
Citation: Gonzalez, J.; Ocejo, S.;

Iribarren, M.; Abreu, A.; Bahmad,

H.F.; Poppiti, R. Desmoplastic Small

Round Cell Tumors of the

Gastrointestinal Tract. Cancers 2024,

16, 4101. https://doi.org/10.3390/

cancers16234101

Received: 19 October 2024

Revised: 2 December 2024

Accepted: 6 December 2024

Published: 7 December 2024

Copyright: © 2024 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Review

Desmoplastic Small Round Cell Tumors of the
Gastrointestinal Tract
Jeffrey Gonzalez 1 , Stephanie Ocejo 1, Mercy Iribarren 1, Alvaro Abreu 1, Hisham F. Bahmad 2,*,† and
Robert Poppiti 2,3

1 Herbert Wertheim College of Medicine, Florida International University, Miami, FL 33199, USA;
jgonz1074@med.fiu.edu (J.G.); socej001@med.fiu.edu (S.O.); mirib006@med.fiu.edu (M.I.);
aabre070@med.fiu.edu (A.A.)

2 The Arkadi M. Rywlin M.D. Department of Pathology and Laboratory Medicine, Mount Sinai Medical Center,
Miami Beach, FL 33140, USA; robert.poppiti@msmc.com

3 Department of Pathology, Herbert Wertheim College of Medicine, Florida International University,
Miami, FL 33199, USA

* Correspondence: hfbahmad@gmail.com or hxb592@miami.edu; Tel.: +1-305-674-2277
† Current address: Department of Pathology and Laboratory Medicine, University of Miami Miller School of

Medicine, Miami, FL 33136, USA.

Simple Summary: Desmoplastic small round cell tumors (DSRCTs) are rare, aggressive malignant
neoplasms that typically affect the abdominal region. The challenge in diagnosing those tumors
is rendered to their histopathologic resemblance to other small round cell tumors, such as Ewing
sarcoma and rhabdomyosarcoma. Our review aims to provide a better understanding of the key
histomorphologic and genetic features that make DSRCTs unique, including specific gene fusions. We
highlight the importance of ancillary tests, including immunohistochemical staining and molecular
profiling, in making an accurate diagnosis. By improving the way these tumors are identified and
treated, we hope this review will help guide both pathologists and clinicians and improve outcomes
for patients with DSRCTs.

Abstract: Desmoplastic small round cell tumors (DSRCTs) of the gastrointestinal (GI) tract are a
rare and highly aggressive variant of soft tissue sarcomas, predominantly affecting the abdominal
region. These tumors are believed to originate from multipotent mesenchymal stem cells or primitive
progenitor cells. They are composed of small round tumor cells associated with prominent stromal
desmoplasia, polyphenotypic differentiation, and EWSR1::WT1 gene fusion. Diagnostically, DSRCTs
present a significant challenge due to their histological resemblance to other small round cell tumors,
such as Ewing sarcoma and rhabdomyosarcoma, necessitating the use of ancillary tests, including
immunopanels and molecular analysis, to reach a definitive diagnosis. Immunohistochemical staining,
including markers like cytokeratin, vimentin, desmin, and WT1, has proven valuable in differentiating
DSRCTs from their mimickers. The prognosis of these tumors is highly dependent on factors such
as tumor location and stage at diagnosis, and given their aggressive nature, a multidisciplinary
approach may be required that combines surgical resection, chemotherapy, and radiation therapy,
among other options. In this review, we provide a synopsis of the pathophysiology of DSRCTs and
the latest diagnostic advancements, including the utility of molecular profiling and novel biomarkers.

Keywords: DSRCT; sarcoma; EWSR1::WT1 gene fusion; gastrointestinal tract; Wilms tumor; Ewing
sarcoma; rhabdomyosarcoma

1. Introduction

Desmoplastic small round cell tumors (DSRCTs) are a rare and aggressive variant of
soft tissue sarcomas of polyphenotypic differentiation [1]. They were first described in 1989
by Gerald and Rosai [2,3]. The incidence of these malignancies is exceedingly low, with
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an age-adjusted incidence rate in adults of approximately 0.3 per million [4]. In an article
published in 2012, it was mentioned that fewer than 200 cases have been reported in the
English literature, highlighting the rarity of this tumor [5].

