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Background: The role of immune checkpoint inhibitors in endometrial cancer is limited. At present, the anti-programmed cell death 
protein 1 (anti-PD-1) antibody is only used in patients with recurrence or metastasis. CD40 is an important immune checkpoint, which 
is expressed in tumor cells and immune cells, but its distribution characteristics in endometrial carcinoma have not been explored.
Methods: Sixty-eight cases of primary endometrial carcinoma treated in Peking University People’s Hospital from January 2010 to 
December 2020 were collected, including 28 cases of poorly differentiated endometrioid adenocarcinoma, 23 cases of serous 
carcinoma and 17 cases of clear cell carcinoma. The relationship of CD40 expression and PD-L1 expression with their prognosis 
was analyzed by immunohistochemistry.
Results: We found that CD40 had higher expression in non-endometrioid endometrial carcinoma, which lead to the worse prognosis. 
The effect of high expression of CD40 on the prognosis of endometrioid adenocarcinoma was not significantly different, and most 
patients with good prognosis. We found that the proportion of CD40 distribution in tumor cells and immune cells may be associated 
with this heterogeneity.
Conclusion: The expression of CD40 in different endometrial cancers may indicate the difference prognosis, which may become 
a potential target for drug treatment of non-endometrioid endometrial carcinoma.
Keywords: endometrial cancer, CD40, PD-L1, heterogeneity, immune checkpoint

Introduction
Endometrial cancer (EC) is one of the most common cancer in women in the world.1 According to the estrogen exposure 
and pathological characteristics, EC is classified into Type I endometrioid endometrial adenocarcinoma (EEC), Type II 
non-endometrioid endometrial adenocarcinoma: endometrial serous carcinoma (ESC), endometrial clear cell carcinoma 
(ECC), and other non-endometrioid carcinoma. Although ESC represents only 5% of all endometrial carcinomas, ESC 
accounts for approximately 40% of all endometrial carcinoma-related deaths.2 In addition, endometrial cancer is also 
divided into different risk levels according to its pathological characteristics. High-risk endometrial cancer includes non- 
endometrioid (serous, clear, or carcinosarcoma), stage II and III endometrioid adenocarcinoma, and endometrioid stage I, 
grade 3 with >50% myometrial invasion and accounts for 80% of all endometrial cancer-related deaths.

Immune checkpoint inhibitors have significantly improved the choice of treatment strategies of advanced/recurrent 
EC. However, Anti-PD-1 regimens are more effective in POLE-mutated patients than in CN-High patients, mostly 
serous-like patients. Research has found that only 15% to 30% of patients respond to checkpoint inhibitors. Repeated 
antigen stimulation in the absence of durable antigen presentation and/or appropriate costimulatory signals may lead to 
T cell exhaustion and/or anergy and tolerance.3 Combination regimens that can decrease tumor microenvironment 
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immunosuppression and increase tumor immunogenicity represent a viable treatment option to broaden the activity of 
immune checkpoint inhibitors.4 Therefore, novel biomarkers for targeted immunotherapy in endometrial cancer will 
greatly improve treatment options.

CD40, a tumor necrosis factor (TNF) receptor family member, is expressed in a variety of cell types, including 
B lymphocytes, macrophages, fibroblasts, endothelial and epithelial cells, and this widespread expression is likely to 
account for its central role in normal physiology and disease pathogenesis.5 The researchers analyzed the immune 
microenvironment of endometrial carcinoma using the data of TCGA database, classified it into four types, POLE (DNA 
polymerase epsilon) mutations, microsatellite instability-high (MSI-H), copy number low (CN-low, wild type p53), and 
copy number high (CN-high, abnormal p53). The results showed that CD40 was highly expressed in CN-high 
endometrial carcinoma tissues which lacked inflammatory stroma, mainly serous like.6 This study suggests that CD40 
may present a cancer-promoting mechanism in this subtype and may be a potential therapeutic target. In the current 
study, we investigated the protein expression levels of CD40 and PD-L1 in relation to patient prognosis in different 
pathological types of high-risk endometrial carcinomas in 68 patients.

