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Programmed Cell Death Ligand-1 (PDL-1) Correlates With
Tumor Infiltration by Immune Cells and Represents a
Promising Target for Inmunotherapy in Endometrial Cancer
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Abstract. Background/Aim: Endometrial carcinoma (EC) is
one of the most common gynecological cancers in the Western
Hemisphere. Nevertheless, there are not enough appropriate
treatment options, especially for advanced stages. The
immune checkpoint blockade represents a promising
alternative to established cancer therapies by suppressing the
immune-inhibitory activity of the immune checkpoint factors
programmed cell death-1 (PD-1) and programmed cell death
ligand-1 (PD-LI). In the present study, we characterized the
clinical relevance of the biomarker PD-LI expression in
terms of its prognostic capabilities in EC. Patients and
Methods: Tumor tissue samples from 87 EC patients were
retrospectively analyzed by immunohistochemistry (PD-L1,
pl6, estrogen receptor, progesterone receptor, HER2/neu, Ki-
67, CD3, CD20, CD68). Results: A total of 17.3% of EC
patients were PD-LI positive. PD-LI status did not represent
a suitable prognostic marker in EC, but correlated with
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T3/T4stage, positive lymph node status, p16 expression, and
absence of estrogen and progesterone receptor. PD-LI
positive  tissues showed increased infiltration with
lymphocytes, monocytes, and macrophages, although not
statistically significant in every case. Conclusion: In EC, PD-
L1 expression has no prognostic significance, but correlates
with other oncogenic factors and indicates increased
infiltration of the tumor with immune cells. Thus, PD-1/PD-
L1 immunecheckpoint blockade seems to be very promising,
at least in a subset of EC patients.

Endometrial cancer (EC) is one of the most common
gynecological malignancies in the western hemisphere
including Germany. Due to demographic change and increasing
rate of obesity, which is one of the most important risk factors
of EC, the incidence of this malignancy is rising (1, 2). There
are two different EC subtypes: Type 1 is the estrogen-related
endometrial EC and type 2 exhibits histological subtypes such
as serous or clear cell carcinoma. Type 1 EC are the most
common and have good prognosis if diagnosed early. Type 2
EC tend to behave malignantly like ovarian cancer. If
diagnosed at an early stage, type 1 EC has a very good
prognosis and can be treated by surgery alone. Type 2 EC, in
contrast, necessitates a more sophisticated treatment regimen
including a staging procedure similar to ovarian cancer therapy
and adjuvant chemotherapy. Recurrent EC has a very poor
prognosis and further treatment options need to be evaluated
to prolong the overall survival. Other factors, such as cancer
genetics, pole mutations, MSI Status, and copy-number low or
high demonstrate other properties of EC (3-6).

An essential hallmark for tumor cell survival and
progression is the evasion from the body’s immune system.
Therapeutics that can restore the blocked interaction of
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Table 1. Antibodies used for immunohistochemical analysis.

Antigen Isotype Clone Dilution Manufacturer

CD3 IgG2a, mouse, monoclonal PS1 1:50 Novocastra, Newcastle Upon Tyne, England
CD20 IgG2a, mouse, monoclonal L26 1:2,000 Dako, Glostrupp, Danmark

CD68 1gG3, mouse, monoclonal PG-M1 1:250 Dako, Glostrupp, Danmark
HER2/neu VENTANA anti-HER2/neu, monoclonal 4B5 Pre-diluted Roche, Basel, Suisse

Ki-67 IgG1, mouse, monoclonal MIB-1 1:500 Dako, Glostrupp, Danmark
Estrogen receptor CONFIRM anti-ER (monoclonal) SP1 Pre-diluted Roche, Basel, Suisse

PD-L1 IgG1, mouse, monoclonal 22C3 1:25 Dako, Glostrupp, Danmark
Progesterone receptor CONFIRM anti-PR (monoclonal) 1E2 Pre-diluted Roche, Basel, Suisse
pl6INK4A CINtec Histology Kit - - Roche, Basel, Suisse

immune system components with tumor cells are therefore an
innovative and promising treatment approach in cancer therapy.
One of the most important immune checkpoints is the receptor
programmed cell death-1 (PD-1), which is, among others,
expressed on activated T lymphocytes. This receptor interacts
with programmed cell death ligand-1 (PD-L1), which is
frequently expressed on cancer cells (7). By binding tumor-
derived PD-L1 to PD-1 of lymphocytes, cancer cells can
induce local suppression of the cancer-specific immune
response. Membrane-bound expression of PD-L1 on tumors is
therefore often associated with poor prognosis (8-10).

