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BIOASSAY OF
PHTHALIC ANHYDRIDE
FOR POSSIBLE CARCINOGENICITY

Carcinogenesis Testing Program
Division of Cancer Cause and Prevention
National Cancer Institute
National Institutes of Health

FOREWORD: This report presents the results of the bioassay of
phthalic anhydride 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
determine whether selected chemicals have the capacity to produce
cancer in animals. Negative results, in which the test animals
do not have a greater incidence of cancer than control animals,
do not necessarily mean that the test chemical is not a carcino-
gen, inasmuch as 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 that exposure to the chemical is a potential
risk to man. The actual determination of the risk to man from
chemicals found to be carcinogenic in animals requires a wider
analysis.

CONTRIBUTORS: This bioassay of phthalic anhydride was conducted
by the NCI Frederick Cancer Research Center (FCRC) (1),
Frederick, Maryland, operated for NCI (2) by Litton Bionetics,
Inc.

The manager of the bioassay at FCRC was Dr. B. Ulland, the
toxicologist was Dr. E. Gordon, and Drs. R. Cardy and D. Creasia
compiled the data, Ms. S. Toms was responsible for management of
data, Mr. D. Cameron for management of histopathology, Mr. L.
Callahan for management of the computer branch, and Mr. R. Cypher
for the management of the facilities. Mr. A. Butler performed
the computer services. The histopathology of early deaths was
performed by Drs. B. Ulland, R. Schueler, R. Ball, and R. Cardy.
The 1lesions of the rats and mice were reviewed by Dr. D. G.
Fairchild (1), and the diagnoses 1included in this report
represent his interpretations.

Animal pathology tables and survival tables were compiled at EG&G
Mason Research Institute (3). Statistical analyses were
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performed by Dr. J. R. Joiner (4) and Ms. P. L. Yong (4), using
methods selected for the bioassay program by Dr. J. J. Gart (5).
The chemicals used in this bioassay were analyzed at FCRC by Dr.
W. Zielinsky (1). The chemical analyses were reviewed and
approved by Dr. W. Lijinski (1).

This report was prepared by Tracor Jitco (4) under the direction
of NCI. Those responsible for the report at Tracor Jitco were
Dr. C. R. Angel, Acting Director of the Bioassay Program; Dr. S.
S. Olin, Deputy Director for Science; Dr. J. F. Robens, toxicolo-
gist; Dr. R. L. Schueler, pathologist; Dr. G. L. Miller, Ms. L.
A. Waitz, Ms. M. S. King, and Mr. W. D. Reichardt, bioscience
writers; and Dr. E. W. Gunberg, technical editor, assisted by Ms.
Y. E. Presley.

The following scientists at NCI (2) were responsible for evalu-
ating the bioassay experiment, interpreting the results, and
reporting the findings: Dr. Kenneth C. Chu, Dr. Cipriano Cueto,
Jr., Dr. J. Fielding Douglas, Dr. Richard A. Griesemer, Dr.
Thomas E. Hamm, Dr. William V. Hartwell, Dr. Morton H. Levitt,
Dr. Harry A. Milman, Dr. Thomas W. Orme, Dr. Sherman F. Stinson,
Dr. Jerrold M. Ward, and Dr. Carrie E. Whitmire.

(1) Frederick Cancer Research Center, P.0O. Box B, Frederick,
Maryland.

(2) cCarcinogenesis Testing Program, Division of Cancer Cause and
Prevention, National Cancer Institute, National Institutes of
Health, Bethesda, Maryland.

(3) EG&G Mason Research Institute, 1530 East Jefferson Street,
Rockville, Maryland.

(4) Tracor Jitco, Inc., 1776 East Jefferson Street, Rockville,
Maryland.

(5) Mathematical Statistics and Applied Mathematics Section,
Biometry Branch, Field Studies and Statistics, Division of
Cancer Cause and Prevention, National Cancer Institute,
National Institutes of Health, Bethesda, Maryland.
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SUMMARY

A bioassay of phthalic anhydride for possible carcinogenicity was
conducted by administering the test chemical in feed to F344 rats
and B6C3Fl mice.

Groups of 50 rats of each sex were administered phthalic anhydride
at one of two doses, either 7,500 or 15,000 ppm, for 105 weeks.
Matched controls consisted of 20 untreated rats of each sex. All
surviving rats were killed at the end of the period of adminis-
tration of the test chemical.

Groups of 50 mice of each sex were administered the test chemical
at one of two doses, initially either 25,000 or 50,000 ppm, for
32 weeks. Because of excessive depressions in the amount of body
weight gained in the dosed groups, the doses for the males were
then reduced to 12,500 and 25,000 ppm, respectively, and the
doses for the females were reduced to 6,250 and 12,500 ppm.
Administration of the test chemical at the lowered doses was
continued for 72 weeks. The time-weighted average doses for the
males were either 16,346 or 32,692 ppm, and those for the females
were either 12,019 or 24,038 ppm. Matched controls consisted of
20 untreated mice of each sex. All surviving mice were killed at
the end of the period of administration of the test chemical.

Mean body weights of the high-dose male rats and of the low- and
high-dose mice of each sex were lower than those of the corres-
ponding controls; mean body weights of the low-dose male rats and
of both the 1low- and high-dose female rats were essentially
unaffected by administration of the test chemical. Depressions
in the amount of body weight gained in the male and female mice
were dose related throughout the bioassay. Survivals of the rats
and mice were not affected by administration of the test chemical.

No tumors occurred in the rats or mice of either sex at inci-
dences that could be clearly related to the administration of the
test chemical.

It 1is concluded that under the conditions of this bioassay,
phthalic anhydride was not carcinogenic for F344 rats or B6C3Fl
mice of either sex.
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I. INTRODUCTION

Phthalic anhydride (cas ﬁ
85-44-9; NCI C03601) is an Y
important chemical intermediate

in the plastics industry. From g

it are derived numerous

Phthalic anhydride
phthalate esters that function
as plasticizers in  synthetic
resins (Knuth, 1973; Noller, 1966). Phthalic anhydride itself is
used as a monomer for synthetic resins such as glyptal, the alkyd
resins, and the polyester resins (Noller, 1966). Phthalic
anhydride is a precursor of anthraquinone, phthalein, rhodamine,
phthalocyanine, fluorescein, and xanthene dyes (Towle et al.,
1968; Noller, 1966). Reaction of phthalic anhydride with ammonia
yields phthalimide, a useful reagent in the synthesis of primary
amines, the agricultural fungicide phaltan, and thalidomide
(Noller, 1966). Other reactions yield phenolphthalein, benzoic
acid, phthalylsulfathiazole (an intestinal antimicrobial agent),
and terephthalic acid (Towle et al., 1968; Noller, 1966).
The oral LD50 of phthalic anhydride for rats (strains not

specified) has been reported as 800-1,600 mg/kg body weight

(Fassett, 1964) and as 4,020 mg/kg body weight (NIOSH, 1976); the



LD;, of the test chemical for white mice (route of
administration and strain of mouse not specified) has been
reported as 2,210 mg/kg body weight (Zhilova and Kasparov,
1968). Vapors of phthalic anhydride administered to rats over a
period of 12 days caused irritation of mucous membranes of the
nasal cavity and the bronchi (Policard et al., 1949). Persons in
factories manufacturing phthalic acid and phthalic anhydride can
develop conjunctivitis and also irritation of the skin and of

mucous membranes of the respiratory tract (Baader, 1955

Merlevede and Elskens, 1957).

Phthalic anhydride was studied in the Carcinogenesis Testing
Program because of 1its high volume of production. Domestic
production of phthalic anhydride rose from 458 million pounds
annually in 1963 (Noller, 1966) to 902 million pounds in 1976
(United States International Trade Commission, 1977a), with
imports accounting for an additional 31 million pounds in the
latter year (United States International Trade Commission,
1977b). There 1is evidence that human exposure to phthalic
anhydride may occur not only in the manufacture of
phthalate~-derived products but also in the use of plastics from
which phthalate plasticizers are leached, specifically certain

medical plastics such as blood bags, plastic syringes, and



plastic tubing (Guess et al., 1967). Furthermore, some phthalate
esters have been identified as environmental pollutants (Giam et

al., 1978).






II. MATERIALS AND METHODS

A. Chemical

Phthalic anhydride was obtained from Koppers Co. as a white,
granular solid. The material had a melting point of 131°%
(literature: 130.8°C). Elemental analysis showed 64.8% carbon,
2.7% hydrogen, and 0.0% nitrogen (theoretical: 64.9%, 2.7%, and
0.0%). 1Its infrared spectrum was consistent with its chemical
structure, and identical with that of an authentic standard. The
purity of the material was estimated by high-pressure liquid

chromatograbhy to be 98.8%, with one impurity.

B. Dietary Preparation

Test diets containing phthalic anhydride were prepared fresh every
1 to 1-1/2 weeks in 6~ to 12-kg batches at appropriate doses. A
known weight of the chemical was first mixed with an equal weight
of autoclaved Wayne® Sterilizable Lab Meal with 4% fat (Allied
Mills, Inc., Chicago, Il1l.) using a mortar and pestle. The mixing
was continued with second and third additions of feed, and final

mixing was performed with the remaining quantity of feed for a



minimum of 15 minutes in a Patterson-Kelly twin-shell blender. The
diets were routinely stored at 5°C until used. Analyses by the
Frederick Cancer Research Center indicated that when phthalic
anhydride was mixed with Lab Meal at a concentration of 15,000 ppm
and stored at room temperature for 2 weeks, the loss was 2.59%

(372 ppm) per day.

C. Animals

Male and female F344 rats and B6C3Fl mice were obtained through
contracts of the Division of Cancer Treatment, National Cancer
Institute, from the NCI Frederick Cancer Research Center animal
farm, Frederick, Maryland as 4~week-old weanlings, all within 3
days of the same age. The animals were housed within the test
facility for 2 weeks and then were assigned four rats to a cage
and five mice to a cage on a weight basis for a given species and
sex. For use in the chronic study, the male rats were required to
weigh 90 to 105 g, averaging at least 100 g; the female rats, 80
to 95 g, averaging at least 90 g; the male mice, 18 to 22 g, aver-
aging at least 19.5 g; and the female mice 17 to 21 g, averaging

at least 18.5 g. Individual animals were identified by ear punch.



D. Animal Maintenance

The animals were housed in polycarbonate cages (Lab Products,
Inc., Garfield, N.J.), 19 x 10-1/2 x 8 inches for the rats and
11-1/2 x 7-1/2 x 5 inches for the mice. The cages were suspended
from aluminum racks (Scientific Cages, Inc., Bryan, Tex.) and
were covered by mnonwoven polyester—fiber 12-mil-thick filter
paper (Hoeltge, Inc., Cincinnati, Ohio). The bedding used was
Absorb—drfE hardwood chips (Northeastern Products, Inc.,
Warrenburg, N.Y.). The feed supplied was presterilized Wayne®
Sterilizable Lab Meal provided ad libitum in suspended stainless
steel hoppers and replenished at least three times per week.
Water, acidified to pH 2.5, was supplied ad libitum from glass

bottles. Sipper tubes (Lab Products, Inc.) were suspended

through the tops of the cages.

The contaminated bedding was disposed of through an enclosed
vacuum line that led to a holding tank from which the bedding was
fed periodically into an incinerator. The cages were sanitized

twice per week and the feed hoppers twice per month at 82 to

88°c in a tunnel-type cagewasher (Industrial Washing Corp.,
Mataway, N.J.), using the detergents, Clout® (Pharmacal
Research Laboratories, Greenwich, Conn.) or Oxford D'Chlor

(0xford Chemicals, Atlanta, Ga.).



The glass bottles and sipper tubes were sanitized at 82 to 88°¢c
in a tunnel-type bottle washer (Consolidated Equipment Supply
Co., Mercersburg, Pa.) three times per week, using a Calgen
Commercial Division detergent (St. Louis, Mo.). The racks for
the cages were sanitized at or above 82°C in a rack washer
(Consolidated Equipment Supply Co.) once per month, using the
Calgen Commercial Division detergent, and the filter paper was

changed at the same time.

The air in the animal rooms was maintained at a temperature of 22
to 24°C and a relative humidity of 45 to 55%Z. Fresh air was
passed through a filter of 657 efficiency and a bag filter of 95%
efficiency at the intake and through a "Z'"-type roughing filter
of 30% efficiency and a bag system of 90 to 95% efficiency at the
exhaust (American Air Filters, Louisville, Ky.; Mine Safety
Appliances, Pittsburgh, Pa.) and was not recirculated. The rate
of movement allowed 15 changes of room air per hour. The air
pressure was maintained negative to a clean hallway and positive
to a return hallway. Fluorescent lighting was provided automati-

cally on a 12-hour-per-day cycle.

