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A WHO Seientitfic Group on Principles for the Testing and Evaluation ¢f Drugs for
Carcinogenicity met in Geneva from 2-7 December 1968, The meeting was opened on hehalf of
the Director=General by Dr H, Halbach, Director, Division of Pharmacology and Toxicology, who
outlined the terms of reference for the present meeting &% part of the WHO programme for the
promotion of drug safety.

1. INTRODUCTION

In accordance with a resolutionl adopted by the Seventeenth World Health Assembly, WHO
has convened several Scientific Groupﬁ2 to agsist in "the formulation of generally acceptable
principles and requirements for the evaluation of the safety and efficacy of drugs". The
firsl of these Groups dealt with gemeral toxicity, but did not give detailed attention to the
testing of substances of possible therapeutic interest for geneltic and carcinogenic affects.
The present Scientific Group was convened to discuss the latter topic and, in keeping with the
view that it is "inadvisable to establish and prescribe rigidly formulated regulations
spacifying in detail the tests to he performed”,3 endeavoured to lay down the basic principles
that should be applied to testing and evaluating the carcinogenic risks of drugs.4

Considering that all drugs should hbe evaluated for possible carcinogenic action, the Group
established 8 set of priorities for the undertaking of such evaluation, The different
categories of priority are based on criteria such as chemical or biclogical properties known
to he involved in carcinopenesis and the stage of experimental and clinical development that
drugs have reached. Evaluation of the ecarcinogenic risk may or may not include tests in
animals. In additlon, the Group emphasize the fact that prospective epidemiclogical studies
and human surveillance are essential for the adequate evaluation of certain drugs.

When reviewing the test methods available, the Group paid particular attention to the
interpretation of the experimental production of local sarcomas.

An important conclusion of the Group was that the demonstration of the carcinogenicity
of a given substance in an animal need not necessarily, and under all ecircumstances, preclude
the use of tha substance in human therapy, provided it iz done under strict medical supervision.

1
Resolution WHAL7.39 (0Off. Rec. Wid Hlth Org.. 19641, Neo. 135, p-17).

2
Previous Groups have dealt with the preclinical testing of drug safety, the testing
of drugs for teratogenicity, and the clinical evaluation of drugs (Wld Hlth Org. techn. Lep.
Ser., 1968, No. 341; 1967, No. 364; and 1968, No. 403, respectively),

3 WHO Regional Office for Eurepe (1964) Symposium on the toxicolopy of drugs, Copenhagen
{mimeographed document)., A limited number of ecopies of this document is available, to persons
officially or professionally econcerned with this field of study, on reguest to the WHO Regional
offieeo for Burope, Copenhagen, Denmark.

In carrying out this task, the Group took into consideratior the following publications:
wld Hlth Org. techn. Rep, Ser., 1961, No. 220; Roe, F. J. C. {1866) €lin. Pharmacol.Ther., 7,
77: International Union against Cancer (1967) Potential carcinogenic hazards from drugs.
/Froc@edings of a8 symposium, Paris, 19657, Berlin, Heidelberg & New York, Springer {1uce
Monograph series, vol. 7); Weishurger, J. H. & Weisburger, E. K. (1967) Meth, Cancer Res.,
307; FEuropean Society for the Study of Drug Toxicity {1954) Evaluation of the potentigl
garcinogenic action of a drug, Amsterdam, Excerpta Mediea Foundation (Procegedings, val,3);
International Unicn against Cancer (1069) Carcinosenicity testing, Geneva (IUCC Technical
kReport Nea. 2).
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2, GENERAL CONSIDERATIONS

For the purposes of this report, "a drug" is defined as "any substance or produect that
is used or intended to be used to modify or explore physiological systems or pathological
states for the benefit of the recipient".l

The use of agents or devices applied to, or intreduced into, the body for prosthetic or
contraceptive purposes is in¢reasing. Such apents and devices are manufactured from various
materials, often of novel composition, and although many of the factors considered in this
repurt are applicable to them, the question of their potential carcinogenicity is not covered.
Accordingly, it is recommended that consideration be given to arranging the discussion of
these issues by a group of experts.

The Group found it necessary to draw a distinction between drugs already in general use
and those not yet on the wmarket. Relatively few of the very large number of chemical
substances already in use as drugs have so far been tested for carcinogenicity. Priorities
for the testing of such drugs are considered below (Section 3).

Several chemical compounds are now known to give rise to cancer hoth in animals and in
man. These compounds have been widely studied and are well-documented, Amongst them are
several therapeutic agents. BSome of the early studies in carcinogenesis began with the
observation of iatrogenic cancers, the most important of which resulted from eXposure to
ionizing radiation.

It has beon reported that certain drugs, such as chlornaphazine and Thorotrast, have
caused cancer in man following their administration as thereapeutic agents. For some other
drugs, such as diethylstilbestrol, phenylbutazone, and inorganic arsenieals, there is evidence
suggestive of carcinogenicity in man. Certain other drugs, such as thiourea, isoniazid, and iron=-
dextran, are carc¢inogenic under some circumstances in experimental animals, but no evidence of
cancer in man associated with the use of these substances has so far come to light. The lack
of evidence of carcinogenicity in man of compounds known to be carcinogenic in animals results
mainly from difficulties inherent in retrospective epidemiological studies, Since cancer
induction in man may take several decades, it is possible for a drug to remain in widespread
use hefore its carcinogenicity becomes apparent. In such eircumstances properly planned
prospective epidemiological studies are likely to provide the earliest proof of carecinogenigity
in man.

