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Background: Colorectal cancer peritoneal metastasis (CPM) confers an exceptionally poor prognosis, and traditional treatment
involving systemic chemotherapy (SC) is largely ineffective. Cytoreductive surgery (CRS) combined with hyperthermic intraperitoneal
chemotherapy (HIPEC) is increasingly advocated for selected patients with CPM; however, opinions are divided because of the
perceived lack of evidence, high morbidity, mortality, and associated costs for this approach. As there is no clear consensus, the aim
of this study was to compare outcomes following CRS + HIPEC vs SC alone for CPM using meta-analytical methodology, focusing on
survival outcomes. Secondary outcomes assessed included morbidity, mortality, quality of life (QOL), and health economics (HE).

Methods: An electronic literature search was conducted to identify studies comparing survival following CRS + HIPEC vs SC for
CPM. The odds ratio (OR) was calculated using the Mantel-Haenszel method with corresponding 95% confidence intervals (Cl)
and P-values. Heterogeneity was examined using the Q-statistic and quantified with /. The fixed-effect model (FEM) was used in
the absence of significant heterogeneity. For included studies, 2- and 5-year survival was compared for CRS + HIPEC vs SC alone.

Results: Four studies (three case—control, one RCT) provided comparative survival data for patients undergoing CRS + HIPEC
(n=187) vs SC (n=155) for CPM. Pooled analysis demonstrated superior 2-year (OR 2.78; 95% Cl 1.72-4.51; P=0.001) and 5-year
(OR 4.07; 95% CI 2.17-7.64; P=0.001) survival with CRS + HIPEC compared with SC. Mortality ranged from 0 to 8%. No data were
available for the assessment of QOL or HE.

Conclusions: Although limited by between-study heterogeneity, the data support the assertion that in carefully selected patients,
multimodal treatment of CPM with CRS+ HIPEC has a highly positive prognostic impact on medium- and long-term survival
compared with SC alone. There is a paucity of comparative data available on morbidity, QOL, and HE.
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Colorectal carcinoma (CRC) is a key public health issue and
accounts for the second highest cause of cancer-related death in
Europe (Ferlay et al, 2013). Metastases are the principal causes of
death and occur in 30% of patients at presentation (Cunningham
et al, 2010) and subsequently in over 50% following surgery with
curative intent (Cunningham et al, 2010). Although historically the
presence of metastases has been regarded with pessimism and as a
symbol of incurability, the last three decades have seen remarkable
advances in the multimodality management of metastatic CRC,
with combinations of neoadjuvant and adjuvant chemotherapy
regimens (Cunningham et al, 2004), radiotherapy (Lee ef al, 2013),
and radical surgery (van Dijk et al, 2013; Yi et al, 2013)
increasingly deployed to combat metastases. These approaches
have led to improved oncological outcomes in selected patients,
and even long-term survivorship notwithstanding distant spread.
Despite a paucity of high-quality randomised studies to direct this
shift, the dramatic results seen with these pragmatic approaches
have been persuasive, and multimodality treatment of liver and
lung metastases is now the standard of care in many institutions
(Tampellini et al, 2012; Nordlinger et al, 2013).

One area of contention in the management of metastases from
CRC has been the treatment of peritoneal metastases. Approxi-
mately 5-10% of patients undergoing CRC resection are found to
have synchronous peritoneal metastases (Chu et al, 1989; Sadeghi
et al, 2000; Jayne et al, 2002), whereas a further 20-50% go on to
experience metachronous intraperitoneal recurrence (Sadeghi et al,
2000). Conventional treatment of colorectal cancer peritoneal
metastasis (CPM) involving systemic chemotherapy (SC), with or
without palliative surgery, has a poor outlook with a median survival
of 5-7 months (Chu et al, 1989; Sadeghi et al, 2000; Jayne et al,
2002). In more recent times, however, a radical multimodality
locoregional approach combining cytoreductive surgery (CRS) and
hyperthermic intraperitoneal chemotherapy (HIPEC) has been
advocated as a treatment option and is offered in a growing number
of specialist units (Glehen et al, 2010; Kuijpers et al, 2013; Riss et al,
2013). The aim of this approach is to remove all macroscopic
disease through peritoneal stripping and multivisceral resections
where required, followed by administering hyperthermic chemother-
apy intraoperatively into the abdomen to treat residual microscopic
disease. This method achieves high intraperitoneal concentrations of
cytotoxic drugs, avoids significant systemic absorption, and
additionally offers a synergistic cytotoxic effect from the combina-
tion of hyperthermia and chemotherapy (Brucher et al, 2012).

