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Criteria for Human Risk Assessment: With Special
Emphasis on the Regulation of Potential Carcinogens

The most significant feature in the current regulation of
carcinogens and suspect carcinogens is the vast uncertainty in
the quantitative and qualitative assessment of potential carci-
nogenic hazards.

It is commonly accepted that negative results from animal,
in vitro or epidemiologic studies cannot be taken as proof of
safety. What is not commonly recognized is the logical exten-
sion of this uncertainty namely that current science cannot
define the lower levels of hazard either, beyond generic admo-
nitions of prudence.

There are two exceptions to these uncertainties. First, there
are epidemiologic studies where the attributable excess risk is
measurable, statistically significant, and reasonably unbiased
by confounding factors. Second, there is the rare bioassay
where an agent results in rapid and obvious carcinogenesis in
several species, at doses that reflect conditions of use and by
metabolic pathways suggestive of human correspondence.

This general uncertainty in cancer risk assessment is the
direct consequence of the recognized multifactorial origins of
cancer, and of the persisting obscurity about the metabolic,
biochemical and molecular events that cause the transforma-
tion of normal into cancerous cells.

A potential carcinogen entering an organism may or may not
be metabolically activated. If the agent and its active metabo-
lites escape excretion, they may reach susceptible target cells,
where they face membrane transport obstacles. Once within a
cell, they may be either inactivated or activated and they must
compete with other molecules for those receptor sites, genetic
or epigenetic. that eventually determine transformation to
neoplastic cells. The repair mechanism of the cell may reverse
this transformation. The transformation is inconsequential if it
is lethal and resulted in a dead cell.

If a viable neoplastic cell results, it may be neutralized by
humoral or cellular immune defenses, before cancer in situ
and eventual metastases are established.

At any point in this process, the effectiveness of the poten-
tial carcinogen depends on a variety of factors, among them
the species and genetic makeup of the animal, its diet, the
presence of drugs or other competing substances, disease
conditions, age, climate, circadian cycles, stress, noise, crowd-
ing, background radiation, and other possible disturbances.

Admittedly, current science cannot define the rates and
timing of specific interactions throughout this process. Because
of this mechanistic uncertainty, carcinogenesis can only be
teleologically defined: in other words we see only the end
result of the process, but are unable to identify intermediate
steps. While it may be legitimate to define the process of
carcinogqnesis in this fashion it would take a leap of faith to
use carcinogenic end results to define those agents that
increase the natural frequency of tumors in experimentally
exposed animals, or that shorten trie time for their appearance.
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In order to achieve experimental reproducibility, artful
devices have been adopted to increase the probability of posi-
tive carcinogenesis results, e.g. the selection of animals sensi-
tive to the agent being tested, and the use of maximum toler-
ated doses that produce chronic tissue damage or result in
quantitative or qualitative changes in metabolic profiles.

While such precautions may insure positive responses, they
do so by overwhelming the experimental system in directions
that bear no demonstrable relationship to natural multifacto-
rial conditions in man or animals. The argument, of course, is
made that these precautions are necessary to conservatively
mimic possible human response.

In fact, however, it is not scientifically possible to show that
such procedures result in evaluations that are either conserva-
tive or not. Moreover, the- role of science is to provide an
assessment of the most probable real occurrences and of their
confidence intervals, and should be blind to value judgments
of cultural value. The judgment of what constitutes conserva-
tive or liberal scenarios, acceptable risk and safety tolerances,
can only be reached in a societal context and is not in the scope
of scientific inquiry.

It is reasonable to conclude that assessment of human risk
approaches credibility only when the agent is examined under
conditions of actual human use or that reasonably approach
human use and metabolic handling. As suggested before,
these conditions are likely only to be met by well conducted
epidemiologic studies where a significant excess of attributa-
ble risk is not biased by uncontrollable confounding factors, or
perhaps in the case of animal tests where the agent results in
rapid carcinogenesis in several species, at doses and by
metabolic pathways that show reasonable similarities to
human conditions.

Another significant factor in the current context of regula-
tion of potential carcinogens, is the assumption — legally
sanctioned by the Delaney Clause for food additives and from
there extended in practice to other regulatory statutes — that
conditions of zero risk are reasonable goals of regulation and
public policy. While no one could argue that this is an ideal, in
reality risk is an inevitable condition of life. Life itself in all its
manifestations would be impossible without risk taking. The
only reasonable question is how much risk are we willing or
can we afford to take. The alternative would be paralyzing
panic, itself full of potential and inevitable risks.

Thus, we must reach a definition of tolerable risk; and it
would be reasonable to propose that such risk is that which
cannot be measured epidemiologically. Such definition is not
only logical but it is also imposed by reality, as we blindly must
accept all those risks that are unknown. In fact, we accept as
tolerable, risks such as car driving, excessive drinking, eating
and smoking, dangerous occupations, competitive sports and
the like.

Under the circumstances, the enunciation of a standard for
tolerable risk probably has no more than a philosophical mean-
ing of intent, because real life decisions appear determined not
by ideals, but rather by our personal perceptions of value and
need. On a social or group basis these perceptions are the real
determinants of regulation. The logical dilemmas created by

Fundam. Appl. Toxicol. (1) May/June, 1981


