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Objective: Although Polymerase-epsilon (POLE)-mutated and mismatch repair (MMR)-
deficient endometrial cancers (ECs) are considered as promising candidates for anti-PD-
1/PD-L1 therapy, selecting only these patients may exclude other patients who could
potentially respond to this treatment strategy, highlighting the need of additional
biomarkers for better patient selection. This study aims to evaluate potential predictive
biomarkers for anti-PD-1/PD-L1 therapy in addition to POLE mutation (POLEm) and MMR
deficiency (MMRd).

Methods: We performed next generation sequencing for POLE from 202 ECs, and
immunohistochemistry for MLH1, MSH2, MSH6, PMS2, CD3, CD8, PD-1 and PD-L1 on
full-section slides from these ECs. We assessed the association of POLEm and MMRd
with clinicopathologic features, expression of check point proteins, and density of tumor-
infiltrating lymphocytes (TILs). Prognostic impact of these immune markers was also
evaluated.

Results: POLEm, MMRd and high-grade tumors exhibited elevated level of TILs.
Increased expression of PD-1 and PD-L1 was observed in MMRd and high-grade ECs.
A subgroup of MMR proficient ECs also harbored increased density of TILs, and positive
expression of PD-1 and PD-L1. In addition, negative expression of checkpoint proteins
and high density of TILs in combination was associated with good prognosis.

Conclusions: Candidates for PD-1 blockade may extend beyond POLEm and MMRd
ECs, additional factors such as tumor grade, and combination of TILs levels and
expression of checkpoint proteins may need to be considered for better patient selection.
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INTRODUCTION

Endometrial carcinoma (EC) is the most common gynecological
malignancy in the developed world, and affects over 300,000
women worldwide annually (1–3). Traditionally, ECs have been
classified as either endometrioid (Type I) or non-endometrioid
(Type II) types based on clinical and histopathological criteria
(4). ECs can also be classified into four distinct molecular
subgroups, two of which are associated with high mutational
load: ultra-mutated and hyper-mutated (4, 5). Ultra-mutated
tumors harbor mutations in the exonuclease domain of the
polymerase epsilon (POLE), while hyper-mutated tumors
are characterized by microsatellite instability-high (MSI-H)
resulting from deficiency of mismatch repair proteins (5).
POLE proofreading mutations (POLEm) and mismatch repair
deficiency (MMRd) lead to high numbers of DNA replication
errors and high mutation frequency. The abnormal peptides
generated by these tumors, known as neoantigens, have been
shown to elicit host immune response, are potential targets for
immunotherapy (6–8).

In recent years, immunotherapy has revolutionized the
treatment of patients with various cancer types, such as
melanoma, non-small cell lung cancer, and most notably MSI-
H/MMRd tumors irrespective of tumor type (9–11). However,
response to immunotherapy is complex and durable benefit is
limited to a small subset of patients, highlighting the need for
predictive biomarkers (10). POLEm, MMRd, and expression of
checkpoint proteins appear to be related but their association
with one another in EC remain unclear. In addition, besides
MMRd tumors, a subset of mismatch repair proficient (MMRp)
ECs had objective responses to combination treatment of
pembrolizumab and lenvatinib, suggesting additional factors of
immunogenicity need to be taken into consideration to predict
response of immunotherapy (12, 13). Moreover, the value of
checkpoint proteins as prognostic markers in EC is under-
investigated. Therefore, we performed targeted next generation
sequencing (NGS) and immunohistochemistry (IHC) in a series
of ECs, and evaluated the association of POLEm and MMRd
with clinicopathologic characteristics, expression of PD-1 and
PD-L1, and density of CD3+ and CD8+ tumor-infiltrating
lymphocytes (TILs). We also assessed the prognostic impact of
POLEm, MMRd, TILs and checkpoint proteins. Our findings
suggest that candidates for anti-PD-1/PD-L1 therapy extend
beyond POLEm and MMRd ECs, and assessment of additional
markers such as tumor differentiation, level of CD3+ and CD8+
TILs, and expression of PD-1 and PD-L1 may be helpful for
patient selection. In addition, our study supports using
checkpoint proteins (PD-1 or PD-L1) and TILs (CD3+ or CD8
+) as combined prognostic markers for EC.
MATERIALS AND METHODS

