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Abstract

Background PARP inhibitors (PARPis) have shown promising effectiveness for ovarian cancer. This network meta-
analysis (PROSPERO registration number CRD42024503390) comprehensively evaluated the effectiveness and safety
of PARPIs in platinum-sensitive recurrent ovarian cancer (PSROC).

Methods Articles published before January 6, 2024 were obtained from electronic databases. The study assessed
and compared survival outcomes including overall survival (OS), progression-free survival (PFS), second progres-
sion-free survival (PFS2), time to first subsequent treatment (TFST), time to second subsequent treatment (TSST),
and chemotherapy-free interval (CFl). Additionally, safety outcomes were investigated, specifically focusing

on grade 3-4 treatment-emergent adverse effects (TEAEs). The evaluation of OS and PFS was also conducted based
on the BRCA and HRD (homologous recombination deficiency) statuses.

Results Six randomized controlled trials were examined and the four PARPis (olaparib, niraparib, rucaparib and fulu-
zolparib) have been found to significantly increase the PFS in entire population as well as in subgroups of HRD

and BRCAm (BRCA mutation). Only olaparib demonstrated a substantial improvement in OS compared to placebo
in entire population (hazard ratio [HR] 0.73; 95% confidence interval [Cl] 0.60-0.90), as well as in the subgroup

of BRCAm. All analyzed PARPis had significant efficacy in prolonging PFS2, TEST, TSST and CFI. For safety concerns,
PARPis could significantly increase incidence of TEAEs (grade3-4), while olaparib had least haematological TEAEs
(grade3-4) events compared to other PARPis.

Conclusion All included PARPis showed various degrees of benefit in survival outcomes and safety profile
was acceptable for PSROC patients. Among them olaparib had the best performance in both efficacy and safety.

Keywords Network meta-analysis, Ovarian cancer, Poly (ADP-ribose) polymerase inhibitor, Platinum-sensitive
recurrent ovarian cancer, Overall survival, Progression-free survival
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Introduction
Ovarian cancer is a highly lethal gynecologic malignancy
that is associated with a poor prognosis. According to
GLOBOCAN, ovarian cancer was the third most common
gynecologic cancer globally in 2020, accounting for about
314,000 new cases and 207,000 deaths in the certain year
[1]. Unlike other female cancers that exhibit early warn-
ing signs, the symptoms of ovarian cancer are not specific.
Therefore, ovarian cancer is typically detected in advanced
stages [2]. For the advanced patients, first-line treatment
has evolved and normally includes debulking surgery com-
bined with platinum-based chemotherapy, while 70-80%
of them will experience a recurrence within two years [3]
and the five-year survival rate is 29% [4]. The prognosis
and treatment plan for women with recurrent ovarian can-
cer (ROC) depend on how well they respond to platinum-
based chemotherapy and how long it has been since their
last platinum-based therapy. Response to platinum-based
chemotherapy and the progression/relapse-free interval
from the last platinum-based therapy determine the prog-
nosis and treatment strategy for ROC patients. A patient is
considered as “platinum-sensitive” if he/she relapses more
than 6 months after the end of the previous platinum-
based therapy; if less than 6 months, he/she is categorized
as “platinum-resistant” and is not eligible for subsequent
platinum-based chemotherapy [5]. In contrast to the lat-
ter, platinum-sensitive patients are more prevalent and
respond more sensitive to treatment with better progno-
ses, which is becoming a focus for novel treatments [6].
Recent evidence indicated that Poly (adenosine diphos-
phate [ADP]-ribose) polymerase (PARP) inhibitors
(PARPis) have shown efficacy in treating ovarian cancer,
especially when administered for maintenance treat-
ment of platinum-sensitive recurrent ovarian cancer
(PSROC) [7]. PARPis exploit faulty DNA repair mecha-
nisms through synthetic lethality, leading to genomic
instability and tumor cell death [8]. Homologous recom-
bination repair (HRR) is the primary pathway for double-
stranded DNA repair, and if patients have HR pathway
defects (HRDs), such as mutations in the BRCA1 or
BRCA 2 genes, they become more responsive to PARPi
therapies through a synthetic lethal process [9]. BRCA1/2
mutations (BRCAm) are present in about 22% of ovarian
cancer patients, with 15% of them having germline muta-
tions (gBRCAm) and 7% having somatic mutations (sBR-
CAm) [10]. Differences in BRCA mutations and HRD
status have varying impacts on the efficacy of PARPis
[11]. Consequently, developing personalized treatment
strategies for these patients remains a significant chal-
lenge in current clinical practice. Three PARPis, olaparib,
rucaparib and niraparib, have already been approved by
the U.S. Food and Drug Administration (FDA) in treating
ovarian cancer and are available for patients [12], with
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different clinical indications and toxicity profiles, and
were recommended as maintenance therapy for PSROC
by authoritative guidelines like ASCO [13] and NCCN
[14] in recent years.

