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A. INTRODUCTION

The National Cancer Institute of the United States is
frequently asked to advise on the possible carcinogenic
hazaris-of substances that might be introduced into, or
already exist in, the human environment. On Septem-
ber 19, 1975, National Cancer Program Director Dr.
Frank Rauscher, therefore, asked the National Cancer
Adnsory Board Subcommittee on Environmental Carci-
nogenesis to develop general criteria for use in the
assessment of whether specific environmental agents
constitute a carcinogenic hazard in humans. ? This docu-
ment represents this Subcommittee’s current formula-
dvon of these criteria. The criteria adopted are based
upon those generally used in the application of the
scientific method to any question. In assembling these
criteria, the Subcommittee recognizes that at present
there is no simple and universal definition of either
carcinogenesis or neoplasia. The criteria which are de-
scribed are general guidelines and no rigid, universal
criteria. The complexity of the problem dictates that the
evaluation of the potential human hazards of a given
agent must be individualized in terms of the chemical
"and metabolic aspects of that agent, its intended use(s),
the data available at the time that the decision must be
made, and other factors pertinent to the case under .
consideration. Each case must be considered on its own
and the criteria appropriate for one agcnt may. not
necessarily apply to another. T T

For purposes of clarity, the general criteria have bcen
classified into three groups in terms of the sources of the
dam: 1) criteria from human studies; 2) criteria from
animal bioassays; 3) criteria from in vitro or short-term
tests. This does not imply that human carcinogens are
distinct from animal carcinogens. Nor does it imply that
carcinogens can be identified absolutely by any of the
currently available in vitro or short-term tests. Since the
extrapolation of data from experimental animal systems

to the human is a problem s te from that of estab- -
probicm separa s " plasms may represent a stage in the evolution of a'

tishing the validity of the cxperimental animal data, the
problem of extrapolation is dealt wuh separatcly (.wc
Section 1-'.) in this document. g

A major source of data on arcmogematy comes from
bioassays in experimental animals. Expcnence has indi-
cated that, with one or two possible exceptions, com-
pounds that are carcinogenic in humans are also carci-
nogenic in one or more experimental animal bicassay
systems. In addmon several compounds first detected
as carcinogens in experimental animals were later found
to cause human cancer. Demonstration “that a com-
pound is carcinogenic in animals should, therefore, be
considered evidence that it is likely to be carcmogem’c in
humans, unless there is strong evidence in humans to
the contrary.

In this document the term carcinogen” is used in its
broad sensc, because in most of the current human
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- direct action of viruses have not been consldercd in this

. neopl&sm is an operational one based on convcnuon, e

- cells displaying progressive growth and varying degrees

- capacity for, invasion of normal tissues, metastases, and

- plasms may endanger the life of the host by a variety of

: = a vital organ, or unregulated hormone production. The
.. cytologic and histologic criteria utilized in determining

. should, therefore, follow standard criteria used by ex-

. biologic behavior of the lesion or type of lesion. In

" malignant neoplasms. (For more detailed discussions on

T NLL

epidemiologic approaches and certain animal bioassays

it is not possible to differentiate clearly between initdat-
ing agents, promoting agents, and certain modifying -~ ..~ -.
factors. Any factor or combination of factors which *:
‘increases the risk of cancer in humans is of concern -7
regardless of its mechanism of action. The criteria listed -
here apply only to chemical agents. Criteria for the
induction of neoplasms by physical agents or by the
'repor:. ) Ce e R Vo

This Subcommlttcc has found it useful to state gener-

alized definitions of malignant and benign neoplasms,
recognizing that in practice the diagnosis of a particular . -

experience, and experimental data. A
A malignant neoplasm is composed of a populauon of C e

of autonomy and cellular atypia. It displays, or it has the

causing death to the host. Benign neoplasms are a less
autonomous population of cells, exhibit little or no cel-
lular atypia or invasion of normal tissues, and do not
" metastasize. In particular cases, however, benign neo- " -

- mechanisms, including hemorrhage, encroachment on

whether a lesion is benign or malignant differ depend-
ing upon the tissue in which the neoplasm arises. Evalu-
ation of whether a specific lesion is benign or malignant

perimental oncologists and pathologists with the empha-
sis on correlation of the histopathologic pattern with the

equivocal cases, the diagnosis of a specific lesion may .
require a panel of experts, recogmzmg that they ‘may
not always agree. e A

Depending upon the parncular case,

. _..,_--’ e ..4...,

:bemgr{ neo- .

malignant neoplasm and in other cases they may be
-“end points” which do not readily undergo transition to

the definition of benign and malignant ncoplasms and
their relationship to each other, the reader is rcferred o -
references given in the Appendix.)

