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Abstract

We assessed the frequency of programmed death-ligand 1 (PD-L1) expression by immunohis-
tochemistry (IHC) in a cohort of 522 sarcomas from 457 patients, incuding a subset of 46
patients with 63 matched samples from local recurrence or metastases with primary tumours
and/or metachronous metastases. We also investigated the correlation of PD-L1 with the pres-
ence and degree of tumour-infiltrating lymphocytes (TILs) in a subset of cases. IHC was per-
formed using the PD-L1 SP263 companion kit (VENTANA) on tissue microarrays from an
archival cohort. Evaluation of PD-L1 and TILs was performed on full sections for a subset of 23
cases. Fisher’s exact and Mann Whitney test were used to establish significance (P <0.05).
PD-L1 positive expression (>1%) was identified in 31% of undifferentiated pleomorphic sarco-
mas, 29% of angiosarcomas, 26% of rhabdomyosarcomas, 18% of myxofibrosarcomas, 11%
of leiomyosarcomas and 10% of dedifferentiated liposarcomas. Negative expression was
present in all atypical lipomatous tumous/well-differentiated lipoasarcomas, myxoid liposarco-
mas, synovial sarcomas, pleomorphic liposarcomas, and Ewing sarcomas. PD-L1 IHC was
concordant in 81% (38 of 47) of matched/paired samples. PD-L1 IHC was discordant in 19%
(9 of 47 matched/paired samples), displaying differences in the proportion of cells expressing
PD-L1 amongst paired samples with the percentage of PD-L1-positive cells increasing in the
metastatic/recurrent site compared to the primary in 6 of 9 cases (67%). Significant correlation
between PD-L1 expression and the degree of TILs was exclusively identified in the general
cohort of leiomyosarcomas, but not in other sarcoma subtypes or in metastatic/recurrent sam-
ples. We conclude that the prevalence of PD-L1 expression in selected sarcomas is variable
and likely to be clone dependent. Importantly, we demonstrated that PD-L1 can objectively
increase in a small proportion of metastases/recurrent sarcomas, offering the potential of treat-
ment benefit to immune checkpoint inhibitors in this metastatic setting.
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Introduction

The PD-1/PD-L1 axis (Programmed death 1 or CD274/ programmed death-ligand 1) plays a
crucial role in immune surveillance. PD-1 is a transmembrane protein expressed on activated
T and B cells and binds to its ligands, PD-L1 or PD-L2, which are variably expressed in
immune (T and B cells, dendritic cells, mast cells) and non-immune (e.g. endothelial) cells
including tumour cells. The PD-1/PD-L1 axis acts as an immune checkpoint by inhibiting T-
cell function leading to tumour immune escape (Reviewed in[1, 2]). Therapeutic blockage of
the PD-1/PD-L1 receptor-ligand can result in durable clinical responses in lung and bladder
cancer [2-6] but their benefit in various sarcoma subtypes remains unknown, with no phase 3
studies yet published.

The frequency of PD-L1 expression in sarcomas reported in the literature is highly variable
with incidences ranging from 0% to 65%[5, 7-19]. In their analysis, some of these series have
combined statistical analysis of the two molecularly characteristic groups of sarcomas, that is
those associated with recurrent specific genetic events (e.g. translocations or amplification)
known to drive tumorogenesis (e.g. t(X;18)(p11.2; q11.2) in synovial sarcoma) and sarcomas
with complex karyotype (e.g. myxofibrosarcoma), which lack detectable recurrent gene alter-
ations, as a single entity [20-23]. Such distinction is fundamental as sarcomas across the differ-
ent groups and within the same group show distinct clinical behaviour.

The predictive and prognostic significance of PD-L1 expression in sarcomas has also been
reviewed including its correlation with PD-1 expression, and the presence and degree of
tumour-infiltrating lymphocytes (TILs) [5, 7-19].

The aims of our study were threefold. To review the incidence of PD-L1 expression in a
cohort of 522 selected bone and soft tissue sarcomas from 457 patients with the commercially
avaijlable and widely used PD-L1 companion kit SP263 (Ventana)[24]. This immunohisto-
chemical assay in other tumour types (i.e. lung and urothelial) can identify patients more likely
to benefit from treatment with anti-PD-L1 immunotherapy such as durvalumab, pembrolizu-
mab and nivolumab. Only few studies using the clone SP263 have been published in sarcoma
patients [10, 18]. A second aim was to review the level of concordance in PD-L1 expression in
matched sarcoma samples from primary tumour and its recurrence and/or metastasis (or
metachronous recurrent/metastatic episodes). The purpose was to identify whether changes in
PD-L1 expression occur during the evolution of more aggressive sarcomas and if so, these may
impact treatment of refractory advanced disease. Lastly, we correlated PD-L1 expression with
the presence and degree of TILs identified on H&E sections for a subset of cases. The signifi-
cance of TILs identified on routine H&E sections in sarcomas has not been widely
investigated.

Materials and methods

This study was approved by the Northern Sydney Local Health District (NSLHD) Human
Research Ethics Committee (HREC) reference 1312-417M. Consent was not obtained as this is
a retrospective cohort of de-identified archival tissue samples. A retrospecitve database search
was performed on the archives of Douglass Hanly Moir (DHM) Pathology laboratory in a
10-year (2008-2018) period of time to identify a cohort of selected bone and soft tissue sarco-
mas. Our cohort was limited to resection specimens to ensure tissue availability and viable rep-
resentative tumour. Selection of sarcoma subytpes was based on the most prevalent soft tissue
sarcomas identified in our laboratory with rare sarcomas excluded to ensure statistical power
in the analysis. All our cases have been previously diagnosed by pathologists with sarcoma
expertise following standardised diagnostic criteria[20], which included the used of FISH
probes (Break-apart: SS18, EWSR1, FOXO1, DDIT3, FUS; and enumeration: MDM2) when
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required for tumour classification. As this is a de-identified cohort, follow-up is not available.
Ewing sarcomas were the only primary bone tumours included in this cohort, all of which had
an associated soft tissue component not requiring prior decalcification. Only formalin-fixed
paraffin-embedded (FFPE) tissue blocks with adequate viable tumour from resection speci-
mens were selected for construction of tissue microarrays (TMAs). Replicate tissue microarray
(TMA) cores were taken from each sample (2x1 mm cores). For PD-L1 IHC, paraffin blocks
were sectioned at 4 um on to Superfrost Plus slides and stained with the Ventana PD-L1 SP263
rabbit monoclonal primary antibody (Assay v1.00.0001), using the VENTANA OptiView
DAB IHC Detection Kit and the BenchMark ULTRA platform. IHC was performed on TMAs
for the entire cohort and on full sections for a subset of cases (n = 23). Positive (normal pla-
centa as described [25] and negative controls were included in each run. Positive PD-L1
expression in the tumour cells was scored semiquantitatively as 0-3+, based on weak, moder-
ate and strong membranous staining, respectively and the percentage of tumour cells express-
ing the protein was recorded. Following standard guidelines as per lung for the clone SP263
[24], PD-L1 expression was regarded as positive if complete or incomplete membranous
expression was present in >1% of the tumour cells regardless the intensity. PD-L1 expression
on immune cells (lymphocytes and/or plasma cells) was also recorded when identified.
Although we aimed to score PD-L1 on 100 viable tumour cells, this was not achievable for sar-
comas with low cellularity on TMAs. Nevertheless, standardised criteria for PD-L1 scoring,
including the minimal number of cells for PD-L1 expression, in the context of sarcoma sam-
ples has not been universally established.

Evaluation of TILs was performed on 2 to 3 representative full H&E sections (4 microns in
thickness) per each case only for the sarcoma subtypes with the largest number of cases (UPS,
MES and LMS) and for the metastatic/recurrent samples (Met/Rec cohort: n = 306). TILs were
scored following the recommendations by the International TILs Working Group for breast
cancer|[31]. Briefly, the intratumoural area occupied by stromal TILs was expressed as a per-
centage. TILs were assessed in areas away from necrosis. Tertiary lymphoid structures and
other inflammatory cells (i.e. neutrophils and histiocytes) were excluded. The level of TILS was
regarded as nil (0%), minimal (1-10%), intermediate (>10% and <50%) and high (>50%).
These cut-offs were selected following the groups A-C of Salgado et al [26-27], with the excep-
tion that for this study, absent TILs (0%) was differentially recorded from mild TILs (1-10%).
A limitation of applying this system to sarcomas is that, contrary to breast cancer, the tumour
boundary in a proportion of sarcoma subtypes is not well defined.

