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R E V I E W
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Abstract: While the overall prognosis is generally quite satisfactory in children, adolescents and young adults with localised synovial 
sarcoma at first diagnosis, the outcome remains poor for patients after relapse. Conversely to the front-line standardised treatment 
options, patients with relapse generally have an individualised approach and to date, there is still a lack of consensus regarding 
standard treatment approaches. Studies on relapsed synovial sarcoma were able to identify some prognostic variables that influence 
post-relapse survival, in order to plan risk-adapted salvage protocols. Treatment proposals must consider previous first-line treatments, 
potential toxicities, and the possibility of achieving an adequate local treatment by new surgery and/or re-irradiation. Effective second- 
line drug therapies are urgently needed. Notably, experimental treatments such as adoptive engineered TCR-T cell immunotherapy 
seem promising in adults and are currently under validation also in paediatric patients. 
Keywords: synovial sarcoma, relapse, second line therapy, surgery, new agents, TCR-T cell therapy, children

Introduction
Synovial sarcoma (SS) is one of the most common types of non-rhabdomyosarcoma soft tissue sarcoma (NRSTS) 
presenting in children, adolescents and young adults. It accounts for approximately 8 −10% of all soft tissue sarcomas 
with an annual incidence of 0.8 per million in children and 1.4 per million in adults.1,2 In the general population, the 
median age at diagnosis is around 30 years and more than 30% of cases are seen mainly in adolescents and adults under 
the age of 20 years3 The molecular hallmark of SS is the specific chromosomal translocation t(X;18)(p11.2;q11.2), found 
in more than 90% of cases.

Clinical presentation of SS is mainly a painless and gradually growing soft tissue mass with a predilection for the 
extremities (66%), followed by the trunk, and head and neck.4 Some patients may however have a slowly evolutive, quite 
indolent small peri-articular lesion. At the time of diagnosis, less than 10% of patients present with metastatic disease, 
most commonly in the lungs, and nodal spread is quasi-inexistent.5,6 The prognostic variables that can strongly affect 
survival are the completeness of tumour removal, the size and site of the disease, and the presence of metastases.7
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Historically, the management of paediatric SS stems from the knowledge gained from the protocols designed for 
rhabdomyosarcoma. In the first decade of the new millennium, however, paediatric cooperative groups developed 
multimodal risk-adapted trials tailored specifically to NRSTS, ie the European pediatric Soft tissue sarcoma Study 
Group (EpSSG NRSTS 2005) study8 and the COG (Children’s Oncology Group) ARST0332 study.9 SS patients (aged 
under 21 years for EpSSG and under 30 years for COG) were included in these two clinical trials that were very similar 
in terms of rationale, patient stratification and treatment paradigms.10 The two studies were based on a risk-stratified 
approach that was developed considering previous paediatric experience but also experience coming from adults.

Histology and Molecular Biology
Histologically, SS can be subcategorised into monophasic (spindle cell), biphasic (epithelioid and spindle cells), and 
poorly differentiated. Regardless of the histological subtype, SS is considered a high-grade tumour with local invasive
ness and the potential to metastasize.

As far as we know, SS histological and molecular features in children do not differ from their adult counterparts.11 

Biphasic SS shows spindle cells with minimal amounts of cytoplasm and uniform pale nuclei in fascicles that blend with 
variable amounts of epithelioid cells arranged in nests, cords or glands. In monophasic SS, only a spindle cell component 
(spindle SS), or, very rarely, only epithelioid cells with gland formation (monophasic epithelial SS) are seen. Poorly 
differentiated SS is densely cellular, with a high mitotic rate, necrosis and cellular pleomorphism.11

SS shows a t(X;18)(p11.2;q11.2) translocation leading to the juxtaposition of the SYT gene (on chromosome 18) to 
one of the three SSX genes (SSX1, SSX2 or SSX4) on chromosome X, in a mutually exclusive manner. SYT::SSX1 is the 
most common fusion (two-thirds of SS),12 while SS18L1::SSX1 fusion arising from a t(X:20) and SS18::SSX4 fusions are 
rarely found.12 SS18::SSX2 fusion is significantly more frequent in females and is often associated with spindle cell 
monophasic morphology,13,14 and immunohistochemistry is a helpful diagnostic tool. The antibody detecting SS18::SSX 
fusion protein is highly specific and sensitive for the diagnosis of SS.15 SS expresses cytokeratins, especially cytokeratins 
7 and 19, epithelial membrane antigen, vimentin, CD99 and bcl2. Cytokeratins and EMA are frequently negative in 
poorly differentiated SS. The SMARCB1/INI1/BAF47 protein is frequently lost or reduced due to an interaction of the 
SS18-SSX fusion protein with the SWI/SNF chromatin-remodelling complex leading to ejection and subsequent 
degradation of INI116 (see below).

