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Abstract

Epithelial ovarian cancer (EOC) is the most lethal gynaecological malignancy, and despite advancements in
therapeutics, most women unfortunately still succumb to their disease. Immunotherapies, in particular immune
checkpoint inhibitors (ICl), have been therapeutically transformative in many tumour types, including
gynaecological malignancies such as cervical and endometrial cancer. Unfortunately, these therapeutic successes
have not been mirrored in ovarian cancer clinical studies. This review provides an overview of the ovarian tumour
microenvironment (TME), particularly factors associated with survival, and explores current research into
immunotherapeutic strategies in EOC, with an exploratory focus on novel therapeutics in navigating drug
resistance.
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INTRODUCTION

Ovarian cancer is one of the most lethal cancers worldwide, with over 200,000 deaths in 2020"! Epithelial
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ovarian cancer (EOC) is the most common subtype (90%), with germ cell tumours, sex cord-stromal
tumours and other rare subtypes, including small cell carcinoma, accounting for the remaining 10%"”. EOC
(including fallopian tube and primary peritoneal cancer) is a complex disease as it encompasses a
heterogenous group of inherently different histological subtypes with differing underlying genomic and
molecular drivers resulting in different clinical behaviours and outcomes™ High-grade serous ovarian
carcinoma (HGSOC) is the most common, followed by endometrioid carcinoma, clear cell carcinoma, low-
grade serous carcinoma, and mucinous carcinoma'.

Most women with EOC are diagnosed at advanced stage and more than 70% will recur within the first three
years. BRCA1/2 germline mutations are the strongest known genetic risk factors, with an estimated
frequency of 13%-16% in women diagnosed with EOC"*”, most of which are HGSOC histological
subtype”. Germline BRCA1/2 mutations are associated with greater sensitivity to platinum-based
chemotherapy and poly(adenosine diphosphate[ ADP]-ribose) polymerase inhibitors (PARP1i), and carriers
have generally been reported to have improved survival compared to non-mutation carriers with high-grade
serous EOC™®*!

The majority of EOC patients will eventually succumb to the disease, with 10-year survival being only
17%"*". Cytoreductive surgery with chemotherapy remains the standard of care in the treatment of
EOC". Doublet-platinum chemotherapy can be administered as adjuvant treatment or as a neoadjuvant
regime (usually three cycles prior to interval debulking surgery, followed by the remaining three cycles).
Neoadjuvant chemotherapy provides an opportunity to assess chemosensitivity and assists with
l. Other drug classes such as vascular endothelial growth factor (VEGF) inhibitors
have shown survival benefits, and thus bevacizumab is routinely used in combination with
chemotherapy as a maintenance strategy'*'”. Most recently international, phase 3 studies have proven
the effectiveness of PARPi in improving both progression and overall survival as well as the quality of
life outcomes in both front-line and recurrent maintenance settings for certain subsets of advanced EOC,
particularly those with BRCA mutations®'*"” However, not all benefit from PARPi use, particularly
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prognostication

those who are platinum-resistant, those without BRCA gene mutations and/or with intact homologous
recombination repair (HRR) pathway, which comprises approximately 50% of the most common EOC
histological subtype, HGSOC"!. Unfortunately, even with PARPi, many patients will develop resistance
and thus chemotherapy remains important in the treatment of recurrent ovarian cancer. With successive
lines of treatment, most EOC will become resistant to chemotherapy, in particular to platinum-containing
agents. Other subtypes such as low-grade serous, mucinous carcinoma and clear cell carcinoma are largely
resistant to chemotherapy as a result of molecular and genetic profile and alterations™. Studies in
preclinical models have suggested a number of mechanisms underlying acquired platinum resistance in
EOC, including drug accumulation, drug efflux, cellular response to DNA damage and impaired
apoptosis; however, evidence for clinical relevance for most of these mechanisms is lacking®’. Limitations
include using cell line models that are not representative of the common EOC subtypes seen clinically"*”,
and using non-physiological drug exposures to induce drug resistance phenotypes in vitro. More
compelling studies investigating patient samples following the development of clinical resistance in
vivo have implicated restoration of DNA repair pathways, including reversion of BRCA mutations
and methylation, as significant mechanisms of acquired platinum resistance”??. As the outlook
for platinum-resistant EOC remains extremely guarded, with a median survival of only 12 months®,
there has been a strong focus on identifying mechanisms of resistance against platinum chemotherapy and
PARPi, to address this urgent unmet therapeutic need. As such, many clinical trials are now standardly
incorporating exploratory correlative studies with emerging and innovative technologies to further
clarify molecular signalling events and proteomic characterisation of ovarian cancer to gain a deeper
understanding of the disease, with the ultimate goal of developing and incorporating novel
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therapeutics to avoid and/or bypass mechanisms of intrinsic and acquired resistance in EOC.

Immunotherapy has been transformative in the oncology therapeutic landscape. Immune checkpoint
inhibitors (ICIs) counter several major immune-evasion mechanisms of cancer to induce killing of tumour
cells by CD8+ T cells. Dramatic effects of improved progression-free and overall survival with utilisation of
ICI have been demonstrated in a number of cancers, including melanoma, lung and colorectal cancers” .

The durability and sustained benefit of ICI in other tumours make it an attractive therapy in ovarian cancer,
particularly when there is evidence that ovarian cancer is immunogenic with the presence of tumour-
infiltrating lymphocytes (TILs), regulatory T cells (Tregs), natural killer cells and tumour-associated
macrophages (TAMs) detected in peripheral blood, ovarian cancer tissue and ascites™ . Specific immune
cell signatures, combined with multiple co-occurring DNA repair gene alterations and increased predicted
neo-antigen load, have been associated with response to treatment and exceptionally long survival in
patients with HGSOC, providing further evidence for tumour immune activity, at least in a proportion of
cases™

However, disappointingly, durable responses to single-agent ICI in platinum-resistant EOC remain
modest”**” and published studies to date have returned negative results with the addition of programmed
cell death receptor-1 (PD1/L1) targeted ICI to standard adjuvant chemotherapy with or without
bevacizumab®*. Intriguingly, more encouraging clinical trial results from early phase studies exploring
combination ICI with other agents such as PARPi, and VEGF inhibitors to act as immunomodulators have
emerged.

