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In reoly please cxter a1 C2/12
Priden sa postier 1o rilbrance :

Dear My Barnard,

11 July 1973

Thank you for your letter of 23 June addressed to Dr Higginson.
Imcloseherethhaphntocopycftm&embleto%lme 17 of the

IARC Monographs, which will appear

shortly. This Preamble is the result of

two Warking Groups that met in Lyon in October 1977 and April 1978.

docurent o the Director of the TARC will serve as a basis
upmmicheachvolmeoft!nmtbgraphsmlbep:epared and it may be modified
by suocessive Working Groups in order o improve ics scientific standard,

Mr R.C, Barnard

Cleary, Gottlieb, Steen & Hamilton
1250 Connecticut Avenue, N.W.
%#u.ngtcn D.C, 20036

.. BENC.(L)

Yours sincerely,

R, Montesano, M.D., Ph.D.
thit of Chemical Carcinogenesis
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June 23, 1978

D=, John Bigginson

bDirector

International Agency foxr "
RMescarch on Cancer

150 Cours Albert Thomas

69003 Lyon

Prance

Dear Dr. Rlgginson:

T represent the American Industrial Health Council,
an organization made up af sora 100 companies which 1s par~
ticipating in the adminigtrative proceeding regarding "The
Proposed Regulation of tlhe United States Occupational Safety
znd Health Adminiatration for the Ydentification, Classifica-

tion and Regqulation of Toxic Substances Posing a Potential
Occupational Carcinogenic Risk to Humans.™

Oon Apzrll 4, 1578, Dr. L. Tonatis filed a statement
regarding the propesed regulations, at the reguest of the U.S.
Occupationxl Safety and Health Aniaistraticn. 2Attached to
Dr. Tomatis'® statement was a preprint of an article f£rom Cancer
Regsearch for April 1978 by Dr. Tomatis and others entitled
"Evelnation of the Carcinogenicity of Chenicals: A Raview of
the lMonograph Program of the International Agency for Research
on Cancer.”™ Tha praprint daescribes the formation of a working
goroup in October 1877 “to update and revizme the criteria on
which the carcinogenicity to humans and/or experimental animals
is masessed and on vhich evaluation of the possible carcinogenic
rigk they may represent for humans ig macde?" The preprint
surmarizeas the report of that group stating that their concluzions
would appear in the introduction €0 IARC lVonogrash Volure 17 (de-
s¢ribed as’in press).
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Dr. John lHigginson -2- June 23, 1978

Dr. David Rall, Director of the Wational Institute
of Environmental Health Sciences also testified 28 t0 the

conclusiona reached as a result of the deliderations of the
group.

At the hearing, whica began May 16, 1978, Dy, Saffiotti
and Dr. Schneiderman of the National Cancer Institute testified
that & new group had been formed to review the criteria which hagd
been previously recommended and had recommended modifications.
Subsequently, Dr. Greisemer of the MNatinnal Cancer Institute
described some of the changes wmade as a result of the delibera-

tions of the second grouvp. (Dr. Griesemer said he did not have
the text of the chgnges.)

There is great interest in the conclusions reached by
the IARC on this important subject, and those conclusionsz are
particularly relevant to the hearings on the proposed regqulation.
As the record presently stands, the conclusions of the mseting
in October 1977 are in the record but the changes are not.

I am wrlting to request that you furnish to me for
submigsion to OSHA the text of the proposed changes in the intro-
duction to Monograph 17, which I understand is in press or about
t0 go to prmss. Since the hearings will be over long before
Volume 17 is published, this is the only way in which an accurate
and coxrect copy of the IARC conclusions can be incorporated in
the record and the present confusion eliminated.

I will appreciate your consideration of the request.
Since the hearings will terminate next month, it would be very

helpful if we can receive a pre-publication cooy of that part of

the introduction relating to the ecritarla upon which carcinogenicity
is assessed as soon as convenlent,

Thank you vary much.

Very truly yours,

Robert C. Barmard
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TARC MIOGRAPH PROGRRME N THE EVALIRTION (F THE
CARCTNOGENTC RISK CF CHEMTCALS TO HIMANS

PREAMELE

BACKGROUND

In 1971, the Internatiomal Agency for Research on Cancer (IARC)
iniziated a proegrarme on the evaluation of tha carcinogenic risk of
chemicals to hurens centred on the producticn of critically evaluated
menographa on individual chemicals, Since 1972, the programme has undexr-
gane considerable expansion, primarily with the scientific ecllabozaticn
ard financial suppart of the US Naticnal Cancer Institute.

