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ABSTRACT

Peritoneal carcinomatosis (PTc) represents advanced malignant disease and has generally been associated with a
grim prognosis. Peritoneal surface malignancy is often the major source of morbidity and mortality; it is of major
concern in cancer management. Although prc is categorized as metastatic disease, it represents a special disease
pattern considered to be alocoregional disease limited to the abdominal cavity. The combination of cytoreductive
surgery (crs) and intraoperative hyperthermic intraperitoneal chemotherapy (H1pEc) has successfully been used as
locoregional treatment for selected patients with prc from gastric, colorectal, and ovarian cancer; with mesothelioma;
and with pseudomyxoma peritonei. In the prophylactic setting, HIPEC can also be used to prevent prc in high-risk
patients, and the first results of the “second-look” approach are promising. Patient selection—in which the risks of
perioperative morbidity and mortality, which are analogous to those for any other major gastrointestinal surgery, are
assessed—is of utmost importance. Those risks have to be weighed against the anticipated survival benefit, which
depends mainly on tumour biology, extent of disease, and probability of achieving complete crs. The present review
discusses the principles of crs and HIPEC, the most significant recent clinical data, and current perspectives con-
cerning the application of this treatment modality in various malignancies. Ongoing trials and future directions are
noted. It appears that the combination of cks and HipPEC is an indispensable tool in the oncologist’s armamentarium.
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INTRODUCTION

Peritoneal carcinomatosis (ptc) represents advanced
malignant disease and has generally been associated
with a grim prognosis. Peritoneal surface malignancy is
often the major source of morbidity and mortality; it is of
major concern in cancer management. Although ptc is
categorized as metastatic disease, it represents a special
disease pattern considered to be locoregional disease
limited to the abdominal cavity. Cytoreductive surgery
(crs) and intraoperative hyperthermic intraperitoneal
chemotherapy (a1pec) have been used as locoregional
treatment for selected patients with prc from gastric,
colorectal, and ovarian cancers; with mesothelioma; and
with pseudomyxoma peritonei (pmp) "2,

Annual publications about crs and HiPEC have in-
creased dramatically in number over the last few decades,
and many novel data have consequently emerged. The
aim of the present review was to use the U.S. Library of

Medicine’s PubMed database and the ClinicalTrials.gov
registry to summarize the most significant recent clinical
data and ongoing areas of research into the application of
this treatment modality in various malignancies. To begin,
however, the rationale and principles of crs and HIPEC for
peritoneal surface malignancies are briefly discussed.

CONTEXT

Conventional treatment of prc includes (palliative) sur-
gery and systemic chemotherapy. However, surgery leaves
behind at least some microscopic disease, and systemic
chemotherapy is generally not effective because of poor
drug penetration®. Although usually considered to be a
systemic disease, pTc can be better understood as regional
dissemination. Many intra-abdominal malignancies
with tumour implants on peritoneal surfaces can remain
confined to the peritoneal cavity for a prolonged period of
time. As a result, even though ptc is certainly considered
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apoor prognostic sign, it is not proof of distant metastasis,
thus providing a rationale for regional cancer treatment?.

Rationale for HIPEC

The main advantage of intraperitoneal (1r) chemotherapy
isitsability to achieve a significantly higher concentration
of the selected agent in the locoregional area, resulting in
improved efficacy®. Administration of chemotherapy into
the peritoneal cavity not only ensures better exposure of
tumour tissue to the drug, but also less systemic toxicity,
because only a limited portion of the drug is absorbed
from the peritoneal cavity into the systemic vascular
circulation®*. Furthermore, the vascular drainage from a
large portion of the peritoneum occurs through the portal
venous system, allowing for early metabolism and inacti-
vation of the drug in the liver®.

Prerequisites

To be effective, 1p chemotherapy has to fulfil certain pre-
requisites®. Because penetration of the intraperitoneally
delivered drug into tumour deposits is limited, extensive
CcrRs—leaving no, or verylittle, macroscopic disease behind—
should always precede 1p chemotherapy. Because the ad-
ministered drug has to reach the entire serosal peritoneal
surface, an adequate volume of the carrier solution mustbe
maintained throughout the treatment time, and adhesions
must be absent.

