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SURVEY OF NEOPLASIA IN RED KANGAROOS (MACROPUS
RUFUS), 1992-2002, IN A ZOOLOGICAL COLLECTION

Wm. Kirk Suedmeyer D.V.M., Dipl. A.C.Z.M. and Gayle Johnson, D.V.M., Ph.D., Dipl. A.C.V.P.

Abstract: An increase in the proportion of cases with neoplasia observed in a collection of captive red kangaroos
(Macropus rufus) when compared with historical records and the paucity of reported neoplasms in kangaroos in the
literature prompted a 10-yr review of all red kangaroo necropsies. Individual necropsy, medical, and inventory records
for all kangaroos at the Kansas City Zoo were reviewed for the period 1 January 1992 to 31 December 2002. Two
squamous cell carcinomas of the oral cavity, two mammary gland adenocarcinomas, a multicentric T-cell lymphosar-
coma, and one submucosal pyloric lipoma were diagnosed in six of 28 kangaroo deaths. Three neoplasms were
diagnosed antemortem. Four of the six neoplasms were considered malignant, and all four had metastasized. The mean
age at death was 11 yr. All six animals with neoplasms were female; however, the exhibit population was composed
solely of females. Only 11 cases of neoplasia in red kangaroos have been reported in the literature. On the basis of
these cases and a review of the literature, the most commonly observed neoplasms in red kangaroos are mammary
gland adenocarcinomas and oral squamous cell carcinomas. Common denominators were not identified in these cases,
although chronic gingivitis could have been a contributing factor in the development of the oral squamous cell carci-

nomas.
Key words:

INTRODUCTION

Neoplastic disease in the order Marsupialia has
been rarely reported except in two families: Phas-
colartidae and Petauridae.* Craniofacial tumors and
lymphoid neoplasia are commonly documented in
koalas (Phascolarctos cinereus)* and can be asso-
ciated with a retrovirus.* Recently, frequent cases
of devil facial tumor disease, an undifferentiated
soft tissue neoplasm, have been recognized in Tas-
manian devils, Dasyuridae.!? Splenic and lymphoid
neoplasia in sugar gliders (Petaurus breviceps) and
greater gliders (Petaurus norfolcensis) in the family
Petauridae are commonly observed.* Reports of
neoplasia in Macropodidae are documented occa-
sionally!~!:13-24 but rarely reported in red kangaroos
(Macropus rufus). 481113181924 A review of neoplas-
tic disease in a collection of captive red kangaroos
was conducted after an increase in the number of
deaths with neoplasia relative to the total number
of red kangaroo deaths was identified at the Kansas
City Zoo when compared with historical records.

From the Kansas City Zoo, 6800 Zoo Drive, Kansas
City, Missouri 64132, USA (Suedmeyer); and the Veteri-
nary Medical Diagnostic Laboratory, University of Mis-
souri—-Columbia, College of Veterinary Medicine, 1600
East Rollins, Columbia, Missouri 65211, USA (Johnson).
Correspondence should be directed to Dr. Suedmeyer
(kirk_suedmeyer @fotzkc.org).

Macropus rufus, mammary gland adenocarcinoma, neoplasia, red kangaroo, squamous cell carcinoma.

This report characterizes the neoplasms observed in
the collection over a 10-yr period and summarizes
the reported neoplasms in red kangaroos and other
macropods.

Red kangaroos are large macropods, with a head
and body length of 1.15 m in males and 1.0 m in
females. In males, the tail averages 88 cm long and
82 cm in females.?? The average weight of the male
is 66 kg, and the female averages 26.5 kg.?* In gen-
eral, red kangaroos live 12—18 yr in captivity. In
the wild, they are found in the low woodlands,
plains country, and arid zones of Australia. It is the
only kangaroo species that is characteristic of, and
well suited to, the arid zones. Its population is
abundant in some areas; hence, it can be considered
an agricultural pest in such regions.?

MATERIALS AND METHODS

Individual red kangaroo necropsy and clinico-
pathologic records including antemortem biopsies
were reviewed from 1 January 1992 through 31 De-
cember 2002. The percentage of deceased in ani-
mals affected by neoplasia was determined. All 28
kangaroos that died or were euthanatized during the
study period were necropsied. Sets of tissue, in-
cluding the lesions, were fixed in 10% butffered for-
malin for an average of 72 hr, embedded in paraffin,
sectioned at 5 pm, and stained with hematoxylin
and eosin. Immunohistochemical stains to detect
expression of CD3 and Bla antigens were per-
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Figure 1.

Red kangaroo, case 1. Nodular proliferations are associated with the mammary glands (arrows), mam-

mary gland adenocarcinoma. The teats are in the lower left field. Bar = 5 mm.

formed on sections of the lymphosarcoma (case 5)
with the peroxidase—anti-peroxidase technique.
Further assessment for a viral etiology was not pur-
sued with this case.

