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ABSTRACT
◥

Purpose: We recently reported a 17.5% objective RECIST 1.1

response rate in a phase II study of pembrolizumab in patients with

advanced sarcoma (SARC028). The majority of responses occurred

in undifferentiated pleomorphic sarcoma (UPS) and dedifferen-

tiated liposarcoma (DDLPS). We sought to determine whether we

can identify immune features that correlate with clinical outcomes

from tumor tissues obtained pre- and on-treatment.

Patients and Methods: Pretreatment (n ¼ 78) and 8-week on-

treatment (n ¼ 68) tumor biopsies were stained for PD-L1 and

multiplex immunofluorescence panels. The density of positive cells

was quantified to determine associations with anti–PD-1 response.

Results: Patients that responded to pembrolizumab were more

likely tohavehigherdensities of activatedTcells (CD8þCD3þPD-1þ)

and increased percentage of tumor-associated macrophages (TAM)

expressing PD-L1 pre-treatment compared with non-responders.

Pre-treatment tumors from responders also exhibited higher densities

of effector memory cytotoxic T cells and regulatory T cells compared

with non-responders. In addition, higher density of cytotoxic tumor-

infiltrating T cells at baseline correlated with a better progression-free

survival (PFS).

Conclusions: We show that quantitative assessments of CD8þ

CD3þ PD-1þ T cells, percentage of TAMs expressing PD-L1, and

other T-cell densities correlate with sarcoma response to pembroli-

zumab and improved PFS. Our findings support that multiple cell

types present at the start of treatment may enhance tumor regression

following anti–PD-1 therapy in specific advanced sarcomas. Efforts to

confirm the activity of pembrolizumab in an expansion cohort of

patients with UPS/DDLPS are underway.

Introduction
Sarcomas are a heterogeneous and rare group of malignancies,

constituting approximately 1% of all adult cancers (1). With over 50

recognized histologic subtypes, sarcomas are broadly classified into

soft tissue sarcomas (STS) and bone sarcomas. Although primary

treatment for localized sarcomas is surgical resection and may also

include systemic and radiotherapies, approximately 50% of patients

with large, high-grade sarcomas will develop distant metastases (2).

Systemic therapy remains the standard for metastatic sarcoma (doxo-

rubicin, ifosfamide, dacarbazine, gemcitabine/docetaxel, trabectidin,

erurubin, pazopanib); however, fewer than 20% of patients achieve

objective responses and chemotherapy options are associated with

substantial toxicities and limited durability. Median progression-free

survival (PFS) with chemotherapy regimens is approximately

5 months (3) and median overall survival (OS) for patients with

metastatic sarcoma is less than 2 years (4, 5).

There is a clear need for novel therapies for patients with metastatic

sarcoma. The burgeoning field of immuno-oncology has led to

improvement in patient outcomes across a wide range of cancer types,

with FDA approvals in melanoma, Merkel cell carcinoma, urologic

malignancies, and non–small cell lung cancer, among others, in both

the metastatic and adjuvant settings (5–7). The success of immune

checkpoint inhibitors has led to considerable interest in evaluating

immunotherapy for sarcomas (3, 7–15).

The multicenter phase 2 trial SARC028 (NCT02301039) is one of

the first clinical trials of immunotherapy with checkpoint inhibitors in

patients with advanced STS and bone sarcomas (8). This investigator-

initiated, open-label phase 2 trial of pembrolizumab (anti–PD-1)

monotherapy in patients with advanced STS or bone sarcoma was
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completed at 12 academic medical centers in the United States.

Although sarcomas are generally considered to be poorly-

immunogenic tumors and are typically characterized by low muta-

tional burden (16), patients with advanced sarcomas participating in

SARC028 demonstrated highly variable and histologic subtype-

dependent response rates to pembrolizumab.

A hallmark of this study was the rigorous translational approach in

terms of required longitudinal blood and tumor sampling to better

understand biomarkers predictive of clinical response. Here, we report

tumor immunohistochemical and immunofluorescence characteriza-

tion of the tumor immune microenvironment. Through this work, we

sought to (i) characterize the tumor-associated immune response in

patients with advanced STS and bone sarcoma at baseline, (ii) elucidate

changes induced upon treatment with pembrolizumab, and (iii)

identify predictors of response or resistance to immune checkpoint

therapy.

