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Introduction
Ovarian cancer (OC) ranks as the sixth most 
common cause of death among female malignant 
tumors, presenting a substantial risk to women’s 
lives and well-being.1 GLOBOCAN 2020 data 
reveals that there were 313,959 new cases of OC 

reported globally, resulting in 207,252 annual 
deaths.2 Currently, the occurrence of OC in 
China is on the rise.3 The primary barrier to 
enhancing OC diagnosis is the absence of effi-
cient early detection screening techniques.4 
Therefore, the disease is already at an advanced 
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stage when it is diagnosed in many women with 
OC, and the 5-year survival rate is only 15%–
25%.5 75% patients with advanced illness have a 
relapse within 18–24 months, and the median 
progression-free survival (PFS) for OC is 16–
21 months.6–8 In addition, chemotherapy resist-
ance can easily lead to OC recurrence and a high 
mortality rate.9,10

Different pathological types of OC tend to have 
different types of genetic alterations. Genetic sus-
ceptibility accounts for 14%–24% of OC cases, 
primarily due to hereditary mutations in the 
BRCA1 or BRCA2 genes.11 BRCA1 and BRCA2 
proteins participate in the repair of double-strand 
DNA breaks through homologous recombination 
repair (HRR).12 Dysfunction of BRCA1, BRCA2, 
or genes coding for proteins that interact with 
BRCA proteins, like BRIP1, RAD51C, RAD51D, 
and FANCM, results in genomic instability.13 
High-grade serous ovarian cancer (HGSOC) 
exhibits high recurrence and metastasis rates,14 
with over 95% of cases carrying somatic TP53 
mutations.15 Conversely, TP53 mutations are 
notably less prevalent in low-grade serous ovarian 
cancer (LGSOC) and serous borderline tumors.16 
Mutations in BRAF and KRAS were found in 
about 60% of LGSOC, but not in HGSOC.17 
Epithelial ovarian cancer (EOC) such as clear 
cell, endometrioid, and mucinous tumors, exhibit 
mutations in oncogenes KRAS and PI3K, as  
well as tumor suppressor genes PTEN and 
ARID1A.18 Comparatively, major mutations in 
mucinous ovarian tumors are primarily KRAS 
mutations.19,20

Genetic mutations can easily cause the corre-
sponding treatment to fail in OC.21 Exploring 
innovative treatment approaches in recent years 
has led to the emergence of novel drugs, such  
as Poly (ADP-ribose) polymerase inhibitors 
(PARPi), which specifically target the repair of 
DNA damage in anticancer mechanisms.22 
PARPi, such as olaparib, niraparib, and ruca-
parib, target the synthetic lethality pathway, 
inhibiting the repair of single-strand breaks and 
causing cancer cell death through apoptosis.23 
Olaparib has been approved for the treatment of 
patients with advanced OC as the first-line main-
tenance therapy (FL-M), providing a significant 
PFS benefit (as demonstrated in the phase III 
SOLO1 clinical trial, NCT01844986).24–26 
Niraparib has also been approved for the mainte-
nance treatment of adult patients with newly 
diagnosed advanced (FIGO Stages III and IV) 

epithelial high-grade ovarian, fallopian tube, or 
primary peritoneal cancer who are in complete 
response (CR) or partial response (PR) following 
completion of first-line platinum-based chemo-
therapy.27,28 In recurrent OC, the European 
Society of Medical Oncology (ESMO) guidelines 
recommend niraparib for maintenance therapy 
regardless of BRCA mutation status, while for 
patients with BRCA mutations, olaparib has been 
recommended for maintenance therapy.29 By 
contrast, American Society of Clinical Oncology 
(ASCO) guidelines suggest that maintenance 
treatment with niraparib in patients without ger-
mline or somatic BRCA mutations should care-
fully evaluate the potential PFS benefit against a 
possible overall survival decrement.28 Therefore, 
the Food and Drug Administration (FDA), but 
not the European Medicines Agency, restricted 
niraparib indication to only patients with ger-
mline BRCA mutations.30,31 In addition, PARPi 
monotherapy should not be routinely offered for 
the treatment of recurrent platinum-sensitive 
EOC.28 Overall, PARPi hold great promise for 
OC maintenance treatment, but in clinical prac-
tice, individualized treatment protocols should be 
developed based on the patient’s specific genetic 
mutation status, disease progression, and treat-
ment response to maximize efficacy and minimize 
adverse effects. Future studies should continue to 
delve deeper into the optimal application strategy 
of PARPi to improve the prognosis of patients 
with OC.

