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Immune checkpoint inhibitors (ICls) such as PD1/PD-L1 blockers are an established treatment for many solid
cancers. There are currently no approved ICIs for sarcomas, but satisfactory results have been seen in some
patients with disseminated disease in certain histological types. Most studies on PD-L1 in sarcoma have used

small specimens and there are no clear cutoff values for scoring.

sarcoma immunotherapy PD-L1 chondrosarcoma liposarcoma

| 1. Introduction

The complex network of interactions present in the tumor microenvironment has in recent years risen, as the new
frontier of targeted cancer therapies for a number of malignant tumors, with the programmed cell death protein 1
(PD-1)/programmed cell death ligand 1 (PD-L1) pathway as the currently most widely utilized target. PD-L1 is a
type 1 transmembrane protein, and a ligand to PD-1, a receptor found on T, B and myeloid cells. The binding of
PD-1 and PD-L1 suppresses the adaptive immune system by interactions with phosphatases (SHP-1 or -2) via
ITSM (Immunoreceptor Tyrosine-based Switch Motif 121, Tumor cells utilize this mechanism to escape the immune
system, which in turn, by inhibiting this bond, may properly identify and attack tumor cells. PD-L1 immunoreactivity

is now part of routine workup in many solid cancers, but is not yet established in sarcomas.

Targeted treatments using immune checkpoint inhibitors (ICI) blocking the binding between PD-L1 and PD1 is
already established in many solid cancers such as melanoma and lung cancer, with favorable response even in
inoperable or disseminated disease B4, Treatment response is often correlated with the presence of tumor-
infiltrating lymphocytes (TILs) and PD-L1 expression in both tumor and immune cells 2B, Association with worse
clinical outcome has been demonstrated in solid cancers [BIZIE as well as soft tissue sarcomas and osteosarcoma
BI0AL - Other studies have found PD-L1 expression to be a positive predictive marker 24 or that it had no

significant impact on prognosis [12113][141[15]

The diversity and rarity of sarcomas pose challenges; sample sizes are often small and difficult to extrapolate
across subtypes. Current studies show significant variation in both PD-L1 immunoreactivity and blockade efficacy
among histological subtypes, which seem to be the most important factors in that regard 8. Sarcomas found to
have PD-L1 immunoreactivity include, among others, angiosarcoma, chondrosarcoma, osteosarcoma, Ewing’s
sarcoma, liposarcoma, rhabdomyosarcoma, synovial sarcoma [, undifferentiated pleomorphic sarcoma and
MPNST HEIATIIEIN0] Cyrrently, there are no ICIs formally approved for treatment of sarcomas, although it can be

considered for specific soft tissue sarcoma subtypes based on results from phase Il studies 211,
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Though cutoff values have been defined in some cancers such as non-small-cell lung cancer, the predictive and
prognostic values of PD-L1 expression have not yet reached a consensus in many other cancer types. There are
clear protocols for scoring PD-L1 in cancers with formal indication for ICI with cutoff values depending on
histological type as well as antibody assay. The lack of established protocols for evaluating PD-L1
immunohistochemistry staining in sarcomas is a major challenge, given that different histological subtypes might
have different cutoff values. Existing studies often adapt pre-existing protocols 22231 put the absence of

consensus results in interstudy variation in cutoffs for positive expression.

| 2. Clinical Data

A total of 230 tumors from 214 patients were included: 76 tumors from 74 patients with chondrosarcoma, 58 tumors
from 44 patients with liposarcoma and 96 tumors from 96 patients with undifferentiated pleomorphic sarcoma. Of
the 96 patients with UPS, 18 cases were included based on ad hoc staining of PD-L1 (SP263) in the clinical setting
and were not stained with SP142. The average age was 58 (range 16—83) years for CS, 69 (26—86) for LS and 70
(46-93) for UPS. Median overall survival was 11 (0,3-39) years for CS, 4 (0,1-32) for LS and 3 (0,1-12) for UPS.

None of the patients had received systemic therapy with ICls or other immune-modulating agents.

| 3. Chondrosarcoma

Clinical characteristics and visualization of PD-L1 staining is demonstrated in Figure 1. The majority of CS were
PD-L1-negative (Table 1). PD-L1 immunoreactivity was more common in tumors with higher histological grade
(grade 3 or dedifferentiated) and not observed in any grade 2 tumors. Three tumors also showed >50%
immunoreactivity in TC using SP263. The presence of immune cells (IC) was rare; 22 cases had IC present, and

only two cases had =1% immunoreactivity (Table 1).
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Figure 1. (A) Magnetic resonance imaging depicting chondrosarcoma (CS) in the humerus (arrow) and (B)
histology of high-grade CS stained with (C) SP142 and (D) SP263 assays at x200 magnification showing a higher

number of cells with PD-L1 immunoreactivity using the SP263 assay. (E) Clinical and tumor characteristics of the
CS cohort.

