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Abstract
Despite advances in our understanding of the underlying molecular drivers of sarcomas, few treatments are available with
proven benefit for advanced metastatic sarcomas. Immunotherapy has value in this setting for some types of cancers, but
sarcomas, with their multiplicity of rare types, have not been characterized in detail for their expression of targetable immune
biomarkers. This study provides the most systematic evaluation to date of tumor-infiltrating lymphocytes and immune
checkpoint biomarker expression in sarcomas. We examined by morphology and immunohistochemistry 1072 sarcoma
specimens representing 22 types, in addition to 236 benign bone and soft-tissue tumors. Genomically-complex sarcoma
types—those driven by mutations and/or copy-number alterations—had much higher numbers of tumor-infiltrating
lymphocytes than translocation-associated sarcomas. Prior exposure to radiotherapy was associated with increased immune
infiltrates. Higher lymphocytic infiltration was associated with better overall survival among the non-translocation-associated
sarcomas. Expression of PD-1 and CD56 were associated with worse overall survival. LAG-3 and TIM-3, two emerging
immune checkpoints, were frequently expressed in most sarcoma types. Indeed, most cases positive for PD-(L)1 coexpressed
one or both of these novel biomarkers, providing a potential rationale in support for trials targeting LAG-3 and/or TIM-3 in
conjunction with PD-1 inhibition.

Introduction

Sarcomas are malignant tumors of the bone or soft tissue
that demonstrate mesenchymal differentiation. The World
Health Organization defines over 50 distinct sarcoma types
that [1], while very heterogeneous in apparent histogenesis,
tumor site, and molecular etiology, are most often treated
primarily through surgery and radiation. Generally speak-
ing, cytotoxic chemotherapy is not particularly effective for
sarcomas, aside from some type-specific benefits [2, 3].
Despite advances in our understanding of the underlying
molecular drivers of sarcomas and the development of
rational therapies to target them, effective systemic treat-
ment strategies for metastatic sarcomas, which occur in
about half of patients [4], remain largely elusive. When
metastasis occurs, cure is rare, resulting in a median overall
survival (OS) of 12–18 months for advanced metastatic
sarcomas [5–11]. New systemic treatment strategies are
clearly needed, and immunotherapy provides a compelling
approach.

Cancer immunotherapy is an emerging field encom-
passing both immunostimulatory and immunomodulatory
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approaches, which have shown remarkable promise in
clinical trials, bringing about durable responses in some
types of cancer previously considered “incurable.”
Immunostimulatory therapies, which function to initiate
an antitumoral immune response, saw early successes in
melanoma and leukemia [12–14], and have since
shown efficacy in synovial sarcoma and myxoid/
round cell liposarcoma [15–18] in studies employing
autologous T cells engineered with receptors to target
cancer testis antigen NY-ESO-1. Immunomodulatory
therapies, particularly those employing immune check-
point inhibitors, have produced dramatic, practice-
changing results in melanoma and lung and renal cell
carcinomas [19–25]. Clinical trials of immune checkpoint
inhibitors have yielded multiple successes in other
tumor types, but few studies have been undertaken for
sarcomas and no practice-changing benefits have been
observed [26–31].

In the Phase 2 clinical trial of the anti-PD-1 checkpoint
inhibitor pembrolizumab in sarcomas (SARC028) [26] and
the Alliance randomized trial of nivolumab (anti-PD-1) ±
ipilimumab (anti-CTLA-4) [31], the most consistent and
impressive responses were observed in patients with
undifferentiated pleomorphic sarcoma, dedifferentiated
liposarcoma, or myxofibrosarcoma. These findings gen-
erally support the widespread speculation that pleomorphic
sarcomas, by nature of their higher mutational burden
than translocation-associated sarcomas, exhibit increased
immunogenicity, and are more likely to respond to immune
checkpoint inhibitors than their genetically simpler coun-
terparts. However, patients with some pleomorphic sarco-
mas, notably leiomyosarcoma or osteosarcoma, showed far
less activity of PD-1-based immunotherapy. Though the
relevance of PD-L1 expression to predict response to these
agents remains unclear, studies in sarcomas generally report
low, histotype-dependent expression of PD-L1 [32–35].
Recent publications have highlighted the existence of
alternative immune checkpoint pathways [36–38], such as
proapoptotic TIM-3 or antiproliferative LAG-3, that con-
tribute to T-cell exhaustion and could explain resistance to
checkpoint inhibitor monotherapy. Drugs targeting these
pathways are in active development [38], and anti-TIM-3
antibodies have shown some promise in murine models of
sarcoma in preclinical studies [39].

The purpose of this study is to characterize tumor-
infiltrating lymphocytes across a large, comprehensive
cohort of bone and soft-tissue sarcomas. We employ
immunohistochemistry to identify important T-cell subsets
within immune infiltrates and to assess expression of
immune checkpoint biomarkers PD-1, PD-L1, TIM-3, and
LAG-3. This study aims to describe, in a systematic man-
ner, the expression of key immune checkpoint biomarkers
across diverse sarcoma types.