Both control and dosed rats were housed in the same room as rats

on feeding studies of the following chemicals:



(CAS 95-80-7) 2,4-diaminotoluene
(CAS 95-53-4) o-toluidine hydrochloride

Both control and dosed mice were housed in the same room as mice

on feeding studies of the following chemicals:

(CAS 103-33-3) azobenzene

(CAS 72-56-0) p,p'~ethyl-DDD

(CAS 20941-65-5) ethyl tellurac

(cAS 298-00-0) methyl parathion

(cAs 51-03-6) piperonyl butoxide
(cAs 88-06-2) 2,4,6~trichlorophenol
(CAS 128-66-5) C. I. vat yellow &

E. Subchronic Studies

Subchronic feeding studies were conducted to estimate the maximum
tolerated doses (MTD's) of phthalic anhydride, on the basis of
which two concentrations (hereinafter referred to as '"low" and
"high' doses) were selected for administration in the chronic
studies. Groups of five rats and five mice of each sex were
administered feed containing phthalic anhydride at one of several
doses, and groups of five control animals of each species and sex
were administered basal diet only. The period of administration
of the test chemical was 7 weeks, followed by 1 week of further
observation. Each animal was weighed twice per week. Table 1
shows the doses used and the mean body weights of dosed animals
at week 7 expressed as percentages of the mean weights of the

controls; no animals died during the subchronic tests.
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Table 1. Phthalic Anhydride Subchronic Feeding
Studies in Rats and Mice

Mean Weight at Week 7 as Percent of Control

Dose

(ppm) Male Female
RATS

6,200 90 95
12,500 95 93
25,000 92 91
50, 000 74 76
MICE

6,200 114 100
12,500 113 99
253000 111 101
50,000 104 99
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At the end of the subchronic studies, all animals were killed
using CO2 inhalation and necropsied. The lowest dose at which
histopathologic findings were observed in male and female rats
was 25,000 ppm. At this dose, trace amounts of centrilobular
cytoplasmic vacuolation were seen in the livers of four males;
however, tissues were essentially normal in both males and
females at 50,000 ppm. Tissues were essentially normal also in

male and female mice at 50,000 ppm.

Ten percent depression in body weight was taken as the major
criterion for the estimation of MTD's. The doses required to
produce this response were determined by the following procedure:
first, least squares regressions of mean body weights versus days
on study were used to estimate mean body weights of each of the
dosed groups at day 49. Next, probits of the percent weights of
the dosed groups at day 49 relative to weights of corresponding
control groups were plotted against the logarithms of the doses,
and least squares regressions fitted to the data were used to
estimate the doses required to induce 10% depression in weight.
Based on these data, the low and high doses for the chronic
studies using male and female rats were set at 7,500 and 15,000
ppm. For mice, the low dose was set at 25,000 and the high dose
at 50,000 ppm, the maximum amount allowed for wuse in the

Carcinogenesis Testing Program.
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F. Chronic Studies

The test groups, doses administered, and durations of the chronic
feeding studies are shown in tables 2 and 3. Because of exces-
sive depression of the amount of body weight gained in the dosed
mice, doses for the low- and high-dose groups were reduced after

week 32 as indicated.

G. Clinical and Pathologic Examinations

All animals were checked twice daily for deaths. Observations
for sick, tumor-bearing, and moribund animals were recorded daily.
Clinical examination and palpation for masses were performed each
month, and the animals were weighed at 1least once per month.
Moribund animals and animals that survived to the end of the
bioassay were killed using co, and necropsied. Necropsies were
also performed on all animals found dead, wunless precluded by

autolysis or severe cannibalization.

The pathologic evaluation consisted of gross and microscopic
examination of major tissues, major organs, and all gross
lesions. The tissues were preserved in 10% neutral buffered

formalin, embedded in paraffin, sectioned, and stained with

12



Table 2. Phthalic Anhydride Chronic Feeding Studies in Rats

Phthalic
Sex and Initial Anhydride Time on
Test No. of in Diet(b) Study
Group Animals(a) (ppm) (weeks)
Male
Matched-Control 20 0 105
Low-Dose 50 7,500 105
High-Dose 50 15,000 105
Female
Matched-Control 20 0 105
Low-Dose 50 7,500 105
High-Dose 50 15,000 105

(a) All animals were 6 weeks of age when placed on study.

(b) Test and control diets were provided ad libitum 7 days per
week.

13



Table 3. Phthalic Anhydride Chronic Feeding Studies in Mice

Phthalic

Sex and Initial Anhydride  Time on Time-Weighted
Test No. of in Diet(b)  Study Average Dose(c)
Group Animals(a) (ppm) (weeks). (ppm)
Male
Matched-Control 20 0 104
Low-Dose 50 25,000 32

12,500 72 16,346
High-Dose 50 50,000 32

25,000 72 32,692
Female
Matched-Control 20 0 104
Low~-Dose 50 25,000 32 12,019

6,250 72
High-Dose 50 50,000 32

12,500 72 24,038

(a) All animals were 6 weeks of age when placed on study.
(b) Test and control diets were provided ad libitum 7 days per week.

(c) Time-weighted average dose = £(dose in ppm x no. of weeks at that dose)
Z(no. of weeks receiving each dose)

14



hematoxylin and eosin. The following tissues were examined
microscopically: skin, lungs and bronchi, trachea, bone marrow
(femur), spleen, 1lymph nodes (mesenteric and submandibulsar),
thymus, heart, salivary glands (parotid, sublingual, and
submaxillary), liver, pancreas, esophagus, stomach (glandular and
nonglandular), small and large intestines, kidney, urinary
bladder, pituitary, adrenal, thyroid, parathyroid, pancreatic
islets, testis, prostate, mammary gland, uterus, ovary, brain
(cerebrum and cerebellum), and all tissue masses. Peripheral

blood smears also were made for all animals, whenever possible.

A few tissues from some animals were not examined, particularly
from those animals that may have died early, been missing, or
been in advanced states of cannibalization or autolysis. Thus,
the number of animals from which particular organs or tissues
were examined microscopically varies and does not necessarily
represent the number of animals that were placed on study in each

group.

H. Data Recording and Statistical Analyses

Pertinent data on this experiment have been recorded in an

automatic data processing system, the Carcinogenesis Bioassay

15



Data System (Linhart et al., 1974). The data elements include
descriptive information on the chemicals, animals, experimental
design, clinical observations, 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 transcription and

for statistical review.

These data were analyzed using the appropriate statistical
techniques described 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) for testing two groups for equality and Tarone's (1975)
extensions of Cox methods for testing for a dose-related trend.

One-tailed P values have been reported for all tests except the

16



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 is examined (denominator). In most instances,
the denominators 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 necropsied. The
purpose of the statistical analyses of tumor incidence is to
determine whether animals receiving the test chemical developed a
significantly higher proportion of tumors than did the control
animals. As a part of these analyses, the one-tailed Fisher
exact test (Cox, 1970) was used to compare the tumor incidence of
a control group with that of a group of dosed animals at each
dose level. When results for a number of dosed 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) requires that the

P value for any comparison be less than or equal to 0.05/k. In

17



cases where this correction was used, it 1is 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), was also used. Under the
assumption of a linear trend, this test determines 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 is a positive dose relation-
ship. 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 procedures for analyses of the incidence

18



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 during which an animal died naturally or was 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 wused
life~table methods were one-tailed and, unless otherwise noted,
in the direction of a positive dose relationship. Significant
departures from linearity (P less than 0.05, two-tailed test)

were also noted.

The approximate 95 percent confidence interval for the relative
risk of each dosed group compared with 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 dosed 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
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a specific tumor in a dosed 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

dosed group than in the control.

The lower and upper 1limits of the confidence interval of the
relative risk have been included in the tables of statistical
analyses. The interpretation of the limits ‘ is that 1in
approximately 957 of a large number of identical experiments, the
true ratio of the risk in a dosed group of animals to that in a
control group 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 (P less than 0.025 one-tailed test when the
control incidence is not zero, P less than 0.050 when the control
incidence is zero) has occurred. When the lower limit is less
than unity, but the upper limit is a 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. RESULTS - RATS

A. Body Weights and Clinical Signs (Rats)

The mean body weights of the high-dose male rats were lower than
those of the corresponding controls from week 13 to the end of
the bioassay; mean body weights of the 1low-dose males and both
the low- and high~dose females were essentially unaffected by
administration of the test chemical (figure 1). Arched back,
rough hair coat, ulceration, and corneal opacity occurred only in
dosed groups, but at low incidences. Wasting and tissue masses
were common to the dosed and control groups. Fluctuation in the
growth curves may be due to mortality; as the size of a group

diminishes, the mean body weight may be subject to variation.

B. Survival (Rats)

The Kaplan and Meier curves estimating the probabilities of
survival for male and female rats administered phthalic anhydride

in the diet at the doses of this bioassay, together with those of

the matched controls, are shown in figure 2. The result of the

Tarone test for dose-related trend in mortality is not significant
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in either sex. In male rats, an indicated departure from linear
trend (P = 0.037) is observed, due to the earlier mortality of
the control group when compared with that of either the high- or
low-dose group. The results of the Cox test applied to any two
of the three groups show no statistically significant difference

between groups of any pair.

In male rats, 36/50 (72%) of the high-dose group, 44/50 (88%) of
the low-dose group, and 14/20 (70%) of the control group lived to
the end of the bioassay. In females, 41/50 (82%) of the
high-dose group, 42/50 (84%) of the low-dose group, and 17/20

(85%) of the control group lived to the end of the bioassay.

Sufficient numbers of rats of each sex were at risk for the

development of late—appearing tumors.

C. Pathology (Rats)

Histopathologic findings on neoplasms in rats are summarized in
Appendix A, tables Al and A2; findings on nonneoplastic lesions

are summarized in Appendix C, tables Cl and C2.
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By inspection, there appeared to be no difference between the
dosed and control groups in frequency or distribution of
neoplasms, except for malignant lymphoma in the female rats. The
incidence of malignant lymphoma in the control females was 1/20;
in low-dose females, 11/50; in high-dose females, 4/50. Due to
the high and fluctuating incidence of this type of malignant
lymphoma in control F344 rats, the apparent differences in
incidences of the tumor in the dosed and control groups were not

considered to be compound related.

Severe chronic inflammatory, degenerative, or proliferative
lesions frequently seen in aged rats occurred with approximately
equal frequency and severity in the dosed and control groups of

animals.

Based on the histopathologic examination, there was no conclusive

evidence for the carcinogenicity of phthalic anhydride in F344

rats under the conditions of this bioassay.

D. Statistical Analyses of Results (Rats)

Tables El and E2 in Appendix E contain the statistical analyses

of the incidences of those primary tumors that occurred in at
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least two animals of one group and at an incidence of at least 5%

in one or more than one group.

In female rats, the result of the Cochran-Armitage test for
positive dose-related trend in the incidence of alveolar/
bronchiolar adenomas is significant (P = 0.020), but the results
of the Fisher exact test are not significant. The results of the
statistical tests on the 1incidences of alveolar/bronchiolar
carcinomas and of alveolar/bronchiolar adenomas or carcinomas are
not significant. 1In male rats, the results of the statistical

tests on the incidences of lung tumors are not significant.

A departure from linear trend (P = 0.019) is found in the
incidence of lymphoma in female rats, due to the relatively large
proportion of 11/50 (22%) in the low-dose group compared with
4/50 (8%) in the high-dose group and 1/20 (5%Z) in the control
group. The results of the Fisher exact test are not
significant. Current historical records at this laboratory
indicate an incidence of lymphoma in female rats of 14/285
(4.9%), and, although the majority of the control groups had
incidences of less than 5%, one control group was observed to
have an incidence as high as 4/20 (20%). Since the results of
the Fisher exact test were not significant and since the

historical data concerning lymphoma indicates the possibility of
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an occasional high spontaneous rate of lymphoma, the evidence of
association of the lymphomas in the dosed group of female rats

with the chemical is questionable.

A significant dose-related trend (P = 0.037) in the negative
direction is observed in the incidence of pheochromocytomas of

the adrenal in male rats.

In each of the 95% confidence intervals for relative risk, shown
in the tables, one 1is included; this indicates the absence of
significant positive results. It should also be noted that each
of the intervals has an upper limit greater than one, indicating
the theoretical possibility of the induction of tumors by
phthalic anhydride, which could not be detected wunder the

conditions of this test.
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IV. RESULTS - MICE

A. Body Weights and Clinical Signs (Mice)

Mean body weights of dosed male and female mice were lower than
those of corresponding controls throughout the bioassay, and
depressions in the amount of body weight gained were dose related
(figure 3). Tissue masses were observed at low incidences and
were common to the dosed and control groups. Fluctuation in the
growth curves may be due to mortality; as the size of a group

diminishes, the mean body weight may be subject to variation.

B. Survival (Mice)

The Kaplan and Meier curves estimating the probabilities of
survival for male and female mice administered phthalic anhydride
in the diet at the doses of this bioassay, together with those of
the matched controls, are shown in figure 4. The result of ‘the
Tarone test for dose-related trend in mortality is not

significant in either sex.

In male mice, 47/50 (94%Z) of the high-dose group, 37/50 (74%Z) of
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the low-dose group, and 17/20 (85%) of the control group survived
to the end of the bioassay. In females, 40/50 (80%Z) of the
high-dose group, 45/50 (90%Z) of the low-dose group, and 16/20

(80%) of the control group survived to the end of the bioassay.

Sufficient numbers of mice of each sex were at risk for the

development of late—appearing tumors.

C. Pathology (Mice)

Histopathologic findings on neoplasms in mice are summarized in
Appendix B, tables Bl and B2; findings on nonneoplastic lesions

are summarized in Appendix D, tables D1 and D2.

Several chronic inflammatory, degenerative, or proliferative
lesions frequently seen in aged laboratory mice occurred with
approximately equal frequency and severity in the dosed and

control groups of animals.

Based on the histopathologic examinations, the nature, incidence,
or severity of the lesions observed provided no clear evidence of
carcinogenic effect of the phthalic anhydride on B6C3Fl mice

under the conditions of this bioassay.
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D. Statistical Analyses of Results (Mice)

Tables F1 and F2 in Appendix F contain the statistical analyses
of the incidences of those primary tumors that occurred in at
least two animals of one group and at an incidence of at least 5%

in one or more than one group.

