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Abstract

Background Primary carcinoma of the ovary (OCs) are responsible for a significant number of deaths related to cancer, and
have the highest rate of death related to cancers of the female reproductive organs. Programmed cell death 1 (PD1) protein,
acts as an immune checkpoint, and has an important role in the down-regulation of the immune system by preventing the
activation of T-cells, which will weaken the autoimmunity and increases self-tolerance. This study aimed at the evaluation
of the immunohistochemical (IHC) expression of PD-L1 in various primary surface ovarian epithelial tumours and to test
its correlation with different clinicopathological parameters together with the expression of a panel of P53, ER and PR.
Methods A set of 102 cases of primary ovarian surface epithelial neoplasms (benign, borderline and malignant) were col-
lected to construct Tissue Microarray (TMA) using 3 tissue cores from each case. IHC for PD-L1, p53, PR and ER was
performed. The expression of PD-L1 was evaluated in relation to some clinicopathological parameters and to the expression
patterns of other markers.

Results Expression of PD-L1 was detected in about 51% (n=36) of malignant tumours. The malignant group significantly
showed PD-L1 positivity compared to borderline and benign groups. The malignant tumours significantly showed PD-L1
and total p53 positivity in comparison to borderline group. Also, malignant tumours significantly showed higher combined
positivity of PD-L1 and either PR or ER compared to borderline and benign lesions. No significant correlation was appreci-
ated between PD-L1 expression and with any of the studied clinicopathological parameters.

Conclusions This study showed a significant PD-L1 expression in malignant primary surface epithelial tumours. Construc-
tion of a panel of IHC markers, including PD-L1, could have a potential value to define patients those would benefit from
the addition of immunotherapy to the treatment plan.
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to late initial presentation and the lack of early diagnosis due
to its vague symptoms [1, 2]. Traditionally, ovarian tumours
can be grouped into two distinct types [2, 3]. Type I repre-
sents about 30% of ovarian cancers. It is genetically stable,
slowly growing, and comprises low-grade serous, endome-
trioid, clear-cell, and mucinous carcinomas. On the other
hand, type II accounts for about 70% of cases and is more
aggressive, genetically unstable. This includes high-grade
serous carcinomas and carcinosarcomas. This classification
can shed light on the capacity of tumoral cells to escape
immune clearance, resulting in the tumour cell propagation
[3].

Despite advances in treatment modalities, the overall cure
rate has remained around 30% for ovarian cancers. Such poor
outcome could be explained by the delay in initial diagnosis
so that many cases present initially at an advanced stage.
This highlighted the need for other therapeutic modalities
and personal tailored management [1, 2].

Nowadays, it has been shown that the inhibitors of PD1
or PD-L1 could reduce tumor proliferation and, therefore,
can be used in the treatment of many tumours. This led to
an expanded use of inhibitors of PD-L1 such as Pembroli-
zumab and Nivolumab and selection of patient candidates
for immunotherapy [4].

Programmed cell death 1 (PD1) shows surface expression
for different immune cells, including T lymphocytes. PD1
becomes active by one of its ligands, PD-L1 or PD-L2, and
expressed by antigen-presenting cells such as macrophages
and B lymphocytes [5]. PD-L1 might be involved in the pro-
cess of increase in size and progression of the tumour, and
therefore, leading to poor prognosis [6].

PD-L1 expression might reflect an aggressive potential
of the tumour and could play a significant role in tumour
immune escape [4].