In this regard, SS18 is involved in the transcriptional activation and interacts with other molecules involved in 
epigenetic regulation, such as Sin3A and p300. Conversely, SSXs are a group of repressors that interact with polycomb 
group proteins (PcG).17–19 The SS18-SXX fusion proteins interfere with the functional antagonism between the 
chromatin remodelling the BRG1/BRM-associated factor (BAF) complex, also called the mammalian SWI/SNF com
plex, and the Polycomb repressive complexes (PRCs) that ultimately lead to an epigenetic reprogramming resulting in 
pro-tumorigenic events.20 The deregulation of the antagonism between BAF and PRC complexes has been recognised as 
a relevant mechanism in many cancer types, as BAF counteracts PRC by exploiting a rapid ATP-dependent eviction that 
results in the formation of accessible chromatin.21

Kadoch and Crabtree performed several pioneering studies that clarified the pathobiology of SS. The SS18-SSX 
fusion protein competes with the wild-type SS18 resulting in a dysfunctional BAF complex that lacks the tumour 
suppressor properties, due to the absence of the suppressor factor BAF47 (hSNF5/SMARCB1/INI1). The BAF complex 
binds the SOX2 locus and impairs normal repression activity, leading to the transcriptional activation of SOX2; SOX2 is 
required for tumour proliferation in this sarcoma.16 BAF complexes that include SS18-SSX are characterised by more 
robust activation of PRC2 and PRC1 compared to wild-type BAF and this is responsible for the open chromatin and the 
expression of the oncogene SOX2.21 The investigations in the role of BRD9, another subunit of the BAF complex, 
provided an innovative therapeutic option for SS.22 BRD9 is a subunit of the non-canonical BAF (ncBAF), one of the 
three BAF complexes together with canonical BAF (cBAF) and PBAF. Specifically BRD9 is a synthetic lethal target for 
SS as its depletion reduces proliferation of SS cells.23

In addition, consistent with other tumours with loss of BAF47/INI1 expression, SS proved to be dependent on the enhancer 
of zeste homolog 2 (EZH2) that is the enzymatic subunit of the PRC2. EZH2 catalyses the trimethylation of histone H3 at 
Lysine 27, leading to the silencing of differentiation effectors and to the preservation of the ability of self-renewal in the 
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tumour cell. SS is characterised by an overexpression of both EZH2, due to the alteration in the dynamic balance of the BAF- 
PRC interaction generated by the SS18-SSX fusion proteins, and the consequently increased production of the H3K27me3 
motif and repression of tumour suppressors16,24 Consistently, the expression of EZH2 correlates with tumour aggressiveness 
and stage in SS, supporting the role of this protein for disease progression,25–27 but also as a potential therapeutic target.

A high expression of cancer testis antigens (CTAs) has been observed in SS, including Melanoma-Associated antigen 
4 (MAGE-A4), New York Esophageal Squamous Cell Carcinoma 1 (NY-ESO-1), and Preferentially Expressed Antigen 
in Melanoma (PRAME).28–33 Whilst the mechanism remains unclear, the SS18-SSX fusion proteins are expected to 
mediate this epigenetic dysregulation. Importantly, the expression of CTA in SS is exceptionally high and homogeneous, 
a condition that is rarely observed in cancer with few exceptions, such as myxoid/round cell liposarcoma. In addition, the 
expression of CTA in SS is considered a dynamic rather than static process, as a higher expression at protein level can be 
detected in patients with advanced SS. NY-ESO-1 and MAGE-A4 represent the two most characterised CTA in SS 
leading to recent clinical immunotherapy trials testing therapeutic strategies against these targets.28–33

SS has been generally considered a “cold” tumour together with other sarcomas driven by a specific molecular event, 
such as those harbouring a translocation and characterised by low mutational burden. SS has less T-cell infiltration 
compared to sarcomas characterised by a complex karyotype such as undifferentiated pleomorphic sarcomas and 
leiomyosarcomas.34 The T-cell infiltrate in SS is also less oligoclonal compared to these tumours. However, the tumour 
microenvironment in SS is enriched with PD-L1 and PD-1, which has been reported particularly represented in SS,35 and 
CD8 positive cells particularly at the tumour edge and in the event of distant metastasis.36 Interestingly, T cells co- 
express PD-1 and CD8 at the tumour edge and are located closely to tumour PD-L1 positive cells within the tumour. In 
addition, PD-1 positive cells when detected at the tumour edge were associated with a shorter time to disease 
progression, suggesting a possible exhausted phenotype of CD8 positive T cells expressing PD-1.36

Preclinical findings that investigated the interplay between SS and tumour immune infiltrate applying an integrative 
approach that combines in-depth tumour sequencing (ie, single-cell RNA sequencing and spatial profiling) with genetic 
and pharmacological perturbations revealed a malignant subpopulation characterised by immune-deprived niches that 
were also associated with low patient survival.37 Remarkably, the SS18-SSX fusion protein controlled this malignant cell 
state through cytokines derived from macrophages and T cells. The combination of HDAC and CDK4/CDK6 inhibitors 
enhanced the immunogenicity of SS cells in tumour models and induced both T cell reactivity and SS cell death mediated 
by T cells.37

