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FACTORS IN THE EVALUATION OF 200
NATIONAL CANCER INSTITUTE
CARCINOGEN BIOASSAYS
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In determining the carcinogenicity of a chemical tested in a National Cancer Institute
(NCI) bioassay, the following criteria are considered: (1) the adequacy of the bioassay
data, (2) the presence of significantly increased incidences of tumors, (3) the
adequacy of the number of animals at risk of developing tumors, (4) the adequacy of
the dose of chemical administered, (5) the etiology and pathogenesis of the lesions,
and (6) other factors that may influence an evaluation, such as a shortened latency
period for tumor formation in dosed animals or the stability of the chemical. A
decision tree for evaluating these factors is presented. A summary of the results of
200 NCI carcinogen bioassays is also reported. These procedures are presented in the
hope that they may sen-e as discussion points for future developments in the field.

INTRODUCTION

It has been estimated that many human cancers are caused by
chemical and environmental factors (Boyland, 1969; Higginson, 1972;
Doll, 1977, 1978). A number of methods have been used to determine the
potential health risk of chemicals to humans. These methods include
epidemiologic studies, animal experiments (carcinogen bioassays), and in
vitro studies. The most direct approach is to determine the effects of
chemicals on humans. However, the testing of chemicals in humans is
ethically unacceptable. After an accidental or unintentional exposure of
humans to chemicals there may be a latency period of 20-30 yr (Doll,
1971, 1978) before the appearance of any carcinogenic ‘»'feet, which
precludes an immediate epidemiologic evaluation. Although in vitro tests
show promise for the future, the carcinogen bioassay is presently the
standard method for determining potential carcinogenic risks to humans.
For more than 8 yr the National Cancer Institute (NCI) has been directing
such tests.
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appreciated. Dr. R. A. Griesemer provided additional insight into the subject matter.
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During this period, NCI has tested more than 200 chemicals iﬁ fe

carcinogen bioassays with two species of rodents. The vast majority of the et
_results of these studies are published in the NCI carcinogenesis technical - st
report series. There have been more than 190 reports on 200 chemicals, - a
Because of the importance of these reports in assessing the potential u
health hazards to humans, we will discuss the general criteria used in
evaluating the carcinogenicity of a chemical tested in an NCI carcinogen s
bioassay. This paper represents the views of the authors and does not’ .
necessarily refiect the views of NCI. :

tl

MATERIALS AND METHODS
The NCI Carcinogen Bioassay

. In a typical NCI| chronic bioassay for carcinogenicity (Sontag et al,,
1976; Page, 1977), the test chemical is administered continuously for
18-24 mo to groups of 50 male and female (C57BL/6N X C3H/[HeN)
F1(B6C3F1) hybrid mice and for 20-24 mo to groups of 50 male and
female Fischer 344 rats. On past occasions, Osborne-Mendel and Sprague-
Dawley rats have also been used. The dosing period may be followed by a
3-6 mo observation period. Generally, for each species, strain, and sex
used there are a control group and two treated groups, one given the
maximum tolerated dose (MTD), termed the high-dose group, and the
other given half the MTD, termed the low-dose group. The MTD is taken

“the highest dose that causes no more than a 10% weight decrement, as
compared' to the appropriate control groups, and does not produce
mortality, clinical signs of toxicity, or pathologic lesions (other than those
that may be related to a neoplastic response) that would be predicted to
shorten the animal’s natural life span” (Sontag et al., 1976}, as determined
from the subchronic study. This dose is used to increase the sensitivity of
the test by giving the animals as large a dose as possible, consistent with
longevity. During the study, the animals that die are necropsied. At the
end of the observation period, all surviving animals are sacrificed and
necropsied. Diagnoses of lesions in any of the 25-30 tissues (Sontag et al.,
1976) taken from each animal are made by pathologists by mlcroscoprc
examination.

General Evaluation of the Bioassay

For the purpose of evaluation, an NCI carcinogen bioassay can be
divided into four separate experiments. Each involves the high-dose,
low-dose, and control groups of a species, strain, and sex. Thus there is an
experiment on the male mice, the female mice, the male rats, and the
female rats. Correspondingly, the carcinogenicity of a chemical is assessed
for each experiment with a species, strain, and sex.

+ For each experiment, one of four possible conclusions can be drawn
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for a species, strain, and sex: (1) the compound is carcinogenic, (2) the
compound is a suspected carcinogen, (3) the compound has not been
shown to be carcinogenic, or (4) the data are inadequate for further
analysis and do not permit a determination of the carcinogenicity of the
test chemical (inadequate test). ' .

Guidelines for evaluating an NCI carcinogen bioassay on a species,
strain, and sex are presented in Fig. 1.

Evaluating a Bioassay

One of the first steps in evaluating a bioassay is to determine whether
the data are adequate for analysis and reporting. Irregularities in the

Are the bioassay data adeguate for NO [IHADEQUATE BIQASSAY
analysis and reporting? e.g., =
* Tumor incidence in
' eontrols normal?
¥ Low autolysis rate? .
¢ Histopathology ‘
satisfactory?
YES
Any chemically induced tumors? YES Any complicating *
® At least one significant factora? e.g., N0
lncrease in the incidence % Supvival inadeqg. =
of tumors in the dosed in controls?
group? * Chemical
unstable during
bioassay?
NO 1ES

At least one marginally

|_suspecrep carcinoge |
significant increase in .

. turer incidence? e.g.,
* Effect only in low
dose?
* Proliferative lesions YES Any complicating factors? e.g.,
leading to neoplasms? * Poor survival in controls?
* Rare tumor in low
incidence?
YES BO
. NO : {1vanequate Broassay] [suseecten
CARCINOGEN
Is experiment, that is not .
showing a positive eflect,
adeguate?

* Survival in entrls and
one or more dosed groups

is adequate? %o INADEQYATE BIOASSAY |
* Dose adequate (MTD)? NO NOT SHOWN TO BE CARCIKOGENIC
but animals could have received
a higher dose
YES

lNOf SHOWN TO BE CAHCiNDGENIEJ

FIGURE 1. Guidelines for evaluating an NCJ carcinogen bioassay.




. further evaluation meaningless. Two major causes of invalid bioassay data.
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experimental design or in the performance of the bioassay that bias the
tumor incidences in the controls andfor the dosed groups can make

are procedural and operational problems. The first problem occurs when
the tumor incidence in the control group is unusually high due to flaws in
the execution of the bioassay. For example, in the case of methiodal
sodium, an unusually high incidence of leukemia was found in the control
group as well as the dosed groups. These high. incidences were, or further
investigation, linked to the ip route of administration and/or the injection.
vehicle, not the chemical. Consequently, the bioassay was considered.
inadequate. The second problem occurs when the dosed animals have a:
high degree of autolysis, preventing histopathologic examination of the
tissues. Specifically, in the bioassay of imidazole mustard a large number *
of animals were autolyzed, so that from each group of 25 animals only 5§ -
to 10 animals could be evaluated. The data from this study were
considered inappropriate for further analysis and were not reported in the =
NCI technical report series. '

If the bioassay data are adequate for analysis, the next step is to
determine whether there are any chemically induced carcinogenic effects—
that is, whether there are significantly increased incidences of tumors in
the dosed groups as compared to the controls. This complex process
involves evaluations by pathologists, statisticians, and toxicologists and is
discussed later. -

If there is a significant effect, additional complicating factors may alter
the - final conclusion about a chemical. For example, if there is a survival
problem with the controls, the tumor incidences in the controls may be
artificially low, since they were not at risk of developing tumors for as
long a period as the dosed animals. In these cases, it may be appropriate
to compare the tumor incidences in the dosed groups with historical data
on laboratory controls with similar longevity, if other variables are similar.
This may change the nature of the evidence so that it supports, not a
carcinogenic effect, but only a suspected carcinogenic effect. Another
complicating factor is the stability or reactivity of the test chemical. For
example, during the bioassay of dicofol (NCI-TR-90, 1978), the chemical
changed from a solid to a liquid during storage. If such a change suggests
some type of decomposition, it would affect the conclusion’ drawn from
the bioassay data. In the case of dicofol, although the test substance pro-
duced hepatocellular carcinomas in 77% of the male mice, the substance was -~ '
considered a suspect carcinogen, rather than a carcinogen, because its
exact identity was not known. These examples show that even. though
there is a significant positive effect, complicating factors. may affect the
final conclusion on an experiment,

Even when there are no significant positive effects, there may be
evidence suggestive of a‘carcinogenic effect. For example, there may be no
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statistically significant tumors, but a progression of proliferative lesions
leading to a neoplasm may be seen in the dosed animals. In another case, a
rare tumor may be observed in several dosed animals. {n a third case, there
may be a positive effect in only the low-dose group while the survival in
all groups is similar. All these cases may lead to the_conclusion that the
test chemical is a suspected carcinogen, depending on the particular
circumstances.