In this article, the authors will describe the interplay between the immune system and tumour
microenvironment (TME) including its interaction with the DNA damage repair (DDR) pathway,
summarise the clinical trial landscape of immunotherapy in EOC, and discuss novel therapeutic pathways
under investigation to overcome ICI therapy resistance.

ROLE OF THE TUMOUR MICROENVIRONMENT IN EPITHELIAL OVARIAN CANCER

As previously mentioned, ovarian cancer encapsulates a heterogenous group with subtypes that differ
histologically, genomically and molecularly™. A dualistic model categorising EOC into two groups, Type I
and Type II EOC, has been described"’. According to this classification, Type I includes low-grade subtypes,
typically arising from a recognisable precursor lesion such as borderline tumours with low malignant
potential, whereas Type II EOC includes HGSOC, the most common subtype, with frequent TP53
mutations and HRR pathway gene alterations'”. Immune-cell infiltrates differ markedly between the
histological subtypes, with the high-grade serous showing the most TIL infiltration, and the other subtypes
being largely “cold” with respect to immune cell infiltrates, although there is wide variability between
individual patients'*"*.

The defining genomic features of HGSOC are profound structural variation, including gene copy number
alterations and genomic rearrangements, on a background of near-ubiquitous TP53 mutation, with the
most common somatic and germline alterations found in HRR pathways genes, mainly BRCA1 and
BRCA2". When lacking HRR function, as in BRCA-mutant cells, DNA double-strand breaks will be
processed by alternative but error-prone repair pathways, such as the non-homologous end joining repair
(NHEJ), which lead to the accumulation of genomic instability and ultimately cancer cell death. NHE] is
faster than homologous recombination and mainly occurs in the G1 phase. Nevertheless, there is recent
evidence that NHE] functions throughout the cell cycle. Beyond the already-known proteins, such as Ku7o/
80, DNA-PKcs, Artemis, DNA pol 2/u, DNA ligase IV-XRCC4, and XLF, new proteins are involved in the
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NHE], namely PAXX, MRI/CYREN, TARDBP of TDP-43, IFFO1, ERCC6L2, and RNase H2. Among them,
MRI/CYREN has a dual role, as it stimulates NHE]J in the G1 phase of the cell cycle and inhibits the
pathway in the S and G2 phases'*”. In addition to this genomic complexity, a challenging clinical feature of
HGSOC is the presence of widespread intraperitoneal disease at the time of diagnosis. Distinct spatial
immunostimulatory and immunosuppressive mechanisms have been identified within individual patients
depending on the anatomical site, with a relative paucity of immune cells in primary adnexal disease sites, in
contrast with metastatic sites'*".

The impact of the heterogeneity of the tumour microenvironment on response to immunotherapy between
and within ovarian cancer patients is not yet fully understood.

The immune system plays an integral and extensive role in tumour formation and growth in all tumours,
including ovarian cancer [Figure 1]. Tumour growth is facilitated by the critical interplay between TME and
immune cells, including natural killer (NK) cells, CD8+ T cells and CD4+ helper T (Th) cells together with
pro-inflammatory macrophages (M1) and dendritic cells. When a tumour is formed, it is recognised and
eliminated by the immune system (elimination phase). The tumour cells which survive this process enter a
phase called equilibrium phase, during which the tumour can continue to grow despite ongoing destruction
from the immune system. Eventually, tumour cells evade the immune recognition and destruction, termed
the escape phase, leading to continual tumour growth and progression and finally metastasis. TME is a
collective term that encapsulates a dynamic interplay between tumour cells and components of the immune
system and plays an important role in tumour differentiation, dissemination, and immune evasion. It
consists of extracellular matrix consisting of matrix metalloproteinases (MMPs) and stromal cells including
tumour-infiltrating lymphocytes (TILs), fibroblasts, and endothelial cells, amongst others.

Tumour-infiltrating lymphocytes

TILs are white blood cells including T cells, B cells, macrophages and natural killer cells, which are localised
to tumour or tumour stroma in response to molecular signals. CD3+, CD4+ ,and CD8+ TILs have long been
known to exist in ovarian cancer, and an association between the presence of TILs and improved overall
survival (OS) in ovarian cancer has been demonstrated in multiple studies. A meta-analysis to evaluate the
prognostic value of TILs in ovarian cancer has found a significant association between TILs and survival,
with a hazard ratio of 2.24 for those without TILs"” A study of 5577 EOC tissue samples identified that
CDs+ TILs were associated with longer OS for those with multiple histological subtypes, particularly those
with high-grade serous ovarian carcinomas. The median OS survival was 2.8 years for those with no CD8+
TILs compared to 5.1 years in those with high levels regardless of the extent of residual disease post
cytoreductive surgery, standard treatment, and germline BRCA1 mutation. It also demonstrated
prognostic value in other histological subtypes including endometrioid and mucinous carcinomas. Overall,
CDs+ TILs have become the standard for prognostic evaluation for TILs in ovarian cancer.

