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Abstract Extraosseous Ewing sarcomas (EESs) are rare tu-
mours originating from soft tissues. Their clinical picture de-
pends mainly on the primary site of the sarcoma. Patient char-
acteristics and outcomes seem to be different in EES com-
pared to patients with skeletal Ewing sarcoma, with implica-
tions for patient care and prognosis. However, multimodality
therapeutic strategies are recommended for all types of the
Ewing tumour family. The available diagnostic tools include
ultrasonographic evaluation and computed tomography (CT)
or magnetic resonance imaging as well as histopathologic and
immunohistochemical tissue examination. Several histologic
and genetic biomarkers have been established, although their
utilization needs to be further tested by larger prospective
studies. Regarding localized disease, the recommended treat-
ment remains surgery. However, chemotherapy can be added
to achieve improved survival, with neoadjuvant regimens
showing more promising results than adjuvant regimens.
Radiotherapy is an option to obtain local control, although
its complications have reduced its utilization. In metastatic
or recurrent disease, systematic chemotherapy improves
survival.
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Introduction

Ewing sarcoma (ES) is a poorly differentiated, highly
malignant, round cell tumour without cellular or struc-
tural differentiation [1]. It shows an aggressive clinical
behaviour with high rate of local recurrence and dis-
tant metastasis. ES is the second most common malig-
nant bone tumour in children and young adults, al-
though, rarely, it may be of extraskeletal origin [1].
Patients with extraosseous Ewing sarcoma (EES) are
of higher mean age and are less likely to be male or
White compared to patients with skeletal tumours [2].
Commonly affected extraskeletal sites include the
paravertebral spaces, lower extremities, head and neck
and pelvis [3]. Other rare locations of EES include the
retroperitoneum, omentum, orbit, skin and chest wall
[4]. Extraskeletal tumours are more likely to arise
from axial locations and less likely to arise from the
pelvis [4]. A secondary osseous involvement is rare,
even when the mass is located near a bone segment. It
can lead to cortical erosion and/or a periosteal reaction
[3, 4].

Traditionally, many different modalities and therapeu-
tic methods have been proposed for the treatment of
EES. Given that mainly case reports or case series have
been published on the subject lately, this review aims to
synthesize and present all recent data regarding the di-
agnosis, treatment and prognosis of this rare entity and
attempts to make useful conclusions regarding its proper
management.
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Diagnosis

EES has no specific clinical manifestation. The most frequent-
ly presenting symptom is a rapidly growing mass with local
pain [5]. However, the type of accompanying symptoms de-
pends largely on the sarcoma’s site of origin. The imaging
characteristics of soft tissue ES are non-specific as well. It
often presents as a well-limited mass which should not be
confused with a benign lesion [6]. Ultrasonography often re-
veals a heterogeneous mass of low echogenicity with
intratumour flow signals in a Doppler study [7]. Computed
tomography (CT) shows a large, sharply delineated mass
which is relatively of lower or equal density compared to the
adjacent muscle [8]. Moreover, post-contrast medium en-
hancement is intense and heterogenous, with hypodense foci
often resulting from intratumour necrosis [8, 9]. On magnetic
resonance imaging (MRI), EES is often of low to intermediate
signal intensity on T1-weighted images and of high signal
intensity on T2-weighted images and exhibits heterogeneous
contrast enhancement [10]. MRI is able to provide evidence of
non-involvement of the marrow cavity. Radiological differen-
tial diagnosis includes rhabdomyosarcoma, malignant fibrous
histiocytoma and liposarcoma as well [7].

