
Primary Peripheral PNET/Ewing’s Sarcoma of the Dura:
a Clinicopathologic Entity Distinct from Central PNET
Franceska Dedeurwaerdere, M.D., Caterina Giannini, M.D., PhD, Raf Sciot, M.D., PhD,
Brian P. Rubin, M.D., Giorgio Perilongo, M.D., Laura Borghi, M.D., Maria Luisa Ballotta, M.D.,
Erwin Cornips, M.D., Anouk Demunter, M.D., Brigitte Maes, M.D., Angelo P. Dei Tos, M.D.

Department of Pathology (FD, RS, AD, BM), Katholieke Universiteit Leuven, Leuven, Belgium; Department
of Pathology (CG), Mayo Clinic, Rochester, Minnesota; Department of Pathology (BPR), University of
Washington, Seattle, Washington; Division of Pediatric Oncology (GP), University of Padua Medical
School, Padua, Italy; Department of Pathology (LB, MLB), Hospital of Rovigo, Rovigo, Italy; Department of
Neurosurgery (EC), Academisch Ziekenhuis Maastricht, the Netherlands; and Department of Pathology
(APDT), Regional Hospital Treviso, Italy

We describe two cases of peripheral primitive neu-
roectodermal tumor–Ewing’s sarcoma (PNET-ES)
arising intracranially in the leptomeninges. Both
tumors exhibited a primitive undifferentiated
round-cell morphology. Immunohistochemical
stains revealed strong membrane expression of
CD99 in both cases. A t(11;22)(q24;q12) could be
demonstrated with reverse transcriptase–polymer-
ase chain reaction in one case, whereas fluores-
cence in situ hybridization analysis performed in
the second case showed a rearrangement of the
EWS gene. The occurrence of PNET-ES at this site is
very unusual. Immunophenotypical as well as ge-
netic analysis play a key role in the diagnosis and
the distinction from central PNET.
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Extracerebellar primitive neuroectodermal tumors
(PNETs) are uncommon central nervous system
(CNS) tumors, affecting primarily children and
young adults. They are mostly intraparenchymal,
located supratentorially or, less frequently, in the
spinal cord, but primary localization of these tu-
mors in the meninges has been reported (1).
Histologically, these tumors are composed of

small undifferentiated neuroectodermal cells and fre-
quently show immunohistochemical and/or electron-

microscopic features of divergent neuronal or glial dif-
ferentiation (2). In contrast with posterior fossa PNET or
medulloblastoma, occurrence of isochromosome 17q is
very rare (2). A limited number of miscellaneous non-
random cytogenetic gains and losses has been reported
in the few cases that have been successfully karyotyped
(3, 4).
PNETs arising outside the CNS, most frequently

in the deep soft tissues of the trunk and lower
limbs, are now considered part of a spectrum of
round cell sarcoma, including Ewing’s sarcoma (ES)
and peripheral PNET (5). These tumors typically
express high amounts of the MIC2 antigen (CD99)
(6) and exhibit highly characteristic chromosomal
translocation that results in the fusion of the EWS
gene with any of several members of the ETS family
of transcription factors, leading to oncogenic acti-
vation of the EWS gene (7).
We herein describe two cases of primary menin-

geal PNET-ES. Both tumors exhibited morphologic,
immunophenotypic, and molecular genetic fea-
tures diagnostic of peripheral PNET-ES, a tumor
distinct from the relatively more common central
PNET.

