YGYNO-974070; No. of pages: 6; 4C:
Gynecologic Oncology xxx (2011) xxx–xxx

Contents lists available at ScienceDirect

Gynecologic Oncology
j o u r n a l h o m e p a g e : w w w. e l s ev i e r. c o m / l o c a t e / y g y n o

Cytoreductive surgery and hyperthermic intraperitoneal chemotherapy as upfront
therapy for advanced epithelial ovarian cancer: Multi-institutional phase-II trial
Marcello Deraco a,⁎, Shigeki Kusamura a, Salvatore Virzì b, Francesco Puccio c, Antonio Macrì d,
Ciro Famulari d, Massimiliano Solazzo c, Serena Bonomi b, Domenico Rosario Iusco b, Dario Baratti a
a

Peritoneal Surface Malignancy Program, Department of Surgery, National Cancer Institute, via Venezian 1, 20133 Milan, Italy
General Surgery Unit, Bentivoglio Hospital, AUSL Bologna, Via Marconi 35, 40010 Bentivoglio (BO), Italy
General Surgery Unit, Manerbio Hospital, Azienda Ospedaliera di Desenzano, Via Marconi, 7, 25025 Manerbio (BS), Italy
d
General Surgery Unit, G. Martino Hospital, University of Messina, Via Consolare Valeria, 98125 Messina, Italy
b
c

a r t i c l e

i n f o

Article history:
Received 16 February 2011
Available online xxxx
Keywords:
Cytoreductive surgery, peritonectomy
Hyperthermic intraperitoneal chemotherapy
Epithelial ovarian cancer, peritoneal carcinomatosis

a b s t r a c t
Objective. The primary end-point of this multi-institutional phase-II trial was to assess results in terms of
overall survival after cytoreductive surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC) in
treatment-naive epithelial ovarian cancer (EOC) with advanced peritoneal involvement. Secondary endpoints were treatment morbi-mortality and outcome effects of time to subsequent adjuvant systemic
chemotherapy (TTC).
Methods. Twenty-six women with stage III–IV EOC were prospectively enrolled in 4 Italian centers to
undergo CRS and closed-abdomen HIPEC with cisplatin and doxorubicin. Then they received systemic
chemotherapy with carboplatin (AUC 6) and paclitaxel (175 mg/m 2) for 6 cycles.
Results. Macroscopically complete cytoreduction was achieved in 15 patients; only minimal residual
disease (≤ 2.5 mm) remained in 11. Major complications occurred in four patients and postoperative death in
one. After a median follow-up of 25 months, 5-year overall survival was 60.7% and 5-year progression-free
survival 15.2% (median 30 months). Excluding operative death, all the patients underwent systemic
chemotherapy at a median of 46 days from combined treatment (range: 29–75). The median number of cycles
per patient was 6 (range: 1–8). The time to chemotherapy did not affect the OS or PFS.
Conclusions. In selected patients with advanced stage EOC, upfront CRS and HIPEC provided promising
results in terms of outcome. Morbidity was comparable to aggressive cytoreduction without HIPEC.
Postoperative recovery delayed the initiation of adjuvant systemic chemotherapy but not sufﬁciently to
impact negatively on survival. These data warrant further evaluation in a randomized clinical trial.
© 2011 Elsevier Inc. All rights reserved.

Introduction
Epithelial ovarian cancer (EOC) is the ninth most common
malignancy and ﬁfth leading cause of cancer-related deaths among
females in the USA [1]. In up to 75% of women, the disease is
diagnosed at an advanced stage, with peritoneal involvement or
distant metastases (International Federation of Gynecology and
Obstetrics, FIGO stage III–IV) [2].
Primary surgical cytoreduction and combination chemotherapy
represents the current treatment paradigm for advanced EOC [2].
Clinical studies have shown that intravenous carboplatin/taxol-based
ﬁrst-line chemotherapy achieves the highest response rate [3,4].
However, outcome results remain unsatisfactory with long-term
survival rates of only 20–30%, since disease recurrences are common
⁎ Corresponding author at: Responsible for Peritoneal Surface Malignancies, Istituto
Nazionale Tumori Milano, Via Venezian n. 1, 20133 Milan, Italy. Fax: +39 02 23902404.
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even after complete response to chemotherapy [3,4]. Second-line
treatments can improve survival and quality of life but are not
curative, and patients ultimately die of nonresponsive progressive
disease [2]. Neoadjuvant chemotherapy (NACT) followed by surgery is
a different approach which has not demonstrated better results in
clinical trials [5,6]. Adjunctive treatments to reduce the risk for relapse
after standard-of-care therapy, including extension of front-line
agents, high-dose chemotherapy, whole-abdominal or intraperitoneal
radiotherapy, immunotherapy, biological therapy and single-agent
paclitaxel, have not shown any survival advantage in several phase-III
trials [2,7].
Aggressive cytoreductive surgery (CRS) combined with hyperthermic intraperitoneal chemotherapy (HIPEC) is a comprehensive treatment approach directed at deﬁnitive disease eradication which has been
successfully used in the management of peritoneal surface malignancies.
It involves peritonectomy procedures and multivisceral resections to
remove the macroscopic tumor, and HIPEC to treat the microscopic
residual disease [8–11]. HIPEC combines the pharmacokinetic advantage

