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Background: Peritoneal carcinomatosis (PC) of colorectal cancer (CRC) origin is associated with poor outcome. This systematic
review evaluates the available evidence about adjuvant (hyperthermic) intraperitoneal chemotherapy ((H)IPEC) to prevent the
development of PC.

Methods: A systematic search of literature was conducted in August 2013 in PubMed, Embase, and the Cochrane database for
studies on (H)IPEC to prevent PC in patients who underwent curative surgery for primary CRC.

Results: Seven comparative studies and five cohort studies were selected. Treatment schedules varied between repeated
fluoropyrimidine-based IPEC administration in the ambulatory setting to intra-operative (H)IPEC procedures using mitomycin-C or
oxaliplatin. The reported rates of major complications related to adjuvant (H)IPEC was low. Four out of five evaluable comparative
studies reported a significant difference in the incidence of PC in favour of (H)IPEC. All three comparative studies reporting on
survival after intra-operative (H)IPEC showed a significant survival benefit in favour of the experimental arm. Substantial
heterogeneity in patient selection, treatment protocols, and treatment effect evaluation among studies was observed.

Conclusions: The currently available evidence about adjuvant (H)IPEC in high-risk CRC is limited and subject to bias, but points
towards improved oncological outcome and supports further randomised studies.

The abdominal cavity is the second most common site of
recurrence in patients with colorectal cancer (CRC) (Brodsky and
Cohen, 1991). Peritoneal carcinomatosis (PC) is detected
synchronously during primary resection in about 5% and
develops metachronously in 4–19% of patients (Koppe et al,
2006; Lemmens et al, 2011; Segelman et al, 2012). The reported
incidence of PC found at autopsy of patients who died from CRC
ranges between 40 and 80% (Koppe et al, 2006). Because PC
is difficult to diagnose, the true incidence of metachronous PC is
not exactly known.

At the time PC is clinically manifest, only palliative treatment
options remain in the majority of patients. However, modern systemic
therapy is not as effective for PC as for liver metastases or other
distant metastases (Franko et al, 2012; Klaver et al, 2012). A recent
study reported a median survival for PC of CRC origin of 5 months if
no chemotherapy was given, and 11–12 months for 5-fluorouracil/
leucovorin (5FU/LV) and oxaliplatin/irinotecan-based systemic
chemotherapy (Pelz et al, 2010). In selected patients with PC of
CRC origin, cytoreductive surgery (CRS) with hyperthermic
intraperitoneal chemotherapy (HIPEC) offers the only curative
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treatment option. The efficacy and the morbidity of this multimodality
treatment highly depends on the extent of peritoneal dissemination,
particularly patients with low-volume peritoneal disease and no
evidence of systemic spread benefit from CRS/HIPEC (Verwaal et al,
2003; Glehen et al, 2004; Elias et al, 2009; Honore et al, 2013).

It seems more effective to treat patients with a high risk of
developing PC, such as pT4 or perforated stages II or III CRC.
Prophylactic (adjuvant) (H)IPEC might prevent the outgrowth of
residual intraperitoneal tumour cells into macroscopic PC in such
patients (Hompes et al, 2012; Honore et al, 2013). Several
investigators have tried to treat PC at a clinically occult stage
starting in the 1980s (Speyer et al, 1981). Adjuvant intraperitoneal
5FU showed a variable efficacy and did not gain any interest in the
oncological community for several years. More recently, success of
CRS/HIPEC in treating macroscopic PC renewed the interest in
the potential role of adjuvant (H)IPEC. The aim of this systematic
review is to evaluate the evidence that is currently available for
adjuvant (H)IPEC to prevent PC in high-risk CRC patients.

MATERIALS AND METHODS

Search strategy. In August 2013, a systematic search of published
literature was conducted in PubMed, Embase, and Cochrane
databases. Combinations of the following search terms were used
to identify relevant studies: ‘intraperitoneal chemotherapy’,
‘intraperitoneal 5fu’, intraperitoneal chemoperfusion’, ‘epic’,
‘hipec’, ‘advanced colon cancer’, ‘advanced CRC’, ‘peritoneal
neoplasms’, ‘peritoneal metastases’, ‘peritoneal metastasis’, ‘cyto-
reductive’, ‘resection’, ‘surgery’ (Supplementary Information I). No
language or publication restrictions were applied.

Selection criteria. Titles and abstracts were screened for eligibility
by two independent researchers (BM and DAMS). All studies on
intraperitoneal chemotherapy as adjuvant treatment for CRC were
considered eligible; other malignancies including appendiceal
tumours were excluded. Duplicates, conference abstracts, studies
about treatment of macroscopic PC instead of prevention of PC
and animal studies were excluded as well. In case of disagreement
about abstracts, the full text was examined and a decision for
eligibility was made in consensus between the two researchers. In
case of overlapping cohorts, full texts were obtained to select the
most informative article for inclusion. Studies were considered
eligible for inclusion if primary data were provided, regardless of
the described end point (e.g., feasibility, toxicity, or survival).