Soft tissue sarcomas, the broader category encompassing DSRCTs, are typically aggres-
sive tumors that often exhibit limited responsiveness to systemic therapies. This challenge
is further compounded in small round cell sarcomas, which are generally associated with
a poor prognosis due to the ineffectiveness of conventional systemic treatments [6]. For
instance, the 5-year survival rate for Ewing sarcoma ranges between 80% and 85% for
children younger than 15 years and between 20% and 69% for adolescents aged 15 to 19
years [7,8]. The poor response to therapy is largely attributed to genetic abnormalities
within the sarcoma cells, including EWSR1::non-ETS fusions, BCOR genet alterations, and
EWSR1::ETS fusions. Additionally, these tumors may harbor rare mutations, such as those
involving TP53 and CDKN2A, further complicating treatment outcomes [9,10].

DSRCTs are strongly associated with the gastrointestinal (GI) tract, most commonly
arising in the abdominal region, including the retroperitoneum, pelvis, omentum, and
mesentery [1]. Although predominantly occurring in the abdomen, DSRCTs can occasion-
ally arise in other locations, such as the thoracic cavity and paratesticular region [11,12]. In
DSRCTs affecting the GI tract, patients usually present with abdominal pain, abdominal
distension, and/or constipation [8,13].

2. Pathogenesis and Molecular Characteristics of DSRCTs of the GI Tract

The exact origin of DSRCTs in the GI system is unknown, but they are thought to arise
from primitive, multipotent cells that can differentiate into various cell lineages. This is
reflected by the broad immunohistochemical profile where DSRCT cells express different
epithelial, mesenchymal, and neural markers. These tumors are usually associated with
mesothelial surfaces, particularly in the peritoneal cavity that may arise from or have a close
relationship to a subset of mesothelial cells. They are aggressive in nature and frequently
present with peritoneal dissemination involving abdominal organs [14].

The molecular basis of DSRCTs involving the GI tract primarily focuses on the
EWSR1::WT1 gene fusion (Figure 1). This key genetic change drives tumor development. It
occurs due to a chromosomal rearrangement, specifically t(11;22)(p13;q12), which fuses
the 5′ region of the Ewing sarcoma gene (EWSR1) with the 3′ DNA-binding domain of
the Wilms tumor gene (WT1) [15]. This fusion creates a chimeric transcript that produces
the EWS-WT1 fusion protein [16]. The EWS-WT1 fusion protein functions as a potent
transcription factor, significantly impacting several oncogenic pathways that contribute
to the development of DSRCTs. It enhances transcriptional activation, leading to the up-
regulation of target genes that promote cell proliferation, survival, and migration [15,16].
Some of the key upregulated genes include those involved in the cell cycle, such as CDK4/6,
which promotes cell proliferation, and genes involved in cell adhesion and migration
pathways, such as components of the WNT signaling pathway. This fusion protein also
influences genes involved in Hedgehog and Notch signaling pathways, contributing to
oncogenic transformations by altering cellular proliferation and apoptosis control mech-
anisms [15,17]. This results in uncontrolled tumor growth and resistance to apoptosis,
the process of programmed cell death [16]. The EWS-WT1 fusion protein also interacts
with various co-factors and transcriptional regulators, amplifying its cancerous effects and
facilitating tumor progression [15,16]. Furthermore, changes in gene expression driven by
the EWS-WT1 fusion protein may help tumor cells evade immune surveillance, allowing
them to persist and grow [16].
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Figure 1. Schematic illustrating the reciprocal translocation t(11;22)(p13;q12), which modulates
transcriptional activity and downstream signaling pathways associated with the development of
DSRCTs. WT1 refers to the Wilms tumor gene, EWS denotes the Ewing sarcoma gene, and EWS-WT1
represents the resulting fusion gene.

DSRCTs of the GI tract are believed to arise from multipotent mesenchymal stem
or primitive progenitor cells which can become any type of tissue. They exhibit mixed
histology, characterized by small round cells in a dense fibrous tissue environment known
as desmoplastic stroma [18]. The stroma offers both structural support and shields tumor
cells from being recognized and attacked by the immune system [19]. In addition to the
common EWSR1::WT1 fusion, DSRCTs commonly display alterations in other pathways
that make the tumor more aggressive and allow it to spread early in its development,
prompting tumor metastasis [20].

3. Differential Diagnosis of DSRCT of the GI Tract

DSRCTs are among several different types of small round cell tumors affecting the GI
tract such as Wilms tumor, Ewing sarcoma, rhabdomyosarcoma, neuroblastoma, and small-
cell carcinoma, among others. Although these tumors may appear similar morphologically,
their genetic makeup and, thereby, modes of treatment are distinct.

3.1. Ewing Sarcoma

Ewing Sarcoma is an aggressive bone tumor primarily affecting children and young
adults, frequently associated with EWSR1 gene fusions. Similar to a DSRCT, it consists
of small round cells that can present in the abdominal area. In contrast, Ewing sarcoma
usually displays its genetic specificity through the rearrangement of the EWSR1 gene that
results in fusion with FLI1 to form an oncogenic chimeric protein called EWS-FLI1 [21]. The
tumor is commonly CD99 positive, unlike a DSRCT.