For statistical analysis the Fisher exact test for a 2 x 2 contingency table and the Mann Whit-
ney test were used to establish significant correlations between PD-L1 and TILs with signifi-
cance determined at P value: <0.05. An online calculator was used for the analysis: https://
www.socscistatistics.com/tests/fisher/default2.aspx and https://www.socscistatistics.com/tests/
mannwhitney/.

Results
Overall cohort

The entire cohort assessed for PD-L1 IHC on TMAs comprised 522 samples from 457 patients.
These included primary uterine and soft tissue lelomyosarcomas (LMS n = 116), atypical lipo-
matous tumours/well- differentiated liposarcomas (ALT/WD-LPS, n = 95), myxofibrosarco-
mas (MFSs, n = 97), undifferentiated pleomorphic sarcomas (UPS, n = 67), dedifferentiated
liposarcomas (DD-LPS, n = 37), myxoid liposarcomas (ML, n = 27), rhabdomyosarcomas
(RMS, n = 24: 9 pleomorphic, 7 embryonal, 4 alveolar and 3 spindle cell/sclerosing), synovial
sarcomas (SS, n = 17), angiosarcomas (n = 17), Ewing sarcomas (ES, n = 14) and pleomorphic
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liposarcomas (n = 11). From this cohort, 63 samples were derived from recurrent/metastatic
specimens (plus residual disease for a few of these cases, Table 1) referred to as Rec/met cohort,
from 46 patients.

In the overall cohort, PD-L1 positive expression (>1%) was identified in 31% UPSs (21/67),
29% angiosarcomas (5/17), 26% RMSs (6/24, most of which were of the pleomorphic subtype),
18% MEFSs (17/97), 11% LMSs (13/116) and 10% DD-LPS (4/37). PD-L1 was negative (<1%)
in all ALT/WDL (n = 95), myxoid liposarcomas (n = 27), synovial sarcomas (n = 17), pleomor-
phic liposarcomas (n = 11) and Ewing sarcomas (n = 15; Fig 1). When identified, PD-L1 stain-
ing was limited to tumour cells with no definitive epression present in immune cells. It is
possible that for cases with strong tumour expression, this obscured expression in the immune
cells. As previoulsy described, PD-L1 expression was seen in macrophages and endothelial
cells but this was inconsistent in these cell types across the samples. Both complete and incom-
plete membranous expression pattern was identified and the intensity of the stain was highly
variable (Fig 2A, 2B, 2C, 2D and 2E). Protein expression was overall concordant in replicate
cores (Fig 2F).

Rec/Met cohort

This includes paired samples from the following types: MES (n = 17), UPS (n = 5), LMS
(n=11), RMS (n =2), ML (n = 2), pleomorphic LPS (n = 2), angiosarcomas (n = 3), SS
(n=2),ES (n=1) and DD-LPS (n = 1; Table 1). The median interval between acquisitions of
paired lesions was variable (Range 0-6 years, Table 1). All paired samples including residual
disease and those occurring <1 year apart were derived from independent surgical procedures
(Table 1). These were included to assess for intra-tumour heterogeneity. Overall, PD-L1 was
concordant amongst matched / paired samples for 79% of the cases when assessed on TMAs
(37 of 46 patients). For the remaining 21% with discordant PD-L1 on TMAs, IHC was per-
formed on full sections, which increased the level of concordance from 79% to 81%. A few of
these cases were initially scored as negative on TMAs but on full sections, unequivocal PD-L1
stain was identified in >1% of the cells. Except for one, all cases lacked PD-L1 expression.
Hence, these were negatively concordant (0% PD-L1 expression). The remaining case (UPS)
displayed 100% expression concordantly in the primary and recurrent sample (Fig 2G and
2H). As this recurrence was identified soon after the resection of the primary tumour, it may
represent residual disease.

Nineteen per cent of matched samples (9 of 47 patients) displayed true differences in the
proportion of cells expressing PD-L1 in the primary tumour when compared to its corre-
sponding metastasis / recurrence or between metachronous metastases / recurrent episodes.
These include samples from 4 patients with MFS, 4 with LMS and 1 with pleomorphic RMS.
In these samples, the percentage of PD-L1+ cells increased in the metastatic/recurrent site
compared to the primary tumour in 6 of 9 cases (67%), from which 3 cases had only a modest
increase (i.e. 1% to 5 or to 10%; Table 1) but a dramatic increase was identified in the 3 remain-
ing cases (Fig 3). These included a uterine leiomyosarcoma with original PD-L1 expression of
1%, which increased to 90% in its lung metastasis (Fig 3A, 3B, 3C and 3D), a pleomorphic
rhabdomyosarcoma from the spermatic cord with increase from 40% to 80% in the brain
metastasis (Fig 31, 3], 3K and 3L) and a high-grade MFS with increase from 5% to 70% in the
recurrence (Fig 3E, 3G and 3H). Interestingly, for this MFS case, gain in PD-L1 was identified
in the second recurrence (Rec 2) with the first recurrence (Rec 1) only showing 1% expression
(Table 1). PD-LI was negative in all paired samples from angiosarcomas, myxoid liposarco-
mas, synovial sarcomas, pleomorphic liposarcomas and Ewing sarcomas.
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Table 1. Matched sarcoma samples from 46 pateints (Met/Rec cohort) with results for PD-L1 IHC and tumour-infiltrating lymphocytes (TILs).

Case | Label ID. | Patient’s age Diagnosis Site Sample Year of | PD-L1IHC TILs
No. type Dx. %
1 MFS-46 80 Myxofibrosarcoma, Gde 3, 45mm Calf Primary 14 0 High
MFS-09 Calf Rec 16 0 No TILs
2 MFS-92 65 Myxofibrosarcoma, Gde 3, 115 mm Buttock Primary 11 *5% No TILs
MFS-71 Thigh Rec1 12 1% No TILs
MFS-72 Thigh Rec2 12 *70% No TILs
3 MES-77 76 Myxofibrosarcoma, Gde 3, 38mm, post-irradiation Tibia Primary 12 *1% No TILS
MFS-70 Tibia Rec1 13 5% No TILS
MFS-31 Leg Rec2 13 “5% No TILS
MFS-29 Shin Residual 13 1% Moderate
MFS-38 Shin Rec 3 14 “10% No TILS
4 MFS-65 48 Myxofibrosarcoma, Gde 3, 35 mm Thigh Primary 16 0 No TILS
MFS-64 Thigh Residual 16 0 No TILS
MFS-52 Thigh Rec 17 0 No TILS
5 MFS-26 65 Myxofibrosarcoma, Gde 3 Ulna Rec1 10 *1% Moderate,
het
MFS-74 20mm, post-irradiation Forearm Rec 2 12 *<1% No TILs
6 MFS-17 68 Myxofibrosarcoma, Gde 3, 22m Arm Rec1 09 0 Moderate
MFS-22 Arm Rec 2 10 0 High
7 MFS-16 79 Myxofibrosarcoma Gde 2, 40 mm; post-irradiation Calf Rec1 09 *5% Moderate,
het
MEFS-35 Calf Rec 2 13 0 No TILs
MEFS-33 Calf Residual 13 1% No TILs
MEFS-11 Calf Rec 3 14 “1% No TILs
8 MFS-43 90 Myxofibrosarcoma, Gde 3, 54 mm Thigh Rec1 15 “1% Milderate,
het
MFS-60 Thigh Rec2 16 “5% No TILs
9 MFS-84 60 Myxofibrosarcoma, grade 3, 85 mm Buttock Primary 13 “1% No TILs
MFS-47 Brain Met 14 “1% No TILs
10 MFS-80 67 Myxofibrosarcoma, Gde 2, 130mm Forearm Primary 13 0 Mild
MFS- Forearm Rec 15 0 Mild
02A
11 MFS-69 83 Myxofibrosarcoma, Gde 1-45mm Leg Rec1 13 0 No TILs
MES-42 Leg Rec2 15 0 No TILs
MFS-63 Leg Rec 3 16 0 No TILs
12 MFS-76 65 Myxofibrosarcoma, Gde 2, 33m Thigh Primary 11 0 No TILS
MFS-07 Thigh Residual 11 0 No TILS
13 MFS-85 65 Myxofibrosarcoma, Gde 2, 20mm Knee Primary 11 0 No TILs
MFS-90 Knee Rec 11 0 No TILs
14 MFS-61 64 Myxofibrosarcoma, Gde 2, 60 mm Arm Primary 16 0 Moderate,
het
MEFS-62 Arm Residual 16 0 Moderate
15 MFS-41 93 Myxofibrosarcoma, Gde 2, 155 mm Leg Primary 14 0 No TILs
MFS-48 Leg Residual 14 0 No TILs
MFS-45 Leg Rec 14 0 No TILs
16 MEFS-55 84 Myxofibrosarcoma, Gde 2, 25mm Back Primary 16 0 Mild
MFS-56 Back Residual 16 0 Mild
17 MFS-73 68 Myxofibrosarcoma, Gde 3, 90 mm Arm Primary 12 0 No TILs
MPNST1 Arm Rec 13 0 No TILs
(Continued)
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Table 1. (Continued)