0090-8258/$ – see front matter © 2011 Elsevier Inc. All rights reserved.
doi:10.1016/j.ygyno.2011.05.004

Please cite this article as: Deraco M, et al, Cytoreductive surgery and hyperthermic intraperitoneal chemotherapy as upfront therapy for
advanced epithelial ovarian cancer: Multi-institutional phase-II tria, Gynecol Oncol (2011), doi:10.1016/j.ygyno.2011.05.004

2

M. Deraco et al. / Gynecologic Oncology xxx (2011) xxx–xxx

of intracavitary chemotherapy delivery (i.e. regional dose intensiﬁcation) with those of hyperthermia (i.e. selective malignant cell-killing
effect and enhancement of the antiblastic effect and tumor tissue
penetration of certain chemotherapies) [12].
For several reasons, there has been growing interest for this
innovative treatment in the management of advanced EOC. First, the
disease marked propensity for peritoneal spread, which makes it
suitable for aggressive loco-regional therapies [13]. Second, retrospective analysis and a recent meta-analysis have repeatedly
demonstrated that optimal resection of metastatic disease is one of
the most powerful determinants of survival [14,15]. Third, the
superiority of intraperitoneal versus systemic administration of
chemotherapeutic agents has been shown in large randomized trials
[16–18].
Despite the established rationale and encouraging results of
several independent studies [19–24], a certain degree of scepticism
still surrounds CRS and HIPEC [25]. Criticisms involve inherent
potential morbidity and the lack of randomized data conﬁrming its
theoretical advantage. A major concern is that the longer postoperative convalescence time may result in delay, decreased doseintensity or even withdrawal from the subsequent systemic chemotherapy, thus adversely affecting prognosis.
Therefore we conducted a multi-institutional phase-II trial to
assess overall survival (OS) after upfront CRS and HIPEC as the ﬁrst
step of a comprehensive treatment plan for advanced EOC, involving
both loco-regional and systemic therapies. Furthermore, the safety
proﬁle of combined treatment was assessed. The third end-point was
to test whether the time elapsing from CRS and HIPEC to the initiation
of systemic chemotherapy (time-to-chemotherapy—TTC) could have
an impact on prognosis [26].
Patients and methods
This multi-institutional phase-II study was conducted in four
Italian centers: the Milan National Cancer Institute, and the General
Surgery Units of one university and two community hospitals. The
accrual period encompassed from November 2004 to June 2010. The
study was closed in July 2010. All the patients were treated according
to a clinical protocol approved by the Institutional Ethics Committees
of participating institutions and signed informed consent forms.
Eligibility criteria for combined treatment included: histological
diagnosis of EOC; no previous systemic or intraperitoneal chemotherapy; no previous signiﬁcant surgical cytoreduction; age ≤ 75;
performance status ≤ 2 according to the Eastern Cooperative Oncology
Group (ECOG) [27]; no signiﬁcant co-morbidities; peritoneal disease
amenable to complete surgical cytoreduction and no extra-abdominal
or hepatic metastases at preoperative computed tomography
± ﬂudeoxyglucose (FDG) positron emission tomography. Thirty
patients were screened for the present trial. Four of them were
excluded, due to lung metastases (n = 1), massive small bowel
mesentery involvement (n = 1), and ECOG score N2 (n = 2). They
were given systemic chemotherapy (n = 2) or support therapy
(n = 2). If a recruited patient resulted to be unresectable at
laparotomy she was included in the analysis, according to intention
to treat principle.
Operative treatment
Cytoreductive surgery was based on the technique originally
described by Sugarbaker [28], with some modiﬁcations [29]. Brieﬂy,
the goal of the surgical cytoreduction was to remove all visible tumor
by means of one or more of the following procedures: (1) greater
omentectomy and left upper quadrant peritonectomy ± splenectomy;
(2) right upper quadrant peritonectomy ± liver capsulectomy; (3)
pelvic peritonectomy with total abdominal hysterectomy (TAH) and
bilateral salpingo-oophorectomy (BSO), ±sigmoidectomy; (4) lesser

