oils)

Exposure to mineral oils that have been used in a variety of occupations, including
mulespinning, metal machining and jute processing, has been associated strongly and
consistently with the occurrence of squamous-cell cancers of the skin, and especially of the
scrotum!. Production processes for these oils have changed over time, and with more recent
manufacturing methods highly-refined products are produced that contain smaller amounts
of contaminants, such as polycyclic aromatic hydrocarbons.

Excess mortality or morbidity from gastrointestinal malignancies was seen in two out of
three cohort studies of metal workers (stomach cancer in two studies, large-bowel cancer in
one); however, the only significant excess was for the sum of stomach cancer plus large-
bowel cancer in one study. Four cases of scrotal cancer were detected in one relatively small
cohort study of metal industry workers!. Among 682 turners with five or more years of
exposure to mineral oils, five cases of squamous-cell carcinoma of the skin (four of the
scrotum) occurred, with 0.3 expected?. In a case-control study, a relative risk of 4.9 was
reported for the association of scrotal cancer with potential exposure of metal workers to
mineral oils. Neither the actual levels of exposure nor the classification of the mineral oil to
which the machine workers were potentially exposed was available in the reports of the
epidemiological studies!.

In a case-control study, an excess of sinonasal cancers was seen in toolsetters, set-up men
and toolmakers!. In a series of 344 cases of scrotal cancer from 1936 to 1976, 62% had held
occupations in which exposure to mineral oils was likely to have occurred. The median
latent period was 34 years3.

An examination of the incidence of second primary cancers among men with scrotal
cancer demonstrated excesses of respiratory, upper alimentary tract and skin cancers; when
the occupations were grouped, the excess was largely confined to those with exposure to oill.
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Excesses of bladder cancer have been reported in case-control studies in several
countries among machinists and engineers, who were possibly exposed to cutting oils
containing aromatic amines as additives!.

With regard to printing pressmen, one of two cohort studies addressing lung cancer
showed an excess and one of two proportionate mortality studies showed a small,
statistically nonsignificant excess of lung cancer among newspaper pressmen but no excess
among non-newspaper pressmen; the other study did not address lung cancer. One of three
proportionate mortality studies on manual workers in the printing industry, not specifically
addressing printing pressmen, did not show an increased lung cancer risk, whereas the other
two studies found a statistically significant excess. One of two proportionate mortality
studies of printing pressmen indicated a statistically significant increase of deaths from
rectal cancer, and the other showed a statistically nonsignificant increase of deaths from
colon cancer; the cohort study considering colorectal cancers did not show an increased
occurrence. One proportionate mortality study among newspaper and other commercial
printing pressmen showed a statistically significant excess of mortality from cancers of the
buccal cavity and pharynx, whereas no such excess was observed in a cohort study. One
case-control study indicated a statistically significant excess of cancers of the buccal cavity
and pharynx. The findings regarding other malignancies were inconsistent; scrotal cancers
were not mentioned. The type and amount of exposure were usually not described; exposure
to both mineral oils and carbon blacks (see p. 142) would probably have been involved!.

In mortality statistics from the UK and from Washington State, USA, excesses of lung
and skin cancer have been registered for jobs entailing exposure to mineral oils!.

B. Evidence for carcinogenicity to animals (sufficient for untreated and mildly-treated oils;
inadequate for highly-refined oils)

Vacuum-distillate fractions, acid-treated oils, mildly-treated solvent-refined oils, mildly-
treated hydrotreated oils, solvent extracts (aromatic oils) and some cutting oils produced
skin tumours after repeated skin applications to mice. Similar treatment with high-boiling,
catalytically-cracked oils produced skin tumours in rabbits and rhesus monkeys. Some
severely solvent-refined oils did not produce skin tumours in mice. Highly-refined food-
grade mineral oils did not produce skin tumours when applied to the skin of mice, although
after intraperitoneal injection they produced plasma-cell neoplasms and reticulum-cell
sarcomas in certain strains of mice!. It was agreed that, in accordance with the previous
evaluation, ‘the significant latter finding is difficult to interpret’l.

C. Other relevant data

An increase in the frequency of chromosomal aberrations was observed in the peripheral
blood lymphocytes of glass workers exposed to mineral oil mists. Urine from workers in a
cold-rolling steel plant exposed to oil mists of solvent-refined oils was mutagenic to
Salmonella typhimurium in the presence of an exogenous metabolic system®.

Special test protocols may be necessary to evaluate mineral oils adequately in short-term
tests. Vacuum distillates from oil refining were reported to be mutagenicto S. typhimurium
in the presence of an exogenous metabolic system. Positive findings were also obtained
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when the concentration of the exogenous metabolic system was five to ten fold that used
generally. Acid-treated oils were not mutagenic to S. typhimurium in the presence of an
exogenous metabolic system; solvent-refined oils were reported to be mutagenic in the
presence of an exogenous metabolic system. Hydrotreated oil was reported to be mutagenic
to S. typhimurium in the presence of an exogenous metabolic system, while white oils,
highly-refined steel-hardening oil and solvent-refined steel-rolling oils were not. Unused
crankcase oil was mutagenic to S. typhimurium in the presence of an exogenous metabolic
system, while in other studies no mutagenic activity was found. Used crankcase oil from
both gasoline and diesel engines was mutagenic to S. typhimurium both in the presence and
absence of a metabolic system?.

Two insulation oils from highly-refined mineral-base oils induced transformation of
Syrian hamster embryo cells and enhanced transformation of mouse C3H 10T1/2 celis.
Unused new, re-refined and used crankcase oils induced transformation in Syrian hamster
embryo cells?.
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MOPP AND OTHER COMBINED CHEMOTHERAPY INCLUDING
ALKYLATING AGENTS (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)

In 1972, roughly five years after the introduction of intensive combined chemotherapy
for Hodgkin’s disease, the first report of subsequent acute nonlymphocytic leukaemia
(ANLL) appeared!. Since then, investigators in more than 15 clinical centres and
collaborative treatment groups in Europe and North America have performed a series of
studies leading to the conclusion that the association is probably causal.