Case | Label ID. | Patient’s age Diagnosis Site Sample Year of | PD-L1IHC TILs
No. type Dx. %
18 UPS-17 66 UPS, Gde 3, 18 mm External canal Primary 16 0 No TILs
UPS-15 External canal Residual 16 0 Moderate,
het
UPS-52 Parotid Rec 17 0 No TILs
19 UPS-04 40 UPS, Gde 3, 18 mm Lung Mets 1 15 0 High, het
UPS-14 Lung Mets 2 16 0 No TILs
20 UPS-40 77 UPS grade 3, 40mm Buttock Primary 14 0 No TILs
UPS-49 Buttock Rec 15 0 No TILs
21 UPS-62 74 UPS, Gde 3 67 mm Groin Rec1 13 100% No TILs
UPS-61 Groin Rec2 13 100% No TILs
22 UPS-44 61 UPS Grade 3, 50 mm, postradiotherapy Forearm Primary 14 0 High
UPS-16 Forearm Rec 16 0 High
23 LMO028 64 Epithelioid leiomyosarcoma, 95mm Uterus Primary 12 0 No TILs
LMO024 Vagina Mets 13 0 No TILs
24 LMO015 60 Log-grade leiomyosarcoma, 124 mm Colon Mets 1 12 0 No TILs
LM119 Colon Mets 2 14 0 No TILs
LM080 Colon/bladder | Mets 3 16 0 No TILs
25 LMO099 48 Leiomyosarcoma (Hx primary uterine) high grade, Lung Mets 1 17 “10% High
LM100 24 mm Lung Mets 2 17 *5% High
26 LMO020 56 Leiomyosarcoma, high gde, 190mm Uterus Primary 13 “1% No TILs
LM117 Lung Mets 14 *90% No TILs
27 LM120 61 Pleomorphic leiomyosarcoma, high gde, 50 mm Abdomen Primary 14 0 No TILs
LM106 Lung Mets 17 0 No TILs
28 LM062 76 High grade leiomyosarcoma, 70 mm Thigh Primary 08 0 No TILs
LMO056 Thigh Rec 09 0 No TILs
29 LM103 44 Leiomyosarcoma (Hx primary uterine), high gde, 108 | Pelvis Rec 17 “1% High
LM104 mm Rectum Mets 17 *5% High
30 LMO046 64 Low gde epitheliod leiomysarcoma, 15mm Uterus Primary 10 0 No TILs
LMO030 Omentum Mets 11 0 No TILs
31 LMO051 32 Leiomyosarcoma, low grade, 124 mm Uterus Primary 10 0 Mild
LM116 Lung Mets 15 0 No TILs
32 LMO019 43 Leiomyosarcoma, primary, 110mm, gde 2 Kidney Primary 13 *5% No TILs
LM118 Omentum Mets 14 “1% No TILs
33 LMO078 50 Metastatic leiomyosarcoma (Hx primary uterine) Lung Mets 1 16 0 No TILs
LMO079 Lung Mets 2 16 0 No TILs
LMO085 Lung Mets 3 17 0 No TILs
34 MLO03 53 Myxoid liposarcoma, 90 mm (poorly diff areas 5%) | Popliteal fossa Primary 15 0 No TILs
ML15 Thigh Rec 16 0 No TILs
35 MLO05 54 Myxoid liposarcoma, 130 mm, low grade Leg Primary 14 0 No TILs
ML16 Lung Mets 16 0 No TILs
36 PLE-1 81 Pleomoprhic liposarcoma, Gde 3, 70 mm Arm Primary 15 0 No TILs
PLE-7 Arm Rec 18 0 No TILs
37 PLE-3 51 Pleomoprhic liposarcoma, post-irradiation, gde 1, 20 | Deltoid Rec 1 13 0 No TILs
PLE-5 mm Deltoid Rec 2 14 0 Moderate
38 DD-LP28 64 Dedifferentiated liposarcoma, High gde, 225 mm Small bowel Rec 1 0 Mild
DD-LP26 Retroperitoneum | Rec 2 0 No TILs
(Continued)
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Table 1. (Continued)

Case
No.

39

40

41

42

43

44

45

46

Label ID. | Patient’s age

AS-14
AS-15
AS-11
AS-01
AS-08
AS-09
RMS-01
RMS-08
RMS-17
RMS-18
SS1-B
SS1-C
SS1-D
SS1-E
SS1-F
SS1-G
SS7-A
SS7-B
RC-12
RC-02
RC-01

75

47

79

57

17

31

70

30

Diagnosis Site Sample Yearof | PD-L1IHC TILs
type Dx. %
Angiosarcoma, low and high grade, 325mm Breast Primary 15 0 No TILs
Chest wall Rec 15 0 No TILs
Angiosarcoma, low grade, 50 mm Atrium Primary 14 0 No TILs
Atrium Rec 15 0 No TILs
Angiosarcoma, high grade, 55m. Previous AS, 10 Vagina Mets 1 12 0 No TILs
years prior Gingiva Mets 2 12 0 No TILs
Pleomoprhic rhabdomyosarcoma, 30 mm Spermatic cord | Primary 16 “40% High
Brain Mets 18 “80% No TILs
Embryonal rhabdomyosarcoma, 65 mm, FOXO1- Paratesticular Primary 14 0 No TILs
Pelvic LN Mets 14 0 No TILs
Synovial sarcoma, 150 mm, SS18+ Femur Primary 12 0 No TILs
Lung Mets 1 13 0 No TILs
Lung Mets 2 13 0 No TILs
Thgh Rec 14 0 No TILs
Lung Mets 3 15 0 No TILs
Lung Mets 4 15 0 No TILs
Synovial sarcoma, 55mm, SS18+ Foot Primary 17 0 No TILs
Leg Rec 17 0 No TILs
Ewing sarcoma, post chemotherapy, 80 mm, EWSR1 | Rib Rec 1 14 0 No TILs
+ Vertebra Rec 2 17 0 No TILs
Lung Mets 18 0 No TILs

Results of PD-L1 IHC are displayed as scored on tissue microarrays (TMAs) when fully concordant. Discrodant PD-L1 expression is displayed as final scoring

performed on full sections (marked with an asterisk). UPS, Undifferentiated pleomorphic sarcoma; Gde, FNLCC Grade (Fédération Nationale des Centres de Lutte

Contre Le Cancer); Rec, Recurrence; Mets, Metastasis; TILs, Tumour-infiltrating lymphocytes.

https://doi.org/10.1371/journal.pone.0222551.t001

TIL correlations

Correlation between PD-L1 expression and the presence and degree of TILs was investigated
on full H&E sections exclusively on the sarcoma subtypes with the highest number of cases
(MFS, UPS and LMS) and for the Mets/Rec cohort (Table 1). MFSs and UPSs were combined
for the analysis as it has been shown that these appear to represent one single biological entity
within a phenotypic spectrum[21]. Concordant TIL and PD-L1 expression was available for
158 UPS/MFS, which showed TILs in 41% of all cases (n = 64) with 17%, 17% and 8% showing
minimal, intermediate and high TILs (Fig 4), respectively. No association was identified with
overall TIL levels and PD-L1 expression (P value 0.06 and Z-score -1.8; Mann Whitney test).
To investigate further any possible correlation, TIL groups were dichotomised as cases with
absent-to-minimal (<10%) TILs vs. those with moderate-to-marked TILs (>10%). UPS/MFSs
with minimal-to-absent TILs expressed PD-L1 in 22% of cases (n = 26) and those with moder-
ate-to-marked TILs expressed PD-L1 in 31% (Fig 5A). This was once again, not statistically
significant (P = 0.28, Fisher’s exact test).

