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Abstract

Chronic bioassays for over 500 chemicals have been conducted under the auspices of the National Cancer Institute and/or the
National Toxicology Program (NTP) to screen chemicals for carcinogenicity, providing a wealth of information about bioassays.
Typically, chemicals are administered for two years to both sexes in each of one strain of rats and mice generally at the maximum
tolerated dose (MTD), MTD/2, MTD/4 (in recent years), as well as unexposed control animals. In an attempt to ascertain the sen-
sitivity of this bioassay to detect animal carcinogens tested at the MTD for the current experimental design, the false negative rate
(failure to detect increased tumor rates) was investigated. This was accomplished by examining the tumor incidences from over
150 NTP bioassays and estimating the probability that a statistically significant (P 6 0.01) dose–response trend would be obtained
at one or more tissue sites in either sex of rats or mice if 200, rather than 50, animals were used per dose group. This provides an
estimate of the proportion of chemicals that were not declared high-dose animal carcinogens due to the limited sample size of 50 ani-
mals per species–sex–dose group. In this series of chemicals tested, 97/156 (62%) were identified by the NTP to show some or clear
evidence of carcinogenicity. With an increase of the number of animals per dose group from 50 to 200, it is estimated that 92% of these
chemicals would show statistically significant (P 6 0.01) dose–response trends at one or more tissue sites in either sex of rats or mice.
Many of these chemicals are not genotoxic. Some chemicals had no structural alerts for carcinogenicity, but were tested because of
potentially high human exposure. This analysis suggests that almost all of the chemicals selected would produce a statistically signif-
icant increase in tumor incidence at theMTDwith larger sample sizes. Hence, this MTD bioassay screen is not distinguishing between
true carcinogens and non-carcinogens. Rather, the screen is simply failing to detect the weaker carcinogens at the MTD. More than
30% of chemicals tested failed to detect statistically significant dose–response trends for tumors because of inadequate sample sizes of
50 animals per dose. Presumably, little or no action would have been taken to regulate exposures to these chemicals as potential car-
cinogens due to lack of a positive test result. This analysis does not suggest that most chemicals are carcinogenic at human exposure
levels nor does it suggest that more than 50 animals should be tested per dose group. With anMTD that may produce a difference (up
to 10%) in weight gain between treated and control animals, there quite possibly is cytotoxicity at theMTD. Increased carcinogenicity
would be expected from increased opportunities for mutagenic activity during regenerative cell replication to compensate for cyto-
toxicity. Since it appears that almost all chemicals tested adequately at the MTD will demonstrate carcinogenicity, it is tempting to
surmise that this is due in large part to one or more nearly universal modes of action, such as, regenerative cell replication at theMTD
rather than due to some unique carcinogenic property of a chemical. That is, the current bioassay possibly is just primarily a screen for
the more potent cytotoxins at the MTD, rather than a screen specifically for carcinogenicity. This issue should be examined and sug-
gests that cytotoxicity and cell proliferation should be considered in setting theMTD, particularly for non-genotoxic (non-DNA reac-
tive) chemicals. From a public health view, it is prudent to assume that most chemicals could demonstrate increased tumor incidence
rates at the MTD in rodents. The current standard NTP bioassay provides sufficient data to estimate a benchmark dose associated
with a specified low tumor incidence to be used as a point-of-departure for cancer risk assessments. The question that should be inves-
tigated by a bioassay is not whether a chemical is a carcinogen at theMTD, but what is the relationship between dose and cytotoxicity
and/or other modes of action that could produce an excess of tumors?
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1. Introduction

One purpose of US National Toxicology Program
(NTP) chronic bioassay testing program is to evaluate
chemicals for carcinogenic activity. Chemicals are gener-
ally administered for two years following weaning in
both sexes of rats and mice. Usually 50 animals per
group are tested at the maximum tolerated dose
(MTD), MTD/2, MTD/4 (in recent years), and unex-
posed control animals. This test was devised to have rea-
sonable power to detect moderate increases in tumor
incidence at high doses without using an inordinately
large number of test animals. Over 500 chemicals have
now been tested under the auspices of the NTP, provid-
ing a wealth of information on chronic bioassays.

