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Extraskeletal Ewing Sarcoma of the Gastrointestinal
and Hepatobiliary Tract

Deceptive Immunophenotype Commonly Leads to Misdiagnosis

Oyewale Shiyanbola, MBBS, PhD,* Recep Nigdelioglu, MD,† Deepti Dhall, MD,‡
Iván A. González, MD,§ Laura M. Warmke, MD,§ Shula Schechter, MD,∥

Won-Tak Choi, MD, PhD,¶ Shaomin Hu, MD, PhD,# Lysandra Voltaggio, MD,**
Yujie Zhang, MD,** Tom Z. Liang, MD,** Huaibin M. Ko, MD,††

Greg W. Charville, MD, PhD,* and Teri A. Longacre, MD*

Abstract: Ewing sarcoma (ES) is an uncommon mesenchymal
neoplasm that typically develops as a bone mass, although up to
30% arise in extraskeletal sites. ES of the gastrointestinal (GI)
and hepatobiliary tract is rare and may be misdiagnosed as other,
more common neoplasms that occur in these sites. However, the
correct classification of extraskeletal ES is important for timely
clinical management and prognostication. We reviewed our ex-
perience of ES in the GI and hepatobiliary tract in order to
further highlight the clinicopathologic features of these neo-
plasms and document the potential for misdiagnosis in this set-
ting. The archives and consultation files of 6 academic
institutions were retrospectively queried for cases of ES occurring
in the GI and hepatobiliary tract. The histologic slides and an-
cillary studies were reviewed and clinical data were retrieved for
each case through the electronic medical records, when available.
Twenty-three patients with ES in the GI and/or hepatobiliary
tract were identified from 2000 to 2022. Of these, 11 were women
and 12 were men with a median age of 38 years (range, 2 to 64).
Tumor locations included the pancreas (n= 5), liver (n= 2),
stomach (n= 3), colorectum (n= 3), and small intestine (n= 5), as

well as tumors involving multiple organs, pelvis and retro-
peritoneum (n= 5). Tumor size varied between 2 cm and 18 cm.
Twenty were primary and 3 were metastases. Of the 23 cases,
only 17% were initially diagnosed as ES. The most common
misdiagnoses involved various forms of neuroendocrine neo-
plasia due to expression of synaptophysin and other neuro-
endocrine markers (22%). A wide variety of diagnoses including
GI stromal tumor was considered due to aberrant CD117 ex-
pression (4%). The diagnosis of ES was ultimately confirmed by
detection of the EWSR1 rearrangement in 22 cases. The re-
maining case was diagnosed using traditional im-
munohistochemistry. Follow-up information was available in 20
cases, with follow-up time varying between 2 and 256 months.
Six patients with follow-up died of disease between 6 and
60 months following initial presentation. Our data indicate ES in
the GI and hepatobiliary tract is commonly misdiagnosed lead-
ing to a delay in therapy. In light of the attendant therapeutic
and prognostic implications, ES should be considered in the
differential diagnosis of any GI or hepatobiliary tumor with
epithelioid and/or small round cell morphology.

Key Words: Ewing sarcoma, gastrointestinal tract, liver, pan-
creas, hepatobiliary, neuroendocrine tumor, GIST

(Am J Surg Pathol 2024;48:1185–1194)

Ewing sarcoma (ES) is an uncommon sarcoma of un-
certain phenotype with an incidence of approximately

3 cases per million per year in the United States.1 It is most
prevalent in adolescents and young adults with a peak
between 5 and 24 years. Although it is well known that
approximately 30% of ES arise in extraskeletal sites,2,3 the
appearance of ES in the gastrointestinal (GI) tract is un-
common and not well recognized.

