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Abstract. Malignant gastrointestinal neuroectodermal 
tumors (GNETs) are rare aggressive malignant neoplasms 
that exclusively occur within the wall of the gastrointestinal 
tract. The GNET was first described as an ‘osteoclast‑rich 
tumor of the gastrointestinal tract with features resembling 
clear cell sarcoma (CCS) of soft parts’ in 2003. Although 
the GNET shares certain histological features with CCS, it is 
characterized by a lack of melanocytic differentiation and the 
presence of non‑tumoral osteoclast‑like giant cells (OLGCs). 
The present study reports a case of a GNET of the ileum 
with intra‑abdominal granulomatous nodules, an uncommon 
accompanying finding, and summarizes the current literature. 
A 30‑year‑old woman presented with the symptoms of 
intestinal obstruction, and a mass was found within the ileum 
wall. Multiple grey‑white nodules were found adhering to the 
omentum and serosa of the ileum. Histologically, the tumor was 
located in the muscularis propria and infiltrated the mucosa and 
the serosa. Tumor cells presented with oval or polygonal nuclei 
and prominent nucleoli, and were predominantly arranged 
in nested and pseudopapillary patterns, with the presence of 

cluster of differentiation (CD)68‑positive, scattered OLGC. 
Immunohistochemically, it was determined that the tumor 
cells expressed Vimentin, CD56, S‑100 and transcription factor 
SOX‑10, while being negative for pan‑cytokeratin, cytokeratin 
(CK)7, CK20, synaptophysin, chromogranin‑A, CD117, 
anoctamin‑1, CD34, human melanoma black‑45, Melan‑A, 
smooth muscle actin, CD3 and CD20 expression. Ewing 
sarcoma breakpoint region 1 gene rearrangement was identified 
by fluorescence in situ hybridization analysis. Ultrastructurally, 
no typical melanosomes were identified. In addition, the 
intra‑abdominal grey‑white nodules were microscopically 
identified as chronic granulomatous inflammation. The patient 
received four cycles of adjuvant chemotherapy following routine 
tumor resection. Due to its rarity and histological similarity 
with other neoplasms, unfamiliarity with the features of GNETs 
by surgical pathologists can easily lead to a misdiagnosis. 
Therefore, comprehensive assessments, including morphology 
and ancillary studies, are required for an accurate diagnosis of 
GNET.

Introduction

Clear cell sarcoma‑like tumor of the gastrointestinal tract 
(CCSLTGT), also known as an ‘osteoclast‑rich tumor of 
the gastrointestinal tract with features resembling clear cell 
sarcoma (CCS) of soft parts’, is a rare and malignant tumor 
entity that occurs exclusively within the wall of the gastrointes-
tinal tract (1). In contrast to CCS of the soft tissue (previously 
known as melanoma of the soft tissue), CCSLTGT was initially 
described as a distinct entity by Zambrano et al (2) in 2003 
from a series of 6 cases that were characterized histologically 
by the presence of osteoclast‑like giant cells (OLGCs) and 
immunohistochemically by the absence of melanocyte‑specific 
markers. An increasing number of cases support that 
CCSLTGT is a distinctive tumor entity, and not a variant of 
CCS of the soft tissue (3‑10). However, the pathological nature 
of CCSLTGT is distinguishable from CCS of the soft tissue 
in that it always arises in tendons and aponeuroses, and shows 
melanocytic differentiation at the light microscopic, ultra-
structural and protein levels (1,10). In 2012, Stockman et al (6) 
proposed to re‑designate this tumor entity as a ‘malignant 
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gastrointestinal neuroectodermal tumor’ (GNET) instead of a 
CCSLTGT, and this term has been increasingly accepted by 
pathologists (7‑9,11‑13). Based on recent studies, cases that were 
previously reported as soft tissue‑type CCS of the gastrointes-
tinal tract (CCS‑GI) lacking melanocytic differentiation may 
be appropriately categorized as CCSLTGT or GNET, although 
a GNET remains a controversial tumor entity (1‑4,6‑11,13). To 
the best of our knowledge, only 47 cases that may represent a 
GNET have been reported in the English or Chinese languages, 
including 31 of which appear to be reported as a CCSLTGT or 
GNET and 16 that correspond to CCS‑GI lacking melanocytic 
differentiation. Table I summarizes the clinicopathological 
and cytogenetic features of all 47 previous cases (2‑9,11‑24). 
Due to its rarity and histological similarity, a GNET may 
be easily misdiagnosed as a variety of neoplasms, including 
adenocarcinoma, a gastrointestinal stromal tumor (GIST), a 
neuroendocrine tumor, CCS and a malignant peripheral nerve 
sheath tumor (MPNST) (1). The present study reports a case 
of a GNET of the ileum with intra‑abdominal granulomatous 
nodules in a 30‑year‑old woman who was initially misdiag-
nosed with a poorly differentiated carcinoma by intra‑operative 
frozen section diagnosis.

