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Abstract Primitive neuroectodermal tumor (PNET) is a

high grade malignant neoplasm of small round cell tumor

family, commonly affecting children and young adults.

Peripheral primitive neuroectodermal tumor (pPNET) is a

predominately neural, nonepithelial malignancy seen out-

side the nervous system that can arise in any place

throughout the body including the diverse tissues of the

head and neck. The diagnosis of PNET is confounded by its

clinical and histopathological similarity to Ewing’s sar-

coma of the bone and has seldom been reported in the

literature. The paucity of literature pertaining to the suc-

cessful diagnosis and management of this lesion mandates

its documentation and discussion. This article describes a

case of an 11-year-old boy with an aggressive pPNET of

the mandible. The clinical and radiographic presentations

of this rare entity along with a detailed review on the

current management modalities have been discussed.
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Introduction

Primitive neuroectodermal tumor (PNET) is a rare but

extremely aggressive malignancy of the small round cell

tumor family with histologic and immunologic evidence of

neuroectodermal differentiation. PNET was primarily

considered as a tumor localized to the central nervous

system in the past. However, recognition of these tumors in

the soft tissues of the trunk and the axial skeleton estab-

lished the presence of peripheral primitive neuroectoder-

mal tumor’s (pPNET’s) variants probably originating from

undifferentiated mesenchyme. pPNET is considered a well

differentiated version of the Small cell tumor family

whereas Ewing’s sarcoma and the Askin’s tumor of the

thorax are considered as the poorly differentiated variants

of small round cell tumors (Ewings sarcoma family of

tumors). Often the diagnosis of this lesion is confounded by

its histopathologic similarity to Ewings sarcoma and

rhabdomyosarcoma, as a result of which there is inadequate

literature to establish definite treatment protocols for the

management of the same. Hence it is of utmost importance

to document and discuss their diagnostic morphologic,

histologic presentation and the management protocol. The

aim of this paper is to bring to light one such case of

pediatric mandibular pPNET that had reported to our

centre.

Case Report

An 11 year-old boy with Eastern Co-Operative Oncology

Group (ECOG) Performance score of 1 reported to our unit

with a rapidly enlarging painless mass of the left side of the

mandible of 3 months duration. Examination revealed a

solitary, smooth surfaced, firm, extensive swelling of

12 9 10 cm of the left mandible extending from the

zygomatic arch upto the hyoid in the neck (Figs. 1, 2). Intra

oral examination revealed a solid, erythematous smooth

surfaced swelling extending from the canine anteriorly,

obscuring the visualization of the posterior extent. Patient

was unable to close his mouth due to the extensive swelling
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and the teeth in the region of the lesion were extracted prior

to his presentation to us due to mobility. The swelling was

associated with complaints of dysphagia with no signs of

dyspnea or restriction in mouth opening.

A computed tomogram followed by an MRI (Fig. 3a–c)

of the lesion were sought for, which revealed an expansile

soft tissue mass with osteolysis of the left ramus, and the

corpus of the mandible encroaching the retromolar trigone.

Medially infiltration of the pterygoid muscles was present

with displacement of the parapharyngeal fat. Distinct plane

of dissection was evident between the lesion and the great

vessels. A provisional diagnosis of sarcoma was arrived at

and the patient was taken up for incision biopsy. Incision

biopsy revealed it to be an angio-lipoma with sarcomatous

changes. A metastatic work up was done including CT

chest, ultrasound of the abdomen, long bone X-rays which

were negative for metastasis. Surgery was considered the

primary option for this patient after discussion at the

multidisciplinary tumor board considering the report of

incision biopsy, severe disability caused by the tumor and

the possibility of pathological fracture (Fig. 4).

The tumor was accessed through a commissurotomy

incision continuing into the neck till the mastoid tip. Cheek

flap was elevated in a sub cutaneous plane to provide

adequate soft tissue clearance. Hemimandibulectomy was

performed after the ligation of the maxillary artery at its

exit from the parotid gland, with systematic dissection of

the infra temporal fossa restricted lateral to the lateral

pterygoid plate and spine of the sphenoid at the skull base

to achieve 1 cm soft tissue clearance circumferentially.

Reconstruction was performed with a regional flap (pec-

toralis major myocutaneous flap) (Fig. 5), and a definitive

osseous reconstruction was deferred for a later stage.

