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Abstract Occurring either synchronously or metachronously
to the primary tumor, peritoneal metastases (PM) are
diagnosed in 8 to 20 % of the patients with colorectal
cancer (CRC). Prognosis of these patients appears to be
worse than those with other sites of metastases. While
systemic therapy has shown significant prolongation of
survival in patients with stage IV colorectal cancer, the
outcomes in the subset of patients with PM has been
much inferior. Over the last 2 decades, cytoreductive
surgery (CRS) followed by hyperthermic intraperitoneal
chemotherapy (HIPEC) have been effective in substan-
tially prolonging survival in patients with colorectal PM
and have the potential to cure certain patients as well.
This article reviews the current evidence for CRS and
HIPEC to treat colorectal PM as well as future research
going on in this form of locoregional treatment.
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Introduction

Approximately one-fourth of newly diagnosed colorectal can-
cer (CRC) patients presents with disseminated disease, the
liver being the most commonly affected. Besides the liver, a
common site of synchronous metastases is the peritoneum [1].
Epidemiological data indicate that peritoneal metastases (PM)
from CRC is an event that involves 5 to 10% of the patients at
the time of primary cancer treatment and about 15–30 % of
patients with recurrent disease, generally leading to death
within weeks or months [2, 3]. Importantly, the peritoneal
cavity is thought to be the only site of spread in 15 to 20 %
of patients with recurrent CRC [4]. With modern combination
of systemic chemotherapy like oxaliplatin and irinotecan in
addition to 5-FU and targeted agents like bevacizumab and
cetuximab, the median overall survival (OS) of patients with
stage IV disease ranges from 7 months to over 24 months [5].
However, in patients with PM alone, Morris et al. reported a
median survival of 9 months when treated with modern sys-
temic chemotherapy alone [6].

Though colorectal PM is considered to be a stage IV met-
astatic disease, Sugarbaker et al., have proposed that it is still
locoregional disease and have introduced and popularized the
use of the aggressive locoregional combinedmodality of treat-
ment comprising of cytoreductive surgery (CRS) and hyper-
thermic Intraperitoneal chemotherapy (HIPEC) for the same
[7].

Over the last 2 decades this treatment has gained popularity
worldwide and the number of centers offering this treatment
has increased. For e.g., in France, the number of centers in-
creased from 3 in 1994 to 25 in 2009 [8].

This article provides an overview of the diagnosis andman-
agement strategies and current evidence supporting this treat-
ment of colorectal PM.
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Clinical Presentation and Diagnostic Evaluation

In around 8 % of patients undergoing surgery for removal of
the primary tumor, PM is an incidental finding [9]. The iden-
tified risk factors for PM are female sex, patients with primary
mucinous adenocarcinomas, tumor stage T4, lymph node
stage N2, a colonic primary, emergency surgery and patients
with positive resection margins [9, 10]. In a recent Swedish
registry, which analyzed 11, 124 patients with CRC treated
between 1995 and 2007, PM was diagnosed in 8.3 % [10],
the prevalence of synchronous PM being 4.3 % and that of
metachronous PM, 4.2 %. In this analysis, peritoneal disease
was the first and only site of metastases in 4.8% of the patients
[10], with median time to recurrence around 14–16 months
[10, 11].

On a clinical basis, no symptoms are fully specific of PM,
which is atop of that usually symptomatic at a very advanced
stage [12, 13]. The main signs which, in combination with the
possibly associated symptoms of the primary tumor, can lead
to suspicion are the presence of an ascites occurring in 28 to
30 % of patients with synchronous PM and/or an associated
small bowel obstruction which concerns 8 to 20 % of the
patients at the time of diagnosis [3, 14].

Although regular follow-up and serial imaging is the rule in
patients with resected primary tumors, early diagnosis of small-
volume PM is rarely possible: definitely, there are no symptoms
or signs for small volume progression on imaging. Computed
tomography remains the standard for the diagnosis of PM,
although its sensitivity is moderate, ranging from 23 to 76 %
[6, 7]. Intravenous injection of contrast media and multiplanar
reconstructions (especially in the coronal plan) are mandatory,
allowing distinguishing PM from small bowel loops. Current
recommendation is to do a contrast enhanced CT or MRI and
PET-CT for the high risk cases to look for the presence of
peritoneal disease. A diagnostic laparoscopy may be used as
required. The use of these investigations needs to be individu-
alized, keeping in mind that the PM is usually more extensive
than predicted by one or more of these investigations [15].