Classical ES is characterized by sheets and nests of
uniform small cells, typically 1-2x the size of lymphocytes,
with round nuclei, small nucleoli, and scanty amphophilic
to clear glycogenated cytoplasm. The nuclei contain in-
conspicuous nucleoli and finely stippled chromatin. In
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some cases, neuroectodermal differentiation (Homer-
Wright pseudorosettes) is seen. Morphologic variants in-
clude atypical, clear cell, spindle cell, sclerosing, and
adamantinoma-like. Atypical ES features nuclear en-
largement, prominent nucleoli, and irregular nuclear
contours, while the adamantinoma-like variant is com-
posed of nests of basaloid cells with peripheral palisading
and cording set within a prominent myxoid, fibromyxoid
or hyalinized stroma. The nuclei are high grade but exhibit
minimal pleomorphism.

ES is defined by balanced translocations between
EWSR1 and genes encoding ETS family transcription
factors (predominantly FLI1 and ERG). The most com-
mon chromosomal translocations are t(11;22)(q24;q12),
resulting in EWSR1::FLI1 fusion (~85 to 90%) and t
(21;22)(q22;q12), resulting in EWSR1::ERG fusion (~5 to
10%). Rare fusions involve ETV1 (7p22), ETV4 (17q21)
and FEV (2q35-36) (< 1%). Other rare translocations
include t(16;21)(p11;q22) FUS::ERG and t(2;16)(q35;p11)
FUS::FEV translocation. The two major translocations
are typically detected with reverse-transcription polymer-
ase chain reaction (RT-PCR), fluorescence in situ hy-
bridization, or next-generation sequencing (NGS).

In the GI and hepatobiliary tract, ES is rare and with
1 recent exception, most of the literature consists of case
reports and a few case series.4–21 Since the differential
diagnosis of ES includes a wide spectrum of neoplasms,
accurate diagnosis can be challenging for the surgical
pathologist. Here, we report the clinical, morphologic,
immunohistochemical, and molecular features of 23 ES
encountered in the GI and hepatobiliary tract in order to
shed further light on the differential diagnostic problems
that it presents in this setting and provide strategies to
prevent misdiagnosis and delay in the implementation of
appropriate therapy.

MATERIALS AND METHODS
We retrospectively queried the archives of 6 aca-

demic institutions, and the consultation files of 12 of the
authors for cases of ES of the GI and hepatobiliary tract,
in line with appropriate Institutional Research Board ap-
proval. The histologic slides and ancillary studies, in-
cluding immunohistochemistry and molecular studies
were reviewed. Clinical data, including demographic in-
formation, clinical presentation, imaging studies, endo-
scopic and/or gross appearance, involvement of other
parts of the GI tract, treatment and clinical follow-up were
retrieved for each case through the electronic medical re-
cords, when available.

RESULTS

Clinical Features
We identified 23 patients with ES of the GI and

hepatobiliary tract from 2000 to 2022 (Table 1). An
additional case diagnosed as ES in the liver was not
included; this case exhibited typical morphology for ES
and was positive for CD99 and FLI1, but was negative for
EWSRI::ERG and EWSR1::FLI1 translocations on RT-

PCR and negative for EWSR1 rearrangement on break-
apart FISH. Of the 23 included cases, 11 were women and
12 were men with a median age of 36 years (range, 2 to
64). Tumor locations (Fig. 1) included the pancreas (n= 5,
22%), liver (n= 2, 9%), stomach (n= 3, 13%), colorectum
(n= 3, 13%), and small intestine (n= 5, 22%). In 5 cases
(22%), there was involvement of multiple abdominal
organs and/or the retroperitoneum. Twenty were
primary and 3 were metastases. Most patients presented
with symptoms related to the GI and/or hepatobiliary
tract. The most common presentation was abdominal
pain, followed by nausea and vomiting, weight loss,
anemia, and obstructive jaundice. Imaging studies
revealed an intra-abdominal mass with heterogeneous
enhancement in 4 cases and an enlarging liver mass in 2
additional cases. One patient presented with necrotic
rectal prolapse. Preliminary clinical diagnoses included
gastrointestinal stromal tumor (GIST), carcinoma,
lymphoma, pancreatic carcinoma, ovarian small cell
carcinoma with hypercalcemia, hepatic adenoma, and
hepatocellular carcinoma. Seven of 23 (30%) patients
presented with abdominopelvic disseminated disease; in 2
of these patients, a gynecological primary was suspected.
ES was clinically suspected in only 1 patient, the sole
pediatric patient in this series (Table 1, patient 1).