3.2. Alveolar Rhabdomyosarcoma

Rhabdomyosarcoma is a malignant soft tissue cancer originating from skeletal muscle
cells primarily affecting children, with multiple subtypes. Alveolar rhabdomyosarcoma
contains a small round cell morphology and may invade the GI tract like DSRCTs [22].
Diagnosis is typically made using muscle differentiation IHC markers myogenin and
MyoD1 (myogenic differentiation 1).

3.3. Neuroblastoma

Neuroblastoma is a malignant tumor originating from neural crest cells in the ab-
domen, primarily in infants and young children [23]. It is associated with a characteristic
rosette formation by histomorphology and expresses neuroendocrine markers such as
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synaptophysin and chromogranin [24]. Its prognosis varies depending on the age of onset
and tumor stage [23].

3.4. Small Cell Carcinoma

Small cell carcinoma is a fast-growing cancer that is mostly found in the lungs of
smokers. However, it can also arise within the GI tract. It is composed of small, poorly
differentiated cells. It is a high-grade, aggressive tumor. Unlike a DSRCT, it requires a
considerable amount of chemotherapy and has a worse overall prognosis [25].

4. Histopathological Features of DSRCT of the GI Tract

A DSRCT is characteristically composed of nests of small, round-to-oval, undiffer-
entiated cells with scant eosinophilic cytoplasm and small, hyperchromatic nuclei with
inconspicuous nucleoli. These cells are typically arranged in sheets and surrounded by
abundant dense desmoplastic fibrous stroma, composed of fibroblasts/myofibroblasts
within a loose extracellular matrix or collagen. Indeed, the stroma is collagen-rich and may
show myxoid change or hyalinization. Furthermore, DSRCTs rapidly divide, displaying
high mitotic activity and large areas of tumor cell necrosis. Intracytoplasmic paranuclear
hyaline inclusions may be occasionally seen. Inflammatory cells, such as lymphocytes and
macrophages, are also frequently present [13].

By immunohistochemistry (IHC), DSRCTs express several markers of various lineages.
An important diagnostic stain for DSRCTs is WT1 (Wilms Tumor 1), known to be positive
in many of these tumors [13]. WT1 nuclear stain against the C terminus can be used to
differentiate DSRCTs (WT1+) from Ewing sarcoma/primitive neuroectodermal tumors,
neuroblastomas, or rhabdoid tumors of the kidney (WT1−) [26]. Additionally, DSRCTs are
positive for several cytokeratins (CKs), such as CK7 and AE1/AE3, in addition to EMA
(epithelial membrane antigen), which are typical of epithelial differentiation. Moreover,
the expression of vimentin by a DSCRT displays its mesenchymal origin. The tumor
also expresses desmin—a marker of myogenic differentiation—in a perinuclear dot-like
pattern (cytoplasmic positivity due to perinuclear whorls of intermediate filaments [27]). In
contrast to other small round cell tumors, DSRCTs do not typically express neuroendocrine
markers such as synaptophysin and chromogranin [28] (Table 1). Nevertheless, Truong
et al. demonstrated that androgen receptor (AR) and neuroendocrine genetic signatures
appear to be inversely related in DSRCT cells [29,30].

Table 1. Biomarkers and genetic signatures for distinguishing DSRCTs, Ewing sarcoma, and alveolar
rhabdomyosarcoma.

IHC Markers and Genetic
Signatures DSRCT Ewing Sarcoma Alveolar Rhabdomyosarcoma

EMA and keratins [31] Variable (distinctive dot-like
cytoplasmic expression
occasionally)

Negative (but diffuse in
adamantinoma-like variant
[32])

Variable (may show focal
keratin positivity)

Desmin Distinct dot-like and
perinuclear cytoplasmic
staining pattern) [27]

Negative Positive

Vimentin Distinctive dot-like
cytoplasmic expression
occasionally [11]

Positive in 80–90% Negative

WT1 (C terminus) Positive in 65–90% [33] but
negative for WT1 (N
terminus)

Negative Negative

NSE, neurofilament, and
synaptophysin (NE markers)

Variable [34,35] Variable Variable

Actin Variable Negative Positive
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Table 1. Cont.

