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Objective: This study aimed to evaluate the efficacy and safety of niraparib as a maintenance treatment for newly diagnosed
advanced ovarian cancer in a real-world setting.

Methods: This retrospective observational study included patients with histologically confirmed epithelial ovarian cancer, primary
peritoneal or fallopian tube cancer who received niraparib as first-line maintenance therapy at Tianjin Cancer Hospital between
January 2021 and January 2023. Clinicopathological characteristics and treatment outcomes were extracted from medical records. The
efficacy of niraparib was evaluated by progression-free survival (PFS), and safety was assessed using the Common Terminology
Criteria for Adverse Events (CTCAE) version 5.0.

Results: A total of 102 patients were enrolled in this study. After a median follow-up of 21.4 months (IQR 20.4-22.5 months), the
median PFS was 25.7 months in the overall population, not reached in the BRCA mutation group, and 23.0 months in the wild-type
group. A total of fifty patients with a known status of homologous recombination deficiency (HRD) were observed. The median PFS
was not reached and 23.0 months in the homologous recombination deficiency and proficient groups, respectively. In the BRCA wild-
type group, patients who received more than six cycles of platinum-based chemotherapy had a better prognosis. Furthermore, 20.6% of
patients experienced grade 3 or higher treatment-emergent adverse events, while 39.2% experienced treatment interruption, 37.3%
underwent dose reduction, and 6.9% discontinued treatment. No new safety signals were observed.

Conclusion: In the real-world setting, the use of niraparib as a maintenance treatment for newly diagnosed advanced ovarian cancer
has been shown to be effective and well tolerated, which is consistent with the results of previous randomized Phase III trials.
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Introduction
Epithelial ovarian cancer, which includes ovarian cancer, fallopian tube cancer, and primary peritoneal cancer, is one of
the most common tumors of the female reproductive organs, with the incidence rate that ranks first and the mortality rate
that ranks second.! Owing to the occult onset of the disease and the difficulty in early detection, approximately 3/4 of the
patients were already in an advanced stage at the time of diagnosis. Once advanced, treatment outcomes are consistently
unsatisfactory.”

The advent of maintenance therapy, represented by poly (adenosine diphosphate-ribose) polymerase inhibitors
(PARP1), has revolutionized the treatment paradigm of ovarian cancer, transforming it into a novel model where adjuvant
chemotherapy follows surgery, succeeded by maintenance therapy. Based on the SOLOI trial, the FDA approved
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olaparib in 2018 for the maintenance treatment of advanced ovarian cancer patients who have achieved a complete or
partial response to first-line platinum-based chemotherapy. However, this approval was limited to patients with germline
or somatic BRCA mutations.® Subsequently, the PRIMA and PRIME trials demonstrated a significant progression-free
survival (PFS) benefit of niraparib as a first-line maintenance treatment, regardless of biomarker status. Consequently,
niraparib was approved by both the FDA and NMPA for all comers.*> Notably, unlike PRIMA, PRIME only enrolled
Chinese patients and included a broader and more representative patient population, including patients with stage 111
disease who achieved RO resection during primary debulking surgery.’

However, randomized controlled clinical trials have strict inclusion and exclusion criteria whereas the status and
treatment of patients in the real world are complex and diverse.® Several retrospective real-world studies have been
published and are only dominated by southern populations.”'® Thus, the objective of this study was to evaluate the
efficacy and safety of niraparib as a maintenance treatment for newly diagnosed advanced ovarian cancer in a real-world
setting, particularly in northern populations, which could also be an important supplement to randomized controlled
studies.

Materials and Methods
Study Design and Participants

This was a single-center retrospective observational study. Patients diagnosed with histologically confirmed epithelial
ovarian cancer, fallopian tube cancer, and primary peritoneal cancer who received niraparib as a first-line maintenance
treatment at Tianjin Cancer Hospital between January 2021 and January 2023 were eligible for study enrollment. Patients
with missing clinical data due to loss or refusal to follow-up were excluded. Clinical data were obtained from the
Information System of Tianjin Cancer Hospital (including the HIS and PACS systems), and the following information
was collected: a) demographic data: age, BRCA and homologous recombination deficiency (HRD) status; b) surgery-
related data: postoperative status of cytoreductive surgery (RO/R1/R2), postoperative pathological diagnosis, and
International Federation of Gynecology and Obstetrics (FIGO) stage; c) postoperative treatment data, including che-
motherapy regimen and cycle, CA-125 elimination rate constant K (KELIM) score, and the best response to platinum-
based chemotherapy. Maintenance treatment data including CT/MRI/B-ultrasound results before maintenance, initiation
time of maintence, initial and stable dose of niraparib, adverse events during treatment, reasons for treatment interruption
and reduction, as well as the time of disease progression. Missing information was supplemented by telephone follow-

