Regulation of
Carcinogens

Are Animal Tests
a Sound Foundation?

O

hy does it matter if animal cancer studies are worthwhile or
W worthless or someplace in between? The answer to this question is

that regulation of exposure to chemicals, including the inter-
mittent exposure to trace elements to which the general public is subject, is
largely based on interpretations of animal cancer bioassays. If these tests are
reasonably accurate in predicting the probability, sites, and severity of
human cancers, then regulation of chemicals suspected of causing cancer
(carcinogens) is on firm ground. But if these animal cancer tests are weak or
worse, so that one cannot reasonably predict human cancers from them,
then regulation rests on quicksand.

Whether or not rodent tests predict human cancers, animal studies have
many other important uses. Research into cancer mechanisms or problems
of the immune system, for instance, may be furthered by introducing novel
genes into small animals, such as transgenic mice, to discover better how life
systems work (Hanahan 1989). There is no doubt that models based on
research with animals have increased our understanding of metastasis, which
is so important in the spread of cancer (Schirrmacher 1989). None of the
many invaluable uses of animal cancer tests, however, tells us whether they
can come close enough often enough to be a valid source of evidence in
predicting human cancer.

The Right Questions

We would like to know how much damage to human populations is caused
by different types and quantities of exposure to various substances. That
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estimating requires answering subquestions about conditions. Routes of
exposure may differ in that some come from breathing, others from eating,
and still others, such as x-rays, through the skin, from natural sources and
medical uses. Quantities may differ from a little to a lot to immense. Timing
of exposure differs from all at once to over long periods of time. If a precise
answer to the question of adverse effects cannot be given, we might be satis-
fied with knowing that there is a great deal of harm or moderate or very
little or probably none (see Hattis and Kennedy 1986, 66).

How reliable are these tests? If the tests were repeated on the same
species, would we get nearly the same results? If they were repeated on
different animal species, would we come up with similar results? If chemicals
are carcinogenic in several animal species, it is more likely that they are
carcinogenic to mammals in general, including human beings, than if they
cause cancer in a single species. It is also important to distinguish rates and
sites of cancer by age, because cancer is largely, though not entirely, a
disease of old age, and by sex, because men and women are affected
differently.

Dioxin in large and continuous doses appears unfriendly to mammals,
but it is the dose that matters. Regulatory agencies assume that chemicals
carcinogenic at some dose in any animal are also carcinogenic to human
beings. We want to find out if that assumption is true.

As precisely as possible we wish to answer Freedman and ZeiselOs ques-
tion, OAre chemicals that have been shown to be carcinogenic through
experimental animals also carcinogenic to humans?O (Freedman and Zeisel
1988, 14). The reason for their inclusion of the modifier Oexperimental ani-
malsO has to do with the particular conditions under which animals are
tested. Therefore they also ask, ODo experimental animals (rodents, in par-
ticular) and humans have similar susceptibility to the carcinogenic effect of
chemicals, or are rodents incomparably more susceptible than humans?O
(14). The answer to the first question is: OsometimesO rodent cancers are
cancers in humans too, but we do not know when. The same is true of one
type of rodent to another. The answer to the second question is: Oyes,
mostly, but not always.O If we know that a single LD50 dose for dioxin
ranges from 2500 pg/kg in guinea pigs to 5000 in hamsters, a difference of
2500, does that give us confidence about rodent-to-human transfers?

Suppose we were to find that there is a 10 percent probability that a
substance causing cancer in a mouse or rat at a given dose will do the same
in a human being. From one point of view, 9 times out of 10 the extrap-
olation from mouse to man would be wrong. From another point of view,
why take chances with human health if the probability of getting a cancer is
that high?

Were we to find, however, that when we get the answers from the tests
we would know within a factor of several hundred times to several hundred
thousand times whether rodents predict to humans, that might not be a rea-
sonable approximation. The question is not only whether we can get an
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answer but what kind of answer we will get.

The Process of Animal Cancer Testing

Around 1915 or 1916 scientists learned that they could induce cancer in
animals by treating them with certain chemicals. The methods of giving
animals cancer vary greatly. Chemicals have been introduced into experi-
mental animals by every orifice (orally, nasally, urethrally, vaginally, rec-
tally), by various types of injections (intramuscular, intraperitoneal, intra-
venous, subcutaneous), by skin painting, by surgery, and by other methods
(American Council on Science and Health 1984, 7).

Approximately 30 percent of the rodents get some form of cancer
absent exposure to chemicals, though not all 30 percent die of it. This is one
reason why a control group is essential. Because a chemicalOs effects at high
doses may not show up at low doses, it is necessary to further subdivide the
animals into different dose groups. Given that sex plays an important role in
cancer, a further subdivision is between male and female. Usually there are
three dose groups (0, 0.5, or 0.1 the maximum tolerated dose [MTD], and
the MTD) and two species. There are at least 12 groups of animals. By con-
vention and by statistical necessity, there are usually 50 animals, most often
rodents, in each group.

Though only a few facts about the process of animal cancer testing have
been given, we are already in a position to understand three of its most basic
aspectsOd its short time compared to human epidemiological studies, its high
cost, and its essentially statistical character. A great advantage of rodent
testing is that these animals live only about two years. Therefore one
doesnOt have to wait too long to get results. One can also test any
chemical, including new chemicals, for which epidemiological evidence may
not be available. But the task is not easy or cheap. It is costly to keep these
animals under controlled conditions for up to two years. The painstaking
work of examining animals for tumors requires pathologists. When each
animal dies or, as the too-kind parlance states, is sacrificed, several
pathologists must carefully examine about 40 sites within and around animal
organs and tissues to search for tumors, some of which are so small they can
be discerned only with high-powered microscopes.

That is why there is a team of pathologists who first work separately and
then meet to resolve differences before their findings are accepted for further
evaluation (Chu, Cueto, and Ward 1981). These pathologists consider
whether the tumors or other abnormalities are actually induced by the
chemical, an opinion based on what they know about the normal incidence
of tumors and their experience. They ask themselves not only whether the
incidence of tumors is higher but whether they are of a different size or
shape or color or contain any other signs that might show them to be simi-
lar to or different from naturally occurring lesions (Chu, Cueto, and Ward
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1981, 256-57).

In order to understand better whether the proper dose was adminis-
tered, the animals have to be weighed to discern whether they have lost
appropriate amounts of weight and examined to see whether the dose is
either so large as to threaten their lives from causes other than cancer or so
small as to make its effects unnoticeable.

