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Abstract

Soft tissue sarcomas (STSs) are rare, aggressive and heterogeneous malignancies with poor outcomes. They
include more than 50 different histologic subtypes with variable molecular and cytogenetic profiles responsible for
the heterogeneity of these tumors. Radical surgery, chemotherapy and radiation therapy are still the mainstay of
treatment with limited therapeutic options in case of metastatic and locally advanced unresectable disease. The
current available cytotoxic and targeted therapies are only offering short living disease control. In the era of
immunotherapy, STSs were affected by this ‘tsunami’ with very promising results, but larger randomized trials are
still needed to prove their benefit in terms of survival and efficacy. They are not included yet in the standard of care.
In this review of the literature, we are developing the active immunotherapeutic strategies (vaccines), as well as the
passive strategies (adoptive cell therapy) and the checkpoint inhibitors emphasizing on the most recent results and
on the limitation of the immunotherapy in this heterogenic media.

Rationale for Inmunotherapy in Soft Tissue Sarcomas

Sarcomas are a heterogeneous group of tumors with wide expression
of immunogenic proteins and antigens, including the cancer-testes
antigen family (NY-ESO-1, MAGE-A3, PRAME and LAGE-1),
gangliosides (GM2, GD2 and GD3), sarcoma specific-fusion proteins
(SSX, FOXO1, EWSRI and TLS CHOP) and heat shock proteins [1].
These proteins represent attractive potential targets in STS. The earliest
evidence of immune reactivity was seen in sarcoma tumors when
William B. Coley demonstrated how the patients were able to clear
distant sarcomatous metastatic lesions by injecting other tumors with a
live streptococcal preparation called “Coley’s toxin” Due to its
unpredictable toxicity profile and the heterogeneous mode of
preparation, this essay of immune reaction remained a historic
pioneering work [20]. Sarcomas are rare tumors with many histologic
subtypes, leading to a rate limiting step in the development of immune
therapy in this field. Additionally, the mesenchymal media and the
predominant fibrous tissue are responsible for some immune
resistance of these tumors. However, many data for immunotherapy
are accumulating including the use of vaccines, adoptive immune
therapy and checkpoint inhibitors.

Vaccines

Vaccine therapy has been the most investigated immunotherapy
modality in soft tissue sarcomas given the low toxicity rate in an
individualized nature of therapy. Given the diversity of tumor types
and the wide expression of specific epitopes, STSs became ideal vaccine
targets. The therapeutic effect of cancer vaccines depends mainly on
the dendritic cells activation in the presence of immune antigens [3].
Initial studies showed inefliciency of the vaccine therapy because the
vaccines were made from entire tumor cells [4]. Then, vaccines were
based on an epitope generated from a fusion peptide, SYT-SSX, found
in 85-90% of STS without demonstrating any objective response [5,6].

Another personalized peptide vaccine was created by Takahashi and
colleagues with multiple tumor antigens chosen according to
preexisting peptide-specific IgG titers. They demonstrated an overall
survival (OS) of 9.6 months associated with disease stabilization in
30% of the patients. [7]. Moreover, Neeta Somaiah and colleagues
presented an encouraging phase I study (the CI131 phase I trial)
enrolling 25 patients, previously treated for recurrent or metastatic STS
and being positive for the tumor antigen NY-ESO-1. Among these
patients, the histologies were synovial sarcoma (14 cases), myxoid/
round cell liposarcoma (MRCL) (9 cases) and other subtypes (2 cases).
They were treated with an active immunotherapy regimen CMB305
that generates and expands T cells against NY-ESO-1. CMB305 has
two components: LV305, a dendritic cell-targeting lentiviral vector
encoding full-length NY-ESO-1 RNA, and G305, a potent TLR-4
agonist which is co-administered with the full-length protein in a
sequential protocol. At data cut-off, the median OS was not reached.
The 12 and 18-month OS rates were 83.1% and 76.2%, respectively.
This regimen was able to control tumor growth with 64% of the
patients achieving a stable disease. However, there was no reported
objective response [8].