First Line Therapy
The overall upfront treatment strategy for paediatric patients with SS was developed from numerous retrospective studies 
from European and American groups. These studies have defined prognostic risk factors on which the current stratifica
tion is based, ie the extent of disease at diagnosis and therefore quality of surgical margins (defined in paediatric studies 
by the International Rhabdomyosarcoma Study [IRS] surgical stage), size (with a 5 cm cut-off to define the risk group), 
and tumour site (axial tumours have a worse prognosis than tumours occurring in the limbs).7,38–41 Based on the broad 
experience in adult studies with the ifosfamide–doxorubicin combination,42 this same regimen was introduced in the 
latest paediatric protocols. However, due to the rarity of this disease, there are still no prospective comparative first-line 
studies in children with SS to confirm the best chemotherapy combination.

In paediatrics, as in adults, studies have shown the importance of management in expert centres.43,44

Patients with tumours below 5 cm, microscopically completely resected at diagnosis, may be considered at low risk 
and can be treated with a “surgery-alone” approach,45 thus avoiding the use of adjuvant chemotherapy and radiotherapy 
and limiting morbidity and mortality.46,47

Chemotherapy and radiotherapy have a role in SS with more advanced presentation. SS is considered to have 
“intermediate” sensitivity to chemotherapy, definitely less than observed in rhabdomyosarcoma, but generally higher than 
reported for other adult sarcomas. The response rate has been variously reported in the 45–60% range.7,39,48

Figure 1 represents the risk-adapted treatment for localised SS at diagnosis, developed in the EpSSG NRSTS 2005 
study. The first EpSSG report on SS included 138 patients <21 years with initially localised SS treated from August 2005 
to August 2012: 5-year event-free survival (EFS) and overall survival (OS) were 80.7% and 90.7%, respectively. Tumour 
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progression or relapse occurred in 27/138 patients after a median time to progression of 22.0 months (1.9–78.8 months): 
2 had local progression, 10 relapsed locally, 1 experienced combined local and metastatic relapse, 2 had regional lymph 
node spread, and 12 had an isolated metastatic recurrence (lung metastases) as the first tumour event.10 Survival rates in 
the EpSSG series were better than previous paediatric studies7,38,40 and better than those reported in adult series.10,49–53

In paediatric studies, chemotherapy is mainly indicated, in neoadjuvant or adjuvant settings, for tumours larger than 
5 cm, not completely resectable or metastatic, and/or located on the axial site (head and neck, chest, abdomen). The 
indications for adjuvant radiotherapy are also based on the quality of the margins, the size and the initial site of the 
tumour.

Adult oncologists recognise that SS may be quite different from other adult STS, particularly in light of its higher 
chemosensitivity. In day-to-day clinical practice, many adult oncologists generally recommend chemotherapy for 
synovial sarcoma patients, not only in cases of advance/unresected disease, but also as an adjuvant treatment after 
surgery in case of large, high grade deep-seated tumours.54,55

International collaborations associating paediatric and adult medical oncologists are essential for promoting age- 
related molecular profiling studies in SS, especially in this tumour crossing paediatric and adult ages. Biological studies 
have suggested that differences in the genomic instability between adult and paediatric SS might offer a biological 
explanation for the reported differences in outcome (ie fewer metastatic relapses in children). Complexity index in 
sarcoma (“CINSARC”) is a 67-gene signature related to chromosome integrity and genomic complexity that has shown 
high prognostic value in adult sarcoma (and in SS, in particular). This biologic signature as well as the genomic index 
(another measure of genomic complexity) may be potentially used to stratify patients to receive or not receive 
chemotherapy. Chromosomal instability was reported frequently in adult SS and rarely in paediatric cases.27,56,57

Limited data exist on the clinical behaviour of paediatric patients with SS with distant metastases at onset. The 
outcome is often dismal, and a standard treatment is still lacking. A recent EpSSG study on 61 patients <21 years old 
with metastatic NRSTS treated from 2008 to 2016 on two prospective EpSSG protocols reported a 3-year EFS and OS of 
15.4% and 34.9%, respectively. Six SS cases were included in the study.58

TREATMENT 
GROUP

RISK VARIABLES SURGERY CHEMOTHERAPY / RADIOTHERAPY

SURGERY ALONE 
GROUP 

IRS group I, ≤ 5 cm tnemtaerttnavujda onnoitceser 0R

ADJUVANT 
CHEMOTHERAPY 

GROUP

IRS group I, > 5 cm R0 resection

IRS group II, ≤ 5 cm R1 resection

IRS group II, > 5 cm R1 resection

IRS group I-II, any size
AXIAL SITE, N1

R0-1 resection

NEO-ADJUVANT 
CHEMOTHERAPY 

GROUP
IRS group III 

R2 resection or 
unresected
(biopsy)

