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International Agency For Research On Cancer

The International Agency for Research on Cancer (IARC) was established in 1965 by the
World Health Assembly, as an independently financed organization within the framework of
the World Health Organization. The headquarters of the Agency are in Lyon, France.

The Agency conducts a programme of research concentrating particularly on the epi-
demiology of cancer and the study of potential carcinogens in the human environment. Its
field studies are supplemented by biological and chemical research carried out in the
Agency’s laboratories in Lyon and, through collaborative research agreements, in national
research institutions in many countries. The Agency also conducts a programme for the
education and training of personnel for cancer research.

The publications of the Agency contribute to the dissemination of authoritative infor-
mation on different aspects of cancer research. A complete list is printed at the back of this
book. Information about IARC publications, and how to order them, is also available via the
Internet at: http://www.iarc.fr/
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Note to the Reader

Anyone who is aware of published data that may influence any consideration in these
Handbooks is encouraged to make the information available to the Unit of
Chemoprevention, International Agency for Research on Cancer, 150 Cours Albert
Thomas, 69372 Lyon Cedex 08, France

Although all efforts are made to prepare the Handbooks as accurately as possible, mis-
takes may occur. Readers are requested to communicate any errors to the Unit of
Chemoprevention, so that corrections can be reported in future volumes.
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Preamble to the IARC Handbooks
of Cancer Prevention

The prevention of cancer is one of the key objec-
tives of the International Agency for Research on
Cancer (IARC). This may be achieved by avoiding
exposures to known cancer-causing agents, by
increasing host defence through immunization or
chemoprevention, or by modifying lifestyle. The
aim of the JARC Monographs programme is to evalu-
ate carcinogenic risks of human exposure to chem-
ical, physical and biological agents, providing a
scientific basis for national or international deci-
sions on avoidance of exposures. The aim of the
series of the IARC Handbooks of Cancer Prevention is
to evaluate scientific information on agents and
interventions that may reduce the incidence of or
mortality from cancer. This preamble is divided
into two parts. The first addresses the general
scope, objectives and structure of the Handbooks.
The second describes the procedures for evaluating
chemopreventive agents.

Part One

Scope
Prevention strategies embrace chemical, immuno-
logical, dietary and behavioural interventions that
may retard, block or reverse carcinogenic processes
or reduce underlying risk factors. The term
‘chemoprevention’ is used to refer to interventions
with pharmaceuticals, vitamins, minerals and
other chemicals to reduce cancer incidence. The
TARC Handbooks address the efficacy, safety and
mechanisms of cancer-preventive strategies and
the adequacy of the available data, including those
on timing, dose, duration and indications for use.
Prevention strategies can be applied across a
continuum of: (1) the general population;
(2) subgroups with particular predisposing host
or environmental risk factors, including genetic
susceptibility to cancer; (3) persons with precan-
cerous lesions; and (4) cancer patients at risk for
second primary tumours. Use of the same strategies
or agents in the treatment of cancer patients to

control the growth, metastasis and recurrence of
tumours is considered to be patient management,
not prevention, although data from clinical trials
may be relevant when making a Handbooks
evaluation.

Objective

The objective of the Handbooks programme is the
preparation of critical reviews and evaluations of
evidence on the cancer-preventive and other rele-
vant properties of a wide range of potential cancer-
preventive agents and strategies by international
working groups of experts. The resulting
Handbooks may also indicate where additional
research is needed.

The Handbooks may assist national and interna-
tional authorities in devising programmes of health
promotion and cancer prevention and in making
benefit-risk assessments. The evaluations of IARC
working groups are scientific judgements about the
available evidence for cancer-preventive efficacy
and safety. No recommendation is given with
regard to national and international regulation or
legislation, which are the responsibility of individ-
ual governments and/or other international
authorities. No recommendations for specific
research trials are made.

IARC Working Groups

Reviews and evaluations are formulated by inter-
national working groups of experts convened by
the IARC. The tasks of each group are: (1) to as-
certain that all appropriate data have been col-
lected; (2) to select the data relevant for the evalu-
ation on the basis of scientific merit; (3) to prepare
accurate summaries of the data to enable the reader
to follow the reasoning of the Working Group;
(4) to evaluate the significance of the available
data from human studies and experimental mod-
els on cancer-preventive activity, carcinogenicity
and other beneficial and adverse effects; and (5) to
evaluate data relevant to the understanding of
mechanisms of action.

wi
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Working Group participants who contributed
to the considerations and evaluations within a
particular Handbook are listed, with their addresses,
at the beginning of each publication. Each partici-
pant serves as an individual scientist and not as a
representative of any organization, government or
industry. In addition, scientists nominated by
national and international agencies, industrial
associations and consumer and/or environmental
organizations may be invited as observers. IARC
staff involved in the preparation of the Handbooks
are listed.

Working procedures

Approximately 13 months before a working group
meets, the topics of the Handbook are announced,
and participants are selected by IARC staff in con-
sultation with other experts. Subsequently, rele-
vant clinical, experimental and human data are
collected by the IARC from all available sources of
published information. Representatives from pro-
ducer or consumer associations may assist in the
preparation of sections on production and use as
appropriate.

About eight months before the meeting, the
material collected is sent to meeting participants
to prepare sections for the first drafts of the
Handbooks. These are then compiled by IARC staff
and sent, before the meeting, to all participants of
the Working Group for review. There is an oppor-
tunity to return the compiled specialized sections
of the draft to the experts, inviting preliminary
comments, before the complete first draft docu-
ment is distributed to all members of the Working
Group.

Data for Handbooks
The Handbooks do not necessarily cite all of the
literature on the agent or strategy being evaluated.
Only those data considered by the Working Group
to be relevant to making the evaluation are
included. In principle, meeting abstracts and other
reports that do not provide sufficient detail upon
which to assess their quality should be avoided.
With regard to data from toxicological, epidemi-
ological and experimental studies and from clini-
cal trials, only reports that have been published or
accepted for publication in the openly available
scientific literature are reviewed by the Working
Group. In certain instances, government agency

4

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. In the sections on
chemical and physical properties, on production,
on use, on analysis and on human exposure,
unpublished sources of information may be used.

Criteria for selection of topics for evaluation
Agents, classes of agents and interventions to be
evaluated in the Handbooks are selected on the
basis of one or more of the following criteria.

* The available evidence suggests potential for
significantly reducing the incidence of cancers.

* There is a substantial body of human, experi-
mental, clinical and/or mechanistic data suit-
able for evaluation.

* The agent is in widespread use and of putative
protective value, but of uncertain efficacy and
safety.

* The agent shows exceptional promise in experi-
mental studies but has not been used in
humans.

* The agent is available for further studies of
human use.

Part Two

Evaluation of cancer-preventive agents

A wide range of findings must be taken into
account before a particular agent can be recog-
nized as preventing cancer. On the basis of experi-
ence from the JARC Monographs programme, a sys-
tematized approach to data presentation is adopted
for Handbooks evaluations.

1. Chemical and physical
characteristics of the agent

The Chemical Abstracts Services Registry Number,
the latest Chemical Abstracts Primary Name, the
IUPAC Systematic Name and other definitive
information (such as genus and species of plants)
are given as appropriate. Information on chemical
and physical properties and, in particular, data
relevant to identification, occurrence and biologi-
cal activity are included. A description of technical
products of chemicals includes trade names,
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1. Chemical and physical characteristics

2. Occurrence, production, use, analysis and
human exposure

2.1 Occurrence

2.2 Production

23 Use

2.4 Analysis

2.5 Human exposure

3. Metabolism, kinetics and genetic variation

3.1 Human studies
3.2  Experimental models
3.3  Genetic variation

4. Cancer-preventive effects
41  Human studies
4.2  Experimental models
4.21 Experimental animals
422 In vitro models
4.3  Mechanisms of chemoprevention

5. Other beneficial effects

6. Carcinogenicity

6.1 Humans
6.2  Experimental animals

Outline of data presentation scheme for evaluating chemopreventive agents

7. Other toxic effects

7.1 Adverse effects

7.1.1 Humans

7.1.2 Experimental animals
7.2  Genetic and related effects

7.2.1 Humans

7.2.2 Experimental models

8. Summary of data

8.1  Chemistry, occurrence and human exposure
8.2  Metabolism and kinetics
8.3  Cancer-preventive effects

8.3.1 Humans
8.3.2 Experimental animals
8.3.3 Mechanism of action

8.4  Other beneficial effects
8.5  Carcinogenicity

8.5.1 Humans

8.5.2 Experimental animals
8.6  Toxic effects

8.6.1 Humans

8.6.2 Experimental animals

9. Recommendations for research

10. Evaluation

10.1  Cancer-preventive activity
10.1.1 Humans
10.1.2 Experimental animals

10.2 Overall evaluation

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 ingre-
dients.

2, Occurrence, production, use,
analysis and human exposure

21 Occurrence

Information on the occurrence of an agent or mix-
ture in the environment is obtained from data
derived from the monitoring and surveillance of
levels in occupational environments, air, water, soil,

foods and animal and human tissues. When avail-
able, data on the generation, persistence and bio-
accumulation of the agent are included. For mix-
tures, information is given about all agents present.

2.2 Production

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

23 Use

Data on production, international trade and uses
and applications are obtained for representative
regions. Some identified uses may not be
current or major applications, and the coverage
is not necessarily comprehensive. In the case of
drugs, mention of their therapeutic applications
does not necessarily represent current practice, nor
does it imply judgement as to their therapeutic
efficacy.

24  Analysis

An overview of current methods of analysis or
detection is presented. Methods for monitoring
human exposure are also given, when available.

2,5 Human exposure

Human uses of, or exposure to, the agent are
described. If an agent is used as a prescribed or
over-the-counter pharmaceutical product, then
the type of person receiving the product in terms
of health status, age, sex and medical condition
being treated are described. For nonpharmaceutical
agents, particularly those taken because of cultural
traditions, the characteristics of use or exposure
and the relevant populations are described.
In all cases, quantitative data, such as dose-
response data, are considered to be of special
importance.

3. Metabolism, kinetics and genetic
variation

In evaluating the potential utility of a suspected
chemopreventive agent or strategy, a number of
different properties, in addition to direct effects
upon cancer incidence, are described and weighed.
Furthermore, as many of the data leading to an
evaluation are expected to come from studies in
experimental animals, information that facilitates
interspecies extrapolation is particularly impor-
tant; this includes metabolic, kinetic and genetic
data. Whenever possible, quantitative data,
including information on dose, duration and
potency, are considered.

ol

Information is given on absorption, distribution
(including placental transfer), metabolism and ex-
cretion in humans and experimental animals.
Kinetic properties within the target species may
affect the interpretation and extrapolation of dose-
response relationships, such as blood concentra-
tions, protein binding, tissue concentrations,
plasma  half-lives and elimination rates.
Comparative information on the relationship be-
tween use or exposure and the dose that reaches
the target site may be of particular importance for
extrapolation between species. Studies that indi-
cate the metabolic pathways and fate of the agent
in humans and experimental animals are summa-
rized, and data on humans and experimental ani-
mals are compared when possible. Observations
are made on interindividual variations and rele-
vant metabolic polymorphisms. Data indicating
long-term accumulation in human tissues are
included. Physiologically based pharmacokinetic
models and their parameter values are relevant
and are included whenever they are available.
Information on the fate of the compound within
tissues and cells (transport, role of cellular recep-
tors, compartmentalization, binding to macromol-
ecules) is given.