Prior studies [15, 16] have verified the substantial
impact of three PARPis on enhancing progression-free
survival (PES) in patients with ROC. Nevertheless, spe-
cific analyses of overall survival (OS) are lacking due to
insufficient follow-up time, which limits the ability to
assess the long-term effects of PARP inhibitors. Addition-
ally, pooled analyses of other survival outcomes besides
OS and PFS remain scarce, highlighting a critical gap in
evaluating the comprehensive benefits and risks associ-
ated with these therapies. Fuzuloparib has been approved
for the maintenance treatment of PSROC in China, but
its efficacy and safety compared with other three PARPis
have not been fully reported [17].

In this study, we performed a network meta-analysis
(NMA) on these four PARPis in terms of survival out-
comes and adverse effects such as treatment-emergent
adverse events (TEAEs) to provide evidence for more
objective and logical treatment methods. The objectives
of this NMA are: (1) To comprehensively assess differ-
ent PARPis in the maintenance treatment of PSROC
patients; (2) To compare the differences in effectiveness
and safety between different PARPis for patient indi-
vidualized treatment; (3) To further explore the impact
of patient subgroup characteristics (status of HRD and
BRCA mutation) on the efficacy of PARP inhibitors.

Methodology

The present study adhered rigorously to the guidelines
of the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) 2020 [18]. The research
was conceptualized and executed in adherence to the
guidelines by the Cochrane Handbook for Systematic
Reviews of Intervention [19]. The registration number of
this NMA on PROSPERO is CRD42024503390.

Search strategy

Two researchers (SY-]J and L-C) conducted separate
searches of various databases, including PubMed, Web
of Science, Cochrane Library, Embase, and Chinese data-
bases such as Wanfang, CNKI, and Sinomed. The search
covered publications published until January 6, 2024,
without any language limitations. In addition, we thor-
oughly went through the reference lists of all original
research and evaluated papers to find additional refer-
ences. The MeSH/Emtree terms “ovarian cancer, “rand-
omized controlled trials,” “parp inhibitor;” and “placebo”
were used for the search, and the search algorithm was
adjusted to include the pertinent free terms specific to
each database. Disputes over the eligibility of full-text
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articles were resolved by arbitration or discussion with a
third reviewer (YB-Y). Supplementary Material Table S1
provides the search techniques utilized across various
databases.

Inclusion criteria

The screening process for the retrieved articles was
conducted in accordance with the specified inclusion
criteria: (1) randomized controlled trials (RCTs); (2) par-
ticipants were at least 18 years old and diagnosed with
PSROC; (3) participants had already undergone no less
than two lines of platinum-based chemotherapy under
their belts, and their most recent regimen had resulted
in either a complete or partial response.; (4) the treat-
ment group received maintenance therapy with PARPis,
while the control group received placebo; (5) the studies
reported survival outcomes as well as adverse effects.

Exclusion criteria

Articles matching the following exclusion criteria were
not included: (1) participants had undergone any treat-
ment with PARPis prior to participating in the research;
(2) irrelevant outcomes (not survival outcomes or
adverse effects); (3) review articles, clinical protocols,
case reports, comments, animal tests, in vitro tests, and
not RCTs; (4) inadequate or unavailable data; (5) the trials
that were included did not fit the diagnostic parameters.