Materials and methods

Patient tumor samples

Formalin-fixed, paraffin-embedded tissue microarrays were
constructed at The University of British Columbia (Van-
couver, BC, Canada) and at Mount Sinai Hospital (New
York, NY, USA). From The University of British Columbia,
14 tissue microarrays were included: TMA-01-003 (synovial
sarcoma and differential diagnoses, 82 cases in duplicate)
[40]; TMA-03-008 (chondroid tumors, 121 cases in dupli-
cate) [41]; TMA-06-001A (gastrointestinal stromal tumors,
148 cases in duplicate) [42]; TMA-06-007 (myxoid lipo-
sarcomas, 69 cases in triplicate) [43]; TMA-09-006
(epithelioid sarcoma and differential diagnoses, 53 cases in
duplicate) [44]; TMA-10-004 (28 chordomas, in duplicate);
TMA-10-009 (8 alveolar soft part sarcomas, 2 alveolar
rhabdomyosarcomas, and 2 desmoplastic small round cell
tumors, in triplicate) [44]; TMA-12-004 (BCL2-positive
tumors, 35 cases in triplicate) [45]; TMA-12-005 (pediatric
spindle cell lesions, 134 cases in duplicate) [45]; TMA-12-
006 (translocation-associated sarcomas, 10 cases in dupli-
cate) [45]; TMA-12-010 (5 dedifferentiated liposarcomas
and 5 undifferentiated pleomorphic sarcomas, in duplicate)
[45]; TMA-14-006 (4 myxoid liposarcomas, 3 myxofi-
brosarcomas, 3 chondrosarcomas, 1 synovial sarcoma, and 1
malignant peripheral nerve sheath tumor, in duplicate) [46];
TMA-14-007 (dedifferentiated liposarcomas with well-
differentiated areas, both components for 57 cases in
duplicate) [47]; and TMA-MPNST (malignant peripheral
nerve sheath tumor and differential diagnoses, 176 cases in
duplicate) [48]. From the Mount Sinai Hospital, three tissue
microarrays were included: MSH-OSa (osteosarcomas, 280
cases in duplicate); MSH-SS (synovial sarcomas, 70 cases in
duplicate); and MSH-UPS (75 undifferentiated pleomorphic
sarcomas, 52 myxofibrosarcomas, 18 leiomyosarcomas, 13
dedifferentiated liposarcomas, 10 dermatofibrosarcoma
protuberans, and differential diagnoses; 210 cases total in
duplicate).

Tissue microarray preparation

All tissue specimens were derived from surgical resection
specimens from Mount Sinai Hospital, New York, NY, USA
(“MSH” tissue microarrays) [49], 20 centres throughout
Norway (TMA-06-001), or Vancouver General Hospital,
Vancouver, BC (all other tissue microarrays). Cores with a
diameter of 1.0 mm (TMA-14-007, all Mount Sinai Hospital
tissue microarrays) or 0.6 mm (all other tissue microarrays)
were extracted from representative viable tumor tissue, as
identified by a bone and soft tissue subspecialty pathologist
(TON and EGD). Tissue microarrays were cut to 4-μm-thick
sections, mounted to Fisherbrand™ Superfrost™ Plus
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charged glass slides (Thermo Fisher Scientific Inc.,
Waltham, MA), and incubated for 1 h at 60 °C.

Immunohistochemistry

Immunohistochemical staining was performed on serial tis-
sue microarray sections. All tissue microarray blocks were
batch cut within 6 months of staining in order to prevent PD-
L1 degradation [50]. All Vancouver General Hospital tissue
microarrays were stained within 7 days of batch cutting, and
Mount Sinai Hospital tissue microarray blocks were cut
immediately prior to shipping to UBC for staining.
All antibodies, except for PD-L1, were applied using the
Ventana DISCOVERY® ULTRA semiautomated staining
system (Ventana Medical Systems Inc., Tucson, AZ), as
described previously [47]. Briefly, heat-induced antigen
retrieval was performed using the standard cell conditioning
1 (Ventana) protocol. Slides were incubated with primary
antibodies (described in Table S1) in DISCOVERY antibody
diluent (Ventana) for 2 h at room temperature. For CD4,
CD8, CD56, and FOXP3, slides were incubated for 16min at
37 °C in DISCOVERY Universal secondary antibody
(Ventana), and chromogen visualization was performed by
DAB map detection (Ventana). For PD-1, LAG-3, and TIM-
3, slides were incubated for 2 h at room temperature with the
UltraMap anti-mouse (PD-1 and LAG-3) or anti-rabbit (TIM-
3) secondary antibody (Ventana) and visualized using the
UltraMap DAB Kit (Ventana).

