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ABSTRACT
Synovial sarcoma (SS) is a rare cancer that 
disproportionately affects children and young adults. 
Cancer testis antigens (CTAs) are proteins that are 
expressed early in embryonic development, but generally 
not expressed in normal tissue. They are aberrantly 
expressed in many different cancer types and are an 
attractive therapeutic target for immunotherapies. CTAs 
are expressed at high levels in SS. This high level of 
CTA expression makes SS an ideal cancer for treatment 
strategies aimed at harnessing the immune system to 
recognize aberrant CTA expression and fight against 
the cancer. Pivotal clinical trials are now underway, with 
the potential to dramatically alter the landscape of SS 
management and treatment from current standards of 
care. In this review, we describe the rationale for targeting 
CTAs in SS with a focus on NY- ESO-1 and MAGE- A4, 
the current state of vaccine and T- cell receptor- based 
therapies, and consider emerging opportunities for future 
development.

INTRODUCTION
Synovial sarcoma
Synovial sarcoma (SS) is a rare cancer that 
comprises between 5%–10% of all soft tissue 
sarcomas that disproportionately affects chil-
dren and young adults, with the peak inci-
dence between 15–29 years old, though it can 
occur at any age.1–3 Although it was originally 
thought to derive from synovium when first 
described over 100 years ago,4 SS can develop 
from any serosal surface including the pleura 
or sac around the kidney. One hypothesis 
regarding its cell of origin is that it derives from 
Myogenic factor 5 expressing multipotent 
mesenchymal progenitors such as periosteal 
cells and pre- osteoblasts influenced by para-
crine secretion of osteoprotegerin by bone, 
suggesting why SS often form immediately 
adjacent to bone.5 Morphologically, SS can 
present in two distinct histological subtypes: 
monophasic, which is composed uniformly of 
spindle cells or biphasic, which contains areas 
with epithelioid differentiation.

Patients with localized disease are treated 
with curative intent with surgical resection 
and radiation therapy. Anthracycline- based 
chemotherapy is often used in the curative 
setting and is the primary treatment used in 

the metastatic setting. Regardless of presen-
tation, 5- year and 10- year overall survival 
(OS) is 61% and 42%, respectively.1 While 
patients with localized disease can be cured, 
patients with disease that has recurred or 
who have metastatic disease have far worse 
outcomes. The use of ifosfamide,6 pazo-
panib,7 and trabectedin8 have improved 
outcomes for anthracycline refractory 
patients but profession- free survival with any 
of these drugs can be measured on the order 
of months. In spite of great progress with 
multiple new drugs developed over the past 
decade, median OS for patients receiving 
systemic therapy is around 2 years.9

SS is characterized by one of several t(X;18) 
translocations that is the pathognomonic 
driver for the tumor and leads to expres-
sion of an abnormal SS18- SSX (previously 
SYT- SSX) fusion protein.1 2 10 Recent insights 
into the mechanism of the SS18- SSX fusions 
have led to a better understanding of the 
biology of SS and highlighted the role of 
chromatin remodeling in SS pathogenesis. 
SS18 is a normal component of barrier- to- 
autointegration factor (BAF)- type Switch/
Sucrose Non- Fermentable (SWI/SNF) 
complexes.11 SS18- SSX fusions interact with 
transducin- like enhancer protein 1 and acti-
vating transcription factor 2 (ATF2) leading 
to repression of ATF2 target genes.12 The 
fusion protein ejects the SMARCB1 (BAF47, 
INI1) subunit from the BAF complex and 
leads to altered transcription of genes 
including HOXC10, BCL2, PAX7, and SOX2, 
ultimately leading to cancer cell survival.13–15 
As described below, SS highly expresses 
cancer testis antigens (CTAs). Although the 
mechanisms by which CTAs are expressed in 
cancer are not clear, epigenetic dysregulation 
mediated by SS18- SSX fusion proteins may 
play a key role.