IFO
DOXO

IFO
DOXO

IFO
DOXO

IFO
DOXO

IFO
DOXO

IFO
DOXO

IFO
DOXO

IFO
DOXO

IFO
DOXO

IFO
DOXO

IFO IFO IFO
DOXO

IFO
DOXO

IFO
DOXO

IFO
DOXO

2nd

surgery

IFO IFO IFO
DOXO

radiotherapy
50.4 Gy

radiotherapy
54 Gy

radiotherapy
50-59 Gy

Figure 1 Risk-adapted treatment for synovial sarcoma in the European pediatric soft tissue sarcoma study group (EpSSG). 
Abbreviations: Intergroup Rhabdomyosarcoma study (IRS) grouping system: IRS I, initial complete resection (R0 resection); IRS II, grossly resected tumors with suspected 
microscopic residual disease (R1); IRS III, macroscopic residual disease (R2), or biopsy only (unresected disease); IFO-DOXO, chemotherapy with ifosfamide and 
doxorubicin; IFO, chemotherapy with ifosfamide.
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Relapsed Synovial Sarcoma
While the overall prognosis is generally quite satisfactory in children and adolescents with localised synovial sarcoma at 
diagnosis, the outcome remains poor for patients with initial metastatic disease or after relapse.

Conversely to the front-line standardised treatment options, patients with relapse generally have an individualised 
approach and to date, there is a lack of consensus about standard treatment approaches for relapsing patients, in adults 
and in children. Approximately 25–32% of patients experience recurrence with a median time to relapse of 24 months.4 

International studies have reported a narrow “salvage gap”, defined as the difference between EFS and OS: this means 
that the chances of further treatments curing patients who progress or relapse are decidedly low.2,4,59

Three retrospective studies have been published on patients with relapsed SS after initial localised disease by 
national cooperative paediatric oncology groups in the last decade, aiming to investigate the pattern of relapse, the 
outcome, and the factors associated with survival.4,59,60 The main findings of these studies are summarised in 
Table 1: relapse was local in 50–73% of the cases and metastatic in 27–66%, with median time to relapse of 20–30 
months. The 5-year post-relapse OS ranged from 30% to 46%.2,4,59 Type of recurrence influenced post-relapse 
survival in all the series, with patients with local recurrence having a better outcome than those with metastases. The 
likelihood of secondary remission also depended on a good response to second-line chemotherapy and/or the 
feasibility of complete surgical resection (at both local and distant sites). The Italian series demonstrated that 
patients who had tumour response to second-line chemotherapy had a statistically significant better survival rate, as 
well as those who were able to receive secondary surgery.2 The finding that patients who succeeded in undergoing 
complete surgery had a better outcome was confirmed by the French experience.4 Therefore, complete surgical 
resection of a local relapse is required to achieve the best outcomes. Aggressive surgical approach may be justified: 
understanding the potential complications of surgery and the impact on function and quality of life remains a key 
aspect, but since surgical resection is of critical value, mutilating surgery (eg amputation in localised limb 
recurrences) might be even considered in selected cases.

Table 1 Published Studies on Relapsed Synovial Sarcoma in Pediatric Age

Author/Series Type of Relapse Treatment at Relapse Outcome

Ferrari et al, 20122 - Italian AIEOP- 

STSC 
Retrospective national, multi-center 

study (period: 1979–2006) 

Number of cases: 44 (initially non- 
metastatic) 

Age < 21 years

15 local relapse, 22 

metastatic, 7 both 
median time to 

relapse 20 months

50% had chemotherapy (5 cases had 

ifosfamide-doxorubicin, 5 high-dose 
ifosfamide, 5 carboplatin-etoposide, 3 

cisplatin-based regimens, 3 

dacarbazine); 61% had surgery; 25% 
had radiotherapy

5-year and 10-year OS 30% and 21%; the 

most significant factors associated with 
survival were the time to relapse and the 

type of recurrence: pts with local and 

late relapse had 10-year OS of 68.6%

Soole et al, 20144 - French SFCE 

Retrospective national, multi-center 

study (period: 1988–2008) 
Number of cases: 37 (initially non- 

metastatic) 

Age 3–18 years, median 12

27 local relapse, 10 

metastatic 

median time to 
relapse 24 months

75% had surgery; 73% had 

chemotherapy 

(49% ifosfamide-based regimen); 49% 
had radiotherapy

5-year EFS 33%, 5-year OS 42%; primary 

extremity tumor, age less than 12 years 

and local relapse were associated with 
relatively better outcome

Scheer et al, 201659 - German CWS 

Retrospective national, multi-center 
study (period: 1981–2010) 

Number of cases: 52 (initially non- 

metastatic) 
Age 1–21 years, median 14

22 local relapse, 24 

metastatic, 6 both 
median time to 

relapse 2.5 years

62% had chemotherapy; 69% had 

surgery; 21% had radiotherapy

5-year EFS 26%, 5-year OS 46%; 

prognostic factors: surgery feasibility, 
local relapse

Abbreviations: pts, patients; OS, overall survival; EFS, event-free survival; AIEOP-STSC, Associazione italiana ematologia oncologia pediatrica - soft tissue sarcoma 
committee (Italian Cooperative Group); SFCE, Société Française des Cancers et des leucémies de l’Enfant et de l’adolescent (French pediatric hematology oncology society); 
CWS, Cooperative weichteilsarkomen studiengruppe (German soft tissue sarcoma cooperative group).
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Surgery of metastatic lesions may also have a role,4 as suggested by adult experience: aggressive focal therapy of 
metastases (ie surgery, thermal ablation, stereotactic-guided radiotherapy) is recommended, when feasible, in relapsing 
adult sarcomas.59

