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Effect of BRCA1/2 Mutational Status on Survival Outcomes According to
Secondary Cytoreductive Surgery and Maintenance Therapy in
Platinum-Sensitive Relapsed Ovarian Cancer: A Real-World Evidence Study
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"Department of Obstetrics and Gynecology, Seoul National University College of Medicine, Seoul, *Department of Obstetrics and Gynecology,
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Purpose This study aimed to investigate the impact of BRCA1/2 mutational status on survival outcomes in patients with platinum-
sensitive relapsed (PSR) epithelial ovarian cancer (EOC).

Materials and Methods We retrospectively identified patients who received secondary treatment for PSR EOC at our institution
between January 2007 and June 2021 and who underwent BRCA1/2 gene testing by either germline or somatic methods. The
association between BRCA1/2 mutational status and survival outcomes was evaluated. Both secondary cytoreductive surgery (CRS)
and maintenance therapy were stratified considering real-world clinical practice.

Results Of 262 patients, 91 (34.7%) and 171 (65.3%) were assigned to BRCA1/2 mutation and wild-type groups, respectively. The
two groups had similar proportions of patients undergoing secondary CRS (26.4% vs. 32.7%, p=0.286) and maintenance therapy
(54.9% vs. 46.2%, p=0.178). Overall, no differences in progression-free survival (PFS; median, 19.7 vs. 15.1 months, p=0.120) and
overall survival (OS; p=0.400) were observed between the two groups. In multivariate analyses, BRCA1/2 mutational status was
not associated with PFS (adjusted hazard ratio, 0.816; 95% confidence interval, 0.596 to 1.119; p=0.207). BRCA1/2 mutational
status did not affect PFS among patients who underwent secondary CRS (n=80) and among those who did not (n=182) (p=0.074
and p=0.222, respectively). PFS did not differ in the BRCA1/2 mutational status among the patients who received bevacizumab
maintenance (n=90, p=0.992).

Conclusion In this real-world evidence study, BRCA1/2 mutational status itself was not associated with PFS and OS in PSR EOC,
which was consistent with whether secondary CRS or not and with bevacizumab maintenance.
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Introduction

Ovarian cancer, the most fatal gynecologic malignancy, is
one of the leading causes of female cancer deaths in Korea
[1]. In conjunction with a western lifestyle and socio-cultural
change, such as delayed and non-marriage and having few-
er children, the incidence of ovarian cancer has gradually
increased in Korea [2]. Approximately 90% of all ovarian can-
cer cases are histologically epithelial ovarian cancer (EOC),
which tends to be diagnosed at an advanced stage and
relapses despite primary treatment, consisting of extensive
cytoreductive surgery (CRS) and platinum-based combina-
tion chemotherapy [3]. Treatment of recurrent EOC is chal-
lenging since chemoresistance acquisition is responsible for
the treatment failure [4].

Traditionally, retreatment of platinum-based combination
chemotherapy has been recommended as a secondary treat-

ment to patients with platinum-sensitive recurrence (PSR),
defined as > 6 months of platinum-free interval (PFI) [5,6].
However, recent landmark phase III randomized controlled
trials (RCTs) proved survival benefit from maintenance ther-
apy with poly(ADP-ribose) polymerase inhibitors (PARPis),
both olaparib (OLA) and niraparib (NIRA), which signifi-
cantly improved the progression-free survival (PFS) in PSR
EOC, especially for BRCA mutated, high-grade serous or
endometrioid carcinoma [7-9]. OLA maintenance even resul-
ted in prolonged overall survival (OS) [10]. Based on these
promising data, more and more patients with EOC are
expected to receive germline and/or somatic BRCA1/2 gene
testing.

Before the advent of PARPis, mutations in the BRCAI and
BRCA?2 genes received considerable attention by researchers
since they are associated with increased risk of developing
breast and ovarian cancers [11] and demonstrate a favorable
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prognosis in primary EOC, probably resulting from better
response to platinum-based chemotherapy [12,13]. Nowa-
days, BRCA1/2 gene testing is conducted to screen patients
for PARPi maintenance therapy.

Meanwhile, other therapeutic options are also available
for the secondary treatment of PSR EOC. Previous phase
III RCTs [14,15] demonstrated a PFS benefit from concomi-
tant use with platinum-based doublets and maintenance of
bevacizumab (BEV), a humanized anti-vascular endothelial
growth factor monoclonal antibody, in PSR EOC. In 2021,
the Gynecologic Cancer InterGroup, 6th Ovarian Cancer
Consensus Conference stated that secondary CRS should
be considered in all patients with recurrent disease fulfilling
criteria predictive of successful complete resection, based on
the recently published phase III trials, DESKTOP-III [16] and
SOC-1 [17], which confirmed the survival benefit from sec-
ondary CRS.