The current AJCC system (2012) divides stage IV into IVA
(comprising of metastatic disease confined to one organ like
the liver, lungs, no regional nodes) and IVB (comprising of
metastatic disease to more than one organ site of to the peri-
toneum). Esquivel suggested that this system is flawed with
respect to PM as it puts a patient with 3 small peritoneal
implants in one region of the peritoneal cavity in the same
category as those with multiple liver and lung metastases
[16]. The extent of disease is very important in planning the
treatment and for this the Peritoneal Cancer Index of
Sugarbaker is a more efficient tool [16]. Thus, since almost
half of the colorectal PM is diagnosed at the time of surgery
for the primary colorectal malignancy, it is imperative for the
operating surgeon to note and describe the extent of PM in the
operative notes.

Treatment Options for Colorectal PM

The conventional treatment for colorectal PM is systemic che-
motherapy. Since two decades, radical treatment combining
complete cytoreductive surgery (CRS) followed by intraperi-
toneal chemotherapy, either HIPEC or early postoperative in-
traperitoneal chemotherapy, has strongly changed the progno-
sis of patients with PM from CRC. However, this aggressive
locoregional therapy, can be proposed only to patients highly
selected on their general status, the extension of the peritoneal
disease and the absence of extra peritoneal disease.

Systemic Therapy for Colorectal PM

Systemic therapy in the form of combination chemotherapy
with or without targeted therapy has been the backbone of
treating colorectal PM.

Two decades ago the only chemotherapy used for colorec-
tal cancer was 5FU and leucovorin, resulting in a median
survival rarely exceeded 12 months. The FOLFOX regimen
showed a median survival of 19.5 months in previously un-
treated patients with advanced metastatic disease [17].
Irinotecan based chemotherapy has been shown to produce a
median survival of 15.6 months as first line therapy in meta-
static disease. The addition of Bevacizumab (Avastin) im-
proved this survival to 20.3 months which was statistically
significant [18]. Similarly its addition to FOLFOX produced
a median survival of 21.3 months when used as first line
therapy though this was not statistically different from that
obtained with FOLFOX alone (19.9 months) [19]. The other
monoclonal antibody cetuximab has produced a median sur-
vival of 19.9 months in combination with FOLFIRI as com-
pared to 18.6 months with FOLFIRI alone [20]. Median sur-
vival was 22.8 months with FOLFOX and cetuximab as com-
pared to 18.5 months with FOLFOX alone in K-Ras wild type
tumors and 17.5 and 13.4 months respectively in the K-Ras
mutant subgroup [21]. However, these studies were not car-
ried out exclusively for patients with colorectal PM and a large
proportion of the patients in these studies had liver only me-
tastases which is a more favorable prognostic group.

Franko et al. reported the outcome of patients with colorec-
tal PM from a pooled analysis of two large phase III trials from
the North Central Cancer Treatment Group (NCCTG) that
included 2101 patients treated with systemic chemotherapy
[22]. The majority of the patients were included in the
N9741 trial of first-line chemotherapy for metastatic colorec-
tal cancer (n = 1646), and the remaining were in the N9841
trial of second-line chemotherapy (n = 455). Patients with
colorectal PM as the sole presentation of metastatic colorectal
cancer were uncommon in this patient population (n = 44,
2.1 %) which is in contrast to the reported incidence of 15–
20 %. In this study, the prognosis of stage IV patients unable
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to surgery and treated with systemic chemotherapy (5-FU plus
oxaliplatin or plus irinotecan) was worst in case of PM asso-
ciated to others metastatic sites, with a median survival
12.7 months compared to 17.6 months when patients had no
PM (HR = 1.32, 95 % CI, 1.15 to 1.50; P < .001). The pres-
ence of PM in patients with metastatic colorectal cancer was
associated with a 30 % reduction in the overall survival (OS).
This study also concluded that the presence or absence of PM
should not affect the choice of chemotherapy regimen.

