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Desmoplastic Small Round Cell Tumor (DSRCT) is a highly aggressive pediatric
cancer caused by a reciprocal translocation between chromosomes 11 and 22,
leading to the formation of the EWSR1::WT1 oncoprotein. DSRCT presents most
commonly in the abdominal and pelvic peritoneum and remains refractory to
current treatment regimens which include chemotherapy, radiotherapy, and
surgery. As a rare cancer, sample and model availability have been a limiting
factor to DSRCT research. However, the establishment of rare tumor banks and
novel cell lines have recently propelled critical advances in the understanding of
DSRCT biology and the identification of potentially promising targeted
therapeutics. Here we review model and dataset availability, current
understanding of the EWSR1::WT1 oncogenic mechanism, and promising
preclinical therapeutics, some of which are now advancing to clinical trials.
We discuss efforts to inhibit critical dependencies including NTRK3, EGFR, and
CDK4/6 as well as novel immunotherapy strategies targeting surface markers
highly expressed in DSRCT such as B7-H3 or neopeptides either derived from or
driven by the fusion oncoprotein. Finally, we discuss the prospect of combination
therapies and strategies for prioritizing clinical translation.
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1 Background

Desmoplastic Small Round Cell Tumor (DSRCT) is an extremely rare but aggressive
pediatric sarcoma most commonly originating in the peritoneal or pelvic cavities (Gerald
and Haber, 2005). DSRCT is characterized by the t (11; 22) chromosomal translocation
which leads to the creation of the oncogenic transcription factor EWSR1::WT1 (Ladanyi
and Gerald, 1994; Gerald et al., 1995; Gerald and Haber, 2005). The DSRCT incidence rate
differs by sex with an age-adjusted incidence rate of 0.22 per million in males and 0.05 per
million in females within the United States (Waqar and Ali, 2022). DSRCT is highly
metastatic and commonly presents with tens to hundreds of tumor nodules within the
peritoneal lining at diagnosis, which poses a unique challenge for complete surgical
resection (Stiles et al., 2018; Xiang et al., 2020). DSRCT derives its name from its
histologic appearance which includes nests of small round cells imbedded in fibrous
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stroma. The cell of origin is unknown and DSRCT cells stain positive
for a variety of tissue markers including those from neuronal,
epithelial, mesenchymal, and myogenic lineages (Chang, 2006).
While there is no standard treatment, patients commonly receive
multimodal therapy including a combination of surgery,
radiotherapy, and chemotherapy (Lal et al., 2005; Hayes-Jordan
et al., 2016; Bulbul et al., 2017; Subbiah et al., 2018; Honoré et al.,
2019). Despite this aggressive treatment, patient prognosis remains
poor with a 5-year survival rate of only 15%–30% (Kushner et al.,
1996; Lal et al., 2005; Subbiah et al., 2018; Honoré et al., 2019).
Therefore, novel targeted therapies are urgently needed to improve
patient prognosis. Here we review the recent developments in
DSRCT including the establishment of new research tools,
improvements in the understanding of underlying DSRCT
biology, and promising therapies that have been investigated
preclinically.

2 Model and dataset availability

As a result of DSRCT’s scarcity, sample and model availability
have been a limiting factor in understanding DSRCT biology and
developing effective therapeutics (Lettieri et al., 2014; Stiles et al.,
2018; Gedminas et al., 2022a). Nishio et al. established the first
DSRCT cell line (JN-DSRCT-1) (Nishio et al., 2002) in 2002 which
remained the only commonly available DSRCT cell line for nearly
2 decades. However, recent efforts have led to the establishment of a
plethora of new DSRCT cell lines (BER-DSRCT, BOD-DSRCT, SK-
DSRCT1, SK-DSRCT2, and OV-054 DSRCT) that are enabling
more robust DSRCT research (Bleijs et al., 2021; Smith et al.,
2022). Recent efforts have also led to the creation of large tumor
banks and the establishment of a variety of patient-derived
xenografts (PDXs). PDX models established include at least one
at Fondazione IRCSS Istituto Nazionale dei Tumori, three at MD
Anderson Cancer Center, and a set of twenty-four at Memorial
Sloan Kettering Cancer Center (Slotkin et al., 2021a; Zuco et al.,
2023a; Truong et al., 2023). Memorial Sloan Kettering is one of the
primary referral centers for DSRCT patients and has further
established a tumor bank with >200 DSRCT samples.

These new resources have been coupled with next-generation
sequencing technologies to establish critical datasets and insights.
DNA sequencing studies have sought to identify recurrent
mutations in DSRCT other than the EWSR1::WT1 fusion. Chow
et al. performed targeted sequencing of 405 genes from 83 DSRCT
tumors and found recurrent mutations in FGFR4 (8%), ARID1A
(11%), TP53 (10%), MSH3 (14%), and MLL3 (16%) (Chow et al.,
2020). Slotkin et al. performed targeted sequencing of 468 genes in
68 samples and full genome sequencing in 10 samples, identifying
recurrent mutations in TERT (3%), ARID1A (6%), HRAS (5%), and
TP53 (3%) (Slotkin et al., 2021a). Other studies with smaller tumor
sets have similarly found a low tumor mutation burden and few
recurrent mutations (Devecchi et al., 2018; Wu C. C. et al., 2022). In
light of these findings, RNA sequencing (RNA-seq) may be more
clinically informative, and a variety of studies are now sequencing
DSRCT samples to understand the DSRCT transcriptome.
Hingorani et al. and Wu et al. performed RNA-seq on 12 and
22 DSRCT tumors, respectively (Hingorani et al., 2020; Wu C. C.
et al., 2022). More recently, we sequenced a set of 57 DSRCT tumors

from the Memorial Sloan Kettering DSRCT Tumor Bank which will
soon be made publicly available (unpublished). Three studies have
performed RNA-seq on a total of 5 different DSRCT cell lines with
and without depletion of EWSR1::WT1 (Gedminas et al., 2020; Bleijs
et al., 2021; Magrath et al., 2024a). EWSR1::WT1 has two isoforms
(E+KTS, E-KTS) generated from alternative splicing that either
includes or excludes the amino acids lysine, threonine, and serine
(abbreviated: KTS) between zinc fingers 3 and 4 of WT1 (Kim et al.,
1998). Two studies have performed RNA-seq on mesothelial cell
lines with overexpression of one or both of these two isoforms
(Magrath et al., 2024a). Chromatin Immunoprecipitation and
sequencing (ChIP-Seq) directed toward the fusion protein has
been performed twice to identify EWSR1::WT1 binding locations
in JN-DSRCT-1 as well as isoform specific binding in the MeT-5A
mesothelial cell line (Hingorani et al., 2020). ChIP-Seq datasets have
further been established examining androgen receptor (AR) binding
and characterizing the landscape of histone modifications
(Lamhamedi-Cherradi et al., 2022). Together, these datasets have
not only led to many novel findings but also provide a critical tool kit
for future research.