Case report

A 30‑year‑old woman presenting with acute abdominal pain 
and occasional vomiting was admitted to the Department of 
General Surgery, 924th (181st) Hospital of the Chinese People's 
Liberation Army (Guilin, Guangxi, China) in November 2017. 
The patient had a history of 10 kg of weight loss over the past 
6 months and an appendectomy 6 months previously.

Physical examination revealed a mid‑abdominal bulge with 
visible intestinal peristalsis. A computed tomography (CT) 
scan of the abdomen and pelvis showed a segmental wall thick-
ening and dilatation of the distal ileum, evidence of intestinal 
obstruction (Fig. 1A). The patient underwent an exploratory 
laparotomy, and a mass located in the distal ileum, as well as 
multiple gray‑white nodules adhering to the omentum majus 
and ileal serosa, were identified. An excision of the segmental 
ileum and partial omentum majus was performed.

As the patient was in an unstable condition, further imaging 
examinations besides the CT scan, including magnetic reso-
nance imaging and position emission tomography‑computed 
tomography, were not performed. The patient presented with 
symptoms of acute intestinal obstruction and was subjected to 
an immediate exploratory laparotomy. The mass in the ileum 
was initially misdiagnosed as a poorly differentiated carci-
noma based on an intra‑operative frozen section diagnosis; the 
growth pattern of the tumor was nested and sheet‑like with the 
presence of intra‑abdominal small nodules.

Macroscopic examination revealed a 3.5x2x1.8‑cm annular 
mass within the ileum wall; the cut surface was gray‑white and 
well‑circumscribed (Fig. 1B). Multiple gray‑white nodules were 
adhered to the ileal serosa and omentum that appear similar in 
nature to metastatic carcinoma nodules (Fig. 1C and D). For 
the microscopic examination, surgical specimens were fixed in 
neutral buffered 10% formalin overnight at room temperature 
and paraffin‑embedded. Subsequently, 3‑µm sections were 
stained with hematoxylin for 5 min and eosin for 40 sec at 
room temperature. Under light microscopy (DM3000; Leica 

Microsystems GmbH, Wetzlar, Germany), the tumor was situ-
ated in the muscularis propria and extended into the mucosa and 
serosa (Fig. 2A and B). Tumor cells were predominantly arranged 
in nested and pseudopapillary patterns with eosinophilic cyto-
plasm, oval or polygonal vesicular nuclei and prominent nucleoli 
(Fig. 2C and D). Cluster of differentiation (CD)68‑positive, 
scattered OLGCs were identified (Fig. 3A and B). Necrosis and 
mitotic figures (in 8/10 high‑powered fields) were also noted. 
There was no tumor involvement in the surgical margin, regional 
lymph nodes or liver. The gray‑white nodules that adhered to the 
omentum and ileal serosa were identified as a chronic granulo-
matous inflammation.