The choice of the chemotherapeutic drug to be used
during HIPEC is very important. The aspects that must be
taken into account are described in detail elsewhere®. In
short, the agent should not cause local toxicity and should
not require metabolization into its active form (usually
in the liver). It should also be directly cytotoxic, have
well-established activity against the malignancy being
treated, and demonstrate a pharmacokinetic advantage
after 1p administration, with high locoregional drug ex-
posure and limited systemic toxicity. A synergistic effect
with heatis preferred, because increased temperature can
enhance the responsiveness of tumour cells to cytotoxic
agents’. The drug of choice for intravenous (1v) administra-
tionisnotnecessarily the one thatis optimal for 1p chemo-
therapy. More favourable pharmacokinetics and thermic
enhancement can make a systemically less-effective drug
highly advantageous for ip chemotherapy.

The intraoperative application of HIPEC immediately
after crs aims to treat microscopic and minimal macro-
scopic peritoneal disease before the formation of early
postoperative adhesions. When adhesions form, the 1p
chemotherapy might not reach the tumour cells in some
areas of the peritoneal cavity?®.

The abdominal wall can be open or closed during the
HIPEC treatment period. A roller pump is used to perfuse
the drugsolution throughout the peritoneal cavity, usually
for 30-90 minutes, at an intra-abdominal temperature of
approximately 40°C to 42°C.

Cytoreductive Surgery

As already mentioned, effective complete or optimal
CRrs, leaving behind no macroscopic disease or tumour
nodule of less than a few millimetres, should precede
Hipec. Cytoreductive surgery should not be confused with

debulking surgery, which is surgery aimed at reducing
gross tumour burden. The ultimate goal of crs is to remove
all macroscopic peritoneal disease. The peritonectomy
procedures have been well described by Sugarbaker? and
can be categorized into right subdiaphragmatic and pa-
rietal peritonectomy, left subdiaphragmatic and parietal
peritonectomy, greater omentectomy and splenectomy,
lesser omentectomy and stripping of the omental bursa,
and pelvic peritonectomy with salpingo-oophorectomyin
women. Additionally, resection of other involved organs
such as the uterus, gallbladder, stomach, distal pancreas,
colon, and small bowel are performed. The extended and
multi-visceral resections should be performed only if an
optimal or complete crs can be achieved!®. Morbidity from
such surgery is discussed later in this review.

Patient Selection

It is of utmost importance to carefully select patients who
could benefit from this major procedure and to avoid the
attendant morbidity and mortality in patients who are not
expected to benefit.

When evaluating a patient for crs and HIPEC, the sur-
geon should take into account tumour biology, the extent
of disease, and the patient’s age and comorbidities, which
could compromise the intraoperative and postoperative
courses!!. The patient should be adequately fit to undergo
this major multimodality treatment. Most importantly,
preoperative evaluation should assess whether optimal
or complete crs is feasible in the individual patient. Wide-
spread and high-volume peritoneal disease, extensive
involvement of small bowel or mesenterium, more than 1
bowel stenosis, large tumour massesin thelesser omentum,
extensive disease in the hepatoduodenal ligament, biliary
or uretal obstruction because of penetration through the
peritoneum (and not because of external compression),
and para-aortic lymph node metastases are usually con-
sidered to be contraindications because they are sugges-
tive of aggressive biologic behaviour, lower probability of
optimal or complete crs, and poor outcome. A crs and
HIPEC approach also usually seems to be contraindicated
when extra-abdominal metastases and liver metastases
are present, because the biology of those tumourlocations
willnot be influenced bylocoregional treatment. However,
because the prognosis for colorectal cancer patients with
limited resectable liver metastases after hepatic surgery
and current chemotherapeutic regimens is reasonable,
some centres will use liver surgery, crs, HIPEC, and systemic
chemotherapy to treat patients with up to 3 peripherally
localized and resectable liver metastases and limited ptc.
The morbidity and long-term results in such patients are
not different from those of colorectal prc patients without
liver metastases (to be discussed shortly)'>14, Infiltration
of the liver capsule by peritoneal tumour should be differ-
entiated from parenchymal liver metastases.

Radiologicinvestigations such as computed tomography
(cT), magnetic resonance imaging, and position-emission
tomographyhave been used to assess the foregoing criteria,
with the aim of improved preoperative patient selection'®.
Although crwas not, in the past, very accurate in depicting
peritoneal tumour deposits'®, modern contrast-enhanced
multislice cT is regarded as the fundamental imaging
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modality, and magnetic resonance imaging, position-
emission tomography, laparoscopy, and serum tumour
markers can be taken into consideration but are not con-
sidered essential'’. Computed tomography enteroclysis
provides information about small-bowel and mesenteri-
um involvement!®,