On average, 24 female kangaroos resided at the
Kansas City Zoo annually from 1992 to 2002. One
male red kangaroo was brought into the collection
temporarily for breeding from 1993 to 1995, and
other males in 1996 and 2001. The kangaroos were
maintained on free choice brome hay, a commercial
pelleted diet (Mazuri ADE PMI Feeds, St. Louis,
Missouri 63166-6812, USA), small amounts of
fresh produce, and fresh water on a daily basis. A
new kangaroo exhibit and holding area was com-
pleted in 1993 over a landfill site.

RESULTS
Case 1, Case 2

Two 14-yr-old multiparous female kangaroos
presented with lymphadenopathy. One female (case
1) had paresis of the rear limbs and lethargy. The
second kangaroo (case 2) was evaluated for a peri-
apical abscess of the first molar tooth of the left
mandibular arcade. Both animals were euthanatized
on finding mammary gland masses with radio-
graphic evidence of pulmonary metastases. Necrop-
sy examination demonstrated multiple raised, nod-
ular masses of 5-15 by 5-15 by 4—10 mm associ-
ated with the mammary glands in both animals

(Fig. 1), generalized lymphadenopathy, and numer-
ous, well-circumscribed nodules within the pul-
monary tissues. Many of the nodules in the lungs
and mammary glands had necrotic centers.

Histopathologic evaluation of the mammary
gland masses from case 1 identified interconnected
nests, ribbons, and acini of epithelial cells separated
by bands of mature connective tissue consistent
with a diagnosis of mammary adenocarcinoma
(Fig. 2). The cells were columnar to polyhedral
with vesicular nuclei. Up to three mitotic figures
were present in each high-power field. The pul-
monary masses were histologically identical to the
mammary gland tumors. Sections of spinal cord
demonstrated dilatation of ventral axon sheaths, but
neoplasia was not noted. No other tissues were af-
fected by the neoplastic process, and they did not
demonstrate any pathologic changes of clinical sig-
nificance.

Histopathologic examination of the mammary
gland tumors of case 2 demonstrated nests and tu-
bules of neoplastic polyhedral epithelial cells, with
2-5 mitoses per high-power/ X400 field, consistent
with a diagnosis of mammary adenocarcinoma.
Some pulmonary metastases had necrotic to min-
eralized centers. The pulmonary metastases had up
to eight mitotic figures per high-powered field. No
other significant lesions were noted in the remain-
ing tissues.
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Figure 2. Red kangaroo. Photomicrograph of a mammary gland adenocarcinoma. Note the nests (n) of neoplastic
epithelial cells with interconnections (arrows) separated by bands of mature connective tissue (ct) and a mitotic figure

(open arrow). H&E, bar = 50 pm.

Case 3, Case 4

Two kangaroos (case 3, case 4) were evaluated
for periapical abscesses of tooth roots. An 11-yr-
old female (case 3) had a periapical abscess and an
associated gingival mass at the first molar tooth of
the right maxillary arcade. Initial gingival biopsies
under general anesthesia demonstrated gingivitis
and gingival hyperplasia. Rapid invasion of the
right maxilla by the mass with loss of all the max-
illary teeth ensued. The kangaroo was euthanatized
2 mo later. Necropsy revealed extensive destruction
of the ventral right maxillary and palatine bones
extending to the zygomatic arch. Large amounts of
caseous debris were noted in the center of the le-
sion. Ipsilateral mandibular lymphadenopathy and
a 3-mm-diameter corneal opacity were observed.
Histopathologic evaluation of the maxillary gingi-
val tissues demonstrated variably sized multiple
large and small cornified areas of neoplastic inva-
sion supported by fibrovascular stroma. These areas
contained whorls of lamellate keratin (keratin

pearls), 8-20 cells thick, composed of cells from
the stratum spinosum (Fig. 3). Polygonal cells with
vesicular nuclei, exhibiting anisocytosis and ani-
sokaryosis infiltrated between the larger areas of
cornification. The histologic architecture was con-
sistent with a diagnosis of oral squamous cell car-
cinoma. The remaining tissues were considered
normal.

