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Background: Whether neoadjuvant chemotherapy (NAC) followed by interval debulking
surgery (IDS) against primary debulking surgery (PDS) has a differential effect on prognosis
due to Breast Cancer Susceptibility Genes (BRCA)1/2 mutations has not been confirmed
by current studies.

Methods: All patients included in this retrospective study were admitted to Qilu Hospital
of Shandong University between January 2009 and June 2020, and germline BRCA1/2
mutation were tested. Patients in stage IIIB, IIIC, and IV, re-staged by International
Federation of Gynecology and Obstetrics (FIGO) 2014, were selected for analysis. All
patients with NAC received 1-5 cycles of platinum-containing (carboplatin, cisplatin, or
nedaplatin) chemotherapy. Patients who received maintenance therapy after
chemotherapy were not eligible for this study. All relevant medical records were collected.

Results: A total of 322 patients were enrolled, including 112 patients with BRCA1/2
mutations (BRCAmut), and 210 patients with BRCA1/2 wild-type (BRCAwt). In the two
groups, 40 BRCAmut patients (35.7%) and 69 BRCAwt patients (32.9%) received NAC.
The progression-free survival (PFS) of BRCAmut patients was significantly reduced after
NAC (median: 14.9 vs. 18.5 months; p=0.023); however, there was no difference in overall
survival (OS) (median: 75.1 vs. 72.8 months; p=0.798). Whether BRCAwt patients
received NAC had no significant effect on PFS (median: 13.5 vs. 16.0 months;
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p=0.780) or OS (median: 54.0 vs. 56.4 months; p=0.323). Multivariate analyses in
BRCAmut patients showed that the predictors of prolonged PFS were PDS (p=0.001),
the absence of residual lesions (p=0.012), and FIGO III stage (p=0.020); Besides, PARP
inhibitor was the independent predictor for prolonged OS in BRCAmut patients (p=0.000),
for BRCAwt patients, the absence of residual lesions (p=0.041) and history of PARP
inhibitors (p=0.000) were beneficial factors for OS prolongation.

Conclusions: For ovarian cancer patients with FIGO IIIB, IIIC, and IV, NAC-IDS did not
adversely affect survival outcomes due to different BRCA1/2 germline mutational status.
Keywords: neoadjuvant chemotherapy, primary debulking surgery, BRCA, prognosis, PARPi
BACKGROUND

Ovarian cancer is the most lethal gynecological malignancy.
According to the 2021 Cancer Statistics Report published by
the American Cancer Society, there will be an estimated 21,410
new ovarian cancer cases and 13,770 deaths in the United States
in 2021 (1). Ovarian cancer has no typical clinical symptoms in
its early stage, and there is no effective screening method;
therefore, the vast majority of patients have reached the
advanced stage at diagnosis, leading to poor prognoses (2). For
patients with International Federation of Gynecology and
Obstetrics (FIGO) stage III/IV, the maximum cytoreductive
surgery (R1, residual lesions less than 1 cm; R0, no residual
lesions) is the most critical factor affecting the prognosis (3–5);
however, if it is difficult to remove metastatic lesions in the
intestine, spleen, liver or abdominal para-aortic lymph nodes due
to extensive tumor metastasis, not all patients can achieve
satisfactory resection from primary debulking surgery (PDS).
Therefore, neoadjuvant chemotherapy (NAC) followed by
interval debulking surgery (IDS) can be used as an alternative
treatment to achieve maximum resection of lesions. To date,
several clinical trials have confirmed that there was no significant
difference between NAC-IDS and PDS in the prognoses of
ovarian cancer patients (6–8).