Most recently, to improve patient selection, various
prognostic scoring systems have been introduced to pre-
operatively evaluate patients for crs and Hipec!®-21. The
preoperative parameters used in those scoring systems
include histopathology, blood tests (especially serum tu-
mour markers), symptoms, and tumour burden (as eval-
uated by imaging studies). In colorectal pc, the COREP
score—which consists of one histopathologic variable,
hemoglobin, white cell count, and four serum tumour
markers and their preoperative changes over time—was
able to accurately predict open—close surgery in 87%
of subjects, complete crs in 81%, and survival of less
than12 months in 83%!9. In a multicentre retrospective
study??, colorectal cancer patients with prc who had no
or just mild symptoms, limited prc, and favourable his-
tology (Peritoneal Surface Disease Severity Score 1) had
amedian overall survival (os) of 86 months; those with
some combination of severe symptoms, extensive PTc,
and worse histology, such as signet-ring cells (Peritoneal
Surface Disease Severity Score 111 or 1v) had a median os
of only 28 months. Patients in the intermediate category
(Peritoneal Surface Disease Severity Score 11) had a me-
dian os of 48 months.

Each patient who is a potential candidate for crs and
uipec should be discussed in a multidisciplinary team'!.
When considered a good candidate, the patient must be
included in detailed discussions about the various parts of
the treatment—in particular, discussions about the proba-
bilities of various organ resections, ostomies, postoperative
morbidity, quality oflife, and risks of recurrence. Moreover,
the individual patient’s motivation is important because it
will influence the entire postoperative course'l.

RECENT CLINICAL DATA CONCERNING
CYTOREDUCTIVE SURGERY AND HIPEC

The therapeutic approach of crs and HipPEC has been used
for a number of primary and secondary peritoneal malig-
nancies. Here, some of the most recent clinical data about
this treatment for the most common disease indications
are discussed.

PMP

Pseudomyxoma peritoneiis arare condition characterized
by the presence of widespread mucinous deposits within
the peritoneal cavity. It represents one of the most classical
indications for crs and H1PEC. The natural history of pmpP
is, in most cases, a result of a ruptured appendiceal mu-
cinous tumour.

The clinicopathologic features of pmp greatly in-
fluence the disease course. The most benign form is
classified as disseminated peritoneal adenomucinosis,
and the most malignant type, as peritoneal mucinous
carcinomatosis (PMca). There is also an intermediate
hybrid form called pmca,?.

Conventional treatment with serial debulking sur-
gery and systemic chemotherapy is associated with a high
recurrence rate, greater difficulty in obtaining optimal
debulking with each ensuing operation, and finally, a short
small bowel that is not compatible with physiologic life.
The 5- and 10-year os rates with this traditional approach
were approximately 50% and 20%-30% respectively?3.
When Memorial Sloan Kettering Cancer Center compared
aggressive crs with HIPEC with function-sparing debulk-
ing surgery and systemic chemotherapy as applied in the
past?4, aremarkable difference in long-term os for patients
with low-grade mucinous appendiceal neoplasms was
observed (20-year 0s: 70% vs. 0%)2°. In a retrospective
multi-institutional registry of 2298 patients in 16 centres
having all subtypes of pmp and being treated with crs
followed in 89% of the cases by HiPEC with mitomycin C
or oxaliplatin, a median progression-free survival of 98
months, a median os of 196 months, and 10- and 15-year
survival rates of 63% and 59% respectively were found?®.
Recently, highly favourable results of this approach were
alsoreported in aretrospective multicentre French study?’
of 301 pmp patients (5-year os: 73%) and in a multicentre
prospective nationwide Dutch database study?® of 300 pmp
patients (median progression-free survival: 53 months;
median os: 130 months; 5-year 0s: 65%). In the case of
disease recurrence after crs and HIPEC, selected patients
can undergo salvage surgery with satisfactory outcomes?°.
Completeness of crs, favourable histologic subtype, ab-
sence of prior chemotherapy treatment, limited disease
extension, and absence of major postoperative complica-
tions are independent predictors forimproved disease-free
survival and 0s?%. The role of tumour biology is significant,
with prognosis improving across the categories of pmca,
pMcA, and disseminated peritoneal adenomucinosis?6-3,
Recently, preoperative elevated tumour markers (carcino-
embryonic antigen, carbohydrate antigen 19-9, and cancer
antigen 125) were demonstrated, in 519 patients, to pre-
dict an increased risk of recurrence and reduced survival
after complete crs and HipEC3L. In contrast, in a smaller
study, elevated carbohydrate antigen 19-9, together with
preoperative inflammation-based scores, was the only
tumour marker with an independent prognostic value3?.
The discrepancy most likely reflects cell biology in these
mucinous tumours.