Klaver et al. reported the results of two similar studies from
the Dutch Colorectal Cancer Group (DCCG) and came to the
same conclusion as the North American group [23]. They
analyzed the data from CAIRO study, in which 820 patients
were randomized between sequential treatment (first-line:
capecitabine, second-line: irinotecan, and third-line:
oxaliplatin plus capecitabine, arm A) and combination treat-
ment (first-line: irinotecan plus capecitabine, second-line:
oxaliplatin plus capecitabine, arm B) [24]. In the CAIRO2
study, 755 patients were randomized between capecitabine,
oxaliplatin, and bevacizumab (CB regimen), and the same
regimen plus weekly cetuximab (CBC regimen) [25]. In these
studies, the number of patients with metastatic CRC but no
PM exceeded 90 %. In the CAIRO study, only 34 patients
(4 %) had PM and of these 34 patients, only 4 had isolated
PM. In the CAIRO2 study, only 47 patients (6 %) had PM and
5 of them had isolated PM. In the CAIRO study, median OS
was 10.4 months for patients with PM vs 17.3 months for
patients with no PM, (P < .001), and in CAIRO2, this was
15.2 months vs 20.7 months, respectively (P < .001). The
authors concluded that their data demonstrate decreased effi-
cacy of current standard chemotherapy with or without bio-
logic agents in patients with PM of colorectal origin and that
the poor outcome compared to those patients without PM
could not be explained by under treatment or increased sus-
ceptibility to toxicity, but rather by a relative resistance to
treatment secondary to a different biologic behavior of tumors
that spread to the peritoneal cavity.

In comparison, patients with PM treated with cytoreductive
surgery and HIPEC can reach a median survival of 63months,
and two- and five year survival rates of 81 and 51 %, respec-
tively [26]. Though systemic chemotherapy is widely used to
treat colorectal PM, there is no strong evidence showing it
benefit in this subgroup of patients [13].

Evidence for CRS and HIPEC for PM
from Colorectal Cancer

The combination of maximal cytoreductive surgery with
HIPEC to treat peritoneal cancer was first described by
Spratt in 1980 [27], but the main initiator of this combined
treatment for peritoneal disease was P.H. Sugarbaker [28]. The
purpose of surgery is to treat all the macroscopic i.e. visible

disease and immediately after resection, and the purpose of
HIPEC is to treat the remaining microscopic i.e. non visible
residual disease. It is essential that surgery resects all the tu-
mor implants exceeding 1 mm, as the drugs penetration in the
tissue and in the tumor deposits is small, less than 1 to 2 mm
[29, 30]. HIPECmust be performed immediately after surgery
to avoid peritoneal adhesions in which cancer cells may be
trapped and could constitute a tumor sanctuary [31–34]. In
fact, the exact effect of HIPEC alone in this package is cur-
rently unknown in human beings. In an experimental study,
animals treated with HIPEC survived longer than those treated
with intraperitoneal chemotherapy alone or exclusively with
intraperitoneal hyperthermia [35]. This was confirmed in an-
other experimental study, with a reduced tumor load in rats
which received intraperitoneal chemotherapy combined to hy-
perthermia, compared to those which had either chemotherapy
or hyperthermia alone [36]. Regarding the potential beneficial
effect on survival of HIPEC, until now, only one randomized
study has been conducted, a multicentric French trial
(PRODIGE 7 trial, NCT00769405), which compared CRS
plus HIPEC to CRS without HIPEC. This trial has just closed
for inclusion and final results on overall survival should be
available in 2017. Two retrospective [37, 38] and one prospec-
tive [39] studies have reported survivals of patients who had a
complete resection of the PM without intraperitoneal treat-
ment; the 5–year overall survival ranged from 24 to 36 %,
but their non-randomized manner and their small effective
make conclusions difficult to do.

Most of the evidence for the combined modality treatment
of CRS and HIPEC comes from single institution studies and
some multicentric studies (Table 1).

