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a b s t r a c t 

We investigated programmed cell death 1 (PD-1) / programmed cell death ligand 1 (PD-L1) expression in high 
grade serous ovarian cancer (HGSOC) and its relationship to tumor infiltrating lymphocytes (TIL) and prognosis. 
Formalin fixed paraffin embedded (FFPE) samples of 94 HGSOC cases were included in the study. Immunohis- 
tochemical analysis (CD3, CD4, CD8, PD-1 and PD-L1) was performed. Samples were analyzed for expression 
of immune proteins in the peritumoral stromal and intratumoral areas, scored, and expression was correlated 
with overall survival, stage, and age. PD-L1 staining ratio with a score greater than 0 was found to have lower 
survival. There were two positive staining patterns, patchy/diffuse and patchy/focal patterns, in 24 (25.5%) 
cases. Considering the threshold value ≥ 5%, we demonstrated that the PD-L1 positive cancer cell membrane 
immunoreactivity rate and patchy/diffuse PD-L1 expression were 9.6% (n = 9). There was statistically significant 
relationship between high PD-1 scores and PD-L1 cases of ≥ 5%. A statistically significant difference was found 
between PD-L1 staining and survival in patients with a threshold ≥ 5%. However an appropriate rate for treat- 
ment was determined in 9.6% cases. There was a statistically significant correlation between PD-1 positive TIL 
score and intratumoral CD3, peritumoral stromal CD3, intratumoral CD4 and intratumoral CD8 positive cells. 
Survival was lower in cases with higher PD-L1 positive stromal TIL score. 
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ntroduction 

In the last few decades, tumor-infiltrating lymphocytes (TILs), un-
ike ordinary inflammation cells, have been discovered in peritumoral
tromal spaces and intratumoral areas in high grade serous ovarian can-
er (HGSOC) [1–4] . In some clinical studies, the presence of TILs, espe-
ially CD8 + T cells, has been associated with good prognosis and good
urvival in different cancers [ 1–3 , 5–7 ]. It has also been found that pro-
rammed cell death 1 (PD-1) protein, a surface receptor of activated
D4 + and CD8 + T lymphocytes, could be a powerful regulatory mech-
nism in cancers [ 8 , 9 ]. Programmed cell death ligand 1 (PD-L1, B7-
omolog 1, B7-H1, CD274), is a ligand for PD-1, is expressed on the

urface of cancer cells, tumor associated macrophages, myeloid derived
uppressor cells, dendritic cells, T and B cells. T cells detect PD-L1 sig-
al via PD-1 receptor [10] . Overexpression of PD-L1 has been found to
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e associated with resistance to immunotherapies and poor prognosis
11] . PD-1/PD-L1 inhibitors have been approved by The Food and Drug
dministration for treatment of melanoma, non-small cell lung cancer,
ead and neck squamous cell carcinoma, colorectal cancer, renal cell
arcinoma, hepatocellular carcinoma, urothelial carcinoma, Merkel cell
arcinoma, Hodgkin lymphoma and cervical carcinoma [12] . However,
n some cancers, the effects of PD-L1 in the response to these monoclonal
ntibodies are uncertain and controversial. It requires more detailed and
eeper understanding, via more research [1] . It appears to have a highly
avorable immune environment for studying PD-1/PD-L1 biology with
ILs. HGSOC is one of these cancers that requires more studies [10] . 

HGSOC cells, by expressing high amounts of PD-L1 to avoid cytoly-
is by activated T cells, can form a immunosuppressor tumour microen-
ironment. Investigation of the immunological relationship in the mi-
roenvironment may contribute to the understanding of the relationship
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Fig. 2. HE stained tumor sample in a diameter of 6 mm (28260000 μm 2), x2. 
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etween high expression of PD-L1 and poor prognosis of ovarian can-
er [1] . Additionally, in HGSOC, the scoring and evaluation criteria of
eritumoral stromal and intratumoral PD-L1 in terms of mathematical
spect and antibody density, which is unconfirmed in pathology prac-
ice, continues to be an important problem. 

