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NOTE TO THE REA DER

The term 'carcinogenic risk' in the IARC MOl1ographs series is taken to mean the
probability that exposure to an agent will lead to cancer in humans.

Inclusion of an agent in the MOl1ographs 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 carcino-
genic 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 W orking 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.
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IARC MONOGRAPHS PROGRAMME ON THE EVALUATION
OF CARCINOGENIC RISKS TO HUMANS'

PREAMBLE

1. BACKGROUND

ln 1969, the International Agency for Research on Cancer (IARC) initiated a pro-
gramme to evaluate the carcinogenic risk of chemicals to humans and to produce
monographs on individual chemicals. The MOl1ographs programme has since been
expanded to include consideration of exposures to complex mixtures of chemicals (which
occur, for example, in some occupations and as a result of human habits) and of
exposures to other agents, such as radiation and viruses. With Supplement 6 (IARC,
1987a), the title of the series was modified from IARC MOl1ographs 011 the Evaluatiol1 of
the Carcil1ogel1ic Risk of Chemicals to Humal1S to IARC MOl1ographs 011 the Evaluatiol1
of Carcil1ogel1ic Risks to Humal1S, in order to reflect the widened scope of the

programme.
The criteria established in 1971 to evaluate carcinogenic risk to humans were adopted

by the working groups whose deliberations resulted in the first 16 volumes of the IARC
MOl1ographs series. Those criteriawere subsequently updated by further ad-hoc working

groups (lARC, 1977, 1978, 1979, 1982, 1983, 1987b, 1988, 1991a; Vainio et aL., 1992).

2. OBJECTIVE AND SCOPE

The objective of the programme is to prepare, with the help of international working
groups of experts, and to publish in the form of monographs, critical reviews and eva-
luations of evidence on the carcinogenicity of a wide range of human exposures. The
MOl1ographs may also indicate where additional research efforts are needed.

The MOl1ographs represent the first step in carcinogenic risk assessment, which
involves examination of aIl relevant information in order to assess the strength of the
available evidence that certain exposures could alter the incidence of cancer in humans.
The second step is quantitative risk estimation. Detailed, quantitative evaluations of
epidemiological data may be made in the MOl1ographs, but without extrapolation beyond

1 This project is supported by PHS Grant No. 5-UO 1 CA33 i 93- 14 awarded by the United States

National Cancer Institute, Department of Health and Human Services. Since 1986, the programme has
also been supported by the European Commission.
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the range of the data available. Quantitative extrapolation from experimental data to the
human situation is not undertaken.

The term 'carcinogen' is used in these monographs to denote an exposure that is
capable of increasing the incidence of malignant neoplasms; the induction of benign
neoplasms may in some circumstances (see p. 17) contribute to the judgement that the
exposure is carcinogenic. The terms 'neoplasm' and 'tumour' are used interchangeably.

Some epidemiological and experimental studies indicate that different agents may act
at different stages in the carcinogenic process, and several different mechanisms may be
involved. The aim of the Monographs has been, from their inception, to evaluate evi-
dence of carcinogenicity at any stage in the carcinogenesis process, independently of the
underlying mechanisms. Information on mechanisms may, however, be used in making
the overall evaluation (IARC, 1991 a; Vainio et aL., 1992; see also pp. 23-25).

The Monographs mayassist national and international authorities in making risk
assessments and in formulating decisions concerning any necessary preventive measures.
The evaluations of IARC working groups are scientific, qualitative judgements about the
evidence for or against carcinogenicity provided by the available data. These evaluations
represent only one part of the body of information on which regulatory measures may be
based. Other components of regulatory decisions may vary from one situation to another
and from country to country, responding to different socioeconomic and national

priorities. Therefore, no recommendation is given with regard to regulation or legis-
lation, which are the responsibilty of individual governments and/or other interna-
tionalorganizations.

The lARC MOl1ographs are recognized as an authoritative source of information on
the carcinogenicity of a wide range of human exposures. A survey of users in 1988
indicated that the MOl1ographs are consulted by various agencies in 57 countries. About
4000 copies of each volume are printed, for distribution to governments, regulatory
bodies and interested scientists. The Monographs are also available from the lnterna-
tional Agency for Research on Cancer in Lyon and 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) there is evidence of human
exposure, and (b) there is some evidence or suspicion of carcinogenicity. The term
'agent' is used to include individual chemical compounds, groups of related che 

mi cal
compounds, physical agents (such as radiation) and biological factors (such as viruses).
Exposures to mixtures of agents may occur in occupational exposures and as a result of
personal and cultural habits (like smoking and dietary practices). Chemical analogues
and compounds with biological or physical characteristics similar to those of suspected
carcinogens may also be considered, even in the absence of data on a possible carcino-
genic effect in humans or experimental animaIs.

The scientific literature is surveyed for published data relevant to an assessment of
carcinogenicity. The IARC information bulletins on agents being tested for carcino-
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PREAMBLE 9

genicity (IARC, 1973- 1 996) and directories of on-going research in cancer epidemiology
(lARC, 1976-1994) often indicate exposures that may be scheduled for future meetings.
Ad-hoc working groups convened by lARC in 1984, 1989, 1991 and 1993 gave recom-
mendations as to which agents should be evaluated in the IARC Monographs series
(IARC, 1984, 1989, 1991 b, 1993).

As significant new data on subjects on which monographs have already been prepared
become available, re-evaluations are made at subsequent meetings, and revised mono-
graphs are published.

4. DA T A FOR MONOGRAPHS

The MOl1ographs do not necessarily cite aU the literature concerning the subject of an
evaluation. Only those data considered by the Working Group to be relevant to making
the evaluation are included.

With regard to biological and epidemiological data, only reports that have been
published or accepted for publication in the openly available scientific literature are
reviewed by the working groups. ln certain instances, government agency reports that
have undergone peer review and are widely available are considered. Exceptions may be
made on an ad-hoc basis to include unpublished reports that are in their final form and
publicly available, if their inclusion is considered pertinent to making a final evaluation
(see pp. 23-25). ln the sections on chemical and physical properties, on analysis, on
production and use and on occurrence, unpublished sources of information may be used.

5. THE WORKING GROUP

Reviews and evaluations are formulated by a working group of experts. The tasks of
the group are: (i) to ascertain that ail appropriate data have been coUected; (ii) to select
the data relevant for the evaluation on the basis of scientific merit; (iii) to prepare
accurate summaries of the data to enable the reader to follow the reasoning of the

Working Group; (iv) to evaluate the results of epidemiological and experimental studies
on cancer; (v) to evaluate data relevant to the understanding of mechanism of action; and
(vi) to make an overall evaluation of the carcinogenicity of the exposure to humans.

Working Group participants who contributed to the considerations and evaluations
within a particular volume are listed, with their addresses, at the beginning of each publi-
cation. 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. ln
addition, nominees of national and international agencies and industrial associations may
be invited as observers.

6. WORKING PROCEDURES

Approximately one year in advance of a meeting of a working group, the topics of the
monographs are announced and participants are selected by lARC staff in consultation
with other experts. Subsequently, relevant biological and epidemiological data are
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collected by lARC from recognized sources of information on carcinogenesis, including
data storage and retrieval systems such as MEDLINE and TOXLINE, and EMIC and
ETIC for data on genetic and related effects and reproductive and developmental effects,
respecti vel y.

For chemicals and some complex mixtures, the major collection of data and the
preparation of first drafts of the sections on chemical and physical properties, on
analysis, on production and use and on occurrence are carried out under a separate
contract funded by the United States National Cancer Institute. Representatives from
indus trial associations may assist in the preparation of sections on production and use.
Information on production and trade is obtained from governmental and trade

publications and, in some cases, by direct contact with industries. Separate production

data on some agents may not be available because their publication could disc10se
confidential information. Information on uses may be obtained from published sources
but is often complemented by direct contact with manufacturers. Efforts are made to
supplement this information with data from other national and international sources.

Six months before the meeting, the material obtained is sent to meeting participants,
or is used by IARC staff, to prepare sections for the first drafts of monographs. The first
drafts are compiled by IARC staff and sent, before the meeting, to ail participants of the
W orking 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 mas ter
copy of each monograph is verified by consulting the original literature, edited and
prepared for publication. The aim is to publish monographs within six months of the
Working Group meeting.

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

7. EXPOSURE DATA

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

Most monographs on individual chemicals, groups of chemicals or complex mixtures
include sections on chemical and physical data, on analysis, on production and use and
on occurrence. ln monographs on, for example, physical agents, occupational exposures
and cultural habits, other sections may be inc1uded, such as: historical perspectives,
description of an industry or habit, chemistry of the complex mixture or taxonomy.
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Monographs on biological agents have sections on structure and biology, methods of
detection, epidemiology of infection and cIinical disease other than cancer.

For chemical exposures, the Chemical Abstracts Services Registry Number, the latest
Chemical Abstracts Primary Name and the LUP AC Systematic Name are recorded; other
synonyms are given, but the list is not necessarily comprehensive. For biological agents,
taxonomy and structure are described, and the degree of variability is given, when
applicable.

lnformation on chemical and physical properties and, in particular, data relevant to
identification, occurrence and biological activity are included. For biological agents,
mode of replication, life cycle, target cells, persistence and latency and host response are
given. A description of technical products of chemicals includes trades names, relevant
specifications and available information on composition and impurities. Some of the
trade names given may be those of mixtures in which the agent being evaluated is only
one of the ingredients.

The purpose of the section on analysis or detection is to give the reader an overview
of current methods, with emphasis on those widely used for regulatory purposes.
Methods for monitoring human exposure are also given, when available. No critical eva-
luation or recommendation of any of the methods is meant or implied. The IARC
publishes a series of volumes, El1virol1mel1tal Carcil1ogel1s: Methods of Al1alysis and
Exposure Measuremel1t (lARC, 1978-93), that describe validated methods for analysing
a wide variety of chemicals and mixtures. For biological agents, methods of detection
and exposure assessment are described, including their sensitivity, specificity and
reproducibility.

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

Data on production, international trade and uses are obtained for representati ve
regions, which usually include Europe, Japan and the United States of America. It should
not, however, be inferred that those areas or nations are necessarily the sole or major
sources or users of the agent. Some identified uses may not be current or major
applications, and the coverage is not necessarily comprehensive. ln the case of drugs,
mention of their therapeutic uses does not necessarily represent current practice nor does
it imply judgement as to their therapeutic efficacy.

Information on the occurrence of an agent or mixture in the environment is obtained
from data derived from the monitoring and surveilance 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. ln the
case of mixtures, industries, occupations or processes, information is given about aIl
agents present. For processes, industries and occupations, a historical description is also
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given, noting vanations in chemical composition, physical properties and levels of
occupational exposure with time and place. For biological agents, the epidemiology of
infection is described.

Statements concerning regulations and guidelines (e.g., pesticide registrations,
maximal levels permitted in foods, occupational exposure limits) are included for some
countries as indications of potential exposures, but they may not reflect the most recent
situation, since such limits are continuously reviewed and modified. The absence of
information on regulatory status for a country should not be taken to imply that that
country does not have regulations with regard to the exposure. For biological agents,
legislation and control, including vaccines and therapy, are described.

8. STUDIES OF CANCER lN HUMANS

(a) Types ofstudies cOl1sidered

Three types of epidemiological studies of cancer contribute to the assessment of carci-
nogenicity in humans - cohort studies, case-control studies and correlation (or ecolo-
gical) studies. Rarely, results from randomized trials may be available. Case series and
case reports of cancer in humans may also be reviewed.

Cohort and case-control studies relate individual exposures under study to the occur-
rence of cancer in individuals and provide an estimate of relative risk (ratio of incidence
or mortalIty in those exposed to incidence or mortality in those not exposed) as the main
measure of association.

ln correlation studies, the units of investigation are usuall y whole populations (e.g., in
particular geographical areas or at particular times), and cancer frequency is related to a
summary measure of the exposure of the population to the agent, mixture or exposure
circumstance under study. Because individual exposure is not documented, however, a
causal relationship is less easy to infer from correlation studies than from cohort and
case-control studies. Case reports generally arise from a suspicion, based on clinical
experience, that the concurrence of two events - that is, a particular exposure and

occurrence of a cancer - has happened rather more frequently th an 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, presurned preneoplastic lesions and
other end-points thought to be relevant to cancer are also reviewed by working groups.
They may, in sorne instances, strengthen inferences drawn from studies of cancer itself.
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PREAMBLE 13

(b) Quality of studies cOl1sidered

The Monographs are not intended to summarize ail published studies. Those that are
judged to be inadequate or irrelevant to the evaluation are generally omitted. They may
be mentioned briefly, particularly when the information is considered to be a useful
supplement to that in other reports or when they provide the only data available. Their
inclusion does not imply acceptance of the adequacy of the study design or of the

analysis and interpretation of the results, and limitations are clearly outlined in square
brackets at the end of the study description.

It is necessary to take into account the possible roles of bias, confounding and chance
in the interpretation of epidemiological studies. B y 'bias' is meant the operation of
factors in study design or execution that lead erroneously to a stfOnger or weaker asso-
ciation than in fact exists between disease and an agent, mixture or exposure circum-
stance. By 'confounding' is meant a situation in which the relationship with disease is
made to appear stronger or weaker than it truly is as a result of an association between
the apparent causal factor and another factor that is associated with either an increase or
decrease in the incidence of the disease. ln evaluating the extent to which these factors
have been minimized in an individual study, working groups consider a number of
aspects of design and analysis as described in the report of the study. Most of these
considerations apply equally to case-control, cohort and correlation studies. Lack of
clarity of any of these aspects in the reporting of a study can decrease its credibility and
the weight given to it in the final evaluation of the exposure.

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

Secondly, the authors should have taken account in the study design and analysis of
other variables that can influence the risk of disease and may have been related to the
exposure of interest. Potential confounding by such variables should have been dealt with
either in the design of the study, such as by matching, or in the analysis, by statistical
adjustment. ln cohort studies, comparisons with local rates of disease may be more
appropriate than those with national rates. Internai 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.
ln a cohort study, data on ail cancer sites and ail causes of death should have been given,
to reveal the possibility of reporting bias. ln a case-control study, the effects of investi-
gated factors other th an the exposure of interest should have been reported.

Finally, the statistical methods used to obtain estimates of relative risk, absolute rates
of cancer, confidence intervals and significance tests, and to adjust for confounding
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should have been cIearly stated by the authors. The methods used should preferably have
been the generally accepted techniques that have been refined since the mid- 1 970s.

These methods have been reviewed for case-control studies (Breslow & Day, 1980) and
for cohort studies (Breslow & Day, 1987).

(c) Inferel1ces about mechal1ism of actiol1

Detailed analyses of both relative and absolute risks in relation to temporal variables,
such as age at first exposure, time since first exposure, duration of exposure, cumulative
exposure and time since exposure ceased, are reviewed and summarized when available.
The analysis of temporal relationships can be useful in formulating models of carcino-
genesis. ln particular, such analyses may suggest whether a carcinogen acts early or late
in the process of carcinogenesis, although at best they allow only indirect inferences
about the mechanism of action. Special attention is given to measurements of biological
markers of carcinogen exposure or action, such as DNA or protein adducts, as well as
markers of early steps in the carcinogenic process, such as proto-oncogene mutation,

when these are incorporated into epidemiological studies focused on cancer incidence or
mortality. Such measurements may allow inferences to be made about putative
mechanisms of action (IARC, 1991 a; Vainio et aL., 1992).

(d) Criteria for causality

After the quality of indi vidual epidemiological studies of cancer has been summarized
and assessed, a judgement is made concerning the strength of evidence that the agent,
mixture or exposure circumstance in question is carcinogenic for humans. ln making its
judgement, the Working Group considers several criteria for causality. A strong asso-
ciation (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
th an those of studies judged to be methodologically less sound. When suspicion of
carcinogenicity arises largely from a single study, these data are not combined with those
from later studies in any subsequent reassessment of the strength of the evidence.

. If the risk of the disease in question increases with the amount of exposure, this is
considered to be a strong indication of causality, although absence of a graded response
is not necessarily evidence against a causal relationship. Demonstration of a decIine in
risk after cessation of or reduction in exposure in individuals or in whole populations
also supports a causal interpretation of the findings.

Although a carcinogen may act upon more than one target, the specificity of an asso-
ciation (an increased occurrence of cancer at one anatomical site or of one morphological
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type) adds plausibility to a causal relationship, particularly when excess cancer occur-
rence is limited to one morphological type within the same organ.

Although rarely available, results from randomized trials showing different rates
among exposed and unexposed individuals provide particularly strong evidence for
causality.

When several epidemiological studies show little or no indication of an association
between an exposure and cancer, the judgement may be made that, in the aggregate, they
show evidence of lack of carcinogenicity. Such a judgement requires first of aIl 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
excIuded with reasonable certainty. ln addition, ail studies that are judged to be methodo-
logically sound should be consistent with a relative risk of unit y for any observed level of
exposure and, when considered together, should provide a pooled estimate of relative
risk which is at or near unit y and has a narrow confidence interval, due to sufficient
population size. Moreover, no individual study nor the pooled results of ail the studies
should show any consistent tendency for relative risk of cancer to increase with
increasing level of exposure. It is important to note that evidence of lack of carcino-
genicity obtained in this way from several epidemiological studies can apply only to the
type(s) of cancer studied and to dose levels and intervals between first exposure and
observation of disease that are the same as or less th an those observed in aIl the studies.
Experience with human cancer indicates that, in some cases, the period from first
exposure to the development of dinical cancer is seldom less than 20 years; latent
periods substantially shorter th an 30 years cannot provide evidence for lack of carcino-
genicity.

9. STUDIES OF CANCER lN EXPERIMENTAL ANIMALS

Ail known human carcinogens that have been studied adequately in experimental
animaIs have produced positive results in one or more animal species (Wilbourn et aL.,
1986; Tomatis et aL., 1989). For several agents (aflatoxins, 4-aminobiphenyl, az:athio-
prine, betel quid with tobacco, BCME and CMME (technical grade), chlorambucil,
chlornaphazine, ciclosporin, coal-tar pitches, coal-tars, combined oral contraceptives,
cyclophosphamide, diethylstilboestrol, melphalan, 8-methoxypsoralen plus UV A, mus-
tard gas, myleran, 2-naphthylamine, nonsteroidal oestrogens, oestrogen replacement

therapy/steroidal oestrogens, solar radiation, thiotepa and vinyl chloride), carcinogenicity
in experimental animaIs was established or highly suspected before epidemiological

studies confirmed the carcinogenicity in humans (Vainio et aL., 1995). Although this
association cannot establish that aIl agents and mixtures that cause cancer in experi-
mental animaIs also cause cancer in humans, nevertheless, in the absence of adequate
data on humans, it is biologically plausible and prudent to regard agents and
mixtures for which there is suffcient evidence (see p. 22) of carcinogenicity in
experimental animaIs as if they presented a carcinogenic risk to humans. The
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possibility that a given agent may cause cancer through a species-specific mechanism
which does not operate in humans (see p. 25) should also be taken into consideration.

The nature and extent of impurities or contaminants present in the chemical or
mixture being evaluated are given when available. Animal strain, sex, numbers per
group, age at start of treatment and survival are reported.

Other types of studies summarized include: experiments in which the agent or mixture
was administered in conjunction with known carcinogens or factors that modify carcino-
genic effects; studies in which the end.,point was not cancer but a defined precancerous
lesion; and experiments on the carcinogenicity of known metabolites and derivatives.

For experimental studies of mixtures, consideration is given to the possibility of
changes in the physicochemical properties of the test substance during collection,
storage, extraction, concentration and delivery. Chemical and toxicological interactions
of the components of mixtures may result in nonlinear dose-response relationships.

An assessment is made as to the relevance to human exposure of samples tested in
experimental animais, which may involve consideration of: (i) physical and chemical
characteristics, (ii) constituent substances that indicate the presence of a class of
substances, (Iii) the results of tests for genetic and related effects, including genetic
activity profiles, DNA adduct profiles, proto-oncogene mutation and expression and
suppressor gene inactivation. The relevance of results obtained, for example, with animal
viruses analogous to the virus being evaluated in the monograph must also be considered.
They may provide biological and mechanistic information relevant to the understanding
of the process of carcinogenesis in humans and may strengthen the plausibility of a
conclusion that the biological agent under evaluation is carcinogenic in humans.

(a) Qualitative aspects

An assessment of carcinogenicity involves several considerations of qualitative
importance, including (i) the experimental conditions under which the test was
performed, including route and schedule of exposure, species, strain, sex, age, duration
of follow-up; (ii) the consistency of the results, for example, across species and target
organ(s); (iii) the spectrum of neoplastic response, from preneoplastic lesions and benign
tumours to malignant neoplasms; and (iv) the possible role of modifying factors.

As mentioned earlier (p. Il), the MOl1ographs are not intended to summarize ail

published studies. Those studies in experimental animais that are inadequate (e.g., too
short a duration, too few animaIs, poor survival; see below) or are judged irrelevant to
the evaluation are generally omitted. Guidelines for conducting adequate long-term

carcinogenicity experiments have been outlined (e.g., Montesano et aL., 1986).

Considerations of importance to the W orking Group in the interpretation and eva-
luation of a particular study include: (i) how clearly the agent was defined and, in the
case of mixtures, how adequately the sample characterization was reported; (ii) whether
the dose was adequately monitored, particularly in inhalation experiments; (iii) whether
the doses and duration of treatment were appropriate and whether the survival of treated
animais was similar to that of controls; (iv) whether there were adequate numbers of
animaIs per -group; (v) whether animaIs of both sexes were used; (vi) whether animaIs
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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 control s, as well as in concurrent
control s, should be taken into account in the evaluation of tumour response.

When benign tumours occur together with and originate from the same cell type in an
organ or tissue as malignant tumours in a particular study and appear to represent a stage
in the progression to malignancy, it may be valid to combine them in assessing tumour
incidence (Huff et aL., 1989). The occurrence of lesions presumed to be preneoplastic
may in certain instances aid in assessing the biological plausibility of any neoplastic
response observed. If an agent or mixture induces only benign neoplasms that appear to
be end-points that do not readily undergo transition to malignancy, Ít should nevertheless
be suspected of being a carcinogen and requires further investigation.

(b) Qual1titative aspects

The probability that tumours will occur may depend on the species, sex, strain and
age of the animal, the dose of the carcinogen and the route and length of exposure.

Evidence of an increased incidence of neoplasms with increased level of exposure
strengthens the inference of a causal association between the exposure and the develop-
ment of neoplasms.

The form of the dose-response relationship can vary widely, depending on the
particular agent under study and the target organ. Both DNA damage and increased cell
division are important aspects of carcinogenesis, and cell proliferation is a strong
determinant of dose-response relåtionships for some carcinogens (Cohen & Ellwein,
1990). Since many chemicals require metabolic activation before being converted into
their reactive intermediates, both metabolic and pharmacokinetic aspects are important in
determining the dose-response pattern. Saturation of steps such as absorption, activation,
inactivation and elimination may produce nonlinearity in the dose-response relationship,
as cou Id saturation of processes such as DNA repair (Hoel et aL., 1983; Gart et aL., 1986).

(c) Statistical al1alysis of lOl1g-term experiments il1 al1imals

Factors considered by the W orking Group include the adequacy of the information
given for each treatment group: (i) the number of animais studied and the number
examined histologically, (ii) the number of animaIs with a given tumour type and (iii)
length of survivaL. The statistical methods used should be clearly stated and should be the
generally accepted techniques refined for this purpose (Peto et aL., 1980; Gart et aL.,
1986). When there is no difference in survival between control and treatment groups, the
W orking Group usually compares the proportions of animais 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 animais among the
effective number of animaIs (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
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rapidly follows tumour development; and the Mantel-Haenszel test or logistic regression,
when occult tumours do not affect the animais' risk of dying but are 'incidental' findings
at autopsy.

ln practice, classifying tumours as fatal or incidental may be difficult. Several
survival-adjusted methods have been developed that do not require this distinction (Gart
et aL., 1986), although they have not been fully evaluated.

10. OTHER DA TA RELEVANT TO AN EV ALVA TION OF CARCINO-
GENICITY AND ITS MECHANISMS

ln coming to an overall evaluation of carcinogenicity in humans (see p. 23), the
W orking Group also considers related data. The nature of the information selected for the
summary depends on the agent being considered.

For chemicals and complex mixtures of chemicals such as those in sorne occupational
situations and involving cultural habits (e.g., tobacco smoking), the other data considered
to be relevant are divided into those on absorption, distribution, metabolism and

excretion; toxic effects; reproductive and developmental effects; and genetic and related
effects.

Concise information is given on absorption, distribution (including placental transfer)
and excretion in both humans and experimental animaIs. Kinetic factors that may affect
the dose-response relationship, such as saturation of uptake, protein binding, metabolic
activation, detoxification and DNA repair processes, are mentioned. Studies that indicate
the metabolic fate of the agent in humans and in experimental animaIs are summarized
briefly, and comparisons of data from humans and animaIs are made when possible.
Comparative information on the relationship between exposure and the dose that reaches
the target site may be of particular importance for extrapolation between species. Data
are given on acute and chronic toxic effects (other than cancer), such as organ toxicity,
increased cell proliferation, immunotoxicity and endocrine effects. The presence and
toxicological significance of cellular receptors is described. Effects on reproduction,

teratogenicity, fetotoxicity and embryotoxicity are also summarized briefly.
Tests of genetic and related effects are described in view of the relevance of gene

mutation and chromosomal damage to carcinogenesis (Vainio et aL., 1992). The
adequacy of the reporting of sample characterization is considered and, where necessary,
commented upon; with regard to complex mixtures, such comments are similar ta those
described for animal carcinogenicity tests on p. 16. The available data are interpreted
critically by phylogenetic group according to the end-points detected, which may include
DNA damage, gene mutation, sister chromatid exchange, micronucleus formation, chro-
mosomal aberrations, aneuploidy and cell transformation. The concentrations employed
are given, and mention is made of whether use of an exogenous metabolic system in vitro
affected the test result. These data are given as listings of test systems, data and
references; bar graphs (activity profiles) and corresponding summary tables with detailed
information on the preparation of the profiles (Waters et aL., 1987) are given in

appendices.
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Positive results in tests using prokaryotes, lower eukaryotes, plants, insects and
cultured mammalian cells suggest that genetic and related effects could occur in
mammals. Results from such tests may also give information about the types of genetic
effect produced and about the involvement of metabolic activation. Sorne end-points
described are clearly genetic in nature (e.g., gene mutations and chromosomal aberra-
tions), while others are to a greater or lesser degree associated with genetic effects (e.g.,
unscheduled DNA synthesis). ln-vitro tests for tumour-promoting activity and for cell
transformation may be sensitive to changes that are not necessarily the result of genetic
alterations but that may have specific relevance to the process of carcinogenesis. A
critical appraisal of these tests has been published (Montesano et aL., 1986).

Genetic or other activity manifest in experimental mammals and humans is regarded
as being of greater relevance than that in other organisms. The demonstration that an
agent or mixture can induce gene and chromosomal mutations in whole mammals indi-
cates that it may have carcinogenic activity, although tÍiis activity may not be detectably
expressed in any or aIl species. Relative potency in tests for mutagenicity and related
effects is not a reliable indicator of carcinogenic potency. Negative results in tests for
mutagenicity in selected tissues from animais treated il1 vivo provide less weight, partly
because they do not exclude the possibility of an effect in tissues other than those
examined. Moreover, negative results in short-term tests with genetic end-points cannot
be considered to provide evidence to rule out carcinogenicity of agents or mixtures that
act through other mechanisms (e.g., receptor-mediated effects, cellular toxicity with
regenerative proliferation, peroxisome proliferation) (Vainio et aL., 1992). Factors that
may lead to misleading results in short-term tests have been discussed in detail elsewhere
(Montesano et aL., 1986).

When available, data relevant to mechanisms of carcinogenesis that do not involve
structural changes at the level of the gene are also described.

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

Structure-activity relationships that may be relevant to an evaluation of the carcino-
genicity of an agent are also described.

For biological agents - viruses, bacteria and parasites - other data relevant to

carcino-genicity inc1ude descriptions of the pathology of infection, molecular biology
(integration and expression of viroses, and any genetic alterations seen in human
tumours) and other observations, which might inc1ude cellular and tissue responses to
infection, immune response and the presence of tumour markers.

11. SUMMARY OF DATA REPORTED

ln this section, the relevant epidemiological and experimental data are summarized.
Only reports, other than in abstract form, that meet the criteria outlined on p. 9 are
considered for evaluating carcinogenicity. Inadequate studies are generally not
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summarized: such studies are usually identIfied by a square-bracketed comment in the
preceding text.

(a) Exposures

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

(b) Carcil1ogel1icity il1 humal1s

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

(c) Carcil1ogel1icity il1 experimel1tal animaIs

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

(d) Otherdata releval1t to al1 evaluatiol1 of ca rcil1ogel1 icity al1d its mechanisms

Data on biological ettects in humans that are of particular relevance are summarized.
These may include toxicological, kinetic and metabolic considerations and evidence of
DNA binding, persistence of DNA lesions or genetic damage in exposed humans.
Toxicological information, such as that on cytotoxicity and regeneration, receptor

binding and hormonal and immunological effects, and data on kinetics and metabolism in
experimental animais are given when considered relevant to the possible mechanism of
the carcinogenic action of the agent. The results of tests for genetic and related effects
are summarized for whole mammals, cultured mammalian cells and nonmammalian
systems.

When available, comparisons of such data for humans and for animaIs, and parti-
cularly animaIs that have developed cancer, are described.

Structure-activity relationships are mentioned when relevant.
For the agent, mixture or exposure circumstance being evaluated, the available data

on end-points or other phenomena relevant to mechanisms of carcinogenesis from studies
in humans, experimental animaIs and tissue and cell test systems are summarized within
one or more of the following descriptive dimensions:

(i) Evidence of genotoxicity (structural changes at the level of the gene): for

example, structure-activity considerations, adduct formation, mutagenicity (effect on
specifie genes), chromosomal mutationJaneuploidy
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(ii) Evidence of effects on the expression of relevant genes (functional changes at

the intracellular level): for example, alterations to the structure or quantity of the product
of a proto-oncogene or tumour-suppressor gene, alterations to metabolic acti-
vation/inactivation/DNA repair

(iÜ) Evidence of relevant effects on cell behaviour (morphological or behavioural

changes at the cellular or tissue level): for example, induction of mitogenesis, compen-
satory cell proliferation, preneoplasia and hyperplasia, survival of premalignant or
malignant cells (immortalization, immunosuppression), effects on metastatic potential

(iv) Evidence from dose and tIme relationships of carcinogenic effects and inter-
actions between agents: for example, early/late stage, as inferred from epidemiological
studies; initiation/promotion/progression/malignant conversion, as defined in animal
carcinogenicity experiments; toxicokinetics

These dimensions are not mutually exclusive, and an agent may fall within more than
one of them. Thus, for example, the action of an agent on the expression of relevant
genes could be summarized under both the first and second dimensions, even if it were
known with reasonable certainty that those effects resulted from genotoxicity.

12. EVALUATION

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

lt is recognized that the criteria for these evaluations, described below, cannot

encompass aIl of the factors that may be relevant to an evaluation of carcinogenicity. ln
considering aIl of the relevant scientific data, the W orking Group may assign the agent,
mixture or exposure circumstance to a higher or lower category th an a strict inter-
pretation of these criteria would indicate.

(a) Degrees ofevidence for carcil1ogel1icity il1 humal1S al1d il1 experimental
al1imals al1d supportil1g evidel1ce

These categories refer only to the strength of the evidence that an exposure is carcino-
genic and not to the extent of its carcinogenic activity (potency) nor to the mechanisms
involved. A classification may change as new information becomes available.

An evaluation of degree of evidence, whether for a single agent or a mixture, is
limited to the materials tested, as defined physically, chemically or biologically. When
the agents evaluated are considered by the Working Group to be sufficiently closely
related, they may be grouped together for the purpose of a single evaluation of degree of
evidence.

(i) Carcinogel1icity il1 humal1s

The applicability of an evaluation of the carcinogenicity of a mixture, process,

occupation or industry on the basis of evidence from epidemiological studies depends on
the variability over time and place of the mixtures, processes, occupations and industries.
The Working Group seeks to identify the specific exposure, process or activity which is
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considered most likely to be responsible for any excess risk. The evaluation is focused as
narrowly as the available data on exposure and other aspects permit.

The evidence relevant to carcinogenicity from studies in humans is c1assified into one
of the following categories:

Sufficiel1t evidel1ce of carcil1ogel1icity: The W orking Group considers that a causal
relationship has been established between exposure to the agent, mixture or exposure
circumstance and human cancer. That is, a positive relationship has been observed
between the exposure and cancer in studies in which chance, bias and confounding could
be ruled out with reasonable confidence.

Limited evidel1ce of carcil1ogel1icity: A positive association has been observed
between exposure to the agent, mixture or exposure circumstance and cancer for which a
causal interpretation is considered by the W orking Group to be credible, but chance, bias
or confounding cou Id not be ruled out with reasonable confidence.

111adequate evidel1ce of carcil1ogel1icity: The available studies are of insufficient

quality, consistency or statistical power to permit a conclusion regarding the presence or
absence of a causal association, or no data on cancer in humans are available.

Evidel1ce suggestil1g lack of ca rcil1ogel1icity: There are. several adequate studies
covering the full range of levels of exposure that human beings are known to encounter,
which are mutually consistent in not showing a positive association between exposure to
the agent, mixture or exposure circumstance and any studied cancer at any observed level
of exposure. A conclusion of 'evidence suggesting lack of carcinogenicity' is inevitably
limited to the cancer sites, conditions and levels of exposure and length of observation
covered by the available studies. ln addition, the possibility of a very small risk at the
levels of exposure studied can never be excIuded.

ln some instances, the above categories may be used to classify the degree of evi-
dence related to carcinogenicity in specific organs or tissues.

(ii) Carcil1ogel1icity il1 experimel1tal al1imals

The evidence relevant to carcinogenicity in experimental animaIs is cIassified into
one of the following categories:

Suffciel1t evidel1ce of carcinogel1icity: The Working Group considers that a causal
relationship has been established between the agent or mixture and an increased inci-
dence of malignant neoplasms or of an appropriate combination of benign and malignant
neoplasms in (a) two or more species of animais or (b) in two or more independent

studies in one species carried out at different times or in different laboratories or under
different protocols.

Exceptionally, a single study in one species might be considered to provide sufficient
evidence of carcinogenicity when malignant neoplasms occur to an unusual degree with
regard to incidence, site, type of tumour or age at onset.

Limited evidence of carcinogel1icity: The data suggest a carcinogenic effect but are
limited for making a definitive evaluation because, e.g., (a) the evidence of carcino-
genicity 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
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agent or mixture increases the incidence only of benign neoplasms or lesions of uncertain
neoplastic potential, or of certain neoplasms which may occur spontaneously in high
incidences in certain strains.

111adequate evidel1ce of carcil1ogel1icity: The studies cannot be interpreted as showing
either the presence or absence of a carcinogenic effect because of major qualitative or
quantitative limitations, or no data on cancer in experimental animaIs are available.

Evidel1ce suggestil1g lack of carcil1ogel1icity: Adequate studies involving at least two
species are available which show that, within the limits of the tests used, the agent or
mixture is not carcinogenic. A conclusion of evidence suggesting lack of carcinogenicity
is inevitably limited to the species, tumour sites and levels of exposure studied.

(b) Other data releval1t to the evaluatiol1 of carcil1ogel1icity al1d its mechal1isms

Other evidence judged to be relevant to an evaluation of carcinogenicity and of
sufficient importance to affect the overall evaluation is then described. This may include
data on preneoplastic les ions, tumour pathology, genetic and related effects, structure-
activity relationships, metabolism and pharmacokinetics, physicochemical parameters
and analogous biological agents.

Data relevant to mechanisms of the carcinogenic action are also evaluated. The
strength of the evidence that any carcinogenic effect observed is due to a particuIar
mechanism is assessed, using terms such as weak, moderate or strong. Then, the
Working Group assesses if that particular mechanism is likely to be operative in humans.
The strongest indications that a particular mechanism operates in humans come from
data on humans or biological specimens obtained from exposed humans. The data may
be considered to be especially relevant if the y show that the agent in question has caused
changes in exposed humans that are on the causal pathway to carcinogenesis. Such data
may, however, ne ver become available, because it is at least conceivable that certain
compounds may be kept from human use solely on the basis of evidence of their toxicity
and/or carcinogenicity in experimental systems.

For complex exposures, including occupational and industriaI exposures, the chemical
composition and the potential contribution of carcinogens known to be present are
considered by the Working Group in its overall evaluation of human carcinogenicity. The
W orking Group also determines the extent to which the materials tested in experimental
systems are related to those to which humans are exposed.

(c) Overall evaluatiol1

Finally, the body of evidence is considered as a whole, in order to reach an overall
evaluation of the carcinogenicity to humans of an agent, mixture or circumstance of
exposure.

An evaluation may be made for a group of chemical compounds that have been
evaluated by the W orking Group. ln addition, when supporting data indicate that other,
related compounds for which there is no direct evidence of capacity to induce cancer in
humans or in animais may also be carcinogenic, a statement describing the ration ale for
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this conclusion is added to the evaluation narrative; an additional evaluation may be
made for this broader group of compounds if the strength of the evidence warrants il.

The agent, mixture or exposure circumstance is described according to the wording of
one of the following categories, and the designated group is given. The categorization of
an agent, mixture or exposure circumstance is a matter of scientific judgement, reflecting
the strength of the evidence derived from studies in humans and in experimental animaIs
and from other relevant data.

Croup 1 - The agel1t (mixture) is carcil1ogel1ic to humal1s.
The exposure circumstal1ce el1tails exposures that are carcinogel1ic ta humal1s.

This category is used when there is sufficient evidel1ce of carcinogenicity in humans.
Exceptionally, an agent (mixture) may be placed in this category when evidence in
humans is less th an sufficient but there is suffciel1t evidel1ce of carcinogenicity in experi-
mental animaIs and strong evidence in exposed humans that the agent (mixture) acts
through a relevant mechanism of carcinogenicity.

Croup 2

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

Croup 2A - The agel1t (mixture) is probably carcil1ogel1ic ta humal1s.
The exposure circumstal1ce el1tails exposures that are probably carcil1ogel1ic ta humans.

This category is used when there is limited evidel1ce of carcinogenicity in humans and
sufficient evidence of carcinogenicity in experimental animaIs. ln sorne cases, an agent
(mixture) may be classified in this category when there is inadequate evidence of
carcinogenicity in humans and suffciel1t evidence of carcinogenicity in experimental
animaIs and strong evidence that the carcinogenesis is mediated by a mechanism that
also operates in humans. Exceptionally, an agent, mixture or exposure circumstance may
be classified in this category solely on the basis of limited evidence of carcinogenicity in
humans.

Croup 2B - The agel1t (mixture) is possibly carcIl1ogel1ic to humal1s.
The exposure circumstal1ce el1tails exposures that are possibly carcil1ogel1ic ta humal1s.

This category is used for agents, mixtures and exposure circumstances for which there
is limited evidel1ce of carcinogenicity in humans and less th an sufficient evidence of
carcinogenicity in experimental animais. It may also be used when there is il1adequate
evidel1ce of carcinogenicity in humans but there is suffciel1t evidel1ce of carcinogenicity
in experimental animais. ln some instances, an agent, mixture or exposure circumstance
for which there is il1adequate evidel1ce of carcinogenicity in humans but limited evidel1ce
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of carcinogenicity in experimental animaIs together with supporting evidence from other
relevant data may be placed in this group.

Croup 3 - The agel1t (mixture or exposure circumstal1ce) is 110t classifiable as to its
carcil1ogel1icity to humal1s.

This category is used most commonly for agents, mixtures and exposure cir-
cums tances for which the evidence of carcinogenicity is inadequate in humans and
inadequate or limited in experimental animaIs.

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

Agents, mixtures and exposure circumstances that do not fall into any other group are
also placed in this category.

Croup 4 - The agel1t (mixture) is probably 110t carcinogel1ic to humal1s.

This category is used for agents or mixtures for which there is evidence suggesting

lack of carcil1ogel1icity in humans and in experimental animais. ln some instances, agents
or mixtures for which there is il1adequate evidel1ce of carcinogenicity in humans but
evidel1ce suggestil1g lack of carcil1ogel1icity in experimental animaIs, consistently and
strongly supported by a broad range of other relevant data, may be classified in this
group.
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GENERAL REMARKS ON THE SUBSTANCES CONSIDERED

This sixty-sixth volume of lARC MOl1ographs comprises evaluations on a number of
pharmaceutical drugs. Pharmaceutical drugs were considered previously in Volumes 13,
24 and 50 and Supplement 7 of the MOl1ographs series (IARC, 1977,1980,1987,1990).
Several of the compounds - diazepam, oxazepam, clofibrate and phenytoin - have
been evaluated by previous working groups. Ail available relevant data including
mechanistic data on these compounds are included in the new evaluations. The primary
objective of the evaluation process in IARC MOl1ographs is hazard or risk identification,
although protective effects on cancer occurrence, where pertinent, have been mentioned
in the monographs.

Several of the pharmaceuticals considered in this volume are benzodiazepines or
benzodiazepine analogues. This class of drugs has been extensively prescribed since the
late 1950s for the treatment of anxiety and as sedatives or anticonvulsants, and for other
conditions. The specific drugs of this type considered in this volume are diazepam,
doxefazepam, estazolam, oxazepam, prazepam, ripazepam and temazepam. ln addition, a
diphenylhydantoin, phel1ytoil1, which is another anticonvulsant, was evaluated in this
volume.

Three triphenylethylene antioestrogenic drugs were considered that are at various
stages of development: tamoxifel1 has been used extensively since the early 1980s,

toremifel1e is just being introduced and droloxifene is under development for the
treatment of breast cancer.

Clofibrate and gemfibrozil are cholesterol-lowering drugs that have been used in the
treatment of patients at high risk for cardiovascular disease.

Pharmaceutical drugs, in contrast to industrial chemicals or environ mental conta-
minants, are designed to have pharmacological properties which are beneficial. Decisions
on the appropriate use of these compounds may involve risklenefit considerations that
go beyond the scope of the MOl1ographs programme. Iris important to note that pharma-
ceutical agents are developed and used because of their beneficial biological properties.
Sometimes, the se biological properties could be also responsible for increased risk of
certain diseases including cancer.

The circumstances, magnitude and routes of human exposure for pharmaceuticals are
usually easier to evaluate than for environmental or occupational agents. Thus, exposure-
response relationships for pharmaceuticals often have more precision. Nevertheless, there
are many complicating factors for pharmaceuticals that were considered by the Working
Group. A unique feature of the data available on pharmaceuticals is that there is a wealth
of information on pharmacokinetic and pharmacodynamic effects in humans obtained in
well-controlled studies.
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Considerable attention was given to the monograph sections on 'Other Data Relevant
to an Evaluation of Carcinogenicity and its Mechanisms'. Of particular interest are the
mechanistic underpinnings responsible for significant cancer findings in experim'ental
and epidemiological studies. Although complete knowledge of the mechanism of carci-
nogenicity of pharmaceuticals is difficult to attain, we can discern, in some cases, the
mode of action. This information can lead to biologically-based comparisons which are
essential for determining how best to use experimental data in identifying human risks.
Comparative data on metabolism, interactions with critical cellular targets (DNA
adducts, receptor binding), alterations in gene structure and expression and early tissue
responses such as cell proliferation can be especially helpful in strengthening the

scientific basis for overall evaluations of carcinogenic risk. Confidence in evaluations is
enhanced when there is sound scientific information available from several levels:
exposure, animal toxicity and cancer studies, clinical and epidemiological studies and
some knowledge of mechanism derived from human, experimental animal and isolated
cell systems.

Worldwide, diazepam is the most widely prescribed of the benzodiazepines. For this
reason, nearly all studies on the carcinogenicity in humans of the seven benzodiazepines
evaluated relate to diazepam. For the others, the evaluation of carcinogenic risk had to
rest solely on cancer studies in animais. The drugs that were associated with tumours in
animais generally increased only the incidence of rodent liver tumours, a response whose
significance to human risk is not clear. Moreover, these effects generally occurred at
exposures of the rodents well above the human therapeutic doses. lnformation from
mechanistic studies indicated that these drugs are non-genotoxic and that, if carcino-
genic, they operate through a promoting mechanism. lnformation from human studies to
fully evaluate the likelihood that this mechanism will occur in humans was unfortunately
lacking.

There were several reports indicating that tamoxifen is a potential hazard in
increasing the risk of endometrial cancer. Tamoxifen is recognized as one of the most
effective drugs for the treatment of breast cancer and is one of a small group of ph 

arma-ceuticals recognized by the World Health Organization as an essential drug for this
disease (WHO, 1994). lt is currently being evaluated in a number of chemoprevention
trials to determinc whether it reduces the incidence of breast cancer in otherwise hcalthy
women judged to be at increased risk for development of breast cancer. The Working
Group reviewed ail the published scientific data on second primary tumours reported in
patients who had been treated with tamoxifcn for breast cancer. The group further
wcighed the evidence for carcinogenic effécts of tamoxifen in experimental animais, and
evaluated possible biological mcchanisms of carcinogenesis. It was the totality of the
evidence that had to be considered by the Working Group in reaching their final
evaluation.

Clotibrate and gemfibroziL in addition to their therapeutic effects, cause pcroxisomc
proliferation and neoplasia in thc livers of rats and inice. Ail data on cxposurc and
studics of cancer in huinans and cxpcrimcntal animais wcre evaluatcd. Furthcrmore. ail
othcr data relevant to mcchanisms of carcinogenesis were cvaluated. Spccifically. data
Wl'rc considcred, on a case-by-case basis, with regard tu (a) thc potential for ail)' livcr
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tumour response in mice or rats to be secondary to peroxisome proliferation and (b) the
potentIaI for those effects to be observed in humans. The role of peroxisome proliferation
and hepatocellular proliferation induced by chemicals such as the fibrate drugs in the
development of hepatic cancer was recently addressed by an IARC Working Group
(IARC, 1995).
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DIAZEPAM

This substance was considered by previous working groups in October 1976 (lARC,
1977) and March 1987 (IARC, 1987). Since that time, new data have become available,
and these have been incorporated into the monograph and taken into consideration in the
evaluation.

1. Exposure Data

1.1 Chemical and physical data

1. 1 . 1 Nomel1clature

Chem. Abstr. Serv. Reg. No.: 439-14-5
Deleted CAS Reg. No.: 11100-37-1; 53320-84-6
Chem. Abstr. Name: 7-Chloro- 1 ,3-dihydro- 1 -methyl-5-phenyl-2H- 1 ,4-benzodiazepin-
2-one
IUPAC Systematic Name: 7-Chloro- 1 ,3-dihydro- 1 -methyl-S-phenyl-2H-l ,4-benzo-
diazepin-2-one
SYl1ol1ym: Methyldiazepinone

1.1.2 Structural al1d molecular fonnulae and relative molecular mass

CI

CH,

~)o-N

Ci6H1,ClN20 Relative molecular mass: 284.75

1.1.3

(a)

(b)

(c)

Chemical al1d physical properties of the pure substal1ce

DescriptiOI1: Off-white to yellow, odourless, crystalline powder (Gennaro, 1995)

Meltil1g-poil1t: i 25- 126°C (Budavari, 1995)

Spectroscopy data: Infrared, ultraviolet, nuclear magnetic resonance and mass
spectral data have been reported (MacDonald et al., 1972).
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(d) So!uhility: Slightly soluble in water (1 g/333 mL); soluble in acetone, benzene,
chloroform (1 g/2 mL), diethyl ether (1 g/39 mL), dimethylformamide and etha-
nol (1 g/16 mL) (Gennaro, 1995)

(e) Stahility: Stable in air (Gennaro, 1995)

(f Dissociatiol1 COl1stal1t: pK" = 3.4 (American Hospital Formulary Service, 1995)

1.1.4 Techl1ical products and impurities

Diazepam is available as 2-, 5- and 10-mg tablets, IS-mg extended release capsules,
2- and 5-mg/5 mL oral solutions, 5-mg/mL concentrated oral solution, 5-mg/mL paren-
teral injection, 5-mg/mL emulsion injection, 2- and 4-mg/mL rectal tube solutions and
10-mg suppositories. Preparations may also contain acetylated monoglycerides, anhy-
drous glucose, benzoic acid, benzyl alcohol, corn starch, ethanol, flavouring, fractionated
egg phospholipids, fractionated soya bean oil, glycerol, lactose, magnesium stearate,
methyl hydroxypropylcellulose, polyethylene glycol, propylene glycol, saccharin,
sodium benzoate, sodium hydroxide, talc, D&C Yellow 10 (Quinoline Yellow), FD&C
Blue 1 (Brilliant Blue FCF) or FD&C Yellow 6 (Sunset Yellow FCF). Sodium benzoate,
benzoic acid and sodium hydroxide are added to the commercially available injection
products to adjust pH (Thomas, 1991; Farmindustria, 1993; British Medical Asso-
ciation/Royal Pharmaceutical Society of Great Britain, 1994; American Hospital For-
mulary Service, 1995; Medical Economics, 1996).

Trade names and designations of the chemical and its pharmaceutical preparations
include: Aliseum; Alupram; Amiprol; An-Ding; Anksiyolin; Ansiolin; Ansiolisina;
Antenex; Apaurin; Apozepam; Armonil; Assival; Atensine; Atilen; Avex; Bensedin;
Betapam; Bialzepam; Calmocitene; Calmpose; Canazepam; Cercine; Ceregulart; Con-
dition; Deprestop; Diacepan; Diaceplex; Dialag; Dialar; Diapam; Diatran; Diaz; Diazem;
Diazemuls; Diazepam-Lipuro; Diazidem; Dienpax; Dipam; Dizac; Dizam; Domalium;
Doval; Drenian; Ducene; Duksen; Duxen; E-Pam; Eridan; Erital; Eurosan; Euphorin;
Evacalm; Faustan; Gewacalm; Hexalid; Horizon; Kiatrium; LA 11 1; Lamra; Lembrol;
Levium; Liberetas; Lizan; Lorinon; Mandrozep; Metil Gobanal; Méval; Morosan; Néo-
Calme; Neosorex; Nervium; Neurolytril; Noan; Notense; Novazam; Novodipam;
Paceum; Pacipam; Pacitran; Pax; Paxate; Paxel; Pro-Pam; Psychopax; Q-Pam; Quétinil;

Quievita; Relaminal; Relanium; Relivan; Remedium; Renborin; Rival; Ro 5-2807; Saro-
met; Scriptopam; Sedapam; Sedipam; Seduxen; Serenak; Serenamin; Serenzin; Servi-
zepam; Setonil; Sibazon; Sibazone; Sico Relax; Solis; Somasedan; Sonacon; Stesolid;
Stesolin; Stress-Pam; Tensium; Tensopam; Tiromne; Tranimul; Tranquase; Tranquirit;
Tranquo-Puren; Tranquo-Tablinen; Umbrium; Unisedil; Valaxona; ValCaps; Valclair;
Valeo; Valibrin; Valiquid; Valitran; Valium; Valrelease; Vatran; Vival; Vivol; Wy 3467;
Zepam; Zetran.

1.1.5 Analysis

Several international pharmacopoeias specify potentiometric titration with perchloric
acid as the assay for purity of diazepam, and thin-layer chromatography for determining
impurities and decomposition products. Assay methods for diazepam in capsules, tablets
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and injection solutions include liquid chromatography or ultraviolet/visible absorption
spectrometry using standards. Assays for heavy metal impurities are also specified
(Society of Japanese Pharmacopoeia, 1992; British Pharmacopoeial Commission, 1993;
United States Pharmacopeial Convention, 1994). Other spectrophotometric (Mañes et al.,
1987; El-Brashy et al., 1993) and mass spectrometric (McCarley & Brodbelt, 1993)
methods of analysis for diazepam in pharmaceutical preparations have been reported.

Diazepam and its metabolites (including oxazepam (see pp. 1 16-117) and temazepam
(see pp. 162-163)) can be analysed in biological fluids and tissues by radioimmunoassay
(Takatori et al., 1991), gas chromatography (GC) (Löscher, 1982), GC-mass spectro-
metry (GC/MS) (Maurer & Pfleger, 1987), GC with electron capture detection (Peat &
Kopjak, 1979; Beischlag & Inaba, 1992) and high-performance liquid chromatography
(Peat & Kopjak, 1979; Lensmeyer et al., 1982; Komiskey et al., 1985; Mura et al., 1987;
Fernández et al., 1991; Chiba et al., 1995).

1.2 Production and use

1.2.1 Productiol1

A method for preparing diazepam was first reported in 1961 (Sternbach & Reeder,
1961; Sternbach et al., 1961); commercial production of diazepam in the United States of
America was first reported in 1963 (United States Tariff Commission, 1964).

Diazepam is prepared by reacting 2-(methylamino)-5-chlorobenzophenone in ethereal
solution with bromoacetyl bromidç to form 2-(2-bromo-N-methylacetamido)-5-chloro-

benzophenone. The latter is then reacted with ammonia in methanol solution to form the
2-amino-N-methylacetamido compound, which is cyclized with dehydration to produce
diazepam. The crude diazepam may be purified by recrystallzation from diethyl ether
(Gennaro, 1995).

1.2.2 Use

Diazepam is a benzodiazepine with anxiolytic, sedative, muscle-relaxant and anti-
convulsant properties. The active metabolite is N-desmethyldiazepam, which has a long
duration of action (Reynolds, 1993). The therapeutic effects of the benzodiazepines are
believed to be due to their binding to the protein receptor complex for the inhibitory
neurotransmitter, y-aminobutyric acid (GABA). This complex has binding sites for both
phenobarbital and the benzodiazepines (Barnard et aL., 1984). Binding of benzodia-

zepines to the ex subunit of the complex affects chloride conductance within long-fibre
neurons and interneurons in the central nervous system and enhances the efficiency of
GABAergic transmission (Richards et aL., 1986). Central benzodiazepine receptors have
been found in human fetal brain tissues by 18 weeks of conceptual age (Brooksbank
et aL., 1982). Besides this receptor in the central nervous system, there also appears to be
a benzodiazepine receptor in peripheral organs (Krueger & Papadopoulos, 1992). This is
a mitochondrial protein which may be involved in the regulation of steroid biosynthesis
(see Section 4.2.2(c)).
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Diazepam is used in the management of severe, disabling anxiety disorders, as a
hypnotic in the short-term management of insomnia, in treating convulsions, particularly
status epilepticus and febrile convulsions, and in controlling alcohol withdrawal

symptoms. It is also used as a premedication and sedati ve before surgical and other
procedures, and for the relief of muscle spasm as in cerebral paisy (Reynolds, 1993).
Diazepam is a common adjunct in cancer therapy and may be provided as a pre-
admission drug before cancer diagnosis (Derogatis et al., 1979).

The oral dose for anxiety states usually ranges from 2 mg three times daily up to
30 mg daily in divided doses. Similar doses may be sufficient for control of mild to
moderate symptoms of alcohol withdrawaI. A single dose of 5-30 mg before retiring is
given for insomnia associated with anxiety. ln muscle spasm, 2-15 mg may be given
daily in divided doses and increased, in severe spastic disorders, such as cerebral paisy,
to up to 60 mg daily. A similar dosage range has been recommended for the adjunctive
use of diazepam in some types of epilepsy. Diazepam at 5-20 mg may be given as a
single oral dose or in divided oral doses as a premedication before dental, minor surgical
or other procedures. A slow-release oral formulation of diazepam is available in some
countries; a dose of 15 mg daily is considered to be equivalent to 5 mg three times daily
of the conventional oral formulation. A suggested initial oral dose of diazepam for
children is 100-200 iig/kg bw, but up to 800 iig/kg daily has been given. Dosage recom-
mendations are not generally given for premature infants or infants 30 days of age or
younger, since safety and efficacy have not been established for these groups (Reynolds,
1993; Medical Economics, 1996).

Diazepam may be given rectally as suppositories in doses similar to the oral doses.
A rectal solution of 2-4 mg/mL diazepam may be particularly useful for the control of
convulsions; the dose for adults and children over three years of age is 10 mg, and the
dose for children aged one to three years is 5 mg. If there is no response after five
minutes, the dose may be repeated (Reynolds, 1993).

Diazepam may be given by deep intramuscular injection, although absorption is
erratic and gives rise to lower blood concentrations than those obtained after oral admi-
nistration. lt may also be given by intravenous injection, carried out slowly into a large
vein of the antecubital fossa at a recommended rate of no more than 1 mL of a 0.5%
solution (5 mg) per minute. ln cases of severe anxiety or acute muscle spasm, diazepam
(10 mg) may be given intramuscularly or intravenously and repeated after 4 h. Higher
doses may be required for the treatment of delirium tremens. Patients with tetanus may
be given 100-300 iig/kg bw intravenously, repeated every 1-4 h; alternatively, a conti-
nuous infusion of 3- 10 mg/kg bw every 24 h may be used or similar doses may be given
by nasoduodenal tube. Considerably higher doses have been used for extremely severe
cases of tetanus. For premedication or sedation before dental, surgical or other proce-
dures, 100-200 iig/kg bw (usually 10-20 mg for adults) may be given by injection.
A suggested parenteral sedative or muscle-relaxant dose for children is up to 200 iiglkg
bw (Reynolds, 1993).

Diazepam may be given parenterally, preferably by the intravenous route, for the
control of status epilepticus or severe recurrent or febrile convulsions. ln the United
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Kingdom, the usual dose is 150-250 Jlg/kg bw (or 10-:20 mg) for adults and 200-
300 Jlg/kg bw or 1 mg per year of life for children. These doses may be repeated after
30-60 min if required. Once the seizures are controlled, their recurrence may be
prevented by intravenous administration of phenytoin sodium (see monograph, pp. 178-
179) or by a slow infusion of diazepam. For adults, the maximal total dose of diazepam
is 3 mg/kg bw over 24 h (Reynolds, 1993). ln the United States, the initial dose for adults
is 5- 10 mg, repeated if required at 10-15-min intervals up to a maximum of 30 mg.
Doses for children are: infants over 30 days and under five years of age, 200-500 Jlg
every 2-5 min up to a maximum of 5 mg; children five years and older, 1 mg every
2-5 min up to a maximum of 10 mg. The above dosage regimens may be repeated after a
period of 2-4 h if necessary (Medical Economies, 1996). Elderly and debilitated patients
should be given no more th an one half of the usual adult dose. Reduction of dosage may
also be required in patients with liver or kidney dysfunction (Reynolds, 1993).

Clinical uses of diazepam and other benzodiazepines have been reviewed (HoUister
etal., 1993). Diazepam has been used extensively in children (Goodman Gilman et aL.,
1990) .

Worldwide, diazepam is the most widely prescribed of the benzodiazepines. Compa-
rative data on sales of diazepam in several countries are shown in Table 1. Overall, sales
declined by approximately 16% from 1990 to 1995.

Table 2 compares the number of prescriptions written in the United States for several
benzodiazepines, including diazepam, and for the anticonvulsant, phenytoin, in 1990 and
1995.

Table 3 compares the total sales for these same benzodiazepines and phenytoin in
1990 and 1995 in major markets worldwide.

1.3 Occurrence

1.3.1 Naturaloccurrel1ce

Wildmann et al. (1987, 1988) reported the occurrence of trace amounts of diazepam
in the brain and adrenals of rats and in wheat and potato samples.

Unseld et al. (1989) reported finding low concentrations of diazepam in brain tissue
samples from several animal species and plants using GC/MS. Diazepam concentrations
ranged from 0.005 to 0.019 ng/g wet weight in brain tissue from salmon, frog, monitor
lizard, rat, cat and dog. Traces of diazepam were detected in deer, bovine, adult human
and stilIborn human brain tissue samples. Diazepam concentrations ranged from 0.002 to
0.010 ng/g in the plant samples (potato tuber, yelIow soya beans, unpealed rice,
mushrooms).

Unseld et al. (1990) reported on the 'natural' occurrence of diazepam in human brain
samples. AlI brain samples were examined by GC/MS and the concentrations observed
ranged from 0.15 to 0.34 ng/g wet weight tissue. The human brain tissue samples had

. been stored before diazepam was first synthesized in 1963.
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Table 1. Sales of diazepam in various countriesa (number of standard
unitsb, in thousands)

Country 1990 1991 1992 1993 1994 1995

Africa
South Africa 8227 7843 7903 6977 7657 7456

North America
Canada 119159 104 306 1 00 400 80016 84831 82 060
Mexico 90 858 83 626 81044 70177 67265 63874
United States 77 5 409 711049 667 798 678 466 697 750 764 904

South America
Argentina 97 383 106 010 107 794 100 03 7 95 962 88 942
Brazil 387 216 388 859 327 549 282 044 259 621 209 23 1

Colombia 9644 10109 12070 4575 1840 2571
Venezuela 11398 IL 959 11 153 12821 10 552 12190

Asia
J apan 533 690 520 677 511530 484280 482 458 474676
Republic of Korea 22647 22 903 23253 22 990 22 356 21310

Australia 94309 85418 82 738 81 212 80203 80653
Europe

Belgium 21044 21379 21748 21 496 21309 20 544
France 102 252 96216 88013 82 141 77 222 68 05 1

Germany 152 300 141334 118695 113702 113 156 115477
Greece 28691 22 454 20476 18719 17557 14291
Italy 265 153 252 443 242 370 22 1 544 194035 190 047
Netherlands 45821 48 460 48 497 46615 45 161 44 898
Portugal 75961 77 806 74370 75 962 78941 80 988
Spain 238 524 228 722 226454 215 093 210853 211265
Sweden 51830 46781 47 085 46 296 46 255 45 552
Switzerland 11364 11007 10616 7947 7588 7232
Turkey 13 156 14370 15507 14809 16054 18 156
United Kingdom 238 198 235 807 227 345 230 963 224 86 1 232365

"Data provided by IMS
¡, Standard dosage units, uncorrected for diazepam content

1.3.2 Occupatiol1al exposure

No quantitative data on occupational exposure levels were available to the Working
Group.

The National Occupational Exposure Survey conducted between 1981 and 1983 in
the United States by the National Institute of Occupational Safety and Health indicated
that about 20 650 employees were potentially occupationally exposed to diazepam. The
estimate is based on a survey of United States companies and did not involve
measurements of actual exposure (United States National Library of Medicine, 1996).
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Table 2. Use of sorne benzo-

diazepines and phenytoin in
the United Statesa (numbers of
prescriptions, in thousands)

Drug 1990 1995

Diazepam 13056 12475
Estazolam 0 598
Oxazepam 1647 1436
Prazepam 1205 1

Temazepam 5567 5916
Phenytoin" 8 848 9 81 i

" Data provided by lMS. No sales of
doxefazepam or ripazepam in the
United States

"Dilantin'" only

Table 3. Comparative sales of several benzodiaze-
pines and phenytoin in major markets worldwidea

(number of standard units\ in milions)

1990 1995 Countries with the highest use

Diazepam 3394 2857 USA, Japan, Brazil, Spain, UK
Phenytoin 2423 2218 USA, Japan, UK, Canada
Oxazepam 1278 996 Germany, France, USA,

Netherlands
Temazepam 706 756 UK, USA, Australia
Prazepam 361 276 France, USA, ltaly
Estazolam 158 187 Japan, USA, Portugal

"Data provided by lMS
l, Standard dosage units, uncorrected for content of active

ingredient

1.4 Regulations and guidelines

Diazepam is listed in the following pharmacopoeias: Belgian, British, Brazilian,
Chinese, Czech, Egyptian, European, French, Greek, Hungarian, Indian, International,
Italian, Japanese, Mexican, Netherlands, Nordic, Portuguese, United States and former
Yugoslavian (Reynolds, 1993).
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2. Studies of Cancer in Humans

W orldwide, diazepam is the most widely used of the benzodiazepines. For this
reason, most specific epidemiological information about potential carcinogenic effects of
the benzodiazepines relates to this drug. ln addition, reported use of unspecified

sedatives or hypnotics probably implies principally use of diazepam. This section

therefore reviews not only epidemiological studies which investigated diazepam

specifically but also those which reported risk associated with unspecified psychotropics,
tranquillizers or benzodiazepines.

Several potential biases in the epidemiological studies of benzodiazepines or

diazepam in relation to cancer deserve mention. Control selection may be problematic in
case-control studies, in that it may be difficult to select a priori a diagnostic category
unrelated to the exposure, while general population controls may be less likely to self-
report short- or long-term use. Indication for use of diazepam or other benzodiazepines
has, in general, not been considered as a potential confounding factor. If anxiety or
depression due to an underlying hormonal imbalance is involved in the etiological path-
way of a particular cancer, the use of psychotropic drugs is merely a marker for the
underlying condition, rather than indicating that the drug is the initiator or promo ter of
the cancer. Another, possibly most important, consideration is that diazepam is a
common adjunct in cancer therapy and may be provided as a pre-admission drug before
cancer diagnosis (Derogatis et al., 1979). It is therefore essential to ascertain precisely
the date of first use of the drug in relation to the date of diagnosis of the cancer, so that
reasonable rules for censoring exposure history may be established.

2.1 Descriptive studies

A cross-sectional study examined use of psychotropic drugs for one month or more
by 250 women who had been diagnosed with breast cancer at least one year previously
and who were attending breast cancer clinics for follow-up visits at two general hospitals
in the United Kingdom (Stoll, 1976). Hypnotics, minor tranquillzers, sedatives and
antidepressants were used by 14% of the women during the 12 months before diagnosis
and by 32% in the 12 months prior to the questionnaire. Among women with metastases
at presentation or recurrence within 12 months, 22% had used such drugs before
diagnosis, compared to 13% among women with local disease at presentation or
recurrences later than 12 months (p .c 0.03). (The Working Group noted that both the
absence of comparably collected control data and a biological rationale for distinguishing
the high-usage group were limitations of this descriptive study.)

2.2 Cohort studies

Since 1969, members of the Kaiser Permanente Medical Care Program (KPMCP) in
northern California, United States, have been categorized according to their drug
exposure, as identified from prescription records, and followed during their membership
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in the KPMCP. The occurrence of cancer was identified from admission records or by
cross-checking against the San Francisco Bay Area Tumor Registry. Expected numbers
of cancers were based upon age- and sex-specific rates for the entire cohort. ln the latest
report from this study with follow-up through 1984 of 12 928 diazepam users, the
standardized morbidity ratio for all cancers was 1.0 (( 95% confidence interval (CL), 1.0-
1.1); 807 observed versus 784 expected); for breast cancer, 1.1 ((0.9-1.3); 155 observed
versus 144 expected); for Hodgkin's disease, 0.0 ((0.0-0.79); 0 observed vers us 4.7
expected) and for colon cancer, 0.7 ((0.5-0.9); 57 observed versus 79.9 expected) (Selby
et al., 1989; Friedman & Selby, 1990). (The W orking Group noted that dose response
was not addressed in these data, and that age and sex were the only confounding factors
considered. )

ln a reconstructed retrospective cohort study, breast cancer in female members of a
Group Health Cooperative (GHC) in Seattle, W A was investigated (Danielson et al.,
1982). During the period 1977-80, 302 women, aged 35-74 years, who had been
members of the GHC for at least six months and who had a newly diagnosed breast
cancer were identified. Age-specific incidence rates of breast cancer for users and non-
users of diazepam were calculated. W omen were classified as exposed to diazepam if at
least one prescription for the drug had been filed in the six months before breast cancer
diagnosis; drug taken only in the two weeks before mastectomy was not considered. Of
302 women with breast cancer, 27 had taken diazepam before their breast cancer
diagnosis; on the basis of 184 438 women-years of observation in total, the age-adjusted
risk ratio for breast cancer was 0.9 (95% Ci, 0.6-1.3). (The Working Group noted that
this study cou Id not address th~ ettect of long-term use of diazepam and that no
confounding factors had been considered.)

2.3 Case-control studies

Table 4 summarizes case-control data on use of benzodiazepines or diazepam that
were available to the Working Group. By far the most numerous studies of diazepam in
relation to human cancer are case-control studies of breast cancer.

2.3.1 Breast cal1cer

Wallace et aL. (1982) compared diazepam use in 151 new 1 y diagnosed breast cancer
cases at hospitals of the University of Iowa, United States, between 1974 and 1978 with
use in a similar number of women with non-cancer conditions selected from the general
medical and surgical wards. Matching variables included age and hospital payment
category. Ali subjects were white. The crude relative risk for breast cancer associated
with diazepam use was 1.0 (95% CI, 0.5-1.8). Adjustment for other potential con-
founders such as age at menarche, parity, type of menopause and family history of breast
cancer did not affect the association. Details on refusai rates for controls were not
provided. (The W orking Group noted the small number of cases and insufficient data on
refusaI rates for controls.)



.l
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Table 4. Case-control studies of diazepam or benzodiazepine use

Study Location, No. of cases/ Source of Exposure Odds 95% CI Notesperiod contro1s controls ratio

Breast cancer
Wallace Iowa, USA, 151/151 Non-cancer Diazepam, any use 1.0 (0.5-1.8) Response rate not reportedet al. (1982) 1974-78 patients

Participants 0.6-0.9 Invasive carcinoma ? 1 cm -.K1einerman USA, 1075/1146 Diazepam, any use 0.7 );et al. (1984) 1973-77 in screening 0.9 0.6-1.3 Invasive carcinoma :: 1 cm ;:nprogramme 1.1 0.8-1.6 ln-situ carcinoma ~Kaufman USA, Canada, 1236/728 Cancer Diazepam, 4 times/week, 0.9 0.5-1.6 Similar results with 'fema1e' 0
Zet al. (1982) Israel, patients during ~ 6 months, cancer or other cancer controls 01976-80

? 18 months before 0;:interview );
""Kaufman USA, 3078/1259 Cancer and Diazepam, 4 times/week, 1.0 0.6-1.7 Similar results with non-cancer ::
cret al. (1990) 1981-87 non-cancer during ~ 6 months, controls ~patients ? 18 months before 0
r-interview
c:Toronto, 607/1214 Cens us Diazepam, 4 times/week, 0.8 0.5- 1.3 ~
tTCanada, records during ~ 6 months,
0\
0\1982-86

? 18 months before

interview
Rosenberg USA, 6056/1603 Cancer Benzodiazepine, sustained 1.0 0.8-1.3 Overlap with Kaufman et al.et al. (1995) 1977-91 patients use"

(1982, 1990). Similar results with
non-cancer controls. Odds ratio for
;? 5 years of benzodiazepine use:
0.8 (0.5-1.4)

Diazepam, sustained use "
1.0 0.7-1.4
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Table 4 (contd)

Study Location, No. of cases/ Source of Exposure Odds 95% CI Notes
period controls contraIs ratio

Ovarian cancer

Tzonou Athens, 189/200 Visitors to 'Tranquilizers or 1.0 0.6-1.6
et al. (1993) Greece, hospitals hypnotics', any use

1989-91
Harlow & Boston, MA, 450/454 General Benzodiazepine, any use 1.8 1.0-3.1 Higher risk for use before age 50 or
Cramer USA, population ¿ 10 years before interview
(1995) 1978-81,

01984-87 -
~Rosenberg USA, 767/1603 Cancer Benzodiazepine, sustained 0.9 0.6-1.4 Similar results with non-cancer N

et al. (1995) 1977-91 patients "
contro1s. Odds ratio for ¿ 5 years of rruse 'i
benzodiazepine use: 0.3 (0.1-0.9) ;.

~Diazepam, sustained use" 1.0 0.6- 1.6

Malignant melanoma
Adam & Eng1and and 150/496 General Diazepam, ¿ 1 month 1.2 0.6-2.2 General practitioners' records
Vessey Wales, practitioners
(1981 ) 1971-76 ' patients

10 1/302 General Diazepam, ¿ 1 month 1.7 0.9-3.2 Self-reported use

practitioners
, patients

Rosenberg USA, 1457/3777 Cancer Benzodiazepine, sustained 1.0 0.8- 1.4 Simi1ar results with non-cancer
et al. (1995) 1977-91 patients "

controls. Odds ratio for ¿ 5 years ofuse

benzodiazepine use: 0.9 (0.5-1.7)
Diazepam, sustained use" 1.0 0.7-1.5

.t..
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Table 4 (contd)

Study Location, No. of cases/ Source of Exposure Odds 95% CI Notes
period controls con troIs ratio

Thyroid cancer

Rosenberg USA, 111/3777 Cancer Benzodiazepine, sustained 0.9 0.4-2.4 Similar results with non-cancer
et al. (1995) 1977-91 patients a

controls. Odds ratio for 2: 5 years ofuse

benzodiazepine use: 1.3 (0.3-6.0)
Diazepam, sustained use" 0.8 0.2-2.7

Liver cancer
0..Rosenberg USA, 37/3777 Cancer Benzodiazepine, sustained 1.2 0.3-5.2 Similar results with non-cancer ?

et aL. (1995) 1977-91 patients "
controis Nuse

tT
Diazepam, sustained use" 2.0 0.5-8.4 '"?

Endometrial cancer $:
Rosenberg USA, 812/1603 Cancer Benzodiazepine, sustained 1.2 0.8-1.9 Similar results with non-cancer
et al. (1995) 1977-91 patients use"

controls. Odds ratio for 2: 5 years of
benzodiazepine use: 1.4 (0.6-2.9)

Diazepam, sustained use "
1.4 0.8-2.3

Testicular cancer
Rosenberg USA, 314/21 74 Cancer Benzodiazepine, sustained 1.2 0.5-3.1 Similar results with non-cancer
et al. (1995) 1977-91 patients use"

controls
Diazepam, sustained usea 1.4 0.4-.7

"2: 4 times/week, during ;; 1 month, ;: 24 months before interview

.t
\0
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Kleinerman et al. (1984) examined the association between breast cancer and
diazepam use in white women participating in the Breast Cancer Detection
Demonstration Project in the United States between 1973 and 1977. The study included
1075 prevalent cases who had a histologically confirmed breast cancer detected during
the five-year period and 1146 controls selected from women with normal mammographic
results that did not require biopsy. Controls were matched by screening centre, age and
date at entry and length of continuation in the screening programme. Exposures were
assessed by home interview, and participation rates were 86% for cases and 74% for
controls. Only diazepam use begun at least six months before the date of the breast
cancer diagnosis was considered. The relative risk associated with diazepam use for
invasive tumours :? 1 cm was 0.7 (95% CL, 0.6-0.9), that for invasive tumours ~ 1 cm
was 0.9 (0.6- 1.3) and that for in-situ tumours was 1. 1 (0.8-1.6). (The Working Group
noted that some drug-exposed women with poor survival may not have been included in
this study.)

Data on breast cancer in relation to diazepam use are available from a hospital-based
case-control surveillance system (Kaufman et al., 1982, 1990; Rosenberg et al., 1995).
(These three studies, although reported separately, may overIap in either study
methodology or subjects included.) ln the first report from this series, diazepam use was
ascertained by personal interviews in 1236 women less than 70 years old diagnosed with
primary breast cancer in the six months before admission and 728 controls admitted to
metropolitan hospitals in the United States, Canada and Israel during 1976-80 (Kaufman
et al., 1982). Control women had other cancers including other 'female' cancers such as
endometrial or ovarian cancer. Of patients approached, 5% refused to be interviewed.
The principal analyses excluded use of diazepam in the 18 months before hospital
admission, to avoid the possibility of recording use begun after a diagnosis of breast
cancer or because of clinical symptoms preceding the diagnosis, and also focused on
'regular' use of diazepam (defined as use of the drug for at least four days per week) and
'sustained regular' use (for a total duration of at least six months). Potential confounding
factors considered were age, geographical region, education, religion, parity, age at first
pregnancy, menopausal status, age at menopause, family history of breast cancer and
alcohol use. The relative risk for breast cancer associated with regular use of diazepam
for six months or more was 0.9 (95% CI, 0.5- 1.6), with ail other cancers as the control
group. The relative risk for breast cancer associated with regular use of diazepam for less
than six months was 0.8 (0.4-1.4), with ail other cancers as the control group. The
relative risks were no greater for women with metastatic disease. Similar risk estimates
were found when women with either other cancers or 'other female' cancers were used
as the control group.

These investigators extended their study with data from 3078 breast cancer cases, 18-
69 years old, with cancer diagnosed within six months before admission, interviewed

between 1981 and 1987 in hospitals in the metropolitan United States and from three
separate control groups interviewed over the same time period (Kaufman et al., 1990).
As in the previous study, women with other cancers (754) or with other 'female' cancers
(505) were included as controls. A non-cancer control group (672) was also included,
which was composed primarily of women with ectopie pregnancy (281), appendicitis
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(230) or retinal detachment (100). W omen admitted for trauma were not included
because of the possibility that diazepam increases the risk for accidents. Of patients
approached, 4% refused to be interviewed. The authors adjusted for age, geographical
region, education, religion, parity, menopausal status, age at menarche, first birth and
menopause, family history of breast cancer, alcohol, oral contraceptive and other benzo-
diazepine use. ln this study, the percentage of white women varied from 64% in the non-
cancer controls to 90% in the female cancer controls, and race was included as an
adjustment variable. Regular use of diazepam, defined as in the previous study, was
associated with a relative risk for breast cancer of 1.0 (95% Ci, 0.6-1.7), compared with
controls with any other cancer and 0.8 (0.4-1.8) compared with the non-cancer controls.
Risks were similar for 'sporadic' use of diazepam, defined as use beginning at least 18
months before interview and lasting for less than six months or use involving fewer th an
four days per week. 'Recent' use of diazepam (beginning within 18 months of interview)
was also associated with a significantly elevated risk for breast cancer of 1.9 (1.1-3.1),
compared with controls with any other cancer and 5.6 (2.3-13.6) compared with the non-
cancer controls. (With respect to 'recent use', see the comment below.)

ln the same publication, results of a separate study of 607 cases of breast cancer
identified between 1982 and 1986 through the Ontario Cancer Institute, Canada, were
reported (Kaufman et al., 1990). Controls in this study were 1214 women selected from
municipal voting and census records matched for neighbourhood and decade of age.
Refusai rates were 21% among potential cases and 35% among potential controls. The
relative risks for breast cancer associated with categories of diazepam use, as defined
above, were 0.8 (95% Ci, 0.5- 1.3) for regular use, 1. 1 (0.8-1.5) for sporadic use and 3.1
( 1.5-6.4) for recent use. (With respect to 'recent use', see the comment below.)

ln the most recent and comprehensive report using this hospital surveillance system to
investigate possible effects of benzodiazepine exposure, not only breast cancer but also
other cancers were analysed (Rosenberg et aL., 1995). The 6056 breast cancer cases
included some previously reported cases from 1977 to 1987 as weIl as new cases
admitted between 1988 and 1991. The primary control group was 1603 women with
other cancers excluding those of the endometrium or ovary. Participation rates were
about 96% and adjustment was made for age at menarche, first pregnancy and
menopause, parity, religion, education, race, family history of breast cancer and duration
of use of oral contraceptives or oestrogen replacement therapy. ln contrast to the

previous reports from this series, 'recent use was defined in relation to a two-year
interval before hospital admission, rather than an 18-month interval. 'Sustained' use of
diazepam for at least four days per week for one month initiated two or more years
before admission was associated with a relative risk for breast cancer of 1.0 (95% Ci,
0.7- 1.4). For sustained use of aIl benzodiazepines combined, risk did not vary
significantly with the number of years since last use or with a duration of use of five
years or more.

(The Working Group noted that the elevated risks for breast cancer associated with
benzodiazepine use within the 'recent' period before hospital admission observed in
some of these studies could be attributed to drug use begun after the diagnosis of breast
cancer. More precise information on the timing of the drug exposure in relation to the
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date of diagnosis of breast cancer rather than the interview date might have clarified this
potential bias.)

2.3.2 Ovarial1 cal1cer

Tzonou et al. (1984) studied 150 women with malignant epithelial ovarian tumours
newly diagnosed during 1980 and 1981 in 10 hospitals in Athens, Greece, and compared
them with 250 women in the Athens Hospital for Orthopedic Disorders. No contrais
approached were said to have refused, but participation rates for cases were not stated.
'Frequent' use of 'psychotropic' drugs was reported by eight cases and two contrais,
giving a crude odds ratio of 7.0 (95% CI, 1.8-27) for ovarian cancer associated with use
of these drugs. (The W orking Group noted that the indications gi ven by the authors for
'frequent use of 'psychotropic' drugs in this study suggest that benzodiazepines may
have been used infrequently.)

ln a subsequent report, the same investigators compared drug use in 189 women less
th an 75 years old with malignant epithelial ovarian cancer diagnosed during 1989-91 in
two hospitals in greater Athens with that of 200 visitors to the same hospitals (Tzonou
et al., 1993 ). Participation rates were 90-94%. The relative risk associated with ever use
of 'tranquillizers or hypnotics' over an 'extended' period was 1.0 (95% CI, 0.6-1.6) after
adjustment for age, education, weight, age at menarche and menopause, parity, smoking
and other study variables.

(The Working Group noted the small number of exposed subjects in both studies, a
possible lack of appropriateness of the control selection and the lack of specificity of
information on the agent and its duration of use.)

Benzodiazepine use was investigated in a study which combined two case-control
studies conducted previously from ten hospitals in Boston, MA, United States (Harlow &
Cramer, 1995). The study included 450 cases of malignant epithelial ovarian cancer
diagnosed between 1978-81 and 1984-87 in women 18-80 years old and 454 contraIs
identified from the general population during the same period and matched for age, race
and precinct of residence. Participation rates for cases and controls were araund 70%.
Any use of a benzodiazepine tranquilizer was associated with a relative risk for ovarian
cancer of 1.8 (95% CI, 1.0-3.1) after adjustment for parity, oral contraceptive use,
religion, body mass, prior hysterectomy and therapeutic abortion. Risk appeared to be
confined to women whose first use of the drug either was before the age of 50 years,
where the relative risk was 2.7 (1.3-5.6), or occurred 10 or more years before the age at
diagnosis (3.2; 1.4-7.6). (The Working Group noted that more specifie data on risk for
ovarian cancer by frequency or duration of drug use wou Id have been helpful in
establishing the validity of this association.)

Data on diazepam use in relation to ovarian cancer are also available from the study
by Rosenberg et al. (1995), described previously. Among 767 women with ovarian
cancer, sustained use of diazepam was reported by 25 (4.3%), giving a relative risk of 1.0
(95% CI, 0.6- 1.6).
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2.3.3 Other cal1cers

A case-control study of malignant melanoma in women, aged 15-49 years, in relation
to diazepam use was conducted from a survey of general practitioners in southern
England between 1971 and 1976 (Adam & Vessey, 1981). Controls were selected from
the practice lists of the same doctors and matched by age and marital status. The relative
risk for malignant melanoma associated with use of diazepam for more th an one month,
as assessed from the general practitioners' records, based on 150 cases and 496 controls
was 1.2 (95% CI, 0.6-2.2). The risk was 1.7 (0.9-3.2) for diazepam use as assessed from
postal questionnaires completed by 101 cases and 302 controls. (The W orking Group
noted that the poor response rates to the postal questionnaire may have accounted for the
marginally greater risk for melanoma associated with diazepam use if a greater number
of responding cases recalled short-term use.)

A hospital-based case-control study of multiple myeloma was conducted in
Baltimore, MD, United States (Linet et al., 1987). A total of 121 cases of multiple
myeloma in white patients were ascertained from seven hospitals during the period
1 January 1975 to 31 December 1982. Controls were individually matched to cases on
hospital, age (:1 5 years), sex and year of diagnosis. The control group included patients
randomly selected from 11 categories of disease which included digestive and nervous
system diseases, accidents and poisoning but excluded diagnoses of cancer, diseases of
blood-forming organs, mental disorders, obstetric conditions and congenital anomalies.
Information about many factors was obtained from the study subjects with a

questionnaire by telephone; if the indi vidual concerned had died or could not be
interviewed for any other reason, information was sought froID the closest possible
relative. The response rate was 83% among cases, leaving 100 cases for analysis. Data on
drug use occurring before diagnosis were analysed. The crude odds ratio associated with
diazepam use, based on nine discordant pairs, was 2.0 (95% CI, 0.4-12). (The Working
Group noted that the diagnostic categories for controls could have been associated with
exposure to diazepam. ln addition, the greater number of proxy interviews for cases than
controls could not be adjusted for with diazepam as the exposure.)

The study by Rosenberg et al. (1995), described previously, addressed risk for other
cancers associated with diazepam use. For sustained use of diazepam, defined as use for
at least four days per week for at least one month which had been initiated at least two
years before admission, relative risks for selected sites were: 0.7 (95% CI, 0.5-1.0) for
cancer of the large bowel, 0.8 (0.5-1.2) for lung cancer, 0.9 (0.4-2.0) for Hodgkin's
disease, 0.8 (0.2-2.7) for cancer of the thyroid, 2.0 (0.5-8.4) for liver cancer, 1.4

(0.8-2.3) for endometrial cancer and 1.4 (0.4-4.7) for testicular cancer. (See Section
2.3.1 for the Working Group's comments on this study.)

Anthony et al. (1982) surveyed general practitioners in the United Kingdom and
requested information on medications used by any new patients with cancer and by age-
and sex-matched controls who were the 'next' patient with a 'new' complaint not related
to cancer. Six (possibly seven) of 211 male patients with cancer (mostly lung) had taken
barbiturates and benzodiazepines concomitantly, compared to none of 21 1 male contrais
Ip = 0.03 i. (The Working Group noted that participation by the general practitioners was
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voluntary and quite variable and that the study may have included drug exposures
postdating the cancer diagnosis.)

3. Studies of Cancer in Experimental AnimaIs

3.1 Oral administration

3.1.1 Mouse

Diazepam was incIuded as a reference compound in a study on the carcinogenicity of
prazepam. Groups of 100 male and 100 female albino CFI mice (control group) and sa
male and 50 female mice (diazepam group), eight weeks of age, were given a or
75 mg/kg bw diazepam (melting point, 131 - 135°C) mixed in the diet for up to 80 weeks,
when surviving animais were killed. The dose was chosen to match the high-dose level
of prazepam. The diazepam concentration in the food was adjusted weekly for changes in
body weight and food consumption. The diazepam/diet mixtures were prepared freshly
each week. ln treated mice, body-weight gains were similar to those of con 

troIs
throughout the study. From graphie presentations, there appeared to be no significant
effect on mortality in male mice, but the diazepam-treated females had lower survival
(65-75% survival for control and diazepam-treated males, 70% for control females and
40% for diazepam-treated females) (statistics and exact numbers not given). Major
organs (not specified) and visually apparent lesions were examined histologically. By life
table analysis, the incidences of benign hepatocellular tumours were (tumour-bearing
mice/effective number of mice): control males, 1/93; diazepam-treated males, 2/43;

control females, 1/91; and diazepam-treated females, 0/38. Those for malignant hepato-
cellular tumours were: control males, 7/93; diazepam-treated males, 9/43 (p -: 0.05, chi-
square test); control females, 1/91; and diazepam-treated females, 2/38 (de la Iglesia
etal., 1981). (The Working Group noted that diazepam was tested only as a reference
chemical and that the study was terminated at 80 weeks.)

3.1.2 Rat

Diazepam was included as a reference compound in a study on the carcinogenicity of
prazepam. Groups of 115 male and liS female albino SPF Wistar rats (control group)
and 65 male and 65 female rats (diazepam group), eight weeks of age, were gi ven either
o or 75 mg/kg bw diazepam (melting-point, 131- 135°C) daily mixed in the diet for up to
104 weeks, when surviving animais were killed. The diazepam concentration in the food
was adjusted weekly for changes in body weight and food consumption. The diazepam/-
diet mixtures were prepared freshly each week. ln treated rats, body weight gains were
similar to those of controls throughout the study. From graphic presentations, there
appeared to be no significant effect on mortality (50-60% survival for males and about
60% for femal~s) (statistics and exact numbers not given). Major organs (not specifiedl
and visually apparent lesions were examined histologically. No significant increase in the
incidence of tumours at any site was seen for either male or female rats. The incidences
of benign hepatocellular tumours were: control males, 1/1 15; diazepam-treated males,
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0/65; control females, 1/1 15; and diazepam-treated females, 0/65. Those for malignant
hepatocellular tumours were: control males, 0/1 15; diazepam-treated males, 3/65
(p = 0.054, Fisher's exact test); control females, 0/1 15; and diazepam-treated females,
0/65 (de la Iglesia et al., 1981).

To study initiating activity, groups of 10 male Fischer 344 rats weighing 150 g (age
not specified) were given 7 and 70 mg/kg bw diazepam (purity, :; 99%) suspended in
10% arabic gum solution daily by gastric instillation for 14 weeks. Fort 

Y rats served as
untreated controls. Neoplastic nodules and iron-excluding foci were not found in the
livers of diazepam-treated animais nor in those of the controls (Mazue et aL., 1982;
Remandet et al., 1984).

3.1.3 Hamster

Groups of 55-56 male and 55-56 female Syrian golden hamsters were given
120 mg/kg bw diazepam mixed in the di et for 57 weeks (females) or 79 weeks (males).
Approximately 110 hamsters per sex served as controls. Some intercurrent deaths, mostly
after week 30, occurred from severe enteritis. No significant increase in the incidence of
tumours was found (Black et al., 1987). (The Working Group noted the single dose, that
diazepam was used as a reference compound for a study on quazepam and that specific
data on survival were not given.)

3.1.4 Cerbil

Groups of 15 male and 12 female gerbils (strain and age not specified) were given
10 mg diazepam (purity not specified) per animal by gastric instillation weekly. Eleven
males and ten females receiving saline served as vehicle controls. Male and female
controls survived 80 and 69 weeks, respectively, while gerbils receiving diazepam
survived 79-81 weeks. Complete histopathology was performed as animaIs died or
became moribund, and two ovarian granulosa-cell tumours in control females were the
only tumours reported (Green & Ketkar, 1978). (The Working Group noted the small
numbers of animais and the weekly administration of diazepam.)

3.2 Administration with known carcinogens

3.2.1 Mouse

Groups of 40 male B6C3Fl mice, five weeks of age, were given a single intra-
peritoneal injection of either 0 or 90 mg/kg bw N-nitrosodiethylamine (NDEA) in
tricaprylin. At seven weeks of age, the mice received 500 or 1500 mg/kg diet (ppm)
diazepam (purity unspecified) in the diet. Eight mi ce per group were killed at 9, 21 and
33 weeks of exposure and the remainder were killed after 53 weeks of exposure.
Complete necropsy was performed on each animal, and liver, lung, spleen, thyroid,
kidney and visually apparent lesions in other organs were examined histologically.
Between 33 and 53 weeks of exposure, there was an increase in the incidence of hepato-
cellular tumours in animaIs treated with NDEA and diazepam compared with those given
NDEA alone (see Table 5) (Diwan et al., 1986).
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Table 5. Incidence of lIver tumours in B6C3Fl mice

Treatment Hepatocellular
adenomas

Hepatocellular
carcinomas

NDEA
NDEA + 500 ppm diazepam
NDEA + 1500 ppm diazepam
500 ppm diazepam
1500 ppm diazepam

101 1 6

13/14
15/15"

0/16
3/15

0/16
5/14"
9/15h
0/16
0/15

From Diwan et aL. (i 986)
a (p ~ 0,05, Fisher's exact test compared with NDEA con 

troIs)b (p ~ 0.01, Fisher' s exact test compared with NDEA contraIs)

3.2.2 Rat

Groups of 10 or 20 male Fischer 344 rats weighing 170 g (age unspecified) were fed
basal diets or diets containing 200 mg/kg (ppm) 2-acetylaminofluorene (2-AAF) for eight
weeks. The daily dose was estimated to be approximately 15 mg/kg bw. ln one group of
10 rats, this was followed by 12 weeks' treatment with 70 mg/kg bw diazepam in 10%
arabic gum solution (purity ? 99%) daily by gastric instilation. There was no significant
increase in the incidence of neoplastic nodules of the liver: untreated controls (20 rats), 0
neoplastic nodule/liver; 2-AAF al one (20 rats), 0.2 neoplastic nodule/liver; and 2-AAF
plus diazepam (10 rats), 0.5 neoplastic nodule/liver (Mazue et aL., 1982; Remandet et aL.,
1984). (The W orking Group noted the small number of animaIs and the single dose level
of diazepam.)

Groups of 10 male weanling Donryu rats, 21 days of age, were fed a diet containing
600 mg/kg (ppm) 3'-methyl-4-(dimethylamino)azobenzene for three weeks, then left for
a week on basal diet followed by either basal diet or a diet with 500 mg/kg diazepam
(purity unspecified) (daily intake, approximately 50 mg/kg bw) for a further 12 weeks.
The rat livers were scored for adenosine triphosphatase (A TPase)-deficient islands

greater th an 50 llm in diameter. There was no significant difference between rats on basal
di et and those given diazepam in the total number of enzyme-altered islands/cm2

(control, 9.76:t 1.32; diazepam-treated, 8.64 :t 0.80) or in the number of enzyme-altered
islands ? 400 ¡.m (control, 1.03:: 0.24; diazepam-treated, 1.33:: 0.34) (Hino &
Kitagawa, 1982).

3.2.3 Cerbil

Groups of 24 male and 16 female gerbils (strain and age not specified) were given
i 0 mg diazepam (purity not specified) per animal by gastric instilation weekly plus
30 min later weekly subcutaneous injections of 23 mg/kg bw NDEA for life. Groups of
20 male and 19 female gerbils receiving weekly subcutaneous administrations of NDEA
only served as positive controls. Groups of i 1 male and i 0 female gerbils receiving
weekly subcutaneous administrations of saline served as vehicle controls. Gerbils
receiving NDEA plus diazepam tended to survive approximately 20 weeks longer than
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gerbils receiving NDEA alone. The incidence of nasal cavity adenocarcinomas was high
in both groups: 92-95% in males and 63-69% in females. ln gerbils receiving NDEA
alone, 85% males and 84% females had cholangiocarcinomas of the liver vers us none in
the NDEA plus diazepam group (75% females and 83% males had cholangiomas of the
liver). Male gerbils receiving NDEA plus diazepam had three hepatocellular adenomas
and one male and one female had a hepatocellular carcinoma versus none in the NDEA
group (Green & Ketkar, 1978). (The W orking Group noted the small number of animaIs
and that diazepam was administered weekly. J

3.3 Carcinogenicity of metabolites

See the monographs on oxazepam (pp. 1 19- 1 23) and temazepam (pp. 164- 1 65).

4. Other Data Relevant to an Evaluation of

Carcinogenicity and its Mechanisms

4.1 Absorption, distribution, metabolism and excretion

4.1.1 Humal1s

The disposition of diazepam has been reviewed (Mandelli et al., 1978; Schmidt,
1995). Diazepam is rapidly and almost completely absorbed following oral doses of 5, 10
or 20 mg; peak plasma concentrations are usually obtained within 30-90 min and a
secondary peak during the elimination phase has been observed in some studies (Baird &
Hailey, 1972; Hillestad et aL., 1974; GambIe et al., 1975; Kanto, 1975; Korttila &
Linnoila, 1975; Schmidt, 1995). Peak plasma concentrations vary widely (30- fold range)
in different subjects given the same dose of diazepam (GambIe et aL., 1973). Oral admi-
nistration of two 5-mg tablets to 48 healthy male volunteers aged 18-44 years resulted in
peak plasma concentrations after 0.9 h (range, 0.5-2.5 h) of 406 ng/mL (range, 253-586
ng/mL) (Greenblatt et al., 1989). Results were similar among pregnant women receiving
single 10-mg doses during the first trimester (Jørgensen et aL., 1988). Intravenous
administration of 10 or 20 mg diazepam to volunteers gave peak plasma concentrations
of 700-800 ng/mL and 1100-1607 ng/mL, respectively, within 3-15 min. Intramuscular
administration is not clinically useful in adults, but, in newborn babies and children
under 12 years, doses of 0.24-1 mg/kg bw give peak plasma concentrations of 206-1400
ng/mL in 10-60 min (reviewed in Schmidt, 1995). Diazepam has a low pKa and is
lipophilic and consequently distributes quickly into lipoid tissues, and rapidly crosses the
blood-brain barrier. A distribution phase with a usual half-life of about 1 h following a
single dose precedes the elimination phase (Kaplan et aL., 1973; Klotz et al., 1976a,b;
Mandelli et aL., 1978). Plasma protein binding of diazepam is about 97% (van der Kleijn
et al., 1971; Klotz et al., 1 976b). Irrespective of the route of administration, the terminal
elimination half-life is usually within the range of 24-48 h, and me 

an values of about
32 h have been obtained in several single-dose studies (reviewed by Schmidt, 1995).
Somewhat longer half-lives (mean of 44 h) were measured by Greenblatt et aL. (1989) in
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healthy male volunteers, and longer half-lIves are also obtained following repeated admi-
nistration (Kaplan et aL., 1973; Mandelli et al., 1978). Elimination half-lives were longer
in premature newborn babies (75 :t 35 h) than in full-term newborn babies (31 :t 2 h)
(Morselli, 1977). Plasma clearance values (CLE) are typically 15-35 mL/min for diaze-
pam and 7- IL mL/min for N-desmethyldiazepam. The values tend to be lower in cases of
liver disease and, at least for N-desmethyldiazepam, after the age of 60 years (Schmidt,
1995) .

Diazepam has two major metabolic pathways in humans (see Figure 1), involving
either the loss of the Ni-methyl group, yielding N-desmethyldiazepam, which is then
oxidized at C) to oxazepam, or the direct oxidation at C), yielding temazepam. The
elimination of oxazepam and temazepam is reviewed in sections 4.1.1 of the respective
monographs in this volume. N-Desmethyldiazepam is the major circulating metabolite of
diazepam, as some 50-60% of diazepam is demethylated (Bertilsson et aL., 1990). The
plasma concentrations of N-desmethyldiazepam approach those of diazepam following a
single dose, and typically exceed those of diazepam after multiple doses, since the
elimination half-life of this metabolite is much longer (50- 120 h) th an that of diazepam.
Thus, in the data tabulated by Schmidt (1995), the half-lives of N-desmethyldiazepam are
longer th an those of diazepam in every situation where both were measured (in

volunteers, psychiatric patients, epileptic patients, the elderly and patients with liver
disease). N-Desmethyldiazepam has a longer half-life (40-120 h) than diazepam (20-
54 h) in adults (Mandelli et al., 1978; Bertilsson et al., 1990). There have been few
studies of the excretion of diazepam and its metabolites, but it appears that conjugation is
important before elimination. Schwartz et al. (1965) found that approximately 71 % of
orally administered diazepam and its metabolites is excreted in the urine and 10% in the
faeces. It is not clear whether conjugated oxazepam or conjugated N-desmethyldiazepam
is the more important urinary metabolite (Schwartz et al., 1965; Morselli et al., 1973;
Kanto et al., 1974; Arnold, 1975). ln a recent, but preliminary, study (Chiba et aL., 1995),
four male volunteers aged 24-40 years were given a single dose of 4 mg diazepam orally
and urine was collected over 96 h. Following treatment of the urine with ß-glucuro-
nidase/sulfatase, diazepam was not detectable and the cumulative excretion of N-des-
methyldiazepam, temazepam and oxazepam was 3.9 :t 0.4,6.6:t 1.4 and 2.8:t 0.6% of the
dose, respectively. Enterohepatic circulation might explain the long elimination half-life
of diazepam and the secondary peak observed in some studies during the elimination
phase, but most studies indicate that diazepam is not excreted in the bile in significant
amounts (reviewed in Schmidt, 1995).

Diazepam is able to cross the placenta rapidly (deSilva et aL., 1964; Idänpään-
Heikkila et aL., 1971 a; Jørgensen et aL., 1988) and accumulates in the fetus with slow
elimination of its active metabolite. The fetal plasma levels of diazepam are equal to or
1.2 times higher than the maternaI plasma concentrations (Cavanagh & Condo, 1964;
Erkkola et aL., 1974); the level of its active metabolite, N-desmethyldiazepam, is excep-
tionally high in fetal liver (Erkkola et al., 1974). After the use of diazepam in labour,
diazepam and N-desmethyldiazepam persist in the newborn for eight days postpartum
(Cree et al., 1973). Diazepam and its active metabolite also pass from the mother' s blood
into breast milk (Erkkola & Kanto, 1972; Cole & Hailey, 1975).
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Figure 1. Postulated metabolic pathways of diazepam
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Diazepam clearance shows marked interindividual differences. Factors which might
contribute to this phenomenon include age, sex, smoking, lIver disease, enzyme induc-
tion or inhibition and genetic factors affecting the regulation of metabolism (Klotz et al.,
1975, 1977; Greenblatt et al., 1980; Ochs et al., 1981a,b; Abernethy et al., 1983; Ochs
et al., 1983; Alda et al., 1987; Bertilsson et aL., 1989; Zhang et al., 1990; Sohn et al.,
1992). With regard to the importance of the regulation of metabolism, a relationship was
observed in studies of Swedish volunteers (Bertilsson et al., 1989) and Korean volunteers
(Sohn et al., 1992) between more rapid elimination of diazepam and high S-mephenytoin
hydroxylase activity (but see Section 4.1.2). There was no relationship with debrisoquin
hydroxylation (CYP2D6) polymorphism among the Swedish subjects (Bertilsson et aL.,
1989). No significant difference in the clearance of diazepam was found between
Chinese subjects who were extensive or po or S-mephenytoin hydroxylators (Zhang et al.,
1990). Bertilsson and Kalow (1993) suggested that the racial differences can be
explained in terms of the chance selection of different proportions of heterozygotes and
homozygotes in these studies.

4.1.2 Experimel1tal systems

ln contrast to the extensive human pharmacokinetic investigations, equivalent in-vivo
studies in experimental animaIs are rare. Garattini et al. (1973) gave rats, mice and
guinea-pigs 5 mg/kg bw diazepam by intravenous injection and measured blood levels of
diazepam, N-desmethyldiazepam and oxazepam at times from 1 min up to 40 h. Maximal
diazepam concentrations of 2.33 :t 0.10, 1.36 :t 0.1 1 and 1.70:t 0.10 l1g/mL were found
at 1 min in rats, mice and guinea-pigs, respectively. The blood levels were negligible by
5 h in rats and mice and by 10 h in guinea-pigs. ln rats, N-desmethyldiazepam was

detected only at 0.10 :t 0.0 I l1g/mL after 5 min, while oxazepam was not detected at aiL.
However, in mice, N-desmethyldiazepam concentrations were significant from 1 min to
10 h, with a maximum at 30 min of 1.15 :t 0.04 l1g/mL and significant oxazepam
concentrations were found between 30 min and 10 h, with a maximum at 3 h of 0.22
:t 0.02 l1g/mL. ln guinea-pigs, concentrations of N-desmethyldiazepam were significant
from 1 min to 20 h, with a maximum at 1 h of 0.37 :t 0.07 l1g/mL, but no oxazepam was
detected.

Lukey et al. (1991) administered a single dose of 100 l1g/kg bw diazepam to six male
rhesus monkeys by intramuscular injection. The maximal serum concentration of
diazepam was 49.6 :t i 3.9 ng/mL at 28.7 :t 3.6 min, whiIe that of N-desmethyldiazepam
was 38.4 :t 8.8 ng/mL at 169.8 :t 60.5 min. The volume of distribution and systemic
clearance values were i.5 L/kg and 19.4 mL/min/kg, respectively, assuming 100% bio-
availability. Serum protein binding was about 95%.

Diazepam and N-desmethyldiazepam accumulate in adipose tissue. Garattini et al.
(1973) found that adipose tissue/blood ratios in mice given 5 mg/kg bw diazepam iiitra-
venously varied from about 4 (at 5 min) to :; 6 (at 5 h) while in mice given the metabolite
(5 mg/kg bw), the corresponding ratios were 3 (at 5 min) and:; 45 (at 5 h). Accumulation
also occurred in the brain. Maximal diazepam concentrations in the brain after intra-
venous administration of 5 mg/kg bw were 7.04 :t 0.37 l1g/g and 4.28 :t 0.14 /lg/g at
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1 min in mice and rats, respectively, and 6.28 :t 0.30 ¡.g/g at 5 min in guinea-pigs. The
brain : blood ratios varied from 2.6 (at 1 h) to 5.2 (at 1 min) in mice, from 1.8 (at 1 min)
to 5.8 (at 3 h) in rats and from 2.8 (at 1 h) to 9.8 (at 5 min) in guinea-pigs.

The distribution of diazepam to certain tissues was examined in rats given 83 ¡.g/kg
bw by intraperitoneal injection (Takatori et al., 1991). Serum concentrations were 3.75 :t
0.62 ng/mL at 1 h and 0.28 :t 0.05 ng/mL at 4 h. Diazepam was also found in the saliva,
bone marrow and brain. From 1 h to 8 h after administration, the concentration in bone
marrow was higher th an that in serum by factors of about 1.2-8,0. Over the period 2-8 h
after dosing, concentrations in the serum, saliva and brain were similar. Transplacental
transfer of diazepam occurs in mice, hamsters and monkeys (Idänpään-Heikkilä et al.,
1971 b).

Early studies of the metabolism of diazepam revealed substantial interspecies diffe-
rences (see Figure 1), whether studied in vivo or by in-vitro methods using liver micro-
somes (Garattini et aL., 1973). N-Demethylation (yielding N-desmethyldiazepam) and
Ci-oxidation (yielding temazepam) occur to various extents in all species studied, but
hydroxylation at the 4'-position of the 5-phenyl substituent is a major pathway in the rat.
The resulting phenolic derivatives of diazepam, N-desmethyldiazepam, oxazepam and
temazepam are ail found in rat urine. This pathway seems to be negligible in most other
species, apart from rabbits (Jommi et al., 1964). Oxazepam can be formed either from
temazepam (by N-demethylation) or from N-desmethyldiazepam (by Ci-oxidation). The
Ci-hydroxy compounds (oxazepam and temazepam) are eliminated in urine as glu-
curonides by mice (Marcucci et aL., 1968), rats (Schwartz et aL., 1967), guinea-pigs
(Marcucci et aL., 1971), rabbits (Jommi et aL., 1964) and dogs (Ruelius et al" 1 965). The
glucuronide and/or sulfate conjugates of several metabolites have also been identified in
the intestinal contents of a rat dosed intraperitoneally with 100 mg/kg bw diazepam
(Schwartz et al., 1967).

ln single-pass experiments with perfused male CD-I mouse liver and an input
concentration of 0.5 ¡.M, diazepam was rapidly cleared, with a steady-state extraction
ratio of 0.952 (St-Pierre & Pang, 1993). The mean hepatic clearance was 1.74 :t
0.21 mL/min/g, which was very close to the perfusate flow rate (1.82 mL/min/g), The
metabolites recovered were (authors' terminology): nordiazepam (N-desmethyl-

diazepam) (47.7 :t 6.5%); nordiazepam conjugate (3.7 :t 2.1 %); oxazepam (28.6 :t 7.1 %);
oxazepam glucuronide (1.7 :t 0.7%); 4'-hydroxynordiazepam (0.6 :t 0.2%); 4' -hydroxy-
nordiazepam glucuronide (0.9 :t 0.3%); temazepam (0.7 :: 0.2%); temazepam glliCU-.
ronide (0.3 :t O. 1 %).

The metabolism of diazepam in cultiired hepatocytes and siibcellular preparations has
also been studied extensively. An early study showed that diazepam iindergoes both
N-demethylation and Ci-hydroxylation in dog and rat IIver in vitro, reactions that are
NADPH-dependent and inducible by phenobarbital (Schwartz & Postma, 1968).
Subsequently, Ackermann and Richter (1977) demonstrated that the oxidations are
mediated by cytochrome P450, using human fetal liver preparations. The CYP2C 1 1
isozyme catalyses the N-demethylation reaction, although other isozymes are also
involved, while CYP3A2 is the major catalyst for C i-hydroxylation (Reilly et a!. 1990;
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Neville et aL., 1993; Yasumori et al., 1993). S-Mephenytoin does not inhibit either N-de-
methylation or Ci-hydroxylation of diazepam by human liver microsomes (Hooper e.t al.,
1992), The human S-mephenytoin hydroxylases appear to be CYP2C9 or CYP2C 1 8
enzymes (Nebert et al., i 989; Wilkinson et al., i 989; Romkes et al., 1991), so the
apparent relationship between rapid diazepam clearance and high S-mephenytoin
hydroxylase activity observed in humans (see Section 4,1.1) remains to be explained.

4.2 ToxIc effects

4.2.1 Humal1s

(a) Aciite to:ricity
ln a recent report on 215 lethal intoxications due to self-poisoning with diazepam

alone or in combination with other substances, diazepam was associated with a higher
rate of death per million prescriptions than the average for benzodiazepine anxiolytics

such as lorazepam and oxazepam. However, this may not retlect a higher toxicity of
diazepam, since diazepam was used more frequently together with alcohol than the other
tranquillizers investigated (Serfaty & Masterton, 1993). ln non-Iethal intoxications, the
symptoms consist mainly of an enhancement of the therapeutic effects, with severe
drowsiness, oversedation and ataxia, while in some cases, particularly in elderly persons,
a paradoxical excitation may be induced. Rare but severe acute adverse effects after
therapeutic intravenous administration include respiratory or cardiac arrest or both

(reviewed by Dollery et al., 1991),

(h) Chronic to.ricity
ln addition to the effects associated with psychological and physical dependence and

rebound withdrawal phenomena, extremely rare but serious adverse reactions are
increases in the levels of serum aminotransferase and alkaline phosphatase, jaundice

(both hepatocellular and cholestatic), leukopenia, hypersensitivity reactions such as skin

rashes, single cases of exfoliative dermatitis and, in predisposed persons, circulatory and
lespiratory depression (reviewed by Dollery et al., 1991). Taking into account the
widespread use of diazepam over a long period, the virtual lack of adverse effects
reportcd in the literature suggests the absence of organ toxicity associated with chronic
administration.

4,2.2 Erperimeiital systl'ms

(a) !\clfl' fO-tci.r
A verage oral LD,1i values of 1901 and 1517 mg/kg bw in mice and rats. rcspectivcly,

have bccn reported. The average LD,1i values aftel intraperitoncal administration wcrc
774 mg/kg bw in mice and 661 mg/kg bw in rats (Owen et al., i 970).

(b) Suhchroiiic aiid chronic toxicit\'
Groups of 20 Charles River CD rats (10 male, 10 female) wcre admiiiistcrcd O. hO(),

1250 or 2500 mg/kg diet (ppm) diazepam orally in the diet for 20-22 wecks. No dcaths
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occurred in either control or treated rats, and neither food consumption nor body weight
differed significantly between the four groups. No haematological or ophthalmological
effect of diazepam was found, but kidney and pancreas weights in males and liver
weights in males and females were greater at ail doses. ln addition to the mild renal
alterations observed in males of ail treated and control groups, some males of the high-
dose group had histopathological traces of brown, finely granular material within the
epithelial cells of the renal proximal convoluted tubules in the absence of gross toxicity.
Mild alteration of the thyroid architecture was observed in some animaIs in each treated
group, the acini appearing condensed and containing less colloid than usual (Owen et aL.,
1970).

Groups of four dogs were given 80, 127 or 200 mg/kg bw orally by capsule 30 min
before feeding daily for four weeks (Owen et al., 1970). One dog of the high-dose group
died and marked losses in weight were observed in the mid- and high-dose groups

associated with decreased food consumption due to severe sedation and somnolence; in
addition, increased emesis was induced in the three treated groups. The authors
suggested weakness and starvation as the cause of death. Haematological examination
revealed elevated haemoglobin, haematocrit, total red cell count and blood viscosity in
the mid- and high-dose groups; increased weights of the kidneys and adrenal gland were
also observed in these two groups. Most dogs treated with diazepam displayed histo-
pathological and biochemical signs of hepatobiliary dysfunction and some gonadal
changes, namely testicular atrophy.

(The Working Group noted that, since the study of Owen et al. (1970) focused on
evaluating oxazepam toxicity, with diazepam administered only for comparison

purposes, the description of the effects of diazepam is incomplcte on many points and the
number of animais treated with diazepam was very small.J

(c) Effects 011 ceU proliferatiol1 al1d diferel1tiatiol1 and 011 steroidogel1esis: the

role of peripheral bel1zodiazepil1e receptors

The anxiolytic and hypnotic effects of diazepam are mediated via GABAergic
receptors in the central nervous system. ln addition, diazepam can affect peripheral
organs, in particular the immune and endocrine system, directly through a second class of
binding sites. Although the peripheral benzodiazepine receptors are ubiquitous in the
organism, they are localized in very specifie regions of the different organs and their
density is strictly controlled by endocrine and neural mechanisms. ln generalized anxiety
disorders in humans and in chronically stressed or food-deprived experimental animaIs,
the density of the peripheral benzodiazepine receptors is decreased in most organs, while
diazepam administration has been reported to induce upregulation (Gavish et aL., 1992;
Ferrarese et aL., 1993). These peripheral benzodiazepine receptors are mitochondrial
proteins consisting of two subunits. The 'diazepam-binding inhibitor' peptide is a
putative endogenous ligand for peripheral benzodiazepine receptors. This polypeptide
has been purified from the brain and from a variety of other organs such as the liver,
kidney and adrenal glands, and probably functions as a precursor of smaller biologically
active neuropeptides that interact preferentìally with either central or peripheral benzo-
diazepine receptors (Ferrarese et al., 1993).
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Experimental evidence suggests that the effects of diazepam on celI proliferation and
differentiation observed il1 vitro are mediated via binding to benzodiazepine receptors.
Such effects include blockage of mitogenesis in Swiss 3T3 cells, induction of differen-
tiation in murine Friend erythroleukaemia celIs, acceleration of melanogenesis in mouse
melanoma cells, and inhibition of proliferation of human glioma cells, rat pituitary
tumour cells and cultured mouse spleen lymphocytes il1 vitro (Wang et al., 1984;
Pawlikowski et al., 1988a,b; Kunert-Radek et al., 1994). ln contrast, a single subcuta-
neous injection of diazepam induced increased thymic mitotic activity in rats in vivo
(Stepien et al., 1988). Inhibition of plasma membrane calcium influx through voltage-
dependent channels has been repeatedly discussed as a mechanism possibly involved in
the inhibitory effects on cell proliferation mediated via peripheral benzodiazepine

receptors (Pawlikowski et aL., 1988b; Ferrarese et aL., 1993).

ln adrenocortical and testicular Leydig celIs and cultured cell lines, the 'diazepam-

binding inhibitor' peptide, as well as other ligands including diazepam, stimulate

hormone-induced steroid biosynthesis, probably by binding to peripheral benzodiazepine
receptors and thus mediating the translocation of cholesterol from the outer to the inner
mitochondrial membranes and regulating cholesterol side-chain cleavage to pregne-
nolone (Krueger & Papadopoulos, 1990; Ferrarese et aL., 1993). The extent of stimu-
lation correlates with the binding affinity of the different ligands to these peripheral

receptors (Mukhin et aL., 1989; Ferrarese et aL., 1993). 'Diazepam-binding inhibitor' has
been also suggested to stimulate the release of corticotropin-releasing factor from
neurons and to stimulate the synthesis of neurosteroids in glial cells (Ferrarese et al.,
1993). Earlier studies il1 vivo demonstrated that diazepam increases corticosterone and
testosterone secretion in rats, as well as plasma levels of testosterone and 1 1 -hydrocorti-
coids in humans (Marc & Morselli, 1969; Argüelles & Rosner, 1975). ln contrast, fluni-
trazepam has been reported to antagonize the stimulatory effect of purified 'diazepam-
binding inhibitor' on steroidogenesis il1 vitro (Papadopoulos et aL., 1991).

The presence of peripheral benzodiazepine receptors in both animal and human
tumours has been explored extensively. Increased density was demonstrated in various
tumours, such as rat gliomas, human gliomas or astrocytomas, human colon adeno-
carcinomas and human ovarian and prostatic carcinomas; in contrast, peripheral benzo-
diazepine receptors were absent in renal carcinomas (Katz et aL., 1988; Ferrarese et aL.,
1989; Gorman et aL., 1989; Katz et aL., 1989, 1990). The localization of these binding
sites in the mitochondria raises the possibility that they might be involved in inter-
mediary metabolism and in respiratory control; hence quantitative and/or qualitative
changes in their function might bring about important alterations in cellular bio-
chemistry. However, the available data are fragmentary and do not allow assessment of
the role of peripheral benzodiazepine receptors in tumour formation.

(d) Effects 011 the immune system

The effects of diazepam on the immune functions have been studied both il1 vitro and
il1 vivo with conflicting results: both stimulatory and inhibitory effects have been
demonstrated. Diazepam injected one day after immunization stimulated the humoral
immune response of mi ce to sheep red blood celIs, probably as a result of T celI-
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dependent antigen binding to peripheral benzodiazepine receptors on macrophages

(Ferrarese et aL., 1993). The presence of peripheral benzodiazepine receptors on the mito-
chondrial and plasma membranes of peripherallymphocytes was demonstrated immuno-
cytochemically. Compounds that act exclusively on central GABAergic receptors do not
exert immune functions (Ferrarese et aL., 1992). Further studies il1 vitro demonstrated
that binding of 'diazepam-binding inhibitor' and diazepam to the peripheral benzo-
diazepine receptors is involved in monocyte chemotaxis and enhances the production of
interleukin- 1 and tumour necrosis factor-a (Ruff et aL., 1985; Taupin et aL., 1991). ln
contrast, diazepam at micromolar concentrations, which can be achieved therapeutically
in blood, inhibited phagocytosis and kiling of Cal1dida albical1s cells by human poly-
morphonuclear cells and monocytes il1 vitro (Covelli et al., 1989). At similar concen-
trations, diazepam also suppressed the activity of natural killer cells isolated from human
peripheral blood against erythroleukaemia target cells, suggesting the possibility of
impairment of antiviral and antitumour defence in humans taking diazepam (Stepien
et aL., 1994). However, it is also possible that the demonstrated elevated levels of
'diazepam-binding inhibitor' in stress and anxiety are responsible for the reduced density
of peripheral benzodiazepine receptors on lymphocytes and mediate, together with the
increased levels of adrenal steroids, the immunosuppressive effects of stress (Ferrarese
et al., 1993). Hence, although the involvement of peripheral receptors in immuno-
modulation can be considered as proven, the role of diazepam versus 'diazepam-binding
inhibitor' remains to be elucidated (Zavala & Lenfant, 1987).

4.3 Reproductive and prenatal effects

4.3.1 Humal1s

The maternai metabolism of diazepam during pregnancy is discussed in Section 4.1.1.
Three kinds of developmental consequences of diazepam treatment during pregnancy

can be differentiated:

(i) Congenital abnormalities, i.e., the possible classical teratogenic effect of diaze-
pam used mainly in the first trimester of gestation.

(ii) Short-term functional alterations that are manifested postnatally and are related

mainly to diazepam treatment in the perinatal period.

(iii) Long-term postnatal developmental (including behavioural) effects which in
general are connected with diazepam intake in the second and third trimesters of
gestation, i.e., after the development of specific brain receptors for benzo-
diazepines.

(a) Possible teratogel1ic effect

The possible teratogenic effects are considered according to the circumstances of
exposure of the mother.

Ul1defil1ed exposure circumstances

The data of the Finnish Register of Congenital Malformations (1967-71) showed a
significant association between oral cIefts and maternai intake of antianxiety drugs
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(Saxén, 1975). Extended analysis of the Finnish case-control material (Saxén & Saxén,
1975) indicated significantly greater use of benzodiazepines (diazepam, oxazepam,
nitrazepam or chlordiazepoxide) in the first trimester by the mothers of affected children
(14 versus 5) among 232 children with isolated cleft palate and 226 matched contrais
(p -= 0.05). Benzodiazepine use was greater, but not significantly so, in 232 children with
isolated cleft lip with or without cleft palate than in 230 matched controls (1 1 versus 4).
(The Working Group noted that benzodiazepines were not differentiated and that con-
founding factors such as maternai illness and use of other drugs were not controlled.)

ln the Metropolitan Atlanta Congenital Defects Program monitoring the incidence of
birth defects since 1967, Safra and Oakley (1975) found, by interviews of 49 women
who had infants with cleft lip with or without cleft palate, a history of diazepam
ingestion in the first trimester in seven, and in nine of 229 mothers of children with other
congenital abnormalities (relative risk, 4.1; 95% Ci, 1.5- 1 1.5). The other abnormalities
included Down' s syndrome, tracheo-oesophageal fistula and/or atresia, small-bowel,
rectal and anal atresia, omphalocele, diaphragmatic hernia and limb reductions. The
corresponding relative risk estimate for cleft palate alone was 0.9 based on one exposed
infant. Later, Safra and Oakley (1976) considered the results of their previous study to be
inconclusive because there was no association between secular trends in the prevalence
at birth of children with cleft lip with or without cleft palate and in drug sales.

ln a hospital-based study in Norway, Aarskog (1975) evaluated retrospectively 12
(1 exposed in the first trimester) cases with cleft palate and 99 (6 exposed in the first
trimester) cases with cleft lip with or without cleft palate born in 1967-71 and 362 (9
exposed in the first trimester) controls born in 1972-75. The number of subjects exposed
to diazepam in the first trimester was significantly higher in the combined group with
oral clefts than that of controls. (The Working Group noted that the validity of the study
is uncertain in view of the different study periods for cases and controls. Moreover, deft
lip with or without cleft palate is etiologically distinct from isolated cIeft palate.J

Czeizel (1976) conducted an ad-hoc population-based study using data from the
Hungarian Congenital Malformation Registry for the period 1970-75. Of 413 cases with
cleft lip with or without cleft palate, 121 cases with cleft palate alone and a control series
comprising 843 cases with neural-tube defects, 20 (4.8%), 2 (1.7%) and 37 (4.4%),
respectively, had mothers who reported having received diazepam treatment in the first
trimester of pregnancy. The differences were not statistIcally significant. .

Subsequently, Czeizel (1988) analysed the data-set of the Hungarian Case-Control
Surveilance System of Congenital Abnormalities for 1980-84. Approximately 15% of
pregnant Hungarian women used diazepam in the 1980s (Czeizel & Rácz, 1990).
Maternai diazepam use in the first, second and third months of pregnancy did not differ
significantly between 355 cases with isolated cleft lip with or without deft palate, 167
cases with isolated cleft palate and similar numbers of matched healthy controls. A pros-
pective follow-up study was based on women who visited genetic counselling clinics
between 1973 and 1980 following exposure to potentially hazardous environmental
factors during early pregnancy. Of 546 women, 33 had ingested benzodiazepines, mainly
diazepam; their 26 liveborn babies had no congenital abnormality.
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Rosenberg et al. (1983) compared the use of diazepam during the first four lunar
months of pregnancy in 445 infants with cleft lip with or without cleft palate, in 166
infants with cleft palate alone and in 2498 controls with congenital abnormalities other
than oral clefts from the birth defect surveillance system in Boston, MA, and
Philadelphia, PA, United States, and Toronto, Canada, in 1976-82. The relative risk,
adjusted for several confounding factors, was 0.8 (95% CI, 0.4-1.7) for cleft lip with or
without cleft palate and 0.8 (0.2-2.5) for cleft palate alone.

ln a prospective study of 33 249 pregnant women, in the Birth Defects Study of the
National lnstitute of Child Health and Human Development and Kaiser-Permanente in
the United States, Shiono and Mills (1984) found no increase, based on 854 cases, in the
relative risk for oral clefts associated with exposure to diazepam during the first trimester
(relative risk, 1.2; 95% Cl, 0.17-9.0).

Exposure by attempted suicide

Two retrospective studies were carried out in Budapest and the surrounding area in
1960-79 (Czeizel et al., 1984, 1988) and 1980-84 (Czeizel & Lendvay, 1987; Lendvay
& Czeizel, 1992) and one prospective study between 1985 and 1986 (Czeizel &
Lendway, 1987) in self-poisoned pregnant women. (The Working Group calculated that,
in these two studies, 46 pregnancies ended in births to mothers who had used diazepam
for self-poisoning. Relatively low doses (25-45 mg) were used by 3 women, while
higher doses of 50-95 mg were used by 1 1, 100- 1 45 mg by 20 women, 150-195 mg by
3 women and more than 200 mg by 7 women. Of the children, only one was affected by
congenital abnormality (Fallot tetraIogy). Since the expected rate of congenital abnorma-
lities was about 6.5% (Czeizel et aL., 1993), it appears that single, extremely high doses
of diazepam did not cause an increase in the rate of detectable defects in the offspring. i

Gunnarskog and Källén (1993) observed that, of 70 infants born in Sweden to
mothers exposed to psychoactive drugs as a result of suicide attempts during the organ-
forming period, 20 of whom were exposed to benzodiazepines, no ne had a congenital ab-
normality. (Specific drugs were not mentioned.)

Psychotherapeutic exposure

Several studies relate to the offspring of women who had psychiatric disorders for
which they received high doses of benzodiazepines throughout pregnancy,

Laegreid et al. (1987) reported seven cases exposed to benzodiazepines. Ali offspring
had intra- and extrauterine growth retardation, facial dysmorphism and central nervous
system dysfunctions. Of five cases wIth maternai exposure to diazepam, one had sub-
mucous cleft of the hard palate and secondary hydronephrosis, another was affected with
submucous cleft hard palate and a third one with microcephaly and left renal aplasia.
These cases resembled, but were not identical to, the fetal alcohol syndrome but abuse of
alcohol was denied by all the mothers. Ali the mothers had received 30-75-mg daily
doses of benzodiazepines throughout pregnancy, in sorne cases confirmed by the exaini-
nation of stored blood samples for diazepam. Laegreid et aL. (1989) reportcd two ncw
cases with similar findings.
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ln addition, Laegreid et al. (l 990) carried out a population-based study of surviving
live births born in 1985-86 in Gothenburg, Sweden. Twenty-five children were ident.ified
with one or more of (a) embryopathy-fetopathy not otherwise specified, (b) oral cletts,
(c) defects of the central nervous system and (d) urinary tract malformations. lt was
possible to analyse maternai plasma in 18 of these cases (three were reported in previous
papers) and eight samples were found to be benzodiazepine-positive, including seven for
diazepam. A control series of 109 children was selected using paired sampling. Of 60
controls for whom blood analysis cou Id be carried out, two were positive, both for
diazepam. The difference in the proportion exposed to diazepam was highly significant.

