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Note ta the Reader
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Preamble to the IARC Handbooks
of Cancer Prevenüon
The prevention of cancer is one of the key objec-
tives of the International Agency for Research on
Cancer (lARe). This may be achieved by avoiding
exposures ta known cancer-causing agents, by
increasing host defences through immunization or
chemoprevention or by modifying lifestyle. The
aim of the lAC 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

decisions on avoidance of exposures. The aim of
the series of 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
cancer-preventive agents.

Part One
Scope
Preventive strategies embrace chemical, immuno-
logical, dietary and behavioural interventions that
may retard, block or reverse carcinogenic processes
or reduce underlying risk factors. The term 'cancer
prevention' is used to refer to interventions with
pharmaceuticals, vitamins, mineraIs and other
che mi cals to reduce cancer incidence. The IARC
Handbooks address the efficacy, safety and mecha-
nisms of cancer-preventive strategies and the ade-
quacy of the available data, inc1uding those on
timing, dose, duration and indications for use.

Preventive strategies can be applied across a
continuum of: (1) the general population;

(2) subgroups with particular predisposing host
or environmental risk factors, inc1uding genetic
susceptibilty 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 c1inical 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 for cancer""prevention and other relevant
properties of a wide range of potential cancer-pre-
ventive 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 ma king
benefit-risk assessments. The evaluations of lARe
working groups are scientific judgements about the
available evidence for cancer-preventive effcacy

and safety. No recommendation is given with
regard to national and international regulation or
legislation, which are the responsibilty of individual
governments and/or other international authori-
ties. No recommendations for specifie research trials
are made.

IARC Working Groups
Reviews and evaluations are formulated by inter-
national working groups of experts convened by
the lARe. The tasks of each group are: (1) to
as certain that a11 appropriate data have been
co11ected; (2) to select the data relevant for the

evaluation on the basis of scientifie merit; (3) to
prepare accurate summaries of the data to enable
the reader to fo11ow the reasoning of the Working
Group; (4) to evaluate the significanee of the avail-
able data from hum an studies and experimental

3
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models on cancer-preventive activity, carcino-
genicity and other beneficial and adverse effects;
and (5) to evaluate data relevant to the und er-
standing of mechanisms of action.

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
industr. ln addition, scientists nominated by

national and international . agencies, industral
associations and consumer and/or envionmental or-
ganitions 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
consultation with other experts. Subsequently, rele-

vant c1inical, experimental and human data are col-
lected by the IARC from a11 available sources of pub-
lished information. Representatives of producer or
consumer associations may assist in the preparation
of sections on production and use, as appropriate.

About eight months before the meeting, the
material co11ected is sent to meeting participants to

prepare sections for the first drafts of the Handbooks.
These are th en compiled by IARC staff and sent,
before the meeting, to a11 participants of the Working
Group for review. There is an opportunity to return
the compiled specialized sections of the draft to
the experts, inviting preliminary comments, before
the complete first-draft document is distributed to
a11 members of the Working Group.

Data for Handbooks
The Handbooks do not necessarily cite a11 of the
literature on the agent or strategy being evaluated.
Only those data collidered by the Working Group
to be relevant to making the evaluation are

inc1uded. ln principle, meeting abstracts and other
reports that do not provide sufficient detail upon
which to base an assessment of their quality are not
considered.
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With regard to data from toxicological, epidemi-
ological and experimental studies and from c1ini-
cal trials, only reports that have been published or
accepted for publication in the openly available

scientific literature are reviewed by the Working
Group. ln certain instances, government agency
reports that have undergone peer review and are
widely available are considered. Exceptions may be
made on an ad-hoc basis to inc1ude unpublished
reports that are in their final form and publicly
available, if their inclusion is considered pertinent
to making a final evaluation. ln 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 fo11owing 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 lARC Monographs programme, a

systematized approach to data presentation is
adopted for Handbooks evaluations.
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Outlne of data presentation scheme for evaluating cancer-preventive agents

