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Simple Summary: Poly(adenosine diphosphate-ribose) polymerase inhibitors (PARP-is) play crucial
roles in the treatment of ovarian cancer. However, the best therapeutic strategy for recurrence during
PARP-i maintenance therapy remains unknown. The aim of this study was to elucidate the efficacy of
platinum-based chemotherapy after PARP-i treatment in recurrent ovarian cancer. Eighteen patients
were enrolled in the present study. The median progression-free survival (PFS) for all patients was
6.5 months, and the median overall survival (OS) was 17.6 months. The evaluation of the risk factors
for PFS revealed that bevacizumab use in subsequent therapies was significantly associated with
extended PFS. The median PFS was significantly longer in the chemotherapy with the bevacizumab
group than in chemotherapy alone (8.9 months vs. 3.1 months, log-rank p = 0.022). The present study
highlighted that platinum-based chemotherapy with bevacizumab in subsequent therapies would
provide substantial benefits in the PFS of patients with recurrent ovarian cancer.

Abstract: The clinical outcomes in patients with ovarian cancer have been significantly improved by
Poly(adenosine diphosphate-ribose) polymerase inhibitors (PARP-is). However, the best therapeutic
strategy for recurrence during PARP-i maintenance therapy remains unknown. Herein, we elucidated
the efficacy of platinum-based chemotherapy after PARP-i treatment in recurrent ovarian cancer.
Eligible patients had experienced relapses during PARP-i maintenance therapy lasting at least
6 months and had received subsequent platinum-based chemotherapy at our institution between
January 2019 and March 2024. Progression-free survival (PFS), overall survival (OS), and risk factors
for PFS were evaluated. Sixty-six patients were assessed for eligibility and eighteen were enrolled. The
median follow-up period was 14.5 months. The PFS and OS of all patients were 6.5 and 17.6 months,
respectively. The evaluation of the risk factors for PFS revealed that age, pathological type, duration
of PARP-i maintenance therapy, prior lines of chemotherapy, and PARP-i dose reduction were not
significant prognostic markers. However, bevacizumab use in subsequent therapies significantly
extended the PFS. The median PFS was 3.1 months in the chemotherapy-alone group and 8.9 months
in the chemotherapy with bevacizumab group (log-rank p = 0.022). Platinum-based chemotherapy
with bevacizumab in subsequent therapies would provide substantial benefits in the PFS of patients
with recurrent ovarian cancer.

Keywords: ovarian cancer; PARP inhibitor; bevacizumab; platinum free interval

1. Introduction

Ovarian, fallopian tube and primary peritoneal cancers have poor prognosis, with
relapse occurring in more than 80% of cases [1]. Multidisciplinary therapy combining
cytotoxic anticancer agents with anti-VEGF antibodies and extended surgery has tradition-
ally been performed in patients with these cancers [2—4]. In recent years, the advent of
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poly adenosine diphosphate-ribose polymerase inhibitors (PARP-is), such as olaparib and
niraparib, has dramatically improved their oncologic outcomes [1,5-9]. PARP-is exert their
effect by trapping PARP on the DNA strand and inducing replication stress that arrests
the replication fork, resulting in an increase in DNA damage accumulation. Consequently,
trapped PARP can lead to replication fork collapse and finally cell death, particularly in cells
with homologous recombination (HR) deficiency [10]. Although a response to platinum-
based agents does not ensure a response to PARP-is, sensitivity to platinum-based agents
is considered a crucial clinical biomarker for predicting the response to PARP-is in these
cancers [11]. Unfortunately, a substantial proportion of patients experience disease progres-
sion during maintenance therapy with PARP-is. The restoration of HR pathway function,
which results in an acquired resistance to PARP-is and platinum-based agents, is the most
well-known and common mechanism [12]. Previous reports have shown that the duration
of PARP-i and treatment-free intervals could be predictive markers for platinum agents
in subsequent therapies [13,14]. However, the most effective treatment for these patients
remains unclear. In the present study, we evaluated the effects of PARP-is on subsequent
chemotherapy in patients with recurrent ovarian, fallopian tube, or primary peritoneal
cancers.

2. Methods
2.1. Patients

This retrospective study was approved by the Institutional Review Board of the Ky-
oto Prefectural University of Medicine (ERB-C-3157). Patients were enrolled if they were
18 years of age or older and received a PARP-i in their most recent regimen for ovarian,
fallopian tube, or primary peritoneal cancer. Pathological findings were classified based
on the 4th edition of the WHO Classification of Female Reproductive Organs. The en-
rolled patients experienced malignancy recurrence during PARP-i maintenance therapy
that continued for at least 6 months, and had also received subsequent platinum-based
chemotherapy at our institution between January 2019 and March 2024. All patients who
met the criteria during the experimental period were enrolled in the present study. The reg-
imen of subsequent therapy was selected based on the clinical evidence, adverse events in
prior treatments, and the patient’s requests. Bevacizumab administration was determined
by the patient’s or physician’s choice. Deleterious germline or somatic BRCA1/2 mutation
and HR status were detected with the use of the BRACAnalysis (Myriad, Salt Lake City,
UT, USA) and myChoice (Myriad) tests, respectively. All genomic tests were conducted in
accordance with Japanese health insurance coverage. Subsequent therapy was selected at
the discretion of the physician.

