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Abstract
Purpose Programmed death-ligand 1 (PD-L1) was expressed in various gynecology tumors. High-grade ovarian cancers

could be a potential target for immune anti-PD-L1 modulate therapy. Antibodies targeting PD-L1 molecules are emerging

cancer therapeutics. This study was designed to evaluate the expression of PD-L1 marker in the high-grade ovarian cancer

types and evaluate its prognostic potential.

Methods The study included 18 patients with ovarian high-grade serous cancer (HGSC) and 11 patients with clear cell

cancer (CCC) histology type, both in the International Federation of Gynecology and Obstetrics (FIGO) stage I. The

expression of the PD-L1 marker was measured by tissue microarray-based immunohistochemistry. Expression levels of

PD-L1 were correlated with the presence of tumor-infiltrating lymphocyte (TIL) and other histopathology parameters.

Results HGSC ovarian cancers predominantly had low PD-L1 expression, while CCC ovarian cancers had high PD-L1

expression (p\ 0.001). PD-L1 expression did not show significant differences considering analyzed parameters other than

histology type (localization, size, FIGO stage, lymphovascular invasion, tumor necrosis, and presence of TIL) among all

ovarian cancers. There was no statistically significant difference in any of the tumor characteristics within histologic types

of ovarian cancers.

Conclusion PD-L1 expression was significantly higher in clear cell histology type than in high-grade serous ovarian

cancers in FIGO I stage.
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Introduction

Ovarian cancer (OC) is the eight most common cancer in

female population [1]. Ovarian cancer research works

focused primarily on high-grade serous cancer (HGSC), the

most common ovarian cancer histology type, accounting

for 70% of all ovarian cancer cases [2]. Ovarian clear cell

cancer (CCC) is a rare histology type, approximately 10%

of all ovarian cancers [3]. Both CCC and HGSC composed

high-grade ovarian cancers and represent aggressive forms

of ovarian cancer often harbor resistance to therapy and

have an overall poor prognosis [2]. Ovarian cancers were

diagnosed usually in advanced stages [4]. On the contrary

to HGSC, CCC was diagnosed usually in early stage dis-

ease, but also with bad prognosis [3].

Programmed cell death-ligand 1 (PD-L1) is a molecule

expressed on tumor cells. Also, it could be expressed on

cells in tumor microenvironment such as dendritic cells,

fibroblast, T-lymphocytes. PD-L1 protein on tumor cells

interacts with programmed cell death-1 (PD-1) on
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T-lymphocytes and makes them inactive without effector

functions [5–7]. Considering immune-cancer cycle, cancer

cells produce tumor antigens which were phagocitosed by

macrophages and presented to effector cytotoxic T-lym-

phocites. Such activated T-lymphocytes gain ability to

destroy cancers cells. Ovarian cancer cells have ability to

express PD-L1 on their surface and escape autitumor

immune mechanism [5].

Regardless chemotherapy and relatively new thepary

modalites as vascular endothelial growth factor (VEGF)

and poly(ADP-ribose) polymerase (PARP) inhibitors,

recurrences are still very often [8, 9]. There is a need to

find new therapeutic options that would improve the patient

outcomes. PD-L1 inhibitors should be promising strategies

in ovarian cancer treatment. Assesement of patients who

could be appropriate for anti-PD-L1 target immune therapy

might be done by immunohistochemistry scoring of PD-L1

expression on cancer cells. Simultaneous analysis of the

presence of tumor-infiltrating lymphocytes (TIL) could

contribute to selection [10]. Previous studies report diver-

sion results about immune target therapy by PD-L1 inhi-

bitors. Cancer microenvironment shows significant effects

on therapy outcomes [8].

The aim of the study was to analyze the expression of

PD-L1 marker in the high-grade ovarian cancer types and

evaluate its prognostic potential.

Materials and Methods

Patient Selection

The study included 18 patients with HGSC and 11 patients

with CCC histology type, both in International Federation

of Gynecology and Obstetrics (FIGO) stage I. Inclusion

criteria were age 18 and over, tumors with pure clear cell or

high-grade serous histology type and other types of ovarian

tumors, any mixed component or lack of adequate avail-

able tissue for staining merited exclusion. Recorded

parameters were patient’s age, menopausal status, tumor

size and localization, presence of necrosis, presence of

tumor lymphovascular invasion and degree of TIL. The

ethical approval was obtained from the Ethics Committee

of the University Clinical Center of Serbia, and all study

participants gave their informed consent. A total of 29

patients met the above criteria.