MATERIAL AND METHODS

Case Material
We studied two patients, a 17-year-old man and a

12-year-old boy. The clinical and imaging features
of the cases are summarized in Table 1. In both
cases, because of the imaging features of the lesion,
dura based, with iso/hypointense T1 signal and
intense contrast enhancement, the preoperative di-
agnosis of meningioma was suggested (Figs. 1 and
2). After the diagnosis of PNET-ES, both patients
received adjuvant therapy. The first patient re-
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ceived local radiotherapy (30 � 2 Gy) after his first
surgery and systemic chemotherapy [Cysplatinum
(30 mg/m2/d), Iphosphamide (2000 mg/m2/d) and
Etoposide (100 mg/m2/d)] followed by craniospinal
radiation (22 � 1.6 Gy � 10 � 2 Gy boost on the left
CPA) after the second surgery. He has no signs of
progression at 12 months after the last surgery. The
second patient was treated according to the Italian
Pediatric Oncology Group protocol for CNS PNET/
medulloblastoma including two preRT chemother-
apy courses consisting of systemic and intrathecal
administration of Methotrexate (8 g/m2 on Day 1),
followed by four courses of Carboplatin (800 mg/
m2) on Day 8 and VP16 (150 mg/m2) on Days 8, 9,
and 10, the course to be repeated every 28 days.
Subsequently, the patient was treated with cranio-
spinal RT (36 Gy � 18 Gy boost on the primary site),
followed by four courses of Cisplatin (70 mg/m2),
Lomustine (80 mg/m2), and Vincristine (1.5 mg/m2;
8). This patient is alive and well without evidence of
disease, 27 months after the first diagnosis.

Pathological Studies
Surgical specimens of all tumors were fixed in

10% formaldehyde, embedded in paraffin, sec-
tioned and stained with hematoxlin and eosin, re-
ticulin stain, and periodic acid–Schiff, with and

FIGURE 1. MRI (T1 weighted, after Gadolinium injection):
parasagittal, polylobulated mass with broad base on the dura; intense
contrast enhancement is present (Case 1).

TABLE 1. Summary of Clinical Data and Follow-Up of Present and Previously Reported Cases

Case Age, Sex
Presenting
Symptoms

Site, Imaging
Features

Bone
Involvement

Surgery Staging
Adjuvant
Therapy

Follow-Up

1 17, M Headache R frontal, 5-cm
dura-based
mass,
enhancing

No GTRa Neg Local RT NED for 8 y

Dizziness, ataxia,
L-sided tinnitus

L CPA mass
recurrence,
nonhomogeneuosly
enhancing

No STRa Neg Systemic
chemotherapy,
craniospinal
RT

No progression at
12 mo

2 12, M Severe headache, L
neck, arm, chest
parasthesias

R frontal, 4.5-cm
dura-based
mass,
enhancing

No GTR Neg Chemotherapy,
craniospinal
RT

NED at 27 mo

3b 30, F Headache and
vertigo

R frontal, 2 dura-
based masses (4
and 7 cm),
enhancing

No GTR Not done None
(diagnosis,
meningioma)

NED for 7 y

Unknown Local recurrence Unknown GTR Not done None
(diagnosis,
HPC)

NED for 2 y

Chest and sacro-
iliac pain

L 7th rib, T8, L2
and L3
metastases

Yes L 7th rib biopsy Chemotherapy,
RT

Died 1 y later, 10
y after 1st
diagnosis

4c 5, M Vomiting, mild L VI
nerve palsy

Large tentorial
mass

No GTR Neg CSF Intrathecal
chemotherapy,
RT

NED at 7 y

5d 6, M “Paroxysmal event” L frontal No GTR Neg Recommended
chemotherapy,
RT

Not available

NED, no evidence of disease; L, left; R, right; Neg, negative.
a GTR and STR gross total and subtotal removal.
b Papotti et al. (15).
c Katayama et al. (14).
d Antunes et al. (16).
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without diastase digestion. An extensive panel of
immunohistochemical stains was performed, in-
cluding the following antibodies: vimentin (mono-
clonal [MC]; Amersham; 1/20), keratin (MC; Immu-
notech; 1/50), CD45 (MC; DAKO; 1/50), glial
fibrillary acidic protein (GFAP; polyclonal; DAKO;
1/300), synaptophysin (MC; DAKO; 1/10), neuro-
filament (MC; Monosan; 1/10), S100 protein (PC;
DAKO; 1/300), epithelial membrane antigen (MC;
DAKO; 1/100), desmin (MC; DAKO; 1/100), and
CD99 (MIC2, MC; DAKO, 1/200; 013 MC; Signet,
1/100). Negative and positive controls were em-

ployed throughout. Formaldehyde-fixed tissue
from left PCA tumor of Case 1 was embedded in
Epon for ultrastructural investigation.