CD8+ T lymphocytes

When naive T cells are activated, they differentiate into CD8+ cytotoxic T cells and are migrated into TME
via a number of signalling proteins called chemokines (including CCL5, CXCL9, CXCL10)"*. CD8+
cytotoxic T cells target tumour cells via T cell receptor interaction with MHC Class I, facilitating tumour
apoptosis via several mechanisms including perforin and granzyme B secretion. Tumour cells adopted
numerous mechanisms to evade apoptosis, such as downregulation of MHC Class I, dysregulated
expression of death receptors, or modification of antigen processing and thus reduced presentation
capacity'”. Additionally, CD8+ cytotoxic T cells upregulate checkpoint receptors such as PD-1, CTLA-4,
LAG-3 and TIM3, which makes them susceptible to inhibitory signalling since binding of checkpoint
receptors induces cytotoxic T cell exhaustion and anergy!**.
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Figure 1. Schematic diagram outlining complex pro- and anti-inflammatory interplay within epithelial ovarian cancer microenvironment.
Created with Biorender.com. Tumour cells recognised by APC, from which tumour antigens are presented to naive CD4+ T cells,
triggering T cell differentiation into Th1, Th2, Treg cell subclones (and other Th subsets — not pictured). Cytotoxic CD8+ T cells are
recruited to TME via chemokines such as CCL3 and CXCL9 and are activated. Once activated, it releases granzyme and perforin to lyse
cells directly. Th1 cells have dual action by secreting cytokines including IL-2 and IL-12, further activating CD8+ T cells to directly kill
tumour cells as well as secreting IFN-gamma to suppress angiogenesis. Th2 assists eosinophil recruitment via IL-4 and IL-13 cytokine
release, which assist in antitumour response. Treg cells suppress DC maturation and mute CD8+ T cell response by secreting inhibitory
cytokines IL-10, IL-35, and TGF-f in response to regulate inflammatory response. M1 TAM, a pro-inflammatory type, is involved in
tumour destruction, while M2 TAM exhibits immunosuppressive effects allowing tumour migration and invasion by releasing factors
including endothelin-1, VEGF and TNF-alpha to induce tumour angiogenesis. CD4" T cells bind to B cells via major histocompatibility |I
complex to induce antibody formation via the adaptive immune system. APC: antigen-presenting cell; MDSC: Myeloid-derived
suppressor cells; IL: Interleukin; TGF-B: transforming growth factor-beta; TNF: Tumour necrosis factor; CCL: Chemokine (C-C Motif);
CXCL: Chemokine (C-X-C Motif); IDO: Indoleamine 2,3-dioxygenase; Th: T-Helper; M1and M2 TAM: Tumour-associated macrophages;
MMP: matrix metalloproteinase; E: eosinophil; VEGF: vascular endothelial growth factor; TF: tissue factor; PGE2: prostaglandin E2; IFN:
interferon; B-FGF: beta-fibroblast growth factor.

CD4+ T lymphocytes

Naive CD4+ T cells are activated by tumour antigens, and they differentiate into different subsets, including
Thi, Th2, Tho, Th17, Th22, and Tregs. While the majority of CD4+ lymphocyte subsets further assist the
activation of CD8+ T lymphocytes, thus facilitating the killing of the tumour, some have dual roles in
promoting tumour growth via increasing angiogenesis.
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T regulatory cells

T regulatory cells (Tregs) play an important role in suppressing immune responses and maintaining self-
tolerance. Tregs in ovarian cancer are identified by several marker expressions, CD4 and CD35, which are
present extracellularly, or forkhead box P3 (FOXP3) located intracellularly. When activated, Tregs release
inhibitor cytokines such as TFT- and IL-10 facilitating immunosuppressive effects on TME". Increased
Treg presence has been identified in tumours that are able to evade immune destruction, and it has been
demonstrated that increased recruitment of Treg cells is associated with reduced survival with a high death
hazard ratio in ovarian cancer****. Those who have undergone primary debulking surgery for ovarian
cancer were identified to have decreased Tregs and increased TILS compared to those with suboptimal
debulking surgery had the opposite trend®! Additionally, those undergoing neoadjuvant chemotherapy
had lower FOXP3+ Treg infiltration and demonstrated higher survival compared to those with higher
FOXP3 Treg counts"™ Although Treg is not recognised as a prognostic factor, it seems clear that Tregs in
TME have immunosuppressive effects, thus hampering the immune system to destroy cancer cells.

Myeloid-derived suppressor cells

Myeloid-Derived suppressor cells (MDSCs) consist of a heterogenous population of myeloid cells
expressing GR-1 and CD11b myeloid surface markers. MDSCs mostly act to suppress the immune system
via T cells in multiple ways, eventually promoting tumour progression. MDSCs reduce essential amino acids
such as L-arginine and L-cystine required for T cell activation and function®, and also inhibit the
recruitment of T cells and promote T cell apoptosis. MDSCs also promote Treg cell activation and stimulate
oxidative stress as well as facilitate neovascularisation, therefore priming and promoting tumour
progression’®>*,

Dendritic cells

Dendritic cells (DCs) play a critical role in bridging the innate and adaptive immune systems and are
essential in precipitating T cell immune response. As antigen-presenting cells, DCs facilitate tumour antigen
recognition and presentation, thus triggering appropriate T-cell response. DCs also play an important role
in activating and manipulating cytotoxic T-lymphocyte population in the TME mostly mediated by
appropriate DC maturation. When DC maturation process becomes faulty due to various mechanisms, it
can result in a more tumour-tolerant TME, thereby promoting tumour progression.

Programmed cell death ligand-1

Up to 60% of EOC express PD-L1, which has been identified as a poor prognostic factor for both PFS and
OSP7###% In a study by Hamanishi et al., five-year survival rates were found to be 80.2% vs. 52.6% for high
and low PD-L1 expressing EOC, respectively”. Furthermore, CD8+ TILs appear to be inversely correlated
to PD-L1 expression”. PD-1 is a surface molecule commonly expressed on CD8+ T cells and is a negative
regulator of T cell activation. Its expression blocks entry into the cell cycle and production of cytokines such
as IFN-gamma and TNF-a involved in activating inflammatory and immune responses””. Upregulation of
PD-L1, which is exclusively expressed on the surface of tumour cells and a common ligand for PD-1, causes
impaired tumour destruction and apoptosis of T cells. PD-1 pathway activation also escalates Treg
function™. Thus, collectively activation of the PD-1/L1 pathway collectively results in the ability of cancer
cells to evade the immune system and facilitating ongoing tumour growth. Harnessing and manipulating
this pathway has been the rationale for therapeutic use for PD-1/L1 targeted ICIs. Despite the tremendous
efficacy and clinical benefit of anti-PD-1/L1 ICI in other tumour types, it has been largely disappointing in
ovarian cancer.
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IMMUNE CHECKPOINT INHIBITORS: A WORK IN PROGRESS

