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Abstract : A 6-year-old female Shih-tzu dog was referred with left elbow joint mass associated with weight bearing
lameness. Ultrasonography demonstrated an encapsulated hyperechoic mass at the left elbow joint. Radiography was
performed on elbow joint, chest, and abdomen, but there was no evidence of metastasis. Clinicopathologic examination
revealed the existence of neoplastic cells with anisocytosis, pleomorphism and increased nuclear-cytoplasmic ratio. The
left forelimb was amputated for cure. Histopathological examination diagnosed the mass as a malignant peripheral
nerve sheath tumor. During the 4 weeks follow-up, the patient showed full remission and adopted to walk with remaining
three legs. Thereafter, the tumor recurred after 5 months of first surgery at the operation site and other two cutaneuos
regions. Cytology test revealed the mesenchymal originated tumor cells with malignancy. These tumors were surgically
removed and histopathological examination of the resected tissue revealed the recurrence of primary tumor and
metastasis. Metronomic therapy with cyclophophamide (10 mg/m2, PO, sid) and piroxicam (0.3 mg/kg, PO, sid) had
been adopted for 5 months. At 26 months of follow up after the first surgery, the dog alive with satisfactory quality
of life. Aggressive surgical resection with metronomic chemotherapy should be the most effective treatment for
malignant peripheral nerve sheath tumor.
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Introduction

Canine peripheral nerve sheath tumor (PNST), originated

from Schwann cell, fibroblast or perineural cell, occurs rela-

tively infrequently in animals except dog (3,5,6,13,15). It is

classified as benign and malignant tumor (5). There are trans-

formed malignant PNST (MPNST) from benign PNST, as well

as primary MPNST. Malignant tumor is characterized by mito-

sis, high cellularity, anaplasia, poorly circumscribed with cap-

sule, and low rate of metastasis to the lung or lymph node (7,9).

Although metastasis is rarely occur, but also local recurrence

and lung metastasis are reported by others in case of incom-

plete surgical margin (7,10). Most canine nerve sheath tumors

are poorly differentiated malignant tumors (5). The clinical

signs of PNST are usually progress over several weeks and

appear differently by the tumor location. In dogs, these tumors

mainly occured brachial plexus or C6 through T2 spinal nerve

and accompanied with unilateral thoracic limb lameness (1,7).

As the tumor is progressive, affected limb paresis and atrophy

of muscles innervated by the involved nerve may develop (7).

Histologically, the PNST is characterized by interacing pat-

terns of spindle cells. There are two histological patterns that

Antoni type A which is dense areas of spindle shaped cells and

Antoni type B is less cellular areas with more pleomorphic

cells (10,14).

Expression of S-100 protein distinguish from nerve system

originated spindle cell tumor in human medicine. Moreover, in

human and canine MPNST, lack of S-100 protein expression is

frequently described (3,12,13).

The purpose of this study was to report a successful treat-

ment of recurrent MPNST in a dog using appropriate surgery

and metronomic chemotherapy.

Case 

A 6-years-old female Shih-tzu dog with left elbow joint mass

was presented to the veterinary medical center of Chungbuk

National University. The mass was first found 1 year before

and rapidly grown in size for the last 10 days with no pain

complain. Initial physical exam findings included nonpainful

left elbow joint swelling with weight bearing lameness. Radio-

graphic findings showed increased soft tissue opacity and mass

quantity at the left elbow joint and periosteal reaction in left

radius and ulna (Fig 1). Ultrasonographic examination revealed

soft tissue mass which is circumscribed hyperechoic capsule

with relatively smooth margin. There was no evidence of

metastasis on thoracic and abdominal radiographs. Ultrasono-

graphic examination demonstrated soft tissue mass which is

circumscribed hyperechoic capsule with relatively smooth

margin. 
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Gun-biopsy was performed and the sample was examined

for clinical pathology and histopathology. Clinicopathologic

examination revealed mesenchymal cell hyperplasia or neopla-

sia and secondary inflammation. The major cells were spindle

shaped cells with malignancy appearance such as pleomor-

phism, anisocytosis, increased nuclear-cytoplasm (N/C) ratio

and hypercellularity (Fig 2). Clinicopathologic differential diag-

nosis includes granulation tissue, fibroma, fibrosarcoma and

chondrosarcoma. Histopathologic examination of gun-biopsy

sample revealed soft tissue neoplasia most likely PNST.

We administered Prednisolon (1 mg/kg, PO, bid), famotidine

(0.5 mg/kg, PO, bid), and cephalexin (30 mg/kg, PO, bid) for 2

weeks as the initial treatment before surgery. After drug admin-

istration for five days, mass size and stiffness were decreased.

