Ranking Animal Carcinogens:
A Proposed Regulatory Approach

The regulation of chemical carcino-
gens is based on several types of scien-
tific evidence. Among these, well-con-
ducted human epidemiological studies
are the most persuasive and least contro-
versial. Short-term studies in vivo and in
vitro, including genotoxicity, neoplastic
cell transformation, and chemical struc-
ture-activity relationships, may provide
supportive or suggestive evidence. How-
ever, carcinogenicity testing in labora-
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defend, and questions have been raised
in the scientific and lay communities
regarding the relevance of animal evi-
dence to human risk. There has also
developed a fatalistic disregard for ex-
perimental evidence, even among some
of the best informed members of society.
The assertion that all animal carcinogens
pose equal threats to human health can-
not continue without risking a greater
skepticism for regulatory decisions.

Summary. The nature and extent of positive evidence associated with animal
carcinogens vary widely, yet present regulatory policy does not permit adequate
discrimination among the many carcinogenic substances. Most are treated as if they
pose equal potential risk to humans, and this is not consistent with the available data.
Without knowledge of carcinogenic mechanisms, the evaluation of resporises in intact
mammalian surrogates best reflects the potential levels of human risk. An example of
a scoring system is proposed by which animal carcinogens are ranked according to
the most relevant toxicological evidence derived from animal and genotoxicity
studies. Different classes of animal carcinogens could thus be recognized and would
permit several regulatory options and provide a means to establish priorities for public

and scientific concerns.

tory animals remains the primary basis
for most regulatory decisions (/). In light
of our ignorance of carcinogenic mecha-
nisms and out inability to determine no-
effect or threshhold levels, public health
concern has required that all animal car-
cinogens be considered as potential hu-
man carcinogens. In the past decade,
during which there were many animal
carcinogenicity tests, it became evident
that the nature and extent of positive
evidence varied widely among different
chemicals, as is true in other toxicologi-
cal testing. Yet the existing all-or-none
approach to carcinogen regulation re-
quires that all animal carcinogens be
treated as if they pose equal risk to
humans. This is a difficult position to
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Ilustrative of the problem is the fact
that there is no acceptable regulatory
procedure-—particularly with regard to
food additives—to permit distinctions to
be made, based on the weight of evi-
dence, about the potential cancer risks
posed by stich diverse substances as
saccharin, 2-naphthylamine, nitrilotri-
acetic acid (NTA), chloroform, DDT,
dimethylnitrosamine, aflatoxin, chlor-
dane, vinyl chloride, and tris(2,3-dibro-
mopropyl)phosphate (Tris). In this group
are included examples of chemicals that
vary .widely in their carcinogenic poten-
¢y and chemical characteristics. For ex-
ample, NTA is not biotransformed, is
biologically nonreactive, and is promptly
excreted in the urine. It is carcinogenic
only to the urinary tract of mice and rats
at doses of 1.5 percent of the diet or
above, administered for 2 years (2). This
level is also very toxic to the kidneys.
Similarly, saccharin, chloroform, chlor-
dane, and DDT have shown positive

results in only a few of several tests for
genotoxicity, and they are carcinogenic
in laboratory rodents only at very high
levels of exposure through major por-
tions of the animals’ life-spans. By con-
trast, 2-naphthylamine, dimethylnitros-
amine, aflatoxin, vinyl chloride, and Tris
are genotoxic in vivo and in vitro in
several different test systems. They are
carcinogenic in multiple tissues, in more
than one species, at very low doses,
and—in some cases-—relatively brief ex-
posures. For example, liver tumors can
be induced in rats with aflatoxin B; at a
level of 0.000000001 percent in the diet
).

