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ABSTRACT: Epithelial ovarian cancer (EOC) is most commonly diagnosed at an advanced stage and is known
to recur frequently. Recurrent EOC can be difficult to treat, with limited effective options for systemic therapy.
Platinum-resistant and -refractory recurrences are particularly difficult to treat, with even fewer therapeutic options
than for platinum-sensitive recurrences. Less common histologic subtypes are also challenging, often with poor
responses to typical systemic therapies and limited clinical trial data. With successes in the use of immunotherapy (IO)
in other types of solid tumors, IO has been investigated extensively in EOC. However, the incorporation of IO in the
treatment of EOC has yielded variable results; of the many clinical trials studying IO in ovarian cancer, there are very
few positive results. This article discusses the role of the immune system in cancer proliferation and IO mechanisms
of action, reviews clinical trials involving the use of immune checkpoint inhibition (ICI) in EOC, and considers the
role of biomarkers in the use of IO. We also discuss the possible reasons for why most EOCs do not seem to respond
as well as other solid tumors do to IO, as well as discuss the EOCs that have shown more promising responses, namely
platinum-resistant disease and clear cell histology. The overarching aim of this review is to comprehensively digest
the large volume of existing research pertaining to the use of IO in the treatment of ovarian cancer and examine the
pitfalls and possibilities for future success in the use of IO in EOC.

KEYWORDS: Ovarian cancer; immunotherapy (IO); pembrolizumab; biomarker; clear cell; programmed death ligand
1 (PD-L1); immune checkpoint inhibition (ICI)

1 Introduction

The incorporation of immunotherapy (IO) in cancer treatment has yielded significant advancements
in a variety of solid tumors, including melanoma, non-small cell lung, triple-negative breast, hepatocellular,
renal cell, and endometrial cancer [1–5]. Accordingly, the past decade has seen a boom in the number
of IO therapies being studied and receiving Food and Drug Administration (FDA) approval, with both
disease-specific targets and agnostic indications. Pembrolizumab, an immune checkpoint inhibitor, was the
first IO to gain tumor-agnostic FDA approval. In 2017, it received accelerated approval for microsatellite
instability high (MSI-H) andmismatch repair deficient (dMMR) tumors based on the results of five single-arm
trials, which revealed a pooled observed response rate (ORR) of 39.6% (95% confidence interval (CI)
31.7–47.9%) across 15 tumor types [6]. In 2020, pembrolizumab received tumor-agnostic approval for
tumor mutational burden high (TMB-H) tumors based on the results of the phase 2 KEYNOTE-158 trial
(NCT02628067), which found an objective response rate (ORR) in patients with advanced solid TMB-H
tumors of 29% (95% CI 21–39%) compared to 6% (95% CI 5–8%) for those without TMB-H [7]. The treatments
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of cervical and endometrial cancers have seen significant advancements with the incorporation of IO, as
observed in such landmark trials as the KEYNOTE-826 (NCT03635567) study for cervical cancer and
the KEYNOTE-775 (NCT03517449), RUBY (NCT03981796), and NRG-GY018 (NCT03914612) trials for
endometrial cancer [4,5,8]. Selected key events in the evolution of IO use related to ovarian cancer are
noted in Fig. 1.

Figure 1: Timeline of key developments in the treatment of advanced and recurrent ovarian cancer,
including milestones in immunotherapy. The figure contains a timeline with selected imporant events in
the treatment of ovarian cancer with particular relevance to advances in immunotherapy, including FDA
drug approvals and landmark trials. Abbreviations: IO: immunotherapy, PRROC: platinum-resistant recurrent
ovarian cancer, FDA: Food and Drug Administration, MSI-H: microsatellite instability high, dMMR: mismatch repair
deficient, TMB-H: tumor mutational burden high, BRCA: breast cancer gene, HRD: homologous recombination
deficient, PARPi: poly(ADP-ribose) polymerase inhibitor, Frα: folate receptor alpha, T-DXd: trastuzumab deruxtecan,
MIRV: mirvetuximab, PFS: progression-free survival, OS: overall survival.

With the dramatic successes observed with the integration of IO into the treatment paradigms of
many solid tumors, significant effort has been dedicated to replicating these successes in ovarian cancer.
Numerous clinical trials have explored the use of IO in ovarian malignancies, mostly via immune-checkpoint
inhibition (ICI). However, despite the large volume of clinical data generated by these trials, the efficacy and
most optimal utilization of IO in the ovarian cancer treatment landscape remain unclear. In this article, we
will review the scientific rationale for the study of IO in oncologic applications and discuss the classification
of ovarian cancer as a “cold” tumor, including ways this tumor characteristic may be responsible for the
unsatisfying responses observed to IO. We will perform a detailed review of key phase 2 and 3 clinical trials
involving IO use in epithelial ovarian cancer (EOC), with emphasis on ICI, as this is the type of IO most
readily incorporated into treatment. We will also explore how and why less common histologic subtypes
of EOC may respond differently to IO. We will briefly review immune modulators beyond checkpoint
inhibition being studied in oncologic applications. Finally, we will investigate the utility of biomarkers in
predicting response to IO and discuss their limitations. Our overarching aim is to comprehensively review
the recent history and current state of the science pertaining to the use of IO in the treatment of advanced
and recurrent EOC.

PubMed was utilized to search for full-text publications of trials already known to the study team.
To find trials not yet familiar to the study team, a PubMed search was performed using the search terms
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“ovarian cancer” and “immunotherapy”. All key phase 3 randomized clinical trials were included in this
review. Select phase II trials were included based on expert opinion. Cross-references were utilized to
identify additional trials. International professional meeting slides and abstracts were referenced for trials
that have not yet been published in manuscript form.

2 Historical Perspective, Current Standard of Care

2.1 Treatment and Maintenance of Advanced Epithelial Ovarian Cancer

EOC is conventionally treated with platinum-taxane-based chemotherapy, with the most common
regimen being carboplatin and paclitaxel [9]. Clinical trials in the 1990s and early 2000s established
platinum-based regimens to have superior outcomes and less toxicity compared with non-platinum
regimens [10–12].

Bevacizumab, a vascular endothelial growth factor (VEGF) inhibitor, is often added to carboplatin
and paclitaxel and continued as maintenance therapy. Its benefit was primarily established in GOG-218
(NCT00262847) [13], which demonstrated an improvement in progression-free survival (PFS) by about
4 months. No difference in overall survival (OS) was found, although a subgroup analysis found that patients
with stage 4 disease may have OS benefit from bevacizumab use. ICON-7 (ISRCTN91273375) [14] also
explored the addition of concurrent and maintenance bevacizumab to carboplatin and paclitaxel. The study
found no difference in PFS between treatment arms, but a subgroup analysis demonstrated an OS benefit
for patients at high risk of progression (stage IV, inoperable stage III, sub-optimally debulked stage III).

Poly(ADP-ribose) polymerase inhibitors (PARPi) have become an important component of frontline
maintenance therapy for advanced EOC. The SOLO1 trial (NCT01844986) [15] was a phase 3 randomized
trial that evaluated the use of olaparib as maintenance therapy in patients with a BRCA germline or
somatic mutation after complete or partial response to platinum-based chemotherapy. This study found a
70% reduction in risk of disease progression and death (95% CI 0.23 to 0.41; p < 0.001), establishing it as
standard of care for patients with BRCA mutations. PRIMA/ENGOT-OV26/GOG-3012 (NCT02655016) [16]
is a phase 3 randomized trial that evaluated the addition of niraparib maintenance in an all-comer
population with newly diagnosed advanced ovarian cancer who responded to first-line platinum-based
chemotherapy. This study found improved PFS for both homologous recombination deficient (HRD)
subjects and the overall study population with niraparib, with a 48% reduction in the risk of progression
and death in the HRD population (95% CI 0.4–0.68, p < 0.001). Other trials that demonstrated the utility
of PARPi in the frontline maintenance setting include the PAOLA-1/ENGOT-ov25 (NCT02477644) and
ATHENA-MONO (NCT03522246) trials, which studied the combination of olaparib and bevacizumab and
rucaparib monotherapy, respectively [17,18].

2.2 Treatment of Epithelial Ovarian Cancer Recurrence

First-line treatment of platinum-sensitive EOC recurrence (defined as a disease-free interval of 6 months
of greater) is with platinum-based chemotherapy, typically in a doublet with a taxane with or without
bevacizumab [9]. Gemcitabine and pegylated liposomal doxorubicin (PLD) in combination with carboplatin
have also been studied, demonstrating these as reasonable alternatives to paclitaxel [19–21]. PARPi are also
utilized in the platinum-sensitive recurrent setting in BRCA mutated and HRD patients [22].

Platinum-resistant and -refractory recurrences (resistance defined as recurrence within 6 months of
last platinum-based chemotherapy, refractory defined as progression while receiving platinum) are difficult
to treat and are associated with a poor prognosis. Common chemotherapies utilized include PLD, weekly
paclitaxel, and topotecan [9]. Targeted therapy is an emerging aspect of treatment in platinum-resistant
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disease. Mirvetuximab soravtansine-gynx (MIRV) is an antibody-drug conjugate (ADC) targeting antifolate
receptor alpha (FRα), approved for patients whose tumors express FRα ≥ 75% based on the results of the
SORAYA (NCT04296890) and MIRASOL (NCT04209855) trials [23,24]. Trastuzumab deruxtecan (T-DXd) is
another ADC with an emerging role in the treatment of EOC, targeting human epidermal growth factor 2
(HER2); the phase 2 DESTINY-PanTumor02 trial (NCT04482309) of T-DXd in HER2-expressing solid tumors
demonstrated an ORR of 45% (95% CI 29.3%-61.5%) in the overall ovarian cohort, and an ORR of 63.6% (95%
CI 30.8%-89.1%) in the subgroup with 3+ HER2 immunohistochemical staining (IHC3+). Notably, 35% of
the ovarian cohort had received 5 or more prior lines of systemic treatment [25]. While these and other
trials demonstrate encouraging possibilities in the treatment of EOC, more and larger trials are needed,
particularly phase 3 trials.

2.3 Summary

Front-line treatment of advanced epithelial ovarian cancer is with platinum-taxane combination
therapy (most commonly carboplatin and paclitaxel), with the consideration of bevacizumab maintenance.
PARP inhibitors should be considered standard of care for frontline maintenance in BRCA mutant and HRD
populations. Recurrent disease treatment paradigms include rechallenge with platinum-based chemotherapy
and a wide range of emerging therapeutics, such as ADCs. Platinum-resistant disease has limited therapeutic
options and is thus a common target of study with novel therapeutic approaches.

3 IO and the Tumor Microenvironment (TME)

Key to the implementation of IO in the treatment of ovarian malignancy is an understanding of the
TME and its immunomodulatory effects.

3.1 The TME

The TME, formed from malignant, stromal, immune, and endothelial cells, and describes the complex
cellular ecosystem that supports tumor growth and survival [26]. The TME’s immune cells (ICs) allow it to
modulate the host’s immunological responses in a way that is or is not conducive to cancer growth. Cytotoxic
CD8+ T lymphocytes, TH1 helper cells, and M1 macrophages cause tumor suppression, whereas regulatory
T-cells, M2 macrophages and TH2 helper cells promote tumor growth. Collectively, the pro-tumor immune
populations generate an environment that protects the tumor from immune recognition as abnormal [27].

Cytotoxic CD8+ T-cells release cytokines, including IL-2, TNF-α, and IFN-γ which allow them
to recognize and destroy tumor cells. In solid tumors, T-cells enter a state of exhaustion due to
continuous antigen exposure and persistent inflammation. These exhausted T-cells decrease proliferation,
cytokine production, and cytotoxicity [26]. When these cells remain in this exhausted state, they express
inhibitory receptors, such as programmed cell death protein 1 (PD-1). In normal circumstances, PD-1
acts as a checkpoint to prevent excessive immune activation. In chronic overexpression within the
TME, the upregulation of PD-1 and its ligands, programmed death ligands 1 and 2 (PD-L1 and PD-L2)
on tumor cells, increases inhibitory signaling that decreases T-cell function, allowing for unchecked
tumor proliferation [27,28]. By disrupting the binding between immune checkpoint receptors and their
ligands with immune checkpoint inhibition, the patients’ own immune systems can mount an anti-tumor
response [29,30]. Pembrolizumab is one of the most commonly used and studied IO agents, belonging to
the class of immune checkpoint inhibitors. It inhibits PD-1, blocking it from binding to PD-L1 and PD-L2
ligands. Dostarlimab and nivolumab have similar mechanisms of action. Durvalumab and Atezolizumab
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are two other commonly studied IO agents, and function by blocking the PD-L1 ligand and preventing it
from binding with PD-1.

