
 ORCA – Online Research @ Cardiff

This is an Open Access document downloaded from ORCA, Cardiff University's institutional
repository:https://orca.cardiff.ac.uk/id/eprint/161709/

This is the author’s version of a work that was submitted to / accepted for publication.

Citation for final published version:

Meissner, Magdalena, Napolitano, Andrea, Thway, Khin, Huang, Paul and Jones, Robin L 2023.
Pharmacotherapeutic strategies for epithelioid sarcoma: are we any closer to a non-surgical cure?
Expert Opinion on Pharmacotherapy 24 (12) , pp. 1395-1401. 10.1080/14656566.2023.2224500 

Publishers page: http://dx.doi.org/10.1080/14656566.2023.2224500 

Please note: 
Changes made as a result of publishing processes such as copy-editing, formatting and page

numbers may not be reflected in this version. For the definitive version of this publication, please
refer to the published source. You are advised to consult the publisher’s version if you wish to cite

this paper.

This version is being made available in accordance with publisher policies. See 
http://orca.cf.ac.uk/policies.html for usage policies. Copyright and moral rights for publications

made available in ORCA are retained by the copyright holders.



Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=ieop20

Expert Opinion on Pharmacotherapy

ISSN: (Print) (Online) Journal homepage: https://www.tandfonline.com/loi/ieop20

Pharmacotherapeutic strategies for epithelioid
sarcoma: are we any closer to a non-surgical cure?

Magdalena Meissner, Andrea Napolitano, Khin Thway, Paul Huang & Robin L
Jones

To cite this article: Magdalena Meissner, Andrea Napolitano, Khin Thway, Paul Huang &
Robin L Jones (2023) Pharmacotherapeutic strategies for epithelioid sarcoma: are we any
closer to a non-surgical cure?, Expert Opinion on Pharmacotherapy, 24:12, 1395-1401, DOI:
10.1080/14656566.2023.2224500

To link to this article:  https://doi.org/10.1080/14656566.2023.2224500

© 2023 Informa UK Limited, trading as
Taylor & Francis Group

Published online: 20 Jun 2023.

Submit your article to this journal 

Article views: 244

View related articles 

View Crossmark data



REVIEW

Pharmacotherapeutic strategies for epithelioid sarcoma: are we any closer to a 
non-surgical cure?

Magdalena Meissner a,b, Andrea Napolitanoc, Khin Thwayc,d, Paul Huang c,d and Robin L Jones c,e

aVelindre Cancer Centre, Cardiff, UK; bDepartment of Cancer and Genetics, Cardiff University, Cardiff, UK; cSarcoma Unit, The Royal Marsden NHS 
Foundation Trust, London, UK; dDivision of Molecular Pathology, Institute of Cancer Research, London, UK; eDivision of Clinical Studies, The 
Institute of Cancer Research, London, UK

ABSTRACT

Introduction: Epithelioid sarcoma (ES) is a rare soft tissue sarcoma subtype, predominantly occurring in 
children and young adults. Despite optimal management of localized disease, approximately 50% of 
patients develop advanced disease. The management of advanced ES remains challenging due to 
limited response to conventional chemotherapy and despite novel oral EZH2 inhibitors that have better 
tolerability but similar efficacy to chemotherapy.
Areas covered: We performed a literature review using the PubMed (MEDLINE) and Web of Science 
databases. We have focused on the role of chemotherapy, targeted agents such as EZH2 inhibitors, 
potential new targets and immune checkpoint inhibitors and combinations of therapies currently 
undergoing clinical investigation.
Expert opinion: ES is a soft tissue sarcoma with a heterogeneous pathological, clinical, and molecular 
presentation. In the current era of precision medicine, more trials with targeted therapies and 
a combination of chemotherapy or immunotherapy with targeted therapies are required to establish 
optimal treatment for ES.
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1. Introduction

Epithelioid sarcoma (ES) is a slow-growing type of soft-tissue 

tumor first named in 1970 by Franz Enzinger [1]. ES is rare and 

is recognized in less than 1% of all sarcomas and mainly 

occurs in young to middle age adults (20–40 years) and 

males [2].

ES can be divided into two variants based primarily on 

anatomic location and histology (classic and proximal). It is 

thought that there is a continuum between these variants [3]. 

