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O varian cancer is the third most common and the most le-
thal gynecologic malignant neoplasm worldwide, with
313 959 new diagnoses and 207 252 deaths globally in

2020 and an estimated 19 880 new diagnoses and 12 810 deaths
in the US in 2022.1-3 Epithelial ovarian cancer is the most common
subtype of ovarian cancer, which can be divided into high grade-
serous ovarian cancer (HGSOC), endometrioid carcinomas, clear-
cell carcinomas, mucinous carcinomas, and low-grade serous carci-
nomas. Of these, HGSOC is the most common and has been shown
to be associated with 70% to 80% of deaths among patients with
ovarian cancer4,5 with an average 5-year survival of less than 50%
and a median overall survival (OS) of 40.7 months (mo).3,6,7

During the past decade, both the incidence of new diagnoses
and the death rate for ovarian cancer have steadily declined and the
prevalence of patients living with the disease has increased.3 The
backbone of first-line treatment has changed little in the past 3 de-
cades, with the use of platinum-based chemotherapy plus pacli-
taxel being the primary treatment option for HGSOC since the mid-

1990s. However, recent guidance on maintenance therapy has
evolved to include poly (ADP-ribose) polymerase (PARP) inhibitors
and/or the antiangiogenic agent, bevacizumab.8 Use of mainte-
nance therapy in the platinum-sensitive setting has been steadily in-
creasing in the US and Europe9,10; it has likely positively affected sur-
vival outcomes for patients with platinum-sensitive ovarian cancer11,12

and possibly contributed to the steady decline in the annual death
rate. These increases in prevalence and survival require adjust-
ments to the treatment strategy for long-term care, especially when
the ovarian cancer becomes platinum resistant.

Ovarian cancer has a reported response rate of 75% to 80% with
frontline therapy.13 However, 70% of tumors will recur and eventu-
ally become platinum resistant, typically defined as disease relapse
within 6 mo after the last dose of a platinum-based therapy.14 More-
over, approximately 20% of patients have no response to frontline
platinum-based treatment and are considered primary platinum
refractory, defined as progression within 4 weeks of the last dose
of platinum-based chemotherapy.8,15

IMPORTANCE Platinum-based chemotherapy has been the standard of care for ovarian cancer
for the past 3 decades. Although most patients respond to platinum-based treatment,
emergence of platinum resistance in recurrent ovarian cancer is inevitable during the disease
course. Outcomes for patients with platinum-resistant ovarian cancer are poor, and options
remain limited, highlighting a substantial unmet need for new treatment options.

OBSERVATIONS This review summarizes the current and evolving treatment landscape for
platinum-resistant ovarian cancer with a focus on the development of novel compounds.
Biologic and targeted therapies such as bevacizumab and poly (ADP-ribose) polymerase
(PARP) inhibitors—originally approved in the platinum-resistant setting but since
withdrawn—are now used in the up-front or platinum-sensitive setting, prolonging the
duration of platinum sensitivity and delaying the use of nonplatinum options. The greater
use of maintenance therapy and the emphasis on using platinum beyond first-line treatment
has most likely been associated with a greater number of lines of platinum therapy before
a patient is designated as having platinum-resistant ovarian cancer. In this contemporary
setting, recent trials in platinum-resistant ovarian cancer have mostly had negative outcomes,
with none having a clinically significant effect on progression-free or overall survival since
the approval of bevacizumab in combination with chemotherapy. Nonetheless, a multitude
of new therapies are under evaluation; preliminary results are encouraging. A focus on
biomarker-directed treatment and patient selection may provide greater success in
identifying novel therapies for treating platinum-resistant ovarian cancer.

CONCLUSIONS AND RELEVANCE Although many clinical trials in platinum-resistant ovarian
cancer have had negative outcomes, these failures provide insights into how clinical trial
design, biomarker-directed therapy, and patient selection could facilitate future successes
in platinum-resistant ovarian cancer treatment.
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Unfortunately, the determination of platinum resistance still re-
lies on a progression-free interval following platinum-based therapy.
Although a validated method for predicting platinum resistance is
still lacking, several disease features have been associated with plati-
num resistance or platinum-free interval (PFI), including higher func-
tional score for homologous recombination repair, lack of BRCA 1/2
variation, amplification of CCEN1 gene, higher rate of CA-125 elimi-
nation, higher number of circulating tumor cells, lower number of
tumor-infiltrating lymphocytes, and defined gene signatures (de-
tailed by You and colleagues16). Several mechanisms of platinum
resistance have been proposed, including alteration of drug efflux,
sequestration of platinum by intracellular proteins, repair of platinum-
induced DNA damage, and alterations in expression of survival
proteins.17-19 Ultimately, mechanisms of platinum resistance are het-
erogenous and unclear. Resistance to platinum-based therapy re-
mains the leading cause of mortality in advanced ovarian cancer, with
limited treatment options and a lack of guidance on treatment
sequencing in the platinum-resistant setting.14