In this study, the molecular characteristics of 
HRR genes in 695 OC patients who underwent 
next-generation sequencing (NGS) in the First 
Affiliated Hospital of Zhengzhou University were 
analyzed to identify different HRR gene muta-
tions. In addition, the clinical diagnosis and treat-
ment data of 180 patients who were treated with 
PARPi after HRR gene sequencing were col-
lected. This study aims to provide a reference for 
clinical guidance of PARPi medication in OC by 
constructing an HRR gene map and exploring  
the factors that may affect the efficacy of PARPi 
in OC.

Materials and methods

Patient recruitment
A total of 695 patients who were newly diagnosed 
with malignant OC and underwent the NGS of 
HRR in the Department of Obstetrics and 
Gynecology of the First Affiliated Hospital of 
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Zhengzhou University from March 2019 to 
February 2022 were collected to analyze the 
molecular distribution characteristics of HRR gene 
mutations including BRCA1/2.32 Post-test genetic 
counseling to patients with positive germline muta-
tion testing was provided to analyze the risks for 
their immediate relatives. The research was 
approved by the Ethics Committee of the First 
Affiliated Hospital, Zhengzhou University (2023-
KY-1165-002). The inclusion criteria for this 
study were as follows: (i) at least 18 years old; (ii) 
patients with pathological diagnosis of OC and fal-
lopian tube cancer; and (iii) PARPi treatment for 
at least 1 month. Due to its retrospective design 
and the use of anonymized data, the requirement 
for informed consent from the patients was waived. 
The reporting of this research conforms to the 
Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) statement 
(Supplemental File 1).33

Clinical assessments
Data were obtained from the patient’s medical 
records. Clinical data from patients participating 
in NGS, especially those using PARPi (including 
olaparib, niraparib, etc.), were collected. Baseline 
clinical characteristics of all patients were gath-
ered. Furthermore, data on the indication for 
PARPi treatment were gathered, including main-
tenance treatment for patients with advanced 
ovarian, fallopian tube, or primary peritoneal can-
cer who achieved CR or PR to FL-M; mainte-
nance treatment for patients with recurrent 
ovarian, fallopian tube, or primary peritoneal can-
cer who achieved CR or PR to platinum-based 
chemotherapy (maintenance therapy after plati-
num-sensitive recurrence (PSR-M)); and active 
treatment (AT) for patients with recurrent 
advanced OC. Relapses that happened over 
6 months following the most recent platinum-
based chemotherapy treatment were categorized 
as platinum-sensitive recurrences. BRCA muta-
tion-positive (BRCAmut) was described as a 
pathogenic or possibly pathogenic mutation in 
either BRCA1 or BRCA2 that was found in a 
patient; BRCA wide type (BRCAwt) was the 
alternative option. Pathogenic and likely patho-
genic mutations in various genes associated with 
the HRR pathway, such as ATM, BARD1, 
BRCA1, BRCA2, BRIP1, CDK12, CHEK1, 
CHEK2, FANCL, PALB2, RAD51B, RAD51C, 
RAD51D, and RAD54L were considered as 
HRR mutation positive,34,35 which were also 
FDA-approved mutated HRR genes.36 The 

Common Terminology Criteria Adverse Events 
V 5.0 was used to grade adverse events (AEs) to 
adjust the dosage. PFS was determined by meas-
uring the duration from the initiation of PARPi 
treatment to the occurrence of either disease pro-
gression or cause-specific death, whichever hap-
pened earlier.

Statistical analysis
The statistical analyses were conducted using R 
software (Lucent Technologies, version 4.3.1) 
and SPSS software (International Business 
Machines Corporation, version 22.0). The cate-
gorical variables, namely BRCA mutation status 
and HRR mutation status, were compared using 
the Fisher exact test. To analyze PFS, Kaplan-
Meier curves were compared using a log-rank 
test, and the relationships between various factors 
and PFS were tested by determining the hazard 
ratio using a Cox proportional hazards regression 
model. Multivariable models were constructed 
using baseline variables that met the p < 0.05 
threshold of significance in the univariable analy-
sis. Statistical significance was set at p < 0.05.