To date, the survival impact of germline/somatic BRCA1/2
mutations in PSR EOC is relatively less investigated than
those in primary EOC. Moreover, there are still unanswered
questions surrounding maintenance therapy and secondary
CRS. For example, it remains unknown whether efficacy of
BEV or survival benefit from secondary CRS differs accord-
ing to BRCA1/2 mutational status or not. The maintenance
strategies to be administered following secondary CRS
according to the residual disease and individual patients’
BRCA1/2 mutational status have not been established [18].

Thus, we aimed to investigate impact of BRCA1/2 muta-
tional status on the survival outcomes in patients with PSR
EOC. Both secondary CRS and maintenance therapy were
stratified considering real-world clinical practice. For this
purpose, we decided to present our institution’s experience
on the management of PSR EOC.

Materials and Methods

1. Study population

From the institution’s Ovarian Cancer Cohort, we identi-
fied consecutive patients with EOC who met the following
conditions: (1) aged more than 18 years at the time of initial
diagnosis, (2) those who had undergone both CRS and plat-
inum-based chemotherapy as first-line treatment, (3) those
who experienced the first relapse between January 2007 and
June 2021 with > 6 months of PFI, and (4) those whose ger-
mline and / or somatic BRCA1/2 mutational status were avail-
able. However, we excluded patients if (1) they had brain
metastases at the time of disease recurrence, (2) received
non-platinum-based second-line chemotherapy, (3) received
chemotherapy prior to secondary CRS, or (4) had insufficient
clinical data or lost to follow-up during or immediately after
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completion of the secondary treatment.

At our institution, any specific patient selection criteria
or models, such as Arbeitsgemeinschaft Gynikologische
Onkologie (AGO) score [19] or international model (iMO-
DEL) [17], have not been used for predicting the feasibility
of complete gross resection. Instead, physicians suggested
secondary CRS to patients with PSR EOC when complete
resection was amenable based on an integrative judgment
considering PFI, performance status, and imaging studies,
including "F-fluoro-deoxy-glucose positron emission tomo-
graphy/computed tomography (PET/CT). In this aspect,
we excluded three patients enrolled in DESKTOP-III [16], in
which a positive AGO score was the principal inclusion cri-
terion.

Meanwhile, our institution was one of the predominant
academic centers that actively enrolled patients with PSR
EOC in GOG-213 trial [15,20]. Of our study population, 29
patients participated in that trial. All these patients were the
candidate of secondary CRS, and through the randomiza-
tion, underwent the secondary treatment as follows: sec-
ondary CRS plus BEV maintenance (n=8); secondary CRS
without any maintenance (n=4); and no surgery, but BEV
maintenance (n=16); and no surgery, no maintenance (n=1).

2. Secondary treatment and surveillance

In this study, all the patients underwent BRCA1/2 gene test-
ing at Seoul National University Hospital by either germline
or somatic methods as described in our previous study [13].
Since February 2016, germline BRCA1/2 gene testing method
has been revised from direct sequencing to next-generation
sequencing (NGS). For somatic BRCA1/2 gene testing, the
institution’s own NGS cancer panel was applied to archival
formalin-fixed paraffin-embedded tumor tissues. According
to the recommendation of the American College of Medical
Genetics and Genomics and the Association for Molecular
Pathology [21], patients who had “pathogenic” and “likely
pathogenic” variants in germline or somatic BRCAI and
BRCA?2 were regarded as the BRCA mutation group. Mean-
while, the rest of the patients were regarded as the BRCA
wild-type group.

Physicians recommend second-line chemotherapy and
maintenance therapy to patients as per the practice guide-
lines of Korean Society of Gynecologic Oncology [22]. Those
who completed second-line chemotherapy without BEV
belonged to one of the three indices: no maintenance, OLA
maintenance, and NIRA maintenance (rucaparib was exclu-
ded since it is not available in Korea). Responders to the
chemotherapy had the opportunity to undergo OLA (cap-
sules as 400 mg or tablets as 300 mg twice a day orally) or
NIRA (capsules as 200 mg or 300 mg once daily orally) in the
presence of BRCA mutated, high-grade serous carcinoma.
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Despite the absence of BRCA1/2 mutations, two and three
patients with high-grade serous carcinoma received OLA
(tablets as 300 mg twice a day orally) and NIRA (capsules
as 200 mg or 300 mg once daily orally), respectively. Dose
reduction and interruption was permitted at the physicians’
discretion.

Meanwhile, patients who received BEV concomitantly
with chemotherapy belonged to one of the two regimens:
(1) paclitaxel (175 mg/m? of body surface area)+carboplatin
(area under the curve 5)+BEV (15 mg/kg) intravenously
every 3 weeks, or (2) gemcitabine (1,000 mg/m? of body sur-
face area) on days 1 and 8 +carboplatin (area under the curve
4)+BEV (15 mg/kg) intravenously every 3 weeks. If second-
ary CRS was performed, BEV was started on cycle 2. Follow-
ing the completion of second-line chemotherapy, some pati-
ents stopped BEV, while the others continued BEV (15 mg/
kg) intravenously every 3 weeks as maintenance therapy. For
statistical purpose, we considered the latter as the BEV main-
tenance group in this study.