Laegreid et al. (1992a) studied psychotropic drug use in the mothers of ail 73

perinatally dead infants in the city of Gothenburg, Sweden, in 1985-86 and in control
mothers of 73 surviving infants. Serum samples obtained in early pregnancy were
screened for benzodiazepines. Eighteen case-mothers had used psychotropic drugs

(benzodiazepines in nine) during pregnancy as documented from case-notes, compared
with seven control mothers (benzodiazepines in three). The association between benzo-
diazepine drug use and perinatal death was significant (p = 0.03), but confounding due to
psychiatric disorders and other drug use could not be excluded.

Bergman et al. (1990) evaluated the follow-up of the children of 4640 mothers in
1971-86 for their exposure to diazepam, oxazepam or nitrazepam during pregnancy.
Only six of the pregnant women appeared to be regular benzodiazepine users (two
diazepam, two oxazepam, one nitrazepam and one diazepam plus nitrazepam) and none
of their six children had abnormalities.

Later, Bergman et al. (1992) examined benzodiazepine use during pregnancy in

104 339 women whose deliyeries were recorded by the United States public health
insurance system, Medicaid, during 1980-83. Of 80 pregnant women who had received
l 0 or more benzodiazepine prescriptions (63 diazepam, 36 chlordiazepoxide, 8 lora-
zepam, 13 tlurazepam), three experienced fetal death and two infants were found to have
lethal congenital abnormalities. Records of 64 surviving children could be linked to these
80 pregnancies (1 1 survivors cou Id not be located), and six children had congenital

abnormalities of various types. These defects differed from the pattern described by
Laegreid et al. (1987, 1989, 1990); in particular, there were no oral cletts.

(b) Short -te rm functiol1al alte rations

There are case reports of floppy infant syndrome (namely hypotonia, hyporetlexia,
apnoeic spells, reluctance to feed, a risk for inhalation of feeds, impaired metabolic

responses to cold, hypothermia, low Apgar rating at birth) associated with diazepam
treatment of pregnant women at doses of 30 mg or more within the 15 hours before
delivery (Owen et al., 1972; Cree et al., 1973).

Acute withdrawal effects (namely depressed respiration, hypothermia and feeding
difficulties) have been documented in neonates exposed to diazepam ¡Il utero for long
periods (Cree et al., 1973). The time of onset of the symptoms, their severity and
duration were related to the dosage and fetal kinetics (including elimination) of the drug
(Mazzi, 1977; Mac New & Finnigan, 1980).
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(c) Humal1 IOl1g-term postnatal studies

The behavioural development of 101 children (and their 1 17 siblings) of pregnant
women who attempted suicide has been studied (Lendvay & Czeizel, 1992). Forty-two of
the mothers had lIsed diazepam during pregnancy. Some of the children had behavioural
alterations which coiiid be explained mainly by their familial and social problems.

Laegreid et aL. (1992b,c) examined the neiirodevelopment of 17 chi Idren born to 16
mothers who used benzodiazepines throiighout pregnancy: 15 used diazepam (5-30 mg
daily) or oxazepam (15-60 mg daily) alone or in combination and one mother used lora-
zepam. The results were compared with those for 29 children born to mothers without
any known use of psychotropic drugs. A neurological investigation was performed on the
second day of life. Significant differences in the frequency of pre- and perinatal compli-
cations and in neurobehaviour were found between the two groups. The benzodiazepine-
exposed children recovered from their lower mean birth weight at an early stage, whereas
their slightly decreased head circumference at birth remained lower. Gross motor deve-
lopment was retarded at six and 10 months, but was nearly normal at 18 months.

Impaired fine motor functions were found on all follow-up occasions (at six, 10 and 18
months of age).

The cases studied by Laegreid et al. (1990, 1992b,c) were followed up prospectively
in late infancy and found to have a general delay in mental development up to 18 months
of age associated with prenatal exposure to benzodiazepines (Viggedal et aL., 1993). (The
Working Group noted that ail the mothers in the benzodiazepine group had psychiatric
disorders, and these have an important negative effect on children's development (Cox,
1988). ln addition, neuropsychological symptoms are frequent among children of abusers
of psychoactive substances (Deren, 1986; Van Baar et al., 1989).)

4.3.2 Experimel1tal systems

Few experimental data are available concerning the effect of diazepam on repro-
duction. The incidence of abnormal sperm heads was significantly higher in mice after a
daily oral dose of 0.5 mg diazepam (Kar & Das, 1983; Šrám & Kocišová, 1984).

Guerriero and Fox (1977) found a significant decrease in mating performance, with
depressed birth weights, among Swiss-Webster mice given a diet containing 500 mg/kg
diazepam.

ln A/J mice given a single intramuscular dose of 100 mg/kg diazepam on day 14 of
pregnancy, the frequency in the offspring of both cleft lip with or without cleft palate and
cleft palate only was 3.4% (Walker & Patterson, 1974). The authors observed that this
was lower than the frequency of spontaneous occurrence of these defects reported in
other series.

Miler and Becker (1975) treated Swiss-Webster mice with 50, 100, 140 or 500 mg/kg
bw diazepam by gastric instillation once daily for three days on gestation days 8- 10 or
days 11-13 or for one day only between days 8 and 15 or with 280 or 400 mg/kg bw for
one day only between days 1 1 and i 4. The highest dose was associated with a maternai
mortality rate of 50%. When 140 mg/kg bw diazepam was administered on day 13, there
was 2 i % fetal resorption. The incidence of cleft palate was significantly increased in the
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oftspring of mice treated with 140 mg/kg bw diazepam on days 1 1, 12 and 13, and with
single-day administrations of 400 mg/kg bw on days 1 1 - 1 4 and 500 mg/kg bw on days 9
and 11-15.

Tocco et al. (1987) reported an increase in the frequency of cleft palate in Swiss-
Webster and AJ mice following two-day dosing with 400 mg/kg bw diazepam by gastric
instillation on days 13.5 and 14.5. Maternai mortality was high (50% or more) but no
increase in resorption was observed.

ln rats, no abnormality was caused by oral administration of 20 or 80 mg/kg bw
diazepam per day on days 6-15 of gestation (Beall, 1972). Saito et al. (1984) did not find
a significant increase in any abnormalities after oral administration of 100 mg/kg bw
diazepam on gestation days 8-14 in Sprague-Dawley rats.

ln hamsters, exencephaly, cleft palate and limb defects were detected after a single
oral dose of 30, 50, 70 or 100 mg on days 8 and 10 or single intravenous injections of
10 mg diazepam on day 1 1. There was no dose-related effect (Shah et al., 1979). A
single intraperitoneal injection of 120-980 mg/kg bw diazepam on day 8 of gestation
induced a dose-related increase in the frequency of fetal malformations in hamsters,

mainly exencephaly or cranioschisis, at doses of 280 mg/kg and above (Gill et al., 1981).

No structural abnormality was observed in the offspring of two rhesus monkeys
treated orally with diazepam (0.5-3.2 mg/kg bw) twice daily during the second and third
trimesters, nor in those of three monkeys treated during the third trimester only (Jerome
et al., 1981). (The Working Group noted that there was no treatment during the first
tri mes ter. )

Specific receptors for benzodiazepines develop at the beginning of the fetal period in
the central and peripheral nervous systems of rats (Braestrup & Nielsen, 1978).

Behavioural studies have demonstrated pronounced effects in rodents following exposure
to diazepam during late gestation. ln rat models, prenatal exposure to diazepam and other
benzodiazepines resulted in behavioural deficits in pups (Kellogg et al., 1980), such as
learning and memory disabilities (Gai & Grimm, 1982), the absence of acoustic startle
reflexes and the impairment of conditioned avoidance response (Kellogg, 1992) which is
dependent on the time of treatment (Frieder et al., 1984). However, diazepam prevented
the adverse effects of maternai restraint stress in postnatal development and learning in
rats (Barlow et al., 1979).

A chick embryotoxicity screening test did not show any teratogenic effect of
diazepam (Peterka et al., 1992).

4.4 Genetic and related effects (see also Table 6 for references and Appendices 1
and 2)

4.4.1 Humal1s

The first published report of a possible association between exposure to diazepam and
chromosomal aberrations in the lymphocytes of patients using the drug as a tranquillizer
(four patients) or for its muscle-relaxing properties (19 patients) was that of Stenchever
et al. (1970). These patients were compared with eight controls. Although there was no
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--Table 6 (contd) t'

Test system Result" Doseb Reference
(LED/HID)

Without With
exogenous exogenous
metabolic metabolic
system system

G9H, Gene mutation, Chinese hamster lung V79 cens, hprt locus in vitro - - 250 Röhrborn et al. (1984)

(abstract) -
;pGIA, Gene mutation, rat primary hepatocytes, hprt locus in vitro - - 50 Swierenga et al. (1983) :;

(abstract) n
MIA, Micronucleus test, Chinese hamster (CI-1) cells in vitro +

c
NT 20 Antoccia et al. (1991) ~aMIA, Micronucleus test, Chinese hamster lung V79 cel1s in vitro +c
NT NG Bonatti et al. (1992) ZMIA, Micronucleus test, Chinese hamster pulmonary (Luc 2) cel1s in vitro + NT 10 Lynch & Parry (1993) a0MIA, Micronucleus test, Chinese hamster 1ung V79 cells in vitro +c
NT 100 Seelbach et al. (1993) :;CIC, Chromosomal aberrations, Chinese hamster 1ung CHL cells in vitro - ? 1ÒOO Matsuoka et al. (1979) ;p..CIC, Chromos omal aberrations, Chinese hamster lung CHL cel1s in vitro - NT 125 Ishidate et al. (1988) ::(/CIC, Chromosomal aberrations, Chinese hamster (CHE-3N) cens in vitro ? NT 100 Lafi & Parry (1988) ~AIA, Polyploidy, Chinese hamster (Don) cells in vitro + NT 100 Satya-Prakash et al. aL

(1984 ) CAIA, Aneup10idy, Chine se hamster (Don) cel1s in vitro NT + 100 Hsu et al. (1983) ~AIA, Aneuploidy, Chinese hamster (CHE-3N) cens in vitro (hypodip1oidy)
(+) NT 100 Lafi & Parry (1988) tT

0"AIA, Aneuploidy, primary Chinese hamster embryonic cel1s in vitro +d
NT 10 Natarajan et al. (1993) 0"

AIA, Aneuploidy, Chinese hamster pu1monary (Luc 2p4) cel1s in vitro + NT 10 Warr et al. (1993)
(hypodiploidy and polyploidy)

*, c- Mitoses, Chinese hamster (CL-1) cel1s in vitro + NT 60 Antoccia et al. (1991)TCL, Cell transformation, BHK 21 -C 13 cens in vitro - + 130 Röhrborn et al. (1984)
(abstract)

SHF, Sis ter chromatid exchange, human fibroblast cell line in vitro - NT 28.5 Sasaki et al. (i 980)MIH, Micronucleus test, human lymphocytes in vitro - NT 75 Migliore & Nieri

(1991)MIH, Micronucleus test, human fibroblasts in vitro +
c

NT 25 Bonatti et al, (i 992)MIH, Micronucleus test, human lymphocytes in vitro +' NT 30 Ferguson et al. (1993)
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Table 6 (contd)

Test system
Resulta Doseb

Reference
(LED/HID)

Without With
exogenous exogenous
metabolic metabolic
system system

CHF, Chromosomal aberrations, human primary fetal fibroblasts in vitro - NT 50 Staiger (1969)CHF, Chromosomal aberrations, human fibroblast cell line in vitro - NT 25 Staiger (1969)CHF, Chromosomal aberrations, human fibroblast cell line in vitro - NT 28.5 Sasaki et al. (1980)CHL, Chromosomal aberrations, human lymphocytes in vitro - NT 50 Staiger (1970)CHL, Chromosomal aberrations, human lymphocytes in vitro - - NG Röhrborn et al. (1984)
(abstract) 0..AIH, Aneuploidy, human primary fibroblasts in vitro - NT 50 Staiger (1969) ;pAIH, Aneuploidy, human fibroblast-cell line in vitro

NT 25 Staiger (1969) N-
tTAIH, Aneuploidy, human lymphocytes in vitro (hypodiploidy) +d

NT 25 Sbrana et al. (1993) '"
;p*, c-Mitoses, human lymphocytes in vitro

+ NT 50 Sbrana et al. (1993) ~DV A, DNA strand breaks, rat Ii ver in vivo -
285 po x 1 Carlo et al. (1989)DV A, DNA strand breaks, rat liver in vivo - 57poxl5 Carlo et al. (1989)MVM, Micronucleus test,mouse bone marrow in vivo

(+) 22 po x 1 Kar & Das (1979)MVM, Micronucleus test, mouse bone marrow in vivo
+ 20 po x 2 Das & Kar (1986)

MVM, Micronucleus test, mou se bone marrow in vivo -
150ipx 1 Adler et al. (1991)MVM, Micronucleus test, mouse bone marrow in vivo -
30 ip x 1 Leopardi et al. (1993)

MVM, Micronucleus test, mou se bone marrow in vivo (+) 10 x If Marrazzini et al. (1994)CBA, Chromosomal aberrations, Chinese hamster bone marrow in vivo - 300pox 10 Schmid & Staiger
(1969)CBA, Chromosomal aberrations, rat bone marrow in vivo -

500 po x 10 Neda et al. (1977)CBA, Chromosomal aberrations, mouse bone marrow in vivo
(+) 75 ip x 7 Petersen et al, (1978)

(abstract)CBA, Chromos omal aberrations, mouse bone marrow in vivo -
0.85 ip x 1 Degraeve et al. (1985)

(abstract) --
lN



Table 6 (contd) --.t
Test system

Result" Doseh

(LED/HID)
Reference

Without
exogenous
metabolic
system

With
exogenous
metabolic
system

CBA, Chromosomal aberrations, mouse bone marrow in vivo

CBA, Chromosomal aberrations, mouse bone marrow in vivo
(+)

0.85 ip x 22 Degraeve et al. (1985)
(abstract) -

;¡
1000 po x 28 Kocišová & Šrám iOn

(1985) (abstract)
$:

500 po x 10 Ishimura et al. (1975) 0
(abstract) Z0

100 ip x 1 Xu & Adler (1990) 0
10 x if Marrazzini et al. (1994) ;:

;¡
0.85 ip x 22 Degraeve et al. (1985) "'

::
(abstract) V1

0.85 ip x 22 Degraeve et al. (1985) ~0
(abstract) r

22poxl5 Kar & Das (1979) c:
$:0.85 ip x 40 Degraeve et al. (1985) tT

(abstract) 0\0\
1000 po x 28 Šrám & Kocišová

(1985)
150ipx 1 Miller & Adler (1989)
100 ip x 1 Xu & Adler (1990)
150ipx1 Miler & Adler (1992)

30 ip x 1 Leopardi et al. (1993)
30 ip x 1 Leopardi et al. (1993)
150ipx 1 Mailhes & Marchetti

(1994 )

CBA, Chromosomal aberrations, rat bone marrow in vivo

CBA, Chromosome aberrations, mou se bone marrow in vivo
CBA, Chromosomal aberrations, mouse bone marrow in vivo
CGG, Chromosomal aberrations, mouse spermatogonia treated in vivo,

spermatagonia observed
CCC, Chromosomal aberrations, mouse spermatocytes treated in vivo,

spermatocytes observed
DLM, Dominant lethal test, mouse in vivo (+)
DLM, Dominant lethal test, mouse in vivo

DLM, Dominant lethal test, mou se in vivo

*, c-Mitoses, mouse bone marrow in vivo

A VA, Polyploidy, mouse bone marrow in vivo
A V A, Aneuploidy, mouse secondary spermatocytes in vivo
A VA, Aneuploidy, mouse bone marrow in vivo
A V A, Aneuploidy, mouse secondary spermatocytes in vivo

A V A, Aneuploidy, mouse oocytes in vivo

(+)
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Table 6 (contd)

Test system Resulta ReferenceDosel,

(LED/HID)
Without
exogenous
metabolic
system

With
exogenous
metabolic
system

A VA, Aneuploidy, male mou se germ cells in vivo +
A VA, Aneuploidy, mouse bone marrow in vivo (+)
SLH, Sister chromatid exchange, human lymphocytes in vivo
SLH, Sister chromatid exchange, human lymphocytes in vivo +
CLH, Chromos omal aberrations, human lymphocytes in vivo
CLH, Chromosomal aberrations, human lymphocytes in vivo
CLH, Chromosomal aberrations, human lymphocytes in vivo
CLH, Chromosomal aberrations, human lymphocytes in vivo +
CLH, Chromosomal aberrations, human lymphocytes in vivo
MVH, Micronucleus test, human lymphocytes in vivo
A VH, Aneuploidy, human cells in vivo (hypodiploidy) +

*, Inhibition of tubulin assembly in vitro
*, Inhibition of tubulin assembly in vitro +

ICR, Inhibition of intercellular communication, Chinese hamster lung +
(V79) cells in vitro

ICR, Inhibition of intercellular communication, rat liver epithelial cells

ICR, Inhibition of intercellular communication, mou se hepatocytes in vitro +

ICR, Inhibition of intercellular communication, Chinese hamster lung ?
(V79) cells in vitro

ICH, Inhibition of intercellular communication, human hepatoma cellular
carcinoma cell line (SK-HEP-1)

150ipx 1 Gassner & Adler
(1995)

10 x if Marrazzini et al. (1994)
0.2 po x 1 Husum et al. (1985)
NG Huong et al. (1988)
0.5 po x l' Cohen et al. (1969) CI-
0.3 po xil, Stenchever et al. (1970) ~

N
0.30 iv x 1 White et al. (1974) tT

'VNG Huong et al. (1988) ~
2.4 po xii van Bao et al. (1992) 3:

2.4 po xii van Bao et al. (1992)

2.4 po x r van Bao et al. (1992)
712 Brunner et al. (1991)
285 Wallin & Hartley-Asp

(1993)
1.25 Trosko et al. (1982)

10 Wälder &
Lützelschwab (1984)

25 Diwan et al. (1989)
20 Toraason et al. (1992)

10 Rolin-LImbosch et al.

( 1987) --lI



Table 6 (contd)

Test system Doseh

(LED/HID)
ReferenceResult"

Without With
exogenous exogenous
metabolic metabolic
system system

+

+

+ +

+ +

SPM, Sperm morphology, mouse in vivo
SPM, Sperm morphology, mouse in vivo

20 po x 15

200 po x 28

Kar & Dass (1983)
Kocišová & Šrám
(1985) (abstract)
Batzinger et al. (1978)

Batzinger et al. (1978)

Matula & Downie
(1983) (abstract)
Matula & Downie
(1983) (abstract)
Riee et al. (1981)

BF A, Urine of mouse, Ames test, Salmonella typhimurium TA 100
BF A, Urine of mouse, Ames test, Salmonella typhimurium T A98

BFA, Urine ofmouse, Ames test, Salmonella typhimurium TAIOO

200 po x 1

200 po x 1

200

BF A, Urine of mouse, Ames test, Salmonella typhimurium T A98 200

*, Metabolites from canine gastric mucosa in vitro, Ames test, Salmonella
typhimurium T A98

*, Metabolites from human gastric mucosa in vitro, Ames test, Salmonella
typhimurium T A98

NT + NG

NT + NG Rice et al. (1981)

*Not shown on profile
" +, positive; (+), weak positive; -, negative; NT, not tested; ?, inconclusive
h LED, lowest effective dose; HID, highest ineffective dose; in-vitro tests, ¡.g/mL; in-vivo tests, mg/kg bw/day; NG, dose not given
C Kinetochore-positive

d Negative for polyploidy
e Size ratio of micronuclei to main nucleus indicates aneuploidy induction
f Both intraperitoneal and oral routes were used when no useful indication concerning the most effective route was available from the literature.

g Average daily dose from six patients treated for 36-72 months
ii Average daily dose from 23 patients teated for 0.5-36 months. One patient had a significant increase in cells with breaks following treatment

(30 mg/day x 18 months)
; Average estimated dose from 25 self-poisoned individuals. Increase in hypodiploidy but not polyploidy 6-12 h after poisoning; no increase 3 and 30
days after poisoning
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overall difference between the groups, three patients had elevated levels of chromosomal
aberrations and one of the se in particular showed chromosomal breakage in 15.3% of the
cells examined, but, on re-examination six months after discontinuing the drug, only
control levels of damage were found.

With regard to sister chromatid exchange, Torigoe (1979) studied 20 epileptic
children (lO boys, 10 girls; age, 4-23 years) who had taken two to six anticonvulsant
drugs for one to 18 years and 20 controls (10 boys, 10 girls; age, 6- 15 years) who did not
receive any drugs for at least six months; they found no significant difference between
control subjects and epileptic patients. ln the study of Husum et al. (1985), the peripheral
lymphocytes of 34 persons (18 men and 16 women undergoing minor surgery) were
examined before and 2-5 h after oral administration of a single 0.2 mg/kg bw dose of
diazepam; possible effects of smoking were taken into account and no indication of the
induction of sister chromatid ex change was found. ln contrast with these observations, a
cytogenetic investigation (Huong et al., 1988) of 18 self-poisoned pregnant and 16 self-
poisoned non-pregnant women and 31 controls (16 pregnant and 15 non-pregnant) found
statistically significant differences in frequencies of sister chromatid exchange per cell
between the third and seventh day after poisoning (pregnant: control, 8.55 :! 1.08;
poisoned, i 0.30 :! 1.63, p ~ 0.01; non-pregnant: control, 9.13 :! 1.32; poisoned, 11.26 :t
2.31, p ~ 0.05). ln the same population, a very highly significant difference in the
prevalence of chromosomal aberrations between self-poisoned women and controls
(pregnant: control, 4.03%; poisoned, 9.56%, p ~ 0.001; non-pregnant: control, 5.99%;
poisoned, 14.38%, p ~ 0.001) was also found; moreover, the frequency of chromatid

aberrations was significantly lower in pregnant relative to non-pregnant women
(p ~ 0.05). ln contrast, the studies of White et al. (1974) on 20 patients given a single 20-
mg intravenous injection of diazepam and of van Bao et al. (1992) on 25 patients 6- 12 h,
3 days or 30 days after self-poisoning with diazepam failed to confirm the induction of
chromosomal aberrations il1 vivo in human lymphocytes. The latter, however, reported
that hypodiploidy (but neither hyperdiploidy nor polyploidy) was observed in the indi-
viduals studied 6-12 h after self-poisoning; the effects were not observed at later
sampling times. (The Working Group noted that cytogenetic changes in lymphocytes
disappeared six days after poisoning.)

4.4.2 Experimel1tal systems

No studies have demonstrated bacterial DNA damage or mutagenicity due to
diazepam itself.

No genetic effects were observed in single studies for mitotic recombination and gene
conversion, in two studies for aneuploidy (no dose-dependent increase) with Saccharo-
myces cerevisiae or in a single study for chromosome malsegregation with Aspergillus
11 idula 11 s .

Diazepam did not induce unscheduled DNA synthesis in primary cultures of rat
hepatocytes in two studies or mutation at the hprt locus of Chinese hamster V79 cells or
rat primary hepatocytes il1 vitro. Micronuclei were induced in vitro in Chinese hamster
cell lines in four studies but the increase in chromosomal aberrations was judged to be
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inconclusive in two studies (one in the presence of an exogenous metabolic activation
system) and negative in another study.

AlI studies with Chinese hamster cells aimed at the detection of aneuploidy il1 vitro
were positive: moreover, in aIl of the micronucleus tests in which they were examined,
the micronucIei contained kinetochore(s). Two studies out of four which scored for
chromosome numbers detected a significant increase in hypodiploidy but not in hyper-
diploidy. One study which tested the induction of polyploidy in Chinese hamster cells
was positive. Meiotic delay has been observed in mou se oocytes (Stenchever & Smith,
1981) and mitotic arrest has been demonstrated in Chinese hamster Don cells (Hsu et aL.,
1983) and human fibroblasts (Andersson et al., 1981).

ln a study at very low doses with human fibroblasts il1 vitro, diazepam did not induce
sister chromatid exchange, whereas a significant increase in micronuclei was observed at
higher dose levels. Two studies in human lymphocytes gave contradictory results. AlI the
studies in either human fibroblasts or lymphocytes aimed at the detection of chromo-
somal aberrations il1 vitro were negative. c-Mitosis and hypodiploidy (but not poly-
ploidy) were observed in single studies with human lymphocytes treated il1 vitro with
diazepam. One study reported the induction of large-sized micronucIei in human lym-
phocytes il1 vitro.

Diazepam caused inhibition of gap-junctional intercellular communication in two out
of five studies.

Urine of mice exposed il1 vivo to diazepam induced gene mutations in Salmol1ella

typhimurium TA 1 00 or T A98 in one study but not in another; metabolites from dog and
human gastric mucosa incubated il1 vitro with diazepam induced a significant increase in
gene mutations in S. typhimurium T A98.

Two mammalian studies indicated a lack of micronucleus induction in the bone
marrow of mice il1 vivo; however, three other similar studies were positive at lower dose
levels. (The Working Group noted that the authors reported induction of larger micro-
nuclei taking into account neither interanimal variation nor objective criteria for micro-
nucleus scoring.)

No increase in DNA single-strand breaks and/or alkali-Iabile sites was observed in the
liver of rats given a single dose (1 mmol/kg) or 15 successive daily doses (0.2 mmol/kg)
orally. However, predominantly negative results (seven negative studies and two
inconclusive) for the induction of chromosomal aberrations have been obtained in studies
of mouse or rat bone marrow. Aneuploidy, c-mitoses or polyploidy were not observed in
mouse bone marrow (the Working Group noted the inadequate presentation of the
results). ln mou se secondary spermatocytes, meiotic delay and aneuploidy were found at
higher concentrations (150 mg/mL; Miler & Adler, 1992) but not at a lower concen-
tration (30 mg/mL; Leopardi et al., 1993); the positive effect was due to an increase in
hyperploidy. At the same higher concentration, abnormalities of chromosome/spindle
segregation were also reported in male mouse germ ceIls.

As reported in abstracts, treatment of mièe with diazepam increases the proportion of
sperm with ab normal head morphology.
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5. Summary of Data Reported and Evaluation

5.1 Exposure data

Diazepam is the most widely used of the benzodiazepine pharmaceuticals. Produced
since the 1960s, it is prescribed for the treatment of anxiety and as a sedative, muscle
relaxant, and anticonvulsant.

5.2 Human carcinogenicity data

Studies investigating unspecified hypnotics or tranquillizers as weil as diazepam
specifically have been incIuded in this monograph because of the dominance of this
benzodiazepine among those prescribed. The risk for a variety of cancers, especially of
the breast, associated with diazepam use has been investigated in two cohort studies and
in six distinct and three related case-control studies.

ln none of the two cohort or five case-control studies on benzodiazepine or diazepam
use in relation to breast cancer was a positive association found. One case-control study
of ovarian cancer reported an increased risk for diazepam use, that was not confirmed by
another study. This latter study reported no association between diazepam use and the
risk of several other types of cancer.

5.3 Animal carcinogenicity data

Diazepam was tested for carcinogenicity in one experiment in mice, in one experi-
ment in rats and in one experiment in hamsters by oral administration in the diet and also
in one limited study in gerbils. An increase in the incidence of hepatocellular tumours
occurred in male mice. No significant increase in the incidence of tumours was observed
in rats, hamsters or gerbils.

ln one study in mice, oral administration of diazepam enhanced the occurrence of
hepatocellular tumours induced by N-nitrosodiethylamine. ln two studies in rats initiated
with 2-acetylaminofluorene or 3'-methyl-4-(dimethylamino)azobenzene, there was no
promoting effect of diazepam. ln gerbils initiated with N-nitrosodiethylamine, simulta-
neous administration of diazepam decreased the incidence of cholangiocarcinomas.

5.4 Other relevant data

Diazepam is absorbed rapidly and extensively in humans. A 30-fold range of peak
plasma concentrations is obtained when the sa me dose is given to different subjects.
Diazepam is metabolized initially to N-desmethyldiazepam (nordiazeparn) and tema-
zepam, both of which may be converted to oxazepam. Diazepam clearance shows

marked inter-subject variability. The me an elimination half-life is about 32 h.
There is wide inter-species variability in diazepam metabolism. While formation of

N-desmethyldiazepam and temazepam occurs to some extent in all species studied,
hydroxylation in the 5-phenyl ring is the major pathway in rats.
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Diazepam has low acute and chronic toxicity for humans at therapeutic concen-
trations. The main adverse effects of chronic administration are psychological and
physical dependence and withdrawal phenomena. Specifie organ toxicity of diazepam to
humans has not been observed.

The acute toxicity of diazepam to experimental animais can be considered as low. ln
subchronic toxicity assays in dogs, high doses of diazepam induced mild toxic effects in
the blood, Ii ver and gonads, while in rats, slight chemical-related histopathological
changes were observed in the kidneys and thyroid gland.

The effects of diazepam on the immune system have been investigated mainly in in-
vitro experiments with conflicting results: both stimulatory and inhibitory effects have
been demonstrated. There are no data on immunosuppressing or immunomodulating
effects in humans.

ln several cultured cell systems, diazepam inhibits cell proliferation.

No consistent association between orofacial clefts and diazepam has been identified
in humans. No increase in the prevalence at birth of congenital abnormalities has been
found associated with attempted maternaI suicide using high doses of diazepam, in some
instances during the first trimester. While excesses of anomalies associated with regular
psychotherapeutic benzodiazepine use have been observed, the types of developmental
defects involved have not been consistent between studies.

High doses of diazepam induce cleft palate in mice, but not in rats. ln hamsters, exen-
cephaly and limb defects are seen, as weil as deft palate.

ln general, diazepam did not induce gene or chromosome mutations in bacteria, yeast
or cultured mammalian cells. ln cultured mammalian cells, it induced micronuc1ei and
aneuploidy, and inhibited gap-junctional intercellular communication. There are contra-
dictory results on the induction of gene mutation in bacteria by the urinary metabolites of
treated mice.

ln general, diazepam did not induce micronuclei, chromosomal aberrations, aneu-
ploidy, c-mitoses or polyploidy in bone marrow of mice il1 vivo. ln rats il1 vivo, neither
chromosomal aberrations in bone marrow, nor DNA strand breaks or alkali-labile sites in
liver were found. ln mouse spermatocytes, but not in oocytes, diazepam induced aneu-
ploidy.

Mechal1istic cOl1sideratiol1s

Diazepam does not cause gene mutations or chromosomal aberrations. One of its
metabolites, oxazepam, increased the incidence of liver tumours (benign and malignant)
(see Monograph on oxazepam, pp. 119- 123). However, it is not dear that levels of oxa-
zepam sufficient to induce hepatic effects are achieved in mice treated with diazepam.
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5.5 Evaluation i

There is evidel1ce suggestil1g lack of carcil1ogel1Icity of diazepam to the breast and
il1adequate evidel1ce for carcinogenicity at other sites in humans.

There is il1adequate evidel1ce in experimental animais for the carcinogenicity of
diazepam.

Ove rail evaluation

Diazepam is l10t classifable as to its ca 
rcil1ogel1 icit y to humal1s (Croup 3).
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1. Exposure Data

1.1 Chemical and physical data

1.1.1 Nomel1clature

Cherl1. Abstr. Serv. Reg. No.: 40762-15-0

Chem. Abstr. Name: 7-Chloro-5-(2-fluorophenyl)- 1 ,3-dihydro-3-hydroxy- 1 -(2-hydro-
x yeth y 1)- 2H - 1 ,4- benzodiazepin- 2-one

IUPAC Systematic Name: 7-Chloro-5-(ortho-fluorophenyl)- 1 ,3-dihydro-3-hydroxy-l-
(2-hydroxyethyl)-2H-l,4-benzodiazepin-2-one

Synol1ym: N-I-Hydroxyethyl-3-hydroxyflurazepam

l .1.2 Structural al1d molecular formulae al1d relative molecular mass

CH?CH,OH
1 - ÕN~OH

CI ~N
F

C,7H,4CIFNiOi Relative molecular mass: 348.76

l. 1.3 Chemical and physical properties of the pure substal1ce

(a) Descriptiol1: Crystals (Budavari, 1995)

(b) Meltil1g-point: 138-140°C (Budavari, 1995)

(c) Spectroscopy data: Infrared, ultraviolet, nuclear magnetic resonance and mass
spectral data have been determined (Schiapparelli Farmaceutici S.P.A., 1983).

(d) Solubility: Practically insoluble in water; soluble in acetone and chloroform;
moderately soluble in ethanol; slightly soluble in diethyl ether (Schiapparelli
Farmaceutici S.P.A., 1983)

-97-
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1.1.4 Techl1ical products al1d impurities

There are two enantiomeric forms of the doxefazepam structure (asymmetric centre at
Co); doxefazepam in pharmaceutical preparations was the racemic mixture (Schiapparelli
Farmaceutici S.P.A., 1983).

Doxefazepam was available as 2ü-mg capsules, which also contained magnesium
stearate, mannitol, microgranular cellulose, precipitated silica, starch, and colourants
E 127, E 132, E 17 1 and E 172. Impurities included 7 -chloro- 3-hydroxy- 1 ,3-dihydro-5-

(2-fluorophenyl)-2H- 1 ,4-benzodiazepin-2-one (S; ü.5%), 1 -(2-hydroxyethyl)-7-chloro-
1 ,3-dihydro-5-(2-fluorophenyl)-2H- 1 ,4-benzodiazepin-2-one-4-oxide (S; 0.5%) and 1 -(2-
hydroxyethyl)-7 -chloro-4,5-dihydro-5-(2-fluorophenyl)-2H- 1 ,4-benzodiazepin-2,3-( 1 H)-
dione (S; 0.2%) (Schiapparelli Farmaceutici S.P.A., 1983).

A trade name and a designation for the chemical and its pharmaceutical preparations
were available: Doxans and SAS 643.

1.1.5 A l1alys is

Doxefazepam can be analysed in biological fluids and tissues by gas chromatography
with electron capture detection (Marcucci et al., 1980; Mardente et al., 1981) and
reverse-phase high-performance liquid chromatography (Mascher et al., 1984; Carlucci,
1988).

1.2 Production and use

1.2. 1 Productiol1

Doxefazepam can be prepared by alkylation of 7-chloro- 1 ,3-dihydro-5-(2-fluoro-
phenyl)-2H-l,4-benzodiazepin-2-one-4-oxide with 2-bromoethyl acetate and sodium
hydride in dimethylformamide. The product is treated with acetic anhydride to form a
diester. Ammonolysis of this diester, using methanolic ammonia, yields crude doxefa-
zepam, which can be purified by crystallizing from dichloromethane/light petroleum
(Tamagnone et al., 1974).

1.2.2 Use

Doxefazepam is a benzodiazepine hypnotic, that has been used in the short-term
management of insomnia at an oral dose of 20 mg before retiring at night (Reynolds,
1993) (see monograph on diazepam, pp. 39-41, for a brief overview of the pharmacology
of therapeutic action for this class of drugs).

ln 1990, approximately 184 000 standard units of doxefazepam (uncorrected för

content of doxefazepam) were sold in Italy, the only country in which the drug was
available. By 1995, it was no longer being sold in any country (information provided by
IMS).

1.3 Occurrence

Doxefazepam is not known to occur as a natural product.
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Doxefazepam is an active metabolite of tlurazepam (Borelli et aL., 1990),

1.4 Regulations and guidelines

Doxefazepam was approved for use in Italy from the mid- 1980s until 1995 (Searle
Farmaceutici S.LI., 1996).

2. Studies of Cancer in Humans

No data were available to the Working Group (see the monograph on diazepam,
pp. 44-54, for a discussion of benzodiazepines).

3. Studies of Cancer In Experimental Animais

3.1 Oral administration

Rat: Groups of 50 male and 50 female Sprague-Dawley rats, six weeks of age, were
given 0 (control), 3, 10 or 30 mg/kg bw doxefazepam (purity not specified) mixed in the
diet for up to 104 weeks, when surviving males and females of aIl groups were killed.
The highest dose was set at 60 times the mean daily hypnotic dose level for an adult man.
Body-weight gains and mortality rates were similar in ail groups. From graphie
presentations, survival appeared to be greater than 60% for all groups of males and
40-50% for the females. Complete histological examinations were performed on 47-50
males per group and 49-50 females per group. The incidences of hepatocellular
adenomas in females were 1/49, 0/50, 3/49 and 5/50 (p = 0.01 1, trend test) and those for
hepatocellular carcinomas were 0/49, 1/50, 1/49 and 1/50 in control, 10w-dose, mid-dose
and high-dose animais, respectively. When the numbers of liver adenoma-bearing female
rats were considered in relation to the numbers of females alive at the week of first
tumour appearance (control, 1/l8; low-dose, 0/l7; mid-dose, 3/l8; high-dose, 5/l8), a
significant trend by the Cochran-Armitage and Peto incidental tumour test (p .. 0.01) was
seen. ln the male rats, the incidences of hepatocellular adenomas were 0/48, 0/50, 1/47
and 3/50 and those for hepatocellular carcinomas were 1/48, 3/50, 3/47 and 2/50 in
control, low-dose, mid-dose and high-dose animais, respectively, showing no statistically
significant increase. (When adenomas and carcinomas in male rats were combined, with
the assumption that adenomas and carcinomas occurred in different animais, the cumu-
lative incidence of tumours was not significantly increased (control, 1/48; low-dose,
3/50; mid-dose, 4/47; and high-dose, 5/50 (p = 0.09, trend test)) (Borelli et al., 1990).
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4. Other Data Relevant to an Evaluation of

Carcinogenicity and its Mechanisms

4.1 Absorption, distribution, metabolism and excretion

4. L, 1 Huma/ls

The disposition of doxefazepain has received very little study. Mardente el al. (1981)
reported inean plasma concentration-tiine profiles of total and non-conjugated doxe-
fazcpain in eight individuals givcn hoth IO-ing and 2Ü-mg single oral doses. No
phannacokinetic data were presented, but concentrations had decliiied to about 10% of
the peak values after 16 h 1 suggesting a half-life of around 3-4 hl. Means of 32% of the
10-ing dose and 50% of the 20-ing dose were recovered in urine as conjugated
doxefazepain within 48 h. The N i-dealkylated derivative and an oxidized derivative in
which the Ni-suhstituent was -CH,COOH were identitied as urinary metabolites (see
Figure 1).

Figure 1. Metabolism of doxefazepaff
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4.1.2 Experimental systems

Very few data are available. One report of an analytical method (Marcucci et al.,
1980) included data showing that doxefazepam is rapidly absorbed and accumulates in
adipose tissue after a relatively high oral dose (5 mg/kg) administered to rats. Brain
levels were approximately double the plasma concentrations. After an intravenous dose
of 5 mg/kg, the elimination half-lives in rats and mice were 0.29 h and 1.32 h respec-
tively in the blood.

4.2 Toxic effects

4.2.1 Humans

No data were available to the Working Group.

4.2.2 Experimental systems

(a) Acute toxicity

Doxefazepam was generally well tolerated after oral and intraperitoneal adminis-
tration to rodents and beagle dogs (Bertoli et aL., 1989). No difference between males and
females in the response to the compound was apparent. The oral LD 50 was :? 2000 mg/kg
bw in Swiss mice, Charles River rats and beagle dogs. The intraperitoneal LD50 was

estimated to be 746, 544 and:? 1000 mg/kg bw in mice, rats and dogs, respectively.
Deaths and/or signs of toxicity, consisting mainly of dose-dependent dyspnoea and
decreased motor activity (in aIl species), dose-dependent prostration (in rodents) and
dose-dependent tachycardia (only in dogs), occurred within 72 h after treatment.

(b) Subacute al1d Chrol1ic toxicity
Male and female Sprague-Dawley rats were given doxefazepam by gastric instillation

(0, 50 or 100 mg/kg bw per day for eight weeks or 0, 15, 30 or 60 mg/kg bw per day for
26 weeks) and male and female beagle dogs were similarly treated with 0 or 10 mg/kg
bw per day for 26 weeks (Bertoli et aL., 1989). The only symptom observed in rats for
several hours after administration was ataxia, which was dose-dependent in the eight-
week study and occurred only at the highest dose in the 26-week study. Liver weights
were increased in rats given the highest dose in the 26-week study. There was no other
clinical, haematological or histopathological sign of toxicity in either rats or dogs.

4.3 Reproductive and prenatal effects

4.3.1 Humal1s

No data were available to the Working Group.

4.3.2 Experimel1tal systems

Doxefazepam did not exert any teratogenic effect in offspring of Sprague-Dawley rats
treated oraIly with 15 or 30 mg/kg bw at gestation days 6-16 or in those of New Zealand
White rabbits treated orally with 10, 20 or 30 mg/kg bw at gestation days 6- 18. More-
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over, it did not alter the reproductive performance of Charles-River rats treated orally
with 15, 30 or 45 mg/kg bw (Bertoli et al., 1989).

4.4 Genetic and related effects

4.4.1 Humal1s

No data were available to the Working Group

4.4.2 Experimel1tal systems (see also Table 1 for references and Appendices 1 and 2)

ln one study, no significant response was observed in tests for mutation in Salmonella
typhimurium, gene conversion in Saccharomyces cerevisiae, aneuploidy in Aspergillus
l1idulal1s or micronucleus induction in mou se bone-marrow cells il1 vivo. ln another
study, no increase in DNA strand breaks and/or alkali-labile sites was observed in the
liver of rats given single or multiple oral doses of doxefazepam.

5. Summary of Data Reported and Evaluation

5.1 Exposure data

Doxefazepam is a benzodiazepine hypnotic that was used in the past to a limited
extent in the short-term management of insomnia.

5.2 HumaD carcinogenicity data

No data were available to the Working Group.

5.3 Animal carcinogenicity data

Doxefazepam was tested for carcinogenicity in one experiment in rats by oral admi-
nistration in the diet. A slight dose-related increase in the incidence of hepatocellular
adenomas was observed.

5.4 Other relevant data

Doxefazepam disposition has received little study. ln humans, the drug was elimi-
nated in urine mainly as a conjugate, and two oxidative metabolites were identified. The
elimination half-life was 3-4 h. No satisfactory metabolism studies in animaIs were
available.

Data on human toxicity were not available. ln rats treated with 60 mg/kg bw per day
for 26 weeks, increased liver weights were reported without other c1inical, haemato-

logical or histopathological signs of toxicity.
ln a single study, doxefazepam was not teratogenic in rats or rabbits.

The few data available on genetic effects were negative.
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Table 1. Genetic and related effects of doxefazepam

Test system Resulta Doseb Reference
(LED/HID)

Without With
exogenous exogenous
metabolic metabolic
system system 00

;X
500 Bertol¡ et al. (1989) t'..
500 Bertoli et al. (1989) ~

N
500 Bertoli et al. (1989) tT

'"500 Bertoli et al. (1989) ~
10 Bertoli et al. (1989) 3:
8000 Bertoli et al. (1989)
349 po x 1 Carlo et aL. (1989)
70 po x 15 Carlo et aL. (1989)
155 Bertoli et al. (1989)

SAO, Salmonella typhimurium TA100, reverse mutation
SA5, Salmonella typhimurium TA1535, reverse mutation
SA8, Salmonella typhimurium TA 1538, reverse mutation
SA9, Salmonella typhimurium TA98, reverse mutation
SCG, Saccharomyces cerevisiae, gene conversion
ANG, Aspergilus nidulans, mitotIc crossing-over
DV A, DNA strand breaks, rat liver in vivo
DV A, DNA strand breaks, rat liver in vivo
MVR, Micronucleus test, mou se bone marrow in vivo

a +, positive; (+), weak positive; -, negative; ?, inconclusive
bLED, lowest effective dose; HID, highest ineffective dose; in-vitro tests, j.g/mL; in-vivo tests, mg/kg bw/day

ow
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s.s Evaluation 1

There is inadequate evidel1ce in humans for the carcinogenicity of doxefazepam.
There is limited evidel1ce in experimental animais for the carcinogenicity of doxe-

fazepam.

Overall evaluation

Doxefazepam is l10t classifiable as to its carcil1ogel1icity to humal1s (Croup 3).
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1. Exposure Data

1.1 Chemical and physical data

1.1.1 Nomel1clature

Chem. Abstr. Serv. Reg. No.: 29975- 1 6-4
Chem. Abstr. Name: 8-Chloro-6-phenyl-4H-( 1 ,2,4 )triazolo(4,3-al(1 A)benzodiazepine
IUPAC Systematic Name: 8-Chloro-6-phenyl-4H-s-triazolo(4,3-al( 1 A)benzodiaze-
pme

1.1.2 Structural al1d molecular formulae al1d relative molecular mass

Ci

N

r 'NN)
-N

CI6H11CIN¡ Relative molecular mass: 294.74

1.1.3 Chemical al1d physical properties of the pure substal1ce

(a) Descriptiol1: White crystals (Gennaro, 1995)
(b) Meltil1g-point: 228-229 °C (Budavari, 1995)
(c) Solubility: Practically insoluble in water; soluble in ethanol (American Hospital

Formulary Service, 1995)

1.1.4 Techl1ical products al1d impurities

Estazolam is available as 1 - or 2-mg tablets which also may contain corn starch,
hydroxypropylcellulose, iron oxide, lactose, magnesium stearate or stearic acid (Farm-
industria, 1993; Medical Economies, 1996).

Trade names and designations of the chemical and its pharmaceutical preparations
include: A 47631; Abbott 47631; Bay k 4200; Cannoc; D 40T A; Deprinocte; Domnamid;
Esilgan; Eurodin; Hypnomat; Julodin; Kainever; Nemurel; Noctal; Nuctalon; ProSom;
Sedarest; Somnatrol; Tasedan; U 33737.

- 105-
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1. 1.5 Al1alysis

The Pharmacopoeia of J apan specifies potentiometric titration with perchloric acid as
the assay for purity of estazolam, and thin-layer chromatography for determining impu-
rities and decomposition products. An assay for heavy metal impurities is also specified
(Society of Japanese Pharmacopoeia, 1992). Other methods of analysis in pharmaceutical
preparations include polarography (Li & Ji, 1990) and spectrophotometry (Gallo et aL.,
1985).

Estazolam can be analysed in biological fluids by gas chromatography with electron
capture detection (Kelly & Greenblatt, 1993) and high-performance liquid chromato-
graphy (di Tella et al., 1986; Mura et al., 1987; Boukhabza et aL., 1991).

1.2 Production and Use

1.2.1 Productiol1

Estazolam is prepared by reacting 7-chloro- 1 ,3-dihydro-5-phenyl-2H-benzo(1 ,4)-
diazepine-2-thione with formylhydrazine in boiling l1-butyl alcohol (Gennaro, 1995). It
was first marketed in Japan in 1975 and is currently available in at least 21 countries
worldwide (Abbott Laboratories, 1996).

1.2.2 Use

Estazolam is a triazolobenzodiazepine derivative used for the short-term management
of insomnia (see monograph on diazepam, pp. 39-41, for a brief overview of the pharma-
cology of therapeutic action for this cIass of drugs). The usual oral dose is 1-2 mg at
night; for severe insomnia, up to 4 mg has been given. ln debilitated elderly patients, an
initial dose of 0.5 mg is recommended (Reynolds, 1993; Medical Economies, 1996).

Clinical uses of estazolam and other benzodiazepines have been reviewed (Hollster
et aL., 1993).

Comparative data on sales of estazolam in several countries are shown in Table 1.
OveralI, sales increased by approximately 16% from 1990 to 1995.

1.3 Occurrence

Estazolam is not known to occur as a natural product.

1.4 Regulations and guidelines

Estazolam is listed in the French and Japanese pharmacopoeias (Reynolds, 1993;
Vidal, 1995).
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Table 1. Sales of estazolam in various countriesa (no. of stan-
dard unitsb, in thousands)

Country 1990 1995 Country 1990 1995

North America Asia
Canada 0 245 J apan 111670 116623
Mexico 1 195 1446 Europe
United States 0 19372 France 15213 9617

South America Italy 12846 14581
Argentina 837 599 Portugal 8642 17424
Brazil 7958 7253
Colombia 0 76

" Data provided by IMS
h Standard dosage units, uncorrected for estazolam content

2. Studies of Cancer in Humans

No data were available to the Working Group (see the monograph on diazepam,
pp. 44-54, for a discussion of benzodiazepines).

3. Studies of Cancer in Experimental Animais

3.1 Oral administration

3.1.1 Mouse

Groups of 50 male and 50 female B6C3Fl mice, five to six weeks of age, were given
0.8, 3 or 10 mg/kg bw estazolam (purity not specified) mixed in the diet for up to 104
weeks, when surviving animais were killed. The estazolam concentration in the food was
adjusted weekly for changes in body weight and food consumption. The estazolam/diet
mixtures were prepared freshly each week. Controls were 100 male and 100 female
B6C3Fl mice. lncreased body weights were seen in the treated animaIs as compared to
the controls. This was more prominent for the females. Food consumption was also
increased in the treated mice, by 4-17% above control values over the two-year
treatment period. Convulsions and hyperactivity were associated with exposure to esta-
zolam. An increase in mortality was observed in male mi ce receiving 10 mg/kg bw
(deaths - males: control, 13/1 00; low-dose, 1 1/50; mid-dose, 7/50; and high-dose,

21/50; females: control, 28/1 00; low-dose, 12/50; mid-dose, 12/50; and high-dose,
23/50). AlI major organs and visuaIly apparent les ions were examined histologically. No
increase in tumour incidence was found. The incidences of hepatocellular carcinomas
were: males: control, 23/1 00; low-dose, 1 1/50; mid-dose, 12/50; and high-dose, 9/50;
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females: control, 2/1 00; law-dose, 4/50; mid-dose, 4/50; and high-dose, 2/50 (Kimura
et al., 1984).

3.1.2 Rat

Groups of 50 male and 50 female Sprague-Dawley rats, five to six weeks of age, were
given 0,5, 2 or 10 mg/kg bw estazolam (purity not specified) mixed in the diet for up to
104 weeks, when surviving animais were kilIed. The estazolam concentration in the food
was adjusted weekly for changes in body weight and food consumption. The estazolam/-
diet mixtures were prepared freshly each week. Controls were 100 male and 100 female
Sprague-Dawley rats. No significant change in body weights was seen in the treated male
rats as compared to the controls. Female rats exposed to 10 mg/kg bw estazolam had
depressed body weights (approximately 13%) compared to controls. There was no signi-
ficant difference in mortality between control and treated rats. AlI major organs and
visualIy apparent lesions were examined histologically. There was no significant increase
in tumour incidence. The incidences of neoplastic nodules in the liver were: males:
control, 3/1 00; low-dose, 2/50; mid-dose, 1/50 and high-dose, 2/50; females: control,
5/100; low-dose, 0/50; mid-dose, 2/50 and high-dose, l/50; those of hepatocellular carci-
nomas were: males: control, 4/100; low-dose, 0/50; mid-dose, 1/50 and high-dose, l/50;
females: control, 0/100; low-dose, 1/50; mid-dose, l/50 and high-dose, 0/50 (Ki mura
et aL., 1984).

4. Other Data Relevant to an Evaluation of

Carcinogenicity and its Mechanisms

4.1 Absorption, distribution, metabolIsm and excretion

4.1.1 Humal1s

Estazolam is rapidly and almost completely absorbed after oral doses. Peak plasma
concentrations of 103 :: 18 ng/mL were achieved about 0.5 h after oral dosing with 2 mg
in aqueous solution (Machinist et aL., 1986), while 4-mg tablets gave peak plasma
concentrations of 194 :: 3.5 ng/mL within 1 -3 h (MancinelIi et aL., 1985). ln an earlier
study, single doses ranging from 2 to 16 mg resulted in peak plasma concentrations

proportional with the dose within 6 h. Mean elimination half-lives were 14 h, 19 h and
17 h in these three studies, respectively. During three weeks of therapy with daily doses
rising each week from 2 to 4 to 6 mg, plasma concentrations increased in proportion to
the dose and accumulation was essentially complete within three days of each dose
change. The drug is eliminated predominantly as metabolites in the urine (Allen et al.,
1979). Machinist et al. (1986) found that urinary and faecal excretion accounted for 87%
and 4%, respectively, of a 2-mg ('4C)estazolam dose over five days. Kanai (i 974)
identified five metabolites in humans, 1 -oxoestazolam, 4-hydroxyestazolam, 4'-hydroxy-
estazolam and two benzophenones (I and II) (Figure 1). Machinist et aL. (1986) found
evidence of 1 1 metabolites in human urine, including those identified previously; the
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Figure 1. Postulated metabolIc pathways of estazolam
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azol-4-yl )-4' -hydrox ybenzophenone; V, 5-Chloro-2-(3,5-dioxo-2,3,4,5-tetrahydro-I H- i ,2,4-triazol-4-yl)-benzophenone
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major metabolite was not fully characterized but was beIieved to be a metabolite of
4-hydroxyestazolam.

4.1.2 Experimel1tal systems

ln mice given an intraperitoneal IOjection of 5 mg/kg bw estazolam, the plasma
concentration was about 1300 ng/mL at 0.5 h, the earliest time investigated. The eli-
mination half-life was 1.99 h, volume of distribution 3.12 L/kg and clearance 18.1
mL/min/kg (Kelly & Greenblatt, 1993).

After intravenous injection of 5 mg/kg bw into pregnant rats (Tanayama et al., 1974),
the fetal/maternal blood concentration ratio one hour after dosing was approximately
unit y and concentrations in fetal tissues declined in parallel with the concentrations in
maternaI blood. Autoradiography of the fetuses showed higher concentrations in the
adrenal glands, adipose tissue, Ii ver and gastrointestinal tract walL. The compound or its
metabolites also enters rat milk.

A number of studies have compared the metabolism of estazolam in different species.
Tanayama and Kanai (1974) observed extensive metabolism in mice, rats, guinea-pigs,
rabbits and dogs following oral administration of '4C-labelled drug. The percentages of
dose recovered as metabolites in the urine plus faeces were: mice, 78%; rats, 51%;
guinea-pigs, 44%; rabbits, 48%; and dogs, 78%. As in humans (see Section 4.1.1),
rabbits and dogs excreted more radioactivity in the urine than in faeces; in contrast, mice,
rats and guinea-pigs excreted more in the faeces. The patterns of metabolites differed
between species (Figure 1), but some of the metabolites were identified mainly in rats
(4'-hydroxy- and 1 -oxo-4'-hydroxy-) and only in dogs (two benzophenones, 1 and II).
Kanai (1974) presented more detailed findings on rats and dogs (as well as humans): 11
metabolites identified in dog urine included six hydroxylation products and five benzo-
phenones. The benzophenones were not observed in rats. The findings of Kanai (1974)
for dogs were largely confirmed by Machinist et aL. (1986).

4.2 Toxic effects

4.2.1 Humal1s

No data were available to the Working Group.

4.2.2 Experimel1tal systems

Oral LDsos in male mice, rats and rabbits of 740, 3200 and 300 mg/kg bw have been
reported (Budavari, 1995).

4.3 Reproductive and developmental effects

4.3.1 Humal1s

No data were available to the working group.
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4.3.2 Experimel1tal systems

Estazolam crossed the rat placenta (Tanayama et al., 1974) (see Section 4.1.2).

4.4 Genetic and related effects

4.4.1 Humal1s

No data were available to the Working Group.

4.4.2 Experimel1tal systems (see also Table 2 for references and Appendices 1 and 2)

The results of the few available studies of induction of mutations in bacteria are
negative. No increase in DNA single-strand breaks and/or alkali-Iabile sites was
observed in the liver of rats receiving single or multiple doses of estazolam. ln addition,
estazolam does not induce chromosomal aberrations or aneuploidy in the bone-marrow
cells of either rats or mice il1 vivo.

5. Summary of Data Reported and Evaluation

5.1 Exposure data

Estazolam is a triazolobenzodiazepine used since the 1970s for short-term manage-
ment of insomnia.

5.2 Human carcinogenicity data

No data were available to the Working Group.

5.3 Animal carcinogenicity data

Estazolam was tested for carcinogenicity in one experiment in mi ce and one experi-
ment in rats by oral administration in the diet. No increase in the incidence of tumours
was found.

5.4 Other relevant data

Estazolam is rapidly and almost completely absorbed in humans. It is extensively
metabolized to at least Il metabolites and excreted mainly in the urine. The elimination
half-life is 14-19 h. Metabolism is extensive in various animal species. Rabbits and dogs
excrete the metabolites principally in urine, while in mice, rats and guinea-pigs the
excretion is mainly in faeces. Some metabolites are species-specific.

There were no data available on reproductive effects of estazolam.

The data available on genetic effects were negative.
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Table 2. Genetic and related effects of estazolam

Test system Resulta Doseb Reference
(LED/HID)

Without With
exogenous exogenous
metabolic metabolic
system system ..

;p
;;

2500 Wakisaka & Nishimoto (1987) il
2500 Wakisaka & Nishimoto (1987) ~
2500 Wakisaka & Nishimoto (1987) 0

Z
2500 Wakisaka & Nishimoto (1987) 0
2500 Wakisaka & Nishimoto (1987) 0;;
2500 Wakisaka & Nishimoto (1987) ;p

'"
285 po x 1 Carlo et aL. (1989) ::

CI
59pox 15 Carlo et aL. (1989) ~
100 po x 1 Kikuchi et al. (1973) 0

l'
100 po x 5 Kikuchi et al. (1973) c:
200 po x 1 Kikuchi et al. (1973) ~

tT
200 po x 1 Kikuchi et al. (1973) 0\

0\
100 po x 1 Kikuchi et al. (1973)
100 po x 5 Kikuchi et al. (1973)
200 po x 1 Kikuchi et al. (1973)
200 po x 5 Kikuchi et al. (1973)

SAO, Salmonella typhimurium TA 100, reverse mutation
SA5, Salmonella typhimurium TA 1535, reverse mutation
SA 7, Salmonella typhimurium TA 1537, reverse mutation
SA9, Salmonella typhimurium TA98, reverse mutation
SA2, Salmonella typhimurium TA102, reverse mutation
ECW, Escherichia coli WP2 uvrA, reverse mutation
DV A, DNA strand breaks, rat liver in vivo
DV A, DNA strand breaks, rat liver in vivo
CBA, Chromosomal aberrations, rat (Sprague-Dawley) bone marrow in vivo
CBA, Chromosomal aberrations, rat (Sprague-Dawley) bone marrow in vivo
CBA, Chromosomal aberrations, mouse (CF1) bone marrow in vivo
CBA, Chromosomal aberrations, mouse (CF1) bone marow in vivo
A VA, Aneuploidy, rat (Sprague-Dawley) bone marrow in vivo
A VA, Aneuploidy, rat (Sprague-Dawley) bone marrow in vivo
A V A, Aneuploidy, mouse (CFl) bone marrow in vivo
A VA, Aneuploidy, mouse (CF1) bone marrow in vivo

(1 +, positive; (+), weak positive; -, negative; ?, inconclusive
bLED, lowest effective dose; HID, highest ineffective dose; in-vitro tests, flg/mL; in-vivo tests, mglkg bw/day
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s.s Evaluation 1

There is il1adequate evidel1ce in humans for the carcinogenicity of estazolam.
There is evidel1ce suggestil1g a lack of ca 

rcil1ogel1 icit y in experimental animais for
estazolam.

Overall evaluation

Estazolam is not class~fiable as ta its ca 
rcil1ogel1 icit y ta humal1s (Croup 3).
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This substance was considered by previous working groups in October 1976 (lARe,
1977) and March 1987 (IARC, 1987). Since that time, new data have become available,
and these have been incorporated in the monograph and taken into consideration in the
evaluation.

1. Exposure Data

1.1 Chemical and physical data

1.1.1 Nomel1clature

Chem. Abstr. Serv. Reg. No.: 604-75- 1

Deleted CAS Reg. No.: 61036-43-9

Chem. Abstr. Name: 7-Chloro- 1 ,3-dihydro-3-hydroxy-5-phenyl-2H- 1 ,4-benzodiaze-
pin-2-one
IUPAC Systematic Name: 7-Chloro-l,3-dihydro-3-hydroxy-5-phenyI-2H-l,4-benzo_
diazepin-2-one
SYl1ol1yms: N-Desmethyltemazepam; nortemazepam

1.1.2 Structural al1d molecular formulae al1d relative molecular mass

Ci

H

h-t°
)-OH-N

C'5HIICIN202 Relative molecular mass: 286.72

1.1.3

(a)
(b)

(c)

Chemical al1d physical properties of the pure substal1ce

Descriptiol1: Creamy white to pale-yellow powder (Gennaro, i 995)

Meltil1g-poil1t: 205-206°C (Budavari, 1995)
Spectroscopy data: Infrared, ultraviolet, nuc1ear magnetic resonance and mass
spectral data have been reported (Shearer & Pilla, 1974).

-115-
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(d) Solubility: Practically insoluble in water (1 g/more than 10 000 mL); soluble in
chloroform (1 g/270 mL), diethyl ether (1 g/2200 mL), ethanol (1 g/220 mL)
(Gennaro, 1995) and dioxane (Budavari, 1995)

(e) Stability: Stable in light and nonhygroscopic (Gennaro, l 995)~ hydrolysed by
acids (Shearer & Pilla, 1974)

if Dissociatiol1 COl1stal1ts: pKß = 1.7 and 1 1.6 (American Hospital Formulary
Service, 1995)

(g) Octal1ol/water partitiol1 coefficient (P): log P, 1.99 (DoHery et aL., 1991)

1.IA Techl1ical products al1d impurities

There are two enantiomeric forms of the oxazepam structure (asymmetric centre at
CJ; oxazepam in pharmaceutical preparations is invariably the racemic mixture (British
Pharmacopoeial Commission, 1993).

Oxazepam is available as 10-, 15- and 30-mg tablets and 10-, 15- and 30-mg capsules,
which may also contain gelatin, lactose, magnesium stearate, methylceHulose, polacrilin
potassium, titanium dioxide, D&C Red 22 (eosine), D&C Red 28, FD&C Blue 1
(Brilliant Blue FCF), FD&C Red 40 (AHura Red AC), FD&C Yellow 5 (tartrazine) or
FD&C Yellow 6 (Sunset Yellow FCF) (Thomas, 1991; British Medical Association/-
Royal Pharmaceutical Society of Great Britain, 1994; American Hospital Formulary
Service, 1995; Medical Economics, 1996).

Trade names and designations of the chemical and its pharmaceutical preparations
include: Abboxapam; Adumbran; Alepam; Alopam; Antoderin; Anxiolit; Anxiolit retard;
Aplakil; Aslapax; Astress; Azutranquil; Benzotran; Bonare; Buxopax; CB 8092; Cons-
tantonin; Drimuel; Droxacepam; Durazepam; Enidrel; Hilong; Iranil; Isodin; Lederpam;
Limbial; Murelax; Nesontil; Neurofren; Noctazepam; Novoxapam; Nozepam; Oxa;
Oxabenz; Oxahexal; Oxa- 1 0 L.UT.; Oxanid; Oxa-Puren; Oxepam; Oxpam; Praxiten;
Propax; Psicopax; Psiquiwas; Purata; Quen; Quilibrex; Ro 5-6789; Rondar; Sedokin;
Serax; Serenal; Serenid; Serepax; Seresta; Serpax; Sigacalm; Sobile; Sobril; Tarchomin;
Tazepam; Uskan; Vaben; Wy 3498; Zapex; Zaxopam.

1.1.5 Al1alysis

Several international pharmacopoeias specify potentiometric titration with tetrabutyl-
ammonium hydroxide or perchloric acid as the assay for purity of oxazepam, and thin-
layer chromatography (TLC) or gas chromatography (GC) with flame ionization detec-
tion (FID) for determining impurities and decomposition products. Assays for oxazepam
in capsules and tablets typically involve comparing ultraviolet absorbance with standards
(Council of Europe, 1992; British Pharmacopoeial Commission, 1993; United States
Pharmacopeial Convention, 1994). Other methods of analysis in pharmaceutical prepa-
rations include fluorimetry (Walash et al., 1994), spectrophotometry (Prada et aL., 1988;
EI-Brashy et al., 1993), mass spectrometry (MS) (McCarley & Brodbelt, 1993) and high-
performance liquid chromatography (HPLC) (Bargo, 1983).

Oxazepam and its metabolites can be analysed in biological fluids and tissues by fluo-
rescence polarization immunoassay (Simonsson et al., 1995), fluorimetry (Walash et al.,
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l (94), GC (Nau et aL., l 978; Peat & Kopjak, 1979; LÖscher, l 982), GC/MS (Maurer &
Ptleger, 1987; Langner et al., 199 l) and HPLC (Peat & Kopjak, l 979; Lensmeyer et al.,
l 982; Komiskey et al., l 985; Mura et al., 1987; Fernández et al., 1991; Berrueta et al.,
1993; ChopineaLl et al., l 994).

1.2 Production and use

1.2.1 Production

A method for preparing oxazepam was first reported in 1962 (Bell & Childress,
l (62); commercial production of oxazepam in the United States of America was first
reported in 1965 (United States Tariff Commission, 1967).

Oxazepam is prepared by acylatIng 2-amino-5-chlorobenzophenone with chloroacetyl
chloride. Heating the product with sodium iodide yields the iodoacetamido compound.
Treatment of the iodoacetamido compound with hydroxylamine effects dehydration and
dehydrohalogenation to form a benzodiazepine derivative, which rearranges to oxaze-
pam, with esterification, when treated with acetic anhydride. Saponification liberates
oxazepam (Gennaro, 1995).

1.2.2 Use

Oxazepam is a benzodiazepine Llsed in the treatment of anxiety disorders, insomnia
and alcohol withdrawal symptoms(see the monograph on diazepam, pp. 39-41, for a
brie/' overview of the pharmacology of therapeutic action for this class of drugs). The
LlsLlal adult oral dose is 10- 15 mg three or four times daily for the treatment of mild ta
modcrate anxiety and 15-30 mg three or four times daily for the treatment of severe
anxicty or for control of symptoms of alcohol withdrawal. A suggested initial dose for
e1derly or debilitated patients is l 0 mg three times daily, which may be increased to
15 mg three or four times daily if necessary. Oxazepam (15-25 mg) may be given one
hOLlr before retiring for the treatment of insomnia associated with anxiety; up to 50 mg
may occasionally be necessary. A dosage of oxazepam for children 6-12 years of age has
not been clearly established (Reynolds, l 993; American Hospital Formulary Service,
1995; Medical Economics, l (96). Clinical uses of oxazepam and other benzodiazepines
have been reviewed (Hollister et al., l 993). Oxazepam is used extensively in elderly
patients and patients with impaired hepatic function (Goodman Gilman et al., 1990).

Comparative data on sales of oxazepain in several countries are shown in Table 1.
OveralL sales ueclined by approximately 20% from 1990 to 1995. During the same
period, prescriptions in the United States declined by approximately 13% (see Table 2 in
the Ilonograph on dia/.cpam, p, 43).
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Table 1. Sales of oxazepam in various countriesa (number of standard unitsb,
in thousands)

Country 1990 1995 Country 1990 1995

Africa Europe
South Africa 14 177 13992 Belgium 39581 30 502

North America France 182475 137 808
Canada 84 407 84 985 Germany 367 014 245 363
Mexico 5005 0 Greece 2870 0
United States 97 602 106913 Italy 44115 33 200

South America Netherlands 94819 104 909
Argentina 4 199 3327 Portugal 16205 1843 i
Brazil 141 23 Spain 35856 10850
Venezuela 6390 219 S weden 99 809 64 160

Asia Switzerland 37 824 34 404
Republic of Korea 28316 22 942 Turkey 680 0

Australia 78 027 57015 United Kingdom 33365 23 406

"Data provided by IMS
"Standard dosage units, uncorrected for oxazepam content

1.3 Occurrence

1.3.1 Naturaloccurrel1ce

Oxazepam is not known to occur as a natural product. Oxazepam is a metabolite of
other benzodiazepine pharmaceuticals, including diazepam, prazepam and temazepam
(Langner et aL., 1991).

1.3.2 Occupatiol1al exposure

No quantitative data on occupational exposure levels were available to the Working
Group. The National Occupational Exposure Survey conducted between 1981 and 1983
in the United States by the National Institute for Occupational Safety and Health indi-
cated that about 2650 employees were potentially occupationally exposed to oxazepam.
The estimate was based on a survey of United States companies and did not involve
measurements of actual exposure (United States National Library of Medicine, 1996).

1.4 Regulations and guidelines

Oxazepam is listed in the following pharmacopoeias: British, Brazilian, Czech,
European, French, Italian, Nordic and United States (Reynolds, 1993; Vidal, l 995).
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2. Studies of Cancer in Humans

Oxazepam, together with triazolam, was included in the 'other benzodiazepines'
category in the comprehensive case-control study by Rosenberg et al. (1995) reviewed in
detail in the monograph on diazepam (pp. 51 -53). Too few subjects had used oxazepam
to allow analysis of this drug as a separate category, but no elevated risk was associated
with the general category 'sustained use of other benzodiazepines' for any cancer, inc1u-

ding cancer of the large bowel (relative risk (RR), 1.5; 95% confidence interval (CI),
0.9-2.4), malignant melanoma (RR, 0.7; 95% CI, 0.3-1.6), lung cancer (RR, 1.4; 95%
CI, 0.6-3.2), breast cancer (RR, 0.8; 95% CI, 0.4-1.4) and endometrial cancer (RR, 0.8;
95% CI, 0.3-2.5). Sustained use was defined as 2' 4 days per week for at least one month
that began 2' 2 years before admission to the hospitaL. (See additional comments on this
study in the monograph on diazepam.)

3. Studies of Cancer in Experimental Animais

3.1 Oral administration

3.1.1 Mouse

Groups of 14 male and 14 female Swiss- Webster mice, three months of age, were
given oxazepam (purity not specified) in the di et for nine months at concentrations af
500 or 1500 mg/kg di et (ppm) or were given a control diet. After 12 months of age, aIl
mice were given the control diet for a further two months; then, aIl surviving animaIs
were killed. Selected tissues (list of organs examined hot given) were evaluated hista-
10gicaIly. ln surviving animaIs, an increased incidence of hepatoceIlular adenomas
(males: control, 0/13; low-dose, 3/12 (25%); high-dose, 8/13 (62%); females: controls,
0/10; low-dose, 0/10; high-dose, 5/8 (63%)) was seen (Fox & Lahcen, 1974). (The
W orking Group noted that the tumour incidence was given as a percentage of animaIs
surviving at the end of the study and not of total animaIs.)

The incidences of liver tumours from the foIlowing two studies are presented in
Table 2.

Groups of 60 male and 60 female Swiss- Webster mice, six to seven weeks of age,
were given oxazepam (purity, ? 99%) in the diet at concentrations of 0, 2500 or
5000 mg/kg diet (ppm) for up to 57 weeks, at which time the study was terminated due ta
excessive treatment-related mortality. The oxazepam/diet mixtures were prepared freshly
every two weeks. Consumption of diet containing 2500 and 5000 ppm oxazepam resulted
in average daily intakes of 270 and 570 mg/kg bw for males and 320 and 670 mg/kg bw
for females. The body weights of the treated males were similar to those of the controls
during the early weeks, but fell below those of the controls by week 17. The females had
greater body weight than the controls until week 29, after which the body weights of the
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Table 2. Liver tumours in oxazepam-treated mice

Strain Sex Dose No. of No. of tumours
(ppm) mice

examined Adenomas Carcinomas Hepato-
blastomas

Swiss- Webster Male 0 60 1 0
(study terminated 2500 60 35" 5h

at 57 weeks) 5000 60 50" 19'

Female 0 60 0 1

2500 59 22" 1

5000 59 47" 1 l

B6C3Fl Male 0 49 17 9 0
(study terminated 125 50 18 5 2
at 105 weeks) 2500 50 34' 45' 21'

5000 50 32' 50' 13'
Female 0 50 25 9 0

125 50 35 5 1

2500 50 35' 49' 8'

5000 50 36' 44' 8'

From United States National Toxicology Program (1993)
"p -: 0.001; logistic regression test
¡'p = 0,003; life table test

'p -: 0,001; life table test

high-dose females were similar to those of the controls, while those of the low-dose
females remained slightly higher. Food consumption was slightly lower in exposed males
and females than in controls. At 57 weeks, there was a significant reduction in the
numbers of exposed mice surviving compared with controls (males: control, 45/60; low-
dose, 19/60; high-dose, 10/60; females: control, 47/60; low-dose, 28/59; high-dose,

17/59). Ail surviving animaIs were kiIled at 57 weeks. Complete histological exami-
nation was performed for aIl animaIs except two lost females. Systemic amy loidosis was
the principal cause of death in mice dying before the study was terminated. The lower
survival of mi ce receiving oxazepam was attributed to an increase in the extent and seve-
rit y of amyloid deposits in many organs. A significant increase in the incidence of benign
and malignant hepatoceIlular tumours was observed for male and female mice (Fisher' s
exact test and Cochran-Armitage linear trend test). The incidences of eosinophilic foci
were also increased in exposed mice (males: control, 0/60; low-dose, 22/60 and high-
dose, 22/60; females: control, 0/60; low-dose, 20/59 and high-dose, 14/59) and there was
evidence of increased centrilobular hepatocyte hypertrophy (males: control, 12/60; low-
dose, 46/60 and high-dose, 47/60; females: control, 3/60, low-dose, 51/59 and high-dose,
53/59) (United States National Toxicology Program, 1993; Bucher et aL., 1994).

Groups of 50 male and 50 female B6C3Fl mice, six weeks of age, were given oxa-
zepam (purity, ? 99%) in the diet at concentrations of 0, 125, 2500 or 5000 mg/kg diet
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(ppm) for up to 105 weeks. Consumption of diets contaIning 125,2500 and 5000 ppm
oxazepam resulted in average daily intakes of 12, 310 and 690 mg/kg bw for males and
15, 350 and 780 mg/kg bw for females. Body-weight gain of treated males and females
was similar to that of controls until about week 15, after which weight gain for mi 

ceexposed to 2500 and 5000 ppm was reduced in relation to controls, resulting in body
weights 30-40% lower than those of the controls throughout the remainder of the study.
Mean body weights of male mice exposed to 125 ppm oxazepam were similar to those of
the controls, while those of female mice receiving 125 ppm were 10-15% lower than
those of the controls after about week 45. Food consumption by exposed males and
exposed females was similar to that of controls. At 105 weeks, survival of mice receiving
2500 and 5000 ppm was significantly lower than that of controls (males: control, 45/50;
low-dose, 44/50; mid-dose, 15/50; high-dose, 0/50; females: 39/50, 4l/50, 2/50, 0/50,
respectively). Ali surviving animaIs were killed at 105 weeks. Complete histological
examination was performed on ail animaIs except one control male. The early cleaths of
the mice were attributed to marked increases in the incidence of hepatoblastoma, hepato-
cellular adenoma and hepatocellular carcinoma. Moderate hypertrophy of centrilobular
hepatocytes occurred in mice receiving 2500 and 5000 ppm oxazepam (males: control,
0/49; low-dose, 2/50; mid-dose, 26/50 and high-dose, 43/50; females: control, 0/50; low-
dose, 2/50; mid-dose, 1 l/50 and high-dose, 29/50). An increase in the incidence of

follicular-cell hyperplasia of the thyroid gland occurred in all exposed groups of mice
(males: control, 4/49; low-dose, 22/50; mid-dose, 49/50 and high-dose, 47/50; females:
control, 16/50; low-dose, 34/50; mid-dose, 49/50 and high-dose, 44/50) and the incidence
of thyroid gland follcular-cell adenoma was increased in exposed females (control, 0/50;
low-dose, 4/50; mid-dose, 5/50 and high-dose, 6/50) (United States National Toxicology
Program, 1993; Bucher et al., 1994). (The Working Group noted that the two highest
dose levels may have been toxic.)

The hepatocellular adenomas, carcinomas and hepatoblastomas from the B6C3Fl
mi ce exposed to oxazepam in the diet in the above study were analysed for the presence
of activated ras proto-oncogenes (Devereux et al., 1994) (see Section 4.4.2).

3.1.2 Rat

To study preneoplastic events, groups of 10 male Fischer 344 rats, weighing iso g
(age not specified) were given 0 (control), 20 and 200 mg/kg bw oxazepam (:: 99% pure)
suspended in 10% arabic gum solution daily by gastric instilation for 14 weeks. No iron-
excluding hepatocellular focus was found in the controls or the group receiving 20 mg/kg
oxazepam. Four hepatocellular foci were found in one rat receiving oxazepam at the
highest dose (Remandet et al., 1984).

3.2 Administration with known carcinogens

3.2.1 Mouse

Groups of 40 male B6C3Fl mice, five weeks of age, were given either 0 or 90 mg/kg
bw N-nitrosodiethylamine (NDEA) in tricaprylin as a single intraperitoneal injection. At
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seven weeks of age, the mice were given 500 or 1500 mg/kg diet (ppm) oxazepam
(purity not specified) in the diet or 500 mg/L (ppm) phenobarbital in the drinking water.
Eight mice per group were killed at 9, 21 and 33 weeks of exposure and the remainder
were killed after 53 weeks of exposure. Complete necropsy was performed on each
animal, and liver, lung, spleen, thyroid, kidney and visually apparent lesions in other
organs were examined histologically. Between 33 and 53 weeks of exposure, there was
an increase in the incidence of hepatocellular tumours in animaIs treated with NDEA and
oxazepam (see Table 3) (Diwan et al., 1986).

Table 3. Incidence of Iiver tumours in B6C3Fl mice

Treatment Hepatocellular
adenomas

Hepatocellular
carcinomas

NDEA
NDEA + SOO ppm oxazepam
NDEA + 1500 ppm oxazepam
NDEA + 500 ppm phenobarbital
500 ppm oxazepam
1500 ppm oxazepam
500 ppm phenobarbital

1 0/ 16

14/16"

15/1 S"

16/ 16

2/16
0/15
0/16

0/16
3/16"
8/1 Sc

1 0/ 1 6

0/13
O/1S

0/16

From Diwan et aL. (1986)

"(p = 0.1; Fisher's exact test vers us NDEA controls)
h (p = 0,01; Fisher' s exact test versus NDEA controls J
c (p = 0.001; Fisher' s exact test versus NDEA controls J

3.2.2 Rat

Three groups of eight male Wistar rats (age not specified) were given 200 mg/kg bw
NDEA as a single intraperitoneal injection. Two weeks later, the animaIs were given
3000 mg/kg di et (ppm) 2-acetylaminofluorene (2-AAF) in the diet for 14 days and

2 mL/kg bw carbon tetrachloride as a single gastric instilation at the mid-point of the
2-AAF treatment. One week later, the three groups were given basal diet (control),
1000 mg/kg (ppm) oxazepam (purity unspecified) or 500 mg/kg (ppm) phenobarbital in
the di et for 30 weeks. At the end of the study, livers were weighed and examined and
samples from each lobe plus visually apparent tumours were examined. Both oxazepam
and phenobarbital increased the incidence of hepatocellular carcinomas (controls, 0/8;
oxazepam, 5/8 (62%); phenobarbital, 7/8 (87%) ) (Préat et al., 1987).

Three groups of eight female Sprague-Dawley rats (age not specified) were partially
hepatectomized and then given 10 mg/kg bw NDEA as a single intraperitoneal injection
and held for two months. The rats were subsequently given basal diet (control),
1000 mg/kg (ppm) oxazepam (purity unspecified) or 500 mg/kg (ppm) phenobarbital in
the diet for 57 weeks. At the end of the study, Ii vers were weighed, examined and
samples from each lobe as well as visually apparent tumours were examined. There was
no significant increase in the incidence of hepatocellular carcinomas (controls, 0/8;
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oxazepam, 2/8 (25%); phenobarbital, 0/8) (Préat et aL., 1987) (The Working Group noted
the small numbers of animaIs.)

Groups of 10 or 20 male Fischer 344 rats, weighing 170 g (age not specified), were
fed diets containing 200 mg/kg (ppm) 2-AAF for eight weeks. The daily dose was
estimated to be approximately 15 mg/kg bw. ln one group of 10 rats, this was followed
by 12 weeks' treatment wi th 200 mg/kg bw oxazepam (purity ? 99%) daily by gastric
instillation. There was no significant increase in the incidence of neoplastic nodules of
the liver: untreated con troIs (20 rats), 0 neoplastic nodule/liver; 2-AAF alone (20 rats),
0.2 neoplastic nodule/liver; and 2-AAF plus oxazepam (10 rats), 0.2 neoplastic
nodule/liver (Mazue et al., 1982; Remandet et aL., 1984). (The Working Group noted the
small numbers of animaIs and the single dose level of oxazepam.)

4. Other Data Relevant to an Evaluation of

Carcinogenicity and its Mechanisms

4.1 Absorption, distribution, metabolism and excretion

4. i. 1 Humal1s

The pharmacokinetics of oxazepam have been reviewed (Greenblatt, 1981). Oxa-
zepam is absorbed fairly rapidly, reaching peak plasma concentrations within 1-4 h, with
a mean of about 2 h in most studies. Greenblatt et al. (1980) found that the time of maxi-
mum absorption of 30 mg oxazepam was 2.2 h (range, 0.75-4.25 h) in 18 men and 3.1 h
(range, 0.5-8.0 h) in 20 women. The maximal plasma concentrations in this study were
622 :! 37 ng/mL in men and 837 :! 51 nglmL in women. ln volunteers given multiple
doses (5 mg/day for 10 days), Alván et al. (1977) found evidence of only minimal accu-
mulation. The bioavailability is believed to be essentially complete (93%) (Alván &
Odar-Cederlöf, 1978; Sonne et al., 1988). The drug is extensively (97%) bound to
plasma proteins (Boudinot et aL., 1985). Considerable variation in the elimination half-
life has been reported, with mean values ranging from about 5 to about 15 h (Greenblatt,
i 98 1). Sonne et al. (1988) found values of 6.7 h (range, 5.5-9.2 h) and 5.8 h (range, 504-
804 h) following intravenous and oral administration, respectively. A sex difference has
been reported, with a value of 7.8 :! 004 h (range, 4.9-10.8 h) in men and 9.7 :! 0.8 h
(range, 6.3-1904 h) in women (Greenblatt et aL., 1980). ln this study, the elimination half-
life was not age-associated in men (r = -0.085), but tended to increase, although not
significantly, with age in women (r = 0.45). Other factors which have been suggested to
modify the pharmacokinetics of oxazepam are renal insufficiency (Greenblatt et al.,
1983) and hypothyroidism (Sonne et al., 1990), which reduce clearance, while hyper-
thyroidism increases the rate of glucuronidation and consequently increases clearance
(Scott et al., 1984). However, liver disease characterized by cirrhosis or viral hepatitis
has no significant effect (Shull et al., 1976; Sellers et al., 1979).

The percentage of dose recovercd in urine as glucuronides has varied widely, which
may retlect in part methodological differences (Greenblatt, i 981), but at least 60-80%
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seems generally agreed. Sonne et al. (1988) found that, 48 h after administration of a 15-
mg dose, no more than 1 % was excreted in the urine as oxazepam, whereas about 70%
was recovered as oxazepam glucuronide. Alván et al. (1977) found that the urinary
recovery of conjugates was 67 :t 15% of the administered dose, with only 2.4 :t 2.4%
appearing in the faeces as the parent compound. The glucufOnide exists as a pair of dias-
tereoisomers (Ruelius et aL., 1979), since oxazepam, like ail 3-hydroxybenzodiazepines,
is used clinically as a racemic mixture. ln a study of these diastereoisomers, Seideman
et al. (1981) recovered a mean of 54.6 :t 6.6 iimol total glucuronides in 24 h from the
urine of six volunteers given a single oral dose of 15 mg oxazepam. The ratio of (+ )/(-)
isomers ((3S)/(3R) configurations) was 2.1 :t 0.8. Trace amounts of six other metabolites
have been reported (Sisenwine et aL., 1972) (see Figure 1). lt has been calculated that less
than 0.1% of 10 mg given three times daily for three days would be excreted in one litre
of milk of a breast-feeding mother (Wretlind, 1987). The excretion of oxazepam in breast
milk has been confirmed (Dusci et aL., 1990).

Tomson et al. (1979) showed the rapid placental passage of oxazepam and the mini-
mal capacity of the fetus to glucuronidate oxazepam even in late pregnancy. Thus,
conjugated oxazepam found in fetal compartments was produced by neither the placenta
nor the fetus, but was probably of maternai origin. Newborns are able to conjugate oxa-
zepam. ln early and late pregnancy, the mean ratios of the plasma concentration of total
oxazepam (free and glucuronide conjugate forms) in the umbilical cord to that in a
maternai vein were 0.6 and 1. 1, respectively (Kangas et aL., 1980). The penetration of
oxazepam from maternaI serum to placental tissue in a 4-h period after drug adminis-
tration was 49%, indicating rapid transfer (Jørgensen et al., 1988).

4.1.2 Experimel1tal systems

Garattini et al. (1973) gave rats, mice and guinea-pigs 5 mg/kg bw oxazepam by
intravenous injection and measured blood levels of the drug at tImes from 1 min up to
10 h. Maximal oxazepam concentrations were found at the earliest sampling tIme in ail
species, the values being 1.63 :t 0.09 iig/mL at 1 min in rats, 3.16 :t 0.05 iig/mL at 1 min
in mice and 1.81 :t 0.12 iig/mL at 5 min in guinea-pigs. Blood levels were .: 0.05 ¡.g/mL
at 5 h in rats and 0.07 :t 0.01 ¡.g/mL at 10 h in guinea-pigs, but were still 0.20 :t
0.01 ¡.g/mL at 10 h in the mice. Biliary excretion of conjugated hydroxylated meta-

bolitcs, cxpressed as percentages of the dose 3 h after administration, were 5.3 :t 0.4% in
rats, 34.7 :t 3.4% in guinea-pigs and 49.7 :t 5.3% in mice. (The Working Group consi-
dered that the 'conjugated hydroxylated benzodiazepines' in this study were the glucu-
ronides of oxazepam and not the phenolic metabolites measured in the studies of
Sisenwine and Tio (1986) described below. The low recovery of the oxazepam conjugate
in the rat after administration of oxazepam (5.3 :t 0.4%) is therefore consistent with the
daim of Sisenwine and Tio that aromatic hydroxylation products predominate in rats.l

The plasma concentrations of oxazepam in male B6C3Fl mice fed diet containing
125 and 2500 mg/kg (ppm) oxazepam appeared to reach steady-state levels by one week
of feeding. Thesc levcls were 1 iig/mL for the low-dose group and 5- 1 0 ¡.g/mL for the
high-dose group (Yuan et al., 1994).
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Figure 1. Metabolism of oxazepam in man, miniature swine, rat and mouse
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Oxazepam accumulates in adipose tissue. Garattini et al. (1973) found that adipose
tissuelblood ratios of the drug in mice given 5 mg/kg bw intravenously varied fron: 1.7
(at 5 min) to 4.9 (at 30 min). Accumulation also occurred in the brain. Maximal concen-
trations of oxazepam in the brain were 14.3 :: 0,17 ~g/g in mice, 4.5 :: 0.03 ~g/g in rats
and 3.5 :: 0.47 ~g/g in guinea-pigs, aIl at 5 min. Brain/blood drug level ratios in these
species varied from 1. 1 (at 1 min) to 1 1.3 (at 10 h) in mice, from 1.9 (at 1 min) to 6.2 (at
1 h) in rats and from 1.9 (at 5 min) to 8.9 (at 5 h) in guinea-pigs.

The disposition of oxazepam in rats and miniature swine was studied by Sisenwine
et al. (1972). The miniature swine (like humans) eliminated oxazepam primarily as the
glucuronides, while aromatic hydroxylation predominated in the rat. ln rats, 70.7 :: 6.0%
of a single oral dose of 20 mg/kg bw was eliminated in faeces following biliary secretion,
while 18.9 :: 2.4% of the dose was found in the urine (Sisenwine & Tio, 1986). ln CD-l
mice given an oral dose of 22 mg/kg bw oxazepam, 57.8% was recovered from the
faeces and 27.3% was recovered from urine over five days (Sisenwine et aL., 1987).
Reinvestigation of the metabolism of oxazepam in Swiss-Webster and B6C3Fl mice
(Griffin & Burka, 1993) and in Fischer 344 rats (Griffin & Burka, 1995) confirmed the
results of the earlier studies. Treatment with 2500 mg/kg diet (ppm) oxazepam in the diet
for 14 days before administration of oxazepam by gastric instillation led to a shift from
faecal to urinary excretion in mice, but not rats, so that the urinary excretion almost

doubled.

There are three major pathways of oxazepam metabolism in mice and rats (as in
humans): direct conjugation, phenyl ring oxidation and diazepine ring contraction

(Sisenwine & Tio, 1986; Sisenwine et al., 1987; Griffin & Burka, 1993, 1995). ln mice,
conjugation is mainly with glucuronide, predominantly excreted in the urine; in rats,
conjugation is mainly with sulfate, which is almost entirely eliminated in the faeces. The
sulfate conjugate of oxazepam, which is unstable in acidic media, may be the source of
the faecal oxazepam reported by Sisenwine and Tio (1986). It has not been detected in
mice. Studies with recirculating, perfused male Swiss (CD- 1) mou se lIver preparations

showed that oxazepam glucuronides are the dominant liver metabolites in this species
(St-Pierre et al., 1990). Oxazepam can also be conjugated with glucuronide by the
placenta of rabbits (Berte et al., 1969), apparently in contrast to the human organ
(Tomson et al., 1979). Phenyl ring oxidation is more important in rats than in mice (or
humans) and Griffin and Burka (1995) found that a dihydrodiol (probably the 3',4'-
dihydrodiol, since 2'-hydroxy derivatives are not known) accounts for about 30% of the
72-h urinary metabolites in Fischer 344 níts. This metabolite, which probably forms via
an arene oxide intcrmediate and has not been found in mice, holds implications for the
toxicological properties of oxazepam. ln rats, ring contraction to 6-chloro-4-phenyl-
2( 1 H)-quinazoline carboxylic acid occurs to roughly one half of the extent seen in mice,
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4.2 Toxic effects

4.2.1 Humal1s

(a) Acute toxicity

Fifteen cases of fatal poisoning due to suicidai or accidental ingestion of large doses
of oxazepam, either alone or in combination with alcohol and/or other drugs, have been
reported. ln a review of fatal poisonings attributed to benzodiazepines in the United
Kingdom during the 1980s, oxazepam had a comparatively low fatal toxicity index; that
is, it caused fewer deaths per milion prescriptions th an temazepam, diazepam or
prazepam (Serfaty & Masterton, 1993).

(b) Chrol1ic toxicity

ln addition to effects associated with psychological and physical dependence and
withdrawal phenomena, chronic oxazepam administration has been associated in very
rare cases with jaundice (both hepatocellular and cholestatic), nausea, skin rashes,
lowering of blood pressure and, in isolated cases, with the enhancement of parkinsonism
or arthritic symptoms (reviewed by Dollery et aL., 1991).

4.2.2 Experimel1tal systems

(a) Acute toxicity

Oral and intraperitoneal LDso values for oxazepam in carboxymethyl cellulose have
been reported to range from about 1500 mg/kg bw to ? 5000 mg/kg bw in various strains
of mi ce and were greater th an 5000 mg/kg bw in Wistar and Charles River CD rats
(Owen et aL., 1970; United States National Toxicology Program, 1993). Owen et al.
(1970) reported that oxazepam was only one third as toxic as diazepam when given by
the oral route and six times less toxic after intraperitoneal administration.

Unusually high mortality rates (about 20%) were observed in Swiss albino mi ce
within seven days after intraperitoneal injection of 60 mg/kg bw oxazepam (a hypnotic
dose causing loss of righting reflex in approximately 70% of the animaIs) dissolved in
dimethyl sulfoxide (W ong & Teo, 1992). ln a diazepam-sensitive strain of Swiss albino
mice developed by the same group, the mortality rate was 37.5% when 60 mg/kg bw
oxazepam was administered intraperitoneally. ln neither strain was there mortality
among dimethyl sulfoxide-treated control animaIs. Gross post-mortem examination did
not reveal any consistent cause of death. ln contrast, with the same oxazepam treatment
regimen, mortality was only 7% in BALB/c mice. (The authors did not offer, any expla-
nation for the high mortality rates in the two Swiss mou se strains; there are no other
reports in the literature of such high mortality rates due to benzodiazepine adminis-
tration.)

(b) Subacute and chronIc toxicity

Owen et aL. (1970) administered oxazepam in the diet to male and female Charles
River CD rats at concentrations of 600, 1250, 2500 or 5000 mg/kg diet (ppm) for six
weeks (20 animaIs per group). After six weeks, two of the high-dose rats had died, and
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weight gain was impaired in the males given 2500 ppm concentration. Liver, adrenal
gland and kidney weights were significantly greater in the two highest-concentration
groups of both sexes. The only treatment-related histopatho10gical change was a mild to
moderate increase in liver parenchymal fat; no liver necrosis or fibrosis was found. There
was no increase in liver fat in animaIs maintained on drug-free diet for four weeks after
administration of 5000 ppm oxazepam in the diet for six weeks.

Groups of 30 male and 30 female Charles River CD rats were fed diets containing 0,
150, 300, 600 or 1200 mglkg diet (ppm) oxazepam for 55 weeks. There was no cIearly
treatment-related death. Except at the lowest dose, 1iver weights were higher compared
with the controls. Kidney weights were higher at the two highest doses in oxazepam-
treated males, and ventral prostate and uterine weights were lower at the highest dose
leveL. There was no effect on body weight or haematological parameters and no signi-
ficant histopathological sign of toxicity (Owen et al., 1970).

ln a 14-week study, oxazepam was given to Swiss-Webster mice in the diet at
concentrations of 0, 625, 1250, 2500, 5000 or 10 000 mglkg (ppm). Consumption of
these diets resulted in average daily intakes of 80, 170, 330, 680 or 1400 mg/kg bw in
males and 100, 220, 440, 830 and 1620 mg/kg bw in females. The me an body weights of
aIl groups of exposed females were greater th an those of the control group. ln addition to
sedative effects, decreased locomotor activity and muscle strength were observed,
especially at the beginning of the study. Except for the lowest-intake groups, absolute
and relative Ii ver weights were significantly greater than those of the controls; the
increases were dose-related. Heart and kidney weights were increased in some male and
female groups. Dose-dependent hepatoceIlular hypertrophy was observed in all treated
animaIs. Foci of hepatocellular necrosis were also detected in some animais; however,
the 10w incidence and the lack of a dose-related increase suggested that these les ions
were not causaIly linked to oxazepam administration. ln a parallel l4-week assay, the
effects of oxazepam were investigated in B6C3Fl mice under similar conditions,
yielding practically identical results, notably those concerning body and liver weights
and liver histopatho10gy (United States National Toxicology Program, 1993).

Groups of 10 male B6C3Fl mice were fed di et containing 0, 25, 125, 2500 or 5000
mg/kg diet (ppm) oxazepam (approximately between 2 and 400 mglkg bw per day) for
15, 30, 45 or 90 days. The two highest doses were selected to paraIlel those used in the
United States National Toxicology Program bioassay of oxazepam (United States
National Toxicology Program, 1993) and the two lowest doses to achieve blood concen-
trations similar to those reported in the literature for humans at therapeutic dose levels
(1. 1 ¡.g/mL) or in the course of intoxications (up to 8.0 ¡.g/mL). During the final seven
days before the y were kiIled, the animaIs were exposed to bromodeoxyuridine delivered
by osmotic minipumps for quantification of hepatoceIlular replicative DNA synthesis.
Liver/body weight ratios, serum clinical chemistry and histopathology of the liver were
also monitored to provide data that wou Id permit the distinction of cytotoxic from
mitogenic mechanisms of ceIl proliferation. The liver/body weight ratios were signi-
ficantly increased in a dose-dependent manner and the major histopathological feature
was dose-dependent hypertrophy of hepatocytes; neither histopathology nor serum
clinical chemistry revealed clear signs of hepatotoxicity. There was a dose-related
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increase in replicative DNA synthesis at 15 days in the 125-, 2500- and 5000-ppm
treatment groups (up to five-fold at the highest dose), but this returned to controllevels
in ail groups by 30 days (Cunningham et aL., 1994). The transient mitogenic response
observed might arise from initial activation followed by down-regulation of peripheral
benzodiazepine receptors in the liver (Verma & Snyder, 1989). ln addition to the benzo-
diazepine receptors in the central nervous system, there are also peripheral receptors in
man y organs, such as the liver, pituitary and adrenal glands, testes, heart and kidney
(Ferrarese et aL., 1993).

Groups of male B6C3Fl mice were fed diets containing 125 mg/kg diet (ppm) (a non-
carcinogenic dose in chronic studies) or 2500 mg/kg diet (ppm) (a carcinogenic dose in
chronic studies (see Section 3)) oxazepam for 3,7, 10 or 21 days. At the end of dosing,
increased specifie activities of various hepatic enzymes were observed, including cyto-
chrome P450s (such as aminopyrine N-demethylase and aniline hydroxylase), cyto-
chrome b5, glucuronyl transferase and glutathione S-transferase. At the low dose, only
aminopyrine N-demethylase and glutathione S-transferase activities were significantly
increased (Griffin et aL., 1995). The time pattern of induction was generally an early
increase in the specifie activities followed by a graduaI decline until, by day 21, the
specifie activities were equivalent to or even below the control levels. The liver/body
weight ratios continued to increase up to day 21.

ln a continuation of these studies, labellng of hepatic cell nuclei with bromodeoxy-
uridine delivered by an implanted osmotic mini-pump over seven days indicated
increased levels of cell proliferation by seven days on the low dose and by 10 days on the
high dose. The delay observed atthe higher dietary concentration probably reflects a
sedative effect leading to reduced food consumption. Labelling was lower, but still above
control values, after 21 days at this dose level. Hepatic cytochrome P450 and b5 protein
levels and glucuronyl transferase activity were increased two-fold after 10 days of
treatment with 2500 ppm oxazepam. Plasma thyroid-stimulating hormone levels were
unaffected by the 125-ppm diet, but, in the mice exposed to the 2500-ppm oxazepam
diet,thyroid-stimulating hormone levels increased three-fold after 10 days' treatment and
returned to control levels by 21 days (Griffin et aL., 1996).

4.3 Reproductive and prenatal effects

4.3.1 Humal1s

Oxazepam, together with diazepam, nitrazepam and chlordiazepoxide, was included
in the benzodiazepine category in a case-control study of oral clefts in Finland (Saxén &
Saxén, 1975), but was not analysed as a separate category. The study is reviewed in
detail in the monograph on diazepam (p. 66).

Laegreid et aL. (1987 a) reported seven cases with intra- and extrauterine growth

retardation, facial dysmorphism and central nervous system dysfunction from 36 mothers
(37 infants) who took benzodiazepines regularly during pregnancy. Of the seven
children, two were exposed to oxazepam (75 mg daily) throughout pregnancy. One case
had Moebius syndrome, includingfacial dysmorphism, convulsions and severe mental
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retardation, while another child was affected with lissencephaly, distortion of neuronal
migration with cerebral pachygyria and Dandy- Walker malformation, facial dysmor-

phi sm and polycystic kidney. Later, the second case was diagnosed, following the
suggestion of Winter (1987), as Zellweger syndrome (Laegreid et aL., 1 987b). (The
Working Group noted that both Moebius and Zellweger syndromes may have a
Mendelian mode of inheritance.)

The association between maternai psychotropic drug use and perinatal deaths was
investigated in a case-control study in Gothenburg, Sweden (Laegreid et aL., 1992a). Too
few women had used oxazepam to permit analysis of the specific association with this
drug. The study is reviewed in more detail in the monograph on diazepam (p. 68).

Laegreid et al. (1 992b,c) examined the neurodevelopment of 17 children born to 16
mothers who used benzodiazepines throughout pregnancy: 15 used oxazepam (15-60 mg
daily) or diazepam (5-30 mg daily) alone or in combination and one mother used lora-
zepam. The results were compared with those for 29 children born to mothers without
any known use of psychotropic drugs. Significant differences in the frequency of pre-
and perinatal complications, for example, intrauterine asphyxia, instrumental delivery
and respiratory disturbances, and in neurobehaviour between the benzodiazepine and
control groups were found.

The 17 cases studied by Laegreid et al. (1992b,c) were followed up prospectively into
late infancy (Viggedal et aL., 1993). A general delay in mental development up to 18
months of age associated with prenatal exposure to benzodiazepines was found. (The
W orking Group noted that maternaI depression itself has an important negative effect on
children' s development (Cox, 1988). ln addition, neuropsychological symptoms are
frequent among children of abusers of psychoactive substances (Deren, 1986; Van Baar
et aL., 1989).)

A case of floppy-infant syndrome (namely muscular relaxation, respiratory depression
and limpness) following treatment of pre-eclampsia with oxazepam has been reported
(Drury et aL., 1977).

4.3.2 Experimel1tal systems

Oxazepam did not cause congenital abnormalities in mice (300 mg/kg diet (ppm)),
rats (300 or 600 mg/kg diet (ppm)) or rabbits (25 or 50 mg/kg bw orally) (Owen et aL.,
1970). An oral dose of 400 mg/kg bw induced resorption in Swiss-Webster mice, but no
increase in the frequency of malformations (Miller & Becker, 1973). However, Simon
and Sulik (1992, abstract) found craniofacial malformations (agnathia, an- or micro-
phthalmia, coloboma, exencephaly, encephalocele, holoprosencephaly) when doses of
375 mg/kg bw or 1000 mg/kg bw oxazepam were administered by gastric instilation to
C57Bl/6J mice on gestational day 7 at 0 h and 4 h. However, the authors noted that
human exposure to the dose range examined is unlikely.

Chronic administration of 500 or 1500 mg/kg diet (ppm) oxazepam in the diet to
breeding pairs of Swiss-Webster mice resulted in a significant decrease in mating perfor-
mance and in body weights at birth (Guerriero & Fox, 1976). Female mice that received
oxazepam (500 mg/kg diet (ppm)) prenatally had delay in the age of vaginal opening;
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however, the age of first oestrus was generally 10wer th 
an that of controls due to

disruption of normal hypothalamic-pituitary relations (Fox & Guerriero, i 978). Oxa-
zepam treatment (5,15 or 50 mg/kg bw, twice daily, orally) on days 12-16 ofpregnancy
also resulted in postnatal growth retardatIon in CD- 1 mice (Alleva et al., 1985). Oxa-
zepam (100 mg/kg bw orally) showed no noteworthy fetal toxicity in Sprague-Dawley
rats (Saito et aL., 1984).

The long-term postnatal developmental (inc1uding behavioural) effects of oxazepam
have been studied. Male Swiss- Webster mice that received oxazepam (500 mg/kg diet
(ppm)) prenatally and during early infancy showed enhanced performance of a Y-maze
task as adults. The drug produced its greatest effect (enhanced learning) when given
prenatally (Fox et al., 1977). The main effect of prenatal oxazepam treatment (5, 15 or
50 mg/kg bw, twice daily, orally) in CD- 1 mice on days 12- 1 6 of pregnancy was an
impairment of active avoidance response, while effects on overall discrimination
performance were less marked and limited to later stages of training (Alleva et aL., 1985).

CD-l mi ce were exposed to oxazepam (15 mg/kg bw, twice daily, orally) on days 12-
l6 of fetal life (at a critical ontogenetic stage of type II benzodiazepine receptor increase)
or to vehicle alone. Reduced locomotor activity on postnatal day 14 and modified
profiles of muscimol effects (faster recovery from the initial depression) at 21 and 28
days were observed. These effects might be explained either by accelerated development
of a GABAergic regulatory mechanism or by changes in the monoaminergic system _
changes which may account for other effects of prenatal benzodiazepine exposure
(Laviola et aL., 1992a). The eight-arm maze performance and neophobia were studied in
prenatally exposed mice at 7-8 weeks of age. Overall, the oxazepam-exposed mice were
much less efficient in the radial arm maze task than the vehicle-exposed animais. ln
addition, the latency of first approach to a novel stimulus object was considerably
increased and a deficit of habituation in the course of the subsequent exploratory period
was found (Laviola et al., i 992b).

This mouse model was used to study typical responses of lactating dams; oxazepam
enhanced maternaI aggression towards the offspring (Laviola et al., 1991).

4.4 Genetic and related effects

4.4.1 Humal1s

No data were available to the Working Group.

4.4.2 Experimental systems (see also Table 4 for references and Appendices 1 and 2)

Oxazepam does not cause mutations in either Salmol1ella typhimurium or Saccha-
romyces cerevisiae. Furthermore, it does not cause mitotic recombination in S. cerevisiae
or either non-disjunction or crossing-over in Aspergillus l1idulal1s. No chromosomal
damage was observed in Nigella damascel1a.

ln cultured mammalian cells, oxazepam did not cause unscheduled DNA synthesis (in
primary hepatocyte cultures) or mutation at either the tk or the hprt locus. Consistently
positive responses have been observed in cultured mammalian (including human) cell



Table 4. Genetic and related effects of oxazepam lN
N

Test system Result" Dose¡, Reference
(LED/HID)

Without With
exogenous exogenous
metabolic metabolic
system system

SAO, Salmonella typhimurium TA i 00, reverse mutation - - 2500 Balbi et al. (i 980)
SAO, Salmonella typhimurium TAI 00, reverse mutation - - NG Matula & Downie --

(1983) (abstract)
);;:SA5, Salmonella typhimurium TA 1535, reverse mutation - - 2500 Balbi et al. (1980) n

SA7, Salmonella typhimurium TAI537, reverse mutation - - 2500 Balbi et al. (1980) ~0SA9, Salmonella typhimurium T A98, reverse mutation - - 2500 Balbi et al. (1980) ZSA9, Salmonella typhimurium T A98, reverse mutation - - NG Matula & Downie 00
(1983) (abstract) ;:

SCH, Saccharomyces cerevisiae, mItotic recombination - NT NG Matula & Downie );
'"

(1983) (abstract) ::
C/SCR, Saccharomyces cerevisiae, reverse mutation - NT NG Matula & Downie ~

(1983) (abstract) 0
ANG, Aspergilus nidulans, non-disjunction and crossing-over NT NG Bignami et al. (1974) r- cPLC, Nigella damascena, chromosomal aberrations - NT 50 Moutschen et al. ~

( 1987)
tT
0\URP, Unscheduled DNA synthesis, rat primary hepatocytes - NT 0.5 Swierenga et al. 0\

(1983) (abstract)
G5T, Gene mutation, mouse Iymphoma L5 i 78Y cells, tk locus in vitro - NT 250 Stopper et al. (1993)
GIA, Gene mutation, rat primary hepatocytes, hprt locus in vitro - - 50 Swierenga et al.

(1983) (abstract)
MIA, Micronucleus test, Syrian hamster embryo fibroblast (SHE) cells +c

NT 75 Stopper et al. (1993)
in vitro

MIA, Micronucleus test, mouse lymphoma L5178Y cells in vitro +c NT 50 Stopper et al. (1993)
MIH, Micronucleus test, human amniotic fluid fibroblast-like (AFFL) +c

NT 75 Stopper et al. (1993)
cells in vitro

DY A, DNA strand breaks, rat Ii ver in vivo - 287 po x 1 Carlo et al. (1989)
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Table 4 (contd)

Test system Result" Doseb Reference
(LED/HID)

Without With
exogenous exogenous 0metabolic metabolic X
system system );

N
rr

57 po x 15 Carlo et al. (1989) v
);

600 diet 2 yrs Devereux et al. (1994) $:
+ NT 10 Rolin-LImbosch et al.

(1987)

DV A, DNA strand breaks, rat liver in vivo
GV A, Gene mutation (H-ras), mouse 1iver tumours in vivo
ICH, Inhibition of gap-junctional intercellular communication, human

hepatoma cells (SK-HEP-1) in vitro

a +, positive; (+), weak positive; -, negative; NT, oot tested; ?, inconclusive
bLED, lowest effective dose; HID, highest ineffective dose; in-vitro tests, iig/mL; in-vivo tests, mg/kg bw/day
c Kinetochore-positive; L5178Y cells in situ also positive for centlOmeric DNA

lN
lN
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assays for the induction of micronuclei and aneuploidy (as indicated by micronucleus

tests with kinetochore staining).

Gap-junctional intercellular communication was inhibited by oxazepam in a human
cell line.

No increase in DNA single-strand breaks and/or alkali-labile sites was observed in the
liver of rats given single or multiple oral doses of oxazepam. Hepatocellular adenomas
and carcinomas which developed in male and female B6C3Fl mice fed 0, 125, 2500 or
5000 mg/kg di et (ppm) oxazepam for up to two years (see Section 3.1.1) were examined
for activated ras proto-oncogenes (Devereux et al., 1994). Thirteen of 37 (35%) ade-
nomas and carcinomas from the 125-ppm group carried codon 61 mutations in H-ras,
while mutations were detected in two of 25 (8%) of the liver tumours from the 2500-ppm
group and in none of 22 liver tumours in the 5000-ppm group. These figures compare
with 80/l26 (63%) historical controls and 11/20 (55%) concurrent control tumours. ln
addition, 12 hepatoblastomas from the two highest-dose groups were examined for codon
61 mutations, but none was found. These data imply that H-ras mutations in codon 61 do
not appear to be involved in the formation of hepatocellular tumours or hepatoblastomas
induced by oxazepam. This further suggests that promotion of hepatic tumours by oxa-
zepam in mice involves a mechanism independent of that for spontaneous hepatic tumour
formation. No tumour in the exposed groups had a mutation in codons 12, 13 or 117 of
H-ras or in codons 12 or 13 of K-ras genes.

5. Summary of Data Reported and Evaluation

5.1 Exposure data

Oxazepam is a benzodiazepine used extensively since the 1960s for the treatment of
anxiety and insomnia and in the control of symptoms of alcohol withdrawaL. lt is a meta-
bolite of diazepam, prazepam and temazepam, among the benzodiazepines considered iii
this volume.

5.2 Human carcinogenicity data

ln one case-control study evaluating benzodiazepine use, subjects using oxazepam
were included, but were too few to analyse as a separate category.

5.3 Animal carcinogenicity data

Oxazepam was tested for carcinogenicity in three experiments in two strains of mice
by oral administration in the diet. Significant increases in the incidence of benign and
malignant liver tumours were found in two of the studies. The incidence of an
uncommon malignant liver tumour, hepatoblastoma, was also increased in one strain of
mice. ln the third study, an increased incidence of liver adenomas was found. ln one of
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the studies, a small increase in the incidence of thyroid gland adenomas was observed in
females of one strain of mice.

Oxazepam promoted liver tumour development in one two-stage model in mice and in
one of three studies in rats.

5.4 Other relevant data

Oxazepam is rapidly and completely absorbed in humans and is largely eliminated in
urine conjugated with glucuronic acid. The half-life averages 5-6 h.

Oxazepam is also extensively metabolized in animais. ln some species (miniature
swine), conjugation predominates, while in others (rats) oxidative metabolism is the

major route.

Oxazepam has low acute and chronic toxicity for humans at therapeutic concen-
trations. The main adverse effects of chronic administration are psychological and
physical dependence and withdrawal phenomena; specific organ toxicity of oxazepam to
humans has not been observed.

The acute toxicity of oxazepam to experimental animaIs is also low. Short-term, high-
dose administration of oxazepam to mi ce and rats resulted in increased liver weights. A
transient increase in cell proliferation was observed in oxazepam-treated mice.

Perinatal death and neurodevelopmental retardation have been reported in the off-
spring of women who were exposed to oxazepam during pregnancy (see the monograph
on diazepam for further discussion relating to deft palate). However, confounding
factors could not be controlled adequately in the se studies.

Malformations have been observed following high doses of oxazepam in mice, but
not at moderate doses in this species or in rats or rabbits.

Oxazepam is inactive in most genetic toxicity assays, although it has been shown to
cause micronuclei and aneuploidy il1 vitro and to inhibit gap-junctional intercellular
communication in human hepatoma cells il1 vitro. No data were available on humans.

M echal1istic cOl1side ratiol1s

There is no evidence that oxazepam interacts with DNA. Evidence of mutagenic acti-
vit Y is limited to aneuploidy in cell culture systems.

The induction of hepatocellular proliferation and hepatic cytochrome P450s by oxa-
zepam was observed in mi ce at doses that were carcinogenic following long-term

exposure. These adaptive effects are typical of several non-genotoxic compounds with
promoting activity that are carcinogenic in mouse liver. Oxazepam has demonstrated
promoting activity. Furthermore, the formation of hepatocellular tumours and hepato-
blastomas by oxazepam does not involve the H-ras codon 61 pathway. Similarities have
been observed between the hepatic effects of oxazepam and those of phenobarbital,
which also promotes development of hepatocellular tumours in mice. Taken together,
these data support the conclusion that lIver tumours are produced in mice by a promoting
mechanism.
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The implications of these findings with respect to potential cancer risk of oxazepam
exposure in humans are uncIear. Specifically, information on the relevant effects of
oxazepam in human groups or systems is not available. ln generaI, the sensitivity of
human liver to tumour formation, even if induction of cytochrome P45ûs and hepato-
cellular proliferation at levels comparable to those in mice were to occur, has not been
established.

Levels of thyroid-stimulating hormone were increased in mice fed oxazepam at doses
that induced adenomas and hyperplasia following long-term exposure. Sustained thyroid
stimulation has been implicated as a mechanism of thyroid tumorigenesis in rodents.

5.5 Evaluation 1

There is il1adequate evidel1ce in humans for the carcinogenicity of oxazepam.
There is sufficiel1t evidel1ce in experimental animaIs for the carcinogenicity of oxa-

zepam.

Overall evaluation

Oxazepam is possibly carcil1ogel1ic to humal1s (Croup 2B).
ln making the overall evaluation, the Working Group took into account that:

(i) uncertainty exists regarding the formation of mou se liver tumours by oxazepam
as a relevant end-point for evaluation of carcinogenic risks to humans.

(ii) appropriate mechanistic information in humans is Iacking.
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1. Exposure Data

1.1 Chemical and physical data

1.1.1 Nomel1clature

Chem. Abstr. Serv. Reg. No.: 2955-38-6
Chem. Abstr. Name: 7-Chloro- 1 -(cyclopropylmethyl)- 1,3-dihydro-5-phenyl-2H-l,4-
benzodiazepin- 2-one

iu PA C Systematic Name: 7 -Chloro- 1 -( cyclopropy lmethyl)- 1 ,3-dihydro- 5-phenyl- 2H-
1,4-benzodiazepin-2-one

1.1.2 Structural al1d molecular formulae al1d relative molecular mass

CI

y
Z~f

-N

CI9HI7CIN20
Relative molecular mass: 324.81

1. 1.3

(a)

(b)

(c)

Chemical al1d physical properties of the pure substal1ce

DescriptiOI1: Colourless crystalline powder (Gennaro, 1995)

Meltil1g-poil1t: 145-146 °C (Budavari, 1995)

Solubility: Practically insoluble in water (1 g/more than 10000 mL); sparingly
soluble in anhydrous ethanol and diethyl ether; soluble in acetone, chloroform
and acetic anhydride (Society of J apanese Pharmacopoeia, 1992; Gennaro, 1995)

(d) Octal1ol/water partitiOI1 coeffciel1t (P): log P, 3.7 (Dollery et aL., 1991)

1.1.4 Techl1ical products al1d impurities

Prazepam is available as 10- and 20-mg tablets, 16.5-mg 'drops' and 5-, 10- and 20-
mg capsules which also may contain anhydrous ethanol, corn starch, flavouring, lactose,
magnesium stearate, microgranular cellulose, polyethylene glycol 400, precipitated

- 1 43-
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silica, propylene glycol, sodium saccharin, sodium lauryl sulfate, colloidal silicon
dioxide, titanium dioxide, E 132 (Indigo carmine), D&C Yellow no. 10 (Quinoline
Yellow), FD&C Blue no. 1 (Briliant Blue FCF), FD&C Yellow 6 (Sunset Yellow FCF),
FD&C green no. 3 (Fast Green FCF) (Farmindustria, i 993; Medical Economics, 1996).

Trade names and designations of the chemical and its pharmaceutical preparations
inc1ude: Centrax; Demetrin; Equipaz; K 373; Lysanxia; Mono Demetrin; Prazene;
Reapam; Sedapran; Settima; Trepidan; Verstran; W -4020.

1. 1.5 Al1alysis

Several international pharmacopoeias specify potentiometric titration with perchloric
acid as the assay for purity of prazepam and thin-layer chromatography for determining
impurities and decomposition products. The assays for prazepam in capsules and tablets
apply liquid chromatography or potentiometric titration with perchloric acid using
standards. An assay for heavy metal impurities is also specified (Society of Japanese
Pharmacopoeia, 1992; United States Pharmacopeial Convention, 1994). Spectrophoto-
metry has also been used in the analysis for prazepam in pharmaceutical preparations

(EI-Yazbi et al., 1986; Mañes et al., 1987; Prad a et al., 1988).

Prazepam and its metabolites (including oxazepam) can be analysed in biolagical
fluids by radioimmunoassay (Köhler-Schmidt & Bohn, 1983), electron capture gas chro-
matography (Nau et al., 1978, Peat & Kopjak, 1979), gas chromatography with flame
ionization detection (Quaglio & Bellini, 1984), gas chromatography-mass spectrometry
(Maurer & Pfleger, 1987) and high-performance liquid chromatography (Peat & Kapjak,
1979; Lensmeyer et aL., 1982).

1.2 Production and use

1.2.1 Productiol1

Prazepam is prepared by acylating 2-amino-5-chlorobenzophenone with cyclo-

propanecarbonyl chloride using triethylamine as an acid-receptor. The product is reduced
with lithium aluminium hydride to give 2-cyc1opropylmethylamino-5-chlorobenzhydrol,
which is then oxidized with manganese dioxide to the corresponding benzophenone. This
is acylated with phthalimidoacetyl chloride and the product cyc1ized with hydrazine
hydrate to produce prazepam (Gennaro, 1995).

1.2.2 Use

Prazepam is a benzodiazepine used for the treatment of anxiety disorders (see the
monograph on diazepam, pp. 39-41, for a brief overview of the pharmacology of thera-
peutie action for this class of drugs). The optimal dosage in adults, adjusted ta the
response of the patient, is usually 20-40 mg daily in divided doses or as a single nightly
dose. ln severe conditions, up to 60 mg daily has been given. ln elderly or debilitated
patients, treatment should be initiated with a daily dose of 10-15 mg (Reynolds, 1993).
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Clinical uses of prazepam and other benzodiazepines have been reviewed (Hollster
et aL., 1993). Prazepam was approved for use in the United States of America in 1976
and, in France, it was first marketed in 1979 (Parke-Davis, 1996).

Comparative data on sales of prazepam in several countries are shown in Table 1.
Overall, sales worldwide declined by approximately 24% from 1990 to 1995 and pres-
criptions in the United States dropped to almost nil (see Table 2 in the monograph on
diazepam, p. 43).

Table 1. Sales of prazepam in various countriesQ (no. of standard unitsb, in
thousands)

Country 1990 1995 Country

Africa Europe
South Africa 2 492 819 Belgium

North America France
United States 65 399 Germany

South America Greece
Argentina 480 239 Italy
Colombia 0 24 Netherlands

Asia Portugal
J apan 14 161 8 074 Spain
Republic of Korea 4 205 2 947 Switzerland

1990

10 913

185 801

15 246

9 908

45 244

2 582

206

1 515

3 454

1995

9 900

1 90 1 75

8 702

6 002

41 032

2 036

962

1 165

2 836

" Data provided by IMS
h Standard dosage units, uncorrected for prazepam content

1.3 Occurrence

Prazepam is not known to occur as a natural product.

No quantitative data on occupational exposure levels were available to the Working
Group.

The National Occupational Exposure Survey conducted between 1981 and 1983 in
the United States by the National Institute for Occupational Safety and Health indicated
that about 100 employees were potentially occupationally exposed to prazepam. The
estimate was based on a survey of United States companies and did not involve measure-
ments of actual exposure (United States National Library of Medicine, 1996).

1.4 Regulations and guidelines

Prazepam is listed in the French, Japanese and United States pharracopoeias

(Reynolds, 1993; Vidal, 1995).
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2. Studies of Cancer in Humans

No data were available to the Working Group (see the monograph on diazepam,
pp.44-54, for a discussion of benzodiazepines).

3. Studies of Cancer in Experimental Animais

3.1 Oral administration

3.1.1 Mouse

Groups of 100 male and 100 female albino CFI (control) or 50 male and 50 female
mice (treated), eight weeks of age, were given 0, 8, 25 or 75 mg/kg bw prazepam (99%
pure) mixed in the diet for up to 80 weeks. The prazepam concentration in the food was
adjusted weekly for changes in body weight and food consumption. The prazepam/diet
mixtures were prepared freshly each week. ln treated mice, body-weight gains were
similar to those of controls throughout the study. From graphic presentations, there
appeared to be no significant effect on mortality (60-70% survival for males and
females) (statistics and exact numbers not given.) AlI surviving animaIs were kiled at 80
weeks. Major organs (unspecified) and visualIy apparent lesions were examined histo-
10gicalIy. No significant increase in the incidence of tumours at any site was seen for
either male or female mice. Data on incidence of hepatocellular tumours are presented in
Table 2 (de la Iglesia et al., 1981). (The W orking Group noted that the study was termi-
nated at 80 weeks.)

3.1.2 Rat

Groups of 115 male and 115 female SPF albino Wistar rats (control) or 65 male and
65 female rats (treated), eight weeks of age, were given 0, 8, 25 or 75 mg/kg bw
prazepam (99% purity) mixed in the di et for up to 104 weeks. The prazepam

concentration in the food was adjusted weekly for changes in body weight and food
consumption. The prazepam/diet mixtures were prepared freshly each week. ln treated
rats, body-weight gains were similar to those of controls throughout the study. There
appeared to be no significant effect on mortality (50-60% survival for males and about
60% for females) (statistics and exact numbers not given). AlI survivíng animaIs were
kilIed at 104 weeks. Major organs (not specified) and visualIy apparent lesions were
examined histologically. No significant increase in the incidence of tumours was seen for
either male or female rats. Data on incidences of hepatocellular tumours are presented in
Table 2 (de la Iglesia et al., 1981).

3.2 Carcinogenicity of metabolites

See the monograph on oxazepam (pp. 119-123).
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Table 2. Incidence of benign and malignant hepatocellular tumours in mice
and rats treated with prazepam

4. Other Data Relevant to an Evaluation of

Carcinogenicity and its Mechanisms

4.1 Absorption, distribution, metabolism and excretion

4.1.1 Humal1s

Prazepam is rapidly absorbed after oral administration, the peak plasma concentration
of the unchanged compound appearing within 0.5 h. While sorne authors have not seen
measurable concentrations of prazepam in plasma after dosing with tablets, Smith et aL.
(1979) detected low concentrations (:; 2.5 ng/mL) for brief periods in four of nine

subjects after ingestion of tablets and in ail nine subjects after ingestion of a solution.

The bioavailability from tablets relative to the solution was 86%. The elimination half-
life of the parent drug was approximately 1 h. The major non-conjugated compound in
plasma was the N-dealkylated metabolite, N-desmethyldiazepam. Peak plasma concen-
trations of N-desmethyldiazepam following oral administration of prazepam tablets have
been reported to be 321 i 76 ng/mL at 4.25 i 1.75 h (30-mg dose; Smith et aL., 1979),
235 i 68 ng/mL at 12 h (30-mg dose; Chasseaud et al., 1980) and 105 i 12 ng/mL at 9.2
i 3 h (20-mg dose; Greenblatt et al., 1988). Allen et al. (1980) reported differences
according to age and sex, with average peak plasma levels of 92-142 ng/mL being
reached in an average of 10-20 h. The elimination half-life of N-desmethyldiazepam in
these studies was reported to be 96 i 34 h (Smith et aL., 1979), 82 ri 23 h) (Chasseaud
et al., 1980) and ranging from 29 to 224 h (Allen et aL., 1980). ln this last study, the
elimination half-life increased with age in men, but not in women. The 

major metabolic
pathways of prazepam are N -dealkylation (Allen et aL., 1979; Chasseaud et aL., 1980) and
3-hydroxylation (DiCarlo et aL., 1970). The glucuronides of 3-hydroxyprazepam and
oxazepam are the main metabolites eliminated in urine (Figure 1). Neither prazepam nor
N-desmethyldiazepam was detected in 24-h urine samples of women given three 10-mg
prazepam capsules (Chasseaud et al., 1980).
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Figure 1. Postulated metabolic pathways of prazepam
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The plasma half-lives of C4C)prazepam and of antipyrine were increased in male
volunteers pretreated with unlabelled prazepam (0.4 mg/kg/day) for seven days (Vesell
et aL., 1972).

4.1.2 Experimel1tal systems

Prazepam metabolism has been studied in rats, dogs and monkeys. Prazepam is weil
absorbed after oral dosing in rats, and is rapidly and extensively metabolized. ln the rat,
the plasma half-life of prazepam and its metabolites was 2.5 h (Viau et aL., 1973). Nine
identified metabolites in urine together accounted for only 50% of the dose of radio-
isotope, while faecal excretion of radioisotope exceeded urinary excretion. The major
pathway was N-dealkylation, and ail identified metabolites were derived frorn N-des-
methyldiazepam. Hydroxylation at the 4-position of the 5-phenyl ring (4'-hydroxylation)
was extensive. Ishihama et aL. (1978) additionally found substantial amounts of 3'-
hydroxydesmethyldiazepam in urine and faeces. Both groups noted substantial amounts
of unidentified polar metabolites. Metabolism in dogs was more similar to the pattern in
humans. The major metabolite was oxazepam (excreted as the glucuronide), and smaller
amounts of 3-hydroxyprazepam and 4'-hydroxyoxazepam (excreted as the glucuronides)
were recovered (Di Carlo et aL., 1969; DiCarIo & Viau, 1970). An even closer parallel to
the human pattern was seen in cynomolgus monkeys, which excreted principally
oxazepam and 3-hydroxyprazepam glucuronides, with only trace amounts of 4'-hydroxy-
desmethyldiazepam, as the sulfate conjugate (Kabuto et aL., 1978).