If there are no positive or suggestive effects, then one must examine
the survival of the animals. A primary issue is the number of animals
at risk of developing a tumor relative to the number initially on test. The
basic concern is that a sufficient number of animals remain alive long
enough to be at risk of forming late-developing tumors. To .be considered
adequate, an experiment that has not shown a chemical to be carcino-
genic should have groups of animals with greater than 50% survival at 1 yr
(52 wk). For example, in the bioassay of methylchloroform (NCI-TR-3,
1977) no positive results were found. However, the survival in most groups
was poor. Of the Osborne-Mendel rats used, 32 of 50 (62%) low-dose
males, 36 of 50 (72%) high-dose males, 24 of 50 (48%) low-dose females,
and 21 of 50 (42%) high-dose females died within 1 yr after the start of
the study. Of the mice, 21 of 50 (42%) low-dose males, 25 of -50 (50%)
high-dose males, 9 of 50 (18%) low-dose females, and 20 of \40 (40%)
high-dose females died within 1 year after the start of the study. Because
of this poor survival and the absence of positive results, the study was
considered inadequate for a determination of the carcinogenicity of the
chemical. On the other hand, if a study is positive, the survival criteria are
not applicable. For instances, in the dibromochloropropane (DBCP) study
(NCI-TR-28, 1978) the survival of the dosed mice was less than 50% at 1
yr, but the animals died from stomach tumors induced by DBCP. The
bioassay is adequate and the compound is carcinogenic in spite of the low
survival rate of the animals.

Another major concern with studies that show no significant positive
results is the adequacy of the administered dose. In NCI bioassays where
che objective is to determine whether a chemical is carcinogenic at the
MTD, the concern is whether the animals actually receive the MTD. In
these studies, a dose is considered adequate if there is a detectable weight
loss of up to 10% in a dosed group relative to the controls. For example,
the doses of chlorpropamide administered to Fischer 344 rats were
considered adequate since there was a 10% weight depression in the dosed
rats compared to the controls (NCI-TR-45, 1978). The administered dose
is also considered an MTD if the dosed animals exhibit clinical signs or
severe histopathologic toxic effects attributed to the chemical, so that
larger doses of the chemical may be inappropriate or life-threatening. An
example is the bioassay of photodieldrin (NCI-TR-17, 1977) in B6C3F1
mice and Osborne-Mendel rats. There was no depression of mean body




weights in the dosed animals compared to the controls, and there was no
effect of the chemical on mortality of the doséd animals. However, there-
were chemically induced clinical signs—convulsions and hyperexcitability—
in the dosed rats and male mice. Thus the dose administered to these
animals was considered adequate. In addition, doses are considered
adequate if the dosed animals show a slightly increased mortality com- -
pared to the controls. For example, in the bioassay of emetine (NCI-TR--

43, 1978), the male mice did not exhibit any significant tumor incidences, .-
clinical signs, or weight depression attributed to the chemical. However,
there was a decrease in survival in the animals fed 1.6 mgfkg (higher doses
led to greater mortality) relative to the controls. The median survival of
this dosed group was 72 wk, compared to 80 wk for the controls. This
difference in survival time was considered to indicate that a sufficient dose
had been administered. Finally, doses of chemicals given as 5% of the diet
are generally considered adequate (Sontag et al., 1976) whether or not
there are any chemically related effects, since larger doses may interfere
with the nutrition and survival of the dosed animals. The bioassay of
diarylanilide yeliow (NCI-TR-30, 1978) is a prime example. There were no
chemically related lesions, weight depression, mortality, or other adverse
effects, but the -doses. were considered adequate since the chemical was
administered as 5 and 2.5% of the diet.

Just as there is concern about administering an insufficient dose, there
is also concern that too large a dose may be given. Thus the toxicity of
the chemical may cause the dosed animals to die before they can develop
tumors. For example, when emetine (NCI-TR-43, 1978) was administered
to male mice at 6.4 and 3.2 mg/kg, almost all the animals died before the
end of the first year. Therefore a dose of 1.6 mg/kg was administered to a
third group of mice.

The operational and procedural parts of a bioassay are generally
evaluated by the toxicologists. Their evaluations are added to those of the
pathologists and statisticians in making the final evaluation of an experiment.

Interpretation by the Pathologists

A principal role of the pathologist is to decide whether there are any
chemically induced lesions. Before the tumor data are interpreted, the
histopathologic diagnoses are checked for proper protocols, data recording,
and consistency. All pathology reports are reviewed by a team of
pathologists, and discrepancies are resolved' before acceptance for any
further evaiuation (Ward et al., 1979). If the data are considered un-
evaluatable (i.e., incompléte) or uninterpretable, the experiment is termed
inadequate to determine the carcinogenicity of the compound. The
pathologists review the microscopic slides, make histopathologic diagnoses,
and document the findings. They inspect the tumor and nontumor
incidence tables and write up the interpretation of the findings. '

The pathologist’s conclusions are based on {1) a review of the

inc
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incidence of the lesions, (2) knowledge of the normal variation in the
incidence of the lesions, and (3) an opinion on whether the lesions are
induced by the chemical. The ‘latter is determined by answering several
questions:

1. Are the lesions morphologically different from naturally occurring
lesions?

2. Are the lesions rare in control animals? :

3. What are the pathogenesis and histogenesis of the lesions (e.g., are toxic
lesions, hyperplasias, dysplasias, adenomas, and carcinomas of a tissue
related)?

The histogenesis of a neoplastic lesion is its progression from its
nonneoplastic origin, often hyperplasia, to a metastatic cancer that kills
the animal. For example, the morphology and histogenesis of rat liver
tumors were reviewed by Squire and Levitt (1975). Beginning with foci of
cellular alteration (hyperplasia), the lesion progresses to neoplastic nodule,
to hepatocellular carcinoma, and eventually to metastatic carcinoma In
certain cases, the morphology of a chemically induced lesion can be
differentiated from that of a naturally occurring lesion, e.g., "induced”
squamous cell carcinoma of the lung as compared to the usual ‘‘spon-
taneous’’ alveolar-bronchiolar tumor. From these types of considerations,
the pathologist draws a conclusion about the significance of the tumors
seen in the experiment. For example, in the bioassay of captan in B6C3F1
mice (NCI-TR-15, 1978), there was no statistically significant increase in
duodenal tumors; the incidences were 1 in 43 of the low-dose and 3 in 46
of the high-dose male mice, and 0 in 49 of the low-dose and 3 in 48 of
the high-dose female mice. However, the pathologists felt that this rare
tumor was related to administration of the chemical. The chemical was
called a suspected carcinogen. Another study is in progress to confirm this
finding.

A major issue in determining the carcinogenicity of a compound is the
nature of the significant tumor types {Goodman et al., 1979; Ward et al.,
1979). If malignant tumors or a combination of malignant and benign
tumors are produced, then the compound is considered carcinogenic to the
animals. If the sighificant 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, depending on the nature of the
benign tumor. For example, 2,4-dinitrotoluene (NCI-TR-54, 1978) was
considered a suspected carcinogen since it induced only benign tumors
(fibromas of the skin and subcutaneous tissue in male Fischer 344 rats and
fibroadenomas of the mammary gland in females). Ideally, a distinction
should be made between truly benign tumors, which never progress to
malignancy, and tumors that are in a benign state according to histo-
pathologic criteria at .the time of diagnosis. Scientific judgments in this
area are limited by inability to predict the biological behavior of a lesion
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. on the basis of morphological criteria, but it appears that there are few, |f
: any, truly benign tumors in rodents. If this were true, all chemicals that
induce benign tumors would be termed carcinogens.

Statistical Analysis

A statistical analysis of tumor incidences is performed to determine
whether the proportion of dosed animals with a tumor is different from
the proportion of tumor-bearing animals in the controls. Accordingly, the
incidence of neoplastic lesions is expressed as the ratio of thé number of
animals bearing such lesions at a specific anatomic site to the number of
animals in which that site was examined. For example, if 50 animals were
necropsied but only 49 liver tissues were examined, the denominator for
the proportion with liver tumors, such as hepatocellular carcinomas, is 49,
However, when gross examination was required to detect lesions for
histological examination (e.g., skin or mammary gland) or when lesions
could have appeared at multiple sites (e.g., lymphomas), the denominator
is the number of animals necropsied. .

In almost all NCI bioassays, there are no serial sacrifices (no ammals
are killed at predetermined intervals before the termination of the
bioassay), so that the reported “time to tumor” is the time of death of
the animal with the tumor, i.e., the time to the detection of the tumor. If
the tumor is life-threatening, then the time of death may be a good
approximation for the time of tumor appearance. This is the case for
‘leukemias and lymphomas, gastrointestinal ‘cancers that lead to peritoneal
metastases, and upper respiratory tract tumors that are associated with
asphyxiation or pneumonia. In addition, if the tumors are observable and
the time of their appearance is recorded, as for neoplasms of the skin or
mammary gland, then the time to tumor appearance can be obtained. On
the other hand, tumors that are not immediately life-threatening are
generally detected at terminal sacrifice or at the death of the animal if the
chemical is toxic.

The tumor incidences and time of death of each animal are used in
analyzing the significance of tumor incidences. The basic statistics associ-
ated with the analysis of these ratios are presented here; a full discussion
of the statistical methodology for analyzing bloassav data has been
presented elsewhere (Gart et al., 1979).

Tumor incidences can be analyzed by the one-tailed Fisher exact test
(Cox, 1970), which is used to compare the tumor incidence of a control
group to that of a group of dosed animals at a given dose level. When the
control is compared to k dosed groups pairwise, a correction to ensure an
overall significance level of 0.05 is made. The Bonferroni inequality
(Miller, 1966) requires that the p value for any comparison be less than or

. equal to 0.05/k to be significant at an overall levei of 0.05, where kK =2 in

most cases.
Tumor ratios can also be analyzed by the Cochran-Armitage test for a .
S S RS
P -;’-(“,"\'!‘\' ‘%ﬁ;ﬁfi\ 3, 50! "?"
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\ ;
linear trend in proportions with continuity correction (Thomas et al.,
1977). Under the assumption of a linear trend, this test determines
whether the slope of the dose-response curve is different from zero at the
one-tailed 0.05 leve! of significance. This method also provides a two-tailed
test of departure from linear trend. When time-to-tumor data are available,
life-table methods are also appropriate (Gart et al., 1979; Thomas et al.,
1977).

