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Abstract

Background Primary cytoreduction is the mainstay of
treatment for advanced ovarian cancer (AOC). We developed
and prospectively evaluated an algorithm to investigate the
possible role of laparoscopic primary cytoreduction (LPC)
in carefully selected patients, with AOC.

Methods From June 2007 to July 2015, all patients with
stage III-IV ovarian cancer and clinical conditions allowing
aggressive surgery were candidate to primary cytoreduc-
tion with the aim of achieving residual tumor (RT)=0. The
possibility of attempting laparoscopic cytoreduction was
carefully evaluated using strict selection criteria. The other
patients were approached by abdominal primary cytoreduc-
tion (APC). At the end of LPC, an ultra-low pubic mini-
laparotomy was performed to extract surgical specimens and
to accomplish a laparoscopic hand-assisted exploration of
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the abdominal organs, in order to confirm complete excision
of the disease.

Results Of the included 66 patients, 21 were considered
eligible for LPC; the remaining 45 underwent APC. Optimal
cytoreduction (i.e., RT =0) was obtained in 95 and 88.4% in
the LPC and APC groups, respectively. No intra-operative
complication and 4 (19%) early post-operative complications
were observed among patients who received LPC. Patients
who underwent APC had 17.8 and 46.7% intra- and early
post-operative complications, respectively. Median time to
initiation of chemotherapy was 15 (range, 10-30) days in the
LPC group and 28 (20-35) days in the APC group. After a
median follow-up of 51 months, 2-year disease-free survival
was 76.2% in the LPC group and 73.4% in the APC group.
Conclusions  After strict selection, a group of patients with
AOC may undergo LPC with extremely high rates of opti-
mal cytoreduction, satisfactory perioperative morbidity, a
short interval to chemotherapy, and encouraging survival
outcomes.

Clinical trial registration NCT02980185
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The US Cancer Statistics show that, in 2017, one woman
will die of ovarian cancer for every 1.59 who will be diag-
nosed with this malignancy [1]. These figures are likely due
both to the aggressive biological behavior of the disease and
to the fact that the majority of patients are diagnosed at an
advanced stage, i.e., when ovarian cancer has spread beyond
the ovaries and the pelvis.

The standard approach for the initial treatment of patients
with advanced ovarian cancer (AOC) consists of surgical
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removal of all the visible implants of the disease through
a generous midline laparotomy, followed by combination
platinum-based chemotherapy [2]. Through the years, solid
evidence has accumulated regarding the crucial role of opti-
mal cytoreduction as a major determinant of prognosis, and
it is now widely accepted that no residual visible disease
at the end of surgery represents one of the most important
prognostic factors in AOC patients [3, 4].

While minimally invasive surgery has gained an impor-
tant role in the comprehensive surgical staging of early-stage
ovarian cancer, [5] the use of laparoscopy for advanced
forms is usually limited to the pre-operative evaluation of
resectability of the disease, in order to discriminate those
patients in whom an extensive surgical effort may lead to
optimal cytoreduction from those who may benefit more
from neoadjuvant chemotherapy, followed by interval
debulking and then completion of cytotoxic treatment [6].
In recent years, laparoscopy has been further applied to AOC
as a successful tool for secondary cytoreduction in case of
limited recurrent disease [7]. Although only retrospective
series have been published on this type of approach, results
appear promising and deserve further investigation.

In the last decade, improvements in operators’ skills,
surgical technique, and minimally invasive instrumentation
have allowed the accomplishment of highly complex pro-
cedures in gynecologic surgery such as laparoscopic pelvic
exenteration [8, 9] and upper abdominal debulking [10, 11].
The same has happened also for non-gynecological subspe-
cialties: nowadays, pancreaticoduodenectomy, [12] multi-
ple bowel resections, [13] and partial hepatectomies [14]
can be safely accomplished by laparoscopy, while only few
years ago they appeared as something that could not even
be imagined.