These studies are not easily compared with one another. The groups and subgroups of
study subjects differ in distribution by age, stage at diagnosis, timing of initial therapy (both
radiological and chemotherapeutic), interval between diagnosis and intensive chemo-
therapy, composition of the chemotherapeutic regimen and length of follow-up. Further,
the methods of counting and allocating patients or person-years at risk, the criteria for
diagnosis, the method of validating the separate identity of a second malignancy, the
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‘unexposed’ group used as a reference standard, the method of statistical analysis, and the
index used to summarize risk differences vary greatly from study to study. Finally, the
extent to which such specific details are clearly described in the published reports is also
variable.

Nonetheless, these reports are consistent in describing a strongly increased risk of ANLL
after intensive treatment with combined chemotherapeutic regimens, particularly those
containing alkylating agents. The most recent reports?-18 describe a total of over 11 000
patients, reported roughly a decade after diagnosis, among whom more than 170 cases of
ANLL have thus far occurred. About one-quarter of these patients had received no intensive
combined chemotherapy, yet all but a few leukaemia cases have occurred among those
patients who did. Summary estimates of the relative risk of ANLL after intensive
chemotherapy (relative to reasonably appropriate healthy populations) have been calcu-
lated to vary from 9!! through 40419 to well over 1006916 precluding meaningful
comparisons between studies, and estimates of the absolute (actuarial) risk observed in the
first ten years range from 2-393410:14 through 5-6957-9:12 to 9-109%13, again precluding
direct comparisons between estimates. Observed variations in both relative risk and
actuarial risk are probably due to differences in both methodology and exposure.

Although cases of leukaemia have been observed after radiotherapy in the absence of
chemotherapy for Hodgkin’s disease, the magnitude of the risk ratio is much lower, and may
not even be elevated!9. In contrast, the risk for ANLL is consistently high after
chemotherapy even in the absence of radiation’-9. Although few untreated patient-years
have been analysed recently, the relative absence of ANLL as an observed sequel of
Hodgkin’s disease prior to the era of intensive combined regimens202, the absence of any
relationship to histological subtype!3, and the appearance of ANLL during complete
remission’ emphasize the etiological role of chemotherapy, although interactions with stage
of disease, with radiation or with factors important in the pathogenesis of Hodgkin’s disease
itself cannot be ruled out completely.

The only specific drug combination that has been used with sufficient frequency that it
can be clearly linked to ANLL is MOPP (nitrogen mustard [see p. 269], vincristine [see
p. 372], procarbazine [see p. 327] and prednisone [see p. 326]), although several reports
describe excess cases not attributable to MOPP%11L:14:16 and excesses of ANLL have
appeared after treatment with other alkylating agent-containing combinations. The
predominance of combined chemotherapy also precludes the identification of risk from
individual constituents. Preliminary experience does indicate that risk for ANLL may be
lower with some specific combinations, such as ABVD (adriamycin, bleomycin, vinblastine
and dacarbazine)!4:22:23, '

Solid tumours, especially non-Hodgkin’s lymphomas!0-24-27 and lung cancer3:6,12,28,29,
but including sarcomas, melanoma, malignancies of the central nervous system and
carcinomas of the thyroid and gastrointestinal system, have also been reported in
abundance after combined chemotherapy for Hodgkin’s disease36:7:10,12,29-32 byt compar-
isons of observed to expected frequencies have not yielded consistent results. In contrast to
leukaemia, solid tumours are more common in the general population, increase rapidly in
frequency with age (and therefore the passage of time after treatment), are more diverse in
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known etiology, and are considered to appear with greater frequency after intensive
radiotherapy$. Moreover, they are observed to appear with increasing frequency only after
longer average duration of follow-up32. Some reports have shown increased risk after
intensive chemotherapy!®, and the plausibility of a relationship is further suggested by
multiple case reports of second malignancies that are unusual because of their rarity, either
atanage33 or onanabsolute basis®2431, At present, it would appear that solid tumours occur
among survivors of Hodgkin’s disease in excess of the expected frequency; but, because too
few patients have been followed into the second decade after treatment, it is too early to
determine whether the increase can be better attributed to chance or to factors other than
chemotherapy?2. '

Combined chemotherapy containing alkylating agents for non-Hodgkin’s lymphoma
may also lead to ANLL34-37_ although the reports are not consistent and the documentation
is less complete.

Treatment of nonhaematological malignancies may also cause second tumours, but
most reported cases have occurred after the use of single agents3®, and combination
regimens are less commonly used. Intensive combination therapy including alkylating
agents for small-cell carcinoma of the lung39-40, and possibly for cancer of the testis#!, may
increase the risk for ANLL.

B. Evidence for carcinogenicity to animals (inadequate)

No data on MOPP were available to the Working Group. Combined treatment with
cyclophosphamide (see p. 182), methotrexate (see p. 241) and S-fluorouracil (see p. 210)
induced carcinogenic responses in several organs in rats?, See also the summaries of data on
individual compounds: adriamycin (see p. 81), bleomycins (see p. 134), chlorambucil (see
p. 144), cyclophosphamide, 5-fluorouracil, methotrexate, nitrogen mustard (see p. 269),
prednisone (see p. 326), procarbazine hydrochloride (see p. 327), vinblastine sulphate (see
p. 371) and vincristine sulphate (see p. 372).

C. Other relevant data

For data on genetic and related effects, see the summaries on individual compounds,
listed above.
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MUSTARD GAS (SULPHUR MUSTARD) (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)

The mortality of British and American veterans who were exposed to mustard gas
during the First World War has been compared with that of other veterans who experienced
respiratory infections; the effect of smoking could not be directly controlled for in either
group. Cumulative lung cancer risk was not affected in UK veterans and was only modestly
elevated (relative risk, 1.5, compared with the effect of cigarette smoking, roughly 10) in US
veterans!.

