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S arcomas comprise a rare and heterogeneous group of malignancies of bone and soft tissue origin. Despite optimal approach, a significant 
proportion of patients will develop recurrent/metastatic disease. Although advances have been achieved, therapeutic options for these 
patients are limited and prognosis remains poor. Over the past century, the characterization of mechanisms involved in the interaction 

between tumor cells and the immune system has paved the way for the development of different forms of cancer immunotherapy, including 
cytokines, vaccines, cell therapies, and, more recently and successfully, monoclonal antibodies against molecules involved in the modulation 
of immune response, or immune checkpoint inhibitors. While the clinical applicability of this approach has been limited in sarcomas, the 
immunogenic potential of this group of malignancies was demonstrated more than 100 years ago. In this article, we review aspects associated 
with the immunogenicity of sarcomas and how the use of checkpoint inhibitors is being explored for this group of patients.
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Sarcomas consist of a highly diverse group of malignancies of mesenchymal origin, encompassing 

more than 80 distinct subtypes and diagnosed in approximately 15,000 patients every year in the US.1

Surgery still represents the mainstay of therapy for patients with localized disease. Although the 

use of multimodal treatment with curative intent remains debatable in soft tissue sarcomas (STS), 

radiation therapy and chemotherapy are often used in the neo- or adjuvant settings in select 

situations; for bone sarcomas, combination regimens in association with surgical resection remain 

the standard treatment.2 For patients with advanced (unresectable or metastatic) disease, however, 

the prognosis remains poor, and median survival rarely exceeds 12–15 months.2 Alternatives 

for patients with sarcomas not amenable to treatment with curative intent still rely on cytotoxic 

agents; standard chemotherapy such as doxorubicin, ifosfamide, and dacarbazine result in 

objective responses in 10–30% of the patients, usually of short duration, and the efficacy of these  

agents is largely influenced by the histologic subtype and tumor grade.3,4 During the past years, 

new options became available for clinical use, including pazopanib, trabectedin, eribulin, and 

olaratumab. Of note, olaratumab, a monoclonal antibody against the subunit alpha of the platelet-

derived growth factor receptor (PDGFR), resulted in an 11.8 month-overall survival improvement  

(hazard ratio [HR] 0.46; 95% confidence interval [CI] 0.30–0.71; p=0.0003) when used in combination 

with doxorubicin, versus doxorubicin alone, in a randomized, phase II trial.5 Although survival gains 

have indeed been achieved,5,6 improvements have been modest and short lived in most scenarios 

and the therapeutic development has been slower in comparison to other solid tumors, highlighting 

the need for new, effective treatment options for this group of patients.

Manipulation of the immune system has emerged as a new hallmark of cancer therapeutics during 

the past decade, although observations of tumor regressions mediated by what is now characterized 

as an anticancer immune response date back to the nineteenth century.7,8 Different approaches to 

harness the immune system have been investigated: while cytokines, vaccines, and adoptive cell 

therapy with artificially engineered antigen receptors (or chimeric antigen receptor [CAR] T cells) or 

modified T cell receptors (TCRs) resulted in variable degrees of antitumor effect, the most practice-

changing and clinically applicable development in the management of solid tumors resulted from the 

use of monoclonal antibodies targeting molecules involved in the modulation of immune activation 

and response, or checkpoints.9,10
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In physiologic conditions, antigens or peptides derived from potential 

