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Abstract: The role of the programmed death-1 (PD-1) signaling pathway in tumor immu-

notherapy is becoming increasingly important, and several PD-1-blocking agents have been

approved by the US Food and Drug Administration. PD-1-blocking therapy alone or in

combination with other therapeutic modalities has become a standard treatment for several

kinds of solid tumors. However, sarcomas are not indications for anti-PD-1 therapy.

Sarcomas are a group of heterogeneous diseases that can currently only be cured by surgery

at the early stage. No effective treatments exist for sarcoma patients in advanced stages.

Owning to the diversity of sarcomas, it is very difficult to conduct randomized controlled

clinical studies on specific subtypes of sarcomas. Although clinical studies of sarcomas

continue, few breakthroughs in the treatment of sarcomas have been achieved over the

past decades. This review summarizes recent progress in anti-PD-1 therapy for sarcomas.

Based on the published data, PD-1 blockade may be more effective in combination with

other modalities for the treatment of sarcomas. In addition, biomarkers may be used to

ascertain sensitivity to PD-1 blockade in sarcoma patients.
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Introduction
Sarcomas are a heterogeneous group ofmalignancies derived frommesenchymal tissue

and also can arise anywhere of the body with considerably different clinical and

pathological features. These malignancies are broadly classified as soft tissue sarcomas

(STS) or bone sarcomas and account for about 1% of all malignancies in adults and

15% in children; sarcoma is the third leading cause of cancer-related death among

children and adolescents.1 Surgical resection en bloc is the mainstay treatment for

primary-localized diseases, and the 5-year recurrence-free survival rate is about 60%.2

In patients with distant metastasis, the 5-year survival rate is below 20%.3 Therefore,

new treatment options for recurrent/metastatic sarcoma are urgently needed.

Immunological checkpoint inhibitors represented by anti-programmed death-1

(PD-1)/programmed death ligand-1 (PD-L1) monoclonal antibodies (MoAb) have

shown promising clinical efficacy for various malignancies and predicted the age of

cancer immunotherapy. However, the rarity of sarcomas and variances in the

disease, with over 50 histological subtypes, limit the performance of randomized

controlled clinical studies. Therefore, data related to PD-1 blockade for the treat-

ment of sarcomas are lacking. Herein, we summarized the latest advancements in

the treatment of sarcomas with PD-1 blockade and the possible biomarkers that

might predict the efficacy of anti-PD-1 therapy for sarcomas.
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PD-1 blockade in recurrent/
metastatic sarcoma
Nivolumab is an anti-PD-1 fully human immunoglobulin

(Ig)G4 MoAb that has shown broad antitumor activity by

binding with PD-1 specifically.4–7 A retrospective study of

10 patients with advanced sarcoma who were treated with

nivolumab alone showed that partial remission was

achieved in one patient, and stable disease was achieved

in four patients; however, progressive disease was

observed in five patients.7 Thereafter, studies on PD-1

blockade and sarcomas were reported sporadically.8–11

Alliance A091401 is a prospective study comparing the

clinical efficacy of nivolumab alone or in combination

with ipilimumab in patients with metastatic sarcomas. Of

the 76 eligible patients (38 patients in each group), a

confirmed response was achieved in two patients in the

nivolumab group and six in the nivolumab plus ipilimu-

mab group. In the nivolumab group, 29 patients had pro-

gressive disease at the first evaluation, of whom 18 were

eligible for continuing nivolumab treatment. Eleven of

these 18 patients were confirmed to have progressive dis-

ease after 1 month of treatment, and 7 continued nivolu-

mab therapy for 2–8.5 months. In the nivolumab plus

ipilimumab group, 18 patients had progressive disease at

the first evaluation, of whom 8 were eligible for continuing

combination therapy. Three of the eight patients had pro-

gressive disease at the time of confirmation, and the other

five patients had a stable disease at the time of confirma-

tion and continued to receive combined therapy for

another 3–12 months. Interestingly, one patient receiving

combined therapy exhibited a partial response within 3

months of initial progressive disease, which is in accor-

dance with so-called pseudo-progression.12 The median

progression-free survival (PFS) was 4.1 months and the

median OS was 14.3 months, as to the patients received

combination therapy, the 12-month OS rate was 54.6%. Of

course, the occurrence of grade 3–4 treatment-related

adverse events was higher in patients received combina-

tion therapy (14% vs 7%).12 This study indicated that the

efficacy of nivolumab alone in patients with unselected

sarcomas is limited but might be improved by other immu-

nomodulatory agents. The Phase 2 study of nivolumab in

patients with uterine leiomyosarcoma likewise demon-

strated the limited efficacy of nivolumab monotherapy;