PD-L1 staining was performed using the Intellipath FLX
automated staining system, as described previously [51].
Briefly, heat-induced antigen retrieval was performed using
Diva Decloaker (Biocare Medical, Pacheco, CA, USA) for
30 s at 125 °C. Following the standard Intellipath FLX pro-
tocol, slides were blocked with Peroxidazed-1 (Biocare
Medical) and Background Sniper (Biocare Medical), then
incubated with primary antibody (Table S1) in DaVinci Green
diluent (Biocare Medical) for 30min at room temperature.
Slides were incubated with secondary antibody (LLC
MACH3 rabbit HRP-polymer, Biocare Medical) for 30min at
room temperature, followed by Intellipath FLC DAB chro-
mogen kit (Biocare Medical) for 5 min at room temperature.

All slides were counterstained with hematoxylin and
mounted. Digital images of immunostained tissue micro-
arrays were acquired using the Olympus BLISS high-
definition virtual microscope and slide scanner (Olympus
Life Science Solutions: Bacus Laboratories, Lombard, IL,
USA) or the Aperio digital pathology slide scanner (Leica
Biosystems, Wetzlar, Germany).

Histological scoring

Scoring was performed by pathologists experienced in
scoring biomarkers in bone and soft-tissue tumors (NS, DG,

and EGD). Replicate cores were scored separately, with the
pathologist blinded to replicates and final histological
diagnosis, and the mean score from all replicates was cal-
culated. Tumor-infiltrating lymphocytes were counted
directly from hematoxylin- and eosin-stained tissue
microarray slides (Fig. S1A, B). Lymphocyte biomarkers
(tumor-infiltrating lymphocyte counts, CD8, CD4, FOXP3,
CD56, PD-1, TIM-3, and LAG-3) were scored by counting
the number of positive-staining lymphocytes per
tissue microarray core (Fig. S1C–J). Different core sizes
were normalized by dividing scores by the area of the
respective core, to give tumor-infiltrating lymphocytes per
mm2. PD-L1 immunopositivity was scored in both the
tumor fraction (by the percentage of positive sarcoma
cells) and the lymphocyte fraction (by the count of
positive lymphocytes). All immunohistochemical markers
were scored for cytomembranous positivity, except for
FOXP3 (a transcription factor), which was scored for
nuclear positivity.

Statistical analysis

Data analysis was performed using IBM® SPSS® statistics
software (version 26). An independent samples
Kruskal–Wallis one-way ANOVA (analysis of variance) test
was used to assess the differences in scoring between
histological types. Categories were compared pairwise, and
significance values were adjusted using the Bonferroni cor-
rection for multiple comparisons. Multivariable linear
regression was used to assess the relative impact of biomarker
scores and clinicopathological factors on survival. Survival
correlates were evaluated using a Cox proportional-hazards
multiple regression analysis to generate hazard ratios and
corresponding 95% confidence intervals. Kaplan–Meier
curves were generated based on cases positive for CD8 and/or
FOXP3, and a log rank test was run to determine if there were
differences in the survival distribution for the three pre-
dominant combinations or expression: CD8− and FOXP3−,
CD8+ and FOXP3−, or CD8+ and FOXP3+. Statistically
significant differences were defined as p < 0.05.

Results

Patient demographics

In total, specimens from 1072 sarcomas (representing 22
histotypes, Table 1), 236 benign mesenchymal tumors, 33
carcinomas, and 21 melanomas were available for evaluation
(Table S2). Of the 660 sarcomas for which detailed clinical
and outcome data were available (Table 2), 209 (32%) were
classified as high grade (FNCLCC grade 3), 179 (27%) as
intermediate grade (FNCLCC grade 2), 61 (9%) as low grade
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(FNCLCC grade 1), and 215 had no grade specified (32%).
The median patient age was 45 (range 0–89), and the median
tumor size was 7.0 cm (range 1–42 cm). All of the 660 sar-
comas with detailed outcome data were derived from surgical
resection tissues. Prior to surgery, 380 patients (58%) had not
been treated by chemotherapy or radiotherapy, while 100
(15%) had received neoadjuvant radiotherapy alone, 36 (6%)
had received neoadjuvant chemotherapy alone, and 16 (2%)
had received both. Therapy was not known in 128 cases
(19%). Certain sarcoma types were more likely to have been
pretreated with neoadjuvant chemotherapy (p < 0.0005), e.g.,
osteosarcoma, and/or radiotherapy (p < 0.0005), e.g., ded-
ifferentiated liposarcoma, Ewing sarcoma, alveolar and
embryonal rhabdomyosarcoma, and synovial sarcoma, by
Fisher’s exact test.