ups with patients and their families.

Outcome Evaluation

Effectiveness was evaluated using PFS, which is defined as the time from the initial maintenance therapy to the date of
disease progression, death from any cause, or study cutoff. The safety was evaluated using Common Terminology
Criteria for Adverse Events (CTCAE) version 5.0. Clinical and objective radiology assessments were performed

according to the Response Evaluation Criteria in Solid Tumors (RECIST) version 1.1.

Statistical Analysis

SPSS software (version 25.0) was used for statistical analysis. Categorical variables are expressed as percentages, and
continuous variables are expressed as median values and ranges. Survival analysis was performed using the Kaplan-
Meier method and the Log rank test. The safety data were summarized using descriptive statistics (numbers and
percentages). Univariate analysis was performed using the Cox proportional hazards regression model to identify the
possible risk factors for the BRCA wild-type population. Hazard ratios (HR) and 95% confidence intervals (CI) were
reported, with a 2-tailed P value < 0.05 considered to indicate significant differences.
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Table | Baseline Demographics and Clinical Characteristics

Characteristic Patients, No. (%) Characteristic Patients, No. (%)
(n=102) (n=102)
Median age, years 58 Best response to platinum-based chemotherapy
FIGO stage Complete response 64 (62.7)
-l 14 (13.7) Partial response 38 (37.3)
11l 55 (53.9) BRCA status
v 31 (30.4) BRCA mutation® 19 (18.6)
Unknown?® 2(2) BRCA wild-type 60 (58.8)
Primary tumor location Untested 23 (22.5)
Ovary 95 (93.1) HRD status
Fallopian tube 5 (4.9 Deficiency 37 (36.3)
Other® 2(2) Proficiency 13 (12.7)
Histologic subtype Untested 52 (51.0)
Serous ovarian cancer 91 (89.2) Postoperative status of cytoreductive surgery
Endometrioid carcinoma 3(29) RO 78 (76.5)
Clear cell carcinoma 329 RI1/2 18 (17.6)
Other/Unknown® 54.9) Unknown' 6 (5.9)
Neoadjuvant chemotherapy HIPEC
Yes 55 (53.9) Yes 32 (314)
No 47 (46.1) No 70 (68.6)
Prior use bevacizumab with chemotherapy Initial dose of Niraparib
Yes 14 (13.7) 100mg 4 3.9
No 88 (86.2) 200mg 97 (95.1)
Cycles of platinum-based chemotherapy® 300mg I (l)
>6 36 (35.3) Stable dose of Niraparib, n (%)
<6 60 (58.8) 100 mg 23 (22.5)
KELIM score® 100/200 mg alternative I (l)
<l 20 (19.6) 200 mg 70 (68.6)
2| 63 (61.8) 300 mg 1 (I)

Notes: * Two patients were not staged, including one with primary ovarian cancer and endometrial cancer, and one with primary ovarian cancer and breast cancer. ® One
patient had a low-grade serous type, and four patients did not have sufficient tissue for histological classification. © Six patients had no records of adjuvant chemotherapy. ¢
Eighty-three patients had available KELIM scores. ® One patient had ovarian cancer combined with breast cancer and received subsequent treatment for breast cancer, which
was included in the safety analysis set and not included in the efficacy analysis set. f Two patients underwent surgery in other hospitals, and the information was missing; four
patients did not undergo surgery.

Abbreviations: FIGO, International Federation of Gynecology and Obstetrics; KELIM, CA-125 elimination rate constant K; HRD, homologous recombination deficiency;
HIPEC, hyperthermic intraperitoneal chemotherapy.