Data extraction and quality assessment

Two investigators (SY-J and L-C) independently gathered
essential content from the articles included and using
ROB2 [20] to evaluate the risk of bias of trials. All disa-
greements were handled by the third reviewer (YB-Y).
These variables were collected: year of publication, name
of the first author, number of participants, age, median
follow-up period, therapeutic medicines used, therapeu-
tic dose, hazard ratios (HRs) and 95% confidence inter-
vals (CIs) of survival outcomes, frequency of adverse
events and other information needed.

Outcomes of interest and definitions

The main outcome measure was OS, defined as the dura-
tion from the moment of random assignment to the occur-
rence of death. The secondary goals assessed in this study
were survival outcomes, specifically PFS, second progres-
sion-free survival (PFS2), time to first subsequent therapy
(TEST), time to second subsequent therapy (TSST), and
chemotherapy-free interval (CFI). PFS denotes the dura-
tion between the random assignment and the occurrence
of disease progression or death, whichever happened first.
PFS2 is the interval between randomization and the occur-
rence of the disease’s second progression. TFST is the time
from randomization to the first subsequent therapy or
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death, TSST is the time to the second subsequent therapy
or death. CFI is defined as the interval between the end of
the previous platinum-based regimen and the innitiation
of the subsequent chemotherapy. Safety outcomes include
TEAEs (grade 3-4), TEAEs (grade 3—4) leading to treat-
ment discontinuation, and haematological TEATSs (grade
3—4). The grade 3 or 4 adverse events were evaluated by
the Common Terminology Criteria for Adverse Events
(CTCAE). Severe and potentially fatal toxicity is indicated
by adverse outcomes of grade 3—4 [21]. Anaemia in our
study refers to those population with anaemia as well as
decreases in the red blood cell count, haemoglobin level
or haematocrit. Leukopenia in our study refers to those
with leukopenia and decreases in the white blood cell
count. Thrombocytopenia in our study refers to those with
thrombocytopenia and decreases in the blood platelet.
Neutropenia in our study refers to those with neutropenia,
febrile neutropenia, neutropenic sepsis, or decreases in the
neutrophil count.

Data analysis

We conducted the NMA under the frequentist model by
using the software “R4.3.2” with the package “netmeta”
[22]. To display interventions and comparisons, network
plots were generated. The node in each plot denotes the
intervention regimen, and the line in each plot denotes a
direct comparison. We measured the frequency of TEAEs
in the NMA using odd ratios (ORs) and 95% Cls. The sur-
vival outcomes of OS, PFS, PFS2, CFI, TEST, and TSST
were quantified using HRs and their 95% Cls. The ran-
dom-effects model was applied in this NMA for mixed
treatment comparisons. The Q test, proposed to be a gen-
eralization of Cochran’s test, was applied to assess het-
erogeneity, or inconsistency between and within designs.
Forest plots were conducted to display direct and indirect
comparisons among various arms. Efficacy of all arms
were ranked by the P-score. The best regime has a P-score
of 100%, while the worst has a score of 0%. All tests were
two-sided and had a significance threshold of p <0.05.

Results

Literature search results

During the preliminary inspection, a total of 4556 per-
tinent papers were obtained utilizing the study’s search
methodology. After utilizing Endnote X9 software to
remove 2678 duplicate citations, we acquired the titles
and abstracts for 1878 citations. Next, we evaluated the
titles and abstracts to eliminate 1421. Then, 457 relevant
publications with full text were evaluated for eligibility
and 445 articles were precluded that did not meet inclu-
sion criteria. 12 articles for six RCTs were included in
this NMA [23-34]. The search flow diagram is displayed
in Fig. 1.
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Citations identified through
database searching (n=4550):
Pubmed (n=1695)

Embase (n=1519)

Web of Science (n=543)
Cochrane library(n=755)
CNKI (n=18)

Wanfang(n=7)
Sinomed(n=13)
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Additional records identified through references
list of the relevant articles ( n=6)

Duplicate removed ( n=2678) I~

Articles screened by title and abstract review ( n=1878)

_| Clearly not relevant articles after

A 4

title and abstract review ( n=1421)

Full-text articles further evaluated ( n=457)

Full-text excluded that didn’t meet

\

inclusion criteria(n=445)