Animportant question thatarisesin patients with pmp
istheinfluence of perioperative systemic chemotherapyin
their management. Histologic subtype and tumour marker
status can be helpfulin selecting patients for postoperative
systemic chemotherapy. Whether preoperative systemic
chemotherapy could be beneficial in pmca was recently
investigated in two relatively small studies. In the first33,
preoperative systemic chemotherapy was associated with
a significant rate of histologic response that reduced the
tumour burden and facilitated less aggressive and more
complete crs. Although a significant histologic response
was associated with better short-term survival, preopera-
tive systemic chemotherapy did notimprove survivalin the
entire group of patients. In the second study, preoperative
systemic chemotherapy was associated with improved
survival only in the subgroup of patients with high-grade
pMcA and signet-ring cell histology34.
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Malignant Peritoneal Mesothelioma

Diffuse malignant peritoneal mesothelioma (pmMPM) is a
locally aggressive primary malignancy of the serosal peri-
toneal surface with, generally, a poor prognosis. Historically,
patients treated with palliative surgery with or without
chemotherapy experienced a median os of approximately
1 year3%36, With novel systemic chemotherapy regimens
consisting of a combination of pemetrexed and platinum
compounds or gemcitabine, the median os has reached
8.7-26.7months3"38 The implementation of crs and HIPEC
has further improved survival.

In a systematic review of seven prospective observa-
tional studies including 240 pmpMm patients, median os
ranged from 34 months to 92 months3?, and analysis of
a multi-institutional data registry revealed a median os
of 53 months and 3- and 5-year os rates of 60% and 47%
respectively*?. The most recent meta-analysis (twenty
publications reporting on 1047 patients), complete CRs was
achieved in 67% of cases (range: 46%-93%), and pooled
estimates of survival yielded 3- and 5-year os rates of 59%
and 42% respectively*!. The drugs used for HIPEC are
doxorubicin, cisplatin, mitomycin C, and docetaxel.

Long-term survivors have been noted among pMPM
patients treated with complete crs and HiPEc. The survival
curve appears to plateau 7 years after treatment, which
might suggest that the approximately 40% of patients still
living at that time point could have a hope for cure*2. Repeat
HIPEC for bDMPM recurrence is feasible and associated with
favourable survival*3.

Pre- and postoperative (modern) systemic chemotherapy
does not seem to improve survival in bmpMm patients treated
with crs and Hipec*t. Another theoretically attractive
treatment option—adjuvant bidirectional chemotherapy
with 1p pemetrexed and 1v cisplatin after crs and HipEC for
pMPM—ocan be used with low morbidity*>. Whether such
adjuvant treatment results in increased survival remains
to be demonstrated.

Prognostic factors for survival after crs and HIPEC
include histologic subtype, proliferative index, lymph
node status, disease burden, preoperative serum cancer
antigen 125, completeness of cRs, and major postoperative
morbidity*0-4446-48 n a single preliminary study*’, expres-
sion of Glutl was the only factor independently associated
with os in multivariate analysis.

Recently, a nomogram to predict survival in patients
undergoing crs and HIPEC for pMmPM was developed*’. The
resulting estimation of survival might prevent the use of
crs and HIPEC in patients unlikely to achieve favourable
outcomes. Moreover, the use of cisplatin or carboplatin
during HIPEC seems to result in better survival than when
mitomycin C is administered*"4850,

Gastric Cancer
Peritoneal metastasisis presentin 5%-30% of patients un-
dergoing potentially curative surgery for gastric cancer®'.
Systemic chemotherapy does not improve on survival in
prc from gastric origin, and median survival duration in
these patients has been reported to be 1-3 months®2.
Meta-analyses of HIPEC (compared with surgery alone)
as adjuvant treatment for resectable high-risk gastric
cancer demonstrated improved survival and decreased

peritoneal recurrence risk®354, Because most of those
studies were conducted in Asia, the casTricHIP study has
been designed and is ongoing to address the benefit of
adjuvant HIPEC in Western patients with locally advanced
gastric cancer®.

