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ABSTRACT
Therapies targeting programmed death 1-(PD-1) or its ligand (PD-L1), promoting antitumor T-cell activity
have been successfully introduced into clinical practice. Clinical response correlates with PD-L1 expression
by tumor cells or immune cells within the tumor microenvironment. The PD-L1/PD-1 axis and tumor
microenvironment has been rarely studied in high-grade sarcomas of soft tissue (hSTS), a group of rare,
genetically heterogenous and clinically aggressive tumors. We examined PD-L1 protein and CD274/PD-L1
gene copy number variations in 128 primary resected, therapy-naive hSTS using immunohistochemistry
and fluorescence-in-situ hybridization. Frequency of tumoral PD-L1 expression varied widely in different
disease subentities, with highest rates of positivity (40%) seen in undifferentiated pleomorphic sarcomas
(UPS) and rare positivity detected in synovial sarcomas (6%). Amplification of the CD274/PD-L1 gene
occurred in 14% of UPS and was rare in other subtypes. PD-L1 protein expression was significantly more
frequent in CD274/PD-L1 amplified cases (p D 0.015). The subgroup of UPS was further characterized
regarding the interaction between PD-L1 and the immunologic tumor microenvironment. High density of
CD3C and CD8C tumor infiltrating lymphocytes (TILs) was significantly correlated with the presence of
PD-L1 expression and seen more frequently in tumors with lower TNM stage (p D 0.024). Both, PD-L1
expression and high density lymphocytic infiltration were independent prognostic factors for a favorable
overall (p D 0.001, HR 6.105 (2.041–8.258)), disease-specific (p D 0.003, HR 10.536 (2.186–50.774)) and
disease-free survival (p D 0.020, HR 3.317 (1.209–9.106); values for CD8) in this particular subgroup of
hSTS, whereas PD-L1 expression in TILs or CD274/PD-L1 gene amplification were not associated with
outcome. These findings represent novel insights into the immune landscape of soft tissue sarcomas, in
particular UPS and strengthen the rationale for immunotherapy, including targeting the PD-1/PD-L1 axis
in these tumors.
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Introduction

High-grade sarcomas of soft tissue (hSTS) and bone are rare
mesenchymal tumors, accounting for approximately 1% of all
malignant tumors diagnosed. They comprise a multitude of
histological subtypes differing in terms of their tissue of origin,
clinical presentation, and genetic alterations. Mainstays of ther-
apy are radical surgery, chemotherapy and radiotherapy,1,2 but
overall survival rates are low, with close to 50% of patients
dying from their disease.3–5 As there are few effective therapeu-
tic options - especially for patients, who suffer from relapse or
present with advanced/metastatic disease - the advent of novel
therapeutics is of major importance.

Immune therapy targeting immune checkpoint molecules
Programmed Cell Death Protein 1 (PD-1) and its ligand Pro-
grammed Death-Ligand 1 (PD-L1) has become a successful
therapeutic option for patients with late stage cancer in recent
years, with long term remissions seen in melanoma, lung, renal

and bladder carcinoma patients. Clinical response correlates
with PD-L1 expression by tumor cells (TCs) or tumor-infiltrat-
ing lymphocytes (TILs) as well as the presence of tumor specific
T-cells within the tumor microenvironment as has been dem-
onstrated in various solid tumor types (reviewed in6–9). In con-
trast, PD-L1 and PD-1 expression and underlying tumor
microenvironment has been rarely studied in hSTS. A thorough
analysis has been additionally hampered by the multitude of
histological hSTS subtypes.10–16 Interestingly, in a recent phase
II study involving patients with advanced hSTS and bone sarco-
mas treated with the PD-1-inhibitor Pembrolizumab, a sub-
group of patients, especially those with undifferentiated
pleomorphic sarcomas showed partial response.17

T-cell infiltration into tumor tissue is a strong indicator of the
presence of a productive anti-tumor response of the hosts�
immune system.18–20 It is dependent on several factors, including
the recognition of tumor-specific antigens (i.e. neoantigens)
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presented on MHC-molecules leading to TC killing mediated
particularly by CD8C effector T-cells.8,9,21 Based on the presence
or absence of T-cells, the tumor microenvironment (TME) is
classified as T-cell inflamed or non T-cell inflamed.6,8 In T-cell
inflamed TME, presence of CD8C T-cells leads to upregulation
of immune inhibitory mechanisms in TCs – including upregula-
tion of PD-L1.22,23 PD-L1 is bound to PD-1 on TILs, thereby
inhibiting T-cell functions and consecutively inducing tumor
immune escape. This receptor – ligand interaction can be tar-
geted by therapeutic intervention blocking PD-1- and/or PD-L1
receptor.8,24 In contrast, non-T-cell inflamed TME lacks both
immune infiltrate and immunologically induced upregulation of
escape mechanisms. Recent studies provide evidence, that these
tumors might not be responsive to checkpoint inhibition.6,8,22,25

Underlying mechanisms for this primary immune escape can
either be a lack of innate immune sensing –linked for example to
activation of b-catenin signaling pathway – or an ineffective
T-cell recruitment, due to methylation of chemokine receptors
like CXCR3 or alteration of the tumor stroma (reviewed in (6,8)).
Interestingly, in a subgroup of non-T-cell inflamed tumors,
expression of PD-L1 is observed, most likely due to oncogenic
activation mediated by loss of PTEN or amplification of the
CD274/PD-L1 gene located on chromosome 9p24.1.6,26–30