In contrast to EC, a therapeutic blockade of the PD-1/PD-
L1 immune checkpoint is already used in clinical practice for
other malignancies (11). This rises the question of whether
PD-L1 is also expressed in EC and whether this could
potentially have an impact on the clinical course of EC.
Thereby, PD-L1 might not only represent a prognostic
biomarker in EC, but might also represent a promising target
for immunotherapeutic interventions.

The aim of the present study was to histochemically
characterise PD-L1 status of EC patient samples and its
possible correlation with further clinical factors. This allows
the evaluation of PD-L1 expression as a prognostic factor.
Furthermore, it can be analyzed whether EC patients might
benefit from a directed PD-L1 blockade therapy.

Patients and Methods

Patients. The patient collective consisted of 103 patients who were
diagnosed and treated with EC at the Department of Gynecology
and Gynecological Oncology at the University Hospital Bonn
(Germany) between 2002 and 2016. Due to the absence of tumor
tissue and the washout of tumor tissue on slides, the group size of
the collective was decimated by 18 patients (15.5%). Thus, the final
size of the collective consisted of 87 patients. This study was
conducted in accordance with the standards of the local ethics
committee of the Medical Faculty of the Rheinische Friedrich-
Wilhelms-University of Bonn (Bonn, Germany, Nr: 233/20).
Treatment and therapy were in accordance with current
guidelines. Clinical data were collected using the clinical database
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of the Gynaecological Cancer Centre at Universtity Hospital Bonn
(Germany) and the database of the Institute of Pathology Bonn
(Germany), as well as individual archived files. Patient follow-up
was performed using the above databases or, when possible, by
personal contact. The Institute of Pathology Bonn prepared the
histopathological analysis with determination of the tumor stage of
the tissue samples. This was based on the 7th FIGO/TNM
classification of EC from 2010 (12). Adapted to the change in the
FIGO/TNM system, all malignancies diagnosed before 2010 are
classified according to the currently valid staging.

Tissue microarray (TMA). TMA samples were punched from
formalin-fixed blocks and embedded in kerosene. Each punch
contained one tissue section. These sections were applied in rows
one after the other on the slide (13). Representative tumor areas on
the TMA specimens were stained with hematoxylin-eosin stain. Two
punches were selected from the tumor areas for each patient. The
diameter of each punch was 1 mm. This resulted in a punched area
of 0.785 mm?2. The punches were processed into multiple TMA
slides. One slide contained up to 84 punches.

Immunohistochemistry. Immunohistochemical staining was performed
using DakoCytomation (DAKO TechMate 500; DAKO, Glostrup,
Denmark) and VENTANA BenchMark Ultra series (Ventana Medical
Systems, Tucson, Arizona, USA) stainers with Ventana Amplifier
Detection Kit. PDL-1, CD3, CD20, CD68, p16, HER2/neu, ER, PR, and
Ki-67 were analyzed (Table I). Immunohistochemically stained tissue
preparations were evaluated using a Leica DM LB2 microscope (Leica
Mikrosysteme, Wetzlar, Germany) with Pannoramic Viewer (3DHistech,
Budapest, Hungary) and Axio Observer D1 microscope (Zeiss, Jena,
Germany) with Axio Vision version 4.7 (Zeiss) for wide-field
microscopy. Selected areas of kidney specimens served as negative
controls, and sections of tonsil specimens served as positive controls.

PD-L1 staining of tumor cells was considered positive when
continuous staining of cell membranes was observed. The
classification of the degree of staining was divided into the four
categories O (no staining), 1+ (mild staining), 2+ (moderate
staining), and 3+ (strong staining; Figure 1A-D). In addition, the
percentage of stained tumor cells was estimated. Tumor areas with
a staining intensity of =1+ with a percentage of =1% of tumor cells
were considered positive.