Immune Checkpoint Blockade

Immunologic checkpoint blockade with antibodies that target
cytotoxic T lymphocyte-associated antigen 4 (CTLA-4) and the
programmed cell death protein 1 pathway (PD-1/PD-L1) have been
promising in a variety of malignancies, and are currently a standard of
care in many types of tumors.

Some observations based on trials of immune checkpoint blockade
suggest that this strategy might be useful and applicable for soft tissue
sarcomas. Kim et al. recently characterized the expression of PD-1 and
PD-L1 across several STS subtypes. 105 cases of STS were analyzed by
immunohistochemistry. The largest represented subtypes were
leiomyosarcoma (LMS), synovial sarcoma, undifferentiated sarcoma
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and myxoid liposarcoma. For all STS combined, intratumoral
infiltration of PD-1 positive lymphocytes was seen in 65% of cases and
PD-L1 tumor expression was seen in 58%. It was also noticed that
100% of undifferentiated sarcomas had positive expression of PD-1,
compared to 10% in myxoid liposarcoma. These data suggest that
certain STS subtypes may be more amenable to immune checkpoint
blockade using anti-PD-1 or anti-PD-L1 [9].

In the American Society of Clinical Oncology (ASCO) 2017
meeting, the results of the phase II Alliance A091401 trial were
presented. It included 42 patients who were treated with the duo
Nivolumab 3 mg/kg plus Ipilimumab 1 mg/kg, given every 3 weeks for
four cycles, after which they continued with Nivolumab monotherapy
until unacceptable toxicity, disease progression, or up to 2 years. 38
patients were evaluable: the overall response rate was 16% with one
patient with myxofibrosarcoma and another one with uterine
leiomyosarcoma reaching a complete response. Additionally, five
partial responses were seen: three patients with undifferentiated
pleomorphic sarcoma/malignant fibrous histiocytoma (UPS/MFH)
and one each with non-uterine LMS and angiosarcoma. The OS was a
median of 14.3 months, with a 12 months OS rate of 54% at the time of
analysis. These survival results exceeded the expectations for
metastatic sarcoma patients. Thus, expansion studies in patients with
liposarcoma (LPS) and UPS/MFH are under their ways of
development. In the same trial, another 43 patients were given
nivolumab 3 mg/kg every 2 weeks with the same stopping criteria as
for the combination. The response rate among these participants was
lower: 5% of 38 evaluable patients. The median OS was 10.7 months
and 40% were alive at the 12 months time-point [10].

In a similar way, Pembrolizumab showed a potential therapeutic
option in a sub-group of sarcoma patients. Tawbi et al. underwent a
phase II trial, the SARC028, which included 84 patients diagnosed
with locally advanced uresectable or metastatic soft tissue sarcoma (42
patients) and bone sarcoma (42 patients). Patients had received up to 3
previous lines of cytotoxic treatments. They were treated with
Pembrolizumab at a dose of 200 mg every 3 weeks. Responses were
observed in 18% of patients with soft-tissue sarcoma, as well as in 5%
of patients with bone sarcoma. One case of UPS achieved a complete
response and six were partial responses: three patients with UPS, two
with LPS and one with synovial sarcoma. There were no responses seen
neither in the LMS subgroup (10 patients) nor in the Ewing sarcoma
cases (13 patients). The median duration of response was 33 weeks,
while the longest response lasted for 86 weeks [11].

The role of PDL1 as a predictive or prognostic biomarker in STS
remains debatable [12]. There is also a randomized, open label, phase
II trial of CMB305 in combination with Atezolizumab in synovial
sarcoma and MRCL underway. (IMDZ-C232; NCT02609984).
Additionally, other studies, exploring other immune checkpoint
inhibitors targeting other pathways (TIM3, BTLA, 4-IBB and LAG-3)
may add a beneficial value to the treatment of STS.

