





Working Procedures

keatabolism of and metabolic
respeonses fo the agent or
metabolic consequences of an
intervention
In evaluating the potential utility of a
suspected cancer-preventive agent or
strategy, @ number of different proper-
ties, in addition fo direct effects upon
cancer incidence, are described and
weighed. Furthermore, as many of the
data jeading to an evaluation are expect-
ed to come from studies in
expetimental animals, information that
facilitates interspecies extrapolation is
particularly important; this includes
metabolic, kinetic and genetic data.
Whenever possible, guantitative data,
including information on dose, duration
and potency, are considered.
Information is given on absorption,
distribution (including placental trans-
fer), metabolism and excretion in
humans and experimental animals.
Kinetic properties within the target
species may affect the interpretaiion and
extrapolation of dose-response relation-
ships, such as blood concentrations,
protein binding, tissue concenirations,
plasma half-lives and elimination rates.
Comparative information on the relation-
ship between use or exposure and
the dose that reaches the target site
may be of particular importance for
extrapolation between species. Studies
that indicate the metabolic pathways
and fate of an agent in humans and
experimental animals are summarized,
and data on humans and experimental
animals are compared when possible.
Observations are made on inter-individ-
ual variations and relevant metabolic
polymorphisms. Data indicating long-
term accumulation in human tissues are
included. Physiologically based pharma-
cokinetic models and their parameter
values are relevant and are included
whenever they are available. Information
on the fate of the compound within tis-
sues and cells (transport, role of cellular
receptors, comparimentalization, binding
to macromolecules) is given.

The metabolic consequences of
interventions are described.

Genotyping wiil be used increasing-
ly, not only to identify subpopulations at
increased or decreased risk for cancers
but also to characterize variation in
the biotransformation of and responses
to cancer-preventive agents.This sub-
section 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 particular attention to
effects of long-term use and exposure.

Cancer-preventive effects

Human studies

Types of study considered

Human data are derived from experi-
mental 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 studies; non-
experimental designs include cohort,
case—control and cross-sectional studies.

Cohort and case—control siudies
relate individual use of, or exposure to,
the agent or invervention under study to
the occurrence of cancer in individuals
and provide an estimate of relative risk
(ratio of incidence or mortality in those
exposed to incidence or mortality in
those not exposed) as the main mea-
sure of association. Cohort and
case—control studies follow an observa-
tional approach, in which the use of, or
exposure to, the agent is not controtled
by the investigator.

[ntervention studies are experi-
mental in design - that is, the use of, or
exposure to, the agent or intervention 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 protective
or preventive effect; however, for
practical and ethical reasons, such

studies are limited to observation 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 under-
taken in individuals or communities and
may or may not involve randomization
to use or exposure. The differences
between these designs is imporiant in
relation to analylical methods and inter-
pretation 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 thai such
studies carry limited weight in the
evaluation of a preventive effect.

Qualily of studies considered
The Handbooks are not intended to sum-
marize all published studies. The
Working Group considers 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 inade-
quate or irrelevant to the evaluation are
generally omitted. They may be
mentioned briefly, particularly when the
information is considered to be a useful
supplement to that in other reports or
when it provides the only data available.
Their inclusion does not imply
acceptance of the adequacy of the study
design, nor of the analysis and interpre-
tation of the results, and their limitations
are outlined.

Assessment of the cancer-preventive

effect at different doses and durations
The Working Group gives special
atiention to guantitative assessment of
the preventive effect of the agent under
study, by assessing data from studies at
different doses. The Working Group
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Qualitative aspects. An assessment of
the experimental prevention of cancer
involves several considerations of guali-
tative importance, including: (1) the
experimental conditions under which the
test was performed (route and schedule
of exposure, species, strain, sex and
age of animals studied, duration of the
exposure, and duration of the study);
(2) the consistency of the results, for
example across species and target
organ(s); (3) the stage or stages of the
neoplastic process, from preneoplastic
lesions and benign tumours to malignant
neoplasms, studied and (4) the possihle
role of modifying factors.
Considerations of importance to the
Working Group in the interpretation and
evaluation of a particuiar study include:
(1) how clearly 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 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
cancer-preventive agent were adequate-
ly monitored; (6) whether the ageni(s)
was absorbed, as shown by blood con-
centrations; (7) whether the survival of
treated animals was similar to that of
conirols; (8) whether the bedy 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 appro-
priate; (11) whether animals were allo-
cated 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 analysis;
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 con-

current controls, are taken into account
in the evaluation of tumour response.

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 inci-
dence and/or decreased multiplicity of
neoplasms in adequately designed
studies provides evidence of a cancer-
preventive effect. A dose-related
decrease in incidence and/or multiplicity
further strengthens this association.

Statistical analysis. Major factors consid-
ered 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 shouid be clearly stated and should
be the generally accepted technigques
refined for this purpose. In particulas, the
statistical methods shouild be appropri-
ate for the characteristics of the
expected data distribution and should
account for interactions in multifactorial
studies. Consideration is given as to
whether appropriate adjustment was
made for differences in survival.

in-vifro models

Cell systems in vilro contribute to the
early identification of potential cancer-
preventive agents and to elucidation of
mechanisms of cancer prevention. A
number of assays in prokaryotic and
eukaryotic systems are used for this pur-
pose. 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 (tumori-
genic or nontumotigenic) were studied;
(3) the appropriateness of controls; (4)
whether toxic effects were considered in
the outcome; (5) whether the data were
appropriately summated and analysed;
(6) whether appropriate controls were

used; (7) whether appropriate concentra-
tion ranges were used; (8) whether ade-
quate numbers of independent measure-
ments were made per group; and (9) the
relevance of the end-points, including
inhibition of mutagenesis, marphological
transformation, anchorage-independent
growth, cell-cell communication, calcium
tolerance and differentiation.