We evaluated the relative expression levels of PD1/PD-L1 check
oint molecules by investigating the staining intensities and by scoring
athematically. Corelation between clinical and morphological findings
ere investigated in the present study. 

aterials and methods 

atients 

One hundred cases diagnosed as HGSOC were retrospectively re-
iewed at Zeynep Kamil Maternity and Pediatric Research and Train-
ng Hospital, Department of Pathology. Clinical findings were obtained
rom pathology archive and hospital registries. Ethics committee ap-
roval was received from Hitit University Faculty of Medicine Clinical
esearch Ethics Committee (Ethical approval code 2017-156). 

HGSOC grading and staging was performed according to literature
f Malpica et al. [13] and International Federation of Gynecology and
bstetrics (FIGO) staging system [14] . 

FFPE tissue blocks of 100 cases were selected with the widest tu-
or. These tissue sections, stained with Hematoxylin & Eosin (HE), were

xamined by two experienced pathologists (YB and NK). Immunohis-
ochemical (IHC) P53, CK7, WT1, Ki-67 and Pax-8 were performed in
 cases, where consensus cannot be reached on HE stained sections.
FPE samples of 94 cases that was considered to be reached a consen-
us, treated any chemotherapy previously, and included approximately
ore than 500 tumor cells, covered the study. From these blocks, the
ost dense tumor areas on HE-stained slides were marked and punch

iopsies were collected in a diameter of 6 mm (28260000 μm 

2 ) and
ew FFPE blocks were prepared ( Fig. 1 ). One of these new sections was
e-stained with HE ( Fig. 2 ). 

Age, stage, treatment after diagnosis, median overall survival, mor-
ality after diagnosis and number of deaths were recorded in these 94
ases. 

issue microarray construction and immunohistochemistry 

Immunohistochemical staining was performed using the DAKO Om-
is automated system according to the manufacturer’s instructions. A
ig. 1. Representative IHC microscope slides containing four different cancer 
issues, stained for CD8 and PD-L1 with four different cancer tissue. According 
o the slide, in the lower left corner there is a control placenta sample and in 
he lower right corner there is a control tonsil sample. 
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2 
ouse monoclonal antibody (Mouse Monoclonal PD1 Antibody, Clone
AT105) was used for PD-1. For determination of PD-L1, a “22C3 Phar-
Dx (Mouse Monoclonal Anti- PD-L1) Clone ” that binds to PD-L1 on

he cell membrane of tumor cells, immune cells and cells of epithelial
rigin and does not cross-react with human PD-L2 protein, was stud-
ed. “Polyclonal Rabbit Anti-Human CD3 Ready-to-Use ”, “Monoclonal
ouse Anti-Human CD4 (Clone 4B12) ” and “Monoclonal Mouse Anti-
uman CD8 (Clone C8/144B) were used, respectively for CD3, CD4 and
D8. 

Four different cancer tissues in a diameter of 6 mm were placed on
HC microscope slide with positive tissue control from plasenta and ton-
il ( Fig. 3 A-B). For the negative control, the internal control areas, that
eacted negatively for cancer cells and that reacted positively for non-
ancer cells, were investigated. Immunostained slides were evaluated
nd photographed under a microscope (Nikon Eclipse N i ). Numerical
atios per mm 

2 of the studied antibodies were calculted with a com-
uter system (NIS-Elements D on Nikon). 

Artefactive staining, diffuse cytoplasmic staining, staining of normal
ells and necrotic areas were not included in the scoring. PD-1 displayed
 membrane-accentuated expression, which was often accompanied by
 cytoplasmic expression, though, was considered positive when sur-
ounding membranous staining [ 2 , 11 ]. 

valuation and scoring of PD-L1 immunohistochemical staining in 
ntratumoral and peritumoral stromal areas 

Intratumoral PD-L1 and peritumoral stromal tissue PD-L1 staining
n cancer cells and tumor-associated lymphocytes were examined sepa-
ately. In the cell membrane and/or cytoplasm of cancer cells immunos-
aining for PD-L1 was observed. In cancer cells, focal weak, complete
r partial membrane ≥ 1 + stained focus and staining areas in the peritu-
oral stromal tissue / perivascular space were marked. 

The scoring was performed based on previous studies [ 1 , 2 , 11 , 15 ]
D-L1 staining intensity in cancer cells was divided into 4 categories
s follows: Negative (0) (score = 0) if no staining, weak expression (1 + )
score = 1) if much weaker than positive control, moderate expressin
2 + ) (score = 2) if light staining and strong expression (3 + ) (score = 3)
f there is expression equivalent to or stronger than the positive control
 Fig. 4 A-B). 

