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Purpose: Programmed death-ligand 1 (PD-L1) has been widely used as a prognostic 
biomarker and an immunotherapeutic target in numerous cancers, but information on the 
clinical significance of its expression in endometrial serous carcinoma (ESC) is largely 
lacking. Here, we evaluate the predictive value of PD-L1 expression in ESC.
Materials and Methods: A total of 79 cases of ESC accessioned between January 2003 
and September 2015 were selected for further analysis. PD-L1 expression was evaluated in 
whole tissue sections of these cases by using the tumor proportion score (TPS, cut-off 1%) 
and combined positive score (CPS, cut-off 1) scoring methods.
Results: Overall, there was a heterogeneous expression of PD-L1, focal or patchy, in ESCs. 
PD-L1 positivity was observed in 43.0% of ESCs by TPS and 73.4% of ESCs by CPS. 
Kaplan–Meier survival analysis showed that patients with PD-L1-positive tumors suffered 
significantly worse OS and PFS, when compared with PD-L1 negative tumors (log-rank p = 
0.037 and p = 0.003, respectively). In contrast, PD-L1 positivity by CPS within the ESC 
cases showed no statistical significance for OS and PFS (log-rank p = 0.720 and p = 0.928, 
respectively). Multivariate Cox analysis showed that PD-L1 positivity by TPS was signifi-
cantly associated with PFS (HR = 1.921, p = 0.039) but not OS (HR = 1.229, p = 0.631).
Conclusion: PD-L1 expression is frequently found in ESC, suggesting a potential role of 
the PD-1/PD-L1 pathway as a potential therapeutic target for these tumors. PD-L1 expression 
by TPS also serves as a negative prognostic marker in ESC and implies an unfavorable 
outcome.
Keywords: PD-L1, endometrial serous carcinoma, endometrial cancer, immune therapy

Background
Endometrial carcinoma is the 6th leading cause of cancer-related death among 
women worldwide.1 It can broadly be divided into two types: endometrioid carci-
noma (type 1) and non-endometrioid carcinoma (type 2). Unlike type 1 carcinomas, 
type 2 carcinomas are highly aggressive and typically carry a poor prognosis.2 

Endometrial serous carcinoma (ESC) is a type 2 endometrial cancer with a high 
mortality and recurrence rate.3 According to the Classification of Female Genital 
Tumors by World Health Organization (WHO 2020),4 ESCs are subclassified into 
pure and mixed groups. At present, patients with ESC are treated with radical 
hysterectomy and pelvic lymphadenectomy, omentectomy with or without adjuvant 
chemoradiation therapies.5 Regardless of therapy, the outcome of ESC patients 
tends to be poorer than patients with endometrioid carcinomas.6 Notably, it has 
been proposed in recent years that similar genetic landscape cancers even without 
the same tissue or origin can be classified together.7,8 According to this 
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classification, ESC and serous ovarian carcinoma can be 
considered as one category for similar cancer genetic 
drivers and progression mechanisms,9 such as TP53 
mutation.2 Therefore, the treatment strategies of ovarian 
serous carcinoma carry significant potential value for ESC. 
Among different therapeutic strategies, novel immunother-
apy such as Pembrolizumab gave the active response to 
advanced recurrent patients of ovarian serous carcinoma.10 

As such, novel immunotherapeutic strategies need to be 
developed and established for patients with ESC.6

Programmed cell death receptor 1 (PD-1) and its ligand 
(PD-L1) are playing a progressively important role in our 
understanding of tumor immunology and in cancer treat-
ment. Binding of PD-L1 to its receptor PD-1 leads to an 
inactivation of T cells in a variety of cancers; thus, anti-PD 
-1/PD-L1 antibodies deregulate the adverse impact of 
tumor-infiltrating T cells, which in turn may reverse the 
tumor immune resistance.11,12 Several studies have inves-
tigated PD-L1 expression and its prognostic values in 
endometrial cancer, but most of such studies focused on 
endometrioid carcinomas without considering ESC as 
a separate or independent group.13–19 Of note, clinical 
trials with anti-PD-1 antibody (Pembrolizumab) have 
been performed in advanced recurrent endometrial cancer. 
Unfortunately, these trials did not separate ESCs from 
other histologic types of endometrial cancer.20

The relatively poorer outcome for patients with ESC 
using traditional treatment methods portends great impor-
tance in finding effective targeted immune. The main aim 
of our study is to investigate PD-L1 expression in and its 
prognostic value in ESC.