Genotyping will be used increasingly, not only to
identity subpopulations at increased or decreased
risk for cancers but also to characterize variation in
the biotransformation of, and responses to, chemo-
preventive and chemotherapeutic agents.

This subsection can include effects of the com-
pound on gene expression, enzyme induction or
inhibition, or pro-oxidant status, when such data
are not described elsewhere. It covers data obtained
in humans and experimental animals, with particu-
lar attention to effects of long-term use and exposure.

4, Cancer-preventive effects

41  Human studies

Types of studies considered. Human data are derived
from experimental and non-experimental study
designs and are focused on cancer, precancer
or intermediate biological end-points. The
experimental  designs include randomized
controlled trials and short-term experimental stud-
ies; non-experimental designs include cohort,
case-control and cross-sectional studies.
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Cohort and case—control studies relate individ-
ual use of, or exposure to, the agents under study
to the occurrence or prevention of cancer in indi-
viduals 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. Cohort and
case-control studies follow an observational
approach, in which the use of, or exposure to, the
agent is not controlled by the investigator.

Intervention studies are experimental in design
— that is, the use of, or exposure to, the agent is
assigned by the investigator. The intervention
study or clinical trial is the design that can provide
the strongest and most direct evidence of a protec-
tive or preventive effect; however, for practical and
ethical reasons, such studies are limited to obser-
vation of the effects among specifically defined
study subjects of interventions of 10 years or
fewer, which is relatively short when compared
with the overall lifespan.

Intervention studies may be undertaken in in-
dividuals or communities and may or may not
involve randomization to use or exposure. The
differences between these designs is important in
relation to analytical methods and interpretation of
findings.

In addition, information can be obtained from
reports of correlation (ecological) studies and case
series; however, limitations inherent in these
approaches usually mean that such studies carry
limited weight in the evaluation of a preventive
effect.

Quality of studies considered. The Handbooks are
not intended to summarize all published studies. It
is important that the Working Group consider the
following aspects: (1) the relevance of the study;
(2) the appropriateness of the design and analysis
to the question being asked; (3) the adequacy and
completeness of the presentation of the data; and
(4) the degree to which chance, bias and con-
founding may have affected the results.

Studies 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 sup-
plement to that in other reports or when it is the
only data available. Their inclusion does not imply
acceptance of the adequacy of the study design,

nor of the analysis and interpretation of the
results, and their limitations are outlined.

Assessment of the cancer-preventive effect at differ-
ent doses and durations. The Working Group gives
special attention to quantitative assessment of the
preventive effect of the agent under study, by
assessing data from studies at different doses. The
Working Group also addresses issues of timing and
duration of use or exposure. Such quantitative
assessment is important to clarify the circum-
stances under which a preventive effect can be
achieved, as well as the dose at which a toxic effect
has been shown.

Criteria for a cancer-preventive effect. After summa-
rizing and assessing the individual studies, the
Working Group makes a judgement concerning
the evidence that the agent in question prevents
cancer in humans. In making their judgement, the
Working Group considers several criteria for each
relevant cancer site.

Evidence of protection derived from intervention
studies of good quality is particularly informative.
Evidence of a substantial and significant reduction
in risk, including a dose-response relationship, is
more likely to indicate a real effect. Nevertheless, a
small effect, or an effect without a dose-response
relationship, does not imply lack of real benefit
and may be important for public health if the can-
cer is common.

Evidence is frequently available from different
types of studies and is evaluated as a whole.
Findings that are replicated in several studies of
the same design or using different approaches
are more likely to provide evidence of a true pro-
tective effect than isolated observations from
single studies.

The Working Group evaluates possible explana-
tions for inconsistencies across studies, including
differences in use of, or exposure to, the agent,
differences in the underlying risk for cancer and
metabolism and genetic differences in the population.

The results of studies judged to be of high quality
are given more weight. Note is taken of both the
applicability of preventive action to several cancers
and of possible differences in activity, including
contradictory findings, across cancer sites.

Data from human studies (as well as from experi-
mental models) that suggest plausible mechanisms
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for a cancer-preventive effect are important in
assessing the overall evidence.

The Working Group may also determine
whether, on aggregate, the evidence from human
studies is consistent with a lack of preventive
effect.

4.2  Experimental models

4.2.1 Experimental animals

Animal models are an important component of
chemopreventive research. They provide a means of
identifying effective compounds, of carrying out
fundamental investigations into their mechanisms
of action, of determining how they can be used
optimally, of evaluating toxicity and, ultimately, of
providing an information base for developing
intervention trials in humans. Models that permit
evaluation of the effects of chemopreventive
agents on the occurrence of cancer in most major
organ sites are available. Major groups of animal
models include: those in which carcinogenesis is
produced by the administration of chemical or
physical carcinogens; those involving genetically
engineered animals; and those in which tumours
develop spontaneously. Most chemopreventive
agents investigated in such studies can be placed
into one of three categories: compounds that
prevent molecules from reaching or reacting with
critical target sites (blocking agents); compounds
that decrease the sensitivity of target tissues to car-
cinogenic stimuli; and compounds that prevent
evolution of the neoplastic process (suppressing
agents). There is increasing interest in the use of
combinations of agents as a means of improving
efficacy and minimizing toxicity. Animal models
are useful in evaluating such combinations. The
development of optimal strategies for human
intervention trials can be facilitated by the use of
animal models that mimic the neoplastic process
in humans.

Specific factors to be considered in such experi-
ments are: (1) the temporal requirements of
administration of the chemopreventive agents;
(2) dose-response effects; (3) the site-specificity of
a chemopreventive action; and (4) the number and
structural diversity of carcinogens whose action
can be reduced by the agent being evaluated.
Other types of studies include experiments in
which the end-point is not cancer but a defined
preneoplastic lesion or tumour-related, inter-medi-

-8

ate biomarker. An important variable in the evalu-
ation of the cancer-preventive response is the time
and the duration of the administration of the
chemopreventive agent in relation to any carcino-
genic treatment, or in transgenic or other experi-
mental models in which no carcinogen is admin-
istered. Furthermore, concurrent administration of
a chemopreventive agent may result in a decreased
incidence of tumours in a given organ and an
increase in another organ of the same animal.
Thus, in these experiments it is important that
multiple organs be examined.

For all these studies, the nature and extent of
impurities or contaminants present in the chemo-
preventive agent or agents being evaluated are
given when available. 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.

As certain components of commonly used diets
for experimental animals are themselves known to
have chemopreventive activity, particular consid-
eration should be given to the interaction between
the diet and the apparent effect of the agent being
studied. Likewise, restriction of diet may be impor-
tant. The appropriateness of the diet given relative
to the composition of human diets may be com-
mented on by the Working Group.

Qualitative aspects. An assessment of the experi-
mental prevention of cancer involves several con-
siderations of qualitative importance, including:
(1) the experimental conditions under which the
test was performed (route and schedule of expo-
sure, species, strain, sex and age of animals stud-
ied, duration of the exposure, and duration of the
study); (2) the consistency of the results, for exam-
ple across species and target organ(s); (3) the stage
or stages of the neoplastic process, from preneo-
plastic lesions and benign tumours to malignant
neoplasms, studied and (4) the possible role of
modifying factors.

Considerations of importance to the Working
Group in the interpretation and evaluation of a
particular study include: (1) how clearly the agent
was defined and, in the case of mixtures, how
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adequately the sample composition was reported;
(2) the composition of the diet and the stability of
the agent in the diet; (3) whether the source, strain
and quality of the animals was reported; (4) whether
the dose and schedule of treatment with the
known carcinogen were appropriate in assays of
combined treatment; (5) whether the doses of the
chemopreventive agent were adequately moni-
tored; (6) whether the agent(s) was absorbed, as
shown by blood concentrations; (7) whether the
survival of treated animals was similar to that of
controls; (8) whether the body and organ weights of
treated animals were similar to those of controls;
(9) whether there were adequate numbers of
animals, of appropriate age, per group;
(10) whether animals of each sex were used, if
appropriate; (11) whether animals were allocated
randomly to groups; (12) whether appropriate
respective controls were used; (13) whether the
duration of the experiment was adequate;
(14) whether there was adequate statistical analy-
sis; and (15) whether the data were adequately
reported. If available, recent data on the incidence
of specific tumours in historical controls, as well as
in concurrent controls, are taken into account in
the evaluation of tumour response. The observa-
tion of effects on the occurrence of lesions
presumed to be preneoplastic or the emergence of
benign or malignant tumours may in certain in-
stances aid in assessing the mode of action of the
presumed chemopreventive agent. Particular atten-
tion is given to assessing the reversibility of these
lesions and their predictive value in relation to
cancer development.

Quantitative aspects. The probability that tumours
will occur may depend on the species, sex, strain
and age of the animals, the dose of carcinogen (if
any), the dose of the agent, and the route and
duration of exposure. A decreased incidence
and/or decreased multiplicity of neoplasms in ade-
quately designed studies provides evidence of a
chemopreventive effect. A dose-related decrease in
incidence and/or multiplicity further strengthens
this association.

Statistical analysis. Major factors considered in the
statistical analysis by the Working Group include
the adequacy of the data for each treatment group:
(1) the initial and final effective numbers of

animals studied and the survival rate;
(2) body weights; and (3) tumour incidence and
multiplicity. The statistical methods used should
be clearly stated and should be the generally
accepted techniques refined for this purpose. In
particular, the statistical methods should be appro-
priate for the characteristics of the expected data
distribution and should account for interactions in
multifactorial studies. Consideration is given as to
whether the appropriate adjustments were made
for differences in survival.

4.2.2 In-vitro models

Cell systems in vitro contribute to the early identi-
fication of potential chemopreventive agents and
to elucidation of mechanistic aspects. A number
of assays in prokaryotic and eukaryotic systems are
used for this purpose. Evaluation of the results of
such assays includes consideration of: (1) the
nature of the cell type used; (2) whether primary
cell cultures or cell lines (tumorigenic or nontu-
morigenic) were studied; (3) the appropriateness of
controls; (4) whether toxic effects were considered
in the outcome; (5) whether the data were appro-
priately summated and analysed; (6) whether
appropriate  quality  controls  were  used;
(7) whether appropriate concentration ranges were
used; (8) whether adequate numbers of indepen-
dent measurements were made per group; and
(9) the relevance of the end-points, including inhi-
bition of mutagenesis, morphological transforma-
tion, anchorage-independent growth, cell-cell
communication, calcium tolerance and differenti-
ation.
4.3 Mechanisms of chemoprevention
Data on mechanisms can be derived from both
human and experimental systems. For a rational
implementation of chemopreventive measures, it
is essential not only to assess protective end-
points but also to understand the mechanisms by
which the agents exert their anticarcinogenic
action. Information on the mechanisms of chemo-
preventive agents can be inferred from relation-
ships between chemical structure and biological
activity, from analysis of interactions between
agents and specific molecular targets, from studies
of specific end-points in vitro, from studies of the
inhibition of tumorigenesis in vivo and the efficacy
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of modulating intermediate biomarkers, and from
human studies. Therefore, the Working Group
takes account of mechanistic data in making the
final evaluation of chemoprevention.