The benefit of crs and HIPEC in manifest peritoneal
dissemination of gastric cancer remains controversial. The
joint experience of 15 Western centres with crs and HIPEC
for prc of gastric origin, comprising150 patients, revealed
an overall median survival duration of 9.2 months and a
5-year survival rate of 13%°%. Lately, in the first randomized
trial of Hrpec for pTc of gastric origin, 68 Chinese patients
were allocated to crs with or without uHipEc®’. Morbidity
did not vary, but HrpEc with mitomycin C and cisplatin
improved the os duration (11.2 months vs. 5.6 months,
p = 0.046). Synchronous (compared with metachronous)
PTC, complete crs, 6 or more cycles of systemic chemotherapy,
and an absence of serious adverse effects were independent
predictors for better survival. More recently, in a very small
randomized trial of 16 patients with established ptc of
gastric origin, a survival benefit was observed for gastrec-
tomy, CRs, HIPEC, and systemic chemotherapy compared
with systemic chemotherapy only (median os: 11.3 months
vs. 4.3 months, p value not provided)>8. To summarize, the
survival of patients with prc of gastric origin after crs and
HIPEC, although improved, remains considerably poor.

A new strategy in the treatment of prc of gastric origin
involves the application of neoadjuvant bidirectional (in-
traperitoneal and systemic) chemotherapy before crs and
HIPEC. Recently, a specialized Japanese centre reported
on its experience in 194 patients®®. Only the 152 patients
with negative peritoneal cytology after the bidirectional
chemotherapy proceeded to crs and HIPEC. In one third of
those patients, a major pathologic response was observed.
The strategy had acceptable morbidity and mortality at the
specialized centre. The median survival of patients who
proceeded to crs and HIPEC was 15.8 months, and their
2- and 5-year survival rates were 32% and 11% respectively.
The patients with positive cytology after neoadjuvant treat-
ment experienced amedian survival duration of 7.5 months.
Pathologicresponse, low tumour burden, and completeness
of crs were independent predictors of better prognosis.

Colorectal Cancer

Approximately 5% of patients with colorectal cancer
present with prc, and 8% of colorectal patients develop
synchronous or metachronous ptc®?6l. In about 5% of
patients, pTc is the sole site of metastasis at the time of
diagnosis of metastatic disease. Synchronous and meta-
chronous pTc is more common in patients with colonic
cancer than in those with rectal cancer (10% vs. 4%)%°.
Approximately 20% of patients with recurrent colorectal
cancer have peritoneal metastases, and in 40% of those
cases, the peritoneal surface is the only site of recurrent
disease®?. Hence, patients with prc of colorectal origin are
suitable candidates for crs and HIPEC.

Survival after diagnosis of colorectal prcis reported to
be approximately 6 months when untreated®’. Even when
treated with modern systemic chemotherapy, survival is
poor—worse than that in patients with distant metastasis
(12.7 months vs. 17.6 months, p <0.001)%3. In an earlier
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multi-institutional study comprising 506 patients from
28 centres®, crs and HIPEC or immediate postoperative
1p chemotherapy (or both) resulted in an overall median
os of 19.2 months. Complete crs was associated with an
overall median survival of 32.4 months; survival after
incomplete crs was poor (8.4 months, p <0.001). The latter
observation emphasizes once more the need for adequate
patient selection.

The only randomized trial that has been published so
far concerning the efficacy of crs and HipEC for colorectal
prcreported a median survival of 12.6 months in the sys-
temic chemotherapy arm compared with 22.3 months in
the crs and HIPEC arm (p = 0.032) after a median follow-up
of21.6 months®®. Long-term survivors have been observed
after lengthy follow-up®6. The 5-year survival was 45% for
patients who had undergone complete crs and H1PEC. Crit-
icism concerning this trial refers to the specific systemic
chemotherapy used, which is considered to be less effec-
tive than current regimens, and to poor patient selection.
Moreover, a question of whether the survival benefit was
attributable to crs only or to the combination of crs and
HIPEC arose. This interesting topic is now being investi-
gated in ongoing randomized trials in the United States
(NCT00769405) and in France (Prodige 7, NCT00769405).

In a recent systematic review®’, survival was better
with crs and HIPEC (1884 patients) than with palliative
surgery and systemic chemotherapy (1408 patients):
median os was 33.0 months compared with 12.5 months,
and 5-year survival was 40% compared with 13%. The
most recent meta-analysis of three case—control studies
and a single randomized trial suggested that survival was
significantly improved after crs, HIPEC, and systemic
chemotherapy compared with systemic chemotherapy
alone®. A pooled analysis demonstrated superior 2-year
(odds ratio: 2.78; p = 0.001) and 5-year survival (odds ratio:
4.07; p = 0.001) with crs and uipec (n = 187) than with
systemic chemotherapy alone (n = 155).

