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Objective: To describe the multimodality imaging fea-

tures, metastatic pattern and clinical outcome in adult

extraskeletal Ewing sarcoma (EES).

Methods: In this institutional reviewboard–approved, health

insurance portability and accountability act–compliant ret-

rospective study, we included 26 patients (17 females

and 9males; mean age, 36 years; range, 18–85 years) with

pathologically confirmed EES seen at our institute

between 1999 and 2011, who had imaging of primary

tumour. Imaging of primary tumour in all 26 patients and

follow-up imaging in 23 was reviewed by two radiolog-

ists in consensus. Clinical data were extracted from

electronic medical records.

Results: The most common primary sites were the torso

(n5 13), extremities (n5 10) and head and neck (HN)

region (n53). The mean tumour size was 9cm (range,

3–22cm); tumours of the torso were larger than those of

other areas (p.0.05). Compared with the skeletal muscle,

tumours were isodense on CT (21/21), hypointense (n55)

to isointense (n5 14) on T1 weighted image, hyperintense

on T2 weighted image (19/19) and were fluorine-18

fludeoxyglucose (18F-FDG)-avid [10/10; mean maximum

standardized uptake value of 7 (range, 3–11)]. Necrosis

(15/26), haemorrhage (5/26) and adjacent organ invasion

(14/26) were present without calcification. Median follow-

up was 16 months. 5 patients had local recurrence (torso,

3; extremity, 1; and HN, 1). Metastases developed in 11

patients (torso, 7; extremities, 3; and HN, 1; p.0.05); 8 at

presentation, most commonly to lung (9/11), peritoneum

(4/11), muscles (4/11) and lymph nodes (4/11). Nine

patients (torso, 7; extremity, 1; and HN, 1) died (10 months

median survival) (p.0.05).

Conclusion: Adult EESs are large tumours, which fre-

quently invade adjacent organs and metastasize to the

lung. EESs of the torso are larger, have more frequent

metastases and poorer outcomes.

Advances in knowledge: Adult EESs of the torso have

poor outcomes compared with other EESs.

Ewing sarcoma (EES) is an aggressive, high-grade rounded
cell sarcoma characterized by the t(11; 22) (q24; q12)
chromosomal translocation, which fuses the EWSR1 gene on
chromosome 22p12 with the FLI1 gene on chromosome
11q24 in 85–90% of cases.1 The transcriptional product of
this translocation upregulates insulin-like growth factor 1
(IGF1), a key factor in cell proliferation.2 By immunohis-
tochemistry, these tumours are characterized by strong
membranous expression of CD99.3 The terms peripheral
primitive neuroectodermal tumour (PNET) and Askin tu-
mour (thoracopulmonary PNET) are no longer used; these
tumours are identical to EES.4

Data from the Surveillance, Epidemiology and End
Results (SEER) report an overall incidence of one case of

EES per 1 million in the USA.5 In the UK, EES is the
second most common sarcoma accounting for 39% of
childhood bone sarcomas with an estimated incidence of
1.58–2.21 per million person years.6 Most of the ESSs in
the first two decades of life (up to 80%) occur in the
skeleton.7 On the contrary, extra-osseous origin is more
common in adults than that in children with .50% of
primary adult EESs being extra-osseous in origin.8

Skeletal and extraskeletal EESs show differences in clin-
ical presentation and outcomes.9 Adult EESs tend to have
poor prognosis with high incidence of local recurrence
and distant metastases.3 There have been significant
advances in the management strategies of ESS, including
the use of neoadjuvant chemotherapy and post-operative
local radiation.3 The development of monoclonal antibodies
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such as figitumumab against IGF1 receptors has opened the
window for new molecular-targeted therapies in EES.10 The
literature pertaining to the multimodality imaging features of
adult EES and its metastatic pattern is scant. Accordingly, the
purpose of our study was to describe the multimodality im-
aging features and metastatic pattern of EES, providing a cor-
relation with clinical outcome.

METHODS AND MATERIALS
Subjects
This is a Health Insurance Portability and Accountability Act
(HIPAA)-compliant, institutional review board-approved retro-
spective study with a waiver for informed consent. We identified
26 adult patients (17 females and 9 males; mean age, 36 years;
range, 18–85 years) with pathologically confirmed diagnosis of
EES and imaging of the primary tumour available for review, who
were seen at our institution between January 1999 and December
2011.