Several classifications of mechanisms have been
proposed, as have several systems for evaluating

them. Chemopreventive agents may act at several

distinct levels. Their action may be: (1) extracellular,
for example, inhibiting the uptake or endogenous
formation of carcinogens, or forming complexes
with, diluting and/or deactivating carcinogens;
(2) intracellular, for example, trapping carcinogens
in non-target cells, modifying transmembrane
transport, modulating metabolism, blocking reac-
tive molecules, inhibiting cell replication or modu-
lating gene expression or DNA metabolism; or
(3) at the level of the cell, tissue or organism, for
example, affecting cell differentiation, intercellular
communication, proteases, signal transduction,
growth factors, cell adhesion molecules, angiogen-
esis, interactions with the extracellular matrix,
hormonal status and the immune system.

Many chemopreventive agents are known or sus-
pected to act by several mechanisms, which may
operate in a coordinated manner and allow them a
broader spectrum of anticarcinogenic activity.
Therefore, multiple mechanisms of action are taken
into account in the evaluation of chemoprevention.

Beneficial interactions, generally resulting from
exposure to inhibitors that work through comple-
mentary mechanisms, are exploited in combined
chemoprevention. Because organisms are naturally
exposed not only to mixtures of carcinogenic agents
but also to mixtures of protective agents, it is also
important to understand the mechanisms of inter-
actions between inhibitors.

5. Other beneficial effects

This section contains mainly background infor-
mation on preventive activity. Use is described in
Section 2.3. An expanded description is given,
when appropriate, of the efficacy of the agent in
the maintenance of a normal healthy state and
the treatment of particular diseases. Information
on the mechanisms involved in these activities is
described. Reviews, rather than individual studies,
may be cited as references.

The physiological functions of agents such as
vitamins and micronutrients can be described
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briefly, with reference to reviews. Data on the ther-
apeutic effects of drugs approved for clinical use are
summarized.

6. Carcinogenicity

Some agents may have both carcinogenic and anti-
carcinogenic activities. If the agent has been evalu-
ated within the IARC Monographs on the Evaluation of
Carcinogenic Risks to Humans, that evaluation is
accepted, unless significant new data have appeared
that may lead the Working Group to reconsider the
evidence. When a re-evaluation is necessary or
when no carcinogenic evaluation has been made,
the procedures described in the Preamble to the
IARC Monographs on the Evaluation of Carcinogenic
Risks to Humans are adopted as guidelines.

7. Other toxic effects

Toxic effects are of particular importance in the
case of agents that may be used widely over long
periods in healthy populations. Data are given on
acute and chronic toxic effects, such as organ toxi-
city, increased cell proliferation, immunotoxicity
and adverse endocrine effects. If the agent occurs
naturally or has been in clinical use previously,
the doses and durations used in chemopreventive
trials are compared with intakes from the diet, in
the case of vitamins, and previous clinical expo-
sure, in the case of drugs already approved for
human use. When extensive data are available,
only summaries are presented; if adequate reviews
are available, reference may be made to these. If
there are no relevant reviews, the evaluation is
made on the basis of the same criteria as are
applied to epidemiological studies of cancer.
Differences in response as a consequence of
species, sex, age and genetic variability are pre-
sented when the information is available.

Data demonstrating the presence or absence of
adverse effects in humans are included; equally,
lack of data on specific adverse effects is stated
clearly.

Findings in humans and experimental animals
are presented sequentially under the headings ‘Toxic
and other adverse effects’ and ‘Genetic and related
effects’.

The section ‘Toxic and other adverse effects’
includes information on immunotoxicity, neuro-
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toxicity, cardiotoxicity, haematological effects and
toxicity to other target organs. Specific case reports
in humans and any previous clinical data are noted.
Other biochemical effects thought to be relevant
to adverse effects are mentioned. The reproductive
and developmental effects described include
effects on fertility, teratogenicity, fetotoxicity and
embryotoxicity. Information from nonmam-
malian systems and in vifro are presented only if
they have clear mechanistic significance.

The section ‘Genetic and related effects’ includes
results from studies in mammalian and nonmam-
malian systems in vivo and in vitro. Information on
whether DNA damage occurs via direct interaction
with the agent or via indirect mechanisms (e.g.
generation of free radicals) is included, as is infor-
mation on other genetic effects such as mutation,
recombination, chromosomal damage, aneuploidy,
cell immortalization and transformation, and effects
on cell-cell communication. The presence and tox-
icological significance of cellular receptors for the
chemopreventive agent are described.

The adequacy of epidemiological studies of toxic
effects, including reproductive outcomes and
genetic and related effects in humans, is evaluated
by the same criteria as are applied to epidemiological
studies of cancer. For each of these studies, the ade-
quacy of the reporting of sample characterization
is considered and, where necessary, commented
upon. The available data are interpreted critically
according to the end-points used. The doses and
concentrations used are given, and, for in vitro exper-
iments, mention is made of whether the presence
of an exogenous metabolic system affected the
observations. For in vivo studies, the route of
administration and the formulation in which the
agent was administered are included. The dosing
regimens, including the duration of treatment, are
also given. Genetic 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 genetic
activity profiles are given in appendices. Genetic
and other activity in humans and experimental
mammals is regarded as being of greater relevance
than that in other organisms. The in-vitro experi-
ments providing these data must be carefully eval-
uated, since there are many trivial reasons why a
response to one agent may be modified by the
addition of another.

Structure-activity relationships that may be rele-
vant to the evaluation of the toxicity of an agent
are described.

Studies on the interaction of the suspected
chemopreventive agent with toxic and subtoxic
doses of other substances are described, the objec-
tive being to determine whether there is inhibition
or enhancement, additivity, synergism or potenti-
ation of toxic effects over an extended dose range.

Biochemical investigations that may have a
bearing on the mechanisms of toxicity and chemo-
prevention are described. These are carefully evalu-
ated for their relevance and the appropriateness of
the results.

8.  Summary of data

In this section, the relevant human and experimen-
tal data are summarized. Inadequate studies are
generally not summarized; such studies, if cited, are
identified in the preceding text.

8.1 Chemistry, occurrence and human
exposure

Human exposure to an agent is summarized on
the basis of elements that may include produc-
tion, use, occurrence in the environment and
determinations in human tissues and body fluids.
Quantitative data are summarized when avail-
able.

8.2  Metabolism and kinetics

Data on metabolism and kinetics in humans and in
experimental animals are given when these are con-
sidered relevant to the possible mechanisms of
chemoprotective, carcinogenic and toxic activity.

8.3  Cancer-preventive effects

8.3.1 Humans

The results of relevant studies are summarized,
including case reports and correlation studies
when considered important.

8.3.2 Experimental animals

Data relevant to an evaluation of cancer-pre-
ventive activity in experimental models are
summarized. For each animal species and route
of administration, it is stated whether a change
in the incidence of neoplasms or preneoplastic
lesions was observed, and the tumour sites
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are indicated. Negative findings are also
summarized. Dose-response relationships and
other quantitative data may be given when
available.

8.3.3 Mechanism of action
Data relevant to the mechanisms of cancer-pre-
ventive activity are summarized.

8.4  Other beneficial effects

When beneficial effects other than cancer preven-
tion have been identified, the relevant data are
summarized.

8.5  Carcinogenicity

Normally, the agent will have been reviewed and
evaluated within the IARC Monographs pro-
gramme, and that summary is used with the inclu-
sion of more recent data, if appropriate.

8.5.1 Humans

The results of epidemiological studies that are con-
sidered to be pertinent to an assessment of human
carcinogenicity are summarized. When relevant, case
reports and correlation studies are also summarized.

8.5.2 Experimental animals

Data relevant to an evaluation of carcinogenic
effects in animal models are summarized. For each
animal species and route of administration, it is
stated whether a change in the incidence of neo-
plasms or preneoplastic lesions was observed, and
the tumour sites are indicated. Negative findings
are also summarized. Dose-response relationships
and other quantitative data may be mentioned
when available.

8.6  Toxic effects
Adverse effects in humans are summarized,
together with data on general toxicological effects
and cytotoxicity, receptor binding and hormonal
and immunological effects. The results of investi-
gations on the reproductive, genetic and related
effects are summarized. Toxic effects are summa-
rized for whole animals, cultured mammalian cells
and non-mammalian systems. When available,
data for humans and for animals are compared.
Structure-activity relationships are mentioned
when relevant to toxicity.

9. Recommendations for research

During the evaluation process, it is likely
that opportunities for further research will be
identified. This is clearly stated, with the under-
standing that the areas are recommended for
future investigation. It is made clear that these
research opportunities are identified in general
terms on the basis of the data currently available.

10. Evaluation

Evaluations of the strength of the evidence for
cancer-preventive activity and carcinogenicity
from studies in humans and experimental models
are made, using standard terms. These terms may
also be applied to other beneficial and adverse
effects, when indicated. When appropriate, refer-
ence is made to specific organs and populations.

It is recognized that the criteria for these evalu-
ations, described below, cannot encompass all fac-
tors that may be relevant to an evaluation of can-
cer-preventive activity. In considering all the rele-
vant scientific data, the Working Group may
assign the agent, or other intervention to a higher
or lower category than a strict interpretation of
these criteria would indicate.

10.1  Cancer-preventive activity

These categories refer to the strength of the evid-
ence that an agent prevents cancer. The evalua-
tions may change as new information becomes
available.

Evaluations are inevitably limited to the can-
cer sites, conditions and levels of exposure and
length of observation covered by the available
studies. 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 evalu-
ated 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.

Information on mechanisms of action is taken
into account when evaluating the strength of
evidence in humans and and in experimental
animals, as well as in assessing the consistency of
results between studies in humans and experi-
mental models.
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10.1.1  Cancer-preventive activity in humans
The evidence relevant to prevention in humans is
classified into one of the following four categories.

* Sufficient evidence of cancer-preventive activity
The Working Group considers that a causal
relationship has been established between use
of the agent and the prevention of human can-
cer in studies in which chance, bias and con-
founding could be ruled out with reasonable
confidence.

* Limited evidence of cancer-preventive activity
The data suggest a reduced risk for cancer with
use of the agent but are limited for making a
definitive evaluation either because chance, bias
or confounding could not be ruled out with rea-
sonable confidence or because the data are
restricted to intermediary biomarkers of uncer-
tain validity in the putative pathway to cancer.

* Inadequate evidence of cancer-preventive activity
The available studies are of insufficient quality,
consistency or statistical power to permit a con-
clusion regarding a cancer-preventive effect of
the agent, or no data on the prevention of can-
cer in humans are available.

* Evidence suggesting lack of cancer-preventive activity
Several adequate studies of use or exposure are
mutually consistent in not showing a prevent-
ive effect.

The strength of the evidence for any carcinogenic
activity is assessed in parallel. Both cancer-preven-
tive activity and carcinogenicity are identified and,
when appropriate, tabulated, by organ site. The
evaluation also cites the population subgroups
concerned, specifying ages, sex, genetic or
environmental predisposing risk factors and the
presence of precancerous lesions.

10.1.2 Cancer-preventive activity in experimental
animals

Evidence for prevention in experimental animals

is classified into one of the following categories.

* Sufficient evidence of cancer-preventive activity
The Working Group considers that a causal rela-
tionship has been established between the agent
and a decreased incidence and/or multiplicity of
neoplasms.