Current understanding of immune-mediated response in relation to malignancy and tumour
microenvironment has exponentially increased over the last two decades, especially with the development of
immune checkpoint inhibitors. ICIs are now being commonly utilised in the treatment of both non-solid
and solid malignancies, with efficacy rates ranging from 70% in lymphoma®' and 39%-60% well-selected

60,61

solid tumour groups, including those with high microsatellite instability (MSI-H)"“*'. Impressively, in some
cohorts, such as metastatic melanoma, 22% and 19% were able to achieve complete response with doublet
and single-agent ICI, respectively®’. Additionally, the durability of ICI makes it an attractive therapeutic,
with overall survival of 44%-52% in metastatic melanoma cohorts at five-year follow-up noted””.
Unfortunately, these drugs are not without their side effects. While reasonably well tolerated, grade 2 3
treatment-related adverse events occur in approximately 20%-25% of cases, and this rate can increase to 59%
with the use of doublet ICIs****. While most immune-related toxicities are easily manageable, they are often
life-long issues that require constant monitoring and management; thus, careful selection of patients for
immunotherapy is paramount”. Additionally, the cost of ICI is problematic, as most Western and first
world countries can fund it via government-subsidised programs or medical insurance; generalisability and
utility of ICI worldwide realistically will be challenging. Particularly in low-middle-income countries,
financial toxicity is a real issue affecting the quality of life for many patients affected by cancer.

Despite the significant advances in the understanding of the role of TME in EOC, the efficacy of single-
agent and combination ICI therapy has been somewhat disappointing, as demonstrated through numerous
international randomised trials. Amongst tumour types where immunotherapy is typically effective, there
have been therapeutic strategies posited to transform “cold” tumours to “hot”, that is, by increasing T-cell
infiltration to predispose tumour cells to immune therapy anti-cancer effects. Given the current
therapeutic landscape of ovarian cancer and the limited role of immunotherapy, ongoing clinical trials are
focused generally on three mechanisms: overcoming resistance by administering ICI therapy in synergism
with other drug classes, enhancing immune responses through utilising other immune pathways, or
bypassing resistance through exploring alternative therapeutic pathways [Figure 2]. Biomarker studies will
provide further crucial information in determining which patients will benefit from particular treatment
strategies. This section outlines the state of evidence for ICI therapies in EOC and discusses combination
trials in progress looking to overcome resistance.

Single-agent ICI therapy

Several PD-1/L1 targeted ICI monotherapy trials exist in advanced or recurrent EOC, most of which
demonstrated modest efficacy. KEYNOTE-100 study, a phase II trial which included a total of 376 advanced
recurrent EOC patients administered 200 mg of pembrolizumab, 3-weekly'’. It demonstrated only a
modest ORR of 9.9% with a suggestion of the trend of increased responses for those with higher PD-L1
expression measured by combined positive score (CPS). The median PFS was 2.1 months, while the median
OS was 18.7 months. Aside from CPS, no other clinical features such as histology or platinum-sensitivity
display a correlation with higher response.

Numerous other studies investigating different single-agent anti-PD-1/L1 ICI agents such as avelumab and
nivolumab in recurrent and platinum-resistant disease have demonstrated similarly disappointing modest
responses with ORR** Despite the initial suggestion of higher response for clear cell carcinomas, this has
been largely disappointing, with no clinically meaningful ORR or survival benefit in the recently presented
MOCCA trial”. Additionally, JAVELIN Ovarian 100" and IMagyno50"” incorporating ICI with standard
chemotherapy in the upfront setting have demonstrated no significant benefits, without improvement in
PFS or OS, despite PD-L1 stratification***!
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Figure 2. Schema outlining biomarker-driven strategies to improve upon current evidence for immunotherapy in ovarian cancer. Current
trials are focused on improving clinical outcomes by either overcoming resistance through synergistic therapeutics (rational immune
sensitisation) or bypassing resistance mechanisms (choosing different therapeutic targets). FRa: folate receptor-alpha; IDOT1:
Indoleamine 2, 3-dioxygenase 1, PARP: Poly-ADP ribose polymerase.

Despite disheartening single-agent anti-PD-1/L1 ICI results across the board of different EOC subtypes, a
number of different studies examining different therapeutic combinations with ICI have been undertaken to
investigate whether drug synergism of ICI can be enhanced for advanced EOC.

Dual-agent ICI therapy

Ipilimumab is a monoclonal antibody targeting cytotoxic T-lymphocyte associated protein-4 (CTLA-4),
another immune checkpoint surface protein involved in negatively regulating T-cell function in priming
immune response. Combining anti-CTLA4/anti-PD1 inhibitors have demonstrated significant treatment
effects in other solid cancers, although this efficacy is limited in EOC. Zamarin ef al. demonstrated that
from the 100 recurrent EOC patients, those who had doublet-ICI demonstrated higher ORR at 6 months
(31.4% vs. 12.2%) and PFS improvement (HR 0.528, 95%CI: 0.339-0.821; P = 0.04)""". Again, there was no
association between the magnitude of PD-L1 staining and other clinical outcomes, which suggests the need
for better predictive biomarkers to assist with ICI usage guidance. As expected, grade 3 adverse events were
higher in the combination group (49% vs. 33%), although this did not reach statistical significance.

Combination studies with antiangiogenic agents

Angiogenesis is a hallmark of cancer growth and metastasis, and VEGF plays an integral role in this process.
It binds to a number of VEGF receptor tyrosine kinases, namely VEGF-A, VEGF-B, VEGFR-C/D, VEGFR-
1/2, and VEGFR-2/3. Amongst solid cancers, EOC is known to have high VEGF expression'® and the use of
bevacizumab, a VEGF-A inhibitor, is commonplace with proven clinical benefit in both platinum-sensitive
and platinum-resistant settings"””. Furthermore, there is strong evidence demonstrating the
immunomodulatory effects of VEGF; preclinical data demonstrate that signalling through VEGFR-1
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mediated by VEGFR-A can suppress maturation of dendritic cells, increase Treg population via VEGFR-2
signal and stimulate the growth of myeloid-derived suppressor cells, leading to further suppression of
TME""?l. VEGF blockade leads to increased cytotoxic T cell recruitment and migration to tumour cells with
a reduction in CD4+ Treg in TME"*”* Therefore, the potential synergistic activity of ICI therapy with
antiangiogenic therapy has been hypothesised.