IHC Markers and Genetic
Signatures DSRCT Ewing Sarcoma Alveolar Rhabdomyosarcoma

Myogenin [36,37] Negative Negative Positive
MyoD1 [36] Negative Negative Positive
CD99 Negative Positive (membranous; up to

95%) [38]
Positive

FLI1 Negative Positive (nuclear with
EWSR1::FLI1 fusion; up to
90%) [39]

Negative

ERG Negative Positive (nuclear with
EWSR1::ERG fusion) [40]

Negative

NKX2.2 Negative Positive (nuclear; up to 93%)
[41]

Negative

S100 protein [11] Negative Negative Negative
Genetic signatures EWSR1::WT1 gene fusion EWSR1 rearrangements:

EWSR1::FLI1, EWSR1::ERG,
EWSR1::FEV, EWSR1::ETV1,
EWSR1::E1AF, EWSR1::ZSG,
or FUS::ERG gene fusions

t(2;13) or t(1;13) involving
FOXO1 and PAX3 or PAX7:
PAX3::FOXO1, PAX7::FOXO1,
or PAX3::AFX gene fusions

Abbreviations: AFX: forkhead transcription factor gene; DSRCT: desmoplastic small round cell tumor; E1AF:
adenovirus E1A enhancer-binding gene; EMA: epithelial membrane antigen; ERG: ETS-related gene; ETV1: ETS
variant transcription factor 1 gene; EWSR1: Ewing sarcoma breakpoint region 1; FEV: human fifth Ewing variant
gene; FLI1: friend leukemia integration 1 gene; FOXO1: forkhead box protein O1 gene; FUS: fused in sarcoma
gene; IHC: immunohistochemistry; MyoD1: myogenic differentiation 1; NE: neuroendocrine; NSE: neuron-specific
enolase; PAX3: paired box 3 gene; PAX7: paired box 7 gene; WT1: Wilms tumor protein 1; ZSG: zinc finger sarcoma
gene.

Desmoplasia involves the formation of dense, fibrous tissue around tumor nests. It is
a central characteristic of DSRCTs. The stroma functions as a structural element in addition
to promoting local tumor development. It is characterized by various inflammatory cells
such as lymphocytes and macrophages that together provide excellent conditions for tumor
growth. These inflammatory cells can promote the survival and growth of the tumor
evading their host’s immune system. Furthermore, the fibrous tissue serves as a scaffold
to facilitate metastasis through local invasion and destruction of surrounding tissues and
organs, contributing greatly to the aggressivity of this tumor [13].

Detecting desmoplasia in the diagnosis of DSCRTs is of great importance. The presence
of this fibrotic response combined with its small cell morphology and specific IHC markers
facilitates the distinction between a DSRCT and its mimickers. Treatment-wise, however,
the presence of this dense stroma can make surgical removal of DSRCTs challenging. It
can camouflage the margins around the tumor, resulting in failing to remove the tumor
in its entirety [13]. Incomplete removal is associated with higher rates of metastasis and
poorer prognosis in patients with DSRCTs [42]. Because desmoplasia is an important
part of tumor progression, ongoing research attempts to target these stromal components.
Therapeutic approaches may include targeted therapies or interventions to modulate the
tumor microenvironment [43]. This may enhance both treatment efficacy and patient
survival of DSRCTs [13,44,45].

Several studies and case reports contributed to our understanding of the clinical and
histopathological features of DSRCTs of the GI tract. In one case report, a 6-year-old boy
presented with a history of intermittent abdominal pain and episodic vomiting for the past
6 months that had become progressively more frequent. The right iliac fossa demonstrated
a large heterogeneous enhanced mass outlined by imaging studies compressing adjacent
bowel loops. Based on the core biopsy, the mass was originally diagnosed as a primitive
neuroectodermal tumor. However, upon exploratory surgery, the mass was found to
be arising from Meckel’s diverticulum. Histopathology demonstrated small round cells
forming pseudo rosettes and a tumor locally invading its surrounding. IHC was positive
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for desmin and cytokeratin, supporting a diagnosis of DSRCT. The diagnosis was further
supported by the presence of EWS::WT1 gene fusion [14].

Takahira et al. reported a case of a previously healthy 27-year-old man with an
intra-abdominal DSRCT that presented with a one-month history of abdominal pain,
fullness, and constipation. The patient had a large peritoneal dissemination leading to
colonic compression that ultimately resulted in bowel obstruction. Histological examination
showed small, round cells with hyperchromatic nuclei located within a desmoplastic stroma.
IHC was positive for the epithelial markers such as keratin and EMA, mesenchymal markers
such as vimentin and desmin, as well as the neurofilaments marker S100 protein [46].

Therefore, characterizing the histopathology and IHC profile of a DSRCT in the GI
tract and distinguishing it from its mimickers is crucial for accurate diagnosis.