For the leiomyosarcoma group (n = 116), TILs were rare, overall with 83% (n = 96) of all
cases showing complete absence of TILs and with the remaining 17% having any degree of
TILs (8%, 4% and 6% with minimal, intermediate and high TILs, respectively). Once again, no
significant correlation was identified between overall PD-L1 expression and presence or
absence of TILs in LMSs (P = 0.5; Z-score 0.66, Mann Whitney test). When the cases were
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Prevalence of PD-L1 expression (SP263 IHC)

n=522 (TMAs)
UPS

Angiosarcomas
Rhabdomyosarcoma
Myxofibrosarcoma
Leiomyosarcoma
Dediff LPS
ALT/WDLPS 0%

PleomorphicLPS 0%
Myxoid LPS 0%
Ewingsarcoma 0%

Synovial sarcoma 0%

0% 5% 10% 15% 20% 25% 30% 35%

Fig 1. Prevalence of PD-L1 expression in 522 selected sarcoma samples assessed on tissue microarrays (TMAs). The horizontal axis reflects the overall frequency of
sarcoma subtypes displaying any PD-L1 expression (>1%) using the 5263 clone. The vertical axis indicates the sarcoma subtype. LPS: Liposarcoma; ALT/WD: Atypical
lipomatous tumour/well differentiated liposarcoma.

https://doi.org/10.1371/journal.pone.0222551.9001

dichotomised, it was observed that PD-L1 expression was present in 5% (5 of 105) of cases
with minimal-to-absent TILs vs. 72% (8 of 11) in those LMS with moderate-to-marked TILs (8
of 11: 72%; <0.0001, Fisher’s exact test; Fig 5B).

In the Met/Rec cohort, no correlation was identified between PD-L1 expression and TILs
including those cases associated with apparent gain of PD-L1 in the metastatic or recurrent
deposit (Table 1). An inverse correlation was identified in one of the three cases (pleomorphic
RMS), as this showed absent TILs in the brain metastasis but high expression in the primary
tumour, whereas PD-L1 expression was higher in the metastasis compared to the primary
tumour (80% vs. 40%, respectively; Fig 31, 3], 3K and 3L). The other paired cases showed no
TILs at initial presentation and remained absent in the metastatic/recurrent disease (Table 1).
Lastly, in this Met/Rec cohort, changes in the histomorphological features were also assessed
between primary tumours and their matched recurrent/metastatic samples on full H&E sec-
tions to determine whether gain in PD-L1 in the metastatic/recurrent site was associated with
changes in the morphology of the primary tumour. Although some samples showed changes, a
significant trend was not observed.
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Fig 2. Strong membranous expression for PD-L1 idenified in leiomyosarcoma (LM-75), undifferentiated pleomorphic
sarcomas (B,C: UPS-67 & UPS-11, respectively) and metastatic angiosarcoma (D, AS-2). Focal heterogenous expression
for PD-L1 in leiomyosarcoma (E, LM99). Concordant expression for PD-L1 in replicate cores was identified (e.g. 1F; UPS-
21). Primary and recurrent UPS (UPS-61 and UPS-62: G & H) demonstrating concordant strong expression of PD-L1 in
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100% of the tumour cells in both, the primary lesion and its recurence (TMA cores). Images taken at 2x - 40x magnification
and stained with the PD-L1 SP263 clone, Ventana.

https://doi.org/10.1371/journal.pone.0222551.9002

Discussion

There are several well-described factors which account for the variability in the reported
expression of PD-L1 in lung adenocarcinomas and sarcomas [1, 18, 28-32], making compari-
sons of the literature challenging. One of these variables is the use of over 10 commercial and
non-commercial PD-L1 antibodies including SP263 and SP142 (Ventana Medical Systems),
E1L3N (Cell Signalling Technology), 22C3 (PharmDx kit, Agilent Technologies), 28-8
(PharmDx kit), 5H1 (L. Chen, John Hopkins University), #ab58810 and EPR1161 (Abcam)
and #SAB2900365 (Sigma-Aldrich). Clones differ in the binding site to the PD-L1 protein:
extracellular (28-8 and 22C3, SP263 and E1) vs. cytoplasmic (SP142 and E1L3N) (Reviewed in
[1]) with further technical differences regarding antigen retrieval conditions, staining plat-
forms and differential binding properties according to cell types (i.e. epithelial vs. immune).
The use of inconsistent cut-offs is also a significant contributing factor to discordant PD-L1
immunohistochemical expression, and it has been shown that by adjusting predefined cut-offs

Fig 3. Matched samples (A-D, E-H and I-L, respectively). Primary uterine leiomyosarcoma diagnosed in 2013 (A, LM20) showing 1% weak expression for PD-L1 in
the primary tumour (B). Lung metastasis of this tumour presented one year after the primary diagnosis (C; LM117), displaying strong PD-L1 expression in 90% of the
tumour cells (D). High-grade myxofibrosarcoma (E, MFS-92) with weak PD-L1 expression in 5% of the cells (F). Recurrence one year later (G; MFS-72) demonstrated
moderate to strong PD-L1 expression in 70% of the tumour cells (H). Primary rhabdomyosarcoma (I; RMS-1) with 40% heterogeneous expression for PD-L1 in the
original tumour (J), which increased to 80% in the brain metastasis (K-L). In this case it can also be noted the presence of tumour-infiltrating lymphocytes (TILs) in the
primary tumour (1I) but not in the brain metastasis (1K). Sections stained with Haematoxylin and Eosin (A,C,E,G,L,K) or with the PD-L1 SP263 clone, Ventana (B, D, F,
H, J, L). Images taken at 10X-40X magnification.

https://doi.org/10.1371/journal.pone.0222551.9003
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Fig 4. The images show examples of degree of TIL infiltrate classified as nil (0%, not shown), minimal (1-10%, A), intermediate (>10% and <50%, B) and high (>50%,
Q).

https://doi.org/10.1371/journal.pone.0222551.g004

this can lead to misclassification of PD-L1 status in tumour samples [30]. Finally, biological
reasons also contribute to the lack of uniformity in PD-L1 expression. For instance, PD-L1 can
be constitutive or inducible in response to IFN-y released by effector T cells. Inducible PD-L1
can be affected by tumour location and prior therapy (Reviewed in[1]) including radiotherapy
[33]. At the current time, there is not enough literature to address the dynamics of inducible
PD-L1, as a result of therapy but if such changes occur, these may potentially provide thera-
peutic avenues to patients who may not initially be suitable for anti-PD-L1 therapy.

