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Abstract

Immunotherapy, especially immune checkpoint inhibitors (ICIs), is rapidly transforming gynecologic oncology, demonstrating
efficacy in advanced ovarian, cervical, and endometrial cancers. Pembrolizumab has become a standard of care for specific advanced
cervical cancers and AIMMR/MSI-H endometrial cancers. Challenges include biomarker identification, resistance mechanisms, and
tumor microenvironment modulation. Novel targets, gut microbiome influence, and CAR T-cell therapy are under investigation. Safe
management of immune-related adverse events is essential. Personalized immunotherapy strategies are a key focus.

Keywords

Immunotherapy; Immune Checkpoint Inhibitors; Gynecologic
Cancers; Pembrolizumab; Tumor Microenvironment; Biomarkers;
Ovarian Cancer; Cervical Cancer; Endometrial Cancer; CAR T-cell
Therapy

Introduction

The landscape of gynecologic oncology is undergoing a significant
transformation with the integration of advanced immunotherapeutic
strategies. Immune checkpoint inhibitors (ICIs), particularly those
targeting PD-1 and PD-L1 pathways, have emerged as potent agents
in the treatment of recurrent or advanced ovarian, cervical, and en-
dometrial cancers, offering new hope for patients with limited ther-
apeutic options [1].

Within cervical cancer, the efficacy of pembrolizumab has been
notably demonstrated in patients whose disease progresses follow-
ing chemotherapy. The KEYNOTE-826 trial provided robust evi-

dence that augmenting chemotherapy with pembrolizumab and be-
vacizumab significantly enhances both progression-free and overall
survival, thereby establishing this combination as a new standard of
care for specific subsets of advanced cervical cancers, with ongoing
efforts to refine patient selection through biomarker analysis, such
as PD-L1 expression [2].

For patients diagnosed with advanced endometrial cancer char-
acterized by mismatch repair deficiency (AIMMR) or microsatel-
lite instability-high (MSI-H) status, pembrolizumab has become a
foundational treatment, eliciting remarkable response rates. The
KEYNOTE-158 study underscored the broad utility of this ap-
proach across various dAMMR/MSI-H solid tumors, including en-
dometrial cancer, though the development of strategies to overcome
resistance and extend efficacy to MMR-proficient tumors remains
a critical area of research [3].

In the context of ovarian cancer, the application of immunother-
apy, especially ICIs, presents more intricate challenges. While ini-
tial responses in platinum-resistant disease were modest, combina-
tion strategies are now showing considerable promise. Ongoing in-
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vestigations are exploring the synergy between pembrolizumab and
olaparib, a PARP inhibitor, in ovarian cancer patients, with the aim
of amplifying anti-tumor immunity by increasing neoantigen pre-
sentation within DNA repair-deficient tumors [4].

A fundamental aspect of improving immunotherapy outcomes
in gynecologic cancers lies in a comprehensive understanding of
the tumor microenvironment (TME). Factors such as the extent
of immune cell infiltration, the specific cytokine profiles present,
and the prevalence of immunosuppressive cells significantly in-
fluence treatment response. Consequently, research is actively
pursuing methods to modulate the TME, for example, by target-
ing myeloid-derived suppressor cells (MDSCs) or tumor-associated
macrophages (TAMs) in conjunction with ICI therapies [5].

Beyond the well-established PD-1/PD-L1 pathways, novel im-
munotherapy targets are under active investigation for gynecologic
malignancies. Preclinical studies and early-phase clinical trials are
exploring strategies involving CTLA-4 blockade, as well as ago-
nists or antagonists of other immune receptors like 0X40, GITR,
and 4-1BB, with the overarching goal of inducing a more potent
and durable anti-tumor immune response [6].

The influence of the gut microbiome on cancer immunother-
apy response is an emerging and highly promising area of research.
Evidence suggests that specific microbial compositions can poten-
tiate the efficacy of ICIs by impacting systemic immunity and the
tumor microenvironment. Consequently, significant efforts are be-
ing directed towards elucidating and potentially manipulating the
microbiome to enhance treatment outcomes in gynecologic cancers

[7].

Biomarker development continues to represent a substantial
hurdle in optimizing immunotherapy for gynecologic cancers. Be-
yond established markers like PD-L1 expression and MSI sta-
tus, researchers are actively investigating tumor mutational burden
(TMB), gene expression profiles, and immune cell signatures to
improve the prediction of patient response and to identify underly-
ing mechanisms of resistance, thereby advancing personalized im-
munotherapy strategies [8].

The advancement of adoptive cell therapies, such as chimeric
antigen receptor (CAR) T-cell therapy, for solid tumors, including
gynecologic cancers, is progressively gaining momentum. Despite
persistent challenges related to antigen identification, TME infil-
tration, and cellular trafficking, significant progress in CAR design
and manufacturing is creating pathways for potential clinical ap-
plications, with early-phase trials examining CAR T-cells targeting
antigens like mesothelin and folate receptor alpha in ovarian cancer

[9].