As a logical consequence, some authors have recently
suggested a possible role of laparoscopic debulking surgery
in secondary cytoreduction after neoadjuvant chemotherapy
[15, 16]. However, primary laparoscopic cytoreduction for
AOC is still regarded almost as a taboo and up to now it has
been reported only in limited retrospective series with a low
number of patients included and a short follow-up [17-19].
It is well known that open debulking is associated with an
inevitably high rate of threatening intra- and post-operative
complications and long-lasting hospital admissions. The
expectable advantages of applying minimally invasive sur-
gery to primary cytoreduction for AOC include better qual-
ity of life, earlier initiation of adjuvant therapy, and lower
overall morbidity.

Many criticisms have been raised regarding the possibil-
ity of laparoscopic cytoreductive treatment of AOC. Among
them, the two most relevant are (1) the technical difficulty
in eradicating all the disease through a minimal-access
approach; and (2) the impossibility to adequately explore and
palpate the peritoneal surface and retroperitoneal structures

by laparoscopy, in order to assess the real extent of the dis-
ease. Refinements in surgical technique may at least theoreti-
cally allow to overcome the first objection; for the second
point, some series have suggested a hand-assisted technique,
to improve radicality and to reduce the intra-operative bias
due to the impossibility of direct manual palpation of the
peritoneum/retroperitoneum [20, 21].

The purpose of the present study has been to prospec-
tively analyze the safety, efficacy, and oncological outcomes
of laparoscopic primary cytoreduction for AOC (with hand-
assisted exploration of the abdomen at the end of the pro-
cedure), in strictly selected patients. We also provided data
regarding the outcomes of women not eligible for laparo-
scopic surgery, who underwent traditional open surgery.

Materials and methods

All patients with primary AOC undergoing major gyneco-
logic surgery by the first author (MC) at the Division of
Gynecologic Oncology of the Sacred Heart Hospital, Negrar,
Verona, Italy, were entered since 2007 into a prospective
research-quality surgical database, regularly updated by
trained residents under direct consultants’ supervision. The
quality of the data entered was continuously monitored dur-
ing the study period with annual audits. Demographics were
obtained and entered pre-operatively, surgical outcomes
were entered immediately post-operatively, and follow-up
was collected after each office examination.

The protocol of the present study followed the Strength-
ening the Reporting of Observational Studies in Epidemiol-
ogy (STROBE) statement, [22] and it was approved by the
Ethical Committee of the Hospital of Negrar.

Pre-operatively, all patients were submitted to an abdom-
ino-pelvic clinical examination and ultrasound and a total
body PET-CT scan with FDG. Assessment of CA125 was
performed in each patient, and clinic-anamnestic data were
collected. Every case was discussed within the Gynecologic
Oncological Team, a panel of experts with two Gynecologic
Oncologic surgeons, the Medical Oncologist, the General
and Nuclear Radiologist, the General Surgeon, the Urologist,
and the Anesthesiologist.

All patients with presumed FIGO stage IITA1-1V dis-
ease and no anesthesiological/clinical contraindications for
aggressive surgery underwent diagnostic laparoscopy to
evaluate the feasibility of complete cytoreductive surgery
(whether open abdominal or laparoscopic). In all cases,
surgery was initiated with a laparoscopic exploration of
the abdomino-pelvic cavity, starting in a clock-wise direc-
tion from the upper abdomen and carefully exploring the
diaphragmatic surfaces and the splanchnic viscera. Adhe-
siolysis was accomplished when indicated; section of the
hepatic ligaments was performed to mobilize the liver and
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to obtain a better access to the right diaphragmatic surface;
a 30-degree laparoscope was also used for better anatomi-
cal visualization. As mentioned, all the procedures were
performed by a single surgeon (MC) with extensive experi-
ence in surgical anatomy, gynecologic surgery, minimally
invasive techniques, gynecologic oncology, and open/lapa-
roscopic cadaveric dissection. The first operator has accom-
plished more than 2000 major gynecologic operations, with
more than 500 gynecologic oncology cases.

Selection of patients

The possibility of complete cytoreduction was assessed dur-
ing diagnostic laparoscopy; massive infiltration of the mes-
enteric root or of the hepatic hilum was considered as abso-
lute contraindications to primary cytoreductive effort. The
Fagotti score was then used to further predict the likelihood
of optimal debulking surgery [6]. In case of Fagotti score
< 8, and if the patient was considered adequate for exten-
sive surgery from the clinical and anesthesiological point of
view, a primary debulking procedure was performed.