The classic ES affects mostly teenagers and young adults; the 

proximal type is a rarer, more aggressive type and mainly 

occurs in adults. Histologically, both subtypes are character-

ized by sheets of uniform epithelioid cells, although they have 

morphologic differences [4].

Almost half of the patients with ES present with often 

localized multi-focal disease [5]. In up to 30–50% of cases, 

ES metastasize to lymph nodes and distant sites, most 

commonly the lung [6]. The classic ES has multiple lesions 

with high local recurrence rates. However, the proximal ES 

often spreads sooner than the classic ES and therefore has 

a poorer prognosis. ES can appear superficially as single or 

multiple nodules (nodular ES) or as a mass in deeper 

tissues [7]. Nodular ES is associated with significantly 

higher amputation and local relapse rates, and mass ES 

was found to have a better prognosis with no occurrence 

of locoregional spread [7]. Livi et al. demonstrated that the 

dominant prognostic factor was the site of the primary 

tumor, with the best prognosis for distal limb location [8].

The 5-year overall survival has been reported as 68% [5], 

with better survival in localized disease compared to regional 

disease (75% vs 49%, respectively) [5]. Deep, large proximal 

tumors, older age, male sex, and local recurrence or regional 

metastases are adverse prognostic factors [9,10]. In addition, 

Jawad et al. 2009 in their analysis of 441 cases from the SEER 

Database, reported that none of the patients with metastatic 

disease survived for five years, and 1-year survival was 46% [5].

1.1. Molecular pathology

INI1 loss was reported in over 90% of ES, which has improved 

the diagnosis of ES through immunohistochemistry [11–14]. 

INI1 is a tumor suppressor gene present in chromosome 22 

[15]. This gene encodes a subunit of the SWI/SNF chromatin 

complex that regulates genes involved in the cell cycle and 

oncogenic signaling pathways [15]. The loss of INI1 triggers 

genomic instability, cell cycle advancement, and initiation of 

abnormal signaling pathways, allowing oncogenesis [16,17]. In 

addition, INI1 loss causes activation of EZH2, which is consid-

ered the key oncogenic driver for ES and has become its main 

therapeutic target [18,19]. Hornick et al. reported that loss of 

expression of INI1 is characteristic of classic and proximal ES 

[13]. However, Rasmussen et al., through functional genomics 

analysis, uncovered distinguishing features of classic and 
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proximal ES [20]. Specifically, molecular sequencing and 

immunohistochemistry show deletion of INI1 in proximal ES, 

whilst classic ES demonstrates a pattern of retained dysfunc-

tional INI1 expression [20]. In addition, classic ES has an 

increased expression of actionable molecular targets, such as 

GLI3, FYN, and CXCL12 [20]. Preserved expression of INI1 in 

classic ES allows a different therapeutic approach by targeting 

INI1 through BRD7/9 degraders [20]. This needs further inves-

tigation as a potential therapeutic option for classic ES.

In addition to the above differences between proximal and 

classic types, Frezza et al., in their transcriptomic analyses of ES 

samples, discovered disparities in the expression of multiple 

regulatory pathways [21]. Proximal ES was characterized by 

MYC overexpression and genomic signatures that affect the 

cell cycle, chromatin metabolism, and protein synthesis. In 

contrast, classic ES demonstrated increased involvement of 

Notch/Hedgehog and immune regulation pathways linked 

with class 1 human leukocyte antigens (HLA) overexpression 

and increased immune infiltration [21].

These observations suggest significant molecular disparities 

between both types of ES, which may explain differences in 

response to current therapies and possibly requires new direc-

tions for research and clinical trials.

In addition, a study by Hiroshi Kato et al. has demonstrated 

high specificity and positivity of CA125 expression in epithe-

lioid sarcoma (ES) compared to other sarcomas [22]. CA125 

serum levels have been found to correlate with disease pro-

gression in ES [23] Measurement of CA125 levels is a well- 

established test for monitoring disease status and evaluating 

response to therapy in ovarian cancer and could be possibly 

be applicable in the management of ES.

1.2. Role of surgery and radiotherapy for localized ES

The standard treatment is the surgical resection of local 

disease with or without radiotherapy to prevent local recur-

rence. Livi et al. demonstrated that wide local excision with 

a radical radiotherapy dose is more effective at preventing 

local recurrence [8]. This study showed that 35% of patients 

treated with wide excision developed a local recurrence as 

opposed to 55% of patients treated with local excision [8]. 