Materials and Method
Endometrial Cancer Patients
Sixty-eight cases of primary endometrial carcinoma treated in Peking University People’s Hospital from January 2010 to 
December 2020 were collected, including 28 cases of poorly differentiated endometrioid adenocarcinoma, 23 cases of 
serous carcinoma and 17 cases of clear cell carcinoma. Inclusion criteria: (1) patients all undergo surgery. Surgery 
included hysterectomy, bilateral adnexectomy, omentectomy, and in most cases lymphadenectomy, and confirmed by 
pathological examination; (2) None of them received radiotherapy, chemotherapy or targeted therapy before admission; 
Exclusion criteria: (1) combined with other non female reproductive system malignant tumors; (2) Combined with other 
gynecological tumors, eg fallopian tube cancer; (3) Previous history of breast cancer; (4) Incomplete clinical data and 
incomplete relevant examinations; (5) Mixed carcinoma. The clinical pathological factors, body mass index (BMI), 
diabetes, hypertension, history of tubal ligation, lymphadenectomy and postoperative adjuvant therapy were retrospec-
tively evaluated in 68 cases.

Follow-Up
Overall survival (OS) time of the patients was calculated as the interval from the date of diagnosis to the date of the last 
clinical control or death from the endometrial cancer-related causes until December 31, 2020. The follow-up time of the 
relapse-free survival rate (RFS) is defined as the time of the first recurrence or the last follow-up (if there is no 
recurrence) after hysterectomy. Kaplan–Meier curve was used to reflect the prognosis of patients with endometrial 
cancer.

Immunohistochemistry
All specimens were fixed with 10% formalin, routinely stained, dehydrated, embedded in paraffin, sectioned, 
stained with HE and immunohistochemistry. CD40 (Rabbit-anti-human monoclonal antibody, Abcam, ab224639, 
Clone no. EPR20735, Cambridge, UK) and PD-L1 (Rabbit anti-human monoclonal antibody, Abcam, ab205921, 
Clone no. 28-8, Cambridge, UK) were primary antibodies. The expressions of PD-L1 and CD40 were observed 
under inverted microscope. Immunohistochemical staining criteria: The evaluations of PD-L1 and CD40 expression 
were performed by independent pathologists, who were blinded to the clinicopathologic data, including the 
therapeutic response and survival time. Tumor Proportion Score (TPS, %) is used which is the percentage of 
viable cancer cells with partial or complete membrane expression (≥1+) relative to all viable cancer cells present in 
the entire sample (positive and negative). PD-L1 positivity or overexpression was defined as TPS more than 1% 
positive expression in tumor cells. The positive expression of CD40 is defined as more than 10% of tumor cells or 
interstitial cells.
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Statistical Analysis
SPSS 22.0 statistical software was used for data processing and statistical analysis. χ2 test or Fisher exact probability method 
and Ridit analysis were used for the comparison of ordered classification data between groups; Kendall’s tau-b method was 
used for correlation analysis of grade data. Prism 8 software is used to analyze the Kaplan–Meier survival curve. The P value 
of survival curve was calculated by log-rank (Mantel-Cox) test. The difference was statistically significant (P<0.05).

Results
Clinical Baseline Data for Three Types of Endometrial Cancer
There were no significant differences among the three types of high-risk endometrial cancers in menopause, complica-
tions and BMI, but there were significant differences in age among the three groups (P<0.05). About 82.6% of patients 
with endometrial serous carcinoma were older than 60 years old (Table 1).

CD40 Expression in Endometrial Cancer and Prognostic Outcomes
CD40 protein expression in situ were evaluated by IHC in 68 high-risk endometrial cancer samples with different 
pathological types. CD40 was expressed in 14.3% (4/28) of EEC, and the staining was mainly interstitial immune cells 
(Table 2, Figure 1A). CD40 was expressed in 69.6% (16/23) of ESC, and the staining was distributed to more tumor cells 
(Table 2, Figure 1A). CD40 was expressed in 47.1% (8/17) of ECC, and the staining is present both in cancer cells and 
interstitial immune cells (Table 2, Figure 1A). The above results suggest that the expression of CD40 in non-endometrioid EC 
is significantly higher than in EEC, which suggests that CD40 may have different roles in the two types of endometrial cancer.