As already discussed, patients with limited prc and
fewer than 3 resectable liver metastases can also be good
candidates for HiPEC, with a reasonable possibility of
achieving prolonged survival'>~'4.In a recent case—control
study'3, 37patients with prc and liver metastases were
matched with 61 patients having prc alone. All underwent
CRs, resection of liver metastases (when present), and HIPEC.
Patients with limited prc and 1 or 2 liver metastases had a
median survival duration of 40 months; those with a high
pTC tumour load or with 3 or more liver metastases had
a median survival duration of 27 months. Patients with
limited prc without liver metastases had a median os
of 76 months. In another retrospective study'4, no note-
worthy difference in survival was observed between 16
HIPEC patients who had prc alone and 39 who had also
had liver metastases resected or ablated (2-year 0s: 68%
vs. 65%; p=0.77)

Whereas metastasectomy for colorectal liver metasta-
sesis generally accepted as the standard of care in selected
patients, crs and HIPEC are still not widely accepted as
definitive treatment for prc of colorectal origin. The con-
sideration of pTc as a regional and not, per se, a systemic
disease is also supported by a comparison of outcomes
datafor crs and HiPEC in PTCc where data for liver surgery for

hepatic metastases was available in colorectal cancer pa-
tients. In two recent comparative studies®®7°, the survival
of patients who underwent margin-negative hepatectomy
for colorectal metastases was entirely similar to that of
patients with prc of colorectal origin treated with optimal
crs and HIPEC. Additionally, the morbidity and mortality
of both procedures did not differ significantly. Hence, just
as a consideration of selected patients with liver metas-
tases for hepatectomy is the accepted strategy, selected
colorectal cancer patients with prc should be considered
for crs and HIPEC.

Mitomycin C has been the traditional drug for HIPEC
in colorectal prc, but the use of high-dose oxaliplatin for
ashorter duration has been advocated, especially by Elias
and colleagues’. In two recent comparative studies’>"3,
no clear benefit in outcome for HipEc with oxaliplatin or
with mitomycin C could be demonstrated overall. In one
study??, alogistic regression analysis comparing oxaliplatin
with mitomycin C (corrected for the extent of pTc) revealed
nonsignificant hazard ratios for relapse-free survival and
0s: 1.24 (p = 0.39) and 1.37 (p = 0.32) respectively. In the
other study”?, although median os after complete crs and
HIPEC with mitomycin C (n = 392) or oxaliplatin (n = 155)
was not different (32.7 months vs. 31.4 months, p = 0.925),
mitomycin C was a statistically more effective agent than
oxaliplatin for HIPEC in colorectal cancer patients with
favourable histology and a low burden of disease (median
0s: 54.3 months vs. 28.2 months, p =0.012).

Recent retrospective studies suggest that the admin-
istration of neoadjuvant systemic chemotherapy with
bevacizumab before crs and Hipec for colorectal prc could
considerablyimprove survival™, but at the cost of increased
postoperative morbidity”>.

Another interesting novel topic is the role of system-
atic “second-look” laparotomy in patients at high risk for
colorectal prc. A systematic review?® revealed 3 situations
that could result in a substantially higher risk of recurrent
prc after curative surgery for colorectal cancer: resected
minimal synchronous macroscopic prc, synchronous
isolated ovarian metastases, and a perforated primary
tumour at initial surgery. In a preliminary study’’, 41
such patients with no evidence of prc during follow-up
underwent second-look surgery with crs when peritoneal
recurrence was detected, followed by HiPEC 6 months after
completion of postoperative systemic chemotherapy. In
56% of the patients, macroscopic prc was found. The 5-year
os rate was 90%, and the 5-year disease-free survival rate
was 44%. Even in the absence of macroscopic disease,
omentectomy, oophorectomy, and HIPEC have been rec-
ommended in these cases’. Those promising results have
led to the initiation of the randomized prophylocHip trial
(NCT01226394),in which 130 patients will be enrolled. Most
recently, a randomized trial has been initiated in which
the role of adjuvant HiPEC in high-risk colorectal cancer
is being investigated (NCT02231086). The results of those
interesting trials are eagerly awaited.

Ovarian Cancer

In most affected patients, epithelial ovarian cancer is di-
agnosed when peritoneal dissemination is present. After
surgery and systemic chemotherapy, disease commonly
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recurs, mostly to the serosal peritoneal surfaces. Because
epithelial ovarian cancer can remain confined to the
peritoneal cavity for a prolonged period during the disease
course, there is definitely a rationale and opportunity for
directed regional treatment.