Data analysis and quality of included studies. Methodological
quality of the studies was assessed by two independent researchers
(BM and DAMS) based on the quality assessment tools provided
by the Dutch Cochrane Centre (Dutch Cochrane Center, 2014a, b).
Studies were categorised as comparative studies or cohort studies.
For each article, the following data were collected: year of
publication, number of patients, design of the study, aim of the
study, patient inclusion criteria, technical and pharmacological
aspects of (H)IPEC, timing of (H)IPEC, dosage, type and timing of
adjuvant systemic chemotherapy, procedure-related morbidity and
mortality of (H)IPEC, follow-up, peritoneal recurrence rate, overall
survival, and disease-free survival. A meta-analysis was not
intended because of the expected heterogeneity within studies. A
descriptive method was used to analyse the available data.

RESULTS

Out of 1414 search results, 1387 studies were excluded based on
title and abstract. Full text of the remaining 27 studies was screened
for eligibility. Studies that included patients after CRS for known

PC were excluded, as well as one randomised controlled trial
(RCT) in which regional adjuvant treatment consisted of either
intraperitoneal or intraportal chemotherapy (Nordlinger et al,
2005). Because the two regional treatment modalities were not
analysed as separate groups, the study was excluded from this
review. A total of 12 studies reporting on the use of adjuvant
(H)IPEC in high-risk CRC patients were identified Figure 1.
Studies were categorised as comparative studies (n¼ 7) (Tables 1
and 2) and prospective cohort studies (n¼ 5) (Tables 3 and 4).
Among the comparative studies, four RCTs (Sugarbaker et al, 1985;
Graf et al, 1994; Scheithauer et al, 1998; Vaillant et al, 2000), two
non-randomised comparative studies (Noura et al, 2011; Tentes
et al, 2011), and one case-control study were identified
(Sammartino et al, 2012).

The oldest of the selected articles was published in 1985
(Sugarbaker et al, 1985), and the most recent publication dated
from 2012 (Sammartino et al, 2012). The largest comparative study
included 267 patients (Vaillant et al, 2000), and the largest cohort
study included 87 patients (Lygidakis et al, 2010). In total, adjuvant
(H)IPEC was administered in 463 patients. Five studies confined
their inclusion to colon cancer patients only (Kelsen et al, 1994;
Scheithauer et al, 1998; Palermo et al, 2000; Vaillant et al, 2000;
Seymour et al, 2008; Sammartino et al, 2012), whereas most studies
did not exclude rectal cancer patients. One study included only rectal
cancer patients (Lygidakis et al, 2010). Of the seven comparative
studies, two studies were considered to have a low risk of bias (Graf
et al, 1994; Scheithauer et al, 1998), two studies a high risk of bias
(Sugarbaker et al, 1985; Tentes et al, 2011), and three studies an
intermediate risk of bias (Vaillant et al, 2000; Noura et al, 2011;
Sammartino et al, 2012). All cohort studies were considered to have
a high risk of bias (Supplementary Information II).

Criteria for the inclusion of patients. Nodal-positive disease and/
or T4 tumours were reported as inclusion criteria in most studies
(Sugarbaker et al, 1985; Kelsen et al, 1994; Scheithauer et al, 1998;
Palermo et al, 2000; Vaillant et al, 2000; Chouillard et al, 2009;
Lygidakis et al, 2010). Three studies included all patients with T3
or T4 tumours, regardless of nodal status (Seymour et al, 2008;

PubMed, Embase, Cochrane
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Articles for full text
assessment:
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Exclusion based on title
and abstract screening:
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Exclusion based on full 
text screening: n =16
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Eligible articles:
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Figure 1. Flow chart of systematic search.
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Table 1. Characteristics of randomised and non-randomised comparative studies

Author, year,
design Inclusion criteria n

Interval
after
resection

Drug, dosage,
administration route

Duration and
frequency

Methods
of i.p.

administration
Sugarbaker
et al, 1985
RCT

Colorectal cancer
Nþ , T4, obstruction,
perforation, age o30
years

36 2 months i.p. 5FU 1040 mg; Daily for 5 days every month;
12 cycles

IPC

30 2 months i.v. 5FU 12 mg kg� 1 Daily for 5 days every month;
12 cycles

Graf et al,
1994
RCT

Colorectal cancer
electively operated with
curative intent, exclusion
of stage I

50 1 day after surgery i.p. 5FU 500 mg m� 2 per day
and i.v. LV 60 mg m� 2 per day

4 h daily for 6 consecutive
days
1 cycle

IPC

50 1 day after surgery i.p. placebo 4 h daily for 6 consecutive
days
1 cycle

IPC

Scheithauer
et al, 1998
RCT

colon cancer
T3/4 and/or Nþ

117 1–5 weeks i.p. LV 200 mg m�2þ i.p. 5FU
350 mg m� 2

i.v. LV 200 mg m�2 and i.v.
5FU 350 mg m� 2

Day 1 and 3 of each i.v. cycle
daily for 4 consecutive days
every 4 weeks, total 6 cycles