CTAs
It has long been recognized that tumors 
can elicit immune responses. Early efforts 
to identify tumor associated antigens in a 
murine model revealed four antigens that 
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were recognized by syngeneic cytotoxic T- lymphocytes 
(CTLs) and whose expression was required to maintain 
the host immune response and prevent tumor progres-
sion.16 Translation of this finding led to the identifi-
cation of the first human T- cell antigen in melanoma, 
melanoma antigen-1 (MAGE-1, renamed MAGE- A1).17 
Additional immunogenic antigens, notably including 
NY- ESO-1, were identified by screening complementary 
DNA (cDNA) expression libraries with autologous CTLs 
(serological analysis of recombinant cDNA expression 
libraries or SEREX).18 After multiple gene families were 
identified with expression seemingly restricted to cancer 
and testis, the group of gene families collectively were 
termed CTAs.19 To date, over 70 CTA gene families have 
been identified.20

Work to elucidate the function of CTAs implicates them 
in sperm and oocyte biology. Synaptonemal complex 
protein 1, a CTA implicated in ovarian cancer,21 is a normal 
component of the synaptonemal complex required for 
meiosis.22 NY- ESO-1, a CTA expressed in several cancer 
types and one of the most relevant for cancer therapeu-
tics targeting CTAs, is expressed in testis and ovary during 
embryonic development with expression levels peaking 
in the second trimester.23 MAGE family genes play a role 
in cell cycle control and neurogenesis.24 The mechanisms 
for aberrant expression in cancers remains uncertain, 
but may be at least in part related to aberrant demethyla-
tion at the promotor of CTA genes.25 High expression of 
CTAs is mostly limited to developing embryos, placental 
trophoblasts, and to immunoprotected tissues such as 
testis in adults with very low but detectable expression 
in some other tissues.26 After their discovery, it became 
clear that CTAs are expressed to varying degrees in many 
different cancer types.27 These include melanoma,28 
breast cancer,29 ovarian cancer,30 bladder cancer,31 lung 
cancer,32 33 myeloma,34 and hepatocellular carcinoma.35 
Importantly, the observation of spontaneous humoral 
immune responses to CTAs suggested the possibility 
that they are an attractive target for cancer immuno-
therapy with vaccines and adoptive T- cell strategies. 
The first vaccine trials demonstrated that CD8 T- cell 
specific responses could be elicited with vaccination with 
NY- ESO-1 peptide, with hints of clinical benefit.36

CTAs in SS
In contrast to most other cancer types, CTA expression 
in SS is exceptionally high. Additionally, CTA expression 
in SS is homogenous. Few cancer types, with the excep-
tion of myxoid/round cell liposarcoma,37 demonstrate 
this unique pattern of CTA expression. Table 1 high-
lights specific studies that have quantified the expression 
of CTAs that have been found in SS. Of note, although 
RT- PCR was used to identify CTA expression in the past, 
transcript expression does not always correlate with 
protein expression and immunohistochemistry (IHC) is 
now the gold standard.28 The expression of CTAs in SS is 
a dynamic process with some patients potentially showing 
expression later in the disease course compared with 

others. With this in mind, care must be taken when deter-
mining the eligibility of patients for CTA- targeted treat-
ments. As the CTAs that have been best characterized in 
SS, we focus mostly on NY- ESO-1 and MAGE- A4 in this 
review.

NY- ESO-1 is perhaps the best characterized CTA in SS. 
While the normal function of the protein is unknown, 
NY- ESO-1 has been shown to interact with MAGE- C1 
and may be important in tumor cell proliferation and 
tumor survival by inhibition of p53.38–40 There have 
been multiple studies that have confirmed the pres-
ence and incidence of NY- ESO-1 in SS with ranges from 
49% to 82% with IHC, as well as historically with PCR 
and microarray.41–47 Estimates on the lower end of the 
spectrum may be underestimating the true incidence 
of NY- ESO-1 expression by assessing limited amounts 
of tumor in a tissue microarray.44 Although NY- ESO-1 
expression tends to be heterogenous on most tumor 
types and can be heterogenous on SS, it is often homog-
enously expressed in SS. This homogenous expres-
sion makes SS an exceptional candidate for NY- ESO-1 
targeted therapies.43