1. Chemical and physical characteristics

2. Occurrence, production, use, analysis and

human exposure

2.1 Occurrence

2.2 Production

2.3 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

4.1 Human studies

4.2 Experimental models

4.2.1 Experimental animais

4.2.2 ln-vitro models

4.3 Mechanisms of cancer-prevention

5. Other beneficial effects

6. Carcinogenicity

6.1 Humans

6.2 Experimental animais

7. Other toxic effects

7.1 Adverse effects

7.1.1 Humans
7.1.2 Experimental animais

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 animais

8.3.3 Mechanism of action

8.4 Other beneficial effects

8.5 Carcinogenicity

8.5.1 Humans
8.5.2 Experimental animais

8.6 Toxic effects

8.6.1 Humans

8.6.2 Experimental animais

9. Recommendations for research

10. Evaluation

10.1 Cancer-preventive activity

10.1.1 Humans

10.1.2 Experimental animais

10.2 Overall evaluation

11. References

1. Chemical and physical

characteristics of the agent
The Chemical Abstracts Servces 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 appropria te. Information on chemical and
physical properties and, in particular, data
relevant to identification, occurrence and biological
activity are included. A description of technical
products of chemicals includes trade names,

relevant specifications and available information on
composition and impurities. Sorne of the trade
names given may be those of mixtures in which the
agent being evaluated is only one of the ingredients.

2. Occurrence, production, use,

analysis and human exposure

2.1 Occurrence

Information on the occurrence of an agent or mix-
ture in the environment is obtained from data

derived from the monitoring and surveilance of

5
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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 a11 agents present.

2.2 Production

The dates of first synthe sis and of first commercial
production of a chemical or mixture are provided;
for agents that do not occur natura11y, this infor-
mation may a110w a reasonable estimate to be
made of the date before which no human use of,
or exposure to, the agent cou Id have occurred. The
dates of first reported occurrence of an exposure
are also provided. ln addition, methods of

synthesis used in past and present commercial pro-
duction and methods of production that may give
rise to different impurities are described.

2.3 Use
Data on production, international trade and uses
and applications are obtained for representative

regions. Sorne identified uses may not be
current or major applications, and the coverage

is not necessarily comprehensive. ln the case of
drgs, mention of their therapeutic applications does
not necessarily represent CUITent practce, nor does it

imply judgement as to their therapeutic effcacy.

2.4 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-cOlinter pharmaceutical product, then
the tye 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. ln a11

cases, quantitative data, such as dose-response
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relationships, are considered to be of special

importance.

3. Metabolism, kinetics and genetic

variation

ln evaluating the potential utilty of a suspected

cancer-preventive 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 animaIs, information that faciltates
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.

Information is given on absorption, distribution

(inc1uding placental transfer), metabolism and ex-
cretion in humans and experimental animaIs.

Kinetic properties within the target species may
affect the interpretation and extrapolation of dose-
response relationships, su ch as blood concentra-

tions, protein binding, tissue concentrations,

plasma half-lives and elimination rates. Compara-
tive information on the relationship between use
or exposure and the dose that reaches the target
site may be of particular importance for extrapola-
tion between species. Studies that indicate the meta-
bolic pathways and fate of the agent in humans and
experimental animaIs are summarized, and data on
hum ans and experimental animaIs are compared
when possible. Observations are made on
interindividual variations and relevant metabolic
polymorphisms. Data indicating long-term accu-
mulation in human tissues are included.
Physiologica11y based pharmacokinetic modeIs
and their parameter values are relevant and are
included whenever they are available. Information
on the fate of the compound within tissues and
ce11s (transport, role of cellular receptors, compart-
mentalization, binding to macromolecules) is given.

Genotyping wil be used increasingly, not only
to identify subpopulations at increased or

decreased risk for cancers but also to characterize
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variation in the biotransformation of, and res-
ponses to, cancer-preventive and chemotherapeu-
tic 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 animaIs, with particu-
lar attention to effects of long-term use and exposure.

4. Cancer-preventive effects

4.1 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 experi-

mental designs include randomized contro11ed tri-
als and short-term experimental studies; non-

experimental designs include cohort, case-control
and cross-sectional studies.

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 contro11ed 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
observation of the effects among specifica11y

defined study subjects of interventions of 10 years

or fewer, which is relatively short wh en compared
with the overa11lifespan.

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.

ln addition, information can be obtained from
reports of correlation (ecological) studies and case
series; however, limitations inherent in these

approaches usua11y mean that such studies carry lim-
ited weight in the evaluation of a preventive effect.

Qua/ity of studies considered. The Handbooks are
not intended to summarize a11 published studies. It
is important that the Working Group consider the
fo11owing 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 genera11y omitted.