Ki-67 positive tumor cells were determined in percentage (Figure
1E). Cells with a staining rate of 30% or higher in the nucleus and
cytoplasm were considered p16 positive. HER2/neu positive cells
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Figure 1. PD-LI staining categories 0 (A), +1 (B), +2 (C), and +3 (D), Ki67 staining (E), and staining of CD3 positive (F), CD20 positive (G),

and CD 68 positive (H) immune cells.

were considered to be 3+ staining or higher according to the
American Society of Oncology and College of American
Pathologists (ASCO/CAP) grading system. Immune cells were
differentiated into CD3 positive (T lymphocytes), CD20 positive (B
lymphocytes), and CD68 positive (monocytes/macrophages) cells
(Figure 1F-H). Values were reported separately for the epithelial and
stromal regions. For progesterone receptor expression analysis,
samples were indicated as positive if they had a staining intensity
>1+ and staining >10% of all cells. Estrogen receptor positive was
defined as a staining intensity >1+ and a staining of >1% of all cells.

Statistics. Statistical analysis was performed using SPSS software
version 25.0 (IBM, Chicago, IL, USA). The following analyses
were performed: Chi-square test, cross-tabulation, Kaplan-Meier

survival analysis, Student’s ¢-test, and Cox regression analysis. A
graphical representation of the individual evaluations was made
using Kaplan-Meier curves and histograms. p<0.050 was defined as
statistically significant.

Results

The parameters of 103 EC patients treated in our
Gynecological Cancer Center between 2002 and 2013 were
analyzed. Due to the poor sample quality, only 87 of 103
patients could be evaluated immunohistochemically. The ages
of these 87 patients ranged from 33 to 89 years with a median
of 63 years (Table II). The average body mass index was
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Table II. Patient characteristics.

Age Median (years) Range (years)
63.6 33.0-89.2
Body mass index Median Range
30.5 14.7-58.1
Histological subtype No. %
Endometroid 79 90.8
Serous 3 34
Clear cell 0 0.0
Neuroendocrine 0 0.0
Mucinous 0 0.0
Undifferentiated 1 1.1
N/A 4 4.6
Grading No. %o
Grade 1 9 10.3
Grade 2 55 63.2
Grade 3 20 24.1
N/A 2 2.3
Tumor size No. %
Tl 56 64.4
T2 15 17.2
T3 13 14.9
T4 1 1.1
N/A 2 2.3

No.: Number, N/A: not available.

30.5. The majority of EC were of endometroid histology
(90.8%) and showed grade 3 (62.1%), and tumor size of T1
(64.4%).

The prognostic relevance of histological subtypes, grading,
and tumor size was assessed by Kaplan-Meier survival
analysis. Patients with endometroid EC showed longer
recurrence-free survival (50 months) and overall survival (53
months) compared with serous EC patients (Figure 2A and
B). A comparison of grade 1 and grade 2 patients with grade
3 EC patients also showed differences in survival depending
on tumor grading. These differences included 31 months for
recurrence-free survival and 28 months for overall survival
(Figure 2C and D). Similar results were seen when stages T1
and T2 were compared with both stages T3 and T4. Patients
in the T1 + T2 group showed both longer recurrence-free
survival (78 months) and longer overall survival (81 months;
Figure 2E and F).

Regarding PD-L1 expression, only 15 (17.3%) of the total
87 patients tested PD-L1 positive (Table III). In T1 + T2
tumors, 11.0% were PD-L1 positive, while in T3 and T4
stage tumors, 43.0% were PD-L1 positive. The expression of
the protein correlated statistically significantly with the
higher stages of the T3 + T4 group (p=0.010). Furthermore,
it was also shown that the majority of lymph node status
positive patients expressed PD-L1 (86.0%). Again, the
correlation of lymph node status positive and PD-L1
expression was statistically significant (p=0.008).
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The tumor suppressive cell-cycle regulator pl6 was
identified as another factor that correlated with PD-L1
expression. Of the 10 (11.5%) p16 positive patients, 60.0%
were also PD-L1 positive. The expression of p16 and PD-L1
correlated positively with each other (p=0.001). There was
a negative correlation in estrogen and progesterone receptor
expression. A total of 9.2% (estrogen receptor) and 25.3%
(progesterone receptor) of patients were receptor negative.
The absence of the estrogen receptor (p=0.027) and the
progesterone receptor (p=0.002) correlated statistically
significantly with PD-L1 expression. Another important
regulator of EC progression is HER2/neu. A total of 79
(90.8%) patients were HER2/neu negative and also exhibited
a low incidence of PD-L1 positive cases (16.5%). Vice versa,
8 (9.2%) patients were HER2/neu positive, of which 25.0%
were PD-L1 positive. Statistical analysis indicated no
correlation of HER2/neu and PD-L1 expression in EC
(p=0.417). Similarly, cell cycle factor Ki-67 was also not
correlated with PD-L1 expression. The analysis was
performed on Ki-67 positive cells per preparation and
demonstrated a broad distribution from 0.09% to 79.5% Ki-
67 positive cells per patient sample. No correlation of Ki-67
and PD-L1 was detected in EC cells (p=0.738).