Because of the large number of tissue sites examined,
some with background tumor incidence rates high en-
ough to produce spurious higher rates in dosed animals
due to inherent chance experimental variation, there is
concern about the false positive rate for chemicals tested
in the standard NTP bioassay (Fears et al., 1977). Hase-
man (1983) indicated that the NTP tended to use a sta-
tistical significance level of P 6 0.05 for rare tumors
(historical background rates of less than 1–2%) and re-
quired P 6 0.01 for more common tumors. Using these
rules, Haseman (1983) calculated the false positive rate
for carcinogenicity to be about 8% for the NTP bioas-
say. This appears to be a reasonable level.

Haseman (1983) acknowledges that although his pa-
per deals primarily with false positives, examination of
the statistical properties of the standard bioassay would
be incomplete without consideration of the false nega-
tive rate. Haseman (1984) provides a table that shows
the false negative rate to be 30% for a chemical that in-
duces a rare tumor in 13% of animals at the high dose.
For a chemical that doubles the tumor incidence for a
common tumor from 30% in the controls to 60% at
the high dose, the false negative rate is also 30%. The
false negative rate would be even higher for chemical
carcinogens producing fewer tumors. Fears et al.
(1977) show that 5-fold increases in rare tumors are
not likely to be detected. Crump et al. (1996) indicate
that there are more liver carcinogens than are detected
by the NTP bioassay. In an overview of NTP results,
Huff and Haseman (1991) state that: ‘‘unfortunately, lit-
tle is known about the false negative rate, which is of
more importance to public health.’’ Haseman and Elwell
(1996) state that it is difficult to assess false negative
rates because of the limited sensitivity of the NTP bioas-
say to detect subtle carcinogenic effects.

The primary purpose of this paper is to estimate the
statistical false negative rate for carcinogenicity based
on a retrospective analysis of tumor incidence rates
observed in a series of standard NTP 2-year chronic
rodent bioassays and an evaluation of the effect of using
a sample size of 50 animals per group at the MTD.
From the wealth of information provided by the NTP
tests, the following questions can be addressed: (1)
should the sample size be changed, (2) should the
MTD be re-defined, and (3) are chronic bioassays simi-
lar to the NTP test that are being conducted around the
world by government agencies, private industry, and
academic institutions telling us what we need to know
about chemical carcinogenicity? Several authors have
suggested that testing chemicals at high doses produces
cytotoxicity that results in regenerative cell replication
that provides additional opportunities for cancerous
mutagenic events to occur (e.g., Ames and Gold,
1990a,b; Clayson et al., 1989; Cohen and Ellwein,
1990; Conolly and Lutz, 2004; Counts and Goodman,
1995; Lutz, 1998; Schulte-Hermann et al., 1991).

2. Methods

A false negative decision about the carcinogenicity of
a chemical occurs when the bioassay fails to produce a
statistically significant increased tumor incidence when
in fact the chemical truly causes an increase in the tumor
incidence at the doses tested. This is a statistical limita-
tion resulting from the number of animals (generally 50)
used per species–sex–dose group.

Using the estimate of the dose–response trend ob-
tained from past NTP studies for each specified tumor
type/tissue site in males or females of rats or mice and
the standard error of the trend, it is possible to estimate
the approximate probability (power) of detecting a sta-
tistically significant trend as a function of the sample
size. For example, the Cochran–Armitage dose–re-
sponse trend test (Armitage, 1971) is of the form

Z ¼ slope=ðstandard error of the slopeÞ;
where Z is a standard normal deviate with a standard
deviation of one. Suppose the test for a dose–response
trend produced a one-sided P value of 0.09, i.e.,
Z = 1.34, with 50 animals per dose group. Based strictly
on the statistical test, this would be considered lack of evi-
dence for carcinogenicity, i.e., categorized as non-carcin-
ogenic. However, if more animals had been used per dose
group, the standard error of the slope would have been
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