Initial pathologic diagnoses (Fig. 2) included GIST
(n= 1), poorly differentiated neuroendocrine carcinoma
(n= 2), well-differentiated neuroendocrine tumor grade 2
(n= 1), well-differentiated neuroendocrine tumor grade 3
(n= 1), small cell malignant neoplasm with
neuroendocrine differentiation (n= 1), melanoma (n= 1),
desmoplastic small round cell tumor (n= 1), poorly
differentiated carcinoma (n= 2), and lymphoma (n= 3).
Other preliminary diagnoses included small round blue
cell tumor (n= 2), malignant epithelioid neoplasm (n= 1),
“solid” neoplasm (n= 1), and malignant neoplasm not
otherwise classifiable (n= 1). Only 4 of the 23 (20%) cases
were initially diagnosed as ES, one of which was a
metastasis from a known previously diagnosed ES. The
tumors from 8 patients were seen in consultation by 2 of
the authors and initially diagnosed as GIST1 and
neuroendocrine neoplasm1 with the remaining diagnosed
descriptively.

Misdiagnosis led to delayed treatment in 16 of 23
patients in this series. Five patients experienced a pro-
longed delay in appropriate therapy due to im-
plementation of treatment for the initial misdiagnosis.
These misdiagnoses included neuroendocrine tumor/car-
cinoma (n= 3), GIST (n= 1), and ovarian small cell car-
cinoma with hypercalcemia (n= 1). The misdiagnosis of
neuroendocrine carcinoma in two of the ES was perpe-
tuated when reviewed at a second institution, leading to
further delay in diagnosis. Overall, the delay in treatment
in these 5 cases ranged from 5 months to 2 years.

Pathologic Features
The tumors measured 2 to 18 cm (mean, 9.4 cm;

median, 9.7 cm) in maximum diameter (Table 1). Initial
diagnostic procedures were FNA (n= 3), biopsy (n= 12),
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TABLE 1. Clinicopathologic Features of Gastrointestinal and Hepatobiliary Ewing Sarcoma

Case
Age
(yr) Sex Location

Size
(cm) Initial Diagnosis

Follow-up
(mos) EWSR1 FISH

Molecular
testing

1 2 F “Pelvis”, bowel site not specified 6 Ewing sarcoma NED (256) N/A N/A
2 39 M “Retroperitoneum”, bowel site not specified 9.7 Ewing sarcoma NED (60) N/A EWSR1::FLI1
3 31 F “Abdomen”, bowel site not specified 18 Desmoplastic small round cell tumor LFU (24) Rearrangement

detected
N/A

4 20 F Small and large intestines 8 Small cell malignant neoplasm with neuroendocrine
differentiation

DOD (10) N/A EWSR1::FLI1

5 35 M Stomach, left psoas mass 3.4 Melanoma, small round blue cell tumor DOD (60) Rearrangement
detected

N/A

6 64 M Sigmoid colon 13 Epithelioid gastrointestinal stromal tumor DOD (12) Rearrangement
detected

N/A

7 54 F Rectum 11.2 Well-differentiated neuroendocrine tumor, grade 2 DOD (6) Rearrangement
detected

N/A

8 36 M Pancreas, tail 2.9 Poorly differentiated neuroendocrine carcinoma NED (11) Rearrangement
detected

N/A

9 35 F Ileum, mesentery 10 Poorly differentiated neuroendocrine carcinoma AWD (34) Rearrangement
detected