Articles included in our systematic review( n=12)

Fig. 1 Study flow diagram

Characteristics of included studies
The current analysis includes six RCTs with 2194
patients. Table 1 summarizes the characteristics of
the trials included. Despite various treatments of
included studies, the baseline characteristics of all tri-
als are comparable. It should be noted the trial NOVA
(NCT01847274) had two cohorts by mutation or not of
gBRCA and all endpoints were reported separately, while
its two cohorts were conducted as two independent tri-
als in the NMA. The trial SOLO2(NCT01874353) only
included population with BRCA mutation. The network
of trials for various outcomes is displayed in graphical
network structures (Supplementary Material Fig. S1).
Every circular node stands for a certain kind of regime.
The quantity of studies that conduct direct comparisons
is reflected in the width of the lines.

The risk of bias of the NMA could be found in Supple-
mentary Material Fig. S2.

PFS
In this analysis, six RCTs published PFS data, compar-
ing four PARPis. The heterogeneity in PFS evaluation of

entire population was moderate with an overall I? sta-
tistics of 37.3% and Cochran’s Q test was not significant
(Q=4.79, P=0.1881). Results showed that fuzuloparib
(HR, 0.25; 95% CI, 0.16-0.40), olaparib (HR, 0.32; 95%
Cl, 0.24-0.43), niraparib (HR, 0.35; 95% CI, 0.27-0.45)
and rucaparib (HR, 0.37; 95% CI, 0.27-0.52) contributed
to a statistically significant PFS benefit (Fig. 2a) compared
to placebo. Based on a ranking determined by the NMA
that indicates the likehood of providing the greatest PFS
benefit, fuzuloparib ranked first (P-score: 90.92%), fol-
lowed by olaparib (P-score: 64.51%), niraparib (P-score:
50.21%), and rucaparib (P-score: 44.37%). All the treat-
ment rankings in PFS were displayed in Supplementary
Material Table S2.

Multiple comparisons of subgroup were shown in
Fig. 2b, ¢, d and e. In the subgroup analysis of gBRCA
muted patients, fuzuloparib (HR, 0.14; 95% CI, 0.07—
0.28), niraparib (HR, 0.25; 95% CI, 0.18-0.36) and
olaparib (HR, 0.33; 95% CI, 0.24-0.45) were signifi-
cantly effective compared to placebo in PFS, and the
corresponding P-score were 97.2%, 64.89% and 37.91%,
respectively. For BRCA muted patients, both olaparib
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Network estimate

Comparison (random effects model) HR 95%-Cl
Fuzuloparib vs Niraparib —— 0.71 [0.42;1.19]
Fuzuloparib vs Olaparib — 0.77 [0.45;1.34]
Fuzuloparib vs Placebo —l—— 0.25 [0.16; 0.40]
Fuzuloparib vs Rucaparib —a— 0.68 [0.38;1.19]
Niraparib vs Olaparib 1.09 [0.74;1.61]
Niraparib vs Placebo -B 035 [0.27:0.45)
Niraparib vs Rucaparib 0.95 [0.63; 1.45]
Olaparib vs Placebo = 032 [0.24;0.43]
Olaparib vs Rucaparib —— 0.87 [0.56; 1.36]
Rucaparib vs Placebo — B 0.37 [0.27;0.52]
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Network estimate
Comparison (random effects model) HR 95%-Cl
Olaparib vs Placebo —l— 0.18 [0.10;0.32]
Olaparib vs Rucaparib 0.78 [0.40; 1.54]
Rucaparib vs Placebo B 0.23 [0.16;0.34]
02 05 1 2 5
C
Network estimate
Comparison (random effects model) HR 95%-Cl
Fuzuloparib vs Niraparib 1.06 [0.63;1.80]
Fuzuloparib vs Placebo —l— 0.46 [0.29;0.73]
Niraparib vs Placebo —— 0.43 [0.34; 0.55]
05 1 2
Network estimate
Comparison (random effects model) HR 95%-Cl
Niraparib vs Placebo ——l—— 0.38 [0.24; 0.60]
Niraparib vs Rucaparib 1.19 [0.70; 2.02]
Rucaparib vs Placeo —JIl}— 0.32 [0.24;0.42)
05 1 2