In the past, most substances that are carcinogenic¢ in man have been detected as such in
mar, and their action haz been subsequently confirmed by animal studies. In the present state
of surveillance of the use of drugs by man, tests in laboratory animals still provide the
major safeguard. However, every effort should be made to obtain more data on the action of
drugs in man. Only when the effects of an agent in man are both unusual and dramatic is the
association between cause and effect likely to become obvious jin the absence of & system of
surveillance. XEven when the association is obvious, its discovery is liable to be delayed.

If the effect of a given drug were to induce a type of cancer that alveady occurs commonly,
the effect would certainly not be detected without adequately planned human surveillance.

The problem of evaluating the carcinogenic hazard presented by food additives was
reviewed by a Joint FAQ/WHO Expert Committee in 1960.2 More recently, a WHO Scientific Group
discussed the sighificance of local sarcomas producaed by the subcutaneous injection of
food additiveé.3 Despite the similarvities between tests for carcinogenicity of drugs and of
food additives, the present Group ¢onsidered it desirable to review the problem of evaluating
the carcinogenic hazard of drugs in the light of recent experience and advances in knowledge.
Furthermore, zlthough the principles of assessing the carcinogenicity of drugs and of food
additives are similar, the application of the findings to¢ the evaluation of the hazard to man
iz based on rather different considerations.

! Wld Hlth Org. techn. Rep. Ser., 1967, No. 341, p. 7.
Wld Hlth Org, techn. Rep. Ser,, 1981, Neo. 220,
Wld Hlth Qrg, techn. Rep. Ser,, 1967, No, 348, p. 19.




In any evaluation af the safety of a drug, the conditions of its intended uze wust be
clearly defined, and the assessment of carcinogenic hazard should take into account the
recommended uses of the drug, If these uses are altered or extended, reassessment becomes
NeGessary.

The possibility of carecinogenic hapard, and therefore the need for assessment in this
raspect, exist in relation to all drugs, Confident prediction of the carcinogenicity or non=-
carcinogenicity of a given drug is not possible on the basis of its chemical structure or
bivlogical activity, although such properties may indicate that high priority should be given
te the testing of a glven product., A lack of evidence of tumour induction iz the most reliablo
sriterion of noncarcinogenicity: data from cbservations on man are rarely adequate and evidence
from experiments on laboratory animals can usually be obtained mors gquickly.

3. DRUGS TC BE TESTED

3.1  Testing and evaluation

Throughout this repert, a distinction is drawn between testing a drug for carcinogenicitly
in animaly and evaluating its carcinogenic hazard for man. Such evaluation may be hased on
the results of an experimental study in animals or on other information, such as the
characteristics of the drug, the manner in which it is likely to be used, and epidemioclogical
evidence, These considerations may indicate that experimental studies in animals are
unneceszary for & given drug.

3.2 Priorities

Evaluation of carcinogenic hazard to man is essential for all drugs. This evaluation
will determine whether experiments in animals should be carried out, When experiments in
animals are to be carried out, different priorities for such tests can be established,

There are four stages in the development and introduction of a new drug: animal studies,
initial studies in man, therapeutic trials, and surveillance after the drug is marketed (which
nowadays 15 carried out over a period of at least two years). Bome drups should be tested
for carcinogenicity during the first of these stages, whereas others may be studied during the
later stages, Evaluation should he made at each stage, taking into account any new information
that may have been obtained.

Neciding on the stape a2t which a drug should be tested for carcinogenicity is
necessarily complex and is considered in the following sections.

3.2.1 Drugs to be tested before they are given to man

A compound may present so obvious a risk of carcinogenicity that its administration to
man, either patient or volunteer, would entail an unacceptable risk unless experiments on
animals showed the compound to be prohably free from cancer-inducing activity,. In special
cazses, however, the therapeutic need might he so serious that delay would be unjustified, and
testing for carcinogeniecity prier te clinical trials in patients might be waived,

Sone categorles of compound that must be tested at this stage are noted in the two following
sections,

Drugs chemically related to known carcinogens, The variety of chemical structures
shown to be associated with carcinegenic activity continues to increase. It is impossible
to lay down rules as to the degree of similarity in chemical structure that should exist for
a drug to be considered to resemble a known carcinogen. Testing is essential when both
chemical and biological properties of a new compound resemble those of a carcinogen, or when
metabolites with similar properties are formed from both the compound and a Xnown Carcinogen.

Drugs with certain specific bioloagical effects, Many known carcinogens damage rapidly-
growing tissues (e.g., the hasmopeietic system and the intestinal muccsa) in relatively short




experiments, and some affect mitosis, When a new gsubstance is shown to have similar hiclogical

e¢ffects, carcinogenicity tests are essential,

3.2.2 Drugs to be tested during clinicéal trials

There may he szpecial reasons why carcinogenicity testing should not be delayed until
after release for marketing. For instance, some drugs that are likely to be administered
for long periods of time or to certain types of patient (e,g,, newborn babies and pregnant
or lactating women) should be tested for carcinogenicity during the clinical trial stage if
they have not been previously tested.

3.2.3 Drugs to be tested after the decigion to release for marketing

Final determinaticon of the need for carcinogenicity testing should be made for every
drug before it is released for marketing, when all the information from studies in animals
and in man is available. Carcinogenicity testing could still be carvied out during the
period of special survelllance that follows release of the drug to the market, and this
should be done unless a carcinogenic¢ hazard can he ruled ocut with reasonable confidence.