Intermediate biomarkers

Other iypes of study include experi-
ments in which the end-point is not
cancer but a defined preneoplastic
lesion or tumour-relaied intermediate
biomarker.

The observation of effects on the
occurrence of lesions presumed to be
preneoplastic or the emergence of
benign or malignant tumours may aid in
assessing the mode of action of the
presumed cancer-preventive agent or
intervention. Particular attention is given
fo assessing the reversibility of these
lesions and their predictive value in rela-
tion to cancer development.

Mechanisms of cancer prevention
Data on mechanisms can be derived
from both human studies and
experimental models. 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 or interventions exert their
anticarcinogenic action. Information on
the mechanisms of cancer-preventive
activity can be inferred from relation-
ships between chemical structure and
biological activity, from analysis of inter-
actions between agents and specific
molecular targets, from studies of
specific end-points i vitro, from studies
of the inhibition of tumorigenesis in vivo,
from the effects of modulating intermedi-
ate biomarkers, and from human
studies. Therefore, the Working Group
takes account of data on mechanisms in
making the final evaluation of cancer
prevention.
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Several classifications of mecha-
nisms have been proposed, as have
several systems for evaluating them.
Cancer-preventive agents may act at
several distinct levels. Their action may
be: (1) exiracellular, for example,
inhibiting the uptake or endogenous
formation of carcinogens, or forming
complexes with, diluting and/or deacti-
vating carcinogens; (2) intracellular, for
example, trapping carcinogens in non-
target cells, modifying transmembrane
transport, modulating metabolism, block-
ing reactive molecutes, inhibiting cell
replication or modulating gene expres-
sion 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, angiogenesis,
interactions with the extraceliutar matrix,
hormonal status and the immune system.

Many cancer-preventive agents are
known or suspected 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 cancer-prevention.

Beneficial interactions, generally
resulting from exposure to inhibitors that
work through complementary mecha-
nisms, are expioited in combined
cancer-prevention. Because organisms
are naturally exposed not only to mix-
tures of carcinogenic agents but also to
mixtures of protective agents, it is also
important to understand the mechanisms
of interactions between inhibitors.

Other heneficial effects

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 individ-
ual studies, may be cited as references.
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The physiological functions of agents
such as vitamins and micronutrients can
be described briefly, with reference fo
reviews. Data on the therapeutic effects
of drugs approved for clinical use are
summarized.

Toxic effects

Toxic effects are of particular importance
in the case of agents or interventions
that may be used widely over long
periods In healthy populations. Data are
given on acute and chronic toxic effects,
such as organ toxicity, increased cell
proliferation,  immunotoxicity — and
adverse endocrine effects. Some agents
or interventions may have both carcino-
genic and anticarcinogenic activities. If
the agent has been evaluated within the
1ARC Monographs on the Evaluation of
Carcinogenic Risks fo Humans, that
evaluation is accepted, unless
significant new data have appeared that
may lead the Working Group to
reconsider the evidence. If the agent
occurs naturally 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 exposure, 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 conse-
quence of species, sex, age and
genetic variability are presented when
the information is available.

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

Information is given on carcinogenicity,
immunotoxicity, neurotoxicity, cardiotoxi-
city, haematological effects and toxicity
to other target organs. Specific case

reports in humans and any previous clin-
ical data are noted. Other biochemical
effects thought to be relevant to adverse
effects are mentioned.

The resulis of studies of genetic and
related effects in mammalian and non-
mammalian systems in vivo and in vitro
are summarized. Information on whether
DNA damage occurs via direct interac-
tion with the agent or via indirect mech-
anisms (e.g. generation of free radicals)
is included, as is information on other
genetic effects such as mutation, recom-
bination, chromosomal damage, aneu-
ploidy, cell immortalization and transfor-
mation, and effects on cell-cell commu-
nication. The presence and toxicological
significance of cellular receptors for the
cancer-preventive agent are described.

Structure—activity relationships that
may be relevant to the evaluation of the
toxicity of an agent are described.

Summary of data

In this section, the relevant human and
experimental data are summarized.
Inadequate studies are generally
not included but are identified in the
preceding text.

Evaluation
Evaluations of the strength of the
evidence for cancer-preventive activity
and carcinogenic effects from studies in
humans and expetimental models are
made, using standard terms. These terms
may alsoc be applied to other
beneficial and adverse effects, when indi-
cated. When appropriate, reference is
made to specific organs and populations.
It is recognized that the criteria for
these evaluation categories, described
below, cannot encompass all factors that
may be relevant to an evaluation of can-
cer-preventive activity. In considering all
the relevant scientific data, the Working
Group may assign the agent or interven-
tion to a  higher or lower
category than a strict interpretation of
these criteria would indicate.