3.2 “Hot” and “Cold” Tumors

Understanding whether a tumor is immunologically “hot” or “cold” is important in predicting response
to IO [31]. “Hot” or “immune-active” tumors typically harbor a high density of CD8+ T-cells within the
tumor, while “cold” or “immune-desert” tumors are devoid of them [31]. These “cold” tumors usually have
few mutations and minimally express neoantigens or PD-L1, which allows them to escape immune detection
and destruction. In contrast, the presence of CD8+ T-cells and PD-L1 expression is generally associated with
a more favorable clinical prognosis because it indicates active immune engagement and decreased likelihood
of immune invasion by the tumor. A study supporting these clinical findings demonstrated that patients
with high levels of intraepithelial CD8+ T-cells and a high CD8+/T regulatory cell ratio had improved
outcomes compared to those with “immune-cold” tumors [32]. Logically, “hot” tumors respond more readily
to IO, while there is a diminished response in “cold” tumors; the active immune engagement experienced by
“hot” tumors is better leveraged by immune modulatory therapies. Ovarian cancers are typically considered
“cold” or “warm” tumors, with lower levels of cytotoxic T-cell infiltration and immune activity [33,34], but
there is significant heterogeneity between individual tumors and histologic subtypes [35,36]. Accordingly,
responses to IO and predictability of response based on biomarkers have been inconsistent, as we will
review in the following sections.

Ovarian cancer TMEs may differ from those of other cancer types because of the immunomodulatory
effects of malignant ascites and the omentum, which are implicated in ovarian cancer in its characteristic
patterns of peritoneal spread and metastasis. Malignant ascites is known to harbor increased numbers of
immune factors and soluble mediators, including tumor-associated macrophages (TAMs), which produce
immunosuppressive factors as well as ones that can trigger chemoresistance pathways, and extracellular
vesicles (EVs), which can deliver miRNAs, which are also implicated in chemoresistance. The omentum also
bears increased numbers of cancer-associated adipocytes (CAAs) and cancer-associated fibroblasts (CAFs),
which promote metastatic cancer growth. The omentum is also thought to contain immunosuppressive
pre-metastatic niches, sites which are predisposed to be conducive to growth of metastatic cancer
foci [35–38]. Despite the growing appreciation of the myriad components of the TME and possible
interactions between factors, much is still unknown about how these factors and how they impact response
to immunotherapeutic interventions.

3.3 TME and Platinum Resistance

Platinum resistance has significant implications in the treatment and prognosis of EOC. The TME may
be implicated in the development of acquired platinum resistance, with circulating factors in malignant
ascites thought to serve as possible drivers. Even platinum-sensitive ovarian cancers are suspected to
experience periodic alterations in the TME that lead to transient chemoresistance, ultimately resulting in
recurrences. As will be discussed in this review, platinum-resistant ovarian cancers have more compelling
responses to IO. The exact reasons for this differential response have not yet been elucidated, but the TME
may reasonably be involved [35–38].

3.4 Summary

The complex interplay of components in the TME has significant ramifications in the application of
IO, from a tumor’s “hot” or “cold” immune state to effects on chemoresistance, which can become relevant
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when IO is combined with chemotherapeutic agents. Better understanding the unique, dynamic, and
heterogeneous qualities of the ovarian TME is critical in identifying meaningful therapeutic targets and
effectively employing IO in treatment.

4 Early-Phase IO Trials

4.1 Single-Agent IO

The use of IO has been approached as a monotherapy in several phase 2 clinical trials.

4.1.1 KEYNOTE-028 (NCT02054806) [39]

The KEYNOTE-028 trial was a phase 1b basket trial that studied the safety and efficacy of
pembrolizumab monotherapy in patients with PD-L1-positive advanced EOC. Twenty-six patients were
enrolled in the ovarian cancer cohort and received pembrolizumab at a dose of 10 mg/kg every 2 weeks for
up to 24 months or until disease progression. The patient population was heavily pre-treated, with 73.1%
having had three or more prior lines of therapy and 38.5% having at least five prior lines. The primary
endpoint, ORR, was 11.5%. One patient exhibited a complete response, two exhibited partial responses, and
seven patients had stable disease. Median PFS was 1.9 months (95% CI 1.8–3.5 months) and median OS was
13.8 months (95% CI 6.7–18.8 months). The median duration of treatment response was not reached in
this study. Overall, KEYNOTE-028 demonstrated that pembrolizumab was active against PD-L1-positive
ovarian cancer, though the ORR was low.

4.1.2 KEYNOTE-100 (NCT02674061) [40]

The KEYNOTE-100 trial was a phase 2 study examining the activity and safety of pembrolizumab
in non-biomarker-selected recurrent ovarian cancer. All patients received pembrolizumab 200 mg IV
every three weeks. Participants were analyzed in two cohorts: cohort A had one to three prior lines of
chemotherapy and platinum-free intervals (PFI) between 3–12 months, and cohort B had four to six prior
lines and at least three months of PFI. Overall, ORR was 7.4% (95% CI 4.6–11.0%) and 9.9% (95% CI 4.6–17.9%)
in cohorts A and B, respectively, and the disease control rate (DCR) was 37.2% (95% CI 32.3–42.3%) for the
combined population. Median PFS was 2.1 months for cohorts A (95% CI 2.1–2.2 months) and B (95% CI
2.1–2.6 months). Median OS was not reached in cohort A (95% CI 16.8 months-not reached (NR)) and was
17.6 months in cohort B (95% CI 13.3 months-NR). The response rate increased with increasing combined
positive score (CPS) for PD-L1. Overall, the ORR for patients with a CPS of ≤1 was 5.0%, CPS ≥ 1 was 10.2%,
and CPS ≥ 10 was 17.1%. This study demonstrates that increasing CPS score can play a role in the prediction
of response to IO in ovarian cancer although overall response rates remain low with single agent therapy.

4.1.3 Nivolumab for Platinum-Resistant Recurrent Ovarian Cancer (PRROC) (UMIN000005714) [41]

This Japanese single-center open-label phase 2 trial conducted by Hamanishi et al. was published in
2015, studying the safety and efficacy of the anti-PD-1 antibody nivolumab for PRROC. Twenty patients
received the trial drug at either 1 or 3 mg/kg, in evenly divided cohorts. The group was heavily pre-treated;
55% had at least four prior treatment lines. Overall response rate, the primary endpoint, was 15%; this
included 2 complete responses, both in the 3 mg/kg group. The overall DCR was 45%. For the 1 mg/kg
dosage group, ORR was 10% with DCR 50%; for the 3 mg/kg dosage group, ORR was 20% with DCR 40%.
For the total cohort, median PFS was 3.5 months (95% CI 1.7–3.9 months) and OS was 20 months (95% CI
7.0 months-NR). Tumor cell PD-L1 expression was tested and 80% of subjects had high PD-L1, defined as
immunohistochemistry (IHC) scoring of 2–3+. No correlation between response and PD-L1 expression was
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found in this study, likely due to the small sample size. Overall, this study found an encouraging response to
nivolumab in this small cohort of PRROC; the phase 3 NINJA trial of single agent nivolumab was conducted
based on these findings and is discussed later in this review.

4.1.4 Summary

Single-agent IO use in ovarian cancer has been studied with pembrolizumab and nivolumab. In
general, a biomarker-enriched population was identified to derive the most potential benefit from immune
checkpoint inhibition in heavily pretreated ovarian cancer populations. However, the single-agent approach
has yielded generally unsatisfying results. Given that ovarian cancer is considered a “cold” or “warm” tumor,
these results are somewhat expected; with diminished immune activity at baseline, it stands to reason
that there might not be a meaningful response to IO. Thus, the disappointing results of single-agent IO in
ovarian cancer have laid the foundation for further investigation with combination approaches to IO.

4.2 Doublet Approach to IO

Single-agent IO has yielded unsatisfactory results for patients with EOC. Various doublet combinations
of immunotherapies have been studied, including anti-VEGF monoclonal antibodies (bevacizumab),
tyrosine-kinase inhibitors (lenvatinib), pegylated liposomal doxorubicin (PLD), PARP inhibitors (niraparib),
and MIRV. VEGF is implicated in immunosuppression of the TME by disrupting normal blood
vessel development, weakening immune recognition and response mechanisms, and boosting the
immunosuppressive roles of regulatory T-cells, myeloid-derived suppressor cells, and tumor-associated
macrophages [42]. Bevacizumab, an anti-VEGF monoclonal antibody, has been successfully combined with
ICI in trials for non-small cell lung cancer [3] and hepatocellular carcinoma [2]. Lenvatinib, a multiple VEGF
receptor tyrosine kinase inhibitor, has been successfully combined with pembrolizumab in the treatment
of advanced mismatch repair proficient (pMMR) endometrial cancer, showing significant improvement
in PFS and OS [4]. PLD is suspected to have immunomodulatory abilities based on in vitro evidence
revealing possible synergy with immune checkpoint blockade. Mechanisms of this synergistic relationship
include reduction of tumor-infiltrating regulatory T cells and increased antigen presentation, improved
anti-tumor immunity, and possible conversion of “cold” tumors to “hot” [43–45]. In patients with somatic
or germline BRCA mutations, PARP inhibitors block the repair of single-stranded DNA breaks, allowing for
the accumulation of double-stranded DNA breaks, eventually leading to cell death. Damage is thought to
be a trigger for an anti-tumor immune response, and PARP inhibition itself is also thought to upregulate
interferons, further increasing the immune response [46]. These and other immunomodulatory mechanisms
have made the combination of PARPi with IO an attractive clinical target.

4.2.1 IO Combined with Chemotherapy

(a) Pembrolizumab and PLD for PRROC (NCT02865811) [47]

PLD is thought to demonstrate immunomodulatory activities in preclinical models. This single-arm,
phase 2 trial published in 2020 examined whether the combination of PLD plus pembrolizumab demonstrated
clinical benefit in the treatment of PRROC with up to two prior lines of treatment. The primary study
endpoint was clinical benefit rate (CBR), defined as the percentage of patients with complete response,
partial response, or stable disease at 24 weeks. Among 23 patients who received the trial doublet of
PLD 40 mg/m2 IV every 4 weeks and pembrolizumab 200 mg IV every 3 weeks, CBR was 52.2% (95%
CI 30.6–73.2%) and ORR was 26.1% (10.2–48.4%). Median PFS was 5.6 months (95% CI 1.7–10.1 months)
and OS was 18.3 months (95% CI 9.4–31.5 months). Overall, the trial doublet of PLD and pembrolizumab
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was well tolerated and demonstrated an encouraging CBR, as well as a better ORR than for single-agent
pembrolizumab quoted in KEYNOTE-028 (ORR 11.3%) and KEYNOTE-100 (ORR 7.4%) [39,40], although it
is important to keep in mind the limitations of cross-trial comparison. Notably, the trial doublet yielded
PFS and ORR close to those reported in the AURELIA trial (NCT00976911), which studied the addition of
bevacizumab to chemotherapy for the treatment of PRROC; the AURELIA trial reported median PFS of
6.7 months and ORR 27.3% in patients receiving bevacizumab and chemotherapy [48].

4.2.2 IO Combined with Anti-Angiogenic Agents

(a) Nivolumab with bevacizumab for relapsed ovarian cancer (NCT02873962) [49]

Liu et al. published this single-arm phase 2 trial studying the clinical activity of combination
nivolumab and bevacizumab for relapsed ovarian cancer in 2019. Thirty-eight participants, 20 of whom had
platinum-sensitive disease, were recruited and received IV nivolumab 240 mg and bevacizumab 10 mg/kg
every 2 weeks until disease progression or toxicity. Overall ORR, the primary endpoint, was 28.9% (95% CI
15.4–45.9%); 40% for platinum-sensitive recurrent ovarian cancer (PSROC) (95% CI 19.1–64%) and 16.7%
for PRROC (95% CI 3.6–41.4%). Overall median PFS was 9.4 months (95% CI 6.7 months-NR); median PFS
for PSROC was 12.1 months (95% CI 8.4 months-NR), and median PFS for PRROC was 7.7 months (95% CI
4.7 months-NR). PD-L1 tumor expression was <1% in 61.1% of participants. Participants with PD-L1 < 1%
demonstrated higher response rates (ORR 45.5%; 10 responses) versus those with PD-L1 ≥ 1 (ORR 14.3%;
2 responses). This study demonstrated that the combination of nivolumab and bevacizumab is a potentially
effective therapeutic option with a tolerable toxicity profile. An increased benefit was noted in patients
with PSROC, but it is not clear to what extent this benefit was attributable to bevacizumab use in both this
subgroup and in the overall study population. This trial, though limited in its sample size and single-arm
design, supports a growing understanding that combination therapy for immune checkpoint inhibitors
appears to be a more effective strategy than single-agent therapy. The results relating to PD-L1 expression
in this study are difficult to interpret, likely due to the small sample size, highlighting the fact that the role
of PD-L1 expression as a biomarker in EOC is still under investigation.
(b) LEAP-005 (NCT03797326) [50]

LEAP-005 was an open-label, multicohort phase 2 trial that studied the safety and efficacy of the
combination of lenvatinib and pembrolizumab in patients with progressive, previously treated advanced
ovarian cancer. Eligible participants were required to have metastatic or unresectable cancer and to have
had at least three prior treatment lines. Patients with a BRCA-mutated (BRCAmt) tumor were required to
have progressed on or been unable to tolerate PARPi. Thirty-one participants were recruited and received
lenvatinib 20 mg daily and pembrolizumab 200 mg every three weeks for up to two years; patients could
receive lenvatinib longer if they experienced a benefit. In total, 55% of patients had platinum-resistant disease,
and 84% had a PD-L1 CPS ≥ 1. The ORR in the overall study population was 35% (95% CI 19–55%). In patients
with a CPS ≥ 1, ORR was 35%, and in the CPS < 1 population, ORR was 50%. Investigator-assessed ORR was
26% (95% CI 12–45%). Median PFS for the overall population was 6.2 months (95% CI 4–8.5 months), and OS
was 21.3 months (95% CI 11.7–32.3 months). The median DOR was 9.2 months (95% CI 1.5–37.8 months).
Grade 3–4 treatment-related adverse effects (TRAE) were seen in 77% of patients and were consistent with
those reported in KEYNOTE-775, which studied pembrolizumab and lenvatinib in advanced endometrial
cancer [4]. The most common TRAEs were immune-mediated thyroid dysfunction (52%), hypertension
(29%), fatigue (13%), and diarrhea (10%). About half (52%) of the participants completed at least 6 months of
treatment, and 16% completed at least 21 months. Overall, LEAP-005 demonstrated promising antitumor
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activity regardless of tumor PD-L1 status, supporting the potential role of lenvatinib plus pembrolizumab
as a treatment option for recurrent EOC. To our knowledge, at least two phase 2 clinical trials are ongoing,
further clarifying the most optimal patient population for this drug combination. NCT04519151 studies
pembrolizumab and lenvatinib in PSROC [51], and NCT04781088, which has completed recruitment and is
in the analysis phase, combined pembrolizumab and lenvatinib with weekly paclitaxel in both recurrent
endometrial and platinum-resistant ovarian cancers [52].