Patients and Methods
Study design and participants

Patients with STS age 18 years or older and bone sarcoma age

12 years or older with histological evidence of metastatic or surgically

unresectable locally advanced sarcoma were eligible. Patients had one

of several histological subtypes: leiomyosarcoma, poorly differentiated

or dedifferentiated liposarcoma (DDLPS), undifferentiated pleomor-

phic sarcoma (UPS), synovial sarcoma, Ewing's sarcoma, osteosarco-

ma, and dedifferentiated or mesenchymal chondrosarcoma. Eligible

patients also had measurable disease by CT or MRI according to

Response Evaluation Criteria In Solid Tumors (RECIST) version 1.1

and at least one site of disease that was safely accessible for core needle

biopsies before and during treatment. The protocol was approved by

the institutional review boards at each site. All participants gave

written informed consent on the basis of the Declaration of Helsinki

principles.

Procedures

Patients received 200-mg pembrolizumab every 3 weeks until

disease progression or unacceptable toxicity. Disease was assessed

using CT or MRI at baseline, after 8 weeks on therapy, and then every

12 weeks until disease progression. Response was determined using

RECIST 1.1. Tumor biopsies before and during treatment were

required and obtained before the first-drug administration and after

8 weeks of therapy. Some patients had multiple biopsies available for

analysis for a given time-point.

Immunohistochemistry PD-L1 staining

Hematoxylin and eosin slides from all formalin-fixed paraffin-

embedded (FFPE) tissue specimens were reviewed by specialized

sarcoma pathology experts (E.R. Parra, R. Salazar, J. Rodrigues-

Canales, and A.J. Lazar) to identify the presence of malignant cells

and to select the best representative tumor block from each patient. For

immunohistochemistry (IHC) staining, 4-mm-thick sections were cut

and stainingwas done using an automated staining system (Leica Bond

Max, Leica Biosystems,NusslochGmbH)with antibody against PD-L1

using clone 22C3, (dilution 1:50; DAKO, Cat# M365329-2) with

previously optimized IHC conditions and performed according to

standard automated protocols (17). The antibody was detected with

the Leica Bond Polymer Refine detection kit (Leica Biosystems, cat#

DS9800), including diaminobenzidine reaction to detect the antibody

labeling and hematoxylin counterstaining. Human tonsil FFPE tissues

were also used with and without primary antibodies as positive and

negative controls, respectively.

Scoring of IHC PD-L1 expression in malignant cells was performed

by two pathologists (R. Salazar and E.R. Parra) under lightmicroscopy,

considering a partial or complete membranous staining at any inten-

sity equal to or greater than 1% of tumor cells expressing antigen as the

criteria for positive cases. Cases without agreement were resolved by

consensus discussion with a third pathologist (A.J. Lazar or W.L.

Wang).

Multiplex immunofluorescence

Multiplex immunofluorescence (mIF) was performed as previously

described (18). Manual mIF staining was performed in 4-mm sequen-

tial histologic tumor sections obtained from representative FFPE

tumor blocks by using the Opal 7-Color fIHC Kit (PerkinElmer). The

stained slides were scanned by a Vectra multispectral microscope

(PerkinElmer). The immunofluorescence (IF) markers used were

grouped into two 5-antibody panels (Table 1). Panel 1 consisted of

PD-L1 (clone E1L3N, dilution 1:100; Cell Signaling Technology), CD3

(T-cell lymphocytes; dilution 1:100; Dako), CD8 (cytotoxic T cells;

clone C8/144B, dilution 1:20; Thermo Fisher Scientific), PD-1 (clone

EPR4877-2, dilution 1:250; Abcam), and CD68 (macrophages; clone

PG-M1, dilution 1:450; Dako). Panel 2 consisted of CD3 (T-cell

lymphocytes; dilution 1:100; Dako), CD8 (cytotoxic T cells; clone

C8/144B, dilution 1:20; Thermo Fisher Scientific), granzyme B (cyto-

toxic lymphocytes; clone F1, ready to use; Leica Biosystems), FOXP3

(regulatory T cells; clone 206D, dilution 1:50; BioLegend), and

CD45RO (memory T cells; clone UCHL1, ready to use; Leica

Biosystems).

