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Objective: To describe accurately the oncological outcomes after hepatic resection (HR) in recurrent
ovarian carcinoma (ROC) evaluating clinic-pathological variables and mutational status of BRCA1/2.
Although HR is considered a challenging situation in ROC patients, assessment of BRCA1/2 mutational
status seems to have a relevant clinical value to guide surgical therapy.
Methods: Patients who underwent HR for ROC at the Catholic University of Rome, between June 2012
and October 2017 were included. Exclusion criteria were represented by extra-abdominal disease and
presence of diffuse peritoneal carcinomatosis requiring more than 2 bowel resections. Details relative to
HR were collected and BRCA analysis was performed. Predictive factors of post-HR progression free
survival (PHR-PFS) were assessed by univariate analyses using Cox-proportional hazard regression
models.
Results: Thirty-four patients undewent HR within secondary cytoreductive surgery (SCS). Six patients
(17.6%) presented with hepatic relapse only, while the remaining 28 patients (82.4%) had concomitant
extra-hepatic disease.
In the whole series, the 3-yr PHR-PFS was 49.1% and the 3-yr post-HR overall survival was 72.9%. Univariate analysis of variables conditioning PHR-PFS showed that only BRCA mutational status played a
statistically signiﬁcant favourable role: the 3-yr PHR-PFS rate was 81.0% in BRCA mutated patient
compared to 15.2% in wild type ones (p value: 0.001).
Conclusions: Our clinical analyses suggest that in ROC patients with liver disease the assessment of
germline and somatic BRCA mutational status can help to select patients elegible for SCS.
© 2019 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical
Oncology. All rights reserved.
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Despite the advances in cytoreductive efforts and the potential
addition of bevacizumab to front line chemotherapy in advanced
ovarian cancer, recurrence is a common event with >70% of women
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experiencing relapse within two years of diagnosis [1]. The standard treatment of recurrent ovarian cancer (ROC) patients has been
traditionally represented by systemic chemotherapy chosen on the
basis of the platinum sensitivity, deﬁned as the interval between
completion of ﬁrst-line chemotherapy and relapse of disease [2];
however, this concept has been recently recognized as presenting a
greater level of complexity given the inﬂuence of histotype, status
of BRCA genes or homologous recombination deﬁciency (HRD),
previous antiangiogenetic treatment, pattern of relapse presentation, and other factors [2e5]. In this context, it has also to be
acknowledged that the introduction of PARP inhibitors in second
line, and, very recently, in ﬁrst line treatment for BRCA mutated
ovarian cancer patients, would open novel scenarios in terms of
management of disease relapse [6,7].
Several retrospective studies [8,9], as well as a recently published Cochrane meta-analysis suggested that secondary cytoreductive surgery (SCS) could provide better clinical outcomes in
platinum-sensitive ROC patients, in case of complete tumor
cytoreduction, which has to be considered the goal to be achieved
in order to provide a true clinical beneﬁt [10,11]. However, the
documentation of liver relapse at the time of SCS might be
considered as a challenging surgical scenario, thus leading to
preclude or limit the achievement of complete eradication of disease; indeed, several data have been published sustaining that
hepatic resection (HR) can be carried out within SCS procedures in
ROC patients with acceptable medical and surgical complications
[12e21]. Moreover, since the concurrent resection of metachronous liver and extra-hepatic disease has been shown to provide
long term survival in well selected cases bearing other solid tumors
[22,23], it cannot be excluded that this approach may be of beneﬁt
also for ROC patients.
While waiting for prospective clinical studies on this speciﬁc
issue, the identiﬁcation of clinical and/or pathological parameters
able to identify which patients could beneﬁt the most from HR(s)
would be useful in terms of personalization of treatment: apart
from the absence of extra-abdominal disease, some variables have
been consistently documented as predictors of better prognosis
after HR(s), such as achievement of optimal cytoreduction, disease
free interval (DFI) interval >12 months before HR(s), tumor-free
margins, and single liver lesion [14e20].
Recent advances in the molecular characterization and natural
history of this disease have opened novel perspectives based on the
better prognosis and higher tumor sensitivity to platinum-based
therapy in case of alterations of BRCA genes or HRD; moreover, a
recently published study has suggested that assessment of mutational status of BRCA could be of help in the decision making
approach to surgery versus chemotherapy in platinum sensitive
ROC [24].
This retrospective study was aimed at analyzing the clinical
outcome of ROC patients affected by liver disease who underwent
HR(s) in the context of SCS; the prognostic role of clinicopathological variables and mutational status of BRCA1/2 has been
also investigated.
Patients and methods
After obtaining the Institutional review board approval (CICOG31-10-18\151), we performed a retrospective review and analysis of
data on ROC patients undergoing HR(s) in the context of SCS at the
Gynecologic Oncology Unit of the Catholic University of Rome, Italy.
All patients had already provided a written informed consent for
their data to be collected and analyzed for scientiﬁc purpose, according to our institutional policy.
Inclusion criteria were: clinical performance status 0e2 (Eastern
Cooperative Oncologic Group-ECOG), platinum free interval 6
