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Comment: The Use of Animal Experiments in
Cancer Risk Assessment

J. Kaldor and L. Tomatis

Among the agents which have been demonstrated
to cause cancer in humans, environmental chemicals
have been the major focus of public and regulatory
concern over the past several decades. In the case of
artificially synthesized compounds, particularly strong
sentiments can be aroused: why should proven, or
even suspected causes of cancer, be allowed to contam-
inate the human environment? The answer often
given is that many manmade carcinogens have become
of substantial economic benefit, and the risks which
they represent are to be weighed against the costs of
their removal from the environment. It has long been
recognized that the quantification of both risk and
benefit presents major difficulties, and Freedman and
Zeisel are only the most recent commentators to con-
clude that, in particular, the quantitative assessment
of cancer risk entails a number of biological assump-
tions that have not been verified empirically. In reach-
ing this conclusion, with which we are in general
agreement, Freedman and Zeisel sidestep into areas
where they appear to be out of their depth, and manage
to distort several important issues concerning the use
of animal experiments as indicators of potential
human hazard.

The sine qua non for establishing a chemical as a
human carcinogen is undoubtedly the epidemiological
finding that, after eliminating as far as possible the
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effects of bias, confounding or chance, those exposed
to the chemical have a higher risk of cancer than those
unexposed. Although laboratory experiments and in-
formation on chemical structure, metabolism and
pharmacokinetics all play an important role in the
evaluation process, some grounds can always be found
to challenge their relevance if epidemiological data are
absent.

The current reality, however, is that for most envi-
ronmental chemicals, studies of cancer risk in exposed
humans are not available. In a few cases, this can be
attributed to a lack of resources for studying an ap-
propriate, exposed population. For the overwhelming
number of chemicals, however, such a population does
not exist, either because it is too difficult to define
who is exposed, because when exposure does occur it
is in conjunction with other chemicals or because not

" enough time has elapsed to be able to evaluate the

cancer risk in exposed populations. For a number of
major classes of chemicals such as the N-nitrosamines,
which are both animal carcinogens and widespread in
the human environment, direct epidemiological evi-
dence of carcinogenicity is still lacking.

In this situation, the process of cancer risk assess-
ment, whether qualitative or quantitative, must rely
entirely on experimental data, perhaps combined with
some information on human metabolism or other rel-
evant parameters. Although each chemical should be
evaluated independently, it is only on examination of
results across chemicals that one can evaluate the
validity and long term performance of experimental
data in predicting human risk. In their critique of risk
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assessment, Freedman and Zeisel question the quality
of animal carcinogenicity bioassays, the qualitative
relationship between carcinogenicity in animals and
in man, and finally the possibility of using bioassay
data to quantitatively predict human cancer risk. Each
of these issues is discussed in turn below.

ANIMAL CARCINOGENESIS EXPERIMENTS

The carcinogenicity bioassay evolved from the car-
cinogenesis experiments that were originally carried
out as a part of basic research into the causes of
cancer. The evolution into routine safety testing has
generally brought about substantial improvements in
their design, analysis and reporting, culminating
in the high scientific standards of the U. S. National
Toxicology Program (NTP) series of assays (Haseman
et al., 1987). Even this program has had its difficulties
over time and has occasionally suffered major lapses
(Smith, 1979). Overall, the standard of data from
animal cancer tests is very uneven. Nevertheless, for
many chemicals whose carcinogenicity is in question,
one must accept less than perfect experiments as the
only source of data. Their potential limitations have
long been recognized, and indeed are carefully assessed
when experimental data are used to evaluate a chem-
ical’s carcinogenicity in contexts such as the IARC
monographs.

The available experiments on DDT and its main
metabolites are no exception. Although some of the
tests to which these compounds were submitted were
of a standard equal to any carried out at that time,
others were certainly deficient in various respects.
Freedman and Zeisel chose to ignore these differences
in quality in their presentations of all the experimen-
tal data analyzed “in a uniform way.” Even if it were
reasonable to ignore these differences, the substantial
variation in the degree to which the test compounds
shorten the animals’ life-span should have been an
immediate contraindication for any statistical method

that does not take into account survival time, such as

the simple Armitage trend test for proportions applied
by Freedman and Zeisel.

Recent observations on the mechanisms underlying
liver tumor induction in mice seem to strengthen their
significance as predictors of human risk (Reynolds et
al., 1987).