Definitive diagnosis is made by CT-guided core-needle bi-
opsy or pathological examination of the resected specimen
during procedure. EES is confirmed by characteristic features
on histologic analysis, histochemistry, immunohistochemistry
and electron microscopy [11, 12]. Differential diagnosis in-
cludes other small, blue round cell tumours (SBRCTs) and
other members of the Ewing family of tumours [13]. Ewing
sarcoma/primitive neuroectodermal tumour (EWS/PNET)
and other tumours with ES gene rearrangements encompass
a malignant and intermediate neoplasm with a broad anatomic
distribution and a wide age range but a predilection for soft
tissue in children, adolescents and young adults. The overlap-
ping histologic, immunohistochemical, cytogenetic and mo-
lecular genetic features create diagnostic challenges despite
significant clinical and prognostic differences.

The family of SRBCTs includes malignancies with com-
mon morphological and immunohistochemical characteristics
[14]. Generally, the term, ‘SRBCT’ has been reserved for the
neoplasms which are located in the skeletal system or in the
somatic soft tissue and it is usually not applied to other malig-
nant neoplasms of infants and children that can also be com-
posed predominantly or entirely of small cells, such asWilms’
tumour, hepatoblastoma or medulloblastoma. Traditionally,
the main members of the SRCT group have been malignant
lymphoma, Ewing’s sarcoma, rhabdomyosarcoma and adre-
nal neuroblastoma. Therefore, immunohistochemistry is one
of the most prevalent and convenient methods for pathological
diagnosis; however, differentiation between SRBCT subtypes
in the absence of valid diagnostic markers is still very chal-
lenging. Diagnosis is also complicated in cases with atypical

morphology, aberrant immunoprofiles and unusual clinical
presentations. A subset of tumours resembling microscopical-
ly the ES family, being composed of primitive small round
cells and occurring in paediatric or young adult age groups,
remain unclassified, being negative for EWSR1, SS18 (SYT),
DDIT3 (CHOP) and FOXO1 (FKHR) gene rearrangements
by fluorescence in situ hybridization (FISH)/RT-polymerase
chain reaction (PCR). A small number of cases sharing the
undifferentiated EFT appearance have been characterized re-
cently carrying BCOR-CCNB3 or CIC-DUX4 fusions [15].

Biomarkers

ES/PNET is positive for CD99 (a 32-kDa cell surface glyco-
protein encoded by the MIC2 gene); however, expression of
CD99 is, by no means, specific for ES/PNET among round
cell tumours [11–13, 16]. Although FLI-1 is a variable histo-
chemical marker for ES/PNET, it is also positive in lympho-
blastic lymphoma. In contrast, Wilms’ tumour gene (WT1) is
a positive marker of Wilms’ tumour and desmoplastic round
cell tumours, whereas it is a negative marker for ES/PNET,
neuroblastoma and rhabdomyosarcoma. Electron microscopic
features include a specific high nucleus to cytoplasm ratio and
aggregated glycogen granules in the cytoplasm [11]. Neural
differentiation appears on some cells with polar processes,
which may contain microtubules or neurosecretory glands.

Molecular genetic studies by RT-PCR or FISH detect chro-
mosomal translocations, such as t(11;22)(q24;q12), which is
positive in 88–95% of ES/PNETcases [16, 17]. Over 90 % of
ES/PNETs feature an 11;22 translocation leading to an
EWSR1-FLI1 fusion [18]. EWSR1 has been involved in sev-
eral translocations and is identified in several other distinct
clinicopathological entities: ES/PNETs, desmoplastic small
round cell tumour (DSRCT), clear cell sarcoma of soft tissue
(ST-CCS), angiomatoid fibrous histiocytoma (AFH),
extraskeletal myxoid chondrosarcoma (EMCS) and a subset
of myxoid liposarcoma (MLPS) [19]. However, other tran-
scripts have also been reported. Less commonly, a member
of the ETS transcription factor family other than FLI-1 is fused
with EWSR1. Additionally, recent data support a pivotal role
for gene BMI-1 in Ewing sarcoma family tumour (ESFT)
pathogenesis [20].