IPC

119 1–5 weeks p.o. LE 50 mg m�2 and i.v.
5FU 450 mg m� 2

Three times daily for 3 days
every 2 weeks;
daily for 5 days, 2nd course
after 4 weeks, weekly
thereafter
total 6 cycles

Vaillant et al,
2000
RCT

Colon cancer
T3/4 and/or Nþ

133 4–14 days i.p. 5FU 600 mg m� 2

i.v. 1 g 5FU
3 h daily for 6 consecutive
days;
1 cycle
Once during surgery

IPC

134 No chemotherapy

Noura et al,
2011
CS

Colorectal cancer
positive peritoneal
lavage

31a Simultaneous
with primary
tumour resection

i.p. MMC 20 mg
T¼ 37 1C; t¼ 1 h
i.v. 5FU/LV or
p.o. 5FU derivates (n¼ 23)

Once during surgery
Schedule not specified

Closed IPEC
procedure

22 i.v. 5FU/LV orp.o. 5FU
derivates (n¼ 19)

Schedule not specified

Tentes et al,
2011
CS

Colorectal cancer
T3/4

40 Simultaneous
with primary
tumour resection

i.p. MMC 15 mg m�2

T¼ 42.5–43 1C t¼ 90 minor
Ox 130 mg m�2

T¼ 42.5–43 1C t¼ 60 min
i.v. 5FU/LV in Stage III/IV

Once during surgery
6 cycles

Open HIPEC
procedure

67 1 day i.p. 5FU 600 mg m� 2

i.v. 5FU/LV in
Stage III/IV)

23 h daily for 5 consecutive
days;
1 cycle
6 cycles

IPC

Sammartino et al,
2012
matched CS

Colon cancer
T3/4NxM0, perforation
(regardless of tumour
stage), signet cell or
mucinous
tumours

25 Simultaneous with
primary tumour
resection (with
appendectomy,
omentectomy, resection
of the round hepatic
ligament, and bilateral
ovariectomy)

i.p. Ox 460 mg m�2

T¼ 43 1C t¼ 30 min
i.v. 5FU 400 mg m�2þ LV
20 mg m� 2

i.v. 5FU/Ox (n¼ 13)

Once during surgery
not specified

Open HIPEC
procedure

50 i.v. 5FU/Ox (n¼ 23) Not specified

Abbreviations: CS¼non-randomised comparitive study; 5FU¼ fluorouracil; (H)IPEC¼ (hyperthermic) intraperitoneal chemotherapy; i.p.¼ intraperitoneal; IPC¼ intraperitoneal catheter;
i.v.¼ intravenous; LE¼ levamisole; LV¼ leucovorin; MMC¼mitomycine-C; Ox¼oxaliplatin; p.o.¼oral; RCT¼ randomised controlled trial; T¼ temperature of intraperitoneal infusion; t¼
duration of infusion.
aSelection based on general patient status and invasiveness of surgery. Intraperitoneal catheter simultaneously placed with primary tumour resection or via a percutaneous approach, with or
without a subcutaneous reservoir.
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Table 2. End points in comparative studies

Author Group
Overall/disease-free

survival

Peritoneal
recurrence

rate Complications

Treatment-
related

mortality Tolerance

Sugarbaker

et al, 1985

Median overall survival

(months)

Serious complications (n) Dose-limiting events

i.p. 5FU 46.3 20% 15 nr Mucositis 25%, leucocyte

suppression 60%,

abdominal discomfort

abdominal pain

i.v. 5FU 47.5 91% 16 nr Mucositis 40%, leucocyte

suppression 20%,

abdominal discomfort

abdominal pain

P-value NSa 0.003b nr nr nr

Graf et al,

1994

Post-operative

complications (n)

In hospital or

within 30 days (n)

Tolerance

i.p. 5FUþ i.v.

LV

nr nr 11 0 Nausea 5%, diarrhoea 2%,

allergic reaction 2%,

infusion-connected pain

i.p. placebo nr nr 15 0 Nausea 15%, diarrhoea 7%,

allergic reaction 0%,

infusion-connected pain

P-value nr nr nr nr

Scheithauer

et al, 1998

Actuarial 4-year survival

rate

4 years Life-threateningside

effects (n)

Treatment-

related death (n)

Severe treatment-

associated side effects

i.p.þ i.v. 5FU/

LV

83% 8% 0 0 13%

i.v. 5FUþp.o.