Variouslarge randomized trials’?-%! and ameta-analysis
of completed trials®? have demonstrated a survival benefit
with the addition of postoperative 1p chemotherapy after
crs for primary ovarian cancer with peritoneal dissem-
ination. Given that evidence, the U.S. National Cancer
Institute issued a clinical announcement recommending
that women with optimal crs in stage 111 ovarian cancer
and their physicians consider a combination of postoper-
ative 1v and rp chemotherapy®3. Although ample evidence
is available, 1p chemotherapy has not, for various reasons,
been widely applied in clinical practice®*.

Currently, less hard evidence supports HIPEC for ovar-
ian cancer than supports postoperative ip chemotherapy.
The data consist mainly of relatively small case series,
comparative nonrandomized studies, and systematic re-
views. Cautious extrapolation of the data from randomized
trials of postoperative 1p chemotherapy’®-%2 and data from
phase 11 and nonrandomized comparative HIPEC studies
suggests that HIPEC delivered at the time of surgery for ovar-
ian cancer has definite potential®*. Cytoreductive surgery
and HIPEC have been performed at several time points in
the disease course: as frontline treatment, after neoadju-
vant chemotherapy and interval crs, for persistent and for
recurrent disease, and as consolidation treatment®. The
greatest benefit of HIPEC is anticipated at the beginning of
the treatment course (thatis, as frontline treatment), before
tumour cells become chemoresistant, or as consolidation
treatment when the disease has been demonstrated to be
chemosensitive®4-86, In a recent French multicentre retro-
spective cohortstudy involving 566 patients with advanced
ovarian cancer treated with crs and Hrpec®’, mortality was
very low and morbidity was acceptable, with the median
os being 35 months and 46 months for primary and recur-
rent disease respectively. Remarkably, and in contrast to
other studies®, survival was not different in patients with
chemosensitive (recurrence >6 months after standard first-
line chemotherapy) and chemoresistant (recurrence <6
months after standard first-line chemotherapy) recurrent
disease?”. The peritoneal tumour burden, the completeness
of crs, the presence of lymph node metastases, age, and
performance status were noted as prognostic factors for
osand disease-free survival®+86-89 Cisplatin, doxorubicin,
oxaliplatin, and mitomycin C were most frequently used
for H1pEC. Paclitaxel and docetaxel seem to be attractive
alternatives because of their highly favourable pharma-
cokinetic profiles®%9!,

Relatively small nonrandomized comparative studies
have suggested improved outcomes after HIPEC as consol-
idation treatment and for persistent and recurrent dis-
ease®t. However, the heterogeneity of ovarian cancer
patients requires that randomized trials be conducted to
obtain definite evidence of benefit. The first randomized
study of HiPEC for ovarian cancer was just recently pub-
lished®. Itrandomized 120 patients with recurrent disease
after initial crs and systemic chemotherapy. The addition
of HIPEC to cRs and systemic chemotherapy resulted in a

significantly improved median os (26.7 months vs. 13.4
months, p<0.006) and 3-year survival (75% vs. 18%, p<0.01).
The survival benefit was observed in both platinum-
resistant and platinum-sensitive recurrent disease.

Currently, at least seven randomized studies are in-
vestigating the benefit of HIPEC. A large randomized study
(280 patients to be enrolled) conducted by the Netherlands
Cancer Institute (NCT00426257) and another smaller study
(NCT01628380) are investigating the benefit of HiPEC after
interval crs for primary ovarian cancer. The largest ongo-
ing randomized study (444 patients to be enrolled) is the
French cHipor study (NCT01376752), which is evaluating
the efficacy of HIPEC in patients with platinum-sensitive
recurrent disease. Two other randomized HIPEC trials
(NCT01539785, NCT01767675) are also enrolling patients
with recurrent disease, and another is investigating the
role of HipEcC after frontline crs (NCT01091636). Most in-
terestingly, one randomized trialis comparing the efficacy
of crs, HIPEC, and 1v chemotherapy with that of crs and
postoperative 1p and 1v chemotherapy in primary ovarian
cancer (NCT02124421). The interim and final reports of the
foregoing studies are eagerly awaited.