The discovery of BRCA1/2 mutations is one of the milestones
in the treatment of ovarian cancer. Ovarian cancer patients with
BRCA1/2 mutations (BRCAmut), compared with BRCA1/2
wild-type (BRCAwt) patients, have a higher efficacy of
platinum-based chemotherapy, a longer recurrence interval
due to the presence of homologous recombination defects, and
maintain a higher response rate to platinum-based
chemotherapy after recurrence (9, 10). In addition, based on
the synthetic lethal theory of poly (ADP‐ribose) polymerase
inhibitor (PARPi), BRCAmut patients have significantly
prolonged survival in salvage therapy and maintenance therapy
with PARPi (11, 12). Thus, the treatment of ovarian cancer
patients can be divided into two groups based on the mutational
status of BRCA1/2. Whether NAC followed by IDS has a
differential effect on prognosis due to BRCA1/2 mutations has
not been confirmed by current studies; therefore, we conducted
this retrospective study to explore the effect of BRCA1/2
mutations on neoadjuvant chemotherapy.
2

METHODS

Patients and Clinical Data
All patients included in this retrospective study were admitted to
Qilu Hospital of Shandong University between January 2009 and
June 2020. A flowchart of this study is presented in Figure 1.
Patients were re-staged according to FIGO2014, and patients in
stage IIIB, IIIC, and IV were selected for analysis. All patients
with NAC received 1-5 cycles of platinum-containing
(carboplatin, cisplatin, or nedaplatin) chemotherapy.

Patients who received maintenance therapy after
chemotherapy, such as PARP inhibitors or bevacizumab, were
not eligible for this study. The determination of response and
progression-free survival (PFS) were in accordance with Response
Evaluation Criteria in Solid Tumors (RECIST) 1.1 criteria (13); if
the data for the RECIST criteria were not complete, CA-125 level
was used as an alternative, only if the pretreatment level was at
least twice the upper limit of normal (13).
FIGURE 1 | The flowchart of this study.
January 2022 | Volume 11 | Article 810099
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Relevant medical data collected from patients included: age,
the serum cancer antigen (CA) 125 level at diagnosis, maximum
diameter of primary lesion, the predominant morphologic pattern
of peritoneal disease of NAC patients, regimens and cycles of
NAC, changes of the maximum diameter of primary lesions and
sum of target lesions based on RECIST standard after NAC,
hematological toxicity of NAC based on Common Terminology
Criteria for Adverse Events (CTCAE) 5.0, operative duration,
hemorrhage volume, residual lesions, pathological types,
postoperative chemotherapy regimens, cycles and hematological
toxicity, history of PARP inhibitors, FPS and OS.

For the evaluation of peritoneal disease, the main morphology
were recorded as nodular or infiltrative patterns. Nodular pattern
was defined as the presence of implants with predominantly well-
defined borders, and infiltrative pattern was defined as the presence
of implants with mostly poorly defined or infiltrative borders.

Germline BRCA1/2 Testing
The BRCA1/2 genetic testing panels used for detection covered
the entire coding sequences of the BRCA1 and BRCA2 gene,
including 10–50 bases of adjacent intronic sequences of each
exon. Sequencing was performed on next generation sequence
(NGS) platform according to Illumina’s protocol. Sanger DNA
sequencing using specific gene primers was performed to
confirm each reported variant. Multiplex ligation-dependent
probe amplification was used to detect BRCA 1/2 large
fragment rearrangements. The variants of the mutations were
classified according to the 5-class classification standard (14).

Statistical Methods
Student’s t-test was used to compare the differences in
continuous variables. The chi-square test was performed to
analyze differences in clinical characteristics. PFS and OS
analyses were performed by Kaplan-Meier method.
Frontiers in Oncology | www.frontiersin.org 3
Multivariate proportional odds models were used to identify
variables associated with PFS outcome of BRCAmut group, and
hazard ratios (HR) with 95% confidence intervals (CI) were
calculated. All statistical analyses were performed by Prism 8
version 8.4.0. Significance levels were *p < 0.05, **p < 0.01.
RESULTS

Characteristics of the Patients and
Treatment Received
Between January 2009 and June 2020, 705 ovarian cancer
patients underwent germinal BRCA1/2 gene test. A flow chart
of the study was provided in Figure 1. There were 322 patients
enrolled in the study, including 112 BRCAmut patients and 210
BRCAwt patients. All patients received carboplatin, cisplatin, or
nedaplatin based chemotherapy. The chemotherapy regimens
and NAC cycles were shown in Table 1.