no confirmed response was observed in the 12 patients

enrolled in this study.4 However, this study indicated that

the histopathological type might be a factor influencing the

efficacy of PD-1 blockade, and therefore it is necessary to

verify the efficacy of PD-1 blockade in different histo-

pathological subgroups.

Pembrolizumab, another anti-PD-1 humanized IgG4

MoAb, displays antitumor activity in many kinds of solid

tumors, including sarcomas.9,10,13–15 SARC028 is a multi-

center Phase 2 study designed to estimate the clinical

efficacy of pembrolizumab in patients with advanced sar-

comas. During the 80 patients eligible for efficacy evalua-

tion, 18% (7/40) of 40 patients with STS displayed an

objective response, including 4 of 10 patients with undif-

ferentiated pleomorphic sarcoma (UPS), 2 of 10 patients

with liposarcoma, and 1 of 10 patients with synovial

sarcoma. No patients with leiomyosarcoma had an objec-

tive response. Five percent (2/40) of patients with bone

sarcoma had an objective response, including 1 of 22

patients with osteosarcoma and 1 of 5 patients with chon-

drosarcoma; none of the 13 patients with Ewing’s sarcoma

had an objective response. The median PFS was 18 weeks

in patients with STS and 8 weeks in patients with bone

sarcomas, and severe adverse events occurred in 11% of

the patients.13 The results of SARC028 demonstrated pro-

mising activity in UPS, suggesting that patients with this

subtype of sarcoma might benefit more from pembrolizu-

mab. For patients with other subtypes of sarcomas, the

better choice might be PD-1 blockade-combined regimen.

PD-1 blockade in adjuvant or
neoadjuvant therapy for sarcoma
Localized sarcomas are primarily managed with surgical

resection. For patients with large and/or high-grade sarco-

mas, neoadjuvant and/or adjuvant therapies are often used

to improve local control rates. As the results of PD-1 block-

ade monotherapy for patients with metastatic sarcomas are

unsatisfactory, the combination of PD-1 blockade and other

treatment modes has been explored. Radiotherapy is an

effective local treatment and can upregulate PD-L1 expres-

sion in primary tumors.16–18 Patel et al, examined the

expression of PD-L1 in tumor tissue from 46 patients with

stage Ⅱ–Ⅲ STS before and after radiotherapy. No PD-L1

expression on tumor cells was observed in any patients

before radiotherapy; however, PD-L1 expression on tumor

cells was observed in five patients after radiotherapy.18

Moreover, the expression of PD-L1 on tumor-associated

macrophages (TAMs) is also increased after radiotherapy,

suggesting an increased risk of distant metastasis after
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surgery.18 This provides a rationale for perioperative PD-L1

blockade plus radiotherapy.

NCT03474094 is a multicenter, randomized Phase 2

study evaluating the sequence of radiotherapy and PD-L1

blockade in the perioperative period in patients with oper-

able localized STS. The patients enrolled in this study will

be allocated into three groups: the treatment sequence in

group A includes radiotherapy followed by atezolizumab

(an anti-PD-L1 antibody) therapy and operation; the treat-

ment sequence in group B includes atezolizumab therapy

followed by operation and radiotherapy; the treatment

sequence in group C includes operation followed by ate-

zolizumab therapy and radiotherapy. The primary endpoint

is the influence of atezolizumab with or without radio-

therapy on the pathological response in patients with

STS, and the study is anticipated to be completed in

2021. Furthermore, CT03338959 is a Phase 1/2 study

performed in patients with intermediate- or high-grade

STS. The patients enrolled in this study will receive pem-

brolizumab plus radiation followed by surgery. The pri-

mary endpoint of this study is pathological response.