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months, high quality imaging (i.e. CT scan and/or PET/CT) documenting absence of extra-abdominal disease, and accurate characterization of site and pattern of disease.
Exclusion criteria were represented by preoperative and intraoperative assessment of extra-abdominal disease, and/or disease
located in areas precluding the achievement of optimal cytoreduction, and presence of diffuse peritoneal disease requiring more
than 2 bowel resections, presence of ascites.
Resectability of hepatic lesions was thoroughly discussed preoperatively and intraoperatively with hepatobiliary surgeons.
The following data were planned to be retrieved from medical
records: age, body mass index (BMI), FIGO stage at the time of
initial diagnosis, tumor histology and grade, duration of median
platinum free interval (PFI), and pattern of relapse; details about
patient features at the time of liver relapse were: age, BMI, number
of previous lines of chemotherapy, duration of PFI before hepatic
recurrence, number of liver lesions, and BRCA mutational status
(germline or somatic).
Data relative to the operative outcomes of HR(s) were also
collected: skin-to-skin operative time, estimated blood loss (EBL),
length of hospital stay (LOS), Peritoneal Cancer Index (PCI), type of
surgical procedures and residual tumor disease at the end of SCS. In
addition, details relative to hepatic resection(s) were collected,
including type of liver resections (e.g., wedge resection, segmentectomy, multisegmentectomy, and lobectomy), and concomitant
surgical procedures for any extrahepatic disease, if any. Hepatic
resection(s) through segmentectomy or lobectomy were performed
by hepatobiliary surgeons together with a gynecologic oncology
fellow, while wedge resection(s) were carried out by experienced
gynecologic oncology surgeons. Data about intra- and postoperative complications occurring within or after 30 days from
surgery were retrieved, and surgical morbidity was classiﬁed according to Clavien-Dindo [25].
Genomic and somatic DNA were isolated from FFPE HGSOC
sections in areas with a minimum neoplastic cellularity of 70%
using an automated device (MagCore HF16 Plus, Diatech Lab Line,
Jesi, Italy).
BRCA analysis was performed using the Devyser BRCA kit
€gersten, Sweden). Sequencing reactions were carried
(Devyser, Ha
out with the MiSeq instrument (Illumina, CA, USA). NGS data were
analyzed with the Amplicon Suite software (SmartSeq s.r.l., Novara,
Italy) aligning reads to the HG19 reference genome, generating run
metrics, by including sequencing depth, total read count, and
quality, as previously reported [24]. The pipeline was performed
following the literature recommendations [26].
Statistical analysis
Descriptive analysis of data was carried out by Fisher's exact test
for proportion for categorical data or Wilcoxon rank sum non
parametric test for continuous variables. Post-HR progression free
survival (PHR-PFS) was calculated from the date of SCS to documentation of disease progression or the date last seen. Post-HR
overall survival (PHR-OS) would be calculated from the date of
SCS to death of disease or the date last seen. Survival estimates
would be analyzed by the Kaplan-Meier method, and the log rank
test would be used to assess statistical signiﬁcance. Univariate
analysis of prognostic factors would be carried out by Cox's
regression model with stepwise variable selection. The SPSS Statistical version 19 (SPSS Inc., Chicago, IL) was used for all analyses.
Results
Between June 2012 and October 2017, 190 patients with ROC
underwent SCS in our center; after evaluation of inclusion/
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exclusion criteria, 34 patients undergoing HR(s) within SCS were
selected for inclusion in this study.
Characteristics of patients at primary diagnosis are summarized
in Table 1: most patients were stage III-IV (n ¼ 29, 85.3%), serous
histology (n ¼ 32, 94.1%), and grade 3 (n ¼ 30, 90.9%). All patients
received platinum-based regimens in the adjuvant setting; median
initial platinum free-interval was 21 months (range: 10e55).
As shown in Table 2, the median age at the time of hepatic resection(s) was 51.5 years (range: 31e72), and median BMI was 26
(range: 18e37). Six patients (17.6%) presented with hepatic relapse
only, while the remaining 28 patients (82.4%) had concomitant
extra-hepatic disease; peritoneal and spleen involvement were the
most frequently involved sites followed by retroperitoneal disease.
Among cases bearing only liver disease, 4 had single lesion, and
2 had 2 nodules; of 28 patients bearing liver and other sites of
disease, 15 presented single liver lesion, and 13 had 2 nodules.
Details about BRCA 1/2 mutational status was available in 33 patients (germline ¼ 23, somatic ¼ 10). Of 20 BRCA mutated cases, 15
cases (75.0%) were shown to harbour BRCA1 mutation, 3 patients
(15.0%) showed mutation of BRCA 2, and 2 cases (10.0%) showed
mutation of both genes (Table S1).
There was no difference in the distribution of patient features at
the time of hepatic relapse, according to the BRCA 1/2 mutational
status (Table S2).
Table 3 summarizes the details of surgical procedures: HR(s)
consisted of wedge or monosegmentectomy, bisegmentectomy,
multisegmentectomy, and lobectomy, in 21, 7, 4, and 2 cases,
respectively. The median PCI was 6 (range 2e12). Abdominal peritonectomy was necessary in 22 (64.7%) patients of which 14 (41.2%)
underwent diaphragmatic resection. Splenectomy was carried out
in 12 patients (35.3%); bowel resection was required in 3 (8.8%)
patients. Hepato-celiac and aortic lymphadenectomy was performed in 7 (20.6%) and 4 (11.8%) patients, respectively. Only 4 patients (11.8%) underwent HR through minimally invasive approach.
Pathological evaluation of resected recurrent disease conﬁrmed
neoplastic involvement in all cases, and histology of recurrence was
always consistent with the initial diagnosis. Resection margins of
liver specimens were negative in all patients. Metastatic lymph