Although PD-L1 is considered to be a strong negative reg-
ulator of anti-tumour immune response, little is known about
the way membranous and cytoplasmic. Membranous expres-
sion of PD-L1 are regulated by the tumour environment in
carcinoma of the ovaries [5]. It was noted that PD-L1 and
PD-L2 were highly expressed in ovarian carcinomas. The
levels of expression of PD-L1 and PD-L2 were correlated
with age, FIGO stage, and prognosis, results suggesting
their roles in the initiation and development of malignant
ovarian tumours [7]. On the other hand, the expression of
PD-L1 was reported not to be associated with patient risk
for ovarian cancer [8]. Many clinical trials utilizing check-
point inhibitors in ovarian cancer patients concluded that the
expression of PD-L1 in ovarian cancer cells, the histotype,
and previous treatment are associated with the success of
immune therapies. However, and until recently, the literature
is not sufficient to allow for the identification and selection
of ovarian cancer patients who would successfully respond
to immunotherapy [3, 9].
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It has been found that elevation of PD-L1 levels is
because of decreased level of miR-200 resulting in disturbed
function of CD8 T-cells, which is coupled with epithelial-
mesenchymal transition (EMT) to enhance metastasis [8].
PD-L1 and EMT could regulate each other to form feed-
forward regulation [7]. Similar to any treatment modalities,
immunotherapy has some reported disadvantages. For exam-
ple, immunotherapy resistance mechanisms might occur in
the form of primary resistance, adaptive immune resistance,
or acquired resistance. Furthermore, it was reported that
some of ovarian cancer patients experienced early treatment
discontinuation due to radiographic or clinical disease pro-
gression [10, 11]. According to the WHO classification of
ovarian tumours, surface epithelial tumors of the ovary are
categorized into various subtypes including serous, muci-
nous and endometrioid tumours [3]. To achieve an accurate
diagnosis, immunohistochemistry is widely used in typing
and prognostication of ovarian tumors. For example, p53
gene immunohistochemical expression patterns can be
used to differentiate high grade serous carcinoma (HGSC)
in which the expression is diffuse and intense (mutant) from
low-grade serous carcinoma (LGSC) that usually show
(wild-type) p53 staining, with a weak focal, and hetero-
geneous [12]. Moreover, the analysis of steroid receptors
ER/PR in ovarian carcinoma showed significant favorable
prognostic values. It was reported that progesterone receptor
positivity is proved to be an independent prognostic variable
of improved progression for free-survival among patients
with ovarian cancers [13].

In the current study, we aimed to assess the immunohis-
tochemical expression of PD-L1 in different ovarian tumor
cases. Also, to study PD-L1 expression in relation to clin-
icopathological parameters. Finally, to study the correlation
between PD-L1 and a panel of p53, PR, PR in relation to
each other.

Materials and methods
Sample selection

The study was performed utilising the data of ovarian sur-
face epithelial tumor patients received in the Pathology
Department, Oncology Centre, Mansoura University Hos-
pitals in the period from 2010 to 2014. A total number of
102 cases of surface epithelial tumours (benign, borderline
and malignant) were included in the analysis. The diagnostic
categories were as follow; serous tumors were represented
as 49 carcinoma cases, nine borderline and six benign cases,
whereas mucinous tumors accounted for eleven carcinoma
cases, five borderline and ten benign cases. There were five
endometrioid carcinomas, four undifferentiated carcinomas.
There were one case of clear cell carcinoma and two cases of
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benign Brenner tumor. The overall parentage of the lesions
was 68.3% (70 cases) malignant, 13.8% (14 cases) borderline
and 17.8% (18 cases) benign. All data of the patients in the
medical records were used as inclusion criteria for the study.
The cases were re-evaluated and confirmed for histological
type, grade, and stage.

All the procedures were approved by the Ethics Com-
mittee of the Mansoura University [Institutional Review
Board (IRB) Ref. MDP.19.10.31 dated October 2019] and
in agreement with Declaration of Helsinki of 1964 and its
later amendments. There were no required written consents
with a waiver from the Institutional Review Board.

Construction of tissue microarray (TMA)

Tissue microarray (TMA) was constructed as described pre-
viously [14, 15]. Briefly, after reviewing the routine H&E-
stained slides, representative tumour slides were selected,
and the tumour area on the selected slide, per case, was
encircled. The corresponding paraffin blocks were, retrieved.
A manual tissue arrayer (Beecher Instruments Inc., Sun
Prairie, WI, USA) was used and the selected areas from the
donor blocks were cored with a 0.6-mm-diameter cylinder
tissue punch and placed in the recipient blocks. Triplicate
cores from every case were taken from the tumour.