2.2. Follow-Up

Gynecological oncologists clinically examined these patients every 1-2 weeks during
chemotherapy and 1-3 months after treatment disruption. Medical interviews, physical
examinations, and laboratory tests were performed to assess disease status and compli-
cations. The follow-up intervals were determined in accordance with the guidelines for
treatment of ovarian cancer, fallopian tube cancer, and primary peritoneal cancer of the
Japan Society of Gynecologic Oncology. Abdominal computed tomography (CT) was
performed every 3 and 6 months or earlier in patients with suspected recurrence. The
efficacy of subsequent therapy was evaluated using the Response Evaluation Criteria in
Solid Tumors (RECIST) guidelines version 1.1 [15] or cancer antigen 125 (CA-125) response.
The response criteria were as follows: complete response (CR), disappearance of all target
lesions; partial response (PR), a greater than 30% decrease in the sum of diameters of target
lesions; progressive disease (PD), a greater than 20% increase in the sum of diameters of
target lesions; stable disease (SD), a lesion not classified as PD or PR. If CA-125 increased
more than 2-3-fold, the upper limit of normal, the imaging examination was performed
earlier than scheduled. To evaluate treatment safety, adverse events were classified accord-
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ing to the National Cancer Institute Common Terminology Criteria for Adverse Events
(CTCAE) version 5.0 after the initiation of treatment.

2.3. Statistical Analysis

The Mann-Whitney U test and Student’s ¢-test were utilized in the statistical compari-
son of risk factors. The definition of progression-free survival (PFS) was the time period
between the first day of subsequent therapy and the onset of tumor regrowth and recur-
rence. The definition of overall survival (OS) was the time period between the confirmed
day of recurrence during PARP-i treatment and death. Survival curves were calculated and
compared using the Kaplan-Meier method and the log-rank test. Statistical analyses were
performed using SPSS Statistics version 27 (IBM, Armonk, NY, USA).

3. Results
3.1. Patient Characteristics

The disposition of the participants with detailed information on the excluded patients
is shown in Figure 1. Sixty-six patients received PARP-i treatment at our hospital. Among
them, data on 18 who experienced relapse during maintenance therapy with a PARP-i
after 6 months or more and then received subsequent platinum-based chemotherapy were
analyzed. Table 1 shows the baseline characteristics in the present study. The median age
was 67.0 (range: 30-80) years, and the median duration of follow-up was 14.5 months.
The performance status was 0 in 83.3% of patients. Twelve patients (66.7%) had ovarian
cancer, one (5.6%) had fallopian-tube cancer, and five (27.8%) had primary peritoneal
cancer. Eighteen patients were included in the analysis, including fifteen (83.3%) patients
on olaparib and three (16.7%) on niraparib. The median duration of PARP-i therapy was 9.3
(range: 6.4-18.6) months, and 16 (88.9%) patients continued PARP-i for less than 12 months.
Three patients (16.7%) had received prior bevacizumab treatment. Germline or somatic
BRCA status was evaluated in six patients, and only one patient had a BRCA mutation.

PARP-i administration (n = 66) |

Excluded (n = 48)

* PARP-i continuation (n = 28)

* Recurrence < 6 months (n=14)

* Subsequent treatment other than
platinum-based chemotherapy (n = 5)

* No subsequent treatment (n = 1)

Analyzed for endpoints (n=18) |

Figure 1. Flowchart of patients’ selection.

Table 1. Baseline patient characteristics (n = 18).

Median (Range) or No. (%)

Age (years) 67 (30-80)
Follow-up period (month) 14.5 (1.4-35.0)
Performance status 0 15 (83.3)
1 3(16.7)
Primary site ovary 12 (66.7)
fallopian tube 1(5.6)
peritoneum 5(27.8)
Histopathological type serous 11 (61.1)
endometrioid 4(22.2)

carcinosarcoma 1(5.6)
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Table 1. Cont.

Median (Range) or No. (%)

poorly differentiated 1(5.6)
other 1(5.6)
FIGO stage * LI 4(22.2)
L, v 14 (77.8)
Type of PARP-i olaparib 15 (83.3)
niraparib 3(16.7)
Duration of PARP-i (months) 9.3 (6.4-18.6)
6-12 months 16 (88.9)
12 months 2 (11.1)
Dose reduction of PARP-i yes 5(27.8)
no 13 (72.2)
Previous lines of chemotherapy 1 3 (16.7)
2 10 (55.5)
>3 5(27.8)
Prior bevacizumab use yes 3(16.7)
no 15 (83.3)
Germline or somatic BRCA mutation positive 1(5.6)
negative 5(27.8)
unknown 12 (66.6)

*: FIGO 2014.

3.2. Efficacy of Subsequent Therapy

Figure 2 shows the oncological outcomes of all patients in the present study. The
median PFS and OS were 6.5 (95% CI, 5.7 to 7.9) and 17.6 (95% CI, 6.5 to 28.7) months,
respectively. The univariate subgroup analyses of PFS in prognostically relevant patients
were performed to evaluate the effects of a PARP-i on subsequent therapy (Table 2). The
median scores in Table 1 were used as the numerical cutoffs for each factor. Although
bevacizumab use in subsequent therapies was an independent prognostic factor for PFS,
the statistical significance of the other factors was not elucidated. The regimen and efficacy
of the subsequent therapies are shown in Table 3. Two patients received nedaplatin due to a
serious hypersensitive reaction to the prior administration of carboplatin. Fourteen patients
received agents other than paclitaxel to avoid suffering from peripheral neuropathy or
alopecia. The clinical response rates to platinum-based chemotherapy without and with
bevacizumab were 12.5% and 80.0%, respectively. Figure 3 shows the subgroup analyses
of PFS and OS with and without bevacizumab. The median PFS was 3.1 months (95% CI,
3.0-3.2) in the chemotherapy-alone group (CT group) and 8.9 months (95% CI, 7.8-9.1) in
the chemotherapy with bevacizumab group (CT + Bev group) (log-rank p = 0.022). The
median OS was 14.0 months (95% CI, 5.6-22.5) in the chemotherapy-alone group and
27.1 months (95% CI, 11.0-43.2) in the chemotherapy with bevacizumab group (log-rank
p =0.834).

Table 2. Univariable analyses of progression-free survival (n = 16).