4.2.3 IO Combined with Targeted Therapy

(a) FORWARD II (NCT02606305) [53]

The FORWARD II study is a multi-arm phase 1b trial that evaluated the efficacy of MIRV combined with
other anti-cancer agents versus MIRV monotherapy in the platinum-resistant setting. MIRV was combined
with carboplatin, bevacizumab, pembrolizumab, and PLD. MIRV is thought to activate the immune system,
and a preclinical model combining it with pembrolizumab found promising effects [54], hence the trial arm
in FORWARD II. FRα expression was required for trial participants and was stratified into low (25–49%),
medium (50–74%), and high (≥75% tumor cells). The study cohort was heavily pre-treated, with 20% having
received three prior lines of treatment and 43% with four or more. FRα expression was low in 27%, medium
in 25%, and high in 46% of the cohort. Fifty-six participants were enrolled, 10 to the dose escalation phase
and the remainder to the dose expansion phase; participants received MIRV 6 mg/kg IV every 3 weeks and
pembrolizumab 200 mg IV every 3 weeks. The primary endpoint was confirmed ORR, which was 31% for
the overall cohort. The median DOR was 8 months and the median PFS was 4.2 months, and 83% had tumor
shrinkage of RECIST target lesions. Exploratory analyses were performed based on FRα expression, and
the combination of MIRV and pembrolizumab was found to be active regardless of degree of expression,
but ORR increased with increased FRα expression. For low, medium, and high expression in the MIRV
and pembrolizumab arm, the ORR was 21%, 29%, and 35%, respectively. Median DOR and PFS similarly
increased with FRα expression. The most common TRAEs were diarrhea, nausea, fatigue, and blurred
vision; grade 3+ TRAEs occurred in 54%. Pneumonitis occurred in 25%. Ocular toxicity is a known adverse
effect of MIRV usage; 46% of trial participants experienced blurry vision associated with MIRV and 18% had
keratopathy, despite mandatory prophylaxis for all study subjects throughout study treatment. Overall,
the study demonstrated that the MIRV and pembrolizumab combination was clinically active across a
range of FRα expression in a heavily pretreated population of platinum-resistant recurrent cancers, with a
tolerable AE profile. However, it was not clear how much the benefit was from MIRV, which has already
been demonstrated to be clinically active in ovarian cancer, versus from pembrolizumab or the combination;
the phase 2 SORAYA trial found an ORR of 32.4% for PRROC with high FRα expression who were treated
with single-agent MIRV 6 mg/kg IV every 3 weeks [23], similar to the ORR of 35% noted in the FORWARD
II trial.

4.2.4 IO Combined with PARP Inhibition

(a) TOPACIO/KEYNOTE-162: niraparib with pembrolizumab (NCT02657889) [55]

TOPACIO/KEYNOTE-162 was an open-label, single-arm phase 1 and 2 study of the safety and efficacy
of niraparib in combination with pembrolizumab for breast and ovarian cancer. The ovarian cohort studied
PRROC, or patients not eligible for platinum-based chemotherapy. The phase 2 cohort included 53 patients
with a primary endpoint of ORR. Of the combined cohort, the median number of prior treatment lines was
3, and 63% had previously received bevacizumab. In total, 48% were platinum-resistant and 27% refractory,
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18% had a BRCA1/2 mutation, 35% were HRD-positive, and 56% were PD-L1-positive. ORR was 18% (90%
CI 11–29%) for the phase 1 and 2 cohorts, and DCR was 65% (95% CI 54–75%); 47% had stable disease,
and there were 3 complete responses. There were no differences in ORR based on sensitivity to platinum,
previous bevacizumab, or BRCA or HRD status. Median PFS was 3.4 months (95% CI 2.1–5.1 months), and
OS data were immature. TOPACIO/KEYNOTE-162 demonstrated an improved ORR with the combination
of niraparib and pembrolizumab as compared to previously reported ORR for single-agent pembrolizumab.
(b) MOONSTONE/GOG-3032 (NCT03955471) [56]

MOONSTONE was a multicenter, open-label, single-arm phase 2 trial studying the combination
of niraparib with dostarlimab, a PD-1 inhibitor, in patients with PRROC who had previously received
bevacizumab. Patients had to be BRCA non-mutated and have high-grade ovarian cancer. 41 patients were
recruited and received the trial combination. The primary endpoint was ORR in the ITT and PD-L1 positive
groups; the ORR for the ITT population was 7.3% (95% CI 1.5–19.9%), with no complete responses. The
ORR was similar for the PD-L1-positive group, at 8%. The prespecified futility criterion of ≤5 responses
in 40 patients was met after analysis of the 41 patients, so the trial was terminated. The trial authors
speculated that the disparate results from the more successful TOPACIO-KEYNOTE-162 trial [55] may have
been due to cohort differences, with the MOONSTONE cohort having worse prognostic factors, as well as
differences in interpretation of different PD-L1 assays.

The changes and restrictions to FDA labeling for PARP inhibitors in the recurrent setting are key
limitations of the TOPACIO/KEYNOTE-162 and MOONSTONE trials. Accordingly, it is difficult to know
how to apply the findings of these trials, and it is unclear how they translate to the frontline setting.

4.2.5 IO Combined with IO

(a) NRG GY003: nivolumab versus nivolumab and ipilimumab (NCT02498600) [57]

NRG GY003 was a randomized, phase 2 trial designed to assess whether the combination of nivolumab
(anti-PD-1) and ipilimumab (cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) inhibitor) was superior
to single-agent nivolumab in patients with recurrent or persistent ovarian cancer that had received one to
three prior lines of treatment. The combination of nivolumab and ipilimumab has been studied in melanoma
to good effect; the response to dual checkpoint blockade is thought to result from ipilimumab inducing
T-cell tumor infiltration, creating a favorable TME for nivolumab to act against PD-1 [58]. The primary
endpoint of NRG GY003 was ORR within 6 months of enrollment, with secondary endpoints of PFS and
OS. A total of 100 patients were recruited; 49 patients were randomized to the control arm of single agent
IV nivolumab 3 mg/kg every 2 weeks, and 51 were randomized to the experimental arm of IV nivolumab
3 mg/kg and IV ipilimumab 1 mg/kg every 3 weeks. Both arms received maintenance IV nivolumab 3 mg/kg
every 2 weeks. Most patients (62%) were platinum resistant. More than 80% of participants had high-grade
serous histology, and 12% had clear cell histology.

The combination arm demonstrated an ORR of 31.4% compared to 12.2% for the nivolumab only arm
(OR 3.28, 85% CI 1.54-infinity, p = 0.034). Median PFS was 3.9 months for the combination arm compared
to 2.0 months for nivolumab alone (HR 0.53; 95% CI 0.34–0.82, p = 0.004). Median OS was longer for the
experimental arm at 28.1 months compared to 21.8 months for nivolumab alone (HR 0.79; 95% CI 0.44–1.42,
p = 0.43). On exploratory subgroup analyses, clear cell histology was associated with 5-fold increased
odds of response to the experimental arm (p = 0.0498). Platinum resistance was also associated with better
response to the experimental arm, though this was not statistically significant (p = 0.1484). PD-L1 testing
was performed on 52 patients, and there was no statistically significant difference in PD-L1 expression
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between the two cohorts. Positive staining appeared to predict favorable response, but this result was not
statistically significant. Overall, this trial showed improvement in PFS with the combination of nivolumab
and ipilimumab over single agent nivolumab, with a signal towards increased benefit for participants with
clear cell histology.

4.3 Summary

Combination IO approaches have yielded greater clinical activity than single-agent IO, both in
platinum-sensitive and platinum-resistant settings. However, results from these trials raise questions
regarding the predictive role of PD-L1 expression in ovarian cancer, as some trials have demonstrated
improved response in patients with PD-L1 expression < 1%. Combining IO with VEGF-inhibition
demonstrated favorable responses in the PD-L1 CPS < 1% groups in Liu et al.’s study of nivolumab and
bevacizumab [49] and in the LEAP-005 trial [50], with ORRs as high as 45.5% and 50%, respectively.
In contrast, the single-agent IO KEYNOTE-028 and -100 trials [39,40] both demonstrated improved
response with increasing PD-L1 expression. The discrepancy in response by PD-L1 expression status
suggests that combinations incorporating additional therapies may possibly prime the TME and create
conditions that allow ICI-mediated PD-1 blockade to be more effective. Further investigation into the use
of doublet IO combinations in the treatment of platinum-sensitive and platinum-resistant ovarian cancer is
warranted. Study of doublet IO combinations also revealed clear cell ovarian cancer as a potential targetable
histologic subtype.

4.4 Triplet Combinations Including IO

Combining more than one anti-cancer therapeutic with IO has been studied in multiple large,
randomized trials, investigating the possibility of a synergistic response.

4.4.1 Platinum-Sensitive and -Resistant Ovarian Cancer

(a) GINECO: bevacizumab, olaparib, and durvalumab (NCT04015739) [59]

The GINECO trial was an open-label, single-arm, phase 2 trial studying the efficacy and safety of the
triplet combination of bevacizumab, olaparib, and durvalumab, a PD-L1 inhibitor, in platinum-sensitive or
-resistant recurrent ovarian cancer. Eligible patients could have received prior bevacizumab or PARPi, but
not in combination. The study was powered to exceed a 50% progression free rate for PSROC at 6 months
and for PRROC at 3 months. In total, 74 patients were enrolled, 41 with PRROC and 33 PSROC. Of 73%
with available information, 20% had a BRCA1/2 mutation. 41% had received prior PARPi, and 76% prior
bevacizumab. Progression-free survival was 69.8% (90% CI 55.9–80%) at 3 months for PRROC and 43.8%
(90% CI 29–57.4%) at 6 months for PSROC. In an exploratory analysis, patients who were BRCA wild type
had improved PFS compared to the BRCA mutant population. Additionally, patients with prior PARP
exposure had a lower PFS than those without, which may explain the findings, as BRCA mutant patients
are more likely to be exposed to PARPi therapy. Median PFS was 4.1 months (95% CI 3.5–5.9 months) and
4.9 months (95% CI 2.9–7.0 months) for PRROC and PSROC, respectively. Median OS was 18.8 months
(95% CI 9.6 months-NR) and 18.5 months (95% CI 15.6 months-NR) for PRROC and PSROC. Overall, the null
hypothesis for PFS was not rejected for the PSROC group, but a PFS benefit was demonstrated in the PRROC
group. In general, platinum sensitive patients benefit from a re-challenge with a platinum-containing
regimen, which may explain the findings. The applicability of this study is limited, as PARP inhibitors are
infrequently used in the recurrent setting due to changes in FDA labels. This study demonstrated safety
and potential efficacy of combining immune checkpoint with multiple other novel therapeutics.
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(b) Pembrolizumab with bevacizumab and oral metronomic cyclophosphamide for recurrent ovarian
cancer (NCT02853318) [60]
The ovarian cancer TME is complex and regulated by multiple mechanisms. Vascular endothelial

growth factor (VEGF) has been shown to contribute to an immunosuppressive tumor environment [61].
This single-arm, non-randomized phase 2 trial of 40 patients with recurrent EOC studied the efficacy and
safety of combination pembrolizumab 200 mg every 3 weeks, bevacizumab 15 mg/kg every 3 weeks, and
50 mg oral metronomic cyclophosphamide daily. Patients were permitted to have had prior antiangiogenic
therapy, cyclophosphamide, or anti-PD-1/anti-PD-L1 treatment. Primary endpoints were ORR and PFS by
investigator-assessed RECIST criteria. The majority (75%) of participants had platinum-resistant disease,
and the remainder were platinum-sensitive. PD-L1 positivity was defined as CPS ≥ 1%; half (47.5%) of
patients were PD-L1 positive. Patients with PD-L1-positive tumors had an improved ORR compared to those
with PD-L1-negative tumors; 52.6 vs. 35.3%, although there was no difference in PFS (p = 0.13). The ORR for
the total cohort was 47.5%, with 7.5% having a complete response and an overall clinical benefit rate of 95%.
Overall median PFS was 10 months (90% CI 6.5–17.4 months); in the platinum-sensitive population, median
PFS was 20.2 months (90% CI 6 months-NR), compared to 7.6 months (90% CI 5.7–10.3 months; p = 0.16)
median PFS in the platinum-resistant population. Overall, this phase 2 trial revealed promising findings
with the trial regimen of pembrolizumab, bevacizumab, and cyclophosphamide, worthy of additional study,
particularly in the difficult-to-treat PRROC population.