Considering the immunosuppressive efficacy of PD-L1,
the interaction of PD-L1 expression and the presence of
immune cells in EC tissue was analyzed. For this aim, the
number of T lymphocytes (CD3 positive), B lymphocytes
(CD20 positive), and monocytes/macrophages (CD68
positive) were determined and correlated with PD-L1 status
separately for intratumoral and peritumoral localization,
expressed as immune cells per 0.785 mm? tumor tissue.

T lymphocyte infiltration could be assessed in 86
(intratumoral) and 84 (peritumoral) patients of the collective
(Table 1V). Analysis of tumor-associated T lymphocytes
revealed that in PD-L1 positive tissue areas, both
intratumorally and extratumorally, about 1.8-fold more CD3
positive cells per 0.785 mm? were detectable than in PD-L1
negative tumor tissue. However, despite this tendency, the
Mann-Whitney U-test did not provide statistical significance
for this observation (intratumoral: p=0.154; peritumoral:
p=0.175).

The evaluation of tumor-associated B lymphocytes could
be performed in 86 intratumoral as well as peritumoral
sections of each of the 87 EC patient samples (Table V). The
difference of PD-L1 positive versus PD-L1 negative samples
was even more pronounced here than in CD3 positive T
lymphocytes and was apparent in both intratumoral (19 vs.
1) and peritumoral sections (256 vs. 33). In the intratumoral
sections, PD-L1 expression correlated statistically
significantly with the presence of B lymphocyte-specific
CD20 immune signals (p=0.012). Differences in peritumoral
CD20 and PD-L1 staining were not statistically significant
(»=0.107). Moreover, compared with PD-L1 negative tumor
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Figure 2. Kaplan—Meier survival analysis depending on the prognostic factors histological subtype (A and B), grading (C and D), and tumor size
(E and F). Recurrence-free survival (A, C, E) and overall survival (B, D, F) were evaluated.

areas, the relative B lymphocyte cell numbers in PD-L1 These pronounced differences could not be detected for
positive tumor areas are significantly higher than those of the CDG68-positive cell population of monocytes and
CD3 positive T lymphocytes (intratumoral: 19.0-fold; macrophages (Table VI). Examination of all 87 patients in
peritumoral: 7.6-fold). the cohort demonstrated an equal number of CD68 positive
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Table III. Correlation of PD-L1 expression with tumor factors T3 + T4 stage tumors, lymph node status, p16, estrogen receptor, progesterone
receptor, HER2/neu, and Ki-67.

PD-L1 status Negative (%) Positive (%)

72 (82.8) 15 (17.3)

% of patients Correlated with PD-L1 (Chi-square test)

T3+T4 stage tumors 43.0 0.010
Lymph node status positive 86.0 0.008
pl6 status positive 11.5 0.001
Estrogen receptor negative 92 0.027
Progesterone receptor negative 253 0.002
HER2/neu positive 92 0.417

PD-L1 correlated with... % of positive cells Correlated with PD-L1 (z-Test)

Ki-67 positive cells per preparation 0.09-79.5 0.738

Table IV. Correlation of CD3-positive cells with PD-LI positive and negative tumor tissue areas of intratumoral and peritumoral sections of EC
samples.

T Lymphocytes Intratumoral Peritumoral

No. of evaluable cases 86 84

Range 1-591 4-1,026

PD-L1 status Positive Negative Positive Negative
No. (%) 14 (16.3) 72 (83.7) 13 (15.5) 71 (84.5)
CD3 positive cells (per 0.785 mm?) 122 69 348 194

Table V. Correlation of CD20-positive cells with PD-LI positive and negative tumor tissue areas of intratumoral and peritumoral sections of EC
samples.