The cxiteria establiched in 1971 to- evaluata the carcinogenic risk
of chemicals to humans were adopted in essence by all the working groups
whose deliberations resultad in the first 16 volares of the IARC Momogreph
series. In Octcber 1977, a joint IARC/WHO cd foe Working Group met to
resvaluate thesa gquiding critaria; this presshls reflecks the sesulkts of
their delibarations?. '

CRIECTIVE AND SCCPE

. The cbiective of the monograph programma is to collect all available
relevant experimental and epidemiological data about groups of chemicals
to which humans are known to ke exposed, to evaluate these data in terms
of mman risk with the help of intermational working groups of experts
in chemical carcineccenesis and related fields, and to publish and dissemi-
mtetheampluaia;acfﬂwsavnﬂd.mgmupsasaseﬂesafnmngmpm.

The critical evaluations of experimemtal data given in these mono—
graphs are intended to assist naticnal and intawnaticnal authorities in '
forpulating decisions conceming preventive measures. The WHO publications
o food additives?, drugs?, pesticides and contaminants® and cccupaticnal
carcinogens® are particilarly informative.
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Since the programme began in 1971, 17 volumes have been publishad®-22
in the IARC Monograph series, and 380 separate chemicals have been evalu-
ated {see cumlative index to the monographs, p. 353). Each volume is
printed in 4000 copies and distrilatted via the World Eealth OCrganizaticn
(WH0) publications service (see insides covers for a listing of IARC publi-
cations and back outside cover for distribution and sales sexvices),

The TARC Merographs are recognized ag an authoritative source of
information on the carvincgemicity of environmental chemicals., 'The first

users' survey, made in 1976, indicates that the mcnographs are consulted
routinely by varicus agencies in 24 countries. ’

SELACTTON OF CHEMICATS FOR MONCGRAPHS

The chamicals {(natwr=zl ard synthetic, mixtures and manufactioing
processes) are salectad for evalunation on the hasis of two main criteria:
(1) there is evidence of nman exposure, and (2) there is sam experimental
evidence of carcinogenicity and/or there is same evidence or suspicion of
a risk to humeans. Inclusion of a chemiogl in a volums does nct imply that
the chemical i8 caretinogenic, only that the published data have been
examined. - The evaluations must bs consulied to ascertzin the comelusions
of tha Working Group. Equally, the fact that a chemical has not cppeared
in a monograph doee not mean that tha chemiaal is not carcinogenic.

The scientific litarature is mmitored for published data relevant
o the mnograph programe.  Additionally, the IARC Survey of Chemicals
Being Tested for Carcinocenicity?3-2? often indicates those chemicals
that are to be schednled for future meetings. The major aims of the
survey are to prevent unnecessary duplication of research, to increase
comunicatrion ameng scientists, and to make a census of chemicals that
.are being tested and of available research facilities.

When new, relevant informatiom becomes availzble concerming a
chemical (3) which has already been evaluated, cor when new prirciples for
‘evaluating carcinogenic risk recsive acceptance, reevaluations may be meda
at subsequent meetings, and a manegraph (s} may be revised and published,
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WORKING PROCEDURES

Mpproximately ane year in advance of a working group meeting, a list
of the substances to ba considered is preparsd by IARC in consultation
with other exgperts. Subsequently, all relavant biclogical data are
oollected by TARC: in this comtext, US Public Eealth Service Publication
No. 1497%35 has keen particularly valuable and has been used in coniunc—
tion with othar recognized sources of informaticn on chemical cercine-
genasis., The major effort in the collection of data and the preparation
of first drafts for the secticns on chemical and physical properties, en

.pmducﬂ.m,usemﬁmmmamdm-amlysisismdahyminmﬁ.mal

uder a separate contract with tha US Naticmal Cancer Instituts, Most of
tha cata they provide on production, use and occurrencs concern the Undted
States and Japan; SRY and TARC try to supplement this information with
‘that frem other sowrcess in Dwope. Important Biblicgraghical sources for
mrtagenicity and tevatocenicity dava are the Invirarmental Matagen Infor-
mational Center and the Envirornmental Teratology Information Canter, both
located at-the Oak- Ridge Naticnal Labaratery, USX. )

$ix to nine menths befare the meeting, reprints of articles contain-
ing relsvant bislogical data are sent to an expert(s), cr are used by
the IARC staff, for the preparaticn of first drafis of the monocgraphs.
These drafts are edited hy JARC staff and are sert prior to tha meeting
to all participants of the Working Growp for their comments. The Working
Grawp then meets in Lyon for seven to eight days to discusg ard finalize
the texts of the monographs ard to fomulate the evaluaticns. Afler the
meating, the raster copy of each monogragh is verified by consulting the
ariginal literature, then edited ard preparwd for reproducticn. The
monographs appear in print within six nonths after adjowrment of the
Werking Group meeting.

DATA FOR EVALIATICNS

With regard o biclogical éata, cererally only reports that have been
publishad or acceptad for publicaticn are reviewsd by the working groups.
The moncaragis &o not clte all of tha literature cn a particular chemical:

13
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anly those data considered by the Working Growp to be relevant to the
evaluation of the carcincgenic risk of the chemical to humans are included.