. Falk, Mr. Arthur McCee, Dr. Norton Nelson, Dr. Irving J. Selikoff,
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2 ' Subcommittes Members: Dr. Philippe Shubik, Chairman; Dr. Wil %"
liam O. Baker, Dr. Edward J. Burger, Jr., Dr. Irving M. London,and
Dr. William E. Powers. Consultanss: Dr. Arnold L. Brown, Dr. Hans L.

Dr. Michael B. Shimkin, Dr. 1. Bernard Weinstein, Dr. Gerald N. T
Wogan, Dr. Ernst Wynder, Dr. Roy Albert, Dr. Herbert Blumenthal,
Dr. David B. Clayson, Mr. Jerome Cornfield, Dr. Peter N. Magee, Dr.
Henry C. Pitot 111, Dr. David Rall, and Dr. Takeshi Hirayama. X
YAddress reprint requesss to Office of Cancer Communications, Na-
g&;lal Institutes of Heaith, Building 31, Room lOAl1 Bethesda Md.
14 .
1See letter from Dr. Rauscher in "App:ndlx. ’
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" ‘on this subject in the Appendix.) e

. C. CRITERIA IN EXPERIMENTAL ANIMAL STUDIES ;.

The general criteria listed in this document reflect the

judgment of this Subcommittee based on its assessment

of the current “state of the art.” These general criteria
should be reviewed on a continuing basis and revised as
necessary in the light of new knowledge. (For more
detailed discussions of carcinogenicity and carcinogen
assessment, the reader is referred to specific references

REALPRS

B. CRITERIA IN HUMAN STUDIES

= An agent—which may compri.éc'.a' combination of

chemicals—is carcinogenic in man if it increases the
incidence of malignant neoplasms (or a combination of
benign and malignant neoplasms) in humans to levels
that’are, significantly higher than those in‘a comparable
‘group not exposed (or exposed at a lower dose) to the |
same agent. If all of the induced neoplasms are benign
rather than malignant, then, for the reasons given else-

. where in this document, the agent must be considered a

possible carcinogen and it should, therefore, be very
carefully evaluated as a health hazard. B

Types of evidence suggesting that an agent is carcino-
genic in humans include: neoplastic response directly
related to exposure (both duration and dose); incidence

and mortality differences related to occupational expo-

sure; incidence and mortality differences between geo- -
- 'mals and the results obtained may require additional evalua-

graphic regions related to different exposures rather
than genetic differences and/or altered incidence in mi-

grant populations; time trends in incidence or mortality . e

related to either the introduction or removal of a spe-

. dfic agent from the environment; case-control studies;
and the results of retrospective-prospective and pro- .: :
spective studies of the consequences of human expo-

sure. Clinical case reports may also provide early warn-
ing of a potential carcinogen. Négative epidemiologic
dara may not establish the safety of suspected materials.

7. Negatve data on a given agent obtained from extensive

epidemiologic studies of sufficient duration are useful
for indicating upper limits for the rate at which a spe-
cific type of exposure to that agent could affect the
incidence and/or morality of specific human cancers.

i ~aty

_ The carcinogenicity of a substance is established when
the administration to groups of animals in adequately

designed and conducted experiments results in in-

creases in the incidence of one or mare types of malig-

nant neoplasms (or a combination of benign and malig-

nant neoplasms) in the treated groups as compared to
control groups maintained under identical conditions
but not given the test compound. The increased inci-
dence of neoplasms in one or more of the experimental
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tionship provides additional evidence of a positive re-
sult. P o )
The occurrence of benign neoplasms raises the strong

- possibility that the agent in question is also carcinogenic

since compounds that induce benign neoplasms fre-
quently induce malignant neoplasms. In addition, be-
nign neoplasms may be an early stage in a multi-step
carcinogenic process and they may progress to malig-
fiant neoplasms; also, benign neoplasms may themseives

- jeopardize the health and life of the host. For these

reasons, if a substance is found to induce benign neo-
plasms in experimental animals it should be considered

a potential human health hazard which requires further.

evaluation. In experiments where the increased ind-
dence of malignant neoplasms in the treated group is
of questionable significance, a parallel increase in inci-
dence of benign tumors in the same tissue adds weight
to the evidence for carcinogenicity of the test substance.