B Lymphocytes Intratumoral Peritumoral

No. of evaluable cases 86 86

Range 0-177 0-2,651

PD-L1 status Positive Negative Positive Negative
No. (%) 14 (16.3) 72 (83.7) 15(174) 71 (84.5)
CD20 positive cells (per 0.785 mm?2) 19 1 256 33
No.: Number.

cells in PD-L1 positive and negative areas of intratumoral  Discussion

sections. In the peritumoral sections, 1.8-fold more CD68

positive cells were present in PD-L1 positive areas than in
PD-L1 negative areas. According to Mann-Whitney U
analysis, there was only statistical significance in the CD68
positive signals of the peritumoral (p=0.003), but not after
analysis of the intratumoral sections (p=0.353).
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EC is one of the most common gynaecological malignancies
worldwide. With an annual incidence rate of 142,000 new
cases, EC is the seventh most common malignant disease in
women (2). Although some risk factors for EC initiation have
already been identified, there is no effective screening for
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Table VI. Correlation of CD68-positive cells with PD-L1 positive and negative tumor tissue areas of intratumoral and peritumoral sections of EC

samples.

Monocytes/macrophages

Intratumoral

Peritumoral

No. of evaluable cases
Range

87

0-31 5-477

PD-L1 status Positive

Negative Positive Negative

No. (%) 15 (17.2)
CD68 positive cells (per 0.785 mm?2) 3

72 (82.8) 15 (17.2) 72 (82.8)
3 134 74

No.: Number.

asymptomatic women in terms of early detection (14).
Therefore, the therapy algorithm pays special attention to
prognostic factors of EC. These factors can be used not only
to predict the patient’s prognosis but also to select the
appropriate therapeutic option, if such factors do not even
represent a new therapeutic target. EC-associated prognostic
factors consist of long-established factors including histological
subtype, grading, TNM and UICC classification, metastasis
status, and lymph node involvement (15). Analysis of the
present data set demonstrated that these established factors are
also predictive for the EC cohort that was used. Survival
analyses confirmed a significantly longer recurrence-free and
overall survival for the low-aggressive tumor stages with
endometroid histology and a lower grade and stage (16, 17).
A potential candidate marker for prognosis in EC is PD-L1.
The immune-inhibitory factor has already been described as a
predictive biomarker in several malignancies including lung,
gastric, breast and renal cancer (18, 19). In EC tissue, PD-L1
expression is slightly increased compared to non-malignant
endometrial tissue, but the prognostic power currently appears
to be not definitively clarified (20-22). Acquisition of the PD-
L1 status in the present study showed 17.3% PD-L1 positive
EC patients. Intratumoral PD-L1 expression correlated
significantly with poorly differentiated tumors with stage T3
and T4 and positive lymph node status. Furthermore, the
presence of PD-L1 also correlated with the expression of the
oncogenic factor pl6 and with the absence of the growth
receptors estrogen receptor and progesterone receptor.
However, assessment of the prognostic potential of PD-L1 by
Cox regression suggested that PD-L1 represents a poor
prognostic indicator compared with established markers. This
observation is confirmed by a recent study of 53 EC cases (21).
EC cells can modulate the immune response of the tumor
environment by up-regulating PD-1 activity and increasing
expression of PD-L1 and PD-L2. Subsequently, both ligands
bind to CD4 and CDS positive tumor-infiltrating T cells and
inhibits their antitumor activity by reducing proliferation,
cytokine secretion, and cytotoxic ability (23, 24). However,
unexpectedly, PD-L1 can also function as a tumor suppressor

in aggressive EC cells. Up-regulated by a long noncoding
RNA, overexpression of PD-L1 in aggressive EC cells causes
a significant inhibition of cell invasiveness and motility (25).

Little is known about the molecular mechanisms of PD-L1 in
EC cells. The factor interacts with the protein [3-catenin which
is responsible for cell motility and malignant signal transduction
(26). Furthermore, bioinformatic analyses demonstrated that PD-
1/PD-L1 signaling pathways crucially control chemokines and
signaling and effector proteins of immune cells (27). According
to the widely accepted molecular EC subtyping by The Cancer
Genome Atlas (TCGA) group, four distinct molecular EC
subtypes can be defined, implying different prognoses for
patients (5). Mutated polymerase € (POLE) subtype: A rare
subtype characterised by a high number of mutations and with
excellent prognosis across all disease stages. Micro-satellite
instability (MSI) subtype: This subtype is characterised by
mismatch repair deficiency, high mutation rates, and moderate
prognosis. Copy number (CN) low subtype: This endometrioid
subtype shows intermediate good prognosis and includes all
remaining tumors that do not meet the criteria of the other EC
subgroups. CN high subtype: This subtype includes all serous
EC cases and is accompanied by high levels of somatic copy
number alterations and a poor prognosis. However, current
studies do not yet allow clear conclusions on the extent to which
these subtypes correlate with PD-L1 expression and may be
particularly susceptible to therapeutic PD-L1 inhibition (28-31).