* Limited evidence of cancer-preventive activity
The data suggest a preventive effect but are
limited for making a definitive evaluation be-
cause, for example, the evidence of prevention is
restricted to a single experiment, the agent de-
creases the incidence and/or multiplicity only of
benign neoplasms or lesions of uncertain neo-
plastic potential or there is conflicting evidence.

* Inadequate evidence of cancer-preventive activity
The studies cannot be interpreted as showing
either the presence or absence of a preventive
effect because of major qualitative or quantita-
tive limitations (unresolved questions regarding
the adequacy of the design, conduct or interpre-
tation of the study), or no data on prevention in
experimental animals are available.

* Lvidence suggesting lack of cancer-preventive activity
Adequate evidence from conclusive studies in
several models shows that, within the limits of
the tests used, the agent does not prevent cancer.

10.2  Overall evaluation

Finally, the body of evidence is considered as a
whole, and summary statements are made that
encompass the effects of the agents in humans
with regard to cancer-preventive activity, carcino-
genicity and other beneficial and adverse effects,
as appropriate.
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1. Introduction

The history of non-steroidal anti-inflammatory
drugs (NSAIDs) can be traced to ancient Egypt,
where an extract of willow bark was used to treat
inflammation (Vane et al., 1990; Wright, 1993).
The active component of the extract was subse-
quently identified as the glucoside of salicyl alco-
hol. Hydrolysis of the carbohydrate moiety pro-
duces salicyl alcohol, which can be oxidized to
salicylic acid, the actual anti-inflammatory agent.
Severe gastric side-effects associated with oral use
of sodium salicylate prompted synthesis of its
ortho-acetyl derivative for use as a possible pro-
drug, i.e. a pharmacologically inactive precursor
that is converted in vivo to an active drug, by
metabolism or other physiologically active
processes (Vane et al., 1990). In fact, acetylsalicylic
acid is anti-inflammatory, analgesic and antipyret-
ic but also ulcerogenic. Acetylsalicylic acid was
synthesized in 1897 and was mass produced from
1899 by the German company Bayer for the treat-
ment of fever and rheumatism under the com-
mercial name ‘Aspirin®!. Subsequently, new,
important pharmacological activities have been
reported that have been the subject of much basic
and clinical investigation. A number of other anti-
inflammatory agents have been developed over
the past 50 years (Frolich, 1997). These fall into
six distinct classes, listed in Table 1.

In the 1970s, Bennett and Del Tacca (1975) and
others observed that certain human cancers,
including those in the colon and rectum,
produced more prostaglandin E, than did sur-
rounding normal tissue. They suggested that
tumours that overproduce certain prostaglandins
promote their own growth and spread. As NSAIDs
inhibit prostaglandin synthesis, this theory gave
rise to a series of experimental studies in rodents
to test whether high doses of these compounds
would inhibit or prevent the growth of colon can-
cers. Most of the NSAIDs tested effectively inhibit-
ed colorectal tumours in rats and mice. Whereas
these early studies assessed the broad hypothesis
that inhibition of prostaglandin synthesis would
inhibit the occurrence or progression of neoplasia,
subsequent studies have revealed the probable
mechanistic complexicity of these processes.

NSAIDs are currently understood to function
primarily through a reduction in prostaglandin
synthesis by inhibiting the enzyme prostaglandin
endoperoxide synthase. This polypeptide enzyme
contains both cyclooxygenase and peroxidase
activities. It occurs as two isoforms, designated
isoforms 1 and 2, which are referred to as
cyclooxygenase (COX-1 and COX-2) in the
current literature and in this volume. When the
term COX is used alone, it denotes a generic prop-
erty that is conserved in the two isoforms.

Table 1. Some commonly available, conventional non-steroidal anti-inflammatory drugs

Anthranilic acid derivatives
Flufenamic acid, mefanamic acid
Indomethacin and related derivatives
Indomethacin, sulindac
Oxicams
Isoxicam, piroxicam
Phenylalkanoic acid and related derivatives

Alclofenac, diclofenac, fenclofenac, flurbiprofen, ibuprofen, ketaprofen, naproxen

Pyrazole derivatives

Azapropazone, dipyrone, oxyphenbutazone, phenylbutazone

Salicylates

Aspirin, benzorylate, diflunisal, salicylamide, sodium salicylate

! Aspirin is a protected trade name of Bayer Company in more than 70 countries


kajob
Rectangle

kajob
Rectangle

kajob
Rectangle


IARC Handbooks of Cancer Prevention

1.1 Observational studies of colorectal cancer
Studies of the effect of NSAIDs on the risk for col-
orectal cancer initially evolved independently of
experimental work on the mechanism of action of
these drugs. Kune et al. (1988) reported a negative
association between the incidence of colorectal
cancer and use of aspirin, and reductions of lesser
magnitude with the use of other NSAIDs. The
potential cancer-preventive activity of aspirin was
then evaluated in other epidemiological studies
(Gann et al.,, 1993; Greenberg et al., 1993; Suh et
al., 1993; Thun et al., 1993). These are described in
the chapter on aspirin.

Studies of cancer occurrence in patients with
rheumatoid arthritis in Finland (Isomdki et al.,
1978; Laakso et al., 1986) and Sweden (Gridley et
al., 1993) were motivated by concern that use of
NSAIDs might increase the risk for gastric cancer
and that chronic immune stimulation due to
rheumatoid arthritis might cause lymphatic or
haematopoietic cancers.

1.2  Studies in experimental animals

When the findings in humans were published,
there was an extant literature on inhibition of
colorectal carcinogenesis by NSAIDs in rodent
models (Kudo et al., 1980; Pollard & Luckert,
1980; Narisawa et al., 1981; Pollard & Luckert,
1981a,b; Narisawa et al., 1983; Pollard & Luckert,
1983; Pollard et al., 1983; Narisawa ef al., 1984;
Pollard & Luckert, 1984; Birkenfeld et al., 1987;
Reddy et al., 1987; Moorghen et al., 1988; Reddy et
al., 1990; Rao et al., 1991; Reddy et al., 1992). Most
of these studies are based on inhibition of
tumours induced at particular sites by appropriate
chemical carcinogens. Their results suggest that
rodent models may be useful for evaluating the
chemopreventive activity of NSAIDs and for
investigating their mechanisms of action. All of
the experimental studies involved single com-
pounds and are thus discussed in the individual
chapters.

1.3 Drugs considered
The present volume contains evaluations of the
cancer-preventive activity of four specific NSAIDs,

together with other relevant findings. The drugs -

covered are aspirin, indomethacin, sulindac and
piroxicam. These NSAIDs were selected because
of the amount and nature of the information
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available on possible cancer-preventive activity. In
some studies, NSAIDs or NSAIDs apart from
aspirin were addressed as a class. As for many
years aspirin was the most commonly used
NSAID, studies on NSAIDs in general are covered
in that chapter; those on NSAIDs other than
aspirin are summarized in the chapter on sulin-
dac. The cancer-preventive activity of NSAIDs as a
class was not evaluated.

2. Colorectal cancer

2.1 Descriptive epidemiology

Cancers of the large bowel (colon and rectum) are
the third most frequent cancers in the world in
people of each sex, after cancers of the lung and
stomach in males and after those of the breast and
cervix in females. In developed countries, colorec-
tal cancer ranks second; the age-standardized rates
are about four times higher than those in devel-
oping countries. Thus, about two-thirds of the
estimated annual total of 677 000 new cases in
1985 occurred in the developed world, which
includes only one-quarter of the world’s popula-
tion (Parkin et al., 1993).

2.2 Biology of colorectal cancer in humans
Malignant tumours are understood to arise from
normal cells as a consequence of a multistep
process marked by the successive evolution of cell
populations with progressively altered growth
characteristics. Colorectal cancer is perceived as
exemplifying this hypothesis particularly well,
because certain intermediate stages in tumour
growth are recognized. Aberrant crypt foci are
considered to be early preneoplastic lesions that
are observed consistently in the colonic mucosa of
patients with colorectal cancer (Pretlow et al.,
1992). Evidence that several inhibitors of aberrant
crypt foci reduce the risk for colorectal tumours in
experimental animals suggests that induction of
these foci could be used to evaluate new agents for
potential preventive properties against colorectal
cancer.

Adenomatous colonic polyps are perceived as
marking an early stage of cancer development.
Patients with an autosomal dominant condition,
familial adenomatous polyposis, characterized
by the development of hundreds to thousands
of polyps, are at greatly increased risk of colorectal
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cancer and are offered prophylactic colectomy in
early adulthood (Burn et al., 1994; Mills et al.,
1997). Mutations in the APC gene underlie
this phenotype and are demonstrable in the
earliest stages of most sporadic cases of colon can-
cer (Powell et al., 1992; Kinzler & Vogelstein,
1996).

There is good evidence that chronic inflamma-
tion predisposes to the development of cancer at
various sites. Examples (reviewed by Gordon &
Weitzman, 1993) include the associations of uri-
nary bladder cancer with schistosomiasis, stones
or in-dwelling catheters left for long periods;
oesophageal cancer subsequent to reflux
oesophagitis or Barrett’s oesophagus; pancreatic
cancer subsequent to chronic pancreatitis; gastric
cancer following gastritis due to Helicobacter pylori
and cancer of the gall-bladder subsequent to
cholecystitis. The corresponding observation for
colorectal cancer is primarily an increased risk in
patients suffering from long-standing, extensive
inflammatory diseases such as ulcerative colitis.
Interestingly, a drug structurally similar to aspirin,
aminosalicylate, is used in the treatment of this
condition.

The molecular basis of malignant transforma-
tion mainly involves the activation of genes that
are not usually expressed in normal cells
(oncogenes) and loss or mutation of genes associ-
ated with the control of cell growth (tumour sup-
pressor genes). Colorectal cancer represents the
most comprehensive relationship between genetic
changes and successive morphological changes
marking the development of malignant tumours.
Vogelstein and Kinzler (1993) identified the
activation of particular oncogenes, including ras,
and the loss of particular tumour suppressor
genes, including APC and p53, with various stages
in tumour growth: development of hyperplastic
lesions, growth of adenomas and development of
carcinomas (Fig. 1). Most of the genes that have
been associated with the development of colorec-
tal cancer are involved in the control of cell
growth and/or the maintenance of genomic sta-
bility (Table 2).

ras proto-oncogenes have been the subject of
studies relevant to the cancer-preventive activity
of some NSAIDs. Thus, recent evidence suggests
that activation of ras proto-oncogenes, coupled
with the loss or inactivation of suppressor genes,

induces the malignant phenotype in colonic cells.
ras proto-oncogenes are functionally related to 21-
kDa proteins, ras p21, which are anchored to the
cytoplasmic face of the plasma membrane and are
believed to function as molecular switches in
transmembrane signalling events of cell growth
and differentiation (Forrester et al., 1987). By far
the most frequent ras activation has been
observed in codons 12 and 13 of K-ras, occurring
at a frequency of about 30% in lung adenocarci-
nomas (Rodenhuis & Slebos, 1992), 40-60% in
those in the colon (Burmer et al., 1991) and over
90% in those in the pancreas (Almoguera et al.,
1988).