Histologic examination of the specimen revealed a

malignant neoplasm with diffuse group of small round cells

arranged in a rosette pattern with scant cytoplasm and

round vesicular nuclei with evident nucleoli. Mitotic fig-

ures were frequent, as were areas of necrosis and hemor-

rhage (Fig. 6a). Margins of the resection were free of

tumor. Immunohistochemistry revealed the cells were

positive for Vimentin and MIC 2 (Fig. 6b) and were im-

munonegative for cytokeratin and LCA confirming the

diagnosis of pPNET. The patient was advised to undergo

adjuvant chemotherapy. Two year follow-up revealed no

signs of recurrence.

Discussion

Primitive neuroectodermal tumor (PNET) is a rare

aggressive variant of small round cell sarcomas that pri-

marily originate from the neural crest cells. The tumors

primarily arising from the neural crest cells can be classi-

fied based on the extent of differentiation of ectodermal

and neural components into group A tumors that exhibit

high ectodermal differentiation like the Pituitary tumors

and the carcinoid tumors and group B tumors that show

variable amount of neural differentiation as primitive

neuroectodermal tumors [1].

Becker and Hinton [2] have further classified these

primitive neuroectodermal tumors based on the amount of

differentiation of the neural component into well differ-

entiated neuronal tumor variants including ependymoblas-

toma, retinoblastoma, neuroblastoma and poorly

differentiated neuronal variants into primitive neuroecto-

dermal tumours, medulloblastoma. Initially PNETs were

described to originate only from the components of the

nervous system (CNS or the sympathetic nervous system)

Fig. 1 Pre operative frontal image of the patient

Fig. 2 Pre operative lateral image showing the extensions of the

lesion
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Fig. 3 a Pre operative CT image. b Pre operative coronal CT image. c Pre operative MRI image
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Fig. 4 a Exposure of the lesion by elevating a cheek flap. b Tumor

resection showing the extent of resection and the margins of clearance

obtained. c The surgical specimen

Fig. 6 a Histopathological image. b IHC image showing MIC 2

positivity

Fig. 5 Post operative patient profile
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however the incidence of these tumors from the non neu-

ronal soft tissues has enabled us to categorize these non

neuronal soft tissue PNET’s into a separate category of

peripheral PNET’s (pPNET’s). This brings forward the

possibility of origin of these tumors from three cell sources

including neural crest cells, primordial germ cells and the

undifferentiated mesenchymal stem cells [3].

pPNET is a peripheral soft tissue sarcoma that clinically

and histologically shows neuronal differentiation very

similar to Ewing’s sarcoma. Cytogenetic evaluation of

these tumors reveals t (11:22) translocation that results in

the fusion of the amino terminus of the EWS (22q12) gene

to the carboxyl terminus of the FLI1(11q24) gene. The

resultant product is an aberrant transcription factor that is a

potent transactivator of ‘c-myc’, a nuclear proto-oncogene

C-myc, with another oncoprotein ‘max’ forms the ‘myc/

max’ heterodimer along with over expression of other

transcription factors that leads to an abnormal cell turnover

leading to the tumor proliferation [4, 5].

Similar cytogenetic variations are seen to be associated

with Ewings sarcoma. Apart from the cytogenetic studies,

the immunohistochemical studies reveal the expression of

neuronal markers by these tumors including CD99, Neuron

Specific Enolase, neurofilament, HNK-1 (Leu-7), FLI-1,

S-100 protein, and MB [5, 6]. p30/32MIC2 a cell surface

glycoprotein encoded by MIC 2 gene on X and Y chro-

mosomes is a specific marker for Ewing’s sarcoma and

pPNETs that enables their differentiation from the other

small round cell tumors [7, 8]. Both these tumors are

believed to show neuroectodermal differentiation, albeit in

different degree; Ewing’s sarcoma tends to be poorly dif-

ferentiated, whereas PNET most often shows definite

neuroectodermal differentiation. Although once viewed as

distinct entities, Ewing’s sarcoma, Askin’s tumor, and

PNET are now considered together as members of the

Ewing family of tumors [9].