Algorithm was used to obtain a numerical score representing antigen
requency. In case of more than one area with low density, at least five
igh power field (HPF) were randomly selected and the expression in-
ensity was determined [16] . A random area was selected in the sections
here the staining seemed consistent and intense. The ratio of cancer

ells showing high and low staining intensity in each selected area was
etermined by counting each cancer cell in HPF. Cases were consid-
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Fig. 3. (a) PD-L1 positive placenta sample was selected for positive control, x40. (b) PD-L1 positive tonsilla palatina sample was selected for positive control, x40. 

Fig. 4. (a) Weak expression (1 + ) (score = 1) if much weaker than the positive control, moderate expression (2 + ) (score = 2) if it is close to the positive control but 
slightly weak, x20. (b) Positive expression equivalent to or greater than (3 + ) (score = 3) was accepted, x20. 

e  

w  

c  

b  

w
 

a  

E
P

 

c  

s  

c  
red positive for PD-L1 membranous expression if ≥ 5% of cancer cells,
ith moderate (score 2) and strong (score 3) density, exhibited complete

ircumferential or partial cell membrane staining. The 5% threshold is
ased on previous phase I trials in which PD-L1 positivity was associated
ith clinical response [ 17 , 18 ]. 

Tumor tissue in the whole slide was considered positive if ≥ 5% and
t least moderately membranous PD-L1 expression detected in TILs [1] .
Table 1 

Statistical analysis demonstrating the independent risk factors for the canc

Factors Graphs Groups Median (Year) M

All observations (n = 94) Fig. 3 a - 3.39 8

Age Fig. 3 b < 55 2.40 1

≥ 55 4.22 8

Stage (FIGO) Fig. 3 c Stage 1 5.24 1

Stage 2 5.44 1

Stage 3 3.52 8

Stage 4 2.03 1

The ration of PD-L1 number of 

the positive square 

Fig. 4 a < 0.05 4.21 8

≥ 0.05 3.06 1

The number of TPS Fig. 4 b = 0 3.90 1

> 0 3.17 8

PDL1 stromal TIL score Fig. 4 c 0 4.21 1

1 3.39 1

2 0.97 3

3 1.28 8

PD-L1 intratumoral TIL score Fig. 4 d 0 4.21 1

1 3.39 1

2 0.96 8

3 1.19 2

∗ p < 0.05, ∗ ∗ p < 0.01. 

3 
valuation of immunohistochemical staining of PD-1 and TILs in 
eritumoral stromal and intratumoral areas 

The immune-positive intratumoral lymphocytes touching the cancer
ells were separated from the peritumoral immune cells located in the
troma and/or perivascular spaces but not in direct contact with the
ancer cells. TILs were separately counted as intratumoral and stromal
er-specific death of the patients with ovarian cancer (n = 94). 

inimum (Day) Maximum (Year) Log Rank Test (Mantel-Cox) 

7 with p = 0.99 11.61 with p = 0.00 - 

56 with p = 0.93 11.45 with p = 0.00 x 2 = 3.88 

(p = 0.049 ∗ ) 7 with p = 0.98 11.01 with p = 0.00 

021 with p = 88 11.01 with p = 0.00 x 2 = 25.38 

(p = 0.000 ∗ ∗ ) 14 with p = 0.96 11.45 with p = 0.00 

7 with p = 0.97 10.94 with p = 0.00 

12 with p = 0.96 3.17 with p = 0.00 

7 with p = 0.99 11.45 with p = 0.00 x 2 = 3.08 

(p = 0.079) 14 with p = 0.95 9.06 with p = 0.00 

12 with p = 0.99 11.45 with p = 0.00 x 2 = 3.29 

(p = 0.070) 7 with p = 0.96 9.06 with p = 0.00 

12 with p = 0.98 11.45 with p = 0.00 x 2 = 8.62 

(p = 0.035 ∗ ) 14 with p = 0.95 10.94 with p = 0.00 

07 with p = 0.83 3.06 with p = 0.17 

7 with p = 0.88 9.06 with p = 0.00 

12 with p = 0.98 11.45 with p = 0.00 x 2 

= 8.62 

(p = 0.058) 