5. Diagnosing DSRCTs in the GI Tract

Given the rare incidence and aggressive nature of DSRCTs, it is essential to accurately
diagnose them and, therefore, treat them [47]. A study by Leça et al. shows the potential
of fine-needle aspiration (FNA) and cytopathology in diagnosing DSRCTs. FNA smears
show fragments of collagenous desmoplastic stroma and loosely cohesive small round cell
clusters with positivity for WT1 and epithelial markers [48], making it a useful tool for
rapid and cost-effective initial screening for DSRCTs. However, due to the challenging
histomorphology of DSRCTs, IHC and molecular analysis may be required to confirm
the diagnosis.

As mentioned above, DSRCT cells exhibit a polyphenotypic differentiation with co-
expression of various epithelial, mesenchymal, and neural IHC markers [1], such as cy-
tokeratins, vimentin, desmin, and WT1 [49]. This pattern of IHC reactivity is essential
for differentiating between DSRCTs and other small round cell neoplasms, particularly
when they develop outside of the usual sites such as the GI tract [22]. In a case of a DSRCT
involving the stomach, IHC showed diffuse positivity for desmin and cytokeratin but also
immunopositivity for WT1 [50]. Similarly, in another case of a DSRCT in the transverse
colon, IHC revealed positive staining for cytokeratin, vimentin, desmin, and neural marker
neuron-specific enolase (NSE) [47].

Lae et al. reported one of the largest case series including 32 DSRCTs, of which 81%
were positive for desmin, 91% positive for WT1, 87% positive for keratin, 84% positive for
NSE, 23% positive for CD99, and one case only was also positive for actin [51]. Another
study by Barnoud et al. utilized a comparative approach, including DSRCTs and 71 other
tumors, to assess whether WT1 by IHC is specific and sensitive for diagnosing DSRCTs
and distinguishing them from other small round cell tumors. As a result, all the 15 DSRCTs
(100%) demonstrated strong WT1 (C-19) nuclear immunoreactivity, while 71% of the
Wilms tumors showed WT1 positivity nuclei, and only 2 out of 17 rhabdomyosarcomas
demonstrated rare and focal nuclear positivity for WT1. Interestingly, none of the Ewing’s
sarcoma/primitive neuroectodermal tumors (0 of 21), neuroblastomas (0 of 17), or rhabdoid
tumors of the kidney (0 of 2) were positive for WT1 [26]. Given the available data, IHC
allows for a more precise and definitive diagnosis when differentiating DSRCTs from
their mimickers. The study by Arnold et al. focused on the challenges in differentiating
DSRCT from Wilms tumor. Results showed that while desmin reactivity was more frequent
in DSRCTs (11 of 12) than in Wilms tumor blastema (11 of 22), the associated dot-like
and perinuclear cytoplasmic staining pattern is not specific to DSRCTs as it was seen in
both DSRCTs and Wilms tumor blastema [33]. This finding elucidates the limitations
of exclusively using IHC as a diagnostic tool for DSRCTs, emphasizing that detection
of the characteristic EWSR1::WT1 rearrangement along with the selective WT1 carboxy-
terminus immunoreactivity remain the two complementary tools for accurately diagnosing
DSRCTs [33].

The topic of WT1 carboxy-terminus immunoreactivity as a diagnostic marker is fur-
ther expanded upon by Murphy et al., who examined one soft tissue DSRCT and five
intra-abdominal DSRCTs. The soft tissue DSRCT was negative for WT1 C-terminal but
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positive with the N-terminal antibody [52]. The other five intra-abdominal DSRCT studies
showed the expected nuclear staining with the WT1 C-terminal, but no reactivity for the
N-terminal [52]. The findings in this study show that although most DSRCTs are positive
for WT1 by IHC, some cases may have novel EWS::WT1 fusion variant transcripts, resulting
in atypical staining patterns [52].

As mentioned above, molecular studies play a crucial role in diagnosing DSCRTs
and to differentiate them from their differential. In one study, EWS::WT1 gene fusion
transcript was detected in 29 of the 30 DSRCTs examined [51]. In another study by Wang
et al., EWSR1::WT1 gene fusion was present in all eight patients reported [13]. Therefore,
the EWSR1::WT1 fusion, which results from the t(11;22)(p13q12) translocation, serves
as one of the most reliable tools for DSRCT diagnosis [1]. This applies to all DSRCTs
of the GI tract, including a case of DSRCT of the Meckel’s diverticulum, where reverse
transcriptase-polymerase chain reaction confirmed the presence of the EWS::WT1 fusion
gene [14].