Certain methods (listed below) are i
to potential carcinogenicity and cannot be ignored; how-

" ever, they may require additional studjes before extrap-
olagiqn to particular conditions of human usage can be
e. E

xamples of these methods are: . = .

¥ Bloasays employth animals which develop -

"..~. high incidences of particular wumors in the untreated sate. In

. some of these studies the particular characteristics of the ani-
- don—in other instances, such well controlled test systems may
be quite sadsfactory for the esuablishment of cardinogenicity of

;- anagent.” - TTUELTR e e el e T a

nt, animals are

caragogen, or some other foreign mate-

3¢5 rial which itself may B¢ carcinogenic or co-c3cinagemic. :
riate conditions, in addition to the
3 munistragon of the test compound, an ere is reason to
believe that these unphysiologic conditions may in themselves

" enhance tumor induction. - -

P T S e

- .Bioamys in which the lest compound is given by uﬂusual routes

of administration (such as bladder implantation) and there is

reason to believe that the tumors that occurred may not be due

" to a specific effect of the test compound. This does not mean,

" however, that substances should only be tested in animals by the
same route of administration as pertains to human exposure.

igters-

. Statistically significant positive results in the above !

groups should be evaluated statistically for significance,

and the only major experimental variable between the
control and the experimental group should be the ab-
sénce or presence of the single test agent. Such increases
may be regarded with greater confidence if positive
results are observed in more than one group of animals
or in different laboratories. The demonstration that the
occurrence of neoplasms follows a daose-dependent rela-
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types of bioassay do, however, raise the possibility that
the test substance may be carcinogenic. :

- In the evaluation of carcinogenesis data it is imporwant
to consider the composition and identity of the chemical
substances tested and their stability under conditions of
storage and administration.

D. SHORT-TERM OR IN VITRO TESTS FOR CARCINOGENS

" /A major practical limitation in the bioassay of poten-
tial carcinogens is the large number of test animals and
the long duration required to obtain results. A number
of short-term or in vitro tests are currently under devel-
opment and appear promising. These include assays
for: the induction of DNA damage and repair; muta-
genesis in bacteria, yeast, Drosophila melanogaster, or in
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mammalian somatic cell cultures; and neoplastic trans-
formation of mammalian cells in culture. Other assays
that have been employed include the dominant lethal
test and studies of chromosomal damage. The latter two
"tests suffer from the fact that they are frequently non-
specific and/or difficult to quantify. Of the various
short-term tests, the Ames Salmonella mutagenesis sys-
tem has been studied the most extensively. Tests based
on other in vitro approaches are also being developed
The intelligent application and interpretation of the
in vitru tests must also take into account species varia-
dons in factors related to the pharmacologic distribution
and metabolism of the parent compound as well as
possible species differences in macromolecular repair
and host defense mechanisms. A number of approaches
addressed to the metabolic aspects are now available,
. including “host-mediated™ mutagenesis assays; the assay
of urine and other biologic fluids taken from animals or
humans receiving the test compound; the addition of
microsomal enzymes and co-factors to the assay system;
and the inclusion of specific cells in the assay.
At present, one of the short-term tests can h

“ing of the 3“%&%‘.&&MMWNrﬁ--° ’
larly -#~tifé¥e"are other reasons. for testing. ixe -

mmittee is enthusiastic about the posslble
future use of in vitro tests as part of a screening system
for potential carcinogens and believes that their further
development and validation deserve l'ugh prlonty e

E. EXTRAPOLATION FROM EXPERIMENTAL DATA AND EVAL-
UATION OF HUMAN RISKS

The criteria listed above provide a guide to determm—
ing whether a compound is carcinogenic under a spe-
cific set of exposure conditions in a given species or
subpopulation. Quantitative extrapolation from animal
studies for the purposes of evaluating human risks en- -
tails large unceruainties at the present ume. Each case

RE.POIT OoF SUBCOKHITT!! ON ENVIIONHENTAL CARCXNOGENES!S . '

" must be mdmdua]ly evaluated talung into consndera-

s referred to references hsted in the Appendxx. o

- to be carcinogenic remains the decision to what extent
- the possible risks to man are counterbalanced by the
. possible social, economic, or medical benefits of that

_tory and legislative groups.

