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FOREWORD: This report presents the results of the bioassay of

tris (2,3-dibromopropyl) phosphate conducted for the Carcinogenesis
Testing Program, Division of Cancer Cause and Prevention, National
Cancer Institute (NCI), National Institutes of Health, Bethesda,
Maryland. This is one of a series of experiments designed to deter-
mine whether selected chemicals have the capacity to produce cancer
in animals. Negative results, in which the test animals do not have
a significantly greater incidence of cancer than control animals, do
not necessarily mean the test chemical is not a carcinogen because
the experiments are conducted under a limited set of circumstances.
Positive results demonstrate that the test chemical is carcinogenic
for animals under the conditions of the test and indicate a potential
risk to man. The actual determination of the risk to man from animal
carcinogens requires a wider analysis.

CONTRIBUTORS: This bioassay of tris (2,3-dibromopropyl) phosphate
was conducted by Mason Research Institute, Worcester, Massachusetts,
initially under direct contract to the NCI and currently under a sub-
contract to Tracor Jitco, Inc., prime contractor for the NCI Carcino-
genesis Testing Program.

The experimental design was determined by the NCI Project Offi-
cers, Dr. J. H. Weisburger (1,2) and Dr. E. K. Weisburger (1). The
principal investigators for the contract were Dr. E. Smith (3) and
Dr. A. Handler (3). Animal treatment and observation were supervised
by Mr. G. Wade (3) and Ms. E. Zepp (3). Chemical analysis was per-—
formed by Midwest Research Institute (4) and the analytical results
were reviewed by Dr. N. Zimmerman (5).

Histopathologic examinations were performed by Dr. A, S. Krishna
(3) and Dr. A. Russfield (3) at the Mason Research Institute, and the
diagnoses included in this report represent the interpretation of
these pathologists. Histopathology findings and reports were re-
viewed by Dr. R. L. Schueler (6).

Compilation of individual animal survival, pathology, and summary
tables was performed by EG&G Mason Research Institute (7); the statis-—
tical analysis was performed by Mr. W. W. Belew (5) and Dr. J. R.
Joiner (6), using methods selected for the Bioassay Program by Dr. J.
J. Gart (8).
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SUMMARY

A bioassay of technical-grade tris (2,3-dibromopropyl) phosphate
(TBP) for possible carcinogenicity was conducted using Fischer 344
rats and B6C3Fl mice. TBP was administered in the feed, at either of
two concentrations, to groups of 55 male and 55 female rats, and 50
male and 50 female mice. The high and low dietary concentrations of
TBP administered were, respectively, 100 and 50 ppm for the male and
female rats, and 1000 and 500 ppm for the male and female mice. After
a 103-week dosing period, observation of the rats and mice continued
for 1 or 2 additional weeks. For each species, 55 animals of each
sex were placed on test as controls. No TBP was added to their diet.

In both species, adequate numbers of animals in all groups sur-
vived sufficiently long to be at risk from late-developing tumors.

Kidney tubular-cell adenomas were observed at incidences which
were significant for dosed rats of both sexes by all statistical tests
applied. For mele rats there was a significant positive association
between the incideuce of kidney tubular-cell adenocarcinomas and di-
etary concentration of TBP. Other neoplastic lesions appearing in the
treated rats were not statistically significant when compared with the
control groups.

Among mice, a number of malignant and benign tumors were asso-
ciated with TBP administration. These tumors included renal tubular-
cell carcinoma and adenoma; squamous-cell papilloma and carcinoma of
the forestomach; hepatocellular carcinoma and adenoma; and bronchiolar/
alveol r adenoma and carcinoma.

Renal tubular-cell carcinomas were observed at a statistically
significant incidence in male mice but none were observed in females.
Tubular-cell adenomas were observed in treated mice of both sexes,
but not in their respective controls. The incidence of tubular-cell
adenomas was significant in male mice but not in females.

Squamous-cell carcinomas were observed in forestomachs of mice
of both sexes but not in their respective controls. The incidence was
significant in females but not in males. The incidences of squamous-
cell papillomas of the forestomach were significant in mice of both
sexes.

Incidences of hepatocellular carcinoma and hepatocellular adenoma
were each significant in female mice. Tumor incidence among male mice

was not significant for hepatocellular carcinomas or hepatocellular
adenomas.
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The proportion of mice of each sex having bronchiolar/alveolar
adenoma or carcinoma or both had a significant positive dose-related
trend. The incidence of bronchiolar/alveolar carcinomas exhibited a
significant positive dose-related trend for males, but not for fe-
males,

It is concluded that under the conditions of this study orally
administered TBP was carcinogenic to B6C3Fl mice, causing increased
incidences of tumors in livers, lungs, and stomachs of female mice
and in kidneys, lungs, and stomachs of male mice. TBP was also car-
cinogenic in Fischer 344 rats, causing an increased incidence of kid-
ney tumors in both sexes.
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I. INTRODUCTION

Tris (2,3-dibromopropyl) phosphate (TBP) (NCI No. C03270) is a
compound that has been widely used as a flame retardant for synthetic
fabrics, particularly those made into sleepwear for infants and young
children. Because of the potential for ingestion (via mouthing hab-
its) and extensive dermal exposure of youngsters to this compound,
and as a result of the minimal amount of data available from chronic
studies, TBP was selected for inclusion in the National Cancer Insti-
tute (NCI) Carcinogenesis Testing Program.

The Chemical Abstracts Service (CAS) Ninth Collective Index

(1977) name for this compound is 2,3~dibromo-l1-propanol phosphate
(3:1).* It is also known as tris (dibromopropyl) phosphate; Fire-
master T23P; or simply as Tris or TBP.

Because of its low cost, effectiveness in relation to other
chemicals, ease of application to synthetics, and general availabil-
ity, TBP is one of the most widely utilized flame retardants (Daniher,
1976). It has been reported that approximately 3 x 106 pounds of the
chemical have been used annually by the U.S. textiles industry in
recent years (Osterberg, 1976). The compound is primarily used to
treat such fabrics as polyester, acetate, and triacetate (Simpson,
1976). In addition to its use by the textile industry, TBP is also

a fire retardant additive for polystyrene and polyurethane foams,

*
The CAS registry number is 126-72-7.



polyvinyl chloride and phenolic resins, intumescent and nonintumes-—
cent paints, paper coatings, and rubber.

Exposure to TBP occurs in the general population primarily among
those who wear TBP-treated garments. In April 1976, the U.S. Consumer
Product Safety Commigssion estimated that approximately 60 percent of
childrens' sleepwear was treated with TBP (Simpson, 1976). Occupa-
tional exposure of workers in the textile industry as well as in other
TBP-utilizing industries is also likely.

Studies conducted by St. John et al. (1976) and Brieger et al.
(1968) failed to indicate any evidence of TBP absorption following
dermal contact with treated fabric. However, TBP applied directly
to the gkin of rats and humans was subsequently absorbed (St. John
et al., 1976). The surface concentration of TBP varies among fabrics
but most surface TBP can be washed out. After three laundering
cycles, the surface concentration of a polyester fabric sample was
reduced from an initial level of 4300 ppm to 65 ppm and an acetate
fabric sample from 600 ppm to 90 ppm (Morrow et al., 1976). TBP may
be extracted from treated fabric by saliva (Brieger et al., 1968).
Thus, infants and young children who mouth blankets and clothing may
experience chronic exposure through ingestion as well as dermal ab-
sorption. TBP was shown to cause dose-related allergic sensitization
in human subjects exposed to the chemical under conditions of maximi-
zation testing (Morrow et al., 1976), and the chemical was judged by

the authors to be a weak to mild sensitizer.



Positive results were noted in an in vitro test system utilizing
increases in DNA repair activity of human cells exposed to the test
chemical as an indicator of chemically induced damage to the genetic
material (Stich, 1976). TBP was also found to induce basepair
substitution mutations in a histidine-requiring strain of Salmonella
typhimurium (the Ames Test using Strain TA 1535) (Prival et al.,
1977). Mutagenic activity was extractable from TBP-treated fabrics
even after three cycles of laundering with detergent (Prival et al.,

1977).



II. MATERIALS AND METHODS

A. Chemicals

The tris (2,3-dibromopropyl) phosphate (TBP) utilized for the
chronic bioassay was manufactured by Michigan Chemical Corporation
under the trade name Firemaster LV-T23P. The compound was analyzed
by Midwest Research Institute. Thin-layer chromatography was per-
formed utilizing two solvent systems (benzene:isopropanol and chloro-
form:ethyl acetate). Each plate showed only one spot. High-pressure
liquid chromatography (Waters ALC/CPL 301) showed the presence of one
homogeneous peak. Nuclear Magnetic Resonance (Varian AA 100) spectra
conformed to reference spectra provided by Sadtler Research for
Firemaster-grade tris (2,3-dibromopropyl) phosphate. Infrared anal-
ysis was consistent with the structure of the compound and no extra-
neous peaks were noted,

Throughout this report the term TBP is used in referring to this
material.

To determine the concentration of 1,2-dibromo-3-chloropropane
(DBCP) present as a contaminant in the batch of TBP used in this
bioassay, analyses were performed at Midwest Research Institute using
vapor-phase chromatography. No DBCP was detected using methodology
providing a sensitivity of 100 ppm.

B. Dietary Preparation

The basal laboratory diet for both treated and control animals

was Wayne Lab—BloxC)(Allied Mills, Inc., Chicago, Illinois). TBP was
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administered to the treated animals as a component of the diet. The
chemical was mixed with ground Wayne Lab-BloQC)meal using a 6 kg
capacity Patterson-Kelley twin-shell stainless-steel V-blender. The
treated diets were prepared once weekly and stored at 4°C.

C. Animals

Two animal species, rats and mice, were used in the carcinogeni-
city bioassay. Fischer 344 rats and B6C3Fl mice were obtained through
contracts of the Division of Cancer Treatment, National Cancer Insti-
tute. Animals of both species were supplied by the Frederick Cancer
Research Center, Frederick, Maryland. Treated and control animals
for both species were received in separate shipments.

Upon arrival, a random sample of animals was examined for nema-
tode infestation and other signs of disease. The remaining animals
were quarantined for 2 weeks prior to initiation of test. Animals
were assigned to groups and distributed among cages so that average
body weight per cage was approximately equal for a given sex and
species.

D. Animal Maintenance

All animals were housed by species in rooms having a temperature
range of 23° to 34°C. Incoming air was filtered through Tri—DekC)
15/40 denier DacronC>fi1ters (Tri-Dim Filter Corp., Hawthorne, New
Jersey) providing six changes of room air per hour. Fluorescent

lighting was provided on a 12-hour-daily cycle.



Rats were housed five per cage by sex in suspended polycarbonate
cages equipped with nonwoven fiber filter sheets. For the first 8
months of test, corncob bedding (SAN-I—CELC1 Paxton Processing Com-
pany, Paxton, Illinois) was supplied. Hardwood chips (Aspen bedding,
American Excelsior Company, Baltimore, Maryland) were substituted for
the remainder of the study. Bedding and clean cages were provided
two or three times weekly. Stainless steel cage racks (Fenco Cage
Products, Boston, Massachusetts) were cleaned once every two weeks
and disposable filters were replaced with the same frequency.

Mice were housed five per cage by sex in shoe box type polycar-
bonate cages fitted with stainless steel lids (Lab Products, Inc.,
Garfield, New Jersey) and nonwoven fiber filter bonnets. Ground
corncob bedding (Bed-o-CobsCZ The Andersons Cob Division, Maumee,
Ohio) was supplied for the first 4 months of test. Thereafter, it
was replaced by Aspen bedding. Clean cages, lids, and bedding were
provided twice weekly. Reusable filters and pipe racks were sani-
tized once every 2 weeks throughout the study.

Food and water were available ad libitum. Water was available
from 250 ml polycarbonate water bottles equipped with rubber stoppers
and stainless steel sipper tubes. Bottles were replaced twice weekly
and, for rats only, water was supplied as needed between changes.

All rats used in this study were housed in a room with other

* .
rats receiving diets containing 2-chloro-p-phenylenediamine sulfate

*
CAS registry numbers are given in parentheses.



(61702-44-1); o-anisidine hydrochloride (134-29-0); and p-anisidine
hydrochloride (20265-97-8).

All mice used in this study were housed with other mice receiving
diets containing o-anisidine hydrochloride (134-29-0); N-(l-naphthyl)
ethylenediamine dihydrochloride (1465-25-4);2-chloro-p~phenylenedia-
mine sulfate (61702-44-1); p-anisidine hydrochloride (20265-97-8);
2,3,5,6~tetrachloro-4-nitroanisole (2438-88-2); aniline hydrochloride
(142-04~1); and acetone (67-64-1).

E. Selection of Initial Concentrations

In order to establish the maximum tolerated concentrations of
TBP for use in the chronic study, subchronic toxicity tests were con-
ducted with both rats and mice. Animals of each species were distri-
buted among six groups, each consisting of five males and five
females. TBP in corn 0il was administered by gavage to five of the
six rat groups at dosages of 1, 3, 10, 30, and 100 mg/kg/day and five
of the six mouse groups at dosages of 10, 30, 100, 300, and 1000 mg/
kg/day. The sixth group of each species served as a control group,
receiving only corn oil. Intubation was performed 5 days a week for
8 weeks.

In male rats a slight depression in mean body weight was ob-
served at 30 and 100 mg/kg/day and one animal died at 100 mg/kg/day.
No depression in mean body weight or mortality were seen in the female
rats. The high dose selected for the chronic study was 10 mg/kg/day

for rats of both sexes. Slight depression in mean body weight was



observed in male mice at 300 mg/kg/day. Two males and three females
died at 1000 mg/kg/day. The high dose selected for the chronic study
was 100 mg/kg/day for mice of both sexes.

In the chronic study, TBP was administered in the diet (instead
of by gavage) at a concentration of 0.0l percent (100 ppm) for rats
and 0.1 percent (1000 ppm) for mice. Expressed in mg/kg/day,* the
initial dosage for rats was approximately 5 mg/kg/day, 50 percent of
the intended dosage (of 10 mg/kg/day), and in mice it was approxi-
mately 160 mg/kg/day, 160 percent of the intended dosage. Because
mean body weight in both species increased during the chronic study
at a faster rate than food consumption, dosages on a body weight
basis would progressively decrease to a slight extent. Taking this
effect into account, it is estimated that during the chronic study
the time-weighted average dose for rats would have been about 40 per-
cent and for mice about 140 percent of the intended dosage. These
estimates are consistent with the lack of body weight effect in the
rats and the definite compound-related depression of mean body weight
observed in mice.

F. Experimental Design

The experimental design parameters for the chronic study (spe-

cies, sex, group size, concentrations administered, and duration of

*
The conversion was based on an estimated average body weight, during

the subchronic study, of 200 g/rat and 25 g/mouse, and food consump-
tion of 10 g/day/rat and 4 g/day/mouse.



treated and untreated observation periods) are summarized in Tables
1 and 2.

The low dose, high dose, and control rats were all approximately
6 weeks old at the time they were placed on test. Control rats were
placed on test one week earlier than treated rats. The high and low
dietary concentrations of TBP were 100 and 50 ppm, respectively.
Treated rats were supplied with dosed feed for a total of 103 weeks
followed by a l- or 2-week observation period.

The low dose, high dose, and control mice were all approximately
6 weeks old at the time they were placed on test but control mice were
placed on test 2 months earlier than treated mice. The high and low
dietary concentrations of TBP administered to males and females were
1000 and 500 ppm, respectively. Treated mice were supplied with dosed
feed for a total of 103 weeks followed by a l-week observation period.

G. Clinical and Histopathologic Examinations

Animals were weighed immediately prior to initiation of the ex-
periment. Body weights were recorded twice weekly for the first 12
weeks of the study and at monthly intervals thereafter. From the
first day, all animals were inspected twice daily for mortality.
Food consumption, for two cages from each group, was monitored for
seven consecutive days once a month for the first nine months of the
biocassay and for three consecutive days each month thereafter. The
presence of tissue masses and lesions was determined by monthly

observation and palpation of each animal.



TABLE 1

DESIGN SUMMARY FOR FISCHER 344 RATS
TBP FEEDING EXPERIMENT

INITIAL TBP OBSERVATION PERIOD
GROUP CONCEN- TREATED UNTREATED
SIZE TRATION? (WEEKS) (WEEKS)
MALE
CONTROL 55 0 - 107
LOW DOSE 55 50 103
0 1
HIGH DOSE 55 100 103
0 1
FEMALE
CONTROL 55 0 - 107
LOW DOSE 55 50 103
0 1
HIGH DOSE 55 100 103
0 2

a . . vaqs
Concentrations in parts per million.
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TABLE 2

DESIGN SUMMARY FOR B6C3F! MICE
TBP FEEDING EXPERIMENT

INITIAL TBP OBSERVATION PERIOD
GROUP CONCEN- TREATED UNTREATED
SIZE TRATION? (WEEKS)  (WEEKS)
MALE
CONTROL 55 0 105
LOW DOSE 50 500 103
0 1
HIGH DOSE 50 1000 103
0 1
FEMALE
CONTROL 55 0 105
LOW DOSE 50 500 103
0 1
HIGH DOSE 50 1000 103
0 1

a . . ey
Concentrations in parts per million.,
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A necropsy was performed on each animal regardless of whether it
died, was killed when moribund, or was sacrificed at the end of the
bioassay. The animals were euthanized by carbon dioxide inhalation,
and were immediately necropsied. The histopathologic examination con-
sisted of gross and microscopic examination of major tissues, organs,
or gross lesions taken from sacrificed animals and, whenever possible,
from animals found dead.

Slides were prepared from the following tissues: skin, subcuta-
neous tissue, lungs and bronchi, trachea, bone marrow, spleen, lymph
nodes, thymus, heart, salivary gland, liver, gallbladder (mice), pan-
creas, esophagus, stomach, small intestine, large intestine, kidney,
urinary bladder, pituitary, adrenal, thyroid, parathyroid, testis,
prostate, brain, eye, uterus, mammary gland, and ovary.