¢

Fig. 2 Forest plot of PFS. a Forest plot of PFS in entire population. b Forest plot of PFS in gBRCA mutated patients. ¢ Forest plot of PFS in BRCA
mutated patients. d Forest plot of PFS in non-gBRCA mutated patients. e Forest plot of PFS in HRD positive patients

(HR, 0.18; 95% CI, 0.10-0.32) and rucaparib (HR, 0.23;
95% CI, 0.16—0.34) were significantly effective in compar-
ison to placebo in PFES, and the corresponding P-scores
were 88.01% and 61.99%, respectively. In the subgroup
analysis of non-gBRCAm of 3 trials, both niraparib (HR,
0.43; 95% CI, 0.34—0.55) and fuzuloparib (HR, 0.46; 95%
CI, 0.29-0.73) had significant benefit in comparison to
placebo with P-scores 79.39% and 70.58%, respectively.
For HRD positive patients, both rucaparib (HR, 0.32; 95%
CI, 0.24-0.42) and niraparib (HR, 0.38; 95% CI, 0.24—
0.60) were significantly effective compared to placebo in
PFS, and the and the corresponding P-score were 86.88%
and 63.12%, respectively.

os

Within this study, there were five RCTs that provided
OS data. Out of these trials, two contained groups that
were treated with olaparib, two included groups that
were treated with niraparib, and one included a group
that was treated with rucaparib. The heterogeneity in OS
evaluation of entire population was low with an overall I*
statistics of 0% and and Cochran’s Q test was not signifi-
cant (Q=1.62, P=0.6549). Results of multiple treatment
comparisons in the entire population were summarized
in Fig. 3a. Olaparib (HR, 0.73; 95% CI, 0.60—0.90) could
significantly decrease overall death, but no significant dif-
ference was found between niraparib (HR, 0.94; 95% CI,
0.78-1.13) and rucaparib (HR, 1.00; 95% CI, 0.81-1.22),

indicating that only olaparib achieved efficacy on OS. The
corresponding P-scores for olaparib, niraparib, rucaparib
were 97.94%, 48.44%, 29.27% and 24.35%, respectively.

Similarly, olaparib in BRCA mutated patients (HR,
0.62; 95% CI, 0.42-0.92) and gBRCA muted patients (HR,
0.71; 95% CI, 0.52—0.97) were highly effective in compari-
son to placebo at improving OS, while rucaparib (HR,
0.83; 95% CI, 0.58—-1.19) and niraparib (HR, 0.83; 95% CI,
0.62-1.10) didn’t show significance in the subgroup of
BRCAm and gBRCAm compared to placebo respectively.
For HRD positive patients, both rucaparib (HR, 1.00; 95%
CI: 0.77-1.32) and niraparib (HR, 1.29; 95% CIL: 0.85—
1.95) were not significantly effective in comparison with
placebo at improving OS. Results of multiple treatment
comparisons of subgroups were summarized in Fig. 3b,
¢, and d, and treatment rankings in OS were collected in
Supplementary Material Table S3.

Other survival outcomes

In the analysis of CFI, four RCTs reported data and
results suggested that fuzuloparib (HR, 0.30; 95% CI,
0.15-0.62), niraparib (HR, 0.36; 95% CI, 0.25-0.53) and
rucaparib (HR, 0.43; 95% CI, 0.24—0.76) had significant
benefit in comparison to placebo and the P-scores were
81.76%, 67.00% and 51.15%, respectively. The heteroge-
neity in CFI evaluation was relatively high (I* = 69.4%;
Cochran’s Q=6.53, P=0.0383).
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Network estimate
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Network estimate
Comparison (random effects model) HR 95%-Cl
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Fig. 3 Forest plot of OS. a Forest plot of OS in entire population. b Forest plot of OS in gBRCA mutated patients. ¢ Forest plot of OS in BRCA

mutated patients. d Forest plot of OS in HRD positive patients

In the analysis of TFST, five RCTs reported data
and results suggested that olaparib (HR, 0.38; 95% CI,
0.28-0.52), niraparib (HR, 0.40; 95% CI, 0.31-0.54) and
rucaparib (HR, 0.43; 95% CI, 0.29-0.64) had significant
benefit compared to placebo and the P-scores were
76.61%, 66.03%, 57.36%, respectively. The heterogene-
ity in TFST evaluation was relatively high (I*> = 55.9%;
Cochran’s Q=6.8, P=0.0786).