14 with p = 0.94 10.94 with p = 0.00 

7 with p = 0.83 5.44 with p = 0.00 

48 with p = 0.75 9.06 with p = 0.00 
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Fig. 5. Survival time was analysed as day. (a) Graphic A show Kaplan Meier for the duration of estimated survival time on all data. (b) Graphic B show Kaplan Meier 
for age ( ≥ 55, < 55). When age variable 55 was selected, there was a significant difference on life expectancy. (c) Graphic C show Kaplan Meier for FIGO Stage I, II, 
III and IV. 
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t magnification HPF. When calculating the average number, five areas
ith the most infiltration were selected. 

tatistical analysis 

Statistical analysis was performed using SPSS 22 package pro-
ram. Normality analyzes of variables were analyzed using Kolmogrov
mirnov test. Therefore, when the dependent variable was quantitative,
ann-Whitney U test was used to compare two independent groups and
ruskal Walliz test was used to compare more than two independent
roups. Since the variables were not normally distributed, Kaplan Meier
4 
urvival analyzes were performed on Median values. Descriptive statis-
ics were obtained as a result of Kaplan Meier analyzes and Log-Rank
ests were performed. The chi-square test of independence was used to
nvestigate whether two qualitative variables affected each other. 

esults 

linical aspects 

Ninety four cases with HGSOC diagnosis were included in the study.
linical findings are summarized in Table 1 . Cases were between the
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Fig. 6. Immunohistochemically samples PD-L1 (a) patchy/focal, x4, (b) patchy/focal, x20, (c) patchy/focal, x20, (d) patchy/diffuse staining, x4, (e) patchy/diffuse 
staining, x20, (f) patchy/diffuse staining, x20. 
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ges of 29-86 and the average age was 58.65 ± 10.77. 40.4% of the cases
ere stage III and 24.5% were stage IV. All patients had received stan-
ard adjuvant platinium-based chemotherapy. 35.1% (n = 33) of the pa-
ients died. While the median of the survivors was 57.00, it was 62.00
n the patients who died (p = 0.02 <𝛼 0.01). 

The median survival of 94 patients was 3.39 years and the prob-
bility of survival of any patient for 87 days was 99% and for 11.61
ears was 0% ( Fig. 5 A). When age variable 55 was selected, there was a
ignificant difference on life expectancy (p = 0.049, <𝛼 0.05) ( Fig. 5 B).
ccording to the results, the median value of the age variables of the
atients older than 55 years was 4.22 years, while the median value of
urvival time of those younger than 55 years was 2.40 years. The disease
tage had a significant effect on survival (p = 0.000 <𝛼 0.01). ( Fig. 5 C)
hile the life expectancy of FIGO stage I and II was approximately the

ame (5.24 and 5.44 years), it decreased in stage III (3.52 years) and
tage IV (2.03 years). In fact, 100% probability of mortality in stage I
as 11.01 years and 100% probability of mortality in stage IV was 3.7
ears. 
w

5 
There was no statistically significant correlation between PD-L1 pos-
tive or negative and age (Mann-Whitney U; p = 0.322). 

D-L1 expression in tumor cells and TILs 

When the cases (n = 94) were evaluated according to whether they
ere stained or not, we observed two positive staining patterns, wide
atchy/diffuse and patchy/focal, in 24 cases (25.5%) ( Fig. 6 A-D). Wide
atchy/diffuse staining was observed in only 5 (5.3%) cases. Most of
hem showed patchy/focal PD-L1 expression pattern, predominantly
ontaining cancer cells at the invasive border. PD-L1 expression was
tatistically analyzed according to whether they were stained in cancer
ells and TILs, whether the stained area was ≥ 5% and their relation-
hip to peritumoral stromal/intratumoral TILs. The PD-L1 positive can-
er cell membrane immunoreactivity rate was 9.6% (n = 9), considering
he threshold value ≥ 5%. Seventy (74.5%) cases were characterized by
omplete absence of cancer cell membrane immunoreactivity or very
eak staining. 
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Fig. 7. (a) CD3 + intratumoral TILs, x20. (b) CD4 + intratumoral TILs, x4. (c) CD8 + intratumoral TILs, x20. (d) PD-1 + intratumoral TILs x40. 
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TILs were observed both in cancer stromal and intraepithelial area.
ost TILs were in the peritumoral stromal area. PD-L1 positive can-

er cells were associated with intratumoral CD3 + and CD8 + immune
ells. There was a statistically significant relationship between them
Chi-Square; p = 0.002 and p = 0.02). PD-L1 staining increased the in-
ratumoral CD3 and CD8 scores. 

