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Introduction: No prior meta-analysis has investigated the impact of

programmed cell death protein 1 (PD-1) inhibitor therapy on survival outcomes

in patients with advanced or recurrent uterine cancers (including both corpus

and cervical cancers).

Methods: A comprehensive search of PubMed and Embase databases was

conducted, covering the past 10 years (up to August 2023) and encompassing

all clinical research related to uterine cancer. Five randomized controlled trials

and one cohort study met the inclusion criteria and were included in the meta-

analysis. Data on patient demographics, clinical characteristics, treatment

regimens, and survival outcomes were extracted. Hazard ratios (HRs) for

overall survival (OS) and progression-free survival (PFS), as well as the relative

risk of grade 3 or higher adverse events, were pooled using random-

effects models.

Results: Patients receiving PD-1 inhibitors had better OS (HR, 0.65, 95% CI, 0.59–

0.72; P<.001) and PFS (HR, 0.59, 95% CI, 0.49–0.70; P<.001) than those receiving

variable non-PD-1 inhibitor therapies among 3452 uterine cancer patients. The

leave-one-out meta-analysis of the HR of OS showed no individual study impact

on the estimation of the overall effect size. Subgroup analysis revealed better OS

in the PD-1 inhibitors use than the controls in cervical cancer (HR, 0.68, 95% CI,

0.59–0.79), endometrial cancer (HR, 0.62, 95% CI, 0.54-0.72), and

pembrolizumab use (HR, 0.66, 95% CI, 0.57–0.75) subgroups. Patients with

advanced cervical cancer, who had CPS > 1, receiving PD-1 inhibitors have

statistically significant benefits in OS compared to controls (HR, 0.65, 95% CI,

0.53-0.80). The pooled HR for overall survival was 0.71 (95% CI, 0.60-0.82;

P<.001) in patients who received PD-1 inhibitors as compared to those who did

not receive PD-1 inhibitors in proficient mismatch repair (MMR) endometrial

cancer patients. However, in deficient MMR patients, the HR was 0.30 (95% CI,
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0.13-0.70). The relative risk of grade 3 or higher adverse events was not higher in

the PD-1 inhibitor group (relative risk, 1.12, 95% CI, 0.98–1.27).

Conclusion: Survival was significantly better using PD-1 inhibitor therapy than

variable non-PD-1 inhibitor chemotherapies among patients with advanced or

recurrent uterine cancers.
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Introduction

Biomarkers are increasingly guiding treatment decisions in

immuno-oncology, including programmed cell death protein 1

(PD-1) and its ligand programmed cell death-ligand 1(PD-L1)

expression, microsatellite instability (MSI) status, and mismatch

repair (MMR) and total mutation burden (TMB) assessment (1–3).

Specifically, MSI is a form of genetic hypermutability causing short

insertion/deletion mutations in DNA, primarily at microsatellite

sequences. It arises in tumor tissues due to defective DNA MMR,

often caused by genetic or epigenetic inactivation of MMR pathway

proteins (MLH1, MSH2, MSH6, PMS2) (4–6). The KEYNOTE-158

pembrolizumab trial established a ≥10 mutations per million bases

cutoff for high TMB (7). Notably, analysis of 16,300 gynecologic

cancer samples revealed significantly lower expression of PD-1/PD-

L1, MSI-high (MSI-H), or high TMB in ovarian cancers compared

to uterine cervical and corpus cancers (8). Strikingly, uterine corpus

cancer harbors a much higher prevalence of MSI-H/dMMR (17.7%)

compared to ovarian cancer (only 1.1%). Similarly, PD-1 expression

is significantly higher in uterine cervical cancer (38.3%) than in

ovarian cancer (7.8%). Additionally, high TMB is observed in both

cervical (21.1%) and uterine corpus cancer (19.7%), further

contrasting with the low rate in ovarian cancer. These stark

disparities in potential response biomarkers suggest that immune

checkpoint inhibitors (ICIs) might hold greater promise for treating

uterine cervical and corpus cancers compared to ovarian cancer.

Uterine cancers comprise two distinct types: cervical cancer and

corpus cancer. The vast majority of corpus cancers, originating

from the endometrium, are adenocarcinomas, commonly called

endometrial cancer (9). GLOBOCAN 2020 paints a concerning

picture: cervical cancer ranks as the fourth most common cancer

among women globally and second in developing countries,

claiming the top spot for gynecological cancer fatalities. Uterine

corpus cancer follows closely behind, ranking sixth most common

and second most diagnosed gynecological malignancy worldwide.

Tragically, nearly 440,000 women succumbed to these cancers in

2020 alone (10).