The differential diagnosis included a variety of epithe-
lial and mesenchymal tumors, and tests using a panel 
of immunohistochemical markers were performed. The 
immunohistochemical assay was performed as previously 
described (8). Images were acquired using a light microscope 
DM3000 (Leica Microsystems GmbH) and the antibodies 
used in this case study were listed in Table II. The neoplastic 
cells showed strong diffuse expression of S‑100 and SOX‑10 
protein (Fig. 4A and B), and positive staining for Vimentin 
and CD56, but no staining for pan‑cytokeratin AE1/AE3, 
cytokeratin (CK)7, CK20, homeobox protein CDX‑2 (CDX‑2), 
synaptophysin, chromogranin‑A, CD117, anoctamin‑1 
(DOG‑1), CD34, human melanoma black‑45 (HMB‑45), 
Melan‑A, smooth muscle actin, CD3 and CD20. Fluorescence 
in situ hybridization (FISH) analysis was performed as previ-
ously described (5) with an Ewing sarcoma breakpoint region 
1 (EWSR1) break‑apart probe that revealed the splitting signal 
in 164 out of 200 nuclei, i.e., a significant separation of the 
red and green signals, indicating the presence of EWSR1 
gene rearrangement (Fig. 5A and B). Ultrastructurally, no 
typical melanosomes were identified, but there were isolated 
dense‑core secretory granules in the tumor cell cytoplasm. 
The nuclei were irregularly shaped, and the nucleoli were 
dense and occasionally prominent (Fig. 5C and D).

The patient received 4 cycles of adjuvant chemotherapy with 
ifosfamide (400 mg/day for 5 days) plus epirubicin (40 mg/day 
for 1 day) following the intestinal segment resection, as described 
previously (8,11). The patient remained alive without tumor 
recurrence or metastasis during the 6‑month follow‑up period 
from December 2017 to May 2018. The patient received imaging 
examinations every 6 months and to determine her prognosis an 
intensive follow‑up schedule was required.

Discussion

Since CCSLTGT was first described by Zambrano et al (2) in 
2003, it has remained a controversial entity. In 1985, Alpers 
and Beckstead (25) reported a case of a malignant neuroendo-
crine tumor of the jejunum with OLGCs, which particularly 
resembled CCSLTGT histologically. However, an increasing 
number of cases support CCSLTGT as an independent 
tumor entity that lacks melanocytic differentiation at the light 
microscopic, ultrastructural and protein levels (3‑10). In 2012, 
Stockman et al (6) proposed that this tumor entity should be 
re‑designated as a GNET, a term which has achieved increasing 
acceptance (7‑9,11‑13). GNETs are rare and aggressive malignant 
neoplasms that predominantly occur in younger and middle‑aged 
adults (median age, 35  years) without sex predominance 
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Figure 1. (A) Enhanced computed tomography revealed a dilatation and wall thickening of the distal small intestine (arrowhead). (B) Macroscopically, a mass 
within the intestinal wall that was well‑circumscribed and gray‑white was identified (arrowhead). (C and D) Multiple gray‑white nodules were found adhering 
to the serosa surface of the intestine and the omentum majus (arrowhead).

Figure 2. (A) Microscopically, the tumor was located in the muscularis propria and had disrupted the muscularis mucosae (H&E staining; original magnifica-
tion, x25). (B) The muscularis mucosae were interrupted and tumor cells invaded the mucosa (H&E staining; original magnification, x100). Histologically, 
(C) nested and (D) pseudopapillary architectural patterns were present, and tumor cells presented with vesicular nuclei and eosinophilic cytoplasm 
(H&E staining; original magnification, x400). H&E, hematoxylin and eosin staining.
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(Table I). In a review of the literature, all reported cases of GNET 
arose within the abdominal cavity, frequently involving the small 
intestine, stomach or colon (2‑9,11‑24). GNETs appear to prog-
ress aggressively with preferential metastases to the liver and/or 
mesenteric lymph nodes (2,5,14,17‑19,21,23,24). Patients often 
present with abdominal pain, intestinal obstruction or incidental 
image findings of an abdominal mass. Occasionally non‑specific 
symptoms, including weight loss and anemia, are associated (1).

