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Abstract: Favorable oncological outcomes have been reported in several trials with the
introduction of Cytoreductive Surgery (CRS) and Hyperthermic Intraperitoneal
Chemotherapy (HIPEC) in the treatment of Advanced Epithelial Ovarian Cancer (EOC).
However most of the studies testing the combined approach are observational and has
been conducted in inhomogeneous series so that the evidence supporting the
performance of this combined treatment is still poor. Median Overall and Disease Free
Survivals of up to 64 months and 57 months, respectively have been reported. Although a
rate of morbidity of up to 40% has been observed in some series the CRS+HIPEC
continues to gain an increased popularity. Several prospective randomized trials are
ongoing using the procedure in various time points of the disease.

In this review several issues such as the impact of cytoreduction and residual disease
(RD) on outcomes as well as the role of HIPEC will be updated from the literature
evidence. Some controversial points HIPEC related will also be discussed.

Recent experiences regarding the introduction of a more aggressive surgical approach to
upper abdomen to resect peritoneal carcinomatosis (PC) allowed increased rates of
optimal cytoreduction and has demonstrated an apparent better outcome. This evidence
associated with the positive results phase Il trial testing normothermic intraperitoneal as
first line chemotherapy is guiding some investigators to propose the CRS+HIPEC in the
primary setting. Several prospective phase Il and lll trials have recently been launched to
validate the role of the combined treatment in various time points of disease natural

evolution.



Introduction

Epithelial ovarian cancer (EOC) is one of the most common gynecologic
malignancies and the fifth most frequent cause of cancer death in women.['] Most patients
have widespread disease at presentation.[’] The conventional clinical approach for
advanced EOC is based on CRS followed by adjuvant chemotherapy. Clinical studies
have shown that cisplatin/taxol-based first-line chemotherapy achieves the highest
response rates, with a high proportion of complete responses.[?,*] However, about 2 thirds

of the patients relapse and ultimately die of chemoresitant disease.

The role of Cytoreductive Surgery and Residual Disease (RD)

A prominent meta-analysis supporting the importance of CRS in the treatment of
EOC was published by Bristow et al.[’] They evaluated retrospectively the relative effect of
percent maximal CRS and other prognostic variables on survival among 81 cohorts of
patients including 6,885 with stage IlI/IV EOC, treated with cisplatin based chemotherapy.
Maximal cytoreduction was concluded to be one of the most powerful determinants of
survival.

Several factors concur for the accomplishment of an optimal cytoreduction: accurate
preoperative identification of resectable cases, experience of the surgical team, favorable
clinical condition of the patient, biological aggressiveness of the disease, the surgeon and
patient's willingness to challenge the inherent increased morbidity of an extended
operation. However, the essence of the problem is not operational. Although universally
accepted as standard of care, the term CRS has been subject of a myriad of
interpretations resulting in different concepts of optimal RD and advisable limits of
radicality.

A recent retrospective review of 360 patients stage IV EOC who underwent primary
surgery followed by 6 cycles of IV platinum/paclitaxel has provided important element to
clear the issue. Median OS for microscopic, 0.1 to 5.0 cm, and >5.0 cm RD was 64, 30,
and 19 months, respectively. The authors concluded that ultraradical surgeries might be
targeted for selected patients in whom microscopic RD is achievable.[°]

A survey of the Society of Gynecologic Oncologists (SGO) revealed 12.0% to think
of removing all visible disease as “optimal”, 13.7% use a 0.5 cm threshold, 60.8% a 1 cm
threshold, 3.6% a 1.5 cm threshold, 8.7% a 2.0 cm threshold and 1.3% use other criteria

such as the total estimated weight and/or volume of RD.[]



The large spectrum encompassed by the different definitions of optimal
cytoreduction could be resumed in 2 school of thoughts. The first one takes advantage of
the high initial chemosensibility of the disease and tends to differ radical operations with
multivisceral resections whenever it could be necessary to attain minimal RD in order to
avoid presumed morbidity. Supporters of such a police state that evidence of survival
benefit coming from ultraradical procedure is not sufficient and attribute a major prognostic
significance to chemotherapy.

The second one — which is based on the assumption that the RD is the most
important prognostic factor — is surgically oriented and tend to push the limits the radicality
as far as technically it is possible to be done. Extensive procedures including multi-organ
resections, in order to achieve highest rate of complete cytoreduction, is systematically
pursued, despite potential increase in side effect rates. Representatives of the second
school of thought are the minority in the EOC management scenario. However, interesting
data have been published thus far that substantiate a surgically aggressive police.

Eisenkop et al. reported on 213 patients with Stage 111IC EOC undergoing complete
cytoreduction before initiation of systemic chemotherapy. The median and estimated 5-
year survival were 75.8 months and 54%, respectively. Survival was influenced by the
requirement of diaphragm stripping and the extent of mesenteric and serosal implants that
required removal.[?]

