Head and Neck Pathol (2011) 5:8-16
DOI 10.1007/s12105-010-0227-x

ORIGINAL PAPER

Ewing’s Family of Tumors of the Sinonasal Tract and Maxillary

Bone

Sara Hafezi - Raja R. Seethala - Edward B. Stelow -
Stacey E. Mills - Iona T. Leong - Elaine MacDuff -

Jennifer L. Hunt - Bayardo Perez-Ordoiiez - Ilan Weinreb

Received: 10 September 2010/ Accepted: 10 November 2010/ Published online: 25 November 2010

© Humana 2010

Abstract The Ewing’s family of tumors (EFT) are
malignant neoplasms affecting children and young adults.
Most cases arise in the long bones or the pelvis. Primary
EFT of head and neck is uncommon and primary sinonasal
EFT is even rarer. Previous studies have not focused on the
sinonasal region specifically, and the published literature
on sinonasal EFT consists of sporadic case reports. Four-
teen cases of sinonasal EFT were available and had H&Es
for review and immunohistochemical stains for CD99,
S100, keratins, synaptophysin and desmin. FISH or RT-
PCR was performed for EWSRI1 abnormalities on 8 cases.
The 14 identified patients included 5 males and 9 females,
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ranging from 7-70 years of age (mean 32.4 years). Tumors
involved nasal cavity (5), sinuses (5) or both (4). Five
patients had dural, orbital or brain involvement. The
majority involved bone radiologically and/or microscopi-
cally. All cases were composed of small cells with variable
cytoplasmic clearing. Focal or prominent nesting was noted
in most cases. All cases were positive for CD99. Keratins
(AE1/3 and/or CAMS.2), S100 and synaptophysin were
positive in 4, 3 and 5 cases, respectively. All cases were
negative for desmin. The 8 cases tested by FISH or RT-
PCR were positive for EWSR1 abnormalities. Follow-up in
8 patients ranged from 1-168 months (average 11.3 m)
showing 1 death due to metastatic disease, 1 death due to
local disease, 1 patient alive with metastases and 5 patients
disease-free at last follow-up. Interestingly, however, an
analysis of the literature suggests a better prognosis for
sinonasal EFT than EFT overall.

Keywords Ewing’s family of tumors - Sinonasal -
Maxillary bone - Olfactory neuroblastoma

Introduction

The Ewing’s sarcoma family of tumors (EFT) is a group of
malignant neoplasms mostly affecting children and young
adults [1]. It includes a spectrum of small round blue cell
tumors such as osseous and extraosseous Ewing’s sarcoma,
peripheral neuroectodermal tumor (PNET) and Askin’s
tumor of the chest wall [1]. Most cases arise in the long
bones or the pelvis [1]. Primary EFT of the head and neck
is uncommon. Amongst bone EFTs, the head and neck
(skull) accounts for 3.8% of cases in one large study [2].
Bone and soft tissue EFTs in the head and neck have been
reported to represent anywhere from 1-7% of EFTs in
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some studies [3, 4] and up to 18% of EFTs in childhood in
others (5). Primary sinonasal EFT is even rarer as a sub-
group and represents only a small subset of these head and
neck cancers [6]. The exact percentage is unknown as most
studies of EFT are general studies that classify head and
neck as a unified location [5, 7, 8] and have not focused
specifically on the sinonasal region. Most sinonasal EFTs
previously described in the literature consist of sporadic
case reports that predominantly lack molecular confirma-
tion or long-term follow-up.