They may be mentioned briefly, particularly when
the information is considered to be a useful

supplement 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 outlned.

Assessment of the cancer-preventive effect at
different 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 assess-
ment is important to clarify the circumstances 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. ln making their judgement, the
Working Group considers several criteria for each
relevant cancer site.

7
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Evidence of protection derived from intervention
studies of good quality is particularly informative.
Evidence of a substantial and significant reduction
in risk, inc1uding a dose-response relationship, is
more likely to indicate a real effect. Nevertheless, a
sma11 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, inc1uding
differences in use of, or exposure to, the agent,

diferences 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
applicabilty of preventive action to several cancers

and of possible differences in activity, inc1uding
contradictory findings, across cancer sites.

Data from human studies (as we11 as from experi-
mental models) that suggest plausible mechanisms
for a cancer-preventive effect are important in

assessing the overa11 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 animaIs

Animal models are an important component of
research into cancer prevention. They provide a
means of identifying effective compounds, of car-
rying 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

-
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cancer-preventive agents on the occurrence of

cancer in most major organ sites are available.
Major groups of animal models inc1ude: those in
which cancer is produced by the administration of
chemical or physical carcinogens; those involving
genetica11y engineered animaIs; and those in

which tumours develop spontaneously. Most can-
cer-preventive agents investigated in such studies

can be placed into one of three categories: COff-

pounds that prevent molecules from reaching or
reacting with critical target sites (blocking agents);
compounds that decrease the sensitivity of target
tissues to carcinogenic 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 COff-
binations. The development of optimal strategies
for human intervention trials can be faciltated by
the use of animal models that mimic the neoplas-
tic process in humans.

Specific factors to be considered in such experi-
ments are: (1) the temporal requirements of

administration of the cancer-preventive agents;

(2) dose-response effects; (3) the site-specificity of
cancer-preventive activity; and (4) the number and
structural diversity of carcinogens whose activity
can be reduced by the agent being evaluated.

Other types of studies inc1ude experiments in

which the end-point is not cancer but a defined
preneoplastic lesion or tumour-related, inter-
mediate biomarker. An important variable in the
evaluation of the cancer-preventive response is the
time and the duration of administration of the
agent in relation to any carcinogenic treatment, or
in transgenic or other experimental models in

which no carcinogen is administered. Further-
more, concurrent administration of a cancer-

preventive agent may result in a decreased inci-
dence 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 a11 these studies, the nature and extent of

impurities or contaminants present in the cancer-
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preventive agent or agents being evaluated are

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

As certain components of commonly used diets
of experimental animaIs are themselves known to
have cancer-preventive 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.

Qualiative aspects. An assessment of the experi-
mental prevention of cancer involves several con-
siderations of qualitative importance, inc1uding:

(1) the experimental conditions under which the
test was performed (route and schedule of expo-
sure, species, strain, sex and age of animaIs stud-
ied, duration of the exposure, and duration of the
study); (2) the consistency of the results, for exam-
pIe 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 inc1ude: (1) how c1early the agent
was defined and, in the case of mixtures, how
adequately the sample composition was reported;
(2) the composition of the diet and the stabilty of
the agent in the diet; (3) whether the source, strain
and quality of the animaIs 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
cancer-preventive agent were adequately moni-
tored; (6) whether the agent(s) was absorbed, as
shown by blood concentrations; (7) whether the
survival of treated animaIs was similar to that of

controls; (8) whether the body and organ weights of
treated animaIs were similar to those of con troIs;

(9) whether there were adequate numbers of
animaIs, of appropriate age, per group;

(10) whether animaIs of each sex were used, if
appropriate; (11) whether animaIs were a110cated

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 control s, 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 cancer-preventive agent. Particular atten-
tion is given to assessing the reversibilty of these
lesions and their predictive value in relation to
cancer development.

Quantitative aspects. The probabilty that tumours
wil occur may depend on the species, sex, strain
and age of the animaIs, the dose of carcinogen (if
any), the dose of the agent and the route and dura-
tion of exposure. A decreased incidence and/or

decreased multiplicity of neoplasms in adequately
designed studies provides evidence of a cancer-pre-
ventive effect. A dose-related decrease in incidence
and/or multiplidty fuer strengtens fus assodation.