PD-L1 and PD-1 expression as well as lymphocytic infiltra-
tion into tumor tissue not only have potential predictive impact
on immunotherapy response, but are also valuable in prognos-
tic patient stratification. In patients with renal cell, gastric and
ovarian cancer, PD-L1 overexpression is linked with poor prog-
nosis, whereas in lung, colorectal cancer, melanoma, as well as
in sarcoma patients, prognostic value is controversial (reviewed
in,7,31). In contrast, positive prognostic impact of high density
T-cell infiltration on patient prognosis is widely accepted espe-
cially in epithelial cancers and melanoma.18–20,32 In sarcomas,
only few studies have investigated the TME including TILs,
and the prognostic impact remains unclear.11,15

The aim of the present study was to analyze PD-L1
expression in TCs and TILs and copy number changes of the
CD274/PD-L1 gene in a histomorphologically and molecularly
well characterized cohort of 128 primary, therapy-na€ıve hSTS
comprising undifferentiated pleomorphic sarcoma (UPS),
synovial sarcoma (SS), angiosarcoma (AS), leiomyosarcoma
(LMS), epithelioid sarcoma (ES) and alveolar soft part sarcoma
(ASPS). Furthermore, focusing on UPS, the largest subgroup
from whom detailed clinic-pathologic data were available, the
TME was characterized in more detail and prognostic impact
of PD-L1, PD-1 and TILs was evaluated.

Results

Expression pattern of PD-L1 on TCs and TILs
and alterations of the CD274/PD-L1 gene locus
in high-grade sarcomas of soft tissue

PD-L1 expression and CD274/PD-L1 copy number status was first
analyzed in a large histologically and molecularly well-character-
ized cohort of 128 primary resected, therapy-na€ıve hSTS, including
57 UPS, 30 SS, 23 AS, 8 LMS, 5 ASPS and 5 ES. PD-L1 expression
in sarcoma cells (defined as positive PD-L1 staining of any percent-
age) was observed in 36/128 (28.1%) cases. Intensity of staining

varied between weak (3/36; 8.3%), intermediate (23/36; 63.9%) and
strong (10/36; 27.8%). PD-L1 staining results were not influenced
by the age of the paraffin tissue blocks used (Supplementary
Table 2). Staining intensity correlated positively with the percent-
age of positive TCs (p<0.001). Distribution of PD-L1 expression
using different cut-off values for definition of positivity (1%; 5%;
10%; 50%) is detailed in Supplementary Table 1. In TILs, PD-L1
expression was present in 15/128 (11.7%) cases.

Amplification of the CD274/PD-L1 gene locus was present
in 9/128 (7.1%) cases, including 8 cases with high-level and one
case with low-level amplification. Information regarding the
PD-L1/CEP9 ratio is given in Supplementary Table 3. In 32/128
(25.0%) cases, polysomy of the gene locus was detected,
whereas 81/128 (63.3%) cases were disomic. In 2/128 (1.6%)
cases, one allele of the CD274/PD-L1 gene was deleted. In
amplified cases, concordant PD-L1 protein expression assessed
by immunohistochemistry, was present in 6/9 (66.7%) cases,
and was significantly more frequent in comparison to cases
with PD-L1 polysomy, disomy or deletion (p D 0.015). PD-L1
expression assessed by immunohistochemistry did not show a
correlation with the presence of a copy number variation
(CNV) of the CD274/PD-L1 gene locus. To exclude any possi-
ble bias due to tissue heterogeneity, staining results based on
TMAs were confirmed by staining of whole slide sections in
CD274/PD-L1 amplified cases (correlation coefficient r D
0.991; p D 0.001). The gene locus for PD-L1 is in close proxim-
ity to the gene locus for PD-L2. We therefore also analyzed
expression of PD-L2 by immunohistochemistry in these 9
amplified cases by staining whole slides of the respective cases.
PD-L2 was not expressed in any of these cases (0/9) (data not
shown).

PD-L1 expression and CD274/PD-L1 gene locus alterations
in different subtypes of hSTS

The number of PD-L1 positive cases was highest in UPS (23/57;
40.4%) compared to AS (8/23; 34.8%), ASPS (1/5; 20.0%), ES (1/5;
20%), LMS (1/8; 12.5%) and SS (2/30; 6.7%); p D 0.022; Fig. 1a).
PD-L1 positive TILs were most frequently detected in ASPS (1/5;
20.0%), ES (1/5; 20.0%) and UPS (10/57; 17.5%) compared to the
other hSTS subtypes (p D 0.050; Fig. 1b). Amplification of the
CD274/PD-L1 gene locus was exclusively observed in UPS (8/57;
14.0%) and AS (1/23; 4.3%). (p<0.001; Table 1).

Cohort description of primary, therapy-na€ıve UPS

As the prevalence of positive PD-L1 expression was highest in
UPS, we decided to more comprehensively characterize this
specific subtype of hSTS with regard to PD-L1 expression and
the immunologic TME, in particular TILs. Detailed clinico-
pathological parameters were available for all patients and fol-
low-up data was available for 52/57 patients. Data is described
in detail in the Material and Methods section and in Table 2.

PD-1 expression and subpopulation analysis of TILs in
primary UPS

PD-1 was not expressed in TCs. Scattered TILs showed PD-1
staining in 5/57 (8.8%) cases. Quantification of CD3C and
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CD8C TILs resulted in the following values: CD8: mean 12.5%,
median 2%, range 0%-60%; CD3: mean 14.2%, median 3%,
range 0%-70%. In 6/57 (10.5%) cases, no CD3C and/or CD8C
TILs were found. Infiltration density of CD3C and CD8C TILs
was closely correlated. Correlation of absolute percentages of
infiltrating CD3C and CD8C cells revealed a correlation coeffi-
cient of r D 0.968 (p<0.001). Dichotomizing absolute numbers
of TIL subsets into subgroups according to infiltration density,
we found CD8C TILs in low density in 39/57 (68.4%) and in
high density in 18/57 (31.6%) cases. Respective values for CD3
were: CD3low 38/57 (66.7%) and CD3high 19/57 (33.3%) cases

(Table 3). Staining results regarding CD3 and CD8 TILs were
concordant in tissue cores and corresponding whole tissue sec-
tions in all selected cases tested (n D 9), thereby excluding any
possible bias due to tissue heterogeneity.

