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Objective: Ovarian cancer is a common malignant tumor of the female
reproductive system, and traditional treatments are unsatisfactory due to its
intraperitoneal spreading mechanism and its biologic characteristic of being
prone to drug resistance. Pembrolizumab has demonstrated high objective
remission and overall survival rates in a variety of solid tumors, and clinical
trials are now available to explore its efficacy in the treatment of ovarian cancer.
The objective of this systematic review and meta-analysis was to synthesize the
findings of multiple clinical studies in order to evaluate the effectiveness and
safety of the immunotherapeutic agent Pembrolizumab in patients diagnosed
with advanced or recurrent ovarian cancer.

Methods: A comprehensive search of literature published up to 19 November
2024 was conducted in the following databases: PubMed, Embase, Cochrane
Library, Web of Science, Ovid_medline, Scopus, and ProQuest. The outcomes
related to the administration of pembrolizumab in patients with advanced or
recurrent ovarian cancer were extracted, including objective remission rate
(ORR), disease control rate (DCR), overall survival (OS), progression-free
survival (PFS), and treatment-related adverse events (AEs). A further meta-
analysis was then performed.

Results: This meta-analysis comprised 625 patients across nine studies. A total of
617 patients were involved in the efficacy assessment, while 592 patients were
included in the safety assessment. The pooled analysis indicated an ORR of 24%
(95% confidence interval [Cl], 0.13-0.35), a DCR of 63% (95% Cl, 0.49-0.77), a
median progression-free survival (mMPFS) of 4.82 months (95% Cl, 3.29-6.35), and
a median overall survival (mOS) of 13.54 months (95% Cl, 10.35-16.73). Subgroup
analysis indicated that the ORR in the PD-L1-positive group was 24% (95% ClI,
0.12-0.36), while the ORR in the PD-L1-negative group was 18% (95% ClI, 0.09-
0.27). No statistically significant difference was observed between the two
groups. The ORR was 26% (95% Cl, 0.13-0.33) for patients administered a 200
mg dose every three weeks (g3w), while it was 12% (95% CI, 0.02-0.30) for those
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receiving a 10 mg/kg dose every two weeks (g2w). The overall incidence of
adverse reactions of any grade was 81% (95% Cl, 0.71-0.91), whereas the
incidence of grade 3 or higher adverse reactions was 32% (95% Cl, 0.09-0.54).
Conclusions: This meta-analysis indicates that pembrolizumab treatment for
patients with advanced or recurrent ovarian cancer exhibits significant efficacy
and an acceptable safety profile.

Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/view/
identifier CRD42024620116.

pembrolizumab, ovarian cancer, PD-1, ICIS, immunotherapy

1 Introduction

Ovarian cancer (OC) is the third most common and deadly
malignancy of the female reproductive system. In 2022, the global
burden of OC is estimated to be approximately 325,000 new cases
and approximately 207,000 deaths, with a projected 47 percent
increase in the incidence of OC and a 58 percent increase in deaths
by 2045 (1). Northern Europe and North America have historically
experienced the highest incidence rates of OC; however, recent trends
indicate a shift in these regions, with a decline in incidence.
Conversely, there has been an increase in the incidence of OC in
certain regions of Eastern Europe and Asia, particularly among
women under the age of 50 (2). OC typically manifests insidiously,
with patients often exhibiting no specific symptoms in the early stage.
However, approximately 70% of patients have already reached the
advanced stage with distant metastases at the time of diagnosis (3).
The prognosis for advanced OC is poor, with a 5-year survival rate of
approximately 25 percent and a 10-year survival rate of
approximately 15 percent (4). The standard first-line treatment
options for OC include surgery or neoadjuvant chemotherapy
followed by surgery (5), followed by platinum-containing
chemotherapy. Approximately 75-80% of patients with OC respond
to these initial treatments, but 70% of patients eventually experience
recurrence, develop drug resistance, and die from their cancer (6, 7).
These findings underscore the imperative for the development of
novel therapeutic interventions for OC, with particular emphasis on
novel therapeutic strategies for recurrent or advanced OC.

Immune checkpoint inhibitors (ICIs) are a category of
pharmaceuticals that target immunological receptors on T cells,
therefore augmenting anti-tumor immune responses (8). Unlike
traditional treatment methods, ICI therapy has demonstrated the
ability to rejuvenate immune system activity, allowing the body to
fight cancer cells (9). In specific cases, these medicines have shown
extended effectiveness and low toxicity (10). Following the approval
of ipilimumab in the United States in 2011, ICIs have advanced
considerably in cancer immunotherapy (11). The FDA-approved
immune checkpoint inhibitors (ICIs) currently encompass several
categories: anti-PD-1 inhibitors, anti-PD-L1 inhibitors, anti-CTLA-
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4 inhibitors, and anti-LAG-3 inhibitors. New immune checkpoint
targets, including TIGIT, TIM-3, VISTA, and CD3L1, are presently
undergoing clinical development (12). In the past decade, PD-1,
PD-LI, and CTLA-4 antibodies have emerged as the predominant
agents in immunotherapy (13, 14). Pembrolizumab, introduced in
2014 as the first PD-1 inhibitor, initiated a new era in cancer
immunotherapy (15). Since that time, several inhibitors aimed at
PD-1 and its ligand PD-L1, including nivolumab, atezolizumab,
durvalumab, and avelumab, have received approval from the U.S.
Food and Drug Administration (FDA) for the treatment of various
malignant tumors (16, 17).

Pembrolizumab is a specific humanized IgG4 monoclonal
antibody that effectively inhibits the interaction between the
programmed cell death protein PD-1 on T cells and its ligand,
consequently activating T cell-mediated antitumor immune
responses (18, 19). Pembrolizumab has received approval from
the FDA for the treatment of certain tumor types, including
melanoma, non-small cell lung cancer, head and neck squamous
cell carcinoma, and renal cell carcinoma (20). Treatment options
consist of pembrolizumab administered either as monotherapy or
in conjunction with chemotherapy or radiotherapy. The
KEYNOTE-716 trial demonstrated that postoperative adjuvant
pembrolizumab monotherapy significantly enhanced survival
rates in patients with stage IIB or IIC melanoma without distant
metastasis, consistently decreased recurrence risk, and exhibited a
predictable safety profile (21). The KEYNOTE-189 trial
demonstrated that the combination of pembrolizumab and
chemotherapy significantly extended overall survival and
progression-free survival compared to chemotherapy alone in
previously untreated metastatic non-squamous NSCLC lacking
EGFR/ALK mutations (22). The KEYNOTE-040 trials indicate
that pembrolizumab significantly extends overall survival in
patients with recurrent or metastatic squamous cell carcinoma of
the head and neck who have progressed following platinum-based
therapy, in comparison to standard treatments like methotrexate,
docetaxel, or cetuximab, while also demonstrating superior safety
(23). The KEYNOTE-564 trial indicated that pembrolizumab, when
used as adjuvant therapy following nephrectomy in patients with
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renal cell carcinoma, significantly enhanced disease-free survival
compared to placebo and exhibited a favorable safety profile (24). In
addition to the use of common solid tumors, a single-arm, open-
label phase IT basket trial conducted by the MD Anderson Cancer
Center in the United States employed pembrolizumab in patients
diagnosed with advanced rare cancers (alveolar soft tissue sarcoma,
testicular mesothelioma, intracranial meningioma, and
neuroblastoma) who had demonstrated disease progression
following standard treatment modalities. The results
demonstrated that a subset of patients exhibited a certain degree
of efficacy and were well tolerated (25).

A plethora of clinical trials have been conducted to ascertain the
efficacy and safety of pembrolizumab in the treatment of OC. However,
the majority of these clinical trials are single-arm, thus lacking high-
quality randomized controlled trials (RCTs). In this paper, all eligible
studies will be included to comprehensively analyze the efficacy and
safety of pembrolizumab in the treatment of advanced or recurrent OC,
in anticipation of providing clinicians with more accurate data and
guidance when choosing treatment options.

2 Materials and methods

This meta-analysis was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) (26) guidelines and has been registered with
PROSPERO (NO: CRD42024620116).

2.1 Search strategy

A comprehensive search of the extant literature was conducted,
encompassing publications up to November 18, 2024, in the following
databases: PubMed, Embase, Web of Science, Cochrane Library,
Ovid_medline, Scopus, and ProQuest. The meta-analysis did not

TABLE 1 PubMed searching strategy.

10.3389/fimmu.2025.1662455

impose any language restrictions. The subject terms employed in the
PubMed database were “Ovarian Neoplasms” [Mesh] and
“pembrolizumab” [Supplementary Concept]. The detailed search
strategy can be seen in Table 1.