The MAGE- I family of CTAs consists of MAGE- A, 
MAGE- B, and MAGE- C. Each of these then have subfam-
ilies and are numbered accordingly. The MAGE- A family 
directly inhibits the function of p53 by binding to the 
DNA binding portion of p53.48 It also leads to increased 
levels of MDM4, a p53 inhibitor.49 MAGE- A4 is a CTA 
that has been shown to be expressed in 53%–82% of SS 
by IHC.41 42 MAGE- A4 is the most relevant of the MAGE 
family genes for SS. NY- ESO-1 and MAGE- A4 are often 
expressed in the same tumor, but the two can be expressed 
independent from one another as well.42

Preferentially Expressed Antigen In Melanoma 
(PRAME) expression has been detected in 86%–100% 
of SS, though IHC assays for PRAME are not as reliable 
as those for NY- ESO-1 or MAGE- A4.41 47 50–52 PRAME aids 
in tumor survival by inhibiting apoptosis, proliferation 
arrest, and retinoic acid induced differentiation in two 
ways.53 PRAME can bind to the retinoic acid receptor 
directly or can complex with the polycomb group protein 
EZH2 to suppress retinoic acid receptor signaling.53 
Importantly, T- cell responses against PRAME have been 
characterized in other tumor types.54 Up to this point 
there are no clinical studies of T cells being used to 
target PRAME in SS. There are currently two separate 
ongoing trials (NCT04262466 and NCT03686124) using 
T- cell receptors (TCRs) to target PRAME positive solid 
cancers.

The related SSX genes SSX1 and SSX2, the fusion part-
ners defining the SS18- SSX SS translocation, have long 
been considered CTAs due to their expression being 
solely in the male testis and location on the X chromo-
some.55 The presence of SSX1 and SSX2 in the pathogno-
monic fusion protein in SS makes SSX a potential target 
for both vaccines and modified T cells.56
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TARGETING CTAS IN SS
Interventional trials targeting CTAs in SS are summarized 
in table 2.

CTA-targeted vaccines
LV305 was a vaccine that targets dendritic cells and induces 
the expression of NY- ESO-1 to then stimulate T- cell 

Table 1 Cancer testis antigen (CTA) expression in synovial sarcoma (SS)

Author CTA (type) Method of CTA assessment Incidence in SS (%)

Kakimoto et al42 NY- ESO-1 IHC 59

MAGE- A4 53

Endo et al44 NY- ESO-1 49

Lai et al45 NY- ESO-1 82

Sellner et al *abstract46 NY- ESO-1 PCR and IHC 60 strong + 10 weakly 
positive

Ayyoub et al102 NY- ESO-1 PCR and IHC 100 (n=2)

MAGE- A4 100

Jungbluth et al43 NY- ESO-1 IHC 80

MAGE- A1 16

CT7 (MAGEC1) 8

Iura et al41 NY- ESO-1 PCR and IHC 61

MAGE- A4 82

MAGE- A1 15

PRAME 86

Antonescu et al103 MAGE- A (unspecified 
subfamily)

IHC 88

Jungbluth et al *abstract50 PRAME IHC 100

Luk et al51 PRAME PCR 100

Roszik et al52 PRAME Cancer Genome Atlas and Cancer 
Cell Line Encyclopedia

100

Segal et al47 NY- ESO-1 Microarray 80

PRAME 100

Guillou et al104 SYT- SSX RT- PCR 96 and 100 (monophasic and 
biphasic)

Wei et al105 SYT- SSX RT- PCR 89

IHC, immunohistochemistry; PRAME, Preferentially Expressed Antigen In Melanoma.

Table 2 Interventional studies of CTA- targeted therapeutics in synovial sarcoma, grouped by therapy type

Author Therapy type Therapy CTA target Response

Chawla et al *abstract60 Vaccine CMB305 (LV305+G305) NY- ESO-1 No change in OS.

Somaiah et al57 Vaccine LV305 NY- ESO-1 1/13 patients with PR, 6/13 having SD.

Ishihara et al61 Vaccine CHP- NYESO- MIS416 NY- ESO-1 1/4 had SD with rest having PD.