A scheme for the initial evaluation of these statistical tests is given In
Table 1. These evaluations are based on the assumption that there was
adequate and approximately equal survival in each group. The scheme is
based on observing how statistical results are finally resolved in the 200
NCI reports. It is presented as an empirical formulation and does not
necessarily reflect present or future evaluations. It is stressed that the
scheme may be useful as a preliminary evaluation of the statistical tests.
Discussions by the pathologists, toxicolegists, and statisticans are necessary
for a final evaluation.

Although these initial evaluations are, in general, independent of the
spontaneous tumor rate, there is a major exception. This is when the
low-dose comparison to controls is significant,. while the high-dose compar-
ison is not significant. If the tumor type is rare, there may be statistical
evidence for a2 chemically related effect. If the low-dose comparison is
highly significant, there may be limited evidence for ‘an efféct.” For
example, in the bioassay of lindane (NCI-TR-14, 1978), the only
significant result was hepatocellular carcinomas and neoplastic nodules in
male mice, with 5 in 49 of the pooled controls, 19 in 49 of the low-dose
animals, and 9 in 46 of the high-dose animals. The incidence in the
low-dose animals was statistically significant (p = 0.001); however, the
mean incidence of hepatocellular carcinomas and neoplastic nodules in
historical control animals at this laboratory was 23%, with spontaneous
incidences as high as 35-40%. Thus it was concluded that the results could
not be clearly associated with the chemical, and the substance was called a
suspected carcinogen.

The heavy reliance on statistical e..dence to support a positive effect
poses the problem of assessing the error rates associated with these
statistics. A recent report on error rates in bioassay results (Fears et al.,
1977) reaches a number of informative conclusions. A false positive resuit
can arise because the tumor incidence in the dosed group is greater than
that in the controls due to sampling variations in the spontaneous tumor
incidence rate and not to the chemical. In effect, a false positive result
occurs because the dosed group has a random tumor incidence that is
statistically significant. A rare tumor has less chance of occurring than a
common tumor and therefore has less chance of causing a false positive.
Accordingly, the chance of a false positive result occurring is highly
dependent on the spontaneous tumor incidence rate. In general, tissue sites
with spontaneous tumor rate above 5% have considerably higher chances
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TABLE 1. Initial Evaluations of the Statistical Tests

Statistical,

Cochran-Armitage(1) Fisher exact(2) Fisher exact(2) Conclusion(3)

<1% 1-5%
.llnear trend low-dose comnp. high-dose camp. Si Si HSi Si
+ * + ‘P P P P
+ + - P - L -
+ - + P P P P
- + + P P P P
+ - - -t6)- - -
- +* - P - L‘ -
- - + P P P P
- . - - -(4)- -~ -

P = May be positive statistical evidenece for carcinogenicity

r~
"

May be limited statistical evidenece for carcinogenicity

- = MKay be Insufficient statistical evidence For carcinogenicity

(1} In the linear trend, "—" indicates non-significant result or
significant result with a significant Jeparture statistic.

(2) For the Fisher exact test, ™" means test is not significant.

{3) <1%Z = tumor types wuwith <1% spontaneous tumors; 1-5% = tumor types
with 1-5% spontaneous tumars; other = tumor types >5% spontaneovus
tumors. Si= significant result: .00! < P < .025 ; HSi = highly
significant resull P <.001,

(4} May be significant i¥ the tumorvtype is rare and tﬁé “binomial

probability is significant, see text.

of generating false positives. The spontaneous primary tumor' rates for
untreated animals used in the NCI testing program, which are given in
- Table 2, show that there are only one to five sites with an incidence at
least this high. For determining the overall false positive rate, Gart et al.
(1979) proposed the formula 1— (1 —p)f, where t is the number of
target sites with spontaneous rates above 5% and p is the nominal
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TABLE 2. Percent Spontancous Primary Tumors in Untreated Species Used at NC) for Carcinogen Bioassays

SPECIES! MOUSE RAT RAT RAT .

STRAIN! BSC3F1 FISCRER 344 05B~MNDL SPR.~DAW. _ CHAR. RIV. CD
SEX: MALE FEMALE MALE FEMALE MALE FEMALE MALE FEMALE  MALE  FEMALE
HUMBER MECROPSIED (1) 3543 3617 2960 2924 270 270 440 205 184 184
ORGANZTISS0E

BRAIN <. 1% L% 82 6% ey % 5% 2.7% 18X
SKIN 1 12 7.8 3.2 8.9 5.9 3.2 3.6 7.1 33
MAMMARY GLAND == 1.3 1572009 3.7 2.5 1.4 39.0 .5 45.1
CIRCULATORY SYSTEM (2} 2.9 2.4 7 401 2l —— - 2.2 ---
LUNG/BRONCHI/TRACHEA 13.7 5.2 3.0 1.9 1.5 .7 - - 1.6 1.6
LIVER 24.6 4.7 z.2 1.3 1.0 109 2 .5 s 2.2
PANCREAS <1 < 2 == ——— == - - -—- -
STOMACH NN 3.2 - .4 —e- s --- .5
INTESTINES (3) .5 .2 6.3 4.4 2 = - .5
KIDNEY' 3 <t 5 .2 3.3 2.6 == 1.0 1.6 ==
URINARY BLADDER <1 <. 1.3 R 2 - 5 =
PREPUTIAL GLAND (4) ===  woua 2.4 1.3 e 1.2 =—— - - e
TESTES (5). .4 NA 82.3 WA 7 NA 2.0 NA

OVARY HA .9 HA .4 NA 1.5 T

UTERUS KA 1.6 NA 17.0 HA 3.7 NA 4.4

PITUITARY R Y 14.7 3409 7.4 20.0 5.9 40.0

ADRENAL 1.5 6 12,6 5.2 10.4 10.0 72.9

THYROID 1o 1.7 3.2 4.8 9.6 111 9 2.

PANCREATIC ISLETS G .2 3.9 .8 3.0 1.9 .5 .5

BODY CAVITIES - 4.3 2.6 .64 1.9 .4 50 L9
LEUKEMIA/LYMPHOMA 10,3 20.6 19.9 13.4 5.3 1.8 4.8 0.5

(1) STUDIES TERMIMATED AT 21-25 MOMTHS FOR MICE AND 23-25 MONTHS FOR RATS.
£2) HEMANGIOMA AHD HEMANGIOSARCOMA. .

(3) DUODENUM, JEJUNM, ILEUM, CEDUM AND COLON.

(4) CLITORAL GLAND TH FEMALES.

(53 SEMINAL VISICLE AND TESTIS.
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significance level. If there are 50 animals in the control and dosed groups
and the Fisher exact test ylelds a p of 0.028 for 5 dosed animals with a
tumor compared to zero in the controls, the false positive rate for female
F344 rats is less than 0.134 (Gart et al., 1979).

A possible false positive is characterized by several features. The
bioassay of the four experiments has a statistically significant result in
only one species, strain, and sex. More specifically, the p value of the
resuit is in the range 0.005-0.05 and the tumor type has a spontaneous
rate above 5%. On the other hand, a statistically significant result in a
h species, strain, and sex may be considered an effect of the chemical if the
. tumor type is rare, the incidence in the dosed group is much higher than

iy the spontaneous incidence, or the significance of the tumor is confirmed
in the opposite sex or a different species.

As stated earlier, the scheme in Table 1 may be useful for initial
evaluations. Discussions by the pathologists, toxicologists, and statisticians
will determine the final conclusion. Under certain circumstances, the
pathologist has indicated that an incidence of a rare tumor is significant,
but this result cannot be verified by the statistical methods discussed due
to the small sample size. To quantify the assertion made by the
pathologist, one can calculate the binomial probability that the observed
number or a greater number of tumors will occur (Fears et al., 1977). If
one assumes that the tumor incidence is binomially distributed, the
probability of obtaining R tumor in N animals is given by’

e

L

el

N

= 3 ()era-or
iI=R \/

et

i

where p is the laboratory historical tumor incidence. When this probability
was less than 0.001, it was used to indicate that a substance may be a
suspected carcinogen in the particular species, strain, and sex.
In other circumstances, the pathologist may indicate that certain types of
of tumors for a particular species, strain, and sex may have spontaneous
incidences that are so high and variable that the use of these tumors as =
end points is difficult. In these cases, statistically significant results may be
nullified. For an extensive discussion of the variability of common
naturally occurring lesions, see Tarone et al. {1981). Two examples in
F344 rats are interstitial cell tumors of the testes in males, which have an
incidence range of 70-100%, and pituitary chromophobe adenomas in
females, which have an incidence range of 30-50%.
In certain other circumstances, discussions between the scientists may oo
indicate that statistically significant results are not meaningful since the
incidences in the dosed groups are not above the normal range of
incidences in controls in this laboratory. Results that are statistically
significant would then be interpreted as not important. This was the case
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in the bioassay of malathion (NCI-TR-24, 1978) in male mice. There was a
significant dose-relatéd trend in the incidence of hepatocellular carcinomas,
with 5 in 49, 7 in 48, and 11 in 50 of the control, low-dose, and
high-dose animals, respectively. However, several control groups from the
same laboratory had incidences of 35-40%, which are comparable to the
incidences in the dosed male mice.

