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Objective: To explore the efficacy and safety of PD-1/PD-L1 inhibitors in treating
recurrent/refractory ovarian cancer (OC).

Methods: The online databases, including PubMed, Embase andCochrane Library,
were searched for relevant literatures on exploring the efficacy and safety of PD-1/
PD-L1 inhibitors in the treatment of recurrent/refractory OC. The keywords are as
follows: Ovarian neoplasms, programmed death receptor, PD-1, PD-L1,
immunotherapy, and immune checkpoint inhibitor. Furthermore, qualified
studies were screened for further meta-analysis.

Results: In this study, 11 studies (990 patients) were analyzed to evaluate the
efficacy of PD-1/PD-L1 inhibitors in the treatment of recurrent/refractory OC. The
combined results proved that the objective response rate (ORR) was 6.7%, 95% CI
(4.6%,9.2%), disease control rate (DCR) was 37.9%, 95% CI (33.0%, 42.8%), median
overall survival (OS) was 10.70 months, 95% CI (9.23, 12.17), and median
progression free survival (PFS) was 2.24 months, 95% CI (2.05, 2.43). In
addition, in terms of the safety of patients suffering from recurrent/refractory
OC and receiving PD-1/PD-L1 inhibitors, the combined treatment related adverse
events (TRAEs) were 70.9% (61.7%–80.2%), and the combined immune related
adverse events (iAEs) were 29%, 95% CI (14.7%, 43.3%).

Conclusion: In patients with recurrent/refractory OC, PD-1/PD-L1 inhibitors were
used alone and there was no obvious evidence of improved efficacy and survival.
As for safety, the incidences of TRAEs and iAEs are high, so PD1/PD-L1 inhibitors
should be applied according to individual conditions.

Clinical Trial Registration: https://www.crd.york.ac.uk/PROSPERO/display_
record.php?RecordID=367525, identifier CRD42022367525.

KEYWORDS

recurrent/refractory ovarian cancer, PD-1/PD-L1 inhibitors, immunotherapy,
immunocheckpoint inhibitors, meta-analysis

OPEN ACCESS

EDITED BY

Nayiyuan Wu,
Xiangya School of Medicine, Central
South University, China

REVIEWED BY

Matthew Stephen Block,
Mayo Clinic, United States
Hashem Obaid Alsaab,
Taif University, Saudi Arabia
Ravindra Deshpande,
Wake Forest University, United States

*CORRESPONDENCE

Lifeng Liu,
liulifeng2008@hotmail.com

Bing Liu,
13190177572@163.com

SPECIALTY SECTION

This article was submitted to
Pharmacology of Anti-Cancer Drugs,
a section of the journal
Frontiers in Pharmacology

RECEIVED 29 November 2022
ACCEPTED 24 February 2023
PUBLISHED 13 March 2023

CITATION

Zeng S, Liu D, Yu Y, Zou L, Jin X, Liu B and
Liu L (2023), Efficacy and safety of PD-1/
PD-L1 inhibitors in the treatment of
recurrent and refractory ovarian cancer:
A systematic review and a meta-analysis.
Front. Pharmacol. 14:1111061.
doi: 10.3389/fphar.2023.1111061

COPYRIGHT

©2023 Zeng, Liu, Yu, Zou, Jin, Liu and Liu.
This is an open-access article distributed
under the terms of the Creative
Commons Attribution License (CC BY).
The use, distribution or reproduction in
other forums is permitted, provided the
original author(s) and the copyright
owner(s) are credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

Frontiers in Pharmacology frontiersin.org01

TYPE Systematic Review
PUBLISHED 13 March 2023
DOI 10.3389/fphar.2023.1111061

https://www.frontiersin.org/articles/10.3389/fphar.2023.1111061/full
https://www.frontiersin.org/articles/10.3389/fphar.2023.1111061/full
https://www.frontiersin.org/articles/10.3389/fphar.2023.1111061/full
https://www.frontiersin.org/articles/10.3389/fphar.2023.1111061/full
https://www.frontiersin.org/articles/10.3389/fphar.2023.1111061/full
https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=367525
https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=367525
https://crossmark.crossref.org/dialog/?doi=10.3389/fphar.2023.1111061&domain=pdf&date_stamp=2023-03-13
mailto:liulifeng2008@hotmail.com
mailto:liulifeng2008@hotmail.com
mailto:13190177572@163.com
mailto:13190177572@163.com
https://doi.org/10.3389/fphar.2023.1111061
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org/journals/pharmacology#editorial-board
https://www.frontiersin.org/journals/pharmacology#editorial-board
https://doi.org/10.3389/fphar.2023.1111061