A preponderance of N-dealkylation over C3-hydroxylation of prazepam was shown in
metabolic studies using liver microsomes from Sprague-Dawley rats il1 vitro, pretreated
with phenobarbital (Lu & Yang, 1989; Hooper et aL., 1992). This was also shown for
humans (Lu et al., 1991); these workers additionally shov.ed that the 3-hydroxyprazepam
was formed stereoselectively, with the 3R-enantiomer predominating in both rats and
humans.

4.2 Toxic effects

4.2.1 Humal1s

(a) Acute toxicity

Prazepam has no significant effect on the cardiovascular system; however, respiratory
depression may be observed following large doses or in sensitive individuals with
chronic obstructive airway diseases (reviewed by Dollery et aL., 1991). ln a review of
fatal poisoning attributed to benzodiazepines in the United Kingdom during the 1980s,
only one lethal intoxication with prazepam was recorded (Serfaty & Masterton, 1993).

(h) Chrol1ic toxicitv

There is no evidence to suggest that prazepam causes any organ toxicity other th 

aneffects associated with its pharmacological action on the central nervous system
(reviewed by Dollery et al., 1991).
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4.2.2 Experimel1tal systems

(a) Acute toxicity

Prazepam given intravenously to cats, dogs and rabbits caused convulsions at aIl
doses (1-8 mg/kg bw) investigated. ln contrast, oral administration of 3-36 mg/kg bw
prazepam to mice suppressed convulsions induced by pentylenetetrazol, strychnine or
electroshock with a similar potency to other benzodiazepines (Robichaud et al., 1970).
lntravenous administration of prazepam to dogs at doses of up to 10 mg/kg did not
induce significant autonomie or cardiovascular effects.

(b) Subacute al1d chrol1ic toxicity
ln male Sprague-Dawley rats, intraperitoneal administration of 100 mglkg bw

prazepam for four days resulted in increased levels of hepatic microsomal cytochrome
P450 and increased activities of hepatic ethylmorphine N-demethylase and aniline hydro-
xylase (Vesell et aL., 1972).

4.3 Reproductive and prenatal effects

4.3.1 Humal1s

No data were available to the Working Group

4.3.2 Experimel1tal systems

Prazepam increased the incidence of congenital anomalies (mainly short tail and
hydrops fetalis (subcutaneous oedema)) in rats. Body weights and organ weights of the
offspring of rats treated orally with a daily dose of 100 mg/kg bw prazepam were
decreased, but there was no adverse effect on behaviour, emotionality or learning ability
of offspring (Kuriyama et aL., 1978a; Ota et aL., 1979a).

The fertility of male rats was suppressed by five weeks' treatment with 1000 mg/kg
prazepam due to the retardation of spermatogenesis. Mating performance and fertility of
female rats were inhibited by oral treatment with a daily dose of 1000 mglkg prazepam,
but recovered soon after discontinuation of treatment (Kuriyama et al., 1 978b) and Ota
et al. (1 979a) found no adverse effect on the fertility of the offspring.

No increase in the occurrence of congenital abnormalities was observed in rabbits
which recei ved daily oral doses of 5, 12.5, 25 or 50 mg/kg bw on gestational days 6- 18
(Ota et al., 1 979b).

Chronic dietary administration of prazepam to breeding pairs of Swiss- Webster mice
caused a significant decrease in mating performance and body weights at birth (Guerriero
& Fox, 1976). Female mice which received prazepam prenatally had delay in the age of
vaginal opening; however, the age of first oestrus was generally younger than that of
controls due to disruption of normal hypothalamic-pituitary relations (Fox & Guerriero,
1978). Male mice which received prazepam prenatally and during early infancy exhibited
enhanced performance of a Y -maze task as adults. The drug produced its greatest effects
on learning measures when given prenatally (Fox et al., 1977).

kajo
Rectangle



PRAZEP AM 151

4.4 Genetic and related effects (see also Table 3 for references and Appendices 1
and 2)

No chromos omal damage was observed in Nigella damascel1a. No increase in DNA
single-strand breaks and/or alkali-labile sites was observed In the lIver of rats given
orally a single dose or multiple daily doses of prazepam.

Table 3. Genetic and related effects of prazepam

Test system Resulta Doseb Reference
(LED/HID)

Without With
exogenous exogenous
metabolic metabolic
system system

PLC, Nigella damascena, chromosomal NT 50 Moutschen
aberrations et al. (1987)

DY A, DNA strand breaks, rat liver
325 po x 1 Carlo et al.

ln ViVO
(1989)DY A, DNA strand breaks, rat liver

65 po x 15 Carlo et al.
ln ViVO

( 1989)

"+, positive; (+), weak positive; -, negative; NT, not tested; ?, inconclusive
bLED, lowest effective dose; HID, highest ineffective dose; in-vitro tests, Jlg/mL; in-vivo tests,

mg/kg bw/day

5. Summary of Data Reported and Evaluation

5.1 Exposure data

Prazepam is a benzodiazepine used since the late 1970s for treatment of anxiety.

5.2 Human carcinogenicity data

No data were available to the Working Group.

5.3 Animal carcinogenicity data

Prazepam was tested for carcinogenicity in one experiment in mice and in one
experiment in rats by oral administration in the diet. No significant increase in the
incidence of tumours was found.

5.4 Other relevant data

Prazepam is rapidly and extensively absorbed in humans, but its plasma concen-
trations are low and of short duration as a consequence of its rapid conversion to N-des-
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methyldiazepam and, to a lesser extent, 3-hydroxyprazepam. The elimination half-life is
about 1 h.

Prazepam is extensively metabolized in rats, and the primary metabolite N-des-
methyldiazepam is further converted to at least eight derivatives. Oxazepam is the major
metabolite in dogs and monkeys.

There is no evidence to suggest that prazepam causes any organ toxicity other than
effects associated with its pharmacological action on the central nervous system in
humans or experimental animaIs.

There are no data on the teratogenicity of prazepam in humans. ln one study,
prazepam increased the incidence of short tail and hydrops fetalis (subcutaneous oedema)
in rats. ln a single study in the rabbit, it was not teratogenic.

The two available studies on genetic effects were negative.

5.5 Evaluation 1

There is il1adequate evidence in humans for the carcinogenicity of prazepam.
There is il1adequate evidel1ce in experimental animaIs for the carcinogenicity of

prazepam.

Overall evaluation

Prazepam is not classifiable as to its carcil1ogel1icity ta humal1s (Croup 3).
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1. Exposure Data

1.1 Chemical and physical data

1 . 1 . 1 Nomel1clature

Chem. Abstr. Serv. Reg. No.: 26308-28-1

Chem. Abstr. Name: l-Ethyl-4,6-dihydro-3-methyl-8-phenylpyrazolo( 4,3-e)( 1,4 )dia-
zepin-5( 1 H)-one

IUPAC Systematic Name: l-Ethyl-4,6-dihydro-3-methyl-8-phenylpyrazolo(4,3_e)_
( 1 ,4 )diazepin- 5( 1 H)-one

1.1.2 Structural al1d molecularformulae al1d relative molecular mass

H3C

Ci.,HI6N40 Relative molecular mass: 268.32

1.1.3 Chemical al1d physical properties of the pure substal1ce

(a) Descriptiol1: Pale-yellow crystalline sol id (Fitzgerald et aL., 1984)

(b) Meltil1g-poil1t: 221-223 °C (DeWald et al., 1973)

1.IA Techl1ical products al1d impurities

One trade name of the chemical is available: Pyrazapon.

1.1 .5 Analysis

No information on the analysis of ripazepam was available to the Working Group.

-157-



158 IARC MONOGRAPHS VOLUME 66

1.2 Production and use

1.2.1 Production

Ripazepam can be prepared by reacting 4-amino-l-ethyl-3-methylpyrazol-5-yl phenyl
ketone and glycine ethyl ester hydrochloride in piperidine/pyridine solvent. The resulting
intermediate is reacted with ammonium hydroxide in dichloromethane/ethyl acetate, and
ripazepam is recrystallized from toluene (DeWald et al., 1973).

1.2.2 Use

Ripazepam is a pyrazolodiazepine that demonstrated anxiolytic effects in pharrnaco-
logical tests in animais, but was apparently never marketed for human use (Poschel et aL.,
1974; Fitzgerald et aL., 1984).

1.3 Occurrence

Ripazepam is not known to occur as a natural product.

1.4 Regulations and guidelines

No information was available to the Working Group.

2. Studies of Cancer in Humans

No data were available to the Working Group.

3. Studies of Cancer in Experimental Animais

3.1 Oral administration

3.1.1 Mouse

Groups of 50 male and 50 female albino CD- 1 mice, five to six weeks of age,
were given 0, 15 or 150 mg/kg bw ripazepam (l00% pure) in the diet for up to 78 weeks.
The ripazepam concentration in the food was adjusted weekly for changes in body
weight and food consumption. The ripazepam/diet mixtures were prepared freshly each
week and offered ad libitum. ln treated' mice, body-weight gains exceeded those of
controls at both doses in females and at 15 mg/kg bw in the males. Food consumption
was similar in control and treated mice. From graphic presentations, there appeared to be
a slight increase in mortality among high-dose males beginning at about week 40.
Mortality rates were similar in all groups of female mice (statistics aiid exact numbers
not given). At 78 weeks, survival was 60-70% in aIl groups and ail surviving animais
were killed. Major organs (not specified) and visually apparent lesions were examined
histologically. Data on the incidence of liver tumours are presented in Table 1 (Fitzgerald
et a/., 1984).
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Table 1. Incidence of benign and malignant hepatocellular tumours in mice and
rats treated with ripazepam

Rat

Carcinoma Adenoma

(neoplastic nodules)

Carcinoma

Male Female Male Female Male Female

0/50 0/50

0/50 0/50

1/50 0/50

5/50 4/50

4/50 6/50

9/50 6/50

0/50 0/50

0/50 0/50

1/50 2/50

From Fitzgerald et al, (1984)

3.1.2 Rat

Groups of 50 male and 50 female albino CD rats, five to six weeks of age, were
given 0, 15 or 150 mg/kg bw ripazepam (100% pure) in the diet for up to 104 weeks. The
ripazepam concentration in the food was adjusted weekly for changes in body weight and
food consumption. The ripazepamldiet mixtures were prepared freshly each week and
offered ad libitum. ln treated rats, body-weight gains were depressed by 21% in male and
by 36% in female rats given 150 mg/kg bw ripazepam. Food consumption was decreased
slightly (7%) only in female rats at the ISO-mg/kg dose. Mortality rates were similar in
ail groups. Ali surviving animaIs were killed at 104 weeks. Histological examinations
were performed on major organs (not specified) and visually apparent lesions. An
increase in centrilobular hypertrophy of hepatocytes, primarily at the 150-mg/kg bw dose
level, was observed in treated rats. No significant increase in the incidence of tumours in
treated groups was observed for either sex. Data on the incidence of liver tumours are
presented in Table 1 (Fitzgerald et al., 1984).

4. Other Data Relevant to an Evaluation of

Carcinogenicity and its Mechanisms

No data were available to the W orking Group.

5. Summary of Data Reported and Evaluation

5.1 Exposure data

Ripazepam is a pyrazolodiazepine with anxiolytic properties which has ne ver been
marketed for human use.
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5.2 Human carcinogenicity data

No data were available to the W orking Group.

5.3 Animal carcinogenicity data

Ripazepam was tested for carcinogenicity in one experiment in mi ce and in one expe-
riment in rats by oral administration in the diet. An increased incidence of benign lIver
tumours was found in male mice. No increase in the incidence of tumours was found in
female mice or in rats of either sex.

5.4 Other relevant data

No data were available to the Working Group on the metabolism, toxicity, repro-
ductive or genetic and related effects of ripazepam.

5.5 Evaluation'

There is il1adequate evidence in humans for the carcinogenicity of ripazepam.
There is limited evidel1ce in experimental animais for the carcinogenicity of ripa-

zepam.

OveraU evaluation

Ripazepam is 110t classijiable as to its carcil1ogel1icity ta humal1s (Croup 3).

6. References
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med. Chem., 16, 1346-1354
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1 For definition of the italicized terms, see Preamble, pp. 22-25.
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1. Exposure Data

1.1 Chemical and physical data

1.1.1 Nomel1clature

Chem. Abstr. Serv. Reg. No.: 846-50-4

Chem. Abstr. Name: 7-Chloro- 1,3-dihydro-3-hydroxy-l -methyl-5-phenyl-2H- 1,4-
benzodiazepin- 2-one

IUPAC Systematic Name: 7-Chloro- 1,3-dihydro-3-hydroxy- 1 -methyl-5-phenyl-2H-
1 ,4-benzodiazepin- 2-one

SYl1ol1yms: 3-Hydroxydiazepam; methyloxazepam; N-methyloxazepam; oxydiazepam

1.1.2 Structural al1d molecular formulae al1d relative molecular mass

1;-'"

C'6HI3CIN202

CH)~~o

ì-0HCI -N

Relative molecular mass: 300.75

1.1.3 Chemical al1d physical properties of the pure substal1ce

(a) Descriptiol1: White crystals (Gennaro, 1995)

(b) Meltil1g-point: 119-121 °C (Budavari, 1995)

(c) Spectroscopy data: Infrared spectroscopy data have been reported (British
Pharmacopoeial Commission, 1993)

(d) Solubility: Very slightly soluble in water (.c 1 in 10 000); sparingly soluble in

ethanol (Dollery et aL., 1991; Gennaro, 1995); freely soluble in chloroform
(British Pharmacopeial Commission, 1993)

(e) Dissociatiol1 COl1stal1t: pKa, 1.6 (Gennaro, 1995)

-161-



162 IARC MONOGRAPHS VOLUME 66

1.1.4 Techl1ical products al1d impurities

There are two enantiomeric forms of the temazepam structure (asymmetric at C), but
temazepam in pharmaceutical preparations is invariably the racemic mixture (British
Pharmacopoeial Commission, 1993).

Temazepam is available as 7.5-, 10-, 15-, 20- and 30-mg capsules, 10- and 20-mg
tablets and an oral solution containing 10 mg/5 mL. Preparations also may contain
benzyl alcohol, butylparaben, carboxymethylcellulose sodium, crospovidone (a cross-
linked homopolymer of polyvinylpyrrolidone), edetate calcium disodium, gelatin,
glycerol, lactose, magnesium stearate, mannitol, methylparaben, polyethylene glycol
400, propylparaben, silicon dioxide, sodium lauryl sulfate, sodium ethyl para-oxy-
benzoate, sodium propionate, sodium propyl para-oxybenzoate, sorbitol, synthetic red
ferric oxide, titanium oxide, FD&C Blue 1 (Brilliant Blue FCF) or FD&C Red 3
(Erythrosine). Various capsule formulations of temazepam have been available (liquid,
gel or powder formulations in hard or soft capsules), and differences in peak blood levels
and half-life of temazepam among the various formulations have been noted (see Section
4.1 of this monograph) (Thomas, 1991; Farmindustria, 1993; Hingorani & Ainsworth,
1993; Reynolds, 1993; British Medical Association/oyal Pharmaceutical Society of
Great BrItain, 1994; Medical Economies, 1996)

A potential impurity limited by the requirements of the European Pharmacopoeia is
5-chloro-2-methylaminobenzophenone (Council of Europe, 1994). Another is the

product of oxidation of the hydroxyl group of temazepam, the 2,?-dione (Fatmi &
Hickson, 1988).

Trade names and designations of the chemical and its pharmaceutical preparations
include: Cri sonar; ER 115; Euhypnos; Euipnos; Gelthix; K 3917; Le~nxene; Levanxol;
Mabertin; Neodorm SP; Norkotral Tema; Normison; Perdorm; Planum; Pronervon;
Razepam; Redupax Planpak; Remestan; Reposium; Restoril; Ro 5-5345; Signopam;
Signopharm; Temaz; Temaze; Temazep; Temazin; Tenox; Tenso; Texapam; Veroqual;
Wy 3917; Z-Pam.

1.1.5 Al1alysis

Several international pharmacopoeias specify potentiometric titration with perchloric
acid or liquid chromatography as assays for purity of temazepam, and thin-layer and
liquid chromatography for determining impurities and decomposition products, parti-
cularly 5-chloro-2-methylaminobenzophenone. The assay for temazepam in capsules
applies liquid chromatography using a standard (British Pharmacopoeial Commission,
1993; Council of Europe, 1994; United States Pharmacopeial Convention, 1994). Other
methods of analysis in pharmaceutical preparations include: fluorimetry (Walash et al.,
1994), polarography (Chan & Fogg, 1981), spectrophotometry (EI- Brashy et al., 1993),
mass spectrometry (McCarley & Brodbelt, 1993) and high-performance liquid chromato-
graphy (Gordon et al., 1986; Fatmi & Hickson, 1988).

Temazepam can be analysed in biological fluids and tissues by fluorimetry (Walash
et al., 1994), adsorptive stripping voltammetry (Zapardiel et al., 1988), electron-capture
gas chromatography (Divoll & Greenblatt, 1981; Löscher, 1982; Riva et al., 1982),
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capillary gas chromatography (Beischlag & rnaba, 1992), gas chromatography-mass
spectrometry (Maurer & Pfleger, 1987) and high-performance liquid chromatography

(Ho et al., 1983; Komiskey et al" 1985; Patterson, 1986; Lau et al., 1987; Fernández

et al., 1991; Kunsman et al., 1991; Chopineau et al., 1994).

1.2 Production and use

1.2.1 Productiol1

Temazepam is prepared by acylating 2-(methylamino)-5-chlorobenzhydrol with chlo-
roacetyl chloride. Heating the product with sodium iodide yields the iodoacetamido
compound. Treatment of the iodoacetamido compound with hydroxylamine effects
dehydration and dehydrohalogenation to form the benzodiazepine derivative, which
rearranges to temazepam, with esterification when treated with acetic anhydride. Saponi-
fication liberates temazepam (Gennaro, 1995).

1.2.2 Use

Temazepam was first introduced in Europe in 1970 and in the United States of
America in 1981 (Sternbach & Horst, 1982). During 1992-94, temazepam accounted for
40-45% of the United States pharmaceutical market for hypnotics (Sandoz Pharma~
ceuticals Corp., 1996).

Temazepam is a benzodiazepine hypnotic used in the short-term management of
insomnia (see the monograph on diazepam, pp. 39-41, for a brief overview of the
pharmacology of therapeutic action for this class of drugs). The usual oral dose for adults
is 15 mg taken before retiring at night, although 7.5 mg may be sufficient for sonie
patients and others may need 30 mg, or exceptionally up to 60 mg. Temazepam should
be given at reduced dosages to elderly or debilitated patients: one half of the usual adult
dose, or less, may be sufficient. For premedication before surgical or investigative
procedures, the usual dose is 20-40 mg (Reynolds, 1993; Medical Economies, 1996).

Clinical uses of temazepam and other benzodiazepines have been reviewed (Hollistcr
et aL., 1993).

Comparative data on sales of temazepam in several countries are presented in Table 1.
Overall, sales worldwide increased by approximately 7% from 1990 ta 1995, and United
States prescriptions increased by about 6% (see Table 2 in the monograph on diazepam,
p.43).

1.3 Occurrence

Temazepam is not known to occur as a natural product. It is a minor metabolite of
diazepam in humans.
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1.4 Regulations and guidelines

Temazepam is listed in the British, European, French and United States pharmaco-
poeias (Reynolds, 1993; British Pharmacopoeial Commission, 1993; Council of Europe,
1994; United States Pharmacopeial Convention, 1994; Vidal, 1995).

Table 1. Sales of temazepam in various countriesa (no. of standard units\ in
thousands)

Country 1990 1995 Country 1990 1995

Africa Europe
South Africa 4226 4574 Belgium 2480 1577

North America France 13370 7532
Canada 16365 40 238 Germany 30901 36695
USA 177 054 200 677 Greece 2394 2 III

South America ltaly 0 10912
Venezuela 879 885 Netherlands 46 055 52 843

Asia Portugal 4426 4378
Republic of Korea 15 16 Spain 2 0

Australia 80 984 79 864 Switzerland 2312 2 109

United Kingdom 324 041 311519

" Data provided by IMS
h Standard dosage units, uncorrected for temazepam content

2. Studies of Cancer in Humans

No data were available to the Working Group (see the monograph on diazepam,
pp.44-54, for a discussion of benzodiazepines).

3. Studies of Cancer in Experimental Animais

3.1 Oral administration

3.1.1 MOlise

Groups of 100 male and 100 female Charles River CD- 1 mice, five weeks of age,
were given 0 (control), 10, 80 or 160 mglkg bw temazepam (99% pure) per day in the
diet for up to 78 weeks. The temazepam/diet mixtures were prepared freshly each week
and offered ad lihitum. Mice that died during the first 35 days were replaced. Body-
weight gains tended to be slightly less than thoseof controls for both male and fcmale
treated mice throughout the study (exact details not givenl. Food consumption was
similar in control and treated mice. Mortality was increased in male micc recciving either
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80 mg/kg bw (56% survival) or 160 mg/kg bw (47% survival) while the low-dose and
control mice had survival greater than 80%. Among females, the mortality was generally
similar in all groups (greater than 75% survival), with the mid- and high-dose groups
tending to have slightly increased mortality. AlI surviving animais were killed at 78
weeks. Complete histological examinations were performed on 99- 1 00 males per group
and 100 females per group. Hepatic hyperplastic les ions occurred in 2% of control, 3%
of low-dose, 3% of mid-dose and 10% of high-dose males, and in 0% of control, 0% of
low-dose, 1 % of mid-dose and 8% of high-dose female mice. No significant increase in
the incidence of benign hepatocellular adenomas was observed for male or female mice.
The incidence of hepatocellular adenomas was: males - control, 8/1 00; low-dose, 4/99;
mid-dose, 2/1 00; and high-dose, 10/1 00; females - control, 0/100; low-dose, 1/1 00;

mid-dose, 1/100; and high-dose, 4/1 00 (p = 0.056, Fisher exact test) (p = 0.014, trend
test) (Robison et al., 1984). (The Working Group noted that the study was terminated at
78 weeks.)

3.1.2 Rat

Groups of 90 male and 90 female Charles River weanling CD rats were given 0
(control), 10,40 or 160 mg/kg bw temazepam (99% pure) per day in the diet for up to
104 weeks. The temazepam/diet mixtures were prepared freshly each week and offered
ad libitum. Ten males and 10 females from each group werekiIIed at weeks 27 and 53. ln
rats exposed to 160 mg/kg bw, body weights were less th an those of controls for both
males (except at weeks 13 and 26) and females. Food consumption was similar in control
and treated rats. Ali treated males and low-dose fema1es had higher mortality th an the

controls. The survival was satisfactory, with at least 24 animais remaining in each group.
Complete histopathological examination, including visually apparent lesions, was
performed. No significant increase in the incidence of tumours was observed in male or
female rats. The incidence of hepatocellular carcinomas was: males - control, 10/90;
low-dose, 9/90; mid-dose, 6/90; and high-dose, 10/90; females - control, 13/90; low-

dose, 4/90; mid-dose, 10/90; and high-dose, 8/90. No liver adenoma was reported
(Robison et aL., 1984).

3.2 Carcinogenicity of metabolites

See the monograph on oxazepam in this volume (pp. 1 19-123).

4. Other Data Relevant to an Evaluation of

Carcinogenicity and its Mechanisms

4.1 Absorption, distribution, metabolism and excretion

4.1.1 Humal1s

Information on the absorption of temazepam is somewhat confused by the issue of
differing formulations. Studies in the United States when the drug was first marketed in a
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hard gelatin capsule (1981) indicated relatively slow absorption, with maximal plasma
concentrations attained about 2.5 h after dosing. This contrasted with data relating to the
soft gelatin capsule, which became available earIier in Europe and gave peak plasma
levels within 1.5 h. For example, after a 1 O-mg dose, Jochemsen et al. (1983) found peak
plasma concentrations of 227 :t 92 ng/mL at 1.2 :t 0.9 h in Dutch subjects and Klem et al.
(1986) found peak plasma concentrations of 306 :t 32 ng/mL at median 0.75 h in British
geriatric patients given soft gelatin capsules. Fuccella et aL. (1977) administered 20 mg
temazepam in hard and soft capsules to male volunteers, and measured peak plasma con-
centrations of 668 :t 121 ng/mL and 892 :t ioi ng/mL at 1.44 :t 0.21 h and 0.83 :t 0.25 h,
respectively, More recent data from the United States show that reformulation there
achieved a product comparable with that marketed in Europe, and more appropriate for
use as a hypnotic. ln this study, the peak plasma concentration was 873 :t 43 ng/mL at
1.36 :t 0.15 h following a single 30-mg dose (Locniskar & Greenblatt, 1990). Contro-
versy has also arisen in relation to the elimination half-life, but this study seems to
confirm a me an value of 10 h. A sex difference was reported in another study (Divoll

et al., 1981) in which, irrespective of age, the elimination half-life of temazepam was
about 12 h in men and about 17 h in women. No such sex difference was seen in the
much smaller study of Klem et al. (1986).

Schwarz (1979) reported that 80% of a 0.4 1 -mg/kg bw dose was recovered in urine,
while another 12% was recovered in faeces. The percentages of the dose excreted in
urine were temazepam (1.5%), conjugated temazepam (72.5%), oxazepam (1.0%) and
conjugated oxazepam (5.8%). Temazepam can cross the human placenta (Heel et aL.,
1981). Locniskar and Greenblatt (1990) found that direct conjugation of temazepam with
glucuronic acid was a major pathway of metabolic clearance, and 39 :t 3% of the oral
dose was eliminated in urine as the glucuronide; only 0.2% of the dose was recovered as
temazepam. Oxazepam glucuronide accounted for a further 4.7% of the dose. Approxi-
mately 50% of the dose was not accounted for, possibly because of non-renal elimination
or formation of unrecognized metabolites (see Figure 1).

4.1.2 Experimel1tal systems

The disposition of temazepam has been studied in various animal species including
mice, rats and dogs (Schwarz, 1979) (see Figure 1). Conjugation and N-demethylation
were the major metabolic pathways in mice and dogs. ln rats, excretion of temazepam
was primarily in the faeces (78%), resulting from biliary excretion of metabolites (59%)
rather th an from incomplete absorption; only 15% was excreted in urine. Male Wistar
rats excreted 85-90% of an intravenous dose of C4C)temazepam in the bile within 8 h
(Tse et al., 1983a) and about 85% of this material was reabsorbed to be re-excreted
predominantly in the bile (Tse et al., 1 983b). Mice and dogs excreted 37% in the urine
and about 55% in the faeces. Temazepam can cross the placenta in rats and rabbits
(Schwarz, 1979).

Expressed as percentages of the dose, the major urinary metabolites in mice were
oxazepam conjugate(s) (23%), while in dogs approximately equal quantities of tema-
zepam and oxazepam conjugates were excreted (15% and 16%, respectively). ln rats, the
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major proportion in urine was unidentified metabolites (only about 1 % of the dose was
identified) (Schwarz, 1979). ln metabolic studies using rat lIver microsomes, it has been
shown that CYP3A enzymes are involved in the C,-hydroxylation of diazepam to yield
temazepam, but not in the N-dealkylation of temazepam and diazepam (Reilly et aL.,
1990).

Figure 1. Postulated metabolic pathways of temazepam

1 Temazepam 1 Ci
Ci

CH, 0
/ -
Ni- O-conjugale

-N
Conjugation

~

Temazepam conjugate:
man, mouse, dog

N-Demethylation

Oxazepam:
man, mouse,
dog

Ci

CH, 0
1 -
Ni- O-conjugale

-NCi

Conjugation
~

Oxazepam conjugate:
man, mou se, dog

From Schwarz (1979)

Conjugate is glucuronide or sulfate

4.2 Toxic effects

4.2.1 Humal1s

(a) Acute toxicity

ln a recent report on 573 lethal intoxications due to self-poisoning with temazepam
alone or in combination in the United Kingdom during the 1980s, temazepam was found
to be associated with a higher death rate per millon prescriptions than any other

benzodiazepine hypnotic drug except flurazepam (Serfaty & Masterton, 1993). ln

another study, temazepam was detected in post-mortem blood samples of 15 overdose
deaths. ln aU cases, ethanol and additional drugs were identified, such as paracetamol,
dextropropoxyphene, chlorpromazine and trifluoperazine. ln 12 cases, the blood concen-
trations were weil above the highest concentration found after therapeutic doses

(750liglL) (Forrest et aL., 1986). Disulfiram has been reported to precipitate temazepam
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toxicity by increasing central nervous system depression (Hard 

man et aL., 1994). There
are also several reports of deaths from pulmonary microembolisms after intravenous
injection of temazepam from tablets by drug abusers. However, the 

se are c1early not dueto the compound itself but to other tablet constituents such as crospovidone (a plastic-like
carrier material) which may cause pulmonary foreign-body reaction (Hingorani &
Ainsworth, 1993).

(b) Chrol1ic toxicity

ln a post-marketing surveillance report, covering a period of three to five years, of
24000 patients treated with 10-60 mg temazepam, approximately 10% of the patients
experienced adverse effects. Gastrointestinal complaints, sleep disturbances, vertigo,
headaches, weakness, lack of concentration, loss of equilibrium and falling were fre-
quently reported. Severe adverse effects such as hypotension, blood dyscrasias and
jaundice were reported only in single cases (reviewed by Dollery et aL., 1991).

4.2.2 Experimel1tal systems

Toxicological tests lasting six months at doses up to 120 mglkg bw per day in beagle
dogs and rats did not show significant organ toxicity (Dollery et aL., 1991). ln the study
of Robison et aL. (1984) described in Section 3.1. 1, the increased mortality observed in
the groups of male mice given 80 or 160 mg/kg bw per day was associated with an
increased bite wound rate resulting from an apparently drug-related increase in fighting
behaviour. There was no significant effect on food consumption, or organ or haemato-
logical toxicity in either rats or mice.

4.3 Reproductive and prenatal effects

4.3.1 Humal1s

Dusci et al. (1990) described the excretion of temazepam in plasma and breast milk
from a lactating mother taking high-dose diazepam and oxazepam. The infant showed no
overt physical or mental symptoms of benzodiazepine intoxication.

Kargas et al. (1985) reported a stillbirth at term of a female infant (3.82 kg) less than
8 h after maternaI ingestion of therapeutic doses of diphenhydramine (50 mg) (Benadryl,
an HI -receptor antagonist) and temazepam (30 mg); the authors suggested that a syner-
gistic interaction of the drugs was the most likely cause of death (see Section 4.3.2).

4.3.2 Experimel1tal systems

Kargas et al. (1985) treated 13 healthy pregnant New Zealand white rabbits on days
29 and 30 (parturition) of gestation with both diphenhydramine (15 mglkg bw orally) and
temazepam (10 mglkg bw orally). Eighty-one per cent of the fetuses were stillborn or
died shortly after birth, exhibiting marked irritability and seizures. ln contrast, adminis-
tration of diphenhydramine alone (up to 50 mglkg bw) or temazepam alone (up to
80 mglkg bw) did not increase mortality significantly.
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4.4 Genetic and related effects

4.4.1 Humal1s

No data were available to the Working Group.

4.4.2 Experimel1tal systems (see also Table 2 for references and Appendices 1 and 2)

No mitotic spindle abnormality was observed by electron microscopy in the marine
flagellate, DUl1aliella bioculata. No Íncrease in DNA strand breaks and/or alkali-labile
sites was observed in the liver of rats given a single or multiple daily doses of

temazepam.

Table 2. Genetic and related effects of temazepam

Test system Resul( Doseh Reference
(LED/HID)

*, Mitotic abnormalities, protozoa

Without With
exogenous exogenous
metabolic metabolic
system system

NT 30

DV A, DNA strand breaks, rat liver in vivo
300 po x 1

Miernik et al.
( 1986)

Carlo et al,
( 1989)

Carlo et al.
(1989)

DV A, DNA strand breaks, rat liver in vivo
60 po x 15

*Not shown on profile

"+, positive; (+), weak positive; -, negative; NT, not tested; ?, inconclusive
h LED, lowest effective dose; HID, highest ineffective dose; in-vitro tests, i-g/mL; in-vivo tests, mg/kg

bw/day

5. Summary of Data Reported and Evaluation

5.1 Exposure data

Temazepam is a benzodiazepine prescribed widely since the 1970s for short-term
management of insomnia. Temazepam is a minor metabolite of diazepam.

5.2 Human carcinogenicity data

No data were available to the Working Group.
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5.3 Animal carcinogenicity data

Temazepam was tested for carcinogenicity in one experiment in mice and in one
experiment in rats by oral administration in the diet. A slight increase in the incidence of
liver adenomas was found in female mice.

5.4 Other relevant data

Temazepam is absorbed rapidly and completely in humans from appropriate oral
formulations. It is eliminated mainly in urine as the glucuronide conjugate; oxazepam is
a minor metabolite. The mean elimination half-life is about 10 h.

Conjugation and N-demethylation to oxazepam are the major metabolic pathways

recognized in mice and dogs.
Chronic administration of pharmacological doses does not induce organ toxicity.

Repeated-dose toxicity studies lasting up to six months did not reveal specific organ
toxicity in dogs, rats or mice.

No data were available on teratogenic effects of temazepam.
Few data on genetic effects of temazepam were available. It did not produce DNA

strand breaks in the livers of rats.

5.5 Evaluation 1

There is il1adequate evidence in humans for the carcinogenicity of temazepam.
There is il1adequate evidel1ce in experimental animaIs for the carcinogenicity of

temazepam.

Overall evaluation

Temazepam is 110t classijiable as to its carcil1ogel1icity to humal1s (Croup 3).
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This substance was considered by previous working groups, in October 1976 (lARe,
1977) and March 1987 (lARC. 1987). Since that time, new data have become available,
and these have been incorporated in the monograph and taken into consideration in the
evaluation.

1. Exposure Data

1.1 Chemical and physical data

1.1.1 Nomel1clature

Phenytoin

Chem. Abstr. Serv. Reg. No.: 57-41-0

Deleted CAS Reg. No.: 125-59-7

Chem. Abstr. Name: 5,5-Diphenyl-2,4-imidazolidinedione

IUPAC Systematic Name: 5,5-Diphenylhydantoin

SYl1ol1yms: Diphenylhydantoin; DPH

Phenytoin sodium

Chem. Abstr. Serv. Reg. No.: 630-93-3

Deleted CAS Reg. Nos: 143-75-9; 1421-15-4; 8017-52-5

Chem. Abstr. Name: 5,5-Diphenyl-2,4-imidazolidinedione, monosodium salt

¡UPAC Systematic Name: 5,5-Diphenylhydantoin sodium salt

SYl1ol1yms: Diphenylhydantoin sodium; 5,5-diphenylhydantoin sodium; SDPH;
sodium diphenylhydantoin; sodium 5,5-diphenylhydantoin; sodium diphenylhydan-
toinate; sodium 5,5-diphenyl-2,4-imidazolidinedione; sodium phenytoin; soluble
phenytoin

- 175-
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1.1.2 Structural al1d molecular formulae al1d relative molecular mass

Phenytoin
CisHI2N202 Relative molecular mass: 252.27

H-N

NaEB 80N

Phenytoin sodium
ClsHliN202.Na Relative molecular mass: 274.25

1.1.3 Chemical and physical properties of the pure substal1ces

Phenytoin

(a) Descriptiol1: White, odourless powder (Gennaro, 1995)
(b) Meltil1g-poil1t: 295-298 °C (Budavari, 1995)
(c) Spectroscopy data: Infrared, ultraviolet, nuclear magnetic resonance and mass

spectral data have been reported (Philip et al., 1984).

(d) Solubility: Practically insoluble in water; soluble in acetone (1 g/30 mL), ethanol
(1 g/60 mL) and alkali hydroxides (Budavari, 1995)

(e) Dissociatiol1 COl1stal1t: pKa = 8.06-8.33 (American Hospital Formulary Service,
1995)

Phenytoin sodium

(a) Descriptiol1: White, odourless powder (Gennaro, 1995)

(b) Spectroscopy data: Infrared, ultraviolet, nuc1ear magnetic resonance and mass
spectral data have been reported (Philip et al., 1984).

(c) Solubility: Soluble in water (approx. 1 g/66 mL) and ethanol (1 g/l0.5 mL);
insoluble in chloroform and diethyl ether (Budavari, 1995); freely soluble in
warm propylene glycol (American Hospital Formulary Service, 1995)

(d) Stability: Easily dissociated by weak acids (inc1uding carbon dioxide absorbed on
exposure to air) regenerating phenytoin; somewhat hygroscopic (Budavari, 1995)
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1.1.4 Techl1ical products al1d impurities

Both phenytoin and phenytoin sodium are used in pharmaceutical preparations world-
wide, although phenytoin sodium is the more common form.

Phenytoin is available as 50-mg tablets which may also contain flavour, saccharin
sodium, sucrose, talc, aluminium lake, D&C Yellow 10 (Quinoline YelIow) or FD&C
Yellow 6 (Sunset Yellow FCF). It is also available as 30-, 100- and 125-mg/5 mL oral
suspensions, with a maximal alcohol content not greater than 0.6%, and may contain
anhydrous cItric acid, carboxymethylcellulose, flavours, glycerin, magnesium aluminium
silicate, polysorbate 40, sodium benzoate, sucrose, vanilin, D&C Red 33, FD&C Red 40
(Allura Red AC) or FD&C Yellow 6 (Thomas, 1991; British Medical Association/Royal
Pharmaceutical Society of Great Britain, 1994; Medical Economies, 1996).

Phenytoio sodium is available as 25-, 30-, 50-, 100- and 300-mg capsules, 30- and
lOO-mg prompt- and extended-release capsules, and 50- and lOO-mg coated tablets,
which may also contain citric acid, colloidal silicon dioxide, gelatin, glyceryl mono-
oleate, hydrogen peroxide, lactose, polyethylene glycol 200, sodium benzoate, sodium
lauryl sulfate, sucrose, talc, titanium dioxide, FD&C Blue 1 (Briliant Blue FCF), FD&C
Red 3 (Erythrosine) or FD&C Yellow 6. It is also available as a 50-mg/mL injection
solution in a vehicIe containing 40% propylene glycol (0.4 g/mL) and 10% ethanol
(0.1 g/mL) in water, adjusted to pH 12 with sodium hydroxide (Thomas, 1991; British
Medical Association/Royal Pharmaceutical Society of Great Britain, 1994; American
Hospital Formulary Service, 1995; Medical Economies, 1996).

Trade names for phenytoin and its pharmaceutical preparations include: Aleviatin;
Denyl; Dithydan; Dihycon; Di-Hydan; Dihydantoin; Dilabid; Di-Lan; Dilantin; Dilantin-
125; Dilantin Infatabs; Dilantin-30 Pediatric; Dintoina; Diphantoin; Diphedan;

Diphentyn; Ekko; Enkefal; Epanutin; Epdantoin Simple; Epelin; Epiland; Epinat; Eptoin;
Fenantoin; Hidantal; Hydantin; Hydantol; Lehydan; Lepitoin; Novophenytoin; Phen-
hydan; Phenhydantin; Sodanton; Tacosal; Zentropil.

Trade names for phenytoin sodium and its pharmaceutical preparations include:
Alepsin; Aleviatin; Aleviatin sodium; Antisacer; Citrullamon; Danten; Dantoin; Denyl;
Difenin; Difetoin; Dithydan; Dilantin; Di-Len; Dintoina; Diphantoine; Di-Phen;

Diphenin; Diphenine; Diphenylan; Ditoin; Enkefal; Epanutin; Epdantoin Simple; Epelin;
Epilan D; Epilantin; Epsolin; Eptoin; Hidantal; Hydantin; Hydantoinal; Idantoin; Mine-
toin; Muldis; Neosidantoina; Novodiphenyl; Om-Hydantoïne; Phenhydan; Pyorédol;
Solantyl; Tacosal; Thilophenyt; Zentropil.

1.1.5 A l1alysis

Methods for the analysis of phenytoin have been reviewed (Glazko, 1982; Philip
et al., 1984; Burke & Thénot, 1985).

Several international pharmacopoeias specify liquid chromatography (LC) or titration
with sodium hydroxide or sodium methoxide as the assay for purity of phenytoin, and
LC, gas chromatography (GC) with flame ionization detection (FID) or thin-layer
chromatography (TLC) for determining levels of benzil, benzophenone and other impu-
rities and decomposition products. Assays for determining cIarity and colour, acid or
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alkali, chloride, benzilic acid and heavy metals are also specified. The assay for pheny-
toin in powders, tablets and oral suspensions uses titration with sodium methoxide or
sodium hydroxide or a gravimetric method following acidification and extraction
(Society of Japanese Pharmacopoeia, 1992; British Pharmacopoeial Commission, 1993;
United States Pharmacopeial Convention, 1994).

Several international pharmacopoeias specify LC or titration with sodium hydroxide
as the assay for purity of phenytoin sodium, and LC, TLC or GC/FID for determining
benzophenone levels and other impurities and decomposition products. Assays for de ter-
mining clarity and colour, free phenytoin, water and heavy metals are also specified. The
assay for phenytoin sodium in capsules, tablets and injectable solutions uses titration
with tetrabutylammonium hydroxide, an LC method or a gravimetric method following
acidification and extraction. Assays for determining bacterial endotoxins, clarity and
colour, pH, alcohol and propylene glycol content, particulate matter and heavy metals for
the injectable solution are also specified (Society of Japanese Pharmacopoeia, 1992;
British Pharmacopoeial Commission, 1993; United States Pharmacopeial Convention,
1994) .

Phenytoin and its metabolites can be analysed in biological fluids by spectrophoto-
metry (colorimetry), radioimmunoassay, enzyme-mediated immunoassay techniques,
differential pulse polarography, GC, GC-mass spectrometry and high-performance liquid
chromatography (Glazko, 1982; Maya et al., 1992).

1.2 Production and use

1.2.1 Productiol1

A method for preparing phenytoin sodium was first reported by Biltz in 1908
(Budavari, 1995).

Phenytoin and phenytoin sodium are prepared by treating benzaldehyde with sodium
cyanide to form benzoin, which is oxidized to benzil with nitric acid or cupric sulfate.
The benzil is then heated with urea in the presence of sodium ethoxide or isopropoxide,
forming phenytoin sodium. Phenytoin sodium yields the base (phenytoin) on acidi-
fication of its aqueous solution (Gennaro, 1995).

ln the United States of America, commercial production of phenytoin and phenytoin
sodium was first reported in 1946 and 1938, respectively (United States Tariff Com-
mission, 1939; 1948). Phenytoin (and/or its sodium salt) is currently available as a
pharmaceutical in over 65 countries (Parke-Davis, 1995).

1.2.2 Use

Phenytoin is an anticonvulsant given orally (as phenytoin or phenytoin sodium) or by
slow intravenous injection (as phenytoin sodium) in the treatment of epilepsy. Phenytoin
exerts a stabilizing effect on excitable membranes of a variety of cells, including neurons
and cardiac myocytes. It can decrease resting fluxes of sodium as weIl as sodium currents
that flow during action potentials or chemically induced depolarizations (Jones &

Wimbish, 1985). It is therefore used to control tonic-clonic (grand mal) and partial
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(focal) seizures; it has also been used for the prophylactic control of seizures developing
during and after neurosurgery or following severe traumatic injury to the head. It is
believed to stabilize rather th an eIevate the seizure threshold and to limit the spread of
seizure activity. Phenytoin also has antiarrhythmic properties, which were discovered
only in the 1950s (Goodman Gilman et aL., 1990; Reynolds, 1993).

The dose of phenytoin is typically adjusted to the needs of the individual patient to
achieve adequate control of seizures, preferably with monitoring of plasma concen-
tration; in many patients, control requires total plasma phenytoin concentrations of 10-
20 ¡ig/mL (40-80 ¡imol/L), but some are satisfactorily controlled at concentrations
outside this range. A suggested initial oral dose of phenytoin or phenytoin sodium is
100 mg three times daily progressively increased with care to 600 mg daily if necessary;
the suggested interval between increments ranges from about one week to about one
month. Particular care is required at higher doses, where saturation of metabolism may
me an that a small increment produces a large rise in plasma concentration. The usual
maintenance dose is 300-400 mg daily (Reynolds, 1993).

A suggested initial dose for children is 5 mg/kg bw daily in two or three divided
doses; a suggested maintenance dose is 4-8 mg/kg bw daily in divided doses. Young
children may require a higher dose per kilogram body weight th an adults, due to more
rapid metabolism (Reynolds, 1993).

ln the treatment of tonic-clonic status epilepticus, a benzodiazepine such as diazepam
is usually given intravenously first, followed by intravenous administration of phenytoin
sodium. For adults, a suggested dose of phenytoin sodium is 10-15 mg/kg bw, given by
slow intravenous injection at a uniform rate of not more th an 50 mg/min; thereafter
maintenance doses of 100 mg are given orally or intravenously every 6-8 h. The
suggested intravenous dose for children and neonates ranges from lOto 20 mg/kg bw at a
rate not exceeding 1-3 mg/kg bw/min (Reynolds, 1993).

Phenytoin sodium is absorbed only very slowly from an intramuscular site, and intra-
muscular administration is appropriate only in certain situations (e.g., prophylactic
control of seizures during neurosurgery) (Reynolds, 1993; Medical Economies, 1996).

Phenytoin is also a class Ib antiarrhythmic agent (see Glossary, p. 447); it is used in
the treatment of cardiac arrhythmias, particularly those associated with digitalis intoxi-
cation. The usual dose is 3.5-5 mg/kg bw administered by slow intravenous injection at a
uniform rate of not more th an 50 mg/min; this dose may be repeated once if necessary.
Phenytoin has also been used in the treatment of trigeminal neuralgia refractory to carba-
mazepine or in patients intolerant of carbamazepine (Reynolds, 1993).

Comparative data on sales of phenytoin in several countries are shown in Table 1.
Worldwide, sales decreased by approximately 8% from 1990 to 1995, while United
States prescriptions increased by about 10% (see Table 2 in the monograph on diazepam,
p.43).
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1.3 Occurrence

1.3.1 Naturaloccurrel1ce

Phenytoin is not known to occur as a natural product.

1.3.2 Occupatiol1al exposure

ln several hospital dispensaries in Japan, dust in the air and on surfaces was collected
on several work days and analysed by microscopy, TLC and mass spectrometry. Dru.gs
of several types, including phenytoin, were identified but exposure levels were not quan-
tified (!chiba et al., 1984, 1986; Rikihisa et al., 1984).

No quantitative data on occupation al exposure levels were available to the Working
Group.

Table 1. Sales of phenytoin in various countriesa (no. of standard unitsÓ, in
thousands)

Country 1990 199:5 Country 1990 1995

Africa Australia 61508 54 340

South Africa 10 175 9290 Europe

North America Belgium 18705 17735

Canada 101 748 101085 France 36 149 27 006

Mexico 103204 96 439 Germany 91567 77 451

United States 1 093 250 984 527 Greece 14511 13012
South America Italy 46 206 39 557

Argentina 47 786 49 865 Netherlands 30 8 16 26914
Brazil 131010 98831 Portugal 15015 15426
Colombia 29 063 27 253 Spain 75760 77 944

Venezuela 15570 19655 Sweden 21792 18084
Asia Switzerland 11872 io 229

Japan 249 944 238 584 Turkey 24125 44232
Republic of Korea 6146 5439 United Kingdom 187 566 165 014

"Data provided by IMS
h Standard dosage units, uncorrected for phenytoin content

The National Occupational Exposure Survey conducted between 198 i and 1983 in
the United States by the National Institute for Occupational Safety and Health indicated
that approximately 23 400 and 1 1 850 employees were pntentially occupationally
exposed to phenytoin and phenytoin sodium, respectively. The estimate was based on a
survey of United States companies and did not involve measurements of actual exposure
(United States National Library of Medicine, 1996).
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1.4 Regulations and guidelines

Phenytoin is listed in the following pharmacopoeias: Australian, British, Brazilian,
Czech, French, German, Hungarian, International, Japanese, Mexican, Nordic,
Romanian, Swiss, Turkish and United States (Reynolds, 1993; Vidal, 1995).

Phenytoin sodium is listed in the following pharmacopoeias: Australian, British,
Brazilian, Chinese, Egyptian, European, French, German, Greek, lndian, lnternational,
ltalian, Japanese, Mexican, Netherlands, Portuguese, Swiss, United States and former
Yligoslavian (Reynolds, 1993; Vidal, 1995).

2. Studies of Cancer in Humans

2.1 Case reports

2.1.1 Lymphomas al1d leukaemias

ln early years, numerous case reports described the occurrence of lymphomas and
leukaemias in patients treated with phenytoin (IARC, 1977, 1987). Between 1962 and
1980, reports appeared of 79 cases of lymphoma worldwide in patients taking phenytoin,
with or without other antiepileptic drugs (Scoville & White, 1981). Sorne difficlilties
were encountered in distinguishing benign lymph node changes from lymphoma;
however, the hydantoin-induced lymph node reactions regress after drug withdrawal (see
Section 4.2.1). Saltzstein and Ackerman (1959) introduced the term 'pseudolymphoma'
for this phenomenon (Halevy & Feuerman, 1977). Some patients originally described as
developing 'pseudolymphomas' following phenytoin (and in some cases also pheno-
barbital) treatment were later diagnosed with lymphoma (Gams et al., 1968). ln 1968, the
term pseudo-pseudolymphoma was introduced by Gams et al. (1968) to underline the
possibility that what is initially considered a non-malignant phenytoin reaction may, after
long-term follow-up, tiirn out to be a true lymphoma (Scoville & White, 1981).

Most of the malignant lymphomas described in case reports were seen after 10ng-term
phenytoin therapy rather than early in therapy. An additional case appeared as an isolated
malignant lymphoma of the jejunum (Rubinstein et al., 1985).

2.1.2 Childhood cal1cers

Several case reports have suggested an association between childhood cancer and
prenatal exposure to phenytoin. From 1976 to 1981, five cases of neuroblastoma were
reported in infants and young children (up to five years of age) exposed il1 utero to
phenytoin (Pendergrass & Hanson, 1976; Sherman & Roizen, 1976; Ramil0 et aL., 1979;
Allen et al., 1980; Ehrenbard & Chaganti, 1981). These cases were also adversely

affected by the fetal hydantoin syndrome (see Section 4.3.1(b)). After four cases had
been described since 1976 in United States, Ehrenbard and Chaganti (1981) calculated
that, within the United States, it should take 45 years for four to develop by chance.
However, no more cases were reported until 1989 (Karen et al., 1989). (The Working
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Group noted that this may reflect a reporting bias, with clinicians lacking motivation to
report additional cases of an 'established' phenomenon.) The last two cases (reported in
1989 and 1992) did not have major anomalies consistent with the fetal hydantoin
syndrome (Koren et aL., 1989; AI-Shammri et aL., 1992).

Four cases of malignancies other than neuroblastoma in children exposed il1 utero to
phenytoin have been reported (Blattner et al., 1977; Taylor et aL., 1980; Jimenez et aL.,
1981; Bostrom & Nesbit, 1983). ln six of the 10 recorded cases of cancer associated with
prenatal maternaI phenytoin ingestion, the drug had not been given alone, but in combi-
nation with primidone or phenobarbitaL. Also, in some cases, there was evidence of

alcohol abuse in the mother, which is associated with the fetal alcohol syndrome.

Koren et al. (1989) also examined 188 cases of childhood neuroblastoma diagnosed
between January 1969 and October 1986 at the Hospital for Sick Children in Toronto,
Canada. A review of medical records showed that none of the mothers or fathers had had
epilepsy or been treated with phenytoin. ln North America, the prevalence of epilepsy in
the general population is 0.5%, and about half of all epileptic patients receive phenytoin.
This seriai cohort of 188 children indicates that, statistically, phenytoin cannot be incri-
minated in more than two cases of this series or in 1.5% of children with this malignancy
i n general.

2.2 Cohort studies

ln a cohort study of members of the Kaiser Permanente Medical Care Program, des-
cribed in the monograph on diazepam (pp. 44-45), phenytoin was used by 954 subjects
(0.7%) (Selby et al., 1989). Incidence of ail cancers was marginally increased among
phenytoin users (standard incidence ratio (SIR), 1.2 (95% confidence interval (CI), 0.9-
1.5); 61 cases), as were the incidences of brain cancer (SIR, 8.2 (95% CI, 3.3-17);
7 deaths) and of oesophageal cancer (SIR, 5.0 (95% CI, 1.0-15); 3 deaths). No other site
showed a significant increase or decrease in cancer incidence. ln an earlier study
(Friedman, 1986), one case of multiple myeloma was reported in these subjects, with 0.6
expected. A case-control study of multiple myeloma in this population is described in
Section 2.3.1.

Olsen et al. (1989) selected 8004 patients from ail patients admitted for treatment of
epilepsy to the Filadelfia treatment community in Denmark between 1933 and 1962 to
compare cancer incidence with that in the general population. The patients had received
powerful and prolonged treatment with anticonvulsants. During the 1940s, phenytoin
became popular and was used alone (at daily doses of 100-400 mg) or in combination
with phenobarbitaL. Time since hospitalization was used as a surrogate for cumulative
drug exposure. To trace patients, the Central Population Register and mortality files were
used (completeness of follow-up was ? 90%). The follow-up lasted from 1943 to 1984.
For each cancer site, expected numbers of cases were based on incidence rates in the
general population by sex, five-year age group and calendar year. Tumour morphology
and behaviour comparisons were made with population samples from Danish Cancer
Registry records. For the 8004 patients (4246 men and 3758 women), the total person-
years of follow-up amounted to 207 798 (average, 23.5 years). A total of 789 cancers
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(based on 7864 patients, excluding 140 patients known to have received Thorotrast) were
reported, compared with 663.7 expected (relative risk (RR), 1.2; 95% CI, 1.1-1.3). Site-
specific relative risks are presented in Table 2. Significant excesses were found for
cancers of the lung and brain and central nervous system. Brain cancer risk was highest
within one year after admission and declined markedly with time. No overall cancer risk
was apparent after excluding the brain cancer cases (RR, 1.03). Nonsignificant risk
elevations were also observed for cancers of the Ii ver and biliary tract and for non-
Hodgkin 1ymphoma. Significant deficits of urinary bladder cancer and me1anoma were
observed. (The W orking Group noted that brain tumours may account for the seizure
disorder and are unlikely to be due to exposure to the anticonvulsant treatment and,

furthermore, that the excess of liver cancer may be due to unrecorded exposure to
Thorotrast. The slight excess of lung cancer is difficult to interpret, because no infor-
mation was available on smoking history.)

2.3 Case-control studies

2.3.1 Multiple sites

Four nested case-control studies based on the cohort of Olsen et aL. (1989) were

conducted to investigate the possible influence of anticonvulsant treatment on the risk of
lung cancer and urinary bladder cancer (including cases of bladder papilomas), lym-
phoma and hepatobiliary cancer (Olsen et al., 1993, 1995). The studies included
104 cases of lung cancer, 18 cases of urinary bladder cancer, 26 cases of primary liver

cancer, 13 cases of biliary tract cancer, 15 cases of non-Hodgkin lymphoma and six cases
of Hodgkin's disease. Cases wereindividually matched to controls on the basis of sex,
year of birth (:t 1 year) and survival time. The matching ratio was 2, except in the study
of lymphoma, in which five controls were selected per case. Six percent of cases and 5%
of controls were excluded because of missing medical records. Information about
detailed drug use was abstracted from the medical records at the epilepsy centre.
Cumulative doses were computed by assuming that treatment continued daily at the
prescribed dose after each hospital discharge until the date of cancer diagnosis (or

equivalent date for matched controls) or until the end of 1964, whichever occurred first.
After the mid- 1 960s, man y new anticonvulsants were released, and therefore no credible
assumptions about continuation of previous treatment after discharge were possible for
the years after 1964. The median cumulative dose of phenytoin was 750 g. Risk
estimates were adjusted for other anticonvulsant treatments, but not for smoking. The
prevalence of phenytoin use (alone or in combination with another drug) was around
50% among controls. Use of phenytoin was not associated with the risk for either lung
(RR, 1.0; 95% CI, 0.6-1.7) or urinary bladder cancer (RR, 1.1; 95% CI, 0.4-3.5). Also,
dose-response analyses revealed no consistent relationships between either lung cancer
or bladder cancer and cumulative exposure to phenytoin. Data from ca smoking survey
among Danish epileptics indicated that the elevated risk in the cohort is probably
attributable to confounding by smoking (Olsen et aL., 1993). Epileptic patients who had
ever been given phenytoin had a slight, nonsignificantly increased risk for lymphoma
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Table 2. Numbers of incident cancers occurring between
1943 and 1984 among patients hospitalized for epilepsy
during 1933-62 at Filadelfia, Denmark, excluding 140
patients known to have received Thorotrast

Site Observed Observed/expected
ratio (95% CI)

All malignant neoplasms
Buccal cavity and pharynx
Oesophagus
Stomach
Colon
Rectum
Liver (primary)
Liver (not otherwise specified)
Biliary tract
Pancreas
Larynx
Lung
Breast
Cervix uteri
Corpus uteri

Ovary
Prostate
Testis
Kidney

Bladder
Melanoma of skin
Other skin

Brain and central nervous system
Thyroid
Non-Hodgkin lymphoma
Hodgkin' s disease

Multiple myeloma
Leukaemia
Other specified sites
Secondary and unspecified sites

789 1.2 (1.1-1.3)
18 1.2 (0.7-1.9)
7 1.3 (0.5-2.8)

33 1.0 (0.7-1.4)
48 1.1 (0.8- 1.4)
28 0.9 (0.6-1.2)
9 1.9 (0.9-3.6)
2 0.8(0,1-3,1)
Il 1.7(0.9-3.1)
20 1. (0.7-1.7)
10 1.6 (0.8-2,9)

106 1.4 (1.2- 1. 7)
80 1,0 (0.8- 1.2)
32 0.8 (0.5- 1. 1)
19 1.0 (0.6-1.5)
18 0.8 (0.5- 1.3)
19 0.8 (0.5- 1.3)
13 1.6(0.8-2.7)
18 1.0 (0.6-1.6)
18 0,6 (0.3-0.9)
7 0.5 (0.2- L ,0)

60 1.0 (0.8-1.3)
118 5.7 (4,7-6.8)
4 1.2 (0.3-3.2)
16 lA (0.8-2.3)
6 0.9 (0.3-2,1)
3 0.5 (0.1 - 1.5)
13(( 0.8 (OA- 1.4)

31 1.2 (0.8- 1.8)
22h 1.9 (1.2-2.8)

From Olsen et al. (1989)
(( Seven patients, chronic lymphocytic leukaemia; three, chronic

mye1ogenous leukaemia; one, acute leukaemia; and two, leukaemia
not otherwise specified
h Exc1uding liver
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(RR, 1.6; 95% CI, 0.5-4.8). The risk was highest for the subgroup of non-Hodgkin
lymphoma (RR, 1.8; 95% CI, 0.5-6.6). ln this subgroup, patients who had received a
cumulative dose of 750 g phenytoin or more had a nonsignificantly higher risk than
patients who had been given less than 750 g (RR, 3.1; 95% CI, 0.6-15; vers us RR, 1.0;
95% CI, 0.2-4.9). (The Working Group noted that the number of non-Hodgkin

lymphoma patients in the study was very smal1.) The risk for hepatobiliary cancer was
not increased among patients ever treated with phenytoin (RR, 1.2; 95% CI, 0.5-3.1)
(Olsen et al., 1995).

2.3.2 Multiple mye lama

A case-control study was conducted to investigate (among other factors) the
relationship between multiple myeloma and medicinal drugs, such as propoxyphene and
phenytoin (Friedman, 1986). A total of 327 cases of multiple myeloma occurring during
1969-82 were identified among Kaiser Foundation Health Plan subscribers in northern
California (United States) (96.6% based on pathological examination and 3.4% on strong
clinical evidence). Controls (one per case) were selected from the Health Plan member-
ship file of the same year as the case's year of first hospitalization for multiple myeloma,
matched to the case by sex, year of birth, area of residence and, when feasible, race. No
association was found between phenytoin use and multiple myeloma risk. (The Working
Group noted that RR and 95% CI were not reported).

ln the hospital-based, case-control study of multiple myeloma in whites in Baltimore
area, MD, United States, in 1975-82, reported in the monograph on diazepam (p. 53), a
nonsignificantly elevated risk was found for prior use of phenytoin (odds ratio, 00; 95%
CI, 0.6-00; discordant pairs ratio: 3/0) (Linet et al., 1987). (The Working Group noted
that the diagnostic categories for con troIs could have been associated with exposure to
phenytoin. ln addition, the greater number of proxy interviews for cases than for controls
could not be adjusted for with phenytoin as the exposure.)

2.3.3 Hodgkil1'S disease

A case-control study was conducted to investigate a number of risk factors for
Hodgkin's disease in Brazil (Kirchhoff et al., 1980). Cases were patients diagnosed from
1963 to 1976 at one hospital and were divided into three groups: private, self-paying
patients; patients whose care was paid for by the national health insurance programme;
and patients who were treated without charge. Out of a total of 546 patients, 70 patients
of the last two groups were included in this study. A control group was made up of 128
siblings of the Hodgkin' s disease patients. AlI of the patients and con 

trois who se
cooperation was solicited agreed to participate in the study. Exposure to phenytoin was
assessed by asking whether the subjects had ever taken medicine for epilepsy, convul-
sions, fits or migraine headaches. The mean age of the cases was 27 years. For the sibling
control group, the mean age was 22 years. Phenytoin had been used by 4% of the cases
and 3% of the sibling controls. (The crude odds ratio for phenytoin use was 1.4; 95% CI,
0.3-6.4.) (The Working Group noted that the criteria for selection of cases were unclear.)
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2.3.4 Childhood cal1cer

ln a case-control study of 1 1 169 pairs of childhood cancer cases and matched
controls in 1953-71 in the United Kingdom, use of drugs during pregnancy was assessed
through hospital and general practitioners' records (Sanders & Draper, 1979). Phenytoin
use was reported for mothers of 11 cases and 7 controls (crude odds ratio, 1.6; 95% CI,
0.6-4.0).

ln a case-control study of incident cases of neuroblastoma diagnosed between 1970
and 1979 in the United States, drug use during pregnancy was investigated among

mothers of 104 cases and 101 controls selected by telephone random digit dialling
(Kramer et al., 1987). No use of phenytoin during the index pregnancy was reported
among mothers of cases or controls.

3. Studies of Cancer in Experimental Animais

3.1 Oral administration

3.1.1 Mouse

Groups of 48 female C57BI, C3H/F or SJL/l mice, two to three months of age, were
given 0 or 60 mg/kg bw phenytoin sodium (Dilantin) (pharmaceutical grade) in a liquid
diet for 168 days. Of those surviving to 10 months, 3/24 treated C57BI mice as well as
3/24 C3H/F mice developed thymic lymphosarcomas, whereas no pathological les ion
was found in 48 controls (p = 0.03). Of the treated SJL/l mice, 6/42 had generalized
lymphomas during the fourth to eight months, but no lymphoma was seen in 48 controls.
after eight months (p = 0.008). After the eighth month, 90% of the treated SJL/J mi ce
developed reticulum-cell sarcomas which appeared 2-3 months earlier than in the
controls (Kiüger et al., 1972).

Groups of 30 and 23 female C3H/Sn mice, 3.5 months of age, were given 0 or
2 mg/animal phenytoin sodium (Diphenin) (pharmaceutical grade) in 0.2 ml tap-water by
gastric instillation five times per week for life. The life span of treated mice was
significantly increased (mean: contraIs, 450 :t 19 days; treated, 558 :t 28 days; p .c 0.05,
Student s t test). The number of mice with mammary gland adenocarcinomas was signi-
ficantly decreased (19/30 controls, 7/23 treated mice; p .c 0.05, chi-square test); the
numbers of mi ce with leukaemia were 5/30 controls and 2/23 treated mice; and the
numbers of mice with polyps of the endometrium (not otherwise specified) were 4/30
controls and 0/23 treated mice (Dilman & Anisimov, 1980).

Groups of 50 male and 50 female B6C3Fl mice, six weeks old, were given 0, 60 or
120 mg/kg diet (ppm) phenytoin (purity, ? 99%) in the di et for 78 weeks. The estimated
mean total intake per mouse was 150 mg or. 301 mg in males and 154 mg or 292 mg in
females. The mi ce were kept for a further eight weeks, after which time all surviving
animaIs were killed. Survival at week 86 was: males - 86% control, 72% low-dose and
82% high-dose; and females - 94% control, 88% low-dose and 86% high-dose. AlI
major organs and visually apparent lesions were examined histologically. ln male mice,
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the incidence of hepatocellular adenomas was decreased (19/46 control, 12/45 low-dose
and 1 1/45 high-dose); that of hepatocellular carcinomas was 7/46 control, 8/45 low-dose
and 5/45 high-dose. The decreased incidence of combined hepatocellular adenomas and
carcinomas was statistically significant (26/46 control, 20/45 10w-dose and 16/45 high-
dose; p 0: 0.05, chi-square test). There was no significant difference in the incidence of
tumours at other sites between treated and control males. No increase in tumours was
seen in females (Maeda et al., 1988).

3.1.2 Rat

ln a number of early carcinogenicity studies of phenytoin of limited duration,
negative results were reported (Griswold et al., 1966, 1 968; M~Donald, 1969; Morris
et al., 1969; Peraino et al., 1975). (The Working Group considered that these studies
were inadequate for assessing carcinogenicity.)

Groups of 75 and 34 female rats (strain not specified), 3.5 months of age, were given
o and 7.5 mg/rat phenytoin (purity not specified) in 5 mL tap-water by gastric instillation
five times per week for life. Animais were killed when moribund. Neoplastic tissues
were examined histologically. Mean life span was 681 :: 14 days in controls and 724 +
36 days in treated animais. No treatment-related increase in tumour incidence was

observed (Anisimov, 1980).
Groups of 50 male and 50 female Fischer 344/DuCrj rats, five weeks of age, were

given 0,250 or 500 (maximum tolerated dose) mg/kg diet (ppm) phenytoin (? 99% pure)
in the diet for two years. After a further eight weeks, survival was greater th 

an 60% in aIl
groups, and all surviving rats were killed at that time. There was a dose-related decrease
in mean body weight in treated females but not in males. Ail rats that died or were killed
were aiitopsied. Ali lesions and most organs were examined histologically. There was no
significant difference in tumoiir incidence between treated and control rats (Jang et aL.,
1987).

3.2 Perinatal and/or adult administration

3.2.1 Mouse

Groups of 60 female C57Bl/6N and 60 male C3H/HeN mice were exposed perinatally
(F), as adults (B6C3Fl mice) (Fi) or both to various concentrations of phenytoin, as

shown in Table 3. Four groups of 60 females aged 10-14 weeks were given 0,21,70 or
210 mg/kg diet (ppm) phenytoin (approximately 98% pure) in the diet for one week
before breeding. After breeding with previously unexposed male mice, the females
continued to receive the same diet throughout pregnancy and lactation. Weaning

occurred on day 28 post-partum and dietary exposiire of the pups continued at the same
concentrations until they were approximately eight weeks of age. From eight weeks of
age, groups of 60 male and 60 female pups were fed diets containing 0, 30, 100 or 300
ppm (males) and 0, 60, 200 or 600 ppm phenytoin (females), respectively, for up to two
years (perinatal/adult exposure). The highest dose was set on the basis of body weight
changes in prechronic studies. Additional groups of 60 male and 60 female adults, 10- 1 4
weeks of age, were given diets containing 0, 100 or 300 ppm and 0, 200 or 600 ppm
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Table 3. Incidence of hepatocellular adenoma or
carcinoma in mice exposed to phenytoin in the diet

Concentration (ppm) Liver tumour incidence

Fil Fi Adenoma Carcinoma" Adenoma or
carcinoma"

Males
Adlilt exposiire grolipS

o Oh 19/50
o 100 1949
o 300 22/49
Perinatal/adlilt exposiire groiip21 30 16/50'
70 100 20/50
210 100 23/49
210 300 31/50',1
Perinatal exposiire groiip

210 0 23/50
Females
Adlilt exposiire grolipS

o Oh
o 200
o 600

5/48
13/49,1

22/50"

Perinatal/adlilt exposiire groiips21 60 11/50'
70 200 25/50'1
210 200 12/50
210 600 26/50'1
Perinatal exposiire groiip

210 0 11/49

13/50 29/50
15/49 29/49
7/49 26/49

13/50' 25/50'
18/50 31/50
18/49 35/49
20/50 41/50cd

14/50 33/50

0/48 5/48
1/49 14/49,1

12/50" 30/50"

4/50 13/50''/

3/50 26/50'1
4/50 16/50'1

10/50"" 34/50'1

1/49 1 2/49'

From United States National Toxicology Program (1993)
"For adult exposure: carcinoma is hepatoblastoma or hepato-

cellular carcinoma
" Historical control rates at the laboratory: males - 167/410
(40%; range, 17-68%); females - 56/416 (13%; range, 3-26%)
(Chhabra et aL., 1993)
'From Chhabra et aL. (1993)
,/ Significantly different (p -( 0.05) from the 0:0 group (logistic

regression analysis)
.. Significantly different (p -( 0.001) from the 0:0 group (logistic
regression analysis)
tSignificantly different (p ~ 0.01) from the 0:0 group (logistic

regression analysis)
g Not significantly different (p = 0.055) from the 0:0 group
(logistic regression analysis)
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phenytoin for two years. After nine months of phenytoin administration, i 0 animais from
each group were killed. Surviving animaIs were killed at the end of the two-year study
period. Survival at that time was similar in control (males, 78%; females, 72%) and
treated groups (66-88%). Incidences of hepatocellular tumours are summarized in
Table 3. ln male mice, perinatal exposure alone did not increase the incidence of liver
tumours. However, there was a significant Fo : Fi interaction, which reflected the enhan-
cing effects of combined 210 ppm perinatal treatment and 300 ppm adult treatment on
the incidences of liver neoplasms. ln female mice, both adult exposures and perinatal
plus adult exposure resulted in increased incidence of liver tumours (United States

National Toxicology Program, 1993).

3.2.2 Rat

Groups of 60 female and 60 male Fischer 344/N rats were exposed perinatally (Fii)' as
adults (F) or both to various concentrations of phenytoin, as shown in Table 4. Four
groups of 60 females aged 10-12 weeks were given 0, 63, 210 or 630 mglkg diet (ppm)
phenytoin (approximately 98% pure) in the diet for one week before breeding. After
breeding with previously unexposed male rats, the females continued to receive the sa me
diet throughout pregnancy and lactation. Weaning occurred on day 28 post-partum and
dietary exposure of pups continued at the same concentrations until the y were approxi-
mately eight weeks of age. From eight weeks of age, groups of 60 male and 60 female
pups were fed diets containing 0, 240, 800 or 2400 ppm phenytoin for up to two years
(perinatal/adult exposure). The highest dose was set on the basis of body weight changes
in prechronic studies. Additional groups of 60 male and 60 female adults, 10-12 weeks
of age, were given diets containing 0, 800 or 2400 ppm phenytoin for two years. After
nine months of phenytoin administration, 10 animais from each group were killed.
Surviving animais were killed at the end of the two-year study period. Survival at that
time was similar in control (males, 52%; females, 62%) and treated groups (44-76%).
lncidences of hepatocellular tumours (adenoma and carcinoma combined) are
summarized in Table 4. ln male rats, the incidence of Ii ver tumours was slightly
increased in the high-dose perinatal/adult treatment group (p -( 0.05, logistic regression
analysis) (US National Toxicology Program, 1993).

3.3 Intraperitoneal administration

Mouse: A group of 50 male and female random-bred albino mice, weighing i 8-20 g
(age not specifiedJ, was given 0.6 mg/animal phenytoin as phenytoin sodium (purity not
specified) suspended in water or in saline daily by intraperitoneal injection over a 66-day
period (total of 57 injections; 34.2 mg/animal). No weight gain was observed and 10
animais died during this period. The remaining 40 animais were observed for nine
months. A group of 50 untreated controls was observed for IL months. Ten treated mice
developed tumours, comprising four thymic and two mesenteric lymphomas and four
leukaemias. The leukaemias were found between 60 and 142 days and the lymphomas
between 100 and 255 days. ln control s, one thymic lymphoma and one lung adenoma
were observed (Juhász et al., 1968).
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Table 4. Incidence of hepatocellular ad en orna
and carcinoma combined in rats exposed to
phenytoin in the diet

Concentration (ppm) Liver tumour incidence

Fo Fi Male Female

Adlilt exposure groups

0 0" 0/50 0/50
0 800 2/50 (1 carcinoma) 1/50
0 2400 4/50 1/50

Perinatal/adult exposure groiips

63 240 3/49 (1 carcinoma) 0/50
210 800 2/49 1/50
630 800 1/49 0/50
630 2400 5/49h 0/50

Perinatal exposure group

630 o 1/50 0/49

From United States National Toxicology Program (1993)
" Historical control rates at the laboratory: males - 6/302
(2%; range 0-10%); temales - 01300 (Chhabra et aL., 1993)
" Signiticantly ditterent (p .. 0,05) trom the 0:0 group
(Iogistic regression analysis) (Chhabra et aL., 1993)

3.4 Administration with known carcinogens

Mouse: ln a short-term assay based upon lung adenoma induction In mice, three
groups of SWR inbred mice rage and sex not specified) were given 0.5 mg/g bw urethane
1 purity not specified) in water as a single intraperitoneal injection. Two groups also
received seven daily subcutaneous injections either of 0.5 mg/animal phenytoin rpurity
and solvent not specified) or of the solvent only before and after the administration of
urethane, while one group received no further treatment. Twelve weeks after the
injection of urethane, ail animais were killed and their lungs were examined macro-
scopically for the presence of adenomas. The incidence of lung adenomas was 100% in
the urethane-treated controls (15 mice) and in animaIs treated with urethane plus solvent
(15 mice) and was 85.7% in animais treated with urethane plus phenytoin (14 mice). The
number of adenomas per mouse was reduced in the phenytoin-treated group (mean ::
SE: 4.5 :: 0.6, 4.7 :: 0.6 and 2.9 :: 0.6 (p -( 0.025, Students t test) in the three groups,
respectively) (Levo, 1974).

Groups of 25 male D2B6Fl mice, five weeks of age, were given 0 or 90 mg/kg bw N-
nitrosodiethylamine (NDEA; 99% pure) in tricaprylin as a single intraperitoneal
injection. Two weeks later, the mice were given 0, 125, 250 or 500 mg/kg diet (ppm)
phenytoin rpurity not specified) in the diet. Ten mice from each group wcre killed at 30
weeks of age, at which time the incidence of hepatocellular lesions (foci) in NDEA-
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treated mice was 2 (les ions )/1 0, 4 (eosinophilic foci)/1 0, 0/1 0 and 10 (lesions)/1 0
(p .( 0.01, Mann-Whitney U test) in the groups treated with 0 (control), 125, 250 and 500
ppm phenytoin, respectively. Three NDEA-treated mice receiving 500 ppm phenytoin
developed hepatoceUular adenomas. Control mice and mice given only phenytoin

displayed no hepatoceUular lesions at 30 weeks. AlI surviving mice were killed at 60
weeks of age. Selected portions of liver lobe (two sections per lobe), aU liver lesions and
les ions in other organs were examined histologically. Survival was not affected by
phenytoin in NDEA-treated or vehicle-treated mice. Phenytoin enhanced the hepato-
carcinogenesis initiated by NDEA at week 60 (see Table 5). No significant difference in
either incidence or multiplicity of lung adenomas was observed between the groups
(Diwan et al., 1993).

Table s. Effect of phenytoin on hepatocellular carcinogenesis initiated by

N-nitrosodiethylamine (NDEA) in mice

Treatment groups No. of mice with No. of tumours per tumour-bearing mouse
tumours/total no, (mean :: SD)
at risk (%)"

Adenomas Carcinomas Hepato-
blastomas

NDEA 9/15 (60) 1.8 :: 0.8 0 0
NDEAI 125 ppm phenytoin 1 0/1 4 (7 1 ) 2,6:: 1.3 0 0
NDEA/250 ppm phenytoin 10/13 (77) 4.4 :: 3,3h 0 0
NDEA/500 ppm phenytoin 15/15 (lOO)h 1 1.6 :: 5.6' 2.3 :: 2,2 1.4 :: 0,5
Vehicle/250 ppm phenytoin 1/15 (7) 1::0 0 0
Vehicle/500 ppm phenytoin 1/15 (7) 1::0 0 0
Vehicle 0/15 0 0 0

From Diwan et aL. (1993)
"AnimaIs with severe post-mortem changes were not included
hStatistically significant compared with NDEA group (p, 0.05, Fisher's exact test)

, Statistically significant compared with NDEA group (p , 0,001, Fisher' s exact test)

4. Other Data Relevant to an Evaluation of

Carcinogenicity and its Mechansms

4.1 Absorption, distribution, metabolism and excretion

4.1.1 Humal1s

Phenytoin is weil absorbed following oral dosing with weIl formulated pharma-

ceutical preparations (capsules, tablets, suspensions); absorption occurs predoffinantly in
the duodenum, from which the absorption rate is limited by its dissolution in intestinal
fluids (solubility approximately 100 llg/mL) and plasma (75 llg/mL). Peak plasma con-
centrations are usually reached within 4-8 h. The drug is widely distributed in the body
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(volume of distribution averages about 0.8 L/kg), readily crosses the blood-brain barrier
and is bound extensively (~90%) to plasma protein, predominantly albumin (Treiman &
Woodbury, 1995). Phenytoin is metabolized extensively (Figure 1), principally to 5-(4'-
hydroxyphenyl)-5-phenylhydantoin (para-HPPH), which is excreted as the glucuronide
conjugate in the urine, typically accounting for 67-88% of the dose. This is formed via
the weil known epoxide-diol pathway, like the 5-(3',4'-dihydrodiol), which is also found
in urine, representing some 7-11% of the dose (Browne & LeDuc, 1995). The arene
oxide, which is the primary metabolite on this pathway, has never been isolated but its
occurrence is inferred. This class of metabolic intermediates has attracted considerable
attention because of their possible role in the mechanisms of toxicity, mutagenicity and
teratogenicity (see Section 4.3.3) (Van Dyke et aL., 1991; Pinnell et aL., 1992). ln addi-
tion to the two major excretion products mentioned, a number of minor metabolites

including the 3',4'-catechol, the corresponding 3'-O-methylcatechol, a bis-(4-hydroxy-
phenyl) derivative and the N-glucuronide of phenytoin have been identified. These ne ver
account for more than trace quantities of a phenytoin dose in humans. The meta-isomer
of HPPH (namely the 5-(3'-hydroxyphenyl) derivative) has been reported (Browne &
LeDuc, 1995), but this may be an analytical artefact. Early workers also reported the
identification of two ring-opened products, diphenylhydantoic acid and (X-aminodi-
phenylacetic acid, as minor metabolites. Since phenytoin is prochiral, any metabolic
change in one of the phenyl substituents will give rise to chiral derivatives. ln humans,
the para-HPPH excreted in urine is predominantly the S-enantiomer (the S: R ratio is
typically about 3 : 1) (Poupaert et aL., 1975; Maguire et aL., 1980; Browne & LeDuc,
1995).

There has recently beenconsiderable study of the cytochrome P450 isoforms

responsible for the hydroxylation of phenytoin. Doecke et aL. (1990) suggested that iso-
forms of the CYP2C subfamily were responsible for phenytoin metabolism in rabbits and
humans, and recent work by Veronese et aL. (1993) strongly suggests that CYP2C91l0
isoforms are responsible for most of the para-HPPH formation in humans.

Phenytoin displays non-linear elimination pharmacokinetics which are adequately
described by a model based on the Michaelis-Menten equation (Browne & LeDuc,
1995). One consequence of this non-linearity is that the apparent elimination half-life
varies with plasma concentration. Strictly speaking, it is inappropriate to refer to a 'half-
life', but in practical terms a me an value of around 22 h is a useful guide. It seems clear
that the non-linearity in the elimination of phenytoin results from saturation of the
enzyme(s) responsible for the formation of the arene oxide metabolite.

Phenytoin crosses the placenta (Mirkin, 1971). Similar concentrations have been
measured in maternaI and umbilical cord plasma at delivery, indicating an equilibrium
state after long-term administration (Nau et aL., 1982). Neonatal elimination of placen-
tally transferred phenytoin was very slow on post-partum days 1 and 2, increased
markedly on post-partum day 3 and was complete by post-partum day 5. Phenytoin
levels are low in breast milk obtained fram epileptic mothers (Mirkin, 1971). The

maternaI serum level falls during the second and third trimesters of pregnancy (Eadie
et al., 1977; Nau et al., 1982). Free and total plasma levels of phenytoin were determined
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Figure 1. Postulated metabolic pathways of phenytoin
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in a prospective study of 29 pregnant women receiving phenytoin monotherapy. Total
clearance of plasma phenytoin increased from the first trimester and a less pronounced,
but significant, increase was observed for clearance of free phenytoin during the third
tri mes ter (Tomson et al., 1994). ln a study of 10 epileptic women, the proportion of the
phenytoin dose excreted as para-HPPH tended to rise during pregnancy and overall the
increased excretion of para-HPPH appeared sufficient to account for the elimination of
the entire increase in the daily dose of phenytoin required during pregnancy. Excretion of
unmetabolized phenytoin and certain of Its minor metabolites appeared essentially
unaltered. Thus pregnancy does not enhance uniformly the various pathways of pheny-
toin metabolism (Eadie et al., 1992). The plasma level of phenytoin returns to normal
values during the post-partum period (Lander et aL., 1977).

4.1.2 Experimel1tal systems

para- HPPH glucuronide appears to be the major metabolite in all species studied
(e.g., rats, mice, rabbits, monkeys) ex ce pt dogs, in which the major excretion product is
the glucuronide of meta-HPPH (Atkinson et aL., 1970), and cats, in which the N-glucu-
ronide of phenytoin predominates (Hassell et aL., 1984). Ali of the major metabolites
found in humans have been identified in most of the animal species studied, although
there are some interspecies differences in the relative quantities and in the extent of
conjugation (Browne & LeDuc, 1995).

A single intragastric dose of phenytoin to pregnant Sprague-Dawley rats was trans-
ferred to the fetuses and was concentrated more in the kidney th an in the liver, in contrast
to the situation in adult rats (GabIer & Falace, 1970). Transplacental transport has been
documented in mice (Waddell & Mirkin, 1972; Stevens & Harbison, 1974), rats (Mirkin,
1971; Stevens & Harbison, 1974), Syrian hamsters (Stevens & Harbison, 1974), goats
(Shoeman et al., 1972) and rhesus monkeys (GabIer & Hubbard, 1972).

Studies with CYP2C3 purified from rabbit liver have shown that this enzyme plays a
major role in the 4'-hydroxylation of phenytoin, and further suggested th an an orthologue
to this enzyme was in part responsible for this metabolic reaction in humans (Doecke
et aL., 1990). The hydroperoxidase component of prostaglandin synthetase, as weIl as
thyroid peroxidase and other peroxidases, can bioactivate phenytoin to a reactive free
radical intermediate, which may have toxicological relevance (Kubow & Wells, 1989).
Whether this free radical or the arene oxide intermediate is the principal mediator of
toxic effects remains unclear.

4.2 Toxic effects

4.2.1 Humal1s

(a) Acute toxicity

Death from acute phenytoin overdosage in humans is very uncommon (reviewed by
Dollery et aL., 1991). Intravenous administration of high doses of phenytoin (e.g., in the
emergency treatment of cardiac arrhythmias or status epilepticus) may induce severe
cardiac arrhythmias and hypotension as weIl as central and peripheral nervous system
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toxicity. Nystagmus, ataxia, diplopia, dysarthria, vertigo and other cerebellar-vestibular
effects are common symptoms of phenytoin intoxication; acute oral overdosage has been
reported to cause irreversible cerebellar atrophy (Earnest et aL., 1983; Masur et aL., 1989,
1990; Reynolds, 1993). Since phenytoin has a narrow therapeutic range and patients
respond with considerable interindividual variability, intoxications are frequently iatro-
genic or due to inappropriate self-adjustment of doses (Manon-Espaillat et aL., 1991).

Phenytoin is a pote nt inducer of certain hepatic cytochrome P450 activities,
increasing the clearance of antipyrine, dicoumarol, primidone, carbamazepine, predni-
solone, dexamethasone and other glucocorticoids (Nation et al., 1990a,b; Dollery et al.,
1991).

(b) Chrol1ic toxicity

(i) Effects 011 the l1ervous system

Chronic phenytoin intake may induce a variety of adverse effects on the nervous
system, including drowsiness, nystagmus, ataxia, blurred vision and diplopia; in the past
when patients were treated with very high doses for many years, intellectual dulling and
depression of mood were frequently reported (reviewed by Dollery et aL., 1991).

Although central and peripheral nervous system toxicity is the most consistent effect
of acute phenytoin overdosage, the chronic effects of phenytoin on the nervous system
are a subject of debate, since it remains unclear if they can be attributed solely to the
drug or if and to what extent they result from recurrent seizures. The most severe histo-
pathological feature associated with chronic phenytoin administration is development of
cerebellar atrophy. However, literature on neuropathology from before the introduction
of phenytoin documents that convulsions are associated with cerebellar atrophy, The
molecular mechanism of phenytoin damage to the cerebellum has not been elucidated
and the causal role of phenytoin in the induction of cerebellar atrophy cannot be

considered as proven (Ghatak et aL., 1976; Rapport & Shaw, 1977; McLain, et aL., 1980~
Hammond & Wilder, 1983; Ney et aL., 1994).

A rare, albeit weil documented complication of phenytoin administration is the
induction of dyskinesias consisting mainly of generalized choreoathetosis with or
without orofacial symptoms. Phenytoin has been shown to interfere with the dopami-
nergic system; however, the precise mechanism remains to be elucidated (Harrison et al.,
1993).

(ii) Cil1givalovergrowth

Phenytoin-induced gingival overgrowth was first reported in 1939 (Kimball, 1939)~
later studies revealed extremely high incidences of up to 50% of gingival hyperplasia in
patients medicated with phenytoin (Hassell, 1981). However, these high incidences were
based mainly on investigations carried out in hospital patients usually taking several
anticonvulsant drugs because they experienced complications with the control of their
epilepsy (Angelopoulos, 1975). A recent community-based study of patients in general
medical practice revealed a 13% incidence of phenytoin-induced, clinically significant
gingival overgrowth (Thomason et aL., 1992).
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Gingival overgrowth can commence within three months after initiation of phenytoin
therapy and is most rapid in the first year of medication. Early signs often arise as diEfuse
swelling of the interdental papillae; in severe cases, the overgrowth may induce impair-
ment of speech and eating (Thomason et al., 1992; Seymour, 1993). There is no strict
dose-effect relationship. Polypharmacy significantly increases the prevalence of gingival
overgrowth, especially co-medication with sodium valproate, phenobarbital and carba-
mazepine, which can result in alterations in phenytoin kinetics (Maguire et aL., 1986).
The overgrowth of tissue appears to involve altered collagen metabolism, which in rare
cases and after man y years of treatment may result in facial coarsening (Oh ta et aL.,

1995), mainly manifested as broadening of the lips and nose. Rodents and other small
mammals do not appear to be susceptible to phenytoin-induced gingival overgrowth, but
this side-effect can be reproduced in the monkey Macaca arctoides (Staple et al., 1977)
and cats (Hassell et aL., 1982; Thomason et aL., 1992).

Studies on the mechanisms underlying phenytoin-induced gingival hyperplasia show
that fibroblasts derived from patients with phenytoin-associated gingival hyperplasia
synthesize a higher amount of total protein and collagen and have higher proliferation
rates compared with control cells or with cells from patients with idiopathic gingival
fibromatosis (Hou, 1993). Phenytoin inhibits calcium transport and, since gingival hyper-
plasia is also induced by nifedipine and other calcium-channel blockers, it has been
suggested that interference with calcium transport may be involved in the gingival over-
growth (Fujii et aL., 1994).

(iii) Folic acid dejÏciel1cy

Patients taking phenytoin rTay exhibit folic acid deficiency (Mallek & Nakamoto,
1981; Reynolds, 1993). ln addition to increasing the risk for developing megaloblastic
anaemia, folic acid deficiency has been implicated in the development of gingival hyper-
plasia by impairing maturation of the gingival epithelium, thus rendering the underlying
connective tissue more susceptible to inflammation and increased proliferation.

(iv) Hypersel1sitivity reactiol1s - eflects 011 the immune system
Phenytoin has been associated with numerous cutaneous hypersensitivity reactions.

Morbilliform rash arises in 2-5% of patients and in rare cases more severe reactions may
be observed, such as toxic epidermal necrolysis (Stevens-Johnson syndrome) or lupus
erythematosus. The skin reactions may be accompanied by lymphadenopathy, eosino-
philia, fever, diverse haematological disorders (leukocytosis, leukopenia, thrombocyto-
penia) and systemic organ manifestations s'uch as hepatitis or nephritis (Reynolds, 1993).
This hypersensitivity syndrome complex, referred to as the phenytoin hypersensitivity
syndrome, usually appears early (e.g., two to four weeks) after initiation of treatment,
and does not exhibit a dose-response relationship (Delattre et aL., 1988; Braddock et aL.,
1992).

ln some patients exhibiting the triad of skin reactions, fever and lymphadenopathy,
biopsy specimens of enlarged lymph nodes display a broad spectrum of histopathological
changes, ranging from benign hyperplasia to malignant-appearing cells (Saltzstein &
Ackerman, 1959; Hyman & Sommers, 1966; Anthony, 1970). The possible effccts of
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phenytoin on the lymphatic tissue can be categorized into four groups, although sorne
symptoms may overlap: benign lymphoid hyperplasia, pseudolymphoma, pseudo-
pseudolymphoma and malignant Iymphoma (see Section 2.1.1) (Harris et aL., 1992).

Lymphoid hyperplasia and pseudolymphoma are clinically indistinguishable;
however, histological examination reveals normal lymph node structure in the hyper-
plasia group, while loss of normal lymph node architecture, focal necrosis and infiltration
with eosinophils are seen in the pseudolymphoma group. Development of pseudo-
lymphoma has been reported in a few hundred patients receiving normal doses of
phenytoin (100 mg daily) and, in view of the many hundreds of thousands of treated
patients, can be considered as a rare, albeit severe, side-effect (see Section 2.1.1). The
clinical symptoms develop within an average of three weeks, five days to three months
after initiation of therapy. ln addition to high spiking fever and intensely pruritic
maculopapular rash (sometimes with pustulation progressing to exfoliative erythro-
derma), marked localized or generalized enlargement of lymph nodes is observed.

Myalgia and arthralgia as weil as hepatitis and in rare cases splenomegaly and histo-
logical skin features suggestive of mycosis fungoides have also been reported in sorne
patients. The symptoms resolve in most cases after withdrawal of the drug and
recurrence is usually observed upon readministration (Gams et al., 1968; Rosenthal

et aL., 1982; Cooke et aL., 1988; Rijlaarsdam et al., 1991; Singer et aL., 1993).

(v) El1docril1e effects

A variety of endocrine effects have been associated with chronic phenytoin

administration. Osteomalacia with hypocalcaemia (Dollery et aL., 1991) and elevated
alkaline phosphatase activity may arise from altered vitamin D metabolism, inhibition of
intestinal absorption of calcium and reduced concentrations of vitamin K, which is
important for normal calcium metabolism in the bone (Keith et aL., 1983; Kumar et aL.,
1993). Hyperglycaemia and glucosuria appear to be due to inhibition of insulin secretion
(Dollery et aL., 1991).

Long-term administration of phenytoin affects blood thyroid hormone levels in a
specific manner. Phenytoin reduces the plasma concentration of total thyroxine (T J as
weIl as that of free T4, while there are reports of variable effects upon the concentrations
of other thyroid and related hormones. Deda et aL. (1992) reported that, in addition to Tl'
there were reductions in total triiodothyronine (T), free T, and reverse T, levels in

phenytoin-treated epileptic children. Similar effects on T, and reverse T, were found in
adults in one study (Yeo et aL., 1978), while in another study on adults, T, and thyro-
tropin were within normal ranges (Larkin et aL., 1989). ln a number of studies, the T4 and
T, reductions were accompanied by unaltered thyroid stimulating hormone (TSH) levels
(see Schröder - V an der Elst & Van der Heide, 1990). Patients appear to be c1inicall y
euthyroid, but experimental studies do not indicate whether phenytoin acts as a thyroid
hormone agonist or antagonist. Although much emphasis has been placed on the role of
occupancy by phenytoin of binding sites on the circulating thyroxine-binding globulin,
the experimental evidence does not support impairinent of hormone-binding capacity in
the observed side-effects (Yeo et aL., 1978; Larkin et aL., 1989; Deda et aL., 1992).
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4.2.2 Experimel1tal systems

(a) Acute toxicity

The nervous system is the major target of acute phenytoin toxicity in experimental
animais. Seizures may be induced after single intraperitoneal administration of 75 mg/kg
bw phenytoin in seven-day-old rats, while doses of about 200 mg/kg bw are required in
i 8-day-old rats. Lethal doses after single intraperitoneal administration are in the range
of 1000 mg/kg bw phenytoin (Mareš et al., 1987).

Treatment of mice with phenytoin (150 mg/kg intraperitoneally for three days)
induced a 33-43% increase in hepatic cytochrome P450 content compared with controls
(Kim et al., 1993). Analysis of the specific enzymes by immunoblot quantification and
by metabolic activities revealed a several-fold increase in CYP2B and hexobarbital
hydroxylase activities. ln contrast, phenytoin treatment did not raise CYPIA activity in
mice.

(b) Subacute al1d Chrol1ic toxicity
Groups of 10 male and 10 female B6C3Fl mice 7-9 weeks old were givenphenytoin

in the diet at concentrations between 0 and 1200 mg/kg diet (ppm) for 13 weeks. Nine
males and ail females exposed to 1200 ppm died before the end of the study and aIl
treated animaIs showed depressed body-weight gain, although food consumption was not
significantly lower than that of the controls. Dose-dependent centrilobular hypertrophy
was observed in animais exposed to doses of 300 ppm or more (United States National
Toxicology Program, 1993). ln another 13-week study, B6C3Fl mice were given 60-
4000 ppm phenytoin in the diet. Most mice receiving 1000 ppm or more phenytoin died
before the end of the study. Weight gain impairment and focal necrosis of liver cells
were observed in the groups receiving 500 and 250 ppm, while no sign of toxicity was
observed in animais given 120 ppm (Maeda et aL., 1988).

Groups of 10 male and 10 female Fischer 344/N rats, 7-9 weeks old, were gi ven
phenytoin in the diet at concentrations between 0 and 4800 mg/kg diet (ppm) for 13
weeks. Mean body-weight gains were significantly 10wer in the 2400-ppm and 4800-ppm
males and females. There was no clinical sign of toxicity and no gross lesion of any
organ related to chemical exposure. Chemical-related microscopic les ions were limited to
mild centrilobular hypertrophy in the liver of the 4800-ppm group, which was slightly
more prominent in males th an in females (United States National Toxicology Program,
1993). Similar impairment in body weight-gain and histopathological changes in the liver
were reported in another 13-week study in Fischer 344/N rats given phenytoin at
concentrations of 1000 and 2000 ppm in the diet, while no change was induced with
concentrations of 120-500 ppm. ln addition, the relative weights of the liver and spleen
in females and of the liver and kidney in males were increased by 1000 and 2000 ppm
phenytoin. lncreases were measured in alkaline phosphatase activity and in levels of
triglyceride and total protein in males and in total cholesterol, total protein and blood
urea nitrogen in females (Jang et aL., 1987).
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(i) Effects 011 the liver

ln male D2B6Fl mice given diets containing 250 or 500 mg/kg diet (ppm) phenytoin,
hepatic CYP2B-mediated benzyloxyresorufin O-dealkylase activity was induced 30-fold
and 43-fold after 30 weeks and 4l-fold and 57-fold after 60 weeks, respectively. Male
B6C3Fl mice given 125, 250, 500 or 1000 ppm phenytoin for 14 days showed signi-
ficant increases in liver weights at ail but the lowest dose and in hepatic CYP2B-
mediated benzyloxyresorufin O-dealkylase activity at aIl doses relative to controls
(Diwan et aL., 1993).

(ii) Effects 011 the l1ervous system

The chronic effects of phenytoin on the peripheral nervous system were investigated
in female Sprague-Dawley rats given 300 mg/kg bw phenytoin per day orally for 180
days. A time-dependent slowing of sensory and motor conduction velocity was observed,
and animaIs with impaired motor conduction velocity also had histopathological changes
in the myelinated fibres of the sciatic nerve (Moglia et aL., 1981). ln male Wister rats, a
single intraperitoneal dose of 150 mg/kg bw phenytoin induced a complete blockage of
muscle action potential in the dorsal segmentai muscles of the tail evoked by electric
stimulation of the caudal nerve and a 40% decrease in the Na +,K+-A TPase activity of the
sciatic nerve compared with control values (Raya et aL., 1992).

Exposure of immortalized mou se hippocampal neurons to 1 - 100 ¡.M phenytoin
(concentrations spanning the human therapeutic serum levels and the concentrations in
the human brain) impaired the formation of normal neuronal processes by preventing the
assembly of several cytoskeletal constituents such as actin, tubulin, neurofilament, tau
protein and MAP 5; these constituents accumulated within membrane blebs or cyto-
plasmic condensations instead of forming normally organized processes. However, at
these concentrations, no reduction in the overaIl cell protein synthesis was seen, an effect
observed with concentrations above 200 ¡.M (Bahn et aL., 1993).

ln addition to its established anticonvulsive activity, phenytoin has been reported ta
have beneficial effects on the nervous system in other situations. Six-day-old Wistar rats
were given 50 mg/kg bw phenytoin (a dose known to give anticonvulsive activity in rats)
intraperitoneaIly, 1 h before induction of brain hypoxia by ligation of the left carotid
artery. This dose markedly reduced hypoxic-ischaemic infarction in the cerebral cortex
and in the striatum assessed histopathologically 72 h later. This protective effect was not
observed when phenytoin was administered immediately after the hypoxia. The authors
proposed attenuation of hypoxia-induced release of glutamate (an excitatory amino acid)
as a mechanism for this neuroprotective action of phenytoin (Hayakawa et aL., 1994). ln
albino rats of the Wistar-derived Sabra strain, systemically (1 - 10 mg into the left carotid
artery) or topically (0.1-1 mM) applied phenytoin on the neuroma surface suppressed
spontaneous ectopie discharge in sciatic nerve neuromas without blocking impulse
conductance. Since phenytoin is known to provide effective relief in sorne kinds of
human neuralgia, the authors suggested that the clinical analgesic action of phenytoin
may involve direct suppression of ectopie impulses generated in the region of nerve
damage (Yaari & Devor, 1985).
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(iii) Effects 011 the immul1e system

Oral administration of phenytoin (25, 50 or 100 mglkg bw per day for seven days) to
BALBIc mice significantly depressed both humoral and cellular immune responses
compared with control animaIs, as assessed by the enumeration of direct and indirect
splenic plaque-forming cells and the delayed-type hypersensitivity reaction against sheep
red blood cells. Furthermore, spleen cells and lymphocytes obtained from mice treated
with 100 mg/kg bw phenytoin suppressed the physiological responses of normal cells in
these systems. These immunosuppressing effects were observed in spite of the fact that
phenytoin induced a rise in spleen cellularity in the treated mice (Andrade-Mena et aL.,
1994). Similar results concerning the effects of phenytoin on the murine immune system
were also obtained in previous studies in mice (de Souza Queiroz & Mullen, 1980;
Margaretten & Warren, 1987).

Lorand et al. (1976) assessed morphological changes in lymphoid organs induced by
administration of phenytoin. (1 0 or 50 mg/kg bw) to female Wistar rats for two to four
months. The morphological changes indicated blockage of cellular differentiation in the
thymus; in the lymph nodes, depletion of T lymphocytes together with an increase in
plasma cells implied a functional disturbance of the lymphoreticular system. Atypical
cells or other morphological features potentially indicative of lymphoma production were
not found in this study. Experimental results relating to lymphoma induction are
described in Section 3.1.1.

(iv) El1docril1e effects

Dietary administration of phenytoin to male Wistar rats (50 mglkg bw for 8 or 20
days) resulted in 20-30% reductions in the serum concentrations of thyroxine (T4) and
triiodothyronine (T) but no change in TSH (Schröder-Van der Elst & Van der Heide,
1990; Cageao et aL., 1992). At the same doses, the pituitary deiodination of T4 to T) was
significantly increased and this increase in the conversion rate is known to inhibit the
feedback response of TSH. The observations in rats are consistent with the clinical
findings (see Section 4.2.1).

(v) BOl1e effects

Long-term treatment of epileptic patients with phenytoin has been associated with
increased thickness mainly of craniofacial bones. This side-effect has been observed in
Sprague-Dawley rats given 5 mg/kg bw per day phenytoin for 36 days by intraperitoneal
injection, in which increased histomorphometric (osteoblast number, bone mineraI appo-
sition rate) and biochemical parameters (skeletal alkaline phosphatase activity, osteo-
calcin concentration in the serum) of bone formation were measured. Simultaneous
administration of sodium fluoride (50 mg/L (ppm)) in drinking water for 36 days acted in
collaboration to stimulate bone formation and to increase bone volume (Ohta et aL.,
1995).

(vi) Effects 011 cell proliferatiol1

Phenytoin is commonly used in brain tumour patients with epileptic seizures.
Although phenytoin cannot be considered as a cytostatic drug, it has been reported to
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inhibit microtubule polymerization (MacKinney et al., 1978), and it enhances the cyto-
toxicity of vincristine, a prototype microtubule inhibitor, in multidrug-resistant human
glioma cell lines (Ganapathi et aL., 1993).

4.3 Reproductive and prenatal effects

4.3.1 Humal1s

Four kinds of effects and consequences of phenytoin treatment can be differentiated.

(a) Reproductive effects concerning germ cells, sexual hormones and sexual
activity;

(b) Structural abnormalities, i.e. classical teratogenic effects, when used mainly in
the first trimester of gestation;

(c) Short-term functional alterations, manifested postnatally and related mainly to

treatment in the perinatal period;

(d) Long-term developmental (including behavioural) effects, in general connected
with use in the second and third trimesters of gestation.

(a) Reproductive effects

Swanson et al. (1978) found phenytoin in the semen at a concentration of 0.2 relative
to plasma. A diminution of sperm production in epileptic males is due to a decrease in
free testosterone level (Cramer & Jones, 1991). This phenomenon results from an
increased prolactin level (Aminoff et aL., 1984; Laxer et al., 1985) caused by seizures
which can inhibit gonadotrophin-releasing hormone secretion from the hypothalamus
that in turn inhibits follicIe-stimulating hormone (FSH) and luteinizing hormone (LH)
production. Taneja et al. (1994) compared the effect of phenytoin on semen with data
from untreated epileptic and healthy males. A smaIler volume of seminal fluid, and lower
spermatozoal concentration and total sperm cou nt were seen in untreated epileptics and
phenytoin-treated patients compared with the healthy males, but no difference was
evident between the two patient groups. The number of morphologically abnormal sperm
was greater in untreated patients than in phenytoin-treated or control subjects.

Male patients treated with phenytoin commonly complain of diminished libido and
impotence (Toone et al., 1983). Hyposexuality may be the result of altered levels of
pituitary hormones, sex hormone-binding globulin and free testosterone (Mattson &
Cramer, 1985; Macphee et al., 1988). Phenytoin decreases free testosterone levels by
induction of aromatase and sex hormone-binding globulin synthetase, enhancing conver-
sion of free testosterone to oestradioL. Oestradiol exerts a potent inhibitory influence on
LH secretion and it may have a major role in negative feedback in men as weIl as
women. Suppression of LH secretion results in hypogonadotropic hypogonadism, which
accounts for reproductive and sexual dysfunction among men with epilepsy (Herzog
et aL., i 991). The higher level of oestrogen during pregnancy can lower the seizure
threshold (Mattson & Cramer, i 985).
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(b) COl1gel1ital abl10rmalities

The maternai metabolism of phenytoin during pregnancy is discussed in Section
4. i. 1.

ln Europe, about 0.4% of pregnant women have epilepsy (Czeizel et al., 1992).
During epileptic convulsive attacks there may be breathing disorders up to apnoea and
alterations in cardiac output that, in pregnancy, may effect fetal well-being, especially in
the case of frequent attacks (Y erby, 1991). About 40% of women have increased
frequency of seizures, mainly due to the decreased serum level of phenytoin, particularly
in the first trimester, in parallel with hyperemesis gravidarum, during labour (Schmidt
et al., 1983) or if the fetus is male (Dansky & Finnel, 1991). Pregnant epileptic women
therefore need higher doses of anticonvulsant treatment. The risk of stillbirth, micro-
cephaly and mental retardation is doubled in the offspring of women with seizures during
pregnancy (Nelson & Eilenberg, 1982).

Meadow (1968) reported five cases of congenital malformation in the offspring of
epileptic women treated with phenytoin. Subsequently, a total of 32 children born to
mothers who took anticonvulsants, including phenytoin, throughout pregnancy were
found to have a similar constellation of abnormalities including cleft lip and palate, and
cardiovascular and skeletal (limb, skull, face) abnormalities (Meadow, 1970). Sub-
sequent case reports of epileptic women treated during pregnancy with phenytoin and
phenobarbital have described affected infants with similar abnormalities (IARC, 1977).

ln the early 1970s, nearly ail analytical epidemiological studies indicated a 2-3-fold
greater risk for congenital abnormalities after phenytoin treatment in the first trimester of
gestation (IARC, 1977). However, the risk is five- to six-fold higher for the feta1 hydan-
toin syndrome (Hanson & Smith, 1975; Hanson, 1976). The most characteristic symptom
of this syndrome is hypoplasia of the nails and distal phalanges, which occurs in up to
18% of the exposed fetuses (Barr et al., 1974; Hil et aL., 1974). Distal digital and nail
hypoplasia has been documented through radiographic hand analyses in about 30% of
exposed children (Kelly, 1984). Other abnormalities include cleft lip and palate or
unusual face (hypoplasia of the mid-face, broad depressed nasal bridge, short upturned
nose, mild hypertelorism, inner epicanthal folds, ptosis of the eyelid), microcephaly and
congenital cardiovascular malformations. Mild to moderate mental retardation and
prenata1-onset growth retardation may also occur. Hanson et al. (1976) concluded that as
man y as 1 1 % of exposed fetuses develop the fetal hydantoin syndrome. However, there
is no obvious borderline between lesser manifestations of this syndrome and normal
babies. Thus, at present there is evidence for the teratogenicity of phenytoin ingested at
100-800 mg/day during the first trimester of gestation (Adams et al., 1990).

Gaily et al. (1988) reported that several minor anomalies previously regarded as
symptoms of feta1 hydantoin syndrome were genetically linked to epilepsy. Only hyper-
telorism and digital hypoplasia were specifically associated with phenytoin exposure.

Most studies in which epileptic mothers taking phenytoin alone (namely those
receiving monotherapy) were identified indicated a significantly higher rate of fetal
hydantoin syndrome compared with untreated non-epileptic women (Lowe, 1973;
Fedrick, 1973; Bertollini et al., 1987; Kaneko et aL., 1992). It is difficult to calculate the
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specifie teratogenic risk of phenytoin as the drug is frequently given with other anti-
convulsants (polytherapy) and because maternaI epilepsy itself is teratogenic. The terato-
genic risk of polytherapy has consistently been found to be higher th 

an that of mono-therapy. For example, Kaneko et al. (1988, 1992) found that the overaIl rate of con-
genital abnormalities was 6.2-6.5% in children born to epileptic women with mono-
therapy, while the rate was 13.5- 15.6% after polytherapy.

The teratogenicity of phenytoin afflicts only some exposed fetuses, possibly due to
genetic variation in susceptibility. Strickler et al. (1985) demonstrated a genetic defect in
the detoxification of arene oxide metabolites of phenytoin, which may increase the risk
for fetal hydantoin syndrome. Buehler et al. (1990) assessed epoxide hydrolase levels in
cultures of both fetal fibroblasts and amniocytes and found a deficiency of the enzyme in
fetuses at high risk for fetal hydantoin syndrome. ln a prospective study of 19
pregnancies monitored by amniocentesis, an adverse outcome was predicted for four
fetuses on the basis of low epoxide hydrolase activity (.( 30% of the standard). ln aIl four
cases, the mother was receiving phenytoin monotherapy and, after birth, the infants had
clinical findings compatible with the fetal hydantoin syndrome. The fetuses with enzyme
activity above 30% of the standard after use of the same doses of phenytoin were not
considered to be at risk and ail 15 neonates lacked any characteristic features of the fetal
hydantoin syndrome.

Data on congenital abnormality rates among babies born to women with epilepsy but
without anticonvulsant therapy are contradictory (Speidel & Meadow, 1972; Monson
et al., 1973; Lowe, 1973; Shapiro et al., 1976; Czeizel et aL., 1992). A summary of 12
prospective studies (Kaneko & Kondó, 1995) showed that the overall rate of congenital
abnormalities was 11.1% (122/1099), 5.7% (6/105) and 4.8% (4081/85 361) in children
born to epileptic women treated with anticonvulsants during pregnancy, to epileptic
women without anticonvulsant therapy and to non-epileptic control women, respectively.

(c) Short-termful1ctiol1al alteratiol1s

Clinical manifestations of withdrawal syndrome including hyperirritability, tremor,
seizures, vomiting, po or suckling and sleep disturbances may occur shortly after birth in
infants exposed to phenytoin during pregnancy (Watson & Spellacy, 1971; Koch et al.,
1985). These symptoms do not affect psychomotor development (Hirano et al., 1984).

ln newborns exposed to phenytoin during pregnancy, a tendency to bleeding may
develop during the first day of life due to decreased levels of vitamin K-dependent
clotting factors, despite normal levels in the mother (Bleyer & Skinner, 1976).
Haemorrhage secondary to thrombocytopenia may also be caused occasionally by
phenytoin (Page et al., 1982).

(d) LOl1g-term developmel1tal effects

Developmental and behavioural neurotoxicity in humans has been studied (Hirano
et al., 1984; Adams et al., 1990). The prospective study of Scolnik et al. (i 994) indicated
a mean global IQ in children of mothers treated with phenytoin during pregnancy 10
points lower (95% Ci, 4.9- i 5.8) than that of matched controls, and specifie weakness in
performance of non-verbal tasks. The deficits were unrelated to seizure activity, but
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correlated with serum levels of phenytoin. However, behavioural dysfunction was gene-
rally limited to global measures of intellectual functIon. (The Working Group noted that
the studies were limited by the short study period, which in general did not extend past
infancy.)

4.3.2 Experimel1tal systems

ln rabbits (as in humans), Swanson et al. (1978) found phenytoin in the semen at a
concentration of 0.2 relative to plasma. A single intragastric dose of phenytoin to
pregnant Sprague-Dawley rats was transferred to the fetuses and was concentrated more
in the kidney th an in the liver, in contrast to the situation in adult rats (GabIer & Palace,
1970). Transplacental transport has been documented in mice, rats, hamsters, goats and
monkeys (see Section 4.1.2).

A/Jax mice were treated with 12.5, 25 or 50 mg/kg bw phenytoin sodium by sub-
cutaneous injection at various times from days 9 to 15 of pregnancy; the highest dose
produced cleft palates in 26-43% of the offspring (Massey, 1966). Similar treatment with
50 mg/kg bw phenytoin sodium on days 7-9 or 11-13 of gestation induced significant
increases in the incidence of cleft palates in the offspring of Swiss-Webster (15%) and
NJ mice (31 %) (Gibson & Becker, 1968). The teratogenicity of phenytoin has been
confirmed in other experiments in mice (Elshove, 1969; Harbison & Becker, 1969;

Marsh & Fraser 1973; Sullivan & McElhatton, 1975), rats (Harbison & Becker, 1972;
Mercier-Parot & Tuchman-Duplessis, 1974) and rabbits (McClain & Langhoff, 1980). ln
a mou se model, it has been shown that phenytoin, and not epileptic disease state nor
seizure frequency, was associated with congenital abnormalities (Finnel, 1981; Pinnel

et al., 1989). The major metabolite of phenytoin, para-HPPH, and diphenylhydantoic
acid and a-aminodiphenylacetic acid were less teratogenic in vivo in mi 

ce th an phenytoin
itself (Harbison & Becker, 1974).

Phenytoin (100 mg/kg bw) administered by gastric instillation on gestational days 9,
1 1 and 13 to Sprague-Dawley rats interfered with sexual dimorphism in cranofacial
pattern (Zengel et al., 1989).

Groups of 10 female Fischer 344/N rats and C57Bl/6N mi ce were given phenytoin in
. the diet for two weeks before breeding and throughout gestation and lactation (United
States National Toxicology Program, 1993). The concentrations were 0, 80, 240, 800 and
2400 mg/kg diet (ppm) for the rats and 0, 20, 60, 200 and 600 mg/kg di et (ppm) for the
mice. The females were mated with unexposed males. Four pregnant rats only froff each
group were killed on gestational day 18 and their uterine contents assessed. The
remaining rats and ail of the mice were permitted to lItter and rear their pups until lacta-
tional day 28, after which the pups were weaned and continued to be exposed to the
experimental diets for another four weeks. None of the sperm-positive rats given the
2400-ppm diet and none of the mice given 600 ppm delivered any litters. ln offspring of
the group of rats given 800 ppm phenytoin, there was increased postnatal death. No gross
external malformation was observed among rat fetuses or rat or mouse pups surviving to
term in any dose group. No gross or histological lesion was found in the rats exposed to
800 ppm or in any of the groups of mice during the four weeks following weaning.
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No obvious teratogenic effects (major defects) were seen ln monkeys (rhesus
macaque, Macaca mulata, Wilson, 1974; Hendrie et aL., 1990; Macaca fascicularis,
Philips & Lockard, 1985, 1989, 1990, 1993), but there was an increased risk for hyper-
excitability.

Phenytoin produces multiple behavioural dysfunctions in rat offspring at subterato-
genic and non-growth-retarding doses. Elmazar and Sullivan (1981) found an impairment
of motor function, primarily of gross motor coordination. Mullenix et al. (1983) reported
an increase in the activity level of males but not of females. Exposure to phenytoin il1
utero caused a permanent alteration in the hypothalamic-pituitary-thyroid axis in rats
(Theodoropoulos et al., 1990). Significant learning and memory deficits, delayed audi-
tory startle, increased locomotor activity and an extremely abnormal spontaneous circling
behaviour have been reported (V orhees, 1983, 1987a,b; Minck et aL., 1989; V orhees &
Minck, 1989; V orhees et al., 1989; Adams et al., 1990). These dysfunctions were dose-
dependent and exposure period-dependent in offspring of treated rats. Pizzi and Jersey
(1992) found lower birth weight, later lower body weight and a significant increase in
locomotor activity.

4.3.3 Possible mechal1isms of prel1atal effects of phel1ytoil1

Various mechanisms have been suggested for the origin of phenytoin-induced cleft
palate and other congenital abnormalities.

Cel1etic susceptibility

The genetic basis of susceptibility to the fetal hydantoin syndrome became cIear from
the difference in the incidence and pattern of defects in three inbred mouse strains
(Finnel & Chernoff, 1984a,b). It was possible to characterize 'fast' and 'slow' meta-
bolizers among several inbred strains of mice, but there was no correlation between the
rate of metabolism and the sensitivity to the teratogenic effect of phenytoin (Atlas et al.,
1980). The available human data (Strickler et al., 1985; Buehler et al., 1990) were
discussed in Section 4.3.1.

Reactive intermediates

Phenytoin is a potent inducer of Ii ver microsomal oxidation in humans (Conney,
i 969). The human fetus has hepatic and extrahepatic monooxygenase systems which
may catalyse the formation of epoxide (Pelkonen & Kärki, 1975) and has hepatic and
extrahepatic enzymes (e.g. glutathione S-transferase, epoxide hydrolase) that metabolize
epoxides (Pacifici et al., 1981; Pacifici & Rane, 1983). ln human fetal liver, sulfhydryl
groups and glutathione are also present which react with metabolites of phenytoin

(Rollns et al., 1981). Martz et al. (1977) demonstrated the binding of an oxidized

metabolite of phenytoin to cellular macromolecules (trichloroacetic acid-precipitable
material) in mou se fetuses and showed that this binding was associated with an increased
teratogenic potential of phenytoin. These findings suggest that an interrediary meta-
bolite such as an arene oxide may be the causative agent in the teratogenic effect.
Phenytoin enhances epoxide metabolism in cultured fetal hepatocytes (Rane & Peng,
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1985) and may also induce the metabolism of its own epoxide. Thus, the balance
between the enzyme activities that catalyse the formation and the elimination of epoxides
could be a determinant of the risk for developmental abnormalities.

Human evidence to support a role for an epoxide intermediate in phenytoin-induced
teratogenesis was presented by Strickler et al. (1985), who found that increased toxicity
of murine microsome-generated phenytoin metabolites to the lymphocytes of 24 children
exposed to phenytoin throughout gestation was highly correlated with major birth
defects. Each of the 14 children with a 'positive' assay had a parent whose lymphocytes
also scored 'positive'. However, no association was found with the presence of minor
anomalies, which seem to be independent, mainly familial traits, a conclusion also
reached by Gaily et al. (1988), who found that only hypertelorism and digital hypoplasia
were associated with phenytoin exposure. Thus, a genetic defect of detoxification of
arene oxide metabolites of phenytoin may increase the risk for or can select fetuses
having abnormalities. This hypothesis was supported by the study of Buehler et al.
(1990) described in Section 4.3.1, who found that epoxide hydrolase activity in
amniocytes of fetuses with fetal hydantoin syndrome was significantly lower th an that in
fetuses without this syndrome.

The arene oxide of phenytoin can be formed through cytochrome P450-mediated oxi-
dation and yields the dihydrodiol metabolite, 5-(3,4-dihydroxy- 1 ,5-cyclohexadien- 1 ':yl-5-
phenylhydantoin), in a reaction catalysed by the enzyme epoxide hydrolase (Chang et al.,
1970) and possibly direct or indirect interactions with glutathione (Harbison, 1978;
Pantarotto et al., 1982; W ong et al., 1989). Substitution of hydrogen by deuterium at the
para position of one of the phenyl rings, which favours arene oxide formation, causes an
increase in the teratogenic effect of phenytoin (Lambotte- Vandepaer et aL., 1989).

Embryonic peroxidase-catalysed bioactivation of phenytoin and glutathione-dependent
detoxifying and cytoprotective pathways are critical determinants of phenytoin terato-
genicity (Miranda et al., 1994). When the rate of bioactivation exceeds the detoxifying
capacity of the organism, the electrophilic centre of the arene oxide is capable of binding
covalently to nucleophilic sites found in fetal macromolecules, such as nucleic acid
(Jerina & Daly, 1974), and such irreversible binding at the critical periods of deve-
lopment may explain the teratogenic effect of phenytoin. Finnel et al. (1993, 1994)
reduced the teratogenic effect of phenytoin in mice by co-administration of stiripentol, a
pote nt inhibitor of cytochrome P450 enzymes. This suggests that cytochrome P450
oxidation products may be the primary teratogenic agent(s) in phenytoin-induced
teratogenesis.

Besides an arene oxide, free radicals may also be reactive intermediates generated by
cytochromes P450 and/or prostaglandin synthetase (Kubow & Wells, 1986; Wells et al.,
1989). lncreased oxygen consumption and free radical intermediates were detected
during bioactivation of phenytoin by prostaglandin synthetase in vitro (Kubow & Wells,
1989). Phenytoin embryopathy was enhanced by concurrent treatment with 12-0-tetra-
decanoylphorbol 13-acetate, which activates phospholipase A2, leading to release of
membrane-bound arachidonic acid and enhanced prostaglandin biosynthesis (Wells &
V 0, 1989). Furthermore, administration to CD- 1 mice of phenytoin together with acetyl-
salicylic acid (an irreversible inhibitor of prostaglandin synthetase), caffeic acid (an
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antioxidant) or a-phenyl-N-tert-butylnitrone (a free radical spin-trapping agent) led to

50%, 71% and 82% reductions in the rate of phenytoin-caused cleft palate, respectively
(Wells et aL., 1989). These results indicated that prostaglandin synthetase contributes to
the enzymatic bioactivation of phenytoin to a teratogenic free radical intermediate.
Phenytoin teratogenicity in mice was also reduced by the antioxidant vitamin E (Sanyal
& Wells, 1993) and by dietary 11- 3 fatty acids (Kubow, 1992) via inhibition of
embryonic prostaglandin synthetase. Liu and Wells (1994) showed that peroxidase-
catalysed bioactivation of phenytoin may initiate oxidative damage to lipids and proteins
in embryonic tissues.

lt has been suggested that phenytoin and glucocorticoids disrupt normal palatal
development by the same or a very similar mechanism (Fritz, 1976; McDevitt et al.,
1981). Phenytoin treatment of NJ mice increased endogenous maternaI corticosterone
concentrations for approximately 48 h after dosing (Hansen et al., 1988). Thus, Hansen
et al. (1992) hypothesized that phenytoin causes clefting through the glucocorticoid-
mediated effect; however, it appeared that phenytoin is capable of producing clefts in the
absence of endogenous maternaI corticosterone. Involvement of glucocorticoids or of
interaction between phenytoin and the glucocorticoid receptor (Sonawane & Goldman,
1981; Katsumata et aL., 1982; Hansen & Hodes, 1983; Gupta et al., 1985; Katsumata

et aL., 1985; Hansen, 1991) has not been ruled out. Binding of phenytoin to the

glucocorticoid receptor could stimulate the release of a protein that can inhibit the

phospholipase A2-mediated release from membrane phospholipids of arachidonic acid, a
precursor in the synthesis of leukotrienes, thromboxanes and prostaglandins (Kay et al.,
.1988). ln experimental systems, addition of arachidonic acid decreased the incidence of
phenytoin-induced abnormalities, suggesting that phenytoin somehow caused a defi-
ciency of arachidonic acid (Kay et al., 1990). However, a significant amount of work
remains to be done to examine the involvement of the arachidonic acid cascade in
phenytoin-induced teratogenicity il1 vivo.

ln conclusion, the bulk of experimental data and some human evidence suggests sorne
role for reactive intermediates in phenytoin-induced teratogenicity. These observations
may also contribute to the understanding of the effect of phenytoin on the central nervous
system (Kempermann et al., 1994).

Effect 011 folate metabolism

Phenytoin alters the metabolism of folate (Malpas et al., 1966; Reynolds, 1973). This
water-soluble B vitamin is required for DNA synthesis (It provides one-carbon units for
the de-novo synthesis of guanine, adenine and thymine) and plays an important raie in
the methylation cycle in supplying the methyl group (Czeizel, 1995). Folate deficiency is
seen in epileptics, mainly in pregnant epileptic women (Hiilesmaa et al., 1983; Dansky
et aL., 1987), although there is an increased demand for folate during pregnancy.

ln experimental systems, conflicting results have been obtained when phenytoin and
folate were given concurrently. Folic acid had no effect on the rate of abnormalities

produced by phenytoin treatment in mice (Marsh & Fraser, 1973; Mercier-Parot &
Tuchmann-Duplessis, 1974). Although folie acid was initially said to decrease the rate of
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cleft palate (Marsh & Fraser, 1973), this was not confirmed in subsequent reports
(Schardein et al., 1973; Sullivan & McElhatton, 1975). The embryonic concentration of
folate decreased after intraperitoneal administration of phenytoin (Netzloff et aL., 1979),
but not after dietary supplementation (Hansen & Bilings, 1985), and further intervention
studies (e.g., Chatot et aL., 1984; Zhu & Zhou, 1989) have also given contradictory
results. Nevertheless, phenytoin and/or its arene oxide metabolite can decrease the acti-
vit 

Y of hepatic 5,1 O-methylenetetrahydrofolate reductase (Bilings, 1984) and, con se-
quently, may affect S-adenosylmethionine synthesis, which is central to methyl group
transfer reactions. Neither folate absorption (Nelson et al., 1983) nor folate catabolism
(Guest et al., 1983) is adversely affected by phenytoin. Data from human randomized
double-blind intervention studies suggest that a high dose (4 mg) of folie acid alone can
reduce the recurrence (MRC Vitamin Study Research Group, 1991) and a low dose
(0.8 mg) of folie acid-containing multivitamins can prevent the first occurrence of
neural-tube defects (Czeizel & Dudás, 1992) and some other major congenital abnorma-
lities (Czeizel, 1993), including oral clefts. This is supported by a case-control study
(Shaw et al., 1995).

Fetal hypoxia

The experimental studies of Danielson et aL. (1992) and Danielsson et aL. (1992)
indicated that phenytoin exerts its teratogenic effects by inducing fetal hypoxia, leading
to vascular disruption and necrosis of existing and developing structures.