tion such factors as adequacy of experimental design,
statistical significance of the data, dose-response rela-
. tions, duration of exposure, route of administntion,
metabolismi(including species variations), host suscepti-
bility, co-factors and other modifying factors, and the
amount of the material to which humans will be ex-
posed. The criteria for extrapolation may vary depend-
ing on the agent in question. For example, demonstra-
tion that a compound only produces subcutaneous sar- .
comas in rodents may be relevant to a drug that will be
injected subcutaneously in humans, but such animal
data may not necessarily be appropriate in assessing the
risks associated with a substance that humans will only
receive orally. Because of the limitations inherent in
" animal bioassays, a negative result obtained ina parncu-
" lar animal bioassay does not exclude the potennal carci-
nogenicity of a compound in humans. The inappro-
priate experimental species may have been chosen; the
number of animals tested may have been too small; or
the duration jof observation may have been too short.
Altemauvely, test conditions may have been inappro-
priate in terms of their predictive value for the response
of humans. The extrapolation of experimentat carcino-
genicity data to the human situation is strengthened by
obtaining results in more than one species. Negative
results obtained in one species do not, however, detract
from the significance of clearly posmve results obtamed
m another species. - .. e :
" For more detailed discussions of the problems of ex-
trapolauon and the estimation of safe limits, the reader

RS

RS T ) e de

F. EVALUATIO OF BENEFITS VERSUS RISK

_ In those cases in which a compound has been -proved

substance. Scientists must play a major role in these "
decisions by providing and interpreting the available 2
daca. The final decision, however, must be made by -
* society at large through informed govemmemzl regula-

i et
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arpENDX A
Minority Statement by Dr. Bmgeu -

Since 1 feel that this matter is so unpomm l am obliged to submu a minority view whnch is thal :he follomng e:phm hnguage '- :

should be a part of the final report:

The finding of histologically benign tumon—upecnlly in experimental ammals-praenu a pamcular challenge. In

the first instance, the
exercise of sound Judgmem and experience. Secondly,
to malignant neoplasia is sometimes plagued with u

;7 some organ systems and cell types than in others.
. experience as to what these various probabilities are i
urying to infer human experience from the finding of
tory investigations should be sought in l.hele cases w|

June 3, 1976

judgment of mahgnanq resting on morphological cellular characteristics, is made through the
the inference of progression from histologically benign tumors
ncernainty. Transformadons are known to occur—more often in
Appropriate judgment should rest on detailed knowledge and
n each case. Finally, this picture is particularly complicated when
f histologically bemgn tumors in expenmemzl ammah Conf rma-
herever approprnte. S

cammee ey --.,“,*,,

. sdvmdj Burger jr MD.SeD.
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' ummm.nmumammmm .-_'.-;,'. N ‘ PR
L = T AT Sepiember 19, 1975
ESE T Dr.PhiﬁppeShuh’h. - e
e . DumtTheEppkrlnmmforRmmthanm N ~
. " . University of Nebraska -

. Omaha, Nebraska 68108~ -
i Aspanofmyrsponnbihuesa D:rectorof:he National Cancerl’rognm 1 amfrequendyalled upon Lorender advice on lhe ol
" general subject of ancer-producing substances. Those sceking such advice are well known to both of us; they include the - >3- -
Congress, other Federal agendies (both within and outside the Department of Health, E.ducauon, and Welfare), representa- . .. -’
tives of industry, consumer advocates, the news media, and the general pubtic. .
- . As you know, current program activities supported largely by the Natonal Cancer Institute have and will continue to produce
’ data on the subject of environmental carcinogenesis and on chemical carcinogenesis in panticular. Thus it is now possible and .
ceruinly necessary w0 give greater priority and emphasis o efforts that better define, in functional terms, a chemical -
crcinogen, and to the development of general guidelines which can be used for interpreting carcinogenicity data. o
The pressures upon us and regulatory agencies are mounting due hrgely to program efforus of this Institute and thereforewe - :-
.  must be certain that we are prepared to respond to the inevitable questions and to render responsible advice. To thisend, 1 . ., ..
. ask that you as chairman of the National Cancer Advisory Board Subcommittee on Environmental Carcdnogenesis underuake, .. .0
with your members and consultants and whatever additional consultants you find necessary, to determine whether the ’
current state of the art will permit l.he developmem of definidve and nmerpreuve gmdelmes. :he lauer to mdude such issues
a3 dosage, risk-benefit, etc. - R SR
R lamsureyouapprecnmthenmpomnceandsxgmﬁcznceoﬁhsunderuhngand mmaldogeyurgenqoﬁhe mauzr. Sates
: B - Since: .