The characteristics of the patients were shown in Table 2. The
median age of BRCAmut patients and BRCAwt patients were 52
years (range: 34-79) and 54 years (range: 23-75), respectively,
and there was no statistical difference (p=0.439). There were also
no statistical differences between the two groups in the
proportion of patients receiving NAC (35.7% vs. 32.9%,
p=0.606), FIGO stage (p=0.408), largest primary tumor at
diagnosed (p=0.753), or serum CA-25 level (p=0.430).
However, the main morphological patterns of peritoneal
disease were different in patients with NAC; BRCAmut
patients mainly showed nodular pattern, while BRCAwt
patients were predominantly infiltrative pattern (p=0.012).

The baseline characteristics of the BRCAmut patients were
shown in Table 3. Among BRCAmut patients receiving NAC-IDS
and PDS, the median ages at diagnosis were 53 years (range: 34-
71) and 52 years (range: 34-79), respectively, with no significant
January 2022 | Volume 11 | Article 810099
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TABLE 1 | Chemotherapy regimens of patients.

Characteristic BRCAmut BRCAwt

Chemotherapy regimens of NAC
Carboplatin based 24 (60.0%) 32 (46.4%
Cisplatin based 11 (27.5%) 25 (36.2%
Nedaplatin based 1 (2.5%) 2 (2.9%)
Multiple platinum 4 (10.0%) 10 (14.5%

Cycle of NAC
1 6 (15.0%) 10 (14.5%
2 18 (45.0%) 28 (40.6%
3 12 (30.0%) 21 (30.4%
4 3 (7.5%) 7 (10.1%)
5 1 (2.5%) 3 (4.3%)

Chemotherapy regimens after surgery of NAC-IDS
Carboplatin based 24 (60.0%) 32 (46.3%
Cisplatin based 7 (17.5%) 15 (21.7%
Nedaplatin based 2 (5.0%) 8 (11.6%)
Multiple platinum 7 (17.5%) 14 (20.3%

Chemotherapy regimens after surgery of PDS
Carboplatin based 39 (54.2%) 80 (56.7%
Cisplatin based 15 (20.8%) 25 (17.7%
Nedaplatin based 3 (4.2%) 4 (2.8%)
Multiple platinum 15 (20.8%) 32 (22.7%
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difference (p=0.988). The pathological types of patients in both
groups were mainly high-grade serous carcinoma (90.0% and
94.4%), and the proportion of the maximum volume of primary
lesions at diagnosis was similar. The proportion of CA125 above
1000 U/ml in patients with NAC was higher than patients with
PDS (55.0% vs. 30.6%, p=0.003). The operative time of patients in
the two groups were similar, with a median of 155 min (range: 80-
370min) and 155min (range: 75-600 min), respectively (p=0.252).
However, the amount of blood loss in patients receiving NAC was
significantly reduced than patients with PDS (200, range 100-1000
ml vs. 400, range, 100-2000 ml; p=0.021). Moreover, NAC
significantly increased the proportion of R0 excisions (55.0% vs.
27.8%; p =0.006). For adverse reactions, the most common
hematologic toxicities (CTCAE ≥3) were neutrophil count
decreased and white blood cell count decreased, which were
22.5% and 17.5% in the neoadjuvant patients. The proportion of
postoperative hematologic toxicities in the two groups was similar
(p=0.726). In addition, it is worth noting that 54.5% of BRCAmut
patients were treated with PARP inhibitors in the posterior lines of
treatment, with no difference between the two groups (p=0.532).