Now we are in a position to understand why rodent cancer tests are so
expensive. When one multiplies the time these tests take, roughly three
years, by the cost of keeping 12 groups of animals in controlled conditions,
then adds the costs of killing and dissecting them, preparing and examining
40 slides per animal, and reconciling differences, the substantial costs do not
appear out of line (see the discussion in Rowan 1984). It is possible for a
government regulator to conclude that the tests are inadequate or that the
substance being tested is a carcinogen. But it is not possible under the rules
to say that the substance is not, insofar as is known, a carcinogen; the closest
government scientists are allowed to come is to say that Othe compound
has not been shown to be carcinogenicO (Chu, Cueto, and Ward 1981,
252-53). What, we may ask, is the meaning of classifying a substance as a
suspected carcinogen? It is worth attending closely to Chu and his
colleaguesO discussion:

If malignant tumors or a combination of malignant and benign
tumors are produced, then the compound is considered carcino-
genic to the animals. If the significant result is only the production
of benign tumors, then the compound may pose a potential health
hazard and is termed a suspected carcinogen or a carcinogen, de-
pending on the nature of the benign tumor. For example, 2,4-dini-
trotoluene...was considered a suspected carcinogen since it
induced only benign tumors (fibromas of the skin and subcuta-
neous tissue in male Fischer 344 rats and fibroadenomas of the
mammary gland in females). ldeally, a distinction should be made
between truly benign tumors, which never progress to malignancy,
and tumors that are in a benign state according to histopathologic
criteria at the time of diagnosis. Scientific judgments in this area
are limited by inability to predict the biological behavior of a
lesion on the basis of morphological criteria, but it appears that
there are few, if any, truly benign tumors in rodents. (Chu, Cueto,
and Ward 1981, 257-58)

The Oit appearsO in the last sentence above reflects a judgment that
any tumor might turn bad. Is it in the interests of public safety to treat all
tumors, however benign in appearance, as if they might turn malignant,
because we do not know they wonOt? Or is saying that they might turn
malignant a way of prejudicing the outcome so that the chemicals will be
found to induce cancers whether they do or donOt?

In the Environmental Protection Agency (EPA) 1976 Olnterim
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Procedures and Guidelines for Health Risk Assessments of Suspected
Carcinogens,O EPA Administrator Russell Train acknowledged that animal
tests could not prove that a chemical would be carcinogenic in people, but
that a substance would be considered a Opresumptive cancer riskO if it
Ocauses a statistically significant excess incidence of benign or malignant
tumors in humans or animalsO (p. 21403). If benign is bad, what could be
good?

Calculating Toxicity by the LD50 Test

In the field of pesticide regulation, lethality is calculated through the
assignment of an LD50, the lethal dose for one-half of the test animals
during the test period. The relevant number for aspirin would be 730
mg/kg, signifying that 50 percent of the test animals died when exposed to
730 mg of aspirin per kilogram of their body weight (Edwards n.d.). The
larger the LD50, the more of a substance it takes to produce a toxic effect
and the less harmful the chemical.

Among species most commonly used to carry out the LD50 test are
fish, birds, rabbits, mice, and rats, although occasionally monkeys and dogs
are used. Generally, about 60 animals of a particular species and a specific
dosing method are used. The application is made by inserting a tube down
the throat of the animal, by forcing injection of vapors, or by application to
the skin (Paget 1970). The usual test lasts about two weeks, during which
the animals either die or, at the end, are killed. The usual symptoms are
bleeding from the mouth or eyes, convulsions, diarrhea, and what are
exquisitely termed Ounusual vocalizations.O Rather than tolerate early
death, according to the British Toxicological Society (1984), OThere is
pressure on the toxicologists to allow the study to continue, even when the
animals are in distress since their premature killing may alter the end-point
of the study, and so possibly affect the classification of the material being
tested.O Needless to say, animal rights advocates are not happy with this
method.

Whether one believes that the LD50 test involves Oa ritual mass execu-
tion of animalsO (Rowan 1984, 207) or that Othe main information they
give is an indication of the size of dose required to commit suicideO® (Baker
1969), or even whether most experts consider Othe modern toxicological
routine procedure a wasteful endeavor in which scientific inventiveness and
common sense have been replaced by a thoughtless completion of standard
protocolsO (Zbinden 1976), there is ample scientific doubt about the value
of the LD50 test for the purpose of predicting effects on humans.? The basic
difficulty is that enormous differences between different (even closely
related) species are reported, ranging from 5 to 75 times, which renders

0, see Sharpe (1988) for a list of authorities with negative verdicts.
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findings suspect.? If LD50 tests are useful in providing evidence to save
human life from suffering, there would still have to be a debate over whether
the animal suffering entailed can be justified. If, however, the observations
are too unreliable to be useful, no such question arises.

Toxicity

The best explanation for laymen | have heard of the differences with
which we have been concernedl] between very large and very small exposures
in different kinds of speciesd] comes from reporter Richard Harris of
National Public Radio (1992, 8-10), together with a number of cancer
researchers and government officials. Their dialogue is instructive:

PENELOPE FENNER CRISP (Environmental Protection Agency):
WeOre coming to discover that there are more differences between
species than we had expected or, frankly, hoped that existed.

HARRIS: It turns out that a great many chemicals that can cause
cancer in one species donOt seem to do anything at all in another
species. HereOs an analogy.

[Excerpt from music from a CD]

HARRIS: The difference between rodents and people can be as
dramatic as the difference between this CD and an LP. You could
drop this CD, get it dusty, even scratch it, you wouldnOt
necessarily hurt it.

[Sound of record being scratched by a stereo needle and music
played from an LP]

HARRIS: But try the same thing with a record, and you can just
hear the damage. To be sure, some things will damage either a CD
or a record album( say a hot windowsill. Likewise, John Doull from
the University of Kansas says some chemicals do cause cancer in all
sorts of animals.... Now, nobodyOs suggesting that these
chemicals are harmless, but in some cases scientists believe that the
standards may be vastly overstating the health risks. Again, this
comes down to a necessary but flawed shortcut the EPA uses to
size up a chemical. Scientists give a huge dose of chemicals to rats
and then estimate the effects of that chemical at lower doses. By
way of analogy, if you drop a bottle from 10 feet off the ground,
itOs pretty obvious whatOs going to happen.

0. see the numerous examples in Rowan (1984).
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[Sound of glass shattering]

HARRIS: This large drop is equivalent to a large dose of a
chemical, and it can be deadly. But what if, instead of taking one
bottle and dropping it from 10 feet, you take 10 bottles and drop
them from one foot? 1tOs like giving many people a smaller dose
of that toxic chemical. HereOs what the EPA assumes will happen.