Tumor-Infiltrating Lymphocytes (TIL)

The evaluation for the presence of tumor-infiltrating lym-

phocyte was done on HE tissue sections before the con-

struction of tissue microarray on microscopic

magnification 9 50. TIL signed as positive considered at

least one detected lymphocyte in tumor tissue. Cancers

without lymphocytes or other mononuclear inflammatory

cells were designated as TIL negative [11].

Tissue Microarray (TMA)

From each donor tissue block, one cylinder was taken by

3 mm puncture needle using the tissue microarray (TMA)

method (Fig. 1a). All cylinders were moved to a recipient

paraffin block [12]. Standard optimization protocol for PD-

L1 is considered using placental tissue as a positive internal

control for immunohistochemical analysis [13] (Fig. 1b).

In the first row of each block, a placental tissue was placed

to serve for orientation.

Immunohistochemical Analysis

Paraffin embedded formalin fixed tissue from both ovarian

cancers types was stained for PD-L1 marker on the Auto-

stainer Link 48, Agilent, Denmark. Epitope unmasking for

PD-L1 antibody was done in EnVision FLEX epitope

unmasking solution pH 6.1 (K8005, Agilent). Visualization

system EnVision FLEX (Agilent) was used for immuno-

histochemical analysis. It was used as primary monoclonal

anti-human PD-L1 antibody (clone 22C3, M3653, Agilent)

in dilution of 1:30. Expression was analyzed by counting

positive tumor cells on the 9 400 power field and noticing

their percentage from the total number of tumor cells. Only

the membranous PD-L1 staining was considered positive.

The following score was used to describe the expression

levels: negative (0) without positive cells or with a single

positive cell (\ 1%); low (1 ?) expression with less than

10% positive cells; moderate (2 ?) expression with

10–50% positive cells and strong (3 ?) expression with

more than 50% positive cells. Associated moderate and

strong positivity was considered as a high expression which

is in positive correlation with therapy response [14–16].

Statistical Analysis

Categorical variables were presented as absolute and rela-

tive numbers. Numerical variables were expressed as

arithmetic mean with standard deviation or median with

range, depending on the data distribution. Normal distri-

bution was evaluated by mathematical and graphical

methods. Two independent study groups were compared by

categorical variables using Chi-square or Fisher’s exact test

if criteria for the previous one were not met, while they

were compared by numerical variables using Mann–

Whitney U test. All statistical methods were considered

significant if p B 0.05. Statistical analysis was performed

in IBM Corp. Released 2012. IBM SPSS Statistics for

Windows, Version 21.0. Armonk, NY: IBM Corp.
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Results

Patient Characteristics

The mean age of 29 patients was 56.90 ± 11.61 years.

Almost all patients were in menopause (79%). Eighteen

(62%) had HGSC, and 11 (38%) had CCC. The distribution

of unilateral and bilateral localized cancers was almost

equal (55% vs. 45%). According to FIGO classification, the

IC2 stage was the most common (62%), while IA, IC1, and

IC3 stages were much rarer (7%, 17%, and 14%, respec-

tively). Lymphovascular invasion was present in almost all

Fig. 1 Construction of tissue microarray (TMA) from ovarian cancer histology sections (a). Placental tissue as positive control for

immunohistochemistry analysis 9 100 (b)

Table 1 Analyzed parameters in correlation to PD-L1 expression

Parameter PD-L1 expression p

Low n = 16 High n = 13

Histology type of ovarian cancer, n (%)

HGSC 15 (83.3) 3 (16.7) < 0.001

CCC 1 (9.1) 10 (90.9)

Localization, n (%)

Unilateral 8 (50.0) 8 (50.0) 0.534

Bilateral 8 (61.5) 5 (38.5)

Tumor size (mm)

Med (min–max) 62.5 (18–120) 80.0 (30–220) 0.333

FIGO stage, n (%)

IA 2 (100.0) 0 (0.0) 0.488

IC = IC1 ? IC2 ? IC3 14 (51.9) 13 (48.1)

Lymphovascular invasion, n (%)

Yes 14 (58.3) 10 (41.7) 0.453

No 2 (40.0) 3 (60.0)

Tumor necrosis, n (%)

Yes 9 (52.9) 8 (47.1) 0.774

No 7 (58.3) 5 (41.7)

TIL presence, n (%)

Yes 13 (52.0) 12 (48.0) 0.390

No 3 (75.0) 1 (25.0)

Menopause, n (%)

Yes 15 (65.2) 8 (34.8) 0.064

No 1 (16.7) 5 (83.3)
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cancers (83%), and almost 60% of them had tumor

necrosis. TIL was present in 25 (86%) cancer cases.