The results of the Cochran-Armitage test for positive dose-
related trend in incidences of tumors and those of the Fisher
exact test comparing the incidence of tumors in the control group
with that in each dosed group in the positive direction are not

significant in either sex.

In male mice negative results are observed in the incidence of
alveolar/bronchiolar carcinomas. A significant dose-related
trend in the negative direction (P = 0.025) is also observed in

the incidence of adenomas of the thyroid in the female mice.

In each of the 957 confidence intervals for relative risk, shown
in the tables, the value of one or less than one is included;
this indicates the absence of significant positive results. It
should also be noted that each of the intervals (except for that
of the incidence of alveolar/bronchiolar carcinomas of the lung

in low-dose male mice) has an upper limit greater than one,
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indicating the theoretical possibility of the induction of tumors
by phthalic anhydride, which could not be detected under the

conditions of this test.
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V. DISCUSSION

Mean body weights of the high—~dose male rats and of the low- and
high-dose mice of each sex were lower than those of the
corresponding controls; mean body weights of the low-dose male
rats and of both the low- and high-dose female rats were
essentially unaffected by administration of the test chemical.
Depressions in the amount of body weight gained in the male and
female mice were dose related throughout the bioassay. Other
clinical signs were common to dosed and control groups of the
rats and mice or occurred only at low incidences. Survivals of
the rats and mice were not affected by administration of the test
chemical. Assays of the dosed feed mixtures indicated that they

may have been unstable under the conditions of use.

In the female rats, alveolar/bronchiolar adenomas occurred at
incidences that were dose related in the positive direction (P =
0.020), but, in direct comparisons, were not significantly higher
in either of the dosed groups than in the control group (controls
0/20, low-dose 0/50, high-dose 5/50). Neither these adenomas in
the high-dose female rats nor any tumors in the dosed groups of
male rats or male or female mice can be clearly related to

administration of the test chemical.
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It is concluded that wunder the conditions of this bioassay,
phthalic anhydride was not carcinogenic for F344 rats or B6C3F1

mice of either sex.
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APPENDIX A

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN

RATS ADMINISTERED PHTHALIC ANHYDRIDE IN THE DIET
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TABLE A1.

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE RATS

ADMINISTERED PHTHALIC ANHYDRIDE IN THE DIET

MATCHED
CONTROL LOW DOSE HIGH DOSE
ANIMALS INITIALLY IN STUDY 20 50 50
ARIEBALS NECECESIEL 20 50 50
ANIEALS EXAMINED HISTOPATHOLOGICALLY 20 50 50
INTEGUMENTARY SYSTEM
#SUBCUT TISSUE (20) (50) (50)
EASAL-CELL CARCINOMA 1 (2%)
TEICHCEEITHELIONA 2 (4%)
FIBFGSARCCMA 1 (5%) 1 (2%)
LIECHMA 2 (4%)
HEMANGICHA 1 (2%)
NEURILEMCMA, MALIGNANT 1 (2%)
RESPIEATOGEY SYSTERN
#LUNG (20) (50) (50)
CARCINCMA, NOS, METASTATIC 1 (2%)
SCUAMOUS CELL CARCINOMA 1 {2%)
ALVECLAR/ERONCHIOLAR ADENOMA 1 (5%) 4 (8%) 1 (2%)
HEMATOBCIETIC SYSTEM
*#MUITIPLL CRGANS (20) (50) (50)
MALIGNANT LYMPHCMA, NOS 4 (20%) 10 (20%) 12 (24%)
¥ALIG.LYMEHCMA, HISTIOCYTIC TYPE 1 (2%)
KYEICMONCCYTIC LEUKEMIA 1 (5%)
MCNOCYTIC LEUKEMIA 1 (2%)
*BLCCD (20) (50) {50)
IEUKEMIA,NCS 1 (2%} 1 (2%)
MCNCCYTIC LEUKEMIA 1 {2%)
#BCNE MARROW {20) (49) (49)
REAEDOMYCSAKCCMA, METASTATIC 1 (2%)
CIRCUIATCEY SYSTEN
$HE ART {20) (50) (50)
BHEABDOMYCSARCGHMA 1_{2%)

# NUFBER CF ANIMALS WI1TH TISSUE EXAMINED MICROSCOPICALLY

* NUMEEE OF ANIMALS NECROPSIED
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TABLE A1. MALE RATS: NEOPLASMS (CONTINUED)

MATCHED
CONTROL LOW DOSE HIGH DOSE
DIGESTIVE SYSTEM
#LIVER 20) (50) (49)
NECPLASTIC NCDULE 1 (5%)
HEPATCCELLULAR CARCINOMA ' 2 (4%)
$DUCDENUM (20) (50) (48)
ACENOCARCINCMA, NCS 1 (2%)
UBINAEY SYSTEM
NCNE
ENDCCEINE SYSTEM
#PITUITARY (20) (49) (49)
CARCINCMA,NCS 2 (4%)
ADENCFKA, NOS 5 (25%) 13 (27%) 12 (24%)
#ADRENAL (20) (48) (49)
CGRTICAL CARCINOMA 1 (2%)
FHEOCHROMCCYTCMA 6 {(30%) 8 (17%) 5 (10%)
#THYROID (20) (50) 48)
ACENCCARCINOKA, NGS 1 (2%)
C-CELL ALENCHA 3 {15%) 3 (6%) 3 (6%)
#PARATHYROIL (17) (43) (43)
ALENOMA, XOS 1 (2%)
$PANCREATIC ISLETS (20} (50) (49)
ISLET-CELL ADENCMA 2 (4%)
REPRCLUCTIVE SYSTIEN
*MANMMARY GLAND (20) (50) (50)
FIBRCHMA 4 (8%) 1 (2%)
LIPOSARCGHA 1 (2%)
FIBRCALENCMA 1 (2%)
*PREPUTIAL GLAND (20) {50) (50)
CARCINCMA,NGS 1 (2%)

# NUMEER CF ANIMALS WITH TISSUE EXAMINED MICROSCCPICALLY
* NUMEER OF ANIMALS NECRCESILED
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TABLE A1. MALE RATS: NEOPLASMS (CONTINUED)

MATCHED
CONTROL LOW DOSE HIGH DOSE
ACENCCARCINOMA, NOS 1 (2%)
#TESTIS (20) (50 (48) ‘
INTERSTITIAL-CELL TUMGR 13 (65%) 40 (80%) 35 (73%)
*EPIDIDYMIS 120) (50) (50)
LIPOMA 2 (4%)
NERVCUS SYSTEM
S$ERAIN (20) (49) (49)
CARCINGMA, NCS, INVASIVE 1 (2%)
SPECIAL SENSE GRGANS
*EYE (20 {50) (50)
SQUAMCUS CELL CARCINOMA 1 (5%)
MUSCUICSKFLETAL SYSTEM
*SKUIL (20) {50) (50)
CSTEOSARCGMA 1 (2%)
BODY CAVITIES
*PERITONECN (20) (50) (50)
SARCCMA, NOS 1 (2%)
*TUNICA VAGINALIS (20) (50) (50)
MESCTHELICMA, NOS 1 (5%)
ALL CIHER SYSTEMS
#MULIIPLE CRGANS (20) (50) (50)
FIBRCSARCCHMA 1_(2%)

# NUEBER CF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

* NUMEER CF ANIMALS NECROESIED
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MATCHED
CONTROL LOW DOSE HIGH DOSE
ANIMAL DISPCSIITIICN SUMMARY
ANIMALS INITIAILY IN STUDY 20 50 50
NATURAL DEATHa 3. 4 9
KCRIBUNL SACRIFICE 3 2 5

SCHELDULED SACRIFICE

ACCILENTALLY KILLEL

TERMINAL SACRIFICE 14 ui 36
ANIMAL MISSING

@ INCLULCES AUTICLYZED ANIMALS

TUMOR SUMMARY

TCTAL ANIMAIS WITH ERIMARY JUMOES* 13 47 46
TOTAL PEIMARY TUMCRS 37 101 84
TOTAL ANIMALS WITH BENIGN TUMORS 18 45 43
TCTAL BENIGN TUMORS 28 17 63
TCTAL ANIMALS WITH MALIGNANT TUMCRS 1 20 21
TCTAL MALIGNANT TUMORS 7 24 21
TOTAL ANIMALS WITH SECONDARY TUMORS# 3
ICTAL SECCNDARY TUMORS 3
TCTAL ANIMALS WITH TUMORS UNCERTAIN-
BENIGN OR MALIGNANT 2
TCTAL UNCERTAIN TUMORS 2

TCTAL ANIMALS WITH TUMORBRS UNCERTAIN-
PEIMARY OR METASTATIC
TCTAL ONCERTAIN TUMORS

* PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS
# SECCNLCARY TUMORS: MEIASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN
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TABLE A2

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE RATS
ADMINISTERED PHTHALIC ANHYDRIDE IN THE DIET

—————— e

MATCHED
CONTROL LOW DOSE HIGH DOSE
ANIMALS INITIALLY IN STUDY 20 50 50
ANIKALS NECECESIEL 20 50 50
ANINMALS EXAMINED HISTOEATHOLGGICALLY 20 50 50
INTEGUMENTARY SYSTEN

£SKIN (20) (50) (50)
TRICHOEPITHELIOMA 1 (5%)

*SUECUT TISSUE (20) (50) (50)
SQUAMQUS CELL CARCINOMA 1 (2%)
EHAEDCMYOSARCOMA 1 (2%)

CSTECSARCCMA 1 (5%)
RESEIBATCEY SYSTEM

$LUNG (20) {50) (50)
ALVECLAR/EBOKCHIOLAR ADENOMA 5 (10%)
ALVECLAR/BFONCHIOLAR CARCINOMA 1 (5%) 3 (6%) 1 (2%)
CORTICAL CARCINOMA, METASTATIC 1 (2%)

HEMATCPCIETIC SYSTEM

*MULTIPLE CEGANS (20) (50) {50)
MALIGNANT LYMPHOMA, NOS 1 (5%) 10 (20%) 4 (8%)

#MECIASTINAL L.NCDE (20) (s0r {(50)
MALIGNANT LYEPHGMA, NOS 1 (2%)

CIRCULATICEY SYSTEM
NCRE
DIGESTIVE SYSTEN

SLIVER (20) (50) (50)

HEPATGCEILULAR CARCINCMA 1 (2%)

# NUEBER CP ANIMALS
*# NUMEER OP ANIMALS NECROPSIED
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TABLE A2. FEMALE RATS: NEOPLASMS (CONTINUED)

—_————.— -

MATCHED
CONTROL LOW DOSE HIGH DOSE
URINAEY SYSTEM
#URINARY ELADDER (20) (50) (47)
PAPILLCHA, NOS 1 (2%)
ENCCCEINEF SYSTEM
$PITUITARY (20) (50) (49)
CARCINCMA,NOS 1 (2%) 2 (%)
ACENCMA, NGS 11 (55%) 18 (36%) 19 (39%)
$ADRENAL (20) (49) (49)
COBRTICAL ADENCHMA 1 (2%)
CORTICAL CARCINOMR 1 (2%)
EHECCHRGMCOCYTCHNA 3 (6%)
#THYROID (20) (49) (50)
C-CELL ADENGMA 2 (4%) 3 (6%)
REPECLUCTIVE SYSIEM
*MAMMARY GLAND (20) (50) (50)
ADENGMA, NGS 1 (2%)
CYSTADENOMA, NGS 1 (2%)
FIBRCADENCMA 2 (10%) 12 (24%) 6 (12%)
#*PREPUTIAL GLAND (20) (50) (50)
CARCINOKA,NGS 1 (2%)
#CLITORAL GLAND (20) {50) (50)
ADENCMA, KCS 1 (2%)
$0TERUS 19) (47) (50)
ENDOMETRIAL STROMAL POLYP 1 (5%) 3 (6%) 6 (12%)
CARCINOSARCOMA 1 (2%)
NERVCUS SYSTENM
#BEAIN (20) (50) (50)
CARCINOMA, NOS, INVASIVE 1 (2%)
MEDULLCBLASTCHMA 1 (2%)

SPECIAL SENSE CEGANS

NCNE

# NUMEER CF ANIMALS WITH TISSUE EXAEINED MICROSCCPICALLY

* NUMBER GF ANIMALS NECROFSIED
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TABLE A2. FEMALE RATS: NEOPLASMS (CONTINUED)

MATCHED
CONTROL LOW DOSE HIGH DOSE

MUSCUICSKEIETAL SYSTEY

ALL CTHEER SYSTEMS

ANIMAL DISECSITION SUMMARY

ANIMALS INITIAILY IN STUDY 20 50 50
NATUBRAL DEATH® 2 &
MCRIBUND SACRIFICE 1 2 7
SCHELULEL SACKIFICE
ACCICENTALLY KILLED
TERMINAL SACRIFICE 17 42 41
ANINMALI MISSING

@ INCILIUDES AUTCLYZED ANIMALS

# NURBER CF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMEER OF ANIMALIS NECROESIED
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TABLE A2. FEMALE RATS: NEGPLASMS (CONTINUED)

——— i > s S . o A, i . e e A O S . o e S > 0

MATCHED
CONTROL LOW DOSE HIGH DOSE
TUMOE SUMMARY
TCIAL ANIMALS WITH EEIMABY TUMOES* 13 37 36
ICTAL PRIMARY TUMOERS 18 58 53
TOTAL ANIMALS WITH BENIGN TUMGRS 12 27 32
TOTAL EENIGN TUMOKS 15 38 44
TOTAL ANIMALS WITH MALIGNANT TUMORS 3 16 8
TCTAL MALIGNANT TOMORS 3 20 9
TOTAL ANIMALS WITH SECONDARY TUMCRS# 1 1
TCTAL SECCNDARY TUMORS 1 1

TOTAL ANIMALS WITH TUMOBS UNCERTAIN-
BENIGN OR MALIGNANT
TCTAL UNCERTAIN IUMORS

TOTAL ANIMALS WITH TUMORS UNCERTAIN-
PEIMAEY CE METASTATIC
TCTAL UNCERTAIN TUMORS

* PBEIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS

# SECCNDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN
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APPENDIX B

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN

MICE ADIMINISTERED PHTHALIC ANHYDRIDE IN THE DIET
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TABLE B1.