3.2,4 Drugs on the market that should be tested

Many drugs on the market have not been subjected to ¢arcinogenicity tests, and their
possible carcinogenicity for man has not been evaluated. Priorities for the testing of
such drugs are governed by the same considerations as apply to new drugs. Epidemiological
studies may sometimes provide evidence oi the carcinogenic hazard (or lack of it) arising
from the use of a given drug.

It is beyeond the scope of this report to gpecify which drugs should be tested or
further evaluated or who should econduct such tests, It is sugpested that a meeting of
experts might be convened to consider these problems.

4. METHODS OF TESTING
4,1 Long-term animal tests

Although thae ways in which they are intérpreted may differ, tests for the carcineo-
genicity of drugs are similar to those for the c¢arcinogenicity of other substances, such as
food additives and pesticides. Long-term animal tests for carcinggenicity have been dis-
cussed in & mumber of publications,l but the Group felt that experience and advances in
knowledge during recent years make it necessary to review some aspects of the design of such
tests,

4,1.1 Identity and purity of material under test

The compasition and formulation of a1l drugs must be fully known and adequate
specifications appropriate to the methods by which they are manufactured should be
available,2 Adequate specifications are especially necessary for products of unknown
composition {e,g. plant or animal tissue extracts),. Similar considerations apply to food
additives and have been discussed elsewhers,?

X Wld Hith Qrg. techn, Rep. Ser,, 1961, No. 220; Clayson, B N. (1962} Chemical
carcinogenesis, London, Churchill, pp. 58-100; WS National Research Council, Food
Protection Committee (1960) Problems in the evaluation of carginogenic hazard from use of
food additives, Washington, D.C. (Publication 749); Hueper, W. C. & Conway, W. D. (1964)
Chepical carcinogenesis and cancers, Springfield, T11., Thoemas, pp. 403~604; European
Society for the Study of Drug Toxicity {1964) Evaluation of the potential carcinggenic
action of a drug, Amsterdam, Excerpta Medica Foundation; International Union against Cancer
(1969) Carcinogenicity testing, Geneva (IUCC Technical Report No. 2).

2

Wld Hlth Org, techn. Rep, Ser,, 1967, No. 341, p. 1l.

3 Wid Hith Org. techn, Rep, Ser., 1961, No. 220; 1967, No. 348,




4,1,2 Metabolism of the drug

The choice of animals for toxicological investigations aimed at predicting possible
hazards of a given drug for man should take into account the ways in which the drug is
metabolized in different animal species, ineluding man. This is facilitated by the fact that
such studies are olften undertaken early in the 'development of a new drug. However, LT a given
drug falls into the group whose carcinogenicity must be tested hefore administration Lo man,
the Llost animals must be chosen without knowledge of the way in which the drug is metabolized
in marn, {f administration to man is permissibie later, it is important to ¢ompare the ways in
which the drug is metabolized in the Lest animals and in human subjects before any final
evaluation of carcinogénic hazard is made.

a.1.3 Animals used for carcinogenicity tests

Rodents. Rats, mice, and hamsters are generally regarded as being suitable [or carcino-
ponicity tests. In the past, rats and mice have bsen used most fregquently. There are
indications that hamsters may be more suitable than either rats or mice for testing certain
aromatic amines. The guinea—pig is known to be refractory to the action of some carcinopgens
and i3 considered unsatisfactory for routine test purposes. The rabbit is of limited use in
carcingpgentcity tests. The desert rat and steppe lemming may prove useful for tast Uurposcs

in the future, but information on their suitability iz limited at present,

Dogs. The dog is still recommended for testing cuspected bladder carcinogens of the
gromatic amine group, though studies now in pProgress may show that it is not indispensable for
this purpose. Periods as long as seven vears have been found necessary for tumour production
by hladder carcinogens in the dog. The use of the dog for carcinogenicity tests in general is
not practical.

Monkeys. Recent studies indieate that monkeys are sensitive to a variety of carcinogens
and are likely to prove valuable for the evaluation of carcinogenicity, particularly in the
testing of certain hormonal preparations,

Other non-rodent mammals. No suitable non-rodent mammal can at presaent be recommended
for general carcinogenicity testing, Such an animal is urgently required.

Trout. Although the trout has been reported to ba gusceptible to the induction of
hepatoma, its use for the testing of drugs is likely to be limited owing %o the lack of
background pharmacological information on this fish.

Birds. Although birds - particularly bhudgeripgars, ducks, hens, and guail ~ are known
to he susceptible to carcinogens, more background information is needed before they can be
recommended for general testing purposes.

Strains. Inbred and outbred strains of rats and mice are readily available, but only
inbred mice have been studied extensively. More recently, inbred hamsters have hecome
available. For moszt carcinogenicity tests closed colonies of outbred rodent stocks are
satisfactory. However, the effects of carcincgens can sometimes best be detected in certain
inbred strains, Information on special strain characteristics should be taken into acoount
in designing tests of drugs whase structure or biological activity are similar to those of
known car¢inogens.

Pathogen=~controlled animals. In all long-term tests, such as those for carcinpopenicity,
the health of the animals is of paramount importancé. A tachnigue for reducing the risk of
microbial and parasitic disease has been widely used during the past decade., Animals are
delivered by Caesarian section and then reared under conditions that protect them and their
progeny from contact with infectious agents. Colonies of animals so established and
maintainad - referred to as "pathogen—controlled” animals - can ba virtually freed freom
nertain infections ~ e.g. the rat can be freed from chronie pneumonia and the mouse from
ectromelia, Pseudomonas infection, and salmonellosis. Pathogen-controelled animals tend to
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be healthier and live longer than animals in unprotected colonies, but they are not immune to
infection. Whatever the animals used in carcinogenicity tests, it is important to know and
record the conditions under which they have been bred and reared, and any infections and
infestations that may be prasent in them.