Currently, the standard treatment for platinum-resistant ovar-
ian cancer (PROC) is sequential single-agent nonplatinum chemo-
therapy or enrollment in a clinical trial. Nonplatinum chemotherapy
has been associated with low objective response rates (ORRs, <12%),
short progression-free survival (PFS, <4 mo) and OS (<12 mo),8,20-22

and significant adverse effects such as neutropenia, alopecia, neu-
ropathy, and palmar-plantar erythrodysesthesia, which can impair
quality of life (QOL).8,23

Considering that the currently available therapies have limited
efficacy and substantially affect QOL, an important need exists for
new treatment options for patients with PROC. The purpose of this
review was to discuss the current treatment landscape of ovarian
cancer and promising therapeutic options for addressing the im-
perative and unmet needs of patients with PROC.

Evolution of PROC Treatment
and Recent Developments
The antiangiogenic agent bevacizumab was approved in the US
and Europe in 2014 as the first noncytotoxic therapy for PROC.
The pivotal AURELIA20 trial evaluated bevacizumab with vs with-
out single-agent chemotherapy in patients with PROC. Notably,
AURELIA excluded patients who had received more than 2 sys-
temic therapies. Most patients (58%) in the trial received 1 prior
line of therapy, which aligned with clinical practice at the time that
the study was conducted, and only 7% to 8% of enrolled patients
received prior antiangiogenic therapy (Table 1).20 After a median
follow-up of approximately 14 mo, bevacizumab plus chemo-
therapy was associated with an ORR of 30.9% (vs 12.6% with che-
motherapy) and met its primary end point with a median PFS of
6.7 mo (vs 3.4 mo).

Although the findings of the primary analysis did not demon-
strate improved OS with the addition of bevacizumab, a post hoc analy-
sis of AURELIA suggested that survival assessments were con-
founded by postprogression crossover use of bevacizumab among
patients in the chemotherapy group. This study revealed a 32% to
40% decrease in the risk of death associated with receiving bevaci-
zumab plus chemotherapy or bevacizumab following progression
vs never receiving bevacizumab.27 An additional post hoc analysis

suggested that weekly paclitaxel with bevacizumab was associated
with improved PFS and ORR vs weekly topotecan or pegylated lipo-
somal doxorubicin (PLD) with bevacizumab.28 Treatment effect on
OS in the paclitaxel cohort was also more pronounced (unadjusted
hazard ratio, 0.65; 95% CI, 0.42-1.02; median 22.4 vs 13.2 mo).

Despite this success, bevacizumab has been associated with
treatment-related adverse events, including hypertension, protein-
uria, hemorrhage, thrombosis, and bowel perforation, which pre-
clude its use in some patients.29 Bevacizumab-induced bowel per-
foration can occur in 9% to 11% of patients with recurrent ovarian
cancer.29,30 Moreover, because bevacizumab is recommended in
frontline induction and maintenance in platinum-sensitive ovarian
cancer,8 most patients will have already received bevacizumab by
the time they develop PROC.10 Evidence to date indicates that pre-
vious bevacizumab treatment is unlikely to influence outcomes with
subsequent treatment, suggesting that bevacizumab retreatment
likely remains an option in patients with PROC.11,31

Initially, PARP inhibitors were approved for use in PROC based on
acceptable response rates (33%-41%),32-35 primarily in subsets of pa-
tients with BRCA variation and/or homologous recombination defi-
ciency. However, recent post hoc analyses (with clear limitations) sug-
gested a potential OS detriment in patients with recurrent ovarian
cancer who received PARP inhibitor monotherapy vs chemotherapy
based on the SOLO336 (median OS, 29.9 vs 39.4 mo in patients with
�3 prior lines of therapy) and ARIEL437 (median OS, 19.4 vs 25.4 mo
in patients with �2 prior lines of therapy) studies. This prompted vol-
untary withdrawals of olaparib, rucaparib, and niraparib mono-
therapy treatment indications for recurrent ovarian cancer beyond
second line.38,39 In all, the recent withdrawals of PARP inhibitors
treatment indications in the recurrent setting as well as the greater
success and incorporation of PARP inhibitors into frontline mainte-
nance treatment further limits options for patients with PROC and
underscores the high unmet medical need in this setting.