Tissues for which slides were prepared were preserved in 10 per-
cent buffered formalin, embedded in paraffin, sectioned, and stained
with hematoxylin and eosin prior to microscopic examination. An
occasional section was subjected to special staining techniques for
more definitive diagnosis.

A few tissues were not examined for some animals, particularly
for those that died early. Also, some animals were missing, canni-
balized, or judged to be in such an advanced state of autolysis as
to preclude histopathologic interpretation. Thus, the number of ani-

mals for which particular organs, tissues, or lesions were examined
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microscopically varies and does not necessarily represent the number
of animals that were placed on experiment in each group.

H. Data Recording and Statistical Analyses

Pertinent data on this experiment have been recorded in an auto-
matic data processing system, the Carcinogenesis Bioassay Data System
(Linhart et al., 1974). The data elements include descriptive infor-
mation on the chemicals, animals, experimental design, clinical ob~
servations, survival, body weight, and individual pathologic results,
as recommended by the International Union Against Cancer (Berenblum,
1969). Data tables were generated for verification of data transcrip-
tion and for statistical review.

These data were analyzed using the statistical techniques de-
scribed in this section. Those analyses of the experimental results
that bear on the possibility of carcinogenicity are discussed in the
statistical narrative sections.

Probabilities of survival were estimated by the product-limit
procedure of Kaplan and Meier (1958) and are presented in this report
in the form of graphs. Animals were statistically censored as of the
time that they died of other than natural causes or were found to be
missing; animals dying from natural causes were not statistically
censored. Statistical analyses for a possible dose-related effect
on survival used the method of Cox (1972) when testing two groups for
equality and used Tarone's (1975) extensions of Cox's methods when

testing a dose-related trend. One-tailed P-values have been reported
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for all tests except the departure from linearity test, which is only
reported when its two-tailed P-value is less than 0.05.

The incidence of neoplastic or nonneoplastic lesions has been
given as the ratio of the number of animals bearing such lesions at a
specific anatomic site (numerator) to the number of animals in which
that site was examined (denominator). In most instances, the denomi-
nators included only those animals for which that site was examined
histologically. However, when macroscopic examination was required
to detect lesions prior to histologic sampling (e.g., skin or mammary
tumors), or when lesions could have appeared at multiple sites (e.g.,
lymphomas), the denominators consist of the numbers of animals necrop-
sied.

The purpose of the statistical analyses of tumor incidence 1is to
determine whether animals receiving the test chemical developed a sig-
nificantly higher proportion of tumors than did the control animals.
As a part of these analyses, the one-tailed Fisher exact test (Cox,
1970, pp. 48-52) was used to compare the tumor incidence of a control
group to that of a group of treated animals at each dose level. When
results for a number of treated groups, k, are compared simultaneously
with those for a control group, a correction to ensure an overall
significance level of 0.05 may be made. The Bonferroni inequality
(Miller, 1966, pp. 6-10) requires that the P-value for any comparison

be less than or equal to 0.05/k. In cases where this correction was
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used, it is discussed in the narrative section. It is not, however,
presented in the tables, where the Fisher exact P-values are shown.

The Cochran—Armitage test for linear trend in proportions, with
continuity correction (Armitage, 1971, pp. 362-365), was also used
when appropriate. Under the assumption of a linear trend, this test
determined if the slope of the dose-response curve is different from
zero at the one-tailed 0.05 level of significance. Unless otherwise
noted, the direction of the significant trend was a positive dose re-
lationship. This method also provides a two-tailed test of departure
from linear trend.

A time—adjusted analysis was applied when numerous early deaths
resulted from causes that were not associated with the formation of
tumors. In this analysis, deaths that occurred before the first
tumor was observed were excluded by basing the statistical tests on
animals that survived at least 52 weeks, unless a tumor was found at
the anatomic site of interest before week 52. When such an early
tumor was found, comparisons were based exclusively on animals that
survived at least as long as the animal in which the first tumor was
found. Once this reduced set of data was obtained, the standard pro-
cedures for analyses of the incidence of tumors (Fisher exact tests,
Cochran-Armitage tests, etc.) were followed.

When appropriate, life-table methods were used to analyze the
incidence of tumors. Curves of the proportions surviving without an

observed tumor were computed as in Saffiotti et al. (1972). The week
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during which animals died naturally or were sacrificed was entered

as the time point of tumor observation. Cox's methods of comparing
these curves were used for two groups; Tarone's extension to testing
for linear trend was used for three groups. The statistical tests for
the incidence of tumors which used life-table methods were one-tailed
and, unless otherwise noted, in the direction of a positive dose
relationship. Significant departures from linearity (P < 0.05, two-
tailed test) were also noted.

The approximate 95 percent confidence interval for the relative
risk of each dosed group compared to its control was calculated from
the exact interval on the odds ratio (Gart, 1971). The relative risk
is defined as pt/pC where P, is the true binomial probability of the
incidence of a specific type of tumor in a treated group of animals
and P, is the true probability of the spontaneous incidence of the
same type of tumor in a control group. The hypothesis of equality
between the true proportion of a specific tumor in a treated group
and the proportion In a control group corresponds to a relative risk
of unity. Values in excess of unity represent the condition of a
larger proportion in the treated group than in the control.

The lower and upper limits of the confidence interval of the
relative risk have been included in the tables of statistical analy-
ses, The interpretation of the limits is that in approximately 95
percent of a large number of identical experiments, the true ratio

of the risk in a treated group of animals to that in a control group
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would be within the interval calculated from the experiment. When
the lower limit of the confidence interval is greater than one, it
can be inferred that a statistically significant result (a P < 0.025
one-tailed test when the control incidence is not zero, P < 0.050
when the control incidence is zero) has occurred. When the lower
limit is less than unity but the upper limit is greater than unity,
the lower limit indicates the absence of a significant result while
the upper limit indicates that there is a theoretical possibility
of the induction of tumors by the test chemical which could not be

detected under the conditions of this test.,
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III. CHRONIC TESTING RESULTS: RATS

A. Body Weights and Clinical Observations

No appreciable differences in mean body weight between dosed
and control rats were noted (Figure 1).

Subcutaneous palpable masses were observed in all male groups,
but with a higher frequency in the treated animals. Protrusion, dis-
coloration, and encrustation of the eyes and jaundice were noted in
both treated and control male groups. Yellowing of the eyes was re-
ported only in the treated male groups. Emaciation was observed only
in the treated males. A urogenital bloody exudate was noted in few
low dose males. High numbers of females in the control, low dose,
and high dose groups were observed to have palpable subcutaneous
masses. Discoloration, protrusion, and encrustation of the eyes were
noted in all female groups but occurred more frequently among high
dose females. Alopecia, not associated with visible lesions, was
also observed in all groups but with a higher frequency in the con-
trols (10/55 controls, 2/50 low dose, 1/50 high dose).

B. Survival

The estimated probabilities of survival for male and female rats
in the control and TBP-dosed groups are shown in Figure 2.

For both male and female rats the Tarone test indicated no sig-
nificant association between increased dosage and accelerated mortal-
ity. In male rats, 73 percent (40/55) of the high dose, 64 percent

(35/55) of the low dose, and 71 percent (39/55) of the control group
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lived to the end of the test. In female rats, 65 percent (36/55) of
the high dose, 80 percent (44/55) of the low dose, and 65 percent
(36/55) of the control group survived to termination of the study.
Thus, an adequate number of rats in all groups survived sufficiently
long to be at risk from late-developing tumors.

C. Pathology

Histopathologic findings on neoplasms in rats are tabulated in
Appendix A (Tables Al and A2); findings on nonneoplastic lesions are
tabulated in Appendix C (Tables Cl and C2).

Renal tubular-cell adenomas were seen in 26/54 (48 percent) low
dose and 26/54 (48 percent) high dose males, and in 4/54 (7 percent)
low dose and 10/54 (19 percent) high dose females but no tumors of
the renal tubular epithelium were found in either male or female con-
trols. The renal tubular—cell adenomas found in treated rats varied
in size from microscopic lesions having a diameter of three or four
normal tubules to much larger tumors. All such lesions consisted of
nodules of poorly organized tubules compressing the surrounding pa-
renchyma. Cytoplasm was markedly basophilic and nuclei were vesicular
with a prominent small nucleolus. Multiple tubular adenomas were
frequently observed.

Three of 54 (6 percent) high dose males had tumors classified
as renal-cell carcinomas (tubular-cell adenocarcinomas). These were
much larger than the adenomas, sometimes bulging through the kidney

capsule. The cellular pattern suggested elongated, poorly organized
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tubules interspersed with large areas of hemorrhage and necrosis.
Cytoplasm was abundant, weakly acidophilic, and often foamy and
vacuolated. Nuclei showed marked pleomorphism and occasional mitotic
figures.

The only nonneoplastic lesions that appeared to be related to TBP
administration occurred in the renal tubules. In 6/54 (11 percent)
high dose males and 35/54 (65 percent) high dose females, a few tubu-
lar cells were slightly enlarged and showed nuclear dysplasia consist-
ing of nuclear enlargement, chromatin clumping, and parachromatin
clearing. These lesions were not observed in the control or low dose
groups. Kidney tumors were not observed in those rats for which
dysplasia was reported.

Selected kidney slides from male and female high dose and con-
trol rats were stained with an acid fast stain and examined micro-
scopically. No evidence of acid fast intranuclear inclusions in the
renal epithelial cells suggestive of toxicity from lead or certain
other heavy metal compounds was found.

A variety of neoplasms were observed with similar frequencies in
treated and control rats. The most common of these among male rats
were interstitial-cell tumors of the testes, leukemia and malignant
lymphomas, adrenal pheochromocytoma, and pituitary chromophobe
adenoma. Tumors occurring with similar frequencies in treated and
control female rats include leukemia, pituitary tumors (carcinomas,
chromophobe adenomas, and basophil adenomas), mammary gland fibroad-

enoma, and endometrial stromal polyp.
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TBP feeding had no apparent effect on the incidence of chronic
nephritis commonly seen in aged rats, especially males. Nonneoplas-
tic degenerative or inflammatory lesions were seen in all groups of
both sexes, Their incidence was not related to feeding with this
compound.

Under the conditions of this bioassay, there was histopathologic
evidence for the carcinogenicity of TBP in Fischer 344 rats, as feed-
ing TBP was associated with neoplasms of the renal tubules.

D. Statistical Analyses of Results

The results of the statistical analyses of tumor incidence in
rats are summarized in Tables 3 and 4. The analysis is included for
every type of malignant tumor in either sex where at least two such
tumors were observed in at least one of the control or TBP-dosed
groups and where such tumors were observed in at least 5 percent of
the group.

In both male and female dosed rats the incidence of tubular-cell
neoplasms of the kidney was significant. For females the Cochran-
Armitage test indicated a significant (P = 0,001) positive associa-
tion between dosage and the incidence of tubular-cell adenomas. The
Fisher exact test confirmed this result with a significantly (P =
0.001) higher incidence in the high dose than in the control group.
For males, when incidences were combined so that the numerator
represented rats with either a tubular-cell adenoma or a tubular-cell

adenocarcinoma of the kidney, the Cochran-Armitage test and both
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TABLZ 3

ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS éT SPECIFIC SITES
IN MALE RATS TREATED WITH TBP

%e

LOW HIGH
TOPOGRAPHY : MORPHOLOGY CONTROL DOSE DOSE
Lung: Alveolar/Bronchiolar Adenoma or
Alveolar/Bronchiolar Carcinomab 0/54(0.00) 3/55(0.05) 0/55(0.00)
P Values® N.S. N.S. N.S.
Departure from Linear Trend® P = 0.014 —_— -
Relative Risk (Control)d — Infinite -
Lower Limit -— 0.589 ——
Upper Limit —— Infinite —_—
Weeks to First Observed Tumor —— 95 -
Hematopoietic System: Leukemiab 17/54(0.31) 13/55(0.24) 7/55(0.13)
P Values® P = 0.013(N) N.S. P = 0.016(N)
Relative Risk (Control)d — 0.751 0.404
Lower Limit —_— 0.375 0.154
Upper Limit —-— 1.472 0.935
Weeks to First Observed Tumor 85 80 84
Liver: Neoglastic Nodule or Hepatocellular
Carcinoma 0/54(0.00) 1/55(0.02) 4/54(0.07)
P Values® P = 0.026 N.S. N.S.
Relative Risk (Control)d o Infinite Infinite
Lower Limit - 0.053 0.925
Upper Limit - Infinite Infinite

Weeks to First Observed Tumor —_ 99 84
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TABLE 3 (CONTINUED)

LOW HIGH
TOPOGRAPHY : MORPHOLOGY CONTROL DOSE DOSE
Kidney: Tubular-Cell Adenomab 0/53(0.00) 26/54(0.48) 26/54(0.48)
P Values® P < 0.001 P < 0.001 P < 0.001
Departure from Linear Trend® P = 0.002 - —_—
Relative Risk (Control)d - Infinite Infinite
Lower Limit - 8.387 8. 387
Upper Limit -— Infinite Infinite
Weeks to First Observed Tumor —— 76 82
Kidney: Tubular-Cell Adenocarcinoma 0/53(0.00) 0/54(0.00) 3/54(0.06)
P Values® P = 0.038 N.S. N.S.
Relative Risk (Control)d _ — Infinite
Lower Limit - - 0.589
Upper Limit —-— —— Infinite
Weeks to First Observed Tumor —_— —_ 40
Kidney: Tubular-Cell Adenoma, or
Tubular-Cell Adenocarcinoma 0/53(0.00) 26/54(0.48) 29/54(0.54)
P Values ' P < 0.001 P < 0.001 P < 0.001
Departure from Linear Trend® P = 0.009 _— _—
Relative Risk (Control)d —— Infinite Infinite
Lower Limit —— 8.387 9.429
Upper Limit —_— Infinite Infinite
Weeks .o First Observed Tumor — 76 40
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TABLE 3 (CONTINUED)

LOW HIGH
TOPOGRAPHY : MORPHOLOGY CONTROL DOSE DOSE
Pituitary: Chromophobe Adenoma’ 4/48(0.08) 7/50(0.14) 3/50(0.06)
P Values® N.S. N.S. N.S.
Relative Risk (Control)d - 1.680 0.720
Lower Limit —-—— 0.459 0.111
Upper Limit -— 7.369 4.035
Weeks to First Observed Tumor 21 92 84
Pituitary: Basophil Adenomab 0/48(0.00) 3/50(0.06) 2/50(0.04)
P Valuesc N.S. N.S. N.S.
Relative Risk (Control)d —_— Infinite Infinite
Lower Limit —-——— 0.578 0.284
Upper Limit -—— Infinite Infinite
Weeks to First Observed Tumor - 76 104
Adrenal: Pheochroiocytoma or
Pheochromocytoma, Malignant 14/54(0.26) 11/55(0.20) 16/55(0.29)
P Valuesc N.S. N.S. N.S.
Relative Risk (Control)d e 0.771 1.122
Lower Limit - 0.349 0.572
Upper Limit — 1.660 2.228
Weeks to First Observed Tumor 74 80 81
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TABLE 3 (CONTINUED)

LOW HIGH
TOPOGRAPHY : MORPHOLOGY CONTROL DOSE DOSE
Thyroid: C-Cell Adenoma or C-Cell Carcinomab 3/53(0.06) 3/51(0.06) 4/52(0.08)
P Values® N.S. N.S. N.S.
Relative Risk (Control)d —_ 1.039 1.359
Lower Limit - 0.145 0.242
Upper Limit —_— 7.423 8.869
Weeks to First Observed Tumor 107 104 104
Pancreatic Islets: Islet-Cell Adenomab 1/53(0.02) 3/53(0.06) 1/51(0.02)
P Values® N.S N.S. N.S.
Relative Risk (Control)9 —— 3.000 1.039
Lower Limit o 0.250 0.013
Upper Limit - 154,426 78.491
Weeks to First Observed Tumor 107 95 84
Preputial Gland: Carcinoma NOS or Adenocarcinomab 1/54(0.02) 2/55(0.04) 4/55(0.07)
P ValuesC N.S. N.S. N.S.
Relative Risk (Control)d —_— 1.964 3.927
Lower Limit —_— 0.105 0.406
Upper Limit - 113.749 189.701
Weeks to First Observed Tumor 107 90 77
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TABLE 3 (CONCLUDED)

LOW HIGH
TOPOGRAPHY : MORPHOLOGY CONTROL DOSE DOSE
Preputial Gland: Adenoma NOS or Car-
cinoma NOS or Adenocarcinoma NOSP 1/54(0.02) 3/55(0.05) 7/55(0.13)
P Values® P = 0.019 N.S. P = 0.032
Relative Risk (Control)d - 2.946 6.873
Lower Limit —— 0.246 0.931
Upper Limit — 151.741 303.440
Weeks to First Observed Tumor 107 90 77
Testis: Interstitial-Cell Tumor’ 53/54(0.98) 46/55(0.84) 50/55(0.91)
P Values® N.S. P = 0.009(N) N.S.
Departure from Linear Trend® P = 0.022 -_— —-——
Relative Risk (Control)d — 0.852 0.926
Lower Limit —— 0.819 0.892
Upper Limit - 0.975 1.032
Weeks to First Observed Tumor 74 41 40

8Treated groups received time-weighted average

bNumber of tumor-bearing animals/number of animals examined at site (proportion).

doses of 50 or 100 ppm in feed.

“The probability level for the Cochran-Armitage test is given beneath the incidence of tumors in

the control group when P < 0.05; otherwise, not significant (N.S.) is indicated.

The probability

level for the Fisher exact test for the comparison of a treated group with the control group is
given beneath the incidence of tumors in the treated group when P < 0.05; otherwise, not signifi-
cant (N.S.) is indicated. For both Cochran-Armitage and Fisher exact tests a negative designa-
tion (N) indicates a lower incidence in the treated group(s) thar in the control group.

dThe 95% confidence interval on the relative risk of the treated group to the control group.