Correlation among variables in primary UPS

High density of both CD3C TILs and CD8C TILs was significantly
correlated with the presence of PD-L1 expression in both, TCs and
TILs. In UPS with high density lymphocytic infiltration as seen for
CD8C TILs in 18 cases, positive PD-L1 expression was observed in
14/18 (77.8%) cases. In contrast, only 6/39 (15.4%) cases with low
density CD8C TIL infiltration were PD-L1 positive (p<0.001).
Similar results were seen for CD3C TILs: 15/19 (78.9%) cases with
CD3high expressed PD-L1, whereas only 5/38 (13.2%) CD3low
cases showed PD-L1 expression (p<0.001). PD-L1 positive TILs
were observed in 6 cases, all of which (6/6; 100.0%) displayed a
high density CD3C/CD8C TIL infiltrate (CD3: pD 0.001; CD8: p
D 0.001; Supplementary Table 4). PD-1 positive TILs were signifi-
cantly more frequent in cases with PD-L1 positive TILs (3/5; 60.0%
compared to 3/52; 5.8%; pD 0.006)

No significant correlation between density of CD3C and/or
CD8C lymphocytic infiltration and/or PD-L1 expression on TCs
with PD-1 expression was detected. Furthermore, no correlation
between PD-L1 expression on TCs and TILs was observed. Inten-
sity of PD-L1 staining on TCs was neither correlated with percent-
age of PD-L1 expression on TCs, nor was it correlated with density
of lymphocytic infiltrate, PD-L1 expression on TILs or PD-1
expression. Furthermore, no statistically significant correlation of

Table 1. PD-L1 expression in tumor cells and tumor-infiltrating lymphocytes and CD274/PD-L1 copy number status in high-grade sarcomas of soft-tissue; Mean and
median value of cases with PD-L1 positive TCs respectively TILs are shown. TC Tumor cell; TIL Tumor-infiltrating lymphocyte; UPS Undifferentiated pleomorphic sarcoma;
ASPS Alveolar soft part sarcoma; ES Epithelioid sarcoma AS Angiosarcoma; LMS Leiomyosarcoma; SS Synovial sarcoma.

Number of Cases PD-L1 positive TCs PD-L1 positive TILs CD274/PD-L1 Copy Number

Amplification Polysomy Disomy Deletion
n n (%) Mean (%); Median (%) Range (%) n (%) Mean (%); Median (%) Range (%) n (%) n (%) n (%) n (%)

UPS 57 23 (40.4) 24.9; 10.0 0.0–90.0 10 (17.5) 23.1; 15.0 0.0–50.0 8 (14.0) 26 (45.6) 22 (38.6) 1 (1.8)
ASPS 5 1 (20.0) 70.0; 70.0 0.0–70.0 1 (20.0) 0.5; 0.5 0.0–0.5 0 (0.0) 1 (3.3) 29 (96.7) 0 (0.0)
ES 5 1 (20.0) 5.0; 5.0 0.0–5.0 1 (20.0) 5.0; 5.0 0.0–5.0 1 (4.3) 3 (13.0) 19 (82.6) 0 (0.0)
AS 23 8 (34.8) 25.4; 7.5 0.0–80.0 2 (8.7) 5.5; 5.5 0.0–10.0 0 (0.0) 5 (62.5) 2 (25.0) 1 (12.5)
LMS 8 1 (11.1) 3.0; 3.0 0.0–3–0 0 (0.0) 0 (0.0) 1 (20.0) 4 (80.0) 0 (0.0)
SS 30 2 (6.7) 10.5; 10.5 0.0–20.0 1 (3.3) 10.0; 10.0 0.0–10.0 0 (0.0) 0 (0.0) 5 (100.0) 0 (0.0)
p-value 0.012 0.238 <0.001

Table 2. Clinicopathological characteristics of patients with therapy-na€ıve undiffer-
entiated pleomorphic sarcoma (UPS) of soft tissue (nD57).

Patient characteristics (nD57) n (%)

Mean age (range) 67 (40–88)
Gender

Male 25 (43.9)
Female 32 (56.1)

Localization
Lower extremity 30 (52.6)
Upper extremity 9 (15.8)
Hip / Pelvis 8 (14.0)
Trunk 7 (12.3)
Head and neck region 2 (3.5)
Not available 1 (1.8)

Grading (WHO)
G2 14 (24.6)
G3 43 (75.4)

Grading (FNCLCC)
4 3 (5.3)
5 11 (19.3)
6 20 (35.1)
7 18 (31.1)
8 5 (8.8)

Resection margins
R0 32 (56.1)
R1 15 (26.3)
R2 6 (10.5)
RX 2 (3.5)
Not available 2 (3.5)

TNM stage
pT1a 5 (8.8)
pT1b 11 (19.3)
pT2a 2 (3.5)
pT2b 37 (64.9)
Not available 2 (3.5)

UICC stage
IIA / IIB 23 (40.4)
III 28 (49.1)
IV 4 (7.0)
Not available 2 (3.5)

Table 3. Distribution of immunological parameters among primary primary, ther-
apy-na€ıve undifferentiated pleomorphic sarcomas (UPS) of soft tissue. TC Tumor
cell; TIL Tumor infiltrating lymphocyte.