Cytoreductive surgery is often included in frontline treatment
of ovarian cancer and has been associated with significant survival
benefit,40 particularly in patients with primary platinum resistance
who may derive less benefit from platinum-based chemotherapy.16

Secondary cytoreductive surgery (SCS) in the recurrent setting
has only been prospectively evaluated in platinum-sensitive ovar-
ian cancer, where clear criteria have been developed.41 However, in
patients with PROC, SCS has not been well-studied; to our knowl-
edge, there are no available prospective trials and few retrospec-
tive studies. A prospective phase 3 trial of SCS in PROC was planned
and ultimately withdrawn owing to poor patient accrual. However,
HIPOVA-01, a prospective phase 3 trial to evaluate SCS with intra-
peritoneal hyperthermic chemotherapy is underway in patients with
PROC (National Clinical Trial [NCT] Identifier, NCT03220932). Con-
sidering the lack of prospective evidence, SCS is currently recom-
mended only in patients with platinum-sensitive ovarian cancer.41

Unsuccessful Trials in PROC
Unfortunately, many subsequent novel therapies have not been as-
sociated with improved clinical outcomes in PROC (Table 1).20-22,24-26

Despite the success of bevacizumab, alternate antiangiogenic thera-
pies (eg, cediranib, ofranergene obadenovec [ofra-vec]) have
either failed to improve outcomes or have been withdrawn from de-
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velopment. Ofra-vec, an antiangiogenic and antitumor response
gene therapeutic agent, was assessed in combination with weekly
paclitaxel in the phase 3 OVAL trial42 and did not show any signifi-
cant improvement in PFS (5.3 vs 5.4 mo) or OS (13.4 vs 13.1 mo) vs
weekly paclitaxel. Although these results were preliminarily shared,
the formal presentation of the trial data will help clarify the efficacy
signal seen in the weekly paclitaxel control group.

Lurbinectedin, a DNA RNA synthesis binder, also did not have
a clinical advantage vs chemotherapy in a randomized clinical trial
(RCT). Lurbinectedin inhibits oncogenic transcription, and its activity
is enhanced in cancer cells that are proficient in nucleotide excision re-
pair, which are typically more resistant to platinum.43,44 The phase 3

CORAIL trial21 was conducted on the basis of promising preclinical
evidence and encouraging efficacy findings with lurbinectedin vs
topotecan in a phase 2 RCT.45 Unfortunately, neither median PFS
(3.5 vs 3.6 mo) nor median OS (11.4 vs 10.9 mo) showed improvement
with lurbinectedin vs topotecan or PLD.21 Compared with the more
successful phase 2 RCT45 on which it was based, the CORAIL patient
population was older, more heavily pretreated, and had a higher pro-
portion of patients who did not experience a response or whose
cancer progressed shortly after prior platinum-based therapy.21

Immunotherapies, although efficacious in treatment of many
other solid malignant neoplasms, have shown less promise in ovar-
ian cancer to date. The JAVELIN Ovarian 200 RCT24 evaluated the pro-

Table 1. Recent Phase 3 Randomized Clinical Trials (RCTs) by Mechanism of Action in Platinum-Resistant Ovarian Cancer, 2009 to 2018

Trial details Mechanism Patient characteristics Efficacy outcome
AURELIA,20 bevacizumab (Bev) plus chemotherapy vs chemotherapy alone (Pac/Topo/PLD)

361 Patients enrolled in
October 2009-April 2011

Antiangiogenesis Median (range) age, y: 61 (25-84) vs 62 (25-80)
2 prior lines of chemotherapy: 43% vs 40%
Prior antiangiogenic therapy: 8% vs 7%
PFI <3 mo: 25% vs 28%

Median follow-up, mo: 13.0 vs 13.9
ORR, 30.9% vs 12.6%
Chemotherapy subgroup ORRs: Bev-Pac vs Pac:
53.3% vs 30.2%; Bev-Topo vs Topo: 17.0% vs 0%;
Bev-PLD vs PLD: 13.7% vs 7.8%
mPFS (95% CI), mo: 6.7 (5.7-7.9) vs 3.4 (2.2-3.7)
mOS (95% CI), mo: 16.6 (13.7-19.0) vs 13.3
(11.9-16.4)

JAVELIN Ovarian 200,24 avelumab alone vs avelumab with chemotherapy (PLD) vs chemotherapy alone

566 Patients enrolled in
January 2016-May 2017

Immunotherapy Median (IQR), age y: 60 (53-67) vs 60 (53-69)
vs 61 (53-70)
Prior lines of anticancer therapy: 1, 48% vs 48%
vs 48%; 2-3, 52% vs 52% vs 52%
Prior Bev: 26% vs 28% vs 34%