Introduction

Ovarian cancer (OC) is the second leading cause of female
gynecological cancer death worldwide (Bray et al., 2020). It was
estimated that 313,959 people were diagnosed with OC and
207,252 people died of OC in the world in 2020 (Global, 2020;
Siegel et al., 2021). The early symptoms of OC were insidious, and
most of the patients were advanced at the time of treatment.
Traditional treatment for OC was mainly surgery plus adjuvant
chemotherapy, while the emergence of chemotherapy resistance
affects the prognosis of patients to a certain extent, so the
median survival period of advanced/recurrent epithelial OC is
only 14.6 months (Shimokawa et al., 2018). The latest concept
pointed out that the treatment for OC can be evolved into the
treatment for chronic diseases, and the future treatment mode of OC
will gradually move towards the trend of combined treatment,
including surgery, chemotherapy, endocrine therapy,
immunotherapy, and other methods (Ovarian, 2022).

Tumor immunotherapy is the fourth anti-tumor therapy after
surgery, chemotherapy, and radiotherapy. In the tumor
microenvironment, tumor cells express corresponding ligands,
thus leading to T cell dysfunction, which enables tumor cells to
escape the surveillance and clearance of the immune system.

Targeted drugs against cytotoxic T-lymphocyte associated protein
4 (CTLA4) and programmed cell death receptor 1 (PDCD1, also
known as PD-1)/programmed cell death receptor ligand 1
(PDCD1LG1, also known as PD-L1) play an anti-tumor effect by
relieving tumor cells’ inhibition of T cell function (O’Donnell et al.,
2017). In recent years, immune checkpoint inhibitors (ICI), as the
most common immunotherapy, have brought hope for treating
malignant tumors (Boustani et al., 2021).

On 17 August 2021, Food and Drug Administration (FDA)
approved Dostarlimab-gxly (JEMPERLI) for adult patients with
dMMR, relapsed, or advanced solid tumors who have progressed
on or after prior therapy and had no satisfactory alternative therapy.
(Markham, 2021). In September 2021, the National Comprehensive
Cancer Network (NCCN) guidelines were recommended for use in
the guidelines for uterine tumors and ovarian cancer. In 2022, the
NCCN guidelines recommended that the indications for using PD-
1/PD-L1 inhibitors in advanced/recurrent OC mainly include:
Tumor tissue is in deficient mismatch repair (dMMR) or
microsatellite instability high (MSI-H) state, and tumor mutation
burden-high (TMB-H ≥10 muts/MB) (Ovarian, 2022).

The effects of PD-1/PD-L1 inhibitors, such as Nivolumab,
Pembrolizumab, Avelumab, and Atezolizumab, have been
confirmed by clinical studies (Brahmer et al., 2012; Hamanishi

TABLE 1 Characteristics of studies included in this meta-analysis.

Study,
year

Sample
size

Age Median
follow-up
(months)

Drugs Interventions Median OS
with 95% CI
(months)

Median PFS
with 95% CI
(months)

Brahmer
2012

17 NA NA BMS-936559
(Nivolumab)

3 or 10 mg/kg every 2 weeks NA NA

Hamanishi
2015

20 Median:
60.0

8 Nivolumab Every 2 weeks at a dose of 1 or
3 mg/kg

20.0 (7.0-NR) 3.5 (1.7–3.9)

Varga 2018 26 Median:
57.5

15.4 Pembrolizumab 10 mg/kg every 2 weeks
for ≤24 months

13.8 (6.7–18.8) 1.9 (1.8–3.5)