2.2 Inclusion and exclusion criteria

The inclusion criteria were as follows (1): The study population
was patients with a pathologically confirmed diagnosis of OC, with
advanced or recurrent disease confirmed by pathology or imaging; (2)
The intervention was pembrolizumab monotherapy or pembrolizumab
in combination with other treatments. (3) The types of studies were
RCTs, single-arm trials, prospective cross-sectional cohort studies. The
following types of studies were excluded from the present review: case
reports, in vitro experiments, reviews, abstracts, letters, retrospective
studies, and pathological studies. In instances where authors have
published multiple studies utilizing the same dataset, the most recent or
comprehensive study was selected for inclusion. Studies that were
duplicates or included other tumors for which data could not be
extracted separately were excluded from the analysis. The titles and
abstracts of all retrieved studies were then screened according to the
search strategy, and studies that did not meet the inclusion criteria were
excluded. A comprehensive extraction of information and data was
conducted from studies that met the predetermined inclusion criteria.
The information and data to be extracted are outlined below: authors’
names, affiliations, year of publication, study type, number of cases,
patient age, dose of pembrolizumab, combination with other therapies,
and outcome parameters.

2.3 Study selection strategies

Researchers Xiaodong Mi and Fei Tuo completed the
preliminary literature screening by methodically reviewing titles

Number Query Results

#7 #3 AND #6 50

#6 #4 OR #5 4,722

5 Search: (((MK-3475[Title/Abstract]) OR (Keytruda[Title/Abstract])) OR (lambrolizumab|Title/Abstract])) OR (SCH- 241
900475[Title/ Abstract]) Sort by: Most Recent

#4 Search: “pembrolizumab” [Supplementary Concept] Sort by: Most Recent 4,583

#3 #2 OR #1 124,209
Search: (((((((((((((((Neoplasm, Ovarian[Title/Abstract]) OR (Ovarian Neoplasm[Title/Abstract])) OR (Neoplasms,
Ovarian[Title/Abstract])) OR (Ovary Neoplasms[Title/Abstract])) OR (Neoplasm, Ovary[Title/Abstract])) OR
(Neoplasms, Ovary|[Title/Abstract])) OR (Ovary Neoplasm|[Title/ Abstract])) OR (Ovary Cancer[Title/Abstract])) OR

#2 (Cancer, Ovary[Title/Abstract])) OR (Cancers, Ovary[Title/Abstract])) OR (Ovary Cancers|Title/Abstract])) OR (Cancer 77,287
of Ovary[Title/Abstract])) OR (Cancer of the Ovary[Title/Abstract])) OR (Ovarian Cancer|[Title/Abstract])) OR (Cancer,
Ovarian|[Title/Abstract])) OR (Cancers, Ovarian[Title/Abstract])) OR (Ovarian Cancers[Title/ Abstract]) Sort by: Most
Recent

#1 Search: “Ovarian Neoplasms”[Mesh] Sort by: Most Recent 99,746

Significance of Bold Values in Table 1: Using '[Supplementary File]' in PubMed literature searches ensures precise matching of drug names and prevents result omissions due to synonyms or

spelling variations.
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and abstracts based on pre-established inclusion/exclusion criteria,
then proceeded to conduct a further screening through detailed full-
text reading, during which any controversial literature was resolved
through consultation and final decisions made with a third
researcher, Tong Lin.

2.4 Data extraction

The baseline characteristics of the patients collected for this
study encompassed the following variables: age, number of cases,
number of previous lines of chemotherapy received, tumor
pathology type, platinum resistance status, BRCA gene mutation
status, homologous recombination repair defect (HRD) status,
programmed death receptor-1/programmed death ligand-1 (PD-
1/PD-L1) expression status, dose of pembrolizumab administered,
and specific information on combination therapy regimens. The
efficacy assessment indexes comprised the following: ORR and
DCR. Furthermore, the ORR and DCR were also considered. In
addition to these, OS and PFS were extracted as indicators of long-
term efficacy. The safety assessment was based on the occurrence of
AEs, which were categorized as follows: firstly, the incidence of all
adverse events; secondly, the incidence of grade 1-2 AEs; and
thirdly, the incidence of grade 3-4 AEs. AEs encompassed
include, but are not limited to, anemia, neutropenia,
thrombocytopenia, malaise, abnormal liver function, pain,
hypertension, hand-foot syndrome, rash, diarrhea, loss of
appetite, weight loss, oral mucositis, thyroid dysfunction,
and proteinuria.

2.5 Quality assessment

The methodological quality of the included literature was
assessed using the Risk of Bias in Non-randomized Studies of
Interventions (ROBINS-I) tool, which covers seven core
assessment domains, each of which consists of structured
questions with response options including ‘yes,” ‘probably,’
‘probably not,” ‘no,” and ‘no information.” Response options

» <« »

include “yes,” “probably,” “probably not,” “no,” and “no
information.” The final risk of bias was then determined as “low
risk,” “moderate risk,” “serious risk,” or “borderline risk” based on
the comprehensive assessment of the questions in each domain. The
research team has completed the risk assessment for all seven
domains (27, 28). To ensure the objectivity and reliability of the
assessment, Xiaodong Mi and Fei Tuo independently evaluated the
quality of all the included literature using the ROBINS-I scale and
quantitatively analysed the inter-assessor agreement using the

weighted Cohen’s kappa coefficient (k) (29).
2.6 Statistical analysis

The statistical analysis of the study data was conducted using R
version 4.4.1. The primary endpoints encompassed efficacy and
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safety assessments, while secondary endpoints involved survival
analyses. The analysis of single-arm rates was performed using
generalized linear mixed models (GLMM), calculated by metaprop
functions, and interval estimation was conducted using the
Clopper-Pearson method. The calculation of combined analyses
of single-arm continuous variables was performed using the
metamean function. Statistical heterogeneity was assessed using
the I? statistic and Cochran’s Q test. Given that I* values in single-
arm meta-analyses usually exceeded 90%, this study uniformly used
a random-effects model for the combined analyses rather than
choosing a fixed-effects or random-effects model based on the
level of heterogeneity to ensure the robustness and reliability of
the results (30). The results of the combined studies were further
illustrated using forest plots, and the Egger test was employed to
evaluate publication bias. A p-value of less than 0.05 signifies a
substantial publishing bias.

3 Results
3.1 Literature search

A comprehensive search was conducted for this study,
encompassing seven major databases, which resulted in a total of
2,938 documents being reviewed. Following the exclusion of
duplicate studies and book chapters, the number of documents
was reduced to 2,265. Following a thorough examination of the
titles and abstracts, a total of 351 systematic reviews and meta-
analyses, 44 case reports, 223 basic research papers, 53 clinical trial
recruitment or registration information, and 1,486 papers unrelated
to the research topic were excluded. Following an exhaustive
evaluation of the full texts, 56 studies were excluded due to the
unavailability of full text, 13 studies were excluded as they were
duplicate reports, 27 studies were excluded for failing to correspond
with the study’s theme, and 3 studies were excluded due to
inconsistencies in primary outcome measures, rendering meta-
analysis unfeasible. A total of 9 studies were incorporated into
this meta-analysis (Figure 1).

3.2 Baseline characteristics

This meta-analysis included nine studies conducted in the
United States, Greece, China, France, and Canada. All studies
were prospective trials, comprising eight single-arm clinical trials
and one non-randomized controlled trial. Due to the advanced
recurrent OC present in all patients of this non-randomized
controlled trial (31) and the uniformity of the intervention, the
two cohorts from this study were amalgamated to satisfy the
inclusion criteria for this meta-analysis. This meta-analysis
comprised 625 patients in total. The efficacy assessment dataset
comprised an effective sample size of 617 patients. Eight patients
were excluded from the efficacy analysis due to the following
reasons: In the study conducted by Panagiotis A K (32), two
patients withdrew from the trial during treatment for personal
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Records identified from:

Pubmed
Embase (n=728)
Web of Science  (n=61)
Cochrane Library (n=101)

(n=50)

10.3389/fimmu.2025.1662455

Ovid_medline (n=107)
Scopus (n=1404)
ProQuest (n=532)
Total (n=2983)

Records for title and abstract
screening (n=2265)

Records removed before screnning:

Duplicate records removed (n=693 )
Records removed for Chapters of books (n=25)

Records for further review of
full-text (n=108)

Records excluded:

Systematic Review and meta-analysis(n=351)
Case report (n=44)

Basic research and animal experiments (n=223 )
Clinical trial registration or recruitment (n=53)
Not relevant to the subject (n=1486 )

Studies were included
eventually (n=9)

FIGURE 1
Research screening flowchart.

reasons. In Elizabeth K Lee’s study (33), three patients discontinued
the trial due to disease progression or severe allergic reactions to
chemotherapy drugs after the initial treatment, resulting in
incomplete efficacy follow-up. In Christine’s study (34), three
patients withdrew due to complications associated with OC
recurrence, preventing them from completing subsequent imaging
assessments. The total number of patients eligible for meta-analysis
in safety assessment datasets was 592. Panagiotis’s study (32)
encompassed Phase I and Phase II cohorts, with safety data for
14 patients in the Phase I cohort deemed incomplete and therefore
excluded from the meta-analysis. Safety information was fully
extracted for 53 OC patients in the Phase II cohort. John B Lee’s
study (35) employed a distinct method for calculating the incidence
of AEs, which precluded a meta-analysis of effect sizes with the
other included studies. Christine’s study (34) categorized AEs
statistics into the combination therapy phase and the single-agent
maintenance phase, revealing overlap between the two phases. To
prevent data duplication, only the incidence of AEs from the single-
agent maintenance phase was included.