Although conventional therapies like surgery, chemotherapy,

and radiotherapy have progressed, survival for advanced or

recurrent uterine cancers remains grim. For metastatic or
02
recurrent cervical cancer, options beyond first-line chemotherapy

and bevacizumab are scarce. Second-line chemotherapy provides

limited benefit, with modest response rates ranging from 15-20%

(11, 12). Conversely, about 67% of endometrial cancer cases are

low-grade and early-stage, boasting an impressive 81% five-year

survival rate (13). However, the outlook worsens for advanced

stages, with most patients progressing within a year. Alarmingly,

both incidence and mortality from endometrial cancer are rising,

and this trend shows no signs of slowing (14). Targeted therapies

offer a ray of hope for these challenging “hot tumors” characterized

by high TMB. These revolutionary approaches have transformed

the treatment landscape for advanced or recurrent cervical and

endometrial cancers, potentially improving outcomes for patients

facing limited options. Immunotherapy, particularly with PD-1

inhibitors, has emerged as a promising weapon against cervical

cancer and other malignancies (15). Studies show that 26% of

patients with advanced, recurrent, PD-L1-positive endometrial

carcinoma achieve remission or stabilization using these drugs

(16). Additionally, a non-randomized study suggests potential

antitumor activity of pembrolizumab, a specific PD-1 inhibitor,

across various tumors (7). While pembrolizumab received United

States Food and Drug Administration approval for advanced

cervical cancer in June 2018, no meta-analysis has evaluated the

impact of PD-1 inhibitors on survival outcomes across the entire

spectrum of advanced or recurrent uterine cancers, encompassing

both endometrial and cervical types. This meta-analysis aims to fill

this gap by investigating whether PD-1 inhibitor therapy

significantly improves patient survival in this population.
Materials and methods

Search strategy and eligibility criteria

This study was exempt from institutional review board approval

and adhered to the Preferred Reporting Items for Systematic Reviews

and Meta-Analyses (PRISMA) guidelines (17). A systematic review

was conducted by searching the PubMed and Embase databases for

clinical trials involving women with uterine cancer published in the

past ten years, up to August 2023. The following search terms were
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used: uterine cancer, cancer of uterus, cervical cancer, uterine cervical

cancer, cancer of uterine cervix, endometrial cancer, programmed cell

death 1, pembrolizumab, keytruda. The detailed search strategy for

PubMed is provided in the supplementary file. After screening titles

and abstracts of English-language literature, two authors (P.H.W. and

K.W.L.) independently reviewed full-text articles, extracted data, and

assessed quality. Disagreements were resolved through consensus

meetings. The inclusion criteria for full-text review were: (1)

enrollment of women with metastatic, advanced, or recurrent

uterine corpus or cervical cancers who received PD-1 inhibitor

treatment; (2) comparison of overall survival (OS) or progression-

free survival (PFS) between patients receiving PD-1 inhibitors and

those receiving no PD-1 inhibitors; (3) provision of a survival analysis

model for hazard ratio (HR) comparison accounting for censoring

and unequal follow-up between the two groups; and (4) follow-up of

at least 24 months based on survival plotting in both groups. Studies

were excluded if they were: (1) clinical trials without formal published

articles; (2) articles that were not randomized controlled trials or non-

cohort studies focused on survival analysis; or (3) clinical studies that

only reported response rates but not survival analysis.
Quality assessment, data extraction and
outcomes of interest

The quality of the included studies was assessed using the

appropriate tools from the US National Institutes of Health Quality

Assessment of controlled intervention studies, observational cohort

studies, and cross-sectional studies (18). Two reviewers independently

extracted data from eligible studies and entered it into a standardized

form. This data included the first author, publication year, trial

acronym, study design, cancer types, number of patients receiving

PD-1 inhibitors versus those without them, treatment and control

group regimens, participant age, median follow-up duration, median

progression-free survival (PFS) and overall survival (OS) in months,

and hazard ratios (HRs) with 95% confidence intervals (CIs) for OS

and PFS. Additionally, grade 3-5 adverse events were compared

between PD-1 inhibitor and non-PD-1 inhibitor treatment groups, as

reported using the National Cancer Institute Common Terminology

Criteria for Adverse Events, version 4.0 (19).
Endpoints

The primary outcomes of interest were the HR comparisons of

OS and PFS between patients receiving PD-1 inhibitor treatment

and those receiving no PD-1 inhibitor treatment. The secondary

endpoints were the incidences of treatment-related adverse events.
Statistical analyses

All data syntheses and analyses were conducted using Stata/MP

version 17.0 software (StataCorp, College Station, TX, USA).