Imaging
Pre-treatment imaging of primary tumours in all the 26 pa-
tients included MRI in 19 patients, 15 with intravenous gad-
olinium; CT scans in 21 patients, 16 with intravenous
contrast; and fluorine-18 fludeoxyglucose (18F-FDG) positron
emission tomography (PET)/CT in 10 patients. Follow-up
imaging was available in 23 patients and included CT in
21 patients, MRI in 16 patients and 18F-FDG PET/CT in
7 patients. In total, we reviewed 198 CT, 143 MRI and
26 PET/CT examinations.

Image analysis
All the images were reviewed in consensus by two oncoradiology
fellowship-trained radiologists with 7 and 15 years’ experience
each. The following features were noted for each tumour: lo-
cation, size, margins, the presence of necrosis, haemorrhage,
calcification, mass effect, bone destruction, local invasion and
distant metastases. On the CT images, tumour attenuation,
homo-/heterogeneity and enhancement with respect to the
paraspinal muscles were noted. MRI features including signal
intensity on T1 and T2 weighted images as compared with the
paraspinal muscles, homo-/heterogeneity, post-gadolinium
enhancement (less than, similar to or greater than skeletal
muscles) were recorded. On PET/CT images, the metabolic
activity of the tumours in terms of the maximum standardized
uptake value (SUVmax) was noted. On follow-up imaging, the
development of locoregional recurrence and sites of distant
metastases were recorded.

Management and outcome
The clinical information for all the 26 patients, including the
date of diagnosis, demographic data, type of management
(chemotherapy, surgery and radiotherapy) and outcome, in-
cluding death, was documented from the electronic medical
records. The average duration of follow-up, the date of last
follow-up, date of detection of distant metastases and the date
of death were also recorded. The histopathological features of
resected specimens, especially the presence or absence of
positive margins, were noted for all the surgically resected
tumours.

Statistical analysis
The results were statistically analysed to correlate tumour loca-
tion and size with metastases and outcome using the Mann–
Whitney U test and Fisher’s exact using GraphPad Prism v. 6;
(GraphPad Prism Software Inc., La Jolla, CA). A p-value ,0.05
was considered statistically significant.

RESULTS
The mean age of our study population was 36 years with a range
of 18–85 years. Of the 26 patients, 13 (50%) had EES in the
torso [chest (n5 4), abdomen (n5 7) and pelvis (n5 2)], 10
(38%) in the extremities and 3 (12%) in the head and neck (HN;
n5 3).

EESs in the chest were seen as paraspinal mass (n5 1), pleural-
based tumour (n5 1), chest wall mass (n5 1) and as a medi-
astinal mass (n5 1). Tumours in the abdomen were located in
the retroperitoneum (n5 6) and small bowel mesentery (n5 1),
with four of the retroperitoneal tumours involving the adrenal
gland and/or kidney (Figure 1). Of the ten EESs in the extremities,
three were seen in the upper extremity, three in the thigh, three in
the gluteal muscles and one along the sciatic nerve (Figure 2). Of
the three EESs in the HN, one was seen in the brain, one in the
right supraclavicular region and one in the pre-vertebral location
in the lower neck.

Imaging features of primary extraskeletal
Ewing sarcomas
The mean largest dimension of EES was 9 cm (range, 3–22 cm).
The tumours involving the torso were larger in size with a mean
size of 14 cm than those of the tumours in the extremities, which
had a mean size of 8 cm (p.0.05). Of the 13 tumours in the torso,
5 had ill-defined infiltrative margins. All the tumours involving the
extremities and the HN had well-defined margins except one tu-
mour involving the buttock, which had infiltrative margins. On CT
scan (n5 21), 17 tumours were isodense to the skeletal muscles
with heterogeneous attenuation, while 4 tumours were homoge-
neous. After intravenous contrast administration (n516), all the
tumours showed heterogeneous enhancement (Figure 1). None of
the tumours showed calcification on the CT scan.

On MRI (n5 19), compared with skeletal muscles, 5 tumours
were hypointense and 14 tumours were isointense on T1

weighted images. All the tumours were heterogeneously hy-
perintense on T2 weighted images except one tumour in the
arm, which was homogeneously T2 hyperintense. Post-
gadolinium images (n5 15) showed enhancement less than or
similar to the skeletal muscles in 11 tumours and more than the
skeletal muscle in 4 tumours (Figures 1 and 2). Haemorrhage was
seen on MRI as areas of T1 hyperintensity in 5 tumours (19%).
There was CT/MR evidence of necrosis in 15/26(58%) tumours.
On 18F-FDG PET/CT (n5 10), all the tumours were 18F-FDG-
avid with mean SUVmax of 7 (range, 3–12) (Figure 2).