Disis 2019 125 Median:
62.0

26.6 Avelumab Avelumab 10 mg/kg was
administered by 1 h intravenous
infusion every 2 weeks

11.2 (8.7–15.4) 2.6 (1.4–2.8)

Liu 2019 12 Median:
60.5

7.6 Atezolizumab Atezolizumab was administered
intravenously at 15 mg/kg or
1,200 mg every 3 weeks

11.3 (5.5–27.7) 2.9 (1.3–5.5)

Matulonis
2019 1

285 NA 16.7 Pembrolizumab Pembrolizumab 200 mg was
administered intravenously every
3 weeks

NR (16.8-NR) 2.1 (2.1–2.2)

Matulonis
2019 2

91 NA 17.3 Pembrolizumab Pembrolizumab 200 mg was
administered intravenously every
3 weeks

17.6 (13.3-NR) 2.1 (2.1–2.6)

Normann
2019

18 Median:
61.0

7.5 Nivolumab Nivolumab 3 mg/kg bodyweight
every second week

7.5 (3.75–11.25) 3.75 (3.25–4.25)

Desai 2020 51 Median:
61.0

13.6 Tislelizumab 2 mg/kg administered every
2 weeks

NA NA

Eric 2021 188 Median:
61.0

18.2 Avelumab Avelumab 10 mg/kg was
administered by 1 h intravenous
infusion every 2 weeks

11.8 (8.9–14.1) 1.9 (1.8–1.9)

Hamanishi
2021

157 Median:
58.0

NA Nivolumab Nivolumab 240 mg was
administered intravenously every
2 weeks

10.1 (8.3–14.4) 2.0 (1.9–2.2)

NA: not acpuired; NR: not reached.
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et al., 2015; Disis et al., 2019; Liu et al., 2019; Matulonis et al., 2019;
Normann et al., 2019; Varga et al., 2019; Desai et al., 2020;
Hamanishi et al., 2021; Pujade-Lauraine et al., 2021). Most of
these tests are designed as single arm tests, and the form is
irreparable. Therefore, we conducted a meta-analysis to
investigate the efficacy of anti-PD-1/PD-L1 alone in OC.

Materials and methods

Searching strategy and selection criteria

This meta-analysis was conducted through the Preferred
Reporting Items for Systematic Reviews and Meta-analysis
(PRISMA) standard (Moher et al., 2009). The following keywords
were searched in PubMed, Embase, Cochrane Library and other
online databases: Ovarian neoplasms, programmed death receptor,
PD-1, PD-L1, immunotherapy, and immune checkpoint inhibitor.
The selection criteria are as follows: 1) The data of observation
indicators were complete; 2) The studies were prospective clinical
studies, including randomized controlled trials and single arm
studies. For clinical controlled trials, only the study group
receiving single drug treatment of PD-1/PD-L1 inhibitors was
included; 3) Patients with recurrent/refractory OC received single
drug treatment of PD-1/PD-L1 inhibitors (Nivolumab,
Pembrolizumab, Avelumab, and Atezolizumab); 4) Literature
published in English. Exclusion criteria are as follows: 1) Article
type: Letters, editorials, expert opinions, case reports and comments;
2) Research without available data; 3) Repetitive publications.

Data extraction and quality assessment

Two researchers were independently responsible for data
extraction, and any differences were resolved by third-party
contributors. The following data were extracted using the
previously developed data extraction table: 1) Literature
related information: Author’s name, research year, research
type, total number of people in the study and the
corresponding number of people in each group; 2) Study event
indicators: Objective response rate (ORR) and disease control
rate (DCR), median overall survival (OS) and median
progression free survival (PFS), and treatment related adverse
events (TRAEs)/immune related adverse events (iAEs).

Statistical analysis

The combined ORR/DCR/medium OS/median PFS/TRAEs/
iAEs were statistically analyzed using Stata version 15.0. Cochran
Q test and I2 statistical evaluation were used for data heterogeneity
assessment. For Q test, p-value less than 0.05 indicates significant
heterogeneity; For I2 statistics, I2 values greater than 50% are
considered significant heterogeneity. Subgroup analysis was
conducted to explore potential sources of heterogeneity. By
removing each study and calculating, the sensitivity analysis was
used to determine the related effects of individual studies on the
combined results. Begg’s and Egger’s test were depicted to assess
publication bias. p < 0.05 was considered to be statistically
significant.