3 EWSR1::WT1 oncogenic mechanism

The EWSR1::WT1 oncogene is a transcription factor formed by
the fusion of the N-terminal activating domain of EWSR1 with the
final three zinc fingers at the C-terminus of WT1. The
EWSR1 breakpoint can occur in one of three introns (Magrath
et al., 2023a). However, the different variants induce many common
transcriptomic alterations (Magrath et al., 2024a). The essentiality of
EWSR1::WT1 has been established with shRNA knockdown in vitro
in five independent studies (Kang et al., 2014; Gedminas et al., 2020;
Bleijs et al., 2021; Hartono et al., 2022; Magrath et al., 2024a) across
five DSRCT cell lines and more recently in vivo using doxycycline-
inducible shRNA depletion of EWSR1::WT1 in 3 cell line-derived
xenografts (Magrath et al., 2024a). EWSR1::WT1 is present in the
nucleus and acts as a transcription factor, both binding to DNA and
altering transcription (Gedminas et al., 2020; Hingorani et al., 2020).
Recent studies have established sets of genes commonly regulated by
EWSR1::WT1 across cell lines including a set of 68 upregulated and
223 downregulated genes identified across 2 cell lines by Gedminas
et al., 2020 and a set of 175 upregulated and 166 downregulated
genes identified across 4 cell lines in our lab (Magrath et al., 2024a).
Integrating this gene expression data and WT1-directed ChIP-seq,
we found that EWSR1::WT1 binding predominantly leads to
upregulation or stable gene expression, with only 10% of
EWSR1::WT1 bound genes negatively regulated by the fusion
protein (Magrath et al., 2024a). The native WT1 motif is
enriched at EWSR1::WT1 bound sites. However, the binding
profile of EWSR1::WT1 in DSRCT differs significantly from
WT1 in leukemia cells (Magrath et al., 2024a). This could be due
to differences in cell type/epigenetic state or binding specificity and
should be investigated in future work.

A unique aspect of EWSR1::WT1 is its existence in two isoforms
(E + KTS and E-KTS) which vary based on the inclusion or exclusion
of three amino acids between zinc fingers 3 and 4 of the WT1 DNA
binding domain. These isoform variants also occur in native WT1,
where the difference in distance between zinc fingers 3 and 4 leads to
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differences in DNA binding and transcription (Potluri et al., 2021).
In EWSR1::WT1, the isoforms were initially studied in mouse
models where they led to differences in transcription, with most
alterations caused by the E-KTS isoform including upregulation of
pathways related to neuronal reprogramming (Kang et al., 2014).
These findings have been validated and expanded in human cell lines
where most upregulation and downregulation is caused by the
E-KTS isoform including upregulation of critical proliferation
signals such as CCND1 (Magrath et al., 2024a). Given the
differences in isoform transcriptional activity, an important
question in DSRCT biology is whether one, the other, or both
isoforms are necessary to induce oncogenesis. Kim et al. found that
E-KTS but not E + KTS was able to increase the growth rate and lead
to tumor formation in NIH3T3 mouse fibroblast cells (Kim et al.,
1998). In contrast, Bandopadhayay et al., 2013. found that neither
isoform was able to transform p53 wildtype murine embryonic
fibroblasts, while either isoform led to increased colony formation in
p53 mutant murine embryonic fibroblasts. This suggests
p53 mutations may be important for EWSR1::WT1 induced
oncogenesis. However, DNA sequencing studies have consistently
found few p53 mutations in DSRCT (Slotkin et al., 2021a). In our
own hands, we find that transduction of normal human mesothelial
cell line LP9 with one or both isoforms is insufficient to induce
transformation and that E-KTS expression decreases rather than
increases growth, perhaps due to an oncogenic stress response

(Haigis and Sweet-Cordero, 2011). These data strongly suggest
additional alterations or epigenetic states are necessary for
EWSR1::WT1 induced oncogenesis. It may be that p53 mutation
is one of several potential prerequisite alterations that can prime
cells for EWSR1::WT1 induced transformation. Both the role of
these isoforms and their interaction with other mutations require
further research. Other mechanistic questions that require further
investigation include the role of EWSR1::WT1 in altering the
chromatin landscape and whether it has oncogenic functions
independent of its role as a transcription factor. While the recent
availability of new tools for investigating DSRCT has led to many
advances in our understanding, the mechanistic framework lags
behind other fusion oncoprotein driven tumors such as Ewing
sarcoma and necessitates further study.

4 Promising targeted therapeutic
strategies

Given DSRCT’s extremely poor prognosis, novel targeted
therapies are urgently needed. The recent development of
DSRCT models has enabled a rapid expansion in preclinical
investigation and the proposal of many novel therapeutic targets
over the past 5 years. These proposals have focused on two primary
strategies: 1) inhibition of critical growth pathways and 2)

TABLE 1 DSRCT Inhibitor Targets.

Target EWSR1::
WT1 regulation

Drug availability Xenograft results Reference

NTRK3 Downstream Entrectinib*, Repotrectinib,
PBI-200

Entrectinib treatment reduced growth
in 3 subcutaneous patient-derived
xenografts

Ogura et al. (2021)

SIK1 Downstream YKL-05-099 (pan-SIKi) SIK1 depletion with shRNA reduced
growth in 2 cell line derived
subcutaneous xenografts

Hartono et al. (2022)

BLK Downstream Dasatinib*, PP2 Dasatinib treatment did not reduce
growth of JN-DSRCT-1 subcutaneous
xenografts

van Erp et al. (2022), Magrath et al.
(2024b)

CCND-CDK4/6-RB Axis Downstream Palbociclib*, Abemaciclib* Palbociclib reduced growth in 2 cell line
derived subcutaneous xenografts

Magrath et al. (2024a)

EGFR No Cetuximab*, Afatinib* Combination of cetuximab and afatinib
led to reduced growth in 2 cell line
derived subcutaneous xenografts and
one patient-derived xenograft

Smith et al. (2022)

AR No Enzalutamide*, Flutamide*,
Darolutamide

Enzalutamide or AR-directed anti-
sense oligonucleotide reduced DSRCT
growth in 1 cell line derived and one
patient derived xenograft model

Lamhamedi-Cherradi et al. (2022)

PARP No Olaparib* Combination of Olaparib and
temozolomide significantly reduced
tumor growth in JN-DSRCT-1 derived
subcutaneous xenografts

van Erp et al. (2020)

Unknown target of
Lurbinectedin

N/A Lurbinectedin*, Trabectedin* Lurbinectedin reduced growth in 1 cell
line derived subcutaneous xenograft
and one subcutaneous PDX.