omentectomy and dissection of the duodenal-hepatic ligament,
±cholecystectomy; (5) partial/total gastrectomy; (6) other procedures, including small bowel resections, right, transverse or total
colectomy. Paraortic and pelvic lymphadenectomy was carried out in
patients with clinically suspicious nodal involvement. All surgical
specimens were submitted to pathological examination.
HIPEC was performed according to the closed-abdomen technique,
with cisplatin (40 mg/l of perfusate) plus doxorubicin (15 mg/l of
perfusate) for 90 min. Perfusate volume was 4–6 l, and average ﬂow
was 700 ml/min [30]. The temperature was monitored at 4 points
(inﬂow/outﬂow catheters and upper/lower intra abdominal) and the
drugs were instilled when intra-abdominal temperature achieved
42.5 °C. A 30% dose reduction was applied to patients N70 years old or
those who underwent extensive surgical cytoreduction. No agents
were used to prevent renal toxicity. The Performer LRT ® [RAND,
Medolla (MO), Italy] extracorporeal circulation device was used.
After hospital discharge, patients were referred to medical
oncology staff to receive adjuvant systemic chemotherapy, consisting
of 6 cycles of carboplatin (AUC 6) and paclitaxel (175 mg/m 2)
administered every 21 days. Standard criteria for dose modiﬁcation
or delay were adopted. Physical examination, thoracic/abdominal CTscan and Ca125 serum level assessment were performed every
3 months during the ﬁrst 2 years and every 6 months thereafter. No
patient was lost to follow-up.
Study parameters
Histological subtype and grade were assessed according to the
WHO classiﬁcation, and surgical stage according to the FIGO criteria
[2].
The extension of previous surgical procedures was classiﬁed
according to previous surgical score (PSS): PSS-0: 0 region dissected;
PSS-1: 1 region dissected; PSS-2: 2–5 regions dissected; and PSS-3: N5
regions dissected [31]. The peritoneal cancer index (PCI) was used to
score the extent of peritoneal involvement at surgical exploration.
This index is based on lesion size and involvement of 13 abdominal
regions with possible scores ranging from 0 (no disease) to 39
(widespread large volume disease involving all 13 regions)[31].
Completeness of cytoreduction (CC) was classiﬁed at the end of the
surgical phase according to Sugarbaker criteria, as CC-0 (macroscopically complete); CC-1 (residual disease ≤ 2.5 mm in any region); CC-2
residual disease N2.5 mm [31]. Postoperative complications occurring
within 30 days of the procedure were scored according to the NCI
CTCAEv3 [32].
Statistics
The primary end-point of the present study was OS after CRS with
HIPEC and followed by systemic carboplatin with paclitaxel. Secondary end-point was the assessment of treatment tolerability in terms of
operative morbidity and TTC. Survival rates were calculated according
to the Kaplan–Meier method. OS and PFS were dated from the day of
CRS with HIPEC to the time of death due to any cause or postoperative
disease progression, respectively. Patients with uneventful postoperative course were censored at the time of last follow-up visit or at the
cut-off date, whichever occurred ﬁrst. Operative mortality was
included in survival rate calculation. TTC was calculated from the
date of CRS and HIPEC to the day of ﬁrst adjuvant systemic
chemotherapy cycle.
Sample size was calculated considering the baseline median PFS of
17 months for advanced EOC treated by conventional surgery and
systemic chemotherapy with carboplatin and taxol [33]. The aim was
to have 80% power to detect a ratio of hazard rate of 2 using a onesided and 5% signiﬁcance level test after a 2-year continuation period.
New eligible patients were estimated at the rate of one per month. The
required accrual target was 24 patients with accrual time of
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24 months. Unfortunately due to difﬁculties in patients' recruitment
the study period had to be extended. All statistical analyses were
conducted by SPSS software version 18.0.0 for Windows (SPSS Inc.,
Chicago, IL). p-value b0.05 was considered signiﬁcant.
Results
Twenty-six patients were prospectively enrolled during the
accrual period. All the enrolled patients managed to undergo
complete surgery. Patients' characteristics are shown in Table 1. The
median interval between prior procedures and combined treatment
was 2 months (range: 0.5–8). In all these patients, gross peritoneal
disease was left after the aforementioned procedures.

Operative outcomes
Cytoreduction was rated as CC-0 in 15 patients and CC-1 in 11.
Median PCI was 15.5 (range: 5–26). The details of CRS and HIPEC
procedures are shown in Table 2. Median operative time was 620 min
(range: 280–915); median postoperative hospital stay was 21 days
(range: 13–67).
Four patients experienced 9 grade 3–5 complications. One patient
developed grade 3 hematological toxicity, pleural effusion, requiring
operative drainage, a subsequent abdominal abscess requiring
reoperation, and ultimately died on the 39th postoperative day for
sepsis. Operative complications are detailed in Table 3.
Except for one postoperative death, all the patients started
adjuvant systemic chemotherapy. Median TTC was 46 days (range:
29–75). A median of 6 (range: 1–8) cycles per patient was given over a
median of 20 weeks (range: 3–24). Disease progression and systemic
toxicity caused treatment discontinuation in 2 patients, after 1 and 3
cycles, respectively. Four cycles were made with dose reduction. TTC
did not impact on OS or PFS (data not shown).
Survival and failure
Median follow-up was 25 months (range: 1–70). At the time of the
present analysis, peritoneal progression occurred in 8 patients, and
liver progression in one; 16 patients are currently alive with no
evidence of disease, 3 are alive with disease and 6 died (one
postoperative death). Median PFS was 30 months and median OS
was not reached; 5-year OS and PFS were 60.7% and 15.2% (Fig. 1).
Table 1
Patient characteristics.
Variables

Categories

N

Age
ECOG score

Median (range)
0
1
2
0: 0 region dissected
1: 1 region dissected
2: 2–5 regions dissected
3: N5 regions dissected
Serous adenocarcinoma
1
2
3
IIIb
IIIc
IV
Median (range)
N35
≤35

64 (26–78)
17
6
3
0
18
8
0
26
–
4
22
1 24
24
1 (proximal vagina)
15.5 (5–26)
24
2

Previous surgical score

Histological subtype
Grade

Stage

PCI
CA125

ECOG: Eastern Cooperative Oncology Group performance score; PCI: peritoneal cancer
index.