pathogens (bacteria, viruses, tumor cells, etc.) are processed and 

expressed by antigen-presenting cells (dendritic cells, macrophages, and 

B cells) through the major histocompatibility complex that engages T cells 

through the TCR, eliciting a complex sequence of events that culminate 

with the activation of both innate and adaptive immunity.10,11 Key players of  

cell-mediated adaptive responses are T cells with either helper cells  

(CD4+ T cells) or cytotoxic capabilities (CD8+ T cells), as well as memory 

cells involved in sustained immunity.12 Across different steps of this 

cycle, the magnitude, duration, and, ultimately, efficacy, of the immune 

response are influenced by modulatory mechanisms, which can result 

in either amplification or abrogation of this cycle. While essential in 

avoiding uncontrolled immune responses and autoimmunity in physiologic 

situations, these negative regulatory pathways can be exploited by tumor 

cells as immune evasion mechanisms.13,14 As examples of cell surface 

molecules involved in immunosuppressive singling pathways, cytotoxic 

T-lymphocyte associated protein-4 (CTLA-4, or CD152) and programmed 

cell death receptor-1 (PD-1, or CD274) or its ligand (PD-L1) have been 

successfully targeted by inhibitory monoclonal antibodies, or immune 

checkpoint inhibitors (ICIs), resulting in a paradigm shift in the management 

of a growing number of malignancies.15,16 The ICI ipilimumab, a human 

monoclonal antibody that binds to CTLA-4; pembrolizumab and nivolumab, 

molecules that target PD-1; and atezoluzimab, an anti-PD-L1 agent, have all 

been approved for clinical use. In addition to response rates varying from 

10% to more than 50%, ICIs have been shown to allow for sustained disease 

control and long-lasting immune-mediated responses,15–21 and striking 

activity resulted from combined CTLA-4 and PD-1 blockade.22,23

Interestingly enough, preliminary observations of tumor regressions 

following wound infections and erysipelas by Busch and Coley alluded to 

patients with sarcomas.7,8 Antitumor activity has been further demonstrated 

in sarcomas with the use of various forms of immunotherapy.24 As 

examples, cytokine therapy with interleukin-2 (Il-2) and interferons lead to 

occasional responses in patients with heavily pretreated Ewing sarcoma 

(ES) and osteosarcoma.25–29 Similarly, liposomal muramyl tripeptide 

phosphatidylethanolamine (L-MTP-PE), a muramyl dipeptide analogue 

associated with enhanced NK-κβ signaling and monocyte/macrophage 

activation, is approved for clinical use in Europe (although not by the 

US Food and Drug Administration) based on survival improvements in a 

randomized trial investigating the addition of this agent to conventional 

chemotherapy in patients with osteosarcoma receiving adjuvant 

treatment.30 Trabectedin, a compound with a complex mechanism of action 

currently approved for the treatment of sarcomas, was shown to affect 

macrophage viability, differentiation, and the production of CCL2 and IL-6, 

suggesting an immune-mediated effect that could potentially be involved 

in antitumor activity.31 Additional proofs of the concept that mobilization of 

the immune system can result in antitumor effect in sarcoma patients are 

plentiful in the literature, deriving from different forms of vaccines, tumor 

antigens/peptides, lysates, and, more recently, TCR-transduced T cells 

specific to NY-ESO-1 in synovial sarcomas.32–34

Evidence addressing the efficacy of monoclonal antibodies against immune 

checkpoints begins to emerge, as recent studies have yielded both 

promising and disappointing results across different histologies. In this 

review, we revisit the mechanisms underlying the immunogenic potential 

of sarcomas, the currently available clinical data regarding the efficacy of 

ICIs in sarcomas, as well as future directions.

Is there a rationale for the use of checkpoint 
inhibition in sarcomas?
Preliminary evidence of a cancer-immune interaction 
in sarcomas
Although the early experiments by Coley were never consolidated as a 

feasible and applicable treatment option, the potential role of the immune 

system in sarcoma control and progression is well characterized. A higher 

incidence of sarcomas has been reported in immunodeficient patients, 

including those with severe combined immunodeficiency, Wiskott–Aldrich 

syndrome, ataxia–telangiectasia, and in the setting of HIV infection.35,36 

Likewise, allograft transplant recipients exhibit a higher risk of developing 

Kaposi sarcoma, leiomyosarcoma, rhabdomyosarcoma, and so forth.37 

Conversely, a high density of CD20+ tumor-infiltrating lymphocytes (TILs) in 

resected STS was shown to be an independent positive prognostic factor for 

disease-specific survival.38 In ES, survival correlated with tumor infiltrating 

T cells, including CD8+ T cells, and expression of genes associated with 

proinflammatory chemokines (CXCR3, CCR5, CXCL9, CXCL10, and CCL5).39 

The presence of TILs and a correlation with prognosis has also been 

documented in a variety of sarcoma subtypes, including liposarcoma, 

chordomas, angiosarcomas, synovial sarcoma, and undifferentiated 

pleomorphic sarcoma (UPS).40–43

Another example of the potential activity of immune system against 

sarcomas results from observations of patients with gastrointestinal 

stromal tumors (GISTs) treated with imatinib. In addition to the well-

characterized antitumor effect resulting from tyrosine kinase “on-target” 