At this time, a specific evaluation to discriminate patients
eligible for laparoscopic versus open abdominal approach
was performed taking into account also pre-operative imag-
ing and using the following strict criteria: patients did not
undergo laparoscopic cytoreduction in the presence of
“massive omental cake,” obliterated Morison’s pouch, the
need of more than two liver resections, involvement of the
retrohepatic diaphragm, multiple and/or bilateral diaphrag-
matic carcinomatosis, massive infiltration of more than three
organs, bulky upper abdominal masses > 5 cm, pelvic bulky
disease > 20 cm, the necessity of more than two bowel resec-
tions, > 2 bulky nodes, and obliterated spleno-colic liga-
ment. A summary of our prospective treatment algorithm for
advanced ovarian cancer and of the criteria used in this study
to select patients for primary laparoscopic cytoreduction is
provided in Fig. 1.

After this evaluation, patients were divided in two groups,
according to the surgical approach used: laparoscopic pri-
mary cytoreduction (LPC) group and abdominal primary
cytoreduction (APC) group.

Surgical technique

Total extrafascial hysterectomy was performed following
the Clermont—Ferrand technique, and radical hysterectomy
was performed following the Querleu—Morrow classifica-
tion [23]. In cases of extensive pelvic infiltration of the
peritoneum, a total Hudson-Delle Piane radical oopho-
rectomy with or without en-bloc rectal resection was per-
formed [24, 25]. When needed, segmental rectal resection
was accomplished using the nerve-sparing technique previ-
ously described by our group [26]. Nodal dissection was
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performed only in case of bulky nodes or suspicious retrop-
eritoneal disease at pre-operative imaging.

Every surgical procedure included a final laparoscopically
assisted hand-palpation phase: a ultra-low, mini-laparotomic
(<4 cm) pubic incision was performed, to extract specimens
and to allow the insertion of a surgeon’s hand for systematic
evaluation of possible residual disease under laparoscopic
guidance. The different diagnostic and operative phases are
illustrated in Figs. 2, 3, and 4.

Optimal cytoreduction was defined as “no visible dis-
ease” (i.e., RT=0) at the end of the procedure. Post-opera-
tive complications were classified as “early” if they occurred
before 30 days and “late” if they occurred after 30 days from
the operation.

Every patient underwent adjuvant chemotherapy; the
time interval between primary cytoreduction and the initia-
tion of the medical treatment was counted in days. As part
of the protocol and in accordance with Chi et al. [27], all
patients were submitted to a post-operative CT scan to con-
firm the completeness of cytoreduction before the initiation
of chemotherapy. Women were included in the institutional
follow-up program: follow-up evaluations were scheduled
monthly for the first 3 months, then every 3 months for the
first 2 years, and every 6 months thereafter. Markers tests
were accomplished every 4 months post-operatively, a CT
scan was scheduled 1 month after the end of chemotherapy
and then yearly, and a PET-CT scan was performed in case
recurrence was suspected. A platinum-based combination
was chosen for adjuvant treatment. Bevacizumab was added
to frontline or second-line therapy in 2013.

Statistical analysis

Continuous variables are reported as median (range). Cat-
egorical variables are reported as absolute numbers (per-
centage). Median time-to-relapse, progression-free sur-
vival (PFS), and overall survival (OS) were calculated.
Kaplan—Meyer curves and log-rank test were calculated for
PFS and OS data.

Statistical comparisons between groups (although
biased by the intrinsic imbalance between groups) have
been provided in Supplementary Tables. Normality testing
(D’Agostino and Pearson test) was performed to determine
whether continuous variables were sampled from a Gaussian
distribution. Afterwards, comparisons between two group
of continuous variables were accomplished using independ-
ent samples ¢ test or Mann—Whitney U test, as appropriate.
Categorical covariates were compared with Chi-square test.
A p value <0.05 was considered statistically significant.
Statistical analyses were performed using SPSS for Win-
dows 16.0 package (SPSS, Inc., Copyright IBM Corporation
2010, Somers, NY) and GraphPad version 5.00 for Windows
(GraphPad Software, San Diego, CA).
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Fagotti score
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Not cytoreducible
Fagotti score >8
+/- other evaluated criteria
s Age>75
* Ascitis
* Comorbidities