The principles described in the sections above were-used to evaluate
some 200 chemicals. Table 3 shows chemicals that were positive in both
sexes of both species; Table 4, chemicals that were positive in at least one
sex of both species; and Table 5, chemicals that were positive in one
species, In Table 6 the chemicals with suspected carcinogenic effects are
listed. Finally, chemicals not shown to be carcinogenic are listed in Table
7 and chemicals with inadequate bioassays are given in Table 8.

DISCUSSION

The purposes of this paper are threefold: (1) to explain some of the
factors involved in determining the carcinogenicity of a test chemical; (2)

to present. summary results for 200 chemicals recently evaluated by the

National Toxicology Program at NCI; (3) to explain the principles
underlying the bioassay procedures. The first two objectives have been
addressed, and the principles of testing will now be discussed.

The -appropriateness of carcinogen bioassays-is based on several char-

‘acteristics of carcinogenicity. (1) Almost all human chemical carcinogens

(except possibly As) are animal carcinogens. (2) It is ethically un-
acceptable to perform carcinogenicity tests on the human population. (3)
A number of human carcinogens were first detected as animal carcinogens,
i.e., vinyl chloride, Be, Cd, and diethylstilbestrol (DES). (4} Due to the
small groups of animals, usually 50-100, used in carcinogen bioassays
(designed to detect 5-10% tumor incidences in the dosed groups as
compared to none in the controls), the bioassays are relatively insensitive.
From these facts the following premises for carcinogen bioassays have
been developed. (1) Long-term effects of toxicity studies in animals are
applicable  to humans. (2) Due to the relative insensitivity of bioassays,
exposure. of experimental animals to high doses of toxic agents is a
necessary and valid method of assessing potential carcinogenic hazards in

“humans.

In the present analysis, the evaluation of the carcinogenicity of a
chemical is based on the following premises. (1) A carcinogen is any agent
that induces malignant or malignant and beénign tumors in a valid
carcinogen bioassay. {2) Any agent that induces only benign tumors in a
valid carcinogen bioassay may be a carcinogen or a suspected carcinogen,.
depending on the etiology and pathogenesis of the lesions. (3} The NCI
carcinogen bioassays (three groups of 50 animals per sex and species) are
relatively insensitive, since they are designed to detect levels of tumor
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TABLE 3. NCI Carcinogen Bioassays with Positive Evidence for Carcinogenicity in Both Sexes of Both Species Tested

HCI HO. CHEMICAL NAME REPORT ANIMAL ROUTE ORGAN SITES ‘RAT . MOUSE
CAS NUMBER STATUS STRAIN M F M F
C03043  3-Amino-9-~Ethylcarbazolo, Hydrochlorida  REPORY 93 Fl44 FEED "
132-32-1 B PUBL1SHED BECIFY LIVER, HEPATOCELLULAR YUMORS P PP
SKIN/SUBCUFANEOUS TISSUE P
ZYMBAL S GLAND P P
!; UTERUS NON-SARCOMA P
c03747 o-Anisidine Hydrochloride REPORT 89 F344 FEED
136-29-2 PUBLISHED BGC3F1 KIDREY P
BLADDER, URIMARY P P PP
L THYROID FOLLICULAR P
coot9d Chlardecone (Kepona) REPORY A 0SB-MDL FEED
143-50-0 PUBLISHED B6CIFI LIVER, HEPATGCELLULAR TUMORS P P P P
co3292 4-Chloro-o~Phanylenediamine REPORT 63 F344 FEED
95-83-0 PUBLISIIED BECIF1 BLADDER, URINARY PP
FORESTOMACH e P
LIVER, HEPATOCELLULAR TUMDRS PP
c02%32 p-Cresiding REPORY 142  FJ44 FEED '
120-71-8 PUBLISHED BHCIFS skgEEER. URINARY ; ; PP
) LIVER, HEPATODCELLULAR TUMORS P 4
c03258 Cupferron REPORT 100 F346 . FEED
135-20-6 PUDLISHED B6C3F1 HEMAHGIOSARCOMA P P P P
LIVER, HEPATOCELLULAR TUMORS P P P
FORESYTOMACH g P
ZYHMBAL S GLAND P P
HARDERIAN GLAND P
co1989 2.49-Disminganisole Sulfatw REPORT B84 F344 FEED .
39156-41-7 PUBLISHED B6C3F1 SXIN/SUBCUTANEQOUS TISSUE P
(615-05~49) THYROID FOLLYCULAR PP P P
. ZYHBAL S GLAND P P
. THYROID C-CELL P
' PREPUTTAL GLAHD i
C00500A Dibromochlorepropana REPORY 28 058-MDL  GAY
96-12-8 PUDLISHED BECIFY FORESTOMACH P P PP
MAMMARY GLAND P
€005224 1,2-Dibromoathana REPORT 3% U50-MDL  GAV v
106-93-4 PUBLISHED B6CIFI FORESTOMACH e P P
HEMAHGIOSARCOMA , P
LIVER, HEPATOCELLULAR TUMORS
LUNG ) P P
cgosn 1,2-Dichloroeth: na REPORY 55 D5B-MDL  GaAvV
107-06-2 PUBLISHED BGCIFY FORESTOMACH P
. HEMARGIOSARCOMA P
S TILACHA P
P

MAMMARY GLAHD
LUNG
UTERUS SARCOMA
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5% FILRCIA - r

MAMMARY GLAND - P [ ]
Lune PP
UTERUS SARCOMA P
EEREPAR LA IRUBL SR s -J,'\-;.»!-:.n:-..;» T T e L S
C036398B p~Dioxana REPDRT &¢ 0SB-MDL WATER
123-91-1 PUBLISHED B6C3IF1 HASAL R P
. LIVER, HEPATOCELLULAR TUMORS P P P
c01923 2-Methyl=1-nitroanthraquinona REPORT 29 F344 FEED
. 129=-15-7 PUBLISHED BGCIF 1 $Q FIBROMA PP
LIVER, HEPATOCELLULAR TUMORS P
FORESTOMACH 5
BLADDER, URIHARY - 5
HEMAHRGIOSAREOMA P P
cozoos Michlar's Katong REPORY 181 F344 FEED
90-94-8 PUBLISHED B6C3IF1 LIVER, HEPATOCELLULAR TUMORS P P P
. HEMAMGIOSARCOMA P
Cos61 Phenoxybanzamine Hydrochloride REPORY 72 SPR-DAKW IP/IJ
63-92-3 PUBLISHED B6C3IF1 PERITOMEAL SARCOMA P P P P
C013108 Procarbazine REPORT 19 SPR-DAW IP/IJ
366=-70-1 PUBLISHED B6C3IF1 . HASAL P P
b LYMPHOMA P P 5 §
MAMMARY GLAMD P
LUNG P P
. UTERUS HOH-SARCOMA P
con4ss Sulfallate REPORT 115 0SB-MDL FEED "’
95-06-7 PUBLISHED B6C3F1 FORESTOMACH P
N MAMMARY GLAND P P
a LUNG P.
co1707 4,4"'-Thiodianilina REPORT 47 F344 FEED
139-65-1 PUBLISHED B6C3F Y EIYER. HEPATOCELLULAR TUMORS ;
OLON
- THYROID FOLLICULAR i PP
ZYMBAL § GLAND PP
UTERUS HON-SARCOMA P
C01649 Thio-TEPA : REPORT 53 SPR=-DAN IP/IJ
52-24-4 FUBLISHED B6CIF1 SKIN/SUBCUTANEOUS TISSUE P P
HEMATOPOIETIC SYSTEM P PP
NASAL s S
* UTERUS HON-SARCOMA ’ H
co2335 o-Telvidine Hydrochloride REPORY 153 F344% FEED .
636~21~5 PUBLISHED B6C3FY SPLEHIC SARCOMA PP
' MESOTHEL I0MA P
L 5Q FIBROMA P
. - * BLADDCR, URINARY P
. ETAMMARY. GLAND P
HEMANGIODSARCOMA [
LIVER, HEPATOCELLULAR TUMORS P
£03270 Teris (2,3-Dibrumopropyl) Fheosphata REPORY 76 F344 FEED . -
126-72-7 PUBLISHED B&CIF1 KIDHEY [ P
LUNG P P
FORESTOMACH P P
LIVER, HEPATOCELLULAR TUMORS P
F346 = Fischer 344 rat: GAY = Gavage § = Sugqestive evidonce for cafcinoqeni:lty
0SB-MDL = Osborne Mendel rat IP/1J° = Intraperitoneal tnjection H = Nok shown to be carcinogenic
SPR~DAW = Sprague Dauley rat P - Positive evidenca for carcinogenicity 1 = Inadequate tost

»




TABLE 4, NCI Carcinogen Bioassays with Positive Evidence for Carcinogenicity In at Least One Sex of Both Species Tested