Median follow-up, mo: 18.4 vs 17.4 vs 18.2
ORR, 13% vs 4% vs 4%
mPFS (95% CI), mo: 3.7 (3.3-5.1) vs 3.5 (2.1-4.0)
vs 1.9 (1.8-1.9)
mOS (95% CI), mo: 15.7 (12.7-18.7) vs 13.1
(11.8-15.5) vs 11.8 (8.9-14.1)

NINJA,25 nivolumab vs gemcitabine (Gem) or PLD

316 Patients enrolled in
October 2015-July 2016, and
March 2017-December 2017

Immunotherapy Median (range) age, y: 58 (29-84) vs 60 (34-80)
Prior lines of chemotherapy: 1, 24% vs 20%; 2, 42%
vs 41%; 3, 19% vs 22%; ≥4, 15% vs 17%
1 prior chemotherapy regimen after platinum
resistance diagnosis: 28.0% vs 34.6%

Median follow-up: not reported
ORR, 7.6% vs 13.2%
mPFS (95% CI), mo: 2.0 (1.9-2.2) vs 3.8 (3.6-4.2)
mOS (95% CI), mo: 10.1 (8.3-14.1) vs 12.1
(9.3-15.3)

FORWARD-1,22 mirvetuximab soravtansine (MS) vs chemotherapy (PLD/Pac/Topo)

366 Patients enrolled in
January 2017 and April 2018

ADC Median (range) age, y: 64 (34-89) vs 64 (31-86)
Prior lines of systemic therapy: 1-2, 64% vs 63%;
3, 35% vs 36%
Prior Bev: 49% vs 47%
Prior PARPi: 18% vs 16%

Median follow-up, mo: 12.5 vs 12.5
ORR, 22% vs 12%
mPFS, mo: 4.1 vs 4.4
mOS, mo: 17.3 vs 12.0

PENELOPE,26 pertuzumab plus chemotherapy vs chemotherapy (Gem/Pac/Topo)

156 Patients enrolled in
October 2013-September
2014

ERBB2 (HER2)
receptor inhibitor

Median (range) age, y: 65 (32-79) vs 64 (26-80)
Prior lines of chemotherapy: 2, 49% vs 62%;
3, 3% vs 0%; 4, 1% vs 0%
Prior Bev: 24% vs 29%
PFI <3: 24% vs 27%; 3-6, 76% vs 73%

Median follow-up, mo: 10.3 vs 10.1
ORR, 13.1% vs 8.7%
Chemotherapy subgroup ORRs: pertuzumab-Gem
vs Gem: 5.3% vs 0%; pertuzumab-Topo vs Topo:
4.5% vs 0%; pertuzumab-Pac vs Pac: 30.0%
vs 24.0%
mPFS (95% CI), mo: 4.3 (3.7-6.0) vs 2.6 (2.1-4.3)
mOS (95% CI), mo: 10.3 (6.7-NR) vs 7.9 (6.1-12.0)

CORAIL,21 lurbinectedin vs PLD/Topo

442 Patients enrolled in
June 2015-October 2018

DNA RNA
synthesis binder

Median (range) age, y: 63 (25-85) vs 59 (28-87)
Prior lines of chemotherapy: 1-2, 77% vs 76%; 3,
23% vs 24%
Prior Bev: 40% vs 46%
Prior PARPi: 5% vs 4%

Median follow-up, mo: 25.6 overall
ORR, 15% vs 13%
Chemotherapy subgroup ORRs: lurbinectedin vs
PLD: 14.5% vs 14.2%; lurbinectedin vs Topo: 14.5%
vs 10.6%
mPFS (95% CI), mo: 3.5 (2.1-3.7) vs 3.6 (2.7-3.8)
mOS (95% CI), mo: 11.4 (9.0-14.2) vs 10.9
(9.3-12.5)

Abbreviations: ADC, antibody-drug conjugate; Bev, bevacizumab;
ERBB2, erb-b2 receptor tyrosine kinase 2 (formerly HER2); Gem, gemcitabine;
mOS, median overall survival; mPFS, median progression-free survival;

ORR, overall response rate; Pac, paclitaxel; PARPi, poly (ADP ribose) polymerase
inhibitor; PFI, platinum-free interval; PLD, pegylated liposomal doxorubicin;
Topo, topotecan.