Anycne who 1s aware of data that have been publiehed ¢ are in press

which ars relevant to the evaluations of the carcincgenic risk to humans

of chemicals for which monograghs have appesred is urged to make them
available to the Unit of Chemical Carcincgenesia, Inmternmaticnal Azency
mewm,‘nym, France.

THE WORKING GROGP

mammmammwmmyﬁvﬁmﬂ-
{1) to cnfim that all relavent published data are included; (2) to
ensurs that the summries of data enszble the readex to follow the reascning
of the camittes; (3} to judge the significance of the experimental and
epidamiolegical results; (4) to select and sunmarize the data am which to

base an avaluation; and (5) taﬁomﬂa‘heanmluatimotthecacimgmc
risk of the chanical.

Working Group participants who contrituted to the consideration and
avaluation of chemcals within a particular volime are listed, with thair
addressag, at the begiming of each publication (see p. 3). Each mexber
servas as an irdividual scientist and not as a representative of any
crganization or goverrment. In addition, cbservers are often invited
from rational and intermational agencies, organizatiens and industries.

GEMERAL PRINCIPLES FCR EVALIRTING TEE CARCINOGENIC RISK COF CHEMICALS

The widely accepted meaning of the term 'chemical carcinogenesis’,
and that used in thase moncgrephs, is the induction by chemicals of
necplasms that are not usually chsarved, the earliar induction by chendcals
aﬁnecplasfa*ﬂnﬁmusuanyobserved,m/armimmimbym
of more necplasms than are usually found, although fundamentally different
mechanisms may be involved in these three phencrena, Etymologically, the
tearm 'carcinogenesis' means the induction of carcer, that is, of malignant
necplasts; however, the camenly accepted meaning is the induction of
variows types of necplasms or of a oorbinastion of malignant and penign tumours.

14
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Within tha monhooraphs, the words 'tumour' arnd pecplasm' are used inter«

_ changeably (In sciantific literatwre the tewms 'tumourigen’, 'encogen'

and 'blastomocen' have all been used synomynously with 'carcinogen',
althoush occasicnally 'tumourigen' has been used specifically to dencte
the induction of benign tumours).

Tha tewm ‘carcinogenic risk' in this FARC Monogreph series is takan

to mean the probability that exposurs to the chemical will lead to cancer

Qualttative aspecte

Both tha inteypretaticn and evaluaticn of a particular atudy as well
a3 the overall assasamant of the carcirogenic activity of a chemical
fvolve several qualitatively important comsiderations, including:

(1) the experimental conditions imder which the chemdcal wvas tested,
ircluding routa of administration and exposure, spacies, strain, sex,. age,
etc.; (2) tha consistency vith which the chemical has been shewn to be
carcinogenic, e.g., in how prny species ard at which tumour sites(s):

(3) the spectrum of necplastic response, from henigr recplasia o muiciple
maliemant tumours (this consideration warramts special attenticom);

(4) the stage of tunour formation in vhich a chemical may ke involved:
scpie chemicals act as caplete carcinogens and have initdating and promot-
ing activity, whila others sre prorotexs anly; and 5) the possible role
of medifying agents.

Many chemicals induce both benign ard malignant tumours; few instan-
ces ave recorded in which only benign neoplests are induced by chemicals
that have been studiaed extensivaly. Benisn tunours may represent a stage
in the evolution of a malignant necplasm or thay mey be 'end-points'

.thidadomtreaﬂlymﬂenptmnsiﬁmtnuthmoph_sm. Ifa

suhstance {3 fond €0 indhee anly benign necplasms in esperimental anirals,

the cherdcal should ke suspected of being a carcincgen ard recunires further
inmvestication.
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Hormonal carcinogenesis T I oL LTIt T
Bormanal carcinogenesis presents certain distinctive featurss: the
chemicals involved eccur both naturally ard exogenously; in mest instances,
lang exposure is raquired; tumours ocouxr in the target issue in association
with a stimilation of non-necplastic growth, but in some cases, harmones

prumcte the proliferation of tumour cells in a target organ. Bozmcnes
that cocur in ewcessive amamts, hormone-mimetic agents and agents that
cause hyperactivity ar imbalarce in the endocrine eystem pmy require eval~
wtive methcds corparable with those used to identify chemical carcindcens;
particilar emphasis must be lajd on quantitative aspects and duraticon of
exposure. Some chemical carcinogens have significant side effects on the
endocyine systam, vhich mey also pestlt in hormonal carcinogenesis, Syn—
thatic hormores and anti~horrones can e expected to possess cther phar—
wacclogical ard toxicolegical actions in additien to-those an the endecrine
system, a:gdintbisraspecttheywstbatreatadmmmyotbarﬁzuiml
with regard to intrinsic carcinogenic potential.

Quantitaiive qspects

[ose~respanse studies are important in the eveluation of carcino—~
gana‘is: the confidence with which a carcinogenic effect can be established
is strengthened by the cbservation of an incyeasing incidence of necplasms
with increasing esgpoeure.