3

Table 2
Cytoreductive surgical and HIPEC procedure.
Peritonectomies

N

Greater omentectomy
Right upper quadrant peritonectomy
Left upper quadrant peritonectomy
Pelvic peritonectomy
Lesser omentectomy
Visceral resections
Splenectomy
Liver capsulectomy
Cholecystectomy
Partial gastrectomy
Sigmoidectomy
Right colectomy
Total colectomy
Small bowel resection
Total hysterectomya
Bilateral salpingo-oophorectomyb
Appendectomy
Para aortic and pelvic lymphadenectomy
Proximal vagina resection
Other
Ileostomyc
HIPEC
Cisplatin total dose, median (range)
Doxorubicin total dose, median (range)

24
16
16
26
18
10
3
14
1
15
9
3
3
18
19
3
4
1
2
11
150 mg (80–250)
70 mg (40–80)

HIPEC: hyperthermic intraperitoneal chemotherapy; SD: standard deviation.
a
Eight patients underwent TAH previously (two of them for non-neoplastic cause).
b
Seven patients underwent BSO previously.
c
No colostomy was done.

Discussion
To the best of our knowledge, this is the ﬁrst study assessing the
oncological outcome after CRS and HIPEC for advanced EOC in newly
diagnosed and treatment-naïve disease setting. The only previous
experience of upfront CRS and HIPEC in EOC has been reported in a
phase-I study [34]. Five-year OS and PFS were 60.7% and 15.2%,
respectively; operative mortality was 3.8% and severe morbidity
15.2%. Our data demonstrate that such a comprehensive approach is a
feasible and safe upfront therapy option, with potential beneﬁts that
are at least comparable with the current standard of care.
Although there is no universally accepted deﬁnition of optimal
cytoreduction for advanced EOC, the inverse correlation between
survival and postsurgical residual tumor size has been shown by
multiple retrospective series [35]. Recently, Chi has reported the
outcomes of a more aggressive surgical policy adopted since 2001 at

Table 3
Post operative adverse events.

Operative death
Reoperation
Grade 3–5 morbidity
Types of complications
(n = 9)
Hematological toxicity
Pneumothorax
Pleural effusion
Abdominal abscess
Sepsis
Pneumonia
Central line infection
Colorectal anastomosis
bleeding
Bladder ﬁstula

N. of
patients

%

CTCAE
grade

Treatment

1
1
4

4
4
15

1
1
1
1
1
1
1
1

4
4
4
4
4
4
4
4

3
3
3
4
5
3
3
3

Medical therapy
Operative drainage
CT-scan guided drainage
Reoperation
Medical therapy, ICU
Medical therapy
Medical therapy
Interventional endoscopy

1

4

3

Interventional radiology

ICU: intensive care unit.
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Table 4
Literature data on upfront treatment of advanced epithelial ovarian cancer.

Cum Survival

,8

Stage N

5-yr OS=60.74%
Median PFS 30 months; 5-yr PFS= 15.2%

,6

,4
PFS

,2

PFS-censored
OS

Armstrong III
[18]
Vergote
IIIc
[6]
and
IV
Eisenkop
IIIc
[36]
Chi
[15]

OS-censored

0,0
0

10

20

30

40

50

60

70

Follow-up (months)

Present
series

IIIc
and
IV
IIIc
and
IV

214
215
334
336

Treatment

CRS + IP CT
CRS + IV CT
NACT
Conventional
upfront CRS
408 Maximal
surgical
effort
210 Maximal
surgical
effort
26
CRS + HIPEC

Median OS 5 year Median PFS 5 year
(months)
OS
(months)
PFS
65.6
49.7
30.0
29.0

23.8
18.3
12.0
12.0

58.2

49.0%

54.0

47.0%

Not
reached

60.7%

31.0%

30.0

15.2%

Fig. 1. Overall survival of patients affected by advanced epithelial ovarian cancer treated
by cytoreductive surgery and hyperthermic intraperitoneal chemotherapy.