Case 4, a 10-yr-old female, was evaluated for a
left mandibular periapical abscess of the first molar
tooth. A gingival mass (1 by 2 by 2 cm) associated
with the lingual aspect of the tooth was biopsied
under general anesthesia. Histopathologic exami-
nation identified gingival infiltration with islands of
polygonal epithelial cells with round vesicular nu-
clei, large prominent nucleoli, and moderate to
abundant, pink, glassy cytoplasm with intercellular
bridges, highly suggestive of squamous cell carci-
noma. Dyskeratosis was present, but no mitotic fig-
ures were observed. There was enlargement of the
ipsilateral mandibular lymph node. The kangaroo
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Figure 3. Red kangaroo. Photomicrograph of a gingival mass. Note the large and small areas of cornification (c)
composed of lamellate keratin (pearls) typical of squamous cell carcinoma. H&E, bar = 500 pm.

was euthanatized. Further histopathologic evalua-
tion of the gingival mass at necropsy demonstrated
nests and cords of squamous cells of varying size
with rare individual cell keratinization and mitotic
figures. The mandibular lymph node was replaced
by an extensive mass composed of squamous cells
similar to those seen in the gingival biopsy. No ad-
ditional significant histologic abnormalities were
apparent.

Case 5

A 5-yr-old female kangaroo (case 5) presented
with facial edema in March 1993. The animal was
treated once with corticosteroids (1 mg/kg i.m.
Dexamethasone sodium phosphate, Vedco, St. Jo-
seph, Missouri 64504, USA) and the edema re-
solved within 24 hr. Two months later, facial edema
recurred, and it was treated similarly, but the kan-
garoo was found dead 2 days later. At necropsy,
disseminated ecchymoses up to 2 cm in diameter
were noted in the subcutis, skeletal, and cardiac

muscle, pancreas, intestines, and gall bladder. On
histopathologic interpretation, scattered foci of
lymphocytes were in the myocardium and lympho-
cytes infiltrated salivary gland and hepatic portal
areas (Fig. 4). The lymph node architecture was
disrupted by sheets of lymphoblasts and small lym-
phocytes without follicular formation or plasma cell
differentiation. These cells were identified as T
cells by immunohistochemical staining with anti-
CD3 reagent (Monoclonal mouse anti-human CD3,
DakoCytomation Colorado Inc., Fort Collins, Col-
orado 80525, USA), consistent with a final diag-
nosis of T-cell lymphosarcoma (Fig. 5). Significant
lesions were not found in remaining organs.

Case 6

One 13-yr-old kangaroo (case 6) presented with
gastric dilatation and volvulus and died soon after.
Necropsy revealed gastric dilatation and 180° vol-
vulus with a firm 10 cm rounded mass impinging
on the pylorus. Histopathologic examination dem-
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Figure 4. Red kangaroo. Photomicrograph of hepatic tissue with T-cell lymphosarcoma. Note the infiltration of the
hepatic portal area (HP) by neoplastic lymphocytes. H&E, bar = 100 wm.

onstrated prominent submucosal lymphoid aggre-
gates overlying a large, well-defined submucosal
mass composed of adipocytes, consistent with a li-
poma (Fig. 6). Sections of stomach displayed ex-
tensive hemorrhage throughout the lamina propria,
obscuring the mucosal architecture. Diffuse edema
and hemorrhage were noted in the submucosa. The
spleen demonstrated severe congestion, compatible
with gastric dilatation and volvulus. Blockage of
gastric outflow appeared to predispose the kangaroo
to gastric dilatation and volvulus. The remaining
tissues were within normal limits.

Records for kangaroos residing at the Kansas
City Zoo before 1992 failed to find any documented
cases of neoplasia dating to 1965. A total of 26
kangaroos died during 1965-1992, 23 of which
were necropsied. The average age at the time of

necropsy for these kangaroos was 2 yr. There were
eleven male, nine female and three individuals of
unknown gender. Ninety-eight red kangaroos were
on exhibit during that time, although many were
subsequently sent to other facilities. Their ultimate
disposition is unknown.

DISCUSSION

Causes for the relatively common occurrence of
neoplasia in the study population of kangaroos dur-
ing this time period are unknown, but neoplasia is
generally more common in aged animals. Four of
six neoplasms (two mammary gland adenocarci-
nomas, the T-cell lymphosarcoma and one squa-
mous cell carcinoma) had metastasized and were
considered malignant. The two kangaroos with
mammary gland adenocarcinomas (cases 1 and 2)
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Figure 5. Red kangaroo. Photomicrograph of hepatic tissue stained to identify T lymphocytes (arrows). Anti-CD3

reagent, bar = 100 pwm.

were unrelated. Neoplasia was not noted in the spi-
nal cord of case 1, and no other pathologic process
was identified that could explain the clinical signs
observed. Biopsies of the gingivitis and gingival
hyperplasia found in case 3 were probably not per-
formed at adequate depths to show the carcinoma.
Clinical signs of neoplasia were not noted until
each animal was in a decompensated state or eval-
uated for other illnesses. Neoplasia in red kanga-
roos is reported uncommonly.*81118.1924 Eleven ad-
ditional neoplastic diseases in red kangaroos have
been reported in the literature (Table 1). One mam-
mary gland adenocarcinoma, an ovarian stromal tu-
mor, and a basal cell epithelioma of the pouch were
noted in three red kangaroos out of a total of 14
proliferative lesions in 444 necropsies of macro-
pods.*

