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Significantadvances in basic and translational research have improved our understanding of
the molecular alterations and biological vulnerabilities of the different histologic subsets of
epithelial ovarian cancer (EOC). This has led to clinical trials that have incorporated novel
agents based on molecular aspects into the treatment paradigm for both newly diagnosed and
recurrent disease. The past decade has witnessed several regulatory approvals in the United
States and Europe for the treatment of EOC, including the antiangiogenic agent, bevacizu-
mab, poly(ADP-ribose) polymerase inhibitors in various therapeutic settings, and the anti-
body—drug conjugate (ADC), mirvetuximab soravtansine. Immune checkpoint inhibitors do
not demonstrate substantial activity as single agents in ovarian cancer, except for the rare
entity of microsatellite instability (MSI) high ovarian cancer. Current research is focused on
new treatment paradigms such as ADCs, genetically specific therapies, and other novel
immunotherapies such as bispecific antibodies, radioligand therapies, cellular therapies,
and vaccines. In addition, combination efforts are focused on incorporating conventional
chemotherapy, targeted therapies, immune-oncology drugs, and/or novel agents to improve
outcomes for patients with newly diagnosed as well as recurrent EOC. This review will focus
on the management of high-grade serous ovarian cancer, the most common type of EOC,
accounting for ~75% of cases. Recent advances in the management of rarer histologic
subtypes with distinct molecular and clinical characteristics, including clear cell, mucinous,
endometrioid, and low-grade serous, will be briefly discussed. Non-EOCs, including germ
cell and sex cord stromal tumors and their treatment, have been reviewed elsewhere [see Ray-
Coquard et al. (2019). N Engl ] Med 381: 2416-2428. doi:10.1056/NEJM0a1911361].

TREATMENT OF NEWLY DIAGNOSED
OVARIAN CANCER

. control.
Surgical Management

poorly perfused cancer tissue, and allow im-
proved chemotherapy access and symptom

he goals for surgery for a suspected new di-
Tagnosis of ovarian cancer include confirma-
tion of diagnosis via pathology, surgical staging
via the International Federation of Gynecology
and Obstetrics (FIGO) system (Mutch and Prat
2014), cytoreduction to remove potentially

For apparently pelvis-confined ovarian can-
cer (stage I or II), complete surgical staging in-
cludes a total hysterectomy with bilateral sal-
pingo-oophorectomy to remove the primary
site of the tumor, as well as possible lymph
node assessment, omentectomy, collection of
pelvic washings, and peritoneal biopsies to ex-
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clude microscopic metastatic spread. For ad-
vanced stage (stage III or IV) disease, the goal
of surgery is to remove all visible cancer cells
leading to RO. This includes total hysterecto-
my with bilateral salpingo-oophorectomy and
other procedures as needed, including omentec-
tomy, diaphragm stripping, splenectomy, bowel
resection, removal of enlarged and thus suspi-
cious lymph nodes containing cancer, and
peritonectomy.

For advanced-stage disease, completeness of
cytoreduction is a major prognostic factor for
clinical outcomes. Achieving a complete (no
macroscopic residual tumor or R0) or optimal
(<1 cm of maximum residual disease diameter)
cytoreduction is associated with improved sur-
vival (Chi et al. 2006; Chang et al. 2013; Tseng
et al. 2018) compared to suboptimal (>1 cm re-
sidual disease) cytoreduction. However, retro-
spective and secondary analyses have also
shown that initial disease burden and distribu-
tion may also be prognostic for survival even
when similar degrees of cytoreduction are
achieved (Horowitz et al. 2015), suggesting
that the inherent tumor biology may be distinct
and more aggressive in patients presenting with
extensive disease. Given the critical importance
of achieving at least optimal cytoreduction if
primary cytoreductive surgery (PCS) is attempt-
ed, diagnostic laparoscopy has been used to pre-
dict the feasibility of optimal PCS (Fagotti et al.
2006, 2008). For patients who are deemed by a
gynecologic oncologist unable to undergo pri-
mary debulking, neoadjuvant chemotherapy
(NACT) followed by interval cytoreductive sur-
gery (ICS) is an alternative for initial manage-
ment of newly diagnosed ovarian cancer.

Neoadjuvant Chemotherapy

High-grade serous ovarian cancer (HGSOC) is
very frequently (>80%) highly sensitive to plat-
inum and taxane-based chemotherapy, making
NACT an attractive approach when initial dis-
ease distribution is not amenable to optimal
cytoreduction or when patient comorbidities
make pursuing an extensive surgical procedure
excessively risky. However, when PCS is feasible,
it is generally the preferred treatment approach

to maximize long-term outcomes. Consequent-
ly, all patients newly diagnosed with ovarian
cancer should have a referral to a gynecologic
oncologist (Table 1).

Several randomized controlled trials have
compared a PCS approach (cytoreductive sur-
gery followed by adjuvant carboplatin and pac-
litaxel) to an NACT approach (carboplatin and
paclitaxel followed by ICS and then the comple-
tion of platinum-based chemotherapy) in pa-
tients who are deemed to be good candidates
for PCS. Three of these have demonstrated
equivalent outcomes for progression-free sur-
vival (PFS) and overall survival (OS) for the
two strategies (Vergote et al. 2010; Kehoe et al.
2015; Fagotti et al. 2020), while one study could
not confirm noninferiority of the NACT ap-
proach (OS 49 mo for PCS vs. 44 mo for
NACT) (Onda et al. 2020). However, these trials
have been criticized due to relatively low rates of
optimal cytoreduction and poorer-than-expect-
ed survival outcomes overall, which have par-
tially been attributed to the high numbers of
patients with stage IIIC and IV disease included.
Retrospective analyses using national databases
have also demonstrated conflicting results re-
garding PCS versus NACT/ICS (Vergote et al.
1998; Schwartz et al. 1999; Kayikcioglu et al.
2001; Everett et al. 2006; Bristow et al. 2007).
Opverall, studies generally find that NACT results
in complete cytoreduction more frequently than
primary debulking surgery (PDS) and has lower
risks of perioperative complications (lower
blood loss, mortality, operative time, duration
of hospitalization, intensive care unit [ICU] ad-
mission, bowel surgery), but OS with NACT is
either unchanged or slightly worse. The mech-
anism explaining the lack of OS benefit with
NACT despite higher rates of optimal cytore-
duction remains unclear. Some retrospective
studies have suggested that the NACT approach
is associated with a higher risk of platinum-re-
sistant (PR) recurrence and shorter time to de-
velopment of platinum resistance (Rauh-Hain
et al. 2013; da Costa et al. 2015; Petrillo et al.
2015), although these findings have not
been assessed prospectively. Patients receiving
NACT in nonrandomized studies tend to have
lower performance status at baseline, which may
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Table 1. Key ongoing clinical trials in newly diagnosed high-grade epithelial ovarian cancer

Study name Study drug(s) Patient population Study arms
NCT05009082 Niraparib + Stage III, IV newly diagnosed Standard of care (SOC),
AGO-OVAR-28 bevacizumab high-grade epithelial ovarian niraparib maintenance;
(Heitz et al. 2023) maintenance cancer (EOC) SOC + bevacizumaby
niraparib + bevacizumab
maintenance

NCT03522246 Rucaparib + nivolumab Stage III, IV; complete response  Rucaparib, nivolumab

ATHENA maintenance (CR)/partial response (PR) to Rucaparib, placebo

(Monk et al. 2021b) platinum-based adjuvant Placebo, nivolumab
chemotherapy (C/T) Placebo, placebo

NCT03740165 Pembrolizumab Stage II1, IV, BRCAwt C/T

ENGOT-ov43 concurrent +

KEYLYNK-001
(Fujiwara et al. 2019)

pembrolizumab +
olaparib maintenance

C/T + pembro, pembro
maintenance; C/T +
pembro, pembro + olaparib
maintenance

NCT03602859 Niraparib + dostarlimab Stage ITI suboptimally SOC, placebo + placebo

ENGOT-ov44 maintenance cytoreduced, stage IV maintenance; SOC,

FIRST (Hardy-Bessard niraparib + placebo

et al. 2019) maintenance; SOC +
dostarlimab, niraparib +
dostarlimab maintenance

NCT04111978 Letrozole maintenance Stage II-IV estrogen-receptor Placebo maintenance

ENGOT-ov54/ (ER)-positive EOC after receipt Letrozole maintenance

MATAO of SOC platinum C/T

(Heinzelmann-

Schwarz et al. 2021)

independently contribute to poorer survival
outcomes (Rauh-Hain et al. 2017). Subgroup
analyses of the above trials have suggested that
patients with IIIC disease with relatively small
metastatic tumors (<45 mm) benefited more
from PCS, while patients with stage IV disease
had better OS with NACT (van Meurs et al.
2013).

Thus, controversy remains surrounding the
efficacies of NACT versus PCS in patients who
are candidates for PCS predicted to have a high
probability of achieving optimal cytoreduction,
and predictive measures to guide these decisions
are an active area of current investigation. An
expert panel convened by the Society of Gyne-
cologic Oncology (SGO) and the American So-
ciety of Clinical Oncology (ASCO) has pub-
lished guidelines for clinicians to navigate this
decision (Wright et al. 2016). Overall, PCS is
favored over NACT when a high likelihood of

optimal cytoreduction is present, with NACT
being an alternative for patients with medical
comorbidities, extensive bowel involvement, or
stage IV disease (Bartels et al. 2019).

Adjuvant Chemotherapy

The combination of intravenous (IV) carbo-
platin and paclitaxel for six cycles has been the
standard of care (SOC) since several trials dem-
onstrated its noninferiority and favorable side
effect profile compared with the historically
used combinations such as cisplatin and cyc-
lophosphamide or cisplatin and paclitaxel
(McGuire et al. 1996; Neijt et al. 2000; Ozols
et al. 2003).

Attempts to improve upon the carboplatin
and paclitaxel regimen by incorporating addi-
tional chemotherapy agents (e.g., gemcitabine,
liposomal doxorubicin, topotecan) did not dem-
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onstrate improved PFS or OS of any combination
compared with the doublet alone (Bookman et al.
2009). Substitution of docetaxel for paclitaxel in
combination with carboplatin in the SCOTROC
trial revealed equivalent PFS and OS, but did
report decreased neuropathy with docetaxel (Va-
sey et al. 2004). Similarly, substitution of pegy-
lated liposomal doxorubicin (PLD) for paclitaxel
was found to have comparable efficacy in the
MITO-2 study (Pignata et al. 2011). Therefore,
these combinations remain options for patients
with significant peripheral neuropathy or other
contraindications to paclitaxel.

IP Chemotherapy

Intraperitoneal (IP) chemotherapy has been
tested in several randomized phase III studies
for patients with advanced ovarian cancer and
with disease confined to the abdominal cavity
(stage III). IP chemotherapy is hypothesized to
improve treatment of small-volume IP disease
by exposing the peritoneal cavity to high and
prolonged concentrations of chemotherapy
while limiting plasma absorption (Markman
and Walker 2006). GOG-172 was a randomized
study comparing IV paclitaxel (135 mg/m?)
over a 24-hour period followed by either IV cis-
platin (75 mg/m®) on day 2 (IV group) or IP
cisplatin (100 mg/m?) on day 2 and IP paclitaxel
(60 mg/m?) on day 8 (IP group) (Armstrong
et al. 2006). Both treatments were given every
3 weeks for six cycles. Overall, the IP group had
significantly improved PFS (23.8 vs. 18.3 mo)
and OS (65.6 vs. 49.7 mo) compared to the IV
group. This survival benefit was observed de-
spite only 42% of patients completing all six
cycles of IP therapy (compared to 83% in the
IV group). Patients in the IP group had higher
rates of toxicities and also reported significantly
worse quality of life during and for 3-6 weeks
after treatment, but this difference resolved by 1
year posttreatment. Thus, subsequent trials were
designed to assess whether the survival benefits
seen with IP therapy in GOG-172 could be re-
produced with more convenient and tolerable
regimens.

GOG-252 decreased the dose of IP cisplatin
to 75 mg/m? and substituted IP cisplatin for IP

carboplatin (Walker et al. 2019). This trial in-
cluded three arms: (1) IV carboplatin: IV pacli-
taxel 80 mg/m* once per week with IV carbo-
platin (area under the curve [AUC] 6), (2) IP
carboplatin: IV paclitaxel 80 mg/m” once per
week with IP carboplatin (AUC 6), and (3) IP
cisplatin: IV paclitaxel 135 mg/m? once every 3
weeks on day 1 plus IP cisplatin 75 mg/m? once
every 3 weeks on day 2 plus IP paclitaxel 60 mg/
m?® once every 3 weeks on day 8. All arms in-
cluded six cycles of chemotherapy and IV bev-
acizumab (15 mg/kg) administered in cycles 2—-
22. Notably, a “dose-dense” regimen for pacli-
taxel was used in the IV therapy only arm. Ulti-
mately, no difference in PFS or OS was seen
among the three arms. Grade 3 and higher hy-
pertension was significantly worse in the IP cis-
platin arm at 20.5% compared to 11.9% and
14.3% in the IV carboplatin and IP carboplatin
arms, respectively; the authors concluded that
the interaction between IP cisplatin and bevaci-
zumab leads to increased hypertension, and
overall fewer cycles of chemotherapy were ad-
ministered in the IP cisplatin arm.

The Japanese IPOCC randomized trial thus
allocated patients to receive either IV carbo-
platin (AUC 6) or IP carboplatin (AUC 6) every
3 weeks with weekly paclitaxel (80 mg/m?)
without bevacizumab for six cycles following
debulking surgery. Patients undergoing both
primary and interval debulking surgeries were
included; ~55% of patients in both arms had
suboptimal debulking (>2 cm residual disease).
This trial reported a modest improvement in
PES with IP chemotherapy (20.7 vs. 23.5 mo)
but no difference in OS (Nagao et al. 2023).
Rates of adverse events were similar in both
groups, and most patients (60% in IP vs. 68%
in IV groups) were able to complete all six cycles
of therapy.