[Sound of several bottles hitting the ground and one of them
shattering]

HARRIS: They figure one of the 10 bottles will break. The reason-
ing is that one-tenth the dose, or one-tenth the drop distance, will
do one-tenth the damage. In reality, though, this is what happens.

[Sound of several bottles hitting the ground]

HARRIS: There is, in fact, a safe height you can drop a bottle from
without breaking it, and John Doull from the University of Kansas
says the same idea holds for toxic chemicals.

DOULL: It is the dose, not the compound, that determines its
adverse effects....

HARRIS: So, recently, researchers like Swenberg have started to dig
deeper and ask why some chemicals trigger cancer in some animals.
1tOs as though theyOre trying to understand the difference
between turntables and CD players. And Swenberg says one
especially interesting example is unleaded gasoline. You may have
seen the sticker at the pump warning that gasoline causes cancer in
laboratory animals. Well, hereOs the story with gasoline.

SWENBERG: It causes kidney cancer in male rats only, not in
female rats and not in mice.

HARRIS: So whatOs going on? Swenberg decided to find out by
studying those animals, and he discovered that a chemical in gaso-
line binds to a naturally occurring protein thatOs only found in
the kidneys of male rats.

SWENBERG: And this results in a buildup of the protein and ulti-
mately leads to the development of cancer. And since humans do
not synthesize this protein, this is not likely to be a mechanism
important to humans.
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HARRIS: Swenberg says dozens of other chemicals besides gasoline
cause this specific kidney cancer in male rats, including copy
machine toner, a bathroom deodorizer, and even a natural chemi-
cal called D-limonene.

SWENBERG: It turns out that about two glasses of orange juice
contains a carcinogenic amount of D-limonene for the male rat,
but it has absolutely no effect on mice or on female rats, and 10Om
sure it has no effect on humans.

HARRIS: As a result of this research, the Environmental Protection
Agency recently decided that if a chemical like gasoline only trig-
gers this kind of kidney tumor in male rats and it doesnOt do any-
thing else bad, itOs probably not going to cause cancer in people.
So far there are just a handful of stories like this where scientists
have actually figured out why a compound is causing tumors in
certain animals. But there are a lot more studies in the works,
including reassessments of dioxin, formaldehyde, and certain PCBs.

Knowledge of mechanisms yields far greater discriminatory power. With
such knowledge scientists can determine whether there is a threshold below
which there is no damage or whether harm occurs proportionate to the
dose, however low that dose is. Without knowledge of the mechanism we
cannot be sure of the dose-response relationship.

The War over the Dose-Response Threshold

There is disagreement over whether there is a dose-response threshold, such
that below a certain level no harm occurs, or whether the damage is linear,
such that harm from a chemical increases or decreases as a proportion of the
dose. It is important, to start with, to ask why such an apparently technical
matter has occasioned so much dispute. Because the field of toxicology is
built on the principle that the poison is in the dose, the opposing linear (or
proportional) principle—that there is no threshold dose below which
damage cannot occur is a challenge to toxicological science.

A common statement about dose-response levels is that no one really
understands what happens when people are exposed to very low levels of
chemicals (see, for instance, Marx 1990). There is no difficulty in finding
substances, such as the heart medicine digitalis, that are helpful at low doses
but can be fatal at large doses. But that does not answer the question of
whether there are substances for which no threshold exists (see Smith and
Sharp 1984, 3). Given that there is a considerable range of sensitivity among
human beings, it can always be said that some hypersensitive people might
be adversely affected. The traditional response has been to use a margin of
safety to take care of the supersusceptible. Given also that chemicals may
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interact with each other to create cancers that neither substance would
alone, it cannot be said definitively that either is safe. By the same token,
however, one chemical may render another harmless or less harmful (see
Revision without Revolution 1984).

The regulatory response is that the dose-response relationship is linear.
The rationale is that this provides a margin of safety for the public. The
question is whether this assumption is true.

Going further into the Ofurious battle [that] rages around the
‘threshold controversyOO (Rowan 1984, 234-35), it will be instructive to
read a semiofficial account by high-ranking Environmental Protection
Agency officials published in a major journal, Risk Analysis. The models the
EPA uses attempt to establish an upper bound, nearly the worst that could
happen, on the basis of a no-threshold linear response. Anderson et al.
(1983) are quite open in saying that Orecognition that the lower bound
may...be indistinguishable from zero stems from the uncertainties associated
with mechanisms of carcinogenesis including the possibility of detoxification
and repair mechanisms, metabolic pathways, and the role of the agent in the
cancer processO (281). In short, for all the EPA knows, there may be no
damage at low doses.

Furthermore, O[m]ost often there is no biological justification to sup-
port the choice of any one model to describe actual riskO (Anderson et al.
1983, 281). This task would be easy if there were data on actual environ-
mental exposures in human beings, in which case an appropriate model
could be fitted to the data. OlIn the absence of such data a variety of models
can be used to fit the data in the observed range, but these models differ
sharply [in the danger estimates they produce] at low doseO (281). If the
choice of model determines the results, because they Odiffer sharply at low
doses,O why bother with the experiment? Exactly. Employing the justifica-
tion that nevertheless these models are the best available, Anderson et al.
state that O[i]t should be clear from the preceding discussion that the linear
non-threshold model has been used by the EPA to place plausible upper
bounds on risk, not to establish actual riskO (281). This is a significant
admission.

Use of the upper bound misleads people into thinking it is an actual
estimate of hazard by an authoritative government agency when it is not.
Use of Oworst caseO scenarios makes no sense, moreover, when the
outcome may be zero and there is no biological sense in anticipating
epidemic consequences.

Now we know that everything depends on which of the available statis-
tical models are used and whether whichever one is chosen, in the absence of
biological indications, tells us what we need to know. Does it?

The EPA claims that the linear, Ono dose-responseO model best fits
knowledge about cancer causation. But its officials could not know this
without knowledge of the mechanisms at work, in which case they would be
able to choose a model they knew fit the causal relationship. At other times,
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they acknowledge the real basis for their choice of model, the desire to
choose the most conservative estimate so as to, as the saying goes, act on
the side of safety. But are they so acting?

If it is true, as Anderson et al. (1983) say in their appendix, that
O[t]here is no really solid scientific basis for any mathematical extrapolation
model relating carcinogen exposure to cancer risks at the extremely low
levels of concentration that must be dealt with in evaluating environmental
hazardsO (289-90), then why make one? The answer must be that with
going from rodents to people, most regulation of chemicals would lack a
rationale that could be called scientific. No man-mouse extrapolation, no
science; no regulation. The models that make this extrapolation plausible
are the important thing. Extrapolations from animals dosed at very high
levels to people exposed to far smaller levels make sense only in the context
of the models of cancer causation into which they are meant to fit.