Although providing an average incidence of PD-L1 expression in our combined sarcoma
cohort is not biologically relevant, in view of the different molecular signature of the different
subytpes of soft tissue sarcomas[20, 23], PD-L1 was present in 13% of all cases in which was
the protein essentially only identified in tumour cells and not in immune cells when assessed
primarily on TMAs. Our study shows relatively concordant findings to those previously pub-
lished with the SP263 clone on smaller number of selected sarcomas [10, 18]. In this study, we

A UPS+MFS B Leiomyosarcomas
P=028 P=<0.0001
100% OPD-L1pos [IPD-L1neg [PD-L1pos [IPD-L1neg
100% PD-L1 Negative

8% PD-L! Positive
] 80% 72%
?g 60% 4]
& PD-L1 Positive g 60
S 40k pp.L1 positive 31% 4
X 2% ' s a0% PD-L1 Negative

20% ° 20% PD-L1 Positive

5%
0% 0% | ro— |
Tils: 1-10% Tiks: >10% TiLs: 1-10% Tiks: >10%

Fig 5. Prevalence of PD-L1 expression (>1%; S263 clone) assessed on full tissue sections in a combined cohort (n = 158) of myxofibrosarcomas (MFS) and
undifferentiated pleomorphic sarcomas (UPS) stratified according to the degree of tumour-infiltrating lymphocytes (TILs). PD-L1 expression was correlated with
absent-to-low TILs (0-10%) vs. >10% TILs. The vertical axis indicates the percentage of MFS/UPS samples (A). Prevalence of PD-L1 expression (>1%; S263 clone)
assessed on full tissue sections in a cohort of leiomyosarcomas (n = 116) stratified according to the degree of tumour-infiltrating lymphocytes (TILs). PD-L1 expression
was correlated with absent-to-low TILs (0-10%) vs. >10% TILs. The vertical axis indicates the percentage of leilomyosarcoma samples (B). Fig 5 footnote: P value
calculated using Fisher’s exact test.

https://doi.org/10.1371/journal.pone.0222551.g005
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demonstrated the highest expression of PD-L1 in UPS (31%), followed by angiosarcomas
(29%), RMS (26%, predominantly pleomorphic subtype), MES (18%), LMS (11%) and
DD-LPS (10%). Sarcomas uniformly negative for PD-L1 expression in our series included
ALT/WDL, myxoid liposarcomas, synovial sarcomas, pleomorphic liposarcomas, and Ewing
sarcomas. This is in line with the previous observation that PD-L1 expression is a feature of
sarcomas with a complex karyotype with or without high mutation burden [18] and only seen
in our cases related to the complex karyotype group (UPS, angiosarcomas, pleomorphic RMS,
MEFS, LMS and DD-LPS). Our results however, differ when compared with other similar stud-
ies using antibodies other than the SP263 and variable cut-offs (i.e. >2+ and >5%[12]). In
some of these series, the frequency of PD-L1 expression ranges from absent (0%) with the
Abcam (ab58810 and ab205921) and SP142 clones [7, 8] to low (12%: H-130 clone)[9], inter-
mediate (26-30%: AM2653AF-N. Acris & SP263)[10, 11] and high (58% & 65% with BD Phar-
mingen and R&D Systems and the H-130, Santa Cruz clones, respectively[12, 13]). Although
strong correlation has been established for some clones (i.e. SP263 and 22C3) but less for oth-
ers (SP142[18]), such comparative analyses have not been widely performed in sarcomas as
opposed to lung adenocarcinomas. Our results are also discordant with studies reporting high
PD-L1 expression in some specific sarcoma entities not identified in our cohort (i.e. liposarco-
mas[16], myxoid liposarcomas[12], synovial sarcomas[13] and Ewing’s sarcoma family of
tumours [13, 34].

We did not investigate the correlation between PD-L1 IHC expression and specific clinical
pathological variables (i.e. tumour size, grade, site, patient’s age, etc), as such correlation has
not been previously identified [9, 14] and no obvious trend was seen in our cohort (See
Table 1 for clinical pathological details shown for the Met/Rec cohort). In the largest meta-
analysis published to date[14] including 1451 sarcoma patients, Zheng et al, suggested that
PD-L1 expression does not correlate with patient age, histological grade, clinical stage, site,
necrosis, chemotherapy, radiotherapy or incidence of metastasis or recurrence. This study also
showed that PDL-L1 expression is a poor prognostic factor for event-free survival in both soft
tissue sarcomas and osteosarcomas. A significant limitation of the Zheng et al’s meta-analysis
is that sarcoma subtypes were combined for statistical analysis, no taking into account the bio-
logical diversity of the different types of sarcomas. Therefore, large studies addressing the clini-
cal diversity of soft tissue sarcomas stratified based on PD-L1 expression are lacking. In one of
the aims of our study we confirmed that PD-L1 is differentially expressed according to sar-
coma subtypes although we cannot address prognostic or predictive implications of its expres-
sion as clinical follow-up is not available.

With regards to increase / gain of PD-L1 in the metastatic setting, limited studies have doc-
umented similar findings in different tumour types. Lussier et al, in a study of 11 paediatric
osteosarcomas, demonstrated that 75% of metastatic deposits but no primary osteosarcomas
expressed PD-L1[35]. The same phenomenon was observed in a case of dedifferentiated chon-
drosarcoma, which showed absence of PD-L1 in the primary tumour and positive expression
in the metastasis[36] and this has also recently been documented in a series of metastatic renal
cell carcinomas[37]. Here, we report for the first time that gain in PD-L1 protein expression
can occur in the context of metastatic/recurrent myxofibrosarcoma, leiomyosarcoma and
pleomorphic rhabdomyosarcoma. We demonstrated on full section analysis that the percent-
age of positive cells expressing PD-L1 increased in the metastatic/recurrent site compared to
the primary tumour in a total of 6 of 9 cases with a particularly marked increase in 3 of those
cases. Based on results of the KENOTE-010 study, patients with high PD-L1 score (>50%)
have significantly increased benefit with pembrolizumab compared to those with >1%[3].
Therefore, it is possible that these patients, all of which showed >50% positive cells in the
metastasis/recurrence but not in the primary tumour, may have an objective treatment
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response. Contrary to these findings, the few comparative similar analyses between paired pri-
mary and metastatic lung carcinoma samples have identified that discrepant PD-L1 expres-
sion, when it occurs, is due to negative expression in the metastatic deposit/s compared to
primary tumours [8, 27, 38, 39]. It should be noted that in some of these studies, biopsies
rather than resections have been used to determine concordance and intra-tumour heteroge-
neity for PD-L1 has been shown to account for the apparent discordance in some of those
series.

With regards to our analysis of TILs assessed on H&E sections in a subset of cases, we iden-
tified no correlation with PD-L1 expression in the Met/Rec cohort but a significant association
was identified for a specific sarcoma subset, leilomyosarcomas (n = 116, full subset). None of
the three cases of the Met/Rec cohort with significant increase in the percentage of PD-L1 pos-
itive cells contained TILs. In fact, one of those cases had high TILs in the primary and absence
in the brain metastasis (Fig 31, 3], 3K and 3L). Lack of TILs in brain metastases has been previ-
ously reported[38]. Our other Rec/Met paired cases showed concordant absence of TILs at ini-
tial presentation and on the metastasis / recurrence (Table 1). As high density TILs
(specifically, CD3+/CD8+) is an independent positive prognostic factor for OS and DFS in sar-
comas[10], it would be expected that absence of TILs would correlate with aggressive behav-
iour in those sarcomas prone to recur and/or metastasise. Induction or oncogeneic activation
of PD-LI in non ‘inflamed’ tumours occurs through alternative pathways such as loss of PTEN
or copy gain / amplification of CD274/PDL1 locus (Ch 9p24.1)[10, 15]. In our full cohort of
leiomyosarcomas (n = 116), PD-L1 expression strongly correlated with the presence of moder-
ate-to-high TILs identified on H&E sections when compared to absent-to-minimal (<10%)
TILs (<0.0001, Fisher’s exact test). In a recent series of uterine smooth muscle tumours includ-
ing 23 LMSs [40], Shane et al, demonstrated higher CD3+ TILs in leiomyosarcomas but direct
correlation with co-expression of PD-L1 was not assessed[40].

We did not characterise subsets of TILs (ie.. CD8+, FoXP3+, etc) because this has been pre-
viously published[5, 7-19] and because our study focused on the possible relevance of TILs on
histological H&E-stained sections. With regards to the correlation between PD-L1 and PD-1
expression this is conflicting with a study from the Cancer Genome Atlas Research Network
demonstrating that PD-L1 mRNA does not correlate with PD-1[21]. This has also been docu-
mented in smaller studies [7].