Immunohistochemistry

Tissue microarray sections were obtained at a thickness of
4 um and stained immunohistochemically by an automated
stainer (BenchMark, Roche, Tucson, AZ, USA), with anti-
bodies against PD-L1 clone 22C3 (Dako, Carpenteria, CA,
USA), P53 (clone DO7, Ventana, Tucson, AZ), ER (clone
SP1, Ventana, Tucson, AZ), PR (clone 1E2, Ventana, Tuc-
son, AZ). The procedures were performed according to the
manufacturers’ instructions.

Evaluation of immunohistochemical reactivity

The stained slides were evaluated by two pathologists (AS,
MA), with no prior knowledge of the patient details and
outcomes, using standard light microscopes.

PD-L1

According to the intensity of the stain, PD-L1 expression
was categorized into four groups, as follows: 0 (nega-
tive expression), 1+ (positive expression but weaker than
placenta), 2 4+ (equivalent to expression in placenta), and
3 + (stronger expression than in placenta). Positive stain-
ing of the non-neoplastic areas and the immune cells were
excluded. Expression of PD-L1 >2 + was considered as posi-
tive [16].

P53, ERand PR

A semi-quantitative score was used considering the aver-
age proportion of positive cells plus average intensity. The
immunoreactive cells were scored as score 0 (0%), score 1
(1-25%), score 2 (26-50%), score 3 (51-75%) and score 4
(>75%). The average intensity of the immunoreactivity was
scored as score 0 (negative), score 1 (weak), score 2 (moder-
ate) and score 3 (intense).

For P53, the final scores were divided into three different
patterns; the null “negative” pattern (score 0): no reactive
nuclei or reactivity in <5% of nuclei, the wild-type pattern
(scores 2—-6): weak to moderate reactivity in 5-75% and the
overexpressed pattern (score 7): strong nuclear reactivity
in>75%. For malignant lesions, null and overexpressed
phenotypes refer to mutant p53 status [17]. For PR and ER,
scores > 2 considered positive and scores > 5 considered
strong positive [18].

Statistical analysis

SPSS Version 22.0 (IBM Corp., Armonk, NY, USA) was
used to analyse the data. Numbers and percentages were
used to describe and express qualitative data. When describ-
ing quantitative data that were not parametric, the median
(range) was used. After utilizing the Kolmogrov—Smirnov
test to verify normalcy, the mean [standard deviation (SD)]
was utilized for parametric data and for non-parametric
data. The results’ significance was assessed at the 0.05
level. The significance of the differences in categorical
variables between the groups was examined using the chi-
squared test. When more than 25% of cells in tables (more
than 2 X 2) had a count of less than 5, the Monte Carlo test
was used as a correction for the Chi-squared test. Independ-
ent non-normally distributed data were compared using the
Mann—Whitney U test. When comparing continuous, non-
normally distributed continuous data, Spearman’s correla-
tion was employed. In order to determine how risk factors
affected survival, the Kaplan—Meier test was utilized to com-
pute both overall survival and disease-free survival using
the log rank test.

Results

In the current study, a total of 102 patients with different
types of ovarian surface epithelial tumours were included
in the analysis. The patients’ mean age was 50, ranged from
17 to 79 years old.
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Table 1 Expression of ER, PR, p53 and PD-L1 in the malignant, bor-
derline and benign groups

Table 2 Relation of PDL-1 positivity to different clinico-pathological
parameters of malignant tumours

Tumor markers Histopathological group

Malignant Borderline Benign (n=18)
(n=170) (n=14)
Protein 53 [n, (%)]
Mutant* 57 (81.4) 8 (57.1) 18 (100)
Wild type 13 (18.6) 6 (42.9) 0 (0.0%)
PR score [n, (%)]
Positive 19 (27.2) 7 (50.0) 3(16.7)
Negative 51(72.8) 7 (50.0) 15 (83.3)
ER score [n, (%))
Positive 12 (17.2) 6 (42.9) 4(22.2)
Negative 58 (82.8) 8 (57.1) 14 (77.8)
PDL-1 score [n, (%)]
Positive 36 (51.4) 10 (71.4) 6 (33.3)
Negative 34 (48.6) 4(28.6) 12 (67.7)