There was a statistically significant relationship between PD-L1 pos-
tive cases and stromal CD8 + immune cells (Chi-Square; p = 0.002). PD-
1 staining increased stromal CD8 score. There was a statistically sig-
ificant relationship between PD-L1 positive cases and the cells count
f CD3 + , CD4 + and CD8 + in 5 different 20x HPFs (Mann-Whitney U;
 = 0.001, p = 0.011, p = 0.000, respectively). The maximum cells count
f CD3 + , CD4 + and CD8 + in 5 different 20 HPFs was higher in the
tained area than in the unstained area ( Fig. 7 A-D). 

There was statistically significant relationship between PD-L1 intra-
umoral TILs score in 5 different 20x HPFs and CD8 + cell count in 5 dif-
erent HPF (Kruskal Wallis; p = 0.000). As the PD-L1 intratumoral TILs
core increased in 5 HPFs, the count of CD8 + cells increased in the 5
ost abundant positive 20x HPFs. 

PD-L1 positive expression in tumor cells was more frequent in pa-
ients with advanced FIGO stage but there was no statistically signifi-
ant relationship between being PD-L1 negative or positive and FIGO
tages (Chi-Square; p = 0.904). 

orrelation between survival and PD-L1 

According to Kaplan-Meier analysis results, statistically significant
ifference was found between PD-L1 staining and life expectancy when
hreshold ≥ 5% was accepted (p = 0.079 > 𝛼 0.05) ( Fig. 8 A). Although
o statistically significant association was found on PD-L1 stained area
ccording to Kaplan-Meier analysis results (p = 0.070 > 𝛼 0.05), PD-
1 staining ratio having a score greater than 0 decreases the survival
 Fig. 8 B). There was a significant relationship between PD-L1 positive
eritumoral stromal TIL score and survival (Kaplan Meier; p = 0.035 > 𝛼

.05). In other words, survival was lower in cases with higher PD-L1 pos-
6 
tive stromal TIL score ( Fig. 8 C). Although PD-L1 positive intratumoral
ILs score does not have a statistically significant effect on survival, it
ould be said that an increase in PD-L1 positive intratumoral TIL score
ause a decrease in survival (Kaplan Meier; p = 0.058 > 𝛼 0.05) ( Fig. 8 D).

There was no statistically significant relationship between PD-L1
ositive intratumoral TILs score and FIGO stage (Mann-Whitney U;
 = 0.758 and Chi-Square; p = 0.904). 

orrelation between tumor PD-1 expression and PD-L1 and TILs 

The median count of PD-1 cells in 5 different 20x HPFs for PD-1
as 17.00 and the mean was 57.36 ± 94.131. The majority of patients
ad a low ( ≤ 1) PD-1 TIL score of 80.90% and a low ( ≤ 1) PD-1 stro-
al score of 80.30%. There was a statistically significant relationship

etween high PD-1 scores and PD-L1 cases of ≥ 5% (Chi-squared test,
 = 0.043). In PD-L1 stained cases, there was a statistically significant
elationship with the count of PD-1 positive cells in the 5 most com-
on positive areas in 20x HPFs (Mann-Whitney U; p = 0.000). In PD-L1

tained cases, PD-1 positive cell counts were higher in 5 different 20x
PFs than in non-stained areas. In cases with PD-L1 staining, a positive
D-1 peritumoral stromal immune cell score of > 25 was 41.7%, whereas
or negative cases it was 8.6%. There was a statistically significant rela-
ionship between PD-L1 staining and PD-1 peritumoral stromal immune
ell score (CC = 0.358, CV = 0.357). 