“The probability level of the test for departure from linear trend is given beneath the control

group when P < 0.05.
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TABLE 4

ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS AT
SPECIFIC SITES IN FEMALE RATS TREATED WITH TBP2

LOW HIGH
TOPOGRAPHY : MORPHOLOGY CONTROL DOSE DOSE
Hematopoietic System: Leukemiab 9/54(0.17) 10/55(0.18) 9/55(0.16)
P Values® N.S. N.S. N.S.
Relative Risk (Control)d —_— 1.091 0.982
Lower Limit - 0.433 0.375
Upper Limit -— 2.795 2.577
Weeks to First Observed Tumor 91 98 82
Kidney: Tubular-Cell Adenoma’ 0/52(0.00) 4/54(0.07) 10/54(0.19)
P Values® P = 0.001 N.S. P = 0.001
Relative Risk (Control)d —_— Infinite Infinite
Lower Limit - 0.891 2.858
Upper Limit -— Infinite Infinite
Weeks to First Observed Tumor - 104 89
Pituitary: Carcinoma NOS’ 3/48(0.06) 1/54(0.02) 1/52(0.02)
P Values® N.S N.S. N.S.
Relative Risk (Control)d - 0.296 0.308
Lower Limit - 0.006 0.006
Upper Limit -— 3.547 3.679
Weeks to First Observed Tumor 90 104 105
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TABLE 4 (CONTINUED)

LOW HIGH
TOPOGRAPHY : MORPHOLOGY CONTROL DOSE DOSE
Pituitary: Chromophobe Adenomab 15/48(0.31) 22/54(0.41) 24/52(0.46)
P Values® N.S. N.S. N.S.
Relative Risk (Control)d - 1.304 1.477
Lower Limit —_— 0.738 0.854
Upper Limit —_— 2.369 2.627
Weeks to First Observed Tumor 74 94 86
Adrenal: Pheochromocytomab 3/53(0.06) 4/53(0.08) 2/54(0.04)
P Values® N.S. N.S. N.S.
Relative Risk (Control)d — 1.359 0.654
Lower Limit - 0.242 0.057
Upper Limit - 8.869 5.484
Weeks to First Observed Tumor 107 104 104
Thyroid: C-Cell Adenoma or C-Cell
CarcinomaP 4/49(0.08) 3/53(0.06) 4/53(0.08)
P Values® N.S. N.S. N.S.
Relative Risk (Control)d - 0.693 0.925
Lower Limit o 0.106 0.182
Upper Limit —-— 3.896 4,709
Weeks to First Observed Tumor 107 104 98
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TABLE 4 (CONTINUED)

LOW HIGH
TOPOGRAPHY : MORPHOLOGY CONTROL DOSE DOSE
Mammary Gland: Fibroadenomab 16/54(0.30) 10/55(0.18) 19/55(0.35)
P Values® N.S. N.S. N.S.
Relative Risk (Control)d - 0.614 1.166
Lower Limit - 0.275 0.640
Upper Limit -— 1.303 2.152
Weeks to First Observed Tumor 99 99 42
Clitoral Gland: Adenoma NOSb 0/54(0.00) 3/55(0.05) 0/55(0.00)
P Values® N.S. N.S. N.S.
Departure from Linear Trend® P = 0.014 —_— -
Relative Risk (Control)d —_— Infinite —_—
Lower Limit —— 0.589 ———
Upper Limit —_— Infinite —_—
Weeks to First Observed Tumor —-— 100 -
Uterus: Endometrial Stromal Polypb 16/52(0.31) 14/54(0.26) 11/55(0.20)
P Valuesc N.S N.S. N.S.
Relative Risk (Control)? — 0.843 0.650
Lower Limit - 0.434 0.308
Upper Limit - 1.682 1.373
Weeks to First Observed Tumor 68 104 98
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TABLE 4 (CONCLUDED)

LOW HIGH
TOPOGRAPHY :MORPHOLOGY CONTROL DOSE DOSE
Ovary: Sertoli-Cell Tumorb 0/53(0.00) 0/53(0.00) 3/55(0.05)
P Values® P = 0.041 N.S. N.S.
Relative Risk (Control)d - - Infinite
Lower Limit - ——- 0.578
Upper Limit - -—— Infinite
Weeks to First Observed Tumor ——— - 105

3rreated groups received time-weighted average doses of 50 or 100 ppm in feed.
Number of tumor-bearing animals/number of animals examined at site (proportion).

“The probability level for the Cochran~Armitage test is given beneath the incidence of tumors in
the control group when P < 0.05; otherwise, not significant (N.S.) is indicated. The probability
level for the Fisher exact teat for the comparison of a treated group with the control group is
given beneath the incidence of tumors in the treated group when P < 0.05; otherwise, not signifi-
cant (N.S.) is indicated. For both Cochran-Armitage and Fisher exact tests a negative designa-

tion (N) indicates a lower incidence in the treated group(s) than in the control group.

dThe 95% confidence interval on the relative risk of the treated group to the control group.

®The probability level of the test for departure from linear trend is given beneath the control
group when P < 0.05.



Fisher exact tests were significant (P < 0.001). On the basis of
these results, there was a significant association between the admin-
istration of TBP and the increased incidence of tubular-cell adenomas
of the kidney in both male and female rats.

In male rats the Cochran-Armitage test indicated a significant
(P = 0.026) positive association between dosage and the combined
incidence of hepatocellular carcinomas and neoplastic nodules of the
liver. The Fisher exact tests, however, were not significant.

In male rats the Cochran-Armitage test indicated a significant
(P = 0.019) positive association between dosage and the combined in-
cidence of adenomas, carcinomas, or adenocarcinomas of the preputial
gland. The Fisher exact test comparing the high dose to the control
group, however, had a probability level of P = 0.032, a marginal re-
sult which was not significant under the Bonferroni inequality.

In female rats the Cochran-Armitage test indicated a significant
(P = 0.041) positive association between dosage and the incidence of
Sertoli-cell tumors of the ovary. The Fisher exact tests, however,
were not significant.

The possibility of a negative association between dosage and in-
cidence was noted for leukemia in male rats. This apparent negative
trend may result from the unusually high incidence of leukemia in the
control group (17/45 [31 percent]). The incidence in historical un-
treated male Fischer 344 control rats compiled by this laboratory for

the NCI Carcinogenesis Testing Program was 57/534 (11 percent).
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The Fisher exact test indicated a significantly (P = 0.009)
lower incidence of interstitial-cell tumors of the testis in the low
dose males than in the control group. The Cochran-Armitage test and
the Fisher exact comparison of high dose to control, however, were
not significant.

For a number of tumors in both male and female rats the control
group had significantly (P < 0.05) higher incidences than was commonly
found in the historical control Fischer 344 rats at Mason Research
Institute for the NCI Carcinogenesis Testing Program. Among males,
26 percent (14/54) of the TBP control rats had pheochromocytoma com-
pared with 12 percent (65/534) of the historical controls. Among TBP
control females, 30 percent (16/54) had mammary fibroadenomas and 31
percent (16/52) had endometrial stromal polyps of the uterus compared
to 19 percent (112/589) and 16 percent (95/589), respectively, in the

historical controls.
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IV. CHRONIC TESTING RESULTS: MICE

A. Body Weights and Clinical Observations

Mean group body weights of TBP-treated mice of both sexes were
appreciably depressed relative to control mice during the chronic
bioassay (Figure 3). Mean body weights of high dose mice were only
slightly depressed, however, relative to low dose mice.

The clinical sign observed with the greatest frequency in both
males and females was alopecia (i.e., 42/55, 37/50, 43/50 in control,
low dose and high dose males, respectively, and 48/55, 39/50, 45/50
in control, low dose and high dose females, respectively). Other
clinical signs observed with much lower frequency in both sexes in-
cluded palpable masses, abdominal distention, and exophthalmia. Dis-
tension in the urogenital area was reported in all male groups but in
no females, and emaciation was recorded for one low dose and one high
dose female but for no other animals.

B. Survival

The estimated probabilities of survival for male and female mice
in the control and TBP-dosed groups are shown in Figure 4.

The Tarone tests for association between increased dosage and
accelerated mortality were not significant for either male or female
mice. In males 86 percent (43/50) of the high dose, 76 percent
(38/50) of the low dose, and 80 percent (44/55) of the control mice
survived until the end of the study. In females 76 percent (38/50)

of the high dose, 74 percent (37/50) of the low dose and 80 percent
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(44/55) of the control mice survived until the end of the study.
These high survival rates, plus the consideration that the mouse
study was run for 104 to 105 weeks, means that a sufficient number of
mice were at risk from late-developing tumors.
C. Pathology

Histopathologic findings on neoplasms in mice are tabulated in
Appendix B (Tables Bl and B2); findings on nonneoplastic lesions are
tabulated in Appendix D (Tables D1 and D2).

In treated males, renal tubular-cell adenoma occurred in 3/50
(6 percent) low dose and 9/49 (18 percent) high dose mice. In treated
females, there were renmal tubular-cell adenomas in 2/50 (4 percent)
low dose and 2/46 (4 percent) high dose mice. No renal tubular-cell
adenomas were observed in control groups. Renal tubular-cell adeno-
carcinomas were observed in 1/50 (2 percent) low dose and 5/49 (10
percent) high dose males. Renal tubular-cell adenocarcinomas were
not observed in any treated females or in control mice of either sex.

Renal tubular-cell adenomas were composed of nodules of small,
well-organized neoplastic tubules compressing the surrounding paren-—
chyma. The size of these lesions varied from the diameter of six or
seven normal tubules to a few millimeters. Cytoplasm of the tumor
cells tended to be acidophilic and the nuclei were rounded and uni-
form. Although mitotic figures were often seen, there were no nu-
clear characteristics of malignancy. Renal tubular-cell carcinomas

were much larger than adenomas, often invading the renal capsule.

38



Tubular organization was indistinct or absent. Cytoplasm was acido-
philic and often contained large vacuoles. Nuclei varied in size,
shape, and chromatin pattern and occasional nucleoli were prominent.
Variable amounts of hemorrhage, necrosis, and calcification were
associated with renal tubular-cell carcinomas.

Renal tubular dysplasia was observed in 30/49 (61 percent) high
dose males, 37/50 (74 percent) low dose males, 12/46 (26 percent)
high dose females and 1/50 (2 percent) low dose females. In these
mice, normal tubular architecture was retained but occasional tubular
cells were hypertrophied and contained very large bizarre nuclei with
abnormal chromatin patterns and occasionally enlarged nucleoli.
Tubular dysplasia was not seen in any controls.

Selected kidney slides from male and female high dose and con-
trol mice were stained with an acid fast stain and examined micro-
scopically. No evidence of acid fast intranuclear inclusions in the
renal epithelial cells suggestive of toxicity from lead or certain
other heavy metal compounds was found.

Squamous-cell papillomas of the forestomach were found in 10/47
(21 percent) low dose and 11/48 (23 percent) high dose males and in
10/48 (21 percent) low dose and 18/44 (41 percent) high dose females.
There were squamous—cell carcinomas of the forestomach in 2/48 (4
percent) high dose males, and in 4/48 (8 percent) low dose and 4/44
(9 percent) high dose females. No gastric neoplasms were found in 51
control males. There were squamous—cell papillomas of the forestomach

in 2/53 (4 percent) control females.
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Squamous—-cell papillomas were defined as papillary lesions
showing marked superficial hyperkeratosis. Beneath this was a thick
layer of acanthotic squamous epithelium., Chronic inflammation was
frequently found in the submucosa below the lesion, but the basal
layer of the epithelium appeared intact.

The squamous—cell carcinomas of the forestomach also often showed
superficial hyperkeratinization. However, the underlying epithelial
cells had lost their normal architecture. Nuclei were pleomorphic
with abundant normal and abnormal mitotic figures, variation in size
and shape, and bizarre chromatin patterns. The basal layer of epi-
thelial cells appeared to have lost its cohesion so that tumor cells
grew down into the submucosa in a disorganized fashion and appeared
as small islands deep in the stomach wall.

Other malignant gastric tumors found in the treated mice but not
in the controls were a basal-cell carcinoma of the forestomach in a
high dose male and a leiomyosarcoma of the stomach wall in a high
dose female., There was one squamous-cell carcinoma of the esophagus
in a high dose female.

Bronchiolar/alveolar adenomas or carcinomas occurred in 12/54
(22 percent) control males, 18/44 (41 percent) low dose males, 25/50
(50 percent) high dose males, 4/55 (7 percent) control females, 9/50
(18 percent) low dose females, and 17/50 (34 percent) high dose fe-

males.
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Bronchiolar/alveolar adenomas were well-circumscribed lesions
compressing the surrounding pulmonary parenchyma and often having
subpleural locations. Tumor cells were arranged in ribbons or in more
or less well-organized tubules. Cytoplasm was moderate in amount and
faintly basophilic. Individual cells tended to be columnar. Nuclei
were rounded and uniform with a normal chromatin pattern.

Bronchiolar/alveolar carcinomas tended to be larger than the
adenomas, but were actually differentiated from them by two character-
istics: (1) nuclear pleomorphism with parachromatin clearing and an
abnormal chromatin pattern; and (2) a tendency to invade the surround-
ing parenchyma or neighboring bronchioles.

A dose-related increase in hepatocellular adenomas or carcinomas
was noted in female mice. The observed combined incidences of mice
with hepatocellular adenoma or hepatocellular carcinoma were 11/54
(20 percent) control females, 23/50 (46 percent) low dose females,
and 35/49 (71 percent) high dose females. In male mice, however, no
such dose-related increase in hepatocellular neoplasms was apparent.

Hepatocellular carcinomas were large lesions usually occupying
the bulk of a lobe and compressing adjacent normal parenchyma. They
showed no evidence of normal architectural pattern but consisted of
trabeculae arranged in random fashion, often around large sinusoids.
Cytoplasm was often abundant and faintly basophilic. Nuclei showed
varying degrees of pleomorphism, some resembling normal hepatocytes

and others having clearly abnormal chromatin patterns. Occasional
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mitotic figures were seen. Some of these tumors invaded hepatic
blood vessels and a few metastasized, usually to the lung.

The distinction between hepatocellular carcinomas and hepatocel-
lular adenomas was not always clear. Tumors classified as adenomas
were always smaller than carcinomas, occupying only a small portion
of a lobe. Basophilia and nuclear pleomorphism were less frequently
observed and no metastasis or vascular invasion were seen.

Cystadenomas of the Harderian gland were detected macroscopi-—
cally and confirmed histologically in 0/55 control females, 4/50
(8 percent) low dose females, 2/50 (4 percent) high dose females,
1/55 (2 percent) contrcl males, 1/50 (2 percent) low dose males and
2/50 (4 percent) high dose males. Since these lesions are rare, they
may represent an effect of TBP feeding even though they were observed
at low incidences and a dose-related effect was not apparent.

The Harderian gland tumors seen were small, well-circumscribed
lesions. Cells were arranged in large, well-organized glands, often
with a papillary component. Cell shapes varied from low cuboidal to
high columnar. Nuclei were round, dark, uniform, and placed at the
basal end in columnar cells, Cytoplasm was abundant and contained
innumerable small vacuoles.

Other tumors found in treated mice but not in the controls in-
cluded one interstitial-cell tumor of the testis in a low dose male,
five assorted ovarian tumors (one malignant) in high dose females,

one ovarian granulosa-cell tumor in a low dose female, ten assorted
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uterine tumors in low dose females, two endometrial stromal polyps
and one uterine adenocarcinoma in high dose females, and an osteoma
of the skull in a high dose female. Tumors found in the controls but
not in the treated mice included one mammary adenocarcinoma type B,

a follicular adenoma of the thyroid gland, and a thymoma (all in fe-
males).

Nonneoplastic inflammatory or degenerative changes were occasion-
ally seen in all groups of mice. Their nature and incidence could not
be related to TBP administration.

Under the conditions of this bioassay histopathologic evidence
was provided for the carcinogenicity of TBP in B6C3Fl1 mice because
feeding of TBP was associated with neoplasms of the renal tubules in
both sexes, marked increases in the incidence of squamous tumors of
the forestomach in both sexes, increases in the incidence of lung
tumors in both sexes, and increases in the incidence of hepatocellular
neoplasms in females.