Molecular Studies
In Case 1, RNA was extracted from frozen tissue

available from the left CPA tumor. Reverse transcrip-
tion polymerase chain reaction (RT-PCR) was per-
formed, using previously described oligonucleotide
primers for Exon 7 of EWS (5'-TCCTACAGCC-
AAGCTCCAAGTC-3') as the forward primer and Exon
9 of FLI1 (5'-ACTCCCCGTTGGTCCCCTCC-3') as the
reverse primer (9). In Case 2, fluorescence in situ
hybridization (FISH) was performed using commer-
cially prepared reagents (Oncor Tissue Kit, Oncor,
Gaithersburg, MD) according to the manufacturer’s
recommendations. Four-micrometer-thick paraffin-
embedded sections were prepared on silane-coated
slides. After deparaffinization, tissue sections were
placed in 30% pretreatment solution, digested in pro-
teinase K, dehydrated, and denatured. Dual-color
FISH was performed using DNA probes consisting of
yeast artificial chromosome contigs that were
mapped immediately centromeric (labeled with
digoxin and amplified with FITC anti-digoxigenin)
and telomeric (labeled with biotin and detected with

FIGURE 2. MRI (T1 weighted, after Gadolinum injection): a right
parietal, parasagittal mass, strongly and diffusely enhancing after
Gadolinum injection (Case 2). Dural “tails” are present, suggesting the
preoperative diagnosis of meningioma.

FIGURE 3. Case 2: low power microscopic view, showing sheets of monotonous small round cells (A). High power microscopic view, highlighting
an area of necrosis and several mitotic figures (B). The tumor cells display a diffuse, strong, membrane expression of CD99 (C). FISH with EWS
centromere/EWS telomere probe set of Case 2. Split signals indicate EWS region rearrangement (D).
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avidin-rhodamine) to the EWS gene on chromosome
22 (10). Slides were counterstained with DAPI/Anti-
fade (0.5 mg/mL; Oncor) and evaluated using a Zeiss
Axioscope fluorescence microscope (Carl Zeiss, Jena,
Germany). Tumor cell nuclei that showed a split of at
least half a nuclear diameter for a centromeric–telo-
meric EWS region FISH signal pair were scored as
positive for a rearrangement in chromosome 22q12.
Hybridization signals were scored for 50 nuclei.

RESULTS

Pathology
Grossly, both frontal tumors showed a broad im-

plantation base on the dura. They were well circum-
scribed, somewhat lobulated, and measured 4.5 and 5
cm in greatest dimension. On cut surface, areas of
hemorrhage and/or necrosis were present. Recurrent
tumor from Patient 1 was removed in a piecemeal
fashion. Microscopically, sheets and compact nests of
uniform small blue cells with scant cytoplasm were
seen in all lesions (Fig. 3A and 3B). Well-formed ro-
settes were absent. The nuclei were round to oval with
finely dispersed chromatin and a small nucleolus.
Mitotic figures were numerous. All tumors were
highly vascularized and showed a dense pericellular

reticulin network. Most of the tumor cells contained
periodic acid-Schiff–positive, diastase-sensitive mate-
rial consistent with glycogen.

Immunohistochemically, both tumors demon-
strated diffuse, strong positivity for CD99 (Fig. 3c).
Focal positivity for S100 protein was observed in
Case 1, whereas focal synaptophysin as well as neu-
rofilament expression was detected in Case 2. Ex-
pression of keratin, CD45, GFAP, desmin, and EMA
was not detected in either tumor specimen.

Electron-microscopic studies performed on the left
CPA tumor from Case 1 confirmed the limited differ-
entiation of the tumor cells, with round irregular nu-
clei, finely distributed chromatin, and a small nucle-
olus. The cytoplasm contained scant organelles and
large amounts of glycogen. No dense core granules,
myofilaments, or basal membranes were seen. There
were a few primitive junctional complexes.

Molecular Studies
FISH analysis in Case 2 revealed rearrangement

of the EWS region on chromosome 22q12 in 17 of 50
cells (Fig. 3d). This result is consistent with a trans-
location involving the chromosome 22q12 region,
characteristic of PNET-ES.