We decided to administer these drugs for 10 days for cytore-

ductive effect from premises surgical resection. However, the

patient was lost to follow up for about 4 months. The patient

visited again with mass in distal parts of the humerus and prox-

imal parts of the radius and ulna. The mass size was suddenly

increased and the maximum diameter of the mass was 7 cm. 

Because of the responses of medication at initial stage, we

decided to administer the same drugs for 2 weeks with expec-

tation of reduced mass size. There was no response and finally

the articular movement was almost disappeared. Left forequar-

ter amputation was performed ultimately to resection of the

mass (Fig 3). A skin incision was made at the dorsal border of

the scapula for forequarter amputation and supraspinatus mus-

cle was separated using periosteal elevator. The rhomboideus

muscle was cut along the cranial border of the scapula and

Fig 3. Intraoperative view of the mass shows adherent, invasive,

white, friable tissue surrounding elbow joint.

Fig 4. Neoplastic spindle shaped cells are arranged in interacing

fascicles. Hematoxylin eosin stain, × 100. 

Fig 1. Radiographic images of left lateral view (A) and dorso-ven-

tral view (B) reveal increased soft tissue opacity and mass quan-

tity at elbow joint.

Fig 2. Cytologic examination of the swollen soft tissue; WBCs

and mesenchymal origin cells (arrows) with anisocytosis, pleo-

morphism, increased nuclear-cytoplasmic ratio.
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separated from the scapula. After separation of the muscle,

scapula and forelimb was removed. Then muscles, subcuta-

neous tissues and skin were sutured. 

The resected tissue was submitted for histopathological

examination. The present tumor showed only Antoni type A

pattern. Tissue section revealed densely packed spindle shaped

cells which arranged in interacing bundles occasionally whorls

of spindle cells. These cells presented neoplastic features such

as pleomorphism, anisocytosis, and increased N/C ratio. From

these observations, the mass was histophathologically diag-

nosed as MPNST (Fig 4).

After 5 months later, the patient was presented to us for

follow up of the disease. The owner found the protruded nod-

ule at the left hind leg and left scapular region that had been

amputated. The patient's appetite and vitality were normal

and there was no difficulty in walking. Physical examination

revealed two masses, one at below of the left stifle joint, and

another on left scapula. The mass at the stifle joint was pro-

truded from the skin and had an inflammatory reaction. The

mass at the scapular region had 3 cm diameters and located

under the subcutaneous tissues. Complete blood cell count

and blood chemistry results were not remarkable, but thoracic

radiographic findings revealed lung nodule at the right caudal

lung lobe. Fine needle aspiration was performed at the two

mass lesion. The nucleated cells in the sample were almost

mesenchymal origin cells with malignant appearance such as

anisocytosis, macrocytosis, hypercellularity, pleomorphism,

macrokaryosis, anisokaryosis, multinucleation, mitotic figure,

coarse chromatin pattern, and anisonucleolisis. Both of two

lesions considered malignant mesenchymal tumors that metas-

tasized from primary tumor judging from the fact that the

patient's previous disease. 

Consequently the patient had a second surgery for remov-

ing masses. There are three masses at surgery that scapular

regional mass, the left stifle joint mass, and the mass at dorsal

aspect of tail newly formed. The subcutaneous mass at scapu-

lar region was surgically resected and the nodule appeared

poorly circumscribed and invaded adjacent tissues. Another

two masses that limited to skin were removed with surround-

ing normal skin using blade and scissors. All resected mass was

fixed in 10% formalin and submitted for histopathologic exam-

ination. After surgery, the patient was medicated with cephal-

exin (30 mg/kg, PO, bid), cimetidine (10 mg/kg, PO, bid), and

carprofen (2.2 mg/kg, PO, bid) for 7 days.

After two weeks from second surgery, the patient was treated

with chemotherapy. Metronomic therapy with cyclophophamide

and piroxicam had been adopted. Low dose cyclophosphamide

(10 mg/m2, PO, sid) and standard dose piroxicam (0.3 mg/kg,

PO, sid) were administered. 

After 20 days later, the owner found newly formed cutane-

ous mass at the left nasal fold. The mass was removed by sur-

gically, and histopathologic examination of the resected mass

revealed metastatic neoplasm which is PNST. The patient was

constantly treated with medication (cyclophsphamide, piroxi-

cam, famotidine) after second surgery except 1 month for con-

trol the clinical signs and delay the tumor recurrence and

metastasis. During the 1 month, the patient affected from bite

wound at the right middle chest. The bite wound was treated

from other medical center and cured with wound manage-

ment and medication. There was no evidence of adverse

effect of chemotherapy during 5 months treatment period. 

Chemotherapy was stopped for the owner's financial rea-

son and during the treatment period there was no recurrence

of tumor.

After 6 month, the patient was followed up for evaluation of

the lung nodule. Thoracic radiograph and CT revealed lung

nodule at the right caudal lung lobe which is existed at the sec-

ond surgery and right middle lung lobe. The nodule size at the

right caudal lung lobe was not increased. The nodule at the

right middle lung lobe was not available to evaluate whether

metastasis or consolidation. 

