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CASE REPORT

Introduction

Myxosarcomas are soft tissue sarcomas which are rare in dogs and 
cats. The neoplastic cells originate from fibroblasts and produce 
an abundant myxoid matrix composed of mucopolysaccharides 
(Goldschmidt & Hendrick 2002). The majority of myxosarcoma 
cases in animals have been documented in dogs, and the 
most often reported anatomical locations are the trunk and 
limbs. Myxosarcomas in dogs were reported in other organs, 
including the brain, spleen, spine, vertebra, heart, eye, lung, and 
temporomandibular joint (Iwaki et al. 2019). However, based on 
the literature reviewed, there are few reports of myxosarcomas 
in the cat. Myxosarcomas in cats have been reported in the 
kidney, muscle and retroperitoneum (Hixson et al. 2022; Madere 
et al. 2020; Manfredi et al. 2015). Furthermore, myxosarcoma is 
reported as one of the feline injection-site sarcoma histological 
types (Saba 2017). To  the  best  of  our knowledge,  there  are  no 
reports of hepatic myxosarcomas in cats and there is also no 
comprehensive survey of myxosarcoma characterisation in cats. 
The current report describes the clinical and laboratory findings 
of the first documented case of a primary hepatic myxosarcoma 
in a cat.

Case presentation

An eight-year-old male, neutered, domestic shorthair cat 
presented with a three-month history of progressive hyporexia, 
lethargy, weight loss, and intermittent vomiting. The cat’s 
vaccination status was adequate, and there was no history of 
notable medical illnesses. On physical examination, the cat was 
in poor body condition (body weight of 3 100 g; body condition 
score of 3 out of 9). No abnormalities were noted other than 
hyporexia, lethargy, a loss of more than 2 kg in body weight in the 

preceding months, mild dehydration (< 5%), and a mild amount 

of dental tartar. There were no palpable lymph nodes, and a 

normal cardiac rhythm was detected during the auscultation of 

the thorax. 

Management and outcome 

The complete blood count (CBC) results were unremarkable 
and the biochemistry panel revealed an elevated alkaline 
phosphatase, gamma-glutamyltransferase, and lactate 
dehydrogenase (ALP: 90 U/L, reference interval [RI]: 0 to 62 
U/L, GGT: 8.6 U/L, RI: 0 to 6 U/L and LDH: 371 U/L, RI: 46 to 350 
U/L) (Krimer 2011), indicating possible hepatobiliary damage. 
Abdominal ultrasonography revealed a well-defined abdominal 
mass (maximum diameter 15 cm), arising from the right 
liver lobe. Based on the abdominal ultrasound and thoracic 
radiographs, the patient had no evidence of metastatic disease 
or involvement of organs other than the liver. 

The cat’s dehydration was managed with intravenous 
fluid therapy (0.9% NaCl at rates of up to 1.5 ml/kg/hr, and 
duphalyte  solution at rates of up to 0.5 ml/kg/hr). Exploratory 
laparotomy revealed an enlarged abdominal gelatinous mass 
arising from the liver. The mass was removed surgically with 
a 5 mm resection margin and submitted for histopathology. 
In general, gross pathology revealed the excised mass to be a 
smooth, gelatinous, light yellow mass, measuring 15.511.5×8 
cm and weighing 600 grams. (Figures 1A and 1B). On sectioned 
surfaces, exudation of clear viscous fluid was seen. Macroscopic 
examination revealed three distinct parts in the mass (Figure 
1C): (Part 1): a large yellow gelatinous part; (Part 2): a reddish-
brown part with remnants of liver tissue; and (Part 3): a white 
multilobular part, with a relatively firm consistency. 
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Impression smears from the mass were submitted for cytological 
study. Slides were stained with a commercially available modified 
Giemsa stain (Sigma).

The impression smears showed irregularly shaped spindle 
cells found both individually and within small clusters (Figure 
2A). Typically, the cytoplasm had wispy edges and cells had 
cytoplasmic vacuoles. The nuclei were medium-sized and 
centrally located. A prominent nucleolus was seen in some 
cells. In some areas, the neoplastic cells were associated with 
and surrounded by abundant acellular pale eosinophilic matrix. 
The cytology findings were compatible with a soft tissue 
mesenchymal neoplasm. 