Gedminas et al. (2022b)

CHK1 No Prexasertib Prexasertib led to complete regression
of two subcutaneous PDX.

Lowery et al. (2019)

*Indicates the drug has been approved by the FDA.
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immunotherapy directed toward highly expressed surface proteins.
Tables 1, 2 summarize the candidate targets identified and
investigated preclinically using these two strategies. Table 3
summarizes ongoing clinical trials for DSRCT examining these
targets. While most therapeutic targets have been identified due
to their role as downstream targets of EWSR1::WT1, a few
therapeutic targets are not regulated by EWSR1::WT1 and were
instead identified due to their high expression in DSRCT tumors. In
contrast to other pediatric cancers such as Ewing sarcoma,
functional screening to comprehensively identify critical
dependencies in DSRCT has not yet been established.
Application of this technology to DSRCT should be prioritized in
future studies which can utilize CRISPR knockout screening to not
only identify DSRCT critical dependencies but also select targets that
uniquely regulate EWSR1::WT1 expression. This application will
likely be a critical source for the next set of DSRCT therapeutic
targets. The results of this screening can be further combined with
single cell sequencing technologies that will provide insights on

tumor heterogeneity. Together current therapeutic targets and the
novel targets and insights gained from these technologies can enable
the establishment of clinically relevant treatments. Here we examine
the most promising findings to date and their potential for clinical
translation.

4.1 Inhibition of critical growth pathways

4.1.1 NTRK3
Neurotrophic receptor tyrosine kinase 3 (NTRK3) is a

transmembrane receptor tyrosine kinase involved in nervous
system development and function. It is one of the three members
of the NTRK family (NTRK1, NTRK2, NTRK3), all of which have
been identified in fusion oncoproteins such as ETV6::NTRK3 which
drives secretory breast cancer and infantile fibrosarcoma (Cocco
et al., 2018). Ogura et al. identified NTRK3 as 1 of 1501 human
promoters bound by EWSR1::WT1 in a ChIP chip array in 2 cell

TABLE 2 DSRCT Immunotherapy Targets.

Target EWSR1::
WT1 regulation

Established
antibody

Xenograft results Reference

B7-H3 No 8H9 None; But tested in clinical trials using
various immunotherapy modalities

Espinosa-Cotton et al. (2023)

ERBB2/HER2 No Traztuzumab* Bispecific antibody treatment led to tumor
regression in 2 cell line derived orthotopic
xenograft models

Espinosa-Cotton et al. (2023)

EGFR No Cetuximab* Bispecific antibody treatment did not reduce
tumor growth in 1 cell line derived
orthotopic xenograft model

Espinosa-Cotton et al. (2023)

Mesothelin No MORAb-009 Bispecific antibody treatment did not reduce
tumor growth in 1 cell line derived
orthotopic xenograft model

Espinosa-Cotton et al. (2023)

EWSR1::
WT1 Breakpoint

N/A None None Banks et al. (2023)

Neogenes Downstream None None Vibert et al. (2022), Truong et al.
(2024)

*Indicates the drug has been approved by the FDA.

TABLE 3 Active clinical trials for DSRCT patients.

Trial
number

Phase, status Treatment Sponsor Disease indications

NCT04901806 Phase I/II, active, not
recruiting

PBI-200 Pyramid Biosciences Solid Tumor, Adult
Brain Tumor, Primary
DSRCT

NCT05918640 Phase I/II, recruiting Lurbinectedin Children’s Hospital of
Philadelphia

FET-fused tumors, Ewing sarcoma, DSRCT,
undifferentiated sarcoma

NCT02982486 Phase II, unknown Nivolumab plus ipilimumab Assaf-Harofeh Medical
Center

Non-resectable sarcoma and endometrial
carcinoma

NCT04483778 Phase I, active, not
recruiting

B7-H3 CAR T cells Seattle Children’s Hospital Recurrent/refractory solid tumors in children
and young adults

NCT04897321 Phase I, recruiting B7-H3 CAR T cells St. Jude Children’s Research
Hospital

Pediatric patients with solid tumors

NCT04022213 Phase II, recruiting Intraperitoneal RIT
with131I-Omburtamab (B7-H3 Ab)

Memorial Sloan Kettering
Cancer Center

Patients with DSRCT and other solid tumors
involving the peritoneum
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lines (Ogura et al., 2021). Transcriptomic analysis of EWSR1::
WT1 regulated genes and the existence of entrectinib as an FDA
approved therapy targeting NTRK3 further narrowed their focus
(Table 1). Entrectinib treatment reduced the viability of two
DSRCT cell lines (JN-DSRCT-1, SK-DSRCT2) in vitro and
decreased phosphorylation of the mitogenic mediator ERK
(Ogura et al., 2021). The role of NTRK3 in DSRCT was
confirmed genetically via depletion with two independent
shRNAs which led to reduced cell viability in both DSRCT cell
lines. Examination of entrectinib efficacy in three patient-derived
xenografts found near complete growth cessation in one xenograft
and growth reductions of 50% and 75% in the other two xenografts
(Ogura et al., 2021). Based on these results, DSRCT has been
included in an ongoing clinical trial testing the efficacy of the
next-generation NTRK inhibitor PBI-200 on solid tumors (Table 3).

4.1.2 SIK1
Salt-Inducible-Kinases (SIKs) are a member of the AMP-

activated protein kinase (AMPK) family and known for their role
in mediating metabolic homeostasis (Darling and Cohen, 2021).
SIK1 is regulated by metabolic signaling and typically expressed in
the adrenal cortex, neural, and adipose tissues, while SIK2 and
SIK3 are more widely and constitutively expressed in many tissues
(Sakamoto et al., 2018). SIK2 has a role in tumorigenesis in prostate
and ovarian cancers, and SIK2 and SIK3 promote the growth of
acute myeloid leukemia (AML) by inhibiting HDAC4 function (Bon
et al., 2015; Tarumoto et al., 2018; Gao et al., 2020). Recent studies
have indicated SIK1 acts as a tumor suppressor in many cancer types
by promoting p53-dependent anoikis in breast cancer, inhibiting
lipid metabolism reprogramming in pancreatic tumorigenesis, and
mediating the tumor suppressor function of LKB1 in lung cancer
(Cheng et al., 2009; Patra et al., 2018; Hollstein et al., 2019).