Table 1
Patient characteristics at primary diagnosis.
Characteristics

N. (%)

All patients
FIGO stage at diagnosis
I/II
III
IV
Histology
Serous
Endometrioid
Clear cell
Grading
G1/2
G3
n.a
First line chemotherapy
Carboplatin/paclitaxel
Carboplatin/paclitaxel/bevacizumab
Carboplatin/gemcitabine or carboplatin/PLD
Carboplatin alone
Platinum free interval
6e12 months
13e24 months
25-36
>36 n.a.
PFI, months
Median (range)

34

N.a. ¼ not available.

5 (14.7)
26 (76.5)
3 (8.8)
32 (94.2)
1 (2.9)
1 (2.9)
3 (8.8)
30 (88.3)
1 (2.9)
22 (64.7)
9 (26.5)
2 (5.9)
1 (2.9)
3 (8.8)
16 (47.1)
7 (20.6)
6 (17.6)
2 (5.9)
21 (10e55)

Table 2
Patient characteristics at the time of hepatic disease.
Characteristics

N. (%)

All patients
Age, yrs
Median (range)
BMI
Median (range)
No. chemotherapy lines before hepatic disease
1
2
3
>3
Last chemotherapy before hepatic disease a
Non platinum agents
Platinum based regimens
Platinum free interval before hepatic diseaseb
<6 months
6e12 months
13e24 months
25-36
n.a.
PFI, months
Median (range)
Site of disease at relapse
Liver only
Single lesion
2 lesions
Liver and other sites
Single lesion
2 lesions
CA-125 levels at the time of hepatic disease (I.U.)
Median (range)
BRCA 1/2 mutational status
Wild-type
Mutated
N.a.