In addition to the previously discussed IMagynos0 in the upfront setting, nivolumab and atezolizumab
combined with bevacizumab have been investigated in the recurrent setting*”? Liu et al. recruited 38
women with recurrent, pre-treated EOC in a phase II study in which the ORR was higher than single-agent
ICI with 28.9%; however, disappointingly, the majority of the benefit appeared to lie within the platinum-
sensitive cohort with a median PFS of 12.1 months versus 7.7 months in the platinum-resistant cohort”.
These findings again highlight the importance of patient selection for these therapies, although at present,
aside from platinum sensitivity, more accurate and pertinent biomarkers are yet to be discovered to guide
therapy.

Other antiangiogenic therapies have also been explored in combination with ICI therapy including
lenvatinib and sitravatinib. Lenvatinib is a multi-receptor tyrosine kinase inhibitor, which mainly targets
VEGEF 1-3, fibroblast growth factor (FGF) receptors 1-4, platelet-derived growth factor receptor a, KIT, and
RET. LEAP-005"", an ongoing multi-cohort phase II study, includes 31 recurrent EOC patients with three
or more prior lines of treatment including bevacizumab (ClinicalTrials.gov, NCT02501096). The results
were more encouraging - ORR was 32% with a median PFS of 4.4 months, and nearly a quarter of
responders were platinum resistant. Sitravatinib, an orally available multi-tyrosine receptor inhibitor that
acts on VEGF2, KIT and TAM receptors, has also been identified to modulate immunosuppressive
influences on TME. An early-phase study investigating tislelizumab, an anti-PD-1 monoclonal antibody,
with sitravatinib in 60 platinum-resistant EOC demonstrated an ORR of 26% with a median PFS of 4.1
months and a median OS of 12.8 months”. Unfortunately, these novel combination therapies report
significant treatment-related adverse events requiring dose reductions or interruptions in significant
proportions of patients. Although these combinations are promising in overcoming therapeutic resistance
in recurrent EOC, issues of tolerance and quality of life remain important factors. Lastly, AK112, a novel
anti-PD-1/VEGF-A bi-specific antibody, has been investigated in an ongoing Phase Ia/Ib study in platinum-
resistant/refractory EOC” The ORR was higher at 29.4%, with two spectacular responders noted: one with
clear cell histology with prior ICI exposure and one with HGSOC. The toxicity profile was similar to
sitravatinib, but tolerability was much better with manageable adverse events in comparison.

In summary, trials so far investigating ICI and angiogenic combination approach have demonstrated
preliminary efficacy, which appears to be clinically meaningful, but balancing this with the challenge of
managing adverse events represents the true dilemma in moving forward, particularly in terms of patient
selection for therapy, appropriateness of dose reductions, and ongoing biomarker discovery. As the role of
combination angiogenesis and immunotherapy agents grows in EOC treatment, clear guidelines on
practical aspects and real-world data will become increasingly relevant in informing clinicians of best
practices.

Combination studies with PARP inhibitors

PARPi, namely olaparib, niraparib and rucaparib, have demonstrated breakthrough improvements in
survival outcomes for individuals with EOC. Defects in the HRR pathway are strongly associated with the
development of high-grade serous and endometrioid ovarian cancers, and it is in these patients with
demonstrable HRR deficiencies or mutations that PARPi confer the greatest clinical benefit. Unfortunately,
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a substantial proportion of individuals develop resistance to PARPi, and it is in this population that
therapeutic direction remains unclear. Named resistance mechanisms to PARPi in the literature include
drug efflux transporters, decreased PARP trapping, replication fork stabilisation and restoration of HR
repair in multiple ways including alteration of PARP1, reversion mutation in HRR genes, and loss of BRCA1
promotor methylation® Of these, HR reversion mutations and drug efflux transporters (such as ABCB1

mutations) have been implicated most prominently in the literature® ",

PARPi are inherently immunogenic by the mechanism of action, leading to a consequent increase in
genomic instability and formation of neoantigens leading to immune detection via T cells™. Additionally,
there is evidence to suggest that BRCA1 deficiency may induce STING-dependent immune response by
inducing type I interferon and pro-inflammatory cytokine production, providing some interconnected
relationship between the therapeutic effect of PARPi and the immune response™.. It has also been
demonstrated that PARP inhibition inactivates GSK3 and upregulates PD-L1 in a dose-dependent manner
in various cell lines, such as breast and pancreatic cells”””". Consequently, T-cell activation is suppressed,
resulting in enhanced cancer cell apoptosis™. While the complete immunomodulatory effect of PARPi on
TME is not yet fully explained, several studies have shown promising synergistic effects. TOPACIO, a phase
I/1I study, examined niraparib with pembrolizumab in 62 patients with recurrent platinum-resistant or -
refractory EOC"”. The ORR was 18%, with the most common treatment-related adverse events being grade
3 anaemia and thrombocytopaenia. No correlation in efficacy with BRCA and HRD status, PD-L1
expression and prior bevacizumab was observed. While it did not meet its predefined endpoint, the
combination showed meaningful activity compared with single agent-based therapy in the same population
with resistant or refractory OC. Another study examined olaparib with durvalumab in 32 platinum-sensitive
EOC patients with germline BRCA1/2 mutations and 31 BRCA wild-type patients with the addition of
bevacizumab®'. The ORR was 71.9% for olaparib and durvalumab in BRCA mutated cohort, 34.4% in BRCA
wild-type patients, and 87.1% in the triplet arm vs. 34.4% with doublet therapy. Mean PFS was also longer
with triplet therapy (14.7 vs. 5.5 months). Overall, both triple and doublet therapy was well tolerated, with
adverse events reported consistent with those previously reported for single drugs, and discontinuation of
one or more drugs as a result of adverse events was greater with triplet therapy (16% vs. 6%).