Hereditary non-polyposis colon cancer is an
autosomal dominant or recessive condition char-
acterized by the development of multiple cancers
at an early age, predominantly in the proximal
colon. As adenomas do not occur in large
numbers, this syndrome can be distinguished
from familial adenomatous polyposis (Jass &
Stewart, 1992). Single gene abnormalities leading
to hereditary non-polyposis colon cancer may
underlie 5-10% of cases of colorectal cancer. The
two genes in which causative mutations occur
most commonly, htMLHI and hMSH2, belong to a
group responsible for the detection and repair of
mismatch mutations during DNA replication
(Fishel et al., 1993; Papadopoulos et al., 1994).

Despite the general correlations that have been
made between particular genes and the develop-
ment of carcinomas of the colon, marked hetero-
geneity is seen between individuals and within
tumour cell populations. Thus, some malignant
tumours may have only a subset of the genetic
changes generally associated with their particular
pathological stage. Likewise, although under-
standing of tumour growth in terms of cellular
evolution is widely if not universally accepted, it
is not certain that all malignant cancers of the
colon develop along this pathway.

2.3  Experimental studies
Knowledge of the cancer-preventive effects
of NSAIDs is derived largely from a range of exper-

~imental studies. Primary among these are investi-

gations involving administration of these agents
to rats and mice treated with chemicals known to
cause colon cancer, such as dimethylhydrazine,
methylazoxymethanol and azoxymethane. A
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Figure 1. Changes that occur during the evolution of a typical colorectal carcinoma in a
model of tumour progression in which independent steps are required, leading to the acti-
vation of at least one proto-oncogene, coupled with the successive loss of several tumour

suppressor genes.

Chromasome 5q 12p 189 17p
Alteration Loss Activation Loss Loss
Gene APC K-ras DCC p53
DNA Other
hypomethylation alterations
Normal N Hyperproliferative | | Early A |intermediate| X | Late [ X |0 inoma Lo | Metastasis
epithelium epithelium adenoma adenoma adenoma
Adapted from Vogelstein & Kinzler (1993)
Table 2. Genes altered in colon cancer
Gene Chromosome Tumours with mutations (%) Class Action
hMSHZ2 2 15 Tumour suppressor  DNA repair
K-ras 12 50 Oncogene Intracellular signalling
molecule
Cyclins Various 4 Oncogene Regulation of cell cycle
neuw/HER2 17 2 Oncogene Growth factor receptor
myc 8 2 Oncogene Regulation of gene activity
APC .5 >70 Tumour suppressor  Regulation of gene activity
DCC 18 >70 Tumour suppressor  Differentiation signal
p53 17 >70 Tumour suppressor  Regulation of cell cycle

arrest and apoptosis

Adapted from Marx (1993), Vogelstein & Kinzler (1994) and Fazeli et al. (1997)

number of specific tumours, such as those of the
colon, urinary bladder and kidney, induced in
rodents by carcinogens are known to mimic the
histopathological development of the correspond-
ing human cancers. These ‘model’ systems are
therefore used in various aspects of cancer
research. The relevance of animal models for
human colorectal cancer is indicated by the
occurrence in both of the adenoma-carcinoma
sequence and by the similarity of histopathological
appearance; furthermore, mutations in the ras
oncogene at codons 12 and 13 are found in
colorectal tumours from both humans and
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experimental animals. Many of the relevant stud-
ies are predicated on administration of the maxi-
mum tolerated dose (MTD) of an agent, which is
defined as the highest dose that causes no more
than a 10% weight decrement in comparison with
appropriate controls and does not induce mortality
or any clinical signs of toxicity that would be pre-
dicted to shorten the natural lifespan of the animal.

Experimental models of colorectal cancer have
also provided information on the early stages of
tumour growth. Thus, aberrant crypt foci have
been recognized as early indicators of tumour
development in experimental animals (McLellan
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et al., 1991; Rao et al., 1993; Wargovich et al,
1995), and several models of familial adenoma-
tous polyposis exist in which a mouse strain car-
ries different mutations in the Apc gene. The first
of these was the Min mouse (Moser et al., 1990; Su
et al., 1992; Moser et al., 1993). The Min/+ mouse
carries a fully penetrant dominant mutation at
codon 850 of the murine Apc gene and develops
adenomas throughout the intestinal tract, mostly
in the small intestine, without treatment by a car-
cinogen. The phenotypic expression of an Apc
mutation in the Min/+ mouse is thus different
from that of humans with familial adenomatous
polyposis, in whom adenomas are found exclu-
sively in the colon and duodenum. Nevertheless,
this model has been used to study the chemopre-
ventive properties of several NSAIDs. A molecular
basis for the association between inflammation
and the growth of colonic polyps has also been
demonstrated. Studies of mice carrying an Apc
mutation which were cross-bred with animals
with a disrupted Cox-2 gene demonstrated that
induction of Cox-2 is an early, rate-limiting step in
adenoma formation (Oshima et al., 1996).
Adenomas taken from Min/+ mice have a high
level of Cox-2 expression (Williams et al., 1996).
Cell culture systems have also been used to
study the possible chemopreventive activity of
NSAIDs. Much of the work was carried out with
cultured intestinal epithelial cells and colon can-
cer cell lines. Such studies have shown both
prostaglandin-dependent and -independent
effects of parent compounds and, in some
instances, their metabolites. When interpreting
the results of these studies, it is vital to consider
the experimental context in which they were gen-
erated, particularly with regard to the concentra-
tion of the agent and the specific model used. For
example, many of the non-prostaglandin effects
of NSAIDs shown in these systems may occur only
at concentrations of the agent that are unachiev-
able under physiological conditions in vivo. In
addition, human colorectal tumour cells represent
a late stage in the adenoma-carcinoma sequence;
therefore, any observed effects may not represent
the true mechanism (Kargman et al., 1995).
NSAIDs cause apoptosis when applied to v-src-
transformed chicken embryo fibroblasts (Lu et al.,
1995). This study was the first to indicate that
cells that overexpress Cox-2 may be somewhat

resistant to programmed cell death and that this
can be reversed by addition of an NSAID.

Few nontransformed intestinal epithelial cell
lines are available for in-vitro studies. Cell lines
have successfully been derived from the rat small
intestine and placed in continuous culture, and
several groups have evaluated the mechanisms for
growth control of the rat intestinal epithelial-1
(RIE-1) cell line (DuBois et al., 1995). Sulindac
sulfide can inhibit mitogenesis of these cells in
culture. Additionally, these cells express the
inducible Cox-2 enzyme after treatment with
cytokines and growth factors (DuBois et al., 1994).
The increased expression of Cox-2 alters their
apoptotic phenotype and makes them resistant to
programmed cell death (Tsujii & DuBois, 1995).

3. Pharmacological action of non-
steroidal anti-inflammatory drugs

3.1  Synthesis and action of prostaglandins
Central to the understanding of the pharmacolo-
gy of NSAIDs is the effect of these agents on
prostaglandin synthesis (see the box for explana-
tion of relevant terms).

COX catalyses the biosynthesis of prosta-
glandins and thromboxanes, which are bioactive
lipids that play a role in a broad range of physio-
logical and pathophysiological processes
(Hamberg & Samuelsson, 1967; Needleman et al.,
1986). COX has two enzymatic activities, a
cyclooxygenase activity that oxygenates arachi-
donic acid to a hydroperoxy endoperoxide,
prostaglandin G,, and a peroxidase that reduces
prostaglandin G, to the hydroxy endoperoxide,
prostaglandin H, (Ohki et al., 1979).

NSAIDs act by binding tightly at the cyclooxy-
genase active site, preventing combination of the
enzyme with arachidonic acid (Picot ef al., 1994;
Loll et al., 1995, 1996). Aspirin is unique among
the NSAIDs in that it covalently modifies the pro-
tein by transferring its acetyl group to a serine
hydroxyl group at the cyclooxygenase active site
(Van Der Ouderaa et al., 1980). The acetylation is
irreversible, so that aspirin treatment permanent-
ly disables COX until it is regenerated. All of the
other NSAIDs bind reversibly to the protein. All of
the commercially available NSAIDs, including
aspirin, inhibit both COX-1 and COX-2 although
the extent of inhibition differs (Meade et al., 1993;
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COX-1

COX-2
prostaglandin H synthase-2
Prostaglandin

process of inflammation
Prostanoids

Eicosanoids
thromboxane
Autocoid
region
Arachidonic acid
thromboxanes and leukotrienes
Thromboxane

Lipoxygenase
Leukotriene

Terms used in describing prostaglandin synthesis

Cyclooxygenase-1, a physiologically expressed enzyme that can convert arachidonic acid into
prostaglandins and thromboxanes. Also called prostaglandin H synthase-1
Cyclooxygenase-2, an inducible enzyme that is often up-regulated at sites of inflammation. Also called

A class of physiologically produced substances with effects such as vasodilatation (e.g. prostaglandin
E,) and vasoconstriction (prostaglandin F,), which are believed to play an important role in the

Any of several complex fatty acids 20 carbons in iength, derived from arachidonic acid and containing
an internal 5- or 6-carbon ring. Include prostaenoic acid, prostaglandins and thromboxanes
Physiologically active substances derived from arachidonic acid, e.g. prostaglandins, leukotrienes and

Chemical produced by one type of cell which affects the functioning of different cells in the same
An unsaturated fatty acid essential in nutrition; the biological precursor of prostaglandins,

A series of compounds formed directly from prostaglandins; the name is derived from their
physiological effect on platelet aggregation

An enzyme that can convert arachidonic acid and other unsaturated fatty acids into leukotrienes
Lipoxygenase enzyme product with postulated role in inflammation and allergy; differs structurally from
the related prostanoids by the absence of a central ring

Laneuville et al., 1994; O'Neill et al., 1994; Gierse
et al., 1995).

The emphasis in this volume is mainly on
prostaglandins, since inhibition of their synthesis is
known to be a common mechanisms of action of
NSAIDs (Vane, 1971); however, other metabolites of
arachidonic acid, such as the leukotrienes and lipox-
ins, may also affect tumorigenesis (Marnett, 1992).
Furthermore, other eicosanoids such as eicosopen-
tanoic acid, may also be metabolized by cyclooxy-
genases and peroxidases to prostaglandins (Fig. 2).

COX-1 is expressed constitutively in a number
of cell types and tissues, including gastric mucosa
(Williams & DuBois, 1996). In contrast, COX-2
belongs to a class of genes referred to as ‘immedi-
ate early’ or ‘early growth response’ genes, which
are expressed rapidly and transiently after stimu-
lation of cultured cells by growth factors,
cytokines and tumour promoters (Nathans et al.,
1988; Herschman, 1991);" COX-2 expression is
thus increased in inflammatory cells and at sites
of inflammation (Masferrer ef al., 1994). It is also
increased in malignant colorectal epithelial cells,
fibroblasts and tumour vascular endothelium
(Sano et al., 1995).

The identification of two different forms of
COX and their differential tissue distribution
raised the possibility that selective COX inhibitors
could be developed that would modulate the
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catalytic activity of only one of the forms. For
example, one might expect COX-2-selective
inhibitors to be anti-inflammatory and analgesic
but to lack the gastrointestinal complications that
are responsible for the dose-limiting toxicity of
the currently available NSAIDs (DeWitt et al., 1993).