Tumor Samples and Clinical Data
The retrospective study was approved by the ethics committee of
Sichuan Provincial People’s Hospital (Chengdu, China).
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Formalin-fixed, paraffin-embedded (FFPE) tumor blocks of 228
consecutive ECs diagnosed between January 2013 and November
2016 were retrieved from the department of pathology.
Hematoxylin and eosin (H&E) staining was performed on 4-
mm fresh sections of all samples. Pathological diagnoses were re-
confirmed by two pathologists. Clinicopathologic characteristics
and follow-up information were obtained from electronic
medical records. Overall survival (OS) was defined as the
length of time between the date of surgery and death (any
cause). Progression free survival (PFS) was defined as the time
between the date of surgery and disease progress/relapse.

Identification of POLE-Mutated Tumors
DNA of the 228 tumors was extracted from FFPE samples.
Twenty six patients were excluded for further experiments
because of poor DNA quality. For the remaining 202 tumors,
mutations in the exonuclease domain of POLE (exons 9–14) was
identified by targeted NGS. A set of primers were designed
using Primer 3 to cover exons 9–14 of POLE (NM_006231).
The amplification reactions were carried out using Applied
Biosystems 2720 Thermal Cycler (Life Technologies
Corporation, USA). DNA barcodes (8 bp) were added to the
PCR products, and all the libraries of each sample were pooled.
After cluster generation and hybridization of sequencing primer,
the library pools were sequenced using Hiseq2500 sequencing
system (Illumina, Inc, San Diego, CA), with an average depth of
coverage >1,000×. The functional effect of mutations was
assessed by in silico prediction tools: Non-synonymous single
nucleotide variations (SNVs) deemed pathogenic by at least two
of the three algorithms (SIFT, PolyPhen-2 and Mutation Taster),
and pathogenic mutations in splice sites predicted by both
AdaBoost and Random Forest were included for further
analysis (14–17).

Immunohistochemistry
IHC was performed on whole-slide sections from the 228 FFPE
tumor blocks. The serial sections were incubated at 60°C for 1 h
following deparaffinization by Xylol and rehydration by a series of
descending concentrations of alcohol. After heat induced antigen
retrieval, slides were blocked in 3% H2O2, then stained for MLH1
(clone ES05), MSH2 (clone RED2), MSH6 (clone EP49), PMS2
(clone M0R4G), CD3 (clone SP7), CD8 (clone SP16), PD-1 (clone
UMAB199) and PD-L1 (clone SP142) (supplementary data1).
After incubation with secondary antibody (30 min) and DAB
development (Dako REAL™ EnVision™ Detection System),
slides were counterstained with hematoxylin and coverslipped.

Determination of MMR Status
MMR status of each sample was determined by IHC of MMR
proteins (MLH1, MSH2, MSH6, and PMS2). Nuclear staining of
lymphocytes, stromal cells or normal endometrium was used as
positive internal controls. Mismatch repair deficiency (MMRd)
was defined as complete loss of nuclear staining of any MMR
protein in tumor cells with presence of positive internal controls.
Tumors showed expression of all four MMR proteins were
defined as mismatch repair proficiency (MMRp).
March 2021 | Volume 11 | Article 640018
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Assessment of TILs and Expression of
PD-1 and PD-L1
The assessment of TILs and expression of PD-1 and PD-L1 was
conducted with blinding to POLE and MMR status. The density
of CD3, CD8 or PD-1 was evaluated as the number of CD3+,
CD8+ or PD-1+ lymphocytes located within tumor epithelium.
For each sample the average count was determined from five
randomly selected high-power fields (HPF). Tumors with an
average of one or greater PD-1+ TIL per HPF were considered
PD-1 positive (18). PD-L1 expression in tumor cells (TC) was
scored based on the proportion of tumor area occupied by PD-L1
expression tumor cells (membranous staining) of any intensity.
PD-L1 expression in immune cells (IC) was scored based on the
proportion of tumor area occupied by PD-L1 staining immune
cells of any intensity. Positive TC expression of PD-L1 was
defined as TC score ≥1%, while positive IC expression of PD-
L1 was defined as IC score ≥5% (19–22). For survival analysis,
tumors with PD-L1 TC positive or/and PD-L1 IC positive were
defined as PD-L1 positive.