Currently, there are conflicting results seen in trials investigating triplet therapy consisting of PARPi,
antiangiogenics, and ICI. Zimmer et al. conducted a trial of cediranib, an oral anti-VEGFR1-3 agent
combined with durvalumab and Olaparib, in 35 recurrent EOC patients with promising preliminary results
of an ORR of 44%"*Y. A phase II is currently underway, with results expected in 2025. Meanwhile, other two-
phase II studies, OPAL and GINECO BOLD, demonstrated a lower-than expected-ORR of 17.9% and no
benefit in PFS and OS in either platinum-resistant or platinum-sensitive cohort*** Eventually, when results
from larger combination studies (demonstrated in Table 1) become available, careful comparisons between
triplet therapy studies will need to be considered, particularly in terms of patient selection, rates of toxicity
and efficacy outcomes, especially as specific drug combinations can have varying synergistic effects. This is
especially applicable to the trials in the first-line setting, where improvements in PFS and OS are expected to
be highest in the chemotherapy-naive setting.

The AMBITION study was the first biomarker-driven, targeted trial in heavily pre-treated platinum-
resistant EOC, which included 70 patients””. The patients were allocated to receive combination therapy
based on HRD and PD-L1 status determined on archival tumour sample. The patients were randomised to
either olaparib and cediranib arm or olaparib or durvalumab arm. For HRD-positive patients or for HRD-
negative patients, they were allocated to either durvalumab and ChT (either pegylated liposomal
doxorubicin or topotecan or weekly paclitaxel) or durvalumab and tremelimumab and ChT. PD-L1
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Table 1. Summary of ongoing immune checkpoint inhibitor combination trials in epithelial ovarian cancer. Taken from clinicaltrials.gov. (Accessed on 9th of January, 2023)

Trial g Trial name Phase Setting n Treatment Arm Endpoints Expectec:i
Identifier completion
NCT04417192  Olaparib Monotherapy and Olaparib + Pembrolizumab combination Therapy in I Upfront 30  Cohort 1: Olaparib ORR* December
Ovarian Cancer (OLAPem) HRD Cohort 2: Olaparib, Pembrolizumab AE 2023
positive CRS
only PFS
[N
NCT03740165 Study of chemotherapy with pembrolizumab (MK-3475) followed by maintenance 11 Upfront 1367 Pembrolizumab, Olaparib + Chemotherapy PFS* May 2025
with Olaparib (MK-7339) for the first-line treatment of women with BRCA non- (carboplatin/paclitaxel) + Bevacizumab [N
mutated advanced epithelial ovarian cancer (EOC) (MK-7339-001/ KEYLYNK-001/ OS (PD-L1
ENGOT-ov43/G0OG-3036 CPS >10)
PFS2
AE
QoL
TTD
pCR
NCTO03737643 Durvalumab treatment in combination with chemotherapy with bevacizumab, 1l Upfront 1374 Durvalumab, Olaparib + chemotherapy PFS* May 2028
followed by maintenance durvalumab, bevacizumab and olaparib treatment in (carboplatin/paclitaxel) + bevacizumab [N
advanced ovarian cancer patients (DUO-0) PFS2
QoL
pCR
ORR
DOR
NCT03522246 A study in ovarian cancer patients evaluating Rucaparib and Nivolmab as Maintenance |lI Upfront 1000 Rucaparib, Nivolumab PFS* December
treatment following response to front-line platinum-based chemotherapy (ATHENA) 0S 2030
ORR
DOR
NCT03602859 A phase 3 comparison of Platinum-based therapy with TSR-042 and niraparib versus I Upfront 1405 Dostarlimab, Niraparib +/- chemotherapy PFS* June 2026
standard of care (SOC) platinum-based therapy as first-line treatment of stage Ill or IV (carboplatin/paclitaxel) [N
non-mucinous Epithelial Ovarian Cancer (FIRST) AE
QoL
NCT04679064 Trial of Niraparib-TSR-042 (dostarlimab) vs. Physician’s choice of Chemotherapy in 11 Recurrent 427 Arm A: Dostarlimab, Niraparib os* January 2025
recurrent, ovarian, fallopian tube or peritoneal cancer patients not candidates for Arm B: Chemotherapy (pegylated liposomal PFS
platinum retreatment (NItCHE-MITO33) doxorubicin, paclitaxel, gemcitabine, ORR
topotecan, bevacizumab) AE
PRO
NCT03598270 Platinum-based chemotherapy with Atezolizumab and Niraparib in patients with 11 Recurrent 414 Niraparib + chemotherapy (gemcitabine, os* January 2025
recurrent ovarian cancer carboplatin, paclitaxel, pegylated liposomal PFS
doxorubicin) + /- atezolizumab PFS2
AE
PROs
ORR
DOR

NCT04742075 Olaparib, Durvalumab and UV1in relapsed ovarian cancer (DOVACC) Il Recurrent 184  Arm A: Olaparib ORR* June 2026
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NCTO05231122  Pembrolizumab combined with bevacizumab with or without agonist Anti-CD40
CDX-1140 for the treatment of recurrent ovarian cancer

NCT04781088 Lenvatinib, Pembrolizumab, and Paclitaxel for treatment of recurrent endometrial,
epithelial ovarian, fallopian and peritoneal cancer

NCT03206047 Atezolizumab, Guadecitabine, and CDX-1401 Vaccine in treating patients with
Recurrent Ovarian, Fallopian tube and peritoneal Cancer

NCT02873962 A phase Il study of Nivolumab/ Bevacizumab,/Rucaparib

NCT05092360 Phase Il study of Nemvaleukin alfa in combination with pembrolizumab in patients

with platinum-resistant epithelial ovarian cancer (ARTISTRY-7)

