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Summary

Purpose: The treatment of ovarian cancer continues to pose 
a challenge especially through the development of platinum-
resistant disease and still has the highest mortality rate 
among gynecologic cancers. Patients are usually diagnosed 
with advanced stages where complete cytoreduction and 
standard platinum-based chemotherapy are the mainstay 
of treatment. Advances into the molecular underpinnings of 
DNA damage repair highlighted BRCA 1/2 and other related 
genes as key regulators of platinum sensitivity. Our study 
characterizes clinical features and outcomes associated with 
BRCA mutations in a cohort of ovarian cancer patients.

Methods: Patient data from our Institute was retrospec-
tively extracted for all patients that were tested for the pres-
ence of BRCA germline or somatic mutations through next 
generation sequencing between May 2016 and August 2018. 

Results: Eighty-eight patients were included in the present 
analysis. Advanced FIGO stage IIIC-IV was common at pres-

entation (71.6%), with 58% of patients undergoing primary 
debulking surgery. BRCA mutant cases represented 44% 
and were associated with a significantly higher frequency 
for complete pathologic response, first and second platinum 
sensitive relapse and a significantly longer overall survival 
for advanced stage cases treated with neoadjuvant chemo-
therapy. Mean age at presentation was significantly lower 
in the BRCA mutated (52 years) compared to BRCA wildtype 
patients (54.2 years, p=0.045).

Conclusions: Upfront knowledge of BRCA status is encour-
aged, given the recent advent of targeted therapies and for the 
decision regarding optimal sequence of available therapeutic 
strategies.
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chemotherapy, platinum sensitivity, primary debulking sur-
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Introduction

 Ovarian cancer remains one of the major 
threats for women worldwide with more than 
300,000 new cases and 185,000 deaths predicted 
for 2020, with Romania being among the top 25 
countries with the highest rates of ovarian can-
cer [1]. Epidemiologic studies have linked ovarian 

cancer risk with age, nulliparity, however the most 
prominent risk factor is the presence of a BRCA 
mutation with a lifetime risk of 44% for BRCA1 and 
about 17% for BRCA2 mutation carriers (BRCAm) 
[2]. Due to nonspecific symptoms and the lack of 
any efficient screening programs the majority of 
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cases occur with advanced-stage disease where the 
primary treatment consists in primary debulking 
surgery (PDS) followed by adjuvant platinum-based 
chemotherapy to no macroscopic residual disease 
[3]. However, due to bulky unresectable disease or 
poor performance status, neoadjuvant chemother-
apy (NACT) with the aim of downsizing tumor bur-
den followed by interval debulking surgery (IDS) is 
regarded as a feasible option which demonstrated 
similar survival outcomes [4]. Owing to the surgical 
drawbacks of the current trials on IDS, another trial 
is under way with results still to be reported [5]. 
 Another issue of NACT is the potentially 
higher risk of inducing platinum resistance in 
patients with a large tumor burden [6], as it has 
also been demonstrated in a subgroup analysis of 
the EORTC trial. Patients with tumors under 5 cm 
treated with NACT had a worse survival, probably 
due to the subsequent development of platinum-
resistant disease through the expansion of pretreat-
ment platinum resistant subclones [7,8]. Platinum 
compounds are DNA damaging agents that exert 
their effect through nucleophilic reactions induc-
ing the formation of DNA-protein complexes and 
DNA inter- and intra-strand adducts that block the 
DNA replication and finally lead to cell death if 
left unrepaired [9]. Among the DNA damage repair 
machinery of cells, BRCA 1/2 genes play an impor-
tant role into the repair of double strand breaks 
through the homologous recombination (HR) path-
way that is frequently deployed into the restoration 
of platinum-induced damage [10]. Approximatively 
20% of ovarian cancer cases harbor a germline or 
somatic BRCA mutation, rendering ovarian cancer 
tumor cells homologous recombination deficient 
(HRD) and more sensitive to platinum agents and 
PARP inhibitors [11,12]. Hence, in the present study 
we set out to characterize the clinical features of 
platinum sensitivity that are associated with BRCA 
1/2 mutations in ovarian cancer in both primary 
debulking and interval debulking surgery.

Methods 

 Eighty-eight patients from our Institute tested for 
the presence of BRCA 1/2 mutations between May 2016 
and August 2018 were retrospectively included if they 
met the selection criteria. Patients had histologically 
confirmed ovarian cancer, irrespective of tumor stage. 
Patients were included if they had either optimal (re-
sidual tumor <10 mm) PDS or IDS, followed by adju-
vant platinum-based chemotherapy. Patients without 
adequate follow-up or missing clinical information were 
excluded from the present analysis. The present study 
received favorable approval from the Institutional Ethics 
Committee. All patients signed the informed consent and 
all their data were processed anonymously. 