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN MALE MICE
ADMINISTERED PHTHALIC ANHYDRIDE IN THE DIET

MATCHED
CONTROL LOW DOSE HIGH DOSE
ANISALS INITIALLY IN STOUDY 20 50 50
ANIMALS MISSING 1
ANIMALS NECRCESIED 20 50 49
ANI®ALS EXAMINED HISTOPATHOLOGICALLY 20 50 49
INTEGUMENTARY SYSTEM
NONE
RESPIEATCHY SYSTEM
§LUNG (20) (50) (49)
HEPATOCELLULAR CARCINOMA, METAST 1 {5%)
ALVECLAR/ERONCHICLAR ADENOMA 2 (10%) 4 (8%) 3 (6%)
ALVECLAR/BEONCHIOLAR CARCINOMA 6 (30%) 2 (4%) 6 (12%)
HEMATCPCIETIC SYSTEM
*MULTIPLE CEGANS (20) (50) (49)
BALIGNANT LYFPHOMA, NOS 3 (6%) 1 (2%)
#SPLEEN (19) {49) (49)
HEMANGIOMA 2 (u%)
BEMANGIOSARCGMA 1 (5%) 1 (2%)
#MESENTERIC L. NGDE (20) 7 (49)
MALIG.LYMPHOMA, HISTIOCYTIC TYPE 1 (2%)
CIRCUIATCFY SYSTEM
NCKE
DIGESTIVE SYSTEM
#LIVER (20) (50) (49)
BEPATOCEILULAR CARCINCMA _ 3_(15%) 12 (24%) 7_(14%)

# NUMBER CF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMEER CF ANIMALS NECROPSIED
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MATCHED
CONTROL LOW DOSE HIGH DOSE
HEMANGICSARCCMA 2 (4%)
DBINKARY SYSTEN
$KILNEY (20) (50) (49)
1IPOMA 1 (2%)
ENCCCRINE SYSTEM
#ACRENAL (19) (49) (u48)
PEECCHROMCCYTOMA 1 (2%)
REPFCLUCTIIVE SYSTEM
NCNE
NERVCUS SYSTEM
NONE
SPECIAL SENSEZ ORGANS
#EYE/LACKIMAL GLAND (20) (50) (49)
ADENCMA, NOS 1 (2%)

MUSCUICSKEIETALI SYSTEFN

NGNE

BGDY CAVITIES
NGNE
ALL CTHER SYSTEMS
*MULTIPLE GRGANS (20) (50) (49)
CARCINCMA, NOS, METASIATIC 1_{2%)

# NUMBER CF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NOMEER OF AWIMALS NECROPSIED
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TABLE B1. MALE MICE: NEOPLASMS (CONTINUED)

MATCHED
CONTROL LOW DOSE HIGH DOSE
SABCCOMA, NCS 1 (5%)
ANIMAL DISECSITICK SUMMARY
ANIMALS INITIALLY IN STUDY 20 50 50
NATURAL DEATH® 3 7 2
MCRIBUND SACRIFICE
SCHEDULED SACRIFICE
ACCILENTALLY KILLED 6
TERMINAL SACRIFICE 17 37 47
ANIMAL MISSING 1
@ INCLUDES AUTOLYZED ANIMALS
TOMOR SUMMARY
TCTAL ANIMALS WITH ERIMARY TUMORS*® 11 21 18
90TAL PRIMARY TUMCRS 13 26 21
TOTAL ANIMALIS WITH BENIGN TUMORS 2 6 5
TOTAL BENIGN TUMORS 2 6 6
TCTAL ANIMALS WITH MALIGNANT TUMOES 10 16 15
TOTAL MALIGNANT TUMORS 11 20 15

TOTAL ANIMALS WITH SECONDARY TUMORS#
TOTAL SECCNDARY TUMORS

TOTAL ANIMALS WITH TUMORS UNCERTAIN-
BENIGN OR MALIGNANT
TGTAL UNCERTAIN TUMCRS

TCTAL ANIMALS WITH TUMORS UNCERTAIN—-
EFINMARY CR MEIASTATIC
TCTAL UNCERTAIN TUMORS

* PRIMARY TUMORS: ALL TUMORS EXCEPT SECONDARY TUMORS

# SECCNCARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN
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TABLE B2.

SUMMARY OF THE INCIDENCE OF NEOPLASMS IN FEMALE MICE

ADMINISTERED PHTHALIC ANHYDRIDE IN THE DIET

MATCHED
CONTROL LOW DOSE HIGH DOSE

ANIMALS INITIALLY IN STUDY 20 50 50

ANIMALS MISSING ‘ 1 1

ANIMALS NECKCPSIEL 20 49 48

ANIMALS EXAMINED HISTOFATHOLOGICALLY 20 49 48

INTEGUMENTARY SYSTEM

#SUBCUT 1TISSUE (20) (49) (48)
NEURILEMOMA, MALIGNANT 1 (5%)

BESEIFATCRY SYSTEH

$#1LUNG (20) (49) 48)
ALVECLAR/BRCNCHIOIAR ADENOMA 3 (%) 1 (2%)
ALVEGLABR/BRONCHIOLAR CARCINOMNA 1 (5%) 3 {6%) 1 (2%)
CSTECSAECCMA, METASTATIC 1 (2%)

HEMATCPCIETIC SYSIEX

*MULTIPLE ORGANS (20) {49) (48)
MALIGNANT LYMPHCMA, NOS 1 (5%) 3 {6%) 4 (8%)
MALIG.LYMPHOMA, HISTIOCYTIC TYPE 1 (5%) 2 (4%) 3 (6%)
FIASMA-CELL TUMOR 1 (2%)

*BLCCD (20) (49) (48)
LEUKEMIA,NCS 2 (4%)

*HEMATOPOIETIC SYSTEM (20) (49) (48)
BALIGHANT LYMEHOMA, KOS 1 (2%)

#SPLEEN 20 (48) (48)
HEMANGIONA 1 (2%)
HEMANGICSABCOMA 1 (5%) 1 (2%)

#MESENTERIC L. NCDE (19) (49) (47)
MALIGNANT LYMPHOMA, NGS 1 (5%)

MALIG.LYMPHOMA, HISTIOCYTIC TYPE 1 (2%)

#$LIVER (20) (48) (48)

BALIG.LYFPHOMA, HISTIOCYTIC TYEE 1_(2%)

# NUMBER CF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

* NUMEER OF ANIMALS NECROPSIED
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TABLE B2. FEMALE MICE: NEOPLASMS (CONTINUED)

[pe— —— -

MATCHED
CONTROL LOW DOSE HIGH DOSE
*MESENTERY (20) (49) (48)
MALIG.LYMPHOMA, HISTIOCYTIC TYPE 2 (4%)
#KIDNEY (19) (48) (48)
MALIG.LYMPHOMA, HISTIOCYTIC TYPE 1 {2%)
#THINUS {18) {82) (37)
FALIGNANT LYMPHOMA, XNCS 1 (2%)
CIRCUIATCEY SYSTEMN
NCNE
DIGESTIVE SYSTEN
#LIVER (2vj (48) (48)
HEPATOCELLULAR CAECINCMA 1 {5%) 1 (2%)
#CECUM (20) (49) (48)
LEIOMYCSARCGMA 1 (2%)
DRINAEY SYSTEM
NCNE
ENDOCEINE SYSTEM
#PITUITARY (19) (46) (41)
ADENCMA, NCS 1 {2%)
#THYEOID (19) (48) (46)
ACENOMA, NOS 2 (11%)
REPBCIUCTIVE SYSTEM
#MAFMARY GLAND (20) (49) (48)
ACENCCARCINOMA, KOS 2 (4%)
#UTERUS (19) (48) (46)
PAPILLARY CYSTALENCCARCINOMA,NOS 1_(2%)

# NUMBER CF ANIMALS WITH TISSUE EXAMINED MICBOSCOPICALLY
¥ NUMEER CF ANIMAIS NECROPSIED
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TABLE B2. FEMALE MICE: NEOPLASMS (CONTINUED)

——— —-—— ————

MATCHED
CONTROL LOW DOSE HIGH DOSE
ENDOMETEIAL STRCMAL PCLYE 1 (5%)
#0VARY (18) (48) 47)
PAPILLARY CYSTADENCMA, NOS 1 (2%)
TERATCMA, NOS 1 (2%)
NERVCUS SYSTEM
NCNE
SPECIAL SEMSE CEGANS
*EYE/LACRIMAL GLAND (20) (49) (48)
ADENCMA, NOS 1 (2%)
EAPILIARY ADENOCAKCINGMA 1 (2%)
MUSCULOSKEIETAL SYSTER
*BGNE (20) (49) {48)
CSTECSARCGMA 1 (2%)
BCLY CAVITIES
*AEDCMINAL CAVITY (20) 49) (48)
CSTECSAKCCMA, INVASIVE 1 (2%)
ALl CTHER SYSTERS
*MULIIPLE CRGANS (20) 49) (48)
SARCCMA, NCS 1 (5%)
ANIMAL DISPCSITIGN SUMMARY
ANIMALS INITIALLY IN STUDY 20 50 50
NATURAL DEATH® 4 4 8
MCRIBUND SACRIFICE
SCHEDULED SACRIFICE
ACCICENTALLY KILLED 1
TEBRMINAL SACRIFICE 16 45 40

ANIMAL MISSING

@ INCLUCES ADICLIZEL ANINALS

# NUMBER CF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

* NUMEER OF ANIMALS MNECROPSIED
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TABLE B2. FEMALE MICE: NEOPLASMS (CONTINUED)

MATCHED
CONTROL LOW DOSE HIGH DOSE
TUMCR SUMMARY
TCTAL ANIMALS WITH PRIMARY TUMCRS* 10 21 17
TCTAL PRI'MARY TUMORS " 24 19
TOTAL ANIMALS WITH BENIGN TUMORS 3 4 3
TCTAL BENIGN TOMORS 3 S 3
TOTAL ANIMALS WITH MALIGNANT TOMORS 7 16 14
TOTAL MALIGNANT TUMORS 8 18 15
TOTAL ANIMALS WITH SECONDARY TUMORS# 1
T0TAL SECONDARY TUMORS 2
TOTAL ANINMALS WITH TUMORS UNCERTAIN-
BENIGN OR MALIGNANT 1 1
TCTAL UNCERTAIN TUMORS 1 1

TOTAL ANINMALS WITH TUMORS UNCERTAIN-
PRIMARY CR METASTATIC
TOTAL UNCERTAIN TUMORS

* PRIMARY TUMORS: ALL TUMCRS EXCEPT SECONDARY TUMORS
# SECCNDARY TUMORS: METASTATIC TUMORS OR TUMORS INVASIVE INTO AN ADJACENT ORGAN
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APPENDIX C

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS

IN RATS ADMINISTERED PHTHALIC ANHYDRIDE IN THE DIET
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TABLE C1.