Ovarian Cancer Care and Unmet Needs for Patients With Platinum Resistance Review Clinical Review & Education

jamaoncology.com (Reprinted) JAMA Oncology Published online April 20, 2023 E3

© 2023 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a University of Oklahoma Health Sciences Center User  on 04/25/2023

http://www.jamaoncology.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2023.0197


grammed cell death-ligand 1 (PD-L1) inhibitor, avelumab, either as a
monotherapy or in combination with PLD in patients with platinum-
resistant or platinum-refractory ovarian cancer and did not demon-
strate improved PFS when avelumab was combined with PLD (me-
dian 3.7 vs 3.5 mo) or OS (median 15.7 vs 13.1 mo) vs PLD alone.
Avelumab monotherapy led to poorer PFS (median 1.9 mo) and OS
(median 11.8 mo) vs either of the PLD-receiving groups.24 The pro-
grammed cell death protein 1 inhibitor, nivolumab, had similarly dis-
appointing results when tested as a monotherapy, with no improve-
ment in PFS (median 2.0 vs 3.8 mo) or OS (median 10.1 vs 12.1 mo) vs
gemcitabine or PLD in the NINJA trial.25 The NRG GY009 trial
(NCT02839707) is currently evaluating PLD with atezolizumab and/or
bevacizumab in patients with PROC, with results expected in 2023.

Evolving Definition of Platinum Resistance
The classic definition of platinum resistance, disease progression
within 6 months of completing a platinum-based regimen, is com-
monly used as an enrollment criterion for clinical trials and regula-
tory approvals. However, it is difficult to adapt this dichotomous defi-
nition to clinical practice because platinum-based combinations have
shown modest response rates in patients who were considered to
be platinum resistant per this definition. In a phase 2 RCT,46 the ORR
for cisplatin plus gemcitabine in patients with PROC was 57%, with
3 of 14 patients reaching a complete response. Accordingly, the
European Society for Medical Oncology guidelines8 now recom-
mend the use of platinum-based therapies until platinum is no lon-
ger appropriate. Additionally, during the past decade, the Gyneco-
logic Cancer InterGroup47 has recommended replacing the binary
terminology for platinum-resistant and platinum-sensitive ovarian
cancer with PFI, defined as the time since the last dosage of platinum-
based therapy. Longer PFI has been associated with increased re-
sponse to platinum-based therapy, although PFI has been shown to
decrease with each line of therapy.8 Further categorization of time
following previous therapy as treatment-free intervals (TFI) has been
suggested, including TFI from last platinum-based therapy, TFI from
last nonplatinum-based therapy, and TFI from last biologic agent15

Ultimately, the use of maintenance treatments, which prolong clini-
cal benefit to platinum-based lines of therapy, and the evolving defi-
nition of platinum resistance has shifted the characteristics of pa-
tients with PROC toward a population that is later in the disease
course and more heavily pretreated. Additionally, in this contem-
porary treatment landscape, prior exposure to PARP inhibitor main-
tenance therapy may compromise responses to subsequent plati-
num-based treatment strategies and may affect disease biology in
a manner that is, to date, not clearly understood.48 Unfortunately,
clear evaluation of characteristics defining patients with PROC, as
well as epidemiologic trends in PROC over time, represent a cur-
rent knowledge gap that requires assessment.

Many of the recent trials of PROC20-22,24-26 included patients
with up to 3 prior lines of therapy, and most patients in these trials
received 1 to 2 prior lines of therapy (Table 1). In the chemotherapy
control groups of these trials, response rates ranged from 4% to 13%,
and median PFS ranged from 3.4 to 4.1 mo. Considering these poor
outcomes, it is critical to develop novel therapeutic options and iden-
tify biomarker-directed strategies to personalize treatment for pa-
tients who are most likely to benefit.

Future Therapeutic Strategies in PROC

Novel regimens with a multitude of mechanisms of action are cur-
rently being assessed as possible therapeutic options for PROC. There
are several notable trials under way (Table 2).

Antibody Drug Conjugates
Antibody drug conjugates (ADCs) are an emerging class of drugs for
treatment of ovarian cancer that are of particular interest because
of the ability to identify biomarker-defined patient subgroups that
have a higher probability of treatment response. Given that ADCs
use monoclonal antibodies coupled to a payload, they deliver a
potent cytotoxic agent specifically to tumor cells. This optimized
targeted delivery could result in an expanded therapeutic index
compared with conventional chemotherapeutics.49 Moreover, the
structure of ADCs, containing an antibody, linker, and drug portion,
offers opportunities to innovate by optimizing each component to
enhance efficacy while reducing toxic effects.50