Tha assessment of carcincgenicity in animals is frequently complicated
hymﬁeddﬂfmamgummtuﬁmh-(m;m,m, age),
in route(s) of administraticn ad in dose/Guration of exposure; often,
target crgans at which a cancer coomurs 2nd its histological type may vary
with these conditicns, Nevertheless, indicas of carcinogenic potency in
MW&MM(@M,&&MWW
cntdmicus exposure to halve tha probahility of the animals remaining
tumuriess??) have been formulated in the hope that, at least ameng categuries
of fairly simdlar agents, much irdices ray be of same predictive valve in ’
other gysteos, including humans.

Chanicnl carcinegens differ widely in the dose required to produce a
given Jeww! of fomeee Inguction, a.lthq.xghrm_uqrcf them share commen

L
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hiclogical procertias which ineluds metabolism to resctive (electyo-
philic??-37) intermediates capeble of interacting with MA. The reascn
for this variation in doserespemse is not understood but may be dee aither
to differences within & ccmmon metabolic process or to the cperation of
qualitatively distinct wechanisms.

Statistical analyste of animal atudies

Tumours which would have arisen had an animal lived longer may not
be cbserved because of the death of the animal from unrelated ceuses, and
proper allcwance mst be mads for this possinility, Various analytical
tecimiques have been developed which use the assumption of independence
of cxrpeting risks to allow for the effacts of intercurrent mortality on
tha €inal mmwbers of turour-bearing animals in partdcular treatwent grovps.

Fér extemally visible timours and for necplasms that cause death,
rethods such as Kaplan-Meier (i.e., 'life-tahle!, 'product-limit’' or
tactuarial') estimates®®, with associatad significance tests*®’%!, are
reconrended.

For internal recplasms which are discovered 'incidentally'*® at
autcpsy but which @id not cavse the death of the host, different estimates®?
and signi€icance tests*!’*! may be necessary for the wmbiased study of the
mnbeuofwbeaﬁmmm.

" All of these methods®®’*%/*3/%2 cap ba used to analyse the numbers
of animals bearing particular tumour types, vk they do not distinguish
betveen animals with ong or many such tumowrs. In experiments which end
at a particular fixed time with the similtanecus sacrifice of many animals,
analysis of the total numbers of intarnal recplasas per animal fond at
autcpsy at the end of the eperiment is straightforward. However, there
are no adequats statistical methods for zralysing the nurnbers of particular
necplasms that kill an animal hest.

There ars problams not cnly of differential suwrvival but of differen-
tial todcdty, which may be manifested by unequal growth ard weight gain
in treatad and ccutrol animals. These complexities should alse be ecnsidered
in the interpretation of data, or, better, in the experimental design.

o . .17
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A deris G Cariincceniciy 4R BN T LT T I S I

’

Evidence of carcinegenicity in humars can be dsrived from three types
of study, the first two of which usually provide only suggestive evidence:
{1) repcrts concexning individual cancer patients (case reports), ircluding
a history of exposure to the supposed carcincgenic agemt: (2) Qescriptivae
eldemiological studies in which the incidence of cancer in human popula-
tims is famd to vary (spatially ar tamporally) with exposure to tha
agemt); and (3} amalytical epidemdological stidies (e.g., case-control
or cohort studies) in which individual exposure to the agent is foumd to
Le associated with an increased risk ¢f cancer.

In snalytical study that shows 2 positive association hetween an
agent and a cancer msy be intarpreted as implying causality o a greater
or lasser extent, if tha following critevia are met: {1} Thers is o
identifiahle positive biss (By 'positive hias' is meant the cperation of
factors in study design or exmeution which lead exrcreously ¢o a more
strougly positive association between an agent and disease than in fact
exists, Examples of positive hias inclhide, in case-cortrol studias, mere
nearly camplete ascertairmant of exposuxe to the agent in cases than in
controls and, in ccheort stiddies, more nearly armplets datsction of cancer
in individnale exposad to the agent than in individuals not exposed).

(2) e peesibility of positive confounding has been considered (By 'posi-
tive confamding' is meant & sitnation in which tha relationship between
an agent and a disease is rerndered mre strongly positive than it txuly
isasa:esultofmaasod.atidmkemwthatagemandmﬂn:agent
vhich either causes cx prevents the disease. An example of positive
confourkling is the asscciation between coffee consumption and lung cercer,
which results from their joint association with cigaretts smoking).

(3) The association is mlikaly to be due to chance alone. (4) The asso-
clation is stzeng. (§) There iz a dose-response relatisnghip,

In same instancss, a single epddemiclogical study may ke strongly
indicarive of a cause-effect relationship, however, the most convincing
evidence of causality cmes when several indeperdent studies done wndes
different ciroumstances result in 'positive' findincs.

