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ABSTRACT

Ewing sarcoma/peripheral primitive neuroectodermal tumor (ES/pPNET) is a malignant small, round cell tumor arising
from bone and soft tissue in children and young adults. It can occur at osseous and extraosseous sites. Its usual locations
are diaphysis of long bones followed by pelvis, ribs, vertebrae, and rarely skull. We reviewed the literature and PubMed
advanced search on ES/pPNET occurring at extraosseous sites, mainly involving the central nervous system (CNS). We
reported a case of a 22-year-old male presenting with seizure finally diagnosed as a case of ES/pPNET. The challenges in
management of this rare CNS tumor and its differential diagnosis are highlighted. We found that most cases of ES involving
CNS represent secondary metastases from extracranial sites of ES/pPNET and there are rare case reports of primary
intracranial ES-pPNET. Furthermore, among these intracranial tumors, most common tumors occupy an intraaxial location
and only a handful of cases of dural-based or extraaxial tumors mimicking meningioma are reported. Differentiation of
pPPNET from central PNET (cPNET) is important as it has definitive therapeutic and prognostic implications. Awareness
of this entity of ES/pPNET, its rare dural presentation, and differentiation from the more common cPNET is needed for
appropriate patient management. Meningeal ES/pPNET has to be kept in mind in the differential diagnosis of meningeal
tumors eroding bone.
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Introduction

Ewing sarcoma/peripheral primitive neuroectodermal
tumor (ES/pPNET) is a malignant small, round cell tumor
arising from bone and soft tissue in children and young adults.
It can occur at osseous and extraosseous sites." Its usual
locations are diaphysis of long bones followed by pelvis, ribs,
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vertebrae, and rarely skull. Intracranial ES/pPNET is usually
metastases from extracranial sites of ES/pPNET. When primary
ES/pPNET affects central nervous system (CNS), which is rare,
it is usually intraparenchymal located supratentorially or in
the spinal cord.? An extraaxial/dural presentation of ES/pPNET
mimicking meningioma is extremely rare. These tumors pose
a diagnostic challenge to neurosurgeons. Intraparenchymal
cerebral tumors may be misdiagnosed as central PNET (cPNET)
or other primary CNS tumors and the dural tumors very
closely mimic meningioma, clinically and radiologically."* An
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early and accurate diagnosis of ES/pPNET is required so that
multimodality treatment approach can be adopted as early as
possible to prevent distant metastases which occurs quite early
in this tumor. As the tumor presents in young age, long-term
survival remains a challenge in management of ES/pPNET
patients. We report a case of intracranial ES/pPNET presenting
as meningioma in a 22-year-old male with complains of seizure
and unconsciousness, an unusual presentation.

Case Report

A 22-year-old male presented with a single episode of
generalized tonic-clonic seizure followed by unconsciousness.
On examination, Glasgow coma score was E1 V1 M5. Papilledema
was present with right-sided hemiparesis. Patient had no
previous history of headache, vomiting, unconsciousness, and
focal neurological deficit. There was no significant drug history
or family history. Contrast-enhanced computed tomography(
CECT) showed an extraaxial relatively defined hyperdense mass
lesion measuring about 7 cm X 4.8 cm X 8.8 cm in size in left
frontal region with internal foci of coarse calcifications which
showed heterogeneous contrast enhancement. Significant mass
effect in the form of contralateral shift of lateral ventricle and
subfalcine and uncal herniation was noted [Figure 1]. Features
suggested possibility of meningioma. Immediate fronto-parietal
craniectomy was done. Intraoperatively, the tumor was seen
as a soft reddish highly vascularized mass attached to the dura
eroding the overlying bone in few areas. Gross total resection of
the tumor with the attached dura was done. Histopathological
examination of the resected bone and attached soft tissue
pieces showed a richly vascular tumor with small round cells
arranged in lobules, sheets, and cords [Figure 2]. The tumor
was composed of monotonous small, round to oval cells with
regular nuclear outline, vesicular chromatin, and scant amount
of clear to pale eosinophilic cytoplasm [Figure 3] Cytoplasmic
vacuolation was also noted. Some tumor cells were larger
with prominent nucleoli and irregular nuclear contour. Homer
wright rosettes were not seen. The cytoplasm of the tumor
cells was stained positive with periodic acid-Schiff’s staining.
Necrosis was seen in few areas. There was involvement of dura
and bony erosion [Figure 4|. Tumor did not invade the brain
parenchyma. Immunohistochemistry showed positivity for
CD99 and nonspecific enolase (NSE) [Figure 5]. It was negative
for CD31, CD20, CD3, and glial fibrillary acidic protein. It was
diagnosed as ES/pPNET. Postoperatively, patient was observed
in surgical intensive unit. He showed recovery from hemiparesis
and remained free from any neurologic deficits. Extensive
workup was done including CECT scans of the thorax, abdomen,
and pelvis and a bone scan with technetium Tc-99 m, to search
for extracranial primary sites or metastatic deposits, which
were all negative. Final diagnosis was primary ES/pPNET of
dura. Chemotherapy (CT) and radiotherapy (RT) were given.
Patient has no complaints and he is under routine follow-up
for past 7 months.
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Figure 1: Axial CECT showing a relatively well-defined dural-based
tumor showing contrast enhancement