NCI HO, CHEMICAL MNAME . REPORT J\NI.HA'L ROUTE ORGAM SITES RAY MOUSE
CAS HUMBDER STATUS STRAIN M F M F
C01876 2-Aminganthraquinone REPORT 144 F344 FEED L}
117-79=3 PUBLISHED BOECIFY LIVER, HEPATOCELLULIAR TUMORS P P P
LYMPHOM P
cor90t 1-Amino=-2=-Mathylanthraquinone REPORT 111 Fi4% FEED :
82-28-0 PUBLISHED B6C3IF1 KIDNEY P ]
LIVER, HEPATOCELLULAR TUMORS P P P
co2636 Chloroform REPORT ] 05B-MDL  GAV
67-66-3 PUDLISHED BGC3F1 KIDNEY P
LIVER, HEPATOCELLULAR TUMORS p P
cp333s 3- (Chlorumothyl)l’vridino Hydrochloride REPORY 95 F344 GAV H
£959-48-4% PUBLISHED B6CIF? FORESTOMACH P PP
CD3305 4-Chlo n—m-Phenylenedlamine REPORT 85 F344 FEED . N
5131-60-2 - * PUBLISHED B6C3F1 ADRENAL MEDULLA P
LIVER, HEPATOCELLULAR TUMORS p
» €c02302 2,4-Diaminotoluena REPORT 162 F344 FEED ) N
= 95-80-7 PUBLISHED . B6C3IF! LIVER, HEPATOCELLULAR TUMORS P P F
@ 5¢ FIBROMA P
MAMMARY GLAND
LYMPHOMA -]
€01854 Hydrazobonzena REPORT 92 F34% FEED N
122-66-7 PUBLISHED B&CJIF1 LIVER, HEPATOCELLULAR TUMORS P P P
b ZYMBAL S GLAMND P
MAMMARY GLANRD P
c01627 ICRF-159 REPORY 78 SPR=DAM IP/IJ N N
21416-87-5 PUBLISHED DEC3F1t UTERUS HON-SARCOMA P
LYMPHOMA P
C01638  Isophosphamide ! REPORY 32  SPR-DAW IP/IJ N
3778=-73~2 PUDLISHED D6CIF1 LYMPHOMA 5 P
UTERUS NOH-SARCOMA P
MAMMARY GLAKD 5
co19%90 4'-Methvlnnc N.R Dimnthvl!!&unzun- REPdRT lss F364 FEED )
amino -61- PUBLISHE B6CIFY THYROID FOLLICULAR P P
L LIVER, HEPATOCELLULAR YUMORS 3 P .
colo21 1,5- Naphthalunudiamlnu REPORT 143 F344 FEED N
2263-62=1 PURLISHED B6C3IF1t CLITORAL GLAND P
s UTERUS SARCOMA P
THYROID FOLLICULAR L
LIVER, HEPATOCELLULAR TUMORS P
LUKG [
THYROID C-CELL p




RASACRE PV LI S PUBLISHED  BBCIF G?E'.‘GSDS’;SEE‘I'* - “
HYRQI _
(/ 3 [1vERs Epuocsuuun TUMORS ; _
N (UNG 4
v THYROID C-CELL N
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C03792 Hithiazlda REPORT 146 £344 FEED N
139-94-6 PUBLISHED B6CIF1 SKIN/SUBCUTANEQUS TISSUE 4
LIVER, HEPATOCELLULAR TUMORS 4
Co2746 Ritrilotriacetic Acld (NTA) REPORT ] F344 . FEED N N -
139-13-9 PUBLISHED B6C3IF1 BLADDER, URINARY 4 -
KIDNEY P
Co01967 5-Nitroacanaphthena REPORT %13 F344% FEED N
602=-87=9 PUBLISHED B&C3IF1 2YMBAL 5 GLAHD P P
LUNG P P
CLITORAL GLAND P
MAMMARY GLAND P
LIVER, HEPATOCELLULAR TUMORS P
. DVARY P
{a Co1934 5~Nitro-o-Anislidine REPORT 127 F344 FEED
ii’ﬂ 99-59-2 PUBLISHED B&C3F1 LIVER, HEPATOCELLULAR TUMORS S P
{3 SKIN/SUBCUTANEDOUS TISSUE P P
: ZYMBAL S GLAND PP
b o CLITORAL GLAND P
e -
1'?.{ C00420B MNitrofen R REPORT 26 0SB-MDL FEED I
'. 1836-75-5% PUBLISHED BSC3F1 PANCREAS ISLET-CEL P
; LIVER, HEPATOCELLULAR TUMORS P P
i HEMANGIOSARCOMA P
e B €02244  P-Nitrosodiphenylamina REPORT 190  F344 FEED N K
-~ 156-10-5 PUBLISHED BSC3FI LIVER, HEPATOCELLULAR TUMORS P P
coe72 Phenazopyridine Hydrechloride REPORT 99 F344 FEED . ‘N
136-40-3 PUBLISHED B6C3IF1 COLON P P
. LIVER, HEPATOCELLULAR TUMORS P
C01558 Phenesterin REPORT 60 SPR=DAW GAV N
3566-10~9 PUDLISHED B6CIF1 HAMMARY GLAMD P
LUNG P P
LYMPHOMA P P
‘ HEART SARCOMA . | .
C50157 Reserpine REPORT . Flag FEED L
50~-55-5 IH REVIEW B6C3F? ADREHAL MEDULLA P
SEMINAL VESICLE 5
X . MAMMARY GLAND 4
[R]
€02904% 2,4,6~Trichlorephenol REPORT _I5'5 E34% FEED ) N
88-06-2 PUBLISHED BECIFY HEMATOPOIETIC SYSTEM P
LIVER, HEPATOCELLULAR TUMORS P P
i i c02299  2,4,5-Trimethylaniline REPORT 160  F34% FEED N e
ii. 1372-17-7 PUBLISHED B6CIF1 LIVER, HEPATOCELLULAR TUMODRS PP P
t ) LUNG P
5 03781  Trimethylphosphate REPORT 81  F344 FEED KON,
> 512-56-1 PUBLISHED  B&C3F! " SQ_FIBROMA P -
45 UTERUS NON-SARCOMA ) P
3? F344 = Fischer 3449 rat GAY = Gavage S = Suqqestivo evidenca for carci.noqnnicitv
e 058-MDL = Osborne Mendel rat IP/1J = Intraperitoneal injection H = Not shown te be carcinegenic
;' 5PR~DAW = Spraque Dawley rat P = Positive evidence for carcinoqenicity I = Inadequate test
k
A7
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TABLE 5. NCI Carcinogen Bioassays with Positive Evidence for Carcinogenicity in Only One Species

NCI NO. CHCMICAL NAME REFQRT ANIMAL  RUUTE ORGAH SIVES
CAS HUMBER STATUS STRAIH
COt536  Acronyeine REPORT 49  SPR-DAW 1P/1J
7008-42-5 PUDLISHED B6CIFY DSTEOSARCOMA
PERITOHEAL SARCOMA
MAMMARY GLAND
C0004% Aldrin REPDRT 21 ODSB-MDL FEED )
309-00-2 PUDLISHED BGCIF 1 THYROID FOLLYICOLAR s
ADRENAL CORTEX 5
LIVER, HEPATOCELLULAR TUMORS
c01887 3-Amino~4~Ethoxyacetanilida REPORT 112 F3446 FEED
17026-81-2 PUDBL ISIED B4CIFY THYROID FOLLICULAR
C03963  4-Amino-2-Nitrophenol REPORT 964  F346 FEED
119~34-6 PUBLISHED B6CIF1 BLADDER, .URINARY
€03065 2-Amino~5-Nitrothiazole REPORT 53  F344 FEED
121-66=4 PUBLISHED BSCIFY HEMATOPOIEYTIC SYSTEM
€03736 Aniline Hydrochloride REPORT 130  F344 FEED -
162-04~1 PUBLISHED B6C3IF1 HEMANGIOSARCDMA P
MULTIPLE SITES, SARCOMA P
SPLENIC SARCOMA P
€01569 5-Azacytidine REPORT 42  SPR-DAW IP/IJ 1
320-67~-2 PUBLISHED B6C3IF1 HEMATOPOIEYIC SYSTEM
C02926  Azobenzenc REPORY 154  Fl44 FEED
103-33-3 PUBLISHED BSC3IFI ABDOMINAL CAVITY SARCOMA P
i MULTIPLE SITES, SARCOMA P
; O0STEOSARCOMA
C00077  Captan REPORT 15  0SB-MDL FEED
133-06-2 , PUBL ISHED DGCIF Y DPUODERUM
€00055 . Chlorombon REPORY 25 Q5B-MDL FEGD
133-90-4 PUDLISHED B6CIF I LIVER, HEPATOCELLULAR TUMORS
€00099 Chlordana REPORT 8  DSB-MDL FEED
57-74-9 ‘ PUBLISHED B6CIF1 FIBROUS HISTIOCYTOMA.
g THYROID FOLLICULAR
LIVER, HEPATOCELLULAR TUMORS
€00408A Chlorobenzilata REPORT 75  0SB3-MDL FEED !
. 510-15- PUBLISHED D6C3F1 LIVER, HEPATOCELLULAR TUMORS
€00102 Chlorothalenil REPORY 41  0SB-MDL FEED
1897-45-6 PUBLISHED B6C3IF1 KIDNEY
€02051  5~Chloro~o-Toluldine REPORT 187  F¥44 FEED '
95-79-4 PUBLISHED B6C3IF1 HEMANGIOSARCOMA .
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Chlorothalonil
897-45-%