34
51.5 (31e72)
26 (18e37)
22 (64.7)
5 (14.7)
5 (14.7)
2 (5.9)
2 (6.1)
31 (93.9)
2 (6.4)
5 (16.2)
11 (35.5)
11 (35.5)
2 (6.4)
23 (4e46)
6 (17.6)
4
2
28 (82.4)
15
13
115 (15e6614)
13 (38.3)
20 (58.8)
1 (2.9)

a
Calculated on 33 patients since 1 patient was administered neoadjuvant platinum containing chemotherapy at the time of secondary
cytoreduction.
b
Calculated on 31 patients treated with platinum containing chemotherapy at the time of secondary cytoreduction.

node involvement was observed in 4 out of 7 patients undergoing
hepato-celiac lymphadenectomy.
Optimal cytoreduction (i.e. residual tumor 1 cm) was achieved
in all patients; of these, absence of residual disease was obtained in
32 patients (94.1%).
Adjuvant chemotherapy after HR(s) was mainly represented by
platinum based regimens (82.3%); olaparib was administered to 11
of 20 mutated patients (55.0%).
Peri-operative measures and morbidity
As far as peri-operative details are concerned, the median length
of surgery was 373 min (range: 177e695), and the median length of
hospital stay was 6 days (range: 3e30).
There were 2 (5.9%) intraoperative complications, including 1
lesion of the portal vein occurring during lymphadenectomy at
hepatic hilum, and 1 diaphragmatic lesion due to lack of cleavage
between liver and diaphragm as a consequence of previous surgery.
During the observation period, 10 patients (29.4%) had postoperative complications; only 5 of them (14.7%) were grade 3; in
particular, 4 patients suffered from early complications including 2
patients experiencing abdominal abscess requiring drainage, 1
patient had ischemic heart disease managed with percutaneous
transluminal coronary angioplasty, and 1 patient required ileostomy due to intestinal perforation. One patient experienced fever
and pleural effusion requiring drainage >30 days after surgery.
Overall, none of these complications was considered related to liver
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Table 3
Surgical procedures per patient.
N.

Hepatic resection

Peritonectomy

Splenectomy

Lymphadenectomy

Bowel resection

Number of procedures

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X

e
e
e
e
e
e
X
X
X
X
X
X
X
X
X
e
e
e
e
X
X
X
X
X
X
X
e
X
X
e
X
X
X
X

e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
X
e
e
e
X
X
X
X
X
X
X
X
e
e
e
X
X
X

e
e
e
e
e
e
e
e
e
e
e
e
e
e
e

e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
e
X
X
e
e
X

1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
3
3
3
4
4
4
4

Hepato-celiac
Hepato-celiac, aortic
Hepato-celiac
e
e
e
e
e
e
e
Aortic
Hepato-celiac
Hepato-celiac
Pelvic
e
Hepato-celiac
Hepato-celiac, aortic
Aortic

resection procedures.

Survival analysis
As of October 2018, median duration of follow-up since SCS was
24 months (range:7e75). Twelve patients (35.3%) experienced

Table 4
Characteristics of patients experiencing recurrence after hepatic resection(s).
ID Stage BRCA
mutation
status

Previous
relapse(s)
N.

Sites of
extrahepatic
disease

N. of liver RT
segment(s) (mm)

PHR-DFS
(months)

Site of
subsequent
recurrence

Treatment of
subsequent
recurrence

PHR-OS
(months)

Status

1

IIIC

WT

0

Multiple

0

10

21

DOD

IV
IIIC

MUT
WT

1
0

Multiple
Single

0
0

n.a.
14

CT
CT

32
18

DOD
AWD

4
5

IV
IIB

MUT
MUT

0
0

Peritoneum
Peritoneum

Multiple
Single

0
0

5
40

Peritoneum
Liver
n.a.
Peritoneum
Pleura
Peritoneum
Peritoneum

CT

2
3

Peritoneum
HC LNs
Peritoneum
Peritoneum

22
63

AWD
NED

6
7

IIB
IIIC

WT
n.a.