Cavaliere et al. reported the results of 120 patients treated at
6 different Institutions in Italy with the protocol designed by
the Italian Society of Locoregional Treatment in Oncology
(SITILO) [40]. Patients were treated with CRS and HIPEC
with cisplatin (CDDP) and mitomycin-C (MMC). Eleven pa-
tients underwent HIPEC using intraperitoneal oxaliplatin and
intravenous 5FU and leucovorin. Complete cytoreductive sur-
gery CC-0 was achieved in 85.2 % of the patients. The three-
year survival was 25.8 % and increased to 33.5 % in patients
who had an optimal cytoreduction (CC-0) (p < 0001).

Elias et al. compared 48 patients from the French
Multicentric Database with peritoneal carcinomatoses arising
from CRC who received palliative systemic oxaliplatin or
irinotecan based chemotherapy to 48 patients who underwent
additional CRS and HIPEC with oxaliplatin [41]. There was
no difference in systemic chemotherapy, with a mean of 2.3
lines per patient. Median follow-up was 95.7 months in the
standard group versus 63 months in the HIPEC group. Two-
year and 5-year overall survival rates were 81 % and 51 % for
the HIPEC group, respectively, and 65 % and 13 % for the
standard group, respectively. Median survival was
23.9 months in the standard group versus 62.7 months in the
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HIPEC group (P < .05, log-rank test). They concluded that
though patients with isolated, resectable PM achieve a median
survival of 24 months with modern chemotherapies, only sur-
gical cytoreduction plus HIPEC is able to prolong median
survival to roughly 63 months, with a 5-year survival rate of
51 % (Fig. 1).

Elias et al. reported the results of a study of that included
523 patients from 23 centers in four French-speaking coun-
tries that underwent CRS and HIPEC between 1990 and 2007
[42]. At a median follow-up of 45 months, the overall median
survival was 30.1 months. The 5 year overall survival was
27% and the 5 year disease free survival was 10%. The 5 year
survival was 29% in patients with no residual disease, 14% in
patients with residual disease <2.5 mm and the group of pa-
tients with residual disease >2.5 mm had no 5 year survivors.
Independent prognostic variables on multivariate analysis
were completeness of CRS, extent of PM evaluated by the
peritoneal cancer index from Sugarbaker (PCI), lymph node
positivity and the use of adjuvant chemotherapy. They con-
cluded that the combined modality of treatment has a low
postoperative morbidity and mortality, and provides a good
long-term survival in patients with peritoneal cancer index
(PCI) scores lower than 20.

Franko et al. reported the results of a case control study in
which the study group comprised of 67 patients with colorec-
tal PM who were treated with CRS and HIPEC in addition to
systemic chemotherapy and the control group comprised of 38
patients treated with systemic chemotherapy alone [43].
Again, median survival measured from the diagnosis of peri-
toneal disease was longer with CRS combined with HIPEC
(34.7 months vs 16.8 months; P < .001).

The benefit of the cytoreductive surgery combined with
HIPEC above systemic chemotherapy (5-FU leucovorin) has
been confirmed in a phase 3 randomized study [44]. One
hundred and five patients of colorectal PM were randomized
to CRS and HIPEC with mitomycin C followed by systemic
chemotherapy with 5-FU and leucovorin or to systemic che-
motherapy alone with the same agents. Palliative surgery for
prophylaxis or therapy of tumor-related complications was
allowed in the control group. The median overall survival
was significantly improved from 12.6 to 22.2 months
(p = 0.028). Moreover, these results were obtained despite
the fact that half of the patients in the experimental arm were
ultimately not good candidates for HIPEC because their PM
could not be completely surgically resected. These results
were confirmed after longer follow-up, at 8 years [45]. In
the subgroup of patients with complete macroscopic
cytoreduction (CCR-0/1), the median survival increased up
to 48 months confirming that the CRS plays a pivotal role
regarding the efficacy of the combined treatment. The 5-year
survival rate of these patients was 45 % [46]. However, the
main criticism of this trial has been that modern chemothera-
peutic agents have not been used and that it fails to clarify

whether the survival benefit that is gained is from CRS and
HIPEC both or CRS alone [47], reason why the French study
(NCT00769405), mentioned above, has been performed
(Fig. 2).