3-Chloro-o~Toluldine
95-79-4

4-Chloro~o-Tolulidine Hydrechlorida
3165-93-3

c. ! Vat Yellow 4
128-66~5

m-Crasiding
102-50-1

Dapsone
30~08~0

p.p'-DDE
72-55-9

Diaminozide
1596~84~5

Dicofol
115-32-2

N;H'-Dinthvlthiouraa
105-55-5
3, 3'-Dimethoxybenz|dlnn-

Q'-Dllsocyanata
91 93-0

2)4=Dinitrotoluana
121=14=2

Direct Black 38
1937-37-7

Direct Blue 6
2602-46-2

Dircct Brown 95
1607 1-B6-6

Estradiol Mustard
22966-79-8

Ethyl Tellurac
30145-38-14

Heptachlor
76~66~8

REPORY 41

PUBLTT T
REPI Y4
PUBL e wrid

BTl

REPORT 165
PUBLISHED

REPORT 134
PUBLISHED

REPORT 105
PUBLISHED

REPQRY 20
PUBLISHED
REPORT 131
PUBLISHED

REPORT 83
PUBLISHED

REPORT 90
PUBLISHED -

REPORT 149
PUDLISHED

REPORT 128
PUBLISHED

REPORT 54
PUBLISHED

REPORT 108
PUBLISHED -

REPORT 104
PUDBLISHED

REPORT 108
PUBLISHED-

REPORT 519
PUBLISHED

REPORT 152
PUBLISHED

REPORT 9
PUBLISHED



SB-MDL ' FEED
fecsry KIDNEY P

4 FEED H o i
Beciet HEMANGIOSARCOMA PP

?
N TR Y A

IR e S R A LN et L T Ot
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A
R\ ki
LIVER, HEPATOCELLULAR TUMORS P P
F346 FEED N H
B6CIFS HEMANGIDSARCOMA P
F344 FEED NN
B&CIFL LYMPHOMA P
F344 GAV 1 N
B6C3F1 BLADDER, URINARY P P
Fl44 FEED ‘ N N K
B6CIFY SPLENIC SARCOMA P
PERITONEAL SARCOMA [
0SB-MDL FEED N N
B6C3F1 " LIVER, HEPATOCELLULAR TUMORS P
F344 FEED ]
B6C3IF1 UTERUS HOM~SARCOMA P
UTERUS SARGOMA P
LIVER, HEPATOCELLULAR TUMORS $
0SB-MDL  FEED H N N
B6C3F1 LIVER, HEPATOCELLULAR TUMORS ?
F344 FEED N B
B&CSF1 THYROID FOLLICULAR P P
F354 FEED 8 N
B6C3IFY LYMPHOMA P P -
ZYMBAL 5 GLAND P P
SKIN/SUBCUTANEOUS TISSUE P
UTERUS HOM-SARCOMA
F364 FEED N W
B6CIFI SKIN/SUDCUTAKEOUS TISSUE P
MAMMARY GLAKD P
F344 FEED ' NN
B6CIFI LIVER, HEPATOCELLULAR TUMORS PP
F344 FEED N H
BSCIF1 LIVER, HEPATOCELLULAR TUMORS PP
F344 FEED ] H W
B6CIFY LIVER, HEPATOCELLULAR TUMORS P
SPR-DAW GAV N
36CIFI LUNG P S
HEMANGIQSARCOMA P P
FORESTOMACH P P
LYMPIIONA PP
F344% FEED N
B6C3F1 MESOTHELIOMA s
HARDERIAN GLAND P s
05B-MDL FEED H N ’

B6C3IFI LIVER, HEPATOCELLULAR TUMORS P P




IR TABLE 5. NCL Carclnogen Bloassays with Positive Evidence for Carcinogenicity in Only One Specles (continued} B
e i
KCI NO. CHEMICAL NAME REPQRY ANIMAL  ROUTE ORGAN SITES RAT MOUSE
CAS HUMBLR STATUS STRAIN M F M F
C04604A Hexachloroethane REPORT 63 05B-MDL GAV H N
67-22~1 PUDLISHED BSCIFY LIVER, HEPATDCELLULAR TUMDRS P P
€01547  IFD REPORY 18  SPR-DAW IP/1J
34558-22-8 PUDLISHED BG6C3F1 *  PERITONEAL SARCOMA § S P P
c01473 Lasiocarpine REPORT 39 F344 FEED
303-34~4 PUBLISHED LIVER, HEPATOCELLULAR TUMQRS P P
LIVER, ANGIDSARCOMA. PP o
LYMPHOMA P
co1978 3*-Nitro-p-Acetophanetida REPORY 133 F364 FEED 4 H N
1777-84~0 PUBLISHED BGCIF1 LIVER, HEPATOCELLULAR YUMORS P
. €01912  g&-Hitrobenzimidazelae REPORY 117 FEED L 3
96-52=0 PUBLISHED LIVER, HEPATOCELLULAR YUMQRS PP hc
C00420A HNitrofan REPORY 184  F344 FEED N N
N 1836=75-5 PUBLISHED B6C3F1 LIVER, HEPATOCELLULAR TUHORS PP :
° €02222  2-Nitro-p-Phanylenediaming REPORT 169  F344 FEED H N th
5307-14=2 PUBLISHED BSC3IFI LIVER, HEPATOCELLULAR TUHORS 3
€03076 3-Nitroproplonic Acid REPORT 52  F34¢ GAV N N 3
504-88=1 PUBLISHED DECIF? LIVER, HEPATOCELLULAR TUMORS P . by,
PANCREAS ISLET-CELL s E
€823880  N-Nitrosodiphenylamina REPDRT 164  F344 FEED . H N ‘?
86=30-6 PUBL1SHED B6C3FY DLADDER, "URINARY PP -
5Q FIBROMA s 3
C018¢3  S-Nitro-o-Teluidino REPORT 107  F34% FEED NN . b
99-55-3 PUDLISHED BECIFY HEMANGIDSARCOMA P P H
N LIVER, HEPATOCELLULAR: TUMDRS PP I¢
€014454 NHTA Trisodium Salt.M20 REPORT &  F34% FEED . . }
12662-53-8 - PUBLISHED KIDNEY P P i
URETER P it
_ BLADDER, URINARY ) ‘s‘
c02824  Piperonyl Sulfoxide REPORT 124 F3644 FEED H N N e
120~62-7 PUBLISHED BECIFY LIVER, HEPATOCELLULAR TUMORS P
08126  Plvalolastens REPORT 140 F344 oAV NN b
1955=645-9 PUBLISHED B6C3F!? FORESTOMACH PP :
€0385¢ p-Quinonc Dioxima REPORT 179  F34% FEED N H N
105-11-3 PUDLISHED BOC3F1 BLADDER, URIMARY P




C03850  p-Quinone Dioxime ’ REPORT *=. F34% FEED H H oA
' 105-11-3 PUDLISH” - BBC3F1 BLADDER, .URINARY e

TR

¥

e R L e i

S T AR & ?""-"f AR
' 13
C03554 1,1,2,2-Tetrachloroethane REPORT 27 DS5B-MDL  GAV N H
79-34-5 PUDLISHED BG6CIF1 LIVER, HEPATOCELLULAR TUMORS P P
C04580A Tatrachloraoethylene REPORT 1) 05B-MDL  GAVY 1 1
127=18-4 . PUBL1ISHED BGC3IF1 LIVER, HEPATOCELLULAR TUMORS [
Co0168 Tetrachlorvinphos REPORT 33 QsB-MDL FEED H
961~11=5 PUBLISHED L4LC3F1 THYRDID C~-CELL 5
ADRENAL CORTEX 5 .
LIVER, HEPATOCELLULAR TUMORS P S
['RETA B-TGDR REPORT 57 SPR-DAL IP/IJ I 1
789-61-7 PUBLISHED B6C3F! ZYMBAL S GLAND S P .
co0259 Toxapheno REPORT 37 055-MDL  FEED
! 8003-35-2 PUBLISHED B&C3IF THYROID FOLLICULAR S S
. LIVER, HEPATOCELLULAR TUMORS P P
€0457% 1,1,2=-Trichloroethana REPOGRT 7% 0SD-MDL GAV H N
79-00-5 PUBLISHED B&C3F LIVER, HEPATOCELLULAR TUMORS P P
. ADREHAL S P
C04546A Trichloroethylene REPQORT 2 0SE-MDL  GAV H N
79-01-6 PUBLISHED B&C3FI LIVER, HEPATOCELLULAR TUMGORS P P
c00442 Trifluralin REPORT 34 0SB-MDL FEED N H N
1582-09-8 : PUBLISHED B6C3IF1 LIVER, HEPATOCELLULAR TUMORS P
] LUNG S
! hors FORESTOMACH s
1 co2186 Trimethylthiourea REPORT 129 F344 FEED . N N N
THYROID FOLLICULAR P

' 2489=77-2 PUBLISHED B6C3F1

F344 = Fischer 344 rat

058-MDL = Oshorna Mendel rat .

SPR-DAW = Sprague Daulay rat

GAV = Gavage

IP/1J = Intraperitonaal Injection

Positive evidence for carcinoganicity .

Suqgestive evidanco for carcinogenicity .

Hot shoun to bae carcinegenic ’
Inadequata tast
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. TABLE 6, NCI Carcinogen Bloassays with Evidence Suggrestive of a Carcinogenic Effect

CHTMICAL HAME
CAS NUMDER

HCI ROD.