Overall, neoplasia appears to be infrequently re-
ported in other species of Macropodidae as well
(Table 2). In two reviews of neoplasia of 3,127
mammal necropsies, only two neoplasms were doc-
umented in 314 necropsies of Macropodidae: a

squamous cell carcinoma of the cervix in a parma
wallaby (Macropus parma) and an adenocarcinoma
of the oral cavity in a Bennett’s wallaby (Macropus
rufogrisea).®® On the basis of the results presented
here and in previously reported cases, the most
commonly observed neoplasms in red kangaroos
are mammary gland adenocarcinomas, and squa-
mous cell carcinomas, specifically of the oral cavity
(Table 1). The oral squamous cell carcinomas in the
cases presented here could have developed in re-
lation to chronic dental disease. Causes for the oth-
er neoplasms are unknown, although construction
of new facilities over an old landfill might have
played a role in development through exposure to
environmental carcinogens. Investigation into other
causes, such as retroviruses, warrants further con-
sideration.

Neoplasia in red kangaroos is probably more
common than previously reported. The apparent in-
creasing occurrence of neoplasia in this study is
difficult to assess because of the relatively small
population. Older, apparently healthy kangaroos
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Figure 6. Red kangaroo. Photomicrograph of the pylorus demonstrating a large, discrete submucosal lipoma (L).
The mucosa (M) is within normal limits. H&E, bar = 2 mm.

Table 1. Summary of reported neoplasms in red kangaroos (Macropus rufus).

Sex Age (yr) Neoplasm Site(s)
F (case 1) 14 adenocarcinoma mammary gland, pulmonary tissues
F (case 2) 14 adenocarcinoma mammary gland, pulmonary tissues
F 20 adenocarcinoma mammary gland*
— — adenocarcinoma pulmonary tissues'?
M — adenocarcinoma stomach, spleen, liver, kidney'
M — adenocarcinoma stomach, spleen, pulmonary tissues'
F (case 3) 10 squamous cell carcinoma oral cavity
F (case 4) 11 squamous cell carcinoma oral cavity, submandibular lymph node
F 7 squamous cell carcinoma oral cavity!!
— — squamous cell carcinoma stomach'?
F (case 5) 5 T-cell lymphosarcoma multicentric
F (case 6) 13 lipoma pyloric submucosa
— papilloma skin'®
M — seminoma testicle?
— — basal cell epithelioma pouch*
— — stromal tumor ovary*
F 5 oligodendrocytoma brain®
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Table 2.
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Summary of reported neoplasms in Macropodidae.

Common name

Scientific name

Sex  Age (yr) Neoplasm

Rufous bettong

Agile wallaby

Bennett’s wallaby

Tammar wallaby
Scrub wallaby

Whiptail wallaby
Parma wallaby

Aepyprymnus rufescens

Macropus agilis

Macropus rufogriseus

Macropus eugenii
Thylogale billardieri

Macropus parryi
Macropus parma

Dorcopsis wallaby
Common wallaroo

Dorcopsis muelleri
Macropus robustus

Dendrolagus matschieri
Dendrolagus bennettianus
Macropus giganteus

Matschie’s tree kangaroo
Bennett’s tree kangaroo
Eastern grey kangaroo

Western grey kangaroo Macropus fuliginosus

Quokka Setonix brachyurus

Antilopine wallaroo Macropus antilopinus

splenic and hepatic vasoformative
proliferation?

— duodenal carcinoma*

lymphoproliferation in lymph node*

focal hepatobiliary proliferation?

squamous cell carcinoma-base of pinna*

undifferentiated lymphoid neoplasia of
liver?

— bile duct proliferation?

oral adenocarcinoma®

3 oral melanoma’

— gastric fibropapilloma?!

gastric squamous cell carcinoma'®

— lymphoid leukemia®

— Lymphosarcoma/leukemia’

— mammary adenocarcinoma?®

squamous cell carcinoma-cervix®’

— osteochondroma?!

— metastatic carcinoma (lung)*

hepatic vascular proliferation/hemangioma?’

— metastatic neoplasia’

2 chondrosarcoma'”

— generalized sarcoma'®

trichoepithelioma??

— mammary adenocarcinoma hepatoma'?

— metastatic hemangiosarcoma?

papilloma'*

— papilloma'®

dermal lymphosarcoma*

— papilloma of tail'”

papilloma of tongue!

lipomatosis®

biliary adenocarcinoma?®

should be screened for evidence of neoplasia, es-
pecially oral squamous cell carcinomas and mam-
mary gland adenocarcinomas.
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