The main prognostic variables can be used to estimate post-relapse survival, for the purposes of planning risk-adapted 
salvage protocols. In the Italian experience, for example, the time and type of relapse and the possibility to achieve 
secondary remission were combined to develop a prediction tool for estimating the chance of salvage and orienting 
decisions regarding second-line therapy, ie to identify those patients who should be treated with standard therapy, those 
who need aggressive surgery and those – usually the majority – whose outcome is so poor to suggest discussing 
experimental therapies at once. In fact, in the subset of patients without any risk factor (only 7 out of 41 cases analysed 
for this purpose), 5-year OS was 85.7%; when at least one factor was present (early relapse or metastatic, secondary 
remission not reached), 5-year OS drastically decreased to 18.7%.2

Treatment Strategy for Relapsed Synovial Sarcoma
There is no uniform standardised approach to treat young patients with relapsed SS. Multimodal treatment has to be 
tailored to each patient depending on their previous upfront treatment, type of recurrence, time to relapse and patients/ 
parent’s opinion.

The paediatric sarcoma community is currently aware that any effort should be made to include relapsed SS patients 
in prospective clinical trials.

In general, there is a consensus that patients with exclusive local relapse should promptly receive microscopically 
complete tumour resection, whenever possible. Local treatments (surgery and radiotherapy) remain a key stone of the 
therapeutic approach. Systemic treatment should be considered, however, and probably used in all cases, in neo-adjuvant 
and/or adjuvant setting.

In case of metastatic relapse, systemic therapy used in neo-adjuvant setting should have a major role, with local 
treatment in case of concomitant local relapse and treatment on metastases (surgery/radiotherapy/thermal ablation) 
depending on site, number and size of metastatic lesions. In particular, surgery of resectable lung metastases without 
extrapulmonary disease should be recommended.

Conventional Chemotherapy
There is no consensus on the best systemic treatment for SS patients who relapse.

The ifosfamide-doxorubicin chemotherapy (currently considered the standard front-line chemotherapy in SS) should 
certainly be considered the best option for relapsed patients that did not previously receive this combination upfront.

Other chemotherapy options that showed some activity in patients with relapsed SS (in limited retrospective 
experiences) are:

a) High-dose ifosfamide. In a retrospective monocentric study of 17 patients, 4 patients achieved a partial response 
with high-dose ifosfamide (defined as doses ≥12–14 g/m²) given as a rechallenge, ie after a previous ifosfamide- 
doxorubicin regimen (when ifosfamide was given at the dose of 9 g/m²).61 High-dose ifosfamide can be administered 
as a prolonged continuous infusion, i.e.1 g/m²/day on 14 consecutive days every 3–4 weeks by elastomeric pump 
infusion. This regimen has demonstrated a favourable toxicity profile and allows outpatient administration with obvious 
advantages in terms of the patient’s quality of life, as well as the related economic costs.62

b) Trabectedin. A retrospective multicentre study reported 9 partial responses (plus 2 minor responses) out of 61 adult 
patients with metastatic SS, for an overall response rate of 15%, a tumour control rate of 50%, a median progression-free 
survival of 3 months, with 23% of patients free from progression at 6 months.60 Trabectedin is approved for the treatment 
of adult patients with advanced soft-tissue sarcoma, after failure of anthracyclines and ifosfamide, or who are unsuited to 
receive these agents, based on the efficacy observed in liposarcoma and leiomyosarcoma patients. It is not approved in 
paediatric patients and can be given only on compassionate basis or off-label.

Antitumour activity with other chemotherapeutic regimens such as gemcitabine/docetaxel seems to be much lower, 
with only 1 partial response out of 21 treated patients treated,63 and is therefore not recommended. Another retrospective 
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study, assessing adult patients ≥24 years of age with refractory STS, showed that dacarbazine as a second-line treatment 
achieved no complete responses and a median PFS of 2 months.64

Multi-Targeted Tyrosine Kinase Inhibitors and Other Targeted Therapies
Comprehensive molecular profiling with high-throughput technologies (large panel NGS, WES and RNAseq) has failed 
to identify game-changing actionable gene alterations in SS, as is the case for most fusion-positive sarcomas.65,66

Multi-targeted tyrosine kinase inhibitors (MTKI) with anti-angiogenic activities have been tested in patients with 
relapsed SS with progression-free survival (PFS) improvement compared to placebo in adults, but limited objective 
responses as a single agent and gave no clear improvement on OS.67,68 Pazopanib is currently approved in the USA and 
Europe for the treatment of adult patients with specific subtypes of advanced soft-tissue sarcoma who have received prior 
chemotherapy for metastatic disease or have progressed within 12 months after adjuvant therapy. This approval is based 
on the results of the PALETTE Phase III study, with a median PFS of 17.9 weeks for pazopanib compared with 4.1 weeks 
for the placebo (p = 0.005) in patients with SS (but with no improvement in OS).67 Pazopanib is not approved in children 
and adolescents (below 18 years); in the absence of active clinical trials, administration may only be possible through 
compassionate or off-label use.