There was mass effect on adjacent organs in all the tumours;
however, the invasion of the adjacent viscera or neurovascular
structures was noted in 14 tumours (54%). In the abdomen, the
invasion of the kidney was noted in four patients and of the liver
and spleen in one patient each. Bone destruction was noted in

BJR B S Somarouthu et al

2 of 6 birpublications.org/bjr Br J Radiol;87:20140123

http://birpublications.org/bjr


one tumour involving the chest wall. Complications that were
noted on imaging included neural foraminal extension (n5 2),
spinal cord compression (n5 1), tumour enteric fistula (n5 1),
and invasion of inferior vena cava (IVC) (n5 2), renal vein
(n5 1) and adrenal vein (n5 1). Intra-abdominal extension of
an extremity EES was noted in one patient.

Imaging of recurrent and metastatic extraskeletal
Ewing sarcomas
Of the 23 patients who had follow-up imaging, 5 patients (22%)
developed local recurrence of the disease at the time of the last
follow-up, with 5 of them showed distant metastases as well.
Surgical margins were positive in four of these patients at the
time of resection. Sites of local recurrence were the torso, 3 (25%)
(retroperitoneum, mediastinum, pelvis); extremities, 1 (12.5%);
and HN, 1 (33%) (p. 0.05). The recurrent tumours were
similar to the primary tumours on imaging.

Distant metastases were seen in 11/23 patients (48%) with follow-
up imaging; 8 of them (35%) had metastases at presentation. The
distribution of metastases according to the site were torso, 7/12
(58%); extremities, 3/8 (38%); and HN, 1/3 (33%) (p. 0.05).
The most common sites of metastases were to the lung (nine
patients, 27%), peritoneal cavity (four patients, 12%), muscles
(four patients, 12%) and lymph nodes (four patients, 12%)
(Table 1).

Lung metastases were seen in three patients each with primary
tumours in the abdomen and extremities, two in the chest and

one in the supraclavicular region. The lung metastases were seen
as numerous bilateral pulmonary nodules ranging in size from
0.5 to 10 cm (mean, 3.1 cm; median, 1.5 cm) in seven patients
and as a single lesion of 0.6 and 5.0 cm in the remaining two
patients (Figure 2). Peritoneal metastases were seen as large
peritoneal nodules and masses in three patients and perihepatic
implants in one patient. Ascites were seen in one patient with
peritoneal metastases. Metastatic lymph nodes ranged in size
from 1.0 to 3.0 cm, with necrosis in the larger nodes. PET/CT
imaging in seven patients demonstrated distant metastases in
four patients. All the metastatic lesions were 18F-FDG-avid with
mean SUVmax of 5 (range, 3–14) (Figure 2). All the 18F-FDG-
avid metastases had CT correlates except for bone metastases in
one patient, which remained occult on the CT.

Management and outcome
Of the 26 patients, 17 underwent surgical resection of the
tumour after neoadjuvant chemotherapy, 4 patients were
treated with primary radiotherapy with concurrent chemo-
therapy and 5 patients were treated with only chemotherapy.
All of the 17 patients who were treated with surgery received
adjuvant chemotherapy, while 14/17 patients received addi-
tional adjuvant radiotherapy. Surgical margins were positive
in 4/17 patients, all of whom developed local tumour re-
currence. Clinical follow-up was available in 23 patients,
while 3 patients were lost to follow-up. The median duration
of follow-up was 16 months (range, 6–166 months). At the
time of last follow-up, 9/23 patients on follow-up died at
a median interval of 10 months (range, 6–20 months) from

Figure 1. A 24-year-old man with primary retroperitoneal (adrenal) extraskeletal Ewing sarcoma. (a, b) Axial and coronal

reformatted contrast-enhanced CT images of the abdomen reveal a large heterogeneous enhancing right adrenal mass (white

arrow) with contiguous tumour thrombus in the inferior vena cava (IVC) (white arrowheads) extending up to the right atrium (black

arrowhead). The adjacent liver parenchyma is invaded at places. (c–e) Axial T2 weighted, pre- and post-gadolinium fat-suppressed

T1 weighted MRI images demonstrate the mass to be heterogeneously hyperintense on T2 weighted images and hypointense on T1

weighted images (white arrows) with heterogeneous enhancement, haemorrhage in the form of T1 hyperintense areas (black arrow)

and enhancing tumour thrombus in the IVC (white arrowheads).
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the date of diagnosis. Of these nine patients, seven had EES in
the torso (7/12 patients with follow-up, 58%), while one each
had EES in the extremities (1/8 patients with follow-up, 13%)
and HN (1/3 patients with follow-up, 33%) (p.0.05).