Figure 2: Photomicrograph showing a richly vascular small round cell
tumor adjacent the dura (H and E, x100)

uniform small round cells with scant cytoplasm an area of necrosis
and several mitotic figures (H and E, x200)
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Discussion and Review of Literature

Primary intracranial ES/pPNET is a recently recognized entity
of CNS PNET. There are <15 case reports of this entity in the
literature. A study conducted by Paulus et al. showed that out
of total 2500 cases of brain tumors, only 9 were sarcomas. Of
these, only one case was reported as ES.”! A recent study by
Krishnamani et al. showed that of 332 cases of ES diagnosed
over an 11 years period, seven cases were of primary ES
skull.®l These tumors clinically present with signs of increased
intracranial pressure, headache, vomiting, or with seizures and
disturbances of consciousness. Motor deficit or uncommonly
visual disturbances and endocrine abnormalities can occur
depending on location. Ever since the first description of this
tumor by Ewing as “diffuse endothelioma” controversy has
persisted about the histogenesis of ES. The present case is
discussed to clarify and stress upon two different aspects: First,
the confusing terminology of ES, pPNEt, and cPNET and second
is the unusual presentation of this tumor as a meningioma. ES
and PNET are defined as round cell sarcomas showing varying
degrees of neuroectodermal differentiation. The term “ES”
is used for tumors with absent or limited neuroectodermal
differentiation whereas “PNET” is employed for tumors
demonstrating definite neuroectodermal features. “ES/pPNET”

best describes this overlapping entity. The cPNET is defined
as an embryonal tumor composed of undifferentiated or
poorly differentiated neuroepithelial cells displaying divergent
differentiation along neuronal, astrocytic, muscular, or
melanocytic lines occurring within any region of the CNS other
than cerebellum.” This group includes CNS-PNET not otherwise
specified (NOS), neuroblastoma, ganglioneuroblastoma,
medulloepithelioma, ependymoblastoma, and embryonal
tumor with abundant neutrophils and true rosette.

Both cPNETs and pPNETs are aggressive tumors, but they differ
in their cell of origin. The cPNETSs arise from a precursor cell of
the subependymal matrix of the CNS or external granular layer
of the cerebellum, pinealocytes, and subependymal cells of the
ventricles whereas pPNETs derive from the neural crest located
outside the CNS. Cases of pPNET in meninges of cranial vault
and epidural space of the spinal canal have been reported.® It
is clinically important to differentiate the two as their clinical
presentation, treatment, and prognosis differ variably.

Table 1 shows the important differences of the two entities.
Compared to cPNET, ES/pPNET is relatively well-circumscribed
tumors with broad implantation on the dura which allows
gross total resection of the lesion.”’ pPNETs remain largely

Table 1: Differences between peripheral primitive neuroectodermal tumor and central primitive neuroectodermal

tumor

Features pPNET cPNET

Definition Round cell sarcomas that show varying Embryonal tumor composed of undifferentiated or poorly

Degrees of neuroectodermal differentiation differentiated neuroepithelial cells with capacity for divergent

differentiation along neuronal, astrocytic, muscularor
melanocytic lines

Cell of origin Neural crest cells located outside CNS Controversial, arise from primitive neuroepithelial cells,
precursor cell of subependymal matix of CNS