In the REGOSARC phase III trial, the median PFS with regorafenib was 5.6 months versus 1.0 with placebo, 
although only 1 patient had a partial response out of the 13 patients treated with regorafenib.68 Other MTKIs such as 
anlotinib have shown similar limited activity.49,50 Experience on MTKI in children/adolescents with SS is scarce, mainly 
limited to case reports.69

In order to increase efficacy, the combination of an MTKI with chemotherapy may be interesting. The COG 
ARST1321 trial (conducted between 2014 and 2018 by the COG in cooperation with adult oncology cooperative groups) 
investigated the value of the addition of pazopanib to preoperative ifosfamide-doxorubicin chemoradiotherapy in an 
upfront setting, in children/adults with unresected intermediate-grade/high-grade NRSTS. The study included 85 eligible 
patients, and SS was the most common histotype (42 cases; n = 22 chemo + pazopanib and n = 20 chemotherapy only). 
At a planned interim analysis, the trial showed significant improvement in pathological response rate (the primary 
endpoint) with the addition of pazopanib (over all patients), and enrolment was stopped.70 Outcome data, however, did 
not confirm the benefit of pazopanib: 3-year EFS was 52.5% (95% CI: 34.8%–70.2%) for Regimen A (ifosfamide- 
doxorubicin plus pazopanib) and 50.6% (32%–69.2%) for Regimen B (standard therapy) (p = 0.8677), while 3-year OS 
was 75.7% (59.7%–91.7%) for Regimen A and 65.4% (48.1%–82.7%) for Regimen B (p = 0.19).71 Subset numbers for 
SS are too small to draw any conclusions on the potential benefit of pazopanib added to chemotherapy in SS patients.

In a relapse setting, the combination of the monoclonal anti-vascular endothelial growth factor (VEGF) antibody 
ramucirumab with gemcitabine/docetaxel has been tested in patients with relapsed/refractory SS (NCT04145700), but 
results are not yet available. Previously, the combination of another monoclonal anti-VEGF antibody, bevacizumab, to 
standard upfront chemotherapy at diagnosis failed to improve the outcome in patients with all types of metastatic NRSTS 
enrolled in the EpSSG Bernie study (the study included 2 SS cases out of 49 NRSTS).72

EZH2 inhibitors, such as tazemetostat, have been tested in different tumour types with INI1 (SMARCB1/BAF47) 
loss. EZH2 is the core component of the polycomb complex interacting with the BAF complex and is overactive in SS. In 
SS, the INI loss is induced due to ejection of INI1 out of the BAF complex followed by degradation. In contrast to the 
genomic loss/mRNA expression loss, in other INI1 deficient tumours (ie malignant rhabdoid tumours or epithelioid 
sarcomas), the INI1 loss is due to the genomic loss/mRNA expression loss of SMARCB1. No objective responses were 
observed in the 33 SS patients included in the Phase II Tazemetostat trial with a 4-month PFS of 15%.73 These findings 
were presented in abstract form, and correlative studies to investigate possible predictive factors have not yet been 
reported. Therefore, this drug cannot be recommended outside a prospective clinical trial.

Immune Check-Point Inhibitors
Immune check-point inhibitors have shown encouraging activity in some specific sarcoma histotypes. Indeed, atezoli
zumab has recently been approved by the FDA for the treatment of adult and paediatric patients (aged 2 years and older) 
with unresectable or metastatic alveolar soft part sarcoma. However, anti-PD-1/anti-PD-L1 antibodies have limited 
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activity in patients with relapsed SS. Only 1 partial response has been reported out of 10 patients treated with 
pembrolizumab in the SAR028 trial,74 and no objective response to atezolizumab with a 6-month PFS of 9.5%.75

Despite these disappointing findings, epigenetic regulation of transcriptional programmes, occurring at different 
levels, has been reported to influence the immune landscape and ultimately the response to immunotherapy in different 
solid tumours, including soft tissue sarcomas.76 A tight crosstalk between activation of the oncogenic programme and 
immune-deprivation in specific tumour regions has been recently described in SS. Treatment of SS cells with epigenetic 
drugs represses the oncogenic programme and increases tumour cell immunogenicity. Importantly, restoring functional 
T cells and M1 polarised macrophages suppresses the oncogenic programme, thus indicating a bi-directional synergism 
between immunotherapy and epigenetic drugs.37

