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Abstract

in endometrial carcinoma.

endometrial carcinomas from 221 patients.

Background: Tumor microenvironment (TME) including the immune checkpoint system impacts prognosis in some
types of malignancy. The aim of our study was to investigate the precise prognostic significance of the TME profile

Methods: We performed immunohistochemistry of the TME proteins, PD-L1, PD-1, CD4, CD8, CD68, and VEGF in

Results: High PD-L1 in tumor cells (TCs) was associated with better OS (p = 0.004), whereas high PD-L1 in tumor-
infiltrating immune cells (TICs) was associated with worse OS (p = 0.02). High PD-L1 in TICs correlated with high
densities of CD8" TICs and CD68" TICs, as well as microsatellite instability (p = 0.00000064, 0.00078, and 0.0056),
while high PD-L1 in TCs correlated with longer treatment-free interval (TFl) after primary chemotherapy in recurrent
cases (p =0.000043). High density of CD4" TICs correlated with better OS and longer TFI (p = 0.0008 and 0.014).
Univariate and multivariate analyses of prognostic factors revealed that high PD-L1 in TCs and high density of CD4"
TICs were significant and independent for favorable OS (p=0.014 and 0.0025).

Conclusion: The current findings indicate that PD-L1 and CD4" helper T cells may be reasonable targets for
improving survival through manipulating chemosensitivity, providing significant implications for combining
immunotherapies into the therapeutic strategy for endometrial carcinoma.
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Background

Endometrial cancer is the most common malignancy of
female reproductive organs in developed countries, and
the incidence is recently increasing [1]. Primary treat-
ment comprises surgery in combination with adjuvant
chemotherapy and/or radiotherapy based on the risk
stratification for recurrence. The majority of cases are
diagnosed at an early stage, and the 5-year survival rate
for those with localized disease is 95% [2]. Yet 15-20%
of these tumors recur after primary treatment [3]. The
5-year survival rate for those with advanced/recurrent
measurable disease is < 10%, and the efficacy of second-
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line chemotherapy after primary regimens with taxane
plus platinum is not more than 15% [4]. Thus, develop-
ment of novel treatment strategy for those diseases is ur-
gently required.

Programmed cell death-1 (PD-1), immune inhibiting
receptor, is expressed on the surface of activated T cells
and B cells, and the PD-1 pathway plays critical roles in
maintaining immunological self-tolerance [5]. There are
two ligands for this receptor, programmed cell death-
ligand 1 (PD-L1) and PD-L2. PD-L2 is expressed on acti-
vated dendritic cells and macrophages predominantly as
well as on tumor cells and B cells, while PD-L1 is
expressed on many cell types including immune cells
and tumor cells [6]. Tumor cells escape host antitumor
immune response through the PD-1/PD-L1 pathway. Re-
cently, therapeutics targeting this immune checkpoint
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system have shown unprecedented durable clinical
responses in various kinds of tumor [7].

A study by Teng et al. on advanced malignant melano-
mas showed that tumor microenvironment (TME) can be
classified based on tumor infiltrating lymphocytes (TILs)
and PD-L1 expression: PD-L1* TIL* group of tumors
favorably responded to immune checkpoint blockade [8].
Another study on melanomas by Tumeh et al. showed that
pre-existing CD8" T cells located at the invasive tumor
margin were associated with the expression of PD-1/PD-L1
immune inhibitory system and may predict response to
anti-PD-L1 therapy [7]. Regarding ovarian cancer, a study
by Webb et al. on high-grade serous ovarian cancer showed
that PD-L1 expressed by tumor-associated macrophages
(TAM) was significantly associated with favorable disease-
specific survival after anti-PD-1 antibody therapy [9]. Darb-
Esfahani et al. have shown that PD-1/PD-L1 expressions in
high-grade serous ovarian cancer were significantly associ-
ated with favorable progression-free survival (PFS) and
overall survival (OS) [10]. Another study on ovarian cancer
by Hamanishi et al. has shown that high PD-L1 expression
on tumor cells and low CD8" T lymphocyte count are inde-
pendent prognostic factors for poor PFS and OS [11]. Colo-
rectal cancers with microsatellite instability (MSI) were
reported to lead to higher mutation burden, with a greater
density of CD8" lymphocytes, and to benefit more from
pembrolizumab, a kind of anti-PD-1 antibody [12]. Fre-
quency of MSI in endometrial cancer is reportedly 22—33%,
higher than cervical (8%) and ovarian (10%) cancers, being
highest among gynecologic malignancies [13]. As regards
endometrial cancer, the significance of the PD-1/PD-L1
pathway has just begun to be investigated including a
number of ongoing clinical trials [14].