0
0

Peritoneum
Peritoneum
Mesenteric LNs

Single
Single

0
2

27
11

CT
Surgery
CT
CT
CT

75
16

AWD
AWD

8 IIIC
9 IIIC
10 IIIA

WT
WT
WT

3
0
0

Peritoneum
None
Peritoneum
Aortic LNs

Single
Single
Single

0
0
0

30
13
10

CT
RT
CT

39
40
24

DOD
AWD
AWD

11 IV

WT

0

Peritoneum

Single

0

20

44

NED

12 IIIC

WT

4

Peritoneum
Multiple
Hepato-Celiac LNs

0

3

Surgery
CT
CT

7

DOD

Peritoneum
Peritoneum
Liver
Aortic LNs
Peritoneum
Lung
Peritoneum
Mediastinic
LNs
Ileo-psoas
muscle
Peritoneum
Lung
Mediastinic
LNs

WT¼ BRCA wild-type; MUT ¼ BRCA mutated; LNs ¼ lymph nodes; CT ¼ chemotherapy; RT ¼ radiotherapy; PHR-PFS ¼ post-HR progression-free survival; PHR-OS ¼ post-HR
overall survival; NED ¼ no evidence of disease; AWD ¼ alive with disease; DOD ¼ dead of disease; n.a. ¼ not available.
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Table 5
Univariate analysis of prognostic parameters of post-relapse progression free
survival.
Variable

N. (%)

HR (95% CI)

FIGO stage at diagnosis
I/II
5 (14.7)
1.075 (0.228, 5.073)
III/IV
29 (85.3)
BRCA 1/2 mutational status
Wild-type
13 (38.3)
Mutated
20 (58.8)
0.064 (0.008, 0.516)
N.a.
1 (2.9)
PARP Inhibitors therapy
No
20 (58.8)
Yes
11 (32.4)
1.887 (0.397e8.977)
n.a.
3 (8.8)
Platinum free interval at the time of hepatic diseasea
12 months
7 (22.6)
>12months
22 (71.0)
1.472 (0.310, 6.984)
n.a
2 (6.4)
No. of relapse(s) before hepatic disease
One
22 (64.7)
0.606 (0.163, 2.258)
Multiple
12 (35.3)
No. of hepatic segment(s) with disease
One
19 (55.9)
1.508 (0.466, 4.888)
Multiple
15 (44.1)
Site of disease at hepatic resection
Liver only
6 (17.7)
2.951 (0.378, 23.037)
Liver and other sites
28 (82.3)

p value
0.927

0.001

0.418

0.624

0.450

0.489

0.278

a
Calculated on 31 patients treated with platinum containing chemotherapy at
the time of secondary cytoreduction; PARP¼ Poly (ADP-ribose) polymerase.

relapse of disease after hepatic resections (Table 4): the most
prevalent site of relapse was represented by peritoneal carcinomatosis, while liver disease was documented in only 2 cases. In the
whole series, median PHR-PFS was 35 months; the 3-yr PHR-PFS
was 49.1%.
As shown in Table 5, univariate analysis of variables conditioning PHR-PFS showed that only BRCA mutational status played a
statistically signiﬁcant favourable role: 3 (15.0%) of 20 patients with
BRCA mutation developed relapse of disease, compared to 8 (61.5%)
of 13 patients with wild type BRCA gene. The 3-yr PHR-PFS rate was
81.0% in BRCA mutated patient compared to 15.2% in wild type ones
(p value: 0.001) (Fig. 1).
Death of disease was documented in 4 (11.8%) patients (wild
type BRCA ¼ 3, mutated BRCA ¼ 1) in the whole series, the 3-yr
PHR-OS was 72.9%.