his center. Such a paradigm shift has resulted in higher rates of
optimal cytoreduction (80% vs. 46%; p-value = 0.01), improved 5-year
PFS (31% vs. 14%; p-value = 0.01) and 5-year OS (47% vs. 35%;
p-value = 0.03), as compared to a control group receiving standard
operations [15]. The need for a macroscopically complete cytoreduction has been addressed by Eisenkop[6], who showed better survival
over minimal residual disease (b1 cm) [36]. Furthermore, in an
exhaustive meta-analysis of 81 series accounting for 6995 patients
treated during the platinum era, Bristow demonstrated a 5.5%
increase in median survival, with each 10% increase in the percentage
of patients undergoing maximal cytoreduction [14].
The beneﬁt of loco-regional chemotherapies has been shown by
three phase-III trials comparing intravenous with intravenous plus
intraperitoneal chemotherapy following optimal surgery for advanced EOC [16–18]. Treatment-related morbidity, particularly
complications associated with prolonged drug administration and
catheters implantation through the abdominal wall, seems to be the
major limitation of loco-regional chemotherapy. In the landmark
study by Armstrong, only 40% of patients completed the six courses of
intraperitoneal chemotherapy, but the survival beneﬁt was still
demonstrable [18]. Successively, a Cochrane meta-analysis showed a
hazard ratio of 0.79 for both disease-free and OS, in favor of locoregional administration [37]. Nevertheless, complete, or even “optimal” cytoreduction [38] and intraperitoneal chemotherapy [39] are
still not routinely offered in the current clinical practice.
The combined approach assessed in the present study take
advantages of both aggressive CRS and loco-regional chemotherapy,
but it also represents a further development which may overcome
their inherent limitations. The advent of the peritonectomy procedure
has brought a systematic optimization of CRS, and an accurate
codiﬁcation of the surgical steps to obtain the macroscopically
complete resection of huge peritoneal tumor [28,29]. Different from
the intraperitoneal chemotherapy used in the Armstrong and other
GOG trials, HIPEC is performed intraoperatively to allow optimal
distribution throughout the abdominal cavity before the development
of postoperative adhesions. This prevents tumor cell entrapment in
scar tissue, which can give rise to disease recurrence. Most
importantly, HIPEC avoids implanting any peritoneal access device
[28].
The present report suggests promising OS and PFS, compared to
either randomized and non-randomized contemporary or historical
control populations [6,15,18,36]. In Table 4 we outlined the most
recent studies on front-line therapy of advanced EOC. Our data seem
to be better than those of Vergote who tested NACT compared to