The baseline characteristics of the BRCAwt patients were
shown in Table 4. The median age at diagnosis was slightly
higher in BRCAwt patients in both NAC-IDS and PDS group
(56 and 53 years, respectively) compared to BRCAmut patients.
Frontiers in Oncology | www.frontiersin.org 4
The proportion of FIGO stage III patients (85.5% vs. 92.9%,
p=0.086) and surgical duration (median 140 vs. 155 min,
p=0.484) were similar between the two groups. There was also
no statistical difference in the proportion of the largest primary
lesion (p=0.970). As in BRCAmut patients, the proportion
of BRCAwt patients receiving NAC with ca125 level above
1000 u/ml (43.5% vs. 34.0%; p=0.021) and the R0 resection
rate (43.5% vs. 28.4%; p=0.016) were higher than those in PDS
patients; however, the blood loss was significantly reduced
(median 300 ml, range 60-1500 ml vs. median 400 ml, range
100-6000 ml; p=0.009). The hematologic toxicity of NAC in
BRCAwt patients was similar to that of BRCAmut, and there
was no statistical difference in postoperative hematologic toxicity
between NAC-IDS and PDS group (p=0.929). Finally, BRCAwt
patients did not respond as significantly to NAC as BRCAmut;
among the evaluable patients, the ratios of partial response (PR)
were 46.4% (29/56) and 76.7% (23/30), respectively (p=0.025).
In addition, 26.2% of BRCAwt patients were treated with PARP
inhibitors in the posterior lines of treatment.

Effect of Neoadjuvant Chemotherapy on
PFS and OS
Themedian follow-up period was 48.9months [interquartile range
(IQR), 22.8–64.2]. Regardless of the BRCA1/2 mutational status,
TABLE 2 | Baseline characteristics of all patients.

Characteristic BRCAmut (N =112) BRCAwt (N = 210) P value

Age (years)
Median 52 54 0.439
Range 34-79 23-75

Histologic type — no. (%)
High-grade serous 104 (92.9%) 181 (86.2%) NAa

Low-grade serous 1 (0.9%) 7 (3.3%)
Serous not specified 5 (4.5%) 7 (3.3%)
Mucinous 0 (0%) 4 (1.9%)
Clear-cell 2 (1.8%) 5 (2.4%)
Endometrioid 0 (0%) 5 (2.4%)
Mixed 0 (0%) 1 (0.5%)

NAC-IDS
Yes 40 (35.7%) 69 (32.9%) 0.606
No 72 (64.3%) 141 (67.1%)

Stage — no. (%)
IIIB/IIIC 98 (87.5%) 190 (90.5%) 0.408
IVa/IVb 14 (12.5%) 20 (9.5%)

Largest primary tumor at diagnosed (cm)— no. (%)
≤5 16 (14.3%) 32 (15.2%) 0.753
>5, ≤10 57 (50.9%) 100 (47.6%)
>10, ≤15 19 (17.0%) 46 (21.9%)
>15 5 (4.5%) 12 (5.7%)

Unknownb 15 (13.4%) 20 (9.5%)
Serum CA-125(U/ml)
≤1000 45 (40.2%) 98 (46.7%) 0.430
>1000 44 (39.3%) 78 (37.1%)
Unknownb 23 (20.5%) 34 (16.2%)

Peritoneal disease pattern of NAC patients
Nodular 18 (45.0%) 21 (30.4%) 0.012*
Infiltrative 10 (25.0%) 38 (55.1%)
Unknownb 12 (30.0%) 10 (14.5%)
January 2022 | Volume 11 | Article
aStatistical test was not performed because of limited samples.
bThese data were not included in the chi-square test.
*p < 0.05.
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TABLE 3 | Baseline characteristics of the BRCAmut patients.

Characteristic Neoadjuvant Chemotherapy (N = 40) Primary Debulking Surgery (N = 72) P value

Age (years)
Median 53 52 0.988
Range 34-71 34-79

Histologic type — no. (%)
High-grade serous 36 (90.0%) 68 (94.4%) NAa

Low-grade serous 0 (0%) 1 (1.4%)
Serous not specified 2 (5.0%) 3 (4.2%)
Mucinous 0 (0%) 0 (0%)
Clear-cell 2 (5.0%) 0 (0%)
Endometrioid 0 (0%) 0 (0%)
Mixed 0 (0%) 0 (0%)

Stage — no. (%)
IIIB/IIIC 36 (90.0%) 62 (86.1%) 0.551
IVa/IVb 4 (10.0%) 10 (13.9%)

Largest primary tumor at diagnosed (cm)— no. (%)
≤5 5 (12.5%) 11 (15.3%) 0.891
>5, ≤10 19 (47.5%) 38 (52.8%)
>10, ≤15 5 (12.5%) 14 (19.4%)
>15 1 (2.5%) 4 (5.6%)
Unknownb 10 (25.0%) 5 (6.9%)