D. Statistical Analyses of Results

The results of the statistical analyses of tumor incidence in
mice are summarized in Tables 5 and 6. The analysis is included for
every type of malignant tumor in either sex where at least two such
tumors were observed in at least one of the control or TBP-dosed
groups and where such tumors were observed in at least 5 percent of

the group.
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TABLE 5

ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS AT
SPECIFIC SITES IN MALE MICE TREATED WITH TBP2

LOW HIGH
TOPOGRAPHY : MORPHOLOGY CONTROL DOSE DOSE
Stomach: Squamous-Cell Carcinomab 0/51(0.00) 0/47(0.00) 2/48(0.04)
P Values® N.S. — N.S.
Relative Risk (Control)d —_— —— Infinite
Lower Limit - —_— 0.314
Upper Limit - - Infinite
Weeks to First Observed Tumor —— —-— 95
Stomach: Squamous-Cell Papilloma or
Squamous—Cell CarcinomaP 0/51(0.00) 10/47(0.21) 13/48(0.27)
P Values® P < 0.001 P < 0.001 P < 0.001
Relative Risk (Control)d —-—— Infinite Infinite
Lower Limit — 3.229 4,265
Upper Limit - Infinite Infinite
Weeks to First Observed Tumor —— 94 95
Lung: Alveolar/Bronchiolar Carcinomab 6/54(0.11) 8/44(0.18) 13/50(0.26)
P Values® P = 0.033 N.S. P = 0.043
Relative Risk (Control)? — 1.636 2.340
Lower Limit — 0.538 0.904
Upper Limit - 5.281 6.922
Weeks to First Observed Tumor 105 88 100
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TABLE 5 (CONTINUED)

LOW HIGH
TOPOGRAPHY : MORPHOLOGY CONTROL DOSE DOSE
Lung: Alveolar/Bronchiolar Adenoma or
Alveolar/Bronchiolar CarcinomaP 12/54(0.22) 18/44(0.41) 25/50(0.50)
P Values® P = 0.003 P = 0.038 P = 0.003
Relative Risk (Control)d - 1.841 2.250
Lower Limit - 0.946 1.236
Upper Limit e 3.666 4,274
Weeks to First Observed Tumor 79 88 54
Kidney: Tubular-Cell A.'denocarcinomab 0/54(0.00) 1/50(0.02) 5/49(0,10)
P Values® P = 0.009 N.S. P = 0.022
Relative Risk (Control)d — Infinite Infinite
Lower Limit —_— 0.058 1.388
Upper Limit — Infinite Infinite
Weeks to First Observed Tumor —-_— 104 98
Kidney: Tubular~Cell Adenomabor
Tubular-Cell Adenocarcinoma 0/54(0.00) 4/50(0.08) 14/49(0.29)
P Values® P < 0.001 N.S. P < 0.001
Relative Risk (Control)d — Infinite Infinite
Lower Limit —— 0.999 4.798
Upper Limit —— Infinite Infinite
Weeks to First Observed Tumor ——— 100 98
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TABLE 5 (CONTINUED)

LOW HIGH
TOPOGRAPHY : MORPHOLOGY CONTROL DOSE DOSE
Hematopoiegic System: Malignant
Lymphoma 4/55(0.07) 5/50(0.10) 4/50(0,08)
P Values® N.S. N.S. N.S.
Relative Risk (Control)d —_ 1.375 1.110
Lower Limit _— 0.314 0.214
Upper Limit ——— 6.559 5.600
Weeks to First Observed Tumor 105 91 104
Liver: Hepatocellular Carcinomab 24/54(0.44) 20/49(0.41) 19/49(0.39)
P Values® N.S. N.S. N.S.
Relative Risk (Control)d - 0.918 0.872
Lower Limit - 0.557 0.522
Upper Limit -— 1.495 1.436
Weeks to First Observed Tumor 53 92 95
Liver: Hepatocellular Adenoma or
Hepatocellular Carcinoma 28/54(0.52) 31/49(0.63) 23/49(0.47)
P Values® N.S. N.S. N.S.
Relative Risk (Control)¢ — 1.220 0.905
Lower Limit -— 0.846 0.587
Upper Limit -— 1.737 1.384
Weeks to First Observed Tumor 53 92 95
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TABLE 5 (CONCLUDED)

LOW HIGH
TOPOGRAPHY :MORPHOLOGY CONTROL DOSE DOSE
Circulatory System: Hemangiomab 1/55(0.02) 3/49(0.06) 0/50(0.00)
P Values® N.S. N.S. N.S.
Relative Risk (Control)d -—— 3.367 0.000
Lower Limit - 0.281 0.000
Upper Limit —_— 173.066 20.522
Weeks to First Observed Tumor 105 104 —_—

8Treated groups received time-weighted average doses of 500 or 1000 ppm in feed.

Number of tumor-bearing animals/number of animals examined at site (proportion).

“The probability level for the Cochran-Armitage test is given beneath the incidence of tumors in

the control group when P < 0.05; otherwise, not significant (N.S.) is indicated.

The probability

level for the Fisher exact test for the comparison of a treated group with the control group is
given beneath the incidence of tumors in the treated group when P < 0.05; otherwise, not signif-
icant (N.S.) is indicated. For both Cochran-Armitage and Fisher exact tests a negative designa-
tion (N) indicates a lower incidence in the treated group(s) than in the control group.

dThe 95% confidence interval on the relative risk of the treated group to the control group.
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TABLE 6

ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS AT
SPECIFIC SITES IN FEMALE MICE TREATED WITH TBP2

LOW HIGH
TOPOGRAPHY : MORPHOLOGY CONTROL DOSE DOSE
Stomach: Squamous-Cell Carcinomab 0/53(0.00) 4/48(0.08) 4/44(0.09)
P Values® P = 0.038 P = 0.048 P = 0.039
Relative Risk (Control)d -— Infinite Infinite
Lower Limit —— 1.023 1.116
Upper Limit - Infinite Infinite
Weeks to First Observed Tumor —— 96 104
Stomach: Squamous-Cell Papilloma or
Squamous~Cell Carcinoma 2/53(0.04) 14/48(0.29) 22/44(0.50)
P Values® P < 0.001 P < 0.001 P < 0.001
Relative Risk (Control)d - 7.729 13.250
Lower Limit —— 1.908 3.552
Upper Limit - 66.800 108.262
Weeks to First Observed Tumor 105 92 102
Lung: Alveolar/Bronchiolar Carcinomab 1/55(0.02) 1/50(0.02) 3/50(0.06)
P Values® N.S N.S. N.S.
Relative Risk (Control)d o 1.100 3.300
Lower Limit - 0.014 0.273
Upper Limit —-— 84.647 169.657
Weeks to First Observed Tumor 105 104 104
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TABLE 6 (CONTINUED)

LOW HIGH
TOPOGRAPHY : MORPHOLOGY CONTROL DOSE DOSE
Lung: Alveolar/Bronchiolar Adenoma
or Alveolar/Bronchiolar CarcinomaP 4/55(0.07) 9/50(0.18) 17/50(0.34)
P Values® P = 0.001 N.S. P < 0.001
Relative Risk (Control)d -— 2.475 4,675
Lower Limit —-— 0.741 1.659
Upper Limit —— 10.349 17.743
Weeks to First Observed Tumor 105 83 104
Hematopoietic System: Malignant
LymphomaP 14/55(0.25) 14/50(0.28) 10/50(0.20)
P Values® N.S. N.S. N.S.
Relative Risk (Control)d —— 1.100 0.786
Lower Limit - 0.540 0.345
Upper Limit —-—— 2,228 1.718
Weeks to First Observed Tumor 86 92 91
Hematopoietic System: Malignant
Lymphoma or LeukemiaP 18/55(0.33) 15/50(0.30) 10/50(0.20)
P Values® N.S N.S. N.S.
Relative Risk (Control)d — 0.917 0.611
Lower Limit - 0.484 0.279
Upper Limit - 1.706 1.254
Weeks to First Observed Tumor 86 85 91
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TABLE 6 (CONTINUED)

LOW HIGH
TOPOGRAPHY :MORPHOLOGY CONTROL DQSE DOSE
Liver: Hepatocellular Carcinomab 7/54(0.13) 12/50(0.24) 20/49(0.41)
P Values® P = 0.001 N.S. P = 0.001
Relative Risk (Control)d —-— 1.851 3.149
Lower Limit -— 0.732 1.421
Upper Limit - 5.101 7.932
Weeks to First Observed Tumor 101 98 85
Liver: Hepatocellular Adenoma or
Hepatocellular Carcinoma 11/54(0.20) 23/50(0.46) 35/49(0.71)
P Values® P < 0.001 P = 0.005 P < 0.001
Relative Risk (Control)d -— 2.258 3.506
Lower Limit -— 1.193 2.030
Upper Limit - 4.508 6.236
Weeks to First Observed Tumor 59 98 85
b
Circulatory System: Hemangioma 3/55(0.02) 6/50(0.12) 6/50(0.12)
P Values® N.S N.S. N.S.
Relative Risk (Control)d -— 2.200 2.200
Lower Limit - 0.497 0.497
Upper Limit -— 12.953 12,952
Weeks to First Observed Tumor 82 104 43
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TABLE 6 (CONTINUED)

LOW HIGH
TOPOGRAPHY : MORPHOLOGY CONTROL DOSE DOSE
Subcutaneous Tissue: Fibrosarcomab 0/55(0.00) 3/50(0.06) 0/50(0.00)
P Values® N.S. N.S. N.S.
Departure from Linear Trend® P = 0.012 _— —-—
Relative Risk (Control)d - Infinite —_—
Lower Limit -— 0.660 -—-
Upper Limit — Infinite —
Weeks to First Observed Tumor —_— 83 -
Uterus: Endometrial Stromal Polyp’ 0/54(0.00) 6/49(0.12) 2/46(0.04)
P Values® N.S. P = 0.010 N.S.
Departure from Linear Trend® P = 0.009 - -
Relative Risk (Control)d — Infinite Infinite
Lower Limit -— 1.760 0.347
Upper Limit —-—— Infinite Infinite
Weeks to First Observed Tumor —_— 99 104
Harderian Gland: Cystadenoma NOSb 0/55(0.00) 3/50(0.06) 0/50(0.00)
P Values® N.S. N.S. N.S.
Departure from Linear Trend® P = 0.012 -— —-—
Relative Risk (Control)d —_— Infinite -
Lower Limit - 0.660 ——
Upper Limit - Infinite -
Weeks to First Observed Tumor —— 98 —




TABLE 6 (CONCLUDED)

LOW HIGH
TOPOGRAPHY : MORPHOLOGY CONTROL DOSE DOSE
Kidney: Tubular-Cell Adenomab 0/55(0.00) 2/50(0.04) 2/46(0.04)
P Valuesc N.S. N.S. N.S.
Relative Risk (Control)d — Infinite Infinite
Lower Limit - 0.325 0.353
Upper Limit -— Infinite Infinite
Weeks to First Observed Tumor - 85 104
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dreated groups received time-weighted average doses of 500 or 1000 ppm in feed.
bNumber of tumor-bearing animals/number of animals examined at site (proportion).

“The probability level for the Cochran-Armitage test is given beneath the incidence of tumors in
the control group when P < 0.05; otherwise, not significant (N.S.) is indicated. The probability
level for the Fisher exact test for the comparison of a treated group with the control group is
given beneath the incidence of tumors in the treated group when P < 0.05; otherwise, not signifi-
cant (N.S.) is indicated. For both Cochran-Armitage and Fisher exact tests a negative designa-
tion (N) indicates a lower incidence in the treated group(s) than in the control group.

®The probability level of the test for departure from linear trend is given beneath the control
group when P < 0.05.



A high incidence of stomach tumors was noted in both male and
female dosed mice. Statistical tests were performed combining the
incidences of squamous-cell papillomas and squamous-cell carcinomas,
so that the measurement of interest was the proportion of mice having
either the papilloma or the carcinoma or both. The Cochran-Armitage
test indicated a significant (P < 0.001) positive association between
the incidence of either squamous-cell papillomas or squamous-cell
carcinomas and TBP dosage in both sexes. Fisher exact tests confirmed
these results in both sexes by indicating significance (P < 0.001)
in comparisons of either the low dose or the high dose groups to the
control groups. The spontaneous tumor rates observed in the controls
were not significantly different from the 2/625 in males and 6/575 in
females observed in the historical control B6C3Fl mice as compiled to
date for the NCI Carcinogenesis Testing Program at Mason Research
Institute. Based upon these results there was a significant positive
association between the administration of TBP under the conditions of
this experiment and an elevated incidence of stomach tumors (squamous-
cell carcinomas and papillomas) in both male and female B6C3Fl mice.

For both sexes the dosed mice exhibited a high incidence of lung
tumors. Statistical tests were performed combining the incidences of
alveolar/bronchiolar adenomas and alveolar/bronchiolar carcinomas, so
that the measurement of interest was the proportion of mice having
either the adenoma or the carcinoma or both. The Cochran-Armitage

test indicated a positive association between TBP dosage and the
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incidence of alveolar/bronchiolar neoplasms in both male (P = 0.003)
and female (P = 0.001) mice. Fisher exact tests showed a significant
difference between the control groups and the high dose groups for
both male (P = 0.003) and female (P < 0.001) mice. For the male mice
the comparison between the control group and the low dose group had a
probability level of P = 0.038, a marginal result which was not sig-
nificant under the Bonferroni inequality. The spontaneous tumor rates
for the combination of alveolar/bronchiolar carcinomas and alveolar/
bronchiolar adenomas observed in the controls were not significantly
different from the 21/575 (4 percent) observed in female historical
control B6C3Fl mice at Mason Research Institute for the NCI Carcino-
genesis Testing Program, but they were significantly (P < 0.05) higher
than the 70/625 (11 percent) observed in the historical control males.
Based upon these results there was a positive association between the
administration of TBP and an elevated incidence of lung tumors in both
male and female mice under the conditions of this experiment.

A high incidence of liver tumors was noted in dosed female mice.
When incidences were combined so that the numerator represented mice
having either a hepatocellular carcinoma or a hepatocellular adenoma
the Cochran-Armitage test indicated a highly significant (P < 0.001)
positive association between dosage and the incidence of hepatocel-
lular carcinomas or adenomas. Fisher exact tests confirmed these
results in comparing the control group to either the low dose (P =

0.005) or the high dose (P < 0.001) group. The spontaneous tumor
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rate observed in the control (11/54 or 20 percent) was significantly
(P < 0.05) higher than the incidence (29/575 or 5 percent) observed
in the female historical controls. Based upon these results there
was a significant positive association between the administration of
TBP and an elevated incidence of liver tumors in female mice under
the conditions of this experiment.

In male mice there was a high incidence of kidney tumors. When
incidences were combined so that the numerator represented mice with
either a tubular-cell adenoma or a tubular-cell adenocarcinoma, the
Cochran-Armitage test indicated a significant (P < 0.001) positive
association between dosage and incidence. The Fisher exact tests con-
firmed this relationship with the significant (P < 0.001) comparison
of high dose to control group. The spontaneous tumor rate observed
in the control group was not significantly different from the 0/625
observed in the historical control B6C3Fl male mice. When only
tubular-cell adenocarcinomas were considered, again both the Cochran-
Armitage test (P = 0.009) and the Fisher exact test comparing high
dose to control (P = 0,022) were significant. Based upon these re-
sults there was a significant positive assocliation between the admin-
istration of TBP and an elevated incidence of kidney tumors in male
mice under the conditions of this experiment.

In female mice the Fisher exact test showed a significantly (P =
0.010) higher incidence of endometrial stromal polyps in the low dose
group than in the control group. No other statistical tests were sig-

nificant, however.
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V. DISCUSSION

In both species adequate numbers of animals in all groups sur-
vived long enough to be at risk from late-developing tumors. The
similarity of mean group body weights for control rats and dosed rats
throughout this bioassay indicates that feeding of TBP did not inter-
fere with the growth of rats. Dose-related depression of mean group
body weights was, however, observed among mice.

Renal tubular-cell adenomas were observed in 48 percent (26/54)
of the low dose male rats, 48 percent (26/54) of the high dose male
rats, 7 percent (4/54) of the low dose female rats, and 19 percent
(10/54) of the high dose female rats. Renal tubular-cell adenocar-
cinomas were observed only in 6 percent (3/54) of high dose male
rats, No neoplasms were observed in kidneys of control rats. There
was a significant positive association between the incidence of renal
tubular-cell adenomas in female rats and dietary concentration of
TBP. In addition, the incidence of tubular-cell adenomas in high
dose female rats was significantly higher than that in controls. For
male rats, the combined incidence of renal tubular-cell adenomas and
renal tubular-cell adenocarcinomas was significant by all statistical
tests applied.

The incidence of renal tubular-cell adenocarcinomas in low and
high dose male mice was 2 percent (1/50) and 10 percent (5/49), res-—
pectively, as compared to none in the control group. This indicated

a significant positive trend and a significant increase at the high
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dose level. ©No renal tubular-cell adenocarcinomas were observed in
female mice. The incidences of renal tubular—-cell adenoma in low and
high dose males were 6 percent (3/50) and 18 percent (9/49), respec-
tively, as compared to none in the control group. This also indi-
cated a significant positive trend and a significant increase at the
high dose level. 1In the females, renal tubular-cell adenoma occurred
in 4 percent of each treated group (2/50 low dose and 2/46 high dose),
as compared to none in the control group, but this incidence was not
statistically significant.

Either squamous-cell papillomas or squamous-cell carcinomas of
the forestomach occurred in low and high dose mice, respectively, in
21 percent (10/48) and 27 percent (13/48) of the male and 29 percent
(14/48) and 50 percent (22/44) of the female mice, as compared to
none in the male control and 4 percent in the female control group.
This indicated a highly significant positive trend and a highly sig-
nificant increase of this tumor in both sexes at both dose levels.
These tumors were combined for purposes of statistical analysis since
they may have a common pathogenesis. Most of the observed squamous-
cell tumors of the forestomach, however, were interpreted as benign.
The incidence of squamous-cell carcinoma of the forestomach in low
and high dose females was 8 percent (4/48) and 9 percent (4/44), res-
pectively, as compared to none in the control group. This indicated a
significant positive trend, and suggests a relationship to TBP admin-

istration. In the males, squamous—cell carcinoma occurred only in 4
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percent (2/48) of the high dose group; this incidence was not statis-
tically significant. The incidences of squamous-cell papillomas and
squamous—cell carcinomas are suggestive of carcinogenicity because
squamous—cell carcinomas of the forestomach rarely occur spontaneously,

A high incidence of liver tumors was observed in female mice
treated with TBP. The proportion of female mice having hepatocellular
carcinomas or adenomas or both was significantly higher in treated
groups than control groups for all statistical tests applied. When
only hepatocellular adenomas were considered, once again all tests
were significant, When only the incidence of hepatocellular carcino-
mas was considered, the positive dose-related trend was significant
and tumor incidence in the high dose group was significantly higher
than in the control group. Tumor incidence among male mice was not
significant for hepatocellular carcinoma or adenoma,

A high incidence of lung tumors was apparent in both male and
female mice. The proportion of mice of each sex having alveolar/
bronchiolar adenoma or carcinoma or both exhibited a statistically
significant positive association with increased dietary concentration
of TBP. The incidence of alveolar/bronchiolar carcinomas alone ex-
hibited a significant positive dose-related trend for males, but not
for females.