Cytoreducible
* Fagotti score <8

I
LCEC*

LPC| APC

* ASA score
1
NACT
* Laparoscopic Cytoreduction Exclusion Criteria
. Omental “cake”
. Obliterated Morison’s pouch
. More than two liver resections
. Posterior right or left diaphragmatic wall involvement
. Multi-visceral carcinomatosis
. Bulky upper abdominal mass >5cm
. Pelvic bulky disease >20cm
. Multiple diaphragmatic infiltrative carcinomatosis/bilateral diaphragmatic involvement
. More than 2 bowel resections
. Multiple lymph-nodal debulking procedures
. Obliterated spleno-colic ligament/angle/left diaphragm

Fig. 1 Algorithm for the surgical treatment of suspected Advanced Ovarian Cancer

Results

From June 2007 to July 2015, a total of 147 patients with
FIGO stage IITA1-IV AOC were treated at our Institution.
Of these patients, 13 (8.8%) were not eligible for primary
cytoreduction, due to anesthesiological contraindications,
67 (45.6%) were excluded at primary laparoscopic evalua-
tion, because they were considered unsuitable for primary
debulking (according to the Fagotti score) and underwent
neoadjuvant chemotherapy, and 1 (0.7%) refused enrol-
ment. Of the residual 66 patients, 21 (31.8%) were eligi-
ble for LPC, whereas 45 (68.2%) patients underwent APC.
Demographic and histological characteristics are shown in

Table 1. Patients submitted to LPC had a lower BMI and a
tendency towards a higher rate of ASA score 1, with respect
to patients submitted to APC. Intra-operative procedures are
listed in Table 2. No conversion from laparoscopy to open
surgery was registered. Pelvic/para-aortic nodal debulking
was accomplished in 19% of patients in the LPC group and
in 48.9% of patients in the APC group. Optimal RT at the
end of surgery was obtained in 95.3% of patients after LPC
and in 88.4% after APC. Median estimated blood loss was
250 mL (range, 100-500) in the LPC group and 600 mL
(200-4500) in the APC group. Intra-operative complications
were observed in 8 (17.8%) patients in the APC group versus
none in the LPC group.
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Fig. 2 Laparoscopic PET-CT guided debulking of a peritoneal nodule at the level of Morison’s Pouch. A Transaxial FDG-PET-CT at 60 min, B
coronal FDG-PET-CT at 60 min, C sagittal FDG-PET-CT at 60 min, D laparoscopic view of nodule during the debulking procedure

Early post-operative complications (Table 3) were
observed in 19% of cases in the LPC group and in 46.7%
of patients in the APC group. One (2.2%) post-operative
death was observed in the APC group (due to sepsis and
cardiac failure), and 0 in the LPC group.

Median hospital stay was 15 days in the APC group
and 9 days in the LPC group. Interval between cytoreduc-
tion and initiation of the first chemotherapy cycle was 15
(10-30) days in the LPC and 28 (20-35) days in the APC
group.

Every patient (excluding the subject with early post-oper-
ative death in the APC group) was submitted to six cycles
of post-operative adjuvant chemotherapy by the standard
carbo-taxol regimen. All patients completed the six cycles of
first-line chemotherapy in a period of maximum 6 months.
Late complication rate was 15 and 15.6% for the LPC and

@ Springer

APC groups, respectively. The rate of late post-operative
reoperation was 10% after LPC and 8.8% after APC.
After a median follow-up period of 47.3 and
52.3 months in the LPC and APC groups, respectively,
33.3% of patients recurred after laparoscopic surgery
versus 35.5% after open abdominal surgery. Two-year
disease-free survival was 76.2% in the LPC group and
73.4% in the APC group. Details regarding the specific
sites of recurrence are provided in Table 4. PFS and OS
were comparable between groups (log-rank test 0.135
and 0.339, respectively, for OS and PFS), with 100% of
overall survival in the LPC group. Median time to relapse
was 17.4 months (range 9.3-30.6) after LPC, versus
18.3 months (range 6.6-28.9) after APC. Survival curves
are shown in Figs. 5 and 6. A subanalysis of disease-free
and overall survival in patients with optimally debulked
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Fig. 3 Laparoscopic assessment and management of advanced ovar-
ian cancer, A laparoscopic view of pelvic carcinomatosis in FIGO
stage IIIC AOC; B laparoscopic view of diaphragmatic carcinomato-
sis with “bulky” left diaphragmatic metastasis; C laparoscopic metas-
tasectomy of right diaphragmatic nodule infiltrating the muscular
layer; D laparoscopic view of pelvic carcinomatosis with “frozen pel-

