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Abstract

Background—Chimpanzees have over 98% genomic sequence homology with humans and may
have a similar host response to malignancy. There is minimal information concerning cancer in the
chimpanzee and such information would be valuable to individuals caring for and using them for
research.

Methods—Spontaneous neoplasia that was documented in two chimpanzee colonies and in the
literature were evaluated statistically.

Results—In all, 105 spontaneous and 12 experimental neoplasms were diagnosed. Seventy-four
spontaneous tumors occurred in females, 24 in males, and 7 in animals of undetermined sex. Of
the spontaneous tumors 89 were benign, 14 were malignant, and 2 were undetermined.

Neoplasia was most common in the urogenital system in females.
Conclusions—Neoplasia is not uncommon in the chimpanzee, is generally benign, and occurs
primarily in the urogenital system in females.
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INTRODUCTION

Chimpanzees have over 98% genomic sequence homology with humans and may have a
similar host response to malignancy [25]. Neoplasia was once considered to be uncommon
in nonhuman primates and especially in chimpanzees, but now it is increasingly common as
nonhuman primate colony populations age [8,10,17,19,20,22]. The prevalence and
characteristics of neoplasia in chimpanzees are valuable for people maintaining colonies and
using chimpanzees for research. While much has been written about diseases of
chimpanzees, little or no comprehensive information about neoplasia in this valuable
laboratory animal has been collected [7,13,29,30,33,34]. Several publications in the
nonhuman primate literature contain information about neoplasia in chimpanzees
[4,5,10,11,15,17,19-23,24,31,36,38,42], however with the exception of one involving 12
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neoplasms [17] most consist of case reports from few animals and often involve only a
single system. This paper provides a comprehensive evaluation of chimpanzee neoplasia by
reporting 53 documented chimpanzee neoplasms from two major chimpanzee facilities and
including a review of all reported neoplasia in the chimpanzee.

Case Reports

We report on all neoplasia documented at two major chimpanzee facilities from inception
through April of 2008, the Southwest National Primate Research Center at the Southwest
Foundation for Biomedical Research (SNPRC) and the Yerkes National Primate Research
Center at Emory University (YNPRC). Neoplasms were identified and confirmed using the
pathology records at both primate centers.

Literature Search

We also performed a literature search for all published cases of chimpanzee neoplasia, both
captive and wild, spontaneous and experimental. Cases were assessed by system and
location in order of decreasing occurrence (Table 1). We also include a list of tumor
diagnoses, malignancy, age of the host at diagnosis of the tumor, and sex of the host. We did
not include neoplasia that was not specifically listed in a published article. A prime example
of this would be a report on papillomas in which individual cases were representative of
colony outbreaks. Only the case(s) described in the article would be included in the table.

Neoplasia Classification

If a tumor had multiple sites in one organ, it was counted as one neoplasm. If the same
nonmetastatic primary tumor was found in both paired organs in the same chimpanzee it was
considered as a separate tumor in each paired organ. An example of this would be the
fibrothecomas found in both ovaries of one chimpanzee. Pertinent comments and references
are provided as necessary; the neoplasms without references were from the SNPRC or
YNPRC and not previously reported in the literature. All papillomas were placed in the
integumentary system. The alimentary system included the salivary glands, exocrine
pancreas, and liver. Endocrine tumors of the pituitary, adrenal, thyroids, kidney, and
endocrine pancreas were included with the endocrine system. Two neoplasms, a lipoma and
an endothelioma, could not be placed in any system with confidence but were placed last in
the most likely system of occurrence.

It was extremely difficult to determine whether some published cases of neoplasia were
reported more than once because data such as age, sex, location, and tumor type were often
missing, especially in older publications. Additionally, many of the reviews included tumors
that may have been included in a previous report. If there was any question that the tumor
was a true neoplasm or that it was duplicated in the literature, it was excluded.

Statistical Analysis

Twelve experimental neoplasms were included for completeness but were excluded from the
statistical evaluation of the spontaneous cases. Also excluded from statistical evaluation
were two spontaneous tumors, an endothelioma and a brain tumor, for which the information
was inadequate for proper statistical evaluation. Neoplasms were evaluated by organ system
and compared for age at diagnosis, sex, and malignancy. Four spontaneous neoplasms from
systems containing less than 3 neoplasms with adequate information (musculoskeletal and
hematopoietic) were excluded from this analysis. All spontaneous neoplasms were
compared for age at diagnosis and sex based on malignancy.

J Med Primatol. Author manuscript; available in PMC 2010 June 29.
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Data are presented as mean + SEM. Due to the abnormal distribution of the data, Mann-
Whitney and Kruskal-wallis test were used for comparisons of numeric variables between
two and more than two groups, respectively, and Fisher's exact test to compare qualitative
variables.