Statistical Analysis
After targeted NGS and IHC, 202 cases with defined POLE and
MMR status were included in statistical analysis. Data were
analyzed using GraphPad Prism 7. Fisher’s exact test and Chi-
square test were used for cross-tables. Unpaired t test, Mann–
Whitney U test, one-way ANOVA, and Kruskal–Wallis test were
used to analyze groups of unpaired variables. OS data was
available for all 202 patients, while PFS information was
available for 147 patients. Survival curves according to different
markers were computed using the Kaplan–Meier method, and
statistical significance was determined using the Log-rank test.
Probability value p <0.05 was considered statistically significant.
Frontiers in Oncology | www.frontiersin.org 3
RESULTS

Characteristics of POLEm and MMRd
Tumors
After NGS of 202 tumors, 24 (11.9%) cases with mutations in the
exonuclease domain of POLE were identified. Of the 24 POLEm
tumors, six (25%) harbored missense mutations at the hotspots
Pro286Arg (n = 3) and Val411Leu (n = 3), whereas majority of
cases had other variants (Supplementary Data 2) (5, 23).

IHC for MMR proteins identified 40 (19.8%) patients with
MMRd (Supplementary Data 3). Thirty one (77.5%) out of the
40 MMRd tumors showed combined protein loss, including 22
(55%) cases lost both MLH1 and PMS2 which form the MutLa
complex, and nine (22.5%) cases lost both MSH2 and MSH6
which form the MutSa complex in the MMR system (24). Eight
tumors exhibited solitary MSH6 loss, while isolated PMS2 loss
was observed in only one tumor. Examples of MMRd cases were
shown in Figure 1. Out of the 202 tumors, two (1.0%) cases
harbored both POLEm and MMRd, which were categorized as
POLEm for further analysis, in keeping with a previous study (6).

The clinicopathological features of the 202 ECs were
summarized in Table 1. The average age at diagnosis in this
study population was 56.3 years. POLEm ECs was 4.6 years
younger than MMRp patients but the difference was not
significant (p = 0.0658). Vast majority of cases (94.1%) were of
endometrioid subtype, and there was no difference in histology
subtypes across the three groups of ECs (p = 0.865). 197 ECs had
information of tumor differentiation, and no significant
difference was observed across the three groups. Whereas,
compared with MMRp tumors (16.3%), significantly larger
proport ion of MMRd tumors (34.2%) were poorly
differentiated (p = 0.0218). Among the 189 cases who had
A

B

FIGURE 1 | Examples of MMR deficiency in endometrial cancer. (A) A representative case that harbors deficiency in MLH1 and PMS2, but proficient in MSH2
and MSH6. Images in the bottom show details of the areas indicated by green boxes in the images above. Magnification: 5× (top) and 200× (bottom).
(B) A representative case that deficient in MSH2 and MSH6, but proficient in MLH1 and PMS2. Images in the bottom show higher magnification of the areas
indicated by green boxes in the images above. Magnification: 5× (top) and 200× (bottom).
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information on tumor stage, 77.8% were diagnosed at early
stages. Overall, there was no difference in stage at diagnosis in
the three groups of patients (p = 0.2540). In this study
population, majority of patients had no adjuvant therapy.
However, significantly larger proportion of women with
MMRd (55.3%) had adjuvant treatment compared to MMRp
(32.1%) patients (p = 0.0132).