PFS (Months) p Value

Age (years)
<67 vs. <67 72+46 6.6+38 0.681
Pathological type
serous vs. others 73 +39 52445 0.713
Duration of PARP-i (months)
<9vs. <9 63£35 74+47 0.510
Previous lines of chemotherapy
<2vs. <2 59435 89+47 0.267
Dose reduction of PARP-i
yesvs.no 57428 74+45 0.320
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Table 2. Cont.

PFS (Months) p Value

Bevacizumab use in the
subsequent therapy

yesvs.no 44+34 88+£35 0.016

mean =+ standard deviation.

Table 3. Regimen and efficacy of subsequent therapy (n = 18).

Regimen n (%) CRR (PR + CR)
Paclitaxel + Carboplatin 1(5.6) 0 (0)
Paclitaxel + Nedaplatin 2(11.1) 0 (0)
PLD + Carboplatin 5(27.8) 1 (20)
Paclitaxel + Carboplatin + Bev 1(5.6) 1 (100)
Gemcitabine + Carboplatin + Bev 2(11.1) 2 (100)
PLD + Carboplatin + Bev 7 (38.9) 5(71.4)

Abbreviations: CRR: clinical response rate; CR: complete response; PR: partial response; PLD: pegylated liposomal
doxorubicin; Bev: bevacizumab.

A. Progression-free survival B. Overall survival
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Figure 2. Kaplan—Meier estimates of progression—free survival (A) and overall survival (B) in overall
patients (n = 18).

A. Progression-free survival B. Overall survival
100 100
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CT alone CT+Bev CT alone CT+Bev
Median PFS, months 3.1 8.9 Median OS, months 14.0 27.1
95% CI 3.0-3.2 7.8-9.1 95% CI 56-225 11.0-43.2
Log-rank P value 0.022 Log-rank P value 0.834

Abbreviations:CT; chemotherapy, Bev; bevacizumab, CI; confidence interval

Figure 3. Kaplan—-Meier estimates of progression—free survival (A) and overall survival (B) in
subgroup analysis.
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3.3. Adverse Events

Adverse events > grade 2 observed in the present study are shown in Table 4. The most
common grade 3 or 4 adverse events were hematological toxicities. G3 or G4 neutropenia,
anemia, and thrombocytopenia in the CT group occurred in three (37.5%) patients, three
(37.5%) patients, and one (12.5%) patient, respectively. In the CT + Bev group, G3 or G4
neutropenia, anemia, and thrombocytopenia occurred in seven (70.0%) patients, three
(30.0%) patients, and five (50.0%) patients, respectively. One patient (10.0%) in the CT
+ Bev group developed proteinuria (>G3). Hypertension (>G2) was observed in three
(30.0%) patients in the CT + Bev group, but not in the CT group. None of the patients
developed perforations, fistulas, thromboembolic events, cardiac disorders, or treatment-
related deaths. Although grade 3 or 4 hematological toxicities were frequently observed in
the CT + Bev group, there were no significant differences between the CT and CT + Bev
groups (p = 0.173).

Table 4. Grade 24 toxicity.

CT(n=38) CT + Bev (n =10)
Events
G2 G3 G4 G2 G3 G4

Granulocytopenia 2 (25.0) 2 (25.0) 1(12.5) 1(10.0) 4 (40.0) 3(30.0)
Anemia 2 (25.0) 2 (25.0) 1(12.5) 5 (50.0) 3(30.0) 0
Thrombocytopenia 2 (25.0) 1(12.5) 0 1 (10.0) 1 (10.0) 4 (40.0)
Creatinine increased 1(12.5) 0 0 1(10.0) 1(10.0) 0
Proteinuria 1(12.5) 0 0 1(10.0) 1 (10.0) 0
Vomit 1(12.5) 0 0 1(10.0) 0 0
Fatigue 1(12.5) 0 0 1(10.0) 1(10.0) 0
Perforation /Fistula 0 0 0 0 0 0
Peripheral neuropathy 1(12.5) 0 0 1 (10.0) 0 0
Hand-foot syndrome 0 0 0 0 0 0
Hypertension 0 0 0 2 (20.0) 1 (10.0) 0
Bleeding 0 0 0 0 0 0
Thromboembolic event 0 0 0 0 0 0
Cardiac disorders 0 0 0 0 0 0
Hypersensitivity 0 0 0 0 1(10.0) 0

4. Discussion

We demonstrated that relapsed tumors during maintenance therapy with a PARP-i
present as platinum-resistant cancers, regardless of the duration of maintenance therapy.
Additionally, bevacizumab plays a crucial role in prolonging PFS in subsequent platinum-
based chemotherapy for patients with recurrence after PARP-i maintenance therapy.

PARP-is trap PARP on DNA at sites of single-strand breaks (S5SBs), hindering re-
pair and promoting their conversion to double-strand breaks in HR-deficient cancers like
BRCA1/2-mutant and RAD51-mutant tumors, inducing apoptosis [11,16]. Therefore, PARP-
is induce apoptosis in cancer cells through the accumulation of DNA damage. However,
PARP-i resistance occurs frequently. The restoration of HR repair, including BRCA rever-
sion mutations, restoration of replication fork stability, and upregulation of drug efflux
pumps are considered the main mechanisms of resistance [12,17,18]. Actually, the OReO
trial on maintenance olaparib rechallenge in platinum-sensitive relapsed cancers found that
around half of the patients did not benefit from a second PARP-i treatment [19]. Several
agents have been attempted to overcome the PARP-i resistance so far. Multidrug resistance
protein 1 is known as the efflux of chemotherapeutic drug and affect effectiveness and
the accumulation of olaparib. Thus, this resistance could be improved by the administra-
tion of a p-glycoprotein inhibitor [10]. Epigenetic modification also affects the sensitivity
to PARP-i. Since the methylation of BRCA1 or RAD51C genes leads to HRR defects, a
demethylating agent might ameliorate PARP-i sensitivity [10]. CCAAT/enhancer binding
protein 3 (C/EBPp) is one of transcription factors in the HR pathway. C/EBPf3 upregulates
some HR genes including BRCA1, RAD51D, BRIT1, and BRIP1, and, consequently, induces
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the recovery of HR ability. Therefore, the inhibition or deletion of C/EBP{ could be a novel
strategy to overcome the resistance [20]. However, although a clinical trial using bromod-
omain and extraterminal domain inhibitors that could reduce HR has been launched [21],
reversing PARP-i resistance remains a tremendous challenge.