Characterization of tumor-infiltrating lymphocytes

To obtain a broad picture of lymphocyte infiltration
across our sample set, we first counted tumor-infiltrating

lymphocytes on haematoxylin and eosin-stained tissue
cores. We observed wide differences in tumor-infiltrating
lymphocyte counts based on sarcoma type, with dediffer-
entiated liposarcomas displaying distinctly higher levels of
infiltrates than any other histological type (median 204
tumor-infiltrating lymphocytes/mm², Fig. 1a). We divided
sarcoma types into two categories based on their
characteristic genomic alterations: (1) translocation-
associated sarcomas, and (2) mutation and/or copy
number driven (nontranslocation) sarcomas (Table 1). The
non-translocation-associated sarcomas as a group had sig-
nificantly higher levels of tumor-infiltrating lymphocytes
than translocation-associated sarcomas (median 54 lym-
phocytes/mm² vs. 34 lymphocytes/mm², p < 0.0001;
Fig. 2a). Notably, chondrosarcoma exhibited the lowest
lymphocyte counts overall (median 0 lymphocytes/mm²;
Fig. 1a), likely accounted for by the avascular nature of
cartilage. The levels of tumor-infiltrating lymphocytes in
translocation-associated sarcomas were more aligned with
those observed in benign mesenchymal neoplasms, while

Table 1 Sarcoma samples on tissue microarrays

Category Sarcoma type N

Translocation
associated

Synovial sarcoma 177

Myxoid liposarcoma 39

Ewing sarcoma 21

DFSP 18

Solitary fibrous tumor 16

Alveolar rhabdomyosarcoma 10

Alveolar soft part sarcoma 8

Low-grade fibromyxoid sarcoma 8

Clear cell sarcoma 7

Mutation and/or
copy number driven

Osteosarcoma 171

GIST 149

MPNST 76

Chondrosarcoma 71

Well-differentiated liposarcoma 67

Dedifferentiated liposarcoma 65

UPS 58

Myxofibrosarcoma 35

Chordoma 28

Leiomyosarcoma 21

Embryonal rhabdomyosarcoma 12

Epithelioid sarcoma 9

Angiosarcoma 4

Total 1072

DFSP dermatofibrosarcoma protuberans, GIST gastrointestinal stromal
tumor, MPNST malignant peripheral nerve sheath tumor, UPS
undifferentiated pleomorphic sarcoma

Table 2 Patient demographics. Clinical parameters and survival
outcomes available for 665 cases. Median, quartiles (Q1–Q3), and
range denoted for noncategorical variables

Median Q1–Q3 Range

Age, years 45.0 23–56 1–89

Tumor size, cm 7.0 4.0–7.5 0.1–40

N %

Grade

1 61 9.2

2 179 27.1

3 209 31.7

Unknown 211 32.0

Neoadjuvant treatment

None 380 57.6

Radiotherapy 100 15.2

Chemotherapy 36 5.5

Chemo and radiation 16 2.4

Unknown 128 19.4

Adjuvant treatment

None 296 44.8

Radiotherapy 80 12.1

Chemotherapy 59 8.9

Chemo and radiation 15 2.3

Unknown 210 31.8

Local recurrence

Yes 126 19.1

No 534 80.9

Metastasis

Yes 157 23.8

No 503 76.2
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the profiles of the non-translocation-associated sarcomas
corresponded more closely with those observed in carci-
noma or melanoma (Fig. 2a).

We sought to subcategorize the infiltrating lymphocytes
by immunohistochemistry, staining for cytotoxic T cells
(CD8), helper T cells (CD4), regulatory T cells (FOXP3),
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and natural killer cells (CD56). Counts for all lymphocyte
subsets were again highest among the non-translocation-
associated sarcomas (Fig. 2b), particularly dedifferentiated

liposarcoma (Fig. 1b–e). CD8+ lymphocytes were the most
numerous lymphocyte subset across most sarcoma types,
whereas CD56+ lymphocytes were scarce, with a median
score of 0/mm2 across all types (Figs. 1b–e and 2b). We
used serial section staining to examine coinfiltration by
multiple lymphocyte subtypes, defining a positive case for
each marker as one having at least one positive-staining
lymphocyte in any tissue microarray core. Across the
non-translocation-associated sarcomas, 50% of cases
demonstrated the presence of CD8+ lymphocytes, CD4+
lymphocytes, and FOXP3+ lymphocytes (but not CD56+
lymphocytes, Fig. 2c), while 17% were positive for CD8

Fig. 1 Sarcoma type-specific scores for: a tumor-infiltrating lymphocyte
counts, b CD8, c CD4, d FOXP3, and e CD56. Boxplots depict com-
parative counts (per mm2 tumor tissue) of tumor-infiltrating lymphocytes
from H&E- or immunohistochemically-stained tissue microarrays. y-axis
scales differ across figure. Abbreviations: ARMS, alveolar rhabdomyo-
sarcoma; DFSP, dermatofibrosarcoma protuberans; ERMS, embryonal
rhabdomyosarcoma; GIST, gastrointestinal stromal tumor; MPNST,
malignant peripheral nerve sheath tumor; UPS, undifferentiated pleo-
morphic sarcoma; and TILs, tumor-infiltrating lymphocytes

