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Peritoneal metastases (PM) from colorectal cancer (CRC) were traditionally
associated with bad prognosis. Only recently, cytoreductive surgery (CRS) with
hyperthermic intraperitoneal chemotherapy (HIPEC) has resulted in survival
improvements. We reviewed the currently available literature regarding the clinical
management of colorectal PM. The most relevant and recent studies were selected and
their findings were discussed. From these series, the weighted median overall survival
was 31,6 months (range 16–51). Major morbidity was 17,6–52,4% (weighted average
32,6%). Mortality was 0–8,1% (weighted average 2,9%). Additional relevant topics,
such as CRC-PM prevalence, results by systemic therapies, preoperative work-up, and
technical aspects were summarized through a narrative review. The recent literature
suggests that CRS/HIPEC is gaining acceptance as standard of care for selected
CRC-PM patients. Refinement of selection criteria, and rationalization of comprehensive
systemic and local-regional management is ongoing. Prevention and early treatment
of PM are new and promising options.
Keywords: colorectal cancer, peritoneal metastasis, cytoreductive surgery,
hyperthermic intraperitoneal chemotherapy, HIPEC, liver metastasis.
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Introduction

C

olorectal cancer (CRC) is the third most common
tumor worldwide [1]. Recent advances, such as
early diagnosis by colonoscopy, highly effective
systemic chemotherapy (sCT), and targeted agents, have
significantly improved patient prognosis. The use of
surgery and local-regional therapies to treat metastatic
tumor regionally confined to specific organs (such as liver
or lung) has resulted in further improvements [2].
Peritoneal metastases (PM) from CRC has been
traditionally regarded as end-stage disease only amenable
to palliative sCT, or supportive care [3]. In recent years,
better knowledge of the natural history has evolved into
the current understanding of PM as a local-regional
disease. Aggressive cytoreductive surgery (CRS) has
been combined with intraoperative/perioperative
intraperitoneal chemotherapy to eradicate microscopic
residual disease [3–4].
Despite a randomized trial, and a growing body
of retrospective data suggesting survival benefit over
historical non-randomized controls [5–6], criticism still
centers on the scarcity of high-quality controlled studies,
high rates of life-threatening complications, and lack of
standardization of treatment protocols [3]. We reviewed
the relevant literature regarding the clinical management
of CRC-PM.

Epidemiology of colorectal peritoneal
metastases
PM from CRC are relatively common. In a populationbased study collecting 11 124 patients in Stockholm County during 1995–2007, the prevalence of synchronous PM
was 4,3%, and the cumulative incidence of metachronous
PM was 4,2%. Independent predictors for metachronous
PM were right-sided colon cancer (P=0,002), pT4 stage
(P=0,001), pN2 stage with <12 lymph-nodes examined
(P<0,001), emergency surgery (P<0,001), and non-radical
surgery (P<0,001) [7]. In the Eindhoven Cancer Registry
(1995–2008), 3,8% of patients were diagnosed with
synchronous PM, and 3,5% with metachronous PM. The
peritoneum was the second most common single site of
metastasis, after the liver [8–9]. In surgical series, PM were
diagnosed in 4-19% of patients after curative surgery, and
up to 44% at reoperation for recurrent CRC. In autopsy
studies, PM prevalence is 40–80% [10].

Treatment by systemic chemotherapy
There are poor literature data on sCT in CRC-PM patients,
and no randomized trial has been conducted in this clinical
setting. Median survival exceeding 30 months has been
recently obtained in all-type metastatic CRC by modern
combinations such as FOLFOXIRI (oxaliplatin, irinotecan,
5-fluorouracil, and folinic acid) and bevacizumab, or
doublets plus anti epidermal growth factor receptor (EGFR)

in K-RAS wild-type tumors [11]. However, it remains unclear
if such results are replicable in PM.
Historically, median survival of CRC-PM was only
5,2-7 months in unselected series treated with supportive
care, outdated 5-fluorouracil-based sCT, and/or palliative
surgery [12–14]. In a randomized study, median survival
of selected patients with potentially resectable PM was
12,6 months with 5-fluorouracil-based sCT [5]. Recent
data suggest only limited improvements. Survival results
appear to depend on patient selection and increasingly
aggressive sCT. Oxaliplatin/irinotecan-containing
combinations are associated with median survival
ranging from 10,1 to 15 months. The use of monoclonal
antibodies against VEGF and EGF receptor may result
in further improvements (median 15,2-18-2 months)
[15–21]. Chua reported median survival of 23 months
with oxaliplatin/irinotecan-containing sCT plus biologic
agents, 15 months with the same chemotherapies without
biologic agents, and 11 months with 5-fluorouracil-based
sCT [17].
The Peritoneal Surface Disease Severity Score (PSDSS)
is a recently developed score to stage patients with
PM, based on symptom severity, disease extent, and
primary tumor histopathology [16–17]. Peltz stratified
outcomes of different systemic treatments according
to PSDSS in 167 patients treated before 2006. In stage I
and II patients, which may be assumed to be potential
surgical candidates (good clinical conditions, limited/
moderate PM extent, moderate tumor aggressiveness),
median survival was 16 months with supportive care, 16
months with 5-fluorouracil-based sCT, and 28 months
with oxaliplatin/irinotecan-containing sCT ± biologic
agents [16].
Two studies have demonstrated that modern systemic
treatments result in lower survival benefit in CRC-PM, as
compared with non-PM metastases. Franko analyzed 2101
patients included in two randomized trials of the North
Cancer Central Treatment Group (N9741 and N9841).
Overall, 364 patients with PM were individuated (17,4%).
Patients were treated with 5-fluoruracil, folinic acid, plus
oxaliplatin or irinotecan, oxaliplatin plus irinotecan, or
irinotecan alone. Median survival was 12,7 months in
patients with PM and 17,6 months in those without PM
(P=0,001) [18]. In the retrospective analysis of two pooled
Dutch randomized studies (CAIRO and CAIRO2), median
survival was decreased in patients with PM, as compared
with those without PM [19].