Newborn and infant animals. The use of newhorn animals may offer advantages = e.p.
positive rasults may be evident early and may be obtained with only small amounts of the test
material, However, these are insufficient reasons at present to recommend the use of newborn
or infant animals rather than adult animals for carcinopenicity testing. Restricting the
administration of the agent heing tested to the first few days or weeks of life, may result
in inadequate exposure and there may under these circumstances he no grounds for accepting &
negative result even if the period of ¢hservation covers the major part of the normal 1ife
span of the test species.

4.1.4 Animal hushandry

Diets. The presence of naturally-occurring carcinogens, particularly aflatoxins, in
composite animal diets has necessitated the introduction of semisynthetic diets for use in
studies of such compounds, This, in turn, has led to & re-examination of the types of diet
fad to animals in toxicology studies generally. It is apparent that there is no control of
naturally=gceurring carcinogens, pesticide residues, and intentional and unintentienal food
additives in most commercially available diets. Properly controlled carcinogenesis studies
require a defined diet in which the impurities are known. At this time no semisynthetie diet
can be recommended, but it is to be hoped that research will lead to the development of
nutritionglly adequate defined diets that can be made available at a reasonable cost,

Alr. The air in most urban areas is contaminated with known chemical carcinogens,
No entirely satisfactory filtration system can at present bhe recommended for animal quarters,
but it is to he hoped that the situation will be improved as the result of further regearch,

Festicides. All those concerned with the management of experimental animal stocks
should be cautioned against the excessive spraying of animal quarters with pesticides, anti-
septics, or other chemicals, Apart from the possibility that such agents may be carcinogens,
they may alter the response of animals to drugs,

Water, There appears to beé no r ason for recommending the use of distilled water in
preference to tap water for animal consumption, Indeed, distilled water and chemically-
treated water may often be less satisfactory than tép water, since they may contain
adventitious contaminants,

The use of hypochlorite in drinking water has been recommended for the control of
Pseudomonas infection in mice. Since there are alternative means of controlling this infection
- g,g, the use of pathogen—-controlled stocks - and since hypochlorite may interfere with the
action of ¢carcinogens, this practice is not recommended.

4.1.3 Experimental plan

Number of asnimals. The first step in designing any experiment is the precise formulation
of the question that it is intended to answer, At this stage the following statistical
information should be available:

(1) the expeatad incidence of tumours in the control group, based on previous
experience of the animals to be used;

(2} the expacted death rate in the entire experiment from causes other than
tumours;

{3) the cmallest difference in incidence of tumoursz between the various test and
control groups that the experiment should be designed to detect;
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(4) the degree of confidence with which this difference should be detected; and

(3) whether it is sufficient to consider only gualitative data (the presence or
abuence of & tumour in given animals) or whether guantiative aspects, particularly the time
of appearance of tumours, must also be considered.

fiiven this information, a ctatistieian is in a poesition to calculate the minimum number
of anilmals that each group must contain in order that the guestions posed may he answered.
It may be advisable to exceed this minimum group size in order to allow for unforeseen causes
of death, including texicity of the test compound.

In certain circumstances it may not he possible to adopt the above procedure, iIf =0,
guidance on the numbers of animals to be used can be obtained elsewhere.l

Sou, With the exception of tests for hormone-related carcinogenicity, 1t is essential
that studies be conducted on both sexes, since there are many examples of sex-related

differences in response to known carcinogens.

Number of specisgs. At least two species should be used,

Control groubs. Although ascumulated background infermation about animal stocks is of
great importance, control groups of untreated animals are always necessary. When the nature
of the vehicle in which the drug is administered s¢ demands, a control group receiving it alone
should be included,

Animals should always be randomly allecated to the different groups within an experiment.

When carcinogenicity testing «f a given drug ig specially indicated by the similarity
of itz chemiecal structure or biolegical effects to those of a known carcginogen, & positive
gentrol group treated with the latter should be included in the experimental design. in
other cases, the inclusion of a pesitive contrel group may be desirable merely to establish
that the test animals are capable of responding to a carcinogenic stimulus under the general
conditions of the experiment. tiowever , when carcinogenicity tests are conducted on animals
of known susceptibility, the inclusion of a posltive control group may be superfluous. If
a known potont carcinogen is used in positive control experiments, precautions must be taken
to prevent any hazard to personnel.

Duration of experiment. In general, it is best to start admintistration of the drug as
soon .as possible after the animals are weanead, There are disadvantages in carrying on gtudies
te the end of the natural life span, although this seems to be right in prineciple. The
gxperimental period is commonly terminated before the end of the natural life span, but it
should not be reduced to less than two years for rats and hamsters or less than 18 months for
mice. :

Dose levels. Owing to the great impertance of establishing dose-re ponse ralationships
in carcinegenicity tests, the use of at least three dose levels is egsential, The fifth
report2 of the Joint FAQ/WHO Expert Committee om food Additives gives useful guidance on the
choice of appropriate dosage levels, Certain drugs may present particular problems if their

1 .
Wld H)}th Org. techn. Rep. Ser., 1961, No. 220; Weisburger, J. H. & Weisburger, E. K.

