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Background: PD-L1 expression differs from 19 to 92% in various cancer subtypes. Its
expression carries a worse prognostic value in various malignancies and could also be
used as a predictive marker for immune checkpoint inhibitor response. This study aimed to
explore the prevalence of PD-L1 expression in soft tissue sarcomas and the correlation of
PD-L1 expression with clinicopathological features.

Patients and Methods: The tissue samples of 50 patients with STS were tested for PD-
L1 expression using immunohistochemistry (IHC). We followed a 6-step proportional
scoring system. The patients were treated at Ain Shams University Hospital from 2011 to
2017. We also explored the correlation of PD-L1 expression with different clinical features
of the patients. The chi-square test was used to calculate the differences among variables.

Results: Twelve cases (24%) showed positive PD-L1 expression with the highest
prevalence in rhabdomyosarcoma and desmoid tumors (2/2 and 2/3 cases,
respectively), followed by GIST in 2/4 cases and liposarcoma in 3/11 cases. Patients
with positive PD-L1 expression showed a trend for worse survival, with a median overall
survival of 11 months vs. 19 months for patients with negative PD-L1 expression (p-value
� 0.1) and a mean PFS of 6 months vs. 11 months for patients with negative PD-L1
expression (p-value � 0.1). However, these findings did not reach statistical significance.

Conclusion: Although the results did not reach statistical significance due to the small
number of cases, PD-L1 expression could represent a prognostic factor for poor outcome.
Larger clinical trials are recommended for the validation of PD-L1 as a poor prognostic
biomarker.
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INTRODUCTION

Soft-tissue sarcoma is a challenging disease area because it is a heterogeneous disease with over 50
different subtypes (1). Second, it is a rare disease that accounts for over 20% of all pediatric solid
malignant cancers and less than 1% of all adult solid malignant cancers (2).

Tumor initiation, progression, and responses to therapy are highly related to the tumor
microenvironment, including cells and molecules of the immune system (3,4).

The expression rate of PD-L1 in human malignant tumors has been reported to vary from 19 to
92% and is associated with the progression and poor prognosis of various human cancers. In
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addition, intratumor infiltration of PD1-positive T-cells was
positively correlated with the progression of human malignant
tumors (5).

PD-L1 expression is rarely studied in soft tissue sarcoma. In
one study that analyzed PD-L1 expression in 82 STS patients, PD-
L1 expression was identified in 43% of STS patients and
considered an independent adverse prognostic factor for the
overall survival of STS patients (6).

We evaluated the expression of PD-L1 in soft tissue sarcoma
specimens on paraffin-embedded tissue by
immunohistochemistry. Our primary endpoint was the
detection of the prevalence of PD-L1 expression in soft tissue
sarcoma and its correlation with the clinicopathological features
of the tumor. The secondary endpoint was the prognostic
significance of PD-L1 in soft tissue sarcoma.

Sample Size Justification
The necessary sample size was calculated using PASS Sample Size
Software, setting the type-1 error (α) at 0.05 (95% confidence
interval). The power (1−β) at 0.8 was based on a previous study
(7), which showed that PD-L1 expression was 19% in soft tissue
sarcoma tumors collectively. The calculation according to these
values produced a minimal sample size of 50 cases.

METHODS

This study comprised a total of 50 specimens of surgically
removed, formalin-fixed, and paraffin-embedded tumors.
Cases were retrieved from the archives of Ain Shams
University Hospital during the period from 2011 to 2017 in
Cairo, Egypt.

Cases with adequate paraffin tissue samples were included in
this study. The study was carried out with full local ethics
approval. Various types of soft tissue sarcomas were included.
Tumors were classified according to WHO/2013 pathological
classification (fourth edition) (8), including desmoid and GIST
and excluding bone sarcomas.

We reviewed the medical records for patient data, including
age, race, tumor location, histological type and grade, tumor stage
based on the seventh edition of the American Joint Committee on
Cancer guideline of tumor-node-metastasis (TNM) classification,
and resection margin status for resected tumors.

Immunohistochemical Staining
Immunohistochemistry (IHC) staining was performed on
paraffin-embedded tissue sections with a labeled streptavidin-a
biotin-peroxidase complex technique using an anti-PD-L1
antibody (CD274 molecule; catalog number: Cell Signaling
13,684, dilution: 1/200). Antigens of PD-L1 were retrieved by

microwaving the sections in citrate buffer for 20 min. The final
reaction product was developed with diaminobenzidine.

Immunohistochemical Analysis
We followed a 6-step scoring system (Cologne Score) for the
assessment of PD-L1 positivity in sarcomas (Table 1). Only
tumor cells with membranous positivity were considered
positive for PD-L1. Cytoplasmic positivity was disregarded.
Tumor cells were quantified by evaluating the ratio of stained
and unstained cells (number of PD-L1-positive tumor cells/
number of all tumor cells) (9,10).