Results

Cohort characteristics
The clinical and demographic characteristics of 
patients recruited in this study are outlined in 
Table 1. The median age at which OC was diag-
nosed was 52 years, with a range from 55 to 60. 
Histology of OC showed that most cases were 
HGSOC (590/695), followed by LGSOC 
(45/695), clear cell (40/695), endometrioid 
(4/695), mucinous (7/695), and others (9/695).

Distribution of mutation in HRR gene
We first collected and analyzed the percentage of 
the BRCA1/2 gene, as shown in Figure 1a. Of the 
127 pathogenic variants, 104 (104/127, 81.9%) 
occurred in BRCA1, and 23 (23/127, 18.1%) 
occurred in BRCA2. In addition, among the 59 
cases of variants of uncertain significance (VUS) 
identified, 20 cases (20/59, 33.9%) were associated 
with VUS in the BRCA1 gene, and 39 cases (39/50, 
66.1%) were associated with VUS in the BRCA2 
gene. Other subjects were identified as having del-
eterious variants in non-BRCA genes (Figure 1b). 
Of the 13 pathogenic variants in all panels except 
BRCA1/2, 9 (9/13, 69%) involved pathogenic 
mutations in HRR genes. Among them, TP53, 
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SDHA, FANCM, FANCA, BRIP1, PALB2, and 
RAD51D are mutant genes. There were 116 VUS 
and 16 (16/116, 1.7%) genes involved in HRR 
genes. Among them, ATM, BARD1, CDK12, 
CHEK2, FANCL, PALB2, RAD51B, RAD51C, 
RAD51D, and RAD54L are mutant genes 
approved by FDA.36 In summary, the BRCA1/2 
mutations continue to be the predominant muta-
tions in OC within the realm of HRR genes.

Characterization of DNA mutations and copy 
number variation
After analyzing the HRR mutation data, the top 
30 genes with DNA mutations and the top 20 
genes with copy number variation (CNV) are 
prominently displayed. Further detailed DNA 
mutation and CNV characteristics are present in 
Figure 2. The different colors in the figure repre-
sent various mutation types, including exonic, 
frameshift deletion, nonsynonymous single nucle-
otide variations (SNV), frameshift mutation, 
frameshift substitution, missense mutation, non-
frameshift deletion insertion, non-frameshift sub-
stitution, nonsense mutation, splicing, stopgain, 

and mut-het. The top two mutated genes are 
BRCA1/2 with the primary types of DNA muta-
tions being exonic variants and het mutations. 
The primary DNA mutation type for TP53 is 
nonsynonymous SNV. Furthermore, this study 
assessed the top 20 variations in CNV, including 
MYC, PRKCI, TERC, etc., primarily focusing 
on nonsynonymous SNV in DNA. DNA muta-
tion and CNV are two distinct types of genomic 
alterations, each reflecting distinct levels of 
genomic variation. DNA mutation refers to alter-
ations in single or multiple bases within the 
genome, whereas CNV involves changes in the 
copy number of one or more genes.37 Both types 
of genomic variations play essential roles in 
understanding the mechanisms underlying OC 
and individual genetic diversity, contributing sig-
nificantly to the advancement of personalized 
therapies for OC.

Analysis of the family history of BRCA germline
In addition to cross-sectional analysis of 
OC-related HRR gene mutation results, this 
study also conducted a longitudinal survey to 
analyze the BRCA gene mutation status of OC 
patients and their immediate family members. 
Based on the comparative analysis of genetic 
mutations of patients with BRCA mutations and 
their immediate relatives (Table 2), identical 
amino acid and coding sequence changes were 
observed among immediate family members. The 
occurrence of OC in two generations strongly 
supports a common origin, confirming the hered-
itary nature and familial clustering of OC.38

Characteristics of patients with PARPi 
treatment among the 180 individuals
Although we collected the data of NGS in 695 
OC patients, focusing on variants in the HRR 
gene, only 180 patients received PARPi (olapa-
rib and niraparib) treatment. We categorized 
and followed up on the clinical information of 
these 180 patients according to their original 
treatment plans. Among them, 100 patients 
(100/180, 55.6%) were in the FL-M group, 40 
patients (40/180, 22.2%) were in the PSR-M 
group, and an additional 40 patients (40/180, 
22.2%) were in the AT group (Table 3). Among 
the 100 patients in the FL-M group, 47 patients 
had a BRCAmut (34 patients had a BRCA1 
mutation, while 16 patients carried a BRCA2 
mutation), while 53 patients had BRCAwt. 
Besides the FL-M group, 13 others had 

Table 1.  Clinical and demographic characteristics of 
our cohort.