Multistage Models

Is this chemical hazardous? And to what degree at which dose and to whom?
Interpretation of cancer causation depends on models, which we can think of
as representations of theories, with numbers attached, that give meaning to
data. Actually, there have to be two models in one: first, a model of the
biology underlying cancer causation, and second, the statistical approxima-
tion of that model. Getting accurate results depends both on the predictive
power of the biological model of cancer causation and on whether the sta-
tistical approximation captures the causal structure of the model. If the
model does not well describe cancer causation in human beings and if on
top of that the statistical approximation does not well describe the model,
the errors in both models multiply to give unsatisfactory results. The task is
a daunting one.

We can take the Armitage-Doll model as representative of those used by
governmental agencies in regulation. It seeks to describe the relationship
between exposures to chemicals and the incidence of cancer at various ages
for men and women (see Moolgavkar 1986). The biological version portrays
human cells as going through a number of stages that ultimately result in
cancer. The hypothesis is that one or more cells receive an insult and then
go through several changes that turn them into malignant cells, after which
they proliferate. The times and the different stages are not specified. All
these stages are probabilistic in that some cells under the same exposure will
become cancerous and others will not. OPut another way, with multistage
models,O Richard Peto (1977) tells us, Owhen all the predisposing factors
have been allowed for, luck has an essential role in determining who gets
cancer and who does notO (1404). Thus the stages in the models are essen-
tially probabilities, and the users do not know whether human cancer pro-
ceeds in those stages or according to those odds (Freedman and Navidi
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1989, 72). In the field of economics, these would be called Markov chain
models, which means essentially that every present stage depends on results
of previous stages. The time spent in the various stages is assumed to be
proportionate to the exposure of the affected individual.

The basic difficulty with multistage models, as the reader might imag-
ine, is that there is little reason to believe they actually capture the biologi-
cal process of cancer formation. At the same time, the statistical manipula-
tions are very far from the causal requirements of the model, so that one has
no idea what one has got when the result is cranked out (Moolgavkar 1986;
Freedman and Navidi 1989). This brings us to the statistical interpretation
of animal cancer studies, the most critical and least understood part of
modeling cancer causation.

The existence of 12 different test groups shows that statistical inference
is the essence of the matter: after all, conclusions are to be drawn by observ-
ing differences between the control group and other animals and between
gender and dose groups. This is not something that is done by counting on
the fingers of one hand. It requires methods based on statistical theory.

Biological Interpretation of Animal Cancer Tests

Fears et al. are wise in concluding that O[t]here is danger in relying solely
on the finding of statistical significance without incorporating biological
knowledge and corroborative evidence such as the presence of a dose-
response relationship for experimentally consistent results in different
species or sexesO (Fears, Tarone, and Chu 1977, p. 1941). But what if there
is little or no biological knowledge?

In order to get accurate estimates of the probability that chemicals that
cause cancer in animals also cause cancer in human beings, Salzburg (1983)
recommends applying Othe bioassay to a number of innocuous substances.
There have to be some compounds that are not human carcinogens, or the
whole exercise of looking for carcinogens makes no sense.O Yet after
examining the literature, he finds that Othis was never done for the [rodent]
lifetime feeding studyO (65). His argument needs to be heard in full:

Thus, it would appear that no attempt has ever been made to de-
termine how well society can identify human carcinogens by feed-
ing groups of 50 rats and mice, each, the suspect substance at
maximum tolerated doses for their entire lives. Common scientific
prudence would suggest that this assay be tried on a group of
known human carcinogens and on a group of supposedly innocu-
ous substances (such as sucrose or amino acids) before we either
(1) believe that it provides some protection for society (sensitivity)
or (2) believe it identifies mainly harmful substances (specificity).
There is no substitute for such proper validation on any new bioas-
say. (Salzburg 1983, 63)
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He believes Othat we are confusing the effects of biological activity
upon the old-age lesions of rodents with the thing we fear, cancerO
(Salzburg 1983, 64, 65; see also Salzburg 1980 and Tomatis, Agthe, and
Bartsch et al. 1978). There is also the claim that cancers found in rat
autopsies are induced by test procedures that feed the rats at maximum
tolerated dose.

Mitogenesis: Is Cancer Caused by the Test and
Not by the Chemicals?

Proof that the tumors observed in animal cancer tests are due to the huge
doses delivered at the MTD would be fatal to the no-threshold idea, for then
the animal cancer tests themselves would be taking out only what they put
in: cancer in, cancer out. Bruce Ames and Lois Gold, among others, claim
that the chronic wounding induced by delivering heavy doses of a chemical
promotes cancer by inducing cell division, a process called mitogenesis. As
the animal is effectively wounded or poisoned, it grows replacement cells, a
process known to increase chances of mutation and hence of cancer.

The theory was prompted by finds that while cancer is thought to be
accompanied by mutation, alteration, or damage of DNA, a large propor-
tion of chemicals that cause cancers in animal tests do not in fact damage
genes in other tests. There are, as a paper by Ames and Gold is titled, OToo
Many Rodent Carcinogens,O based on expectations flowing from knowledge
of cancer and a belief there would be a great deal more cancer around if half
the chemicals in the world caused this terrible sickness (Marsalis and Stein-
metz 1990b, 10; Ames and Gold 1990a). Proliferation of cells with DNA
damage is an important element in production of cancer in human beings.
Cell proliferation is caused by chronic toxicity, by ionizing radiation, by
chronic inflammation, and by hormones and viruses that cause infections
that in turn lead to cells dying and hence to cell proliferation (Marsalis and
Steinmetz 1990b, 10; see also Ames and Gold 1990b and 1991).

Support comes from Cohen and Ellwein (1990): OChemicals that
induce cancer at high doses in animal bioassays,O they assert, Ooften fail to
fit the traditional characterization of genetoxins. Many of these nongene-
toxic compounds (such as sodium saccharin) have in common the property
that they increase cell proliferation in the target organ.O They argue that
Othe increase in cell proliferation can account for the carcinogenicity of the
nongenetoxic compoundsO (1007). Similarly, Daniel Krewski finds a Ofairly
strongO correlation between carcinogenicity and toxicity, which one would
expect to find when test animals are being wounded by being fed the maxi-
mum tolerated dose (Marx 1990, 744). If the mitogenesis theory is correct,
then rodent tests run at mitogenic doses are invalid as predictors of human
cancer from exposures below toxic levels.