Based on the results of SARC028, MD Anderson Cancer

Center sponsored a Phase 2 study (NCT03307616), which is

an investigational study to determine whether nivolumab

alone or in combination with ipilimumab before operation is

effective for patients with surgically resectable UPS and ded-

ifferentiated liposarcoma. Similar to NCT03307616,

NCT03116529 is a Phase 1/2 study conducted in patients

with high-risk STS and the purpose is to estimate the efficacy

of radiotherapy plus duvalumab and tremelimumab before

operation. The primary endpoints of NCT03116529 are safety

and pathological responses. In addition, NCT03463408 is an

early Phase 1 study in patients with resectable STS, the

patients will be allocated to either of the two arms: the patients

in arm 1 receive nivolumab and ipilimumab plus radiation

before surgery, whereas the patients in arm 2 receive surgery

without neoadjuvant or adjuvant therapy. The primary end-

point is safety. These clinical trials are currently recruiting

patients.

PD-1 blockade combined with other
agents for the treatment of sarcoma
It was reported that the expression of PD-L1 is high and

associated with poor prognosis in sarcoma patients.19–21

The expression of PD-L1 provides a potential therapeutic

target for anti-PD-1 treatment of sarcomas. However, the

expression of PD-L1 is dynamic and could be induced by

many factors in the tumor microenvironment.22–24 PD-1

blockade alone is not effective enough in unselected sar-

coma patients; thus, PD-1 blockade may be combined with

other therapeutic agents.4,12

PD-1 blockade combined with

radiotherapy
Preclinical animal studies have shown that immunological

checkpoint inhibitor therapy combined with fractionated

radiotherapy could induce the abscopal effect.25 Fractionated

radiotherapy could enhance T cell trafficking into locally

treated tumor sites and augment preexisting antitumor T cell

responses, with the capacity to mediate regression of out-of-

field tumor lesions when performed in combination with PD-1

blockade agents.26 PD-L1 expression in tumor tissue could be

upregulated after radiotherapy.16–18 In UPS of the extremity

and trunk (ET-UPS), infiltrating immune cells increase in the

tumor microenvironment, and PD-L1 expression on tumor

cells is upregulated after radiotherapy.18,27 This evidence pro-

vides a theoretical basis for PD-1 blockade plus radiotherapy.

A case report showed remarkable tumor regression after com-

bined nivolumab and radiation therapy in a patient with meta-

static mediastinal leiomyosarcoma.28 PD-1 blockade

combinedwith radiotherapy for localized sarcoma is discussed

above in the “PD-1 blockade in adjuvant or neoadjuvant

therapy for sarcoma” section. The NCT03548428 study was

initiated to evaluate the efficacy of atezolizumab plus stereo-

tactic body radiation therapy in sarcoma patients with oligo-

metastases; the primary endpoint of this study is the PFS rate

at 6 months. At present, the study has not begun to recruit

patients.

PD-1 blockade combined with

chemotherapy
Chemotherapy has immunomodulatory functions, which in

turn enhance antitumor effects by several mechanisms.

Firstly, cancer cell death caused by chemotherapy leads to

the release of tumor-specific antigens, which are taken up

by antigen-presenting cells. These cells present the antigens

to T cells to allow for priming and activating of T cells.29

Secondly, chemotherapy might play several immune-poten-

tiating roles including reduction of regulatory T cell (Treg)

activity, selective depletion of myeloid-derived suppressor

cells (MDSCs), induction of PD-L1 expression, and

maturation of antigen-presenting cells.30,31 These findings

form the rationale for the combination of PD-1 blockade

and chemotherapy, which has demonstrated synergistic
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effects on advanced non-small cell lung cancer and naso-