Principles of cytoreductive surgery and
perioperative intraperitoneal chemotherapy
Cytoreductive surgery may be seen as a tool to
maximize response to intraperitoneal chemotherapy,
because locally delivered drugs penetrate in tumor tissue
not more than few millimeters. CRS must aim at removing
all visible tumors. Near complete cytoreduction, leaving
behind millimetric residual tumor, may only be pursued to
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preserve minimal postoperative organ functions. On the
other side, the role of local-regional chemotherapy is to
preserve the macroscopically complete surgical response
by eradicating microscopic residual disease [3–4].
Cytoreductive surgical procedures have been
formalized by Sugarbaker [4]. Diaphragmatic, anterior
abdominal wall, omental bursa, and pelvic peritonectomy,
greater and lesser omentectomy are usually combined
with visceral resections, as needed. Because visceral
peritoneum is more intimately attached to underlying
structures, tumor implants on visceral surfaces require
organ resections [22].
The extent of peritoneal involvement is rated during
the abdominal exploration using the peritoneal cancer
index (PCI), a semi-quantitative score that rates lesion
size from 0 to 3 (no tumor, ≤5 mm, >5-50 mm, or >50 mm)
in 13 abdominal-pelvic regions, resulting in a numeric
score (PCI 0-39) [32]. The completeness of cytoreduction
(CCR) is classified according to Sugarbaker, as CCR-0
(macroscopically complete); CCR-1 (residual disease ≤2,5
mm in any region); CCR-2 (residual disease >2,5 mm and
≤25 mm) and CCR-3 (residual disease >25 mm) [23].
Timing of gastrointestinal anastomoses and need
for protective ostomies are still controversial issues. In
our center, anastomoses are performed before HIPEC
because both in the literature and our experience
there is no evidence of increased risk for anastomotic
complications, or isolated recurrence on suture lines.
On the contrary, heat and drug-induced bowel edema
can make anastomosis completion technically difficult.
Our policy is to perform protective ostomies only in
cases at high risk for anastomotic leakage [22]. However,
some authors recommend a more liberal approach to
ostomies.
Local-regional chemotherapy is performed either as
hyperthermic intraperitoneal chemotherapy (HIPEC),
or normothermic early postoperative intraperitoneal
chemotherapy (EPIC) [24]. The pharmacological rationale
of intraperitoneal administration relies on the dose
intensification originated by the presence of a semipermeable plasma-peritoneal barrier. Intraperitoneal
delivery allows higher local-regional concentration with
minimal systemic toxicity [25].
Intraoperative/early postoperative time setting
allows optimal distribution throughout the abdominal
cavity before postoperative adhesions develop, and
tumor cells entrapped in scar tissue give rise to disease
recurrence [25–26]. Mild hyperthermia (41–43°C) has a
direct cytotoxic effect by several mechanisms, including
DNA repair impairment, protein denaturation, oxidative
metabolism inhibition, and increased apoptosis. Also,
it increases the efficacy of antiblastic agents, such as
mitomycin-C, and platinum compounds, and their
penetration into tumor tissue [25].
HIPEC techniques vary widely among centers, in
terms of close- versus open-abdomen techniques, drug(s),
drug dosage, target temperature, duration, and carrier
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solutions. The choice of antiblastic drugs is based on
their clinical efficacy and pharmacokinetics. The perfect
agent should be hydrophilic, with a high molecular
weight to limit its passage through the peritonealplasma barrier, high plasma clearance, and mechanisms
of action potentiated by hyperthermia. Cell-cycle phase
non-specific agents are indicated for this single-shot
treatment. Currently, two schedules are widely used:
open-abdomen oxaliplatin ± irinotecan with concurrent
intravenous 5-fluorouracil and folinic acid, and open- or
close-abdomen mitomycin-C, alone or in combination
with other drugs [27–29].
EPIC consists of the administration of normothermic
antiblastic agents through peritoneal Tenckhoff catheters
or subcutaneous ports, starting immediately after surgery
and continuing for 1–5 days. Drugs with high rate of
hepatic extraction and no significant heat enhancement
may be used, such as 5-fluoruracil, doxorubicin, or
taxanes [25–26].

Patient selection for CRS/HIPEC
Given the technical complexity, economic costs, and
relatively high rates of postoperative complications,
knowledgeable selection of surgical candidates is essential to optimize oncologic outcomes of CRS/HIPEC with
acceptable treatment-related morbidity [30–31]. Patients
have to be fit to deal with a 8–14 hour surgery, extensive
peritoneal stripping, multi-organ resections, and localregional chemotherapy under hyperthermic conditions
[4]. Older age, poor performance (World Health Organization score >2), significant co-morbidities, impaired renal,
cardio-vascular, respiratory, hepatic, and bone-marrow
functions represent exclusion criteria.
Multidetector computed tomography (CT) scan
with oral and intravenous contrast medium represents
the current standard to select patients amenable to
potentially complete CRS. However, CT-scan still suffers
from some limitations in identifying small peritoneal
implants (<5 mm) [32–33]. Magnetic resonance imaging has been suggested to have better accuracy than
CT-scan, but it needs to be read by experienced radiologists [34]. Positron-emission tomography is useful to
detect systemic metastases [32].
Radiological features that predict failure to obtain
complete CRS are extensive small bowel and mesenteric
involvement, massive sub-hepatic disease, biliary and ureteral obstruction, bowel obstructions, pelvic/retroperitoneal nodal involvement, severe ascites, extra-peritoneal
disease (except for limited and resectable spread through
the diaphragm, and limited LM) [32–33]. It is increasingly
clear from the literature that peritoneal disease extent
has a major prognostic impact, with a threshold beyond
which complete CRS/HIPEC is not beneficial. Various
PCI cut-offs have been proposed for patient selection
(PCI>20, PCI>16, or PCI>14), but this issue is still a matter
of clinical research [35–36].
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Regarding histo-pathologic features, undifferentiated/
poorly differentiated, and signet-ring cell neoplasms are
associated to poor prognosis [37]. Poor response to prior
sCT is an exclusion criterion in many centers [38–39],
while other authors have reported that it does not necessarily carry a negative prognosis [40].
Laparoscopy is useful to obtain pathological diagnosis, predict surgical resectability, quantify peritoneal
involvement, and assess response to previous therapies,
thus avoiding unnecessary laparatomies. Laparoscopic
CRS/HIPEC has been shown to be technically feasible and
safe in patients with low tumor load [41].