The lower mortality rates of 21% and 27% were in patients 

treated with wide excision and local excision, respectively [8]. 

However, incomplete excision was associated with a high 

mortality rate of 75% [8]. Despite optimal management of 

localized disease, approximately 50% of patients develop 

advanced disease.

The recommended radiation dose after surgery for sarcoma 

is 60–66 Gy delivered in 1.8–2 Gy fractions. A two-phase tech-

nique is commonly employed, with an initial larger volume 

receiving 50 Gy, followed by a smaller volume receiving 10–16  

Gy [24].

Pre-operative radiotherapy is administered at a lower dose 

of 50 Gy with a smaller treatment volume that covers the pre- 

operative tumor volume, rather than the post-operative tumor 

bed. Although it is associated with more acute post-operative 

complications compared to the standard post-operative treat-

ment, it has been found to have less late toxicity while main-

taining equivalent tumor control [25,26]. This approach has 

become routine in some centers.

2. Chemotherapy in epithelioid sarcoma

2.1. Adjuvant chemotherapy

There are limited published data regarding the efficacy of 

adjuvant chemotherapy in epithelioid sarcoma, with no defi-

nitive evidence to support a role for post-operative che-

motherapy. Similarly for more common soft tissue sarcoma 

subtypes the evidence base for adjuvant chemotherapy is 

limited, for example the role of adjuvant chemotherapy in 

uterine leiomyosarcoma remains to be conclusively defined 

[27]. Further studies are needed are needed to better under-

stand the value of adjuvant chemotherapy in soft tissue 

sarcomas.

2.2. Palliative chemotherapy

There is no strong evidence of systemic treatment for 

advanced and metastatic ES. Most available data are based 

on small studies, case reports, or single patients with ES 

treated in all-comer soft tissue sarcoma (STS) trials. The sum-

mary table (Table 1) presents an overview of key findings from 

relevant studies and trials.

The biggest multicentre case series reported by Frezza et al. 

analyzed 115 patients with advanced or metastatic ES [28]. 

They reported an Objective Response Rate (ORR) of 22% with 

anthracycline-based regimens and 27% with gemcitabine- 

based regimens, and median Progression Free Survival (PFS) 

was 6 and 4 months, respectively [28]. Jones et al. reported 

a similar PFS of 7.3 months with first-line anthracycline-based 

regimens [29]. However, their case series of 21 patients 

demonstrated an ORR of 15% to first-line anthracyclines 

alone or in combination with ifosfamide [28]. Four prospective 

EORTC (European Organisation for Research and Treatment of 

Cancer) clinical trials identified 27 patients with ES out of 976 

patients [30]. The ORR in all patients was 22.2%. However, in 

the first line, there were no responses to single-agent doxor-

ubicin; there was an ORR of 12.5% (1/8) in patients treated 

with doxorubicin and ifosfamide and of 33.3% (1/3) with 

trabectedin [30]. The median PFS was 4 months, and the med-

ian OS was 11 months [30].

Article highlights

● Almost 50% of epithelioid sarcoma recur or develop advanced dis-
ease despite optimal management of the localized disease.

● Significant differences exist between proximal and classic ES in terms 
of prognostic, histological and molecular features, which may require 
different therapeutic approaches.

● EZH2 inhibitors represent similar efficacy to chemotherapy but better 
tolerability; combinations of both are under evaluation.

● Molecular profiling of epithelioid sarcoma may help identify new 
directions in the treatment of epithelioid sarcomas.

● Immune checkpoint inhibitors have not shown significant outcomes 
in soft tissue sarcomas. Understanding the immunogenicity and 
immune microenvironment of ES may help identify patients that 
benefit from immunotherapy or its combinations.
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Pink et al., through a retrospective multi-institutional ana-

lysis, reported an ORR of 58% (7/12) to the combination of 

gemcitabine and docetaxel, regardless of the line of treat-

ment, with a median PFS of 8 months in all patients [31]. 

However, for gemcitabine-based chemotherapy, Frezza et al. 

reported a lower ORR (27%) with a median PFS of 4 months 

[28]. Also, they have not observed any differences in response 

rates between gemcitabine in monotherapy or in combination 

with docetaxel [28].