Ames (1990) lays it right on the line: OWe think the current approach
to cancer risk assessment is bankruptO (A38). A reply by Richard A.
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Griesemer, who is head of the Division of Toxicological Research and
Testing at the National Institute of Environmental Health, is: OThere are
only two definitive ways to tell whether chemicals have potential to cause
cancer. One is through epidemiological studies in humans....[T]he second
way is to produce cancers in mammalsO (Ames 1990, A38). In other words,
we are not to experiment on people, so we have to do so on animals. But do
we have to experiment on animals if the results are meaningless?

The most sustained attack on the Ames-Gold thesis (that the animal
bioassay, by feeding animals the MTD, is itself causing the appearance of
excessive rates of cancer) is by Perera. Her first argument is that a variety of
international agencies, including agencies in the United States, have
Oadopted  the general assumption of low-dose linearity  for
carcinogens regardless of their presumed mechanism of action.O The
rationale is that there must be something to it since so many agencies have
gone in the same direction. Why? Scientists usually do not argue from
authority when they process a theory they can validate with evidence.

The reasons, according to Perera, are a general lack of understanding of
the mechanisms of cancer causation, especially those termed nongenetoxic;
a lack of agreement on a safe threshold level below which exposure would
not be harmful to a diverse population; and Othe desirability of preventing
cancer through the use of testing and model systems, obviating the reliance
on epidemiological data in humans.O° The question is whether regulation
should be undertaken as a replacement for the existing lack of knowledge.
That is exactly what she advocates: Oln the meantime, EPA cannot ignore
its responsibility to evaluate and control synthetic chemicals...since no
one...has yet devised an acceptable alternativeO (Cogliano et al. 1991,
607). | disagree.

The argument that if we donOt regulate weOll count dead bodies is
dead wrong. The predicted cancer rate at one in a million (even one in
100,000 or one in 10,000) is so low it will never be detected by
epidemiology or any other method unless we know a lot more about the
mechanism of  cancer causation. OThe problem with...risk
assessments...based an animal tests;O the Office of Technology
AssessmentOs Michael Gough tells students, Ois that their theories cannot
be testedO (Gough, forthcoming).

False Positives or False Negatives

One way of looking at a test is to ask whether its error rate is low or whether
there is a high proportion of false positivesO those chemicals that do not
cause cancer at the administered dose but are wrongly believed to do so
(Fears, Tarone, and Chu 1977; Gart, Chu, and Tarone 1979). The opposite

0. perera (1990, 1644). See Ames and Gold's response to Perera in the same issue (Ames and
Gold 1990b).
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error, an overabundance of false negativesl] those chemicals that cause can-
cer at the administered dose and are wrongly believe to be benignO can also
occur. Governmental agencies set their requirements so as to minimize the
chances of false negatives.

Statistical phrases such as Olow-dose extrapolationO and Olow-dose
linearityOO determine regulation of chemicals in the United States. They
are not sideshows; they are center ring. In 1985 an interagency committee
working for the Executive Office of the President published 31 principles for
conducting quantitative risk assessments (U.S. Office of Science and
Technology Policy [OSTP] 1985). Appropriately, some of the principles
emphasized the limitations of scientific knowledge about chemical carcino-
genesis. For example, the committee acknowledged that existing knowledge
was not up to determining whether chemicals that caused cancer at high
doses have a carcinogenic effect at lower doses (OSTP 1985, 10376). The
document accepted that Ono single mathematical procedure is recognized
as the most appropriate for low-dose extrapolation in carcinogenesis,O but
nevertheless endorsed linear extrapolation techniques: Ouncertainties are
involved in the use of any of the commonly employed extrapolation models,
[but] models...which incorporate low-dose linearity are preferred when com-
patible with the limited information [available]O (10378). Why preferred?
No doubt because they are conservative, though no one can calculate how
conservative they are.

To extrapolate from rodents to people, a number of basic assumptions
must be made, of which three are of primary importance: (1) the biology of
these mammals is sufficiently similar to justify the extrapolation; (2) there
must be an adjustment for the huge size of people compared to rodents; and
(3) the vast differences in doses given to animals, which we have seen is
essential to make rodent tests feasible, must be taken into account. After all,
perhaps the greatest controversy surrounding animal cancer tests is whether
a chemical given to rodents in huge doses would actually produce cancer at
much lower exposure.

Where might one find false positives? Site is important. Research reveals
that false positives are more likely to occur at sites with a high rather than a
low number of spontaneous tumors (Fears, Tarone, and Chu 1977, p. 1941).
It is also known that rare tumors are less likely to be false positives than are
common ones. Thus knowledge of the spontaneous tumor rate is essential,
especially if it is above 5 percent, because it then becomes difficult to tell
the natural from the chemically caused tumor (Chu, Cueto, and Ward 1981,
259-62). The type of chemical also interacts with the type of animal; for
instance, some rat organs, when exposed to chemicals, are pretty good
predictors of tumors in mice, but mouse liver is a very poor predictor of
tumors in rats. There is also a striking difference between chlorinated and
nonchlorinated chemicals in regard to the sensitivity of mice versus other
animals (Gold et al. 1989, 218; see also Marsalis and Steinmetz 1990a,
156).
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The most important defect of animal cancer studies, as Freedman and
Zeisel demonstrate, is that the choice of statistical models overdetermines
the results: in speculation regarding the effects of the low doses to which
human beings are subject in nonoccupational exposures, the choices of
statistical models produce outcomes that vary by hundreds, thousands, ten
of thousands, and occasionally millions of times. Yet without knowledge of
the biological mechanisms of cancer causation, there is no way of choosing
among these models.

In the study of the grain fumigant EDB, for instance, the probability
that an individual would get cancer from eating food in which tiny amounts
of EDB were present varies over a million times, depending on the model
(Hattis and Kennedy 1986, 65). Using the same animal data but different
statistical models in regard to saccharin, to take a well-known but extreme
instance, led to differences of some five million times (National Academy of
Sciences 1978). As Table 1 shows, statistical models that depend on differ-
ent assumptions predict harms that vary by a factor of 200 for DDT, 800 for
dioxin, and 40,000 for aflatoxin, a naturally occurring toxic substance found
in various foods, especially peanut butter.

With results this far apart using different models, and without a plausi-
ble biological reason for preferring one model over another, the results are
no better than guesswork. No, they are probably worse; | doubt that edu-
cated guesses would produce results so far apart. Would the reader accept
the result in anything that mattered if that result was anywhere between 100
and 40,000 times off and the reader could not know which? Even if there
were no alternative sources of information, we would do better ignoring
such empty data.

Echoing lines from literature, my students often ask whether animal
cancer tests could not be considered second best and therefore better than
nothing. I ask them whether it would be second best if they want to go from
Berkeley to Oakland (they are contiguous) or Brooklyn to Queens or
Minneapolis to St. Paul and are advised to travel via Beijing. Some alterna-
tives are so bad they should not be dignified by the designation Onth
best,O but rather should be recognized as too bad to be used.