Largest primary tumor before surgery (cm)— no. (%)
≤5 30 (75.0%) NA NA
>5, ≤10 9 (22.5%) NA
>10, ≤15 0 (0%) NA
>15 0 (0%) NA
Unknownb 1 (2.5%) NA

Serum CA-125 (U/ml)
≤1000 9 (22.5%) 36 (50.0%) 0.003**
>1000 22 (55.0%) 22 (30.6%)
Unknownb 9 (22.5%) 14 (19.4%)

Residual lesions (cm)
0 22 (55.0%) 20 (27.8%) 0.006**
<1 8 (20.0%) 33 (45.8%)
≥1 7 (17.5%) 17 (23.6%)
Unknownb 3 (7.5%) 2 (2.8%)

Duration of operation (min)
Median 155 155 0.252
Range 80-370 75-600

Hemorrhage of operation (ml)
Media 200 400 0.021*
Range 100-1000 100-2000

Response of NAC
PR 23 (57.5%) NA NA
SD/PD 7 (17.5%) NA
Unknown 10 (25.0%) NA

History of PARPi
Yes 21 (52.5%) 40 (55.6%) 0.532
No 17 (42.5%) 25 (34.7%)
Unknownb 2 (5.0%) 7 (9.7%)

Hematologic toxicity of NAC
(≥3 CTCAE)
White blood cell decreased 7 (17.5%) NA NA
Neutrophil decreased 9 (22.5%) NA
Anemia 1 (2.5%) NA
Platelet decreased 1 (2.5%) NA

Hematologic toxicity after surgery (≥3 CTCAE)
White blood cell decreased 7 (17.5%) 11 (15.3%) 0.726
Neutrophil decreased 11 (27.5%) 27 (37.5%)
Anemia 3 (7.5%) 3 (4.2%)
Platelet decreased 1 (2.5%) 2 (2.8%)
Frontiers in Oncology | www.frontiersin.org
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aStatistical test was not performed because of limited samples.
bThese data were not included in the chi-square test.
*p < 0.05; **p < 0.01; NA, not available.
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TABLE 4 | Baseline characteristics of the BRCAwt patients.

Characteristic Neoadjuvant Chemotherapy (N = 69) Primary Debulking Surgery (N = 141) P value

Age (years)
Median 56 53 0.094
Range 23-75 26-73

Histologic type — no. (%)
High-grade serous 61 (88.4%) 120 (85.1%) NAa

Low-grade serous 2 (2.9%) 5 (3.5%)
Serous not specified 4 (5.8%) 3 (2.1%)
Mucinous 0 (0%) 4 (2.8%)
Clear-cell 2 (2.9%) 3 (2.1%)
Endometrioid 0 (0%) 5 (3.5%)
Mixed 0 (0%) 1 (0.7%)

Stage — no. (%)
IIIB/IIIC 59 (85.5%) 131 (92.9%) 0.086
IVa/IVb 10 (14.5%) 10 (7.1%)

Largest tumor at diagnosed (cm)— no. (%)
≤5 9 (13.0%) 23 (16.3%) 0.970
>5, ≤10 31 (44.9%) 69 (48.9%)
>10, ≤15 14 (20.3%) 32 (22.7%)
>15 3 (4.3%) 9 (6.4%)
Unknownb 12 (17.4%) 8 (5.7%)

Largest tumor before surgery (cm)— no. (%)
≤5 42 (60.9%) NA NA
>5, ≤10 17 (24.6%) NA
>10, ≤15 4 (5.8%) NA
>15 2 (2.9%) NA
Unknownb 4 (5.8%) NA

Serum CA-125 (U/ml)
≤1000 22 (31.9%) 76 (53.9%) 0.021*
>1000 30 (43.5%) 48 (34.0%)
Unknownb 17 (24.6%) 17 (12.1%)

Residual lesions (cm)
0 30 (43.5%) 40 (28.4%) 0.016*
≤1 26 (37.7%) 56 (39.7%)
>1 8 (11.6%) 38 (27.0%)
Unknownb 5 (7.2%) 7 (5.0%)