N/A

10 40 F Pancreas mass (body/tail) 10 Well-differentiated, neuroendocrine tumor, grade 3 AWD (22) N/A EWSR1::FLI1
11 46 M Pancreas (body/tail), retroperitoneum 2.7 Small round blue cell tumor AWD (4) N/A EWSR1::FLI1
12 38 M Rectum 1.7 N/A NED (24) N/A EWSR1::FLI1
13 51 M Pancreas 12 Solid neoplasm LFU (8) N/A EWSR1::FLI1
14 46 F Multiple sites (small bowel, sigmoid colon,

mesentery, cecum)
15 Malignant neoplasm not further classifiable AWD (7) Rearrangement

detected
N/A

15 22 F Liver 30 Ewing Sarcoma AWD (29) Rearrangement
detected

N/A

16 20 F Liver* 4.1 Lymphoma; primary liver tumor AWD (10) Rearrangement
detected

N/A

17 62 M Jejunum* 11 Ewing Sarcoma NED (25) N/A EWSR1::ERG
18 41 F Pancreas and duodenum N/A Malignant epithelioid neoplasm NED (3) Rearrangement

detected
N/A

19 26 M Stomach 6.5 Small round blue cell tumor AWD (48) Rearrangement
detected

N/A

20 38 F Multiple sites (small intestine and omentum) 3.1 Poorly differentiated adenocarcinoma AWD (2) N/A EWSR1::ERG
21 20 M Jejunum, liver 6.5 Lymphoma LFU (0) Rearrangement

detected
N/A

22 35 M Stomach* N/A Carcinoma DOD (52) Rearrangement
detected

N/A

23 18 M Jejunum Lymphoma NED (23) N/A EWSR1::FEV

*Recurrent/metastatic ES.
N/A, not assessed; NED, no evidence of disease; DOD, died of disease; AWD, alive with disease; LFU, lost to follow-up; yr, years; mo, months.
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FNA and biopsy (n= 1), and resection (n= 6). Two cases
required re-biopsy due to extensive necrosis and/or
insufficient tissue for diagnosis. The treatment naïve
resection specimens demonstrated lobulated or
multinodular masses that were friable and hemorrhagic.
Two of the tumors were excised following neoadjuvant
therapy and these showed fibrosis, necrosis, remote
hemorrhage and small foci of residual tumor.
Microscopically, the tumors exhibited solid sheets
(Figs. 3 and 4) and nests of uniform small cells with
scant cytoplasm, round nuclei and finely stippled

chromatin (Fig. 5). Homer-Wright pseudorosettes were
identified in 1 case. In 2 cases, the nests of small cells were
embedded in dense, fibroblastic stroma suggestive of
desmoplastic small round cell tumor. Mitotic figures
were present in each case, ranging up to 42 per 10 high
power fields.

Ancillary Studies
All of the tumors tested showed diffuse and strong

membrane staining of CD99 (23/23, 100%) (Fig. 1-4) and
5 tumors displayed diffuse and strong nuclear positivity

FIGURE 1. Primary tumor location of intra-abdominal Ewing sarcoma.

FIGURE 2. Initial pathologic diagnosis of intra-abdominal Ewing sarcoma.
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for FLI1 (5/5, 100%) (Table 2). They were also variably
positive for CD117 (5/6, 83%) (Figs. 3 and 4),
synaptophysin (10/15, 67%), and pancytokeratin (9/23,
39%) (Figs. 3–6). Rare cases were positive for S100 protein
(1/11, 9%), chromogranin (1/14, 8%), and desmin (1/15,
7%). The ES cases were negative for all other markers,
including CD45 (0/11), myogenin (0/9), WT1 (0/9), DOG1
(0/5), beta-catenin (0/4), HMB45 (0/4), inhibin (0/3), and
CDX2 (0/3).

The diagnosis of ES was confirmed by detection of
the EWSR1 rearrangement in 22 cases. Nine were con-
firmed by next-generation sequencing and 15 by EWSR1
break-apart FISH. Six cases exhibited EWSRI::FLI1 fu-
sion, 2 cases showed EWSR1::ERG fusion and one case
had a EWSR1::FEV fusion. The remaining case was di-
agnosed using traditional morphology and im-
munohistochemistry.