(1967) Meth, Cancer Res., 1, 307; International Union against Cancer (1969) Carcinogenicity
testing, Geneva {IUCC Technieal Report No. 2). ‘

Wld Hith Org., techn, Rep. Ser., 1261, No. 220.
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garly and late toxic effects make it impossible to administer large doses. "This difficulty
can gometimes be avoided by the use of divided daily doses. The highest dose level used
should be within the toxic range, but should be consistent with the preolonged survival of a
majority of the animalsz, The lower levels should permit the animals to survive in good
health for their natural life zpan or until tumours develop,

4.1.6 Experimental procedures

Choice of vehicla, The choice of solvent or other vehicle for administering the drug is
important in carcinegenigity studies. The carcinogenic potential of the vehicle itself or of
any impurities it may ¢ontain must be fully known or investigated, Strict specifications are
needed to ensure that vehicles of adeguate purity are used,

Route of administration. Twe factors determine the choice of the route of administpration.
The first is the route vsed, or intended to be used, clinically, since it is important that
2 drug be given experimentally by the same routes =5 those used clinically. The =zecond factor

is the need to ensure that tissues and organs in the experimental amimal are exposed to con-
tentrations of the drug and its metabolites at Jeast as high as, and preferabiy higher than,
those to which human tissues are exposed. Tissue concentrations of the drug should he
ascertazined unless other evidence makes this unnecessary. With drupgs that are administered
orally to man, adequate tissug concentrations are usuazlly produced by giving them orally to
experimental animals, Adninistration to animals should he by gavage whenever possible,

Whern appropriate tissue concentrations are not attaiped by the route of administration
uged clinieally, another route that produces such concentrations must be sought. This
requirement may give rise to smevere difficulties when the subeutanecuz route is used (see
Section 6,1.1); in such circumstances consideration should be given to the intraperitoneal
route,

The fifth report of the Joint FAO/WHC Expert Committee on Food Additives discusses the
question of whether, in testing food additives for careinogenicity, tweo routes of
administration should be used,! and recommends that, in special ¢ircumstances, "a sultable
parenteral route of administration” be used.? When the route ugsed zlinically can be employed
experimentally, giving rise to appropriate tissue concentrations, the usze of a second route of
administration usually offers little advantage and may cause difficulties, Consequently,
the Group does not recommend the routine use of two routes of administration in testing drugs
for carcinogenicity, Additional effort is most effectively directed to the achievement of a
high standard of perfeormance in z test involving a single route of administration,

Freguency of administration, The frequency of administration of the drug should be
related to the regime of clinical administration, ~ This may mean that the drug must be given
to animals daily, but in special circumstances administratiom on five or siw days per week is
acceptable,

4,1,7 Pathologicsl examination

Full necropsigs should be performed on all animals, including those that are decomposed.
Decomposition and camnibalism can be minimized by daily examination of the animals.
Macroscopic observations should be made by persons trained in pathological technigues and
microscopical studies should be carried out by experienced pathologists,

: Wid Hith Org, techn., Rep. Ser,., 1961, No. 220, p. 16,

2
Wid Hith Org, techn. Rep, Ser,, 1961, No. 220; Weisburger, J. H. & Weisburger, E. K.
(1967) Meth, Cancer Res., 1, 307; International Union against Cancer (1968) Carcinogenicity
tasting, Geneva (IUCC Technical Report No. 2).
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The procedure for gross cxamination and a list of the organs that should be examined
magroscopically are given in the Annex, Altheough it is desirable that the zame organs he
examined microscopically, this iz often impractical, A reasonable routine procedure is to
examine microscopically certain organs in all apnimals (including lumgs, liver, splecn, urinary
bladder, and kidneys) as well as those showing gross alterstions, and to preserve all other
organs and the carcass in fixative until the end of Lbwe experiment,

Wheon experiments include studies of the effects of different dose levels, and no
gvidence of carcinogenigity emergzes from g comparison of the high dose group and the control
group, histolopical examination of animzls it the intermediate and low dosze groups may he
UNNACESSAry.,

The skandardization of nomenclature in animal pathelogy would he of greal help to
carcinogenicity studies.

1.1.8 Fresentation of resultsl

flesults must be presented in a clear and organized form and in adequate detail, The
information hat should normally he included in reports has heen listed ¢ lsewhere, &

Negative as well as positive results should be available to selentists, Since it may
be difficult to ebtain publication of nepative results, it is rocommended that WHO consider
the possibility of establishing a mechanism for the central collection of the results of
carcinegenicity tests of drugs and for the dissemination of this information.

1.1.9 Testing of hormonal contraceptives

A number of synthetic or semisynthetic substances are used in hormonal contraceptive
preparations, and these may be taken for & substantial part of the 1ife span. The
contraceptive activity of these substances is related to the hormonal effects they produce
in'females. However, they might he used in the future for other purpeses in males as well
ag in females. In view of their long-term use under rcolatively little medical supervision,
it is advisable that they be tested for carcinogenicity in species normaliy used for this
purpose. For the reasen given sbove, both male and female animals should be studied.

Since variations in hormenal action in different species might affect the results of
carcinogenicity tests, it is advisable to study this gquestion in an animal that displays
hermonal effects similar to those brought about in man. Suitable female primates are the
animals of choice for this purposc. Prospective epidemioleogical studies in man are alsc
of great importance in this area,

1.2 Rapid tests

The long duration and cost of the carcinogenicity tests now in use make it desirable to
develop reliable methods that are gquicker and cheapar, Heveral attempts have been made La
discover correlations halwesn the ability of chemicals to induce tumours and to elicit other
biclogical effects that appear sooner than cancer. However, the metheds developed so far
cannot he recommended zs a substitute for carcinoganicity tests, despite thelr interest and
value for research Durposes.

! This zubject is dealt with in considerable detail in International Union against

Cancer (1969) Carcinogenicity lesting, feneva (IUCC Technical Report No. 2).