4.4.2 Platinum-Sensitive Ovarian Cancer

(a) MEDIOLA (NCT02734004) [62]

MEDIOLA was a phase 2 trial studying the safety and efficacy of durvalumab with olaparib for PSROC.
In addition to a germline BRCA1/2-mutated (gBRCAm) cohort, the study included two non-gBRCAm cohorts,
one of which received bevacizumab in addition. Eligible patients had measurable, platinum-sensitive
recurrent high-grade serous ovarian cancer, with 1–2 prior lines of chemotherapy. Prior to bevacizumab,
was permitted but no prior PARPi or IO was allowed. Primary endpoints were ORR in the gBRCAm cohort,
DCR at 24 weeks for the non-gBRCAm cohorts, and safety for all cohorts. Trial medication doses were
durvalumab 1.5 g IV every 4 weeks, olaparib 300 mg PO twice daily, and bevacizumab 10 mg/kg IV every
2 weeks. In total, ORR was 92.2% (95% CI 81.1–97.8%) for the gBRCAm cohort. Disease control rate at
24 weeks was 28.1% (90% CI 15.5–43.9%) for the non-gBRCAm doublet and 74.2% (90% CI 58.2–86.5%) for
the non-gBRCAm triplet cohorts. PD-L1 status was not associated with any clear pattern of progression or
survival outcome. While the results of MEDIOLA are encouraging, limitations in the study design should
be noted, specifically the non-randomized design and lack of an olaparib-only control arm. Without an
appropriate olaparib control arm, it is unclear how much additional benefit durvalumab adds to olaparib
in the gBRCAm cohort. As most gBRCAm patients receive a PARP inhibitor in the frontline setting, the
applicability of this study is further limited. Triplet therapy with olaparib, durvalumab, and bevacizumab
was more effective than the doublet in the non-gBRCAm, however, the triplet cohort had the highest rate
of AE leading to treatment discontinuation at 32.3%, largely driven by the addition of bevacizumab. Despite
this, these promising results may yield a future treatment option for non-gBRCAm PSROC.
(b) OPEB-01/APGOT-OV4 (NCT04361370) [63]

The OPEB-01/APGOT-OV4 trial was a multicenter Korean open-label, single-arm, phase 2 trial
studying the safety and efficacy of the triplet combination of olaparib, pembrolizumab, and bevacizumab as
maintenance therapy after platinum-based chemotherapy in PSROC in patients with non BRCA mutated



Oncol Res. 2026;34(11):4 13

tumors. The primary outcome was PFS at 6 months, and 44 participants were enrolled, of whom 54.6% were
HRD-positive and 63.6% had PD-L1 CPS ≥ 1. The 6-month PFS rate was 88.6% (95% CI 75.4–96.2%). Median
PFS was 22.4 months, with 84% with progression-free survival at 1 year. Median OS was 28.6 months. On
exploratory analysis, PFS was improved for HRD-positive patients (p = 0.043) and those with PD-L1 CPS
≥ 1 (p < 0.001). All participants had an AE of some grade, but 52.3% had grade 3+ AE, most commonly
anemia. Immune-mediated AE were seen in 81.8% of participants, most commonly thyroid-related. Dose
reduction and interruption rates were high, at 61.4 and 86.4%, respectively. Despite the limitations of this
small, single-arm trial, OPEB-01 demonstrated promising outcomes with the triplet maintenance therapy of
olaparib, pembrolizumab, and bevacizumab, encouraging future research into this combination. While no
new toxicity signals were identified, toxicity was high and led to relatively high rates of dose reduction and
interruption, and future studies should further investigate quality of life outcomes.

4.4.3 Platinum-Resistant Ovarian Cancer

(a) OPAL-A: niraparib, dostarlimab, and bevacizumab (NCT03574779) [64]

OPAL cohort A was a sub-study of the triplet combination of niraparib, bevacizumab, and dostarlimab
for PRROC. Eligible patients could have one to two prior treatment lines. The primary endpoint was
investigator-assessed ORR by RECIST v1.1 criteria. Forty-one patients were enrolled and received niraparib
200 or 300 mg daily, dostarlimab 500 mg every 3 weeks for 4 cycles, followed by 1000 mg every 6 weeks,
and bevacizumab 15 mg/kg every 3 weeks. The ORR was 17.1% (80% CI 9.8–27 months), and DCR was 73.2%
(80% CI 62.3–82.2%). Median PFS was 7.9 months (95% CI 4.2–10.9 months), and median OS was 22.1 months
(95% CI 11.1–26.3 months). The treatment combination was toxic, with 92.7% having grade 3+ AEs, most
commonly hypertension, anemia, and fatigue, and 53.7% having serious AEs. Dose reductions and delays
were required in 63.4% and 65.9%, and 46.1% discontinued at least one drug due to TRAE. ORR did not differ
across subgroups on exploratory analyses of BRCA, HRD, or PD-L1 status. Despite the modest ORR to the
experimental triplet, there was significant toxicity, which could reflect poor tolerability of the drug on a
larger scale. Further, PARPi use in the recurrent setting has been significantly restricted with changes in
FDA labeling, making it difficult to know how to apply the findings of this trial to clinical practice.
(b) NRG-GY023 (NCT04739800) [65]

The NRG-GY023 trial was a randomized, four-arm, superiority phase 2 trial studying the efficacy of
a triplet combination of durvalumab, olaparib, and the tyrosine kinase inhibitor cediranib compared to
standard-of-care chemotherapy in patients with PRROC. Eligible patients had to have received bevacizumab
in the adjuvant or recurrent setting and could have two to five prior treatment lines. Platinum-refractory
patients were not eligible. The four treatment arms were: control arm (standard-of-care chemotherapy
with weekly paclitaxel, topotecan, or PLD; SOC), the triplet combination of durvalumab, olaparib, and
cediranib (DOC), a doublet of durvalumab and cediranib (DC), and a doublet of olaparib and cediranib (OC).
Durvalumab was given 1500 mg IV every 4 weeks, olaparib 300 mg PO twice daily, and cediranib 20 mg
PO daily, with weekends off. The primary endpoint was PFS. Of the 153 patients who were enrolled, 95%
had high-grade serous histology and 10% had germline or somatic BRCAmt. Half (50%) had received prior
PARPi, and 10.5% prior ICI. Unfortunately, accrual was closed early due to treatment futility. Median PFS
for SOC, DOC, DC, and OC were 3.4, 2.9, 2.5, and 2.8 months, respectively, and median OS were 7.5, 8.3, 5.7,
and 10.2 months, respectively. More than 50% of patients in the experimental arms had at least one dose
modification due to AE; the most common AE were non-hematologic, such as hypertension and diarrhea.
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Overall, this trial found no benefit with the experimental triplet combination of durvalumab, olaparib, and
cediranib, nor alternative doublets of durvalumab and olaparib or olaparib and cediranib.

4.5 Summary

Triplet combinations including IO yielded higher ORR than doublet combinations. A particularly
promising combination was bevacizumab, metronomic cyclophosphamide, and pembrolizumab; an ORR
47.5% for the total patient cohort and 52.6% for the PD-L1-positive cohort was observed, with complete
responses seen in the platinum-resistant cohort [60]. The combination of durvalumab, olaparib, and
bevacizumab also yielded promising outcomes, but study design precluded parsing the magnitude of effect
attributable to olaparib alone. With changes in FDA labeling of PARPi limiting their use in the recurrent
setting, it is not clear how to translate findings to clinical practice. Toxicity was greater with the triplet
combinations, leading to more frequent dose reductions and treatment discontinuation.

5 Phase 3 IO Trials

5.1 Upfront and Maintenance Therapy for Advanced Ovarian Cancer

Phase 3 clinical trials for upfront and maintenance treatment of advanced ovarian cancers using IO
are diverse in study design, incorporating concurrent and maintenance arms of IO, often in combination
with PARPi.

5.1.1 ENGOT-Ov43/GOG-3036/KEYLYNK-001 (NCT03740165) [66]

The KEYLYNK-001 trial was a randomized, double-blind phase 3 trial for treatment of patients with
newly diagnosed BRCAwt advanced EOC that explored chemotherapy with or without pembrolizumab
followed by maintenance therapy with pembrolizumab only, pembrolizumab and olaparib, or neither,
with or without bevacizumab. Results were presented at the 2025 European Society of Gynaecological
Oncology (ESGO) Congress meeting. Study participants were randomized 1:1:1 to treatment arms
containing chemotherapy (paclitaxel/carboplatin) with pembrolizumab 200 mg IV every 3 weeks, followed
by pembrolizumab and olaparib 300 mg twice daily maintenance, chemotherapy with pembrolizumab
followed by pembrolizumab and placebo maintenance, and chemotherapy with placebo followed by placebo
maintenance (Fig. 2). Bevacizumab use was at the discretion of the investigator and was a prespecified
exploratory analytic endpoint. The primary endpoint was investigator-assessed PFS per RECIST v1.1
in the ITT population and in the PD-L1 CPS ≥ 10 subgroup comparing the two experimental arms to
the chemotherapy alone control arm. Progression-free survival was significantly improved at the first
interim and final analyses in the pembrolizumab/olaparib arm in both the ITT and CPS ≥ 10 populations.
At the final analysis, median PFS for the CPS ≥ 10 group receiving pembrolizumab/olaparib vs. control
was 23.9 vs. 15.2 months (HR 0.66, 95% CI 0.53–0.83). Median PFS for the ITT population receiving
pembrolizumab/olaparib was 22.2 vs. 14.6 months (HR 0.71, 95% CI 0.61–0.84). The pembrolizumab alone
group showed no improvement in PFS compared to control at the interim and final analyses for the
CPS ≥ 10 population. A major limitation of the study design is the lack of a study arm with the use of
olaparib only; without this, it is difficult to know howmuch of the PFS benefit in the pembrolizumab/olaparib
arm is attributable to the addition of pembrolizumab or olaparib. Notably, the pembrolizumab only arm
showed no PFS benefit, which suggests that olaparib likely contributed significantly to the PFS benefit in the
combined arm. While synergy between the two drugs is possible, the trial was not designed to explore this.
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Figure 2: Schema for the ENGOT-ov43/GOG-3036/KEYLYNK-001 trial [66]. The figure contains a graphical schematic
of the KEYLYNK-001 trial study design, with delineation of treatment and maintenance arms. Abbreviations: EOC:
epithelial ovarian cancer, CPS: combined positive score, PFS: progression-free survival, ITT: intention-to-treat, OS:
overall survival.

5.1.2 ATHENA-COMBO/GOG-3020/ENGOT-Ov45 (NCT03522246) [67]

The ATHENA trial is an international, randomized, placebo-controlled, double-blind, phase 3 trial
that consists of ATHENA-MONO and ATHENA-COMBO. ATHENA-MONO studied rucaparib 600 mg
twice daily versus placebo for first-line maintenance in newly diagnosed stage III-IV high-grade ovarian
cancer, and ATHENA-COMBO explores the addition of nivolumab to rucaparib in the maintenance setting.
Primary analyses from ATHENA-MONO demonstrated a significant PFS benefit with rucaparib in the ITT
population. Results from ATHENA-COMBO were presented at the European Society of Medical Oncology
(ESMO) Congress meeting in Barcelona in 2024. In ATHENA-COMBO, rucaparib 600 mg PO twice daily and
nivolumab 480 mg IV every 4 weeks maintenance were compared with rucaparib alone. Almost half (~45%)
had ≥ 1% PD-L1 expression, and ~21% were BRCA-mutated. The primary endpoint was PFS in the ITT
population. Progression free survival was shorter for patients who received combination therapy compared
to rucaparib alone in the ITT population, 15.0 compared to 20.2 months, HR 1.3 (95% CI 1.1–1.5). Patients
who received rucaparib with placebo had 75% longer exposure to rucaparib than with the combination
therapy; this may have contributed to the worse PFS in the combination therapy group. Grade 3+ TEAEwere
more common in the nivolumab-containing arm and more frequently led to dose reduction or treatment
interruption/discontinuation. Overall, ATHENA-COMBO was a negative trial; nivolumab and rucaparib
were not effective as a treatment doublet in this cohort.