A system by which selected animal
carcinogens could be rariked semiquanti-
tatively may be a useful regulatory alter-
native to current methods. It may not be
possible to rank all animal carcinogens in
a scientifically valid manner, even if this
were desired. Many have had limited or
inadequate testing. Others, such as hor-
mones, may be considered to operate
through a relatively unique (though un-
clear) mechanism, and a system based
on traditional toxicological measure-
ments may be considered inappropriate,
In many instances, however, where test-
ing has been adequate and equivalent, a
ranking scheme may assist in interpret-
ing toxicological data for health risk as-
sessment and regulatory policy. In this
article, I propose a possible approach to
ranking animal carcinogens based on evi-
dence derived primarily from the test
animals themselves. Other ranking sys-
tems could be developed, and other fac-
tors and types of data will ultimately be
included in an overall human risk assess-
ment: However, test animals are the
human surrogates in toxicology and will
continue to be the basis for regulatory
decisions for some time to come. The
system is proposed on the assumption
that the chemicals under consideration
have not already been shown to be hu-
man carcinogens.

Current Efforts to Rank Carcinogens

The carcinogen standards of the Occu-
pational Safety and Health Administra-
tion have separated potential carcino-
gens into three categories according to
the level of evidence (¢). However, most
of the pertinent data are omitted from the
criteria and all of the chemicals men-
tioned above would be classified as be-
longing to category 1. This is misleading
in light of present knowledge and the
nature of the available evidence.

A recent paper by Griesemer and
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Factor

A. Number of different species affected

Two or more 15

One 5
B. Number of histogenetically different types of neoplasms in one or more species

Three or more 15

Two 10

One . 5
C. Spontaneous incidence in appropriate control groups of neoplasms induced in

treated groups

Less than 1 percent 15

1 to 10 percent 10

10 to 20 percent 5

More than 20 percent 1
D. Dose-response relationships (cumulative ordl dose equivalents per kilogram of

body weight per day for 2 years)*

Less than 1 microgram 15

1 microgram to 1 milligram 10

1 milligram to 1 gram 5

More than | gram 1
E. Malignancy of induced neoplasms

More than 50 percent 5

25 to 50 percent 10

Less than 25 percent 5

No malignancy 1
F. Genotoxicity, measured in an appropriate battery of tests

Positive 25

Incompletely positive 10

Negative 0

*Based on estimated consumption of 100 grams of diet per kilogram of bod;/ ;'eight. Scoring could also be

developed for inhalation or other appropriate routes.

Cueto (5) offers a more detailed classifi-
cation of animal carcinogens from data
derived from the National Cancer Insti-
tute’s Testing Program (now the Nation-
al Toxicology Program). The criteria
used were based on those receatly
adopted by the Interdational Agency for
Research on Cancer (IARC) for use in
the IARC monograph series that evalu-
ates the carcinogenic risk of chemicals to
humans (6). This method classifies the
evidence of carcinogenicity in animal
experiments as either ‘‘sufficient” or
“limited.”” Sufficient evidence requires
that animal experiments show an ‘‘in-
creased incidence of malignant tumors:
(i) in multiple species or strains, and/or
(iiy in multiple experiments (routes and/
or doses); and/or (iii) to an unusual de-
gree (with regard to incidence, site, type,
and/or precocity of onset). Additional
evidence may be provided by data con-
cerning dose-response, mutagenicity, or
structure.”” Limited evidence is not pre-
cisely defined, but includes induction of
“‘certain neoplasms, including lung tu-
mors and hepatomas in mice, which are
considered of lesser significance than
neoplasms occurring at other sites for
the purpose of evaluating the carcinoge-
nicity of chemicals.”’ This is a significant
step toward ranking animal carcinogens
according to the strength of experimental
evidence. It does not, however, include
the biological factors to be considered in
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assessing carcinogeric potency or poten-
tial human risk.

Other efforts to recognize the apparent
differences among animal carcinogens
have been expressed through proposals
that two distinct categories be recog-
nized: genetic and nongenetic (7). Such
carcinogens would be considered either
as initiators or as promoters (or modifi-
ers). The danger in this dichotomous
approach is that it may result in substitu-
tion of one rigid policy for another
[namely, the Delaney clause (8)], both
based on theoretical assumptions and
yielding only two possible categories.
Although the opinion prevails that a mu-
tagenic-like event—that is, DNA dam-
age—is the ultimate mechanism of neo-
plastic transformation (9), this remains
hypothetical. Further development of
genotoxicty tests and understanding of
carcinogenic mechanisms may ultimate-
ly permit short-term studies to largely
replace long-term animal bioassays.
However, at present, the high correla-
tion between genotoxicity and carcino-
genicity is empirical and should not gov-
ern regulatory policy.