The sinonasal tract is unique amongst EFTs in that the
differential diagnosis is broader than at other soft tissue and
bone sites, with numerous primitive tumors arising in this
location, including: epithelial tumors, such as sinonasal
undifferentiated carcinoma (SNUC), small cell carcinoma
and the recently reported NUT midline carcinomas (NMC);
mesenchymal tumors, such as rhabdomyosarcoma; and
neural tumors, such as olfactory neuroblastoma [9, 10]. The
histologic and immunophenotypic diversity of EFTs,
including occasional keratin and neuroendocrine marker
positivity [11], makes the diagnosis of this entity quite
challenging particularly in small biopsies. Compounding
this difficulty is the fact that other non-epithelial or neu-
roendocrine tumors, such as alveolar rhabdomyosarcoma,
have recently been reported to occasionally stain with
keratins and/or synaptophysin [12]. Herein, we describe the
clinicopathologic features, immunohistochemical profile
and molecular characteristics of a series of 14 cases of
sinonasal tract EFT and review the literature to determine
the prognostic implications of the diagnosis in this location.

Methods

Fourteen cases of “EFT” were retrieved from the archives
of the authors’ institutions and re-reviewed. All had been
diagnosed as “Ewing’s sarcoma” or “Peripheral neuroec-
todermal tumor/PNET”. All surgical specimens were fixed
in 10% neutral buffered formalin. H&Es were available on
all cases. PAS and PAS-D histochemical slides were
available on most cases and these were also reviewed.
Immunohistochemical stains had been performed on 3-5
thick sections from representative formalin-fixed, paraffin-
embedded tissue with antibodies to keratins (CAMS.2 or
pankeratin/AE1/AE3), CD99, synaptophysin, S100 and
desmin. Occasional cases had one or more of the following
available for review: HMB-45, Melan-A, NSE, chro-
mogranin, CD56, myogenin and p63. Reverse transcrip-
tase-polymerase chain reaction (RT-PCR) results for the
EWS-FLII fusion transcript were available in one case.
FISH for the rearrangement of the EWSR1 gene had been
performed on 7 additional cases using a dual-color break-
apart probe (Vysis®, Downer’s Grove, IL) for the 5’ region

of the EWSR1 gene (spectrum green) and the corre-
sponding 3’ region of the gene (spectrum orange).

Results
Clinical Findings

The clinical findings are summarized in Table 1. The 14
identified patients included 5 males and 9 females, ranging
from 7 to 70 years of age (mean 32.4 years). All patients
presented with nasal obstruction and/or epistaxis. Tumor
involvement included, the nasal cavity (5/14 cases), one or
more sinuses (5/14 cases) and both nasal cavity and at least
one sinus (4/14 cases). Four patients presented with left-
sided tumors and 5 patients with right-sided tumors, 1 patient
had bilateral disease and the laterality was not specified in 4
cases. The involved sinuses were maxillary (5 cases), eth-
moid (5 cases), sphenoid (2 cases) and frontal (2 cases).

In 5 patients (5/14-36%), dural, brain or orbital
involvement was noted radiologically (Fig. 1). All patients
with available radiology had bulky disease that was sus-
picious for, or definitively involving, maxillary bone.
Patients were treated with surgery alone (2 patients), che-
motherapy alone (1 patient), combined chemoradiation
therapy (3 patients) and surgery with postoperative radia-
tion (1 patient). Post treatment follow-up available in 8
patients ranged from 1-168 months (average 11.3 m) and
showed that 1 patient died of local and metastatic disease
(breast), 1 patient died of local disease, 1 patient was alive
with lung metastases and the remaining 5 patients were
disease free at last follow-up.

Histopathological Findings

The histologic, immunohistochemical and molecular find-
ings are summarized in Table 2. Review of the original
histology sections showed that in all cases the tumors were
composed of nests, cords and sheets of small round blue
cells with bland nuclei and indistinct to small nucleoli
(Fig. 2a). Minimal mitotic activity was present. Five cases
had focal necrosis (Fig. 2b). Extensive necrosis was occa-
sionally seen but was interpreted as surface ulceration rather
than definitive tumour necrosis. Occasional Homer-Wright
type rosettes were seen but were not prominent. There were
no cases with large cell change or significant pleomorphism
(“atypical Ewing’s”). Microscopic evidence of bone inva-
sion/involvement was present in most cases (Fig. 2c).
Those cases that did not exhibit bone involvement did not
have bone to assess on the material available. Ten cases (10/
14-71%) showed nesting with prominent intervening
fibrosis or fibrovascular stroma at least focally, imparting
an appearance similar to a carcinoma or olfactory
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Table 1 Clinical findings of ewing’s family tumors of the sinonasal tract