A most recent retrospective multicentre real-world study 

involving 74 patients with ES showed the real effectiveness of 

conventional chemotherapy of ORR of 15% in the first-line treat-

ment and 9% in the second line and beyond [32]. However, over 

half of patients (51.4%) experienced significant adverse events 

during chemotherapy, with febrile neutropenia being the most 

common. Nevertheless, this study provided valuable insight into 

conventional chemotherapy’s activity and safety in advanced ES. 

Overall, a small proportion of patients with ES can benefit from 

these chemotherapies. However, this must be weighed against 

the potential toxicity of these treatments.

There have also been a few case reports of the benefit of 

vinorelbine. One patient with metastatic ES achieved 

a complete resolution of pulmonary metastases with 

a durable response for four years, and one achieved a PR 

over 27 months [33,34]. Therefore, vinorelbine, a relatively 

well-tolerated chemotherapy option, could be considered for 

patients with metastatic ES.

In combination, these retrospective studies indicate that 

anthracycline- and gemcitabine-based schedules have activity 

in ES. However, the durability of response is brief, and these 

agents can have considerable toxicity.

3. Approved targeted therapies in ES

As discussed above, INI1 loss leads to oncogenic depen-

dency on EZH2. This has led to considerable interest in 

evaluating EZH2 inhibitors in ES. In 2020, the Food and 

Drug Administration (FDA) approved the EZH2 inhibitor 

tazemetostat based on the results of a phase 2 basket trial 

(NCT02601950), which demonstrated clinical efficacy and 

good tolerability in patients with ES [35]. The primary end-

point in the ES cohort was ORR. All patients received oral 

tazemetostat. The ORR was 15%; 26% of patients had stable 

disease at 8 months, and the progression-free survival rate 

at 12 months was 21% [36]. The ORR was mainly demon-

strated in 25% of patients who received tazemetostat in the 

first-line setting compared to 8% of patients with second- 

line or beyond [36]. The ORR for tazemetostat is similar to 

anthracycline- or gemcitabine-based regimens in ES, as 

reported in a retrospective multicentre real-world study 

[32]. However, tazemetostat was well tolerated, with mostly 

grade 1–2 side effects and few dose reductions or suspen-

sions [36]. Importantly, tazemetostat did not cause grade 3 

or 4 nausea, thrombocytopenia or neutropenia frequently 

related to chemotherapy [35]. Based on this information, 

a phase 1b/3 randomized trial (NCT04204941) was devel-

oped. Currently, this trial randomizes ES patients to receive 

doxorubicin plus tazemetostat or single-agent doxorubicin 

in a first-line setting.

Pazopanib was the first targeted therapy available for 

the treatment of ES. However, Frezza et al.‘s study demon-

strated no radiological responses in any 18 patients treated 

with pazopanib with a median PFS of 3 months [28]. In 

Table 1. Summary of the main treatments for ES.

Therapy type Efficacy References

Chemotherapy regimens
Anthracycline-based chemotherapy ORR 22%, PFS 6 months [28]

ORR 15%, PFS 7.3 months [29]
Gemcitabine-based chemotherapy ORR 27%, PFS 4 months [28]

ORR 58%(7/12 Pts), PFS 8 months [31]
Doxorubicin + Ifosfamide ORR 12.5% (1/8 Pts), PFS 4 months, OS 11 months [30]
Trabectedin ORR 33.3% (1/3 Pts), PFS 4 months, OS 11 months [30]
Vinorelbine 1 Pt – CR for 4 years, 

1 Pt – PR for 27 months
Case reports [33,34]

Targeted Therapies
Tazemetostat ORR 15%; PFS at 12 months 21% [32,35,36]
Pazopanib 18 Pts – No OR, 

PFS 3 months
[28,30,37,38]

Dasatinib ORR 28%(2/7 pts); PFS 7.9 months 
OS 21% at 2 years

[39]

Sunitinib 1 Pt – SD for 32 months Case report [40]
Chemotherapy combination with targeted therapy
Doxorubicin + Tazemetostat Awaiting results of phase 1b/3 randomized trial NCT04204941

Immunotherapy
Pembrolizumab 1 Pt – PR for 12 months [41]
Nivolumab 1 Pt – PR for 4 months 

1 Pt – PD
[42]

1 Pt – PD [43]
Immunotherapy combinations
Ipilimumab + Nivolumab 1 Pt – CR [44]
Axitinib + Pembrolizumab 1 Pt – PR for 6 months [45]
Nivolumab + Sunitinib 7 Pts – No OR [46]
Dasatinib + Ipilimumab 1 Pt – No OR [47]
Durvalumab + Tazemetostat Awaiting results of phase 2 CAIRE trial NCT04705818