Duration of Operation (min)
Median 140 155 0.484
Range 70-600 75-550

Hemorrhage of Operation (ml)
Media 300 400 0.009**
Range 60-1500 100-6000

Response of NAC
PR/CR 29 (42.0%) NA
SD/PD 27 (39.1%) NA
Unknown 13 (18.8%) NA

History of PARPi
Yes 23 (33.3%) 32 (22.7%) 0.069
No 39 (56.5%) 99 (70.2%)
Unknownb 7 (10.1%) 10 (7.1%)

Hematologic toxicity of NAC
(≥3 CTCAE)
White blood cell decreased 6 (8.7%) NA NA
Neutrophil decreased 10 (14.5%) NA
Anemia 4 (5.8%) NA
Platelet decreased 1 (1.4%) NA

Hematologic toxicity after surgery (≥3 CTCAE)
White blood cell decreased 8 (11.6%) 27 (19.1%) 0.929
Neutrophil decreased 13 (18.8%) 42 (29.8%)
Anemia 2 (2.9%) 4 (2.8%)
Platelet decreased 1 (1.4%) 2 (1.4%)
Frontiers in Oncology | www.frontiersin.org
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aStatistical test was not performed because of limited samples.
bThese data were not included in the chi-square test.
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therewereno statistical differences inprognoses betweenpatients in
the NAC-IDS and PDS groups for PFS, (median: 15.4 vs. 15.6
months, HR=0.85; p=0.211) (Figure 2A) or OS (median: 57.1 vs.
64.7 months, HR=1.12; p=0.486) (Figure 2D). Further analysis
found that the PFS of BRCAmut patients was significantly reduced
after NAC (median, 14.9 vs. 18.5 months, HR=0.59; p=0.023)
(Figure 2B); however, there was no statistical difference in OS
(median, 75.1 vs. 72.8 months, HR=0.93; p=0.798) (Figure 2E).
Whether BRCAwt patients received NAC had no significant effect
on PFS (median, 13.5 vs. 16.0 months, HR=1.05; p=0.781)
(Figure 2C) and OS (median, 54.0 vs. 56.4 months, HR=1.23;
p=0.323) (Figure 2F).

Cox regression multivariate analyses were performed, with
PFS and OS as the endpoint, and included the following
variables: age at diagnosis, residual lesions, largest primary
tumor size, FIGO stage, NAC-IDS or not, BRCA mutation,
PARPi history, and CA-125 level. The strongest predictors of
prolonged PFS were firstly analyzed. For all patients included in
the study, the predictors were BRCA mutation (p=0.007),
Frontiers in Oncology | www.frontiersin.org 7
absence of residual lesions (p=0.003) and low CA-125 level
(p=0.004); for BRCAmut patients, the predictors were FIGO
III stage (p=0.020), PDS (p=0.001), and absence of residual
lesions (p=0.012); for BRCAwt patients, low CA-125 level
(p=0.011), absence of residual lesions (p=0.028) were
predictors of prolonged PFS (Table 5). Further analysis of OS
showed that, regardless of the patient’s other clinical
characteristics, PARP inhibitor was the independent predictor
in BRCAmut patients (p=0.000); For all patients in this study,
PARP inhibitor and absence of residual lesions were strongest
predictors of prolonged OS (PARP inhibitor, p=0.000; R0,
p=0.036), and the results were consistent in BRCAwt patients
(PARP inhibitor, p=0.000; R0, p=0.041) (Table 5).
DISCUSSION

In this retrospective study, we found that without considering the
BRCA1/2 mutation status, both PFS and OS after neoadjuvant
A

B

D

E

FC

FIGURE 2 | Survival analysis of patients with NAC-IDS and PDS. (A, D) Survival analysis of all patients included in the study. (B, E) Survival analysis of BRCAmut
patients. (C, F) Survival analysis of BRCAwt patients.
January 2022 | Volume 11 | Article 810099
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chemotherapy followed by interval debulking surgery were
similar to survivals with primary surgery followed by
chemotherapy, which was consistent with the conclusions of
previous randomized controlled trials (8, 15). In BRCAmut
patients, NAC-IDS significantly shortened PFS, however, it had
no effect on OS. For BRCAwt patients, NAC did not significantly
affect the prognosis.