Only one study on IV versus IP chemother-
apy has included information on BRCA muta-
tional status. GOG 9923 randomized patients to
IV carboplatin/paclitaxel/bevacizumab every 3
weeks, IV carboplatin weekly with every 3-
week paclitaxel and bevacizumab, or IV pacli-
taxel and bevacizumab with IP cisplatin (Gillen
etal. 2021). A post hoc analysis demonstrated no
difference in median PFS between patients with
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positive and negative BRCA testing. All patients
received a poly(ADP-ribose) polymerase inhib-
itors (PARPi) during chemotherapy. The benefit
of IP versus IV chemotherapy in the setting of
PARPi maintenance remains an unanswered
question.

Opverall, comparison of results across the tri-
als is difficult as the treatment regimens for both
the IV and IP arms have varied substantially.
The logistical challenges and increased toxicity
of IP chemotherapy combined with simultane-
ous improvements in other aspects of ovarian
cancer treatment, including maintenance ther-
apy, have limited widespread adoption of IP
chemotherapy into the present treatment land-
scape. Nonetheless, long-term follow-up of pa-
tients receiving IP chemotherapy has demon-
strated OS benefits extending past 10 years,
especially in patients with high-grade serous
histology, no gross residual disease, and comple-
tion of more cycles of IP chemotherapy (Tewari
et al. 2015); thus, IP chemotherapy may still
be a valuable part of the treatment plan for
select patients with stage III disease who are
likely to tolerate IP chemotherapy following a
primary cytoreduction to no gross residual dis-
ease at centers with experience in managing IP
protocols.

HIPEC

Another approach to IP delivery of chemother-
apy is hyperthermic IP chemotherapy (HIPEC),
founded on the hypothesis that heating the che-
motherapy increases penetration at the perito-
neum and impairs DNA repair by cancer cells. A
multicenter phase 3 clinical trial (OVHIPEC-1)
found that patients undergoing HIPEC (cisplat-
in 100 mg/m” for 90 min at 40°C) at the time of
optimal ICS compared to optimal cytoreductive
surgery alone experienced substantially pro-
longed PFS (14.2 vs. 10.7 mo) and OS (45.7 vs.
33.9 mo) with similar rates of severe adverse
events and similar rates of complete cytoreduc-
tion in both groups (van Driel et al. 2018), with
similar findings at 10-year follow-up (Aronson
et al. 2023). Of note, patients in the HIPEC
group ultimately received one more dose of
chemotherapy total compared to the non-

Ovarian Cancer Therapy

HIPEC group; the contribution of this to
the survival benefit remains unknown. While
BRCA mutational status was not reported ini-
tially in OVHIPEC-1, a subsequent exploratory
secondary analysis of BRCA status and homol-
ogous recombination deficiency (HRD) status in
the OVHIPEC-1 tumor samples found that clin-
ical benefit seemed most significant in patients
with BRCA wild-type (BRCAwt), HRD-positive
tumors (compared to BRCA mutant [BRCAm)]
or HRD-proficient tumors) (Koole et al. 2022).
Outside of the clinical trial setting, HIPEC also
increases ICU use, cost of treatment, and risks of
renal toxicity, although this can be mitigated
with the addition of sodium thiosulfate (Dellin-
ger and Han 2021). Thus, HIPEC can currently
be considered at the time of ICS if optimal cy-
toreduction can be achieved at centers and with
surgeons who have experience in administering
HIPEC and postoperative care. Further ongoing
prospective trials evaluating HIPEC at the time
of primary or ICS (discussed in the “Investiga-
tional Approaches in the First Line and Mainte-
nance Setting” section) will provide additional
clarity on the optimal implementation of
HIPEC in ovarian cancer.

Dose-Dense Chemotherapy

In addition to questions surrounding the role of
IP therapy, the optimal regimen for IV therapy
has also been investigated in several studies.
Weekly administration of paclitaxel (80 mg/
m?), termed “dose-dense,” has been compared
to every 3-week paclitaxel (175 mg/m?) in com-
bination with carboplatin (AUC 6) every 3
weeks in the Japanese GOG-3016 trial. In this
study of patients with stage II-IV epithelial
ovarian cancer (EOC), an improvement in PES
and OS was reported with dose-dense therapy
(28.2 vs. 17.5 mo and 100.5 vs. 62.2 mo, respec-
tively), with especially large benefit in patients
with suboptimal cytoreduction (Katsumata et al.
2013).

Subsequently, GOG-262 compared dose-
dense to conventional paclitaxel therapy in pa-
tients with suboptimally cytoreduced stages III
and IV disease, stratified by whether patients
received bevacizumab (Chan et al. 2016). In
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the overall cohort, no difference in PFS was seen.
However, in patients who did not receive beva-
cizumab, weekly paclitaxel was associated with a
PES benefit of 3.9 months (14.2 vs. 10.3 mo).
Additionally, the ICONS trial compared three
arms in stage IC-IV ovarian cancer including
(1) standard every 3-week dosing of carboplatin
and paclitaxel (175 mg/mz), (2) every 3-week
carboplatin and dose-dense paclitaxel (80 mg/
m? weekly), and (3) weekly carboplatin (AUC
2) and dose-dense paclitaxel (80 mg/m” week-
ly). PES and OS were similar in all three arms
(Clamp et al. 2019). Specifically, at 10-year fol-
low-up, median PFS was 17.7 months in group
1, 20.8 months in group 2, and 21.0 months in
group 3, with median OS of 24-25 months in all
three groups (Clamp et al. 2022). Thus, IV car-
boplatin and paclitaxel administered every 3
weeks are generally considered SOC, although
dose-dense paclitaxel is an acceptable alterna-
tive in certain circumstances, such as patients
with poor performance status or significant co-
morbidities. A modified dose-dense regimen of
weekly carboplatin (AUC 2) and weekly pacli-
taxel (60 mg/mz) assessed in the MITO-7 trial
can be considered for patients with major co-
morbidities as it demonstrated equivalent PFS
and improved quality of life compared to every
3-week carboplatin (AUC 6) and paclitaxel
(175 mg/m®) with lower rates of myelosuppres-
sion and neuropathy (Pignata et al. 2014).

MAINTENANCE THERAPY

The continuation of anticancer therapy with the
goal of maintaining a response following up-
front adjuvant carboplatin and paclitaxel has
been extensively studied in ovarian cancer.
This was initially attempted with single-agent
chemotherapy, including with paclitaxel (Mark-
man et al. 2009; Copeland et al. 2022) or top-
otecan (De Placido et al. 2004; Pfisterer et al.
2006b). While there was a PFS benefit associated
with paclitaxel maintenance (Markman et al.
2003), maintenance chemotherapies did not
demonstrate an OS benefit and/or were associ-
ated with unacceptable levels of toxicity (for re-
view, see Markman 2015). Today, antiangiogen-
esis agents and PARPi in specific subsets of

patients have acceptable toxicity as maintenance
therapy.

Angiogenesis Inhibitors

Angiogenesis, and in particular the vascular en-
dothelial growth factor (VEGEF), plays an impor-
tant role in tumor growth and metastasis in
many human malignancies, including ovarian
cancer (Wong et al. 2003; Hanahan and Wein-
berg 2011). Bevacizumab is a humanized mono-
clonal antibody that disrupts angiogenesis by
inhibiting VEGF-A. The phase III GOG-218
trial evaluated the addition of bevacizumab
(15 mg/kg every 3 wk) to chemotherapy and as
maintenance therapy versus placebo in first-line
therapy for women with advanced ovarian can-
cer after PDS. This was a three-arm, double-
blind, placebo-controlled superiority trial that
compared carboplatin/paclitaxel plus bevacizu-
mab followed by 12 months of bevacizumab
maintenance (bevacizumab-throughout) to car-
boplatin/paclitaxel plus bevacizumab with pla-
cebo maintenance (bevacizumab-initiation) to
carboplatin/paclitaxel plus placebo with placebo
maintenance (control) (Burger et al. 2011). The
initial analysis of PFS saw an improvement in
PES from 10.3 months in the control to 11.2 in
the bevacizumab-initiation group and 14.1
months in the bevacizumab-throughout group.
This result led to the Food and Drug Adminis-
tration (FDA) approval of bevacizumab for first-
line treatment and for maintenance therapy of
ovarian cancer. However, the final analysis of
GOG-218 did not reveal a benefit in OS for pa-
tients treated with bevacizumab compared with
chemotherapy alone (Tewari et al. 2019).
ICON7, which was a nonblinded, non-pla-
cebo-controlled trial, testing half the dose of
bevacizumab, randomized patients with high-
risk, early stage (stage I or IIA and clear-cell or
grade 3 tumors), and advanced (stage IIB-IV)
ovarian cancers after optimal or suboptimal de-
bulking to carboplatin and paclitaxel every 3
weeks or carboplatin and paclitaxel plus bevaci-
zumab at a dose half of that used in GOG-218
(7.5 mg/kg every 3 wk) as maintenance. The
median PFS was 19.0 months in the bevacizu-
mab group versus 17.3 months in the chemo-
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therapy alone group (Perren et al. 2011), with
long-term results also showing no significant
difference in the mPFS between the two groups
(Ozaetal. 2015). The final results failed to dem-
onstrate a difference in OS in the population as a
whole; however, an OS benefit was seen in a
retrospectively defined subgroup with poor
prognosis, including stage IV disease or inoper-
able or suboptimally cytoreduced stage III (Oza
et al. 2015). Lastly, the BOOST trial compared
maintenance therapy with bevacizumab (15
mg/kg every 3 wk) for 15 or 30 months, finding
no difference in PFS or OS with prolonged ad-
ministration of bevacizumab beyond 15 months
(Pfisterer et al. 2023). Thus, bevacizumab is con-
sidered a possible maintenance therapy for pa-
tients with advanced (stage III or IV) ovarian
cancer for a maximum duration of 15 months
with a careful risk and benefit discussion with
the patient.

Although bevacizumab is well tolerated
overall, it can lead to toxicities such as hyperten-
sion, proteinuria, thrombotic events (i.e., myo-
cardial infarction, cerebrovascular accident),
wound healing complications, hemorrhage, or
gastrointestinal perforation. The half-life of bev-
acizumab is 20 days; therefore, physicians must
be mindful of toxicities even after cessation of
therapy, and surgical planning must also take
this into account, holding bevacizumab for at
least one cycle of treatment before and after
surgery.

Besides bevacizumab, other agents targeting
angiogenesis have also been investigated in com-
bination with carboplatin and paclitaxel in
up-front and maintenance therapy in ovarian
cancer. Addition of nintedanib, an oral VEGF
receptor 1-3 inhibitor, to carboplatin and pac-
litaxel following PDS did not result in a statisti-
cally significant improvement in PFS or OS in
stage I[IB-IV ovarian cancer (du Bois et al. 2016).
Inhibiting the interaction of angiopoietin-1
(ANG-1) and ANG-2 with their receptor, the
tyrosine kinase receptor TIE2, using IV trebani-
nib (15 mg/kg) was tested in the TRINOVA-3
trial and also failed to demonstrate improve-
ment in PFS compared to placebo when com-
bined with carboplatin and paclitaxel (Vergote
et al. 2019).

Ovarian Cancer Therapy

Overall, while GOG-218 and ICON7 dem-
onstrated a PFS benefit with the addition of bev-
acizumab, the lack of OS benefit, potential ad-
verse events, and substantial financial toxicity
(Mehta and Hay 2014) have limited the wide-
spread routine use of bevacizumab in the first-
line maintenance setting, with practice patterns
varying widely. In a real-world analysis of 1498
patients with newly diagnosed advanced ovarian
cancer in Europe and the United States, bevaci-
zumab was used by 20% of patients in the Unit-
ed States and 11% in Europe in a nonuniform
fashion (Monberg et al. 2019). Patterns of use
have also fluctuated over time, likely due in part
to changes in approvals and reimbursement as
well as evolving data with PARPi as mainte-
nance (discussed in the next section). In addi-
tion, bevacizumab has also proven beneficial in
the treatment of recurrent disease (discussed
later in this review), potentially arguing for
reserving this agent for later lines of therapy
(Table 2).

PARPi

Approximately 50% of HGSOC possess genetic
or epigenetic alterations in the homologous re-
combination (HR) DNA repair pathway, most
commonly caused by germline or somatic mu-
tations or epigenetic silencing of BRCAI or
BRCA2 (Cancer Genome Atlas Research Net-
work 2011; Konstantinopoulos et al. 2015).
PARPi have been studied intensively in ovarian
cancer since the initial observation in 2005 of
their antitumor activity in vitro against BRCAm
embryonic stem cell lines (Farmer et al. 2005).
Several mechanisms have been proposed to ex-
plain the effects of PARPi in HR-deficient cells,
including the inhibition of base excision repair,
PARP-DNA complex trapping at the replication
forks, enhancement of toxic nonhomologous
end joining (NHE]) in PARPI-deficient cells,
and inhibition of PARP1/Pol-mediated alterna-
tive end joining (Konstantinopoulos et al. 2015;
D’Andrea 2018). A large body of preclinical
work and clinical trials (discussed in the “Treat-
ment of Recurrent Ovarian Cancer” section) led
to the first FDA approval of a PARP, olaparib,
for the treatment of individuals with a germline
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Table 2. Key ongoing clinical trials in recurrent ovarian cancer

Study name Study drug(s) Patient population Study arms
NCT05092360 Nemvaleukin + Platinum-sensitive recurrent Nemvaleukin + pembrolizumab
ARTISTRY-7 pembrolizumab ovarian cancer (PS-ROC), or Nemvaleukin
GOG-3063 precision recall (PR)-ROC with Pembrolizumab
ENGOT-ov68 up to five prior lines; prior Physician’s choice
KETYNOTE-C71 bevacizumab required chemotherapy
(Herzog et al. 2023)
NCT05281471 Olvimulogene PR-ROC Olvi-Vec followed by platinum-
OnPrime/GOG- nanivacirepvec (Olvi- doublet chemotherapy +
3076 (Holloway Vec) oncolytic bevacizumab
et al. 2022) immunotherapy Platinum-doublet

chemotherapy + bevacizumab
NCT05445778 Mirvetuximab PS-ROC without progression Mirvetuximab + bevacizumab
GLORIOSA maintenance after second-line platinum- maintenance
(O’Malley et al. based chemotherapy with Bevacizumab maintenance
2023) bevacizumab

FRo >75% by PS2

NCT05255471 Olaparib PS-ROC with progression Olaparib
MITO 35b during or after first-line PARPi  platinum-based chemotherapy

(Schettino et al.
2022)

maintenance

NCT04679064
NItCHE-MITO33
(Musacchio et al.
2021)

Niraparib + dostarlimab

Recurrent ovarian cancer,
platinum ineligible

Niraparib + dostarlimab

Physician’s choice
chemotherapy

FRa. TPS >25%

NCT05870748 Luveltamab tazevibulin ~ PR-ROC
REFRaME-01 —ADC targeting FRa
GOG-3086

(Naumann et al.
2023)

Luveltamab tazevibulin

Physician’s choice
chemotherapy

NCT06161025 Raludotatug deruxtecan
REJOICE- (R-DXd)—ADC
Ovarian01 (Ray- targeting CDH6

Coquard et al. 2024)

PR-ROC, prior mirvetuximab
required for patients with high
FRo expression

Raludotatug deruxtecan

Physician’s choice
chemotherapy

(ADC) Antibody-drug conjugate, (FRa) folate receptor o, (PARPi) poly(ADP-ribose) polymerase inhibitors.