 For the detection of BRCA 1/2 germline or somatic 
mutations DNA was extracted using a commercially 
available BRCA kit for the BRCA1 and BRCA2 genes 
within a private accredited laboratory. Sequencing 
was carried out using Illumina technology. Reads were 
aligned to the reference sequence (hg19), and sequence 
changes were identified and interpreted in the context 
of a single clinically relevant transcript. All clinically 
significant observations were confirmed by Sanger. Un-
less otherwise indicated, all targeted regions were se-
quenced with ≥60x depth. The presence of large genomic 
rearrangements (LRGs) was investigated using a com-
mercial computational algorithm (SeqPilot, JSI Medical 
Systems) and the presence of LGRs was verified using 
the MLPA method (Multiplex Ligation-dependent Probe 
Amplification, BRCA1: P002, BRCA2: P045, MRC Hol-
land; AJHG 67:841-50, 2000). 

Statistics

 Clinical data was retrieved from patient files and 
from the Institutional electronic database. Statistical 
tests were performed using SPSS Statistics v22.0. Chi-
square test was used to detect significant associations 
between selected clinical variables. Independent sam-
ples t-test for equality of means were used in conjunc-
tion with Levene’s Test for equality of variances where 
appropriate. Tumor progression was defined based on 

Characteristics n %

Histology

 Serous 84 95.5

 Other 4 4.5

Histological grade

 Low grade 8 9.1

 High grade 80 90.9

BRCA 1/2 mutations 39 44.3

 BRCA 1 mutations 26 29.5

 Germline mutations 36 40.9

2014 FIGO stage

 I 8 9.1

 II 6 6.8

 III 67 76.1

 IV 7 8

Type of surgery

 Primary debulking surgery 51 58

 Interval debulking surgery 37 42

Outcome of surgery

 Complete debulking, 0 mm 78 88.6

 Optimal debulking, <10 mm 10 11.4

Secondary debulking surgery 14 15.9

 1st relapse 67 76.1

 2nd relapse 41 46.6

Death 17 19.3

Total 88 100

Table 1. Clinical characteristics of the study group
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RECIST imaging criteria [13]. Platinum-sensitive relapse 
was defined as tumor relapse that occurred more than 
six months after completion of the last platinum-based 
chemotherapy cycle. Overall survival was calculated ir-
respective of death cause. Median follow-up was calcu-
lated using inversed Kaplan-Meier method. Two-sided p 
value was used in determining significant results with 
a 0.05 threshold.

Results

 Eighty-eight patients were tested for the pres-
ence of BRCA 1 and 2 mutations. More than 90% of 
cases were high grade serous ovarian cancer, and 
the majority of patients (n=63, 71.6%) were diag-
nosed with advanced FIGO stage IIIC-IV. Thirty-
nine 39 (44.3%) patients had a germline or somatic 
pathogenic BRCA1/2 mutation. PDS was offered to 
51 (58%) patients and was followed by a median 
of 6 cycles of platinum-based chemotherapy. The 

remaining 37 (42%) patients had a median of 6 cy-
cles of platinum-based NACT, underwent IDS and 
were offered a mean number of 3 adjuvant cycles 
of the same regimen. The outcome of surgery was 
complete debulking to no macroscopic residual in 
over 88% of the cases. 
 A first relapse occurred in 76.1% of cases. De-
pending on the platinum-free interval, a subse-
quent line of platinum-based therapy was chosen 
and secondary debulking surgery was offered to a 
minority of 14 cases. Forty-one patients had a sec-
ond relapse and death occurred in 17 cases, given 
the short follow-up period. Full patients’ character-
istics are presented in Table 1. 
 Out of the total number of 37 patients who un-
derwent NACT, 11 (29.7%) patients achieved com-
plete pathological response (CPR) when evaluated 
during IDS. Following a platinum-sensitive relapse, 
17 patients were eligible and received a PARPi for a 
median of 8 months (range 2-20) with 12 patients 