Recognizing potential variability in study effects, a random-effects

model was employed to separately estimate the pooled hazard ratio

(HR) with 95% confidence intervals (CI) for patient survival and the
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events of grade 3 or higher. Statistical significance was assessed with

a p-value of 0.05 or less. For both outcomes, required data not

reported in the original studies were transformed following

established methods (20). Subgroup analyses were conducted

based on cancer type, treatment regimen, permbrolizumab use,

combined positive score (CPS), and MMR status. Data

homogeneity was assessed using Cochran’s chi-square Q test and

I² statistic for each outcome. Sensitivity analysis via leave-one-out

meta-analysis examined the stability of results for both outcomes.

Potential publication bias for each outcome was evaluated through

funnel plots and Egger’s test, with p < 0.1 indicating significance.
Results

Studies conforming to the inclusion criteria

Our search strategy identified 178 articles associated with

uterine cancers. After removing duplicates (n = 26), 152 articles

remained. Title and abstract screening excluded 122 articles, leaving

30 for full-text review. Among these, 24 were excluded due to no

controls (n = 19) and overlap with previously included cohorts (n =

5). The detailed enrollment flowchart is shown in Figure 1. Six

articles were ultimately included for final analysis (21–26). Table 1

summarizes their basic characteristics. A total of 3,452 patients were

enrolled. Five of the six studies were randomized controlled trials.

Two of these focused on patients with cervical cancer, while the

remaining three primarily focused on endometrial cancer. The

remaining study was a cohort study that investigated endometrial

cancer patient survival. The HR for OS and for PFS can be assessed

in five of the six studies, respectively. One study reported survival

outcomes stratified by mismatch repair (MMR) status only;

therefore, pooled HRs were calculated separately for each group

(26). No publications were excluded due to quality concerns, as

assessed using the National Institutes of Health quality assessment

tool. Four studies were rated “good” and two were rated “fair” in

overall quality. The detailed quality assessment is presented in

Table 2. Among the PD-1 inhibitor treatment regimens, three

studies used pembrolizumab, while cemiplimab, nivolumab, and

dostarlimab were used in one study each. Adjuvant monotherapy

with cemiplimab was used in one study, while combined therapy

was prescribed in the remaining five PD-1 inhibitor studies.

Chemotherapy was used in all control groups for comparison.

Adverse events were reported in five randomized controlled trials.

The patient population included 1,225 cervical cancer patients and

2,227 endometrial cancer patients. Subgroup analyses for survival

were performed based on cancer type (cervical vs. endometrial). In

cervical cancer, pooled HRs were assessed based on CPS, while in

endometrial cancer, they were assessed based on MMR status.
Impact of PD-1 inhibitor therapy
on survival

Meta-analysis revealed that patients with uterine cancer who

received PD-1 inhibitors had a better OS compared to patients in
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the diverse non-PD-1 inhibitor chemotherapy group across five

studies. The pooled HR for OS was 0.65 (95% CI: 0.59–0.72, p <.001;

I² = 10.02%, Cochran’s p = 0.35) (Figure 2A). Similarly, the pooled

HR for PFS across five studies was 0.59 (95% CI: 0.49–0.70, p <.001;

I² = 73.08%, Cochran’s p = 0.01) (Figure 2B).
Publication bias and sensitivity analysis

The Egger’s test indicated potential publication bias for both OS

and PFS (P = 0.066 and P = 0.009, respectively). Funnel plots for

both outcomes also show some asymmetry, further suggesting

possible publication bias (Figures 3A, B). However, leave-one-out

sensitivity analyses of the HR for OS and PFS revealed that no single
Frontiers in Immunology 04
study significantly impacted the overall effect size estimates

(Supplementary Figure 1A, B).
Subgroup analysis

The pooled HR for OS in patients with cervical cancer who

received PD-1 inhibitors was 0.68 (95% CI: 0.59–0.79, p <.001; I² =

0%, Cochran’s p =.84; Supplementary Figure 2A) (21, 22). Similarly,

the pooled HR for OS in patients with endometrial cancer who

received PD-1 inhibitors was 0.62 (95% CI: 0.54-0.72, p <.001; I² =

0%, Cochran’s p =.16) (Supplementary Figure 2A) (23–25). Among

patients with uterine cancers, pembrolizumab, a common PD-1

inhibitor, showed a pooled HR of 0.66 for OS (95% CI: 0.57–0.75,
FIGURE 1

Flow diagram demonstrating the process of publication review and the inclusion of eligible studies.
TABLE 1 Characteristics of the enrolled studies.