Clinical characteristic

  Age of diagnosis Patients

    ⩽40 72

    40–50 209

    50–60 259

    60–70 126

    >70 29

    Total 695

  Tumor histology

    High-grade serous 590

    Low-grade serous 45

    Clear cell 40

    Endometrioid 4

    Mucinous 7

    Others 9

    Total 695
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mutations in HRR pathway genes other than 
BRCA mutations. Among the 40 patients in the 
PSR-M group, 14 patients (14/40, 35%) had a 
BRCA1 mutation, 2 patients (2/40, 5%) had a 
BRCA2 mutation, and 24 patients (24/40, 60%) 
had BRCAwt. In addition, four individuals in 
the PSR-M group experienced mutations in the 
HRR pathway genes other than BRCA1/2 genes. 
Of the 40 patients in the AT group, 11 had a 
BRCA1 mutation, and 5 had mutations in the 
HRR pathway other than BRCA mutations. 
Among them, 11 were treated with immunosup-
pressive drugs.

Treatment response and PFS for the included 
patients after PARPi treatment
We conducted follow-ups and monitored the effi-
cacy of PARPi specifically in the 180 individuals 
who received PARPi treatment in this cohort 
study with NGS. Of the patients treated with 
PARPi, 74 had BRCAmut, and 106 had BRCAwt. 
The median PFS of BRCAwt was 23 months, 
while the median PFS of the BRCAmut was not 
reached. Besides, the data have shown that the 
12-month PFS of the BRCAwt group was 58.8% 
(95% CI: 50.0–69.1), while the 12-month PFS of 
BRCA1/2mut was 70.1% (95% CI: 60.4–81.4) 

Figure 1.  Percentage of pathogenic variations and VUS in the HRR gene test. (a) Percentage of pathogenic 
variants and VUS in testing BRCA1/2 gene. (b) Percentage of pathogenic variants and VUS testing for HRR 
genes other than the BRCA1/2 gene.
HRR, homologous recombination repair; VUS, variants of uncertain significance.
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(Figure 3a). Results found that BRCAmut types 
had longer PFS and better prognosis compared to 
the BRCAwt group (p < 0.05). In addition, differ-
ent treatment regimens of PARPi exhibited vary-
ing efficacies. Progression events were observed 
in 82 (82/180, 45.6%) patients, including 23 
(23/100, 23.0%) in the FL-M group, 24 (24/40, 
60.0%) in the PSR-M group, and 35 (35/40, 
70.0%) in the AT group. Four patients died dur-
ing follow-up due to disease progression in the 
FL-M group, and the 12-month PFS was 83.9% 
(95% CI: 76.9–91.4). The 12-month PFS for 
PSR-M patients was 54.9% (95% CI: 41.4–72.7), 
with 10 patient deaths. Among the AT patients, 
the 12-month PFS was 19.34% (95% CI: 10.01–
37.4), and 21 patients died of disease progression 
during follow-up (Figure 3b). The findings indi-
cate that the FL-M regimen of PARPi is linked to 
a more favorable prognosis, demonstrating supe-
rior PFS compared to the PSR-M and AT groups 
in OC.

Influencing factors for PFS
In this study, the continuous variables, age and 
body mass index, were divided into two categori-
cal variables according to the overall average 
value. The multivariate study suggests that the 
anti-angiogenic medication, the response to plat-
inum-based chemotherapy (CR/PR), and 
whether or not a second surgery was performed 
could be predictors of the PFS in the FL-M 
group. It was discovered that the PFS of the 
patients in the PSR-M group was influenced by 
the tumor stage and the amount of time that had 
passed between the end of chemotherapy and the 
start of PARPi (months). The PFS in the AT 
group was significantly impacted by the use of 
anti-angiogenic medications, except bevaci-
zumab (Table 4).