Analysis Expression of PD-L1, PD-1, and
Density of CD3+ and CD8+ TILs Regarding
POLEm, MMRd, and Tumor Differentiation
Examples of expression of PD-L1 in TCs and ICs are shown in
Figures 2A, B. Out of the 202 tumors, only 21 (10.4%) cases
showed PD-L1 positivity in TCs, whereas 44 (21.8%) cases
exhibited PD-L1 positivity in ICs. Compared with MMRp
tumors, significantly larger proportion of MMRd tumors
showed positivity in PD-L1 (TC) expression (p = 0.0422,
Figure 2C). The proportion of PD-L1 (IC) positive cases in the
MMRd group was also significantly higher than that in the
POLEm group (p = 0.0161) and the MMRp group (p = 0.0001,
Figure 2D). However, there was no difference in proportion of
PD-L1 positive cases between POLEm ECs and MMRp ECs
(Figures 2C, D). In addition to MMRd status, PD-L1 expression
was associated with tumor differentiation in ECs, with high-
grade tumors had significantly higher frequency of positive PD-
L1 expression in both TCs (grade 3 vs grade 2: p = 0.0264; grade 3
vs grade 1: p = 0.0054) and ICs (grade 3 vs grade 2: p = 0.0015;
grade 3 vs grade 1: p = 0.0008) compared to tumors with lower
Frontiers in Oncology | www.frontiersin.org 4
grades (Figures 2E, F). Moreover, PD-L1 expression was
associated with density of TILs in ECs, with PD-L1 positive
tumors exhibited increased number of CD3+ TILs and CD8+
TILs (Figures 2G–J, p <0.0001).

Figure 3A shows examples of IHC staining of PD-1, CD3 and
CD8 on ECs with POLEm, MMRd or MMRp status. Compared
with POLEm tumors (p = 0.0008) and MMRp tumors
(p <0.0001), significantly larger proportion of MMRd tumors
showed positive PD-1 expression (Figure 3B). Tumors with
MMRd also exhibited significantly higher number of PD-1+
TILs than POLEm tumors (p = 0.0005) and MMRp tumors
(p <0.0001, Figure 3C). Whereas, no difference in PD-1
expression was observed between POLEm ECs and MMRp
ECs (Figures 3C, D).

In addition, as high as 80% of grade 3 tumors were PD-1
positive, the proportion of which was significantly higher than
grade 2 tumors (p = 0.0006) and grade 1 tumors (p = 0.0033,
Figure 3D). We also compared the number of PD-1+TILs in the
three groups with different grade, and significantly higher
number of PD-1+ TILs were observed in high-grade tumors
(grade 3 vs grade 2: p = 0.0018; grade 3 vs grade 1: p <0.0001,
Figure 3E). We then evaluated the number of CD3+TILs and
CD8+TILs in these ECs. Compared to PD-1 negative tumors,
significantly higher density of CD3+TILs and CD8+TILs were
observed in PD-1 positive tumors (Figures 3F, G; p <0.0001).
MMRd tumors exhibited significantly higher number of CD3+
TILs and CD8+TILs than POLEm tumors (CD3: p = 0.0348;
CD8: p = 0.0242, Figure 3H) and MMRp tumors (CD3:
TABLE 1 | Clinicopathological characteristics of endometrial cancers regarding POLE and MMR status. One-way ANOVA, Unpaired t test, Chi-square test and Fisher’s
Exact test were used and p<0.05 was considered as statistical significance.

ALL
(n = 202)

POLEm
(n = 24)

MMRd
(n = 38)

MMRp
(n = 140)

P value
(POLEm, MMRd,

MMRp)

P value
(POLEm vs
MMRp)

P value
(MMRd vs MMRp)

Age at diagnosis,
Mean (range)

56.3
(23–82)

51.9
(23–72)

58.3
(41–75)

56.5
(29–82)

0.2278 0.0658 0.9499

Histology subtypes 202 24(11.9%) 38(18.8%) 140(69.3%)
Endometrioid 190 22(11.6%) 36(18.9%) 132(69.5%) 0.865 0.6415 >0.9999
Non-endometrioid 12 2(16.7%) 2(16.7%) 8(66.7%)
grade 197 24(12.2%) 38(19.3%) 135(68.5%)
1 88 7(7.9%) 16(18.2%) 65(73.9%) 0.2127 0.1187 0.5826
2 69 12(17.4%) 9(13.0%) 48(69.6%) 0.1039 0.2526 0.2407
3 40 5(12.5%) 13(32.5%) 22(55%) 0.0527 0.5628 0.0218
Stage 189 21(11.1%) 37(19.6%) 131(69.3%)
I 143 14(9.8%) 24(16.8%) 105(73.4%) 0.2540(early stages

vs late stages)
0.1533(early stages

vs late stages)
0.3589(early stages

vs late stages)II 4 0 3(75%) 1(25%)
III 32 5(15.6%) 9(28.1%) 18(56.2%)
IV 10 2(20%) 1(10%) 7(70%)
Total number of early
stages