18
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Analvtical epidemiclogical studies that.slow no asscciation between an
agent and a cancer ('negative' studies) should be interpreted accarding
o criteria apalogous to those listsd above: (1) There is no ident{fiable
negative bias, (2) The possibility of negative confounding has been
considared.  (3) The possible effects of misclassification of exposure or
cutoome have been considered. :

In addition, it mist be recognizad that in any study there are
confidenca Lindts arcwnd the estimate of association ar relative risk.
In a study regarded as ‘negativa', the upper confidence limit may indicate
a relative risk substantially greater‘'than unity; ‘in that case, the study

. excludes only relative risks that ave above this upper limit, This usually

weans that a ‘negative' stidy must be larges o be comwrincing., Confidence
in a ‘regative’ result is increasaed when several indeperdent studies
carriad art wder diffarent cizrcumstances are in agreewent.

Finally, a\‘negatiw'stzﬂymybec:nsidaredtobe:elevantmlyto
dose levels within or below tha range of those chserved in the study and
is pertinent only if sufficlent time has elapsed since first humen exgosure
to the agent. Experience with Iumen cancers of known etdology susgests
that the paricd from first exposurs to a chemical carcincgen to develcpmant
of clinically chearved cancer is usvally measwad in decades and may be in
em_aaaf:&Oyea.rs. ,

Experimantal Pata Relevant to the Evaluation of Carcinogenic Risk to Pumans

No adequate criterisa are presently zvallable to interpret experimental
carcirocenicity data directly in terms of carpinogenic potantial for humans.
Nemetheless, utilizing data collected from sppropriate tests in animals,
pesitive extrapolations to possible nman risk can reasmably be approcimmtad.

Information conpiled from the first 17 wolumes of the Monographsg® ="’
shows that of about 26 chemicals or memufactiring processes now generally
accepted to cause cancer in hmans, all but possibly two (arsenic and
benzens) of those which have been tested appropriately produce cancer in
at least one animml species. For several (aflatcxins, 4-amincbiphenyl,
diethylstilbhoestrol, melphalan, mistard gas and vinyl chloride), evidence

e —ma s . meaiAmim o — e e G@ Vi W e e vm mgme (4 brw s mrmm s © aem
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ofarci;nguﬂzitymmq:enmﬂlmalsprwaﬂedmd@mcbtmad ;

In general, the evidence that a chemical produces twmours in experi-
mental animals is of two degrees: (1) sufficiant evidence of carcinogenicity
i3 indicatad by the producticon of malignant tumours: and (2) limiied
evidence of carcinogenicity reflects the qualitative and/or quantitative
limitations of tha exgperimental resuits,

For many of the chemicals evaluatsd in the first 17 voliumes of the
IARC Momographs fox which there is eufficient svidence of carcincgenicity
in animals, data relating to carcirogenicity for humng are either inguf-
ﬁ:‘iezﬂ-:arnﬂmdatam:. Inth:abs:nceoﬂada;uatadatnmlnmm;, it iz
reascnable to regard for practical prposes such chemdcals as 1f they were
carcirogenis to ymans.

Sufficient evidence of carcincgenicity is provided by experimantal
stixlies that show an incyaasaed incidence of malignant tumours: (a) in
miltiple species or strains, and/or (b) in maltiple experiments (routes
ard/er doses), and/ar {(c) to an umisuval dagree (with reqard to incidence,
site, type and/or precocity of cnset) . Mdltdomal evidence may ve provided
bydataaxceminga:se—n!pum,n_utaganicityc:sme.

In the present state of knowledge, it would be difficult o define a
pradictahle relationship between the dose (Mg/kg bw/day) of a particular
chemtical required to produce cancer in test animals and the dose which
would produce a similar incidence of cancer in hmens. The available data
suggest, however, that such a relaticnship ray exdst*®, at least for certain
classas of carcinogemic chemicals., Cata that provide sufficient evidance
of carcinogenicity in test animals may therefere be used in an appracirate
gquantitative evaluaticn ¢f the human risk at same given exposure lavel,
provided that the nature of the chemical comcermed and the physiclngical,
pharmacological and todeological differences between the test animals and
harems are taken into account. Eowever, oo acceptable methods are currently
availahle for quantifying the possible errors in such a procedure, whather
It is used to generalize between species or to extzzpolate frem high o low
dcses.  The methodalogy for such quantitative extrapolaticn to mens
Tequires further development. . o - o -l e
20
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Evidence for the carcinogenicity of same chemicals in experimental
animals may be limited for two reascns. Firstly, esperimental'data may be
restricted to such a point that it is not possible to detexmine a causal
relationship ketween administration of a chemical »nd the development of a
particular lesicn in the animals. Secordly, thave are certain necplasrs,
incloding lung tours and hepatomas in mice, which have been omsideved of
lagser significance than necplaswe coourrzing at other sites for the puapose
of svaluating the carcincgenic risk of chemicals o Izens. Such tumours
occur spontanscusly in high incidence in these animals, and their malignancy
is often difficult to establish. An evaluaticn of the significance of these
tanoars following administration of a chemical is the responsibility of the
particular Werking Growp preparing the individnal momograph, and it has not
been pessihle to set down rigid guidelines: <ha yelevancs of theee tours
mast be determined by comsideraticns which include experimental design amd
ccmplateness of reporting.