CD3 mean percentage (range) 14.2 (0.0 – 70.0)
High density 19 (33.3)
Low density 38 (66.7)
CD8 mean percentage (range) 12.5 (0.0 – 60.0)
High density 18 (31.6)
Low density 39 (68.4)
PD-L1 TCs mean percentage (range) 10.1 (0.0–90)
Positive 23 (40.4)
Negative 34 (59.6)
PD-L1 TILs mean percentage (range) 4.1 (0.0–50.0)
Positive 10 (17.5)
Negative 47 (82.5)
PD-1 (absolute number of cells) 0.8 (0.0–25.0)
Positive 5 (8.8)
Negative 52 (91.2)
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CD274/PD-L1 copy number status (amplification, polysomy or
deletion) with PD-L1 TC expression and/or staining intensity, PD-
1 expression or density of CD3/CD8 TIL infiltration, was found
(Table 4).

Correlation of variables with clinicopathological data of
primary UPS

Cases with a high density CD3C lymphocytic infiltrate were more
frequently detected in lower pT-stages at diagnosis (p D 0.024).
Among CD3high hSTS, 8/18 (44.4%) cases were diagnosed as pT1
a/b and 10/18 (55.6%) as pT2 a/b. CD3low cases were staged as
pT1 a/b in 8/37 (21.6%) and pT2 a/b in 29/37 (78.4%). No further
correlation of any of the parameters with UICC stage, pN- or M
category, WHO grade and/or FNCLCC score was observed, nor
was there a correlation with patients�age or gender.

Survival analysis

In univariate survival analysis, both, highUICC stage and a positive
resection margin were a prognostic factor for poor overall survival
(OS) (p D 0.001 and p<0.001, respectively), disease-specific sur-
vival (DSS) (pD 0.002 and p<0.001, respectively) and disease-free
survival (DFS) (p D 0.001 and p D 0.002, respectively). WHO
grade 3 was prognostic for unfavourable OS (p D 0.008) and DSS
(pD 0.013) compared toWHO grade 2. In addition, older age was
a prognostic factor for poor OS (p D 0.038), but not for DSS and

DFS. In contrast, pT-category and gender were not recognized as
prognostic factors.

Patients with PD-L1 positive UPS showed a significantly better
mean OS, DSS and DFS compared to patients with PD-L1 nega-
tive UPS (p D 0.039; p D 0.023; p D 0.051; Fig. 2a). Mean OS
(DSS; DFS) of patients with PD-L1 positive TCs was 146.3months
(115.9; 111.5), whereas patients with PD-L1 negative TCs showed
a mean OS (DSS; DFS) of only 64.7 months (46.7; 54.3). PD-L1
expression on TILs showed no association with survival, neither
did CD274/PD-L1 copy number status. Patients� outcome was
influenced by the density of the T-lymphocytic inflammatory
infiltrate. Favourable OS (p D 0.009), DSS (p D 0.003) and DFS
(p D 0.047) was observed in patients with high density CD8C
TIL infiltrate with a mean survival time for OS 132.5 months
(DSS: 191.7 months; DFS: 117.7 months) compared to poor OS
(DSS; DFS) in patients with low density CD8C TIL infiltrate with
mean OS 45.8 months (DSS: 58.7 months; DFS: 54.2 months)
(Fig. 2b). These survival differences were mirrored by comparable
differences when analyzing the CD3C lymphocytic infiltrate.
Patients with high density CD3C lymphocytic infiltrate showed
significantly better OS (p D 0.014) and DSS (p D 0.006) and a
trend for better DFS (p D 0.071) compared to patients with low
density CD3C infiltrate. Mean OS (DSS; DFS) of patients with
UPS containing CD3high was 122.4 months (176.3 months,
110.2 months), while respective values for patients with CD3low
were 46.5 months (60.0 months; 55.6 months) (Supplementary
Fig. 1). PD-1 expression was of no significant prognostic value.

Table 4. Correlation of variables among each other. TC Tumor cell; TIL Tumor infiltrating lymphocyte.

CD3 CD8 PD-L1
density density TCs PD-L1 TILs PD-1 TILs CD274/PD-L1 copy number

CD3 density x rD0.961 rD0.650 rD0.485 rD0.175 rD0.071
p<0.001 p<0.001 pD0.001 pD0.128 pD0.590

CD8 density x rD0.608 rD0.505 rD0.190 rD0.057
p<0.001 p<0.001 pD0.124 pD0.666

PD-L1 TCs x rD0.227 rD0.162 rD-0.126
pD0.087 pD0.390 pD0.340

PD-L1 TILs x rD0.500 rD0.139
pD0.001 pD0.295

PD-1 TILs x rD-0.053
pD0.836

CD274/PD-L1 x
copy number

Figure 1. Distribution of PD-L1 expression in tumor cells (a) and tumor-infiltrating lymphocytes (b) in high-grade sarcomas of soft tissue depending on histopathologic
entity.
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Multivariate analysis including status of resection margin,
UICC stage, WHO grade, age and gender revealed, that PD-L1
expression on TCs was an independent prognostic factor for
OS (p D 0.047) and showed statistical trends for DSS (p D
0.096) and DFS (p D 0.087). Density of CD8C lymphocytic
infiltrate was an independent prognostic factor for OS, DSS
and DFS (OS p D 0.001; DSS p D 0.003; DFS p D 0.020). Simi-
larly, prognostic impact of CD3C TILs density with respect to
OS and DSS was independent of UICC stage, WHO grade, age
and gender and showed a statistical trend for DFS (OS p D
0.002; DSS p D 0.004; DFS p D 0.036; Table 5; Table 6).