Several ADCs targeting various biomarkers are being assessed
for patients with PROC. In November 2022, mirvetuximab soravtan-
sine, an ADC that targets folate receptor α (FRα), was approved by
the US Food and Drug Administration for use in patients with PROC
who are FRα-positive and have received 1 to 3 prior therapies.
Mirvetuximab soravtansine comprises an anti-FRα antibody joined
to the microtubule toxin DM4 via a cleavable linker.22 Owing to its
differential expression on ovarian cancer cells vs healthy tissue,
FRα represents a promising therapeutic target.51 The phase 3
FORWARD-1 RCT evaluated mirvetuximab soravtansine vs chemo-
therapy in patients with FRα-positive PROC.22 Median PFS was not
improved with mirvetuximab soravtansine vs chemotherapy (4.1 vs
4.4 mo) in all patients; however, a trend was observed toward
increased PFS with mirvetuximab soravtansine vs chemotherapy in
patients defined as having high expression of FRα (4.8 vs 3.3 mo).
Hazard ratios for efficacy outcomes consistently favored mirvetux-
imab soravtansine in those with high FRα expression.22 The lack of
statistical significance in patients with high FRα was posited to be
associated with unreliable methods of determining FRα status; ie,
the study methods allowed for patients with lower-than-expected
levels of FRα to be included in the high FRα group.22

The approval of mirvetuximab soravtansine was based on the
single-group phase 3 SORAYA RCT52 in patients with PROC with high
expression of FRα (immunohistochemical proportion score �2). In
SORAYA, mirvetuximab soravtansine achieved an ORR of 32% (5%
complete response rate) and PFS of 4.3 mo. Adverse effects (all
grades) included blurred vision (41%), keratopathy (29%), diar-
rhea (22%), neutropenia (13%), and peripheral neuropathy (12%).
The most common treatment-related adverse effects of grade 3
or higher included keratopathy (9%), blurred vision (6%), dry eye
(2%), and diarrhea (2%). The MIRASOL confirmatory phase 3 RCT
(NCT04209855) is currently under way to evaluate mirvetuximab
soravtansine in patients with high FRα-expressing PROC. Two other
FRα-targeting ADCs are also currently being explored for PROC:
STRO-002 (NCT03748186) and MORAb-202 (NCT03386942).

Another ADC being developed for PROC treatment is upifit-
amab rilsodotin (UpRi), an ADC that targets the sodium-dependent
transporter NaPi2b, which is broadly expressed in ovarian cancer and
limited in healthy tissue. Immunohistochemical analysis has esti-
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mated that approximately two-thirds of patients with HGSOC have
high expression of NaPi2b.53 A phase 1b RCT54 evaluated UpRi in pa-
tients with HGSOC and either 1 to 3 prior lines of therapy in the plati-
num-resistant setting or up to 4 prior lines of therapy regardless of
platinum status. The interim analysis of the expansion cohort found
that UpRi was associated with an ORR of 34% and a duration of re-
sponse of 5 mo in patients who were NaPi2b-positive—defined as hav-
ing a tumor proportion score of 75 or greater. The most common ad-
verse effects (all grades) included fatigue (79%), nausea (59%),
increased transient aspartate aminotransferase (AST; 38%), and py-
rexia (34%). The most common adverse effects of grade 3 or higher
included transient AST increase (21%), transient thrombocytopenia
(14%), and fatigue (10%) and did not include ocular toxic effects, neu-
tropenia, or peripheral neuropathy. An ongoing phase 2 registra-
tional trial, UPLIFT, is evaluating UpRi monotherapy in patients with
PROC who have had up to 4 prior lines of therapy (NCT03319628).

Replication Stress Inhibitors
Replication stress is a targetable vulnerability in cancer cells owing to
their mitotic rate as well as the loss of normal machinery to repair or
prevent errors in DNA replication.55 Ataxia telangiectasia and Rad3-
relatedprotein(ATR)andWEE1aremajorregulatorsofthecellularDNA
damage response and are commonly upregulated by cancer cells to in-
crease tolerance for replication stress.56 Small-molecule inhibition of
ATR or WEE1 sensitizes cells to chemotherapeutic agents, which in-
crease replication stress.56 Berzosertib, a first-in-class ATR inhibitor,
wasrecentlytestedwithvswithoutgemcitabineinanopen-labelphase
2 RCT57 in patients with PROC and showed a significant increase in PFS
(27.7 vs 9.0 weeks) and OS (84.4 vs 40.4 weeks) in patients with a PFI
of less than 3 mo. In a phase 2 RCT,58 the WEE1 inhibitor adavosertib
plus carboplatin resulted in an ORR of 67% with a 100% disease con-
trol rate, although hematologic toxic effects were a concern. In a
second phase 2 RCT,59 adavosertib plus gemcitabine prolonged PFS

Table 2. Key Ongoing Trials of Therapeutic Agents and Mechanism of Action for Platinum-Resistant Ovarian Cancer, 2023

Therapeutic agent Mechanism Registration identifier Phase Description
Anetumab ravtansine ADC NCT03587311 2 Anetumab ravtansine + bevacizumab vs

paclitaxel + bevacizumab
Mirvetuximab soravtansine ADC NCT04209855 3 MIRASOL: MS vs investigator’s choice chemotherapy

in patients with high FRα
Mirvetuximab soravtansine ADC NCT02606305 1/2 MS + bevacizumab vs MS + carboplatin vs MS + PLD vs