Statistical analysis. Major factors considered in the
statistical analysis by the Working Group inc1ude
the adequacy of the data for each treatment group:

(1) the initial and final effective numbers of

animaIs 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. ln
particular, the statistical methods should be appro-
priate for the characteristics of the expected data
distribution and should account for interactions in

""
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multifactorial studies. Consideration is given as to
whether the appropriate adjustments were made
for differences in survival.

4.2.2 ln-vitro models

Ce11 systems in vitro con tribu te to the early identi-
fication of potential cancer-preventive 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
su ch assays includes consideration of: (1) the
nature of the ce11 type used; (2) whether primary
ce11 cultures or ce11 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 con troIs 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, ce11-ce11 com-

munication, calcium tolerance and differentiation.

4.3 Mechanisms of cancer prevention

Data on mechanisms can be derived from both
human and experimental systems. For a rational
implementation of cancer-preventive 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 cancer-
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
of modulating intermediate biomarkers, and from
human studies. Therefore, the Working Group
takes account of mechanistic data in ma king the

final evaluation of cancer-prevention.
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Several classifications of mechanisms have been
proposed, as have several systems for evaluating
them. Cancer-preventive agents may act at several
distict 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 ce11s, modifyng transmembrane transport,
modulating metabolism, blocking reactive molecules,
inbitig cell replication or modulatig gene expression

or DNA metabolism; or (3) at the level of the ce11, tis-
sue or organism, for example, affecting ce11 differen-
tiation, interce11ular communication, proteases, sig-
nal transducton, growth factors, cell adhesion mole-
cules, angiogenesis, interactions with the extracellu-
lar matrix, hormonal status and the immune system.

Many cancer-preventive agents are known or
suspected to act by several mechanisms, which ffay
operate in a coordinated manner and a110w theff a
broader spectrum of anticarcinogenic actvity. There-
fore, multiple mechanisms of action are taken into
account in the evaluation of cancer-prevention.

BeneficiaI interactions, generally resulting from
exposure to inhibitors that work through comple-
mentary mechanisms, are exploited in combiiied
cancer-prevention. Because organisms are natu-
ra11y exposed not only to mixtures of carcinogenic

agents but also to mixtures of protective agents, it
is also important to understand the mechanisms of
interactions between inhibitors.

5. Other beneficial effects

Ths secton contains maiy background inormation
on preventive activity; use is described in Section 2.3.
An expanded description is given, when appropriate,
of the effcacy of the agent in the maintenance of a
normal healthy state and the treatment of partcular
diseases. Information on the mechanisms involved
in these activities is described. Reviews, rather than
individual studies, may be cited as references.

The physiological functons of agents such as vita-
mis and micronutrents can be described briefly, with
reference to reviews. Data on the therapeutic effects of

drugs approved for clical use are summaried.
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6. Carcinogenicity

Sorne agents may have both carcinogenic and anti-
carcinogenic activities. If the agent has been evalu-
ated within the IAC 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

lARC 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, su ch as organ toxi-
city, increased cell proliferation, immunotoxicity
and adverse endocrine effects. If the agent occurs
natura11y or has been in clinical use previously,
the doses and durations used in cancer prevention
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

humaH use. Wh en 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 variabilty are pre-
sented when the information is available.

Data demonstrating the presence or absence of
adverse effects in humans are included; equa11y,

lack of data on specific adverse effects is stated c1early.
Findings in humall and experimental animaIs

are presented sequentia11y 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-

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 fertilty, teratogenicity, fetotoxicity and
embryotoxicity. Information from nonmam-
malian systems and in vitro are presented only if
they have clear mechanistic significance.

The section 'Genetic and related effects' inc1udes
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 inc1uded, as is infor-
mation on other genetic effects su ch as mutation,
recombination, chromosomal damage, aneuploidy,
cell immortalization and transformation, and effects
on ce11-ce11 communication. The presence and tox-
icological significance of cellular receptors for the
cancer-preventive agent are described.

