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Introduction
Peripheral nerve sheath tumours (PNSTs) consist of a 
heterogeneous group of neoplasms arising from 
Schwann cells, perineurial cells and fibroblasts, which 
represent the main elements of the endoneurium, peri-
neurium and epineurium, respectively.1

PNSTs are uncommon in domestic animals, being 
reported most often in dogs and cattle, infrequently in 
cats and horses and rarely in other species such as goats, 
pigs and birds.2 Although PNSTs in animals most fre-
quently occur in the peripheral nerves, cranial nerves 
and spinal roots, they may occur at other locations.3 In 
comparison with human medicine where recognition of 
PNST variants (eg, schwannoma, neurofibroma and 
neurofibrosarcoma) is important for management and 
prognosis, in veterinary patients the classification of 
these tumours is inconsistent and currently PNSTs are 
simply divided into benign and malignant based on cell 
morphology and invasiveness.1

Information regarding PNSTs in cats is limited. Most 
previously reported cases are of PNSTs found in the skin, 
mainly in the area of the head, neck or limbs.4–6 They 
have also been described on the thoracic area, back, tail, 
flanks, perineal area and ischial area.5 Less common 
locations include periocular tissues,7–9 spinal canal,10 
perirenal area11 and urinary bladder.12

To our knowledge, this is the first case report describ-
ing a PNST arising in the gastrointestinal tract of a cat.
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Case Report

Case description
A 5-year-old female spayed Chinchilla cat was referred 
for investigation of a 4 week history of weight loss and 
inappetence. Preliminary investigations at the referring 
veterinary practice revealed an intra-abdominal mass of 
unknown origin.

On physical examination, the cat was bright and alert. 
Body condition score was 2/9. Clinical examination 
identified a 1.5 cm palpable intestinal mass within the 
mid-abdomen. A complete physical examination was 
otherwise unremarkable.

Further investigations were performed to determine 
the cause of the cat’s weight loss and to investigate  
the origin of the intra-abdominal mass. Haematology 
and serum biochemistry were within normal limits. 
Abdominal ultrasonography identified a 14 mm eccen-
tric intramural mass in one of the small intestinal loops. 
The mass was hypoechoic, heterogeneous and appeared 
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to arise from the intestinal muscularis layer. The mass 
was not causing an obstructive pattern, but focal distor-
tion of normal wall layering was identified directly adja-
cent to the mass. The remainder of the small intestine 
had an altered wall layering with prominent submucosal 
and muscularis wall layers. Ultrasonographic abdomi-
nal examination was otherwise unremarkable. Fine-
needle aspiration of the intestinal mass was performed. 
Cytological assessment on two occasions identified 
poorly cellular samples and was therefore considered 
non-diagnostic.

An exploratory coeliotomy was performed for diag-
nostic and therapeutic purposes. Surgical evaluation 
identified diffuse thickening of the ileum and confirmed 
the presence of a 1.5 cm mass on the antimesenteric bor-
der of the distal jejunum. This was resected with a 3 cm 
cranial and 2 cm caudal margin. An end-to-end anasto-
mosis was subsequently performed. One mesenteric and 
one ileocecocolic lymph node were also identified to be 
enlarged and excisional biopsies of these lymph nodes 
were performed.

A portion of proximal ileum and distal jejunum, 
including the jejunal mass, and two mesenteric lymph 
nodes were submitted for histopathological examina-
tion. The samples were routinely processed for histopa-
thology and stained with haematoxylin and eosin. 
Histological evaluation of the distal jejunum revealed a 
non-capsulated, poorly demarcated and focally infiltra-
tive neoplasm localised in the tunica muscularis with 
compression of the adjacent submucosa. The mass was 
composed of spindle cells arranged in short bundles, 
occasionally with a storiform pattern and nuclear pali-
sades (Figure 1). These cells had poorly defined borders, 
scant eosinophilic fibrillar cytoplasm and elongated 
nuclei with finely stippled chromatin and 1–2 poorly vis-
ible nucleoli. Anisocytosis and anisokaryosis were mild 
to moderate. Mitoses were four in 10 high power fields. 

Surgical margins were free of neoplastic cells. Based on 
the storiform pattern, nuclear palisading, infiltrating 
growth and mitotic count, a malignant PNST was  
suspected, but owing to the anatomical location a well- 
differentiated leiomyosarcoma and a gastrointestinal 
stromal tumour were also included in the list of the  
differential diagnoses.

Immunohistochemistry confirmed the diagnosis of 
PNST as neoplastic cells were diffusely and strongly 
stained by S-100 (polyclonal rabbit antibody, 1:800) 
(Figure 2) and glial fibrillary acidic protein (polyclonal 
rabbit antibody, 1:2000) (Figure 3), and negative for c-KIT 
(polyclonal rabbit antibody, 1:300) and smooth muscle 
actin (monoclonal mouse antibody, 1:100).