KIT inhibition, benefit from imatinib therapy was associated with increased 

intratumoral CD8+ T cells, mobilization of natural killer (NK) cells from the 

stroma into the tumor, and depletion of cells with suppressive functions, 

through apoptosis of tumor-infiltrating regulatory T cells (Tregs).44 In 

addition, imatinib has been shown to result in inhibition of indolamine 

2,3-dioxygenase (IDO), an intracellular enzyme involved in tryptophan 

metabolism and immunosuppression upon lymphocyte activation.45

Tumor antigens and intrinsic antigenic potential in 
sarcomas
The tumor intrinsic immunogenic potential can be affected by a variety of 

factors, and the diversity of sarcoma poses an additional challenge to the 

understanding and clinical translation of these variables in the setting of  

the use of immunotherapy. Antigens are the initial step in the elicitation 

of an effective and specific immune response. Tumor antigens can be 

classified as tumor-specific antigens, that result from cancer-germline 

genes, point mutations, or oncogenic viruses and unique to tumor cells, 

or tumor-associated antigens (TAAs), which include differentiation 

antigens and peptides associated with genes overexpressed in tumors.46,47  

Among the large family of TAAs, expression of cancer testis antigens 

(NY-ESO, MAGE-A3, MAGE-A4, PRAME, and LAGE) occurs in a variety of 

sarcomas, including synovial sarcomas, myxoid round-cell liposarcoma, 

osteosarcoma, ES, chondrosarcoma, leiomyosarcoma, and UPS.48–50

Nevertheless, and as expected for such a heterogeneous group of 

tumors, immunogenicity is not uniform among sarcomas, and can be 

influenced by the tumor genomic landscape or mutational load. Across 

different histologies, and particularly in melanoma and non-small cell-lung 

cancer, increased number of somatic missense mutations and mutational 

epitopes have been associated with patient survival and benefit from 

both anti-CTLA-4 and anti-PD-1 agents,19,51–54 although this remains a topic 
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of ongoing research. While a subgroup of sarcomas (dedifferentiated 

liposarcomas, malignant peripheral nerve sheath tumor, angiosarcoma, 

etc.) is characterized by genome instability and a complex/unbalanced 

karyotype that results from nonspecific gains and losses and genomic 

aberrations,55,56 resulting in a potentially immunogenic phenotype, a large 

proportion of sarcomas (including ES, synovial sarcoma, etc.) exhibit 

simple karyotypic aberrations, including amplifications, deletions, or 

chromosomal translocations resulting in gene fusions, although genomic 

instability has been reported even in this setting.57 High levels of somatic 

copy number alterations (aneuploidy) have been shown to correlate with 

total number of mutations, elevated markers of cell cycle/proliferation, 

reduced expression of markers for cytotoxic immune cell infiltrates, and 

poorer prognosis in melanoma patients treated with anti-CTLA therapy, 

supporting the concept that aneuploidy is involved in mechanisms of cell 

proliferation and immune evasion.58

Immune infiltrates and PD-L1 expression in sarcomas
In addition to its intrinsic immunogenic potential resulting from neoantigens 

and neoepitopes, several aspects involved in the tumor microenvironment 

and immune synapse may determine the magnitude and efficacy of a 

tumor-specific immune response. As previously cited, the characterization 

and distribution of the T cell infiltrate has been correlated with survival 

across different malignancies, including sarcomas, as well as potential 

benefit from anti-CLTA-4 and anti-PD-1 therapy.39,41,45,59–62 Other variables 

associated with innate and adaptive immune activation may serve as 

markers of treatment efficacy. Indeed, expression of PD-L1 by tumor cells 

or immune cells has been associated with increased response rates and 

prolonged survival in melanoma and nonsquamous non-small cell lung 

cancer,16,20,63 although the use of PD-L1 as a biomarker for clinical decisions 

remains debatable.