Frontiers in Immunology

Records excluded:
Only abstract was available without full-text
(n=56)
Results from same studies with included
articles (n=13)
Experimental measures do not match (n=27)
Experimental subjects do not match (n=3)

Aggregate analysis of baseline characteristics across included studies
determined that patient age ranged from 25 to 89 years. The majority of
patients exhibited an Eastern Cooperative Oncology Group (ECOG)
performance status of 0 (n=367) or 1 (n=194). Serous carcinoma
represented the predominant histological subtype (n=425). Evaluation
of programmed death-ligand 1 (PD-L1) expression status demonstrated
that 341 patients tested positive, while 210 tested negative. Baseline
characteristics of all enrolled patients are summarized in Table 2, with
study-specific features detailed in Table 3.

3.3 Quality assessment

Two researchers assessed the risk of bias of 9 studies based on the
ROBINS-I tool, and the Cohen’s kappa coefficient of overall bias was
0.667, which suggests that the consistency of the risk of bias assessment
of the literature between the two researchers is high. To address the
inconsistency of the assessment results between the two researchers, we
introduced a third researcher, Tong Lin, to jointly assess the results.

05 frontiersin.org
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TABLE 2 Patient characteristics at baseline.

Characteristic N

All patient 625

ECOG performance status

0 367
1 194
Histology
serous 425
Clear cell carcinoma 39
Endometrioid carcinoma 31
Prior bevacizumab 109
Prior PARP inhibitor 35
Platinum status
Platinum-sensitive 17
Platinum-resistant 153
Platinum-refractory 24
PD-L1 status
Positive 341
Negative 210

Number of previous lines of therapy

1 101
2 152
3 129
4 49
=5 60

The data presented in this table is limited due to incomplete information on all enrolled patients,
with some entries missing. Only the core statistical results of each study are summarized.

Table 4 displays the final results. One study was deemed to be at serious
risk of bias, four at moderate risk, and four at low risk.

3.4 Tumor response

All nine selected studies reported on the outcomes of ORR and
DCR, with ORR varying from 7.98% to 61.11% and DCR from
37.23% to 95.00%. The analysis demonstrated a combined ORR of
24% (95% CI, 0.13-0.35), with significant heterogeneity among
studies (I* = 85.6%), as shown in Figure 2A. The combined DCR
was 63% (95% CI, 0.49-0.77), exhibiting significant heterogeneity
across studies (I* = 96.2%), as illustrated in Figure 2B.

3.5 Survival analysis

Eight of the nine studies that were chosen reported complete
mPFS, which ranged from 1.9 to 10.0 months, and five of them had
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full mOS, which ranged from 11.3 to 21.3 months. Utilizing
arandom-effects model revealed a pooled mPFS of 4.82 months
(95% CI, 3.29-6.35), indicating significant heterogeneity across
studies (I = 85.1%), as shown in Figure 2C. The pooled mOS
was 13.54 months (95% CI, 10.35-16.73), with no significant
heterogeneity among studies (I* = 0.0%), as shown in Figure 2D.

3.6 Subgroup analysis

Following a comprehensive evaluation of all available studies, a
subgroup analysis was conducted with patients based on their PD-L1
status and dosage. The study results demonstrated that the ORR for
patients with PD-L1-positive status was 24% (95% CI, 0.12-0.36),
while the ORR for patients with PD-L1-negative status was 18% (95%
CI, 0.09-0.27), as illustrated in Figure 3A. It revealed no statistically
significant differences between the subgroups (p = 0.07 > 0.05). The
DCR was 52% (95% CI, 0.32-0.72) in PD-L1-positive patients and
48% (95% CI, 0.08-0.89) in PD-Ll-negative patients, as
demonstrated in Figure 3B. And it revealed no statistically
significant differences (p = 0.879 > 0.05). To ascertain the
therapeutic efficacy of different doses of pembrolizumab, a
comparative analysis will be conducted utilizing various doses of
the aforementioned drug. The ORR for patients receiving a dose of
200 mg every three weeks was 26% (95% CI, 0.13-0.33), while the
ORR for the 10 mg/kg every two weeks (q2w) dose was 12% (95% CI,
0.02-0.30). The study revealed no statistically significant differences
between the two groups (p = 0.09 > 0.05), as demonstrated in
Figure 2A. The combined DCR for the former was 66% (95% CI,
0.51-0.80), in comparison to 38% (95% CI, 0.20-0.59) for the latter,
with a significant discrepancy between the two (p = 0.02 < 0.05), as
demonstrated in Figure 2B. The pooled mPFS for the former group
was 5.17 months (95% CI, 4.00-6.33), in comparison with 1.90
months (95% CI, 1.05-2.75) for the latter group, with a significant
difference between the two groups (p < 0.0001), as demonstrated in
Figure 2C. The pooled mOS was 13.9 months (95% CI, 9.45-18.34) in
the former group and 13.80 months (95% CI, 7.75-19.85) in the latter
group, with no significant difference between the two groups (p=0.97
> 0.05), as demonstrated in Figure 2D. The classification criteria for
patients’ tBRCA status, platinum-free treatment interval, platinum
treatment status, and number of prior treatment lines were not
suitable for subgroup analysis due to the large amount of
missing data.

3.7 Adverse events

A comprehensive review of the enrolled literature was
conducted to collate the AEs experienced by OC patients during
treatment. The majority of patients experienced grade 1-2 AEs,
with an overall incidence rate of 81% (95% CI, 0.71-0.91) for AEs of
any grade. The heterogeneity among studies was found to be
significant (I> = 83.1%), as illustrated in Figure 4A. The incidence
rate of grade three and above AEs was 32% (95% CI, 0.09-0.54),
exhibiting significant heterogeneity among trials (I* = 94.1%), as
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TABLE 3 Basic information on the studies.

. Age
. . : : - Pembrolizumab 1 : ;
Study year Registration number Nation Trial phase Intervention median = Patients Endpoints
usage and dosage
(range)
Single-Arm . Recurrent Platinum-
. Pembrolizumab + . . .
Panagiotis A K2019 (32) NCT02657889 USA Phases 1 and 2 Niraparib 200mg iv q3w 62 60(46 - 83) Resistant Ovarian 0000,
Trial P Carcinoma
phase 2, open- Advanced Recurrent
U.A. Matulonis 2019 (31) KEYNOTE-100 NCT02674061 Multinational | label, multi- Pembrolizumab 200mg iv q3w 376 61 (25-89) Ovarian Cancer (006}
center study
USA, China, Si -Arm, . . 57.5 (44~ PD-L1 itive ad d
Andrea Varga 2019 (47) KEYNOTE-028 NCT02054806 ina, | Single-Arm Pembrolizumab 10mg/kg iv q2w 26 ¢ v positive advance 00000
French phase Ib trial 75) ovarian cancer
Single-Arm, Pembroli b Platinum-Resistant
Elizabeth K Lee 2020 (33) | NCT02865811 USA Hngie-Arm CMPrONZUMAL T 500mg iv q3w 26 60(28.3-79) o num-Resistan 06E00)
phase 2 trial PLD Ovarian Carcinoma
2 s:rlng;:l-:eelmter) Pembrolizumab + Recurrent platinum:
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FIGURE 2

Forest plot for pooled results of ORR (A), DCR (B), mPFS (C), and mOS (D) in ovarian cancer patients receiving pembrolizumab.