Features BRCA mutated BRCA wildtype OR (95% CI) p

n % n %

NACT with IDS 17 45.9 20 54.1 1.12 (0.47-2.62) 0.793

Complete pathological response after NACT 8 72.7 3 27.3 5.03 (1.06-23.8) 0.033

FIGO IIIC-IV 29 46 34 54 1.27 (0.49-3.27) 0.607

Platinum sensitive 1st relapse 34 50.7 33 49.3 3.29 (1.08-10.0) 0.03

Lymph nodes 1st relapse 17 60.7 11 39.3 2.66 (1.06-6.71) 0.034

Complete or partial response to 1st relapse 25 54.3 21 45.7 3.86 (1.09-13.6) 0.029

Platinum sensitive 2nd relapse 19 59.4 13 40.6 3.06 (1.09-8.61) 0.031

Change from platinum sensitive to platinum resistant relapse 7 29.2 17 70.8 0.21 (0.06-0.69) 0.008

Table 2. Clinical features associated with BRCA status

Survival outcome Complete pathological response Without complete pathological response p

Population Survival interval N Mean 95% CI N Mean 95% CI

Patients with NACT PFS1 11 28.6 (22.2-35.0) 26 19.0 (15.0-22.8) 0.021

PFS2 6 14.4 (9.62-19.2) 18 8.7 (6.48-10.9) 0.054

OS 11 65.0 (47.1-82.7) 26 60.4 (45.2-75.5) 0.455

Table 3. Survival outcome according to complete pathological response after NACT

 Survival outcome BRCAm BRCAwt p

Population Survival interval N Mean 95% CI N Mean 95% CI

All cases PFS1 39 48.7 (24.1-73.2) 49 27.7 (16.6-38.8) 0.197

PFS2 29 16.1 (12.4-19.6) 34 11.7 (9.77-13.5) 0.018

OS 39 178.5 (130.-226.) 49 116.8 (75.8-157.) 0.606

FIGO IIIC-IV PFS1 17 23.0 (18.2-27.8) 18 17.4 (14.4-20.3) 0.049

patients with NACT PFS2 12 11.5 (7.91-15.1) 11 7.7 (6.02-9.38) 0.019

OS 17 67.1 (53.9-80.1) 18 37.9 (28.1-47.5) 0.036

Table 4. Survival outcome according to BRCA status
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still on treatment (database lock November 2018). 
The median follow-up was 41 months. 
 The mean age at diagnosis was 54.2±8.9 years, 
however when taking into account the BRCA status 
there was a significant difference (mean difference 
3.8±1.8, p=0.045) between BRCA mutated cases (mean 
52±8.9) and BRCA wildtype (BRCAwt) cases (mean 
55.9±8.6). There was no significant difference with 
regards to the choice of IDS versus PDS (OR 1.12,

p=0.793) or advanced FIGO stage (IIIC-IV versus I-
IIIB) at presentation (OR 1.27, p=0.607) that could 
be attributed to the presence of BRCA mutation. 
 The presence of BRCA mutation was, however, 
associated with a series of clinical features that 
denote platinum sensitivity, presented in Table 2. 
There was a higher frequency of CPR after NACT 
(OR 5.03, p=0.033), a higher frequency of a first or 
second platinum-sensitive (occurrence of relapse 
after a minimum of 6 months since last administra-
tion of platinum-based chemotherapy) relapse (OR 
3.29, p=0.003 and OR 3.06, p=0.031, respectively) 
and a higher frequency of complete or partial re-
sponses of first relapse (OR 3.86, p=0.029) for cases 
harboring a BRCA mutation in comparison with 
BRCA wildtype cases. There was also a higher fre-
quency of lymph node involvement during the first 
relapse in the BRCA mutated population (OR 2.66, 
p=0.034). Looking at the dynamics of platinum 
sensitivity from the first to the second relapse, we 
observed that BRCA mutated cases had a lower fre-
quency of changing their clinical phenotype from 
platinum-sensitive to platinum-resistant relapse 
(OR 0.21, p=0.008) in comparison with cases with-
out BRCA mutations. 
 Patients that achieved CPR after NACT had a 
significantly higher progression-free survival 1 
(PFS1) in comparison with patients without CPR 
(28.6 versus 19 months, p=0.021), however there 
was no significant difference in progression free 
survival 2 (PFS2) or overall survival (OS) between 
the two populations, presented in Table 3. 

Figure 1. Kaplan-Meier progression free survival 1 of ad-
vanced stage patients with NACT. 

Figure 2. Kaplan-Meier progression free survival 2 of ad-
vanced stage patients with NACT.