DISCUSSION
The mean age of presentation of adult EES in our study was
36 years. This is in contrast to earlier reports of a younger age of
presentation at 18–24 years.3,11–13 There was also slight female
preponderance in our series, compared with slight male
preponderance in earlier studies.9,13 In an analysis of the SEER
database between 1973 and 2007, Applebaum et al9 found that
patients with EES (n5 683) were older and less likely to be male
than patients with skeletal ESS (n5 1519). They found a bimodal
distribution of EES with most tumours occurring in patients older
than 35 years or younger than 5 years.

EES can occur virtually anywhere in the body and can be clas-
sified in to central/trunk and peripheral/extremity EESs, with
most of the earlier studies reporting higher prevalence of central
EESs.3,11–13 There was near equal distribution of EES between
the torso (n5 13) and the extremities (n5 10) in our study. In

the extremities, most EESs in our study occurred in the gluteal
region and thighs. In the torso, a greater number of patients had
abdominal EES, especially in the retroperitoneum involving the
kidneys and adrenal glands. By contrast, most of the earlier
studies report the chest wall to be the most common site for EES
in the torso.13–15 The higher incidence of abdominal EES in our
study might be related to referral bias. An HN presentation of EES
is rare (3/26 cases in our study).

The median tumour size in our study was 9 cm with the tumours
in the torso (mean size, 14 cm) larger than extremity tumours
(mean size, 8 cm) (p. 0.05). Although not statistically significant,
this is in agreement with earlier reports3,8 and is explained by the
fact that tumours of the torso often have insidious onset and
delayed presentation. The size is an important predictor of sur-
vival, with large size at presentation being an adverse prognostic
factor. El Weshi et al3 in their study of 57 adult patients with EES
found that tumours ,10 cm had favourable survival.

Imaging features of EES are non-specific. Compared with skel-
etal muscle, most of the tumours in our study were isodense on
CT, hypoisointense on T1 weighted images and heterogeneously

Figure 2. A 63-year-old woman with extraskeletal Ewing sarcoma of the thigh. (a–c) Axial fat-suppressed T2 weighted, pre- and

post-gadolinium fat-suppressed T1 weighted MRI images demonstrate a heterogeneously hyperintense mass on T2 weighted images

(arrows), which is heterogeneously isointense on T1 weighted images with heterogeneous enhancement. (d) Coronal maximum

intensity projection image of fluorine-18 fludeoxyglucose (18F-FDG) positron emission tomography/CT FDG uptake (maximum

standardized uptake value of 12) in the right thigh mass (arrow) and multiple 18F-FDG-avid pulmonary metastases (arrowheads). (e)

Axial CT image of the chest confirms the pulmonary metastases (arrow). (f). Haematoxylin and eosin staining (original magnification

3600) of the biopsy specimen of the tumour demonstrates sheets of uniform rounded cells with scant cytoplasm. (g). Fluorescence

in situ hybridization analysis using break-apart probes directed against the 59 and 39 ends of the EWSR1 gene shows EWSR1 gene

rearrangement.
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hyperintense on T2 weighted images with variable post-contrast
enhancement (Figures 1 and 2). Similar to earlier observations,
extensive necrosis and haemorrhage was noted especially in large
tumours.16 Calcification is uncommon in EES occurring in
,10% cases.8,15 None of the tumours in our series demon-
strated calcification. We observed that tumours in the abdomen
had a greater tendency to have infiltrative margins with invasion
of the adjacent structures than those of peripheral EESs. EESs
tend to displace adjacent structures rather than encase them; this
can be best assessed by CT or MRI. Although mass effect on the
adjacent structures was present in all the tumours in our series,
the invasion of adjacent structures was noted in about 14/26
cases. PET/CT has very high sensitivity and specificity of 96%
and 92%, respectively, for detecting EESs.17 Similar to skeletal
ESSs, EESs are 18F-FDG-avid tumours (Figure 2). The mean
SUVmax of the primary tumours in our study was 7 (range,
3–11).