5.1.3 JAVELIN Ovarian 100 (NCT02718417) [68]

The JAVELIN Ovarian 100 trial was a global, open-label, three-arm, parallel, randomized phase 3 trial
that explored the use of avelumab, an anti-PD-L1 monoclonal antibody, in the treatment of patients with
newly diagnosed advanced EOC. Patients were assigned to one of three treatment arms: chemotherapy
followed by avelumab maintenance, chemotherapy with concurrent avelumab followed by avelumab
maintenance, and a control group of chemotherapy followed by observation. Randomization was stratified
by paclitaxel regimen (weekly or every 3 weeks) and residual disease. Chemotherapy regimens were either
6 cycles of paclitaxel 80 mg/m2 weekly or 175 mg/m2 every 3 weeks plus carboplatin AUC 5 or 6 every
3 weeks. Concurrent avelumab was given as a 10 mg/kg infusion every 3 weeks and maintenance was
10 mg/kg every 2 weeks continued for a maximum of 24 months. The primary endpoint was PFS in the ITT
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population. The trial was stopped at the time of planned interim analysis due to futility with no PFS benefit
for maintenance or concurrent IO compared to the control arm: HR 1.43 (95% CI 1.05–1.95, p = 0.99) and
HR 1.14 (95% CI 0.83–1.56, p = 0.79), respectively.

5.1.4 DUO-O/ENGOT-Ov46/AGO-OVAR 23/GOG-3025 (NCT03737643) [69–71]

Initial data from the DUO-O trial were presented at the 2023 ESGO Congress meeting, and updated
results were reported in November 2024. This randomized phase 3 trial explored the combination of
durvalumab, an anti-PD-L1 antibody, with chemotherapy and bevacizumab, followed by maintenance
durvalumab, bevacizumab, and olaparib in patients with newly diagnosed, advanced, high-grade EOC.
Patients were tumor BRCA-nonmutated and were stratified by HRD status. All patients received one cycle
of paclitaxel and carboplatin with or without bevacizumab, and then were randomized into treatment
arms (Fig. 3): addition of concurrent placebo followed by maintenance bevacizumab 15 mg/kg IV every
3 weeks and placebo (arm 1); addition of concurrent durvalumab 1120 mg IV every 3 weeks followed
by maintenance bevacizumab, durvalumab, and placebo (arm 2); and addition of concurrent durvalumab
followed by maintenance bevacizumab, durvalumab, and olaparib 300 mg PO twice daily (arm 3). The
primary endpoint was PFS comparing all experimental arms to the control arm. There was a statistically
significant improvement in PFS for arm 3 versus arm 1; for the ITT population, median PFS was 25.1
compared to 19.3 months, HR 0.61 (95% CI 0.51–0.73, p < 0.0001). A magnified PFS benefit was observed for
the HRD positive subgroup, with median PFS 45.1 vs. 23.3 months, HR 0.46 (95% CI 0.33–0.65, p < 0.0001).
The HRD negative subgroup also experienced a PFS benefit, with HR 0.68 (95% CI 0.54–0.85). Overall, the
DUO-O trial’s preliminary data revealed a clinically meaningful PFS improvement for patients who received
concurrent durvalumab followed by maintenance durvalumab and olaparib alongside platinum-based
chemotherapy with concurrent and maintenance bevacizumab. The major trial limitation is a lack of an
olaparib-alone arm; without this, it is impossible to compare the influence of the PARPi to that of the IO on
the study findings.

5.1.5 FIRST/ENGOT-Ov44 (NCT03602859) [72]

Interim analyses from the FIRST trial were presented at the 2025 American Society of Clinical
Oncology (ASCO) Annual Meeting. This randomized phase 3 trial compares the addition of dostarlimab
and niraparib to standard platinum-based chemotherapy in patients with newly diagnosed, advanced,
high-grade, non-mucinous epithelial ovarian cancer. Patients were stratified by use of bevacizumab,
HR status (sub-stratified into BRCA-mutated, BRCA wild-type HRD positive, BRCA wild-type HRD
negative), and stage III disease with residual tumor < 1 cm after surgery. All patients received 1 cycle of
paclitaxel/carboplatin with or without bevacizumab, and then were initially randomized into treatment
arms: addition of placebo followed by placebo maintenance (arm 1; control arm), addition of concurrent
placebo followed by maintenance niraparib 100 mg PO daily and placebo (arm 2), and addition of concurrent
dostarlimab 500 mg IV every 3 weeks followed by maintenance dostarlimab 1000 mg IV every 6 weeks and
niraparib (arm 3). After PARPi therapy received FDA approval, arm 1 closed and patients were randomized
into arms 2 and 3. The primary endpoint was PFS in arms 2 and 3. A statistically significant improvement
in PFS was noted in arm 3 vs. arm 2; 20.63 vs. 19.19 months, HR 0.85 (95% CI 0.73–0.99, p = 0.0351). Clearly,
the improvement in PFS did not provide true clinical benefit with the PFS difference differing by less than
a month. There was no statistically significant difference in PFS for sub-groups with PD-L1-positive and
HRD-positive tumors or with concurrent bevacizumab. There was also no statistically significant difference
in OS between arm 3 and 2: 44.39 vs. 45.37 months (HR 1.01, 95% CI 0.86–1.19, p = 0.9060). Compared to
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DUO-O, this trial used proper comparator arms and did not show that the addition of IO in the frontline or
maintenance setting provided significant benefit in the all-comer advanced EOC population.

Figure 3: Schema for the DUO-O/ENGOT-ov46/AGO-OVAR23/GOG-3025 trial [69]. Abbreviations: EOC: epithelial
ovarian cancer, PFS: progression-free survival, HRD: homologous recombination deficiency, ITT: intention-to-treat,
OS: overall survival.

5.1.6 IMagyn050/GOG 3015/ENGOT-Ov39 (NCT03038100) [73,74]

The IMagyn050 trial was a placebo-controlled, double-blind, randomized phase 3 trial investigating
the addition of atezolizumab, a PD-1 inhibitor, to standard treatment of newly diagnosed, advanced ovarian
cancer with paclitaxel/carboplatin with concurrent and maintenance bevacizumab. Atezolizumab was
administered 1200 mg IV every 3 weeks. Patients were required to have archival tumor available for
PD-L1 testing, and PD-L1 positivity was defined as ≥1% ICs staining; 60% had PD-L1-positive tumors. No
difference in PFS was observed between the trial arms, both in the ITT and PD-L1-positive populations.
Median PFS for atezolizumab vs. placebo in the ITT population was 19.5 vs. 18.4 months (HR 0.92, 95% CI
0.79–1.07, p = 0.28) and for the PD-L1-positive population was 20.8 vs. 18.5 months (HR 0.8, 95% CI 0.65–0.99,
p = 0.038). Prespecified exploratory analysis into the effect of atezolizumab on PFS for patients with ≥5%
PD-L1 IC staining (20% of ITT) suggested a possible benefit: PFS was not reached with atezolizumab
compared to 20.2 months with placebo, HR 0.64 (95% CI 0.43–0.96). Overall survival results were published
after a median 38 months of follow-up, and no survival benefit was appreciated in the PD-L1 positive
group: median OS was not estimable with atezolizumab and was 49.2 months with placebo, HR 0.83 (95%
CI 0.66–1.06, p = 0.13).

5.1.7 Summary

Phase 3 trials studying IO for upfront and maintenance therapy identified combinations including
pembrolizumab and durvalumab as possible clinically active regimens in the KEYLYNK-001 and DUO-O
trials [66,69], but limitations in study design preclude the ability to attribute the treatment benefit solely to
the inclusion of IO, with the inclusion of PARP inhibition in both studies. Biomarkers status was associated
with treatment response in some trials but not others, again highlighting their unclear role in treatment
utilization. In the JAVELIN-100 trial, PD-L1-positivity was not associated with a treatment response [68].
In contrast, IMagyn050 found no PFS or OS benefit in the overall patient population, though there was a
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trend to benefit in the PD-L1-positive cohort [73,74]. Currently, there is no indication for use of IO in the
upfront treatment of patients with advanced EOC.

5.2 Treatment of Platinum-Sensitive Recurrent Ovarian Cancer

There are two key phase 3 clinical trials studying the addition of IO to platinum-based chemotherapy
for PSROC. The ANITA trial (NCT03598270) [75] included a maintenance component with the PARPi
niraparib and ATALANTE (NCT02891824) [76] included concurrent and maintenance bevacizumab.

5.2.1 ANITA/ENGOT-Ov41/GEICO 69-O (NCT03598270) [75]

The ANITA trial was a randomized double-blind placebo-controlled phase 3 trial which assessed
the contribution of atezolizumab to platinum-based chemotherapy followed by maintenance niraparib.
Study participants had a platinum-sensitive measurable recurrence of high-grade serous, endometrioid,
or undifferentiated ovarian cancer, with 1–2 prior lines of chemotherapy. Previous PARPi treatment
for recurrent disease was not permitted, though receipt for frontline maintenance was allowed with a
sufficient treatment free interval (TFI), at least 18 months if BRCA-mutated, 12 if BRCA-wildtype. Study
participants were stratified by investigator choice of chemotherapy, BRCA mutation status, and PD-L1
status and were randomized to chemotherapy and placebo followed by placebo and maintenance niraparib
300 mg daily, or chemotherapy and atezolizumab 1200 mg every 3 weeks followed by atezolizumab
and niraparib maintenance until progression. Options for chemotherapy were paclitaxel/carboplatin,
carboplatin/gemcitabine, and carboplatin/PLD; ultimately 76% of patients were given PLD with carboplatin.
The primary study endpoint was investigator-assessed PFS in the ITT population. The PFS was not
statistically significantly different between treatment arms in the ITT population; median PFS for the
atezolizumab arm was 11.2 months compared to 10.1 months for the placebo arm, HR 0.89 (95% CI 0.71–1.10,
p = 0.28). In sub-group analyses based on PD-L1 status, previous bevacizumab, or PARPi exposure and TFI,
there were no differences in PFS. Subgroup analysis according to BRCA mutation status showed a trend to
an improved response to atezolizumab for BRCA-mutated patients, but there was an imbalance in subgroup
patient characteristics; more BRCA-mutated patients had prior PARPi exposure and longer TFI, limiting the
interpretation of this finding.

5.2.2 ATALANTE/ENGOT-Ov29 (NCT02891824) [76]

The ATALANTE trial was a placebo-controlled randomized phase 3 trial that studied the addition
of atezolizumab to standard treatment of platinum-sensitive recurrent epithelial ovarian cancer with
platinum-doublet and concurrent and maintenance bevacizumab. Patients in the control arm received a
platinum-based chemotherapy doublet (platinum with gemcitabine, paclitaxel, or PLD) plus bevacizumab
and placebo, and patients in the experimental arm received the same regimen with atezolizumab 1200 mg
every 3 weeks for up to 24 months. Patients were stratified by PFI, PD-L1 status, and chemotherapy regimen.
The most common chemotherapy agent paired with carboplatin was PLD (>60%). The PD-L1-positive
subgroup (38% of the ITT population) had a higher proportion of patients having undergone debulking
surgery within 6 months of trial inclusion, and their tumor size was smaller compared to the ITT population.
No improvement in PFS was demonstrated for the experimental arm in both the ITT and PD-L1-positive
populations; HR 0.83 (95% CI 0.69–0.99, p = 0.41) and HR 0.86 (95% CI 0.63–1.16, p = 0.3), respectively.
Subgroup analysis was performed for patients with PD-L1 and CD8 positive tumors; this was explored as
it had been hypothesized that PD-L1 inhibition would be ineffective in CD8-negative tumors. JAVELIN
Ovarian 200 [77] found that patients with PD-L1 and CD8-positive (“hot”) tumors had a PFS and OS benefit
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with the trial drug. ATALANTE found no improvement in PFS for those with PD-L1 and CD8-positive
tumors. OS data are immature but trend toward favoring atezolizumab, median OS 35.5 vs. 30.6 months
(HR 0.81, 95% CI 0.65–1.01).

5.2.3 Summary

Both phase 3 trials studying IO for PSROC were negative, finding no PFS benefit in either trial. The
PD-L1-positive cohorts in both trials did not demonstrate an increased response to IO compared to the ITT
populations. With the comparatively increased response to IO observed in PRROC, the differences in the
TMEs of platinum-resistant and -sensitive ovarian cancers may speak to the mechanisms of benefit of IO.
Further study is needed to elucidate these mechanisms.