147 14(9.5%) 27(18.4%) 106(72.1%)

Total number of late
stages

42 7(16.7%) 10(23.8%) 25(59.5%)

Adjuvant therapy 202 24(11.9%) 38(18.8%) 140(69.3%)
Any adjuvant therapy
(platinum-based
chemotherapy,
radiotherapy)

78 12(15.4%) 21(26.9%) 45(57.7%) 0.0163 0.1065 0.0132

No further treatment 124 12(9.7%) 17(13.7%) 95(76.6%)
March 2021 | Volume
POLEm, POLE mutation; MMRd, MMR deficiency; MMRp, MMR proficiency.
Data presented as no. (%). Missing data: stage for 13 patients, and grade for five patients.
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p <0.0001; CD8: p <0.0001, Figure 3H). Compared to MMRp
ECs, POLEm ECs also showed significantly increased number of
CD3+TILs (p = 0.0433) and CD8+TILs (p = 0.0347, Figure 3H).
In addition to POLE and MMR status, poor differentiation was
also associated with increased number of CD3+ and CD8+TILs,
with grade 3 tumors exhibiting significantly higher number of
CD3+TILs and CD8+TILs than grade 2 tumors (CD3: p =
0.0148; CD8: p = 0.0111, Figure 3I) and grade 1 tumors (CD3:
p = 0.0286; CD8: p = 0.0463, Figure 3I).

Notably, we also observed 22 MMRp cases exhibited high
density of CD3+ and/or CD8+TILs (equal to or above the
median of that in MMRd tumors), and only six (27.3%) of
these MMRp ECs were high-grade tumors (Figure 3). Out of the
16 low-grade ECs, eight (50%) were PD-L1 (IC) positive, four
(25%) were PD-L1 (TC) positive, and 14 (87.5%) showed positive
in PD-1, suggesting a proportion of MMR normal, POLE wild
type, and low-grade ECs are potential candidates for PD-1/PD-
L1 blockade.
Frontiers in Oncology | www.frontiersin.org 5
Prognostic Significance of POLEm,
MMRd, PD-1, PD-L1, CD3, and CD8
We analyzed the prognostic impact of POLEm, MMRd, PD-L1,
PD-1, CD3, and CD8 in these ECs. The median follow-up time
was 53 months. Patients with POLEm in general had good PFS,
with only one patient (Type II tumor, stage III) showed disease
progress after platinum-based chemotherapy and radiotherapy.
However, the difference in PFS across POLEm, MMRd and
MMRp groups was not significant (Figure 4B), which may
associate with small sample size in the POLEm group. Overall,
POLEm, MMRd, PD-L1 and PD-1 showed no significant impact
on clinical outcome in this study population (Figures 4A–F). To
analyze the prognostic impact of CD3 and CD8, patients were
divided into three groups according to the density of CD3+ and
CD8+TILs. Tumors with TILs count less than the lower-quartile
were classified as TILs-low; tumors with TILs count equal to or
above the upper-quartile were classified as TILs-high; the rest
tumors were classified as TILs-medium. As shown in
A B