Concerns with CRS and HIPEC

Despite the large body of international publications there is
still a lot of skepticism in the medical community regarding
CRS and HIPEC. Some of the concerns are a lack of unifor-
mity in the HIPEC methods, in the drugs used and the quiet
favorable results obtained with early postoperative intraperi-
toneal chemotherapy (EPIC).

EPIC Methology and Results

EPIC is the infusion of chemotherapy directly into the ab-
dominal cavity through ports or drains placed during surgery,
and is continued for 3–5 days post CRS starting from day 1
following surgery. Some centers give multiple cycles of

Fig. 1 Overall survival Cytoreductive Surgery and HIPEC versus
Standard Systemic Chemotherapy in patients with Colorectal PM
(Reproduced with permission from Ref 41)

Fig. 2 Overall survival after Cytoreductive surgery and HIPEC or
standard systemic chemotherapy. In patients with Colorectal PC
(Reproduced with permission from Ref 44)
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intraperitoneal chemotherapy and this treatment continues for
a few months after surgery.

In 1995, a French group trial comparing CRS and EPIC to
systemic chemotherapy had to be abandoned due to patient
dissatisfaction in the control arm. In 1996, Elias et al. initiated
a study comparing CRS and EPIC to CRS alone and this also
had to be closed prematurely due to poor accrual. However,
this trial showed that a complete cytoreduction CC-0 resulted
in a 2 year survival of 60 % which is a substantial gain from
10 % survival gained from systemic chemotherapy and palli-
ative surgery [48].

Glehen et al. reported results of a multi-institutional study
of 506 patients who underwent CRS and HIPEC with or with-
out EPIC from 28 institutions, in which 76 % of the patients
had HIPEC, 46 % had EPIC and 22 % had HIPEC and EPIC
both. A complete cytoreduction was obtained in 75 % of the
patients. HIPEC was commonly performed with mitomycin C
(71 %). Other regimens included mitomycin C with cisplatin
(13 %) and oxaliplatin (8 %). The regimen of 5-FU with or
without mitomycin C (96 %) was commonly used for EPIC.
With a median follow-up of 53 months, the median overall
survival was 19.2 months and the overall 1-, 3-, and 5-year
survival rates were 72 %, 39 %, and 19 %, respectively. In
patients with no residual disease after cytoreduction (i.e.,
CC0) or low burden of disease at initial exploration, the me-
dian overall survival could be as high as 32.4 or 34.8 months,
respectively. However, no statistically significant difference
was seen among patients treated with HIPEC, EPIC, or com-
bined HIPEC/EPIC (overall survival, 19.2, 19.2, and
21.6 months, respectively) [49].

Currently the ICARuS trial (NCT01815359) which is a
phase 2 trial is accruing patients in the United States at the
Memorial Sloan Kettering Cancer Centre. In this trial HIPEC
with mitomycin C will be compared to EPIC with FUDR in
patients with colorectal and appendiceal primary tumors fol-
lowing complete cytoreduction.

HIPEC Methology

HIPEC techniques are heterogeneous but their elaboration is
highly complex. The combination of drugs can be modified, as
can their concentration, but also the composition as well as the
volume of the perfusion, the duration, and the temperature. A
high number of combinations of these six parameters are pos-
sible, and it is not possible to test all of them [50]. Each mod-
ification of one of these parameters implies conducting a new
pharmacokinetic study. In a recent experimental study which
compared the open to the closed technique, using intraperito-
neal oxaliplatin at a temperature of 42 °C, the open technique
had far higher systemic absorption and abdominal tissue pene-
tration of oxaliplatin than the closed technique, but the closed
technique achieved a higher temperature in the diaphragmaticT
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regions, while the open technique was more effective in the
other areas. Whatever, intraperitoneal hyperthermia could be
achieved with both techniques [51]. And any difference in term
of morbidity, mortality and long-term survival has been
founded between these 2 techniques in larges studies [41]. At
all, it is very important to obtain a high and homogeneous
temperature throughout the abdominal cavity, to choose “his”
technique and to routinely perform this technique, leading to
analyze homogenous data, as no prospective comparison of
open and closed techniques of HIPEC in terms of survival,
morbidity, or pharmacokinetics as ever been reported [52].