In the analysis of TSST, three RCTs reported data
and results suggested that olaparib (HR, 0.52; 95% CI,
0.43-0.63) and rucaparib (HR, 0.68; 95% CI, 0.54—0.85)
had significant benefits compared to placebo and the
P-scores were 98.03% and 51.95%, respectively. The
heterogeneity in TSST evaluation was low (I* = 0;
Cochran’s Q=0.04, P=0.8468).

In the analysis of PFS2, three RCTs reported data
and results suggested that olaparib (HR, 0.50; 95% CI,
0.34-0.73), rucaparib (HR, 0.70; 95% CI, 0.58-0.85)
and niraparib (HR, 0.75; 95% CI, 0.61-0.93) had sig-
nificant benefit in comparison with placebo and the
P-scores were 97.09%, 58.12% and 44.64%, respectively.
The heterogeneity in PFS2 evaluation was low (I> = 0;
Cochran’s Q=0.74, P=0.3884).

Results of multiple treatment comparisons in CFI,
TEST, TSST and PFS2 were displayed in Supplementary
Material Fig. S3 and the rankings were summarized in
Supplementary Material Table S4.

Safety outcomes

In consideration of the tolerability of adverse effects of
grades 1-2, all safety outcomes in this study were evalu-
ated based on adverse effects of grades 3—4; the results
were illustrated using the ORs and the 95%Cls.

Five trials contributed to the NMA of TEAEs (grade
3—-4), comparing the four treatments. The heterogeneity
in TEAEs (grade3-4) evaluation was low with an overall
I? statistics of 0 and and Cochran’s Q test was not sig-
nificant (Q=0.59, p=0.4437). Compared with placebo,
olaparib (OR, 2.40; 95% CI, 1.56-3.70), niraparib (OR,
3.06; 95% CI, 2.42-3.87), rucaparib (OR, 3.76; 95% CI,
2.68-5.28), and fuzuloparib (OR, 4.47; 95% CI, 2.36—
8.46) led to a numerically higher risk of TEAEs (grade
3-4) and the P-scores were 67.97%, 46.71%, 22.49% and
12.82% respectively. For TEAEs (grade 3—4) leading to
treatment discontinuation, niraparib, fuzuloparib, olapa-
rib and rucaparib were included in the NMA and none of
them demonstrated significant difference comparing to
placebo.

When it comes to severe haematological side effects
of grade 3-4 TEAEs, niraparib, olaparib, fuzuloparib,
and rucaparib presented significantly higher risks of
anaemia when compared with a placebo. Rucaparib and
fuzuloparib also presented a significantly higher risk of
neutropenia and thrombocytopenia, while olaparib was
not significantly different from placebo. Fuzuloparib had
a significantly higher risk of leukopenia, whereas olaparib
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and rucaparib were not significantly different from
placebo.

Detailed data of safety outcomes were collected in Sup-
plementary Material Fig. S3 and Table S5.

Discussion

Based on the mechanism of “synthetically lethality,
PARPis have been utilized in first-line maintenance ther-
apy [35—-39] as well as second-line maintenance treatment
for ovarian cancer and are gradually being promoted
from patients with HRD and BRCAm to all patients. All
the PARPis included in the NMA demonstrated signifi-
cant efficacy in prolonging PFS, PFS2, TEST, TSST and
CFI, while only olaparib had significant benefit in the
analysis of OS. Olaparib also ranked first compared to
niraparib and rucaparib in the evaluation of TFST, TSST
and PFS2, while fuzuloparib showed superiority to oth-
ers in PFS and CFL In terms of safety outcomes, the inci-
dence of grade 3—4 TEAEs was significantly higher in
all PARPis included in analysis compared with placebo,
while they did not lead to treatment discontinuation.
With respect to haematological grade 3—4 TEAEs, all
PARPis had higher incidence in anaemia, while olaparib
performed best and was comparable to placebo in throm-
bocytopenia, leukopenia, and neutropenia.