The microscopical examination was performed on the formalin-
fixed and paraffin wax-embedded tissue. 5-µm thick sections were 
slide-mounted and stained with hematoxylin and eosin (H & E). 
The different components of the mass were examined separately. 
Part 1 (Figure 1C, Part 1) exhibited abundant acellular to poorly 
cellular pale eosinophilic stroma with focal bile duct proliferation 
(Figures 2B and 2C). In part 2 (Figure 1C, Part 2) there was a myxoid 
stroma with a moderately dense proliferation of spindle cells in 
an erythrocyte-rich background. The cells were loosely arranged 
and included wispy eosinophilic cytoplasm and oval dense 
basophilic nuclei with prominent nucleoli. There was evidence of 
moderate to severe pleomorphism. Discrete hepatic cords were 
observed among the neoplastic cells (Figure 2D). Part 3 (Figure 

Figure 2: Photomicrographs of and tissue imprint, Giemsa staining (A), and haematoxylin and eosin-stained hepatic mass (B–H). Photomicrographs B 
and C are histopathology sections taken from the gelatinous part (Figure 1C, 1), Photomicrograph D, taken from the brown hyperaemic part (Figure 
1C, 2), and Photomicrograph E–H, taken from the white solid part (Figure 1C, 3) of the abdominal mass 
(A) Impression smear and cytology study (Giemsa stain), from the abdominal mass. Some irregularly shaped spindle cells were found in small 
aggregates, the cells had moderate nuclei with blue cytoplasm, cytoplasmic vacuoles, and wispy cytoplasmic borders extending from the nucleus. 
Prominent nucleolus was seen in some cells. (×1000 magnification); (B) Acellular to a poorly cellular area with a marked abundance of the extracellular 
myxoid matrix (asterisk) (×200 magnification); (C) Myxoid matrix (asterisk), with focal bile duct proliferation (arrow) (×200 magnification); (D) The 
proliferation of stellate to spindle-shaped fibroblasts loosely arranged in an abundant myxoid matrix, and invasion of neoplastic cells with remnant 
hepatic parenchyma (arrow) (×200 magnification); (E) More cellular areas (related to the Part C, Figure 1), composed of pleomorphic spindle cells 
in a myxoid stroma (×100 magnification); (F) Mononuclear cell infiltration (arrow) in the cellular area (×200 magnification); (G) Variation in the size 
and shape of neoplastic cells, moderate to marked nuclear pleomorphism, and the presence of micronuclei in a few neoplastic cells (arrow) (×1000 
magnification); (H) Rare mitotic figures (arrow) (×1000 magnification)
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Figure 1: Macroscopic findings of the abdominal mass
(A) A large abdominal mass (orange arrow), attached to the liver (black arrow) was found in the exploratory laparotomy; (B) The large abdominal mass 
was observed to be a smooth, gelatinous mass, and pale yellow in colour, measuring 15.5×11.5×8 cm; (C) Macroscopic examination revealed three 
different parts in the mass: (1): A large yellow gelatinous part (yellow arrow), (2): A brown hyperaemic part with residuals of liver tissue (brown arrow), 
and (3): A white parenchymatous part, with a relatively firm consistency (white arrow)
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1C, Part 3) was hypercellular, with greater pleomorphism of cells 
in a myxoid stroma (Figures 2E, 2F, 2G and 2H).

Additional histological findings included the presence of 
micronuclei in a few large cells, the presence of mitotic 
figures, averaging 1 per 10 high power fields (2.37 mm2), and 
mononuclear cell infiltration (Figures 2F, 2G, and 2H). 

The neoplasm was graded and classified based on the cutaneous 
and subcutaneous soft tissue sarcoma (STS) grading system in 
cats (Dobromylskyj et al. 2020), based on the inflammation score, 
presence and extent of necrosis within the neoplasm, and mitotic 

rate. Based on the mild inflammation (Inflammation Score: 2/3), 
low number of mitotic figures in the hyper-cellular areas shown 
in Figure 2H (1 mitosis per 10 HPF [FN22/40_ objective], Mitotic 
Score 1/3) and mild necrosis (Tumour Necrosis Score: 1/2), the 
total score was 4/8, and the sarcoma was designated as grade 
2/3 (intermediate) overall. Neoplastic tissue was present in the 
excisional margins, and chemotherapy was recommended. 
However, the owner refused further treatment. 

To further characterise the neoplasm, alcian blue, Periodic acid–
Schiff (PAS), and immunohistochemical (IHC) staining were 

Table I: Primary antibodies used for immunohistochemical evaluation of feline hepatic myxosarcoma 

Antibody* Dilution Source Positive control** Negative control Results

Vimentin Mouse Mab, IgG1 Ready-to-use Zytomed Systems In. C, smooth muscle 
cells from arteries

In. C, hepatocytes Positive

Ki-67 Mouse Mab, 
IgG1-κ

1:150 Zeta Ex. C, cat’s tonsil In. C, hepatocytes Positive

Pan-cytokeratin
(AE1 and AE3)

Mouse Mab, IgG1 Ready-to-use Zytomed Systems In. C, hepatocytes In. C, smooth muscle 
cells from arteries

Negative

S100 Mouse Mab, 
IgG2a

Ready-to-use Zytomed Systems Ex. C. cat’s normal 
adipose tissue 

In. C, hepatocytes Negative

EMA Mouse Mab, 
IgG1-κ

1:50 Diagnostic Biosystems In. C, hepatocytes In. C, Smooth muscle 
cells from arteries