3.2  Prostaglandins and human tumours
Numerous reports published over the past two
decades provide overwhelming evidence of a sig-
nificant association between prostaglandins and
carcinogenesis (Jaffe, 1974; Lupulescu, 1978a,b;
Karmali, 1980; Honn et al., 1981). Increased levels
of prostaglandins, most notably E,, have been
detected in many malignant tumours. Prosta-
glandins stimulate tumour growth and dramati-
cally increase DNA and RNA synthesis in cancer
cells (Lupulescu, 1975, 1977, 1978b). They pre-
sumably act as co-carcinogens by enhancing the
rate of tumour progression (Lupulescu, 1978a).
The finding that prostaglandins bind to nuclear
chromatin and alter DNA synthesis further sup-
ports the hypothesis that they are tumour pro-
moters (Lupulescu, 1980).

Increased levels of prostaglandins E,, F,,
and all prostaglandins have been documented in
medullary carcinoma of the thyroid (Williams
et al., 1968), ganglioneuroma, neuroblastoma,
phaeochromocytoma, carcinoids (Sandler et al.,
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Figure 2. Biosynthesis of eicosanoids

Membrane phospholipids
- Phospholipase Ag
Y
Arachidonic acid
Lipoxygenase§ ———————» COX-1 — -~ — COX-2
(constitutive) {Induced)
/ |
15-HETE 12-HETE —=1TA4 PGE; PGla TxA2 PGE> PGl TxAz
Y \ A
LTB4 Gl Platelet Platelet inflammation
protection function function
LTCy Regulation  Regulation Pain
of blood of blood
flow flow
LTD4 Kidney Fever
function
LTE4 Gl
protection

COX, cyclooxygenase; PG, prostaglandin; LT, leukotriene; Tx, thromboxane; HETE, hydroeicosatetraenoic acid; Gl, gastrointestinal

1968), Kaposi's sarcoma (Bhana et al., 1971),
renal-cell carcinoma (Cummings & Robertson,
1977), lung cancer (Sandler et al., 1968; Hubbard
et al., 1988), oesophageal carcinomas (Botha et
al., 1986), squamous-cell carcinomas of the
head and neck (El Attar & Lin, 1987), breast
cancers (Bennett et al.,, 1977a, 1979) and

colorectal cancers (Jaffe, 1974; Bennett & Del
Tacca, 1975; Bennett et al., 1977b; Lange et al.,
198S; Rigas et al., 1993). In later studies, arachi-
donate, the substrate from which prostanoids
are derived (Bennett et al., 1987) and other eico-
sanoid metabolites were measured in various
tumours (Dreyling et al.,, 1986; Shimakura &
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Boland, 1992; Marnett, 1992; Ghosh & Myers,
1996).

In some tumours, the concentrations of prosta-
glandins measured in homogenized samples of tis-
sue or in venous blood draining from the tumour
correlate with its size and/or invasiveness.
Narisawa et al. (1990) observed that the level of
prostaglandin E, in blood from human colorectal
cancers was higher when the cancers were large or
locally invasive. Similarly, Klapan et al. (1992)
related plasma prostaglandin E, concentrations to
the invasiveness of head-and-neck cancers.
Several studies have shown that breast nodules
contain more total prostanoids when they are
malignant, and even more when they are metasta-
tic or associated with shorter survival (Bennett ef
al., 1977a, 1979, Rolland et al., 1980).

The physiology of eicosanoids is complicated,
however, in that the same autocoid may have
opposite effects in different organs. For example,
prostaglandin E, inhibits tumour growth in gas-
tric KATO III and AGS carcinoma cell lines
(Nakamura et al., 1991; Shimakura & Boland,
1992), yet appears to promote tumorigenesis at
other sites. Such organ specificity may be analo-
gous to the protective function of prostaglandin
E, in the human stomach (Miller, 1983), despite
its contribution to inflammation elsewhere.

It is also uncertain whether tumour epithelial
cells or inflammatory cells are important produc-
ers of prostaglandins. Only one of three human
colorectal cancer cell lines (adenocarcinomas and
carcinomas) produced detectable eicosanoid levels
in a survey by Hubbard et al. (1988). Tissue-fixed
macrophages produce prostaglandin E, in
colorectal cancers (Maxwell et al., 1990), and
nonmalignant fibrous tissue was associated with
increased prostaglandin synthesis in colorectal
mucosa (Bennett et al., 1977b).

The conclusion that the increased activity of
COX-2 and its prostaglandin products plays a
direct role in tumorigenesis is suggested by a num-
ber of observations.

It has been demonstrated that COX-2 expres-
sion is greater in human colorectal adenocarcino-
mas than in adjacent normal colonic mucosa
(Eberhart et al., 1994; Gustafson-Svard ef al., 1996;
Kutchera et al., 1996), and it increases progressively
from 40-50% in colorectal adenomas to 85-90%
in carcinomas (Eberhart et al.,, 1994). These
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findings have been confirmed by other investiga-
tors, who have shown elevated levels of COX-2
protein in colorectal tumours by western blotting
(Kargman et al., 1995) and immunohistochemical
staining (Sano et al., 1995). COX-2 is found in
some (Caco-2, LoVo) but not all (LS123, SW480)
cell lines of human colorectal cancers (Hecht et
al., 1995). Experiments conducted on transfected
colon tumour cells indicate that overexpression of
COX-2 may be due partially to abnormal constitu-
tive transcription of the COX-2 promoter
(Kutchera et al., 1996). There are markedly elevated
levels of Cox-2 messenger RNA and protein in
colonic tumours that develop in rodents after
treatment with a carcinogen (DuBois et al., 1996a)
and in adenomas taken from Min mice (Williams
et al., 1996). These observations of elevated
Cox-2 expression in three different models of col-
orectal carcinogenesis have led to the hypothesis
that COX-2 expression is causally related to col-
orectal tumorigenesis. A recent study demonstrat-
ed a 40-49% reduction in aberrant crypt forma-
tion in carcinogen-treated rats that were given a
selective Cox-2 inhibitor (Reddy et al., 1996).
Another report provides genetic evidence that
directly links Cox-2 expression to intestinal
tumorigenesis (Oshima et al., 1996; Prescott &
White, 1996). In this study, mice lacking the Apc
gene were generated, which developed hundreds
of tumours per intestine. When these mice were
bred with mice lacking Cox-2, there was an
80-90% reduction in tumour multiplicity in the
homozygous null offspring. These results point to
two important findings: (i) Cox-2 may act as a
tumour promoter in the intestine, and (ii)
increased levels of Cox-2 expression may result
directly from disruption of the Apc gene (Prescott
& White, 1996). These results clearly demonstrate
that COX-2 is a feasible target for future strategies
for the prevention and treatment of colorectal
cancer.

Although there is strong evidence that inhibi-
tion of COX (especially, COX-2) contributes to the
ability of NSAIDs to inhibit the development of
colorectal cancer, the mechanisms by which COX
expression contributes to tumorigenesis are
unclear. Prostaglandins and thromboxane, the
products of arachidonic acid oxygenation via the
cyclooxygenase pathway, have diverse biological
effects, including stimulation of cell proliferation,
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suppression of the immune response and alter-
ation of haemodynamic properties (Marnett,
1992). Overexpression of Cox-2 in rat intestinal
epithelial cells induces a delay in G, and renders
them resistant to the induction of apoptosis by
sodium butyrate (Tsujii & DuBois, 1995; DuBois et
al., 1996b). Each prostaglandin and thromboxane
has a specific trans-membrane, G-protein-linked
receptor coupled to an intracellular signalling
pathway. Thus, there are multiple mechanisms by
which the products formed from COX could
enhance the growth of transformed colonic
epithelial cells.

3.3 Alternative mechanisms

3.3.1 Mechanisms independent of prostaglandins
Several lines of evidence indicate that the mecha-
nism of action of NSAIDs is not mediated by
prostaglandins. Their ability to inhibit growth and
block cell differentiation has been shown in sev-
eral tumour cell lines (Santoro et al., 1976; Tutton
& Barkla, 1980; Karmali, 1983). Furthermore,

prostaglandin-induced inhibition of DNA synthe-

sis has been reported (Craven et al., 1983). In
another investigation, the concentrations of
NSAIDs that inhibited the growth of human
fibroblasts and rat hepatoma cell lines were poor-
ly correlated with the levels reported in other
studies (DeMello et al., 1980). Other reports sug-
gest that NSAIDs induce apoptosis in colon
tumour cells, including some lines that do not
express COX or make prostaglandin (Elder et al.,
1996; Hanif et al., 1996). Thus, NSAIDs may exert
their chemopreventive effects on colon tumour
cells by a combination of prostaglandin-depen-
dent and -independent mechanisms.

Other possible actions include alternative facil-
itation of the formation of hydroxy eicosatetra-
noic acid (see Fig. 2), reduction of phosphodi-
esterase and protein kinase activity and modula-
tion of immune and angiogenic responses
(Benamouzig et al., 1997). The high levels of sali-
cylic acid in plants have been shown to be related
to the induction of apoptosis in response to infec-
tion (Hunt et al., 1996). At the site of invasion of
a pathogen in plants, programmed cell death is
the primary response in order to localize the
disease. In addition, plants possess an inducible
resistance mechanism, which is dependent upon
accumulation of salicylic acid (Delaney et al.,

1994). This system enhances apoptosis at other
sites in response to the same infectious agent. A
study in the Netherlands demonstrated negligible
quantities of salicylic acid in the current western
diet, presumably as a result of agricultural control
of plant pathogens (Janssen et al., 1996).

The accumulation of genetic mutations in spe-
cific tissues appears to play an important role in
malignant transformation. One well-known
directly acting mutagen and lipid peroxidation
product, malondialdehyde, can be generated by
the cyclooxygenase pathway via enzymatic and
non-enzymatic degradation of prostaglandin H,
and also by lipid peroxidation of polyunsaturated
fatty acids (Hamberg & Samuelsson, 1967; Mukai
& Goldstein, 1976; Diczfalusy et al., 1977). The
mutagenicity of malondialdehyde has been
demonstrated in several bacterial and mammalian
systems (Mukai & Goldstein, 1976; Basu &
Marnett, 1983), and its carcinogenic potential has
been documented in rats (Spalding, 1988).
Moreover, in human colorectal tumours, elevated
levels of malondialdehyde were significantly cor-
related with prostaglandin E, concentrations
(Hendricks et al., 1994). Thus, prevention of mal-
ondialdehyde-induced mutagenesis may be yet
another indirect mechanism relevant to the can-
cer-preventive action of NSAIDs.

3.3.2 Effects on non-cancerous tissues

Any link between up-regulated COX expression in
cancerous tissue and the initial development of
that cancer is unclear. However, COX-2 is also up-
regulated in - inflammatory tissues, and there is
good evidence that inflammation due to, for
example, Helicobacter gastritis and ulcerative coli-
tis, is associated with cancer development. In the
latter case, any reduction in the risk for colorectal
cancer by aminosalicylate may thus be related to
suppression of inflammatory activity rather than
to an intrinsic effect on cell behaviour (Mulder et
al., 1996). It remains to be determined whether
pharmacological down-regulation of induced
COX-2 in inflamed tissues would interfere with
any propensity to develop cancer. In this context,
it should be noted that nitric oxide, another
inflammatory mediator, may be involved in multi-
stage carcinogenesis (Ohshima & Bartsch, 1994),
and nitric oxide appears to activate COX enzymes
(Salvemini ef al., 1993).
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3.3.3 Cytochrome P450

A turther possible mechanism is through inhibi-
tion of cytochrome P450 monooxygenase activity.
Activation of the carcinogen 4-(methylni-
trosamino)-1-(3-pyridyl)-1-butanone by some
NSAIDs has been claimed to occur through inhi-
bition of this enzyme (Bilodeau et al., 1995).