RT-PCR in Case 1 revealed the EWS/FLI1 fusion
transcripts of the t(11, 22)(q24;q12) translocation
(Fig. 4).

DISCUSSION

Central PNET and peripheral PNET-ES exhibit
characteristic immunophenotypical as well as ge-
netic features which allow their distinction from
other small round cell tumors. We have herein doc-
umented two cases of intracranial, dura-based tu-
mors showing morphologic as well as molecular
genetic features of peripheral PNET-ES. Localiza-

FIGURE 4. Result of the RT-PCR for the detection of the EWS/FLI1
fusion transcript in Case 1. Lane M: molecular marker; Lane 1: positive
control; Lane 2: patient’s sample; Lane 3: negative control.

TABLE 2. Summary of Pathologic and Molecular Data of Present and Previously Reported Cases

Case
No.

Site Morphology EM
Immunohistochemistry with “positive results”a

Molecular Studies
CD99 vimentin NSE Synapto NF S100

1 Frontal Blue cell tumor � � � NA � � � �
CPA

recurrence
Blue cell tumor Yes � � NA � � � t (11;22)

2 Frontal Blue cell tumor � � � NA � � � 22q12 rearrang
3b Frontal Blue cell tumor � � � � � � NA �

Frontal
recurrence

Blue cell tumor � � � � � � NA �

7th rib
metastasis

Blue cell tumor � � � � � � NA t (11;22)

4c Frontal With rosettes � � � � � � � �
5d Frontal Blue cell tumor � � � � NA NA t (11;22)

NA, not available; EM, electron microscopy; RT-PCR, reverse transcription polymerase chain reaction; FISH, fluorescence in situ hybridization;
rearrang.

a Cytokeratin, CD45, GFAP, EMA, desmin, actin, myoglobin, and chromogranin were also performed in some of the cases, with negative results.
b Papotti et al. (15).
c Katayama et al. (14).
d Antunes et al. (16).
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tion of primitive neuroectodermal tumors to the
meninges is exceptional (11–16). Among previously
reported cases, two patterns of meningeal involve-
ment are described. The first is characterized by a
diffuse involvement of the cranial and spinal lepto-
meninges in the absence of a primary intraparen-
chymal or meningeal tumor (11–13). No informa-
tion is available regarding the CD99 expression and
the t(11, 22) status of these tumors. The second is
characterized by a localized dural-based mass,
mimicking meningioma, similar to our cases. Only
three such cases with features of PNET-ES (14–16)
have been reported, two of which with a proven
t(11, 22) (15, 16) (Table 2). An additional case in a
2-month-old girl most likely represents extension to
the meninges of a PNET-ES arising in the skull (17).
A case of extracerebral neuroblastoma arising from
the convexity dura mater has also been reported
(18), which might represent another example of this
entity. However, without immunohistochemical
and molecular studies, this cannot be established.
In our cases, the diagnosis has been proved histo-
logically, ultrastructurally (in Case 1), immunohis-
tochemically, and at the molecular level.

The MIC2 gene product (CD99) is highly ex-
pressed immunohistochemically in nearly all pe-
ripheral PNET-ES (19), a feature that, although
highly sensitive, is not specific for PNET-ES. CD99
immunopositivity can also be detected also in other
small, blue round cell tumors (19, 20) in which,
however, the pattern of staining is often cytoplas-
mic, rather than the distinct membranous staining
typical of PNET-ES. Central PNETs are reported to
be negative for CD99 staining (21, 22).

The chromosomal translocation t(11, 22)(q24;
q12) is found in �90% of peripheral PNET-ES and
appears to be characteristic (7, 23, 24). It results in
the fusion of the EWS gene with a truncated tran-
scription factor FLI1 on 11q24, causing oncogenic
conversion of the EWS gene. The t(11, 22) translo-
cation is not found in primary cerebral and cere-
bellar PNET (25, 26).