PD-L1 Expression in Relation to Analyzed
Parameters

Low and high PD-L1 expressions were equally distributed

(55% vs. 45%). All analyzed parameters concerning PD-L1

expression are presented in Table 1. HGSC ovarian cancers

predominantly had low PD-L1 expression, while CCC

ovarian cancers had high PD-L1 expression (p\ 0.001).

PD-L1 expression did not differ according to other char-

acteristics (localization, size, FIGO stage, lymphovascular

invasion, tumor necrosis, and presence of TIL) among all

ovarian cancers.

Immunohistochemical Analysis of PD-L1
Expression in High-Grade Serous Ovarian Cancer

The PD-L1 expression in HGSC ovarian cancers is pre-

sented in Fig. 2. A low level of PD-L1 expression was most

common (44%), and PD-L1 expression was absent in

almost 40% of all HGSC ovarian cancers.

The most common pattern of PD-L1 expression in

analyzed HGSC is presented in Fig. 3.

Immunohistochemical Analysis of PD-L1 in Clear
Cell Ovarian Cancer

The PD-L1 expression in CCC ovarian cancers is presented

in Fig. 4. The majority of all CCC ovarian cancers had a

moderate level of PD-L1 expression, while a low level of

PD-L1 expression was present in only 9% of CCC ovarian

cancers.

The most common pattern of PD-L1 expression in

analyzed CCC is presented in Fig. 5.
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Fig. 2 The distribution of PD-

L1 expression levels in HGSC

ovarian cancers

Fig. 3 Low PD-L1 expression in cancer cells of ovarian high-grade serous cancer. a (9 100) and b (9 400)
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Fig. 4 The distribution of PD-L1 expression levels in CCC ovarian

cancers
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PD-L1 Expression in HGSC and CCC Considering
Histopathological Parameters

Table 2 shows all analyzed histopathological parameters

concerning PD-L1 expression in two histology types of

ovarian cancers (HGSC and CCC). There was no statisti-

cally significant difference in any of the tumor character-

istics within histologic types of ovarian cancers.

Discussion

The evaluation of PD-L1 expression in high-grade ovarian

cancers could determine more effective treatment and

increase the overall survival for these patients [17]. PD-L1

status in the clear cell histologic cancer type is a certain

intriguing predictive marker for determining the possibility

of immune checkpoint inhibitor therapy [18]. The more

frequent ovarian cancers such as HGSC were far more

often analyzed considering PD-L1 expression [9, 14]. The

comparison between these high-grade OC could bring

novel results, significant for better evaluation of PD-L1

expression to determine more effective therapy protocols

for these patients.

Fig. 5 Moderate PD-L1 expression in cancer cells of ovarian clear cell cancer. a (9 100) and b (9 400)

Table 2 Tumor characteristics by PD-L1 expression in HGSC and CCC ovarian cancers

Characteristic HGSC n = 18 p CCC n = 11 p

Low PD-L1

expression

High PD-L1

expression

Low PD-L1

expression

High PD-L1

expression

Localization, n (%)

Unilateral 8 (100.0) 0 (0.0) 0.216 0 (0.0) 8 (100.0) 0.273

Bilateral 7 (70.0) 3 (30.0) 1 (33.3) 2 (66.7)

Tumor size (mm)

Med (min–max) 70.0 (18.0–120.0) 80.0 (35.0–155.0) 0.553 55.0 (55.0–55.0) 85.0 (30.0–220.0) 0.751

FIGO stage, n (%)

IA 1 (100.0) 0 / 1 (100.0) 0 (0.0) 0.091

IC = IC1 ? IC2 ? IC3 14 (82.4) 3 (17.6) 0 (0.0) 10 (100.0)

Lymphovascular invasion, n (%)

Yes 14 (82.4) 3 (17.6) / 0 (0.0) 7 (100.0) 0.364

No 1 (100.0) 0 (0.0) 1 (25.0) 3 (75.0)

Necrosis, n (%)

Yes 9 (81.8) 2 (18.2) 1.000 0 (0.0) 6 (100.0) 0.455

No 6 (85.7) 1 (14.3) 1 (20.0) 4 (80.0)

TIL, n (%)

Yes 13 (81.3) 3 (18.8) 1.000 0 (0.0) 9 (100.0) 0.182

No 2 (100.0) 0 (0.0) 1 (50.0) 1 (50.0)
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Our study analyzed differences in PD-L1 expression in

two histology types of high-grade ovarian cancers (HGSC

and CCC). All cancers in our study were in stage FIGO I.

Patients were usually in menopause, in FIGO IC2, with the

presence of tumor lymphovascular invasion and necrosis.

Almost all analyzed cancers showed TIL. We did not find

significant differences in PD-L1 expression considering all

analyzed parameters others than histology tumor type.