Visualization of primary antibody was accomplished by using

tyramide signal amplification linked to a specific fluorochrome from

the Opal 7-Color fIHC Kit for each primary antibody using our

standard protocol as previously described. Human tonsil FFPE tissues

were also used with and without primary antibodies as positive and

negative (autofluorescence) controls, respectively. ThemIF slides were

scanned using a multispectral microscope (Vectra 3.0, PerkinElmer)

under fluorescent illumination. From each slide, Vectra automatically

captured the fluorescent spectra from 420 nm to 720 nm at 20-nm

intervals with the same exposure time and then combined the captured

Translational Relevance

SARC028 is one of the first clinical trials of immune checkpoint

blockade (ICB) in soft tissue and bone sarcomas and in which

17.5% of patients with advanced sarcoma receiving pembrolizu-

mab monotherapy demonstrated objective RECIST response. We

performed the first study to comprehensively characterize the

tumor-associated immune infiltrate in advanced sarcoma using

multiplex immunofluorescence (mIF) to elucidate changes

induced upon treatment with pembrolizumab, and identify pre-

dictors of response or resistance to ICB. Our findings suggest that

multiple cell types present at the start of treatment may correlate

with sarcoma response to pembrolizumab and improved out-

comes. Efforts to confirm the activity of pembrolizumab and these

correlative findings in an expansion cohort of patients are under-

way. Development and validation of a mIF-based signature will

afford a valuable clinical decision-making tool to predict response

to immunotherapy, advance patient care and improve outcomes in

this highly heterogeneous and poorly understood group of

malignancies.

Sarcoma-Associated Immune Infiltrate and Anti-PD1 Therapy
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images to create a single stack image that retained the particular

spectral signature of all IF markers. After the specimens were scanned

at low magnification (�10), the entire tissue were sampled with

individual fields (334 � 250 mm each) with a phenochart 1.0.4

(PerkinElmer) viewer so that they could be scanned at high resolution

(�40).

Each mIF image was analyzed using the InForm software (InForm,

PerkinElmer). The spectral signature for each fluorophore used was

obtained using the spectral library according the uniplex IF staining

plus the autofluorescence spectral backgroundwhich can be subtracted

from the analysis. These spectral signatures were then used to separate

the different targets in the mIF images. A trained pathologist used this

information to modify the InForm algorithm to identify different co-

localization of the various cell populations using panels 1 and 2

labeling. Every cell phenotype was evaluated as cell density and the

data were consolidated using SpotFire (PerkinElmer) and Excel 2013.

Statistical analysis

Descriptive statistics, such as mean, standard deviation, and medi-

an, were used to summarize the data. For cases with multiple biopsies

evaluable at a given time-point, scores were averaged across evaluable

biopsies. Differences in tumor-associated immune cell populations

between baseline and on-treatment samples and between samples

acquired from responder and nonresponder patients were compared

using independent-samples median and Kruskal–Wallis tests using

SPSS Statistics 24 (IBM SPSS) and SAS 9.4. Survival analyses were

performed by the Kaplan–Meier method. For all analyses, P < 0.05 was

considered significant. Plots were generated using GraphPad Prism

version 7 and SAS 9.4.

Results
Eighty-six patients were enrolled to SARC028 between March 13,

2015 and February 18, 2016 of whom 84 received pembrolizumab (42

in each of the STS and bone sarcoma cohorts) and 80were evaluable for

response (40 in each disease cohort; Supplementary Table S1; ref. 8).

Overall, 7 (18%) of 40 patients with STS had an objective response with

the best response seen in patients with UPS (40%, 4 of 10) and DDLPS

(20%, 2 of 10).

Tumor biopsies were safely obtained from 78 (93%) of 84 patients

before treatment and from 68 (81%) of 84 patients during treatment.

Some patients hadmultiple biopsies available from a given time-point;

however, not all specimens were evaluable due to low or no viable

tumor content. Only biopsies that passed quality control (QC) and that

were acquired from patients evaluable for response (n ¼ 80) were

included in this study for evaluation by IHC and mIF. In total, 66

tumor biopsies were obtained before first dose treatment, passed QC

and were acquired from patients evaluable for response (Supplemen-

tary Table S2). Seventy-one tumor biopsies were obtained after 8weeks

on therapy, passed quality control and were acquired from patients

evaluable for response.