In contrast, mustard gas production workers in Japan during the Second World War
have been found to have experienced an increase in the proportion of deaths attributed to
lung cancer (three fold) compared to the local population!:2, and especially in respiratory
cancer (40 fold) in comparison with the general population!. Although sophisticated
analytical methods were not used, the prevalence of smoking appeared to be comparable in
the exposed and unexposed groups, and there was increased risk with increased duration of
exposure3. British workers engaged in mustard gas production during the Second World
War have also been followed up. Among 511 individuals, 11 cases of cancer (nine of the
larynx and two of the pharynx) were identified, whereas one would have been expected?.
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B. Evidence for carcinogenicity to animals (/imited)

Mustard gas was tested for carcinogenicity in mice, producing lung tumours after its
inhalation or intravenous injection and local sarcomas after its subcutaneous injection!.

C. Other relevant data

Mustard gas is a bifunctional alkylating agentS. No data were available on its genetic and
related effects in humans.

Evidence of covalent binding to cellular DNA, RNA and protein in vivo was obtained in
mice injected intraperitoneally with 35S-labelled mustard gas. It induced chromosomal
aberrations and DNA damage in rodent cells in vitro and mutation in mouse lymphoma
cells in vitro and in a host-mediated assay. It induced aneuploidy, heritable translocations,
dominant lethal mutations and sex-linked recessive lethal mutations in Drosophila. It was
mutagenic to fungi and induced DNA damage in bacteria’.
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1-NAPHTHYLAMINE (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

An excess occurrence of bladder cancer was observed in workers who had been exposed
to commercial 1-naphthylamine for five or more years who had not also been engaged in the
production of 2-naphthylamine or benzidine. However, commercial 1-naphthylamine made
at that time may have contained 4-10% 2-naphthylamine (see p. 261)!. Among a cohort of
906 men employed for at least one year between 1922 and 1970 in a dyestuffs plant in Italy, a
considerable excess of bladder cancer deaths (27 observed, 0.19 expected) was observed
among 151 workers involved in the manufacture of 1- and 2-naphthylamine and benzidine
(see p. 123)2. A case-control study of bladder cancer in the UK showed a significant,
exposure-related increased risk for dyestuffs workers. 1-Naphthylamine was plausibly
concerned, but it was not possible to single out any compound from the combined exposure
to arylamines3. ‘
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In view of the contamination of the commercial product and the mixed nature of the
exposures investigated, it is not possible to assess the carcinogenicity of 1-naphthylamine
alone.

B. Evidence for carcinogenicity to animals (inadequate)

1-Naphthylamine was tested for carcinogenicity in mice, hamsters and dogs by oral
administration and in newborn mice by subcutaneous injection. No carcinogenic effect was
observed following oral administration to hamsters! or dogs!*45 or in a lung adenoma
bioassay in miceS. Inconclusive results were obtained after oral administration to adult mice
and after subcutaneous injection of newborn micel.

C. Other relevant data
No data were available on the genetic and related effects of 1-naphthylamine in humans.

I-Naphthylamine did not induce micronuclei in bone-marrow cells of mice treated in
vivo; it induced DN A strand breaks in mice, but not in rats. I-Naphthylamine increased the
incidence of chromosomal aberrations in cultured rodent cells, but the results for sister
chromatid exchanges, mutation and DNA damage were inconclusive; no cell trans-
formation was induced in Syrian hamster embryo cells. It did not induce sex-linked
recessive lethal mutations in Drosophila. It induced aneuploidy but not mutation in yeast;
results for mitotic recombination were conflicting. It was mutagenic to bacteria’.
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2-NAPHTHYLAMINE (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)

Case reports and epidemiological studies conducted independently in the 1950s and
1960s showed that occupational exposure to 2-naphthylamine, either alone or as an
impurity in other compounds, is causally associated with the occurrence of bladder cancer!.
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Two studies in the USA examined cancer incidence and mortality in a group of chemical
workers exposed mainly to 2-naphthylamine. In one, a remarkable and significantly
increased incidence of bladder cancer was found (13 observed, 3.3 expected), which was not
explained by smoking habits2. Investigation of mortality failed to pinpoint this increased
risk and suggested an excess of oesophageal cancer, which, however, was not considered to
be associated with the occupational exposure3. Two reports on one occupational population
at a dyestuffs plant in Italy documented a very high bladder cancer risk linked specifically to
2-naphthylamine production (6 deaths observed, 0.04 expected) and a clear exposure-
response relationship of the risk to exposures in the plant*s. Incidence studies from J apan
dealing with exposure to both 2-naphthylamine and benzidine (see p. 123) showed
apparently increased risks of cancer of the urinary tract and bladder and, possibly, an
increased occurrence of second primary cancers at several sites, including the livers-8, Case
reports and ecological studies also documented the relationship between exposure to
2-naphthylamine, as well as to benzidine, and bladder cancer risk910. 2-Naphthylamine was
most probably involved in the exposure to aryl amines reported in a UK study as producing
a significantly increased bladder cancer risk, which was not accounted for by smoking
habits!!.

B. Evidence for carcinogenicity to animals (sufficient)

2-Naphthylamine was tested for carcinogenicity by oral administration in many animal
species and by the mouse-lung adenoma bioassay. Following its oral administration, it
induced bladder neoplasms in hamsters!, dogs12-14 and nonhuman primates!, and liver
tumours in mice!. A low incidence of bladder carcinomas was observed in rats after its oral
administration!s. In a lung-adenoma bioassay in mice by intraperitoneal injection, 2-naph-
thylamine produced positive results!s.