Case Age and Site Treatment Follow up (months) and
gender outcome
69F Right maxilla, maxillary sinus, nasal cavity and palate Chemoradiation only 6 m, NED
2 45F Right ethmoid and maxillary sinuses, orbit and frontal Chemoradiation only 14 m, DOD with breast mets
lobe
3 54 M Right nasal cavity, maxillary bone and orbit Chemotherapy only 17 m, DOD
4 13 M Left sphenoid sinus NA 1 m, lung mets, AWD (lost to
follow up)
5 34 M Bilateral ethmoid and frontal sinuses NA NA
6 35F Ethmoid sinus NA NA
7 7F Right nasal cavity NA NA
8 25M Left maxillary sinus, nasal cavity, maxillary bone and Surgery 26 m, NED
orbit
9 33 M Spheno-ethmoid recess NA NA
10 13F Left maxillary sinus Surgery 4 m, NED
11 22F Nasal cavity, cribriform plate and dura NA NA
12 18F Left nasal cavity NA NA
13 70F Right nasal cavity and infratemporal fossa Surgery and postoperative 21 m, NED
radiation
14 IS5F Nasal cavity, maxillary, ethmoid and frontal sinuses, ~Chemoradiation only 168 m, NED

and orbit

NA not available, NED no evidence of disease, DOD dead of disease (local), AWD alive with disease, mets metastasis

Fig. 1 Coronal MRI demonstrating a large sinonasal mass with bone,
dural and intracranial involvement

neuroblastoma (Fig. 3a—d). However, the majority of each
tumor was formed of sheets of bland cells. Variable cyto-
plasmic clearing was noted in most cases (Fig. 3d), with
the remainder of the cells having minimal visible cyto-
plasm. One case showed focal plasmacytoid/rhabdoid cells.
Three cases had pericellular eosinophilic material, which
compartmentalized the tumor cells (Fig. 4a). This material
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showed PAS positivity. Another showed focal PAS positive
basement membrane-like material with a pseudocribriform
pattern (Fig. 4b). PAS also demonstrated cytoplasmic
granularity due to glycogen accumulation, which was lost
on PASD staining in all but one of the cases tested (7/8). An
additional two tumors were reported to have glycogen on
electron microscopy (not available for review). One of the
cases focally involved the oral cavity and was noted to
surround minor salivary glands leading to a basaloid
hyperplasia of the acini.

Immunohistochemical Findings

Immunohistochemical studies revealed that the neoplastic
cells were diffusely positive for CD99 (Fig. 5a) in a
membranous and cytoplasmic pattern (14/14—100%) and
diffusely positive for vimentin (6/7-86%). Focal positivity
for one or more keratins (4/14-29%), one or more neural/
neuroendocrine markers (9/14-64%) and S100 (3/12-25%)
was also identified (Fig. 5b-C). The S100 staining was weak
and did not demonstrate a sustentacular pattern of staining.
All cases tested were negative for desmin (0/13), myogenin
(0/4), HMB-45 (0/4), Melan-A (0/3) and p63 (0/5).

Molecular and FISH

In case 1, a hybrid transcript corresponding to the t(11, 22)
reciprocal translocation involving the EWSR1 and FLI-1
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Table 2 Summary of pathological findings of ewing’s family tumors of the sinonasal tract

Case Necrosis Bone Nesting Glycogen CD99 Keratin Des S100 Neuroendocrine Molecular
involved