The etiology of GNETs is unknown. A total of 2  cases 
of GNETs document a patient history of hepatoblastoma or 
Ewing's sarcoma in early childhood, suggesting that genetic 

aberration in the embryonic stage could be regarded as a risk for 
the oncogenesis of this tumor (5,11). A single case occurred as a 
secondary malignancy following irradiation for neuroblastoma 
in infancy, suggesting that radiotherapy may also be regarded as 
a risk factor for the development of this tumor later in life (26). 
Intra‑abdominal granulomatous inflammation in the present 
case, and immunoglobulin‑4‑related sclerosing inflammation 
in another case have been reported with this tumor, suggesting 
that immune factors may participate in its progression (18). 
Furthermore, it was found that the granulomatous nodules 
in the current case were formed of abundant CD68‑positive 

Figure 3. (A) A characteristic feature of malignant gastrointestinal neuroectodermal tumors, multinucleated OLGCs, was identified (H&E staining, original 
magnification x400). (B) Scattered OLGCs were positive for cluster of differentiation 68 immunostaining, but tumor cells were negative, indicating that the 
OLGCs were not tumor‑derived, in contrast to the tumor‑derived giant cells of conventional clear cell sarcomas (immunohistochemistry; original magnifica-
tion, x400). OLGC, osteoclast‑like giant cell.

Table II. Antibodies used in the immunohistochemical analysis.

Antibodies	 Catalogue number	 Supplier	 Dilution

Pan‑cytokeratin	 M351529‑2	 Dako	 1:500
Cytokeratin 7	 M701829‑2	 Dako	 1:400
Cytokeratin 20	 M701929‑2	 Dako	 1:400
S‑100	 ab4066	 Abcam	 1:600
SOX‑10	 ab212843	 Abcam	 1:600
Vimentin	 M072501‑2	 Dako	 1:800
CD56	 M730401‑2	 Dako	 1:500
Synaptophysin	 M731529‑2	 Dako	 1:300
Chromogranin‑A	 M086929‑2	 Dako	 1:300
CD117	 M3260 	 Spring Bioscience; Roche	 1:200
DOG‑1	 ab53212	 Abcam	 1:300
CDX‑2	 06970940001	 Roche	 1:300
CD34	 M716529‑2	 Dako	 1:200
CD3	 05493315001 	 Roche	 1:200
CD20	 05493234001	 Roche	 1:200
HMB‑45	 M063429‑2	 Dako	 1:500
Melan‑A	 M719629‑2	 Dako	 1:200
Smooth muscle actin	 06770886001 	 Roche	 1:200
Secondary antibodies	 P044701‑2 & P044801‑2	 Dako	 1:1,000

Abcam, Cambridge, UK; Dako; Agilent Technologies, Inc., Santa Clara, CA, USA; Roche Diagnostics GmbH, Mannheim, Germany.
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macrophages, indicating that immune cells, particularly macro-
phages, may be associated with the development of this tumor. 
Due to the absence of melanocyte‑specific markers and the 
significant expression of SOX‑10 protein, an important tran-
scriptional factor responsible for the development of the neural 
crest, GNETs are hypothesized to originate from gastrointestinal 
neuroectodermal precursor cells that are unable to differentiate 
into the melanocytic lineage through uncertain etiology (6).

Macroscopically, GNETs typically arise within the muscu-
laris propria of the gastrointestinal tract, and often extend into 

the submucosa and subserosa with a well‑circumscribed and 
pushing border (1,6). Certain tumors manifest as a polypoid 
mass (2). These growth patterns frequently lead to an ulcer-
ated mucosa, or a thickening or stenosing gastrointestinal 
wall  (1,2,6). Histologically, tumor cells frequently present 
with a solid, nested, pseudoalveolar or fascicular growth 
pattern, occasionally forming an uncommon pseudopapillary, 
microcystic or rosette‑like architecture (1,2,6‑8). The majority 
of tumor cells are composed of medium and large‑sized 
ovoid, epithelioid or spindle cells with eosinophilic or clear 

Figure 4. (A) Nuclear and cytoplasmic immunostaining for S‑100 was strongly and diffusely positive in the tumor cells. (B) Nuclear immunostaining for 
transcription factor SOX‑10 was diffusely positive in the tumor cells (immunohistochemistry; original magnification, x200).