The cases reported in this paper, as well as the
previously reported cases, appear to represent genu-
ine examples of occurrence of PNET-ES of the dura.
Although PNET-ES has a predilection for bone and
soft tissue, it can arise virtually at any location. The
distinction between peripheral PNET-ES and central
PNET may be clinically important. The long clinical
course observed in three of five cases with available
follow-up parallels the long-term disease-free survival
reported in up to 45 to 60% of PNET-ES cases (27).
Among patients with intracranial central PNETs,
long-term survival is uncommon (28). Location and
circumscription of the tumors, which allowed gross
total resection, may have played an important role in
the outcome. Although at present the knowledge of
the genetic background of the tumor may have not

direct bearing on treatment and/or outcome, distinc-
tion of these lesions on genetic analysis may become
important for future treatment protocols given the
recognized sensitivity of PNET-ES to chemotherapy.
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Book Review

Jaffe ES, Harris NL, Stein H, Vardiman JW, editors:
Pathology and Genetics of Tumours of Haema-
topoietic and Lymphoid Tissues, World Health
Organization Classification of Tumours, 351 pp,
Lyon, France, International Agency for Research
on Cancer Press, 2001 ($75.00).

This is the third in the series of “blue books” conceived
by Drs. Kleihues and Sobin. Because Dr. Kleihues is a
neuropathologist, it was natural that the series began
with a volume on brain tumors. The second volume
dealt with gastrointestinal tumors—surprise, sur-
prise—because Dr. Sobin has some fleeting interest in
G.I. pathology. Both monographs were exemplary, and
the obvious question some of us had was whether the
next volume, not exactly in the series editors’ baili-
wicks, would be in the same class.

The answer to the rhetorical question posed above
is an enthusiastic YES. The volume on L&Ls (lymphomas
and leukemias) turned out to be an incredibly well com-
piled encyclopedic treasure-trove of facts and factoids
pertaining to hematopoietic and lymphoid neoplasms. I
simply do not see how it could have been done better.

Although a product of a very large committee, the
book presents a remarkably unified point of view, which
is not only coherent but also intellectually appealing and
comprehensible. The complexity of hematopathology
suddenly becomes less intimidating, and the jigsaw puz-
zle composed of superficially unrelated entities starts
making sense. The clinical relevance of immunopheno-
typing of neoplastic cells, chromosomal, and genetic
analysis becomes self evident. Facts previously consid-
ered trivial suddenly become diagnostically relevant. For
general pathologists, who, like this reviewer, consider
themselves relatively well informed, the book is an eye-
opener. Nothing seems to be missing, and if I had to
choose one hematopathology book as my vademecum
for the solitary practice on the proverbial deserted island,
this would be it.

It is difficult to choose the most salient feature in a
book that is so consistently well produced. Nevertheless,
if pressed I would opt for the excellent presentation of
the new WHO classification of lymphomas. This is the
first time in my 30 years in pathology that I found a book
more useful for understanding of a complex topic than a
recent journal article! Also, one cannot but be awed by
the quality of color illustrations, which are invariably of
highest quality. The standard dilemmas of every editor,
such as what to include and what to forego, or how to
use the space most economically and still not overcrowd
each page, have been solved enviably well. The same
applies to the graphs and summary tables. Many of us
will be using in daily practice the tables of the differential
diagnostic points and diagnostic criteria. And finally, if
you are in need of urgent help from an expert, you may
find his or her address and e-mail URL listed at the end
of the book.

To add a negative, requested de rigueur from cred-
ible reviewers, let me mention that today’s computers
make the 1451 references listed on close to 30 page
superfluous. The readers would have been served better
with a shorter, better chosen list. I do not know too many
pathologists who will look up a 1975 report on arsenic
intoxication related megaloblastic anemia, just to give
one example. Maybe the series editors will use their
prerogatives in the next monographs and put those 30
pages to better use.

This wonderful book can be purchased directly
from the publisher (www.iarc.fr/WHO-bluebooks). If
you are a member of the USCAP or IAP, you can buy it
for $50 (to spell it out—only 50 US bucks, in case you
thought I made a mistake). Buy it—satisfaction guaran-
tied by this reviewer, who knows no better medical book
bargain.

Ivan Damjanov
University of Kansas School of Medicine
Kansas City, Kansas
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