5.3 Treatment of Platinum-Resistant Recurrent Ovarian Cancer

Combination approaches including IO for the treatment of PRROC have employed simpler study
designs compared to approaches at upfront and maintenance treatment. Early clinical trials employing
a single-agent and double-agent combinations yielded encouraging early findings, such as Hamanishi et
al.’s 2015 phase 2 trial of single-agent nivolumab [41], which had a modest ORR 15% and 45% DCR. The
combination of pembrolizumab with PLD by Lee et al. (2020) [47] and MIRV in FORWARD-II [53] also
yielded encouraging outcomes. Triplet combinations did not yield promising outcomes.

5.3.1 NINJA (JapicCTI-153004) [78]

The NINJA trial, published in 2021, was a randomized, open-label phase 3 study that compared
the efficacy and safety of the PD-1 inhibitor nivolumab versus chemotherapy (PLD or gemcitabine) for
platinum-resistant epithelial ovarian cancer. Participants were randomized to nivolumab 240 mg IV every
2 weeks or chemotherapy. Approximately 20% of patients in each arm had clear cell histology. Most patients
(~41%) had received two prior lines of chemotherapy, but ~15% had received 4 or more prior lines. Of
the nivolumab and chemotherapy arms, 41.4 and 36.5% were PD-L1-positive. There was no significant
difference in OS between the two study arms; median OS for nivolumab was 10.1 months versus 12.1 for
chemotherapy; HR 1.0 (95% CI 0.8–1.3, p = 0.808). There was also no difference in OS on subgroup analysis,
including PD-L1 status with CPS ≥ 1% (HR 1.09, 95% CI 0.73–1.64). A trend towards improved OS in clear
cell tumors was noted, but the study was not powered to detect a difference based on histology. Median PFS
was worse in participants who received nivolumab compared to chemotherapy; 2 versus 3.8 months (HR 1.5,
95% CI 3.6–4.2 months). Without an OS benefit and with worse PFS, the NINJA trial does not support the
use of single agent nivolumab in the treatment of platinum-resistant ovarian cancer but indicates clear cell
tumors as an area of future investigation.

5.3.2 JAVELIN Ovarian 200 (NCT02580058) [77]

The JAVELIN Ovarian 200 trial, published in 2021, was an international, open-label, parallel-group,
three-arm, randomized, phase 3 trial studying avelumab in the treatment of platinum-resistant/refractory
ovarian cancer. All patients were required to have a tumor sample available for central PD-L1 and CD8
testing, and PD-L1 positivity was defined as either ≥ 1% tumor cell (TC) expression or ≥ 5% ICs expression,
while CD-8 positivity was defined as ≥ 1% of TC expression. Trial arms were avelumab alone 10 mg/kg IV
every 2 weeks, avelumab in combination with PLD 40 mg/m2 IV every 4 weeks, or PLD alone. Patients were
stratified by platinum status, number of previous treatment lines, and bulky disease. Primary endpoints
were PFS and OS in the ITT population, comparing avelumab alone or avelumab with PLD to the control
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arm of PLD alone. There was no improvement in PFS with either avelumab alone or in combination with
PLD compared to the control; for avelumab versus PLD, median PFS was 1.9 versus 3.5 months, HR 1.68
(repeated 93.1% CI 1.32–2.60, p > 0.99), and for avelumab with PLD versus PLD, median PFS was 3.7 versus
3.5 months, HR 0.78 (93.1% CI 0.59–1.24, p = 0.030). The median OS was not improved with either avelumab
alone or in combination with PLD compared to PLD alone; HR was 1.14 (repeated 88.85% CI 0.95–1.58,
p = 0.83) for avelumab versus PLD, HR was 0.89 (repeated 88.85% CI 0.74–1.24, p = 0.21) for avelumab with
PLD versus PLD.

While the primary endpoint was not reached, subgroup analysis of PD-L1 and/or CD8-positive tumors
revealed a possible benefit with the combination of avelumab and PLD. In total, 57% had PD-L1 positive
tumors; for this subgroup, PFS was improved with avelumab and PLD compared to PLD with HR 0.65 (95%
CI 0.46–0.92), however, it was not improved for avelumab alone with a HR 1.45 (95% CI 1.03–2.04). No
difference in OS was noted. Almost half of the study population (46%) had CD8-positive tumors; for this
subgroup, PFS was improved for the combo therapy compared to PLD with HR 0.64 (95% CI 0.44–0.95) and
not improved for avelumab alone with HR 1.58 (95% CI 1.09–2.29). About one third (35%) had both PD-L1
and CD8-positive tumors; in this group, both PFS and OS were improved with the combination versus PLD:
PFS HR 0.53 (95% CI 0.34–0.83) and OS HR 0.53 (95% CI 0.32–0.89). The JAVELIN Ovarian 200 trial was not
powered to show statistical differences between these subgroups, but these data indicated a possible patient
sub-population that could benefit from further research into ICI. The improvement in PFS with PD-L1
positivity is in contrast to results from JAVELIN Ovarian 100, which found no benefit with avelumab based
on biomarker status [68]. JAVELIN Ovarian 100 and 200 studied different patient populations (previously
untreated versus platinum-resistant/refractory), which might speak to the different findings with respect to
response based on biomarker status.

5.3.3 ENGOT-Ov65/KEYNOTE-B96 (NCT05116189) [79,80]

The KEYNOTE-B96 trial was first presented at the annual ESMO Congress meeting in Berlin in
October 2025, and results were published in April 2026. This randomized, double-blind phase 3 trial studied
pembrolizumab versus placebo with weekly paclitaxel with or without bevacizumab for patients with
platinum-resistant recurrent ovarian cancer. Patients were permitted to have received prior bevacizumab,
PARPi, and, notably, anti-PD-1 or anti-PD-L1 therapy. Patients were stratified by planned bevacizumab,
geographic region, and PD-L1 CPS. Patients were randomized to treatment arms containingweekly paclitaxel
80 mg/m2 with or without bevacizumab 10 mg/kg every 2 weeks, and either placebo or pembrolizumab
400 mg IV every 6 weeks. About one quarter (~27%) of participants in each arm had PD-L1 CPS of <1, ~41%
had a score of 1 to <10, and ~32% had a score of ≥10. At the first interim analysis with 15.6 months median
follow-up, improved PFS was noted for the ITT and PD-L1 CPS ≥ 1 populations. The PFS for the ITT
population was 8.3 months in the experimental arm vs. 6.4 months for placebo, HR 0.70 (95% CI 0.58–0.84,
p < 0.0001), and the PFS for the PD-L1 CPS ≥ 1 population was 8.3 months in the experimental arm vs.
7.2 months for placebo, HR 0.72 (95% CI 0.58–0.89, p = 0.0014). Subgroup analysis revealed that PFS was
improved for patients in either arm receiving bevacizumab. Improved PFS was noted also at the second
interim analysis with a median follow-up of 26.6 months; PFS for ITT was 8.3 vs. 6.4 months, HR 0.73 (95%
CI 0.62–0.86), and PFS for CPS ≥ 1 was 8.3 vs. 7.2 months, HR 0.75 (95% CI 0.61–0.91). OS was a secondary
key endpoint; this was significantly improved in the PD-L1 CPS ≥ 1 population in the second interim
analysis: 18.2 vs. 14 months, HR 0.76 (95% CI 0.61–0.94, p = 0.0053), as well as the overall population: 17.7
vs. 14 months, HR 0.82 (95% CI 0.69–0.97).
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The findings of the KEYNOTE-B96 trial are significant in that not only did they demonstrate distinct
and clinically meaningful PFS and OS benefits in the difficult-to-treat PRROC population with inclusion of
pembrolizumab, but this was the first phase 3 trial to demonstrate a clear benefit attributable to inclusion
of IO. The DUO-O and KEYLYNK-001 trials both demonstrated improvement in PFS in the study arms,
including IO, but both studies’ designs made it impossible to certainly attribute the benefit to IO as opposed
to the PARPi components [66,71]. The KEYNOTE-B96 trial did not include a PARPi component, so there is
no such ambiguity in the interpretation of the results. Since its results were presented, KEYNOTE-B96 led to
the biomarker-specific FDA-approval of pembrolizumab for PRROC with PD-L1+ (CPS ≥ 1) in February 2026.

The combination of pembrolizumab with chemotherapy and with or without bevacizumab seems to be
clinically active in the platinum-resistant setting, and biomarker status appears to be predictive of response.
Zsiros et al.’s phase 2 trial studying pembrolizumab, bevacizumab, and metronomic cyclophosphamide
in the PRROC population [60] found a promising ORR, one of the highest reported in the phase 2 trials.
In triple-negative breast cancer, the KEYNOTE-355 trial (NCT02819518) found a biomarker-associated
response to the study combination of pembrolizumab, chemotherapy, and bevacizumab [81]. Trials studying
IO in EOC have yielded inconsistent findings with respect to biomarker status, but both KEYNOTE-B96 and
the Zsiros trial found that PD-L1 status was associated with a response to the trial regimen. This may be in
part due to the immunomodulatory effects of low-dose or metronomic chemotherapy, as well as those of
bevacizumab. Low-dose and metronomic chemotherapy involve administering lower doses of chemotherapy
over a longer period of time. While high-dose paclitaxel has been associated with an immunosuppressive
effect, low-dose or weekly paclitaxel has been found to have an immunostimulatory effect, with recovery and
maintenance of CD8+ T-cell activity even in patients who previously had low CD8+ T-cell activity. This may
be due to an increased number of tumor-associated antigens being presented to T-cells after tumor apoptosis,
as well as stimulation of stem cell differentiation to dendritic cells, which present tumor-associated antigens
to T-cells [82–84]. As previously discussed, bevacizumab is also associated with immunomodulatory
effects [42,61], along with having been shown to have a PFS benefit in PRROC in the AURELIA trial [48]. In
the setting of PD-L1 positivity, the immunomodulatory effects of low-dose or metronomic chemotherapy
and bevacizumab may be amplified.

Of note, the patient population of KEYNOTE-B96 was significantly PD-L1-enriched; more than 70%
of patients had PD-L1 CPS ≥ 1, and over 30% had a CPS ≥ 10. In comparison, ~40% of the NINJA trial
population was PD-L1-positive [78], and 57% of the JAVELIN 200 trial population was PD-L1-positive [77].
The relatively increased PD-L1-positive population in the KEYNOTE-B96 trial population could speak to
the positive trial outcome and provide more clarity on the importance of PD-L1 positivity in predicting
therapeutic response. Further study is needed to better understand the mechanisms behind the improvement
in treatment response in the PD-L1-positive population.

5.3.4 Summary

The KEYNOTE-B96 trial found significant and meaningful PFS and OS benefits with the addition
of pembrolizumab to weekly paclitaxel with or without bevacizumab, representing a landmark clinical
advancement in the treatment of PRROC. Other phase 3 trials studying IO in PRROC had negative findings,
but clear cell histology was identified on subgroup analyses as possibly having an increased response to
nivolumab monotherapy, presenting an avenue for further study. Biomarker status was associated with
response in KEYNOTE-B96 and in JAVELIN-200, providing some more clarity on how to utilize biomarkers
in treatment planning with IO. Phase 3 trials studying IO in PRROC are compared in Tables 1 and 2.
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Table 1: Summary and comparisons of cohort characteristics of phase 3 clinical trials studying immunotherapy in platinum-resistant ovarian cancer.

Trial, Treatment NINJA [78], Nivolumab (n = 316) JAVELIN Ovarian 200 [77], Avelumab
(n = 566)

KEYNOTE-B96 [79], Pembrolizumab
(n = 643)

Histology (%)
High-grade serous (62%) High-grade serous (69%) High-grade serous (86%)

Clear cell (21.2%) Clear cell (13%) Clear cell (7.8%)

Prior PARPi allowed (%) Yes (% not reported) Yes (% not reported) Yes (36.5%)

Prior bevacizumab allowed (%) Yes (% not reported) Yes (29.2%) Yes (45.9%)

Number of prior treatment regimens (%)

1 (22.2%) 1 (48.2%) 1 (36.4%)
2 (41.5%)

3 (20.6%) 2 or 3 (51.8%) 2 (63.3%)
4+ (15.8%)

Use of bevacizumab in trial (%) No No Yes (73% pembrolizumab arm, 73.5% placebo
arm)

PD-L1 positivity (%)
Positive, CPS ≥ 1% (39.4%) Positive* (56.7%) Positive (72.5%)-CPS 1 to <10 (41.2%)-CPS ≥ 10

(31.3%)

Negative, CPS < 1% (60.6%) Negative (43.3%) Negative, CPS < 1 (27.5%)
*PD-L1 positivity defined as ≥1% tumor cell PD-L1 expression, ≥5% immune cell PD-L1 expression, or both. Abbreviations: PARPi: poly(ADP-ribose) polymerase inhibitors, PD-L1:
programmed death ligand 1.

Table 2: Summary and comparisons of outcomes of phase 3 clinical trials studying immunotherapy in platinum-resistant ovarian cancer.