Fig. 2 a Boxplots depicting comparative counts of tumor-infiltrating
lymphocytes from H&E-stained tissue microarray cores of benign soft-
tissue neoplasms, translocation-associated sarcomas, and mutation
and/or copy number driven (nontranslocation) sarcomas, melanomas,
and carcinomas. Boxes represent the first through third quartiles,
horizontal line indicates median, and whiskers indicate range. Extreme
outliers are indicated as dots. b Boxplots depicting counts of tumor-
infiltrating lymphocytes staining positive for CD8 (cytotoxic T cells),
CD4 (helper T cells), FOXP3 (natural killer cells), or CD56 (natural
killer cells) in tissue microarray cores of benign soft-tissue neoplasms,
translocation-associated sarcomas, or non-translocation-associated

sarcomas. c Proportion of cases positive for one or more of CD8,
CD4, FOXP3, and CD56 (by immunohistochemistry on tissue
microarray samples, positive is defined as at least one positive-staining
lymphocyte in any tissue microarray core). Panels represent histolo-
gical type or translocation/non-translocation-associated classification.
Angiosarcoma is not included here because scores for these four
markers were not all available for any of the (n= 4) cases due to core
dropout. Asterisks indicate p < 0.0001, nonsignificant differences are
denoted by “N.S.”. Abbreviations: DFSP, dermatofibrosarcoma pro-
tuberans; MPNST, malignant peripheral nerve sheath tumor; and UPS,
undifferentiated pleomorphic sarcoma
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only and 15% were positive for all four lymphocyte mar-
kers. Cases staining positive for all four markers were
mostly osteosarcomas or myxofibrosarcomas. Compara-
tively, translocation-associated sarcomas were more likely
to have no lymphocytic infiltrates (21% of cases) or to be
infiltrated by CD8+ lymphocytes, with (25% of cases) or
without (24% of cases) CD4+ lymphocytes (Fig. 2c).

To clarify the impact of tumor grade and of prior expo-
sure to radiation or chemotherapy on the immune infiltration
of sarcomas, we ran a multivariate regression analysis for
the 660 cases for which clinical data were available. Taking
into account grade and neoadjuvant treatment, the distinc-
tion of non-translocation- vs. translocation-associated sar-
coma was independently predictive of increased tumor-
infiltrating lymphocytes per mm2 of tissue(p= 0.002), as
well as increased CD8+ (p= 0.03) and CD4+ (p < 0.001)
tumor-infiltrating lymphocytes (Table S3). Tumor grade did
not correlate with lymphocyte infiltration or expression of
any tumor-infiltrating lymphocyte subset, except for
FOXP3, which showed a positive association (Table S3).
Prior exposure to radiation was independently predictive of
increased CD8+, CD4+, and FOXP3+ tumor-infiltrating
lymphocytes (p= 0.006, p < 0.001, and p < 0.001, respec-
tively; Table S3), but neoadjuvant chemotherapy was only
associated with increased FOXP3+ tumor-infiltrating lym-
phocytes (p= 0.001; Table S3). CD56 showed no associa-
tions with any clinical parameters (Table S3).

Expression of immune checkpoint biomarkers

We next investigated expression of the targets of immune
checkpoint inhibitors: PD-1, PD-L1, LAG-3, and TIM-3.
Expression of PD-1 and PD-L1, targets of established
checkpoint inhibitor drugs, was infrequent, being observed
in only 10 and 22% of sarcoma cases, respectively. Among
all sarcomas, PD-1-positive lymphocyte counts ranged from
0/mm2 to 168/mm2, and PD-L1 positive tumor cell per-
centages from 0 to 95%, with most sarcoma types showing
a median of 0 PD-1-positive lymphocytes and 0 PD-L1
positive tumor cells (Fig. S2A, B). The least frequent
expression of PD-1 and PD-L1 was seen in gastrointestinal
stromal tumors (2% of cases positive) (Figs. 3a and
S2A, B). Emerging targets of immune checkpoint inhibitor
therapy, LAG-3 and TIM-3, were expressed in 42 and 54%
of sarcoma cases, respectively (Figs. 3a and S2C, D).
Positive cases, considered as the presence of at least one
positive-staining lymphocyte on any tissue microarray
core, were most common among the non-translocation-
associated sarcomas, particularly dedifferentiated lipo-
sarcoma (77% LAG-3+, 88% TIM-3+), myxofibrosarcoma
(68% LAG-3+, 85% TIM-3+), undifferentiated pleomorphic
sarcoma (73% LAG-3+, 85% TIM-3+), and leiomyosarcoma
(58% LAG-3+, 74% TIM-3+) (Figs. 3 and S2).

Coexpression of at least two immune checkpoints occurred
in 29% of sarcomas overall, with 11% of sarcomas positive
for all three checkpoint biomarkers, and 16% positive for
LAG-3 and TIM-3 but not PD-1 (Fig. 3b). Of cases with PD-
1+ infiltrates, 77% also had LAG-3+ tumor-infiltrating
lymphocytes and 84% had TIM-3+ tumor-infiltrating lym-
phocytes. The large majority of translocation-associated sar-
comas (64%) were negative for all three markers, with 9%
positive for LAG-3 only, 12% positive for TIM-3 only, and
6% positive for both (but not PD-1). Non-translocation-
associated sarcomas demonstrated triple positivity in 16% of
cases, with 20% positive for both LAG-3 and TIM-3, 9%
positive for LAG-3 only, and 20% positive for TIM-3 only
(Fig. 3b). A total of 29% of non-translocation-associated
sarcomas were negative for all three markers.