AEs associated with PARPi treatment
The AEs associated with PARPi treatment are 
critical concerns in the management of OC,26,39 
and the detailed information on these events for 
the included patients is presented in Table 5. 
Among the 180 patients treated with PARPi, 34 
experienced AEs. Gastrointestinal symptoms 
were the most common AE, such as nausea and 
vomiting. Besides, there were eight patients with 
hematological AEs, of which three were severely 
discontinued due to myelosuppression, experi-
encing symptoms such as anemia, reduced plate-
let count, and leukopenia, while two were 

improved after drug reduction. Instead of hema-
tological AEs, two individuals discontinued the 
medication due to severe vomiting. In addition, 
mild AEs such as diarrhea, fatigue, constipation, 
anorexia, oral mucositis, and erythema were 
observed.

Discussion
The elevated mortality and morbidity rates of OC 
underscore its significance as a critical area of 
study.1 Notably, germline pathogenic variants, 
particularly in genes related to homologous 
recombination and mismatch repair pathways, 
are detected in about 22%–25% of EOC cases.40 
Extensive research has been directed toward the 
BRCA1/2 genes, focusing on their mutations and 
the therapeutic efficacy of PARPi.41 Nevertheless, 
notable deficiencies in the study of other HRR 
genes also exist. Concurrently, advancements in 
NGS have enhanced gene detection capabilities, 
including those of BRCA1/2, thereby underpin-
ning clinical decision-making and enabling more 
precise treatments, which may provide a novel 
theoretical basis for improving OC therapy.

This study gathered data on BRCA1/2 and other 
HRR gene mutations from 695 OC patients who 
were treated at the First Affiliated Hospital of 
Zhengzhou University between February 2019 
and February 2022. The study aimed to assess 
the connection between gene mutation status and 
the effectiveness of PARPi treatment. Our find-
ings suggest that BRCA1/2 mutations are still the 
main mutation form of OC, and the proportion of 
pathogenic variants is much higher than that of 
VUS. The pathogenic variants occur in BRCA1/2 
(81.9% and 18.1% of total mutations for BRCA1 
and BRCA2, respectively). In addition to 
BRCA1/2 gene mutations, pathogenic mutations 
were in TP53, SDHA, FANCM, FANCA, 
BRIP1, PALB2, RAD51D, etc., and VUS were 
in ATM, BARD1, CDK12, CHEK2, FANCL, 
PALB2, RAD51, RAD51C, RAD51D, RAD54L, 
etc. Simultaneously, an analysis of familial histo-
ries about BRCA germline mutations revealed the 
presence of identical genetic variations within 
direct family lineages, suggesting a shared genetic 
origin for OC across two generations.

In this research, the genetic profile of HRR in a 
large OC cohort was studied. HRR genes such as 
BRCA1/2 were detected in OC patients and a 
large number of gene mutations were found. 
Simultaneously, the relationship between patients’ 
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Table 3.  Characteristics of 180 patients in this study underwent PARPi treatment.

Characteristics PARPi (n = 180)

FL-M (100) PSR-M (40) AT (40) Total (180)

Age (years), median (range) 52.5 (33–73) 52 (25–70) 49 (33–73) 52 (25–73)

BMI 23.13 (15.63–30.48) 25.43 (19.48–44.12) 23.93 (18.22–34.72) 23.82 (15.63–44.12)

BRCA status

  BRCA mutation 47 16 11 74

  BRCA1 mutation 34 14 11 59

  BRCA2 mutation 16 2 0 18

  BRCA wild-type 53 24 29 106

HRR status (except BRCA1/2)

  HRR mutation 13 4 5 22

  HRR wild type 11 5 2 18

  Unknown 76 31 33 140

Stage

  I 7 3 2 12

  II 4 2 1 7

  III 61 18 21 100

  IV 17 9 9 35

  NA 11 8 7 26

Sensitivity to platinum-based chemotherapy

  Platinum sensitive n/a n/a 18 18

  Platinum resistant 22 22

Response to platinum-based chemotherapy

  CR 52 30 10 92

  PR 48 8 18 74

  NA 0 2 12 14

Number of cycles of recent chemotherapy

  <4 2 1 0 3

  4–8 84 8 13 105

  >8 14 31 27 72

The time between the last course of chemotherapy and initiation of PARPi (months)

  ⩽2 64 18 15 97

  >2 36 22 25 83

(Continued)
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Characteristics PARPi (n = 180)

FL-M (100) PSR-M (40) AT (40) Total (180)