Study,
years Design

Cancer
type

Number
(T/C)a

Regimen (T) Regimen (C) Age
(year)

FU
duration
(mo)b

Median
PFS (mo)

Median
OS (mo)

Colombo
et al. (21)

RCT
Cervix 308/309 Pembro + CT

± BEV
Placebo + CT

± BEV
51 vs 50 22.0 10.4 vs 8.2 24.4 vs

16.3-16.5

Tewari
et al. (22)

RCT
Cervix 304/304 Cemiplimab Single-agent CTc 51 vs 50 18.2 2.8 vs 2.9 12.0 vs 8.5

Liao
et al. (23)

Cohort
study

EM 52/41 NIVO + BEV PTX + BEV 46.7
vs 45.2

NA NA 33.2 vs 21.8

Makker
et al. (24)

RCT
EM 411/416 Pembro + Lenva DOX or PTX 64 vs 65 12.2 vs 10.7 7.2 vs 3.8 18.7 vs 11.9

Mirza
et al. (25)

RCT
EM 245/249 Dostarlimab

+ CT
Placebo + CT 64 vs 65 25.4 NA NA

Eskander
et al. (26)

RCT
EM (d)* 112/113 Pembro + CT Placebo + CT 67 vs 66 12 NR vs 7.6 NA

(p)† 293/295 Pembro + CT Placebo + CT 66 vs 65 7.9 13.1 vs 8.7 NA
f

aCase numbers in programmed cell death protein 1 inhibitors group and control group, respectively
bRepresented mean or median as reported
cVariable regimen includes pemetrexed, gemcitabine, topotecan, irinotean, vinorelbine … etc
*(d) Data stands for patient number in the deficient mismatch repair group.
†(p) Data stands for patient number in the proficient mismatch repair group.
T, treatment group; C, control group; FU, follow up; mo, months, PFS, progression-free survival; OS, overall survival; RCT, randomized control trial; EM, endometrium; Pembro,
Pembrolizumab; Lenva, Lenvatinib; CT, chemotherapy; BEV, Bevacizumab; NIVO, nivolumab; DOX, Doxorubicin; PTX, Paclitaxel; NA, not available; NR, not reached.
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p<.001; Supplementary Figure 2B) (21, 24). Its pooled HR for PFS

was 0.53 (95% CI: 0.41-0.67, p <.001; Supplementary Figure 2C).

Focusing on cervical cancer, patients with a CPS greater than 1

who received PD-1 inhibitor therapy had better OS compared to

those who did not (pooled HR: 0.65, 95% CI: 0.53-0.80; p <.001;

Supplementary Figure 2D) (21, 22). However, for patients with CPS

less than 1, the pooled HR for OS showed no significant

improvement with PD-1 inhibitors compared to non-PD-1

inhibitor therapies (pooled HR = 0.99, 95% CI = 0.67–1.47; p =

0.95; Supplementary Figure 2E).

In endometrial cancer, considering mismatch repair MMR

status, the pooled HR for OS was 0.71 (95% CI: 0.60-0.82;

p <.001; Supplementary Figure 2F) in pMMR patients who

received PD-1 inhibitors compared to those who did not (24, 25).

For dMMR patients, the HR for OS was 0.30 (95% CI: 0.13-0.70) in

the PD-1 inhibitor group (25). Overall, the pooled HR for OS in all

endometrial cancer patients receiving PD-1 inhibitors was 0.69

(95% CI: 0.59–0.80; p = 0.05; Supplementary Figure 2F). Notably,

the reduction in HR for OS appeared more pronounced in dMMR

patients (Supplementary Figure 2F). Similarly, the pooled HR for

PFS was 0.63 (95% CI: 0.52-0.75; p <.001; Supplementary

Figure 2G) in pMMR patients treated with PD-1 inhibitors

compared to controls (24–26). In dMMR patients, the pooled HR
Frontiers in Immunology 05
for PFS was 0.29 (95% CI: 0.20-0.42; p <.001) with PD-1 inhibitors

(25, 26). The overall pooled HR for PFS in all endometrial cancer

patients receiving PD-1 inhibitors was 0.49 (95% CI: 0.34-0.70; p

<.001). The HR reduction for PFS also seemed more significant in

dMMR patients.
Adverse events

Five randomized controlled studies reported adverse events.

Among patients treated with PD-1 inhibitors, 1,143 out of 1,639

(69.7%, 95% CI: 67.5%–72.0%) experienced cumulative grade 3–5

adverse events. The most common grade 3-5 adverse events were

hypertension (205 patients), anemia (193 patients), neutropenia (72

patients), urinary tract infection (59 patients), and weight loss (44

patients). The aggregated incidence rate of grade 3–5 adverse events

in the PD-1 inhibitor treatment group was 69%, with substantial

heterogeneity (95% CI: 53%–85%, p <.001; I² = 98.43%, Cochran’s

p <.001) (Supplementary Figure 3A). The pooled relative risk of

grade 3–5 adverse events for PD-1 inhibitors compared to controls

was 1.12 (95% CI: 0.98–1.27), indicating no significant difference in

adverse events between the PD-1 inhibitor and non-PD-1 inhibitor

groups (Supplementary Figure 3B).
TABLE 2 Quality Assessment of the Included Studies.