Figure 3. Kaplan-Meier overall survival of advanced stage 
patients with NACT.
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 We investigated if the presence of BRCA muta-
tions has any prognostic value. In the overall popu-
lation, the presence of BRCA mutation was associ-
ated with a significantly longer PFS2 (16.1 versus 
11.7 months, p=0.018), but there were no significant 
differences regarding PFS1 or OS (Table 4). How-
ever, in advanced-stage disease (FIGO IIIC-IV) sub-
population that underwent NACT, the presence of 
BRCA mutation was associated with a significantly 
longer PFS1 (23 versus 17.4 months, p=0.049, Figure 
1), PFS2 (11.5 versus 7.7 months, p=0.019, Figure 2) 
and OS (67.1 versus 37.9 months, p=0.036, Figure 3) 
in comparison with cases without BRCA mutation. 

Discussion

 Ovarian cancer brings a global burden of dis-
ease and continues to pose a challenge regarding 
optimal treatment strategies and preventing the 
development of platinum-resistant disease. Our 
study population included a balanced proportion 
or BRCAwt and BRCAm (44.3%) patients, however, 
given the current reimbursement status for PARPi 
that was an enrichment for high grade serous his-
tology cancer as it has been previously described 
[15]. Close to three quarters (71.6%) of patients had 
extensive intraabdominal disease with tumor nod-
ules over 2 cm in size (FIGO stage IIIC-IV) in ac-
cordance with the current clinical presentation [16], 
however complete debulking was achieved in 88% 
of cases, either through PDS or NACT followed by 
IDS, with the former being a more frequent (58%) 
choice within this population. Secondary debulking 
surgery was also offered only to a selected minority 
of patients at relapse, usually in those that had a 
longer progression free interval and with a good 
performance status [17]. A first relapse occurred 
in more than three quarters of the study popula-
tion (76.1%), however overall survival (OS) data are 
limited to only 19.3% event occurrences with the 
rest of the data being censored, given the relatively 
short follow-up interval. 
 Taking into account the BRCA status, there 
were no significant differences regarding FIGO 
stage at presentation or regarding the choice of 
IDS versus PDS. BRCA status was usually assessed 
after the first recurrence. The majority of BRCAm 
were germline (92%) and were predominantly situ-
ated in the BRCA1 (66%) gene. BRCAm affected 
patients were significantly younger (mean differ-
ence 3.8 years) as is has been previously reported 
[18,19], however this did not impact the choice of 
primary treatment in our study. 
 In patients with NACT, the presence of BRCAm 
was associated with a higher frequency for CPR. 
Higher response rates to neoadjuvant systemic 

therapy have also been previously reported but 
in BRCAm breast cancer patients, with the high-
est benefit derived from platinum-based therapies 
[20,21]. Currently, there is compelling evidence 
that BRCAm tumors exhibit increased sensitivity to 
platinum-based agents through the loss of critical 
functions that BRCA genes play, such as HR medi-
ated repair, cell cycle regulation and apoptosis [22]. 
Regardless the BRCA status, CPR was associated 
with a significantly longer PFS1; however, in our 
study this did not translate into a significant OS 
advantage. There is evidence in the literature that 
CPR is an independent prognostic factor for both 
progression-free survival (PFS) and OS, and it prob-
ably reflects a BRCAness profile that can also be 
determined by other genes involved in DNA dam-
age response [23]. Our BRCAm patients exhibited 
previously described characteristics of platinum 
sensitivity such as a platinum-sensitive relapse, 
first relapse and its favorable response to platinum 
therapy [11,24,25]. Interestingly, we noted that the 
cohort of BRCAm patients retained its platinum-
sensitive phenotype even at the second relapse and 
by analyzing paired first and second relapses we 
noted that BRCAm patients were approximatively 
5 times less likely to change their phenotype from 
platinum-sensitive to platinum-resistant than the 
BRCAwt population. It is also remarkable to note 
that during the first relapse BRCAm patients were 
2.66 more likely to have affected lymph nodes. This 
could be explained in part by an increased capacity 
to metastasize more frequently outside the perito-
neum given the unstable genome of tumors with 
defects in DNA damage repair pathways [26]. Al-
though we could not detect an OS advantage in the 
whole unselected patient population, for patients 
with advanced-stage disease treated with neoadju-
vant chemotherapy BRCAm status was associated 
with a longer PFS and OS, suggesting that NACT in 
this patient population would be less detrimental 
in selecting platinum-resistant subclones and up-
front knowledge of BRCA status should be recom-
mended in all patients, however larger prospective 
studies are warranted for the subsequent develop-
ment of this topic.
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