Kawaguchi et al62 Vaccine SYT- SSX SYT- SSX 6/12 patients in protocol B had SD.

Butler et al *abstract71 TCR TBI-1301 NY- ESO-1 2/9 patients had PR and 5/9 had SD.

Robbins et al68 TCR 1G4-α95:LY NY- ESO-1 11/18 patients had PR.

D’Angelo et al69 TCR NY- ESO-1c259 (SPEAR T Cell) NY- ESO-1 6/12 patients had PR.

Ramachandran et al81 TCR NY- ESO-1c259 (SPEAR T Cell) NY- ESO-1 Had three cohorts for 30 total patients and 
only 2/30 had PD.

Hong et al *abstract74 TCR ADP- A2M4 MAGE- A4 In cohort 3 (N=28) all seven PR were from SS 
patients.

Morgan et al76 TCR TCR (unnamed) MAGE- A3 Only 1 SS patient. Patient experienced PR.

CTA, cancer testis antigen; OS, overall survival; PD, progressive disease; PR, positive response; SD, stable disease; SS, synovial 
sarcoma; TCR, T- cell receptor.
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mediated immune response.57 Initial results of LV305 in a 
phase 1 trial found that 62% of patients had stable disease 
as their best response with one patient (4%) having 
a complete response.57 Patients with increased clonal 
expansion of anti- NY- ESO-1 T cells induced by LV305 
were also shown to have a significantly longer OS. Efforts 
to improve the efficacy of LV305 were undertaken with 
a modified version of LV305, called CMB305. CMB305 
includes LV305 boosted with an NY- ESO-1 recombinant 
protein plus glucopyranosyl lipid A, a TLR-4 agonist, in 
a stable emulsion (GLA- SE).58 In an initial Phase 1 trial, 
CMB305 was safe and elicited antibody responses against 
NY- ESO-1 in 62.9% of patients and T- cell responses in 
47.4%; 22.8% of patients had both.59 A randomized Phase 
2 study with the programmed death- ligand 1(PD- L1) 
inhibitor atezolizumab with or without CMB305 showed 
no statistically significant differences between the groups 
in OS and progression free survival (PFS), and no further 
study is planned with this vaccine regimen.60

CHP- NYESO- MIS416 is a vaccine which is a 
polysaccharide- ligated to NY- ESO-1 used to stimulate 
MHC I and 2 with a T cell stimulator (MIS416), with NOD2 
and TLR9 added as stimulants.61 In a study of this vaccine 
across multiple cancer types, only one out of a total of 
four patients with SS had stable disease (SD) with the rest 
having progressive disease (PD) as best response. While 
this was a small cohort all four patients with SS developed 
a specific immune response as assessed by the presence 
of NY- ESO-1 specific antibodies. An additional mouse 
model using the CHP- NYESO- MIS426 vaccine in conjunc-
tion with an anti- programmed cell death protein 1 (PD1) 
inhibitor showed a significant decrease in tumor volume, 
suggesting that co- administration of this vaccine and PD1 
inhibitors may be an effective treatment strategy.61

Vaccine therapies have also had their own difficul-
ties. The induction of CD8+ lymphocytes can take up 
to several months to occur and limits the population of 
patients who can use this method of therapy.57 Due to 
the aggressive nature of SS, the utility of a vaccine- based 
therapy in patients with rapidly progressing disease is 
limited. Efforts to increase the efficacy of vaccines have 
used checkpoint inhibitors, synthetic TLR4, and Freund’s 
adjuvant to increase and boost the cytotoxicity of the 
stimulated T cells.60 62 In addition to stimulating humoral 
immunity, vaccination with NY- ESO-1 vaccine in meta-
static melanoma also triggered an increase in regulatory 
T- cells that recognize NY- ESO-1 suggesting a mechanism 
of resistance.63

In an effort to increase the efficacy of vaccines, treat-
ment with Poly- ICLC, which is a TLR3 and MDA5 agonist, 
along with Montanide, an oil- based vaccine adjuvant, and 
a NY- ESO-1 vaccine increased immunogenicity of the 
vaccine in patients with melanoma.64 This combination 
induced CD4+ and CD8+ T cells that were able to produce 
interferon (IFN)α, IFNγ, and interleukin (IL)-2.64 While 
this was not studied in patients with SS, the high level of 
NY- ESO-1 in SS makes this an ideal population for this 
approach.