The adequacy of epidemiological studies of toxic
effects, inc1uding 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 critica11y accord-

ing to the end-points used. The doses and concen-
trations used are given, and, for experiments in vitro,
mention is made of whether the presence of an
exogenous metabolic system affected the observa-
tions. For studies in vivo, the route of administration
and the formulation in which the agent was

administered are included. The dosing regimens,
inc1uding the duration of treatment, are also given.
Genetic data are given as listings of test systems,
data and references; bar graphs (actvity profies) and
corresponding summary tables with detailed infor-
mation on the preparation of genetic activity pro-
files are given in appendices. Genetic and other
activity in humans and experimental mammals is
regarded as being of greater relevance th an that in
other organisms. The in-vitro experiments providing
these data must be carefully evaluated, since there

--
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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 can-

cer-preventive agent with toxic and subtoxic doses
of other substances are described, the objective

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 bear-
ing on the mechanisms of toxicity and cancer-
prevention are described. These are carefully evalu-
ated for their relevance and the appropriateness of
the results.

8. Summary of data

ln this section, the relevant human and experimental
data are summarized. Inadequate studies are gen-
erally not summarized; such studies, if cite d, 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 production,
use, occurrence in the environment and determina-
tions in human tissues and body fluids. Quantitative
data are summarized when available.

8.2 Metabolism and kinetics

Data on metabolism and kinetics in humans and
in experimental animaIs are given when these

are considered relevant to the possible mechanisms
of cancer -preventive, 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.

..
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8.3.2 Experimental animaIs

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 are
indicated. Negative findings are also summa-
rized. 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 th an cancer preven-

tion have been identified, the relevant data are
summarized.

8.5 Carcinogenicity

Norma11y, the agent wil have been reviewed and

evaluated within the lARC 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

considered to be pertnent to an assessment of human
carciogenidty are sumared. When relevant, case
report and correlation studies are also summaried.

8.5.2 Experimental animaIs

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 neoplasms or
preneoplastic lesions was observed, and the tumour
sites are indicated. Negative findings are also summa-
rized. Dose-response relationships and other quanti-
tative 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-
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gations on the reproductive, genetic and related

effects are summarized. Toxic effects are summa-
rized for whole animaIs, cultured mammalian ce11s
and non-mammalian systems. When available,
data for humans and for animaIs 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 wil be identi-
fied. These are clearly stated, with the understand-
ing 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-
en ce is made to specific organs and populations.

It is recognized that the criteria for these evalu-
ations, described below, cannot encompass a11

factors that may be relevant to an evaluation of
cancer-preventive activity. ln considering a11 the

relevant 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 evaluations
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 physica11y,

chemica11y or biologically. When the agents evalu-
ated are considered by the Working Group to be
sufficiently closely relate d, they ilay be grouped

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 in experimental animaIs,
as we11 as in assessing the consistency of results
between studies in humans and experiilental
models.

10.1.1 Cancer-preventive activity in humans

The evidence relevant to prevention in hUilans is
classified into one of the fo11owing four categories.

· Suftcíent evidence of cancer-preventive activity
The Workig Group considers that a causal
relationship has been established between use of
the agent and the prevention of hUilan can-

cer in studies in which chance, bias and confound-
ing 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
reasonable 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,
consistencyor 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 mutua11y consistent in not showing a

preventive effect.
The strength of the evidence for any carcinogenic

activity is assessed in para11el. Both cancer-preven-
tive activity and carcinogenicity are identified

and, wh en appropriate, tabulated by organ site.
The evaluation also cites the population subgroups

..
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concerne d, specifying age, sex, genetic or environ-
mental predisposing risk factors and the presence
of precancerous lesions.

10.1.2 Cancer-preventive activity in experimental
animaIs

Evidence for prevention in experimental animaIs
is classified into one of the fo11owing categories.

· Suffczent evidence of cancer-preventive activity
The Working Group considers that a causal
relationship has been established between the
agent and a decreased incidence and/or mult-
plicity 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 un certain neo-
plastic potential or there is conflcting evidence.

--
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· 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 animaIs are available.

· Evidence 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
Fina11y, the body of evidence is considered as a

whole, and summary statements are made that
encompass the effects of the agents in hUffans
with regard to cancer-preventive activity, carcino-
genicity and other beneficial and adverse effects,
as appropriate.
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Experiments with animal models conducted in

the 1960s and 1970s demonstrated that high
doses of retinoids could inhibit carcinogenesis in

several organs, including the respiratory tract.
Many epidemiological studies carried out during
the late 1970s and early 1980s showed negative

associations between estimated intakes of vitamin
A or ß-carotene (provitamin A) and the risk for
developing cancer at various sites. ln we11-nour-

ished populations, however, no consistent rela-
tionships were found between cancer risk and
plasma retinol concentrations. Fo11owing these

observations, it was postulated that ß-carotene

itself, without transformation into retinol, might
protect against cancer by its antioxidant capacity
or by direct action or conversion to retinoid-like
molecules. These suggestions captured the imagi-

nations of many workers and stimulated mu ch
research (Peto et al., 1981). This monograph sum-
marizes a great deal of that work and attempts to
draw conclusions about the present and future
trends in research.