LE

65% 21% 0 0 3%

P-value nr 0.005c nr nr 0.01

Vaillant et al,

2000

Actuarial 5-year survival

rate

4 years Post-operative

complications (n)

Post-operative

mortality (n)

i.p. 5FU 74% 8% 26 2 Fair 14.9%

poor 3.3%

no CT 68% 10% 16 0

P-value 0.30a nr nr nr nr

Noura et al,

2011

Actuarial 5-year cancer-

specific survival rate

Actuarial 5-year IPEC-related post-

operative complications

(n)

Post-operative

mortality

Grade 3 complications

related to i.p. lavage

i.p. MMC

þ (i.v. 5FU/

Ox)

54.3% 12% Grade III/IV¼ 1 0 1

(i.v. 5FU/Ox) 9.5% 59.9% Grade III/IV¼ 0 0 0

P-value 0.0001a 0.0003a nr nr nr
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Tentes et al, 2011; Sammartino et al, 2012). One study included all
electively operated patients, with exclusion of patients with stage I
disease (Graf et al, 1994). Additional inclusion criteria were
malignant obstruction or perforation (Sugarbaker et al, 1985;
Kelsen et al, 1994; Chouillard et al, 2009; Sammartino et al, 2012),
positive peritoneal lavage (Chouillard et al, 2009; Noura et al,
2011), CRC under the age of 30 years (Sugarbaker et al, 1985), and
signet cell or mucinous tumours (Sammartino et al, 2012). In three
studies using simultaneous (H)IPEC, eligibility of the patients had
to be determined before or during initial tumour resection.
Selection was based on intra-operative cytology of peritoneal lavage
in the study by Noura et al (2009). Tumour depth (pT stage) and
specific histological features (signet cell or mucinous adenocarci-
noma) were assessed intra-operatively in the study bySammartino
et al (2012). Tentes et al (2011) used clinical T3 or T4 stage as
inclusion criterion; a few patients underwent (H)IPEC for a
pathological T2N0 stage, who were excluded from analysis
afterwards.

Technique, frequency and timing of (H)IPEC. The intraperito-
neal treatment schedules are summarised in Tables 1 and 3 and can
be divided into two main approaches. Initial studies have used
peritoneal catheters with or without a subcutaneous reservoir to
treat patients in an ambulatory setting (seven studies). Later studies
applied (H)IPEC in an intra-operative setting with either a
completely open approach, an open approach with closed
perfusion, or a laparoscopic approach, with or without hyper-
thermia (five studies).

The way of administration was linked to the type of
chemotherapeutic agent. In all studies (Sugarbaker et al, 1985;

Graf et al, 1994; Kelsen et al, 1994; Scheithauer et al, 1998;
Palermo et al, 2000; Vaillant et al, 2000; Seymour et al, 2008) or
study arms (Tentes et al, 2011) with fluoropyrimidine-based
therapy, repetitive sessions of peritoneal chemotherapy admin-
istration were performed through peritoneal catheters (repeated
ambulatory IPEC). In three studies, patients received a single
cycle of daily lavages for several days (Graf et al, 1994; Vaillant
et al, 2000; Tentes et al, 2011), but most studies applied multiple
(monthly) treatment cycles. Treatment with repeated ambulatory
IPEC started the day after surgery in two studies (Graf et al,
1994; Tentes et al, 2011), but was mostly delayed to several days
up to 2 months after primary tumour resection. Catheters were
placed intra-abdominal during initial tumour resection or
inserted percutaneous at a later stage. Catheters were left
in situ during the entire treatment program, unless removal
was indicated by port-site infection or obstruction of the
catheter.

Intra-operative (H)IPEC was used in five studies, all using
mitomycin-C (MMC) and/or oxaliplatin (Chouillard et al, 2009;
Lygidakis et al, 2010; Noura et al, 2011; Tentes et al, 2011;
Sammartino et al, 2012). These procedures were single stage,
except for the study by Lygidakis et al (2010) in which a second
and a third lavage were scheduled after 28 days and 2 years,
respectively. Intra-operative (H)IPEC procedures were performed
during initial tumour resection in three studies, either before or
directly after reconstruction of the continuity of the alimentary
tract. Simultaneous HIPEC was performed by the completely open
HIPEC technique in two studies (Tentes et al, 2011; Sammartino
et al, 2012) and by closed perfusion without hyperthermia in a
third study (Noura et al, 2011). In one of these studies, resection of

Table 2. ( Continued )

Author Group
Overall/disease-free

survival

Peritoneal
recurrence

rate Complications

Treatment-
related

mortality Tolerance

Tentes et al,

2011

Actuarial 3-year survival

rate

nr Overall complications (n) Hospital mortality

(n)

Tolerance

HIPEC, MMC

or Ox

(i.v. 5FU/LV)

100% nr 16 1 nr

i.p. 5FU

(i.v. 5FU/LV)

69% nr 22 9 nr

P-value 0.011a nr 0.05 0.009 nr

Sammartino

et al, 2012

Median disease-free

survival (months)

Grades I–IV (n) HIPEC toxicity

Grade II

HIPEC Ox

(i.v. 5FU/Ox)