Another and at least as important aspect of tumor-
associated PD-L1 expression is its potential therapeutic
benefit. After binding to its receptor PD-1, PD-L1 suppresses
the activation of immune cells, leading to local evasion from
the immune system. Studies have shown that tumor zones
with high PD-L1 expression rates also have a high
lymphocyte density, however, that these lymphocytes are
mostly inactive (32-34). By blocking this immune
checkpoint with neutralizing antibodies against PD-1 or PD-
L1, the antitumoral immune response can be reactivated.
Currently, this promising therapy option is being tested in a
variety of malignancies and has already been approved for
some cancer types (35).
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The major effect of immune checkpoint blockade by
inhibition of the PD-1/PD-L1 axis is the reactivation of
inactivated immune cells. Therefore, both the expression of
PD-L1 in tumor cells as well as the infiltration of the tumor by
immune cells are significant for this antitumor approach. The
present study indicated that T lymphocytes, B lymphocytes,
and monocytes/macrophages increased infiltration into PD-L1-
positive sections of both the tumor and its microenvironment.
With the exception of the monocyte/macrophage evaluation of
the positive intratumoral preparations, in which only very few
CD68 positive cells could be detected in any case, significantly
more immune cells were found in all PD-L1 positive
intratumoral and peritumoral tumor sections than in the PD-L1
negative sections. However, the correlation of PD-L1 and
immune cell infiltration was found to be statistically significant
in only two cases (intratumoral CD20 positive cells,
peritumoral CD68 positive cells). With respect to a potential
application of PD-1/PD-L1 inhibitors for EC therapy, it can be
stated on the basis of the data that in PD-L1 positive patients
a significantly increased infiltration of the tumor tissue and
especially of the tumor microenvironment with immune cells
has occurred. The presence of lymphocytes, monocytes and
macrophages is an important prerequisite for the antitumor
efficacy of immune checkpoint blockade (36). Nevertheless, it
is necessary to emphasize other relevant immune cell
populations, e.g., FOXP3 positive regulatory T cells (37),
which were not considered in the present analysis.

The fact that in a cohort of 87 EC patients only 15 patients
(17.3%) were PD-L1 positive may imply that only a minority
of EC patients would benefit from immune checkpoint blockade
directed against PD-1/PD-L1. Furthermore, this finding is
consistent with the study by Gulec er al. who detected a
percentage of 15.1% PD-L1 positive patients in 53 EC patients
(21). In fact, however, it is far too early to make a conclusive
statement of the overall efficacy of immune checkpoint
blockade in EC. The main limitation of the present study is the
retrospective monocentric study design with a relatively small
number of patients. Therefore, significantly larger studies should
be performed to evaluate the principle applicability of PD-1/PD-
L1 inhibitors in EC therapy. Furthermore, there is a clear
evidence that inhibition of PD-1 can also exhibit anticancer
effects in the absence of PD-L1 (11), although the alternative
mechanisms of action are still largely unclear. Finally, PD-L1
functionality is not exclusively controlled by its expression
level, but can also be controlled at the level of molecular
regulation, for example by glycosylation of the protein (38).

Conclusion
In summary, the present study confirmed that PD-L1 expression
was associated with the EC specific markers T3 + T4 stage,

lymph node status, p16 expression, and the absence of estrogen
and progesterone receptor. Moreover, the study demonstrated
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that although the immunosuppressive factor PD-L1 alone has
no prognostic significance, it is certainly co-regulated with other
oncogenic factors such as pl6 and proliferative receptors.
Expression of PD-L1 further indicates increased infiltration of
tumor tissue and the tumor environment with immune cells.
With regard to future immune checkpoint blockade EC
therapies, PD-L1 status can be used to identify patients who
respond to PD-1/PD-L1 based therapy.
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