There was a statistically significant correlation between PD-1 posi-
ive TIL score and intratumoral CD3 + , peritumoral stromal CD3 + , in-
ratumoral CD4 + and intratumoral CD8 + cells (Chi-Square; p = 0.003,
 = 0.036, p = 0.003, p = 0.010, p = 0.008, respectively). 

iscussion 

The questions remain largely unanswered, such as which patients
ould benefit from immune checkpoint inhibitors and when to include

mmune checkpoint inhibitors in the treatment of gynecological malig-
ancies [19] . In our study, disease stage was an independent prognostic
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Fig. 8. Survival time was analysed as day (a) Graphic A show Kaplan Meier for the ratios of PD-L1 number of the positive square (groups: < 0.05 and ≥ 0.05). There 
was a statistically significant difference between PD-L1 staining and life expectancy when the threshold was ≥ 5%. (b) Although there is no statistically significant 
difference according to the results of the analysis, the PD-L1 staining ratio has a score greater than 0 which lowers the life expectancy. (Groups: = 0 and > 0). (c) 
Graphic C show Kaplan Meier for PD-L1 stromal TILs score (Groups: 0, 1, 2, 3). In patients with high PD-L1 stromal TILs score, life expectancy was shortened. (d) 
Graphic D show Kaplan Meier for PD-L1 intratumoral TILs score (Groups: 0, 1, 2, 3). Increased PD-L1 intratumoral TILs score may lower survival time. 
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actor. Statistically 100% probability of mortality in stage I was 11.01
ears and 100% probability of mortality in stage IV was 3.7 years. These
esults are compatible with the results of Drakes et al. [15] and Deng
t al. [20] . In our study, PD-L1 staining ratio with a score greater than 0
as found to have lower life expectancy ( Fig. 4 A). Statistically signifi-

ant difference was found between PD-L1 staining and life expectancy in
atients with a threshold ≥ 5%. The most abundant 5 different positive
20 HPFs for PD-1 were 57.36 ± 94.131 on average, and the majority
f patients had a low ( ≤ 1) PD-1 TIL score of 80.90% and a low ( ≤ 1)
7 
D-1 stromal score of 80.3%. In the study of Drakes et al. [15] , this
olecule was expressed in 87% of tumors, but no significant relation-

hip was found between survival and PD-1 or PD-L1 expression patterns
n HGSOC studies. There are conflicting reports regarding a positive or
egative relationship with the expression patterns of PD-1 in various
ancers and with survival [ 21 –23 ]. 

In our study, PD-L1 expression in cancer cells exhibited two posi-
ive staining patterns, patchy/diffuse and patchy/focal. Patchy/diffuse
taining was rare ( Fig. 6 ). Most of the positive cases had patchy and
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Table 2 

In the last few decades, with cut-off values varying in TILs and PD-L1 expression, different studies on HGSOC. 

First Author of Study Country Number of cases Tumor Stage Grade Histologic Subtype Specimen processing TILs Phenotype Location Cut-off value 

Raspollini 2005 ( 24 ) Italy 95 III High Serous FFPE CD3 Intratumoral ≥ 5 cells/HPF 

Callahan, 2008 ( 25 ) USA 184 III, IV High Serous FFPE CD8 Intraepithelial Top quartile 

Stumpf 2009 ( 26 ) Germany 100 III Mixed (G2- G3, 97%) Serous Tissue microarrays CD8 Intraepithelial Any cells/HPF 

Adams 2009 ( 27 ) USA 134 III, IV Mixed (G2- G3, 100%) Mixed (Serous, 94%) Cryosections CD3, CD8, 

FoxP3 

Intraepithelial CD3 (Any 

cells/HPF) CD8, 

FoxP3 (10 

cells/HPF) 

Bachmayr Heyda, 2013 ( 28 ) Austria 203 Mixed (III-IV, 95.6%) Mixed (G2-G3, 96.1%) Mixed (Serous, 88.2%) Tissue microarrays CD8 Intraepithelial > median 

DeLeeuw 2015 ( 29 ) Canada 187 Mixed (III, 34%) Mixed (G2- G3, 100%) Serous Tissue microarrays CD4, CD8, 

CD25, FoxP3 

Intraepithelial Any cells/HPF 

Knutson 2015 ( 30 ) USA 348 Mixed (III-IV, 86.2%) Mixed (high, 97%) Mixed (Serous, 81.4%) Cryosections CD4, CD8, 