1,2-Dibromo-3-chloropropane (DBCP) is a common contaminant of
TBP (Kerst, 1974). 1In a biocassay conducted for the NCI Carcinogene-

sis Testing Program at Hazleton Laboratories America, Inc., Vienna,
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Virginia, DBCP administered by gavage was found to cause a high inci-
dence of squamous-cell carcinomas of the forestomach in rats and mice
and also caused a significant increase in the incidence of adenocar-
cinomas of the mammary gland in female rats. DBCP also caused toxic
nephropathy in both rats and mice. Levels of DBCP in the batch of
TBP used for this bioassay did not exceed 100 ppm. Although the com-
bined incidences of squamous—cell carcinomas and squamous—cell papil-
lomas of the forestomach were significant in male and female mice,
other DBCP-related lesions were not observed at increased incidences
in TBP-dosed animals. The incidences of squamous-cell carcinomas of
the forestomach in male and female rats and the incidence of mammary
adenocarcinomas in female rats did not exceed those in controls.
Toxic nephropathy was not reported in rats or mice in this bioassay,
although dysplastic lesions were observed in kidneys of TBP-treated
rats. The types of dysplastic lesions found in the TBP biocassay were
not observed in DBCP-treated rats or mice. It is concluded that the
results of this bioassay are due principally to TBP administration.
The ability of TBP to induce base-—-pair substitution mutations

in histidine-requiring strains of Salmonella typhimurium supports the

positive findings of this bioassay. TBP gave positive Ames test re-
sults both with and without activation by hepatic microsomes derived
from Spraque-Dawley rats, indicating that TBP can behave as a direct-
acting mutagen (Prival et al., 1977). The mutagenicity of TBP was,

however, enhanced by metabolic activation. Prival et al. (1977)
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found no significant quantitative differences in mutagenicity among
nine different commercial samples of TBP obtained from five different
suppliers. These samples included both HV (high in volatiles) and
LV (low in volatiles) grades. A highly purified sample of TBP had
approximately the same mutagenic activity as the commercial samples
(Prival et al., 1977). The authors concluded that it was highly
unlikely that the mutagenicity of TBP was due to the presence of an
impurity (Prival et al., 1977).

It is concluded that under the conditions of this study orally
administered TBP was carcinogenic to B6C3Fl mice, causing increased
incidences of neoplasms in livers, lungs, and stomachs of female mice
and in kidneys, lungs and stomachs of male mice. TBP was also carci-
nogenic in Fischer 344 rats, causing an increased incidence of kidney

tumors in male and female animals.
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APPENDIX A

SUMMARY OF THE INCIDENCE OF NEOPLASMS
IN RATS TREATED WITH TBP






TABLE Al
SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS TREATED WITH TBP

- - W - 4 e S e Y W A e - - - -

CONTROL (UNTR) LOW COSE HIGH DOSE
01-0360 01-0405 01-0410
ANIFAIS INITIALLY IN STUDY £g 55 ce
ANIMALS NECRCESIED sy 55 5§
ANIMALS EXPMINED HISTOPATHOILOGICAILY** c£4 55 55
INTEGUMENTARY SYSTIEM

*SKLK (54) (55) (55)
SCUAMCUS CELL EAEILLOMA 2 (4%) 2 (4%)
FIERCMA 2 (4%)

*SUECUT TISSUE (54) (55) (55)
FIBECMA 2 (4%) 1 (2%) 1 (29
FIEROSARCOMA 2 (4%)

RESPIFATCRY SYSTEM

$LUNG (54) (55) (55)
ALVECLAR/EFCNCHIOLAE ACENOMA 2 (4%)
?LVEOL?R/ERONCEIOLAR CARCINOMA 1 (2%)
PHEGCHROMOCYTOMA, METASTATIC 1 (2%)
QSTEOSPRCOMA, METASTATIC 1 (2%)

HEMATCECIFTIC SYSTEN

#*MULTIPLE ORGANS (54) (55) (55)
FALIGNANT LYMEHCHMA, NOS 1 (2%)

GNDIFFERENTIATED LEUKEMIA 13 (zU%) 12 (22%) 6 (11%)
LYMPHOCYTIC LEUKEMIA 4 (7%) 1 (2%) 1 (2%)

#MEDIASTINAL L.NOLE (53) 51) (51
AIVECLAB/BECNCHIOLAR CA, METASTA 1 (2%)
PHEOCHROMOCYTOMA, METASTATIC 1 (2%)

CIRCUIATCRY SYSTEN

$HEART (54) {55) (55)

- EHECCHECHCCYICHMA, MEIASIAIIC 1_(2%)

# NUFMBER CF ANIMALS WITH TISSUE EXAMINED MICROSCOPICAILLY
* NUMBEE CF ANIMALS NECEFOPSIED
**EXCLUDES PARTIALLY AUTOLYZED ANIMALS

A-3



TABLE Al (CONTINUED)

- - - - " - = - - ea e = = -

CONTROL (UNTR)  LOW DCSE HIGH DOSE
01-0360 01-0405 01-0410
LIGESTIVE SYSTEN
$SALIVARY GLAND (5u) {53) (54)
ACIMAR-CELL ALENCMA 1 (2%) 1 (2%)
$IIVER (54) {55) (54)
NECELASTIC NOLULE 2 (4%)
HEPATOCELLULAR CARCINOMA 1 (2%) 2 (4%)
*BILE LUCT (54) (55) (55)
BILE LUCT CARCINGCMA 1 (2%)
#STOMACH (53) (54) (52)
SCUAFCUS CELL EAEILLOMA 2 (4%)
SCUAMOUS CELL CARC INOMA ZO(4%) 1 (2%)
EASAL-CELL CARCINOMA 1 {2%) 1 (2%)
$JEJUNUN (52) (53) (51)
FUCINCUS ACENOCAECINOMA 1 (2%)
URIMRY SYSTEM
#$KIDNEY (53) (54) (54)
TUBULAE-CELL ALENOMA 26 (48%) 26 (48%)
TUEULAR-CELL ADENOCARCINOMA 3 (6%)
#UBIMABY BLALLER (51) (51) (49)
TEANSITICNAL-CELL EAPILLOMA 1 (2%)
ENLCCRIME SYSTEM
$PITLITARY (48) (50) (50)
CAERCINCMA,NOS 1 (2%)
ADENOMA, NOS 1 (2%)
CHROMOPHOEE ADENOMA 4 (8%) 7 (14%) 3 (6%)
CHROMOPHOBE CARCINOMA 1 (2%)
ACIDOPHIL ADENOMA 1 (2%)
EASOPHIL ADENOMA 3 (6%) 2 (4%)
$ADEENAL (54) {(55) (55)
CCRTIICAL ALENCHA 1 (2%)
FEECCFBRCMCCYTGMA 12 (2:2%) € (15%) 13 (24%)
__PHECCHRCMCCYTCMA, MALIGHNANT Z_(u4%) 3_4{5%) 3_45%)

# NUMBER CF ANIMALS WITH TISSUE EXAMINEL MICROSCOPICALLY

* MNUMBEF CF AMIMALS NECKOPSIED

A-4



TABLE A1 (CONTINUED)

CONTROL (UNTR) ICW DCSE HIGH DCSE
01-0360 01-040¢% 01-0410

#THYERCII (53) (51) {c2)
FCIIICULAR-CELL CABRCINOMA 2 (u%)
C~-CELL ADENOMA 3 (6%) 2 {4%) 3 (6%)
C-CELL CARCINOMA 1 (2%) 1 (2%)

#EAKCREATIC ISLETS (53) (53) (51)
ISLET-CELL ATCENCMA 1 (2%) 3 (6%) 1 (2%)
ISLET-CELL CARCINOMA 1 (2%) 1 (2%)

REPRCIUCTIVE SYSTEM

*MAMMARY GLAND (54) (55) {55)
ADEMC KA, NCS 1 (2%
INTRADUCTAL PAPILLOMA 1 (2%)
FIBROADENOMA 1 (2%) 1 (2%)

*EREEUTIAL GLAND (54) (55) (55)
CAECIMNCMA,NOS 1 (2%) Z (4%) 3 (5%
ADENOMA, NOS 1 (2%) 3 (5%)
ADENOCARCINOMA, NOS 1 (2%)

#TESTIS (54) (55) (59)
INTERSTITIAL-CELL TUMOR 53 (98%) 46 (84%) S0 (91%)

NERVCUS SYSTEN

#EFALN (S4) (55) (55)
CEFUMINCUS CARCINOMA, METASTIATIC 1 (2%)
ASTROCYTOMA 1 (2%)

SPECIAL SEMSE CEGANS

*EYE (54 (595) (55)
SCUAMCUS CELL CARCINOMA 1 (2%)

*BAE (54) (55) (55)
CERUMINCUS CAECINOMA 1 (2%)

*EAR CANAL (54) (55) (55)
SFBACECUS ADENOCAFCINOMA 1 (2%)

———-_SERUMINOUS_CARCINOMA 1 02%)

# NUMBEE CF ANIMALS WITH TISSUE EXAMINEL MICROSCOPICAILY
* NUMBEER OF ANIMALS NECFOPSIED



TABLE Al (CONTINUED)

CCNTROL (UNTR) LOF DCSE HIGH DCSE
01-0360 01-0405 C1-0410
MUSCUICSKELETAL SYSTEM
* SK ULL (5 u) (55) (55)
CSTECSARCOMA 1 (2%)
*MAMLIBLE (54) {55) (5%)
CSTECSAECCHMA 1 (2%)
*STERNUM (54) (55) {55)
EHECCHECMCCYTCMA, METASTATIC 1 (2%)
*RIB (54) {55) {55)
ALVECIAR/BRCNCHICLAE CA, METASTIA 1 (2%)
BGLY CAVITIES
*AEDOMINAL CAVITY (54) (55) (55)
YESCTHELIOMA, NOS 1 (2%)
*PEFITCNEUN (54) {55) (55}
FESCTHELICMA, NOS 1 (2%)
*PELVIS (54) (595) (55)
CHCEFLCHKA 1 (2%)
*MESENTEFY (54) (55} (55
FIBECSARCCHMA 1 (2%) 1 (2%)
AIL CIHEF SYSTEMS
*MULTIPLE ORGANS (54) (55) (55}
MESOTHELIOMA, NOS 2 (4%)
DIAEHEAGHM
FIBRECSARCCMA, METIASTATIIC 1
OMENTUM
FIBECSABRCCMA o -

# NUMBER OF ANIMALS WITH TISSUE EXAMINEL MICFOSCOPICALLY
* NUMBEEF CF ANIMALS NECFOPSIED

A-6



TABLE Al (CONCLUDED)

CONTROL (UNTR) ICK DCSE HIGH DCSE
01-0360 01-040% 01-0410
ANIMAL DISPOSITION SUMMARY
AMIFALS INITIALLY IN STULY 55 55 55
NATOFAL CEATHQ 6 3 7
MOKIEUNL SACRIFICE 10 17 8

SCHELULEL SACGKIFICE

ACCITEMNTALLY KILLED

TERMINAL SACERIFICE 39 3E 40
ANIPAL MISSING

@ INCLUDES AUTOLYZED ANIMALS

TUMCE SUFMARY

TOTAL AMIMALS WITH FFIMARY TUMORS* Sy 54 €5
TOTAL PRIMARY TUMCGES 112 138 138

TOTAL ANIMALS WITH 3ENIGN TUMCRS 53 51 51
TOTAL EENIGN TUMORS €3 104 107

TCTIAL AMIMALS WITH MALIGNANT TUMORS 26 26 24
TCTAL FALIGNANT TUMORS 27 2 29

TCTAL AMMALS WITH SECCNDARY TUMORS# 1 1 3
TCTAL SECCNDARY TUMORS 1 Z 6

TCTAL AMIMALS WITH TUNMOES UNCERTIAIN-

EENIGR CE MALIGNANT z p; 2
TOTAL UNCERTAIN TUMORS z 2 2

TCTAL AMIMALS WITH TOUOMOFS UNCERTAIN-
EFIMAEY CF METASTATIC
TCTAL UNCERTAIN TUMCES

* PRIMARY TUMCRS: ALL TUMCES EXCEET SECCNLARY TUMORS
# SECCNDARY TUMORS: METASTATIC TUMORS OF TUMOKS INVASIVE INTO AN ALJACENT ORGAN
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TABLE A2

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS TREATED WITH TBY

——— e T . o A e o S T o o e e igh

CONTROL (UNTR) 10K DCSE HIGH DCSE
02-0360 02-0405 02-0410
ANIMALS INITIALLY IN STUDY &5 55 55
ANIMALS MECECESIEL Sy 55 55
ANIMAIS EXAMINELC HISTOFEATHOLOGICALLY¥* €4 55 tg
INTEGUMENIARY SYSTEM
*SKIN (54) (55 (55)
SCUAMCUS CELL PAPILLOMA 2 (4%) 1 (2%)
SQUAMOUS CELL CARCINOMA 2 (u%) 1 (2%) 2 (4%)
*SUBCUT TISSCE (54) (55) (55)
FIBRCMA 1 (2% 1 {2%)
FIBRRCSARCCHMA 1 (2%)
LIPCHMA z (4%)
LIPOSARCOMA 1 (2%)
RESEIRATCRY SYSTEM
#LUNG (53) (54) (55)
BILE LUCT CARCINOMA, METASTATIC 1 (2%)
ALVEOLAR/ERONCHIOLAR ADENOMA 1 (2%) 2 (4%)
ACENOSQUAMOUS CARCINOMA 1 (2%)
FIEROSARCOMA, METASTATIC 2 (4%)
HEMATCECIETIC SYSTEN
*MULTIPLE ORGANS (54) (55) (55)
UNCIFFERENTIATEL LEUKEMIA 8 (15%) 9 (16%) 9 (16%)
LYMPHOCYTIC LEUKEMIA 1 (2%) 1 (2%)
#BCNE MARECH (53) (54) (52)
FIBFCSARCCMA, METASTATIC 1 (2%)
#SELEEN (52) (54) (55)
MUFCFIBECSARCOMA, UNC PRIM OR M 1 (2%)
#LYMPH NODE (51) (54) (54)
-e--EILE_EUCI_CAECINGCHA, MEIASIAILIC 1_{2%)

# NUFBER CF ANIMALS WITH TISSNUE EXAMINED MICROSCOPICAILY

* NUFPBEEK CF ANIMALS NECEOPSIED
**EXCLUDES PARTIALLY AUTOLYZED ANIMALS



TAB'.E A2 (CONTINUED)

- S = o S R W - - - - e = Y e e

CONTROL (UNTR) ICW DGSE HIGH DCSE
02z-0360 02-0405 02-0410
#MICIASTINAL L.NODE 51) (54) (54
UNLIFFERENTIATED CARCINOMA METAS 1 (2%)
#MESENTERIC L. NODE (51 (54) (54)
UNCIFFERENIIATEC CARCINOMA METAS 1 (2%)
EILE DUCT CARCINOMA, METASTATIC 1 (2%)
$THYMUS (42) (50) (u5)
THYMCMA 1 (2%)
CIRCULIATCRY SYSTEM
#HEART (53) (54) (55)
NEURCFEIBRCSARCOMA, UNC PRIM OR M 1 (2%)
DIGESTIVE SYSTEM
#$SALIVARY GLAND (52) (54) (55)
ALENCFA, NOS 3 (6%)
PCINAR-CELL ADENCMA 2 (u%)
SLIVEE (53) (54) (55)
NECEIASTIC NOLULE 1 (2%) 1 (2%)
HEPATOCELLULAR CARCINOMA 1 (2%)
NEUROFTEROSARCOMA, UNC PRIM OR M 1 (2%
*BILE TUCT (54) (55) {55)
BILE LUCT CARCINOMA Z (4%)
#PANCREAS (52) (53) (54)
BILE CUCI CARCINOMA, METASTATIC 1 (2%)
#STCEACH (51) (54) (52)
SCUAMCUS CELL EAFILLOMA 1 (2%)
SQUAMCUS CELL CARCINOMA 1 (2%) 1 (2%)
EASAL-CELL CARCINOMA 1 (2%) 1 (2%)
ADENOCARCINOMA, NOS 1 (%)
URINARY SYSTEM
#KIDNEY (52) (c4) (54)
—eo_TUBULAE-CELL_ALENGHA a_4(7%) 10_(19%)

# NUMBER CF ANIMALS WITH TISSUE EXAMINEL MICROSCOPICALLY

* NUMBEF CF ANIMALS NECKOPSIED

A-9



TABLE A2 (CONTINUED)

CONTROL (UNTR) 10W DCSE HIGH DCSE
02-0360 02-0405 02-0410
ENCCCFINE SYSTEM
#PITCITARY (4€) (54) (52)
CMAECINCMA, NOS 3 (6%) 1 (2%) 1 (2%
ADENOMA, NOS 1 (2%)
CHROMOPHOBE ADENOMA 15 (21%) 22 (41%) 24 (46%)
CHROMOPHCBE CARCINOMA 1 (2%)
ACIDOPEIL ADENOMA 1 (2%) 2 (4%)
EASOPHIL ADENOMA 1 (2%)
$ALFENAL (53) (53) (5w
CCFIICAL ATENCHMA 1 (2%) 1 (2%) Z (u%)
PHECCHROMOCYTOMA 3 (6%) 4 (8%) 2 (4%)
ANGIOL IPOMA 1 (Z%)
#THYEFCIL (49) (53) (53)
UNLIFFERENIIATED CARCINOMA 1 (2%)
FCLIICULAR-CELL ADENOMA 1 (2%)
C-CELL ADENCHMA 1 (2%) 1 (2%) 4 (8%)
C-CELL CARCINOMA 3 (€%) 2 (4%)
#PANCEEATIC ISLETS (52) (53) (54)
ISIFTI-CELL ACENCMA 1 (2%)
REEFCLUCTIVE SYSTEM
*MAFPARY GLAND (s4) {5%) (£5)
PAPILLOMATOSIS 1 (2%)
ADENCMA, NOS 1 (2%) 2 (4%)
ADENOCARCINOMA, NOS 2 (4%) 2 (4%)
FIBROSARCOMA 1 (2%)
FIEROADENOMA 16 (3C%) 10 (18%) 19 (35%)
*CLITCHAL GLANC (54) (55) (55)
CARCINCMA,NOS 2 (4%) 1 (2%)
PTEM FA, NCS 3 {5%)
ADENOCARCINOMA, NGS 1 (2%)
$UTERUS (52) (54) (55)
ENCOMETRIAL STROMAL POLYP 16 (31%) 14 (26%) 11 (20%)
ENDOMETRIAL STROMAL SARCOMA 1 (2%) 1 (2%)
HEMANGIOMA 2 (4%)
$UTERUS/ENCCMETHI OM (52) (54) (55)
—___ALENCCARCINCMA, NOS 1_12%) 1_(2%)