There exist varieties of factors in the TME of endo-
metrial carcinoma. The purpose of the current study is
to find out the relationships between the TME profile
including PD-1/PD-L1 expressions and clinicopathologic
features, and to identify predictive biomarkers for the
outcome by treatments. Our findings provide significant
implications for formulating novel therapeutic strategy
for the disease.

Methods

Patients and specimens

All patients diagnosed with endometrial carcinoma, who
received surgery in the Department of Obstetrics and
Gynecology at the University of Tsukuba Hospital between
1999 and 2009, were identified through our database. A
total of consecutive 221 patients were included in the
present study, and their medical records were retrospect-
ively reviewed. All samples were obtained with opt-out
procedure in accordance with the study protocol approved
by the Ethics Committee University of Tsukuba Hospital.
The study was performed in accordance with the
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Declaration of Helsinki. A median follow-up dur-
ation was 132 months (range, 3—209 months). Follow-
up data were retrieved until 2018-7-20. Staging was
performed based on the criteria of International Fed-
eration of Gynecology and Obstetrics (FIGO, 2008).
Endometrioid carcinomas were subclassified into three
grades (G1, G2, and G3) according to the FIGO criteria.
Treatment of patients was described previously [15].
Table 1 summarizes the patient demographics.

Table 1 Patient demographics

Characteristic Number (n =221) %
Median age (range) 57 (26-84)
FIGO stage
I 144 65
IA 110 50
1B 34 15
I 17 8
Il 36 16
A 13 6
lNhc 23 10
v 24 Il
VA 2 1
VB 22 10
Histotype
Endometrioid 196 89
Gl 115 52
G2 56 25
G3 25 M
Serous 12 5
Adenosguamous 4 2
Clear cell 4 2
Poorly differentiated 1 0
Undifferentiated 1 0
Mixed epithelial 3 1
Myometrial invasion> 1/2 81 37
Lymphovascular space invasion 84 38
Primary treatment
Surgery 221 100
Lymphadenectomy 171 77
Lymphnode sampling 21 10
Lymphnode not removed 29 13
Adjuvant chemotherapy 60 27
TC 55 25
CAP 4 2
Adjuvant radiotherapy 58 26

Abbreviations: FIGO International Federation of Gynecology and Obstetrics, TC
paclitaxel and carboplatin combination, CAP cyclophosphamide, doxorubicin,
and cisplatin combination
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Immunohistochemistry

Immunohistochemical (IHC) procedures were con-
ducted as described previously [15]. Antibodies used are
PD-L1 (SP142, rabbit monoclonal, Spring Bioscience,
Pleasanton, CA, USA), PD-1 (NAT105, mouse monoclo-
nal, GeneTex, Irvine, CA, USA), CD4 (clone SP35, rabbit
monoclonal, Spring Bioscience, Pleasanton, CA, USA),
CDS8 (clone C8/144B, mouse monoclonal, Nichirei Bio-
sciences, Tokyo, Japan), CD68 (PG-M1, mouse mono-
clonal, DAKO, Tokyo, Japan), and VEGF (A-20, rabbit
polyclonal, Santa Cruz, Dallas, TX, USA). For PD-L1
staining, antigen retrieval was done by autoclaving at
121 °C for 10 min in Tris/EDTA buffer (pH 9.0), and 1st
antibody incubation (1:100) was conducted at 4 °C over-
night. The corresponding normal endometria or stroma
provided an internal positive control, and negative
controls without addition of primary antibody showed
low background staining.