T-cell therapies
Autologous T- cell therapies developed for SS are gener-
ated from T- cells isolated from a patient’s peripheral 
blood and either expanded ex vivo65 or modified in 
vitro66 to recognize a specific CTA, and then infused back 
into the patient after conditioning chemotherapy. T- cell 
therapies have had great success in the clinic for multiple 
cancer types, particularly chimeric antigen receptor 
(CAR) T cells for hematological malignancies. Most T- cell 
therapies for SS studied to date are autologous T cell 
products with human leukocyte antigen (HLA) restricted 
TCRs. The general mechanism of TCRs in SS is shown in 
figure 1. In 2008, Robbins et al published seminal work in 
which they isolated the 1G4 TCR and demonstrated that 
CDR3α and CDR2β amino acid substitutions enhance the 
antigen specific activity of the modified T- cells.67 These 
cells, named 1G4-α95:LY, are made with a retroviral vector 
to recognize the peptide SLLMWITQC, which is residue 
157 to 165 of the NY- ESO-1 protein. They were assessed 
in the clinic given after lymphodepletion as cell infusion 
alone and combined with IL-2 for T- cell stimulation. 
Sixty- one per cent (11) of patients had a partial response, 
one of which was a complete response.66 68 Interestingly, 
prevalence of NY- ESO-1 T- cells 1 month after treatment 
did not correlate with the observed clinical responses.68

NY- ESO-1c259 is another modified TCR that has shown 
promise in two recent trials. The NY- ESO-1c259 T cells are 
generated from CD15 depleted CD4+ and CD8+ cells 
that, like other TCR products, are then transduced with a 
lentiviral vector to express a TCR recognizing the SLLM-
WITQC epitope of NY- ESO-1. Results of an initial trial in 
patients with SS demonstrated that half of the patients 

Figure 1 Aberrant expression of NY- ESO-1 and 
presentation on MHC. The presence of the SYT- SSX 
fusion protein leads to abnormal epigenetic regulation in 
the synovial sarcoma cell, causing aberrant NY- ESO-1 
expression (1). NY- ESO-1 is degraded in the cytoplasm (2) 
and transferred into the endoplasmic reticulum for processing 
where NY- ESO-1 peptides are bound to MHC molecules 
(3). The peptide- MHC complex is presented on the surface 
of the cell and recognized by the TCR of the transduced 
lymphocytes (4).
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responded with one patient having a complete response.69 
The median OS was 120 weeks. Importantly this study 
documented that the maximal antitumor response in 
four patients occurred 3 months after starting therapy. 
This showed that there is a continued immune mediated 
response against the tumor mediated by in vivo expan-
sion and persistence of the NY- ESO-1c259 cells after infu-
sion.69 Patients receiving NY- ESO-1 modified T cells have 
also shown evidence of neurotoxicity, with two patients 
developing Guillain- Barre syndrome related to their 
treatment, but overall the toxicities seen with NY- ESO-1 
TCRs are on par with other patients receiving lymphode-
pleting chemotherapy.70 Other TCR’s, such as TBI-1301, 
are in clinical development and may have evidence of 
clinic benefit based on publicly presented data.71 72 In 
addition to a reduction in tumor size, infusion of both 
of these cell products led to cytokine release syndrome, 
as is often seen with effective cell- based therapeutics.71 72 
Larger scale clinical trials with these other cell products 
are eagerly awaited.