PES is one of the primary endpoints assessed for main-
tenance therapy in gynecologic oncology, and one of
its advantages is that it won’t be affected by subsequent
treatment regimens [40]. Survival analyses in our NMA
showed that the four PARPis demonstrated efficacy in
prolonging PES of PSROC patients regardless of HRD or
BRCA status, which is similar to the findings of the NMA
in PSROC patients by Xu et al. [15] in 2020 and Wang
et al. [16] in 2021. Fuluzolparib revealed more benefit
than other PARPis in terms of CFI in entire population
and PES in entire population and gBRCAm, which might
attribute to its greater exposure (AUC ,_,, ) in tumors
than in plasma and its potent inhibitory effect on the for-
mation of ADP-ribose polymers. However, PES could not
be totally used as surrogate outcome of OS [41], and OS
is still the gold standard for tumor therapy assessment.
The updated meta-analyses [42, 43] in recent two years
showed the significant benefit of PARPis of all muted
types in prolonging PFS of maintenance therapy in ROC
but no significant benefit from OS. Our NMA compared
the OS of olaparib, niraparib and rucaparib of five trials.
Results indicated that only PFS benefit of olaparib trans-
lated into OS benefit, while the other two medications
did not exhibit a significant difference when compared
with placebo, which was consistent in BRCAm and gBR-
CAm subgroups. Future research should further explore
whether olaparib can improve OS in BRCA wild-type
patients, which could help expand its indications to a
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broader patient population. The analytical result of OS is
different from Wang et al. in 2021, that both olaparib and
rucaparib could significantly decrease the risk of death
in gBRCAm patients, whose data were relatively insuffi-
cient and immature at the timepoint of analysis and the
original data were adjusted by authors with the inverse
probability weighting method. The NMA conducted by
Zhou et al. [44] also found that only olaparib could signif-
icantly prolong OS of PRSOC in BRCA muted and wild
types, despite that OS results of some trials like NORA
and NOVA have not been reported or updated at the
time cut-off of their study. OS analyzed in our NMA were
applied with original ITT population data, which were
reliable with 72.7% maturity for ARIEL3 [26], 44% for
NORA [24], 97.6% for NOVA [32], 61% for SOLO2 [30]
and 77% for Study19 [34].

Research found that the differences in the efficacy and
safety profiles of PARPis might be attributed to their
variations in DNA repair inhibition, apoptosis induc-
tion, protein phosphorylation, PARP trapping ability,
off-target kinase activity, and binding affinities to differ-
ent PARP family members [45]. Fuluzolparib, niraparib,
and rucaparib demonstrated significant effectiveness in
terms of other survival outcomes, specifically in the con-
text of CFL This suggests that patients with PSROC who
received PARPis were able to extend the time between
chemotherapy cycles, giving them longer time to recu-
perate from the adverse reaction of previous chemo-
therapy. In other words, the prolonged CFI may enhance
patients’ quality of life and overall treatment tolerability
in real-world settings. PFS2 was significantly prolonged
for olaparib, rucaparib and niraparib included in the eval-
uation, suggesting that PARPis did not deprive patients of
another opportunity to benefit from subsequent therapy
[46]. TEST and TSST, which are clinically meaningful
outcomes evaluating disease recurrence as well as reini-
tiation of the first and second anti-tumor therapies [46],
means that olaparib has the most sustained PFS benefit
and the most significant survival advantage for PRSOC
patients. TSST could also be approximated as PFS2 and
is particularly useful in case PFS could not be assessed
regularly [41]. Furthermore, TEST and TSST provide
real-world insights into how well PARPis delay disease
progression and reduce the need for additional thera-
peutic interventions, both of which are critical factors in
patient management.