By multivariate regression analysis, the distinction of non-
translocation- vs. translocation-associated sarcoma was only
associated with increased expression of PD-1 (p= 0.02), but
not of the other immune checkpoint biomarkers (Table S3).
Grade and neoadjuvant therapy did not show a correlation
with immune checkpoint biomarker expression (Table S3).

Prognostic implications

We ran a multivariate Cox proportional hazards model
including age, grade, histological diagnosis, and scores for
tumor-infiltrating lymphocyte and checkpoint markers.
Among the non-translocation-associated sarcomas, overall
and progression-free survival were marginally better with
increasing lymphocytic infiltration (p= 0.02 and p= 0.01;
Fig. 4a). OS was worse with increasing numbers of CD56+
tumor-infiltrating lymphocytes (p= 0.03) and PD-1+
tumor-infiltrating lymphocytes (p= 0.05; Fig. 4a). Among
the translocation-associated sarcomas, tumor-infiltrating
lymphocyte counts and immune checkpoint biomarker
expression did not show any significant associations with
overall or progression-free survival.

We generated Kaplan–Meier curves, classified by CD8
and FOXP3 expression, into three groups: (1) no tumor-
infiltrating lymphocytes, (2) CD8+ lymphocytes only,
and (3) CD8+ and FOXP3+ lymphocytes. The pleo-
morphic sarcoma subtypes as a group, defined here as the
combined histotypes of angiosarcoma, dedifferentiated
liposarcoma, leiomyosarcoma, myxofibrosarcoma, and
undifferentiated pleomorphic sarcoma, showed improved
OS with increased lymphocytic infiltrates (hazard ratio=
4.50, p= 0.034; Fig. 4c). In dedifferentiated liposarcoma
—for which no cases were negative for tumor-infiltrating
lymphocytes—patients positive for both CD8 and FOXP3
had better OS than those negative for FOXP3 (hazard
ratio= 9.46, p= 0.002; Fig. 4d), a pattern also observed
in malignant peripheral nerve sheath tumor (hazard ratio
= 12.66, p= 0.002; Fig. 4e). The inverse pattern was
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observed in myxoid liposarcoma, wherein cases positive
for both CD8 and FOXP3 had worse OS than those with
only CD8 positivity (hazard ratio= 32.00, p < 0.001;
Fig. 4f). Translocation-associated sarcomas as a group did
not demonstrate any significant associations. The same
trends were observed for progression-free survival as OS,
but statistical evaluations did not reach significance.

Discussion

The effectiveness of systemic treatment for many types of
sarcoma remains unsatisfactory [52, 53], and implementa-
tion of immunotherapy trials for sarcomas lags behind

other, more prevalent diseases. This study provides a sys-
tematic characterization of tumor-infiltrating lymphocytes
and immune checkpoint biomarker expression across the
broadest range of sarcoma types examined to date, bridging
the, thus, far uneven coverage—in terms of both histotypes
and biomarkers assessed—by studies examining the sar-
coma immune microenvironment [32, 33, 35, 54–67].

Our analysis indicates that non-translocation-associated
sarcomas (mutation and/or copy-number driven) are
more likely to demonstrate T-cell immune infiltrates than
translocation-associated sarcomas. In particular, dediffer-
entiated liposarcoma, as well as myxofibrosarcoma, undif-
ferentiated pleomorphic sarcoma, and epithelioid sarcoma,
had the most numerous and diverse populations of tumor-

Fig. 3 a Mosaic plots comparing the proportion of cases positive for
TIM-3, LAG-3, and PD-1 (by immunohistochemistry) across sarcoma
types. Black bars indicate cases that are positive for each marker. A
case is marked positive if there is at least one positive-staining lym-
phocyte in any tissue microarray core. Column width is proportional to
the number of cases assessed, height to the fraction of positive cases.
Abbreviations: UPS, undifferentiated pleomorphic sarcoma; GIST,
gastrointestinal stromal tumor; DFSP, dermatofibrosarcoma protuber-
ans; and MPNST, malignant peripheral nerve sheath tumor. b Pro-
portion of cases positive for one or more of immune checkpoint

biomarkers PD-1, LAG-3, and TIM-3 (by immunohistochemistry on
tissue microarray samples, positive is defined as at least one positive-
staining lymphocyte in any tissue microarray core). Panels represent
histological type or translocation/non-translocation-associated classi-
fication. Positive is defined as at least one positive-staining lympho-
cyte per mm² of tumor tissue on tissue microarray. Abbreviations:
DFSP, dermatofibrosarcoma protuberans; MPNST, malignant periph-
eral nerve sheath tumor; and UPS, undifferentiated pleomorphic
sarcoma
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infiltrating lymphocytes among the 23 investigated sarcoma
types. Our observation that non-translocation-associated
sarcomas present an immune microenvironment more like

that of melanoma or carcinoma—index indications for
immune checkpoint blockade—suggests that these sarco-
mas are the most suitable candidates for such therapies. This
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finding agrees with what has been observed in early clinical
trials of immune checkpoint blockade in sarcomas [26, 28–
30, 68].