IHC scoring

Blinded for clinical and pathologic parameters, immuno-
reaction was assigned by two investigators (SZ and TM),
and any discrepancies were resolved by conferring over a
multiviewer microscope. For semiquantitative analyses for
PD-L1 and VEGF, the IHC staining was scored by multi-
plying the percentages of positive tumor cells (PP: 0, no
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positive cell; 1, <10%; 2, 10-50%; and 3, >50% positive
tumor cells) by their prevalent degree of staining (SI: 0, no
staining; 1, weak; 2, moderate; and 3, strong). The IHC
scores (IHS=PP x SI) range from 0 to 9. For PD-L1, we
evaluated membrane staining of tumor cells (TCs) and
tumor-infiltrating immune cells (TICs) separately. For
CD4, CD8, CD68, and PD-1, we counted positive TICs by
magnification of x 200 in most abundant 3 locations of
the slide and calculated the average. The representative
images for immunostaining are shown in Fig. 1.

MSI analysis

MSI status was analyzed with the five fluorescence-
labeled microsatellite markers, BAT25, BAT26, D25123,
D5S346 and D17S250 [16]. Tumors showing allelic shift
at one or more markers were classified as MSI, and
tumors with no allelic shift at any marker as microsatellite
stable (MSS).

Statistical analyses

Differences in proportions were evaluated by the Fisher’s
exact test. Differences in continuous variables were eval-
uated by the Mann-Whitney U test. The optimal cut-off
values of IHC scores for the relationship with OS were
determined by the K-Adaptive partitioning method
(Table 2) [17]. Kaplan—Meier survival curves were

P
0, no staining

PD-L1 in TCs

PD-L1 in TICs

VEGEF in TCs

PD-1* TICs

High density

Low density

densities of PD1*/CD4*/CD8"/CD68" TICs. x 200

.

1, weak

CD4* TICs
5

Fig. 1 Representative images for immunostaining. The 0 to 3 staining degrees of PD-L1 in TCs/TICs and VEGF in TCs, as well as high and low

N

2, moderate 3, strong
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Table 2 Optimal cut-off values of IHC scores for the relationship with OS

Mean + SD Min Cut-off Category N (%)
PD-L1 in TCs 136 + 147 0 0< High expression 155 (70)
Low expression 66 (30)
PD-L1 in TICs 270+ 194 0 4< High expression 36 (16)
Low expression 185 (84)
PD-1* TICs 16.94 + 2355 0 129.33 6.67< High density 131 (59)
Low density 90 (41)
VEGF in TCs 3.64 + 1.69 1 2< High expression 151 (68)
Low expression 70 (32)
CD4" TICs 13799 + 65.18 31 126.33< High density 117 (53)
Low density 104 (47)
CD8* TICs 196.52 + 121.71 1833 582.67 296.33< High density 43 (19)
Low density 178 (81)
CD68" TICs 161.61 + 88.00 16.33 52767 126< High density 129 (58)
Low density 92 (42)

Abbreviations: IHC immunohistochemical, OS overall survival, SD standard deviation, Min minimum, Max maximum, PD-L1 programmed cell death-ligand 1, TCs
tumor cells, TICs tumor-infiltrating immune cells, PD-1 programmed cell death-1, VEGF vascular endothelial growth factor

calculated and compared statistically using the log-rank
test. The Cox proportional hazard model was used for
the univariate and multivariate analyses. OS was mea-
sured from the start of primary treatment to death from
any cause. Treatment-free interval (TFI) was measured
from the end of primary adjuvant chemotherapy to the
diagnosis of recurrence. Statistical analyses were performed
using R version 3.5.3.