Results of treatment by CRS/HIPEC
The study published in 2003 by Verwaal still remains
the only randomized trial in this setting [5]. 105 patients
were randomly assigned to either standard fluorouracilbased s-CT (-leucovorin) with or without palliative surgery (n=51), or an experimental arm with CRS/HIPEC, followed by the same sCT (n=54). After a median follow-up
of 21,6 months, median survival was 12,6 months in the
standard arm, and 22,3 months in the experimental arm
(P=0,032). Treatment-related mortality in experimental
arm was 8%.
Of great relevance is the multi-institutional series
by Elias including 523 patients who underwent CRS/
HIPEC-EPIC in 23 institutions. Median overall survival
was 30,1 months, and 5-year survival was 27% [38]. Two
major prognostic factors were highlighted: completeness
of surgical cytoreduction, and peritoneal disease extent.
Median survival was 33 months after CCR-0 cytoreduction
(n=439), 20 months after CCR-1 cytoreduction (n=53),
and 7 months after grossly incomplete cytoreduction
(n=22). Median survival was 40 months for PCI=1-6, 29
months for PCI=7–12, 25 months for PCI=13–19, and 18
months for PCI>19. Both CCR score and PCI, together
with negative lymph-nodes, and the use of adjuvant sCT
were recognized as independent prognostic factors. The
authors’ conclusions were that HIPEC is only justified
after complete CRS, and for PCI<20, because survival rates
in patients with incomplete CRS or PCI≥20 are similar to
those obtained with sCT alone.
Two comparative non-randomized trials shared a
common study design. The American study compared
patients undergoing CRS/HIPEC (+sCT) with controls
treated with modern sCT only, because CRS/HIPEC was
not available in the centers where they were referred,
despite their potential eligibility. Controls were highly
selected to ensure comparability with CRS/HIPEC group
[15]. Median survival was 16,8 months in 38 controls,
and 34,7 months in 67 patients treated with CRS/HIPEC
(P<0,001). In a similar multi-institutional French study,
strict selection criteria (good performance status; limited,
asymptomatic, completely resectable PM; no LM; no
disease progression under previous sCT) resulted in the
better survival ever reported with CRS/HIPEC (median

62,7 months), and an advantage over comparable controls
treated with sCT (median 23,9 months; P<0,5) [39].
Selected recent studies are listed in table 1. These series collected a mean of 148 patients (median 101; range
48–660). The mean percentage of optimal (CCR0/1) cytoreduction, was 86,7% (range 53–100%). Median survival
ranged from 16 to 51 months (weighted average 31,6
months), and five-year survival rates from 22% to 50,5%
(weighted average 31,0%;) [5, 15, 38–40, 42–55].
Three studies compared different HIPEC regimens. In
a Dutch series, mitomicin-C-based HIPEC was equivalent
to oxaliplatin-based HIPEC [51]. In an international
registry, both regimens were equivalent in the overall
population, but mitomicin-C was superior among PSDSS
stage I-II patients (54,3 vs. 28,2 months; P=0,012) and
correlated to longer survival at multivariate analysis
(P=0,042) [49]. Finally, oxaliplatin plus irinotecan was
equivalent to oxaliplatin alone in terms of survival, but
worse in terms of toxicity [54].
Two studies compared different strategies: in patients
with synchronous PM undergoing primary tumor resection and simultaneous HIPEC, survival and complication
rates were similar to those of patients in which primary
resection was performed before HIPEC (two-stage procedure). However, the data suggested that early referral
may prevent extensive secondary bowel resections, decrease anastomotic leakage and permanent colostomy
rates [52]. In another bi-institutional series, survival and
complication rates do not differ between patients with
acute vs. elective presentation of synchronous PM, suggesting that CRS/HIPEC is effective and safe in patients
requiring emergency surgery [50].

Treatment of peritoneal
and liver metastases
The presence of LM has been traditionally considered
a contraindication for CRS/HIPEC, even if a complete
CRS could be obtained. A multi-institutional series of
506 patients demonstrated a worse prognosis in patients
with liver metastases surgically resected at the same time
of CRS/HIPEC [54]. Recent series confirmed the negative
prognostic impact of LM [48, 55], while other series did
not [38, 44]. Neither a systematic meta-analysis answered
the question, showing only a trend towards lower overall
survival for patients with PM and LM undergoing CRS/
HIPEC (pooled HR=1,24, 95%CI=0,96–1,60) [56].
Investigators of the Institute G. Roussy (Villejuiff,
France) have tried to define the selection criteria for
simultaneous treatment of LM and PM. Based on a series
of 24 patients undergoing CRS and LM resection, followed
by HIPEC or EPIC, they suggested that patients with ≤2
easily resectable LM (not requiring major anatomical
liver resections), and limited PM might be good candidate to comprehensive treatment, although LM affected
negatively prognosis [57]. In their most recent update, 37
patients with PM and LM were matched with 61 patients
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with PM alone. Three-year survival was significantly lower
in patients with PM and LM: 40% vs. 66% (P=0,04). Three
prognostic groups were identified: patients with PCI<12
and no LM (median survival 76 months); patients with
PCI<12 and ≤2 LM (median 40 months); and patients with
PCI>12 or ≥3 LM (median 27 months) [58].