This EWSR1::WT1 fusion oncogene encodes for a chimeric protein that regulates
transcription and thus serves as the driving source of the disease [1]. Mello et al. expanded
on this by studying the downstream gene targets of this translocation. The study reports that
this gene fusion upregulates the expression of PDGFRα, VEGF, and other proteins related to
tumor and vascular cell proliferation [19]. Of note, the authors emphasized the importance
of PDGFRα in the pathophysiology of the disease. PDGFRα plays a crucial role in the
physiological healing process by inducing collagenous stromal production, inflammatory
cell infiltration with macrophage chemotaxis predominance, neo-angiogenesis, and it
works as a chemoattractant and inducer of proliferation for fibroblasts and endothelial
cells [19]. Therefore, given that the EWS::WT1 transcription factor translocation induces
the unregulated expression of PDGFRα, this gene product may explain the characteristic
histological findings of profuse desmoplastic stromal reaction and the increased vascularity
seen in DSCRTs [19].

The homogenous presence of the EWSR1::WT1 fusion oncogene in DSRCTs can be
detected by several molecular studies, such as Next Generation Sequencing (NGS), which
is the most reliable diagnostic tool available [53], or RT-PCR using paraffin-embedded
tissue sections [49]. Given its widespread use in the clinical setting, the latter tool allows
for a fast and cost-effective modality for diagnosing DSRCTs compared to NGS. While the
DSRCT is unique for harboring the EWSR1::WT1 gene fusion, its differential diagnosis also
has specific genetic signatures: PAX3::FOXO1, PAX7::FOXO1, or PAX3::AFX gene fusions
for alveolar rhabdomyosarcoma, EWSR1::FLI1, EWSR1::ERG, EWSR1::FEV, EWSR1::ETV1,
EWSR1::E1AF, EWSR1::ZSG, or FUS::ERG gene fusions for Ewing sarcoma/peripheral neu-
roectodermal tumor, and CIC::DUX44 or BCOR::CCNB35 gene fusions for undifferentiated
round cell sarcomas [54].

Imaging modalities such as CT, MRI, and/or PET play a critical role in managing
DSRCTs. The standard imaging modalities used for staging and assessing for remis-
sion/relapse in DSRCTs include CT scans and MRI. By CT and MRI, DSRCTs typically
show heterogeneous soft-tissue enhancement with cystic degeneration [55]. In a study of
65 DSRCTs, the most common CT finding was multiple peritoneal soft tissue masses and a
larger dominant mass located in the rectovesical or rectouterine space in more than half
of the cases [56]. It was also reported that 40% of the patients had metastatic disease to
the liver, lungs, spleen, or bones at the time of diagnosis, reflecting the aggressiveness of
the disease [56]. In other studies, up to 80% of DSRCT patients had metastatic disease at
diagnosis, with the two most common metastatic sites being the liver (33%) and the lungs
(21%) [57].

Given that DSRCTs are metabolically active, Ostermeier et al. evaluated the use of
FDG PET/CT imaging on eight patients and identified increased metabolic activity in all
patients studied, demonstrating its utility in initial staging, monitoring treatment response,
and even surveillance for recurrence [58]. This was further validated in a larger study by
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Arora et al. including 65 patients with DSRCTs, of which 11 received FDG PET/CT scans
and showed that FDG PET/CT accurately detected 97.4% of all DSRCT lesions [56].

All in all, a multimodal approach incorporating clinical history and physical examina-
tion, histopathology, IHC, molecular diagnostics, and appropriate imaging are all needed
to diagnose and manage DSRCTs of the GI tract. These diagnostic techniques collectively
and combined help in accurately diagnosing DSRCTs and ruling out differential mimics.

6. Prognostic Factors of DSRCTs of the GI Tract

As is the case with most cancers, the key prognostic factors for DSRCTs include
tumor size, location, and the presence of metastasis [57]. In general, patients with extra-
abdominal DSRCTs live longer than those with DSRCTs of the GI tract [57]. Patients with
non-metastatic intra-abdominal DSRCTs who undergo surgical resection with negative
margins have a median survival of 47 months compared to 16 months for patients who
do not receive surgery [57]. Further proof that surgical intervention serves as a favorable
prognostic factor by increasing survival time after diagnosis was highlighted in a study on
DSRCT patients of the GI tracts. Those who underwent surgical resection had a median
survival of 34 months, while those who did not had a mean survival of 14 months [59].
Additionally, patients who received consolidative cytoreductive surgery with hyperthermic
intraperitoneal chemotherapy had a longer survival time (30.6 versus 11.2 months) [4].
Radiation therapy also plays a role in locoregional control in patients with metastatic intra-
abdominal tumors, or those with positive surgical margins. Basically, radiation therapy can
help reduce the risk of local recurrence by targeting the microscopic disease that surgery
could not eliminate. A positive correlation was found between radiation therapy treatment
and survival time, with a median survival of 47 months for patients who received radiation
versus 14 months for those who did not [57]. The three-year survival rate was shown to
increase from 37.6% to 61.2% with postoperative radiation and chemotherapy [60].