Figure 5. (A and B) Representative image of EWSR1 gene rearrangements. Fluorescence in situ hybridization analysis with a dual‑color EWSR1 break‑apart 
probe showed that the analyzed tumor cell presented with at least one fusion signal, and the separated red and green signals (arrowhead), indicative of a rear-
rangement of one copy of EWSR1. Scale bars, 5 µm. (C and D) Ultrastructural features, including some isolated dense‑core secretory granules (arrowhead), 
irregularly shaped nuclei and prominent nucleoli, were identified. Scale bars, (C) 5 µm and (D) 2 µm. EWSR1, Ewing sarcoma breakpoint region 1.
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cytoplasm, occasionally with an oncocytic cytoplasm (1,6,12). 
The nuclei are often located centrally and are polygonal. The 
nucleoli are not usually prominent, while the nuclei occasion-
ally display numerous macronucleoli (1,2,6). The presence 
of OLGCs and the absence of melanin pigment detected by 
Fontana stain are characteristic features distinguishing GNETs 
from other mesenchymal tumors of the gastrointestinal tract, 
particularly soft tissue‑type CCS involvement of the gastroin-
testinal tract (1,4,6,14). CCS may also feature multinucleated 
tumor‑derived giant cells, but the OLGCs in GNETs are not 
tumor‑derived, and invariably appear to be CD68‑positive (2). 
As presented in Table I, the OLGC feature was not observed in 
a number of the cases of GNETs (5,6,8,9,11,12,14,17‑19,21,22).

Immunohistochemically, S‑100 protein positivity has been 
found in all reported cases. Melanocyte‑specific markers 
(HMB‑45, Melan‑A and tyrosinase) are negative in the majority 
of cases, indicating a deficiency in melanocytic differen-
tiation. At least one of the neuroendocrine markers (including 
chromogranin‑A, synaptophysin, neuron‑specific enolase and 
CD56) is positive in the majority of cases. A 100% positivity 
rate for SOX‑10 protein expression was found in all cases where 
SOX‑10 immunostaining was performed, further supporting 
the hypothesis that GNET arises from a primitive neural crest 
cell lineage (6,12). GIST markers, including CD117, DOG‑1 and 
CD34, were negative in all cases. The GNETs were also negative 
for desmin, smooth muscle actin and pan‑cytokeratin AE1/AE3, 
and just 1 case was reported to be focally positive CAM5.2 (6). 
Ultrastructurally, no melanosomes or melanosome‑like struc-
tures were generally identified, although rare pre‑melanosomes 
(stage I) were observed in 1 case (16). The neoplastic cells 
commonly showed clear secretory vesicles, dense‑core secre-
tory granules or multiple interdigitating cell processes (6,14).

Genetically, GNETs are characterized by EWSR1 (22q12.2) 
gene rearrangement in the majority of investigated cases; 
common fusion partners are the cAMP responsive element 
binding protein 1 or activating transcription factor 1 CREB1 
or ATF1 genes (5,6,12,19‑21). However, Stockman et al (6) 
and Joo et al (18) reported that EWSR1 gene rearrangement 
was not detected by FISH in their cases, indicating that other 
genetic events may also be associated with GNET tumori-
genesis. Fused in sarcoma (FUS; 16p11.2), a gene that shares 
extensive nucleotide sequence homology with EWSR1, was 
proposed by Stockman et al (6) as an alternative gene, but FUS 
had no signal for gene rearrangement detection in all cases 
analyzed. EWSR1 gene rearrangement has been identified in 
other distinctive tumors, including Ewing sarcoma, hyalin-
izing clear cell carcinoma of the salivary gland, myoepithelial 
carcinoma, extraskeletal myxoid chondrosarcoma, myxoid 
liposarcoma, angiomatoid fibrous histiocytoma and desmo-
plastic small round cell tumors (27‑30). Therefore, EWSR1 
gene rearrangement is not a specific criterion for GNETs, but 
can aid in confirming the diagnosis of a GNET.