Negative 

α-SMA  Mouse Mab, 
IgG2a-κ

1:50 Diagnostic Biosystems In. C, smooth muscle 
cells from arteries

In. C, hepatocytes Negative 
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Figure 3: Photomicrographs of alcian blue and PAS staining, and immunohistochemical expression of vimentin, S100, Pan-cytokeratin, EMA, SMA, and 
Ki-67 in feline myxosarcoma 
(A) Strong reactivity to alcian blue histochemical staining of the myxomatous matrix, confirming the presence of mucin (×1000 magnification); 
colonic mucosa was used as the external positive control; (B) No reactivity to PAS staining (×1000 magnification); gastric mucosa was used as the 
external positive control; (C) Positive immunolabelling with vimentin (yellow arrow), (×1000 magnification); smooth muscle cells from arteries were 
used as the internal positive control (green arrow), and hepatocytes were used as internal negative control (red arrow); (D) Negative immunolabelling 
with S100 (yellow arrow), (×1000 magnification); cat’s normal adipose tissue was used as the external positive control, and hepatocytes were 
used as the internal negative control (red arrow); (E) Negative immunoreactivity of neoplastic cells (yellow arrow), and positive immunolabelling 
of proliferating bile ducts (bile duct hyperplasia) for Pan-cytokeratin (black arrowhead). (×200 magnification); Hepatocytes were used as the 
internal positive control (green arrow), and smooth muscle cells from arteries were used as internal negative control (red arrow); (F) Negative 
immunoreactivity with EMA (yellow arrow), (×200 magnification); hepatocytes were used as the internal positive control (green arrow), and smooth 
muscle cells from arteries were used as the internal negative control (red arrow); (G) Negative immunoreactivity with SMA (yellow arrow), (×1000 
magnification); smooth muscle cells from arteries were used as the internal positive control (green arrow), and hepatocytes were used as the internal 
negative control (red arrow); (H) Positive immunostaining for Ki-67, as diffusely granular nuclear staining in some tumour cells (yellow arrow), (×1000 
magnification); Cat’s tonsil was used as the external positive control, and hepatocytes were used as the internal negative control (red arrow). 



81Journal of the South African Veterinary Association 2023; 94(1) The page number in the footer is not for bibliographic referencing

Hepatic myxosarcoma in a domestic shorthair cat 

performed on paraffin-embedded tissue. Positive staining as a 
light blue hue with alcian blue staining proved the existence of 
a myxoid matrix and the tissue sections were negative with PAS 
staining. Gastric and colonic mucosa were used as the positive 
controls for PAS and alcian blue staining, respectively (Figures 3A 
and 3B). In the IHC study (Table I), the neoplastic cells showed 
strong immunoreactivity to vimentin and no immunoreactivity 
to s100, pan-cytokeratin, epithelial membrane antigen (EMA), 
and α-smooth muscle actin (αSMA) (Figure 3). Pan-cytokeratin 
antibody positively immune-labelled bile ducts and bile 
duct proliferation was confirmed (Figure 3E). The Ki-67 index 
(percentage of positive cells in 1 000 neoplastic cells, assessed 
using IHC and light microscopy, high power field) was 6% (Figure 
3H). Based on morphological and staining characteristics, the 
final diagnosis of myxosarcoma was made. 

Progressive hyporexia and weight loss were seen in the 
patient one month after surgery and the owner decided on 
euthanasia. The autopsy examination revealed no lesions in 
the other abdominal organs. Multifocal  areas  of  necrosis and 
petechial haemorrhage were seen in the liver. Histopathological 
evaluation of the previous surgical margins confirmed the 
presence of neoplastic cells in the liver parenchyma. 

Discussion

Hepatic neoplasms in dogs and cats include primary and 
metastatic tumours. The prevalence of metastatic neoplasms 
is higher than primary neoplasms in the liver in dogs and cats. 
Primary hepatic neoplasms include hepatocellular, bile duct, 
mesenchymal, and neuroendocrine tumours accounting for 
0.6% to 1.5% and 1.0% to 2.9% of all canine and feline tumours, 
respectively. While the majority of primary hepatic neoplasms 
in dogs are malignant, in cats they are usually benign, with 
biliary cystadenoma being more common in cats (Cullen & 
Popp 2002; Hammer & Sikkema 1995). Not only are primary liver 
sarcoma rare in cats, but also, myxosarcomas are extremely rare 
in cats. To date, no previous reports have described a primary 
hepatic myxosarcoma in a cat. In the present study, the clinical, 
haematology, and biochemistry findings were all non-specific. 
Histologically, the neoplasm had a diffuse myxoid matrix that 
stained alcian blue positive and no reaction to PAS, which is 
the usual histological feature of myxoma. In general, mucins 
produced by the mesenchymal cells are positive with alcian 
blue staining, but negative to weakly positive with PAS staining. 
However, epithelial-derived mucins are positive for both alcian 
blue and PAS stains (Astudillo et al. 2015). 