BRCA mutation (gBRCAm) and recurrent ovar-
ian cancer (ROC) following at least three lines of
prior chemotherapy. Based upon the success of
PARPi in the recurrent setting, their role in
maintenance treatment after up-front chemo-
therapy has now also been established, and it is
one of the most significant advances in the field
in recent years. However, several FDA approvals
have been withdrawn for recurrent cancer,
which is discussed below.

The landmark SOLO-1 trial randomized in-
dividuals with BRCAm (either germline or so-

matic BRCAm) stage III or IV high-grade serous
or endometrioid ovarian cancer who had a com-
plete or partial response to up-front platinum-
based chemotherapy to receive olaparib (300

mg twice daily) maintenance for 24 months or
placebo (Moore et al. 2018a). At median follow-
up of 41 months, the risk of disease progression
or death was 70% lower with olaparib compared
to placebo. These findings led to the approval of
olaparib for maintenance therapy in women
with BRCAm advanced ovarian cancer who ex-
perienced a complete or partial response to first-
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line chemotherapy. At 7-year OS follow-up, 67%
of olaparib patients versus 47% of placebo pa-
tients were alive (DiSilvestro et al. 2023), which
is not statistically significant but is clinically
significant.

Given the high prevalence of HRD in
HGSOC even in the absence of BRCA1/2 germ-
line or somatic mutations, other trials have as-
sessed the efficacy of PARPI in patients with
BRCAwt tumors. The PRIMA/ENGOT-OV26/
GOG-3012 trial (NCT02655016) tested the effi-
cacy of 3 years of niraparib maintenance (300
mg daily) following up-front chemotherapy in
women with advanced high-grade serous or en-
dometrioid ovarian cancers (Gonzilez-Martin
et al. 2019). It is noteworthy that the patient
population in this trial was selected for those
at high risk for recurrence, including women
with inoperable stage III/IV disease, who re-
quired NACT, or who were left with residual
disease. In the overall population, niraparib
maintenance significantly prolonged PES from
8.2 to 13.8 months (hazard ratio [HR] 0.62, 95%
confidence interval [CI] 0.50-0.76; P<0.001),
with the effect being more pronounced in pa-
tients with BRCAm (HR 0.40, 95% CI10.27-0.62)
or positive HRD testing (HR 0.43, 95% CI 0.31-
0.59). A diminished but statistically significant
benefit for niraparib maintenance was detected
in the BRCAwt and HR-proficient group (HR
0.68, 95% CI 0.49-0.94). Based on this, nira-
parib has FDA approval as maintenance therapy
in the first-line setting regardless of BRCA sta-
tus. Importantly, the final OS data at a median
follow-up of 73.9 months revealed no benefit of
niraparib over placebo, with an OS HR of 1.01
(95% CI 0.84-1.23; P=0.8834) in the overall
population and 0.95 (95% CI 0.70-1.29) and
0.93 (95% CI 0.69-1.26) in the HRD and HR-
proficient populations, respectively (Monk et al.
2024b).

Additionally, the ATHENA/GOG-3020
study randomized patients with newly diag-
nosed stages III and IV high-grade EOC follow-
ing completion of first-line platinum-doublet
chemotherapy and surgery to receive mainte-
nance with the PARPi rucaparib (600 mg twice
daily) plus placebo (MONO arm), rucaparib
plus nivolumab (COMBO arm; discussed in lat-

Ovarian Cancer Therapy

er sections), and nivolumab plus placebo or
double placebo. Similar to other first-line PARPi
studies, ATHENA-MONO reported a PFS ben-
efit in the overall study population, with a more
robust benefit seen in the HRD population (me-
dian PES 28.7 vs. 11.3 mo for rucaparib vs. pla-
cebo) compared to the HRD-negative popula-
tion (PFS 12.1 vs. 9.1 mo) (Monk et al. 2022).
The updated PFS data at 4-year follow-up re-
vealed that the median PFS was consistently lon-
ger or not reached with rucaparib compared
with placebo maintenance in the intention-to-
treat (ITT) populations as well as in the HRD
subgroup (Kristeleit et al. 2024a). Although not
mature, updated OS data in the ITT population
found the median OS not reached in the ruca-
parib arm versus 46.2 months in the placebo
arm (HR 0.83, 95% CI 0.58-1.17). The medial
OS was not reached in either arm in the HRD
population (HR 0.84, 95% CI 0.44-1.58) (Kris-
teleit et al. 2024b).

Given the activity of both bevacizumab and
PARPi independently for maintenance therapy
in ovarian cancer, the PAOLA-1 trial tested ola-
parib versus placebo in combination with bev-
acizumab following up-front chemotherapy in
women with either high-grade serous or endo-
metrioid ovarian cancer, regardless of degree of
surgical debulking or BRCA mutation status.
The combination resulted in a HR for disease
progression or death of 0.59 overall (95% CI
0.49-0.72; P<0.0001); the HR was 0.31 (95%
CI 0.20-0.47) in the BRCAm population and
0.33 (95% CI 0.25-0.45) in all patients testing
positive for HRD (including BRCA mutant)
(Ray-Coquard et al. 2019). In BRCAwt patients
with HRD-negative tumors, there was no benefit
with the combination of PARPi and bevacizu-
mab (HR 0.92, 95% CI 0.72-1.17) over bevaci-
zumab alone. As both arms received bevacizu-
mab, it is not possible to distinguish whether
bevacizumab provided additional clinical bene-
fit beyond that of olaparib in the BRCAm and
HRD-positive groups. Based on these data, the
combination of bevacizumab and olaparib re-
ceived FDA approval as first-line maintenance
therapy for patients with BRCAm or BRCAwt/
HRD-positive disease; there is no approval for
homologous recombination proficiency (HRP)
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patients. Of note, different methods to define
HRD status have been used across trials.
PAOLA-1, VELIA, and PRIMA used the Myriad
myChoice HRD assay, with a positive test being
defined by a tumor BRCAm or a genomic insta-
bility score >42. ATHENA-MONO used the
FoundationOne CDx next-generation sequenc-
ing assay, which defines positive HRD status as
BRCA mutations detected in the tumor (which
may be germline or somatic) or high loss-of-
heterozygosity.

Taken together, the results from SOLO-I,
PRIMA, ATHENA-MONO, and PAOLA-1
clearly support the use of PARPI in the mainte-
nance setting following response to first-line
platinum-based chemotherapy in patients with
BRCAm or HRD-deficient tumors. The benefit
of PARPi in the BRCAwt, HRD-negative disease
is much less clear and should include a risk/
benefit discussion with the patient to review
the PFS results, lack of OS benefit, and toxicity
profile. Across all studies, PARPi therapy is as-
sociated with frequent development of bone
marrow suppression (thrombocytopenia, ane-
mia, and neutropenia), as well as fatigue and
nausea. Myelodysplastic syndrome (MDS) and
acute myeloid leukemia (AML), referred to col-
lectively as therapy-related myeloid neoplasia
(TMN), have been identified with the use of
PARPi. Development of TMN portends ex-
tremely poor prognosis, with almost half of re-
ported cases resulting in death (Morice et al.
2021). Rates of TMN were reported at up to
6%-8% in the recurrent maintenance setting
in SOLO2, NOVA, and ARIEL3, but are lower
in the primary maintenance setting at 0.5%-—
1.5% across the major studies (Gonzalez-Martin
et al. 2019; Ray-Coquard et al. 2019; DiSilvestro
et al. 2023; Monk et al. 2023), likely related to
lower cumulative chemotherapy exposure and
shorter and predefined duration of PARPi.
These data further support the use of PARPi in
the first-line setting rather than later in their
disease course and use in appropriate molecu-
larly defined populations.

In summary, germline and somatic genetic
testing along with HRD testing have become
crucial in the initial management of newly diag-
nosed ovarian cancer, as PARPi maintenance

therapy in BRCAm and HRD-positive patients
leads to a substantial prolongation of PFS and
OS. Germline genetic testing for BRCA1/2 and
other ovarian cancer susceptibility genes is rec-
ommended as part of the initial workup for all
patients newly diagnosed with EOC (Konstanti-
nopoulos et al. 2020). For patients without
BRCAm or HRD positivity, niraparib and bev-
acizumab are both FDA-approved options for
maintenance therapy, but the lack of OS benefit
with bevacizumab and shorter PFS extension
with niraparib should be carefully weighed
against the risks of side effects and financial tox-
icity in this population. Furthermore, concern
exists that acquired resistance to PARPi when
used in the up-front setting could limit treat-
ment options for recurrent disease.

Endocrine

Low-grade serous ovarian cancers (LGSOCs)
demonstrate ER positivity and sensitivity to en-
docrine therapy. Commonly used agents in-
clude the selective estrogen receptor modulator
(SERM) tamoxifen, the aromatase inhibitors
letrozole and anastrozole, and the selective es-
trogen receptor antagonist fulvestrant.

In a retrospective study of patients with
LGSOC, patients receiving hormonal suppres-
sion (mostly aromatase inhibitors) following
up-front chemotherapy experienced a median
PES that was nearly double that in the observa-
tion group (64.9 vs. 26.4 mo; P<0.001) (Ger-
shenson et al. 2017). While no difference was
seen in OS in the population as a whole, there
was an improvement in OS detected with main-
tenance hormonal therapy in a subgroup that
had persistent disease following initial chemo-
therapy. The phase III trial GY019 is testing the
efficacy of letrozole with or without chemother-
apy as first-line treatment following surgical cy-
toreduction in advanced LGSOC and is ongoing
(NCT04095364).

Nevertheless, the treatment of LGSOC is
primarily surgical, and numerous studies have
confirmed that degree of residual disease is the
most important prognostic feature (Nickles
Fader et al. 2013; Gershenson et al. 2015), with
systemic chemotherapy, hormonal therapy, or
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targeted agents used for maintenance therapy or
palliative control of recurrent disease, which is
discussed in further detail in the “Targeted
Therapies for Specific Histological Epithelial
Ovarian Cancer Subtypes” section. When pa-
tients present with unresectable disease at diag-
nosis, combining hormonal therapy with
CDK4/6 inhibition, which has been shown to
synergistically enhance sensitivity to estrogen
receptor blockade (Finn et al. 2009), can im-
prove rates of complete or optimal cytoreduc-
tion at ICS (Cobb et al. 2022).

INVESTIGATIONAL APPROACHES IN THE
FIRST LINE AND MAINTENANCE SETTING

Despite the progress in ovarian cancer treatment
described above, only about half of newly diag-
nosed women live beyond 5 years (Pavlidis et al.
2021), highlighting a great need for further in-
vestigational approaches.

VEGFi

A major area of research interest is improving
the rates of optimal debulking during initial sur-
gery. The addition of bevacizumab to NACT has
been investigated in the phase II ANTHALYA
and GEICO 1205 trials. Both trials randomized
patients to four cycles of NACT plus bevacizu-
mab (15 mg/kg every 3 wk) versus chemother-
apy alone; after surgery, all patients received
three cycles of chemotherapy and bevacizumab
for 15 months. The primary end point was com-
plete macroscopic response at interval debulk-
ing surgery. In GEICO 1205, there was no dif-
ference in the proportion of patients with
complete cytoreduction or optimal surgery
(Garcia Garcia et al. 2019). Grade 3 or greater
adverse events were less common in the bevaci-
zumab group during neoadjuvant cycles. In
ANTHALYA, the complete resection rate at in-
terval debulking surgery for the bevacizumab
group was 58.6%, exceeding the predefined ref-
erence rate of 45% (Rouzier et al. 2017). The
group that did not receive bevacizumab had a
51.4% complete resection rate, but the study was
not designed for comparative analyses. Patients
had similar rates of severe adverse events both

Ovarian Cancer Therapy

pre- and postoperatively. Overall, these trials
demonstrated acceptable safety of the addition
of bevacizumab to NACT, but mixed effects on
surgical operability and complete resection rate.
The use of bevacizumab in the neoadjuvant set-
ting has become more common, especially in
patients with stage IV disease or symptomatic
ascites, although more effective agents are need-
ed to further improve surgical resectability.

PARPi

While PARPi are presently indicated only for
maintenance therapy after the completion of che-
motherapy, interest exists in using PARP inhibi-
tion earlier in the treatment course, especially in
the BRCAm population. This approach may fa-
cilitate the ability to perform an optimal cytore-
ductive surgery or in some cases and/or reduce
chemotherapy exposure; however, this is an area
still in early stages of clinical investigation.