RESULTS

The cohort consisted of 27 (54%) female and 23 (46%)male patients
with a median age of 42.5 years (range 18–79). Most tumors were of
grade G2 (34%) and G3 (46%). The majority of the patients did not
have metastases at presentation (92%). The most frequent histologic
subtypes were liposarcoma (22%), followed by leiomyosarcoma
(18%) and ULP (15%). Eighty-four percent (42 patients)
underwent surgical treatment, with R0 margins in 38% of these
patients. Thirty percent of patients developed metastases, with the
lung as the predominant site (see Table 2).

PD-L1 Expression in Tumor Specimens and
Its Clinical Correlations
We defined PD-L1 expression as positive if the Cologne Score
equaled three or more, as defined elsewhere (Figure 1; 15).
Tumor cell PD-L1 expression was observed in 12 (24%) cases.
Of all sarcoma subtypes sampled, the highest prevalence of PD-L1
expression was noted in rhabdomyosarcoma (2/2 cases) and
desmoid tumors (2/3 cases), followed by GIST (2/4 cases) and
liposarcoma (3/11 cases). The median OS of patients with
positive PD-L1 expression (Cologne Score ≥3) was 11 months,
while it was 19 months for patients with negative PD-L1
expression [hazard ratio (HR) � 3.086, 95% confidence
interval (CI) � 0.59–16.01, p-value � 0.14]. The mean PFS
of patients with positive PD-L1 expression was 6 months,
while it was 10.6 months for patients with negative PD-L1
status [hazard ratio (HR) � 1.806, 95% confidence interval (CI)
� 0.55–5.9, p value � 0.28] (Figure 2).

DISCUSSION

In this study, we evaluated the expression of PD-L1 in various
sarcoma subtypes and explored its correlations with different
clinicopathological features and survival. PD-L1 expression in

TABLE 1 | Cologne score.

Table of cologne score Category 0 1 2 3 4 5
Cut off <1% ≥1% ≥5% ≥10% ≥25% ≥50%
Interval 0–1% ≥1% ≥5% ≥10% ≥25% ≥50%

<5% <10% <25% <50% <75%
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tumor cells was observed in 12 (24%) of 50 soft tissue sarcoma
cases of different subtypes. The tumor cell PD-L1 expression
patterns vary in the literature (7), i.e., reports of positive
expression in 12% of tumor cells vs. reports that described
positive expression in 48% and 65% (11,14). Table 3
summarized the most relevant data published in this area.

This discrepancy of the published data may be related to the
lack of harmonization of the PD-L1 assay as well as the use of
different antibody types and different definitions of a positive
result with a specific cut-off. The second reason is related to soft
tissue sarcoma itself, as it is not one disease but a heterogeneous
group of diseases. We report here a significant variation in PD-L1
expression based on the histological subtypes (p � 0.018). This
finding was also reported by others, who found that the
histological subtypes of soft tissue sarcoma were significantly
correlated with PD-L1 expression (p � 0.004) (5).

Other than the histological subtypes, we did not identify
relationships between tumor PD-L1 expression and
clinicopathological characteristics. These results are similar to
those of (7) and (5) and in contrast to those of (14), who reported
that PD-L1 expression was also significantly associated with
higher tumor stage, deep-seated sarcoma, distant metastasis,
higher histologic grade, tumor differentiation, and tumor
necrosis. Furthermore (21), found that PD-L1 expression was
significantly associated with high tumor grade and the age of
patients with soft tissue sarcomas.

In other solid malignancies, the level of PD-1/PD-L1
expression is considered an independent factor for worse
survival. For example, in renal cell carcinoma, the expression
of PD-1 in tumor-infiltrating lymphocytes is considered a poor
prognostic factor for survival (21). Additionally, in gastric cancer
and lung cancer, PD-L1 expression was established as an
independent prognostic factor for poor OS (15,12).

We found that soft tissue sarcoma patients with positive PD-L1
expression showed a median OS of 11months compared with
19months for patients with negative PD-L1 expression and a
mean PFS of 6months compared with 11months for patients
with negative PD-L1 expression. We consider this finding clinically
significant, as the p-value was 0.1 for OS and 0.2 for PFS and therefore
indicated a trend. These results confirm the data of (7), who reported a
median OS of 10.4months in PD-L1-positive patients vs. not reached
in PD-L1-negative patients, with a p-value of 0.8 owing to the small
sample size, according to the author’s interpretation.

In contrast (5), found that the expression of PD-L1 in tumor tissue
significantly predicted shortened OS [5 years OS rate, 48% vs. 68%;

TABLE 2 | Summary of patient characteristics and clinicopathological features.