Age About 80% patients are younger than 20 years, peak in second 4 weeks to 20 years, with a mean of 5.5 years

decade of life

Presentation
parenchymal tumor, well-circumscribed dural mas

Imaging

bone destruction
Histomorphology

Necrosis common

Immunohistochemistry (+) CDgg, synaptophysin, NSE, vimentin, S100, neurofilament

Genetic abnormalities
while about 10% show t(21;22) (q22;q12)

Treatment Systemic CT with doxorubicin, vincristine, and

cyclophosphamide, alternating with ifosfamide and etoposide

followed by RT

More favorable prognosis
Overall survival: 45-60%

Long-term prognosis

Spreading along meninges without a primary meningeal or

Iso- to hyper-intense lesions, contrast enhancing, osteolytic
lesion with soft tissue component, Permeative or moth-eaten

Variable morphology, uniform, small, round cells with round
nuclei containing fine chromatin, scanty clear/eosinophilic
cytoplasm, and indistinct cytoplasmic membranes, or larger
tumor cells with prominent nucleoli, and PAS-positive
cytoplasm. Homer Wright rosettes are sometimes present.

Largely localized to the CNS with rare metastases elsewhere.
Usually not well-circumscribed

Iso-to hyper-dense lesion appears as solid masses or with cystic/
necrotic areas
50 and 70% of cPNET contain calcium

Poorly differentiated tumors are composed of cells with round
regular nuclei while

Well-differentiated show more clear neuronal features, with oval
to elongated

Nuclei, vesicular chromatin and nucleoli. Homer Wright rosettes
are often found

(+) synaptophysin, neurofilament, NeuN, GFAP, INI-1. Cerebral
cases also show S100, NSE, Leu-7 expression

90% cases show chromosomal translocation: t(11,22) (q24;q12), Polysomies of chromosomes 2, 8

Isochromosome 17q

Losses of chromosomes 64, 9p, 104, 16q; trisomy-1q

Intrathecal methotrexate followed by systemic CT with platinum
agents, etoposide, lomustine, and vincristine followed by RT

Long-term survival uncommon
Overall survival: 33%

RT — Radiotherapy; CT — Chemotherapy; pPNET — Peripheral primitive neuroectodermal tumor; cPNET — Central primitive neuroectodermal tumor; NSE — Nonspecific enolase;
CNS - Central nervous system; GFAP —Glial fibrillary acidic protein; PAS — Periodic acid-Schiff
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Figure 4: Photomicrograph showing the small round cells adjacent to
the overlying bone (H and E, x200)

localized to the CNS and rarely metastases elsewhere while
cPNETs involve the cerebrospinal fluid in 10-30% of cases
at the time of diagnosis. The present case also showed a
localized tumor attached to dura and bone with no distant
metastasis or CSF involvement. All these factors together
with sensitivity to CT probably contribute for the relatively
better prognosis of pPNET. The long-term disease-free
survival is reported in ES/pPNET cases which is uncommon
among patients with intracranial cPNET patient.'” Recent
advances have made the distinction between c¢PNET and
PPNET more clear. Inmunohistochemistry for CD99 (MIC-2
gene product) shows strong membranous positivity in
97% of ES/pPNET cases while cPNETs are reported to be
negative for CD99. CD99 is also detected in other small, blue,
round cell tumors such as neuroblastoma, lymphoma, and
rhabdomyosarcomas where cells show cytoplasmic positivity.
Neuroectodermal differentiation is seen by immunopositivity
for NSE, synaptophysin, and electron microscopy showing
the presence of neurosecretory granules and microtubules.
The immunopositivity for CD99 confirmed the diagnosis in
the present case. Ewing family of tumors is characterized by
a recurrent t(11;22) (q24;q12) chromosomal translocation,
detectable in approximately 85% cases and t(21;22) (q22;q12)
translocation in the remaining 10-15% of cases."!!