36.8 4% Grade I/II¼ 3

Grade III¼0

Grade IV¼1

nr 0

(i.v. 5FU/Ox) 21.9 22% Grade I/II¼ 5

Grade III¼1

Grade IV¼3

nr

P-value o0.01a o0.05b nr nr

Abbreviations: 5FU¼ fluorouracil; HIPEC¼ hyperthermic intraperitoneal chemotherapy; IEPC¼ intraperitoneal chemotherapy; i.p.¼ intraperitoneal; i.v.¼ intravenous; LE¼ levamisole;
LV¼ leucovorin; MMC¼mitomycine-C; nr¼ not reported; NS¼not significant; Ox¼oxaliplatin; p.o.¼oral.
aLog rank test.
bFisher’s exact test.
cw2-test.
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the primary tumour was extended with an appendectomy,
omentectomy, resection of the round hepatic ligament, and
bilateral ovariectomy in women using a completely open HIPEC
technique (Sammartino et al, 2012). Early post-operative HIPEC
using a laparoscopic approach was used in the two remaining
studies at 3–8 weeks from primary tumour resection (Chouillard
et al, 2009; Lygidakis et al, 2010).

(H)IPEC agents and combinations with systemic treatment.
5FU was used as a single chemotherapeutic agent for intraper-
itoneal use in five studies (Sugarbaker et al, 1985; Graf et al,
1994; Palermo et al, 2000; Vaillant et al, 2000; Tentes et al, 2011).
Intraperitoneal LV was used in combination with a fluoropyr-
imidine analogue (e.g., 5FU or floxuridine) in three studies
(Kelsen et al, 1994; Scheithauer et al, 1998; Seymour et al, 2008),
a combination of intraperitoneal 5FU and intravenous LV was
used in one study (Graf et al, 1994), and three studies used
concurrent intraperitoneal and intravenous 5FU administration
either combined with intravenous LV or oral levamisole (Kelsen
et al, 1994; Scheithauer et al, 1998; Seymour et al, 2008). MMC
was exclusively used during (H)IPEC in two studies (Chouillard
et al, 2009; Noura et al, 2011), either MMC or oxaliplatin in one
study (Tentes et al, 2011), and exclusively oxaliplatin in another
study (Sammartino et al, 2012). Lygidakis et al (2010) described
the use of 5FU, oxaliplatin, LV, irinotecan, and MMC, but
chemotherapy schedules were not further specified. Hyperther-
mia was used to potentiate the effect of MMC or oxaliplatin in all
studies, except for the study by Noura et al (2011). The effect of

intraperitoneal oxaliplatin was further potentiated by the
intravenous administration of 5FU/LV just before the start of
the (H)IPEC procedure.

Fluoropyrimidine- or oxaliplatin-based adjuvant systemic treat-
ment was given in addition to adjuvant (H)IPEC in seven studies
(Tables 1 and 3). (H)IPEC was not followed by adjuvant systemic
therapy in four studies (Sugarbaker et al, 1985; Graf et al, 1994;
Palermo et al, 2000; Vaillant et al, 2000). In one of these studies, a
combined adjuvant treatment schedule was used of repeated
ambulatory intraperitoneal 5FU/LV administration and low doses
of radiotherapy (Palermo et al, 2000). In one additional study, the
use of systemic treatment after adjuvant HIPEC was not
mentioned (Chouillard et al, 2009).

Tolerance, morbidity, and mortality of (H)IPEC. The tolerance,
morbidity, and mortality for the different strategies are sum-
marised in Tables 2 and 4. Intolerance of intraperitoneal treatment
was reported as dose-limiting events, failure to complete the
treatment, severe treatment-associated side effects, and grading of
(H)IPEC toxicity. Various grading systems or definitions, such as
post-operative complications, serious complications, and life-
threatening side effects were used for the description of morbidity.

Mortality was defined as treatment-related mortality, in-hospital
mortality, or mortality within 30 days.

Complications such as infection (Seymour et al, 2008), chemical
peritonitis (Sugarbaker et al, 1985; Palermo et al, 2000), diabetes
(Sugarbaker et al, 1985), bowel perforation (Seymour et al, 2008),
abdominal discomfort and pain (Sugarbaker et al, 1985;

Table 3. Characteristics of cohort studies

Author,
year Inclusion criteria n

Interval
after

resection
Drug, dosage,
administration route Duration/frequency

Methods
of i.p.

administration

Kelsen
et al, 1994

Colon cancer
Nþ ; T4 with
obstruction or
perforation, or
resected
intra-abdominal M1

26 2–5 days after
resection

i.p. floxuridine 500 mg m� 2

i.p. LV 120 mg m�2

p.o. levamisol 50 mg

i.v. 5FU bolus 200–450 mg m�2

dose escalation
i.v. 5FU 450 mg m�2 per week

Twice daily for 3 consecutive days
every 2 weeks
3 cycles
3 times a day for 3 days every 2
weeks, total 1 year
During 3rd i.p. cycle, daily for 5 days

Every week, total 1 year

IPC

Palermo
et al, 2000

Colon cancer
T3/4, Nþ

45 nr i.p. 5FU 20 mg kg�1

radiotherapy 150 cGy

Daily 60–90 min for 5 consecutive
days every 4 weeks
6 cycles
Daily for three weeks, 2 cycles with
1 week interval

IPC

Seymour
et al, 2008

Colon cancer
T4

47a Median 57
days

(15–148)

i.p. 5FU 400 mg m� 2

i.p. LV 20 mg m�2

i.v. 5FU/LV

Separate cohorts with frequencies of
once per 4, 3, 2, or 1 week(s)
total 24 weeks

Once every week, max 24 weeks.