Prevention and early treatment
of peritoneal metastases
Two strategies for the prevention and early treatment
of CRC-PM using local-regional chemotherapy have been
proposed. The G. Roussy group tested a systematic second-look approach after curative resection and adjuvant
s-CT in 41patients selected according to the following
criteria: synchronous PM completely resected during
primary surgery, synchronous ovarian metastases (also
completely resected), and perforated primary tumors. PM
were found and treated with complete CRS plus HIPEC
in 23 patients (56%) without any clinical, biochemical
or radiological evidence of recurrence. The remaining
patients underwent complete abdominal exploration and
systematic HIPEC. Five-year overall survival was 90%, with
one operative death and 10% complication rate [59].
A different strategy is performing HIPEC at the time of
primary surgery. Sammartino reported lower peritoneal
recurrence rate, better disease-free, and overall survival,
by comparison with 50 retrospective controls [60]. Baratti
reported a prospective series of 22 patients without
systemic metastases who had HIPEC simultaneously
with curative surgery, plus adjuvant sCT (oxaliplatin/
irinotecan-containing ± biologics), based on primary tumor-associated criteria: resected synchronous ovarian or
minimal peritoneal metastases, primaries directly invading other organs, or penetrating the visceral peritoneum.
A control group retrospectively included 44 matched
(1:2) patients undergoing standard treatments and no
HIPEC during the same period. The 5-year cumulative PM
incidence was 9,3 % in the HIPEC group and 42,5 % in the
control group (P=0,004). Kaplan-Meier estimated 5-year
overall survival was 81.3 % in the HIPEC group versus
70,0 % in the control group (p= 0,047). Major morbidity
rates were not different between groups (P = 0,75) [61].
Finally, adjuvant laparoscopic HIPEC at 6–8 weeks from
primary surgery was demonstrated to be feasible and
safe in a Dutch pilot study and is being evaluated in a
prospective trial [62].

Treatment-related morbidity
and quality of life
Patients with PM are often referred with massive
tumor load or after extensive surgical and medical
treatments. Their definitive management involves further
demanding surgical and comprehensive procedures.
Also, there is a steep learning curve in performing these
complex procedures [63]. Although impressive reductions
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in complications have occurred in high-volume centers
with increasing experience, high operative risk may be
expected and needs to be carefully weighed against the
potential benefit of this aggressive approach [31].
Among the series listed in table 1, major morbidity
rates of CRS/HIPEC were 17,6–52,4% (weighted average
32,6%); mortality was 0–8,1% (weighted average 2,9%). In
a recent review, morbidity was 12–52% and mortality 0,9–
5,8% in 10 international high-volume centers (including
our institution) treating all-type peritoneal malignancies.
These figures are similar to other major gastrointestinal
operations, such as duodenopancreatectomy and
esophagectomy [31].
The fundamental purpose of cancer therapy is to
maximize both survival and quality of life (QOL). An
aggressive treatment approach, such as CRS/HIPEC, may
impact post-operative QOL. A recent systematic review
and a meta-analysis have assessed the available QOL data
[64–65]. Despite a relevant heterogeneity in primary
tumors, HIPEC protocols and methodologies to assess
QOL, the published studies consistently reported that
physical, functional and emotional scores drop at 3–4
months after CRS/HIPEC, before becoming similar or
better, compared to pre-operative levels, at 12 months.
Nevertheless, even when QOL have restored to baseline,
depression symptoms may persist after 12 months.
This highlights the importance of QOL implications
in selecting appropriate candidates, and the need for
psychosocial support to help patients to deal with
survivorship issues [65].

Conclusions
During the last years, several accomplishments
have greatly contributed to the progress of peritoneal
oncology: i) epidemiology of CRC-PM has been addressed
in population-based studies [7–9]; ii) large retrospective
series have strongly suggested that sCT and targeted
therapies are less effective in treating CRC-PM than
hematogenous metastases [18–19]; iii) strict selection
criteria have been definitively accepted as absolute
requirements for successful treatment; iv) simultaneous
treatment of PM and LM may be offered to selected
patients with limited peritoneal and hepatic disease
[55–58]; v) large randomized trials have been undertaken,
and their results will be available in the next future.
Future developments are expected by better
understanding of the mechanism of peritoneal seeding.
A molecular signature of the propensity for peritoneal vs.
systemic failure would ideally help to individualize both
prophylactic and established disease treatment plans.
Prospective trials are needed to define which drug, or drug
combinations, are more effective local-regionally, as the
available retrospective data are mainly inconclusive [75,
79]. Finally, better knowledge of patient- and treatmentrelated factors predicting operative complications will
improve both early and long-term outcomes [34, 67].

Т. 18, №С-1 – 2017

Т. 18, №С-1 – 2017

2014

2014

Amsterdam, NL
Leuven, BE 51

Nieuwegein
Eindhoven, NL50

36
113

39
56

418
166

97.2% CCR0/1
97.3% CCR0/1

100% CCR0
100% CCR0

94.2% CCR0/1
93.4% CCR0/1

100% CCR 0/1

96% CCR 0

98% CCR 0/1

100% CCR 0

87.3% CCR 0/1

100% CCR0/1
100% CCR0/1

76.1% CCR 0

80% CCR 0
1

100% CCR 0/1

86.1% CCR 0/1

74.4% CCR0
97.1% CCR0

100% CCR 0/1

84.2% CCR0/1
No CRS

83.9% CCR 0

100% CCR0/1
No CRS

81.2% CCR0/1
No CRS

CRS

Synchr. PM; acute present.
Synchr. PM; elective present.

MMC-based HIPEC
OXL-based HIPEC

MMC-based HIPEC
OXL-based HIPEC

OXL ± IRI

MMC

MMC + CDDP

MMC or OXL

MMC or OXL

Synchr. PM; early HIPEC
Synchr. PM; delayed HIPEC

MMC + CDDP

MMC or OXL

OXL

MMC + OXL or IRI

OXL-based HIPEC
OXL + IRI-based HIPEC

Various

MMC
No HIPEC, only s-CT

Various

OXL ± IRI
No HIPEC, only s-CT

MMC
No HIPEC, only s-CT

HIPEC

16.2

33
61

NR
NR

NR

22.9

44.9

89

18

NR
NR

NR

41
1

22.7

58.5

48.5

19.0

NR
NR

45

63.0
95.7

21.6

Follow-up
(mos.)