Investigators from Memorial Sloan Kettering Cancer Center have introduced a more
radical surgical approach including advanced procedures — such as diaphragm stripping
and/or full thickness resection, splenectomy, hepatectomy, porta hepatis dissection, bowel
resections - to approach peritoneal carcinomatosis (PC), especially in the upper abdomen.
A recent report on 398 patients assigned to 2 non-randomized groups, but well balanced
with respect the main covariates, allowed the conclusion that such aggressive surgical
policy resulted in increased optimal cytoreduction rates and significantly improved
oncological outcome.[?]

However, supporters of the first school of thought argue that complete cytoreduction
in most cases is attained thanks to relatively small tumour burdens and presumed
diminished biological aggressiveness of neoplasms rather than to maximal surgical
effort.[*"]

Eisenkop et al. observed that the need to remove a large number of peritoneal

implants correlates with biological aggressiveness and diminished survival, but not



significantly enough to preclude long-term survival or justify abbreviation of the operative
effort.[7] 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.[*}]

The question of relative influence of tumor biology and actual impact of complete
cytoreduction on outcome has been further elucidated by a provocative study evaluating
tumor-infiltrating lymphocytes and/or tumor mitotic activity on 134 patients with stage Il/IV
serous or poorly differentiated ovarian adenocarcinoma undergoing primary CRS.[*?]
Patients whose tumors exhibited low Ki67 expression and high intraepithelial CD8(+)
frequency had a better outcome with a 5-year survival rate of 73.3%. The finding worthy of
note was that patients with aggressive biology - 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 biological behavior, and

that aggressive surgical approach is justified in poor prognostic subsets.

As for other Peritoneal Surface Malignancies (PSM), the advent of Peritonectomy
Procedures is one of the most important contribution for the standardization of CRS.[**]
The adaptation of the original technique to the different diseases continues to be a
challenge for the surgeons treating patients with PSM. The original systematic codification
and further modifications,[**] allow the best intraoperative surgical strategy by the following
peritonectomy and multivisceral resections procedures:

* Upper Right Peritonectomy: right diaphragmatic peritonectomy with Glisson’s

capsule dissection; lesser omentectomy, stripping of the omental bursa =
cholecystectomy + gastric antrectomy or total gastrectomy

 Upper Left Peritonectomy: left diaphragmatic and parietal peritonectomy with

splenectomy and greater omentectomy;

* Pelvic Peritonectomy: pelvic parietal peritonectomy =+ sigmoidectomy =

hysterectomy and salpingo-oophorectomy;

* Right Parietal Peritonectomy = right/total colectomy;

* Mesenteric Peritonectomy implants on visceral surfaces could be alternatively

removed by electrosurgical local dissection.

Hyperthermic Intraperitoneal Chemotherapy



The evolution of management of advanced EOC in the last decade has been
characterized by the validation of intraperitoneal chemotherapy (IP). The GOG-172 phase
[l trial favored the intravenous (IV) plus IP chemotherapy over IV chemotherapy in primary
stage Il EOC.[*°] Successively, a Cochrane meta-analysis of all randomized IP versus IV
trials showed a hazard ratio of 0.79 for disease-free survival (DFS) and 0.79 for OS,
favoring the IP arms.[*®,16"]

Other prominent advance in the EOC management has been the advent of
hyperthermic intraperioneal chemotherapy (HIPEC). It has been employment in the
treatment of PSM following CRS and positive outcome results have been reported for PC
from appendiceal cancer,[*®] colorectal cancer,[**] and peritoneal mesothelioma.[*"]

The theoretical rationale for HIPEC for the treatment of advanced EOC is to
combine the demonstrated pharmacological activity of IP chemotherapy in this disease
with the advantage of intraoperative hyperthermia, that exerts an enhancement of
cytotoxicity, enabling a microscopic cytoreduction, following a macroscopic cytoreduction
obtained with CRS.

Recently Chua TC. et al. have published a systematic review of 19 observational
studies that reported the efficacy of CRS+HIPEC for advanced EOC.[*] The HIPEC
protocol varied in each institution. The most commonly used chemotherapy was Cisplatin.
Eleven out of 19 studies employed the CRS+HIPEC as primary treatment for a proportion
of their patients and 11/19 studies employed it as salvage therapy. The overall rate of
severe perioperative morbidity ranged from 0 to 40% and mortality rate from 0 to 10%. The
median OS following treatment ranged from 22 to 64 months with a median DFS ranging
from 10 to 57 months. In patients with optimal cytoreduction, a 5-year OS ranged from
12% to 66%.