Maintenance therapy was continued until unacceptable
toxicity, patient refusal, or disease progression, which was
ascertained by computed tomography (CT) scans as per the
Response Evaluation Criteria in Solid Tumors ver. 1.1 [23].
In terms of the surveillance, patients underwent CT after the
third cycles of second-line chemotherapy. During BEV main-
tenance, CT scans were conducted every three cycles, while
every 3 months during PARPi maintenance. Those who did
not receive any maintenance or completed maintenance
underwent routine CT scans every 3 months for the first 2
years. Thereafter, CT scans were performed every 4-6 months
for the next 2 years and annually afterward.

3. Data collection and statistical analysis

We collected the patients’ clinicopathologic characteristics,
including age at initial diagnosis, histologic type, Interna-
tional Federation of Gynecology and Obstetrics (FIGO) stage,
and residual tumor size following CRS and PFIs. We also col-
lected characteristics at the first relapse, such as age, serum
cancer antigen 125 (CA-125) levels, retrospectively estimated
AGO score, and details of the secondary treatment. PFS and
OS were defined as the time interval from the start date of
the secondary treatment to the date of disease progression
and cancer-related death or the end of the study, respectively.

For comparing the patient characteristics between the two
groups (e.g., BRCA mutation and wild-type groups), we
used the Student’s t- or Mann-Whitney U tests for the con-
tinuous variables, while we used Pearson’s chi-squared or
Fisher exact tests for the categorical variables. Kaplan-Meier
methods with the log-rank test were conducted for the sur-
vival analyses. In multivariate analysis, we used a Cox pro-
portional hazards model and calculated the adjusted hazard

ratios (aHRs) and 95% confidence intervals (CIs). All these
statistical analyses were conducted using IBM SPSS Statistics
software ver. 25.0 (IBM Corp., Armonk, NY). A p-value < 0.05
was considered as statistically significant.

Results

1. Overall findings

In total, 262 patients were included, and 91 (34.7%) and
171 (65.3%) were assigned to the BRCA mutation and wild-
type groups, respectively. In the BRCA mutation group, 70
(76.9%) and 21 (23.1%) patients had mutated BRCAI and
BRCA2 genes, respectively. None of the patients had BRCA1
and BRCA2 mutations simultaneously. Detailed BRCAI1/2
gene test results are summarized in S1 Table.

The patients’ clinicopathologic characteristics are present-
ed in Table 1. The most common histologic type was high-
grade serous carcinoma (83.2%), and advanced-stage disease
(FIGO stage III-IV) was observed in 86.6% of the patients.
Between the BRCA mutation and wild-type groups, no dif-
ferences were observed in the patient’s age at initial diag-
nosis, FIGO stage, and the proportion of high-grade serous
carcinoma. Similar proportion of patients received neoadju-
vant chemotherapy between the BRCA mutation and wild-
type groups (31.9% vs. 27.5%, p=0.457). The median number
of neoadjuvant chemotherapy cycles was 3 in both groups
(p=0.716). Through the primary CRS or interval CRS, similar
proportion of patients achieved complete resection (70.3%
vs. 70.8%, p=0.942). No difference in the use of BEV during
primary treatment was observed between the two groups
(9.9% vs. 9.4%, p=0.889). Notably, none of the patients recei-
ved PARPi as primary maintenance therapy.

At the time of PSR, 80 patients (30.5%) underwent second-
ary CRS with 82.5% of the complete resection rate. Mainte-
nance therapy was administered in 129 (49.2%) patients: 90
(34.4%) and 39 (14.9%) patients received BEV and PARPi
maintenance, respectively; none of them received dual (BEV
plus PARPi) maintenance therapy. S2 Fig. depicts the compo-
sition of the study population based on the BRCA1/2 muta-
tional status, secondary CRS, and maintenance therapy.

The BRCA mutation and wild-type groups had similar
PFI, serum CA-125 levels, and proportion of patients hav-
ing a positive AGO score (Table 2). Considering the second-
ary treatment, the two groups showed similar proportion of
patients who underwent secondary CRS (26.4% vs. 32.7%;
p=0.286) and complete resection (91.7% [22/24] vs. 78.6%
[44/56], p=0.209). The most frequently administered sec-
ond-line chemotherapy regimen was paclitaxel-carboplatin
(49.5%) in the BRCA mutation group and paclitaxel-carbopl-
atin-BEV (46.2%) in the BRCA wild-type group.
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Table 1. Patients’ characteristics at the time of primary treatment