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE RATS
ADMINISTERED PHTHALIC ANHYDRIDE IN THE DIET

MATCHED
CONTROL LOW DOSE HIGH DOSE
AKIMALS JINKITIALLY IN SIUDY 20 S0 50
ANIMALS NECROPSIRED 20 50 50
ANIMALS EXAMINEL HISTOPATHOLOGICALLY 20 50 50
INTEGUMENTARY SYSTEM
*SUECOT TISSUE {20) (50) {50)
INPLAMMATICN, CRRONIC 1 (2%)
BECEOSIS, FAT 1 (2%)
BRESPIRATCRY SYSTEWM
#IRACHEA (19) “s) (49)
INPLAMMATICN, CHEONIC 1 (5%) 1 (2%)
#LUNG 20) {50) (50)
EDEMA, NOS 1 (2%)
BEMCRRHAGE 1 (2%) 1 (2%)
INPLAMMATION, INTERSTITIAL 1 (5%) 3 (6%)
PNEUMONIA, ASPIRATION 1 (2%)
EECKCHCENEUNONIA SUPPURATIVE 1 (2%)
INFLAMMATICN FROLIFERATIVE 1 (2%)
FIBRGSIS 1 (2%)
PERIVASCULITIS 1 (2%)
ABTERIGSCLEROSIS, NOS 2 (4%)
LYMPHOCYTOSIS 16 (80%) 39 (78%) 34 (68%)
HEMATCRPCIETIC SYSTEM
#E100D {20) {50) {50)
LEUKCCYICSIS, NOS 1 (2%)
#BONE MARROW 20) (49) (49)
HYPERPLASIA, HEMATOPOIRTIC 4 (8%)
#SPLEEN (20) (50) {49)
CONGESTIICH, NOS 2 f(a%)

4 NUMBER CF ANIMALS WITH TISSOE
* NUMEER OF AMNINALS NECROEFSIED
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TABLE C1. MALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

MATCHED

CONTROL LOW DOSE HIGH DOSE
FIEKCSIS 1 (2%)
FIBRCSIS, FOCAL 1 (2%)
INFARCT, NOS 1 (2%)
HEMCSILEFGSTS 4 (20%) 12 (24%) 6 (12%)
HYPCELASIA, NCS 1 (2%)
LYMEHCILD LEPLETICN 1 (2%)
HYPERPLASIA, RETICULUM CELL 1 (2%)
HEMATOECIESIS 10 (50%) 38 (76%) 28 (57%)
GEANULCEGIESIS 1 (2%)

#LYMPH NODE (20) (50) (50)
PLASMACYTGSIS 1 (2%)

HYPERPLASIA, LYMPHOIL 1 (2%)

#$MANDIBULAR L. NODE (20) (50) (50)
CYST, NCS 1 (5%) 6 (12%) 1 (2%)
CCNGESTIGN, NOS 1 (2%)
EDEMA, NCS 1 (5%) 1 (2%)

HEMCRRHAGE 1 (2%)
HEMCSIDEEOSIS 1 (2%)
HYPERPLASIA, NCS 3 (6%)
PLASFACYTCSIS 1 (5%) 4 (8%)

#MEDIASTINAL L.NODE (20) (50) {50)
BYPERPLASIA, LYMPHGID 1 (2%)

#MESENTERIC L. NODE (20) (50) {50)
CYS1, NOS 2 (10%) 1 (2%)

CCNGESTION, NOS 1 (2%)
HEMOSILEECSIS 1 (2%)
HYPERELASIA, NOS 1 (2%)
HYPERPLASIA, LYMPHOID 2 (4%) 1 (2%)

$RENAL LYMPH NODE (20) {50) (50)
CONGEST ICN, NOS 1 (5%)

#THYNUS (13) (18 «7)
CYIST, NOS 1 (6%)

CCNGESTIGN, NCS 1 (6%)

HEMOREHAGE 1 (6%)

ATBOPHY, XCS 1 (6%)
CIRCULATCEY SYSTEM

#HEART (20) (50) (50)
FIBROSIS 15_(75%) 44 (88%) 43 {86%)

# NUMBER CF ANINMALS WITH TISSUE EXAMINED NICROSCOPICALLY

* NUMEER CF ANIMALS NECROESIED
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MATCHED
CONTROL LOW DOSE HIGH DOSE
FIERCSIS, FOCAL 1 (2%)
$HEART/ATRIUM (20) (50) (50)
THROMBCSIS, NOS 1 2%)
#MYCCARDIUM (20) (50 (50)
FIBBCSIS 1 (2%)
*PULMONARY ABTERY (20) {50) (50)
HYPERTRCPHY, NOS 1 {5%) 3 (6%) 5 (10%)
DIGESTIVE SYSTEN
#SALIVARY GLAND (19) (50) (50)
INFLAMMATIGN, NOS 1 (2%)
INFLAMMATICN, CHEONIC 3 {6%) 1 (2%)
#LIVER (20) (50) (49)
CHOLANGIGFIBROSIS 14 (70%) 42 (84%) 39 (80%)
NECRCSIS, NOS 1 (2%)
XECRCSIS, FOCAL 2 (4%)
KETAMCREHCSIS FATTY 5 (25%) 10 (20%) 7T (14%)
LIPOIDCSIS 1 (5%) 1 (2%) 1 (2%)
BASCEHILIC CYTC CHANGE 5 (25%) 20 (40%) 21 {(43%)
FCCAL CELLULAR CHANGE 1 (2%)
CLEAR-CELL CHANGE 1 (2%)
ANGIECTASIS 1 (5%)
HEMATOECIESIS 1 (2%)
$HEPATIC CAPBSULE (20) (50) (49)
BUPTURE 1 (2%)
FIBRCSIS, FCCAL 1 (2%)
#LIVER/CENTRILOBULAR (20) (50 (49)
NECROSIS, FOCAL 1 (5%)
4BILE DOCT (20) (50) (49)
HYPERPLASIA, NOS 1 (5%) 3 (6%) 1 {2%)
$PANCREAS (20) {50) (49)
CYSTIC DUCTS 1 (2%)
INFLAKMATICN, CHEGNIC 1 (5%) 1 (2%)
INFLAMMATION, CHFONIC FOCAL 1 (5%)
FIBRCSIS 4 {20%) 2 (4%) 2_(4%)

# NUMBER CF ANIMALS WITH TISSUE EXAMINED MICROSCCPICALLY

* NUMEER CF AXNIMALS NECRCPSIED
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TABLE C1. MALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

- — > e e e e i o

MATCHED

CONTROL LOW DOSE HIGH DOSE
PERIARIERITIS 1 (5%) 2 (4%)
ATRCPHY, NOS 4 (20%) 2 (4%) 2 (4%)

#STOMACH (20) (50) (49)
CYST, NOS 1 (2%)
HEMATOMA, ORGANIZEL 1 {2%)
UICER, NCS 1 (5%)

LYNEHCCYTIC INFLAMMATORY INFILTR 1 {2%)
FIBBROSIS 4 (8%) 2 (4%)
LYMEHCCYIGSIS 1 {2%) 1 (2%)

#GASTRIC MUCOSA (20) (50) (49)
MINBERALIZATION 1 (2%)

#GASTRIC SUEMUCOSA (20) (50) (49)
PIBROSIS 1 (2%)

#SMALL INTESTINE (20) (50) (48)
CIVERTICOLUM 1 (2%)

CYST, NCS 1 2%)
INFLAMMATION, CHRONIC FOCAL 1 (5%)

$COLON (19) (50) {48)

BEMATOLIASIS 1 (2%)
UBINARY SYSTEN

#KIINEY (20) {50) (49)
CAST, NOS 15 (75%) 45 (90%) 37 (76%)
HYDRCNEPHEOSIS 1 (2%)

HEMCBRHAGE 1 (2%)
INPLABMATICN, CunuNIC 16 (80%) 45 (90%) 38. (78%)
NEEHROEATHY 2 (4%) 1 (2%)
HEMOSIDEECSIS 1 (2%)

ATRCEFHY, NOS 1 (5%)

#KIDNEY/GLOMERULUS {20) (50) (49)
CILATATICN, NCS 1 (5%)

#KICNEY/TUBULE (20) (50) (49)
MINERALIZATICN 1 (2%)
CILATATICN, NOS 1 (5%)

MEPHRCSIS, NCS 1 (2%)
ATBRCPHY, NOS 1_(2%)

& NUMBER CF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

® NUMEER OF ANIMALS NECBOPFSIED
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MATCHED
CONTROL LOW DOSE HIGH DOSE
#U. ELADDER/MUCCSA (20) (48) u8)
HYPERPLASIA, NOS 1 (2%)
ENDCCEINE SYSTEM
#PITUITARY (20) (49) (49)
CYST, NOS 1 (5%) 5 {10%) 3 (6%)
#ADRENAL (20) (48) (49)
INFARCT, NOS 1 (2%)
METAMCRPHOSIS FATTY 1 (5%) 2 (4%) 2 (4%)
HYFERTFCGEHY, FOCAL 4 (8%)
#2DRENAL COBRTEX (20) (48) (49)
HYPEETRCPHY, KNGS 1 (2%) 1 (2%)
HYPERTEOEHY, FOCAL 1 (2%)
#ADRENAL MEDULLA (20) (48) (49)
HYPERTRCEHY, NOS 8 (16%)
HYEERTROFHY, FOCAL 1 (2%)
HYPERPLASIA, NCS 1 (5%) 4 (8%)
#THYROID (20) (50) (48)
HYPERPLASIA, C-CELL 3 {15%) 5 (10%) 10 (21%)
#PABATHYRCID (17) (43) (43)
CYST, NOS 1 {2%)
#FPANCREATIC ISLETS (20) (50) (49)
HYPERPIASIA, NOS 2 (4%)
HYPERELASIA, FOCAL 1 (2%)
BEPECLUCTIVE SYSTER
*MAMMARY GLAND (20) (50) (50)
DILATATION/LCUCTS 5 (25%) 12 (24%) 12 (24%)
*PREPUTIAL GLAND (20) (50) (50)
CYST, NOS 1 (2%)
#PROSTATE (20) (48) 45)
CALCULUS, NGS 2_{u%)

$# NUEBER CF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMEER OF ANIMALS NECBOEFSIED

65



MATCHED

CONTROL LOW DOSE HIGH DOSE
INFLAMMATION, SUPPUBATIVE 2 (4%) 1 (2%)
ABSCESS, NOS 1 (2%)
INFLAMMATICN, CHRONIC 1 (5%)
INFLAMMATICN, CHRONIC SUPPURATIV 1 (5%)
FIBRCSIS 1 (2%)
HYPERELASIA, FOCAL 1 (5%)

*SEMINAL VESICLE {20) {50) (50)
INFLAMMATICN, SUFPURATIVE 1 (5%)

#TESTIS (20) (50) (48)
HEMORRHAGE 1 (2%)
INFARCT, NOS 1 (2%)

ATRCPHY, NOS 3 (6%) 2 (4%)

*EPIDIDYMIS (20) (50) (50)
INFLAMMATION, CHRONIC 1 (2%)

NERVCUS SYSTEM

#ERAIN (20) (49) (49)
HEMORRHAGE 2 (4%)
INPLAMMATICN, FOCAL 1 (2%)

NECROSIS, NOS 2 (4%)
SPECIAL SEMSE GRGANS
NCNE
MUSCULCSKELETAL SYSTEM

*ABCCMINAL MUSCLE (20) {50) {50)

HEMORRHAGE 1 (2%)
BODY CAVITIES

*PERITCNE UM (20) (50) (50)
HEMCRRHAGE 1 (2%)

*MESENTERY (20) (50) {50)
BERIARTERITIS 1_(2%) 3 (6%)

# NUMBER OF ANIMALS WITIH TISSUE EXAMINED MICROSCOPICALLY

* NUMEER CF ANIMALS NECRGPSIED
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TABLE C1. MALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

MATCHED
CONTROL LOW DOSE HIGH DOSE
NECROSIS, FAT 1 (2%)
ALL CTIHER SYSTEMS
ADIPOSE TISSUE
LYMPHGCYTIC INFLAMMATORY INFILTIR 1

# NUMBER OF ANIMALS WITH TISSUL EXAMINED MICROSCCPICALLY
* NUMEEK CF ANIMALS NECROPSIED
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TABLE C2.

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN FEMALE RATS
ADMINISTERED PHTHALIC ANHYDRIDE IN THE DIET

MATCHED
CONTROL LOW DOSE HIGH DOSE
ANIMALS INITIALLY IN STUDY 20 50 50
ANIMALS NECEBECESIEL 20 50 €0
ANIMALS EXAMINED HISTCPATHCIOGICALLY 20 50 50
INTEGUMENTARY SYSTEM
*SKIN (20) (50) (50)
ULCER, NGS 1 (2%)
INFLAMMATION, ACUTE 1 (2%)
ATBRCPHY, NCS 1 (2%)
*SUBCOT TISSUE (20) (50) (50)
THROMBOSIS, NOS 1 (2%)
RESPIFATCRY SYSTEM
#LUNG (20) {50) (50)
INFLAMMATICN, INTERSTITIAL 2 {10%) 6 (12%) 5 (10%)
INFLAMMATICN, GRANULOMATOUS 3 (6%) 1 (2%)
ABTERICSCLERGSIS, NOS 1 (5%) 1 (2%)
LYMPHCCYTGSIS 17 (85%) 4y (88%) 42 (84%)
HEMATCPCIETIC SYSTEM
*ELCCD (20) (50) (50)
LEUKCCYTCSIS, NOS 1 (2%)
$BONE MARBOW (19) (48) (46)
BYPEBPLASIA, NOS 1 (2%)
HYPERFLASIA, BEMATOPOIETIC 3 (6%)
#SPLEEN (20) (50) (50)
CCNGESTICN, NOS 1 (2%)
SCLERCSIS ) 2 (4%)
FIBRCSIS, FOCAL 1 (2%)
INFARCT, KGCS 1 (5%)
HEMCSILEFCSIS 15_(75%) 34 (68%) 32_{6u4%)

# NOMBER CF ANIMALS WITH TiSSUE EXAMINED MICROSCOPICALLY

& NUMEER OF ANIMALS NECROPSIED
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TABLE C2. FEMALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

MATCHED
CONTROL LOW DOSE HIGH DOSE

HYPERPLASIA, HBEMATOPOIETIC 1 (2%)
HBYPERPLASIA, RETICULUSN CELL 1 (2%)
HEMATOPOIESIS 16 (80%) 39 (78%) 45 -(90%)

#LYNPH NODE (20) {50) (50)
CONGESTICN, NOS 2 (4%)
PLASMACYTOSIS 1 (2%)
HYPERPLASIA, LYMEHOID 1 (2%)

#MANDIBULAR L. NODE (20) (50) (50)
C1ST, NOS 1 (2%)
BYPERPLASIA, NOS 1 (2%)
HYPERFLASIA, RETICULUM CELL 1 (2%)
HYPERPLASIA, LYMPHOID 1 (5%) 1 (2%)

#MEDIASTINAL L. NODE (20) (50) (50)
CONGESTION, NOS 3 (6%)
HYPERPLASIA, RETICULUM CELL 1 (2%)

#MESENTERIC 1. NODE (20) {50) {50)
CYST, NOS 1 (5%)
CCNGESTICN, NOCS 1 (2%)
INFLAMMATICN, GRANULOMATOUS 1 (5%)
HYPERPLASIA, RETICULUM CELL 1 (5%)