Furthermore, the detection of occult tumour cells in bone
marrow and/or peripheral blood samples has been shown to
have a predictive value for recurrent disease in patients with
non-metastatic Ewing tumours [21]. However, this prognostic
factor has not been evaluated in extraskeletal ESs. Finally,
independent studies of both small and large tumour cohorts
have identified individual and global patterns of copy number
alterations as prognostic biomarkers in ES [22]. However, as
underlined by Shukla et al. recently, the prognostic role of all
the aforementioned biomarkers has been evaluated in
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numerous retrospective studies, and therefore, larger prospec-
tively planned cohorts of equivalently treated patients need to
further evaluate their significance [23].

Treatment

The National Comprehensive Cancer Network (NCCN) has
generated guidelines for the treatment of bone cancers includ-
ing ESs, and the authors suggest that any member of the
Ewing tumour family can be treated according to the same
algorithm [24]. The treatment recommended is local treatment
(surgery and/or radiotherapy) plus chemotherapy. However,
Rud et al. [25] and Covelli et al. [26] have suggested that
surgery may have a more important role in EES than in skel-
etal ES and that complete resection predicts a favourable sur-
vival. In another recent study, Qureshi et al. investigated the
impact of negative but close resection margins on local recur-
rence in children with EES [27]. The authors concluded that
quantitative extent of negative margins does not influence
local control, while achieving a three-dimensional tumour-
free margin should be the goal of surgical resection [27].
Therefore, the golden standard of treatment for localized dis-
ease remains surgery, although there is a worse disease-free
survival in sarcoma patients without margin-negative surgery
[28, 29].

EES is quite radiosensitive, but improvements in surgical
technique and the risks associated with radiation (secondary
malignancies) have reduced the reliance upon radiation [30].
Some researchers have underlined the important role of pre-
operative radiotherapy (RT) for successful local treatment in
spinal Ewing tumours [31]. Definitive RT is indicated when
only an intralesional resection is possible [32]. Debulking
procedures do not improve local control and are associated
with additional unnecessary morbidity. In the experience of
the European Cooperative Ewing Sarcoma Studies (CESS)
and EICESS trials, patients who had an intralesional resection
followed by RT had the same local control rate as patients who
had RT alone [33]. Therefore, RT could be indicated to avoid
intralesional resections. Moreover, after a poor histologic re-
sponse and wide resection, postoperative RT may improve
local control [33]. Additionally, Iwata et al. concluded that
carbon ion RT for unresectable EES may show favourable
local control with unsatisfactory results for distant control
[34]. However, more data are needed from randomizing stud-
ies designed to evaluate the role of RT in the treatment of EES.

Regarding the use of chemotherapy, it plays a pivotal role
in the treatment of ESs. Recent studies have shown that neo-
adjuvant and adjuvant chemotherapies produce comparable
results in patients with localized disease [35]. Chemotherapy
can be provided after surgery to improve overall survival rates
and reduce the likelihood of tumour recurrence [36]. In the
large randomized Intergroup Rhabdomyosarcoma Studies

(IRS) studies, where patients with EES consisted almost 5 %
of nearly 3000 recruited patients, the addition of doxorubicin
in patients of localized, gross residual EES did not achieve an
overall survival benefit [37]. However, there are no studies
comparing chemotherapy alone versus surgery for EES as
far as prognosis is concerned. Neoadjuvant chemotherapy
and delayed resection increase the likelihood of complete tu-
mour resection with a negative microscopic margin and avoid
external beam radiation in chest wall ES/PNET [38].
Moreover, Krasin et al. concluded that local disease control
and overall outcome for patients with ESFT managed by
multiagent chemotherapy before surgery was excellent, with
local disease control rates remaining near 90 % at 10-year
follow-up [39]. However, data show that patients with
extraosseous primary sites of disease may fare less well with
the latter approach [40].