At certain exposure levels, most—if
not all—animal carcinogens are toxic to
the target cells. Neoplastic transforma-
tion could therefore be either all genetic
or all nongenetic, and the differences
observed in animal studies may be epi-
phenomena associated with detoxifica-

tion, repair, or other adaptive mecha-
nisms. Furthermore, if so-called modifi-
ers or promoters act on initiated cells, a
promotional effect on tissues such as
breast, colon, or lung, where there exists
a high background of cancer in humans,
could produce a greater risk than would
be produced by an initiator acting on the
liver, for example, where human cancer
rates in the United States are very low.
Perhaps the most important consider-
ation in the mechanism of neoplastic
transformation is whether it is direct or
indirect. If transformation is secondary
to certain levels of toxicity, then no-
effect or threshold levels would exist
irrespective of whether carcinogenesis is
genetic, nongenetic, or both.

Several animal carcinogens have not
been shown to be mutagenic and give
positive results in only a few of a large
battery of other genotoxicity tests, ac-
cording to current methods (10, [I);
there is no firm evidence to explain the
mechanism by which they induce can-
cer. Furthermore, there remains contro-
versy over which short-term tests should
constitute an appropriate battery for de-
termirnation of mutagenic or carcinogenic
potential (11, 12). While genotoxicity
tests should be a significant part of the
total assessment of carcirniogenic poten-
tial, they should be considered as provid-
ing suggestive or supportive evidence—
as are other short-term and in vitro meth-
ods—which may or may not add to the
evidence derived from animal studies.

Extrapolation from animal results to
potential human risk has recently cen-
tered on the use of mathematical models,
partially in an effort to obviate the debate
over threshold or no-effect levels. Sever-
al models have been developed, some of
which are said to reflect certain biologi-
cal events at low levels of exposure (/3).
However, no models can actually be
based on the biological events, since
these are not known for any carcinogens.
For the same animal data, differént mod-
els may predict levels of risk that vary
widely (/4), iridicating the potential error
involved in estimating carcinogenic po-
tency or human cancer risks by such
methods. Because of the uncertainty,
regulatory agencies have tended to em-
ploy conservative models, for which
low-dose linearity is assumed. These
models are based on theoretical one-hit
mechanisms, as in radiation-induced mu-
tagenesis; such models may also be justi-
fied by assuming the additivity of back-
ground and induced tumors, which
would yield low-dose linearity regardless
of the mathematical model employed.
Other less conservative models, such as
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Table 2. Ranking animal carcinogens into five
classes according to total factor score.

Total Carcin-

factor ogen Regu!atory
score class options
86 to 100 1 Restrict or ban
71 to 85 il
56 to 70 HI
41 10 55 v
Less than 41 \% Several options

(no action, lim-
ited use, label-
ing, public edu-
cation)

the multi-hit, do not presuppose low-
dose linearity, but instead, depend on
the shape of the dose-response curve in
the observed range in animal tests.

Mathematical models also neglect
most of the biological information rele-
vant to human extrapolation. They re-
duce the risk assessment to counting
animals with neoplasms on the unwar-
ranted assumption that human response
will be quantitatively comparable to that
in test animals. As stated by Munro and
Krewski (15}, ““We must not lose sight of
the fact that animal studies serve primar-
ily as qualitative surrogates for humans
and that any attempts to quantify re-
sponse beyond the realm of biological
certainty are open to serious question.”
Extrapolation from animal data to poten-
tial human risk requires consideration of
many factors, including biological data
and the nature of the substance in ques-
tion.