IPC

Chouillard
et al, 2009

Colorectal cancer
T4, pN2, perforation
or obstruction
(regardless of
tumour stage); positive
peritoneal lavage

16 5–8weeks i.p. MMC 80 mg m�2: T¼42–
44 1C; t¼35–45 min
adjuvant i.v. treatment not
mentioned

Once Laparoscopic
HIPEC

procedure

Lygidakis
et al, 2010

Rectal cancer
Nþ , neurovascular
involvement

87 22 days i.p. 5FU, Ox, LV, Irinotecan
T¼ 43 1C; t¼ 60 min
i.v. 5FU, Ox, LV, Irinotecan

Second lavage after 25 days and third
lavage after 2 years.
Every month, 4 cycles

Laparoscopic
HIPEC

procedure

Abbreviations: Cis¼ cisplatinum; 5FU¼ fluorouracil; HIPEC¼hyperthermic intraperitoneal chemotherapy; i.p.¼ intraperitoneal; IPC¼ intraperitoneal catheter; i.v.¼ intravenous; LV¼
leucovorin; MMC¼mitomycine-C; Ox¼oxaliplatin; p.o.¼oral; t¼duration of infusion; T¼ temperature of intraperitoneal infusion.
a10 out of 12 colorectal cancer histology in pharmacokinetic study and 37 out of 44 colorectal cancer histology in frequency-escalation study.
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Scheithauer et al, 1998; Vaillant et al, 2000), intestinal obstruction
or ileus (Graf et al, 1994), and intestinal polyposis (Sugarbaker
et al, 1985) were specifically associated with repeated IPEC via
intraperitoneal catheters. Seymour et al (2008) studied the
morbidity of repetitive intraperitoneal treatment with 5FU/LV by
escalating the treatment frequency. The authors found that a
weekly frequency was not tolerated, mostly due to abdominal pain
(Seymour et al, 2008). Specific complications related to operative
(H)IPEC were catheter or port-site problems (such as cellulitis)
(Chouillard et al, 2009; Noura et al, 2011), pancreatitis (Tentes
et al, 2011; Sammartino et al, 2012), and haematological toxicity
with bone marrow aplasia in two patients from one study
(Chouillard et al, 2009). Anastomotic failure was not associated
with (H)IPEC in any of the studies.

Scheithauer et al (1998) reported a severe adverse reaction rate
of 13% in patients that received repeated IPEC with 5FU/LV
compared with 3% in patients that did not receive intraperitoneal
treatment. This was the only study in which (H)IPEC showed a
significantly higher rate of treatment-related side effects compared
with controls. However, the authors concluded that treatment-
associated side effects were infrequent and generally mild.

Graf et al (1994) compared repeated IPEC using 5FU with
repeated IPEC using a placebo. Two patients in the 5FU group
were diagnosed with localised peritonitis vs no patients in the
placebo group. However, intestinal obstruction requiring surgery
and wound infection occurred more often in the placebo group

(1 vs 2 and 4 vs 9, respectively). The overall rate of post-operative
complications was not significantly different between the 5FU and
placebo groups.

In the study of Tentes et al (2011), HIPEC with MMC or
oxaliplatin simultaneously with the primary resection was
compared with early post-operative-repeated IPEC using 5FU via
a peritoneal catheter. Overall complications occurred significantly
more often in the repeated IPEC group. In addition, a significant
difference in hospital mortality rate was reported with 9 out of 67
(13%) deaths in the repeated ambulatory IPEC group compared
with 1 out of 40 (3%) in the intra-operative HIPEC group. Causes
of death were not provided.

