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Abstract. Background/Aim: Clear cell sarcoma-like tumor
of the gastrointestinal tract (CCSLTGT) is a very rare and
relatively recently characterized mesenchymal neoplasm
arising within the wall of the small bowel, stomach, or large
bowel, predominantly in adolescents and young adults. Only
few anecdotal reports or small series have been published and
a consensus on treatment has not been formulated. Complete
resection remains the only curative option for localized
disease, but despite optimal surgery, CCSLTGT typically
shows highly aggressive behavior with a high rate of local
recurrence, metastases, and death from disease. The hallmark
of CCSLTGT is the presence of EWSRI-CREBI or EWSRI-
ATF1 gene fusions, detectable with reverse transcription-
polymerase chain reaction (PCR). The aim of this study was
to assess all referred cases of CCSLTGT, and document the
pathological features, treatment and outcome of these patients.
Patients and Methods: We retrospectively reviewed all cases
of histologically- and molecularly-confirmed CCSLTGT with
EWSRI-CREBI or EWSRI-ATF1 fusions at our tertiary
sarcoma center, between 2009 and 2016. Results: We assessed
six patients diagnosed with CCSLTGT. In a median follow-up
of 8 months, all patients received surgery, and additionally
one patient was treated with chemotherapy and had
progressive disease. Five of six patients experienced
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recurrence or progression of disease and 4 of 6 patients died
of disease. Conclusion: Our study confirms that CCSLTGT is
a very rare aggressive sarcoma subtype with a very poor
outcome. Greater international collaboration is required to
obtain a better understanding of this disease.

Clear cell sarcoma-like tumor of the gastrointestinal tract
(CCSLTGT) is an extremely rare mesenchymal tumor arising
from the gastrointestinal tract, particularly the small bowel,
stomach and large bowel (1). It has never been described outside
the abdominal cavity. It most frequently affects adolescents and
young adults with an equal gender distribution. The clinical
presentation is often associated with tumor ulceration and non-
specific symptoms such as rectal bleeding, anemia and bowel
obstruction. CCSLTGT is characterized by highly aggressive
clinical behavior, with a high risk of recurrence and metastatic
disease. There are few clinical data regarding this sarcoma type,
but reported metastatic sites include the liver, lymph nodes and
other intra-abdominal sites (2).

This entity was first described in 2003 by Zambrano et al.
(3), who described six cases of a biologically-aggressive
neoplasm affecting sites exclusively within the
gastrointestinal tract which showed similarities to soft tissue
clear cell sarcoma (CCS), also referred to as clear cell
sarcoma of soft parts or conventional-type clear cell
sarcoma, which typically affects extremity deep soft tissue
sites, particularly around the foot and ankle (4, 5).

The genetic hallmark of CCS and CCSLTGT is the
presence of translocations involving the EWSRI gene.
EWSRI rearrangements have been described in many
clinically and histologically different sarcomas, including
desmoplastic small round cell tumor, Ewing sarcoma,
extraskeletal myxoid chondrosarcoma, myxoid liposarcoma,
angiomatoid fibrous histiocytoma and primary pulmonary
myxoid sarcoma (4-6). The most frequent translocation in
soft tissue CCS is t(12:22)(q13;q12) resulting in the fusion
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Table 1. Clinical characteristics of patients with clear cell-like tumor of gastrointestinal tract.

Patient Age Gender Site Status at Lymph Distant Surgery of Surgical Recurrence Site Surgery Chemo- Last FU
# of diagnosis  node met primary margins (Mo) of at therapy  status
primary met disease recurrence recurrence (Mo)
1 59 Stomach Locally 5/25 Subtotal Negative Yes Liver met No Yes DOD
advanced gastrectomy and (11) (18)
nodal dissection
2 28 F Small Localized Wide local Negative Yes Mesenteric Yes No NED
bowel resection (109)  lymph nodes (161)
3 27 F Small Metastatic Lung and Resection NA Yes Lung and No NA DOD
bowel peritoneum 2) peritoneum “4)
4 33 M Small  Locally 3/11 Wide local Negative Yes Mesenteric No No DOD
bowel advanced resection and 2) nodes and (8)
nodal dissection liver met
5 48 M Small Localized Resection NA Yes NA NA NA DOD
bowel (NA) (unknown)
6 27 Small Metastatic Multi- Wide local Negative No NA NA NA NED
bowel nodular, resection, 2)
peritoneum nodal dissection

and peritoneal
nodule resection

Mo: Months from diagnosis; FU: follow up; NA: not assessable; DOD: dead of disease; NED: no evidence of disease; met: metastases.

of EWSRI and ATF1 genes (7), while another translocation
t(2;22)(q32.3;q12), results in EWSRI-CREBI fusion. Despite
both conventional-types CCS and CCSLTGT displaying
EWSRI1 rearrangements involving either ATFI or CREBI
genes, CCSLTGT more frequently appears to harbor EWSRI-
CREBI fusions (8).

There are very few published data regarding the clinical
behavior and outcomes of histologically and molecularly
proven CCSLTGT. In particular, there have been no previous
studies evaluating the use of chemotherapy in this
histological subtype. Therefore, the aim of this study was to
document the clinical outcome of patients treated at a single
referral center to serve as a benchmark for future studies.