32.1
36.1

37.1
26.5

32.7
31.4

39.0

27.0

32.0

33.6

27.0

–
–

24.4

33.0

NR

36.3

40.8
47.0

21.0

34.7
16.8

30.1

62.7
23.9

22.3
12.6

1

Median
OS (mos )

2

1

5

–
–

54.0
41.1

–
–

39.0

NS

43.2

26.0

NR

46.0
48.0 2

23.4

31.0

88.7

33.0

41.8
42.4

36.0

–
–

27.0

51.0
13.0

5-year
OS (%)

NS

0.32

0.042

NS

NS

>0.001

<0.005

0.032

P value

25.0
22.1

48.7
35.7

–
–

21.6

24.8

23.8

23.0

34.9

32.8
35.0

17.6

34.5

52.1

21.8

34.9
52.4

27.4

–
–

33.8

–
–

–
–

1

2

Major morb.
(%)

0
1.8

–
–

–
–

5.8

0.8

3. 0

5.4

2.4

0.7

3.3 1

0

3.8

2.3
4.9

2.7

–
–

3.3

–
–

8%
–

Death
(%)

CRS: cytoreductive surgery; HIPEC: hyperthermic intraperitoneal chemotherapy; OS: overall survival; CCR 0:: no visible residual disease; CCR 1: residual disease ≤2.5mm; 5FU:
5-fluorouracil; MMC: mitomycin-C; CDDP: cisplatin; OXL: oxaliplatin; IRI: irinotecan; NR: not reported; NS: not significant; *: multi-institutional trial; 1. calculated in the overall series of
996 patients with either colorectal or appendiceal tumor; 2: all-grade complication rate; 7: median OS was 48 in 27 patients with CCR 0/1 and PCI>15, and 15 months in 23 patients with
CCR 2/3 or PCI>15.

2014

133

2014

International* 49

101

2014

139

93

2014

2014

42

166

2014

52
20

2013

Villejuiff, FR 35

Eindhoven, ND

Milan, IT

45

44

52

Wake-Forest, SC

Ghent, BE 43

Eindhoven, ND

Osaka, JPN 47

146

660

2013

The Netherlands*

2013

48

2012

Belgium*

131

2012

43
103

48

2011

Villejuiff
Montpellier, FR 54

146

48
48

Lyon, FR 40

2011

Italy* 43

46

67
38

2010

Pittsburgh, PA

523

2010

France* 38

15

2009

France* 39

54
51

2003

Amsterdam, ND 5

Pts
(n.)

Publ.
year

Center (ref.)