4.4 Genetic and related effects (see also Table 6 for references and Appendices 1
and 2)

4.4.1 Humal1s

Bone-marrow cells from epileptic patients treated with phenytoin were analysed in
two studies. Alving et al. (1977) found no evidence of either chromos omal damage or
induction of hyperploidy in 10 adult patients (four women and six men), aged 19--9
years (mean, 33 years), treated for 4-20 years; in none of the patients did the serum level
of phenytoin exceed 20 mg/L during the last year of treatment. The controls in this study
were bone-marrow aspirates and peripheral blood samples from 10 patients without
haematological disorders who had not received treatment with ionizing radiation or
cytostatic drugs. The bone-marrow smears from five of the patients were also studied for
the presence of micronuclei: a doubling of the number of erythroblasts. with micronuclei
was observed, but the difference was not statistically significant. Knuutila et al. (1977)
reported on a series of 22 patients with epilepsy (12 women and 10 men), aged 4--7
years (mean, 21 years); the effective serum concentrations of phenytoin varied between 4
and 113 Jlmol/L (1 and 29 mg/L). The results of the study were compared with those
from a simultaneously conducted study of 20 healthy persons (11 women and nine men),
aged 23-37 years (mean, 27 years): none had taken medicines and no ne of the women
contraceptive pils for at least half a year before the study (Knuutila et aL., 1976). The
me an frequency of aIl chromosomal structural changes among the patients was 0.5%
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N-Table 6 (contd) 0

Test system Resulta Doseb Reference
(LED/HID)

Without With
exogenous exogenous
metabolic metabolic
system system

CIC, Chromosomal aberrations, Chinese hamster ovary cells in vitro - - 300 Riedel & Obe (1984) -CIC, Chromosomal aberrations, Chinese hamster ovar cells in vitro - - 300 Kindig et al. (1992) ::::CIM, Chromosomal aberrations, mouse primary embryonic fibroblasts - NT 200 de Oliveira & Machado- \)in vitro Santelli (1987) ~AIA, Aneuploidy, mouse primary embryonic fibroblasts in vitro + NT 200 de Oliveira & Machado- 0
Z(hyperdiploidy) Santell (1987) 0T7S, Cell transformatiòn, SA 7 /Syrian hamster embryo cells in vitro + NT 50 Hatch et al. (1986) 0
::SHL, Sister chromatid exchange, human lymphocytes in vitro + NT 15 Maurya & Goy1e (1985) ::

CHL, Chromosomal aberrations, human lymphocytes in vitro NT 70 Bishun et al. (1975) 'i-
;iCHL, Chromosomal aberrations, human lymphocytes in vitro - NT 100 Alving et al. (1976) C/

CHL, Chromos omal aberrations, human lymphocytes in vitro NT 500 Léonard et al. (1984) ~- 0CHL, Chromosomal aberrations, human lymphocytes in vitro + NT 54 Ramadevi et al. (1984) l'
c:CHL, Chromosomal aberrations, human lymphocytes in vitro + NT 10 García Sagredo (1988) ~CIH, Chromosomal aberrations, human amnion cells in vitro - NT 200 de Oliveira & Machado- tr

Santell (1987)
0\
0\

AIH, Aneuploidy, human lymphocytes in vitro (hyperdiploidy and - NT 70 Bishun et al. (1975)
po1yploidy)

AIH, Aneuploidy, human lymphocytes in vitro (hyperdiploidy) - NT 100 Alving et al. (1976)
AIH, Aneuploidy, human amnion cells in vitro (hyperdiploidy) + NT 200 de Oliveira & Machado-

Santelli (1987)
TVI, Transformation of mouse peritoneal macrophages treated in vivo, + 50 ip x 1 Massa et al. (1990)

scored in vitro
TVI, Cell transformation, human fibroblasts treated in vivo, scored in vitro + NO Dhanwada et al. (1992)
MVM, Micronucleus test, mouse (Swiss) bone marrow in vivo + 100 po x 2 Das et al. (1983)
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Table 6 (contd)

Test system

MVM, Micronucleus test, mouse (BALB/c) bone marrow in vivo

MVM, Micronucleus test, mouse (Swiss CD-1) liver in utero
MVM, Micronucleus test, mouse (Swiss CD-1) bone marrow in vivo
MVM, Micronucleus test, mouse (CD-1) bone marrow in vivo
MVM, Micronucleus test, mouse (BALB/c) bone marow in vivo
MVM, Micronucleus test, mouse (B6C3F1) bone marrow in vivo
MVM, Micronucleus test, mouse (B6C3F1) peripheral blood erythrocytes

in vivo
SV A, Sister chromatid exchange, mouse (ICR) bone marrow in vivo
SV A, Sister chromatid exchange, mouse (ICR) lIver in utero
SV A, Sister chromatid exchange, mouse (B6C3F1) bone marow in vivo
SV A, Sister chromatid exchange, female mouse (CD-1) bone marrow

in vivo
SV A, Sister chromatid exchange, mouse (ICR) lIver in utero
CBA, Chromosomal aberrations, rat (Lister) bone-marrow cells in vivo
CBA, Chromosomal aberrations, mouse (BALB/c) bone marrow in vivo

CBA, Chromos omal aberrations, mouse (BALB/c) bone marrow in vivo
CBA, Chromosomal aberrations, mouse (B6C3Fl) bone marrow in vivo
DLM, Dominant lethal test, mouse in vivo
A VA, Aneuploidy, rat (Lister) bone-marrow in vivo (hyperdip10idy)
A V A, Aneuploidy, mouse (BALB/c) bone marrow in vivo

Resulta Doseh Reference
(LED/H1D)

Without With
exogenous exogenous
metabolic metabolic
system system

+ 0.5 iv x 1 Montes de Oca-Luna
et al. (1984)

(+)' 100 ip x 1 Barcellona et al. (1987)
100 ip x 1 Barcellona et al. (1987)
40 ip x 2 Kindig et al. (1992)
20 iv x 1 McFee et al. (1992)
70 ip x 3 McFee et al. (1992)
70 ip x 3 McFee et al. (1992)

80 ip x 1 Sharma et al. (1985)
(+) 80 ip x 1 Sharma et al. (1985)

250 ip x 1 McFee et al. (1992)
40 ip x 1 Kindig et al. (1992)

40 ip x 2 Kindig et al. (1992)
50 x 3 Alving et al. (1976)
0.48 po de Oliveira et al. (1987)
3c1wk 2 m
100 ip x 3 de Oliveira et al. (1987)
500 ip x 1 McFee et al. (1992)

+ 145ipx1 Epstein et al. (1972)
50 x 3 Alving et al. (1976)
0.48 po 3d/wk de Oliveira et al. (1987)
2m
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CLH, Chromosomal aberrations, human lymphocytes in vivo

N-
N

Resulta Doseb. Reference
(LED/HID)

Without With
exogenous exogenous
metabolic metabolic
system system

+ 50 ip x 3 de Oliveira et al. (1987)

+ NO Habedank et al. (1982)
-
;p

NO Sinués et al. (1982) ;:n
+ NO Schaumann et al. ~

( 1985) 0
NO Tan et al. (1985) Z0

(abstract) 0
NO Schaumann et al. ;:

;p
(1989) '"

270d daily ? 1 Flejter et al. (1989) ::
C/

yr ~
+ NO Taneja et al. (1992) 0r

6 daily ? 6 mo Hashem & Shawki c:

(1976)
~
rr

NO Alving et al. (1977) 0\
NO Alving et al. (1977)

0\

NO Knuutila et al. (1977)
+ 6 daily ? 6 mo Hashem & Shawki

(1976)
NG Alving et al. (1977)
6 daily ? 8 mo Esser et al. (1981)
NO Tan et al. (1985)

(abstract)
270d daily ? 1 Flejter et al. 1989)
yr

Table 6 (contd)

Test system

A V A, Aneuploidy, mouse (BALB/c) bone marrow in vivo
SLH, Sister chromatid exchange, human lymphocytes in vivo
SLH, Sister chromatid exchange, human lymphocytes in vivo
SLH, Sister chromatid exchange, human lymphocytes in vivo

SLH, Sister chromatid exchange, human lymphocytes in vivo

SLH, Sister chromatid exchange, human lymphocytes in vivo

SLH, Sister chromatid exchange, human lymphocytes in vivo

SLH, Sister chromatid exchange, human lymphocytes in vivo
MVH, Micronucleus test, human lymphocytes in vivo

MVH, Micronucleus test, human bone-marrow cells in vivo
CBH, Chromosomal aberrations, human bone-marrow cells in vivo
CBH, Chromosomal aberrations, human bone-marrow cells in vivo
CLH, Chromos omal aberrations, human lymphocytes in vivo

CLH, Chromosomal aberrations, human lymphocytes in vivo
CLH, Chromosoma1 aberrations, human lymphocytes in vivo
CLH, Chromosomal aberrations, human lymphocytes in vivo
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Table 6 (contd)

Test system Result" Dose/¡

(LED/HID)
Reference

Without
exogenous
metabolic
system

With
exogenous
metabolic
system

A VH, Polyploidy, human lymphocytes in vivo +

A VH, Aneuploidy, human bone-marrow cells in vivo
A VH, Aneuploidy, human lymphocytes in vivo
A VH, Aneuploidy, human bone-marrow cells in vivo
*, Inhibition of tubulin polymerization in vitro
ICR, Inhibition of gap-junctional intercellular communication, Chinese

hamster (V79) cells in vitro
ICR, Inhibition of gap-junctional intercellular communication, Chinese

hamster (V79) cells in vitro
SPM, Sperm morphology, mouse (Swiss) in vivo
*, Increase in c-sis expression

+
o
o

6 daily ? 6 mo Hashem & Shawki
(1976)

NG Alving et al. (1977) 'i
NO Alving et al. (1977) :i

t'NO Knuutila et al. (1976) Z
2520 Léonard et al. (1984) ~..
23 Welsch & Stedman 0-

(1984 ) Z
60 Jone et al. (1985)

10 po X 5 Ramaniah et al. (1980)
10 Dil et al. (1993)

+" o

+

+

* Not shown on profile
Il +, positive; (+), weak positive; -, negative; NT, not tested; ?, inconc1usive
bLED, lowest effective dose; HID, highest ineffective dose; in-vitro tests, f.g/mL; in-vivo tests, mg/kg bw/day; NG, dose not given

"Pretreatment with epoxide hydrolase inhibitor 1,2-epoxy-3,3,3-trichloropropane (100 mg/kg bw sc) increased genotoxicity
d Average daily dose from 10 patients

" Combination treatment with phenobarbital enhanced the effect of phenytoin

N-
w
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(range, 0-5.4%), compared with 0.4% (0-2%) in controls. No increase in polyploidy or
hyperdiploidy (except one cell in two patients) was found.

Many studies have been conducted on possible cytogenetic effects induced by
phenytoin in lymphocytes (and two in bone marrow) of children and adult patients
affected by grand mal or petit mal seizure. Almost aIl of the adequately conducted

studies had negative findings for micronucleus frequencies (2/2 studies), chromosomal
aberrations (5/6 studies) and aneuploidy (2/2 studies). The only positive finding was that
of Hashem and Showki (1976) for chromosomal aberrations and polyploidy. Their study
subjects were 21 epileptic patients aged 3- 1 2 years (1 1 boys and 10 girls) treated for
grand mal epilepsy with the sodium salt of phenytoin at a dose of 3-6 mg/kg bw per day
for durations ranging between six months and five years; serum levels were not reported.
The control group comprised 25 subjects (3- 15 years); 10 were epileptics and 15 were
normal subjects aged 3-14 years (nine boys and six girls). There was no difference
between epileptics not receiving any treatment and normal controls, but a significant
increase was seen in gaps, chromatid breaks, chromosome pulverization, polynucIei and
polyploidy in treated epileptics relative to untreated epileptics or normal controls. ln
normal controls, the percentages of cells with single chromatid breaks and polyploidy,
were 2.5 :: 0.25 and 0.2, respectively; neither fragmentation/pulverization nor gaps were
observed. ln untreated epileptic patients, the percentages of cells with single chromatid
breaks and polyploidy were 3.0 :: 0.2 and 0.3, respectively. ln treated patients, the corres-
ponding frequencies were 6.8 :: 0.87 and 2.8 :: 0.35; induction of gaps (5.2 :: 0.31 %) and
isochromatid breaks (5.6:: 0.21 %), as weIl as fragmentation/pulverization (1.8:: 0.67%),
was observed.

Results on sister chromatid exchange (SCE) in lymphocytes are contradictory.
Habedank et al. (1982) were the first to describe increased SCE in lymphocyte cultures.
of nine children (6-16 years of age) suffering from epilepsy and therefore treated with
phenytoin monotherapy for 6-60 months; serum levels of phenytoin were rather uniform
(40-80 llM) (10-20 mg/L). Their average SCE rate (10.03 :: 1.31 per metaphase) clearly
exceeded that of a control group of healthy children (6.49 :: 0.46 per metaphase).

Schaumann et al. (1985) also found significantly increased frequencies of SCE in
lymphocyte cultures of 12 adult male epileptic patients (37.25 :: 2.26 years of age; 12.28
:: 0.69 SCE/metaphase) on long-term monotherapy (1.3- 1 4 years) compared with 12
controls matched for age and smoking (37.08 :: 2.21 years of age; 7.81 :: 0.44 SCE/meta-
phase); the serum levels of the patients were consistently within the therapeutic range of
10-20 mg/L (with exception of two patients with subtherapeutic levels). More recently,
an extensive study (Taneja et al., 1992) compared SCE frequencies in 29 phenytoin-
treated epileptics (8.29 :: 2.67 SCE/metaphase in 22 men; 7.52 :: 2.92 SCE/metaphase in
seven women), 32 untreated epileptics (8.44 :: 2.40 SCE/metaphase in 16 men; 9.76 ::
2.73 SCE/metaphase in 16 women) and 32 normal healthy con troIs (5.0 + 1.13

SCE/metaphase in 16 men; 4.95 :: 1.08 SCE/metaphase in 16 women). Age ranged from
16 to 41 years (20.9:: 7.8 years) in the patients and from 16 to 38 (24.5 ::'5.5 years) in
the controls, but no information was available on smoking habits. The authors concluded
that SCE frequencies were similar in untreated patients and in patients receiving pheny-
toin monotherapy, but that both groups had significantly increased frequencies compared
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PHENYTOIN 215

with controls. No correlation of SCE frequency with sex or duration of therapy was
observed. None of the subjects in this study were heavy smokers or on any drugs, The
disease itself might therefore be responsible for inducing genetic damage. (The W orking
Group noted that the distribution of smokers in the groups was not presented.)

ln contrast with these results, Schaumann et al. (1989) undertook a larger, better
controlled study than that published in 1985 and observed no increase in SCE frequency
in lymphocytes of treated patients. Sixteen adult male patients with epilepsy receiving
10ng-term phenytoin monotherapy (serum level, 3-20 mglL; age, 38.8 :t 2.4 years) were
matched with 16 healthy controls (age, 38.9 :t 2.4 years) for sex, age and smoking habits.
Statistical analysis did not reveal any significant difference between rates of SCE in
phenytoin-treated persons (5.52 :t 0.25 per metaphase) and controls (5.78 :t 0.29 per

metaphase). These data agree with those from three other studies, one published as an
abstract (Tan et al., 1985), on 12 adult epileptics and two more extensive studies. Sinués
et al. (1982) analysed the lymphocytes of 64 epileptic adults (6.84 :t 1. 1 8 per metaphase)
and 30 controls taking no medication (6.66 :t 1. 15 per metaphase); no information was
reported on age, smoking habits or serum levels of phenytoin. Flejter et aL. (1989)
compared a mixed population of five epileptic children and four adults (6.10 :t 1.93 per
metaphase) with 10 control adults aged 23-52 years and taking no medication (6.83 :t
1.65 per metaphase). The blood levels of phenytoin ranged from 2.7 to 22.0 mglL.

4.4.2 Experimel1tal systems

ln bacteria, aIl gene mutation tests performed without exogenous metabolic systems
were negative, while one of these studies was positive in the presence of an exogenous
metabolIc activation system.

No sex-linked recessive lethal mutations were observed in Drosophila melal10gaster
after phenytoin was injected or fed to the adults.

No mutation was induced at the tk locus in mouse lymphoma L5 178Y cells; the
results concerning the hprt locus in Chinese hamster ovary cells are unclear.

There was no evidence for the induction of SCE in one study on Chinese hamster
cells il1 vitro, but one abstract reported positive effects in W g 3h cells in the presence of
an exogenous metabolic system. Chromos omal aberrations were not found in Chinese

hamster ovary cells or in mouse primary embryonic fibroblasts. Aneuploidy induction,
mitotic delay and ab normal chromosome/spindle segregation were observed in one study
of primary embryonic fibroblasts il1 vitro (de Oliveira & Machado-Santell, 1987).

Cell transformation was induced in one study with Syrian hamster embryo cells. Gap-
junctional intercellular communication in Chinese hamster lung V79 cells was inhibited
by phenytoin treatment.

ln culturedhuman lymphocytes, SCE was observed in a single study and chromo-
somal aberrations were increased in two of five studies. ln one of these, there was an
increase in hyperdiploidy, but without a dose-'response relationship, while the results of
two others were negative for both aneuploidy and polyploidy. Mitotic delay and ab-
normal chromosome/spindle segregation have also been reported in human lymphocyte
or amnion cell cultures (Maurya & Goyle, 1985; de Oliveira & Machado-Santelli, 1987).
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The frequency of cell transformation was enhanced il1 vitro in hyperplastic gingival
tissue derived from one patient treated with phenytoin and in murine peritoneal macro-
phages in a host-mediated assay.

Micronuclei were induced in two of six studies performed il1 vivo in mou se bone
marrow but not in single studies in mouse liver and circulating erythrocytes. Inhibition of
epoxide hydrolase by subcutaneous injection of mice on day 13 of gestation with 1,2-
epoxy-3,3,3-trichloropropane (TCPO) (100 mg/kg) 1 h before intraperitoneal injection of
phenytoin increased the frequency of micronuclei in liver cells of the fetal mice (TCPO
control, 0.23 :t 0.120 versus TCPO + phenytoin, 1.05 :t 0.658) over that observed with
phenytoin, but without TCPO treatment (control, 0.23 :t 0.116 versus phenytoin, 0.43 :t
0.206) (Barcellona et al. 1987). There is no evidence for the induction of either SCE or
chromosomal aberrations in adult mouse in bone marrow il1 vivo or in mouse liver
il1 utero. Increased frequencies of aneuploidy were observed in mouse bone marrow after
three intraperitoneal injections of 50 mg/kg bw phenytoin, but not after two months oral
dosing with 0.48 mg/mouse/day three days per week; no increased hyperploidy was

reported with the former protocol in rat bone marrow. Phenytoin administered to male
mice induced dominant lethal effects and sperm-head morphological abnormalities.

5-( 4'-Hydroxyphel1yl)-5-phel1ylhydal1toil1 (para-HP PH)

This metabolite of diphenylhydantoin was reported to slightly increase mutations in
S. typhimurium in the presence of S9 in one study (Sezzano et aL., 1982), but not in
another in which higher dose levels were used (Léonard et aL., 1984).

Following intraperitoneal treatment of pregnant mice, micronuclei were not induced
in the bone-marrow cells of the adults or in the liver cells of the fetuses (Barcellona
et aL., 1987).

5. Summary of Data Reported and Evaluation

5.1 Exposure data

Phenytoin, often administered as its sodium salt, has been widely used since the
1930s as an anticonvulsant in the treatment of epilepsy and, to a lesser extent and more
recently, in the treatment of certain cardiac arrhythmias.

5.2 Human carcinogenicity data

Many case reports have suggested that there may be a relationship between
lymphomas and anticonvulsants, especially phenytoin. ln a cohort study in Denmark of
epileptic patients exposed to anticonvulsants, including phenytoin, there was an increase
in overall cancer risk, attributable to an excess of brain and lung cancer. Nevertheless,
brain tumours probably caused the seizure disorder; an evaluation of brain tumour risk
over time showed that these tumours were unlikely to be drug-related.
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Nested case-control studies based on the Danish cohort investigated in detail the
influence of several treatments with anticonvulsants on the risk of cancers of the lung,
bladder and liver and non-Hodgkin lymphoma. Anticonvulsant treatment with phenytoin
was not associated with lung, bladder or liver cancer. There was an elevated risk for non-
Hodgkin lymphoma associated with phenytoin use, but this was not significant.

Two case-control studies investigated the relationship between multiple myeloma and
the use of phenytoin, among many other factors. One found no association between
phenytoin use and at risk for multiple myeloma risk. The other study found a nonsignifi-
cantly elevated risk associated with the use of phenytoin. The power of both studies to
assess an effect of phenytoin was low.

5.3 Animal carcinogenicity data

Phenytoin was tested for carcinogenicity by oral administration in three experiments
in mice and in two experiments in rats. It was also tested by perinatal/adult exposure in
one study in mi ce and rats and by intraperitoneal administration in one study in mice.

ln one experiment in three strains of female mice, oral administration of the sodium
salt of phenytoin was reported to increase the incidence of lymphomas. Oral adminis-
tration to female mice in another study decreased the incidence of mammary gland
adenocarcinomas, leukaemias and polyps of the endometrium; in a further study, the
incidence of hepatocellular tumours was reduced in males. Oral administration to rats did
not increase the incidence of tumours in two studies.

ln the experiment using combinations of adult and perinatal exposure, adult exposure
resulted in a dose-dependent increase in the incidence of hepatocellular tumours in

female mice. Perinatal treatment followed by adult exposure increased the incidence of
hepatocellular tumours in both male and female mi ce and slightly in male rats.

Following intraperitoneal injection of phenytoin into mice, leukaemias and lym-
phomas were observed.

ln one experiment in mice, phenytoin increased the incidence of hepatocellular
tumours induced by N-nitrosodiethylamine. ln a mou se lung adenoma assay, phenytoin
decreased the multiplicity of lung adenomas induced by urethane.

5.4 Other relevant data

Phenytoin is weIl absorbed in humans. lt is eliminated mainly as the glucuronide of
the major metabolite, 5-(4'-hydroxyphenyl)-5-phenylhydantoin, which typically accounts
for 67-88% of the dose in urine. Several other metabolites are known. The elimination
kinetics are non-linear, but an apparent mean half-life of 22 h is a useful guide.

5-(4'-Hydroxyphenyl)-5-phenylhydantoin is the main metabolite in aIl animal species
except dogs (5-(3'-hydroxyphenyl)-5-phenylhydantoin) and cats (the N-glucuronide).

Acute phenytoin intoxication In humans presents usually with cerebellar-vestibular
effects such as nystagmus, ataxIa, diplopia, vertigo and dysarthria. Chronic adminis-
tration of phenytoin at therapeutic doses may rarely induce various adverse health effects
such as symptoms associated with impairment of the nervous system described above.
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Gingival overgrowth, sometimes together with increased thickness of the craniofacial
bones as weil as folic acid deficiency and development of megaloblastic anaemia, are
well established adverse effects of the drug. Phenytoin has also been associated with
various forms of cutaneous hypersensitivity reactions, sometimes accompanied by
lymphadenopathy and benign lymphoid hyperplasia. ln rare cases, the histological archi-
tecture of the lymph nodes is lost (pseudolymphoma). Phenytoin may also induce a
variety of endocrine effects such as reduction of thyroxine concentrations, hypo-

calcaemia, osteomalacia and hyperglycaemia.

The nervous system appears to be the major target of acute and chronic phenytoin
toxicity in experimental animaIs. ln addition, repeated administration of phenytoin

induces increased liver and kidney weights, centrilobular hepatic hypertrophy and

diverse immunosuppressive effects. Phenytoin may reduce thyroxine concentrations and
increase bone thickness in rodents, but gingival hyperplasia has been observed only in
cats and monkeys and not in rodents.

Phenytoin is an inducer of certain hepatic cytochrome P450 activities in humans and
mice.

There is evidence for the teratogenicity of phenytoin in humans ingesting 100-
800 mg per day during the first trimester of gestation. Phenytoin is teratogenic in mice
and rats. Animal and a few human studies suggest that neurobehavioural deficits occur at
doses which produce no dysmorphic effect.

Phenytoin induced mutations in Salmol1ella typhimurium in the presence of a meta-
bolic activation system in onestudy.

No mutagenic effect was observed in Drosophila or in mammalian cells il1 vitro in the
absence of an exogenous metabolic system. Aneuploidy was induced in one study in
primary mou se embryonic fibroblasts il1 vitro. Cell transformation was induced in Syrian
hamster embryo. A single study showed increased clone sizes of murine macrophages in
a host-mediated assay. Phenytoin inhibited gap-junctional intercellular communication.

ln human lymphocytes in vitro, sister chromatid ex changes were induced in one study
and chromos omal aberrations were induced in two of five studies. Aneuploidy was
observed in human amnion cells but not in lymphocytes.

Phenytoin induced micronuclei in three of five studies in rodents il1 vivo. Aneuploidy,
in one of two studies, aberrant sperm morphology and dominant lethal mutations were
induced, but not sister chromatid exchange or chromosomal aberrations.

ln general, studies of human lymphocytes in vivo showed no induction of micro-
nuclei, chromosomal aberrations or aneuploidy but an increase of polyploidy was found
in one study and of sister chromatid ex change frequencies in three of seven studies.
Neither chromosomal aberrations nor aneuploidy were induced in human bone marrow.

The metabolite 5-(4'-hydroxyphenyl)-5-phenylhydantoin was mutagenic in Salmo-
l1ella typhimurium in the presence of a metabolic activation system; it did not induce
micronuc1ei in mouse bone marrow il1 vivo.

í
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M echal1istic cOl1side ratiol1s

Evidence is available to support the conclusion that phenytoin induces lIver tumours
in mice by a promoting mechanism. The increase in liver weight, centrilobular hyper-
trophy and pattern of cytochrome P450 induction are similar to those observed with other
non-genotoxic mouse liver tumour promoters such as phenobarbitaL. ln addition, the
inhibition of cell-cell communication by phenytoin il1 vitro supports the role of promo-
tion in mouse carcinogenesis.

The metabolic activation of phenytoin to a reactive intermediate has been proposed to
account for the teratogenicity and possible genotoxicity of phenytoin. One possible
intermediate is an arene oxide, that is hypothesized to result in binding to cellular macro-
molecules. However, this possibility has not been evaluated definitively, and studies of
potential DNA damage in mou se liver or hepatocytes have not been reported.

The mechanism of induction of aneuploidy by phenytoin il1 vitro is uncIear, as is its
relationship to carcinogenicity in mouse liver.

5.5 Evaluation 1

There is il1adequate evidel1ce in humans for the carcinogenicity of phenytoin.
There is suij"icient evidel1ce in experimental animais for the carcinogenicity of

phenytoin.

Overall evaluation

Phenytoin is possibly carcil1ogel1ic to humal1s (Croup 28).

6. References

Adams, J., Vorhees, C.V. & Middaugh, L.O. (1990) Oevelopmental neurotoxicity of anti-
convulsants: human and animal evidence on phenytoin. Neurotoxicol. Teratol., 12, 203-214

Allen, R.W., Jr, Ogden, B., Bentley, EL. & Jung, A.L. (1980) Fetal hydantoin syndrome, neuro-
blastoma and hemorrhagic disease in a neonate. 1. Am. med. Assoc., 244, 1464- 1465

AI-Shammri, S., Guberman, A. & Hsu, E. (1992) Neuroblastoma and fetal exposure to
phenytoin in a child without dysmorphic features. Cano J. l1eurol. Sei., 19,243-245

Alving, J., Jensen, M.K. & Meyer, H. (1976) Oiphenylhydantoin and chromosome morphology
in man and rat: a negative report. Mutat. Res., 40, 173-176

Alving, J" Jensen, M.K. & Meyer, H. (1977) Chromosome studies of bone marrow cells and
peripheral blood lymphocytes from diphenylhydantoin-treated patients. Mutat. Res., 48,
361-366

American Hospital Formulary Service (1995) AHFS Drug Information" 95, Bethesda, MO,
American Society of Health-System Pharmacists, pp, 1441-1444

\
IFor dcliniLion of the iLalicil.cd LCllllS, sec Preainbk, pp, 22-25,



220 IARC MONOGRAPHS VOLUME 66

Aminoff, M.J., Simon, R.P. & Wiedemann, E. (1984) The hormonal responses to generalized
tonic-clonic seizures. Brain, 107,569-578

Anderson, R.e. (1976) Cardiac defects in children of mothers receiving anticonvulsant therapy
during pregnancy. 1. Pediatr., 89,318-319

Andrade-Mena, e.E., Sardo-Olmedo, J.A.1. & Ramirez-Lizardo, E.1. (1994) Effects of
phenytoin administration on murine immune function. 1. Neuroimmunol., 50, 3-7

Angelopoulos, A,P. (1975) A clinicopathological review: diphenylhydantoin gingival hyper-
plasia: 2. Aetiology, pathogenesis, differential diagnosis and treatment. 1. Can. dent. Assoc.,
5,275-277

Anisimov, V.N. (1980) Effect of buformin and diphenylhydantoin on the life span, oestrous
function and spontaneous tumours incidence in rats. Vopr. Onkol., 26,42-48 (in Russian)

Anthony, J.1. (1970) Malignant lymphoma associated with hydantoin drugs. Arch. Neurol., 22,
450-454

Atkinson, A.1, Jr, MacGee, J., Strong, J., Gareiz, D. & Gaffney, T.E. (1970) Identification of 5-
meta-hydroxyphenyl-5-phenylhydantoin as a metabolite of diphenylhydantoin. Biochem.

Pharmacol., 19,2483-2491

Atlas, S.A., Zweier, J.L. & Nebert, D,W. (1980) Genetic differences in phenytoin pharmaco-
kinetics. ln vivo clearance and in vitro metabolism among inbred strains of mice. Dev,
Pharmacol. Ther., 1,281-304

Bahn, S" Ganter, U., Bauer, J., Otten, U. & Volk, B. (1993) Influence ofphenytoin on cytoskeletal
organization and cell viability of immortalized mouse hippocampal neurons. Brain Res., 615,
160-169

Barcellona, P.S., Barale, R., Campana, A., Zucconi, D., Rossi, V. & Caranti, S. (1987) Corre-
lations between embryotoxic and genotoxic effects of phenytoin in mice. Teratog. Carcinog.
Mutag.,7,159-l68

Barr, M., Jr, Poznanski, A.K. & Schmickel, R.D. (1974) Digital hypoplasia and anticonvulsants
during gestation: a teratogenic syndrome? 1. Pediatr., 84, 254-256

Bertollini, R" Kallen, B., Mastroiacova, P. & Robert, A. (1987) Anticonvulsant drugs in mono-
therapy. Effect on the fetus. Eur. 1. Epidemiol., 3, 164-171

Billings, R.E. (1984) Decreased hepatic 5,IO-methylenetetrahydrofolate reductase activity in
mice after chronic phenytoin treatment. MoL. Pharmacol., 25, 459-466

Bishun, N.P., Smith, N.S. & Williams, D.e. (1975) Chromosomes and anticonvulsant drugs.Mutat. Res., 28, 141-143 \
Blattner, W.A., Henson, D.E., Young, Re. & Fraumeni, J.F., Jr (1977) Malignant mesenchy-

moma and birth defects. Prenatal exposure to phenytoin. J. Am. med. Assac., 238, 334-335

Bleyer, W.A, & Skinner, A.L. (1976) Fatal neonatal hemorrhage after maternaI anticonvulsant
therapy. 1. Am. med. Assac., 235, 626-627

Bostrom, B. & Nesbit, M.E., Jr (1983) Hodgkin disease in a child with fetal alcohol-hydantoin
syndrome. 1. Pediatr., 103, 760-762

Braddock, S.W., Harrington, D. & Vose, J. (1992) Generalized nodular cutaneous pseudo-

lymphoma associated with phenytoin therapy. Use of T-cell receptor gcne rearrangement in
diagnosis and clinical review of cutaneous reactions to phenytoin. J. Am. Acad. Dermatol"
27,337-340

kajo
Rectangle



PHENYTOIN 221

Brams, A, Buchet, J.P., Crutzen-Fayt, M.C., de Meester, c., Lauwerys, R, & Léonard, A
(1987) Comparative study, with 40 chemicals, of the efficiency of the Salmonella assay and
the SOS chromotest (kit procedure). Toxicol. Lett" 38, 123- 133

British Medical Association/Royal Pharmaceutical Society of Great Britain (I994) British

National Formulary Number 27 (March /994), London, pp, 189-190, 193-194
British Pharmacopoeial Commission (1993) British Pharmacopoeia 1 993, Vols. 1 & II, London,

Her Majesty's Stationery Office, pp. 51 1-512,1056-1058

Browne, TR. & LeDuc, B. (1995) Phenytoin: chemistry and biotransformation. ln: Levy, R,H.,
Mattson, R.H. & Meldrum, B.S., eds, Antiepileptic Drugs, 4th Ed" New York, Raven Press,
pp. 283-300

Budavari, S" ed. (1995) The Merck Index, l2th Ed., Rahway, NJ, Merck & Co.
Buehler, B.A., Delimont, D., van Waes, M. & Finnell, R.H. (1990) Prenatal prediction of risk of

the fetal hydantoin syndrome. New Engl. 1. Med., 322, 1567-1572

Burke, J.T & Thénot, J,P. (1985) Determination of antiepileptic drugs. 1. Chromatagr" 340,
199-241

Cageao, L.F., Ceppi, J.A., Boado, R.J, & Zaninovich, A.A, (1992) Diphenylhydantoin stimu-
lates the intrapituitary conversion of thyroxine to triiodothyronine in the rat. Neuro-
endocrinology, 56, 453-458

Chang, T., Savary, A. & Glazko, A.J. (1970) A new metabolite of 5,5-diphenylhydantoin
(dilantin), Biochem. biophys. Res. Comm., 38, 444-449

Chatot, c.L., Klein, N.W., Clapper, M.L., Resor, S.R., Singer, W.D" Russman, B.S., Holmes,
G.L., Mattson, R.H. & Cramer, J.A. (I984) Human serum teratogenicity studied by rat
embryo culture: epilepsy, anticonvulsant drugs, and nutrition. Epilepsia, 25, 205-216

Chhabra, R.S., Bucher, J.R" Haseman, J.K., Elwell, M.R., Kurtz, P,J. & Carlton, B.D. (1993)
Comparative carcinogenicity of 5,5-diphenylhydantoin with or without perinatal exposure in
rats and mice. Fundam. appl. Toxicol., 21, 174-186

Conney, AH. (1969) Microsomal enzyme induction by drugs, Pharmacol. Phys" 3, 1-6

Cooke, L.E., Hardin, TC. & Hendrickson, D.J. (1988) Phenytoin-induced pseudolymphoma

with mycosis fungoides manifestations. Clin Pharmacol., 7, 153-157

Cramer, J.A. & Jones, E.E. (1991) Reproductive function in epilepsy. Epilepsia, 32 (Suppl. 6),
S19-S26

Czeizel, AE. (1993) Prevention of congenital abnormalities by periconceptional multivitamin
supplementation. Br. med. 1., 306, 1645- 1 648

Czeizel, A.E. (1995) Folie acid in the prevention of neural tube defect. J. Pediatr, Gastroenterol.
Nutr., 20,4-16

Czeizel, AE. & Dudás, I. (1992) Prevention of the first occurrence of neural-tube defects by
peri conception al vitamin supplementation. New Engl. 1. Med., 327, 1832-1835

Czeizel, AE., Bod, M. & Halász, P. (1992) Evaluation of anticonvulsant drugs during
pregnancy in a population-based Hungarian study. Eur. J. Epidemiol., 8, 122- 127

Dabee, V., Hart, AG. & Hurley, R.M. (1975) Teratogenic effects of diphenylhydantoin. Cano
med. Assac. J., 112, 75-76

Danielson, M.K., Danielsson, B.R.G., Marchner, H., Lundin, M., Rundqvist, E. & Reiland, S.
(1992) Histopathological and hemodynamic studies supporting hypoxia and vascular
disruption as explanation to phenytoin teratogenicity. Teratology, 46, 485-497



222 rARC MONOGRAPHS VOLUME 66

Danielsson, B.R,G., Danielson, M,K., Rundqvist, E. & Reiland, S. (1992) Identical phalangeal
defects induced by phenytoin and nifedipine suggest tetal hypoxia and vascular disruption
behind phenytoin teratogenicity. Teratology, 45, 247-258

Dansky, L.V. & Finnel, R.H. (1991) Parental epilepsy, anticonvulsant drugs, and reproductive
outcome: epidemiologic and experimental findings spanning three decades. ri. Human
studies. Reprad. Toxieol., 5, 30 i -335

Dansky, L. V., Andermann, E., Rosenblatt, D., Sherwin, A.L. & Andermann, F. (1987) Anti-
convulsants, folate levels, and pregnancy outcome: a prospective study. Ann. Neurol., 21,
176- 182

Das, U.N., Devi, G.R., Rao, K.P., Nandan, S.D. & Rao, M.S, (1983) Prevention and/or

reversibility of genetic damage induced by phenytoin in the bone marrow cells of mice by
colchicine: possible relevance to prostaglandin involvement. IRCS med. Sei., 11, 122-123

Deda, G., Akinci, A., Teziç, T. & Karagöl, U. (1992) Effects of anticonvulsant drugs on thyroid
hormones in epileptic children. Turk. J. Pediatr., 34, 239-244

DeLattre, J.- Y., Safai, B. & Posner, J.B. (1988) Erythema multiforme and Stevens-Johnson
syndrome in patients receiving cranial irradiation and phenytoin. Neurology, 38, 194- 198

Dhanwada, K.R., Veerisetty, V., Zhu, F., Razzaque, A" Thompson, K.D. & Jones, C. (1992)
Characterization of primary human fibroblasts transformed by human papilloma virus type
16 and herpes simplex virus type 2 DNA sequences. 1. gen. ViraL., 73, 791-799

Dili, R.E., Miller, E.K., Weil, T., Lesley, S., Farmer, G,R. & racopino, A,M. (1993) Phenytoin
increases gene expression for platelet-derived growth factor B chain in macrophages and
monocytes. 1. Periodontol., 64, 169- 1 73

Dilman, V.M. & Anisimov, V.N. (1980) Effect of treatment with phenformin, diphenyl-
hydantoin or L-dopa on life span and tumour incidence in C3H/Sn mice. Gerantology, 26,
241-246

Diwan, B.A., Hennemen, J.R., Nims, R.W. & Rice, J.M. (1993) Tumor promotion by an anti-
convulsant agent, phenytoin, in mouse liver: correlation with CYP2B induction, Carcino-
genesis, 14, 2227-2231

Doecke, C.1., Sansom, L.N. & Mc Manus, M.E. (1990) Phenytoin 4-hydroxylation by rabbit liver
P450IIC3and identification of orthologs in human liver microsomes, Bioehem. biophys. Res.
Commun., 166, 860-866

Dollery, c., Boobis, A.R., Burley, D., Davies, D.M., Davies, D.S., Harrison, P.I., Orme, M.E.,
Park, B.K. & Goldberg, L.I. (1991) Therapeutie Drugs: Phel1ytoin (sodium), Edinburgh,

Churchill Livingstone, pp. P93-P98
Eadie, MJ., Lander, C.M. & Tyrer, J.H. (1977) Plasma drug level monitoring in pregnancy,

.Clin. Pharmaeokinet., 2, 427-436

Eadie, MJ., McKinnon, G,E., Dickinson, R.G., Hooper, W.D. & Lander, C.M. (1992) Phenytoin
metabolism during pregnancy. Eur. J. clin. Pharmaeol., 43,389-392

Earnest, M.P., Marx, J.A. & Drury, L.R. (1983) Complications of intravenous phenytoin for
acute treatment of seizures. Recommendations for usage. J. Am. med. Assoc., 249, 762-765

Ehrenbard, L.T. & Chaganti, R.S.K. (1981) Cancer in the fetal hydantoin syndrome (Letter to
the Editor). Lancet, ii, 97

Elmazar, M.M.A. & Sullivan, F.M. (1981) Effect of prenatal phenytoin administration on post-
natal development of the rat: a behavioral teratology study. Teratology, 24, 115-124

kajo
Rectangle



PHENYTOIN 223

Elshove, J. (1969) Cleft palate in the offspring of female mice treated with phenytoin (Letter to
the Editor), Lancet, ii, 1074

Epstein, S.S., Arnold, E., Andrea, J., Bass, W. & Bishop, Y. (1972) Detection of chemical
mutagens by the dominant lethal assay in the mouse. ToxicoL. appL. Pharmacol" 23, 288-325

Esser, K.J., Kotlarek, F., Habedank, M., Mühler, U. & Mühler, E. (1981) Chromosomal investi-
gations in epileptic children during long-term therapy with phenytoin or primidone. Hum.
Genet, 56, 345-348

Fedrick, J. (1973) Epilepsy and pregnancy: a report from the Oxford Record Linkage Study. Br.
med. 1., ii, 442-448

Finnel, R,H. (I 981) Phenytoin-induced teratogenesis: a mouse model. Science, 211, 483-484

Finnel, R,H, & Chernoff, G.F. (1984a) Editorial comment: Genetic background: the elusive
component in the fetal hydantoin syndrome. Am. 1. med. Genet., 19,459-462

Finnel, R.H. & Chernoff, G.F. (1984b ) Variable pattern of malformation in the mouse fetal
hydantoin syndrome. Am. J. med. Genet., 19,463-471

Finnel, R.H., Abbott, L.e. & Taylor, S.M. (1989) The fetal hydantoin syndrome: answers from a
mouse model. Reprod. ToxicoL., 3, 127-133

Finnell, RH" Buehler, B.A., Kerr, B.M., Ager, P.L. & Levy, R.H. (1992) Clinical and experi-
mental studies linking oxidative metabolism to phenytoin-induced teratogenesis. Neurology, 42
(SuppL. 5), 25-31

Finnel, RH., Van Waes, M., Musselman, A., Kerr, B.M. & Levy, R.H. (1993) Differences in the
patterns of phenytoin-induced malformations following stiripentol coadministration in three
inbred mouse strains. Reprod. Toxicol., 7, 439-448

Finnel, RH., Kerr, B.M., Van Waes, M., Stewart, RL. & Levy, R.H. (1994) Protection from
phenytoin-induced congenital malformations by coadministration of the antiepileptic drug
striripentol in a mouse model. Epilepsia, 35, 141- 148

Flejter, W.L., Astemborski, J.A., Hassel, T.M. & Cohen, M.M. (1989) Cytogenetic effects of
phenytoin and/or carbamazepine on human peripheral leukocytes. Epilepsia, 30, 374-379

Friedman, G.D. (i 986) Multiple myeloma: relation to propoxyphene and other drugs, radiation
and occupation. ¡nt. J. Epidemiol., 15, 424-426

Fritz, H. (1976) The effect of cortisone on the teratogenic action of acetyIsalicylic acid and

diphenyIhydantoin in the mouse. Experientia, 32, 721-722

Fujii, A., Matsumoto, H., Nakao, S., Teshigawara, H. & Akimoto, Y. (1994) Effect of ca1cium-
channel blockers on cell proliferation, DNA synthesis and collagen synthesis of cultured
gingival fibroblasts derived from human nifedipine responders and non-responders. Arch.
oral BioL., 39, 99-104

GabIer, W.L. & Falace, D. (1970) The distribution and metabolism of dilantin in non-pregnant,
pregnant and fetal rats. Arch. int. Pharmacodyn., 184,45-58

GabIer, W.L. & Hubbard, G.L. (1972) The distribution of 5,5-diphenylhydantoin (DPH) and its
metabolites in maternaI and fetal rhesus monkey tissues. Arch. int. Pharmacodyn., 200, 222-
230

Gabrys, K., Medras, E., Kowalski, P. & Gola, A. (1983) Malignant lymphoma in the course of
antiepileptic therapy. Polsk. Tyg. Lek., 38,505-507 (in Polish)

Gaily, E., Granström, M.-L., Hiilesmaa, V. & Bardy, M. (1988) Minor anomalies in the off-
spring of epileptic mothers. J. Pediatr., 112, 520-529



224 IARC MONOGRAPHS VOLUME 66

Gams, R.A" Neal, J.A. & Conrad, F.G, (1968) Hydantoin-induced pseudo-pseudolymphoma.

Ann. intern. Med., 69, 557-568

Ganapathi, R., Hercbergs, A., Grabowski, D. & Ford, J. (1993) Selective enhancement of vin-
cristine cytotoxicity in multidrug-resistant tumor cells by dilantin (phenytoin), Cancer Res.,
53,3262-3265

García Sagredo, J.M. (1988) Effect of anticonvulsants on human chromosomes. 2. ln vitro
studies. Mu ta t. Res., 204, 623-626

Gennaro, A.R" ed. (1995) Remington: The Science and Practice of Pharmacy, 19th Ed., VoL. II,
Easton, PA, Mack Publishing Co" pp, 1177-1178

Ghatak, N.R., Santoso, R.A. & McKinney, W.M. (1976) Cerebellar degeneration following
10ng-term phenytoin therapy. Neurology, 26, 818-820

Gibson, J,E. & Becker, B.A. (1968) Teratogenic effects of diphenylhydantoin in Swiss-Webster
and AlJ mice. Proc. Soc. exp. BioL. Med., 128,905-909

Glazko, AJ, (1982) Phenytoin: chemistry and methods of determination. ln: Woodbury, D.M.,
Penry, J.K. & Pippenger, C.E., eds, Antiepileptic Drugs, New York, Raven Press, pp. 177-
189

Goodman Gilman, A., RaIl, T.W., Nils, A.S. & Taylor, P., eds (1990) Goodman and Cilman's.
The Pharmacological Rasis of Therapeutics, 8th Ed., New York, Pergamon, pp. 439-443;
857-861

Griswold, D.P., Jr, Casey, A.E., Weisburger, E.K" Weisburger, J.H. & Schabel, F.M., Jr (1966)
On the carcinogenicity of a single intragastric dose of hydrocarbons, nitrosamines, aromatic
amines, dyes, coumarins and misceIlaneous chemicals in female Sprague-Dawley rats.
Cancer Res., 26, 619-625

Griswold, D.P" Jr, Casey, A.E., Weisburger, E.K. & Weisburger, J.H. (1968) The carcino-
genicity of multiple intragastric doses of aromatic and heterocyc1ic nitro or amino derivatives
in young female Sprague-Dawley rats. Cancer Res., 28, 924-933

Guest, A.E., Saleh, A.M" Pheasant, A,E. & Blair, J .A, (1983) Effects of phenobarbitone and
phenytoin on folate catabolism in the rat. Biochem. Pharmacol., 32, 3179-3182

Gupta, c., Katsumata, M. & Goldman, A.S. (1985) H-2 histocompatibility region influences the
inhibition of arachidonic acid cascade by dexamethasone and phenytoin in mouse embryonic
palates.1. craniofac. Genet. dev. BioL., 9, 277-285

Habedank, M., Esser, K.-J., Brüii, D., Kotlarek, F. & Stumpf, C. (1982) Increased sister
chromatid exchanges in epileptic children during long-term therapy with phenytoin. Hum.
Cenet., 61, 71-72

Halery, S. & Feuerman, E.l. (1977) Pseudolymphoma syndrome. Derniatologica, 155, 321-327

Hammond, E.l. & Wilder, BJ. (1983) Immunofluorescent evidence for a specific binding site
for phenytoin in the cerebellum. Epilepsia, 24, 269-274

Hansen, D.K. (1991) The embryotoxicity of phenytoin: an update on possible mechanisms.

Proc. Soc. exp. BioL. Med., 197,361-368

Hansen, D.K. & Billngs, R.E. (1985) Phenytoin teratogenicity and effects on embryonic and
maternaI folate metabolism. Teratology, 31, 363-371

Hansen, p.K. & Hodes, M.E. (1983) Comparative teratogenicity of phenytoin among several
inbred strains of mice. Teratology, 28, 175-179

kajo
Rectangle



PHENYTOIN 225

Hansen, D.K., Holson, R.R" Sullivan, P.A. & Graf ton, T.F. (1988) Alterations in maternaI
plasma corticosterone levels following treatment with phenytoin. Toxicol. appl. Pharmacol.,
96,24-32

Hansen, D.K., Branham, W.S., Sheehan, D.M. & Holson, RR. (1992) Embryotoxicity of
phenytoin in adrenalectomized CD-I mice. Proc. Soc. exp. BioL. Med., 199, 501-508

Hanson, J.W. (1976) Fetal hydantoin syndrome. Teratology, 13,185-187

Hanson, J.W. & Smith, D.W, (1975) The fetal hydantoin syndrome. 1. Pediatr" 87, 285-290

Hanson, J.W" Myrianthopoulos, N.e., Sedgwick Harvey, M,A. & Smith, D.W. (1976) Risks to
the offspring of women treated with hydantoin anticonvulsants, with emphasis on the fetal
hydantoin syndrome. 1. Pediatr" 89, 662-668

Harbison, RD. (1978) Chemical-biological reactions common to teratogenesis and mutagenesis.
El1viron. Health Perspectives, 29,87-100

Harbison, R,D. & Becker, B.A. (1969) Relation of dosage and time of administration of
diphenylhydantoin to its teratogenic effect in mice, Teratology, 2, 305-311

Harbison, R,D. & Becker, B,A. (1972) Diphenylhydantoin teratogenicity in rats. Toxicol. appl.
Pharmacol., 22, 193-200

Harbison, R,D. & Becker, B.A. (1974) Comparative embryotoxicity of diphenylhydantoin and

some of its metabolites in mice. Teratology, 10, 237-242

Harris, D.W.S., Ostlere, L., Buckley, e., Whittaker, S" Sweny, p, & Rustin, M.H.A. (1992)
Phenytoin-induced pseudolymphoma. A report of a case and review of the literature. Br. J.
Dermatol., 127,403-406

Harrison, M.B., Lyons, G.R. & Landow, E.R. (1993) Phenytoin and dyskinesias: a report of two
cases and review of the literature. Movemel1t Disorders, 8, 19-27

Hashem, N. & Shawki, R (1976) Cultured peripheral lymphocytes: one biologie indicator of
potential drug hazard. Afr, J. Med. med. Sci., 5, 155-163

Hassell, TM. (1981) Epilepsy and the Oral Manifestation of Phenytoin Therapy, Basel, Karger,
pp. 1 16-202

Hassell, TM., Roebuck, S., Page, R.e. & Wray, S.H. (1982) Quantitative histopathologic
assessment of developing phenytoin-induced gingival overgrowth in the cat. 1. clin. Perio-
dontol., 9, 365-372

HasselL, TM., Maguire, J.H., Cooper, e.G. & Johnson, P.T (1984) Phenytoin metabolIsm in the
cat after long-term oral administration. Epilepsia, 25, 556-563

Hatch, G.G., Anderson, T.M., Lubet, RA., Kouri, RE., Putman, D.L., Cameron, J.W., Nims,
R.W., Most, 8., Spalding, J.W., Tennant, RW. & Schechtman, L.M. (1986) Chemical
enhancement of SA 7 virus transformation of hamster embryo cells: evaluation of inter-
laboratory testing of diverse cheinicals. El1viron. Mutag., 8, 515-513

Haworth, S., Lawlor, T., Mortelmans, K., Speck, W. & Zeiger, E. (1983) Salmonella muta-
genicity test results for 250 chemicals. El1viron. moL. Mutagen., 5 (SuppL. 1),3-142

Hayakawa, T, Hamada, Y., Maihara, T., Hattori, H. & Mikawa, H. (1994) Phenytoin reduces
neonatal hypoxic-ischemic brain damage in rats. Life Sei, 54, 387-392

Hendrie, TA., Rowland, J.R., Binkerd, P.E. & Hendricks, A.G. (1990) Developmental toxicity
and pharmacokinetics of phenytoin in the rhesus macaque: an interspecies comparison.
Reprod. Toxicol., 4,257-266



226 IARC MONOGRAPHS VOLUME 66

Herzog, A.G., Levesque, L.A., Drislane, F.W., Ronthal, M. & Schomer, D.L. (1991) Phenytoin-
induced elevation of serum estradiol and reproductive dysfunction in men with epilepsy.
Epilepsia, 32, 550-553

Hiilesmaa, V.K., Teramo, K., Granström, M.-L. & Bardy, A.H. (1983) Serum folate concen-
trations during pregnancy in women with epilepsy: relation to antiepileptic drug concen-
trations, number of seizures, and fetal outcome. Br. med, 1., 287, 577-579

Hil, R.M., Verniaud, W.M" Horning, M,G" McCulley, L.B. & Morgan, N.F. (1974) Infants
exposed in utero to antiepileptic drugs: a prospective study, Am. 1. Dis, Child., 127,645-653

Hirano, T., Kaneko, S. & Fujioka, K, (1984) Prospective study on psychomotor development in
the offspring of epileptic mother: risk factors for developmental retardatIon. Ann. Rep.

pharmacopsychiat. Res, Found., 15, 282-291

Hou, L.-T. (1993) Synthesis of collagen and fibronectin in fibroblasts derived from healthy and
hyperplastic gingivae. 1. Formos. med. Assoc., 92, 367-372

Hyman, G.A. & Sommers, S.c. (1966) The development of Hodgkin's disease and lymphoma
during anticonvulsant therapy. Blood, 28,416-427

IARC (1977) lARC Monographs on the Evaluation of Carcinogenic Risk of Chemicals to Man,
VoL. 13, Some Miscellaneous Pharmaceutical Substances, Lyon, pp. 201-225

IARC (1987) lARC Monographs on the Evaluation of Carcinogenic Risks ta Humans, Suppl. 7,
Overall Evaluations of Carcinogenicity: An Update of IARC Monographs Volumes 1 to 42,
Lyon, pp. 319-321

Ichiba, M., Kanazawa, H., Kobo, M., Takenobu, S" Taguchi, S., Senga, K. & Tamura, Z. (1984)
Analysis of drugs in fallen dust in a dispensary using thin-layer chromatography and

chemical ionization mass spectrometry. Yakuzaigaku, 44, 231-238 (in J apanese)

Ichiba, M., Kanazawa, H., Shimizu, N., Kobo, M., Senga, K. & Tamura, Z. (1986) IdentIfication
of drugs with optical, fluorescence and polarizing microscopes: drugs in fallen and floatIng
dust in a dispensary. Bunseki Kagaku, 35, 157-160 (in Japanese)

Isobe, T., Horimatsu, T., Fujita, T., Miyazaki, K. & Sugiyama, T. (1980) Adult T-cell lym-
phoma following diphenylhydantoin therapy. Acta haematol.jpl1., 43, 711-714

Jang, J.J., Takahashi, M., Furukawa, F., Toyoda, K" Hasegawa, R., Sato, H. & Hayashi, Y.
(1987) Long-term in vivo carcinogenicity study of phenytoin (5,5-diphenylhydantoin) in
F344 rats. Food chem. Toxicol., 25, 697-702

Jerina, D.M. & Daly, J.W. (1974) Arene oxides: a new aspect of drug metabolism. Sciel1ce, 185,
573-582

Jimenez, J .F., Brown, R.E., Seibert, R. W., Seibert, J.J. & Char, F. (1981) Melanotic neuroecto-
dermal tumor of infancy and fetal hydantoin syndrome. Am. J. pediatr. Hemat./Oncol., 3, 9-
15

Jone, C.M., Erickson, L.M., Trosko, J.E., Netzloff, M.L. & Cheng, c.-c. (1985) Inhibition of
metabolic cooperation by the antIconvulsants, diphenylhydantoin and phenobarbitaL.

Te ratog. Carcinog. Mutag., 5, 379-391

Jones, G.L. & Wimbish, G.H. (1985) Hydantoins. ln: Frey, H.-H. & Janz, D., eds, Hal1dbook of
Experimental Pharmacology, VoL. 74, Anti-epileptic Drugs, Berlin, Springer- Verlag,
pp.351-419

Juhász, J., Baló, J. & Szende, B. (1968) Experimental tumours developing upon theeffect of
diphenylhydantoin treatment. Magyar Onkol., 12, 39-44 (in Hungarian)

kajo
Rectangle



PHENYTOIN 227

Kaneko, S. & Kondo, T. (1995) Antiepileptic agents and birth defects. rncidence, mechanisms
and prevention, CNS Drugs, 3, 41-55

Kaneko, S., Otani, K., Fukushima, Y., Ogawa, Y., Nomura, Y., Ono, T., Nakane, y" Teranishi,
T. & Goto, M. (1988) Teratogenicity of antiepileptic drugs: analysis of possible risk factors.
Epilepsia, 29, 459-467

Kaneko, S" Otani, K., Kondo, T., Fukushima, y" Nakamura, Y., Ogawa, Y., Kan, R., Takeda,
A., Nakane, Y. & Teranishi, T. (1992) Malformation in infants of mothers with epilepsy
receiving antiepileptic drugs, Neurology, 42 (Suppl. 5), 68-74

Katsumata,M., Gupta, C., Baker, M.K., Sussdorf, C.E. & Goldman, A,S, (1982) Diphenyl-
hydantoin: an alternative ligand of a glucocorticoid receptor affecting prostaglandin gene-

ration in Ail mice. Science, 218,1313-1315

Katsumata, M., Gupta, C. & Goldman, A.S. (1985) Glucocorticoid receptor 18: mediator of anti-
inflammatory and teratogenic functions of both glucocorticoids and phenytoin. Arch.
Biochem. Biophys., 243, 385-395

Kay, E.D., Goldman, A.S. & Daniel, J,c. (1988) Arachidonic acid reversaI of phenytoin-induced
neural tube and craniofacial defects in vitro in mice. 1. craniofac. Genet. dev. BioL., 8, 179-
186

Kay, E.D., Goldman, A.S. & Daniel, J.C. (1990) Common biochemical pathway of dysmorpho-
genesis in murine embryos: use of the glucocorticoid pathway by phenytoin. Te ratog.
Carcinog, Mutag., 10,31-39

Keith, D.A., Gundberg, C.M" Japour, A., Aronoff, J., Alvarez, N. & Gallop, P.M. (1983)
Vitamin K-dependent proteins and anticonvulsant medication. Clin. Pharmacol. Ther., 34,
529-532

Kelly, T.E. (1984) Teratogenicity of anticonvulsant drugs. III, Radiographic hand analysis of
children exposed in utero to diphenylhydantoin. Am. 1. med. Genet., 19, 445-450

Kempermann, G., Knoth, R., Gebicke-Haerter, P.J., Stolz, B.-J. & Volk, B. (1994) Cytochrome
P450 in rat astrocytes in vivo and in vitro: intracellular localization and induction by
phenytoin.1. Neurosci. Res., 39, 576-588

Kim, N.D., Yoo, J.K., Won, S.M., Park, S.S. & Gelboin, H.V. (1993) Phenytoin induction of
cytochrome P4502B in mice: effects on hexobarbital hydroxylase activity. Xel1obiotica, 23,
217-225

Kimball, O.P. (i 939) The treatment of epilepsy with sodium diphenylhydantoinate. J. Am. med.
Assoc., 112, 1244- i 246

Kindig, D., Garriott, ML., Parton, J.W., Brunny, J.D. & Beyers, J.E. (1992) Diphenylhydantoin
is not genotoxic in a battery of short-term cytogenetic assays. Teratog. Carcinog. Mutag., 12,

. 43-50

Kirchhoff, L.V., Evans, A.S., McClelland, K.E., Carvalho, R.P.S. & Pannuti, C.S. (1980) A
case-control study of Hodgkin's disease in Brazil. I. Epidemiological aspects. Am, J.

Epidemiol., 112,595-608

Knuutila, S., Simell, O., Lipponen, P. & Saarinen, I. (1976) Bone-marrow chromosomes in
healthy subjects. Hereditas, 82, 29-35

Knuutila, S., Siimes, M., Simell, O., Tammisto, P. & Weber, T. (1977) Long-term use of
phenytoin: effects on bone-marrow chromosomes in man. Mutat. Res., 43, 309-312



228 lARC MONOGRAPHS VOLUME 66

Koch, S., Gäpfert-Geyer, E., Häuser, 1., Hartmann, A., Jakob, S., Jäger-Roman, E., Nau, H.,
Rating, D, & Helge, H. (1985) Neonatal behaviour disturbance in infants of epileptic women
treated during pregnancy, Prof clin, biol. Res., 1638, 453-461 .

Koren, G., Demitrakoudis, D., Weksberg, R" Rieder, M" Shear, N.H., Sonely, M., Shandling, B.
& Spielberg, S.P, (1989) Neuroblastoma after prenatal exposure to phenytoin: cause and
effect? Teratology, 40, 157- 1 62

Kramer, S., Ward, E" Meadows, A.T. & Malone, K.E. (1987) Medical and drug risk factors
associated with neuroblastoma: a case-control study, 1. nat! Cancer but" 78, 797-804

Krüger, G., Harris, D. & Sussman, E, (1972) Effect of dilantin in mice. II. Lymphoreticular
tissue atypia and neoplasia after chronic exposure. Z. Krehsforsch., 78, 290-302

Kubow, S. (1992) rnhibition of phenytoin bioactivation and teratogenicity by dietary n-3 fatty
acids in mice, Lipids, 27, 721-728

Kubow, S. & Wells, P,G. (1986) ln vitro evidence for prostaglandin synthetase-catalysed
bioactivation of phenytoin to a free radical intermediate (Abstract no. 23). Pharmacologist,
28,195

Kubow, S, & Wells, P.G, (1989) ln vitro bioactivation of phenytoin to a reactive free radical
intermediate by prostaglandin synthetase, horseradish peroxidase, and thyroid peroxidase. MoL.

Pharmaco!., 35, 504-511

Kumar, N., Khwaja, G.A" Gupta, M, & Sharma, S. (1993) Antiepileptic drug induced osteo-
malacic myopathy with hyperparathyroidism and nephrolithiasis, 1. Assoc. Phys. India, 41,
748-749

Lambotte- Vandepaer, M., Brams, A., Crutzen-Fayt, M.C., Du verger- Van Bogaert, M., Dumont, P.
& Léonard, A, (1989) Comparison of teratogenic properties in mice, strain BALB-c by
diphenylhydantoin and 2H-diphenylhydantoin. CR. Soc, Bio!., 183,358-361 (in French)

Lander, C.M., Edwards, V.E., Eadie, M.J. & Tyrer, J.H. (1977) Plasma anticonvulsant concen-

trations during pregnancy. Neurology, 27, 128- 1 31

Larkin, J.G" Macphee, G.J.A., Beastall, G.H. & Brodie, M.J. (1989) Thyroid hormone concen-
trations in epileptic patients. Eur. 1. clin. Pharmaco!., 36, 213-216

Laxer, K,D., Mullooly, J.P. & Howell, B. (1985) Prolactin changes after seizures c1assified by
EEG monitoring. Neurology, 35, 31-35

Léonard, A., de Meester, c., Fabry, L., de Sai nt -Georges, L. & Dumont, P. (1984) Lack of muta-
genicity of diphenylhydantoin in in vitro short-term tests. Mutat. Res., 137, 79-88

Levo, Y. (1974) The protecti ve effect of hydantoin treatment on carcinogenesis. NaunYI1-

Schmiedeberg 's ArcA Pharmacol., 285, 2lJ30

Li, FP, Willard, D.R" Goodman, R. & Vawter, G. (1975) Malignant Iymphoma atter diphenyl-
hydantoin (dilantin) therapy. Cancer, 36, 1359-1362

Lind, M.S., Harlow, S,Do & McLaughlin, J.K. (1987) A case-control study of multiple myelo-
ma in whites: chronic antigenic stimulation, occupation, and drug use. Cancer Res., 47,
2978-2981

Liu, L. & Wells, P.G. (1994) ln vivo phenytoin-initiated oxidative damage to proteins and lipids
in murine maternaI hepatic and embryonic tissue organelles: potential molecular targets of
chemical teratogenesis. Toxico!. appl. Pharmacol., 125, 247-255

kajo
Rectangle



PHENYTOrN 229

Lorand, I.G.H., Hadler, W.A. & Prigenzi, L.S. (1976) Morphological changes in the Iymphoid
organs induced by diphenylhydantoin sodium (DPH), Virchows Arch. A. Pathol. Anat.
Histol., 372, 81-88

Lowe, C.R. (1973) Congenital malformations among infants born to epileptic women. Lancet, i,
9-10

MacKinney, A,A" Vyas, R,S. & Walker, D. (1978) Hydantoin drugs inhibit polymerization of
pure microtubular protein, 1. Pharmacol. exp. Ther" 204, 189-202

Macphee, G.JA., Larkin, J.G., Butler, E" Beastall, G,H, & Brodie, M.J. (1988) Circulating
hormones and pituitary responsiveness in young epileptic men receiving long-term anti-
epileptic medication. Epilepsia, 29,468-475

Maeda, T, Sano, N" Togei, K., Shibata, M" rzumi, K, & Otsuka, H, (1988) Lack of carcino-
genicity of phenytoin in (C57B1/6 x C3H)F¡ mice. 1. Toxicol. environ, Health, 24, 111-1 19

Maguire, J.H., Butler, TC. & Dudley, K,H. (1980) Absolute configurations of the dihydrodiol
metabolites of 5,5-diphenylhydantoin (phenytoin) l'rom rat, dog, and human urine. Drug
Metab. Dispos'i 8, 325-331

Maguire, J,H., Greenwood, R,S" Lewis, D.V. & Hassell, TM. (1986) Phenytoin-induced gingival
overgrowth incidence is dependent upon co-medication. 1. dent, Res., 65,249

Mallek, H,M. & Nakamoto, T (1981) Dilantin and folie acid status. Clinical implications for the
periodontist. 1. Periodontol., 14,255-259

Malpas, J.S" Spray, G.H, & Witts, L.J, (1966) Serum folic-acid and vitamin-B¡~ levels in
anticonvulsant therapy. Br. med. 1., i, 955-957

Manon-Espaillat, R., Burnstine, TH., Remler, 8., Reed, R.C. & Osorio, i. (1991) Antiepileptic
drug intoxication: factors and their significance. Epilepsy, 32, 96-100

Mareš, P., Lišková-Bernášková, K. & Mudrochová, M. (1987) Convulsant action of diphenyl-
hydantoin overdose in young rats. Act. Nerv. Sup. (Praha), 29,30-35

Margaretten, N.e. & Warren, R.T (1987) Effect of phenytoin on antibody production: use of a
murine model. Epilepsia, 28, 77-80

Marsh, L. & Fraser, F.C. (1973) Studies on dilantin-induced cleft palate in mice (Abstract). Terato-
logy, 7, A-23

Martz, F., Failinger, c., II & Bake, D.A. (1977) Phenytoin teratogenesis: correlation between

embryopathie effect and covalent binding of putative arene oxide metabolite in gestational
tissue. Pharmacol. exp. Ther., 203, 231-239

Massa, T, Gerber, T., Pfaffenholz, V" Chandra, A., Schlatterer, A. & Chandra, P. (1990) A
host-mediated in vivo/in vitro assay with peritoneal murine macrophages for the detectIon of
carcinogenic chemicals. J. Cancer Res. clin. Oncol., 116,357-364

Massey, K.M. (1966) Teratogenic effects of dyphenylhydantoin sodium. J. oral Ther. Phar-
macol., 2, 380-385

Masur, H., Eiger, C.E., Ludolph, A.C. & Galanski, M. (1989) Cerebellar atrophy following

acute intoxication with phenytoin. Neurology, 39, 432-433

Masur, H., Fahrendorf, G., Oberwittler, C. & Reuther, G. (1990) Cerebellar atrophy following
acute intoxication with phenytoin. Neurology, 40, 1800

Mattson, R.H. & Cramer, J.A. (1985) Epilepsy, sex hormones and antiepileptic drugs. Epilepsia,
26 (Suppl.), S40-S51



230 rARC MONOGRAPHS VOLUME 66

Maurya, A.K. & Goyle, S. (1985) Mutagenic potential of anticonvulsant diphenylhydantoin
(DPH) on human lymphocytes in vitro. Meth. Find exp. clin. Pharmacol., 7, 109-112

Maya, M,T., Farinha, A,R., Lucas, A.M. & Morais, J.A. (1992) Sensitive method for the deter-
mination of phenytoin in plasma, and phenytoin and 5-(4-hydroxyphenyl)-5-phenyl-

hydantoin in urine by high-performance liquid chromatography. 1. pharm. biomed. Analysis,
10, 1001-1006

McClain, R,M. & Langhoff, L. (1980) Teratogenicity of diphenylhydantoin in the New Zealand
white rabbit. Teratology, 21, 371-379

McDevitt, J,M., Gautieri, R.F. & Mann, D.E" Jr (1981) Comparative teratogenicity of cortisone
and phenytoin in mice, 1. pharm. Sei., 70, 631-634

Mc Donald, D,F. (1969) Lack of effect of diphenylhydantoin ingestion on vesical transitional
epithelium in the rat. 1. surg. OncoL., 1, 77-79

McFee, A,F., Tice, R.R. & Shelby, M.D. (1992) ln vivo cytogenetic activity of diphenyl-
hydantoin in mice. M utat. Res., 278, 61-68

McLain, L.W., Jr, Martin, J.T. & Allen, J,H. (1980) Cerebellar degeneration due to chronic
phenytoin therapy. Ann. Neurol., 7, 18-23

Meadow, S.R. (1968) Anticonvulsant drugs and congenital abnormalities (Letter to the Editor).
Lancet, ii, 1296

Meadow, S.R. (1970) Congenital abnormalities and anticonvulsant drugs. Proc. roy. Soc. Med.,
63, 48-49

Medical Economies (1996) PDR(f): Physicians' Desk Referel1ce, 50th Ed., Montvale, NJ,
Medical Economies Data Production Co., pp. 1906- 1913

Mercier-Parot, L. & Tuchmann-Duplessis, H, (1974) The dysmorphogenic potential of
phenytoin: experimental observations. Drugs, 8, 340-353

Minck, D.R., Erway, L.c. & Vorhees, C.V. (1989) Preliminary findings of a reduction of oto-
conia in the inner ear of adult rats prenatally exposed to phenytoin, Neurotoxicol. Te 

ra ta 1. ,
11, 307-311

Miranda, A,F., Wiley, M.J. & Wells, P.G. (1994) Evidence for embryonic peroxidase-catalyzed
bioactivation and glutathione-dependent cytoprotection in phenytoin teratogenicity. Modu-
lation by eicosatetraynoic acid and buthionine sulfoximine in murine embryo culture.
Toxicol. appl. Pharmacol., 124, 230-241

Mirkin, B.L. (197 i) Diphenylhydantoin: placental transport, fetal localisation, neonatal meta-
bolism, and possible teratogenic effects. 1. Pediatr., 78, 329-337

Moglia, A., Tartara, A., Arrigo, A., Poggi, P., Scelsi, M. & Scelsi, R. (1981) Chronic treatment
with phenytoin in rats: effects on peripheral nervous system. Farm. Sei, 36, 419-424

Monson, R.R., Rosenberg, L., Hartz, S.C., Shapiro, S., Heinonen, O.P. & Slone, D. (1973)
Diphenylhydantoin and selected congenital malformations. New Engl. J. Med., 289, 1049-
1052

Montes de Oca-Luna, R., Leal-Garza, C.H., Baca-Sevila, S. & Garza-Chapa, R. (1984) The
effect of diphenylhydantoin on the frequency of micronuclei in bone-marrow polychromatic
erythrocytes of mice. Mutat. Res., 141, 183-187

Morris, J.E., Priee, J.M., Lalich, J.J. & Stein, R.J. (1969) The carcinogenic activity of some 5-
nitrofuran derivatives in the rat. Cancer Res., 29, 2145-2156

kajo
Pencil

kajo
Pencil



PHENYTOIN 231

MRC Vitamin Study Research Group (1991) Prevention of neural tube defects. Results of the
Medical Research Council Vitamin Study, Lancet, 338, 131-137

Mullenix, P., Tassinari, M.S. & Keith, D.A. (1983) Behavioral outcome after prenatal exposure
to phenytoin in rats. Teratology, 27, 149-157

Nation, R,L., Evans, AM, & Milne, R,W. (1990a) Pharmacokinetic drug interactions with
phenytoin (Part 1), Clin. Pharmacokinet., 18, 37-60

Nation, R.L., Evans, A,M. & Milne, R.W. (1990b) Pharmacokinetic drug interactions with
phenytoin (Part II), Clin. Pharmacokinet., 18, 131 - 150

Nau, H., Kuhnz, W., Egger, H.-J" Rating, O. & Helge, H. (1982) Anticonvulsants during

pregnancy and lactation. Transplacental, maternaI and neonatal pharmacokinetics. Clin.
Pharmacokinet., 7, 508-543

Nelson, K.B. & EIlenberg, J.H. (1982) Maternai seizure disorder, outcome of pregnancy, and
neurological abnormalities in the children. Neurology, 32, 1247-1254

Nelson, E.W., Crick, W.F., Cerda, J.1., Wilder, B.1. & Streiff, R.R. (1983) The effect of
diphenylhydantoin (phenytoin) on the sequential stages of intestinal folate absorption. Drug.
Nutr. lnteract., 2, 47-56

Netzloff, ML., Streiff, R.R., Frias, J.L. & Rennert, O.M. (1979) Folate antagonism following
teratogenic exposure to diphenylhydantoin. Teratology, 19,45-50

Ney, G.c., Lantos, G., Barr, W.B, & Schaul, N. (1994) Cerebellar atrophy in patients with 10ng-
term phenytoin exposure and epilepsy. Arch. Neurol., 51, 767-771

Oberly, T.J., Michaelis, K.C., Rexroat, M,A., Bewsey, B.1. & Garriott, M.L. (1993) A com-
parison of the CHO/HGPRTr and the L5178Y rrK+1- mutation assays using suspension
treatment and soft agar cloning: results for 10 chemicals, Cel! BioL. Toxicol., 9, 243-257

Oh ta, T., Wergedal, J.E., Matsuyama, T., Baylink, D.1, & Lau, K.-H.W. (1995) Phenytoin and
fluoride act in concert to stimulate bone formation and to increase bone volume in adult male
rats. Calcif Tissue int., 56, 390-397

de Oliveira, AR. & Machado-Santelli, G.M, (1987) Oiphenylhydantoin and mItotic spindle
abnormalities in cultured mouse and human cells, Mutat. Res., 187,91-97

de Oliveira, AR" Mori, L. & Machado-SanteIli, G.M. (1987) Oiphenylhydantoin effects in

Balb/c mouse bone marrow cells: cytogenetic aspects (Short communication). Rev. Brasil.
Genet., 10, 127-134

0lsen, J.H., Boice, J.D., Jr, Jensen, J.P.A. & Fraumeni, J.F., Jr (1989) Cancer among epilept!c
patients exposed to anticonvulsant drugs. J. natl Cancer lnst., 81, 803-808

Olsen, J.H., WaIlin, H., Boice, J.D., Jr, Rask, K., Schulgen, G. & Fraumeni, 1.F., Jr (1993)
Phenobarbital, drug metabolism, and human cancer. Cancer Epidemiol. Biomarkers Prev., 2,
449-452

0lsen, J.H., Schulgen, G., Boice, 1.0., Jr, Whysner, J., Travis, L.B., Willams, G.M., Johnson,
F.B. & McGee, J.O'O. (1995) Antiepileptic treatment and risk for hepatobiliary cancer and
malignant lymphoma. Cancer Res., 55, 294-297

Pacifici, G.M. & Rane, A (1983) Epoxide hydrolase in human fetal liver. Pharmacology, 26,
241-248

Pacifici, G.M., Norlin, A. & Rane, A (1981) Glutathione S-transferase in human fetal liver.
Biochem. Pharmacol., 30, 3367-3371



232 IARC MONOGRAPHS VOLUME 66

Page, T.E., Hoyme, H.E., Markarian, M. & Jones, KL. (1982) Neonatal haemorrhage secondary
to thrombocytopenia: an occasional effect of prenatal hydantoin exposure. Birth Defect, orig.
Art. Ser., 18,47-50

Pantarotto, C., Arboix, M., Sezzano, p, & Abbruzi, R. (1982) Studies of 5,5-diphenylhydantoin
irreversible blinding to rat liver microsomal proteins, Biochem, Pharmacol., 31, 1501-1507

Parke-Davis (1995) Phenytoin, Morris Plains, NJ, USA

Pelkonen, O. & Kärki, N.T. (1975) Epoxidation of xenobiotics in the human fetus and placenta:
a possible mechanism of transplacental drug-induced injuries. Biochem. Pharmacol., 24,
1445- 1 448

Pendergrass, T.W. & Hanson, J.W, (1976) Fetal hydantoin syndrome and neuroblastoma (Letter
to the Editor). Lancet, ii, 150

Peraino, c., Fry, R.J.M., Staffeldt, E. & Christopher, J.P. (1975) Comparative enhancing effects
of phenobarbital, amobarbital, diphenylhydantoin and dichlorodiphenyltrichloroethane on 2-
acetylaminotluorene-induced hepatic tumorigenesis in the rat. Cancer Res., 35, 2884-2890

Philip, J., Holcomb, U. & Fusari, S.A. (1984) Phenytoin. ln: Florey, K, ed., Analytical Profiles
of Drug Substances, Vol. 13, New York, Academie Press, pp. 417-445

Phillips, N,K. & Lockard, J.S. (1985) A gestational monkey model: effects of phenytoin versus
seizures on neonatal outcome. Epilepsia, 26, 697-703

Phillips, N,K. & Lockard, J.S. (1989) Stiripentol, phenytoin, valproate and pregnancy in monkey.
(Abstract). Epilepsia, 30, 666

Phillips, N,K. & Lockard, J,S. (1990) Object permanence development in monkey infants
prenatally exposed to phenytoin or stiripentol (Abstract). Epilepsia, 31, 600

Phillips, N.K. & Lockard, J.S. (1993) Phenytoin and/or stiripentol in pregnancy: infant monkey
hyperexcitability. Epilepsia, 34,1117-1122

Pizzi, W.J. & Jersey, R.M. (1992) Effects of prenatal diphenylhydantoin treatment on repro-
ductive outcome, development, and behavior in rats. Neurotoxicol. Teratol., 14, 111-1 l7

Poupaert, J.H., Cavalier, R., C1aesen, M.H. & Dumont, P.A. (1975) Absolute configuration of the
major metabolite of 5,5-diphenylhydantoin, 5-(4/-hydroxyphenyl)-5-phenylhydantoin. J. med.

Chem., 18, 1268- 1271

Ramadevi, G., Das, U.N., Rao, KP. & Rao, M.S. (1984) Prostaglandins and mutagenesis: modi-
fication of phenytoin induced genetic damage by prostaglandins in lymphocyte cultures.
Prastaglandins Leukotrienes Med., 15, 109-113

Ramaniah, T.V" Nandan, S.D., Rao, KP. & Rao, M.S. (1980) Mutagenicity of phenytoin in the
male germ cells of Swiss mice. IRCS med. Sci., 8, 853

Ramilo, J. & Harris, V.J. (1979) Neuroblastoma in a child with the hydantoin and fetal aIcohol
syndrome. The radiographie features. Br. J. RadiaL., 52, 993-995

Rane, A. & Peng, D. (1985) Phenytoin enhances epoxide metabolism in human fetal liver
culture. Drug Metab. Dispos., 13,382-385

Rapport, R.L., II. & Shaw, C.-M. (1977) Phenytoin-related cerebellar degeneration without
seizures, Ann. NeuraL., 2, 437-439

Raya, A., Gallego, J., Hermenegildo, c., Puertas, EJ., Romero, F.J., Felipo, V., Miñana, M.D.,
Grisolía, S. & Romá, J. (1992) Prevention of the acute neurotoxic effects of phenytoin on rat
peripheral nerve by H7, an inhibitor of protein kinase C. Toxicology, 75, 249-256

Reynolds, E.H. (1973) Anticonvulsants, folic acid, and epilepsy. Lancet, i, 1376-1378

kajo
Rectangle



PHENYTOIN 233

Reynolds, J.E.F., ed. (1993) Martindale: The Extra Pharmacopoeia, 30th Ed., London, The
Pharmaceutical Press, pp. 304-309

Riedel, L. & Obe, G. (1984) Mutagenicity of antiepileptic drugs. II, Phenytoin, primidone and
phenobarbitaL. Mutat. Res., 138, 71-74

Rijlaarsdam, U., Scheffer, E., Meijer, C.J.L.M" Kruyswijk, M.R.J. & Willemze, R, (1991)
Mycosis fungoides-like les ions associated with phenytoin and carbamazepine therapy. J. Am.
Acad, Dermatol., 24, 216-220

Rikihisa, T., Takeda, y" Nakata, K.-I. & Kanakubo, Y. (1984) Composition of fallen dust in a
dispensing room. Yakuzaigaku,44, 169-174 (in Japanese)

Rollins, D., Larsson, A., Steen, B., Krishnaswamy, K" Hagenfeldt, L., Moldéns, P. & Rane, A.
(1981) Glutathione and gamma-glutamyl cycle enzymes in fetal lIver. 1. Pharmacol. exp.
The~, 217, 697-700

Rosenthal, C.J., Noguera, c.A., Coppola, A. & Kapelner, S.N. (1982) Pseudolymphoma with
mycosis fungoides manifestations, hyperresponsiveness to diphenylhydantoin, and lympho-
cyte disregulation. Cancer, 49, 2305-2314

Rubinstein, L, Langevitz, P. & Shibi, G. (1985) Isolated malignant 1ymphoma of the jejunum
and long-term diphenylhydantoin therapy. Oncology, 42, 104-106

Saltzstein, S.L. & Ackerman, L.V. (1959) Lymphadenopathy induced by anticonvulsant drugs
and mimicking clinically and pathologically malignant lymphomas. Cancer, 12, 164-182

Sanders, B.M. & Draper, G.J, (1979) Childhood cancer and drugs in pregnancy. Br. med. J., i,
717-719

Sanyal, S. & Wells, P.G. (1993) Reduction in phenytoin teratogenicity by pretreatment with the
antioxidant D-a-tocopherol acetate (vitamin E) in CD- 1 mice (Abstract no. 950). Toxico-

logist, 13, 252

Schardein, J.L., Dresner, A.J., Hentz, D.L., Petrere, J.A., Fitzgerald, J.E. & Kurtz, S.M. (1973)
The modifying effect of folinic acid on diphenylhydantoin-induced teratogenicity in mice.
Toxicol. appl. Pharmacol., 24, 150-158

Schaumann, B.A., Johnson, S.B., Wang, N. & Van Brunt, S. (1985) Sister chromatid exchanges
in adult epileptic patients on phenytoin therapy. Environ. Mutag., 7, 711-714

Schaumann, B.A., Winge, V.B. & Garry, V.F. (1989) Lack of sister chromatid exchange
induction in phenytoin-treated patients with epilepsy. Epilepsia, 30, 240-245

Schmidt, D., Canger, A., Avanzini, G., Battino, D., Cusi, C., Beck-Mannagetta, G., Koch, S.,
Rating, D. & Janz, D. (1983) Changes in seizure frequency in pregnant epileptic women. J.
NeuraL. Neurasurg. Psychiat., 46, 751-755

Schöder-Van der Elst, J.P. & Van der Heide, D. (1990) Effects of 5,5'-diphenylhydantoin on
thyroxine and 3,5,3'-triiodothyronine concentrations in several tissues of the rat. Endocri-
110logy, 126, 186-191

Schreiber, M.M. & McGregor, J.G. (1968) Pseudolymphoma syndrome, a sensitivity to anti-
convulsant drugs. Arch. Dermatol., 97, 297-300

Scolnik, D., Mulman, D., Rovet, J., Gladstone, D., Czuchta, D., Gardner, H.A., Gladstone, R.,
Ashby, P., Weksberg, R., Einarson, T. & Koren, G. (1994) Neurodevelopment of children
exposed in utero to phenytoin and carbamazepine monotherapy. J. Am. med. Assoc., 271,

767-770



234 IARC MONOGRAPHS VOLUME 66

Scoville, B. & White, B,G. (1981) Carcinogenicity of hydantoins: history, data, hypatheses, and
public policy. ln: Dam, M., Gram, L. & Penry, J.K., eds, Advances in Epileptology: XIIth
Epilepsy International Symposium, New York, Raven Press, pp. 589-596

Selby, J, V., Friedman, G.D. & Fireman, B.H. (1989) Screening prescription drugs for possible
carcinogenicity: eleven to fifteen years of follow-up. Cancer Res" 49, 5736-5747

Seymour, R,A. (1993) Drug-induced gingival overgrowth, Adverse Drug React, ToxicoL. Rev.,
12,215-232

Sezzano, p" Raimondi, A., Arboix, M. & Pantarotto, C. (1982) Mutagenicity of diphenylhydan-
toin and some of its metabolites towards Salmonella typhimurium strains. Mutat. Res., 103,
219-228

Shapiro, S., Hartz, S,c., Siskind, V., Mitchell, A.A., Slone, D., Rosenberg, L., Manson, R.R.,
Heinonen, O.P., Idänpään-Heikkilä, J" Härö, S, & Saxén, L. (1976) Anticonvulsants and

parental epilepsy in the development of birth defects. Lancet, I, 272-275
Sharma, R.K., Jacobson-Kram, D., Lemmon, M., Bakke, J,. Galperin, I. & Blazak, W.F. (1985)

Sister-chromatic exchange and cell replication kinetics in fetal and maternaI cells after
treatment with chemical teratogens. Mutat. Res" 158,217-231

Shaw, G,M., Lammer, E.J., Wasserman, G.R., O'Malley, C.D. & Tolarevo, M.M. (1995) Risks
of orofacial clefts in children born to women using multivitamins containing folic acid
periconceptionally, Lancet, 345, 393-396

Sherman, S, & Roizen, N. (1976) Fetal hydantoin syndrome and neuroblastoma. Lancet, ii, 517
Shoeman, D.W., Kauffman, R.E., Azarnoff, D.L. & Boulos, B.M. (1972) Placental transfer of

diphenylhydantoin in the goat. Biochem. Pharmacol., 21, 1237-1243
Singer, J., Schmid, c., Souhami, R. & Isaacson, P.G. (1993) Bone marrow involvement in

phenytoin induced 'pseudolymphoma'. Clin. OncoL., 5, 397-398
Sinués, B,. Martínez, P., Tamparillas, M. & Bartolomé, M. (1982) Cytogenetic study of the

treatment with phenytoin using SCE. Arch. Farmacol. Toxicol., 8, 165-170 (in Spanish)
Society of Japanese Pharmacopoeia (1992) The Pharmacopoeia of Japan JP XII, 12th Ed.,

Tokyo, pp. 451-453
Sonawane, B,R. & Goldman, A.S, (1981) Susceptibility of mice to phenytoin-induced cleft

palate correlated with inhibition of fetal palatal RNA and protein synthesis. Proc. Soc. exp.
bioL. Med., 168, 175-179

de Souza Queiroz, ML. & Mullen, P,W. (1980) The effects of phenytoin, 5-(para-hydroxy-
phenyl)-5-phenylhydantoin and valproic acid on humoral immunity in mice (Abstract

no. 31).lnt, 1. Immunopharmacol., 2, 224-225
Speidel, B.D. & Meadow, S.R. (I972) MaternaI epilepsy and abnormalities of the fetus and

newborn. Lancet, ii, 839-843
Staple, P.H., Reed, M.J. & Mashimo, P.A. (1977) Diphenylhydantoin gingival hyperplasia in

Macaca arctoides: a new human modeL. 1. PeriodontoL., 48,325-336
Stevens, M.W. & Harbison, R.D. (1974) Placental transfer of diphenylhydantoin: effects of

species, gestational age and route of administration. Teratology, 9, 317-326
Strickler, S.M., Dansky, L.V., Miller, M.A., Seni, M.-H., Andermann, E. & Spielberg, S.P.

(1985) Genetic predisposition to phenytoin-induced birth defects. Lancet, ii, 746-749
Sullivan, F.M. & McElhatton, P.R. (1975) Teratogenic activity of the antiepileptic drugs pheno-

barbital, phenytoin and primidone in mice. ToxicoL. appL. Pharmacol., 34, 271-282

kajo
Rectangle



PHENYTOrN 235

Swanson, B.N., Leger, R.M" Gordon, W.P" Lynn, R.K. & Gerber, N. (1978) Excretion of
phenytoin into semen of rabbits and man. Comparison with plasma levels, Drug. Metab.
Dispos., 6, 70-74

Tan, Y.-D" Qiu, X,-F. & Xie, J.-R. (1985) Diphenylhydantoin: clinical investigation and cyto-
genetic research on mammalian cells in vitra (Abstract), Environ. Mutag" 7,35

Taneja, N., Jain, S., Maheswari, M.C., Tandon, J.K. & Kucheria, K. (1992) Induction of sister
chromatid exchanges in phenytoin treated and untreated patients with epilepsy. /ndian 1.
med. Res., 96, 302-305

Taneja, N" Kucheria, K" Jain, S, & Maheshwari, M,C. (1994) Effect of phenytoin on semen.
Epilepsia, 35, 136- 1 40

Taylor, W.F., Myers, M. & Taylor, W.R. (1980) Extrarenal Wilm's tumour in an infant exposed
to intrauterine phenytoin (Letter to the Editor). Lancet, ii, 481-482

Theodoropoulos, T.J" Pappolla, M.A., Goussis, O.S., Zolman, J.c. & Benson, D.M. (1990)
Permanent alterations in the hypothalamic-pituitary-thyroid axis in the rat following pheny-
toin exposure in utero, Horm. Metab. Res., 22, 521-523

Thomas, J., ed. (1991) Prescription Products Guide /991, 20th Ed., Victoria, Australian Phar-
maceutical Publishing Co., pp. 652-653

Thomason, J.M., Seymour, R,A, & Rawlins, M.D. (1992) Incidence and severity of phenytoin-
induced gingival overgrowth in epileptic patients in general medical practice. Community
Dent. oral EpidemioL., 20, 288-291

Tomson, T., Lindbom, U" Ekqvist, B. & Sundqvist, A. (1994) Disposition of carbamazepine
and phenytoin in pregnancy. Epilepsia, 35, l3 1 - i 35

Toone, B.K., Wheeler, M., Nanjee, M., Fenwick, P. & Grant, p, (1983) Sex hormones, sexual

activity and plasma anticonvulsant levels in male epileptics. 1. Neural. Neurasurg. Psychiat.,
46, 824-826

Treiman, D.M. & Woodbury, D,M. (1995) Phenytoin: absorption, distribution, and excretion, ln;
Levy, R.H., Mattson, R.H, & Meldrum, B.S., eds, Al1tiepileptic Drugs, 4th Ed., New York,
Raven Press, pp. 301-314

United States National Library of Medicine (1996) RTECS Database, Bethesda, MD

United States National Toxicology Program (1993) Toxicology al1d Carcinogenesis Studies of
5,5-Diphenylhydantoin (Phenytoin) (CAS No. 57-41-0) in F344/N Rats and B6C3Fl Mice
(F eed Studies) (Technical Report Series 404; NIH Publication no. 94-2859), Research
Triangle Park, NC

United States Pharmacopeial Convention (1994) The 1995 US Pharmacopeia, 23rd Rev./The
National Formulary, 18th Rev., Rockville, MD, pp. 1216-1221

United States Tariff Commission (1939) Synthetic Orgal1ic Chemicals, US Production and
Sales, 1938, Report No. i 36, Second Series, Washington DC, US Government Printing
Office, p. i 03

United States Tariff Commission (1948) Synthetic Organic Chemicals, US Production and
Sales, 1946, Report No. 159, Second Series, Washington DC, US Government Printing
Office, p. 103

Van Dyke, D.C., Berg, M.L. & Oison, C.H. (1991) Differences in phenytoin biotransformation and
susceptibility to congenital malformations: a review. Drug lntell. clin. Pharm., 25, 987-992



236 IARC MONOGRAPHS VOLUME 66

Veronese, M.E., Doecke, CJ., Mackenzie, P.I., McManus, M.E., Miners, J.O., Rees, O.L.P.,
Gasser, R" Meyer, U.A. & Birkett, DJ. (1993) Site-directed mutation studies of human liver
cytochrome P-450 isoenzymes in the CYP2C subfamily. Biochem. 1., 289, 533-538

Vidal (1995) Dictionnaire Vidal, 71 st Ed., Paris, Editions du Vidal, pp. 449-450, 1247

V orhees, C. V. (1983) Fetal anticonvulsant syndrome in rats: dose- and period-response relation-

ships of prenatal diphenylhydantoin, trimethadione and phenobarbital exposure on the struc,.
tural and functional development of the offspring. 1. Pharmacol. exp. Ther., 227, 274-287

V orhees, C. V, (1987 a) Fetal hydantoin syndrome in rats: dose-effect relationship of prenatal
phenytoin on postnatal development and behavior. Teratology, 35, 287-303

Vorhees, C.V. (1 987b) Maze leaming in rats: a comparison of performance in two water mazes in
progeny prenatally exposed to different doses of phenytoin. Neurotoxicol. Teratol. ,9,235-241

Vorhees, C.V. & Minck, D.R. (1989) Long-term effects of prenatal phenytoin exposure on off-
spring behavior in rats. Neurotoxicol. Teratol., 11, 295-305

Vorhees, C.V., Weisenburger, W.P. & Minck, D,R. (1989) An analysis of factors influencing
water maze leaming in rats: effects of escape assistance, task complexity, and path order using
prenatal exposure to phenytoin as a positive control (Abstract no. BTS4 1). Teratology, 39, 513

Waddell, WJ. & Mirkin, B.L. (1972) Distribution and metabolism of diphenylhydantoin-'4C in
fetal and maternai tissues of the pregnant mouse. Biochem, Pharmacol., 21, 547-552

Watson, J,D. & Spellacy, W.N. (1971) Neonatal effects of maternaI treatment with the anti-
convulsant drug diphenylhydantoin. Obstet. Gynec., 37, 881-885

Wells, P.G, & V 0, H.P.N. (1989) Effect of the tumor promoter 12-0-tetradecanoylphorbol-13

acetate on phenytoin-induced embryopathy in mice. Toxicol. appl. Pharmacol., 97,398-405

Wells, P.G., Zubovits, J,T., Wong, S.T., Molinari, L.M. & Ali, S. (1989) Modulation of phenytoin
teratogenicity and embryonic covalent binding by acetylsalicylic acid, caffeic acid, and (J-
phenyl-N-t-butylnitrone: implications for bioactivation by prostaglandin synthetase. Toxicol.

appl. Pharmacol., 97, 192-202

Welsch, F. & Stedman, 0.0. (1984) Inhibition of metabolic cooperation between Chinese

hamster V79 cells by structurally diverse teratogens. Te ratog. Carcinog. Mutag., 4, 285-301
Willington, S.E., Zajac, W., McGregor, D.B, & Combes, R.D. (1989) Methods and criteria for

assessing the V79 metabolic cooperation assay (Abstract no. 36). Mutat. Res., 216, 283
Wilson, J.G, (1974) Teratologie causation in man and its evaluation in non-human primates. ln:

Motulsky, A.G., Lenz, W. & Ebling, FJ.G., eds, Birth Defects, Amsterdam, Excerpta

Medica, pp. 191-203
Wong, M., Helston, L.MJ. & Wells, P.G. (1989) Enhancement of murine phenytoin terato-

genicity by the gamma-glutamylcysteine synthetase inhibitor L-buthionine-(S,R)-sulfo-
ximine and by the glutathione depletor diethyl maleate. Teratology, 40, 127-141

Woodruff, R.C., Mason, J.M., Valencia, R. & Zimmering, S. (1985) Chemical mutagenesis
testing in Drosophila. V. Results of 53 coded compounds tested for the National Toxicology
Program. Environ. Mutag., 7, 677-702

Yaari, Y. & Devor, M. (1985) Phenytoin suppresses spontaneous ectopic discharge in rat sciatic
nerve neuromas. Neurosci. Leu., 58, 117-122

Yeo, P.P.B., Bates, O., Howe, J.G., Ratcliffe, W.A., Schardt, C.W., Heath, A. & Evered, D.C.
(1978) Anticonvulsants and thyroid function. Br. med. J., i, 1581- 1 583

Yerby, M.S. (1991) Pregnancy and epilepsy. Epilepsia, 32 (SuppL. 6), S51-S59

kajo
Rectangle



PHENYTOIN 237

Zengel, A.E., Keith, D,A. & Tassinari, M.S. (1989) Prenatal exposureto phenytoin and its effect
on postnatal growth and craniofacial proportion in the rat. 1. cral1iofac. Genet. dev. Biol., 9,
i 47- 1 60

Zhu, M.-X. & Zhou, S,-S. (1989) Reduction of the teratogenic effects of phenytoin by folie acid
and a mixture of folie acid, vitamins, and amino acids: a preliminary triaL. Epilepsia, 30,
246-251



kajo
Rectangle



ANTI-OESTROGENIC COMPOUNDS

kajo
Rectangle



kajo
Rectangle



DROLOXIFENE

1. Exposure Data

1.1 Chemical and physical data

1.1.1 Nomel1clature

Droloxifene
Chem. Abstr. Sery. Reg. No.: 82413-20-5
Chem. Abstr. Name: (E)-3-( 1 -( 4-(2-(Dimethylamino )ethoxy )phenyl)-2-phenyl- 1 -bute-
nyI)phenol
IUPAC Systematic Name: (E)-a-fpara-(2-(Dimethylamino)ethoxy)phenyl)-a'-ethyl_
3-stilbenol
SYl1ol1yms: (E)- i -( 4'-(2-Dimethylaminoethoxy)phenyl)- i -(3-hydroxyphenyl)-2-phe-
nylbut- 1 -ene; tral1s- 1 -( 4-ß-dimethylaminoethoxyphenyl)- 1 -(3-hydroxyphenyl)-2-phe-
nylbut-l-ene; 3-hydroxytamoxifen

Droloxifene citrate
Chem. Abstr. Sery. Reg. No.: 97752-20-0
Chem. Abstr. Name: (E)-3-(l-(4-(2-(Dimethylamino)ethoxy)phenyl)-2-phenyl-l_bute-
nyl)phenol, 2-hydroxy- 1 ,2,3-propanetricarboxylate (1: 1)
IUPAC Systematic Name: (E)-a-fpara-(2-(Dimethylamino)ethoxy)phenyl)-a'-ethyl_
3-stilbenol citrate
SYl1ol1yms: (E)- 1 -( 4'-(2-Dimethylaminoethoxy)phenyl)- 1 -(3-hydroxyphenyl)-2-phe-
nylbut- 1 -ene citrate; tral1S- 1 -( 4-ß-dimethylaminoethoxyphenyl)- 1 -(3-hydroxyphenyl)-
2-phenylbut-l-ene citrate; 3-hydroxytamoxifen citrate

1.1.2 Structural al1d molecular formulae al1d relative molecular mass

CH1

(0\ ;\OCH2-CH2-N~.
/C=C OH CH3CH3CH2 U-

Droloxifene
C26H29N02 Relative molecular mass: 387.52

-241-
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CH3

(0\ !QOCH2-CH2-N~-C=C OH CH3
CH3¿2 \Q

CH2-COOH
1

HO-C-COOH
1

. CH2-COOH

C2(iH29N02. C(iHs07

Droloxifene citrate

Relative molecular mass: 579.65

1.1.3 Chemical al1d physical properties of the pure substal1ces

From Budavari (1995); Pfizer (1996)

Droloxifene

(a) Descriptiol1: Colourless crystals

(b) Meltil1g-poil1t: 160-163 °C

Droloxifene citrate

(a) Descriptiol1: Off-white, crystalline powder

(b) Meltil1g-poil1t: 142°C

(c) Solubility: Slightly soluble in water (0.078 mg/mL (unbuffered, pH 3.4)); soluble
in methanol; sparingly soluble in ethanol; insoluble in chloroform

(d) Stability: Stable in aqueous solutions at pHs 3-7 at temperatures up to 50°C

1.1.4 Techl1ical products al1d impurities

ln its pharmaceutical preparations, droloxifene is normally formulated as the citrate
salt.

Trade names and designations of droloxifene citrate and its pharmaceutical prepa-
ration include: E-Droloxifene; FK 435; K 060; K 060E; K 21.060E.

1.1.5 Al1alysis

Droloxifene and its metabolites can be analysed in biological fluids by high-perfor-
mance liquid chromatography (Lien et al., 1995).

1.2 Production and use

1.2.1 ProductiOI1

Droloxifene can be prepared by the reaction of 3-(tetrahydropyran-2-yloxy)phenyl
bromide with magnesium or l1-butyllithium followed by addition of the resulting reagent
to 1 -(4-(2-(dimethylamino)ethoxy)phenyl)-2-phenylbutan-l-one. Acid-catalysed dehy-

dration of the resulting tertiary a1cohol gives a mixture of droloxifene and its Z-isomer,
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which can be separated by chromatography and recrystallization (Ruenitz et aL., 1982;
Foster et al., 1985).

1.2.2 Use

Droloxifene (a phenolic analogue of tamoxifen) is a new non-steroidal antioestrogenic
drug which has a high affinity for oestrogen receptors (see Glossary, p. 448) (Roos et al.,
1983), a low oestrogenic to antioestrogenic activity ratio (Löser et aL., 1985) and rapid
pharmacokinetics (Grill & Pollow, 1991).

Phase l and II trials (see Glossary, p. 449) of droloxifene in postmenopausal women
with metastatic breast cancer in various countries (Breitbach et aL., 1987; Stamm et aL.,
l 987) have shown that the drug has very little short-term toxicity (Bellmunt & Solé,
1991; Deschênes 1991; Miller et aL., 1991; Bruning, 1992; Haarstad et al., 1992;
Rauschning & Pritchard, 1994). Response (see Glossary, p. 449) rates and durations are
similar, within the limits of cross-study comparison, to those seen with tamoxifen. Doses
of up to 300 mg daily seem to be weil tolerated (Buzdar et al., 1993). A large multicentre
phase III trial (see Glossary, p. 449) comparing droloxifene (40 mg) with tamoxifen (20
mg) is in progress in Europe, North and South America, South Africa and India (Pfizer,
1996). Droloxifene has not yet been tested for use in adjuvant therapy.

1.3 Occurrence

Droloxifene is not known to occur as a natural product.

1.4 Regulations and guidelines

Droloxifene is not registered for use as a pharmaceutical ln any country (Pfizer,
1996).

2. Studies of Cancer in Humans

No report of carcinogenicity or preventive activity of droloxifene in humans has been
published.

3. Studies of Cancer in Experimental Animais

3.1 Oral administration

Rat: ln a study that also included tamoxifen, groups of 49-50 male and 50 female
Sprague-Dawley rats, 4-5 weeks old, after 13 weeks of adaptation, were given 0

(control), 4, i 2, 36 or 90 mg/kg bw droloxifene citrate (:: 99.1% pure) by gastric instila-
tion daily for 24 months. No increase in the incidence of liver tumours was reported
(Dahme & Rattel, 1994; Hasmann et aL., 1994). (The Working Group noted the
inadequate information on dose selection and inadequate reporting.)
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3.2 Administration with known carcinogens

3.2.1 Mouse

Groups of five or six male and female BALB/c/Bln mice, 8-12 weeks of age, were
given intraperitoneal injections of diluted serum from leukaemic mice infected with the
Rauscher murine leukaemia virus. Starting one day later, mice were given intraperitoneal
injections of 0.5, 1.0 or 2 mg per animal droloxifene citrate (purity not specified) in
dimethyl sulfoxide three times a week for 1 -2 weeks. The mi ce were killed when mori-
bund and spleens were weighed as an index of leukaemic disease. Compared to the

controls, the spleen weights of the droloxifene-treated animais were about 70%, 60% and
45% in the low-, mid- and high-dose groups, respectively (Sydow & Wunderlich, i 994).

3.2.2 Rat

Three groups of 10 female Sprague-Dawley rats, seven weeks of age, were given
20 mg per animal 7,12-dimethylbenz(a)anthracene in sesame oil orally; starting one day
later, two of the groups were given 1.0 or 10.0 mg/kg bw droloxifene citrate (purity not
specified) in methylcellulose orally for seven days, while the third group received no
further treatment. At 20 weeks, mammary tumours were found in 8/9 controls, 7/9 10w-
dose droloxifene citrate-treated rats and 3/1 0 (p 00 0.05) high-dose droloxifene citrate-
treated rats (Kawamura et al., 1991).

Two groups of 21 and 20 female Sprague-Dawley rats, 50 days of age, were given
50 mg/kg bw N-methyl-N-nitrosourea as a single intravenous injection. When at least one
mammary tumour reached a diameter of 10 mm, the animaIs were given 6 or 12 mglkg
bw droloxifene citrate (purity not specified) in Tween 80/distilled water by gastric
instilation on five and three days a week, respectively, for four weeks. A control group
of 50 female rats received N-methyl-N-nitrosourea alone. At 207 days, the multiplicity of
mammary tumours was 1.1 in controls, 1.1 in low-dose droloxifene citrate-treated rats
and 1.4 in high-dose droloxifene citrate-treated rats (Winterfeld et al., 1992).

4. Other Data Relevant to an Evaluation of

Carcinogenicity and its Mechanisms

4.1 Absorption, distribution, metabolism and excretion

4.1.1 Humal1s

Droloxifene is rapidly and completely absorbed from the intestinal tract. Results from
a phase II clinical trial (K vinnsland, 1991) in postmenopausal women with metastatic
breast cancer treated with droloxifene at 20 mg (34 patients), 40 mg (43 patients) or 100
mg (71 patients) once daily for up to one year showed that, with the 20-mg dose, peak
plasma concentrations were reached after 2-4 h and the terminal half-life was 24 h. The
me an plasma levels at steady-state concentration were about 15, 30 and 80 ng/mL with
the 20-, 40- and lOO-mg doses, respectively. These results are consistent with the plasma
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levels of 81 ng/mL droloxifene, 1 ng/mL 4-methoxydroloxifene and 6 ng/mL N-des-
methyldroloxifene measured in a breast cancer patient following a single oral dose of 100
mg droloxifene (Lien et al., 1995).

ln humans, droloxifene is rapidly metabolized to droloxifene glucuronide, N-des-

methyldroloxifene and 4-methoxydroloxifene (Löser et aL., 1989; Hasmann et aL., 1994)
(see Figure 1). Consequently, accumulation of droloxifene or its metabolites, if it occurs,
is slight.

4.1.2 Experimental systems

ln rats and mice, droloxifene is metabolized to droloxifene glucuronide, N-desmethyl-
droloxifene, 4-methoxydroloxifene, 3-methoxy-4-hydroxytamoxifen (4-hydroxydrolo-
xifene) and droloxifene N-oxide. The proportion of 3-methoxy-4-hydroxytamoxifen

formed is much higher in mice (:: 40%) th an in rats (.( 20%) (Hasmann et aL., 1994).

White et aL. (1993) showed that droloxifene (O. i 2 mmol/kg bw per day for four days)
administered by gastric instillation to rats had lIttle or no effect on the metabolism of
ethoxy-, benzyloxy- or pentoxyresorufin.

4.2 Toxic effects

4.2.1 Humans

Results from the phase II clinical trial described in Section 4.1.1 showed dose-related
decreases in luteinizing hormone and follicIe-stimulating hormone levels. A rise in sex
hormone-binding globulin level was found (particularly at doses of 40 and 100 mg).
These changes were all observed during the first three months of therapy (Kvinnsland,
1991). When droloxifene was administered to 369 postmenopausal women with

advanced breast cancer in a dose-finding phase II trial at levels of 20,40 or 100 mg/day,
common side-effects incIuded hot flushes (32%, 32%, 29%), lassitude (28%, 23%, 26%)
and nausea (22%, 24%, 29%) in the 20-mg, 40-mg and lOO-mg dose groups, respec-
tively. ln 1200 patients who received 20, 40, 100 or more than 100 mg doses, signs of
serious toxicity were infrequent, but pulmonary embolism in two patients and superficial
venous thrombosis of the leg in one patient receiving 20 mg-doses were observed. ln
patients receiving lOO-mg doses, these effects were observed in four and eight patients,
respectively, and among those receiving more than 100 mg, they were each observed in
one patient (Rauschning & Pritchard, 1994).

4.2.2 Experimel1tal systems

Groups of 25 male or 25 female rats were given l, 10 or 100 mg/kg bw droloxifene
orally for four weeks. Droloxifene was tolerated at all doses, with no sign of systemic
toxicity. A substance-related increase in the weight of the male and female sexual organs
was found; this and histological changes in these organs can be explained by the anti-
oestrogenic effect of droloxifene (Löser et al., 1986).
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Groups of 25 male and 25 female Sprague-Dawley rats, four to five weeks old, after
13 weeks of adaptation, were given 0, 2, 20 or 200 mg/kg bw droloxifene citrate (purity,
? 99.1 %) per day by gastric instillation in 0.25% agar suspension (volume 10 mg/mL)
for six months (body weights, survival not reported.) Six weeks after the end of the
treatment period, animaIs were killed and complete necropsy and histology were carried
out but only liver histology was reported. No preneoplastic or neoplastic liver change
was found at either dose level (Dahme & RatteI, 1994).

Droloxifene and its major metabolite, N-desmethyldroloxifene, exhibit high binding
affinity to the oestrogen receptor in the oestrogen receptor-positive human breast cancer
cell line MCF-7. The affinity of droloxifene for the oestrogen receptor was more than 60-
fold higher th an that of tamoxifen and the ICso value of droloxifene for displacement of
l7ß-oestradiol from the receptor was approximately 1 x 10-8 M (maximal blood concen-
tration, 1 -4 x 10-7 M) (Hasmann et al., 1994).

Droloxifene inhibits lipid peroxidation in microsomal and liposomal membranes, but
to a lower extent than l7ß-oestradiol. The inhibition of lipid peroxidation by droloxifene
may result from membrane stabilization that could be associated in cancer cells with
decreased membrane fluidity, that might antagonize cell division (Wiseman et al., i 992).

Other effects of droloxifene in rats include prevention of increased bone turnover and
bone loss and reduced total serum cholesterol (Chen et al., 1995a,b; Ke et al., 1 995a,b).

4.3 Reproductive and developmental effects

No data were available to the Working Group.

4.4 Genetic and related effects (see also Table 1 for references and Appendices 1
and 2)

Droloxifene did not cause significant morphological transformation of Syrian hamster
embryo cells.

DNA adducts were not detected by 32p-postlabelling in the livers of female Fischer
344 rats given 0.12 mmol/g bw droloxifene per day by gastric instilation for four days
(White et aL., 1992).

5. Summary of Data Reported and Evaluation

S.l Exposure data

Droloxifene is a phenolic analogue of tamoxifen which is undergoing clinical trials
for the treatment of metastatic breast cancer, but is not yet registered in any country.

S.2 Human carcinogenicity data

No data were available to the Working Group.
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Table 1. Genetic and related effects of droloxifene

Test system Resulta Dose
¡, Reference

(LED/HID)

Without With
exogenous exogenous
metabolic metabolic
system system

TCS, Cell transformation, Syrian hamster NT 3,9 Metzler &
embryo cells, clonaI assay Schiffmann

(199 1 )

BVD, Binding (covalent) to DNA, Fischer 47 po x 4 White et al,
344/N rat liver in vivo (P-postlabelling) ( 1 992 )

a +, positive; (+), weak positive; -, negative; NT, not tested; ?, inconclusive

hLED, lowest effective dose; HID, highest ineffective dose; in-vitro tests, !-g/mL; in-vivo tests, mg/kg

bw/day

5.3 Animal carcinogenicity data

Droloxifene was tested for carcinogenicity by oral administration in one study in rats.
No increase in the incidence of tumours was reported.

Droloxifene was studied in two experiments in rats for its modulation of chemically
induced mammary tumours. ln one study with 7,1 2-dimethylbenz(a)anthracene, inhi-
bition of mammary tumours was observed, while in another study with N-methyl-N-
nitrosourea, there was no effect or a slight increase in the incidence of mammary
tumours.

5.4 Other relevant data

Droloxifene is weIl absorbed in humans after oral doses. It undergoes both oxidative
metabolism and direct glucuronidation, and the elimination half-life is about 24 h. Meta-
bolites were identified in rats and mice that were not found in humans.

Toxic effects were infrequent in a phase II trial in postmenopausal women with
metastatic breast cancer. Short- (four weeks) and longer- (six months) term toxicity
studies in rats at doses of up to 200 mg/kg bw showed biochemical changes but little
toxicity.

Droloxifene did not induce cell transformation in vitro or form DNA adducts in rat
liver ÍI1 vivo.
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5.5 Evaluation 1

There is il1adequate evidel1ce in humans for the carcinogenicity of droloxifene.
There is il1adequate evidel1ce in experimental animaIs for the carcinogenicity of

droloxifene.

Overall evaluation

Droloxifene is l10t classifiable as to its carcil1ogel1icity ta humal1s (Croup 3).
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TAMOXIFEN

1. Exposure Data

1.1 Chemical and physical data

1.1.1 Nomel1clature

Tamoxifen
Chem. Abstr. Serv. Reg. No.: 10540-29-1

Chem. Abstr. Name: (Z)-2-( 4-( 1 ,2-Diphenyl-I-butenyl)phenoxy )-N,N-dimethyletha-
namine
IUP AC Systematic Name: (Z)-2-(para-( 1 ,2-Diphenyl- 1 -butenyl)phenoxy )-N,N-dime-
thylethylamine
SYl1ol1yms: 1 -para-ß-Dimethylaminoethoxyphenyl-tral1s- 1 ,2-diphenylbut-l-ene; (2)-

2-(4-( 1 ,2-diphenylbut- 1 -enyl)phenoxy )ethyldimethylamine

Tamoxifen citrate
Chem. Abstr. Serv. Reg. No.: 54965-24- 1
Chem. Abstr. Name: (Z)-2-(4-( 1 ,2-Diphenyl- 1 -butenyl)phenoxy)-N,N-dimethyletha-
namine, 2-hydroxy- 1 ,2,3-propanetricarboxylate (1: 1)
IUPAC Systematic Name: (Z)-2~(para-( 1 ,2-Diphenyl- 1 -butenyl)phenoxy )-N,N-dime-
thylethylamine citrate (1: 1)

SYl1ol1yms: Tamoxifen citrate; Z-tamoxifen citrate

1.1.2 Structural al1d molecular formulae al1d relative molecular mass

H1C ~ ln
- ~NCH2CH20-- ¡QH3C c=c

(01 \H2CH1
C26H2,!NO Relative molecular mass: 371.52

-253-
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H,C

. ~NCH2CH20-f ¡QH JC C=C
(oy \H2CHJ

CH7-COOH
1 -

HO-C-COOH
1

CHi-COOH

C:2ótI2yN (). C:ótIx ()7 Relative molecular mass: 563.65

1.1.3 Chemical and physical properties of the pure substal1ces

From Budavari (1995), unless otherwise specified

Tamoxifen

(a) Descriptiol1: White crystals

(b) Meltil1g-poil1t: 96-98 °C

Tamoxifen citrate

(a) Descriptiol1: Fine, white, odourless crystalline powder

(b) Meltil1g-poil1t: 140-142°C

(c) Spectroscopy data: Infrared spectral data have been reported (British Pharmaco-
poeial Commission, 1993).

(d) Solubility: Slightly soluble in water; soluble in acetone, ethanol and methanol
(e) Stability: Hygroscopic at high relative humidities; sensitive to ultraviolet light

(j Dissociatiol1 COl1stal1t: pK" = 8.85 (Medical Economies, 1996)

1.1.4 Techl1ical products al1d impurities

Tamoxifen in pharmaceutical formulations is invariably present as its citrate salt.
Tamoxifen citrate is available as 15.2-, 30.4- and 45.6-mg (equivalent to 10, 20 and
30 mg tamoxifen base) tablets which also may contain carboxymethylcellulose calcium,
croscarmellose sodium (type A) (a polymer of carboxymethylcellulose sodium), gelatin,
hydroxypropyl methylcellulose 2.910, lactose, Macrogel 300, magnesium stearate,
mannitol, polyvinylpyrrolidone (povidone), sodium carboxymethylstarch, corn starch or
titanium oxide (Thomas, 1991; Farmindustria, 1993; Reynolds, 1993; British Medical
Association/Royal Pharmaceutical Societý of Great Britain, 1994; Medical Economies,
1 996).

The impurities limited by the requirements of the European Pharmacopoeia include:
(E)-2-(4-( 1 ,2-diphenylbut- 1 -enyl)phenoxy)ethyldimethylamine (the E-isomer of ta mo-
xifen); 2-(4-( I-hydroxy- 1 ,2-diphenylbutyl)phenoxy )ethyldimethylamine; 2-( 4-( 1 ,2-di-
phenylvinyl)phenoxy)ethyldimethylamine; 2-( 4-( 1 ,2-diphenylprop- 1 -enyl)phenoxy )di-
methylamine; 2-(2-( 1 ,2-diphenylbut- 1 -enyl)phenoxy )ethyldimethylamine; (2)-2-(4-( 1 ,2-
diphenylbut-I-enyl)phenoxy)ethylmethylamine; and 1 -(4-dimethylaminoethoxyphenyl)-

2-phenylbutan- 1 -one (Council of Europe, 1995). The United States of America and
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British pharmacopoeias limit the E-isomer content to not more than 0.3% and 1 %, res-
pectively (British Pharmacopoeial Commission, 1993; United States Pharmacopeial
Convention, 1994).

Trade names and designations for tamoxifen citrate and its pharmaceutical prepa-
rations include: Apo-Tamox; Citofen; Dignotamoxi; Duratamoxifen 5; Emblon; ICI-
46474; Jenoxifen; Kessar; Ledertam; Noltam; Nolvadex; Nourytam; Novofen; Oestrifen;
Oncotam; Retaxim; Tafoxen; Tam; Tamaxin; Tamifen; Tamofen; Tamone; Tamoplex;
Tamoxasta; Tamox-Gry; Tamoxigenat; Tamox-Puren; Taxfeno; Terimon; Valodex;
Zemide; Zitazonium.

1. i.5 A l1alys is

Several international pharmacopoeias specify potentiometric titration with perchloric
acid as the assay for purity of tamoxifen citrate, and liquid chromatography (LC) or gas
chromatography with flame ionization detection for determining levels of the E-isomer
and other impurities and decomposition products. The assays specified for tamoxifen
citrate in tablets use LC and ultraviolet/visible absorption spectroscopy with standards.
An assay for heavy metal impurities is also specified (British Pharmacopoeial Com-
mission, 1993; United States Pharmacopeial Convention, 1994; Council of Europe,

1995).

Tamoxifen and its metabolitescan be analysed in biological fluids and tissues by thin-
layer chromatography (Furr & Jordan, 1984), gas chromatography-mass spectrometry
(MS) (Furr & Jordan, 1984) and high-performance liquid chromatography with ultra-
violet, fluorimetric or electrochemical detection (Chamart et al., 1989; Berthou &
Dréano, 1993; Lim et al., 1993; Fried & Wainer, 1994).

1.2 Production and use

1.2.1 Productiol1

Tamoxifen is prepared by reacting 4-ß-dimethylaminoethoxy-a.-ethyldesoxybenzoin
with phenylmagnesium bromide or phenyl lithium to form 1-(4-ß-dimethylaminoethoxy-
phenyl)- 1 ,2-diphenylbutanol, which on dehydration yields a mixture of tamoxifen and its
E-isomer that may be separated with petroleum ether. Tamoxifen is converted to the i: 1
citrate for pharmaceutical use (Gennaro, 1995).

Worldwide production of tamoxifen citrate has increased from approximately 7.0
tonnes in 1989 to 8.5 tonnes in 1991, 10.1 tonnes in 1993 and 10.3 tonnes in 1995.

1.2.2 Use

Tamoxifen was first synthesized by Bedford and Richardson in the United Kingdom
(Bedford & Richardson, 1966). It was shown to be an anti-fertility agent in rats (Harper
& Walpole, 1967a,b), but was soon found to induce ovulation in women and to have
either oestrogenic or antioestrogenic effects, depending on species specificity and tissue
and receptor status (Harper & Walpole, 1966, 1967 a). The earliest clinical studies were
carried out in postmenopausal women with advanced breast cancer in Manchester,
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United Kingdom (Cole et aL., 1971). It was soon appreciated that tamoxifen was a
successful palliative therapy for advanced breast cancer, yielding response (see Glossary,
p. 449) rates similar to those seen with other endocrine approaches while producing few
side-effects (Ward 1973; O'Halloran & Maddock, 1974). It was approved for use as a
pharmaceutical in the United Kingdom in 1973 (Jordan, 1988). By 1978, it was being
widely adopted as first-line endocrine therapy for postmenopausal women with advanced
disease, particularly after it was shown to be as effective as, and less toxic than,
diethylstilboestrol, the previous standard in that setting (Ingle et al., 1981). It was tested
in premenopausal women for therapy of metastatic breast cancer from the late 1970s
(Manni et al., 1979; Pritchard et al., 1980; Planting et al., 1985; Buchanan et al., 1986;
Ingle et al., 1986; Sawka et al., 1986) and shown to be 20-30% effective, but it has
probably been far less widely used in this younger group, with chemotherapy or ovarian
ablation remaining the more usual approaches (Sunderland & Osborne, 1991; Early
Breast Cancer Trialists' Collaboration Group, 1992).

Since the early 1980s, tamoxifen has been widely accepted as first-line endocrine
therapy for metastatic disease in postmenopausal women (Ingle, 1984). Most postmeno-
pausaI women who develop metastatic disease will at sorne point undergo at least one
attempt at endocrine therapy, either as a pallative treatment or as first-line therapy for
metastatic disease. Even those women who respond to tamoxifen for metastatIc disease
generally receive it for, on average, only 9- 12 months (Muss, 1992).

ln the mid- to late 1970s, many investigators became interested in using tamoxifen as
adjuvant therapy in women at high risk for recurrence of breast cancer following surgery,
because of the equivalence of this approach to other endocrine therapies and the drug's
extremely low short-term toxicity profile. Several large trials of adjuvant tamoxifen
therapy in mostly postmenopausal, axilary node-positive women demonstrated a smaIl
but statistically significant improvement (about 25%) in both recurrence-free and overall
survival in these patient groups (Nolvadex Adjuvant Trial Organisation, 1983; Ribeiro &
Swindell, 1985). Although the relative merits of tamoxifen and chemotherapy for use in
this setting were widely debated, particularly between the United Kingdom and the
United States, the final results from the Oxford Overview (Early Breast Cancer Trialists'
Collaborative Group, 1988) convinced clinicians on both sides of the Atlantic of the
benefit of tamoxifen not only in this patient group but in others as weil (Breast Cancer
Chemotherapy Consensus Conference, 1985; Glick et aL., 1992).

From the early days of trials of adjuvant tamoxifen therapy, British clinicians in
particular favoured the use of tamoxifen in node-negative (lower-risk) and premeno-
pausaI women as weIl as in postmenopausal, node-positive women. Several large trials
soon supported the use of tamoxifen in this setting and showed that it improved overall
and recurrence-free survival (Breast Cancer Trials Committee, 1987; Fisher et aL.,
1989a,b ).

From the early days of these trials, dose and dosage varied from one country to
another. ln the United States and the United Kingdom, 20 mg daily given for one to two
years was the early norm (Nolvadex Adjuvant Trial Organisation, 1983; Fisher et al.,
1986; Nolvadex Adjuvant Trial Organisation, 1988), while in continental Europe doses
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of 30-40 mg daily for one to two years were more usual (Fornander et al., 1991;
Mouridsen et al., 1988; Rutqvist et aL., 1992; Rutqvist & Mattsson, 1993; Rutqvist et al.,
1995). The wide variety of dosing is clear from the summary tables of the Early Breast
Cancer Trialists' Collaborative Group (1988, 1992). ln addition, data from rat models
suggested that longer tamoxifen treatment wou Id be advantageous (Jordan, 1978; Jordan
et aL., 1979, 1980) and trials examining two versus five years, five vers us ten years and
two or five years versus indefinite tamoxifen were undertaken. From the mid- 1980s to
the mid-1990s, tamoxifen therapy of five years or longer was used increasingly in many
countries. Further, with reports of its effectiveness in node-negative women, the use of
tamoxifen spread widely, to the point where it was sometimes used to treat even very
small (.. 1 cm) invasive carcinomas and carcinomas il1 situ for which it had never been
tested in randomized trials. Trials of its use for very small invasive cancers and carci-
noma il1 situ are now in progress: National Surgical Adjuvant Breast and Bowel Project,
B2l, B24.

Tamoxifen has been the adjuvant therapy of choice for postmenopausal, node-positive
women and oestrogen receptor-positive or progesterone receptor-positive (see Glossary,
p. 448) since the mid- 1980s and for postmenopausal, node-negative and oestrogen

receptor-positive or progesterone receptor-positive women since the early 1990s. It is
also used in many cases in postmenopausal receptor-negative women and in premeno-
pausaI women with low-risk (node-negative) receptor-positive disease (Glick et al.,
1992; National Institutes of Health Consensus Development Panel, 1992; Goldhirsch
et al., 1995). ln both pre- and postmenopausal women, it is also often given concurrently
with or following chemotherapy as a type of adjuvant maintenance (Glick et aL., 1992;
Tormey et al., 1993; Goldhirsch etal., 1995). Thus, a high proportion (40-60%) of all
women who undergo potentially curative surgery for breast cancer now receive adjuvant
tamoxifen therapy for a period of some two to five years.

Most breast cancer patients with metastatic disease receive, at some time in the course
of their treatment, cytotoxic chemotherapy as weil as tamoxifen and often other hormo-
nal therapies. Similarly, many women, particularly in the postmenopausal, axilary node-
positive subset, receive cytotoxic chemotherapy as weil as tamoxifen as part of their
adjuvant therapy. Again, the Early Breast Cancer Trialists' Collaborative Group (1988,
1992) summary tables document the use of the se drugs, which are mainly cyclophos-
phamide, methotrexate and 5-fluorouracil-based combinations, but also include other
cytotoxic agents such as melphalan and adriamycin, many of which are documented
carcinogens in their own right (see IARC, 1987a). There are nevertheless many

randomized trials of tamoxifen adjuvant therapy versus no therapy, particularly in post-
menopausal axillary node-positive and pre- and postmenopausal node-negative subjects,
from which information relating to tamoxifen exposure without accompanying cytotoxic
agents can be obtained (Early Breast Cancer Trialists' Collaborative Group, 1992).