Objective Response Rate (ORR), Objective Response (OR), Progression-Free Survival (PFS), And Overall Survival (OS), Pt/Pts – Patient/ 
Patients, PR – Partial Response, CR – Complete Response, PD – Progressive Disease. 
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contrast, there have been sporadic reports of successful 

treatment with pazopanib [37,38], and Touati et al. 

reported an ORR of 100% (2/2) to pazopanib in the first 

line and 11% (1/9) in second line [30].

4. Other potential targets and non-approved 
therapies

Certain signaling pathways have been linked with ES patho-

genesis and are possible targets for new treatments. Imura 

et al. reported hyperactivation of the AKT/mTOR pathway in 

cells with loss of INI1 and consequently reduced cell prolifera-

tion when mTOR was blocked with anti-mTOR specific siRNAs 

[48]. This led to studying everolimus, an mTOR inhibitor, in ES. 

However, mTOR inhibition caused an increase in the activation 

of AKT and c-MET [48]. This suggests that inhibiting one path-

way can be insufficient. The inhibition of multiple pathways 

with AKT and c-MET inhibitors might need to be considered.

EGFR overexpression was also identified in both ES sub-

types [49,50]. Erlotinib, a tyrosine kinase inhibitor to EGFR, was 

investigated and demonstrated tumor growth delay in vivo. 

However, Erlotinib did not cause tumor arrest due to sustained 

AKT activation [49]. Subsequently, the researchers investigated 

the effects of the combination of EGFR inhibitor with mTOR 

inhibitor in vivo and in vitro models of ES. They reported 

a significant benefit with inhibition of both pathways com-

pared to the blockade of a single pathway [49]. Furthermore, 

Imura et al. also demonstrated that combining a selective 

c-MET inhibitor with an mTOR inhibitor leads to a stronger 

blockage of ES xenograft growth than either agent alone [48].

Dysregulation of adhesion protein has also been reported 

in ES. Dysadherin is a cell membrane glycoprotein involved in 

the downregulation of E-cadherin, which is responsible for 

cancer development and metastasis [51,52]. Interestingly, 

greater levels of dysadherin have been found in proximal ES 

cell lines, which could contribute to a worse prognosis of 

proximal ES [53]. Therefore, both glycoproteins are potential 

targets for the treatment of ES.

Cyanamide Pan-TEAD·YAP1 Covalent Antagonists represent 

a promising new approach for the treatment of cancer, includ-

ing sarcoma. The TEAD·YAP/TAZ pathway plays a crucial role in 

the regulation of various biological processes, including tissue 

and immune homeostasis, organ size control, tumorigenesis, 

and metastasis [54]. Dysregulation of this pathway has been 

implicated in various types of cancer, promoting tumor growth 

and metastasis. Small molecules that target the TEAD palmitate- 

binding cavity have been discovered, which is a key site of 

interaction between TEADs and YAP/TAZ [54]. By inhibiting 

this interaction, the small molecules suppress the transcrip-

tional activity of TEADs and the expression of target genes 

involved in tumor growth, metastasis, and other biological 

processes [54]. In vitro studies have shown that these small 

molecules have potent anticancer activity against several 

types of cancer cells, including sarcoma [54]. These small mole-

cules represent a promising new class of anticancer agents that 

could have significant clinical impact in the future.

Dasatinib (multi-kinase inhibitor) efficacy in ES was investi-

gated in a single-arm SARC0009 trial; 28% (2/7) patients 

achieved ORR (according to Choi criteria) with a median PFS 

of 7.9 months [39]. However, OS was only 21% at 2 years [39].

Finally, a case reporting long-term stable disease of more 

than 32 months on sunitinib in the third line of treatment has 

been published [40].

All these promising targets and combinations of targeted 

agents in preclinical studies must be studied in clinical trials to 

assess safety, tolerability, and efficacy in ES.

5. Immunotherapy

Immunotherapy has changed the practice for many solid 

tumors. However, the value of immunotherapy in STS has 

not been established yet. Forrest et al. investigated PD-L1 

expression in 30 INI1-negative sarcomas, including ES [55]. 