It is hard to ascertain in which extent the apparent survival advantage reported by
these uncontrolled clinical studies resulted from selection bias. Moreover, the
investigations involved heterogeneous patient population, at different time points of
disease evolution, usually heavily pre-treated, and therefore, with different tumor chemo-

resistances.

Controversial Points



The growing body of literature observed in recent years testing the CRS+HIPEC in
EOC - a direct consequence of its increasing popularity in the scientific community - has

been responsible for the emergence of various controversies.
Timing of CRS and HIPEC

A major controversial issue is the time point of the natural history of EOC for the
performance CRS+HIPEC. The recent data recommending maximal surgical effort [5] and
IP [16] chemotherapy in the primary setting represents a indirect evidence that

CRS+HIPEC could be tested as upfront treatment in the context of a phase Il trial.

The CRS+HIPEC could also be tested after neoadjuvant chemotherapy (NACT) in
an attempt to increase the likelihood of optimal cytoreduction. A recent large randomized
study has compared the primary cytoreduction with NACT.[?’] The investigators reported
similar results in terms of PFS and OS between the study arms and lower morbidity
associated with NACT. These results have been corroborated with a recent meta
analysis.[*’] No studies have been conducted thus far testing the effects of CRS+HIPEC
following NACT.

In order to further minimize the morbidity, the CRS+HIPEC has been recently tested
as consolidation treatment by some investigators.[**,?’] The consolidation setting
represents an attracting option as the tumor burden after completion of adjuvant systemic
chemotherapy is expected to be low and as well as the inherent the possible
complication(s) related to cytoreduction. Kim et al. reported on 18 stage Ic-llic EOC
patients with a negative second-look who were submitted to HIPEC using paclitaxel. The 8
year OS rate resulted to be of 84%.[24] In contrast, Pomel et al. have not found the same
favorable results. They employed oxaliplatin for HIPEC and verified the emergence of
unacceptable rate of post operative bleeding that constrained the premature closure of the

trial.[25]

The last time point in which CRS+HIPEC has been tested is as second-line
treatment. The influence of secondary CRS (without HIPEC) on survival outcomes has
been addressed in a substantial number of publications and has been recently
systematically reviewed.[*°] However these were non-controlled studies of secondary CRS

investigating the impact on survival. A consistent survival data comparing secondary CRS



with chemotherapy is expected to be provided by the ongoing randomized trial AGO-
OVAR OP4.[%

Indirect evidence could also be extracted from the recently published exploratory
analysis of the DESKTOP | trial that shed new insights not only on the value of a
aggressive surgical approach in relapsing EOC, but also on the prognostic implications of
PC.[?¥] Two hundred fifty patients with recurrent EOC (50% with PC) undergoing
secondary cytoreduction were included in the analysis. The authors concluded that
although the PC represented a negative predictor of complete resection it had no effect on

prognosis if complete resection could be achieved.

Two subsets of patients must be clearly distinguished in the circumstance of a
second-line treatment: platinum resistant and platinum sensitive ones. Experimental data
sustains that a major synergism between cytotoxicity and the heat is achievable in cisplatin
resistant cell lines with respect to platin sensitive ones.[?’] Based on this favorable in vitro
evidence investigators from National Cancer Institute of Milan launched a phase Il trial
testing the CRS+HIPEC in platinum resistant EOC. The few patients that were recruited
unfortunately presented high rate of morbidity and the trial was prematurely closed due to

poor patient accrual.[Dr. Raspagliesi, NCI Milan, *°]

Platin sensitive relapse has been deemed as the best clinical circumstance to test
the combined treatment.[*!] However one could argue raising the hypothesis that the
favorable oncological results presented by such studies would be achievable in any case
irrespective of treatment (secondary cytoreduction +/- HIPEC vs systemic platin based
chemotherapy) due to the favorable biological profile of the tumor.

According to the consensus statement (Milan 2006), the procedure could be
employed in all time points (primary treatment, interval debulking, secondary
cytoreduction, salvage treatment) with the exception of platinum resistant relapsing
disease.[*] The studies published since then do not allow further conclusion other than
that established by the 2006 consensus statement.

Time To Chemotherapy

Clinicians often question whether a long postoperative time after patients undergo
CRS+HIPEC could affect the Time To Chemotherapy (TTC) with a delayed start of
adjuvant chemotherapy and consequently a reduced benefit of the extensive procedure.
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Aletti evaluated retrospectively data from 218 patients with stage IlIC/IV EOC. Mean TTC
interval was 26 days (range, 7-79 days). TTC was not a predictor of OS allowing the
conclusions that TTC interval should not be used to justify using a surgically more
conservative approach for advanced EOC.[**]
Staging System