1 - + + + PAS/D + - - - - EWS-FLI1 +
RT-PCR

2 + + - + PAS/D + - - = + CD56 NA

3 + + + PAS/D + f + CAMS.2 - - — NA

4 — + + NA + f + AE1/3 - - f + NSE NA

5 + - + NA + - - - f + NSE NA

6 + + + + EM + f + AE1/3 — f+  f 4 synaptophysin NA

7 - + + + PAS/D + - - - f + synaptophysin EWSRI1 FISH +

8 — + + - + - - = — EWSRI1 FISH +

9 - — + + PAS/D + - - = f + CD56 and synaptophysin EWSRI1 FISH +

0 - — — + PAS/D + - — f+ {4+ synaptophysin EWSRI1 FISH +

1 - + + +PASD + f + CAMS.2 and AE1/3 — NA £+ CD56 and synaptophysin EWSR1 FISH +

2 - + + NA + — NA NA NA EWSRI FISH +

13 + + — NA + - - = — EWSRI FISH +

14 - - + + EM + - - f+ {4+ NSE FISH equivocal

PAS/D Periodic acid Schiff positive, diastase sensitive, EM electron microscopy, Des desmin, NSE neuron specific enolase

e

%I 3
=§;

1

Fig. 2 All tumors were composed of sheets of bland small round blue cells (a). Focal necrosis was seen in a minority of cases (b). Bone

invasion, suspected clinically in all cases, was commonly seen microscopically (c)

genes was detected by RT-PCR. An additional 7 cases were
tested by fluorescence in situ hybridization (FISH) and
were positive for EWSRI1 rearrangement. One additional
case was tested by FISH for EWSR1, but showed equivocal
results. No material for molecular/cytogenetic studies was
available in the remaining 5 cases.

Discussion

A variety of poorly-differentiated neoplastic entities con-
sisting of small round blue cells can arise from the sino-
nasal tract [10]. These include rhabdomyosarcoma,
lymphoma, poorly-differentiated carcinomas, melanoma,
olfactory neuroblastoma (ONB) and EFT. The differential
diagnosis of these entities based on histology alone is
complicated by the fact that many of them show similar

histologic features and immunophenotypic overlap [10].
Among these tumors, EFTs are rare in this location and
have not been extensively reported in the literature. Many
of the previously published cases of EFT of the sinonasal
tract have had limited or absent histologic data. In this
report, we describe the histopathologic findings in 14 EFT
cases of the sinonasal region/maxillary bone. This repre-
sents the largest single series of EFT in this location and
the most with molecular confirmation (8 cases). While the
diagnosis of EFT can be challenging, the differential
diagnosis can be excluded in most cases. In general, mel-
anoma, lymphoma and rhabdomyosarcoma can be rou-
tinely ruled out with immunohistochemistry for S100,
CD45 and desmin, respectively. However, occasional cases
of EFT are focally positive for S100 or desmin. In these
cases, additional immunohistochemical stains for mela-
noma markers (HMB45, Melan-A) and specific skeletal

@ Springer



12

Head and Neck Pathol (2011) 5:8-16

Fig. 3 Nesting in the tumors was a common finding and ranged from discrete nests to broad anastomosing nests with an intervening
fibrovascular stroma (a—c). Clear cell change was also a common finding (d)

muscle markers (myogenin, myoD1) will help exclude
these entities. EFTs have never been reported to be positive
for these markers, to our knowledge.

Carcinomas and ONB may present greater difficulty in
the differential diagnosis. One finding noted in this study
that may contribute to this confusion is the presence of a
nesting pattern in many cases of EFT. This has not been
noted in the literature previously for sinonasal EFT.
Nesting was seen at least focally in a significant proportion
of cases and may increase the likelihood of a carcinoma or
ONB misdiagnosis, particularly in those cases focally
positive for keratin or synaptophysin, respectively. Carci-
nomas, however, are generally diffusely positive for mul-
tiple keratins and do not generally occur in young patients.
In contrast, EFTs, which occur in younger patients, typi-
cally stain focally for keratins and usually for only one
marker. Therefore, a carcinoma can be relatively easily
excluded. One of the current cases showed a pseudocribr-
iform pattern focally that could potentially mimic a sali-
vary tumor. However, the lack of staining for keratins ruled
out a carcinoma, as well as the negativity for p63, a marker
positive in most salivary tumors showing a cribriform
pattern.