R o " eancer wumg in the safety evaluadon of food additives andv :
st - pesticides. Toxicol. Appl. Pharmacol. 20, 419-438, 1971,

------ atllo laml 0) lntzrnauonal Agency for Research on Cancer: JARC Monographs

JE ,Bwloy MdP log, ofN‘op AR A - om the Evaluation of Carcinogenic Risk of Chemicals to Man. Lyon,
- (1) Berenblum. I. “The Namn ofTumor vanh mcaum”’ab- " France, World Health Organization. Volume 1, 1972, 184 p.;
RERE alogy, 4th Ed. . T S T L LU LR PR R - Volume 2, “Some Inorganic and Org:nomeu!lic Com-

(2) Florey, L., ed. W. B. Saunders Co.. London. 1970 p 661. B .. pounds,” 1978, 181 p.; Volume 3, “Some Polycyclic Aromatic
_{3) Robbins, S. L., Pathologic Basis of Dum W B. Saundzn. *"  Hydrocarbons and Heterocydic Compounds,” 1973, 271 p.;
PR, Philadelphia, 1974, pp. 18-19. L el " Volume 4, “Some Aromatic Amines, Hydrazine and Related
(4) Foulds, L., Neoplastic > . Substances, N-nitroso Compounds and Miscellaneous Alkyl
. -; don and Ne' York. 1%9 "ating Agents,” 1974, 286 p.; Volume 5, “Some Organochlorine

T : ; EEgp " Pesticides,” 1974, 241 p.; Volume 6, “Sex Hormones,” 1974,
Clmm.my Metaboh.rmmd Mechanm of Amcn of Chamcd 243 p.; Volume 7, “Some Ant-Thyroid and Related Sub-
gm - B ‘-uv-'-, ‘-,--k'.. )“-- r*"- Tew 4-..<

. stances, Nitrofurans and Industrial Chemicals,” 1974, 326 p.;
" Volume 8, “Some Aromatic Azo Dyes,” 1975, 357 p.; Volume
" () Heidelberger, C.‘Cbemu:lCamnogenesn inAmantw-d' * 9, “Some Aziridines, N-, S-, ¢ O-Mustards and Seleniwm,” - .
o Biochemistry, 44, 79-121, 1975, T A
. (@ Tso. P. O. P. and DiPaolo, J. A..edsC&-uml

| 1975, 268 p.; Volume 10, “Naturally Occurring Subsuaances,”
Parts A aad B Man:d Dekk:f Inc., New York, 1974.

" in press; and Volume 11, “Epoxides and Muc:llaneous lndus-

B * wial Chemicals,” in press. . .o
:' (4) R.epon of a WHO Scientific Group: Asussmem of the carcino-
‘. genicity and mutagenicity of chemicals. WHO Tech Rep.
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Pramotum and Modzﬁmg Fm or et 2. Ser., 546, 1-19, 1974.
0 (I) Boutwell, R. K. The Function and Mednnnm of Promoten of © (5 Goldbery, L. ed. Cﬂmmm'rﬂu"g of Chemiaals, Pmed
to Carcmogenm.CRCCmnl szmmToxmlogy PP- 419.. ...+ _ ings Conference on Carcinogenesis Testing in the Develop-
- 43, 1974. JielY . ment of New Drugs. CRC Press, Cleveland, Ohio, 1974
T (2) Wynder, E.l..Nummndeanoet. Fed. Proc. 35, 1309-13l5 o aalia - - S :
R . 1976 (and refcrznus lhemn). E

Short-Ta'u cndln Vw-o Tc.m _'.__'.' U g
U) Montesano, R., Barusch, H. Tomam. L. and Davis, W. eds.
_+ . Screening Tests in Chemical Carvinogenesis. Ind. Agency for Re-

P "‘""""‘ of szm Tesbag and Evaluatwn

3"«.,(

(l) Food Prolecnon Gomuunee Food and Numoon Board Pnb-

lems in the Evaluation of Carcinogenic Hozards from the Use of Food ‘;:'-' * " scarch on Cancer. IARC Scientific Publicadon No. 12, LY°"'-
:’Mwa Washingron, D. C.. National Aademy of Sciences— -~ - France, 1976. .
adonal Research Council Publication No. 749, 1960, 44 pp.. 2) McCann, .. Choi, E., Yamasaki, E "‘d Ames, B. N. Detection

and Cancer Res., 2/, 429-456, 1961. -

(2) Food and Drug A dmlluslnuon Advisory Comrmuee on r.. . of Carcinogens as Mutagens in the Salmoneila/Microsome

Test: Assay of 300 Chemicals. Proc. Nau. Acad. Sci. US.A,,

cols for Safety Euluauon Panel on carunogenem repon on A 72, 5135-5139, 1975.
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