D

E F

G

I

H

JC

FIGURE 2 | Analysis of PD-L1 expression in tumor cells and immune cells in endometrial cancer. (A) A representative case showed PD-L1 positivity in tumor cells.
Images in the bottom show details of the areas indicated by green boxes in the images above. Magnification: 5× (top) and 200× (bottom). (B) A representative case
showed PD-L1 positivity in immune cells. Images in the bottom show details of the areas indicated by green boxes in the images above. Magnification: 5× (top) and
200× (bottom). (C) Proportion of cases positive/negative for PD-L1 in tumor cells in POLEm, MMRd and MMRp tumors. (D) Proportion of cases positive/negative for
PD-L1 in immune cells in POLEm, MMRd and MMRp tumors. (E) Proportion of cases positive/negative for PD-L1 in tumor cells in ECs with different differentiation.
(F) Proportion of cases positive/negative for PD-L1 in immune cells in ECs with different differentiation. (G) Comparison of CD3+TILs between cases with positive or
negative expression of PD-L1 (tumor cells). (H) Comparison of CD8+TILs between cases with positive or negative expression of PD-L1 (tumor cells). (I) Comparison
of CD3+TILs between cases with positive or negative expression of PD-L1 (immune cells). (J) Comparison of CD8+TILs between cases with positive or negative
expression of PD-L1 (immune cells). POLEm, POLE mutation; MMRd, MMR deficiency; MMRp, MMR proficiency. Chi-square test and Fisher’s exact test were used,
with p <0.05 indicating statistical significance. *P <0.05; **P <0.01; ***P <0.001.
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Figures 4G, H, CD3+TILs-high and CD3+TILs-medium ECs
had significantly better survival than CD3+TILs-low ECs, but
there was no prognostic difference between ECs with high
density and medium density of CD3+TILs. A similar pattern
of survival was also observed when patients were classified
according to density of CD8+TILs (Figures 4I, J). As majority
of cases in this study were stage I which was associated with good
prognosis, we conducted further survival analysis in advanced-
stage ECs (n = 42, Figures 4K–T). As shown in Figure 4L,
POLEm ECs had the best PFS across the three groups of patients
(POLEm, MMRd and MMRp). PD-L1 and PD-1 showed no
significant impact on prognosis (Figures 4M–P), while high
density of TILs was associated with better clinical outcome in
these late-stage ECs (Figures 4Q–T).
Frontiers in Oncology | www.frontiersin.org 6
Since tumors can be stratified to four types of tumor
microenvironment (TME) based on T cell infiltration and PD-L1
expression (2, 25), we evaluated the prognostic impact of combined
markers using TILs and PD-L1(Figures 5A–D). TILs-medium
tumors were combined with TILs-high tumors for further survival
analysis as they had similar prognosis. Only one case that classified
as CD3low + PD-L1positive and CD8low +PD-L1positive was not
included in the survival analysis. Classification of patients into
four groups according to PD-L1 expression and density of CD3+
TILs showed that CD3medium-high +PD-L1negative group had the best
prognosis, followed by the CD3medium-high +PD-L1positive group and
the CD3low +PD-L1negative group (Figures 5A, B). Stratifying
patients to four groups using PD-L1 and CD8+TILs showed a
similar pattern of OS (Figure 5C), with CD8medium-high
A B

D E

F G

IH

C

FIGURE 3 | Analysis of PD-1+ TILs, CD3+ TILs and CD8+ TILs in endometrial cancer. (A) Representative images of POLEm, MMRd and MMRp tumors.
(B) Proportion of cases positive/negative for PD-1 in POLEm, MMRd and MMRp tumors. (C) Comparison of PD-1+ TILs from POLEm, MMRd and MMRp tumors.
(D) Proportion of cases positive/negative for PD-1 in grade-1, grade-2 and grade-3 tumors. (E) Comparison of PD-1+ TILs from grade-1, grade-2 and grade-3
tumors. (F) Comparison of CD3+TILs between PD-1+ and PD-1− tumors. (G) Comparison of CD8+TILs between PD-1+ and PD-1− tumors. (H) Comparison of
CD3+ and CD8+TILs from POLEm, MMRd and MMRp tumors. (I) Comparison of CD3+ and CD8+TILs from grade-1, grade-2 and grade-3 tumors. POLEm, POLE
mutation; MMRd, MMR deficiency; MMRp, MMR proficiency. TIL, tumor infiltrating lymphocyte. Chi-square test, Fisher’s exact test, Kruskal–Wallis test, and Mann–
Whitney test were used, with p <0.05 indicating statistical significance. *P <0.05; **P <0.01; ***P <0.001; ****P <0.0001.
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+PD-L1negative group had the best prognosis, followed by the
CD8medium-high+ PD-L1positive group and the CD8low +PD-
L1negative group. For PFS, these groups showed a similar pattern,
but the difference was not significant (Figure 5D). We also assessed
the prognostic significance of TILs and PD-1 in combination. Since
only four CD3low + PD-L1positive cases and three CD8low

+PD-L1positive cases had available PFS information, they were not
included in PFS analysis. As shown in Figures 5E and F, PD-1negative