-

2 I -
Wld Hlth Org, techn. Rep. Ser., 1961, No. 220, p. 33.
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The implantation of the test material together with tissues derived from embryos has
been used &5 & rapid test, but its value for testing drugs is not known,

Although some compounds are both carcinogenic and teratogenic, the two types of activity
are not consistently related, Compequently, the absence of teratogenic effects does not

imply noncarcinogenicity.

4,3 In vitro tests

Cellular transformation and carcinogenesis have heen studied extensively in cell or
organ c¢ultures in recent years, although such studies have not resulted in the detection of a

previously unsuspected carcinogen, Certain noncarcinogenic chemicals are converted meta-
bolically ip vive to derivatives with carcinopenic activity. However , such chemicals may
not be metabolized in ¢ell cultures, giving rise to falge negative results. Conversely,

carcinogens that are rapidly insctivated in vivo may give rise to false pesitive results in
cell cultures,

Two further seriocus limitations of in vitro tests are the uncertainties involved in
interpreting positive findings and the risk that negative findings may be unhcritically
accepted as evidence of noncarcinogenicity.

J. RETROSPECTIVE AND PROSPECTIVE STUDIES IN MAN

The possible carcinogenic action of a drug in man can be studied retrospectively or
prospectively. The first indications of an asgociation between the use of certain drugs
and the subsequent occurrence of cancer have emerged from retrospective studies. Although
the vsefulness of this method cannot be overlooked, it involves mapy difficulties and has
inherent flaws. Such studies often lead to an assumption of causality as & result of
misinterpreting an incidental association, Furthermore, both interviewers and patients may
have too great z knowledge of the disease under study to provide unbiaged answers.

The method of prospective study has been evolved to overcome thege and other difficulties,
A notable example of the sucgess of this method was the confirmation of the association
between cigarette cmoking and bropnchogenic c¢arcinoma in man, which had previcusly been sugpested
by retrospective studies, However, prospective studies also involve difficulties, as
follows:

(1} It 15 conceivable that & particular disease process, rather than the drug used
for its treatment, may be causally related to the occurrence of a cancer, The differentiation
of such factors is a common gomplexity of prospective studies,

(2) It is often impossible to have an appropriate eontrol group that is not treated
with the drug (e.g. tuberculosis patients not treated with isonigzid).

(3} The effects of the drug under study may be difficult to distinguigh from those
of (a) other drugs given at the same time, (b) knowh carcinogenic factars such ag smoking,
{c) dletary factors, (d) therapeutic irradiation, and (8) various environmental factors known
to influence the genesis of cancer in man, In this respect, early studies were at a great
disadvantage in being limited to a simple comparison of incidence; the use of multivariate
analysis has greatly increased the power of statistics,

In addition to prospective studies involving selected drugs another method can bhe used
to provide a broader check. If information can be obtained on the real consumption of drugs
by the entire populations of countries, comparisons can be made between trends in cancer
incidence and trends in the consumption of drugs,

In certain countries systems of medical record linkage are heing developed, The
introduction of electronic computers has made this method & practical approach to the
detection of carcinogenic and other hazards.
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G. INTERPRETATION OF RESULTS

G.1 Type of response

The response of test anjimals to carcinogens may take one of several forms: (1) an
increased incidence of one or more of the tumour types noted in the centrols; (2} the
oeourrence of tumours earlier than in the contrels, without increased incidence; (3) the
development of types of tumour not seep in the controls (this may or may not be asscciated
with an overall increase in the number of tumours seen in the controls); and (4) a multi-
plicity of tumours in individual animals, the incidence in terms of tumour-hearing animals

heing the same. Furthermore, the tumours seecn may be benign or malignant, or tumours of both
categories may be present.

All these types of response are at prosent used to ¢lassify chemicals as carcinogens, no
distinction heing made between them, although it is clear that different types of response
may give rise to different degrees of concern. The aim should be to study these problems in
detall so that, ultimately practical recommendations on any substance can be based on
consideration of both the hazards and the benefits that might result from its proposed use.

The prablem of the carcinogenicity of iseniazid illustrates many of the complexities
discussed in this report. Isoniazid has been cshown to increase the incldence of tumours of
gpecific types in only one animal species, the mouse, in view of the importance of this
drug in the chemotherapy of tuberculosis, its withdrawal could not be recommended on the
hasis of this evidence from animal studies. Clearly, if the drug had been shown to induce
a wide variety of tumours in several species, a different decisiofl would have been indicated,
it is recommended that efforts be made to organize prospective studies in human beings
treated with isoniazid and that more extensive studies in animals be undertaken,

G.1.1 Sarcoma induction in rats and mice

The significeance of the occurrence of local sarcomas following subsutaneous injection
was considered in 1966 by a WHO Scientific Group, who recommended "that for the routine
testing of food additives and contaminants, the subcutaneous injection test should bhe
considered inappropriate unless special conditions, such as lack of absorption from the
gastrointestinal tract under conditions of routine feeding to experimental animals, demand
additional studies",l

~ Since the subcutaneocus or intramuscular route may be employed c¢linically for the
agministration of drugs to man, it ia necessary to discuss the implications of subcutaneous
sarcamas produced experimentally by using these routes in rats and miece,

When administration by the subcutaneous or intramuscular route is associated with the
development of tumours at sites distant from the site of injection, the criteria of
carcinogenic responhse defined above are applicable, whether or not local sarcomas 2lso
develop. Consequently, the point at issue is the case in which only local tumours develop.
Fibromas or cSarcomas at the injection site may be the ¢onseguence of introducing carcinogens
subcutanecusly inte rats or mice. Such tumeours may or may not result from the operation
of physgical factors® - i.e&., physical properties of the test material that are unrelated to
any chemical earcinogenic potential it may possess. Tumour induction may follow the
introduction of chemically unreactive materials in solid form or the local deposition in
insoluble state of a substance introduced in solution. In such cases physical
charecteristics - e.g., the dimensions of the material, whether or not it softens at body
temperature, and the smoothness of its surface - may determine whether or not tumours appear.