Recurrent ovarian, fallopian tube, or primary peritoneal cancers with a platinum-
free interval (PFI) of more than 6 months have been defined as platinum-sensitive recur-
rences [7,19,22]; however, some evidence suggests that resistance to PARP-is may reduce
responses to subsequent platinum-based chemotherapy, not only in ovarian cancer, but
also in other malignancies [14,23]. A previous report showed that a duration of olaparib
treatment >12 months could predict the response to subsequent platinum-based chemother-
apy [13]. However, the efficacy of chemotherapy on disease progression after PARP-i was
lower than expected according to the PFI [24]. Considering the biochemical mechanism
of the antitumor effects of PARP-is, the results indicate that cancers that relapse during
PARP-i therapy could have acquired platinum resistance. In the present study, although
the enrolled patients were considered to have platinum-sensitive cancer, the PFS of the sub-
sequent therapy in the CT group was limited to 3.1 months. The PFS almost coincides with
that of previous clinical trials on platinum-resistant ovarian cancer [25,26]. The subgroup
analyses of PFS in prognostically relevant patients demonstrated that age, pathological
type, and prior line of chemotherapy were not independent prognostic factors. In addition,
contrary to previous reports, the duration of olaparib use was not a significant predictive
factor in this study. There was no significant difference between the two groups, although
PARP-i dose reduction tended to result in a worse prognosis.

We then focused on bevacizumab use in subsequent therapy because the efficacy of
bevacizumab in ovarian, fallopian tube, and primary peritoneal cancers has been estab-
lished not only in the initial therapy, but also in recurrent settings with and without prior
bevacizumab administration [2,3,27-30]. Statistically significant differences in PFS were
confirmed between the CT and in CT + Bev groups. Additionally, the prolonged duration
of PFS corresponded to the results of previous clinical trials. In other words, the present
study demonstrated the efficacy of bevacizumab in patients with ovarian, fallopian tube, or
primary peritoneal cancers who relapsed more than 6 months after olaparib maintenance
therapy. The fact that only three patients received prior bevacizumab therapy in the present
study could affect the clinical benefits experienced by these patients. Bevacizumab has been
found to prolong progression-free survival not only in the first line [2,3], but also in the
second-line treatment for platinum-sensitive ovarian cancer patients who had not received
prior treatment with bevacizumab [28-31]. Moreover, the MITO-16B trial revealed that the
efficacy of bevacizumab was found in the second-line therapy for patients with recurrent
ovarian cancer who received the first-line bevacizumab [27]. These results support the
result of the present study regardless of prior bevacizumab use.

The best strategy for patients with tumor relapse during PARP-i maintenance therapy
remains unknown. A recent study demonstrated the efficacy and safety of bevacizumab-
containing platinum-based chemotherapy in patients with recurrent ovarian, fallopian
tube, or primary peritoneal cancers during PARP-i therapy [32]. However, these results
did not demonstrate superiority over platinum-based chemotherapy without bevacizumab.
In the present study, eight patients (44.4%) had not received a bevacizumab-containing
regimen in their subsequent therapy. The main reasons for this were that a clinical trial on
maintenance olaparib rechallenge was underway during the investigation period, and its
efficacy was highly expected [19,33]. Additionally, bevacizumab-contained platinum-based
chemotherapies followed by PARP-i maintenance therapy were not acceptable in previous
clinical trials [7,8,22].

In terms of maintenance therapy, the OReO trial subsequently demonstrated the effi-
cacy of PARP-i rechallenge in patients with recurrent ovarian, fallopian tube, or primary
peritoneal cancers. However, the duration of prolonged PFS was only 1.5 and 2.5 months in
patients with BRCA and non-BRCA mutations, respectively [19]. From the above, PARP-i
rechallenge is unlikely to be a clinical option for patients who have already been treated
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with a PARP-i, while platinum-based chemotherapy with bevacizumab is a favorable
clinical option for these patients. A maintenance therapy of bevacizumab combined with
PARP-i might be considered as a clinical option in this setting. However, PAOLA-1 demon-
strated the clinical benefits of maintenance therapy with olaparib and bevacizumab in
patients with newly diagnosed advanced ovarian cancer who were receiving chemotherapy
plus bevacizumab [6]. A NIRVANA-1 trial also evaluated the combination maintenance
therapy with niraparib and bevacizumab in patients with newly diagnosed advanced
ovarian cancer [34]. Although an AVANOVA?2 trial revealed the efficacy of the combi-
nation maintenance therapy with niraparib and bevacizumab in a recurrent setting, no
one received prior PARP-i treatment [35]. A NIRANOVA-R trial, which evaluated the
combination maintenance therapy with niraparib and bevacizumab in a recurrent setting
and enrolled patients who received prior treatment with a PARP-i, is underway [33]. Thus,
there is no evidence using the combination maintenance therapy with bevacizumab and
PARP-i in patients with platinum-sensitive recurrent ovarian cancer so far.