Materials and Methods
Patients
Female patients with a final histologic diagnosis of ESC 
between January 2003 and September 2015 in our Hospital 
were selected for further analysis. Hematoxylin and eosin 
(H&E) and immunohistochemistry (IHC) stained slides 
were reviewed by at least 2 gynecologic pathologists. All 
tumors were classified according to the WHO (2020) 
Classification of Female Genital Tumors.4 Patients were 
clinically staged by using the FIGO (2018) system. 
Excluded cases included patients who had undergone 
their operations outside of our hospital or those with 
uterine tumor metastasis from other sources. Ultimately, 
79 patients were included in the final cohort. Archived 
paraffin tissue blocks were obtained for all included 

cases. All related clinical and pathologic data including 
age, body mass index (BMI), serum CA125 level, stage, 
ascites or peritoneal wash status, myometrial invasion, 
lymph node metastasis, lymphovascular space invasion 
(LVSI), residual disease status, treatment, and clinical 
prognosis were retrieved from the database of clinical 
information system. Overall survival (OS) was defined as 
the time (months) between the date of surgery/diagnosis 
and the date of the death. Progression-free survival (PFS) 
was defined as the time (months) between the date of 
initial treatment and the date of progression to new 
tumor event. The normal upper limitation of serum 
CA125 was defined as 35U/mL. Optimal cytoreductive 
surgery of cancer staged III–IV was defined as ≤1 cm 
maximal diameter of the largest residual tumor nodule at 
initial treatment.3 Both the result of p16 and p53 were 
recorded. The study was approved by the Institutional 
Research Ethics Board at Zhejiang University School of 
Medicine Women’s Hospital, China.

Immunohistochemistry (IHC)
In brief, 4 μm thick formalin-fixed, paraffin-embedded 
whole tissue sections were dried fixed on positively 
charged slides for 1 hour at 56 to 60°C. With antigen 
repaired, the slides were placed in the Autostainer Link 
48 platform (Dako), where they were incubated with the 
monoclonal mouse anti-human PD-L1 antibody, clone 
22C3 pharmDx (Dako, Santa Clara, CA), then the anti- 
mouse linker antibody and finally a substrate-chromogen 
solution (DAB). The incubation time and rinsing of slides 
between reagents was monitored. The reagent times were 
set in the Dako Link software. Slides were subsequently 
counterstained for 5 minutes with hematoxylin. Mounting 
was performed using non-aqueous, permanent mounting 
media. Positive and negative control tissue for the quality 
assurance of IHC was monitored.

Analysis of PD-L1 Expression
Two pathologists independently reviewed and evaluated 
all the IHC-stained PD-L1 slides. Assessment of PD-L1 
expression involved calculating the tumor proportion score 
(TPS) and combined positive score (CPS) as described 
previously.21,22 Intra-tumoral and peri-tumoral immune 
cells, mainly lymphocytes and macrophages were counted. 
Of note, these cells were within one 20 × field of the tumor 
nest or edge. PD-L1 positivity was defined by using a cut- 
off score ≥1% for TPS and ≥1 for CPS. Of note, only the 
ESC areas were assessed in the cases of mixed ESC.
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Statistical Analysis
For the description of clinicopathological parameters, con-
tinuous variables are expressed as the mean ± standard devia-
tion (normally distributed) or median and 0–100th range 
(abnormally distributed), and categorical values are reported 
as frequencies. Chi-square or Fisher’s exact test was used for 
cross-tables. Cox regression was used for multivariate ana-
lysis, with enter and forward selection. Kaplan–Meier survi-
val analysis and Log rank test were used to assess the 
relationship between survival outcomes (OS and PFS) and 
PD-L1 expression. A significance level of 0.05 was used. 
IBM SPSS 20 (Armonk, NY) and GraphPad Prism 8 (San 
Diego, CA) were used for survival analysis.