Trial, Treatment

NINJA [78], Nivolumab
(n = 316) JAVELIN Ovarian 200 [77], Avelumab (n = 566) KEYNOTE-B96 [79],

Pembrolizumab (n = 643)

Nivolumab vs.
Gemcitabine or PLD Avelumab vs. PLD Avelumab + PLD vs. PLD Pembrolizumab + Paclitaxel vs.

Placebo + Paclitaxel

ITT

ΔPFS, month (comparison
between arms, months) −1.8 (2.0 vs. 3.8) −1.6 (1.9 vs. 3.5) 0.2 (3.7 vs. 3.5) 1.9 (8.3 vs. 6.4)

HR (95% CI, p) 1.5 (1.2–1.9, p = 0.002) 1.68 (repeated 93.1% CI
1.32–2.60, p > 0.99)

0.78 (93.1% CI 0.59–1.24, p =
0.03) 0.7 (0.58–0.84, p < 0.0001)

ΔOS, month (comparison
between arms, months) −2.0 (10.1 vs. 12.1) −1.3 (11.8 vs. 13.1) 2.6 (15.7 vs. 13.1) NA

HR (95% CI*, p) 1.0 (0.8–1.3, p = 0.808) 1.14 (repeated 88.85% CI
0.95–1.58, p = 0.83)

0.89 (88.85% CI 0.74–1.24, p =
0.21) NA

ORR, % (95% CI, p) 7.6 vs. 13.2 (0.2–1.3, p = 0.191) 4 vs. 4 13 vs. 4 50.4 vs. 40.8
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Table 2: Cont.

Trial, Treatment

NINJA [78], Nivolumab
(n = 316) JAVELIN Ovarian 200 [77], Avelumab (n = 566) KEYNOTE-B96 [79],

Pembrolizumab (n = 643)

Nivolumab vs.
Gemcitabine or PLD Avelumab vs. PLD Avelumab + PLD vs. PLD Pembrolizumab + Paclitaxel vs.

Placebo + Paclitaxel

PD-L1 positive

ΔPFS, month (comparison
between arms, months) NA −1.1 (1.9 vs. 3) 0.7 (3 vs. 3.7) 1.1 (8.3 vs. 7.2)

HR (95% CI, p) NA 1.45 (1.03–2.04, p = 0.03) 0.65 (0.46–0.92, p = 0.014) 0.75 (0.58–0.89, p = 0.0014)

ΔOS, month (comparison
between arms, months) NA 0.6 (13.7 vs. 13.1) 4.6 (17.7 vs. 13.1) 4.2 (18.2 vs. 14)

HR (95% CI, p) HR 1.09 (0.73–1.64, p = NA) 0.83 (0.57–1.23, p = 0.36) 0.72 (0.49–1.05, p = 0.084) 0.76 (0.61–0.94, p = 0.0053)

ORR, % NA NA NA 53 vs. 46.6

PD-L1 negative

ΔPFS, month (comparison
between arms, months) NA −1.8 (1.9 vs. 3.7) −0.1 (3.6 vs. 3.7) NA

HR (95% CI, p) NA 1.66 (1.15–2.41, p = 0.0069) 1.07 (0.73–1.57, p = 0.71) 0.66 (0.47–0.92)

ΔOS, month (comparison
between arms, months) NA −3.6 (10.5 vs. 14.1) −0.5 (13.6 vs. 14.1) NA

HR (95% CI, p) HR 1.07 (0.78–1.46, p = NA) 1.38 (0.91–2.08, p = 0.12) 1.06 (0.69–1.63, p = 0.79) NA
*Confidence intervals 95% unless specifically noted otherwise. Abbreviations: PD-L1: programmed death ligand 1, PLD: pegylated liposomal doxorubicin, ITT: intention-to-treat
population, PFS: progression-free survival, HR: hazard ratio, OS: overall survival, CI: confidence interval, ORR: overall response rates, NA: not available.
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6 IO for Less Common Ovarian Malignancies

6.1 Clear Cell Ovarian Carcinoma

The use of IO in advanced epithelial ovarian cancer encompasses a diverse range of high grade
histologic subtypes that have different molecular and genomic alterations. Clear cell carcinoma has a
distinct mutational profile compared to other high grade serous ovarian tumors, with mutations in AIRD1A
and PIK3CA being common [85]. Clear cell carcinomas have increased PD-L1 expression due to ARID1A
mutations, which suppress the T-cell response [86–88]. This makes IO a potentially promising treatment
option in this tumor type, and ARID1A gene mutation is thought to have potential utility as a biomarker [89].
The NINJA [78] and NRG-GY003 [57] trials included larger cohorts of clear cell cancers, with 20% and 12%,
respectively. NINJA [78] found a trend toward a PFS benefit for patients with clear cell histology treated
with the trial agent of nivolumab while NRG-GY003 found a statistically significant PFS benefit for clear
cell patients treated with the experimental trial combination of nivolumab with ipilimumab, a CTLA-4
inhibitor [57]. Several phase 2 clinical trials studying clear cell and other less common ovarian cancer
histologies are underway, with available preliminary findings detailed here.

6.1.1 BrUOG 354 (NCT03355976) [90]

The BrUOG 354 trial, presented in abstract at the 2024 ASCO Annual Meeting, was a randomized
two-stage, two-arm, phase 2 trial studying nivolumab monotherapy versus in combination with ipilimumab
in recurrent extra-renal clear cell cancers. All 44 recruited patients had a gynecologic malignancy, of which
82% had ovarian clear cell cancer. Patients were randomized to nivolumab 240 mg IV every 2 weeks or
combination nivolumab and ipilimumab 1 mg/kg every 6 weeks, stratified by primary tumor site. The
primary study endpoint was ORR. In the nivolumab alone group, the ORR was 14.3% with two partial
responses, while for the combination therapy group, the ORR was 33% with four complete and six partial
responses. PFSwas 2.2months with nivolumab (95% CI 1.2–3.4months) and 5.6months with the combination
(95% CI 1.6–29.1 months), and OS was 17 months (95% CI 2.1 months-NR) and 24.6 months (95% CI
5.9 months-NR), respectively. These findings were relatively similar to the ORR reported by NRG-GY003
in their overall cohort; ORR 12.2% for nivolumab alone and 31.4% for nivolumab with ipilimumab [57].
This experimental IO combination appears to be quite clinically active, with a higher ORR than is typically
observed in IO trials.

6.1.2 MoST-CIRCUIT (NCT04969887) [91]

The MoST-CIRCUIT trial was a prospective, multi-center, non-randomized, phase 2 clinical trial
studying the combination of nivolumab 3 mg/kg and ipilimumab 1 mg/kg every 3 weeks, followed by
maintenance nivolumab 480 mg every 4 weeks in advanced clear cell ovarian and endometrial cancers.
The primary study endpoints were ORR and 6-month PFS. Most patients, 85.7%, had ovarian clear cell
carcinoma, and 14.3% had endometrial clear cell carcinoma. The ORR 55% in the ovarian cancer group (95%
CI 35–73%). The 6-month PFS rate was 58% (CI 39–74%), and median OS had not yet been reached at the
time of publication. On exploratory biomarker investigation, high TMB was associated with response. TMB
has been found in studies of other cancer types to predict response to ICI, but may not be predictive for all
tumors [92]; further investigation is needed to explore the utility of TMB as a predictive factor for clear cell
ovarian tumors. The BrUOG 354 and MoST-CIRCUIT trials demonstrated that nivolumab and ipilimumab
have good clinical activity in the clear cell population; further investigation in the form of a phase 3 clinical
trial is indicated into this combination.
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6.1.3 PEACOCC (NCT03425565) [93]

The PEACOCC trial was a non-randomized, single-arm, phase 2 trial studying pembrolizumab for
advanced clear cell gynecologic cancers. The primary endpoint was PFS at 12 weeks, with a pre-specified
lower bound of 15% to define efficacy. Forty-eight patients were recruited, 85% of whom had ovarian
tumors, and received pembrolizumab 200 mg IV every 3 weeks for up to two years. Patients had a median
of 3 prior lines of treatment. Mismatch repair (MMR) protein immunohistochemistry was performed, and
98% of participants were pMMR. The 12-week PFS was 42% (95% CI 28–57%); median PFS was 2.7 months
(95% CI 1.3–5.4 months). Median OS was 14.8 months (95% CI 6.7–28.2 months). ORR was 25% (95% CI
14–40%), with 12 partial responses; this was higher than the ORR previously reported with pembrolizumab
monotherapy in KEYNOTE-028 and KEYNOTE-100 [39,40], at 11.5% and <10%, respectively. On exploratory
analysis, there was no difference in PFS or OS based on PD-L1 status, loss of ARID1A gene, or aberrant
p53 expression. Pembrolizumab monotherapy may have a role in the treatment of clear cell gynecologic
malignancy; further investigation in larger cohorts is indicated. Further investigation is also needed into
which genetic profiles and biomarkers may be predictive of response.

6.1.4 INOVA (NCT04735861) [94]

INOVA is a single-arm, phase 2 trial ongoing at 8 centers in China, studying the PD-1 inhibitor
sintilimab in combination with bevacizumab for relapsed or persistent clear cell ovarian carcinoma. The
primary endpoint was ORR. In total, 41 patients received the experimental combination, 68% of whom
had platinum-resistant disease. The ORR was 40.5% (95% CI 24.8–57.9), with 5 CR and 10 PR. The DCR
was 73% (95% CI 55.9–86.2%). Median PFS was 3.2 months (95% CI 1.8–4.6 months) and median OS was
28.2 months (95% CI 23.8 months-NR). PD-L1, CD8, TMB, MMR status, microsatellite instability (MSI), and
ARID1A gene mutation were tested; there were no associations in response based on any of these. Overall,
INOVA demonstrated an encouraging ORR with the use of sintilimab and bevacizumab, supporting further
investigation into this drug combination.

6.1.5 Pembrolizumab and Lenvatinib (NCT05296512) [95]

Lee et al. presented preliminary results of this phase 2 trial studying pembrolizumab and lenvatinib for
recurrent clear cell ovarian carcinoma in an abstract at the ASCO Annual Meeting in 2025. Eligible patients
could have previously received bevacizumab and immune checkpoint inhibitors, but no prior lenvatinib.
Patients with malignant bowel involvement were not eligible. Primary study endpoints were ORR and PFS
at 6 months. Of 30 patients, ORR was 30%, with 2 confirmed CR and 7 PR. The 6-month PFS was 75.96%
(95% CI 53.82–88.51), with a median PFS of 10.9 months. The experimental combination demonstrated
encouraging clinical activity; published results are anticipated. Further investigation into this combination
is warranted, and comparison of pembrolizumab monotherapy and in combination with an anti-angiogenic
agent should be considered.

6.1.6 MOCCA/APGOT-OV2/GCGS-OV3 (NCT03405454) [96]

MOCCA was an open-label, randomized, phase 2 trial comparing durvalumab to the physician’s
choice platinum-based chemotherapy for the treatment of recurrent clear cell ovarian carcinoma. Overall,
48 patients were enrolled; 31 received durvalumab, and 17 received chemotherapy. The primary endpoint
was PFS. The difference in PFS between arms was not statistically significant but numerically favored
chemotherapy; median PFS for durvalumab was 7.6 weeks (95% CI 7–16 weeks) and median PFS for
chemotherapy was 14 weeks (95% CI 7–32.9 weeks). The differences in ORR and median OS were also not
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statistically significantly different, but both numerically favored chemotherapy. There was no difference
in response based on biomarker status. Overall, MOCCA was a negative trial, showing that durvalumab
was not superior to chemotherapy. Monotherapy approaches to IO have been unsuccessful; a combination
approach including durvalumab could be more effective.

6.1.7 Summary

Clinical trials investigating the use of IO for clear cell ovarian cancer have yielded more favorable
outcomes, with broadly higher ORR than for other ovarian cancer histologies; possible mechanisms are
discussed in the following section. The NCCN currently includes the combination of nivolumab and
ipilimumab in its recommendations for treatment of recurrent clear cell ovarian cancer based on the results
of the BrUOG 354 and MoST-CIRCUIT trials [9,57,90,91]. The combination of ICI and anti-angiogenic agents
also seems to be more effective than ICI monotherapy; larger trials with carefully considered comparison
arms are needed to clarify this. To our knowledge, there are no active phase 3 clinical trials studying IO in
clear cell ovarian cancer.

6.2 Other Rare EOC Histologic Subtypes

There is limited clinical trial data available on the use of IO in other less common EOC histologic
subtypes, such as low-grade serous, endometrioid, and mucinous ovarian cancers. However, these cancers
may be compelling targets for IO.

Similar to clear cell ovarian cancers, endometrioid ovarian cancers are commonly dMMR and in turn
can have high TMB [97,98]; these characteristics could theoretically result in a more favorable response
to IO. While one multiomics study found no significant difference in TMB between high-grade serous
and endometrioid ovarian cancer tissue samples, it did find that the former seemed to have weaker
T-cell-mediated immune responses and that endometrioid ovarian cancer had a more favorable immune
TME for application of IO [99]. While endometrioid ovarian cancers are an included histology in EOC trials,
they typically account for very small proportions of the trial cohorts, and to our knowledge, no subgroup
analyses have been performed specifically querying the impact of IO on this histologic subtype.