Co-oxidation of xenobiotics through a COX-
mediated mechanism has been the subject of sev-
eral recent reviews (Eling et al., 1990; Marnett,
1990; Smith et al., 1991). While the possibility was
raised that this pathway represents an alternative
to the cytochrome P450 metabolizing enzymes, it
is now generally accepted that it does not play a
significant role in systemic drug metabolism;
however, data linking urinary bladder cancer to
the oxidation of aromatic amines in this tissue
(Rice et al., 1985) suggest that COX plays a role in pro-
ducing tissue-specific carcinogens (Marnett, 1990).

A wide variety of potential environmental car-
cinogens, including polycyclic aromatic hydrocar-
bons, hydrazine, aromatic amines and phenols,
are oxidized through the peroxidase activity of
COX (Boyd & Eling, 1987; Reed, 1988; Schlosser et
al., 1989; Eling et al., 1990; Smith ef al., 1991).
Co-production of active oxygen species such as
superoxide anions, hydrogen peroxide and
hydroxyl radicals which are known to damage cel-
lular DNA, may contribute to tumour initiation
and promotion (Ames ef al., 1993; Gordon &
Weitzman, 1993). Indeed, the peroxidase-generat-
ing activity of COX has been implicated in the
toxicity of several xenobiotics, including benzene
(Gaido & Weirda, 1987; Pirozzi et al., 1989). COX
catalyses conversion of the benzene metabolite
hydroquinone into reactive oxygen products that
accumulate in bone marrow and damage DNA
(Lewis et al., 1988).

4. Adverse effects .

Many studies have shown that NSAIDs at doses
used for the treatment of arthritis increase the risk
for ulcer complications by two- to five-fold
(Gabriel ef al., 1991; Bollini et al., 1992; Henry et
al., 1996). It has been estimated in several popula-
tions that 15-35% of all ulcer complications are
due to these drugs (Somerville et al., 1986; Griffin
et al., 1988, 1991; Henry et al., 1991; Laporte et al.,
1991; Gutthann et al., 1994; Langman ef al,

1994). In the United States alone, there are an esti-
mated 24 000 hospitalizations and 2600 deaths
annually among patients with rheumatoid arthri-
tis (Fries et al., 1991a).

The rates of hospital deaths associated with
peptic ulcer disease are 2-10% (Laporte et al.,
1991; Savage et al., 1993; Garcia Rodriquez & Jick,
1994; Gutthann et al., 1994), the higher estimates
being those for older populations. The rate of fatal
complications in elderly NSAID users is close to
1 per 1000 person-years of NSAID use; it is higher
for those with additional risk factors such as a
prior history of ulcer disease.

Variations in both the dose and duration of use
of NSAIDs and in host factors are important in
determining the rates of disease for individuals.
Initial use and use of higher doses have been asso-
ciated with higher risks for adverse effects (Griffin
et al., 1991). In a large meta-analysis (Henry et al.,
1996), most of the 12 NSAIDs evaluated were sta-
tistically indistinguishable with regard to the risk
for ulcer complications; however, some were con-
sistently associated with higher rates of such com-
plications in individual studies. Henry et al.
attempted to find a ranking order that best sum-
marized the sequence of risks observed. In this
analysis, with 1 being the most and 12 the least
toxic, aspirin ranked 3.

The combination of NSAIDs and oral cortico-
steroids increased the risk for ulcer complications
by 13-15 times that of non-users of either drug,
such that older persons using this combination
of drug have a hospitalization rate for ulcers of
5~-6% per year (Piper et al., 1991; Gutthann et al.,
1994). _

Fries et al. (1991b) based a toxicity index for
NSAIDs on the frequency and severity of a variety
of adverse events among 2747 patients with
rheumatoid arthritis receiving 11 different
NSAIDs. The signs and symptoms (including rashes,
oedema, central nervous system symptoms and
gastrointestinal symptoms) were weighted to
develop a score for each NSAID. This score was
also adjusted for a large number of potentially
confounding variables, including age, sex, other
drug use and other measures of co-morbidity and
disability. Aspirin (mean dose, 2415 mg) had the
lowest adjusted toxicity score; sulindac (379 mg)
and piroxicam (19 mg) had intermediate scores,
with ranks of § and 6, respectively; and
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indomethacin (100 mg) had the highest score.
The latter was heavily influenced by central ner-
vous system symptoms, whereas the ranking of
the other NSAIDs was influenced more strongly
by gastrointestinal symptoms and complications.

NSAID treatment has been associated with
stricture, acute bleeding, perforation and chronic
inflammatory lesions in both the small and large
bowel (Langman et al., 1985; Ravi et al., 1986;
Bjarnason et al.,, 1987a,b; Kaufmann & Taubin,
1987; Rampton, 1987; Banerjee, 1989). NSAIDs
also cause dose-dependent increases in the fre-
quency and severity of dyspepsia, haemorrhage
and perforation. Death may ensue (Griffin et al.,
1988; Guess et al., 1988; Gabriel et al., 1991;
Griffin et al., 1991; Garcia-Rodriquez et al., 1992;
Smalley ef al., 1995). Symptoms in the upper gas-
trointestinal tract are common and are a frequent
reason both for withdrawal of NSAIDs and for
concomitant treatment with H, receptor antago-
nists, antacids, sucralfate or misoprostol (Hogan et
al., 1994; Smalley et al., 1996).

Gastrointestinal lesions may result from the
drug’s direct action on the mucosa through oxy-
gen radical-mediated lipid peroxidation and the
subsequent accumulation of lipoxygenase and
leukotriene products resulting from the shift of
the arachidonic acid cascade into the 5-lipoxyge-
nase pathway (Lippmann, 1974; Gaffney &
Williamson, 1979; Cronen et al.,, 1982; Ligumsky
et al., 1983; Flower et al., 1985; Lippton et al,,
1987; Meyers et al., 1991; Kapui et al,, 1993;
Yoshikawa et al., 1993; Zahavi et al., 1995; Elliot et
al., 1996; Rioux & Wallace, 1996; Takeuchi et al.,
1996).

Although the gastrointestinal adverse effects of
NSAIDs form by far the commonest and most
important variety, there is a range of others. They
include toxic hepatitis, blood dyscrasias, skin dis-
orders, interstitial nephritis and cystitis. In gener-
al, these are rare and in some cases appear to be
largely restricted to particular drugs.

41 Ulceration

Host factors that increase the rate of serious
ulcer disease include older age (Garcia Rodriguez
& Jick, 1994; Gutthann et al., 1994), history of
prior ulcer, gastrointestinal haemorrhage,
dyspepsia and previous intolerance to NSAIDs
(Fries et al., 1991; Garcia Rodriguez & Jick,

1994; Gutthann et al., 1994; Silverstein et al.,
1995), use of corticosteroids (Fries ef al., 1991a;
Piper et al., 1991; Garcia Rodriguez & Jick, 1994;
Gutthann et al., 1994), use of anticoagulants
(Shorr et al., 1993; Garcia Rodriguez et al,,
1994) and various measures of poorer health (Fries
et al., 1991a; Griffin et al., 1991; Silverstein et al.,
1995).

4.1.1 Age

Hospitalizations for ulcer disease have been
reported to be fewer than 1 per 1000 annually in
most populations under the age of 60 years
(Schoon et al., 1989; Steering Committee of the
Physicians’ Health Study Research Group, 1989;
Henry & Robertson, 1993; Johnson et al., 1994a;
Garcia Rodriguez & Jick, 1994). The rates increase
with age, however, so people aged 65 years and
older have incidences of 2-6 per 1000 (Laporte et
al., 1991; Garcia Rodriguez et al., 1992; Graves &
Kozak, 1992; Henry & Robertson, 1993; Shorr et
al., 1993; Smalley et al., 1995). The higher
absolute rate of ulcer complications associated
with age has been observed consistently (Fries et
al., 1991a; Garcia Rodriguez et al., 1992; Garcia
Rodriguez & Jick, 1994; Gutthann et al., 1994;
Lanza et al., 1995; Silverstein et al., 1995).

For persons 65 years and older enrolled in the
Tennessee Medicaid programme, the annual
number of hospitalizations for ulcer was approxi-
mately 4 per 1000 person-years among non-users
and 17 per 1000 among NSAID users (Smalley et
al., 1995). Because the rate of ulcer disease is much
higher in older persons, multiplying this relative-
ly high rate by a factor of 4 has a much greater
impact than for populations with a low baseline
rate. For patients with rheumatoid arthritis treat-
ed with NSAIDs, the incidence of hospitalization
or death from acute gastrointestinal events
increased from 3 to 19 to 42 per 1000 person-years
of use among patients aged < 63, 63-75 and > 75
years, respectively (Fries ef al., 1991a).

4.1.2 History of ulcer disease

In most studies, NSAID use by patients with a past
history of ulceration, haemorrhage or dyspepsia
was associated with a lower relative risk than for
patients without such a history (Henry et al.,
1996). The risk for ulcer complication in patients
who both used NSAIDs and had a history of ulcer

e
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disease was 14-17 times that of patients who had
neither of these factors (Garcia Rodriguez & Jick,
1994; Gutthann et al., 1994).These relative risks
are consistent with annual rates of hospitalization
or death from gastrointestinal disease of 4-8% in a
cohort of arthritis patients with both these factors
(Fries et al., 1991b). :

4.1.3 Helicobacter pylori

Helicobacter pylori and NSAIDs are the major inde-
pendent causes of both gastric and duodenal
ulcers (Borody et al., 1991; Nensey et al., 1991;
Borody et al., 1992). Although H. pylori infection
may not increase the risk for NSAID-associated
ulcers (Graham ef al., 1991; Loeb et al., 1992), H.
pylori infection identifies persons with a past his-
tory and a higher risk for ulcer disease. Persons
with both of these factors have a much higher rate
of ulcer disease than those with neither of these
factors (Martin et al., 1989). It remains plausible
that eradication of H. pylori in people with proven
ulcer disease (current or past) would reduce the
risk for NSAID-induced gastroduodenal ulceration
and bleeding.

4.1.4 Corticosteroids

Oral corticosteroids, even at relatively low doses
have been reported to double the rate of serious
ulcer disease (Fries et al., 1991a; Piper et al., 1991;
Garcia Rodriguez & Jick, 1994; Gutthann et al.,
1994). The combination of NSAIDs and oral corti-
costeroids increases the risk for ulcer complication
by 13-15 times that of non-users of either drug,
such that older persons using this combination of
drugs have a hospitalization rate for ulcer of 5-6%
per year (Piper ef al., 1991; Gutthann et al., 1994).

4.1.5 Anticoagulants

Anticoagulants have no known or postulated
ulcerogenic effect, yet they have a profound effect
on bleeding. In the outpatient setting, these drugs
increase the risk for upper gastrointestinal
bleeding by three- to sixfold (Garcia Rodriguez &
Jick, 1994; Shorr et al., 1993). The combination
of NSAIDs and anticoagulants greatly increases
the rate of such complications, such that older
person using this combination have a rate of
hospitalization for upper gastrointestinal
haemorrhage of about 3% per year (Shorr et al.,
1993).
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42  Asthma

About 10% of adults with asthma develop acute,
idiosyncratic bronchoconstriction after ingesting
aspirin and other NSAIDs (Fischer et al., 1994;
Staton et al., 1996). Often called ‘aspirin-sensitive’
asthma, this condition can be precipitated by
currently available NSAIDs (Szczeklik, 1994). The
symptoms begin within 15 min to 4 h (usually
1 h) after NSAID ingestion, and may include rhin-
orrhoea, conjunctival irritation, scarlet flushing of
the head and neck and severe, even life-threaten-
ing asthma. The respiratory symptoms may con-
tinue beyond discontinuation of NSAIDs.