Discussion

In the present study, PD-L1 protein expression on TCs was
seen in 6.7%-40.4% of cases, with highest prevalence in UPS,
and lowest prevalence in LMS and SS. PD-L1 expression on

TILs occurred in 0.0–20.0% of cases, with highest frequency
seen in ASPS and AS. Frequency of PD-L1 expression in our
cohort was low in comparison to studies by Movva et al, who
detected PD-L1 on 50% of sarcoma samples and Kim et al, who
found PD-L1 on TCs in 65% and on TILs in 58% of cases. In
contrast, Paydas et al reported PD-L1 positive TCs in 30% of
cases and D�Angelo et al in 12% of cases (respective value for
TILs were 29% and 30%).11,13,14,33 These striking differences in
frequency of PD-L1 expression in sarcomas may be explained
by several factors, three of which constitute a general problem
in PD-L1 testing7: (1) Use of different cut-off values for defini-
tion of PD-L1 positivity; (2) Use of different immunohisto-
chemical assays and antibodies for assessment of PD-L1
expression and (3) dynamic, time-dependent PD-L1 expression
which might be influenced by preoperative treatment protocols.
Moreover, most previous studies on PD-L1 in sarcoma exam-
ined cohorts comprising a multitude of (low and high-grade)

Figure 2. Association of infiltration density of (a) PD-L1 expression on tumor cells (TCs) and (b) CD8C TILs with overall survival (OS), disease-specific survival (DSS) and dis-
ease-free survival (DFS).
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sarcoma subtypes with low absolute numbers of distinct suben-
tities and unknown neoadjuvant treatments. In the present
study, we report absolute percentages of PD-L1 positivity
without applying pre-set cut-offs as suggested by several large
studies.34–38 In addition, we used the PD-L1 antibody clone
SP263 for immunohistochemistry, which has been recom-
mended as companion diagnostic in previous studies targeting
PD-1/PD-L1 axis.7,39,40 To avoid possible confounding effects
of preoperative treatment on tumor immunology and TME, we
included exclusively primary resected, therapy-na€ıve hSTS in
our study.

Copy number gains on chromosome 9p24 containing the
genes CD274/PDL1 and PD-L2/PDCD1LG2 were observed in
14% of UPS and 4.3% of angiosarcomas in our cohort. Amplifi-
cation of chromosome 9p24 represents a well-described mecha-
nism of immune evasion in several lymphoma and epithelial
cancer subtypes such as triple-negative breast and head and
neck cancers.26–28 Immune evasion is mediated in part by
increased tumoral expression of PD-L1 and consequent activa-
tion of the PD-1 regulatory pathway on TILs. The identification
of 9p24 copy-number gain as a potential mechanism for PD-L1
overexpression in the present study may provide a rationale for
treatment of sarcoma patients, especially in a subgroup of UPS
with PD-L1 amplification. We found a significant correlation
between CD274/PD-L1 gene amplification and the PD-L1
immunohistochemical status, however, three amplified cases
were PD-L1 immunonegative. The reason for this discrepancy
is currently not clear, but may involve posttranscriptional or
posttranslational modifications.

Both, PD-L1 and PD-1 expression in TCs and TILs and TIL
density have been studied as potential prognostic biomarkers
in various tumor types, including sarcomas. In our analysis,
PD-L1 was a positive prognostic biomarker for OS, DSS and
DFS in univariate analysis which was confirmed in multivariate
analysis. In the current literature, impact of PD-L1 expression
on prognosis in hSTS is controversial. Two recent studies con-
cluded that PD-L1 positivity on TCs and PD-1 positivity in

TILs are negative prognostic factors,10,14 whereas others did
not find any prognostic impact of PD-L1 expression in sarco-
mas.11 In general, the role of PD-L1 expression as a prognostic
factor is unclear. Depending on disease entity and preset
cut-off values, positive expression is either associated with
improved clinical outcome (HNSCC), negative clinical out-
come (gastric cancer, pancreatic cancer), positive or negative
outcome (MM, NSCLC, colorectal cancer) or it doesn’t show
any association with outcome (cervical cancer, squamous cell
carcinoma of the lung) (reviewed in31). PD-L1 is a dynamic
marker whose expression is dependent on the local micromi-
lieu. To characterize the TME in UPS in more detail, we investi-
gated – in addition to PD-L1 expression – the expression of
PD-1, and TIL T-cell subpopulations with antibodies directed
against CD3, a general T-cell marker, and CD8, a marker of
cytotoxic T-cells. Ligation of PD-1 and PD-L1 induces T-cell
anergy and therefore contributes to immune escape.6–8 CD8C
cytotoxic TILs are capable of direct tumor cell killing and other
subpopulations of CD3C T-cells (e.g. CD4C T-cells) orches-
trate the interplay of different immune cell types for example
by cytokine expression including INFg8,18,19,41 These tumor-
specific cell populations, involved in adaptive immunity, are
essential for inhibition of tumor growth. Our analysis revealed
a close interdependence of PD-L1/PD-1 expression and T-cell
populations. PD-L1 expression in TCs was significantly more
frequent in UPS with PD-L1 positive TILs and both, PD-L1
expression in TCs and TILs were correlated with high density
CD3C and CD8C lymphocytic infiltrate.

Overall, studies investigating TILs in sarcomas are rare,
often lumping together low and high grade sarcomas represent-
ing a multitude of genetically, morphologically and clinically
distinct and different sub entities.11,15,42,43 In our UPS cohort,
high density of both CD3C and CD8C T-cell infiltrate was
observed in approximately one third of cases. This frequency is
similar to results by Sorbye et al, who found a high density of
CD3C (CD8C) intratumoral T-cells in 25% (18%) of cases and
by D�Angelo et al who reported high density CD3C (CD8C)

Table 5. Survival associations for immunologic variables in undifferentiated pleomorphic sarcomas (UPS).