There was no significant difference, however, in median survival when evaluating
age, gender, or tumor size [57]. Nonetheless, DSRCTs are aggressive neoplasms with
poor prognosis, particularly when they arise in the GI tract. A study revealed that 19
out of 27 DSRCT patients died due to uncontrolled local or widespread metastasis 3 to
46 months after diagnosis, with a mean survival of 20 months only [51], reinforcing that
although current therapies can only slightly extend survival time, remission and disease-
free survival rates remain low. DSRCTs of the GI tract have a high likelihood of diffuse
peritoneal dissemination. Unfortunately, DSRCTs in the stomach and transverse colon can
be large, locally invasive, and often difficult to resect completely [61]. There are not many
studies on the significance of lymph node involvement in DSRCTs [62,63]. One reported
case of a young female with a DSRCT arising in the stomach demonstrated the tumor’s
aggressive nature in association with lymph node positivity and recurrence [47].

7. Treatment Approaches and Clinical Outcomes of DSRCTs of the GI Tract

Survival rates for DSRCTs vary based on several factors such as disease stage, response
to treatment, and recurrence of disease. Time of diagnosis and presence of metastasis
at diagnosis significantly affects the prognosis. Early detection of DSRCTs of the GI
tract is usually difficult as patients present with regular GI symptoms that do not raise
suspicion for a malignancy, and it is not until the tumor grows enough in size that it causes
prominent clinical signs and persisting symptoms prompting a serious medical workup
and intervention [64]. In such cases, patients usually endure signs of ileus, urinary tract
compression with a distended bladder, enuresis, and other mechanical mass compression
signs [46].

Treatment approaches for DSRCTs, particularly those of the GI tract, often involve a
combination of surgery, chemotherapy, and radiation therapy. Chemotherapy is frequently
used initially and alongside surgery to target any remaining microscopic cancer cells or treat
tumors that cannot be surgically removed entirely. Surgery aims to remove as much of the
tumor as possible, but its effectiveness depends on the tumor’s location and size. Radiation
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therapy may also be employed to target residual disease or manage symptoms when
surgery is not feasible; however, the toxicities that follow have limited its benefits. Therefore,
a multidisciplinary approach that integrates surgery, chemotherapy, and radiation therapy
is typically required to achieve optimal results. When these modalities are used in a
multimodal therapy regimen, it was found to have a three-year survival rate of up to
55% [65].

7.1. Chemotherapy

Many aggressive treatment modalities have been used in treating DSRCTs; how-
ever, the remission rate remains low. The nature of a DSRCT being highly metastatic
makes it a great candidate for initial treatment with chemotherapy. Prior to chemother-
apy, however, the marker NSE may be used to determine the progress the patient makes
post-chemotherapy session [46].

Usually, the regimen used contains ifosfamide and doxorubicin, both of which are used
for soft tissue sarcomas, whether it is the “P6 regimen” consisting of cyclophosphamide,
doxorubicin, vincristine, ifosfamide, and etoposide, or the “VAIA regimen” consisting of
vincristine, dactinomycin, ifosfamide, and doxorubicin. The “P6 regimen” was established
for treating Ewing sarcoma [66]. A common second-line regimen combines cyclophos-
phamide and topotecan. A chemotherapy regimen found to be more effective in children
uses cyclophosphamide or ifosfamide in addition to vincristine and doxorubicin in conjunc-
tion with full abdominal resection and radiation of the masses for the best post-treatment
chances [67]. Chemotherapy also helps decrease the vascularity of tumors and improves
malignant ascites.

7.2. Surgical

Surgical resection of resectable masses significantly reduces relapse rates. Patients
typically receive chemotherapy prior to surgery until their response plateaus. Hayes-
Jordan et al. recommend waiting at least 4 months during which systemic chemotherapy
is given before evaluating for surgical candidacy [68]. Whether a patient qualifies for
surgery depends on various factors; for example, those with extra-abdominal metastases
often forego resection due to high recurrence and mortality risks [69]. This issue has
sparked controversy regarding the appropriateness of resection, exacerbated by variability
between cases and uncertainty regarding pre- versus post-chemotherapy extra-abdominal
relapse [66].