Immunosuppressive drug

  Yes 5 6 11 22

  No 95 34 29 158

Bevacizumab drug

  Yes 30 20 22 72

  No 70 20 18 108

Anti-angiogenic drugs (except bevacizumab)

  Yes 8 11 19 38

  No 92 29 21 142

Surgical outcome

  R0 81 30 27 138

  >R0 15 6 7 28

  NA 4 4 6 14

Secondary surgery

  Yes 8 5 4 17

  No 92 35 36 163

AT, active treatment; BMI, body mass index; CR, complete response; FL-M, first-line maintenance therapy; HRR, homologous recombination repair; 
NA, not available; PARPi, poly (ADP-ribose) polymerase inhibitors; PR, partial response; PSR-M, maintenance therapy after platinum-sensitive 
recurrence.

Table 3.  (Continued)

genetic mutation profiles and the efficacy of 
PARPi was analyzed. It was found that compared 
to the BRCAwt group, PARPi significantly 
improves the PFS in patients with BRCA1/2mut. 
Simultaneously, the stratification of OC treatment 
protocols indicated that FL-M therapy was associ-
ated with enhanced PFS, demonstrating a notable 
advantage over PSR-M and AT groups. Factors 
potentially influencing PFS included sensitivity to 
cisplatin, the interval between the final chemo-
therapy session and initiation of PARPi treatment, 
and the administration of anti-angiogenic drugs, 
such as bevacizumab. AEs were included in this 
study, with hematological adverse reactions, 
including anemia, thrombocytopenia, and leuko-
penia, identified as the most common type. These 
AEs might require intervention through drug dose 

reduction or drug withdrawal to alleviate their 
impact in severe cases.

This study has limitations inherent in its obser-
vational nature. This study is a single-center 
study, limited to the population admitted to the 
First Affiliated Hospital of Zhengzhou 
University, and the population may not be rep-
resentative of other regions. In addition, a larger 
number of the clinical samples is required for 
in-depth studies. Meanwhile, the type of PARPi 
used by the patients was not strictly differenti-
ated in this study, and all patients received at 
least one approved PARPi treatment. Future 
studies should consider distinguishing between 
different types of PARPi to assess their specific 
impact on treatment efficacy and AEs. Overall, 
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the relevant results of this study, including the 
influence of BRCA1/2 gene status, PARPi treat-
ment plan, and other related factors on the 
prognosis of OC, as well as the occurrence of 
AEs, still provide references for the clinical 
treatment of OC.

Conclusion
In OC patients, prioritizing multi-gene HRR path-
way mutations over BRCA1/2 testing can offer 
clinically significant insights. Integrating clinical 
data helps identify factors affecting PARPi effec-
tiveness, hence directing clinical PARPi use in OC.

Figure 3.  Kaplan-Meier curves for the PFS in PARPi patients. (a) Kaplan-Meier curves for the PFS in the 
BRCA1/2wt and BRCA1/2mut patients. (b) Kaplan-Meier curves for PFS of patients in the FL-M, PSR-M, and 
AT subgroups.
AT, active treatment; FL-M, first-line maintenance therapy; PARPi, poly (ADP-ribose) polymerase inhibitor; PFS, 
progression-free survival; PSR-M, maintenance therapy after platinum-sensitive recurrence.
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Table 4.  Factors linked to PFS in the three groups were analyzed using Cox regression.

Characteristics Univariate analysis Multivariate analysis

HR (95% CI) p HR (95% CI) p

FL-M group (n = 100)

  Age 1.2 (0.52–2.7) 0.7 / /

  BMI 1.5 (0.67–3.5) 0.31 / /

  BRCA status (BRCAmut vs BRCAwt) 0.53 (0.23–1.3) 0.15 / /

  Response to platinum-based chemotherapy (CR vs PR) 2.5 (1.1–5.9) 0.036 1.8 (0.77–4.4) 1.7e-01

  Stage (I/II vs III/IV) 3.4 (0.46–25) 0.23 / /

  Number of cycles of recent chemotherapy (⩾6 vs <6) 0.69 (0.28–1.7) 0.41 / /

 � The time between the last course of chemotherapy and 
initiation of PARPi (months; ⩽2 months vs >2 months)