Discussion
To our knowledge, this represents one of the largest series
focused on the role of HR(s) within SCS in platinum sensitive ROC
patients (Table S3). We report in the whole series a median PHRPFS of 35 months and a 3-yr PHR-PFS of 49.1%, a ﬁgure which
well matches with the previous literature. Interestingly enough,
among the 12 patients experienced disease relapse after HR(s), only
2 progressed within the liver. Moreover, we ﬁrst report that the
documentation of BRCA gene mutation(s) is associated with better
PFS after HR(s), thus providing a molecularly based line of evidence
helping to choose the therapeutic approach to this, sometimes
disputed, clinical setting.
Indeed, up to now, indications for HR(s) within SCS in ROC
patients has been generally based on variables shown to be associated with a higher chance of complete tumor eradication, such as
disease conﬁned to liver only, presence of single lesion, and small
size of liver disease [12e20]. However, HR(s) at SCS has been
shown to provide clinical beneﬁt also in ROC patients bearing
extra-hepatic disease [12e20], as testiﬁed also in other gynecological malignancies and colorectal cancer [21,27,28]. In this
context, additional parameters inﬂuencing the natural history of
ovarian cancer, might have a relevant prognostic role, such as
platinum sensitivity, and molecular features: indeed, multiple
studies have documented that BRCA mutation provides a subgroup
of OC patients with better outcome compared to wild-type counterpart [29e31].
In our series, BRCA 1/2 gene mutations were documented in
58.8% of cases, a ﬁgure which would have been expected considering that 12 out of 34 patients (35.3%) received 2 lines of
chemotherapy, and 27 patients were still platinum sensitive before
HR(s). Someone could argue that the impressive difference in terms
of PHR-PFS between BRCA mutated versus BRCA wild type patients
(3-yr PHR-PFS: 81.0% versus 15.2%, respectively, p value: 0.001)
might be related to the association of BRCA mutation with classical
features of better prognosis [32]. However, we failed to demonstrate any association of BRCA mutation with PFI length or other
features at the time of liver relapse.
The presence of BRCA 1/2 mutation was the only variable
associated with the clinical outcome after HR(s); in this context, we
have to acknowledge that 32 out of 34 patients (94.1%) were left
with no visible disease, and negative margins of HR(s). Therefore, in
our series, two of the most frequently reported unfavourable
prognostic factors have been overcome, thus leading to a more

Fig. 1. Post-hepatic resection PFS (PHR-PFS) in the whole series (A) and according to BRCA 1/2 mutational status (B).
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homogeneous group, in which only BRCA 1/2 mutational status has
emerged as a favourable parameter.
Despite the relatively small sample size which could have
limited the power of the statistical analysis, the retrospective nature of the study, and the administration of olaparib only in 11 out
of 20 BRCA mutated patients, we think that our ﬁndings could be of
interest, and might open perspectives in terms of management of
liver relapse in OC patients; documentation of BRCA mutation
might add additional information to the current proﬁle of ROC
patients, and might be used in the future to reinforce the attitude to
afford hepatic resection(s).
Until then, our study conﬁrms the concept that the presence of
liver metastases should not preclude to attempt secondary cytoreductive surgery on the basis of potential morbidity: indeed,
literature data did not report death of disease, and major complications only exceptionally have resulted to be related to hepatic
resection procedures [12e20]. Obviously, the need to discuss the
management of liver metastasis on an individual basis in a
multidisciplinary context has to be highlighted: careful evaluation
of preoperative imaging together with an expert hepatobiliary
surgeon is mandatory. Furthermore, all cases require a dedicated
anesthesiology team with extensive experience in complicated
liver and oncological surgery including liver transplantation and
extensive hepatectomy [33e35]. Moreover, in experienced hands
at high volume, tertiary centers, minimally invasive surgery could
be considerd an effective surgical approach in selected patients
with resectable liver disease [33e37]. In our opinion, early
detection of liver metastasis, characterization of molecular features of cancer disease and appropriate choice of multimodal
treatment are very important for improving the outcomes of patients with ROC.
In conclusion, this study provides an accurate and detailed understanding of the oncological outcomes after surgery for hepatic
ROC patients. Furthermore, unique clinicopathological and genetic
features were identiﬁed that can help predict the prognosis. These
ﬁndings are highly suggestive of biologic heterogeneity in ROC with
liver disease and future studies might reveal genetic signatures
associated withPHR-PFS, possibly opening the way for prognosis
stratiﬁcation, targets of treatment, and a more personalized surgical management.
Therefore, we are planning to promote a multi-institutional
collection of data relative to hepatic resection(s) in ROC patients in a large scale, in order to validate this issue more
robustly.
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