SIK1 was identified as a potential target due to its high
expression in DSRCT compared to other sarcomas and its
regulation by EWSR1::WT1. In contrast to other cancer types
where SIK1 acts as a tumor suppressor, Hartono et al. found that
SIK1 depletion with siRNA or shRNA reduced the viability of two
DSRCT cell lines, indicating an oncogenic role for SIK1 in DSRCT
(Hartono et al., 2022). Mechanistically, SIK1 depletion reduced
phosphorylation of MCM2 at S27 and S41 leading to a block in
DNA replication. Consistent with this, growth of xenografts derived
from JN- and BER-DSRCT-shSIK1 cells was significantly reduced
with SIK1 depletion. These findings suggest SIK1 as a promising
DSRCT therapeutic target. However, no specific SIK1 small
molecule inhibitor exists, serving as a barrier to rapid clinical
translation. The pan-SIK inhibitor YKL-05-099 induced
cytotoxicity in BER-DSRCT but not JN-DSRCT-1 when
compared to the LP9 mesothelial cell line which served as a
normal control (Hartono et al., 2022). The lack of sensitivity in
JN-DSRCT-1 may be explained by the lack of specificity of this
inhibitor and suggest the development of a SIK1 specific inhibitor as
an urgent priority to help translate these preclinical findings to
DSRCT patients.

4.1.3 BLK
B-lymphocyte kinase (BLK) is expressed in B cells where it

contributes to their activation and proliferation (Dymecki et al.,
1990; Saouaf et al., 1994; Malek et al., 1998). In oncology, studies

have suggested BLK as an oncogene in B and T cell lymphomas
(Malek et al., 1998; Krejsgaard et al., 2009; Petersen et al., 2014;
Petersen et al., 2017). Intriguingly, studies in a Blk knockout mouse
demonstrated that B cell development and the humoral immune
response are not substantially impacted by BLK depletion,
suggesting BLK-specific inhibitors may have few on-target off-
tumor effects (Texido et al., 2000). We identified BLK as a kinase
upregulated not only by EWSR1::WT1, but also in DSRCT cancer
stem cell-like (CSC) culture conditions (Magrath et al., 2024b).
Under CSC culture conditions, DSRCT cells form tumorspheres,
have increased SOX2 and NANOG expression, and are more
resistant to chemotherapy, making it a potentially valuable tool
for identifying therapies that can target chemoresistant DSRCT cells
(Magrath et al., 2022). Treatment with dasatinib and PP2, which
inhibit BLK as well as other SRC family members, decreased DSRCT
sphere formation, CSC culture viability, and stemness marker
expression. Depletion of BLK with shRNA similarly reduced
tumorsphere formation and stemness marker expression, and
also sensitized DSRCT CSCs to doxorubicin treatment (Magrath
et al., 2024b). While BLK inhibition can reduce CSC characteristics,
BLK is not expressed highly in bulk tumor cells and a study by Van
Erp et al., 2022. found that dasatinib monotherapy failed to reduced
growth of JN-DSRCT-1 xenografts. Together, these findings suggest
BLK inhibition alone will be an ineffective DSRCT therapeutic but
combination of BLK inhibition with other therapies targeting bulk
tumor cells is worthy of further examination.

4.1.4 CCND-CDK4/6-RB axis
The CCND-CDK4/6-RB axis is a critical regulator of the

transition from G1 to S phase of the cell cycle and is
dysregulated in a variety of cancers (VanArsdale et al., 2015). In
combination with estrogen receptor inhibition, CDK4/6 inhibitors
(palbociclib, abemaciclib, ribociclib) prolong survival in breast
cancer and have led to a new therapeutic paradigm (Cristofanilli
et al., 2016; Turner et al., 2018). CDK4/6 inhibitors are also effective
against liposarcoma (Hsu et al., 2022) clinically and have
demonstrated preclinical efficacy in Ewing sarcoma (Kennedy
et al., 2015) and neuroblastoma (Rader et al., 2013). We
identified CDK4/6 inhibitors as a promising therapeutic for
DSRCT due to the control of this axis by EWSR1::WT1
(Magrath et al., 2024a). The E-KTS isoform binds to and
regulates expression of CCND1, which in turn activates CDK4/6,
enabling DSRCT cells to overcome the RB tumor suppressor and
proliferate. Palbociclib treatment effectively reduced RB
phosphorylation and significantly decreased tumor growth in
2 cell line-derived xenografts (Magrath et al., 2024a). The
primary mechanism of CDK4/6i resistance in tumor is RB
inactivation. However, genomic studies of DSRCT (Slotkin et al.,
2021a; Wu C.-C. et al., 2022) have not identified frequent RB
mutations, making it likely that most DSRCT tumors will be at
least initially responsive to CDK4/6 inhibition.

4.1.5 EGFR
Epidermal growth factor receptor (EGFR) is a receptor tyrosine

kinase (RTK) which plays an important role in cell division and
growth in epithelial cells (Talukdar et al., 2020). EGFR is
overexpressed in glioblastoma, breast, and lung cancers leading to
dysregulation of the EGFR pathway and increased cell proliferation
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(Sigismund et al., 2018; Talukdar et al., 2020; Uribe et al., 2021).
EGFRwas identified in DSRCT by Smith et al. due to the enrichment
of EGFR-related pathways in a gene set variation analysis of DSRCT
microarray data (Smith et al., 2022).While EGFR is highly expressed
in DSRCT, it is not transcriptionally regulated by EWSR1::WT1, in
contrast to other proposed therapeutic targets to date. Smith et al.
demonstrated through both chemical inhibition and genetic
silencing that EGFR is critical to DSRCT growth. Multiple
EGFR-targeting therapeutics including afatinib, neratinib, and
cetuximab are FDA approved for the treatment of other cancers
and could be quickly applied to DSRCT in the clinic, making EGFR
an exciting therapeutic target. In mice, cetuximab monotherapy or
combination therapy with cetuximab and afatinib reduced tumor
growth in 2 cell line derived xenografts, while afatinib therapy alone
had a limited effect. In a PDX model, the combination therapy of
cetuximab and afatinib led to a 40% reduction in tumor volume over
a 49-day treatment (Smith et al., 2022). While likely insufficient as a
monotherapy, these data suggest EGFR targeting can reduce DSRCT
growth in vivo and could be combined with other therapies to
produce a greater therapeutic response. The success of targeting
EGFR in combination therapy may be better understood through
further elucidation of its relationship with EWSR1::WT1. Smith
et al. found that several ligands of the ERBB systemwere upregulated
in LP9 cells with exogenous expression of EWSR1::WT1 including
EGF, NEUREGULIN 1 (NRG1), EPIREGULIN (EPGN), and
AMPHIREGULIN (AREG). This could suggest EWSR1::
WT1 regulation of these targets drives EGFR-dependent growth
in DSRCT and that this pathway is in fact fusion protein regulated.
However, more recent RNA-seq data with EWSR1::WT1 depletion
has not found consistent downregulation of these ligands (Magrath
et al., 2024a). The role of these ligands in DSRCT survival also
remains uninvestigated. If EGFR is determined to be an EWSR1::
WT1-independent DSRCT dependency, this could allow combined
therapy targeting EWSR1::WT1 dependent and independent
pathways which may be necessary to improve prognosis.