In the patients with follow‑up data, regional lymph nodes 
and liver metastases were common (2,3,6,23). As GNET cases 
are rare, no 5‑year survival rate is available. The reported cases 
include survival periods ranging from 3 to 106 months (6). The 
consensus treatment for a GNET is a surgical resection of the 
involved bowel segment followed by regular image monitoring 
for recurrence and metastasis (1). Although 2 patients received 
chemotherapy in previously reported cases, chemotherapy 

is not regarded as an evidence‑based practice for this tumor 
entity (8,11).

The differential diagnosis of a CCSLTGT or GNET 
includes adenocarcinoma, a GIST, a neuroendocrine tumor, 
CCS involving the gastrointestinal tract, metastatic melanoma, 
an MPNST, a malignant granular cell tumor and synovial 
sarcoma. Microscopically, a poorly differentiated carcinoma 
usually has a nested and sheet pattern composed of epithelial 
tumor cells, potentially leading to a misdiagnosis. A panel 
of epithelial markers of the gastrointestinal tract, including 
pan‑cytokeratin AE1/AE3, CK20 and CDX‑2, will be useful for 
distinguishing poorly differentiated carcinomas from GNETs. 
Although GISTs can display a variety of morphologies, occa-
sionally mimicking the structure and morphology of GNETs, 
routine immunohistochemistry can exclude the diagnosis of a 
GIST. GISTs usually express at least one marker from CD117, 
DOG‑1 and CD34, whereas GNETs are negative for all these 
markers  (31). Although the expression of neuroendocrine 
markers is often found in GNETs, the OLGCs and genetic 
translocation features are useful for excluding neuroendocrine 
tumors (6). Metastatic melanoma usually presents with a history 
of previous skin melanoma and generally expresses HMB‑45, 
Melan‑A or tyrosinase, and lacks EWSR1 rearrangement (1,6). 
Soft tissue‑type CCS typically occurs at tendons and aponeu-
roses, and CCS involving the gastrointestinal tract is extremely 
rare (13). CCS commonly displays tumor‑derived giant cells 
rather than non‑tumor OLGCs, is positive for HMB‑45 and/or 
Melan‑A, and contains melanin pigment, as detected by Fontana 
stain (1,10). SOX‑10 is also positive in certain cases of CCS, so 
SOX‑10 immunoreactivity is less useful (32). Genetic analysis 
is also not beneficial for distinguishing CCS from GNETs due 
to the presence of similar genetic hallmarks, whereas elec-
tron microscopy analysis presenting numerous melanosomes 
in varying developmental stages is of value in diagnosing 
CCS (33). The mass of an MPNST may be connected to a nerve, 
and typically occurs in a patient with a history of neurofibroma 
or schwannoma. The epithelioid MPNST may show a similar 
histology to a GNET, while it often shows a strong and diffuse 
immunostaining for S‑100 protein when compared with 
GNETs. Malignant granular cell tumors are exceedingly rare 
and may display similar immunophenotypes to GNETs. It is 
occasionally difficult to make a definitive diagnosis based on 
morphology, but genetic analysis is valuable in distinguishing 
GNETs from malignant granular cell tumors (12). Although 
synovial sarcomas focally express S‑100 protein in up to 40% 
of cases, potentially confusing the diagnosis, epithelial markers, 
including EMA and cytokeratins, are commonly focally detect-
able in various types of synovial sarcoma (34). This tumor is 
characterized by the t(X;18)(p11;q11) translocation that results 
in the SS18 nBAF chromatin remodeling complex subunit‑SSX 
family member 2 gene fusion, which is found exclusively in 
synovial sarcoma (35). Transducin‑like enhancer of split 1 was 
also recently identified as a robust diagnostic biomarker for 
synovial sarcoma and correlates with t(X;18) (36).

In conclusion, the present study reports a case of a GNET 
of the ileum with intra‑abdominal granulomatous nodules, an 
uncommon accompanying finding. A GNET is a rare tumor 
that shares some features with certain other neoplasms. 
Unfamiliarity with the features of GNETs by surgical patholo-
gists can easily lead to a misdiagnosis. Therefore, it is necessary 
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to comprehensively assess the clinical, gross, morphological, 
immunohistochemical, genetic and even ultrastructural char-
acteristics for a definitive diagnosis of a GNET.
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