conventional ﬁrst-line cytoreduction. On the other hand our data are
in line with those of Armstrong who used normothermic IP
chemotherapy and with those reported by Eisenkop and Chi who
employed the maximum surgical effort in front-line cytoreduction.
One could argue that the good OS and PFS results were obtained
thanks to selection bias and that complete cytoreduction in most cases
was achievable due to relatively small tumor burdens and presumed
diminished tumor biological aggressiveness rather than to maximal
surgical effort [40]. According to Eisenkop the need to remove a large
number of peritoneal implants could be linked with biological
aggressiveness and poorer outcome, but not signiﬁcantly enough to
justify abbreviation of the surgical effort [41]. On the other hand, an
exploratory analysis in the context of a large randomized trial
(SCOTROC) has shown a signiﬁcant beneﬁt in PFS correlated with
optimal surgery in stage IIIC to IV disease, that is limited to patients
with less advanced disease [42].
The question of relative inﬂuence of tumor biology and actual
impact of CRS on outcome has been elucidated by a study evaluating
tumor-inﬁltrating lymphocytes and/or mitotic activity in 134 patients
with advanced serous or poorly differentiated EOC undergoing
primary CRS [43]. Patients with aggressive tumors—low frequency
of intraepithelial CD8(+) T-cells or high Ki67 expression—were more
likely to beneﬁt from aggressive CRS. On the other hand, survival was
similar for patients with brisk CD8(+) T-cells or low Ki67 who had
optimal or suboptimal cytoreduction. The study represents the ﬁrst
biological evidence that optimal cytoreduction is not a direct
consequence of a favorable biology, and that aggressive surgical
approach is justiﬁed in more aggressive disease.
As with any other oncologic therapy, the ideal time point to obtain
the best result is primary treatment, when no previous extensive
surgical and systemic therapies have likely resulted in diffuse
peritoneal adhesions, further disease dissemination, emergence of
possible chemoresistance and compromised patient conditions [13].
Therefore it seems reasonable that this combined approach is used
early in the natural history of EOC, ideally at ﬁrst diagnosis of
advanced disease.
Little has been reported on front-line use of CRS and HIPEC
[6,19,20,23,24,34]. As a ﬁrst necessary step before planning a
randomized trial, the current study provided the evidence of the
feasibility, safety and survival of the combined approach. The
management of EOC should incorporate both loco-regional and
systemic therapy, since peritoneal and both lymphatic and hematogenous spread may occur with disease progression [25]. Intraoperative
HIPEC allows microscopic residual disease to be treated many days
prior to conventional chemotherapy, and, as our data strongly
suggest, do not hinder the subsequent administration of systemic
carboplatin and paclitaxel.
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Another criticism against the employment of an aggressive surgical
approach in upfront setting is the presumed increased morbidity that
could be avoided with NACT option. Rates of optimal cytoreduction
could increase and surgical effort after systemic therapy is expected to
be less extensive. In a large randomized study similar results in terms of
PFS and OS between the NACT and non NACT arms have been reported
[6]; no conclusions have been drawn concerning the morbidity due to
non-comparability of the groups. These results were in line with those of
a recent meta-analysis [44]. To our knowledge no literature data on the
combined treatment after NACT are available.
Mortality and morbidity in the present study are acceptable and
accords with literature, reporting operative complication and death
rates of 12–52% and 0.9–5.8%, respectively [45]. Aggressive cytoreduction without HIPEC is associated with similar major morbidity
rates (12–60%) and in a retrospective review of 20 single-center
series, mean operative mortality was 2.8% (range: 0–6.2%) [46].
Unfortunately, one operative death occurred in 26 procedures (3.8%).
All the patients underwent systemic chemotherapy at a median of
46 days from combined treatment, which represents a relative delay as
compared to TTC of 21–26 days reported in the literature [26,47–49].
There is no consensus on the prognostic signiﬁcance of TTC. Some
authors have reported a worse PFS for those with earlier treatment [49],
while Warwick have reported a negative impact of longer TTC on
survival [48]. Others have reported absence of correlation between TTC
and outcome [26,47]. Patients in our study with TTC N 46 days did not
present a worse survival as compared to those with shorter TTC, despite
the delay of about 20 days in the median TTC with respect other
experiences. We raised the hypothesis that a microscopic cytoreduction
exerted by HIPEC neutralized eventual disease progression after surgery
allowing that longer TTC did not assume a negative prognostic role.
In conclusion, this phase-II trial demonstrated favorable results in
terms of OS after upfront CRS and HIPEC for advanced EOC.
Additionally, this challenging procedure was associated with acceptable operative complications and timely administration of effective
adjuvant systemic chemotherapy, even if performed in general
hospitals with appropriate training. This information may help
planning future phase-III trials.
Conﬂict of interest
The authors do not have any conﬂict of interest to disclose.
References
[1] Jemal A, Siegel R, Xu J, Ward E. Cancer statistics, 2010. CA Cancer J Clin 2010;60:
277–300.
[2] Hennessy BT, Coleman RL, Markman M. Ovarian cancer. Lancet 2009;374:
1371–82.
[3] McGuire WP, Hoskin WJ, Brady MF, Kucera PR, Patridge EE, Look KY, et al.
Cyclophosphamide and cisplatin compared with paclitaxel and cisplatin in
patients with stage III and IV EOC. N Engl J Med 1996;334:1–6.
[4] Ozols RF, Bundy BN, Greer BE, et al. Phase III trial of carboplatin and paclitaxel
compared with cisplatin and paclitaxel in patients with optimally resected stage III
ovarian cancer: a Gynecologic Oncology Group study. J Clin Oncol 2003;21:
3194–200.
[5] Tangjitgamol S, Manusirivithaya S, Laopaiboon M, Lumbiganon P, Bryant A.
Interval debulking surgery for advanced epithelial ovarian cancer. Cochrane
Database Syst Rev 2010 Oct 6;10:CD006014.
[6] Vergote I, Tropé CG, Amant F, Kristensen GB, Ehlen T, Johnson N, et al. Neoadjuvant
chemotherapy or primary surgery in stage IIIC or IV ovarian cancer. N Engl J Med
2010;363:943–53.
[7] Herzog TJ, Coleman RL, Markman M, et al. The role of maintenance therapy and
novel taxanes in ovarian cancer. Gynecol Oncol 2006;102:218–25.
[8] Verwaal VJ, van Ruth S, de Bree E, van Sloothen GW, van Tinteren H, Boot H, et al.
Randomized trial of cytoreduction and hyperthermic intraperitoneal chemotherapy versus systemic chemotherapy and palliative surgery in patients with
peritoneal carcinomatosis of colorectal cancer. J Clin Oncol 2003;21:3737–43.
[9] Sugarbaker PH. New standard of care for appendiceal epithelial neoplasm with
pseudomyxoma peritonei syndrome. Lancet Oncol 2006;1:69–76.
[10] Elias D, Gilly F, Boutitie F, et al. Peritoneal colorectal carcinomatosis treated with
surgery and perioperative intraperitoneal chemotherapy: retrospective analysis of
523 patients from a multicentric French study. J Clin Oncol 2010;28:63–8.