Table 1. Selected series of CRS/HIPEC for colorectalperitoneal metastases

D. Baratti, Sh. Kusamura, M. Guaglio, M. Deraco

15

D. Baratti, Sh. Kusamura, M. Guaglio, M. Deraco

References
1. Torre L.A., Bray F., Siegel R.L., Ferlay J., LortetTieulent J., Jemal A. Global cancer statistics, 2012. CA Cancer J Clin.
2015. [Epub ahead of print]. doi: 10.3322/caac.21262. Epub 2015 Feb 4. PMID: 25651787.
2. Brenner H., Kloor M., Pox C.P. Colorectal cancer. Lancet. 2014; 383: 1490502. doi: 10.1016/S01406736(13)616499.
Epub 2013 Nov 11. PMID: 24225001.
3. Sugarbaker P.H., Ryan D.P. Cytoreductive surgery plus hyperthermic perioperative chemotherapy to treat
peritoneal metastases from colorectal cancer: standard of care or an experimental approach? Lancet Oncol.
2012;13:e3629.
4. Sugarbaker P.H. Peritonectomy procedures. Ann Surg.1995; 221: 2942.
5. Verwaal V.J., van Ruth S., de Bree E., van Sloothen G.W., van Tinteren H., Boot H. et al. Randomized trial of cytoreduction and hyperthermic intraperitoneal chemotherapy versus systemic chemotherapy and palliative surgery
in patients with peritoneal carcinomatosis of colorectal cancer. J Clin Oncol. 2003; 21: 3737–43. doi: 10.1200/
JCO.2003.04.187. PMID: 14551293.
6. Weber T., Roitman M., Link K.H. Current status of cytoreductive surgery with hyperthermic intraperitoneal
chemotherapy in patients with peritoneal carcinomatosis from colorectal cancer. Clin Colorectal Cancer. 2012; 11:
16776. doi: 10.1016/j.clcc.2012.01.001. Epub 2012 Mar 6. PMID: 22397952.
7. Segelman J., Granath F., Holm T., Machado M., Mahteme H., Martling A. Incidence, prevalence and risk factors for
peritoneal carcinomatosis from colorectal cancer. Br J Surg. 2012; 99: 699–705.
8. Lemmens V.E., Klaver Y.L., Verwaal V.J., Rutten H.J., Coebergh J.W., de Hingh I.H. Predictors and survival of synchronous peritoneal carcinomatosis of colorectal origin: a populationbased study. Int J Cancer. 2011; 128: 271725.
9. van Gestel Y.R., Thomassen I., Lemmens V.E., Pruijt J.F., van HerkSukel M.P., Rutten H.J., et al. Metachronous peritoneal carcinomatosis after curative treatment of colorectal cancer. Eur J Surg Oncol. 2014; 40: 9639.
10. Koppe M.J., Boerman O.C., Oyen W.J., Bleichrodt R.P. Peritoneal carcinomatosis of colorectal origin: incidence
and current treatment strategies. Ann Surg. 2006; 243: 21222. doi: 10.1097/01.sla.0000197702.46394.16. PMID:
16432354.
11. Loupakis F., Cremolini C., Masi G., Lonardi S., Zagonel V., Salvatore L. et al. Initial therapy with FOLFOXIRI and
bevacizumab for metastatic colorectal cancer. N Engl J Med. 2014; 371: 160918.
12. Jayne D.G., Fook S., Loi C., SeowChoen F. Peritoneal carcinomatosis from colorectal cancer. Br J Surg. 2002; 89:
154550. doi: 10.1046/j.13652168.2002.02274.x. PMID: 12445064.
13. Sadeghi B., Arvieux C., Glehen O., Beaujard A.C., Rivoire M., Baulieux J., et al. Peritoneal carcinomatosis from
nongynecologic malignancies: results of the EVOCAPE 1 multicentric prospective study. Cancer. 2000; 88: 35863.
14. Chu D.Z., Lang N.P., Thompson C., Osteen P.K., Westbrook K.C. Peritoneal carcinomatosis in nongynecological
malignancies. A prospective study of prognostic factors. Cancer. 1989; 63: 3647. PMID: 2910444.
15. Franko J., Ibrahim Z., Gusani N.J., Holtzman M.P., Bartlett D.L., Zeh H.J. 3rd. Cytoreductive surgery and hyperthermic intraperitoneal chemoperfusion versus systemic chemotherapy alone for colorectal peritoneal carcinomatosis.
Cancer. 2010; 116: 3756–62. doi: 10.1002/cncr.25116. PMID: 20564081.
16. Pelz J.O., Chua T.C., Esquivel J., Stojadinovic A., Doerfer J., Morris D.L., et al. Evaluation of best supportive care
and systemic chemotherapy as treatment stratified according to the retrospective peritoneal surface disease severity
score (PSDSS) for peritoneal carcinomatosis of colorectal origin. BMC Cancer. 2010; 10: 689.
17. Chua T.C., Morris D.L., Saxena A., Esquivel J., Liauw W., Doerfer J., et al. Influence of modern systemic therapies
as adjunct to cytoreduction and perioperative intraperitoneal chemotherapy for patients with colorectal peritoneal
carcinomatosis: a multicenter study. Ann Surg Oncol. 2011; 18: 15607. doi: 10.1245/s1043401015221. Epub 2011 Jan
4. PMID: 21203904.
18. Franko J., Shi Q., Goldman C.D., Pockage B., Nelson B., Goldberg R. et al. Treatment of colorectal peritoneal
carcinomatosis with systemic chemotherapy: a pooled analysis of north central cancer treatment group phase III
trials N9741 and N9841. J Clin Oncol. 2012; 30: 2637.
19. Klaver Y.L., Simkens L.H., Lemmens V.E., Koopman M., Teerenstra S., Bleichrodt R.P., et al. Outcomes of colorectal
cancer patients with peritoneal carcinomatosis treated with chemotherapy with and without targeted therapy. Eur
J Surg Oncol. 2012; 38: 61723. doi: 10.1016/j.ejso.2012.03.008. Epub 2012 May 8. PMID: 22572106.
20. Klaver Y.L., Leenders B.J., Creemers G.J., Rutten H.J., Verwaal V.J., Lemmens V.E., et a. Addition of biological therapies to palliative chemotherapy prolongs survival in patients with peritoneal carcinomatosis of colorectal origin.
Am J Clin Oncol. 2013; 36: 15761.
21. Zani S., Papalezova K., Stinnett S., Tyler D., Hsu D., Blazer D.G. 3rd. Modest advances in survival for patients
with colorectalassociated peritoneal carcinomatosis in the era of modern chemotherapy. J Surg Oncol. 2013; 107:
30711.
22. Deraco M., Baratti D., Kusamura S., Laterza B., Balestra M.R. Surgical technique of parietal and visceral peritonectomy for peritoneal surface malignancies. J Surg Oncol, 2009; 100: 3218. doi: 10.1002/jso.21388. PMID: 19697439.
23. Jaquet P., Sugarbaker P.H. Current methodologies for clinical assessment of patients with peritoneal carcinomatosi. J Exp Clin Cancer Res. 1996; 15: 4958.
24. GonzálezMoreno S., GonzálezBayón L., OrtegaPérez G. Hyperthermic intraperitoneal chemotherapy: methodology and safety considerations. Surg Oncol Clin N Am. 2012t; 21: 54357.