1
Wid Hith (rg, techn. Rep. Ser., 1967, No, 348, p. 19,

2
See Wld Hith Drg, techn. Rep. Ser,, 1961, No. 220, p. 16,
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It has been suggested that one or more properties of injected solutions (e,.g., hypar-
tonicity, pH, and surface activity), as well as facters affecting the rate at which such
selutions are absorbed from the injection site, may determine whether or not a& tumour is
formed. When testing drugs that are administered to man by suboutaneous or intramuscular
injection, theére is no simple way of salecting the appropriate dose to be administered to a
small animal, The injection of large doses in relation to the body weight of the animal
(particularly of substances that aceumulate at the injection =ite), or the use of relatively
concentrated selutions, may creste physical effacts whose consequences may be different from
those produced in man,

Certain diffigulties inherent in the use of the subcutaneous route may be avoided to
some extent by distributing the material between multiple injection =ites to reduce the
risk that cumulative tissue damage at one site may influence sarcoma induction.

Recognition of the part that may be played by the physical properties of a substance in
the production of loecal sarcomas in the rat and mouse renders 4t difficult to interpret the
significance of the induction of such tumours, especially if the substance iSs not carcinogenic
when tested by other routes of administration, Detailed study of the nature and evolution
of local tissue changes at the site of injection and of the mechanism by which they arise
may help to resolve the problem,.

If additional studies, including the use of other parenteral routes, do not provide
suffigiently clear evidence of safety, and if suspicion of the carcinogenic hazard of a
subcutaneously administered drug rests selely on its induction of local sarcomas, the Group
recommends that the drug may be used cliniecally, provided arrangements are made for
surveillances,

6.2 Dose-response relationships

Az with all chemical substances that give rise to blological effects, it is often
possible to show that a positive response in & carcinogenicity test is dose-related. The
Group considers that the demonstration of a dose-response relationship in carcinogenicity
tests of a drug should be taken fully into account in evaluating the balance of beneafit and
risk associated with the use of the drug in patients.

The dosage of known carcincgeng reduired to bring about a positive response varjies
considerably, For example, aflatoxin can cause cancer at a daily dose level of a few g
per kg of body welght, wheregas the dosage of diethylstilboestral required to produce such
an effect is about 1000 times this level., Many factors may modify these dose requirements,
but this does not alter the faetr that gross differences exist between the dose-response
relationships of different carcinogens.

6.3 Evaluation of potential hazard to mar

If there is evidence of a possible carcinogenic hazard from food additives and

ingredients of cosmetics, such substances should not be used, This is not necessarily so
with drugs, since circumstances exist in which it is proper to use a drug that has been
shown to he carcinogenic experimentally. Each drug must be evaluated individually. This

Group does not wish to lay down a set of rules for such evaluation - and, indeed, could not
do so - but =some general guidance on the factors that should be considered is given below.

Some types of response may suggest that long continued exposure to a given carcinogen
is reguired before 2 positive response becomes evident, Clearly, this would cast doubt on
the wisdom of using such a compound as a drug for leng periods of time. it is less certain
that it should pravent the use ofethe drug on a single cceasion (or a =mall number of
occasions) in any one individual. Other types of response may suggest that a hazard will
arise only in particular circumstances of use - e,g., subcntaneous injection (see

section 6,1,1), %Such a regponse should not necessarily preclude all other uses of the drug,
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Drugs are used medically for a wide range of conditions from the trivial to the serious,
and a given drug may be used for both trivial and serious conditions, Drugs may be given to
an individual only once, or several times a day for many years, Many drugs already on the
market have not been evaluated for carcinogenesis. Seriousz hazards may he associated with
drugs available without medical prescription. The Group recommends that any drug that has
been shown to be a carcinogen experimentally be used only under strict mediecal supervigion,

AECOMMENDATICNE AND RESEARCH NEEDS

Animal studies

{1} The improvement of methods for comparative study of the metabolism of drugs in
animals and man,

{2) Extension of the use of computer technigques in earcinogenicity studies.
(3 The development of useful short-term carcinogenicity tests,

Investigation of the suitability of nonrodent mammals for carcinogenicity testing.
(g} Investigation of medifying factors in carcinogenesis.

(8) Investigation of a possible association between particular types of pharmacological
agtion and the manifestation of carcinogenicity.

(7 The development of defined diets for laboratory animals used in carcinogenicity
ztudies.

{B) Investigation of the possible carcinogenicity of agents and devices applied to, or
introduced into, the body for prosthetic or gontraceptive purposes.

Human studies

The promotion and co-ordination of prospective epidemiological studies of the carcinegenic
hazards presented by certain drugs, particularly hormonal contraceptives. National bkodies
should take all possible measures to facilitate such prospective studies, perticularly hy
collegting data on drugs.

Evaluation of carcinogenic hazards

Detailed examination of the practical impligations of the use of drugs known or
suspected to bhe carcinogenic. A drug shown to be a carcinogen experimentally may, in
certain circumstances, be used elinically but only under strict medical supervisgion. The
decision on such issues should be made by individuals who are familiar not oply with
experimental carcinogenesis but also with the nature and use of drugs,

Information services

(1} Estahlishment of a register of drugs alveady on the world market, and of
priorities for evaluating such drugs for carcinogenicity.