Results
We performed IHC evaluation of the TME proteins in 221
primary endometrial carcinomas (Table 2). First, we exam-
ined mutual relationships among the IHC results. High
PD-L1 expression in TCs showed an inverse correlation
with high PD-L1 expression in TICs (p = 0.0054; Table 3).
High PD-L1 expression in TICs correlated with high dens-
ity of PD-1%, CD8", and CD68" TICs (p = 0.00032, 6.4E-07,
and 0.00078; Table 3). High density of PD-1" TICs
correlated with high density of CD8", and CD68" TICs
(»=0.0097 and 0.00028; Table 3). High density of CD4",
CD8", and CD68" TICs showed mutual correlations (Table 3).
Secondly, we examined the relationships between the
IHC evaluations and clinicopathologic parameters (Table 4).
High PD-L1 expression in TCs was associated with G1,
non-G3, superficial myometrial invasion, and negative lym-
phovascular space invasion (LVI) (p=3.2E-05, 0.00026,
0.0037, and 0.049; Table 4), while high PD-L1 expression in
TICs was associated with non-endometrioid histology, non-
G1, deep myometrial invasion, positive LVI, and advanced
FIGO stage (p =0.0089, 0.018, 0.0044, 0.00026, and 0.014;
Table 4). High density of PD-1" TICs was associated with
non-endometrioid histology, non-G1, positive LVI, and
MSI (p=0.0086, 1.1E-05, 0.0047, and 0.0015; Table 4).

High VEGF expression in TCs was associated with deep
myometrial invasion, non-stage I, and advanced stage (p =
0.00051, 0.0015, and 0.024; Table 4). High density of CD4*
TICs was significantly associated with endometrioid hist-
ology and superficial myometrial invasion (p =0.033 and
0.00044; Table 4), while high density of CD8" TICs was
associated with MSI (p =0.012; Table 4). High density of
CD68" TICs showed no significant association with clinico-
pathologic parameters (Table 4).

Thirdly, the patient OS was compared according to
the IHC evaluations. Patients with TCs expressing high
PD-L1 showed better OS than those with low PD-L1 ex-
pression (p =0.004; Fig. 2a), while conversely patients
with TICs expressing high PD-L1 showed worse OS than
those with low PD-L1 expression (p = 0.02; Fig. 2b). High
densities of CD4" TICs and CD8" TICs both correlated
with better OS (p = 0.0008 and 0.04; Fig. 2e and f). As for
PD-1" TICs, VEGF in TCs, and CD68" TICs, the OS
showed no significant difference (p =0.1, 0.06, and 0.2;
Fig. 2¢, d, and g). The OS according to MSI/MSS showed
no difference (p = 0.9; Fig. 2h).

Next, the associations between TFI after primary adju-
vant chemotherapy and the TME protein expressions
were examined. High PD-L1 expression in TCs and high
density of CD4" TICs were both associated with longer
TFI (p =0.000043 and 0.014; Fig. 3a). We further exam-
ined the relationships between MSI status and the TME
protein expressions. High PD-L1 expression in TICs and
high densities of PD-1* TICs and CD8" TICs were associ-
ated with MSI (p = 0.0056, 0.00040, and 0.00086; Fig. 3b).

Lastly, we conducted univariate and multivariate ana-
lyses of prognostic factors for OS. In the univariate ana-
lysis, high PD-L1 expression in TICs, older age (> 60),
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Fig. 2 (See legend on next page.)
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Fig. 2 Kaplan-Meier curves for overall survival according to TME protein expressions in endometrial carcinomas. a, patients with TCs expressing
high PD-L1 (n=74) vs. low PD-L1 (n=147); b, patients with TICs expressing high PD-L1 (n=36) vs. low PD-L1 (n = 185); ¢, patients with PD-1*
TICs of high density (n=81) vs. low density (n = 140); d, patients with TCs expressing high VEGF (n=151) vs. low VEGF (n=70); e, patients with
CD4" TICs of high density (n=92) vs. low density (n=129); f, patients with CD8" TICs of high density (n=124) vs. low density (n = 97); g, patients
with CD68* TICs of high density (n = 105) vs. low density (n=116); h, patients with MSI tumor (n = 48) vs. MSS tumor (n = 173); i, patients with
TCs expressing low PD-L1 and TICs expressing high PD-L1 (n=18) vs. the remaining patients (n = 203)