The driving stimulus for the numerous T-cell infiltrates
in non-translocation-associated sarcomas remains unclear.
In pan-cancer analyses, overall leukocyte fraction correlated
positively with mutational burden, neoantigen counts, and
intratumoral heterogeneity across a wide spectrum of
malignancy, but negatively with measures of copy number
alteration [69]. However, non-translocation-associated sar-
comas are largely copy-number driven tumors, with low
mutational loads and predicted neoantigens relative to most
carcinomas [69]. In fact, within the subset of non-
translocation-associated sarcomas analyzed by The Cancer
Genome Atlas (TCGA) (leiomyosarcoma, undifferentiated
pleomorphic sarcoma, myxofibrosarcoma, and malignant
peripheral nerve sheath tumor) [70], copy number alteration
measured as fraction of bases deviating from baseline
ploidy correlated negatively with leukocyte fraction
(Spearman Rho −0.4193, p < 0.0001), while no significant
correlation with leukocyte fraction or CD8+ T cells was
identified for other measures of DNA damage (e.g., intra-
tumoral heterogeneity, aneuploidy score, mutational bur-
den, or predicted neoantigens) [69]. Thus, it is likely that
other molecular events trigger the influx of lymphocytes in
this setting, possibly including dysregulation of cytokines
resulting in increased inflammatory infiltrates, or alterations
in specific genes contributing to immunogenicity [69].

Unlike the other non-translocation-associated sarcomas,
osteosarcoma and leiomyosarcoma have had disappointing
results in clinical trials of checkpoint inhibitors
[26, 27, 30, 31, 71]. Our data suggests that these sarcomas
are associated with sparse lymphocytic infiltrates, poten-
tially explaining why immunomodulatory therapy has been
largely unsuccessful. Our data are largely congruent with
findings reported in TCGA study, where leiomyosarcomas
showed lower median mRNA expression of CD8 relative to
undifferentiated pleomorphic sarcoma/myxofibrosarcoma

and dedifferentiated liposarcoma [70]. Further, data from
the TCGA pan-cancer analysis indicates that leiomyo-
sarcomas have a lower overall leukocyte fraction, relative to
other pleomorphic sarcomas. As expected, translocation-
associated sarcomas displayed the lowest overall levels of
tumor-infiltrating lymphocytes across our dataset, mirroring
the immune microenvironment of benign lesions rather than
that of the non-translocation-associated sarcomas. This
implies that translocation-associated sarcomas are immu-
noquiescent, despite high expression of immunogenic can-
cer testis antigens in many of these sarcomas, e.g., synovial
sarcoma and myxoid liposarcoma [15–18], and therefore
immunostimulatory therapy might be a more appropriate
avenue for these sarcomas than would be checkpoint inhi-
bition. Consistent with this idea, translocation-associated
sarcomas have had some success with cancer vaccine
[72, 73] and adoptive T-cell strategies [17, 18, 74]. Con-
ceivably, some of the non-translocation-associated sarcoma
types with low immunogenicity, such as chordoma, might
also do well on similar regimens. Of note, several clinical
trials of immune checkpoint inhibitors in carcinoma have
reported that tumor mutational burden might be a biomarker
of response to PD-L1/CTLA-4 blockade [75–77]. Sarco-
mas, in contrast, typically have low mutational burden, yet
some have responded to immune checkpoint inhibitors,
suggesting that different clinical biomarker predictors of
response might be needed in this context.

In subtyping tumor-infiltrating lymphocytes, we
observed a large predominance of CD8+ (cytotoxic)
T cells. This suggests that the immune system is aware of
the tumor and poised to activate antitumor immunity, but is
being rendered inert by one or more immunoregulatory
mechanisms. The presence of effector lymphocytes bodes
well for the potential success of immune checkpoint
blockade in these tumors. Conversely, the near absence of
CD56+ tumor-infiltrating lymphocytes suggests that natural
killer cell-mediated immune therapies might not be parti-
cularly suitable for sarcomas.