C. Other relevant data
No data were available on the genetic and related effects of 2-naphthylamine in humans.

Mice and rabbits treated with 2-naphthylamine had increased incidences of sister
chromatid exchanges; micronuclei were not induced in bone-marrow cells of mice treated
in vivo. 2-Naphthylamine was mutagenic in the mouse spot test and induced DNA strand
breaks in hepatocytes of treated rats. It formed DNA adducts in bladder and liver cells of
dogs in vivo. It induced unscheduled DNA synthesis in human cells in vitro and chro-
mosomal aberrations, sister chromatid exchanges, DNA strand breaks and unscheduled
DNA synthesis in rodent cells in vitro. Equivocal results were obtained for mutation, but it
caused morphological transformation in Syrian hamster embryo and virus-infected rat
cells. 2-Naphthylamine induced aneuploidy in Drosophila, but equivocal results were found
for sex-linked recessive lethal mutations. It caused aneuploidy, mutation and mitotic
recombination in yeast and was mutagenic to plants and bacteria!’.
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1-NAPHTHYLTHIOUREA (ANTU) (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

Cases of bladder tumours have been reported among rat catchers exposed to ANTU
(containing up to 0.2% 2-naphthylamine [see p. 261])!.
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B. Evidence for carcinogenicity to animals (inadequate)

ANTU was tested for carcinogenicity in mice and rats by administration in the diet. The
studies were considered to be inadequate for evaluation?.

C. Other relevant data

No data were available on the genetic and related effects of ANTU in humans, It did not
induce unscheduled DNA synthesis in rat hepatocytes in vitro. It was mutagenic to
bacteria3.
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NICKEL AND NICKEL COMPOUNDS (Group 1%)

A. Evidence for carcinogenicity to humans (sufficienr)

Early epidemiological studies of populations of workers in nickel refineries in different
countries clearly demonstrate excess incidences of cancers of the nasal cavity and lung and,
possibly, excesses of cancer of the larynx. Although the carcinogen(s) could not be specified,
the cancer hazards seemed to be associated primarily with the early stage of nickel refining,
Nickel carbonyl was considered unlikely to be involved, while nickel subsulphide and nickel
oxide emerged as the strongest candidates!.

Later reports from Canada and the USA confirmed the increased risks for lung and
sinonasal cancers carried by exposure during nickel refining operations, where the primary
exposure was to nickel sulphides (including subsulphide) and nickel oxides2~. The early
studies of nickel refinery workers in Wales (UK) and Norway were extended and updated.
Among workers in South Wales, the elevated risks for cancers of the lung and nasal sinuses
persisted until 19305. For both lung cancer (137 cases before 1925) and nasal cancer (56 cases
before 1925), the increased risk was significantly associated with employment in calcining
and at furnaces and with copper sulphate and nickel sulphate production®-’. In Norway, the
highest incidence rates for cancers of the respiratory organs occurred among workers
employed in roasting, smelting and electrolysis departments. The increased incidence of
nasal cancers (21 cases; relative risk, 26.3) exhibited a very steep decrease with more recent

“This evaluation applies to the group of chemicals as a whole and not necessarily to all individual chemicals within the group (see
also Methods, p. 38). After the meeting of the Working Group, the Secretariat became aware of epidemiological and experimental
studies in progress on the carcinogenicity of nickel and nickel compounds.
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year of first employment; the incidence of lung cancer (82 cases; relative risk, 3.7) gave no
indication of a consistent decrease during the period 1916-1959. A slight, statistically
nonsignificant excess of laryngeal cancer (5 cases observed, 2.4 expected) was also
reporteds®-9,

Reports of an increased occurrence of lung cancer among nickel smelting workers have
also come from New Caledonia, Slovakia and the USSR10-16,

There have been three case reports of cancers of the respiratory tract in workers who
were involved in nickel plating and grinding operations!.

Three investigations that examined the possible cancer risk associated with exposure to
nickel and nickel compounds in nickel alloy plants showed no significant increase in
mortality from cancer!’-1%. In one of these, excess mortality from lung cancer was noted in
maintenance workers; however, it was unclear whether the risk was directly associated with
nickel exposures!s. Workers at a gaseous diffusion plant who were exposed to high-purity
metallic nickel powder did not exhibit any increase in mortality from respiratory-tract
cancers?%2!. An incidence study at a hydrometallurgical nickel refining plant in Canada did
not indicate an increased risk of cancer. Exposure was to metallic nickel and nickel
concentrate dust22,

Other investigations have addressed more complex and mixed exposure conditions and
thus provide little evidence to evaluate the specific role of nickel and nickel compounds23-30,

The association of specific types of cancer with nickel exposure has also been examined
by means of case-control investigations. One study of cancer of the larynx supported an
association with nickel exposure3!, but another did not32. Studies of sinonasal cancer and
lung cancer yielded contradictory results; all suffered from inadequate description of the
exposure to nickel33-36. In one of these3s, the risk was high in welders with nickel exposure
(relative risk, 3.3, 95% confidence interval, 1.2-9.2); however, exposure to nickel com-
pounds was so highly correlated with the presence of chromium that the observed exposure
to nickel could have reflected a confounding effect of chromium (see p. 165). A study atan
aircraft-engine factory showed no association between lung cancer deaths and exposure to
nickel oxides, sulphate, chloride or alloys3’.

It is still not possible to state with certainty which specific nickel compounds are human
carcinogens, and which are not. A large amount of evidence has accrued that nickel refining
carries a carcinogenic risk to workers. The risk is particularly high in those exposed during
certain processes, mainly entailing exposure to nickel (sub)sulphides and oxides. The lung
and nasal sinuses are the most clearly established target organs.