5

[11] Yan TD, Deraco M, Baratti D, et al. Cytoreductive surgery and hyperthermic
intraperitoneal chemotherapy for malignant peritoneal mesothelioma: multiinstitutional experience. J Clin Oncol 2009;27:6237–42.
[12] Deraco M, Casali P, Inglese MG, Baratti D, Pennacchioli E, Bertulli R, et al. Peritoneal
mesothelioma treated by induction chemotherapy, cytoreductive surgery, and
intraperitoneal hyperthermic perfusion. J Surg Oncol 2003;83(3):147–53.
[13] Helm CW. The role of hyperthermic intraperitoneal chemotherapy (HIPEC) in
ovarian cancer. Oncologist 2009;14:683–94.
[14] Bristow RE, Tomacruz RS, Armstrong DK, Trimble EL, Montz FJ. Survival effect of
maximal cytoreductive surgery for advanced ovarian carcinoma during the
platinum era: a meta-analysis. J Clin Oncol 2002;20:1248–59.
[15] Chi DS, Eisenhauer EL, Zivanovic O, Sonoda Y, Abu-Rustum NR, Levine DA, et al.
Improved progression-free and overall survival in advanced ovarian cancer as a
result of a change in surgical paradigm. Gynecol Oncol 2009;114:26–31.
[16] Alberts DS, Liu PY, Hannigan EV, et al. Intraperitoneal cisplatin plus intravenous
cyclophosphamide versus intravenous cisplatin plus intravenous cyclophosphamide for stage III ovarian cancer. N Engl J Med 1996;335:1950–5.
[17] Markman M, Bundy BN, Alberts DS, et al. Phase III trial of standard dose
intravenous cisplatin plus paclitaxel versus moderately high-dose carboplatin
followed by intravenous paclitaxel and intraperitoneal cisplatin in small-volume
stage III ovarian carcinoma: an intergroup study of the Gynaecologic Oncology
Group, Southwestern Oncology Group, and Eastern Cooperative Oncology Group. J
Clin Oncol 2001;19:1001–7.
[18] Armstrong DK, Bundy B, Wenzel L, et al. Intraperitoneal cisplatin and paclitaxel in
ovarian cancer. N Engl J Med 2006;354:34–43.
[19] Look M, Chang D, Sugarbaker PH. Long-term results of cytoreductive surgery for
advanced and recurrent epithelial ovarian cancers and papillary serous carcinoma
of the peritoneum. Int J Gynecol Cancer 2004;14:35–41.
[20] Piso P, Dahlke MH, Loss M, Schlitt HJ. Cytoreductive surgery and hyperthermic
intraperitoneal chemotherapy in peritoneal carcinomatosis from ovarian cancer.
World J Surg Oncol 2004;2:21.
[21] Ryu KS, Kim JH, Ko HS, Kim JW, Ahn WS, Park YG, et al. Effects of intraperitoneal
hyperthermic chemotherapy in ovarian cancer. Gynecol Oncol 2004;94:325–32.
[22] Raspagliesi F, Kusamura S, Campos Torres JC, de Souza GA, Ditto A, Zanaboni F,
et al. Cytoreduction combined with intraperitoneal hyperthermic perfusion
chemotherapy in advanced/recurrent ovarian cancer patients: the experience of
National Cancer Institute of Milan. Eur J Surg Oncol 2006;32:671–5.
[23] Di Giorgio A, Naticchioni E, Biacchi D, Sibio S, Accarpio F, Rocco M, et al.
Cytoreductive surgery (peritonectomy procedures) combined with hyperthermic
intraperitoneal chemotherapy (HIPEC) in the treatment of diffuse peritoneal
carcinomatosis from ovarian cancer. Cancer 2008;113:315–25.
[24] Chua TC, Robertson G, Liauw W, Farrell R, Yan TD, Morris DL. Intraoperative
hyperthermic intraperitoneal chemotherapy after cytoreductive surgery in
ovarian cancer peritoneal carcinomatosis: systematic review of current results. J
Cancer Res Clin Oncol 2009;135:1637–45.
[25] Markman M. Hyperthermic intraperitoneal chemotherapy in the management of
ovarian cancer. A critical need for an evidence-based evaluation. Gynecol Oncol
2008;113:4–5.
[26] Aletti GD, Long HJ, Podratz KC, Cliby WA. Is time to chemotherapy a determinant
of prognosis in advanced-stage ovarian cancer? Gynecol Oncol 2007;104:212–6.
[27] Oken MM, Creech RH, Tormey DC, et al. Toxicity and response criteria of the
Eastern Cooperative Oncology Group. Am J Clin Oncol 1982;5:649–55.
[28] Sugarbaker PH. Peritonectomy procedures. Ann Surg 1995;221:29–42.
[29] Deraco M, Baratti D, Kusamura S, Laterza B, Balestra MR. Surgical technique of
parietal and visceral peritonectomy for peritoneal surface malignancies. J Surg
Oncol 2009;100:321–8.
[30] Rossi CR, Foletto M, Mocellin S, et al. Hyperthermic intraoperative intraperitoneal
chemotherapy with cisplatin and doxorubicin in patients who undergo cytoreductive surgery for peritoneal carcinomatosis and sarcomatosis: phase I study.
Cancer 2002;94:492–9.
[31] Jaquet P, Sugarbaker PH. Current methodologies for clinical assessment of patients
with peritoneal carcinomatosis. J Exp Clin Cancer Res 1996;15:49–58.
[32] http://ctep.cancer.gov/forms/CTCAEv3.pdf.
[33] International Collaborative Ovarian Neoplasm Group. Paclitaxel plus carboplatin
versus standard chemotherapy with either single-agent carboplatin or cyclophosphamide, doxorubicin, and cisplatin in women with ovarian cancer: the
ICON3 randomised trial. Lancet 2002;360(9332):505–15.
[34] Steller MA, Egorin MJ, Trimble EL, Bartlett DL, Zuhowski EG, Alexander HR, et al. A
pilot phase I trial of continuous hyperthermic peritoneal perfusion with high-dose
carboplatin as primary treatment of patients with small-volume residual ovarian
cancer. Cancer Chemother Pharmacol 1999;43(2):106–14.
[35] Eisenkop SM, Spirtos NM, Lin WM. “Optimal” cytoreduction for advanced
epithelial ovarian cancer: a commentary. Gynecol Oncol 2006;103:329–35.
[36] Eisenkop SM, Spirtos NM, Friedman RL, Lin WC, Pisani AL, Perticucci S. Relative
inﬂuences of tumor volume before surgery and the cytoreductive outcome on
survival for patients with advanced ovarian cancer: a prospective study. Gynecol
Oncol 2003;90:390–6.
[37] Jaaback K, Johnson N. Intraperitoneal chemotherapy for the initial management of
primary epithelial EOC. Cochrane Database Syst Rev 2006(1) CD005340.
[38] Bristow RE. Advanced cytoreductive surgery in gynecologic oncology. Gynecol
Oncol 2009;114(2 Suppl):S1–2.
[39] Rowan K. Intraperitoneal therapy for EOC: why has it not become standard? J Natl
Cancer Inst 2009;101:775–7.
[40] Pﬁsterer J, Weber B, Reuss A, et al. Randomized phase III trial of topotecan
following carboplatin and paclitaxel in ﬁrst-line treatment of advanced EOC: a
gynecologic cancer intergroup trial of the AGO-OVAR and GINECO. J Natl Cancer