Results

Eligible literatures

A total of 2,109 articles were initially searched, and 1,874 articles
remained after eliminating duplication. By reviewing the title and
abstract according to the inclusion and exclusion criteria,
1,858 articles were excluded. Finally, through full text review,
10 articles with 11 researches, involving 990 OC patients, were
recruited. PD-1/PD-L1 inhibitors used included Nivolumab (n = 4),
Pembrolizumab (n = 3), Avelumab (n = 2), Atezolizumab (n = 1),
and Tislelizumab (n = l). All the PD-1/PD-L1 inhibitors have been
approved by FDA. The basic information of eligible research in
Table 1. All participants in the 11 studies were diagnosed with
recurrent or refractory OC. See the following detailed flow chart
(Figure 1). According to the indicators of the Methodological Index
for Non-randomized Studies (MINORS) scale, the total score of the
quality evaluation is 16 points; 0 point means that the literature was
not reported; 1 point refers to that the literature has been reported
but the data information was insufficient; 2 points represents that
the literature has been reported and provided sufficient information.
The results are shown in (Supplementary Table S1).

Efficacy evaluation

Eleven of the included studies made statistics on ORR. The total
sample size was 949 cases, with 72 cases of objective response. Meta

TABLE 2 Summary of effectiveness and safety of different treatment combinations.

Effect value (95%CI)

Subgroup ORR DCR OS PFS TRAEs iAEs

Avelumab 5.8% (3.4%–8.7%) 40.0% (34.7%–45.4%) 11.57 months (9.52–13.63) 2.16 months (1.5–2.82) 70.9% (65.9%–75.9%) 16.8%
(10.7%–24.5%)

Nivolumab 6.1% (1.9%–11.8%) 35.7% (28.7%–42.8%) 9.13 months (6.83–11.42) 3.05 months (1.66–4.43) 60.6% (27.7%–93.5%) 50.0%
(41.9%–58.1%)

Pembrolizumab 7.7% (5.2%–10.7%) 37.3% (32.6%–42.0%) 13.8 months (7.75–19.85) 2.10 months (2.05–2.15) 73.1% (68.4%–77.6%) 22.9%
(18.8%–27.0%)

Other 10.2% (3.0%–20.1%) 22.2% (2.8%–60.0%) 11.30 months (0.20–22.40) 2.90 months (0.80–5.00) 83.2% (71.6%–94.7%) —
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analysis results are as follows: I2 = 26.33%, p = 0.193 indicates that there
is no heterogeneity among the 11 studies. The fixed effect model was
selected, and the combined effect value ORR = 6.7%, 95% CI
(4.6%,9.2%), (Figure 2). Ten of the included studies made statistics
on DCR. The total sample size was 898 cases, with 342 cases of disease
control. Meta analysis results are as follows: I2 = 45.078%, p =
0.059 refers to that there was moderate heterogeneity among the
studies, the random effect model was used with the combined effect
value of DCR = 37.9%, 95% CI (33.0%, 42.8%), (Figure 3). Six of the
included studies made statistics on themedianOS.Meta analysis results
are that I2 = 0.0%, p = 0.447 suggests that there was no significant
heterogeneity among the 6 studies, so the fixed effect model was used,
with the combined effect value median OS = 10.70 months, 95% CI
(9.23, 12.17), (Figure 4). Nine of the included studies made statistics on
the median PFS. Meta analysis results are that I2 = 91.0%, p <
0.001 represents that there was significant heterogeneity among the
studies, so a random effect model was used, with the combined effect
value median PFS = 2.24 months, 95% CI (2.05, 2.43), (Figure 5).