Clinical Treatment and Patient Follow-Up
Limited treatment and follow-up information was

available, with follow-up time varying between 2months and
256 months (mean, 31.7 months; median, 22 months). Five

had complete resection. Four patients had abdominopelvic
dissemination and 5 patients had metastatic disease at the
time of diagnosis. Four received adjuvant chemotherapy
using vincristine, doxorubicin, and cyclophosphamide alter-
nating with ifosfamide and etoposide (VDC+IE), and 2 pa-
tients received adjuvant radiotherapy and chemotherapy
(VDC+IE). Five patients received neoadjuvant chemo-
therapy consisting of VDC+IE. Three patients were initially
treated with platinum-etoposide due to the diagnosis of
neuroendocrine carcinoma, 1 patient was initially treated
with imatinib due to the diagnosis of GIST, and 1 patient
was initially treated with carboplatin and etoposide follow-
ing a presumptive clinical diagnosis of ovarian small cell
carcinoma, hypercalcemic type. Six patients are alive with no
evidence of disease 3, 11, 23, 24, 25, 60, and 256 months after
initial diagnosis. Eight are alive with disease 1 to 48 months
after initial diagnosis. Five patients died of disease 6 to
60 months after initial diagnosis.

DISCUSSION
ES was first described in 1921 by James Ewing,

who reported a series of bone tumors distinct from

FIGURE 3. (A) Ewing sarcoma arising in the rectum exhibits a nested epithelioid morphology. The tumor cells demonstrate (B)
diffuse positive CD117 expression, (C) strong cytokeratin expression, and (D) patchy synaptophysin expression. The tumor cells
also expressed strong CD99 expression (not shown).
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osteosarcoma that were composed of broad sheets of small
cells with pale cytoplasm, small hyperchromatic nuclei,
and well-defined cell borders in the absence of any inter-
cellular material.22 Although initially regarded as “diffuse
endothelioma of bone”, it is now believed that ES arises
from an undefined mesenchymal stem cell.23 ES most
frequently arises in patients under 20 years of age and
often involves the diaphysis and metaphyseal-diaphyseal
regions of the lower limbs and pelvis. Less typical loca-
tions include the spine, ribs and skull. Extraskeletal ES
occurs in slightly older patients (> 30 years) with a wide
anatomic distribution. Intrabdominal and retroperitoneal
ES are well documented, but involvement of the GI and
hepatobiliary tract is not well recognized.

The findings in our series largely confirm and sup-
port those of prior reports of extraskeletal ES, with some
caveats. The age range (range, 2 to 64 years; median age:
34 years) of ES in the GI and hepatobiliary tract is similar
to that reported in a recently published series of GI ES
(range, 9 to 59 years; median age, 38 years), but is slightly
older than that reported for extraskeletal soft tissue ES
(range, 20 months to 63 years; median age, 20 years).22

Although GI ES has been previously reported to show a

predilection for the small bowel,20 ES cases were dis-
tributed throughout the tubular GI tract in our series, with
the pancreas and small bowel equally exhibiting the most
common sites of involvement. Pancreatic ES has been
previously documented.14 The prognosis of ES for our
patients appears similar to previously reported series in the
GI tract, with instances of local recurrence and distant
metastases. Several large series of extraskeletal ES suggest
the prognosis is similar to the more common skeletal
subtype, although patients with extraskeletal ES may have
a significantly higher risk for local recurrence.24–26 The
current treatment recommendation by the National
Comprehensive Cancer Network (NCCN) is local treat-
ment (surgery and/or radiotherapy) plus VDC-IE chemo-
therapy for extraskeletal ES.2 Extraskeletal ES is
considered to be a potentially curable disease and has the
best prognosis in young patients who are treated with
early resection in conjunction with chemotherapy.24,25,27

Seventeen of our 23 patients were initially diagnosed
with another entity; the primary diagnosis for 5 cases was
a neuroendocrine tumor and in another 1 case the original
diagnosis was a GIST. Other preliminary diagnoses in-
cluded a wide variety of neoplasms typically encountered

FIGURE 4. (A) Gastric Ewing sarcoma exhibits a uniform epithelioid morphology. The tumor cells demonstrate (B) diffuse positive
CD99 expression, (C) diffuse positive CD117 expression, and (D) patchy synaptophysin expression.
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in the differential diagnosis for tumors with small round
cell morphology. Metastases were included in our series,
as initial misdiagnosis occurred in one of these tumors as
well. Eight cases were referred for consultation for a de-
finitive diagnosis, suggesting that due to its rarity, ES is
particularly problematic to diagnose in the gastrointestinal
and hepatobiliary tract.