PD-1-positive lymphocytes were observed in 13% of
translocation-associated sarcoma, and 20% of non-
translocation-associated sarcomas, and PD-L1-positive
tumor cells in 3 and 12%, respectively, findings contrast-
ing with some studies [33–35, 78–81], but agreeing with
others [32, 82–87]. The variable expression of these mar-
kers between our study and others may reflect the decay of
PD-L1 in older tissue blocks [50, 88], as many of the tumor
cases used to create our tissue microarrays were >5 years
old, as well as the lower sensitivity of the anti-PD-L1
antibody (SP142) used in this study compared to other
clones, such as 22C3 [89, 90]. Moreover, both tumor cell
expression of PD-L1 and lymphocyte expression of PD-1
throughout the tumor may be heterogeneous, which can also
account for potential discrepancies in scoring between the

Fig. 4 Forest plots depicting hazard ratios (and 95% confidence
intervals) of tumor-infiltrating lymphocytes and lymphocyte subset
staining for overall survival across a mutation and/or copy-number
driven (nontranslocation) sarcomas or b translocation-associated sar-
comas. Hazard ratios were determined by Cox proportional-hazards
multiple regression analysis. Age, grade, and sarcoma histotype were
included in multiple regression analyses, but are not shown in plots;
Kaplan–Meyer curve for overall survival in c pleomorphic sarcomas
(angiosarcoma, dedifferentiated liposarcoma, leiomyosarcoma, osteo-
sarcoma, and undifferentiated pleomorphic sarcoma), d dediffer-
entiated liposarcoma, e malignant peripheral nerve sheath tumor, or
f myxoid liposarcoma. Curves are stratified according to presence of
tumor-infiltrating lymphocyte subsets by immunohistochemical posi-
tivity for: CD8 (cytotoxic T cells), and/or FOXP3 (natural killer cells)
in tissue microarray cores. Abbreviations: HR, hazard ratio; 95% CI,
95% confidence interval; and TIL, tumor-infiltrating lymphocyte
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tissue microarrays used in different studies. Of note, one of
the limitations of immune checkpoint studies in sarcoma is
that sarcomas tend to be large, often exceeding 10 cm in
size, and may be heterogeneous. Thus not only tissue
microarray cores but also whole section staining may
underscore PD-L1 expression in large tumors if negative.
The implications of this in determining therapeutic elig-
ibility for PD-1 inhibitors is as yet uncertain.

LAG-3 and TIM-3 are emerging immune checkpoints that
have yet to be investigated in sarcomas [38]. Expression of
both of these biomarkers was frequently seen across all sar-
coma types, and, in our sample set, most sarcomas expressing
PD-1 also expressed one or both of LAG-3 and TIM-3. The
biologic significance of this finding is uncertain; while LAG-3
has been suggested to synergize with PD-1 to mediate T-cell
exhaustion and tumor immune escape in some contexts [91],
this has not been shown in sarcoma. We hypothesize that
similar to other diseases where a compensatory upregulation
of TIM-3 and LAG-3 following treatment with immune
checkpoint monotherapy may occur [92–94], sarcomas may
also benefit from combined inhibition of LAG-3 or TIM-3
together with PD-1. Future trials in sarcoma immunotherapy
should aim to pursue these alternative immune checkpoints,
alone or preferably in combination with other immune
checkpoint inhibitors.

In addition to the associations identified between
immune infiltration and sarcoma type, we observed that
neoadjuvant radiation therapy has an independently sig-
nificant association with a higher quantity of tumor-
infiltrating lymphocyte subsets. This might be a result of
radiation-induced immunogenic cell death, wherein dying
cells release damage-associated molecular patterns that
attract immune infiltrates [95, 96]. This phenomenon has
been recently discussed as a potential key mechanism of the
abscopal effect, the phenomenon by which localized
radiation triggers shrinkage of distal tumor sites and
metastases [97]. Our data suggests that the abscopal effect
may well be relevant in sarcomas, highlighting the potential
to observe a benefit in clinical trials that combine immune
checkpoint inhibition with radiotherapy.

Likely due to the small numbers of cases with demon-
strable immune infiltration, OS among the translocation-
associated sarcomas did not associate with any of the immune
markers in this study. Within our non-translocation-associated
sarcoma samples, increasing tumor-infiltrating lymphocyte
counts associated with improved overall and progression-free
survival, suggesting that the presence of an immune response
in these histologies has a survival benefit. Higher counts of
CD56+ tumor-infiltrating lymphocytes, thought to represent
the natural killer subset of lymphocytes, were associated with
worse OS among the non-translocation-associated sarcomas,
which seemingly contradicts the expected role of natural killer
lymphocytes in targeting cancer cells. However, CD56+

tumor-infiltrating lymphocytes were rare across our entire
sample set, so it might be that the few tumors that did attract
natural killer cells were a subset of particularly aggressive
sarcomas. PD-1 expression also associated with worse OS in
this group, presenting an immunoevasive environment that is
likely contributing to worse outcomes.

New systemic therapy options are needed for sarcomas,
and immuno-oncology approaches have engendered a great
deal of excitement, with many drugs becoming approved for
a variety of neoplastic indications. This study contributes to
the body of knowledge that might help better select the
sarcomas patients most likely to benefit from particular
immunotherapy approaches, such as those targeting LAG-3
or TIM-3. Deepening our understanding of the diverse
immune microenvironments of sarcomas—including
aspects not assessed in this study, such as macrophage and
antigen presenting cell infiltration, plasma cells, and
immune signalling networks—should be able to inform
pragmatic designs of much-needed new clinical trials for the
treatment of sarcomas.
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