The differential diagnosis for thoracic EES in adults includes
lung cancer, lymphoma, other soft-tissue sarcomas, neurogenic
tumours and metastases. EESs of the retroperitoneum are dif-
ficult to differentiate from other retroperitoneal tumours in
adults. Invasion of the renal vein, IVC and the liver are seen in
both EES and renal cell carcinoma (RCC) or adrenocortical
carcinoma (ACC). Features that can help in differentiating
retroperitoneal EES from RCC or ACC are an earlier age of
presentation, the absence of metastatic lymphadenopathy and
the absence of calcification in EES, which can be seen in 10–30%
cases of RCC and ACC.16 Abdominal EESs are most likely
unilateral, and do not cross the midline. EESs of the extremities
in our study were indistinguishable from other extremity soft-
tissue sarcomas and were seen as well circumscribed tumours
with variable degrees of necrosis. The relatively small size of
peripheral EESs in our study can be explained by their earlier
clinical presentation. HN involvement by EES is uncommon,

accounting for approximately 12% cases of EESs and occurs as
orbital, extradural or cervical masses.8

EESs are aggressive tumours with high propensity for local
recurrence and distant metastases. The incidence of local re-
currence in our study (5/23, 22%) was less than the incidence
reported by El Weishi et al3 in 57 adult patients with EES
(36%). The incidence of metastases at 48% (11/23) in our
study was higher than those in earlier reports of adult EESs,
which may be related to referral bias. There were a greater
number of metastases in patients with EES of torso (58% vs
38% in extremities and 33% in HN EES), although this was
not statistically significant.

A significant number of patients in our study (8/23, 35%) also
had metastatic disease at presentation, similar to the study by
Tao et al18 of 37 patients who found metastases at presentation in
43% patients, indicating the necessity for complete staging at the
time of initial diagnosis. The most common site of metastases in
our study was the lung (27%), which is in agreement with the
existing literature.3,14,15 The other common sites of metastases in
our study were the peritoneal cavity, muscles and lymph nodes.
The lymph node involvement was noted in 4/11 patients with
metastases, similar to the study by El Weshi et al3 (5/18). PET/CT
has been shown to be useful for detecting distant metastases,
especially bone metastases, which can remain occult on CT. The
sensitivity and specificity of PET/CT for staging and restaging in
the study of 53 patients with EES by Gerth et al19 was 87% and
97%, respectively, with an accuracy of 94%.19

Owing to its rarity, the optimal management of EES is un-
certain. Aggressive management with multimodality treatment
is recommended to improve survival rates.18,20 The high in-
cidence of local recurrence in earlier series was owing to the
lack of post-operative radiotherapy.3 The 5-year survival in the
study by El Weshi et al3 was 46% with 35 deaths out of 57
patients. The 3-year survival in the study by Tao et al18 was
43%. Of the 23 patients under follow-up in our study, 9 (39%)
were deceased at the time of the last follow-up at a median
interval of 10 months (range, 6–20 months). Although the
relation between the site of primary tumour and outcome is
controversial (some studies concluding adverse prognosis for
central tumours, while others do not14,21), we observed that
EESs in the torso had a greater number of local recurrences,
metastases and deaths than that of peripheral EESs, although
this was not statistically significant.14 The explanation for this
observation is unknown but has been presumed to be related to
the large size of tumours of the torso at presentation.14

The limitations of our study include relatively small sample size
and referral bias of our study population. A significant number
of patients in our database were excluded from the study owing
to non-availability of imaging of the primary tumour. Patients
who are referred to our large sarcoma treatment group are often
initially worked up at outside hospitals before referral. This re-
ferral bias also explains a relatively higher incidence of metas-
tases in our cohort. We were unable to support the observations
in our study statistically owing to the small number of patients
in individual groups of EES.

Table 1. Distribution of metastatic lesions in extraskeletal
Ewing sarcoma (n5 11)

Site Number Percentage

Lung 9 26.5

Peritoneum 4 11.8

Muscles 4 11.8

Lymph nodes 4 11.8

Bone 3 8.8

Mesentery 3 8.8

Subcutaneous 2 5.9

Liver 1 2.9

Bowel 1 2.9

Pancreas 1 2.9

Spleen 1 2.9

Brain 1 2.9

Total 34
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CONCLUSION
In conclusion, we present the multimodality imaging features
of adult EES in 26 patients. Typical imaging characteristics of
EES include large heterogeneous tumours of the torso or the
extremities, which can show necrosis, haemorrhage and

adjacent organ invasion and lack calcification. EESs can me-
tastasize to the lungs, peritoneum, muscles and lymph nodes.
Compared with extremity and HN EESs, EESs of the torso are
larger, have more frequent metastases and have poorer
outcomes.
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