16

Т. 18, №С-1 – 2017

D. Baratti, Sh. Kusamura, M. Guaglio, M. Deraco
25. Van der Speeten K., Stuart O.A., Sugarbaker P.H. Pharmacology of perioperative intraperitoneal and intravenous
chemotherapy in patients with peritoneal surface malignancy. Surg Oncol Clin N Am. 2012; 21: 57797.
26. Kusamura S., Elias D., Baratti D., Younan R., Deraco M. Drugs, carrier solutions and temperature in hyperthermic
intraperitoneal chemotherapy. J Surg Oncol. 2008; 98: 24752.
27. Van Ruth S., Verwaal V.J., Zoetmulder F.A.N. Pharmacokinetics of intraperitoneal mitomycin. C Surg Oncol Clin
N Am. 2003; 12: 77180.
28. Elias D., Bonnay M., Puizillou J., Antoun S., Demrdijan S., El O.A., et al. Heated intraoperative intraperitoneal
oxaliplatin after complete resection of peritoneal carcinomatosis: pharmacokinetic and tissue distribution. Ann
Oncol, 2002; 13: 26772.
29. Elias D., Matsuhisa T., Sideris L., Liberale G., DrurradTroalen L., Ranard B., et al. Heated intraoperative intraperitoneal oxaliplatin plus irinotecan after complete resection of peritoneal carcinomatosis: pharmacokinetics, tissue
distribution and tolerance. Ann Oncol 2004; 15: 155865.
30. Baratti D., Scivales A., Balestra M.R., Ponzi P., Di Stasi F., Kusamura S., et al. Cost analysis of the combined procedure of cytoreductive surgery and hyperthermic intraperitoneal chemotherapy (HIPEC). Eur J Surg Oncol. 2010;
36: 4639.
31. Chua T.C., Yan T.D., Saxena A., Morris D.L. Should the treatment of peritoneal carcinomatosis by cytoreductive surgery and hyperthermic intraperitoneal chemotherapy still be regarded as a highly morbid procedure?: a systematic review of morbidity and mortality. Ann Surg. 2009; 249: 9007. doi: 10.1097/SLA.0b013e3181a45d86. PMID:
19474692.
32. GonzálezMoreno S., GonzálezBayón L., OrtegaPérez G., GonzálezHernando C. Imaging of peritoneal carcinomatosis. Cancer J. 2009; 15: 1849.
33. Yan T.D., Haveric N., Carmignani C.P., Chang D., Sugarbaker P.H. Abdominal computed tomography scans in
the selection of patients with malignant peritoneal mesothelioma for comprehensive treatment with cytoreductive
surgery and perioperative intraperitoneal chemotherapy. Cancer. 2005; 103: 83949.
34. Low R.N., Barone R.M., Lucero J. Comparison of MRI and CT for Predicting the Peritoneal Cancer Index (PCI)
Preoperatively in Patients Being Considered for Cytoreductive Surgical Procedures. Ann Surg Oncol. 2015; 22: 170815.
doi: 10.1245/s1043401440417. Epub 2014 Sep 9. PMID: 25201499.
35. Elias D., Mariani A., Cloutier A.S., Blot F., Goéré D., Dumont F., et al. Modified selection criteria for complete
cytoreductive surgery plus HIPEC based on peritoneal cancer index and small bowel involvement for peritoneal
carcinomatosis of colorectal origin. Eur J Surg Oncol. 2014; 40: 146773.
36. Goéré D., Souadka A., Faron M., Cloutier A.S., Viana B., Honoré C., et al. Extent of Colorectal Peritoneal Carcinomatosis: Attempt to Define a Threshold Above Which HIPEC Does Not Offer Survival Benefit: A Comparative Study.
Ann Surg Oncol. 2015; 22: 295864.
37. van Oudheusden T.R., Braam H.J., Nienhuijs S.W., Wiezer M.J., van Ramshorst B., Luyer P., et al. Poor outcome
after cytoreductive surgery and HIPEC for colorectal peritoneal carcinomatosis with signet ring cell histology. J Surg
Oncol. 2015; 111: 23742. doi: 10.1002/jso.23784. Epub 2014 Sep 5. PMID: 25195780.
38. Elias D., Gilly F., Boutitie F., Quenet F., Bereder J.M., Masvelt B., et al. Peritoneal colorectal carcinomatosis treated
with surgery and perioperative intraperitoneal chemotherapy: Retrospective analysis of 523 patients from a multicenteric French study. J Clin Oncol 2010; 28: 6368.
39. Elias D., Lefevre J.H., Chevalier J., Brouquet A., Marchal F., Classe J.M., et al. Complete cytoreductive surgery plus
intraperitoneal chemohyperthermia with oxaliplatin for peritoneal carcinomatosis of colorectal origin. J Clin Oncol.
2009; 27: 6815. doi: 10.1200/JCO.2008.19.7160. Epub 2008 Dec 22. PMID: 19103728.
40. Passot G., Vaudoyer D., Cotte E., You B., Isaac S., Gilly N.F., et al. Progression following neoadjuvant systemic
chemotherapy may not be a contraindication to a curative approach for colorectal carcinomatosis. Ann Surg. 2012;
256: 1259.
41. Sommariva A., Zagonel V., Rossi C.R. The role of laparoscopy in peritoneal surface malignancies selected for
hyperthermic intraperitoneal chemotherapy (HIPEC). Ann Surg Oncol 2012; 19: 373744.
42. Ceelen W., Van Nieuwenhove Y., Putte D.V., Pattyn P. Neoadjuvant chemotherapy with bevacizumab may improve
outcome after cytoreduction and hyperthermic intraperitoneal chemoperfusion (HIPEC) for colorectal carcinomatosis.
Ann Surg Oncol. 2014; 21: 30238. doi: 10.1245/s1043401437137. Epub 2014 Apr 23. PMID: 24756812.
43. Blackham A.U., Russell G.B., Stewart J.H. 4th, Votanopoulos K., Levine E.A., Shen P. Metastatic colorectal cancer:
survival comparison of hepatic resection versus cytoreductive surgery and hyperthermic intraperitoneal chemotherapy.
Ann Surg Oncol. 2014; 21: 266774.
44. Baratti D., Kusamura S., Iusco D., Bonomi S., Grassi A., Virzì S., et al. Postoperative complications after cytoreductive surgery and hyperthermic intraperitoneal chemotherapy affect longterm outcome of patients with peritoneal
metastases from colorectal cancer: a twocenter study of 101 patients. Dis Colon Rectum. 2014; 57: 85868. doi: 10.1097/
DCR.0000000000000149. PMID: 24901687.
45. Kuijpers A.M., Mirck B., Aalbers A.G., Nienhuijs S.W., de Hingh I.H., Wiezer M.J., et al. Cytoreduction and HIPEC in
the Netherlands: nationwide longterm outcome following the Dutch protocol. Ann Surg Oncol. 2013; 20: 422430.
46. Yonemura Y., Canbay E., Ishibashi H. Prognostic factors of peritoneal metastases from colorectal cancer following cytoreductive surgery and perioperative chemotherapy. ScientificWorldJournal. 2013; 2013: 978394. doi:
10.1155/2013/978394. Print 2013. PMID: 23710154.