Safety assessment

There were 8 articles that counted the incidence of TRAEs. Meta
analysis results are as follows: I2 = 88.745%, p < 0.001 indicates that
there is a certain heterogeneity among the studies, so a random effect

model was used, with combined effect values of TRAEs = 70.9%, 95%CI
(61.7%, 80.2%), (Figure 6). TRAEs can be divided into mild-moderate
TRAEs (Grade 1 = mild, Grade 2 = moderate) and severe TRAEs
(Grade 3 = severe, Grade 4 = life-threatening, and Grade 5 = death)
according to severity. As shown in Supplementary Figure S1, the pooled
mild-moderate TRAEs is 53.0%, 95% CI (44.0%, 62.0%) with huge
heterogeneity (I2 = 83.817%, p < 0.001). The combined effect value of
severe TRAEs was 13.3%, 95% CI (8.0%, 18.6%) with significant
heterogeneity (I2 = 77.433%, p < 0.001). There were 4 articles
that counted the incidence of iAEs. Meta analysis results are that
I2 = 93.477%, p < 0.001 marks that there is some heterogeneity
between the four studies, so a random effect model was used, with
combined effect values of iAEs = 29.0%, 95% CI (14.7%, 43.3%),
(Figure 7).

Subgroup analysis

In Table 2, according to Avelumab, Nivolumab, Pembrolizumab,
and others, the ORR was divided into four subgroups. Meta
analysis results are as follows: the ORR of Avelumab
combination effect value is 5.8% (3.4%–8.7%), DCR is 40.0%
(34.7%–45.4%), median OS is 11.57 months (9.52–13.63),
median PFS is 2.16 months (1.5–2.82), TRAEs is 70.9%
(65.9%–75.9%), and iAEs is 16.8% (10.7%–24.5%);

FIGURE 1
Flow chart of the meta-analysis.
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Nivolumab combination effect value ORR is 6.1% (1.9%–

11.8%), DCR is 35.7% (28.7%–42.8%), median OS is
9.13 months (6.83–11.42), median PFS is 3.05 months

(1.66–4.43), TRAEs is 60.6% (27.7%–93.5%), and iAEs is
50.0% (41.9%–58.1%); Pembrolizumab combination ORR is
7.7% (5.2%–10.7%), DCR is 37.3% (32.6%–42.0%), median

FIGURE 2
Forest plots of the pooled objective response rate (ORR).

FIGURE 3
Forest plots of the pooled disease control rate (DCR).
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OS is 13.8 months (7.75–19.85), median PFS is 2.10 months
(2.05–2.15), TRAEs is 73.1% (68.4%–77.6%), and iAEs is 22.9%
(18.8%–27.0%); Others combination effect value ORR is 10.2%
(3.0%–20.1%), DCR is 22.2% (2.8%–60.0%), median OS is
11.30 months (0.20–22.40), median PFS is 2.90 months
(0.80–5.00), and TRAEs is 83.2% (71.6%–94.7%).

Publication bias and sensitivity analyses

We performed Begg’s and Egger’s tests to assess the presence of
publication bias in this study. As displayed in Supplementary Figure S2,
publication bias was not significant in studies on ORR (p = 0.107), DCR
(p = 0.592), OS (p = 0.707), PFS (p = 0.466), TRAEs (p = 0.711), and
iRAEs (p = 0.734) based on Begg’s tests. Similar results were observed
based onEgger’s tests (ORR: p= 0.06; DCR: p= 0.919; OS: p= 0.724; PFS:
p = 0.225; TRAEs: p = 0.775; iRAEs: p = 0.653) (Supplementary Figure
S3). Sensitivity analysis proved that our results were robust
(Supplementary Figure S4).

Discussion

In this study, 11 studies, involving 990 patients, were analyzed to
evaluate the efficacy of PD-1/PD-L1 inhibitors in the treatment of
recurrent/refractory OC. Our results indicated that in patients with
recurrent/refractory OC, PD-1/PD-L1 inhibitors were used alone
and there was no obvious evidence for the improvement of efficacy
and survival. As for safety, the incidences of TRAEs and iAEs are
high, so PD-1/PD-L1 inhibitors should be applied based on
individual conditions.