Patients and Methods

Case selection. Institutional approval was obtained prior to
commencing the study. A retrospective search of the prospectively
maintained Royal Marsden Sarcoma Unit database was performed
to identify patients with CCSLTGT treated between 2003 and 2016.
We chose the time frame for our study based on the year this entity
was first described to the present.

Patient age, gender, date of diagnosis, disease site, therapy
administered, and date of last follow-up or death were obtained
from the database or electronic patient record. Descriptive statistics
were employed. The diagnosis was confirmed in all cases by
experienced soft tissue pathologists (CF and KT). Standard
techniques were employed for immunohistochemistry as described
elsewhere. Routinely, the following markers were tested for the
patients included in this study; S100, MelanA, HMBA45,
cytokeratins, CD34, desmin, SMA, h-caldesmon.
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Molecular and molecular cytogenetic analysis. For fluorescence in situ
hybridization (FISH), 2-um-thick formalin fixed and paraffin
embedded sections were dewaxed overnight at 60°C, treated with hot
buffer wash at 80°C (2-3 hours) then proteolytic enzyme treatment at
37°C, and finally washed in distilled water and an alcohol series before
addition of EWSRI1 break-apart probe (Vysis, Abbott Laboratories Ltd,
Maidenhead, UK). Hybridization was performed overnight according
to the manufacturer’s protocol. Reverse transcription-polymerase chain
reaction (RT-PCR) was performed to assess for EWSR1-CREBI and
EWSRI1-ATF]1 fusion transcripts according to standard and previously
described methods (9). Descriptive statistics were used.

Results

Clinical results. Six consecutive patients diagnosed with
CCSLTGT were identified from the Royal Marsden Sarcoma
Unit database. Three patients were female and three male,
and the median age at diagnosis was 30 years (range=27-59
years). Five patients had tumors arising from the small bowel
wall (three from ileum and two from jejunum) and one from
the gastric wall. The clinical characteristics of these patients
are displayed in Table I.

Two patients (Patients 2 and 5; Table I) presented with
localized tumors at diagnosis and two (Patients 1 and 4) had
locally advanced disease with lymph nodal involvement. One
patient (Patient 3) presented with peritoneal and lung
metastases. Patient 6 presented with ulcerating jejunal mass
and solitary peritoneal metastatic nodule, which was resected
with none of 21 lymph nodes involved. Patient 1 had
previously been treated at the age of 13 years for
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Figure 1. Contrast enhanced CT scans (Patient 4). Enhancing polypoid distal small bowel mass (A, arrow) causing intussuception with proximal
dilated loops of small bowel (B, dashed arrow) and abnormal rounded nodes in the draining mesentry (B, arrow). Recurrent mesenteric soft tissue

mass (C, arrow).

hepatoblastoma, with six cycles of PLADO regimen
(cisplatin and doxorubicin) chemotherapy followed by partial
hepatectomy and radiotherapy in the context of a Society of
Pediatric Oncology Liver Cancer (SIOPEL) study, as
reported in a study by Thway et al. (10).

All patients underwent wide-local excision of the primary
tumor. Patients 3, 4 and 5 underwent emergency abdominal
surgery due to bowel obstruction (Figure 1A-B). Follow-up
information was available for five patients and the mean
follow-up was 8 months (range=2-161 months).

Five of six patients developed recurrent or progressive
disease after a median duration of 6.5 months (range=2-109
months). Patients 1 and 4 developed liver and regional lymph
node metastases (Figure 1 C) and, as previously mentioned,
Patient 3 presented with peritoneal and lung metastases, and
experienced progressive disease. Patient 2 had a family history
of neurofibromatosis type 1 (NF1), and had been originally
diagnosed elsewhere with malignant peripheral nerve sheath
tumor or melanoma arising from the small bowel in 2002. In
2011 she experienced recurrent disease in mesenteric lymph
nodes that was resected, with a subsequent diagnosis of
CCSLTGT and retrospective diagnosis of CCSLTGT on the
primary neoplasm (Figure 2). Patient 6 was diagnosed with a
renal cell carcinoma (RCC) at the age of 55 years. Patient
number 1 received three cycles of single agent chemotherapy
(dacarbazine 800 mg/mz), with progression. At last follow-up,
four patients had died of disease and two patients were alive
with no evidence of disease.

Discussion

CCSLTGT is a very rare sarcoma subtype that has only
relatively recently been described as a separate entity from
conventional soft tissue clear cell sarcoma. While its etiology
remains unknown, based on S100 protein and SOX10 protein
positivity and the absence of melanocytic differentiation, it
has been suggested that it could originate from primitive

Figure 2. Contrast enhanced CT scan (Patient 2) demonstrates an avidly
enhancing central mesenteric recurrence (arrow).

neural crest cells, with some groups renaming it as
gastrointestinal neuroendocrine tumor (GNET) (11).
Antonescu et al. also speculated a possible gastrointestinal
neuroectodermal precursor cell which has lost the ability to
differentiate along the melanocytic lineage (8). However,
CCSLTGT is now established as a translocation-associated
tumor characteristically harboring EWSRI-CREBI or
EWSRI-ATF1 gene fusions and without recapitulation of a
normal cell of origin or line of differentiation.