In sarcoma, expression of PD-L1 by tumor cells and immune cells has 

been described. In a mixed cohort of 105 sarcoma patients, PD-L1 

expression occurred in 58% of STS tumor samples and, in combination with  

PD-1-positive lymphocyte intratumoral infiltration, correlated with advanced 

clinicopathologic parameters (advanced clinical stage and presence of 

metastatic disease, higher histologic grade, tumor necrosis, and poor 

differentiation) and worse overall survival and event-free survival by 

multivariate analysis.64 In another series that included 50 tumor samples 

including GIST (n=14), liposarcoma (n=5), leiomyosarcoma (n=4), and other 

subtypes, PD-L1 expression >1% was demonstrated in 12% of the cases, 

with the highest prevalence in GIST—29%. In addition, PD-L1 expression by 

lymphocytes and macrophages in the tumor microenvironment occurred 

in 30% and 58%, respectively.41 Nevertheless, no association between  

PD-L1 and prognosis was demonstrated. Using a multiplatform analysis of 

more than 2,000 sarcoma samples, Movva and colleagues demonstrated 

PD-L1 expression by immunohistochemistry in approximately 50% of the 

analyzed tumor samples, including leiomyosarcomas, liposarcomas, UPS, 

and chondrosarcomas.65 Using a similar approach to 65 sarcoma tumor 

samples, PD-L1 expression in tumor tissue and microenvironment was 

detected in 19 (29%) and 20 cases (30%), respectively. Although none of 

the five cases of ES of bone origin showed PD-1/PD-L1 expression, two of 

three cases of extraosseous ES were positive for PD-1 and PD-L1 expression. 

Positivity for PD-1 and/or PD-L1 in the tumor and/or microenvironment was 

also demonstrated in three of six cases with UPS, two of four cases with 

peripheral nerve sheath tumors, one of four cases with synovial sarcoma, 

and the majority (four or five) of Kaposi sarcoma samples.66 Additional 

markers of immune activation were evaluated by immunohistochemical 

staining in formalin-fixed, paraffin-embedded samples of 371 patients with 

localized primary STS treated with curative intent (UPS: 41%; leiomyosarcoma: 

34%; myxofibrosarcoma: 61%; dedifferentiated liposarcoma: 5%). PD-L1 

expression ≥1% occurred in 72 samples (19%) and was mostly expressed 

by immune cells; while IDO expression by tumor cells ≥5% occurred in 

152 (52%) cases. Although the presence of PD-L1 and IDO was significantly 

associated with CD8+ T cell infiltration, no correlation between expression 

of immune markers and prognosis was demonstrated.67 Nevertheless, it is 

important to highlight that using the expression of PD-L1 as a biomarker 

encases a series of challenges and unascertained aspects. While early 

clinical development of anti-PD-1 agents already suggested a correlation 

between PD-L1 expression and response to therapy,16 this correlation is 

imperfect. PD-L1 expression occurs along a spectrum of positivity and even 

tumors with low/negative expression of PD-L1 may respond to checkpoint 

inhibitors.63 In addition to analytical technical issues detecting PD-L1 (type 

of antibody used for immunohistochemistry staining, cut-off, components of 

the tumor microenvironment in which PD-L1 expression is measured, etc.), 

tumor heterogeneity also limits the interpretation of PD-L1 expression.

Taken together, these evidence support the immunogenic potential of 

sarcoma and provide the background for the investigation of ICI in this setting.