Adverse events were observed more frequently in the CT + Bev group than in the CT
group. Although there were no statistically significant differences between the two groups,
grade 2—4 hypertension occurred only after bevacizumab administration. Fortunately, no
treatment was discontinued due to adverse events. On the other hand, treatment-related
myeloid neoplasms, acute myeloid leukemia (AML), and myelodysplastic syndrome (MDS)
are serious adverse effects considered as potentially PARP inhibitor-related [36]. The recent
study demonstrated that PARP-is significantly increased the risk of AML and MDS when
compared with the placebo treatment (odds ratio 2.63 [95% CI 1.13-6.14], p = 0.026). In fact,
the incidence of AML and MDS in the olaparib group and in the placebo group was 1.5%
and 0.8% in SOLOL1 [5], 1.1% and 0.4% in PAOLA-1 [6], 0.3% and 0.0% in PRIMA [1], and
0.4% and 0.0% in ATHENA-MONO [37], respectively. On the other hand, SOLO?2 trial,
which is the first phase 3 trial of maintenance olaparib in patients with platinum-sensitive
recurrent ovarian cancer, showed that 8% of patients were diagnosed with AML and MDS
compared with 4% of patients in the placebo group [22]. Although no one was diagnosed
with AML or MDS in the present study, these results could indicate that the incidence of
AML and MDS in patients with platinum-sensitive recurrent ovarian cancer is higher than
the incidence in patients with newly diagnosed ovarian cancer.

The present study has several limitations. First, it is difficult to draw unambiguous
conclusions from the results because of the small number of patients. Second, HR and BRCA
status could not be evaluated in the present study because the Japanese health insurance
did not cover these tests for all enrolled patients. On the other hand, HR and BRCA status
are known as biomarkers to predict the response to platinum-based chemotherapies. Thus,
this missing information could affect the clinical outcomes in the present study.

5. Conclusions

We demonstrated the effect of PARP-i therapy on subsequent platinum-based chemother-
apy in patients with recurrent ovarian, fallopian tube, or primary peritoneal cancers. The
addition of bevacizumab to platinum-based chemotherapy significantly improved PFS in
patients with relapsed tumors during PARP-i maintenance therapy. These results suggest
that bevacizumab should be administered even to patients with platinum-sensitive can-
cer in a post-PARP-i setting. Nonetheless, further studies using a larger sample size are
required to confirm our results.

Author Contributions: Conceptualization: T.K., K.Y. and T.M.; methodology: TK., K.Y. and T.M.; val-
idation: TK. and T.M.; formal analysis: TK., Y.T., K.Y. and T.M.; investigation: T.K., K.A. (Kota Aoki),
A.O., KA. (Kohei Aoyama) and H.K.; writing—original draft of the manuscript: TK.; writing—review
and editing: K.A. (Kota Aoki), Y.T., A.O., K.A. (Kohei Aoyama), HK., K.Y. and T.M.; visualization:
T.K,; supervision: K.Y. and T.M.; project administration: TK., K.Y. and T.M. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.



Cancers 2024, 16, 2651 9of 11

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board of Kyoto Prefectural University of
Medicine (ERB-C-3157 and date of approval: 21 May 2024).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data generated or analyzed during this study are available from
the corresponding author on reasonable request. The data are not publicly available due to them
containing information that could compromise participants’ privacy.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

Gonzdalez-Martin, A.; Pothuri, B.; Vergote, I.; DePont Christensen, R.; Graybill, W.; Mirza, M.R.; McCormick, C.; Lorusso, D.;
Hoskins, P; Freyer, G.; et al. Niraparib in Patients with Newly Diagnosed Advanced Ovarian Cancer. N. Engl. . Med. 2019, 381,
2391-2402. [CrossRef]

Perren, T.J.; Swart, A.M.; Pfisterer, J.; Ledermann, J.A.; Pujade-Lauraine, E.; Kristensen, G.; Carey, M.S.; Beale, P.; Cervantes, A;
Kurzeder, C.; et al. A phase 3 trial of bevacizumab in ovarian cancer. N. Engl. ]. Med. 2011, 365, 2484-2496. [CrossRef] [PubMed]
Burger, R.A.; Brady, M.F.,; Bookman, M.A.; Fleming, G.F.; Monk, B.].; Huang, H.; Mannel, R.S.; Homesley, H.D.; Fowler, J.; Greer,
B.E.; et al. Incorporation of bevacizumab in the primary treatment of ovarian cancer. N. Engl. ]. Med. 2011, 365, 2473-2483.
[CrossRef]

Onda, T;; Satoh, T.; Ogawa, G.; Saito, T.; Kasamatsu, T.; Nakanishi, T.; Mizutani, T.; Takehara, K.; Okamoto, A.; Ushijima, K,; et al.
Comparison of survival between primary debulking surgery and neoadjuvant chemotherapy for stage III/IV ovarian, tubal and
peritoneal cancers in phase III randomised trial. Eur. J. Cancer 2020, 130, 114-125. [CrossRef]

Moore, K.; Colombo, N.; Scambia, G.; Kim, B.G.; Oaknin, A.; Friedlander, M.; Lisyanskaya, A.; Floquet, A.; Leary, A.; Sonke, G.S.;
et al. Maintenance Olaparib in Patients with Newly Diagnosed Advanced Ovarian Cancer. N. Engl. |. Med. 2018, 379, 2495-2505.
[CrossRef] [PubMed]

Ray-Coquard, I.; Pautier, P,; Pignata, S.; Pérol, D.; Gonzalez-Martin, A.; Berger, R.; Fujiwara, K.; Vergote, I.; Colombo, N.; Mdenpas,
J.; etal. Olaparib plus Bevacizumab as First-Line Maintenance in Ovarian Cancer. N. Engl. ]. Med. 2019, 381, 2416-2428. [CrossRef]
[PubMed]

Mirza, M.R.; Monk, B.J.; Herrstedt, J.; Oza, A.M.; Mahner, S.; Redondo, A.; Fabbro, M.; Ledermann, J.A.; Lorusso, D.; Vergote, L;
et al. Niraparib Maintenance Therapy in Platinum-Sensitive, Recurrent Ovarian Cancer. N. Engl. . Med. 2016, 375, 2154-2164.
[CrossRef]