# NUMBEF CF ANIMALS WITH TISSUE EXAMINEL MICROSCOPICALLY
* KOMBEF CF ANIMALS NECFOPSIED

A-10



TABLE A2 (CONTINUED)

- - ———- - Y = = 4R A R N A = S e R S 4 n S A m T S WD M WA AP T W R -

CONTROL (UNTR) IC¥ DCSE HIGH DGSE
02-0360 02-0405 02-0410
#CVAERY (53) (53) (5%
GEANULCSA-CELL TUMOBE 1 (2%) 1 (2%
GRANULOSA-CELL CARCINOMA 1 {2%)
SERTOLI-CELL TOMOR 3 (5%)
TOEULAR ADENOMA Z (u%)
NERVCUS SYSTEM
#ERAIN (52) (S4) (54)
CARCIMNCMA, NOS, METASTATIC 2 (4%)
CHROMOPHOBE CARCINOMA, METASTATI 1 (2%)
ASTROCYTOMA 2 (U%)
SPECIAL SEMSE CRGANS
*EYE (54) (55) (55)
SCUAMCUS CELL CARCINOMA 2 (4%)
*EAE CAMNAL {54) (55) (55)
CERUMINCUS CARCINOMA 1 (2%) 1 (2%)
MUSCUICSKEIETAL SYSTEM
NCME
BOLY CAVITIES
*PFRITONE UM (54) (55) (55}
FESCTHELIOMA, NOS 2 (4%)
*BLEUBA (54) (55) (%)
MESCTHELICMA, NOS 1 (2%)
*MESENTERY (54) (55) (55)
FIBFCSARCCHMA 2 (4%)
ALL CTHER SYSTEMS
*MUITIELE CEGANS 154) (55) (55)
—~—-ALENCCABRCINCHMA, NOS, METIASTIAIIC 1_{23)

# NUMBEF CF ANIMALS WITH TISSUE EXAMINEL MICROSCOPICALILY
* NUMBER CF ANIMALS NECBFOPSIED

A-11



TABLE A2 (CONCLUDED)

" " —— . - - " e - A - gy e - -

CCNTROL (UNTR) LOW DCSE HIGH DCSE
02-0360 02-0405 02-0410
ANIMAL DISPOSITION SUMMARY
ANIMALS INITIALLY IN STOLY 55 55 55
NATUFAL CEATHA 6 2 4
MOEBIEUNL SACRIFICE 13 9 15

SCHELULEL SACFIFICE

ACCILENTALLY KILLED

TEREINAL SACRIFICE 36 by 36
ANIFAL MISSING

® INCLUDES AUGTOLYZED ANIMALS

- e - - - e > " " Y e = 4 e = e = R e A M e AP T R e —— - -

TUMCEF SUFMMAEY

TCTAI ANINMALS WITH ERIMAEY TUMORS* 5z 473 cu
TCTAL FEIMARY TUMOES 100 $2 115

TOTAL ANIMALS WITH BENIGN TUMCRS 4s 43 u7
T0TAL EENIGN TUMORS 67 70 82

TCTIAL ANIFMALS WITH MALIGNANT TUMORS 24 19 24
TCTAL FALIGNANT TUMORS 28 21 29

TCTAL ANI¥ALS WITH SECCNDARY TUMORES#H 5 3
TCTAL SECCNLCAERY TUMGRS 6 7

TCTAL AMIMALS WITH TUMORS UNCERTAIN-

EENIGN CE MALIGNANT z 1 3
TOTAL OUNCERTAIN TUMORS Z 1 4

TCTIAL ANIMALS WITH TUMOES UNCERTAIN-

EEIFMAFY CF METASTIATIC 1
TCTAL UNCEBTAIN TUMORS 3

* PRIMARY TUMCRS: ALL TUMORS EXCEFT SECCNTCARY TUMORS
# SECONDARY TUMORS: METASTATIC TUMORS OFK TUMORS INVASIVE INTO AN ALJACENT ORGAN

S S A e e S e e e R e 4 e e R T A L R - - -
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APPENDIX B

SUMMARY OF THE INCIDENCE OF NEOPLASMS
IN MICE TREATED WITH TBP






TABLE Bl
SUMMARY OF THE INCIDENCE OF NEOPL.ASMS IN MALE MICE TREATED WITH TBP

o 2 " 0 O

CCNTEOL {(UNTR) LOW COSE HIGH DOSE
€5-0360 05-0415 05-0420
ANIPALS INITIALLY IN STUDY £5 50 <0
ANIMALS MECRCESIED 55 50 50
ANIMALS EXPMINED HISTOPATHOLOGICAILILY *¥* t5 50 50
INTEGUMENTARY SYSTIEN
*SKIK (55) {50) (50)
SCUAMCUS CELL EAFILLOMA 1 (2%)
SEEACECUS ADENOMA 1 (2%)
*SUBCUT TISSUE (55) (50) (50)
FIBRCEFA 2 (4%)
FIBECSARCCHMA 1 (%) Z (4%) 1 (2%)
RESEIFATCEY SYSTEM
fLUNG (54) (44) (50)
HEEACCELLULAF CAKCINOMA, METAST 4 (7%) 1 {2%) 1 (2%)
ALVEOLAR/BRONCHIOLAR ADENOMA 6 (11%) 11 (25%) 12 (24%)
ALVEOLAR/BRONCHIOLAR CARCINCHMA € (11%) € (18%) 13 (26%)
HEMATCECIETIC SYSTEM
*MULTIPLE ORGANS (55) (50) (50)
MALIG.LYMEHOMA, HISTIOCYTIC TYPE 1 (2%)
MALIGNANT LYMPHGMA, MIXED TYPE Z (4% 2 (4%) 2 (4%)
#SELEEM (51) 47) (49)
HEMANGICREA 1 (2%)
MALIC.IYFEFHCMA, HISTIOCYTIC TYEE 1 (2%)
FALICNANT LYMEHCMA, MIXED TYPE 1 {2%)
#MEDIASTINAL L.NCLE (48) (43) (44)
FIBFCSAKCCMA, METASTATIC 1 (2%)
#FESENTERIC L. NCCE (48) (43) (uu)
HEEATCCELLULAE CARCINOMA, METIAST 1 (2%) 1 (2%)
MALIGNANT _LYMPEQOMA, MIXEL TYPE 1_(2%) 1_12%)

# NUMBER CF ANIMALS WITH TISSUE EXAMINFLC MICROSCOPICALLY
* NUMBEF CF AMNIMALS NECFOPSIED

**EXCLUDES PARTIALLY AUTOLYZED ANIMALS
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TABLE B1 (CONTINUED)

CONTROL (UNTR) LOW DCSE HIGH DCSE
05-0360 05-0415 05-0420

#LIVER (54) (49) (49)
MALIGNANT LYMEHCMA, NOS 1 (2%)

#3JEJUNUN {50) (47) (48)
YALIGNANT LYMPHCMA, MIXED TYPE 1 (2%)

CIRCUIATCFY SYSTEM

$BEART (%) (4s (50)

HEFANGICMA 1 (2%)
CIGESTIVE SYSTEN

#LIVER (54) (49) (49)
HEPATCCELLULAR ADENOMA 4 (1%) 11 (22%) 4 (8%)
HEPATOCELLULAR CARCINOMA 24 (44%) 20 (41%) 19 (39%)

#EANCEREAS 49) (46) (49)
HEEATCCEILULAF CARCINOMA, METAST 1 (2%)

#STCPFACH (51) (47) (48)
SCUAMCUS CELL PAPILLOMA 10 (21%) 11 (23%)
SQUAMOLUS CELL CARCINOMA 2 (u%)
EASAL-CELL CARCINOMA 1 (2%)

URINARY SYSTEX

#KICNEY (54) {50) (49)
TUBULAF-CELL ATENOMA 3 (6%) 9 (18%)
TOUEULAR-CELL ADENOCARCI NOMA 1 (2%) 5 (10%)

#KILNEY/EELVIS {54) (50) (49)
TFANSITICNAL-CELL PAPILLOMA 1 (2%)

#UFINARY ELADDER (48) (38 (47)
HEMAKGICMA 2 (5%)

HEM ANGIOSARCOMA 1 (2%)
ENDCCRINE SYSTEM
$EITUITARY (39) (38) (43)
——__CHRCMCEHCBE_ALENOMA 1_{3%)

# NUMBER CF ANIMALS WITH TISSUF EXAMINEC MICROSCOPICAILLY
# NUMBEF CF ANIMALS NECKOPSIED

B-4



TABLE Bl (CONTINUED)

- - = " = - . e - - - - —

CONTROL (UNTR) LOW DGSE HIGH DCSE
05-0360 05-0415 05-0420
#ALBENAL 50) (4z) (ug)
CCRTICAL ALENCMA 1 (2%) 1 (2%)
PHEOCHROMOCYTOMA 1 (2%)
#ADRENAL /CAESULE (50) (42) (48)
ACENCFA, NOS 5 (10%) 1 (2%)
#EANCFEATIC ISLETS (u9) (46) (49)
ISIFI-CELL ALENCMA 2 (4%)
FEEKCLUCIIVE SYSTEM
#TESTIS (54) (49) (50)
INTERSTITIAL-CELL TUMOR 1 (2%)
NERVCUS SYSTEM
NCNE
SPECIAL SEMSE CRGANS
*HAFCERIAN GLANT (55) (50) (50)
CYSTALENCMA, NOS 1 (2%) 1 (2%) 2 (4%)
MUSCUICSKELETAL SYSTEM
NCNE
EOCY CAVITIES
*MECTASTIMNUM (55) (50) (50)
ALVECLAR/BRCNCHIOLAR CA, METASTA 1 (2%)
*EEFITCREUM (55) (50) (50)
MESCTFELICMA, NOS 1 {2%)
ALL CIHEEF SYSTEMS
*MULTIPLE ORGANS (59) (50 (50)
——__SQUAMODS_CELL_CARCINOMA, METASTA 1_(2%)

# NUMBER CF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* MNUMBEF CF ANIMALS NECFOPSIED

B-5



TABLE Bl (CONCLUDED)

CONTROL (UNTR) LOW DOSE HIGH DGCSE
05-0360 05-0415 05-0420
ANIMAL DISFOSITION SUMMARY
ANIFALIS INITIALLY IN STULY 55 50 50
NATUFAL CEATH® 9 7 3
MOBEIEUNL SACRIFICE 2 4 4
SCHELULEL SACKIFICE
ACCITENTALLY KILLED 1
TERMINAL SACEKIFICE 44 3¢ 43
ANIMAL MISSING
@ INCLUDES AUTOLYZED ANIMALS
TUMCE SUMMARY
TCTAL ANIMALS WITH EFIMARY TUMORS* 43 41 43
TCTAI ERIMARY TUMCES £9 €0 86
TOTAL ANIMALS WITH BENIGN TUMCRS zz 26 28
TOTAL EENIGN TUMORS 24 43 40
TCTAL ANIMALS WITH MALIGNANT TUMORS 29 30 34
TCTAL PALIGNANT TUMOES 35 36 46
TCTAL AMINMALIS WITH SECCNDARY TUMORS# 4 z 4
TCTAL SECCNDAKY TUMORS 5 3 4
TCTAL AMIMALS WITH TUMORS UNCERTAIN-
EEXICGN CEF MALIGNANT 1
T0TPL CUNCERTAIN TUMORS 1

TCTAL AMIMALS WITH TUMORS UNCERTAIN-
FIIMAFY CE METASTATIC
TCTAL UNCERTAIN TUMCRS

* PRIMARY TUMCRS: ALL TUMORS EXCEET SECCNLCARY TUMORS
# SECCNDARY TUMORS: METASTATIC TUMOKS OF TUMORS INVASIVE INTO AN ALJACENT ORGAN
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TABLE B2
SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE TREATED WITH TBP

-~ ——— - - - > T T T T T 4 - " = R D = n W 4 = S = W S W s W S % - -

CONTROL (UNTR) I10W DCSE HIGH DCSE
06-0360 06-0415 06-0420
ANIMALS INITIALLY IN STUDY 5 50 50
ANIMAIS NECECESIEL 55 50 50
ANI¥ALS EXAMINEL HISTOEATHOLOGICALLY** £5 50 €0
INTEGUMENTARY SYSTEM

*SUECUT TISSUE (5% (50) {50)
FIEFCSARCOMA 3 (6%)

HEMANGIOMA 1 (2%)
RESPIRATCEY SYSTEM

SLING {55) (50) (50)
HEPATCCELLULAE CARCINOMA, METAST 2 (u%) 1 (2%)

AL VEQOLAR/BRONCHIOLAR ADENCHA 3 (=% & (16%) 14 (28%)
ALVEOLAR/BRONCHIOLAR CARCINCMA 1 (2%) 1 (2%) 3 (6%)
HEMATCECIETIC SYSTEM

*MULTIPLE ORGANS (55) (50) {50)
MALIGNANT LYMEHCMA, NOS 1 (2%) 1 (2%)
MALICG.LYMPHOMA, LYMPHOCYTIC TYPE 2 (u%) 1 (2%)

MALICG.LYMPHOMA, HISTIOCYTIC TYPE 1 (2%) 2 (4%) 1 (2%)
MALIGNANT LYMPHOMA, MIXED TYPE 6 (11%) 4 (8%) 4 (8%)
LYMPHOCYTIC LEUKEMIA 4 (7% 1 (2%)

#SELEEN (53) “7) (46)
HEMANGIGMA 1 (2%) 1 (2%)
HEMANGIOSARCOMA Z (4%

MALIGNANT LYMPHOMA, MIXED TYPE 1 (2%) 3 (6%) 1 (2%)

#LYYEH NCLE (47) (43) (45)
FALIGNANT LYMEHCMA, MIXED TYPE 1 (2%)

#MECIASTINAL L.NCLCE u7) (43) (45)
AIVECLAR/BECNCHIOLAR CA, METASTA 1 (2%)

#YESENTIERIC L. NGLE u7) (43) (45)

——__PALIGNANT_LYMEHCMA, MIXED TIPE 2. (4%) i_(1%) 2_{4%)

# NUMBEF CF ANIMALS WITH TISSUE EXAMINELDL MICROSCOPICALLY
* NUMBEE CF ANIMALS NECEOPSIED

**EXCLUDES PARTIALLY AUTOLYZED ANIMALS
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TABLE B2 (CONTINUED)

v . e — — m " - —— - - = = - > A = - - - - - " - = = = - -
e v i e e

CONTROL (UNTR) 10W DCSE HIGH DQSE
06-0360 06-0415% 06~-0420
#LIVEE (54) (50) (49)
MALIGNANT LYMEHCMA, NOS 1 {2%)
#$KIDNEY (55) {50) (46)
FAIIGNANT LYMEHCMA, MIXEL TYPE 1 (2%)
#THYKUS (35) (41) (36)
THYIRCHA 1 {3%)
CIRCULATCEY SYSTEM
#BEART (5%) {(50) (50)
ALVECLAR/BRCNCHIOLAR CA, METASTA 1 (2%)
HEMANGIOMA 1 (2%)
CIGESTIVE SYSTEM
SLIVER (54) (50) (49)
HEEATCCELLULAR ATENOMA 4 (1%) 11 (22%) 15 {31%)
HEPATOCELLULAR CARCINOMA 7 (13%) 12 (24%) 20 (41%)
HEMANCIOMA 1 (2%) 2 (4%) 1 (2%)
#ESCIHAGUS 1) u7) (45)
SCUAMCUS CELL CAKCINOMA 1 {2%)
#STCFACH (53) (48) (44)
SCUAMCUS CELL EAPILLOMA 2 (4%) 10 (21%) 18 (41%)
SCUAMOUS CELL CARCINOMA 4 (8%) 4 {9%)
LETIOM YOS ARCOMA 1 (2%)
URIMARY SYSTEM
#KICMEY (55) (50) (46)
TUBULAF-CELL ACENOMA z (4%) Z (u%)
#UFINARY BLALCLER (50) (43) (43)
HEMANGICMA 1 (2%)
ENCCCRIME SYSTEN
FETTULTAGY u2) (38) (39)
——__CHECMCEHCBE_ADENOMA 2_1(5%) 1 _{3%)

# NUMBEF CF ANIMALS WITH TISSUE EXAMINEL MICROSCOPICALLY
* MUMBEF CF ANIMALS NECROPSIED
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TABLE B2 (CONTINUED)

- . = - - - - T = = e - . " P W W b 4R e W 4 M = W R - 0 =

CONTROL (UNTR) IOW DCSE HIGH DCSE
06-0360 06-0415 06-0420
EASOPHIL ADENOMA 1 (2%) 2 (5%)

$ADEEMNAL (50) 48) (87)
EHECCHRC MCCYICMA 1 (2%) 1 (2%)

#ADFENAL /CAESULE (50) (48) (47)
ALENCMA, NOS Z (4%)

#THYFCILC {48) (44) (40)
FCITICULAR-CELL ADENOMA 1 (2%)

#PANCREATIC ISLETS 49) (47 (44)
TSIFT-CELL ALENCMA 1 (2%)