Schematically, there are two main trends worldwide for
HIPEC: one uses mitomycin C over 60 to 90 min at 41 °C with
a closed-abdomen technique, and the other uses oxaliplatin
(460 mg/m2 of oxaliplatin in 2 L/m2 of iso-osmotic 5 % dex-
trose) over 30 min (strictly 30 min as soon as the minimal
temperature of 42 °C had been reached throughout the abdom-
inal cavity, plus 5 to 8min before to heat the infusate from 38° to
42 °C), at a homogeneous temperature of 43 °C (range: 42–
44 °C) with an opened-abdomen technique [53]. A bidirectional
(intraperitoneal + systemic) intraoperative chemotherapy which
combines intraperitoneal oxaliplatin preceded by an intravenous
infusion of 5-FU (400 mg/m2) with leucovorin (20 mg/m2) is
nowmostly used for PM fromCRC [54]. Current evidence does
not show that one is superior to the other. Mitomycin has been
used due to its high molecular weight, tissue penetration up to
5 mm and a favorable pharmacokinetic profile that permits in-
creased intraperitoneal concentration with limited systemic tox-
icity [55]. Elias et al. have shown the efficacy and safety of
intraperitoneal oxaliplatin in pharmacological and clinical stud-
ies both [38]. Though the PRODIGE-7 trial will answer the
question about the benefit of HIPEC in addition to CRS, it will
not answer the question regarding which technique or drug is
superior, as both a the techniques could be performed according
to the choice of the surgeon.

Morbidity and Mortality

CRS and HIPEC is considered to be a procedure leading to a
high morbidity and mortality. But, over the years, an improve-
ment in the patient selection, surgical techniques and periop-
erative management has led to a reduction in the morbidity
and mortality. Various studies report morbidity and mortality
rates of 23 %-45 % and 0 %-12 % respectively [56–60]. In
general, morbidity can be divided into surgery related compli-
cations such as anastomotic leakage, bleeding and wound in-
fection, and chemotherapy-related complications such as neu-
tropenia, cardiac arrhythmia, or renal insufficiency. There are
other postoperative adverse events common to all surgical
procedures such as thrombosis, lung embolism, or pneumonia
[61]. In fact, in experienced centers, the morbidity and mor-
tality is similar to that of other major abdominal surgery. A

learning curve exists for this surgery as well as HIPEC and it’s
both the surgeon’s as well as the institutional experience that
has an impact on the morbidity and mortality [42, 62, , and
63]. Smeenk et al. also demonstrated that the peak of this
learning curve was reached at 130 procedures [62].

Many predictors of postoperative complications have been
described, including the operation length [64, 65], the age [66],
the number of visceral resections [64], the stoma formation
[67], the dose of chemotherapeutic agent [68], and recurrent
cancer [69]. But? the most widely known factor is the extent
of the peritoneal disease measured with the PCI, with an in-
creased risk of grade IV morbidity (life threatening complica-
tions) when the PCI is greater than 12 [65, 69, 70]. In the study
reported by Saxena et al., an extensive disease involvement in
the left hemi diaphragm was the only significant predictor of
severe morbidity on multivariate analysis, probably because
this procedure results in respiratory complications, and in a
higher risk of pancreatic leak, bleeding, intra-abdominal ab-
scess, due to the dissection of the hilum of the spleen [71].