Study NIH quality assessment tool for controlled intervention studies

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Quality rating

Colombo et al. (21) ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✕ ✓ ✓ ✓ ✓ ✓ Good

Tewari et al. (22) ✓ ✓ ✓ ✕ ✕ ✓ ✓ ✓ ✕ ✓ ✓ ✓ ✓ ✓ Good

Makker et al. (24) ✓ ✓ ✓ ✕ ✕ ✓ NR NR CD ✓ ✓ ✓ ✓ ✓ Fair

Mirza et al. (25) ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ Good

Eskander et al. (26) ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ Good

NIH quality assessment tool for observational cohort and cross-sectional studies

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Quality rating

Liao et al. (23) ✓ ✓ ✓ ✓ ✕ ✓ ✓ NA ✓ ✓ ✓ ✕ NR ✕ Fair
NIH, National Institutes of Health; ✓ = Criterion was met; x = Criterion was not met; NR, not reported; CD, cannot determine; NA, not applicable. Good = met 7–9 criteria; fair = met 4–6
criteria; poor = met 0–3 criteria.
Questions for controlled intervention studies:
Q1 = Was the study described as randomized, a randomized trial, a randomized clinical trial, or an RCT?; Q2 = Was the method of randomization adequate (i.e., use of randomly generated
assignment)? Q3 = Was the treatment allocation concealed (so that assignments could not be predicted)?; Q4 = Were study participants and providers blinded to treatment group assignment?;
Q5 = Were the people assessing the outcomes blinded to the participants’ group assignments?; Q6 = Were the groups similar at baseline on important characteristics that could affect outcomes
(e.g., demographics, risk factors, co-morbid conditions)?; Q7 = Was the overall drop-out rate from the study at endpoint 20% or lower of the number allocated to treatment?; Q8 = Was the
differential drop-out rate (between treatment groups) at endpoint 15 percentage points or lower?; Q9 = Was there high adherence to the intervention protocols for each treatment group?; Q10 =
Were other interventions avoided or similar in the groups (e.g., similar background treatments)?; Q11 = Were outcomes assessed using valid and reliable measures, implemented consistently
across all study participants?; Q12 = Did the authors report that the sample size was sufficiently large to be able to detect a difference in the main outcome between groups with at least 80%
power?; Q13 = Were outcomes reported or subgroups analyzed prespecified (i.e., identified before analyses were conducted)?; Q14 = Were all randomized participants analyzed in the group to
which they were originally assigned, i.e., did they use an intention-to-treat analysis?
For observational cohort and cross-sectional studies
Q1 = Was the research question or objective in this paper clearly stated?; Q2 = Was the study population clearly Was the participation rate of eligible persons at least 50%?; Q4 = Were all the
subjects selected or recruited from the same or similar populations (including the same time period)? Were inclusion and exclusion criteria for being in the study prespecified and applied
uniformly to all participants?; Q5 = Was a sample size justification, power description, or variance and effect estimates provided?; Q6 = For the analyses in this paper, were the exposure(s) of
interest measured prior to the outcome(s) being measured?; Q7 = Was the timeframe sufficient so that one could reasonably expect to see an association between exposure and outcome if it
existed?; Q8 = For exposures that can vary in amount or level, did the study examine different levels of the exposure as related to the outcome (e.g., categories of exposure, or exposure measured as
continuous variable)?; Q9 = Were the exposure measures (independent variables) clearly defined, valid, reliable, and implemented consistently across all study participants?; Q10 = Was the
exposure(s) assessed more than once over time?; Q11 = Were the outcome measures (dependent variables) clearly defined, valid, reliable, and implemented consistently across all study
participants?; Q12 = Were the outcome assessors blinded to the exposure status of participants?; Q13 = Was loss to follow-up after baseline 20% or less?; Q14 = Were key potential confounding
variables measured and adjusted statistically for their impact on the relationship between exposure(s) and outcome(s)?
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Discussion

This meta-analysis demonstrates that PD-1 inhibitor therapy is

significantly more effective than other standard treatments, such as

conventional chemotherapy and targeted therapies, for patients

with advanced or recurrent uterine cancers. Patients treated with

PD-1 inhibitors experienced a remarkable 35% reduction in the risk

of death and a 41% reduction in disease progression compared to

those on other treatments. Subgroup analysis showed these positive

effects across both endometrial and cervical cancers. Specifically,
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PD-1 inhibitor therapy improved overall survival by 38% in

endometrial cancer patients, with an associated 32% reduction in

mortality in patients with cervical cancer.