pPNET is a rare malignancy that comprises only around

1 % of all the sarcomas [10] with a 2 year survival rate of

65 % [11]. The poor prognosis is secondary to the high rate

of metastasis of 14–50 % at the time of diagnosis of pri-

mary tumor [12]. Lungs, bone, and bone marrow are the

common sites of metastasis and a through metastatic

workup prior to the management of the primary is essen-

tial. This includes CT scan of the chest and abdomen, Bone

scan, bone marrow aspiration/biopsy. Recent innovations

like Proton MR spectroscopy aid in characterization of the

tumor tissue especially in cases of tumor arising in the

inaccessible sites. However metastatic work up may often

be negative as pPNET’s (the primary tumor itself) are

known to secrete angiostatin a chemical mediator that is

known to suppress the angiogenesis that will prevent the

homing-in of the metastatic tumor emboli and thus the

metastatic disease may become evident only after the

excision of the primary tumor. This probably makes

addressing the micro circulatory metastasis essential in the

form of pre operative chemotherapy to achieve complete

cure [13].

National Comprehensive Cancer Network 2013 (NCCN)

[14] recommends primary treatment in the form of multi

agent chemotherapy along with local control therapy

(surgery or definitive chemo-radiotherapy) followed by

adjuvant therapy (chemotherapy or chemo- radiotherapy).

This is similar to the protocol followed at MD Anderson

Institute of Oncology (Table 1).

Primary treatment consists of multiagent chemotherapy

along with appropriate growth factor support for

12–24 weeks followed by local control measures which

include wide excision with 1.5 cm clearance circumferen-

tially or definitive radiotherapy with chemotherapy or pre

operative RT followed by wide excision. Chemotherapy is

given as neo-adjuvant and Adjuvant therapy. The results of

pooled analysis of INT-0091 and POG-9395 showed that

the use of multiagent chemotherapy prior to surgery

downstages the tumor in a majority of patients thereby

increasing the probability of achieving complete resection

with microscopically negative margins [15]. However the

surgical margins are based on the pre-interventional

imaging studies only (margins defined prior to the start of

chemotherapy). Apart from this neo-adjuvant chemother-

apy aids in assessing the percentage of tumor necrosis and

in turn the tumor response to the chemotherapeutic which

can aid in modifying the post surgical adjuvant chemo-

therapeutic settings. Microscopic metastasis that is not

Table 1 Flow chart showing the multidisciplinary treatment

approach to pPNET management from MD Anderson Manual of

Medical Oncology
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evident on the preoperative metastatic work up can be

addressed by initiating neo-adjuvant chemotherapy.

Adjuvant chemotherapy with or without radiotherapy is

recommended, regardless of surgical margins, following

local control treatment.

The relative paucity of PNET cases is the primary cause

for the lack of definitive treatment paradigms. Because of

their rare occurrence, optimal therapy is challenging, par-

ticularly if they occur in the head and neck. However,

chemotherapy and surgery remain the mainstay of treat-

ment for these tumors with adjuvant radiotherapy in cases

with microscopic or macroscopic positive margins [19, 20].

These tumors are extremely responsive to chemothera-

peutic agents like Doxorubicin, Actinomycin D, Ifosfa-

mide, Cyclophosphamide, Vincristine, Etoposide. The

most commonly used combinations are Vincristine, Adri-

amycin (Doxorubicin), and cyclophosphamide (VAC); If-

osfamide and Etoposide (IE); and Vincristine, Adriamycin,

and Ifosfamide (VAI). Multiple trials have shown that with

these combinations of chemotherapy, survival rates[50 %

can be achieved [16].

Though these tumors are considered radiosensitive, the

higher incidence of the radiation induced sarcomas is of

significant concern. The incidence of the radiation induced

sarcomas varies with dosimetry, with a relatively lower

incidence up to 45 Gy’s. An increase to 60 Gy has been

associated with 20 % incidence of radiation sarcomas [17].

However Radiotherapy is used as salvage therapy in cases

of incomplete excisions and close tumor margins. Age

[10 years, radiation [50 Gy’s and high dose chemother-

apy with hematopoietic rescue are poor prognostic factors

[18]. The likelihood of complete tumor resection with a

negative microscopic margin and consequent avoidance of

external beam radiation and its potential complications is

augmented with neoadjuvant chemotherapy and delayed

resection [19, 20]. The follow-up of these patients is ade-

quately essential. The protocol that is followed at our

centre is discussed below (Table 2).

Though evidence exists with respect to the application

of neoadjuvant chemotherapy, multi institutional studies

are necessary to formulate definite treatment paradigms for

the management of these lesions.
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