pharyngeal cancer.14,32 Moreover, both immunological

checkpoint inhibitors and metronomic chemotherapy have

the potentiation to activate immune cells, and a preclinical

study confirmed their synergy.33

NCT02406781 is a multicenter Phase 2 trial con-

ducted to estimate the efficacy of pembrolizumab plus

metronomic cyclophosphamide. Fifty-seven patients

with advanced sarcomas enrolled in this study, 50 of

which the efficacy could be evaluated. The four sub-

types of sarcomas included in this study were leiomyo-

sarcoma, UPS, other types of sarcoma, and

gastrointestinal stromal tumor (GIST). Partial remission

was achieved in three of the 50 patients. The PFS rates

at 6 months in the four subtype groups were 0%, 0%,

14.3%, and 11.1%, respectively. The researchers of this

study considered that the tumor microenvironment char-

acterized by infiltration of macrophages might restrict

the efficacy of treatment, based on analysis of biomarker

expression in the tumor tissue.34 Although the clinical

efficacy of this study was not remarkable, the analysis

of molecular biomarkers revealed that the infiltrating

macrophages expressing inhibitory enzyme indoleamine

2, 3-dioxygenase 1 (IDO1) may be related to poor

clinical efficacy; thus, combination therapy with IDO

inhibitors might improve the clinical efficacy.34

Clinical studies of PD-1 blockade combined with che-

motherapy for the treatment of sarcomas registered on

clinicaltrials.gov are listed in Table 1.

PD-1 blockade combined with targeted

agents
Angiogenesis plays a central role in tumor growth and

metastasis. Vascular endothelial growth factor (VEGF),

an endothelial cell-specific mitogen found both in normal

and tumor tissues, promotes new blood vessels formation

by regulating (or dysregulating) angiogenesis.35 VEGF

regulates the tumor microenvironment by several ways,

such as activation of the hypoxia-mediated signal path-

way; direct impairment of the antigen presentation

mechanism; and binding with VEGF receptor (VEGFR)

on MDSCs, Tregs, TAMs, and cytotoxic T lymphocytes,

all of which support the formation of the immunosup-

pressive tumor microenvironment.22,36 Blocking the

VEGF/VEGFR signaling pathway could interrupt neo-

vascularization and exert antitumor effects. The synergis-

tic effect of PD-1 blockade and anti-angiogenesis has

been demonstrated in lung cancer, hepatocellular carci-

noma, and renal cancer.15,37,38

Pazopanib is an oral multi-target tyrosine kinase inhi-

bitor targeting VEGFR1–3 and platelet-derived growth

factor receptor (PDGFR)1–3. In a retrospective study of

pazopanib combined with nivolumab in 14 patients with

advanced sarcomas, partial response was achieved in two

patients, stable disease was observed in five patients, and

seven patients were diagnosed with progressive disease.

Grade 3/4 adverse events occurred in five patients, includ-

ing one case of diarrhea, one case of pneumonitis, and

three cases of liver function tests. Nonetheless, this com-

bined regimen was tolerated well, with no treatment-

related death.7

Apatinib is an oral small-molecule VEGFR2 inhibi-

tor that has shown antitumor activity in many kinds of

tumors including gastric cancer, melanoma, lung cancer,

breast cancer, and STS.39–41 PD-1 blockade plus apati-

nib has demonstrated promising activity in hepatocellu-

lar carcinoma and gastric or esophagogastric junction

cancer.42 Two Phase 2 clinical studies to assess the

activity of PD-1 blockade plus apatinib in sarcomas

are underway. NCT03359018 is a trial designed to esti-

mate the efficacy of SHR-1210 (an anti-PD-1 antibody)

plus apatinib in 43 enrolled patients with advanced

osteosarcoma. The primary endpoint is PFS and overall

survival. The recruitment ended and results are pending.

NCT03711279 is a multicenter, randomized, open Phase

2 study that is designed to compare the clinical efficacy

of SHR-1210 plus apatinib with chemotherapy (doxor-

ubicin combined with ifosfamide or doxorubicin alone)

in advanced STS. This study is currently recruiting

patients.