REPORT
STATUS

AHIMAL
STRAIN

ROVUTE

ORGAN SITES

MOUSE
M F

c03247 Acctohexamide
. 268-81-0
C04615 Allyl Chloride
107-05-1
co3758 p-Anisidine Hydrochloride

20265-97-8

Co2664 Arochlor-1254%
273523-18-3
C00066  Azinphosmathyl
86-50-0
€0352t  1H-Benzotriazole
95=16=7
C03598 Butylated Hydroxytoluene (BHT)
N 128-37=0
N
C02039A p=Chlorpaniline

106-47-8

75-36-3

C00t13A Dichlorves
62=73-7
C04524 N,N°=Dicyclohexylthlourea

C03316 2-Chloro-p-Phenylenediamine Sulfato
61702-46-1 .
coo43st Clonitralid
1620-04-8
coz2023 Dibutyltln Diacotata
1067-33-0
€036678 2,7-Dichlorodibanzo-p=Dioxin (DCDD)
33857-26~0
04535 |.1-D;chéoronthana

‘t
REPORT 50
FUBLISHED

REPORT 73
PUBL [SHED

REPORT 116
PUBL1SHED

REPORY 38
PUBLISHED

REPORT 69
PUBLISHED

REPDRT 23
PUBLISHED

REPORT 150
PUBLISHED
REPORT 189
PUBLISHED
REPORT 113
PUBLISHED
REPORT 91
PUBLISHED
REPORT 183
PUBLISHED

REPORT 125
PUBLISHER

REPORT 66
PUBLISHED

REPORT 10
PUBLISHED

REPORT 56

F34h FEED
B6CIFY

0SB-MDL GAV
BGC3IF1

F344 FEED
B6CIFY

F344 FEED
0SB-MDL FEED
B6CIF1

F344 FEED
B6CIF1

Fla4 FEED
D5CIF1

Fl44 FEED
B6CIFI

F344 FEED
B6C3IF1
05B-MDL FEED
B6C3F1

Fl44 FEED
B&CIFI
058-MDL  FEED
B6CIF1
0SD-MDL GAY
B&C3IF1

0SB-MDL FEED
B6CIF

F3&4

LEUKEMIA

FORESTOMACH

PREPUTIAL GLAND

LIVER, HEPATOCELLULAR TUMORS
GASTROINTESTIHAL TRACT

THYRDID FOLLICULAR
PANCREAS ISLET-CELL

BRAIN
LUNG

LUNG

SPLENIC SARCOMA
HEMANGIOSARCOMA

BLADDER, URINARY

MAMMARY GLAND
FORESTOMACH

UTERUS NON-SARCOMA

LYMPHOMA
LIVER, HEPATOCELLULAR TUMORS
HEMANGIOSARCOMA

MAMMARY GLARD
HEMANGIDSARCOMA .
UTERUS NON-SARCOMA

ESOPHAGUS

we

e

Z woan



R 10
1 Dichlervos )
Co01134A < 62'73-1 P ’|HED

€04524¢  H)H'-Dicyclohaxylthioures REPORY 5

AN S oty g (AN 71 13
R *d%'!"-}s‘,g i £
St

7

1212-29~9 PUBLISHED
CoO0124A Dialdrin REPORT 21
60-57-1 PUBLISHED
co3o09 2+5-Dithichiurga REPORT 132
142-46-1 . PUBLISHED
co2868 p)p~Ethyl DDD (Parthanm) REPORT 156
72~56=0 PUBLISHED
Coas551 Fanthion REPORT 103
55-38-9 PUBLISHED
coo0226 Parathion REPORT 70
56-38-2 . PUBLISHED
coos5ss Phosphamidon REPORY 16
13173-27~§ PUBLISHED
COD237A Picloram REPORT 23
1918-02-1 PUBL ISHED
Co% 137 Proflavine REPDRT 5
. 952-23~8 PUBLISHED
] €02200  Styrane REPORT 185
w $00-42-5 PUBLISHED
: CRa475 TDE REPORT 134
By 72-54~8 PUBLISHED
psal .
P F344 = Fischer 344 rat
1es & 0SB-MDL < Osborne Mendel rat
zﬁ . SPR-DAW = Spraguae Dawley rat
Rk GAV = Gavage N

IP/1J = Intraperitoneal injection

Positive evidence far carcinogenicity .
Suggestive evidence for carcinoganicity ’
Hot shown to be carcinogenic

Inadequata test

nonoa
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UTERUS HON-SARCOMA 5

058-MDL  FEED H oW NSoT
BECIF) ESOPHAGUS s
F3a4 FEED R KB M
e L
B&C3IF? THYROID FOLLICULAR
D5B-MDL FEED N N N
B6C3F1 LIVER, HEPATDGCELLULAR TUMDRS 5
F344  FEED NN N )
B6C3IFS LIVER, HEPATOCELLULAR TUMORS S
Flag FEED N N N
B6C3IF1 LIVER, HEPATDCELLULAR TUMODRS
F3i64 FEED N N
B6C3IFL SXIN/SUBCUTANEOUS TISSUE
Q58-MOL FEED N N
BGCIFt ADRENAL CORTEX 5 5
0585-MDL FEED H N
BSCSF1 HEMANGIDSARCOMA 5

THYROID C~CELL S
053~-MDL FEED N N
B&CIF1 LIVER, HEPATOCELLULAR TUMODRS 5 S
F344 FEED 1 I
B6C3Ft GASTROINTESTINAL TRACT S

‘LIVER, HEPATOCELLULAR TUMORS
Fl4% GAV . N, N
B&C3IF1 LUNG S .
058-MDL  FEED N N N

BECIFI THYROID FOLLICULAR S
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TABLE 7. NCI Carcinogen Blioassays with No Significant Evidence for Carcinogenicity

REPORT

HCI HO. CHEMICAL NAME ANIMAL ROUTE ORGAN SITES
CAS HUMBER STATUS STRAIN
€0B8640 Aldicarb REPORT 136 F344 FECD
116-06-3 PUDLISHED B6CIF1
co3684 Anilazine REPORY 304 F344 FEED
101-05~3 PUBLISHED B6CIFI
t
ce1730 o-Anthranilic Acid REPORT 36 F344% FEED
118-92-3 PUBLISHED B6CIF!
€02697 Aspirin, Phenacatin, And Caffeoine REPORT 67 F3%4 FEED
8003-03-0 PUBL ISHED BOCIF1
c02937 Calcium Cyanamida REPORY 163 Fl44 FEED
156-62-27 PUBLISHED BEC3IFY
cp3s0s Carbromal REPORT 173 Fl44 FEED
77-65-6 PUBLISHED B6C3IF?
ce3770 4'-(Chloroacetyl)=Acatanilida REPORT 1277 Fl44 FEED
140-49-8 PUBLISHED BGC3F1
C02960 (2-Chlaroathyl) Trimethylammonium REPORT 158 F344 FEED
Chlorido §99-81-5 PUBLISHED BGC3F1?
c03907 2-(Chloromothyl)Pyridine Hydrochlorida REPORY 173 F¥44 GAV
6959~47-3 PUDLISHED B6CIF
Co0S53) Chloropicrin REPORY 65 0SD-MDL GAV
76-06-2 PUB%!SHED B6CIF1
cpzo4¢ 3=Chloro=p-Yolvidine REPORT 145 F344% FEED
95-74-9 PUDLISHED DECIF
€01752 Chlorpropamida RILPORT 4% Flng FEED
94=-20-2 PUDL ISHCD BGCAF1
C08662 Coumaphos REPORY 96 F344 FEED
56-72-4% FUDLISHED BGCIF1
L]
COD4ES Jedod ) REPORT 131 050-MDL FEED
50-29-3" PUBLISHED B6CIF
C03269 Diarylanilide *ﬂllnu REPORT 30 F344% FEED
fSSS'SS-G . PURLISHED DSCIFt
C03673 Diazinon REPORT 137 ‘Fl44% FEED
333-41-5 PUBLISHED BGCJIF Y
C03656A Dibonso-p-Dioxin REPORT 122 DSB~MDL  FEED
262-12-4 PUDLISHED BGCIF!

s e e
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: ’ REPORY 117
v cose?s “"‘553‘32‘--5 PUDLIS™

6564 Dibenzo-p=Dloxin REPORT- .

co3es 522315-4 PUBLISHED

S '-\' v LT 02 K g
b c00124 Dialdrin REPDRT 22
Wy 60~57~1 PUBLISHED
29 coe135 Dimethpate REPORT 4
60-51-5 PUBLISHED
s
'-z'f €02255% 2,%-Dimethoxyaniline Hydrochloride REPORT 171
2 . 54150-69~5 PUBL1ISHED
o €50055 Dimathyl Terephthalata REPORT 121
A 120-61-6 PUBLISHED
3 C00395 Dioxathion REPORT 125
3 78-34-2 PUBLISHED
), C03974 EDTA Trisodium 5alt (Trihydrate) REPORT 11
i 150-38-9 PUBLISHED
E, C00566 Endosulfan REPORT 62
& 115-29-7 PUBLISHED
o C00157  Endrin REPORT 12
1 72-20-8 PUDLISHED
% €01694  Ethionamido REPORT 66
) 536-33-4 PUBLISHED
I,
-E}: co3010 Formulated Fenaminosulf REPORY 101
4 N 140-56~7 PUBLYSHED
3 w
#9 C02653 Hexachlorophena REPORY 40
3 70-30~4 PUBLISHED
b 2
5 C04563 Iodoform REPORT 110
7 . 75-47-3 PUBLISHED
’i co2891 Lead Dimethyldijthiocarbamata REPORT 151
o 19010-66-3 PUBLISHED
- €0020%  Lindana REPORT 14
3 58-89-9 PUBLISHED
i C03851 Lithocholic Acid REPORT 175
434-13=9 PUBL ISIIED
C00215A Malathion REPORT 24,
121-75=5 PUBLISHED ¢
.- £50000 dl-Menthol REPORT 98’
'c; 89-718-1 PUBLISHED .,
4
i." C00697 Mathoxychlor REPORY 35
H 72-43-5 PUBLISHED
g
? €02971 Mathyl Parathion REPORT 157
; 298-00-0 PUBLISHED
o
C00544 Mexacarbate REPORT 147
X 315=18-6 PUBLISHED
Ji
(2

]