Emerging Targeted and Cellular Therapies
BRD9 is a non-BET bromodomain protein and a subunit of the ncBAF complex that represents a synthetic lethal target 
for SS following evidence that its depletion reduces proliferation of SS cells both in vitro and in vivo.22 Indeed, 
following the generation of a BRD9 chemical degrader which bridges the BRD9 bromodomain and the E3 ubiquitin 
ligase,77 several inhibitors of BRD9 have been developed.78–80 Two BRD9 inhibitors – CFT8634 and FHD-609 – are 
currently being investigated in early phase clinical trials. CFT8634 is an oral heterobifunctional degrader, which bridges 
BRD9 with the cereblon (CRBN) E3 ubiquitin ligase, leading to BRD9 ubiquitination and proteasomal degradation.81 

This drug is under investigation in a Phase I/II study that is enrolling patients (from 12 years of age) with locally 
advanced or metastatic SMARCB1-perturbed cancers, including SS and SMARCB1-negative tumours (NCT05355753). 
FHD-609 is similar to CFT8634 (it bridges BRD9 with CRBN E3 ubiquitin ligase) but administered intravenously.82 It is 
undergoing a Phase I trial in patients over 16 years with the same tumours (NCT04965753).

Adoptive immunotherapy with T-cell therapy targeting cancer testis antigens (CTAs) represents a promising new 
approach for relapsing SS patients.28 The reprogramming of T lymphocytes by a transgenic T-Cell Receptor (TCR) is 
possible by gene transfer of α and β chains of a TCR specific to a tumour antigen of interest.

In recent years, interesting results have been reported with TCR-T cells targeting cancer testis antigens (CTAs) 
such as NY-ESO-1, MAGE-A4, and PRAME. CTAs are overexpressed in many cancers, whereas they are not 
expressed in healthy tissues, except for the testis, thus limiting the risks of potential side effects when targeting 
these proteins.

The NY-ESO-1 specific TCR-T cells (letetresgene autoleucel; lete-cel; GSK3377794) recognise the peptides pre
sented by HLA-A*02. NY-ESO-1, a hydrophobic cancer-testis antigen, is expressed by 70–80% of SS.29,30,83,84 

Promising results were reported with genetically modified T-cells transduced with NY-ESO-1 T-cell receptor.31,85

In particular, the Phase 1 results with lete-cel have been reported.29,86,87 Patients with refractory or relapsed SS were 
divided into 4 cohorts based on NY-ESO-1 tumour expression and received lete-cel after lymphodepletion. Fifty patients 
were enrolled and 45 received lete-cel infusion. Response rates ranged from 20% to 50% depending on the cohorts, with 
one complete response and 14 partial responses. Responses were more pronounced for patients with high expression of 
NY-ESO-1 and intense lymphodepletion. Adverse events (40% of patients) were mainly haematological. Phase II is 
ongoing (NCT03462316) from 14 years old age.

Another approach involved a lentiviral vector (LV305) targeting dendritic cells to prime NY-ESO-1-specific T-cells: 
the CMB305 therapeutic vaccine induces NY-ESO-1-specific T-cell responses in SS.83,88

MAGE-A4 specific TCR-T cells (afami-cel; adaptimmune) are also being developed in patients with relapsed or 
refractory SS (and some other solid tumours) with two conditions: 1) HLA-A*02 positive (~ 45% of 6167 patients in the 
screening trial NCT0263685533 (5)), and 2) with 30% or more of the tumour cells expressing MAGE-A4 (>2+) on 
immunohistochemistry (67% of HLA-eligible patients with SS met study requirements for MAGE-A4 expression).33 The 
preliminary results of the phase II trial were presented at the ASCO meeting in 2021.32 Recently, at the 2022 CTOS 
Conference,84 the final analysis of SPEARHEAD-1 clinical trial was presented. It showed that the overall response rate 
of afami-cel was 38.6% (24.36–54.50) for 44 patients with SS. Responses were durable with a median duration of 50.3 
weeks (range: 11.7–122 weeks). Toxicities include cytokine release syndrome (> Gr 3 in one patient only) and reversible 
hematologic toxicities, in line with previous findings indicating an acceptable safety profile. Responses were observed 
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across all evaluated subpopulations with trends for higher response rates observed in female patients and those who had 
higher MAGE-A4 expression, had lower disease burden at baseline, or needed bridging therapy. Exploratory analyses (6 
and 7) showed that afami-cel infiltrate tumours have an interferon-γ-driven mechanism of action and trigger adaptive 
immune responses. Phase II is ongoing in SS from 10 years of age (NCT04044768). Future studies are developing (some 
under way) combining an anti-PD-1 in MAGE-A4 positive tumours to increase the persistence of TCR-T cells or 
developing HLA-independent TCR-T cells. Based on these encouraging early results of engineered TCR-T cell therapies, 
we encourage clinicians to consider this therapeutic option, and propose early screening for HLA typing and CTA tumour 
expression in case of relapse/refractory SS.