T- cells targeting MAGE- A4 have also made it to the 
clinic in larger scale clinical trials for patients with SS. 
There are currently three clinical trials involving T cells 
targeting MAGE- A4 involving patients with SS that are 
ongoing (NCT03132922, NCT04044768, NCT04044859). 
These studies use ADP- A2M4 which is a T- cell targeting 
MAGE- A4 peptide GVYDGREHTV. Promising in vitro 
and in vivo efficacy was seen in a mouse model.73 In the 
clinic, an initial report demonstrated clinical activity; 
25% (7) of the patients had a PR. All seven of the patients 
who had a response had SS.74 Longer- term follow- up of 
patients with SS specifically demonstrated a response 
rate of 44%, with durable responses lasting at least 6 
months.75 Preliminary translational analysis showed that 
MAGE- A4 expression levels and the total cell infusion 
dose correlated with response.75 Also within the MAGE 
family, a TCR targeting MAGE- A3 had clinical efficacy in 
one patient with SS enrolled on a larger multi- histology 
trial; but neurotoxicity thought to be secondary to cross 
reactivity with MAGE- A12 may limit further clinical devel-
opment with this CTA as a target.76

TCR editing using the CRISPR- Cas9 system may allow 
for optimization of the autologous T- cells to maximize 
the likelihood of a sustained antitumor response after cell 
infusion. The use of CRISPR engineered T cells against 
sarcoma has so far been limited, with the results of one 
phase I trial showing tumor evasion.77 These CRISPR engi-
neered T cells, modified to express an NY- ESO-1 TCR and 
removal of the gene encoding PD-1, demonstrated long 
persistence for up to 9 months with no significant toxicity. 
There was also only one patient with sarcoma in this phase 
1 trial, but this patient experienced the longest duration 
of SD observed.77 Additional advances such as the ability 
to reduce off- target editing by Cas9 and increase the spec-
ificity of gene targeting may ultimately lead to improve-
ments in TCR development and production.78

A major challenge of TCR therapies is the restriction 
of these modified T- cells to target patients who are HLA 

A*02:01 positive. HLA A*02:01 has the highest incidence 
within the USA in Caucasian populations with lower 
expression levels observed in Asian and African- American 
populations.79 This restriction limits the population that 
could possibly receive this treatment and leaves many 
other patients with little help beyond conventional 
methods, leaving a large unmet need for patients with 
other HLA haplotypes. They also require significant time 
for cell processing which can take on average 1–2 months 
to modify and grow the T cells before they are ready to 
be used.

Role of conditioning regimen in T-cell therapies
Although the TCR is the main active anti- sarcoma entity in 
adoptive T- cell therapy, the studies of NY- ESO-1 targeted 
T- cells highlighted the important role of the conditioning 
regimen for T- cell activity. Lymphodepleting immuno-
modulating drugs, such as fludarabine and cyclophospha-
mide, are used to deplete pre- existing lymphocytes that 
can compete with the transferred T cells.80 This lympho-
depletion eliminates CD4+CD25+ T- regulatory lympho-
cytes and competition for endogenous cytokines and 
gives the transferred T cells an advantage to survive and 
populate in the host bone marrow. This process of deple-
tion is done prior to treatment and increases the efficacy 
and numbers of lymphocytes in the tumor microenviron-
ment (TME) after cell infusion.80 Fludarabine specifically 
has been shown to have the greatest effect on the T cell 
cytokines IL-7 and IL-15.69 80 81 An expansion study of the 
NY- ESO-1c259 cells sought to assess the activity of these cells 
in patients with lower expression level of NY- ESO-1 or 
with alternative pre- treatment lymphodepleting chemo-
therapy regimens.81 This resulted in fewer responses 
when comparing the expansion cohorts to the previous 
trial with higher intensity conditioning including fludar-
abine; with the initial trial having a response rate of 50% 
and the expansion cohorts having a combined response 
rate of 30%. These expansion cohorts demonstrated that 
more aggressive lymphodepletion may increase the like-
lihood for the success of TCR therapies and highlight 
the importance of fludarabine,81 which would otherwise 
not be used to treat SS. The intensive conditioning that 
patients must go through before receiving T- cells limits 
the patient population to those with good performance 
status. Older patients or those who have received multiple 
highly myelosuppressive regimens may have less bone 
marrow reserve and be less likely to tolerate the more 
effective higher intensity regimens, with fatal aplastic 
anemia reported in early studies.74 75