Characteristic

BRCA mutation

BRCA wild-type

Age at initial diagnosis, mean+SD (yr)
Histology
Two categories
High-grade serous
Non-high-grade serous
In detail
High-grade serous
Low-grade serous
Endometrioid
Mucinous
Clear cell
Mixed
Others
FIGO stage
I
II
111
v
Primary treatment
Upfront CRS
NAC-interval CRS
Residual tumor at first CRS
Complete resection
Residual disease
BEYV at first-line chemotherapy
No
Yes
BRCA testing methods
Germline only
Somatic only
Both
BRCA mutational status
BRCA1T mutation
BRCA2 mutation
Mutations in both genes
Wild-type

(n=91) (n=171) TAELT
54.6+9.9 53.5+8.4 55.2+10.6 0.150
218 (83.2) 81 (89.0) 137 (80.1) 0.067
44 (16.8) 10 (11.0) 34 (19.9)
218 (83.2) 81 (89.0) 137 (80.1) 0.046
6(2.3) 0 6 (3.5)
17 (6.5) 5(5.5) 12 (7.0)
5(1.9) 1(1.1) 4(23)
10 3.8) 0 10 (5.8)
4(15) 3(3.3) 1(0.6)
2(0.8) 1(1.1) 1(0.6)
15 (5.7) 2(2.2) 13 (7.6) 0.199
20 (7.6) 5(5.5) 15 (8.8)
140 (53.4) 50 (54.9) 90 (52.6)
87 (33.2) 34 (37.4) 53 (31.0)
186 (71.0) 62 (68.1) 124 (72.5) 0.457
76 (29.0) 29 (31.9) 47 (27.5)
185 (70.6) 64 (70.3) 121 (70.8) 0.942
77 (29.4) 27 (29.7) 50 (29.2)
237 (90.5) 82 (90.1) 155 (90.6) 0.889
25 (9.5) 9(9.9) 16 (9.4)
155 (59.2) 65 (71.4) 90 (52.6) 0.013
27 (10.3) 6 (6.6) 21 (12.3)
80 (30.5) 20 (22.0) 60 (35.1)
70 (26.7) 70 (76.9) 0 <0.001
21 (8.0) 21 (23.1) 0
0 0 0
171 (65.3) 0 171 (100)

Values are presented as number (%) unless otherwise indicated. BEV, bevacizumab; CRS, cytoreductive surgery; FIGO, International Federa-
tion of Gynecology and Obstetrics; NAC, neoadjuvant chemotherapy; SD, standard deviation.

After completion of combination chemotherapy, similar
proportion of patients received maintenance therapy bet-
ween the BRCA mutation and wild-type groups (54.9% vs.
46.2%, p=0.178) (Table 2). However, the maintenance drugs
used were different by the BRCA1/2 mutational status. In the
BRCA mutation group, PARPis were more commonly used
than BEV. In the BRCA wild-type group, only five patients
received PARPi maintenance, while most of the patients
received BEV maintenance (n=74).
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During a median observation period of 27.0 months, 191
patients (72.9%) relapsed and 39 patients (14.9%) died of the
disease. Overall, the BRCA mutation and wild-type groups
showed similar PFS (median, 19.7 vs. 15.1 months; p=0.120)
and OS (3-year survival rate, 85.2% vs. 88.2%; p=0.400) (Fig.
1A and B). There was no difference in PFS (p=0.226) and OS
(p=0.629) between the BRCAI mutation, BRCA2 mutation,
and BRCA wild-type groups (Fig. 1C and D).

Multivariate analyses adjusted for the clinicopathologic
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Table 2. Patients’ characteristics at the time of recurrence and during secondary treatment

BRCA mutation BRCA wild-type

h .
Characteristic (n=91) (n=171)

p-value

Platinum-free interval (mo)