Carotenoids
Of the various classes of pigments in nature,
the carotenoids are among the most wide-
spread and important and have attracted inter-
est for a considerable time. ln 1831,
Wackenroder isolated carotene from carrots
(Daucus carota), from which the class of com-
pounds derives its name. ln 1837, Berzelius

gave the name 'xanthophy11s' to the yeHow pig-
ments from autumn leaves. These reports mark
the beginning of carotenoid research. Because

of their ubiquitous occurrence, different func-
tions and interesting properties, carotenoids are
the subject of interdisciplinary research in

many branches of science. The industrial pro-
duction of carotenoids has also contributed

mu ch to knowledge in this field.
Early work on carotenoid chemistry is sum-

marized in the book Carotenoide (Karrer &

Jucker, 1948), which was fo11owed by another,
edited by Isler et al. (1971), who devised an eco-
nomica11y feasible method for the industrial

synthesis of carotenoids. Biochemical aspects

have been covered in The Biochemistr of the

Carotenoids (Goodwin, 1980, 1984), in The
Biochemistr of Natural Pigments (Britton, 1983)
and, more recently, in Plant Pigments,

(Goodwin, 1988). The technical and nutrition-
al applications of carotenoids have been treated
in a book edited by Bauernfeind (1981).
Recently, a new series, Carotenoids (Britton et
aL., 1995a,b), was started which wil cover the
entire field. Advances in a11 areas of research on
carotenoids are covered in the published pro-

ceedings of the International Symposia on

Carotenoids (Weedon, 1976; Goodwin, 1979;
Britton & Goodwin, 1982; Davies & Rau, 1985;

Krinsky et aL., 1989; Britton, 1991, 1994, 1997).
ß-Carotene is one of the agents being evalu-

ated in the frarrework of the US National

Cancer Institute chemoprevention plan. This
programme includes a number of in-vitro and
in-vivo preclinical studies and phase-l, phase-II
and phase-II clinical chemoprevention trials
(Ke11off & Boone, 1994).

Carotenoids occur in aH three domains of
life, Le. eubacteria, archeobacteria and eukary-
otes. More than 600 naturally occurring
carotenoids are known today (Pfander et al.,
1987; Ku11 & Pfander, 1995). Algae are a ri ch
source of carotenoids, and more than 100 such
compounds have been isolated from these
organisms and characterized (Haugan et aL.,
1995). The most important source of
carotenoids for humans is plants, in which the
brillant colours of the carotenoids are often

masked by chlorophy11, e.g. in green leaves. The
carotenoids are responsible for the beautiful
colours of many fruits (citrus fruits, tomatoes,
paprika, rose hips) and flowers (Eschscholtzia,

Narcissus), as we11 as the colours of many birds
(flamingo, cock of the rock, ibis, canary), insects
(ladybird) and marine animaIs (crustaceans,
salmon). Norma11y, carotenoids occur in low

concentrations; nevertheless, total carotenoid
production in nature has been estimated to be

about 108 tonnes per year (Isler et aL., 1967).
Analysis of serum and human breast milk has
shown that about 20 carotenoids derived from
fruits and vegetables may be absorbed and
metabolized by humans (Khachik et al., 1997).

..
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Carotenoids produced industria11y by synthesis
or from natural extracts are widely used in feed to
col our egg yolk, chickens, shrimp and farm-raised
salmon or to colour food products such as mar-
garine and cheese. Various methods have been
developed for incorporation of carotenoids into
foods: a microcrystallne dispersion in an edible

fat is used to colour margarine, and ß-carotene in
the form of a microdispersion in a hydrophilc

protective co11oid is used in fruit juices.
Besides the ß-carotenes, which are of commer-

cial interest, many other natura11y occurring

carotenoids have been synthesized. The main
emphasis has been on the synthesis of carotenoids
in optica11y active forms, as it is these that are

found in nature and are useful as reference stan-
dards for analytical work.