We first analyzed the impact of CD40 expression level on the prognosis of high-risk endometrial cancer patients. We 
found that high level of CD40 has no significant effect on the OS and RFS of high-risk endometrial cancer (Figure 2A and 
D). Interestingly, we have some new findings when we stratified the pathological subtypes of these endometrial cancer 
patients. Positive expression of CD40 was associated with worse overall survival (OS) of non-endometrioid endometrial 
cancer including ESC and ECC (P < 0.05) (Figure 2B). Unfortunately, the data shows that there is no significant difference 
between high and low expression of CD40 in the prognosis of RFS in ESC and ECC patients, which may be due to the 

Table 1 Clinical Baseline Data for Three Different Pathological Types of Endometrial 
Cancer

Characteristics Endometrioid Non-Endometrioid P value

EEC ESC ECC

Age (y)

<60 16 4 8 0.014

≥60 12 19 9
Parity history

0 2 1 1 0.915

≥1 26 22 16
Menopause

No 6 0 3 0.066

Yes 22 23 14
Complication

Diabetes mellitus Yes 11 4 3 0.134

No 17 19 14
Hypertension Yes 13 10 7 0.940

No 15 13 10

BMI (kg/m2)
<28 22 19 15 0.711

≥28 6 4 2

Abbreviations: EEC, endometrioid endometrial adenocarcinoma; ESC, endometrial serous cancer; ECC, endo-
metrial clear cell cancer; BMI, Body mass index.
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limitation of the number of cases (Figure 2E). On the contrary, it was observed that the high expression of CD40 in type 
I EEC showed no significant difference in OS and RFS, and most patients with good prognosis (Figure 2C and F).

PD-L1 Expression in Endometrial Cancer and Prognostic Outcomes
The PD-L1 expression was detected by IHC in the same 68 endometrial cancer samples. PD-L1 was expressed in 17.9% 
(5/28) of EEC, 17.4% (4/23) of ESC, and 35.3% (6/17) of ECC, and the staining is present both in cancer cells and 
interstitial immune cells (Table 2, Figure 1B).

Table 2 Positive Proportion of PD-L1 and CD40 in Immunohistochemistry

Classification Result PD-L1 CD40

EEC (N=28) (endometrioid) Negative 23 (82.1%) 24 (85.7%)
Positive 5 (17.9%) 4 (14.3%)

ESC (N=23) (non-endometrioid) Negative 19 (82.6%) 7 (30.4%)

Positive 4 (17.4%) 16 (69.6%)
ECC (N=17) (non-endometrioid) Negative 11 (64.7%) 9 (52.9%)

Positive 6 (35.3%) 8 (47.1%)

Abbreviations: EEC, endometrioid endometrial adenocarcinoma; ESC, endometrial serous cancer; ECC, endometrial clear 
cell cancer.

Figure 1 In situ protein expression of CD40 and PD-L1 in different types of endometrial carcinoma. (A) CD40 expression in different types of endometrial carcinoma. (B) 
PD-L1 expression in different types of endometrial carcinoma. The black tip points to the positive CD40 expression.
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Figure A and D data show that PD-L1 has no significant impact on OS and RFS in 68 high-risk endometrial cancer 
patients (Figure 3A and D). We conducted further stratified analysis and found that the expression level of PD-L1 still has 
no relevant influence on the OS and RFS of non-endometrioid ESC and ECC patients (Figure 3B and E). Encouragingly, 
EEC patients with high expression of PD-L1 showed a better prognosis trend in OS and DFS, although it was not 
statistically significant (Figure 3C and F).

Discussion
In this study, we demonstrate that the relationship of CD40 and PD-L1 with prognostic outcomes of high-risk 
endometrial cancer patients. The higher expression level of CD40 positively correlates with the worse prognosis of non- 
endometrioid EC patients. EEC patients with high expression of PD-L1 showed a better prognosis trend, although there 
was no statistical significance.

Immune checkpoint inhibitors targeting the PD-1/PD-L1 pathway have significantly increased survival in randomized 
trials.7 It prevents the activation of T-cells by blocking antibodies to activate T cell and inhibit adaptive immune 
resistance.8 However, the latest KEY-NOTE-028 clinical trial reported only a 48% response rate with pembrolizumab 
in an all-comers EC population.9 The objective response rate of patients with recurrent endometrial cancer to 