Tamoxifen has also been commonly used, without surgery, as a primary therapy for
breast cancer in elderly women who are considered poor candidates for surgery (Akhtar
et al., 1991), although two randomized studies have suggested that surgical removal of
the primary tumour plus tamoxifen treatment is preferable, leading to fewer problems
with local recurrence (Bates et al., 1991; Mustacchi et al., 1994).

kajo
Rectangle



258 IARC MONOGRAPHS VOLUME 66

ln the mid- 1980s, because of its known cytostatic action and because of the reduction
in new contralateral breast cancers observed in many clinicaI trials of tamoxifen (Breast
Cancer Chemotherapy Consensus Conference, 1985; Nolvadex Adjuvant Trial Organi-
sation, 1988; Early Breast Cancer Trialists' Collaborative Group, 1992), considerable

interest arose in using tamoxifen as a preventive agent. At least three large trials are in
progress in Italy (hysterectomized women), North America and the United Kingdom
(Powles et al., 1990; National Surgical Adjuvant Breast and Bowel Project, 1992;
Redmond et al., 1993; Vanchieri, 1993; Costa et aL., 1996). The subjects are women
believed to be at high risk for developing breast cancer. These so-called high-risk women
include those at a risk as low as that of the average 60-year-old in at least one trial
(National Surgical Adjuvant Breast and Bowel Project, 1992). Although the practice is
discouraged by most investigators, it is known that some women are currently prescribed
tamoxifen as a preventive agent outside of study, in various high-risk situations (such as
women with lobular carcinoma il1 situ or a family history of breast cancer).

Tamoxifen has been widely adopted as the appropriate first-line therapy for hormone-
responsive male breast cancer and is also used frequently as adjuvant therapy for men
with oestrogen receptor- or progesterone receptor-positive breast cancer, in spite of the
lack of any large randomized trials in this relatively small group of patients (Jaiyesimi
et al., 1992).

Tamoxifen, at doses similar to those used in breast cancer treatment, has given

response rates of 20-30% in several phase II trials in women with advanced endometrial
cancer (Quinn & Campbell, 1989; Barakat & Hoskins, 1994; Lentz, 1994) and has been
accepted as a second-line endocrine therapy for unresectable or recurrent endometrial
cancer (Swenerton et aL., 1984).

There have also been studies, but probably not wide use, of tamoxifen treatment for a
variety of other malignancies, incIuding hepatocellular carcinoma (Martínez Cerezo
et aL., 1994), carcinoma of the stomach (Harrison et al., 1989), renal-cell carcinoma
(Yagoda et al., 1995), melanoma (McClay & McClay, 1994), adenocarcinoma of the
pancreas (Taylor et aL., 1993; Wong & Chan, 1993), carcinoma of the cervix (Vargas
Roig et al., 1993), carcinoma of the ovary (Hatch et al., 1991), glioblastoma multiforme
(Baltuch et al., 1993), carcinoma of the biliary tract (West et aL., 1990), desmoid tumours
(Brooks et al., 1992) and meningiomas (Goodwin et al., 1993). ln addition, tamoxifen
has been suggested to be useful in treating certain non-malignant conditions including

retroperitoneal fibrosis, the POEMS syndrome (a multi-system syndrome consisting of
polyneuropathy, organomegaly, endocrinopathy, serum M-band and skin changes)
(Enevoldson & Harding, 1992), oligoospermia in men with incomplete androgen sensi-
tivity (Gooren, 1989), idiopathic oligozoospermia (Sterzik et aL., 1993), pulmonary
lymphangioleiomyomatosis (Kitaichi et aL., 1995), rectal polyps in patients with

Gardner's syndrome (Parry et aL., 1993), Peyronie's disease (Ralph et al., 1992), auto-
immune progesterone dermatitis (Stephens et al., 1989), menstrual migraine (O'Dea &
Davis, 1990) and painful idiopathic gynaecomastia (McDermott et al., 1990). It has also
been shown to have anti-candidal activity (Beggs, 1993).
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Tamoxifen has also been suggested to be useful as an adjuvant to cancer che mo-
therapy of various types, in that it displays synergy with drugs such as cisplatin (McClay
et al., 1993). Tamoxifen has also been shown to cause apoptotic effects which appear to
be independent of the oestrogen receptor status of the cells affected (Perry et al., 1985).

lnterest has focused more recently on positive effects of tamoxifen on cardiovascular
lipid profiles (Bruning et al., 1988; Love et al., 1990, 1991; Shewmon et aL., 1994;
Thangaraju et aL., 1994; Grey et al., 1995a; Guetta et al., 1995; Gylling et al., 1995;
Kenny et al., 1995), on cardiovascular events (Rutqvist & Mattsson, 1993) and cardio-
vascular deaths (McDonald & Stewart, 1991) and on bone density (Love et al., 1988;
Wolter et al., 1988; Kristensen et al., 1994; Love et al., 1994a; Wright et al., 1994; Grey
et al., 1995b; Kenny et al., 1995; Leslie et al., 1995). These apparently positive effects
have made the drug even more attractive for long-term use in early breast cancer and as a
preventive agent. Some authors have even hypothesized that it may have more beneficial
preventive effects on mortality and morbidity from causes other th an breast cancer, at
least for women over 60 (Gray, 1993).

Thus, tamoxifen has become very widely used around the world. It is estimated that
there have been over 7 milion patient-years of treatment with tamoxifen since it was first
approved in 1973. Tamoxifen is now registered for use in 97 countries. Most women and
men with metastatic breast cancer receive it at some time in their therapy, and 40-60% of
women may receive it as adjuvant therapy, in some instances for five years or longer. It
is being increasingly tested as a preventive agent against the development of breast
cancer. Studies are in progress to examine potential effects of its long-term use on risks
for cardiovascular disease and osteoporosis.

1.3 Occurrence

Tamoxifen is not known to occur as a natural product.

The National Occupational Exposure Survey conducted between 1981 and 1983 in
the United States by the National Institute for Occupational Safety and Health indicated
that approximately 350 and 2100 employees were potentially occupationally exposed to
tamoxifen and tamoxifen citrate, respectively. The estimate was based on a survey of
companies and did not involve measurements of actual exposure (United States National
Library of Medicine, 1996).

1.4 Regulations and guidelines

Tamoxifen citrate is listed in the following pharmacopoeias: British, French, Greek
and United States (Reynolds, 1993; Vidal, 1995).
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2. Studies of Cancer in Humans

111troductio11

ln this section, epidemiological evidence is considered with regard to the occurrence
of second primary cancers after the use of tamoxifen (invariably as tamoxifen citrate) for
the treatment of breast cancer. These data include descriptive studies of single cases and
case series, case-control studies, cohort studies and randomized clinical trials. Data on
the use of tamoxifen in healthy women are currently very limited.

2.1 Endometrial cancer

2.1.1 Case reports

Following an initial report by Killackey et aL. (1985) of three cases of endometrial
cancer in women who received tamoxifen for breast cancer, a large number of case
reports have been published. Those available to the Working Group are summarized in
Table 1. One hundred and two cases of endometrial cancer were reported in 32 case
reports, ranging from isolated cases to series of up to 20 cases. The reports concern 72
adenocarcinomas, including 8 mucinous, 3 clear-cell adenocarcinomas and 1 serous
papilary adenocarcinoma, 14 Müllerian mixed tumours, 1 stromal sarcoma and 13 carci-
nomas not otherwise specified. (The Working Group noted that rare histological types of
endometrial cancer are over-represented in the se reports.)

2.1.2 Case series

Two groups of case series were available to the Working Group. The first comprises
series of cases of endometrial cancer following breast cancer, among whom tamoxifen
use was assessed (Table 2). ln one of these series, 15 of 53 cases had received tamoxifen,
and more of these had high-grade tumours (poorly differentiated endometrial carci-
nomas) (67%) th an in the group not treated with tamoxifen (24%; p = 0.03) (Magriples
et al., 1993). ln another series of 73 cases, of whom 23 had received tamoxifen, the
proportion of high-grade tumours was 23% in tamoxifen-treated patients and 19% in
non-treated patients. The disease stage (according to the current International Federation
of Gynecology and Obstetrics (FIGO) criteria) in this series did not differ between
tamoxifen-treated and untreated cases (Barakat et al., 1994). The second group com-
prises series of cases of breast cancer treated with tamoxifen, among whom the deve-
lopment of endometrial cancer was assessed (Table 3).

2.1.3 Case-col1trol studies

The case-control studies considered by the Working Group were those which
compared tamoxifen use in women with breast cancer who did (cases) or did not
(controls) subsequently develop endometrial cancer. A fundamental requirement for
the se controls is that they, like the cases, were at risk for developing endometrial cancer
(namely, that they had an intact uterus). The failure to consider the hysterectomy status
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Table 1. Case reports of gynaecological cancers in patients receiving tamoxifen for breast cancer

Reference, country No. of Dose Duration Latency Additional Endometrial cancers ¡,
Other cancers, Histologicaì Tumour(mg/day) (years) (years) therapy"
when specified grade' staged

cases

Kilackey et al. 3 (1 pre- aIl, 20 aIl, 0( 2 aIl, 0( 2 2 cases, chemo 2 adenocarciryomas - 2GI,IG2 aIl, l(1985) meno-
1 carcinoma (NOS)United States pausaI)

Atlante et al. 4 2 cases, 40 3 cases, 2-5 3 cases, 3-5 3 cases, chemo 4 adenocarcinomas - IGI,2G2, ail, l(1990) 2 cases, 60 1 case, ;: 5 1 case, ;: 5 1 case, radio IG3Italy

Dauplat et aL. 2 1 case, 30 1 case, 0( 2 1 case, 0( 2 NS 1 adenocarcinoma - GI NS(1990) 1 case, 20 1 case, 2 1 case, 2-5 1 adenoacanthoma NSFrance

Malfetano (1990) 7 aIl, 40 2 cases, 0( 2 1 case, 0( 2 3 cases, chemo 7 carcinomas (NOS) - 2GI,3G2, 6 cases, l ""United States 5 cases, 2-4 5 cases, 2-5
2G3 i case, NS ~1 case, ;: 5

2;0Mathew et aL. 5 3 cases, 20 2 cases, 2-5 2 cases, 2-5 NS 3 adenocarcinomas - 2Gl 1 case, l ;x(1990 ) 2 cases, NG 3 cases, ;: 5 3 cases, ;: 5 2 carcinomas (NOS) 3NS 4 cases, NS -
'TUnited States
tT
ZRodier et al. 1 40 0( 2 0( 2 Radio Adenocarcinoma - Gl II(1990 )

France

Lang-Avérous 3 10-30 2-5 2-5 NS 3 adenocarcinomas - 2GI,IG2 NSet aL. (1991)
(2 mucinous)Germany

Rasmussen & 2 both, 30 both,;: 5 both,;: 5 both, radio 2 adenocarcinomas - IG2,IG3 i case, ivNielsen (1991)

1 case, IIDenmark

SpineIli et al. 3 (preme- aIl, 40 1 case, 0( 2 1 case, 0( 2 2 cases, chemo 3 adenocarcinomas - 2GI,IG3 aIl, l(199 i ) nopausal) 1 case, 2-5 1 case, 2-5
Italy 1 case, ;: 5 1 case, ;: 5
Bocklage et al. 1 20 0( 2 0( 2 Radio and chemo MüIlerian mixed - G3(1992) tumourUnited States

N
0\

kajo
Rectangle



N
0\
N

Table 1 (contd)

Reference, country No. of Dose Duration Latency Additional Endometrial cancers"
Other cancers, Histological Tumour

(mg/day) (years) (years) therapy "
when specified grade' dcases

stage

Deprest et al. 1 40 ? 5 ? 5 Chemo Seraus papillary - G3 II( 1992) adenocarcinoma
Belgium

Le Bouëdec & 4 2 cases, 20 2 cases, -= 2 2 cases, -= 2 1 radio, 1 chemo 3 adenocarcinomas - 3GI Ali, lDauplat (1992) 2 cases, 30 2 cases, 2-3 2 cases, 2-5 2 radio + chemo 1 adenoacanthoma G2 -
;iFrance
:;Mignotte et al. 20 ail, 20 14 cases, 2-5 1 case, 2-5 13 chemo 8 in situ adeno- 16Gl 8 cases, 0
n-
3:(1992) 6 cases, ? 5 1 case, 2 carcinomas 2 G2 10 cases, l 0France 2 cases, -= 2 10 invasive adeno- 1 case, II Z

carcInomas
1 case, II 0

2 Müllerian mixed 2 NS 0:;tumours ;i
1 1 adenocarcinomas 5Gl Ali. l '"Segna et al. (1992) II 2 cases, 10 2 cases, -= 2 NG - ::United States 9 cases, 20 8 cases, 2-5

4G2 C/
1 case, ? 5 2G3 ~0Altaras et al. 1 20 ? 5 ? 5 Radio Müllerian mixed - G3 l r'(1993) tumour C

3:Israël
t'Clarke (1993) 1 20 ? 5 ? 5 0 MüllerIan mIxed - G3 l 0\
0\United States tumour

McAuliffe (1993) 5 NG NG NG NG 3 carcinomas (NOS) - 3G3 NSIreland 1 Müllerian mixed 2 NS
tumour
1 papillary adeno-
carcinoma

Palacios et aL. 1 20 ? 5 ? 5 Radio Adenocarcinoma - G2
(1993)
Spain



Table 1 (contd)

Reference, country No. of Dose DuratIon Latency Additional Endometrial cancersh
Other cancers, Histological Tumour

(mg/day) (years) (years) therapy"
when specified grade' stagedcases

Seoud et aL. (1993) 5 20 2 cases, -c 2 NG NS 3 adenocarcinomas 3G2 2 cases, 1

United States 3 cases, )0 2 1 case, II

1 Müllerian mixed NS II
tumour

1 fallopian tube
adeno-
carcinoma

Bardi et al. (1994) 1 30 )0 2 2-5 Chemo None Endometrioid GI
Italy carcinoma in '"

pel vic endo- ~
metriosis ~0

Cohen et al. 1 20 1 -c 2 None None Ovarian G2 1 ~
(1994 ) endometrioid

..
'T

Israël carcinoma tT
Z

Gherman et al. 1 20 -c 2 2 Radio None Ovarian NS
( i 994 ) granulosa cell
United States tumour

Krause & Gerber 1 30 - 2 - 2 NS Adenocarcinoma - Gl NS
(1994 )
Germany

Lanza et al. (1994) 2 1 case, 20 1 case, 5 1 case, 5 Chemo 2 adenocarcinomas - IGI,IG3 1 case, Il
Italy 1 case, 40 1 case, )0 5 1 case, )0 5 1 case, II

Sonnendecker 1 20 2 2 Radio None Fallopian tube Gl 0
et al. (1994) adenocarcI-
South Africa noma in situ

Beer et al. (1995) 1 20 5 5 None 1 adenocarcinoma + - GI Both,1
United Kingdom 1 stromal sarcoma in NS

the same patient

t'
0\w
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Table 1 (contd)

Reference, country No. of Dose Duration Latency Additional Endometrial cancers ¡,
Other cancers, Histological Tumourcases (mg/day) (years) (years) therapy"
when specified grade' staged

Dallenbach- JO 1 case, 10 2 cases, 0: 2 NS NS 3 clear-cell adeno- - IGI,9G2 Ail, lHellweg & Hahn 2 cases, 20 5 cases, 2-5 carcinomas
(1995) 7 cases, 30 2 cases, ). 5 6 mucinous adeno-
Germany 1 case, NG carcinomas

1 papillary adeno- ..
~carcinoma of ¡i

endometrioid type n
Evans et al. (1995) 6 NG 1 case, 3 NG NS 6 Müllerian mixed - NS NS ~0United Kingdom 5 cases, ). 5 tumours ZGilett (1995) 1 20 4.5 ). 5 NS None 1 leiomyo- -

1 0
c:Australia

sarcoma of ¡i
myometrium ~

'"uteri :iJose et aL. (1995) 1 20 ). 5 ). 5 Radio Adenocarcinoma GI L
C/-
~India

0LiVolsi et aL. 1 20 1 1 Radio Papillary Gl 1
l"
c:(1995)

mucinous ~United States
endocervical t'
adeno- 0\

0\
carcinoma

Sasco et aL. (1995) 1 20 0: 5 ). 5 Radio Müllerian mixed - NS IIFrance
tumour

"Chemo, chemotherapy; radio, radiotherapy
"NOS, not otherwise specified; NS, not specified; NG, not given
'Histological classification: G 1, grade 1, weil differentiated; G2, grade 2, moderately differentiated; G3, grade 3, poorly differentiated
dFIGO stages (International Federation of Gynecology and Obstetrícs): 0, carcinoma in situ; I, tumour confined to corpus; II, tumour invades cervix but does not enter beyond

uterus; II, local and/or regional spread; iv, distant metastasis or/and tumour invades bladder mucosa and/or bowel mucosa.
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Table 2. Use of tamoxifen among endometrial cancer case series following breast cancer

Reference Country
(period)

No. of

endometria1
No. (%) of
tamoxifen

Dose
(mg/day)

Duration
(years )"

Comments

cancer cases users

Hardell Sweden 23 11 (48) 40 1-9 Series also inc1uded in the case--ontrol study, p. 267. ln

(1988a) (1959-88) tamoxifen users, 6 cases also had pelvicradiotherapy for
ovarian ablation and 2 cases also had adjuvant chemotherapy;
the tumours of the corpus uteri were: 9 carcinomas,
1 carcinosarcoma, 1 anaplastic cancer.

Magriples USA 53 15 (28) 40 0.2-10 Higher-grade tumours in tamoxifen users (67% versus 24%).
et aL. ( 1980-90) (5 deaths)" (4.2) The endometrial cancers were: 9 endometrioid carcinomas, -3
(1993) 3 papilary serous carcinomas, 1 c1ear-cell carcinoma, ~

~2 Müllerian mixed tumours; 3 cases had a1so adjuvant 0
chemotherapy and 1 case pel vic radiotherapy for ovarian ~-
ablation. One premenopausal woman among the 53 cases. 'Tt'

Barakat USA 73 23 (32) 20 1-10.5 No difference in stage between tamoxifen-treated and Z
et aL. ( 1980-92) (5 deathd (4.5) untreated patients. ln tamoxifen users, 17 had adenocarcinoma
-(1994 ) of the corpus uteri, 1 had a papilary serous carcinoma, 5 had

Müllerian mixed tumours; 5 cases received adjuvant
chemotherapy; some cases received radiotherapy.

Silva et al. USA (NA) 72 15 (20) 20 0.2-5.5 ln tamoxifen users, the tumours of the uterine corpus were:
(1994 ) (1 death)h (2) 3 endometrial carcinomas, 4 c1ear-cell carcinomas, 5 serous

carcinomas, 1 Müllerian mixed tumour, 2 leiomyosarcomas.
2/15 a1so received premarin.

NA, not available
(/ Mean or median in parentheses

"Number of deaths from endometria1 cancer

N
0\
Ui
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TAMoxrFEN 267

of controls may invalidate a case-control study of endometrial cancer. Other issues to be
considered include factors which either may be determinants of risk for endometrial

cancer (age, nulliparity, obesity, diabetes, hypertension, age at menopause and use of un-
opposed oestrogen therapy) or may influence the likelihood of tamoxifen prescription
(calendar year of breast cancer diagnosis, menopausal status, and stage and oestrogen
receptor status of the breast cancer). Determinants of risk for endometrial cancer are
confounding factors in the studies discussed below only to the extent that they influence
the likelihood of tamoxifen prescription. As in any case-control study, information and
selection bias may also pertain. Finally, the possibility that endometrial cancer was
diagnosed preferentially in women who had received tamoxifen constItutes a potential
bias that is considered in greater detail in the introductory remarks to cohort studies and
randomized trials (Sections 2.1.4 and 2.1.5).

Hardell (l 988a) described a case series from a Swedish registry, covering 32 cases of
endometrial cancer diagnosed at least one year after breast cancer. He then examined the
same group in ? case-control study (Hardell, 1988b), incIuding 23 of these cases
compared to 92 age- and breast cancer-matched controls. Eleven cases (48%) compared
with 18 controls (20%) had received tamoxifen at 40 mg/day and nine (39%) cases
compared with 10 (l 1 %) controls had received pelvic irradiation. The odds ratio for
patients receiving both treatments was 7.1 (95% confidence interval (CI), 2.3-22.1)
compared to neither treatment, that for tamoxifen alone was 2.6 (95% CI, 0.7-9.6) and
that for pel vic irradiation alone was 4.7 (95% CI, 0.8-27.3). (The Working Group noted
that the presence of an intact uterus was not confirmed in the controls.)

van Leeuwen et aL. (l 994) conducted a large case-control study in the Netherlands in
which 98 cases of endometrial cancer diagnosed at least three months following breast
cancer were matched by age and date of diagnosis of breast cancer with 285 controls
with breast cancer who survived with an intact uterus at least up to the time of diagnosis
of endometrial cancer of the cases. Twenty-three cases and 58 con trois had had treatment
with tamoxifen. The relative risk associated with any use of tamoxifen was 1.3 (95% ei,
0.7-2.4). Statistically significant trends with duration and cumulative dose were found
(p .. 0.05 for both). The odds ratio for women who had taken tamoxifen for more than
two years was 2.3 (95% CI, 0.9-5.9). Most women were treated with doses of 40 mg/day
(59%), 17% received 30 mg/day and 23%, :: 20 mg/day. The duration-response trends
were similar with daily doses of 40 mg or 30 mg and less. No difference in stage or histo-
logy between the exposed and unexposed cases was found. (The W orking Group noted

that the statistical power to detect differences in risk associated with different dose
intensities of tamoxifen was low.)

Cook et al. (1995) conducted a case-control study involving women under the age of
85 years registered in the Washington State Cancer Registry with a diagnosis of breast
cancer between 1978 and 1990, who subsequently developed endometrial cancer at least
six months after breast cancer. These were matched with controls without second
primary cancer by age, year of breast cancer diagnosis and stage of cancer. Controls had
to have an intact uterus and to have survived at least up to the time of diagnosis of
endometrial cancer of their matched cases. Thirty-four endometrial cancer patients and
64 matched controls were analysed. Ali but two cases were postmenopausal. Tamoxifen
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use (mainly 20 mg/day) was more common in the controls (31 % versus 26%). After
adjustment for cytotoxic chemotherapy and duration of oestrogen replacement therapy,
the matched odds ratio for any use was 0.6 (95% CL, 0.2-1.9). The mean duration of use
was 14 months for cases and 21 months for controls. The odds ratio for more th 

an one
year's use was 0.2 (95% CI, 0.1-1.0) based on three cases and 16 controls. (The Working
Group noted the inability of this study to address risks associated with long-term use of
tamoxifen.)

Sasco et al. (1996) conducted a case-control study in Lyon and Dijon, France. Fort 

y-three cases of endometrial cancer occurring at least one year after the diagnosis of breast
cancer were matched with 177 controls for age, region, year of diagnosis of breast
cancer, intact uterus and survival with breast cancer. The median dose was 20 mg/day;
the median duration of treatment was greater in cases (63 months) than in controls (37
months); and tamoxifen was used in 67% of cases and 60% of controls (odds ratio, 1.4;
95% CI, 0.6-3.5). Information on duration of use was missing for 21% of exposed cases
and 45% of exposed contraIs. The risk appeared to increase with duration of use, with a
relative risk of 3.5 (95% CI, 0.9-12.7) for more th an five years of use. (The Working
Group noted that a difference in the percentages of cases and controls with unknown
duration of treatment cou Id have exaggerated the estimate of the effect of duration.)

2.1.4 Cohort studies

Detection bias may pertain to both cohort studies and randomized clinical trials, since
tamoxifen is known to increase the frequency of symptoms such as vaginal bleeding or
discharge which may lead to gynaecological evaluation. ln addition, tamoxifen is known
to induce benign gynaecological changes such as endometrial hyperplasia and polyps.
Other changes include poorly defined thickening of the endometrium that may be
revealed by ultrasound examination. Growth of leiomyomata may occur and provide a
further opportunity for the diagnosis of endometrial cancer.

The longer survival of tamoxifen-treated patients may lead to greater duration of
follow-up in which second cancers may occur. The appropriate methods of statistical
analysis in this context are life table analysis or analysis of rates based on person-years at
risk.

ln an abstract, Champion et aL. (1991) reported a breast cancer registry-based series
from northern Alberta, Canada. Between 1953 and 1988, a total of 1874 women had
taken tamoxifen, 20 mg/day for 22, 36 and 39 months and 8201 had not. Thirty-one
women developed uterine cancer, three (two sarcomas and one adenocarcinoma) in the
tamoxifen group and 28 in the other group. (The Working Group noted that no ad just-
ment for period of diagnosis was made in this study and the results therefore could not be
interpreted.)

Robinson et al. (1995) reviewed 586 eligible breast cancer patients without a previous
hysterectomy in a medical centre series from Texas, United States. Of 108 patients who
received tamoxifen (20 mg/day for at least one year), four developed endometrial

adenocarcinoma and, of 478 breast cancer patients who did not receive tamoxifen, four
developed endometrial cancer (odds ratio, 4.6; 95% CI, 1.3- 1 6.0). After adjustment for
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hypertension and diabetes mellitus, the odds ratio for development of endometrial cancer
after tamoxifen use was 15.2 (95% CI, 2.8-84.4). (The Working Group noted the
imprecision of the estimates and the ditterence between the crude and adjusted odds
ratios, that the results were not adjusted for folIow-up time and that the presence of an
intact uterus during folIow-up was not controlIed fOL)

Curtis et al. (1996) examined the ettect of tamoxifen on risk for endometrial cancer in
87 323 women with breast cancer reported to the SEER (Surveillance, Epidemiology and
End Results) Program in the United States. AlI women included in this study were
diagnosed with early-stage (localized or regional) breast cancer between 1980 and 1992,
were aged at least 50 years at diagnosis and had not been given chemotherapy as an
initial treatment. For 14 358 women defined as the study group, the SEER database
indicated that they had received hormonal therapy (which for over 90% was tamoxifen
treatment). After a mean follow-up of (4.4) years, 73 cancers of the uterine corpus were
observed, resulting in a standardized incidence ratio (SIR) (based on SEER incidence
rates) of 2.0 (95% CI, 1.6-2.6). The SIR for women not known to have received
hormones was significantly lower (1.2; 95% CI, 1.1-1.4). The differences in risk for
endometrial cancer between hormone-treated women and women with no/unknown
hormone treatment status were greater in five-year survivors (SIRs of 3.6 and i .2,
respectively). There was little difference in the severity of grade or stage of cancer of the
uterine corpus according to initial therapy: in hormone-treated patients, 59% of the
uterine cancers which developed were grade 1 or 2, 25% were grade 3 or 4 and for 16%
the grade was unknown (versus 63%, 21 % and 16% in no/unknown hormone treatment).
The stage distribution was: localized, 78%; regional, 12%; distant, 4%; unknown, 6%
(versus 76%, 11%, 8% and 5%, respectively). (The Working Group noted that no infor-
mation on hysterectomy status was available and that misclassification of hormonal
treatment in the study may have led to an underestimation of the difference in risk for
cancer of the uterine corpus between the two groups.)

2.1.5 Ral1domized clil1ical trials (see Table 4)

The design of randomized trials is such that they allow both known and unknown
confounding factors to be distributed randomly between treatment groups. Therefore,
these studies otter the best evidence regarding tamoxifen and the occurrence of second
cancers. However, assessment of the risk for endometrial cancer was not the principal
aim of the trials considered by the W orking Group. None of the trials included
procedures which would assure complete reporting of second primary tumours. Even in
the trials (such as those in Scandinavia) that ascertained second primary tumours after
linkage of the trial data to a population-based cancer registry, complete ascertainment of
such tumours cannot be assumed, as second primary tumours are not reported systema-
tically to cancer registries. However, there is no reason to believe that the reporting of
such tumours would be biased by being related to tamoxifen therapy. Other biases which
are relevant to randomized clinical trials are the same as those already discussed for
cohort studies.
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Table 4. Endometrial cancers in patients treated for breast cancer: summary results of randomized clinical trials of N-.0adjuvant use of tamoxifen-
Reference, No. of patients and treatment" Dose of Duration Median No, of Odds ratio
country tamoxifen (years) follow-up endometrial (95% CI)

(mg/day) (years) cancers

Pritchard et aL. (1987) 198 Tamoxifen 20 2 5.8 0
(updated by Nayfield 202 Observation 1

et aL., 1991)
Canada

..
NATO (1988) 564 Tamoxifen 20 2 5.5 0 - ;p
(updated by Nayfield 567 Observation 0 ;:n
et aL., 1991)

~United States 0
Palshof (1988) 164 Tamoxifen 30 2 9 2 - Z0Denmark (52 postmenopausal) 0

153 Placebo 0 ;:
;p(52 postmenopausal) 'i

Castiglione et al. (1990) 167 Tamoxifen + prednisone 20 1 8 0
:i- í/

Several countries 153 Observation 0 ..
Andersson et aL. (1992) 864 Tamoxifen + LRT 30 0.9 8 7 3.3 (0.6-31b)

0r
Denmark 846 LRT 2 c:
Ribeiro & Swindell 199 Premenopausal, tamoxifen 20 1 13 0

~- rr
(1992a) 174 Premenopausal, pel vic irradiation 0 0\

0\United Kingdom for ovary ablation
282 Postmenopausal, tamoxifen 20 1 max. 13 1 (1.0 (0.1-16))
306 Postmenopausal, observation 1

Rydén et aL. (1992) 244 Tamoxifen 30 1 9 5

-( (2.4 (0.5-12))

South Sweden 239 Tamoxifen + LRT 4 LRT -tamoxifen
236 LRT 2 (1 death') vers us LRT

Stewar (1992) as 661 Tamoxifen 20 ;: 5 4-10 4 (2.0 (0.4-1 1))
updated in Nayfield 651 Observation 2
et al. (1991)
Scotland
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Table 4 (contd)

Reference, No. of patients and treatment" Dose of Duration Median No. of Odds ratio
country tamoxifen (years) follow-up endometrial (95% CI)

(mg/day) (years) cancers '..'.~

Cummings et aL. (1993) 85 Tamoxifen 20 2 10 1 (1.0 (0.1-15))United States 83 Placebo
1

Boccardo et aL. (1 994a) 168 Tamoxifen 30 5 ~ 5 0
Italy 171 Tamoxifen + Chemotherapy

77 premenopausal 0
94 postmenopausal

1

165 Chemotherapy 0
Fisher et aL. (1994/ 1419 Tamoxifen 20 5 8 15 7.5 (1.-32.7)
Canada, United States

(4 deaths") ""
~1424 Placebo 2 3:

(Both received 0
tamoxifen) X..

Kedar et aL. (1994) 61 Tamoxifen 20 NG 2 0 'T- t'United Kingdom 50 Placebo 0 Z
Rivkin et al. (1994) 295 Tamoxifen 20 1 6.5 2
United States 303 Tamoxifen + Chemotherapy 3

300 Chemotherapy 0
Rutqvist et al. (1995) 1372 Tamoxifen 40 2 or 5 9 23' 5.6 (1.9-16.2)
Stockholm, Sweden

(4 deaths')
1357 Observation 4

NG, not given; LRT, local radiotherapy
"Observation: patients receiving no adjuvant therapy
h The upper 95% confidence limit reporied by Andersson et al. (1992) is probably overestimated.

'Death from endometrial cancer
dFisher et al. (1994) in a non-randomized population reponed 8 cancers of the endometrium (7 endometrioid cancers) in 1220 registered breast cancer

patients given tamoxifen for breast cancer
'One did not receive tamoxifen

N..,.
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ln a trial in Canada (Pritchard et aL., 1987, updated by Nayfield et aL., 1991), no case
of endometrial cancer was found among 198 breast cancer patients treated with
20 mg/day tamoxifen for two years, but one occurred among 202 patients receiving no
adjuvant therapy for breast cancer.

ln a trial in the United States of tamoxifen therapy (20 mg/day) for two years for
treatment of early breast cancer in women ~ 75 years old versus no treatment, the NATO
(Nolvadex Adjuvant Trial Organization) (1988) reported no case of endometrial cancer
in 564 tamoxifen patients or in 567 patients receiving no further treatment folIowing
mastectomy during 1977-81 and folIowed up for eight years.

ln a trial carried out in Denmark during 1975-78 with follow-up until 1988 of
tamoxifen therapy (30 mg/day) for two years in women who were admitted for breast
tumour (stage 1, II and ILL), Palshof (1988) reported two endometrial cancers in 52
tamoxifen-treated postmenopausal patients (0( 70 years old) and none in 52 patients in the
placebo group. ln premenopausal women, no case was found in either 112 tamoxifen-
treated patients or lOi placebo patients.

ln the IBCSG (International Breast Cancer Study Group) trial of tamoxifen (20
mg/day) plus low-dose prednisone (7.5 mg/day) therapy for one year, no endometrial
cancer was observed in either 167 treated patients aged 66-80 years with operable breast
cancer or 153 women randomized to observation (Castiglione et al., 1990). Subjects were
entered into this trial during 1978-81 and were folIowed up for a median observation
time of eight years.

A Danish study (Anders son et al., 1992) reported se ven cases of endometrial cancer
among 864 postmenopausal patients receiving radiotherapy and 30 mg tamoxifen for 48
weeks compared with two cases among 846 patients receiving radiotherapy alone.
Eleven cases were reported among a third group of 1828 untreated, 'low-risk' patients.
SIRs for endometrial cancer were computed from the incidence rates of the female
Danish population. (The most valid comparison was between women with and without
tamoxifen treatment in the radiotherapy group.) The SIRs for endometrial cancer were
1.9 (95% CI, 0.8-3.9) for patients who received radiotherapy and tamoxifen and 0.6
(95% CI, 0.1 -2.1) for patients who received radiotherapy without tamoxifen (ratio of the
SIRs, 3.3 (95% CI, 0.6-31).

After a maximal folIow-up of 13 years, Ribeiro and Swindell (1992) reported one
case of endometrial cancer among 282 postmenopausal patients ~ 70 years old treated
with tamoxifen (20 mg/day) for one year and one endometrial cancer among 306 un-
treated patients. There was no case of endometrial cancer among 19.9 premenopausal
patients randomized to tamoxifen treatment or 174 patients randomized to irradiation-
induced menopause.

ln a trial in postmenopausal women, 0( 71 years old, in Sweden, of radiotherapy alone
(236 patients), radiotherapy plus tamoxifen (30 mg/day) for one year (239 patients) or
the same tamoxifen regimen alone (244 patients), two, four and five cancers of the
corpus uteri were reported, respectively (Rydén et al. 1992). One endometrial cancer
death was reported in the group receiving radiotherapy only. The median folIow-up
period was nine years.

kajo
Rectangle



T AMOXIFEN 273

ln a Scottish trial of tamoxifen treatment (20 mg/day) for five or more years, Stewart
and Knight (1989) found three uterine sarcomas in 539 tamoxifen-treated postmeno-

pausaI patients and two endometrial cancers in 531 untreated patients. ln a subsequent set
of 374 adjuvant tamoxifen-treated patients and 373 untreated patients, one endometrial
cancer was observed in each group (Stewart, 1992). ln another report of the same trial
(Nayfield et aL., 1991), four cases of endometrial cancer were reported among 661
tamoxifen-treated patients and two cases among 651 untreated patients.

The ECOG (Eastern Cooperation Oncology Group) in the United States open to
accru al during 1978-82 (Cummings et al., 1993) found one case of endometrial cancer
among 85 treated patients 65-84 years old (20 mg/day tamoxifen for two years) and
another case among 83 placebo patients.

ln a trial of the Cooperative Group for Chemohormonal Therapy of Early Breast
Cancer (GROCTA) in Italy comparing tamoxifen (30 mg/day) for five years with six
cycles of cyclophosphamide + methotrexate + 5-fluorouracil followed by four cycles of
epidoxorubicin or a combination of the two, no case of endometrial cancer was seen

among the 168 patients randomized to tamoxifen alone or among the 165 patients
randomized to chemotherapy. One case was observed among 94 postmenopausal women
who received both treatments. Women were 35-65 years old (Boccardo et al., 1994a).

ln a large placebo-controlled trial, the National Surgical Adjuvant Breast and Bowel
Project in Canada and the United States in 1982-88, Fisher et aL. (1994) reported 15
cases of endometrial cancer among women with invasive breast cancer randomized to
tamoxifen (20 mg/day) for five years compared with two cases among the placebo group.

.It was known at randomization that the proportion of women with hysterectomy was
similar in the two groups. Both of the placebo patients with endometrial cancer had
received tamoxifen for breast cancer relapse. One of the 15 patients who developed
endometrial cancer was allocated to tamoxifen but never received it. One of the 15 endo-
metrial cancers after review was found not to be a cancer. The annual hazard rate in the
treated group was 1.6/1000 compared to 0.2/1000 in the placebo group. The latter rate
was below that of the general population, from which about seven cancers would have
been expected. The relative risk estimates were 7.5 (95% Ci, 1.7-32.7) using the placebo
control group and 2.2 (95% CI, 1.2-2.9) using population rates. The histological charac-
teristics and grades of endometrial cancer were similar to those in patients who had not
been treated with tamoxifen; 9/15 were grade 1 and Il were stage 1. Four patients alIo-
cated to tamoxifen died of endometrial cancer (among whom one never received the
treatment). (The Working Group noted that the most valid comparison was between the
group allocated to tamoxifen and the placebo control group. The rates used for calcu-
lating the expected numbers were from the United States SEER Program, whereas seven
of the 12 major contributing centres were from Canada, where the rates for endometrial
cancer are lower than in the United States.)

Kedar et al. (1994) in the United Kingdom recruited a randomized cohort of healthy
postmenopausal women with a family history of breast cancer into groups given tamo-
xifen (20 mg/day) (61) or placebo (50) (duration of treatment not specified). Fifty-five of
the treated women had detectable serum levels of tamoxifen. No endometrial cancer was
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found in either group (median follow-up period, two years). (The Working Group noted
the small numbers and short follow-up period.)

The SWOG (Southwest Oncology Group) in the United States (Rivkin et al., 1994)
reported two cases of endometrial cancer among 295 postmenopausal patients treated
with tamoxifen alone, three cases among 303 patients given tamoxifen and chemotherapy
and none among 300 patients given chemotherapy alone during 1979-89.

Fornandôr et al. (1989) and Rutqvist et al. (1995) reported a study of endometrial
cancer in the trial of treatment of postmenopausal women .. 71 years old with tamoxifen
(40 mg/day) for two or five years. 'Low-risk' patients (1774) and 'high-risk' patients
(955) were randomized to tamoxifen or no tamoxifen; 678 of the 'high-risk' patients
were also randomized to receive either radiotherapy or chemotherapy. Of the patients
who received tamoxifen for two years, 809 were re-randomized to stop treatment or
receive an additional three years of tamoxifen therapy. After a median follow-up time of
nine years, 23 (one refused to take tamoxifen) endometrial cancers were found in 1372
patients randomized to tamoxifen versus four in 1357 untreated women (RR, 5.6; 95%
CI, 1.9-16.2). Other corpus uteri cancers were reported: one in the tamoxifen-allocated

group and three in the untreated group. A joint analysis of three Scandinavian trials (in
Stockholm, Denmark (Anders son et aL., 1992) and the south Sweden (Rydén et aL.,
1992)) presented in the same paper also showed a significant increase in the risk for
endometrial cancer in tamoxifen-allocated patients (RR, 4.1; 95% CI, 1.9-8.9).
Fornander et al. (1993) provided further details of 22 of the cases in the Stockholm trial,
17 of whom had actually received tamoxifen (out of 19 patients assigned to receive it).
Ali cases were grade 1 or grade 2, and ail but three were stage 1. Endometrial cancer

developed less than two years from the beginning of tamoxifen treatment in five of the
17 treated cases and after five years in four cases. Nine cases had received radiotherapy
and two others had recei ved chemotherapy. There were three deaths from endometrial
cancer among the 17 cases receiving tamoxifen.

2.2 Breast cancer

2.2.1 Case-col1trol study

Cook et al. (1995) conducted the only case-control study that considered contralateral
breast cancer. A total of 188 (18 receiving tamoxifen) .. 85-year-old cases in Washington
State, United States, were matched to 328 (58 receiving tamoxifen) controls without
second primary cancer as described in Section 2.1.3. A 50% reduction in new breast
tumours was observed for any use of tamoxifen (matched odds ratio, 0.5; 95% CI, 0.3-
0.9) and an increased protection in women who used tamoxifen for more th an one year
(matched odds ratio, 0.4; 95% CI, 0.2-0.9). Odd ratios for any use of tamoxifen were
somewhat larger in premenopausal than in postmenopausal women (0.7 versus 0.4), but
were similar in pre- and postmenopausal women who used tamoxifen for more than one
year (0.3 versus 0.4).

J
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2.2.2 Cohort study

ln the study by Curtis et al. (l 996) (described in Section 2.1.4) of 87 323 breast
cancer patients reported to the United States SEER Program, tamoxifen-treated patients
had an SIR for contralateral breast cancer of 1. 1 (95% CI, 1.0-1.3), compared with an
SIR of 1.6 (95% CI, 1.5-1.7) for patients not known to have received tamoxifen. This
represents a significant reduction (of approximatel y 30% J in the risk for contralateral
breast cancer in tamoxifen-treated patients.

2.2.3 Ral1domized clil1ical trials

Results of trials of contralateral breast cancer following tamoxifen treatment are
summarized in Table 5.

ln Canada, Pritchard et aL. (1987) (updated by Nayfield et aL., 1991) found no diffe-
rence in the risk of contralateral breast cancer: 3 cases in 198 tamoxifen-treated patients
and 3 cases in 202 untreated patients.

ln a trial of tamoxifen (20 mg/day) for two years versus no treatment, the NATO
(Nolvadex Adjuvant Trial Organization) (1988) and Nayfield et aL. (l 991) reported 15
contralateral tumours in 564 tamoxifen-treated patients and 17 in 567 untreated patients.

A Danish study (Andersson et al., 1992) reported 8 cases of contralateral breast
cancer occurring at least one year after the first primary cancer among 864 patients
receiving radiotherapy and tamoxifen (30 mg/day) for 48 weeks compared with 10 cases
among 846 patients receiving radiotherapy alone. A third group of 1828 untreated, 'low-
risk' patients (with longer survi val J experienced 10 cases in this period.

Baum et al. (1992), of the Cancer Research Campaign Breast Cancer Trials Group in
the United Kingdom, in a 2 x 2 trial of 20 mg/day tamoxifen or perioperative cyclo-
phosphamide found no overall effect of tamoxifen on contralateral breast tumours (RR,
0.9; 95% CI, 0.5- 1.5). However, a reduction was seen in postmenopausal women (RR,
0.5; 95% CI, 0.2- 1.1), but not in premenopausal women (RR, 1.4; 95% CI, 0.6-3.3).

After a maximal 13 years of follow-up, Ribeiro and Swindell (1992) reported seven
cases of contralateral breast cancer in 282 postmenopausal patients treated with

tamoxifen (20 mg/day) for one year and nine in 306 untreated patients.

ln a trial in southern Sweden of radiotherapy alone (236 patients), radiotherapy plus
tamoxifen (30 mg/day) for one year (239 patients) or the same tamoxifen regimen alone
(244 patients), 15, 11 and 9 contralateral breast cancers were reported, respectively

(Rydén et al., 1992).
ln a Scottish trial of tamoxifen (20 mg/day) treatment for five or more years, Stewart

(1992) found seven contralateral breast cancers in 374 tamoxifen-treated patients and 20
in 373 untreated patients.

The ECOG (Eastern Cooperative Oncology Group) group (Cummings et al., 1993)
found one case of contralateral breast cancer among 85 patients treated with tamoxifen
(20 mg/day) for two years and five among 83 untreated patients.

ln a trial of the Cooperative Group for Chemohormonal Therapy of Early Breast
Cancer (GROCTA) in Italy comparing tamoxifen (30 mg/day) for five years against



N..
0\Table 5. Contralateral breast cancers: summary resuIts of randomized clinical trials of adjuvant use of

tamoxifen

Reference, No. of patients and treatment Dose of Duration Median No. of Odds ratiocountry tamoxifen (years) follow-up contralateral (95% CI)
(mg/day) (years) breast cancers

Pritchard et aL. 198 Tamoxifen 20 2 5.8 3 (1.0 (0.2-5.0))
( 1987) 202 Observation

3
(updated by -

~Nayfie1d, 1991)
:;Canada ("
~NATO (1988) 564 Tamoxifen 20 2 5.5 15 (0.9 (0.4-1.8)) 0(updated by 567 Observation 17 Z
0Nayfield et al.,
01 991 ) :;
;¡United States 'i
::Palshof (1988) 164 Tamoxifen 30 2 9 3 (0.7 (0.2-3.1)) C/

Denmark 153 Placebo 4 ~0Castiglione et aL. 167 Tamoxifen + prednisone 20 1 8 1 (0.2 (0.03-2.0)) l'
c:( 1990) 153 Observation 4 ~Several countries t'
0\Andersson et aL. 864 Tamoxifen + LRT 30 0.9 8 8 (0.8 (0.3-2.0))
0\

(1992 ) 846 LRT 10
Denmark
Ribeiro & Pre- menopausa1
Swindell (1 992a) 199 Tamoxifen 20 1 Max. 13 3 (1.3 (0.2-7.6))United Kingdom 174 Pel vic irradiation 2

Post-menopausal
282 Tamoxifen 20 1 Max. i 3 7 (0.8 (0.3-2.2))306 Observation 9
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Table 5 (contd)

Reference, No. of patients and treatment Dose of Duration Median No. of Odds ratiocountry tamoxifen (years) follow-up contralateral (95% CI)
(mg/day) (years) breast cancers

Rydén et al. 244 Tamoxifen 30 1 9 9 (0.6 (0.3-1.3))(1992) 239 Tamoxifen + LRT Il (0.7 (0.3-1.5))Southern Sweden 236 LRT
15

Stewart (1992) 374 Tamoxifen 20 2' 5 4-10 7 (0.3 (0.1-0.8))Scotland 373 Observation 20
-3Cummings et al. 85 Tamoxifen 20 2 10 1 (0,2 (0.02-1.6)) ;p(1993) 83 Placebo

5 3;
0United States
~..Boccardo et al. 168 Tamoxifen 30 5 2' 5. 0 - "Tt'(1994a) 171 Tamoxifen + Chemotherapy

1 ZItaly 165 Chemotherapy 4 (0.2 (0.03-2.1))
Fisher et al. 1419 Tamoxifen 20 5 8 30 (0.6 (0.4-1.0))(1994 ) 1424 Placebo 49
Canada, United

States

Rutqvist et al. 1372 Tamoxifen 40 2 9 40 0.6 (0.4-0.9)
( 1995) 1357 Observation 66Stockholm,
Sweden

LRT, localized radiation therapy

N....
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chemotherapy or a combination of the two, four contralateral breast tumours were seen in
the 165 patients randomized to chemotherapy, one contralateral tumour in the 171
patients who received both treatments and none in the 168 patients who received tamo-

, xifen alone (Boccardo et aL., 1994a).

ln a placebo-controlled trial of tamoxifen (20 mg/day) for five years, Fisher et al.
(1994) found 30 primary contralateral tumours in 1419 patients who received tamoxifen
in the first five years of follow-up compared with 49 cases among 1424 patients
receiving placebo. The reduction in incidence rate was 42%.

ln a Swedish trial of treatment with tamoxifen (40 mg/day) for two or five years,
Rutqvist et al. (1995) reported 40 contralateral tumours in 1372 women in the tamoxifen
group and 66 in 1357 untreated patients. The risk ratio was 0.6 (95% Ci, 0.4-0.9).

AIl of the studies mentioned above, and many other randomized trials, were included
in an overview of data available up to 1990 on the occurrence of contralateral breast
cancer in women allocated to tamoxifen treatment in trials (EBCTCG (Early Breast
Cancer Trialists' Collaborative Group), 1992). ln contrast to the analyses in some of the
original reports, the life table method of analysis was used in this overview. Based on the
occurrence of 122 contralateral breast cancers in 9128 tamoxifen-allocated women and
184 breast cancers in 9135 control patients, a 39% reduction in risk for contralateral
breast cancer was observed (p -: 0.00001). The effects were greater in trials using longer
duration of tamoxifen treatment (reductions of risk were 26% for less than two years of
tamoxifen treatment, 37% for two years of treatment and 53% for more than two years of
treatment), although this was not statistically significant.

2.3 Liver cancer

2.3.1 Case report

Johnstone et aL. (1991) reported a single case of primary hepatocellular carcinoma in
a woman who had received 20 mg tamoxifen daily and chemotherapy. The tumour
developed six months after treatment began.

2.3.2 Cohort studies

There is probably some under-reporting of primary liver cancer in folIow-up studies
of breast cancer patients, because of confusion of the se tumours with metastases from the
breast.

Mühlemann et al. (1994) examined the incidence of hepatocellular cancer from 1974
to 1989 in white women aged 50 years or more with breast cancer in the United States
and found no evidence of an increase after the introduction of tamoxifen in 1977.

Curtis et al. (1996) reported on liver cancer risk in 87 323 breast cancer patients

reported to the United States SEER Program (see Section 2.1.4). ln tamoxifen-treated
patients, three cases of liver cancer were observed (SIR, 1.1; 95% CI, 0.2-3.2) and, in the
larger group of patients not known to have received tamoxifen, eight cases were seen
(SIR, 0.4; 95% CI, 0.2-0.7). (The Working Group noted that the low SIR for liver cancer
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in patients not known to have received tamoxifen may indicate underascertainment of
liver cancers following breast cancer.)

2.3.2 Ral1domized clil1ical trials

ln the Swedish trial (see p. 274), Rutqvist et al. (1995) reported three cases of hepato-
biliary (two liver) cancer among subjects randomized to tamoxifen (40 mg/day) for two
or five years and one case among untreated patients. Two of the three cases had been
treated for 20 and 46 months, respectively (Rutqvist, 1993). Verification of the exposure
was not reported for the third case.

The Danish study by Andersson et al. (1991) (see p. 271) reported one case of hepato-
biliary cancer among 864 treated breast cancer patients (30 mg/day tamoxifen for 48
weeks + radiotherapy) and two cases among 846 radiation-treated breast cancer patients.

A study from southern Sweden (Rydén et al. 1992) reported two cases of hepato-
biliary cancer among 244 patients who had received tamoxifen (30 mg/day) for one year,
no case among 239 patients who had received tamoxifen plus radiotherapy and no case
among 236 patients treated with radiotherapy alone.

No case of liver cancer was reported among 1419 tamoxifen-treated (20 mg/day for
5 years) patients and 1424 controls in the NSABP (National Surgical Adjuvant Breast
and Bowel Project) B-14 trial (Fisher et al., 1994).

2.4 Other cancers

2.4.1 Case reports

Reports exist of one case of papillary mucinous endocervical adenocarcinoma, one in-
situ and one invasive fallopian tube adenocarcinoma, one endometrioid carcinoma of the
pel vic endometrium, one endometrioid carcinoma, one granulosa cell tumour of the
ovary and one leiomyosarcoma of the myometrium uteri among women treated with
tamoxifen (see Table 1).

2.4.2 Case-col1trol study

Cook et aL. (1995) reported on a population-based study of ovarian, endometrial and
contralateral breast cancers following tamoxifen therapy of breast cancer patients. The
results for endometrium and breast cancer have been reported above (pp. 267-268 and
274). For ovarian cancer, 34 cases (6 given tamoxifen) were compared with 89 controls
who did not develop a second primary cancer, of whom 18 were given tamoxifen
(matched odds ratio, 0.6; 95% Ci, 0.2-1.8).

2.4.3 Cohort studies

Curtis et al. (1996) reported the risks for various second cancers in 87 323 breast
cancer patients reported to the United States SEER Program (see p. 269). Between
patients who had initial tamoxifen treatment and those not known to have received such
treatment, there was no difference in the risks for ovarian cancer, digestive tract cancers
or cancers at various other sites (other than endometrial cancer and contralateral breast
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cancer). The observed/expected ratios for aIl digestive system cancers combined were 1.0
(95% CI, 0.9-1.2) in tamoxifen-treated women and 0.9 (95% CI, 0.9-1.0) in women not
known to have received tamoxifen treatment.

2.4.3 Ral1domized clil1ical trials

Two reports of randomized trials have been published which address the risks for
second cancers other th an those of the endometrium, breast and liver.

ln a large trial (see p. 273), Fisher et al. (1994) found no significant difference

between women allocated to tamoxifen and women allocated to placebo in the risk for
second cancers of the colon, rectum, ovary or other sites.

ln a joint analysis of three Scaildinavian trials (see p. 274), Rutqvist et al. (1995)
reported an excess risk for gastrointestinal cancer in tamoxifen-allocated women
compared with those in untreated groups (RR, 1.9; 95% CI, 1.2-2.9). The relative risk
for colorectal cancer was 1.9 (95% CI, 1.1-3.3) and that for stomach cancer was 3.2
(95% CI, 0.9-11.7). For other sites, no difference was observed between tamoxifen-
allocated patients and untreated patients. (ln view of the number of comparisons made,
these results should be interpreted with caution.)

3. Studies of Cancer in Experimental Animais

ln the studies reviewed here, the usual form of tamoxifen citrate will be referred to as
tamoxifen.

3.1 Oral administration

3.1.1 Mouse

ln a study reported in a monograph, groups of 25 male and 25 female Alderley Park
Strain 1 mice (age unspecified) were given 0 (control), 5 or 50 mg/kg hw tamoxifen
(purity not specified) per day by gastric instilation for three months. The mice were then
maintained for 12 months on a diet containing tamoxifen at concentrations to provide 0,
5 or 50 mg/kg bw tamoxifen, after which the experiment was terminated because of
skeletal abnormalities in many of the exposed mice. Numbers surviving at 15 months
were 16/25 control, 11/25 low-dose and 17/25 high-dose males and 15/25 control, 17/25
low-dose and 12/25 high-dose females. ln males, interstitial cell tumours of the testes
were found in 0/25 control, 2/25 low-dose and 21/25 high-dose animais. ln females,
granulosa-cell adenomas of the ovary were found in 0/25 control, 9/25 low-dose and 9/25
high-dose animaIs. Two other studies at lower doses were briefly described (Tucker
et al., 1984). (The Working Group noted that the descriptions of these lower-dose studies
did not provide sufficient information for evaluation.)
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3.1.2 Rat

Groups of 51 male and 52 female Alderley Park Wistar-derived rats, five weeks of
age, were given 5, 20 or 35 mg/kg bw tamoxifen (purity not specified) per day by gastric
instillation in 0.5% hydroxypropyl methylcellulose for two years. A control group of 102
male and 104 female rats was given the vehicle alone. Moribund animaIs and those
surviving to the end of the exposure period were kiled and subjected to necropsy; ail
major tissues were examined histologically. Growth was reduced (by about 30% in
females and 40% in males) in all tamoxifen-treated groups compared with controls.
Survival was reduced in the groups given the two higher doses but increased in those
given the lower dose. The reduced survival was attributed to early deaths from liver
tumours and resulted in termination of the study at 87 weeks for the mid-dose group and
at 71 weeks for the high-dose group. Hepatocellular adenomas occurred in 1/1 02 control,
8/51 low-dose, 1 1/51 mid-dose and 8/51 high-dose males and in 1/104 control, 2/52 low-
dose, 6/52 mid-dose and 9/52 high-dose females (p ~ 0.0001 for trend). HepatocelIular
carcinomas were found in 1/ 1 02 control, 8/51 low-dose, 34/51 mid-dose and 34/51 high-
dose males and in 0/1 04 control, 6/52 low-dose, 37/52 mid-dose and 37/52 high-dose
females (p ~ 0.001). Hepato/cholangiocellular carcinomas were found in 0/102 control,
0/51 low-dose, 2/51 mid-dose and 5/51 high-dose males and in 0/1 04 control, 0/52 low-
dose, 4/52 mid-dose and 5/52 high-dose females (p ~ 0.0001 for trend). No increase in
the incidence of tumours was observed at any other site. Significant decreases in tumour
incidence were observed in the pituitary and parathyroid glands of males and in the
pituitary and mammary glands of females (see Table 6) (Greaves et al., 1993). (The
W orking Group noted that part of the reduction in tumour rates may have been related to
decreased body-weight gain.)

ln a study that also evaluated toremifene, groups of 57, 84 and 75 female Sprague-
Dawley (Crl:CD(BR)) rats, approximately six weeks of age, were given 0, 11.3 and 22.6
mg/kg bw tamoxifen (99% pure) per day by gastric instillation in 0.5% carboxymethyl-
cellulose on seven days per week for up to 12 months followed by a three-month reco-
very period. Nine rats fromeach group were kilIed at three and six months. At 12
months, 18 control, 36 low-dose and 24 high-dose rats were killed. The experiment was
terminated at 15 months. AlI rats, inc1uding those found dead or moribund, were
subjected to necropsy; organs examined histopathologically inc1uded liver, ovaries,
uterus, mammary gland, adrenal .glands, kidneys, tail bone, sternum, brain and pituitary.
Weight gain in both groups receiving tamoxifen was less than that in controls. ln the
group killed at 15 months, uterine weights were significantly reduced in both high- and
low-dose treated groups. A significant increase in the incidence of hepatocellular carci-
nomas occurred in both treated groups, compared with controls. At 12 months, the
incidence of hepatocellular carcinomas was 0/18 control, 16/36 Iow-dose and 24/24 high-
dose animais (p ~ 0.001); that at 15 months was 0/13, 13/21 and 8/9, respectively
(p ~ 0.001). The incidence of hyperplasia in the mammary gland and the incidence of
pituitary adenomas were decreased in tamoxifen-treated animaIs (Hard et al., 1993). (The
Working Group noted the small numbers of animaIs, that the exposure was for one year
and that the study was terminated at 15 months.)
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Table 6. Incidence (%) of tumours in Alderley

Park Wistar-derived rats exposed to tamoxifen

Tumour Dose (mglkg bw per day)

o 205 35

Females
Mammary adenocarcinomas" 9

Pituitary adenomash 73
Liver adenomasb 1
Liver carcinomasb 0

Males
Pituitaryadenomasc 14
Parathyroid gland adenomasd 10
Liver adenomasb 1
Liver carcinomasb 1

0 0 0
0 0 0
4 12 17

12 71 71

2 0 0

0 0 0
16 22 16

16 67 67

From Greaves et aL. (1993)
"p 0( 0,02, trend test
h po( 0.0001, trend test

'p = 0.009, trend test
d p = 0.003, trend test

ln a study that also included toremifene, groups of 20 female Sprague-Dawley rats,
six weeks of age, were given 0, 11.3 or 45 (maximum tolerated dose, MTD) mglkg bw
tamoxifen (purity :; 99%) in carboxymethylcellulose per day by gastric instilation on
seven days per week for up to one year. Five animais from each group were kiled after
26 weeks and 52 weeks of treatment; all surviving rats were kiled 65 weeks after the
beginning of treatment. Weight gain was reduced in both tamoxifen-treated groups. No
tumour was found in animaIs kiled at 26 weeks. At 52 weeks, the incidences of hepato-
cellular carcinomas were 0/5 control, 0/5 low-dose and 3/5 high-dose animaIs; those at
65 weeks were 0/8, 0/8 and 5/6, respectively. Histopathological findings in tissues other
than the liver were not reported (Hirsimäki et al., 1993). (The Working Group noted the
small numbers of animaIs, that the exposure was for oneyear and that the study was
terminated at 65 weeks.)

Groups of 55-57 female Sprague-Dawley (Crl:CD(BR) Charles River) rats, six weeks
of age, were given 0, 2.8, 11.3 or 45.2 mg/kg bw tamoxifen (purity not specified) per day
by gastric instillation in 0.5% carboxymethylcellulose on seven days per week for up to
12 months, followed by a three-month recovery period. Mortality was 5.3% in control,
9.0% in low-dose, 1.7% in mid-dose and 40% in high-dose animais. AlI tamoxifen-
treated animais had weight gain depression and sorne developed alopecia. Among the
seven high-dose rats examined at six months, five had adenomas and two had carci-
nomas. At 12 months of exposure, the incidences of hepatic adenomas were 5/10 mid-
dose and 2/4 high-dose rats. The incidence of liver carcinomas in the se groups was 1/10
and 3/4, respectively. During the three months of recovery, the occurrence of carcinomas
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in the mid-dose group increased to 5/1 1. No liver tumour was seen in control or low-dose
groups (Williams et al., 1993). (The Working Group noted that exposure was for only
one year and that the study was terminated at 15 months.)

ln a study that incIuded toremifene, groups of five female Sprague-Dawley rats, six
weeks of age, were given 0, 1 1.3 or 45 (MTD) mg/kg bw tamoxifen (purity :: 99%) per
day by gastric instillation in 0.5% carboxymethylcellulose seven days per week for 12
months. Groups were killed at 12 months or after a further 13 weeks of recovery. The
incidence of liver tumours (hepatocellular carcinomas) at 12 months was 0/5 control, 0/5
low-dose and 4/5 high-dose animaIs; that at 65 weeks was 0/5, 0/5 and 5/5, respectively
(Ahotupa et al., 1994). (The W orking Group noted the small number of animaIs and that
the exposure was for only one year.)

ln a study that also included droloxifene, groups of 50 male and 50 female rats (strain
and age not specified) were given to 0 (control), placebo (not specified) or 36 mg/kg bw
tamoxifen (purity not specified) in the di et for 24 months. The incidences of hepato-
cellular carcinomas were: males - control, .0/50; placebo, 0/50; tamoxifen, 49/50;
females - control, 0/50; placebo, 0/50; tamoxifen, 50/50 (Hasmann et al., 1994). (The
Working Group noted the lack of experimental detail.)

Groups of 10 female Fischer (344/Tox), Wistar (LAC-P) and Lewis (LEW Oka) rats,
six weeks of age, were fed either basal diet or diets containing 420 mg/kg diet (ppm)
tamoxifen (purity :: 98%) until 50% mortality was reached, at which time all surviving
animais were kiled. ln groups of five rats killed after 90 days of exposure, the incidence
of hepatocellular altered foci was increased in the Wistar and Lewis animaIs (Table 7). ln
rats killed at 180 days, no liver tumour was present in controls, while, in treated rats, the
incidence was 3/5 in Wistar, 1/5 in Lewis and 0/5 in Fischer rats. By Il months, 50% of
the tamoxifen-treated Wistar and Lewis rats developed palpable liver nodules or were in
ill health and the se animaIs were killed. ln the Wistar and Lewis rats kiled at or before
1 1 months, ail 10 had multiple liver tumours of which one or more was a carcinoma. ln
Fischer rats, 50% mortality was reached at 20 months and the remaining animais were
killed at this time. Ail 10 rats exhibited at least one hepatocellular carcinoma (Carthew
et aL., 1995a).

ln a compilation of three experiments also including toremifene, reported in the

proceedings of a meeting, groups of 109, 25 or 104 female Sprague-Dawley rats (age not
specified) were given tamoxifen (:: 99% pure) at 0, 11.3 or 45.0 mg/kg bw per day
7 days per week, for 20, 26 or 52 weeks with recovery periods of 12 or 13 weeks. ln the
high-dose group, squamous-cell metaplasia of the endometrium was found in 10 rats,
dysplasia with metaplasia in three and squamous-cell carcinoma in two. The carcinomas
were found after 20 or 26 weeks of dosing and a recovery period of 12- 13 weeks.

Among control or low-dose animaIs, no lesion of the uterus was reported (Mäntylä et aL.,
1995, 1996). (The Working Group noted the lack of study details.)
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Table 7. Hepatocellular altered
fod in tamoxifen-exposed rats at
90 days of treatment

Strain Exposure Foci per cm2

Wistar None 1.5 :t 0.4
Tamoxifen l4.0:t 2,211

Lewis None 0.9:t 0.3

Tamoxifen 3.8:t 1.011

Fischer None 1.0 :t 0,6
Tamoxifen 1.5 :t 0.6

From Carthew et aL. (1 99Sa)
"p -( 0.05

As part of a tumour-promotion study in which toremifene was also included, groups
of 14-22 female Sprague-Dawley rats, weighing 130 :: 10 g (age not specified), were
subjected to partial hepatectomy and two weeks later were exposed to tamoxifen (purity
not specified) in the diet at concentrations of 0 (control), 250 or 500 mg/kg diet (ppm) for
up to 18 months. Both exposures to tamoxifen suppressed body-weight gain. ln animais
killed at six months, uterine weights were reduced. At this time, increases were found in
both the number and volume of hepatocellular altered foci identified by staining for
y-glutamyl transpeptidase. Incidences of hepatic neoplastic nodules were not increased.
ln the remaining animaIs kiled at 18 months, hepatocellular carcinomas were found in
0/22 controls, 1/15 low-dose and 8115 high-dose rats (Dragan et aL., 1995).

3.2 Subcutaneous administration

3.2.1 Mouse

ln a study using a strain of mouse with a high incidence of mammary tumours, groups
of female C3H/OUJ mice, received a subcutaneous implantation of a silastic capsule
containing 28 mg tamoxifen (release, 125 iig/day for at least six months) (purity not
specified) on the back at two weeks (IL mice) or at five weeks (15 mice) after a
pregnancy/weaning cycle (3.5 months of age). A control group of 1 i mice received

implantations of a placebo silastic capsule at the start of the experiment. After 15
months, the percentage of mi ce with mammary tumours was 100% in the controls, about
20% in the group exposed to tamoxifen at two weeks and about 50% in the group
exposed to tamoxifen at five weeks (Jordan et al., i 990). (The Working Group noted that
only the uterus and mammary glands were examined and only macroscopically.)

ln a study using a strain of mouse with a high incidence of mammary tumours, two
groups of 30 female C3H/OUJ mice, 2.5 nionths of age, were ovariectomized and two
further groups of 30 females were left intact. Two weeks later, one ovariectomized and
one intact group received an implantation of a silastic capsule containing 28 mg tamo-
xifen (release, approximately 125 iig/day for six months) (purity not specified). The
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capsules were replaced every six months up to 17 months of treatment. Mice were
observed up to 27 months of age. ln the intact controls, the mammary tumour incidence
was 100% by about 20 months of age. This was reduced to about 20% by tamoxifen. ln
ovariectomized mice, the incidence of mammary tumours was 50%, which was reduced
to about 20% by tamoxifen. ln a further experiment, four groups of 20 female C3H/OUJ
mice, three months old, received a tamoxifen capsule implant for three, six or 12 months
(capsule replaced at six months in this group). The incidence of mammary tumours in
controls was 100% by 17 months, whereas ail tamoxifen-treated groups had an incidence
of about 25% (Jordan et al., 1991). (The W orking Group noted that only the mammary
gland was examined and only macroscopically.)

3.2.2 Rat

As part of a tumour-promotion study, groups of 10 female Sprague-Dawley rats,
weighing 125- 1 75 g (age not specifiedJ, were subjected to partial hepatectomy and, one
week later, received subcutaneous implants of time-release tablets providing 0 or
50 ¡.g/day tamoxifen. At four months, the body weights of treated rats were significantly
lower than those of controls. The livers were examined for y-glutamyl transpeptidase-

positive altered hepatocellular foci. Controls had 0.07 :t 0.08 foci/cm2, whereas
tamoxifen-exposed rats had 1.1 1 :t 0.25 foci/cm2 (Yager et al., 1986).

3.3 Administration with known carcinogens

3.3.1 Mouse

Groups of 25-70 female Swiss mice, six to eight weeks of age, were ovariectomized
or left intact and were divided into seven groups, one of which was left untreated; the
others received a beeswax-impregnated thread inserted into the canal of the uterine
cervix; subcutaneous injection of olive oil thrice weekly; an intracervical insertion of
thread impregnated with 3-methylcholanthrene (MCA); an MCA-impregnated thread
plus subcutaneous injections of 50 ¡.g/kg bw tamoxifen in olive oil three times per week;
a beeswax thread plus tamoxifen; or tamoxifen alone. The experiment lasted for at least
393 days. Vaginocervical smears were taken to monitor cervical dysplasia and carci-
noma. ln intact mice, the incidence of cervical carcinoma in mice exposed to MCA was
60 :t 8.2%, while, in mice receiving MCA and tamoxifen, it was 30 :t 6.8%. No other
intact mouse developed a carcinoma. ln ovariectomized mice, the incidence of cervical
carcinoma in the MCA-treated group was 62 :t 7.2% and that in the mice also receiving
tamoxifen was 27 :t 6.7%. No other ovariectomized mou se developed a carcinoma

(Sengupta et aL., 1991).

Groups of four to six male and female BALB/c/Bln mice, 8-12 weeks of age, were
given intraperitoneal injections of diluted serum from leukaemic mi ce infected with the

Rauscher murine leukaemia virus. Starting one day later, mice were given intraperitoneal
injections of 0.2, 0.5 or 1 mg/animal tamoxifen (purity not specified) in dimethyl

sulfoxide three times a week for three weeks (total doses, 1.6,4 and 8 mg). At the end of
treatment, the mice were killed and spleens were weighed as an index of leukaemic
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disease. Compared to the controls, the spleen weights of the tamoxifen-treated animais
were about 60%, 45% and 20% in the low-, mid- and high-dose groups, respectiyely,
indicative of reduced leukaemic activity (Sydow & Wunderlich, 1994).

3.3.2 Rat

A group of 36 male Fischer rats, approximately three months of age, was given a
single gastric instillation of 100 mg/kg bw N-nitrosodiethylamine (NDEA), then fed a
diet containing 200 mg/kg diet (ppm) 2-acetylaminofluorene (2-AAF) (duration not
specified) and underwent partial hepatectomy. Six weeks after cessation of 2-AAF
treatment, one group of 17 rats was maintained with no further treatment. The remaining
rats were divided into three groups of seven, five and five animaIs that were given sub-
cutaneous injections of 0.25, 1.0 and 2.5 mg/animal tamoxifen (purity not specified) in
peanut oil twice a week. The experiment was terminated at 10 months. From graphie
presentations, the incidence of liver malignancy (not further specified) was about 75% in
controls and 10% in the low-dose, 25% in the mid-dose and 35% in the high-dose
tamoxifen-treated groups (Mishkin et al., 1985).

Groups of 7-15 female Sprague-Dawley rats, 50 :: 2 days of age, were given 12 mg
7,12-dimethylbenz(a)anthracene (DMBA) per animal as a single gastric instilation in
sesame oil. After six weeks, when mammary tumours had reached about 1 cm in
diameter, groups were treated with 0, 1.0, 3.0 or 7.5 mg/kg bw tamoxifen (? 98% pure)
per day by gastric instillation for at least five weeks. The numbers of new tumours per
animal were 3.0 :: 2.6 in controls and 2.0 :: 0.6 in low-dose, 2.1 :: 1.4 in mid-dose and
0.3 :: 0.5 in high-dose tamoxifen-treated groups (Kangas et al., 1986) (The Working
Group noted the small numbers of animaIs.)

Groups of 10 female Sprague-Dawley rats, weighing 125- 175 g (age not specified),
were given 25 mg/kg bw NDEA by intraperitoneal injection 24 h after partial
hepatectomy (Yager & Shi, 1991). One week later, the animaIs received implants of a
time-release tablet containing quantities of tamoxifen to give a daily release of 15 or
50 llg or no tamoxifen. At four months, liver samples were examined for y-glutamyl
transpeptidase-positive altered hepatocellular foci. The body weights of treated rats were
substantially lower th an those of controls. The incidence of altered foci per cm2 was

0.9 :: 0.3 in controls, 7.1 :: 1.9 in low-dose and 4.9 :: 1.0 in high-dose tamoxifen-treated
rats (Yager et al., 1986).

Male Sprague-Dawley rats, eight weeks of age, were given 200 mg/kg bw NDEA by
intraperitoneal injection and were alIocatecÍ to four groups two weeks later: four rats were
fed olive oil in the diet; 12 rats were fed 1 mg/animal tamoxifen (analytical grade) in the
diet daily; eight rats were fed 0.5 mg/animal diethylstilboestrol (DES) in olive oil in the
diet daily; and 1 1 rats were fed both DES and tamoxifen. At eight months, the incidence
of altered foci in the liver was q~antified using y-glutamyl transpeptidase as a marker.
The numbers of foci per cm2 (derived from graphic presentations) were about 10 in the
NDEA-treated rats, about 20 in the NDENtamoxifen-treated rats, about 16 in the
NDENDES-treated rats and about 22 in the NDEA/ES/tamoxifen-treated rats. The
lesions in the NDENtamoxifen-treated group were larger than those in the group given

.-1
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NDEA al one, whereas, when tamoxifen was given with NDEA/DES, the lesions were
smaller than with NDEA/ES alone (Kohigashi et al., 1988).

Groups of 20 female Sprague-Dawley rats, 50 days of age, were giv,en 20 mg/animal
DMBA in peanut oil by gastric instillation. Twenty-eight days later, one group was
treated with 200 ¡.g/animal tamoxifen per day by gastric instillation, the other one with
pean ut oil. At 100 days after DMBA administration, 75% of the rats given DMBA alone
had developed mammary tumours, whereas, in the group also receiving tamoxifen, less
than 20% had tumours. Cessation of tamoxifen treatment after four months led to the
development of mammary tumours, so that by 4.5 months about 70% of animaIs had
tumours (Robinson et al., 1988).

Groups of 12 female Sprague-Dawley rats, weighing 140-160 g (age not specified),
and 12 female Fischer 344 rats, weighing 120-140 g (age not specifiedJ, were allocated
to one of two protocols. To evaluate initiating activity, groups of Sprague-Dawley rats
either remained untreated as controls or were fed diets containing 10 mg/kg diet (ppm)
ethinyloestradiol, 400 ppm tamoxifen or ethinyloestradiol plus tamoxifen for six weeks.
After seven days, all rats underwent partial hepatectomy and, on day 49 after a one-week
recovery phase on basal diet, were fed a diet containing 200 ppm 2-AAF for two weeks;
at the midpoint, they were given 1 mL (1.6 mg)/kg bw carbon tetrachloride by gastric
instilation in corn oil. ln order to evaluate promoting activity, groups of 12 Sprague-
Dawley and 12 Fischer 344 rats' were fed a diet containing 200 ppm. 2-AAF for two
weeks and, on day 7, were given 1 mL/kg bw carbon tetrachloride by gastric instilation
in corn oil. On day 21, after a one-week recovery period, these groups were matntained
as untreated controls or were fed diets containing 10 ppm ethinyloestradiol, 400 ppm
tamoxifen or ethinyloestradiol plus tamoxifen for six weeks; on day 28 animaIs were
subjected to partial hepatectomy. AlI treated rats showed reduced weight gain. Liver
samples were examined for y-glutamyl transpeptidase-positive altered hepatocellular
foci. After the initiation protocol, the numbers of foci per cm2 were 15.6 :t 6.5 in controls,
67.4:t 10 in tamoxifen-treated rats, 68.2:t 13.9 in ethinyloestradiol-treated rats and 140.7
:t 21.2 in ethinyloestradiol/tamoxifen-treated rats. ln the promotion protocol, the numbers
per cm2 were 25.9 :t 6.9, 72.0 :t 13.0, 56 :t 10.4 and 98.5 :t 18.4 in the respective groups
(Ghia & Mereto, 1989).

Thirty female Fischer 344 rats, weighing 130-200 g (age not specifiedJ, were
subjected to partial hepatectomy and 24 h later were given 10 mg/kg bw NDEA by
gastric instillation. After a two-week recovery period, nine rats were maintained on basal
diet (controls), 11 rats were fed 250 mg/kg diet (ppm) tamoxifen (purity not specified)
and 10 were fed 500 ppm tamóxifen in a semipurified diet for six months. At termi-
nation, livers were examined for altered hepatocellular foci with the help of a variety of
histochemical markers. The numbers of foci per liver were 90 :t 30 in controls, and

5430 :t 310 in low-dose and 7280 :t 490 in high-dose tamoxifen-treated rats (Dragan

et al., 1991a).

Groups of 6-12 female Fischer 344 rats weighing 125-150 g (age not specified) were
subjected to partial hepatectomy and 24 h later were given 40 mg/kg bw tamoxifen
(purity not specified) by gastric instilation. The animais were then maintained on a basal



288 IARC MONOGRAPHS VOLUME 66

diet or a diet containing 500 mg/kg diet (ppm) phenobarbitaL. After six months, aIl rats
were killed and slices of the three main lobes of the liver were used for enzymic histo-
chemical demonstration of altered hepatocellular foci with the help of a variety of histo-
chemical markets. The numbers of foci per liver were 100 :: 50 in controls, 130 :: 50 in
those given tamoxifen alone and 370 :: 130 in those given tamoxifen followed by pheno-
barbital (Dragan et al. , 1991 b).

Three groups of 10 female Sprague-Dawley rats, seven weeks of age, were given
20 mg DMBA by gastric instillation in sesame oil; starting 92 days later, two of the
groups were given 1.0 or 10.0 mg/kg bw tamoxifen by gastric instilation in 0.5%
methylcellulose for seven days, while the third group received no further treatment. At
20 weeks, mammary tumours were found in 8/9 controls, 5/10 low-dose tamoxifen-
treated rats and 7/9 high-dose tamoxifen-treated rats (Kawamura et al., 1991).

A group of 10 female Sprague-Dawley rats, weighing 200 g (age not specified), was
given 0.5 mg/rat tamoxifen in peanut oïl twice at a five-day interval by subcutaneous
injection; one day after the last injection, the animais underwent partial hepatectomy and
24 h later received 10 mg/kg bw NDEA by gastric instilation. Another group of 10 rats
was subjected to partial hepatectomy and NDEA treatment only (controls). At six weeks,
the severity of altered hepatocellular foci (from graphie presentations) was graded as 1.8
in controls and 0 in tamoxifen-treated rats (Oredipe et al., 1992). (The Working Group
noted that the evaluation of foci was semi-quantitative.)

Groups of feinale Sprague-Dawley rats (numbers not specified), 59 days of age, were
given 5 mg/rat DMBA weekly by gastric instillation for four weeks. One group was also
simultaneously given 10 mg/kg bw tamoxifen weekly by subcutaneous injection for four
weeks. After 14 weeks, the incidence of mammary tumours was 100% and the multi-
plicity was 6.7 :: 0.8 tumours per animal in the DMBA-treated group. ln the DMBN-
tamoxifen-treated group, the incidence was 49.5% and the multiplicity was 1.4 + 0.2
tumours per animaL. ln a second experiment, two groups of rats were treated with DMBA
by gastric instillation for four weeks. Beginning at week 9, one group was given 1 mg/kg
bw tamoxifen twice daily by subcutaneous injection for three weeks. At 12 weeks, ail
animaIs were ovariectomized. A large percentage of tumours regressed. ln the control
group, 1.3 new tumours per rat appeared, whereas in the tamoxifen-treated rats 0.3 new
tumours per rat developed. Ali new tumours that appeared in tamoxifen-treated rats were
hormone-independent, whereas in controls, only 13% continued to grow (Fendl &
Zimniski, 1992). It was subsequently reported that, following the cessation of tamoxifen
treatment, some tumours resumed growth (Zimniski & Warren, 1993).

A group of 20 female Sprague-Dawley rats, 50 days of age, was given 50 mglkg bw
N-methyl-N-nitrosourea (MNU) as a single intravenous injection. When at least one
mammary tumour had reached a diameter of 10 mm, the animais were given 6 mglkg bw
tamoxifen by gastric instillation on five days a week for four weeks. A positive control
group of 50 female rats received the treatment with MNU alone. At the cessation of
treatment (207 days), the multiplicity of mammary tumours was 1.1 in controls (median
size, 10.2 cm)) and 1.25 in the tamoxifen-treated group (median size, 2.5 cm))

(Winterfeld et aL., 1992).

kajo
Rectangle



T AMOXIFEN 289

Groups of female Sprague-Dawley rats, weighing 200-220 g (age not specifiedJ,
received no treatment (control; 26 rats) or 1 mg/kg bw tamoxifen in propylene glycol by
intraperitoneal injection 1 h (four rats) or 24 h (three rats) before a single intraperitoneal
injection of 50 mg/kg bw NDEA. Other groups were subjected to partial hepatectomy
(eight rats) or partial hepatectomy and 1 mg/kg bw tamoxifen (eight rats) 24 h before
treatment with NDEA. Eight weeks after treatment, rats were kiled and liver samples
were examined for altered hepatocellular foci identified by glutathione S-transferase
immunohistochemistry. Pretreatment for 1 h with tamoxifen increased the number of foci
almost 2-fold and pretreatment for 24 h increased the number 3.4-fold (Servais &

Galand, 1993).

Two groups of female OFA rats (number and age not specified), weighing 130-160 g,
were given 20 mg/animal DMBA in sesame oil as a single gastric instillation. After
se ven weeks, one group was given 1 mg/kg bw tamoxifen in sesame oil or sesame oil
alone by subcutaneous injection three times per week for six weeks. At 1 1 weeks, the
mean number of mammary tumours in controls was 9.3 tumours per rat; in tamoxifen-
treated rats, this was reduced by 17.2 :: 2.8% (Weckbecker et al., 1994).

Groups of 34-35 male Sprague-Dawley rats, aged 25 days, were given 20 mg/kg bw
1,2-dimethylhydrazine weekly by subcutaneous injection for 20 weeks and were fed
control diet or diets initially containing 4 mg/kg di et (ppm) tamoxifen (purity not
specifiedJ, which was reduced to 2 ppm at 29 days, 1 ppm at 56 days and to 0.5 ppm at
65 days. Most animaIs were kiled 65 days after the last injection of 1,2-dimethyl-
hydrazine. AnimaIs receiving tamoxifen displayed reduced body weights. Mortality was
comparable in control and treated animaIs. The total number of colon adenocarcinomas
and their distribution in the proximal and distal portions did not differ between the
groups (Gershbein, 1994).

Groups of 16-20 female Fischer 344 rats, 130-150 g (age not specified), were sub-
jected to partial hepatectomy and 24 h later were given 10 mg/kg bw NDEA in trie a-
prilyn or vehicle alone by gastric instillation. Two weeks later, groups of NDEA- or
vehicIe-exposed rats were fed 250 mg/kg diet (ppm) tamoxifen free base (purity not
specified) in a semi-purified diet. Treatment with tamoxifen reduced body weights by
16-24%. Tamoxifen increased the incidence of liver tumours at 15 months in rats given
NDEA (3/8 hepatocellular carcinomas versus 0/6 in rats given NDEA alone) (Dragan
et aL., 1 994).

ln a study that also included toremifene, virgin Sprague-Dawley rats, aged 43 days,
were randomized into groups of 20 and allocated to control diet or to diets containing
0.2 mg/kg diet (ppm) tamoxifen.Seven days later, groups were given either 50 mg/kg bw
MNU or saline by intravenous injection. Animais were killed when moribund and the
experiment was terminated at 180 days after MNU treatment. Tamoxifen did not affect
the incidence, multiplicity or latency of mammary tumours compared with controls
(Moon et aL., 1994). (The Working Group noted that the dose of MNU, producing 100%
of tumours in the MNU- and MNU/tamoxifen-treated groups, may have been too high to
allow the detection of a protective effect.)
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ln a tumour promotion study, in which toremifene was also studied, groups of 14-22
female Sprague-Dawley rats, weighing 130 :t 10 g (age not specifiedJ, were subjected to
partial hepatectomy and 24 h later were given a single dose of 10 mg/kg bw NDEA in
trioctanoin by gastric instillation. Two weeks later, the rats were given either basal diet
or di et containing 250 or 500 mglkg diet (ppm) tamoxifen for 18 months. Ali exposures
to tamoxifen suppressed body-weight gain. Uterine weights were suppressed at six
months. The number of altered hepatic foci identified by any of four histochemical
markers as weil as the volume of liver occupied by foci was increased by tamoxifen. At
six months, the incidence of hepatic neoplastic nodules was: controls, 8/15; 10w-dose,

13/15; and high-dose, 1 1/ 1 5. At 18 months, the incidence of hepatocellular carcinomas in
ail groups approached 100% and the incidence of renal carcinomas was slightly
increased by tamoxifen (p = 0.008, Cochran-Armitage trend test) (Table 8) (Dragan
et aL., 1995).

Table 8. Incidence of tumours in female Sprague-

Dawley rats exposed to tamoxifen after NDEA

Exposure Renal cell
adenomas

Renal cell
carcinomas

Hepatocellular
carcinomas

None

Tamoxifen 250 ppm

Tamoxifen 500 ppm

5/19

5/18

5/8

0/19

0/18

2/8"

2/17

11/18

8/8

From Dragan et aL. (1995)

"(p = 0.008, Cochran-Armitage trend test)

3.3.3 lfar.ster

Groups of 7-12 male Syrian hamsters, four to six weeks of age, received sub-
cutaneous implants of one pellet containing either 25 mg 17 ß-oestradiol or 25 mg
tamoxifen, or one pellet of each. All animaIs were killed after se ven months. The number
of kidney tumour-bearing animaIs was 3/3 oestradiol-treated hamsters examined, 2/8
oestradiol/tamoxifen-treated hamsters and 0/8 tamoxifen-treated hamsters. The multi-
plicity of kidney tumours was reduced from 6.5 with oestradiol to 1.0 in oestradiol/-
tamoxifen animais; tamoxifen alone produced no kidney tumour (Lieqr et aL., 1988).

Two groups of 5-20 male and female Armenian hamsters (Cricetulus migratorius),
two to three months of age, received subcutaneous implants of 36-mg pellets of zeranol
on study days 0 and 94. One group was given 5 mg/animal of tamoxifen by subcutaneous
injection twice a week up to day 32 and then once a week until day 202, when the
experiment was terminated. Among 9 males and 7 females receiving zeranol only, the
incidence of hepatocellular carcinomas was about 60%, whereas in four males and four
femaies also receiving tamoxifen, the incidence was reduced to 1-2% (Coe et al., 1992).
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4. Other Data Relevant to an Evaluation of

Carcinogenicity and its Mechanisms

ln the studies reviewed here, tamoxifen citrate, if used, will be referred to as
tamoxifen.

4.1 Absorption, distribution, metabolism and excretion

4.1.1 Humal1s

The absorption, distribution, metabolism and excretion of tamoxifen have been
reviewed extensively (Furr & Jordan, 1984; Buckley & Goa, 1989; Wiseman, 1994). AlI
studies have involved oral administration of tamoxifen citrate unless stated otherwise.

Tamoxifen is weil absorbed after oral administration and appears to be more than
99% bound to plasma proteins (mostly to albumin) (Lien et al., 1989). Tamoxifen
absorption shows wide interindividual variation, which is probably due to differences in
liver metabolism and differences in absorption in the gastrointestinal tract. Adminis-
tration of 40 mg/day for two months to patients with breast cancer produced steady-state
mean plasma concentrations of tamoxifen of 186-214 ng/mL. The single maximum
plasma concentrations in this study were about 70 ng/mL tamoxifen and about 20 or
40 ng/mL N-desmethyltamoxifen (the different values being with Tamoplexói and

Nolvadexói, respectively) (Mc Vie et aL., 1986). Administration of a single 20-mg dose of
tamoxifen to six male volunteers resulted in peak plasma concentrations of 42 ng/mL
tamoxifen and 12 ng/mL N-desmethyltamoxifen. Maximal levels were achieved approxi-
mately 5 h after administration and area under the curve (AUC) was 2606 ng x h/mL
(Adam et aL., 1980). The distribution half-life (i.e. initial ty) of tamoxifen is 7-14 h. The
mean terminal half-life was 111 h, somewhat shorter than the previously reported seven
days or more (Fromson et al., 1973a). Steady-state concentrations of tamoxifen and of
N-desmethyltamoxifen were reached after three to four weeks of 20 mg b.i.d.

(40 mg/day) administration (McVie et aL., 1986) and after 4-8 weeks of 20 mg/day admi-
nistration (Lien et aL., 1995).

The apparent volume of distribution for tamoxifen in humans is 50-60 L/kg (Lien
et al., 1989), indicating that most of the drug (99.9%) is present in peripheral compart-
ments, which is suggestive of extensive tissue binding (Lien et aL., 1991).

ln healthy male volunteers given 40 mg tamoxifen, the plasma elimination half-life of
tamoxifen during the first day was 10 h. However, after 34 h, appreciable levels of
tamoxifen and N-desmethyltamoxifen were still present, suggesting a lengthening of
half-life with increasing study duration or the existence of multiple half-lives (Guelen
et al., 1987). The pharmacokinetics of tamoxifen appear to be biphasic, with a distri-
bution phase of 7-14 h and an elimination phase of about seven days (Fromson et al.,
1973a). The elimination half-life of N-desmethyltamoxifen is around seven days and
4-hydroxytamoxifen has a shorter half-life than tamoxifen (Buckley & Goa, 1989).
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Tamoxifen and Íts metabolites are mostly excreted via bile into faeces as glucuronides
and other conjugates. Urinary excretion is a very minor route of elimination (FuTf &

Jordan, 1984).

ln se ven premenopausal breast cancer patients and nine postmenopausal women with
non-neoplastic diseases treated with tamoxifen for 56 days, the serum levels of N-dides-
methyltamoxifen were higher in the postmenopausal women (p 0: 0.02). A similar trend
was observed for N-desmethyltamoxifen (p 0: 0.(6) (Lien et al., 1995).

Administration of 40 mg/day tamoxifen (20 mg twice a day) to primary breast cancer
patients for 15-940 days (Daniel et al., 198 i) resulted in plasma concentrations of 27-
520 (mean, 300) ng/mL tamoxifen, 210-761 (mean, 462) ng/mL N-desmethyltamoxifen
and 2.8-11.4 (mean, 6.7) ng/mL 4-hydroxytamoxifen, Concurrent tumour biopsy con-
centrations were 5.4- 1 17 (mean, 25.1) ng tamoxifen/mg protein, 7.8-210 (mean, 52) ng
N-desmethyltamoxifen/mg protein and 0.29-1. 13 (mean, 0.53) ng 4-hydroxytamo-
xifen/mg protein.

After 14 daily doses of 40 mg tamoxifen, concentrations in plasma and in breast
tumour cell nuclear and cytosolic fractions were measured in three patients (Murphy
et aL., 1987). The results are shown in Table 9.

Table 9. Concentrations of tamoxifen and its metabolites in
plasma and breast tumour cells of three patients receiving
40 mglday for 14 days

Plasma Breast tumour cell fractions
(ng/mL)

Nucleus
(ng/mg protein)

Cytosol
(ng/mg protein)

Tamoxifen
N-Desmethyltamoxifen
4- H ydrox ytamoxi fen

363-745
185-422
1.4-3,1

8.0-11.1
3,6-7.9
0.16-0,26

8.1-18.5
6,6-26,8
0.02-0,36

From Murphy et aL. (1987)

A number of metabolites (see Figure 1) have been identified in urine and plasma of
human breast cancer patients by LC/MS/MS techniques. Plasma extracts contained
tamoxifen, N-desmethyltamoxifen and tamoxifen-N-oxide (Poon et al., 1993). Glucuro-
nides of four hydroxylated metabolites (4-hydroxytamoxifen, 4-hydroxy-N-desmethyl-

tamoxifen, dihydroxytamoxifen and another monohydroxy- (possibly a-hydroxy-) N-
desmethyltamoxifen) were detected in the patients' urine. ln a more recent study, seven
metabolites were identified in plasma (N-didesmethyltamoxifen, a-hydroxytamoxifen,
4-hydroxytamoxifen, tamoxifen-N-oxide, a-hydroxy-N-desmethyltamoxifen, 4-hydroxy-
N-desmethyltamoxifen and 4-hydroxytamoxifen-N-oxide) (Poon et aL., 1995).

ln biopsy and autopsy samples taken from 14 patients, levels of tamoxifen and its
metabolites (N-desmethyl, N-didesmethyl, 4-hydroxy and 4-hydroxy-N-desmethyl) were
10- to 60-fold higher in tissues (liver, lung, pancreas, brain, adipose) th an in serum, being
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Figure 1. Postulated metabolIc pathways of tamoxifen
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particularly high in liver and lung. Nine of the patients were in steady-state (treatment for
more th an 35 days), three had received tamoxifen for 7-13 days and two had received
tamoxifen for 3-3.5 years (but had been tamoxifen-free for 28 days and 14 months,
respectively, at the time of tissue sampling). Tissue samples from ail other patients were
obtained within 4-60 h. Tissues from the pancreas, pancreatic tumour, primary breast

cancer and metastatic breast cancer in brain also retained large amounts of the drug. The
amounts of N-demethylated and hydroxylated metabolites were high in most tissues
except in fat, and tamoxifen and some of its metabolites were also present in specimens
of skin and bone (Lien et al., 1991). Post-mortem and biopsy analysis of liver from

tamoxifen-treated patients showed the presence of tamoxifen (0.14-15 nmol/g), 4-
hydroxytamoxifen and N-desmethyltamoxifen (Martin et al., 1995).

4.1.2 Experimel1tal systems

The kinetics, absorption, distribution, excretion and metabolism of tamoxifen in
experimental animais have been reviewed (Furr & Jordan, 1984; Buckley & Goa, 1989;
Wiseman, 1994).

ln rats, mice, dogs and rhesus monkeys, tamoxifen is well absorbed following oral
administration. Most of the dosed material appears in the faeces, but bile duct
cannulation experiments with rats and dogs demonstrated that this was a result of biliary
excretion (Fromson et al., 1 973b).

ln order to achieve similar plasma levels, much higher oral doses of tamoxifen are
required by rats and mice th an by human breast cancer patients: doses in rats over seven
days of 3.0 mg!kg bw gave cC 1 ng/mL and 200 mg/kg bw gave 1000 ng/mL; doses in
mice over 7-10 days of 2.5 mg/kg bw gave, 10 ng/mL and 200 mg!kg bw gave 300
ng/mL; doses in human patients over 10 days of 4.9 mg!kg bw gave 1300 ng/mL
(Robinson et aL., 1991).

ln rats given tamoxifen orally at 1 mg!kg bw per day for 3 or 14 days, essentially the
same amounts of drug were found after three days and 14 days treatment (except for fat),
suggesting that steady-state is obtained within three days. Concentrations of tamoxifen
and its metabolites (N-desmethyl, N-didesmethyl, 4-hydroxy and 4-hydroxy-N-des-

methyl) were 8-70-fold higher in tissues (brain, adipose, Ii ver, heart, lung, kidney,
uterus, testis) th an in serum. The highest levels were found in lung and liver, but
substantial amounts were also found in kidney and adipose tissue. Within one dosing
interval (24 h), marked fluctuations in the tissue concentrations were observed in rats
receiving the steady-state treatment, with maximum/minimum concentration (Cm./Cmin)
ratios for tamoxifen found in female rat lung and liver being 6.3 and 4.1, respectively
(Lien et aL., 1991).

Groups of female Fischer 344 rats were treated with a non-necrotic, subcarcinogenic
dose of N-nitrosodiethylamine (10 mg!kg oralIy) and were given tamoxifen at 250 mg!kg
of AIN-76A diet for 6 or 15 months (Draganet aL., 1994). Treatment with tamoxifen
resulted in a decrease in body weight of 16-24% at serum levels comparable to the thera-
peutie level in humans. ln serum, the ratio of tamoxifen/4-hydroxytamoxifen/ N-des-

methyltamoxifen was 1/0.1/0.5-1. Rat livers had 20-30 times more tamoxifen and
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4-hydroxytamoxifen and at least 100 times more N-desmethyltamoxifen than the serum
at both 6 and 15 months. The ratio in the lIver after 6 or 15 months of continuous admi-
nistration was 1/0.1/1.3-2.3.

Administration of C4C)tamoxifen to dogs, rats, mi ce and rhesus monkeys has shown
that tamoxifen has a long half-life in all of these species: in rats, the distribution half-life
in blood was 53 h but the elimination half-life was 10 days. The route of excretion in
rats, mice, rhesus monkeys and dogs is predominantly faecal, with virtually none of the
recovered material being unchanged tamoxifen (Fromson et aL., 1973b).

ln rats, tamoxifen is eliminated in urine to a significant extent as the acidic meta-
bolites. ln one study, in the period 0-24 h after dosing with C4CHamoxifen, the radio-
active components recovered (expressed as percentages of the administered dose) were:
total radioactivity, 8.7%; tamoxifen acid, 1.02%; and 4-hydroxytamoxifen acid, 1.81 %.
ln faeces, the corresponding values were 30.5%, 0.5% and 2.40%. ln contrast to other
tamoxifen metabolites, neither of these metabolites is excreted as glucuronic acid or
glycine conjugates (Ruenitz & Nanavati, 1990).

Tamoxifen can be metabolized il1 vitro by both microsomal cytochrome P450 and
flavin monooxygenase pathways to intermediates that bind irreversibly to microsomal
proteins (Mani & Kupfer, 1991). Incubation of tamoxifen with rat liver microsomes

yielded three major polar metabolites identified as the N-oxide, N-desmethyl and 4-
hydroxy derivatives. Formation of the N-oxide was catalysed by flavin monooxygenase,
while that of the N-desmethyl and 4-hydroxy metabolites was mediated by cytochrome
P450. Tamoxifen N-demethylation appears to be catalysed in rats by CYPlA, CYP2C
and CYP3A enzymes, while in man the evidence points to the CYP3A enzyme.
However, these enzymes are not major contributors to the 4-hydroxylation of tamoxifen
(Mani et aL., 1993, 1994). Peroxidases may also metabolize tamoxifen to a reactive inter-
mediate that binds covalently with protein (Davies et aL., 1995) and DNA (Pathak &
Bodell, 1994; Pathak et aL., 1995).

Lim et aL. (1994) compared the metabolism of tamoxifen in microsomes from female
human, rat and mouse liver. The major metabolites formed by rat liver microsomes were
4-hydroxytamoxifen, 4' -hydroxytamoxifen, N-desmethyltamoxifen and tamoxifen N-
oxide. ln addition, it was suggested that two previously unreported epoxide metabolites,
3,4-epoxytamoxifen and 3',4'-epoxytamoxifen, and their hydrolysed derivatives, 3,4-
dihydroxytamoxifen and 3',4'-dihydroxytamoxifen, had been identified, but these
conclusions were based only upon mass spectral data; no synthetic standards were
available. Jarman et al. (1995) were unable to confirm the existence of the se dihydroxy
compounds in microsomal incubates containing tamoxifen or deuterated analogues of
tamoxifen. Using tamoxifen and (ethyl-DsHamoxifen, they showed a large isotope effect
in the formation of a-hydroxytamoxifen (see Section 4.4). They confirmed the presence
of a-hydroxytamoxifen-N-oxide and identified a new metabolite, a-hydroxy-N-des-

methyltamoxifen.

Metabolites of tamoxifen were examined in human liver homogenate and a human
hepatic G2 cell line treated with a mixture of tamoxifen and its deuterated analogues
(Poon et aL., 1995). ln both the hepatic G2 tell line and the liver homogenate, a-hydroxy-
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tamoxifen, 4-hydroxytamoxifen, N-desmethyltamoxifen and tamoxifen N-oxide were
detected. ln the liver homogenate, N-didesmethyltamoxifen was also detected.

When primary cultures of human, rat and mouse hepatocytes were incubated with
tamoxifen (10 /.M) for 18-24 h, the concentration of a-hydrox ytamoxifen in the medium
was 50-fold lower in the human cultures (0.41 :: 0.55 ng/mL, two determinations) than in
the rat (26.8 :: 10.1 ng/mL, three determinations) and mouse (18.9 :: 13.5 ng/mL, four
determinations) cultures (Phillips et al., 1996a).

4.2 Toxic effects

4.2.1 Humal1s

The most reliable data regarding the association between tamoxifen and gynaeco-
logical symptoms come from randomized trials of tamoxifen vers us placebo, in which
some of these cIinical data were collected prospectively.

The potential long-term toxicity of tamoxifen therapy has been reviewed. ln large
adjuvant trials, about 4% of recipients stop therapy because of side-effects (Love, 1989;
Jaiyesimi et aL., 1995). The most commonly reportedside-effects of tamoxifen therapy
are vasomotor symptoms, such as hot flushes and tachycardia, nausea and vomiting.
A reduction over time in the vasomotor symptoms reported by patients receiving
tamoxifen was observed in a randomized, double-blind, placebo-controlled clinical trial
(Love & Feyzi, 1993). Atrophy is a cornrnon uterine response. Gynaecological adverse
effects such as changes in vaginal discharge, bleeding, vaginal/external genitalia irri-
tation, endometrial hyperplasia, polyps of the endometrium and, in premenopausal
women, menstrual irregularities are surnmarized in Table 10.

Some evidence exists that tamoxifen may be associated with thromboembolic events
in patients with advanced breast cancer. Table 1 1 summarizes studies regarding the

effects of tamoxifen on blood coagulation. ln general, the effects of tamoxifen on clotting.
factors are not clinically significant and probably do not persist during chronic (more
th an six months) administration or after cessation of therapy.

ln a randomized trial of tamoxifen (20 mg/day for five years) vers us placebo in pre-
and postmenopausal women with breast cancer, thromboembolic disease was reported in
0.2% of women who received placebo versus 0.9% of those who received tamoxifen
(Fisher et al., 1989a).

ln a randomized controlled study, rnorbidity due to cardiac and thromboembolic
disease was assessed in 2365 postmenopausal breast cancer patients with (40 mg/day,
two or five years) or without tamoxifen therapy. The median follow-up period was six
years. Tamoxifen therapy was associated with a statistically significantly reduced inci-
dence of hospital admissions due to any cardiac disease, with a relative risk of 0.7 for
tamoxifen for two and fIve years versus control (95% Ci, 0.5-1.0; p = 0.03). ln the

randomized comparison of five versus two years of tamoxifen treatment, there was a
statistically significant reduction in risk with longer treatment (relative risk, 0.4; 95% Ci,
0.2-0.9; p = 0.03). Although the trend of reduced risk in the tamoxifen group was also
evident in the analysis of specific subgroups of cardiac diseases such as myocardial
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infarct and ischaemic heart disease, the results failed to reach significance. There was no
association between tamoxifen treatment and relative risk for admission to hospital due
to thromboembolic disease (1.1; 95% CI, 0.7-1.6) (Rutqvist et aL., 1993). ln another
study, a total of 1312 women who had undergone mastectomy for breast cancer were
randomized to receive either adjuvant treatment with tamoxifen (20 mg/day) or a
placebo, with tamoxifen given only on first recurrence of disease. The maximal duration
of tamoxifen treatment was 14 years. Use of tamoxifen was associated with lower rates
of myocardial infarction, the relative risk in the control group being 1.9 (95% CI, 1.0-
3.7) compared with women allocated to tamoxifen treatment (McDonald et aL., 1995).

Studies of beneficial ettects of tamoxifen upon blood cholesterol levels, and increased
levels of sex hormone-binding globulin and thyroid-binding globulin (Dewar et aL., 1992;
Love et al., 1994a) are summarized in Table 12. Tamoxifen and 4-hydroxytamoxifen
have also been shown to protect human low-density lipoproteins il1 vitro against copper-
ion dependent lipid peroxidation, a model system that is relevant to events occurring
within atherosclerotic les ions (Wiseman et al., 1993; Wiseman, 1994). Tamoxifen also
lowers the levels of atherogenic amino acid homocysteine in humans (see Table 12)
(Anker et al., 1995).

Some studies of the effects of tamoxifen on bone minerai density suggest that tamo-
xifen acts as an oestrogen agonist to preserve bone density in postmenopausal breast

cancer patients; however, the ettects are weak and not consistent among the different
studies (Table 13).

Over 20 years of use have made tamoxifen one of the most studied anti-cancer drugs
(Jordan, 1993), and it is associated with less toxicity than other current endocrine

treatments for breast cancer (Muss, 1992). While the potential additional benefits of
treatment in breast cancer patients in terms of blood lipid and cholesterollevels and bone
mineraI density remain to be fully established, it is worthy of note that two well-designed
randomized trials of tamoxifen versus no adjuvant endocrine therapy (described above)
have shown significantly reduced numbers of hospital admissions for cardiac disease and
no ditterence in deaths due to cardiac or thromboembolic disease (Rutqvist et al., 1993)
and significantly reduced risks of myocardial infarction and cardiac deaths (McDonald
et al., 1995) in women receiving tamoxifen.

Tamoxifen has been associated in case reports with changes in liver enzyme levels ~n
the serum (Hayes et al., 1995) and on rare occasions a spectruID of more severe events
including fatty liver (Noguchi et aL., 1987), cholestasis and hepatitis (Cortez Pinto et al.,
1995) and a fatal case of hepatocellular damage and agranulocytosis (Ching et al., 1992).

Several in-vitro studies have demonstrated the antioxidant action of tamoxifen on
microsomal and liposomal lipid peroxidation. The effects of tamoxifen on serum malon-
dialdehyde and severa1 antioxidant components were evaluated in 64 postmenopausal
breast cancer patients after three and six months of treatment with 20 mg/day tamoxifen
(Thangaraju et al., 1994). Serum malondialdehyde levels decreased significantly froID
7.64:t 1.2 nmol/dL before treatment initiation to 6.04 :t 0.95 nmoVdL (p .c 0.001) after
three months to 5.83 :t 0.91 nmoVdL (p .c 0.001) after six months of tamoxifenadminis-
tration. The levels of blood glutathione slightly increased from 2.61 :t 0.50 j.mol/mL red



Table 10. Tamoxifen-associated side-effects In the reproductive tract

Reference Main resultsStudy groups and methods

Breast cancer patients
Ferrazzi et aL. Karyopycnotic index in vaginal smear cells in 35 post-
(1977) menopausal patients with advanced breast cancer before and

after treatment with 30-40 mg/day tamoxifen for 30-45 days

Boccardo et aL.

(1981)

Burke et aL.

(1987)

Ford et aL.

(1988)
Pons &
Rigonnot
(1988)

Cano et aL.

(1989)
Fisher et al.

(1989a)

Nuovo et aL.

(1989)

Karyopycnotic index in vaginal smear cells in 28 post-
menopausal patients with breast cancer before and after
treatment with 20 mg/day tamoxifen at 4 and 8 weeks

Comparative sonographic examination of the uterus in 30
postmenopausal women receiving 20-30 mg/day tamoxifen
and 15 postmenopausal controls

Case report, 1 postmenopausal patient receiving tamoxifen
for recurrent benign breast disease

45 postmenopausal patients receiving tamoxifen for 12-90
months; cytology and clinical examination of vagina, cervix
and uterus

Case report, one 33-year-old patient receiving 20 mg/day
tamoxifen for two years after mastectomy

1326 post-operative breast cancer patients receiving
tamoxifen (20 mg/day) for 5 years and 1318 post-operative
breast cancer placebo con troIs

Case report: 3 postmenopausal patients (one also with
chronic lymphocytic leukaemia) with metastatic breast
cancer receiving 20 mg/day tamoxifen; 2 cases for 6 years,
1 case for 2 years

Increase of the karyopycnotic index to 10-30%; in 4 cases, the
index reached ~ 50% and in 1 case 80%. Two months after
cessation of therapy, karyopycnotic index had returned to
atrophic pattern.

Increase of karyopycnotic index in 68% of the study group. Mean
values at 0,4 and 8 weeks were 1,5 and 10%. Large variation

Increased uterine volume in 26.6%; hyperechogenicity in 46.6%
of the tamoxifen group compared to none in the controls

After 5 months of treatment, stage iv endometriosis

Oestrogenization of cervix and vagina in 23 patients; endometrial
hyperplasia in IL; polyploid hyperplasia in 5; glandular cystic
hyperplasia in 4; polyps in 2; cervical early adenocarcinoma in 1
and endometrial early adenocarcinoma in 1; proliferative stimu-
lation of pre-existing leiomyoma in 2

Endometrioma of the left ovary with multiple adherence to the
uterus; grade iv endometriosis
Hot flushes in 40% of controls vers us 57% of tamoxifen; vaginal
discharge in 12% of controls versus 23% of tamoxifen; ilTegular
menses in 15% of controls versus 19% of tamoxifen

Endometrial polyps (one patient with leiomyomata)
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Table 10 (contd)

Main resultsReference Study groups and methods

Neven et aL.

(1989)

Neven et al.
( 1989)

Neven et aL.

( 1990)

Le Bouedec
et aL. (1990)

Cross & Ismail
(1990)

B uckley (1990)

Le Bouedec
et aL. (1991)

De Muy1der

et al. (1991)

14 breast cancer patients receiving tamoxifen (20 mg/day)
examined for postmenopausal bleeding (duration of
treatment not given); 42 breast cancer patients with
postmenopausal bleeding without tamoxifen treatment

30 breast cancer patients receiving 20 mg/day tamoxifen;
29 breast cancer patients without tamoxifen. Hysteroscopic
findings

16 breast cancer patients receiving 20 mg/day tamoxifen for
6-36 months; 10 postmenopausal, 4 with induced

amenorrhoea, 2 premenopausaI. Mean age, 55.8.: 10.2;
mean parity, 1.6.: 1.1

22 breast cancer patients with oestrogen receptor-positive
tumour; 3 premenopausal, 19 postmenopausal; mean age,
62.5 years; treatment duration, 26 months; cumulative dose,
5.4-43.2 g

Case report: 54-year-old woman mastectomized for breast
carcinoma 18 years earlier followed 9 years later by bilateral
oophorectomy because ofaxilary metastatic node.
Tamoxifen introduced at that time at 40 mg/day for 6 months
and then reduced to 20 mg/day until this report

Case report: 44-year old breast cancer patient receiving
20 mg/day tamoxifen for 3 years

Case report: 69-year old breast cancer patient receiving
20 mg/day tamoxifen for 7 years

46 breast cancer patients with hormone-receptor positive
tumour receiving tamoxifen for 6-36 months; 34 post-
menopausal; 12 premenopausal; tamoxifen dose-rate not
indicated

Increased incidence of endometrial hyperplasia in the tamoxifen
group (RR, 5.2; 95% CI, 2-13.9; po( 0.05) and increased
frequency of endometrial polyps (RR, 3.5; 95% CI, 2-6.2;
p 0( 0.05)

Higher relative risks for polyps for the tamoxifen group (RR, 6.7;
95% CI, 1.3-35.7; po( 0.05) and for proliferative uterine mucosa
(RR, 2.9; 95% CI, 1.2-7.3; po( 0.05)
Endometrial changes: mild proliferation of the mucosa (7 cases),
polyps (4 cases), adenocarcinoma (1 case)

Examination for uterine bleeding revealed 12 cases of
endometrial hyperplasia; 6 cases of endometrial polyps; 6 cases
of uterine myomas; 1 case with adenocarcinoma of the uterus;
1 case with acanthoma; 3 cases with endometrial atrophy

Uterine bleeding leading to hysterectomy; endometrial
hyperplasia and no residual ovarian tissue identified; polyp; a few
intramural tumours

Severe simple endometrial hyperplasia

Severe endometriosis, large uterine adenomyoma

13 cases with endometrial polyps, 8 with endometrial hyperplasia,
2 with uterine adenocarcinoma; the rate of endometrial
hyperplasia correlated with the cumulative dose of tamoxifen
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Table 10 (contd)

Main resultsReference Study groups and methods

Lang-A venous

et al. (1991)

Corley et aL.

(1992)

Dilts et al.
(1992 )

Hulka & Hall
(1993)

Ray ter et aL.

(1993)

28 patients receiving tamoxifen (dose not statedJ after
diagnosis of breast cancer

Case reports: 3 postmenopausal breast cancer patients (aged
77, 72 and 58) and one premenopausal breast cancer patient
(age 45) receiving 20 mg/day tamoxifen for 3,6 and 10 years
(postmenopausal patient) or for 2 years (premenopausal
patient)

49-year-old woman, gravida 3, para l, bilaterally
mastectomized for metachronous breast cancer at 1 year
interval. Tamoxifen started after 2nd mastectomy for
3 months (20 mg/day)

14 postmenopausal breast cancer patients receiving
tamoxifen: duration and dose not stated; no control group;
pel vic sonograms and endometrial biopsy

49 breast cancer patients receiving tamoxifen (20 mg/day)
for an average of 47.5 months (37% premenopausal; 63 post-
menopausal; average age 54.5 years); 45 breast cancer
patients without tamoxifen (42% premenopausal, 51% post-
menopausal; average age, 54 years)

Il cases with atrophic endometrium; 5 with atrophic
endometrium associated with polyps; 3 with cystic glandular
polyps; 2 with regressive glandular cystIc hyperplasia

Endometrial polyps, in one case metastatic breast carcinoma was
present in the polyp

Echographic diagnosis of leiomyoma and an ovarian cyst.
Exploratory laparotomy revealed a marked oestrogen-stimulated
pelvis similar to that seen with a term pregnancy.

1 1 patients with abnormal (:; 7 mm) endometrial thickening and
abnormalities in the sonogram (hyperechoic and cystic zones);
9 cases of uterine polyps, 4 cases of endometrial hyperplasia,
2 cases of endometritis, 1 proliferative endometrium, 1 inactive
endometrium, 1 endometrial carcinoma

Clinical enlargement of the uterus in 8 tamoxifen patients versus
o control (r = 0.006). Endometrial thickness seemed greater in the
tamoxifen group but not so great as the effect of menopause (pre-
menopausal, 9.2 mm; postmenopausal, 6.4 mm); more
endometrial nuc1ear hyperplasia (p = 0.047).
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Table 10 (contd)

Reference Main resultsStudy groups and methods

Lahti et aL.

(1993)

Seoud et al.

(1993)

U gwumadu
et aL. (1993)

Uzily et aL.

(1993)

Ismail (1994)

51 postmenopausal breast cancer patients receiving 20-
40 mg/day tamoxifen for an average of 30 months; 52 post-
menopausal breast cancer patients without tamoxifen; groups
matched for age, parity, age at menopause and body mass
index

Six postmenopausal breast cancer patients received
tamoxifen (20 mg/day), 2 for 0( 2 years, 4 for:: 2 years.

Case report: 58-year old breast cancer patient treated 13
years earlier by bilateral oophorectomy; 40 mg/day
tamoxifen for 8 years

95 breast cancer patients; mean age, 58 years, receiving
20 mg/day tamoxifen for median time of 24 (1 -84) months:
vaginal ultrasonography and endometrial biopsy. No control
group

19 breast cancer patients receiving tamoxifen (either 20 or
40 mg/day) (2 patients died of other than gynaecological
disease and necropsy was carred out; the remaining
17 tamoxifen-treated patients were examined because of
gynaecological symptoms) and 15 patients with gynaeco-
logical symptoms without tamoxifen; matched for age and
presentation

Thicker endometrium in the tamoxifen group (10.4 :! 5 versus
4.2 :! 2.7 mm, p = 0.0001) by transvaginal sonography; larger
uterine volume in the tamoxifen group (45 :! 27 versus
25:: Il cm); p = 0.001) by transvaginal sonography; endometrial

polyps more frequent in the tamoxifen group (36% versus 10%;
p = 0.004). 1 atypical hyperplasia, 1 adenomatous hyperplasia and
1 endometrial adenocarcinoma in the tamoxifen group;
two endometrial adenocarcinomas in the control group

Three with endometrial adenocarcinoma; 1 with homo logo us
mixed MüIlerian sarcoma; 1 with primary fallopian tube
carcinoma; 1 with endometrial polyps and glandular hyperplasia

Postmenopausal bleeding, myometrial adenomyosis, cystic
atrophy of the endometrium and endometrial polyp

89% of tamoxifen users :: 12 months had endometrial thickness
of:: 0.5 cm versus 71% of 0( 12 months therapy. Four cases with
endometrial hyperplasia; 4 with benign endometrial polyp,
3 showed dysplasia and 3 with endometrial cancer; except for one
patient with endometrial hyperplasia, aIl had received tamoxifen
for more th an 12 months.

Tamoxifen vers us control group; endometrial hyperplasia
Il versus 4; endometrial polyps: Il versus 1; primary

endometrial malignancies: 2 versus 4; endometrial polyp cancers:
4 versus 0; aIl carcinomas in the tamoxifen group were observed
in cases with :: 35 g cumulative doses.
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Table 10 (contd)

Main resultsReference Study groups and methods

Leo et al.
(1994 )

Krause &
Gerber ( 1994)

U gwumadu &
Harding (1994)

Healthy women
Kedar et aL.

(1994 )

2 case reports: 36-year-old woman with mastectomy and
axilary node dissection followed by chemotherapy (cyc1o-

phosphamide, methotrexate, 5-fluorouracil) cycles and
tamoxifen 30 mg/day as adjuvant therapy

50-year-old woman, mastectomized for breast cancer
followed by chemotherapy and tamoxifen 30 mg/day

8 patients treated with tamoxifen following breast cancer

56-year-old woman underwent mastectomy and Iymph node
biopsy for invasive duct carcinoma, then received
radiotherapy and tamoxifen 20 mg/day.

62-year-old patient treated by lumpectomy and radiotherapy
for a poorly differentiated duct carcinoma. General and
pel vic examinations were normal and tamoxifen was started
at 20 mg/day.

III postmenopausa1 healthy women (46-71 years) from the
Pilot Breast Cancer Prevention Trial: 61 receiving 20 mg/day
lamoxifen (average age, 56), 50 placebo controls (average
age, 58 years)

After 4 years, sudden increase of uterine volume and leiomyoma
of the corpus uteri

After 4 years, admitted for severe abdominal pain; vaginal
serography showed uterine fibroid of the corpus uteri and
increased endometrial thickness.

6 endometrial polyps, 1 adenosis uteri, 1 endometrial cancer

After 2 years of treatment, uterus was about the size of a 6-8-
week gestation on physical examination and four years. later the
size of a 20-week gestation. Laparotomy revealed enlarged uterus
with thickened endometrium, polypoid in places and multiple
benign leiomyomata was confirmed.

2.5 years later, a uterus equivalent to a l4-week gestation was
found, with a rather weil oestrogenized vagina.

The tamoxifen group had a larger uterus (34 versus 22.2 mL;
p -( 0.(01), and increased endometrial thickness (9.1 versus
4.8 mm; p -( 0.001); in addition 10 cases (16%) of atypical
hyperp1asia versus none in the placebo group and 5 cases (8%) of
endometrial polyps in the tamoxifen group versus one in the
placebo group.

v.oN

-?~n
~
ozo
el
;A?'i
::
C/

~o
l'
c:
~
t'
0\
0\

kajo
Rectangle



Table 11. Tamoxifen-associated side-effects on blood coagulation

Reference Main resultsStudy groups and methods

Breast cancer patients
Nevasaari et aL. Case report: 4 patients (43, 57, 60 and 68 years old) with
(1978) metastatic breast cancer receiving 20-40 mg tamoxifen for

2 weeks to 3Yi months

Lipton et aL. (1984) 220 patients with metastatIc breast cancer started on
tamoxifen

Enck & Rios
(1984 )

Hendrick &
Subramanian
(1980)
Jordan et al. (1987)

Bertelli et aL.

(1988)

Love et aL. (1992a)

39 postmenopausa1 patients (average age: 64 years) with
metastatic breast cancer: 24 receiving 20 mg/day tamoxifen
for mean of 36 (2-87) weeks; 4 receiving 15 mg/day diethyl-
stilboestrol; Il controls

Case report: 72-year-old breast cancer patient with lung and
bone metastasis receiving 20 mg/day tamoxifen

25 premenopausal and 22 postmenopausal breast cancer
patients receiving 20 mg/day tamoxifen for between 434 and
2592 days and between 91 and 1560 days respectively. 95
premenopausa1 and 8 postmenopausal breast cancer patients
receiving only combination chemotherapy served as controls.

55 breast cãncer patients receiving 20 mg/day tamoxifen for
;: 3 months and 36 breast cancer patients without any
treatment after mastectomy as contro1s

140 women with axillary node-negative breast cancer, 70
receiving 20 mg/day tamoxifen, 70 placebo controls

Deep vein thrombosis

7 venous thromoses within 6 months; 4 cases with phlebitis,
2 with phlebitis and pu1monary embolism, 1 with phlebitis

Lower concentrations of antithrombin- II in 42% (10/24) of the
tamoxifen-treated (mean duration, 36 weeks) cases compared
with 9% (1/11) in the control group

Death 4 weeks after start of tamoxifen treatment due to
thrombosis of the superior mesenteric artery with no evidence
of local metastasis in the artery and no sign of atheroma

Antithrombin-II levels decreased compared to only
chemotherapy controls (p -c 0.001). However, in no case were
the antithrombin-II values decreased by ? 30%, which is
considered the level of c1inical significance.

Decreased antithrombin-II leve1s in the tamoxifen group (26.6
:t 1 versus 30.2 :t 1.2 mg/dL; p = 0.03)

Fibrinogen 1evels decreased by 15% .in the tamoxifen group by
6 months (p -c 0.001); antithrombin- II concentrations
decreased significantly in the tamoxifen group but not to
clinically significant levels. Decrease in platelet counts of
7-9%.
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Table Il (contd)

Main results
Reference Study groups and methods

Cuzick et al.
(1993)

Love et al. (1994a)

HeaIthy women

Jones et aL. (1992)

153 breast cancer patients, 20 CUITent tamoxifen users (mean
duration of treatment 72 months), 73 ex-users (mean
duration of treatment: 24 months, median time after
cessation of tamoxifen administration: 58 months) and
60 breast cancer controls, who had never used tamoxifen.

30 breast cancer patients receiving 20 mg/day tamoxifen for
5 years and 32 breast cancer placebo control patients

515 normal healthy premenopausal and postmenopausal
women with a history of breast cancer, receiving tamoxifen
(20 mg/day) as a chemopreventive agent; follow-up for
36 months every 6 months by determination of fibrinogen,
antithrombin-III, protein C and protein S

No differences between controls and ex-users; in CUITent users

kaolin cephalin c10tting times were marginally shorter, fibri-
nogen and fast alpha-2 antiplasmin levels were lower (p = 0.03,
p = 0.0001 and p = 0.009 respectively) and plasminogen levels
were higher (p = 0.02).

After 5 years fibrinogen levels were 17% lower in the
tamoxifen-treated group compared with base-line (t = 0)
compared with the change in the placebo group (p = 0.08).

Marginal reduction of antithrombin-II (postmenopause only)
and protein S (a natural coagulation inhibitor) after 6 months,
which was no longer observed after 12 months. No increase in
the incidence of thromboembolic events
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Table 12. Tamoxifen-assocIated side-effects on blood lipids, steroid hormone-binding globulin and thyroid function-
assocIated parameters

Reference Main results"Study groups and methods

Gordon et al.
(1986)

Bertell et aL.

(1988)

Bruning et aL.

(1988)

Bagdade et aL.

(1990)

50 postmenopausal breast cancer patients receiving 20
mg/day tamoxifen (average treatment duration, 11
months; range, 1-42 months); 50 healthy (not breast
cancer) postmenopausal women as control

55 breast cancer patients receiving 20 mg/d tamoxifen
for 2: 3 months and 36 breast cancer patients without any
treatment after mastectomy as controls

8 premenopausal (mean age, 43.3 years) and 46
postmenopausal (mean age, 63.2 years) receiving
20 mg/day tamoxifen for 6 months

8 postmenopausal women receiving 20 mg/day
tamoxifen for 3 months

Serum thyroxin levels were elevated in 10/50 tamoxifen cases
versus 1/50 control cases (p 0: 0.04). No significant difference in
triiodothyronine levels. Thyroid-binding globulin levels increased in
6/6 (:: 30 mg/L) tamoxifen cases who had elevated serum thyroxin
levels.

Total cholesterol and LDL-cholesterol were significantly (p 0: 0.05)
lower in the tamoxifen group. Total cholesterol: 212.6 :t 6 versus
254.3 :t 8 mg/dL and LDL-cholesterol126,7 :t 62 versus 175.9:t
9.6 mg/dL.

No change in total cholesterol; significant (p 0: 0.05) increase in
HDL and decrease (p 0: 0.05) in LDL. Significant increase in sex
hormone binding globulin (SHBG) (p 0: 0.001)

No significant changes in total cholesterol or triglyceride levels;
significant decrease in non-esterified free cholesterol levels
(p 0: 0.05) and in LDL fraction; concentrations of cholesterol, free
cholesterol and free cholesterolllecithin ratio fell (p 0: 0.025;
po: 0.05; po: 0.025). Significant increase in SHBG (p 0: 0.005)
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Table 12 (contd)

Reference
Main resuIts"Study groups and methods

Cuzick et aL.

(1993)

Dewar et aL.

(1992 )

153 breast cancer patients (116 postmenopausal);
20 (14) CUITent tamoxifen users (mean duration of

treatment, 72 months); 73 (55) ex-users (mean duration
of treatment, 24 months; median time after cessation of
tamoxifen administration, 58 months) and 60 (47) breast
cancer controIs who had never used tamoxifen

44 postmenopausal women (mean age, 59; range, 45-76)
with breast cancer; 24 receiving 20 mg/day tamoxifen
for 5 years and 20 placebo controIs; after five years,
18 treated patients were randomly selected either to
continue (n = 10) or stop (n = 8) treatment and followed
for additional 3 years

ln the premenopausaI groups, no difference between controls and ex-
users. ln the postmenopausal groups:

Ex-users Controls CUITent
users

TC
LDL-C
TG
SHBG
T3

T4

7.00
5.20
1.31

62
1.81

96.9

6.63
4.82
1.12

55
1.81

97.6

5.81
3.75
1.33

ios
2.15

126.9

0.01 -: p -: 0.05
0.01 -: p -: 0.05
0.01 -:p -: 0.05
p -: 0.001
0.001 -:p:: 0.01

0.001 -:p:: 0.01

Tamoxifen treatment consistently lowered total cholesteroIlevels but
the effect ended after cessation of treatment:

Year 1 2 3 4 5

Change -0.52 -0.96 -0.96 -0.88 -1.02
(mmol/L)
p 0.013 0.003 0.022 0.005 0.001

Apparent1y no change in HDL
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Table 12 (contd)

Reference Main results"Study groups and methods

Dnistrian et aL.