Available clinical data of immune checkpoint 
inhibitors in sarcomas 
Despite the practice-changing results observed in patients with melanoma, 

non-small cell lung cancer, and other malignancies, less is known about 

the efficacy of ICI in sarcomas. While reports of activity of ipilimumab or 

anti-PD-1 agents against myxoid liposarcoma, ES, leiomyosarcoma, and 

so forth are available in the literature, few studies have examined ICI in a 

prospective manner and no randomized trials are available to date.68–70

The anti-CTLA-4 agent ipilimumab, given at 3 mg/kg every 21 days for  

three doses, was evaluated in a small phase II study that included six 

pretreated patients with synovial sarcoma.71 The primary endpoint of the 

study was to determine the objective response rate (ORR) as per Response 

Evaluation Criteria In Solid Tumors (RECIST) criteria following three doses of 

ipilimumab; secondary endpoints were to determine the clinical benefit rate  

(objective responses + stable disease), evaluate NY-ESO-1 specific immunity 

and safety. There were no objective responses or evidence of significant 

immune reactivity to NY-ESO-1; median time to tumor progression was  

1.85 months (range 0.47–2.1 months) and the trial was terminated 

prematurely due to slow accrual and lack of activity.71 In a phase I, dose 

escalation trial of ipilimumab in pediatric patients with solid tumors, 

including 17 sarcoma patients, despite manageable toxicity, no objective 

responses were seen. Nevertheless, disease stabilization occurred in 

patients with osteosarcoma, clear cell sarcoma, and synovial sarcoma and 

an increased overall survival was seen in individuals with immune-related 

toxicities.72 Ipilimumab is also being investigated for patients with GIST in 

combination with tyrosine kinase inhibitors based on the immunologic 

“off-target” effects of imatinib and dasatinib previously described. In a 

recently published phase Ib trial that included 20 GIST patients and eight 

other sarcoma types, ipilimumab in combination with dasatinib was safely 

administered. Although no objective responses by RECIST or immune-

related response criteria (irRC) occurred, there were 7/13 partial responses 

by Choi criteria.73 Ipilimumab is also being evaluated in combination with 

imatinib in an ongoing phase I trial (NCT01738139).
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Although still limited, data regarding the efficacy of PD-1 blockade in 

sarcomas start to emerge. Paoluzzi and colleagues reported the results 

of 28 patients (24 with STS and four with bone sarcomas) with advanced/

unresectable sarcomas treated with nivolumab 3 mg/kg every 2 weeks, 

through a patient assistance program from the manufacturer.74 Eighteen 

patients received concurrent pazopanib at 400–800 mg daily. Objective 

responses were seen in three cases: on dedifferentiated chondrosarcoma, 

one maxillary osteosarcoma, and one epithelioid sarcoma—of note, five 

patients developed grade 3–4 adverse events (colitis, pneumonitis, and 

elevation of aspartate transaminase [AST] and/or alanine transaminase 

[ALT]).74 The largest experience with PD-1 blockade in sarcomas, however, 

comes from the SARC-028, a prospective, nonrandomized, phase II trial, 

recently presented following a preliminary analysis. Pembrolizumab 

was administered at 200 mg given intravenously every 3 weeks to two 

concurrent arms: 40 patients were accrued in the STS cohort, with 

histologies limited to leiomyosarcoma (n=10), dedifferentiated liposarcoma 

(n=10), UPS (n=10), and synovial sarcoma (n=10), and 40 additional 

patients were included in the bone sarcoma arm (osteosarcoma, n=21; 

ES, n=13; dedifferentiated chondrosarcoma, n=6). The primary objective 

of the study was to determine the ORR as per RECIST criteria; secondary 

endpoints included safety/tolerability, overall survival, progression-free 

survival, correlation of pre-treatment PD-L1 expression with response, 

ORR by irRC and additional immunologic correlative studies.75 In the 

bone sarcoma arm, two objective responses were documented among 

38 evaluable patients (ORR=5%; one patient with chondrosarcoma 

and one patient with osteosarcoma) and nine patients (24%) achieved 

stable disease as best response. There were no objective responses 

among ES patients. In the interim analysis, three patients in the STS arm 

had not reached the first scan assessment. Among 37 evaluable STS 

patients, seven achieved objective responses (ORR=19%), including  

4/9 (44%) patients with UPS, 2/9 (22%) with dedifferentiated liposarcoma 

and 1/9 (11%) patients with synovial sarcoma; no objective responses  

occurred in the leiomyosarcoma arm. Stable disease was the best response 

in 15 patients (40%), and 15 additional patients (40%) developed progressive 

disease. Median PFS for the STS arm was 18 weeks, with an estimated  

12-week PFS rate of 55%.75

Despite occasional reports of objective responses,70,76 the apparent lack 

of efficacy of PD-1 blockade in leiomyosarcomas was also suggested  

by another prospective study, in which nivolumab was administered 

at 3 mg/kg intravenously every 2 weeks to patients with metastatic 

leiomyosarcoma of uterine origin and at least one prior line of treatment.  