Axitinib is an orally administered potent and selective

inhibitor of VEGFR1–3 that has been demonstrated to

have good clinical efficacy alone or in combination with

pembrolizumab in advanced renal cell cancer.15,43

NCT02636725 is an open-label Phase 2 study of pembro-

lizumab plus axitinib in patients with advanced alveolar

STS and other STS. The primary endpoint of this study is

the PFS rate at 3 months. The midterm results of this study

were reported at the 2018 American Society of Clinical

Oncology meeting. Thirty-three patients received at least

one dose of study drugs, with 30 patients eligible for

evaluation at the primary endpoint. The median PFS was

5.4 months, and the best objective response rate was

21.9%. In patients with alveolar soft part sarcoma, the

PFS rate at 3 months was 90.9%, and the best objective
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response rate was 45.5%. This combination treatment is

tolerated well with promising activity in alveolar STS.44

One study revealed the deletion mutation of a mismatch

repair (MMR) gene that might be one cause of the good

clinical efficacy of PD-1 blockade in alveolar soft part

sarcoma.45

Sunitinib is a highly potent selective inhibitor of

certain protein tyrosine kinases, including VEGFR1–3,

PDGFRα, and PDGFRβ. Clinical data demonstrated the

antitumor activity of sunitinib in renal cell cancer, hepa-

tocellular carcinoma, and GIST.46–48 NCT03277924 is a

Phase 1/2 study in which the antitumor activity of nivo-

lumab plus sunitinib in patients with advanced sarcomas

after the failure of first-line therapy will be estimated; the

primary endpoint of this study is the PFS rate at 6

months. Olaratumab is a recombinant human IgG1

MoAb that specifically binds with PDGFRα and

has demonstrated antitumor activity in STS.49

NCT03126591 is a Phase 1 study that aims to evaluate

the safety of olaratumab plus pembrolizumab in patients

with previously treated advanced STS. This study is now

recruiting participants.

PD-1 blockade combined with other

immunomodulatory agents
PD-1 blockade has shown substantial clinical antitumor

activity.7,32,37,38,42,45 As immunological checkpoints are

non-redundant and could inhibit T cell activation, prolifera-

tion, and effector function within lymph nodes and/or the

tumor microenvironment, PD-1 signal pathway blockade

combined with other immunomodulatory agents might pro-

duce greater antitumor activity than PD-1 blockade alone.50

PD-1 blockade combined with CTLA-4 blockade has shown

better clinical efficacy than when used alone in melanoma,

Table 1 Clinical studies registered on clinical trials of PD-1 blockade combined with chemotherapy in sarcomas

NCT no. Diseases Arms Line of

treatment

Treatment Study

phase

Primary endpoint Status

NCT02888665 Metastatic

sarcomas

One

arm

First line or

following

Pembrolizumab plus

doxorubicin

hydrochloride

Phase

1/2

Maximum tolerated dose

of doxorubicin, ORR

Recruiting

NCT03056001 Unresectable STS One

arm

First line and

following

Pembrolizumab plus

doxorubicin

Phase

2

Safety Recruiting

NCT03123276 LMS and UPS One

arm

After first

line

Pembrolizumab plus

gemcitabine

Phase

1/2

ORR Recruiting

NCT03512834 Inoperable

angiosarcoma

One

arm

First line Alvelumab plus paclitaxel Phase

2

ORR Recruiting

NCT03536780 Advanced LMS One

arm

Second line Alvelumab plus

gemcitabine

Phase

2

ORR Not

recruiting

NCT03608209 Recurrent,

resectable

osteosarcoma

Two

arms

Perioperation Arm 1: Nivolumab

Arm 2: Nivolumab

+azacitidine

Phase

1/2

RP2D, Rate of continued

CR

Not

recruiting

NCT03138161 Advanced STS One

arm

First line Nivolumab+ipilimumab+

trabectedin

Phase

1/2

MTD Recruiting

NCT03590210 Metstatic or

inoperable STS

Two

arms

After first

line

Arm 1: L-sarcoma

Arm 2: non-L-sarcoma

Phase

2

PFS at 6 months; safety Recruiting

NCT03085225 Advanced STS One

arm

After first

line

Durvalumab+ trbectedin Phase

1

MTD Recruiting

NCT03074318 Metastatic or

inoperable

L-sarcoma

One

arm

First line or

following

Avelumab+ trabectedin Phase

1/2

Safety Recruiting

Abbreviations: ORR, objective response rate; STS, soft tissue sarcomas; LMS, leiomyosarcoma; UPS, undifferentiated pleomorphic sarcoma; RP2D, recommended Phase 2

dose; CR, complete remission; MTD, maximum-tolerated dose; L-sarcoma, liposarcoma or leiomyosarcoma.
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lung cancer, renal cell cancer, and sarcoma.5,6,12,51 Clinical

studies of PD-1 blockade combined with other

immunomodulatory agents registered on the clinicaltrials.

gov are listed in Table 2.