(2) Improved dissemination of information on the carcinogenicity of drugs to all
involved in this use,

(3 Establishment of a comprehensive register of information on the negative and
pesitive regsults of carcinogenicity tests carried out eon all chemicals (not only durgs).
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ANNEX
GUIDE LINES ¥0R PATHOLOGICAL EXAMINATION

Full necropsies should be performed on all animgls, including those that die accidentally
or arc tound dead and possibly decompoged. Complete pathological records sheould include
details of the killing procedure. Observations may be hindered by advanced decomposition or
cannibalism, but these eventualities can be largely avoided if animals are examined daily,
sick animals being killed, Even when decomposition is too advanged for microscopic
examingtion, usaful data may be obtained from macroscepic observation. The person who
performs the necropsy should be trained in the technique and should be aware of sany pro-
existing signs of disease in the animal undergoing necropsy.

A complete necropsy procedure is outlined bolow. However, it is realized that in the
past less therough examinations hagve led to the detection of carcinogens and that Lhe
availability of staflf may not always permit such a detailed study. Full necropsy includes

9 walighing the animal, careful externazl examination and evaluation of degree of decomposition.
Attention should be given to lips, tongue, oral ¢avity, externzl ears, eyes, limbs, vagina
and anus, Dlood smears should be prepared from animals due to bhe killed. Each organ
should be examined both in situ and after removal. A record should be made of macroscoplc
normality or abnormality.

The following organs and tissues should be examined: subcutansous tissues; mammary
tissue; sglivary glands; axillary, inguinal and ceérvical lymph nodes; mesenteric, parenal,
lumbgr and caudal lymph nodes; thymus and mediastinal lymph nodes; tonguce; oesophagus;
stomach; duodenum; =small and large intestines; rectum; kidneys; ureters; bladder;
urethrg; larynx; trachea; lungs; liver and gall bladder; pancreas; spleen; thyroid;
parathyreids; adrenals; testes: epldidymes; seminal vesicles and coagulating glands;
prostate (various lobes); paraurethral and preputial glands; ovaries; uterus; cervix
uteri; wvaginz; eyes; lserimal glands; hrain and meninges; pituitary; spinal cord; and
bone marrow.

In every laboratory that performs tests for carcinogens it is advisable for necropsies
to be performad according to a standard procedure. A sequence of investigation that has
been found convenient is described below, although it may be necessary to vary the procedure
according to individual requirements;

{1) subcutaneous tissue, mammary tissue, salivary glands and peripheral lymph nodes;

{(2) opening of the abdominal and thoracic cavities and over-all evaluation of changes;

3 removal of the intestine from the duodeno-jejunal junction to the rectum (the
mesentary should be carefully dissected and the mesenteric lymph node observed);

(4} removal of the adrenals;
(5) removal of the stomach, duodenum, pancreas and spleen;

(6) splitting of a femur and preparation of bone-marrow smears, using a fine paint
brush;

(73 removal of kidneys, ureters and urinary bladder; and distepsion of urinary
hladder with fixgtive;

(a8 for the females, opening of the vagina, cutting through the pubis and removal of
vagina, uvterus, salpynges and ovaries,;

&) for males, removal of testicles, seminal vesleles and prostate, paraurethral and
preputial glands;

(10} opening and removal of the rectum {cutting through the pubis in males);




(113 removal of the liver, dissscting the lobes and opening the gall bladder in
appropriate species (the liver should bhe removed with the entire diaphragm gxcept when
there arc strong adhestons to the lung);

(L2 axamination of retroperitoneal organs;

(13) severing of the mandible in the midline; removal of the longue with neck and chest
organs en hloc; examination of the palate and rhinopharynx; examination of thymus,
madiastinal lymph nodes, heart, lungs and thyroid;

(14 opening and dissection of the oesophagus;
(15" opening of the traches and main bronchi;

(3167 wutiing of the spine at the cervical vortebras and lifting up so as to examine the
subey lenaous tigsue of the bhack;

(17 apening of the spine (when the spinal cord is to he examinegd) ; .3
{18) removiel of the eyes and lacrimal glands;
(1) opening of the skull; examination of the meninges; removal of the hraing

observalion of and remeval of the pituitary (in small animals it may be convenient to
remove the pituitary after a short psriod of fixation; the brain is hest eramined after
at least 12 hours fixation);

(20) when the animals are sacrificed, opening of the stomach, intestine, skull and
spine should be the last operations to be performed in order to avoild delay befores

fixing other organs that undergo quick decomposition. Tn all e¢ases the urinary hiladder,
and in some cases other hollow organs, should be distended with fixative hefore remeval
from the body, as a preliminary to further examinalion.

All organs and the carcass should he preserved in fixative until the end of the
axperiment. The kidneys, liver lobes and spleen should he cut hefore fixatian. Shortly
aftor fixation the hrain should bhe examined by serial transversal sections and the spinal
cord should be removed from the spine (the pituitary should zlso he removed if this has not
heen done earlier), If the sinuses and the nasopharyngeal and ethmoidal regions reguire
examination, the skull should be submitted to rapid decalcification,

't is desirable that all organs be cxamined histologically, but this is often impractical. U
Routinely, the‘following organs should be examined: (1) all organs showing gross
alterations, and (2) Iungs, liver, spleen, kidneys and urinary bladder, Since the entire
animal is preserved in fixative, the pathologist will be able to ¢arry out histological
ewaminations of other organs at any stage of the sxperiment, should this become desirakle.