Recurrent

Recurrent

Recurrent

Recurrent

Recurrent

80

38

75

76

376

Arm B: olaparib, durvalumab
Arm C: Olaparib, durvalumab, UV1

Pembrolizumab, bevacizumab, CDX-1140
(anti-CD40 agonist monoclonal antibody)

Pembrolizumab, Lenvatinib, paclitaxel

Atezolizumab + Guadecitabine + CDX-1401
vaccine

Nivolumab, bevacizumab, rucaparib

Arm A: Nemvaleukin-alfa plus pembrolizumab

Arm B: Nemavaleukin-alfa
Arm C: Pembrolizumab
Arm D: Physician’s choice chemotherapy
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January 2026

February 2025

March 2023

June 2024

December
2026

ORR: Objective response rate; CRS: chemotherapy response score; PFS: progression-free survival; OS: overall survival; PRO: patient-reported outcomes; TTD: time to deterioration; pCR: pathological complete
response; DOR: Duration of Response; AE: adverse events; CA125: Cancer Antigen 125; QoL: quality of life; PFS2: progression-free survival to second therapy; PD-L1: programmed cell death ligand 1; CPS: combined

positive score; TTR: time to response. *primary endpoint.

positivity was defined as 25% or more of expression via Ventana SP263 assay. The overall ORR was 37.1%, with the highest ORR of 50% observed in Olaparib-
cediranib cohort, closely followed by olaparib-durvalumab cohort with an ORR of 42.9%, as excepted for HRD-negative cohorts, which had a low ORR ranging
between 20%-33%. All treatment groups were manageable, with no treatment-related adverse events leading to discontinuation.



Yoon et al. Cancer Drug Resist 2023;6:358-77 | https://dx.doi.org/10.20517/cdr.2023.13 Page 370

Currently, there are many ongoing trials of ICI with different combinations in EOC. These are listed in
Table 1, although the list of trials included is not exhaustive.

NOVEL TARGETS AND IMMUNE ENHANCEMENT IN OVARIAN CANCER

Unfortunately, it remains unclear as to whether ICI therapies will prove successful in improving clinical
outcomes in EOC, and investigation of several novel therapeutic targets is currently underway.

Antibody-drug conjugates

Structurally, antibody-drug conjugates (ADC) are comprised of a targeted monoclonal antibody attached to
a cytotoxic payload through a linker molecule, where binding of the antibody to its target results in
endocytosis and subsequent cytotoxic action in cancer cells”. Several molecules have shown promise in the
treatment of EOC, as discussed below, although they remain highly variable in efficacy and rates of toxicity.
Trials remain in progress for certain therapeutic targets in ovarian cancer, including tissue factor (tisotumab
vedotin, NCT03657043) and mesothelin (anetumab ravtansine, NCT03587311).

Mirvetuximab soravtansine

Folate receptor-alpha (FRa) is a cell surface protein frequently overexpressed in EOC in up to 81.5% of
ovarian cancer tumours®’. Mirvetuximab soravtansine targets this receptor and is linked to a maytansinoid
DM4, which is a tubulin targeting agent. In November 2022, the US Food and Drug Administration
approved Mirvetuximab soravtansine, a novel antibody-drug conjugate, for platinum-resistant EOC with
FRo-positive disease based on phase III SORAYA study"*’. This study included 366 patients expressing FRa
who received either mirvetuximab soravtansine or physician’s choice chemotherapy"®’. There was no PFS
difference seen in either the overall population or FRa-high cohorts; however, the secondary outcomes
(ORR, CA125 response, patient-reported outcomes) demonstrated significant improvement in Fro-high
subgroups. The ORR was 24% compared to 10%, CA125 response was 53% compared to 25% and patient-
reported outcome was superior with mirvetuximab soravtansine with 27% compared to 13%. There was no
statistically significant difference in median OS in the overall population or in FRae-high subgroups. It also
demonstrated a more manageable safety profile than chemotherapy, mainly resulting in low-grade,
reversible ocular and gastrointestinal issues manageable with supportive interventions. Overall, there were
fewer treatment-related grade 3 or higher adverse events (25.1% vs. 44%) and fewer treatment
discontinuations (4.5% vs. 8.3%).

FRa as a therapeutic target has shown promise with reasonable adverse event rates, and it may be
worthwhile looking for ways to increase the sensitivity of EOC cells to these molecules in future studies.

NaPi2b targeting ADCs
NaPi2b is a cell surface sodium-dependent phosphate transporter and is overexpressed in select cancers
including ovarian cancer. Two ADC molecules, lifastuzumab vedotin and upifitamab rilsodotin, have

101,102
s!

demonstrated modest efficacy in early-phase trial "and several other studies are underway

(NCT03319628, NCT 04907968, NCT05329545).

Epacadostat

Another investigational agent, Epacadostat, is a potential therapeutic in a number of tumour types,
including ovarian cancer. Epacadostat is an Indoleamine 2,3-dioxygenase-1 (IDO1) inhibitor. IDOL1 is a key
regulator of immune tolerance in ovarian cancer, facilitating the breakdown of tryptophan and its
mechanism, resulting in increased Tregs, myeloid-derived suppressor cells (MDSCs) with decreased tumour
infiltration lymphocytes, and NK cells with upregulation of PD-1 in cytotoxic T cells overall leading to an
immunosuppressive effect on TME. Overexpression of IDO1 has been associated with worse prognosis in
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various cancers,c and up to 56.7% of ovarian cancer has been identified to exhibit high IDO1 expression"®.

With evidence of preclinical studies demonstrating synergistic effects of epacadostat and immune
checkpoint blockade, many studies have been conducted in combination with ICL. So far, results have been
largely disappointing, with only moderate efficacy seen in the melanoma and renal cell carcinoma cohort in
phase III study"*. A phase II basket study examined the safety of epacadostat with pembrolizumab
(NCTo2178722) in 44 participants, including 37 with recurrent EOC. Unfortunately, a modest ORR of 8.1%
was seen in this cohort. A further basket trial of epacadostat with nivolumab in solid tumours demonstrated
a modest ORR of 14% and a disease control rate of 31% in a pre-treated ovarian cancer cohort of 29
patients"”. Currently, there is a phase I trial (NCT02042430) examining the safety and tolerability of
epacadostat prior to cytoreductive surgery for newly diagnosed EOC.