Table 2 Clinical studies registered on clinical trials of PD-1 blockade combined with other immunomodulatory agents in sarcomas

NCT no. Diseases Arms Line of

treatment

Treatment Study

phase

Primary

endpoint

Status

NCT03116529 High-risk STS One

arm

Neoadjuvant Durvalumab+tremelimumab+

radiotherapy

Phase

1/2

Safety;

histopathologic

response

Recruiting

NCT02982486 Non-resectable

sarcoma

One

arm

After first

line

Nivolumab+ipilimumab Phase

2

ORR Not

recruiting

NCT03138161 Advanced STS One

arm

First line Nivolumab+ipilimumab+

trabectedin

Phase

1/2

MTD Recruiting

NCT02500797 Metastatic sarcoma Two

arms

After first

line

Arm1: nivolumab

Arm 2: nivolumab+ipilimumab

Phase

2

ORR Suspended

NCT02304458 Young patients with

advanced sarcoma

Two

arms

After first

line

Arm 1: nivolumab

Arm 2: nivolumab+ipilimumab

Phase

1/2

MTD of

nivolumab;

ORR

Recruiting

NCT02643303 Advanced cancers

including sarcoma

Three

arms

After first

line

Arm 1: durvalumab+IT/IM TLR3

agonist

Arm 2: durvalumab+

tremelimumab + IT/IM TLR3

agonist

Arm 3: durvalumab+IT

tremelimumab + IT/IM TLR3

agonist

Phase

1/2

R2PD; ORR; PFS;

OS

Recruiting

NCT03414229 Metastatic or locally

advanced sarcoma

One

arm

After first

line

Pembrolizumab+ epacadostat Phase

2

ORR Recruiting

NCT03219671 Classic Kaposi

sarcoma

One

arm

After first

line

Nivolumab+ ipilimumab Phase

2

ORR Not

recruiting

NCT03069378 Metastatic or locally

advanced sarcoma

One

arm

After first

line

Pembrolizumab+ T-VEC Phase

2

ORR Recruiting

NCT03697824 Relapsed and

refractory synovial

sarcoma

One

arm

After first

line

Pembrolizumab+ NY-ESO-1

specific TCR T cells

Phase

2

Safety Not

recruiting

NCT02609984 Sarcoma Two

arms

After first

line

Arm1: atezolizumab+ NY-ESO-

1 specific TCR T cells

Arm 2: atezolizumab

Phase

2

PFS, OS Not

recruiting

NCT03190174 Advanced sarcoma One

arm

After first

line

Nivolumab+ nab-rapamycin Phase

1/2

MTD Recruiting

NCT03454451 Advanced cancers

including sarcoma

Three

arms

2–5 line Arm 1: CPI-006

Arm 2: CPI-006+ CPI-444

Arm 3: CPI-006+

pembrolizumab

Phase

1

MTD, safety Recruiting

Abbreviations: STS, soft tissue sarcoma; ORR, objective response rate; MTD, maximum-tolerated dose; IT/IM, intratumor/intramuscular; TLR3, Toll-like receptor 3; R2PD,

recommended Phase 2 dose; PFS, progression-free survival; OS, overall survival; CPI-006, an antibody inhibiting enzymatic activity of CD73 and adenosine production; CPI-

444, a small-molecule targeting adenosine-A2A receptor.
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Factors influencing the efficacy of
PD-1 blockade in sarcoma
Tumor cells can utilize immunosuppressive factors in the