#IHYNUS (9) 29) (20)
ATROPHY, NOS 1 (5%)

CIRCULATCEFY SYSTEM

#HEART (20) (50) . (50)
FIBROSIS 13 (65%) 34 (68%) 40 (80%)
LYMPHCCYTCSIS 1 (2%)

$HEART /ATRIUM (20) (50) (50)
THRCMBCSIS, NCS 1 (5%)

#MYCCARLIUM (20) (50) (50)
INFLAMMATION, NOS 1 (2%)

*ARTERY (20) {50) (50)
INFLAMMATICN, NOS 1 (2%)

*PULMONARY ARTERY (20) (50) (50)
BYPERTROEHY, NOS 1_(5%)

# NUEBER CF ANIMALS WITIH TISSUE EXAMINED MICROSCOPICALLY

* NUMEER OF ANIMALS N£CBOPSIED
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TABLE C2. FEMALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

MATCHED
CONTROL LOW DOSE HIGH DOSE
*MESENTERIC ARTERY (20) (50) (50)
PERIARTERITIS 1 (2%)
DIGESTIVE SYSTEF
$SALIVARY GLAND (19) (49) (50)
INFLAMMATICN, NOS 1 (2%)
FIPROSIS 1 (2%)
$LIVER (20) (50) (50)
IMFLAMMATION, SUPPURATIVE 1 (2%)
RESCESS, NOS 1 (2%)
GEANULCMA, NOS 1 (2%) 1 (2%)
FIBRCSIS, FOCAL 3 (6%)
CBOLANGIGFIBROSIS 16 (80%) 28 (56%) 38 (76%)
CIRBHOSIS, NOS 1 (5%)
¥ECRCSIS, NOS 1 (2%) 1 {2%)
NECECSIS, FOCAL 3 (6%) 1 (2%)
EETAMCREHOSIS FATTY 1 {5%) 3 (6%) 4 (8%)
BASOPHILIC CYTO CHANGE 17 (85%) 43 (86%) 39 (78%)
FCCAL CELLULAR CHANGE 1 (2%) 1 (2%)
MEGALCCYTCSIS 1 (5%)
LEUKCCYTIOSIS, NEUTROPHILIC 1 (2%)
#LIVER/CENTRILOBULAR (20) {50) (50)
NECRCSIS, NOS 1 (2%)
#LIVER/PERIPGRTAL (20) (50) (50)
LIPGILOSIS 1 (2%)
#P ANCREAS (19) (49) {49)
FIBROSIS 1 (5%) 1 (2%) 3 (6%)
FIBRCSIS, FCCAL 1 (2%)
EERIARTERITIS 1 (2%)
NECRCSIS, FAT 1 (2%)
ATRCEHY, NOS 1 (5%) 2 (4%) 2 (4%)
ATRCEHY, FCCAL 1 (2%)
#STOMACH (20) (50) (50)
ULCER, NGS 1 (2%)
INFLAKMATICN, SUPEDRATIVE 1 (2%)
INPLAMMATION, CHRONIC 1 (2%)
FIBRCSIS 1_{2%) 2 (4%)

# NUMBER CF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMEER CF ANIMALS NECROESIED
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TABLE C2, FEMALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

MATCHED

CONTROL LOW DOSE HIGH DOSE
HYPERPLASIA, EFITHELIAL 1 (2%)
LYMPHCCYICSIS 2 (4%)

#LABGE INTESTINE (20) 49) (49)
FEMATODIASIS 1 (2%)

¥COLON (20) (49) (49)
KEMATCODIASIS 1 (2%) 1 (2%)

URINARY SYSTERM

$KICNEY (20) (50) (50)
CAST, NOS 10 (50%) 19 (38%) 16 (32%)
BYDRCNEPEROSIS 1 (2%)

CCNGESTIGN, NOS 1 (2%)

INPLAMBATICN, INTERSTITIAL 1 (5%)

INPLAMMATION, CHEONIC 14 (70%) 42 (84%) 40 (80%)
SCLEBCSIS 1 (2%)

HEMOSIDEEOSIS 1 (5%) 1 {2%) 1 {2%)

$KIDNEY/FELVIS (20) (50) (50)
CALCULUS, NOS 1 (2%)

#URINARY ELADDER (20) {(50) (u7)
BEMORRHAGE 1 (2%)
HYPERPLASIA, ALENCMATOUS 1 (2%)

ENDCCRINE SYSTEN

#PITUITARY {20) (50) 49)
CYST, KNGS 5 (25%) 22 (44%) 12 (24%)
CONGESTICN, NCS 2 {4%)
HEMCREHAGIC CYST 2 (10%) 2 (4%) 1 {2%)
INFLAMMATICN, OSSIFPYING 1 (2%)

ANGIECTASIS 1 (2%)

#ADRENAL (20) (49) (49)
CCNGESTION, NOS 1 (2%)
HEMCRFHAGIC CYST 1 (5%) 1 (2%)
METAMCRPHCSIS FATTY 3 (15%) 2 (4%) 1 (2%)
FIGMENTATION, NOS 1 (2%)
HYPERTRCEHY, NOS 2 (10%)

#ADRENAL CORTEX (20) (49) (49)
METAMCBEHOSIS FATIY 1 (2%)

# NUBMBEE CF ANIMALS WITH TISSUE
* NUMEER CF ANIMALS NECROPSIED
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MATCHED

CONTROL LOW DOSE HIGH DOSE
HYPEETROPHY, NOS 2 (4%) 2 (4%)
HYBPERTROEFHY, FCCAL 1 (5%) 1 (2%)
HYPEBPLASIA, NOS 1 (2%)

#ADRENAL MEDULLA (20) (49) {49)
HYPERPLASIA, NOS 1 (2%)

#THYROID {20) “9) (50)
ULTIMORRANCHIAL CYST 1 (2%)

FOLLICULAR CYST, KCS 1 (2%)
INFLAMMATICN, CHRONIC FOCAL 1 (2%)
BYPERPLASIA, C-CELL 1 (5%) 9 (18%) 6 (12%)

#PANCREATIC ISLETS (19) {49) (49)
HYPERPLASIA, NOS 1 (2%)

REPECIUCTIVE SYSTEM

#MANBARY GLAND (20) (50) {50)
LILATATICN/DUCTS 13 (65%) 33 (66%) 24 (48%)
GALACTCCELE 1 (5%) 4 (8%) 1 (2%)
INFLAMMATICN, GRANULCMATOUS 1 (2%)

FIBROSIS 1 (2%)
HYPERPLASIA, NOS 1 (2%)
HYPERPLASIA, FOCAL 1 {5%)

HYPERPLASIA, CYSTIC 1 (2%)

#UTERUS (19) (47) (50)
HAMARTCHA 1 {2%)
LILATATICN, NGS 1 (2%)

EECRCSIS, NOS 1 (5%)

$UTERUS/ENDOMETRIDM (19) (X)) (50)
DILATATICN, NCS 1 (2%) 1 (2%)
CYST, NOS 1 (2%)

HYPEEPLASTIA, EPITHELIAL 1 (2%)

#ENDCMETRIAL GLAND (19) U7 (50)
DILATATICE, NOS 3 [(16%)

#OVARY (19) 47 {50)
CYST, NOS 1 (5%) 3 (6%) 1 2%)
INFLAMMATION, CHRONIC 1 (5%)

HYPCPLASIA, NCS 1_{2%)

# NUMBER CF ANIMALS WITH TISSUE
* NUNEER OF ANIMALS NECROBSIED

EXAMINED MICROSCOPICALLY
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TABLE C2. FEMALE RATS: NONNEOPLASTIC LESIONS (CONTINUED)

MATCHED
CONTROL LOW DOSE HIGH DOSE
ATRCPHY, NOS 1 {2%)
NERVCUS SYSTEM

#$LATERAL VENTIRICLE {20) (50) {50}
CILATATICN, NOS 1 (5%)

#ERAIN {20) {50) (50)
MINERALIZATION 1 (2%)
LILATATICN, NOS 1 (2%)
HYDBCCEEHALUS, NCS 1 (2%) 1 (2%)

SPECIAL SENSE ORGANS

*EYE (20) (50) (50)
FIBRCSIS 1 (2%)

*EYE/CGRNEA (20) (50) (50)
BUETURE 1 {2%)

MUSCULGSKELETAL SYSTEN

*SKULL (20) (50) (50)

EXCSTCSIS 1 (2%)
BCDY CAVITIES
*PERICARCIUHM (20) (50) (50)
INFLAMMATION, FIERINOUS 1 (2%)
ALL CIBEE SYSTEMS
NCME
SEECTATL MCEEHCLCGY SUMMARY
NC LESICN FEFCRTEL 1

# NUMBER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
¥ NUMEER CF ANIMALS NECROPSIED
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APPENDIX D

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS

IN MICE ADMINISTERED PHTHALIC ANHYDRIDE IN THE DIET
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TABLE D1.

SUMMARY OF THE INCIDENCE OF NONNEOPLASTIC LESIONS IN MALE MICE
ADMINISTERED PHTHALIC ANHYDRIDE IN THE DIET

MATCHED
CONTROL LOW DOSE HIGH DOSE
ANIFALS INITIALLY IN STUDY 20 50 50
ANIMALS MISSING 1
ANIMALS NECECPSIED 20 50 49
ANIMALS EXAMINED HISTCPATHOLOGICALLY 20 50 49
INTEGUMENTIARY SYSTEM
*SKIN (20) (50) (49)
ATROPHY, NOS 1 (2%)
*SUECUT TISSUE (20) (50) (49)
AESCESS, NOS 1 (2%)
BESEIBATCEY SYSTEN
#TRACHEA (20) (48) (45)
HEMORRHAGE 1 (2%)
$LUNG (20) {50) (49)
EEMORRHAGE 2 (4%) 1 (2%)
ERONCHCENEUMONIA, NOS 1 (5%)
1YMEHCCYTIC INFLAMMATORY INFILTR 1 (2%)
INFLAMMATICN, INTERSTITIAL 1 (5%)
INFLAMMATION PROLIFERATIVE 1 (2%)
ALVEOLAR MACRCEHAGES 1 (2%)
LYMPHCCYTOSIS 6 (30%) 19 (38%) 30 (61%)
HEMATCBCIETIC SYSIEF
*ELCCD (20) (50) (49)
LEUKOCYTCSIS, NCS 1 (2%)
$BONE MARROW (20) (49) (49)
HYPERPLASIA, BEMATOPOIETIC 1 (2%)
$SPLEEN (19) (49) (49)
CONGESTICN, NOS 1 2%)
HYPERPLASIA, LYMEHOID 2 (4%)

# NUMBEB CF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMEER CF ANIMALS NECROESIED
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TABLE D1. MALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)

MATCHED
CONTROL LOW DOSE HIGH DOSE

$SPLENIC FOLLICLES {19) (49) (49)
ATROFHY, NCS 1 (2%)

#LYMEH NCDE (20) {47) (49)
HYPERPIASIA, NOS 1 (2%)

#MANDIEULAR 1. NODE (20) (7 49)
CYST, NCS 3 (15%)
HEMOREHAGE 1 (5%)

#EBCNCHIAL LYMPH NODE (20) un (49)
INFLAMMATIGN, CHEGNIC 1 (5%)

#MESENTERIC L. NODE (20) 7 (49)
LYMPHANGIECTASIS 1 (5%)
THRCMBCSIS, NOCS 1 (2%)
CCNGESTICN, NGS 3 (15%) 7 (15%) 7 (14%)
HYFERPLASIA, NOS 1 (5%)
HYPERPLASIA, RETICULUM CELL 4 {9%) 5 (10%)
HYPEKPLASIA, LYMPHOID 1 (2%)

#THYNUS (12) (38) (47)
CYST, NCS 1 (8%)

CIRCULATCEY SYSTEM

AHEART (20) (49) (49)
FIBEOSIS 1 (5%)
FIBRCSIS, FOCAL 1 (2%)
PERIARTIERITIS 1 (2%)

#HEABT /ATRIDY (20) 49) (49)
THRCMBOSIS, NCS 1 (2%)

#MYCCARDIUN (20) (49) 49)
INFLAMMATICN, CHRCNIC FCCAL 1 (5%)

#HEEATIC S1NUSCID (20) (50) (49)
LEOKCCYTCSIS, NOS 1 {2%)

DIGESTIVE SYSTIEN

#LIVER (20) (50) (49)

FIBRCSIS, FOCAL 1_{2%)

# NUMBER CF ANIMALS WI1H TISSUE EXAMINED MICROSCOPICALLY

* NUMEEK CF ANIMALIS NECROPSIED
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MATCHED

CONTROL LOW DOSE HIGH DOSE
NECRCSIS, FOCAL 2 (10%) 2 (4%) 1 (2%)
INFARCTI, NCS 1 (2%)
FETAMCREHCSIS FATIY 5 (25%) 3 (6%) 3 (6%)
LIPOILCSIS 6 (12%)
FEGALCCYTICSIS 1 (2%)
HYPERPLASIA, NOLULAR 1 (5%)
ANGIECTASIS 1 (5%) 1 (2%)

$#EILE DUCT (20) (50) (49)
INFIAMMATICN, CHECNIC 1 (5%) 7 (14%) 17 {35%)

#PANCREAS (20) (49) (47)
FIBRCSIS 1 (2%)

#STCNACH (19) (48) (49)
INFLAMMATICN, NOS 1 (2%)

INFLAMMATION, FOCAL 3 (6%)