Some chemicals for which there is limited evidence of carcinogenicity
in animals have alsc been studied in hamens with, in genaral, inemclusive
results. While such chemicals may indeed he carcinogenic to harans, more
experimental and epidemiclogical investication is required.

Bence, ‘sufficient svidence' of carcinngenicity and 'limited evidencs'
of carcinogenicity do not indicate categories of chenicals: tha inherent
definitions of those terns indicate varying cegrees of experimental evidence,
which may change if and when new data ocn the chemisals beceme availsble.,
Tha main drawback to any rigid classification of chemicals with regard to
their carcinogenic capecity is the as yet incamplete knowledge of the
mechanisn(s) of carcinogenesis. -

In recent years, severml short-texm tasts for the detsction of poten—
tial carcincgens have been developed. ' ¥ren enly inadequate experimental
data are available, positive results in validated short-term tests (see
P- 25) are an irdieaticn that the carpond is a potential carcincgen and
that it should ke tested in animals for an assessment of its carcincgenicity.
Negative results frem short-termt tasts cannot be considered sufficient
evidence to rule cut carcinegenicity. vhethar shart-tsmm tests will
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eventuslly attain a stature similar to that of long-term tests in predict-
ing carcinogenicity in humans will depend on further demenstrations of
censistency with laong-term experiments and with data foom htmans.

EXPLANATORY NOTES CN THE MONCGRAPH QUNTENTS

Chemical and Physical Data (Secticn 1)

The Chemical Abstracts Service Registry NMurber and the latest Chemical

. Abstyacts Primary Name (9th Collective Index) are recorded in sectien 1.
. Other syncryms and trads names are given, bot this list is often not

caprehensive. W,md&a&aﬂam&qm&c&ecﬁm
in which the ccopound being evaluated is caly ane of the ingredients,

The structaral and molemilar formilae, mlecular weight and chemieal
and phiysical properties are given. The properties listed refer to the pure
substance, unless otherwise specified, and include, in particular, data that
might be relevant to carcinogenicity (for example, Lipid solubility) and
thesa that concern idemtificatiin. A separate description of the coopositicn
of tacdmical products ineludes available informmticon on impurities and
formilated products. :

" Producticn, Use, Coomrrence and Analvsis (Sectienm 2)

. The purpoee of section 2 is to provide irdications of the extenk of
past and present human exposure to this chemical.

Synthestis
sixmmisadelayedtmdcdfect.&adat&sotﬂmmtbsis
and of £irst camercial production of the chemical are provided., In

addition, methods of synthesis usad in past and present commarcial prodie-~
tion are described. This information allows a reascnable estimata to ke

Preduction

Sirce Buccpe, Japan and the United States are reascnably representative
industialized aveas of the werld, most data on production, foreign trade
and uses are obtained from those countries, It should not, however, be
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inferred that those naticns are the sola or even the major sources of )
users of any individual chamical. i
Production ard foreign trade data are obtajned from both govermrmentad
and trade publicaticns by chemical econcmists in the three gecgraphical
areas. In scra cases, ssparate production data on organic chemicals manu-
factured in tha Unitad States are not available because their publicatien
could disclose confidential infommtion. In such cases, an indicatien of
the minimm quantity produced can be cbtained foom the munber of corpanies
reporting camercial produstion. Fach company is required €0 report on
individual chemicals if tha sales valus or the weight of the anmal prodvc-
tom of a chamdcal exceeds a specified minimm level. These levels vary
for chemicals clagsified for different uses, e.g., medicinals, plastics;
however, the minimal anmual sales value is betwesn $1000 and $50,000 and
the minimal ammual weight of prodaction is between 450 and 22,700 Xg.
Data on preduction in scme Burcpean countries are cbtained by mesns of
genaval questicmaires sent to oampanies thought & produce the conpownds
being evaluatad. Information from the campletsd questiomnaires is conpiled
by comtry, and the resulting estimstes of production axe included in the
indivitial menographs.

Usa

.. Informaticn on uses is meant to sexve as a guide only and is not
camplate. It is usually cbtained from published data but is often cople—
mented by dirsct contact with sarofactorers of the chendeal. In the cese
of drugs, mention of their therspeutic uses dees 1ot necessarily represent
current practics nor does it :i.:rply‘juégmmt as to their-clinical efficacy.