PD-L1 expression by tumor cells

We first examined whether response to anti-PD1 therapy was

associated with PD-L1 expression in the tumor microenvironment.

As previously reported, few STS and bone sarcomas expressed PD-L1

at baseline in this cohort (8). PD-L1 expression was observed in only 2

(5%) of 40 tumors with evaluable biopsies (Fig. 1A). Although both

tumors expressing PD-L1 were UPS and responded to therapy,

response to pembrolizumab was also seen in 5 patients with STS (2

UPS, 2 DDLPS, 1 SS) in the absence of tumor PD-L1 expression at

baseline (Fig. 1B).

Baseline density of tumor-associated immune cells

Patients who had an objective response to pembrolizumab by

RECIST 1.1 had a significantly higher average percentage of tumor

cells and tumor-associated macrophages (TAM) expressing PD-L1 at

baseline compared with non-responders (Table 2, Fig. 1C and D,

Supplementary Fig. S1A–S1B). Responders also had greater density of

nearly all tumor-associated immune cell phenotypes examined

(Table 2; Fig. 2; Supplementary Fig. S1C–S1I). These results were

also consistent when analyses were performed focusing on STS

histologies only (Supplementary Table S3) or on the UPS/DDLPS

cases alone (Supplementary Table S4).

Sarcoma-associated effector memory cytotoxic T cells and

regulatory T cells increase upon anti-PD1 treatment whereas

other tumor-associated immune cell populations remain largely

unchanged

As anti–PD-1 generally targets tumor-resident T cells (19), we next

examined whether anti-PD1 therapy was associated with changes in

the tumor-associated immune infiltrate by comparing biopsies

obtained before initiation of treatment and those early on-

treatment (after 8 weeks of therapy, Table 3). Across all histologies,

we found largely stable densities of most tumor-associated immune

cell phenotypes comparing baseline and early on-treatment biopsies.

However, both effector memory cytotoxic T cells (CD3þ CD8þ

CD45ROþ) and regulatory T cells [(CD3þ FOXP3þ)� (CD3þ CD8þ

Table 1. Definitions of immune cell phenotypes.

Immune cell type Immune cell phenotype

Panel 1

T lymphocytes (CD3þ CD8þ) þ (CD3þ PD-1þ) þ (CD3þ CD8þ PD-1þ) þ (CD3þ)

Cytotoxic T cells (CD3þ CD8þ) þ (CD3þ CD8þ PD-1þ)

T cells antigen-experienced (CD3þ PD-1þ) þ (CD3þ CD8þ PD-1þ)

Cytotoxic T cells antigen experienced CD3þ CD8þ PD-1þ

Macrophages (CD68þ PD-L1�) þ (CD68þ PD-L1þ)

Panel 2

T lymphocytes (CD3þ CD8) þ (CD3þ CD8þ GranzymeBþ) þ (CD3þ CD8þ CD45ROþ) þ (CD3þ FOXP3þ) þ

(CD3þ CD8þ FOXP3þ) þ (CD3þ)

Cytotoxic T cells activated CD3þ CD8þ GranzymeBþ

Effector memory cytotoxic T cells CD3þ CD8þ CD45ROþ

Regulatory T cells (CD3þ FOXP3þ) � (CD3þ CD8þ FOXP3þ)

Keung et al.
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FOXP3þ)] increased in frequency upon PD-1 blockade when exam-

ined as a percentage of all tumor-associated T lymphocytes (median

on-treatment vs. baseline percentage effectormemory cytotoxic T cells

21.5% vs. 7.9%, P ¼ 0.054; median on-treatment vs. baseline %

regulatory T cells 8.3% vs. 3.7%, P ¼ 0.022). These trends were

consistent in analyses limited to either STS histologies (Supplementary

Table S5) or bone histologies (Supplementary Table S6). Interestingly,

however, within the UPS and DDLPS subtypes, effector memory

cytotoxic T-cell and regulatory T-cell populations made up a large

proportion of T lymphocytes at baseline while their proportion did not

PDL1 = 50% PDL1 = 0%
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Figure 1.