SS MICROENVIRONMENT
CTA- targeted therapies such as vaccines and cell- based 
therapies are reliant on a favorable TME to exert their 
intended antitumor effects. The microenvironment 
consists of factors both intrinsic to the cancer cell such as 
secretion of immune modulating cytokines and expres-
sion of immune checkpoint inhibitors, and extrinsic such 
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as lymphocytes and macrophages, all of which interact 
with each other and create a microenvironment that 
can be immunogenic or ‘cold’. Immunologically ‘cold’ 
tumors are felt to be less suited for checkpoint inhib-
itors.82 Tumors with a high tumor mutation burden 
(TMB) tend to be more immunogenic. SS is an immu-
nologically ‘cold’ tumor with a low TMB83—a problem 
that must be overcome to maximize the benefit of CTA- 
targeted therapies.

SS has a low level of tumor infiltrating T cells (TIL).84–87 
While in some inflammatory tumors like melanoma TIL 
are a marker for better prognosis,85 86 there is evidence 
suggesting that higher levels of CD8+ lymphocytes in the 
TME of SS might lead to worse metastasis free survival.88 
Wedekind, et al in particular found that recurrent or meta-
static tumors were less likely to have high TIL infiltration, 
suggesting that the tumor may acquire changes allowing 
it to evade the immune system.87 One potential clinical 
consequence of this finding is that immune modulating 
treatment earlier in the patient’s course of disease might 
be of greater benefit than waiting for recurrence.87 PD- L1, 
PD-1, and CD8+ T cells are enriched at the perimeter of 
SS tumor, but relatively low inside the tumor.89 NY- ESO-1 
expression levels are not correlated to CD8+ lymphocyte 
density in the tumor, indicating that the presence of CTAs 
in the tumor cells are not enough to stimulate endoge-
nous cytotoxic T- cells into the tumor.89

HLA expression in the tumor is crucial for the func-
tioning and efficacy of adoptive T cells to recognize their 
antigen target and attack the tumor. SS generally has low 
HLA expression.51 84 86 87 Biphasic SS has higher HLA I 
expression in the epithelioid components compared 
with monophasic SS; 5 out of 10 patients had focal high 
expression in biphasic tumors compared with 1 out of 16 
patients with monophasic SS.51 The overall deficiency of 
HLA I in SS has led to the idea that this might be a main 
mechanism by which SS is able to evade the immune 
system from either its own in vivo stimulation or via ex 
vivo therapeutics.84 87 Giving IFNγ in patients with SS has 
been shown to increase the levels of HLA I expression in 
the tumor cells along with increasing the density of TIL.90 
A phase 0 trial in patients with SS and myxoid/round cell 
liposarcoma (MRCL) designed to test whether IFNγ could 
increase MHC expression and T cell infiltration found 
that it did.91 Based on these results IFNγ was combined 
with NY- ESO-1 specific T cell therapy in a clinical trial but 
had a fatal complication.92 Subsequently, a multicenter 
trial combining IFNγ with PD-1 inhibition has been 
completed and data analysis is ongoing (NCT03063632).

There is some evidence that an immune reaction to 
CTAs can be instigated following treatment with check-
point inhibitors.93 The presence and density of PD-1 and 
PD- L1 are correlated with a poorer prognosis for SS.89 
While PD- L1 has been shown to be expressed in some SS 
tumors, the expression levels are typically low.84 88 PD- L1 
is more highly expressed in metastatic or recurrent 
SS and its expression correlates with a shorter PFS.87 89 
In a small clinical trial of ipilimumab in patients with 

advanced SS, there were hints of an immune response 
against MAGE- A3 and MAGE- A4 in response to check-
point inhibition. This patient had detectable antibodies 
against these antigens prior to treatment, suggesting that 
immune checkpoint blockade may heighten pre- existing 
immune reactions against CTAs. Interestingly, this patient 
also had a seroconversion with newly detectable antibodies 
against CSAG2, another CTA, after treatment with ipili-
mumab. One patient (of 10 total with SS) responded to 
pembrolizumab on the SARC28 study.94 The low number 
of patients with SS in these studies demonstrating clear 
clinical benefit suggests that immune checkpoint inhibi-
tion alone is not sufficient to elicit clinically meaningful 
immune responses against CTAs.