MS + pembrolizumab vs MS + bevacizumab + carboplatin
Upifitamab rilsodotin ADC NCT03319628 1/2 UPLIFT: upifitamab rilsodotin dose escalation, dose expansion,

and pivotal cohort
Afuresertib AKT inhibitor NCT04374630 2 PROFECTA-II: afuresertib + paclitaxel vs

afuresertib + carboplatin
BD0801 Antiangiogenic NCT04908787 3 BD0801 + chemotherapy vs chemotherapy
Bevacizumab Antiangiogenic NCT03632798 3 Bevacizumab + chemotherapy ± chemosensitivity testing
Bevacizumab Antiangiogenic jRCTs031180244 2 JGOG3023: SOC ± bevacizumab
Chiauranib Antiangiogenic NCT04921527 3 CHIPRO: chiauranib + weekly paclitaxel vs weekly paclitaxel
Relacorilant Antiglucocorticoid NCT05257408 3 ROSELLA: relacorilant ± nab-paclitaxel
Adavosertib ATR/WEE1

inhibitor, PARPi
NCT03579316 2 Adavosertib ± olaparib

ZN-c3 ATR/WEE1
inhibitor, PARPi

NCT05198804 1/2 ZN-c3 + niraparib

Batiraxcept AXL inhibitor NCT04729608 2/3 AXLerate-OC: batiraxcept + paclitaxel vs paclitaxel
Decitabine Chemotherapy NCT03467178 2 Decitabine + carboplatin vs physician’s choice chemotherapy
APX005M Immunotherapy NCT05201001 2 APX005M ± radiation therapy in BRCAwt vs SOC
Doxorubicin Immunotherapy NCT02839707 2/3 PLD + atezolizumab and/or bevacizumab
Nemvaleukin alfa Immunotherapy NCT05092360 3 ARTISTRY-7: nemvaleukin α + pembrolizumab vs investigator’s

choice chemotherapy
Pembrolizumab Immunotherapy NCT05116189 3 KEYNOTE-B96: (pembrolizumab + paclitaxel vs

paclitaxel) ± bevacizumab
TQB2450 Immunotherapy NCT05145218 3 TQB2450 + anlotinib vs paclitaxel
VTX-2337 Immunotherapy NCT01666444 2 VTX-2337 + PLD vs PLD
Durvalumab, olaparib,
and cediranib

Immunotherapy,
antiangiogenic,
PARPi

NCT04739800 2 Paclitaxel + doxorubicin + topotecan vs
durvalumab + cediranib + olaparib vs durvalumab + cediranib
vs cediranib + olaparib

Cediranib, olaparib PARPi NCT02502266 2/3 Cediranib + olaparib vs cediranib vs olaparib vs chemotherapy
Fluzuloparib PARPi NCT05170594 2 Fluzuloparib + bevacizumab + chemotherapy vs fluzuloparib
Niraparib-TSR 042
(dostarlimab)

PARPi,
immunotherapy

NCT04679064 3 Niraparib-TSR 042 vs TSR 042 vs physician’s choice
chemotherapy

Copanlisib PARPi, PI3Ki NCT05295589 2 Copanlisib + olaparib vs standard chemotherapy
Alpelisib PI3Ki NCT04729387 3 EPIK-O: alpelisib + olaparib vs single-agent chemo in BRCAwt
Tumor treatment field Tumor treatment

field
NCT03940196 3 INNOVATE-3: tumor treatment fields + weekly paclitaxel

vs SOC
MC1365 Vaccine NCT02364713 2 MC1365 vs physician’s choice chemotherapy
Olvimulogene nanivacirepvec Vaccine NCT05281471 3 Olvi-vec followed by platinum-doublet + bevacizumab vs

chemotherapy + bevacizumab

Abbreviations: ADC, antibody drug conjugate; ATR, ataxia telangiectasia and
Rad3-related; BRCAwt, breast cancer susceptibility gene–wild type; FRα, folate
receptor α; MS, mirvetuximab soravtansine; olvi-vec, olvimulogene

nanivacirepvec; PARPi, poly (ADP ribose) polymerase inhibitor;
PI3Ki, phosphatidylinositol-3-kinase inhibitor; PLD, pegylated liposomal
doxorubicin; SOC, standard of care.
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(median 4.6 vs 3.0 mo) and OS (median 11.4 vs 7.2 mo) vs gemcitabine
in patients with PROC. Despite these promising preliminary results, the
developmentofadavosertibhasrecentlybeendiscontinued.However,
WEE1 inhibition is still being evaluated for patients with PROC. Another
inhibitor, ZN-c3, demonstrated a disease control rate of 80% in an
ongoingphase1studywithatolerablesafetyprofile.60 Ultimately, iden-
tifying biologically effective doses with acceptable safety has been
difficult and will be critical in using WEE1 inhibitors.