Survival and incidence of PC in comparative studies. Onco-
logical outcome parameters were analysed in six out of seven
comparative studies (Table 2; Sugarbaker et al, 1985; Scheithauer
et al, 1998; Vaillant et al, 2000; Noura et al, 2011; Tentes et al,
2011; Sammartino et al, 2012). All three survival studies on
operative (H)IPEC reported a significant impact on either overall
or disease-free survival (Noura et al, 2011; Tentes et al, 2011;
Sammartino et al, 2012). An absolute difference in 5-year cancer-
specific survival of 44.8% was found by Noura et al (2011). Tentes
et al (2011) reported a significant difference in 3-year overall
survival rate of 31.0%, in favour of the operative (H)IPEC group
compared with the IPEC group (100 vs 69%). Sammartino et al
(2012) showed a difference in median disease-free survival of 14.9

Table 4. End points in cohort studies

Author Overall survival
Peritoneal disease
recurrence Complications

Treatment-
related

mortality Tolerance

Kelsen
et al, 1994

nr nr No increase in post-operative
morbidity
1 catheter removed of peritonitis

0% i.p.: Gr3þ
myelosuppression 2/26
i.v. 5FU 300 mg: Gr3þ
myelosuppression 2/7,
Gr3þ mucositis 4/7
i.v. 5FU 400 mg: Gr3þ
myelosuppression 2/3,
Gr3þ mucositis 2/3

Palermo
et al, 2000

Median follow-up
130 months (108–163)
5-year DFS 51%
5-year OS 56%

5/45 (n¼ 4
relaparotomy because
of small bowel
obstruction)

Gr3 chemical peritonitis 7/45
patients, no bacterial peritonitis
Gr3 nausea/vomiting 3/45
Gr4 nausea/vomiting 1/45
Gr3 haematologic toxicity 2/45
Small bowel obstruction 6/45

0% Grade I toxicity¼ 49%
Grade II toxicity¼ 19%
Grade III toxicity¼ 15%
Grade IV toxicity¼2%

Seymour
et al, 2008

nr nr Failure of intraperitoneal access
n¼ 10: initial failure 7 (pain n¼ 3;
leakage n¼2; infection n¼1; bowel
perforation n¼1) secondary failure 3
(leakage n¼1; blockage n¼ 2)
reason for stopping i.p. treatment:
mostly abdominal pain

nr Tolerance per treatment
frequency
i.p. per 4weeks nr
i.p. per 3weeks 87%
i.p. per 2weeks 77%
i.p. per week 0%

Chouillard
et al, 2009

Median follow-up 15.5 months
2/16 colorectal cancer patients
died at the end of FU. 3/14 alive
with distant metastasis

Peritoneal recurrence
rate 0%

Overall n¼ 21
Major n¼ 4
Minor n¼ 11

0% Major:
bone marrow aplasia
n¼ 2
Minor:
low platelet count n¼11,
leucopenia n¼9, fatigue
n¼ 8, nausea n¼7

Lygidakis
et al, 2010

1-year OS 100% 2-year peritoneal
recurrence rate 3%

0 0 No drug toxicity during
hospital stay

Abbreviations: DFS¼disease-free survival; i.p.¼ intraperitoneal; i.v.¼ intravenous; nr¼ not reported; OS¼overall survival.
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months in favour of the operative (H)IPEC group (36.8 vs 21.9
months). From the studies that compare repeated ambulatory
IPEC with no intraperitoneal chemotherapy, Vaillant et al (2000)
and Scheithauer et al (1998) described absolute differences in
overall survival rates of 6.0% and 18.0%, respectively, in favour of
the IPEC groups, but these were not tested for significance. The
study by Sugarbaker et al (1985) revealed no significant difference
in overall survival.

Five studies compared the peritoneal recurrence rate after
(H)IPEC with a control group (Sugarbaker et al, 1985; Scheithauer
et al, 1998; Vaillant et al, 2000; Noura et al, 2011; Sammartino et al,
2012). Peritoneal recurrence rates varied between 4 and 91%.
A significant difference in the incidence of PC in favour of
adjuvant (H)IPEC was found in four studies (Table 2; Sugarbaker
et al, 1985; Scheithauer et al, 1998; Noura et al, 2011; Sammartino
et al, 2012). Vaillant et al (2000) reported a difference in the
incidence of PC of 2.0% between the treatment and control groups
but this was not tested for significance.

DISCUSSION

The effectiveness of modern systemic therapy in treating peritoneal
dissemination of CRC in the adjuvant and metastatic setting has
been questioned, in contrast to its success in the prevention and
treatment of hematogenous spread (Andre et al, 2009; Kopetz et al,
2009). Once peritoneal metastases have developed, natural
prognosis is limited to 3–9 months (Chu et al, 1989; Sadeghi
et al, 2000) and patients respond poorly to systemic treatment
(Franko et al, 2012; Klaver et al, 2012). CRS/HIPEC improves
survival in selected patients with macroscopic PC (Verwaal et al,
2003; Elias et al, 2009), but morbidity and oncological outcome of
this multimodality treatment highly depends on tumour load
(Verwaal et al, 2004, 2008). Therefore, one could hypothesise that
(H)IPEC in an adjuvant setting may reduce the development of PC
in high-risk CRC patients.