The trial was discontinued prematurely as no objective responses occurred 

among the first 12 enrolled patients after a median of five doses of 

nivolumab (range 2–6; median PFS 1.8 months). Of note, PD-L1 expression 

in tumor cells determined by immunohistochemistry was absent in the 

majority of tumor samples: among 10 archival tumor samples, one showed 

PD-L1 expression of 10% and one of 20%.77

Future perspectives and conclusions
In spite of the unequivocal markers of activation of both innate and 

adaptive immunity in sarcomas, so far the therapeutic manipulation of the 

immune system has not reproduced the same practice-changing results 

seen in other malignancies for this heterogeneous group of mesenchymal 

tumors. Understanding the mechanisms involved in primary resistance 

to immune checkpoint blockade would be instrumental in providing new 

frameworks for the development of immunotherapy in sarcomas—as an 

example, investigating the factors associated with the apparent lack of 

effectiveness of anti-PD-1 agents in leiomyosarcomas, which are marked 

by complex and potentially immunogenic molecular aberrations, would be 

of significant interest.

As results of studies investigating the efficacy of CTLA-4 and PD-1/

PD-L1 blockade in the management of sarcomas develop, with activity 

demonstrated in dedifferentiated liposarcoma and UPS, the role of 

distinct immunotherapeutic approaches must be considered in order to 

translate the immunogenic potential into clinical benefits. Monoclonal 

antibodies against distinct cell surface receptors with immunomodulatory 

properties with either co-stimulatory (CD137, OX40, CD27, GITR) or co-

inhibitory (LAG-3, TIM-3, VISTA, BTLA) functions are being investigated, 

allowing for a growing number of combinations with potential synergistic 

activity.78,79 Approaches using combinations of checkpoint inhibitors 

are also being explored in sarcomas, and results of a phase II study of 

nivolumab alone or given concurrently with ipilimumab are awaited 

(NCT02500797). In addition, distinct forms of “immunotherapy” have 

shown antitumor effect in sarcoma patients. Adoptive cell therapies using 

genetically engineered lymphocytes resulted in promising and compelling 

activity in NY-ESO-1 expressing synovial sarcomas, and targeting specific 

epitopes overexpressed in sarcomas with modified antigen receptors 

fused with T cell intracellular signaling capabilities though CAR T cells 

may bring new alternatives.80,81 Similarly, advances in molecular biology 

and recombinant DNA technology allowed for the development of viruses 

with genetically altered, highly specific cytolytic properties. In addition 

to direct cytopathic effects caused by intracellular viral replication 

(oncolysis), genetic manipulation has allowed the development of strains 

capable of increasing cytotoxic activity and enhancing antitumor immune 

responses mediated by transcription products from engineered viral 

genome. Different strains of adenovirus, herpesvirus, vaccinia, and RNA 

viruses have been shown to be able to infect sarcoma cells and result 

in antitumor effect.82–84 Talimogene laherparepvec (T-VEC), an oncolytic 

herpesvirus delivered intralesionally, has been approved for clinical 

use in patients with melanoma, and the combination of T-VEC with ICI  

resulted in exciting results in early phase clinical trials.85,86 The role of 

combinations of immunotherapies with demethylating agents such as 

decitabine, capable of enhancing the expression of tumor antigens, is also 

being investigated.87,88

Nevertheless, once again the biologic diversity of sarcomas will likely pose 

a major challenge for the development of the potential of immunotherapy 

in this setting. Moving forward will demand a better characterization of 

mechanisms involved in primary resistance and potential biomarkers, 

in order to identify subtypes of sarcomas more likely to respond  

to immunotherapy and to allow for a rational and successful design of 

clinical trials. ❑
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