Results
Clinicopathological Characteristics of 
Patients
Tissue samples of this study included 79 total hysterec-
tomies and staging specimens. Among them, 45 cases 
were pure ESC and 34 were ESC mixed with endometrioid 
carcinoma. All pure ESCs and ESC areas in mixed ESCs 

were p16 block positive and demonstrated p53 mutant 
expression. Patient age ranged from 49 to 84 with the 
mean of 63 ± 6.8 years. Among the cases, 37 (46.8%) of 
79 were aged older than 63 years, 31 (39.2%) had over-
weight (BMI ≥ 25kg/m2), 19 (24.1%) had abnormal serum 
levels of CA125 (>35 U/mL).

Regarding clinical staging information, 38 (48.1%) of 
the 79 cases had stage I disease, while 41 (51.9%) had 
stage II or above. As for the other prognosis-related para-
meters, 29 (35.4%) of 79 had deep myometrial invasion, 
19 (24.1%) showed evidence of LVSI, 7 (8.9%) had more 
than 1cm residual disease, and 10 (12.7%) had positive 
malignant cells in ascites/peritoneal washes. Among all 79 
cases, lymph node dissections were obtained in 70 cases, 
of which 16/70 (22.9%) had lymph nodal metastasis. The 
information on this baseline data is summarized in Table 1.

Correlation of PD-L1 Expression with 
Clinicopathological Features in ESCs
As mentioned, we examined the PD-L1 expression both in 
tumor cells and in tumor-infiltrating immune cells, includ-
ing lymphocytes and macrophages. Overall, there was 

Table 1 PD-L1 Expression in Relation to Clinicopathological Parameters

Variable Category TPS (n) p-value CPS (n) p-value

<1% ≥1% <1 ≥1

Age (years) ≤ 63 19 23 0.025† 9 33 0.252

> 63 26 11 12 25

BMI (kg/m2) < 25 26 22 0.532 11 37 0.359
≥ 25 19 12 10 21

CA125 (U/mL) ≤ 35 35 25 0.662 15 45 0.572

> 35 10 9 6 13
Histotype Pure 26 19 0.866 14 31 0.295

Mixed 19 15 7 27

Stage I 27 11 0.015† 12 26 0.333
II–IV 18 23 9 32

MI < 50% 36 15 0.001† 18 33 0.018†

≥ 50% 9 19 3 25
LNM Negative 40 23 0.060 17 37 0.529

Positive 6 10 3 13

LVSI Negative 40 20 0.002† 18 42 0.222
Positive 5 14 3 16

Surgery RD ≤ 1cm 43 29 0.133 19 53 1.000

RD > 1cm 2 5 2 5
Ascites Negative 42 27 0.090 19 50 1.000

Positive 3 7 2 8

Note: †p< 0.05, Chi-square or Fisher’s exact test was used. 
Abbreviations: PD-L1, Programmed death-ligand 1; TPS, tumor proportion score; CPS, combined positive score; MI, Myometrial invasion; LNM, Lymph node metastasis; 
LVSI, Lymphovascular space invasion; RD, residual disease.
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a heterogeneous expression of PD-L1, focal or patchy, in 
ESCs (Figure 1). Using TPS, PD-L1 expression was seen 
in 43.0% (n = 34) of the 79 ESC cases studied. Using CPS, 
PD-L1 expression was seen in 73.4% (n = 58) of 79 ESC 
cases.

The association of PD-L1 positivity by TPS and clin-
icopathological variables in ESC cases was analyzed. 
A statistical correlation was found between PD-L1 posi-
tivity by TPS and clinicopathological parameters, includ-
ing age ≤63 years (p = 0.025), stage II–IV (p = 0.015), 
myometrial invasion ≥50% (p=0.001), and presence of 
LVSI (p = 0.002). However, there was no significant 
difference between PD-L1 positivity by CPS and clinico-
pathological parameters (Table 1).