The NOW trial was a small feasibility study
in which 15 patients with germline BRCA1/2,
RAD51C/D, or PALB2 mutations and newly di-
agnosed advanced high-grade EOC not amena-
ble to primary cytoreduction received two cycles
of olaparib (300 mg twice daily) followed by re-
assessment with CA-125 and imaging to deter-
mine whether surgery was possible. Ultimately,
13/15 patients underwent interval surgery after
olaparib only, with optimal cytoreduction in all
13 cases and one pathologic complete response
(Westin et al. 2023). Other trials have attempted
to combine PARPi with NACT, although this
requires a dose reduction of the PARPi for toler-
ability. The phase INUVOLA trial administered
olaparib in an intermittent fashion (150 mg twice
daily, days 1-3) with NACT (weekly carboplatin
AUC2 and paclitaxel 60 mg/m”> every 3 wk) to
patients with BRCAm and stage III and IV
high-grade serous or endometrioid ovarian can-
cer not amenable to PCS. Ultimately, 4/35
(11.4%) of patients achieved pathologic complete
response, not meeting the trial end point of 20%
pathologic complete response and with higher
hematologic toxicity compared to chemotherapy
alone (Salutari et al. 2023). The phase I OPAL-C
trial is evaluating the use of neoadjuvant nira-
parib in a randomized fashion compared to stan-
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dard platinum-taxane chemotherapy in patients
with stage III/IV ovarian cancer with HRD-defi-
cient tumors (assessed by the Myriad myChoice
CDx PLUS assay) (Belotte et al. 2024). Ultimate-
ly, the success of PARPI prior to surgery for pa-
tients with gBRCAm depends on the ability to
obtain timely genetic testing following a diagno-
sis of ovarian cancer, as this approach is unlikely
to be sufficiently active in an unselected patient
population. A multicenter, prospective, phase II
window-of-opportunity (WoO) trial of olaparib
alone or olaparib with the PD-1 inhibitor, durva-
lumab, for 3-4 weeks prior to front-line surgery
in patients with advanced EOC is ongoing
(NCT04644289).

The addition of olaparib to an IP/IV chemo-
therapy regimen has been investigated in a phase
I trial in which 29% of patients had a germline
BRCA mutation. The maximum tolerated dose
of olaparib was 100 mg twice daily when admin-
istered with IV/IP paclitaxel, IP cisplatin, and IV
bevacizumab (Cadoo et al. 2020). Efficacy was
encouraging, with a median PFS of 32.9 months,
although further studies in larger cohorts are
needed, and this should not be considered SOC.

ADCs

Antibody—drug conjugates (ADCs) are an
emerging drug class combining a monoclonal
antibody targeting a tumor-associated antigen
joined to a payload of a cytotoxic chemotherapy
molecule with a linker. This design allows for the
delivery of cytotoxic chemotherapy directly to
target cancer cells and has shown promising ac-
tivity in a number of tumor types, including in
gynecologic cancers (Karpel et al. 2023). The ap-
proval of the folate receptor o (FRo)-targeting
ADC, mirvetuximab soravtansine, for the treat-
ment of recurrent PR ovarian cancer with FRo.
overexpression is discussed in detail in the “An-
tibody—Drug Conjugates” section. Based on the
favorable results of mirvetuximab in the PR-
ROC, exploratory studies are also underway test-
ing its efficacy in the first-line setting. A single-
arm phase II trial is ongoing using carboplatin
and mirvetuximab as neoadjuvant and adjuvant
chemotherapy in patients with newly diagnosed
advanced EOC with FRo-positive HGSOC

(NCT04606914). Numerous other ADCs are in
development for recurrent EOC and are likely to
be investigated in earlier line settings in the future.

Immunotherapy

Immune checkpoint inhibitors (ICIs) have rev-
olutionized the treatment of certain solid and
hematologic malignancies (Postow et al. 2015).
However, ICIs have proved minimally active as
single agents in the vast majority of patients with
ovarian cancer, despite the known correlation
between the presence of intratumoral CD3" T
cells in ovarian cancer tumors and improved
clinical outcomes (Zhang et al. 2003; Sato et al.
2005; Hwang et al. 2012). Across several trials,
the overall response rate (ORR) to single-agent
ICI has been <15% (Disis et al. 2019; Matulonis
et al. 2019; Varga et al. 2019; Hamanishi et al.
2021) for recurrent disease. At present, except
for pembrolizumab, which is approved for use in
microsatellite instability-high (MSI-H) ovarian
tumors through its tumor-agnostic label, the use
of other immunotherapy agents is currently lim-
ited to clinical trials in EOC.

Attempts to sensitize ovarian cancer to im-
munotherapy have been made by combining
ICIs with other agents in numerous clinical tri-
als. For example, it was hypothesized that anti-
angiogenesis agents could potentiate the effects
of ICIs by promoting T-cell infiltration into the
tumor microenvironment and reducing local
immunosuppression. Unfortunately, the addi-
tion of ICIs to chemotherapy with or without
bevacizumab in the first-line setting for ad-
vanced ovarian cancer in the IMagyn050 trial
did not demonstrate significantly improved out-
comes (Monk et al. 2021a; Moore et al. 2021).

The combination of PARPi and ICI is also of
interest given interactions between DNA damage
and tumor immunogenicity, including the up-
regulation of PD-L1 expression by PARPi (Jiao
et al. 2017; Césaire et al. 2018). Combining im-
munotherapy with both VEGFiand PARPi in the
maintenance setting was tested in the DUO-O
trial (NCT03737643). In this trial, patients with
newly diagnosed non-BRCAm advanced ovarian
cancer received adjuvant carboplatin, paclitaxel,
and bevacizumab with or without durvalumab,
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and then received maintenance bevacizumab
with placebo (arm 1), durvalumab (arm 2), or
durvalumab and olaparib (arm 3). The study
met its coprimary end points with improved
PFES in arm 3 compared with arm 1 in both the
ITT population (HR 0.63; P<0.0001) and the
HRD population (HR 0.49; P<0.0001) (Harter
etal. 2023b). However, parsing out the individual
contributions of each of these agents remains
challenging, given that there was no treatment
arm receiving olaparib without durvalumab.
The ATHENA-COMBO study (NCT03522246)
is investigating rucaparib 600 mg twice daily and
nivolumab 480 mg every 4 weeks compared to
rucaparib monotherapy as maintenance therapy
following platinum-based chemotherapy in new-
ly diagnosed stage III and IV high-grade ovarian
cancer (Monk et al. 2022). At a median follow-up
of 48 months, the addition of nivolumab to ru-
caparib was not associated with a PFS benefit in
the ITT population, with median PFS for 15
months for the combination versus 20.2 months
for rucaparib (HR 1.3,95% CI 1.1, 1.5) or in HRD
or PD-L1 subsets (Monk et al. 2024a). In addi-
tion, the FIRST trial (NCT03307785) is under-
way, testing the combination of dostarlimab with
niraparib in newly diagnosed stage III disease
with high-risk features (suboptimal debulking,
planned NACT) or stage IV nonmucinous
EOC. Following adjuvant chemotherapy with
or without bevacizumab, patients are random-
ized to maintenance therapy with niraparib, nir-
aparib plus dostarlimab, or placebo for up to 3
years, stratified by the BRCA/HRD status. The
ENGOT-0v43/KEYLYNK-001 trial (NCT03740
165) is testing the benefit of adding pembrolizu-
mab to chemotherapy with or without bevacizu-
mab and as maintenance with and without ola-
parib in patients with BRCAwt advanced ovarian
cancer (NCT03740165). Identifying biomarkers
of response to ICI combinations will be critical
for incorporating these agents into the manage-
ment of ovarian cancer.

HIPEC

Given the promising results of HIPEC with in-
terval debulking surgery in OVHIPEC-1, inter-
est exists in expanding HIPEC to primary cyto-

Ovarian Cancer Therapy

reduction. A randomized controlled trial of
HIPEC at the time of primary or interval cyto-
reduction for stage III/IV ovarian cancer pa-
tients in South Korea found no benefit to HIPEC
in the overall population (Lim et al. 2022), al-
though this trial has been criticized for hav-
ing a highly heterogeneous patient population.
Other ongoing studies of HIPEC (OVHIPEC-2,
CHIPPI-1808, HOTT/GOG-3068) at the time
of primary or ICS are also incorporating beva-
cizumab and PARPi use into the planned treat-
ment protocol (Koole et al. 2020; El Hajj et al.
2021) (NCT05659381).

HIPEC has also been investigated for ROC
with some phase II studies showing promising
findings (Spiliotis et al. 2015) and others show-
ing minimal benefits (Zivanovic et al. 2021;
Classe et al. 2023). Most recently, two phase
III trials of HIPEC at the time of secondary cy-
toreduction have yielded conflicting results. The
CHIPOR study involving 415 patients random-
ized to HIPEC or no HIPEC after six cycles of
platinum-based chemotherapy followed by sec-
ondary cytoreductive surgery to no gross resid-
ual or <2.5 mm residual disease demonstrated
comparable median PFS in both groups (10.2
mo with HIPEC vs. 9.5 mo without HIPEC) but
significantly prolonged median OS in the HI-
PEC group (54.3 vs. 45.8 mo) (Classe et al.
2024). Meanwhile, the HORSE/MITO18 study,
which randomized 167 patients to HIPEC or no
HIPEC at time of secondary cytoreductive sur-
gery to no gross residual or <2.5 mm residual
disease followed by six cycles of platinum-based
chemotherapy, observed no difference in medi-
an PFS between groups (25 mo with HIPEC vs.
23 mo without HIPEC), with median OS not
reached (Fagotti et al. 2025). Overall, defining
the optimal role of HIPEC in the management
of ovarian cancer remains an active area of re-
search (Della Corte et al. 2023).

TREATMENT OF EARLY-STAGE AND RARE
HISTOLOGY CANCERS

The previous sections have focused on advanced
ovarian cancer, given that only ~25% of patients
with EOC are diagnosed with stage I or stage II
disease. In rare cases of histological grade 1 can-
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cer confined to the ovary (stage IA or IB), sur-
gery alone is sufficient for treatment with a 5-
year OS of >90% (Young et al. 1990). However,
for patients with positive peritoneal washings
(stage IC), tumor involving the pelvis (stage
II), or high-risk features such as high tumor
grade or clear cell histology, adjuvant therapy
is warranted, given significantly higher recur-
rence risk. ICON1 and ACTION were parallel
randomized controlled trials comparing adju-
vant platinum-based chemotherapy to observa-
tion following surgery for early-stage ovarian
cancer, finding that adjuvant chemotherapy im-
proves PFS, with a marginal improvement in
OS. These trials had different inclusion criteria
—a large number of patients with incomplete
staging and heterogeneous platinum-based che-
motherapy regimens (Trimbos et al. 2003); thus,
uncertainty exists in the optimal management of
these patients. Retrospective analyses have sug-
gested that suboptimally staged patients with
presumed unrecognized occult disease and
those with known residual disease may be driv-
ing the clinical benefit of adjuvant therapy (Col-
linson et al. 2014).

In an effort to decrease treatment intensity
among this relatively low-risk group of patients,
GOG-157 tested whether three cycles of carbo-
platin and paclitaxel were sufficient in early-
stage disease, which was defined as high-grade
stage IA-B, stage IC EOC or any stage I clear cell,
or completely resected stage II tumors. While
there was a nonsignificant trend toward in-
creased survival with six cycles, there was also
increased toxicity (Bell et al. 2006). However, a
subsequent exploratory analysis of the GOG-
157 data revealed a survival advantage for six
cycles in patients with serous tumors, so this
remains the preferred adjuvant therapy in
most cases (Chan et al. 2016).

Mucinous tumors comprise 3%-5% of
EOCs and are mostly diagnosed at an early stage
with a low risk of lymph node metastasis or
recurrence, especially when tumors have an ex-
pansile pattern of invasion. Patients with infil-
trative mucinous ovarian carcinomas are more
likely to present with advanced disease and have
occult lymph node involvement. Thus, lymph
node assessment should be considered for ap-

parently ovary-confined infiltrative mucinous
ovarian cancers but can be omitted for expansile
mucinous carcinomas. Adjuvant chemotherapy
for three to six cycles is recommended for stage
IT or above disease, and can be considered for
stage IC, although the ultimate impact on OS
remains unclear (Morice et al. 2019). Response
to platinum/taxane chemotherapy is relatively
poor; however, attempts to identify superior ad-
juvant treatments, including gastrointestinal-
based regimens, have not been successful. The
GOG-241 trial comparing gastrointestinal che-
motherapy regimen to standard platinum/tax-
ane chemotherapy in mucinous ovarian cancers
was terminated prematurely due to poor accrual
(Gore et al. 2015).

Clear cell carcinomas of the ovary comprise
~4%-12% of EOCs (Tan and Kaye 2007), with a
higher incidence among Asian women, and
have distinct clinical and molecular features
compared to serous ovarian cancers. For exam-
ple, clear cell carcinomas more frequently
present in early stages are associated with a his-
tory of endometriosis, carry a substantial risk of
thromboembolic events, and tend to present in
younger women. Molecularly, BRCA1/2 muta-
tions and p53 alterations are uncommon, while
tumors more frequently harbor mutations in
ARIDIA and PIK3CA (Gadducci et al. 2021).
Because these cancers are often diagnosed in
younger women with clinically pelvic-confined
disease and tend to be chemotherapy-resistant
(Sugiyama et al. 2000), much interest exists in
fertility-sparing management and treatment de-
escalation. While all stages of clear cell cancer
were considered high risk in the subgroup anal-
ysis of ICON1/ACTION, which seemed to have
the greatest benefit from adjuvant chemothera-
py, subsequent analyses have questioned the
therapeutic benefit of chemotherapy for stage I
ovarian clear cell cancers. Retrospective analyses
of the ACTION trial and retrospective single-
institution and national database studies suggest
that adjuvant chemotherapy does not improve
survival for stage IA-B ovarian clear cell carci-
noma, but may increase OS for stage IC (Bogani
et al. 2020; Manning-Geist et al. 2022; Shuqing
and Zhiling 2023). However, patients for whom
omission of chemotherapy is being considered
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should undergo full staging lymphadenectomy
due to a risk of 4%-15% of occult lymph node
metastases (Mahdi et al. 2013). Lymphadenec-
tomy may not influence survival if adjuvant che-
motherapy is planned.