Grade N (%)

FNCLCC:
G1 6 (12)
G2 17 (34)
G3 23 (46)

GIST:
Low 3 (6)
High 1 (2)

Surgery
Yes 42 (84)
No 8 (16)

Margin
NA 8 (16)
R0 19 (38)
R1 19 (38)
R2 4 (8)

Adjuvant treatment
Chemotherapy:
Yes 37 (74)
No 13 (26)

Radiotherapy:
Yes 28 (56)
No 22 (44)

Recurrence
Local and nodal 15 (32.6)
Systemic 14 (30.6)

1st Line chemotherapy in systemic recurrence
Anthracycline:
Single agent 7 (14)
Combination 15 (30)
TKI: gleevec 1 (2)

Response to the 1st line treatment
PD 14 (60.9)
PR 6 (26.1)
SD 3 (13)

Patient characteristics N (%)

Age median (range) 42.5 (18–79)
Sex
Female 27 (54)
Male 23 (46)

Histology
Angiosarcoma 1 (2)
Desmoid 3 (6)
Epithelioid 2 (4)
Fibrosarcoma (adu.) 2 (4)
(Myxoid) 4 (8)
GIST 4 (8)
Histiocytic sarcoma 1 (2)
Leiomyosarcoma 9 (18)
Liposarcoma (ULP) 1 (2)
(deDIF.) 1 (2)
(Myxoid) 4 (8)
(ULP) 5 (10)
Pleomorphic sarcoma (UPL) 8 (16)
Rhabdomyosarcoma 2 (4)
Synovial 3 (6)

T Stage
T1 4 (8)
T2 17 (34)
T3 21 (42)
T4 8 (16)

M Stage
M0 46 (92)
M1 4 (8)

(Continued in next column)

TABLE 2 | (Continued) Summary of patient characteristics and clinicopathological
features.

Patient characteristics N (%)

Original location
Abdomen/pelvis/R 18 (36)
Extremities 26 (52)
Head and neck 2 (4)
Testicular 1 (2)
Trunk 3 (6)
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hazard ratio (HR) � 2.545; 95% confidence interval (CI) � 1.16–5.56;
p � 0.015] (14). reported that soft tissue sarcoma patients with a PD-
1+/PD-L1+ phenotype had the shortest survival time and a more
progressive STS phenotype. Even in low-stage STS, the five-year
survival rate of the PD-1+/PD-L1+ subgroup was only 29%, and
the ten-year survival rate was 0%. In contrast, the ten-year survival
rates of the PD-1−/PD-L1− subgroupswere 94% in low-stage STS and
67% in high-stage STS.

The limitations of our analysis are the heterogeneity of the
samples, the small sample size, and the imbalanced histological
subtypes between the two groups. The study findings have to be
confirmed on a larger scale, involving more patients as well as
defined larger groups of each subtype.

Additionally, evaluating PD-L1 expression at an isolated time
point or at the interval between biopsy and treatment may not
represent its true prevalence. Furthermore, the primary disease and

FIGURE 1 | Immunohistochemical expression of PD-L1 in various soft-tissue sarcomas. (A): Embryonal RMS with strong positive expression of PD-L1 in >50% of
neoplastic cells, “Cologne Score 5” (PD-L1x200). (B) GIST with strong positive expression of PD-L1 in >50% of neoplastic cells, “Cologne Score 5” (PD-L1x200). (C)
Pleomorphic undifferentiated sarcoma with strong positive expression of PD-L1 in >50% of neoplastic cells, “Cologne Score 5” (PD-L1x200). (D) Pleomorphic
undifferentiated sarcoma with moderate positive expression of PD-L1 in 25–50% of neoplastic cells, “Cologne Score 4” (PD-L1x200). (E): A pleomorphic
liposarcomawith positive membranousmoderate immunostaining for PD-L1 in 5–10% of neoplastic cells “Cologne score 2” (PD-L1x200). (F): Fibromatosis with positive
membranous moderate immunostaining for PD-L1 in 5–10% of neoplastic cells “Cologne score 2” (PD-L1x200).
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the presence of a metastatic site may further impact the value of PD-
L1 expression, and the analysis in our study involved samplesmainly
originating from early nonmetastatic stages. However, it is well
known that this may reflect failed immune surveillance and tumor
escape in advanced and metastatic disease.
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FIGURE 2 | Correlations between PD-L1 expression and (A) progression-free survival and (B) overall survival.

TABLE 3 | Characteristics of the published studies tested the expression of PDL-1 in soft tissue sarcoma.

Study Year Pts numbers Type Pdl-1 assessment % Of
+ expression

(11) 2018 128 Retrospective IHC 40.4%
(12) 2013 105 Retrospective IHC 64.7%
(5) 2016 82 Retrospective IHC 43.%
(7) 2015 47 Retrospective IHC 8.5%
(13) 2015 59 Retrospective IHC 59.3%
(14) 2017 163 Retrospective IHC 11.7%
(15) 2018 46 Retrospective IHC 45.7%
(16) 2018 81 Retrospective IHC 59%
(17) 2017 208 Retrospective IHC 8.65%
(18) 2016 66 Retrospective IHC 30.3%
(19) 2017 758 Retrospective RNA seq 41%
(20) 2017 162 Retrospective RNA seq 21.1%
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