Responders to pembrolizumab included patients with tumors (A) with PD-L1 expression and (B) without PD-L1 expression at baseline. Response to anti-PD1 therapy

is associated with higher levels of PD-L1 expression by (C) tumor cells (�) and (D) tumor-infiltrating macrophages (��) at baseline among patients with UPS and

DDLPS (left A and B: HþE; right A and B: tumor PD-L1 expression). Baseline tumor samples available for immune profiling by IHC were obtained before anti-PD1

treatment (8 responder and 58 non-responder patients). Error bars represent SEM. � , P � 0.05; �� , P � 0.01.

Table 2. Comparison of tumor PD-L1 expression and tumor-associated immune infiltrate between baseline tumor biopsies from

responders and nonresponders (all histologies).

Responders (n ¼ 8) Nonresponders (n ¼ 58)

Immune cell phenotype Mean Median Range Mean Median Range P
b

P
c

Tumor cells expressing PD-L1 (%) 21.7 0 0–80.0 0 0 0–0 <0.001 <0.001

Panel 1

T lymphocytesa 1254.3 668.3 104.6–2671.1 71.8 38.0 0–563.0 0.031 0.001

Cytotoxic T cellsa 443.7 301.7 0–1293.6 23.3 10.6 0–131.2 0.195 0.012

T cells antigen-experienceda 216.6 87.0 32.8–680.0 13.4 0 0–123.0 0.065 0.002

Cytotoxic T cells antigen-experienceda 141.3 54.5 0–526.8 6.8 0 0–61.7 0.212 0.012

Macrophagesa 480.3 337.5 171.5–1035.1 250.8 166.8 12.0–2145.2 0.195 0.030

Macrophages PD-L1þ (%) 30.6 44.8 6.9–46.7 0.9 0 0–37.2 <0.001 <0.001

Panel 2

T lymphocytesa 434.5 218.9 34.4–1228.0 740 35.5 0.2–671.9 0.355 0.023

Cytotoxic T cells activateda 365.4 46.3 0–1999.6 139.5 5.3 0–6215.5 0.226 0.095

Effector memory cytotoxic T cellsa 184.2 120.1 0–464.1 14.7 2.0 0–298.5 0.226 0.006

Regulatory T cellsa 121.1 40.8 0–546.4 3.8 0.6 0–36.6 0.226 0.004

Cytotoxic T cells/regulatory T cells 0.8 0.7 0–1.9 27.9 2.6 0–888.8 0.064 0.253

Cytotoxic T cells activated (%) 8.6 10.2 0–16.0 21.3 19.3 0–79.1 0.372 0.250

Effector memory cytotoxic T cells (%) 31.2 25.5 0–67.1 15.0 7.4 0–75.2 0.034 0.029

Regulatory T cells (%) 9.9 8.4 0–20.2 7.5 2.1 0–100.1 0.034 0.063

Note: Responders, complete response þ partial response; Nonresponders, stable disease þ progressive disease. Numbers in bold indicate P � 0.05.
aNumber/mm2.
bIndependent samples, median test.
cIndependent samples, Kruskal–Wallis test.

Sarcoma-Associated Immune Infiltrate and Anti-PD1 Therapy
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Figure 2.

Response to anti-PD1 therapy is associated with higher density of sarcoma-associated immune infiltrates at baseline among patients with UPS and DDLPS. Tumor

biopsies obtained frompatientswho responded to pembrolizumab therapy had higher baseline density (cell count/mm2) of tumor infiltrating (A) T lymphocytes (��),

(B) cytotoxic T lymphocytes (n.s.), (C) antigen experienced T lymphocytes (��), (D) antigen-experienced cytotoxic T lymphocytes (n.s.), (E) activated cytotoxic T

lymphocytes (n.s.), (F) effectormemory cytotoxic T lymphocytes (�), and (G) regulatory T lymphocytes (�). Baseline tumor samples available for immuneprofiling by

IHC were obtained before anti-PD1 treatment (8 responder and 58 non-responder patients). Error bars represent SEM. � , P � 0.05; �� , P� 0.01; n.s., not significant.
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increase after 8 weeks of pembrolizumab treatment (Supplementary

Table S7).