Currently, the 2022 NCCN guidelines show that PD-1/PD-
L1 inhibitors are effective in some cases of recurrent epithelial
OC (including rare pathological types) and recurrent malignant
germ cell tumors, but PD1/PD-L1 inhibitors are not

recommended for recurrent malignant sex cord stromal
tumors. Therefore, in the case of unsatisfactory effects of
surgery, chemotherapy and other treatment methods,
immunotherapy can be considered for such patients (Ovarian,
2022). However, the guidelines only recommend that patients
with MSI-H/dMMRmay benefit from immunotherapy. Although
PD-1/PD-L1 inhibitors have made breakthrough progress in the
treatment of gynecological tumors, the current immunotherapy
effect in OC is still not satisfactory or perfect. The reasons are
closely related to the immune escape mechanism of OC and the
changes of tumor immune microenvironment (TIME): 1)
Recognizing related antigens is weakly developed: Among
various cancers, including OC, NY-ESO-1 is considered as a
promising and effective target for immunotherapy (Gordeeva,
2018). Some studies revealed that no NY-ESO-1 peptide antigen
was found in major histocompatibility complex (MHC-1) or
MHC-2 molecules in 42 epithelial OC samples (Schuster et al.,
2017). In clinical trials of OC, many solid tumor targets rely on
tumor related antigens that have been discovered, such as HER2,
WT1, NY-ESO-1, and p53, while they do not all exist on MHC
molecules. Meanwhile, these studies has not been proved that the
tumor antigens in question do not get processed and presented
on MHC-1 or MHC-2 molecules. Therefore, the induction of
immune response against these antigens may mislead immune
cells, and thus prevent them from attacking tumor cells. 2)
Inhibition of antigen presenting cells: Antigen presenting cells
include macrophages, dendritic cells, and B lymphocytes. Severe
dysfunction of dendritic cells occurs in advanced OC. Cancer
cells infiltrate dendritic cells in large quantities and secrete
PGE2 and TGF- β. By inducing PD-L1 and arginase activity,
normal dendritic cells with immune function can be transformed
into immunosuppressive cells (Chae et al., 2017). 3) Inhibition of
tumor killing immune cells and activation of immunosuppressive
cells: Regulatory T cells (Tregs) can inhibit the anti-tumor
response of T cells. Tregs negatively regulates anti-tumor

FIGURE 4
Forest plots of the Summarized median overall survival (OS).
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response in a direct and indirect manner (Mishra et al., 2021;
Puleo and Polyak, 2022). Curiel et al. confirmed that
CD4+CD25+FOXP3+Tregs specifically inhibited anti-tumor
T cells in vivo and promoted tumor growth (Curiel et al.,
2004). Their existence is correlated with the poor prognosis of
OC. Myeloid derived suppressor cells (MDSCs) have a significant
ability to inhibit T cell response (Lim et al., 2020), and they
increase in OC patients and play an important role in disease
progression. 4) The mechanisms of the OC immunosuppressive

network include the inhibition of CD8+effector T cells by Tregs,
as described previously. Secondly, indoleamine-2, 3-dioxygenase
(IDO), an immune regulatory enzyme, induces immune
tolerance by locally consuming tryptophan and producing
toxic tryptophan metabolites (such as kynurenine), thus
resulting in the growth of effector T cells or NK cells in TME
that is hindered and inhibits their killing function. IDO
inhibitors can improve the anti-tumor efficacy of current
chemotherapy or immunotherapy (Zhai et al., 2020); The most

FIGURE 6
Forest plots of the overall treatment related adverse events rate (TRAEs).

FIGURE 5
Forest plots of the Summarized median progression free survival (PFS).
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classical inhibition pathway is the combination of inhibitory
immune checkpoint CTLA4 and PD-1 with ligand PD-L1; in
addition, MDSCs and inhibitors, such as TGF- β, also participate
in regulating the immunosuppressive network of OC (Odunsi,
2017).