Number OS DSS DFS
nD52 (Events) Mean OS (SD) p-value (Events) Mean DSS (SD) p-value (Events) Mean DFS (SD) p-value

CD3 density
High 17 6 122.4 (27.9) 0.002* 3 176.3 (23.6) 0.004* 7 110.2 (27.6) 0.036*

Low 35 29 46.5 (11.0) 25 60.0 (13.9) 24 55.6 (13.0)
CD8 density
High 16 5 132.5 (28.6) 0.001* 2 191.7 (19.8) 0.002* 6 117.7 (28.8) 0.020*

Low 36 30 45.8 (10.7) 26 58.8 (13.5) 25 54.2 (12.6)
PD-L1 tumor cells
Positive 17 7 115.9 (26.7) 0.046* 5 146.3 (27.6) 0.039 7 111.5 (27.2) 0.051
Negative 35 28 46.7 (11.3) 23 64.7 (15.1) 24 54.3 (12.9)

PD-L1 TILs
TILs positive 5 1 64.9 (17.5) 0.126 0 All cases censored 0.055 1 69.7 (14.4) 0.193
TILs negative 47 34 62.1 (12.3) 28 30 67.1 (12.7)

PD-1 TILs
Positive 4 1 154.1 (40.8) 0.166 1 154.1 (40.8) 0.297 2 140.6 (70.0) 0.359
Negative 48 34 61.2 (12.2) 27 86.8 (15.7) 29 66.6 (12.7)

CD274/PD-L1 Copy number
Amplification 7 4 87.8 (34.9) 0.867 3 108.8 (38.7) 0.877 4 108.8 (44.7) 0.394
Polysomy 25 17 42.8 (10.1) 14 46.8 (11.4) 16 40.0 (8.8)
Disomy 19 13 81.2 (22.0) 6 107.8 (24.6) 10 95.3 (21.8)
Deletion 1 1 18.4 (0.0) 1 18.4 (0.0) 1 18.4 (0.0)

�multivariate statistical analysis
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T-cells in 43% (19%) of cases. Confirming and extending these
previous studies, the presence of T-cells within tumor tissue
suggests that the adaptive immunity plays an active role in
anti-tumor response in hSTS, particularly in UPS.

Even more pronounced, when analyzing the prognostic
impact of the various immunologic variables in UPS, we identi-
fied a high density lymphocytic infiltrate, especially of CD8C
TILs, as an independent positive prognostic marker with respect
to OS, DSS and DFS. While a positive prognostic impact of TILs
is widely accepted in epithelial cancers (colorectal and ovarian
cancer) and malignant melanoma18,19,32 to the best of our knowl-
edge, our study is the first to demonstrate a prognostic role of
high density CD3C and CD8C T-cell infiltrate in sarcomas, spe-
cifically in the UPS subgroup. Previous studies on sarcomas,
often hampered by the limitations described above either showed
no impact of CD3C and CD8C TILs on prognosis or – in uni-
variate analysis11 – revealed an association of low CD3C infiltra-
tion with better survival.

Our study clearly has limitations, as case numbers of rare sar-
coma entities included in the study are low. In addition, our study
is performed on tissue microarrays containing only small tumor
areas. To circumvent bias due to tissue heterogeneity, Botti et al44

suggested to include multiple tumor cores representative for the
whole tumor area for evaluation of PD-L1 IHC using TMAs. Along
these lines, we included a high number of tissue cores / tumor (3–6)
in our TMAs. In addition, previous studies were able to confirm
staining results based on TMA on whole slides.45 In our study,
scoring based on TMAswas concordant with scoring of whole slide
sections in selected cases, making any bias unlikely.

In conclusion, we provide a comprehensive analysis of PD-
L1 expression on TCs and TILs in primary resected, therapy-
na€ıve hSTS, using a well established immunohistochemical
assay demonstrating tumoral PD-L1 positivity in 26% and
amplification of the corresponding CD274/PD-L1 gene locus in
7.1% of cases, with highest rate of PD-L1 expression (40%) and
PD-L1 amplification (14%) in UPS. 66.7% of CD274/PD-L1

Table 6. Multivariate analysis including (a) PD-L1 expression on tumor cells, (b) CD8C lymphocytic infiltrate, (c) CD3C lymphocytic infiltrate. HR Hazard Ratio; CI Confi-
dence Interval ; OS Overall Survival ; DSS Disease-specific Survival ; DFS Disease-free Survival.

OS DSS DFS

95% CI 95% CI 95% CI
HR Min. Max. p-value HR Min. Max. p-value HR Min. Max. p-value

(a) PD-L1 Tumor cells
Age 1,040 1,005 1,075 0.025 1,025 0.989 1,063 0.181 1,032 0.995 1,070 0.092
Gender male 1,000 0.999 1,000 0.716 1,000 0.638

female 1,000 0.429 2,335 1,194 0.459 3,107 0.812 0.341 1,935
WHO Grade 2 0.214 0.164 0.398

3 2,348 0.611 9,017 3,135 0.628 15,642 1,769 0.471 6,638
UICC stage IIa/b 1,000 0.080 1,000 0.159 1,000 0.089

III 2,300 0.919 5,758 1,910 0.728 5,011 1,752 0.639 4,805
IV 4,571 1,028 20,313 4,089 0.894 18,705 5,651 1,199 26,620

Resection margin tumor free 1,000 0.128 1,000 0.041 1,000 0.483
tumor infiltrated 2,269 1,028 5,009 3,145 1,296 7,636 1,702 0.717 4,041
unclear 0.000 0.000 0.000 0.000 . 0.000 0.000 .