4.3  Drug interactions
Drug interactions may result in inhibition of drug
metabolism or displacement of protein binding.
Battellino et al. (1990) used the elimination rate of
antipyrine to estimate the ability of a
subject to biotransform drugs metabolized mainly
through the oxidative reactions of the cyto-
chrome P450 system. They found that antipyrine
metabolism was impaired by concurrent adminis-
tration of piroxicam. Therefore, drugs may accu-
mulate and become toxic when piroxicam is
administered simultaneously with steroid hot-
mones or other compounds metabolized by the
mixed-function oxidase system. Increased
cytochrome P450 content and aryl hydrocarbon
hydroxylase activity have been observed under
such conditions (Mostafa et al., 1990). Long-term
administration of piroxicam may thus affect the
intensity and duration of action of environmental
carcinogens that are metabolized by the cyto-
chrome P450-dependent monooxygenase system.
NSAIDs interact with many drugs, as reviewed
by Verbeeck (1990; see also Table 3). A number of
drugs, including warfarin, diazepam and ibupro-
fen, may competitively displace piroxicam from
its serum albumin binding (Matsuyama et al.
1987; Brée et al., 1990). The activities of lithium,
methotrexate and, to a lesser extent cyclosporin
may be affected by concomitant administration of
an NSAID. Interaction with oral anticoagulants,
oral antihyperglycaemic agents and the anticon-
vulsants phenytoin and valproic acid (sodium val-
proate) could lead to increased NSAID levels in
blood. This is potentially dangerous, since high
systemic concentrations of NSAIDs may reach the
stomach and kidney and mediate toxicity.
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Table 3. Therapeutic agents that can interact
with non-steroidal anti-inflammatory drugs

Adsorbent antidiarrhoeal drugs
Antacids
Antihypertensive drugs
Cholestyramine
Cimetidine

Cisapride

Cyclosporin

Digoxin

Domperidone
Famotidine

Lithium

Methotrexate
Metoclopramide
Mucoprotective agents
Phenytoin

Ranitidine

Valproic acid

Warfarin

From Said & Foda (1989); Verbeeck (1990); Milligan et al. (1993);
Brouwers & de Smet (1994); Koyichev ef al. (1994); Combe et al.
(1995); Mené et al. (1995)

Interactions with digoxin are most likely to occur
in the elderly, newborns and patients with renal
impairment. Piroxicam can interact with antico-
agulant coumarin drugs, can influence thrombo-
cyte aggregation and can enhance bleeding, espe-
cially in patients with risk factors such as
advanced age, chronic or acute peptic ulcer and
use of corticosteroids.

NSAIDs have been shown to antagonize the
action of most antihypertensive agents, so that
their doses must be increased; however, concomi-
tant administration of NSAIDs often prevents
optimal control of blood pressure, particularly
among black and elderly patients (Mené et al.,
1995). Piroxicam and indomethacin had the most
marked effects and sulindac and aspirin the least
(Johnson et al., 1994b). The mechanism of the
interaction is unknown.

4.4  Taking account of toxic effects

The strength of the evidence for the value
of individual NSAIDs in preventing colorectal
cancer will necessarily vary according to the

intensity and breadth of searches for the benefi-
cial effects obtainable with individual agents, of
comparisons between agents and of examinations
and comparisons of toxic effects. Although
NSAIDs have many common structural features
and anti-inflammatory, analgesic and antipyretic
properties, they can differ notably with regard to
the doses normally employed, their clinical phar-
macological and pharmacokinetic characteristics
and their toxicity.

Although the choice of a conventional NSAID
should be among those for which there is the best
evidence of efficacy and lack of toxicity, such
information is not yet available. Most of the epi-
demiological studies addressed NSAIDs as a class
or separated only aspirin and non-aspirin NSAIDs,
and most of the clinical studies, mainly in
patients with familial adenomatous polyposis,
investigated sulindac. Although some studies
indicate large differences between NSAIDs in their
toxicity to the upper gastrointestinal tract, these
findings may reflect anti-inflammatory potency
and dosage rather than any intrinsic difference in
toxicity. Investigations in experimental animals
are of limited value for making a choice, as
opposed to demonstrating effects and elucidating
mechanisms, as few cross-comparisons can be
made and direct application of the findings to
humans cannot be assumed.

4.5  Mitigating side-effects
Alternative strategies for minimizing toxicity
include the co-administration of agents such as
hyposecretory drugs, which can reduce the risk for
peptic ulceration, and use of more selective
NSAIDs which inhibit COX-2.

A range of drugs, including histamine H, antag-
onists, proton pump inhibitors and synthetic
prostaglandins, have been shown to reduce, to
varying degrees, the risk for developing an ulcer
during concurrent use of NSAIDs. Each has
potential benefits and risks (Wallace, 1997).
Histamine H, antagonists are more effective in
reducing the frequency of duodenal than gastric
ulceration (Ehsanullah et al., 1988). Potency and
dosage may partly explain this divergence, since
famotidine at high doses appears to be more effec-
tive than ranitidine in diminishing the risk for
gastric ulcer (Taha et al., 1996). Concern about
the potential hazards of long-term use of H, antag-

27


kajob
Rectangle

kajob
Rectangle


1ARC Handbooks of Cancer Prevention

onists now appears to be unfounded (Johnson et
al., 1996).

Proton pump inhibitors can prevent both gas-
tric and duodenal ulceration (Scheiman et al,,
1994), but good evidence of long-term safety
is lacking. The intense inhibition of acid output
associated with use of drugs like omeprazole has
been associated with a clear elevation of serum
gastrin levels, and correlations have been noted
between serum gastrin concentration and propen-
sity for colon cancer (Watson et al., 1995).
Synthetic prostaglandins such as the prosta-
glandin E, analogue, misoprostil, have licensed
indications in the prevention of damage to the
upper gastrointestinal tract caused by NSAIDs.
Instituting treatment with synthetic prosta-
glandins while at the same time evaluating
whether suppression of their production by
NSAIDs is useful would, however, be aberrant.

Newer NSAIDs which, to a greater or lesser
degree, inhibit only COX-2 activity are particular-
ly interesting because they could reduce upper
gastrointestinal damage, which is probably depen-
dent on suppression of COX-1. These newer drugs
cannot, however, be assumed to be free of
toxicity. Chemopreventive strategies may imply
years of treatment of individuals many of whom
may not have developed the disease under scruti-
ny. Detailed consideration of overall risk-benefit
relationships will thus be important.

5. Recommendations for research

In comparison with many areas of research, inves-
tigation of chemoprevention is at an early stage.
Not surprisingly, therefore, the research needs
with regard to NSAIDs are similar to those for
other types of chemopreventive agents. The cur-
rent evidence is strong enough to indicate that
NSAIDs as a group have properties that make
them potentially important chemotherapeutic
agents; however, there are significant gaps in
knowledge, which are summarized below.

Most studies in experimental animals have
been conducted with varying protocols and doses
and have involved various agents. As a conse-
quence, firm evidence for the relative potency of
individual NSAIDs is lacking. In tissue culture,
unrealistically high concentrations of NSAIDs
have often been used to achieve effects, and in
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experimental animals attempts have not always
been made to match the drug levels to those that
might be attained in humans. There is a general
deficiency of evidence about the levels achieved,
whether in plasma, target tissues or colorectal
tumours. Information on the levels achieved will
be particularly important when the xenobiotic in
question undergoes significant enterohepatic cir-
culation. Finally, individual biomarkers such as
cell proliferation as a measure of apoptosis or pro-
liferation have not been applied consistently as
surrogate end-points.

In epidemiological studies, there is a general
lack of evidence on which to base an evaluation of
the possible beneficial effects of individual non-
aspirin NSAIDs. Such evidence may be obtainable
within existing databases which hold information
on drug usage and clinical outcomes, such as
Medicard in the USA and the General Practitioner
Research Database in the United Kingdom.
Secondly, there is a relative lack of information on
the possible benefits of NSAIDs against cancers
outside the colon and rectum; again, this may be
obtainable within the existing databases.

Clinical trials of cancer-preventive agents
necessarily take many years to achieve results, and
it is important that they be well designed and exe-
cuted. In order to enhance quality and to mini-
mize duplication of effort, it would be sensible to
maintain a register of current studies, including
sufficient detail for a realistic evaluation.

One feature of trials is likely to be the inclusion
of aims to minimize drug toxicity. This design fea-
ture may require factorial methods and the inclu-
sion of other promising chemopreventive agents,
such as vitamin D and its analogues, in the hope
that multiplicative actions can be obtained with
reduced general toxicity. It is also noteworthy that
slow-release NSAID preparations, which might
reduce the general toxicity and delivery of the
drug to the colon, could be of special value, although
evidence of reduced gastric toxicity is limited.

Similar questions about the specificity, sensitiv-
ity and positive predictive value of surrogate end-
points and biomarkers arise in clinical trials and
experimental studies.

Randomized trials have been acknowledged as
the means of providing unequivocal information
about the efficacy of chemopreventive agents. The
design of further trials of NSAIDs will be
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influenced greatly by experimental indications of
which agents are best subject to evaluation in this
way. At the same time, it is becoming evident that
the extended period required for certain chemo-
preventive agents to exert an effect makes study
by randomized trial awkward. Observational stud-
ies may be the only adequate vehicle for such
long-term investigations in low-risk populations.

6. Procedures used

In general, the content of the chapters in this
Handbook is as indicated in the Preamble. The only
known use of these agents is as pharmaceutical
drugs. Accordingly, ‘Use’ is covered in Section 2.3,
and Section 2.5 is concerned only with exposure as
a consequence of taking the drug. The sections on
‘Other beneficial effects’ address the action of these
drugs on cardiovascular health, and no attempt was
made to summarize findings on the anti-inflamma-
tory, antipyretic or analgesic effects of these agents.

A limited number of studies are reasonably
characterized as involving use of NSAIDs for treat-
ment, rather than prevention, of malignant dis-
ease, €.g. administration of a drug to patients with
malignant gastric cancer. Such studies were not
included.

The definition of ‘sufficient evidence of cancer-
preventive activity’ in humans caused concern to
members of the Working Group, because the level
of certainty that a causal relationship has been
established between the use of an agent and the
prevention of human cancer must be higher for
chemoprevention than for treatment in order to
justify the use of an agent. A particular difficulty
that the Working Group faced was to determine
whether the available studies sufficed to rule out
chance, bias or confounding with reasonable con-
fidence, in the absence of long-term randomized
trials specifically designed to test for putative can-
cer-preventive activity. The underlying problem is
that administration of an agent to healthy people
in order to prevent a relatively rare event will
result in many opportunities for harm that sub-
stantially outweigh the benefits. Although this
difficult is addressed in the overall evaluation of
each agent, it necessarily influenced members of
the Working Group in reaching their conclusions
about the weight of the evidence.
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