Clinically, CCSLTGT is characterized by an extremely
aggressive course with a very high rate of development of
metastatic disease and short survival. CCSLTGT occurs
predominantly in the small bowel, large bowel and stomach
in young adults, growing as a transmural mass often
associated with extensive ulceration. Reported metastatic
sites include liver, peritoneum and lymph nodes (2, 8).
Conventional CCS can metastasize to lung, bone and lymph
nodes, and is, also, a very aggressive disease (12—14). Our
case series of six patients with CCSLTGT indicates that this
is a very aggressive sarcoma subtype, with 4 out of 6
patients succumbing to disease (a median survival of 8
months). However, our series includes also a long-term
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survivor. To date, no prognostic factors have been reported
and the only suggested treatment is surgery. Data regarding
systemic therapy and radiotherapy in CCSLTGT are very
limited. One of the patients in our series developed
progressive disease following 3 cycles of single-agent
dacarbazine. Conventional-type clear cell sarcoma is chemo-
resistant (15), and our experience with one CCSLTGT
patient suggests that this may be a relatively chemo-resistant
subtype, as well. Clinical trials of novel agents should be
offered to patients with this rare sarcoma subtype,
particularly if there is an underlying biological rationale, in
order to gain a better understanding of the disease. In
addition, further collaborative retrospective studies are
required to define the role of conventional chemotherapy and
radiation therapy in this histological subtype.

While potential factors that may contribute to its cause are
not known, in our series three patients had a personal or
family history of cancer. In particular, Patient 1 had a history
of hepatoblastoma in childhood and received chemotherapy
and radiotherapy treatment, and low dose radiation therapy
may potentially have contributed to the occurrence of
CCSLTGT. The precise radiation therapy fields were not
available for review, but the anatomic location of the
CCSLTGT corresponded to the previously irradiated region
(10). In accordance with this observation, there are other
anecdotal reports which have correlated low dose
radiotherapy given during childhood with CCSLTGT (16, 17).
Patient 2 had a family history of NF1 (von Recklinghausen
disease). NF1 is an autosomal dominantly inherited disorder
causing inactivation of the NFI tumor suppressor gene on
17q11.2. Although NF1 is completely penetrant, it is
characterized by a wide variety of clinical manifestations,
including pigmented lesions, learning disabilities and a
variety of neoplasms. It is known that patients with NF1 are
at higher risk for developing soft tissue sarcomas, and
although malignant peripheral nerve sheet tumor (MPNST) is
the most common malignancy associated with NF1, patients
have a higher predisposition for other soft tissue sarcomas
(18, 19). In addition, Patient 6 had a family history of RCC.
It is known that RCC is related to von Hippel-Lindau (VHL)
tumor-suppressor gene inactivation which leads to
constitutive activation of Hypoxia-inducible factor 1a (HIF-
la) which can cause renal tumorigenesis (20). It has been
recently demonstrated that HIF-1a genes are also involved in
sarcoma metastasis (21). Familial RCC has been associated
with several recurrent mutations located near the VHL locus,
including Polybromo-1 (PBRM1) and BRCAI-associated
protein-1 (BAPI) (22, 23). Mutations involving these two
genes have also been described in sarcomas (24) and
mesotheliomas (25). This suggests a possible involvement of
these genes in the pathogenesis of different cancers, and a
potential family genetic abnormality might be related to
CCSLTGT.

1482

Although CCSLTGT is extremely rare, it is likely that its
frequency has been underestimated due to its lack of
recognition by surgical pathologists, owing to its
morphological and immunohistochemical overlap with a
variety of neoplasms, such as conventional CCS,
gastrointestinal ~ stromal tumor, melanoma, malignant
perivascular epithelioid cell neoplasm (PEComa) and clear cell
carcinoma. Furthermore, an EWSRI rearrangement could be a
partner in a wide variety of distinct sarcomas including Ewing
sarcoma, desmoplastic small round cell tumor (DSRCT),
myxoid liposarcoma and extraskeletal myxoid chondrosarcoma
(5). Because of this, the finding of EWSRI rearrangement by
FISH alone is not optimal for the diagnosis of this subtype, due
to the potential morphological and immunohistochemical
overlap of CCSLTGT with other malignant neoplasms that can
occur intra-abdominally, such as Ewing sarcoma and DSRCT.
The diagnosis of CCSLTGT should be confirmed by molecular
assessment for EWSRI rearrangement and for EWSRI-CREBI
and EWSRI-ATF ] fusion transcripts in the correct clinical and
pathological context (9).

In conclusion, our study confirms that CCSLTGT is a very
rare aggressive sarcoma subtype with a very poor outcome.
Greater international collaboration is required to obtain a
better understanding of this disease as well as application of
novel therapeutic agents, potentially towards downstream
products of the characteristic EWSRI-CREBI or EWSRI-
ATF1 gene fusions. This study will provide useful clinical
data for practicing physicians as well as providing a
benchmark for further research.
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