Given the large number of natural
carotenoids, a detailed systematic nomenclature
has been developed (Section 1). This handbook
deals specifica11y with those compounds found
predominantly in hum an blood and tissues and
with which the most extensive studies of cancer
prevention have been undertaken. The term
'carotenoid covers a11 of these compounds; the
term 'carotene' is restricted to the hydrocarbons,
that is, compounds containing only hydrogen
and carbon, and carotenoids containing oxygen
functions are known as 'xanthophy11s'. The provi-
tamin A carotenoids are ß-carotene and other
compounds that con tain one unsubstituted ß

ring, e.g. a-carotene and ß-cryptoxanthin.
Because of their long system of conjugated

double bondsJ any carotenoid can theoretica11y
exist not only in the a11-trans (all-E) form but also

in alternative forms with different geometrical

arrangements of one or more of the double bonds,
Le. as cis (Z) isomers. Interconversion between the
geometrical isomers occurs readily. The geometri-
cal isomers have different physical and chemical
properties, which must lead to differences in their
bioavailabilty and biological activity. For a11 pur-
poses of this handbook, E = trans and Z = cis, and
the terms trans and cis are used consistently.

The form in which a carotenoid is ingested is
also important. Supplements can consist of for-
mulations of pure, often crystallne material as a
suspension in oil or in a stabilzed, water-dis-

persible form. ln natural foods, the structural
matrix and molecular environment of a
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carotenoid are major determinants of its bioavail-
abilty. The isomeric composition of samples of a
particular carotenoid from different sources may
also vary. A11 ß-carotene samples, for example,

consist of mixtures of geometrical isomers, but the
isomeric compositions are not always the same.

Thus, ß-carotene obtained from the alga Dunaliella
can contain up to 50% cis isomers, whereas iii
most natural sources the level of cis isomers pre-
sent is sma11 (usually no more than 5-10%).

The many biological properties and functions
of the carotenoids establish the importance of this
c1ass of compounds (Krinsky, 1994). During pho-
tosynthesis, direct excitation of carotenoids by
light results in an excited singlet state; subsequent
transfer of this excitation energy to chlorophyll
initia tes photosynthesis. The involvement of
carotenoids can effectively extend the wavelength
of light availableto an organism for photosynthe-
sis. Carotenoids are also important for photo
protection of ce11s and tissues (Section 1).

ln humans and in animaIs that require vita-
min A for normal growth and development, the
most important source is the ingestion and
metabolism of carotenoids that can be converted
to vitamin A. An adequate supply of vitamin A is
not critical in affuent societies but may stil be a
severe problem in countries of the Third World.

According to an estimate of WHO (Underwood &
Arthur, 1996), 250000-500000 children go blind
every year due to xerophthalmia, a disease caused

by a deficiency of vitamin A, or die as a conse-

quence of infectious diseases.
Oxidative processes may damage macromole-

cules such as proteins, lipids and DNA bases. Such
damage may affect the proper functioning of ce11s
and con tribu te to the development of cancer and
of cardiovascular and other degenerative disease.
Oxidative pro cesses are also a necessary part of

essential biological functions in ce11s, however,

including those involved in intrace11ular signal
transduction and control of ce11 proliferation or
apoptosis. Thus, the health of an organism

depends on a balance between oxidants and
antioxidants.

The abilty of carotenoids to act as antioxidants
in vitro is we11 established; what is currently of
great interest is whether they also behave

as antioxidants in vivo, e.g. in low-density

lipoproteins and in the membranes of ce11s sus-
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ceptible to carcinogenesis. Other possible anti-
carcinogenic effects of carotenoids could derive
from their influence on immune functioning or
induction/suppression of enzymes involved in
xenobiotie detoxification, su ch as cytochrome

P450, and the postulated growth regulation
mediated by gap-junctional communication.
Some carotenoids are metabolized to retinol or
further to other retinoids, and may also induce
biological effects mediated by retinoic acid
receptors.