Research suggests that PD-1 inhibitors may offer a significant

survival benefit for patients with advanced uterine cancer,

particularly those with mismatch repair (dMMR) or high

microsatellite instability (MSI-H). Studies by Mirza et al., Makker

et al., and Eskander et al. show a clear reduction in overall survival

and progression-free survival risk when dMMR/MSI-H patients

receive PD-1 inhibitors compared to non-PD-1 treatments (24, 25).
A

B

FIGURE 2

Meta-analysis of studies on the prognosis in patients treated with programmed cell death protein 1 (PD-1) inhibitors compared with those treated
with variable non-PD-1 inhibitor therapies in hazard ratio (HR) of overall survival (A) and of progression-free survival (B) in patients with uterine
cancers. HR_OS, hazard ratio of overall survival; HR_PFS, hazard ratio of progression free survival. (d), cohort with deficient mismatch repair; (p),
cohort with proficient mismatch repair.
FIGURE 3

Funnel plots for the evaluation of publication bias in studies regarding the hazard ratio (HR) of overall survival (A) and of progression-free survival
(B) in patients with uterine cancers who were treated with programmed cell death protein 1 (PD-1) inhibitors compared with those treated with
variable non-PD-1 inhibitor therapies.
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This contrasts with findings by Liao et al., where dMMR patients

treated with chemotherapy experienced worse outcomes than their

pMMR counterparts, but showed similar survival benefits with PD-

1 inhibitors (23). These results suggest that while dMMR/MSI-H

patients might have the poorest response to chemotherapy, they

could potentially experience significant improvement with PD-1

therapy. Similarly, pembrolizumab monotherapy appears to be less

effective in patients with microsatellite stable (MSS) or pMMR

disease compared to those with MSI-H or dMMR disease (7).

Similar trends are observed in cervical cancer, where PD-1

inhibitors demonstrate improved survival only in patients with

high combined positive score (CPS), indicating greater tumor

mutational burden and potential immune response activation.

These findings highlight the critical role of genomic expression

profiles in predicting responses to PD-1 inhibitors. While the

current evidence is promising, further research with larger studies

and pairwise comparisons based on genomic expression is crucial

for validation. This will provide valuable guidance for healthcare

systems considering expanding access to PD-1 inhibitors for

specific patient subgroups (24, 25).

Four PD-1 inhibitors (pembrolizumab, cemiplimab, nivolumab,

and dostarlimab) were used for treating advanced uterine cancer in

the included study. These drugs work by blocking the interaction

between PD-1 and its ligands, unleashing the immune system’s

cytotoxic forces to attack and destroy tumors (27). Subgroup

analysis revealed pembrolizumab’s potential to improve overall

survival. Studies suggest its use with chemotherapy as a first-line

treatment for recurrent or metastatic head and neck squamous cell

carcinoma (HNSCC) and monotherapy for PD-L1-positive HNSCC

(28). Additionally, Makker et al. found that lenvatinib combined

with pembrolizumab significantly improved overall survival in

advanced endometrial cancer compared to chemotherapy alone

(29). However, lenvatinib alone has limited efficacy in recurrent

cases (30). Crucially, the included studies employed diverse

treatment regimens, highlighting the need for further research to

determine the optimal approach for each patient subgroup. This

multifaceted approach makes pinpointing the most effective

combination challenging. Further investigation is also needed in

several areas. While initial and mid-term results are encouraging,

long-term monitoring of both safety and efficacy is crucial for

optimal patient care and long-term policy decisions regarding PD-1

inhibitor use. Additionally, the high cost of these drugs raises

concerns about affordability and equitable access within

healthcare systems. Cost-effectiveness analyses are essential to

explore strategies for ensuring broader access to these potentially

life-extending therapies.

Almost 70% of uterine cancer patients receiving PD-1 inhibitors

faced serious side effects (grade 3-5), but the exact percentage varied

across studies. These side effects, including high blood pressure and

anemia, were generally similar to those experienced by patients on

other treatments. Importantly, the risk of serious side effects

remained comparable between the PD-1 and non-PD-1 groups

(pooled risk rate estimate: 1.12, 95% CI: 0.98–1.27). However, one

study suggests that cemiplimab monotherapy, a specific PD-1

inhibitor, might offer lower rates of these side effects compared to

chemotherapy (22).
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There were some limitations in this study. First, different

regimens were prescribed in the treatment and control groups

among these studies. The heterogeneity exists for the assessment

of PFS in uterine cancers and the assessment of PFS in

pembrolizumab treatment. However, we also did a sensitivity

analysis with leave-one-out meta-analysis to test the robustness of

our findings and showed that no individual study had a statistically

significant impact on the estimation of the overall effect size.