Table 1. PD-L1 immunoreactivity in chondrosarcomas, liposarcomas and undifferentiated pleomorphic sarcomas
stained with SP142 and SP263 immunoassays (Roche).

IC

Sarcoma type PD-L1 Immunoreactivity (No o-ll‘-c(;:ases) (No. of Cases)

SP142 SP263 SP142 SP263

Chondrosarcoma

>1% 11 10 2 2
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TC IC

Sarcoma type PD-L1 Immunoreactivity (No. of Cases) (No. of Cases)

Liposarcoma

0 31 30 13 12
<5% 22 15 15 13

5-9% 4 9 13 8
>10% 1 4 6 14

Undifferentiated pleomorphic sarcoma

0 18 19 16 16

<5% 34 27 17 15

5-9% 13 23 13 13

>10% 12 27 12 24

Univariate analysis showed that higher age and tumor grade were significantly associated with shorter MFS and
OS (Figure 2). There was no significant correlation between PD-L1 immunoreactivity and clinical outcome;
Kaplan—Meier analysis showed that patients with PD-L1-positive tumors had shorter OS, but the difference was

nonsignificant and most likely explained by the association to high tumor grade (Figure 3).
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Figure 2. Univariate cox regression analysis of association between clinical/tumor characteristics, PD-L1

immunoreactivity and overall survival of (A) chondrosarcoma, (B) liposarcoma and (C) undifferentiated

pleomorphic sarcoma (P = primary, M = metastasis, R = recurrence, * = p < 0.05). Researchers found no significant

association between PD-L1 immunoreactivity and overall survival.
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Figure 3. Kaplan—Meier curves depicting overall survival in (A) chondrosarcoma, (B) liposarcoma and (C)
undifferentiated pleomorphic sarcoma in relation to PD-L1 immunoreactivity in tumor cells, as well as data from the
Cancer Genome Atlas for (D) LS and (E) UPS, showing no significant impact of PD-L1 status on overall survival.

Kaplan—Meier survival analysis was performed by log-rank test.

| 4. Liposarcoma

Clinical characteristics and visualization of PD-L1 staining is demonstrated in Figure 4. Most tumors had either
none or low immunoreactivity with SP142 and none, low or intermediate with SP263 (Table 1). One tumor had
>50% PD-L1 immunoreactivity in TC using SP263. Immune infiltrate was present in 48 cases; 35 cases expressed
21% immunoreactivity with SP263 and 34 cases with SP142 (Table 1).
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Figure 4. (A) Computed tomography of liposarcoma (LS) in the neck region (arrow). (B) Histology of LS stained
with (C) SP142 and (D) SP263 assays at x200 magnification showing a higher number of cells with PD-L1

immunoreactivity using the SP263 assay. (E) Clinical and tumor characteristics of the LS cohort.

Univariate analysis showed that the presence of necrosis and higher FNLCC grade were significant associated
with shorter MFS and OS (Figure 2). Kaplan—Meier showed a statistically significant reduction in MFS and OS in
patients with PD-L1 immunoreactivity for the SP142 assay, but not for SP263; however, no statistically significant
impact was seen using univariate analysis (Figure 2 and Figure 3). PD-L1 immunoreactivity in IC had no

significant impact on MFS and OS.

| 5. Undifferentiated Pleomorphic Sarcoma

Clinical characteristics and visualization of PD-L1 staining are demonstrated in Figure 5. PD-L1 immunoreactivity
was more common in UPS (Table 1) compared to CS and LS (p < 0.05). Furthermore, >50% immunoreactivity was
seen in two and eight tumors using the SP142 and SP263 assay, respectively. Inmune cells were observed in 68

cases with 43 and 52 cases expressing =1% immunoreactivity with SP142 and SP263, respectively (Table 1).
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Figure 5. (A) Magnetic resonance imaging of undifferentiated pleomorphic sarcoma (UPS) in the thigh (arrow) and
(B) histology of UPS stained with (C) SP142 and (D) SP263 assays at x200 magnification showing a higher
number of cells with PD-L1 immunoreactivity using the SP263 assay. (E) Clinical and tumor characteristics of the

UPS cohort.

Univariate analysis showed that the presence of necrosis, tumor growth in deep tissue and vascular invasion were
significantly associated with shorter MFS and OS (Figure 2). Kaplan—Meier showed no significant difference in

MFS and OS in patients with PD-L1-positive vs. -negative TC or IC (Figure 3).
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