The proportion of patients with BRCA1/2 mutations was
35.1%, which is much higher than that previously reported in the
literature (16–18). This could be related to the fact that all
patients included in the study were at an advanced stage.
According to previous reports, the highest proportion of
BRCA1/2 mutation in Chinese ovarian cancer patients was
28.5%. However, if stage III and IV patients were separately
counted, the proportion of patients with BRCA1/2 mutation was
significantly increased in these studies (16, 18). Besides, another
study confirmed a BRCA1/2 mutation rate of 39.2% (107/273) in
ovarian cancer patients with stage IIIC-IV, which was consistent
with our findings (19).

The primary evaluation criteria for the initial treatment of
advanced ovarian cancer patients is whether satisfactory
cytoreductive surgery can be achieved in PDS, especially R0
resection, which could significantly prolong survival (20). At
present, clinical practice guidelines and expert consensus suggest
that NAC is recommended for FIGO stage III to IV patients with
poor physical status and unable to tolerate surgery, and for
patients in whom it is difficult to achieve satisfactory tumor
cytoreductive surgery (R0 and R1) (20–22). Several studies have
confirmed that the serum CA-125 level was an important
predictor of surgical outcome, defined as successful
cytoreductive surgery with a residual tumor ≤1 cm, and is a
significant factor in decision-making regarding the proper
selection for PDS or NAC (23–25). In our study, the largest
primary lesion at diagnosis was similar in both the NAC and PDS
groups regardless of BRCA mutation, but the CA-125 levels in
patients receiving NAC were significantly higher than those in
Frontiers in Oncology | www.frontiersin.org 8
the PDS group, which is one of the important reasons for
choosing NAC. In addition, NAC can significantly increase the
proportion of R0 resection and reduce the amount of bleeding
during surgery, consistent with the conclusions of previous
reports (6, 15).

Compared with BRCAwt patients, BRCAmut patients
previously showed a significantly increased peritoneal tumor
load (19), were associated with nodular peritoneal disease
pattern (26), and showed increased sensitivity to NAC (27). In
our study, we analyzed the morphological patterns of peritoneal
disease of patients with NAC, and the proportion of BRCAmut
patients with nodular pattern was higher than BRCAwt patients,
which was consistent with the conclusion of Nougaret’s study
(26); Besides, the proportion of BRCAmut patients who achieved
partial response after neoadjuvant chemotherapy was 76.7%,
which was significantly higher than that of BRCAwt patients
(46.4%). The above reasons might cause more peritoneal lesions
of BRCAmut patients to become invisible after NAC and, thus,
could not be completely resected; therefore, R0 resection might
not be truly achieved; instead, the complete response (CR) status
was achieved through chemotherapy, which might be the main
reason for reduced PFS in BRCAmut patients.

In BRCA1/2 mutated tumor cells, DNA double-stranded
repair function is lost; since PARP inhibitors can block single-
stranded DNA repair, this results in a “synthetic lethal” effect
that leads to the death of tumor cells (9). Therefore, PARP
inhibitors have excellent treatment effects in BRCAmut patients,
which can significantly prolong the PFS and OS (28, 29). Further
studies have confirmed that the benefit of PARP inhibitors was
not limited to BRCAmut patients, but covered all ovarian cancer
patients (30). The evaluation of PFS in our study, although
excluding patients with PARP inhibitors for maintenance
therapy, there were a large number of patients treated with
PARP inhibitors in the posterior line of treatment. Through
multivariate analysis, we confirmed that PARP inhibitor was the
beneficial factor in both BRCAmut and BRCAwt patients for
TABLE 5 | Multivariate analysis of prognostic markers related to prognoses.