Proposed Method for Ranking

Animal Carcinogens

The identification of an animal carcin-
ogen requires long-term exposure of test
animals, usually mice and rats, to the
chemical in question. The design, con-
duct, and evaluation of the experiments
are complex procedures, and these are
discussed at length in several recent pub-
lications (7, /1, 12). It is assumed for the
purpose of this discussion that animal
carcinogens have been identified by test-
ing at multiple doses in at least two
species and that the adequacy or validity
of the experiments and conclusions are
not in serious question. If such testing
requirements have not been met, this
ranking system should not be applied. In
fact, it is difficult at present to conceive
of a method for comparing carcinogenic
potentials of chemicals inadequately or
unequally tested. Although testing in the
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past did not provide data for the use of
such a ranking system, recent govern-
ment and nongovernment guidelines rec-
ommend or require protocols that pro-
vide the necessary information.

Six factors (Table 1) are proposed in
this example of a ranking system. They
are based on evidence from long-term
carcinogenicity studies in animals and
from genotoxicity tests, and there is bio-
logical justification for including each of
the factors. Some carcinogens that have
been tested in several animal species
have produced clearly positive resuits in
two species or more (factor A), and some
also induce more than one type of neo-
plasm (factor B). Examples include 2-
napthylamine, nitrosamines, aflatoxin,
and vinyl chloride. At other extremes,
chemicals have been positive in only one
tissue of one species and, sometimes,
only in one sex, as with saccharin or
DDT. Metabolism, pharmacokinetics,
and detoxification may vary qualitatively
and quantitatively among different spe-
cies, and universality of toxicological
responses is more likely to indicate an
inherent property of a substance. It is
biologically reasonable to assume that
the greater the number of mammalian
species and tissues that are affected in a
similar manner by a toxic substance, the
more likely it is that the human response
will also be similar. Comparative meta-
bolic and pharmacokinetic studies can be
equally or more revealing, but they are
often not available when decisions must
be made.

The natural incidence in control ani-
mals of the type of neoplasm induced in
treated animals must be considered (fac-
tor C). The high susceptibility of labora-
tory rodents to several types of carcino-
genic effects provides a sensitive indica-
tor for regulatory purposes and is proba-
bly based on genetic susceptibility, as
suggested by the very high incidence of
spontaneous tumors. All laboratory ro-
dents have tumor rates far exceeding
those of humans at most sites (/6). Even
so-called low tumor incidences of ap-
proximately | percent in animals would
be major epidemics in the human popula-
tion. Whatever the mechanism, there
appear to be large populations of so-
called initiated or latent neoplastic cells
in certain tissues in laboratory rodents.
Thus, the experimental induction of tu-
mors that have high natural occurrences
in the test animals is less relevant to
human risk than is the induction of tu-
mors that are normally rare in the test
animals. It can be argued that tissue
specificity is not always correlated be-
tween man and test animals. No biologi-

Table 3. Approximate rank of ten animal
carcinogens based on the proposed system.

Carcinogen Score Rank
Aflatoxin 100 1
Dimethylnitrosamine 95 1
Vinyl chloride 90 I
Tris(2,3-dibromopropyl)- 90 1

phosphate (Tris)
2-Naphthylamine 81 11
Chloroform 65 11X
NTA 51 v
Chlordane 40 A%
Saccharin 36 A%

DDT 31 v

cal rules are absolute. However, accord-
ing to the IARC documents to date, there
is an 80 percent correlation between tis-
sue site susceptibilities in humans and in
test animals among the 15 known carcin-
ogens that have been adequately tested
in animals by routes comparable to those
of human exposure (/7).

Dose-response relationships (factor D)
must also be considered. The amount of
chemical required to induce a neoplastic
response and the latency, or time before
the tumor appears, are generally consid-
ered to reflect the potency of a chemical
for the spectes being tested. A chemical
that must be administered in massive or
overtly toxic doses throughout a large
proportion of a test animal’s life-span in
order to induce a neoplasm should be
regarded differently than one for which
low doses for relatively short periods of
time are carcinogenic. Latency as such is
not included in this scoring system be-
cause this determination requires that
large numbers of animals be killed at
various intervals to detect the onset of
most neoplasms, and this is not a routine
procedure in most testing programs. La-
tency is reflected, however, in the use of
cumulative dose equivalents.