The mucosa of the proximal ileum and distal jejunum 
in proximity of the surgical margins was examined 
according to the World Small Animal Veterinary 
Association Gastrointestinal Standardization guide-
lines,13 and moderate lymphoplasmacytic mucosal 
inflammation was diagnosed. The mesenteric lymph 
nodes were reactive with follicular hyperplasia.

The cat recovered uneventfully and was discharged 
72 h after the procedure. Further adjuvant treatment for 
the intestinal neoplasia was not pursued as it was com-
pletely excised. A hypoallergenic or novel protein diet 
was recommended for the following 6–8 weeks owing to 
the inflammatory changes documented in the proximal 
ileum and distal jejunum on histopathological examina-
tion. At the time of writing, the cat had no clinical signs 
(6 months after the initial diagnosis).

Discussion
To our knowledge, this is the first report of a PNST in the 
intestine of a cat. The diagnosis of PNST is usually based 
on histology, with or without immunohistochemistry.

Histologically, PNSTs are often characterised by the 
presence of Antoni A pattern (parallel arrangement of 

Figure 1 Histological appearance of the tumour; neoplastic 
spindle cells are arranged in short bundles, occasionally with 
nuclear palisades (asterisks). Haematoxylin and eosin stain 
(× 20 magnification)

Figure 2 Positive immunohistochemical staining of neoplastic 
cells for S-100 (× 20 magnification)
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Schwann cell fusiform nuclei with a palisaded pattern 
with or without the presence of Verocay bodies) and/or 
Antoni B pattern (loosely arranged, hypocellular mix-
tures of Schwann, fibroblast and perineurial cells in a 
myxoid matrix), although these are not always visible, 
especially in malignant forms.5,14 The storiform pattern 
and nuclear palisading, which were noticed in the pre-
sent case, are also considered suspicious of PNST, 
although these features are not specific and can be occa-
sionally seen in other spindle-cell neoplasms. Owing to 
the lack of convincing Antoni A and Antoni B patterns, 
immunohistochemistry was used in this case to confirm 
the neural origin (glial fibrillary acidic protein positivity 
and S-100 positivity) and rule out other possible spindle-
cell tumours of the small intestine such as gastrointestinal 
stromal tumour (c-KIT negativity) and leiomyosarcoma 
(smooth muscle actin negativity).

This PNST was histologically classified as malignant 
based on the infiltrating growth and mitotic count, 
according to previous studies.5,6

The human classification into subtypes of PNST (eg, 
schwannoma, neurofibroma and neurofibrosarcoma) 
based on the presumed cell of origin is not usually 
applied for diagnostic purposes in veterinary medicine 
as the histogenesis is more uncertain and detailed infor-
mation on the biological behaviour of these subtypes in 
animals is missing.5,6

In the present case, the intestinal location of the PNST 
was considered unusual. Most PNSTs in cats are local-
ised on the skin, although a few other anatomical loca-
tions have been reported.5,7,10,11 Feline PNST can be 
locally invasive, but they usually do not metastasise.5 
Even if the metastatic rate tends to be low in these types 
of tumours, they more commonly metastasise through 
the haematogenous route rather than lymphatic system. 
In this case the local lymph nodes were removed owing 
to their macroscopically abnormal appearance to exclude 
fully metastatic disease; however, full staging with tho-
racic radiography was not possible. In a study performed 

on 53 cats with PNSTs involving skin, subcutis, skeletal 
muscle and/or mucous membranes, 20% of the animals 
had local recurrence more frequently with histologically 
malignant tumours than with histologically benign 
tumours.5 Only one case of metastatic disease has been 
documented in the feline species and this was a maxil-
lary PNST that spread to the regional lymph node and 
lung.15 PNST involving internal viscera in cats has been 
very rarely reported with only one case described affect-
ing the urinary bladder.12 The exact behaviour of this 
tumour could not be established in this report.