REFERCIOCTIVE SYSTEN

*FANFAFY GLANC (55) (50) (50)
ACINAF~CFLL CAECINOMA 1 (2%)

FIBROADENOMA 1 (2%)

#$UTEEDS (54) 49) (46)
NECELASM, NGCS, MALIGNANT 1 (2%)

PCENCCARCINCMA, NOS 1 (2%)
[EICKFYCSARCCHMA 1 (2%)
ENDOMETRIAL STROMAL POLYP 6 (12%) 2 (u%)
HEMANGIOMA 3 (6%)

#CVARY (50) (u7) (u4)
CYISTATENCFA, NOS 1 (2%)
PAPILLARY CYSTADENOMA, NOS 1 (2%)
GRANULOSA-CELL TUMOR 1 (2%)

GRANLLOSA-CELL CARCINOMA 1 (2%)
HEMANGIOMA 2 (5%)
KERVCUS SYSTEM
NOXE
SPECIAL SEMSE CRGANS

*HAFCERIAN GLANT (55) (50) (50)
CYSTALENCMA, NOS 3 (6%)

o __PPPILLARY_CYSTADENOMA,_ NOS 1_(2%) 2_(43%)

# NUMBER CF ANIMALS WITH TISSUE EXAMINEC MICROSCOPICALILY
* NUMBEF OF ANIMALS NECEFOPSIED
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TABLE B2 (CONTINUED)

. -~ - ——— - " — - " T o —— > - W - - - = - = - -

CONTROL (UNTR) IOW DCSE HIGH DCSE
06-0360 06~-0415 06-0420
MUSCUICSKEIETAL SYSTEM
*SKULL (5%5) (50) (50)
CSTECHMA 1 (2%)
EODY CAVITIES
*PEFTITCKEUN (55) (50) (50)
MESCTHELICMA, NOS 1 (2%)
ALL CTHER SYSTEMS
*MULTIPLE ORGANS (55) (50) (50)
MESCTHELICMA, NOS 1 (2%)
HEMANGIOMA 1 (2%)
ANIMAI LCISECSITICN SUMMAERY
ANIFALS INITIALLY IN STODY 55 50 £0
KATURAL CEATH® 7 € 6
MOEIEUNL SACRIFICE 4 7 5
SCHELULEL SACEIFICE
ACCITCENTALLY KILLED 1 1
TERMINAL SACEIEFICE 44 37 38

ANIFAL MISSING

B_INCLUDES_ALTOLYZED_ANIMALS

# NUMBER CF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBER CF ANIMALS NECFOPSIED
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TABLE B2 (CONCLUDED)

CCNIROL (UNTHE) LCW DCSE HIGH DOSE
06-0360 06-0415 06-0420
TUMOE SUMMARY
TOTAL ANIMALS WITH PRIMARY TUMORS* 34 42 4y
TCTAL FEIMARY TUMOKS 50 86 109
TCTAL ANIMALS WITH BENIGN TUHMORS 15 33 34
TCTAL BENIGN TUMOES 19 as 67
TOTAL AMIMALS WITH MALIGNANI TUMCRS 27 26 30
TOTAL MALIGNANT TUMORS 30 36 41
TOTAL ANIMALS WITH SECONDARY TUMCRS# 2 1 1
TCTAL SECCNLAFY TUMORS 2 1 2
TCTAL AMIMALS WITH TUMORS UNCERTAIN-
EEMIGN CF MALIGNANT 1 1 1
TCTAL UNCERTAIN TUMOKS 1 1 1

TOTAL ANIMALS WITH TUMORS UNCERTAIN-
PEIMARY CR METASTATIC
TCTAL UNCERTAIN TUMORS

* EFIFMARY TUMCES: ALL TUMORS EXCEPT SECONDARY TUMORS
# SECCNLCARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT CHGAN

- = = e = = . = A R - n - = e -
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APPENDIX C

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC
LESIONS IN RATS TREATED WITH TBP






TABLE C1
SUMMARY OF THE INCIDENCE OF NONNEQPLASTIC LESIONS IN MALE RATS TREATED WITH TBP

- - - - " . ——— - " - " = e W e = W = S = - -

CONTROL (UNTR) 1CW DCSE HIGH DGSE

01-0360 01-0405 01-0410
ANTMALS INITIALLY IN STODY 5 55 55
ANIPAIS MECFCESTEL sy 55 55
ANIPALS EXAMINEL HISTOEATHOLOGICALLY¥* ¢4 55 5
INTEGUMENTARY SYSTEM

*SKIN (5w (55) (55)
EEICERMAL INCLUSION CYS1 3 (5%)
ELCER, NOS 1 (2%)

AESCESS, NOS 1 (2%)
ULCER, HEALED 1 (2%)

*SUBCUT TISSUE (54) (55) (55)
EEICEBFAL INCIUSICN CYST 1 (2%)

BESEIFATCFY SYSTEM

#LUNG/FRCNCHUS (54 (55) (55)
BFCNCHIECTASIS 1 {2%) 1 (2%)

#LUKG (54) (55) (55)
BRCNCHCENEUMCNIA, NOS 2 (4%) Z(4%) 1 (2%)
ENEUMCNIA, CHRONIC MURINE Z (4%) 3 (5%)
METAPLASIA, NOS 1 (2%) 2 W%

HEMATCPCIETIC SYSTEM

#BONE MARROW (52) (54) (52)
FIBECSIS, FOCAL 1 (2%) 1 {2%)

HYPOPLASIA, NOS 1 (2%)
HYPERPLASIA, NOS 7 (13%) 6 (11%) 5 (10%)

$SELEEN (54) (Su) (52

FIBECSIS, FOCAL 1 (2%)
MECRCS1S, FCCAL 1 (2%)
HEMCS IDEROSIS 1 (2%)
HEMATOPO IESIS 1 (2%)
#CEEVICAL LYMEH NCLE (53) (51) (31)
—=--HYEFEELASIA,_ _NOS 1_(2%)

# NUMBEF CF ANIMALS WITH TISSOE EXAMINEL MICROSCOPICALLY
* NUMBEE GF ANIMALS NECROPSIED

**EXCLUDES PARTIALLY AUTOLYZED ANIMALS
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TABLE C1 (CONTINUED)

" > o Y= > = o M = . D W R A R D e e R A W e P W s e ew W 4R S e T -

CONTROL (UNTR) 10§ DOSE HIGH DCSE
01-0360 01-0405 01-0410
#LUMBAE LYMFH NOLE (53) (51) (51)
HEMCERHAGE 1 (2%)
#RESAL LYNEFH NODE (53) (51) (51
HEMCSILERCSIS 1 (2%)
CIRCUIATCRY SYSTEM
#HEART (54) (55) (55)
THECMBUS, MUEAL 1 (2%) 1 (2%)
PERIARTERITIS 1 (2%)
#MYCCAERCIUM (54) (55) (55)
INFLAEFATICN, FOCAL 1 (2%)
CEGENERATICN, NGCS 16 (30%) 22 {(40%) 12 (22%)
*ACBTA (54) (55) (55)
THFOMBCSIS, NOS 1 (2%)
MEDIAL CALCIFICATION 1 (2%)
*CEIIAC ABTEFY (54) (55) (55)
THRCMBCSIS, NOS 1 (2%)
*MESENTERIC ARTERY (54) (55) (55)
THECKBUS, MUEAL 1 (2%)
CIGESTIVE SYSTEN
#LIVER (54) (55) (54)
CCNGESTICN, CHRCNIC PASSIVE 1 (2%)
HEMORREAGE 1 (28%)
CHOLANGIOFIBROSIS S (17%) 5 (9%)
MECROS1S, FOCAL 1 (2%) 2 (4%)
NECROSIS, FAT 1 (2%)
METAMORPHOSIS FATTY 2 (4%) 1 {2%)
EASOPHILIC CYTO CHANGE 1 (2%)
FOCAL CELLULAR CHANGE 1 (2%)
CLEAR~CELL CHANGE 1 (2%)
$LIVER/CENTRILOEBULAR (54} (55) (54)
PECFCSIS, NOS 1 (2%)
#BILE LCUCT (54) (55) (55)
weeJNEIAEFATICN, NCS 1_{2E)

& NUMBEF CF ANIMALS WITH TISSUE EXAKINEL MICRCSCOQFICALLY
* NUMBEF OF ANIMALS NECEOPSIED



TABLE C1 (CONTINUED)

- — - T - - -~ A > > - -

CONTROL (UNTR}) IOW DGSE HIGH DGSE
01-01360 01-0405 01-0410
HYPEFPLASIA, NOS 1 2%)
#EANCREAS {53) (53) (51)
CILATATICN/EOUCIS 1 (2%) .
PERIARTERITIS 1 (2%)
ATROPEY, NOS 1 (2%)
ATROPHY, FOCAL 2 (4%
#STCMACH (53) (54) (52)
ULCER, NCS 2 (4%) 1 (2%) 2 (4%)
RROSIQON 1 (2%)
CALCIFICATION, NOS 2 (4%)
HYPERPLASIA, BASAL CELL 14 (Z€%) 12 (22%) 14 (27%)
#CCICN (52) (50) (47)
HYEEFTFCEHY, NOS 1 (2%)
URINARY SYSTEMN
#KITMNEY (53) (54) (54)
HYEECNEEHROSIS 1 (2%)
PYELCNEPHRITIS, NOS 1 (2%)
GLOMERULONEPHRITIS, CHRONIC 1 (2%)
PYELCNEPHRITIS, CHRONIC 2 (4%)
NEPHROSIS, NOS 26 (U4S%) g8 (15%) 24 (44%)
NEPHROSIS, CHOLEMIC Z (U%) 1 (2%) 1 (2%)
#KICNEY/TUBCOLE (53) 54) (54)
MECECSIS, NOS 1 (2%)
CYSELASIA, NOS 6 (11%)
#UFINARY ELACLCER (51) 51) (49)
INFIAFFATICN, ACUTE HEMORRHAGIC 1 (2%)
ENECCRIME SYSTEM
#PITULITARY (48) (50 (50)
HEMCERHAGE 1 (2%)
HYPEEPLASIA, FOCAL 1 (2%
HYPERPLASIA, BASOPHILIC Z (4%)
#ADFENAL (54) (55) (55)
cys1, NCS 1 (2%)
—---BEMCRREAGE ___ - 1_428)

# NUFMEEEF CF ANIMALS WITH TISSUE EXAMINEL MICRCSCOEICALLY

* NUMBFF CF ANIMALS NECROPSIED
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TABLE C1 (CONTINUED)

CONTROL (UNTR) ICW DGCSE HIGH DCSE
01-0360 01-040% €1-0410

HEMORREAGIC CYST 1 (2%)

#ALFENAL CORTEX (54) (55) (59)
HYEERELASIA, NOS 1 (2%)

#ADRENAL MEDULLA (24) (55) (55)
HYEEFELASIA, NOS 3 (5%

#THYFCIE (53) (51) (52)
HYEEFELASIA, C-CELL 1 (2%)

#PABATHYEFCIT (26) (23) (19)
HYEFEEIASIA, NOS 6 (26%)

#EAMNCREATIC ISLETS (53) (53) (51)
HYEEFELASIA, NOS 1 (2%) 1 (2%)

REPRCIUCTIVE SYSTEHM

*M AMMARY GLAND (54) (55) (55)
GALACTCCELE 1 (2%)
INFLAMMATION, GRANULOMATOUS 1 (2%)
LACTATION 1 (2%)

*PFEEUTIAL GLANT (54) (55) (55)
ABSCESS, NGCS 1 (2%)
INFLAFFATICN, CHECNIC 1 (2%)

#ERCSTATE (52) (55) (53)
INFIAMMATICN ACUTE AND CHRONIC 1 (2%)

#$TESTIS (54) (5%) (55)
ATFCEHY, NCS 1 (2%)
HYPERPLASIA, INTERSTITIAL CEILL 2 (4%) 2 (4%)

NERVCUS SYSTEM

#CEFEEFAL VENIRICLE (54) (55) (55)
HEFCFEHAGE 1 (2%)

#BEFALIN (54) (55) (55)
HYLFCCEEHALUS, NOS 1 (2%)
HEMORREAGE 1 (2%) 1 (2%)

#CEFEBELLUM (54) (55) (55)

—w__HEMCEEHAGE . 1_1{2%)

# NUFBEF CF ANIMALS WITH TISSUE EXAMINEL MICROSCOPICALLY
* NUMBEEF CF ANIMALS NECKOPSIED
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TABLE C1 (CONCLUDED)

i  n e — —— — — —— - W W s e - e S P 6 T YD D ee e e W M W A R A e D S A e R e W =

CONTROL (UNTR) 10W DGSE HIGH DCSE
01-0360 01-040¢ 01-0410
SPECIAL SEMSE CRGANS
*EYE (54) {55) (55)
HEMCRRHAGE 1 (2%) 1 (2%)
CATARACT 1 (2%)
*EYE/LACFIMAL GLAND {54) (55) (55)
INFIAFMKATICN, NOS 1 (2%)
MUSCUICSKEIETAL SYSTEM
NCNE
BODY CAVITIES
#AEDOMINAL CAVITY (54) (5% (55)
PETECHIA 1 (2%)
NECROSIS, FAT S (17%) 4 (7%) 5 (9%)
ALL CTHER SYSTEMS
THORAX
EEFIARTEFITIS 1
CMEMNTIUM
INFLAMMATION, GRANULOMATOUS 1
SPECIAL KCEPHCLOGY SUMMARY
AUTCLYSIS/NC NECECESY 1

# NUMEEF OF ANIMALS WITH TISSUE EXAMINEL MICBCSCOFICAILY
* NUMBEF CF ANIMALS NECFROPSIED
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TABLE C2
SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS TREATED WITH TBP

CONTROL (UNTR) LOW DCSE HIGH DCSE
02-0360 02-0405 02-0410

ANIMALS INITIALLY IN STUDY €5 55 55
ANIBALS MDECECESIEL 54 55 55
ANIMALS EXAMINED HISTOPATHOLOGICALLY¥* £4 55 g
INTEGUMENTARY SYSTEM

NCNE
RESELEATCEY SYSTEM

#LUNG/ERONCHUS (53) (54) (55)
BECNCHIECTASIS 1 (2%)

#10XG (53) (54) (55)
ENEUMCNIA, CHRCNIC MURINE 3 (6%) 1 (2%) 1 (2%
METAPL2SIA, NOS 1 (2%) 2 (4%)

HEMATCPCIETIC SYSTEM

#BONE MARROW (53) (54) (52)
BISTICCYTCSLS 1 (2%)

HYPERPLASIA, HEMATOPOIETIC 3 (6%) 1 (2%)
HYPOPLASIA, BEMATOPOIETIC 1 (2%)

#SELEEN (52) (54) (55)
INFABCT, NCS 1 (2%)
HEMATOPOIESIS 1 (2%) 1 (2%)

#LUMBAR LYMEH NODE (51) (54) (54)
INEIAFPATICN, CHEONIC 1 (2%)

HYPEREIASIA, NOCS 1 (2%)
#EENAL LYMPH NODE (51) (54) (54)
INFIAFFATICN, CHBONIC 1 (2%)
CIRCUIATCEY SYSTEM
#HEART (53) (5w (55)
____EEFIABRIEFIILS 1_(2%)

# NUMBER CF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMBER OF ANIMALS NECKOPSIED
**EXCLUDES PARTIALLY AUTOLYZED ANIMALS

C-8



- - - - = S R Y - D > W e S S D s W M b S W R WP B TR TR e e D D R D D A W W e

TABLE C2 (CONTINUED)

CONTROL (UNTR) IOW DCSE HIGH DOSE
02-0360 02-0405 02-0410

#MYCCARLIUM (53) (54) (59)
INFIAMFPATICN, CHEONIC 1 (2%)

DEGENERATION, NOS 6 (11%) 7 (13%) 3 (5%)
CIGESTIVE SYSTEM

SLIVER (53) (54) (55)
CHCIANGIQFIBFOSIS 2 (4%)

METAMORPHOSIS PFATTY 6 (11%) 4 (7%) 2 (4%)
EASOPHILIC CYTO CHANGE 10 (15%) 14 (26%) 12 (22%)
CLEAR-CELL CHANGE 1 (2%)

#$PAMCREAS (52) (53) (54)
INFIAMEATICN, FOCAL 7 (13%)
INFLAMMATION, CHRONIC 1 (2%)

ATROPHY, FOCAL 1 (2%)

#STCFACH (5%) (54) (52)
ULCEER, NOS 1 (2%) 1 (2%) 1 (2%)
HYPERPLASIA, BASAL CELL 11 (22%) 9 (17%) 22 (42%)

URINARY SYSTEM

#KIDNEY (52) (54) (54)
EYELCNEEHFITIS, CHEONIC 1 (2%)
YEPHROSIS, NOS Z (4%) 2 (4%)

NEPEROS1S, CHOLEMIC 1 (%) 1 (2%)
GLOMERULOSCLEROSIS, NOS 1 (2Z%)
CALCIFICATION, FOCAL & (10%)

#KICMEY/TUBULE (52) (S4) (54)
FCCAL CELLULAE CHANGE 3 (6%)

DYSPLASIA, NOS 35 (65%)
ENCCCRIMNE SYSTEM

#EITUITARY {4 €) (54) (52)
HEMCFRHAGIC CYST 1 (2%)
HYPERPLASIA, NOS 1 (2% 1 (2%)

SADFENAL (53) (53) (54)
MECECSISL_NOS 1_(2%)

# NUMBEF CF ANIMALS WITH TISSUE EXAMINEL MICROSCOPICALLY

* BUMBEF CF ANIMALS NECFOPSIED
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TABLE C2 (CONTINUED)

- - - ——— - ——— - - D = e - - - = . - - - - - - - -

CONTROL (UNTR) ICW DCSE HIGH DCSE
02-0360 02-0405 ¢2-0410

#ACFENAL CCERTEX (53) {53) (c4)
HYEFFELASTA, NOS 1 (2%) 1 (2%)