Support for this approach has been largely based on a small
number of studies showing improved survival outcomes with CRS
and HIPEC compared with SC alone (Verwaal et al, 2008; Elias et al,
2009). Despite these encouraging reports, the relative lack of level-1
evidence and concerns with respect to peri-operative morbidity,
mortality, and health-care costs has divided opinion regarding these
aggressive multimodality approaches, and the optimal management
of CPM, therefore, remains controversial (Khatri, 2010).

The present study provides a meta-analytical evaluation of
survival outcomes with CRS combined with HIPEC (CRS+
HIPEC) compared with SC alone. To our knowledge, this is the
first pooled analysis to have synthesised data from multiple
studies assessing the role of CRS and HIPEC, specifically in the
context of CPM.

MATERIALS AND METHODS

Identification of studies. An electronic literature search was
carried out using MEDLINE (1965—September 2013), EMBASE
(1980—September 2013), CINAHL (1982—September 2013), and
the Cochrane Library databases. The following medical subject
heading terms and key words were used: ‘colorectal cancer’s

‘peritoneal’; ‘carcinomatosis’; ‘cytoreductive surgery’; ‘chemotherapy’;
‘intraoperative’; and ‘intraperitoneal’. The ‘related articles’ function
was used to broaden the search and all abstracts, studies and
citations retrieved were scanned for subject relevance. The latest
date of this search was January 2014. All potentially relevant
publications were retrieved in full text and formally evaluated for
study inclusion. Reference lists of all relevant publications were
hand-searched for additional studies missed by the search strategy,
and this method of cross-referencing was continued until no
further relevant publications were identified.

Study inclusion criteria and data extraction. Study methodology
was carried out in accordance with the ‘Preferred Reporting Items
for Systematic Reviews and Meta-Analyses’ (PRISMA) recommen-
dations for improving the standard of systematic reviews (Moher
et al, 2009). Included studies had to provide comparative survival
outcome data in > 15 male/female adult patients (> 18 years) with
a histologically confirmed diagnosis of primary or recurrent CPM
undergoing treatment with either CRS+ HIPEC or SC alone.
Studies reporting comparative outcomes for cancer subtypes other
than colorectal were only included if survival outcome data were
reported independently for CPM cases. Only English language
publications were included. Two reviewers (RM and AHM)
independently extracted the following data from all eligible studies
according to a predetermined protocol: First author, year of
publication, study location, study type, study time frame,
population characteristics, number of subjects, primary or
recurrent disease, stage of CPM (peritoneal cancer index (PCI;
Jacquet and Sugarbaker, 1996) or alternative scoring method for
disease extent), chemotherapeutic regimen, details of previous
treatment (chemotherapy/radiotherapy), follow-up duration, inci-
dence of morbidity and mortality, completeness of cytoreduction
(CCR, CCR score (Sugarbaker, 1999) and/or R-classification where
reported), and 2- and 5-year survival (overall and/or disease-free).
In cases of doubt, authors were contacted for further information
to ensure accuracy. Where actuarial survival outcomes were not
reported for 2 and 5 years specifically, and authors could not be
contacted, data were digitally extracted from Kaplan-Meier
survival plots using graphic digitisation software (Digitizelt,
Braunschweig, Germany) according to previously published
methodology (Guyot et al, 2012). Data from studies including
mucinous appendiceal tumours were excluded, unless the data
were separately evaluable. Extracted data were entered into a
computerised database and cross-checked to reach consensus.
Included studies were subjected to an assessment of methodolo-
gical quality and validity and graded on strength of evidence using
the revised grading system of the Scottish Intercollegiate Guide-
lines Network (Harbour and Miller, 2001).

Statistical analysis. Statistical analysis was performed using
Comprehensive Meta-analysis Version 2, Biostat (Englewood, NJ,
USA) to derive odds ratios (ORs) with corresponding 95%
confidence intervals (Cls) for 2- and 5-year survival with CRS +
HIPEC vs SC alone. Between-study heterogeneity was assessed
using Cochran’s Q-test and further quantified using the I* statistic.
The Q-statistic is underpowered and therefore homogeneity of
studies was assumed at a P-value greater than 0.1 (Song et al,
2001). The I statistic is derived independently of the number of
studies and indicates low heterogeneity at or below 25% (Higgins
and Thompson, 2002; Higgins et al, 2003). Overall pooled OR for
2- and 5-year survival with 95% CI was calculated using the fixed-
effect model (FEM), in the absence of significant study hetero-
geneity. The relative weight conferred to each study is inversely
proportional to the variance associated with the OR and is
represented by squares in the forest plots. The pooled estimate is
represented by a diamond in the forest plots, the width of which
corresponds to the 95% CI. Publication bias was assessed visually
with funnel plots and Egger’s regression test (Egger et al, 1997;
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Sutton et al, 2000). No significant publication bias was assumed if
the 95% CI included 0.