2.1 (0.91–4.7) 0.084 / /

  Immunosuppressive drug (yes vs no) 1.1 (0.15–8.4) 0.91 / /

  Bevacizumab drug (yes vs no) 4 (1.7–9.3) 0.0011 3.8 (1.5–9.1) 3.4e-03

  Anti-angiogenic drugs (except bevacizumab; yes vs no) 6.7 (2.6–17) 7.4e-05 7.5 (2.8–20) 4.6e-05

  Surgical outcome (R0 vs >R0) 2.1 (0.84–5.4) 0.11 / /

  Secondary surgery (yes vs no) 4.2 (1.6–11) 0.0046 2.8 (0.97–8.1) 5.8e-02

PSR-M group (n = 40)

  Age 1.2 (0.53–2.7) 0.67 / /

  BMI 0.87 (0.36–2.1) 0.75 / /

  BRCA status (BRCAmut vs BRCAwt) 1.3 (0.58–2.9) 0.53 / /

  Response to platinum-based chemotherapy (CR vs PR) 2.3 (0.93–5.6) 0.071 2.1 (0.74–6) 0.16

  Stage (I/II vs III/IV) 0.33 (0.11–1) 0.06 0.4 (0.12–1.3) 0.13

  Number of cycles of recent chemotherapy (⩾6 vs <6) 1.1 (0.38–3.3) 0.82 / /

 � The time between the last course of chemotherapy and 
initiation of PARPi (months; ⩽2 months vs >2 months)

0.75 (0.33–1.7) 0.48 / /

  Immunosuppressive drug (yes vs no) 0.66 (0.2–2.2) 0.5 / /

  Bevacizumab drug (yes vs no) 1.3 (0.56–2.8) 0.58 / /

  Anti-angiogenic drugs (except bevacizumab; yes vs no) 1.6 (0.67–3.7) 0.3 / /

  Surgical outcome (R0 vs >R0) 1.1 (0.37–3.3) 0.84 / /

  Secondary surgery (yes vs no) 2.3 (0.79–7) 0.13 / /

AT group (n = 40)

  Age 0.41 (0.2–0.86) 0.018 / /

  BMI 0.7 (0.35–1.4) 0.33 / /

(Continued)
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Characteristics Univariate analysis Multivariate analysis

HR (95% CI) p HR (95% CI) p

  BRCA status (BRCAmut vs BRCAwt) 0.68 (0.32–1.5) 0.32 / /

  Response to platinum-based chemotherapy (CR vs PR) 1.2 (0.5–3) 0.67 / /

  Stage (I/II vs III/IV) 2.2 (0.52–9.6) 0.28 / /

  Number of cycles of recent chemotherapy (⩾6 vs <6) 1.4 (0.6–3.5) 0.41 / /

 � The time between the last course of chemotherapy and 
initiation of PARPi (months; ⩽2 months vs >2 months)

1.4 (0.71–2.8) 0.32 / /

  Immunosuppressive drug (yes vs no) 1.1 (0.52–2.4) 0.77 / /

  Bevacizumab drug (yes vs no) 1.6 (0.8–3.1) 0.19 / /

  Anti-angiogenic drugs (except bevacizumab; yes vs no) 2.3 (1.1–4.6) 0.024 / /

  Surgical outcome (R0 vs >R0) 0.84 (0.29–2.4) 0.75 / /

  Secondary surgery (yes vs no) 0.63 (0.19–2.1) 0.46 / /

AT, active treatment; BMI, body mass index; BRCAmut, BRCA mutation-positive; BRCAwt, BRCA wide type; CR, complete response; FL-M, first-
line maintenance therapy; HR, hazard ratio; PARPi, poly (ADP-ribose) polymerase inhibitors; PFS, progression-free survival; PR, partial response; 
PSR-M, maintenance therapy after platinum-sensitive recurrence.

Table 4.  (Continued)

Table 5.  AEs for 180 patients treated with PARPi treatment.

AEs PARPi (n = 34)

1–2 3 4

Hematological AEs

  Anemia 3 3 0

  Thrombocytopenia 3 1 1

  Leukopenia 3 3 0

  Creatinine 1 0 0

Non-hematological AEs

  Nausea/vomiting 12 2 0

  Diarrhea 8 0 0

  Fatigue 12 0 0

  Constipation 2 0 0

  Anorexia 2 0 0

  Oral mucositis 1 0 0

  Erythema 1 1 0

AEs, adverse events; PARPi, poly (ADP-ribose) polymerase inhibitors.
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