During 26 months of follow up after first surgery, the patient

was alive with satisfactory quality of life and there was no

clinical sign or other recurrence of tumor.

Discussion

In this case, during the follow-up 4 weeks, the patient shows

full remission and was adapted to walk with remaining three

legs. During follow-up after first surgery, we considered the

patient's prognosis would be favorable, because at the first sur-

gery we resected enough normal tissue (whole left forelimb) as

well as neoplastic tissue. But, five months after surgery, a 3.0 ×

3.0 × 2.5 cm mass was recurred at the amputation site and

small soft tissue masses at other two cutaneous regions. 

Generally canine MPNSTs were considered having poor

prognosis and high recurrence rate after surgical resection (8).

Incomplete resection of original mass was suggested to a cause

of the tumor recurrence (2). In many PNST patients, it is im-

possible to excise the tumor completely because of the tumor

expanded to proximal part of the nerve root (7). The tumor

may expand to the vertebral canal or spinal cord along the

tumor developed nerve root (2). In one report, there was a lung

metastasis after surgery. Survival time after surgery of PNST

has been reported to range from 2 months to 2 years (7).

Therapeutic options for MPNST include surgical resection,

radiotherapy and chemotherapy. Early detection of the mass

and correct diagnosis is the core of this tumor for complete

surgical resection. Postsurgical radiotherapy reduces local

recurrences and chemotherapy for MPNSTs may be pallia-

tive. However it has not yet been sufficiently researched. Rec-

ommended chemotherapeutic method is a combination of

vincristine, doxorubicin, and cyclophosphamide (7). Resently,

the novel therapy of mertonomic therapy is one of the thera-

peutic option (4,11). This treatment concept was referred as

low-dose continuous chemotherapy or antiangiogenic chemo-

therapy. In this case, low dose cyclophosphamide and standard

dose piroxicam are administered continuously. Cyclophospha-

mide and cyclooxygenase-2 inhibitors inhibit tumor angiogene-

sis and tumor growth by continuous drug exposure to suscep-



Treatment of Malignant Peripheral Nerve Sheath Tumor Using Surgery and Metronomic Chemotherapy in a Dog 313

tible cancer cells, inhibition of tumor blood vessel growth,

and alteration in tumor immunology. There is still much to be

learned in this field about optimization of proper drugs, dose,

schedule, and tumor application. However the low-cost, high-

convenience, and acceptable side effect profiles of this proto-

col make it attractive for veterinary application.

In conclusion, aggressive surgical resection of the tumor in

appropriate method and adjuvant metronomic chemotherapy for

controlling of the tumor recurrence should be most effective

treatment for canine malignant peripheral nerve sheath tumor.
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개에서 발생한 악성 말초 신경집 종양의 외과적 절제와

메트로놈 화학요법을 이용한 치료 증례

손진나·박성규·최석화·김근형1

충북대학교 수의과대학 동물의료센터

요 약 : 6년령 암컷 시츄견이 체중 부하하는 파행을 동반한 좌측 앞다리굽이관절 주위의 종괴를 주증으로 충북대학교

동물의료센터에 내원하였다. 초음파 검사결과 피막에 싸인 고에코성의 종괴가 앞다리굽이관절에서 확인되었으며, 방사

선학적 검사 결과 흉부나 복부로의 전이 소견은 관찰되지 않았다. Gun-biopsy 샘플을 이용한 세포학적 검사 결과 세

포부동증, 다형성 등 악성의 지표를 보이는 종양세포들이 다수 확인되었으며, 치료를 위하여 좌측 전지의 절단술이 시

행되었다. 절제된 조직의 조직병리학적 검사 결과 악성 말초 신경집종으로 진단되었다. 환자는 수술 후 보행이나 전신

활력 등이 양호하였으나 술 후 5개월째에 좌측 전지 절단술을 시행했던 부위의 피하 종괴와 다른 두 곳의 피부 종괴

가 발생하였다. 종괴는 수술적으로 제거되었으며, 절제된 조직의 세포학적 검사 결과 원발 종양과 유사한 소견으로 종

양이 재발되었음이 확인되었다. 술 후 종양의 또 다른 재발을 막고 의심되는 폐 전이의 속도를 늦추기 위한 목적으로

cyclophosphamide와 piroxica을 병용한 화학요법이 시행되었다. 첫 수술로부터 26개월이 경과한 현재 환자는 만족할만

한 삶의 질을 유지하며 생존하고 있다. 개의 악성 말초 신경집 종양에서 적극적인 외과적 절제와 metronomic chemo-

therapy의 병행은 효과적인 치료법이 될 수 있다.

주요어 :개, 말초 신경집 종양, 재발, 전이