+CD3medium-high group had the best survival. Slightly worse
prognosis was observed in the PD-1positive +CD3medium-high group,
followed by patients with low CD3 density. Combination of PD-1
and CD8+TILs revealed a similar pattern of prognosis (Figures 5G,
H). Since POLEm and MMRd tumors are associated with increased
density of TILs, we assessed whether MMRp tumors which
exhibited wild type POLE and normal MMR expression had
similar survival pattern under the same classification. As shown
in Figures 5I–P, stratification of MMRp ECs using TILs and
checkpoint proteins revealed a similar pattern of prognosis as the
whole study population. We also evaluated the prognostic impact of
combined markers using TILs and checkpoint proteins in
advanced-stage ECs (n = 42, Supplementary Figure 1). Overall,
ECs exhibiting high level of TILs had significantly better prognosis
than ECs with lower density of TILs. In addition, low density of
TILs and negative expression of PD-L1 in combination was
associated with the worst OS (Supplementary Figures 1A and
C), which is similar to the pattern of prognosis as the whole
study cohort.
DISCUSSION

In recent years, immunotherapy which target the immune
system rather than cancer cells has emerged as an effective
treatment strategy for a variety of cancers. Identification of
predictive biomarkers for immunotherapy will help to select
patients most likely to benefit from this therapeutic approach. As
there are limited treatment options for advanced or relapsed ECs,
immunotherapy has potential to improve clinical outcome in
carefully chosen patients. ECs with MMRd or POLEm have been
suggested as promising candidates for anti PD-1/PD-L1 therapy,
whereas recent study also reported that a subgroup of MMRp
ECs may also benefit from this therapeutic approach, suggesting
additional factors need to be considered for patient selection (7,
26). Being the largest study using full sections to investigate
POLEm, MMRd, PD-1, PD-L1, and TILs in ECs, we first
characterized the clinicopathological features of POLEm and
MMRd ECs in a cohort of 202 cases. Then we evaluated the
association of POLEm, MMRd and tumor differentiation with
expression of PD-1, PD-L1 and number of TILs. We also
assessed the prognostic significance of POLEm, MMRd, PD-1,
PD-L1, and TILs in these ECs.

In this patient population, we identified 24 (11.9%) POLEm
cases and 40 (19.8%) MMRd cases, which is consistent with
previous reports that 7–12% ECs harbor mutations in POLE, and
approximately 25% ECs are affected by defective MMR (5, 27–
29). In addition, 77.5% of MMRd cases showed combined
Frontiers in Oncology | www.frontiersin.org 9
protein loss, with MLH1 and PMS2 being the most frequently
lost MMR proteins, in keeping with previous report by Stelloo et
al. (30). It has been reported that POLE mutation was associated
with younger age (31). In this patient population, POLEm ECs
were diagnosed 4.6 years younger than other patients but the
difference was not significant. There was no difference in
histology subtype, tumor stage and tumor differentiation across
the three groups of ECs, but compared with MMRp ECs, MMRd
ECs were significantly associated with higher tumor grade, in line
with a previous study by McMeekin et al. (32).

IHC for PD-L1 in these tumors revealed that unlike non-
small cell lung cancer and melanoma (33), PD-L1 expression was
infrequent in TCs but more common in ICs, in keeping with
previous reports by Jones et al. and Howitt et al. (7, 29). There
has been limited number of research on expression of PD-1 and
PD-L1 in ECs regarding POLE and MMR status (7, 22). Recent
studies reported that PD-1 and PD-L1 were overexpressed in
both POLE and MSI ECs [MSI and MMRd are highly
concordant in ECs (34)], which counterbalanced the increased
number of TILs in these tumors (6, 7, 22). In this study, we
observed elevated level of CD3+ and CD8+ TILs in both POLEm
and MMRd ECs. Whereas, increased number of PD-1+TILs and
higher frequency of PD-L1 positivity were associated with
MMRd only, not POLEm, suggesting immune suppression via
upregulation of PD-1 and PD-L1 in only a fraction of these POLEm
tumors, other immune checkpoints may play a compensatory role.
Overall, these findings support the mechanism that tumors with
higher neoantigen loads are more immunogenic and harbor
increased TILs, which is counterbalanced by overexpression of
various immune checkpoints such as PD-1 and PD-L1 (35).