Our study has a number of limitations. First of all, it is essential to emphasise that the clini-
cal predictive value of PD-L1 protein expression assessed on tumour samples has not been
widely investigated in sarcoma patients and there is currently only scanty evidence from sin-
gle-arm phase 2 studies of response to PD-L1 inhibitors. Importantly, in the SARC028 trial
clinical, response to checkpoint inhibitors was seen in cases even in the absence of PD-L1
expression [5], which may indicate that PD-L1 expression may not necessarily impact treat-
ment response. Nonetheless, 2 of the 3 patients with positive PD-L1 expression in that trial
(4% in total; 3 of 70 patients with a range of sarcoma types) showed either complete or partial
treatment response. This is suggestive of some predictive value of PD-L1 expression assessed
in pre-treatment biopsies [5]. PD-L1 expression on our full cohort was assessed using TMAs.
This was partly overcome by performing PD-L1 IHC and assessment of TILs on full sections.
There is no clinical follow-up available for our cases including a lack of details about treatment
modality in the vast majority. Importantly, the cohort predominantly includes treatment-
naive sarcomas with the exception for the Met/Rec cohort. For this subset of cases, it is
expected that patients were treated with conventional regimens according to sarcoma type.
Hence, it is likely that they were treated following universal guidelines before clinical trials
were more widely available and according to clinical stage. This would make comparative anal-
yses reliable. Although radiotherapy has been shown to induce PD-L1 expression[33], our
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cases with documented post-radiotherapy (Table 1; n = 5) showed <10% PD-L1 expression.
Finally, the size of the metastatic/recurrent cohort is limited and therefore, a larger number of
paired samples is needed to further validate these findings. Nonetheless, paired samples are
scant in most centres but comprise very valuable resource to understand the biology of sar-
coma progression.

Conclusions

Overall, we conclude that the frequency of PD-L1 expression in sarcomas is limited to some
sarcoma subtypes and that variable selection of clones and cut-offs contributes to the marked
discrepancy across different series. We focused on the SP263 companion kit as this selectively
identifies patient’s eligibility to anti-PD-1 and/ PD-L1 inhibitors in lung and urothelial carci-
noma. Our study showed that PD-L1 can objectively increase in a small proportion of cases in
paired metastases/recurrent disease to >50% expression of the tumour cells. This suggests the
possibility of treatment response to immune checkpoint inhibitors in the metastatic/recurrent
setting but unlikely in the primary tumour in a proportion of cases (i.e. as PD-L1 of 1-5%). In
our assessment of TILs on H&E sections, we demonstrated that PD-L1 expression in leiomyo-
sarcomas was associated with at least moderate levels of TILs identified on H&E sections.
Although the prognostic significance of this association cannot be elucidated in this study, in
view of the lack of clinical follow-up, the positive correlation of TILs and PD-L1 may help to
triage the LMS cases which may benefit from PD-L1 IHC. Our results indicate that LMSs with
moderate TILs are significantly more likely to harbour PD-L1 expression.

Acknowledgments

We thank A/Prof Annabelle Farnsworth and Amy Sheen, who assisted with ethics approval.
Andrew Townsend, Leanne Henderson and Natalie Jukic collaborated with database search
and tissue retrieval of the sarcoma cohort at Douglass Hanly Moir (DHM) Pathology. We also
thank the histopathologists from DHM Pathology who reported a proportion of the cases pre-
sented in this study: Prof Warick Delprado, Dr Ivan Burchett, Dr Julie Burn, Dr Tina Baillie,
Dr Debra Jenson, Dr Cate Trebeck, Dr Robyn Levingston, Dr Patricia Guzman, Dr Claire
Biro, Dr Helen Ogle, Dr Elizabeth Sinclair, Dr Geoffrey Hall, Dr Alexandra Allende, Dr
Suzanne Hyne, Dr Anita Muljono, Dr Jennifer Roberts, A/Prof Jennifer Turner, Dr Melanie
Edwards, Dr Denis Moir and Dr Martin Jones. We also acknowledged the contribution from
external histopathologists from RPA Hospital: Dr Rooshdiya Karim and Prof Stan McCarthy.

Author Contributions

Conceptualization: Ana Cristina Vargas.

Data curation: Louise Richardson.

Funding acquisition: Ana Cristina Vargas, Fiona M. Maclean.

Investigation: Anthony J. Gill.

Methodology: Loretta Sioson, Dinh Tran, Louise Richardson, Anthony J. Gill.

Resources: Fiona M. Maclean, Loretta Sioson, Dinh Tran, Fiona Bonar, Annabelle Mahar, Ali-
son L. Cheah, Peter Russell, Louise Richardson, Anthony J. Gill.

Supervision: Fiona M. Maclean, Fiona Bonar, Peter Grimison, Anthony J. Gill.
Writing - original draft: Ana Cristina Vargas.

Writing - review & editing: Peter Grimison, Anthony J. Gill.

PLOS ONE | https://doi.org/10.1371/journal.pone.0222551  April 15, 2020 14/17


https://doi.org/10.1371/journal.pone.0222551

PLOS ONE

PD-L1 expression in recurrent / metastatic sarcomas

References

1.

10.

1.

12

13.

14.

15.

16.

17.

18.

Yu H, Boyle TA, Zhou C, Rimm DL, Hirsch FR. PD-L1 Expression in Lung Cancer. J Thorac Oncol.
2016; 11(7):964-75. https://doi.org/10.1016/}.jtho.2016.04.014 PMID: 27117833

Veenstra R, Kostine M, Cleton-Jansen AM, de Miranda NF, Bovee JV. Immune checkpoint inhibitors in
sarcomas: in quest of predictive biomarkers. Lab Invest. 2018; 98(1):41-50. https://doi.org/10.1038/
labinvest.2017.128 PMID: 29155424

Herbst RS, Baas P, Kim DW, Felip E, Perez-Gracia JL, Han JY, et al. Pembrolizumab versus docetaxel
for previously treated, PD-L1-positive, advanced non-small-cell lung cancer (KEYNOTE-010): a rando-
mised controlled trial. Lancet. 2016; 387(10027):1540-50. https://doi.org/10.1016/S0140-6736(15)
01281-7 PMID: 26712084

Sebio A, Wilky BA, Keedy VL, Jones RL. The current landscape of early drug development for patients
with sarcoma in the immunotherapy era. Future Oncol. 2018; 14(12):1197-211. https://doi.org/10.2217/
fon-2017-0565 PMID: 29699407

Tawbi HA, Burgess M, Bolejack V, Van Tine BA, Schuetze SM, Hu J, et al. Pembrolizumab in advanced
soft-tissue sarcoma and bone sarcoma (SARC028): a multicentre, two-cohort, single-arm, open-label,
phase 2 trial. Lancet Oncol. 2017; 18(11):1493-501. https://doi.org/10.1016/S1470-2045(17)30624-1
PMID: 28988646

Wang X, Teng F, Kong L, Yu J. PD-L1 expression in human cancers and its association with clinical out-
comes. Onco Targets Ther. 2016; 9:5023-39. https://doi.org/10.2147/0OTT.S105862 PMID: 27574444

Torabi A, Amaya CN, Wians FH Jr., Bryan BA. PD-1 and PD-L1 expression in bone and soft tissue sar-
comas. Pathology. 2017; 49(5):506—13. https://doi.org/10.1016/j.pathol.2017.05.003 PMID: 28688724

Kim ST, Klempner SJ, Park SH, Park JO, Park YS, Lim HY, et al. Correlating programmed death ligand
1 (PD-L1) expression, mismatch repair deficiency, and outcomes across tumor types: implications for
immunotherapy. Oncotarget. 2017; 8(44):77415-23. https://doi.org/10.18632/oncotarget.20492 PMID:
29100397

D’Angelo SP, Shoushtari AN, Agaram NP, Kuk D, Qin LX, Carvajal RD, et al. Prevalence of tumor-infil-
trating lymphocytes and PD-L1 expression in the soft tissue sarcoma microenvironment. Hum Pathol.
2015; 46(3):357-65. https://doi.org/10.1016/j.humpath.2014.11.001 PMID: 25540867

Boxberg M, Steiger K, Lenze U, Rechl H, von Eisenhart-Rothe R, Wortler K, et al. PD-L1 and PD-1 and
characterization of tumor-infiltrating lymphocytes in high grade sarcomas of soft tissue—prognostic
implications and rationale forimmunotherapy. Oncoimmunology. 2018; 7(3):e1389366. https://doi.org/
10.1080/2162402X.2017.1389366 PMID: 29399389

Paydas S, Bagir EK, Deveci MA, Gonlusen G. Clinical and prognostic significance of PD-1 and PD-L1
expression in sarcomas. Med Oncol. 2016; 33(8):93. https://doi.org/10.1007/s12032-016-0807-z PMID:
27421997

Movva S, Wen W, Chen W, Millis SZ, Gatalica Z, Reddy S, et al. Multi-platform profiling of over 2000
sarcomas: identification of biomarkers and novel therapeutic targets. Oncotarget. 2015; 6(14):12234—
47. https://doi.org/10.18632/oncotarget.3498 PMID: 25906748

Kim JR, Moon YJ, Kwon KS, Bae JS, Wagle S, Kim KM, et al. Tumor infiltrating PD1-positive lympho-
cytes and the expression of PD-L1 predict poor prognosis of soft tissue sarcomas. PLoS One. 2013; 8
(12):e82870. https://doi.org/10.1371/journal.pone.0082870 PMID: 24349382

Zheng C, You W, Wan P, Jiang X, Chen J, Zheng Y, et al. Clinicopathological and prognostic signifi-
cance of PD-L1 expression in sarcoma: A systematic review and meta-analysis. Medicine (Baltimore).
2018; 97(25):e11004.