Lastly, endometrioid ovarian cancers repre-
sent ~10% of EOCs and are often diagnosed in
conjunction with endometriosis or with endo-
metrioid endometrial carcinomas. High-grade
endometrioid ovarian cancer is treated like
HGSOC, but low-grade cancers, like endome-
trioid uterine cancers, harbor frequent muta-
tions in CTNNBI and PTEN, and are more often
mismatch repair-deficient (MMRd) and are fre-
quently ER"/PR" (Pierson et al. 2020). Thus,
observation is recommended for stage IA/B
grade 1 endometrioid endometrial cancers,
while systemic therapy should be considered
for stage IC and above and for all grade 2/3
disease. For patients with ER'/PR" tumors,
maintenance hormonal therapy with letrozole
or similar agents can be considered after the
completion of chemotherapy, although pro-
spective data supporting this approach is limited
(Tyulyandina et al. 2019). An ongoing random-
ized controlled trial (MATAO) comparing letro-
zole maintenance to placebo in patients with
newly diagnosed stage II-IV low or high-grade
endometrioid or serous ovarian cancer follow-
ing standard platinum-based chemotherapy will
be illuminating on this issue (McLaughlin et al.
2022).

Opverall, given the relative rarity of nonser-
ous histology EOCs, specific prospective data
concerning their management are limited
(Table 3). While all patients diagnosed with
HGSOCs should receive adjuvant chemothera-
py, the impact of adjuvant chemotherapy on
survival in other histological subtypes of EOC
is more unclear. The ongoing phase III JGOG-

Ovarian Cancer Therapy

3020 trial (NCT04063527) will address some
questions about the role of adjuvant chemother-
apy in these patients, randomizing newly diag-
nosed patients with either stage IA/IB, grade 2
and 3, or clear cell carcinoma or with stage IC of
any histologic type EOC to adjuvant chemo-
therapy or observation after complete surgical
staging, including full lymph node dissection.

SURVEILLANCE FOLLOWING PRIMARY
TREATMENT

Following treatment of either early-stage or ad-
vanced EOC, patients should be closely moni-
tored for disease recurrence (Salani et al. 2017).
The majority of patients with advanced disease
experience relapse, with the typical time frame
between 12 and 18 months. Most guidelines
agree that surveillance should consist of symp-
tom review and physical examination every 2-4
months for the first 2-3 years after the comple-
tion of adjuvant therapy, with radiographic im-
aging as needed. The recommendations for
CA125 measurements remain less clear. In one
randomized trial, early treatment of relapsed
disease based on CA125 concentration as com-
pared with radiographic or symptomatic relapse
did not alter survival (Rustin and Van Der Burg
2009). Notably, this study was conducted prior
to the use of newer agents such as bevacizumab
and PARPi. When recurrent disease is suspected
on the basis of exam, symptoms, or CA125 ele-
vation, it should be confirmed by radiographic
imaging, and if uncertainty persists, biopsy.
More recently, numerous studies have dem-
onstrated that the presence of circulating tumor
DNA (ctDNA) postoperatively or in the surveil-
lance setting is highly prognostic for cancer re-
currence (Hou et al. 2022; Zhu et al. 2023).
Whether changing strategies for maintenance

Table 3. Clinical trials in nonserous high-grade epithelial ovarian cancers

Study name Study drug(s) Patient population Study arms

NCT05296512 Lenvatinib Recurrent clear cell ovarian cancer Lenvatinib + pembrolizumab
Pembrolizumab after prior platinum-based therapy

NCT06065462 LB-100 Recurrent clear cell ovarian cancer Dostarlimab + LB-100
Dostarlimab
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therapy or chemotherapy for recurrence based
on the measurement of ctDNA can meaningful-
ly improve survival in ovarian cancer remains to
be seen.

Treatment of Recurrent Ovarian Cancer

Once a diagnosis of ROC has been established,
the treatment plan must take into account sev-
eral factors, including biological and clinical
characteristics of the patient’s disease, as well
as patient-specific psychosocial elements. More
specifically, the magnitude and pattern of dis-
ease burden, as well as current or impending
clinical symptoms and prior and persistent tox-
icities from previous lines of therapy, are impor-
tant to consider. In addition, the platinum-sen-
sitivity and BRCA mutational status of the
tumor, prior lines of therapy used, and patient
eligibility for available clinical trials are essential
considerations. Finally, the specific values and
preferences of each individual patient and their
performance status and social support mecha-
nisms should strongly influence decisions sur-
rounding a treatment plan.

PLATINUM-SENSITIVE RECURRENCE

In considering the optimal management of ROC,
patients are commonly stratified based on the
duration of their response to first-line platinum-
based chemotherapy. The platinum-free interval
(PFI) is defined as the time elapsed between com-
pletion of platinum-based chemotherapy and de-
tection of recurrent disease. Historically, disease
recurrence has been defined as platinum-sensi-
tive when the PFI is at least 6 months; a cancer
that initially responds to platinum but recurs in
<6 months has been considered PR. In contrast,
platinum-refractory cancers grow during plati-
num-based chemotherapy or within 4 weeks of
stopping therapy. However, more recently, the
Ovarian Cancer Consensus Conference recom-
mended that additional factors should be consid-
ered when defining patient populations for clin-
ical trials and choosing next lines of therapy.
These include assessment of treatment-free inter-
val (TFI), not only with platinum agents (TFIp)
but also with nonplatinum (TFInp) and biologi-

cal agents (TFIb), as well as histological subtype,
BRCA status, number and types of prior lines of
therapy, current tumor burden, and presence or
absence of symptoms (Wilson et al. 2017). Re-
gardless of the definition, platinum-sensitive
ROC (PS-ROC) eventually transforms into PR
disease with repeated exposure to platinum-con-
taining agents (Markman et al. 2004). Treatment
considerations for PS-ROC include secondary
cytoreductive surgery in select circumstances,
clinical trials, systemic chemotherapy with and
without biological and targeted therapy, and
maintenance therapy (Table 4).

Secondary Cytoreduction

As with the decision for primary cytoreduction
versus ICS, the clinical benefit from secondary
cytoreduction followed by adjuvant chemother-
apy versus adjuvant chemotherapy alone for
ROC has been difficult to assess due to differ-
ences in the extent of patient disease and surgi-
cal effort, as well as confounding effects from
subsequent lines of therapy. The completeness
of secondary cytoreduction has been shown to
be a major predictor of longer subsequent OS in
retrospective studies (Harter et al. 2006). The
DESKTOP III (NCT01166737) trial in Germa-
ny randomized patients with a first recurrence of
platinum-sensitive ROC to chemotherapy alone
or debulking surgery followed by chemotherapy
(Harter et al. 2021). Only patients with a high
likelihood of complete resection were eligible;
specifically, patients had to have undergone a
complete cytoreduction at their primary sur-
gery, have an Eastern Cooperative Oncology
Group (ECOG) performance status of 0, and
ascites of 500 mL or less. Ultimately, complete
resection was achieved in 76% of patients and a
PES and OS benefit from undergoing secondary
cytoreduction (median PFS 18.4 vs. 10.4 mo,
median OS 53.6 vs. 46.0 mo) was reported,
with no deaths within 30 days of surgery. Nota-
bly, patients who did not achieve a complete
resection had relatively poor outcomes (median
OS 27.7 mo, 95% CI 23.5-38.7) compared to
those with complete resections (median OS
61.9 mo, 95% CI 55.3-78.9). About three-quar-
ters of patients in both groups received at least
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Table 4. Surgical clinical trials for ovarian cancer

Ovarian Cancer Therapy

Study name Study intervention Patient population Study arms
NCT04575935 Minimally invasive ~ ICS for stage IIIC and IV EOC Minimally invasive surgery
LANCE ICS (MIS)
Laparotomy

NCT05659381 HIPEC at ICS Newly diagnosed stage ITIC and IV HIPEC (cisplatin 100 mg/m?)
GOG-3068 Niraparib high-grade serous or endometrioid + chemotherapy + niraparib
HOTT ovarian cancer with <1.0 cm residual Chemotherapy + niraparib

disease undergoing ICS
NCT03772028 HIPEC at PCS Newly diagnosed stage ITI EOC HIPEC (cisplatin 100 mg/m?)
OVHIPEC-2 following PCS with <2.5 mm residual No HIPEC

disease
NCT03842982 HIPEC at PCS or ICS  Newly diagnosed stage ITI EOC HIPEC (cisplatin)
CHIPPI-1808 following PCS with <2.5 mm residual No HIPEC

disease
NCT05827523 HIPEC at ICS Newly diagnosed stage ITI/ITV EOC HIPEC (cisplatin 75 mg/m?)
KOV-HIPEC-04 following PCS with <2.5 mm residual No HIPEC
(Lim et al. 2024) disease
NCT05123807 HIPEC at secondary ~ Recurrent mucinous ovarian cancer HIPEC (cisplatin)
HI-MOC cytoreduction undergoing secondary cytoreduction
NCT04415944 HIPEC at time of Newly diagnosed stage I-IVA EOC HIPEC (carboplatin)

second look undergoing second look laparoscopy
laparoscopy after optimal cytoreduction and systemic

chemotherapy

(EOC) Epithelial ovarian cancer, (HIPEC) hyperthermic intraperitoneal chemotherapy, (ICS) interval cytoreductive

surgery, (PCS) primary cytoreductive surgery.

five cycles of platinum-containing chemothera-
py, with small numbers receiving subsequent
bevacizumab or PARPi.

Similarly, the SOC-1 trial in China
(NCT016111766) randomized patients with a
platinum-sensitive first recurrence of ovarian
cancer to cytoreductive surgery followed by che-
motherapy or chemotherapy alone inclusion
(Shietal. 2021; Jiang et al. 2024). Again, patients
were preselected to have a high likelihood of
successful complete resection; specifically, ini-
tial disease stage, completeness of cytoreduction
at primary surgery, PFI, ECOG performance
status, CA125 level, and the presence of ascites
were incorporated into a logistic regression
model. This information was combined with
positron emission tomography (PET)-comput-
ed tomography (CT) imaging to assess the dis-
tribution of recurrent disease to determine eli-
gibility. The rate of complete cytoreduction was
77%, and the vast majority of patients in both

groups received platinum-based IV chemother-
apy and rarely received PARPI or bevacizumab
maintenance. There was a significant PFS ben-
efit associated with surgery, with a median PFS
of 17.4 months in the surgery versus 11.9
months in the no surgery group (P<0.0001).
However, no benefit was seen in OS with median
OS 58.1 months in the surgery group versus 53.9
months in the no surgery group (HR 0.82, 95%
CI0.56-1.19). The authors attributed the lack of
OS benefit to multiple factors, including a high
crossover of 37% to subsequent surgery at next
relapse in the no surgery group.

The GOG-213 trial (NCT00565851), which
enrolled patients in the United States and South
Korea, was designed to assess the potential ben-
efit of bevacizumab added to chemotherapy and
continued as maintenance therapy in relapsed
ovarian cancer, as well as the impact of second-
ary cytoreduction in platinum-sensitive ROC
(Coleman et al. 2019). Eligibility for surgery
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was determined by CT scan, and excluded if not
medically fit for surgery or if they had diffuse
carcinomatosis, ascites, or extra-abdominal dis-
ease. In contrast to SOC-1 and DESKTOP III,
the authors found no difference in PFS or OS
(mPFS 18.9 vs. 16.2 mo and mOS 50.6 vs. 64.7
mo in the surgery vs. no surgery groups, respec-
tively). This finding extended even to patients
who experienced complete resection. The com-
plete cytoreduction rate was 67%. In contrast to
the other two studies, the vast majority of pa-
tients in GOG-213 received bevacizumab with
their subsequent chemotherapy. BRCA muta-
tional status was not recorded, and subsequent
PARPi treatment was unknown.

All three trials had long accrual times de-
spite enrolling patients at multiple, high-volume
centers, emphasizing the difficulty in conduct-
ing surgical randomized controlled trials. Two
similar trials (SOCceR and EORTC 55963) were
closed prematurely due to insufficient enroll-
ment. Given the mixed results from SOC-1,
DESKTOP III, and GOG-213, the decision to
pursue secondary cytoreductive surgery re-
mains controversial. Overall, it should only be
considered for patients with platinum-sensitive
disease and good performance status when
complete gross resection seems likely. Consen-
sus guidelines from the SGO on secondary cy-
toreductive surgery suggest that laparoscopic ex-
ploration may be useful to augment assessment
of disease distribution, as ultimately about a
quarter to a third of patients in all three trials
had substantial unresectable disease despite fa-
vorable preoperative imaging and/or clinical
characteristics (Harrison et al. 2021). Data for
subsequent cytoreduction (tertiary, quaternary)
are limited to retrospective series, but could be
of clinical benefit for patients with oligometa-
static recurrences with long TFIs following sec-
ondary cytoreduction (Shih et al. 2010; Foto-
poulou et al. 2013; Manning-Geist et al. 2021).