In a few neoplastic cells, micronuclei were seen. Tumour cells are 
prone to chromosomal instability and micronuclei formation is 
a feature of malignancy (Tang et al. 2018). Ductular proliferation 
has been reported in long-standing biliary diseases such as 
chronic cholangitis, primary biliary cirrhosis, primary sclerosing 
cholangitis, and extrahepatic biliary obstruction (Chen et al. 
2006, Cullen 2009). In the present study, the neoplastic invasion 
to the liver may have caused biliary obstruction and cholestasis, 
and so had an indirect role in the ductular reaction. 

There were no definitive areas of cellular or vascular patterns 
diagnostic of haemangiosarcoma, fibrosarcoma, liposarcoma, 
leiomyosarcoma or rhabdomyosarcoma.

IHC revealed the neoplastic cells to express vimentin but not pan-
cytokeratin, confirming a mesenchymal origin. Neoplastic cells 
were not immunoreactive for s100, EMA, and αSMA, reducing 
the likelihood of neuronal, perineural, adipocyte, melanocyte, 
chondrocyte, myopericytoma, leiomyosarcoma, or myoepithelial 
origin. Campos et al. (2015) reported that neoplastic cells in a 
myxosarcoma showed vimentin-positive immunoreactivity, 
and did not label with αSMA. Hepatic myxosarcoma was 
diagnosed based on gross, histological, special stain and 
immunohistochemical findings. Because myxosarcoma is 
relatively uncommon in animals, particularly cats, there is a 
dearth of knowledge about its clinical manifestations, prognosis, 
and other histological abnormalities in cats. Out of three cases of 
myxosarcoma reported in cats, two cats recovered from surgery 
without complication. Patients were monitored for six months 
in one study and 14 months in another study, and no signs of 
disease and metastasis were detected in patients (Madere et al. 
2020; Manfredi et al. 2015). 

In another study, aggressive recurrence of retroperitoneal 
myxosarcoma in a cat that was previously excised was reported 
(Hixson et al. 2022).

In a report of ten dogs with skin myxosarcomas, the median 
survival time was 66 weeks (Bostock & Dye 1980).

In the histopathology evaluation of visceral sarcomas in cats 
and dogs, there is currently no a comprehensive scoring system. 
In a recent study in dogs, visceral sarcomas were graded using 
the previously described scheme for soft tissue sarcomas of the 
skin and subcutis. The results showed the grading system can be 
prognostic for the visceral sarcoma (Linden et al. 2019). 

In the present case, the neoplasm was graded and classified 
based on the cutaneous and subcutaneous STS grading system 
in cats (Dobromylskyj et al. 2020).

The myxosarcoma was classified as grade II based on the 
evaluation of the inflammation, necrosis, and mitotic indices. 
However, large tumour size, local invasion of neoplastic cells 
to the liver, and marked cellular pleomorphism were poor 
prognostic factors. It seems that probably other factors such as 
delay in cancer diagnosis and the presence of neoplastic cells in 
surgical margin were negative prognostic factors. 

In the present study, despite the large size of the mass, the 
number of Ki-67-positive cells was low (6%) and no evidence 
of metastasis was seen. Based  on the scientific  literature in 
veterinary medicine, the cut-offs in defining a low or high Ki-
67 proliferation index is not well-established or universally 
agreed upon. High Ki-67 proliferation index in feline injection 
site fibrosarcomas have been shown to correlate with a higher 
malignancy grade, inflammation score, necrosis score and 
poorer prognosis. 

The mean Ki-67 index in feline injection site fibrosarcomas has 
been reported as 6.64 ± 3.31, 15.25 ± 5.36 and 38.4 ± 14.4 in 
tumours grade I, II and III, respectively (Mikiewicz et al. 2023). 
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Conclusion

Myxoid soft tissue neoplasms are very rare in cats, and to 
the best of our knowledge, this is the first report of a hepatic  
myxosarcoma in a cat. In the present case, histopathological, 
histochemical, and immunohistochemical techniques en-
abled the diagnosis of a rare feline hepatic myxosarcoma. 
The production of extracellular  myxoid matrix by a myxoid 
mesenchymal neoplasm can be highlighted by alcian blue-
positive staining and weak or no reaction to PAS. The results of the 
present study can improve our knowledge about morphological 
and histopathological characteristics of myxosarcoma in cats. 
However, further investigation in feline visceral soft tissue 
sarcoma will be required to determine whether grading system, 
Ki-67, and surgical margins may improve determination of 
prognosis. 
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