Issues in research on carotenoids and
human cancer

A variety of investigative approaches has been
used in the extensive body of research on the

effect of carotenoids on carcinogenesis. Findings
from in-vitro systems, animal models, human epi-
demiologieal studies and human c1inieal trials are
discussed in Sections 4 and 6. Application of a11 of

the disciplines involved in such studies wil be
needed to understand the possible effects of
carotenoids in the prevention of cancer. When
findings from various research fields point in a
common direction, inference is relatively straight-
forward. Associations seen in observational epi-
demiological studies may be c1arified by c1inical
trials. The underlying mechanisms may be better
understood from studies in animal models and in
vitro.

The diverse data may, however, be difficult to
integrate, as each research domain suggests

different mechanisms or even different effects.
Su ch discrepancies emphasize the limitations of
each of the research methods, whieh may not
provide relevant information for cancer preven-

tion as currently conducted. Studies in vitro and in
animal models rely on biological models of car-
cinogenesis, which may not correspond to the
human situation with regard to cancer. For
example, in-vitro systems isolated from tissue and
blood proteins and protected from counter-regu-

latory physiologieal responses may suggest mech-
anisms that do not occur in humans. Animal

models of cancer often involve specifie carcino-
gens and a dosage schedule that is much more
rapid than those to whieh humans are usua11y

exposed. ln addition, the physiology of organs

can differ between humans and animaIs, further

complicating extrapolation of results.
Many species have been used to study the rela-

tionship between exposure to carotenoids and

cancer. Each species has advantages and limita-
tions with regard to the human situation. For
example, the absorption and transport of
carotenoids in rodents differ markedly from those
in humans, although the metabolism and func-
tions of carotenoids in rodents and humans are
similar. These issues must be considered carefully
when extrapolating the results obtained in any
given species to humans.

Epidemiology is also subject to several poten-
tial limitations. Estimates of dietary intake of
carotenoids derived from questionnaires, food
composition tables or biomarkers of nutritional
exposure may be of only limited validity because
questionnaires tend to reflect recent intake rather
than intake at the time of cancer induction.

Further, unti recently, dietary databases did not

contain data on the content of specifie carotenes
in food items. Confounding is a second major

issue in nutrition al epidemiology. Specific food

constituents tend to be c1ustered by food group;

e.g. vegetables and fruits are the main sources not
only of carotenoids but also of other substances

that have been postulated to protect against can-
cer. Sin ce other nutrients ffay have cancer-protec-
tive properties, they themselves may underlie an
apparent inverse association between carotenoid
intake and cancer risk. Conceivably, an apparent
protective effect of a high intake of carotenoids
could be due to associated dietary factors, such as
low fat intake and non-dietary lifestyle factors
su ch as exercise, avoidance of cigarette smoking
and leanness. Associations with intermediate end-
points, increasingly used in nutritional epidemiol-
ogy, may not para11el those with cancer itself.
Indeed, it has been diffieult even to define the cri-
teria whereby an end-point is a valid intermediate
marker of cancer.

Randomized intervention trials avoid the
problems of measuring exposure and of con-

founding which bedevil observational studies;
however, the evidence from clinical trials is
restricted to the doses given, the duration and the
stage of the natural history of the cancer under
study. When possible chemopreventive agents
such as the carotenoids are being tested, the agent
being administered and the way in which it is
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administered may also differ in important ways
from the situation in whieh carotenoids are

obtained from foods. Thus, observational studies
on nutrient-disease relationships and interven-
tion studies in which an isolated nutrient is given
do not necessarily examine the same questions.

Objectives of this handbook

The Working Group has critically evaluated work
relevant to the potential role of carotenoids and
cancer prevention carried out during the last two
decades. An enormous volume of experimental
research on the anti-cancer effects of ß-carotene
and other dietary and non-dietary carotenoids

resulted from the enthusiasm that fo11owed the

original observation of an inverse association

between dietary ß-carotene and cancer risk. The
hypothesis did not only affect experimental stud-
ies but resulted in expansion of interest in the
whole field of carotenoids. It stimulated improve-
ments in analytical techniques to measure the
sma11 concentrations of carotenoids in serum, and

this in turn facilitated more detailed research on
metabolism, genetie variation and the kineties of
carotenoid turnover in tissues. This handbook
also describes and evaluates the outcomes of the
large intervention trials that were conducted in
the wake of the enthusiasm for the hypothesis

and were made possible by the availabilty of
ß-carotene supplements. The outcome of that
work is evaluated, and the direction that research
is currently ta king and areas where more research
is stil needed are defined.
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