Prognostic Significance of PD-L1 
Expression and Clinicopathological 
Features in ESCs
Univariate analysis showed that PD-L1 positivity by TPS 
(HR: 2.132; p = 0.043), elevated serum CA125 (HR: 2.458; 
p = 0.019), advanced stage (HR: 5.276; p < 0.001), myo-
metrial invasion ≥50% (HR: 2.925; p = 0.004), LVSI (HR: 
2.319; p = 0.032), and positive ascites (HR: 2.661; p = 
0.034) were related to poor OS in patients with ESC. 
Variables with p < 0.05 in the univariate analysis were 
used in the multivariable model by using an enter and 
forward stepwise selection. Only advanced stage (HR: 
4.491; p = 0.001) and myometrial invasion ≥50% (HR: 

Figure 1 PD-L1 expression in endometrial serous carcinoma. (A–C) Representative area of endometrial serous carcinoma at medium power (H&E, 200x); (D) 
Corresponding negative PD-L1 expression;(E) Corresponding PD-L1 expression in tumor cells; (F) Corresponding PD-L1 expression in immune cells.
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2.192; p = 0.039) were found to be the prognostic factors of 
poor OS in the final multivariate Cox model (Table 2).

The univariate analysis showed that poor PFS was 
linked with PD-L1 positivity by TPS (HR: 2.380; p = 
0.005), elevated serum CA125 (HR: 2.312; p = 0.009), 
advanced stage (HR: 3.139; p < 0.001), myometrial inva-
sion ≥50% (HR: 2.046; p = 0.019), lymph node metastasis 
(HR: 2.134, p = 0.032), LVSI (HR: 2.149; p = 0.019), 
residual disease >1cm (HR: 2.888; p = 0.017), and positive 
ascites (HR: 3.361; p = 0.002). Meanwhile, parameters 
adjusted by the univariate model were enrolled for analyz-
ing in multivariate Cox model, and the results showed that 
PD-L1 positivity by TPS (HR: 1.921; p = 0.039) and 
advanced stage (HR: 2.724; p = 0.003) were independent 
prognostic factors of poor PFS (Table 3).

PD-L1 Expression Inversely Correlates 
with PFS and OS in ESCs
Available complete follow-up information was included in 
a survival analysis for 79 patients with ESC. The median 
follow-up time was 66 months (range from 6 to 168). 
Kaplan–Meier survival analysis showed that patients with 
PD-L1-positive tumors suffered significantly worse OS, 
when compared with PD-L1 negative tumors (log-rank 
p = 0.037) (Figure 2A). Similarly, patients with PD-L1 
positive tumors suffered significantly worse PFS than did 
those with PD-L1-negative tumors (p = 0.003; Log rank 
test) (Figure 2C). In contrast, PD-L1 positivity by CPS 

within the ESC cases showed no statistical significance for 
OS and PFS (Figure 2B and D).

Discussion
Immunotherapy has been applied in clinical pathology at 
a robust rate due to promising effects in numerous solid 
tumors, including gynecologic tumors.23–25 However, the 
role of PD-L1 expression has not been clear in ESCs, 
largely due to limited available survival-based evidence. 
In this study, we analyzed PD-L1 expression in ESC 
tumors and correlated its expression with clinicopathologic 
parameters and survival outcomes to enhance our under-
standing of the role of the PD-1/PD-L1 pathway as 
a potential therapeutic target for this kind of tumor.

In our cohort, the prevalence of PD-L1 positivity in 
ESCs was 43.0% by TPS (cut-off 1%) and 73.4% by CPS 
(cut-off 1). In addition, PD-L1 positivity by TPS was 
linked to a poorer outcome in ESC patients, and it was 
an independent prognostic factor. However, PD-L1 posi-
tivity by CPS within the ESC cases showed no statistical 
significance for OS and PFS. Currently, studies on the 
association between PD-L1 positivity and survival from 
ESC are lacking. We could not correlate our ESC-specific 
data to other studies, as none of the other groups separately 
analyzed this tumor type. Notably, Gulecet et al demon-
strated that PD-L1 positivity (cut off >5% tumor cells) was 
an independent poor predictor of non-endometrioid endo-
metrial cancers. PD-L1 expression in tumor cells was 