ES/pPNET is rarely arising as a primary dural-based
neoplasm radiologically mimicking meningioma. The
clinical features of these mimickers are further misleading,
supporting a preoperative diagnosis of meningiomas as
also seen in the present case. In general, patients with
dural-based tumors do not present with a neurosurgical
emergency. Neurological signs and symptoms usually arise
when the tumor is large, compressing or invading the
brain parenchyma.!? Meningiomas are the most common
dural-based tumor accounting for approximately 20-30%
of all primary intracranial tumor. They are mostly benign

Figure 5: Tumor cells showing membranous expression of CD99
immunohistochemistry (x200)

cured by surgical resection alone. Only atypical meningioma
or anaplastic meningioma with or without bony erosion may
need further treatment. On the other hand, pPNET is a rare
intracranial aggressive tumor which needs multimodality
treatment combining surgery, CT, and RT. Distinction of both
carries great prognostic and therapeutic significance and
an incorrect diagnosis leads to undue delay in appropriate
therapy under the mistaken impression of meningioma,
causing deleterious effects on patient survival. Awareness
of unusual presentations of ES/pPNET is important for early
diagnosis of the tumor and having a high clinical suspicion
for this infrequent tumor."*? Even radiology may not help in
such cases as both the tumors may present as well-defined
dural masses showing contrast enhancement and can even
show bony erosion.

Table 2 shows various cases of ES/pPNET presenting as
extraaxial/dural-based masses reported in literature.

It is clearly seen that the tumor presents in a wide age range
from 5 to 56 years. These are contrast enhancing masses. In
most cases, gross total resection is possible and only in one
tabulated case subtotal resection was done. Most cases of
intracranial pPNET show a favorable prognosis without any
extracranial metastates after complete surgical resection
and CT. One case however showed an aggressive course with
local recurrence and metastases. Review of literature reveals
that pPNET shows two different patterns of meningeal
involvement. First is a diffuse involvement of the cranial and
spinal leptomeninges without any primary intraparenchymal
or meningeal tumor. The second is as a localized dural-based
mass, mimicking meningioma, as encountered in the
present case. A number of other dural and leptomeningeal
nonmeningothelial neoplasm may radiologically and
clinically simulate meningioma besides pPNET. These
include hemangiopericytoma, solitary fibrous tumor,
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Table 2: Present and previous reported cases of Intracranial extraaxial Ewing sarcoma/peripheral primitive
neuroectodermal tumor tumors

Reported by (year) Age (years) Imaging: Site, nature Treatment Prognosis
[sex
Present case 22/male  Left frontal mass, contrast Surgical excision and CT Disease free
enhancing, well-circumscribed,
dural-based mimicking meningioma
Katayama et al. 5/male Large, enhancing. tentorial mass Surgical resection, CT with intrathecal Disease-free at 7 years
(1999)14! occupying middle and posterior fossamethotrexate
Antunes et al. 6/male Mass in left frontal region showing ~ Surgical resection and CT, RT Unknown
(2001)! cystic change, enhancing recommended
Pekala et al. 8/female  Solid, enhancing, mass with broad ~ Surgery Unknown
(2006)E% tentorial attachment
Choudhury et al. 11/female Left temporo-parietal solid, Surgical resection CT with vincristine, Disease-free at 36 weeks
(2011)™ enhancing mass doxorubicin and cyclophosphamide,
Temporal bone destruction present alternating with etoposide and ifosfamide,
and RT (56 Gy)
Gupta et al. 11/male  Well-defined lytic lesion in Excision of left frontal tumor with Followed up for 3 months, no
(2012)07 fronto-parietlal bone with a reconstruction of skull symptoms
subgaleal and epidural component
Dedeurwaerdere 17/male Right frontal mass; dural-based, Surgical resection CT with intrathecal Disease-free 8 years
etal. (2002)? enhancing methotrexate, carboplatin and VP16 and
RT
Mobley et al. 21/male  Meningioma-like dural-based mass Partial resection and “adjuvant therapy” Recurrence treated with CT with
(2006)C81 in right occipital lobe, parafalcine  unspecified Complete regression of cyclophosphamide and topotecan
region disease not achieved and RT
Tanboon et al. 22/female Mass arising from the dura overthe Craniotomy with gross total excision of ~ Multiple extracranial metastases at 2
(2012)0 right frontal convexity the tumor months. Died 6 months after surgery
Stechschulte et al. 25/male  Temporal fossa, associated witha  Surgical resection, RT and CT Disease-free at 19 months
(1994)! subdural hematoma secondaryto  with ifosfamide, adriamycin,
trauma cyclophosphamide, vincristine and
dactinomycin
Papotti et al. 3o0/female Right frontal dural-based masses ~ Total surgical resection One local and one distant recurrence.
(1998)4 presenting as a meningioma CT with adriamycin, vincristine, and Recurrence treated with RT (50 Gy).
cyclophosphamide Died of disease after 10 years
D’Antonio et al. so/male  Dural-based mass over right Surgical resection Alive after 1 year
(2004) temporal convexity
Mellai et al. s6/female Large cystic lesion adhered tothe  Surgical resection no further adjuvant Disease-free after 18 months
(2010)23! dura in right temporal region treatment