Table 1: The Impact of the Model on Low-Dose Risk Estimates

Substance One-hit Multistage Weibull Multihit
Aflatoxin 1 30 1,000 40,000
Dioxin 1 400 400 800
DMNA 1 700 700 2,700
Dieldrin 1 3 200 1,000
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DDT 1 2 70 200

Notes: From Food Safety Council (1980, Table 4). The virtually safe dose is estimated (from
each of the four models) as that dose giving a risk of one in a million. The column for the
multistage model shows the ratio of the estimated from one-hit model, for each of the five
substances. Likewise for the Weibull and the multihit (Freedman and Zeisel 1988, 11).

In retrospect, to be sure, we can see that heading due west from Spain
wasnOt such a great route for Columbus to follow if he wanted to get to
India. But with the more limited knowledge of ColumbusOs day, he was jus-
tified in sailing. Had he continued, more to the point, he would ultimately
have gotten there. This much cannot be said of animal cancer tests. They
can be performed forever without improving our ability to predict cancer in
human beings. Had Columbus been even 200 times off, he would have been
on another planet.

Alternatives

What are we to do to protect people against cancer? Eat fruits and vegeta-
bles? Stop smoking? These behavioral changes help a lot. But our question
concerns the effects of chemicals. Epidemiology would be best in that it is
the most accurate in predicting rates of cancers from different levels of
exposure to various chemicals. It is also morally appropriate in that human
beings are tested to protect human beings. But there are shortcomings. We
could collectively decide to accept the lesser sensitivity of epidemiological
studies to gain their accuracy and reliability, and at the same time seek the
mechanisms of causation that alone hold promise of effective intervention.
But that would leave many people worried.

Currently, the alternative to epidemiology is animal cancer tests at the
MTD with interpretation based on multistage models dependent on admin-
istering the MTD. The advantages are better control over conditions in the
laboratory and the ability to get short-term results. But the defects are
insuperable, for without knowledge of the biological mechanisms through
which cancer is caused, there is no good way to interpret results. When all
we know is that the potential link between exposure to a given chemical by
rodents is dozens, hundreds, thousands, or tens of thousands of times away
from human exposure, we know nothing of value. Animal cancer tests for the
purpose of predicting the effects of small, intermittent, nonoccupational
human exposures are not better than choosing at random. What, then, are
we to do about the continuing stream of chemicals being used and
concocted?

The demand either to use animal cancer studies or to find a substitute
depends on the belief that very small amounts of chemicals cause significant
amounts of damage to human beings and other living creatures. If large
doses are required to cause large effects, epidemiology would do. The belief
in the power of small doses is reinforced by the related view that there is no
level below which damage does not occur.
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If no level is low enough to be safe, then we would expect, with the
introduction of so many new chemicals from the 1950s onward, that delete-
rious effects would show up in health statistics. But they do not. Neither a
general cancer epidemic nor the once-feared asbestos epidemic has material-
ized. Once we control for cigarette smoking and hence lung cancer, for age
(because cancer is largely a disease of old age), and for AlIDS-related cancers,
overall cancer rates either are falling or have leveled off. Life expectancy has
gone up decade by decade from the turn of the century.

This should not be surprising. The chemicals regulated are so small in
amount and so far from people that they could hardly do much damage
unless, through unknown mechanisms, very small exposures are doing signif-
icant harm. In a seminal study, Michael Gough (1990) showed that if every-
thing the EPA claimed for its regulation proved out, the most that could
happen would amount to a 1 percent or smaller reduction in cancer rates.
The EPA criterion for regulation limits exposure to some 374,000 times less
than a dose shown to cause harm in experimental animals (Gaylor 1989).
The health benefits from limiting exposure to such tiny amounts are likely to
vary from insignificant to nonexistent.

In an article titled Olnformation Value of the Rodent Bioassay,O
Lester Lave and his co-authors (1988) conclude that

[flor almost all of the chemicals tested to date, rodent bioassays
have not been cost-effective. They give limited and uncertain
information on carcinogenicity, generally give no indication of
mechanism of action, and require years to complete. Instead, some
of these resources should be devoted to improving the sensitivity,
specificity and cost-effectiveness of alternatives to the long-term
bioassay, such as in vitro [literally, Oin glass,O i.e., in the tube]
and in vivo short-term test schemes.?

I agree. | also agree with Salzburg that

[p]resently the lifetime feeding study pre-empts the field. As long
as it is considered to be useful in detecting human carcinogens this
very expensive and time-consuming procedure will continue to
drain the toxicological resources of society. This report questions
its usefulness and suggests that it is time to seriously consider the

0. Lave et al. (1988, 633). As the NMAS (National Medical Advisory Service) asserts: OAfter
more than 15 years of utilizing the B6C3F1 mouse as a mainstay animal on which to perform
cancer risk assessment studies, many in the scientific community are calling for a methodology
review. At issue is whether or not using this particular test mouse results in inaccurate
conclusions. It was specifically bred to be sensitive to cancer causing agents, and it has a high
rate of spontaneous tumors (25 to 30 percent). The theory behind the creation of this type of
mouse was that if the tests were being performed on a very sensitive animal, the data produced
would be conservative, therefore setting very cautious levels of exposure. However, there is a
groundswell of opinion today which recognizes that this test mouse has produced results that
are overly cautious, and perhaps an inaccurate base upon which misleading risk assessments are
being conducted® (NMAS 1992, 1).
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alternatives. (Salzburg 1983, 66)

There are alternatives. Some in vitro tests seek to detect damage to
DNA within the cell nucleus. The Ames bacterial test detects mutagens.
None of these in vitro tests predict human cancers (Goldberg and Frazier
1989).

Another of many possibilities is pharmacokinetics, in which quantitative
mathematical modeling is used to estimate such things as how much of a
given chemical gets to a particular kind of tissue and the absorption,
metabolism, and distribution of the chemical in the human body (Wilson
1991). This is a theory-building exercise. How it can be related to theory
testing is not yet decided. The conclusion has to be that while alternatives
are promising, they have yet to fulfill their promise.

If epidemiology is too insensitive and animal cancer tests are invalid,
the questions remain: What should be done to reduce cancer rates? How
should the multitudes of chemicals be treated until we possess the knowl-
edge to eliminate or restrict those that cause human cancers at low doses?
Should our collective decision be to cut through the complexity by severe
regulation? Would such a policy actually improve our health? What type of
strategy is suited for our current ignorance? What do we actually know
about the sources of carcinogenic chemicals to which human beings are
exposed? The two categories of interest are synthetic carcinogens produced
by industry and natural carcinogens produced by plants to ward off their
predators.