QUALITATIVE CORRELATION OF
CARCINOGENICITY

Animals and humans are certainly different in many
fundamental ways, but so far, no clear evidence has
emerged that a carcinogen in one species does not
cause cancer in other species. In the IARC mono-
graphs program, as of Volume 41 (1986), the epide-
miological data for 44 chemicals, mixtures or groups

of chemicals have been evaluated as either “sufficient”
or “limited” evidence for cancer causation (Wilbourn
et al.,, 1986). Of this total, 7 had not been tested
adequately in animal studies, and of the remaining 37,
the animal results provided either sufficient (27) or
limited (10) evidence of carcinogenicity. In most cases,
the main reason for the limited evaluation in animals
was the lack of multiple experiments, not the consist-
ent finding of a negative result. Considering only the
chemicals for which there was sufficient evidence of
carcinogenicity in humans produces virtually identical
results. Thus, discarding chemicals for which there is
insufficient data, the sensitivity of animal experi-
ments in detecting human carcinogens approaches
100%. This figure contrasts sharply with the 59%
arrived at by Freedman and Zeisel, using rather selec-
tive criteria (Table 6 of their paper).

It is true that experimentalists have gone to great
lengths to prove carcinogenicity for substances that
have been demonstrated to cause cancer in humans,
and that the sensitivity of animal bioassays is perhaps
overestimated. Nevertheless, the fact remains that no
exception to the rule has been found.

Freedman and Zeisel make a much more fundamen-
tal, and one is tempted to say intentional, error in
their Table 7. The vast majority of the 79% of suffi-
cient evidence animal carcinogens for which human
data are “insufficient” to demonstrate carcinogenicity
have not even been evaluated in humans, for the
reasons mentioned above. It is completely inappro-
priate to equate an absence of data with a clear nega-
tive finding. This error appears in other places in the
paper, including the negative classification of experi-
ments quoted in Table 5.

The observation that some chemicals tested by the
NTP are only positive in one species is fully consistent
with the possibility that species differ in response, but
could also be simply a reflection of low power, as
Freedman and Zeisel seem to realize. On the other
hand, they seem to have missed the point of the
argument of Bernstein et al. (1985), which only con-
cerns quantitative correlation and has no bearing on
the validity of the qualitative correlation.

QUANTITATIVE EXTRAPOLATION OF
CANCER RISK '

The quantitative extrapolation of risks from ani-
mals to humans can only be done if one is prepared to
accept a mathematical model for the relationship
between exposure and cancer incidence. Although
there are many possible models, with very little data
to distinguish among them, there is one overriding
principle that has guided the choice of model, and that
is conservatism. For the few human carcinogenic
exposures on which good dose-response data are avail-
able, it is not possible to exclude a linear term at low
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doses, and indeed, a linear term that is barely percep-
tible in the observable dose range could still dominate
at low doses (Kaldor and Day, 1985). For this reason,
the EPA and other bodies have based risk assessment
on models that assume linearity at low doses, while
fully admitting their pragmatic rather than scientific
basis. Scientists are all too aware of the complexities
involved to take any model of carcinogenesis literally,
but generally accept the need for some sort of stand-
ardized quantification of the results from animal
experiments (Peto et al., 1984). The principle of con-
servatism also lies behind the choice of the most
sensitive animal species or cancer site to indicate
human risk.

Cross-species extrapolation may be facilitated in
the near future by new developments in biolog-
ical dosimetry. By using monoclonal antibodies, bio-
chemists can now detect the reaction products of
DNA-damaging agents and cellular DNA, and thus
potentially have a much closer measurement of
the dose received by a target organ (Berlin et al., 1984;
Bartsch, Hemminki and O’Neill, 1988). Studies com-
paring these measurements on different species should
shed light on the dose scale that is appropriate across
species.

CONCLUSION

Freedman and Zeisel make many points that are
true, if not novel, but they seem to assume that other

Comment

William DuMouchel

1. INTRODUCTION: WHY | EXPECTED TO
DISLIKE THIS PAPER

As set out and exemplified more fully in DuMouchel
and Harris (1983), I believe that analysis of animal
studies can be used to form and improve numerical
estimates of cancer risk to humans. Professors Freed-
man and Zeisel, in their abstract, claim that this is
“well beyond the scope of the scientifically possible.”
This paper, similar in spirit to Freedman and Navidi
(1986), seems to deny that statistical modeling can
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scientists have never considered the problems they
address. Risk assessment is a complex process that
can probably never be automated, but it plays an
essential role in an advanced industrial society.
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really help much when up against the horrible com-
plexity of real-world problems.

Their confrontational style is designed to provoke
reactions of outrage among statistician true believers.
Among many examples, overstatements like those in
the Introduction “[at first] we felt—along with every
other educated person—that DDT caused cancer,”
and “routine bioassays have little to do with basic
research,” will probably be pounced upon by other
discussants. Not all species extrapolation methods
rely solely or naively on Abbott’s formula, as the
authors seem to imply in Section 2. My personal
favorite occurs at the end of the paper “we ... find
informal argument more appealing [than statistical
modeling] because it brings uncertainties into the