The differential diagnosis of ES in the GI and hep-
atobiliary tract is broad and includes neuroendocrine ne-
oplasms, epithelioid GI tumor, poorly differentiated
carcinoma, lymphoma, desmoplastic small round cell tu-
mor, melanoma, poorly differentiated synovial sarcoma,
malignant GI neuroectodermal tumor, and capicua tran-
scriptional repressor (CIC)-rearranged sarcoma, among
others. Misdiagnosis of ES as GIST due to the expression
of aberrant CD117 has been previously documented.20

However, the propensity to misdiagnose ES as a neuro-
endocrine neoplasm in the GI and hepatobiliary tract has
not been sufficiently emphasized. In this series, 25% of ES
were initially diagnosed as neuroendocrine tumors, in
large part due to immunohistochemical expression of
neuroendocrine markers (n= 5) and cytokeratin (n= 3).

Although unexpected, this misdiagnosis is understandable,
given that ES and neuroendocrine tumors are both com-
posed of uniform small round blue cells with round nuclei
and stippled chromatin. The presence of small dyshesive
cells in conjunction with limited sampling, unusual loca-
tion, and on occasion, suboptimal tissue preservation
further contributes to the misdiagnosis of a neuro-
endocrine neoplasm in the GI and hepatobiliary tract.
However, this diagnostic pitfall can be avoided by in-
cluding CD99 in the immunohistochemical panel for
neuroendocrine neoplasms and, if positive, pursuing reflex
testing for EWSR1 rearrangement. It is important to point
out that NKX2.2 is not useful in this distinction due to the
expression of this marker in well-differentiated neuro-
endocrine tumors and neuroendocrine carcinomas.28–30

With some important caveats, utilization of select
immunohistochemical panels can help in differentiating
ES from these as well as other more common entities that
occur in the GI tract. Strong and diffuse membranous
expression of CD99 is seen in greater than 95% of ES, but
some degree of CD99 expression can also be seen poorly
differentiated synovial sarcoma, CIC-rearranged sarcoma,

FIGURE 5. (A) Ewing sarcoma arising in jejunum. The nuclei have a stippled chromatin pattern, suggestive of a neuroendocrine
neoplasm. The tumor cells demonstrate (B) diffuse positive CD99 expression, (C) diffuse positive PAX7 expression, and (D) patchy
synaptophysin expression.

Am J Surg Pathol � Volume 48, Number 9, September 2024 Extraskeletal Ewing Sarcoma of the Gastrointestinal and Hepatobiliary

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc. www.ajsp.com | 1191



lymphoblastic lymphoma, and myeloid sarcoma. Since
CD99 lacks specificity in this differential diagnosis, a di-
agnosis of ES should not rely on this marker alone, in
absence of other corroborative immunohistochemical or
molecular data. Although nearly all cases of ES show
strong nuclear expression of NKX2.2, its utility is limited
by expression in other small round cell tumors, including
neuroblastoma, small cell carcinoma, poorly differentiated
synovial sarcoma, rhabdomyoblastoma, and lympho-
blastic lymphoma in addition to neuroendocrine
neoplasms.30–33 Similarly, PAX7 immunoreactivity alone
is not completely specific for ES, although diagnostic
specificity improves when combined with CD99 and
NKX2.2.34,35 The diagnosis of poorly differentiated
synovial sarcoma can be confirmed by diffuse and strong
expression of SS18::SSX fusion-specific antibody (E9X9V)
and evidence of SS18::SSX gene fusion on molecular
testing,36 while WT1 expression and evidence of CIC gene
rearrangement can help to confirm CIC-rearranged
sarcoma.37 CD45, TdT, myeloperoxidase, and other
hematolymphoid markers can be utilized in the differential
diagnosis of lymphoma and myeloid sarcoma. Similarly,