4.1.6 AR
DSRCT’s high male predominance has led to several

investigations to uncover a potential role of the androgen
receptor (AR) in its pathogenesis. Similar to EGFR, AR
expression is not transcriptionally controlled by EWSR1::
WT1 and represents a potential EWSR1::WT1 independent
critical pathway (Magrath et al., 2023b). In 2007, Fine et al., 2007
identified AR positivity in immunohistochemistry samples from
10 of 27 DSRCT patients and discovered that flutamide treatment
reduced DSRCT growth in vitro. Translating these findings to the
clinic, they found three out of six DSRCT patients responded to
combined androgen blockade (bicalutamide and Lupron), with two
patients experiencing a partial response for 3 months and a third
patient experiencing stable disease (Fine et al., 2007). In 2022,
Lamhamedi-Cherradi et al., 2022 expanded on these findings and
suggested a higher rate of AR positivity in DSRCT of 75%. Testing
1 cell line derived and one patient derived xenograft, Lamhamedi-
Cherradi et al., 2022. found that treatment with either enzalutamide
or an AR-directed antisense oligonucleotide substantially reduced
tumor growth in vivo. Similarly, we began investigating AR as a
result of its male predominance and showed that three DSRCT cell
lines respond to high dose treatment with enzalutamide, flutamide,

and darolutamide (Magrath et al., 2024c). Using
immunoprecipitation, we identified an interaction between AR
and EWSR1::WT1 which may explain some of their shared
binding locations in the genome. However, despite these findings
suggesting an important role of AR in DSRCT, we found that
knockdown of AR in two DSRCT cell lines (JN-DSRCT-1, BER-
DSRCT) with four independent shRNAs failed to reduce DSRCT
viability and that enzalutamide and flutamide cytotoxicity remained
after AR depletion (Magrath et al., 2024c). These findings suggest the
AR antagonists may act through an AR-independent mechanism in
DSRCT which may involve other members of the NR3 nuclear
receptor pathway such as the glucocorticoid receptor which is highly
expressed in DSRCT (Magrath et al., 2024c). Intriguingly, we found
that enzalutamide treatment reduced EWSR1::WT1 expression
which could explain its efficacy. Further research is necessary to
better understand the mechanism of AR antagonists and their
potential role in suppression of EWSR1::WT1. As many AR
directed therapies are FDA approved for the treatment of
prostate cancer, better elucidation of their efficacy and
mechanism in DSRCT could lead to quick clinical translation.
Even though AR may not be one of the drivers of DSRCT, AR
could still play a pivotal role in the initiation of DSRCT. Previous
studies showed that AR binds to genomic regions of TMPRSS2 and
ERG and facilitates chromosomal translocation in prostate cancers
(Nicholas et al., 2021). AR has been shown to bind to introns of
EWSR1 andWT1 (Lamhamedi-Cherradi et al., 2022; Magrath et al.,
2024c), raising a tantalizing possibility that similar AR-induced
chromosomal translocation could be responsible for generating
the pathognomonic alteration and the male predominance
in DSRCT.

4.1.7 PARP
Poly-ADP ribose polymerase (PARP) belongs to a family of

proteins involved in various cellular processes including DNA
transcription, replication, and repair, programmed cell death,
chromatin structure modulation, and genomic stability. PARP
enzymes function by catalyzing the transfer of ADP-ribose to
target proteins (Amé et al., 2004). PARP is overexpressed in
different types of cancers and its inhibition using FDA approved
drugs like olaparib, rucaparib, and veliparib are therapeutics for
treating cancers of the breast, ovary, prostate, pancreas, and other
solid tumors (Wang et al., 2017). During DNA damage, PARP binds
to damaged DNA and recruits DNA repair proteins to the site of
damage leading to DNA repair. PARP inhibitors trap PARP within
the damaged DNA leading to damage accumulation. Combination of
PARP inhibitors with DNA damaging agents is often synergistic and
can improve lethality. In DSRCT, PARP was identified as a potential
therapeutic target due to its high expression in 16/16 DSRCT IHC
samples (van Erp et al., 2020). As a monotherapy, the PARP inhibitor
olaparib reduced the viability of JN-DSRCT-1 cells with an IC50 of
1.38 µM72. Intriguingly, the combination of olaparib with
temozolomide induced synergistic reductions in viability and
increased apoptosis. In a JN-DSRCT-1 xenograft model, neither
olaparib nor temozolomide monotherapy significantly reduced
tumor growth. However, in combination, a significant growth
reduction was seen (van Erp et al., 2020). This data demonstrates
the value of PARP inhibition with other DNA damaging agents in
DSRCT which warrants investigation in other DSRCT models.
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4.1.8 Unknown target of trabectedin/lurbinectedin
Trabectedin and lurbinectedin are alkylating agents that interact

with the minor groove of DNA and many DNA binding proteins
(Grosso et al., 2007; Grosso et al., 2009; Di Giandomenico et al.,
2014; Kauffmann-Guerrero and Huber, 2020). Trabectedin is a
naturally occurring compound while lurbinectedin is a synthetic
variant of trabectedin where tetrahydro β-carboline is substituted for
tetrahydroisoquinoline to improve pharmacokinetics and reduce
toxicity (Kauffmann-Guerrero and Huber, 2020). Both compounds
induce DNA damage and disrupt transcription. This latter
mechanism has led to investigations into their ability to treat
transcriptionally driven cancers such as those caused by fusion
oncoproteins. Trabectedin decreases the DNA binding of the
FUS::CHOP oncogenic transcription factor in myxoid
liposarcoma and has led to both partial and complete clinical
responses (Grosso et al., 2007; Grosso et al., 2009; Di
Giandomenico et al., 2014). Trabectedin has additionally shown
efficacy in the treatment of liposarcoma, leiomyosarcoma, and
ovarian cancer (Demetri et al., 2016; Teplinsky and Herzog,
2017). Similarly, lurbinectedin has shown preclinical effects on
EWSR1::FLI1 in Ewing sarcoma (Harlow et al., 2016).