#SMALL INTESTINE (20} (47) (49)
ULCER, NGS 1 (2%)
GRANULATICN, TISSUE 1 (2%)

#COLCN (20) (48) (49)
EQLYP 1 (2%)

URINARY SYSTEN

#KICKEY (20) (50) (49)
CAST, NCS 1 (5%)

INFLAMMATICN, CHEONIC 9 (45%) 22 (44%) 3 (6%)

AMYLOIDCSIS 1 (2%)

LYMPHCCYTIGSIS 15 (30%) 37 (76%)
ENDCCEINE SYSTEM

#ADRENAL {19) (49) (u8)
AMYLOIDCSIS 1 (2%)

BYPERTRCEHY, FOCAL 1 (2%)

#ADRENAL CORTEX {19) (49) (48)
ATRCPEHY, NOS 23 (47%) 40 (83%)
HYPERTRCEHY, NCS 1 (2%)
BYEERTROGEHY, FOCAL 1_(2%)

# NUFMBER CF ANIMALS WITH TISSUE EXAMINED MICBOSCOPICALLY

* NUMEER CF ANIMALS NECROFSIED
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TABLE D1. MALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)

MATCHED
CONTROL LOW DOSE HIGH DOSE
REPRCDUCTIVE SYSTEM
*EPILIDYMIS (20) (50) (49)
INFLAMMATICN, CHRONIC 1 (5%)
NERVCUS SYSTEM
$ERAIN (19) (50) 49)
CONGESTICN, NOS 1 (2%)
HEMCRRHAGE 1 (5%) 1 (2%)
#BRAIN/THALAMUS (19) (50) (49)
MINERALIZATION 18 (36%) 23 (47%)
SEECIAL SENSE OFGANS
NONE
MUSCULOSKELETAL SYSTEM
NGNE
BCLY CAVITIES
*MESENTERY (20) (50) (49)
MINERALIZATION 1 (5%)
SECRCSIS, FAT 2 (10%)
ALL CIHER SYSTEMS
*MULTIPLE CEGANS (20) (50) {49)

LYMERCCYTOSIS 2 (4%)

SPECIAL FCEEBCLCGY SUMMARY

NC LESICN EKEPOKTED 2 2
ANIMAL MISSING/NG NECROPSY 1

# NUMEER CF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMEER CF ANIMALS NECROFSIED
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TABLE D2.

SUMMARY OF THE INCIDENCE OF NONNEOQPLASTIC LESIONS IN FEMALE MICE
ADMINISTERED PHTHALIC ANHYDRIDE IN THE DIET

MATCHED
CONTROL LOW DOSE HIGH DOSE
ANIMALS INITIALLY IN STUDY 20 50 50
ANIMALS MISSING 1 1
ANINALS NECROPSIED 20 49 48
ANIMALS EXAMINED HISTOPATHOLOGICALLY 20 49 48
IKRTEGUMENTARY SYSTEM
NONE
RESEIBAICRY SYSTEM
#LUKG (20) (49) (48)
INFLAMMATICN, INTERSTITIAL 2 (4%)
LYBPHCCYTOSIS 2 (10%) 32 (65%) 34 (71%)
HEMATCBCIETIC SYSTERM
*ELGCD (20) (49) (48)
LEUKCCYTCSIS, NEUTROPHILIC 1 (5%) 1 (2%)
$SPLEEN (20) (48) (48)
HYPERPLASIA, LYMPHOID 1 (2%)
HEMATOECIESIS 1 (5%)
$LYMPH NGDE {19) {49) (47)
BEYPERPLASIA, NOS 1 (5%)
HYPERPLASTIA, LYMPHOID 1 (2%)
M ANDIBULAR L. MNODE (19) (49) (47)
HYPERPLASIA, NOS 1 (5%)
HYPERPLASIA, LYMEHCID 1 (2%)
#NMESENTERIC L. NODE (19) (49) . (47)
LYMPHANGIECTASIS 3 (6%)
CCNGESTICN, NOS 2 (11%) 1 (2%) 3 (6%)
EDEMA, NOS 1 (2%)
HEMORRHAGE 1 (2%)
_INPLAMMATICN, CHRONIC __ 1_42%)

# RUMBER CF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUMEER CF ANIMALS NECROPSIED
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TABLE D2. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)

MATCHED
CONTROL LOW DOSE HIGH DOSE
HYPERELASIA, NOS 1 (2%)
BYPERPIASIA, RETICULUM CELL 9 (18%)
HYEEKPLASIA, LYMEHOID 1 (2%)
CIRCUIATCERY SYSIEM

#BEART (19) (48) (47)

MINERALIZATICN 1 (5%)
LIGESTIVE SYSTEN

#LIVER (20) {48) {48)

LYMPHCCYTIC INFLAMMATCRY INFILTE 1 (2%)

KECRCSIS, NOS 1 (2%)

MECROSIS, FCCAL 1 (5%)

FETANCFEHCSIS FATTY 1 (2%)

1EUKCCYICSIS, NOS 1 (2%)
GEANULCECIESIS 1 (2%)

#$LIVER/CENTRIIORULAR (20) (48) {u8)
1IPOILCSIS 1 (2%)

#BILE DUCT (20} (48) (48)
CILATATION, KCS 1 (5%) 1 {2%)
INFLAMFATICN, CEFONIC 10 (50%) 30 (63%) 36 (75%)

#PANCREAS (18) (49) (47)
INFLAMMATICN, NOS 1 (2%)

INFLAMMATICN, CHRCNIC 1 (2%)

FIBECSIS 1 (2%) 1.(2%)
FIBRCSIS, FCCAL 1 (2%)
ATRCEHY, NCS 1 (2%)
ATRCPHY, FCCAL 1 (2%)

#STCHACH (20) (49) (48)
INFIAMMATICN, ACUTE FCCAL 1 (5%)

#DUCDENUM (20) {49) (48)
ECLYE 1 2%)

URINAFY SYSTEN

#KICNEY {19) (4 8) (48)

LYMPHECCYTIC INFIAMMATCRY INFILTE 1_(2%)

# NUMEER CF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY

* NUMEER CF ANIMALS NECKOPSIED
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TABLE D2. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)

MATCHED

CONTROL LOW DOSE HIGH DOSE
INFLAMMATICN, CHRCNIC 1 (5%) 9 (19%)
LYMPHCCYICSIS 22 (46%) 26 (54%)
HYPFERFLASIA, LYMPHCID 1 (2%)

#KICNEY/TUEULE (1) (48) (48)
NECRCSIS, NCS 1 (2%)

#UFEINARY ELADDER (18) (47) u7)
ECEMA, NCS 1 (2%)

#U.ELALLER/SUBYUCCSA (18) (47) (47)
FIBRCSIS 1 (6%)

ENCCCRINE SYSTEN

#ACRENAL (18) (u6) (48)
CYST, NOS 1 (2%)

FETAMCREHCSIS FATIY 1 (2%)

#ADEENAL COERTEX (18) (46) (48)
ATRCPHY, NCS 16 (89%) 37 (80%) 42 (88%)
HYFEFTECEHY, FOCAL 1 (2%)

$ADRENAL MELDULLA (18) (ue) (us)
EYPERTRCEHY, FCCAL 1 (2%)

#THYROID (19) (48) (46)
FIBRCSIS, FCCAL 1 (2%)
ATKCEHY, NGCS 1 (2%)

REFFCLUCTIVE SYSTIEN

$UTERUS (19) (48) (46)

CILATATICN, NOS 2 (11%)

ELEMA, NCS 1 (2R)

EYCMETEA 1 (2%)
$UTERUS/ENDCMETEIUN (19) (48) (u6)

CILATATICN, NCS 5 (26%) 29 (60%) 26 (43%)

INFLAMMATICN, NOS 1 (2%)

INFLAMNATICN, CHFCNIC 1 (2%)

HYPEFFLASIA, EFAFILLARY 1 (2%)

BYPERELASIA, CYSTIC 1_(2%)

¢ NUMBER CF AKIMALS kI1H TISSUE EXAMINED MICROSCCPICAILLY
* NUMEER CF ANIMAIS NECFOPSIED



TABLE D2. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)

MATCHED
CONTROL LOW DOSE HIGH DOSE
#OVAERY (18) (48) (47)
CYST, NOS 2 (11%) 26 (54%) 7 (15%)
HEMCRRHAGIC CYST 1 (6%) 1 (2%) 1 (2%)
ATRCEHY, NOS 1 (2%)
NERVCUS SYSTEM
#BRAIN (20) (49) (48)
HEMORRHAGE 1 (2%)
YECBCSIS, NOS 1 (2%)
#BRAIN/THALAMUS {20) (49) (48)
MINERALIZATION 8 (40%) 20 (41%) 26 (54%)
SPECIAL SENSE GCEGANS
NONE
MUSCULOSKELETAL SYSTEER
*BCNE (20) (49) (48)
HEALED FRACTURE 1 (2%)
CSTECPORCSIS 4 (8%)
#FEMUR (20) (49) (48)
CSTEOPORGSIS 1 (5%)
BOLY CAVITIES
#PERITCNEUM (20) 49) (48)
NECRCSIS, FAT 1 (2%)
*MESENTERY (20) {49) (48)
FECROSIS, FAT 2 (4%)

AIL CIHEEF SYSTEMS

NONE

# NUMBEF CF ANIMAIS WITH TISSUE EXAMINED MICROSCOPICALLY

* NUMEER CF ANIMALS NECKCESIED
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TABLE D2. FEMALE MICE: NONNEOPLASTIC LESIONS (CONTINUED)

MATCHED
CONTROL LOW DOSE HIGH DOSE
SEECIAL MOEFFECICGY SUMMARY
ANIMAL MISSING/NC NECROESY 1
NECKRCESY EERF/NC HISTC PERFCEKMEL 1
AUTC/NECKCESY/HISTIO PERF 2
ARUTCLYSIS/NO NECKCESY 1

e e . e e o e e i o e o i i e ———— - ot e et e -

# NUMEER OF ANIMALS WITH TISSUE EXAMINED MICROSCOPICALLY
* NUNEER OF ANIMALS NECKOPSIED
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APPENDIX E

ANALYSES OF THE INCIDENCE OF PRIMARY TUMORS

IN RATS ADMINISTERED PHTHALIC ANHYDRIDE IN THE DIET
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Table El1. Analyses of the Incidence of Primary Tumors in Male Rats
Administered Phthalic Anhydride in the Diet (a)

Matched Low High
Topography: Morphology Control Dose Dose
Lung: Alveolar/Bronchiolar
Adenoma (b) 1/20 (5) 4/50 (8) 1/50 (2)
P Values (c,d) N.S. N.S. N.S.
Relative Risk (f) 1.600 0.400
Lower Limit 0.175 0.005
Upper Limit 77.169 30.802
Weeks to First Observed Tumor 105 105 105
Hematopoietic System:
Leukemias (b) 1/20 (5) 1/50 (2) 3/50 (6)
P Values (c,d) N.S. N.S. N.S.
Relative Risk (£) 0.400 1.200
Lower Limit 0.005 0.106
Upper Limit 30.802 61.724
Weeks to First Observed Tumor 83 105 79




06

Table El. Analyses of the Incidence of Primary Tumors in Male Rats

Administered Phthalic Anhydride in the Diet (a)

(continued)

Matched Low High
Topography: Morphology Control Dose Dose
Hematopoietic System:

Lymphomas (b) 4/20 (20) 11/50 (22) 12/50 (24)
P Values (c,d) N.S. N.S. N.S.
Relative Risk (f) 1.100 1.200

Lower Limit 0.384 0.429

Upper Limit 4,321 4.650
Weeks to First Observed Tumor 102 94 96
Hematopoietic System:

Lymphomas or Leukemias (b) 5/20 (25) 12/50 (24) 15/50 (30)
P Values (c,d) N.S. N.S. N.S.
Relative Risk (f) 0.960 1.200

Lower Limit 0.376 0.497
Upper Limit 3.124 3.770
Weeks to First Observed Tumor 83 94 79
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Table El. Analyses of the Incidence of Primary Tumors in Male Rats
Administered Phthalic Anhydride in the Diet (a)
(continued)
Matched Low High

Topography: Morphology Control Dose Dose
Pituitary: Adenoma, NOS (b) 5/20 (25) 13/49 (27) 12/49 (24)
P Values (c,d) N.S. N.S. N.S.
Relative Risk (f) 1.061 0.980

Lower Limit 0.425 0.384

Upper Limit 3.404 3.184
Weeks to First Observed Tumor 83 96 84
Adrenal: Pheochromocytoma (b) 6/20 (30) 8/48 (17) 5/49 (10)
P Values (c,d) P = 0.037 () N.S. N.S.
Relative Risk (f) 0.556 0.340

Lower Limit 0.202 0.096

Upper Limit 1.734 1.205
Weeks to First Observed Tumor 89 94 96
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Table El. Analyses of the Incidence of Primary Tumors in Male Rats
Administered Phthalic Anhydride in the Diet (a)

(continued)
Matched Low High
Topography: Morphology Control Dose Dose
Thyroid: C-cell Adenoma (b) 3/20 (15) 3/50 (6) 3/48 (6)
P Values (c,d) N.S. N.S. N.S.
Relative Risk (f) 0.400 0.417
Lower Limit 0.060 0.062
Upper Limit 2.802 2.915
Weeks to First Observed Tumor 105 105 105
Mammary Gland: Fibroma (b) 0/20 (0) 4/50 (8) 1/50 (2)
P Values (c,d) N.S. N.S. N.S.
Relative Risk (f) Infinite Infinite
‘Lower Limit 0.386 0.022
Upper Limit Infinite Infinite

Weeks to First Observed Tumor - - 105 105




£6

Table El. Analyses of the Incidence of Primary Tumors in Male Rats
Administered Phthalic Anhydride in the Diet (a)

(continued)
Matched Low High
Topography: Morphology Control Dose Dose
Testis: Interstitial-cell Tumor (b) 13/20 (65) 40/50 (80) 35/48 (73)
P Values (c,d) N.S. N.S. N.S.
Relative Risk (f) 1.231 1.122
Lower Limit 0.882 0.792
Upper Limit : 1.864 1.766
Weeks to First Observed Tumor 74 90 84
(a) Dosed groups received 7,500 or 15,000 ppm.