Our study found that despite the higher TEAEs of
grade 3-4, discontinuation of treatment led by them was
not significantly different from placebo group. Cecere
[47] et al. and Istvan et al. [42] concluded that adverse
events are quite similar in PARPis and most of them are
manageable with dose reductions and dose interrup-
tions, among which only minority of cases were required
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to discontinue treatment. Chronic hematological toxic-
ity may lead to aggravated infections, fatigue, and pro-
longed bleeding time in cancer patients [48], impacting
their quality of life and interfering with treatment. With
respect to haematological grade 3—4 TEAEs, the inci-
dence of leukopenia with PARPis was comparable to
placebo and anaemia was significantly higher with four
PARPis compared to placebo. For thrombocytopenia and
neutropenia, no significant difference was found between
olaparib and placebo, and rucaparib and fuzulopairb
were higher than placebo. Among the four PARPis
included in safety analysis, olaparib indicated least tox-
icity among others, which might be one reason for its
superiority in OS and other survival outcomes. Studies of
Lafargue et al. [49-51] found that haematological toxicity
usually occurs early in treatment and stabilizes after a few
months, with anaemia being the most common, followed
by neutropenia and thrombocytopenia. The exact mech-
anism of PARPis causing anaemia is not fully understood,
and one explanation is that PARP-2 inhibition leads to
inhibition of erythropoiesis [52]. Considering frequency
of haematological adverse effects, weekly monitoring of
total blood counts is recommended for the first month of
treatment, monthly for the first year and thereafter peri-
odically until healed [53]. In spite of potential safety con-
cerns, analyses of health-related quality of life (HRQoL)
of the included studies suggested that toxicity of PARPis
were well tolerated with limited impact even improve-
ment on HRQoL [23, 29, 54-56].

Implications for practice and future research

Rucaparib, olaparib, niraparib, and fuzuloparib showed
their benefit in PFS and other survival outcomes, provid-
ing a variety of effective options for clinicians. The unique
advantage of olaparib in prolonging survival suggested
that it might be preferred for PSROC patients, and future
research should focus on the specific mechanisms for
more in-depth theoretical support. Although we found
that the efficacy of PARPis in PFS was not affected by
BRCA and HRD mutation status, further analyses on dif-
ferent mutation types are needed to guide clinical prac-
tice more precisely. The safety profile helps to enhance
confidence in promoting PARPis, but long-term moni-
toring and evaluation of safety are still required. Besides,
with the widespread use of PARPI in first-line treatment
of ovarian cancer, whether benefit continues in second or
later line treatment needs further investigation.

Strengths and weaknesses

This is the first NMA that directly and comprehensively
compare the long-term effectiveness of four PARPis
(olaparib, niraparib, rucaparib and fuzuloparib) of mon-
otherapy maintenance treatment in PSROC patients in
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terms of prolonging survival including OS, PFS, PFS2,
TEST, TSST and CF], as well as TEAEs in grades 3—4 of
all kinds, TEAEs (grade 3—4) leading to discontinuation,
and haematological TEAEs (grade 3—4). The NMA incor-
porated six RCTs, all of which were published in pres-
tigious medical publications known for their excellent
quality. Nevertheless, the quantity of experiments that
have been included is limited and needs additional sup-
plementation. This NMA was carried out at the research
level and might not account for confounding factors
that exist at the individual patient level. Some of the tri-
als included in the study did not record the HRD status,
which could introduce bias. Despite conducting a thor-
ough search of the existing literature based on specific
criteria for inclusion and exclusion, there remains a pos-
sibility of overlooking certain studies, particularly those
that have not been made publicly available or published
in English or Chinese. This could potentially introduce
publication bias. The limited clinical observation indices
and brief follow-up duration in particular research may
have a discernible influence on the study outcomes.

Conclusion

The PARPI represents a significant advancement in man-
aging ovarian cancer. Our study has verified the substan-
tial effectiveness of PARPis in patients with PSROC, in
terms of prolonging PFS. This effect is observed regard-
less of the patient’s BRCA and HRD status. Additionally,
PARPis have shown other survival benefits, including
PFS2, TEST, TSST, and CFIL. However, only olaparib has
exhibited a significant improvement in OS for patients,
regardless of their BRCA mutation status. Regarding
safety, whereas PARPis exhibited a higher occurrence of
grade 3—4 TEAEs and partially haematological TEAEs,
they did not frequently result in drug discontinuation.
This indicates that PARPis have a tolerable safety profile.
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