The nesting pattern in EFT seems to be more common in
sinonasal EFTs than in their extremity counterparts, in our
experience. This pattern has been referred to previously in
one large study as “lobulation” in the category of “atypical
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EFT” [11]. None of the current cases showed nuclear
pleomorphism worthy of this designation, however. Images
from previous cases reported in the literature also show this
nesting pattern in sinonasal EFT [13]. One possible
explanation for this finding could be the rich fibrovascular
nature of the native sinonasal tissue, particularly in the
turbinates. Growth of tumor cells around pre-existing
fibrovascular structures without destroying them may
account for this nesting, to some extent, rather than to any
inherent nesting quality of the EFTs. This preservation of
pre-existing structures was also seen around minor salivary
tissues in the palate in case 1.

Cases of EFT which have a great degree of nesting and
lack keratin staining will raise the possibility of ONB, as
these latter tumors are also known for a prominent nesting
pattern and often occur in young patients [6]. ONB can be
separated from EFT by the presence of an S100 positive
sustentacular network in most cases as well as diffuse
positivity for neuroendocrine markers and negativity for
CD99 [6, 14]. While EFTs can be positive for synapto-
physin and other neuroendocrine markers, they usually
only stain focally. Moreover, S100 staining in EFTs was
generally weak in this study and only stained tumor cells,
unlike the sustentacular pattern of ONB. In addition, EFTs
stain with CD99 in almost 100% of cases, in contrast to
ONB [11]. However, ONB cases without sustentacular
cells will present an additional diagnostic challenge,
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Fig. 4 Pericellular eosinophilic material was noted compartmental-
izing tumor cells in a few cases and this material was positive for
PASD (a). One case showed focal basement membrane-like material
on PAS imparting a pseudocribriform pattern (b)

although these cases tend to be higher in Hyams’ mor-
phologic grade [6] while EFTs are most often monotonous
in appearance. Another useful clue includes superior nasal
cavity/cribriform plate involvement in ONB, while EFTs
can occur anywhere in the sinonasal tract and most often
involve at least one sinus. If necessary, molecular

techniques can be used in equivocal cases, as the vast
majority of EFTs harbor the EWS-FLI1 fusion transcript,
while ONBs do not [14]. Initially, there were reports
published in the literature of ONB with the t(11;22) [15] as
well as studies suggesting ONB is a primitive neuroecto-
dermal tumor [16]. However, larger studies have shown the
complete lack of the t(11;22) in classical ONB [14] and
those cases harboring this molecular signature should
always be regarded as being in the EFT family, particularly
given the great histologic diversity known for EFTs in
other locations [11].

Cytogenetics and other molecular techniques, such as
FISH and RT-PCR, have provided new tools for diagnosis
of this group of small round blue cell neoplasms, and may
be particularly useful in the more difficult cases. Molecular
studies are increasingly being requested by clinicians who
are reluctant to treat patients without them and insist on the
molecular diagnostics for therapeutic decision-making
[11]. Molecular diagnostics should not be considered a
prerequisite for the diagnosis, however. The cases in this
study were all considered diagnostic without molecular
confirmation, although FISH or RT-PCR, was performed in
8 cases and shown to be positive. A recent study by Cordes
et al. demonstrated a EWSR1-FLI1 fusion transcript by
RT-PCR on frozen tissue in only 4 of 10 cases of typical
sinonasal EFT [17]. A negative RT-PCR study does not
rule out alternative fusion gene partners for EWSRI,
present in as much as 15% of EFT cases in other locations
[1]. In addition, FISH for EWSR1, which will catch all
potential gene partners, will still miss those cases where
FUS replaces EWSRI [1].