Tumor-associated immune infiltrate may be predictive of

patient response to anti–PD-1 therapy and prognostic of

survival

Finally, we sought to determine whether features of the tumor-

associated immune infiltrate either at baseline or early on-treatment

was prognostic of patient outcomes. We investigated whether there

was an association between tumor-associated immune infiltrate either

at baseline or early on-treatment (after 8 weeks pembrolizumab

therapy) and either PFS or OS by the Kaplan–Meier method. We

found that patients whose T-cell infiltrate contained a greater per-

centage of regulatory T cells at baseline had longer median PFS

compared with those whose T-cell infiltrate contained a lower pro-

portion of regulatory T cells at baseline (40 vs. 8 weeks, P ¼

0.044; Fig. 3A). In addition, patients with higher density of cytotoxic

T-cell infiltrate at baseline had longer median PFS compared with

those with lower density of cytotoxic T-cell infiltrate at baseline (40 vs.

8 weeks, P ¼ 0.016; Fig. 3B).

Discussion
Among participants of the SARC028 study, pembrolizumab dem-

onstrated encouraging activity in patients with specific subtypes of

advanced STS. The greatest response to anti-PD1 therapy was

observed in patients with UPS and DDLPS, with 40% and 20% of

patients achieving objective response, respectively (8). We examined

the tumor immune microenvironment to identify baseline features

associated with response to pembrolizumab in patients with advanced

STS and bone sarcomas and observed a correlation between higher

PD-L1 expression at baseline by TAMs and higher baseline density of

Table 3. Comparisonof tumorPD-L1 expression and tumor immune infiltrate betweenbaseline biopsies andat 8weekson treatment (all

histologies).

Pre-treatment 8 weeks on-treatment

Immune cell phenotype Mean Median Range Mean Median Range P
b

P
c

Tumor cells expressing PD-L1 (%) 3.2 0 0–90.0 0.6 0 0–15.0 0.278 0.192

Panel 1

T lymphocytesa 180.5 47.9 0–2671.1 123.1 56.9 0–854 0.857 0.539

Cytotoxic T cellsa 60.4 16.0 0–1293.6 40.7 20.9 0–289.8 0.857 0.436

T cells antigen-experienceda 31.3 0.9 0–680 12.9 0 0–499 0.207 0.021

Cytotoxic T cells antigen-experienceda 18.7 0 0–526.8 4.9 0 1–110.7 0.583 0.119

Macrophagesa 279.8 193.7 12–2145.2 224.8 74.9 0–2544.7 0.007 0.002

Macrophages PD-L1þ (%) 4.7 0 0–80.8 2.5 0 0–26.8 0.042 0.071

Panel 2

T lymphocytesa 102.0 36.3 0.2–1228.0 120.3 53.1 3.6–2202.2 0.472 0.201

Cytotoxic T cells activateda 152.9 6.5 0–6215.5 15.3 8.0 0–96.7 0.929 0.765

Effector memory cytotoxic T cellsa 31.5 3.3 0–464.1 27.8 9.2 0–161.3 0.003 0.011

Regulatory T cellsa 15.5 0.7 0–546.4 9.8 5.8 0–95.7 0.008 0.022

Cytotoxic T cells/regulatory T cells 24.0 2.1 0–888.8 10.9 1.9 0–193.3 0.928 0.619

Cytotoxic T cells activated (%) 20.5 15.8 0–79.1 22.7 16.9 0–83.8 0.928 0.567

Effector memory cytotoxic T cells (%) 17.9 7.9 0–75.2 22.9 21.5 0–62.1 0.054 0.018

Regulatory T cells (%) 7.9 3.7 0–100.1 12.6 8.3 0–53.8 0.022 0.007

Note: numbers in bold indicate P � 0.05.
aNumber/mm2.
bIndependent samples, median test.
cIndependent samples, Kruskal–Wallis test.

Figure 3.

Association between sarcoma-associated immune infiltrate and survival. Higher baseline (A) percentage of regulatory T cells and (B) cytotoxic T cells are associated

with longer progression-free survival.
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tumor-associated T-cell infiltrates with improved clinical outcomes

(objective response rate, PFS). In addition, although few sarcomas in

this study expressed PD-L1 (2/40), those that did were tumors which

responded to pembrolizumab.

Interestingly, the objective response rate to pembrolizumabobserved

in SARC028 remains the highest among studies evaluating immune

checkpoint therapy insimilarpatientcohorts reportedtodate (3,13–15).