Forty-seven percent of these sarcomas were PD-L1 positive 

(using a threshold of ≥1% positivity in tumor cells or Tumor 

Infiltrating Lymphocytes (TILs)), and all four patients with ES 

were PD-L1 positive [55]. In the study of Boxberg et al., 20% 

(1/5) of ES were PD-L1 positive (defined as positive PD-L1 

staining of any percentage) [56]. In the study of Kim et al., all 

seven ES were PD-L1 positive (using a threshold of >10% 

positivity in tumor cells), PD-L1 expression was linked to 

shorter 5-year OS, and it was an independent negative prog-

nostic factor, which supports a role as a potential therapeutic 

target [57].

There are ongoing clinical trials with immune checkpoint 

inhibitors targeting the PD − 1/PD-L1 and CTLA − 4/CD80/86 

for STS, including ES. Here, we will focus on the limited data 

for ES patients from these clinical trials or case reports.

In the KEYNOTE − 051 study, there was an 18-year-old 

patient with PD-L1-positive (PD-L1 40% positivity in the 

tumor cells) ES who achieved partial response (PR) for almost 

12 months with pembrolizumab [41]. In a retrospective series 

with nivolumab, a 24-year-old man with a proximal ES meta-

static to the lung achieved PR after four cycles; however, he 

progressed after four additional cycles, and another patient 

with ES had disease progression at the first evaluation of 

nivolumab [42].

5.1. Immunotherapy combinations

In order to improve the efficacy of immune monotherapy for 

STS, multiple combination strategies have been explored in 

various clinical trials. These combinations include CTLA − 4 

checkpoint inhibitors, targeted therapies, and epigenetic or 

anti-angiogenic agents, intending to boost the anti-tumor 

immune response.

In the randomized clinical trial Alliance A091401 

(NCT02500797), a combination of nivolumab with or with-

out the anti-CTLA4 ipilimumab was investigated for all 

metastatic sarcomas, including ES [43]. However, only one 

patient with ES was included and did not respond to single- 

agent nivolumab. In contrast, Pecora et al. reported one 

patient that had a complete response to a combination of 

ipilimumab and nivolumab previously treated with tazeme-

tostat and chemotherapy [44]. This indicates that further 

molecular investigations are needed to identify immune 

biomarkers of response. The combination of ipilimumab 

1398 M. MEISSNER ET AL.



and nivolumab is currently being evaluated in a phase 3 

trial (NCT04741438) for rare subtypes of sarcoma, including 

ES, and a phase 2 trial (NCT04416568) for INI1-negative 

pediatric cancers.

A combination of checkpoint inhibitors with anti- 

angiogenic agents has been supported by preclinical studies 

that VEGF blocks T-cell development and might contribute to 

tumor-induced immune suppression [58]. A phase 2 clinical 

trial evaluated a combination of axitinib and pembrolizumab 

in STS and reported prolonged (6 months) partial response in 

one patient with ES [45]. In contrast, no objective responses 

were observed in seven patients with ES who received the 

combination of nivolumab with sunitinib in the phase 1b/2 

trial [46] and in one patient with ES who received the combi-

nation of dasatinib and ipilimumab [47].

Several preclinical studies reported that the EZH2 inhibitors 

have the potential to modulate the immunogenicity of 

a tumor and anti-tumor immune response [59]. Tazemetostat 

could potentially be used as an immunomodulator [59,60]. 

Multiple studies reported that EZH2 inhibitors could bypass 

primary and secondary resistance to PD-L1 inhibitors in multi-

ple cancer types [61–63]. The ongoing phase 2 CAIRE clinical 

trial (NCT04705818) investigates the combination of anti-PD- 

L1 (durvalumab) and tazemetostat in solid tumors, including 

soft-tissue sarcoma.

We hope that all the ongoing clinical trials improve our 

understanding of the immunogenicity of ES and provide more 

information on the effects of immunotherapy combinations in 

ES to allow us to identify patients with ES that will benefit 

from specific immunotherapy combinations.

6. Conclusion

In summary, ES is a rare type of soft tissue sarcoma with hetero-

geneity in clinical presentation and behavior. Diagnosing ES has 

improved through loss of INI1 expression. However, manage-

ment of advanced ES remains challenging due to limited 

response to chemotherapy. Tazemetostat, an EZH2 inhibitor, 

provides patients with oral systemic therapy with better toler-

ability than chemotherapy but with similar efficacy. Ongoing 

trials will provide more information on whether the combination 

of tazemetostat with chemotherapy or immunotherapy might 

have a better effect in patients with ES. There are limited data on 

the effects of immunotherapy in patients with ES. However, more 

molecular investigations are required to identify those patients 

that will benefit from immune monotherapy and those that will 

require a potential combination of multiple treatments. 