advanced FIGO stage, non-endometrioid histology, deep
myometrial invasion (> 1/2), and positive LVI were found
to be significant for worse OS (p = 0.023, 0.0017, 2.0E-09,
1.9E-07, 6.4E-06, and 0.00011; Table 5), while high PD-L1
expression in TCs and high density of CD4" TICs were
significant for better OS (p = 0.0050 and 0.0015; Table 5).
Subsequent multivariate analysis revealed that high PD-L1
expression in TCs, high density of CD4" TICs, advanced
stage, non-endometrioid histology, and positive LVI were
significant and independent for OS (p =0.014, 0.0025,
0.000042, 0.0031, and 0.028; Table 5).

Discussion
Our survival analyses exhibited that high PD-L1 expres-
sion in TCs was associated with better OS, while con-

with worse OS (Fig. 2a, b, Table 5). Besides, high PD-L1
expression in TICs showed an inverse correlation with
high PD-L1 expression in TCs (Table 3). These findings
indicate that PD-L1 expression in TCs and that in TICs
seem contrary to each other. PD-L1 expressed on the
surface of TCs is supposed to bind to PD-1 receptor on
immune cells and to induce adaptive immune resistance.
Our above observations may be explicable if some
proportion of expressed PD-L1 could move between
the surface of TCs and the surface of TICs so that the
PD-L1 bound to PD-1 on the surface of TICs may
induce adaptive immune resistance leading to poor
survival, while the PD-L1 remaining on the surface of
TCs may not. This hypothesis may be supported by
the published findings that, in addition to tissue PD-

versely high PD-L1 expression in TICs was associated L1, there also exist circulating PD-L1 such as
p
A
PD-L1 in TCs PD-LI in TICs PD-1* TICs VEGF in TCs CD4* TICs CD8* TICs CD68* TICs
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Fig. 3 a, Comparison of treatment-free interval (days) between patients with TCs expressing high PD-L1 (n=17) vs. low PD-L1 (n = 16), those with TICs
expressing high PD-L1 (n=13) vs. low PD-L1 (n = 20), those with PD-1" TICs of high density (n = 24) vs. low density (n =9), those with TCs expressing
high VEGF (n=27) vs. low VEGF (n=6), those with CD4" TICs of high density (n=13) vs. low density (n = 20), those with CD8 TICs of high density
(n=5) vs. low density (n = 28), and those with CD68" TICs of high density (n=24) vs. low density (n = 9). b, Comparison between patients with MSS
tumor (n=173) vs. MSI tumor (n = 48) of IHC scores of PD-L1 expression in TCs, IHC scores of PD-L1 expression in TICs, density of PD-1" TICs, IHC
scores of VEGF expression in TCs, density of CD4" TICs, density of CD8" TICs, and density of CD68" TICs
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Table 5 Univariate and multivariate analyses of prognostic factors for OS

Univariate Multivariate

HR 95% Cl P-value HR 95% Cl P-value
High PD-L1 expression in TCs 040 0.21-0.76 0.0050 043 0.22-0.85 0.014
High PD-L1 expression in TICs 2.25 1.12-4.54 0.023 0.76 031-1.82 0.53
High density of PD-1* TICs 1.71 0.85-3.46 0.13 - - -
High VEGF expression in TCs 2.14 0.94-4.85 0.07 - - -
High density of CD4* TICs 032 0.16-0.65 0.0015 0.31 0.15-0.67 0.0025
High density of CD8" TICs 031 0.096-1.01 0.053 - - -
High density of CD68" TICs 1.58 0.79-3.12 0.19 - - -
Age > 60 2.81 147-5.36 0.0017 1.36 0.68-2.72 039
FIGO stage III/IV (vs. I/11) 8.62 4.26-174 2.0E-09 550 243-125 0.000042
Non-endometrioid (vs. Endometrioid) 578 2.99-11.2 1.9E-07 331 1.50-7.32 0.0031
MI>1/2 5.04 2.50-10.2 6.4E-06 1.46 0.66-3.19 0.35
LVI (+) 375 1.92-7.34 0.00011 2.27 1.09-4.73 0.028