PD-L1 TCs low 1,000 0.047 1,000 0.096 1,000 0.087
high 2,408 1,011 5,735 2,351 0.860 6,428 2,184 0.893 5,340

(b) CD8C lymphocytic infiltrate
Age 1,055 1,017 1,094 0.004 1,038 0.998 1,080 0.063 1,041 1,002 1,081 0.041
Gender male 1,000 0.998 1,000 0.759 1,000 0.813

female 1,001 0.443 2,262 1,153 0.463 2,871 0.903 0.387 2,108
WHO Grade 2 1,000 0.709 1,000 0.631 1,000 0.731

3 1,323 0.303 5,777 1,536 0.267 8,836 1,280 0.314 5,216
UICC stage IIa/b 1,000 0.009 1,000 0.022 1,000 0.033

III 5,055 1,605 15,917 4,668 1,333 16,350 2,819 0.873 9,100
IV 5,251 1,202 22,943 4,846 1,076 21,816 6,691 1,459 30,682

Resection margin tumor free 1,000 0.030 1,000 0.017 1,000 0.323
tumor infiltrated 3,617 1,398 9,356 4,920 1,644 14,724 2,096 0.799 5,503
unclear 0.000 0.000 0.000 0.000 0.000 0.000

CD8C TILs low 1,000 0.001 1,000 0.003 1,000 0.020
high 6,105 2,041 18,258 10,536 2,186 50,774 3,317 1,209 9,106

(c) CD3C lymphocytic infiltrate
Age 1,052 1,015 1,091 0.006 1,035 0.996 1,076 0.079 1,039 1,001 1,079 0.047
Gender male 1,000 0.874 1,000 0.582 1,000 0.856

female 1,069 0.470 2,433 1,298 0.513 3,280 0.924 0.393 2,172
WHO Grade 2 1,000 0.555 1,000 0.437 1,000 0.629

3 1,540 0.367 6,463 1,967 0.357 10,854 1,400 0.358 5,482
UICC stage IIa/b 1,000 0.016 1,000 0.046 1,000 0.044

III 4,178 1,391 12,551 3,547 1,089 11,553 2,460 0.794 7,621
IV 4,888 1,122 21,287 4,378 0.980 19,551 6,357 1,387 29,143

Resection margin tumor free 1,000 0.031 1,000 0.015 1,000 0.350
tumor infiltrated 3,410 1,367 8,503 4,607 1,637 12,959 2,003 0.783 5,127
unclear 0.000 0.000 0.000 0.000 0.000 0.000

CD3C TILs low 1,000 0.002 1,000 0.004 1,000 0.036
high 4,775 1,753 13,006 6,694 1,820 24,619 2,749 1,067 7,083
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amplified cases show concordant PD-L1 protein expression.
PD-L2 protein expression was not detected. Furthermore, we
provide evidence that both CD3C and CD8C TIL density
within the TME and PD-L1 expression on TILs are potential
prognostic factors in UPS. These findings represent novel
insights into the immunologic landscape of sarcomas and pro-
vide a foundation for further therapeutic intervention into this
tumor type.

Material and methods

Tissue samples

One hundred and twenty eight formalin-fixed paraffin-embed-
ded (FFPE) tumor samples of patients with hSTS, undergoing
surgery at the Klinikum Rechts der Isar of the Technical Uni-
versity of Munich, Germany, between 1995 and 2015 were
included. Cases comprised 57 UPS, 30 SS, 23 AS (including 1
radiation associated AS), 8 LMS, 5 ASPS and 5 ES. All tumors
were primary resected/biopsied without neoadjuvant treatment
prior to surgery. Hematoxylin & eosin stained sections were
reviewed by two pathologists (MB, KSp). Diagnosis was based
on morphology, and ancillary immunohistochemical and
molecular analysis in selected cases (e.g. MDM2 fluorescence in
situ hybridization in n D 57 UPS revealed no amplification of
the respective gene locus (0/57)). Grading was performed
according to the current World Health Organization (WHO)
Classification of Tumors of the Soft Tissue and Bone1 and the
Classification of the French F�ed�eration National des Centre de
Lutte contre le Cancer (FNCLCC).46 Staging at the time of diag-
nosis was performed according to the UICC (Union interna-
tional contre le cancer) tumor, node, metastasis (TNM)
classification (7th edition).47 All procedures of the study were in
full accordance with the Helsinki Declaration of 1975 and
approval for the study was obtained from the Ethics Review
Committee of the Technical University of Munich (147/17 S).

For the subgroup of UPS, detailed clinical information was
available for 52/57 patients: At the time of diagnosis, synchro-
nous metastases were present in 4 patients. 36 patients died
during follow-up, 28 deaths were disease-related. Mean follow-
up was 19 months (2 – 84 months) for deceased patients, whose
deaths were disease-specific, 60 months (60 – 132 months) for
deceased patients, whose deaths were not disease-related and
78 months (6 – 222 months) for patients, who were alive at the
last follow-up (Table 2).

Tissue microarray construction

FFPE tumor samples were assembled into a tissue microarray
(TMA) using a Tissue Microarrayer (Beecher Instruments)
with a core size of 0.6 mm. A minimum of 3, where feasible up
to 6 tumor cores were taken from areas with vital tumor tissue
previously marked by two pathologists (MB, KSp).