Median (range) 13.8 (6.0-172.3) 15.2 (6.1-133.7) 13.2 (6.0-172.3) 0.115
>6and <12 106 (40.5) 28 (30.8) 78 (45.6) 0.020
=12 156 (59.5) 63 (69.2) 93 (54.4)
Age at recurrence, mean+SD (yr) 57.1£9.6 55.948.3 57.6+10.2 0.146
CA-125 at recurrence (IU/mL)
Median (range)? 95.5(2.2-8,320.0)  96.0 (2.2-6,290.0) 95.5 (2.5-8,320.0) 0.541
Ascites > 500 mL at recurrence
No 225 (85.9) 80 (87.9) 145 (84.8) 0.490
Yes 37 (14.1) 11 (12.1) 26 (15.2)
AGO score
Negative 100 (38.2) 34 (37.4) 66 (38.6) 0.845
Positive 162 (61.8) 57 (62.6) 105 (61.4)
Secondary treatment
Chemotherapy only 182 (69.5) 67 (73.6) 115 (67.3) 0.286
Secondary CRS 80 (30.5) 24 (26.4) 56 (32.7)
Residual tumor at secondary CRS
Complete resection 66 (25.2) 22 (24.2) 44 (25.7) 0.364
<lcm 8(3.1) 1(1.1) 7 (4.1)
>1cm 6(2.3) 1(1.1) 5(2.9)
Complete resection rate (%) 825 91.7 78.6 0.209
Second-line chemotherapy
Paclitaxel-Carboplatin-BEV 97 (37.0) 18 (19.8) 79 (46.2) 0.001
Gemcitabine-Carboplatin-BEV 3(1.1) 0 3(1.8)
Paclitaxel-Carboplatin 91 (34.7) 45 (49.5) 46 (26.9)
PLD-Carboplatin 44 (16.8) 16 (17.6) 28 (16.4)
Docetaxel-Carboplatin 12 (4.6) 5(5.5) 7 (4.1)
Gemcitabine-Carboplatin 9(3.4) 4(4.4) 5(2.9)
Belotecan-Cisplatin 4(1.5) 3(3.3) 1(0.6)
Topotecan-Cisplatin 1(0.4) 0 1(0.6)
Irinotecan-Cisplatin 1(0.4) 0 1(0.6)
Second-line chemotherapy cycles
Median (range) 6(2-12) 6(2-12) 6(2-12) 0.812
<6 33 (12.6) 15 (16.5) 18 (10.5) 0382
6 186 (71.0) 62 (68.1) 124 (72.5)
>7 43 (16.4) 14 (15.4) 29 (17.0)

Maintenance therapy
Two categories

No 133 (50.8) 41 (45.1) 92 (53.8) 0.178
Yes 129 (49.2) 50 (54.9) 79 (46.2)

Three categories
No 133 (50.8) 41 (45.1) 92 (53.8) <0.001
BEV 90 (34.4) 16 (17.6) 74 (43.3)
PARPi 39 (14.9) 34 (37.4) 5(2.9)

(Continued to the next page)

VOLUME 55 NUMBER 1 JANUARY 2023 249



Cancer Res Treat. 2023;55(1):245-257

Table 2. Continued

Total BRCA mutation BRCA wild-type
(n=262) (n=91) (n=171)

Characteristic

p-value

Four categories

No 133 (50.8) 41 (45.1) 92 (53.8) <0.001
BEV 90 (34.4) 16 (17.6) 74 (43.3)

OLA 32 (12.2) 30 (33.0) 2(1.2)

NIRA 7(2.7) 4(4.4) 3(1.8)

Value are presented as number (%) unless otherwise indicated. AGO, Arbeitsgemeinschaft Gynikologische Onkologie; BEV, bevacizumab;
CA-125, cancer antigen 125; CRS, cytoreductive surgery; NIRA, niraparib; OLA, olaparib; PARPi, poly(ADP-ribose) polymerase inhibitor;
PLD, pegylated liposomal doxorubicin; SD, standard deviation. “Missing data: 10, Y Among the patients who received secondary CRS.

A B
1.0 1 —— BRCA mutation 1.0
® —— BRCAwild-type ®
® 084 Log-rank, p=0.120 ® 084
© ’ = :
= =
Z 0.6 Z 064
@ @
2 04 2 04
B =
= = ——— BRCA mutation
E 024 E 021 —spaea wild-type
(&} . © 0 Log-rank, p=0.400
0 20 40 60 80 100 0 50 100 150 200
Time (mo) Time (mo)
No. Events G 95% ClI No. Events .3-Year
(mo) survival rate (%)
BRCA mutation 91 66 19.7  15.2-241 BRCA mutation 91 17 85.2
BRCA wild-type 171 125 15.1  13.3-16.8 BRCA wild-type 171 22 88.2
C D
1.0 e —— BRCAT mutation
o | N e BRCA2 mutation @
E 0.8 ——— BRCA wild-type ‘é
= : Log-rank, p=0.226 =
> >
‘S 061 2
S =
" 172}
2 041 2
© © —— BRCAT mutation
= 2 - BRCAZ2 mutation
E 0241 E 029 — Breawild-type
(&} © Log-rank, p=0.629
0 T T T T T 0 T T T L]
0 20 40 60 80 100 0 50 100 150 200
Time (mo) Time (mo)
No. Events Median 95% CI No. Events .3-Year
(mo) survival rate (%)
BRCAT mutation 70 50 177  129-225 BRCAT mutation 70 13 84.1
BRCA2 mutation 21 16 230  15.7-30.3 BRCA2 mutation 21 4 88.2
BRCA wild-type 171 125 151 13.3-16.8 BRCA wild-type 171 22 88.2

Fig. 1. Comparisons of survival outcomes according to the BRCAI/2 mutational status: (A, C) progression-free survival, (B, D) overall
survival. CI, confidence interval.
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Table 3. Factors associated with progression-free survival

Univariate analysis

Characteristic

Multivariate analysis

Platinum-free interval (mo)