Trabectedin was first investigated preclinically in DSRCT by
Uboldi et al. who showed that JN-DSRCT-1 cells are sensitive to
trabectedin with an IC50 around 4.5 nM80. Using Chromatin
Immunoprecipitation assays, they found that trabectedin
treatment significantly reduced EWSR1::WT1 binding to the
promoter of three genes highly expressed in DSRCT (Uboldi
et al., 2017). Gedminas et al. extended these findings to
lurbinectedin, finding that exposing DSRCT cells to lurbinectedin
decreased growth and led to repression of 80% of EWSR1::
WT1 regulated targets (Gedminas et al., 2022b). Intriguingly,
they showed that lurbinectedin treatment led to localization of
fusion protein to the nucleolus and reduced overall EWSR1::
WT1 protein expression. In vivo, lurbinectedin led to significant
reductions in tumor growth in 1 cell line-derived and one patient-
derived xenograft (Gedminas et al., 2022b). Most recently, Zuco
et al. utilized a novel DSRCT PDX model to examine the anticancer
effectiveness of several chemotherapy agents including trabectedin
(Zuco et al., 2023b). Individually, trabectedin had a maximum
tumor volume inhibition of 82% while irinotecan led to a >99%
response. However, discontinuation of either monotherapy led to a
steep increase in tumor volume. In contrast, combination treatment
with irinotecan and trabectedin resulted in a complete and sustained
response for 86 days after therapy discontinuation (Zuco et al.,
2023b). RNA-seq analysis of treated tumors found that the
irinotecan-trabectedin combination treatment, but not either
monotherapy, resulted in downregulation of E2F targets, G2M
checkpoint, and mitotic spindle gene sets (Zuco et al., 2023b).
Intriguingly, combination therapy but not trabectedin
monotherapy also led to reductions in the EWSR1::
WT1 regulated targets NTRK3 and EGR1 at the protein and
gene transcription levels (Zuco et al., 2023b). This suggests
trabectedin alone may act through a mechanism other than
EWSR1::WT1 depletion, which is in contrast to the proposed
mechanism of lurbinectedin by Gedminas et al. Given the
similarity of these compounds, further investigation is required to
understand the true mechanism of action of lurbinectedin and
trabectedin, whether they are the same, and whether they are

true inhibitors of EWSR1::WT1. Regardless of their mechanism,
lurbinectedin and trabectedin stand as intriguing therapeutics for
DSRCT and have led to a few notable responses in case studies. In a
report of two patients treated with the combination of trabectedin
and irinotecan, one patient experienced stable disease while the
other experienced a complete remission (Ferrari et al., 2023). There
is currently an ongoing Phase I/II clinical trial examining the
potential of lurbinectedin therapy for the treatment of FET-fused
tumors including Ewing sarcoma and DSRCT (Table 3).

4.1.9 CHK1
Checkpoint kinase 1 (CHK1) is a serine/threonine kinase

involved in the DNA damage response, specifically homologous
repair of double strand breaks. Activation of CHK1 leads to cell cycle
arrest in the G2/M phase and eventual cell death due to mitotic
catastrophe (Sanchez et al., 1997). As DSRCT is known to upregulate
expression of DNA damage response elements, it stands to reason
that interfering with this dependency would negatively impact
tumor cell survival (Gedminas et al., 2020). Indeed, in a study of
38 pediatric sarcoma CDX and PDXmodels treated with prexasertib
monotherapy, the two DSRCT PDX included in the study exhibited
complete regression (Lowery et al., 2019). In one PDX, the initial
response to prexasertib was durable. The other recurred 2 months
after treatment but remained sensitive to prexasertib and following
retreatment did not recur. A Phase I/II clincal trial of prexasertib +
irinotecan was conducted with DSRCT and rhabdomyosarcoma
patients (19 and 2 patients, respectively) with relapsed or refractory
disease. The study met its primary objective to consider this drug
combination for further investigation in DSRCT, with 32% of
patients achieving partial response and 47% of patients achieving
stable disease (Slotkin et al., 2022). Notably, the majority of patients
who responded had previously been treated with irinotecan,
suggesting that combination with prexasertib may resensitize
tumors to irinotecan. Development of prexasertib was
discontinued by Eli Lilly in 2019, but the drug was later licensed
by Acrivon Therapeutics, allowing for the possibility of its
availability for future trials.

4.2 Immunotherapy, radioimmunotherapy,
and antibody-drug conjugates

Antibody-based therapeutics have the potential to deliver
cytotoxic immune cells (monoclonal antibodies [mAbs] and T
cell-engaging bispecific antibodies [T-BsAbs]), radionuclides
(radioimmunotherapy [RIT]), and chemotherapeutic drugs
(antibody-drug conjugates [ADC]) with specificity for tumors by
targeting cell surface antigens expressed uniquely by or at high levels
on the cell surface of cancer cells (Larson et al., 2015; Goydel and
Rader, 2021). All of these can be delivered as off-the-shelf drugs.
Chimeric antigen receptor (CAR) T cells also direct cytotoxic
immune cells to tumors through targeting of cell surface tumor
antigens, though in this strategy the T cells themselves are harvested,
genetically engineered ex vivo to express receptors specific for these
antigens, expanded, and reinfused into the patient (Sterner and
Sterner, 2021). All these strategies face issues related to effectively
delivering immune cells and large molecules (antibodies >150 kDa)
within a tumor comprised of chaotic vasculature and a stiff, fibrotic
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extra-cellular matrix. DSRCT, as its name suggests, is densely
stromal, similar in some ways to pancreatic ductal
adenocarcinoma, protected by what has been described as a
“fibrotic fortress” (Myo Min et al., 2023). This tumor
microenvironment (TME) rich in cancer-associated fibroblasts
(CAFs) results in not only a physical barrier to drug diffusion
and immune cell trafficking, but also promotes
immunosuppression through the secretion of chemokines and
cytokines that induce differentiation of regulatory T cells and
myeloid-derived suppressive cells (Monteran and Erez, 2019).
Terry et al. describe various strategies to overcome these
challenges specifically in the context of CAR T cells for pediatric
sarcomas (Terry et al., 2021), but any of these could be employed to
improve efficacy of other immunotherapy strategies as well.
Immune checkpoint inhibitors (ICIs), which disrupt
immunosuppressive interactions between T cells and tumor cells,
rely on both the presence of sufficient numbers of immune cells in
the TME and the existence of tumor neoantigens, both of which are
commonly lacking in pediatric sarcomas with relatively silent
genomes such as DSRCT (Negri et al., 2017; Slotkin et al., 2021b;
Wu C. C. et al., 2022; Shiravand et al., 2022; Anzar et al., 2023).
While ICIs have led to significant benefits for adult cancers with high
mutational burden, they have largely failed in clinical trials for
adolescents and young adults with low-mutational burden sarcomas
(Tawbi et al., 2017; Blay et al., 2023), although anecdotal reports of
partial responses in DSRCT patients do exist (Schöffski et al., 2023).
While it is plausible that this class of drugs may synergize with other
immunotherapy strategies (T-BsAbs, CAR T cells), as monotherapy
they are not promising for DSRCT in the absence of neoantigens and
a robust immune cell population in the TME. Recent work on
immunotherapy in DSRCT has therefore focused on identifying and
developing new targets for antibody-based treatments including 1)
testing previously identified DSRCT immunotherapy targets such as
B7-H3 in clinical trials, 2) investigating repurposed immunotherapy
targets from other cancer types in DSRCT xenograft models, and 3)
identifying new, more specific DSRCT immunotherapy targets.