Figure 2 Heterogeneity of CD40 expression in different types of endometrial cancer affects opposite prognostic outcomes. (A–C) CD40 expression and OS of high-risk 
EC patients, non-endometrioid endometrial carcinoma (ESC+EEC) and high-risk endometrioid endometrial carcinoma (EEC). The red line represents positive expression, 
and the blue line represents negative expression. (D–F) CD40 expression and RSF of high-risk EC patients, non-endometrioid endometrial carcinoma (ESC+EEC) and high- 
risk endometrioid endometrial carcinoma (EEC). The red line represents positive expression, and the blue line represents negative expression. 
Abbreviations: OS, overall survival; RSF, relapse-free survival rate; EEC, endometrioid endometrial adenocarcinoma; ESC, endometrial serous cancer; ECC, endometrial 
clear cell cancer.
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pembrolizumab and lenvatinib was only 23.8%.10 One theory of this resistance was existed in tumor T-cell infiltration, 
impaired T cell function and lack of tumor-infiltrating lymphocytes in the tumor microenvironment (TME). The best EC 
molecular type candidates to respond to anti-PD-1/PD-L1 treatment are POLE-mutated MSI EC and MS-stable/TMB- 
high tumors.11,12 The majority of patients with recurrent/metastatic disease will be in the serous-like or CN-high, with 
lower number of mutations and less important or absent inflammatory stroma. Restore T cell functionality and infiltration 
and elimination of immune suppression is one way for therapy.

Our research result is partially consistent with that of Zong et al, which mainly shows that the high expression of PD- 
L1 in tumor cells is related to favorable prognosis of high-risk endometrial cancer.13 Recently, a meta-analysis study 
showed that high expression of PD-L1 in immune cells had a significant association with worse OS of EC patients.14 

These studies suggest that the expression of PD-L1 in immune cells and tumor cells has different effects on the prognosis 
of patients with endometrial cancer.

CD40 is a costimulatory receptor molecule of the tumor necrosis factor (TNF) receptor superfamily. Activation of 
CD40 by its ligand, CD40L (also called CD154), enables DCs to mature into professional APCs, often referred to as 
licensed DCs, and provides necessary signals for T cell activation as well as numerous other signals. Agonistic CD40 
antibodies have been shown to effectively inhibit tumor growth and prolong survival in several tumor models.15 Recent 

Figure 3 PD-L1 expression in different types of endometrial cancer and prognostic outcomes. (A–C) PD-L1 expression and OS of high-risk EC patients, non-endometrioid 
endometrial carcinoma (ESC+EEC) and high-risk endometrioid endometrial carcinoma (EEC). The red line represents positive expression, and the blue line represents 
negative expression. (D–F) PD-L1 expression and RSF of high-risk EC patients, non-endometrioid endometrial carcinoma (ESC+EEC) and high-risk endometrioid 
endometrial carcinoma (EEC). The red line represents positive expression, and the blue line represents negative expression. 
Abbreviations: OS, overall survival; RSF, relapse-free survival rate; EEC, endometrioid endometrial adenocarcinoma; ESC, endometrial serous cancer; ECC, endometrial 
clear cell cancer.
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research showed that the combination of CD40 agonists has a good response rate in some cancer patients with resist to 
Anti-PD-1/PD-L1.16,17

Our data showed that positive CD40 expression associated with the worse prognosis of non-endometrioid EC 
patients. We observed that many CD40 are expressed not only in immune cells but also in a large number of tumor 
cells. The up-regulated expression of CD40 in cancer cells of non-endometrioid EC patients may promote the malignant 
progression of cancer, immune escape, and lead to poor prognosis. The research on CD40 mainly focuses on tumor- 
related immune cells, such as macrophages, B cells and dendritic cells, boosting antitumor immunity. But its research on 
tumor cells is limited.18,19 A small number of literature have explored the dual role of CD40 pathway in the activation of 
macrophages in the survival and invasion of human endometrial carcinoma cells.20,21 The effect of CD40/CD40L signal 
pathway on the proliferation and apoptosis of tumor cells is inconsistent in different tumor types, such as malignant 
B cells, breast cancer, and renal cell carcinoma.22 Studies showed that the expression of CD40 on melanoma cells is 
indispensable for its better response to immune checkpoint.19,23 CD40-CD40L is a complex signal pathway, which is 
involved in multiple interactions between tumor cells and immune cells in the microenvironment.

There are some limitations to this study. Firstly, the total number of cases is relatively small, and larger sample size 
studies are needed to further validate the expression of CD40 and PD-L1 in different pathological subtypes of 
endometrial cancer. Secondly, this study did not independently score stromal cells and tumor cells due to the limitations 
of the number of cases. Thirdly, the expression of CD40 and PD-L1 may be highly correlated with the new molecular 
typing of endometrial cancer, and we need further analysis in the future. In conclusion, this study found that the 
expression of CD40 in different endometrial cancers may indicate the difference prognosis and may become a target for 
drug treatment of non-endometrioid endometrial carcinoma.
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