When patients proceed to resection, prognosis significantly improves. Lal et al. demon-
strated a 58% 3-year survival rate among patients undergoing complete tumor resection
post-chemotherapy, compared to 0% for those who did not undergo resection [65,70].

7.3. Radiation

Radiation therapy has been used in multidisciplinary regimens as well as indepen-
dently in DSRCTs. Whole abdominopelvic radiation therapy (WAP-RT) has been studied
for its effectiveness in reducing local recurrence; however, its utility is constrained by
associated toxicities such as leukopenia, thrombocytopenia, anemia, and small bowel
obstruction.

A retrospective study spanning from 1992 to 2001 investigated the use of whole ab-
dominopelvic irradiation (WAPI) following chemotherapy and surgical resection, revealing
a 3-year survival rate of 48%. Notably, all patients in this study experienced hematological
toxicities and small bowel obstruction [71]. Intensity-modulated radiation therapy (IMRT)
has been explored for its potential benefits as well. A retrospective study involving 31
patients from 1992 to 2011 compared IMRT to 2-dimensional radiation therapy (2D-RT),
demonstrating reduced toxicity [72], especially hematological toxicities.

Combining IMRT with WAP as a unified treatment approach has been further studied
due to reduced toxicity observed in several cases. A retrospective analysis encompassing
all patients treated with WAP-IMRT from 2006 to 2010 found that this approach, when
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combined with radio-sensitizing chemotherapy, was better tolerated compared to WAP-RT
in terms of toxicities [73].

8. Clinical Trials and Future Perspectives

Emerging therapies and clinical trials offer hope for more effective treatments with
fewer side effects. Advances in targeted therapies, immunotherapy, and novel chemother-
apy agents are under exploration. Participation in clinical trials provides access to cutting-
edge treatments and contributes to the advancement of care for DSRCTs. Additionally, a
multidisciplinary approach remains vital in managing DSRCTs, ensuring a comprehensive
treatment strategy to address all aspects of the disease and optimize patient outcomes.

Hyperthermic intraperitoneal perfusion (HIPEC) is a new emerging treatment modal-
ity that was first reported in 2004 and subsequently in 2007, primarily for its efficacy in
eliminating microscopic disease post-complete resection [66]. In one study, HIPEC was
used adjunctively after complete tumor resection in 8 out of 24 patients, achieving a notable
71% 3-year survival rate compared to 26% in other experimental groups [74]. However,
HIPEC use also led to morbidity, including renal insufficiency and gastroparesis in some
patients [66,74].

Research into immune and biological targeted therapies is ongoing. Theoretically,
potential targeted therapies include addressing VEGF inhibition, androgen receptor activity,
and agents affecting the connective tissue growth factor CCN2 and GD2 glycosphingolipid
receptors [75,76].

Radioimmunotherapy (RIT) using the murine monoclonal antibody 131I-omburtamab
targeting antigen B7-H3 has progressed to phase 1 trials, demonstrating low radiation expo-
sure in intraperitoneal administration and warranting further investigation in combination
with multimodal therapies [77]. B7-H3 (CD276) is a member of the B7 family of immunoreg-
ulatory proteins. It is a type I transmembrane glycoprotein involved in immune response
modulation, particularly in tumor immunity. B7-H3 is commonly overexpressed in many
solid tumors, including DSRCTs [78], making it a potential target for therapies. In DSRCTs,
B7-H3 contributes to immune evasion by inhibiting the activation and proliferation of T
cells, facilitating tumor survival in an immunosuppressive microenvironment. While B7-H3
is not exclusive to DSRCTs, its high expression in these tumors suggests potential utility
as a biomarker, as well as a target for monoclonal antibodies or antibody-drug conjugates
(e.g., enoblituzumab, 8H9) [79,80].

Clinically, anticancer agents such as trabectedin [81] have been explored in clinical
trials and off-label used for relapsed DSRCT patients [82]. Trabectedin, along with its
derivative Lurbinectedin which is also under investigation in clinical trials, is thought to
inhibit the EWS::WT1 transcription factor [70].

Given the high risk of relapse, most patients undergo systemic treatment across
multiple periods, potentially impacting their quality of life during and after treatment.

9. Conclusions

In conclusion, DSRCTs of the GI tract represent a unique and challenging variant of
soft tissue sarcomas. In this review, we elaborate on the biological behavior of those tumors,
their origin and pathophysiology, molecular signatures, and the critical role of compre-
hensive diagnostic approaches that integrate histopathological evaluation with advanced
IHC and molecular techniques. After accurately diagnosing DSRCTs, a collaborative effort
among pathologists, oncologists, and surgical teams is needed to optimize management
strategies and improve patient outcomes.
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