MORBIDITY RELATED TO CRS AND HIPEC,
AND QUALITY OF LIFE

The survival benefit achieved with crs and HIPEC can
come at the expense of morbidity. Mean duration of the
full procedure varies from 5 to 10 hours'®. Being a major
operation that can involve resection of multiple abdomi-
nal organs, crs with HIPEC carries considerable potential
for postoperative morbidity and mortality. The risk is,
however, comparable to that for any major abdominal
surgery—for example, a Whipple procedure!. In arecent
Dutch nationwide study (966 patients), the major compli-
cationrate (grades 3 and 4) was 31%, and the mortality rate
was 3%?28. In the French registry study?® of 1290 patients
treated at 25 centres, severe complications occurred
during the learning-curve phase in 34% of patients, and
the postoperative mortality rate was 4%. A systematic
review revealed a mean major morbidity rate of 28.8%,
a mean reoperation rate of 11.2%, and a mean mortality
rate of 2.9% in 2787 patients, with lower rates noted for
established institutions!©.

Inotherrecentstudies, the substantiallearning curve
that precedes a decline in the risk of severe complications
and mortality and an improvement the completeness of
crs hasbeen confirmed, thus emphasizing the need for the
procedures to be performed in experienced centres!?92-96,
Surgical tutoring was able to significantly shorten the steep
learning curve associated with crs and Hrpec?. Risk factors
for severe morbidity and mortalityinclude disease-related
parameters such ashistologic type, extent of pTc, and extent
of surgery needed (number of organs resected), as well as
patient-related parameters such as performance status,
comorbidities, smoking, and age!®92:9396-98 n a recent
study, diabetes was found to be a highly significant inde-
pendent predictor of increased morbidity and mortality®.

The most common complications include bleeding,
wound infection, sepsis, abscess, anastomotic leakage,
perforation, fistula formation, ileus, renal insufficiency,
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thromboembolic episodes, pleural effusion, and
chemotherapy-related hematologic toxicity'®%2. Intra-
operatively unrecognized small-bowel damage is a major
cause of postoperative morbidity. To preserve the tissue
plane and avoid subsequent bowel-related complications
because of division of dense adhesions, minimal tissue
dissection should be performed at the primary treatment
centre. That approach could greatly reduce the risks of
bowel injury at the time of crs and HIPEC.

Recent systematic reviews®1%0 and a meta-analysis'°
of fifteen studies (1583 patients), demonstrated that
health-related quality oflife declines immediately after crs
and HIPEC. However, at 6-12 months after the procedure,
health-related quality of life improves from its preoper-
ative level. At 1 year after crs and HIPEC (compared with
the preoperative assessment), postoperative scores on the
Functional Assessment of Cancer Therapy and the Euro-
pean Organisation for Research and Treatment of Cancer
quality-of-life questionnaire were significantly improved
for overall health status (p = 0.001) and emotional health
(p=0.001); physical health (p=0.83), socialhealth (p=0.48),
and functional health (p = 0.24) remained similar'®°, The
indicated benefits can persist for up to 5 years. Evidence
about health-related quality of life compared with refer-
ence populations is inconclusive.

SUMMARY

As discussed, crs and HIPEC have been shown to improve
survivalin selected patients with peritoneal surface malig-
nancies and can be considered the standard of care for the
treatment of PMP, peritoneal mesothelioma, and (limited)
prc of colorectal origin. The benefit of crs with HIPEC
remainssignificantin the era of modern chemotherapy and
targeted therapy. Although the first positive randomized
trial for prc of both gastric and ovarian cancer has been
published, and although it is highly probable that crs and
HIPEC will be useful in particular settings, the exact role of
this treatment is still under investigation. In patients with
ahighrisk of developing pTc, HIPEC can also be used in the
prophylactic setting, and the first results of the second-look
approach are promising. Results of the many ongoing
randomized trials in various tumour types are eagerly
awaited. Future randomized trials are mandatory to focus
on treatment protocols that combine crs plus HIPEC with
systemic chemotherapy regimens including new drugs or
monoclonal antibodies.

Patient selection is of utmost importance, as already
emphasized. In the absence of a more efficacious and
proven method of treating prc, the risks of perioperative
morbidity and mortality, which are analogous to those
accompanying any other major gastrointestinal surgery,
have to be weighed against the anticipated survival benefit,
which, among other factors, depends on tumour biology,
the extent of disease, and the probability of achieving
complete crs. To achieve optimal results for each patient,
discussion in a multidisciplinary team and identifica-
tion of the benefit-cost ratio is important. Cytoreductive
surgery and HIPEC should remain a treatment option for
selected patients who are suitable candidates to undergo
this treatment and for whom a curative and life-prolonging

treatment can avoid and delay the inevitable culmination
of thisrapidly progressive terminal condition. In brief, the
combination of cks and HIPEC appears to be an indispens-
able tool in the oncologist’s armamentarium.
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