Single institution studies of single-agent anti-PD1 therapy have

reported a variable mixed response to therapy. In 2016 for instance,

two studies evaluated single-agent nivolumab (anti–PD-1) in advanced

sarcomas. Ben-Ami and colleagues (13) reportedno objective responses

to therapy among 12 patients with advanced uterine leiomyosarcoma,

whereas in a study of 28 patients with advanced STS and bone sarcomas

Paoluzzi and colleagues (14) observed a partial response in 3 and stable

disease in 9 patients, respectively. Subsequent to SARC028, 2 multi-

center center phase 2 studies of anti-PD1 therapy in combinationwith a

second agent were reported (3, 15). Toulmonde and colleagues (15)

performed a multicenter, phase 2 study to evaluate the efficacy and

safety of pembrolizumab in combination with metronomic cyclophos-

phamide in patients with advanced STS but observed limited activity (1

partial response in a patient with solitary fibrous tumor). D’Angelo and

colleagues (3) reported results of a multicenter, open-label, non-com-

parative, randomized, phase 2 study (Alliance A091401) that evaluated

the activity and safety of nivolumab alone or in combination with

ipilimumab (anti–CTLA-4) in patients with locally advanced, unre-

sectable, or metastatic STS and bone sarcoma. Interestingly, to the

SARC028 cohort, single-agent nivolumab in the Alliance study was

associated with only a 5% objective response rate (2 of 38 patients).

Although a higher response rate was seen among patients who received

combination nivolumab (3 mg/kg) and ipilimumab (1 mg/kg) versus

nivolumab alone (16% vs. 5%), there was also a higher rate of serious

treatment-related adverse events (26% vs. 19%).

Although sarcomas are generally not considered to be highly

immunogenic tumors and typically have low mutational burden (but

are often characterized by prominent copy-number variations and

chromosomal rearrangements; refs. 16, 20), the promising clinical

results of SARC028 and other studies have led to a burgeoning field of

investigation into sarcoma immune-oncology (4). A limited number of

studies have now begun to examine the baseline sarcoma immune

microenvironment to characterize these tumors at baseline (21–30).

Such studies have, to date, been largely retrospective with some studies

reporting worse patient outcomes associated with tumor PD-L1

expression (21, 26), others reporting better patient outcomes associ-

ated tumor PD-L1 expression (24), and yet other studies reporting no

association between patient survival and tumorPD-L1 expression (25).

In 2017, Pollack and colleagues (23) reported their results of a study of

sarcoma FFPE samples from 81 patients with metastatic sarcoma

across multiple histologies in which they examined gene expression,

PD-1 and PDL-1 expression by IHC, and T-cell receptor Vb gene

sequencing. They observed that UPS tumors had higher levels of

PD-L1 and PD-1 expression on IHC as well as the highest T-cell

infiltration based on T-cell receptor sequencing. These results suggest

and support the observation in SARC028 that UPS may be associated

with immunologic features that are more responsive to treatment with

immune checkpoint inhibitors.

Currently, the heterogeneous objective response to immune check-

point therapy seen across these studies and across histologies is poorly

understood. As described above, published and ongoing studies have

largely focused on describing the sarcoma-associated immune micro-

environment at baseline and significant work remains to be done

toward enhancing our understanding of the biology underlying the

heterogeneous response to immune checkpoint blockade (ICB)