seen in Figure 4B. A comparative analysis will be conducted to
investigate the safety of various doses of pembrolizumab. The
incidence rate of any grade AEs at a dose of 200 mg administered
every three weeks was 83% (95% CI, 0.70-0.95), whereas the
incidence rate for the 10 mg/kg administered every two weeks
was 73% (95% CI, 0.52-0.88). No significant difference was
observed between the two groups (p = 0.37 > 0.05), as illustrated
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in Figure 4A. The incidence rate of grade >3 AEs for the former was
37% (95% CI, 0.12-0.61), while for the latter it was 8% (95% CI,
0.01-0.25), indicating a significant difference between the two (p =
0.03 < 0.05), as illustrated in Figure 4B. The most AEs were fatigue
(0.38), nausea (0.23), and fever (0.14), with a Grade 1-2 fatigue
incidence rate of 38% (95% CI, 0.24-0.52). The incidence rate of
grade >3 fatigue was much lower, recorded at 2% (95% CI, 0.01-
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0.04). The probability of encountering grade 1-2 nausea was 23%
(95% CI, 0.11-0.34). The likelihood of encountering grade >3
nausea was markedly decreased to 1% (95% CI, 0.00-0.01). The
probability of fever was 14% (95% CI, 0.04-0.23). The most
common hematological toxicity is anemia, occurring at an
incidence rate of 18% (95% CI, 0.01-0.35) (I*> = 87.7%). The
predominant immune-related AEs are Grade 1-2 hypothyroidism
and Grade 1-2 hyperthyroidism, occurring at incidence rates of
17% (95% CI, 0.07-0.27) and 7% (95% CI, 0.04-0.09), respectively.
The probability of grade =3 hypothyroidism and hyperthyroidism is
significantly decreased. The results of the above AEs are shown in
Supplementary Figure 1. A total of 32 patients discontinued
treatment due to serious AEs, as reported in studies. The primary
AEs resulting in discontinuation comprised skin toxicity,
cholecystitis, diarrhea, and pulmonary embolism, among others.
Three patients died due to serious AEs (31, 36).

3.8 Sensitivity analysis

The Leave-One-Out method is utilized to determine the
influence of individual studies on overall results by analyzing the
effect size and confidence interval of each study post-exclusion in
relation to the overall combined effect size. Results indicated that
the majority of results were not significantly affected by any
individual study. The sensitivity analysis results are presented in
Supplementary Figure 2.

3.9 Publication bias

This meta-analysis employed the Egger test to evaluate
publication bias, indicating significant bias for mPFS and ORR (p
< 0.05). The results were subsequently adjusted using the trim-and-
trim method, as shown in Supplementary Figure 3. Publication bias
is notably significant due to the lack of a control group in single-arm
clinical trials, complicating the management of patient selection
bias. Multiple factors, including the patient’s health status and
treatment history, can affect patient selection (37, 38).

4 Discussion

Our systematic review and meta-analysis provides a
comprehensive evaluation of pembrolizumab for advanced or
recurrent OC, synthesizing evidence from multiple single-arm
studies. By incorporating data from 9 studies involving 625
patients, our aggregated analysis demonstrates that
pembrolizumab exhibits clinically meaningful efficacy, with an
ORR of 24% and a DCR of 63%, alongside manageable safety.
Specifically, the ORR signifies a notable antitumor response, while
the DCR reflects disease stabilization in a substantial proportion of
patients, suggesting therapeutic benefit. As for survival outcomes,
the pooled mPFS was 4.82 months, and mOS reached 13.54 months,
highlighting pembrolizumab potential to extend survival in this
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FIGURE 3

Forest plot showing subgroup analysis of ORR (A) and DCR (B) in different PD-L1 status group.

challenging population. The incidence of any grade AEs was 81%,
with grade >3 AEs at 32%, supporting an acceptable safety profile
consistent with prior reports of immune checkpoint inhibitors. This
study offers pivotal evidence-based guidance for integrating
pembrolizumab into treatment strategies for advanced or
recurrent OC.

OC represents the most lethal gynecological malignancy,
distinguished by its high malignancy, significant invasiveness,
and elevated recurrence rate (39). Advanced and recurrent OC
is associated with a poor prognosis, posing substantial treatment
challenges and serving as a focal point for clinical research. The
identification of effective treatment methods is a global common
goal. Treatment options for OC currently encompass surgery,
chemotherapy, and emerging modalities, including targeted

Frontiers in Immunology

therapy and immunotherapy. The category of targeted therapy
drugs primarily encompasses anti-angiogenic agents, PARP
inhibitors, and additional classes of drugs (40). Bevacizumab, an
anti-angiogenic drug, was the inaugural pharmaceutical agent
approved by the U.S. FDA and the European Medicines Agency
(EMA) for first-line maintenance therapy in OC. The findings
from GOG-0218 and ICON7 indicated substantial improvements
in progression-free survival (41, 42). As research continues to
advance, bevacizumab treatment for patients with platinum-
resistant and platinum-sensitive recurrent OC has shown not
only PFS benefits but also significant improvements in ORR (43,
44). The results of the PRIMA trial suggest that niraparib (a PARP
inhibitor) can significantly prolong PFS in patients with advanced
OC (45).
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FIGURE 4

Forest plot for pooled results of any grade AEs (A), > grade 3AEs (B) on ovarian cancer patients receiving pembrolizumab

Immunotherapy has become an important treatment option
after surgery, radiotherapy, chemotherapy, and targeted therapy,
offering new strategies for managing advanced, recurrent, or
metastatic malignant tumors (46). Pembrolizumab, the inaugural
PD-1 inhibitor approved in the United States, has ushered in a
novel phase of tumor immunotherapy. KEYNOTE-028 represented
the inaugural clinical trial utilizing pembrolizumab monotherapy
for the treatment of patients with PD-L1-positive advanced OC.
Twenty-six patients underwent treatment, resulting in an ORR of
11.5%, a DCR of 62%, a mPES of 1.9 months, and a mOS of 13.8
months (47). A clinical trial testing pembrolizumab with niraparib
for patients with recurrent platinum-resistant OC (KEYNOTE-162)
found that, out of 60 patients who could be evaluated, the ORR was
18%, and the DCR was 65%, with three patients having complete
responses. The mPFS was 3.4 months, while the mOS was not
reached (31). A study examining the combination of
pembrolizumab and carboplatin for recurrent platinum-resistant
OC indicated that out of 29 patients, the ORR was 10.3%, the DCR
was 62%, the mPFS was 4.63 months, and the mOS was 11.3 months
(35). A separate study assessing the efficacy of pembrolizumab in
conjunction with bevacizumab and oral cyclophosphamide for
recurrent OC indicated an ORR of 47.5%, a DCR of 95%, a mPFS
of 3.5 months, and a mOS of 85 months (48). Based on the data
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presented, it can be found that pembrolizumab is effective in the
treatment of advanced or recurrent OC, with its efficacy further
improved when used in conjunction with other treatment regimens.
The findings of this meta-analysis substantiate the effectiveness of
pembrolizumab in the treatment of advanced or recurrent OC.
This study performed subgroup analysis only based on varying
PD-L1 statuses and doses, owing to the absence of standardized
subgroup classification criteria across studies. The findings
indicated that of the 9 studies incorporated in this analysis, 1
study did not assess patients for PD-L1 status (49), 2 studies
evaluated a total of 42 patients for PD-LI1 status without
conducting subgroup analysis based on this status (33, 34), while
6 studies identified 390 PD-L1-positive patients and 199 PD-L1-
negative patients, performing subgroup analyses based on PD-L1
status. The ORR in the PD-LI-positive group was 24%, which was
marginally higher than the 18% observed in the PD-L1-negative
group. However, this difference was not statistically significant
(p=0.07>0.05). A systematic meta-analysis examining the efficacy
of PD-1 or PD-LI inhibitors in cancer treatment in relation to PD-
L1 expression status demonstrated that treatment outcomes in the
PD-LI-positive group were superior to those in the PD-L1-negative
group, with the difference being statistically significant (47). This
study did not find any significant differences in efficacy between the
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two groups. The reason for this may be that the data related to PD-
L1 status in this study was systematically missing, leading to
inconsistent results with other studies. It may also be due to the
single-arm clinical trial or the limited number of patients enrolled.
Similarly, just as 7T fMRI with T2prep BOLD sequences can detect
subtle functional changes in the olfactory bulb and piriform cortex
in Parkinson’s disease patients (50), OC research could use more
sensitive detection methods to quantify PD-L1 expression. And just
as EEG can reveal neurobiological differences between different
symptom subtypes of ADHD (51), OC studies could explore
multimodal biomarkers to optimize patient stratification.
Nevertheless, the implementation of these methods is currently
challenging. Furthermore, the implementation of additional high-
quality randomized controlled trials is recommended to verify the
difference in efficacy between the two groups.