It is no small matter to read a report by Washington Post science writer
Malcolm Gladwell beginning with the headline ONew Panel Questions
Traditional Carcinogen Testing: Cancer Experts Respond to Growing
Doubts about Massive-Dose Experiments in AnimalsO (8 September 1990).
The article starts out by saying: OThe nationOs top experts on assessing
whether chemicals cause cancer say that traditional methods are sometimes
misleading and that improvements or entirely new methods should be
developedO (A5). At a meeting lasting three days, a National Academy of
Sciences panel on risk assessment stated, in GladwellOs words: OThe use of
rats ands mice to test potential carcinogens(] a practice that has formed the
basis for regulating chemicals in the United States for more than twenty-five
years[] should be brought under sharp scrutiny. Many scientists said the
studies are too unreliable and too inaccurate to form the basis for evaluating
risks to humansO (A5). The panel was particularly critical of feeding animals
at the maximum tolerated dose, because it was so much greater in
proportion to weight than that to which human beings were subject.

Reform versus Revolution in Risk Assessment

There we have it: rodent studies are speedier but too inaccurate, while
mechanistic studies are exceedingly accurate but very slow. Epidemiology
lies in the middle on both counts: it is far more accurate than animal tests
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(being tried on humans at normal doses) but not accurate enough to detect
effects at low doses, especially with smaller populations. My associate, Leo
Levenson, recommends a return to the traditional method of controlling the
consequences of toxic substances without making special cases out of those
that might conceivably cause cancer. For this purpose he would accept the
results of rodent cancer tests but would then apply a 100-fold reduction
from the level that caused cancer as determined by rodent bioassays. If there
were knowledge or experience that led to greater concern, he would then
multiply by 10 to reach a level 1,000 times below the animal test level. Were
there less reason for concern a level only 10 times under might be applied.
The virtue Levenson sees in this traditional approach is, first and fore-
most, that it has worked well in the past. It also has other advantages: it is
relatively speedy, so it can be applied to new chemicals, and it is relatively
straightforward. This traditional Osafety factorsO approach would also end
fascination with and stultification by vanishing small levels of chemicals.

Arguments Against the Use of Safety Factors for
Potential Carcinogens?

The 1985 federal interagency committee that published principles for con-
ducting quantitative risk assessment gave four reasons for continuing to
treat animal carcinogens differently from other chemicals and rejecting a
Osafety factorsO approach:

1. The Baseline for Applying Safety Factors (NOAEL or LOAEL) is
too Sensitive to the Particular Experimental Design.

2. Safety Factors Fail to Use All the Information from Dose-
Response Curves.

3. Safety Factors Imply Absolute Safety.

4. Safety Factors Imply Thresholds.

The funny thing about these arguments is that they all apply equally
well to the quantitative cancer risk extrapolation methods that the intera-
gency committee endorsed. LetOs look at how the interagency report pre-
sented each of the arguments in turn.

1. Sensitivity to Experimental Design: The interagency report argued
that O[i]n spite of its common use, there are a number of potential
problems associated with the safety factor approach. The observation of no
treatment-related effects at a given dose may depend, at least in part, on the
number of animals exposed at the particular levelO (OSTP 1985, 10439).

0. This section was written by Leo Levenson.
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Thus the fewer animals you use, the harder it will be to see a statistically
significant increase in tumors or other effects attributable to the chemical
exposures. However, experimental design makes a great difference with the
linear extrapolations as well. Regulatory agencies must establish protocols
for the minimum number of animals and experimental conditions that can
constitute an acceptable study no matter what technique is finally used to
characterize health risks posed by the chemicals.

2. Safety Factors Do Not Make Use of Information from Dose-
Response Curves: According to the interagency report, O[t]he
determination of a NOAEL ignores the shape of the dose-response curve,
even though it would seem that a curve that has a shallow slope in the
experimental NOAEL region potentially represents a greater toxicological
hazard than one that rises steeply in this regionO (OSTP 1985, 10439). In
other words, when you apply a safety factor to a dose that appears harmless,
you are failing to make use of information from the relationship between
higher doses and increased cancer rates. True. There is also no way to know
whether a linear risk extrapolation technique can make good use of the high-
dose relationships either. Since there is no Oadequate biological rationaleO
for any extrapolation technique, it is hard to see how quantitative acrobatics
that incorporate extra-high-dose information are likely to improve low-dose
risk estimates.

3. Safety Factors Are Arbitrary: The interagency report complains that
Othere is no biological justification for the general use of any specific safety
factorO (OSTP 1985, 10439). Safety factors are always arbitraryd but at
least they are transparently arbitrary, and there can be an informed debate
about what safety factor to choose without anyone maintaining the illusion
that there is one OcorrectO margin of safety. By contrast, the linear
extrapolation methods sanctioned by the committee contain a large number
of equally arbitrary assumptions about how to use tests involving high
chemical doses in animals to predict risks to people at much lower chemical
doses, and the assumptions are effectively concealed from lay people. When
a model result is announced stating, OSuch and such a dose allows a
maximum risk of 1-1 million,O most people have no idea what they are
hearing.

4. Safety Factors Imply Thresholds: OAnother important
consideration that would argue against the use of a safety factor approach in
cancer risk assessment is the fact that this approach assumes the existence of
a true population threshold below which no adverse effects can occur. Even
if  the concept of the individual thresholds could be supported, the well-
recognized genetic variability in the human population would effectively
prevent the estimation of a general population threshold value® (OSTP
1985, 10439). In other words, the use of a safety factor would give people a
false sense of security about potential residual cancer risks for sensitive
individuals. By implication, quantitative risk estimation procedures are more

THE INDEPENDENT REVIEW




ANIMAL TESTS FOR CARCINOCENICITY O 49

honest in admitting that there could always be a potential risk, no matter
how low the exposure. Is this so?

We agree that the government should never promise, and should never
accept the responsibility, to eliminate all risk. The EPA and FDA can
respond to the unanswerable questions Ols this standard absolutely safe?O
or Ols there still a risk of cancer from drinking this water?0 with the honest
reply, OWe think that to the best existing knowledge the chemicals in the
water protect human health more than would their diminution or
removal.O But there is no reason the regulators need to promise that the
use of a safety factor implies absolute safety. In contrast, the use of
seemingly precise quantitative risk estimates gives the illusion that
regulators know more than they really do about cancer risks, if any, from
low-dose exposures.