Budczies J, Mechtersheimer G, Denkert C, Klauschen F, Mughal SS, Chudasama P, et al. PD-L1
(CD274) copy number gain, expression, and immune cell infiltration as candidate predictors for
response to immune checkpoint inhibitors in soft-tissue sarcoma. Oncoimmunology. 2017; 6(3):
e1279777. https://doi.org/10.1080/2162402X.2017.1279777 PMID: 28405504

Gatalica Z, Snyder C, Maney T, Ghazalpour A, Holterman DA, Xiao N, et al. Programmed cell death 1
(PD-1) and its ligand (PD-L1) in common cancers and their correlation with molecular cancer type. Can-
cer Epidemiol Biomarkers Prev. 2014; 23(12):2965-70. https://doi.org/10.1158/1055-9965.EPI-14-
0654 PMID: 25392179

Kim C, Kim EK, Jung H, Chon HJ, Han JW, Shin KH, et al. Prognostic implications of PD-L1 expression
in patients with soft tissue sarcoma. BMC Cancer. 2016; 16:434. hitps://doi.org/10.1186/s12885-016-
2451-6 PMID: 27393385

Park HK, Kim M, Sung M, Lee SE, Kim YJ, Choi YL. Status of programmed death-ligand 1 expression
in sarcomas. J Transl Med. 2018; 16(1):303. https://doi.org/10.1186/s12967-018-1658-5 PMID:
30400799

PLOS ONE | https://doi.org/10.1371/journal.pone.0222551  April 15, 2020 15/17


https://doi.org/10.1016/j.jtho.2016.04.014
http://www.ncbi.nlm.nih.gov/pubmed/27117833
https://doi.org/10.1038/labinvest.2017.128
https://doi.org/10.1038/labinvest.2017.128
http://www.ncbi.nlm.nih.gov/pubmed/29155424
https://doi.org/10.1016/S0140-6736(15)01281-7
https://doi.org/10.1016/S0140-6736(15)01281-7
http://www.ncbi.nlm.nih.gov/pubmed/26712084
https://doi.org/10.2217/fon-2017-0565
https://doi.org/10.2217/fon-2017-0565
http://www.ncbi.nlm.nih.gov/pubmed/29699407
https://doi.org/10.1016/S1470-2045(17)30624-1
http://www.ncbi.nlm.nih.gov/pubmed/28988646
https://doi.org/10.2147/OTT.S105862
http://www.ncbi.nlm.nih.gov/pubmed/27574444
https://doi.org/10.1016/j.pathol.2017.05.003
http://www.ncbi.nlm.nih.gov/pubmed/28688724
https://doi.org/10.18632/oncotarget.20492
http://www.ncbi.nlm.nih.gov/pubmed/29100397
https://doi.org/10.1016/j.humpath.2014.11.001
http://www.ncbi.nlm.nih.gov/pubmed/25540867
https://doi.org/10.1080/2162402X.2017.1389366
https://doi.org/10.1080/2162402X.2017.1389366
http://www.ncbi.nlm.nih.gov/pubmed/29399389
https://doi.org/10.1007/s12032-016-0807-z
http://www.ncbi.nlm.nih.gov/pubmed/27421997
https://doi.org/10.18632/oncotarget.3498
http://www.ncbi.nlm.nih.gov/pubmed/25906748
https://doi.org/10.1371/journal.pone.0082870
http://www.ncbi.nlm.nih.gov/pubmed/24349382
https://doi.org/10.1080/2162402X.2017.1279777
http://www.ncbi.nlm.nih.gov/pubmed/28405504
https://doi.org/10.1158/1055-9965.EPI-14-0654
https://doi.org/10.1158/1055-9965.EPI-14-0654
http://www.ncbi.nlm.nih.gov/pubmed/25392179
https://doi.org/10.1186/s12885-016-2451-6
https://doi.org/10.1186/s12885-016-2451-6
http://www.ncbi.nlm.nih.gov/pubmed/27393385
https://doi.org/10.1186/s12967-018-1658-5
http://www.ncbi.nlm.nih.gov/pubmed/30400799
https://doi.org/10.1371/journal.pone.0222551

PLOS ONE

PD-L1 expression in recurrent / metastatic sarcomas

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

van Erp AEM, Versleijen-Jonkers YMH, Hillebrandt-Roeffen MHS, van Houdt L, Gorris MAJ, van Dam
LS, et al. Expression and clinical association of programmed cell death-1, programmed death-ligand-1
and CD8(+) lymphocytes in primary sarcomas is subtype dependent. Oncotarget. 2017; 8(41):71371—
84. https://doi.org/10.18632/oncotarget.19071 PMID: 29050367

Fletcher CDM, Bridge, J.A., Hogendoorn, P., Mertens, F. WHO Classification of Tumours of Soft Tissue
and Bone2013.

Cancer Genome Atlas Research Network. Electronic address edsc, Cancer Genome Atlas Research
N. Comprehensive and Integrated Genomic Characterization of Adult Soft Tissue Sarcomas. Cell.
2017; 171(4):950-65 e28. https://doi.org/10.1016/j.cell.2017.10.014 PMID: 29100075

Norberg SM, Movva S. Role of genetic and molecular profiling in sarcomas. Curr Treat Options Oncol.
2015; 16(5):24. https://doi.org/10.1007/s11864-015-0339-3 PMID: 25939540

Taylor BS, Barretina J, Maki RG, Antonescu CR, Singer S, Ladanyi M. Advances in sarcoma genomics
and new therapeutic targets. Nat Rev Cancer. 2011; 11(8):541-57. https://doi.org/10.1038/nrc3087
PMID: 21753790

Systems. VM. VENTANA PD-L1 (SP263) Assay. Updated 2017. Available from: http://www.ventana.
com/ventana-pd-I1-sp263-assay-2/. Accessed 2019

Inaguma S, Wang Z, Lasota J, Sarlomo-Rikala M, McCue PA, Ikeda H, et al. Comprehensive Immuno-
histochemical Study of Programmed Cell Death Ligand 1 (PD-L1): Analysis in 5536 Cases Revealed
Consistent Expression in Trophoblastic Tumors. Am J Surg Pathol. 2016; 40(8):1133—42. https://doi.
org/10.1097/PAS.0000000000000653 PMID: 27158757

Salgado R, Denkert C, Demaria S, Sirtaine N, Klauschen F, Pruneri G, et al. The evaluation of tumor-
infiltrating lymphocytes (TILs) in breast cancer: recommendations by an International TILs Working
Group 2014. Ann Oncol. 2015; 26(2):259-71. (1,18,24,28) https://doi.org/10.1093/annonc/mdu450
PMID: 25214542

Savas P, Salgado R, Denkert C, Sotiriou C, Darcy PK, Smyth MJ, et al. Clinical relevance of host immu-
nity in breast cancer: from TILs to the clinic. Nat Rev Clin Oncol. 2016; 13(4):228—41. https://doi.org/10.
1038/nrclinonc.2015.215 PMID: 26667975

Hirsch FR, McElhinny A, Stanforth D, Ranger-Moore J, Jansson M, Kulangara K, et al. PD-L1 Immuno-
histochemistry Assays for Lung Cancer: Results from Phase 1 of the Blueprint PD-L1 IHC Assay Com-
parison Project. J Thorac Oncol. 2017; 12(2):208—-22. https://doi.org/10.1016/}.jtho.2016.11.2228
PMID: 27913228