Table 2 Univariate and Multivariate Analysis of the Clinicopathologic Parameters and OS

Variable Univariate Multivariate (Enter/[Forward] Selection)

HR p-value HR CI p-value

Age (≤ 63 vs > 63 years) 1.038 0.919 - - -

BMI (< 25 vs ≥ 25 kg/m2) 0.877 0.731 - - -
CA125 (≤ 35 vs > 35 U/mL) 2.458 0.019† 1.313 0.541–3.185 0.547

Histotype (Pure vs Mixed) 1.082 0.833 - - -

Stage (I vs II–IV) 5.276 <0.001† 3.813 1.427–10.189 0.008†

[4.491 1.795–11.235 0.001†]

MI (< 50% vs ≥50%) 2.925 0.004† 1.971 0.846–4.593 0.116

[2.192 1.040–4.616 0.039†]
LNM (Absent vs Present) 1.734 0.206 - - -

LVSI (Absent vs Present) 2.319 0.032† 1.073 0.423–2.718 0.882

RD (≤ 1 vs > 1 cm) 2.432 0.099 - - -
Ascites (Absent vs Present) 2.661 0.034† 1.189 0.404–3.499 0.754

TPS of PD-L1 (Negative vs Positive) 2.132 0.043† 1.229 0.531–2.843 0.631

CPS of PD-L1 (Negative vs Positive) 1.167 0.722 - - -

Note: †p< 0.05, Cox regression was used for multivariate analysis, with enter and forward selection. 
Abbreviations: BMI, body mass index; MI, myometrial invasion; LNM, lymph node metastasis; LVSI, lymphovascular space invasion; RD, residual disease; TPS, tumor 
proportion score; CPS, combined positive score; HR, hazard ratio; CI, confidence interval.
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associated with shorter OS, but PD-L1 expression in 
immune cells was not related with OS.14

In addition, we found that elevated serum CA125, 
advanced stage, deep myometrial invasion, lymph node 

metastasis, LVSI, residual disease >1cm and positive 
ascites were independent prognostic factors in ESC 
patients. Comparable findings have been reported else-
where. Olawaiyeet et al reported that elevated serum 

Table 3 Univariate and Multivariate Analysis of the Clinicopathologic Parameters and PFS

Variable Univariate Multivariate (Enter/[Forward] Selection)

HR p-value HR CI p-value

Age (≤ 63 vs > 63 years) 0.724 0.297 - - -

BMI (< 25 vs ≥ 25 kg/m2) 0.859 0.630 - - -
CA125 (≤ 35 vs > 35 U/mL) 2.312 0.009† 1.459 0.684–3.112 0.328

Histotype (Pure vs Mixed) 1.000 1.000 - - -

Stage (I vs II–IV) 3.139 <0.001† 2.637 1.206–5.767 0.015†

[2.724 1.411–5.261 0.003†]

MI (< 50% vs ≥50%) 2.046 0.019† 1.757 0.824–3.747 0.145

LNM (Absent vs Present) 2.134 0.032† 0.593 0.200–1.757 0.346
LVSI (Absent vs Present) 2.149 0.019† 1.272 0.518–3.120 0.599

RD (≤ 1 vs > 1 cm) 2.888 0.017† 0.580 0.178–1.895 0.367

Ascites (Absent vs Present) 3.361 0.002† 2.879 0.992–8.355 0.052
TPS of PD-L1 (Negative vs Positive) 2.380 0.005† 2.433 0.986–6.005 0.054

[1.921 1.035–3.566 0.039†]

CPS of PD-L1 (Negative vs Positive) 0.969 0.929 - - -

Note: †p< 0.05, Cox regression was used for multivariate analysis, with enter and forward selection model. 
Abbreviations: BMI, body mass index; MI, myometrial invasion; LNM, lymph node metastasis; LVSI, lymphovascular space invasion; RD, residual disease; TPS, tumor 
proportion score; CPS, combined positive score; HR, hazard ratio; CI, confidence interval.