PDL-1 expression

This showed that 51.4% of malignant group have positive
PDL-1 expression, however 48.6% were negative. The
majority of borderline group 71.4% showed positive PDL-1.
On the contrary, the majority of benign group 67.7% showed
negative PDL-1 expression. The malignant group signifi-
cantly showed more PD-L1 positivity compared to border-
line and benign groups. The results of expression of PD-L1,
ER, PR and P53 in different categories of ovarian tumors
(benign, borderline and malignant) are shown in Table 1.

Expression of ER, PR, p53 and PD-L1
in the malignant, borderline and benign groups

PDL-1 expression was studied in relation to the character-
istics of the malignant group. There were non-significant
relation to its expression and all characteristics including
the malignant type, tumor grade, size, laterality, age and
presence or absence of metastasis (Table 2).

There was an evident significance in combining the
expression of PDL-1 with the other studied markers (p53,
ER and PR) in the malignant group as shown in Table 3. The
study showed that 92.9% of the malignant group showed tri-
ple negative panel of PDL-1, ER and PR compared to 7.1%
showing triple positivity (p <0.0001).

Furthermore, the malignant group significantly showed a
higher PD-L1 and total P53 positivity compared to border-
line group. Also, the malignant group showed significantly
PD-L1 and either PR or ER positivity compared to the bor-
derline and benign groups.

Examples of the different immunohistochemical expres-
sion patterns of the studied markers are shown in Fig. 1.
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Characteristics Positive n (%) Negative n (%) P values
Malignant type (n="70) 36 (51.4) 34 (48.6) 0.81
High grade (n=37) 18 (48.6) 19 (51.4) 0.86
(High-grade serous and
undifferentiated carci-
nomas)
Low-grade carcinomas 18 (54.5) 15 (45.4) 0.60
(n=33)
(Low-grade serous, muci-
nous, endometrioid and
clear cell)
Metastasis present 28 (52.8) 25 (47.2) 0.68
(n=53)
Metastases absent 8 (47.0) 9 (53.0) 0.80
(n=117)
Unilateral site (n=29) 15 (51.7) 14 (48.3) 0.85
Bilateral site (n=41) 21(51.2) 20 (48.8) 0.87
Age <55 years (n=34) 17 (50) 17 (50) 1.0
Age>55 years (n=36) 19 (52.7) 17 (47.2) 0.73
Tumor size<11 cm 19 (65.5) 10 (34.5) 0.35
(n=29)
Tumor size> 11 cm 19 (46.3) 21 (53.7) 0.63
(n=41)
Discussion

As an immunological checkpoint, programmed cell death
protein 1 (PD1) is crucial in suppressing the immune system
by preventing T-cell activation, which reduces autoimmunity
and fosters self-tolerance [4].

As of right now, it has been shown that immune check-
point inhibitors that target PD1 or PD-L1 have the poten-
tial to slow tumor growth and be applied to the treatment
of a number of cancer types.3. The usage of PD-L1 inhibi-
tors, such as pembrolizumab and nivolumab, has rapidly
expanded due to recent advancements in immunotherapies
and the classification of several tumor types as immuno-
genic tumors [19].

