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Case Report

Costal Mesenchymal Chondrosarcoma with Diffuse Pleural and 
Pericardial Explantation in a Pygmy Goat
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Abstract: A 3 year old intact male pygmy goat developed progressive weakness and eventual recumbancy over the course of 1 week, 
while maintaining its ability to eat and drink. The animal died and at necropsy, the parietal pleural surfaces and the pericardial surface 
were noted to be covered with firm, white, variably sized nodules that often formed linear arrays or coalesced into larger clumped 
aggregates. The visceral pleural surfaces of the ventral lung lobes were also covered with similar nodules. Histopathological and im-
munohistochemical evaluation of the submitted tissues revealed a diagnosis of mesenchymal chondrosarcoma with extensive seeding 
throughout the thoracic cavity. (DOI: 10.1293/tox.2013-0040; J Toxicol Pathol 2014; 27: 81–85)
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Chondrosarcomas are malignant tumors of mesen-
chymal origin arising either within bone, and described as 
either central or medullary, or within the periosteum and 
termed as peripheral1–3. These tumors are relatively well 
described in the veterinary literature, having been diag-
nosed in most domestic species to include a variety of dog 
breeds2,4–8, cats1, ferrets9, sheep10, horses11, cows9,12,13 as well 
as single reports in the mandible of a camel14 and the hu-
merus of a goat15. In dogs, cats and horses there are occa-
sional reports of extraskeletal chondrosarcomas described 
as primary to various tissues, including the retroperitoneal 
space6, the pericardium16, the liver4, spleen5, mammary 
gland17, tongue18 and subcutaneous tissues13,19. In the major-
ity of reports in domestic species, chondrosarcomas arise 
with greater frequency in the flat bones as opposed to the 
long bones. The sternocostal complex appears to be the pri-
mary predilection site in sheep while dogs have a statisti-
cally significant predominance of tumors arising in the ribs 
and nasal cavity3. Tumor explantation from a chondrosar-
coma into a body cavity has been reported in the medical 
literature4,20,21, mimicking the macroscopic presentation 

of malignant mesothelioma or carcinomatosis secondary 
to seeding from a distant epithelial tumor, but while wide-
spread chondrosarcoma metastasis to solid organs has been 
described in the veterinary literature, explantation within 
the thoracic cavity has only been suggested once in a single 
animal in combination with widespread metastasis and or-
gan invasion12.

Mesenchymal chondrosarcomas differ from conven-
tional and myxoid chondrosarcomas in the histopathologi-
cal appearance of the neoplastic cells and in their growth 
patterns6. This form is typically composed of a predominant 
population of dense swaths of primitive mesenchymal round 
cells occasionally centered upon islands of mature neoplas-
tic chondrocytes embedded in chondroid matrix.

This is the first report of mesenchymal chondrosarco-
ma in a goat and the second description of pleural and peri-
cardial chondrosarcoma explantation in a domestic species.

A 3 year old intact male pygmy goat in good nutri-
tional condition presented dead to the Frederick (Maryland) 
Animal Health Diagnostic Laboratory in 2011. The animal’s 
antemortem history included weakness and recumbancy 
with normal appetite. The owner reported the loss of two 
other animals with similar symptomology. A fecal examina-
tion of the animal noted eimerial oocysts and strongyle ova 
which were too numerous to count. Necropsy of the animal 
revealed ventral subcutaneous edema concentrated within 
the axillary and inguinal regions and a small amount of ab-
dominal serous effusion. Upon opening the thoracic cavity, 
1.5 liters of clear serous fluid was removed and all of the pa-
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rietal pleural surfaces as well as the pericardium were cov-
ered by firm, white coalescing nodules, ranging from 1 to 
10 mm in diameter (Figs. 1, and 2). These frequently formed 
either linear arrays or larger clumped aggregates. While the 
visceral pleural surfaces of the ventral lung lobes were cov-
ered in these nodules, there was no macroscopic evidence of 
parenchymal invasion. Based on the gross necropsy, and the 
presentation of a diffuse thoracic neoplastic process, a pri-
mary differential diagnosis of malignant mesothelioma was 
proffered without noting a site of origin. All tissues were 
submitted for microscopic examination.

While the macroscopic evaluation did not reveal the 
tissue initially transformed, histopathological examination 
of all submitted tissues noted neoplastic invasion and ef-
facement of a rib, strongly suggesting a probable point of 
origin (Fig. 3). The neoplasm markedly expanded, replaced 
and effaced the pleural surfaces of the intercostal muscu-
lature, the diaphragm, the pericardium, all mediastinal 
components and obscured the ventral aspects of the lungs 
(Fig. 4). Microscopically, the tumor was characterized by 
coalescing islands and larger swaths of pleomorphic cells 
(Fig. 5), ranging in shape from individualized round cells 
to streams of spindle cells (Fig. 6). These cells frequently 
bounded the islands and formed coalescing zones of both 
gradual and abrupt transition to maturation into large po-
lygonal cells reminiscent of chondrocytes. Neoplastic cells 
had distinct cell borders and were separated by variably 
abundant amorphous amphophilic to lightly basophilic ma-
trix. The subpopulation of spindle cells had a small amount 
of fibrillar cytoplasm, while the round and larger polygonal 
cells had abundant flocculent cytoplasm. The phenotype of 
the nuclei was variable based on the shape of the neoplastic 
cells but typically had roughly stippled chromatin and 1 to 3 
distinct nucleoli. There was significant anisocytosis and an-
isokaryosis associated with the pleomorphism of the various 
phenotypes described. The mitotic rate was approximately 
2 per high powered field among the subpopulations of round 
and spindle cells, however no mitoses were observed within 
the differentiated neoplastic chondrocytes. No endochondral 

ossification was noted in multiple samples taken throughout 
the thoracic cavity. Additional histopathological findings 
in the examined tissues included a pyogranulomatous and 
eosinophilic bronchopneumonia with rare intrabronchiolar 
nematodes interpreted to be metastrongyles.