Another controversy regards the need for a new staging system (SS). It is expected
that the surgical paradigm in the treatment of EOC is going to change to a more
aggressive and radical operative approach in the near future. This means that the actual
FIGO staging would become insufficient to help defining therapeutic strategies and new
prognostic subsets. Recently Chéreau et al. has compared the International Federation
Gynecology and Obstetrics (FIGO), Peritoneal Cancer Index (PCI), Eisenkop, Aletti,
Fagotti, and Fagotti-modified scores regarding the accuracy to predict resectable disease,
postoperative complications and oncological outcomes. In predicting resectability, Fagotti-
modified and PCI outperformed other scores. There was a strong association between the
occurrence of postoperative complications and Aletti, PCl, and Eisenkop scores. A
significant differences among FIGO, PCI, Eisenkop, Fagotti-modified, and Aletti scores

were observed concerning their correlation with PFS (P < .05).[**]

Drugs

Various drug combinations for EOC have been tested by experimental and phase
I/ll studies on HIPEC. Several parameters should guide the choice of the drug:
pharmacokinetic profile, tumour chemosensibility and toxicity. ldeally the drug must be
water-soluble and of high molecular weight in order to guarantee a low peritoneal
clearance. This, combined with a high systemic clearance, results in pharmacological
advantage expressed by the ratio AUCperitoneal/AUCplasma. The penetration ability of
drug in the tumour is a function of passive diffusion (related to the AUCpe/AUCpI ratio),
removal from by the capillary blood flow, temperature modulation. Finally, the influence of
temperature in the cytotoxicity should also be of concern. The optimal choice of the drugs
for HIPEC represents an another unclear topic in EOC treatment and is still impossible to
be done on the basis of the literature data. Agents that have already been employed are
Cisplatin,[35] Doxorubicin, [36] Caelyx,[37] Mitomycin C,[38] Mitoxantrone,[39]
Carboplatin,[40] Oxaliplatin,[31] Gemcitabine [41] and Paclitaxel.[42]



Conclusion

CRS represents one of the most powerful determinants of outcome and the
strongest clinician-driven predictor of survival in patients with stage 111IC/IV EOC according
to literature evidence. The resection of all visible implants should be considered the
standard of the surgical approach. Peritonectomy Procedures, as a result of a change in
surgical paradigm, could dramatically improve outcomes and should be advisably

considered in EOC treatment.

The current tendency of recognizing the importance of maximal surgical effort in the
management of EOC confirms the need to revise the actual staging criteria (FIGO). A new
staging system should be able to guide the surgeon not only to identify the subsets
characterized by different prognosis, but also provide information about resectability and

potential post operative morbidity.

The appropriate management of advanced EOC patients requires the presence of a
multidisciplinary team including surgeons specialized in CRS. A well structured and long
lasting training program is necessary to allow gynaecologists and surgeons to overcome
the steep learning curve of CRS using peritonectomy procedures. The performance of at
least 130 procedures is necessary to consider the physician an expert in cytoreduction
using the Sugarbaker technique.[**] At this point national committees are advisable to be
constituted to carefully evaluate if centres proposing to set up a peritoneal surface
malignancy program meet all the requirements in terms of technical and human resources

to perform the combined procedure safely and with optimal expertise.

Considering the potential advantages of HIPEC associated to CRS (Table 1), trials
testing its efficacy should be encouraged in all time points of natural history of the disease,
especially in up-front and platinum-sensitive recurrent disease. In this sense 3 randomized
controlled trials are ongoing. The first proposes to test the efficacy of secondary
cytoreduction with or without HIPEC and has been conducted by the Netherlands Cancer
Institute.[**] The second trial proposes to test the procedure in primary and secondary
setting and has been conducted by St George Hospital, in Sydney.[*’] The third is a
multicentric randomized trial proposed by a French group (CHIPOR) and aims to test the

HIPEC for relapsing disease.[*]
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Table 1: Literature results of patients with peritoneal carcinomatosis from EOC treated with CRS+HIPEC : most relevant experiences

Author (year) Patients DFS (Med OS (Median OS of Complete CRS 3-year OS (%) 5-year OS (%) References
# mos) mos) (Med mos)
Bereder et al. 246 13 49 56 60 35 4
(2009)
Pavlov et al. 56 26 38 NR NR NR 48
(2009)
Fagotti et al. 25 10 NR NR NR NR 31
(2009)
Guardiola et al. 47 14 NR NR 63a NR 49
(2009)
Di Giorgio et al. 47 20 24 26 NR 17 %0
(2008)
Bae et al. 67 NR NR NR NR 54 °1
(2007)
Cotte et al. 81 19 28 55 NR 66 52
(2007)
Rufian et al. 33 NR 48 66 46 NR 53
(2006)
Raspagliesi et 40 11 32 NR NR 37 >
al. (2006)
Ryu et al. 57 26 NR 41 NR 15 >
(2004)

OS: Overall Survival; DFS: Disease Free Survival; Med: Median; mos: Months;
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