Ledermann, J.; Harter, P.; Gourley, C.; Friedlander, M.; Vergote, L; Rustin, G.; Scott, C.L.; Meier, W.; Shapira-Frommer, R.; Safra,
T.; et al. Olaparib maintenance therapy in patients with platinum-sensitive relapsed serous ovarian cancer: A preplanned
retrospective analysis of outcomes by BRCA status in a randomised phase 2 trial. Lancet Oncol. 2014, 15, 852-861. [CrossRef]
Kristeleit, R.; Lisyanskaya, A.; Fedenko, A.; Dvorkin, M.; de Melo, A.C.; Shparyk, Y.; Rakhmatullina, I.; Bondarenko, I.; Colombo,
N.; Svintsitskiy, V.; et al. Rucaparib versus standard-of-care chemotherapy in patients with relapsed ovarian cancer and a
deleterious BRCA1 or BRCA2 mutation (ARIEL4): An international, open-label, randomised, phase 3 trial. Lancet Oncol. 2022, 23,
465-478. [CrossRef]

Bhamidipati, D.; Haro-Silerio, ].I.; Yap, T.A.; Ngoi, N. PARP inhibitors: Enhancing efficacy through rational combinations. Br. |.
Cancer 2023, 129, 904-916. [CrossRef]

Jiang, X.; Li, X.; Li, W.; Bai, H.; Zhang, Z. PARP inhibitors in ovarian cancer: Sensitivity prediction and resistance mechanisms. J.
Cell Mol. Med. 2019, 23, 2303-2313. [CrossRef] [PubMed]

Cordani, N.; Bianchi, T.; Ammoni, L.C.; Cortinovis, D.L.; Cazzaniga, M.E.; Lissoni, A.A.; Landoni, F.; Canova, S. An Overview
of PARP Resistance in Ovarian Cancer from a Molecular and Clinical Perspective. Int. ]. Mol. Sci. 2023, 24, 1890. [CrossRef]
[PubMed]

Nakazawa, H.; Nagao, S.; Narita, M.; Shibutani, T.; Jimi, T.; Yano, H.; Kitai, M.; Shiozaki, T.; Yamaguchi, S. Effect of prior olaparib
maintenance therapy for platinum sensitive recurrent ovarian cancer on response to subsequent platinum-based chemotherapy. J.
Obstet. Gynaecol. Res. 2022, 48, 1248-1254. [CrossRef] [PubMed]

Frenel, ].S.; Kim, ] W.; Aryal, N.; Asher, R.; Berton, D.; Vidal, L.; Pautier, P.; Ledermann, J.A.; Penson, R.T.; Oza, A.M.; et al.
Efficacy of subsequent chemotherapy for patients with BRCA1/2-mutated recurrent epithelial ovarian cancer progressing on
olaparib versus placebo maintenance: Post-hoc analyses of the SOLO2/ENGOT Ov-21 trial. Ann. Oncol. 2022, 33, 1021-1028.
[CrossRef] [PubMed]

Eisenhauer, E.A.; Therasse, P.; Bogaerts, ].; Schwartz, L.H.; Sargent, D.; Ford, R.; Dancey, J.; Arbuck, S.; Gwyther, S.; Mooney, M.;
et al. New response evaluation criteria in solid tumours: Revised RECIST guideline (version 1.1). Eur. J. Cancer 2009, 45, 228-247.
[CrossRef] [PubMed]

Farmer, H.; McCabe, N.; Lord, C.J.; Tutt, AN.; Johnson, D.A.; Richardson, T.B.; Santarosa, M.; Dillon, K.J.; Hickson, L.; Knights, C.;
et al. Targeting the DNA repair defect in BRCA mutant cells as a therapeutic strategy. Nature 2005, 434, 917-921. [CrossRef]


https://doi.org/10.1056/NEJMoa1910962
https://doi.org/10.1056/NEJMoa1103799
https://www.ncbi.nlm.nih.gov/pubmed/22204725
https://doi.org/10.1056/NEJMoa1104390
https://doi.org/10.1016/j.ejca.2020.02.020
https://doi.org/10.1056/NEJMoa1810858
https://www.ncbi.nlm.nih.gov/pubmed/30345884
https://doi.org/10.1056/NEJMoa1911361
https://www.ncbi.nlm.nih.gov/pubmed/31851799
https://doi.org/10.1056/NEJMoa1611310
https://doi.org/10.1016/S1470-2045(14)70228-1
https://doi.org/10.1016/S1470-2045(22)00122-X
https://doi.org/10.1038/s41416-023-02326-7
https://doi.org/10.1111/jcmm.14133
https://www.ncbi.nlm.nih.gov/pubmed/30672100
https://doi.org/10.3390/ijms241511890
https://www.ncbi.nlm.nih.gov/pubmed/37569269
https://doi.org/10.1111/jog.15184
https://www.ncbi.nlm.nih.gov/pubmed/35142416
https://doi.org/10.1016/j.annonc.2022.06.011
https://www.ncbi.nlm.nih.gov/pubmed/35772665
https://doi.org/10.1016/j.ejca.2008.10.026
https://www.ncbi.nlm.nih.gov/pubmed/19097774
https://doi.org/10.1038/nature03445

Cancers 2024, 16, 2651 10 of 11

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Dias, M.P,; Moser, S.C.; Ganesan, S.; Jonkers, ]. Understanding and overcoming resistance to PARP inhibitors in cancer therapy.
Nat. Rev. Clin. Oncol. 2021, 18, 773-791. [CrossRef] [PubMed]

Lin, K.K,; Harrell, M.I;; Oza, A.M.; Oaknin, A.; Ray-Coquard, I.; Tinker, A.V.; Helman, E.; Radke, M.R,; Say, C.; Vo, L.T.; et al.
BRCA Reversion Mutations in Circulating Tumor DNA Predict Primary and Acquired Resistance to the PARP Inhibitor Rucaparib
in High-Grade Ovarian Carcinoma. Cancer Discov. 2019, 9, 210-219. [CrossRef] [PubMed]