Furthermore, more research is needed to identify novel targets 

to help improve treatment options for patients with rare soft 

tissue sarcoma like ES.

7. Expert opinion

Epithelioid sarcoma represents a rare and heterogenous 

patient population group in terms of anatomical location, 

histology, molecular and immune characteristics. 

Nevertheless, over 40 years of research in ES has provided 

several insights into this difficult-to-manage disease:

A combination of retrospective studies indicated that 

anthracycline- and gemcitabine-based schedules have activity 

in epithelioid sarcoma. However, the durability of response is 

brief, and these agents can have considerable toxicity. 

Molecular classification could help identify patients most likely 

to respond to chemotherapy.

Tazemetostat (an EZH2 inhibitor) as a single agent is less 

toxic than conventional chemotherapy. However, in terms of 

efficacy, tazemetostat has similar efficacy to standard che-

motherapy. Therefore, the results of ongoing clinical trials 

that assess the combination of tazemetostat with chemother-

apy are eagerly awaited. In addition, due to recent develop-

ments in the genomics of ES, the treatment with single-agent 

tazemetostat might be less effective for patients with classic 

ES with dysfunctional INI1, who might require a different ther-

apeutic approach. This needs to be explored in future clinical 

trials. In addition, tazemetostat has the potential to modulate 

tumor immunogenicity and anti-tumor immune response and 

therefore is being further evaluated in combination with 

immunotherapy.

Other targeted therapies, such as mTOR and EGFR inhibi-

tors, are under investigation. Hyperactivation of the AKT/ 

mTOR pathway and a high level of EGFR expression have 

been identified in ES. However, blocking one pathway might 

be insufficient to stop cancer growth, and combinations might 

be more effective and should be evaluated in future clinical 

trials.

Higher levels of dysadherin (downregulator of E-cadherin 

cell-mediated adhesion) have been identified in cell lines from 

proximal ES. Dysadherin and a complete loss of E-cadherin 

promote metastasis, and therefore, both glycoproteins are 

potential targets for the treatment of ES.

Immunotherapy in ES is still under evaluation. However, 

several patients from case reports and clinical trials have 

benefited from immune checkpoint inhibitors. The ongoing 

trials with single-agent checkpoint inhibitors or combinations 

with targeted therapies will inform future direction. In addi-

tion, we need more studies evaluating both the immunogeni-

city and microenvironment of ES to discover immune 

biomarkers that identify patients who will benefit from 

immune checkpoint inhibitors on their own and who will 

require a combination of immunotherapy with additional 

therapy.

The goal of epithelioid sarcomas research has been to dis-

cover effective treatment options to improve patient out-

comes. In the current era of precision medicine, 

chemotherapy or immunotherapy might be combined with 

targeted agents, or combinations of multiple targeted thera-

pies may be used to prolong survival and provide a better 

quality of life by reducing toxicity. Immunotherapy has radi-

cally changed the oncology landscape, but the benefit in 

epithelioid sarcomas is yet to be conclusively proven. 

Identifying specific immune biomarkers to enrich for patients 

more likely to benefit or discovering alternative pathways of 

immune suppression may help develop new drugs for this 

type of disease.

There is a need for further research focusing on finding 

new targets and effective therapies. Furthermore, we need to 

identify and validate biomarkers for targeted agents such as 
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tazemetostat and immune markers to be able to identify 

patients who will most likely benefit from specific therapy 

and avoid exposure to the unnecessary toxicities of ineffective 

therapies. This is challenging in ES due to the rarity of this 

tumor type. Standard clinical trials in this field can be difficult 

to initiate and, therefore, are not attractive to pharmaceutical 

companies to maintain engagement. Often clinical trials 

include all soft tissue sarcomas, and the number of ES patients 

is not representative of the population. New adaptive designs 

and biomarker-driven clinical trials will help us evaluate new 

treatments more efficiently. International collaboration and 

database maintenance should be integrated to increase invol-

vement in clinical trials and accelerate future research.
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