FEED

F344

DGC3IFI

DSB-MDL  FEED .
BGCIFY

FEED

F34%4

0s8-MDL  FEED
B6CIF1

F344 FEED
B6CIFI

F344 FEED
DGC3F1
05B-MDL FEED
BACIF

F344 FEED
B6CIF1
05B-MDL  FEED
BOCIF1
OSB~MDL FEED
B6CIF1
058-MDL  FEED
B6C3F1

Fla4 FEED
BGCIFS

F3%49 EEED
0S53-MDL  GAV
B6C3IF1

F344 FEED
B6C3F
050-MDL  FEED
BsC3IF

F344 GAY
B6CIF1
058-M0L FEED
B6CIFY

F3a4 FEED
BO6CIF1
050-MDL  FEED
B6CIF

F344 FEED
B6C3IF1 '

05Bb-MDL FEED
B&C3F1

N ';7. i ::-'('lrl'f,'."'{':'@'.‘ﬁ\'i:":r“" ot
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TABLE 7. NCL Carclnogen Bloassays with No Slgnificant Evidence for Carclnogenicity {continued)
HCI HO, CHEMICAL NAME REPORY ANIMAL ROUTE ORGAN SITES RAT
CAS HUMBER 5TATUS SYRAIN M F
!
co32a1 N={ 1-Raphthyl)Ethylonediaming.24iCl REPORT 168 Floh FELD N
1465=-25-4 PUDL JSHED BOCIFY
€01945 4-Nitroanthranilic Acld REPORT 109 F3%4 FEED N
619-17-10 PUBL ISHED BGCOFY .
Cot956 1=-Hitronaphthalena PEPORT 64 Fl44 FEED H
86-57-7 PUBLISHED DGCIF
C03941 4-Hitro-o=Phenylenadiamine REPORT 180 F364 FEED H K H N
99-56-9 PUBLISHED BGCIF
co2211 Bata-Hitrostyrene and Styrene REPORT 170 F344 GAV N N N K
102~96-5 100-42~5 PUBLISHED BSC3IFt )
C014458 NTA Trisodium Salt.H20 REPORT 5 F344 FEED . H N N M
18662-53-8 PUBLISHED BSCIFI
tj Cl0419A Pentachloronitrobenzene REPORY 61 058-MDL FEED H K N W
[=) 82-68-8 PUBLISHED DGC3IF! .
co174t Phenformin REPORT 7 Fl44% FEED N N N N
1164-86-3 PUBLISHED D6CIFI
cD3I930 p=Phenylenediamine Dihydrochloridae REPORT 174 F3f4 FEED H K H N
624-18-0 ‘PUBLISHED B6C3IF1
€03952 1=Phenyl=3~Methyl-5-Pyrazolone REPORYT 141 F3ag FEED N N N R
89-25-8 FUBLISHED B6CIFY -
€02235% N-Phenyl-p-Phanylenediaming REPORT 82 F344 FEED K H H H
1901-54~2 PUDLISHED B&C3IF1
ce2017 t=-Phanyl~2-Thigurea REPORY 143 F344 FEED N R N N
103~85-5 PUBLISHED BGC3IF?
Co05%99 Photodieldrin REPORY 17 pSB-MDL
13366-73-9 PUBLISHED+  B4CIF)
C036%2 Phthalamida - | REPORY 161 FI44
88-96-0 PUBLISHED D6CIF1
C03401 Phthalic Anhydride REPORT 159 F344
=BIG4-9 PUBLISHED BECIFI
Cc02813 Piperonyl Butoxide REPORY 120 F344
51-03-6 PUBLISHED BSCIF1

7
£
i




- Co3o601t Phthalic Anhydride
85-94-9

c02813 Plperonyl Butoxide
g . . pus?-:)-b

c01785 Pyrazinamida

93-96-4%
Co1683 Pvrlgat?amknu
AN co02835 Sod!um Die;hyldlthiucarbamatn
X 48-18-
iy
e C50022 Sulflsoxazolm
b 127-6%9-5
Rl
hH C04557 3=5ulfolano
,;. 77-79-2
gv} colonsz 2,3,5,6-Tatrachloro~4-Hitroanisole
,ﬁ@ 2638-88-2
>
5 €02959 Tetraethylthivram Disulfida
vy 97-77-2
oo
ey C04250 Titanium Dioxlda
%*{ 13463-67=7 1309-63-3
e €03327 Yolszamida
'%f 1156=19-0
L]
3‘3 ] C01763  Tolbutamide
2k ~3 b4~77~7
?E’ co1832 2,5-Toluenediamine Sulfata
% 6369=-59-1
2oy C04637 Trichlorofluoromathane
&% 75-69-4

2

RGN
e

co0260 Triphenyltin Hydroxide
76-37-9

ey 01729  l-Tryptophan
33, 13-22-3
=g F364 = Fischer 349 rat
5 05B-MDL = Osborne Mendel rat

SPR=DAL = Sprague Dawley rat

GAV = Gavaage

IP/IJ = Intraperitoneal injection
= NHot shown to be carcinogenic

I = Inadequate taest




KEFURT 109 Fuu4 Ly W e
PUBLISHED B6CIFY .

REPI 10 F349 FEED R H NN i |
PUBI ) B6CIF )

PSRRI
§

P e e

REPORT 48 F344% FEED N R B 1
PUBLISHED B6C3IF1

REPORY 77 F344 FEED ' N N I BN
PUBLISHED B6C3IF1

REPORT 172 F344 FEED L | L |
PUBLISHED B6CIF1

REPORT 138 Fla4 GAY H K N N
PUBLISHED B6CIF1

REPORT 102 0SB-MDL GAY N N H H
PUBLISHED B6C3F1

REPORT 114 F344 FEED N N H N
PUBLISHED BSCIF1 :

REPORT 166 F344 FEED ’ R H N N
PUBLISHED BGCIF1

REPORT 97 F344 FEED N N N N
PUBLISHED BGCIF Y

REPORT 51 F344 FEED N N N N
PUBLISHED B6CIF1

REPORT 31 F344 FEED N N H N
PUBLISHED B6CIF1

REPORT 126 F344 FEED K N N R
PUBLISHED B6CIF

REPORT 106 0SB-MDL GAV I I K H
PUBLISHED B6CIF1

REPORY 139 F3a4g FEED N N H N
PUDLISHED BGC3F1

REPORT 71

WF344 FEED . ’ R N H N
PUBLISHED BECIFY .




TABLE 8,

NCI1 Carcinogen Bioassays That Are Inadequate

NCI RO, CHEMICAL NAME REPORT ANIMAL ROUTE
CAS HUMBER - STATUS STRAIHN
coz103 Acotamide NO TECH RPY; F3n4 FEED
60-35-5 IKCONCLUSIVE B6C3IF1
co209% Adipamide KO TECH RPT: F344 FEED
623-94~4% INCONHCLUSIVE DBé6CIFI
€CO01514 Adriamycin HO TECH RPT: FJI44% IP/1J
2321V4-92-3% ITHCOHCLUSIVE DB6C3IFY
coz120 1=Arqinine Glutamato RO TECH RPT; FJ44 FEED
4320-30-3 INCQNHCLUSIVE DGCIFt
co2131 N=-Butylurea HO TECH RPY; F344 FEED
$592-31-4 INCONCLUSIVE BGCIFI
€04591A Carbon Disuvlfida NO TECH RPT; O0SD-MDL GAV
75-15-0 INCONCLUSIVE BGC3IFt
co1321 N,H=Dimcthyl-p-Hitrosoaniline HO TECH RPY; F344 FEED
138-89-6 IHCOHCLUSIVE DBSC3F!
cot505 Ematine REPORT 43 SPR-DAW IP/YJ
483-18-1 PUBLISHED B6CIF)
C5025% Hexamethylmelaming NO TECH RPY; F344 MiFa
545-05=6 - INCONCLUSIVE B6CIF!
cnzi142 Hexanaride HO TECH RPFT; F344 FEED
628-02~4 INCONCLUSIVE D6CIF?
c03190 Methansul fon-m-Aniside, 4'-(9-Acridinyl- NO TECI RPT; F344 irsId
aminol)+-, maonolydrochlorido UNK0579 INHCONCLUSIVE DGCIFI
C0208% MNitrous Acid, Sodium Salt NO TECH RPT; FEED
7632-00-0 1HCCHNCLUSIVE B6C3IF1
co2153 p~Tolylurca RO TECH RPT; F3a4 FEED
622-51-5 INCONCLUSIVE BOC3IF1
CO04626A t1,1,1=-Trichloroothane REPORT 3 0SB-MDL GAV
71-55~- PUBLISHED B6CIF1 .
c02119  Urea N NO TECH RPT; F344 FEED
57-13-% INCONCLUSIVE DBBCIF)

F344 = Fischer 344 rat

0§B-MDL = Os=zborne Mendal rat
SPR-DAW = Spraque Pawloy rat

GAV = Gavage

IP/IJ = Intraperitonoal injoction

i
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incidences higher than 10% when there are no tumors in the control
group; as a consequence, negative results do not necessarily mean that the
test chemical is not a carcinogen. (4) Any substance that is deemed to be
a carcinogen or a suspected carcinogen is a potential hazard to humans
unless proved otherwise. The extent of the health risk to humans may be
a matter for further research.

These premises are scientific issues. Increasing knowledge about
chemical carcinogenesis may validate, alter, or eliminate any of them. As a
consequence, the design, conduct, and evaluation of the carcinogen
bioassay will undergo an evolutionary process. We hope that the
procedures described in this paper will serve as discussion points for
further developments of rodent bioassays.
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