Pujade-Lauraine, E.; Selle, F.; Scambia, G.; Asselain, B.; Marmé, F; Lindemann, K.; Colombo, N.; Madry, R.; Glasspool, R.; Vergote,
I.; et al. Maintenance olaparib rechallenge in patients with platinum-sensitive relapsed ovarian cancer previously treated with a
PARP inhibitor (OReO/ENGOT-0v38): A phase IIIb trial. Ann. Oncol. 2023, 34, 1152-1164. [CrossRef]

Tan, J.; Zheng, X,; Li, M.; Ye, E; Song, C.; Xu, C.; Zhang, X.; Li, W.; Wang, Y.; Zeng, S.; et al. C/EBPf promotes poly(ADP-ribose)
polymerase inhibitor resistance by enhancing homologous recombination repair in high-grade serous ovarian cancer. Oncogene
2021, 40, 3845-3858. [CrossRef]

Yang, L.; Zhang, Y,; Shan, W.; Hu, Z,; Yuan, ].; Pi, J.; Wang, Y.; Fan, L.; Tang, Z.; Li, C,; et al. Repression of BET activity sensitizes
homologous recombination-proficient cancers to PARP inhibition. Sci. Transl. Med. 2017, 9, eaal1645. [CrossRef] [PubMed]
Pujade-Lauraine, E.; Ledermann, J.A; Selle, F.; Gebski, V.; Penson, R.T.; Oza, A.M.; Korach, J.; Huzarski, T.; Poveda, A.; Pignata,
S.; et al. Olaparib tablets as maintenance therapy in patients with platinum-sensitive, relapsed ovarian cancer and a BRCA1/2
mutation (SOLO2/ENGOT-Ov21): A double-blind, randomised, placebo-controlled, phase 3 trial. Lancet Oncol. 2017, 18,
1274-1284. [CrossRef] [PubMed]

Stossel, C.; Raitses-Gurevich, M.; Atias, D.; Beller, T.; Glick Gorman, Y.; Halperin, S.; Peer, E.; Denroche, R.E.; Zhang, A.; Notta, F;
et al. Spectrum of Response to Platinum and PARP Inhibitors in Germline BRCA-Associated Pancreatic Cancer in the Clinical
and Preclinical Setting. Cancer Discov. 2023, 13, 1826-1843. [CrossRef] [PubMed]

Gadducci, A.; Cosio, S.; Landoni, E,; Lissoni, A.A.; Zola, P.; Laudani, M.E.; Ardizzoia, A.; Gambino, A.; Sartori, E. Response to
Chemotherapy and Clinical Outcome of Patients With Recurrent Epithelial Ovarian Cancer After PARP Inhibitor Maintenance
Treatment: A Multicenter Retrospective Italian Study. Anticancer. Res. 2022, 42, 2017-2022. [CrossRef] [PubMed]

Sorio, R.; Roemer-Becuwe, C.; Hilpert, F,; Gibbs, E.; Garcia, Y.; Kaern, J.; Huizing, M.; Witteveen, P.; Zagouri, F,; Coeffic, D.; et al.
Safety and efficacy of single-agent bevacizumab-containing therapy in elderly patients with platinum-resistant recurrent ovarian
cancer: Subgroup analysis of the randomised phase III AURELIA trial. Gynecol. Oncol. 2017, 144, 65-71. [CrossRef] [PubMed]
Matulonis, U.A.; Lorusso, D.; Oaknin, A.; Pignata, S.; Dean, A.; Denys, H.; Colombo, N.; Van Gorp, T.; Konner, J.A.; Marin, M.R,;
et al. Efficacy and Safety of Mirvetuximab Soravtansine in Patients With Platinum-Resistant Ovarian Cancer With High Folate
Receptor Alpha Expression: Results From the SORAYA Study. J. Clin. Oncol. 2023, 41, 2436-2445. [CrossRef] [PubMed]

Pignata, S.; Lorusso, D.; Joly, F.; Gallo, C.; Colombo, N.; Sessa, C.; Bamias, A.; Salutari, V.; Selle, E; Frezzini, S.; et al. Carboplatin-
based doublet plus bevacizumab beyond progression versus carboplatin-based doublet alone in patients with platinum-sensitive
ovarian cancer: A randomised, phase 3 trial. Lancet Oncol. 2021, 22, 267-276. [CrossRef] [PubMed]

Aghajanian, C.; Blank, 5.V.; Goff, B.A.; Judson, P.L.; Teneriello, M.G.; Husain, A.; Sovak, M.A.; Yi, J.; Nycum, L.R. OCEANS: A
randomized, double-blind, placebo-controlled phase III trial of chemotherapy with or without bevacizumab in patients with
platinum-sensitive recurrent epithelial ovarian, primary peritoneal, or fallopian tube cancer. J. Clin. Oncol. 2012, 30, 2039-2045.
[CrossRef]

Pfisterer, J.; Shannon, C.M.; Baumann, K.; Rau, J.; Harter, P; Joly, F; Sehouli, J.; Canzler, U.; Schmalfeldt, B.; Dean, A.P; et al.
Bevacizumab and platinum-based combinations for recurrent ovarian cancer: A randomised, open-label, phase 3 trial. Lancet
Oncol. 2020, 21, 699-709. [CrossRef]

Pujade-Lauraine, E.; Hilpert, E; Weber, B.; Reuss, A.; Poveda, A.; Kristensen, G.; Sorio, R.; Vergote, I.; Witteveen, P.; Bamias, A;
et al. Bevacizumab combined with chemotherapy for platinum-resistant recurrent ovarian cancer: The AURELIA open-label
randomized phase III trial. J. Clin. Oncol. 2014, 32, 1302-1308. [CrossRef]