disease (RT =0) is provided in Supplementary Figs. 1 and
2. Six (28.6%) and 12 (26.7%) patients received Bevaci-
zumab in LPC and APC groups.

Supplementary Tables 1-4 provide details of the statis-
tical comparisons between LPC and APC groups.

vis” and bowel infiltration in FIGO stage IIIC AOC; E pubic trans-
verse ultra-low mini-laparotomy in course of totally laparoscopic rad-
ical oophorectomy with en-bloc bowel resection for FIGO stage I1IC
AOC; F image of the surgeon’s left arm inserted intra-abdominally by
the mini-laparotomic access, during the laparoscopic-assisted hand-
palpation phase of LPC

Comment
The present article shows that, in strictly selected patients,

laparoscopic primary debulking for AOC is feasible and
allows very high rates of optimal cytoreduction to RT =0
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Fig. 4 Different intra-operative phases of the laparoscopic cytore-
ductive surgery for advanced ovarian cancer: A laparoscopic vision
of diaphragmatic palpation by the surgeon’s left hand inserted intra-
abdominally through the mini-laparotomic access, during the laparo-
scopic-assisted hand-palpation phase of LPC; B completion of mes-
enteric node resection in course of the mini-laparotomic phase; C

(95%) that well compare with those of open abdominal sur-
gery in referral centers [28].

To date, only small, retrospective series with ill-defined
inclusion criteria have been published regarding the use of
minimally invasive surgery for the surgical comprehensive
treatment of advanced ovarian cancer [17-19]. This paucity
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transection of the rectosigmoid during the mini-laparotomic phase; D
and E view of the surgical specimen after totally laparoscopic en-bloc
posterior exenteration with segmental rectosigmoid resection and pel-
vic peritonectomy in AOC with diffuse pelvic carcinomatosis; F lapa-
roscopic view of the surgical field after totally laparoscopic posterior
exenteration with end-to-end colo-rectal anastomosis

of data likely reflects on the one hand the high technical
difficulty of performing advanced laparoscopic procedures
that allow complete cytoreduction, and on the other hand the
almost ubiquitous prejudice that minimally invasive surgery
is not adequate for this type of disease and may be even
detrimental for the prognosis of patients.
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Table 1 Patients’ characteristics

LPC (N=21) APC (N=45)
Variable
No. of cases 21 45
Median age 56 (34-79) 60 (34-80)
Median BMI 22 (18.3-27.9) 24.9 (18-39.8)
ASA score 1 12 (57%) 15 (33%)
ASA score 2 8 (38%) 24 (53.3%)
ASA score 3 1(4.7%) 6 (13.3%)
Histology
Serous 7(33.3) 19 (42%)
Undifferentiated 13 (62%) 12 (26.6%)
Endometrioid 1 (4.7%) 3 (6.6%)
Clear cells 0 4 (8.8%)
Seromucinous 0 1(2.2%)
Carcinosarcoma 0 2 (4.4%)
Transitional cells 0 1(2.2%)
Fibrosarcoma 0 1(2.2%)
Neuroendocrine 0 1(2.2%)
Squamous 0 1(2.2%)
FIGO stage
1Al 3 (14.2%) 3 (6.6%)
111B 3 (14.2%) 4 (8.8%)
1c 14 (66.6%) 30 (66.6%)
v 1(4.7%) 8 (17.7%)
Grading
Gl 0 3 (6.6%)
G2 1(4.7%) 3 (6.6%)
G3 20 (95.3%) 39 (86.6%)

Regarding the first objection, it should be recognized that
laparoscopic surgery has intrinsic limits due to the need of
gaining enough space to mobilize the anatomical structures
and to allow adequate movements of the instruments, which
may be impaired by the positioning and the fulcrum-effect of
the ports. However, the impressive diffusion of laparoscopic
surgery has determined a dramatic and probably unexpected
expansion of its indications, so that procedures once consid-
ered as impossible are nowadays regarded as routine every-
day clinical practice.