B. Evidence for carcinogenicity to animals (sufficient)

Nickel subsulphide produced malignant tumours in rats after its inhalation! or
intramuscular!»38:3 intrarenalt0#41, intratesticular42 or intraocular® administration and
after its insertion into heterotransplanted tracheas; it also produced local sarcomas in mice
and rabbits after intramuscular administration!#5-47, Nickel powder, nickel oxide,
hydroxide and carbonate, nickelocene and nickel-iron sulphide matte produced local
sarcomas in mice, rats, hamsters and rabbits when given intramuscularly!-38:48_ Intravenous
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administration of nickel carbonyl increased the incidences of various tumours in rats!, and
inhalation of nickel carbonyl produced a low incidence of lung tumours in rats!. Nickelous
acetate administered intraperitoneally to mice produced an excess of lung adenomas and
carcinomas*. Nickel sulphide produced renal tumours in rats when injected intrarenallyso.

With few exceptions, the nickel compounds tested produced sarcomas and/or
carcinomas at the tissue sites where they were deposited. Bioavailability and persistence in
the tissues appear to be important in nickel carcinogenesis.

C. Other relevant data

Studies of the uptake, content and release of nickel in nasal mucosa indicate that
workers exposed to water-insoluble nickel salts (e.g., roasting and smelting workers) retain
more nickel than those exposed to soluble compounds (e.g., electrolysis workers). Nickel
accumulated during active work is retained in the mucous membrane for years after
retirements!-53,

Workers exposed to nickel in one refinery had slight excesses of chromosomal
aberrations (mainly gaps) in their peripheral lymphocytes, but no increase in the incidence
of sister chromatid exchanges was seen’4.

Nickel compounds did not induce dominant lethal mutations in mice. Soluble nickel
compounds caused DNA strand breaks and cross-links in rats treated in vivo, and particles
of crystalline nickel sulphide bound to DNA in Chinese hamster cells in vitro. Nickel
compounds were weakly active in inducing chromosomal aberrations and sister chromatid
exchanges in human lymphocytes and rodent cells in vitro. They induced transformation in
several rodent cell systems in vitro. Particles of crystalline nickel sulphides induced
mutation in a protozoan. In general, negative results were obtained in bacterial mutation
assays; nickel compounds induced prophage in bacteria. Insoluble nickel compounds
bound to isolated DNA54,
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NITROGEN MUSTARD (Group 2A)

A. Evidence for carcinogenicity to humans (/imited)

No epidemiological study of nitrogen mustard as a single agent was available to the
Working Group. However, it is the principal alkylating agent in leukaemogenic combi-
nation chemotherapy given for Hodgkin’s disease, and other alkylating agents are clearly
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leukaemogenic (see p. 254). The many case reports of cancer following topical application of
nitrogen mustard cannot be interpreted with certainty because concurrent treatment with
radiation and other potent drugs has been the rule rather than the exception, and
occasionally such associations would be expected by chance.

Squamous-cell carcinomas of the skin following long-term topical application of
nitrogen mustard alone or in combination with systemic therapy for mycosis fungoides!-
and psoriasis’-7 have been observed to appear on skin surfaces not exposed to the sun.

B. Evidence for carcinogenicity to animals (sufficient)

Nitrogen mustard, administered mainly as the hydrochloride, has been tested for carcino-
genicity in mice and rats by subcutaneous, intravenous and intraperitoneal administration
and by skin painting. It produced mainly lung tumours and lymphomas in mice after
subcutaneous, intravenous and intraperitoneal administration. Intravenous injection of
nitrogen mustard to rats induced tumours in different organs8. Application by skin painting
produced local tumours in mice in a dose-dependent manner?-10,

C. Other relevant data

Nitrogen mustard is a bifunctional alkylating agent. In one study, it induced chro-
mosomal aberrations in lymphocytes of treated patients!!.

Nitrogen mustard induced dominant lethal mutations and induced micronuclei in
bone-marrow cells of mice exposed in vivo and alkylated DNA of ascites cells in exper-
imental animals treated in vivo. It induced chromosomal aberrations, sister chromatid
exchanges and unscheduled DNA synthesis in human cells in vitro. Inrodent cells in vitro, it
induced sister chromatid exchanges, chromosomal aberrations and DNA damage; studies
on the induction of mutation were inconclusive. It transformed mouse C3H 10T1/2 cells.
Nitrogen mustard induced aneuploidy and somatic mutation and recombination in
Drosophila, chromosomal aberrations in plants, mitotic recombination and mutation in
fungi, and mutation and DNA damage in bacteria!l.
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OCHRATOXIN A (Group 3)

A. Evidence for carcinogenicity to humans (inadequate)

Incidence of and mortality from urothelial urinary-tract tumours have been correlated
with the geographical distribution of Balkan endemic nephropathy in Bulgaria and
Yugoslavia. A relatively high frequency of contamination of cereals and bread with
ochratoxin A has been reported in an area of Yugoslavia where Balkan endemic
nephropathy is present. No report of a direct association between ochratoxin A and human
cancer is available!.

B. Evidence for carcinogenicity to animals (/imirted)

When ochratoxin A was administered in the diet of mice for 24 months, renal adenomas
and carcinomas were observed in males and some hepatocellular carcinomas were observed
in females in one study? and hepatomas and renal-cell tumours in male mice in another
study3. Other studies by oral administration and studies by subcutaneous injection to mice
and rats were inadequate in terms of the numbers of animals used and survival rates!.

C. Other relevant data
No data were available on the genetic and related effects of ochratoxin A in humans.
Ochratoxin A did not induce sister chromatid exchanges in bone-marrow cells of
Chinese hamsters treated in vivo or mutation in rodent cells treated in vitro; conflicting

results were obtained for induction of unscheduled DNA synthesis in rodent hepatocytes.
Ochratoxin A did not induce mutation in yeast or bacteria‘.
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OESTROGENS, PROGESTINS AND COMBINATIONS

I. INTRODUCTORY REMARKS

IARC Monographs Volume 21! should be consulted for a general discussion of sex
hormones and cancer. The principles considered in that volume remain applicable.
Attention is drawn to specific points previously noted therein as ‘General Conclusions on
Sex Hormones”:

‘Steroid hormones are essential for the growth, differentiation and function of many
tissues in both animals and humans. It has been established by animal experimentation that
modification of the hormonal environment by surgical removal of endocrine glands, by
pregnancy or by exogenous administration of steroids can increase or decrease the
spontaneous occurrence of tumours or the induction of tumours by applied carcinogenic
agents.... The incidence of tumours in humans could be altered by exposure to various
exogenous hormones, singly or in combination.’