4.2.1 B7-H3
B7 homolog 3 (B7-H3) was the first target antigen identified in

DSRCT and since then has been the most well-validated in the clinic
(Modak et al., 2002). Its strong, homogenous, and nearly ubiquitous
expression in DSRCT makes it an excellent candidate for antibody-
based anti-cancer strategies (Modak et al., 2002; Espinosa-Cotton
et al., 2023). A Phase I trial of intraperitoneal 131I-omburtamab (a
radioantibody targeting B7-H3) opened in 2010 and results
indicated that the treatment was safe, well-tolerated, and led to
prolonged abdominal progression-free survival (Modak et al., 2020).
The follow up Phase II trial opened in 2019 (NCT04022213, Table 3)
and is expected to be completed in 2024. If successful, this will
represent the first new treatment for DSRCT in decades, and could
go on to be tested in other types of B7-H3-expressing cancer that
spread within the peritoneum, including colorectal and ovarian
cancer (Kontos et al., 2021). One pitfall this therapy will face is
the prospect of extra-abdominal relapse, which was noted in several
patients in the Phase I trial (Modak et al., 2020). However, strategies
to safely administer curative doses of radioimmunotherapy
systemically by decreasing myelotoxicity and other normal tissue
toxicity are being investigated, including the use of two and three-

step platforms and alternative antibody formats (Santich et al.,
2021). B7-H3 CAR T cells are in Phase I trials for children and
young adults at two different institutions (NCT04483778 and
NCT04897321, Table 3) though it is unknown if any DSRCT
patients have or will be enrolled in these trials and no results
have yet been reported. In 2016, Macrogenics began enrolling
pediatric patients with B7-H3-expressing solid tumors in a Phase
I clinical trial (NCT02982941) for its Fc-enhanced B7-H3 mAb
(enoblituzumab), but aside from a 2017 abstract confirming that
enrollment had begun and was to include DSRCT patients, no
updates or results have been published as of April 2024
(Desantes et al., 2017).

4.2.2 HER2
Human epidermal growth factor receptor 2 (HER2) is most

well-known for its role in breast cancer, for which the anti-HER2
mAb trastuzumab was developed. Since then, HER2 expression
has been reported in many other solid tumor types, including
sarcomas such as osteosarcoma and DSRCT (Zhang et al., 2003;
Tabak et al., 2018; Espinosa-Cotton et al., 2023; Zhu et al., 2023).
Because it is a growth factor receptor, anti-HER2 antibody-based
therapeutics can inhibit tumor cell growth by downregulating
proliferative pathways as well by redirecting immune cells or
delivering cytotoxic payloads (Smith et al., 2022). Our group
recently investigated a set of 8 potential immunotherapy
targets in DSRCT (B7-H3, c-Met, EGFR, GD2, HER2, L1CAM,
mesothelin, and polysialic acid) (Espinosa-Cotton et al., 2023).
T-BsAb against HER2, EGFR, and mesothelin showed promising
results in cytotoxicity assays in vitro and were further investigated
in a humanized immunodeficient mouse model of intraperitoneal
DSRCT. While T-BsAb targeting EGFR and mesothelin failed to
significantly reduce tumor growth, HER2-targeted T-BsAbs
displayed potent anti-tumor activity, eliminating tumors
derived from two different cell lines with durable responses
(Espinosa-Cotton et al., 2023). These findings are bolstered by
a 2015 report of a DSRCT patient treated with HER2 CAR T cells
in a basket trial for sarcoma patients who had stable disease for
over 14 months after the initial infusion (Ahmed et al., 2015).
However, it should be noted that this patient’s tumors were
localized only to the liver at the time of treatment and they
received 8 additional infusions of CAR T cells during their
period of disease stabilization. Still, this experience suggests a
possibility for HER2 CAR T cells to be safely and repeatedly
administered to DSRCT patients to maintain remission. While yet
untested clinically in DSRCT, HER2 ADCs are likely to be
investigated in the future owing to their success in other
HER2-positive solid tumors and the high expression of
HER2 in DSRCT. Although trastuzumab deruxtecan failed in a
recent Phase I trial for osteosarcoma (OS) (Hingorani et al., 2022),
several issues with patient selection in this trial should be noted
(Nakano, 2023). Specifically, patients with as few as 10%
HER2 positive tumor cells were included, and the type of drug
included in the payload, a topoisomerase I inhibitor, has not been
shown to be effective against OS. In DSRCT, the topoisomerase I
inhibitor irinotecan is under clinical investigation in numerous
combinations with promising results and careful trial design could
ensure that only patients with strong HER2 expression are
included (Espinosa-Cotton et al., 2023; Hovsepyan et al., 2023).

Frontiers in Cell and Developmental Biology frontiersin.org08

Magrath et al. 10.3389/fcell.2024.1442488

https://www.frontiersin.org/journals/cell-and-developmental-biology
https://www.frontiersin.org
https://doi.org/10.3389/fcell.2024.1442488


4.2.3 Neopeptides as neoantigens
Another intriguing set of potential DSRCT immunotherapy

targets are neopeptides. Fusion proteins are themselves
neopeptides with the amino acid sequence at the breakpoint
junction serving as a neoantigen that can be targeted by the
immune system (Wang et al., 2021). Studies have shown that a
variety of fusion protein breakpoints can be recognized by T cells
including BCR::ABL in chronic myelogenous leukemia and SYT::
SSX in synovial sarcoma (Yotnda et al., 1998; Sato et al., 2002). Yang
et al. attributed a complete remission of head and neck squamous
cell carcinoma in a patient treated with anti-PD1 to T cells targeting
the DEK::AFF2 fusion protein (Yang et al., 2019). In DSRCT, the
EWSR1::WT1 breakpoint fuses either EWSR1 exon 7, 9, or 10 to
exon 8 of WT1. The most common fusion is between exon 7 of
EWSR1 and exon 8 of WT1 which was seen in 43/47 samples in our
recent RNA-seq dataset. Work is currently underway using this
junction as a therapeutic target and has been presented at
conferences but not yet published (Banks et al., 2023).