Is there a Possibility of Cure? Finally, definitive cure of PM
with HIPEC is possible. Goéré et al. recently followed up their
patients who had no recurrencemore than 5 years after their last
treatment [72]. Among 107 patients treated between 1995 and
2005, and after a median follow up of 77months, the 5 year and
10 year survival rates were 35 % and 15 % respectively.
Patients were considered cured if the disease-free survival in-
terval lasted at least 5 years after the treatment of CRC PM or
its last recurrence. Patients who had died postoperatively, or
from non-cancer-related deaths or patients with a follow-up
of less than 5 years since the last curative treatment were ex-
cluded from the analysis. Out of 107 patients, seventeen pa-
tients (16 %) were considered cured after a disease-free interval
of at least 5 years, of whom 14 never developed a recurrence.
Cured patients had a significantly lower median peritoneal can-
cer index than patients who were not cured, respectively 4 (3–
16) and 12 (2–36) (P = 0.0002). In multivariate analysis, a
peritoneal cancer index of 10 or less was the only independent
factor predicting cure. This rate of cure was comparable to that
reported after resection of colorectal liver metastases [73, 74],
suggesting that prognosis of selected patients who underwent
CRS plus HIPEC could benefit from this aggressive treatment
as well as patients operating on liver metastases. This was
confirmed in a recent study, with a 5-year overall survival rates
not statistically different between patients operated on liver
metastases from CRC and those who had CCRS plus HIPEC
(respectively, 38.5 % and 36.5 %) [75].

Selecting Patients for CRS and HIPEC

Patient selection is an extremely crucial aspect of planning for
treatment of patients with colorectal PM. A consensus
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statement from representatives from the major peritoneal sur-
face malignancy centers from around the world listed eight
clinical and radiographic variables associated with increased
chances of achieving a complete cytoreduction: Eastern
Cooperative Oncology Group (ECOG) performance status
one or less; no evidence of extra abdominal disease; up to
three small, resectable parenchymal hepatic metastasis; no ev-
idence of biliary obstruction; no evidence of ureteral obstruc-
tion; no evidence of intestinal obstruction at more than one
site; small bowel involvement: no evidence of gross disease in
the mesentery with several segmental sites of partial obstruc-
tion; small volume disease in the gastro-hepatic ligament [76].

In the French study of 523 patients, the prognostic factors
on multivariate analysis were a complete cytoreduction, lim-
ited PCI, absence of lymph node involvement and the use of
systemic chemotherapy [42]. This study found that in patients
with a PCI <20 had a good long term survival with CRS and
HIPEC. In another retrospective study of 180 patients pub-
lished by Goéré et al., the authors showed that when the PCI
was >17, the combined modality treatment offered no signif-
icant survival benefit compared to palliative systemic chemo-
therapy alone [77]. Hence, in selecting patients for CRS and
HIPEC, patients with a PCI of >17–20 should not be consid-
ered for the combined modality treatment (Fig. 3).

Thus, indications for CRS plus HIPEC are based on abso-
lute and relative contraindications. An absolute contraindica-
tion for CRS plus HIPEC is a poor general status, the presence
of extra peritoneal metastases (except 3 liver metastases easily
resectable) and huge and diffuse PM. Relative contraindica-
tions are: a sub occlusive syndrome due to more than one
digestive stenosis, peritoneal disease progressing under sys-
temic chemotherapy and the presence of more than 3 resect-
able liver metastases (LM are not contraindicated if there are
<4 and they are easily resectable) [78, 79].

At all, eligibility criteria for CRS and HIPEC are as fol-
lows: a good general status and age below 65–70-70 years, no
extra-abdominal disease, no occlusive disorders and no bulky
clinical or radiological PM.

Role of HIPEC Is Prevention and Early Treatment
of Peritoneal Metastases

In most of the cases, colorectal PM is diagnosed at an ad-
vanced stage [80, 81]. As the extent of the disease (PCI) and
the completeness of resection are the main linked prognostic
factors, survivals are far better in patient with low PCI. Hence,
early diagnosis and treatment of PM is paramount.

Elias et al. reported a new policy consisting in a systematic
second look surgery in patients at high risk of developing PM.
This new strategy has been evaluated in 41 patients without
evidence of recurrence (either clinical, radiological or biologi-
cal), from 1999 to 2009 [82]. Patients were selected on their