CD25, FoxP3 

Intraepithelial Any cells/HPF 

Bösmüller 2016 ( 31 ) Germany 138 Mixed (III-IV, 85%) High Serous Tissue microarrays CD3, CD8, 

CD103 

Intraepithelial CD3: ≥ 7 

cells/HPF CD8: 

≥ 0.5 cells/HPF 

CD103: ≥ 1 

cells/HPF 

Strickland 2016 ( 32 ) USA 53 NR High Serous FFPE CD3 Intraepithelial ≥ 35 cells/HPF 

Darb Esfahani 2016 ( 2 ) Germany 215 Mixed (III-IV, 86.6%) High Serous Tissue microarrays CD3, PD- 1, 

PD-L1 

Intratumoral CD3: > 65 

cells/mm2 

PD-1: 

> 11cells/mm2 

PD-L1: > 20 

cell/mm2 

Webb 2016 ( 8 ) Canada 195 Mixed (III, 32.8%) High Serous Tissue microarrays CD68, CD103, 

CD3, CD8, 

CD25, FoxP3, 

PD-L1 

Intratumoral ≥ 1 cells/HPF 

Santoiemma 2016 ( 33 ) Italy 89 Mixed High Mixed (Serous, 65.9%) FFPE CD3, CD4, CD8, 

CD20, TIA-1, 

PD-1, PD-L1, 

FoxP3 

Peritumoral 

/Intraepithelial 

a grouping of 

number of 

cells 

Ba ş 2019 Turkey 94 Mixed (III-IV, 64.9%) High Serous FFPE CD3, CD4, CD8, 

PD-1, PD-L1 

Peritumoral 

/Intraepithelial 

≥ 5 cells/HPF 

8
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ocal PD-L1 expression patterns. In 24/94 (25.5%) cases, PD-L1 posi-
ive membrane immunoreactivity was observed in cancer cells. The re-
aining 70/94 (74.5%) cases had complete absence, partial/weak PD-

1 staining or < 5% cancer cell membrane immunoreactivity. These re-
ults are similar with the results of Wang et al. [1] and Drakes et al.
15] . In the study of Wang et al. [1] , PD-L1 membrane immunoreactiv-
ty was positive in 26/107 (24.30%) patients. In the remaining 81/107
75.70%) patients, < 5% were characterized by tumor membrane im-
unoreactivity or complete absence or very poor PD-L1 staining. In the

tudy of Drakes et al. [15] , PD-L1 expression was present in 33% of
umors. 

A 5% PD-L1 IHC expression threshold used in other cancer types
as found to be highly predictive for different drugs such as nivolumab,
embrolizumab, atesolimumab, durvalumab and avelumab [18] . How-
ver, in ovarian cancer, in many studies ( Table 2 ), cut-off values differ in
ILs and PD-L1 expression. In our study, we selected 5% membranous
taining as a threshold value for PD-L1 positive expression. A statisti-
ally significant difference was found between PD-L1 staining and life
xpectancy in patients with a threshold ≥ 5%. 

Hamanishi et al. [34] , have stated that PD-L1 expression in HGSOC
as found to be an important prognostic factor and was inversely related

o intratumoral CD8 + TILs ratio, an immunologically defined prognos-
ic indicator. Darb-Esfahani et al. [2] have reported that there was a
ignificant increase in PD-1 and PD-L1 expression in cancer cells in HG-
OC, as well as progression-free survival in patients with high levels of
D-1 and PD-L1 mRNA. Also, Webb et al. [8] have shown that TILs and
D-L1 expression in HGSOC was associated with favorable prognosis.
his immunological condition indicates that more research is needed in
erms of prognostic factors [34] . There are also very few reports on the
elationship between PD-L1 expression and TILs in tumor cells in ovar-
an cancer. In the some study are indicated that the location, subtype,
nd density of TILs are major determinants of the prognostic value of
ILs in ovarian cancer [5] . In our study, PD-L1 positive tumor cells were
ssociated with intratumoral CD3 + and CD8 + immune cells and peritu-
oral stromal CD8 + immune cells. PD-L1 staining increased the intra-