RESULTS

Literature search and description of studies. Our predefined
search strategy identified a total of 265 potentially relevant
publications. Following screening of titles and abstracts, 175
articles were excluded, leaving 90 publications that were retrieved
in full text. A bibliographic search from these articles identified
three additional studies providing a total of 93 articles for detailed
evaluation. Of these, 89 were subsequently withdrawn leaving a
total of four studies published between 2004 and 2010 that were
entered into the review process. Figure 1 provides a summary of
the outlined search strategy.

Three case-control studies (Mahteme et al, 2004; Elias et al,
2009; Franko et al, 2010) (evidence level 2-) and one RCT (Verwaal
et al, 2008; evidence level 1-) published between 2004 and 2010
met our inclusion criteria and were included in the meta-analysis.
The included studies comprised a total of 342 patients with CPM,
of whom 187 were treated with CRS+ HIPEC and 155 received
standard treatment with SC alone. Table 1 provides a summary of
study design and treatment protocols for included studies. In three
of the studies HIPEC was administered intraoperatively, commen-
cing immediately after CRS (Verwaal et al, 2008; Elias et al, 2009;
Franko et al, 2010) with duration of treatment ranging from 30 to
100 min. In one study, intraperitoneal chemotherapy was adminis-
tered from the first postoperative day onwards (early postoperative
intraperitoneal chemotherapy, EPIC) for a variable duration
(Mahteme et al, 2004). The intraperitoneal chemotherapeutic
agent was mitomycin C (MMC) in two of the studies (Verwaal
et al, 2008; Franko et al, 2010). Elias et al (2009) used a
bidirectional protocol consisting of intraperitoneal Oxaliplatin and
intravenous 5-fluorouracil (5-FU) and Leucovorin. Mahteme et al
(2004) administered IV Leucovorin 60 min into the initiation of
intraperitoneal chemotherapy with 5-FU. In the study by Verwaal
et al (2008) 105 patients with CPM were randomised to SC alone

(5-FU + Leucovorin; n=51) or CRS-+HIPEC (MMC; n=>54)
treatment arms. Importantly, all patients in the CRS+ HIPEC
group received adjuvant chemotherapy (5-FU + Leucovorin). The
study by Elias et al (2009) compared outcomes following CRS +
HIPEC (n=48) and SC alone for treatment of CPM. All patients
in the CRS+HIPEC treatment arm received neoadjuvant
(NA) chemotherapy, and only patients who demonstrated no
evidence of disease progression after 3-4 months of NA therapy
were included.

Patient selection. The primary indication for treatment was
defined as the presence of peritoneal metastases of colorectal
origin in all four of the studies included. Age as a means of patient
selection was restricted to <75 years (Mahteme et al, 2004), <71
years (Verwaal et al, 2008), and <66 years (Elias et al, 2009) in
different studies. Patients with ‘extensive’ and/or ‘significantly
symptomatic’ CPM were deemed ineligible for study enrolment in
two of the studies (Mahteme et al, 2004; Elias et al, 2009). More
precise definitions were not provided with respect to assessment of
resectability in these two studies. Patients with lung/liver
metastases or other extra-abdominal disease were excluded in
two studies (Mahteme et al, 2004; Verwaal et al, 2008), whereas
two studies included patients with limited liver metastases (Elias
et al, 2009; Franko et al, 2010). Three of the studies only included
patients deemed to be of good general functional status (Mahteme
et al, 2004; Verwaal et al, 2008; Elias et al, 2009). This classification
was further defined in only two of the studies, with normal bone
marrow indices and renal and liver function tests regarded as
components of the eligibility criteria for one study, whereas an
American Society of Anaesthesiology score of 1 or 2 was regarded
as inclusion criteria for another of the studies included in this
meta-analysis (Mahteme et al, 2004; Verwaal et al, 2008). Study
recruitment was restricted to patients aged <75 years (Mahteme
et al, 2004), <71 years (Verwaal et al, 2008), and <66 years (Elias
et al, 2009) in different studies.

Survival. Survival outcome data are summarised in Table 2.
Mahteme et al (2004) reported vastly superior 2- and 5-year
survival following CRS+HIPEC compared with SC alone.

‘ Articles identified through database searches n=265 ‘

|

Articles excluded after screening titles and abstracts n=175

Reviews n=57

Consensus statements/editorials/letters n=22
Other cancer subtypes n=46

Lack of required data n=50

I

Number of full text articles retrieved and assessed for eligibility

n=90

Articles identified from

|

manual and —>| Total number of articles chosen for full text review n=93

bibliographic searches
n=3

!