tumor microenvironment, including immune checkpoint

molecules, cytokines, and immunosuppressive cells, to

escape immune surveillance. The incidences of angiosar-

coma and Kaposi sarcoma are high in patients with human

immunodeficiency virus infection and those receiving trans-

plantation. Expression of tumor-associated antigens and the

initiation of the immune system are also observed in sarco-

mas. The response to PD-1 blockade depends on the interac-

tion between immune cells and tumor cells in the tumor

microenvironment. Currently, the detection of PD-L1 expres-

sion by immunohistochemistry is widely used in clinic to

predict the efficacy of PD-1 blockade.52 According to PD-L1

expression, the tumor microenvironment is categorized into

four distinct types: type I represents tumors without expres-

sion of PD-L1 on tumor cells and with tumor-infiltrating

lymphocytes (TILs) in the tumor tissue; type II represents

tumors with both PD-L1 expression on tumor cells and TILs

in the tumor tissue; type III represents tumors with TILs but

no expression of PD-L1 on tumor cells; type IV represents

tumors with PD-L1 expression on tumor cells and without

TILs in the tumor tissue.53 In STS, intratumor infiltration of

PD-1-positive lymphocytes and PD-L1 expression was

observed in 65% and 58% of the cases, respectively, and

multivariate analysis indicated that both PD-1 positivity and

PD-L1 positivity were independent prognostic indicators of

overall survival and event-free survival.23 Approximately

50% of the sarcomas, notably leiomyosarcomas, chondrosar-

comas, liposarcomas, and UPS, expressed PD-L1 based on

immunohistochemistry and presented PD-1+ TILs.54 These

results suggested that sarcomas may be an indication of PD-1

blockade therapy; however, PD-1 blockade alone did not

show promising efficacy clinically.4,12

The expression of PD-L1 is not limited to tumor cells;

PD-L1 expression is observed on TAMs, Tregs, and

MDSCs in the tumor microenvironment. Noguchi et al,

confirmed that PD-L1 expression on tumor cells plays an

important role in promoting tumor immune escape.24

Induction of PD-L1 on tumor cells was interferon

gamma-dependent and transient, whereas induction of

PD-L1 on TAMs was of greater magnitude, only partially

interferon gamma-dependent, and stable over time. PD-L1

expression on either tumor cells or host immune cells

could lead to tumor escape from the immune system,

indicating that total PD-L1 expression in the tumor

microenvironment may represent a more accurate biomar-

ker for predicting response to PD-1/PD-L1 blockade ther-

apy, compared with PD-L1 expression on tumor cells

alone.24

Tumor mutation burden (TMB) is an emerging biomar-

ker for PD-1 blockade therapy. High TMB predicts a better

response to PD-1 blockade55,56 and may induce the for-

mation of tumor-specific neoantigens, which could trigger

a more robust immune response driven by TILs.56 One

study reported a favorable response to pembrolizumab in

one patient with classic Kaposi sarcoma with high TMB.57

More studies on TMB and the efficacy of PD-1 blockade

in sarcomas are needed.

Microsatellite instability (MSI) is known as a condition

of genetic hypermutability resulting from impaired DNA

MMR. The presence of MSI indicates that the MMR

function is abnormal. High MSI and deletion mutation of

MMR genes are present in a subset of tumors and appear

to be biomarkers that predict response to PD-1 blockade

therapy.58 In pleomorphic rhabdomyosarcoma and alveolar

soft part sarcoma, patients with MSI-high tumors could

benefit from PD-1 blockade therapy.45,59 In addition, it

was reported that deletion mutation of MMR genes corre-

lates with PD-L1 overexpression.59

Conclusion
Sarcomas are uncommon tumors. Currently, no effective

systemic therapeutic modality for patients with advanced

sarcomas exists, and the prognosis remains very poor. The

advent of PD-1-blocking agents changed the treatment

modality for many types of solid tumors, in which they

show satisfactory efficacy. However, data corresponding to

sarcomas, especially from randomized clinical studies of

PD-1 blockade, are rare, and no results of randomized

Phase 3 studies of PD-1 blockade in sarcomas are avail-

able. Sarcomas represent a large group of heterogeneous

diseases including more than 50 subtypes, and the tumor

microenvironment is highly complicated. PD-1 blockade

monotherapy cannot achieve satisfactory efficacy accord-

ing to the available data. As research on the sarcomas

microenvironment proceeds, it may be possible to identify

patients who are sensitive to PD-1 blockade by examina-

tion of PD-L1 expression, TMB, and MSI. For unselected

sarcoma patients, PD-1 blockade combined with other

types of treatment, such as localized radiation, tumor

injection with cytokines or oncolytic viruses, and treat-

ment with other types of immunomodulatory agents, may

provide better results.
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