Adavosertib

Adavosertib (AZD1775) is a Weel nuclear kinase inhibitor that has emerged as a potential compound able
to regulate G2-M transition in the cell cycle and sensitise TP53-mutant cells to chemotherapy. Recent phase
IT trials in platinum-resistant or platinum-refractory settings demonstrated that when adavosertib was
combined with gemcitabine, PFS was longer in the combination arm (median PFS 4.6 vs. 3 months)!"*.
Another single-arm phase II study examining adavosertib with carboplatin demonstrated an ORR of 38%
with a median PFS of 5.6 months"””. Neither study demonstrated safety or toxicity issues, and side effects
were reported to be manageable. Adavosertib is currently being examined with olaparib (NCT03579316) in
recurrent EOC.

Gemogenovatucel-T

Gemogenovatucel-T (Vigil) is a novel autologous tumour cell immunotherapy with multiple functions,
including granulocyte-macrophage colony-stimulating factor (GMCSF) gene activation and TGF-81 and
TGF-B2 suppression through bi-functional short-hairpin RNA construct targeted to furin leading to
generate a systemic immune response. Gemogenovatucel-T has been shown efficacy in phase IIb trial with a
recurrence-free survival of 11.5 months (95% CI: 7.5-NR) compared to 8.4 months (95% CI: 7.9-15.5) in
placebo arm with significant benefit in BRCA-wt patients with HR 0.69 (90% CI 0.44-1.07, one-sided P =
0.078)"*! Further post-hoc subgroup analysis demonstrated recurrent-free survival and OS benefit in
BRCA-wt, homologous recombination proficient (HRP) patient population, an effect demonstrated out to
up to 3 years"”™"” It remains unclear as to why this drug was particularly efficacious in the BRCA-wt
population, but ongoing biomarker studies in EOC patients may reveal further answers in the future.

Gemogenovatucel-T and durvalumab combination were investigated in 5 BRCA-wild-type recurrent/
refractory EOC in a pilot basket study alongside triple-negative breast cancer patients""".. Median PFS was
7.1 months with median OS not reached with greater benefit in PD-L1 expressing tumours (n = 8, HR 0.304,
95%CI: 0.0593-1.56, 1-sided P = 0.4715). There were three grade 3 treatment-related adverse events, all
related to durvalumab, therefore demonstrating this combination is well-tolerated and has promising
clinical activity in recurrent/refractory EOC cohort warranting further investigation,

Nemvaleukin-alfa

Nemvaleukin-alfa is an engineered cytokine binding selectively to intermediate affinity IL-2 receptors (IL-
2R), leading to downstream activation of CD8-positive T-cells and NK cells and limited activation of
regulatory T cells. Its preliminary activity was demonstrated through the ARTISTRY-1 study
(NCT02799095), a phase I/II basket study that included an ovarian cancer cohort of 14 patients in
combination with pembrolizumab (ORR 29%) with side effects most commonly being cytopenias'*. A
four-arm, randomised, phase III study is currently underway (NCT05092360) with the same combination
using physician’s choice chemotherapy as the main comparator arm.



Yoon et al. Cancer Drug Resist 2023;6:358-77 | https://dx.doi.org/10.20517/cdr.2023.13 Page 372

Nanoparticle-based combination immunotherapy

An active field of therapeutic development currently is in the development of nanotechnology with the
! These act as drug delivery vehicles capable of providing localised and
targeted therapeutic effects of immunotherapy with minimal toxicity when administered due to their
targeted nature"””. The technology is currently in its early days and multiple trials are being undertaken to
evaluate its therapeutic value, particularly in relation to NP-bound chemotherapy"*.

[113

development of nanoparticles (NP)

Cancer vaccines

As referenced in Table 1 (NCT0320047), cancer vaccines are currently being investigated in ovarian cancer
to ‘sensitise’ the immune system to cancer antigens with the aim of inducing an immune response.
Although there have been a plethora of studies investigating various formulations™'*, the clinical evidence
remains very much in its infancy in treating ovarian cancer, although one recent phase II study in 10 heavily
pre-treated, platinum-resistant EOC combining maveropepimut-S, a DPX-platform-delivered peptide
cancer vaccine of the antigen survivin, with pembrolizumab and oral cyclophosphamide met its primary
efficacy endpoint with 10% partial response and 20% stable disease for more than 12 weeks''"*..

CONCLUSION

Despite many advancements in understanding tumour biology and drug development within the last few
decades, EOC remains a challenging disease to treat, with unacceptably high recurrence and mortality rates.
Improved understanding of tumour biology and resistance mechanisms to current therapy, as well as the
intricate interplay between tumour, TME and immune system, has paved the way for the development of
immunotherapy. However, despite initial aspirations of transforming EOC from “cold” into “hot”,
immunogenic tumours with utilisation of ICI, this has been largely disappointing with modest clinical
activity, suggesting that there are inherent resistance mechanisms at play within the EOC
microenvironment. This review has attempted to highlight key players involved in the immune system and
TME in the context of EOC; however, it is by no means a complete or exhaustive description of the myriad
of key components and processes which make up the complex ecosystem.

Combining immunotherapies with other drug classes has shown early promise, but larger randomised trials
are required to clearly define the role of ICI therapy in the EOC treatment landscape, if any. Importantly
further studies in the mechanistic activity of immunomodulators and their interaction with ICI, TME and
immune system to understand the enhanced efficacy of ICI combination therapy will be an important area
of research in the future. Novel therapeutic classes such as antibody-drug conjugates and tumour-directed
vaccines are of growing interest, and future studies involving biomarker strategies and robust research
methods will be needed to determine which EOC patients will ultimately gain the most benefit from specific
therapeutic combinations, with the ultimate goal of improving patient survival and quality of life.
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