>6and <12 1

>12 0.523
CA-125 at recurrence (IU/mL)

<95 1

=95 1.710
Histology

High-grade serous 1

Non-high-grade serous 0.707
BRCA mutational status

Wild-type 1

Mutation 0.789
Secondary CRS

No 1

Yes 0.521
Maintenance therapy

No 1

Yes 0.587

95% CI p-value aHR 95% CI p-value
- ; 1 i -
0.391-0.699 < 0.001 0.571 0.421-0.773 < 0.001
_ _ 1 _ -
1.274-2.293 < 0.001 1.593 1.176-2.158 0.003
- ; 1 i -
0.478-1.045 0.082 0.743 0.492-1.120 0.156
_ _ 1 _ -
0.585-1.065 0.122 0.816 0.596-1.119 0.207
- ; 1 i -
0.378-0.720 < 0.001 0.566 0.397-0.807 0.002
_ _ 1 _ -
0.437-0.787 < 0.001 0.489 0.357-0.669 < 0.001

aHR, adjusted hazard ratio; CA-125, cancer antigen 125; CI, confidence interval; CRS, cytoreductive surgery; HR, hazard ratio.

factors revealed that BRCA mutation was not associated
with PFS (aHR, 0.816; 95% CI, 0.596 to 1.119; p=0.207) (Table
3) and OS (aHR, 1.376; 95% CI, 0.721 to 2.628; p=0.333) (S3
Table). Meanwhile, PFI > 12 months (aHR, 0.571; 95% CI,
0.421 to 0.773; p < 0.001), secondary CRS (aHR, 0.566; 95%
CI, 0.397 to 0.807; p=0.002), and maintenance therapy (aHR,
0.489; 95% CI, 0.357 to 0.669; p < 0.001) were identified as
favorable prognostic factors for PFS (Table 3). Of these three
factors, only secondary CRS was associated with improved
OS (aHR, 0.424; 95% CI, 0.183 to 0.987; p=0.046) (S3 Table).

2. Secondary CRS analysis

The comparison between the patient characteristics of the
secondary CRS (n=80) and no surgery groups (n=182) are
presented in 54 Table. There was no difference in BRCA1/2
mutational status (p=0.234) between the two groups; how-
ever, patients in the secondary CRS group had longer PFI
(median, 22.8 vs. 12.3 months; p <0.001), and were younger at
the time of PSR (p=0.022) than those in the no surgery group.
The secondary CRS group had lower serum CA-125 levels
(median, 62.3 vs. 112.4 IU/mL; p < 0.001) but had a higher
proportion of patients with a positive AGO score (76.3%
vs. 55.5%, p=0.001). Similar proportion of patients received
maintenance therapy (42.5% vs. 52.2%, p=0.148) between the
secondary CRS and no surgery groups. Maintenance with
BEV and PARPi were also similarly administered (p=0.272).

In the survival analysis, the secondary CRS group showed

significantly improved PFS than the no surgery group
(median, 23.2 vs. 13.9 months; p < 0.001) (Fig. 2A). Such a
PFES benefit from secondary CRS was consistent, regardless
of BRCA1/2 mutational status (Fig. 2B and C). Investigating
the impact of BRCA1/2 mutational status among patients
who underwent secondary CRS and among those who did
not undergo surgery, we found that BRCA1/2 mutational
status did not affect the patients’ PFS (p=0.074 and p=0.222,
respectively) (Fig. 2D).

The secondary CRS group showed significantly improved
OS than the no surgery group (3-year survival rate, 93.0% vs.
84.0%; p=0.026). However, among patients who underwent
secondary CRS and among those who did not undergo sur-
gery, BRCA1/2 mutational status did not affect the patients’
OS (p=0.774 and p=0.454, respectively) (S5 Fig.).

We subsequently split the secondary CRS group into com-
plete resection (n=66) and residual tumor subgroups (n=14).
The complete resection subgroup showed significantly better
PFS (median, 23.4 vs. 13.9 months; p < 0.001) and OS (3-year
survival rate, 97.3% vs. 84.0%; p=0.005), compared to the no
surgery group. In contrast, no differences in PFS (p=0.241)
and OS (p=0.561) were observed between the residual tumor
subgroup and no surgery group (S6 Fig.). Owing to the small
sample size of the residual tumor subgroup, we could not
conduct subsequent survival analyses of BRCA1/2 mutation-
al status.
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Fig. 2. Comparisons of progression-free survival based on secondary cytoreductive surgery. (A) All patients. (B) BRCA mutation group.
(C) BRCA wild-type group. (D) Combinations of secondary cytoreductive surgery and BRCA1/2 mutational status. CI, confidence interval;
CRS, cytoreductive surgery.
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Fig. 3. Comparisons of progression-free survival according to the maintenance therapy by BRCAI/2 mutational status (A, B) and by sec-
ondary cytoreductive surgery (CRS) (C, D). BEV, bevacizumab; CI, confidence interval; PARPi, poly(ADP-ribose) polymerase inhibitor.