Т. 18, №С-1 – 2017

17

D. Baratti, Sh. Kusamura, M. Guaglio, M. Deraco
47. Hompes D., D’Hoore A., Van Cutsem E., Fieuws S., Ceelen W., Peeters M., et al. The treatment of peritoneal carcinomatosis of colorectal cancer with complete cytoreductive surgery and hyperthermic intraperitoneal peroperative
chemotherapy (HIPEC) with oxaliplatin: a Belgian multicentre prospective phase II clinical study. Ann Surg Oncol.
2012; 19: 218694.
48. Cavaliere F., De Simone M., Virzì S., Deraco M., Rossi C.R., Garofalo A., et al.. Prognostic factors and oncologic
outcome in 146 patients with colorectal peritoneal carcinomatosis treated with cytoreductive surgery combined with
hyperthermic intraperitoneal chemotherapy: Italian multicenter study S.I.T.I.L.O. Eur J Surg Oncol. 2011; 37: 14854.
doi: 10.1016/j.ejso.2010.10.014. Epub 2010 Nov 18. PMID: 21093205.
49. PradaVillaverde A., Esquivel J., Lowy A.M., Markman M., Chua T., Pelz J., et al. The American Society of Peritoneal
Surface Malignancies evaluation of HIPEC with Mitomycin C versus Oxaliplatin in 539 patients with colon cancer
undergoing a complete cytoreductive surgery. J Surg Oncol. 2014; 110: 77985.
50. van Oudheusden T.R., Braam H.J., Nienhuijs S.W., Wiezer M.J., van Ramshorst B., Luyer M.D., et al. Cytoreduction
and hyperthermic intraperitoneal chemotherapy: a feasible and effective option for colorectal cancer patients after
emergency surgery in the presence of peritoneal carcinomatosis Ann Surg Oncol. 2014; 21: 26216.
51. Hompes D., D’Hoore A., Wolthuis A., Fieuws S., Mirck B., Bruin S., et al. The use of Oxaliplatin or Mitomycin C
in HIPEC treatment for peritoneal carcinomatosis from colorectal cancer: a comparative study. J Surg Oncol. 2014;
109: 52732.
52. Braam H.J., Boerma D., Wiezer M.J., van Ramshorst B. Hyperthermic intraperitoneal chemotherapy during
primary tumour resection limits extent of bowel resection compared to twostage treatment. Eur J Surg Oncol. 2013;
39: 98893. doi: 10.1016/j.ejso.2013.06.002. Epub 2013 Jun 28. PMID: 23810334.
53. Quenet F., Goéré D., Mehta S.S., Roca L., Dumont F., Hessissen M., et al. Results of two biinstitutional prospective
studies using intraperitoneal oxaliplatin with or without irinotecan during HIPEC after cytoreductive surgery for
colorectal carcinomatosis. Ann Surg. 2011; 254: 294301.
54. Glehen O., Kwiatkowski F., Sugarbaker P.H., Elias D., Levine E.A., De Simone M., et al. Cytoreductive surgery
combined with perioperative intraperitoneal chemotherapy for the management of peritoneal carcinomatosis from
colorectal cancer: a multiinstitutional study. J Clin Oncol. 2004; 22: 32843292. doi: 10.1200/JCO.2004.10.012. PMID:
15310771.
55. Maggiori L., Goéré D., Viana B., Tzanis D., Dumont F., Honoré C., et al. Should patients with peritoneal carcinomatosis of colorectal origin with synchronous liver metastases be treated with a curative intent? A casecontrol
study. Ann Surg. 2013; 258: 11621.
56. de Cuba E.M.V., Kwakman R., Knol D.L., Bonjer H.J., Meijer G.A., te Velde E.A. Cytoreductive surgery and HIPEC
for peritoneal metastases combined with curative treatment of colorectal liver metastases. Systematic review of all
literature and metaanalysis of observational studies. Cancer Treatment Reviews. 2013; 39: 3217.
57. Elias D., Benizri E., Pocard M., Ducreux M., Boige V., Lasser P. Treatment of synchronous peritoneal carcinomatosis
and liver metastases from colorectal cancer. Eur J Surg Oncol. 2006; 32: 632–636. doi: 10.1016/j.ejso.2006.03.013.
PMID: 16621428.
58. Elias D., Faron M., Goéré D., Dumont F., Honoré C., Boige V., et al. A simple tumor loadbased nomogram for
surgery in patients with colorectal liver and peritoneal metastases. Ann Surg Oncol. 2014; 2: 20528.
59. Elias D., Honoré C., Dumont F., Ducreux M., Boige V., Malka D., et al Results of systematic secondlook surgery
plus HIPEC in asymptomatic patients presenting a high risk of developing colorectal peritoneal carcinomatosis. Ann
Surg. 2011; 254: 28993. doi: 10.1097/SLA.0b013e31822638f6. PMID: 21709543.
60. Sammartino P., Sibio S., Biacchi D., Cardi M., Accarpio F., Mingazzini P., et al. Prevention of Peritoneal Metastases
from Colon Cancer in HighRisk Patients: Preliminary Results of Surgery plus Prophylactic HIPEC. Gastroenterol Res
Pract. 2012; 2012: 141585.
61. Baratti D., Kusamura S., Iusco D., Gimondi S., Pietrantonio F., Milione M., et al. Hyperthermic Intraperitoneal
Chemotherapy (HIPEC) at the Time of Primary Curative Surgery in Patients with Colorectal Cancer at High Risk for
Metachronous Peritoneal Metastases. Ann Surg Oncol. 2016 Aug 12. [Epub ahead of print]. doi: 10.1245/s10434016
54885. Epub 2016 Aug 12. PMID: 27519353.
62. Sloothaak D.A., Gardenbroek T.J., Crezee J., Bemelman W.A., Punt C.J., Buskens C.J. et al. Feasibility of adjuvant
laparoscopic hyperthermic intraperitoneal chemotherapy in a short stay setting in patients with colorectal cancer
at high risk of peritoneal carcinomatosis. Eur J Surg Oncol. 2014; 40: 145358.
63. Kusamura S., Baratti D., Deraco M. Multidimensional analysis of the learning curve for cytoreductive surgery
and hyperthermic intraperitoneal chemotherapy in peritoneal surface malignancies. Ann Surg. 2012; 255: 34856. doi:
10.1097/SLA.0b013e3182436c28. PMID: 22202584.
64. Seretis C., Youssef H. Quality of life after cytoreductive surgery and intraoperative hyperthermic intraperitoneal chemotherapy for peritoneal surface malignancies: a systematic review. Eur J Surg Oncol. 2014; 40: 160513. doi:
10.1016/j.ejso.2014.08.477. Epub 2014 Sep 6. PMID: 25242382.
65. Shan L.L., Saxena A., Shan B.L., Morris D.L. Quality of life after cytoreductive surgery and hyperthermic intra
peritoneal chemotherapy for peritoneal carcinomatosis: A systematic review and metaanalysis. Surg Oncol. 2014; 23:
199210. doi: 10.1016/j.suronc.2014.10.002. Epub 2014 Oct 28. PMID: 25466850.

18

Т. 18, №С-1 – 2017