This systematic review illustrates different approaches of
adjuvant (H)IPEC to prevent PC in high-risk CRC patients. Initial
studies used fluoropyramidine-based regimens. These studies did
not uniformly demonstrate a benefit in overall survival. In
addition, repetitive administration of the cytotoxic agent through
peritoneal catheters during several weeks up to even 1 year resulted
in discomfort and morbidity. From 2009, results are published for
MMC and oxaliplatin as intraperitoneal cytotoxic agents in the
adjuvant setting. MMC is not typically used in the management of
CRC but is frequently used as intraperitoneal chemotherapeutic
agent. It was the first chemotherapeutic agent to be studied in
heated solution and showed rapid absorption, mostly in local
tissue, resulting in high drug exposure to the peritoneal surface
(Panteix et al, 1993). Intraperitoneal MMC has been used
successfully as intraperitoneal chemotherapy since the 1980s for
a variety of malignancies, both as adjuvant therapy (Yu et al, 1998)
or in combination with CRS (Verwaal et al, 2003). Experimental
studies on intraperitoneal use of oxaliplatin started in the 1990s
(Los et al, 1990), and the first clinical studies with intraperitoneal
oxaliplatin were published at the beginning of the 21st century
(Elias et al, 2002). MMC and oxaliplatin are non-cell-cycle
dependent, which is the reason why intraperitoneal chemotherapy
administration could be reduced to a single procedure.

Single HIPEC procedure under general anaesthesia is safe and
potentially associated with less morbidity and less discomfort for
the patient than repetitive ambulatory administration of intraper-
itoneal chemotherapy. The only case of mortality after intra-
operative (H)IPEC was reported in the study by Tentes et al
(2011). Furthermore, intra-operative (H)IPEC is less likely to
interfere with adjuvant systemic treatment. (H)IPEC under general

anaesthesia enables the use of hyperthermia and guarantees
uniform distribution of the cytotoxic agent throughout the entire
abdominal cavity. Considering tissue penetration of intraperitoneal
chemotherapy, a laparoscopic approach has been suggested
to be superior to an open approach because of increased
intra-abdominal pressure in an animal study (Gesson-Paute
et al, 2008).

Adjuvant intra-operative (H)IPEC with MMC or oxaliplatin
followed by adjuvant systemic therapy was suggested to reduce
peritoneal recurrence and improve survival compared with control
patients who underwent adjuvant systemic therapy alone in the
included studies. Nonetheless, the quality of the currently available
data does not allow for a definitive conclusion on the effectiveness of
adjuvant (H)IPEC in high-risk CRC patients. The included studies
have several limitations. No standardised outcome assessments were
used. Studies were relatively underpowered and end points were
often chosen differently among the included studies. The non-
randomised comparative studies have a substantial risk of bias. All
these methodological shortcomings hamper interpretation of the
currently available evidence on outcome of adjuvant (H)IPEC.

One of the most important issues in future research on adjuvant
(H)IPEC is the selection of patients. The included studies of the
present review used varying definitions for high-risk patients.
Differences in patient selection may have attributed to the observed
variance of effect of adjuvant (H)IPEC within the different studies.
In a recent systematic review by Honore et al (2013), perforation,
local peritoneal nodules present at primary resection, and isolated
ovarian metastasis are considered to be associated with the highest
risk of PC development. T4(a) stage, mucinous or signet ring cell
histology, positive peritoneal lavage, and obstruction are reported
as intermediate risk factors (Jayne et al, 2002; Yang et al, 2004;
Rekhraj et al, 2008; Catalano et al, 2009; Noura et al, 2009; Elias
et al, 2011; Hompes et al, 2012; Honore et al, 2013). Risk
assessment studies and possibly biomarker studies are needed to
further define selection criteria.

The second most important issue to address is the most optimal
timing of adjuvant (H)IPEC. (H)IPEC can be performed
simultaneous with primary tumour resection, within days, weeks
or months after primary resection, or following adjuvant systemic
treatment. Even a compulsory waiting period of 6 months after
adjuvant systemic treatment has been suggested. The best option is
still unclear (Chouillard et al, 2009; Elias et al, 2011; Sammartino
et al, 2012). Timing should probably be tailored to the patients’
clinical situation and risk profile. If a patient fulfils the criteria of a
high-risk patient before primary resection, a simultaneous HIPEC
can be planned. For patients with uncomplicated surgery and
intra-operative diagnosis of high-risk features, an early post-
operative procedure would probably be most suitable as morbidity
is limited. In patients with complicated surgery or a complicated
primary tumour (i.e., perforation with or without sepsis, or
obstruction), adjuvant HIPEC should be delayed or may be
reconsidered after completing adjuvant systemic chemotherapy.

In conclusion, adjuvant (H)IPEC possibly leads to a reduction of
metachronous PC in patients undergoing curative resection of
high-risk CRC. Current evidence suggests that adjuvant HIPEC
after primary tumour resection is feasible and well tolerated. Well-
designed RCTs are warranted to evaluate the impact on oncological
outcome, the effects on the quality of life, and the cost effectiveness
of adjuvant HIPEC in high-risk CRC patients. The most
appropriate patient selection criteria and optimal timing of
adjuvant HIPEC have still to be defined.
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