These statements make explicit the facts that oestrogens and progestins occur naturally,
and that the hormonal milieu and dose-effect relationships are generally inextricably
involved in the carcinogenic effects of oestrogens and progestins.

In this section, we describe the human epidemiology, carcinogenicity studies in animals,
and other relevant data for oestrogens and progestins alone and in combination. The human
epidemiological data reflect the patterns of use of oestrogens and progestins and their
combinations in medical practice, i.e., the available information concerns specific products
used for particular indications. Although many of the products have the same constituents
(or a similar class of constituents), doses vary among products and the compounds and
doses have changed over time. The operating principle is to determine the ability of the
chemical to produce cancer or other genetic and related effects without the strictures of
mode of human use or the magnitude of the doses. Thus, there is a basicincongruity between
the human data and the animal carcinogenicity data. As noted earlier, however, the effects
of these chemicals in humans appear, at least in most cases, to be linked to the hormonal
milieu.

In this section, the current status of ‘evidence for carcinogenicity to humans’is described
only for diethylstilboestrol, oestrogen replacement therapy, medroxyprogesterone acetate,

sequential oral contraceptives, combined oral contraceptives and oestrogen-progestin
replacement therapy. There is little evidence that various oestrogens and progestins differ in
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their effects on cancer risk when the effect is an oestrogenic/ progestinic effect, and the
reader should therefore consult the descriptions of other oestrogens and progestins.

The reader should also be aware that diethylstilboestrol, dienoestrol, hexoestrol and
chlorotrianisene are nonsteroidal oestrogens, and their carcinogenic effects may not be due
solely to their oestrogenic action.

Reference
'IARC Monographs, 21, 131-134, 1979

II. OESTROGENS

NONSTEROIDAL OESTROGENS (Group 17%)
Evidence for carcinogenicity to humans (sufficient)
Diethylstilboestrol (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)

Diethylstilboestrol (DES) causes clear-cell adenocarcinoma of the vagina and cervix in
women exposed in utero. There is sufficient evidence that administration of oestrogens for
the control of symptoms of the climacteric is causally related to an increased incidence of
endometrial carcinoma; DES is no different from other oestrogens in this respect!.

There s also clear evidence that administration of DES in large doses during pregnancy
increases the subsequent risk of breast cancer and that DES increases the risk of testicular
cancer in males exposed in utero.

In four follow-up studies?-s of exposed and nonexposed groups of women, the possible
effects of DES exposure during pregnancy on subsequent breast cancer risk have been
evaluated. All have shown an increased risk in exposed women. Two were randomized
trials2:3. In one?, there were 32 (4.6%) breast cancers among 693 women exposed to an
average total dose of 12 g DES, and 21 (3-1%) breast cancers among 668 control (placebo)
women. In the other3, there were four (5 -0%) breast cancers among 80 women exposed to an
average total dose of DES of 16 g (plus ethisterone, average total dose, 14 g), compared to
none of 76 controls; all 156 women were diabetic. In two studies, an exposed group and a
‘matched’ unexposed group were followed up*3. One*showed 118 (4.4%) breast cancer cases
in 2680 women exposed to a mean DES dose of § 8, and 80 (3.1%) among 2566 control
women. The others similarly showed 38 (2.5%) breast cancer cases among 1531 women
exposed to amean DES dose of 2 g,and 24 (1.7%) cases among the 1404 control women. The
overall relative risk from these four studies is 1.5 (» =0.001).

A further group of 408 DES-exposed women (median dose, 1.5 g) was followed up, and
the eight breast cancer cases found were contrasted to the 8.1 cases expected on the basis of

*This evalﬁation applies to the group of chemicals as a whole and not necessarily to all individual chemicals within the group (see
also Methods, p. 38). -
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local breast cancer incidence ratess. If this study is considered together with the four studies
described above, the overall relative risk is 1.4 (p = 0.0016).

In all five papers2-6, the possibility is discussed that there may be a long (15-20 years)
‘latent’ period before the first ‘DES-induced’ breast cancer would be seen. Clear evidence
was found in a study* in which there was no difference in the breast cancer rates of exposed
and nonexposed women until 22 years after exposure, but an increasing difference
thereafter. Similarly, in another study?, there was no case in the exposed group in the first 18
years after exposure. In a further studys, the relative risk was 1.3 before age 50 and 1.7
thereafter; and, in anothers, three cases were reported with 5.1 expected before age 50 and
five cases versus 3.0 expected thereafter. In contrast, however, a randomized study? showed
11 exposed cases and five nonexposed cases during the first 15 years of follow-up, compared
to 21 exposed cases and 16 nonexposed cases thereafter. Further data are required to settle
this issue.

The four follow-up studies?-S of exposed and nonexposed women also included
information on other possibly ‘hormone-related’ cancers. The occurrence of endometrial
cancer was not increased in any study. The study? of 693 women exposed to DES and 668
controls showed increases in the occurrence of cancer of the ovary (4 exposed, 1
nonexposed), cancer of the cervix (7 exposed, 3 nonexposed) and cancer of the colon-
rectum (2 exposed, 1 nonexposed); there was also a risk for cancer at these sites in the study
of 1531 women exposed to DES and 1404 controlss (6 exposed, 2 nonexposed; 9 exposed, 6
nonexposed; 11 exposed, 7 nonexposed for the three sites, respectively). A third study*
showed, in contrast, no elevation of rates for cancer at any other site, and there were seven
deaths from cervical cancer in the control group and none in the exposed group, suggesting
that matching in the control group was ‘inadequate”; the authors could not identify the
matching problem, and, in particular, they found that the two groups were well matched on
educational level. The data are too few to draw any firm conclusions.