Results

Demographic and Clinical Characteristics
In total, 109 eligible patients were screened and seven were excluded due to missing baseline data. Ultimately, 102
patients were included in this study (Supplementary Figure S1). The cutoff date was March 1, 2024. Patient demo-

graphics and baseline characteristics are summarized in Table 1.

The median age of the patients was 58 years. Among them, 86 patients (84.3%) had FIGO stage I1I/IV, 55 patients (53.9%)
received neoadjuvant chemotherapy, 18 patients (17.6%) achieved R1/R2 status after cytoreductive surgery, and 38 patients
(37.3%) had a partial response to platinum-based chemotherapy. Among the entire population, 19 patients (18.6%) had a BRCA
mutation and 60 patients (58.8%) had BRCA wild-type, whereas the remaining 23 patients (22.5%) were not tested for BRCA
status. Similarly, 37 patients (36.3%) were HRD-positive and 13 patients (12.7%) were HRD-negative, whereas the remaining
52 patients (51%) were not tested for HRD status. Of these, 13.7% received chemotherapy with bevacizumab (either
neoadjuvant or adjuvant). Hyperthermic intraperitoneal chemotherapy (HIPEC) was administered to 31.4% of the patients.
The number of platinum-based chemotherapy cycles these patients had received ranged from 4 to 12, with a median of 6.
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Figure | Kaplan-Meier PFS curves. (A) The intention-to-treat population; (B) The population with different BRCA statuses; (C) The population with different HRD statuses.

Efficacy

As of the data cutoff, the median follow-up time for PFS was 21.4 months (IQR 20.4-22.5 months), and the data maturity
was 39.2%. In the overall population, the median PFS was 25.7 months, and the probability of PFS at 24 months was
51.87% (Figure 1A). The median PFS was not reached (95% CI, not estimable (NE)-NE), 23 months (95% CI,
15.16-30.84), and 15.5 months (95% CI, 4.9-26.10) in the BRCA mutation, BRCA wild-type, and BRCA untested
groups, respectively, while the probabilities of PFS at 24 months were 85.6%, 46.2%, and 40.7%, respectively
(Figure 1B). The median PFS were not reached (95% CI, NE-NE) and 23 months (95% CI, 2.62-43.38) in the
homologous recombination deficiency and proficient groups, respectively (Figure 1C). Further details are provided in
Table 2.

Univariate Analysis of BRCA Wild-Type Population

Patients with BRCA wild-type usually have a poorer prognosis.'' To evaluate the clinical factors affecting their prognosis,
six clinical factors, including FIGO staging, KELIM score, postoperative status of cytoreductive surgery, number of
platinum-based chemotherapy cycles, best response to platinum-based chemotherapy, and HIPEC were included in the
univariate Cox regression analysis. The results showed that the number of platinum-based chemotherapy cycles may be
an independent prognostic factor in BRCA wild-type population (P = 0.0128). Further details are provided in Table 3.

Safety

During treatment with niraparib, 80 patients (78.4%) experienced treatment-emergent adverse events (TEAEs) of any
grade and 21 patients (20.6%) experienced at least one grade 3 or higher TEAE. Forty patients (39.2%) experienced
treatment interruption, of which 27 were caused by hematological TEAEs. Thirty-eight patients (37.3%) experienced
dose reduction, of which 25 were caused by hematological TEAEs. Specifically, fourteen patients successfully escalated
to the initial dose after demonstrating tolerance for at least one cycle following a dose reduction without experiencing

Table 2 PFS by the Intention-to-Treat Population, BRCA Statuses and HRD Statuses

Event/Total Patients (%) Median PFS (Months) Probability of PFS at 24 Months
Total 42/101 (41.6) 25.7 (95% CI: 17.7-NA) 51.87%
BRCA mutation 2/18 (11.1) NE 85.6%
BRCA wild-type 29/60 (48.3) 23.0 (95% ClI: 15.16-30.84) 46.2%
Untested 11/23 (47.8) 15.5 (4.9-26.10) 40.68%
HRP 7113 (53.8) 23.0 (95% CI: 2.62—43.38) 35.9%
HRD 9/36 (25.0) NE 69.3%
Untested 26/52 (50.0) 17.5 (95% Cl: 6.61-28.39) 43.7%
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Table 3 Univariate Analysis of BRCA Wild-Type Population