Regarding the second criticism, many detractors of lapa-
roscopy in the past have claimed that the use of CO2 may
promote the seeding of tumoral cells to the peritoneum and
the laparoscopic ports [29]. However, no evidence supports
this statement; in fact, many centers now consider diagnos-
tic laparoscopy as a crucial part of preventive evaluation
of women, to identify AOC patients who may benefit from
primary aggressive cytoreduction rather than neoadjuvant
chemotherapy [6].

An actual limitation of laparoscopic cytoreduction is the
impossibility to visualize certain abdominal regions (such

as the epiploon retrocavity, the posterior aspect of the liver,
etc.). To avoid the risk of missing malignant localizations,
laparoscopic-assisted hand-palpation technique was used in
the present study at the end of LPC. This approach allowed
us also to be sure regarding the correct estimation of RT. A
possible area concern is the difficulty in exploring the ret-
roperitoneal structures (in particular the para-aortic lymph
nodes) as well as all aspects of the bowel and its mesentery,
even with the hand-assisted method. The risk of missing dis-
ease spread in these areas should translate into a higher site-
specific recurrence rate. As reported in Table 4, the rate of
nodal and bowel recurrences tended to be higher in the LPC
group, compared to the APC group, although not reaching
statistical significance (Supplementary Table 4). This par-
ticular issue deserves much attention and close monitoring
in the next future. On the other hand, it must be remembered
that the laparoscope magnifies small lesions, which may be
missed at the time of laparotomic exploration.

The use of laparoscopy in AOC has possible extremely
promising implications, including the dramatic decrease in
the overall morbidity of surgical treatment (with reduction
of pain, post-operative length of hospital stay, and compli-
cations), and an earlier initiation of adjuvant chemotherapy.
Interestingly, in our series we observed a 13-day anticipa-
tion in starting adjuvant treatment among women treated
with laparoscopic surgery. Moreover, we emphasize that
only 19% of patients experienced a complication in the LPC
group, thus corroborating the assumption that laparoscopic
surgery may help in decreasing adverse events related to
primary cytoreduction.

We remark that the present series is not a comparative
study: patients in the two groups are not comparable in terms
of baseline characteristics. In fact, patients in the LPC group
had a lower BMI and tended to have lower ASA score. As a
consequence, women who underwent laparoscopic surgery
showed more favorable conditions, from a medical and sur-
gical point of view. Even more importantly, the two study
groups are not comparable also in terms of initial tumor
load and localization, due to the presence of strict exclusion
criteria for laparoscopic debulking. As a result, in the APC
group women had larger tumor masses, and/or more upper
abdomen/retroperitoneal localizations, and/or more likeli-
hood of massive diaphragmatic/retrohepatic involvement.
However, many reports have demonstrated that the major
determinant for prognosis in AOC is residual tumor and not
its initial diffusion;[30-32] in other words, it is how much
tumor is “left behind” at the end of surgery rather than the
initial spread of the disease to exert an impact on survival.
Some authors correctly point out that less widespread tumors
may have a more indolent biological behavior and may tend
to recur more slowly. However, studies which stratifying
on the intrinsic aggressiveness of the disease have shown
that the radicality of surgery and RT remain the strongest
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Table 2 Surgical data
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LPC (N=21)

APC (N=45)