(993)

Love et aL.

o 994a)

Anker et al.
(995)

Grey et aL.

( 1995a)

Mamby et al.
(995)

24 breast cancer patients 01 premenopausal, 13 post-
menopausal), mostly hormone receptor-positive,
receiving 20 mg/day tamoxifen for 4-8 weeks (only
4 received tamoxifen alone, 20 also received
chemotherapy. )

30 breast cancer patients receiving 20 mg/day tamoxifen
for 5 years and 32 breast cancer placebo control patients

31 postmenopausal breast cancer patients (mean age,
65 years) receiving 20-30 mg tamoxifen for
1-:; 19 months. Levels of plasma homocysteine (a risk
factor for atherosc1erotic disease) and serum cholesterol
were determined at various time points.

23 healthy postmenopausal women randomly assigned to
receive tamoxifen (20 mg/day) for 2 years (mean age,
58 :t 6 years) compared with 23 simIlar women receiving
placebo (mean age, 60 :: 5 years)

14 postmenopausal breast cancer patients participating in
a longitudinaL, double-blind, randomized placebo-
controlled study of tamoxifen (20 mg/day) and 14
placebo controls.

Tamoxifen induced 17% decrease in total cholesterol levels and 27%
decrease in LDL-cholesterol. No c1ear change in HDL-cholesterol
levels; significant decrease (33%) in LDL/HDL ratio.

At baseline (t = 0) no differences between the two groups. Total
cholesterol and LDL-cholesterol levels were significantly decreased
in the tamoxifen-treated group at 5 years (p = 0.001) and the
changes were significantly greater than in the placebo control
(p = 0.01 versus p = 0.001).
Plasma homocysteine was suppressed by a mean value of 29.8%
after 9- 1 2 months and by 24.5% after 13-18 months of treatment.
Cholesterol levels decreased by me an values varying between 7.2%
and 17.6% after 5-9 months of treatment.

Tamoxifen lowered serum cholesterol by 12 :t 2% and LDL-
cholesterol by 19 :t 3%; HDL-cholesterol not altered.

Significant increases in the tamoxifen group after 3 months in
thyroid-binding globulin levels (from 21.26 :t 1.06 to 26.94 :t 1.81),
thyroxine (T4) leve1s (from 7.02:t 0.3 to 8.39 :t 0.46) and thyroxine
uptake (from 127.71 :t 5.61 to 142.43 :: 6.82). No change in thyroid-
stimulating hormone levels or free thyroxine index

LDL, 10w-density lipoprotein; HDL, high-density lipoprotein; SHBG, sex hormone binding globulin (nmoll); TC, total cholesterol (mmollL);
LDL-C, low-density lipoprotein-cho1esterol (mmoll); TG, triglycerides (mmollL); T3, triiodothyronine (nmoll); T4, thyroxine (nmoll)
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Table 13. Effects of tamoxifen on bone mineraIIzation

Reference Main resultsStudy groups and methods

Love et al.
(1988)
Fentiman
et al. (1989)

,Fornander
et al. (1990)

Love et al.
(1994b)

Ward et al.
(1993)

Krstensen
et al. (1994)

Wright
et al. (1994)

Grey et al.
(1995b)

48 women with breast cancer treated with tamoxifen for at
Ieast 2 years and 37 women not treated with tamoxifen

Premenopausal women taking tamoxifen (20 mg/day for 36
months) for mastalgia, compared with placebo group
(50 mg/day vitamin C)
75 recurrence-free postmenopausal breast cancer patients
taking tamoxifen (40 mg/day for 2 or 5 years) compared with
control patients taking no adjuvant endocrine therapy

Two-year, randomized, double-blind trial of tamoxifen (20
mg/day) in 70 treated women with breast cancer compared
with 70 placebo controls

15 early postmenopausal women with stage 1 or II breast
cancer taking tamoxifen (20 mg/day) and 21 hea1thy

postmenopausal controls. Serum sex hormone-binding
globulin and antithrombin II levels measured, and BMD at
various sites measured

20 women receiving tamoxifen (30 mg/day) for 2 years and
23 untreated controls. AlI patients postmenopausal with
primary breast cancer, c1assified as low risk after surgery

41 women with breast cancer, 22 treated with tamoxifen for
~ 15 months (mean, 33 months) and 19 untreated. Transiliac
crest bone biopsies analysed by histomorphometry

23 healthy postmenopausal women randomly assigned to
receive tamoxifen (20 mg/day) for 2 years (mean age,
58 :t 6 years) compared with 23 similar women receiving
placebo (mean age, 60:t 5 years)

No difference in bone mineraI density (BMD) between the two groups

No change from baseline levels in either treated or placebo group after
3 months treatment, and no change in tamoxifen group after 6 months

BMD similar in treated and control groups, measured about 7 years after
initial randomization. Cortical bone: 1.03 g/cm" in tamoxifen versus
1.03 g/cm" in controls; trabecular bone: 0.74 g/cm" versus 0.73 g/cm"

Mean BMD of lumbar spine increased by 0.6% per year in treated group
and decreased by 1.00% per year in placebo group (p 0( 0.001). Radial
BMD decreased to same extent in both groups.

Tamoxifen prevented bone loss at femoral neck (+ 1.4% gain in
BMD/year versus -1.8% in control group; p = 0.03) and lumbar spine
(+0.09%/year versus -2.3%; p = 0.04), and reduced bone turnover. Sex
hormone binding globulin was increased and antithrombin II reduced in
treated group.

Lumbar BMD increased by about 3% in first year in tamoxifen group
and then stabilized. Lumbar BMD decreased by about 2.5% in control
group in the first year (p = 0.00074), continued to decrease to about
4.5% after two years. BMD at forearms stable in tamoxifen but declined
in control group (p = 0.024).

No statistically significant difference between treated and control groups
in bone area, osteoid perimeter and area, or osteoid width. Tissue-based
bone formation significantly lower (p = 0.05) and remodelling period
significant1y longer (p 0( 0.05) in treated group

1.4% increase in lumbar spine BMD in the tamoxifen group versus 0.7%
decline in the placebo group (p 0( 0.01). This small protective effect was
comparable in magnitude to calcium supplementation and less than that
of either oestrogen or bisphosphonates.
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T AMOXIFEN 309

cells to 2.86 :! 0.43 ¡.mol/mL (p -( 0.01) to 2.91 :! 0.47 ¡.mol/mL (p .: 0.01) and slight
increases were also observed in serum levels of ceruloplasmin, urie acid, vitamins A, C
and E and selenium. (Except for concentrations of malondialdehyde, the changes in aIl
parameters were ~ i 0% of the initial value. J

Ocular toxicity has been reported foIlowing tamoxifen treatment, the first published
reports of retinopathy and corneal changes being associated with particularly high doses
of tamoxifen of at least 240 mg/day (Kaiser-Kupfer & Lippman, 1978). It is charac-
terized by white refractile intraretinal deposits distributed mainly at the posterior pole.
Ocular toxicity also appears to be an infrequent but serious complication of tamoxifen
therapy at doses of 20-40 mg/day (Griffiths, 1987; De Jong-Busnac, 1989). ln the study
by Pavlidis et aL. (1992), four of 63 patients administered 20 mg tamoxifen per day
displayed retinopathy and/or keratopathy 10, 27, 31 and 35 months, respectively, after
the start of therapy. However, in another controlled study, no ocular toxicity was found
in 79 breast cancer patients taking tamoxifen in conventional doses (10-20 mg two or
three times a day) for an average of two years and three months (Longstaff et aL., 1989).
Ocular toxicity has not been reported in any of the major adjuvant breast cancer studies
involving tamoxifen (Fisher et al., 1989a; Ribeiro & Swindell, 1992; Fornander et al.,
i 99 1). Where retinopathy was reported in patients, it was reversible on cessation of
tamoxifen treatment if the condition was detected at an early stage (Ashford et al., 1988;
Chang et al., 1992).

Leukopenia and neutropenia (Glick et aL., 1981; Boccardo et al., i 994b; Miké et aL.,
1994) have been reported on rare occasions following the administration of tamoxifen.

4.2.2 Experimel1tal systems

ln single-dose toxicity studies, the oral LDso of tamoxifen was approximately 3 g/kg
for mice and 2.5 g/kg for rats (Furr & Jordan, 1984). Tamoxifen is well tolerated upon
chronic administration to mice, rats and dogs at large multiples of the pharmacologicaIly
active dose (approximately 0.1 mg/kg), the pharmacological properties of tamoxifen

(behaving as an oestrogen in sorne species and tissues and as an antioestrogen in others)
accounting for many of the effects described in toxicology studies (Tucker et al., 1984).
Tamoxifen is an antioestrogen with complex pharmacology encompassing variable
species-, tissue-, cell-, gene- and duration of administration-specifie effects from oestro-
gen-like agonist actions to complete blockage of oestrogenic action (Jordan & Robinson,
1987). ln short-term laboratory assays, tamoxifen is usuaIly classified as oestrogenic in
mice but as a partial agonistlantagonist in rats. The concept that tamoxifen is oestrogenic
in mice may not provide a complete description of the effects in this species, as
prolonged administration to ovariectomized mice results in the uterus becoming refrac-
tory to oestrogen administration (Jordan et al., 1990). Whilst the initial response of the
uterus to tamoxifen is oestrogen-like, as administration continues, uterine weight returns
to initial values. ln immature rats, administration of tamoxifen increases uterine weight
in a dose-dependent manner without attaining the same maximal effect as obtained with
17ß-oestradiol; administration of tamoxifen together with oestradiol provides a partial
but incomplete antagonism of the uterotrophic action of 17ß-oestradiol (Harper &
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Walpole, 1 967a,b). The increase in uterine weight is largely due to hypertrophy of the
luminal epithelium, with little change in the myometrium and stroma. This hypertrophic
effect was not associated with any change in thymidine incorporation or cell division
typical of uterine response to l7ß-oestradiol treatment (Jordan et al., 1980). More recent
studies have confirmed the hypertrophic effect of tamoxifen and other antioestrogens on
the luminal and glandular epithelium of the rat uterus and contrasted this effect with that
of oestrogens (Branham et al., 1993).

ln mice, repeated administration of doses up to 50 mg/kg for 13- 15 months caused
atrophy of gonads and accessory sex organs, with cystic endometrial hyperplasia in the
uterus, elongation of the vertebrae and a marked increase in bone density with resorption
and new bone formation in irregular patterns. These changes are consistent with the
pharmacological action in this species. ln the liver, there were fatty changes and a
swelling of the parenchymal cells (Tucker et al., 1984).

ln rats, administration of tamoxifen for 6-24 months at doses between 35 and
100 mg/kg per day caused atrophy of the gonads and accessory sex organs, whilst, at
lower doses (2 mg/kg per day), the uterine endometrium showed an absence of glands,
flattening of the epithelium and occasional squamous metaplasia (Tucker et al., 1984;
Greaves et al., 1993). After six months' treatment with 35 mg/kg per day, there was
nodular hyperplasia in the liver (Greaves et aL., 1993). The lysosomal lipidosis seen in a
number of tissues, including retina and corne a, after chronic administration of 100-
130 mg/kg per day is consistent with the cationic amphiphilic structure of tamoxifen
(Lüllmann & Lüllmann-Rauch, 1981); the higher incidence of cataracts may be related to
changes in sex hormone status (Greaves et al., 1993).

ln dogs, repeated administration of up to 75 mg/kg tamoxifen per day for three
months resulted in cessation of ovulation and hyperplasia of the germinal epithelium of
the ovary and severe endometritis with squamous metaplasia, as well as biliary stasis
with no other morphological change in the liver at the highest-dose level only (Tucker
et al., 1984).

Six months' administration of tamoxifen at doses up to 8 mg/kg per day to marmosets
produced a slight increase in ovarian follicular cyst weight and number, probably as a
result of its antioestrogenic èffect in this species (Furr et al., 1979; Tucker et al., 1984).

Rat, chicken and human microsomes exhibited low tamoxifen-binding activity com-
pared with hamster and mouse microsomes (Mani et aL., 1994). ln another study (White
et al., 1995), covalent binding of tamoxifen to microsomal proteins was observed with
human, rat and mou se microsomes; the activity of mouse microsomes was highest (17-
fold higher th an human microsomes), while rat microsomes had interrediate activity
(3.8-fold higher th an human microsomes).

White et al. (1993) showed that, while the total hepatic microsomal cytochrome P450
content of rats given tamoxifen intraperitoneally (0.12 mmo1/g or 45 mg/kg per day for
four days) was not increased (and, indeed, was transiently decreased), there were 30-60-
fold increases in the metabolism of benzyloxy- and pentoxyresorufin; the metabolism of
ethoxyresorufin was only slightly increased. Immunoblotting experiments revealed two-
to three-fold increases in CYP2B l, CYP2B2 and CYP3A 1 proteins. Induction of these

kajo
Rectangle



T AMOXIFEN 311

proteins was centrilobular. None of these monooxygenase activities was induced in
C57Bl/6 mice and only small increases in benzyloxy- and pentoxyresorufin metabolism
were seen in DBN2 mice. There has been independent confirmation of the induction of
CYP2Bl, CYP2B2 and CYP3A in the liver of Fischer 344 rats (particularly females)
administered tamoxifen orally for seven days. ln addition, microsomal epoxide hydrolase
was induced. These were selective inductions, there being no increased expression of
CYPlAl, CYPIA2 or y-glutamyl transpeptidase (Nuwaysir et aL., 1995).

4.3 Reproductive and developmental effects

4.3.1 Humal1s

Tamoxifen is contraindicated during pregnancy (Vidal, 1995; Medical Economies,
1996).

,

Cullins et al. (1994) reported the birth of an infant with Goldenhar' s syndrome

(oculoauriculovertebral dysplasia) delivered by Caesarian section at 26 weeks to a 35-
year-old woman with breast cancer who had received 20 mg/day tamoxifen throughout
pregnancy. They noted that 50 pregnancies reported to the manufacturer had been

associated with tamoxifen administration. There were 19 normal births, 8 terminations,
13 unknown outcomes and 10 associated with a fetal or neonatal disorder. Two infants
had congenital craniofacial defects. (The W orking Group noted that details of these 50
cases were not available in this secondary reference.)

Zemlickis et al. (1992) reported on three women with breast cancer who received
treatment during the first trimester of pregnancy. One woman received tamoxifen with
cyclophosphamide, methotrexate, fluorouracil and vincristine sulfate; the pregnancy
ended in live birth, and the baby was alive and well at the time of follow-up. The other
two women did not receive tamoxifen and the pregnancy ended in miscarriage. Two
further women with breast cancer received chemotherapy during the third trimester. One
received tamoxifen with fluorouracil, doxorubicin and cyclophosphamide, and a live-
bom infant was delivered who was alive and weil at the time of follow-up. The other
woman did not receive tamoxifen but also delivered a live birth with sorne intrauterine
growth retardation; this child was weil at the time of the follow-up.

Lai et aL. (1994) reported the birth of a normal male infant with a birthweight of
3340 g at term following six months' daily therapy with 30 mg tamoxifen and 160 mg
megestrol acetate for adenocarcinoma of the endometrium and three months' treatment
with a combined oestrogen/gestagen oral contraceptive pil.

Two studies have been made of the effect of tamoxifen on reproductive parameters in
healthy female volunteers. ln the first, 16 women with regular menstrual cycles were
followed during one control cycle, one treatment cycle during which women received 20
mg tamoxifen twice daily from cycle day 18 until day 30 or onset of menstruation,
whichever came first, and one follow-up cycle (Swahn et al., 1989). The length of the
treatment cycle (28.5 days :t 2.0 days) was significantly longer than that of the control
(27.2 :t 2.0 days) or follow-up (27.5 :t 1.9 days) cycles, owing to a prolonged luteal
phase. Levels of follcle-stimulating hormone (FSH), progesterone, 17 -hydroxyproges-
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terone, 20-dihydroprogesterone, oestrone, oestrone sulfate and 17ß-oestradiol were signi-
ficantly elevated during the treatment cycle compared with the control cycle. Levels of
pregnanediol glucuronide remained unchanged during the treatment cycle, whereas the
concentrations during the follow-up cycle were approximately double those of the
control cycle. Prolactin levels decreased slightly during tamoxifen treatment, but the
effect was not statistically significant. There was a positive correlation between plasma
levels of tamoxifen and 17-hydroxyprogesterone (r = 0.72; p .: 0.05), but not with plasma
levels of the other hormones during treatment or follow-up cycles. The treatment did not
cause any major disturbance of the bleeding pattern.

ln the second study, Mäentausta et al. (1993) studied the effects of tamoxifen on
endometrial 17ß-hydroxysteroid dehydrogenase and progesterone and oestrogen recep-
tors during the luteal phase of the menstrual cycle in 1 1 healthy female volunteers. The
study included one control and two treatment cycles. During the first treatment cycle, the
subjects received 200 mg mifepristone two days after the peak serum luteinizing
hormone (LH) concentration. During the second treatment cycle, the subjects received
40 mg tamoxifen on the second and third days after the peak serum LH concentration.
The time interval between these treatments was about a mon th, and the authors state that
this ensured that the effects of each treatment modality had disappeared before the next
treatment. l7ß-Hydroxysteroid dehydrogenase and progesterone and oestrogen receptors
were examined immunohistochemically in endometrial tissue specimens taken on the
sixth to eighth day after the peak serum LH concentration. Tamoxifen did not have any
significant effect on staining of l7ß-hydroxysteroid dehydrogenase or the abundance of
receptors. The authors state that serum concentrations of l7ß-oestradiol, progesterone

and LH were not significantly affected by the administration of tamoxifen.
Six women were treated for uterine fibroids for at least three months with 10 mg

tamoxifen twice daily starting between days 1 and 3 of the menstrual period. Increased
variability in the length of the menstrual and ovarian cycle was associated with signi-
ficant lengthening of the luteal phase from 12.5 :! 1.5 days to 16.9 :! 3.5 days (p.: 0.02;
Lumsden et al., 1989). A significant increase in the excretion of oestrone and pregnane-
diol glucuronide in the urine was associated with increased concentrations of 17ß-

oestradiol and progesterone in plasma, reflecting multiple follicular development and
ovulation. A significant rise in the concentration of FSH occurred during the luteal phase
of the cycle.

A number of studies of endocrine parameters have been carried out in pre- and post-
menopausal women receiving tamoxifen therapy (for review, see Sunderland & Osborne,
1991). Most studies report that in postmenopausal women levels of gonadotrophins, FSH
and LH decrease with tamoxifen therapy, although remaining within the normal post-
menopausal range. 17ß-Oestradiol and progesterone levels do not change in postmeno-
pausai women receiving tamoxifen. ln contrast, in premenopausal women receiving
tamoxifen, 17ß~oestradiol and progesterone levels show a striking elevation, often to two
or three times the normal leveL. The elevated hormone levels follow a pattern consistent
with the normal menstrual cycle. Despite these supraphysiological levels of l7ß-oestra-
diol, FSH and LH levels remain unchanged or only slightly increased. Many premeno-
pausaI women receiving long-term tamoxifen therapy çontinue to have regular ovulation
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and menstrual cycles, although as many as one third may develop temporary amenor-
rhoea or oligomenorrhoea.

ln a study of the pregnancy outcome in the partners of men who had been treated with
tamoxifen (11 = 22) or clomiphene (11 = 12) for oligozoospermia, no important difference

in the course of pregnancy was found between the groups (Salata et al., 1993).

Gooren (1989) reported a patient with incomplete androgen insensitivity syndrome
(hypospadias, unilateral cryptorchidism and pubertal gynaecomastia, ail surgically
corrected) and plasma FSH levels below the reference range for adult men. After
treatment with 10 mg tamoxifen twice daily, his plasma FSH level rose, spermatogenesis
improved and his wife conceived three times within a period of five years.

ln a number of uncontrolled studies, treatment with tamoxifen has been reported to be
associated with an increase in sperm count of men with idiopathic oligozoospermia.

However, in addition to the fact that these studies were not randomized controlled trials,
a limitation of the studies was that patients who would be considered fertile were
included (Kotoulas et al., 1994). Krause et al. (1992) reported a randomized trial of
tamoxifen in the treatment of idiopathic oligozoospermia. The sperm output and
pregnancy rate was somewhat higher in the group of 39 patients who received 30 mg
tamoxifen daily th an in the 37 patients who received the placebo. (The numbers of
subjects assigned to each group of the trial in the reporting of the pregnancy rates contlict
with the numbers assigned to therapy recorded earlier in the paper.) Kotoulas et al.
(1994) reported that 122 men randomly assigned to treatment with 10 mg tamoxifen
twice daily for a period of three months had improved sperm density and number of live
spermatozoa compared with 117 men who received the placebo therapy for the same
period of time. The improvement in sperm density was more marked in the subgroups
who were oligozoospermic than in normozoospermic men. ln addition, there was a statis-
tically significant decrease in the number of abnormal sperm after tamoxifen treatment,
but the authors comment that this decrease was observed in only 12 patients in the
tamoxifen group compared with eight patients in the placebo group.

4.3.2 Experimel1tal systems

Ca) Effects 011 thefetus

Cunha et aL. (1987) assessed the potential oestrogenicity and teratogenicity of tamo-
xifen in 54 genital tracts isolated from 4-l9-week-old human female fetuses and grown
from one to two months in untreated atbymic nude mice. After grafting of the human
fetal genital tracts, the hosts were given subcutaneous implants of 20-mg pellets of
tamoxifen, clomiphene or diethylstilboestrol, or were sham operated. ln ail mice that
received tamoxifen, the vaginal epithelia of the hosts were thickened and comified, and
the uteri exhibited cystic hyperplasia. ln specimens of human genital tract grown to a
gestational age equivalent of 15 weeks or less, the vagina and urogenital sinus were lined
with an immature squamous epithelium, which was similar in drug-treated and untreated
specimens. The authors noted that the absence of oestrogenic response in these
specimens correlated with the apparent absence of oestrogen receptors. Two of the four
tamoxifen-treated specimens grown to a gestational age equivalent of 16 weeks or more
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exhibited epithelial hyperplasia and maturation. U ntreated specimens were unstimulated.
Formation of endometrial and cervical glands proceeded in 13/15 (87%) control
specimens grown to a gestational age equivalent to 13 weeks or more in untreated hosts.
The results from tamoxifen-treated specimens were similar to those obtained with
clomiphene-treated specimens, and therefore were pooled. Glands were present in only
6/13 (46%) age-matched specimens treated with tamoxifen or clomiphene. ln the
developing uterine corpus of untreated controls, the uterine mesenchyme segregated into
inner (endometrial stroma) and outer (myometrial) layers, whereas, in specimens treated
with tamoxifen, condensation and segregation of the mesenchyme were greatly impaired.
The epithelium of the fallopian tubes of specimens treated with tamoxifen was hyper-
plastic and disorganized, and the complex mucosal plications characteristic of the faIlo-
pian tube were also distorted.

As tamoxifen is an antifertility agent in rats, it has proved difficult to conduct studies
of possible teratogenic effects in this species (FuIT & Jordan, 1984). Tucker et al. (1984)
reported that 0.025 mglkg bw tamoxifen was the highest dose that could be given
throughout pregnancy in Alpk/ AP rats without completely preventing implantation. At
this dose, about 50% of matings gave rise to successful pregnancies. These authors also
stated that in several teratogenic studies in rats, aIl doses above 2 mglkg bw produced an
incidence of irregular ossification of ribs in the fetus. They considered that this was
secondary to a tamoxifen-induced reduction in the size of the uterus of the dam and noted
that the effect disappeared in the early neonatal period. ln rabbits, administration of 0.1
and 0.2 mg/kg bw tamoxifen throughout pregnancy did not produce any effect on
implantation or on the fetus. ln marmosets, doses of up to 10 mg/kg bw tamoxifen from
days 25 to 35 of pregnancy did not produce any effect in the fetus. (The W orking Group
noted that few details of the se studies were reported. J

Twenty adult female cynomolgus monkeys (Macaca fascicularis) with two sponta-
neous menstrual cycles of normal duration during an initial two- to three-month period of
observation were randomly assigned to receive a low dose of tamoxifen (0.5 mg/kg bw
per day; 11 = 6), a high dose of tamoxifen (3.0 mglkg bw per day; 11 = 7) or lactose (n = 7)
by gastric instillation daily for 12 days, starting four days after the mid-cycle 17 ß-

oestradiol peak (Olive et al., 1990). The luteal phase of the menstrual cycle was
prolonged in the groups receiving tamoxifen compared with the control group, but no
difference between the groups receiving low-dose and high-dose tamoxifen was
observed. No noteworthy difference in hormonal characteristics between the groups was
observed. The au th ors concluded that administration of tamoxifen during the luteal phase
did not alter pituitary gonadotropin secretion or corpus luteum function. They suggested
that the prolongation by tamoxifen of the length of the luteal phase in a subset of

monkeys was perhaps due to a direct effect on the endometrium. ln a study of 26 female
Macaca fascicularis with proven fertility and normal menstrual cycles, 13 were treated
with a single oral dose of 5 mg/kg bw tamoxifen and 13 with vehic1e only on post-
ovulation day 4 (Tarantal et aL., 1993). Serum progesterone and tamoxifen concentrations
were evaluated on postovulation days 4, 8, 12, 16 and 18. There was no effect of tamo-
xifen on serum progesterone levels or on the fertility rate - 6/13 (46%) treated females
and 4/13 controls (31 %) became pregnant. ln the centre in which the study was carried
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out, the conception rate for the Macaca fascicularis colony was approximately 50% per
mated cycle. Among the six pregnant animaIs treated with tamoxifen, one aborted
spontaneously on gestation al day 40 (after detection of severe growth retardation and

embryonic death on gestational day 38) and five delivered live births naturally during
gestational days 160-163. Among the control females who became pregnant, one had an
early embryonic loss (at or before gestation al day 18), one had a still birth at gestional
day 162 and two delivered live births. None of the live births exhibited any abnormality.
Neither tamoxifen nor any of its metabolites was detected in maternai serum and urine.
The authors postulated that either absorption of tamoxifen was negligible or its
metabolism and excretion occurred at an extremely rapid rate.

Beyer et al. (1989) assessed the embryotoxic potential of tamoxifen by studying its
effect on cultured whole rat embryos in the presence and absence of a NADPH-supple-
mented post-mitochondrial supematant fraction from Aroclor l254-induced male rat
liver (S9). Embryos were obtained from pregnant animais on gestational day 10. Only
viable embryos, as determined by the presence of visible heart beat and active vitellne
circulation, were evaluated. At the time of explantation, conceptuses were up to 1O:t 2
somite stage and were exposed to tamoxifen added directly to the culture medium at the
beginning of the 24-h culture period. The results are presented in Table 14. ln order to
explore further the possible role of oestrogenicity, the interactive ettects of tamoxifen
with diethylstilboestrol and 17ß-oestradiol were investigated. At 0.19 mM diethylstil-
boestrol or 0.1 mM l7ß-oestradiol, in the presence of S9, a series of four tamoxifen
concentrations ranging from 0.05 to 0.19 mM were added to the culture medium at the
onset of the culture period. ln all cases, the effect of tamoxifen appeared to be additive
rather than antagonistic. Thus, the effect of tamoxifen was to exacerbate the embryo-
toxic/dysmorphogenic effects of both diethylstilboestrol and 17 ß-oestradiol.

Table 14. EmbryotoxicIty of tamoxifen to rat embryos

Tamoxifen Exogenous No. of Embryo- Rotation Neural AlI other
concentration metabolic embryos lethality defects tube defects

activation tested (%) (%) defects combined"
system (S9) (%) (%)

0.19mM + 20 20 27.5 6,3 93.8
O,I9mM 17 64,7 43.4 0 100
0 + 261 1.9 8.4 0,7 6.1
0 1 1 1 2.6 5.4 0.9 2,7

From Beyer et aL. (1989)
"Relati vely inconsistent and so combined for analysis

ln a preliminary experiment, groups of two or three rabbits were given 0.25, 0.5, 1.0,
2.0 or 4.0 mg/kg bw tamoxifen daily by gastric instilation from day 6 to day 18 of
gestation (Esaki & Sakai, 1980). Abortions were observed in both rabbits treated with
4 mg/kg bw and one of the three rabbits treated with 2 mg/kg died. ln a following
experiment, groups of 10-14 rabbits were given 0.125,0.5 or 2.0 mg/kg bw tamoxifen
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daily by gastric instillation from day 6 to day 18 of gestation. ln the groups receiving 0.5
and 2.0 mg/kg doses, body-weight gain in the dams was suppressed. Abortions occurred
in one animal in each of the lower-dose groups and in five animais in the group receiving
2.0 mg/kg bw. Fetal death rates, defined as the total number of resorption sites for dead
embryos divided by the total number of implantations, were 1 1.6% in the control group,
16.7% in the low-dose group, 39.4% in the mid-dose group and 32.7% in the high-dose
group. No effect of tamoxifen on the body weight of live fetuses was observed. On
external observation of the live-born fetuses, one exencephaly was observed in the
control group and one brain hernia (sic) in the group recei ving 0.125 mg/kg and one
abdominal hernia with brain hernia (sic) in the group receiving 2.0 mg/kg. On internaI
examination, four anomalies were observed in the control group, one in the group

receiving the lowest dose of tamoxifen and two in each of the other groups. There were
1 1 instances of minor malformations of the skull, sternum, caudal vertebrae or ribs in the
control group, 12 in the group receiving 0.125 mg/kg tamoxifen and 9 in each of the
other two groups.

Groups of four pregnant rabbits were given 2 mg/kg bw tamoxifen per day orally,
beginning on gestational day 10 or 20, or vehicle only (FuIT et aL., 1976). Administration
of the drug from gestational day 10 resulted in considerable embryonic loss; only two

rabbits gave birth and the average number of young born was 1.75 :! 1.2 compared with
5.8 :! 1.6 for vehicle-treated contraIs. Since the number of implantation sites was similar,
a major effect of the drug was to induce fetal resorption. Administration of the drug from
day 20 caused premature parturition and abortion: the length of gestation in the group
receiving tamoxifen was 26.8 :! 1.3 days compared with 32.5 :! 0.3 days in controls, and
the percentage of young born alive was 65% as compared to 96%. Both of these effects
were associated with a significant reduction in plasma progesterone concentration. The
differences in plasma progesterone concentrations were not due to differences in the
numbers of corpora lutea in the different groups.

Pregnant guinea-pigs (11 = 6) of the Hartley albino strain were given 2 mg/kg bw
tamoxifen by subcutaneous injection for three or six days (Gulino et al., 1984). Uteri of
the fetuses (11 = 10) were weighed 24 h after the last administration. Compared with
control fetuses, a dose-related increase in uterine wet weight was observed, such that the
uterine weight of fetuses of the dam that had received injections for a six-day period was
2.5 times that of controls. This uterotropic effect was associated with a significant
increase in uterine DNA content. Tamoxifen also induced an increase in the size of the
uterine stroma and myometrium in the fetus. Luminal epithelial cell height was increased
by 67 :! 2% after six days of treatment of the dam and luminal epithelial cell number was
increased by 160 :! 20%. Uterine epithelial downgrowths invading the stroma were
observed in 26 :! 4% of tamoxifen-treated fetuses. ln a subsequent study from the same
laboratory, groups of 6-10 pregnant guinea-pigs of the Hartley albino strain were given
5 mg/kg bw tamoxifen per day by subcutaneous injection for 12 days or the vehicle alone
(Pasqualini & Lecerf, 1986). The uterine epithelial cells of the fetal guinea-pigs were
examined by transmission electron microscopy for ultrastructural changes. The fetuses
were at 60-64 days of gestation at the time of necropsy, A moderate increase in the
height of the fetal uterine epithelial cells and moderate effects on the Golgi system, the
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rough endoplasmic reticulum and mitochondria were observed. No change in the number
of microvilli or cell degeneration was apparent. When the same dose of tamoxifen was
administered in combination with 1 mg/kg bw 17ß-oestradiol per day for 12 days, the
effects on mitochondria were greater th an when either compound was given on its own,
while the increase in number of microvilli apparent when 17ß-oestradiol was given on its
own was reduced to the basal level. Therefore, although tamoxifen has antioestrogenic
properties, in this species it acted as an agonist in the uterus during fetal development.

Pregnant pigs (sows) were fed diets containing 0 or 10 mg/kg diet' (ppm) tamoxifen
from gestational day 30 until weaning (Yang et al., 1995). No significant differences in
sow body weight, litter size, live births per litter, piglet mortality, piglet sex ratio or
piglet birth or weaning weight were observed between the groups. At the age of 21 days,
female piglets exposed to tamoxifen il1 utero and during lactation had smaller ovaries and
enlarged uteri compared with control s, but no histological abnormality. Corresponding
male piglets had testes 15% lighter than those produced by sows fed the control diet; no
consistent histological difference was observed between the groups. Subsequent breeding
performance was not affected.

ln two trials, approximately 500 eggs from single comb White Leghorn hens were
injected on the day of set with either 100 ilL tamoxifen (2 mg/iiL) or vehic1e (corn oil)

into the albumen (Coco et al., 1992). Based on phenotypic sexing, the sex ratio of male
to female chicks was 76 : 24 for those exposed to tamoxifen compared with 47 : 53 in
those treated with vehicle only. When a subset of these chicks was sexed at three weeks
of age by identification of gonadal type at necropsy, the se ratios were corrected to 46: 54
and 52 : 48, respectively. ln the second trial, the sex ratio based on phenotypic sexing
was 62: 38 for tamoxifen-exposed chicks and 45 : 55 for vehicle-exposed chicks.
Gonadal sexing corrected these ratios to 44 : 56 and 45 : 55, respectively. Thus, the
genital sexing errors were 27% in the first trial and 18% in the second for tamoxifen-
exposed chicks, significantly higher th an those treated with vehicle (2 and 0.6%,

respectively). Therefore, phenotypic genital sexual differentiation was altered by admi-
nistration of tamoxifen.

(b) Effects 011 the dam of gestatiol1al exposure to tamoxifel1

O'Grady et aL. (1974) investigated the effect of doses of tamoxifen known to delay
implantation (0.1 mg/kg bw) or to inhibit implantation (0.2 mg/kg bw) on mitosis in the
uterus. Tamoxifen was administered to rats on the morning of gestational day 2 and
mitosis of the luminal and glandular epithelial and subepithelial stroma was assessed on
days 2-5 of the pre-implantation period. The authors considered the delay in implan-

tation induced by the lower dose of tamoxifen to be mediated by an observed delay in
oestrogen-supported stromal mitosis. ln a study from the same laboratory, Watson et al.
(1975) showed that the lower dose of 0.1 mg/kg bw tamoxifen in rats delayed the
increase in plasma 17ß-oestradiol level by 20 h, a time interval identical to the delay in
implantation. While the absolute concentration of 17ß-oestradiol reached was lower than
that in control animaIs, the rate of decline was slower and therefore the exposure of the
uterus to an increased peak of 17ß-oestradiol was more prolonged. A dose of 0.2 mg/kg
bw, which prevented implantation, completely eliminated the increase in plasma 17 ß-
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oestradiol level and caused a decrease in pituitary LH and a marked rise in plasma LH
levels. Neither dose of tamoxifen affected levels of progesterone.

Pugh and Sumano (1979) investigated the effect of tamoxifen on the occurrence of
the trophoblastic surface coat change which is associated with implantation in mouse
embryos. Groups of 19-26 embryos were cultured in a collagen-containing culture
system. Tamoxifen (2.8 x 10-10 M) totally prevented the surface coat change and implan~
tation. When this level of tamoxifen was added to a culture containing 1 O-~ M 17ß-

oestradiol, the percentage of blastocysts which became attached to collagen decreased
from 90.5% to 39.1 %.

Gupta and Roy (1987) assessed the effects of tamoxifen on concentrations of cyto-
solic oestrogen receptor in different parts of the fallopian tube and uterus during ovum
transplant in New Zealand albino rabbits. Half of the animais were given 0.03 mg/kg bw
tamoxifen orally and the other half were not treated. Groups of animais were killed at
normal oestrus stage and at 14, 24, 34, 48, 72, 144 or 168 h post coitum. ln the

tamoxifen-treated animais, the concentration of cytosol receptor was reduced in the
ampulla and ampullary isthmic junction but not in the isthmus or uterine isthmic
junction, compared with untreated animaIs. ln the treated animais, the ampullary concen-
tration of cytosol receptor increased during 14-34 h post coitum, and suddenly decreased
at 48 h post coitum, whereas, from 72 h to 144 h post coitum, it increased gradually. The
authors conc1uded that tamoxifen modulates tubal cytosolic oestrogen receptors during
egg transport. (Details of the timing of tamoxifen administration are unclear.)

Treatment of pregnant pigs with 0.7 (11 = 4) or 7.0 (11 = 2) mg/kg bw tamoxifen per
day did not affect the development of mammary structures or the ability to lactate at
parturition (Lin & Buttle, 1991 a). Sows were feq diets containing 0 or 10 mg/kg (ppm)
tamoxifen from gestational day 30 until weaning (Yang et al., 1995). No significant
difference was observed between sows exposed to tamoxifen and unexposed sows in
ovarian or uterine weights 21 days after lactation, although there was a trend towards
ovarian atrophy and uterine enlargement in exposed sows. The ovaries of exposed sows
contained predominantly small and degenerated follicles, whereas numerous large
follicles were observed in the ovaries of control sows. The histological appearance of the
uteri and ovaries of the treated sows was similar to controls.

(c) Effects of exposure of l1eol1ates and immature al1imals to tamoxifel1 0/1

developmel1t of the reproductive system

Uterotropic effects of tamoxifen have been observed in mice, rats and guinea-pigs
(Table 15). ln rats, the se effects are seen in neonatal rats only after short periods of

treatment, prolonged treatment appearing to inhibit uterine development. ln guinea-pigs,
these effects are much stronger 'when the dose is administered to neonates rather than to
immature animaIs (Gulino et al., 1984).

lrisawa and Iguchi (1990) reported that neonatal treatment of mice with tamoxifen
initially caused an increase in uterine weight and height of the uterine epithelium as well
as an increase in the thickness of the vaginal epithelium. Tamoxifen treatment also
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Table 15. Effect of administration of tamoxifen to neonatal or immature animaIs on subsequent development of the uterus

Species ContraIs Tamoxifen dose Age (or weight) Age when Effects on uterus Reference
at administration outcome

assessed Uterine weight relative to Other effects
body weight

Rat Vehicle 100 ¡.g s.e. Day 5 Day 9 Increased 1.5-fold Epithelial hypertrophy Clark et al.
(1981)

Vehicle 5 ¡.g s.c. Days 1,3 and 5 ca. Day Ali uteri were atrophie. 90% replacement of luminal lining and Chamness
120 glands by squamous metaplasia et al. (1979)

Saline 0.01,0.1,1.0, 35-45 g Days 4 or Increased with increasing Wakeling
10.0 mglkg bw, 7 dose; more marked change et al. (1983)
orally or s.e. for with oral dose; continuing
3 days treatment for a further 3 days -i

reduced uterineweight ~
Untreated 10 ¡.g/day for Days 1-5 Day 26 Significantly decreased Cross-sectional areas of uterine glands, Branham ~05 days s.e. compared with control s" luminal epithelium and endometrial eral. (1988) ~-stroma were substantially reduced. "T

Little change in cell density in any cel! t'
Z

population, except for a marked
reduction in the cell density of the
luminal epithelium.

Vehicle . 100 or 200 ¡.g Days 1-5 Day 60 Significantly decreased Uterine lumen of the greater part of the Ohta et al.
for 5 days s.e. homs was narrow and Iined with (1989)

cuboidal epithelial cells. ln about half
the rats given the larger doses, sorne
parts of the luminal epithelium
disappeared.

Mouse Saline 2, 20 or 100 ¡.g Days 1-5 Days 35 or Decreased at day 35 in mice ln 40%, 90% and 100% of the groups Iguchi et al.
vehicle for 5 days s.e. 150 receiving the 2 or 20 ¡.g dose; receiving 2, 20 or 100 ¡.g, respectively, (1986)

increased in mice receiving the circular musculature of the
the 100 ¡.g dose, At day 150, myometrium exhibited involution. The
ail treated groups had lower number of uterine glands per section
uterine weights th an contraIs. was significantly reduced. w..

\0



VJ
N0

Table 1S (contd)

Species ContraIs Tamoxifen dose Age (or weight) Age when Effects on uterus Reference
at administration outcome

assessed Uterine weight relative to Other eftects
body weight

Saline 100 ¡.g for S Days I-S Days S, 10, Increased at days S, IS and Cel! heights of luminal epithelium Irisawa &
days s.e. IS,20,30 20 - lighter at day 60; greater at days S-30 than controIs; Iguchi (1990)

and 60 increased weight resulted from shorter at day 60 -
;:oedematous change in stromal ;:

tissue (J
Guinea- Vehicle 0.6 ¡.g/g bw for Days 6 or 27 24 h after Increased with administration Increased uterine DNA content, Gulino et al. $;0pig 3 or 6 days s.e. last at day 6 but only weakly with luminal epithelial cel! height. Luminal (1984 ) Z

injection administration at day 27" epithelial cel! number increased with 0
c:administration at day 6 but only ;:

slightly with administration at day 27. ;:
'"Vehicle 100 ¡.g for 2 or Newborn (2-IS 24 h after - Electron micrascopy showed moderate Pasqualini & ::
Vi12 days s.c. days old) last effects on epithelial cell height, Lecerf (1986) ~injection microvilli number, Golgi system, rough 0

endoplasmic reticulum and l'
c:mitochondria. The longer period of
$;dosage produced a 'very intensive t'

etfect on mitochondria. 0\
0\

100 flg for 2 or Day 2 Increased" Cell heights increased 2-3 told. Pasqualini
12 days s.c. et al. (1986)

Pig Vehicle O. i or 1 mg/kg 6 weeks old 24 h after Dose-related increase in wet DNA expressed as mg/g tissue Lin & Buttle
bw per day for 7 last weight: 6, 12, 28 g decreased ca, SO%; RNA and protein (199 1 )
days i.m. injection stable

s.e., subcutaneous injection; i.m., intra~uscular injection
"Absolute weight
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caused poor formation of the uterine gland and development of the mesenchymal stroma.
However, by 60 days of age, the weights of the uteri of the tamoxifen-treated mice were
lower and the cell heights of the uterine luminal epithelium were smaller than those of
controls. The number of uterine glands and the number of mi ce having a weil developed
tunica muscularis remained smaller th an those in controls of the same age. Thus, neo-
natal treatment with tamoxifen resulted in a permanent alteration in both the uterine
epithelial and stromal compartments. The critical period for induction of these uterine
abnormalities was determined to be within three to seven days after birth.

The genital organs of female C57Bl/Tw mice given five daily injections of 100 ¡.g
tamoxifen from the day of birth were examined at 5, 10, 15, 20, 30 and 60 days of age
(Irisawa & 19uchi, 1990). Adenosis-like lesions were found in the vaginae of 5-30-day-
old mice exposed to tamoxifen. These lesions were not detected at 60 days of age. The
number of polyovular follicles containing two to four oocytes per follicle markedly
increased from lOto 15 days of age in mice exposed to tamoxifen, and the incidence was
twice as high as that in age-matched controls. Corpora lutea were found in the ovaries of
60-day-old controls, whereas no corpora lutea were found in age-matched mice exposed
to tamoxifen. ln order to determine the critical period of induction by tamoxifen of
abnormalities of the female genital organs, other groups of mice were also given five
daily injections of 100 Ilg tamoxifen or of vehicle alone starting on the day of birth, or 3,
5, 7 and 10 days after birth. Tamoxifen injections starting within five days of birth
caused a high incidence of polyovular follicles in the ovary and of aplasia of tunica
muscularis in the uterus. Atrophy of the uterine luminal epithelium was also induced
when the treatment was started within se ven days of birth. However, in mice given
tamoxifen from day 10, uterine weights were greater than in those given tamoxifen from
zero to seven days, and the authors concluded that the postnatal limit of the critical
period for the female genital organs lies within seven days of birth.

ln female C57Bl/Tw mice given five daily injections of 2, 20 or 100 ¡.g tamoxifen
starting on the day of birth, uterine hypoplasia, myometrial involution and suppression of
uterine-gland genesis were found at 35 and 150 days of age (Iguchi et aL., 1986). About
half of the mice kiled when 150 days old were ovariectomized at 90 days. Vaginal hypo-
plasia and hypospadia were observed in most treated animais at 150 days of age. Vaginal
adenosis was found in 40% of the 35-day-old mice treated with 2 Ilg tamoxifen, 70% of
those treated with 20 Ilg and 100% of those treated with 100 Ilg, whereas none of the
controls showed these lesions. Adenosis was not observed in any of the 150-day-old
mice. ln both age groups, the weight of ovaries was significantly lower following
injections of 20 or 100 Ilg tamoxifen than in controls. At 150 days of age, hemia of the
urinary bladder, located under or below the symphysis pubis, was found in 56% and
100% of non-ovariectomized mice in the mid- and high-dose groups. The urinary
bladders of the group receiving the lowest dose and the control group were situated
normally in the abdominal cavity. The authors suggested that the tamoxifen treatment
caused a long-Iasting suppression of the development of the pubic bone and ligament,
resulting in looseness of the symphysis pubis which allowed the bladder to descend
through the extended subpubic space.
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ln NMRI mice treated neonatally with tamoxifen, adenosis-like lesions observed in
the vagina and cervix were similar to those induced by neonatal treatment with diethyl-
stilboestrol, but differed in that the tamoxifen-induced lesions regressed with time
(Forsberg, 1985).

Fifteen male NMRirrg mouse pups were given 20 llg tamoxifen by subcutaneous
injection daily for three days, starting approximately 24 h after birth. Ten control pups
were given injections of saline. At three months of age, all mice were housed with
normal females for two weeks to investigate reproductive capacities. Ali tamoxifen-
exposed males were sterile and did not impregnate any female during the mating period,
whereas ail control males were able to impregnate one or both females with which they
were housed. When killed at eight months of age, the exposed male pups had multiple
reproductive tract lesions including testicular hypoplasia, undescended testes, epididymal
cysts and squamous metaplasia of the seminal vesicle; two of the exposed mice had
squamous metaplasia of the median prostate (Taguchi, 1987).

ln addition to inhibiting uterine development, administration of 5 llg tamoxifen by
subcutaneous injection to newbom female Sprague-Dawley rats on days l, 3 and 5 of age
produced early vaginal opening and absent cycles (Chamness et aL., 1979). At four
months of age, ail ovaries were atrophie and the oviducts showed severe squamous meta-
plasia with abscess formation. Corporea lutea were uniformly absent except for a few
that were found in one animaL. The vaginal observations were stated to be unremarkable,
except that one animal had a vaginal adenosis suggestive of that observed in women
whose mothers received diethylstilboestrol during pregnancy.

Branham et aL. (1993) gave 20-24-day-old rats five daily subcutaneous injections of
tamoxifen (0.01-100 llg/rat/day) and then examined the uteri 2 h after the last dose.
Uterine weights increased only slightly, whereas luminal epithelium hypertrophy

increased 3-fold at 10 llg/rat and glandular epithelium hypertrophy increased 2-fold at
the same dose. ln contrast, oestrogens (17ß-oestradiol, ethinyloestradiol, diethylstil-
boestrol) tested over the same dose range produced substantial increases in uterine
weight and no glandular epithelium hypertrophy; the luminal epithelium response to 17 ß-

oestradiol was similar to that of tamoxifen, while the other oestrogens required a 100-
fold lower dose to elicit the sa me response. The greater hypertrophie response in luminal
epithelium to both oestrogens and antioestrogens does not correlate with the oestrogen
receptor content, which is greatest in the endometrial stroma and glandular epithelium in
mouse, rat and macaque (Martin, 1980; Korach et aL., 1988; Tse & Goldfarb, 1988;
McClellan et aL., 1984). It was suggested by Branham et aL. (1993) that the high concen-
trations of tamoxifen (and other antioestrogens) required to elicit glandular epithelial
hypertrophy is consistent with either a nonoestrogen-receptor-mediated response or a

stromal mediation of epithelial responses.

Female rats of the T strain given single daily injections of 100 or 200 llg tamoxifen
for five days beginning on the day of birth exhibited continued vaginal dioestrus when
sacrificed on day 60, whereas vehicle-treated controls showed regular oestrus cycles
(Ohta. et al., 1989). Ovaries from the tamoxifen-treated rats were polyfollicular without
corpora lutea, whereas ovaries from controls contained both follicles and corpora lutea.
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The vaginae of tamoxifen-treated rats ovariectomized on days 10 or 60 failed to respond
to a three-day priming with 0.1 iig 17ß-oestradiol, showing no oestrus smears. The
authors concluded, therefore, that continued vaginal dioestrus in tamoxifen-treated rats
may be accounted for by changed sensitivity of the ovary to gonadotropin and/or of the
vagina to sex hormones. Lack of cyclicity and corpora lutea in the ovaries in rats was
also reported by lrisawa and 19uchi (1990) and in NMRI mice by Forsberg (1985). Thus,
tamoxifen appears to impair the female genital organs directly and/or indirectly through
the hypothalamus,

ln a study of the regulation of reproductive behaviour in rats (Ulibarri & Micevych,
1993), male rat pups were castrated, given sham surgeries or implanted with tamoxifen
(dose not specified) within 3 h of birth. Female animaIs were implanted with a similar
dose of tamoxifen or with empty capsules. AlI capsules were removed on postnatal day
10. Tamoxifen treatment was toxic to pups and only nine males and two females
survived to surgery on day 90. Tamoxifen-treated females had large green ovarian

growths and smaller growths throughout their peritonea. Tamoxifen-treated males had
significantly smalIer testes at adult surgery than sham-treated males. Tamoxifen-treated
males and sham-operated males did not show appreciable lordosis behaviour. The
authors noted that this finding differs from results with other oestrogen antagonists. The
authors speculated that the antioestrogenic tral1s-isomer of tamoxifen may have been
converted to the oestrogenic cis-isomer or that the tral1s-isomer of tamoxifen may have
acted oestrogenically.

Pasqualini et al. (1986) reported that 100 flg tamoxifen administered subcutaneously
to two-day-old guinea-pigs for two or 12 days substantially increased the weight and the
protein and DNA content of the uterus and vagina; the weight increase was 3-4-fold in
the group receiving prolonged treatment. Progesterone did not block this action.
Tamoxifen caused a strong increase in the content of progesterone receptor in cytosol
and nuclei of the cells of the vagina after prolonged treatment.

ln immature, six-week-old pigs given 0.1 or 1.0 mg/kg bw tamoxifen per day for
seven days, significant dose-related increases were seen in uterine weight, in the total
content of uterine DNA, RNA and protein and in levels of progesterone receptor per
milligram DNA (Lin & Buttle, 1991). The total duct area in the mammary glands
increased about three-fold in the groups treated with either dose of tamoxifen, compared
with vehicle-treated controls. The concentration of progesterone receptors in cytosol
extracts of mammary tissue was very heterogeneous and independent of treatment with
tamoxifen. Concurrent administration of tamoxifen with oestradiol benzoate induced

significant increases in total uterine protein and in the concentration of progesterone
receptors compared with treatment with oestradiol benzoate alone. However, concurrent
administration parti ail y inhibited the effect of oestradiol benzoate in stimulating an.
increase in mammary duct area. Thus, tamoxifen acts as an oestrogen agonist in the
uterus of immature pigs, but as an antagonist in the mammary gland.

ln rabbits, tamoxifen appears to act as an oestrogen antagonist when administered to
sexually immature animaIs (Foster et al., 1993). Female New Zealand whiterabbits were
given 10 mg/kg bw tamoxifen per day by subcutaneous injection from day 22 of age for
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a total of 108 days, while control rabbits were given the vehicle only. Tamoxifen

treatment impaired sexual development profoundly, as assessed by ovarian weight,
diameter of growing follicles, diameter of anthral follicles and number of such follicles.
There was profound suppression of pituitary gonadotropin levels in the group receiving
tamoxifen, but no difference in the circulating levels of plasma 17ß-oestradiol between
control and tamoxifen-treated rabbits. These differences were associated with suppres-'

sion of the developmental shift from smooth to rough gonadotropin-releasing hormone
cell types in the hypothalamus.

(d) Effects of exposure of neol1ates al1d immature al1imals ta tamoxifel1 011 bOl1e

developmel1t

Neonatal treatment of female mice with tamoxifen induces permanent chondrification
of the pubic bones and, in consequence, expansion of the pubic ligament, leading to
urinary bladder hernia (exstrophy) with or without caecum hernia (dilatated) (see above)
(Iguchi et al., 1986). Subsequently, Iguchi et al. (1988) examined sequential changes in
the pelvic bone of male and female C57Bl/TW mice following neonatal treatment with
tamoxifen and sought to determine a critical period for the induction by tamoxifen of
bladder hernia with or without caecum hernia. Mice were given five daily subcutaneous
injections of 1 00 ~g tamoxifen or of the vehicle al one, starting on the day of birth or at 3,
5, 7 or 10 days of age. Untreated mice showed completely calcified pelvic bone after 30
days of age, whereas, in age-matched tamoxifen-treated mice, the greater part of the
junctional regions in the pelvis remained cartilaginous. Treatment with tamoxifen

starting within five days of age caused bladder hernia with or without caecum hernia.
The pubic ligament in tamoxifen-treated mice aged 30-540 days was markedly expanded
as compared with age-matched controls. Permanent chondrification in the pelvis was
found in all mice given tamoxifen starting before 10 days of age. Neonatal treatment of
mice with similar doses of clomiphene and nafoxidine did not induce permanent

chondrification of the pelvis, expansion of the pubic ligaments or hernia. Therefore, the
authors conclude that tamoxifen has a specific effect on the pubic symphysis and on
some junctional regions of the developing pelvis in mice when given neonatally. ln a
study from the same laboratory, Uesugi et al. (1993) carried out a morphometric analysis
of the pelvis of C57Bl/TW mice given five daily injections of 1 00 ~g tamoxifen or saline
al one starting at birth, and killed at 120 days of age. The total areas of the pelvis, ilium,
ischium, and pubis were significantly smaller in tamoxifen-treated mi 

ce th an in the
controls. Differences were also observed in the shape of the pelvis, reflected by the
lengths of the ilium and pubis, and the widths of the ilium, pubis and ischium were
smaller in tamoxifen-treated mice than in controls. The numbers of osteoblasts and osteo-
cIasts per 200 ~m trabecular surface length and per 10 000 ~m2 subperiosteal area of

pubic bone section were sm aller in tamoxifen-treated females than in control females.
The authors concluded that neonatal administration of tamoxifen retards the growth of
the ilium and pubis in mice by changing the activities of osteoclasts and osteoblasts and
that the drug acts directly on the pubis of the neonatal mouse to inhibit its ossification.

Tamoxifen has been reported to have oestrogen agonist effects, namely effects on rat
bone in immature or ovariectomized animais, and antagonistic effects in intact mature
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animaIs. As the different effects may be due to ditterences in ovarian status, oestrogen
levels and tamoxifen dose, Moon et al. (1991) investigated the effects of ditterent doses
of tamoxifen on the long bones of intact and ovariectomized female rats, with or without
oestrogen treatment. Pellets containing 0, 1.5, 3, 5, 15 or 30 mg tamoxifen were
implanted subcutaneously into intact, young adult female Sprague-Dawley rats. An
untreated base line control group was available. Tamoxifen treatment resulted in a dose-
dependent decrease in overall growth rate and a dose-dependent increase in the periosteal
bone formation rate in both ovariectomized and intact rats. It also prevented a decrease in
cancellous bone balance after ovariectomy, although the highest dose of tamoxifen

caused a small decrease in the cancellous bone balance in intact female rats. ln order to
determine whether tamoxifen alters the skeletal response of ovariectomized rats to
oestrogen, rats were implanted with pellets containing 5 mg tamoxifen or 0.1 mg
17ß-oestradiol, or both drugs or none. Tamoxifen treatment did not alter the effects of
17ß-oestradiol on the periosteal bone formation rate in ovariectomized rats, but reduced
the increase in cancellous bone balance to values similar to those in intact rats. The
authors concluded that tamoxifen behaves as a partial oestrogen agonist on rat bone.

(e) Effects of exposure of adult 11011-pregl1al1t al1imals to tamoxifen 011

reproductive parameters

ln mature, virgin female Spague-Dawley rats which had been bilaterally ovari-
ectomized, a single subcutaneous injection of 1 mglkg bw tamoxifen increased uterine
wet weight and blood flow (Marshall & Senior, 1987). The uterotrophic response lasted
for between 35 and 42 days. Twenty-four hours after tamoxifen treatment, cytosolic
oestrogen receptor levels were markedly reduced compared with control values and
remained depressed until 21 days after injection, when they began to increase towards
control values. The concentration of nuclear receptors reached a maximum at 27 h after
injection, then declined to a plateau by 21 days after injection, but this was still above
control values. Weights of uteri and vaginae in ovariectomized adult female C57Bl/Tw
mice given three daily subcutaneous injections of 100 J1g tamoxifen were significantly
greater than those in ovariectomized untreated mice (Chou et al., 1992). The uterine
weight increase was associated with increased DNA and protein contents of the uterus,
and in the cell heights of uterine luminal epithelial cells.

Gil-Sharma et al. (1993) investigated the ettects of oral administration of doses of
40, 200 or 400 ~g/kg bw per day tamoxifen for 60, 70, 80 or 90 days on the circulating
concentrations of plasma hormones, tissue weights and reproductive performance of
adult male Holtzman rats. Tamoxifen produced a dose-related reduction in testosterone
concentration. Concentrations of FSH, prolactin and l7ß-oestradiol were unaffected. The
plasma level of LH was significantly lower after treatment with 200 and 400 ~g/kg bw
tamoxifen per day than in controls, but the 40 ~g/kg dose had no effect. Tamoxifen given
at 40 ~g/kg bw per day for 90 days did not affect the weights of testes, seminal vesicles,
epididymes, ventral prostate glands or the pituitary glands. At higher doses, the weights
of the ventral prostate glands, seminal vesicles and epididymes were significantly lower
than those of controls. Histological examination of testes from tamoxifen-exposed

animaIs showed marked disorganization of the cytoarchitecture of the tubule and
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obliteration of the lumen. The potency, fecundity, number of implantation sites, fertility
index and litter size of male rats treated with tamoxifen were significantly lower th 

anthose of controls, and these effects were more marked for the highest dose than for the
lowest dose. Reversibility studies were performed with 200 f.ig/kg bw tamoxifen per day.
Ail the effects of tamoxifen on weights of seminal vesic1es, ventral prostate glands,
epididymes, concentrations of LH and testosterone in plasma, potency, fecundity,
fertility index and litter size were reversed 90 days after drug withdrawal.

ln female guinea-pigs given 10 mg tamoxifen by subcutaneous injection daily from
days 1 1 to 14 of the cycle, uterine output of prostaglandin F2 was not inhibited and luteal
regression was not delayed (Poyser, 1993). The uteri were removed on day 15. ln homo-
genates of endometrium and myometrium, prostaglandin synthesis was redirected in the
lIteri from tamoxifen-treated animais from prostaglandin l2 to F2, showing tamoxifen to
be an oestrogen agonist in giiinea-pigs.

Groups of 12 female mink were fed diets containing 0 or 10 mg/kg (ppm) tamoxifen
for two months before breeding (Yang et al., 1995). Treated females were placed with
untreated males. AlI the exposed females rejected the advances of the males and often
attacked them. The females were provided with an opportunity to mate at four-day
intervals during a 20-day period, but none mated. Upon necropsy four days later, the
uteri showed varioiis degrees of pyometra in one or both horns. Histological examination
of two females from each group showed ovarian follicular atrophy and degeneration,
mild to severe uterine atrophy, pyometra and endometritis in tamoxifen-exposed animais,
whereas the reproductive tracts from the control females appeared normal.

4.4 Genetic and related effects

4.4.1 Humal1s

No data were available to the Working Group.

4.4.2 Experimel1tal systems (see also Table 16 for references and Appendices 1 and 2)

M utatiol1 al1d aUied effects

Reports available to the Working Group for a lack of tamoxifen activity in a Salmo-
l1eUa typhimurium mutation test and a rat dominant lethal assay were not suitable for
evaluation.

Unscheduled DNA synthesis was induced in primary cultures of rat hepatocytes
treated with tamoxifen, but only in cells isolated from animaIs that had been pretreated
with three daily doses of tamoxifen itself (45 mg/kg oraIly).

Tamoxifen induced significant morphological transformation of Syrian hamster
embryo cells.

Tamoxifen induced micronucleus formation in a number of in-vitro studies with
MCL-5 ceIls, a genetically-engineered human lymphoblastoid cell line that expresses
five human cytochrome P450s (CYPlA1, CYPIA2, CYP2A6, CYP2EI and CYP3A4)
and epoxide hydrolase. Kinetochore staining (Crofton-Sleighet al;, 1993) showed that, at
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Table 16. Genetic and related effects of tamoxifen

Test system Resulta Doseh Reference
(LED/HIO )

Without With
exogenous exogenous
metabolic metabolic
system system

URP, Unscheduled DNA synthesis, rat primary hepatocytes c NT 1.86 White et al. (1992)-
TCS, Cell transformation, Syrian hamster embryo ceIIs, clonaI assay + NT 0.037 Metzler &

Schiffmann (1991)
MIH, Micronucleus test, human Iymphoblastoid MCL-5 cells in vitro d NT 0.74 White et al. (1992)+
MIH, Micronucleus test, human lymphob1astoid MCL-5 cells in vitro +d NT 2 Crofton-Sleigh et al.

(1993) -iMIH, Micronucleus test, AHH-l ceIIs in vitro - NT 8 Crofton-Sleigh et al. ;¡
(1993) ~

MIH, Micronucleus test, human Iymphoblastoid MCL-5 cells in vitro d NT 1 Phillips et al. (1994b) 0+ ~
MIH, Micronucleus test, human Iymphoblastoid MCL-5 ceIIs in vitro d NT 0.5 Styles et al. (1994)+ ..

'T
MIH, Micronucleus test, human Iymphoblastoid hl A 1 cells expressing CYP 1 A 1 - NT 1.5 Styles et al. (1994) t'

in vitro
Z

MIH, Micronucleus test, human lymphoblastoid hl A2 cells expressing CYP 1 A2 - NT 1.5 Styles et al. (1994)
in vitro

MIH, Micronucleus test, human Iymphoblastoid h2E1 ceIIs expressing CYP2E1 + NT 0.125 Styles et al. (1994)
in vitro

MIH, Micronucleus test, human lymphoblastoid h3A4 cells expressing CYP3A4 + NT 0.25 Styles et al. (1994)
in vitro

MIH, Micronucleus test, human lymphoblastoid h2D6 cells expressing CYP2D6 (+) NT 3 Styles et al. (1994)
in vitro

CV A, Chromosomal aberrations, rat hepatocytes in vivo + 0.3 po x 1 Sargent et al. (1994)
A V A, Aneuploidy, rat hepatocytes in vivo + 0.3 po x 1 Sargent et al. (1994)
BIO, Binding (covalent) to DNA, primary rat hepatqcytes in vitro (P-postlabelling) + NT 0.37 Philips et al. (1994a)
BID, Binding (covalent) to DNA, human lymphocytes in vitro + NT 10 Hemminki et aL.

(1995)
BIO, Binding (covalent) to DNA, phenobarbital-treated rat liver microsomes in vitro NT + 37 Pathak et al. (1995) lN

("P-postlabelling)
N--



tHTable 16 (contd) t'
00

Test system
Result" Doseh

Reference
(LED/HIO)

Without With
exogenous exogenous
metabolic metabolic
system system

BIO, Binding (covalent) to DNA, calf thymus in vitro NT + 37 Moorthy et al. (1996)BID, Binding (covalent) to DNA, primary rat hepatocytes in vitro (P-postlabelling)
+ 0.37 Phillips et al. (1 996a) -BIO, Binding (covalent) to DNA, primary mouse hepatocytes in vitro
+ 3.7 Phillips et aL. (1 996a) ;i

?:(P-postlabelling) nBIO, Binding (covalent) to DNA, primary human hepatocytes in vitro - 3.7 Phillips et al. (1 996a) ~C2P-postlabelling) azBID, Binding (covalent) to DNA, human endometrium in vitro - 186 Carmichael et al. a
(1996 ) 0::BVD, Binding (covalent) to DNA, male and female SD rat liver in vivo

+ 20 ip xl Han & Liehr (1992) ;iC2P-postlabelling) '"
::BVD, Binding (covalent) to DNA, female SD rat kidney in vivo (P-postlabelling)

(+)" 20 ip x 6 Han & Liehr (1992) C/BVD, Binding (covalent) to DNA, Syrian hamster liver in vivo (P-postlabelling)
+ 5 ip xi Han & Liehr (1992) ~aBVD, Binding (covalent) to DNA, Fischer 344/N rat Iiver in vivo (P-postlabe11ng) +/

5 po x 7 White et al. (1992) C-
c:BVD, Binding (covalent) to DNA, fema1e Sprague-Dawley rat liver in vivo + 3.7 x 10 Montandon & $:. C2P-postlabelling)

Williams (1994) t'BVD, Binding (covalent) to DNA, female Syrian hamster liver in vivo
+ 6.9 x 7 Montandon & 0\

0\C2P-postlabelling)
Williams el 994)BVD, Binding (covalent) to DNA, Fischer 344 rat Iiver in vivo + 22 po x 1 Phillips et al. (1994b)BVD, Binding (covalent) to DNA, female ICR mice liver in vivo (P-postlabelling) + 45 po x 1 Randerath et al.

e 1 994a) BVD, Binding (covalent) to DNA, female ICR mice liver, lung and kidney in vivo
+ 45 ip x 4 Randerath et al.(P-postabelling)

(1 994b) BVD, Binding (covalent) to DNA, female Sprague-Daw1ey rat liver in vivo + 45 ip x 4 Randerath et al.(P-postlabelling)
(1994b)BVD, Binding (covalent) to DNA, female Wistar rat liver in vivo (P-postlabelling) + 20 diet x Carthew et al.

3 mo ( 1 995a) 
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Table 16 (contd)

Test system Resulta Doseb Reference
(LED/HID)

Without
exogenous
metabolic
system

With
exogenous
metabolic
system

BVD, Binding (covalent) to DNA, female Wistar, Fischer 344 and Lewis LEW rat +
liver in vivo

BVD, Binding (covalent) ta DNA, female Sprague-Dawley rat liver in vivo +
(P-postlabellng)

BVD, Binding (covalent) to DNA, female ICR mice liver in vivo (P-postlabelling) +

BVD, Binding (covalent) to DNA, DBN2 and C57Bl/6 mouse liver in vivo +

(P-postlabellng)
BVD, Binding (covalent) to DNA, female SD rat liver in vivo (P-postlabelling) +

BHD, Binding (covalent) to DNA, female human breast cancer patient liver
(P-postlabelling)

BHD, Binding (covalent) to DNA, female human breast cancer patients, white blood
cells (P-postlabellng)

BHD, Binding (covalent) to DNA, female human breast cancer patients endometrium
C2P-postlabellng)

20 diet x Carthew et al.
1 mo (1995b)
20 ip x 7 Pathak et al. (1995)

45 ip x 4 Moorthy et al. (1996) ..
;i

45 po x 4 White et al. (1992) ~0
~

45 po x 7 Hard et aL. (1993) --
"T

0.5 daily Martin et al. (1995) m
Z

2-39 mo
0.36 daily Philips et aL. (1996b)
3-72 mo
0.73 daily Carmichael et al.
3-108010 (1996 )

(/ +, positive; (+), weak positive; -, negative; NT, not tested; ?, inconc1usive
h LED, lowest effective dose; HID, highest ineffective dose; in-vitro tests, ¡.g/mL; in-vivo tests, mg/kg bw/day

'Positive when rats were pretreated orally with tamoxifen (45 mg/kg bw/day x 3); hepatocyte cultures established 24 h after the last dose and then exposed
to tamoxifen
"Expressing native CYPIAI and transfected CYPs IA2, 2A6, 3A4 and 2EI and mIcrosomal epoxide hydrolase; cytochalasin B-arrested
e No adducts detected ¡n uterine tissue
INo adduct formation in duodenum, kidney, lung, spleen, uterus or peripheral lymphocyte DNA at 45 mg/kg bw/day po x 7

lN
N
\0



330 IARC MONOGRAPHS VOLUME 66

every dose tested, an excess of micronuclei without kinetochores was induced, a result
indicating that the micronuclei were probably induced by clastogenic events. Tamoxifen
has also been tested in ceIl lines expressing each of the isozymes singly. The frequencies
of micronucleus occurrence feU in the order MCL-5 )- CYP2El )- CYP3A4 / CYP2D6;
micronuclei were not significantly induced in ceIls expressing only CYPlAl or CYPlA2
(Styles et al., 1994).

ln hepatocytes isolated from female Sprague-Dawley rats given a single dose of tamo-
xifen by gavage, aneuploidy was observed in 70% of the ceIls, even at the lowest dose
level of 0.3 mg/kg bw (Sargent et aL., 1994). Premature condensation (2- 1 0%) and endo-
reduplication (5- 10%) were also observed in the hepatocytes from tamoxifen-treated
rats. Chromosome exchanges as weIl as breakages were observed and examination of the
cells by electron microscopy revealed both unipolar and incompletely elongated spindles.

p53 Mutatiol1s

DNA from hepatocarcinomas of female Sprague-Dawley rats treated with tamoxifen
was examined for the presence of mutations in exons 5-9 of the p53 gene (Vancutsem
et aL., 1994). Mutations were found in 12 out of 24 tumours; a total of 13 mutations were
clustered at two specifie sites, codons 231 (exon 6-7) and 294 (exon 8). Nine were A -7
G transitions at the second base of codon 231 (CAC), which resulted in a histidine to
arginine substitution. Four tumours contained a silent C -7 T transition in the third base
of codon 294 (TGC); one tumour contained both mutations.

DNA adducts

Several studies have demonstrated that tamoxifen forms DNA adducts when incu-
bated with DNA in the presence of microsomal systems, in cells in culture and in
rodents, but not in humans. ln aU of the studies, ,'2P-postlabelling analysis was the detec-
tion method used.

lncubation of tamoxifen with DNA in the presence of rat or human liver microsomes
resulted in the formation of DNA adducts, with the pattern of adducts depending on
whether cumene hydroperoxide or nicotinamide-adenine dinucleotide phosphate
(NADPH) was included in the incubation as the cofactor for peroxidase or cytochrome
P450 enzyme-mediated reactions, respectively (Pathak & BodeIl, 1994). With tamoxifen
at a concentration of 100 J1M, total adduct levels of 2.97 adducts per IOx nucleotides were
obtained with human microsomes when NADPH was the cofactor and 1 1.1 adducts per
IOx nucleotides when cumene hydroperoxide was used. With uninduced rat liver micro-
somes, the corresponding adduct levels were 0.86 and 6.5 adducts per 10x nucIeotides,
respectively.

ln another study, somewhat lower levels of microsome-mediated DNA modification
by tamoxifen at a concentration of 1 mM were achieved (Hemminki et aL., 1995). ln the
presence of NADP and glucose-6-phosphate, the adduct levels were 0.24 adducts per 10x
nucleotides with rat microsomes and 0.043 adducts per IOx nucleotides with human
microsomes.
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Covalent binding of tamoxifen to DNA can also be mediated by horseradish pero-
xidase/hydrogen peroxide (Davies et al., 1995),

ln primary cultures of hepatocytes from uninduced female Fischer 344 rats treated
with 1 J.M or 10 J.M (0.37 or 3.7 J.g/mL) tamoxifen for 18 h, the levels of DNA adducts
were 18.7 :t 7.5 and 1 15.1 :t 16.4 per IOx nucleotides, respectively (Phillips et aL., 1994a).

The metabolic activation of tamoxifen in primary cultures of rat, mouse and human
hepatocytes has been compared (Phillips et al., 1996a). DNA adducts were readily
detected in rat hepatocytes treated with 1 J.M or 10 J.M tamoxifen (mean levels, 18.2 and
89,8 adducts per LOX nucleotides, respectively) and mouse hepatocytes (15.0 :t 1.8
adducts per LOX nucleotides) treated with 10 J.M tamoxifen. However, DNA adducts were
not detected in tamoxifen-treated human hepatocytes with a detection limit for the assay
of 0.04 adducts per 10x nucleotides.

Low levels of DNA adducts (up to 0.16 adducts per 10x nucleotides) were detected in
cultured human lymphocytes treated with 10- 1 00 J.g/mL tamoxifen but not at lower (2.5
and 5 J.g/mL) doses (Hemminki et aL., 1995).

Han and Liehr (1992) demonstrated the formation of DNA adducts in the livers of
Sprague-Dawley rats given 20 mg/kg bw tamoxifen by intraperitoneal injection daily for
one, three or six days. Lower levels of adducts were detected in the kidneys of both
sexes, No adducts were detected in uterine tissue. Adducts were also detected in the liver
DNA of female hamsters treated with single intraperitoneal injections of 5 or 10 mg/kg
bw tamoxifen.

Liver DNA adducts were also detected in Fischer 344 rats treated orally with
tamoxifen (White et aL., 1992). The DNA adducts in rats reached levels of 2: 100/1 oX
nucleotides and were dose-related in the range 5-45 mg/kg bw tamoxifen per day for
seven days. DNA adducts were not detected in the duodenum, kidney, lung, spleen,
uterus or peripherallymphocytes of treated rats.

C57Bl/6 and DBA/2 mice were given 45 mg/kg bw tamoxifen per day orally for four
days. Tamoxifen-DNA adduct levels in the liver were 17 :t 5.7 and 28 :t 6.8 adducts per
IOK, respectively, compared with 116 :t 29 adducts per IOX in rats treated at the same
dose. Dietary exposure of C57Bl/6 mice to tamoxifen (450 mg/kg of diet (ppm)) for
30 days resulted in about one third of the level of total adducts (69 :t 21 adducts per 10x

nucleotides) seen in correspondingly treated Fischer rats (approximately 200 adducts per
1 OK nucleotides) (White et aL., 1992).

DNA adduct formation in rat liver was also demonstrated, but not quantified, in
female Crl:CD(BR) rats given 45 mg/kg bw tamoxifen orally for seven days (Hard et aL.,
1993). ln a subsequent study (Montandon & Williams, 1994), Sprague-Dawley rats were
given ten daily doses of 10, 30 and 90 llmol/kg (6, 17 and 51 mg/kg bw per day)
tamoxifen and 2, 30 and 40.9 adducts per 10K nucleotides were measured (the se values
are the means of two different methods used by the authors to quantitate adducts).
Parallel studies in Syrian hamsters given 17, 53 and 160 J.mol/kg bw/day (10, 30 and 90
mg/kg per day, respectively) for seven days produced adduct levels of 1.8, 3.5 and 13.6
adducts per 10K nucleotides (mean values of two quantitation methods used).
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ln three female Wistar (Alderley Park) rats given tamoxifen in the diet at 420 mg/kg
(ppm) for three months, the level of liver adducts was 721 :t 420 per IOx nucleotides,

which fell to 443 :: 38 per IOx nucleotides after a further three months on basal diet. ln
control rats, the background adduct levels ranged from 75 to 80 per 10x nucleotides
(Carthew et aL., 1995a). ln three other strains of rats (Fischer 344, Wistar LAC-P and
Lewis LEW) fed diets containing 420 mg/kg diet (ppm) tamoxifen for up to 180 days,
the adducts levels were about 500 per 10x nucleotides after 30 days, rising to about 3000
per 10x nucleotides after 180 days (Carthew et aL., 1 995b).

ln a pilot study, DNA adducts levels were compared in liver samples from seven
women (37-91 years of age) who had been treated with tamoxifen (at either 20 mg or 2 x
20 mg/day) up to the time of sampling for 2-39 months, with those of seven women (42-
74 years of age) not receiving tamoxifen (Martin et aL., 1995). Mean DNA adduct levels
were 18-60 per 10x nucleotides in the tamoxifen-treated women and 38-80 per 10x
nucleotides in the samples from women who had not received the drug. The adduct
patterns observed did not show the characteristics of those seen with DNA from the
livers of tamoxifen-treated rats.

ln another small study, DNA from white blood cells of seven women receiving
tamoxifen (serum concentrations, 34-178 ng/mL) as adjuvant therapy for breast cancer
and of three women who served as healthy controls was analysed by 32P-postlabelling
(Phillips et aL., 1 996b). With a limit of detection of 0.08 adducts per 10x nucleotides,
adducts having the chromatographic properties of tamoxifen-DNA adducts formed in
rodent liver cells were not detected in any of the individuals and no difference between
the chromatograms of samples from the exposed and control women was observed.

Carmichael et aL. (l 996) analysed endometrial DNA from 18 patients receiving daily
treatment with 10-40 mg tamoxifen for three months to nine years. Although ail chroma-
tograms of 

12P-labelled DNA digests displayed a background of low-level DNA damage,

no evidence for the formation of tamoxifen-DNA adducts was found, and the adduct
patterns were indistinguishable from those of endometrial DNA from unexposed
controls.

The potential of tamoxifen to form DNA adducts in human endometrium il1 vitro has
also been investigated using expIant cultures incubated with 20-200 llM tamoxifen
(Carmichael et aL., 1996). The viability of the metabolizing enzyme systems of the
endometrial samples was demonstrated by the detection of expected DNA adducts after
incubation with benzo(a)pyrene; however, no adducts were seen after incubation with
tamoxifen, in spite of the generation of a metabolite with LC-MS analysis characteristics
of a-hydroxytamoxifen.

4.4.3 Metabolites oftamoxifel1

4-Hydroxytamoxifen caused morphological transformation of Syrian hamster embryo
(SHE) cells. Treatment of SHE cells with 10 llM 4-hydroxytamoxifen for 48 h resulted in
the emergence of immortalized cells in 3 out of 5 flasks; these cells were able to form
fibrosarcomas when injected into thymus-aplastic mice (Metzler & Schiffmann, 1991).
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Treatment of rat primary hepatocyte cultures with a-hydroxytamoxifen resulted in
15- to 63-fold higher levels of adducts (and the same pattern of adducts detected by J2p_

postlabellng) th an with comparable concentrations of tamoxifen (Phillips et aL., 1994a;
1996a). A similar level of adducts (173.9:t 4.1 adducts per 108 nucleotides) was seen in

mouse hepatocytes treated with a-hydroxytamoxifen at a concentration of 1 i-M.
Treatment of human cells with a-hydroxytamoxifen resulted in DNA adduct formation at
levels (1.94:t 0.89 and 18.9 :t 17.9 adducts per 108 nucleotides at 1 i-M and 10 i-M,
respectively) about 300-fold lower th an those in rat hepatocytes. Concentrations of a-

hydroxytamoxifen in the culture medium of cells incubated with tamoxifen were approx-
imately 50-fold lower in experiments with human hepatocytes th an in those with rat or
mouse hepatocytes (Phillips et aL., 1996a).

The hypothesis has been advanced that tamoxifen is activated to a DNA-binding
species through oxidation at the a-position of the ethyl group (Potter et aL., 1994). This
proposaI is supported by studies with the deuterated compound (ethyl-DsJtamoxifen,

which showed lower DNA-binding activity in rat liver il1 vivo th an the non-deuterated
compound (Phillips et aL., 1994b). It also had a lower ability to induce micronucleus
formation in MCL-5 cells. The magnitude of the reduction in genotoxicity (two- to three-
fold) correlated weil with the comparative rates of metabolism of the deuterated and non-
deuterated compounds in rat liver microsomal incubations (Jarman et aL., 1995). Thus,
the reduced genotoxicity of (ethyl-DsJtamoxifen is the result of its lower rate of oxidation
due to the greater bond energy of the C-D bond compared with the C-H bond, implying
that metabolic activation involves metabolism at the ethyl group of the molecule. This is
supported by the observation of higher DNA-binding activity of a-hydroxytamoxifen in
primary cultures of hepatocytes, in which DNA adducts were formed at between 25 and
49 times the level seen with equimolar concentrations of tamoxifen and which gave the
same pattern of major adducts by J2p-postlabellng (Philips et aL., 1994a).

Studies on the nature of the DNA adducts formed from tamoxifen il1 vivo and il1 vitro
provide evidence for this and other pathways of activation of tamoxifen to form DNA-
binding products. The demonstration that tamoxifen-DNA adduct formation in mice was
altered by pretreatment with pentachlorophenol, a sulfotransferase inhibitor, suggested
the existence of two pathways of activation (Randerath et aL., 1994a,b). The levels of
some of the major adducts were unaffected by pentachlorophenol, but levels of one
major and several minor ones were increased 13- 1 7 -fold (Randerath et aL., 1994a).
However, another sulfotransferase inhibitor, 2,6-dichloro-4-nitrophenol, did not enhance
the levels of these adducts (Randerath et aL., 1 994b). The metabolite 4-hydroxytamoxifen
was found to give rise to adducts of the pentachlorophenol-inducible type (Randerath

et aL., 1994b; Moorthy et al., 1996).
a-Hydroxytamoxifen has low chemical reactivity towards DNA, but the synthetic

compound a-acetoxytamoxifen is much more reactive. The DNA adducts formed with u-
acetoxytamoxifen showed the same pattern on J2P-postlabellng analysis as those from
DNA treated with a-hydroxytamoxifen and those found in the DNA of rat hepatocytes
treated with tamoxifen or of the livers of rats treated with tamoxifen il1 vivo. The major
a-acetoxytamoxifen-DNA adduct was also isolated as a nucleoside and characterized by
ultraviolet, mass and proton magnetic resonance spectroscopy and assigned the structure
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(E)-a-(N"-deoxyguanosinyl)tamoxifen, in which the a-ethyl position of tamoxifen is

linked covalently to the exocyc1ic amino group of deoxyguanosine (Osborne et aL.,
1996).

When incubated with rat liver microsomal fractions or with peroxidase enzymes in
the presence of DNA, the metabolite 4-hydroxytamoxifen forms DNA adducts. The prin-
cipal adduct formed in each case co-migrated on thin-Iayer chromatography with a minor
adduct formed in the liver of tamoxifen-treated rats (Pathak et aL., 1995). ln another
study, two minor DNA adducts formed by rat microsomal activation of tamoxifen in the
presence of DNA co-migrated in several thin-layer chromatography systems with the
products of the reaction of (Z)-1,2-diphenyl-l-(4-hydroxyphenyl)but-l-ene ('metabolite
E', see Figure 1) with DNA in the presence of silver(I) oxide (Pongracz et al., 1995).

4.5 Mechanistic considerations

4.5.1 Cel1otoxicity

The ability of tamoxifen to form DNA adducts in rodent liver cells il1 vivo and il1 vitro
,

suggests a genotoxic mechanism for carcinogenicity in rat liver. This hypothesis is
supported by the dose-response relationship for both tumour formation (in both male and
female rats) and adduct formation. Although adducts are also formed in mou se and
hamster liver, the levels are lower and these species have not been tested adequately for
carcinogenesis by tamoxifen. Tamoxifen also possesses tumour-promoting activity in rat
liver. An unusual aspect of tamoxifen-DNA adduct formation is that, in the rat, little or
no adduct formation occurs in other tissues following oral administration. Although some
information is available on the nature of the reactive intermediates of tamoxifen, the

enzymes involved in their formation have not been clearly identified. The possibility that
tamoxifen is inactive in most assays for mutagenic activity (gene mutations) because of
failures of in-vitro metabolizing systems and/or transport of the reactive intermediate to
the target site has not been excluded.

Studies on human hepatocytes indicate that they have a much lower ability to activate
tamoxifen to DNA-binding products than those of rodents. ln addition, limited infor-
mation indicates that tamoxifen-DNA adducts are not formed in either the liver or
endometrium of women taking tamoxifen as adjuvant therapy for breast cancer. These
findings suggest that humans are less susceptible to the genotoxicity of tamoxifen th an
rodents.

4.5.2 Tamoxifel1-oestrogel1 receptor il1teractiol1S

Tamoxifen acts as an oestrogen agonist and/or antagonist by binding directly ta the
oestrogen receptor. ln some tissues, including breast, tamoxifen exerts antioestrogenic
effects by binding to the oestrogen receptor with high affinity. The tamoxifen-oestragen
receptor complex is incapable of binding to DNA-responsive elements, and therefore
fails to induce normal transcriptional activity (Pasqualini et aL., 1987). ln other tissues,
such as bone (Love et aL., 1 992b), uterus (Jordan & Prestwich, 1977) and liver, tamo-
xifen acts as a partial agonist, possibly because cells from those tissues contain a
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different array of DNA-binding sites, thereby leading to typical oestrogen-mediated

changes in gene expression and subsequent biological effects on growth and
differentiation.

Uterus

Several studies have demonstrated that tamoxifen exhibits agonistic properties in the
uterus. Sustained occupancy of receptor-oestrogen complexes in the nucleus appears to
be required for oestrogen-induced stimulation of DNA replication, an early event in cell
division. For example, nuclear occupancy of the oestrogen receptor for 10-15 h is

required to stimulate uterine cell division (Korach et aL., 1985). Assuming that tamo-
xifen-oestrogen receptor complexes are capable of interactions with oestrogen-response
elements on DNA, then tamoxif~n could enhance mitotic activity leading to biological
changes which increase cancer risk. However, little is known about the sequence of
events proceeding from interactions of DNA with the oestrogen receptor to biological
changes.

Alternatively, tamoxifen cou Id produce a partially antagonistic response by blocking
oestrogen access to the receptor in tissues where there are appropriate DNA-responsive
elements for the tamoxifen-oestrogen receptor complex. Because tamoxifen is not as
potent as 17ß-oestradiol, there is a diminished response in oestrogen-deficient tissue.
This is likely to occur in tissues that are oestrogen receptor-positive and have oestrogen
levels high enough to elicit a response, but low enough for tamoxifen to block oestrogen
access to a sufficient number of receptors, thereby decreasing normal oestrogen respon-
siveness (Jordan & Prestwich, 1977). ln any oestrogen receptor-positive tissues with very
low levels of oestrogen, tamoxifen would act as an agonist, because there would be no
tissue-specific oestrogen response to diminish.

Breast

Neoplasia of the breast appears to progress from a relatively differentiated state which
is dependent on steroid hormones for growth to an undifferentiated state which is
hormone-independent. This progression is reflected by the presence of receptQrs for
oestrogen and progesterone in the dependent state, whereas few or no receptors are
present in the independent state. Several effects of tamoxifen in mammary cells have
been documented. Consistent with antioestrogenic activity, it decreased c-myc expression
in the VHB1 cellline derived from an infiltrating duct-cell carcinoma (Collyn-d'Hooghe
et aL., 1991). A decrease in c-myc and c-erbB-2 mRNA levels has also been observed in
breast tumour cells of patients treated with tamoxifen (Le Roy et aL., 1991). Another
effect of tamoxifen is the induction of the autocrine secretion of transforming growth
factor ß (TGF-ß) detected in human mammary ductal carcinoma biopsies. TGF-ß is
localized between and around stromal fibroblasts (Butta et aL., 1992). This was observed
with both oestrogen receptor-positive and -negative tumours, suggesting an oestrogen-
receptor independent mechanism of action for tamoxifen. TGF-ß acts as a growth inhi-
bitor in human breast cancer cells (Knabbe et aL., 1987), hence, its induction may be a
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mechanism of growth inhibition by tamoxifen that takes account of its efficacy against
both oestrogen receptor-positive and -negative tumours.

Liver

Increased incidence of liver adenomas, total nodular hyperplasia and hepatocellular
carcinomas is observed in women following prolonged use of oral contraceptives, as
used in the 1960s (IARC, 1 987b). It is generally considered that ethinyloestradiol, the
oestrogenic component of oral contraceptives, is responsible for their hepatocarcinogenic
activity and that the hepatic oestrogen receptor is involved (Goldtarb, 1976; Mastri et aL.,
1985).

Several studies have shown that the liver contains significant quantities of oestrogen
receptors in hepatocytes, Kupffer cells and endothelial cells. Since tamoxifen possesses
at least partial agonist activity in liver, tamoxifen-mediated increases in liver tumour
incidences in rodents may reflect, in part, oestrogen-receptor-dependent responses. Occu-
pancy of hepatic oestrogen receptors is associated with stimulation of growth factors
involved in hepatocyte mitogenesis (Vickers & Lucier, 1991). The human hepatic
oestrogen receptor appears to be quantitatively and qualitatively similar to that of
rodents.

Thus, tamoxifen-mediated increases in liver tumour incidence in rodents may involve
both DNA damage leading to increased numbers of initiated cells and oestrogen-
receptor-mediated clonaI expansion of those initiated cells.

s. Summary of Data Reported and Evaluation

5.1 Exposure data

Tamoxifen has been available since the early 1970s for the first-line treatment of
metastatic breast cancer in postmenopausal women. Since the 1980s, it has become the
therapy of choice for this condition. Tamoxifen has also become the adjuvant therapy of
choice for treatment of postmenopausal, node-positive women with positive oestrogen-
receptor or progesterone-receptor levels and, since the early 1990s, for the treatment of'"
postmenopausal, node-negative women with positive oestrogen-receptor or progesterone-
receptor levels. It is also widely used in treating postmenopausal receptor-negative

women and premenopausal women with node-negative, receptor-positive disease. When
used as adjuvant therapy, tamoxifen reduces the annual rates of both death from and
recurrence of breast cancer by about 25%. Tamoxifen is commonly given at doses of
20 mg daily for periods of two to five years in the adjuvant setting, although doses of up
to 40 mg daily have been used in the past. Several clinical trials are in progress to study
the efficacy of tamoxifen in preventing breast cancer in healthy women believed to be at
high risk of developing the disease. '
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Tamoxifen has been widely adopted as the first-lIne therapy of choice for hormone-
responsive male breast cancer and is frequently used as adjuvant therapy for oestrogen
receptor- or progesterone receptor-positive male breast cancer.

Tamoxifen is registered for use in nearly 100 countries and cumulative use since 1973
is estimated at 7 million patient-years.

5.2 Human carcinogenicity data

The potential effect of tamoxifen in increasing the risk of endometrial cancer has been
reported in one adequate cohort study, four adequate case-control studies and 14
randomized controlled trials.

ln the cohort study, based on follow-up of registered cases of breast cancer in the
population-based Surveillance, Epidemiology and End Results (SEER) database in the
United States, the only available data on therapy were those reported at the time of initial
registration. Both groups of women with reported tamoxifen use and those with no such
reported use had elevated rates of endometrial cancer compared with the rates expected
from the SEER database as a whole. The risk was significantly greater for women with
reported tamoxifen use. The similar stage distribution in the two groups suggests a lack
of serious detection bias in this study. The absence of hysterectomies could not be
confirmed in this study.

The case-control studies were based on the identification of a series of women with .
breast cancer who had subsequently been diagnosed with endometrial cancer, with
tamoxifen exposure assessed in comparison with breast cancer patients who had not
developed endometrial cancer. ln two of these, case and control selection was based on
the records of population-based cancer registries, and two used the same source as weIl
as hospital-based cancer registries. For the Swedish study, although an increased risk of
endometrial cancer for tamoxifen use was found, the only information on treatment was
that recorded in the cancer registry. Further, the absence of hysterectomy in the control
series could not be confirmed. For the remaining three case-control studies, more

detailed data on treatment and on hysterectomies were o~tained from medical records. ln
the studies in France and the Netherlands, a nonsignificant elevation of risk for endo-
metrial cancer with use of tamoxifen was found, with a significant increase in risk with
increasing duration of therapy in one. ln the United States study, which reported on
shorter duration of use, the point estimate of risk was less th an unity.

Although several potential confounders were not systematically addressed in most
studies, the Working Group considered that these were unlikely to have had a major
effect on the reported relative risks.

ln most of the randomized trials, small numbers of endometrial cancers were reported,
and for man y the data were not reported in a way that corrected for the greater survival
time in most trials of the tamoxifen-treated patients compared to the control series. ln
two of the largest trials, however, there was a strong and statistically significant asso-
ciation between risk for endometrial cancer and use of tamoxifen. Although there may
have been a tendency for publication bias and there is some possibility of a detection bias
as a result of investigations in women with side-effects from tamoxifen, the magnitude of
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the risk found in the two large trials is unlikely to be explained by such biases. Further,
for the trials that reported deaths in women with endometrial cancer, to date there have
been eight deaths in women allocated to tamoxifen treatment groups and one in those not
allocated to tamoxifen.

One case series reported significantly more high-grade endometrial tumours in
tamoxifen-treated cancer patients than in patients without prior tamoxifen use. However,
in at least six other studies, this difference was not found.

The SEER-based cohort study found a significantly reduced risk for contralateral
breast cancers in the tamoxifen-treated women, compared with women with no reported
tamoxifen use. The case-control study from the United States also reported a significant
reduction of risk for contralateral cancers of the breast following tamoxifen use.

Although for some small trials there seemed to be little difference in the numbers of
contralateral breast cancers in tamoxifen-treated women compared with controls, for the
large trials, there was a substantially and significantly reduced risk for contralateral
breast cancer in tamoxifen-treated women compared with controls. Further, in an over-
view analysis of nearly aIl trials published in 1992 with data available to 1990, there was
a significant reduction of 39% in contralateral breast cancers in the tamoxifen-treated
groups.

For aIl other cancer sites, no significant excess of any cancer has been found in either
the cohort study or the trials. Although an excess of gastrointestinal cancer was reported
following a combined analysis of three Scandinavian trials, this has not yet been
confirmed by other studies.

5.3 Animal carcinogenicity data

Tamoxifen was tested for carcinogenicity by oral administration in one study in mice
and in eight studies in rats, only one of which was a formaI two-year study. ln mice, the
incidences of benign ovarian and testicular tumours were increased. ln rats, tamoxifen
induced preneoplastic liver lesions and benign or malignant liver tumours. ln one study,
the incidence of some tumours in hormone-dependent tissues was decreased, including in
the mammary gland, although reduced weight gain may have been a contributing factor.
ln two studies in which tamoxifen was tested by subcutaneous implantation in intact or
ovariectomized female mice, it inhibited mammary tumour development in both.

ln mice, tamoxifen was reported to inhibit 3-methylcholanthrene-induced cervical

cancer and virus-induced leukaemia. ln several studies in both male and female rats,
tamoxifen enhanced the hepatocarcinogenicity of previously administered N-nitroso-
diethylamine. ln one study in rats, tamoxifen enhanced the development of N-nitroso-
diethylamine-induced kidney tumours. ln a number of studies in rats, tamoxifen inhibited
7,12-dimethylbenz(a)anthracene-induced mammary tumour development. ln two studies
in hamsters, tamoxifen inhibited hormonal carcinogenesis induced by 17 ß-oestradiol in
the kidney and zeranol in the liver.
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5.4 Other relevant data

Orally administered tamoxifen is well absorbed and maximum plasma levels are
reached in about 5 h. Steady-state concentrations of tamoxifen in humans are reached in
3-4 weeks and those of the primary metabolite, N-desmethyltamoxifen, in about eight
weeks. Tissue concentrations tend to be higher than plasma concentrations. Metabolism
involves phenyl hydroxylation, alkyl hydroxylation, demethylation and N-oxide forma-
tion. Metabolism results in more products in man and rats than In mice. Much higher oral
doses of tamoxifen are required for rats or mice to achieve plasma concentrations similar
to human Ievels.

Tamoxifen is an antioestrogen with complex pharmacology encompassing variable
species-, tissue-, cell-, gene-, age- and duration of administration-specifie effects from
oestrogen-like agonist actions to complete blockade of oestrogen action. This complexity
is consistent with the various, and sometimes paradoxical, effects that have been asso-
ciated with tamoxifen administration in animais and humans

The most frequent side-effects of tamoxifen administration are hot flushes and
vaginal discharge. Tamoxifen has effects on the human uterus, inducing atrophy, hyper-
plasia and, less frequently, polyps. Randomized placebo-controlled trials revealed a
slight increase of thromboembolic events, but also a protective effect regarding myo-
cardial diseases, according to hospital admission rates and deaths. Tamoxifen adminis-
tration has been shown to decrease blood total cholesterol and low-density lipoprotein-
cholesterol concentrations in a number of studies. Several preliminary trials have

suggested mildly positive effectsof tamoxifen in preserving bone minerai density in
postmenopausal women, but much longer follow-up Is required to confirm this poten-
tially beneficIal effect.

The acute toxicity of tamoxifen in experimental animais is low. ln repeated-dose

studies in rats, tamoxifen induced hypertrophy, but not cell proliferation, in the endo-
metrial epithelium; endometrial hyperplasia was, however, reported in mice. Furthermore
squamous metaplasia and atrophy of the uterine epithelium was observed In chronic
studies in rats. Induction of cytochrome P450s and preneoplastic lesions have been
detected in the livers of rats.

Ocular toxicity, including lipidosis of the retina and cornea and increased incidence of
cataracts, was reported in studies in rats of chronic exposure to tamoxifen.

ln the presence of human, mouse, rat and hamster microsomes, tamoxifen binds cova-
lently to protein.

Tamoxifen has oestrogenic effects on human fetal genital tracts grown in athymic
mice. ln rats, doses above 2 mg/kg body weight produce irregular ossification of ribs in
the fetus, which is thought to be secondary to reduction of the size of the uterus of the
dam. No effects on the fetus have been reported in rabbits, marmosets or cynomolgus
monkeys.

There is no direct evidence that tamoxifen is active in tests for gene mutation.

Evidence for the genotoxic potential of tamoxifen is supported by data obtained on DNA
adduct formation in rodent liver cells il1 vItro and il1 vivo, and in rodent and human liver

kajo
Rectangle



340 IARC MONOGRAPHS VOLUME 66

micros omal systems; on unscheduled DNA synthesis in rat hepatocytes il1 vitro; and on
the induction of clastogenic events both il1 vitro, in genetically-engineered human cells,
and il1 vivo in rat liver.

There is evidence from'2P-postlabelling studies that three metabolites, a-hydroxy-
tamoxifen, 4-hydroxytamoxifen and (2)- 1 ,2-diphenyl- 1 -( 4-hydroxyphenyl)but- 1 -ene
(metabolite E) can be further metabolized to products that react with DNA. The major
DNA adduct formed in rodent liver cells has been identified as (E)-a-(N2-deoxyguano-
sinyl)tamoxifen. Human hepatocytes do not form detectable DNA adducts when treated
il1 vitro with tamoxifen; they form 300-fold lower levels of adducts than rat and mouse
hepatocytes when treated with a-hydroxytamoxifen.

Preliminary studies indicate that tamoxifen does not give rise to detectable levels of
DNA adducts in human liver il1 vivo or in human endometrium il1 vitro and il1 vivo.

Mechal1istic cOl1sideratiol1s

Tamoxifen increases liver tumour incidence in rats, which may involve both DNA
damage leading to increased numbers of initiated cells and oestrogen receptor-mediated
clonaI expansion of those initiated cells.

The available evidence suggests that tamoxifen is carcinogenic in rat liver by a geno-
toxic mechanism. Preliminary information from studies of human tissues suggests that
humans are less susceptible to the genotoxicity of tamoxifen. Tamoxifen also possesses
tumour-promoting activity in the rat liver.

Several studies have shown that the liver contains significant quantities of oestrogen
receptor in hepatocytes, Kupffercells and endothelial cells.

Tamoxifen acts as an oestrogen agonist and/or antagonist by binding directly to the
oestrogen receptor. ln some tissues, such as breast, tamoxifen exhibits antioestrogenic
properties by binding to the oestrogen receptor with high affinity. The tamoxifen-
oestrogen receptor complex is incapable of binding to DNA-responsive elements. Thus,
oestrogen receptor binding does not result in normal transcriptional activity. ln other
tissues, such as bone and liver, tamoxifen acts as a partial agonist, possibly because cells
from those tissues contain a different array of DNA binding sites, thereby leading to
typical oestrogen-mediated changes in gene expression and subsequent biological effects
on growth and differentiation. Therefore, tissue-specifie effects of tamoxifen-oestrogen
receptor on gene expression may be involved in the ability of tamoxifen to increase or
decrease tumour risk.

5.5 Evaluation 1.

There is suffcíent evidel1ce in humans for the carcinogenicity of tamoxifen in
increasing the risk for endometrial cancer and there is conclusive evidence that tamo-

IDr Cuzick dissociated himself from the evaluation process because he considered that the range of

evaluation statements available within the framework of the Monographs was not suitable for this agent.
2For definition of the italicized terms, see Preamble, pp. 22-25.

kajo
Rectangle



T AMOXIFEN 341

xifen reduces the risk for contralateral breast cancer in women with a previous diagnosis
of breast cancer.

There is il1adequate evidence in humans for the carcinogenicity of tamoxifen in other
organs.

There is suf/icient evidence in experimental animais for the carcinogenicity of
tamoxifen.

Overall evaluation

Tamoxifen is carcil10genic to humans (Croup 1) and there is conclusive evidence that
tanioxifen reduces the risk of contralateral breast cancer.
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TOREMIFENE

1. Exposure Data

1.1 Chemical and physical data

1. 1. 1 Nomel1clature

Toremifene
Chem. Abstr. Serv. Reg. No.: 89778-26-7
Deleted CAS Reg. No.: 98644-21-4
Chem. Abstr. Name: (Z)-2-( 4-( 4-Chloro- 1 ,2-diphenyl- 1 -butenyl)phenoxy )-N,N-dime-
thylethanamine
IUPAC Systematic Name: 2-(para-((Z)-4-Chloro- 1 ,2-diphenyl- I-butenyl)phenoxy)-
N,N-dimethylethylamine
Synol1yms: (Z)-4-Chloro- 1 ,2-diphenyl- 1 -( 4-(2-(N,N-dimethylamino )ethoxy)phenyl)-
1 -butene; Z-toremifene; toremifene base

Toremifene citrate

Chem. Abstr. Serv. Reg. No.: 89778-27-8
Chem. Abstr. Name: (Z)-2-(4-( 4-Chloro- 1 ,2-diphenyl- 1 -butenyl)phenoxy)-N,N-di-
methylethanamine, 2-hydroxy- 1 ,2,3-propanetricarboxylate (1: 1)
¡UPAC Systematic Name: 2-(para-((Z)-4-Chloro-l,2-diphenyl-l-butenyl)phenoxy)-
N,N-dimethylethylamine citrate (1: 1)

SYl1ol1yms: (Z)-4-Chloro- 1 ,2-diphenyl- 1 -(4-(2-(N,N-dimethylamino)ethoxy)phenyl)- 1-
butene citrate (1 :1 )

1.1.2 Structural and molecular formulae al1d relative molecular mass

CH)

(OÀ ;\OCH2-CH2-~C=C CH)
CICH2¿H2 U

Torernifene

C1óH1xClNO Relative molecular mass: 405:87
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CH,

\C lOOCH2-CH2-N~ .C=C CH:i
CICH2¿H2 U

CH7-COOH
1 -

HO-C-COOH
,

CH2-COOH

Toremitene citrate

C26H,xCINO,C6Hx07 Relative molecular mass: 598.10

1.1.3 Chemical al1d physical properties of the pure substal1ces

Toremifene
Melting-poil1t: 108-110 °C (Budavari, 1995)

Toremifene citrate

(a) Descriptiol1: White crystals (Orion, 1996)

(b) Meltil1g-poil1t: 160-162 °C (Budavari, 1995)
(c) Spectroscopy: Ultraviolet, infrared, nuclear magnetic resonance and mass spec-

trometric data have been reported (Orion, 1996)

(d) Solubility: Sparingly soluble in methanol; slightly soluble in ethanol; very
slightly soluble in water (OA4 mg/mL at 37°C), acetone and chloroform; practi-
cally insoluble in octanol and diethyl ether (Budavari, 1995; Orion, 1996)

(e) Stability: Sensitive to ultraviolet light (Orion, 1996)
(j Dissociatiol1 COl1stal1t: pK., - 8.0 (Orion, 1996)

(g) Octal1ol/water partition coefficiel1t (P): log P, 3.3 (Orion, 1996)

1.1A Techl1ical products al1d impurities

. Toremifene in pharmaceutical preparations is invariably present as its citrate salt.
Toremifene citrate is available as an 88.5-mg tablet (equivalent to 60 mg toremifene

base), which may also contain maize starch, lactose, polyvinylpyrrolidone (povidone),
sodium starch glycolate, magnesium stearate, microcrystalline cellulose and colloidal
anhydrous silica (Orion, 1996).

The E-isomer may be present as a minor impurity (:S 0.3%) (Orion, 1996).
Trade names and designations for toremifene citrate and its pharmaceutical prepa-

rations include: FC 1 l57a; Fareston; NK 622.

1.1.5 Al1alysis

Toremifene and its metabolites can be analysed in biological f1uids by liquid chro-
matography-atmospheric pressure ionization mass spectrometry (Watanabe et al., 1989)
and high-performance liquid chromatography (Holleran et aL., 1987; Hasan et al., 1990;
Webster et aL., 1991; Berthou & Dréano, 1993; Lim et aL., 1994).
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1.2 Production and use

1.2.1 Productiol1

Toremifene was first synthesized in 1981. Toremifene was first marketed commer-
cially in 1990; production in 1995 was about 100 kg (Orion, 1996).

The synthesis of toremifene citrate consists of four process phases. ln the first phase,
4-hydroxybenzophenone is O-alkylated with 2-chloroethyl dimethylamine yielding the
first intermediate (4-(2-dimethylaminoethoxy)phenyl)phenylmethanone. This interme-
diate is condensed with a complex formed of cinnamaldehyde and lithium aluminium
hydride and the second intermediate 1 -( 4-(2-dimethylaminoethoxy)phenyl)- 1 ,2-diphenyl-
butane- 1,4-diol is obtained. This intermediate is treated with thionyl chloride yielding
toremifene base which is converted to toremifene citrate by the addition of citric acid in
water/ethanol (Orion, 1996).

1.2.2 Use

Toremifene, an antioestrogenic compound and a chlorinated analogue of tamoxifen,
has been investigated for the treatment of metastatic breast cancer in postmenopausal
women. It has been studied in animal experiments (Kangas et aL., 1986) and in cIinical
phase 1 (Kivinen & Mäenpää, 1990; Hamm et al., 1991) and phase II (Valavaara et al.,
1988; Valavaara & Pyrhönen, 1989; Hietanen et al., 1990; Valavaara, 1990; Jönsson
etal., 1991; Pyrhönen etal., 1994) trials (see Glossary, p. 449).

Toremifene is being studied, in comparison with tamoxifen, in at least five different
. phase III trials (see Glossary, p. 449) in women with metastatic breast cancer. ln order to
clarify the dose-dependence of its action, daily doses of 60-240 mg are being used, in
comparison with 20-40-mg daily doses of tamoxifen (Pyrhönen, 1990). One worldwide
three-armed randomized phase III trial of tamoxifen (20 mg daily) vers us toremifene (60
mg daily) or toremifene (200 mg daily) in postmenopausal women with metastatic breast
cancer showed similar response rates and survival in ail three arms (Hayes et aL., 1995).
Results from other comparative phase III trials will soon be available. Three trials of
toremifene as adjuvant therapy are also in progress: two performed by the International
Breast Cancer Study Group, and one by the Finnish Breast Cancer Group (Orion, 1996).

Like tamoxifen, toremifene has also been tested for use in several other malignant
diseases including endometrial carcinoma (Horvath et al., 1990; Mäenpää et aL., 1992a),
ovarian carcinoma (Mäenpää et al., 1992b) and melanoma (Kleeberg et aL., 1993).
Studies in patients with advanced breast cancer show some response to treatment and
minimal side-effects. This seems to be similar to tamoxifen and there appears to be major
cross-resistance between the twodrugs (Jönsson et aL., 1991; Nomura et aL., 1993;
Stenbygaard et aL., 1993; Vogel et aL., 1993; Pyrhönen et aL., 1994). Toremifene has
beneficial effects on cardiovascular lipid profiles in postmenopausal women with breast
cancer (Gyllng et aL., 1995).

Thus, although toremifene is not yet registered for use in most countries, it isunder
extensive investigation for therapy of metastatic breast cancer as weIl as in the adjuvant
setting.
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Toremifene was developed in Finland and has been available there since 1990. It has
been available in Sweden, Russia and the Ukraine since 1994, and became available in
Japan in 1995 (Anon., 1995a; Orion, 1996).

1.3 Occurrence

Toremifene is not known to occur as a natural product.

1.4 Regulations and guidelines

A Health Registration Application for toremifene was filed with the European
Union's Committee for Proprietary Medicinal Products in December 1994. A New Drug
Application for toremifene was filed with the United States Food and Drug Adminis-
tration in January 1995 (Anon., 1995b). Toremifene was subsequently recommended for
approval by the United States Food and Drug Administration (Anon., 1995a) and the
European Union' s Committee for Proprietary Medicinal Products in October 1995

(Anon., 1995a). It was approved in February 1996 in the European Union for treatment
of hormone-dependent metastatic breast cancer in postmenopausal patients (European
Commission, 1996).

2. Studies of Cancer in Humans

No report of carcinogenicityor chemopreventive activity of toremifene in humans has
been published.

3. Studies of Cancer in Experimental Animais

3.1 Oral administration

Rat: ln a study that also included tamoxifen, groups of 57, 84 and 75 female Sprague-
Dawley (Crl:CD(BR)) rats, six weeks of age, were given 0 (control), 12 and 24 mg/kg
bw toremifene citrate (purity, 99%) per day by gastric instillation in 0.5% carboxy-
methy1cellulose on seven days per week for up to 12 months. Nine rats in each group

were kiled at three and six months. At 12 months, 18 control, 36 low-dose and i 0 high-
dose rats were kiled and, at 15 months, 13, 20 and 13 animais in the respective groups
were killed; 8, 10 and 34 respectivelydied during the experiment. AlI rats, including
those found dead or moribund, were subjected to necropsy; organs examined histopatho-
logically included liver, ovaries, uterus, mammary gland, adrenal glands, tail bone,
sternum, brain and pituitary. Weightgain in both groups receiving toremifene citrate was
less than that in contraIs. At three months, the incidence of placental-type glutathione S-

transferase-positive altered hepatocellular foci was 5/9 (56%) control, 3/9 (33%) low-
dose and 1/9 (11%) high-dose rats. No liver tumour was found at 12 or 15 months. At 12

kajo
Rectangle



TOREMIFENE 371

months, the incidence of granulosa-cell tumours of the ovary was 1/34 low-dose and 1/10
high-dose rats compared with 0/17 controls. ln rats killed at 15 months, three months
after cessation of exposure, no ovarian tumour was found. The incidence of hyperplasia,
adenoma or carcinoma in the mammary gland and that of pituitary adenoma or
carcinoma were zero in toremifene citrate-treated rats (Hard et al., 1993). (The Working
Group noted that exposure was limited to 12 months and that the study was terminated at
15 months.)

ln a study that also included tamoxifen, groups of 20 female Sprague-Dawley rats, six
weeks of age, were given 0 (control), 12 or 48 (MTD, maximum tolerated dose) mg/kg
bw toremifene citrate (purity ? 99%) per day by gastric instillation in 0.5% carboxy-
methylcellulose for up to one year. Ali surviving animais were observed without further
exposure for an addition al 13 weeks. Five animaIs from each group were killed after 26
weeks and 52 weeks of treatment; ail surviving rats (8 controls, 9 low-dose and 3 high-
dose animaIs) were killed 65 weeks after the beginning of treatment. Weight gain was
reduced in both toremifene citrate-treated groups. No liver tumour was found in animaIs
at interim or terminal kills. Findings in tissues other th an the liver were not reported

(Hirsimäki et al., 1993). (The Working Group noted the small number of animaIs, that
exposure was of 12 months' duration and that the study was terminated at 65 weeks.)

ln a study that also incIuded tamoxifen, groups of 10 female Sprague-Dawley rats, six
weeks of age, were given 0, 12 or 48 (MTD) mg/kg bw toremifene citrate (purity? 99%)
per day by gastric instillation in 0.5% carboxymethylcellulose for 12 months. Groups of
five animaIs were kiled at 12 months or after a further 13 weeks of recovery. No liver
tumour occurred in any group (Ahotupa et al., 1994). (The Working Group noted the
small number of animais and that the study was terminated at 65 weeks.)

As part of a tumour promotion study that also included tamoxifen, groups of 36-37
female Fischer rats, weighing 130 :t lOg (age not specifiedJ, were subjected to partial
hepatectomy and three weeks later exposed to toremifene (purity not specified) in the
diet at concentrations of 0 (control), 250, 500 or 750 mg/kg diet (ppm) for 6 or 18
months. Ail exposures to toremifene suppressed body-weight gain in animais kiled at six
months, and uterine weights were reduced. At this time, no increase was found in either
the number or volume of hepatocellular altered foci identified by staining for the
placental form of glutathione S-transferase or adenosine triphosphatase, whereas y-gluta-
myltranspeptidase-positive foci were increased at all doses (dose-related). One hepatic
neoplastic nodule was found in controls compared with none in the treated animaIs. At
the terminal kil at 18 months, there was no increase in liver tumours (see Table 1). No
kidney tumour was found (Dragan et aL., 1995). (The Working Group noted the small
numbers of animaIs and the short duration.)

Groups of 50 male and 50 female Sprague-Dawley rats, six weeks of age, were given
toremifene citrate (purity ? 98%) in the diet for two years. The rats received mean daily
intakes of 0 (control), 0.12, 1.2, 5.0 or 12 mg/kg bw per day. The concentrations of
toremifene in the diet were adjusted to maintain constant dose Ievels in terms of mg/kg
bw per day. Toremifene citrate caused decreases in food consumption and body-weight
gain in a dose-dependent manner, with high-dose females havìng 79% food consumption
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and 58% body weight compared with controls and high-dose males having 73% and
40%, respectively. Toremifene citrate reduced mortality, principally in the two highest
dose groups. Mortality was 2% in the females receiving 12 mg/kg and 16% in those
receiving 5 mg/kg, compared with 66% in controls, and 10% and 8% in the COlTes-

ponding groups of males compared with 40% in controls. No increase in tumours was
found. ln females, the incidences of mammary and pituitary tumours were reduced,
while, in males, the incidences of pituitary and testicular tumours were reduced (see
Table 2) (Karlsson et aL., 1996). (The Working Group noted that some of the reduced
tumour incidences may have been related to body-weight reduction.)

Table 1. Incidences of Iiver neoplasms in
female Sprague-Dawley rats exposed to
toremifene

Exposure
(mg/kg diet (ppm))

Neoplastic
nodules

Hepatocellular
carcinomas

None
Toremifene,250
Toremifene, 500
Toremifene,750

16/22
6/22
4/21
15/22

0/22
0/22
1/21

0/22

From Dragan et aL. (1995)

Table 2. Incidence (%) of certain tumours in
Sprague-Dawley rats exposed to toremifene
citrate

Dose (mg/kg bw per day)

0 0,12 1.2 5.0 12,0

Females
Mammary tumours 60 14" 4" i' 4"

Pituitary tumours 86 52" 2" i' 0"

Males
Pituitary tumours 54 38" 4" i' 4"

Testicular tumours 10 12 ° ° °

From Karlsson et aL. (1996)
"p,O,OI
" p,O.OOI

ln a study that also included tamoxifen, in a compilation of three experiments

reported in the proceedings of a meeting, groups of 38,62 or 64 female Sprague-Dawley
rats rage unspecified) were given daily doses of 3, 12 or 48 mg/kg bw by gastric
instilation for up to 52 weeks. No tumours of the uterus were seen (Mantylä et al.,
1996).
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3.2 Administration with known carcinogens

Rat: Groups of 5-lO (32 in controls) female Sprague-Dawley rats, 50 :: 2 days of age,
were given 12 mg/animal 7,1 2-dimethylbenz(a)anthracene (DMBA) as a single gastric
instillation in sesame oiL. After six weeks, when mammary tumours had reached about
1 cm in diameter, groups were treated with 0, 0.3, 1.0, 3.0, 7.5, 15.0 or 30.0 mg/kg bw
toremifene citrate (purity ? 98%) (vehicIe not specified) per day by gastric instillation for
at least five weeks. The numbers of new tumours per animal were 3.0 :: 2.6 in controls
and lA :: 1.2 in the 0.3-mg/kg bw, 0.6 :: 0.7 in the 1.0-mg/kg bw, 0,7 :: 1. 1 in the 3.0-
mg/kg bw, 1.6:: 2.0 in the 7.5-mg/kg bw, 1.8:: 204 in the 1 5.0-mg/kg bw and 0.6 :: 1 A in
the 30.0-mg/kg bw toremifene citrate-treated groups, a significant decrease (p .( 0.005) at
all doses, except 0.3 and 15 mg/kg bw (Kangas et al., 1986).

Groups of 20 Sprague-Dawley rats (femalesJ, 50 days of age, were given 20 mg per
animal DMBA in peanut oil as a single gastric instilation. Twenty-eight days later,
groups were given 50, 200 or 800 tlg/animal. toremifene citrate in peanut oil daily by
gastric instillation for four months. By 100 days after DMBA administration, 75% of rats
given DMBA alone had developed mammary tumours, many having multiple tumours,
whereas, in the group also receiving toremifene (200 or 800 tlg), less th 

an 20% had
tumours (percentages derived from graphs) and only single tumours. Cessation of tore-
mifene treatment (200 or 800 tlg) after four months led to the development of mammary
tumours, so that by 4.5 months about 70% of animaIs had tumours (Robinson et aL.,
1988).

Two groups of female Sprague-Dawley rats, 50 days old, received 12 mg/animal
DMBA (vehicle not specified) as a single gastric instillation. After seven weeks, the
animaIs were given 0 (five rats with 16 mammary tumours) or 3 (six rats with 25
mammary tumours) mg/kg bw toremifene (purity not specified) per day by gastric ins-
tillation for five weeks. During treatment, 32 new mammary tumours appeared in the
control group and 16 in the treated group (Huovinen & Collan, 1994).

ln a tumour promotion study, in which tamoxifen was also studied, groups of 14-22
female Fischer rats, weighing 130:: 10 g (age not specifiedJ, were subjected to partial
hepatectomy and 24 h later were given 10 mg/kg bw N-nitrosodiethylamine (NDEA) in
trioctanoin as a single gastric instillation. Two weeks later, rats were given either basal
diet or diet containing 250, 500 or 750 mg/kg diet (ppm) toremifene for 6 or 18 months.
AlI exposures to toremifene depressed body-weight gain in animaIs killed at six months
and uterine weights were depressed. The number and volume fraction of liver occupied
by altered hepatic foci identified by any of the histochemical markers used was increased
by toremifene. Atsix months, the incidences of hepatIc neoplastIc nodules in ail groups
were 53, 20, 20 and 43% in controls, low-, mid- and high-dose, respectively. At 18
months, the incidence of liver tumours in aIl groups approached 100%. Toremifene
increased the incidence of hepatocellular carcinomas in the high-dose group (2/17, 2/18,
7/16 and IUl8 in the control s, low-, mid- and high-dose respectively). The incidence of
kidney tumours was increased by toremifene at the highest dose (Table 3) (Dragan et aL.,
1995).
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Table 3. Incidences of kidney neo-

plasms in female Fischer rats ex-
posed to toremifene after NDEA

Exposure
(mg/kg di et (ppm))

Renal cell
adenomas

Renal cell
carcinomas

None
Toremifene, 250
Toremifene, 500
Toremifene, 750

5/19"

0/18
7/16
12/20'

0/19
0/18
2/16"

5/20'

From Dragan et aL. (1995)

" (p = 0.002; Cochran Armitage test for trend)
¡, (not significant; Fisher's exact test)
'(p = 0.03; Fisher's exact test)

ln a study that also included tamoxifen, groups of virgin female Sprague-Dawley rats
aged 43 days were randomized into groups of 20 and allocated to control diet or a di et
containing 100 mg/kg diet (ppm) toremifene citrate (reduced to 50 mg/kg at 71 days of
age bec au se of reduced body-weight gain). Seven days later, groups were given either
50 mg/kg bw N-methyl-N-nitrosourea or saline by intravenous injection. AnimaIs were
killed when moribund and the experiment was terminated at 180 days. Toremifene citrate
reduced the incidence of mammary tumours to 46% compared with 100% in controls
(p -: 0.05); the multiplicity was reduced to 0.7 :t 0.2 from 10.6 :t 1.2 (p -: 0.05) and
latency was increased to 166 :t 8 days from 53 :t 4 days (p -: 0.05) in the controls (Moon
etal.,1994).

4. Other Data Relevant to an Evaluation of

Carcinogenicity and its Mechanisms

4.1 Absorption, distribution, metabolism and excretion

4.1.1 Humal1s

ln a study with 70 postmenopausal femaie volunteers, Anttila et aL. (1990) found that
toremifene was weil absorbed and over 99% bound to plasma proteins. Peak serum con-
centration was usually reached within 4 h and the mean half-life of distribution was
generally around 4 h. A further study (Anttila et aL., 1995) was conducted on 10 healthy
subjects (7 men and 3 women; body weight, 80.9 :t 20.3 kg) given a single oral dose of
120 mg toremifene, following an overnight fast. Measured pharmacokinetic parameters
for toremifene, N-desmethyltoremifene and deaminohydroxytoremifene in serum, respec-
tively, were: maximum concentrations (CmJ, 414 :t 173 ng/mL, 130 + 53 ng/mL and
38 :t 24 ng/mL at median times of 2 h, 72 h and 2 h, the areas under the integrated time x
concentration curves (AUC) being 28.4 :t 12.3, 94.1 :t 77.5 and 0.48 :t 0.66 (Ilg x h/mL).
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Elimination half-life (ti) values were 6.2 :: 2.2 days for toremifene and 21.0:: 24. i days
for N-desmethyltoremifene. Apparent clearance of toremifene after oral dosing was
5.1 L/h and its apparent volume of distribution was 958 :: 309 L. Multiple dosing with
60 mg toremifene per day resulted in an average steady-state serum level of 800 ng/mL
within six weeks after the start of therapy (Anttila et al., 1990). Postmenopausal patients
(19 women) receiving high doses of toremifene (240-780 mg/day) for advanced breast
cancer showed plasma concentrations ranging from 1.5 to 4.0 ¡.g/mL (Bishop et al.,
1992). ln 70 postmenopausal patients with advanced breast cancer receiving single oral
daily doses of either 10, 20, 40, 60, 200 or 400 mg toremifene for eight weeks, the time
to reach steady-state plasma concentrations was between one and five weeks (one to two
weeks for the 200 and 400 mg doses). The time to peak concentration was 1.5-4.5 h. The
peak toremifene concentrations were 1117-1270 ng/mL (at a dose of 60 mg/day) and
198-669 ng/mL (at a dose of 20 mg/day). Plasma concentrations of 4-hydroxytoremifene
were detectable only at high doses (200-400 mg per day) of toremifene, typical peak
concentrations being 383-515 ng/mL after a 400 mg-dose. The peak concentrations of N-
desmethyltoremifene were 538-2622 ng/mL (at a dose of 20 mg/day), 2709-5769 ng/mL
(at a dose of 60 mg/day) and 7937-9135 ng/mL (at a dose of 400 mg/day) (Wiebe et al.,
1990) .

Toremifene undergoes extensive demethylation and hydroxylation to active and
inactive metabolites via hepatic mixed function oxidases (see Figure 1). ln human urine,
four unconjugated and three glucuronide-conjugated inetabolites were detected in one
study, but only 4-hydroxytoremifene glucuronide was identified (Watanabe et al., 1989).
ln the study of Anttila et al. (1990), N-desmethyltoremifene was the major metabolite in
serum and was present at a concentration twice that of toremifene; other metabolites
included 4-hydroxytoremifene, deaminohydroxytoremifene (one tenth of toremifene

concentration (Anttila et al., 1990)) and didesmethyltoremifene (Kangas, 1990).

Elimination of toremifene is slow, with a mean half-life of five days (Anttila et al.,
1990). The terminal half-lives for elimination of toremifene, N-desmethyltoremifene and
4-hydroxytoremifene are five, six and five days, respectively (Wiebe et al., 1990).

Enterohepatic recirculation of toremifene has been reported in humans (Wiebe et aL.,
1990). The majority of a dose of toremifene is excreted as metabolites in faeces (Anttila
et aL., 1990) and the long half-life of toremifene may be due to both plasma protein
binding and enterohepatic recirculation (Wiebe et aL., 1990).

4. i.2 Experimental systems

Following administration of CH)toremifene to female Sprague-Dawley rats by
intravenous injection, 70% of the total radioactivity was eliminated within 13 days, with
more th an 90% of this appearing in the faeces. Toremifene metabolites have been iden-
tified in rats and others have been postulated (see Figure 1). 4-Hydroxytoremifene is a
major metabolite in rats and is present in urine at twice the level of N-desmethyl-

toremifene (Sipilä et al., 1990). Toremifene is metabolized and excreted by isolated
perfused rat Ii ver, but a significant amount binds to the reperfusion circuit. Furthermore,
clinically relevant doses of toremifene do not appear to inhibit hepatic mixed function

~..,,-..-
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Figure 1. Postulated metabolic pathways of toremifene
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oxidase activity, as indicated by elimination of antipyrine (Webster et al., 1993).

Enterohepatic recirculation of toremifene has been reported in rats and small amounts of
unchanged toremifene have been found in the faeces, suggesting biliary secretion (Sipilä
et al., 1990).

The major pathways of toremifene metabolism are mediated mainly by a CYP3A4
enzyme in human liver microsomes (Berthou et al., 1994).

Administration to rats of 0.12 mmol/kg bw toremifene per day for four days by
gastric instilation increased the metabolism of benzyloxy- and pentoxyresorufin 10-80-
fold, while ethoxyresorufin metabolism hardly changed (White et aL., 1993).