Figure 2 Kaplan–Meier curves of overall survival (OS) and progression-free survival (PFS) in patients with endometrial serous carcinoma (ESC). (A) OS in PD-L1-negative 
group (green) and PD-L1-positive group (blue) using tumor proportion score (TPS) (cut off 1%). (B) OS in PD-L1-negative group (green) and PD-L1-positive group (blue) 
using combined positive score (CPS) (cut off 1). (C) PFS in PD-L1-negative group (green) and PD-L1-positive group (blue) using TPS (cut off 1%). (D) PFS in patients in PD-L1 
-negative group (green) and PD-L1-positive group (blue) using CPS (cut off 1).
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CA125 levels correlated with advanced stage of ESC.26 

Some studies have observed that deep myometrial inva-
sion was linked with worse outcome in ESC patients.27–29 

The incidence of lymph node metastasis is more common 
in ESC than in endometrioid carcinoma,30–33 and lympha-
denectomy was associated with improved OS in ESC 
patients.34 Studies have demonstrated that LVSI was an 
independent prognostic factor for ESC patients.35,36 Garg 
et al showed that the risk of death was 4.3 times higher 
among stage IA ESC patients with positive peritoneal 
cytology compared to the negative cytology group.37 Our 
findings are similar to previously published observations 
that optimal cytoreduction correlates with improved out-
comes for patients with ESC.38–40 Of note, we found that 
PD-L1 positivity in tumor cells was significantly corre-
lated with advanced stage, deep myometrial invasion and 
LVSI.

Our study has several strengths relative to the previous 
studies. To our knowledge, our study is the first of this 
kind to focus on a large cohort of ESCs, especially con-
sidering the relative rarity of this kind of tumor. We 
utilized whole tissue sections to reduce sampling bias 
because of the frequent PD-L1 intra-tumor heterogeneity. 
Moreover, the genomic data from The Cancer Genome 
Atlas (TCGA) defined endometrial cancer types into four 
molecular subgroups: polymerase epsilon (POLE) ultra-
mutated, microsatellite instability, copy-number low, and 
copy-number high.41 Most of the copy-number-high 
tumors had TP53 mutations and diagnosed as high-grade 
serous cancers. Currently, analysis of TP53 mutations or 
p53 expression by IHC has been suggested as a reliable 
marker for these tumors.42 Of note, all ESC cases studied 
here were p53 mutant type by IHC analysis. Thus, our data 
may potentially provide clinically useful information ben-
efitting those copy-number-high tumors with PD-L1 
expression.

Our study also has limitations, notably that 34 mixed 
ESC cases were included and the lack of external valida-
tion in this ESC cohort. Such lack of external validation 
reflects the novelty of this study. Potential biases were also 
present, which were caused by other residual confounding 
factors, such as not adjusting ESC cases by TCGA classi-
fication, diabetes status, etc. Therefore, ESC areas should 
be confirmed by analysis of TP53 mutations in addition to 
p53 expression by IHC in the future. Intra-tumoral lym-
phocytes and macrophages usually have membranous 
staining, which may be misinterpreted as tumor cells. 
Future studies with a larger cohort and new testing such 

as multiplex IHC will be needed to further validate our 
findings.

Conclusion
In summary, PD-L1 is commonly expressed in tumor cells 
as well as in immune cells within the ESC cases we 
studied. Such observation suggests that immune therapy 
by targeting the PD-1/PD-L1 pathway may represent an 
alternative therapeutic choice for ESC. This may be parti-
cularly useful for those cases showing PD-L1 expression 
in ESC tumor cells because patients with such tumors have 
a worse outcome than those patients with negative PD-L1 
expression.

Abbreviations
ESC, endometrial serous carcinoma; PD-L1, programmed 
death-ligand 1; IHC, immunohistochemistry; BMI, body 
mass index; MI, myometrial invasion; LNM, lymph node 
metastasis; LVSI, lymphovascular space invasion; RD, resi-
dual disease; TPS, tumor proportion score; CPS, combined 
positive score; OS, overall survival; PFS, progression-free 
survival; HR, hazard ratio; CI, confidence interval.
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