Coleman, R.L.; Brady, M.F,; Herzog, T.J.; Sabbatini, P.; Armstrong, D.K.; Walker, J.L.; Kim, B.G.; Fujiwara, K.; Tewari, K.S.; O’'Malley,
D.M.; et al. Bevacizumab and paclitaxel-carboplatin chemotherapy and secondary cytoreduction in recurrent, platinum-sensitive
ovarian cancer (NRG Oncology/Gynecologic Oncology Group study GOG-0213): A multicentre, open-label, randomised, phase 3
trial. Lancet Oncol. 2017, 18, 779-791. [CrossRef] [PubMed]

Abe, M.; Shoji, T.; Chiba, Y.; Takatori, E.; Kaido, Y.; Nagasawa, T.; Kagabu, M.; Takahashi, F,; Aida, T; Baba, T. Efficacy and Safety
of Platinum-based Chemotherapy With Bevacizumab Followed by Bevacizumab Maintenance for Recurrent Ovarian, Fallopian
Tube, and Primary Peritoneal Cancer During PARP Inhibitor Therapy: A Multicenter Retrospective Study. Anticancer. Res. 2023,
43, 1265-1272. [CrossRef] [PubMed]

Park, J.; Lim, M.C.; Lee, ] K,; Jeong, D.H.; Kim, S.I.; Choi, M.C.; Kim, B.G.; Lee, ].Y. A single-arm, phase II study of niraparib
and bevacizumab maintenance therapy in platinum-sensitive, recurrent ovarian cancer patients previously treated with a PARP
inhibitor: Korean Gynecologic Oncology Group (KGOG 3056)/NIRVANA-R trial. ]. Gynecol. Oncol. 2022, 33, e12. [CrossRef]
[PubMed]

Sghaier, S.; Corbaux, P.; Ray-Coquard, I.; Lim, M.C.; Hasegawa, K.; Nieuwenhuysen, E.V.; Gonzalez, A.; Raspagliesi, F; Freyer,
G. NIRVANA-1: Maintenance therapy with niraparib versus niraparib-bevacizumab in patients with advanced ovarian cancer.
Future Oncol. 2023, 19, 1715-1727. [CrossRef]


https://doi.org/10.1038/s41571-021-00532-x
https://www.ncbi.nlm.nih.gov/pubmed/34285417
https://doi.org/10.1158/2159-8290.CD-18-0715
https://www.ncbi.nlm.nih.gov/pubmed/30425037
https://doi.org/10.1016/j.annonc.2023.09.3110
https://doi.org/10.1038/s41388-021-01788-4
https://doi.org/10.1126/scitranslmed.aal1645
https://www.ncbi.nlm.nih.gov/pubmed/28747513
https://doi.org/10.1016/S1470-2045(17)30469-2
https://www.ncbi.nlm.nih.gov/pubmed/28754483
https://doi.org/10.1158/2159-8290.CD-22-0412
https://www.ncbi.nlm.nih.gov/pubmed/37449843
https://doi.org/10.21873/anticanres.15681
https://www.ncbi.nlm.nih.gov/pubmed/35347023
https://doi.org/10.1016/j.ygyno.2016.11.006
https://www.ncbi.nlm.nih.gov/pubmed/27871723
https://doi.org/10.1200/JCO.22.01900
https://www.ncbi.nlm.nih.gov/pubmed/36716407
https://doi.org/10.1016/S1470-2045(20)30637-9
https://www.ncbi.nlm.nih.gov/pubmed/33539744
https://doi.org/10.1200/JCO.2012.42.0505
https://doi.org/10.1016/S1470-2045(20)30142-X
https://doi.org/10.1200/JCO.2013.51.4489
https://doi.org/10.1016/S1470-2045(17)30279-6
https://www.ncbi.nlm.nih.gov/pubmed/28438473
https://doi.org/10.21873/anticanres.16273
https://www.ncbi.nlm.nih.gov/pubmed/36854492
https://doi.org/10.3802/jgo.2022.33.e12
https://www.ncbi.nlm.nih.gov/pubmed/34910393
https://doi.org/10.2217/fon-2023-0167

Cancers 2024, 16, 2651 11 of 11

35. Mirza, M.R,; Avall Lundqvist, E.; Birrer, M.].; dePont Christensen, R.; Nyvang, G.B.; Malander, S.; Anttila, M.; Werner, T.L.;
Lund, B,; Lindahl, G.; et al. Niraparib plus bevacizumab versus niraparib alone for platinum-sensitive recurrent ovarian cancer
(NSGO-AVANOVA?2 /ENGOT-ov24): A randomised, phase 2, superiority trial. Lancet Oncol. 2019, 20, 1409-1419. [CrossRef]
[PubMed]

36. Friedlander, M.; Lee, Y.C.; Tew, W.P. Managing Adverse Effects Associated with Poly (ADP-ribose) Polymerase Inhibitors in
Ovarian Cancer: A Synthesis of Clinical Trial and Real-World Data. Am. Soc. Clin. Oncol. Educ. Book 2023, 43, €390876. [CrossRef]

37. Monk, B.J.; Parkinson, C.; Lim, M.C.; O’Malley, D.M.; Oaknin, A.; Wilson, M.K.; Coleman, R.L.; Lorusso, D.; Bessette, P;
Ghamande, S.; et al. A Randomized, Phase III Trial to Evaluate Rucaparib Monotherapy as Maintenance Treatment in Patients
with Newly Diagnosed Ovarian Cancer (ATHENA-MONO/GOG-3020/ENGOT-ov45). J. Clin. Oncol. 2022, 40, 3952-3964.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/S1470-2045(19)30515-7
https://www.ncbi.nlm.nih.gov/pubmed/31474354
https://doi.org/10.1200/EDBK_390876
https://doi.org/10.1200/JCO.22.01003

	Introduction 
	Methods 
	Patients 
	Follow-Up 
	Statistical Analysis 

	Results 
	Patient Characteristics 
	Efficacy of Subsequent Therapy 
	Adverse Events 

	Discussion 
	Conclusions 
	References