The current investigation found that, with variations
based on histological subtypes, a comparatively small
number of OCs express PD-L1, a finding that is broadly
consistent with earlier findings [20]. The number of high-
grade serous carcinomas that expressed PD-L1 in that
study was over 40%, which is less than what we have
found. Variability in the methods, such as the monoclonal
antibody utilized, may account for this [20]

Furthermore, a meta-analysis showed that the percent-
age of ovarian cancers expressing PD-L1 varied widely
(11% to 88%). Differences in the scoring system, the anti-
bodies utilized, and the histological subtypes could poten-
tially account for these apparent variations [21].
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Table 3 Relation of

e Characteristics Markers Positive (n, %) P values
PD-Llpositivity to ER, PR and
P53 reactivity Malignant group (n=70) PD-L1 alone 36 (51.4) 0.81
PD-L1+ER 8 (11.4) 0.0001
PD-L1+PR 14 (20) 0.0001
PD-L1 + P53 heterogeneous 6 (8.6) 0.0001
PD-L1 + P53 mutated 20 (28.6) 0.0001
PD-L1+ER+PR 5(7.1) 0.0001
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Fig. 1 Photomicrographs showing examples of PD-L1 immunohis-
tochemical expression as cytoplasmic staining in different entities
of surface epithelial ovarian tumours; borderline serous tumour (A),

Our findings are consistent with earlier research show-
ing a higher correlation between PDL-1 expression and
malignant entities [22]. Additionally, our investigation
showed that the malignant group had 51.4% positive
expression of PD-L1, with no distinction between high-
grade and low-grade tumors. This result is comparable
to that of the Nhokaew et al., (2019) study, which found
that elevated PD-L1 expression was present in the surgical
specimens from approximately 63% of the cases. The rate
of high expression of PD-L1 in surface epithelial ovarian

low-grade serous carcinoma (B), high-grade serous carcinoma (C)
and mucinous carcinoma (D)

carcinomas of type 1 or type 2 was not shown to differ
significantly [16].

There is a severe lack of prior predictive evidence about
PD-L1 expression in type I epithelial OCs in particular.
A 2017 study by Zhu and colleagues analyzing data from
122 women with ovarian clear cell carcinoma showed that
elevated PD-L1 expression levels were linked to advanced
stages, recurrence, and worse prognosis [23]. In the cur-
rent study, 8 instances had no metastases and 28 cases with
metastases tested positive for PD-L1. This is consistent with
research by Nhokaew and colleagues [16] that found that
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women with high PD-L1 expression were more likely than
those with low marker expression to present with advanced
stages of the disease and experience a recurrence of it. It
has been shown previously that the expression of PD-L1
is relatively uncommon in epithelium ovarian tumors. In
addition, the overall and progression-free survival between
PD-L1 positive and PD-L1 negative patients were not dif-
ferent across all of the histological types, and each subtype
in particular for serous carcinomas expressing PD-L1 [24].

Regarding the other markers individually, p53 IHC
revealed that only 11.1% of cases of mucinous carcinoma
had overexpressed p53, compared to 34.1% of cases of
serous carcinoma, which showed overexpression in 45.5%
of cases. This is consistent with other research, such as that
conducted by Morita and associates, who found that p53
overexpression was more common in serous adenocarcino-
mas (63%) compared to mucinous adenocarcinomas (22%)
[25, 26].

The current analysis showed a little variation from a
previously published work [27] in that ER was expressed
in cases of mucinous carcinomas (data not shown) but in
slightly lower proportions than PR in endometroid carcino-
mas. Similar to earlier observations, PR was shown to be pri-
marily expressed in endometroid carcinomas [28]. Contrary
to the previously stated work [23], PR was not expressed in
the CCC in our sample. Our extremely limited sample size
may be the reason for the lack of substantial correlation seen
between clinicopathological factors and hormone receptor
expression [27, 28]. Moreover, the use of TMA method
and the heterogeneity of tumor might hinder the accurate
expression of the marker. However, the TMA technology
was proved effective as being validated previously or the
evaluation of PD-L1 [24].

Conclusion

In conclusion, testing PDL-1 immunohistochemical expres-
sion in ovarian surface epithelial tumours might have sig-
nificant impact on patients’ management. The present study
shed light on the correlation between PDL-1 expression and
a panel of immunohistochemical markers “p53, ER and PR”
in a subset of surface ovarian tumors and its potential value
in planning the treatment. As the malignant tumors showed
significantly higher expression of PDL-1, either alone or in
combination with the other markers, these group of patients
might benefit from additional immunotherapy.
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