umoral CD3 and CD8 score and the peritumoral stromal CD8 score. In
he most commonly stained 5 different 20X HPFs, as PD-L1 intratumoral
ILs score increased, CD8 + cell number increased. In the study of Wang
t al. [1] , the PD-L1 positive group had a significantly higher number
f stromal CD8 + TILs than the PD-L1 negative group. The association
etween tumor PD-L1 expression and stromal CD8 + TILs has been ob-
erved in T cell-rich area of tumor in particular at the invasive margin.
n addition, life expectancy was shorter in cases with higher PD-L1 peri-
umoral stromal TILs score. In the study of Darb-Esfahani et al. [2] , PD-1
ositive TILs and/or PD-L1 positive cancer cells have a positive relation-
hip with the survival of patients with HGSOC. In the study of Li et al.
5] , intraepithelial CD3 + , CD8 + or CD103 + TILs alone were indicated
s an indicator of survival improvement in ovarian cancer. In the study
f Sato et al. [6] were demonstrated neither intraepithelial nor stromal
D4 + TILs were associated with improved survival. In Table 2 , PD-L1
eritumoral stromal and PD-L1 intratumoral TIL scores were higher in
he surviving patients than in the dying patients. However, intratumoral
D3 + scores were found to be higher in surviving patients than in dy-

ng patients. Teng et al. [35] have reported that HGSOC patients with
D-L1 expression and higher peritumoral stromal and/or intraepithelial
D8 + TILs counts may be suitable for PD-1/PD-L1 blockade. So far, the
ffectiveness of PD-1/PD-L1 blockade in ovarian cancer is relatively low
ompared to RCC, melanoma, or non-small cell lung cancer [35] . 

The fact that the prognostic value of PD-L1 in ovarian cancer is still
eing discussed can be explained for various reasons. Different study
opulations and regional differences may lead to inconsistency. In the
etaanalysis study of Huang et al. [16] on the prognostic parameter

f ovarian TILs, it was declared that studies related to the regional dif-
erences in results, with greater prognostic effects seen among studies
one in Japan and Europe than in North America. Other factors that
ay contribute to heterogenity in PD-L1 assays include antibody clones,
9 
latforms, targets (i.e. tumor or immune cells) and mathematical ratios
or positivity. With technical issues in IHC, and temporal and spatial
actors should be taken into consideration when evaluating PD-L1 in
ancers [18] . Considering the differences between test methods, it is
ikely that PD-L1 tests will show differences in the classification of pa-
ients as PD-L1 positive or negative [36] . Depending on the heterogenity
f the tumor itself, different staining patterns may be observed even at
ifferent biopsy sites from the same sample. Because of the more focal
taining of PD-L1 expression in many tumors, microscopic interpretation
ay result in bias compared to pathologists [ 18 , 37 , 38 ]. In this study,

aking into account this situation, when sampling tumor tissue, the sec-
ions containing the most dense cancer tissue were selected in the widest
rea ( Fig. 1 AB). Tumor diameters were determined as 2.9 mm, 1 mm,
.6 mm and 1.5 mm in the studies of Chowdhury et al. [39] , Stanske
t al. [40] , Santoiemma et al. [33] and Koppel et al. [41] , respectively.
n our study, the diameter of tumor samples is 6 mm. 

In conclusion, when our cases were evaluated, we observed two pos-
tive staining patterns, patchy/diffuse and patchy/focal patterns, in 24
25.5%) cases. Considering the threshold value ≥ 5%, we demonstrated
atchy/diffuse PD-L1 expression in a ratio of 9.6%. Our study concluded
hat PD-L1 was not extensively expressed in HGSOC cells at a high per-
entage. This should not imply that the presence of focal and low PD-L1
xpressing cells in HGSOC tissue is not significantly associated with HG-
OC and host immune behavior. However an appropriate rate for treat-
ent was determined in 9.6% cases. PD-L1 positive peritumoral stro-
al and intratumoral TILs scores were higher, in surviving compared

o those who died. PD-L1 positive cases were associated with both in-
ratumoral and peritumoral stromal CD8 + immune cells. Evaluation of
D-L1 expression and CD8 + TILs may be useful in classification of HG-
OC patients for PD-1/PD-L1 blockade treatment, but further studies are
eeded to support this assumption, particularly on HGSOC cases. 
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