Future research directions of immunotherapy are displayed
as follows. Most preclinical and clinical studies focus on
recurrent/metastatic/persistent/late unresectable gynecologic
tumors (Brahmer et al., 2012; Hamanishi et al., 2015; Disis
et al., 2019; Liu et al., 2019; Matulonis et al., 2019; Normann
et al., 2019; Varga et al., 2019; Desai et al., 2020; Hamanishi
et al., 2021; Pujade-Lauraine et al., 2021). However, more and
more evidence supports that it should be used as early as
possible when the patients are in generally good condition
and the tumor load is small. In recent years, studies have
suggested that early application of PD-1/PD-L1 inhibitor in
the treatment of triple negative breast cancer and non-small cell
lung cancer could benefit patients (Topalian et al., 2020).
Another highly concerned treatment direction is combination
therapy. Research in OC illustrated that the ORR of the
combination of PD-1/PD-L1 inhibitors and chemotherapy
was the highest [36% (95% CI: 24%, 51%)], the ORR of the
combination of PD-1/PD-L1 inhibitors and anti-angiogenesis
therapy was 30% (95% CI: 19%, 44%), and the ORR of the
combination of PD-1/PD-L1 inhibitors and poly adenosine
diphosphate ribose polymerase (PARP) inhibitors was 17%
(95% CI:11%, 26%) (Zhu et al., 2021). However, the
combined use of multiple drugs is like a double-edged sword,
which brings about a new problem: the toxic and side effects of
drugs. Compared with the existing PD-1/PD-L1 inhibitor
combined with chemotherapy, this study showed that the

single drug treatment of PD1/PD-L1 inhibitor could not
significantly reduce the incidence of serious adverse
reactions. Therefore, how to achieve the best treatment effect
for patients with the least toxic and side effects is an urgent
problem to be solved in the combined application of PD-1/PD-
L1 inhibitors. It is also one of the research directions in the
future to explore more effective predictors. At present, clinical
efficacy predictors include dMMR/MSI-H, PD-L1, and TMB-H,
but these predictors are not ideal. On the one hand, it is because
the ORR of PD-1 inhibitor is poor, even in PD-L1 positive OC
patients (Varga et al., 2019). On the other hand, KEYNOTE-100
shows a low MSI rate in OC (Matulonis et al., 2019), and the
TMB of OC patients is also very low.

Moreover, before using immunotherapy, we should carefully
consider the patient’s sociological factors, lifestyle, metabolic
disorders, and other variables, aiming to obtain the best
treatment results. In this study, it showed that race, obesity,
smoking, exercise, and drinking habits affect the effectiveness of
immunotherapy, while diabetes and hypertension are the results
of immunotherapy, rather than the causes. Hormone signaling
also affects prostate cancer, endometrial cancer, OC, and colon
cancer. It is imperative to determine the hormone response
profile of individual tumor in the context of ICI therapy
(Deshpande et al., 2020).

Zhu J et al. pointed out that PD-1/PD-L1 inhibitors alone
have limited efficacy in OC. PD-1/PD-L1 inhibitor combined
with chemotherapy can be recommended for further research.
Compared with their research, this study further explored the
safety of immunotherapy, the immune escape mechanism of OC
and the efficacy of various types of PD-1/PD-L1 inhibitors on OC
(Zhu et al., 2021).

FIGURE 7
Forest plots of the overall immune related adverse events rate (iAEs).
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This study has some limitations. First, most of the articles
included were non-comparable, and include phase I–III clinical
studies, which makes this study have certain heterogeneity.
Second, PD-1/PD-L1 inhibitors are different in the study,
which inevitably leads to deviation. Third, there is not enough
data to evaluate the patient’s Body Mass Index, allergy history,
race, drinking history, smoking history, and other characteristics.

Conclusion

To our knowledge, this meta-analysis is the first to focus on the
efficacy of PD-1/PD-L1 inhibitors alone in recurrent/refractory OC,
which is timely and necessary. According to this study, the efficacy
and safety of PD-1/PD-L1 inhibitors in patients with recurrent and
refractory OC are not satisfactory, which is far from the role of PARP
inhibitors and immunotherapy in the treatment of metastatic and
recurrent cervical cancer. At present, we often put PD-1/PD-
L1 inhibitors in the post-treatment of OC. When other drugs are
not effective, PD-1/PD-L1 inhibitors can be used alone or in
combination with other drugs according to the patient’s genetic status.
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