Second, only six researches were candidates for patient survival in

the meta-analysis with a small sample size after we tried our best to

search the extensive literature. Third, the results of the Egger test

and the asymmetry of the funnel plot for overall survival and

progression-free survival suggest that some publication bias may

exist. Therefore, the analysis results should be interpreted with

caution. There may be some heterogeneities in the included studies,

such as cancer type, treatment regimen, study design, and genome

mutation status. However, a subgroup analysis considering these

covariates is not yet possible based on the current database search

results. Future analysis is warranted after more treatment results are

reported. Last, unpublished articles were excluded, only English-

language studies were included, and studies with negative results

were less likely to be published. Our meta-analysis only included

published researches may present a publication bias.
Conclusions

This meta-analysis suggests that PD-1 inhibitor therapy holds

promise for significantly improving survival outcomes in patients

with advanced uterine cancers, while offering similar rates of severe

side effects compared to traditional treatments like chemotherapy.

Importantly, the analysis observed benefits in both cervical and

endometrial cancer patients, including increased overall and

progression-free survival. Notably, the analysis also revealed a

reduced risk of death for cervical cancer patients with high CPS

scores and more pronounced survival improvements for

endometrial cancer patients with mismatch repair deficiency.

However, it is crucial to acknowledge that while this study

provides novel and promising insights, the sample size remains

relatively small. As more robust randomized and cohort studies

emerge, further research is needed to solidify these findings and

provide stronger support for the broader application of PD-1

inhibitors in uterine cancer treatment.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

Ethical approval was not required for the study involving

humans in accordance with the local legislation and institutional

requirements. Written informed consent to participate in this study
frontiersin.org

https://doi.org/10.3389/fimmu.2024.1331994
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Liang et al. 10.3389/fimmu.2024.1331994
was not required from the participants or the participants’ legal

guardians/next of kin in accordance with the national legislation

and the institutional requirements.
Author contributions

K-WL: Formal analysis, Writing – original draft, Methodology,

Investigation, Data curation. L-JC: Writing – original

draft, Investigation, Formal analysis. C-HW: Writing – original

draft, Investigation, Data curation. KM: Writing – review &

editing. L-HH: Writing – review & editing, Conceptualization.

P-HW: Writing – review & editing, Methodology, Formal

Analysis, Conceptualization.
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.
Frontiers in Immunology 08
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online at:

https://www.frontiersin.org/articles/10.3389/fimmu.2024.1331994/

full#supplementary-material
References
1. Champiat S, Ferte C, Lebel-Binay S, Eggermont A, Soria JC. Exomics and
immunogenics: Bridging mutational load and immune checkpoints efficacy.
Oncoimmunology. (2014) 3:e27817. doi: 10.4161/onci.27817

2. Bellmunt J, Powles T, Vogelzang NJ. A review on the evolution of PD-1/PD-L1
immunotherapy for bladder cancer: The future is now. Cancer Treat Rev Mar. (2017)
54:58–67. doi: 10.1016/j.ctrv.2017.01.007

3. Samstein RM, Lee CH, Shoushtari AN, Hellmann MD, Shen R, Janjigian YY, et al.
Tumor mutational load predicts survival after immunotherapy across multiple cancer
types. Nat Genet Feb. (2019) 51:202–6. doi: 10.1038/s41588-018-0312-8

4. Kocarnik JM, Shiovitz S, Phipps AI. Molecular phenotypes of colorectal cancer
and potential clinical applications. Gastroenterol Rep (Oxf). (2015) 3:269–76.
doi: 10.1093/gastro/gov046

5. You JF, Buhard O, Ligtenberg MJ, Kets CM, Niessen RC, Hofstra RM, et al.
Tumours with loss of MSH6 expression are MSI-H when screened with a pentaplex of
five mononucleotide repeats. Br J Cancer. (2010) 103:1840–5. doi: 10.1038/
sj.bjc.6605988

6. Bairwa NK, Saha A, Gochhait S, Pal R, Gupta V, Bamezai RN. Microsatellite
instability: an indirect assay to detect defects in the cellular mismatch repair machinery.
Methods Mol Biol. (2014) 1105:497–509. doi: 10.1007/978-1-62703-739-6_35