A greater frequency of abnormalities of the reproductive tract has been found in males
exposed prenatally to DES in comparison with nonexposed controls, although the data are
few. Cryptorchidism, a major risk factor for testicular cancer, is one of the associated
lesions!. Cancer of the testis has been investigated in five case-control studies of fetal
exposure to DES7-11, One” showed that 5.19% (4/78) of cases and 1% of controls had been
exposed to hormones (in all likelihood DES) for bleeding; the second® similarly found that
5.8% (11/190) versus 2.3% (7/304) had had such exposure; the third® found 1.9% (2/108)
versus 0 (0/108) exposed to DES; the fourth!® found 1.0% (2/202) versus 1.0% (2/206)
exposed to DES; and the fifth!! found 1.9% (4/211) versus 0.9% (2/214) exposed to DES.
The combined relative risk is 2.5 (p = 0.014).

A number of unusual tumours have been reported in women exposed to DES in utero: a
fatal adenocarcinoma of the endometrium at age 2612; a pituitary adenoma at age 1813; an
invasive squamous-cell carcinoma of the cervix at age 2114; an invasive adenosquamous-cell
carcinoma of the cervix at age 27!5; and an ovarian teratoma at age 1216,

There has been no further report to add to the six cases of primary breast cancer in males
with prostatic cancer treated with DES!. A case has been reported of a Leydig-cell tumour
developingina man treated with DES at | mg per day for 2.5 years!?. There has been a case
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report of hepatic angiosarcoma in a man treated over a long period with DES for prostatic
cancer!-!¥, and a second case report of a hepatoma in a prostatic cancer patient treated with
DES at 3 mg per day for 4.5 years (to diagnosis of hepatoma)!19. Three renal carcinomas
have been reported after exposure to DES for prostatic cancer20:2t,

B. Evidence for carcinogenicity to animals (sufficient)

DES has been tested in mice, rats, hamsters, frogs and squirrel monkeys, producing
tumours principally in oestrogen-responsive tissues!. Female newborn mice injected with
DES developed epidermoid carcinomas and granular-cell myoblastomas of the cervix and
squamous carcinomas of the vagina?2. Mice treated prenatally with DES developed
adenocarcinomas of the uterus, cervix and vagina, epidermoid carcinomas of the uterine
cervix and vagina and ovarian and mammary tumours?3-28, Female mice fed diets
containing DES developed cervical and endometrial adenocarcinomas, mammary adeno-
carcinomas, osteosarcomas and mesotheliomas?9-33, Mice treated subcutaneously with
DES had a slightly increased incidence of lymphomas and subcutaneous fibrosarcomas33s,
Prenatal exposure to DES potentiated mammary tumorigenesis in rats given 7,12-di-
methylbenz[alanthracene at about 50 days of age?¢. Rats given DES by subcutaneous pellet
developed mammary and pituitary tumours. When these animals were also treated with
X-rays or neutrons, they developed a higher incidence of mammary tumours37-3, In other
studies (subcutaneous, transplacental, oral), rats treated with DES developed mammary,
hepatic and pituitary tumours®-44, When hamsters were treated prenatally with DES,
females developed endometrial adenocarcinoma, squamous-cell papillomas of the cervix
and vagina, and a mixed Mullerian tumour of the cervix (myosarcoma); in males, a
leiomysarcoma of the seminal vesicles and a Cowper’s gland adenoma were found*s. Male
hamsters castrated as adults and given DES subcutaneously developed renal tumours46:47,

C. Other relevant data
No data were available on the genetic and related effects of DES in humans.

DES induced chromosomal aberrations in bone-marrow cells of mice treated in vivo,
but data on induction of sister chromatid exchanges and micronuclei were equivocal; it
induced sister chromatid exchanges in one study in rats. Unusual nucleotides were found in
kidney DNA following chronic treatment of hamsters with DES. Aneuploidy was induced
in human cells in vitro, but data on induction of sister chromatid exchanges, chromosomal
aberrations and mutation were inconclusive; it induced DNA strand breaks, but not
unscheduled DNA synthesis, except in a single study. Tests for transformation in rat and
Syrian hamster embryo cells gave positive results, while results for mouse cells were
negative. Aneuploidy and DNA strand breaks were induced in rodent cells in vitro, but
results for chromosomal aberrations, micronuclei and sister chromatid exchanges were
equivocal; DES did not induce mutation or unscheduled DNA synthesis, except in a single
study in Syrian hamster embryo cells. It did not inhibit intercellular communication of
Chinese hamster V79 cells. It induced aneuploidy in fungi, but, in most studies, it did not
induce mutation, recombination or gene conversion. It did not induce mutationina variety
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of bacterial and insect systems, but it was mutagenic in plants. DNA damage was not
induced in fungi or bacteria. DES induced single-strand breaks in bacteriophage DNA in
the presence of a horseradish peroxidase activation system*s.
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Dienoestrol

A. Evidence for carcinogenicity to animals (/imited)

Dienoestrol was tested in female guinea-pigs by subcutaneous injection and in female
mice by intravaginal administration. Although these experiments indicated induction of
‘uterine tumours’ in guinea-pigs and of ovarian tumours in mice, they were regarded as
inadequate!. Renal tumours were produced by administration of a-dienoestrol in male
namsters castrated as adults23. In noninbred rats, dienoestrol given prenatally and neo-
natally did not increase tumour incidence?.
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B. Other relevant data

No data were available on the genetic and related effects of dienoestrol in humans.