In the intestine of cats the most common neoplasm is 
lymphoma, followed by adenocarcinoma and mast-cell 
tumour.16 All of these neoplasms can have variable ultra-
sonographic appearances, but they can show as eccentric 
intramural mass as in this case. A focal inflammatory 
lesion was considered less likely with the ultrasono-
graphic appearance of the lesion, but could not be fully 
excluded prior to histopathological assessment. Feline 
non-lymphoid mesenchymal intestinal tumours are rare 
and spindle-cell tumours, in particular, are extremely 
uncommon. There are a few case reports, case series  
and epidemiological studies in which intestinal fibro- 
sarcomas and leiomyosarcomas have been reported in 
cats.15,19,20,21 In general, the prognosis with feline intesti-
nal leiomyosarcoma is unclear owing to the small  
number of reported cases.19

Gastrointestinal PNSTs have been reported in dogs 
and horses.2,22–24 The two cases documented in the canine 
species were classified as benign PNSTs based on histo-
pathological characteristics; however, the treatment, 
prognosis and follow-up in these dogs were not 
described. In two of the horses, the prognosis was good 
after surgical resection of the tumours and histologically 
they were classified as a neurofibroma of low malig-
nancy in one of the cases and multiple benign PNSTs in 
the other case.

PNSTs are well recognised in humans and these are 
usually associated with a disease called neurofibromato-
sis type 1 (NF-1, or Von Recklinghausen’s disease). NF-1 
is an autosomal dominant disorder caused by a mutation 
in the NF-1 tumour suppressor gene and characterized 
by the formation of multiple neurofibromas in the skin, 
subcutaneous tissues, cranial nerves, spinal root nerves 
and, occasionally, in the gastrointestinal tract. Rare cases 
of gastrointestinal PNST not associated with NF-1 have 
also been described.25 Malignant PNSTs (MPNSTs) are 
the malignant counterparts to benign soft tissue tumours, 
such as neurofibroma or schwannoma, and they have 
also been rarely associated with NF-1.26 The prognosis of 
MPNST in humans seems to depend on many factors; 
however, MPNST is thought to have a far worse progno-
sis than other soft tissue sarcomas, because of its high 
likelihood of producing local recurrence and distant 
metastasis. Because of its low incidence, the optimal 

Figure 3 Positive immunohistochemical staining of neoplastic 
cells for glial fibrillary acidic protein (×20 magnification)
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treatment of MPNST is not fully established, but like 
other soft tissue sarcomas, only the complete surgical 
resection can provide the chance for cure.27

In the case described here, wide surgical excision of 
the PNST was performed and no adjuvant treatment 
was pursued owing to complete excision. The patient 
was started on hydrolysed protein hypoallergenic diet or 
novel protein diet given the suspicion of concurrent 
inflammatory bowel disease based on the degree of 
inflammation found on ileal and jejunal biopsies. One 
limitation of this case report is the short follow-up avail-
able in this case and the incomplete staging provided 
that thoracic radiographs were not performed before or 
after the surgery owing to financial constraints. Repeat 
abdominal ultrasound 6 months after the surgery was 
recommended; however, this was declined. The cat 
remained without clinical signs up to 6 months after the 
procedure; however, the cat was lost to follow-up after 
this time.

Conclusions
This case report demonstrates that PNST should be  
considered in the differential diagnosis for intestinal 
spindle-cell neoplasia in the cat. Histopathological  
analysis and immunohistochemistry are useful in differ-
entiating PNSTs from other similar entities such as gas-
trointestinal stromal tumours and leiomyosarcomas. 
Prognosis and prediction of biological behaviour remains 
challenging given the lack of accurate classification of 
these tumours in veterinary medicine.

Funding The author(s) received no financial support for the 
research, authorship, and/or publication of this article.

Conflict of interest The author(s) declared no potential con-
flicts of interest with respect to the research, authorship, and/
or publication of this article.

References
 1 Koestner A, Bilzer T, Fatzer R, et al. Tumors of the peripheral 

nervous system. In: Schulman FY (ed). Histologic classifica-
tion of tumors of the nervous system of domestic animals. 2nd 
series. Washington, DC: Armed Forces Institute of Pathology 
and American Registry of Pathology, 1999, pp 37–38

 2 Schöniger S and Summers BA. Localized, plexiform, dif-
fuse, and other variants of neurofibroma in 12 dogs, 2 
horses, and a chicken. Vet Pathol 2009; 46: 904–915.

 3 McEntee MC. Tumours of the nervous system. In: With-
row SJ (ed). Withrow and MacEwen's small animal clinical 
oncology. 5th ed. St Louis, MO: Elsevier, 2013, pp 583–596

 4 Tremblay N, Lanevschi A, Dore M, et al. Of all the nerve! A 
subcutaneous forelimb mass on a cat. Vet Clin Pathol 2005; 
34: 417–420.

 5 Schulman FY, Johnson TO, Facemire PR, et al. Feline 
peripheral nerve sheath tumors: histologic, immunohis-
tochemical, and clinicopathologic correlation (59 tumors 
in 53 cats). Vet Pathol 2009; 46: 1166–1180.

 6 Mandara MT, Fabriani E, Pavone S, et al. Feline cutaenos 
nerve sheath tumours; histological heatures and immuno-
histochemical evaluations. Res Vet Sci 2013; 95: 548–555.