Immunohistochemistry

Immunohistochemistry (IHC) was performed on 2 mm sec-
tions from each TMA using primary antibodies against PD-L1
(SP263; Ventana Medical Systems, Roche; ready to use), PD-L2

(D7U8 C; Cell Signaling; 1:50), PD-1 (11RQ-22; 1:50; Cell Mar-
que), CD3 (MRQ-39; 1:500; Cell Marque) and CD8 (C8/144B;
Dako; 1:50). Stainings were run on an automated immunos-
tainer with an optiVIEW DAB detection kit (Ventana Medical
Systems,). Evaluation of immunohistochemical stainings was
performed simultaneously by two pathologists (MB, KSp) who
were blinded to clinicopathological data and follow-up.

Membranous expression of PD-L1 was assessed in TCs and
TILs, which were identified based on morphologic evaluation.
Absolute percentage of positive TCs was counted. Staining inten-
sity was assessed in a 3-tiered grading system including “weak
staining” (1C), “intermediate staining” (2C), “strong staining”
(3C). PD-L1 staining in TILs was assessed documenting the per-
centage of PD-L1 positive TILs across tumor area. Staining inten-
sity of PD-L1 in TILs was not taken into account since no obvious
differences in staining intensity were noted. The corresponding
tumor cores on the TMA of each case were analyzed and the mean
value of positivity across the cores was calculated and documented
as result. To exclude misinterpretation of tumor-associated macro-
phages (TAMs) as TCs or TILs, immunohistochemical double
staining of PD-L1 (28–8, 1:500, Abcam) / and the macrophage
marker CD163 (EdHu1, 1:800, AbD Serotec) on a BondRxm sys-
tem with a ChromoPlex DualDetection Kit) was performed in
selected cases (nD 15). In analogy, expression of PD-1 in TILs was
assessed by counting the absolute number of PD-1 positive TILs
across all corresponding tumor cores.

Density of CD3C and CD8C TILs was evaluated by counting
the percentage of positive TILs across tumor area, taking into
account sarcoma cells and tumor stroma whereas tumor necrosis
and peritumoral tissue were excluded from the analysis. Again, cor-
responding tumor cores of each case were analyzed and the density
across all cores was calculated and documented as result (Fig. 3).

PD-L1 Fluorescence in Situ hybridization

Dual-color FISH analysis was performed on 2 mm sections from
TMAs as previously described, taking into account at least 20
nuclei per TMA core (CDC274/PD-L1 and PDCD1LG2/PD-L2/
CEP9, Zytovision).28 CD274/PD-L1 copy number was evaluated
following criteria defined by Schildhaus et al48 with slight
modification: PD-L1 high-level amplification was defined as
PD-L1/CEP9 ratio �2.0 or clusters of >15 PD-L1 signals in
>10% of tumor nuclei. Low-level amplification was defined as
clusters of>5 PD-L1 signals in >50% of tumor nuclei, polysomy
9 was defined as average PD-L1 copy number >3 signals/cell and
PD-L1 deletion was defined as PD-L1/CEP9 ratio<0.8 (Fig. 4).

Statistics

Descriptive and exploratory statistical analyses were performed
using SPSS 23 (SPSS Inc.). The distribution of qualitative data
was compared between groups using x2-test or Fisher’s exact
test. Likewise, quantitative data was compared between groups
using the non-parametric Mann-Whitney U test. To investigate
the relationship between continuous variables, the non-
parametric Spearman-Rho correlation was applied. Survival
probabilities were plotted with the Kaplan-Meier method, a
log-rank test was used to probe for the significance of
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Figure 3. PD-L1, PD-1, CD3 and CD8 expression in high-grade sarcoma of soft tissue and tumor-infiltrating lymphocytes (TILs). 1 a)–1f) Representative examples of undif-
ferentiated pleomorphic sarcoma (UPS) showing membraneous PD-L1 expression in tumor cells with (a) strong staining (3C), (b) intermediate staining (2C); c) UPS with
PD-L1 positive TILs; d) UPS with double staining: red: PD-L1 positive lymphocytes, brown: CD163 positive histiocytes, intermingled negative TCs; (e) CD3C TILs in high
infiltration density; (f). UPS with scarce PD-1 positive TILs. 1 g)–1j) PD-L1 staining in representative high-grade sarcomas of soft tissue: (g) Epithelioid sarcoma, (e) Angio-
sarcoma, (f) Alveolar soft part sarcoma.

Figure 4. Fluorescence in situ hybridization (FISH) of PD-L1 gene locus. CD274/PD-L1 gene is labelled in green, centromer 9 in red. FISH analysis showing (a), (b) high level
amplification with clusters of >15 PD-L1 signals in >10% of tumor nuclei, (c) high level amplification with PD-L1/CEP9 ratio �2.0 (d) Low-level amplification with clusters
of >5 PD-L1 signals in >50% of tumor nuclei.

ONCOIMMUNOLOGY e1389366-9



differences in survival probabilities. Multivariate survival analy-
sis was performed with the Cox proportional hazard model.

Using DSS as an endpoint for the determination of the opti-
mal prognostic cut-off values, ROC curve analyses were per-
formed for PD-L1 expression on TCs and TILs, PD-1
expression and CD3C and CD8C infiltration density. With the
highest Youden’s index, the cut-off value for PD-L1 positivity
on TCs cells respectively on TILs was set at>1% PD-L1 expres-
sion (TCs) respectively >5% PD-L1 expression (TILs). PD-1
positivity on TILs was defined to be � 1 PD-1 positive TIL.
High CD3C and CD8C infiltration density was defined as
>15% TILs covering tumor area whereas low density was stated
when CD3C and CD8C positive TILs covered �15% (Supple-
mentary Fig. 2). All statistical tests were performed on explor-
atory two-sided 5% significance level.
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