high risk of developing PC based on 3 criteria related to the
primary tumor at the time of surgery: resected minimal syn-
chronous macroscopic PM (n = 25), synchronous ovarian me-
tastases (n = 8), and perforation of the colon (n = 8). PM was
discovered and resected during the second-look surgery in 23
patients (55 %). The mean PCI was low (8 ± 6) and peritoneal
deposits were resectable in all of the patients. Grade 3–4 mor-
bidity rate was low (9.7 %). After a median follow up of 30 [9–
109] months, overall and disease free survivals at 5 years were
90% and 44%, respectively. Peritoneal recurrences occurred in
7 patients (17 %), 6 of whom had macroscopic PM discovered
during the second-look surgery (26 %). Therefore, this strategy
is currently being tested in a randomized phase 3 study
(NCT01226394) which has just been closed for inclusion. In
this study, after 6 months of adjuvant systemic chemotherapy
after resection of the primary, patients at high risk of peritoneal
recurrence without any sign of recurrence were randomized in
2 arms: standard arm which consists in monitoring every
3 months the first 2 years and then every 6 months the 3 years
later, and the experimental arm which consist in a systematic
second-look surgery followed by HIPEC [83].

Another similar study is underway in the United States in
which patients with CRC at high risk of developing PM who
underwent curative surgery and subsequently received standard
of care adjuvant chemotherapy will be evaluated. The patients
who remain without evidence of disease by imaging, physical
examination, and tumor markers for 12 months after the prima-
ry operation will be randomized to mandatory second look
surgery or standard-of-care surveillance. At laparotomy, CRS
and HIPEC will be performed with intraperitoneal oxaliplatin
with concurrent systemic 5-fluorouracil and leucovorin. Up to
100 patients will be enrolled to allow for 35 evaluable patients
in each arm; accrual is expected to last 5 years [84].

Another prospective case control study was carried out
by Sammartino et al. in patients with advanced colonic
cancer at high risk of PM (mucinous or signet-ring cell)

Fig. 3 Overall survival after Cytoreductive Surgery and HIPEC in
patients with Colorectal PM according to the Peritoneal Carcinomatosis
Index (PCI) (Reproduced with permission from Ref 42)
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without peritoneal or systemic spread in which patients
were either treated with standard colectomy or a more
aggressive combined surgical approach [85]. The study
group comprised of 25 patients with mucinous or signet
ring cell histology T3/T4, any N, M0 colonic cancer who
underwent hemicolectomy, omentectomy, bilateral salpingo
oophorectomy, hepatic round ligament resection and appen-
dectomy followed by HIPEC during the resection of the
primary, while the control group of 25 patients was treated
by standard surgical resection during the same time period.
Peritoneal recurrence occurred in 4 % of the patients in the
experimental group compared to 22 % of them in the
control, without increased morbidity (P < 0.05). Actuarial
overall survival curves disclosed no significant differences,
whereas actuarial disease-free survival curves showed a
significant difference in favor for the experimental group
(36.8 versus 21.9 months, P < 0.01). The authors conclud-
ed that this aggressive preventive surgical approach includ-
ing HIPEC reduces the incidence of peritoneal recurrence
in patients with advanced mucinous colonic cancer and
also significantly increases disease-free survival compared
with a homogeneous control group treated with a standard
surgical approach, without increasing morbidity. It has the
benefit of avoiding a second operation in asymptomatic
patients at the risk of morbidity and the associated cost.
However, these results require confirmation in randomized
controlled trials.

The above studies highlight the fact that the best way to
deal with PM is to treat it early or prevent it and will form the
basis of future treatment for PM from CRC. At present, the
focus should be early detection and treatment, prophylactic
HIPEC and second look surgery with or without HIPEC re-
mains investigational.

Conclusion

PM from colorectal cancer represents a poor prognostic
subgroup of patients. Despite the advances in the systemic
therapy, outcomes in patients with PM remain poor. The
combined modality of treatment comprising of complete
cytoreductive surgery and HIPEC has the potential to sub-
stantially prolong survival in a selected subgroup of pa-
tients with limited disease spread (PCI < 20) and should
be considered the standard of care. Since most of the
peritoneal extent is diagnosed at a late stage, the focus
should be on early detection of peritoneal recurrence after
resection of the primary in patients at high risk of devel-
oping PM. Preventive strategies comprising of aggressive
initial surgery with HIPEC or second look surgery with
HIPEC seem to be promising but require further evalua-
tion in randomized controlled trials.
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