Item PFS (all patients) PFS (BRCAmut) PFS (BRCAwt)

HR (95% Cl) p-value HR (95%Cl) p-value HR (95%Cl) p-value

BRCA mutation (Yes/No) 0.665 (0.493-0.859) 0.007** – – – –

Residual Lesions(R0/R1+R2) 0.637 (0.472-0.861) 0.003** 0.513 (0.305-0.864) 0.012* 0.653 (0.446-0.955) 0.028*
CA-125 (≤1000/>1000 U/ml) 0.644 (0.477-0.870) 0.004** 0.810 (0.469-1.397) 0.448 0.622 (0.431-0.897) 0.011*
FIGO (III/IV) 0.692 (0.443-1.080) 0.105 0.436 (0.217-0.877) 0.020* 0.780 (0.442-1.376) 0.392
NAC-IDS (No/Yes) 0.811 (0.578-1.137) 0.224 0.344 (0.186-0.637) 0.001** 1.086 (0.719-1.641) 0.695
Age(≤55/>55 years) 1.291 (0.956-1.743) 0.096 1.246 (0.727-2.135) 0.425 1.290 (0.898-1.854) 0.169
Maximum of Lesions (≤10/>10 cm) 1.146 (0.827-1.589) 0.413 0.677 (0.370-1.240) 0.206 1.285 (0.853-1.936) 0.230
Item OS (all patients) OS (BRCAmut) OS (BRCAwt)

HR (95% Cl) p-value HR (95%Cl) p-value HR (95%Cl) p-value
BRCA mutation (Yes/No) 1.171 (0.788-1.739) 0.435 – – – –

PARPi history (No/Yes) 0.308 (0.204-0.464) 0.000** 0.185 (0.088-0.387) 0.000** 0.336 (0.197-0.572) 0.000**
FIGO (III/IV) 0.673 (0.386-1.174) 0.163 0.485 (0.191-1.233) 0.129 0.752 (0.360-1.570) 0.448
NAC-IDS (No/Yes) 0.750 (0.490-1.146) 0.183 0.603 (0.277-1.311) 0.202 0.809 (0.478-1.370) 0.430
Residual Lesions(R0/R1+R2) 0.640 (0.421-0.971) 0.036* 0.773 (0.385-1.552) 0.469 0.572 (0.334-0.977) 0.041*
CA-125 (≤1000/>1000 U/ml) 0.947 (0.649-1.380) 0.775 0.777 (0.367-1.645) 0.509 1.192 (0.761-1.868) 0.442
Age (≤55/>55 years) 1.120 (0.772-1.626) 0.550 0.834 (0.412-1.687) 0.613 1.170 (0.743-1.842) 0.497
Maximum of Lesions (≤10/>10 cm) 1.150 (0.753-1.755) 0.518 0.978 (0.428-2.233) 0.958 1.242 (0.743-2.078) 0.409
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overall survival, which was the main reason for the overall
survival consistency.

In previous studies affecting OS in ovarian cancer patients, R0
resection was the most critical factor (5), which was also
confirmed in our study, but only applicable to BRCAwt
patients. Although neoadjuvant chemotherapy reduced PFS in
BRCAmut patients, PARP inhibitors were confirmed to be the
independent predictor in OS analysis, which was closely related
to the superior therapeutic effect of PARP inhibitors (12, 31).
PARP inhibitors could also improve the prognosis of BRCAwt
patients, however, the benefit was not as significant as that of
BRCAmut patients (32), thus, R0 resection was still the most
critical factor in these patients.

This retrospective study had several limitations. Several
studies have suggested that surgery is appropriate after three
cycles of NAC (6, 8, 21), patients with 1-5 cycles were included in
our study. In addition, there was no detection of somatic
BRCA1/2 mutation in the study, which might lead to some
deviation in the results, however, the clinical characteristics of
patients in BRCAmut and BRCAwt groups were similar, which
could avoid the bias of the study to some extent and make the
conclusion more scientific and reliable.
CONCLUSION

For advanced-stage ovarian cancer patients treated with NAC
followed by IDS, PFS and OS were not significantly affected in
BRCAwt patients. In BRCAmut patients, NAC-IDS resulted in a
shortened PFS, but had no further effect on OS, which was
associated with subsequent use of PAPR inhibitors in posterior
lines. NAC-IDS did not adversely affect survival outcomes due to
different BRCA1/2 germline mutational status.
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