The implications of dose-response for
the mechanism of action may be equally
important. If genotoxic as opposed to
nongenotoxic properties are directly re-
lated to a carcinogenic mechanism, those
substances that induce neoplasms only
after severe and prolonged tissue dam-
age make subtle, irreversible one-hit
type effects implausible.

The induction of malignant rather than
benign neoplasms generally provides
persuasive evidence for carcinogenic po-
tential (factor E). As indicated earlier,
this is a major criterion in the recent
TARC approach. The inclusion of benign
neoplasms in evaluation continues to be
controversial. However, since there is
evidence of progression from benign to
malignant stages in the multi-stage devel-
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opment of several epithelial cancers in
humans and other animals (/8), it is
prudent from the regulatory aspect to
include benign neoplasms. Consequent-
ly, they are included here but are weight-
ed less than malignant neoplasms.

The criterion of genotoxicity (factor F)
takes into consideration the prevailing
theory of neoplastic transformation and
the possibility of subtle, irreversible ef-
fects at low, nontoxic exposure levels
that cannot be assessed in animal tests.
Positive findings in all or in some tests
in an appropriate genotoxicity battery
could be required. Another approach is
to assign a lower score to substances that
give incompletely positive results, as il-
lustrated in Table 1. In the final report of
the Scientific Committee of the Food
Safety Council (12), chemicals were clas-
sified as belonging to category A, B, or
C, depending on the strength of the evi-
dence for mutagenic potential; such a
scheme could be developed to score
chemicals in this proposed ranking sys-
tem.

Regulatory Applications

As shown in Table 1, application of the
scoring system to the six factors will
result in total scores varying from 13 to
100. If results are positive in more than
one species, sex, or experiment, data
from the most sensitive responders
would be used for scoring categories C,
D, and E. There may be different—
perhaps equally defensible—assign-
ments of numerical values, and these
scores may be grouped to rank animal
carcinogens into any number of classes.
The development of an ultimate scoring
system would probably require the coor-
dinated effort of a multidisciplinary panel
or committee. As recommended here,
however, five classes would permit an
adequate spread and several regulatory
options (Table 2). In Table 3, the ten
chemicals listed above were scored by
this method (/9). These chemicals were
chosen somewhat arbitrarily to present a
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range of scores, and because adequate
experimental data were available. Of the
several established human carcinogens,
reldatively few have been appropriately
tested in animals to permit applying this
system, and consequently the ultimate
test of its validity is lacking.

Regulatory options would be influ-
enced by the nature or intended use of a
chemical, the estimated types and levels
of human exposure, the number of per-
sons exposed, and by considerations of
health and economic benefit. In this sys-
tem, a class I substance would represent
the greatest potential hazard and may, in
the case of an intentional food additive,
trigger a total ban. Class I and II chemi-
cals would also have the highest priority
for regulation. Chemicals in classes I1I to
V may permit many options including
no action, approvals for limited uses,
labeling, or public education programs.

Carcinogen class may also influence
the selection of mathematical models if
guantitative risk assessement is to be
performed. Chemicals classified I or II,
for example, might prompt a more con-
servative approach than chemicals clas-
sified III, 1V, or V, regardless of other
considerations.

Conclusion

In this article, I have considered only
one aspect of carcinogenesis risk assess-
ment and cancer prevention, that is, the
evaluation of animal carcinogens. Con-
tinued epidemiological research and de-
velopment may provide greater health
benefits in the future. Also, educational
efforts by government and the scientific
community to create public awareness of
the importance of life-style and the vol-
untary aspects of environmental control
should be expanded. At present, howev-
er, and presumably for some time to
come, testing in animal surrogates will
continue to influence our cancer preven-
tion efforts.

The proposed system is based on
available data and the current state of

knowledge for rational control of animal
carcinogens. The emphasis is on test
animal data, since without further
knowledge of mechanisms, this informa-
tion is the most relevant to human risk.
Whatever experimental data are to be
included, however, the weight of scien-
tific evidence should be considered in an
appropriate system of carcinogen classi-
fication. Concerns about animal carcino-
gens may thereby be put into better
perspective.
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