Low-grade serous ovarian cancers are considered particularly “cold” tumors with low TMB, and are
thus considered poor targets for IO [100,101]. Low-grade serous cancers are typically excluded from IO
clinical trial cohorts as a result of their suspected low immunogenicity. However, the phase 2 PERCEPTION
trial (NCT04575961) [102], which is studying pembrolizumab with platinum-based chemotherapy for
platinum-sensitive recurrent low-grade serous ovarian cancer, is ongoing and may provide clarity.

Summary

There is a paucity of data about how less common EOC might respond to IO and about how their
TMEs might differ from high-grade serous EOC. However, endometrioid ovarian cancer has immune
characteristics that may suggest a favorable response to IO.

7 The Role of Biomarkers in Patient Selection for IO

Clinical trials studying IO in ovarian cancer have yielded inconsistent results with respect to predictive
ability of biomarker status. However, they may prove important in treatment planning with further study.
PD-L1 is the most commonly tested biomarker as it has direct association with PD-1, the most common
target of IO. MMR status, TMB, and ARID1A gene mutation are less commonly tested for IO treatment
planning but may provide insight into which patients and cancer histologies might have a better response.
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7.1 PD-L1

The role of the PD-L1 biomarker in determining patient selection for IO or in predicting
treatment response is not yet clear, due to inconsistent findings across trials. Several trials found
an improved response to immune checkpoint inhibition with PD-L1 positivity on the individual
trial’s assay of choice [39,40,60,73,77], while most found no improvement in response based on PD-L1
status [41,49,50,57,64]. There may be a stronger correlation between PD-L1 biomarker status and response
to IO in platinum-resistant disease, but further study is needed to confirm this. Further, PD-L1 positivity
has a heterogenous definition across trials making it challenging to draw conclusions.

The inconsistency can be attributed in part to differences in assays used to determine PD-L1 positivity.
PD-L1 positivity is determined by IHC assay, and a variety of antibodies from different companies are
employed for this purpose. The trials reviewed utilized a wide variety of antibodies, including the 22C3
antibody (Qualtek Molecular Laboratories) and the SP263 antibody (Ventana Medical Systems, Inc.). Some
used archival tumor samples and others required new biopsies to be taken, which can yield differing
results; biopsies taken from the same patients at different times have been found to yield different PD-L1
assay results [103]. Assays are often reported using a CPS, which is calculated by dividing the number of
PD-L1 staining cells by the total number of cells. A score of ≥1 is typically considered positive, and ≥10 is
considered high expression. The calculation can differ in the consideration of tumor cells (TC) and/or ICs
staining for PD-L1. For instance, the JAVELIN Ovarian 200 trial used the SP263 antibody and determined a
sample PD-L1 positive if there was either ≥1% TC or ≥5% IC expression [77]. A detailed review on PD-L1
assay techniques by Büttner et al. (2017) [104] reported high concordance with TC expression between
the most commonly used assays (28–8, 22C3, SP263), but found lower PD-L1 expression with the use of
the SP142 antibody, which was utilized in IMaGYN050 [74]. IC PD-L1 expression was variable and had
lower concordance between assays. Overall, the magnitude of impact on trial outcomes from the use of
different PD-L1 assays and approaches to CPS calculation is unknown, but the reliability of the assay type
and the comparability of the CPS score should be considered in future and ongoing research. Another area
of investigation should be the optimal CPS cut-off to determine PD-L1 positivity and to predict response
to IO. In the KEYNOTE-355 trial studying pembrolizumab in triple-negative breast cancer, the treatment
effect increased with higher CPS score, with the best outcomes seen with CPS > 10 [81]. A meta-analysis
of seven phase 3 trials studying the use of ICI in advanced gastroesophageal adenocarcinoma found that
response to IO increased with higher CPS cut-offs [105]. To our knowledge, a CPS cut-off associated with
better response to IO in ovarian cancer has not been investigated.

7.2 Tumor Mutational Burden

TMB has been associated with response to immune checkpoint blockade, leading to the exploration
of this as a possible biomarker to predict response to treatment and guide planning [7,92,106,107]. High
TMB arises from mismatch repair defects and microsatellite instability and creates a larger number of
neoantigens that can be recognized by the immune system, thus potentially allowing for a magnified
response to immune-modulating therapy [92,107]. This effect does not appear to be consistent across tumor
types, and the cutoff determining high or low TMB may also differ [92,108,109]. The reliability of TMB as a
predictor for ICI response in ovarian cancer is unclear, and few studies exploring the association between
TMB and IO response include ovarian cancers. Marabelle et al. performed prospective biomarker analysis
of the phase 2 KEYNOTE-158 study, which studied pembrolizumab in advanced solid tumors, and found
that tumors with TMB-H were more likely to respond to therapy; this led to tumor agnostic approval for IO
if TMB-H. The study included ten tumor types, none of which were ovarian [7]. Muquith et al. analyzed a
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large clinical and genomic dataset that included ovarian cancers, and their data suggested that survival
possibly favored TMB-H, but with less magnitude than other cancers [92]. Valero et al. analyzed the effect
of TMB in a large cohort of cancer patients, including 3% ovarian cancer. TMB-H was associated with an
unchanged or worse prognosis in patients who had not received ICI followed by better overall survival after
receiving ICI, though not in all cancer types [108]. Further research is needed to clarify how to define high
or low TMB based on tumor type and histology, and to better understand the prognostic ability of TMB.
More data is needed on ovarian cancers specifically, as with the heterogeneity in response to ICI based
on TMB between tumor types, generalizability of results across tumor types is limited. A focus on clear
cell and endometrioid ovarian cancer histology is warranted, as these cancers have a higher prevalence of
MMR deficiency [97] and TMB-H [98]. The MoST-CIRCUIT trial found that TMB-H was associated with
response to the experimental combination of nivolumab and ipilimumab in patients with clear cell ovarian
carcinoma [91]. However, other clinical trials of clear cell ovarian cancers did not find differential response
based on TMB or MMR status, including the PEACOCC, INOVA, and MOCCA trials [93,94,96].

7.3 ARID1A Gene Mutation

Mutation of the ARID1A gene leads to loss of expression of ARID1A (also known as BAF250A), which
functions as a tumor suppressor for a variety of cell types [89,110]. ARID1A is commonly mutated in cancers
and has a high prevalence in clear cell ovarian carcinoma; one study noted a mutation rate of 87.5% [98].
ARID1A interacts with MMR proteins in the process of DNA repair; deficiency of ARID1A may result in
an impaired MMR phenotype. In a mouse model, ARID1A deficient tumors had an increased response
to ICI [89]. Three clinical trials studying IO in clear cell ovarian cancer performed exploratory analyses
of response to IO based on ARID1A deficiency; PEACOCC, INOVA, and MOCCA all found no change in
response to IO based on ARID1A status [93,94,96]. Further study is needed to understand how ARID1A
status might serve as a predictor of response to IO.

8 Future Directions

The KEYNOTE-B96 trial represents a significant milestone in the treatment of PRROC and in the
application of IO in EOC, resulting in the FDA approval of pembrolizumab for PD-L1 positive PRROC.
Despite this clinical advancement, there are many avenues of future study into the application of IO to
EOC that must be explored.

Multiple studied regimens have failed to show superiority to the established control arm or have
included treatment confounders that make it hard to draw meaningful conclusions from the study findings.
The most optimal combinations and sequencing of ICI as well as the role of subsequent maintenance therapy
in ovarian cancer are still unclear, and further investigation is needed to provide clarity on this question.
Without control arms of PARPi alone, it is difficult to make clear conclusions based on the results of positive
trials like the KEYLYNK-001 and DUO-O trials [66,70]. This is important because if no significant additional
benefit is truly attributable to the inclusion of IO, these agents may needlessly expose patients to increased
toxicity and immune-mediated AE, as well as increase the cost of cancer care.

Updated guidelines are needed on the use of IO in ovarian cancer. While guidelines have recently been
updated to reflect the success of the KEYNOTE-B96 trial, other recommendations may benefit from scrutiny
until further study can demonstrate therapeutic benefit. For instance, dostarlimab-gxly is recommended for
dMMR/MSI high (MSI-H) PSROC and PRROC based on the interim results of the phase 1 GARNET trial,
which studied the use of dostarlimab in endometrial cancer [9,111]. However, this recommendation may
need to be re-evaluated; to our knowledge, the only phase 2 and 3 clinical trials studying this agent in
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ovarian cancer are the MOONSTONE and OPAL cohort A trials—the former met futility criteria and was
terminated early and the latter had a very modest ORR with a significant toxicity profile [56,64].

Another area of future investigation should be in better understanding how to utilize biomarkers
to predict response to IO, including but not limited to PD-L1, TMB and MMR status, and ARID1A status.
Biomarker-based results are variable across the studies reviewed herein, making it difficult to make
conclusions on the utility of any of these biomarkers in treatment planning and prognostication.

Multiomics may serve as a pathway to enhanced understanding of biomarkers, the TME, and
the response of ovarian cancers to IO. The study of multiomics describes the incorporation of several
layers of biological analytical techniques (“omics”), including genomics, transcriptomics, proteomics, and
metabolomics to understand physiologic processes with richer detail. This growing field has been applied
to the study of the TME, allowing for the revelation of specific types and functions of TME components.
Multiomics have led to the identification of possible therapeutic targets, as well as insights into mediators
of tumor response to IO in several cancer types, including cervical cancer [112–114]. Study in ovarian
cancers has been more limited. In one ovarian cancer multiomic study, genomic analysis was performed on
T cells extracted from ovarian cancer and compared to normal tissue; ovarian cancer cells had reduced T
cell signaling activity, indicating the presence of immunosuppressive processes in the TME that could allow
tumor cells to evade the immune system. The study also found that ovarian cancers with worse clinical
prognosis had genetic alterations in signaling pathways associated with changes in immune function. These
higher risk cancers also had diminished responses to IO [115]. As IO becomes increasingly integrated
into the treatment of ovarian cancer, multiomic studies are increasingly important in demystifying the
complexities of the TME and navigating differential tumor responses to IO. Multiomics also presents an
avenue for the application of personalized medicine, which may be particularly important in regard to the
heterogeneity of tumor responses to IO [115–117].

With limited efficacy in the treatment of EOC with conventional immune checkpoint inhibition, it is
important to consider alternative novel approaches. Other technologies under investigation include chimeric
antigen receptor T cell (CAR-T) therapy, bi-specific T-cell engagers (BiTE), and cancer vaccines. CAR-T
therapy works by guiding T cells to chimeric antigens bound to malignant targets and has seen promising
preclinical data for ovarian cancers. Common targets include Muc16 and mesothelin, and emerging targets
include Glypican-3 (GPC3), which regulates cell proliferation signaling [37,118]. The immunosuppressive
characteristics of the ovarian TME that impair response to ICI also affect CAR-T; accordingly, there is
ongoing investigation in how to modify CAR-T to navigate this barrier [118]. Cancer vaccines are another
novel approach to cancer treatment, working by inducing an inflamed immune TME and activating the host
immune system as well as by causing direct immunogenic cell death. A multicenter phase 3 clinical trial
(NCT05281471) studying intraperitoneal administration of olvimulogene nanivacirepvec (Olvi-Vec) followed
by platinum-based chemotherapy and bevacizumab for PRROC is currently underway [119]. GPC3, which
is expressed by ~50% of clear cell ovarian cancers, has additionally been targeted with a cancer vaccine,
though with a very limited ORR of 9.4% [120]. BiTEs are immune modulators consisting of engineered
antibodies that activate the immune system by binding to tumor-associated antigens and bridging them
with T-cells, eliciting directed activation of the T-cells and tumor lysis. Examples of BiTE targets include
Muc16 and WT1, and FRα; BiTE therapy targeting these antigens has yielded effective and selective tumor
cell killing in preclinical studies [121–123].
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9 Strengths and Limitations

This review has several strengths and limitations. We provide an in-depth scientific review with an
explanation of the key biological principles involved in the oncologic applications of IO. We also present a
critical analysis of the successes and disappointments in the clinical study of IO in ovarian cancer. This
is a comprehensive review, including almost all the known phase 2 and 3 trials involving IO that have
been conducted on EOC. A limitation is that the differences in the included trials limit the ability to make
cross-trial comparisons. Also, a few of the trials reviewed were only available in abstract form, with limited
study findings available. Some trial data are still maturing, which could impact overall or long-term results.
Another limitation is in the comparatively limited clinical data available for types of IO other than ICI.

10 Conclusions

Despite the large number of trials dedicated to the study of IO in ovarian malignancy and with
significant heterogeneity in study design, the number of positive trials is limited. Even so, IO may
yield promising treatment options for platinum-resistant disease, less common histologies, and based
on biomarker status. The results of ongoing trials are expected in the coming years, as well as long-term
follow-up from previously presented research. Hopefully, these will provide a greater understanding of
how IO can be meaningfully leveraged in the treatment of ovarian malignancy.
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