Starements concerning regulations and standards (e.g., pesticide
registrarions, raximm levels permitted in foods, ocoupational standards
and aliowable limits) in specific comtries are mentimed as examples anly.
Thay may not reflect the most recent situation, since such legislation is
in a constant state of change; nor should it be taken to imply that other
cxmiziee do nct have similar requlations. »
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mwﬁmm&gwmafad:aﬁmmﬂme@mtis
cbtained frem published data, including that derived from the monitoring
and survelllance of levels of the chemical in coompation enviroments, air,
water, soil, foods and tissues of animals and humans, when availablae,
éata an the genexaticn, persistenca and hicaccumilation of a chemical are
also included.
Analysts

The purpose of the section an anzlysis is to give the readar an indi-
caticn, rather than a coplete review, otmt;nascimdinﬂ\enummm.
No attempt is made to© evaluate critically or &0 recomerd any of the metheds.

%'mmummmmmmxmmmamm

In gemexal, ﬂndata:mdadinsectimBmmm&dzadasgimby
the auther; however, certain shortoomings of reporting, of statistical
analysis or of experimental design are camrented upen by the Working Grom
in sguare brackars., The nature ard extent of impurdities/contaminants in
the cherricals being tested are given when available.

Caroinogenicity and related studies im animals

. Tha monographs are not inteoded tw oover all reported studies. sae
studies are purpesely amitted (1) because they are inadecuate, as judged
frrm previcusly described criterdia®™ 3¢ (e.q., too short a duration, too
few animals, poar suxvival); (2] because they only confinn findings that

(5  have alresdy heen fully described; ar (3) because they are judged frzele-
vant for the purpose of the evalpaticxs, In cartain casag, however, such
stixdies are menticned briefly, particularly when the information is consi-
dered tn he 2 usefyl spplement to qther reparts or when it is the anly
data available. Their inclusion dees not, however, imply acceptance of
the adequacy of thelr experimental design and/or of the analysiq ard
intarpretation of their resules.

Menticn is mede of all routes of administratiom by which the carpound
has been adequately tested and of all species in which relevant tests have
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been dana®’/ %%, In most cases, animal straing are given (general charac—
teristics of mouse strains have bsen revieved’!). Quantitative data are
given to indicate the crder of magnitide of the effective carcinscenic
doses. In general, the doses and schedules are indicated as they appear
in the original paper; soretimas umits have been comverted for easier
capariscen. Experiments on ths carcinogenicity of known metabolites,
chemical precursors, analeques and derivatives, ard experiments on factors
tbatmdifjthaa:cizngeniceffegtmalsomportad.

Other velevant biological dzta

Lethality data are given when available, ard other data en teedcity
ars inclided when considered relevant. The metabolic data are restrictad
to stndies that show the metalkolic fata of the chemical in animals and
men, and ocopariscns of data frem animala and humans are made when possible.

Informaticn is also given on absorpticon, di:m.h:tim, excyretion and pla-
cental transfer.

Embryotoxicity and tcz'c'f:pgem:cit‘y

Data on teratogenicity from studies in experimental animals and chser—
vaticns in humans are also included. There appears to be no necessary
causal relaticnship batween tarategenicity®? and careincgenicity, but
chemicals oftan have both properties. Evidence of teratogenicity suggests
transplacental tyansfer, which is a prarequisite for transplacental carcine—

genesis.
Mutagenicity and other short-temt tasts

Data from indivect tests are also included. Since rost of these tests
have the advantage of taking less tixe and being less expensive than
mammalian carcirogenicity studies, they are generally knowm as ‘short-term'
tests. They conprise assay procedures which rely on the induction of
biological and bicchemical effects in in vivo and/ar in vitre systems.
The erd-point of the majority of thesa tests is not the production of neo—
plasms in animalg kut changes at tha molacular, callular or milticellular
level: these include the inducticn of MNA damage and repair, mutagenssis
in bacteria and other organisms, transforwation of memmalian cells in
culture, and other systems,
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T mhe shertoteim tests are proposed for vse (1) in predicting potentisl
carcinoganicity in the absence of carcincgenicity data in animals, (2§ as
a contribation in deciding which chemicals shomld be tested ih animals,

{3) in identifying active fractions of complex mdxtures containing carcinc—
ges, (4) for recognizing active metabolites of known carcinogens in huran
and/or animal body £luids and (5) to halp elucidate mechanisms of carcino-
genesis.