Immunotherapies
Although checkpoint inhibitors have had limited success in improv-
ing outcomes for patients with PROC, some biomarker-based strat-
egies in patient subgroups defined by PD-L1 and CD8 expression are
being explored. A positive trend in ORR was reported for patients
with high expression of PD-L1 and/or CD8 who received avelumab in
JAVELIN Ovarian 20024 or pembrolizumab in KEYNOTE-10061; how-
ever, a similar trend was not observed in patients with higher PD-L1
expression who were treated with nivolumab in NINJA.25 Notably, the
diagnostic assay used to determine PD-L1 positivity was inconsistent
between these studies, and further assessments are warranted to
determine the feasibility of this biomarker strategy and the rel-
evance of PD-L1 expression in ovarian cancer. Thus far, immunothera-
peutic monotherapies have disappointed; however, combination regi-
mens continue to be an active area of study. Dual checkpoint inhibition
with nivolumab and ipilimumab has shown promise with a greater re-
sponse rate (31% vs 12%) vs nivolumab alone. Moreover, although OS
did not show improvement, the median PFS with nivolumab plus
ipilimumab was 3.9 mo vs 2.0 mo with nivolumab alone.62

There are at least 18 ongoing trials testing immunotherapies,
with a multitude of immune-therapeutic targets for PROC. Nemva-
leukin alfa is an engineered cytokine that selectively binds to IL-R2
to activate CD8+ T cells and natural killer cells, demonstrating an ORR
of 28.6% and disease control rate of 71.4% in a recent trial.63 A phase
3 RCT, ARTISTRY-7, of nemvaleukin alfa plus pembrolizumab in pa-
tients with PROC is currently under way (NCT05092360).

Other Therapeutic Strategies
Other targeted therapies are under exploration in PROC, including
phosphatidylinositol-3-kinase inhibitors (copanlisib, alpelisib), AKT
inhibitors (afuresertib), antiglucocorticoids (relacorilant), antiangio-
genic therapies (BD0801, chiauranib), and new combinations with vas-
cular endothelial growth factor inhibitors (fluzuloparib plus bevaci-
zumab, bevacizumab plus anetumab ravtansine or weekly paclitaxel).
Furthermore, alternate novel therapies build on a backbone of weekly
paclitaxel,64 andincludetumor-treatingfields,anelectricalfieldtherapy

to disrupt mitosis (INNOVATE study, NCT03940196),64,65 and batirax-
cept, which targets the receptor tyrosine kinase Axl and growth arrest
specific protein 6 (NCT04729608).

Future Directions and Additional Considerations
Despite the difficulties in identifying new treatment options for
PROC, substantial optimism remains that novel targeted treat-
ments may result in clinically meaningful benefit. Cell-based immu-
notherapies, including chimeric antigen receptor and T-cell recep-
tor therapies, comprise an active field of research in solid tumors,
including ovarian cancer.66 Additionally, the p53 protein−reactivat-
ing drug, eprenetapopt (APR-246), has been shown to resensitize
PROC cells to platinum treatment in culture,67,68 and early phase
clinical studies for PROC treatment are under way.

Strategies to improve patient selection and personalize treat-
ment are an important area of focus and will depend on the identi-
fication of effective biomarkers that are differentially expressed on
ovarian cancer vs normal tissues. As discussed, there are several bio-
marker-directed ADCs under investigation with encouraging re-
sults in defined subgroups of patients with PROC. The identifica-
tion of additional biomarkers and development of optimized
diagnostic assays for biomarker testing is an important focus of
future research in PROC.

Conclusions
Ovarian cancer treatment is currently at an inflection point. New main-
tenance strategies that prolong PFI and the changing treatment para-
digm of using platinum therapy until it is no longer appropriate have
given rise to a population of more heavily pretreated patients with
PROC. The effects of heavier pretreatment on disease biology de-
mand more thoughtful implementation and design of clinical trials.
Ultimately, effective treatment must provide clinically meaningful
improvements in PFS without compromising QOL. The accumula-
tion of negative findings from clinical trials during the past several years
underscorestheneedforadditionaltherapeuticoptionsforPROC,with
improved trial designs to adequately capture contemporary patient
characteristics, appropriately perform patient selection, and in-
crease the granularity of molecular characterization of PROC. Never-
theless, the numerous ongoing RCTs and planned studies reflect
the continued excitement and preserved momentum of the effort
to improve cancer outcomes for patients with PROC.
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