(b)
(c)

(d)
(e)

(£)

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

Beneath the incidence of tumors in the control group is the probability level for the Cochran-
Armitage test when P is less than 0.05, otherwise, not significant (N.S.) is indicated. Beneath
the incidence of tumors in a dosed group is the probability level for the Fisher exact test

for the comparison of that dosed group with the matched-control group when P is less than 0.05;
otherwise not significant (N.S.) is indicated.

A negative trend (N) indicates a lower incidence in a dosed group than in a control group.

The probability level for departure from linear trend is given when P is less than 0.05 for any
comparison.

The 957 confidence interval of the relative risk between each dosed group and the control group.
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Table E2. Analyses of the Incidence of Primary Tumors in Female Rats
Administered Phthalic Anhydride in the Diet (a)

Matched Low High
Topography: Morphology Control Dose Dose
Lung: Alveolar/Bronchiolar
Adenoma (b) 0/20 (0) 0/50 (0) 5/50 (10)
P Values (c,d) P = 0.020 - N.S.
Relative Risk (f) - Infinite
Lower Limit - 0.525
Upper Limit - Infinite
Weeks to First Observed Tumor - - 105
Lung: Alveolar/Bronchiolar
Carcinoma (b) 1/20 (5) 3/50 (6) 1/50 (2)
P Values (c,d) N.S. N.S. N.S.
Relative Risk (f) 1.200 0.400
' Lower Limit 0.106 0.005
Upper Limit 61.724 30.802
Weeks to First Observed Tumor 105 101 102
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Table E2. Analyses of the Incidence of Primary Tumors in Female Rats
Administered Phthalic Anhydride in the Diet (a)

(continued)
Matched Low High
Topography: Morphology Control Dose Dose
Lung: Alveolar/Bronchiolar Carcinoma
or Adenoma (b) 1/20 (5) 3/50 (6) 6/50 (12)
P Values (c,d) N.S. N.S. N.S.
Relative Risk (f) 1.200 2.400
Lower Limit 0.106 0.175
Upper Limit 61.724 108.021
Weeks to First Observed Tumor 105 101 102
Hematopoietic System:
Lymphomas (b) 1/20 (5) 11/50 (22) 4/50 (8)
P Values (c,d) N.S. N.S. N.S.
Departure from Linear Trend (e) P = 0.019
Relative Risk (f) 4,400 1.600
Lower Limit 0.722 0.175
Upper Limit 184.752 77.169

Weeks to First Observed Tumor 101 105 102
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Table E2. Analyses of the Incidence of Primary Tumors in Female Rats

Administered Phthalic Anhydride in the Diet (a)

(continued)
Matched Low High
Topography: Morphology Control Dose Dose
Pituitary: Adenoma, NOS (b) 11/20 (55) 18/50 (36) 19/49 (39)
P Values (c,d) N.S. N.S. N.S.
Relative Risk (f) 0.655 0.705
Lower Limit 0.385 0.419
- Upper Limit 1.280 1.363
Weeks to First Obser§ed Tumor 81 101 16
Adrenal: Pheochromocytoma (b) 0/20 (0) 0/49 (0) 3/49 (6)
P Values (c,d) N.S. - N.S.
Relative Risk (f) - Infinite
Lower Limit - 0.255
Upper Limit - Infinite
Weeks to First Observed Tumor - —_ 94
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Table E2. Analyses of the Incidence of Primary Tumors in Female Rats

Administered Phthalic Anhydride in the Diet (a)

(continued)
Matched Low High
Topography: Morphology Control Dose Dose
Thyroid: C-cell Adenoma (b) 0/20 (0) 2/49 (&) 3/50 (6)
P Values (c,d) N.S. N.S. N.S.
Relative Risk (f) Infinite Infinite
Lower Limit 0.125 0.250
Upper Limit Infinite Infinite
Weeks to First Observed Tumor - 105 94
Mammary Gland: Fibroadenoma (b) 2/20 (10) 12/50 (24) 6/50 (12)
P Values (c,d) N.S. N.S. N.S.
Relative Risk (f) 2.400 1.200
Lower Limit 0.614 0.243
Upper Limit 20.902 11,574
Weeks to First Observed Tumor 105 101 74
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Table E2. Analyses of the Incidence of Primary Tumors in Female Rats
Administered Phthalic Anhydride in the Diet (a)

(continued)

Uterus: Endometrial

Stromal Polyp (b) 1/19 (5) 3/47 (6) 6/50 (12)

P Values (c,d) N.S. N.S. N.S.

Relative Risk (f) 1.213 2.280

Lower Limit 0.107 0.311
Upper Limit 62.303 102.629

Weeks to First Observed Tumor 105 105 105

(a) Dosed groups received 7,500 or 15,000 ppm.

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

(c) Beneath the incidence of tumors in the control group is the probability level for the Cochran-
Armitage test when P is less than 0.05, otherwise, not significant (N.S.) is indicated. Beneath
the incidence of tumors in a dosed group is the probability level for the Fisher exact test
for the comparison of that dosed group with the matched-control group when P is less than 0.05;
otherwise not significant (N.S.) is indicated.

(d) A negative trend (N) indicates a lower incidence in a dosed group than in a control group.

(e) The probability level for departure from linear trend is given when P is less than 0.05 for any
comparison.

(f) The 95% confidence interval of the relative risk between each dosed group and the control group.
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Table Fl. Analyses of the Incidence of Primary Tumors in Male Mice
Administered Phthalic Anhydride in the Diet (a)

Matched Low High
Topography: Morphology Control Dose Dose
Lung: Alveolar/Bronchiolar
Carcinoma (b) 6/20 (30) 2/50 (4) 6/49 (12)
P Values (c,d) N.S. P = 0.005 (N) N.S.
Departure from Linear Trend (e) P = 0.007
Relative Risk (f) 0.133 0.408
Lower Limit 0.015 0.129
Upper Limit 0.681 1.372
Weeks to First Observed Tumor 100 97 104
Lung: Alveolar/Bronchiolar Carcinoma or
Adenoma (b) 7/20 (35) 6/50 (12) 9/49 (18)
P Values (c,d) N.S. P = 0.032 (N) N.S.
Relative Risk (f) G.343 0.525
Lower Limit 0.114 0.211
Upper Limit 1.061 1.464

Weeks to First Observed Tumor 89 97 104
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Table F1. Analyses of the Incidence of Primary Tumors in Male Mice

Administered Phthalic Anhydride in the Diet (a)

(continued)
Matched Low High
Topography: Morphology Control Dose Dose
Hematopoietic System:
Lymphomas (b) 0/20 (0) 3/50 (6) 2/49 (&)
P Values (c,d) N.S. N.S. N.S.
Relative Risk (f) Infinite Infinite
Lower Limit 0.250 0.125
Upper Limit Infinite Infinite
Weeks to First Observed Tumor - 93 99
Liver: Hepatocellular
Carcinoma (b) 3/20 (15) 12/50 (24) 7/49 (14)
P Values (c,d) N.S. N.S. N.S.
Relative Risk (f) 1.600 0.952
Lower Limit 0.503 0.250
Upper Limit 8.185 5.317
Weeks to First Observed Tumor 104 101 104
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Table Fl. Analyses of the Incidence of Primary Tumors in Male Mice
Administered Phthalic Anhydride in the Diet (a)
(continued)

(a) Dosed groups received time-weighted average doses of 16,346 or 32,692 ppm.

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

(c) Beneath the incidence of tumors in the control group is the probability level for the Cochran-
Armitage test when P is less than 0.05, otherwise, not significant (N.S.) is indicated. Beneath
the incidence of tumors in a dosed group is the probability level for the Fisher exact test
for the comparison of that dosed group with the matched-control group when P is less than 0.05;
otherwise not significant (N.S.) is indicated.

(d) A negative trend (N) indicates a lower incidence in a dosed group than in a control group.

(e) The probability level for departure from linear trend is given when P is less than 0.05 for any
comparison.

(f) The 95% confidence interval of the relative risk between each dosed group and the control group.
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Table F2. Analyses of the Incidence of Primary Tumors in Female Mice

Administered Phthalic Anhydride in the Diet (a)

Matched Low High
Topography: Morphology Control Dose Dose
Lung: Alveolar/Bronchiolar
Carcinoma (b) 1/20 (5) 3/49 (6) 1/48 (2)
P Values (c,d) N.S. N.S. N.S.
Relative Risk (f) 1.224 0.417
Lower Limit 0.108 0.006
Upper Limit 62.958 32.058
Weeks to First Observed Tumor 99 44 104
Lung: Alveolar/Bronchiolar Carcinoma or
Adenoma (b) 1/20 (5) 6/49 (12) 2/48 (4)
P Values (c,d) N.S. N.S. N.S.
Relative Risk (f) 2.449 0.833
Lower Limit 0.332 0.047
Upper Limit 110.166 48.155
Weeks to First Observed Tumor 99 44 104
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Table F2. Analyses of the Incidence of Primary Tumors in Female Mice

Administered Phthalic Anhydride in the Diet (a)

(continued)

Matched Low High
Topography: Morphology Control Dose Dose
Hematopoietic System:
Lymphomas (b) 3/20 (5) 11/49 (22) 8/48 (17)
P Values (c,d) N.S. N.S. N.S.
Relative Risk (f) 1.497 1.111
Lower Limit 0.460 0.308
Upper Limit 7.741 6.043
Weeks to First Observed Tumor 104 90 71
Hematopoietic System:
Lymphomas or Leukemias (b) 3/20 (15) 11/49 (22) 9/48 (19)
P Values (c,d) N.S. N.S. N.S.
Relative Risk (f) 1.497 1.250
Lower Limit 0.460 0.361
Upper Limit 7.741 6.662
Weeks to First Observed Tumor 104 90 71
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Table F2, Analyses of the Incidence of Primary Tumors in Female Mice
Administered Phthalic Anhydride in the Diet (a)

(continued)

Matched Low High

Topography: Morphology Control Dose Dose

Thyroid: Adenoma, NOS (b) 2/19 (11) 0/48 (0) 0/46 (0)

P Values (c¢,d) P = 0.025 (N) N.S. N.S.

Departure from Linear Trend (e) ' P = 0.043

Relative Risk (f) 0.000 0.000

Lower Limit 0.000 0.000
Upper Limit 1.329 1.386

Weeks to First Observed Tumor 104 - -

(a) Dosed groups received time-weighted average doses of 12,019 or 24,038 ppm.

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

(c) Beneath the incidence of tumors in the control group is the probability level for the Cochran-
Armitage test when P is less than 0.05, otherwise, not significant (N.S.) is indicated. Beneath
the incidence of tumors in a dosed group is the probability level for the Fisher exact test
for the comparison of that dosed group with the matched-control group when P is less than 0.05;
otherwise not significant (N.S.) is indicated.

(d) A negative trend (N) indicates a lower incidence in a dosed group than in a control group.

(e) The probability level for departure from linear trend is given when P is less than 0.05 for any
comparison.

(£) The 95% confidence interval of the relative risk between each dosed group and the control group.



Review of the Bioassay of Phthalic Anhydride* for Carcinogenicity
by the Data Evaluation/Risk Assessment Subgroup
of the Clearinghouse on Environmental Carcinogens

December 13, 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 on the Institute's bioassay program to identify and evaluate
chemical carcinogens in the environment to which humans may be exposed.
The members of the Clearinghouse have been drawn from academia, industry,
organized labor, public interest groups, and State health officials.
Members have been selected on the basis of their experience in carcino-
genesis or related fields and, collectively, provide expertise in
chemistry, biochemistry, biostatistics, toxicology, pathology, and
epidemiology. Representatives of various Governmental agencies parti-
cipate as ad hoc members. The Data Evaluation/Risk Assessment Subgroup
of the Clearinghouse is charged with the responsibility of providing
a peer review of reports prepared on NCI-sponsored bioassays of chemicals
studied for carcinogenicity. It is in this context that the below cri-
tique is given on the bioassay of Phthalic Anhydride.

The reviewer for the report on the bioassay of Phthalic Anhydride
agreed with the conclusion that the compound was not carcinogenic under
the conditions of test. After a brief description of the experimental
design, he said that both the dose levels tested and the animal survival
were adequate. There was no objection to the reviewer's motion that
the report on the bioassay of Phthalic Anhydride be accepted as written.

Clearinghouse Members Present:

Arnold L. Brown (Chairman), University of Wisconsin Medical School
Joseph Highland, Environmental Defense Fund

William Lijinsky, Frederick Cancer Research Center

Henry Pitot, University of Wisconsin Medical Center

Verne A. Ray, Pfizer Medical Research Laboratory

Verald K. Rowe, Dow Chemical USA

Michael Shimkin, University of California at San Diego

Louise Strong, University of Texas Health Sciences Center

Kenneth Wilcox, Michigan State Health Department

* 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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