Effective management of immune-related adverse events
(irAEs) is paramount for the safe and successful application of
immunotherapy in gynecologic oncology. A thorough under-
standing of the underlying mechanisms of irAEs, coupled with
the development of standardized guidelines for their monitoring
and management—often involving immunosuppressive agents like
corticosteroids—is essential to ensure treatment continuity and pre-
serve patient well-being [10].

Description

The field of gynecologic oncology is witnessing a dynamic evo-
lution with the incorporation of immunotherapy, particularly im-
mune checkpoint inhibitors (ICIs) targeting PD-1 and PD-L1, which
have demonstrated notable efficacy in treating advanced or recur-
rent ovarian, cervical, and endometrial cancers [1].

Pembrolizumab has shown promising clinical activity in ad-
vanced cervical cancer patients who have experienced disease
progression after prior chemotherapy. The KEYNOTE-826 trial
demonstrated a significant improvement in progression-free and
overall survival when pembrolizumab was added to chemotherapy
and bevacizumab, establishing this regimen as a new standard of
care for certain advanced cervical cancer cases, with ongoing efforts
to refine patient selection using biomarkers like PD-L1 expression

[2].

For patients with advanced endometrial cancer presenting with
mismatch repair deficiency (AIMMR) or microsatellite instability-
high (MSI-H) status, pembrolizumab has become a cornerstone of
treatment, achieving substantial response rates. The KEYNOTE-
158 study highlighted the broad applicability of this strategy across
dMMR/MSI-H solid tumors, including endometrial cancer, al-
though research continues to focus on overcoming resistance and
expanding efficacy to MMR-proficient tumors [3].

In ovarian cancer, immunotherapy, especially ICIs, has encoun-
tered more complex therapeutic challenges. While initial results in
platinum-resistant disease were modest, combination strategies are
now showing promise. The combination of pembrolizumab with
olaparib, a PARP inhibitor, is under investigation for ovarian cancer
patients, aiming to enhance anti-tumor immunity through increased
neoantigen presentation in DNA repair-deficient tumors [4].

Understanding the tumor microenvironment (TME) is critical
for improving immunotherapy outcomes in gynecologic cancers.
Factors such as immune cell infiltration, cytokine profiles, and
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the presence of immunosuppressive cells can dictate treatment re-
sponse. Current research is exploring methods to modulate the
TME, such as targeting myeloid-derived suppressor cells (MDSCs)
or tumor-associated macrophages (TAMs), in combination with

ICIs [5].

Novel immunotherapy targets beyond PD-1/PD-L1 are be-
ing actively investigated. Strategies involving CTLA-4 blockade,
alongside agonists or antagonists of other immune receptors like
0X40, GITR, and 4-1BB, are being explored in preclinical and
early-phase clinical trials for gynecologic malignancies, with the
goal of eliciting a more robust and sustained anti-tumor immune
response [6].

The role of the gut microbiome in modulating response to can-
cer immunotherapy is an emerging area of research. Studies indi-
cate that specific microbial compositions can enhance the efficacy
of ICIs by influencing systemic immunity and the tumor microenvi-
ronment. Efforts are underway to comprehend and potentially ma-
nipulate the microbiome to improve treatment outcomes in gyneco-
logic cancers [7].

Biomarker development remains a significant challenge in op-
Beyond PD-
L1 expression and MSI status, researchers are investigating tumor

timizing immunotherapy for gynecologic cancers.

mutational burden (TMB), gene expression profiles, and immune
cell signatures to better predict patient response and identify mech-
anisms of resistance, aiming to facilitate more personalized im-
munotherapy strategies [8].

The integration of adoptive cell therapy, such as CAR T-cell
therapy, for solid tumors, including gynecologic cancers, is gaining
traction. While challenges related to antigen identification, TME in-
filtration, and trafficking persist, advancements in CAR design and
manufacturing are paving the way for potential clinical applications.
Early-phase trials are exploring CAR T-cells targeting antigens like
mesothelin and folate receptor alpha in ovarian cancer [9].

Management of immune-related adverse events (irAEs) is cru-
cial for the safe and effective use of immunotherapy in gynecologic
oncology. Understanding the mechanisms of irAEs and developing
standardized guidelines for their monitoring and management, of-
ten involving immunosuppressive agents like corticosteroids, is es-
sential for maintaining treatment continuity and patient well-being
[10].

Conclusion

Immunotherapy, particularly immune checkpoint inhibitors (ICIs),

is revolutionizing gynecologic oncology, showing significant
promise in treating advanced ovarian, cervical, and endometrial
cancers. Pembrolizumab has established new standards of care
in advanced cervical cancer (when combined with chemotherapy
and bevacizumab) and in mismatch repair deficient (IMMR) or
microsatellite instability-high (MSI-H) endometrial cancer. While
ovarian cancer immunotherapy faces complexities, combination
strategies with agents like PARP inhibitors are being explored. Key
challenges include identifying predictive biomarkers (beyond PD-
L1 and MSI), overcoming resistance mechanisms, and understand-
ing the tumor microenvironment. Research is also investigating
novel ICI targets, the role of the gut microbiome, and advanced ther-
apies like CAR T-cells. Effective management of immune-related
adverse events is critical for patient safety and treatment continua-
tion. The field is moving towards more personalized immunother-
apy approaches.
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