Chemotherapy

Many treatment options exist for patients with a
first platinum-sensitive recurrence who are can-
didates for systemic therapy. Outside of a clinical
trial, patients with PS-ROC are commonly re-

treated with a platinum-containing regimen
based on the results of the MITO-8 study. This
trial randomized patients with platinum-sensi-
tive disease to platinum-based or nonplatinum
agents, finding a significantly longer PFS with
platinum-based chemotherapy (Pignata et al.
2017). Most patients are treated with a platinum
doublet, given that this approach has been shown
to extend survival when compared with single-
agent platinum (Parmar et al. 2003). Paclitaxel,
gemcitabine, and PLD are all options with dem-
onstrated efficacy in a clinical trial setting (Par-
mar et al. 2003; Pfisterer et al. 2006a; Pujade-
Lauraine etal. 2010), with choice of therapy often
being guided by differing toxicity profiles, sched-
ule of administration, and patient preferences.
Compared to primary chemotherapy, the accu-
mulated dose of platinum with treatment for re-
currence disease does entail significant additional
toxicity, including risk of life-threatening allergic
reactions, additional bone marrow suppression
and neurotoxicity, and a small but significant
risk of secondary MDS and AML (Travis et al.
1999). Chemotherapy desensitization protocols,
although somewhat cumbersome logistically,
have allowed many patients to safely continue
receiving platinum-based chemotherapy after ac-
quiring a drug allergy (Li et al. 2014).

When patients are unable to tolerate plati-
num-based doublet therapy, single-agent che-
motherapy with gemcitabine (Ferrandina et al.
2008), PLD (Gordon et al. 2001), topotecan
(Mitchell et al. 2005; Morris et al. 2008), etopo-
side (Rose et al. 1998), or nanoparticle albumin-
bound paclitaxel (nab-paclitaxel) (Teneriello
et al. 2009) can be considered, with ORRs rang-
ing from 25% to 64%.

Bevacizumab Maintenance

Bevacizumab carries an FDA approval in com-
bination with either carboplatin/paclitaxel or
carboplatin/gemcitabine and as maintenance
therapy until disease progression in PS-ROC.
These approvals are based on the results of
two randomized phase III trials, GOG-213
(Coleman et al. 2017b) and OCEANS (Aghaja-
nian et al. 2012, 2015). GOG-213 randomized
women with PS-ROC to carboplatin and pacli-
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taxel or carboplatin, paclitaxel, and bevacizu-
mab plus bevacizumab maintenance with OS
as the primary end point. In GOG-213, a PFS
benefit was seen (mPFS 13.8 mo in the bevaci-
zumab group vs. 10.4 mo with chemotherapy
alone), with a marginal OS benefit of 5 months
with bevacizumab (median OS 42.6 vs. 37.3 mo;
HR 0.82, 95% CI 0.69-0.996) following reanal-
ysis due to initial incorrect stratification (Cole-
man et al. 2017b). In OCEANS, the addition of
bevacizumab to carboplatin and gemcitabine
was tested with the primary end point being
PES and secondary end point OS. The bevacizu-
mab group had a superior PES of 12.4 versus 8.4
months (HR 0.46, 95% CI 0.39-0.61; P<
0.0001); OS was not significantly improved, al-
though the study was not powered for this out-
come (Aghajanian et al. 2012, 2015). Of note,
patients with prior bevacizumab exposure were
excluded from OCEANS and comprised only
5%-10% of patients in GOG-213. Given in-
creasing use of bevacizumab in the first-line set-
ting, MITO16b was a randomized, phase III trial
designed to assess the addition of bevacizumab
to a carboplatin-based doublets in patients with
ROC who had previously received bevacizumab
with first-line treatment. Again, this study found
a PFS benefit with bevacizumab (11.8 vs. 8.8

mo), but no OS benefit (Pignata et al. 2021).
High rates of crossover as well as differences in
subsequent lines of therapy patients receive after
coming off trial likely limit the evaluation of OS
in these trials.

PARPi Maintenance

Starting in March of 2017, three PARPi’'s—ola-
parib, niraparib, and rucaparib—obtained FDA
approval for maintenance therapy in PS-ROC
disease regardless of BRCA mutational status
based on initial PFS data. More recently, approv-
als have been withdrawn based on updated OS
data. Currently, in the United States, PARPI in-
dications are limited only to patients with BRCA
mutations who have PS-ROC and who are in
response to their most recent platinum regimen.
The data supporting this evolution will be
briefly reviewed, given the major impact these
trials have had on the field.

Ovarian Cancer Therapy

In the recurrent disease setting, PARPi were
first evaluated and approved for the treatment of
recurrent disease. Olaparib was the first to ob-
tain FDA approval for the treatment of ROC in
December 2014 for patients with gBRCA muta-
tions following three prior lines of therapy,
based on the results of Kaufman et al. (2015).
Thereafter, rucaparib (600 mg twice daily) was
approved for patients with germline or somatic
BRCA mutations after at least two prior lines of
therapy based on the results of ARIEL2 (Swisher
et al. 2017) and niraparib (300 mg once daily)
was approved for HRD-positive ROC after at
least three prior lines of therapy based on the
results of the QUADRA trial (Moore et al. 2019).
The international, multicenter phase III ARI-
EL4 trial of rucaparib (600 mg twice daily) ver-
sus chemotherapy in ROC again found a PFS
benefit with rucaparib (7.4 vs. 5.4 mo) (Kriste-
leit et al. 2022). However, an updated analysis
presented at the 2022 IGSC conference demon-
strated worse survival for olaparib compared to
nonplatinum chemotherapy for patients with
three or more prior lines of chemotherapy
(Leath et al. 2022). Based on these results, the
pharmaceutical companies that manufacture
olaparib, rucaparib, and niraparib voluntarily
withdrew their indications for treatment of
third-line or higher ovarian cancer. Currently,
there is no indication for the use of PARPi as a
treatment for ROC in the United States.

Olaparib (300 mg twice daily), niraparb
(300 mg once daily), and rucaparib (600 mg
twice daily) also gained approvals for mainte-
nance therapy following response to platinum-
based chemotherapy regardless of the BRCA
status based on the initial results of Study-19
(Ledermann et al. 2012, 2016), SOLO-2 (Pu-
jade-Lauraine et al. 2017), NOVA (Mirza et al.
2016), and ARIEL3 (Coleman et al. 2017a). Of
note, the primary outcome measure for these
studies was PFS or ORR. Subsequently, the final
OS analysis in the NOVA study, which was a
nonanalytical end point, found no significant
difference in median OS for niraparib versus
placebo in the gBRCAm cohort (median OS
40.9 vs. 38.1 mo) or the non-gBRCAm cohort
(median OS 31.0 vs. 34.8 mo) (Matulonis et al.
2023b). This led to the withdrawal of the indi-
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cation for maintenance niraparib for patients
with platinum-sensitive ROC other than those
with gBRCAm. Similarly, final OS data from the
ARIELS3 trial of rucaparib versus placebo main-
tenance in PS-ROC reported a median OS of
45.9 versus 47.8 months with rucaparib versus
placebo in the BRCAm cohort (HR 0.83,95% CI
0.58-1.19), 40.5 versus 47.8 months in the
HRD" cohort (HR 1.01, 95% CI 0.77-1.32),
and 36.0 versus 43.2 months in the overall pop-
ulation (HR 1.00, 95% CI 0.81-1.22) (Coleman
et al. 2022). This led to the restriction of ruca-
parib only for PS-ROC patients who harbor
gBRCA mutations.

In summary, based on the above data as well
as the known higher rates of TMN associated
with PARPi use in the recurrent maintenance
across several trials (Gonzdlez-Martin et al.
2019; Ray-Coquard et al. 2019; Matulonis et al.
2023b), PARPi are no longer indicated for main-
tenance therapy of ROC for patients with
BRCAwt cancer and should not be prescribed
for the treatment of ROC in any patient popu-
lation. They remain an option for maintenance
therapy for patients with PS-ROC with gBRCA
mutations based on favorable results from the
BRCAm cohorts of SOLO2, NOVA, Study 19,
and ARIEL3. Notably, subsequent analyses of
patients treated on the SOLO-2 and PAOLA-1
trials revealed a shorter benefit of second-line
platinum-based chemotherapy in patients who
progressed on PARPi maintenance therapy
compared with those who progressed after or
were not treated with PARPi maintenance (Fre-
nel et al. 2022; Harter et al. 2023a). This has
raised concern that prior PARPi therapy may
induce resistance to future therapies, further un-
derscoring the importance of careful selection of
appropriate patients for PARPi maintenance.

Limited data exist on the use of PARPi for
maintenance after previous PARPi exposure. Ret-
rospective data suggest that re-exposure to PARPi
could be safe and of clinical benefit, even in pa-
tients with prior progression on PARPi (Essel
et al. 2021; Moubarak et al. 2022). The phase
III, double-blind, multicenter OReO trial en-
rolled patients with prior exposure to PARPi for
at least 12-18 months, including BRCAm and
non-BRCAm cohorts (Pujade-Lauraine et al.

2023). Only a small portion of patients (7% of
BRCAm cohort and 14% of non-BRCAm cohort)
were enrolled at first recurrence after mainte-
nance PARPi following first-line chemotherapy.
Most patients were heavily pretreated, with more
than 85% having received at least three prior lines
of chemotherapy. The trial found a small but
statistically significant increase in PFS with ola-
parib regardless of BRCA status. In the BRCAm
cohort, mPFS was 4.3 versus 2.8 months with 1-
year PFS rates of 19% versus 0%. In the non-
BRCAm cohort, mPFS was 5.3 versus 2.8 months
and 1-year PFS rates were 14% versus 0%. These
results suggest that some patients may derive
benefit from PARPi after prior PARP], but a bet-
ter understanding of how to identify those pa-
tients is needed.

The CAPRI trial was designed to address
acquired resistance to PARP inhibition and en-
rolled patients with recurrent, platinum-sensi-
tive BRCAm or HRD HGSOC who had demon-
strated prior clinical benefit from PARPi and
had no intervening chemotherapy (Wethington
et al. 2023). Most patients received their initial
PARPi course for treatment of recurrent disease.
In the single-arm study, patients received the
ataxia telangiectasia and Rad3-related kinase in-
hibitor (ATRi) ceralasertib (160 mg daily) with
olaparib (300 mg twice daily) based on preclin-
ical evidence that adding ATRi to PARPi could
overcome PARPi resistance in cell lines and mu-
rine models (Kim et al. 2020; Zimmermann
etal. 2022). The combination regimen exhibited
an ORR of 50% with acceptable toxicity (We-
thington et al. 2023), supporting consideration
of combinatorial approaches to overcome ac-
quired PARPi resistance. Overall, more data
will be needed to guide decision-making about
PARPi use in the likely increasingly common
scenario of ROC, following first-line PARPi
maintenance therapy.

Summary of Treatment for PS-ROC

The backbone of therapy in PS-ROC remains
platinum-based chemotherapy, with secondary
cytoreductive surgery considered in a select
group of patients. PARPi maintenance is an op-
tion in patients with a gBRCAm; clinical benefit
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of adding PARPi maintenance is seen in a subset
of patients, who remain poorly defined at present.
The addition of bevacizumab for maintenance is
also an option for all patients, although the effect
on OS is unclear, especially in patients with prior
bevacizumab exposure. While there have been no
clinical trials to directly compare PARPi and bev-
acizumab maintenance strategies, a network
meta-analysis was performed to determine dif-
ferences in efficacy between bevacizumab and
PARPi maintenance in patients with PS-ROC
with respect to BRCA mutation status (Bartoletti
et al. 2020). In all comers, there was an improve-
ment in PFS with PARPi compared to bevacizu-
mab (HR 0.70, 95% CI 0.54-0.91), which was
more significant in the BRCAm group (HR
0.46, 95% CI 0.36-0.59). In the BRCAwt group,
there was no statistically significant difference in
PFES between the two therapeutic strategies (HR
0.87,95% CI 0.63-1.20). Bevacizumab or PARPi
combinations each showed superior PFS com-
pared with chemotherapy alone in all three co-
horts, arguing for at least one of these strategies to
be employed in all patients with PS-ROC. Al-
though these data are hypothesis generating, di-
rect comparisons are lacking, and the decision
therefore remains individualized. Considerations
should include BRCA status, previous therapies,
preexisting or prior toxicities, and the individual
when determining a treatment course.

PLATINUM-RESISTANT RECURRENCE

Disease recurrence <6 months after conclusion
of platinum-based chemotherapy has historical-
ly been categorized as PR-ROC. Multiple mech-
anisms of platinum resistance have been identi-
fied, including decreased accumulation and/or
inactivation of the drug in the cell, increased
DNA repair, altered proapoptotic signaling
and execution of cell death in response to
DNA damage, as well as resistance conferred
by the tumor microenvironment and immune
system (for review, see Binju et al. 2019). In
patients with PR-ROC, goals of treatment
should focus on controlling and preventing
symptoms from cancer, avoiding toxicities,
and maintaining quality of life. In general, treat-
ment options consist of clinical trials, ADCs, or

Ovarian Cancer Therapy

single-agent nonplatinum chemotherapy with
or without bevacizumab.

Chemotherapy/Surgery

Sequential, single-agent chemotherapy remains
the mainstay of treatment for PR-ROC. There
are many chemotherapy agents available, and
the optimal sequence is unknown. Options com-
monly used as initial therapies include weekly
paclitaxel (Markman et al. 2002), PLD (Mutch
et al. 2007), topotecan (Safra et al. 2007), gemci-
tabine (Mutch et al. 2007), pemetrexed (Miller
et al. 2009), and oral etoposide (Rose et al.
1998). Each is associated with relatively low re-
sponse rates (5%-25%) and short PFS intervals.

Surgery has traditionally not been recom-
mended for PR-ROC except for palliative intent,
given the overall poor survival in this popula-
tion. Palliative intestinal diversion to relieve
intractable nausea and vomiting via surgical,
endoscopic, or interventional radiology ap-
proaches due to recurrent small or large bowel
obstruction is especially common. However,
given advancements in the medical and surgical
management of ovarian cancer, a number of
trials are re-exploring the utility of secondary
cytoreductive surgery with or without HIPEC
in PR-ROC. These include HIPOVA-1, which
is a phase III randomized trial comparing
NACT and bevacizumab followed by ICS with
HIPEC and additional chemotherapy and bev-
acizumab with SOC chemotherapy and bevaci-
zumab (NCT03220932). The phase I/II PAR-
ROT study administered pressurized IP aerosol
chemotherapy with doxorubicin and cisplatin
every 28-42 days via diagnostic laparoscopy
for PR-ROC, finding a clinical benefit rate of
82% with good safety and tolerability (Vizzielli
et al. 2024), but further study in larger patient
populations is needed.