Please cite this article as: Deraco M, et al, Cytoreductive surgery and hyperthermic intraperitoneal chemotherapy as upfront therapy for
advanced epithelial ovarian cancer: Multi-institutional phase-II tria, Gynecol Oncol (2011), doi:10.1016/j.ygyno.2011.05.004

6

M. Deraco et al. / Gynecologic Oncology xxx (2011) xxx–xxx

Inst 2006;98:1036–45.
[41] Eisenkop SM, Spirtos NM. What are the current surgical objectives, strategies, and
technical capabilities of gynecologic oncologists treating advanced epithelial EOC?
Gynecol Oncol 2001;82:489–97.
[42] Crawford SC, Vasey PA, Paul J, Hay A, Davis JA, Kaye SB. Does aggressive surgery
only beneﬁt patients with less advanced EOC? Results from an international
comparison within the SCOTROC-1 Trial. J Clin Oncol 2005;23:8802–11 Erratum
in: J Clin Oncol 2006;24:1224.
[43] Adams SF, Levine DA, Cadungog MG, et al. Intraepithelial T cells and tumor
proliferation: impact on the beneﬁt from surgical cytoreduction in advanced
serous EOC. Cancer 2009;115:2891–902.
[44] Kang S, Nam BH. Does neoadjuvant chemotherapy increase optimal cytoreduction
rate in advanced ovarian cancer? Meta-analysis of 21 studies. Ann Surg Oncol
2009;16:2315–20.
[45] Chua TC, Yan TD, Saxena A, Morris DL. Should the treatment of peritoneal
carcinomatosis by cytoreductive surgery and hyperthermic intraperitoneal

[46]

[47]

[48]

[49]

chemotherapy still be regarded as a highly morbid procedure?: a systematic
review of morbidity and mortality. Ann Surg 2009;249:900–7.
Gerestein CG, Damhuis RA, Burger CW, Kooi GS. Postoperative mortality after
primary cytoreductive surgery for advanced stage epithelial ovarian cancer: a
systematic review. Gynecol Oncol 2009;114:523–7.
Gadducci A, Sartori E, Landoni F, Zola P, Maggino T, Maggioni A, et al. Relationship
between time interval from primary surgery to the start of taxane- plus platinumbased chemotherapy and clinical outcome of patients with advanced epithelial
ovarian cancer: results of a multicenter retrospective Italian study. J Clin Oncol
2005;23(4):751–8.
Warwick J, Kehoe S, Earl H, Luesley D, Redman C, Chan KK. Long-term follow-up of
patients with advanced ovarian cancer treated in randomised clinical trials. Br J
Cancer 1995;72(6):1513–7.
Flynn PM, Paul J, Scottish Gynaecological Cancer Trials Group. Does the interval
from primary surgery to chemotherapy inﬂuence progression-free survival in
ovarian cancer? Gynecol Oncol 2002;86(3):354–7.

Please cite this article as: Deraco M, et al, Cytoreductive surgery and hyperthermic intraperitoneal chemotherapy as upfront therapy for
advanced epithelial ovarian cancer: Multi-institutional phase-II tria, Gynecol Oncol (2011), doi:10.1016/j.ygyno.2011.05.004