Clinical Factors P-value HR (95% CI)

FIGO stage IV (No vs Yes) 0.5812 | 1.395 (0.623-3.123)
KELIM score (<I vs 2I) 0.8145 | 0.816 (0.349-1.911)
Postoperative status of cytoreductive surgery (RO vs R1/R2) 0.5913 1.015 (0.384-2.682)
Cycles of platinum-based chemotherapy (>6 vs <6) 0.0128 | 0.281 (0.115-0.686)
Best response to platinum-based chemotherapy (Complete response vs Partial response) | 0.6768 1.195 (0.516-2.769)
HIPEC (No vs Yes) 0.5897 | 1.049 (0.479-2.298)

any treatment interruptions or dose reductions. Seven patients (6.9%) discontinued the treatment because of TEAEs. The
most common hematological TEAEs during treatment were anemia and decreased platelet count, decreased neutrophil
count, and decreased white blood cell count. The most common non-hematological TEAEs were nausea, decreased
appetite, and fatigue. No new safety signals were observed. Refer to Figure 2, Table 4, and Supplementary Table S1 for
details.

Correlations of TEAEs and PFS in Patients Treated with Different Doses and Initiation
Time

Among patients with an initial dose of 200 mg, the median PFS was 16.9 months in the group with dose reduction due to
TEAE and not reached in the group without dose reduction, respectively, with no statistical difference between the two
groups (P=0.0539). Furthermore, for the initiation time of maintenance therapy, which is defined as the interval from the
end of chemotherapy to the start of niraparib maintenance treatment, the median PFS was 23.8 months in the <12 weeks
group and NE in the >12 weeks group, with no statistical significance (P=0.4059). Further details are provided in
Supplementary Table S2.

Discussion
This was a single-center real-world study, particularly in northern populations, demonstrating the effectiveness and
tolerability of niraparib as a first-line maintenance therapy for ovarian cancer. For patients with BRCA wild-type, the
number of platinum-based chemotherapy cycles was an independent factor associated with longer PFS; however, this
finding still needs to be further confirmed with long-term follow-up and a large sample size.

Previous studies have confirmed the effectiveness of PARPi in patients with BRCA mutations, who are the most
sensitive to PARPi. This is despite variations in study design and populations, including olaparib in SOLO-1, niraparib in
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Figure 2 Incidence rates of any grade and grade 23 treatment-emergent adverse events.
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Table 4 Safety

Terms Patients, No. (%)
Any AEs 80 (78.4)
Grade 23 AEs 21 (20.6)

AEs leading to treatment interruption 40 (39.2)

AEs leading to dose reduction 38 (37.3)

AEs leading to discontinuation 7 (6.9)

Dose escalation 14 (13.7)

PRIMA and PRIME, rucaparib in ATHENA-MONO, and senaparib in FLEAMS.*>'>!3 Although the data were
retrospective and limited in number, this study demonstrated improved outcomes in the BRCA mutation population
compared to the BRCA wild-type population, with a median follow-up of 21.4 months and a median PFS that has not yet
been reached. This finding is consistent with the results of previous studies.* >'%!3

For patients with BRCA wild-type, who constitutes approximately 75% of ovarian cancer, the median PFS of PARPi
as first-line maintenance treatment was 19.3 months in the PRIME study and remained not reached after a median follow-
up of 22.3 months in the FLEAMS study.>'* In this study, 60 patients with BRCA wild-type, with a median PFS of 23.0
months, also demonstrated a favorable effect of niraparib maintenance therapy. As patients with BRCA wild-type usually
have a poor prognosis,'! a univariate analysis was conducted to explore the prognostic factors for this group. Our study
identified the number of platinum-based chemotherapy cycles (>6 vs <6) as an independent prognostic factor (P =
0.0128), indicating that in clinical practice, completing full-course chemotherapy should be given greater emphasis in
patients with BRCA wild-type.