Antibody—Drug Conjugates

ADCs are an expanding class of therapeutics that
aim to specifically target cancer cells while min-
imizing systemic toxicity. ADCs with various
payloads and targets are under intense investiga-
tion across many areas of oncology, and several
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have shown promise in the field of ovarian cancer
(for review, see Lee and Liu 2019). Mirvetuximab
soravtansine is an ADC consisting of a human-
ized FRo-binding monoclonal antibody attached
via a cleavable linker to the tubulin-targeting
maytansinoid payload, DM4. FRo is overex-
pressed in ~80% of EOCs, most notably in
HGSOC (Kalli et al. 2008; O’Shannessy et al.
2013), and is correlated with worse prognosis
(Bax et al. 2023). Initial promising activity of
mirvetuximab soravtansine was seen in phase I
trials in heavily pretreated patients with PR-ROC
whose tumors have FRo. overexpression (Moore
et al. 2014, 2017a,b). These results led to the
randomized phase III FORWARD I trial
(NCT02631876), which compared mirvetuxi-
mab soravtansine to standard chemotherapy
(weekly paclitaxel, PLD, or topotecan) in PR-
ROC with medium (50%-74%) or high (75% of
greater) FRo expression (Moore et al. 2021). Key
findings from FORWARD 1 included a higher
ORR for mirvetuximab compared with chemo-
therapy (22% vs. 12%; P=0.015) in the overall
population with no significant difference in PFS
or OS. Common side effects included nausea,
diarrhea, and fatigue, as well as ocular disorders
such as blurred vision and keratopathy, which
were low grade and manageable with dose mod-
ification or delays with no long-term sequelae.
Notably, FORWARD I used a different method
of FRo quantification, specifically a simplified
scoring system (10X), from the PS2* scoring
method used in the phase 1 trials (Moore et al.
2021). In the prespecified FRa-high subgroup,
the mirvetuximab group had a longer PFS (HR
0.69; P=0.049) and OS (HR 0.62; P=0.033) and
higher ORR (24% vs. 10%; P =0.014) compared
with the chemotherapy group. Retrospective
analyses of FRo staining using the prior PS2*
method revealed that FORWARD I included pa-
tients with lower FRa levels, with a signal of ben-
efit in patients with strong PS2" staining (Moore
et al. 2021).

Subsequently, the SORAYA and MIRASOL
trials investigated the efficacy of mirvetuximab
in FRo-high disease assessed using the PS2*
method. The phase II SORAYA trial enrolled
patients with PR-ROC with high FRa tumor
expression, defined as at least 75% of viable tu-

mor cells exhibiting at least 2" membrane stain-
ing intensity (Matulonis et al. 2023a). Patients
with platinum-refractory disease, defined as dis-
ease progression during or within 3 months of
first-line platinum therapy, and patients who
had received more than three prior lines of che-
motherapy were excluded; prior bevacizumab
was required. Of 105 patients evaluable for effi-
cacy, 51% had received three prior lines of ther-
apy and 48% had received prior PARPi. The
study found an ORR of 32.4% with a median
duration of response of 6.9 months. Based on
these results, mirvetuximab received FDA accel-
erated approval for the treatment of patients
FRo-positive PROC who have received one to
three prior lines of therapy.

The confirmatory MIRASOL trial was a ran-
domized phase III trial comparing mirvetuxi-
mab soravtansine to the investigator’s choice
of chemotherapy (PLD, paclitaxel, or topotecan)
in patients with one to three prior lines of ther-
apy and high FRo expression, again assessed
using the PS2 method with a cutoft of 75%.
The study reported substantial clinical benefit
to mirvetuximab over chemotherapy, with in-
vestigator-assessed median PFS of 5.6 months
in the mirvetuximab group versus 4.0 months
in the chemotherapy group (P <0.001) and me-
dian OS of 16.5 versus 12.75 months, respective-
ly (HR 0.67, 95% CI 0.50-0.89; P=0.005). The
ORR was 42.3% for mirvetuximab versus 15.9%
for investigator’s choice chemotherapy (Moore
et al. 2023). Additionally, grade 3 and higher
adverse events were less common with mirve-
tuximab. These results led to the full FDA ap-
proval of mirvetuximab soravtansine for the
treatment of FRa-high, PR-ROC patients who
have received one to three prior systemic treat-
ment regimens along with the VENTANA
FOLRI1 RxDx Assay as a companion diagnostic.
This approval marked the first ADC with proven
efficacy and survival benefit in ovarian cancer
and first biomarker-driven therapy approval in
ovarian cancer.

Bevacizumab

In addition, bevacizumab in combination with
chemotherapy has been approved for PR-ROC
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based on the results of the phase II AURELIA
trial (Pujade-Lauraine et al. 2014). In this study,
patients with PR-ROC were randomized to che-
motherapy (weekly paclitaxel, PLD, or topote-
can) with or without bevacizumab. The primary
end point was PFS, and crossover to single-agent
bevacizumab at the time of progression was al-
lowed. ORR was significantly increased in the
bevacizumab cohort (31% vs. 13%), and the
mPFS was nearly doubled at 6.7 versus 3.4
months (HR 0.48, 95% CI 0.38-0.60; P<
0.001); however, there was no significant differ-
ence in OS. The greatest PFS benefit was seen in
patients treated with weekly paclitaxel (ORR
53.3%, mPFS 10.4 mo, 95% CI 7.9-11.9 mo)
on subgroup analysis (Poveda et al. 2015), which
is an improvement over the known ORR of
~10% for single-agent non-platinum agents in
this setting. Importantly, patients also reported
improvement in abdominal and gastrointestinal
symptoms with bevacizumab, and patients with
ascites at baseline required fewer paracenteses in
the bevacizumab group compared with chemo-
therapy alone. Bevacizumab has also demon-
strated single-agent activity in ROC with re-
sponse rates ranging from 16% to 21% (Burger
et al. 2007) and therefore remains an acceptable
treatment regimen in patients who are not can-
didates for further chemotherapy.

PARPi

As described above, while PARPi were prelimi-
narily FDA approved for treatment of ROC,
including PR disease, these approvals were with-
drawn after final OS analyses showed no signifi-
cant improvement.

Radiation

While ovarian cancer is frequently radiosensi-
tive, radiation has limited utility in the up-front
treatment of ovarian cancer given the need to
cover a large volume at risk of recurrence in the
abdomen and pelvis. In the modern era, more
targeted forms of radiation may be indicated in
specific clinical scenarios. The use of advanced
radiotherapy techniques such as adjuvant whole
abdominal intensity-modulated radiotherapy
(IMRT) following primary surgery and chemo-

Ovarian Cancer Therapy

therapy for advanced ovarian cancer and stereo-
tactic body radiotherapy (SBRT) for treatment
of oligometastatic recurrent disease have been
reviewed elsewhere (Fields et al. 2017; Kowal-
chuk et al. 2020; Corrigan et al. 2022), and pro-
spective clinical research on this topic remains
active (Macchia et al. 2022). Advanced interven-
tional radiology techniques for oligometastatic
disease such as radiofrequency, microwave, or
cryogenic ablation can also be effective (Yuan
et al. 2021).

INVESTIGATIONAL STRATEGIES FOR
RECURRENT OVARIAN CANCER

ADCs and Combinations

As discussed above, mirvetuximab is FDA ap-
proved for the treatment of FRo-high PROC
after receipt of one to three prior lines of thera-
py. Efforts are now focusing on evaluating mir-
vetuximab in earlier lines of therapy and in com-
bination. The phase 2 PICCOLO trial tested the
efficacy and safety of mirvetuximab mono-
therapy for patients with FRa-high ROC who
are platinum-ineligible and have received at
least two prior lines of therapy (Secord et al.
2024). Of 79 patients enrolled, the ORR was
51.9% (95% CI 40.4, 63.3) with mDOR of 8.3
months (95% CI 5.5, 10.8) and mPFS of 6.9
months (95% CI 5.9, 9.6) (Secord et al. 2024).
Additionally, preclinical data demonstrate that
mirvetuximab can potentiate the activity of oth-
er chemotherapeutic agents (Ponte et al. 2016);
thus, mirvetuximab is being tested in combina-
tion with other therapies in both PS-ROC and
PR-ROC with an aim to extend the benefit of
mirvetuximab to tumors with lower FRo expres-
sion levels. Several combinations have been in-
vestigated as part of the FORWARD 1I trial
(NCT02606305), including with bevacizumab
(O’Malley et al. 2020; Gilbert et al. 2023), carbo-
platin (Moore et al. 2018b), pembrolizumab
(Matulonis et al. 2018), and the triplet combi-
nation of mirvetuximab, carboplatin, and beva-
cizumab (Richardson et al. 2024). The combi-
nation of mirvetuximab with bevacizumab
demonstrated a tolerable safety profile and an
ORR of 44% (95% CI 33, 54) in patients with
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FRa-expressing PROC, which included tumors
with FRoo PS2" THC >25%, demonstrating a
benefit in lower FRo-expressing tumors (Gilbert
etal. 2023). This combination has been included
in the NCCN guidelines for patients with PROC
with FRo >25%. Based on these results, the
phase III GLORIOSA trial (NCT05445778)
(O’Malley et al. 2023) is investigating the com-
bination of mirvetuximab and bevacizumab ver-
sus bevacizumab alone as maintenance therapy
in PS-ROC. Beyond mirvetuximab, there are
many other ADCs in development for the treat-
ment of EOC (for review, see Karpel et al. 2023)
including other FRa-targeting ADCs (e.g.,
MORADb-202/farletuzumab ecteribulin, STRO-
002/luveltamab tazevibulin, rinatabart sesute-
can, LY4170156, IMGN151) as well as ADCs
targeting other tumor antigens such as HER2,
Trop2, and CDH6, among others (Table 2).
Notably, trastuzumab deruxtecan (T-DXd) is
a humanized anti-HER2 monoclonal antibody
linked to a potent topoisomerase I inhibitor pay-
load (Ogitani et al. 2016) that demonstrated ex-
cellent activity in the phase II DESTINY PanTu-
mor02 (DPT02) trial in patients with recurrent
advanced or metastatic HER2-expressing solid
tumors including EOC. In EOC patients with
2% or 3" HER2 expression, the ORR was 45%
and median DOR was 11.3 months, with four
CRs (Meric-Bernstam et al. 2024). Based on the
results of this trial, T-DXd has received tumor
agnostic approval for all tumors with HER2 3"
expression by IHC and is included in NCCN
guidelines (National Comprehensive Cancer
Network 2024) for HER2-positive disease (2*
or 3" by IHC). DTPO02 is ongoing and continues
to evaluate ovarian cancer patients with HER2 17
expression. GOG-3086/REFRaME-01 is an on-
going phase 2/3 two-part study designed to eval-
uate the efficacy and safety of the FRo-targeting
ADC, luveltamab tazevibulin, versus investiga-
tor’s choice chemotherapy in patients with recur-
rent FRo-expressing PROC (NCT05870748)
(Naumann et al. 2023). Similarly, the phase 2/3
REJOICE-Ovarian01 trial is assessing the opti-
mal dosing, efficacy, and safety of the CHD6-tar-
geting ADC, raludotatug deruxtecan, compared
to the investigator’s choice of chemotherapy
(NCT06161025) (Ray-Coquard et al. 2024).

Ongoing active areas of investigation related
to ADCs in EOC include identification of novel
tumor-specific targets, mechanisms of primary
and acquired ADC resistance, the optimal se-
quencing of ADCs, and ADCs in combination
therapy, including with standard chemotherapy,
antiangiogenic agents, and ICIL.

VEGFi with PARPi

Preclinical data demonstrate that DNA repair is
dysregulated in hypoxic tumor microenviron-
ments (Bindra et al. 2007), suggesting that
VEGFi-induced hypoxia could render tumors
more susceptible to death from DNA damage.
In support of this hypothesis, the combination
of cediranib, an anti-VEGF tyrosine kinase in-
hibitor, and olaparib initially showed impressive
improvement in PFS (HR 0.42, 95% CI 0.23-
0.76; P=0.005) in patients with PS-ROC, with
the benefit strongest in BRCAwt patients (Liu
et al. 2014). These results led to the phase III
NRG GY004 study comparing olaparib versus
olaparib/cediranib versus platinum-doublet
chemotherapy in PS-ROC, which found no im-
provement in PFS with the olaparib/cediranib
combination compared to chemotherapy and
worse patient-reported outcomes (Liu et al.
2022). However, both olaparib and olaparib/ce-
diranib had substantial clinical activity in the
subset of patients with gBRCAm, which exclud-
ed patients with first-line PARPi exposure.
ICONDY is an ongoing phase III trial evaluating
maintenance therapy with olaparib/cediranib
compared with olaparib alone following plati-
num-based chemotherapy in PS-ROC (NCT03
278717) (Elyashiv et al. 2021).

The combination of VEGFi and PARPi may
also have activity in the PR-ROC population.
The phase II OCTOVA trial randomized pa-
tients who relapsed within 12 months of plati-
num-based chemotherapy to olaparib alone
(300 mg twice daily), weekly paclitaxel (80 mg/
m?), or olaparib (300 mg twice daily) plus cedir-
anib (20 mg daily). In this heavily pretreated
population, including 22% with prior PARPi
exposure and 34% with prior antiangiogenic ex-
posure, the combination of olaparib and cedir-
anib showed promising activity, with an extend-
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ed PFS of 5.4 versus 3.7 months with olaparib
alone (HR 0.73; 60% CI 0.59, 0.89; P=0.1), with
no difference between weekly paclitaxel and ola-
parib alone (Nicum et al. 2024). The phase II
BAROCCO trial randomized patients with PR-
ROC to weekly paclitaxel (80 mg/m?) or ola-
parib (300 mg twice daily) with cediranib (20
mg daily or 20 mg 5 d/wk) (Colombo et al.
2022). Again, patients were heavily pretreated,
with 60% having three or more prior lines of
chemotherapy. No difference in PFS was seen
among groups, although the investigators ar-
gued that the oral doublet could be an attractive
alternative to IV chemotherapy in this challeng-
ing population. The phase III GY005 study
(NCT02502266) is investigating the combina-
tion of olaparib and cediranib in patients with
non-gBRCAm PR-ROC. Initial results presented
at the SGO 2024 Annual Meeting showed no
improvement in PFS or OS with olaparib and
cediranib versus SOC therapy (Lee et al. 2022,
2024).