Table 1 lists all tumors of chimpanzees in the published literature as well as all tumors that
were documented at the YNPRC and the SNPRC through April of 2008. Tables 2 and 3
provide all relevant statistics. In all, 105 spontaneous and 12 experimental neoplasms were
diagnosed. Seventy-four spontaneous tumors occurred in females, 24 in males and 7 in
chimpanzees of undetermined sex. Two chimpanzees had three tumors and four had two
each. Of the spontaneous tumors, 89 were benign, 14 malignant, and 2 were undetermined.
Spontaneous neoplasia was diagnosed in an ape less than two months of age. In females,
neoplasia was most common in the urogenital system followed in decreasing frequency by
the integumentary, endocrine, alimentary, respiratory, and musculoskeletal, and
cardiovascular systems. The most common tumor was the leiomyoma of the uterus, cervix,
and vagina. In males, neoplasia was most common in the alimentary system followed in
decreasing occurrence by the endocrine, cardiovascular, integumentary, respiratory,
hematopoietic, and urogenital systems. The most common tumor was the hemangioma.
Respiratory neoplasms were identified in animals at a younger age (p<0.05) and alimentary
neoplasms were more likely to be malignant (p<0.05) when compared to other systems.
Overall, malignant neoplasms were more common in males (p=.038) and were diagnosed in
animals at younger ages (p<0.05).

DISCUSSION

This paper statistically evaluated 103 of the 105 cases of spontaneous neoplasia in the
chimpanzee. Previous reports of chimpanzee neoplasia lacked adequate numbers to evaluate
organ system predilection and incidence by age or sex. While it would have been interesting
to compare types of neoplasms seen between the two facilities, there were inadequate
numbers for meaningful analysis. We found that neoplasia is common in chimpanzees. It is
also clear that while most tumors were benign, malignancies do occur.

Neoplasms in the gastrointestinal system were much more likely to be malignant than those
found in other organ systems. The incidence of neoplasia was much higher in females than
males due to the high incidence of neoplasia in the female urogenital system. The most
common neoplasm in females was the leiomyoma of the uterus and associated structures.
This high incidence of leiomyomas, generally in older female animals, probably explains the
finding that malignant neoplasms were more common in males and younger chimpanzees.
Tumors were found in all systems, however, there was only one poorly documented tumor
of the central nervous system, in the brain. It was interesting that the systems most
commonly affected with neoplasia aside from the urogenital system were quite different for
males and females.

While tumors tend to occur in older animals, one tumor was found in a 52-day-old
chimpanzee, so clinicians should be aware of the possibility of neoplasia in young
individuals. Generally, neoplasms in the respiratory system occurred in younger
chimpanzees than those in other systems.

Chimpanzee numbers, even in large colony populations, pale in comparison to the human
population and a direct comparison between the two species of the incidence of neoplasia is
not possible. It is also apparent from our review that many tumors occurring in our colonies
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would have gone unreported and it is likely that this is not uncommon in other large
populations.
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Table 2
Age at diagnosis, sex, and malignancy by system.
N*  Age (years)™ Sex (female %)™ Malignant %™
(n=91) (n=95) (n=99)
Urogenital 49  (48)35.4+1.3 (49) 100% (49) 6%
Integumentary 18 (12) 25.1+4.02 (14) 71% (18) 5%
Endocrine 13 (13) 32.1+3.3 (13) 5492 (13) 7%
Alimentary 11 (11)30.5%2.9 (11) 36%2 (11) 45960,
Cardiovascular 6 (4) 24.246.82 (5) 20%2 (5) 0%d
Respiratory 3 3) 10.3+0.380b,cd  (3) 67% (3) 33%

*
N based on cases with adequate information available

Fk

Age was compared using Kruskal-wallis test

Fokk

Sex and Benign/Malign were compared using Fisher's Exact Test

ap<0.05 compared with urogenital group

bp<0.05 compared with integumentary group

Cp<0.05 compared with endocrine group

dp<0.05 compared with alimentary group

J Med Primatol. Author manuscript; available in PMC 2010 June 29.

Page 13



Brown et al. Page 14

Table 3
Age at diagnosis and sex for malignancy.
Variable N*  Benign (n=89) Malignant (n=14) p
Age (years)™ 93  324£12(81) 254+3.0(12) 0.050
Sex (female %)™ 98 80% (84) 50% (14)  0.038

*
N based on cases with adequate information available

*k
Age was compared using Mann-Whitney test

Fokk

Sex was compared using Fisher's Exact Test
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