Currently, there are no approved commercial HRD assays in China, and those used in clinical practice are diverse and
mostly laboratory-developed. The BGI HRD assay was used in the PRIME study, and the results demonstrated that first-
line maintenance with niraparib significantly extended PFS in both the homologous recombination-positive and proficient
groups.” The TruSight Oncology 500 HRD assay was used in the FLEAMS study, and exploratory analysis also indicated
that maintenance with senaparib showed a PFS benefit trend regardless of HRD status, although the data were
retrospective.'® In this study, fifty patients underwent various HRD assays to determine HRD status, and the median
PFS were not reached and 23.0 months in the homologous recombination-positive and proficient groups, respectively.
This retrospective real-world study also confirmed that patients in the HRD group had better clinical outcomes. At the
same time, although the sample size was limited, the median PFS in the HRP group was 23 months, while, without
maintenance, the median PFS ranged from 5.4 months to 19.5 months in previous randomized phase III trials.*”"'*!3
Therefore, maintenance therapy is crucial for this population.

Overall survival (OS) is a key goal of all anticancer treatments. In the phase III PRIMA trial, it was observed that for
newly diagnosed advanced ovarian cancer, niraparib maintenance therapy showed no difference in OS compared with
placebo.'* However, it is important to note that all patients enrolled in PRIMA were at high risk of disease progression or
death, including those with stage III disease (with residual disease after primary debulking surgery), those with stage IV
disease, and those who received neoadjuvant chemotherapy. Second, OS was a secondary endpoint of PRIMA, and the
results were susceptible to being affected by subsequent confounding factors, such as subsequent PARPi therapy,
subsequent new drug treatment and re-cytoreductive surgery.'* PFS, as the primary endpoint, holds significant impor-
tance. In PRIMA, patients who received niraparib as first-line maintenance therapy had significantly longer PFS than
those who received placebo both in patients with HRD (24.5 months vs 11.2 months; hazard ratio, 0.51) and those with
HRP (8.4 months vs 5.4 months; hazard ratio, 0.67), indicating a 49% and 33% reduction in the risk of disease
progression or recurrence, respectively.'* This confirms the clinical value of niraparib as first-line maintenance therapy.
Consistent with PRIMA, this study demonstrates that niraparib shows favorable efficacy in both patients with HRD and
those with HRP, and notably, the efficacy is more pronounced in the HRD group. Regarding OS, due to insufficient OS
data maturity, long-term follow-up is still required to analyze the factors influencing the clinical benefit of PARPi. In real-
world settings, although OS is also susceptible to the impact of subsequent treatments, we will continue follow-up to
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evaluate the significance of niraparib as first-line maintenance on the overall survival of patients with newly diagnosed
advanced ovarian cancer.

The safety results showed that the individualized starting dose regimen, which is based on body weight and platelet
count, had better tolerance in Chinese patients, with a treatment interruption rate of 39.2%, dose reduction rate of 37.3%,
and treatment discontinuation rate of 6.9%. The reasons for treatment interruption and reduction were hematological
TEAESs (mostly grade >3) and non-hematological TEAEs (mainly grade 1 or 2). We noted that, after experiencing dose
reduction during PARPi treatment, fourteen patients demonstrated good tolerance in subsequent treatment cycles,
successfully re-escalating to the initial dose and maintaining stability. This provides a new approach for patients with
stable symptoms after a dose reduction.

To our knowledge, this is the first study to evaluate the efficacy and safety of niraparib as first-line maintenance
therapy for ovarian cancer, particularly in northern populations. This study had some limitations. First, the clinical data
were retrospectively collected through systematic records and telephone follow-up. Therefore, the incompleteness of data
collection may have led to bias, especially the completeness of TEAEs. Second, this is single-center data, which also
needs to be confirmed with multicenter data from northern China. Finally, the data maturity was still not sufficiently high,
and a longer follow-up time is needed. The overall survival data should be collected in future studies.

Maintenance therapy with niraparib for newly diagnosed advanced ovarian cancer is effective and well-tolerated,
without any safety concerns. For the BRCA wild-type population, the completion of full-course chemotherapy should be
given greater emphasis, and a few more cycles of chemotherapy should be feasible.

Conclusion
This real-world study confirmed the effectiveness and tolerability of niraparib as a maintenance treatment for newly
diagnosed advanced ovarian cancer, particularly in patients in northern China.
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