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Chemicals and Cancer in Humans: First
Evidence in Experimental Animals

by James Huff'

Certain human diseases have been traced to exposure to environmental and occupational chemicals. In many instances
the first evidence of potential adverse effects came from experimental studies and were subsequently discovered in humans,
Associations of buman cancers, as a diverse group of diseases, and chemicals have been made since the middle 1700s. Since
then, nearly 100 chemicals, mixtures of chemicals, or exposure circumstances are now recognized as being or strongly im-
plicated as being carcinogenic to humans. Of the less than 1000 agents evaluated adequately for carcinogenicity in laboratory
animals, a varying spectrum of data from studies on humans are available for only about 20-25%. So far, more than 60
agents are linked unequivocally as causing cancer in humans, and another 50 or so are strongly suspected of being car-
cinogenic to humans. Not all of these have been or can be evaluated in animals because some are industrial processes or
‘‘occupations,” some are environmental and cultural risk factors, and some are mixtures of agents. For those that can be
studied experimentally, the qualitative concordance between humans and animals approaches unity, and in every case
there is at least one common organ site of cancer in both species. The evidence of carcinogenicity in experimental animals
preceded that observed in humans for nearly 30 agents and is the subject of this paper.

A risk can be imagined or it can be real; it can be immediate or distant.
There are risks that an individual can control, and those over which he
or she has no power, There are risks that have already resulted from past
exposures and there are those that are predicted from exposures which
have not taken place. Sensitivity to these distinctions is crucial not only
for assessing and managing risks, but also for diagnosing and treating

disease. [Rall, 1981 {/)]*

Chemicals cause cancer. Some cause cancer in experimental
animals. Certain chemicals canse cancer in humans. Fortunately,
not all chemicals are considered either potentially carcinogenic
to humans (2-4) or to animals (5-9), and the proportion of
chemicals eventually identified to cause cancer in experimental
animals is forecast to be relatively low (/0). Occupationally
associated cancers will continue to be discovered long into the
future (/1,12). Those chemicals identified as being causally
associated with cancers in humans have all been shown to pro-
duce cancer in laboratory animals; in every instance atleast one
site of cancer was common to both mammalian species (13-15).
This knowledge together with patent similarities in mechanisms
of carcinogenesis across species (/6-19) led to the scientific logic
that chemicals shown clearly to be carcinogenic in animals
(13-15,20,21) should be considered as being likely to present
cancer risks to humans (2,4).

.. .experimental evidence. . . [indicates]. .. that there are more
physiologic, biochemical, and metabolic similarities between laboratory
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*Ax my paper and this volume of EHP are dedicated to David Rall, I have aken
the opportunity o reread many of his papers and have selected quotations from
his works to emphasize the breadth and freshness of his vision, as well as to
strengthen and complement the theme of my paper.

animals and humans than there are differences. These similarities increase
the probability that results observed in a laboratory setting will predict
sirnilar results for humans, Clearly the accumulated experience in the field
of carcinogenesis supports this concept.

[Rall et al., 1987 (21}]

For those chemicals, mixtures of chemicals, or undefined cir-
cumstances to which humans are exposed to known or potential
health hazards such as carcinogens, the hallmark public health
issue centers on what level of exposure, if any, will present no or
little carcinogenic risks to the individuals or populations in un-
protected or uniform conditions (22-26}. Obviously, if humans
are not exposed to a chemical carcinogen, then the expectation
that that chemical will be a carcinogenic hazard to humans must
be recognized as not being readily possible. Yet, even this ap-
parent comfort might be short-lived because other laboratory
chemical curiosities or industrial intermediates have had or do
exhibit widespread human exposure: examples are vinyl chloride
(27-30), methyl isocyanate (3]), tetrachlorodibenzo-p-dioxin
(32,33), and 1,3-butadiene (34,35). Further, the concept of “safe”
exposure levels to carcinogens accepts the erroneous concept of
threshold (36).

If thresholds do exist and the regulatory decisions are based on a no-
threshold concept, there will be shori-term economic losses. If thresholds
do not exist and the regulatory decisions are based on thresholds, then
there will be fewer short-term economic losses, but we would face a future
of damaged somatic and germinal DNA and an increased incidence of
neoplastic {and other) diseases.

[Rall, 1978 (37)]

In this paper, chemicals are identified that were first shown to
cause cancer in laboratory animals and were only subsequent-
ly found to be associated with cancers in humans. For each, the
epidemiological and experimental evidence are given to support
this conclusion (2—4,7,8).