Immunotherapy Combinations

Asin the first-line setting, single-agent ICIs have
shown minimal activity in the vast majority of
patients with recurrent EOC. The phase III
NINJA trial evaluated nivolumab monotherapy
compared with chemotherapy in women with
PROC (Hamanishi et al. 2021) and reported
significantly worse PFS and nonsignificantly
lower ORR (7.6% vs. 13.2%; P =0.191) for nivo-
lumab compared to nonplatinum chemothera-
py, further underscoring the lack of efficacy of
ICI as monotherapy in PROC. This has been
largely attributed to tumor heterogeneity and
an immunosuppressive tumor microenviron-
ment (Kumar et al. 2024), leading to a focus
on combination approaches. Dual immune
checkpoint blockade with the combination of
nivolumab and ipilimumab vyielded superior
ORR compared to nivolumab alone (31.4% vs.
12.2%) in the GY-003 trial, although PFS was
only minimally extended at 3.9 months in the
ipilimumab plus nivolumab group (Zamarin
et al. 2020). The F.-enhanced anti-CTLA-4 an-
tibody, botensilimab, is also being tested in com-
bination with balstilimab, an anti-PD-1 agent,
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in a phase I study of advanced solid tumors
(NCT03860272). In the PROC cohort, there
was promising activity with an ORR of 33%
(95% CI 15.6%-55.3%) (Bockorny et al. 2023).
Multiple anti-TIGIT monoclonal antibodies are
also under investigation in combination with
anti-PD-1/PD-L1 agents, chemotherapy, and
other drugs (summarized in Moufarrij and
O’Cearbhaill 2024).

ICIs have also been tested in combination
with chemotherapy with modest results. The
phase III ATALANTE/ENGOT-ov29 study of
atezolizumab added to chemotherapy and bev-
acizumab in patients with PS-ROC did not show
significant improvement in outcomes (Kurtz
et al. 2023). Similarly, in the phase II/III NRG-
GYO009 trial, atezolizumab added to PLD with
or without bevacizumab did not extend
median PFS or OS in patients with PROC
(NCT02839707) (O’Cearbhaill et al. 2023). Ate-
zolizumab also did not add benefit to nonplati-
num chemotherapy with bevacizumab in pa-
tients with recurrent EOC who are not
candidates for platinum-based chemotherapy
in the phase III AGO-OVAR 2.29/ENGOT-
ov34 trial (NCT03343831) (Marmé et al.
2024). However, a small phase II trial of the
combination of pembrolizumab, oral cyclo-
phosphamide, and bevacizumab in patients
with recurrent EOC, the majority of which
were PR, reported an ORR of 47.5%, clinical
benefit rate of 95.0%, and median PFS of 10.0
months (90% CI 6.5-17.4) (Zsiros et al. 2021);
based on these results, this combination is now
included on the NCCN guidelines.

The combination of PARPi with ICI has also
been evaluated in recurrent EOC, given preclin-
ical evidence discussed previously (Jiao et al.
2017; Césaire et al. 2018). The phase I/II TOPA-
CIO/KEYNOTE-162 trial (NCT02657889) test-
ed the combination of pembrolizumab and nir-
aparib in patients with PR-ROC or with triple
negative breast cancer and reported an ORR of
18% in the ovarian cohort, including three com-
plete responses (Konstantinopoulos et al. 2019).
However, the phase Il MOONSTONE study as-
sessed the efficacy of niraparib and dostarlimab
in BRCAwt recurrent PR-ROC and was termi-
nated prematurely due to futility (Randall et al.

Advanced Online Article. Cite this article as Cold Spring Harb Perspect Med doi: 10.1101/cshperspect.a038232 25


http://perspectivesinmedicine.cshlp.org/

Downloaded from http://perspectivesinmedicine.cshlp.org/ at INDIANA UNIVERSITY on October 23, 2025 - Published by Cold
Spring Harbor Laboratory Press

fco;ﬁ\b Cold Spring Harbor Perspectives in Medicine

PERSPECTIVES

Voo’

www.perspectivesinmedicine.org

D. Miao et al.

2023). The triplet combination of PARPji,
VEGFi, and ICI was evaluated in the phase II
OPAL-A trial and exhibited a 17.1% response
rate in PR-ROC that was largely BRCAwt- and
HRD-negative (Liu et al. 2024). Collectively,
these studies have consistently demonstrated
that a small (~10%) population of EOC derives
benefit from ICI alone, yet the ability to prospec-
tively identify these patients has remained elu-
sive. The addition of other agents in combina-
tion can modestly improve response rates, but
with increased toxicity. An improved under-
standing of biomarkers of response and toxicity
risk will be necessary for bringing immunother-
apies into standard practice for patients with
EOC.

Beyond ICI, additional immunotherapy ap-
proaches under active investigation include bi-
specific antibodies that simultaneously target an
ovarian cancer-specific antigen and an immune
cell receptor (e.g., ubamatamab/REGN4018)
(Van Nieuwenhuysen et al. 2022), cytokine
therapies (e.g., the engineered IL-2 variant,
nemvaleukin) (Winer et al. 2022), cancer vac-
cines (Sellars et al. 2022), and oncolytic viruses
(e.g., Olvi-Vec) (Holloway et al. 2023). In addi-
tion, adoptive cell therapy (ACT) approaches are
actively being investigated as monotherapy and
in combination with ICI in ovarian cancer (re-
cently reviewed in Gitto et al. 2024). ACT's can
use endogenous tumor-reactive T cells, known
as tumor-infiltrating lymphocytes, or peripheral
blood-sourced T cells, which are then engi-
neered ex vivo to express a tumor antigen-spe-
cific T-cell receptor or chimeric antigen receptor
to promote their activity against tumor cells
(Son et al. 2022). Although T-cell-based thera-
pies are the furthest along in development, more
recent strategies include natural killer cell- and
macrophage-based ACT, which also have the
potential to modify the tumor microenviron-
ment (Klichinsky et al. 2020; Rodriguez-Garcia
et al. 2021). While promising, ACT approaches
require further refinement before being incor-
porated into standard treatment for EOC pa-
tients, including evaluation earlier in a patient’s
treatment course, developing methods to de-
crease production time and reduce cost and re-
fining strategies to mitigate toxicities.

TARGETED THERAPIES FOR SPECIFIC
HISTOLOGICAL EPITHELIAL OVARIAN
CANCER SUBTYPES

Investigational approaches are increasingly be-
ing tailored to specific histologic subtypes of
EOC and their associated molecular and genetic
features. Given the relative rarity of non-high-
grade serous subtypes, these efforts have re-
quired national and international collaboration
but are yielding promising advances in both
treatment de-escalation and novel therapeutics
with some notable examples discussed below.

Low-Grade Serous Ovarian Cancer

The predominant cancer driver mutations in
LGSOC include KRAS, BRAF, ERBB2, NRAS,
NF1, and PIK3CA, highlighting the dominant
role of the mitogen-activated protein kinase
(MAPK) pathway (also known as the Ras-Raf-
MEK-ERK pathway) in this disease (Table 5).
Thus, MEK inhibitors have been a focus of clin-
ical interest for recurrent disease. The selective
MEK1/2 inhibitor, trametinib (2 mg once dai-
ly), demonstrated favorable activity compared to
the investigator’s choice of standard therapy in
the phase II/IIT GOG-281 trial with mPES of
13.0 months with trametinib versus 7.2 months
(HR 0.48, 95% CI 0.36-0.64; P <0.0001) for the
standard therapy group (Gershenson et al.
2022). The MILO/ENGOT-ov11 was a similar
trial in recurrent LGSOC investigating the
MEK1/2 inhibitor binimetinib (45 mg twice
daily) and did not meet its primary end point
of PFS when compared to chemotherapy. How-
ever, a post hoc analysis found improved re-
sponse rates and longer PFS in patients with
tumors harboring MAPK pathway mutations,
suggesting this could be another option for re-
current LGSOC (Monk et al. 2020). Activation
of focal adhesion kinase (FAK) has been found
to be a common resistance mechanism to RAF/
MEK inhibition; therefore, the combination of
the RAF/MEK clamp, avutometinib, with the
FAK inhibitor, defactinib, is being investigated,
with preliminary results from the phase II EN-
GOT-ov60/GOG-3052/RAMP 201 trial dem-
onstrating an ORR of 31% for the combination
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Table 5. Clinical trials in low-grade serous ovarian cancer

Study name Study drug(s) Patient population Study arms
NCT04095364 Letrozole Stage II-IV LGSOC after up-front Carboplatin + paclitaxel
GY-019 cytoreductive surgery followed by letrozole

maintenance

Letrozole
NCT05601700 Letrozole Stage IIT and IV LGSOC after Carboplatin + paclitaxel
LEPRE up-front cytoreductive surgery Letrozole
NCT06394804 Avutometinib Newly diagnosed unresectable Avutometinib + defactinib +
CHAMELEON Defactinib LGSOC or residual disease after letrozole

primary cytoreductive surgery

NCT06072781 Avutometinib Recurrent LGSOC after progression Avutometinib + defactinib
RAMP 301 Defactinib on platinum-based chemotherapy Physician’s choice
GOG-3097 chemotherapy
ENGOT-ov81
NCT05113368 Regorafenib Recurrent LGSOC Regorafenib + fulvestrant

(LGSOC) Low-grade serous ovarian cancer.

(44% in KRAS-mutant, 17% in KRAS-wild-
type), with a disease control rate of 61% at
6 months (Banerjee et al. 2023; Grisham et
al. 2024). The phase III RAMP-301 trial
(NCT06072781) comparing the avutometinib/
defactinib combination versus the investigator’s
choice of chemotherapy is ongoing. Thus, at
present, regimens for recurrent LGSOC recom-
mended by the NCCN include trametinib, bini-
metinib, and dabrafenib + trametinib (for BRAF
V600E-positive tumors), as well as hormonal
therapy, chemotherapy, or observation.

Clear Cell Ovarian Cancer

Clear cell ovarian cancer has relatively poor
chemotherapy responsiveness compared with
HGSOC. Although ICT have shown poor activity
in pooled trials of EOCs, subset analyses have
suggested that clear cell carcinomas may be
more likely to respond to immunotherapy (Sia
et al. 2022). Mutations in the SWI/SNF chro-
matin remodeling subunit ARID1A and in
PIK3CA also occur in ~50% of clear cell ovarian
cancers. Thus, ongoing phase II trials are re-ex-
ploring the efficacy of immunotherapy specifi-
cally in clear cell ovarian cancers, for example,
with the combination of kinase inhibitor lenva-
tinib with pembrolizumab (NCT05296512) or
with dostarlimab and the PP2A inhibitor LB-

100 (NCT06065462). A phase II trial including
44 patients with recurrent clear cell carcinomas
of gynecologic origin (36 patients with ovarian
primary) found a 14% ORR with nivolumab
alone and 33% with ipilimumab + nivolumab,
including four complete responses with the im-
munotherapy combination (Dizon et al. 2024).

Mucinous Ovarian Cancer

Growing knowledge about the distinct molecular
features of mucinous ovarian tumors may help
guide future treatment selection, as these tumors
rarely harbor BRCA1/2 mutations or HRD defi-
ciency but more commonly feature ERBB2 am-
plification, KRAS mutations, MMR amplification
as well as deficiency, and ER positivity, raising the
possibility of treatment with targeted agents, hor-
monal therapy, or immunotherapy (Gorringe
et al. 2020). Additionally, given the histological
similarity of mucinous ovarian cancers to gastro-
intestinal malignancies, there has been interest in
treating these with gastrointestinal cancer che-
motherapy regimens. GOG0241 randomized pa-
tients with mucinous ovarian cancer to carbo-
platin/paclitaxel or oxaliplatin/capecitabine, with
or without bevacizumab (Gore et al. 2015, 2019).
Ultimately, the trial was terminated early due to
poor recruitment, finding no differences in sur-
vival among the treatment groups. The authors
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cited difficulties with confirming the diagnosis of
mucinous ovarian cancer on central pathology re-
view, difficulty with obtaining study drugs, and
overall rarity of the histological subtype as major
challenges. Nevertheless, interest persists in im-
proving the treatment of mucinous EOCs specif-
ically, and an ongoing clinical trial called HI-
MOC is focusing on use of HIPEC preferentially
for this ovarian cancer subtype (NCT05123807).

CONCLUDING REMARKS AND CURRENT
AREAS OF FOCUS

An improved understanding of the molecular
biology of specific EOC subsets, as well as the
tumor microenvironment, has accelerated drug
development and interest in clinical trial devel-
opment both in the newly diagnosed setting as
well as in ROC. In newly diagnosed ovarian can-
cer, PARPi efficacy has been demonstrated be-
yond BRCA-related cancers, especially in HRD"
cancers. For recurrent disease, the approval of
the first ADC for ovarian cancer, mirvetuximab,
has paved the way for testing additional ADCs
with various targets and payloads, as well as in
combination with other agents. Continued ac-
tive investigations into new chemotherapy
drug classes, combinatorial immunotherapy ap-
proaches, and innovative surgical techniques
such as HIPEC and novel radiation modalities,
together with novel diagnostic tools to allow for
individualized therapy, offer hope for further
improved outcomes for patients with advanced
ovarian cancer. Challenges ahead include in-
creasing the cure rate of newly diagnosed ad-
vanced ovarian cancer, strategies to sensitize
ovarian cancers to immunotherapy, and novel
approaches and drug development for the treat-
ment of platinum-resistant ROC.
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