7. Marabelle A, Le DT, Ascierto PA, Di Giacomo AM, De Jesus-Acosta A, Delord JP,
et al. Efficacy of pembrolizumab in patients with noncolorectal high microsatellite
instability/mismatch repair-deficient cancer: results from the phase II KEYNOTE-158
study. J Clin Oncol. (2020) 38:1–10. doi: 10.1200/JCO.19.02105

8. Contos G, Baca Y, Xiu J, Brown J, Holloway R, Korn WM, et al. Assessment of
immune biomarkers and establishing a triple negative phenotype in gynecologic
cancers. Gynecol Oncol. (2021) 163:312–9. doi: 10.1016/j.ygyno.2021.09.011

9. Arnold M, Karim-Kos HE, Coebergh JW, Byrnes G, Antilla A, Ferlay J, et al.
Recent trends in incidence of five common cancers in 26 European countries since
1988: Analysis of the European Cancer Observatory. Eur J Cancer. (2015) 51:1164–87.
doi: 10.1016/j.ejca.2013.09.002

10. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.
Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J Clin. (2021) 71:209–49.
doi: 10.3322/caac.21660

11. Miller DS, Blessing JA, Bodurka DC, Bonebrake AJ, Schorge JO, Gynecologic
Oncology G. Evaluation of pemetrexed (Alimta, LY231514) as second line chemotherapy
in persistent or recurrent carcinoma of the cervix: a phase II study of the Gynecologic
Oncology Group. Gynecol Oncol. (2008) 110:65–70. doi: 10.1016/j.ygyno.2008.03.009

12. Lhomme C, Fumoleau P, Fargeot P, Krakowski Y, Dieras V, Chauvergne J, et al.
Results of a European Organization for Research and Treatment of Cancer/Early
Clinical Studies Group phase II trial offirst-line irinotecan in patients with advanced or
recurrent squamous cell carcinoma of the cervix. J Clin Oncol. (1999) 17:3136–42.
doi: 10.1200/JCO.1999.17.10.3136

13. Green AK, Feinberg J, Makker V. A review of immune checkpoint blockade
therapy in endometrial cancer. Am Soc Clin Oncol Educ Book. (2020) 40:1–7.
doi: 10.1200/EDBK_280503

14. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA Cancer J
Clin. (2022) 72:7–33. doi: 10.3322/caac.21708

15. Minion LE, Tewari KS. Cervical cancer - State of the science: From angiogenesis
blockade to checkpoint inhibition. Gynecol Oncol. (2018) 148:609–21. doi: 10.1016/
j.ygyno.2018.01.009

16. Ott PA, Bang YJ, Berton-Rigaud D, Elez E, Pishvaian MJ, Rugo HS, et al. Safety
and antitumor activity of pembrolizumab in advanced programmed death ligand 1-
positive endometrial cancer: results from the KEYNOTE-028 study. J Clin Oncol.
(2017) 35:2535–41. doi: 10.1200/jco.2017.72.5952

17. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P. Preferred reporting items
for systematic reviews and meta-analyses: the PRISMA statement. Ann Intern Med.
(2009) 151:264–9, W64. doi: 10.7326/0003-4819-151-4-200908180-00135

18. National Heart L, and Blood Institute. Study quality assessment tools (2021).
Available online at: https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-
tools (Accessed October 23, 2022).

19. Diagnosis NCIDoCTa. Common terminology criteria for adverse events
(CTCAE) (2021). Available online at: https://ctep.cancer.gov/protocolDevelopment/
electronic_applications/ctc.htm#ctc_40 (Accessed October 23, 2022).

20. Tierney JF, Stewart LA, Ghersi D, Burdett S, Sydes MR. Practical methods for
incorporating summary time-to-event data into meta-analysis. Trials. (2007) 8:16.
doi: 10.1186/1745-6215-8-16

21. Colombo N, Dubot C, Lorusso D, Caceres MV, Hasegawa K, Shapira-Frommer
R, et al. Pembrolizumab for persistent, recurrent, or metastatic cervical cancer. N Engl J
Med. (2021) 385:1856–67. doi: 10.1056/NEJMoa2112435

22. Tewari KS, Monk BJ, Vergote I, Miller A, de Melo AC, Kim HS, et al. Survival
with cemiplimab in recurrent cervical cancer. N Engl J Med. (2022) 386:544–55.
doi: 10.1056/NEJMoa2112187

23. Liao Y, Zhu C, Song X, Ruan J, Ding Y, Chen Y, et al. Efficacy of PD-1 inhibitor
combined with bevacizumab in treatment of advanced endometrial cancer patients
with mismatch repair deficiency (dMMR)/high-level microsatellite instability (MSI-H).
Med Sci Monit. (2022) 28:e934493. doi: 10.12659/MSM.934493
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