There are two stable stereoisomers of dienoestrol — Z,Z-dienoestrol (cis,cis-dienoestrol,
B-dienoestrol) and E,E-dienoestrol (trans,trans-dienoestrol, a-dienoestrol). E,E-Dien-
oestrol is the principal constituent of dienoestrol-containing medications, whereas Z,7-dien-
oestrol is a metabolite of diethylstilboestrol. Z,Z-Dienoestrol induced sister chromatid
exchanges in human fibroblasts in vitro. Z,Z-Dienoestrol, but not E,E-dienoestrol,
transformed cultured hamster cells. Z,Z-Dienoestrol produced single-strand breaks in
hamster cells in the absence of an exogenous metabolic system, whereas both Z,Z- and
E,E-dienoestrol gave weakly positive results in tests for unscheduled DNA synthesis in
hamster cells, only in the presence of a metabolic system. Z,Z-Dienoestrol did not induce
single-strand breaks in bacteriophage DNA in the presence of a horseradish peroxidase
activation system. Z,Z-Dienoestrol and E,E-dienoestrol were not mutagenic to bacterias.
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Hexoestrol

A. Evidence for carcinogenicity to animals (sufficient)

Hexoestrol was tested for carcinogenicity in intact male hamsters and in males castrated
asadults by subcutaneous implantation as a pellet, producing renal tumours, some of which
were described as renal carcinomas, in 85-100% of tested animals!-3.

B. Other relevant data

No data were available on the genetic and related effects of hexoestrol in humans.
Unusual nucleotides were found in kidney DNA of hamsters treated with hexoestrol in vivo.
The compound was not mutagenic to bacteria®.
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Chlorotrianisene

A. Evidence for carcinogenicity to animals (inadequate)

Chlorotrianisene was tested in only one experiment in rats by oral administration. The
data were insufficient to evaluate the carcinogenicity of this compound!.

B. Other relevant data
No data were available to the Working Group.
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STEROIDAL OESTROGENS (Group 1%)
Evidence for carcinogenicity to humans (sufficient)
Oestrogen replacement therapy (Group 1)

A. Evidence for carcinogenicity to humans (sufficient)

A number of studies, utilizing a variety of designs, have shown a consistent, strongly
positive association between exposure to a number of oestrogenic substances and risk of
endometrial cancer, with evidence of positive dose-response relationships both for strength
of medication and duration of use!. Consistent findings have also been seen in more recent
studies2-16, The rise and fall of incidence of endometrial cancer in several areas of the USA
" was compatible with trends in oestrogen use!!3.

Of the 20 epidemiological studies of oestrogen replacement therapy and breast cancer
risk!6-35, nine show a positive relation between oestrogen use and breast cancer!7-20-22-24,28,33,
The increased risks tend to be small; for example, a 50% increase was found with 20 years of
menopausal oestrogen replacement therapy use?¢. All except one3? of the positive studies
involved use of population controls (eight of the nine studies with population controls gave
positive results), and most showed increased risk after prolonged use or after ten or more
years since initial exposure. One study showed a positive association with current oestrogen
use?8,

*This evaluation applies to the group of chemicals as a whole and not necessarily to all individual chemicals within the group (see
also Methods, p. 38).
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One possible reason that studies with hospital controls gave negative results and those
with population controls positive results is that oestrogen replacement therapy may be used
more frequently in hospitalized women than in the general population. However, in two
studies involving use of both hospital and population control groups, one giving positive2
and the other largely negative?s results, similar results were obtained when hospital and
population controls were used to estimate the relative risk. Three of the studies with negative
results?6:27:3¢ probably did not permit the authors to address satisfactorily the question of
long-term use of oestrogen replacement therapy. The large hospital-based study that
showed a positive finding used as controls subjects with a large spectrum of acute conditions
unrelated to any of the known or suspected risk factors for breast cancer33,

One cohort study of 1439 women initially treated for benign breast disease showed
increased risk for women who took exogenous oestrogens after biopsy, but not for those
who had taken them before biopsy. The increased risk in the former group appeared to be
associated with epithelial hyperplasia or calcification in the initial lesion3s,
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Conjugated oestrogens

A. Evidence for carcinogenicity to animals (/imired)

Conjugated oestrogens were tested inadequately in rats by oral administration in one
study!. In male hamsters castrated as adults, equilin administered as a subcutaneously
implanted pellet produced renal tumours in 6/8 treated animals. In contrast, d-equilenin
administered similarly did not induce renal tumours2-3,

B. Other relevant data

No data were available on the genetic and related effects of conjugated oestrogens in
humans.

A commercial preparation of conjugated oestrogens did not induce chromosomal
aberrations in human lymphoblastoid cells in vitro or in Chinese hamster V79 cells exposed
in diffusion chambers implanted into mice after oestrogen treatment. It was not mutagenic
to bacteria4.
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Oestradiol-173 and esters

A. Evidence for carcinogenicity to animals (sufficient)

Oestradiol-178 and its esters were tested in mice, rats, hamsters and guinea-pigs by oral
and subcutaneous administration. Administration to mice increased the incidences of
mammary, pituitary, uterine, cervical, vaginal, testicular, lymphoid and bone tumours!-5. In
rats, there was an increased incidence of mammary and/ or pituitary tumours'¢. Oestradiol-
178 produced a nonstatistically significant increase in the incidence of foci of altered
hepatocytes and hepatic nodules induced by partial hepatectomy and administration of
N-nitrosodiethylamine in rats’. In hamsters, a high incidence of malignant kidney tumours
occurred in intact and castrated males!-8-1? and in ovariectomized females, but not in intact
females!. In guinea-pigs, diffuse fibromyomatous uterine and abdominal lesions were
observed!.

B. Other relevant data
No data were available on the genetic and related effects of oestradiol-178 in humans.

Oestradiol-178 did not induce chromosomal aberrations in bone-marrow cells