Conclusions

Here are LevensonOs and my conclusions regarding human safety standards
for chemicals:®

» The less of a potentially toxic chemical people are exposed to,
the less likely they will get sick from the chemical. This includes
chemicals that may cause cancer. It would be better if we talked
about carcinogenic or toxic OdosesO of chemicals, rather than
calling the chemicals themselves OcarcinogenicO or Otoxic.O

 If the only evidence about toxic effects in a chemical is from high
doses, there is no good reason to apply the effects at lower doses to
people or other animals. Numerical extrapolations will all be sta-
tistical games; they cannot provide insight into real risks. These
ideas hold true for all types of chemicalsCl both carcinogenic and
noncarcinogenic. There is no guarantee that any chemical dose will
be Oabsolutely safe.O But we can make good guesses that a
particular dose will be small compared to other potential disease
factors.

« CongressOs attempts to ban chemical carcinogens in the
nationOs food supply appear to stem from beliefs that chemicals
could be easily divided into those that Ocause cancerO and those
that do not, and that the public health benefits of eliminating
Ocancer-causingO chemicals entirely had to be greater than the
expense. In fact, the categories of OcarcinogenO and Onot
carcinogenO are fundamentally flawed many chemicals may help

0 All of these principles relate to standards designed to protect human health. Additional
factors must be considered if concerns have been raised regarding effects of chemicals on
animals, plants, or ecosystems.
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cause cancer at very high doses but would not cause cancer at
lower doses. The cost of reducing chemical residues all the way
down to nondetectable amounts turns out to be increasingly high
as scientific technology for detecting tinier amounts of chemicals
improves. And the public health benefits of eliminating tiny
amounts of synthetic chemical residues have been called into
guestion given the defense systems that people have, which work to
prevent damage from low levels of natural chemical carcinogens to
which ordinary people are exposed in their diets. Cost, however, is
not the strongest argument against the criteria used to regulate
chemical exposures in the United States today; the strongest
argument is that there are no health benefits.

The result of adopting safety-factor criteria would be a reasonable level
of protection in the light of existing knowledge, while greatly facilitating
regulation. Our expectation (Levenson is a former EPA project director)
would be far fewer Superfund sites, greater willingness to clean up the
remaining sites, and greater capacity to clean up at the stipulated levels.
LawyersO fees and waiting lists would decline precipitously, and
accomplishments would rise.

Cut the Gordian Knot: Reject Regulation Based
on Weak Causes and Weaker Effects

As theories and evidence against the validity and predictive value of animal
tests accumulate, as | am confident they will, a return to the traditional
safety-level rule-of-thumb approach will become much more politically fea-
sible. Nevertheless, given a choice, | would recommend a rejection of the
existing risk-assessment approach. While acknowledging the importance of
political feasibility, I would rather advocate the approach | believe best
enhances human (and, for that matter, animal) health and safety.

My objection to a return to the time-tested safety-factor method is that
it would be based, as Levenson stipulates, on rodent cancer tests, which I
believe to be worthless in predicting cancer in human beings (or, indeed,
other species). There is something wrong with recommending an invalid
method.

Instead, | propose that the government of the United States use its
resources and those in the private sector it regulates to enhance two
approaches that show promise of developing a knowledge-based policy of
cancer controld epidemiology and discovery of actual cancer-causing mech-
anisms in humans and other species.

LetOs take another look at the weaknesses of epidemiology. Studies of
human populations do not reveal possible harm from small doses of chemi-
cals even if they exist. This weakness could be diminished by putting
resources into doing larger studies and developing better statistics, but as
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long as regulatory action is conducted at terribly small risk levels, such as
one in a million, the weakness would remain. Over time, mechanistic under-
standing is the only way of distinguishing those small insults that are harm-
ful from those that the human body successfully defends against. What
should be done in the meantime?

I propose that small harms from small causes be ignored until we learn
how to identify them more reliably so that the harm done by generating so
many false positives is exceeded by the health gains from discovering true
positives. We do not give up much by ignoring small harms for two reasons:
one is that they are small (or epidemiology would pick them up); the other
is that there is no good reason, given the invalidity of animal studies, to
believe that the models actually pick up real dangers except by accident. In
fact, we are suffering those harms now, if they exist, because we do not know
their causes and, hence, are unable to take effective preventive measures. A
desire to prevent cancersd even more, a desire to show the public that their
government is trying to protect its citizens(d is not the same as actually
providing protection. The pretense of protection, however, is expensive not
only in its loss of money but in its loss of the very health and safety it is sup-
posed to defend. I will not be a party to a method of risk assessment and
regulation that makes people sicker in the name of keeping them healthier,
and that is exactly what is happening.

The other shortcoming of epidemiology is that it takes a long time,
because the latency periods of cancers may be decades long. True, but not, |
think, conclusive. A long time is a long time; if a disease takes so long, it
cannot be striking people down at early ages, because the evidence would
already have shown up. We could argue over whether preventing deaths
when people are already quite old should be part of governmental policy.
There is no need to do that, however, because short-term harms perpetrated
by preventive measures are palpable, while long-term gains, in the absence
of knowledge about cancer causation, are dubious.

While the long-latency-period argument is cogent for occupational
exposures, it has much less force for the general citizenry exposed only to
intermittent small doses. For the population at large, moreover, shorter-
term evidence from epidemiological studies has value in that if workers
exposed to comparatively large doses, even for only a few years or a decade,
show no ill results, the probability that small and sporadic exposures would
be harmful is low. In the same way, when we learn that symptoms decline or
disappear when doses are reduced, this dose-response relationship gives us a
pretty good idea that we can identify the cause.

Perfection is not for this world. People in industrial democracies, | am
arguing, should accept the modest imperfections they know of while striving
to do better, rather than the imperfections they can hardly imagine from
utterly invalid animal tests.

My advice is to cut the Gordian knot of chemical regulation by requir-
ing a standard parallel to that set for medical drugs; where evidence of effi-
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cacy in promoting health is properly demanded of medical drugs, so should
evidence of harm to health be demanded for regulation of chemicals. Unless
and until the existing reversal of causality (negative evidence that a chemical
does no harm) is replaced by the straight standardd evidence of
harmO regulation will continue to harm health in the name of protecting it.

It is not this or that lack of scientific knowledge that lies at the heart of
our difficulties in protecting public health against harmful doses of chemi-
cals. Nor is it the inevitable disagreements that are characteristic of science
until the rare occasions when strong knowledge exists and is widely
accepted. Rather, it is the demand of negative proof in regard to weak causes
of minuscule effects that expands disagreements. If proof positive were
required, and de minimus dangers ignored, existing knowledge would be far
more adequate to the task.
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