3. Maintenance therapy analysis

Although there was no difference in OS (p=0.582), PARPi
maintenance (median, 23.7 vs. 14.5 months; p=0.001) and
BEV maintenance (median, 17.2 vs. 14.5 months; p=0.012)
showed significantly better PFS, compared to the no main-
tenance group (S7A and S7B Fig.). Multivariate analysis
adjusting PFI, CA-125, and secondary CRS revealed that both
BEV (aHR, 0.558; 95% ClI, 0.396 to 0.788; p=0.001) and PARPi
(aHR, 0.398; 95% CI, 0.243 to 0.651; p < 0.001) significantly

improved the patients’ PFS compared to no maintenance.
Meanwhile, we found that BRCA1/2 mutational status did
not affect PFS of the patients who received BEV maintenance
(n=90, p=0.992) and PFS of those without any maintenance
(n=133, p=0.101) (S7C and S7D Fig.).

In the BRCA mutation group, PARPi users had better PFS
than those who did not receive any maintenance therapy
with marginal significance (median, 21.8 vs. 19.7 months;
p=0.054), whereas BEV users did not (p=0.578). In the BRCA
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wild-type group, both PARPi users (p=0.033) and BEV users
(p=0.007) showed significantly improved PFS, compared to
those without maintenance (Fig. 3A and B).

In the secondary CRS group, the median PFS for PARPi
users was 43.2 months, which was significantly better than
28.4 months for BEV users (p=0.038) and 19.7 months for
those without maintenance (p=0.009). No difference in PFS
was observed between BEV and no maintenance (p=0.238).
In the no surgery group, both the PARPi (p=0.007) and BEV
users (p=0.012) had significantly improved PFS, compared to
those without maintenance. However, no difference in PFS
was observed between PARPi and BEV (p=0.585) (Fig. 3C
and D).

Lastly, we investigated the impact of maintenance ther-
apy based on the BRCA1/2 mutational status exclusively
among patients who underwent secondary CRS. When the
BRCA mutation was identified (n=24), PARPi maintenance
showed better PFS with marginal significance, compared to
those who did not receive PARPi maintenance (median, 43.2
vs. 23.2 months; p=0.058). Meanwhile, in the BRCA wild-
type cases (n=56), BEV users and non-users had similar PFS
(median, 27.5 vs. 18.4 months; p=0.253) (S8 Fig.).

Discussion

This real-world evidence study suggests that germline/
somatic BRCA1/2 mutational status itself might not be
associated with PFS and OS in PSR EOC. In contrast, second-
ary CRS was identified as a favorable prognostic factor for
PFS and OS, while maintenance therapy was associated with
improved PFS. Whether the patients received secondary CRS
or not, BRCA1/2 mutational status did not affect the patients’
prognosis. Among the patients who received BEV mainte-
nance, PFS did not differ in the BRCA1/2 mutational status.

In literature, studies investigating the impact of BRCA1/2
mutational status on the survival outcomes in EOC has been
mainly conducted in primary settings [12,13,24,25]. Previ-
ously, our research team reported that patients harboring
BRCA1/2 mutations demonstrated better PFS than those
who did not [13]. Several years have passed since then, and
PARPis are widely used in newly diagnosed and PSR EOC.
Nowadays, it is not easy to conduct studies to identify the
pure effect of BRCA1/2 mutational status on the prognosis,
excluding the use of PARPi maintenance. Therefore, we con-
ducted patient stratification based on several factors, includ-
ing maintenance therapy.

Consistent with previous phase III RCTs, OCEANS [14]
and GOG-213 [15], we observed significantly better PFS from
BEV maintenance, rather than no maintenance, in PSR EOC.
While both trials did not report the proportion of patients
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with BRCA1/2 mutations, the current study found similar
PFS between BRCA mutated BEV users and BRCA wild-type
BEV users. Similarly, GOG-218 demonstrated that germline/
somatic BRCA1/2 mutations were not predictive of BEV
activity, however, the study only included newly diagnosed
advanced EOC [26].

In our study, no difference in PFS was observed between
BEV maintenance and no maintenance among the patients
with BRCA mutated PSR EOC. Similar results were also
reported in Lorusso et al.’s multi-center retrospective study:
among the patients with BRCA mutated, newly diagnosed
advanced high-grade serous ovarian cancer, there were no
differences in PFS and OS between BEV users (n=58) and
non-users (n=90) [27]. In contrast, BEV maintenance signifi-
cantly improved PFS than no maintenance in BRCA wild-
type PSR EOC, which was also similar to Lorusso et al.’s
study [27]. However, our study and Lorusso et al.’s study dif-
fered in disease settings and histologic subtypes (PSR EOC
vs. newly diagnosed advanced high-grade serous ovarian
cancer). Nevertheless, as a possible explanation, we could
infer that the intrinsically increased response to chemother-
apy of BRCA mutated tumors seems to exceed the BEV's
anti-angiogenic effects and ability to change the tumor
microenvironment in terms of morphology, functions, and
permeability [12,13,28,29]. Interestingly, the survival benefit
from BEV maintenance in BRCA wild-type PSR EOC disap-
peared when patients received secondary CRS. Although
this could be owing to the small sample size; nevertheless,
we hypothesize that the survival benefit from secondary CRS
might further exceed those from BEV.