Subgroup analysis results based on different dosing regimens
showed that the subgroup receiving 200 mg q3w demonstrated
significantly superior outcomes in terms of ORR and mPFS
compared to the subgroup receiving 10 mg/kg q2w (p < 0.05).
However, no statistically significant difference was observed between
the two groups in terms of DCR and mOS (p > 0.05). With regard to
the safety assessment, no statistically significant differences were
observed in the probability of any grade AEs occurring between the
two groups (p > 0.05). However, the probability of occurrence of >3-
grade AEs was significantly lower in the subgroup receiving a dose of
10 mg/kg q2w compared to the subgroup receiving a dose of 200 mg
@3w. The findings indicate that, regarding short-term efficacy, the
group administered a dose of 200 mg q3s may outperform the group
receiving a dose of 10 mg/kg q2w. In terms of long-term efficacy, no
significant difference was observed between the two groups. In the
context of severe AEs, individualized dosing may be more
advantageous than standardized dosing. Further high-quality RCTs
are necessary to validate these findings.

During the course of immunotherapy, ICIs exert their
antitumor immunotherapeutic effects by regulating T cell activity.
In addition to their direct action against tumor cells, these agents
have the potential to induce systemic immune-related adverse
events (irAEs) (52). Conventional chemotherapy or radiotherapy
has been shown to cause tissue damage that is related to the site of
action. The resulting AEs are both fixed and predictable.
Conversely, the AEs associated with immunotherapy are distinct,
with irAEs being both widespread and unpredictable (53). irAEs
can potentially affect all organs and systems in the human body.
AEs involving the skin, gastrointestinal tract, endocrine system,
respiratory system, and musculoskeletal system are relatively
common, as is thyroid dysfunction. However, AEs involving the
cardiovascular and pulmonary systems are relatively less common
(54). irAEs have been observed to occur within a time frame ranging
from a few weeks to several months following the initiation of
therapy, with the potential for occurrence after the cessation of
treatment also being documented (54). irAEs vary from
asymptomatic to severe or life-threatening and are categorized
into five grades, from grade 1 to grade 5. Certain immune-related
AEs, such as hypothyroidism, may be managed with hormone
replacement therapy, eliminating the necessity for corticosteroids
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(55). Grade 1-2 irAEs are typically addressed through symptomatic
treatment, which may involve the use of topical or oral
corticosteroids. IrAEs that impact the heart, lungs, liver, or
nervous system are more severe and necessitate high-dose
intravenous corticosteroids as the initial treatment approach.
Grade 3-4 irAEs frequently necessitate hospitalization and are
predominantly managed with systemic corticosteroids, either
orally or intravenously (56).

The study revealed that the incidence rate of AEs of any grade
was 81% in the combined treatment group, which is higher than the
73% observed in the pembrolizumab monotherapy group (47). The
high number of AEs is mainly because most studies used
combination therapy that included pembrolizumab, like treatments
with carboplatin, cyclophosphamide, and bevacizumab. The AEs
induced by these drugs during treatment are challenging to
differentiate from the irAEs caused by pembrolizumab.
Consequently, the incidence of common AEs in the entire study
population was relatively high, including fatigue, nausea, vomiting,
fever, and hypertension. But pembrolizumab may not be the main
cause of these AEs, implying its safety profile may be better than this
study’s. The most prevalent irAEs observed in this study were grade
1-2 hypothyroidism and grade 1-2 hyperthyroidism, with incidence
rates of 17% and 7%, respectively. The probability of grade >3
hypothyroidism and hyperthyroidism was found to be significantly
reduced. In the KEYNOTE-100 study, two patient deaths were
attributed to AEs related to pembrolizumab treatment, including
one case of Stevens-Johnson syndrome and one case of
hypoaldosteronism (31). In the LEAP-005 study, one patient died
due to treatment-related AEs, specifically hypovolemic shock. We
outline the sequence of events that transpired below: Initially, the
patient exhibited gastrointestinal symptoms, including nausea and
emesis, which were reminiscent of coffee grounds. These symptoms
progressed to renal failure, accompanied by lactic acidosis, ultimately
resulting in death due to multi-organ failure. After a detailed review
by the investigation team, it was found that this death was linked to
the use of lenvatinib along with pembrolizumab (36).

The age range of patients included in this meta-analysis was
broad (25-89 years), with the median age in each study
concentrated between 55 and 65 years. The lack of detailed data
from each study precluded subgroup analyses by age, thereby
limiting our ability to assess the influence of age on the efficacy
and safety of immunotherapy for OC. As the age of the people
increases, factors such as chronic viral stimulation, the senescence-
associated secretory pattern (SASP) of aging cells, and abnormal
immune training collectively mediate inflammatory aging, which is
a key risk factor for morbidity and mortality in the elderly (57). The
impact of age on the efficacy and safety of tumor immunotherapy is
a complex and multifaceted area of research. As demonstrated in
extant literature and evidenced by existing research, the impact of
age on the efficacy and safety of immunotherapy remains a
contentious and complex issue. The two studies included in this
meta-analysis with the greatest discrepancy in median age, ie.,
Christine’s study (median age 55 years) (34)and John B Liao’s study
(median age 65 years) (35), demonstrated no significant difference
in mOS results, which is consistent with the results of the
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EMPOWER-Lung 3 trial (58). However, Jaclyn Sceney’s study
yielded contrary results, suggesting that advancing age may
reduce the efficacy of immunotherapy (59). Current research
findings indicate variability in the impact of age on the safety of
immunotherapy. A cohort study conducted by Nebhan CA et al. on
monotherapy with immune checkpoint inhibitors in patients aged
80 years and older found no significant difference in the incidence
of irAEs among the three groups: patients aged less than 85 years,
those aged 85-89 years, and individuals aged 90 years and older
(60). Research indicates that the occurrence of severe irAEs in
patients aged 80 years and older does not show a significant
increase; however, the associated mortality risk from these
adverse reactions warrants careful consideration (61).

This meta-analysis, based entirely on single-arm studies,
significantly increased the levels of heterogeneity and publication
bias in this research. A single-arm trial constitutes a clinical trial
design in which a single experimental group is established, devoid of a
parallel control group. The study primarily compares results with
external controls, such as historical data or target values, and does not
adhere to the principles of randomization and blinding (62). Single-
arm trials are predominantly utilized in the initial phases of drug
development, especially during the exploratory stage of efficacy
evaluation for cancer and rare diseases. Recently, there has been a
rise in the application of single-arm trials in clinical settings, with
several high-quality results being integrated into clinical guidelines or
utilized as evidence for drug approval (62, 63). Single-arm clinical
trials possess specific limitations. The lack of a control group limits
the interpretation of results to the intervention measures,
consequently diminishing the reliability of the evidence. Comparing
with external historical data is the sole option due to the absence of
parallel controls. The variations among these studies complicate
evaluation and may introduce bias, thereby impacting the accuracy
of efficacy and safety assessments (64). Thus, there are certain
restrictions on this meta-analysis, which is based on single-arm
clinical studies. Moreover, the study predominantly comprised
patients from middle- and high-income countries, including the
United States, China, and France. However, data from regions such
as Africa and Latin America are lacking, which has a consequential
effect on the representativeness of the global landscape of patients
with advanced/recurrent OC. The present study documented a mOS
of 13.54 months. However, it should be noted that only five studies
furnished complete mOS data, and the longest follow-up duration did
not surpass 21.3 months. However, there is a paucity of long-term
survival data, with a maximum follow-up period of two years.
Moreover, pivotal clinical concerns, such as the mechanisms of
resistance to pembrolizumab and the modifications to treatment
protocols following such resistance, remained unaddressed, impeding
the provision of guidance for long-term treatment strategies. It is
evident that further clinical trials and fundamental research are
required in a range of regions in order to investigate the efficacy
and safety of pembrolizumab in the treatment of OC.

Due to the limitations of this study, future large-scale prospective
RCTs are necessary to validate the efficacy and safety of pembrolizumab
for treating advanced or recurrent OC. The differences in efficacy among
various combination therapy regimens and subgroups categorized by

Frontiers in Immunology

10.3389/fimmu.2025.1662455

distinct criteria warrant further exploration. The drug’s mechanism of
action and the factors contributing to AEs necessitate further
investigation to improve the efficacy and safety of pembrolizumab in
treating advanced or recurrent OC.

5 Conclusion

In summary, this meta-analysis demonstrates that treatment
with pembrolizumab for advanced or recurrent OC significantly
improves objective ORR and DCR and prolongs survival. Despite
the occurrence of treatment-related AEs in a proportion of patients,
these events are generally manageable. However, due to the limited
clinical data available, the need for large-scale, multicenter,
prospective RCTs in the future is evident, with the objective of
validating the efficacy and safety of the treatment.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

Author contributions

XM: Writing - review & editing, Writing - original draft,
Formal Analysis, Software, Data curation, Conceptualization.
LT: Conceptualization, Writing - original draft. TL: Resources,
Funding acquisition, Writing - review & editing, Formal Analysis,
Conceptualization. YY: Supervision, Writing - review & editing,
Methodology. HL: Methodology, Supervision, Writing — original
draft. FT: Writing - review & editing, Formal Analysis,
Conceptualization, Software.