A combination of several agents is used to obtain a
higher response rate. First-generation regimens consisted
of the combination of vincristine, cyclophosphamide,
actinomycin D and doxorubicin (VAcCD). Second-
generation regimens incorporated ifosfamide and later
etoposide with improved disease-free survival for pa-
tients with localized disease [41]. Recent data indicate
that there is no significant difference between
anthracycline and platinum-based chemotherapies re-
garding event-free survival and overall survival [42].
However, Castex et al. conclude that patients with
EES should be treated with osseous ES regimens, prob-
ably due to the anthracycline use [36]. Currently, che-
motherapy with alternating vincristine-doxorubicin-
cyclophosphamide and ifosfamide-etoposide (VDC/IE)
cycles and primary tumour treatment with surgery and/
or radiation therapy constitute the usual approach to
localized ES in North America [43].

The current generation of clinical trials has attempted
to improve survival by maximizing the chemotherapy
dose per cycle, increasing the total number of cycles
provided or decreasing the interval between cycles
(‘dose-dense’ therapies) [44, 45]. A recent randomized
trial by Womer et al. concluded that interval-compressed
chemotherapy with VDC/IE and filgrastim is more ef-
fective in localized ES than the same chemotherapy
given at standard 3-week intervals, with no increase in
toxicity [43]. Given that the aforementioned data are the
result of randomizing trials, this could have implications
for treatment of other childhood malignancies and other
sarcomas in all ages.

Finally, metastatic disease or unresectable recurrent disease
demands another approach. The only option is chemotherapy,
as most patients have had RT before [46]. However, in those
with metastatic spread, the benefit of chemotherapy is more
often limited to extending progression-free survival [25, 26,
33]. Durable responses remain elusive. El Weshi et al.
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conclude in their study that an etoposide, ifosfamide and cis-
platin combination is active in patients with recurrent/
refractory ET, with acceptable toxicity, and offering good pal-
liation [47]. In another pilot study by Felgenhauer et al., the
addition of low-dose anti-angiogenic chemotherapy to the
standard multiagent chemotherapy in patients with metastatic
disease led to an overall 24-month event-free survival of 35 %
[48]. However, the recent Euro-Ewing 99 Trial demonstrated
that patients with primary disseminated multifocal ESs may
survive with intensive multimodal therapy [49].

Prognosis

The prognosis for extraosseous ES appears more favourable
than that for ES in bone [6], although prognostic factors of
EES seem to be similar to primary bone ES [50]. The outcome
for localized extraosseous ES tumours was similar to that re-
ported for all patients with ES treated on protocols at the St.
Jude’s Children Research Hospital [51]. However, patients
with subcutaneous ESFT had a favourable prognosis when
compared to their counterparts. Patients with localized disease
have estimated 5-year overall survival rates of about 70 % due
to considerable progress in both local and systematic therapy
during the past four decades [24]. However, a 30 % relapse
rate is still unacceptably high, considering that most relapsed
patients do not survive. Patients with metastatic or recurrent
disease have a worse outcome; 5-year overall survival remains
about 25 % [52].

Moreover, studies so far indicate specific predictors for
better survival, such as younger age and complete resections
[2, 25]. In the recent EURO-Ewing 99 trial, age older than
14 years of age, primary tumour volume over 200 cc and bone
marrow or lung metastases were found to be major risk factors
for worse prognosis [49]. Finally, 5-year overall survival
seems to be superior for localized EES compared to localized
skeletal tumours, whereas the hazard ratio for death in patients
with localized skeletal tumours compared to localized EES is
2.36 (95 % CI 1.61–3.44) beyond 24 months from initial
diagnosis [6].

Conclusions

In conclusion, patient characteristics and outcomes differ
among patients with EES compared to patients with skeletal
ES. These findings may have important implications for pa-
tient care as well, although the main therapeutic strategy is
common for all members of the Ewing tumour family.
Complete surgery if feasible may be a better option for local
disease considering the late side effects of high-dose RT, es-
pecially for second malignancy. Anthracycline-based chemo-
therapy can be used as an adjuvant therapy, and the role of

adjuvant local radiotherapy after complete resection is still
inconclusive, although it has been shown to improve survival.
Neoadjuvant chemotherapy seems to achieve more promising
results.
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