To our knowledge, there are only three phase III RCTs,
which investigated the survival outcomes of secondary CRS
in PSR EOC [16,17,20]. While GOG-213 failed to prove sur-
vival benefit from secondary CRS [20], DESKTOP-III proved
that secondary CRS followed by chemotherapy significantly
increases PFS and OS compared to chemotherapy alone [16].
SOC-1 also proved that secondary CRS was associated with
a significantly longer PFS [17]. A recent meta-analysis study
of 36 studies with 2,805 patients also reported significantly
prolonged OS by secondary CRS [30]. In our study, we also
observed an association between secondary CRS and impro-
ved PFS and OS. Especially, PFS benefit from the secondary
CRS was profound among the patients who achieved com-
plete resection. Some might argue that a validated criteria
predictive of successful complete resection was not used in
our study. It is true that secondary CRS was determined by
physicians” discretion; nevertheless, by referring to multiple
factors, including the patient factors and PET/CT, the com-
plete resection rate at our institution reached 80.5%, which is
quite higher than those of the three phase II RCTs (67%-77%)
[16,17,20].
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Moreover, while the study populations of the three phase
I RCTs lack information on the BRCA1/2 mutational status
and only few (less than 10%) received PARPi maintenance
[31], our study has the advantage of including this informa-
tion and a higher proportion of patients with PARPi main-
tenance (approximately 15%). Both in the secondary CRS
group and no surgery group, BRCA1/2 mutational status did
not affect the PFS in our study. Survival benefit from surgi-
cal resection of cancer stem cells and chemoresistant tumors
seems to exceed intrinsically increased chemotherapy res-
ponses from BRCAI/2 mutations [32]. Therefore, secondary
CRS aimed at complete resection should be considered a
top priority in managing patients with PSR EOC, regardless
of BRCAI/2 mutational status. Furthermore, patients with
BRCA1/2 mutations who underwent secondary CRS showed
a trend of improved PFS when PARPi maintenance was
administered. The small sample size of our study population
might produce such statistical insignificance. Nevertheless,
considering our study results and those from Marchetti et
al.’s retrospective matched cohort study [33], PARPi main-
tenance therapy after secondary CRS and platinum-based
chemotherapy might be a promising treatment strategy for
resectable, BRCA mutated PSR EOC. Further large prospec-
tive cohort studies are warranted.

Our study has several limitations. First, small sample size,
especially for each maintenance therapy, was the most prob-
lematic. Although we conducted further subgroup analyses,
many analyses were underpowered and inconclusive. In
addition, owing to the small sample size, we could not ana-
lyze survival outcomes by the specific sites of BRCA1/2 muta-
tions, such as the ovarian cancer cluster region, which Ha et al.
recently investigated [34]. Second, selection bias, which inhe-
rently originated from the retrospective study design, was
also a major deterrent. For example, physicians might have
selected more favorable cases as candidates for secondary
CRS. Third, homologous recombination deficiency (HRD)
was not tested in our study population; therefore, the impact
of the HRD status, beyond the BRCA1/2 mutational status,
on the survival outcomes still remain unknown. Fourth, the
adverse events from chemotherapy and maintenance ther-
apy, actual period of maintenance therapy, and dose reduc-
tion/interruption were not investigated in the current study.
Fourth, the cost-effectiveness and quality of life assessment
were not conducted. Lastly, Korea’s specific sociomedical
environment is emulated in the study results. For example,
the first PARPi (OLA) was approved as first-line mainte-
nance therapy in BRCA mutated, high-grade serous ovarian
cancer in October 2019; thus, none of the study population
received PARPI as first-line maintenance therapy.

In conclusion, our real-world evidence study demon-
strates that BRCA1/2 mutational status itself was not associ-

ated with PFS and OS in PSR EOC. Among the patients who
received BEV maintenance therapy, PFS did not differ in the
BRCA1/2 mutational status. PFS benefit from the second-
ary CRS was consistently observed, regardless of BRCA1/2
mutational status. Therefore, secondary CRS aimed at com-
plete resection should be prioritized, regardless of BRCA1/2
mutational status. For patients with BRCA1/2 mutations,
PARPi maintenance therapy might confer additional PFS
benefit after secondary CRS. Our study results could be use-
ful in patient counselling and implementing individualized
treatment for patients with PSR EOC.
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