Intra-operative data
Ascites (amount)
Abdominal carcinomatosis

Procedures
No hysterectomy (previously removed uterus)
Hudson-Delle Piane oophorectomy
Type A radical hysterectomy
Type B radical hysterectomy
Type C radical hysterectomy
Bilateral adnexectomy
Total infracolic omentectomy
Gastro-/infracolic omentectomy
Pelvic lymphadenectomy
Para-aortic lymphadenectomy
Appendectomy
Ureteroneocystostomy
Bladder resection
Prevesical peritonectomy
Posterior pelvic peritonectomy
Partial right surrenalectomy
Rectosigmoid resection
Left hemicolectomy
Right hemicolectomy
Total colectomy
En-bloc posterior pelvectomy
Ileo-ciecal resection
Ileostomy (temporary)
Sigmoidostomy
Transverse-stoma
Double bowel resection
Triple bowel resection
Hepatic resection
Diaphragmatic resection
Diaphragmatic stripping
Diaphragmatic argon laser
Hepatic round and falciform ligament exeresis
Morison’s pouch peritonectomy
Distal pancreatectomy
Gastrectomy
Superficial gastric nodulectomy
Splenectomy
Ureteral stent
Abdominal wall debulking

Vascular resection (epigastric vessels on bulky

pelvic node)
Median EBL (ml)
EBL > 500 ml
EBL > 1000 ml
Median OT (min)
Residual tumor
Residual tumor=0

5(23.8%) (100-500 mL)

11 (52.3%)

4 (19%)
17 (81%)
9 (42.9%)
7 (33.3%)
1 (4.7%)
21 (100%)
18 (85.7%)
3 (14.3%)
4. (19%)

3 (14.2%)
4. (19%)

1 (4.7%)

1 (4.7%)
5(23.8%)
16 (76.2%)
0

14 (66.7%)
0

0

0
5(23.8%)
3 (14.3%)
3 (14.3%)
0

0

0

0
2(9.5%)
0

4 (19%)

1 (4.7%)

1 (4.7%)
2(9.5%)
0

0

0

0

3 (14.3%)
1 (4.7%)

1 (4.7%)

250 (100-500)
0
0
280 (150-420)

20 (95.3%)

15 (33.3%) (100-6000 mL)
25 (55.6%)

6 (13.3%)
29 (64.4%)
21 (46.7%)
14 (31.1%)
4 (8.9%)
40 (88.9%)
15 (33.3%)
30 (66.7%)
22 (48.9%)
22 (48.9%)
15 (33.3%)
0

7 (15.6%)
8 (17.8%)
29 (64.4%)
1 2.2%)
21 (46.7%)
3(6.7%)

2 (4.4%)

1 2.2%)
11 (24.4%)
5(11.1%)
9 (20%)

1 2.2%)

1 (2.2%)

6 (13.3%)
1 2.2%)

8 (17.8%)
5(11.1%)
6 (13.3%)
4(8.9%)

9 (20%)

8 (17.8%)
3(6.7%)

1 (2.2%)

2 (4.4%)

2 (4.4%)

7 (15.6%)
1(2.2%)

0

650 (100-4500)
12 (26.7%)

8 (17.8%)

330 (140-660)

38 (88.4%)
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Table 2 (continued)

Table 3 Post-operative and
survival data

predictors of recurrence [33]. The limited number of patients
included prevents us from providing definitive conclusions,
particularly in terms of survival. However, due to the high

LPC (N=21) APC (N=45)
Residual tumor<=1cm 14.7%) 3(6.7%)
Residual tumor> 1 cm 0 4 (8.9%)
Intra-operative complications 0 8 (17.8%)
Vascular lesion 0 4 (8.9%)
Hemorrhage without major vascular lesion 0 4 (8.9%)
Intra-operative hemotransfusions 0 4 (8.9%)
LPC (N=21) APC (N=45)
Post-operative data
Median hospital stay (days) 9 (5-25) 15 (6-50)
Early (<30 days) complications 4 (19%) 21 (46.7%)
Nr of pts with early complications
Detail of complications
Pleural effusion (thoracentesis) 0 4 (8.9%), (2 thoracentesis)
Fever 14.7%) 8 (17.8%)
Anemization (hemotransfusions) 3(14.3%) 12 (26.7%)
Heart failure (no death) 14.7%) 0
Pulmonary embolus 0 1(2.2%)
Vaginal cuff dehiscence (reoperation) 0 1(2.2%)
Vesico-vaginal fistula 0 1(2.2%)
Monolateral hydronephrosis (ureteral stent) 0 1(2.2%)
Ureteral fistula 0 1(2.2%)
Lower limbs lymphangitis 0 1(2.2%)
Lymphorrhea 0 1(2.2%)
Pneumonia 0 1(2.2%)
Bleeding of rectal anastomosis, hemotransfusions 1(4.7%) 0
Rectal anastomosis dehiscence, sepsis 0 1(2.2%)
Wound dehiscence 0 1(2.2%)
Wound infection 0 7 (15.6%)
Reoperation 0 4 (8.8%)
Death 0 1(2.2%)
Late (> 30 days) complications 3(14.3%) 7 (15.6%)
Vaginal cuff dehiscence (reoperation) 2 (9.5%) 0
Monolateral hydronephrosis (ureteral stent) 1(4.7%) 1(2.2%)
Wound dehiscence 0 3(6.7%)
Rectovaginal fistula 0 2 (4.4%)
Ureteral stenosis 0 1(2.2%)
Reoperation 2(9.5%) 4 (8.9%)
Post-operative chemotherapy 21 (100%) 44 (97.8%)
Median time to initiation of chemotherapy (days) 15 (10-30) 28 (20-35)
Median follow-up =51 (5-117 mo.) 47.3 (12-72) 52.3 (5-117)
Recurrence rate (%) 7 (33.3%) 16 (35.5%)
Median time to relapse 17.4 (9.3-30.6) 18.3 (6.6-28.9)
OS (months, log-rank test) 47.3 (12-72) 52.3 (5-117)