Abbreviations: OS overall survival, HR hazard ratio, Cl confidence interval, PD-L1 programmed cell death-ligand 1, TCs tumor cells, TICs tumor-infiltrating immune
cells, PD-1 programmed cell death-1, VEGF vascular endothelial growth factor, FIGO International Federation of Gynecology and Obstetrics, Ml myometrial invasion,

LVI lymphovascular space invasion

exosomal PD-L1 [18, 19] and soluble PD-L1 [20, 21].
However, further molecular and clinical investigations
are essential to verify our observation and to elucidate
the mechanism underlying them.

High PD-L1 expression in TICs was associated with
MSI (Fig. 3b), and with high density of CD8" TICs and
CD68" TICs (Table 3), suggesting that PD-L1-induced
adaptive immune resistance may involve MSI, killer T
cells, and TAMs, as CD8 and CD68 are markers for
killer T cells and TAMs, respectively. MSI is known to
cause hypermutation leading to increased burden of
tumor antigens, which induces increased immune
response [13]. Increased immune response may induce
PD-1/PD-L1-mediated adaptive immune resistance,
which will lead to aggressive tumor phenotype and poor
prognosis. Indeed, our analyses of the relationships be-
tween the TME protein expressions and clinicopatho-
logic parameters exhibited that high PD-L1 expression
in TICs was associated with non-endometrioid histology,
non-G1, deep myometrial invasion, positive LVI, and
advanced FIGO stage (Table 4), and our survival analysis
demonstrated that high PD-L1 expression in TICs was
associated with unfavorable OS (Fig. 2b). Taken to-
gether, these findings suggest that PD-L1 expression of
TICs may be a biomarker for the T cell-inflamed tumor
phenotype [22]. Clinical response to anti-PD-1 monoclo-
nal antibody was reported to occur almost exclusively in
patients with pre-existing T cell infiltrates in the region
of PD-L1 upregulation [7, 23]. Following anti-PD-1
administration, these CD8" T cells seemed to proliferate
and expand to penetrate throughout the tumor, which
correlated with tumor regression [7]. Altogether, our
findings implicate that anti-PD-1/PD-L1 therapy may

improve the unfavorable survival of the subset of endo-
metrial cancers with TICs expressing high PD-L1.

Moreover, in the analysis of the associations between
the TME protein expressions and TFI after primary adju-
vant chemotherapy, high PD-L1 expression in TCs indi-
cated a longer TFI (Fig. 3a), suggesting that prognostic
impact of PD-L1 expression may be mediated by affected
chemosensitivity, as TFI reportedly correlates with re-
sponse to chemotherapy for recurrence and/or survival
after recurrence in endometrial cancer [24—-26]. This hy-
pothesis may be supported by the published findings
where upregulation of the PD-1/PD-L1 axis confers
chemoresistance in some types of tumor [27-29]. Accord-
ingly, our findings further suggest that anti-PD-1/PD-L1
therapy may attenuate chemoresistance in the patients
with TICs expressing high PD-L1.

In the univariate and multivariate analyses of prognostic
factors, besides high PD-L1 expression in TCs, high dens-
ity of CD4" TICs was found to be significant and in-
dependent for favorable OS (Table 5), being consistent
with previous publications where high infiltration of CD4"
TILs was reported to be a favorable prognostic factor for
some types of malignancy [30—-32]. Besides, high density
of CD4" TICs was found to be associated with longer TFI
(Fig. 3a), suggesting that helper T cells also may affect
prognosis through involving chemosensitivity. The prolif-
eration and differentiation into regulatory T cells of CD4"
T cells is reported to be manipulated by retinoic acid [33],
STATS3 silencing [34], and DNGR-1 targeting [35], raising
their therapeutic possibility. Further basic and clinical
studies are warranted to verify our proposal.