4.2 Toxic effects

4.2.1 Humal1s

ln a phase 1 clinical trial of 107 cancer patients (74 with breast cancer), toremifene
was administered at doses from lOto 400 mg per day for eight weeks to groups of 1 i -26
patients (age range, 25-80 years; mean, 58 years) (Kohler et al., 1990). ln general,
toremifene was well tolerated at aIl doses tested. Gastrointestinal complaints were the
most common side-effects (at ail dose levels). Nausea and vomiting, usually mild, were
reported by 43% of patients. Antioestrogenic side-effects incIuded hot flushes (29%),
vaginal discharge (8.4%) and vaginal bleeding (2.8%). Other effects observed were
related to the central nervous system and included dizziness/vertigo (12%), lethargy/-
fatigue (10%), headaches (7%), insomnia (4%), anxiety (3%) and irritability (2%). The
only ophthalmological finding was dry eye (reduced tearing), which was reported by
three patients at higher doses. There was no change in electrolytes, liver function, renal
function or serum lipids. No dose-related change in total leukocytes, granulocytes or
platelets was found. A moderate decrease in antithrombin III activity was found. A
decline in luteinizing hormone (LH) and follicle-stimulating hormone (FSH) levels (but
only at concentrations equal to or greater than 40 mg/day) and an increase in sex
hormone-binding globulin (SHBG) were noted. No change was observed in cortisol,
prolactin, oestrone or 17ß-oestradiol levels or in thyroid function tests. Similar results
were reported from a phase L study in 72 healthy postmenopausal volunteers in which
toremifene was given within the dose range of 3-680 mg as a single dose or on five
consecutive days (Kivinen & Mäenpää, 1990). Other effects of 60 mg/day toremifene
given to breast cancer patients for 3, 6 or 12 months included a stimulatory effect on ce ll-
mediated immunity, according to a positive effect on mitogen-stimulation tests
(Valavaara et al., 1990) (The Working Group noted that the control group consisted of
healthy women.)

Thirty-one gynaecologically asymptomatic postmenopausal breast cancer patients
with intact uteri were randomized to receive 20 mg tamoxifen or 60 mg toremifene as
adjuvant treatment (Tomás et al., 1995). Pap smear, endometrial biopsy, hysteroscopy
and curettage were performed before treatment and at the end of 6 and 1 2 months of
treatment. ln the toremifene group, endometrial thickness increased from 3.9 mm before
treatment to 6.0 mm at six months and 7.0 mm at 12 months. Proliferation in endometrial
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cytology in the toremifene group at the three observation times, respectively, occurred in
0/13, 3/1 1 and 2/10 patients. There was no significant difference between toremifene and
tamoxifen in any of the parameters investigated.

A three-armed randomized comparison was performed with toremifene at 60 mg/day
(11 = 221) and 200 mg/day (11 = 212) and tamoxifen at 20 mg/day (11 = 215) in
postmenopausal patients with hormone receptor-positive or unknown metastatic breast
cancer (Hayes et al., 1995). The group receiving 200 mg/day toremifene experienced
significantly more nausea (p = 0.027), but no other significant difference in toxicity or
quality of life was reported among the three arms of the triaL. Clinical tumour flare (a
transient increase in bone and/or musculoskeletal pain within two weeks of starting the
drug) occurred in 16% of the 60-mg toremifene and 19% of the 200-mg toremifene

groups (and 19% of the tamoxifen group). Seventeen patients died during the study or
within 30 days of the last dose due to causes believed not to be secondary to metastatic

breast disease. These were similarly distributed, with no significant differences among
the three arms (nine and six in the 60-mg and 200-mg toremifene groups, respectively,
and two in the tamoxifen group). Serious but non-Iethal adverse events in the 60-mg and
200-mg toremifene and tamoxifen groups, respectively, included pulmonary embolism
(5,2, 2), cerebrovascular accidents (0, 3, 0), thrombosis (1, 0, 1), impaired liver function
texts (alanine transaminase :: 100 IU/L, 1 1,22,4; total bilirubin ~ 2 mg/dL, 3, 7, 4) and

corneal keratopathies (4, 8, 2). Twenty-one patients withdrew from the study because of
toxicity; 6 and 12 in the 60-mg and 200-mg toremifene groups, respectively, and 3 in the
tamoxifen group.

4.2.2 Experimental systems

ln a preliminary toxicity study in which toremifene was administered to rats at doses
of up to 48 mg/kg bw for 26 weeks, no ocular or hepatic changes were observed (Kangas
et al., 1986). (No further details were given.)

Toremifene at a steady-state concentration of 10 J.g/mL (a high, but c1inically relevant
concentration) caused a significant decrease in bile flow in isolated perfused rat liver and
therefore appears to impair liver function, but it did not have any effect on antipyrine
elimination (Webster et al., 1993).

ln Sprague-Dawley rats given 250-750 mg/kg of diet (ppm) toremifene for 18
months, uterine weights were depressed (Dragan et aL., 1995).

4.3 Reproductive and developmental effects

4.3.1 Humal1s

No data were available to the Working Group.

4.3.2 Experimental systems

ln a study reported only as an abstract, Hirsimäki et al. (1990) stated that pregnancy
was not compromised in rats given oral doses of up to 50 mg/kg bw toremifene per day,
although toxic effects occurred in the dam at doses of t 0 mg/kg bw per day or higher. ln
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rabbits, abortion occurred with doses of 10 mglkg bw per day and total litter loss with
50 mg/kg bw per day. Fertility of male rats was reduced after 10 weeks of oral treatment
with 25 mglkg bw per day, but not at lower levels. This reduction in fertility was
accompanied by a reduction in the weight of the reproductive organs. Females became
acyclic when treated with doses of 0.2 mglkg bw per day or higher and, although the 

ymated, they did not become pregnant. At a dose of 0.04 mg/kg bw per day, the oestrus
cycle was normal, and mating and pregnancy were successful. Oestrus cycles recovered
within two weeks and mating occurred, but treatment cou Id not be recommenced until
day 6 of gestation, otherwise implantation was prevented. At doses of 1 mg/kg bw per
day or more, parturition difficulties occurred.

4.4 Genetic and related effects
~

4.4.1 Humal1s

No studies were available to the W orking Group.

4.4.2 Experimel1tal systems

Mutagel1icity (see also Table 4 for references and Appendices 1 and 2)

Toremifene induced micronucleus formation in MCL-5 cells, a genetically engineered
human lymphoblastoid cellline that expresses native CYP 1 A 1 and transfected CYPI A2,
CYP2A6, CYP2El and CYP3A4 and epoxide hydrolase, and also weakly in similar cell
lines that expressed CYP2El or 3A4 but not in a line expressing CYP2D6.

DNA adducts in vivo

A very low level of DNA adducts (0.85 :t 0.1 adducts per iog nucleotides) was
detected by J2p-postlabelling in the livers of female Fischer 344 rats given 0.12 mmollkg
toremifene per day by gastric instillation for four days and killed 24 h after the final
treatment (White et al., 1992).

Treatment of female Sprague-Dawley rats with up to 90 ¡.mollkg toremifene per day
by gastric instilation for lO days did not lead to formation ofdetectable DNA adducts in
the liver (Montandon & Wiliams, 1994). Similarly, DNA adducts were not detected in
the livers of Crl:CD(BR) rats (Sprague-Dawley) given 48 mg/kg toremifene (0.12
mmollkg) per day by gastric instilation for seven days and kiled 24 h later (Hard et aL.,
1993).

A very low level of DNA adducts (0.02 adducts per iog nucleotides) was detected by
J2p-postlabelling in cultured human lymphocytes treated with 100 Ilg/mL toremifene

(Hemminki et aL., 1995). Adducts were not detected at lower concentrations.
A low level of microsome-mediated DNAadduct formation by toremifene was

detected by J2P-postlabelling (Hemminki et aL., 1995). ln the presence of NADP and
glucose-6-phosphate, toremifene concentrations of 1 mM gave adduct levels of 0.04
adducts per 108 nucleotides with rat microsomes and 0.012 adducts per 108 nucleotides
with human microsomes.
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Table 4. Genetic and related effects of toremifene

Test system Result" Dose ¡, Reference
(LED/HID)

Without With
exogenous exogenous
metabolic metabolic
system system

..
MIH, Micronucleus test, human lymphoblastoid MCL-5 cel1s in vitro +c

Styles et al. (1994)
?

NT 0.5 ~
MIH, Micronucleus test, human lymphoblastoid hlAl cel1s expressing CYPIAI NT 1.5 Styles et al. (1994) n-

in vitro ~0
MIH, Micronucleus test, human lymphoblastoid hlA2 cells expressing CYPlA2 - NT 1.5 Styles et al. (1994) Z

in vitro 0
Ci

MIH, Micronucleus test, human lymphoblastoid h2El cel1s expressing CYP2El (+) NT 0.75 Styles et al. (1994) ~in vitro 'i
MIH, Micronucleus test, human lymphoblastoid h3A4 cells expressing CYP3A4 (+) NT 0.75 Styles et al. (1994) ::\/

in vitro -c
MIH, Micronucleus test, human lymphoblastoid h2D6 cells expressing CYP2D6 - NT 1.5 Styles et al. (1994) 0l'in vitro C
BID, Binding (covalent) to DNA, human lymphocytes in vitro (+) NT 100 Hemminki et al. ~

(1995)
m
0\

BVD, Binding (covalent) to DNA, female Fischer 344/N rat liver in vivo (+) 50 po x 4 White et al. (1992) 0\

e2p-postlabellng)
BVD, Binding (covalent) to DNA, female SD rat liver in vivo (P-postlabel1ing) - 48 po x 7 Hard et al. (1993)
BVD, Binding (covalent) to DNA, female SD rat lIver in vivo C2p-postlabel1ing) - 33 po x 10 Montandon &

Williams (1994)

" +, positive; (+), weak positive; -, negative; NT, not tested; ?, Inconc1usIve
bLED, lowest effective dose; HID, highest ineffective dose; in-vitro tests, ¡ig/mL; in-vivo tests, mg/kg bw/day

'Expressing native CYPIAI and transfected CYPs lA2, 2A6, 3A4 and 2El and epoxide hydrolase; cytochalasin B-aITested
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Horseradish peroxidase activated toremifene to a reactive intermediate which bound
covalently to both DNA and protein (Davies et al., 1995).

4.5 Hormonal effects

4.5.1 Humal1s

The effects of toremifene on endocrine parameters in healthy postmenopausal women
and in women with advanced breast cancer have been studied. Oestrogenic effects were
evaluated by measuring concentrations of LH, FSH, SHBG and prolactin, and antioestro-
genicity in 17ß-oestradiol-primed postmenopausal women by vaginal cornification
index. During eight weeks of treatment with 60 or 200 mg/day toremifene, FSH levels
decreased by a mean of 29 and 53%, respectively, and LH levels by approximately 20
and 50%. SHBG concentrations increased about two-fold at both dose levels (Hamm
et al., 1991). Prolactin concentrations in serum did not change, although, in patients with
basal prolactin, a decrease to the normal level was seen (Számel et al., 1994). The no-
effect dose level of toremifene in the vaginal cornification antioestrogenic assay was

10 mg daily. There was no clear dose-response relationship of the vaginal cornification
index at doses of 20-200 mg/day (Hamm et al., 1991).

4.5.2 Experimental systems

Toremifene bound to oestrogen receptors in rat uterus competitively with CH) 17ß-
oestradiol, the LC511 concentration bcing 0,5 tlmol/L and the dissociation constant 1 nM

(Kallio et aL., 1986; Simberg et al., 1990). It induced binding of oestrogen receptors to
the nuclear compartment and increased progesterone receptor concentrations in the rat
uterus in vivo during five days of administration (Kallio et al., 1986).

The oestrogenic and antioestrogenic actions of toremifene were studied by a utero-
trophic assay in immature and ovariectomized adult mice and rats given toremifene daily
for three days (oestrogenicity) and together with 17ß~oestradiol (antioestrogenicity).
Significant oestrogenic and antioestrogenic responses were observed in mice at the
lowest test dose reported, 0.05 mg/kg. ln rats, the lowest dose inducing a significant
oestrogenic response was 0.1 mg/kg, while an antioestrogenic response was observed at
0.01 mg/kg (Kallio et al., 1986; Kangas, 1990: di Salle et al., 1990). .

The hormonal effects of toremifene were studied in rat liver by measurement of
cytosolic (reduction) and nucIear (increase) oestrogen receptors. Toremifene produced an
oestrogen agonistic effect (Kendall & Rose, 1992).

Triphenylethylene antioestrogens have tissue- and species-specific hormonal effects.
Toremifene is predominantly oestrogenic in mice, antioestrogenic in rats and humans
(Kangas, 1992) and both oestrogenic and antioestrogenic in monkeys (Wood et al.,
1992).
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5. Summary of Data Reported and Evaluation

5.1 Exposure data

Toremifene, a chlorinated analogue of tamoxifen, was first marketed in 1990 and by
1995 was registered in five countries. It is currently undergoing further clinical trials for
the treatment of metastatic breast cancer as weIl as trials for use as adjuvant therapy.

5.2 Human carcinogenicity data

No data were available to the Working Group.

5.3 Animal carcinogenicity data

Toremifene was tested for carcinogenicity in one study by oral administration to male
and female rats and in four studies of limited duration in female rats. No increase in
tumour incidence was observed in these studies. ln the one study of long duration,
toremifene decreased the incidence of tumours in some hormone-dependent tissues,
notably mammary gland.

ln one study in female rats, toremifene increased the incidence of kidney tumours and
the proportion of malignant liver tumours induced by N-nitrosodiethylamine.

ln four other experiments in rats, toremifene inhibited the development of 7, 12-di-
methylbenzra)anthracene- or N-methyl-N-nitrosourea-induced mammary tumours.

5.4 Other relevant data

Toremifene is well absorbed in humans. The major metabolites result from N-deme-
thylation, hydroxylation and deamination, and are excreted predominantly in faeces. The
elimination half-life is about six days. The metabolism is qualitatively similar, but
quantitatively different, in rats.

ln a single study, no teratogenic effect of toremifene was found in rats.
Toremifene induced micronucleus formation in one study that used genetically

engineered cell lines. Low levels of DNA adducts were detected in rat liver in one of
three studies. Low levels of DNA adduct formation have also been reported in human
lymphocytes in vitro.

5.5 Evaluation 1

There is inadequate evidence in humans for the carcinogenicity of toremifene.

There is il1adequate evidence in experimental animais for the carcinogenicity of
toremifene.

Overall evaluation

Toremifene is not classdiable as to its carcinogenicity to humans (Croup 3 J.

IFor definition of the italicized terms, see Preamble, pp. 22-25.
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CLOFIBRATE

This substance was considered by previous working groups, in February 1980 (lARC,
1980) and March 1987 (lARC, 1987). Since that time, new data have become available,
and these have been incorporated in the monograph and taken into consideration in the
evaluation.

1. Exposure Data

1.1 Chemical and physical data

1.1.1 Nomel1clature

Chem. Abstr. Serv. Reg. No.: 637-07-0

Chem. Abstr. Name: 2-(4-Chlorophenoxy)-2-methylpropanoic acid, ethyl ester

IUPAC Systematic Name: Ethyl 2-(para-chlorophenoxy)-2-methylpropionate

SYl1ol1yms: para-Chlorophenoxyisobutyric acid ethyl ester; 2-(para-chlorophenoxy)-

2-methylpropionic acid ethyl ester; ethyl para-chlorophenoxyisobutyrate; ethyl

2-(para-chlorophenox y )isobutyrate; ethy 1 2-( 4-chlorophenox y )isobutyrate; ethy i
a-(para-chlorophenoxy)isobutyrate; ethy 1 a-( 4-chlorophenox y )isobutyrate; ethy 1
a-(para-chlorophenoxy)-a-methylpropionate; ethyl a-( 4-chlorophenox y )-a-methyl-
propionate; ethyl 2-(4-chlorophenoxy)-2-methylpropionate; ethyl clofibrate

1.1.2 Structural al1d molecular formulae al1d relative molecular mass

CH, 0

-0 \"11CI 0 O-C-C-O-CH,CH,/ -"
CH,

Ci2H1sCIO, Relative molecular mass: 242.70

1.1.3 Chemical al1d physical properties of the pure substal1ce

(a) Descriptiol1: Colourless to pale-yellow liquid (Gennaro, 1995)

(b) Boilil1g-poil1t: 158-160 °C (at 25 mm Hg) (Gennaro, 1995)

(c) Del1sity: 1.138-1.144 at 25°C (Hassan & Elazzouny, 1982)

(d) Spectroscopy data: lnfrared, ultraviolet, nuclear magnetic resonance and mass
spectral data have been reported (Hassan & Elazzouny, 1982).

-391-
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(e) Solubility: Practically insoluble in water; miscible with acetone, chloroform,
diethyl ether and ethanol (Budavari, 1995; Gennaro, 1995)

l,lA Techl1ical products al1d impurities

Clofibrate is available as 500-mg capsules which may also contain gelatin, D&C Red
28, D&C Red 30, D&C Yellow 10 (Quinoline Yellow), FD&C Blue 1 (Brilliant Blue
FCF), FD&C Red 3 (Erythrosine) or FD&C Yellow 6 (Sunset Yellow FCF) (Thomas,
1991; Medical Economics, 1996).

Trade names and designations of the chemical and its pharmaceutical preparations
include: Amotril; Anparton; Apolan; Arterioflexin; Artes; Artevil; Ateculon; Ateriosan;
Aterosol; Atheromide; Atheropront; Atrofort; Atrolen; Atromid; Atromid-S; Atromidin;
Atrovis; A Y 61 123; Azionyl; Bioscleran; Cartagyl; Cititlus; Claripex; Claripex CPIB;
Cloberat; Clobrat; Clobren SF; Clof; Clofibral; Clofibrat; Clofinit; Clofipront; Clofirem;
CPIB; Deliva; ECPlB; EPlB; Estaprol; Geromid; Healthstyle; Hyclorate; LCI 28257;
Ipolipid; Klofiran; Levatrom; Lipavil; Lipavlon; Lipilim; Lipomid; Liponorm; Liporan;
Liprinal; Lobetrin; Lostat; MG 46; Miscleron; Misclerone; Neo-Atromid; NSC 79389;
Normet; Normolipol; Novofibrate; Recolip; Regelan; Sclerovasal; Serotinex; Sklerolip;
Skleromexe; Sklero- Tablinen; Ticlobran; Xyduril; y oclo.

1.1.5 A l1alysis

Methods for the analysis of clofibrate have been reviewed (Hassan & Elazzouny,
1982).

Several international pharmacopoeias specify high-performance liquid chromato-
graphy (HPLC) or titration with hydrochloric acid as the assays for purity of clofibrate,
and HPLC or gas chromatography with flame ionization detection (GC/FID) for deter-
mining impurities and decomposition products. Methods are also specified for determi-
ning acid, heavy metal, arsenic and para-chlorophenol content. The assays for clofibrate
in capsules apply titration with hydrochloric acid, or HPLC or GC/FlD methods using
standards (Council of Europe, 1984; Society of Japanese Pharmacopoeia, 1992; British
Pharmacopoeial Commission, 1993; United States Pharmacopeial Con ven tion, 1994).

1.2 Production and use

1.2.1 ProdUCtiOI1

Clofibric acid was first synthesized in 1947 (Windholz, 1976), but the ethyl ester,
clofibrate, was not reported until 1961 (Budavari, i 995). Clofibrate is prepared by
condensing phenol with ethyl 2-chloro-2-methylpropionate in the presence of a suitable
dehydrochlorinating agent and then chlorinating the aromatic ring (Gennaro, 1995).

1.2.2 Use

The efficacy of clofibrate in reducing serum cholesterol levels was first reported in
1962 (Thorp & Waring, 1962). Clofibrate was first marketed in the United States of
America in 1967 (Wysowski et al., 1990).
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Clofibrate is used as a hypolipidaemic drug. lt reduces elevated plasma concentrations
of triglycerides by reduction of elevated concentrations of very low-density lipoproteins
(VLDLs) within two to five days after initiation of therapy. It is less effective in reducing
low-density lipoprotein (LDL) cholesterol and the plasma concentration of total choles-
terol. It is mostly effective in the treatment of type III hyperlipoproteinaemia. It may also
be helpful in some patients with type IIb, type lV or type V hyperlipoproteinaemia (see
Glossary, p. 448) (Goodman Gilman et al., 1990; Reynolds, 1993; Larsen et al., 1994).

The usual daily dose is 2 g (20-30 mg/kg bw per day) taken orally in two or three
divided doses (Reynolds, 1993; Vidal, 1995),

The cellular mechanisms responsible for the hypolipidaemic effects of fibrate drugs
have not been clarified fully but include: activation of lipoprotein lipase, suppression of
free fatty acid release from adipose tissue, inhibition of hepatic triglyceride synthesis and
increased secretion of cholesterol (see IARC, 1983) into bile. Therapy with clofibrate
does not significantly reduce the rate of synthesis of VLDL triglycerides, but such
treatment is associated with an increase in the rate of catabolIsm of VLDL particles
(Larsen et al., 1994). The mobilization of deposits of cholesterol in tissues is accom-
panied by regression and disappearance of xanthomas (Goodman Gilman et al., 1990).

Clofibrate has been used in the prophylaxis of ischaemic heart diseases but it is no
longer recommended for this purpose, because of adverse effects se en during long-term

treatment: increased incidences of cholecystitis, gallstones and in some cases of certain
cardiovascular disorders and excess deaths found in the WHO Cooperative Trial on the
use of clofibrate in the primary prevention of ischaemic heart disease (Reynolds, 1993).
Some patients have also shown a paradoxical rise in LDL (Goodman Gilman et al.,
1990).

Clofibrate has been used in the treatment of neonatal jaundice (Gabilan et aL., 1990;
Erkul et al., i 99 1; Gabilan et al., 1991).

Following the report of a WHO-sponsored cooperative study of the use ofclofibrate
in the primary prevention of ischaemic heart disease (Committee of Principal Investi-
gators, 1978), it was withdrawn in the Federal Republic of Germany and Norway in early
1979. ln a number of other countries, including France, Italy, Sweden, Switzerland, the
United Kingdom and the United States, practitioners were advised to reserve its use for
patients with high plasma lipid concentrations that are refractory to dietary measures and
to consider carefully the risks and benefits of the treatment (United States Food and Drug
Administration, 1979; WHO, 1979a; Expert Panel, 1988). It was reintroduced in the
Federal Republic of Germany in August 1979 (WHO, 1979b). ln the United Kingdom,
clofibrate is now rarely prescribed (Dunnigan, 1992).

ln the United States, clofibrate represented 80.9% of the cholesterol-Iowering medi-
cations used in 1978, 41.2% in 1983 and 3.5% in 1988. Gemfibrozil (see monograph,
pp.428-429), lovastatin and cholestyramine are now used more commonly (Wysowski
et al., 1990).
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1.3 Occurrence

Clofibrate is not known to occur as a natural product.

No quantitative data on occupational exposure levels were available to the Working
Group.

The National Occupation al Exposure Survey conducted between 1981 and 1983 in
the United States by the National lnstitute for Occupational Safety and Health indicated
that about 325 employees were potentially occupationally exposed to clofibrate. The
estimate was based on a survey of companies and did not involve measurements of actual
exposure (United States National Library of Medicine, 1996).

1.4 Regulations and guidelines

Clofibrate is lIsted in the following pharmacopoeias: British, Brazilian, Chinese,

Czech, Egyptian, European, French, Greek, Hungarian, Indian, Italian, Japanese,
Netherlands, Nordic, Portuguese, Romanian, Swiss and United States (Reynolds, 1993).

2. Studies of Cancer in Humans

2.1 Case-control study

A population-based case-control study in Kansas, United States, investigated a large
number of possible risk factors for soft-tissue sarcoma (Hoar Zahm et aL., 1989). One of
the factors examined was medical treatment with cholesterol-lowering drugs (among
which was clofibrate). Among white males, aged 21 years or older, a total of 139 newly
diagnosed (1976-82) and histologically confirmed cases of soft-tissue sarcomas were
identified through the University of Kansas Cancer Data Service (50% deceased).
Deceased cases were not excluded from the study. Three controls were matched to each
case by age and vital status. For living cases, controls were selected either from the
Health Care Financing Administration files or by telephone random digit diallng. For
deceased cases, controls were selected from Kansas state mortality files. Exposure
information was obtained from interviews with study subjects or with their next-of-kin.
The response rate was 93%. The distribution of proxy type was similar among the cases
and controls. Among users of cholesterol-lowering drugs (5 cases and 20 controls), a
nonsignificant excess of soft-tissue sarcoma was seen (odds ratio, 1.7; 95% confidence
interval (CI), 0.5-5.0). The increased risk was found only among deceased subjects (odds
ratio,' 1.9; 95% CI, 0.5-6.4; 4 cases, 15 controls). (The Working Group noted that no
adjustment was made for confounders, that ail medical data, such as on use of
cholesterol-Iowering drugs, were self- or proxy-reported and that the inclusion of

deceased controls may have overrepresented the prevalence of their use.)
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2.2 Clinical trials

A randomized trial of the W orld Health Organization, started in i 965 to determine
whether clofibrate would lower the incidence of ischaemic heart disease in men, raised
concern over a nonsignificant excess of cancer deaths in treated subjects (58 versus 42 in
placebo-treated controls) (Committee of Principal lnvestigators, 1978, 1980; lARC,
1980). The greatest excesses were for cancers of the gastrointestinal and respiratory
tracts. Results of a further four years of follow-up of this trial to the end of 1982 sub-
sequently became available (Committee of Principal Investigators, l 984). 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 level, 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 with clofibrate (1.6 g
daily) or to receive an olive oil-containing placebo. The third group was composed of
half of the men in the lowest third of the distribution, who received an olive oil-
containing placebo. At the conclusion of follow-up, the age-standardized rates of death
from malignant neoplasms per 1000 per annum were 2.4; 2.4 and 2.3, respectively (based
on 206, 197 and 173 deaths from malignant neoplasms). However, the age-standardized
death rates for malignant neoplasms during the treatment phase had been 2.0 (42 deaths),
1.2 (25 deaths) and 1.7 (30 deaths), respectively.

The Coronary Drug Project, a randomized and double blind trial in the United States
and Puerto Rico, started in i 966, investigated the effects of lipid-Iowering drugs on 8341
men, aged 30-64 years with a history of myocardial infarction. The first results, with a
mean follow-up of 6.2 years study (5-8.5 years), showed no increase in the cancer death
rate in the clofibrate (1.8 g/day)-treated group (10 deaths in 1 i 03 patients) compared

with that of a placebo-treated group (24 deaths in 2789 patients) (Coronary Drug Project
Research Group, i 975). After a mean follow-up of 15 years (including 8.8 years after
termination of the trial), with definite information about vital status for 98.9% of
subjects, the clofibrate group had somewhat lower cancer mortality (3.4%) than did the
placebo group (4.4%). This was also the case for lung cancer (13 deaths in 1103

clofibrate-treated men (12/1000) and 53 deaths in 2789 placebo-treated men (19/l000))
and for cancer of the gastrointestinal tract (4/l 000 versus 6/l 000) (Canner et al., 1986).

ln the Stockholm Ischaemic Heart Disease study (Carlson & Rosenhamer, 1988), 555
patients with ischaemic heart disease, under 70 years of age, were treated with clofibrate
and nicotinic acid (11 = 279) or with a placebo (11 = 276) (not blind). Because of cancer,
10 subjects among the treated group and 6 among the controls withdrew from the triaL.
The numbers of cancer deaths during the five years of treatment were four in the
treatment group and six in the control group.

Recently, Law et al. (1994) conducted a meta-analysis to assess whether low serum
cholesterol concentration increases mortality from causes other th an ischaemic heart
disease. The data were derived from the 10 largest cohort studies, two international
studies and 28 randomized trials, supplemented by unpublished data. Only the trials
provided information about cholesterol-Iowering drugs. Extended observation after the
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trial period had ended was available for six of the trials and provided information on the
risk for cancer 5-10 years after treatment with cholesterol-lowering drugs (about 15

years after the start of treatment). The overall relative odds estimate of the risk for cancer
was 0.9 (95% CI, 0.7- l. 1; based on 232 treated patients. The meta-analysis did not
provide estimates of relative risk for cancer mortality for the clofibrate trial separately.
(The Working Group noted that the numbers of cancer deaths provided cannot be
compared directly because of differences in survival between clofibrate-treated subjects
and those who did not receive the drug.)

3. Studies of Cancer in Experimental Animais

3.1 Oral administration

3.1.1 Mouse

ln a study reported as a summary in a monograph, groups of 25 male and 25 female
Alderley Park mice (age not specified) were given 0 (control), 1000 (therapeutic level in
humans), 2500 or 5000 (maximum tolerated dose, MTO) mg/kg diet (ppm) clofibrate
(purity not specified) in the diet for 18 months. Major organs and abnormalities were
examined histologicaIly. Mortality was similar in aIl groups. No difference in the inci-
dence of any tumour type between control and treated groups was reported (Tucker &
Orton, 1995).

ln another study reported as a summary in a monograph, groups of 51 male and 5 i
female C57Bl/IOJ mice, six weeks of age, were given clofibrate (purity not specified) at
daily dose levels of 150, 250 and 350 mg/kg bw in the diet for 18 months. The untreated
control groups comprised 151 males and 151 females. There was body-weight reduction
of about 10% the higher-dose group. Mortality was similar in aIl groups (70-80%
survival at 18 months). There was a significant increase in lIver weights in treated males
and females in the two higher-dose groups. Full necropsy and histological examinations
were carried out on aIl animais. No difference in tumour incidence between treated and
control groups was reported (Tucker & Orton, 1995).

3.1.2 Rat

A group of 15 male Fischer 344 rats, weighing 84- 100 g (age not specified), was
given 0.5% (v/w) clofibrate (purity not specified; equivalent to about 250 mg/kg bw per
day) in the diet for up to 28 months. A group of 15 untreated males served as controls. Of
the treated animais, one rat was kiIled at 13 months and three more between 17 and 21
months. The remaining 1 1 rats were kiled between 24 and 28 months. One or more
hepatocellular carcinoma developed in 10/1 1 rats compared with 0/14 controls which
survived to 28 months (p .. 0.001); five of the animaIs with hepatocellular carcinomas

showed pulmonary metastases. ln addition, among the treated animaIs, pancreatic
exocrine acinar carcinomas were found in 2/1 1 rats, whereas none was found in controls
(Reddy & Qureshi, 1979). (The Working Group noted the small number of animaIs.)
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A group of 25 male weanling Fischer 344 rats, weighing approximately 100 g, was
fed 5000 mg/kg diet (ppm) cIofibrate (purity not specified) in the diet for 72 (when the
first tumour appeared)-97 weeks (total intake, 25-33 g/rat). A group of 25 untreated
males served as controls. The study was terminated at 129 weeks, when aIl surviving
animaIs were killed. Among the treated rats, malignant tumours developed at various
sites. Hepatocellular carcinomas were found in 4/25 treated rats; among the other
tumours observed in treated rats were a pancreatic exocrine acinar carcinoma in one rat
and pancreatic exocrine acinar adenomas in three rats. Treated and control rats developed
similar numbers of leukaemias and tumours of the testis (Svoboda & Azarnoff, i 979).

Groups of 70 (control) and 74 (continuous treatment) male Sprague-Dawley rats,
se ven weeks of age, were given 0 or 400 mg/kg bw cIofibrate (purity not specified) daily
in the diet for up to 1 13 weeks. A third group of 28 (recovery group) male Sprague-
Dawley rats was given 400 mg/kg bw clofibrate in the diet for 42-95 weeks and then
held for a further 16- 18 weeks before killing. Three to five rats in each group were
sacrificed at 4- 1 O-week intervals beginning at week 4 and ending at week i 13, when
zero to five animais remained per group. Only the liver and abnormal organs were
examined histologically. Hyperplastic (neoplastic) nodules did not occur before week 68
of treatment. ln rats treated for 68 weeks or longer, the incidence of hyperplastic (neo-
plastic) nodules was: controls, 0/36; continuous treatment, 19/36; and recovery group,
1/16. The only hepatocellular carcinomas found were in two rats in the continuous
treatment group at week 95 (Greaves et aL., 1986).

3.1.3 Marmoset

ln a study reported as a summary in a monograph, groups of 1 1 - 16 male and i 1 - i 6
female marmosets were given clofibrate (purity not specified) in water containing 0.5%
w/w polysorbate 80 by gastric instillation at intended dose levels of 100, 150, 250 and
300 mg/kg bw per day. Effective doses were 94, 157, 213 and 263 mg/kg bw per day.
Groups of 20 males and 20 females were untreated or treated with the vehicle only. The
study was terminated after 6.5 years due to premature deaths. Necropsy was performed
and all major organs were examined histologically. Causes of death varied and were not
related to cIofibrate treatment. There was no effect on liver weight in any of the
cIofibrate-treated groups. A statistically significant (p .( 0.01) increase in kidney weight
was seen in the higher-dose groups. There were no histological changes in the liver that
cou Id be attributed to clofibrate. No liver tumour or other treatment-related tumour was
found in clofibrate-treated marmosets (Tucker & Orton, 1995).

3.2 Administration with known carcinogens

3.2.1 Mouse

Groups of 7-20 male C3H/en, C57Bl/6N and BALB/cA mice, six weeks of age,
were subjected to partial hepatectomy. After 24 h, mice were given 20 mg/kg bw N-
nitrosodiethylamine (NDEA) by intraperitoneal injection. Six ho urs later, they were
given basal diet or a diet containing 1000 mg/kg diet (ppm) clofibrate (purity not
specified) until week 20, at which time the experiment was terminated and aIl surviving
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animaIs were killed. Livers were analysed for the number and size distribution of
glucose-6-phosphatase-deficient enzyme-altered islands by a stereological method (for

statistical comparisons, WeIch's test was used). NDEA alone induced many more and
larger enzyme-altered islands in C3H mice than in the other two strains. ln C3H mice,
administration of c10fibrate in addition to NDEA increased the number and volume of
enzyme-altered islands. ln the other two strains, clofibrate had no enhancing effect (Lee
et al., 1989). (The Working Group noted the absence of a group given clofibrate alone.)

3.2.2 Rat

Groups of 30 male Fischer rats weighing 135- 1 50 g (age not specified) were given
100 mg/L (ppm) NDEA in the drinking-water for two weeks. One week later the rats
were fed 0 or 5000 mg/kg diet (ppm) clofibrate (purity not specified) in the diet for 48
weeks, at which time the experiment was terminated. Clofibrate significantly (p 0( 0.001)
enhanced the development of liver tumours in rats previously exposed to NDEA: 25/28
rats given NDEA plus clofibrate had liver-cell tumours (type not specified) versus 5/18
(three hepatocellular carcinomas) in the group given NDEA alone (Reddy & Rao, 1978).
(The Working Group noted the absence of a group given clofibrate alone.)

A group of 54 female rats (strain and age not specified) was treated twice with
50 mg/kg bw N-methyl-N-nitrosourea (MNU) in citrate buffer (pH 6.0) intravenously at
one-week intervals. Twenty-six treated rats were given 20.8 mg/day c10fibrate in milk
(route and volume not specified) on five days per week for one year. The remaining 28
animaIs received milk only. One year after the first injection of MNU, aIl animais were
killed. Complete necropsy and histological examination were performed. The authors
reported that clofibrate had no effect on the incidence of tumours induced by MNU
(Anisimov et aL., 1981).

A group of 68 female rats (strain and age not specified) was treated intravenously
with 1.5 mg 7,1 2-dimethylbenz(a)anthracene (DMBA) in water/lipid emulsion three
times at one-week intervals. Thirty-six rats were then given 20.8 mg/day per rat clo-
fibrate in milk (route and volume not specified) five days per week for one year at which
time the experiment was terminated. The remaining 32 DMBA-treated animaIs were
given milk only. One year after the first DMBA injection, animais were killed and
complete necropsy and histological examination were performed. There was a decreased
incidence (1.8 times lower) and a decreased multiplicity of mammary adenocarcinoma in
clofibrate-treated animaIs compared with the animaIs treated with DMBA alone (1.21
versus 1.77, respectively). There was no difference in the incidence of other tumour
types between the two groups (Anisimov et aL., 1981).

Three groups of 13- 17 male rats (strain and age not specifiedJ, weighing 200-220 g,
were given 14 mg/kg bw dimethylhydrazine dihydrochloride (DMH) weekly by
subcutaneous injection for 20 weeks. Two of the se groups were given 25 mg/animal

clofibrate (purity not specified) by gastric instillation on five days per week either
beginning 10 days before or concomitantly with DMH treatment, and the third group was
given water. Ali rats were kiled 25 weeks after the start of DMH treatment. The inci-
dence of intestinal tumours was 100% in ail three groups. There was no difference in the
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number of intestinal tumours per animaL. The mean volume of intestinal tumours was
significantly smaller in groups treated with DMH and clofibrate compared with the group
treated with DMH al one (p 0( 0.05, Students t test). The percentage of tumours without
invasion was considerably higher in animais that began clofibrate treatment before DMH
treatment than in those only treated concomitantly or given no clofibrate (Berstein et al.,
1982). (The W orking Group noted that the strong carcinogenic effect of DMH in all
groups may have precluded the detection of modulating effects.)

Groups of 15-25 male Fischer 344 rats, weighing 80-90 g (age not specifiedJ, were
given 40 mg/L (ppm) NDEA in the drinking-water for five weeks (total dose, 32 mg/rat).
One week later, the rats were given 0, 1000, 2500, 5000 or 10 000 mg/kg diet (ppm)
clofibrate (purity not specified) in the diet for 19 weeks. At the end of clofibrate
treatment, all surviving animaIs were kiled. Body-weight gain was depressed, especially
in the two highest-dose groups., Livers were fixed and sliced at 2 mm intervals and
tumours larger than 1 mm in diameter were counted visually. At the lower-dose levels,
clofibrate significantly increased the multiplicity of liver tumours initiated by NDEA:
12.5 :! 5.7 (0% clofibrate, 20/20 survivors), 22.2 :! 15.1 (p 0( 0.025, Students t test)
(1000 ppm clofibrate, 13/15 survivors) and 19.1 :! 8.3 (p 0( 0.005) (2500 ppm clofibrate,
23/25 survivors); 5000 ppm clofibrate had no effect (12.0 :! 4.6, 11/15 survivors) and
10 000 ppm c10fibrate significantly decreased (p 0( 0.05) the multiplicity of liver tumours
(7.8 :! 5.3, 17/20 survivors) (Mochizuki et al., 1982). (The Working Group noted the
absence of a group given clofibrate alone and that the counting technique used is.
susceptible to multiple counting of large lesions.)

Three groups of 10 male Fischer 344 rats, weighing 90-100 g (age not specifiedJ,
were concomitantly given 40 mg/L (ppm) NDEA in the drinking-water and fed 0, 1000
or 2500 mg/kg diet (ppm) clofibrate (purity not specified) for five weeks. The total intake
of NDEA was 31, 26.5 and 25.9 mg/rat, respectively, in the three groups. Ali rats
survived and were killed 25 weeks after the start of the experiment. Livers were fixed
and sliced at 2 mm intervals and tumours larger than 1 mm in diameter were counted
visually. Clofibrate significantly increased the multiplicity of liver tumours initiated by
NDEA: 12.4:! 5.4 (0% clofibrate), 25.3:: 14.1 (p 0( 0.025, Students t test) (1000 ppm
c1ofibrate) and 22.6:: 8.7 (p 0( 0.01) (2500 ppm clofibrate) (Mochizuki et al., 1983). (The
Working Group noted the absence of a group given clofibrate alone and that the counting
technique used is susceptible to multiple counting of large lesions.) .

Two groups of 15 male Fischer 344 rats, eight weeks of age, were given basal di et
containing 200 mg/kg diet (ppm) 2-acetylaminofluorene (2-AAF) for eight weeks, then
maintained on basal diet for a further two weeks, after which the animaIs received

730 mg/kg diet (ppm) clofibrate (purity not specified) for 24 weeks or the basal diet.
Another two groups of 9 or 12 rats were given basal di et without 2-AAF for 10 weeks
and then given 730 ppm clofibrate in the di et for 24 weeks or the basal diet. Some
animaIs from each group were kiled at six weeks after the start of clofibrate treatment
and the remainder were killed after 24 weeks of clofibrate treatment. The livers were
analysed for altered foci and neoplasms. Clofibrate slightly enhanced the incidence of
2-AAF-induced foci at week 34. The incidence of foci/cm2 was 5.4 :! 1.5 in animaIs
given 2-AAF and clofibrate and 4.3 :! 2.2 in those given 2-AAF only. No significant
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increase in the incidence of liver neoplasms (nodules) was observed in the cIofibrate-
treated group (2/9 versus 0/9 in controls) (Numoto et aL., 1984)

Groups of 20 male Fischer 344 rats, five weeks of age, were given 0 or 500 mg/kg
diet (ppm) N-nitrosoethylhydroxyethylamine in the di et for two weeks, followed by
3500 mg/kg diet (ppm) cIofibrate (purity not specified) in the diet for 24 weeks. Ail ani-
maIs survived to the end of the ex peri ment at week 27 when they were killed. Clofibrate
did not increase the incidence or multiplicity of renal tubular-cell adenomas and adeno-
carcinomas (Kurokawa et al., 1988).

Groups of 60-70 male Fischer 344 rats, four weeks of age, were gi ven 0 or 200 mg/kg
bw NDEA as a single intraperitoneal injection in physiological saline. Two weeks later,
the animaIs were fed diets containing 0 or 3000 mg/kg diet (ppm) cIofibrate (pu 

rit y not
specified) for up to 64 weeks. Ail animais were subjected to partial hepatectomy at
week 3. At weeks 8, 20, 32, 49 and 64, 7-22 rats were killed from the various groups.
Clofibrate al one did not induce hepatocellular carcinomas and only a few, small preneo-
plastic foci were observed at the end of the study. However, in animais treated with
NDEA, cIofibrate increased the total number of glutathione S-transferase placental form
(GST-P)-positive and -negative preneoplastic lesions from week 32 onward (p c: 0.05,
Student s t test) and the incidence of hepatocellular carcinomas: 12/26 (NDEA plus
3000 ppm clofibrate) versus 4/17 (NDEA alone) (Hosokawa et al., 1989).

Groups of 15 male Fischer 344 rats, six weeks of age, were given 0 or 500 mg/L
(ppm) N-nitrosobutyl(4-hydroxybutyl)amine (NBHBA) in the drinking-water for four
weeks. Subsequently, rats were given 2500, 5000 or 10000 mg/kg di et (ppm) cIofibrate
(purity not specified) in the diet for four weeks, followed by a three-week interval during
which they were fed 30 000 mg/kg (ppm) uracil in the diet. The clofibrate treatment was
then resumed for a further nine weeks. A further group of animaIs treated with NBHBA
and uracIl only served as controls. The experiment was terminated at 20 weeks. The
incidence of urinary bladder hyperplasias and papillomas in control animais (NBHBA
only) and in animaIs treated with NBHBA and clofibrate was similar. The density of
hyperplasias (number of lesions/l 0 cm basement membrane) was significantly increased
(p c: 0.01, Student s t test) in ail clofibrate-treated groups (Hagiwara et al., i 990).

Groups of male Fischer 344 rats (exact numbers not specified), seven weeks of age,
were given 0 or 3000 mg/kg diet (ppm) clofibrate (purity not specified) in the diet for
30 weeks, followed by a basal diet or a diet containing 100 ppm 2-AAF for up to
78 weeks. Three weeks after the start of the experiment, partial hepatectomy was
performed on aIl animaIs. Five rats fed clofibrate were kiled at week 30 and three to
seven rats from each group were killed at week 48; ail surviving animaIs were killed at
78 weeks. The authors reported that clofibrate inhibited the development of GST-P-
positive focal lesions and hepatocellular carcinomas induced by subsequent feeding of 2-
AAP (Mutai et al., 1990). (The Working Group noted the unusual design.)

Groups of 13-14 male Nagase analbuminaemic and 13-14 Sprague-Dawley rats,
seven weeks of age, were given 200 mg/kg bw NDEA as a single intraperitoneal
injection. Two weeks later, the rats were given 0 or i 0 000 mg/kg diet (ppm) clofibrate
(purity not specified) in the diet for six weeks. Pour Nagase analbuminaemic and five
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Sprague-Dawley rats were given the diet containing clofibrate without prior treatment
with NDEA. Three weeks after the start of the experiment, partial hepatectomy was
performed on ail animais. The rats were killed at week 8. No GST-P-positive foci were
found in the animaIs fed clofibrate without prior treatment with NDEA. NDEA alone
induced significantly more and larger GST-P-positive foci in Nagase analbuminaemic
rats than in Sprague-Dawley rats (p , 0.001, Student s t test). Clofibrate significantly
decreased the number of GST-P-positive foci induced by NDEA in both strains
(p ,0.002) (de Camargo et al., 1993), (The Working Group noted that some studies

suggest that peroxisome proliferators inhibit the histochemical detection of foci.)
Groups of 7- 1 0 male Fischer 344 rats, 12 weeks of age, were given 150 mg/kg bw

NDEA as a single intraperitoneal injection or were given 200 mg/kg diet (ppm) 2-AAF
in the diet for eight weeks or were untreated. Two weeks later, rats were fed 1000 mg/kg
diet (ppm) clofibrate (purity not ,specified) in the diet for up to 37 weeks or received no
further treatment. Clofibrate increased the incidence of hepatocellular adenomas

following treatment with NDEA (4/8 versus 0/8; p , 0.05, Fisher's exact test), but not
after treatment with 2-AAF (Cattley et aL., 1994).

Groups of four male Sprague-Dawley rats, seven weeks of age, were given 200 mg/kg
bw NDEA as a single intraperitoneal injection. After two weeks on basal diet, they were
given 200 mg/kg diet (ppm) 2-AAF in the diet for two weeks and were subjected to
partial hepatectomy at week 3. Subsequently, two groups of animais were given
3000 mg/kg diet (ppm) clofibrate (purity not specified) for two or four weeks. Another
two groups were given basal diet for either two or four weeks. The numbers and areas of
GST-P-positive foci of diametergreater than 0.2 mm were measured. Administration of
clofibrate for two or four weeks significantly reduced the number and areas of GST-P-
positive foci (Y okoyama et aL., 1993). (The Working Group noted that some studies have
suggested that peroxisome proliferators inhibit the histochemical detection of foci.)

3.2.3 Hamster

Groups of 16-22 male Syrian golden hamsters, six weeks of age, were given
500 mg/kg bw N-nitrosobis(2-hydroxypropyl)amine (NBHP A) or 0.9% NaCI by sub-
cutaneous injection weekly for five weeks, after which they were given 0, 2500 or
5000 mg/kg diet (ppm) clofibrate (purity not specified) in the diet for 30 weeks, at which
time the experiment was terminated. Clofibrate significantly (p , 0.001) increased the
multiplicity of hepatocellular les ions (including hyperplastic nodules and hepatocellular
carcinomas) as measured by the number of lesions/cm" in histological sections: 0.5 :: 0.3
(NBHP A alone, 17 hamsters), 1.4:: 0.5 (NBHP A plus 2500 ppm clofibrate, 16 hamsters)
and 1.0 :: 0.3 (NBHP A plus 5000 ppm clofibrate, 17 hamsters). ln contrast, 5000 ppm
clofibrate significantly (p , 0.05) inhibited the development of pancreatic adeno-
carcinomas and lung neoplasms induced by NBHP A (Mizumoto et al., 1988).
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4. Other Data Relevant to an Evaluation of

Carcinogenicity and its Mechanisms

4.1 Absorption, distribution, metabolism, and excretion

4.1.1 Humal1s

Absorption of clofibrate is typically monitored as circulating c10fibric acid (2-(4-
chlorophenoxy)isobutyric acid), since the ethyl ester is rapidly hydrolysed by tissue and
serum esterases, both il1 vivo and il1 vitro, to the acid (Thorp, 1962). Gugler and Hartlapp
(1978) evaluated plasma levels of clofibric acid following single and repeated doses of
clofibrate in human volunteers (four men and one woman). Single oral doses of 500-
2000 mg (7-28 mg/kg bw est.) resulted in mean peak plasma concentrations of 53-
151 Ilg/mL, that were observed 4-6 h after dosing. At doses of 1000 mg (14 mg/kg bw
est.) given twice daily for eight days, peak plasma concentrations of c10fibric acid ranged
between 200 and 240 Ilg/mL on the last day. Elimination appeared to be similar for a
single dose and for multiple dosing regimens, with mean half-lives of 15-18 h following
single doses of 500-2000 mg and 1000 mg twice daily for eight days. Similar plasma
levels of clofibric acid were observed in seven male volunteers receiving a single oral
administration of 1.3 g (19 mglkg bw est.) clofibrate (Harvengt & Desager, 1976) and in
four men and six women after single oral dosing of 500 mg (7 mglkg bw est.) clofibrate
(Männistö et al., 1975). Cayen et al. (1977) reported protein binding levels of 98.5% and
96.8% at serum concentrations of 10 and 100 Ilg/mL cIofibric acid, respectively.

Clofibric acid can undergo conjugation with glucuronic acid in man (Thorp, 1962).
The metabolism and elimination of cIofibrate and cIofibric acid in three and five male
subjects, respectively, were described by Emudianughe et aL. (1983). Elimination was
mainly via the urine, with 48-h recoveries of 56% (clofibrate, 565 mg oral dose)
(8 mg/kg bw est.) and 80% (clofibric acid, 500 mg oral dose) (7 mglkg bw est.). The
principal urinary metabolite was clofibryl glucuronide, with only approximately 2% of
the dose excreted as clofibric acid. ln four male and one female subjects, the total plasma
clearance of clofibric acid was greater (6.8 mL/min) following a single oral dose of
2000 mg (29 mglkg bw est.) than following a single oral dose of 500 mg (7 mglkg bw
est.) (5.6 mL/min) (Gugler & Hartlapp, 1978). The more rapid elimination following the
higher dose of clofibrate was attributed to reduced plasma protein binding at higher
plasma concentrations (see Figure 1).

4.1.2 Experimel1tal systems

The absorption and distribution of orally administered clofibrate in rats appear to be
similar to those in humans. Cayen et aL. (1977) studied the serum levels of radioactivity
in male albino Charles River rats given a single oral dose of 0.3 mmol/g (73 mglkg) bw
C4C)cIofibrate or 0.3 mmol/kg (64 mglkg) bw ('4C)clofibric acid. Peak serum concen-
trations of clofibric acid equivalents between 500 and 1000 nmol/mL (approximately
100-200 Ilg/mL) were similar to those in humans following single oral doses of
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Figure 1. Postulated metabolic pathways of cIofibrate
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From Emiidianiighe et al, (1983)
Clofibryl glliclIronide is the only conjiigated form observed in rat, giiinea
pig, rabbit and man. ln the dog and ferret, taiiroclofibric acid is also
formed, which in cat, was the only conjiigate excreted.

clofibrate. Analysis of serum in rats given oral doses of C4CJcIofibrate indicated that over

90% of the drug was in the form of unconjugated cIofibric acid, consistent with results
after oral administration to humans. Groups of five male and five female rats aged three
weeks and similar groups aged eight weeks were given 100 or 250 mg/kg bw cIofibrate
per day by gastric instillation for 16 days (Tucker & Orton, 1995). Blood concentrations
of clofibric acid 4 h after the final dose (Table 1) were higher in the older rats than in the
weanlings, possibly because of differences in esterase activity. The lack of an intra-
venous formulation of clofibrate precludes total plasma clearance determinations.

Table 1. Blood cIofibric acid (¡.g/mL) concen-
trations in rats after c10fibrate administration

Dose Three-week-old rats
(mg/kg)

Eight-week-old rats

Male Female Male Female

100

250
158 ::4l

301 :: 55
98:: 56

170::96
328 :: 42 279 :: 81

509 :: IL 0 336:: 29

From TlIcker & Grton, 1995

kajo
Rectangle



404 IARC MONOGRAPHS VOLUME 66

Following a single intraperitoneal injection to rats of i 13 mg/kg bw C:lC)clofibrate,
85% of the I:lC dose was recovered in the urine within 24 h of administration (70% as
clofibryl glucuronide and 15% as clofibric acid) (Emudianughe et al., 1983). ln compa-
rison with the same authors' study in humans, a higher dose rate on a mg/kg basis was
administered to rats and a different route of administration used. A higher percentage of
the dose appeared as unconjugated cIofibric acid in the urine of rats than that seen with
humans. Odum and Orton (1983) measured hepatic microsomal glucuronyl transferase
activity towards clofibric acid in male Alderley Park strain rats, noting an increase in
enzyme activity associated with postnatal maturation. Feeding rats with 4000 mg/kg diet
(ppm) cIofibrate for 14 days did not appear to increase the activity of glucuronyl
transferase towards clofibric acid. Bronfman et aL. (i 986) characterized the activity of
microsomal fractions from male Sprague-Dawley rats with respect to formation of
coenzyme A (CoA) thioesters of clofibric acid il1 vitro. It has been speculated that
formation of CoA thioesters of clofibric acid il1 vivo may mediate the pharmacological or
toxic effects of clofibrate (Tomaszewski & Melnick, 1994).

Baldwin et al. (1980) measured the distribution of I:lC following administration of
0.4 mmol/kg bw C4C)clofibrate (97 mg/kg) given either as a single intragastric or intra-
peritoneal dose (acute) or twice daily for 14 days (chronic) in rats. The units reported
were 10-5 mmol clofibric acid equivalents per gram of tissue (CFE). Twelve hours after
the last dose, levels of radioactivity were similar in liver (6 CFE) and a variety of other
tissues for both dosing regimens. Notable exceptions were blood (14 CFE acute versus 7
CFE chronic) and epididymal fat (3 CFE acute versus 1 1 CFE chronic).

Differences in rates of elimination between humans and rats for clofibric acid have
been observed. Baldwin et aL. (1980) calculated a half-life of 4.1 h in rats, based on eli-
mination of 14C-labelled cIofibrate in male HarIan Sprague-Dawley rats given a single
dose of 97 mg/kg bw by the intraperitoneal or oral route. The authors attributed the
higher elimination rate in rats to the differences in serum protein binding reported by
Cayen et aL. (1977) who found that at concentrations of 10 and 1 00 ~g/mL clofibric acid,
the proportions of protein binding in rat serum were 87.2% and 75.4%, respectively,
lower than that reported for human serum (see Section 4.1.1).

4.2 Toxic effects

Because clofibrate is readily metabolized to clofibric acid in humans and animaIs, the
toxic effects of clofibric acid are summarized together with those of clofibrate in this
section.

4.2.1 Humal1s

Several studies have documented the pharmacological reduction In plasma levels of
serum triglycerides and cholesterol in humans treated with clofibrate. Larsen et aL.
(1994) reported the effects of oral clofibrate in 12 human patients with hyperlipoprotein-
aemia type III treated with clofibrate for eight weeks (1 mg/kg bw est.). Reductions in
circulating total cholesterol (approx. 40%), in VLDL cholesterol (approx. 60%) and
triglycerides (approx. 50%) were observed, as was an increase in circulating high-density
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lipoprotein cholesterol (approx. 9%). The mechanism of this pharmacological effect is
unclear.

Various adverse effects have been attributed to the administration of clofibrate. The
most common is cholelithiasis. Bateson et aL. (1978) found a strong association between
clofibrate therapy and gallstones in patients with hyperlipidaemia (the prevalence of gall-
bladder disease was about four times that expected, p .: 0.001). This effect was asso-
ciated with the elevated cholesterol concentration of the bile in the clofibrate-treated
patients, (The route of exposure was probably oral, but the dose levels and duration of
administration were not specified.)

An association of clofibrate therapy with skeletal myopathy has been described in
several case reports, summarized in reviews by Rush et aL. (1986) and London et aL.
(1991), Exposures ranged from 750 to 4000 mg (11-57 mg/kg bw est.) per day and
duration of treatment from 3 to 730 days (mean, 56 days). Clofibrate-associated myo-

pathy was characterized by muscle pain, elevated levels of leakage enzymes such as
creatine phosphokinase, aspartate aminotransferase and lactate dehydrogenase, and

muscle weakness. ln some cases, cardiac myopathy accompanied the effect on skeletal
muscle (McGarvey, 1973; Smals et aL., 1977; Scionti et aL., 1984). Single cases of
association between clofibrate treatment and eosinophilic pneumonia (Hendrickson &
Simpson, 1982), erythema multiforme (Murata et aL., 1988) and interstitial nephritis
(Cumming, 1980) have been reported.

Because of effects noted in rodents, the effects of clofibrate and clofibric acid on
human hepatocytes have been studied following in-vivo and in-vitro exposures.
Schwandt et al. (1978) studied liver biopsies from 40 patients before and after adminis-
tration of c10fibrate (1.5 g/day in 27 patients and 0.5 g/day in 13 patients). A tendency to
decreased fatty infiltration was the only effect noted by light microscopy. Hanefeld et aL.
(1980) also described a regression of fatty infiltration after 3-5 months of clofibrate
treatment (2 g/day) (29 mg/kg bw est.). Ultrastructural evaluation revealed an increase in
smooth endoplasmic reticulum as well as increased inner membranes of mitochondria.
Selective alterations in microbodies (peroxisomes) were not observed. The effect of
longer-term treatment (six months to seven years) with cIofibrate elicited similar but
more marked ultrastructural alterations, with an increase in microbodies (peroxisomes),
although peroxisomal ultrastructural effects were not quantified. A second study
(Hanefeld et al., 1983) compared biopsies before and during clofibrate therapy (2 g/day
for 3-94 months) (29 mg/kg bw est.). Volume density and numbers of mitochondria both
increased by approximately 30%. The numerical density of peroxisomes (a stereological
estimation) was increased by approximately 50%, but there was no statistically signi~
ficant increase in the volume density of peroxisomes (a direct measurement).

4.2.2 E\pe ri 11 enta 1 systems

Many of the pharmacological effects of c10fibrate observed in experimental animais
are qualitatively similar to those observed in humans. Reductions in serum cholesterol
and/or triglyceride levels in rats treated with cIofibrate have been reported from several
studies (Anthony el al., 1978: Barnard et al., 1980; Watanabe et al., 1987). ln the study
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described in Section 4.1.1 (Tucker & Grton, 1995), in which weanling and mature rats
were dosed by gastric instillation with clofibrate, this effect was not statistically signi-
ficant and measurements other than those of alkaline phosphatase (Increase) were not
reported. A dose-dependent increase in liver weights and, at the high dose, a loss of
glycogen from hepatocytes and hypertrophy and eosinophilia of centrilobular cells were
observed.

Hepatic effects of clofibrate treatment in experimental animais include peroxisome
proliferation, which is characterized by increases in numbers of hepatocellular pero-
xisomes and levels of peroxisomal enzymes, and hepatocellular hyperplasia. ln one
study, male and female Sprague-Dawley rats were given 1500-9000 mg/kg diet (ppm)
clofibrate in the diet (90-540 mg/kg bw est.) for up to 13 weeks. Increases in
peroxisomal fatty acyl CoA oxidase activity were observed after one week (at ail doses
in males and at the highest dose in females) and after 13 weeks (at 4500 or 9000 ppm
doses in males and females). Increases in relative liver weights and peroxisomal volume
densities (measured only after 13 weeks) were observed at similar levels of exposure. ln
the male rats ingesting 9000 ppm clofibrate for 13 weeks, both peroxisomal fatty acyl
CoA oxidase activities and peroxisomal volume densities were increased approximately
seven-fold. Hepatocyte nuclear bromodeoxyuridine-labelling indices, an indirect measure
of cell replication, were increased at one week of exposure, but decreased at 13 weeks of
exposure. These effects of clofibrate did not produce any increase in circulating alanine
aminotransferase or aspartate aminotransferase activities, which are markers of hepato-
cellular injury (Tanaka et al., 1992). Similar effects on liver weights, peroxisomal

enzymes and/or cell replication have been reported for male Wistar rats (Priee et aL.,
1986) gi ven clofibrate, as weIl as male Fischer 344 rats (Eacho et al., 1991; Marsman
et aL., 1992) and male Sprague-Dawley rats (Barrass et aL., 1993) given clofibric acid.
Statistically significant increases in peroxisomal ß-oxidation and/or lauroyl CoA oxidase
activities were observed in male C57Bl/6, A TL/OLA, C3H/He, BALB/c and NJ strain
mice but not in male C57Bl/l 0 or CBA/Ca mice given 5000 ppm clofibrate (625 mg/kg
bw est.) in the diet for 10 days. However, peroxisomal catalase activity and relative liver
weights were increased in ail of the strains examined (Lundgren & DePierre, 1989). ln
NMRI mice treated similarly for up to 25 days, increased relative liver weights and
increased cytoplasmic volume density of peroxisomes were measured (Meijer et aL.,
1991).

Accumulation of lipofuscin pigment was observed to increase markedly over the
duration of exposure in male Fischer 344 rats given 5000 mg/kg diet (ppm) clofibric acid
in the diet (300 mg/kg bw est.) for up to 22 weeks (Mars man et aL., 1992). ln male
Sprague-Dawley rats given approximately 500 mg/kg bw clofibrate in the diet for 22
days, increases in hepatic lipofuscin (three to four times control levels) were completely
prevented by simultaneous feeding with vitamin E, although no effect on peroxisomal

ß-oxidation activity was observed (Stanko et aL., 1995). However, in male Wistar and
Fischer 344 rats given 2500 mg/kg diet (ppm) clofibrate (150 mg/kg bw est.) for 78-79
weeks, only minimal changes in hepatic hydrogen peroxide concentration were observed
(Tamura et aL., 1990a,b). A slight (two- to three-fold) increase was observed in levels of
8-hydroxydeoxyguanosine, a marker of oxidative DNA damage, in hepatic DNA of male
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Fischer 344 rats fed 5000 ppm c10fibric acid for 22 weeks in the diet (Cattley & Glover,
1993). Similar feeding with c10fibrate gave rise to a two-fold increase in levels of this
adduct, compared with controls, after one month. Levels were also slightly elevated at 2,
3, 6, 9 and 12 months, but the increases were statIstically significant (p .: 0.05) only at 2
and 12 months (Takagi et aL., 1990). Peroxisomal hydrogen peroxide may injure cellular
constituents via the production of hydroxyl radical, as demonstrated in liver fractions
prepared from male Alpk/ Ap (Wistar-derived) rats given 200 mg/kg bw clofibrate daily
by gastric instillation for nine days (Elliott et aL., 1986).

The induction of peroxisome proliferation appears to be a direct result of the action of
clofibric acid on hepatocytes. Incubation of primary cultures of rat hepatocytes with
clofibric acid (50-250 ~M) for up to 72 h resulted in an up to six-fold increase in the
induction of peroxisomal ß-oxidation (Foxworthy & Eacho, 1986). This response is
probably mediated by the peroxisome proliferator-activated receptor a (PPARa), a
member of the nuclear steroid hormone receptor superfamily. ln the presence of clofibric
acid, PP ARa and retinoic acid-X-receptor a form a heterodimer which binds to the
response elements located in the promo ter region of several peroxisomal genes, su ch as

that of the rat acyl CoA oxidase gene, and facilitate transcription al activity (Issemann et
aL., 1993). The critical role of PPARa in mediating responses to clofibrate has been
demonstrated with knockout mice (derived from Sv/129 strain embryonic stem cells) that
do not express the receptor (Lee et aL., 1995). These mPP ARa-l- mice (F2 homozygotes;
hybrids of Sv/129xC57Bl/6N), when given 5000 mg/kg diet (ppm) clofibrate in the diet
for two weeks (625 mg/kg bw est.), failed to show the increases in liver weight, in
peroxisome and in mRNA levels for peroxisomal enzymes, including acyl CoA oxidase,
that are seen with wild-type mice.

Because of the ditticulty in conducting repeat biopsy studies of hepatic responses in
human patients, investigators have studied the response to c10fibrate in primary human
hepatocytes and in human hepatoma cell lines. Treatment of primary cultures of human
hepatocytes with clofibric acid at concentrations of 1 - 1 000 ~M for up to 72 h did not
induce peroxisomal ß-oxidation activity or increase numbers of peroxisomes (Blaauboer
et aL., 1990). Another marker enzyme of peroxisome proliferation, carnitine acetyltrans-
ferase, was not induced in human primary hepatocyte cultures exposed to 500 /.M
clofibric acid for 48 h (Butterworth et aL., 1989). The lack of response in these primary
human hepatocyte cultures contrasts with results obtained with human hepatoma cell
lines. Treatment of human hepatoma (Hep) EBNA2 cells with 100-1000 ~M clofibrate
for up to five days resulted in increased peroxisomal acyl CoA oxidase activity and acyl
CoA oxidase mRNA content (Scotto et aL., 1995). Treatment of human HepG2 cells with
250- 1 000 ~M clofibric acid for two days increased the activities of peroxisomal pal mi-
toyl CoA oxidase and catalase (Chance et aL., 1995). The significance of these results is
unclear because of the low magnitude of the response (s 3-fold) seen and uncertainty
about how weIl the se cells model potential responses in human tissues.

The central role of PP ARa in mediating the hepatic effects of fibrate drugs in rodents
indicated that characterization of human PP ARa could be important for the extrapolation
.of effects in rodents to humans. Tugwood et al. (1996) found generally low (but variable)
expression of PPARa mRNA in 10 human liver samples compared with rodent liver
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samples. They characterized the function of human PPARa cDNA clones isolated from
two livers. One had a deleted segment leading to aC-terminal truncation of the receptor;
the other had non-conservative codon substitutions at amino acid positions 71 and 123.
Both clones failed to activate transcription under conditions in which the mouse wild-
type PP ARa clone is active, indicating a non-functional human receptor. Thus, the insen-
sitivity of human liver to the adaptive effects of peroxisome proliferators may be attribu-
table to low expression of PP ARa and/or genetic variations in the PP ARa gene that
result in lack of response to peroxisome proliferators.

Comparison of laboratory animal species suggests that sensitivity to induction of
peroxisome proliferation is species-dependent. The hepatic effects of 300-350 mg/kg bw
clofibrate administered orally for two weeks to male marmosets (11 = 12), C57Bl/l 01
mice (11 = 3) and AP rats (11 = 3) were reported briefly (Tucker & Orton, 1995). For the
mice, the replicate was' the pooled IIvers from five mi ce per cage. Serum concentrations
of clofibric acid were: marmoset, 1 17 :t 34 ¡.g/mL at 4 h after the final dose; mice,
undetectable at autopsy (between 10 h and 12 h); rats, 268 :t 35 ¡.g/mL at autopsy

(between 10 h and 12 h). The limit of detection of clofibric acid was 30 ¡.g/mL. The
failure to detect c10fibric acid in mice may be a function of the time of last consumption
of medicated diet and the short half-life (.. 4 h) of the compound in this species. The
results of the liver analyses are presented in Table 2. No effect upon any of the para-
meters was observed in marmosets. Liver weight was increased in comparison with
concurrent controls by 18% in mice and 54% in rats. The parameters indicative of
microsomal oxidase activity and, especially, peroxisomal activity were clearly more
strongly affected in rats than in mice. Palmitoyl CoA reduction activity was increased
27.5-fold in rats and 3.9-fold in mice.

A long-term study in marmosets also suggests the relative insensitivity to the hepatic
effects of clofibrate of this primate species compared with rodents. Groups of male and
female marmosets (Callthrix jacchus) were given clofibrate by gastric instillation for up
to 343 weeks at doses of 0 (undosed), 0 (vehicle), 94, 157, 213 and 263 mg/kg bw per
day (Tucker & Orton, 1995). Initially, there were 20 marmosets of each sex in each
control group and 10 of each sex in each dose group. A substantial number of premature
deaths occurred. The numbers of survivors at week 343 (sexes combined and controls
combined) in each of the groups were 61, 14, 14, 9 and 8. Causes of death were unrelated
to c10fibrate treatment. Because of the premature deaths, the numbers were supplemented
at weeks 30 and 143. An increase in kidney weight was observed in the higher-dose
groups, but no corresponding change in renal histopathology to account for this obser-
vation. No change in relative liver weight was observed and no histological change in
any tissue was attributable to treatment. ln particular, there was no evidence of changes
in the levels of hepatic peroxisomes (by transmission electron microscopy) on three

animaIs per sex in control and highest -dose groups. (Methods used for the evaluation of
this end-point were not described.) Hepatic iron deposits of unknown etiology were
observed in ail marmosets.

ln rodents, modulation of enzyme activities by clofibrate is not limited to pero-
xisomes, but may also extend to mitochondrial, cytosolic and endoplasmic reticulum
enzymes within the cell. For ex ample, c10fibrate increases the hepatic expression of an
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Table 2. Interspecies comparison of the effect of clofibrate upon parameters of hepatic microsomal
and peroxisomal activities

Marmoset C57Bl/l0J mouse AP rat

Control Clofibrate Control Clofibrate Control Clofibrate

Liver weight relative to body 4.68 :t 0.41 4.63 :t 0.48 5.91 :t 0.36 6.98 :t 0.54* 4.80 :t 0.50 7.39:t 0.29***
weight (%) (lCytochrome P450 content 0.36 :t 0.09 0.41 :t 0.08 0.74:t0.14 0.87 :t 0.09 0.37 :t 0.04 0.73:t 0.02*** r0(nmol/mg protein) 'T..Catalase (k.sec/g) 29.5 :t 3.1 36.3:: J.l 66,O:t 16,7 84.3:t 13,6 76.6:t 1.3 120.3 :t 2.7** Ci

::Palmitoyl coenzyme A oxidase 0.15 :t 0.03 0.1 1 :t 0.03 0.34 :t 0.13 1.33 :t 0.23** 0.2 :t 0.0 5.5 :t 0.7*** ;i
(¡.mol NAD+ reduced/min/mg -i

t'
protein)

Crotonyl coenzyme A oxidase 5.3 :t 0.2 6.0 :t 0.3 15.1:t3.4 17.7 :t 3.5 12.1:t2.0 28.6:t 1.2**

(¡.mol NAD+ reduced/min/mg
protein)

From Tucker & Orton (1995)
Results are means :t SD
*p 0( 0.05 **p 0( 0.01 ***p 0( 0.001 Students t test

.to
\D
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enzyme of the CYP4A family associated with fatty acid (O-hydroxylase activity. Male
Long-Evans rats given 80 mg/kg bw of the enantiomers or racemix mixture of the c10-
fibrate analogue, 2-( 4-para-chlorophenyloxy)2-phenyl ethanoic acid, by gastric instilla-
tion for three consecutive days, had elevated hepatic CYP4Al and lauric acid 12-hydro-
xylase activity (Chin je & Gibson, 1990). Clofibrate (730 mg/kg diet (ppm) for 24 weeks)
inhibited the expression of y-glutamyl transpeptidase in liver homogenates of male
Fischer 344 rats in which this enzyme activity had been induced by prior feeding of
2-AAF (Nu moto et al., 1984).

Some extrahepatic effects of clofibrate in experimental animaIs are analogous to those
observed in the lIver. For example, in male but not female Fischer 344 rats given 400
mg/kg bw c10fibrate daily by intraperitoneal injection for three consecutive days,
increased renal content of CYP4A2 mRNA was observed (Sundseth & Waxman, 1992).
Clofibric acid caused an increase in renal peroxisomal palmitoyl CoA oxidase activity in
male Wistar rats given 200 mg/kg bw clofibric acid daily by gastric instillation for 10
consecutive days (Chandoga et aL., 1994). Administration of 400 mg/kg bw c10fibrate per
day in the diet to male Wistar rats for 3 months or longer resulted in diminished size of
thyroid follicles, with calcium deposition in the colloid and hypertrophy of the Golgi
apparatus (Price et aL., 1988).

4.3 Reproductive and developmental effects

4.3.1 Humal1s

Schneider and Kaffarnik (1975) reported three cases of male impotence in patients
with type lV hyperlipoproteinaemia who were treated with a controlled di et and clo-
fibrate. The complaints of impotence were made within one year of beginning treatment
with the drug. Two of the patients reported improvement of the symptoms three and four
weeks after interruption of clofibrate therapy; one patient again complained of impotence
when clofibrate therapy was resumed.

4.3.2 Experimental systems

ln a study reported only in abstract, no change in number of resorption sites, litter
size, fetal weight or no teratogenic effect was found in rats when dams were given
0.6 mg/kg bw c10fibrate per day in feed or 1 or 140 mg/kg bw clofibrate per day by

gastric instillation from day 6 to day 20 of gestation (Diener & Hsu, 1966). When doses
of 200 mg/kg bw per day were given to both male and female rats by gastric instilation,
both before and during gestation, a significant decrease in litter size was observed, and
with a dose of 500 mg/kg bw, the number of pregnancies decreased from 7/8 in con trois
to 0/8 in treated \ animaIs. No such effect was found when female rabbits were treated
similarly (Pantaleoni & Valeri, 1974). ln female albino rats given 50 mg c10fibrate per
day orally during the en tire period of mating, gestation and lactation, the liver weight at
birth of the offspring was significantly higher than that of control pups, while there was
no difference in birth weight between the groups (Chhabra & Kurup, 1978). The
offspring of Wistar rats given 8000 mg/kg diet (ppm) c10fibrate in the diet for one week
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on gestational days 13, 15, 17, 19 or 21 weighed significantly less than the offspring of
control rats. Maternai weight gain was reduced in treated animaIs compared with controls
(Cibelli et al., 1988). An abnormal postnatal fetal thrombosis syndrome in rats has been
described, consisting of an extension of the normal thrombosis in the umbilical arteries
and causing necrosis of the tail or parts of the hindlimbs (Dange et al., 1975). ln pregnant
Dutch rabbits given 0 or 5000 ppm clofibrate in the diet throughout pregnancy, no effect
on fertility or litter size and no skeletal abnormality were detected (Tucker & Orton,
1995). Nishimura and Tanimura (1976) found that the rabbit fetus serum accumulates a
higher concentration of clofibrate th an maternai serum.

ln albino rats, the serum of newborn pups of dams that had received clofibrate
(50 mg/day) orally during mating, gestation and lactation contained 93 nmoI/mL clo-
fibric acid. This decreased to 48 nmoI/mL on day 12 and 31 nmoI/mL at the time of
weaning. Placenta collected before birth from clofibrate-fed dams contained about
80 nmoI/g clofibric acid. This indicates that the drug crosses the placenta. The activity of
mitochondrial glycerol phosphate dehydrogenase in hepatic mitochondria isolated from
newborn rats of dams that were fed the drug was almost three times the level observed
for control offspring. The activity increased and remained at a higher level during
lactation but, when the young animais were weaned, it rapidly decreased to about the
same level as that seen in control animaIs. This suggests that the drug may also pass to
the offspring via the mother's milk (Chhabra & Kurup, 1978).

Clofibrate (150 mg/kg bw per day) given continuously to female Wistar/H-Riop rats
from gestational day 16 to the end of lactation (22nd day post-partum) produced a

decrease in birth weight, an increase in perinatal mortality and an increase in liver weight
at the age of 22 days. Investigations in which the dam received doses of 150 mg/kg bw
per day during four time intervals between gestational day 16 and postnatal day 22
showed that the increase in liver weight was associated with exposure between delivery
and postnatal day 15, When the drug was administered in the last week of pregnancy and
the young were dissected on postnatal days l, 8, 15 or 22, increased liver weight was
observed in neonates but not subsequently. The authors suggested that this transient
increase in liver weight might be related to enzyme induction rather th an to hepato-
toxicity (Nyitray et al., 1980).

Pregnant Swiss lCR mice were given clofibrate by subcutaneous injections at various
dosages (480 and 960 mg/kg bw) and time intervals, and embryos were removed on days
17 or 18 of gestation. ln embryos removed on day 17, the level of intestinal catalase acti-

vit Y of the proximal and distal halves did not differ between treated groups and controls.
ln embryos removed on day 18, a dose-dependent rise in catalase activities in the proxi-
mal half of the small intestine in treated groups was observed, but a plateau was attained
with repeated injections (Calvert et aL., 1979).

Clofibrate treatment of pregnant female rats has been found to increase the number of
liver peroxisomes and the levels of fatty acid oxidation enzymes in fetuses, suggesting
that the treatment induces fetal peroxisome proliferation (Cibelli et al., 1988; Stefanini
et al., 1989). ln mice, 400 mg/kg bw oral clofibrate treatment initiated at day 6 of gesta-
tion produced a 4-5-fold Increase in levels of peroxisomal membrane protein 70, a 1.5-
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to 2-fold increase in dihydroxyacetone phosphate acyltransferase specifie activity and a
L.2-L.8-fold increase in catalase specific activity in fetal liver of 19 days gestation.

Electron microscopy showed amplification of endoplasmic reticulum and peroxisomes in
the fetalliver. There was a general increase in peroxisomal proteins between gestational
days 13 and 19 in ail fetal tissues except the placenta, and the effect of clofibrate in the
lung and the placenta was evident by gestational day 13 (Wilson et al. 1991).

4.4 Genetic and related effects

4.4,1 Humal1s

No data were available to the Working Group.

4.4.2 Experimel1tal systems (see also Table 3 for references and Appendices 1 and 2)

Clofibrate is not mutagenic in Salmol1ella typhimurium in the presence or absence of
microsomal preparations. ln the yeast Saccharomyces cerevisiae, clofibrate induced
neither gene conversion nor mitotic recombination.

ln single studies, clofibrate did not induce unscheduled DNA synthesis in cultured
hepatocytes or DNA strand breaks in LI 210 cells. However, the ability of N-ethyl-N-
nitrosourea to produce single-strand DNA breaks and of N,N'-bis(2-chloroethyl)-N-nitro-
sourea to produce both single-strand DNA breaks and interstrand cross-links in LI 210
cells was enhanced by prior treatment of the cells with clofibrate (Lawson & Gwilt,
1993).

Clofibrate was not mutagenic in Chinese hamster lung V79 cells, in the presence of a
rat hepatocyte metabolic activation system. As reported in an abstract, clofibrate did not
induce resistance ta 6-thioguanine in the granuloma pouch assay in rats.

Clofibrate did not induce chromosomal aberrations in three studies with cultured
mammalian cell lines nor micronucleus formation in a study with cultured rat hepa-
toc 

Y tes.

ln morphological transformation studies with Syrian hamster embryo (SHE) ceIls,
clofibrate had no effect in one study, but was reported in another study to have increased
the frequency of transformation. The administration of clofibrate al one was also without
effect in the C3H/l OTl/2 Ci 8 cell transformation system, whereas it did enhance the
frequency of transformation produced by prior treatment with 3-methylcholanthrene.

Weak inhibition of gap-junctional intercellular communication in Chinese hamster V79
cells was reported to occur with high concentrations of cIofibrate.

No evidence was seen of DNA adduct formation by clofibrate in the livers of male
Fischer 344 rats given three doses of 250 mg/kg at 24-h intervals and killed 2 h after the
final dose. DNA was analysed by 32P-postlabellng with an estimated limit of detection of
1 adduct in 1010 nucleotides and no adduct was detected in hepatocytes treated II1 vitro
with 10-1 M clofibrate for 4 h (Gupta et aL., 1985).

III vivo, clofibrate did not induce unscheduled DNA synthesis in rat hepatocytes.
Neither did it induce sister chromatid exchange in rat peripheral blood lymphocytes or
bone marrow cells of Chinese hamsters.
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.t-
Table 3 (contd) .t

Test system Result" Doseb Reference
(LED/HID)

Without With
exogenous exogenous
metabolic metabolic
system system

MIA, Micronucleus test, rat hepatocytes in vitro - NT 243 Müller et al. (1993) -
TCS, Cell transformation, Syrian hamster embryo cells + NT 12 Mikalsen et al. (1990) ;i::TCS, Cell transformation, Syrian hamster embryo cells - - 72 Tsutsui et al. (1993) n
DV A, DNA strand breaks, rat hepatocytes in vivo - 200 po x 6 Elliott & E1combe ~

( 1987) 0
ZDV A, DNA strand breaks, rat hepatocytes in vivo -

750 di et x Nilsson et al. (1991) 0
14 d a::DVA, DNA strand breaks, Fischer rat liver in vivo -
100 di et x Tamura et al. (1991) ;i
78 wk

'"
:i

UPR, Unscheduled DNA synthesis, rat hepatocytes in vivo 750 di et x Nilsson et al. (1991) C/-
-c

14 d 0
GV A, Gene mutation, rat granuloma pouch 6- TG resistance in vivo ? 4 sc x 1 Maier (1984) (abstract) l'

c:
SV A, Sister chromatid exchange, rat peripheral lymphocytes in vivo - 200 po x 14 Linnainmaa (1984) ~

t'SV A, Sister chromatid exchange, Chinese hamster bone-marrow cells - 200 po x 14 Linnainmaa (1984) 0\
in vivo 0\

CBA, Chromosomal aberrations, rat bone marrow in vivo - NG Kawachi et al. (1980)
BIO, Binding (covalent) to DNA, male F344 rat hepatocytes in vitro - NT 243 Gupta et al. (1985)
BVD, Binding (covalent) to DNA, male F344 rat Ii ver in vivo - 250 po x 3 Gupta et al. (1985)

(P-postlabelling)
ICR, Inhibition of intercellu1ar communication, V79 cells (+) NT 24 A wogi et aL. (1984)

(abstract)

"+, positive; (+), weak positive; -, negative; NT, not tested; ?, inconclusive
h LED, lowest effective dose; HID, highest ineffective dose; in-vitro tests, l.g/mL; in-vivo tests, mg/kg bw; NG, dose not given

-'I'
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Slightly elevated levels of 8-hydroxydeoxyguanosine have been detected in liver
DNA of rats fed diets containing clofibrate (see Section 4.2.2).

Oral treatment of Sprague-Dawley-derived SIV 50 rats with 14C-labelled clofibric acid
(225 mg/kg) did not lead to detectable radioactivity associated with liver DNA, although
protein binding was clearly demonstrated (von Däniken et aL., 1981).

4.5 Mechanistic considerations

The role of data on peroxisome proliferation in evaluating carcinogenicity in humans
has been discussed. When the data support the conclusion that a tumour response in mi ce
or rats is secondary only to peroxisome proliferation, this should be considered in
addressing the potential carcinogenicity of an agent in humans. The report of the
Working Group on Peroxisome Proliferation and its Role in Carcinogenesis (IARC,
1995) indicates that the following issues should be considered:

"(a) Information is available to exclude mechanisms of carcinogenesis other th an
those related to peroxisome proliferation.

(b) Peroxisome proliferation (increases in peroxisome volume density or fatty acid
~-oxidation activity) and hepatocellular proliferation have been demonstrated
under the conditions of the bioassay.

(c) Such ettects have not been found in adequately designed and conducted investi-

gations of human groups and systems."

The weight of evidence indicates that clofibrate, and peroxisome proliferators in
general, do not act as direct DNA-damaging agents and that their mechanism of tumour
initiation is indirect. Two responses have been proposed to account for liver carcino-
genesis by peroxisome proliferators in rodents. These include (i) induction of peroxisome
proliferation and (ii) increased hepatocellular proliferation. These responses are not
mutually exclusive with respect to tumour formation.

Chronic administration of peroxisome proliferators produces a sustained oxidative
stress in rodent hepatocytes due to overproduction of hydrogen peroxide. This can
theoretically generate reactive oxygen species which can attack DNA or may affect cells
in other ways. There is also evidence froID in-vitro experiments that fatty acid meta-
bolism in peroxisomal fractions can result in hydroxyl radical formation and DNA
damage. ln-vivo observations in support of this hypothesis include increased lipid
peroxidation, increased lipofuscin deposition, the effects on levels of hepatic antioxidants
and inhibition of tumour formation by antioxidants (Lake 1995). However, sorne of the
evidence suggests that the level of oxidative damage in vivo may be too low to account
entirely for the carcinogenicity of peroxisome proliferators.

During the first few days of administration, peroxisome proliferators induce cell
division in rodent hepatocytes; in some, but not all, studies sustained stimulation of
replicative DNA synthesis has also been observed (Lake, 1995). An enhanced rate of cell
proliferation can be a critical effect both in tumour initiation, by increasing the frequency
of spontaneous mutations and the rate of conversion of DNA adducts into mutations
before they are repaired, and in tumour promotion by facilitating clonaI expansion of
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416 IARC MONOGRAPHS VOLUME 66

initiated cells. The promoting activity of cIofibrate has been demonstrated in rodent
models of multistage hepatocarcinogenesis.

There are clear species differences in the responses of mammalian cells to peroxisome ,
proliferators (Lake, 1995). Biopsy studies have clearly indicated that the responsiveness
of human livers to the peroxisome proliferation produced by fibrate drugs is lacking or is
much less than that seen in the livers of treated rodents, although similar levels of drug
are achieved in the circulation. The striking hepatomegalic effect of peroxisome proli-
feration is similarly not observed in patients receiving fibrate drugs. ln cultures of
hepatocytes, peroxisome proliferation and cell proliferation occur with rodent but not
human hepatocytes. ln rodent liver, hepatomegaly and peroxisome proliferation require
expression of functional PPARa, a member of the steroid hormone receptor superfamily.
Clofibrate activates rodent PPARa il1 vitro. The insensitivity of human liver to the
effects of peroxisome proliferators is consistent with the low level of PP ARa in human
livers, as weil as observations of genetic variations that render the human PP ARa
receptor inactive as compared to PPARa expressed in rodent liver (Tugwood et al.,
1996). ln non-human primates, administration of cIofibrate and other peroxisome proli-
ferators has also failed to elicit the hepatomegaly and peroxisome proliferation induced
in rodent liver.

Clofibrate-induced peroxisome proliferation and cell proliferation have been demons-
trated in feeding studies in rats conducted under bioassay conditions. Peroxisome proli-
feration has not been found in studies of human groups and systems using c1ofibrate.
Taken together, these findings indicate that the increased incidence of liver tumours in
rodents treated with cIofibrate results from a mechanism that wou Id not be operative in

humans.

5. Summary of Data Reported and Evaluation

5.1 Exposure data

Clofibrate was introduced in the 1960s to reduce plasma concentrations of tri-
glycerides and cholesterol in patients at high risk of coronary heart disease. Since the late
1970s, its use has decreased considerably.

5.2 Human carcinogenicity data

ln 1978, a randomized trial of the World Health Organization, conducted to determine
whether clofibrate treatment would lower the incidence of ischaemic heart disease in
men, raised concern over a nonsignificant excess of deaths from cancer in treated
subjects.

Subsequently the association between cIofibrate and cancer risk was examined in
three randomized trials and a small case-control study. A further four-year follow-up of
the WHO trial showed no difference in the age-standardized death rates from malignant
',neoplasms. ln two other trials, there was also no difference in cancer deaths between
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clofibrate-treated patients and a placebo-treated group. A meta-analysis of results from
six trials also found no excess cancer mortality due to use of c10fibrate as a cholesterol-
10wering drug. The case-control study, that had several methodological limitations,
showed a nonsignificant excess of soft-tissue sarcoma.

5.3 Animal carcinogenicity data

Clofibrate was tested for carcinogenicity by oral administration in the diet in two
experiments in mice and in three experiments in rats, and in one experiment in

marmosets by gastric instillation. No increase in incidence of tumours was reported in
mice or marmosets. ln rats, clofibrate produced hepatocellular carcinomas.

Clofibrate was tested in several experiments by combined administration with other
chemicals. It enhanced the hepatocarcinogenicity of N-nitrosamines in rats and hamsters.
It did not enhance the carcinogenicity of 2-acetylaminofluorene in rat liver.

5.4 Other relevant data

Clofibrate exerts similar pharmacological responses in humans and rodents. Absorp-
tion and metabolism of clofibrate are similar in humans and rats. Elimination of clofibric
acid, the free acid form of the drug as it appears in the circulation, is more rapid in rats,
possibly due to lower binding to plasma proteins.

Clofibrate-induced peroxisome proliferation and cell proliferation have been demons-
trated in feeding studies in rats. Peroxisome proliferation has not been found in studies of
clofibrate in human livers or hepatocytes.

There are a number of case reports of reversible impotence in men treated with
clofibrate. No noteworthy effect on ,the fetus has been observed in studies in rats or
rabbits.

Clofibrate is inactive in most tests for genetic activity, although it induced cell

transformation in one study.

M echal1istic cOl1side ratiol1s

The weight of evidence indicates that c10fibrate does not act as a direct DNA-
damaging agent and that its mechanism of tumour induction is indirect. Two biological
responses have been proposed to account for liver carcinogenesis by peroxisome proli-
ferators in rodents. These are (i) induction of peroxisome proliferation and (ii) increased
hepatocellular proliferation. Upon exposure to clofibrate, proliferation of both pero-
xisomes and cells occurs in rat" liver and of peroxisomes in cultured rat hepatocytes,
whereas peroxisome proliferation does not occur in human liver or cultured hepatocytes.
These observations suggest that the mechanism of liver carcinogenesis in c1ofibrate-
treated rats would not be operative in humans.
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418 IARC MONOGRAPHS VOLUME 66

5.5 Evaluation 1

There is il1adequate evidel1ce in humans for the carcinogenicity of clofibrate.
There is limited evidel1ce in experimental animais for the carcinogenicity of

clofibrate.

Overall evaluation

Clofibrate is 110t classifable as to its carcil1ogel1icity in humal1s (Croup 3).
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1. Exposure Data

1.1 Chemical and physical data

1.1.1 Nomel1clature

Chem. Abstr. Serv. Reg. No.: 25812-30-0

Chem. Abstr. Name: 5-(2,5-Dimethylphenoxy)-2,2-dimethylpentanoic acid

IUPAC Systematic Name: 2,2-Dimethyl-5-(2,5-xylyloxy)valeric acid

1.1.2 Structural al1d molecular jormulae al1d relative molecular mass

. CHCH, 1 )
~O-(CH2h-C-COOHO .,CH)

CH)

ClsHnO, Relative molecular mass: 250.34

1.1.3 Chemical al1d physical properties of the pure substal1ce

(a) Descriptiol1: White crystals (Gennaro, 1995)

(b) Boilil1g-poil1t: 158-159 °C (at 0.02 mm Hg (2.7 Pa)) (Budavari, 1995)

(c) Meltil1g-poil1t: 61-63 °C (Budavari, 1995)

(d) Solubility: Practically insoluble in water (19 Jlg/mL); soluble in ethanol
(100 mg/mL) (American Hospital Formulary Service, 1995); slightly soluble in
dilute alkali (Gennaro, 1995)

(e) Dissociatiol1 COl1stal1t: pKa = 4.7 (Gennaro, 1995)

1.1.4 Techl1ical products al1d impurities

Gemfibrozil is available as 300-mg capsules, 600- and 900-mg tablets and 900- and
1200-mg microencapsulated granular powders which also may contain calcium stearate,
candelila wax, colloidal silicon dioxide, gelatin, flavouring, hydroxypropyl cellulose,
hydroxypropyl methylcellulose, magnesium stearate, methylparaben, microcrystalline
cellulose, Opaspray white, polyethylene glycol, polysorbate 80, precipitated silica, prege-
latinized starch, propylparaben, sodium carboxymethylstarch, sorbitol, talc or titanium
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dioxide (Farmindustria, 1993; British Medical Association/Royal Pharmaceutical Society
of Great Britain, 1 994~ Medical Economics, 1996).

Trade names and designations of the chemical and its pharmaceutical preparations
include: Bolutol; CI-7 1 9; Decrelip; Elmogan; Fibrocit; GEM; Gemlipid; Genlip;
Gevilon~ Hipolixan; lpolipid; Lipozid; Lipur; Lopid; Micolip; Trialmin.

i. 1 .5 Al1alysis

The United States Pharmacopeia specifies liquid chromatography as the assay for
purity of gemfibrozil, and gas chromatogàiphy with flame ionization detection for deter-
mining impurities and decomposition products. Assays for water content and heavy

metals are also specified. The assay for gemfibrozil in capsules and tablets also applies to
liquid chromatography using standards (United States Pharmacopeial Convention, 1994).

Gemfibrozil and its metabolites can be analysed in biological fluids by gas chromato-
graphy (Randinitis et al., 1984) and high-performance liquid chromatography (Hengy &
Kölle, 1985; Randinitis et al., 1 986~ Nakagawa et al., 1991).

1.2 Production and use

1 .2.1 Productiol1

Gemfibrozil can be prepared by adding lithium to a solution of diisopropylamine in
tetrahydrofuran/styrene, followed by addition of 2-methylpropyl 2,2-dimethylacetate and
then 1 -bromo-3-chloropropane to produce 2-methylpropyl 2,2-dimethyl-5-chloropenta-
noate. Reaction of this intermediate with a solution of 2,5-dimethylphenol and sodium
hydroxide in toluene/dimethyl sulfoxide yields gemfibrozil (Kearney, 1987).

1.2.2 Use

Gemfibrozil was first marketed in the United States of America in 1982 (Wysowski
et al., 1990) and in France in 1985 (Vidal, 1994).

Gemfibrozil is used as a hypolipidaemic drug. Like c10fibrate (see this volume), gem-
. fibrozil is primarily a triglyceride-Iowering agent. It lowers very low-density lipoprotein
(VLDL) levels by promoting the lipolysis of VLDL-triglycerides through activation of
lipoprotein lipase. Gemfibrozil also inhibits VLDL secretion (Vogt, 1991). It is more
active than clofibrate in reducing plasma concentrations of total cholesterol (see IARC,
1983), VLDL-cholesterol and triglycerides (Larsen et al., 1994). Gemfibrozil is recom-
mended in the treatment of type lIa, type IIb, type III, type iv and type V hyperlipo-
proteinaemia (see Glossary, p. 448) at daily levels of 0.9-1.5 g given as two oral doses
30 min before morning and evening meals (Reynolds, 1993). Gemfibrozil substantially
increases plasma concentrations of high-density lipoprotein (HDL)-cholesterol

(Goodman Gilman et al., 1990; Miller et aL., 1993). ln trials in patients with hyperlipo-
proteinaemia (e.g., the Helsinki Heart Study), gemfibrozil has been shown to reduce
coronary heart disease (Grundy, 1988; Manninen et aL., 1988).

Gemfibrozil can have a variable effect on low-density lipoprotein (LDL)-cholesterol,
with a possible increase in patients with primary hypertriglyceridaemia or mixed hyper-
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lipoproteinaemia (Vogt, 1991; Zimetbaum et al., 1991). ln persons \Vith hypercholestero-
laemia, however, gemfibrozil produces minor decreases in LDL-cholesterol (Smith et aL.,
1987).

ln patients at high risk for coronary heart disease, gemfibrozil reduces triglyceride

levels, lowers production and fractional clearance of LDL and normalizes the compo-
sition of LDL. The LDL-cholesterol level usually rises but generally not to abnormally
high levels (Vega & Grundy, 1985). Gemfibrozil is one of the drugs that is most effective
in raising HDL-cholesterol 1evels (Miller et al., 1993).

Gemfibrozil is also used, in conjunction with dietary modification (Reynolds, 1993),
as a second drug, after nicotinic acid, in persons with high triglyceride levels and
increased LDL-cholesterol or LDL-cholesterol : HDL-cholesterol ratio (Smith et al.,
1987). The addition of gemfibrozil to lovastatin, a 3-hydroxy-3-methylglutaryl coenzyme
A reductase inhibitor (Wysowski et aL., 1990), or nicotinic acid usually produces addi-
tional lowering of triglycerides, but the effect on the change in LDL-cholesterol levels is
quite variable- (East et al., 1988; Expert Panel, 1988). For the treatment ofcombined
hyperlipoproteinaemia, a combination of a resin (colestipol, a bile acid sequestant

(Wysowski et aL., 1990)) with gemfibrozil can be used (Vogt, 1991).
ln the United States, gemfibrozil represented 18.1% of prescriptions for cholesterol-

10wering medications in 1983 and 29.4% in 1988 (Wysowski et al., 1990).

1.3 Occurrence

Gemfibrozil is not known to QCcur as a natural product.

1.4 Regulations and guidelines

Gemfibrozil is listed in the French and United States pharmacopoeias (Reynolds,
1993; Vidal, 1995).

Gemfibrozil was originally approved by the United States Food and Drug Adminis-
tration for lowering triglyceride levels. ln 1989, the United States Food and Drug
Administration also approved its use for the adjunctive treatment of type IIb hyper-.
lipidaemia (see Glossary, pp. 447-448) patients with low HDL cholesterol levels who
had an inadequate response to weight loss, diet, exercise: and other pharmacological
agents, such as bile acid sequestrants and nicotinic acid (Wysowski et al., 1990).

2. Studies of Cancer in Humans

A randomized, double-blind trial was conducted in Finland to investigate the effect of
gemfibrozil on the incidence of coronary heart disease in asymptomatic men, aged 40-55
years, with dyslipidaemia (non-HDL cholesterollevel, :: 5.2 mmol/L) (Frick et al.,
1987). Of 4081 men, 2051 were randomized to receive 600 mg gemfibrozil twice daily
for five years and 2030 to receive a placebo. A cholesterol-Iowering diet, as weIl as an .
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increase in physical activity and a reduction in smoking and body weight, were recom-
mended to aIl participants. A total of 2859 subjects (70%) participated in the trial until its
completion; however, ail 4081 men were followed for five years. Cancer mortality was
identical in the two treatment groups (1 1 deaths among the treated group and 1 1 deaths in
the placebo group). A borderline statistically significant difference was found in the
numbers of basal-cell carcinomas of the skin: fi ve in treated men and no 

ne in con trois
(p = 0.062, Fisher' s exact test). The expected numbers of basal-cell carcinomas, based on
the national cancer statistics of Finland, were 4.8 cases in the gemfibrozil group and 4.7
in the placebo group. No difference was found for other cancers (26 cases, 26 controls).

3. Studies of Cancer in Experimental Animais

3.1 Oral administration

3.1.1 Mouse

Groups of 72 male and 72 female non-inbred albino CD- 1 mice, eight weeks old,
were given 0, 30 or 300 mg/kg of diet (ppm) pharmaceutical-grade gemfibrozil (96.1%

pure; mixed with polysorbate 80 on silica) in the diet for 78 weeks, after which time ail
surviving animaIs were killed. From graphic presentations, approximately 80% of male
mice and 70-80% of female mice survived. Body-weight gain was depressed in gem-
fibrozil-treated animaIs (details not given). Ail tissues and visually apparent lesions were
evaluated histologically. Absolute and relative liver weights in high-dose males and
females were increased significantly. Slight hypertrophy and increased cytoplasmic eosi-
nophilia of hepatocytes were observed in high-dose males. The incidence of hepato-
cellular adenomas in male mice was 10/72 control, 13/72 low-dose and 10/72 high-dose
animaIs, that of hepatocellular carcinomas was 6/72 control, 14/72 low-dose (p oe 0.05,
Fisher' s exact test) and 10/72 high-dose animaIs. The incidence of lung adenomas was
decreased in males (19/72 control, 16/72 low-dose and 11/72 high-dose; poe 0.01,
Fisher' s exact test). No increase in tumour incidence was observed in female mice
(Fitzgerald et al., 1981) (The Working Group noted that the experiment was terminated
at 78 weeks and the lack of a dose-response relationship for hepatocellular carcinomas in
males.)

3.1.2 Rat

Groups of 50 male and 50 female non-inbred albino CD rats, eight weeks old, were
given 0, 30 or 300 mg/kg of diet (ppm) pharmaceutical-grade gemfibrozil (96.1% pure;

mixed with polysorbate 80 on silica) in the diet for 104 weeks, after which time aIl
surviving animaIs were kiled. Survival of exposed and control animaIs was comparable.
From graphie presentations, it appeared that approximately 50-60% of rats survived.
Body-weight gain was depressed in gemfibrozil-treated animaIs. Ali tissues and visually
apparent les ions were evaluated histologically. Absolute and relative liver weights in
high-dose males and females were increased. Hepatocyte hypertrophy with increased
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cytoplasmic eosinophilia was observed in treated rats. The incidences of tumours in male
rats were: hepatocellular adenomas (neoplastic nodules) - 1/50 control, 2/50 low-dose
and 18/50 high-dose (p.. 0.01; Fisher' s exact test); hepatocellular carcinomas - 0/50
control, 4/50 10w-dose and 5/50 high-dose; adrenal phaeochromocytomas (malignancy
not specified) - 3/50 control, 13/50 low-dose (p .. 0.01; Fisher' s exact test) and 9/50
high-dose; pancreatic acinar adenomas - 0/50 control, 6/50 10w-dose and 1/50 high-
dose; interstitial-cell tumours of the testis - 1/50 control, 8/50 low-dose (p .. 0.05;
Fisher' s exact test) and 17/50 high-dose (p .. 0.01; Fisher' s exact test). ln female rats, the
incidence of hepatocellular adenomas and carcinomas decreased: 9/50 control, 5/50 (2
carcinomas) low-dose and 3/50 high-dose animaIs (Fitzgerald et aL., 1981). (The
Working Group noted the lack of a dose-response relationship for adrenal phaeochromo-
cytomas and pancreatic acinar adenomas.)

4. Other Data Relevant to an Evaluation of

Carcinogenicity and its Mechanisms

4.1 Absorption, distribution, metabolism and excretion

4.1.1 Humal1s

The absorption of gemfibrozil in humans following oral exposure has been examined.
ln six subjects (three men, three women), single oral administration of 900 mg (13 mg/kg

'bw est.) gemfibrozil resulted in maximal plasma concentrations of 46 :t 16 llg/mL
observed between 1 and 4 h after administration (Knauf et aL., 1990). ln another study,
six healthy adult male subjects were given 600 mg (9 mg/kg bw est.) gemfibrozil twice
daily for six days followed by an additional dose on day 7 of 600 mg (9 mg/kg bw est.)
tritiated gemfibrozil (Okerholm et aL., 1976). A maximal plasma concentnÚion of 36 llg
gemfibrozil equivalents/mL was observed 1 -2 h following administration.

Hamberger et aL. (1986) reported that over a clinically relevant range of concen-
trations (48-504 llM), gemfibrozil was bound approximately 99% to serum protein. ln
the study of Okerholm et aL. (1976), the major route of elimination was urinary, this
accounting for 66% of the dose in 5 days. Faecal excretion accounted for an additional
6%.

Gemfibrozil is biotransformed extensively following oral administration (Figure 1). A
major pathway of gemfibrozil metabolism is via glucuronidation. Following a single oral
administration of 450 mg (6 mg/kg bw est.) gemfibrozil to six male subjects, gemfibrozil
glucuronide represented approximately 50% of the total urinary metabolites (32% of the
dose) recovered within 24 h (Nakagawa et aL., 1991). Very similar results had been
obtained in the Okerholm et aL. (1976) study (see above), in which 31% of the dose was
recovered as urinary gemfibrozil glucuronide over 0-48 h. Among metabolites resulting
from phase 1 biotransformation, 5-(5-carboxy-2-methylphenoxy)-2,2-dimethyl pentanoic
acid (M3) was the major metabolite recovered. ln the study of Nakagawa et aL. (1991), a
24-h urine collection'contained both free and conjugated M3 at approximately 15% and
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5% of the total dose, respectively, while, in the study of Okerholm et al. (1986), free aIid
conjugated M3 represented approximately 7% and 5% of the recovered radiactivity,
respectively. Other minor metabolites identified were the 5-hydroxymethyl derivative
(M2, an intermediate in the pathway to M3), a 4-hydroxy derivative (Ml) and a 2-

hydroxymethyl derivative (M4). ln aggregate, urinary and faecal excretion of radio-
activity accounted for 66% and 6%, respectively, of the elimination of orally admi-
nistered gemfibrozil over five days.

Figure 1. Postulated metabolic pathways of gemfibrozil
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Information on absorption, distribution, metabolism and excretion ofgemfibrozil in
animaIs is e.xtremely limited. ln male Fischer 344 rats given 6000-20 000 mgfkg diet
(ppm) gemfibrozil in the diet for 42 days, maximal mean serum levels of 19.6-
21.2 ¡.g/mL were associated with dailyexposure in the range of 522-964 mg/kg, Indi-

cating that a plateau in circulating levels of gemfibrozil was achieved (Sausen et al.,
1995). ln male rats (strain not specified) given 50 mg/kg bw tritiated gemfibrozil as a
single oral administration, 47% of the dose was eliminated by the faecal route, while
25% of the dose was recovered in the urine over se ven days (Okerholm et aL., 1976). The
lack of an intravenous formulation of gemfibrozil precludes total plasma clearance deter-
minations in laboratory studies (Knauf et aL., 1990).
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Okerholm et aL. (1976) also studied gemfibrozil metabolism in two beagle dogs and
two rhesus monkeys. ln dogs given a single oral 25 mg/kg bw dose of tritiated gem-
fibrozil, 62% was recovered in the faeces in five days, with an addition al 7% appearing
in the urine. A bile-fistula experiment with one dog indicated that 75% of the dose was
excreted in the bile, only 2% and 12% being found in the faeces and urine, respectively.
ln the monkeys, 62% of the dose was recovered in the urine in 4 days and only 2% was
found in the faeces. A bile-fistula experiment with a rhesus monkey demonstrated 41 %
of the dose was excreted in bile, 7% in faeces and 36% in urine.

4.2 Toxic effects

4.2.1 Humal1s

Several studies have documented the pharmacological reduction in circulating tri-
gl ycerides and cholesterol in humans treated with gemfibroziL. Larsen et aL. (1994)
reported the effects of 600 mg (9 mg/kg bw est.) oral gemfibrozil twice daily for eight
weeks in patients with hyperlipoproteinaemia type III. Reductions in circulating total
cholesterol, VLDL-cholesterol and triglycerides were observed, as was an increase in
circulating HDL-cholesteroL. ln patients with primary familial endogenous hypertri-

glyceridaemia treated oraIly with 600 mg (9 mg/kg bw est.) gemfibrozil twice daily for
eight weeks, reduction in circulating triglycerides was observed, as was an increase in
HDL-cholesterol (Saku et aL., 1985). ln patients with hyperIipoproteinaemia type nB
treated with 900 mg (13 mg/kg bw est.) gemfibrozil once a day for six weeks gave
statistically significant reductions in levels of triglycerides, and cholesterol localized to
'LDL and VLDL fractions, while HDL-cholesterol content was increased; in patients with
hyperlipoproteinaemia type iV, there was a reduction in levels of triglycerides and

cholesterol localized to VLDL fractions (but an increase in LDL as weIl as HDL-
cholesterol (Klosiewicz-Latoszek & Szostak, 1991). These pharmacological effects of
gemfibrozil in patients with various disorders of lipid metabolism may have several
mechanisms of activity, including stimulation of apolipoprotein synthesis (Saku et aL.,
1985) and stimulation of lipoprotein lipase activities in plasma and adipose tissue
(Schwandt, 1991).

Leiss et al. (1985) studied the effect of gemfibrozil on biliary lipid metabolism in
eight male volunteers treated for three months with gemfibroziL. The dose was 600 mg
per day 12 times over 3 months. Despite the absence of any hyperlipidaemic disease in
these volunteers, gemfibrozil reduced plasma concentrations of cholesterol and tri-
glycerides and also increased the HDL-cholesterol levels. Significant increases in biliary
output of cholesterol and reduction of bile acid output were observed. The authors
suggested that administration of gemfibrozil would enhance the risk of gallstone
formation in human subjects, although clear evidence for this was not presented.

Male patients receiving 600 mg (9 mg/kg bw est.) gemfibrozil (twice daily for two
months) were examined with respect to effects on the coagulation system (Wilkes et aL.,
1992). Levels of plasma prothrombin fragment F1+2, a marker of the in-vivo rate of

thrombin generation, were reduced by gemfibrozil therapy. A significant reduction in
factor VIle was observed in subjects with elevated cholesterol levels in the circulation.
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The authors suggested that the beneficial reduction in the incidence of coronary heart
disease associated with gemfibrozil therapy might arise in part through a reduction in
procoagulant activity.

A variety of case reports have documented unusual side-effects of gemfibrozil
therapy. These include exacerbation of psoriasis (Fisher et aL., 1988; Frick, 1989), myo-
pathy (Magarian et al., 1991) and impotence (Bain et aL., 1990; Pizzaro et aL., 1990) (see
Section 4.3.1).

The potential for gemfibrozil to induce structural changes in human liver was
examined by percutaneous liver biopsy (de la Iglesia et aL., 1982). The subjects inc1uded
six men and three women with hyperlipoproteinaemia (types lIa, lIb or IV) treated with
gemfibrozil for 17-27 months. The dose rate was not defined but may be presumed to
approximate therapeutic recommendations (1.2 g per day) (17 mg/kg bw est.). Light
microscopie findings were considered to show no abnormality. The peroxisomes were

. mostly of normal shape with uniform matrix, but a few were of polyhedral shape on
account of marginal plate development. Subjective estimation of the peroxisome popu-
lation indicated no significant increase in number. The authors concluded that, under the
conditions of this study, the lack of a drug-related increase in peroxisomes in humans
comparable to that described in rats constituted a real species difference. Results of
quantitative ultrastructural analysis of peroxisomes in livers of hyperlipoproteinaemic
patients teceiving gemfibrozil therapy were described separately (de la Igelsia et aL.,
1981). Numbers ofperoxisomes per hepatocyte ranged from 656 to 1452, with a mean of
850, and .the size of peroxisomes varied from 0.059 to 0.129 llm3. ln comparison with
normal values reported in the literature, these results show no apparent difference in the
gemfibrozil-treated patients.

4.2.2 Experimental systems

Many of the pharmacological effects of gemfibrozil observed in animaIs are similar to
those reported in humans. Treatment of male CDS rats with gemfibrozil (100 mg/kg bw
pei day by gastric instillation for four weeks) significantly reduced plasma cholesterol
and triglyceride levels, with decreases in cholesterol content in the LDL fraction and
increased cholesterol content in the HDL fraction (McGuire et aL., 1991). Male Sprague-
Dawley rats fed diets containing 20% olive oil and 2% cholesterol were treated for two
weeks with 50 mg/kg bw per day gemfibrozil by gastric instilation. Gemfibrozil reduced
total cholesterol and triglyceride levels, with reduction of LDL-cholesterol and increased
HDL-cholesterol (Krause & Newton, 1986). ln these rats, circulating levels of apolipo-
proteins (Apo) were' measured. Apo B was decreased, while Apo A-I and Apo E were
increased. Male Dahl S rats treated for 12 days with 30 mg/kg bw per day gemfibrozil by
gastric instilation also had reduced plasma triglyceride concentrations (Donnelly et aL.,
1994). ln female Swiss OF1 strain mice, treatment with 300 mg/kg bw per day gem-

fi bro zil by gastriè instilation for two weeks reduced plasma concentrations of tri-
glycerides but increased HDL-cholesterol (Olivier et aL., 1988).

Hepatic peroxisome proliferation, potentially relevant to the mechanism of carcino-
genic activity of a variety of agents, has been observed in gemfibrozil-treated animaIs.
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Gray and de la Iglesia (1984) described ultrastructural changes in the livers of male and
female CD rats receiving gemfibrozil (300 mg!kg per day) in the di et for one year.

Increases in the number of peroxisomes per cell (7-fold) and peroxisomal volume (males
only) and in total peroxisomal volume fraction per cell (20-fold) were observed by
quantitative analysis. ln male CDS albino rats given 100 mg!kg bw per day gemfibrozil
by gastric instillation for four weeks, increases in the number of peroxisomes per
hepatocyte and number of peroxisomes per gram of tissue were observed. This effect was
associated with an increase in the relative liver weights followingadministration of
gemfibrozil (McGuire et al., 1991). Gorgas and Krisans (1989) evaluated the zonaI
heterogeneity of peroxisomal changes in livers of male Sprague-Dawley rats given
2000 mg/kg diet (ppm) gemfibrozil (120 mg!kg bw est.) in the diet for two weeks. The
greatest increases in numbers of peroxisomes were observed in centrilobular hepatocytes. -
Several studies have documented increases in peroxisomal enzyme activities. ln male
Fischer 344 rats given gemfibrozil in the diet for 21 days, 20 ppm (150 ¡.g!kg bwest.)
was the no-effect level and 50 ppm (375 ¡.g!kg bw est.) was the lowest-effect leveL.
Maximal induction of peroxisomal acyl coenzyme A (CoA) oxidase activity (16-18 fold)
was observed in male Fischer 344 rats given 9000-20 000 ppm (522-1179 mg!kg bw per
day) gemfibrozil for 42 days. These exposures were associated with a plateau in serum
gemfibrozil levels (see Section 4.1.2) (Sausen et al., 1995). ln male Fischer 344 rats
given 2000 ppm gemfibrozil in the diet for four weeks,activity of two peroxisomal
enzyme, palmitoyl-CoA oxidase and enoyl-CoA hydratase, was increased in liver homo-
genates (Lalwani et al., 1983). Male Wistar rats given 2000 ppm gemfibrozil in the diet
for two weeks had increased peroxisomal activities for fatty àcyl-CoA ß-oxidation and
catalase in liver homogenates (Hashimoto et al., 1995). Similar studies in laboratory
mice have not been reported. Furthermore, the potential for gemfibrozil to modulate
hepatocellular replication in laboratory animaIs has not been evaluated. While pero-
xisome proliferation has been hypothesized to contribute to the mechanism of action of
gemfibrozil and other agents, no data are available on the induction of oxidative damage
to cytoplasmic or nuclear constituents.

Kähönen and Ylikahri (1979) analysed hepatic responses in male Wistar rats rendered
hypertriglyceridaemic by adding 10% fructose to the drinking-water. Gemfibrozil was
ìnjected subcutaneously at doses of 15-100 mg!kg bw per day for 14 days. lncreases in
relative liver weights were observed at doses of 15 mg!kg per day or more. Mild but
statistically significant increases in mitochondrial activities of carnitine acyltransferases
were detected at doses of 15 mg!kg per day or more.

ln primary cultures of rat hepatocytes, incubation with 100-500 ¡.M gemfibrozil for
up to 72 h resulted in induction of peroxisomal ß-oxidation (Foxworthy & Eacho, 1986).
This response is probably mediated by the peroxisome proliferator-activated receptor a
(PPARa), a member of the nuclear steroid hormone receptor superfamily. ln the
presence of gemfibrozil, PPARa and retinoid X receptor-a form a heterodimer which
binds to responseelements located in the promoter regions of several peroxisomal genes,
such as that of the rat acyl CoA oxidase gene, and faciltates transcriptional activity
(Issemann et aL., 1993). The critical role of PP ARa in mediating responses to peroxi-
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some proliferating agents has been demonstrated with knockout mi ce that do not express
the receptor (Lee et aL., 1995).

No attempt to induce peroxisome proliferation in human cells In vitro, such as
primary cultures of human hepatocytes or human hepatoma cell lines, has been reported.

The central role of PP ARa in mediating the hepatic effects of fibrate drugs in rodents
indicates that characterization of human PP ARa cou Id be important for the extrapolation
of effects in rodents to humans. Tugwood et aL. (1996) found generally low (but variable)
expression of PPARa mRNA in 10 human liver samples compared with rodent liver
samples. They characterized the function of human PPARa cDNA clones isolated from
two livers. One had a deleted segment leading to aC-terminal truncation of the receptor;
the other had non-conservative codon substitutions at amino acid positions 71 and 123.
Both clones failed to activate transcription under conditions in which the mouse wild-
type PPARa clone is active, indicating a non-functional human receptor. Thus, the
insensitivity of human liver to the adaptive effects of peroxisome proliferators may be
attributable to low expression of PPARa and/or genetic variations in the PPARa gene
that result in lack of response to peroxisome proliferators.

4.3 Reproductive and developmental effects

4.3.1 Humal1S

A number of cases of reversible impotence in men being treated with gemfibrozil
have been reported (Bain et al., 1990; Pizarro et al., 1990; Bharani, 1992; Figueras et al.,
1993 ).

4.3.2 Experimel1tal systems

Groups of pregnant CD rats were given 0, 81 or 281 mg/kg bw gemfibrozil in the diet
on gestation days 6-15 (Fitzgerald et al., 1987). Although food intake and body-weight
gain were markedly reduced in the high-dose group, no adverse affect on postimplan-
tation loss, litter size or fetal weight was observed. The incidence of fetal malformations
and variations was similar between the three groups. Dutch belted rabbits were treated by
gastric instilation with 60 or 200 mg/kg bw gemfibrozil or with 'the vehic1e on gestation
days 6-18. No significant effect on weight gain, litter size, postimplantation loss, fetal
sex ratio, fetal weight or incidence of fetal anomalies occurred. ln fertility studies, groups
of sexually mature male CD rats were given 93 or 326 mg/kg bw gemfibrozil for 61 days
and females were given 94 or 318 mg/kg bw gemfibrozil for 15 days before mating
within the treatment groups. Administration of the drug to females continued throughout
gestation and weaning of the Fi offspring. ln subsequent fertility experiments, treated
male rats were mated with untreated females, while treated females were placed with
untreated males. The only apparent drug-related effect was reduced pup weights du ring
the neonatal and weaning periods in the female fertility study. When similar doses of
gemfibrozil were given to female rats from gestation day 15 through to weaning, the only
apparent drug-related effect was reduced pup weight during the neonatal weaning period.
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4.4 Genetic and related effects (see also Table 1 for references and Appendices 1
and 2)

Gemfibrozil was not mutagenic towards five strains of Salmonella typhimurium in the
presence of rat liver S9 fraction.

Five metabolites were also tested under the same conditions as gemfibrozil, except
that the highest dose was 300 iig/plate (approx. 150 iig/mL of soft agar). No muta-
genicity wás observed with the metabolites that were structures (MI-MIV) (Figure 1) and
2-(2-carboxy-5-hydroxymethylphenoxy)-2,2-dimethyl pentanoic acid (Fitzgerald et aL.,
1981).

Table 1. Genetic and related effects of gemfibrozil

Test system Result" Doseh
Reference

(LED/HlD)
Without With
exogenous exogenous
metabolic metabolic
system system

1250 Fitzger.ald
et al. (1981)

1250 Fitzgerald
et al. (1981)

1250 Fitzgerald
et aL. (1981)

1250 Fitzgerald
et aL. (1981)

1250 Fitzgerald
et al. (1981)

SAO, Salmonella typhÙnurium TAI 00,

reverse mutation

SA5, Salmonella typhimurium TA 1 535,
reverse mutation

SA7, Salmonella typhimurium TA1537,
reverse mutation

SA8, Salmonella typliimurium TAI 538,
reverse mutation

SA9, Salmonella typhimurium T A98,

reverse mutation

"+, positive; (+), weak positive; -, negative; ?, inconc1usive

¡, LED, lowest effective dose; HlD, highest ineffective dose; in-vitro tests, Ilg/mL; in-vivo tests,
mg/kg bw/day

4.5 Mechanistic considerations

The role of data on peroxisome proliferation in evaluating carcinogenicity in humans
has been discussed. When data support the conclusion that a tumour response in mice or
rats is secondary only to peroxisome proliferation, this should be considered in
addressing the potential carcinogenicity of an agent in humans. The report of the
W orking Group on Peroxisome Proliferation and its Role in Carcinogenesis (lARe,
1995) indicates that the following issues should be considered:

"(a) Information is available to exclude mechanisms of carcinogenesis other than
those related to peroxisome proliferation.
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(b) Peroxisome proliferation (increases in peroxisome volume density or fatty acid
ß-oxidation activity) and hepatocellular proliferation have been demonstrated
under the conditions of the bioassay.

(c) Such effects have not been found in adequately designed and conducted investi-

gations of human -groups and systems."

The weight of evidence, including structural similarities to other fibrates, indicates
that gemfibrozil, and peroxisome proliferators in general, do not act as direct DNA-
damaging agents and that their mechanism of tumour initiation is indirect. Two responses
have been proposed to account for liver carcinogenesis by peroxisome proliferators in.
rodents. These include (i) induction of peroxisome proliferation and (ii) increased
hepatocellular proliferation. These responses are not mutually exclusive with respect to
tumour formation.

Chronic administration of peroxisome proliferators produces a sustained oxidative
stress in rodent hepatocytes due to overproduction of hydrogen peroxide. This can
theoretically generate reactive oxygen species which can attack DNA or may affect cells
in other ways. There is also evidènce from in vitro experiments that fatty acid meta-
bolism in peroxisomal fractions can result in hydroxyl radical formation and DNA
damage. ln-vivo observations in support of this hypothesis include increased lipid
peroxidation, increased lipofuscin deposition, the effects on levels of hepatic antioxidants
and inhibition of tumour formation by antioxidants (Lake, 1995). However, some of the
evidence suggests that the level of oxidative damage il1 vivo may be too low to account
entirely for the carcinogenicity of peroxisome proliferators.

During the first few days of administration, peroxisome proliferators induce cell
division in rodent hepatocytes; in sorne, but not all, studies, sustained stimulation of
replicative DNA synthesis has also been observed (Lake, 1995). An enhanced rate of cell
proliferation can be a critical effect in both tumour initiation, by incrtasing the frequency
of spontaneous mutations and the rate of conversion of DNA adducts into mutations
before they are repaired, and in tumour promotion by facilitating clonaI expansion of
initiated cells.

There are clear species differences in the responses of mammalian cells to peroxisome
proliferators (Lake, 1995). Biopsy studies have clearly indicated that the responsiveness
of human livers to the peroxisome proliferation produced by fibrate drugs is lacking or is
much lower than that seen in the livers of treated rodents, although similar levels of drug
are achieved in the circulation. The striking hepatomegalic effect of peroxisome proli-
feration is similarly not observed in patients receiving fibrate drugs. ln cultures of hep a-
toc 

Y 
tes, peroxisome proliferation and cell proliferation occur with rodent but not human

hepatocytes. ln rodent liver, hepatomegaly and peroxisome proliferation require
expression of functionalPPARa, a member of the steroid hormone receptor supedamily.
Gemfibrozil activates rodent PP ARa il1 vitro. The insensitivity of human liver to the
effects of peroxisome proliferators is consistent with the low level of PP ARa in human
livers, as well as observations of genetic variations that render the human PP ARa
receptor inactive compared with PP ARa expressed in rodent liver (Tugwood et al.,
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1996). ln non-human primates, administration of peroxisome proliferators has also failed
to elicit the hepatomegaly and peroxisome proliferation induced in rodent liver.

Gemfibrozil-induced peroxisome proliferation has been demonstrated under bioassay
conditions. An indirect measure of cell proliferation, liver weight, is also increased under
bioassay conditions. Peroxisomal proliferation has not been found in studies of human
groups and systems using gemfibrozil. Taken together, these findings indicate that the
increased incidence of liver tumours in rodents treated with gemfibrozil results from a
mechanism that would not be operative in humans.

5. Summary of Data Reported and Evaluation

5.1 Exposure data

Gemfibrozil has been used since the early 1980s to lower serum triglycerides and
rai se high-density lipoprotein-cholesterol in patients at high risk for coronary heart

disease.

5.2 Human carcinogenicity data

ln a Finnish trial that aimed to reduce cholesterol concentration with gemfibrozil, no
difference was found in cancer incidence or mortality between the treated and control
groups.

5.3 Animal carcinogenicity data

Gemfibrozil was tested for carcinogenicity by oral administration in the diet in one
experiment in mice and one experiment in rats. There was a slight, not dose-related
increase in the incidence of hepatocellular carcinomas in male rnjce and the incidence of.
lung adenomas was decreased. ln male rats, increases were observed in the incidence of
hepatocellular tumours, interstitial-cell tumours of the testis and adrenal phaeochrorno-
cytomas; the latter was not dose-related.

5.4 Other relevant data

Gemfibrozil exerts similar pharmacological responses in humans and laboratory
rodents. It is readily absorbed, metabolized and eliminated in hurnansubjects. Data are
not available to characterize adequately its pharmacokinetic behaviour in animaIs,

although maximal serum levels of gemfibrozil in rats are sirnilar to those in humans
receiving therapeutic doses of gemfibrozil.

Gemfibrozil-induced peroxisome proliferation has been demohstrated in rats. An
indirect measure of cell proliferation, liver weight, is also increased in rats. Peroxisorne
proliferation hasnot been observed in studies of hurnan livers with gemfibroziL.
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There are a number of case reports of reversible impotence in men treated with
. gemfibrozil. No noteworthy effects on the fetus have been observed in studies in rats or
rabbits.

Neither gemfibrozil nor its metabolites were mutagenic in bacteria in a single study.

Mechal1istic cOl1sideratiol1s

The data on gemfibrozil are too limited to allow mechanistic assessment. ln parti-
cular, genotoxicity has not been excluded. Upon exposure to gemfibrozil, proliferation of
peroxisomes occurs in rat Ii ver, whereas proliferation of peroxisomes does not occur in
human liver. These observations suggest that the mechanism of liver carcinogenesis in
gemfibrozil-treated rats would not be operative in humans.

5.5 Evaluation 1

There is il1adequate evidel1ce in humans for the carcinogenicity of gemfibrozil.
There is limited evidel1ce in experimental animaIs for the carcinogenicity of gem-

fibrozil.

Overall evaluation

Gemfibrozil is not classifiable as to its carcil1ogel1icity il1 humal1s (Croup 3).
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SUMMARY OF FINAL EVALUATIONS

Agent Degree of evidence of carcinogenicity Overall evaluation
of carcinogenicity

Human Animal to humans

Clofibrate l L 3

Diazepam ESL (breast 1 3

cancer)
1 (other sites)

Doxefazepam 1 L 3

Droloxifene 1 1 3

Estazolam 1 ESL 3

Gemfibrozil 1 L 3

Oxazepam 1 S 2B
Phenytoin 1 S 2B
Prazepam 1 1 3

Rifazepam 1 L 3

Tamoxifen S* (endometrial S 1 *

cancer)
1 (other sites)

Temazepam 1 1 3

Toremifene l 1 3

1, inadequate evidence; L, limited evidence; ESL, evidence suggesting lack of
carcinogenicity; S, sufficient evidence; for definitions of criteria for degrees
of evidence and groups, see preamble, pp. 22-25.
*and there is conclusive evidence that tamoxifen reduces the risk of contra-
lateral breast cancer.
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Glossary

Adjuvant therapy
Therapy given in addition to or following surgery or other primary therapy to reduce

the risk of recurrence

Antiarrhythmic drug

Drug given to combat irregularity of heartbeat, classified according to mechanism of
action:

- Class l: Sodium channel blockade

A. Moderate phase-O depression and slow conduction (2+); usually prolong
repolarization

B. Minimal phase-O depression and slow conduction (0 to 1 +); usually shorten
repolarization

C.Marked phase-O depression and slow conduction (3+ to 4+); little effect on
repolarization

- Class II: ß-adrenergic blockade

- Class III: Prolong repolarization2 .
- Class lV: Ca + -channel blockade

Axilary node-positive

Axillary lymph node involvement in breast cancer patients. Following apparently
curative surgery for the primary tumour, the strongest prognostic indicator of recurrence
or death from breast cancer is histological involvement ofaxilary nodes at surgery.