Adoptive Imnmunotherapy

Adoptive cellular immune therapy consists of infusing immune-
manipulated T-cells into a tumor in order to evoke an antitumor
response. The demonstration of effective adoptive therapy in sarcoma
patients was carried out in a study using autologous T cells engineered
with T-cell receptor directed at NY-ESO-1 antigen in synovial sarcoma
patients where 80% of the cases express this antigen. Its expression was
an inclusion criterion for this study. Patients were initially lympho-

depleted using Cyclophosphamide and Fludarabine. Then, autologous
T cells genetically engineered to recognize NY-ESO-1 and HLA-
A*0201 antigens were infused. Partial responses occurred in 4 of 6
sarcoma patients, with one response reaching 18 months duration.
This therapy was well tolerated with no off-target effects [13].
Nontheless, the response of the adoptive T-cell therapies remains HLA
restricted which limits the proportion of patients that can be
adequately treated.

Genetically engineered NY-ESO-1 T cells are being evaluated in 2
ongoing trials for patients with metastatic synovial sarcoma
(NCT01343043 and NCT03250325). Besides, the role of chimeric
antigen receptor CAR-T cell targeting the GD2 protein in children and
young adults with sarcomas and rhabdomyosarcomas is also under
evaluation in a phase I trial (NCT00743496).

Future Perspectives

Despite all the progress of the immunotherapy and the fact it is a
standard of care in many tumors, it has not yet matured enough to
reach strong indications in soft tissue sarcoma. Knowing that these
tumors harbor many genetic mutations and translocations, they may
serve as a potent immune active media. The researchers and
immunologists are trying to overcome the resistance to
immunotherapy by transforming the immune desert into an inflamed
media. One option is to work on modifying or up-regulating the tumor
antigens leading to an increased immunogenicity. These epigenetic
changes can be obtained after the exposure of the sarcoma cells to
demethylating agents: Decitabine lead to an increase in the tumor
antigen expression, resulting in further activation of T cell immunity.
[14]. In the same perspective, Pollack et al. showed an upregulation of
cancer-testes antigen expression with the use of Decitabine in
chondrosarcoma cell lines. Likewise, the histone deacetylase (HDAC)
inhibitors were tested in vitro with promising responses [15].

Another way to boost the immune activation is the innovative
approach of combining radiation therapy of certain lesions with the
immune therapy. This is called the ‘abscopal effect’ that was tested in
melanoma and there are ongoing trials in order to evaluate its efficacy
in STS.

Lastly, researchers are trying to identify unique target antigens. They
are genetically engineering T cell receptors to be used for insertion in
the patients’ lymphocytes. This approach was possible after the
evolvement of the tumor cell whole exome sequencing (WES). Future
trials are working on this individualized/personalized treatment in
heterogeneous tumors like soft tissue sarcoma [16,17] Consequently,
not only are the antigen and tumor peptides modified, but there are
new approaches for manufacturing genetically programmed activated
T cells.

Conclusion

Soft tissue sarcomas remain one of the most aggressive tumors with
high potential to recur and metastasize. Radical surgical treatment,
chemotherapy, targeted therapies and radiotherapy are the current
standard of care for soft tissue sarcoma. All the current available
therapies serve only to prolong survival, trying to improve the quality
of life at the expense of much toxicity. Unfortunately, immune therapy
is not among the cornerstone therapeutic options. After being a
pioneered tumor since 100 vyears, the application of the
immunotherapy in STS remained passive until recently. The cold
immune media of sarcoma is being successfully transformed into a hot
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active immune ground: discovery of new tumor antigens and further
understanding of the mechanisms of T cell activation. Anti-tumor
activity against sarcoma is a reality with many promising results. The
main goal of the ongoing trials is to reach with immune therapy long
term responses, better disease control and improvement of the patients’
outcome.
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