Funding

The author(s) declare financial support was received for the research
and/or publication of this article. This study was supported by the
Hunan Natural Science Foundation (NO. AC20241010161788598dc3).
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.

Generative Al statement

The author(s) declare that no Generative Al was used in the
creation of this manuscript.

frontiersin.org


https://doi.org/10.3389/fimmu.2025.1662455
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Mi et al.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

1. Lliberos C, Richardson G, Papa A. Oncogenic pathways and targeted therapies in
ovarian cancer. Biomolecules. (2024) 14:585. doi: 10.3390/biom14050585

2. Webb PM, Jordan SJ. Global epidemiology of epithelial ovarian cancer. Nat Rev
Clin Oncol. (2024) 21:389-400. doi: 10.1038/s41571-024-00881-3

3. Cortez AJ, Tudrej P, Kujawa KA, Lisowska KM. Advances in ovarian cancer therapy.
Cancer Chemother Pharmacol. (2018) 81:17-38. doi: 10.1007/s00280-017-3501-8

4. Narod S. Can advanced-stage ovarian cancer be cured? Nat Rev Clin Oncol. (2016)
13:255-61. doi: 10.1038/nrclinonc.2015.224

5. Clair KH, Wolford J, Zell JA, Bristow RE. Surgical management of gynecologic
cancers. Hematol Oncol Clin North Am. (2025) 39:67-87. doi: 10.1016/
j-hoc.2024.08.013

6. Jayson GC, Kohn EC, Kitchener HC, Ledermann JA. Ovarian cancer. Lancet.
(2014) 384:1376-88. doi: 10.1016/S0140-6736(13)62146-7

7. Richardson DL, Eskander RN, O’Malley DM. Advances in ovarian cancer care
and unmet treatment needs for patients with platinum resistance: A narrative review.
JAMA Oncol. (2023) 9:851-9. doi: 10.1001/jamaoncol.2023.0197

8. Robert C. A decade of immune-checkpoint inhibitors in cancer therapy. Nat
Commun. (2020) 11:3801. doi: 10.1038/s41467-020-17670-y

9. Cai X, Zhan H, Ye Y, Yang J, Zhang M, Li J, et al. Current progress and future
perspectives of immune checkpoint in cancer and infectious diseases. Front Genet.
(2021) 12:785153. doi: 10.3389/fgene.2021.785153

10. Johnson DB, Nebhan CA, Moslehi JJ, Balko JM. Immune-checkpoint inhibitors:
long-term implications of toxicity. Nat Rev Clin Oncol. (2022) 19:254-67. doi: 10.1038/
541571-022-00600-w

11. Le DT, Uram JN, Wang H, Bartlett BR, Kemberling H, Eyring AD, et al. PD-1
blockade in tumors with mismatch-repair deficiency. N Engl ] Med. (2015) 372:2509—
20. doi: 10.1056/NEJMoal500596

12. Koyl B, Esen BH, Bektas SN, Ozbek L, Turan V, Urman B, et al.
Pharmacovigilance analysis of immune checkpoint inhibitor-related reproductive
adverse effects based on the FDA adverse event reporting system. Sci Rep. (2025)
15:7770. doi: 10.1038/s41598-025-91476-0

13. Seidel JA, Otsuka A, Kabashima K. Anti-PD-1 and anti-CTLA-4 therapies in
cancer: mechanisms of action, efficacy, and limitations. Front Oncol. (2018) 8:86.
doi: 10.3389/fonc.2018.00086

14. Shiravand Y, Khodadadi F, Kashani SMA, Hosseini-Fard SR, Hosseini S,
Sadeghirad H, et al. Immune checkpoint inhibitors in cancer therapy. Curr Oncol.
(2022) 29:3044-60. doi: 10.3390/curroncol29050247

15. Ivashko IN, Kolesar JM. Pembrolizumab and nivolumab: PD-1 inhibitors for
advanced melanoma. Am ] Health-syst Pharm: AJHP: Off ] Am Soc Health-syst Pharm.
(2016) 73:193-201. doi: 10.2146/ajhp140768

16. Wojtukiewicz MZ, Rek MM, Karpowicz K, Goérska M, Politynska B,
Wojtukiewicz AM, et al. Inhibitors of immune checkpoints-PD-1, PD-L1, CTLA-4-
new opportunities for cancer patients and a new challenge for internists and general
practitioners. Cancer Metastasis Rev. (2021) 40:949-82. doi: 10.1007/s10555-021-
09976-0

17. Srivastava S, Kartikasari AER, Telukutla SR, Plebanski M, Banerjee D. IGSF11-
mediated immune modulation: unlocking a novel pathway in emerging cancer
immunotherapies. Cancers. (2025) 17:2636. doi: 10.3390/cancers17162636

18. Tavares ABMLA, Lima Neto JX, Fulco UL, Albuquerque EL. Inhibition of the
checkpoint protein PD-1 by the therapeutic antibody pembrolizumab outlined by
quantum chemistry. Sci Rep. (2018) 8:1840. doi: 10.1038/541598-018-20325-0

19. Scapin G, Yang X, Prosise WW, McCoy M, Reichert P, Johnston JM, et al.

Structure of full-length human anti-PD1 therapeutic IgG4 antibody pembrolizumab.
Nat Struct Mol Biol. (2015) 22:953-8. doi: 10.1038/nsmb.3129

Frontiers in Immunology

14

10.3389/fimmu.2025.1662455

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.2025.
1662455/full#supplementary-material

20. Larkins E, Blumenthal GM, Yuan W, He K, Sridhara R, Subramaniam S, et al.
FDA approval summary: pembrolizumab for the treatment of recurrent or metastatic
head and neck squamous cell carcinoma with disease progression on or after platinum-
containing chemotherapy. Oncologist. (2017). 22:873-8. doi: 10.1634/
theoncologist.2016-0496

21. Long GV, Luke JJ, Khattak MA, de la Cruz Merino L, Del Vecchio M, Rutkowski
P, et al. Pembrolizumab versus placebo as adjuvant therapy in resected stage IIB or IIC
melanoma (KEYNOTE-716): distant metastasis-free survival results of a multicentre,
double-blind, randomised, phase 3 trial. Lancet Oncol. (2022) 23:1378-88. doi: 10.1016/
$1470-2045(22)00559-9

22. Gandhi L, Rodriguez-Abreu D, Gadgeel S, Esteban E, Felip E, De Angelis F, et al.
Pembrolizumab plus chemotherapy in metastatic non-small-cell lung cancer. N Engl |
Med. (2018) 378:2078-92. doi: 10.1056/NEJMo0a1801005

23. Cohen EEW, Souli¢res D, Le Tourneau C, Dinis J, Licitra L, Ahn M-J, et al.
Pembrolizumab versus methotrexate, docetaxel, or cetuximab for recurrent or
metastatic head-and-neck squamous cell carcinoma (KEYNOTE-040): a randomised,
open-label, phase 3 study. Lancet (lond Engl). (2019) 393:156-67. doi: 10.1016/S0140-
6736(18)31999-8

24. Powles T, Tomczak P, Park SH, Venugopal B, Ferguson T, Symeonides SN, et al.
Pembrolizumab versus placebo as post-nephrectomy adjuvant therapy for clear cell
renal cell carcinoma (KEYNOTE-564): 30-month follow-up analysis of a multicentre,
randomised, double-blind, placebo-controlled, phase 3 trial. Lancet Oncol. (2022)
23:1133-44. doi: 10.1016/S1470-2045(22)00487-9

25. Nardo M, Braganca Xavier C, Stephen B, How JA, Moyers ], Subbiah V, et al.
Pembrolizumab in patients with advanced miscellaneous rare cancers: results from a
phase 2 basket trial. ] Immunother Precis Oncol. (2025) 8:143-51. doi: 10.36401/JIPO-
24-27

26. Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred
reporting items for systematic reviews and meta-analyses: the PRISMA statement.
PloS Med. (2009) 6:¢1000097. doi: 10.1371/journal.pmed.1000097

27. Sterne JA, Hernan MA, Reeves BC, Savovic ], Berkman ND, Viswanathan M,
et al. ROBINS-I: a tool for assessing risk of bias in non-randomised studies of
interventions. BMJ. (2016) 355. doi: 10.1136/bm;.i4919

28. Igelstrom E, Campbell M, Craig P, Katikireddi SV. Cochrane’s risk of bias tool
for non-randomized studies (ROBINS-I) is frequently misapplied: A methodological
systematic review. J Clin Epidemiol. (2021) 140:22-32. doi: 10.1016/j.jclinepi.
2021.08.022