observed across sarcoma histologies and between patients with the

same histology. Empirically some histologic subtypes such as UPS,

alveolar soft part sarcoma, and angiosarcoma of the scalp appear to

have particular sensitivity to immunotherapy and there is a limited but

important body of published literature examining the tumor immune

infiltrates in patients with these histologies who have responded to

immunotherapy (31, 32). Interestingly, in the current study, patients

who achieved an objective response to pembrolizumab had a higher

density of tumor-associated immune infiltrates at baseline, including

most subtypes of T lymphocytes examined. Responders exhibited

increased tumor-infiltrating Tregs [(CD3þ FOXP3þ) – (CD3þ CD8þ

FOXP3þ)] compared with nonresponders, both with respect to abso-

lute density of Tregs and Tregs as a percentage of tumor-infiltrating T

cells. Although a high density of tumor-infiltrating FOXP3þ Tregs

have been associated with poor outcomes in various solid tumors,

others have reported the converse (33, 34). Responders also exhibited

higher tumor-associated numbers of macrophages (CD68þ) and, in

particular, PD-L1–expressing macrophages compared with nonre-

sponders. Macrophages are known to be quite plastic and able to

acquire distinct functional phenotypes depending on environmental

cues. The mechanistic role of the TAMs across tumor types is

incompletely understood and it is important to note that although

CD68was used as amarker formacrophages in this study, this does not

distinguish between M1 and M2 phenotypes, typically and often too

simplistically considered to be “anti-tumoral” and “pro-tumoral,”

respectively (35, 36). In addition, whether TAMs are truly synonymous

with M1 and M2 macrophages remains unclear.

These data suggest that a subpopulation of patients with soft tissue

sarcoma may derive significant benefit from immunotherapy, although

greater work is required to predict which patients should be selected for

future immunotherapy trials. To date, various assays have been used

across tumor types to assess pretreatment tumor tissue. These include

IHC and associated scoring systems such as combined positive

score (37), multiplex IHC/IF, tumor mutational burden, and gene

expression profiling, including Nanostring signatures (38, 39). The

predictive performance of each of these modalities to predict response

to immunotherapy is yet to be established and will also depend on

specific tumor type/histology. As the sarcoma community gains

increased experience treating patients with immunotherapies, future

work should include development and validation of an IHC-based

signature that, alone or in combination with other tumor analytic

approaches, can reliably predict tumor response to immunotherapy

and impact patient outcomes as a valuable clinical decision-making tool

in this highly heterogeneous but individually rare groupofmalignancies.

There is also growing interest in identifying novel treatment

approaches and rational combination therapies that might enhance

sarcoma immunogenicity and augment response to immunotherapies.

For instance, there are numerous ongoing preclinical studies and active

clinical trials to evaluate combining radiotherapy with ICB (7). The

abscopal effect, in which local irradiation results in a systemic immune

response leading to regression of distant tumors outside the radiation

field, has been reported in preclinical studies and uncommonly in

clinical practice, and provides rationale for combining radiotherapy

and immune checkpoint therapy (40–42). There has also been recent

work describing increased tumor-associated immune cell infiltrate

following radiation treatment of STS (22, 41).

Limitations of this study include our small sample size and the small

quantities of evaluable tumor specimens given thatmost of the samples

were core needle biopsies from metastatic lesions, despite protocol-

mandated tumor biopsies. Difficulties in the analysis included the

Keung et al.

Clin Cancer Res; 26(6) March 15, 2020 CLINICAL CANCER RESEARCH1264

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://a

a
c
rjo

u
rn

a
ls

.o
rg

/c
lin

c
a
n
c
e
rre

s
/a

rtic
le

-p
d
f/2

6
/6

/1
2
5
8
/2

0
6
7
0
5
1
/1

2
5
8
.p

d
f b

y
 g

u
e
s
t o

n
 2

7
 A

u
g
u

s
t 2

0
2
2



presence of extensive necrotic tumor tissue in both the baseline and on-

treatment tumor specimens. Five patients who responded to pem-

brolizumab did not have matched tumor biopsies (baseline, on-

treatment) available for analysis, limiting our ability to observe

changes in the sarcoma immune microenvironment in response to

pembrolizumab that may have correlated with tumor response.

The introduction of immunotherapy has led to a revolution in the

multimodality treatment of advanced, unresectable, and metastatic

malignancies across cancer types. There is now considerable interest in

evaluating ICB for patients with STS and bone sarcomas. Although the

40% and 20% objective response rates to pembrolizumab in patients

with advanced UPS and DDLPS, respectively, observed in the

SARC028 multicenter phase II clinical trial are encouraging, our

ability to anticipate and select patients who will benefit from ICB and

who may also develop immune-related adverse events remains poor.

Our study suggests that there are features of the sarcoma-associated

immune microenvironment that may correlate with response to

immune checkpoint therapy and that these may include greater TAM

and tumor PD-L1 expression and greater density of tumor immune

cell infiltrates at baseline. Future work to confirm the activity of

pembrolizumab in the expansion cohort of patients with UPS and

DDLPS is ongoing.
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