$ALFENAL METLULLA (53) {53) (54)
MFCRCSIS, NOS 1 (2%)

HYPEFELASIA, NOS 1 (2%)

#PARATHYROIL (15) (26) (26)
HYEEFELASIA, NOS 1 (7%)

#EANCEEATIC ISLE1S (52) (53) (54)
HYEEREIASIA, NOS 1 (2%)

REEFCTUCTIVE SYSTEM

*MAMFARY GLAND (S 4) (5% {55)
GALACTOCELE 6 (11%) & (15%) 2 (4%)
AESCESS, NOS 1 (2%)

LACTIATION 1 2%)

#UTERDS (52) (54) (5%)
HYLFCEETRA 2 (4%) Z (4%)

EPIDERMAL INCLUSION CYST 1 (2%)
THROMEOSIS, NOS 1 (2%) 1 (2%)
PYOMETRA 1 (2%)
AESCESS, NOS 1 (2%)

$CERVIX UTERI 52) (54) (55
ECLYE, I NFLAMMATOGRY 1 (2%)

#UTERUS/ENDOMETRIUM (52) (54) (55)
CYS1, NGS 1 (2%)
INFLAMMATION ACUTE AND CHRONIC 1 (2%)

HYPERPLASIA, CYSTIC 1 (2%)

#CVARY/CVIDUCT (52) (54) (55)
ABSCESS, NGS 1 (2%) 3 (6%) 2 (4%)

#PAFAMETERIUN (52) (54) (55)
CYST, NCS 1 (2%)

#CVAFY (53) 53) (t5)
CYST, M»0S 1 (2%)

-AESCESS,_NOS 1_423)

# NUMBER CF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* FPUMBER CF ANIMALS NECEROPSIED
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TABLE C2 (CONCLUDED)

CCNTROL (UNTR) LOW DCSE HIGH DCSE
02-0360 02-0405 02-0410
INFLAMMATICN, CHRONIC 1 (2%)
NERVCUS SYSTEM
#ERAIN/MENINGES (52) (54) (54)
INFIAFMATICN, ACUTE 1 (2%)
#BEAIN (52) (54) (Su)
HYLFCCEEHALUS, NOS 3 (6%) 1 (2%)
HEMORREAGE 1 (2%)
SPECIAL SEME CRGANS
*EYE (54) (55) (55)
ERTHISIS BULBI 1 (2%)
MUSCULCSKELETAL SYSTEM
*SKULL (54) (55) (55)
CSTECSCLERCSIS 1 (2%)
BOLY CAVITIES
*ABDOMINAL CAVITY (54) (55) (55)
MECECSIS, FAT 6 (11%) 2 (4%) 4 (7%
ALL CTHER SYSTEMS
ADIPOSE TISSUE
INFIAMFAIICN, GEANULOMATIOUS 1
SPECIAL MORPHOLOGY SUMMARY
NO LESION REPORTED 2
AUTC/MNECFCESY/,HISTO PERF 1
AUTCLYSIS/NC NECFOESY 1

# NUMEER OF ANIMALS WITH TISSUE EXAMINEL MICFOSCOPICALLY
* DUMBEF OF ANIMALS NECBOPSIED
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APPENDIX D

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC
LESIONS IN MICE TREATED WITH TBP






TABLE D1
SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE TREATED WITH TBP

CCNTROL (UNTR) IOW DCSE HIGH DCSE
05-0360 05-0415 05-0420

ANIMALS INITIALLY IN STULY £5 50 50

ANIMALIS MECECESIEL 55 50 50

ANIMALS EXAMINEL HISTOEATHOLOGICALLY¥* t5 50 S0

INTEGUMENTARY SYSTEM

*SKIN (55) (50) (50)
EEILCEFMAL INCLOUSION CYS1 1 (2%) 1 (2%)
PERIVASCULITIS 1 (2%)

CALCIFICATION, NOS 1 (2%)
BOGLYP, INFLAMMATORY 1 (2%)

*SUBCUT TISSUE (55) (50) (50)
HEFATCPA, NOS 1 (2%)
GRAMJLCFA, NCS 1 (2%)

RESEIFATCEY SYSTEM

*LARYNX (55) (50) (50)
HYFEFELASIA, PSEUCOEPITHELIOMATC 1 (2%)

HEMATCPCIETIC SYSTEM

#BONE MARRO® (51 (44) (48)
HYEEFELASIA, HEMATOEOIETIC 1 (2%)

#SELEED (51) (47) (49)
CCMGESTICN, NOS 1 (2%)

HEMRTIOPOIESIS Z (4% 1 (2%) 3 (6%)

#MESENTERIC L. NCLE (48) “43) (L44)
CCNGESTICN, NOS 6 (13%)

FYPEFELIASIA, NCS 1 (2%)
FISTICCYTCSIS 1 (2%)
HEMATOPO IESIS 1 (2%)

# NUMBER CF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* MNUFBEF CF ANIMALS NECFOPSIED
*%EXCLUDES PARTIALLY AUTOLYZED ANIMALS
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TABLE D1 (CONTINUED)

- - - = " " > L = ——— = e = - T o = = e S m e W W -

CONTROL (UNTR) IOW DCSE HIGH DCSE
05-0360 05-0415 0S-0420
LIGESTIVE SYSTEM
#SALIVARY GLAND (53) (50) (49)
CALCULUS, NOS 1 (2%)
$1IVER (54) {(49) {(49)
BASCEHILIC CYTO CHANGE 1 (2%)
HYPERPLASIA, NOS 1 (2%)
*GALIBIALLER (55) (50) (50)
CILIATATICN, NOS 1 (2%)
*BILF DCCT (55) (50) (50)
CILIATATICN, NCS 1 (2%)
#EANCEEAS (49) (46) (49)
CYST, NGS 1 {2%)
ATROPHY, NOS 1 (2%)
#STCFACH (51) 47) (48)
FEILEFFAL INCLUSION CYST 1 (2%)
INFLAMMATION, ACUTE 1 (2%)
ATYPIA, NOS 1 (2%)
HYPEEPLASIA, BASAL CELL 1 (2%)
URINARY SYSTEN
#KITDEY (54) (50) (49)
HYIFCNFEHECSI S 1 (2%)
C1S1, NOS 1 (2%)
PYELCNEPHRITIS, ACUTE 1 (2%)
INFLAMMATION, CHRONIC 1 (2%)
PYELONEPHRITIS, CHRONIC 1 (2%)
DYSPLASIA, NOS 37 (74%) 30 (61%)
#UFINAEY BLALLCER (u48) (38) (47)
CALCULUS, NOS 1 (2%) 1 (3%) Z {4%)
HYPERPLASIA, EPITHELIAL 1 (2%) 3 (8%)
DYSPLASIA, NOS 1 (3%)
ENCCCRIME SYSTEM
#PANCRRATIC ISLETS (45) (46) (49)
——__HYEEEEIASIA, NOS 12_{24%) 3_{7%) 1_{2%)

# MUMBER CF ANIMALS WITH TISSUE EXAMINEL MICROSCOPICALLY
* MNUMBEF CF ANIMALS NECROPSIED
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TABLE D1 (CONTINUED)

CONTROL (UNTR) ICW DCSE HIGH DOSE
05-0360 05-0415 05-0420
REFECLUCTIVE SYSTEM

*PREPUTIAL GLAND (55) {50) (50)

CALCULUS, NOS 1 (2%)

DILATATION, NOS 1 (2%)

EPIDERMAL INCLUSION CYST 1 (2%)
BESCESS, NOS 1 (2%)

#PRCSTATE (52) (42) (39
INFIAMFATICN, ACUTE 1 (2%)

#1ESTIS (54) (49) (50)
ATFCEHY, PGCAL 2 (4%)
HYPOSPERMATOGENES IS 1 (2%)

*SCECTON {(55) (50) (50)
EEMATCFA, NCS 1 (2%)

MERVCUS SYSTEM

#$ERAIN (52) (46) (50)

EERIVA SCULITIS 1 (2%)
SPECIAL SEMSE CRGANS

*EYE (55) (50) {50)
INFLAFFATICN, ACUTE 1 (2%)

CATARACT 1 (2%)
MUSCULCSKELETAL SYSTEM
NCNE
EOCY CAVITIES

*ABCCMINAL CAVITY (55) (50) (50)
MECECSIS, FAT 5 (9%)

*EEFTTCNEUN (55) 50) (50)
MECRCSIS, FAT - 1_12%) _—

# NUMEEF OF ANIMALS WITH TISSUE EXAMINEL MICRCSCOFICALLY
* NUMBEEF OF ANIMALS NECFOPSIED
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TABLE D! (CONCLUDED)

CCNTROIL (UNTR) LOW DCSE HIGH DCSE
05-0 260 05-041% 65-0420

ALL CIHEF SYSTEMS

OMENTCUM
HEFATCPA, NOS 1

SFECIAL MORPHOLOGY SUMMARY

NO LESION REPORTED € 5
AUTIC/NECRCESY/HISTO PERF 1

# NIUMEER CF AMNIMALS WITH TISSUE EXAMINEL MICFOSCOPICALLY
* NUMBER CF ANIMALS NECROPSIED
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TABLE D2
SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE MICE TREATED WITH TBP

- - - —— " - — = — - R T R = = = A R L SR % e e e - - - -

CONTROL (UNTR) L1OW DCSE HIGH DCSE
06-0360 06-0415 06-0420
ANIMALS INITIALLY IN STUDY £5 50 50
ANIMAIS MECECESIED 55 50 50
ANIMALS EXAMINETL HISTOEATHOLOGICALLY** £5 50 <0
INTEGUMENTARY SYSTEM
NCME
RESEIFATCRY SYSTEM
#LUNG (55) (50) (50)
ATELECTASIS 1 (2%)
HEMORREAGE 2 (4%)
ERONCHOPNEUMONIA, NOS 1 (2%)
BEMATCECIETIC SYSTEM
#BONE MARROW (52) (49) (46)
MYEICFIBRCSIS 31 (60%) 31 (63%) 30 (65%)
HYPERPLASIA, HEMATOPOIETIC 1 (2%)
#SELEEM (53) 47) (46)
HEFATCECIESIS 1 (2%) 4 (9%)
#MESENTERIC L. NCTE u7) (43) (4%)
CCMGESTIICN, NOS 1 {2%)
HYPEFELIASIA, NGS Z (4%) 1 (2%)
CIBECUIATCEY SYSTEM
$HEART {55) (50) (50)
EESIABTERITIS 1 (2%)
DIGESTIVE SYSTEM
#LIVER (5w (56) (49),
e DECECSIS. _FOCAL_____ 1_(28)

# NUMBEF CF ANIMALS WITH TISSUE EXAMINEL MICROSCOPICALLY
* NUMBEE GF ANIMALS NECROPSIED
**EXCLUDES PARTIALLY AUTOLYZED ANIMALS
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TABLE D2 (CONTINUED)

CONTROL (UNTR) 10W DCSE HIGH DCSE
06-01360 06-0415 06-0420
METAMORPHOSIS FATTY 1 (2%) 3 (6%)
#EAMCEEAS (49) (47) (u4)
TIIATATICN/DUCIS 1 (2%) 1 (2%)
CYs1, NOS 1 (2%)
INFLAMMATION, ChLRONIC Z (u%)
ATROPEY, NOS 1 (2% 4 (9%) 2 (5%)
#ESCIHAGUS (51) “7) (45)
HYPEEELASIA, BASAL CELL 2 (u%)
#STCYACH (53) (48) (uu)
UICER, NCS 1 (2%)
ERCSICRN 1 (2%)
HYPERPLASIA, EPITHELIAL z {u%)
HYPERPLASIA, BASAL CELL 3 (7%)
$JEJUNUM (52) (48) (46)
[IVEFIICULUM 1 (2%)
AMYLOIDOSIS 1 (2%)
URINARY SYSTEPN
$KIDNEY (55) (50) (46)
EYFLCNEEHRITIS, CHEONIC 1 (2%)
NEPFROPATHY 1 (2%)
INFARCT, FOCAL 1 (2%)
DYSPLASIA, NOS 1 (2%) 12 (26%)
#UFINAFY BLALTCER (50) (43) (43)
INFIAFFATICN, CHEONIC 1 (2%) 9 (21%)
DYSPLASIA, NOS 1 (2%)
ENCCCRIME SYSTEM
#PANCREATIC ISLETS (4S) 47 (44)
HYEFFELASIA, NOS 3 (6%) 1 (2%)
REPRCIUCTIVE SYSTEN
#UTERLS (54) (49) (46)
HYLFCFMETRA 3 (6%)
wew-PBYOMEIRA 1_423)

# NUVBER CF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALILY
* NUFBEEFE CF ANIMALS NECFOPSIED
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TABLE D2 (CONTINUED)

CCNTROL (UNTR) ICW DCSE HIGH DCSE
06-0 360 06-0415 06-0420
#UTFFUS/ENCCMETEI UM (54) (49) (4€)
HYPEFELASIA, CYSTIC 15 (28%) 16 (33%) 23 (50%)
#CVAERY (50) (47) (44)
CyST, NOS 7 (14%) 1 (2%) 1 (2%)
THROMEOSIS, NOS 2 (5%)
HEMORREAGIC CYST 1 (2%)
AESCESS, NOS 1 (2%)
AMYLOIDOSIS 1 (2%)
NERVCUS SYSTEM
#EFAIMN/FEMINGES (55) (48) (48)
INFIAFFATICN, NOS 1 (2%)
#BFAIN (55) us8) (48)
HYLFCCEFHALUS, NOS 2 (4%)
SEECIAL SEMSE CRGANS
*HARCERIAN GLAND (25) (50) (50)
INFLAMMATION, CERONIC 1 (2%)
MUSCUICSKREIETAL SYSTEN
NCKE
EOCY CAVITIES
®*ABCCFIMNPL CAVITY (55) (50) (50)
MECECSIS, EAT 7 (13%) z (6%) 2 (4%)
*EEFITCNEUM (55) (50) (50)
INFIAPFATICN, NOS 1 {2%)
INFLAFFATICN, ACUIE 1 (2%)
*VESENTERY {55) (50) (50)
CYS1, NCS 1 (2%)
ALL CTHER SYSTEMS
*MULTIPLE ORGANS (55) (50 (50)
- EEFIAFIEFIILS _ 1_142%) 1_(2%)

# NUFMBER CF ANIMALS RITH TISSUE EXAMINEC MICROSCOPICAILY
* NUMBEF CF ANIMALS NECROPSIED



TABLE D2 (CONCLUDED)

CONTROL (UNTR) I0W DCSE HIGH DCSE
06-0360 06-0415 06~-0420
SPECIAI FCFEHCLOGY SUMMARY
NC LESICN FEEOKRTED 1 4 1
AUTC/ BECRCESY/HISTO EEERF 1

# NUMEER OF ANIMALS WITH TISSUE EXARINEL MICECSCCEICAIILY
* NUMBER OF ANIMALS NECROPSIED

# U. 8. GOVERNMENT PRINTING OFFICE : 1878 260-899/3049
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Review of the Bioassay of
Tris(2,3-dibromopropyl)phosphate®* (TRIS) for Carcinogenicity
by the Data Evaluation/Risk Assessment Subgroup of the
Clearinghouse on Environmental Carcinogens

March 6, 1978

The Clearinghouse on Environmental Carcinogens was
established in May, 1976, in compliance with DHEW Committee
Regulations and the Provisions of the Federal Advisory
Committee Act. The purpose of the Clearinghouse is to
advise the Director of the National Cancer Institute (NCI)
on i1ts bioassay program to identify and to evaluate chemical
carcinogens 1n the environment to which humans may be
exposed. The members of the Clearinghouse have been drawn
from academia, industry, organized labor, public interest
groups, State health officials, and quasi-public health
and research organizations. Members have been selected
on the basis of thelr experience in carcinogenesis or
related fields and, collectively, provide expertise in
laboratory animal sciences, chemistry, biochemistry, blo-
statistics, toxicology, pathology, and epidemiology.
Representatives of various Governmental agencies participate
as ad hoc members. The Data Evaluation/Risk Assessment
Subgroup of the Clearinghouse is charged with the respon-
sibility of providing a peer review of reports prepared on
NCI-sponsored bioassays of chemicals studied for carcino-
genicity. It i1s in this context that the below critique
is given on the biloassay of Tris(2,3-dibromopropyl)phosphate
(TRIS) for carcinogenicity.

The primary reviewer noted that TRIS has been shown
to be mutagenic. He agreed with the conclusion in the
report that TRIS was carcinogenic in both rats and mice.
After a brief description of the experimental design,
he noted that the tumors were detected after a relatively
long latent period. Based on the multiple target organ
effect, the primary reviewer suggested TRIS may be a
direct acting carcinogen.

The secondary reviewer agreed with the earlier critilque
of the study. He pointed out, however, the lower incidence
of leukemla among the treated male rats as compared to
theilr associated controls. He said that such a negative
ftrend also should be noted as an effect.



It was moved that the report on TRIS be accepted as
written. The motion was seconded and approved unanimously.

Members present were

Gerald N. Wogan (Chairman), Massachusetts Institute of
Technology

Arnold Brown, Mayo Clinic

Lawrence Garfinkel, American Cancer Socilety

E. Cuyler Hammond, American Cancer Society

Joseph Highland, Environmental Defense Fund

Henry Pitot, University of Wisconsin Medical Center

George Roush, Jr., Monsanto Company

Sheldon Samuels, Industrial Union Department, AFL-CIO

Michael Shimkin, University of California at San Diego

John Weisburger, American Health Foundatilon

Sidney Wolfe, Health Research Group

¥ Subsequent to this review, changes may have been made
in the bioassay report either as a result of the review
or other reasons. Thus, certain comments and criticisms
reflected in the review may no longer be appropriate.
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