In order to confirm the histopathological diagnosis 
of chondrosarcoma, samples of the neoplasm were stained 
with Alcian blue (pH 2.5) and mucicarmine, while sections 
were also evaluated immunohistochemically for reaction 
to S-100 protein and vimentin. Diffusely the intracellular 
neoplastic matrix stained with Alcian blue as well as muci-
carmine. Additionally, there was strong nuclear immunohis-
tochemical reactivity for S-100 protein (Fig. 7) and strong 
cytoplasmic immunoreactivity to vimentin (Fig. 8).

While malignant mesotheliomas have been reported to 
display both osseous and chondrous differentiation22, these 
tumors typically are negative to S-100 protein23. Addition-
ally, while the biphasic mesotheliomas described in the lit-
erature often contain islands of cartilageonous metaplasia, 
they also typically involve zones comprised of proliferative 
infiltrative papillary projections, with the neoplastic cells 
supported by thin fibrous connective tissue22,24. Typical, 
myxoid and mesenchymal chondrosarcomas are not report-
ed to form this papillary pattern.

Based on the histopathological findings of a metastatic 
tumor composed of alternating regions of primarily poor-
ly differentiated sheets of round cells and the more typi-
cal chondrous maturation described in chondrosarcomas, 
combined with the successful application of special stains 
demonstrating the chondrous matrix and finally the immu-
nohistochemical findings of neoplastic reactivity to both 
S-100 and vimentin, a definitive diagnosis of mesenchymal 
chondrosarcoma was proffered.

Mesenchymal chondrosarcomas are very rarely report-
ed soft tissue neoplasms of domestic species and account for 
approximately 2% of all chondrosarcomas in humans. In the 
medical literature, 50% of mesenchymal chondrosarcomas 

Fig. 1. Pygmy goat, Thoracic cavity: Multifocal to coalescing neo-
plastic seeding of pleural and pericardial surfaces.

Fig. 2. Pygmy goat, Heart and lungs: Completely obscuring the 
pericardium (arrow) and the ventral surface of the lungs are 
innumerable coalescing nodules of chondrosarcoma having 
seeded from the point of origin in a rib.
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Fig. 3. Pygmy goat: Rib: Effacing the cortical bone of the rib are coalescing islands of neoplastic chondrocytes surrounded by abundant ampho-
philic matrix (asterix). Hematoxylin and eosin. 200×.

Fig. 4. Pygmy goat, lung, pleura surface: Expanding and replacing the pleural surface of the lung are coalescing islands of neoplastic cells (as-
terix). Hematoxylin and eosin. 40×.

Fig. 5. Pygmy goat, lung, pleura: The predominant population of neoplastic cells are round to polygonal arranged in dense sheets. Hematoxylin 
and eosin. 600×.

Fig. 6. Pygmy goat, lung, pleura: Multifocally, the neoplastic cells are polygonal to spindle and whorl around islands of larger more mature 
neoplastic chondrocytes embedded in abundant matrix. Hematoxylin and eosin. 400×.

Fig. 7. Pygmy goat, lung, pleura: Diffusely the neoplastic cells demonstrate strong nuclear immunoreactivity to S-100 protein. S-100 protein. 
400×.

Fig. 8. Pygmy goat, lung, pleura: Diffusely the neoplastic cells demonstrate strong cytoplasmic immunoreactivity to Vimentin. Vimentin. 400×.
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commonly affect the thoracic and craniofacial bones, while 
the remainder are reported as being extraskeletal soft tissue 
tumors25. This variant is characterized by regional swaths of 
poorly differentiated mesenchymal cells which variably un-
dergo chondrous differentiation forming islands of mature 
neoplastic chondrocytes bounded by an amorphous matrix3. 
In the veterinary literature, mesenchymal chondrosarcomas 
have been described through single case reports in various 
organs in dogs5,6,8, a cat19 and a cow13.

Exfoliation and implantation of certain types of neo-
plasm are well described in the medical literature to include 
costal chondrosarcoma seeding the pleura26. Similar pro-
cesses have been reported in a variety of veterinary studies 
to include mesotheliomas within the thoracic cavity, renal 
cell carcinomas, ovarian and uterine carcinomas, hepatocel-
lular carcinomas and pancreatic carcinomas in the peritoneal 
cavity to name a few27–29. The neoplastic cells have poor co-
hesion to one another and may result in diffuse spontaneous 
seeding of the pleural or peritoneal cavities with resultant 
implantation of neoplastic cells within the serosal surfaces, 
generally termed as a carcinomatosis. Additionally, there is 
abundant literature describing iatrogenic surgical or needle 
driven seeding of neoplastic cells into body cavities30–32.

This case is interesting in the finding of widespread 
seeding throughout the thoracic cavity from the presumed 
point of origin within the partially effaced rib, and while 
chondrosarcomas are not a particular diagnostic challenge 
in any species, the description of the mesenchymal variant 
in a goat is of importance to the body of veterinary neoplas-
tic disease literature. Based on a thorough review of the cur-
rent literature, this is the first description of a mesenchymal 
chondrosarcoma in a goat and the second report of pleural 
and pericardial seeding of a chondrosarcoma in a domestic 
species.
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