PFS (months, log-rank test)

42.3 (9.3-71.7)

45.2 (6-117.2)

incidence of relapse in AOC, the median follow-up of this
study (51 months) appears long enough to detect possible
evident detrimental effects of laparoscopic surgery among
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Table 4 Site of relapse (calculated on the number of relapses and not
on the number of patients)

Site of relapse LPC (N=12) APC (N=18)
Carcinosis 3 (25%) 6 (33.3%)
Hepatic 1(8.3%) 4(22.2%)
Inguinal 0 3(16.7%)
Retroperitoneal lymph nodes 3 (25%) 2 (11.1%)
Supraclavear nodes 0 1(5.6%)
Pleural/lung 0 2 (11.1%)
Bowel 2 (16.7%) 0
Vaginal cuff 1(8.3%) 0
Abdominal wall 2 (16.7%) 0
Disease-Free Survival
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Fig. 5 Disease-free survival according to the treatment group
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Fig. 6 Overall Survival according to the treatment group

patients in the LPC group. Nevertheless, only comparative
and possibly randomized studies with well-balanced base-
line characteristics will provide answers regarding the real
impact of laparoscopic surgery in the field of AOC. Another
possible limitation of the present study is that all women
were operated by a single surgeon with extensive experience

@ Springer

and high skills in oncologic surgery and minimally inva-
sive techniques. The external validity of our findings may
be scarce, and we believe that, for the moment, our results
could be replicated only in dedicated settings with adequate
background in complex laparoscopic procedures.

The present study represents a preliminary and pio-
neering work and, as such, it is logical to accept that it
is exposed to several possible criticisms. However, in our
opinion it may represent a milestone in the treatment of
advanced ovarian cancer and possibly the origin of a deep
rethinking in the approach to this disease, provided that
our results will be replicated in larger independent series.
Of course, this type of surgery requires particular and
uncommon skills, and for the moment, generalizability
of our results may be scarce. However, as it happened in
the past for other types of operations, laparoscopic skills
and refinements in technique can be taught and developed.
Moreover, we may speculate that the advent of robotic
surgery and the possible refinements in this new minimally
invasive approach may have the potential to overcome the
limitation of scarce reproducibility and applicability of
laparoscopic surgery to AOC. We strongly believe that,
if the main goal in AOC is to completely eradicate the
tumor up to RT =0, it does not matter if this is achieved
by laparotomy or laparoscopy. Surgery for AOC is associ-
ated with the risk of severe, life-threatening complications.
Minimally invasive techniques may be extremely impor-
tant, to try to minimize morbidity at least in a subgroup of
well-selected patients with a pattern of disease spread that
can be approached by laparoscopy. Of course, our results
do not represent a definitive endorsement of laparoscopic
cytoreduction for AOC, but rather they strongly encourage
further research, possibly randomized and on a larger sam-
ple size, to evaluate the real impact of minimally invasive
surgery in this setting.
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