RT - Radiotherapy; CT — Chemotherapy

smooth muscle tumors (leiomyoma and leiomyosarcoma),
epithelioid hemangioendothelioma, intradural chordoma,
leptomeningeal medulloblastoma, melanocytic tumors, and
hemangioblastoma.?*?! Dural metastases from systemic
cancer such as breast, prostate, and lung cancers can also
mimic meningioma. Brain parenchyma is the most common
site involved by tumor metastases, but dural compartment
may also be affected in about 9-10% of all patients with
systemic cancer.”**" Being aware can lead to early treatment.
Immunohistochemistry for cytokeratins, vimentin, epithelial
membrane antigen, CD45, endothelial markers CD31, CD34,
and other specific markers for different metastatic tumor may
help in differentiating these tumors.

There is no certain therapeutic protocol for management of
patients with ES/pPNET affecting the CNS. However, studies
show that a multimodality treatment approach is necessary
and CT forms the backbone of treatment of localized ES.

Surgical treatment is necessary to achieve diagnosis and
decompression, which is usually followed by improvement
of symptoms.!'*?##] Qur case involved a tumor presenting
as a dural mass. This may have implications for survival
as a well-circumscribed dural mass is more amenable to
surgical resection than a tumor with extensive spread.
Irrespective of the location, the primary surgical goal is
to achieve total excision as this is an important factor for
long-term survival. Removal of the involved bone is to be
done.®*% The primary treatment consists of neoadjuvant
systemic CT, with a combination of vincristine, doxorubicin,
and cyclophosphamide, alternating with ifosfamide and
etoposide, given for 12—-24 weeks. This is followed by
definitive local treatment of surgery or radiation, or surgery
and postoperative radiation directed at the primary site. The
treatment is completed with administering CT with a similar
combination for a total of 36-49 weeks.F'*2 The multi-agent
CT may also include adriamycin and actinomycin-D. Although
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these are commonly used for localized ES/pPNET, there is
no standard regime for recurrent and metastatic disease,
especially for intracranial ES/pPNET. Making the distinction
between cPNETs and pPNETSs is essential as already discussed.
cPNETs are treated with intrathecal methotrexate as well as
systemic CT, including platinum agents, etoposide, lomustine,
and vincristine. The tumor, ES/pPNET is also radiosensitive
and dose of 1.5-2 gy/days for 5 days/weeks is recommended
followed by four drug CT regime. In contrast to pPNET, entire
neuraxis radiation is used in children with cPNET. Isolated RT
is indicated in inoperable cases.['23334

Because of the small number of patients, the prognosis of
Es/pPNET is not clearly known. The largest series of primary
cranial ES was reported by Desai et al. in 2000.5°! In this series,
the 5 years survival was found to be more than 57%. Long-term
survival (7.5 years) of 45-60% was noted for pPNET patients
while cPNET patient survival was much shorter, with a 3 years
survival of only 33% in one review which included 33 cases.
Other studies showed 5 years survival of 77% in pPNET,
compared with 44% in cPNET. However, a similar 5 years
survival of 50-70% in pPNETs and cPNETSs is seen in case of
localized disease with similar treatment of adequate surgical
resection followed by aggressive CT. Primary ES is reported
to have a better prognosis as compared to ES elsewhere.**3!

Conclusion

This case comes as a reminder to neurosurgeons as well as
radiologists and pathologists for careful consideration of rare
tumors in the differential diagnosis of common tumors like
meningioma. Awareness of this entity of ES/pPNET, its rare
dural presentation, and differentiation from the more common
CPNET is needed for appropriate patient management.
Meningeal ES/pPNET has to be kept in mind in the differential
diagnosis of meningeal tumors eroding bone.
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