 7 Hoffman A, Blocker T, Dubielzig R, et al. Feline periocular 
peripheral nerve sheath tumor: a case series. Vet Ophthal-
mol 2005; 8: 153–158.

 8 Berlato D, Serras AR, Matas Riera M, et al. Marginal resec-
tion and adjuvant strontium plesiotherapy in the man-
agement of feline eyelid malignant peripheral nerve 
sheath tumours: two cases. JFMS Open Rep 2016; 2: 1–5.

 9 Newkirk KM and Rohrbach BW. A retrospective study of 
eyelid tumors from 43 cats. Vet Pathol 2009; 46: 916–927.

 10 Okada M, Kitagawa M, Shibuya H, et al. Malignant periph-
eral nerve sheath tumor arising from the spinal cord in a 
cat. J Vet Med Sci 2007; 69: 683–686.

 11 Stoica G, Tasca SI and Kim HT. Point mutation of neuonco-
gene in animal peripheral nerve sheath tumors. Vet Pathol 
2001; 38: 679–688.

 12 Pavia PR, Havig ME, Donovan TA, et al. Malignant periph-
eral nerve sheath tumour of the urinary bladder in a cat.  
J Small Anim Pract 2012; 53: 245–248.

 13 Day MJ, Bilzer T, Mansell J, et al. Histopathological stan-
dards for the diagnosis of gastrointestinal inflamma-
tion in endoscopic biopsy samples from the dog and cat:  
a report from the World Small Animal Veterinary Asso-
ciation Gastrointestinal Standardization Group. J Comp 
Pathol 2008; 138 Suppl: S1–43.

 14 Gaitero L, Añor S, Fondevila D, et al. Canine cutaneous 
spindle cell tumours with features of peripheral nerve 
sheath tumours: a histopathological and immunohisto-
chemical study. J Comp Pathol 2008; 139: 16–23.

 15 Buza EL, Menzies RA, Goldschmidt MH, et al. Malig-
nant peripheral nerve sheath tumor in a cat with nodal 
and pulmonary metastases. J Vet Diagn Invest 2012; 24:  
781–784.

 16 Rissetto K, Villamil JA, Selting KA, et al. Recent trends 
in feline intestinal neoplasia: an epidemiologic study of 
1,129 cases in the veterinary medical database from 1964 
to 2004. J Am Anim Hosp Assoc 2011; 47: 28–36.

 17 Brodey RS. Alimentary tract neoplasms in the cat: a clini-
copathologic survey of 46 cases. Zahnarztl Prax 1966; 17: 
74–80.

 18 Turk MA, Gallina AM and Russell TS. Nonhematopoietic 
gastrointestinal neoplasia in cats: a retrospective study of 
44 cases. Vet Pathol 1981; 18: 614–620.

 19 Barrand KR and Scudamore CL. Intestinal leiomyosar-
coma in a cat. J Small Anim Pract 1999; 40: 216–219.

 20 Selting KA. Cancer of the gastrointestinal tract. In: Withrow 
SJ (ed). Withrow and MacEwen's small animal clinical oncol-
ogy. 5th ed. St Louis, MO: Elsevier, 2013, pp 381–431.

 21 Chijiwa K, Uchida K and Tateyama S. Immunohistochemi-
cal evaluation of canine peripheral nerve sheath tumours 
and other soft tissue sarcomas. Vet Pathol 2004; 41: 307–318.

 22 Cotchin E and Baker-Smith J. Tumours in horses encoun-
tered in an abattoir survey. Vet Rec 1975; 97: 339.

 23 Pascoe PJ. Colic in a mare caused by a colonic neurofi-
broma. Can Vet J 1982; 23: 24–27.

 24 Kirchof N, Scheidemann W and Baumgartner W. Multiple 
peripheral nerve sheath tumours in the small intestine of 
a horse. Vet Pathol 1996; 33: 727–730.



Ribas et al 5

 25 Rodriguez FJ, Folpe AL, Giannini C, et al. Pathology of 
peripheral nerve sheath tumours: diagnostic overview 
and update on selected diagnostic problems. Acta Neuro-
pathol 2012; 123: 295–319.

 26 Otomi Y, Otsuka H, Morita H, et al. A case of von 
 Recklinghausen’s disease with coincident malignant 

peripheral nerve sheath tumour and gastrointestinal stro-
mal tumour. J Med Invest 2009; 56: 76–79.

 27 Lee YJ, Moon H, Park ST, et al. Malignant peripheral nerve 
sheath tumour arising from the colon in a newborn: report 
of a case and review of the literatures. J Pediatr Surg 2006; 
41: 19–22.