We found significantly higher PD-L1 expression in CCC

histology type of ovarian cancer. The most frequent level

of PD-L1 expression in CCC was moderate, which is part

of a high expression score. PD-L1 expression in HGSC was

usually low. The number of HGSC without PD-L1

expression was conspicuous. Those could be the reasons

for weaker PD-L1 status in HGSC. Considering our results,

using PD-L1 inhibitors could be more effective in CCC

than in HGSC ovarian cancers. Similar results were

reported in the study which described a good therapy

response by immune inhibitors for CCC tumor type,

especially whereas existing detection of microsatellite

instability [3, 19].

Our study did not show a significant correlation between

TIL and PD-L1 status in CCC or HGSC histology types.

The presence of TIL is in association with the response to

PD-L1 inhibitors in many cancers. Significant PD-L1

expression in OC is often in positive correlation with

remarkable TIL. The majority of studies reported signifi-

cant TIL in association with higher PD-L1 expression in

HGSC, which could lead to promising immune therapy

responses for these patients [20, 21]. There were not any

differences between CCC and HGSC OC considering TILs

and PD-L1 expression, except in CCC with microsatellite

instability, whereas it described a significantly higher

number of TILs [3, 19].

The reason for these differences could be a different

patient selection, where we choose only OC in stage I.

CCC is a very rare type of OC, mostly diagnosed in the first

stage of disease, and for better correlation, we analyzed

HGSC in the same FIGO stages. HGSC is the most fre-

quent OC which is mostly diagnosed in later stages because

many studies analyzed PD-L1 expression, in association

with TIL and OS just at that point, where results are dif-

ferent from this study [22].

Significant problems for standardizing PD-L1 immuno-

histochemical analysis are methodological inconsistency,

various cutoff values, spatial and temporal factors, differ-

ent sensitivity and clone types of PD-L1 antibodies.

Complex tumor microenvironment certainly affects the

accuracy of PD-L1 immunohistochemistry staining [23].

There are four main PD-L1 clones (28–8, 22C3, SP142,

SP263), but clone 22C3 was the most used, analyzed and

also applied in this study. This clone was expressed as

membranous PD-L1 staining which is in positive correla-

tion with therapy outcomes [15, 16, 23].

For the non-Asian population, a significant positive

correlation between higher PD-L1 expression and overall

survival (OS) in patients with OC was reported [5]. In

HGSC, the majority of studies reported a positive corre-

lation between PD-L1 expression and decreased OS

[22, 24]. One study showed that remarkable PD-L1

expression in CCC indicates an unfavorable prognosis for

these patients [17]. The results suggest that the analysis of

PD-L1 expression in CCC certainly has the prognostic

potential [17]. Considering our findings, whereas PD-L1

expression was significantly higher in CCC than in HGSC,

we expect more unfavorable OS in CCC than in HGSC

histology type. Since the HGSC with significant PD-L1

expression already has a quite unfavorable prognosis [22],

patients with CCC could have an additionally worse OS.

More studies are necessary in the future for a better eval-

uation of the association between PD-L1 expression levels

and the prognosis of these patients.

The limitations of this study could be a relatively small

sample size or PD-L1 expression analysis by immunohis-

tochemistry alone. Considering the rarity of clear cell

histology type and HGSC in stage FIGO I, we found this

research enough challenging. Analysis of more additional

proteins which are involved in the PD-1/PD-L1 regulatory

pathway certainly could increase a better understanding of

this mechanism. Involving additional methods for the

evaluation of PD-L1 status could improve the analysis.

Anyway, this study could be a great inspiration for further

research.

PD-L1 expression in ovarian CCC has not been well

studied. Our study could promote the significance of fur-

ther analysis to find more effective therapy protocols for

these patients, especially if we know that CCC is generally

resistant to standard platinum-based chemotherapy

[19, 25]. A recent study showed remarkable clinical

responses by immunotherapy in patients with high PD-L1

expressions in recurrent, therapy-resistant OC [26]. Con-

sidering other cancer types, different from gynecologic,

PD-L1 inhibitors brought many promising insights. Clear

cell morphology could be a significant, independent char-

acteristic for the indication of immunotherapy [19].

Conclusion

PD-L1 expression was significantly higher in clear cell

histology type than in high-grade serous ovarian cancers in

FIGO I stage. Significant PD-L1 expression in CCC could

have an important predictive value for the implementation

of anti-PD-L1 target immune therapy for these patients.

Our results suggest further investigation of PD-L1 marker
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in clear cell histology type of ovarian cancers because

immunotherapy is still controversial for these rare gyne-

cologic tumors.
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