29. Sun S. Meta-analysis of cohen’s kappa. Health Serv Outcomes Res Method. (2011)
11:145-63. doi: 10.1007/s10742-011-0077-3

30. Bell A, Fairbrother M, Jones K. Fixed and random effects models: making an
informed choice. Qual Quant. (2019) 53:1051-74. doi: 10.1007/s11135-018-0802-x

31. Matulonis UA, Shapira—Frommer R, Santin AD, Lisyanskaya AS, Pignata S,
Vergote 1, et al. Antitumor activity and safety of pembrolizumab in patients with
advanced recurrent ovarian cancer: results from the phase II KEYNOTE-100 study.
Ann Oncol: Off ] Eur Soc Med Oncol. (2019) 30:1080-7. doi: 10.1093/annonc/mdz135

32. Konstantinopoulos PA, Waggoner S, Vidal GA, Mita M, Moroney JW, Holloway
R, et al. Single-arm phases 1 and 2 trial of niraparib in combination with
pembrolizumab in patients with recurrent platinum-resistant ovarian carcinoma.
JAMA Oncol. (2019) 5:1141-9. doi: 10.1001/jamaoncol.2019.1048

33. Lee EK, Xiong N, Cheng S-C, Barry WT, Penson RT, Konstantinopoulos PA,
et al. Combined pembrolizumab and pegylated liposomal doxorubicin in platinum
resistant ovarian cancer: a phase 2 clinical trial. Gynecol Oncol. (2020) 159:72-8.
doi: 10.1016/}.ygyn0.2020.07.028

34. Walsh CS, Kamrava M, Rogatko A, Kim S, Li A, Cass I, et al. Phase II trial of
cisplatin, gemcitabine and pembrolizumab for platinum-resistant ovarian cancer. PloS
One. (2021) 16:¢0252665. doi: 10.1371/journal.pone.0252665

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2025.1662455/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1662455/full#supplementary-material
https://doi.org/10.3390/biom14050585
https://doi.org/10.1038/s41571-024-00881-3
https://doi.org/10.1007/s00280-017-3501-8
https://doi.org/10.1038/nrclinonc.2015.224
https://doi.org/10.1016/j.hoc.2024.08.013
https://doi.org/10.1016/j.hoc.2024.08.013
https://doi.org/10.1016/S0140-6736(13)62146-7
https://doi.org/10.1001/jamaoncol.2023.0197
https://doi.org/10.1038/s41467-020-17670-y
https://doi.org/10.3389/fgene.2021.785153
https://doi.org/10.1038/s41571-022-00600-w
https://doi.org/10.1038/s41571-022-00600-w
https://doi.org/10.1056/NEJMoa1500596
https://doi.org/10.1038/s41598-025-91476-0
https://doi.org/10.3389/fonc.2018.00086
https://doi.org/10.3390/curroncol29050247
https://doi.org/10.2146/ajhp140768
https://doi.org/10.1007/s10555-021-09976-0
https://doi.org/10.1007/s10555-021-09976-0
https://doi.org/10.3390/cancers17162636
https://doi.org/10.1038/s41598-018-20325-0
https://doi.org/10.1038/nsmb.3129
https://doi.org/10.1634/theoncologist.2016-0496
https://doi.org/10.1634/theoncologist.2016-0496
https://doi.org/10.1016/S1470-2045(22)00559-9
https://doi.org/10.1016/S1470-2045(22)00559-9
https://doi.org/10.1056/NEJMoa1801005
https://doi.org/10.1016/S0140-6736(18)31999-8
https://doi.org/10.1016/S0140-6736(18)31999-8
https://doi.org/10.1016/S1470-2045(22)00487-9
https://doi.org/10.36401/JIPO-24-27
https://doi.org/10.36401/JIPO-24-27
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1136/bmj.i4919
https://doi.org/10.1016/j.jclinepi.2021.08.022
https://doi.org/10.1016/j.jclinepi.2021.08.022
https://doi.org/10.1007/s10742-011-0077-3
https://doi.org/10.1007/s11135-018-0802-x
https://doi.org/10.1093/annonc/mdz135
https://doi.org/10.1001/jamaoncol.2019.1048
https://doi.org/10.1016/j.ygyno.2020.07.028
https://doi.org/10.1371/journal.pone.0252665
https://doi.org/10.3389/fimmu.2025.1662455
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Mi et al.

35. Liao JB, Gwin WR, Urban RR, Hitchcock-Bernhardt KM, Coveler AL, Higgins
DM, et al. Pembrolizumab with low-dose carboplatin for recurrent platinum-resistant
ovarian, fallopian tube, and primary peritoneal cancer: survival and immune correlates.
J Immunother Cancer. (2021) 9:¢003122. doi: 10.1136/jitc-2021-003122

36. Gonzalez-Martin A, Chung HC, Saada-Bouzid E, Yanez E, Senellart H, Cassier
PA, et al. Lenvatinib plus pembrolizumab for patients with previously treated advanced
ovarian cancer: Results from the phase 2 multicohort LEAP-005 study. Gynecol Oncol.
(2024) 186:182-90. doi: 10.1016/j.ygyno.2024.04.011

37. Lu F, Wang T, Lu Y, Chen J. Considerations for single-arm trials to support
accelerated approval of oncology drugs. arXiv [Preprint]. (2024) 8-13. doi: 10.48550/
arXiv.2405.12437

38. Merino M, Kasamon Y, Theoret M, Pazdur R, Kluetz P, Gormley N.
Irreconcilable differences: the divorce between response rates, progression-free
survival, and overall survival. J Clin Oncol: Off ] Am Soc Clin Oncol. (2023) 41:2706-
12. doi: 10.1200/JCO.23.00225

39. Rossi L, Tomao F, Papa A, Caruso D, Pierluigi BP, Tomao S, et al. Current status
of bevacizumab in advanced ovarian cancer. OncoTargets Ther. (2013) 22:889-99.
doi: 10.2147/OTT.S46301

40. Liu J, Berchuck A, Backes FJ, Cohen J, Grisham R, Leath CA, et al. NCCN
guidelines® insights: ovarian cancer/fallopian tube cancer/primary peritoneal cancer,
version 3.2024. ] Natl Compr Cancer Netw: INCCN. (2024) 22:512-9. doi: 10.6004/
jncen.2024.0052

41. Burger RA, Brady MF, Bookman MA, Fleming GF, Monk BJ, Huang H, et al.
Incorporation of bevacizumab in the primary treatment of ovarian cancer. N Engl |
Med. (2011) 365:2473-83. doi: 10.1056/NEJMoal104390

42. Perren TJ, Swart AM, Pfisterer J, Ledermann JA, Pujade-Lauraine E, Kristensen
G, et al. A phase 3 trial of bevacizumab in ovarian cancer. N Engl | Med. (2011)
365:2484-96. doi: 10.1056/NEJMoal103799

43. Pujade-Lauraine E, Hilpert F, Weber B, Reuss A, Poveda A, Kristensen G, et al.
Bevacizumab combined with chemotherapy for platinum-resistant recurrent ovarian
cancer: the AURELIA open-label randomized phase III trial. J Clin Oncol. (2014). 32
(13):1302-8. doi: 10.1200/JC0O.2013.51.4489

44. Aghajanian C, Blank SV, Goft BA, Judson PL, Teneriello MG, Husain A, et al.
OCEANS: a randomized, double-blind, placebo-controlled phase III trial of
chemotherapy with or without bevacizumab in patients with platinum-sensitive
recurrent epithelial ovarian, primary peritoneal, or fallopian tube cancer. J Clin
Oncol: Off ] Am Soc Clin Oncol. (2012) 30:2039-45. doi: 10.1200/JC0O.2012.42.0505

45. Monk BJ, Barretina-Ginesta MP, Pothuri B, Vergote I, Graybill W, Mirza MR,
et al. Niraparib first-line maintenance therapy in patients with newly diagnosed
advanced ovarian cancer: final overall survival results from the PRIMA/ENGOT-
OV26/GOG-3012 trial. Ann Oncol: Off ] Eur Soc Med Oncol. (2024) 35:981-92.
doi: 10.1016/j.annonc.2024.08.2241

46. Mi X, Tuo F, Lin T. Efficacy and safety of camrelizumab for the treatment of
cervical cancer: a systematic review and meta-analysis. Front Oncol. (2024) 14:1526103.
doi: 10.3389/fonc.2024.1526103

47. Varga A, Piha-Paul S, Ott PA, Mehnert JM, Berton-Rigaud D, Morosky A, et al.
Pembrolizumab in patients with programmed death ligand 1-positive advanced ovarian
cancer: analysis of KEYNOTE-028. Gynecol Oncol. (2019) 152:243-50. doi: 10.1016/
j.ygyno.2018.11.017