Finally, SS is potentially a suitable candidate for PRAME-specific TCR-gene therapy.89–91

The SS18-SSX fusion protein has further been shown to induce synthetic lethality in the presence of ATR inhibition 
in various cell line in vitro models including SS cell lines, and this effect could be enhanced with the addition of PARP 
inhibitors. CCNE1 expression was identified as a key biomarker to relate this sensitivity in the presence of the fusion 
protein.92 The presence of an SS18-SSX fusion is a preselection biomarker for enrolment in the replication/transcription 
stress cohort of the arm N (ATR inhibitor ceralasertib and PARP inhibitor Olaparib) in the European Proof-of-Concept 
Therapeutic Stratification Trial of Molecular Anomalies in Relapsed or Refractory Tumors (ESMART) platform trial 
(NCT02813135).93

Conclusions
The treatment of young patients with relapsed SS is currently challenging. A standardised approach is still lacking, and 
patient outcomes remain poor, although promising new therapies seem to be on the horizon.

Figure 2 describes a possible flow diagram with different therapeutic options, as discussed in this review. In addition 
to considering previous therapies and the clinical prognostic factors influencing post-relapse survival to estimate the 
chance of salvage with second-line treatment, it is important to consider two aspects:

Synovial sarcoma at relapse 

Consider previous-line therapy 
(radiotherapy, chemotherapy) and risk of 

cumulative treatment toxicity

Analyze post-relapse prognostic variables:
Type of relapse (local vs distant)

Time to relapse (early vs late)
Possibility of complete local therapy

Consider new biopsy for complete molecular characterisation

Multidisciplinary discussion

Favourable risk factors
(e.g. local and late relapse, possible secondary remission)

Unfavourable risk factors
(e.g. distant and early relapse, unresectable disease, heavily pre-treated)

No previous front-line 
chemotherapy

Previous IFO-DOXO 
chemotherapy

IFO-DOXO HD-IFO or Trabectidin Pazopanibor

Local therapy: surgery and/or radiotherapy on local relapse and/or metastatic sites

Palliative care

Regorafinib

Experimental therapies

TCR T-cell therapy Other phase 1-2 trials

or

patients with exclusive local relapse should promptly 
receive tumour resection, whenever possible

Figure 2 Possible flow diagram for synovial sarcoma at relapse. 
Abbreviations: IFO-DOXO, chemotherapy with ifosfamide and doxorubicin; HD-IFO, chemotherapy with high-dose ifosfamide; TCR-T cell, adoptive immunotherapy with 
T-Cell Receptor T cell.
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1. To refer the patient to a highly specialised high-volume referral centre, to optimise the chance of being enrolled in 
available clinical trials.

2. To consider the option to perform a biopsy on the relapsed tumour to obtain deep molecular profiling. This might 
have the potential to provide molecularly guided suggestions on target therapies (that might be administered 
mainly within commercial or academic early clinical trials). Worthy of note, different molecular profiling/ 
precision medicine programs on relapsed or refractory paediatric solid malignancies have been conducted and/ 
or are ongoing in Europe, ie MAPPYACTS,66 iTHER,94 INFORM95 and Stratified Medicine Paediatrics 
(SMPaeds)/NHS England.96

In patients with favourable features, chemotherapy might be the first therapeutic approach. Ifosfamide-chemotherapy is 
the treatment of choice for patients who did not receive it as first-line. In patients who already had ifosfamide- 
doxorubicin, possible options might be high-dose ifosfamide, trabectedin or pazopanib (even though the access to 
trabectedin or pazopanib for patients below 18 years old could be an issue).

Local treatment (surgery and/or radiotherapy) is mandatory. Also, aggressive and mutilating surgery may be 
considered in cases with local relapse. Aggressive focal therapy of metastases is also recommended, when feasible.

Patients with unfavourable features should be candidates to receive experimental treatment, preferably in the context 
of clinical trials. The referral of the patients to centres where such trials are open is highly recommended.

New comprehensive approaches are needed, however, to improve the outcome of young patients with SS who relapse. 
Developing dedicated prospective clinical trials, and involving patients in such studies, is the challenging goal. Tumour 
rarity is a major barrier for this aim (SS cases are rare, and relapsing cases are even more so), but other issues need to be 
addressed, requiring cultural and practical changes. Thinking towards a global-scale international cooperation that 
involves both the paediatric and adult sarcoma community is the first key step. This may require a new working 
model, new cooperative relations and a new infrastructure. The development of new targeted agents for sarcomas has had 
less impact on the paediatric population than on adult cases. Joint paediatric/adult clinical research trials that span both 
paediatric and adult populations should be the ideal goal. More generally, in fact, trials should be based on the molecular 
target and mechanism of action rather than age. Age eligibility criteria should only exist where there is a biological 
rationale or safety concerns/evidence, and, for example, the inclusion of adolescents in early adult phase I/II trials should 
be supported.97,98

New strategies to improve understanding of tumorigenesis and identify new targets/pathways relevant to tumour 
growth may be – and should be – implemented through such broader networking and collaboration.
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