Due to advances in the treatment of EFT in recent years,
survival rates (for all sites) are reported to have improved
and have reached up to 86% in patients with non-metastatic
disease at initial presentation [7]. Those with metastases
have poorer outcomes [7]. Approximately 12-38% had
metastases at first presentation [5, 7]. Approximately 32%
of patients overall died of disease in one study [7] and
those with metastases had an overall survival of only 21%
in another study [5]. The majority of cases included in

Fig. 5 All cases showed a strong membranous CD99 staining pattern (a). Focal keratin staining was noted in several cases. A CAMS.2 stain is
shown here (b). Neuroendocrine markers were occasionally focally positive but were generally patchy or weak (c)
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these series consisted of extremity osseus and soft tissue
tumors. There was a slight male predominance [7] and the
majority of patients were less than 30 years of age [6] with
a median age of 16 years [7]. Although in some series the
prognosis has been suggested to be more favorable for the
head and neck region [4, 8, 18], there have been no large
studies of EFT in the sinonasal area specifically and most
of the previously reported cases have lacked molecular
confirmation. Soft tissue EFT has been reported to have a
greater chance of survival for those cases that achieve
complete tumor removal prior to chemotherapy [5]. This
latter point, coupled with the difficulty in achieving margin
negative resections in the sinonasal tract, would suggest a
worse prognosis for this location, despite the proposed
better outcomes for head and neck EFTs as a whole [5].
A total of 49 cases of proposed sinonasal EFT have been
reported in the English language literature thus far [3, 8§,

13, 15, 17-41], 11 of which were confirmed with molecular
studies [15, 17, 19, 26, 37-39] and 21 of which have
reported follow-up or outcomes [8, 13, 15, 19, 20, 22-26,
33, 35-37, 39, 40]. The pertinent information on previous
cases of EFT with follow-up available is presented in
Table 3. Many of these cases, however, provided limited
information regarding clinical parameters, histology or
immunohistochemistry. Combining previous cases and
those in this report, there have been a total of 63 cases of
EFT of the sinonasal region, with follow-up available on 29
cases and molecular confirmation on 19 cases. The average
age for this group was 24 years with a range of 7-70 and
there was a slight female predominance (1.13:1). Follow-
up on these 29 cases ranged from 1-276 months (average
50.6 m). There were 3 local recurrences and 5 metastases
in this group. Of these 29 cases, 23 (79%) had no evidence
of disease (NED) at last follow-up. Of these, 2 patients

Table 3 Previously reported Ewing’s family tumors of the sinonasal tract with follow up

Study #of Age Site Molecular Treatment Follow up
Cases and confirmation?
gender
Whaley [40] 2 9F Ethmoid Sinus No Chemoradiation Bone mets-30 m, NED-122 m
17 M Sphenoid Sinus No Chemoradiation Bone mets-11 m, DOD-29 m
Whang-Peng [15] 1 22 M Nasal cavity, maxillary sinuses Yes Surgery + postop Chest wall met-29 m, AWD-29 m
radiation
Csokonai [24] 1 19 M Right middle concha polyp No Surgery + postop NED-72 m
radiation
Aferzon [19] 1 14F Left nasal cavity Yes Surgery and NED-6 m
chemoradiation
Gray [26] 2 15F Left ethmoid and orbital bone  Yes Surgery and NED-23 m
erosion chemoradiation
17 M Left ethmoid and orbit Yes Chemoradiation NED-20 m
extension
Wexler [39] 1 9F Right nasal and maxillary sinus Yes Chemotherapy and NED-36 + m
surgery
Infante-Cossio 1 17 M Left maxillary sinus and No Chemotherapy and NED-96 m
[13] zygoma surgery
Thariat [37] 1 10 M Left maxillary sinus Yes Chemotherapy and Local relapse-192 m, NED 15 m
surgery after further treatment-207 m
Boor [22] 1 20F Nasal cavity No Surgery and NED-12 m
chemoradiation
Kawabata [33] 1 12M  Left maxillary sinus and bone No Chemoradiation NED-20 m
Coskun [23] 1 16F Right maxillary sinus and orbit No Chemoradiation NED-12 m
Alobid [20] 1 23F Left maxillary sinus and orbital No NA NED-59 m
bone
Pontius [35] 1 39F Nasal cavity and ethmoid No Chemoradiation NED-24 m
Windfuhr [8] 1 7™M Right maxillary sinus and orbit No Surgery and NED-17 m
chemoradiation
Fernandez [25] 2 NA Maxillary sinus No Chemoradiation NED
Strong [36] 3 NA Maxillary sinus No Chemoradiation DOD, 1 NED48 m, 1 NED 276 m