A second source of neopeptides in DSRCT are neogenes. Neogenes
are new genes created by oncogenic transcription factors that lead to
novel mRNA in genomic regions normally not transcribed. Vibert et al.
identified neogenes induced by the EWSR1::FLI oncoprotein in Ewing
sarcoma including a few which are translated into neopeptides (Vibert
et al., 2022). Vibert et al. further identified neogenes in 17 additional
fusion protein driven cancers, including 37 neogenes in DSRCT.
Building on this work, we examined the expression of these
neogenes in an independent set of 22 DSRCT samples, finding that
most neogenes are consistently expressed in DSRCT tumors (Truong
et al., 2024). We further explored the transcriptional control of these
neogenes across four DSRCT cell lines and identified seven neogenes
whose expression was decreased by at least 75% in all cell lines upon
EWSR1::WT1 knockdown (Truong et al., 2024). In Ewing sarcoma,
EWSR1::FLI1 driven neogenes have been shown to be translated to
neopeptides that are displayed on MHC and can be therapeutically
targeted, increasing the probability that a similar therapeutic modality
may be developed in DSRCT.

4.3 Combination therapy

While many novel therapies have been tested and demonstrated
benefits in preclinical models, almost all have failed to induce durable
tumor remission, partly because of tumor heterogeneity, partly because
of intrinsic tumor resistance to a single modality approach.
Combination therapy will likely be necessary to achieve the desired
clinical outcome in DSRCT and could be a productive area of future
investigation both in preclinical models and clinical applications.
Combination therapy may include multiple inhibitors, multiple
immunotherapy targets, or a combination of growth pathway
inhibition and immunotherapy. In addition to addressing target
heterogeneity, combination therapy takes advantage of fundamental
differences in mechanisms of cell killing. For example, immunotherapy
is generally not S-phase dependent, a dependency necessary for many
chemotherapy drugs, and small molecule targets are often cytostatic
hence requiring continuous long term administration unlike CARTs
which are living drugs. When drugs that do not share toxicity profiles
are combined to achieve synergy, the sum is much more than the parts,
when they can be safely administered. In breast cancer, simultaneous

inhibition of the estrogen receptor and CDK4/6 leads to greater
reduction in RB phosphorylation than monotherapy and has led to
significant gains in survival (VanArsdale et al., 2015; Cristofanilli et al.,
2016; Turner et al., 2018). A similar strategy in DSRCT could combine
an EWSR1::WT1 upstream regulator (yet to be identified) with
entrectinib to inhibit NTRK3 or palbociclib to inhibit the CCND-
CDK4/6-RB axis. It may also be beneficial to simultaneously inhibit
EWSR1::WT1 dependent and independent pathways: for example,
combination of EGFR inhibition (EWSR1::WT1 independent) and
inhibition of NTRK3 or the CCND-CDK4/6-RB axis (EWSR1::
WT1 dependent).

Combining multiple immunotherapy targets may be beneficial
to increase specificity or account for expression heterogeneity
among tumor cells. Dual targeting antibodies (Huang et al., 2020;
Long et al., 2024) combining specificities for HER2 and B7-H3, or
HER2 and EGFR may be more specific than bispecific antibodies
targeting HER2 alone and thereby reduce on-target off-tumor side
effects. Instead of carrying both specificities on the same antibody,
multi-specific T cells can be created ex vivo by simple arming of
polyclonal T cells with multiple BsAb specific for individual targets
before iv injection (Park et al., 2021; Park and Cheung, 2022). Single
cell RNA sequencing, proteomics and surfaceomics on DSRCT
samples in the future can shed light on the heterogeneity profile
of DSRCT cells to inform optimal immune target combination.

Combining critical pathway inhibitors and immunotherapy
targets is an intriguing approach, but one where further
investigation is required to understand the potential
ramifications. Inhibitors could affect not only the DSRCT cells
but also immune cells and stromal cells, the latter of which make
up a large portion of DSRCT tumors. This could lead to synergistic
or antagonistic effects which will likely be inhibitor-specific. BRAF
and CDK4/6 inhibitors have recently been shown to increase
immune cell infiltration and cytotoxic T cell activity, leading to
synergistic effects when combined with immune checkpoint
inhibitors in melanoma and lung cancer models (Hooijkaas et al.,
2012; Wilmott et al., 2012; Liu et al., 2013; Deng et al., 2018; Lelliott
et al., 2022). As CDK4/6 inhibitors have demonstrated efficacy in
DSRCT (Magrath et al., 2024a), it may be beneficial to combine
them with effective immunotherapy approaches, such as HER2-
directed bispecific antibodies. NTRK3 is a particularly interesting
target for combining inhibition and immunotherapy as it is both a
critical dependency of DSRCT amenable to inhibition and expressed
on the cell surface, making it potentially targetable by
immunotherapy. In HER2+ breast cancer, inhibition with
lapatinib increases the expression of HER2 and improves the
efficacy of immune system mediated cytotoxicity induced by the
HER2-targeting antibody trastuzumab (Scaltriti et al., 2009). A
similar approach could lead to synergy in DSRCT with inhibition
of NTRK3 kinase activity combined with NTRK3 targeting bispecific
antibodies or CAR T cells. Conversely, combination therapy with an
EWSR1::WT1 upstream inhibitor and NTRK3-directed
immunotherapy may be predicted to have antagonistic effects. By
reducing EWSR1::WT1 expression, the inhibitor could reduce
NTRK3 expression and thus the efficacy of NTRK3-directed
immunotherapy. Future preclinical investigations should
therefore focus on both expanding the pool of DSRCT targeted
therapies and testing the potential of combination therapies for
synergy or antagonism.
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5 Clinical translation

The recent availability of new DSRCT samples and cell lines has
led to a rapid advance in the understanding of DSRCT biology and
the identification of a variety of new therapeutic targets. Several of
these targets are associated with pharmaceuticals that have already
undergone safety testing and been approved by the FDA for the
treatment of another malignancy. These targets, including NTRK3,
EGFR, and CDK4/6, can be quickly translated to the clinic and
should be urgently investigated in DSRCT. Inhibitors to all three of
these targets have demonstrated efficacy in cell line-derived and/or
patient-derived xenograft models. NTRK3 inhibition demonstrated
efficacy in the highest number of PDXs at three and an active study is
now examining the potential of the NTRK3 inhibitor PBI-200 in a
cohort that includes DSRCT patients (NCT04901806). As none of
these therapies are likely to eliminate all DSRCT cells alone, trials
with arms for both single and combination therapy may be the best
approach moving forward and should be prioritized by sarcoma
researchers.
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