SS is angiogenic with a predilection for formation of 
abnormal tumor vasculature.95 Dysregulated angiogen-
esis impedes immune cell trafficking, and co- administra-
tion of anti- angiogenic drugs with immune checkpoint 
inhibitors has been promising in preclinical models and 
in the clinic in other cancer types.96 The multi- kinase 
inhibitor with potent vascular endothelial growth factor 
receptor 2 (VEGFR2) inhibition pazopanib is a Food and 
Drug Administration approved drug with activity in SS.97 
Combinations of anti- angiogenic agents with immune- 
based therapies may represent a mechanism to enhance 
immune responses against CTAs.

FUTURE DIRECTIONS
As more data demonstrating activity of CTA- targeted 
vaccines and TCR- based therapies emerges, additional 
efforts are underway to enhance the efficacy of these ther-
apies and to develop additional ways of targeting CTAs.

CAR- T cells have also been used in various trials as 
experimental treatments to target CTA positive cancers. A 
major disadvantage of CAR- T cells is that they are limited 
to antigens that are expressed on the cell surface.98 While 
this can greatly limit the amount and type of antigens that 
these cells can target, CAR- T cells have been shown to 
elicit a greater release of cytokines, such as IL-2.99 CAR- T 
cells targeted against NY- ESO-1 have shown early efficacy 
in an in vivo murine model of NY- ESO-1 positive multiple 
myeloma.100 This study also included a NY- ESO-1 vaccine 
that was used to increase the efficacy and persistence of 
the CAR- T Cells. Given the preliminary success of autolo-
gous T- cells targeting NY- ESO-1 in patients with SS, addi-
tional study with CAR- T for NY- ESO-1 expressing SS is 
warranted and may allow a mechanism to overcome the 
HLA restriction that limits the applicability of autologous 
T- cell products.

Rational combinations of TCR- targeted therapies with 
other agents to modulate the immune microenvironment 
will be one focus of future research. Use of the cytokine 
IL-2, which promotes activation and cell growth of the 
transferred T lymphocytes, in conjunction with T cell 
therapy shows promise with positive responses by response 
evaluation criteria in solid tumors (RECIST) criteria in 
some patients.66 68 The use of checkpoint inhibitors has 
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also been proposed for concurrent use with other T cell 
or vaccine- based therapies.85 SS has low expression of 
checkpoint markers such as PD-1 and PD- L1, but the use 
of checkpoint inhibitors might aid in T cell or vaccine 
therapy, especially those who are recurrent or are meta-
static.85 89 93

Separate from vaccines and cell- based therapies, 
bispecific TCRs may also present a mechanism to effec-
tively target CTAs without the time constraints that 
inherently come with vaccine or cell- based therapy. 
Bispecific TCRs are soluble molecules that are engi-
neered to recognize their specific protein target and 
have an anti- CD3 base. Although there was one study 
of an anti- NY- ESO-1- anti- CD3 bispecific soluble TCR 
(NCT03515551), this molecule is no longer in clinical 
development.101

Conclusions
CTAs are highly expressed in SS. Their limited expression 
in normal adult tissues presents an opportunity to target 
these aberrantly expressed proteins using various forms of 
immune mediated therapies. Indeed, significant progress 
has been made in developing CTA- targeted therapies for 
treatment of SS, in particular with HLA- restricted autolo-
gous T- cells targeting NY- ESO-1 and MAGE- A4. However, 
the inherent limitations of these therapies which are HLA 
restricted and require expression of the targeted CTA 
leave a large swath of patients without effective therapies. 
Additionally, intrinsic immune properties of SS and the 
sarcoma immune microenvironment allow some tumors 
to evade the immune system. To develop reliable CTA- 
targeted therapies that will be more broadly applicable 
and effective, future strategies will need to focus on ratio-
nally designed combinations that maximize the immune 
response against CTAs.
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