48. Zsiros E, Lynam S, Attwood KM, Wang C, Chilakapati S, Gomez EC, et al. Efficacy
and safety of pembrolizumab in combination with bevacizumab and oral metronomic
cyclophosphamide in the treatment of recurrent ovarian cancer: A phase 2 nonrandomized
clinical trial. JAMA Oncol. (2021) 7:78-85. doi: 10.1001/jamaoncol.2020.5945

49. Gien LT, Enserro DM, Block MS, Waggoner S, Duska LR, Wahner-Hendrickson
AE, et al. Phase II trial of pembrolizumab and epacadostat in recurrent clear cell

Frontiers in Immunology

15

10.3389/fimmu.2025.1662455

carcinoma of the ovary: An NRG oncology study GY016. Gynecol Oncol. (2024)
186:61-8. doi: 10.1016/j.ygyno.2024.03.027

50. Luo Y, Miao X, Rajan S, Paez AG, Zhou X, Rosenthal LS, et al. Differential
functional change in olfactory bulb and olfactory eloquent areas in parkinson’s disease.
Brain Commun. (2024) 6:fcae413. doi: 10.1093/braincomms/fcae413

51. Luo Y, Adamek JH, Crocetti D, Mostofsky SH, Ewen JB. Dissociation in neural
correlates of hyperactive/impulsive vs. Inattentive symptoms in attention-deficit/
hyperactivity disorder. . Front Neurosci. (2022) 16:893239. doi: 10.3389/
fnins.2022.893239

52. Brahmer JR, Lacchetti C, Schneider BJ, Atkins MB, Brassil K], Caterino JM, et al.
Management of immune-related adverse events in patients treated with immune
checkpoint inhibitor therapy: american society of clinical oncology clinical practice
guideline. J Clin Oncol: Off ] Am Soc Clin Oncol. (2018) 36:1714-68. doi: 10.1200/
JCO.2017.77.6385

53. Martins F, Sofiya L, Sykiotis GP, Lamine F, Maillard M, Fraga M, et al. Adverse
effects of immune-checkpoint inhibitors: epidemiology, management and surveillance.
Nat Rev Clin Oncol. (2019) 16:563-80. doi: 10.1038/s41571-019-0218-0

54. Postow MA, Sidlow R, Hellmann MD. Immune-related adverse events
associated with immune checkpoint blockade. N Engl ] Med. (2018) 378:158-68.
doi: 10.1056/NEJMral703481

55. Thompson JA, Schneider BJ, Brahmer J, Zaid MA, Achufusi A, Armand P, et al.
NCCN guidelines® insights: management of immunotherapy-related toxicities, version
2.2024. J Natl Compr Cancer Netw: JNCCN. (2024) 22:582-92. doi: 10.6004/
jncen.2024.0057

56. Naidoo ], Page DB, Li BT, Connell LC, Schindler K, Lacouture ME, et al.
Toxicities of the anti-PD-1 and anti-PD-L1 immune checkpoint antibodies. Ann Oncol:
Off ] Eur Soc Med Oncol. (2015) 26:2375-91. doi: 10.1093/annonc/mdv383

57. Sadighi Akha AA. Aging and the immune system: an overview. ] Immunol
Methods. (2018) 463:21-6. doi: 10.1016/j.jim.2018.08.005

58. Gogishvili M, Melkadze T, Makharadze T, Giorgadze D, Dvorkin M, Penkov K,
et al. Cemiplimab plus chemotherapy versus chemotherapy alone in non-small cell lung
cancer: a randomized, controlled, double-blind phase 3 trial. Nat Med. (2022) 28:2374—
80. doi: 10.1038/s41591-022-01977-y

59. Sceneay ], Goreczny GJ, Wilson K, Morrow S, DeCristo MJ, Ubellacker JM, et al.
Interferon signaling is diminished with age and is associated with immune checkpoint
blockade efficacy in triple-negative breast cancer. Cancer Discov. (2019) 9:1208-27.
doi: 10.1158/2159-8290.CD-18-1454

60. Nebhan CA, Cortellini A, Ma W, Ganta T, Song H, Ye F, et al. Clinical outcomes
and toxic effects of single-agent immune checkpoint inhibitors among patients aged 80
years or older with cancer: a multicenter international cohort study. JAMA Oncol.
(2021) 7:1856-61. doi: 10.1001/jamaoncol.2021.4960

61. Saito Z, Fujita K, Okamura M, Ito T, Yamamoto Y, Kanai O, et al. Efficacy and
safety of immune checkpoint inhibitors in patients with non-small cell lung cancer aged
80 years or older. Cancer Rep (hob NJ). (2021) 4:¢1405. doi: 10.1002/cnr2.1405

62. Ladanie A, Speich B, Briel M, Sclafani F, Bucher HC, Agarwal A, et al. Single
pivotal trials with few corroborating characteristics were used for FDA approval of
cancer therapies. J Clin Epidemiol. (2019) 114:49-59. doi: 10.1016/j.jclinepi.2019.
05.033

63. Agrawal S, Arora S, Amiri-Kordestani L, de Claro RA, Fashoyin-Aje L, Gormley
N, et al. Use of single-arm trials for US food and drug administration drug approval in
oncology, 2002-2021. JAMA Oncol. (2023) 9:266-72. doi: 10.1001/jamaoncol.2022.
5985

64. Wang M, Ma H, Shi Y, Ni H, Qin C, Ji C. Single-arm clinical trials: design, ethics,
principles. BMJ Support Palliat Care. (2024) 15:46-54. doi: 10.1136/spcare-2024-
004984

frontiersin.org


https://doi.org/10.1136/jitc-2021-003122
https://doi.org/10.1016/j.ygyno.2024.04.011
https://doi.org/10.48550/arXiv.2405.12437
https://doi.org/10.48550/arXiv.2405.12437
https://doi.org/10.1200/JCO.23.00225
https://doi.org/10.2147/OTT.S46301
https://doi.org/10.6004/jnccn.2024.0052
https://doi.org/10.6004/jnccn.2024.0052
https://doi.org/10.1056/NEJMoa1104390
https://doi.org/10.1056/NEJMoa1103799
https://doi.org/10.1200/JCO.2013.51.4489
https://doi.org/10.1200/JCO.2012.42.0505
https://doi.org/10.1016/j.annonc.2024.08.2241
https://doi.org/10.3389/fonc.2024.1526103
https://doi.org/10.1016/j.ygyno.2018.11.017
https://doi.org/10.1016/j.ygyno.2018.11.017
https://doi.org/10.1001/jamaoncol.2020.5945
https://doi.org/10.1016/j.ygyno.2024.03.027
https://doi.org/10.1093/braincomms/fcae413
https://doi.org/10.3389/fnins.2022.893239
https://doi.org/10.3389/fnins.2022.893239
https://doi.org/10.1200/JCO.2017.77.6385
https://doi.org/10.1200/JCO.2017.77.6385
https://doi.org/10.1038/s41571-019-0218-0
https://doi.org/10.1056/NEJMra1703481
https://doi.org/10.6004/jnccn.2024.0057
https://doi.org/10.6004/jnccn.2024.0057
https://doi.org/10.1093/annonc/mdv383
https://doi.org/10.1016/j.jim.2018.08.005
https://doi.org/10.1038/s41591-022-01977-y
https://doi.org/10.1158/2159-8290.CD-18-1454
https://doi.org/10.1001/jamaoncol.2021.4960
https://doi.org/10.1002/cnr2.1405
https://doi.org/10.1016/j.jclinepi.2019.05.033
https://doi.org/10.1016/j.jclinepi.2019.05.033
https://doi.org/10.1001/jamaoncol.2022.5985
https://doi.org/10.1001/jamaoncol.2022.5985
https://doi.org/10.1136/spcare-2024-004984
https://doi.org/10.1136/spcare-2024-004984
https://doi.org/10.3389/fimmu.2025.1662455
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Efficacy and safety of pembrolizumab for the treatment of advanced or recurrent ovarian cancer: a meta-analysis based on single-arm studies
	1 Introduction
	2 Materials and methods
	2.1 Search strategy
	2.2 Inclusion and exclusion criteria
	2.3 Study selection strategies
	2.4 Data extraction
	2.5 Quality assessment
	2.6 Statistical analysis

	3 Results
	3.1 Literature search
	3.2 Baseline characteristics
	3.3 Quality assessment
	3.4 Tumor response
	3.5 Survival analysis
	3.6 Subgroup analysis
	3.7 Adverse events
	3.8 Sensitivity analysis
	3.9 Publication bias

	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