NA not available, NED no evidence of disease, DOD dead of disease (local), AWD alive with disease at last follow up, mets metastasis
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were retreated after a late local failure at 192 months, or
bone metastases after 30 months and are alive with NED at
207 and 122 months, respectively [37, 40]. Four patients
(14%) were dead of disease (DOD) at last follow-up with 2
having local failure, 1 distant failure (bone) and 1 showing
local and distant failure (breast) [36, 40]. Two (7%) addi-
tional patients had metastases (lung and chest wall) and
were subsequently lost to follow-up [15].

The subgroup of sinonasal EFTs (in the literature and
this report) having both molecular confirmation and fol-
low-up data includes 10 cases [15, 19, 26, 37, 39]. The
follow-up ranged from 4-207 months (average 37.8 m). Of
these, 9 (90%) showed NED at last follow-up, with 1
having had retreatment for a local relapse at 192 months
(total 207 months follow-up). One case was alive with a
chest wall metastasis but was lost to follow-up. There were
no cases of confirmed mortality in a patient with a
molecular proven EFT of the sinonasal tract. These find-
ings seem to suggest a better outcome for sinonasal EFTs,
similar to previous reports for the head and neck as a whole
[5].

Although these cases, and those reported in the literature
tend to be labeled as sinonasal or nasal cavity tumors, the
majority of cases in this series demonstrated unequivocal
involvement of bone either by radiology or by histology.
This bone involvement was centered on a portion of the
maxillary bone in most cases. This is not surprising as
maxillary bone is intimately associated with sinonasal
mucosa owing to the membranous ossification that it arises
from. EFT is currently listed in the WHO blue book for
head and neck tumors as a sinonasal neuroectodermal
tumor [6] with a presumed neuroectodermal cell origin. It
is quoted as having rare bone erosion only and is listed
separately from sinonasal bone tumors, implying a mucosal
or extra-osseus origin [6]. Previous cases in the literature
have also been specifically designated as “extraskeletal”
Ewing sarcoma of the nose, nasal fossa or sinus [22, 23, 30,
34, 35]. There is the possibility, however, that most or all
sinonasal EFTs arise in maxillary bone primarily (osseus
EFT) and secondarily expand to involve the sinonasal
region. This is suggested by the frequency of bone
involvement in this series. It would also be in keeping with
the significantly rarer presentation of EFT in other mucosal
sites, such as the lower respiratory, urologic, gynecologic
and gastrointestinal tracts, none of which are closely
apposed to bone. It does not, however, entirely explain why
mandibular EFTs are less common than sinonasal EFTs
and at least some of these tumors may truly be extra-osseus
tumors. The difficulty in knowing the tissue of origin
warrants grouping these neoplasms together as “sinonasal/
maxillary EFT”.

In summary, we have presented the largest series of
sinonasal EFT to date, most of which have molecular

confirmation. EFT appears to be less aggressive in this
location than more typical extremity bone and soft tissue
tumors; however, the limited follow-up in the literature
precludes a definitive statement on behavior of EFT in this
site. A less aggressive course is surprising given the
complexity of the anatomy of the primary site, difficulty in
achieving a negative-margin resection, late presentation
and early access by the tumor to vital structures. Sinonasal
EFTs show a great degree of histologic and immunophe-
notypic diversity, similar to what has been seen in EFT at
other sites. However, the sinonasal location is particularly
problematic owing to the large number of potential mimics,
including epithelial, mesenchymal and neural tumors, most
of which are more common than EFT. This diagnostic
challenge can be resolved, nonetheless, by the judicious
use of immunohistochemistry combined with radiographic
and clinical correlation.
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