Although the theery that cancer is induced as a result of scmatic
mataticn suggests that agents which damage DR <n vive may be carcinocgens,
tha precisa relevance of short=term tests to the machanism by which cancer
is indured is rot known. Predicticns of potential carvinogsnicity sre
ctxrently based on correlaticns between respenses in short-term tests and
data from animal carcinogenicity and/cr Inman epidemiclogical studies.
This approach is limited becausa the mmber of chemicals known to be
carcinegenic in hrmns is insufficlent to provide a basis for validation,
and most validation studies involve chemicals that have been evaloatsd
for carcinogenicity enly in animals. The salection of chemicals is ip
tmm Limited to thvsa classes for vhich data on carcincgenicity are
available. The results of validation studies could be strengly influenced
by such selection of chemicals and by the propartion of carcinogens in the
series of chamicals tested; this sheuld be kept in mind when evaluating
the predictivity of a particular test., 7The usefulness of any test is
reflectad by its ability to classify carcinogens and noncareinocens, using
the animal data as a standard; however, animal tests may not always provide
a perfect standard. The attainable level of correlation batween shert-term
tests and animal bicmssays is still under investisation.

mmmmmmmmmmwm,mtm
Jthat & not take this into account may fail to detect certain potential
carcincgens. The metabolic activation systems used in short-term tests
(for exzmrple, the cell-fres systems used in becterial tests) are meant to
simulata the intact fnman. Each has its advantages and limitatisng; s,
more confidence can be placed in the comrlusions when neqative or positive
results for a chemical are confirmad in several such test systems, Defi-
clencies in metabolice copetence may lead to misclassification of chemicals,
28
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which means that not all tests are suitable for assessing the pdtential
carcinogenicity of all classes of campounds, v

The presant state of knowledge does not pexmit the selection of a
specific test(s) as tha most appropriate for ifentifying potential carcino-
genicity. Before the results of a particular test can be considered to'be
fully acceptable for puadicting potential carcinegenicity, certain eriteria
sheuld be met: (1) tha test should have been validated with respect to
known animal carcinogens and found to have a high capacity for discrimine
ating patween carcinogens and rencarcincgens, and (2) whan possible, a
structurally related carcinogen(s) and rencarcirnogen(s) should have been
tosted simultanecnsly with the chemical in question. Tha results should
have been reproduced in Aifferent laboratories, and a prediction of car-
cincgenicity should have been confirmed in additicnal test systers.
Confidence in pesitive results is incrsssed if a mechanism of acticn can

be dediced ard if appropriate dose-responsa data ax:a_aw-ai-lable. Far
optimm usefuiness, data on purityn-ust be given.

e shert-tepn tasts in quyent use that have leen the rost extensively
validated are tha Salmenelic typhimaium plate-incorporation assay®i=37,
the ¥-linked recessive lathal test in Drosophila melemogaster’®, unschatiled
XA synthesis™® and in ritro transfammatim®?’¢%. Each is ‘compatible with
current. cancepts of tha possible mechanism(s) of arcinogenesis.

An adequate assessment of the genetic activity of a chemical depends
on data from a wide ranga of test systems. The moncgreghs include, thare-
fore, data not cnly from those already mentioned, bat alse on the inducticn
of point mutations in other systems®!=*f, of structural®’ and murerical
chramserm aberratioms, ineluding daminant lethal effects®!, of mitotic
recambination in Amgi®! and of slster chzamtid exchanges®?’/79,

The existence of a correlaticn ketwesn quantitative aspects of mrta-
genic and carcincgenic activity has been suggested*’®*” 7%, but it i3 net
suffisiently well established to allcw gensral use.

Puther infarmation abut mstagenicity and other short-term tosts
is given in references 71-~77.
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Cage raports and epidemiological studies L e em e s

(hservations in lnmans are sumarized in this section.
Sunmary of Dats Reosrbted and Bvaluation (Section 4)

Sectimm 4 sunmavrizes the relevant data frxem animals and mmens and
gives the critical views of tha Woking Group on those data.
Ezperimantcl data

Data ralevant to the evalustion of the carcincgenicity of a chemical
in animals are summarized in this section. Results €rom validated muota-
genicity and other short-temm tests are repartsd if the Working Growup
ccnsidered the data to be relevant. Dose-respanse data are given when

available. 2n assessment of the carsinogenicity of the chemical in animals
is made on the basis of all of the avallahle data.

Tha animal species menticmed ara these in which the camsinogenicity
of the substance was clearly demwmstrated. The route of administzatian
used in experimental animals that is similar to the possible humn exposure
is given particular mention. Tunxr sites are also irndicated., If the
substance has produced tumours after pranatal exposure or in single—dose
exporimants, this is indicated. .

Humant data

. Bumn exposure to tha chemical is summarized, and the significancs of
data on producticn, use and occuxzence and other relevant biological data
is discussed. Case reparts and epidemiclogical studies that are considered
to ba pertinent to an assessmemt of human carcinegenicity are described.
2decuate dose-rvesponsa data are given when available. 2An asseasyent of
the carcircgenicity of the chemical in humans is mede an the basig of all
of the availabla evidence.

Evalugtion

This section caprises the overall svaluation by the Working Grow
of the carcincgenic risk of the chemdcal to hymna. All of the data in
the mnogragh, ard particulariy the sumrarized infomration on experimental
and Inrnan data, are considered in arder to make an evalvatien., In addition,
recommerdations are made regaxding areas in which further investicetion
is conaidered to be necessary, S e s s mm e
28
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