The KEYNOTE-028 phase I study evaluated the safety
and efficacy of pembrolizumab, an anti-PD-1
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monoclonal antibody, in patients with PD-L1-positive
advanced solid tumors [36]. Pembrolizumab demon-
strated a favorable safety profile and durable antitumor
activity in a subgroup of patients with heavily pretreated
advanced PD-L1-positive endometrial cancer [36]. Cur-
rently, many phase II/III clinical trials of anti-PD-1/PD-
L1 therapy in endometrial cancers are ongoing. Our
above findings indicate that anti-PD1/PD-L1 therapies
combined with conventional chemotherapeutics may be
beneficial for the patients with poor prognosis due to
high PD-L1 expression in TICs through improving
chemosensitivity.

There exist only few reports on prognostic signifi-
cances of the TME proteins in endometrial cancer so
far. Regarding PD-L1 expression and survival, Kim et al.
have recently reported on 183 primary endometrial can-
cers that high PD-L1 expression on immune cells was an
independent prognostic factor for poor PFS [37]. Ikeda
et al. have also reported on 32 endometrioid endometrial
cancers that the cases with high PD-L1 mRNA expres-
sion in cancer tissues showed significantly longer PES
[38]. Yamashita et al. have recently reported on 149
endometrioid endometrial cancers that high PD-L1 ex-
pression in tumor cells was significantly associated with
better PFS [39]. These findings are in line with our re-
sults that high PD-L1 expression in TCs was associated
with better OS (Fig. 2a), while high PD-L1 on TICs was
associated with worse OS (Fig. 2b). As for CD8 expres-
sion and survival, Yamashita et al. have reported that
CD8" TILs was significantly associated with better PFS
[39]. Ikeda et al. also reported that high CD8 mRNA
expression in tumor tissues was significantly associated
with longer PFS [38]. These findings are consistent with
our result that high density of CD8" TICs correlated
with better OS (Fig. 2f). Bellone et al. have recently re-
ported on 131 endometrial cancers that POLE-mutated
tumors were associated with improved PFS and dis-
played increased numbers of CD4" and CD8" TILs as
compared to wild-type POLE tumors, and that PD-1 was
overexpressed in TILs from POLE-mutated vs. wild-
type-tumors [40]. In our study, MSI was associated with
high PD-L1 expression in TICs (Fig. 3b), which was
significantly associated with worse OS (Fig. 2b). POLE-
mutated endometrial cancers have been reported to be
MSS in a couple of studies including this article [40—42].
Therefore, it is plausible that POLE-mutated tumors and
MSI tumors may have the opposite prognostic features.
As regards the relationship between PD-L1 expression
and clinicopathologic features, Mo et al. reported on 75
endometrial cancers that PD-L1 expression in TICs was
more frequently found in the moderately and poorly-
differentiated tumors and type II than in the type I
tumors [43], being in line with our finding that high PD-
L1 expression in TICs was associated with non-
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endometrioid histology and non-G1 (Table 4). Further
studies are warranted to clarify the clinical and prognos-
tic significance of the TME status in endometrial cancer.

The present study still contains some limitations. The
retrospective study design potentially causes selection
biases. The number of studied samples is relatively small.
The evaluation method for the TME protein expression
is mainly based on semi-quantitative analyses. Never-
theless, the treatment strategy was almost consistent
throughout the study period, and most importantly the
follow-up duration was much longer than the former
studies (median, 132 vs. 30.3-38 months [37, 39]),
supporting the validity of our survival data.

Conclusions

We have demonstrated here that high PD-L1 in TCs
was associated with better OS, while high PD-L1 in TICs
was associated with worse OS. High PD-L1 in TICs
exhibited associations with high densities of CD8" TILs
and CD68" TAMs, and MSI, while high PD-L1 in TCs
correlated with longer TFI. High density of CD4" TICs
correlated with better OS and longer TFI. Univariate
and multivariate analyses exhibited that high PD-L1 in
TCs and high density of CD4" TICs were significant and
independent prognostic factors for favorable OS. The
current findings indicate that PD-L1 and CD4" helper T
cells may be reasonable targets for improving survival via
enhancing chemosensitivity, providing useful information
for combining immunotherapies into the therapeutic
strategy for endometrial carcinoma.
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