Hyperlipidaemia (also referred to as hyperlipaemia or lipaemia)

The presence of abnormally large amounts of lipid in the circulating blood. Primary
hyperlipidaemia may be classified according to the genetic and metabolic disorder,
resulting in the following categories:

Familial hypercholesterolaemia, which is usually heterozygous but very rarely may
be homozygous, is characterized by a type lIa pattern (see hyperlipoproteinaemia) but
occasionally a type IIb pattern may be present;

Familial hypertriglyceridaemia is usually associated with a type iv or type V pattern;
Familial combined hyperlipidaemia may be characterized by elevated cholesterol

only, elevated triglyceride only or elevated cholesterol and triglyceride, and type lIa, type.
iv or type IIb patterns may be found;

Familial dysbetalipoproteinaemia (remnant hyperlipoproteinaemia or broad-ß

disease) shows the type III pattern;

-447 -
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Lipoproteil1 lipase deficiel1cy or apolipoproteil1 C-II deficiel1cy show a type 1 or type
V pattern.

Hyperlipoproteinaemia

An increase in the lipoprotein concentration of the blood. The classification proposed
by WHO (1970) is based solely on the patterns of the particular lipoproteins that are
elevated; it reflects neither clinical status nor genetic or metabolic characteristics and
should not be used as a diagnostic classification.

Type 1 (hyperchylomicronaemia) is characterized by the presence of chylomicrons
and by normal or only slightly increased concentrations of very low-density lipoproteins
(VLDLs);

Type lIa (hyper-ß-lipoproteinaemia) is characterized by an elevation in the concen-
tration of low-density lipoproteins (LDLs);

Type Ilb is characterized by an elevation in the concentration of LDLs and VLDLs;

Type ILL ('floating ß' or 'broad ß' pattern) is characterized by the presence of VLDLs
having an abnormally high cholesterol content and an ab normal electrophoretic mobility;

Type iv (hyperpre-ß-lipoproteinaemia) is characterized by an elevation in the concen-
tration of VLDLs, by no increase in the concentration of LDLs and by the absence of
chylomicrons;

Type V (hyperpre-ß-lipoproteinaemia and chylomicronaemia) is characterized by an
elevation in the concentration of VLDLs and the presence of chylomicrons.

Lipoproteins

Water- (or plasma-) soluble complexes or compounds of lipids with proteins

Chylomicrons (from the intestine) and very low-density lipoproteins (VLDLs; pro-
duced in the liver) are composed largely of triglycerides and function to transport tri-
glycerides to tissues for metabolic use or storage. VLDLs contain only 10-15% of total
serum cholesteroL.

Low-density Iipoproteins (LDLs; from intravascular metabolism of VLDLs) and
high-density Iipoproteins (HDLs; from intestine, liver and intravascular metabolism)
transport cholesterol, with LDL being the major cholesterol carrying lipoprotein in
normal human plasma (60-70% of total serum cholesterol).

Oestrogen and progesterone receptors

Cytoplasmic receptors which can be measured. in breast cancer and other cells.
Tumours that are oestrogen- or progesterone-receptor-positive are more likely to respond
to hormonal therapies such as tamoxifen or other anti-oestrogens
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Phase 1 trial

A trial in which a pharmaceutical is given for the first time to humans. The aim of a
phase 1 trial is to determine the maximal tolerated dose of a drug and to de scribe its
toxicity. Such a trial is usually do ne in a group of patients whose disease has failed to
respond to ail standard therapy.

Phase II trial

A trial in which a drug which has already passed through phase l testing is tested to
determine its degree of activity.

Phase III trial

A randomized comparative trial in which two drugs or therapies are compared. This
may be carried out for patients with metastatic disease, or in the adjuvant setting.

Recurrence

After surgical removal or other therapy for cancer, there may be no visible or
measurable disease (by X-ray, cIinical or other means). if n lumour then reappears, either
at the site of the original primary or elsewhere, this cOIistitutes a recurrence.

Response

ln cancer patients, this is generally defined as a shrinkage of a measurable tumour by
? 50% (partial response) or a complete disappearance of ail measurable or visible tumour
(complete response).

Reference

WHO (1970) Classification of hyperlipidaemias and hyperlipoproteinaemias. Bull. WHO, 43,
891-915
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APPENDIX 1

SUMMARY TABLES OF
GENETIC AND RELA TED EFFECTS .
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Summary table of genetic and related effects of diazepam

Non-mammalian systems Mammalian systems

Pro ka- Lower Plants Insects ln vitro ln vivo

ryotes eukaryotes

Animal cells Human cells AnimaIs Humans

D G D R G A D G C R G C A D G S M C A T 1 D G S M C A T 1 D G S M C DL A D S M C A

1 1 + 7 + +
, + 7

1 ,
7 7 7" 7

,
7 +'- - - - - - - - - - - - -

A, aneuploidy; C, chromosomal aberrations; D, DNA damage; DL, dominant lethal mutation; G, gene mutation; 1, inhibition of intercellular communication; M, micronuc1ei;
R, mitotic recombination and gene conversion; S, sister chromatid exchange; T, cell transformation

ln completing the table, the following symbols indicate the consensus of the Working Group with regard to the results for eaeh end-point:
+ considered to be positive for the specifie end-point and level of biological eomplexity
+' considered to be positive, but only one valid study was available to the Working Group

considered to be negative

considered to be negative, but only one valid study was available to the Working Group
? eonsidered to be equivoeal or ineonc1usive Ce.g. there were eontradictory results fram different laboratories; there were confounding exposures; the results were equivoeal)
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Summary table of genetic and related effects of doxefazepam

Non-mammalian systems Mammalian systems

Proka- Lower Plants lnsects ln vitro ln vivo

ryotes eukaryotes

Animal celIs Human celIs AnimaIs Humans

D G D R G A D G C R G C A D G S M C A T L D G S M C A T L D G S M C DL A D S M C A

1 1
1 1- - - -

A, aneuploidy; C, chromosomal aberrations; D, DNA damage; DL, dominant lethal mutation; G, gene mutation; l, inhibition of intercelIular communication; M, micronuclei;
R, mitotic recombination and gene conversion; S, sister chromatid exchange; T, celI transformation

ln completing the table, the folIowing symbols indicate the consensus of the W orking Group with regard to the results for each end-point:

+ considered to be positive for the specifie end-point and level of biological complexity
+1 considered to be positive, but only one valid study was available to the Working Group

considered to be negative
considered to be negative, but only one valid study was available to the Working Group

? considered to be equivocal or inconcIusive (e.g. there were contradictory results from different laboratories; there were confounding exposures; the results were equivocal)
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Summary table of genetic and related effects of estazolam

Non-mammalian systems Mammalian systems

Proka- Lower Plants Insects ln vitro ln vivo

ryotes eukaryotes

Animal cells Human cells AnimaIs Humans

D G D R G A D G C R G C A D G S M C A T 1 D G S M C A T 1 D G S M C DL A D S M C A

1 i 1 i- - - -

A, aneupIoidy; C, chromosomaI aberrations; D, DNA damage; DL, dominant IethaI mutation; G, gene mutation; l, inhibition of intercelluIar communication; M, micronucIei;
R, mitotic recombination and gene conversion; S, sister chromatid exchange; T, ceII transformation

IncompIeting the table, the following symbols indicate the consensus of the W orking Group with regard to the resuIts for each end-point:

+ considered to be positive for the specifie end-point and IeveI of bioIogicaI compIexity
+\ considered to be positive, but onIy one vaIid study was avaiIabIe to the Working Group

considered to be negative

considered to be negative, but only one vaIid study was available to the Working Group
? considered to be equivocaI or inconcIusive (e.g. there were contradictory resuIts from different Iaboratories; there were confounding exposures; the results were equivocal)
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Summary table of genetic and related effects of oxazepam

Non-mammalian systems Mammalian systems

Proka- Lower Plants Insects ln vitro ln vivo

ryotes eukaryotes

Animal cells Human cells Animais Humans

D G D R G A D G C R G C A D G S M C A T 1 D G S M C A T L D G S M C DL A D S M C A

1 , , 1 , +1
+' +' +' +'

, ,- - - - - - -

A, aneuploidy; C, chromosomal aberrations; D, DNA damage; DL, dominant lethal mutation; G, gene mutation; l, inhibition of intercellular communication; M, micronuclei;
R, mitotic recombination and gene conversion; S, sister chromatid exchange; T, cell transformation

ln coinpleting the table, the following symbols indicate the consensus of the Working Group with regard to the results for each end-point:

+ considered to be positive for the specifie end-point and level of biologie al complexity
+' considered to be positive, but only one valid study was available to the Working Group

considered to be negative

considered to be negative, but only one valid study was available to the Working Group
? considered to be equivocal or inconc1usive (e.g. there were contradictory results from different laboratories; there were confounding exposures; the results were equivocal)
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Summary table of genetic and related effects of prazepam

Non-mammalian systems Mammalian systems

Proka- Lower Plants Insects ln vitro ln vivo

ryotes eukaryotes

Animal cells Human cells AnimaIs Humans

D G D R G A D G C R G C A D G S M C A T L D G S M C A T L D G S M C DL A D S M C A

1 1- -

A, aneuploidy; C, chromosomal aberrations; D, DNA damage; DL, dominant lethal mutation; G, gene mutation; l, inhibition of intercellular communication; M, micronuclei;
R, mitotic recombination and gene conversion; 5, sister chromatid exchange; T, cell transfonnation

ln completing the table, the following symbols indicate the consensus of the Working Group with regard to the results for each end-point:

+ considered to be positive for the specific end-point and level of biological complexity
+1 considered to be positive, but only one valid study was available to the Working Group

considered to be negative
considered to be negative, but only one valid study was available to the Working Group

? considered to be equivocal or inconclusive (e.g. there were contradictory results from different laboratories; there were confounding exposures; the results were equivocal)
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Summary table of genetic and related effects of temazepam

Non-mammalian systems Mammalian systems

Proka- Lower Plants lnsects ln vitro ln vivo

ryotes eukaryotes

Animal cells Human cells Animais Humans

D G D R G A D G C R G C A D G S M C A T 1 D G S M C A T 1 D G S M C DL A D S M C A

1 1- -

A, aneuploidy; C, chromosomal aberrations; D, DNA damage; DL, dominant lethal mutation; G, gene mutation; l, inhibition of intercellular communication; M, micronuclei;
R, mitotic recombination and gene conversion; S, sister chromatid exchange; T, cell transformation

ln completing the table, the following syribols indicate the consensus of the Working Group with regard to the results for each end-point:

+ considered to be positive for the specifie end-point and level of biological complexity
+Iconsidered to be positive, but only one valid study was available to the Working Group

considered to be negative
considered to be negative, but only one valid study was available to the Working Group

? considered to be equivocal or inconclusive Ce.g. there were contradictory results from different laboratories; there were confounding exposures; the results were equivocal)
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Summary table of genetic and related effects of phenytoin

Non-mammalian systems Mammalian systems

Pro ka- Lower Plants Insects ln vitro ln vivo

ryotes eukaryotes

Animal cells Human cells Animais Humans

D G D R G A D G C R G C A D G S M C A T I D G S M C A T I D G S M C DL A D S M C A

, , , +1
+ +' ') ?

,
? +' .) ')

- - - - - + + - - - - -

A, aneuploidy; C, chromosomal aberrations; D, DNA damage; DL, dominant lethal mutation; G, gene mutation; l, inhibition of intercellular communication; M, micronuclei;
R, mitotic recombination and gene conversion; S, sister cliromatid exchange; T, cell transformation

ln completing the table, the following symbols indicate the consensus of the Working Group with regard to the results for each end-point:

+ considered to be positive for the specifie end-point and level of biologie al complexity
+' considered to be positive, but only one val id study was available to the Working Group

considered to be negative
considered to be negative, but only one valid study was available to the Working Group

? considered to be equivocal or inconclusive (e.g, there were contradictory results from different laboratories; there were confounding exposures; the results were equivocal)
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Summary table of genetic and related effects of dr.oloxifene

Non-mammalian systems Mammalian systems

Pro ka- Lower Plants Insects ln vitro ln vivo

ryotes eukaryotes

Animal cells Human cells AnimaIs Humans

D G D R G A D G C R G C A D G S M C A T 1 D G S M C A T 1 D G S M C DL A D S M C A

1 1- -

A, aneuploidy; C, chromosomal aberrations; D, DNA damage; DL, dominant lethal mutation; G, gene mutation; l, inhibition of intercellular communication; M, micronuclei;
R, mitotic recombination and gene conversion; S, sister chromatid exchange; T, cell transformation

ln completing the table, the following symbols indicate the consensus of the Working Group with regard to the results for each end-point:

+ considered to be positive for the specifie end-point and level of biological complexity
+1 considered to be positive, but only one valid study was available to the Working Group

considered to be negative

considered to be negative, but only one valid study was available to the Working Group
? considered to be equivocal or inconclusive (e.g. there were contradictory results from different laboratories; there were confounding exposures; the results were equivocal)
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Summary'table of genetic and related effects of tamoxifen

Non-mammalian systems Mammalian systems

Proka- Lower Plants Insects ln vitro ln vivo
ryotes eukarotes

..

Animal cells Human cells Animais Humans

D G D R G A D G e R G e A D G S M e A T 1 D G S M e A T 1 D G S M e DL A D S M e A

,
+' + + +' +' --

A, aneuploidy; e, chromosomal aberrations; D, DNA damage; DL, dominant lethal mutation; G, gene mutation; l, inhibition of intercellular communication; M, micronuclei;
R, mitotic recombination and gene conversion; S, sister ehromatid exchange; T, cell transfonnation

ln eompleting the table, the following symbols indicate the consensus of the Working Group with regard to the results for each end-point:
+ considered to be positive for the specifie end-point and level of biological complexity
+1 considered to be positive, but only one valid study was available to the Working Group

considered to be negative

considered to be negative, but only one valid study was available to the Working Group
? considered to be equivocal or ineonc1usive (e.g.-there were contradictory results from different laboratories; there were confounding exposures; the results were equivocal)
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Summary table of genetic and related effects of toremifene

Non-mammalian systems Mammalian systems

Proka- Lower Plants Insects ln vitro ln vivo

ryotes eukaryotes

Animal cells Human cells Animais Humans

D G D R G A D G C R G C A D G S M C A T 1 D G S M C A T 1 D G S M C DL A D S M C A

+' + ?

A, aneuploidy; C, chromosomal aberrations; D, DNA damage; DL, dominant lethal mutation; G, gene mutation; l, inhibition of intercellular communication; M, micronuc1ei;
R, mitotic recombination and gene conversion; S, sister chromatid exchange; T, cell transfonnation

ln completing the table, the following symbols indicate the consensus of the Working Group with regard to the results for each end-point:

+ considered to be positive for the specifie end-point and level of biologie al compièxity
+1 considered to be positive, but only one valid study was available to the Working Group

considered to be negative
considered to be negative, but only one valid study was available to the Working Group

? considered to be equivocal or inconc1usive (e.g. there were contradictory results from different laboratories; there were confounding exposures; the results were equivocal)
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Summary table of genetic and related effects of clofibrate

Non-mammalian systems Mammalian systems

Pro ka- Lower Plants lnsects ln vitro ln vivo

ryotes eukaryotes

Animal cells Human cells AnimaIs Humans

D G D R G A D G C R G C A D G S M C A T L D G S M C A T L D G S M C DL A D S M C A

1 1 1 1 1
? 1- - - - - - - - - - -

A, aneuploidy; C, chromosomal aberrations; D, DNA damage; DL, dominant lethal mutation; G, gene mutation; l, inhibition of intercellular communication; M, micronuclei;
R, mitotIc recombination and gene conversion; S, sister chromatid exchange; T, ceII transformation

ln completing the table, the following symbols indicate the consensus of the Working Group with regard to the results for each end-point:

+ considered to be positive for the specifie end-point and level of biologlcal complexity
+1 considered to be positive, but only one valid study was available to the Working Group

considered to be negative
considered to be negative, but only one valid study was available to the Working Group

? considered to be equivocal or inconclusive (e.g. there were contradictory results from different laboratories; there were confounding exposures; the results were equivocal)
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Summary table of genetic and related effects of gemfibrozil

Non-mammalian systems Mammalian systems

Proka- Lower Plants lnsects ln vitro ln vivo

ryotes eukarotes

Animal cells Human cells AnimaIs Humans

D G D R G A D G C R G C A D G 5 M C A T 1 D G 5 M C A T 1 D G 5 M C DL A D 5 M C A

1-

A, aneuploidy; C, chromosomal aberrations; D, DNA damage; DL, dominant lethal mutation; G, gene mutation; l, inhibition of intercellular communication; M, micronuclei;
R, mitotic recombination and gene conversion; 5, sister chromatid exchange; T, cell transfonnation

ln completing the table, the folIowing symbols indicate the consensus of the Working Group with regard to the results for each end-point:

+ considered to be positive for the specifie end-point and level of biological complexity
+1 considered to be positive, but only one valid study was available to the Working Group

considered to be negative

considered to be negative, but only one valid study was available to the Working Group
? considered to be equivocal or inconclusive (e.g. there were contradictory results from different laboratories; there were confounding exposures; the results were equivocal)
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APPENDIX 2

ACTIVITY PROFILES FOR
GENETIC AND RELATED EFFECTS
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APPENDIX 2

ACTIVITY PROFILES FOR
GENETIC AND RELATED EFFECTS

Methods

The x-axis of the activity profile (Waters et aL., 1987, 1988) represents the bioassays
in phylogenetic sequence by end-point, and the values on the y-axis represent the
logarithmically transformed lowest effective doses (LED) and highest ineffectlve doses
(HID) tested. The term 'dose', as used in this report, does not take into consideration
length of treatment or exposure and may therefore be considered synonymous with
concentration. ln practice, the concentrations used in aIl the in-vitro ttsts were converted
to ¡ig/ml, and those for in-vivo tests were expressed as mg/kg bw. Because dose units are
plotted on a log scale, differences in the relative molecular masses of compounds do not,
in most cases, greatly influence comparisons of their activity profiles. Conventions for
dose conversions are given below.

Profile-line height (the magnitude of each bar) is a function of the LED or HID,
which is associated with the characteristics of each individual test system - such as
population size, ceIl-cycIe kinetics and metabolic competence. Thus, the detection limit
of each test system is different, and, across a given activity profile, responses wil vary
substantially. No attempt is made to adjust or relate responsesin one test system to those
of another.

Line heights are derived as follows: for negative test results, the highest dose tested
without appreciable toxicity is defined as the HID. If there was evidence of extreme
toxicity, the next highest dose is used. A single dose tested with a negative result is
considered to be equivalent to the HID. Similarly, for positive results, the LED is
recorded. If the original data were analysed statistically by the author, the dose recorded
is that at which the response was significant (p .: 0.05). If the available data were not
analysed statistically, the dose required to produce an effect is estimated as follows:
when a dose-related positive response is observed with two or more doses, the lower of
the doses is taken as the LED; a single dose resulting in a positive response is considered
to be equivalent to the LED.

ln order to accommodate both the wide range of doses encountered and positive and
negative responses on a continuous scale, doses are transformed logarithmically, so that
effective (LED) and ineffective (HID) doses are represented by positive and negative

-467-
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468 IARC MONOGRAPHS VOLUME 66

numbers, respectively. The response, or logarithmic dose unit (LDUij), for a given test
system i and chemical j is represented by the expressions

LDUij = -logio (dose), for HID values; LDU:: 0and (1 )
LDUij= -logio (dose x 10-5), for LED values; LDU ~ O.
These simple relationships define a dose range of 0 to -5 logarithmic units for

ineffective doses (1-100 000 Ilg/mL or mg/kg bw) and 0 to +8 logarithmic units for
effective doses (100000-0.001 Ilg/mL or mg/kg bw). A scale illustrating the LDU values
is shown in Figure 1. Negative responses at doses less than 1 Ilg/mL (mg/kg bw) are set
equal to 1. Effectively, an LED value ~ 100 000 or an HID value:: 1 produces an
LDU = 0; no quantitative information is gained from such extreme values. The dotted
lines at the levels of log dose units 1 and -1 define a 'zone of uncertainty' in which
positive results are reported at such high doses (between 10 000 and 100 000 mg/mL or
mg/kg bw) or negative results are reported at such low doses (1 to 10 mg/ml or mg/kg
bw) as to cali into question the adequacy of the test.

Fig. 1. Scale of log dose units used on the y-axis of
activity profiles

Positive

(¡.g/mL or mg/kg bw)
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ln practice, an activity profile is computer generated. A data entry programme is used
to store abstracted data from published reports. A sequential file (in ASCII) is created for
each compound, and a record within that file consists of the name and Chemical
Abstracts Service number of the compound, a three-Ietter code for the test system (see
below), the qualitative test result (with and without an exogenous metabolic system),
dose (LED or HID), citation number and additional source information. An abbreviated
citation for each publication is stored in a segment of a record accessing both the test
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APPENDIX 2 469

data file and the citation file. During processing of the data file, an average of the
logarithmic values of the data subset is calculated, and the length of the profile line
represents this average value. Ail dose values are plotted for each profile line, regardless
of whether results are positive or negative. Results obtained in the absence of an
exogenous metabolic system are indicated by a bar (-), and results obtained in the
presence of an exogenous metabolic system are indicated by an upward-directed arrow
Ci). When all results for a given assay are either positive or negative, the mean of the
LDU values is plotted as a solid line; when conflcting data are reported for the same
assay (i.e. both positive and negative results), the majority data are shown by a solid line
and the minority data by a dashed line (drawn to the extreme conflicting response). ln the
few cases in which the numbers of positive and negative results are equal, the solid line
is drawn in the positive direction and the maximal negative response is indicated with a
dashed line. Profile lines are identified by three-letter code words representing the
commonly used tests. Code words for most of the test systems in current use in genetic
toxicology were defined for the US Environmental Protection Agency's GENE-TOX
Program (Waters, 1979; Waters & Auletta, 1981). For IARC Monographs Supplement 6,
Volume 44 and subsequent volumes, including this publication, codes were redefined in
a manner that should facilitate inclusion of additional tests. Naming conventions aredescribed below. .

Data listings are presented in the text and include end-point and test codes, a short test
code definition, results, either with (M) or without (NM) an exogenous activation system,
the associated LED or HID value and a short citation. Test codes are organized
phylogenetically and by end-point from left to right across each activity profile and from
top to bottom of the corresponding data listing. End-points are defined as follows:
A, aneuploidy; C, chromosomal aberrations; D, DNA damage; F, assays of body fluids;
G, gene mutation; H, host-mediated assays; 1, inhibition of intercellular communication;
M, micronuclei; P, sperm morphology; R, mitotic recombination or gene conversion;
S, sister chromatid exchange; and T, cell transformation.

Dose cOl1versiol1S for activity profiles

Doses are converted to llg/mL for in-vitro tests and to mg/kg bw per day for in-vivo
experiments.

1. ln-vitro test systems

(a) Weight/volume con verts directly to llg/mL.

(b) Molar (M) concentration x molecular weight = mg/mL = 10.1 mg/mL; mM
concentration x molecular weight = llg/mL.

(c) Soluble solids expressed as % concentration are assumed to be in units of mass

per volume (i.e. 1 % = 0.01 g/mL = 10 000 llg/mL; also, 1 ppm = i l.g/mL).

(d) Liquids and gases expressed as % concentration are assumed to be given in units

of volume per volume. Liquids are converted to weight per volume using the
density (D) of the solution (D = g/mL). Gases are converted from volume to
mass using the ideal gas law, PV = nRT. For exposure at 20-37 °C at standard
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470 IARC MONOGRAPHS VOLUME 66

atmospheric pressure, 1 % (v/v) = 0.4 f.g/ml x molecular weight of the gas. Also,
1 ppm (v/v) = 4 x 105 f.g/mL x molecular weight.

(e) ln microbial plate tests, it is usual for the doses to be reported as weight/plate,

whereas concentrations are required to enter data on the activity profile chart.
While remaining. cognisant of the errors involved in the process, it is assumed
that a 2-ml volume of top agar is delivered to each plate and that the test
substance remains in solution within it; concentrations are derived from the
reported weight/plate values by dividing by this arbitrary volume. For spot tests,
a 1 -ml volume is used in the calculation.

if Conversion of particulate concentrations given in ¡ig/cm2 is based on the area

(A) of the dish and the volume of medium per dish; i.e. for a lOO-mm dish:
A = nR2 = TC x (5 cm)2 = 78.5 cm2. If the volume of medium is 10 mL, then
78.5 cm2 = 10 mL and 1 cm2 = 0.13 mL.

2. ln-vitro systems using in-vivo activation

For the body fluid-urine (BF-) test, the concentration used is the dose (in mg/kg bw)
of the compound administered to test animaIs or patients.

3. ln-vivo test systems

(a) Doses are converted to mg/kg bw per day of exposure, assuming 1 OO~--~~~~ .
absorption. Standard values are used for each sex and species of rodent;
including body weight and average intake per day, as reported by Gold et aL.
(1984). For example, in a test using male mice fed 50 ppm of the agent in the
diet, the standard food intake per day is 12% of body weight, and the conversion
is dose = 50 ppm x 12% = 6 mg/kg bw per day.

Standard values used for humans are: weight-males, ~~~; females, 55 kg;
surface area, 1.7 m2; inhalation rate, 20 L/min for light wor ~ 30 L/min for mild
exercise.

(b) When reported, the dose at the target site is used. For example, doses given in
studies of lymphocytes of humans exposed il1 vivo are the measured blood
concentrations in ¡ig/mL.

Codes for test systems

For specifie nonmammalian test systems, the first two letters of the three-symbol code
word define the test organism (e.g. SA- for Salmonella typhimurium, EC- for Escherichia
coli). If the species is not known, the convention used is -S-. The third symbol may be
used to define the tester strain (e.g. SA8 for S. typhimurium TA1538, ECW for E. coli
WP2uvrA). When strain designation is not indicated, the third letter is used to define the
specifie genetic end-point under investigation (e.g. --D for differential toxicity, --F for
forward mutation, --G for gene conversion or genetic crossing-over, --N for aneuploidy,
--R for reverse mutation, --U for unscheduled DNA synthesis). The third letter may also
be used to define the general end-point under investigation when a more complete
definition is not possible or relevant (e.g. --M for mutation, --C for chromosomal
aberration). For mammalian test systems, the first letter of the three-Ietter code word
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APPENDlX 2 471

defines the genetic end-point under investigation: A-- for aneuploidy, B-- for binding,
Cu for chromos omal aberration, D-- for DNA strand breaks, G-- for gene mutation,
1-- for inhibition of intercellular communication, Mu for micronucleus formation, R-- for
DNA repair, S-- for sister chrorratid exchange, Tu for cell transformation and U-- for
unscheduled DNA synthesis.

For animal (i.e. non-human) test systems il1 vitro, when the cell type is not specified,
the code letters -lA are used. For such assays il1 vivo, when the animal species is not
specified, the code letters -VA are used. Commonly used aniITal species are identified by
the third letter (e.g. uC for Chinese hamster, --M for mouse, --'R for rat, --S for Syrian
hamster).

For test systems using human cells il1 vitro, when the cell type is not specified, the
code letters -lH are used. For assays on humans il1 vivo, when the cell type is not
specified, the code letters - VH are used. Otherwise, the second letter specifies the cell
type under investigation (e.g. -BH for bone marrow, -LH for lymphocytes).

Some other specific coding conventions used for mammalian systems are as follows:
BF- for body fluids, HM- for host-mediated, --L for leukocytes or lymphocytes il1 vitro
(-AL, animais; -HL, humans), -L- for leukocytes in vivo (-LA, animaIs; -LH, humans),
-- T for transformed cells.

Note that these are ex amples of major conventions used to define the assay code
words. The alphabetized listing of codes must be examined to confirm a specific code
word. As might be expected from the limitation to three symbols, some codes do not fit
the naming conventions precisely. ln a few cases, test systems are defined by first-letter
code words, for example: MST, mouse spot test; SLP, mouse specific locus mutation,
postspermatogonia; SLO, mouse specific locus mutation, other stages; DLM, dominant
lethal mutation in mice; DLR, dominant lethal mutation in rats; MHT, mouse heritable
translocation.

The genetic activity profiles and listings were prepared in collaboration with
Environmental Health Research and Testing Inc. (EHRT) under contract to the United
States Environmental Protection Agency; EHRT also determin~d the doses used. The
references cited in each genetic activity profile listing can be found in the list of
references in the appropriate monograph.
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SUPPLEMENTARY CORRIGENDA TO VOLUMES 1-65

Volume 62

p. 218, footnote, replace (103.5 kPa) by (101.3 kPa)

Volume 64

p. 52, 3rd paragraph, replace in section 3.2 by in section 2.4(c)

p. 57, last paragraph, 2nd line, replace in section 1.2 and 3.2 by in section 1.2 and
2.4( c)

p. 86, last line, replace (1995) by (1 995a)

p. 100, Figure 15, title, replace HP-16 by HPV-16

p. 142:

2.4.1 Cervical cancer, 1 st paragraph, two last lines, replace Bosch et aL., 1992 by
Bosch & Muñoz, 1989 al1d add Muñoz et aL., 1994.

(a) title, replace CIN III by CIN I-III
p. 173, 2nd paragraph, last line, replace Muñoz et aL., 1994 by Muñoz et aL., 1992

p. 174, before last two lines, add heading (c) HPV al1tibodies il1 CIN and il1vasive
carCl10ma

p. 195, 2nd paragraph, last line, replace Muñoz et aL., 1994 by Muñoz et aL., 1995b;
6th paragraph, last line, add Muñoz et aL., 1995b

p. 342, Muñoz et aL., 1995 is 1995a. Also add Muñoz, N., Kato, L, Bosch, F.X.,
De Sanjosé, S., Sundquist, V.-A., lzarzugaza, L, Gonzalez, L.e., Tafur, L., Gili, M.,
Viladiu, P., Navarro, e., Moreo, P., Guerrero, E., Shah, K.V. & Wahren, B. (l995b)
Cervical cancer and herpes simplex virus type 2: case-control studies in Spain and
Colombia, with special reference to immunoglobulin-G sub-classes. 111t. J. Cal1cer, 60,
438-442

Volume 65

p. 348 should be p. 351

p. 351 should be p. 348

-485-
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CUMULA TIVE CROSS INDEX TO IARC MONOGRAPHS ON
THE EVALUATION OF CARCINOGENIC RISKS TOHUMANS

The volume, page and year of publication are given. References to corrigenda are
given in parentheses.

A

A -a-C
Acetaldehyde

40, 245 (1986); Suppl. 7, 56 (1987)
36, 101 (1985) (corr. 42, 263);
Suppl. 7, 77 (1987)

Acetaldehyde formylmethylhydrazone (see Gyromitrin)
Acetamide
Acetaminophen (see Paracetamol)
Acridine orange
AcrifIavinium chloride
Acrolein

7,197 (1974); Suppl. 7,389 (1987)

Acrylamide

16, 145 (1978); Suppl. 7,56 (1987)
13,31 (1977); Suppl. 7, 56 (1987)
19,479 (1979); 36, 133 (1985);
Suppl. 7, 78 (1987); 63, 337 (1995)

(corr, 65, 549)
39,41 (1986); Suppl, 7, 56 (1987);
60,389 (1994)

19,47 (1979); Suppl. 7,56 (1987)
/9,86 (1979); Suppl. 7,56 (1987)

19, 73 (1979); Suppl. 7, 79 (1987)
19,91 (1979); Suppl. 7, 56 (1987)

Acrylic acid
Acrylic fibres
Acrylonitrile
Acrylonitrile-butadiene-styrene copolymers
Actinolite (see Asbestos)
Actinomycins /0, 29 (1976) (corr. 42,255);

Suppl. 7, 80 (1987)
10, 43 (1976); Suppl. 7, 82 (1987)
3/,47 (1983); Suppl. 7,56 (1987)

/,145 (1972) (corr. 42,251);

/0,5 i (1976); Suppl. 7,83 (i 987);
56,245 (1993)

Adriamycin
AF-2
AfIatoxins

AfIatoxin Bi (see AfIatoxins)
AfIatoxin B~ (see AfIatoxins)

AfIatoxin Gi (see AfIatoxins)
AfIatoxin G~ (see AfIatoxins)

AfIatoxin Mi (see AfIatoxins)
Agaritine
Alcohol drinking
Aldicarb
Aldrin
Allyl chloride
Allyl isothiocyanate
Allyl isovalerate
Aluminium production

31, 63 (1983); Suppl. 7, 56 (1987)
44 (1988)
53,93 (1991)

5, 25 (1974); Suppl. 7, 88 (1987)
36, 39 (i 985); Suppl. 7, 56 (1987)
36,55 (1985); Suppl. 7, 56 (1987)
36,69 (i 985); Suppl. 7, 56 (1987)
34,37 (1984); Suppl. 7,89 (1987)
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488 IARC MONOGRAPHS VOLUME 66

A maranth

5 - Ami noacenaphthene
2- A mi noanthraquinone
pa ra-Aminoazobenzene
ort!io- Ami noazotol uene

R, 41 (1975); Sup/J/, 7, 56 (1987)
/6, 243 (1978); Suppl, 7, 56 (1987)
27, 191 (1982); Suppl. 7,56 (1987)
R, 53 (1975); Suppl, 7,390 (1987)
R, 61 (1975) (corr, 42, 254);
Suppl, 7,56 (1987)

/6, 249 ( 1978); Suppl, 7, 56 (1987)
/,74 (1972) (corr. 42,251);

Suppl. 7,91 (1987)

para-Aminobenzoic acid
4-Aminobiphenyl

2-Amino-3,4-dimethylimidazo(4,5-.fquinoline (see MeIQ)
2-Amino- 3,8-dimethy 1 i midazo( 4,5~f)quinoxal ine (see MelQx)
3-Amino-1 ,4-dimethyl-5H-pyridor4,3-b lindole (see Trp-P-I )
2-Aminodipyrido( 1 ,2-a:3',2' -d)imidazole (see Glu-P-2)
I-Amino-2-methylanthraquinone
2-Amino-3-methylimidazo(4,5~f)quinoline (see IQ)
2-Amino-6-methyldipyrido( 1 ,2-a:3',2'-d)imidazole (see Glu-P-I)
2-Amino- 1 -methyl-6-phenylimidazo( 4,5-17 )pyridine (see PhIP)
2-Amino-3-methyl-9H-pyridor2,J-b)indole (see MeA-a-C)
3-Amino-l-methyl-5H-pyrido( 4,3-17 )indole (see Trp-P-2)
2-Amino-5-(5-nitro-2-furyl )-1 ,3,4-thiadiazole
2- A mi no-4-nitrophenol
2 - Ami no- 5-ni tropheno 1

4- Ami no- 2-nitropheno 1

2- Ami no- 5- nitroIh iazole

2-Amino-9H-pyrido(2,3-b )indole (see A-a-C)
1 i -Aminoundecanoic acid
Amitrole

27, 199 ( 1982); Supp/. 7, 57 (1987)

7,143 (1974); Suppl, 7,57 (1987)
57,167 (1993)

57,177 (1993)

/6,43 (1978); Suppl, 7,57 (1987)

3/, 71 (1983); Suppl, 7,57 (1987)

39, 239 (1986); Suppl. 7, 57 (1987)
7, 31 (1974); 41, 293 (1986) (corr.
52, 513; Suppl. 7, 92 (1987)

Ammonium potassium selenide (see Selenium and selenium compounds)
Amorphous silica (see a/so Silica)
Amosite (see Asbestos)
Ampicillin
Anabolic steroids (see Androgenic (anabolic) steroids)
Anaesthetics, volatile
Analgesic mixtures containing phenacetin (see also Phenacetin)
Androgenic (anabolic) steroids
Angelicin and some synthetic derivatives (see also Angelicins)
Angelicin plus ultraviolet radiation (see also Angelicin and some

synthetic derivatives)

Angelicins
Aniline

42, 39 (1987); Suppl. 7, 341 (1987)

50, 153 (1990)

/ /,285 (1976); Suppl. 7,93 (1987)
Suppl, 7, 310 (1987)
Suppl. 7, 96 (1987)
40,291 (1986)

Suppl. 7, 57 (1987)

ort!io-Anisidine
para-Anisidine
Anthanthrene
Anthophyllite (see Asbestos)
Anthracene
Anthranilic acid

Antimony trioxide
Antimony trisulfide
ANTU (see I-Naphthylthiourea)
Apholate
Aramite'"

Areca nut (see Betel quid)
Arsanilic acid (see Arsenic. and arsenic compounds)

Suppl. 7,57 (1987)

4,27 (1974) (corr, 42,252);
27, 39 (1982); Suppl. 7, 99 (1987)
27, 63 (1982); Suppl. 7, 57 (1987)
27, 65 (1982); Suppl. 7, 57 (1987)
32,95 (1983); Suppl. 7,57 (1987)

32, 105 (1983); Suppl, 7,57 (1987)
16,265 (1978); Suppl. 7,57 (1987)
47,291 (1989)

47, 291 (1989)

9,31 (1975);Suppl, 7,57(1987)
5, 39 (1974); Suppl. 7, 57 (1987)
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CUMULATIVE rNDEX

Arsenic and arsenic compounds

Arsenic pentoxide (see Arsenic and arsenic compounds)
Arsenic sulfide (see Arsenic and arsenic compounds)
Arsenic trioxide (see Arsenic and arsenic compounds)
Arsine (see Arsenic and arsenic compounds)
Asbestos

Atrazine
Attapulgite
Auramine (technical-grade)

Auramine. manufacture of (see also Auramine, technical-grade)
Aurothioglucose
Azacitidine

5-Azacytidine (see Azacitidine)
Azaserine

Azathioprine
Aziridine
2-( 1 -Aziridinyl)ethanol
Aziridyl benzoquinone
Azobenzene

B

Barium chromate (see Chromium and chromium compounds)
Basic chromic sulfate (see Chromium and chromium compounds)
BCNU (see Bischloroethyl nitrosourea)
Benzr a lacridine

Benzl c lacridi ne

Benzal chloride (see also a-Chlorinated toluenes)
Benzl a Janthracene

Benzene

Benzidine

Benzidine-based dyes
Benzol hl tl uoranthene

Benzoliltl uoranthene

Benzol k Itluoranthene

Benzolghi Jtl uoranthene
Benzol a J tl uorene

Benzol hl tl uorene
Benzol c jtluorene

Benzofuran
Benzolgliilpery lene

Benzol c Iphenanthrene

489

1,41 (1972); 2, 48 (1973);
23, 39 ( 1980); Suppl, 7, 100 ( 1987)

2,17 (1973) (corI', 42, 252);
14 (1977) (corI'. 42, 256); Suppl, 7,
106 (1987) (corI', 45, 283)
53,441 (1991)

42,159 (1987); Suppl, 7, 117 (1987)
l, 69 (1972) (corr. 42, 251);
Suppl. 7,118 (1987)

Suppl, 7, 118(1987)
13, 39 ( 1977); Suppl, 7, 57 (1987)
26, 37 (1981); Suppl. 7,57 (1987);
50,47 (1990)

10,73 (1976) (COlT 42,255);

Suppl, 7, 57 ( 1987)
26,47 (1981); Suppl, 7, 119 (1987)
9,37 (1975); Suppl. 7,58 (1987)

9,47 (1975); Suppl, 7,58 (\987)
9, 5\ (1975); Suppl. 7,58 (1987)
8, 75 (1975); Suppl. 7,58 (1987)

32, 123 (1983); Suppl. 7,58 (1987)
3,241 (1973);32,129(1983);

Suppl. 7, 58 ( \987 )
29,65 (1982); Suppl, 7, 148 (1987)
3,45(1973);32,135(1983);
Suppl, 7, 58 ( \987)
7,203 (1974) (corI', 42,254); 29,
93, 391 (1982); Suppl, 7, 120 ( 1987)

1,80 (1972); 29, 149,391 (1982);

Siippl. 7, i 23 (1987)
Suppl, 7, 125 (1987)

3,69(\973);32,147(1983);
Suppl, 7, 58 ( 1987)
3,82(1973);32,155(1983);
Suppl, 7, 58 (1987)
32, 163 (1983); Suppl. 7,58 (1987)
32,171 (1983); Suppl. 7,58 (1987)
32, 177 (1983); Suppl, 7,58 (1987)
32,183 (1983); Siippl, 7,58 (1987)
32, 189 ( 1983); Siippl, 7, 58 ( 1987)
63, 43 1 (1995)
32,195 (1983);Suppl. 7,58(1987)
32, 205 ( 1983); Siippl. 7, 58 ( 1987)
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Benzo(a)pyrene

Benzo( e )pyrene

para-Benzoquinone dioxime

Benzotrichloride (see also a-Chlorinated toluenes)
Benzoyl chloride

Benzoyl peroxide
Benzyl acetate
Benzyl chloride (see also a-Chlorinated toluenes)

Benzyl violet 4B
Bertrandite (see Beryllium and beryllium compounds)
Beryllium and beryllium compounds

Beryllium acetate (see Beryllium and beryllium compounds)
Beryllium acetate, basic (see Beryllium and beryllium compounds)
Beryllium-aluminium alloy (see Beryllium and beryllium compounds)
Beryllium carbonate (see Beryllium and beryllium compounds)
Beryllium chloride (see Beryllium and beryllium compounds)
Beryllium-copper alloy (see Beryllium and beryllium compounds)
Beryllium-copper-cobalt alloy (see Beryllium and beryllium compounds)
Beryllium fluoride (see Beryllium and beryllium compounds)
Beryllium hydroxide (see Beryllium and beryllium compounds)
Beryllium-nickel alloy (see Beryllium and beryllium compounds)
Beryllium oxide (see Beryllium and beryllium compounds)
Beryllium phosphate (see Beryllium and beryllium compounds)
Beryllium silicate (see Beryllium and beryllium compounds)
Beryllium sulfate (see Beryllium and beryllium compounds)
Beryl ore (see Beryllium and beryllium compounds)
Betel quid
Betel-quid chewing (see Betel quid)
BHA (see Butylated hydroxyanisole)
BHT (see Butylated hydroxytoluene)
Bis( 1 -aziridiny\)morpholinophosphine sulfide
B is(2-chloroethy \)ether

N, N - B is(2-chl oroeth yl)- 2- naphth y 1 am i ne

Bischloroethyl nitrosourea (see also Chloroethyl nitrosoureas)
1,2-Bis(chloromethoxy)ethane
1,4-Bis(chloromethoxymethyl)benzene
B is( chloromethyl )ether

3,91 (1973); 32,211 (1983);

Suppl. 7, 58 ( 1987)
3,137 (1973); 32,225 (1983);
Suppl. 7, 58 (1987)
29, 185 (1982); Suppl. 7,58 (1987)
29, 73 (1982); Suppl. 7, 148 (1987)
29,83 (1982) (corr, 42,261);
Suppl, 7, 126 (1987)

36, 267 (1985); Suppl. 7, 58 (1987)
40, 109 (1986); Suppl. 7,58 (1987)
11, 217 (1976) (corr. 42,256); 29,
49 (1982); Suppl. 7, 148 (1987)

16, 153 (1978); Suppl. 7,58 (1987)

1,17 (1972); 23,143 (1980)

(corr, 42,260); Suppl. 7, 127

(1987); 58, 41 (1993)

37, 141 (1985); Suppl, 7, 128 (1987)

9, 55 (1975); Suppl. 7, 58 (1987)
9, 1 17 (1975); Suppl. 7,58 (1987)
4, 119 (1974) (corr, 42,253);
Suppl. 7, 130 (1987)

26, 79 ( 1 981); Suppl. 7, 150 (1987)
15, 31 (1977); Suppl. 7, 58 (1987)
15,37 (1977); Suppl. 7,58 (1987)
4,231 (1974) (corr 42,253);
Suppl. 7, 131 (1987)

41, 149 (1986); Suppl. 7,59 (1987)
47,231(1989)

Bis(2-chloro- 1 -methylethyl)ether
B is(2,3 -epo x ycyc 1 open ty 1 )ether

Bisphenol A diglycidyl ether (see Glycidyl ethers)
Bisulfites (see Sulfur dioxide and sorne sulfites, bisulfites and metabisulfites)Bitumens 35,39 (1985); Suppl. 7, 133 (1987)Bleomycins 26,97 (1981); Suppl, 7, 134 (1987)Blue VRS 16, 163 (1978); Suppl. 7,59 (1987)
Boot and shoe manufacture and repair 25, 249 (1981); Suppl, 7, 232 (1987)Bracken fern 40, 47 (1986); Suppl. 7, 135 (1987)
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CUMULATIVE INDEX

Brilliant Blue FCF, disodium salt

Bromochloroacetonitrile (see Halogenated acetonitriles)
Bromodichloromethane
Bromoethane
Bromoform
L ,3-Butadiene

1 ,4-Butanediol dimethanesulfonate
n-Butyl acrylate
Butylated hydroxyanisole
Butylated hydroxytoluene
But yI benzyl phthalate

ß-Butyrolactone
y-Butyrolactone

c

Cabinet-making (see Furniture and cabinet-making)
Cadmium acetate (see Cadmium and cadmium compounds)
Cadmium and cadmium compounds

Cadmium chloride (see Cadmium and cadmium compounds)
Cadmium oxide (see Cadmium and cadmium compounds)
Cadmium sulfate (see Cadmium and cadmium compounds)
Cadmium sulfide (see Cadmium and cadmium compounds)
Catfeic acid

Catteine
Calcium arsenate (see Arsenic and arsenic compounds)
Calcium chromate (see Chromium and chromium compounds)
Calcium cyclamate (see Cyclamates)
Calcium saccharin (see Saccharin)
Cantharidin
Caprolactam

Captafol
Captan
Carbary 1

Carbazole
3-Carbethox ypsoralen
Carbon black

Carbon tetrachloride

Carmoisine
Carpentry and joinery
Carrageenan

Catechol
CCNU (see 1-(2-Chloroethyl)-3-cyclohexyl- 1 -nitrosourea)
Ceramic fibres (see Man-made mineraI fibres)
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16,171 (1978) (corr, 42, 257);
Suppl, 7, 59 (1987)

52,179 (1991)

52,299 (1991)

52,213 (1991)

39,155 (1986)(corr, 42, 264
Suppl. 7, 136 (1987); 54, 237 (1992)
4,247 (1974); Suppl. 7, 137 (1987)

39,67 (1986); Suppl. 7, 59 (1987)
40, 123 (1986); Suppl. 7, 59 (1987)
40, 161 (1986); Suppl. 7, 59 (1987)
29,193 (1982) (corr. 42,261);
Suppl, 7,59 (i 987)
11, 225 (1976); Suppl. 7, 59 (1987)
1 1,231 (1976); Suppl. 7, 59 (1987)

2,74 (1973); 1 1,39 (1976)

(corr. 42, 255); Suppl, 7, 139

(1987); 58,119 (1993)

56,115 (1993)

51,291 (1991)

10,79 (1976); Suppl. 7,59 (1987)
19, 115 (1979) (corr, 42, 258);
39,247 (1986) (corr. 42,264);
Suppl, 7,390 (1987)
53,353 (1991)

30, 295 (1983); Suppl. 7, 59 (1987)
12,37 (1976); Suppl, 7,59 (1987)
32, 239 (1983); Suppl. 7, 59 ( 1987)
40, 317 (1986); Suppl. 7, 59 (1987)
3,22 (1973); 33,35 (1984);

Suppl. 7, 142 (1987); 65,149 (1996)
l,53 (1972); 20,371 (1979);

Suppl. 7, 143 (1987)

8, 83 (1975); Suppl. 7, 59 (1987)
25, 139 (1981); Suppl. 7,378 (1987)
10,181 (1976) (corr, 42,255); 31,
79 (1983); Suppl, 7,59 (1987)
15, 155 (1977); Suppl. 7,59 (1987)
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Chemoiherapy, eombined, including alkylaiing agenls (sel' MOPP and
other combined ehemoiherapy including alkylaiing agenis)

Chloral
Chloral hydraie

Chlorambueil

Chloramphenicol

Chlordane (sa also Chlordane/Heptachlor)
Chlordane/Hepiaehlor
Chlordeeone
Chlordimeform
Chlorendic acid
Chlorinaied dibenzodioxins (other ihan TCDD)
Chlorinaied drinking-waier

Chlorinated paraffins
(X-Chlorinaled toluenes
Chlorinadinone aeelale (sel' also Progestins; Coinbined oral

eontracepti ves)
Chlornaphazine (sel' N,N-Bis(2-chloroethyl )-2-naphihylainine)
Chloroaceionitrile (.lel' Halogenated aceionitriles)
pam-Chloroaniline
Chlorobenzilate

Ch lorod i broinoinethane
Chlorodi fl uoro inethane

Chloroethane
1-(2-Chloroeihyl )-3-cyclohexyl-l-nitrosourea (sec also Chloroethyl

nitrosoiireas)
1-(2-Chloroeihyl )-3-( 4-inethylcyclohexyl)-I-nitrosourea (.lel' also

Chloroethyl nitrosoureas)
Chloroethyl niirosoureas
Chiorotliioromeihane
Ch lorotorm

Chloroinethyl methyl ether (technical-grade) (.lel' also
Bis(chloromethyl )ether)

(4-Chloro-2-methylphenoxy)aceiie acid (.lel' MCP A)
I-Chloro-2-methylpropene
3-Chloro- 2- meihy 1 propene
2-Chloronitrobenzene
3-Chloroniirobenzene
4-Chloronitrobenzcne
Chlorophenols
Chlorophenols (occupaiional exposures 10)

Chlorophenoxy herbicides
Chlorophenoxy herbicides (occupaiional exposun:s to)
4-Ch 1 oro-o rt!io- phen yI ened i am i ne

4-Chloro-meta-phen y lenediam i ne
Chloroprene
Chloropropham
Chloroquine
Chlorothalonil

63,245 (1995)

63,245 (1995)

9.125(1975);26,115(1981);
Siippl. 7, 144 (1987)

~°, 85 (1976); Siippl, 7, 145 (1987);
50,169(1990)
20,45 (1979) (corr, 42,258)
Siippl. 7, 146 (1987); 53, 115 (1991)
20,67 (1979); Siippl. 7,59 (1987)
30,61 (1983); Suppl, 7,59 (1987)
48,45 (1990)

/5,41 (1977);Suppl. 7,59(1987)

52.45(1991)
48, 55 (i 990)
SlIppl, 7, 148 (1987)
6,149 (1974); 21, 365 (1979)

57,305 (1993)

5,75 (1974); 30, 73 (1983);
Suppl. 7, 60 ( 1987)
52,243 (1991)

41,237 (1986) (co 1-,, 51,483);
Suppl. 7, 149 (1987)
52,315 (1991)

26, 137 (1981) (corr. 42,260);

Suppl. 7, i 50 (1987)
Suppl, 7, 150 (1987)

Suppl. 7, 150 (1987)

41, 229 (1986); Suppl. 7,60 (1987)
1,61 (1972);20,401 (1979)

Suppl, 7, 152 (1987) ,

4, 239 (1974); Suppl. 7, 131 (1987)

63,315 (1995)

63,325 (1995)

65,263 (1996)

65,263 (1996)

65,263 (1996)

Suppl. 7, 154 ( 1987)

41, 3 19 ( 1(86)
Suppl, 7, 156 ( 1987)

41,357 (1986)

27,81 (1982);SlIPPI, 7,60(1987)
27, 82 (1982); SU/Jpl. 7,60 (1987)
19,131 (1979);Suppl, 7, 160(1987)
/2,55 (1976);SlIPPI. 7,60(1987)
13. 47 (1977); SlIppl, 7.60(1987)
JO, 319 (1983); Siippl. 7,60 (1987)
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CUMULATIVE INDEX

para-Chloro-ortho-toluidine and its strong acid salts
(see also Chlordimeform)

Chlorotrianisene (see also Nonsteroidal oestrogens)
2-Chloro-l, 1, l-trifIuoroethane
Chlorozotocin
Cholesterol

Chromic acetate (see Chromium and chromium compounds)
Chromic chloride (see Chromium and chromium compounds)
Chromic oxide (see Chromium and chromium compounds)
Chromic phosphate (see Chromium and chromium compounds)
Chromite ore (see Chromium and chromium compounds)
Chromium and chromium compounds

Chromium carbonyl (see Chromium and chromium compounds)
Chromium potassium sulfate (see Chromium and chromium compounds)
Chromium sulfate (see Chromium and chromium compounds)
Chromium trioxide (see Chromium and chromium compounds)
Chrysazin (see Dantron)
Chrysene

Chrysoidine
Chrysotile (see Asbestos)
CI Acid Orange 3

CI Acid Red 114

CI Basic Red 9
Ciclosporin
CI Direct Blue 15

CI Disperse Yellow 3 (see Disperse Yellow 3)
Cimetidine
Cinnamyl anthranilate

CI Pigment Red 3

CI Pigment Red 53: 1 (see D&C Red No. 9)
Cisplatin
Citrinin
Citrus Red No, 2

Clofibrate

Clomiphene citrate
Clonorchis sinensis (infection with)
Coal gasification
Coal-tar pitches (see also Coal-tars)

Coal-tars
Cobalt(II) acetate (see Cobalt and cobalt compounds)
Cobalt-aluminium-chromium spinel (see Cobalt and cobalt compounds)
Cobalt and cobalt compounds
Cobalt(II) chloride (see Cobalt and cobalt compounds)
Cobalt-chromium alloy (see Chromium and chromium compounds)
Cobalt-chromium-molybdeÍ1Um alloys (see Cobalt and cobalt compounds)
Cobalt metal powder (see Cobalt and cobalt compounds)
Cobalt naphthenate (see Cobalt and cobalt compounds)
Cobalt(II) oxide (see Cobalt and cobalt compounds)
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16,277 (1978); 30, 65 (1983);
Suppl. 7,60 (1987); 48, 123 (1990)

21,139 (1979)

41, 253 (1986); Suppl. 7, 60 (1987)

50, 65 ( 1990)
10,99 (1976); 31, 95 (1983);
Suppl. 7, 161 (1987)

2,100 (1973); 23, 205 (1980);
Suppl. 7, 165 (1987); 49,49 (1990)

(corr, 51,483)

3,159 (1973); 32, 247 (1983);
Suppl. 7, 60 (1987)
8,91 (1975); Suppl. 7, 169 (1987)

57,121 (1993)

57,247 (1993)

57,215 (1993)

50, 77 ( 1990)
57,235 (1993)

50, 235 (1990)
16,287 (1978); 31,133 (1983);
Suppl. 7, 60 (1987)
57,259 (1993)

26, 151 (1981); Suppl. 7, 170 (1987)

40,67 (1986); Suppl. 7,60 (1987)

8,101 (1975) (corr, 42,254)
Suppl. 7, 60 (1987)
24,39 (1980); Suppl. 7, in (1987);

66,391 (1996)

21, 551 (1979); Suppl. 7, 172 (1987)

61, 121 (1994)

34, 65 (1984); Suppl. 7, 173 (1987)

35, 83 (1985); Suppl. 7, 174 (1987)

35, 83 (1985); Suppl. 7, 175 (1987)

52, 363 (\ 99 1 )
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Cobalt(II,I1J oxide (see Cobalt and cobalt compounds)
Cobalt(IIJ sulfide (see Cobalt and cobalt compounds)
Coffee
Coke production
Combined oral contraceptives (see also Oestrogens, progestins

and combinations)
Conjugated oestrogens (see also Steroidal oestrogens)
Contraceptives, oral (see Combined oral contraceptives;

Sequential oral contracêpti ves)
Copper 8-hydroxyquinoline
CorQnene
Coumarin
Creosotes (see also Coal-tars)
meta-Cresidine
para-Cresidine
Crocidolite (see Asbestos)
Crotonaldehyde
Cru de oil
Crystal line silica (see also Silica)
Cycasin

51,41 (1991) (corr, 52,513)
34,101 (1984); Suppl, 7, 176 (1987)
Suppl. 7, 297 (1987)

21,147 (1979)

15, 103 (1977); Suppl. 7,61 (1987)
32, 263 (1983); Suppl. 7, 61 (1987)
10,113 (1976); Suppl, 7,61 (1987)
35,83 (1985); Suppl. 7, 177 (1987)
27, 91 (1982); Suppl. 7,61 (1987)
27,92 (1982); Suppl, 7,61 (1987)

Cyclamates
Cyclamic acid (see Cyclamates)
Cyclochlorotine
Cyclohexanone
Cyclohexylamine (see Cyclamates)
Cyclopenta(cdJpyrene
Cyclopropane (see Anaesthetics, volatile)
Cyclophosphamide

63,373 (1995) (corr, 65, 549)
45, 119 (1989)

42,39 (1987); Suppl. 7,341 (1987)
1, 157 (1972) (corr, 42,251); 10,
l2/ (1976); Suppl, 7,61 (1987)

22, 55 (1980); Suppl, 7, 178 (1987)

10,139 (1976); Suppl. 7,61 (1987)
47, 157 (1989)

32, 269 (1983); Suppl, 7,61 (1987)

9,135 (1975); 26,165 (1981);
Suppl, 7, 182 (1987)

D

2,4-D (see also Chlorophenoxy herbicides; Chlorophenoxy
herbicides, occupational exposures to)

Dacarbazine
Dantron
D&C Red No. 9

/5, il 1 (1977)

Dapsone
Daunomycin
DDD (see DDT)
DDE (see DDT)
DDT

26, 203 (1981); Suppl. 7, 184 ( 1987)

50,265 (1990) (corI', 59, 257)
8,107 (1975); Suppl, 7,61 (1987);
57,203 (1993)

24,59 (1980); Suppl. 7, 185 (1987)
10,145 (1976); Suppl. 7,61 (1987)

Decabromodiphenyl oxide
Deltamethrin
Deoxynivalenol (see Toxins derived from Fusariuii graiiineantll,

F, culmorum and F. crookwellense)
Diacety lam i noazotol uene

N,N' -Diacetylbenzidine
Diallate

5,83 (1974) (corr 42,253);
Suppl, 7, 186(1987);53, 179(1991)
48, 73 (1990)

53,251 (1991)

2,4-Diaminoanisole

8, 113 (1975); Suppl. 7, 61( 1987)
/6,293 (1978); Suppl, 7,61 (1987)

/2,69 (1976); 30, 235 (1983);

Suppl, 7,61 (1987)
/6,51 (1978);27, 103(1982);

Suppl. 7,61 (1987)
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CUMULA TIVE INDEX

4,4'-Diaminodiphenyl ether

1,2-Diamino-4-nitrobenzene
1,4-Diamino-2-nitrobenzene

2,6-Diamino-3-(phenylazo)pyridine (see Phenazopyridine hydrochloride)
2,4-Diaminotoluene (see a/so Toluene diisocyanates)
2,5-Diaminotoluene (see a/so Toluene diisocyanates)
ortho-Dianisidine (see 3,3' -Dimethoxybenzidine)
Diazepam

Diazomethane
Dibenz(a,h)acridine

Dibenz( a,j)acridine

Dibenz(a, c)anthracene

Dibenz(a,h )anthracene

Dibenz( a,j)anthracene

7 H-Dibenzo(c,g )carbazole

Dibenzodioxins, chlorinated (other than TCDD)
(see Chlorinated dibenzodioxins (other th an TCDD))

Di benzol a, e) fi uoranthene

Di benzol h,rst)pentaphene
Di benzol a, e )pyrene

Dibenzo(a,h )pyrene

Dibenzo(a,i)pyrene

Dibenzo(a,/)pyrene

Dibromoacetonitrile (see Halogenated acetonitriles)

L ,2-Dibromo-3-chloropropane

Dichloroacetic acid

Dichloroacetonitrile (see Halogenated acetonitriles)
Dichloroacetylene
ortho-Dichlorobenzene

para-Dichlorobenzene

3,3' -Dichlorobenzidine

trans- 1 ,4-Dichlorobutene
3,3' -Dichloro-4,4' -diaminodiphenyl ether
L ,2-Dichloroethane
Dichloromethane

2,4-Dichlorophenol (see Chlorophenols; Chlorophenols,
occupational exposures to)

(2,4-Dichlorophenoxy)acetic acid (see 2,4-D)
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/6,301 (1978); 29, 203 (1982);

Suppl. 7, 61 (1987)
/6,63 (1978); Suppl. 7,61 (1987)

/6, 73 ( 1978); Supp/. 7, 61 (1987);
57, 185 (1993)

/6,83 (1978); Suppl. 7,61 (1987)

/6,97 (1978); Supp/. 7,61 (1987)

/3,57 (1977); Suppl. 7, 189 (1987);

66, 37 (1996)
7,223 (1974); Suppl. 7,61 (1987)
3,247 (1973); 32, 277 (1983);
Suppl. 7, 61 (1987)
3,254 (1973); 32,283 (1983);
Suppl. 7, 61 (1987)
32,289 (1983) (corr, 42,262);
Suppl. 7, 61 (1987)
~, 178 (1973) (corr, 43,261);
32,299 (1983); Suppl. 7,61 (1987)
32, 309 (1983); Suppl. 7, 61 (1987)
3,260 (1973); 32,315 (1983);
Suppl. 7, 61 (1987)

32,321 (1983); Suppl. 7,61 (1987)
3, 197 (1973); Suppl. 7, 62 (1987)
3,201 (1973); 32, 327 (1983);
Suppl. 7,62 (1987)

3,207 (1973); 32,331 (1983);
Suppl. 7, 62 (1987)
3,215 (1973); 32, 337 (1983);
Suppl. 7, 62 (1987)
3, 224 (1973); 32, 343 (1983);
Suppl. 7, 62 (1987)

/5, 139 (1977); 20, 83 (1979);

Supp/. 7, 191 (1987)

63,271 (1995)

39, 369 (1986); Suppl. 7, 62 (1987)
7,231 (1974); 29,2 I3 (1982);
Suppl. 7, 192 (1987)

7,231 (1974); 29, 215 (1982);
Suppl. 7, 192 (1987)

4,49 (1974); 29, 239 (1982);

Suppl. 7, 193 (1987)

/5, 149 (1977); Suppl. 7, 62 (1987)

/6, 309 (1978); Suppl. 7, 62 (1987)
20, 429 (1979); Suppl. 7, 62 (1987)
20,449 (1979); 4/,43 (1986);
Suppl. 7, 194 (1987)
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2,6-Dichloro-para-phenylenediarnine
1,2-Dichloropropane
\ ,3-Dichloropropene (technical-grade)
Dichlorvos

Dicofol
Dicyclohexylarnine (see Cyclamates)
Dieldrin
Dienoestrol (see also Nonsteroidal oestrogens)
Diepox ybutane

Diesel and gasoline engine exhausts
Diesel fuels
Diethyl ether (see Anaesthetics, volatile)
Di(2-ethy Ihexy 1 )adipate

Di(2-eth ylhex yi )phthalate

L ,2-Diethylhydrazine
Diethylstilboestrol

Diethylstilboestrol dipropionate (see Diethylstilboestrol)
Diethyl sulfate

Diglycidyl resorcinol ether

Dihydrosafrole

1 ,8-Dihydroxyanthraquinone (see Dantron)
Dihydroxybenzenes (see Catechol; Hydroquinone; Resorcinol)
Dih y dro x ymeth y 1 furatrizi ne

Diisopropyl sulfate
Dimethisterone (see also Progestins; Sequential oral contraceptives
Dimethoxane
3,3' -Dirnethoxybenzidine
3,3' -Dimethoxybenzidine-4,4' -diisocyanate
para-Dimethylarninoazobenzene
para-Dirnethylaminoazobenzenediazo sodium sulfonate
trans- 2-( (Dimethy larnino )methy 1 irnino)- 5-(2-( 5- nitro- 2-furyl)-

vinyl)- 1 ,3,4-oxadiazole
4,4'-Dirnethylangelicin plus ultraviolet radiation (see also

Angelicin and sorne synthetic derivatives)
4,5'-Dirnethylangelicin plus ultraviolet radiation (see also

Angelicin and sorne synthetic derivatives)
2,6-Dimethylaniline
N,N-Dirnethylaniline
Dirnethylarsinic acid (see Arsenic and arsenic cornpounds)
3,3' -Dimethylbenzidine
Dirnethylcarbamoyl chloride
Dirnethylforrnamide
1,1 -Dirnethylhydrazine
\ ,2-Dimethylhydrazine

Dirnethyl hydrogen phosphite
\ ,4-Dimethylphenanthrene
Dirnethyl sulfate

39, 325 (\986); Suppl. 7,62 (1987)
41, \3\ (\ 986); Suppl. 7,62 (1987)
41,1\3 (\986); Suppl. 7, 195 (1987)

20, 97 (\979); Suppl. 7, 62 (1987);
53,267 (\99\)
30, 87 (\ 983); Suppl. 7, 62 (1987)

5, \25 (\974); Suppl. 7, \96 (1987)
21, 161 (\ 979)
Il, 1\5 (\976) (corr. 42, 255);

Suppl, 7, 62 (\987)
46,4\ (\989)

45,219 (\ 989) (corr. 47,505)

29, 257 (\ 982); Suppl. 7,62 (1987)
29, 269 (\ 982) (corr, 42, 26\);
Suppl. 7, 62 (\ 987)
4, 153 (\974);Suppl. 7,62(\987)
6,55 (1974); 21, 173 (\979)
(corr. 42, 259); Suppl. 7, 273 (1987)

4,277 (1974); Suppl. 7, \98 (1987);
54,2\3 (1992)

ll, 125 (\976); 36,18\ (1985);

Suppl. 7, 62 (\ 987)
l, 170 (1972); JO, 233 (\ 976)

Suppl. 7, 62 (\987)

24, 77 (1980); Suppl. 7,62 (\ 987)
54, 229 (\ 992)
6, \67 (\974); 21,377 (\979))
15, \77 (1977); Suppl. 7,62 (1987)
4,41 (l974);Suppl. 7, \98(1987)
39, 279 (\986); Suppl. 7, 62 (\987)
8, 125 (1975); Suppl. 7,62 (1987)
8, 147 (1975); Suppl. 7,62 (1987)
7, \47 (1974) (corr. 42,253);
Suppl. 7, 62 (1987)
Suppl, 7, 57 (\987)

Suppl. 7, 57 (1987)

57,323 (\993)
57,337 (1993)

l, 87 (1972); Suppl. 7, 62 (1987)
12, 77 (1976); Suppl. 7, 199 (1987)
47, 171 (1989)

4, 137 (1974); Suppl. 7,62 (1987)
4, 145 (\974) (corr. 42,253);

Suppl. 7, 62 (\987)
48, 85 (1990)

32, 349 (\ 98,3); Suppl. 7, 62 (\ 987)
4,271 (1974); Suppl. 7,200 (\987)
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3,7 -Dinitrofluoranthene
3,9- Dinitrofluoranthene
L ,3-Dinitropyrene
1,6-Dinitropyrene
1,8-Dinitropyrene

Di ni trosopentameth y lenetetramine

2,4-Dinitrotoluene
2,6-Dinitrotoluene
3,5-Dinitrotoluene
1,4-Dioxane
2,4' -Dipheriyldiamine
Direct Black 38 (see also Benzidine-based dyes)
Direct Blue 6 (see also Benzidine-based dyes)
Direct Brown 95 (see also Benzidine-based dyes)
Disperse Blue 1

Disperse Yellow 3

Disulfiram
Dithranol
Divinyl ether (see Anaesthttics, volatile)
Doxefazepam
Droloxifene
Dry cleaning
DuIcin

E

Endrin
Enflurane (see Anaesthetics, volatile)
Eosin
Epichlorohydrin

1,2-Epoxybutane
I-Epoxyethyl-3,4-epoxycyclohexane (see 4- VinyIcyclohexene diepoxide)
3,4-Epoxy-6- meth yIcyclohex y Imethy 1- 3 ,4-epox y-6-methy 1-

cyclohexane carboxylate
cis-9, 1 O-Epoxystearic acid
Erionite
Estazolam
Ethinyloestradiol (see also Steroidal oestrogens)
Ethionamide
Ethyl acrylate

Ethylene

Ethylene dibromide
Ethylene oxide

Ethylene sulfide
Ethylene thiourea
2-Ethylhexyl acrylate
Ethyl methanesulfonate
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46, 189 (1989); 65, 297 (1996)
46, 195 (1989); 65, 297 (1996)
46,201 (1989)

46,215 (1989)

33, 171 (1984); Suppl. 7, 63 (1987);
46, 23 1 (1989)
IL, 241 (1976); Suppl. 7, 63 (1987)
65,309 (1996) (corr, 66,485)
65, 309 (1996) (corr, 66, 485)
65,309 (1996)

ll, 247 (1976); Suppl. 7,201 (1987)

16,313 (1978); Suppl. 7,63 (1987)
29,295 (1982) (corr. 42,261)
29, 311 (1982)
29, 321 (1982)
48, 139 (1990)

8, 97 (1975); Suppl. 7, 60 (1987);
48,149 (1990)

12, 85 (1976); Suppl. 7, 63 (1987)
13,75 (1977); Suppl. 7,63 (1987)

66, 97 (1996)
66,241 (1996)

63, 33 (1995)

12,97 (1976); Suppl. 7,63 (1987)

5,157 (\974); Suppl. 7,63 (\987)

15, 183 (\ 977); Suppl. 7, 63 (1987)
ll, 131 (\ 976) (corr, 42,256);

Suppl, 7, 202 (1987)
47,217 (1989)

ll, 147 (1976); Suppl. 7,63 (\987)

IL, 153 (1976); Suppl. 7, 63 (1987)
42,225 (1987); Suppl. 7,203 (1987)
66, 105 (1996)

6,77 (1974); 21, 233 (1979)

13, 83 (1977); Suppl. 7, 63 (1987)
19, 57 (1979); 39, 81 (1986);
Suppl. 7, 63 (1987)
19, 157 (1979); Suppl. 7,63 (1987);
60,45 (1994)

15,195 (1977); Suppl. 7,204 (1987)
ll, 157 (\976); 36,189 (1985)

(corr, 42, 263); Suppl. 7,205
(1987); 60, 73 (1994)
11, 257 (\ 976); Suppl. 7, 63 (1987)
7,45 (1974); Suppl. 7, 207 (\ 987)
60,475 (1994)

7, 245 (1974); Suppl. 7, 63 (1987)
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N-Eth yI -N-nitrosourea

Ethyl selenac (see also Selenium and selenium compounds)
Ethyl tellurac
Ethynodiol diacetate (see also Progestins; Combined oral

contracepti ves)
Eugenol
Evans blue

1, 135 (1972); /7,191 (1978);
Suppl. 7, 63 (1987)
/2, 107 (1976); Suppl. 7,63 (1987)

/2, 115 (1976); Suppl. 7,63 (1987)

6,173 (1974); 21, 387 (1979)

36, 75 (1985); Suppl. 7,63 (1987)
8, 151 (1975); Suppl. 7,63 (\ 987)

F

Fast Green FCF
Fenvalerate
Ferbam

16, 187 (1978); Suppl. 7, 63 (1987)
53,309 (1991)

12, 121 (\976) (corr, 42,256);
Suppl. 7, 63 (1987)
1,29 (1972); Suppl. 7,216 (1987)Ferric oxide

Ferrochromium (see Chromium and chromium compounds)
Fluometuron
Fluoranthene
Fluorene
Fluorescent lighting (exposure to) (see Ultraviolet radiation)
Fluorides (inorganic, used in drinking-water)
5-Fluorouracil
Fluorspar (see Fluorides)
Fluosilicic acid (see Fluorides)
Fluroxene (see Anaesthetics, volatile)
Formaldehyde

30, 245 (1983); Suppl. 7, 63 (1987)
32,355 (1983); Suppl. 7,63 (1987)
32, 365 (\ 983); Suppl. 7,63 (1987)

27, 237 (1982); Suppl. 7, 208 (1987)
26,217 (\ 981); Suppl. 7,210 (1987)

2-(2- Formy Ihydrazino )-4-( 5-ni tro- 2- furyl )thiazole

29,345 (\ 982); Suppl. 7,211 (1987);
62,217 (\995) (corr, 65,549;
corr. 66,485)
7,151 (1974) (corr. 42,253);
Suppl. 7, 63 (1987)

Frusemide (see Furosemide)
Fuel oils (heating oils)
Fumonisin Bi (see Toxins derived from Fusarium moniliforme)
Fumonisin B2 (see Toxins derived from Fusarium moniliforme)
Furan
Furazolidone
Furfural
Furniture and cabinet-making
Furosemide
2-(2-Furyl)-3-(5-nitro-2-fury\)acrylamide (see AF-2)
Fusanmon-X (see Toxins derived from Fusarium graminearum,

F. culmorum and F. crookwellense)
Fusarenone-X (see Toxins derived from Fusarium graminearum,

F. culmorum and F. crookwellense)
Fusarin C (see Toxins derived from Fusarium moniliforme)

45,239 (1989) (corr. 47,505)

63, 393 (\ 995)
31, 141 (1983); Suppl. 7,63 (1987)
63,409 (\995)
25, 99 ( 1981); Suppl. 7, 380 ( 1987)
50, 277 (1990)

G

Gasoline
Gasoline engine exhaust (see Diesel and gasoline engine exhausts)
Gemfibrozil
Glass fibres (see Man-made mineraI fibres)

45, 159 (\989) (corr. 47,505)

66,427 (1996)
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Glass manufacturing industry, occupational exposures in
Glasswool (see Man-made mineraI fibres)
Glass filaments (see Man-made mineraI fibres)
Glu-P-I
Glu-P-2
L-Glutamic acid, 5-(2-( 4-hydroxymethyl )phenylhydrazide 1

(see Agaritine)
Glycidaldehyde
Glycidyl ethers
Glycidyl oleate
Glycidyl stearate
Griseofulvin
Guinea Green B

Gyromitrin

H

Haematite
Haematite and ferric oxide
Haematite mining, underground, with exposure to radon
Hairdressers and barbers (occupational exposure as)
Hair dyes, epidemiology of
Halogenated acetonitriles
Halothane (see Anaesthetics, volati le)
HC Blue No, 1

HC Blue No. 2
Q-HCH (see Hexachlorocyclohexanes)
ß-HCH (see Hexachlorocyclohexanes)
y-HCH (see Hexachlorocyclohexanes)
HC Red No. 3
HC Yellow No. 4
Heating oils (see Fuel oils)
Helicobacter pylori (infection with)
Hepatitis B virus
Hepatitis C virus
Hepatitis D virus
Heptachlor (see also Chlordane/Heptachlor)
Hexachlorobenzene
Hexachlorobutadiene
H exac h 1 0 rocyc 1 ohexanes

Hexachlorocyclohexane, technical-grade (see Hexachlorocyclohexanes)
Hexachloroethane
Hexachlorophene
Hexamethy 1 phosphoram ide

Hexoestrol (see Nonsteroidal oestrogens)
Human papillomaviruses
Hycanthone mesylate
Hydralazine
Hydrazine
Hydrochloric acid
Hydrochlorothiazide
Hydrogen peroxide
Hydroquinone
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58,347 (1993)

40,223 (1986); Suppl. 7,64(1987)
40, 23S (1986); Suppl. 7,64(1987)

1 l, 175 (1976); Suppl, 7, 64 (1987)
47, 237 (1989)
11, 183 (1976):, Suppl. 7,64 (1987)
JJ, 187 (1976); Suppl, 7,64 (1987)
10, 153 (1976); Suppl. 7,391 (1987)
16, 199 (1978); Suppl. 7,64(1987)
31,163 (1983); Suppl. 7,391 (1987)

1,29 (1972); Suppl, 7,216 (1987)
Suppl, 7,216 (1987)

1,29 (1972); Suppl. 7,216 (1987)
57,43 (1993)

16, 29 (1978); 27, 307 (1982);
52,269 (1991)

57,129 (1993)

57,143 (1993)

57, 153 ( 1993)

57, 1 S9 ( 1993)

61, 1 77 ( 1 994 )

59, 4S (1994)
59, 16S (1994)

59,223 (1994)

5,173 (1974); 20,129 (1979)

20, 155 (1979); Suppl. 7,219 (1987)
20, 179 ( 1979); Suppl. 7, 64 (1987)
5,47 (1974); 20,195 (1979)
(corr, 42, 258); Suppl, 7,220 (1987)

20,467 (1979); Suppl. 7, 64 (i 987)
20, 241 (1979); Suppl. 7, 64 (1987)
15, 2 1 1 (i 977); Suppl. 7, 64 ( 1987)

64 (1995) (corr, 66, 485)
13,91 (1977); Suppl. 7,64(1987)
24, 85 (1980); Suppl, 7,222 (1987) .
4, 127 (1974); Suppl, 7, 223 (1987)
54, 189 (1992)

50, 293 (1990)
36,285 (1985); Suppl. 7,64 (1987)
15, 155 (l977);Suppl. 7,64(1987)
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4-Hydroxyazobenzene
17a-Hydroxyprogesterone caproate (see a/so Progestins)
8-Hydroxyquinoline
8- H ydrox ysenkirkine
Hypochlorite salts

1

Indeno( 1 ,2,3-cd)pyrene

Inorganic acids (see Sulfuric acid and other strong inorganic acids,
occupational exposures to mists and vapours from)

Insecticides, occupational exposures in spraying and application of
IQ

Iron and steel founding
Ii:n-dextran complex
Iron-dextrin complex

Iron oxide (see-Ferric oxide)
Iron oxide, saccharated (see Saccharated iron oxide)
Iron sorbitol-citric acid complex
Isatidine
Isoflurane (see Anaesthetics, volatile)
Isoniazid (see Isonicotinic acid hydrazide)
Isonicotinic acid hydrazide
Isophosphamide
Isoprene
Isopropanol
Isopropanol manufacture (strong-acid process)

(see a/so Isopropanol; Sulfuric acid and other strong inorganic
acids, occupational exposures to mists and vapours from)

Isopropyl oils
Isosafrole

J

Jacobine
Jet fuel
Joinery (see Carpentry and joinery)

K

Kaempferol
Kepone (see Chlordecone)

L

Lasiocarpine
Lauroyl peroxide

Lead acetate (see Lead and lead compounds)

8, 157 (1975); Suppl. 7, 64 (1987)
21, 399 (1979) (corr, 42, 259)
13, 10 1 (1977); Suppl. 7, 64 ( 1987)
JO, 265 (1976); Suppl. 7, 64 (1987)
52,159 (1991)

3,229 (1973); 32,373 (1983);
Suppl. 7, 64 ( 1987)

53,45(1991)
40, 261 (1986); SuppL 7, 64 (1987);
56, 165 (1993)

34, 133 (1984); Suppl. 7, 224 (1987)
2, 161 (1973); Suppl. 7,226 (1987)
2,161 (1973) (corr. 42,252);
Suppl. 7, 64 (1987)

2,161 (1973);Suppl. 7,64(1987)
JO, 269 (1976); Suppl. 7,65 (1987)

4, 159 (1974); Suppl. 7, 227 (1987)
26, 237 (1981); Suppl. 7,65 (1987)
60,215 (1994)

15, 223 (1977); Suppl. 7, 229 (1987)
Suppl. 7, 229 (1987)

15, 223 (1977); Suppl. 7, 229 (1987)
1,169 (1972); JO, 232 (1976);
Suppl. 7, 65 (1987)

10,275 (1976); Suppl. 7,65 (1987)
45,203 (1989)

31, 171 (1983); Supp/. 7,65 (1987)

JO, 281 (1976); Suppl. 7,65 (1987)
36, 315 (1985); Suppl. 7, 65 (1987)
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Lead and lead compounds

Lead arsenate (see Arsenic and arsenic compounds)
Lead carbonate (see Lead and lead compounds)
Lead chloride (see Lead and lead compounds)
Leåd chromate (see Chromium and chromium compounds)
Lead chromate oxide (see Chromium and chromium compounds)
Lead naphthenate (see Lead and lead compounds)
Lead nitrate (see Lead and lead compounds)
Lead oxide (see Lead and lead compounds)
Lead phosphate (see Lead and lead compounds)
Lead subacetate (see Lead and lead compounds)
Lead tetroxide (see Lead and lead compounds)
Leather goods manufacture
Leather industries
Leather tanning and processing
Ledate (see also Lead and lead compounds)
Light Green SF
d-Limonene
Lindane (see Hexachlorocyclohexanes)
Liver flukes (see Clonorchis sinensis, Opisthorchisfelineus and

Opisthorchis viverrini)
Lumber and sawmill industries (including logging)
Luteoskyrin
Lynoestrenol (see also Progestins; Combined oral contraceptives)

M

Magenta

Magenta, manufacture of (see also Magenta)
Malathion
Maleic hydrazide

Malonaldehyde
Maneb
Man-made mineraI fibres
Mannomustine
Mate
MC PA (see also Chlorophenoxy herbicides; Chlorophenoxy

herbicides, occupational exposures to)
MeA-a-C
Medphalan
Medroxyprogesteróne acetate

Megestrol acetate (see also Progestins; Combined oral contraceptives)MclQ ,
MeIQx

Melamine
. Melphalan
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1,40 (1972) (corr. 42, 251); 2, 52,
150(\973); 12,131 (\976);
23,40,208,209,325 (1980);
Suppl. 7, 230 (1987)

25, 279 (1981); Suppl. 7, 235 (1987)
25,199 (1981); Suppl. 7,232 (\987)
25, 201 (1981); Suppl. 7,236 (\ 987)
12,131 (1976)

16, 209 (1978); Suppl, 7, 65 (1987)
56, 135 (1993)

25,49 (1981); Suppl. 7,383 (1987)
10, 163 (1976); Suppl. 7,65 (1987)
21,407 (1979)

4,57 (1974) (corr. 42,252);
Suppl. 7, 238 (1987); 57, 215 (\ 993)
Suppl. 7, 238 (1987); 57, 215 (1993)
30, 103 (1983); Suppl. 7,65 (1987)
4, 173 (1974) (corr. 42,253);
Suppl. 7, 65 (1987)
36, 163 (1985); Suppl. 7, 65 (1987)
12, 137 (1976); Suppl. 7, 65 (1987)
43,39 (\988)
9, i 57 (1975); Suppl. 7, 65 (1987)
51,273 (1991)

30,255 (1983)

40; 253 (\ 986); Suppl. 7,65 (1987)
9, 168 (1975); Suppl. 7, 65 (1987)
6,157 (1974); 21, 417 (1979)

(corr. 42, 259); Suppl. 7,289 (\ 987)

40, 275 (1986); Suppl. 7,65 (I 987);
56, 197 (1993)

40, 283 (1986); Suppl. 7, 65 (1987)
56,211 (1993)

39, 333 (1986); Suppl. 7,65 (I 987)
9, 167 (1975); Suppl. 7, 239 (1987)
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6-Mercaptopurine
Mercuric chloride (see Mercury and mercury compounds)
Mercury and mercury compounds
Merphalan
Mestranol (see also Steroidal oestrogens)

26, 249 (1981); Suppl. 7, 240 (1987)

Metabisulfites (see Sulfur dioxide and some sulfites, bisulfites
and metabisulfites)

Metallic mercury (see Mercury and mercury compounds)
Methanearsonic acid, disodium salt (see Arsenic and arsenic compounds)
Methanearsonic acid, monosodium salt (see Arsenic and arsenic

compounds
Methotrexate
Methoxsalen (see 8-Methoxypsoralen)
Methoxychlor

58,239 (1993)

9,169 (1975); Suppl, 7,65 (1987)
6,87 (1974); 21, 257 (1979)

(corr, 42,259)

26, 267 (1981); Suppl, 7, 241 (1987)

Methoxyflurane (see Anaesthetics, volatile)
5-Methoxypsoralen
8-Methoxypsoralen (see also 8-Methoxypsoralen plus ultraviolet

radiation)
8-Methoxypsoralen plus ultraviolet radiation
Methyl acrylate

5, 193 (1974); 20, 259 (1979);

Suppl. 7,66 (1987)

40, 327 (1986); Suppl. 7,242 (1987)
24, 10 1 (1980)

5-Methylangelicin plus ultraviolet radiation (see also Angelicin
and some synthetic derivatives)

2-Methylaziridine
Methylazoxymethanol acetate

Suppl. 7, 243 (1987)
19,52 (1979); 39, 99 (1986);
Suppl. 7, 66 (1987)

Methyl bromide

Suppl. 7,57 (1987)

9,61 (1975); Suppl, 7,66 (1987)

1,164 (1972); 10,131 (1976);
Suppl, 7, 66 (1987)
41, 187 (1986) (corr, 45,283);
Suppl, 7,245 (1987)
12,151 (1976);Suppl. 7,66(1987)Meihyl carbamate

Methyl-CCNU (see 1-(2-Chloroethyl)-3-(4-methylcyclohexyl)-
I-nitrosourea)

Methyl chloride
1-, 2-, 3-, 4-, 5- and 6-Methylchrysenes
N- Methy I-N,4-dinitrosoani 1 i ne
4,4'-Methylene bis(2-chloroaniline)

41, 161 (1986); Suppl. 7,246 (1987)
32,379 (1983); Suppl, 7,66 (1987)
l, 141 (1972); Suppl. 7,66 (1987)
4,65 (1974) (corr, 42, 252);
Suppl, 7,246 (1987); 57, 271 (1993)
27, 1 19 (1982); Suppl. 7, 66 (1987)
4,73 (1974); Suppl, 7,248 (1987)

4, 79 (1974) (corr, 42, 252);

39,347 (1986); Suppl. 7,66 (1987)
19,314 (1979); Suppl, 7,66 (1987)
32,399 (1983); Suppl. 7,66 (1987)
32, 399 ( 1983); Suppl. 7, 66 (1987)
51,443 (1991)

15,245 (1977); 41, 213 (1986);
Suppl, 7, 66 (1987)

4,4'-Methylene bis(N,N-dimethyl )benzenamine
4,4'-Methylene bis(2-methylaniline)
4,4'-Methylenedianiline

4,4'-Methylenediphenyl diisocyanate
2- Methy 1 fl uoranthene

3-Methylfluoranthene
Methylglyoxal
Methyl iodide

Methylmercury chloride (see Mercury and mercury compounds)
Methylmercury compounds (see Mercury and mercury compounds)
Methyl methacrylate 19, 187 (1979); Suppl. 7,66 (1987);

60,445 (1994)

7,253 (1974); Suppl. 7,66 (1987)
27, 205 (1982); Suppl. 7,66 (1987)
4,183 (1974); Suppl. 7,248 (1987)

Methyl methanesulfonate
2-Methyl- 1 -nitroanthraquinone
N- Methy i-N' -nitro-N-nitrosoguanidine
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3-Methylnitrosaminopropionaldehyde (see 3-(N-Nitrosomethylamino)-
propionaldehyde)

3-Methylnitrosaminopropionitrile (see 3-(N-Nitrosomethylamino)-
propionitrile)

4-(Methylnitrosamino )-4-(3-pyridyl)- 1 -butanal (see 4-(N-Nitrosomethyl-
amino )-4-(3-pyridyl)-I-butanal)

4-(Methylnitrosamino)- 1 -(3-pyridyl)- 1 -butanone (see 4-( -Nitrosomethyl-
amino )-I-(3-pyridyl)-I-butanone)

N - Methy 1 -N-n itrosourea

N- Methy 1 -N-ni trosourethane

N-Methylolacrylamide
Methyl parathion
I-Methylphenanthrene
7 -Methylpyrido(3,4-c )psoralen
Methyl red
Methyl selenac (see also Selenium and selenium compounds)
Methylthiouracil
Metronidazole
Mineral oils

Mirex

Mists and vapours from sulfuric acid and other strong inorganic acids
Mitomycin C
MNNG (see N-Methyl-N'-nitro-N-nitrosoguanidine)
MOCA (see 4,4'-Methylene bis(2-chloroaniline))
Modacrylic fibres
Monocrotaline
Monuron

MOPP and other combined chemotherapy incIuding
alkylating agents

Morpholine
5-(Morphol inomethy 1)- 3- (( 5-nitrofurfuryl idene )amino)- 2-

oxazolidinone
Musk ambrette
Musk xylene
Mustard gas

Myleran (see 1 ,4-Butanediol dimethanesulfonate)

N

Nafenopin
1,5-Naphthalenediamine
1 ,5-Naphthalene diisocyanate
1 -Naphthylamine

2-Naphthylamine
1 -Naphthylthiourea
Nickel acetate (see Nickel and nickel compounds)
Nickel ammonium sulfate (see Nickel and nickel compounds)
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1, 125 (1972); /7,227 (1978);
Suppl. 7,66 (1987)
4,211 (1974); Suppl, 7,66 (1987)
60,435 (1994)

30, 131 (1983); Suppl. 7,392 (1987)
32,405 (1983); Suppl. 7,66 (1987)
40, 349 (1986); Suppl. 7, 71 (1987)
8, 161 (1975); Suppl. 7, 66 (1987)
12,161 (1976); Suppl. 7,66 (1987)
7,53 (1974); Suppl. 7,66 (1987)

13, 1 13 (1977); Suppl. 7,250 (1987)
3,30 (1973); 33, 87 (1984)

(corr, 42, 262); Suppl. 7, 252 (1987)
5,203 (1974); 20, 283 (1979)
(corr. 42,258); Suppl. 7,66 (1987)
54,41 (1992)

10, 171 (1976); Suppl. 7,67 (1987)

19, 86 (1979); Suppl. 7, 67 (1987)
10, 291 (1976); Suppl. 7, 67 (1987)
12, 167 (1976); Suppl. 7,67 (1987);
53,467 (1991)

Suppl. 7,254 (1987)

47,199 (1989)

7, 161 (1974); Suppl. 7, 67 (1987)

65,477 (1996)

65,477 (1996)

9,181 (1975) (co,., 42,254);
Suppl. 7, 259 (1987)

24, 125 (1980); Suppl. 7, 67 (1987)
27, 127 (1982); Suppl. 7, 67 (1987)
19,311 (1979); Suppl. 7,67 (\987)
4,87 (1974) (corr. 42, 253);
Suppl. 7, 260 (1987)
4, 97 (1974); Suppl. 7, 261 (\ 987)
30,347 (1983); Suppl. 7,263 (1987)
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Nickel and nickel compounds 2,126 (1973)(corr, 42,252); 11,75
(1976); Suppl. 7,264 (1987)
(corr, 45, 283); 49, 257 (1990)

Nickel carbonate (see Nickel and nickel compounds)
Nickel carbonyl (see Nickel and nickel compounds)
Nickel chloride (see Nickel and nickel compounds)
Nickel-gallum alloy (see Nickel and nickel compounds)
Nickel hydroxide (see Nickel and nickel compounds)
Nickelocene (see Nickel and nickel compounds)
Nickel oxide (see Nickel and nickel compounds)
Nickel subsulfide (see Nickel and nickel compounds)
Nickel sulfate (see Nickel and nickel compounds)
Niridazole
Nithiazide
Nitrilotriacetic acid and its salts
5-Nitroacenaphthene
5 - Nitro-o rtho-anisidine
2-Nitroanisole
9-Nitroanthracene
7 -Nitrobenz(a )anthracene
Nitrobenzene
6-Nitrobenzo(a)pyrene

13, 123 (1977); Suppl. 7,67 (1987)
31, 179 (1983); Suppl, 7, 67 (1987)
48, 181 (1990)

16,319 (1978); Suppl. 7,67 (1987)
27, 133 (1982); Suppl. 7,67 (1987)
65,369 (1996)

33, 179 (1984); Suppl. 7,67 (1987)
46, 247 (1989)

65,381 (1996)

33, 187 (1984); Suppl. 7,67 (1987);
46, 255 (1989)
4, 113 (1974); Suppl. 7,67 (1987)
33, 195 (1984); Suppl. 7, 67 (1987);

46, 267 (1989)
30, 271 (1983); Suppl. 7,67 (1987)
33,201 (1984); Suppl. 7,67 (1987)
46, 277 (1989)
7,171 (1974); Suppl. 7,67 (1987);
50, 195 (1990)

4-Nitrobiphenyl
6- Nitrochrysene

Nitrofen (technical-grade)
3-Nitrofluoranthene
2-Nitrofluorene
Nitrofural

5-Nitro-2-furaldehyde semicarbazone (see Nitrofural)
Nitrofurantoin
Nitrofurazone (see Nitrofural)
1-( (5- Nitrofurfurylidene )amino)- 2-imidazolidinone
N-( 4-(5-Nitro- 2-furyl)- 2-thiazolyl )acetamide

50,211(1990)

Nitrogen mustard
Nitrogen mustard N-oxide
I-Nitronaphthalene
2-Nitronaphthalene
3-Nitroperylene
2-Nitro-para-phenylenediamine (see 1,4-Diamino-2-nitrobenzene)
2-Nitropropane
I-Nitropyrene

7,181 (l974);SuppL. 7,67(1987)
1,181 (1972); 7, 185 (1974);
Suppl. 7, 67 (1987)
9, 193 (1975); Suppl. 7, 269 (1987)
9, 209 (1975); Suppl. 7, 67 (1987)
46,291 (1989)

46, 303 (1989)
46, 313 (1989)

2-Nitropyrene
4-Nitropyrene
N-Nitrosatable drugs
N-Nitrosatable pesticides
N' - Nitrosoanabasine

N' -Nitrosoanatabine
N- Nitrosodi -n-buty lamine

29, 331 (1982); SuppL. 7, 67 (1987)
33,209 (1984); Suppl. 7,67 (1987);
46, 321 (1989)
46,359 (1989)

46, 367 (1989)
24,297 (1980) (corr 42, 260)
30, 359 (1983)
37, 225 (1985); Suppl. 7, 67 (1987)
37, 233 (1985); Suppl. 7, 67 (1987)
4, 197 (1974); 17, 51 (1978);

SuppL. 7, 67 (1987)
17, 77 (1978); SuppL. 7, 67 (1987)N-Nitrosodiethanolamine
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N-Nitrosodiethylamine

N- Nitrosodimethylamine

N-Nitrosodiphenylamine
para-Nitrosodiphenylamine

N- Nitrosodi -n-propylamine
N-Nitroso-N-ethylurea (see N-Ethyl-N-nitrosourea)
N-Nitrosofolic acid

N-Nitrosoguvacine
N-Nitrosoguvacoline
N- Nitrosohydrox yproline
3-(N- Nitrosomethylamino )propionaldehyde
3-( N- Ni trosomethy lamino )propionitrile
4-(N-Nitrosomethylamino )-4-(3-pyridyl)- 1 -butanal
4-(N-Nitrosomethylamino)- 1 -(3-pyridyl)- 1 -butanone
N-Nitrosomethylethylamine
N-Nitroso-N-methylurea (see N-Methyl-N-nitrosourea)
N-Nitroso-N-methylurethane (see N-Methyl-N-nitrosourethane)
N- Nitrosomethyl vinylamine
N- Nitrosomorpholine
N' -Nitrosonornicotine

N-Nitrosopiperidine
N-Nitrosoproline
N-Nitrosopyrrolidine
N - Ni trososarcosine

Nitrosoureas, chloroethyl (see Chloroethyl nitrosoureas)
5 - Ni tro-ortho-toluidine
2-Nitrotoluene
3-Nitrotoluene
4-Nitrotoluene
Nitrous oxide (see Anaesthetics, volatile)
Nitrovin
Nivalenol (see Toxins derived from Fusarium graminearum,

F. cu/morum and F. crookwellense)
NNA (see 4-(N-Nitrosomethylamino )-4-(3-pyridyl)- 1 -butanal)
NNK (see 4- (N-Nitrosomethylamino)- 1 -(3-pyridyl)- 1 -butanone)
Nonsteroidal oestrogens (see a/so Oestrogens, progestins and

combinations)
Norethisterone (see a/so Progestins; Combined oral contraceptives)
Norethynodrel (see a/so Progestins; Combined oral contraceptives

Norgestrel (see a/so Progestins, Combined oral contraceptives)
Nylon 6

o
Ochratoxin A

Oestradiol- 1 713 (see a/so Steroidal oestrogens)
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1, 107 (1972) (corr. 42, 251);
17, 83 (1978) (corr. 42, 257);
Suppl. 7, 67 (1987)
1,95 (1972); 17,125 (1978)

(corr. 42,257); Suppl. 7,67 (1987)
27, 213 (1982); Suppl. 7, 67 (1987)
27, 227 (1982) (corr, 42, 261);
Suppl. 7, 68 (1987)
17, 177 (1978); Suppl. 7, 68 (1987)

17, 217 (1 978);Suppl. 7, 68 (1987)
37, 263 (1985); Suppl. 7, 68 (1987)
37, 263 (1985); Suppl. 7, 68 (1987)
17, 304 (1978); Suppl. 7, 68 (1987)
37, 263 (1985); Suppl. 7, 68 (1987)
37, 263 (1985); Suppl. 7, 68 (1987)
37, 205 (1985); Suppl. 7, 68 (1987)
37, 209 (1985); Suppl. 7, 68 (1987)
17,221 (1978); Suppl. 7,68 (1987)

17,257 (1978); Suppl. 7,68 (1987)
17,263 (1978); Suppl. 7,68 (1987)
17,281 (1978); 37,241 (1985);
Suppl. 7, 68 (1987)
17,287 (1978); Suppl. 7,68 (1987)
17, 303 (1978); Suppl. 7, 68 (1987)
17, 313 (1978); Suppl. 7, 68 (1987)
17,327 (1978); Suppl. 7,68 (1987)

48,169 (1990)

65, 409 (1996)
65, 409 (1996)
65,409 (1996)

31,185 (1983); Suppl. 7,68 (1987)

Suppl. 7, 272 (1987)

6, 179 (1974); 21,461 (1979)
6,191 (1974); 21, 461 (1979)

(corr. 42, 259)
6,201 (1974);21,479(1979)
19, 120 (1979); Suppl. 7,68 (1987)

JO, 191 (1976); 31,191 (1983)
(corr. 42,262); Suppl. 7,271
(1987); 56, 489 (1993)
6,99 (1974); 21, 279 (1979)
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Oestradiol 3-benzoate (see Oestradiol-17ß)
Oestradiol dipropionate (see Oestradiol-17ß)
Oestradiol mustard
Oestradiol-17ß-valerate (see Oestradiol-17ß)
Oestriol (see also Steroidal oestrogens)

Oestrogen-progestin combinations (see Oestrogens, progestins
and combinations)

Oestrogen-progestin replacement therapy (see also Oestrogens,
progestins and combinations)

Oestrogen replacement therapy (see also Oestrogens, progestins
and combinations)

Oestrogens (see Oestrogens, progestins and combinations)
Oestrogens, conjugated (see Conjugated oestrogens)
Oestrogens, nonsteroidal (see Nonsteroidal oestrogens)
Oestrogens, progestins and combinat ions

Oestrogens, steroidal (see Steroidal oestrogens)
Oestrone (see also Steroidal oestrogens)

Oestrone benzoate (see Oestrone)
Oil Orange SS
Opisthorchis felineus (infection with)
Opisthorchis viverrini (infection with)
Oral contraceptives, combined (see Combined oral contraceptives)
Oral contraceptives, investigational (see Combined oral contraceptives)
Oral contraceptives, sequential (see Sequential oral contraceptives)
Orange 1

Orange G
Organolead compounds (see also Lead andlead compounds)
Oxazepam

Oxymetholone (see also Androgenic (anabolic) steroids)
Oxyphenbutazone

p

Paint manufacture and painting (occupational exposures in)
Panfuran S (see also Dihydroxymethylfuratrizine)
Paper manufacture (see Pulp and paper manufacture)
Paracetamol
Parasorbic acid

Parathion
Patulin

Penicillic acid
Pentachloroethane
Pentachloronitrobenzene (see Quintozene)
Pentachlorophenol (see also Chlorophenols; Chlorophenols,

occupational exposures to)
Permethrin
Perylene
Petasitenine

9, 217 (1975); Suppl. 7, 68 (1987)

6,117 (1974); 21,327 (1979);
Suppl. 7, 285 (1987)

Suppl. 7, 308 (1987)

Suppl. 7, 280 (1987)

6 (1974); 21 (1979);

Suppl. 7, 272 ( 1987)

6,123 (1974); 21, 343 (1979)

(corr, 42,259)

8, 165 (1975); Suppl. 7, 69 (\ 987)
61, 1 21 (1994)

61, 121 (1994)

8, 173 (1975); Suppl. 7,69 (1987)
8, 181 (1975); Suppl. 7,69 (\ 987)
Suppl. 7, 230 (1987)
13,58 (1977); Suppl. 7,69 (1987);
66, 115 (1996)

13,131 (1977)

13, 185 (1977); Suppl. 7,69 (1987)

47, 329 (1989)

24, 77 (1980); Suppl. 7, 69 (1987)

50, 307 (1990)
JO, 199 (1976) (corr. 42, 255);
Suppl. 7,69 (1987)

30, 153 (1983); Suppl. 7, 69 (1987)
JO, 205 (1976); 40, 83 (\ 986);
Suppl. 7,69 (1987)
JO, 211 (1976); Suppl, 7,69 (\ 987)
41,99 (\986); Suppl. 7,69 (\987)

20,303 (\979); 53, 371 (\991)

53,329 (\991)
32,411 (\983); Suppl. 7,69 (1987)
31,207 (1983); Suppl. 7,69 (\987)
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Petasites japonicus (see Pyrrolizidine alkaloids)
Petroleum refining (occupational exposures in)
Petroleum soi vents
Phenacetin

Phenanthrene
Phenazopyridine hydrochloride

Phenelzine sulfate
Phenicarbazide
Phenobarbital
Phenol
Phenoxyacetic acid herbicides (see Chlorophenoxy herbicides)
Phenoxybenzamine hydrochloride

Phenylbutazone
meta- Ph en y lenediami ne
para- Pheny lenediamine
Phenyl glycidyl ether (see Glycidyl ethers)
N- Phen y 1- 2-naphthy lami ne

ortho-Phenylphenol
Phenytoin

PhIP
Pickled vegetables

Picloram
Piperazine oestrone sulfate (see Conjugated oestrogens)
Piperonyl butoxide
Pitches, coal-tar (see Coal-tar pitches)
Polyacrylic acid

Polybrominated biphenyls

Polychlorinated biphenyls

Polychlorinated camphenes (see Toxaphene)
Polychloroprene
Polyethylene
Polymethylene polyphenyl isocyanate
Polymethyl methacrylate
Polyoestradiol phosphate (see Oestradiol- 1 7ß)
Polypropylene
Polystyrene
Polytetrafl uoroethy lene
Polyurethane foams
Polyvinyl acetate
Polyvinyl alcohol

Polyvinyl chloride

Polyvinyl pyrrolidone
Ponceau MX
Ponceau 3R
Ponceau SX
Potassium arsenate (see Arsenic and arsenic compounds)
Potassium arsenite (see Arsenic and arsenic compounds)
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45, 39 (1989)
47, 43 (1989)
13,141 (1977);24, 135(1980);

Suppl, 7,310(1987)
32,419 (1983); Suppl. 7,69 (1987)
8, 1 17 ( 1975); 24, 163 (1980)

(corr. 42, 260); Suppl. 7, 312 (1987)
24,175 (1980); Suppl. 7,312 (1987)
12, 177 (1976);Suppl, 7,70(1987)
13,157 (1977); Suppl. 7,313 (1987)
47, 263 (1989) (corr. 50, 385)

9,223 (1975); 24, 185 (1980);

Suppl, 7, 70 (1987)
13, 183 (1977);Suppl. 7,316(1987)
16, 1 1 1 (1978); Suppl, 7, 70 (1987)
16, 125 (1978); Suppl. 7, 70 (1987)

16, 325 (1978) (corr, 42, 257);
Suppl. 7,318(1987)
30, 329 (1983); Suppl. 7, 70 (1987)
13,201 (1977); Suppl. 7,319 (1987);
66, 175 (1996)

56, 229 (1993)
56,83(1993)
53,481 (1991)

30, 183 (1983); Suppl. 7, 70 (1987)

19,62 (1979); Suppl. 7, 70 (1987)
18, 107 (1978); 41,261 (1986);
Suppl. 7,321 (1987)
7,261 (1974); 18,43 (1978)

(corr, 42,258); Suppl. 7,322 (1987)

19,141 (1979);Suppl, 7,70(1987)
19, 164 (1979); Suppl. 7,70(1987)
19,314 (1979); Suppl. 7, 70 (1987)
19, 195 (1979); Suppl, 7,70 (1987)

19,218 (1979); Suppl, 7,70 (1987)
19,245 (1979); Suppl, 7,70 (1987)
19, 288 (1979); Suppl. 7, 70 ( 1987)
19,320 (1979); Suppl. 7,70 (1987)
19,346 (1979); Suppl. 7, 70 (1987)
19,351 (1979); Suppl. 7, 70 (1987)
7,306 (1974); 19,402 (1979);
Suppl. 7, 70 (1987)

19, 463 (1979); Suppl. 7, 70 (1987)
8, 189 (1975); Suppl. 7, 70 (1987)
8, 199 (1975); Suppl, 7, 70 (1987)
8, 207 (1975); Suppl. 7, 70 (1987)
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Potassium bis(2-hydroxyethy 1 )dithiocarbamate
Potassium bromate
Potassium chromate (see Chromium and chromium compounds)
Potassium dichromate (see Chromium and chromium compounds)
Prazepam
Prednimustine
Prednisone
Printing processes and printing inks
Procarbazine hydrochloride
Proflavine salts
Progesterone (see a/so Progestins; Combined oral contraceptives)

Progestins (see a/so Oestrogens, progestins and combinations)
Pronetalol hydrochloride

L ,3-Propane sultone

Propham
ß-Propiolactone

n-Propyl carbamate
Propylene

Propylene oxide

Propylthiouracil
Ptaquiloside (see a/so Bracken fem)
Pulp and paper manufacture
Pyrene
Pyrido(3,4-c Jpsoralen
Pyrimethamine
Pyrrolizidine alkaloids (see Hydroxysenkirkine; Isatidine; Jacobine-;

Lasiocarpine; Monocrotaline; Retrorsine; Riddelliine; Seneciphylline;
Senkirkine)

Q

Quercetin (see a/so Bracken fem)
para-Quinone
Quintozene

R

Radon
Reserpine

Resorcinol
Retrorsine
Rhodamine B
Rhodamine 6G
Riddelline
Rifampicin

12, 183 (1976); Supp/, 7, 70 (1987)
40, 207 (1986); Suppl. 7, 70 (1987)

66, 143 (1996)

50, 115 (1990)

26, 293 (1981); Suppl. 7,326 (1987)
65, 33 (1996)

26, 31 1 (1981); Suppl. 7, 327 (1987)
24, 195 (1980); Suppl. 7, 70 (1987)
6,135 (1974); 21, 491 (1979)
(corr, 42,259)
Suppl. 7, 289 (1987)
/3,227 (1977) (corr. 42,256);
Supp/. 7, 70 ( 1987)
4,253 (1974) (corr. 42,253);
Suppl. i, 70 (1987)

/2, 189 (1976); Suppl. 7, 70 (1987)

4,259 (1974) (corr, 42,253);
Suppl. 7, 70 (1987)
12,201 (1976); Suppl. 7,70 (1987)
19, 213 (1979); Supp/. 7, 71 (1987);
60, 161 (1994)

11,191 (1976); 36, 227 (1985)

(corr. 42,263); Suppl. 7,328
(1987); 60,181 (1994)
7,67 (1974); Suppl. 7,329 (l 987)
40,55 (1986); Suppl. 7,71 (1987)
25, 157 (1981); Suppl. 7, 385 (1987)
32,431 (1983); Suppl. 7,71 (1987)
40, 349 (1986); Suppl. 7, 71 (1987)
13,233 (1977); Suppl. 7,71 (1987)

31,213 (1983); Suppl. 7,71 (1987)
15, 255 (1977); Suppl. 7, 71 (1987)
5,211 (1974); Suppl. 7,71 (1987)

43, 173 (1988) (corr. 45,283)
JO, 217 (1976); 24, 21 1 (1980)

(corr. 42,260); Suppl. 7,330 (1987)
15, 155 (1977); Supp/. 7, 71 (1987)
JO, 303 (1976); Suppl. 7, 71 (1987)
16,221 (1978); Supp/. 7,71 (1987)
16,233 (1978); Suppl. 7,71 (1987)
JO, 313 (1976); Suppl. 7,71 (1987)
24, 243 (1980); Suppl. 7,71 (1987)
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Ripazepam
Rockwool (see Man-made minerai fibres)
Rubber industry

Rugulosin

s

Saccharated iron oxide
Saccharin

Safrole

Salted fish
Sawmil industry (incIuding logging) (see Lumber and

sawmill industry (incIuding logging))
Scarlet Red
Schistosoma haematobium (infection with)
Schistosoma japonicum (infection with)
Schistosoma mansoni (infection with)
Selenium and selenium compounds

Selenium dioxide (see Selenium and selenium compoonds)
Selenium oxide (see Selenium and selenium compounds)
Semicarbazide hydrochloride

Senecio jacobaea L. (see Pyrrolizidinealkaloids)
Senecio longilobus (see Pyrrolizidine alkaloids)
Seneciphy llne

Senkirkine

Sepiolite
Sequential oral contraceptives (see also Oestrogens, progestins

and combinations)
Shale-oils
Shikimic acid (see also Bracken fern)
Shoe manufacture and repair (see Boot and shoe manufacture

and repair)
Silica (see also Aniorphous silica; Crystallne silica)
Simazine
Slagwool (see Man-made mjneral fibres)
Sodium arsenate (see Arsenic and arsenic compounds)
Sodium arsenite (see Arsenic.and arsenic compounds)
Sodium cacodylate (see Arsenic and arsenic compounds)
Sodium chlorite
Sodium chromate (see Chromium and chromium compounds)
Sodium cyclamate (see Cyclamates)
Sodium dichromate (see Chromium and chromium compounds)
Sodium diethyldithiocarbamate
Sodium equilin sulfate (see Conjugated oestrogens)
Sodium fluoride (see Fluorides)
Sodium monofluorophosphate (see Fluorides)
Sodium oestrone sulfate (see Conjugated oestrogens)
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66, 157 (1996)

28 (1982) (corr. 42,261); Suppl. 7,
332 (1987)
40, 99 (1986); Suppl. 7, 71 (1987)

2,161 (1973); Suppl. 7,71 (1987)
22, III (1980) (corr. 42,259);

Suppl. 7, 334 (1987)
/, 169 (1972); /0, 231 (1976);

Suppl. 7,71 (1987)
56,41 (1993)

8,217 (1975); Suppl. 7,71 (1987)
6/,45 (1994)

6/,45 (1994)

6/,45 (1994)

9,245 (1975) (corr. 42, 255);
Suppl. 7, 71 (1987)

/2,209 (1976) (COrT 42,256);

Suppl. 7, 71 (1987)

/0,319,335 (1976); Suppl. 7,71
(1987)
/0, 327 (1976); 31, 231 (1983);

Suppl. 7, 71 (1987)
42,175 (1987); Suppl. 7,71 (1987)
Suppl. 7, 296 (1987)

35, 161 (1985); Suppl. 7, 339 (1987)
40, 55 (1986); Suppl. 7, 71 (1987)

42,39 (1987)

53,495 (1991)

52, 145 (1991)

/2, 217 (1976); Suppl. 7,71 (1987)
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Sodium ortho-phenylphenate (see also ortho-Phenylphenol)
Sodium saccharin (see Saccharin)
Sodium selenate (see Selenium and selenium compounds)
Sodium selenite (see Selenium and selenium compounds)
Sodium silicofluoride (see Fluorides)
Solar radiation

Soots

Spironolactone
Stannous fluoride (see Fluorides)
Steel founding (see Iron and steel founding)
Sterigmatocystin

Steroidal oestrogens (see also Oestrogens, progestins and
combinations)

Streptozotocin

Strobane'" (see Terpene polychlorinates)
Strong-inorganic-acid mists containing sulfuric acid (see Mists and

vapours from sulfuric acid and other strong inorganic acids)
Strontium chromate (see Chromium and chromium compounds)
Styrene

S tyrene-acry 1 on i tri le-copo 1 y mers

Styrene-butadiene copolymers
Styrene-7,8-oxide

Succinic anhydride
Sudan 1

Sudan II
Sudan II

Sudan Brown RR
Sudan Red 7B
Sulfafurazole
Sulfallate
Sulfamethoxazole
Sulfites (see Sulfur dioxide and sorne sulfites, bisulfites and rnetabisulfites)
Sulfur dioxide and sorne sulfites, bisulfites and metabisulfites
Sulfur rnustard (see Mustard gas)
Sulfuric acid and other strong inorganic acids, occupational exposures

to rnists and vapours frorn
Sulfur trioxide
Sulphisoxazole (see Sulfafurazole)
Sunset Yellow FCF
Syrnphytine

T

2,4,5-T (see also Chlorophenoxy herbicides; Chlorophenoxy
herbicides, occupational exposures to)

TaIe
Tarnoxifen

30, 329 (1983); Suppl. 7, 392 (1987)

55 (1992)
3,22 (1973);35, 219 (1985);

Suppl. 7,343 (1987)
24, 259 (1980); Suppl. 7, 344 (1987)

1,175 (1972); 10,245 (1976);
Suppl, 7, 72 (1987)
Suppl, 7, 280 (1987)

4,221 (1974); 17,337 (1978);
Suppl, 7, 72 (1987)

19,231 (1979) (corr. 42,258);
Suppl. 7, 345 (1987); 60, 233 (1994)

(corr, 65, 549)
19,97 (1979); Suppl. 7,72(1987)
19, 252 (\ 979); Suppl. 7, 72 (1987)
Il,201 (\976); 19, 275 (1979);

36, 245 (\ 985); Suppl. 7, 72 (1987);
60,321 (\ 994)
15, 265 (1977); Suppl. 7, 72 (1987)
8, 225 (1975); Suppl. 7, 72 (1987)
8, 233 (1975); Suppl. 7, 72 (1987)
8, 241 (1975); Suppl. 7, 72 (1987)
8,249 (\ 975); Suppl.1, 72 (1987)
8, 253 (1975); Suppl. 7, 72 (1987)
24,275 (1980); Suppl. 7,347 (1987)
30, 283 (1983); Suppl, 7, 72 (1987)
24,285 (\ 980); Suppl. 7,348 (1987)

54, 131 (\992)

54,41 (1992)

54,121(\992)

8, 257 (1975); Suppl. 7, 72 (1987).
3 J, 239 (\ 983); Suppl. 7, 72 (1987)

15,273 (\ 977)

42, 185 (\ 987); Suppl, 7, 349 (1987)
66, 253 (\ 996)
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Tannic acid

Tannins (see also Tannic acid)
TCDD (see 2,3,7,8- Tetrachlorodibenzo-para-dioxin)
TDE (see DDT)
Tea
Temazepam
Terpene polychlorinates
Testosterone (see also Androgenic (anabolic) steroids)
Testosterone oenanthate (see Testosterone)
Testosterone propionate (see Testosterone)
2,2' ,5,5' - Tetrachlorobenzidine
2,3,7,8- Tetrachlorodibenzo-para-dioxin
1,1,1,2- Tetrachloroethane
1,1,2,2- Tetrachloroethane
Tetrachloroethylene

2,3,4,6- Tetrachlorophenol (see Chlorophenols; Chlorophenols,
occupation al exposures to)

Tetrachlorvinphos
Tetraethyllead (see Lead and lead compounds)
Tetrall uoroethy lene
Tetrakis(hydroxymethyl) phosphonium salts
Tetramethyllead (see Lead and lead compounds)
Tetranitromethane
Textile manufacturing industry, exposures in
Theobromine
Theophylline
Thioacetamide
4,4' - Thiodianiline

Thiotepa

Thiouracil
Thiourea
Thiram

Titanium dioxide
Tobacco habits other than smoking (see Tobacco products, smokeless)
Tobacco products, smokeless

Tobacco smoke

Tobacco smoking (see Tobacco smoke)
ortho- Tolidine (see 3,3' -Dimethylbenzidine)
2,4-Toluene diisocyanate (see also Toluene diisocyanates)
2,6-Toluene diisocyanate (see also Toluene diisocyanates)
Toluene
Toluene diisocyanates

Toluenes, a-chlorinated (see a-Chlorinated toluenes)

ortho- Toluenesulfonamide (see Saccharin)
ortho- Toluidine'
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10, 253 (1976) (corr, 42,255);
Suppl. 7, 72 (1987)
JO, 254 (1976); Suppl. 7,72(1987)

51, 207 (1991)
66, 161 (1996)

5,219 (1974); Suppl. 7,72(1987)
6,209 (1974); 21, 519 (1979)

27, 141 (1982); Suppl. 7,72(1987)
15,41 (1977); Suppl. 7, 350 (1987)
41, 87 (1986); Suppl. 7, 72 (1987)
20, 477 (1979); Suppl. 7, 354 ( 1 987)
20, 491 (1979); Suppl. 7, 355 (1987);
63, 159 (1995) (corr, 65,549)

30, 197 (1983); Suppl. 7, 72 (1987)

19,285 (1979); Suppl. 7,72(1987)
48, 95 (1990)

65, 437 (1996)
48,215 (1990) (corr. 51,483)
51,421 (1991)

51,391 (1991)

7, 77 (1974); Suppl. 7, 72 (1987)
16,343 (1978); 27,147 (1982);
Suppl, 7, 72 (1987)
9, 85 (1975); Suppl. 7, 368 (i 987);
50, 123 (1990)

7, 85 (1974); Suppl. 7, 72 (1987)
7, 95 (1974); Suppl. 7, 72 (1987)
12,225-(1976); Suppl. 7,72(1987);
53,403 (1991)

47, 307 (1989)

37 (1985) (corr. 42, 263; 52, 513);
Suppl. 7, 357 (1987)
38 (1986) (corr, 42,263); Suppl. 7,
357 (1987)

19,303 (1979); 39,287 (1986)

19,303 (1979); 39,289 (1986)

47, 79 ( 1989)

39,287 (1986) (corr, 42,264);
Suppl. 7, 72 (1987)

16,349 (1978); 27,155 (1982);
Suppl. 7, 362 ( 1987)
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Torernifene
Toxaphene
T-2 Toxin (see Toxins derived frorn Fusarium sporotrichioides)
Toxins derived frorn Fusarium graminearum, F. culmorum and

F. crookwellense

Toxins derived frorn Fusarium moniliforme
Toxins derived frorn Fusarium sporotrichioides

Trernolite (see Asbestos)
Treosulfan
Triaziquone (see Tris(aziridinyl)-para-benzoquinone)
Trichlorfon
Trichlorrnethine

Trichloroacetic acid

Trichloroacetonitrile (see Halogenated acetonitriles)
1,1,1 - Trichloroethane
1,1,2- Trichloroethane

Trichloroethylene

2,4,5- Trichlorophenol (see also Chlorophenols; Chlorophenols
occupational exposures to)

2,4,6- Trichlorophenol (see also Chlorophenols; Chlorophenols,
occupation al exposures to)

(2,4,5-Trichlorophenoxy)acetic acid (see 2,4,5-T)
1,2,3- Trichloropropane
Trichlorotriethylarnine-hydrochloride (see Trichlormethine)
Ti-Trichothecene (see Toxins derived from Fusarium sporotrichioidt?s)
Triethylene glycol diglycidyl ether .
Trifluralin
4,4',6- Trirnethylangelicin plus ultraviolet radiation (see also

Angelicin and sorne synthetic derivatives)
2,4,5- Trimethylaniline
2,4,6- Trirnethylaniline
4,5',8- Trirnethylpsoralen
Trirnustine hydrochloride (see Trichlormethine)
2,4,6- Trinitrotoluene
Triphenylene
Tris( aziridinyl )-para-benzoquinone
Tris( 1 -aziridinyl)phosphine-oxide
Tris( 1 -aziridinyl)phosphine-sulphide (see Thiotepa)
2,4,6- Tris( l-aziridinyl)-s-trazine
Tris(2-chloroethyl) phosphate
1,2,3- Tris( chlorornethoxy )propane
Tris(2,3-dibrornopropyl )phosphate
Tris(2-rnethyl- 1 -aziridinyl)phosphine-oxide
Trp-P- 1

Trp-P-2
Trypan blue
Tussilago farfara L. (see Pyrrolizidine alkaloids)

66,367 (1996)

20, 327 (1979); Suppl. 7, 72 (1987)

JI, 169(1976);31, 153,279(1983);

Suppl. 7, 64, 74 (1987); 56, 397
(1993)
56,445 (1993)

31, 265 (1983); Suppl. 7, 73 (1987);
56,467 (1993)

26, 341 (1981); Suppl. 7, 363 (1987)

30, 207 (1983); Suppl. 7, 73 (1987)
9, 229 (1975); Suppl. 7, 73 (1987);
50,143(1990)
63,291 (1995) (corr. 65,549)

20, 515 (i 979); Suppl. 7, 73 (1987)
20, 533 (1979); Suppl. 7, 73 (1987);
52,337 (1991)

Il, 263 (1976); 20, 545 (1979);

Suppl. 7,364 (1987); 63,75 (1995)
(corr. 65, 549)
20, 349 (1979)

20, 349 (1979)

63,223 (1995)

JI, 209 (1976); Suppl. 7, 73 (1987)

53,515 (1991)

Suppl. 7, 57 (1987)

27, 177 (1982); Suppl. 7, 73 (1987)
27, i 78 (1982); Suppl. 7, 73 (1987)
40, 357 (i 986); Suppl. 7, 366 (1987)

65,449 (1996)

32,447 (1983); Suppl. 7,73 (1987)
9, 67 (1975); Suppl. 7, 367 (1987)
9,75 (1975); Suppl. 7, 73 (1987)

9, 95 (1975); Suppl. 7, 73 (1987)
48, 109 (1990)

15,301 (1977); Suppl. 7,73 (1987)
20,575 (1979); Suppl. 7, 369 (1987)
9, 107 (1975); Suppl. 7, 73 (1987)
31,247 (1983); Suppl. 7,73 (1987)
31,255 (1983); Suppl. 7, 73 (1987)
8,267 (1975); Suppl. 7, 73 (1987)
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u

CUMULATIVE INDEX

Ultraviolet radiation
Underground haematite mining with exposure to radon
Uracil mustard
Urethane

v

Vat YeIIow 4
Vinblastine sulfate

Vincristine sulfate
Vinyl acetate

Vinyl bromide

Vinyl chloride

Vinyl chloride-vinyl acetate copolymers

4- VinyIcycIohexene

4- VinyIcycIohexene diepoxide

Vinyl fluoride

Vinylidene chloride

Vinylidene chloride-vinyl chloride copolymers

Vinylidene fluoride
N- Vinyl-2-pyrrolidone

Vinyl toluene

w

Welding
WoIIastonite
Wood dust

Wood industries

x

Xylene
2,4- X ylidine

2,5-Xylidine
2,6-Xylidine (see2,6-DimethylaniIne)
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40, 379 (1986); 55 (1992)
1, 29 (1972); Suppl. 7, 216 (1987)
9, 235 (1975); Suppl. 7, 370 (1987)
7, ILL (1974); Suppl. 7,73(1987)

48,161 (1990)

26, 349 (1981) (corr, 42, 261);
Suppl. 7,371 (1987)
26, 365 (1981); Suppl. 7, 372 (1987)
19, 341 (1979); 39, 113 (1986);

Suppl. 7, 73 (1987); 63, 443 (1995)
19,367 (1979); 39, 133 (1986);
Suppl. 7, 73 (1987)
7,291 (1974); 19, 377 (1979)

(corr. 42,258); Suppl. 7,373 (1987)
7, 3Il (1976); 19,412 (1979)
(corr. 42,258); Suppl. 7, 73 (1987)
11,277 (1976); 39,181 (1986)

Suppl. 7, 73 (1987); 60,347 (1994)
11, 141 (1976); Suppl. 7, 63 (1987);
60,361 (1994)

39,147 (1986); Suppl. 7,73 (1987);
63,467 (1995)

19,439 (1979); 39, 195 (1986);
Suppl. 7, 376 (1987)
19, 448 (1979) (corr. 42, 258);
Suppl. 7, 73 (1987)
39, 227 (1986); Suppl. 7, 73 (1987)
19,461 (1979); Suppl. 7, 73 (1987)
60,373 (1994)

49,447 (1990) (corr. 52, 513,
42, 145 (1987); Suppl. 7, 377 (1987)
62, 35 (1995)

25 (1981); Suppl. 7, 378 (1987)

47, 125 (1989)

16,367 (1978); Suppl. 7, 74 (1987)
16,377 (1978); Suppl. 7, 74 (1987)
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y

Yellow AB
Yellow OB

8,279 (1975); Suppl. 7, 74 (1987)
8, 287 (1975); Suppl. 7, 74 (\ 987)

z

Zearalenone (see Toxins derived from Fusarium graminearum,
F, culmorum and F. crookwellense)

Zectran
Zinc beryllium silicate (see Beryllium and beryllium compounds)
Zinc chromate (see Chromium and chromium compounds)
Zinc chromate hydroxide (see Chromium and chromium compounds)
Zinc potassium chromate (see Chromium and chromium

compounds)
Zinc yellow (see Chromium and chromium compounds)
Zineb
Ziram

12,237 (1976); Suppl. 7,74 (\987)

12,245 (\976); Suppl. 7,74 (\987)
/2,259 (1976); Suppl, 7,74 (1987);

53,423 (\991)
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