TABLE 2. Immunohistochemical Features of Gastrointestinal
and Hepatobiliary Ewing Sarcoma
Immunohistochemical stain Number positive* (%)

Pancytokeratin 9/23 (33)
CD99 23/23 (100)
FLI1 5/5 (100)
NKX2.2 6/6 (100)
S100 2/13 (15)
CD117 5/6 (83)
DOG1 0/5
Synaptophysin 9/15 (67)
Chromogranin 1/14 (8)
NSE 2/2 (100)
INSM-1 2/2 (100)
CD45 0/11
Desmin 1/15 (7)
Myogenin 0/9
Beta-catenin 0/4
HMB45 0/4
WT1 0/9
CDX2 0/3
Inhibin 0/3

*Tumor cells show at least focal expression.

FIGURE 6. (A) Fine needle aspiration of Ewing sarcoma arising in the abdomen. (B) The constituent cells have scant cytoplasm and
uniform, ovoid nuclei that are hyperchromatic, suggestive of a neuroendocrine carcinoma. The tumor cells demonstrate (C) diffuse
positive CD99 expression and (D) patchy synaptophysin expression.
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as indicated above, a variety of markers utilized in the
identification of neuroendocrine tumors, including syn-
aptophysin, CD56, neuron-specific enolase (NSE), chro-
mogranin, and INSM-1 can be seen in ES. ES is reported
to show immunoreactivity with antibodies to cytokeratin
in up to 25% of cases (33% in our series), which not only
leads to diagnostic confusion with neuroendocrine tumors
but also poorly differentiated carcinoma. However, CD99
expression is unusual in carcinomas. More importantly,
poorly differentiated carcinomas usually show more nu-
clear pleomorphism, consisting of hyperchromatic nuclei
with irregular nuclear membranes, whereas ES is com-
posed of a monomorphic population of cells lacking nu-
clear pleomorphism or significant cytologic atypia. When
tested, a significant number of ES in our series expressed
CD117 (5/6, 83%), which led to misdiagnosis as GIST and
delayed treatment in at least one case. This can be pre-
vented with incorporation of DOG1, CD34 and
PDGFRA38 as supplemental immunohistochemical
stains, as ES is essentially negative for these markers.
Mutational analysis can confirm the diagnosis of sus-
pected GISTs lacking both CD117 and DOG1. Desmo-
plastic small round cell tumor can exhibit an overlapping
immunohistochemical profile with ES, but it is also char-
acterized by a unique perinuclear dot pattern of desmin,
which is not seen in ES, and membranous CD99 ex-
pression is not as strong and diffuse. Since the t(11;22)
(p13;q12) translocation in this tumor results in an
EWSR1::WT1 fusion transcript, caution should be ex-
ercised in the interpretation of EWSR1 rearrangement by
FISH in this setting.

The diagnosis for most of the neoplasms in our series
(22 of 23) was confirmed with molecular testing, either by
next-generation sequencing or by break-apart FISH for
EWSR1 rearrangement. Although FISH for EWSR1 re-
arrangement is not specific for ES, most investigators
consider the demonstration of an EWSR1 rearrangement
in the appropriate context to be sufficient to confirm the
diagnosis. One case was diagnosed based on classic mor-
phology, including Homer-Wright-type rosettes and in-
tracytoplasmic glycogen, and a panel of more traditional
immunohistochemical stains.

In summary, we present the clinicopathologic fea-
tures of GI and hepatobiliary ES and provide several
strategies to avoid misdiagnosis when encountered in this
unusual location. Since early surgical removal and im-
plementation of adjuvant therapy has a significant impact
on the survival rate of these patients, ES should be con-
sidered in the differential diagnosis of any GI or hep-
atobiliary tumor with epithelioid and/or small round cell
morphology, particularly in limited samplings.
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