Indeed, objective response to immunotherapy was demonstrated
in POLEm and MMRd ECs (8, 11, 36), and the FDA has recently
approved the use of PD-1 blockade for tumors withMMRd/MSI-H,
regardless of cancer type (10, 37). Recent studies have shown that
POLEm ECs are associated with fewer recurrence, and these
patients may not need adjuvant therapy (6, 31, 38). Therefore, it
is important to identify MMRp ECs that can benefit from
immunotherapy. In the current study, we observed the highest
level of CD3+ and CD8+TILs in poorly differentiated ECs. These
tumors also had the higher frequency of PD-1 and PD-L1 (IC)
positivity compared to low-grade tumors, suggesting high-grade
ECs may be promising candidates for immunotherapies targeting
the PD-1 pathway, which is consistent with a recent report (29). In
addition to grade 3 ECs, a small proportion of low-grade MMRp
ECs also exhibited increased density of CD3+ and CD8+ TILs, and
were positive for PD-1 and PD-L1 (IC). These results suggest that
besides neoantigen loads and tumor differentiation, there are other
factors linked with immune responses, and a subgroup of POLE
wild type andMMR normal low-grade ECs are potential candidates
for immunotherapy.

Survival analysis for these ECs revealed that though MMRd
was associated with poor differentiation, a poor prognostic
indicator, the clinical outcome of MMRd patients was similar
to MMRp patients, consistent with a recent study (32). POLEm
showed no impact on OS in this study population but for late-
stage ECs, patients with POLEm had significantly better PFS
March 2021 | Volume 11 | Article 640018
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compared to patients with wild type POLE, which is in keeping
with previous reports that POLEm was linked to good recurrence
free survival (6, 31). In addition, PD-L1 and PD-1 showed no
prognostic impact in these EC. Whereas, increased T-cell
infiltration was correlated with improved survival, in line with
previous reports (25, 39). Although, as single marker, PD-L1 and
PD-1 failed to show prognostic significance, classification of ECs
to four TME groups using combined markers of PD-L1+TILs or
PD-1+TILs showed significant difference in OS across groups.
PD-L1negative +TILmedium-high and PD-1negative +TILmedium-high

were associated with the best prognosis, which may be
explained by the fact that a number of T cells infiltrated to
tumors without activation of the PD-1/PD-L1 checkpoint which
suppresses T-cell activity. Whereas, other mechanisms of
immune evasion may play a dominate role in these tumors
(25, 40). Thus, PD-L1negative +TILmedium-high and PD-1negative +
TILmedium-high tumors are unlikely to benefit from anti-PD-1/
PD-L1 treatment. PD-L1positive +TILmedium-high ECs and PD-
1positive +TILmedium-high ECs may be the best candidate to this
therapeutic approach as these tumors harboring substantial
number of TILs that are switched off through PD-1/PD-L1
pathway. TILlow ECs generally had unfavorable clinical
outcome, and are unlikely to response to PD-1/PD-L1
blockade as the lack of T-cell infiltration. However,
combination of PD-1/PD-L1 blockade with other approaches
that recruit and activate TILs, such as radiotherapy and anti-
CTLA-4, would be considered in for these patients (2, 25, 40).

In conclusion, our data has shown that assessment of POLEm
and MMRd may be insufficient to identify potential candidates
for anti-PD-1/PD-L1 treatment. For better patient selection,
additional factors such as tumor differentiation, level of CD3+
and CD8+ TILs, and expression of PD-1 and PD-L1 may need to
be taken into consideration. In addition, since the PD-1 pathway
is only one of many tumor immune escape mechanisms,
understanding the tumor immunity of individual patients may
enable design personalized immunotherapy which may combine
with other treatment strategies.
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Supplementary Figure 1 | Prognostic impact of combined markers using
checkpoint proteins and TILs in advanced-stage ECs. (A) OS by PD-L1 and CD3+
TILs in combination. (B) PFS by PD-L1 and CD3+TILs in combination. (C) OS by
PD-L1 and CD8+TILs in combination. (D) PFS by PD-L1 and CD8+TILs in
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CD3+TILs in combination. (G) OS by PD-1 and CD8+TILs in combination. (H) PFS
by PD-1 and CD8+TILs in combination.
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