Gagne A, Enlow W, Pigeon MA, Orain M, Turcotte S, Bosse Y, et al. Comprehensive Assessment of
PD-L1 Staining Heterogeneity in Pulmonary Adenocarcinomas Using Tissue Microarrays: Impact of the
Architecture Pattern and the Number of Cores. Am J Surg Pathol. 2018; 42(5):687—94. https://doi.org/
10.1097/PAS.0000000000001013 PMID: 29309297

Munari E, Rossi G, Zamboni G, Lunardi G, Marconi M, Sommaggio M, et al. PD-L1 Assays 22C3 and
SP263 are Not Interchangeable in Non-Small Cell Lung Cancer When Considering Clinically Relevant
Cutoffs: An Interclone Evaluation by Differently Trained Pathologists. Am J Surg Pathol. 2018; 42
(10):1384-9. https://doi.org/10.1097/PAS.0000000000001105 PMID: 29901568

Pinato DJ, Shiner RJ, White SD, Black JR, Trivedi P, Stebbing J, et al. Intra-tumoral heterogeneity in
the expression of programmed-death (PD) ligands in isogeneic primary and metastatic lung cancer:
Implications for immunotherapy. Oncoimmunology. 2016; 5(9):e1213934. https://doi.org/10.1080/
2162402X.2016.1213934 PMID: 27757309

Scorer P, Scott M, Lawson N, Ratcliffe MJ, Barker C, Rebelatto MC, et al. Consistency of tumor and
immune cell programmed cell death ligand-1 expression within and between tumor blocks using the
VENTANA SP263 assay. Diagn Pathol. 2018; 13(1):47. https://doi.org/10.1186/s13000-018-0725-9
PMID: 30041679

Patel KR, Martinez A, Stahl JM, Logan SJ, Perricone AJ, Ferris MJ, et al. Increase in PD-L1 expression
after pre-operative radiotherapy for soft tissue sarcoma. Oncoimmunology. 2018; 7(7):e1442168.
https://doi.org/10.1080/2162402X.2018.1442168 PMID: 29900051

Machado |, Lopez-Guerrero JA, Scotlandi K, Picci P, Liombart-Bosch A. Immunohistochemical analysis
and prognostic significance of PD-L1, PD-1, and CD8+ tumor-infiltrating lymphocytes in Ewing’s sar-
coma family of tumors (ESFT). Virchows Arch. 2018; 472(5):815-24. https://doi.org/10.1007/s00428-
018-2316-2 PMID: 29445891

Lussier DM, O’Neill L, Nieves LM, McAfee MS, Holechek SA, Collins AW, et al. Enhanced T-cell immu-
nity to osteosarcoma through antibody blockade of PD-1/PD-L1 interactions. J Immunother. 2015; 38
(3):96—106. https://doi.org/10.1097/CJ1.0000000000000065 PMID: 25751499

Kostine M, Cleven AH, de Miranda NF, Italiano A, Cleton-Jansen AM, Bovee JV. Analysis of PD-L1, T-
cellinfiltrate and HLA expression in chondrosarcoma indicates potential for response to immunotherapy

PLOS ONE | https://doi.org/10.1371/journal.pone.0222551  April 15, 2020 16/17


https://doi.org/10.18632/oncotarget.19071
http://www.ncbi.nlm.nih.gov/pubmed/29050367
https://doi.org/10.1016/j.cell.2017.10.014
http://www.ncbi.nlm.nih.gov/pubmed/29100075
https://doi.org/10.1007/s11864-015-0339-3
http://www.ncbi.nlm.nih.gov/pubmed/25939540
https://doi.org/10.1038/nrc3087
http://www.ncbi.nlm.nih.gov/pubmed/21753790
http://www.ventana.com/ventana-pd-l1-sp263-assay-2/
http://www.ventana.com/ventana-pd-l1-sp263-assay-2/
https://doi.org/10.1097/PAS.0000000000000653
https://doi.org/10.1097/PAS.0000000000000653
http://www.ncbi.nlm.nih.gov/pubmed/27158757
https://doi.org/10.1093/annonc/mdu450
http://www.ncbi.nlm.nih.gov/pubmed/25214542
https://doi.org/10.1038/nrclinonc.2015.215
https://doi.org/10.1038/nrclinonc.2015.215
http://www.ncbi.nlm.nih.gov/pubmed/26667975
https://doi.org/10.1016/j.jtho.2016.11.2228
http://www.ncbi.nlm.nih.gov/pubmed/27913228
https://doi.org/10.1097/PAS.0000000000001013
https://doi.org/10.1097/PAS.0000000000001013
http://www.ncbi.nlm.nih.gov/pubmed/29309297
https://doi.org/10.1097/PAS.0000000000001105
http://www.ncbi.nlm.nih.gov/pubmed/29901568
https://doi.org/10.1080/2162402X.2016.1213934
https://doi.org/10.1080/2162402X.2016.1213934
http://www.ncbi.nlm.nih.gov/pubmed/27757309
https://doi.org/10.1186/s13000-018-0725-9
http://www.ncbi.nlm.nih.gov/pubmed/30041679
https://doi.org/10.1080/2162402X.2018.1442168
http://www.ncbi.nlm.nih.gov/pubmed/29900051
https://doi.org/10.1007/s00428-018-2316-2
https://doi.org/10.1007/s00428-018-2316-2
http://www.ncbi.nlm.nih.gov/pubmed/29445891
https://doi.org/10.1097/CJI.0000000000000065
http://www.ncbi.nlm.nih.gov/pubmed/25751499
https://doi.org/10.1371/journal.pone.0222551

PLOS ONE

PD-L1 expression in recurrent / metastatic sarcomas

37.

38.

39.

40.

specifically in the dedifferentiated subtype. Mod Pathol. 2016; 29(9):1028-37. https://doi.org/10.1038/
modpathol.2016.108 PMID: 27312065

Zhang X, Yin X, Zhang H, Sun G, Yang Y, Chen J, et al. Differential expressions of PD-1, PD-L1 and
PD-L2 between primary and metastatic sites in renal cell carcinoma. BMC Cancer. 2019; 19(1):360.
https://doi.org/10.1186/s12885-019-5578-4 PMID: 30992011

Mansfield AS, Aubry MC, Moser JC, Harrington SM, Dronca RS, Park SS, et al. Temporal and spatial
discordance of programmed cell death-ligand 1 expression and lymphocyte tumor infiltration between
paired primary lesions and brain metastases in lung cancer. Ann Oncol. 2016; 27(10):1953-8. https://
doi.org/10.1093/annonc/mdw289 PMID: 27502709

Kim S, Koh J, Kwon D, Keam B, Go H, Kim YA, et al. Comparative analysis of PD-L1 expression
between primary and metastatic pulmonary adenocarcinomas. Eur J Cancer. 2017; 75:141-9. https:/
doi.org/10.1016/j.ejca.2017.01.004 PMID: 28222308

Shanes ED, Friedman LA, Mills AM. PD-L1 Expression and Tumor-infiltrating Lymphocytes in Uterine
Smooth Muscle Tumors: Implications for Inmunotherapy. Am J Surg Pathol. 2019; 43(6):792—-801.
https://doi.org/10.1097/PAS.0000000000001254 PMID: 31009388

PLOS ONE | https://doi.org/10.1371/journal.pone.0222551  April 15, 2020 17/17


https://doi.org/10.1038/modpathol.2016.108
https://doi.org/10.1038/modpathol.2016.108
http://www.ncbi.nlm.nih.gov/pubmed/27312065
https://doi.org/10.1186/s12885-019-5578-4
http://www.ncbi.nlm.nih.gov/pubmed/30992011
https://doi.org/10.1093/annonc/mdw289
https://doi.org/10.1093/annonc/mdw289
http://www.ncbi.nlm.nih.gov/pubmed/27502709
https://doi.org/10.1016/j.ejca.2017.01.004
https://doi.org/10.1016/j.ejca.2017.01.004
http://www.ncbi.nlm.nih.gov/pubmed/28222308
https://doi.org/10.1097/PAS.0000000000001254
http://www.ncbi.nlm.nih.gov/pubmed/31009388
https://doi.org/10.1371/journal.pone.0222551