Articles excluded after full text articles reviewed n=89

Lack of comparative survival data for CRS + HIPEC vs
SC alone n=23

Studies with <15 patients n=17
Duplicate data n=35

Other cancer subtypes with no colorectal-specific data
reported n=14
|

|

Number of studies entered into meta-analysis n=4 |

Figure 1. Modified PRISMA flow diagram summarising search strategy.
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Table 1. Study design and treatment protocols

Author, Study design Intraperitoneal
year, Time (evidence Treatment chemotherapeutic
location frame N level) Indication | Extent of CPM | summary Technique | regimen
Mahteme 1991-1999 36 Case—control (2-) CPM? — Treatment arm: Closed EPIC protocol:
et al, 2004, (18 vs 18) CRS+EPIC (n=18) abdomen 5-FU 550mgm ~2 in 500 ml
Sweden Control arm: technique normal saline administered
SC (n=18) intraperitoneally from POD 1.
IV infusion of leucovorin
(60mgm~2) commenced at
60 min after initiation of PIC.
Regimen offered 1-8 courses
as tolerated with 4-6 week
interval between cycles.
SC protocol:
chemotherapeutic regimen
not specified
Verwaal 1998-2001 105 Randomised trial cpPm? — Treatment arm: Open HIPEC protocol:
et al, 2008, (54 vs 51) (1-) CRS + HIPEC coliseum MMC 35mgm 2 at 40°C for
Netherlands (n=>54) technique 90 min
SC protocol:
Control arm: 5-FU (400mgm ~?) +
systemic CT only leucovorin (80 mgm ~?)
(n=>51) weekly for 26 weeks
Elias et al, 1998-2003 96 Case—control (2-) CPMP Treatment arm: Treatment arm: — HIPEC protocol:
2009, (48 vs 48) limited 27/48 CRS + HIPEC Oxaliplatin 460 mgm “2in
France Extended 21/48 (n=48) 21m~2 at 43°C for 30 min.
Control arm: Control arm: Before HIPEC (during CRS)
Limited 26/48 SC (n=48) patients received IV 5-FU
Extended 17/48 400 mgm ~ 2 + leucovorin
Not recorded 5/48 20mgm 2
SC protocol:
Various regimens (5-FU-
based 46/48; Capecitabine-
based 1/48; Camptothecin
1/48)
Franko et al, 2001-2007 105 (67 Case—control (2-) CPM? — Treatment arm: Closed HIPEC protocol:
2010, USA vs 38) CRS + HIPEC(n=67) abdomen MMC 40 mg for 100 min
Control arm: technique SC protocol:
SC (hn=38) Chemotherapeutic regimen(s)
not clearly described
Abbreviations: CPM = colorectal cancer peritoneal metastasis; CRS = cytoreductive surgery; EPIC=early postoperative intraperitoneal chemotherapy; 5-FU = 5-fluorouracil; HIPEC =
hyperthermic intraperitoneal chemotherapy; MMC = mytomycin C; POD = postoperative day; SC = systemic chemotherapy.
Patients with distant metastatic disease excluded.
bPatients with extra-abdominal metastatic involvement excluded (LN-positive and liver-metastasised cases included).

Subanalysis of survival in patients treated with CRS+ HIPEC
found 5-year survival of 37 and 14% in cases of macroscopically
radical and incomplete resection, respectively. Similarly, Verwaal
et al (2008) reported overall 2- and 5-year survival of 40 and 19%
in patients treated with CRS+ HIPEC, compared with 22% and
10%, respectively, for patients receiving SC alone . The authors
found survival to correlate significantly with the completeness of
cytoreduction, with 5-year survival of 45%, 8%, and 0% in patients
undergoing R1 (complete macroscopic tumour clearance), R2a
(residual tumour nodules <2.5mm in thickness), and R2b
(residual tumour nodules >2.5mm in thickness) resection,
respectively. Elias ef al (2009) reported 2- and 5-year survival
and median survival of 81%, 51%, and 62.7 months, respectively, in
48 patients undergoing CRS + HIPEC compared with 48 matched
patients receiving SC alone (65%, 13% and 23.9 months,
respectively). No data were available for survival according to
extent of CPM or completeness of resection. Franko et al (2010)
reported the median survival of 34.7 months in patients treated
with CRS + HIPEC, compared with 16.8 months with SC alone
(P<0.001). Forest plots summarising pooled analysis of survival

outcomes at 2 and 5 years with CRS+ HIPEC vs SC alone are
shown in Figures 2 and 3. Heterogeneity analysis revealed no
significant between-study inconsistencies (2-year data: Q-value
3.14; df (Q) 3; P-value 0.377; I* 4.33; 5-year data: Q-value 2.66; df
(Q); 3; P-value 0.488; I? 0.00), and consequently estimates for OR
and corresponding CI were derived using the FEM. Our meta-
analysis demonstrated a significant improvement in 2-year survival
with CRS + HIPEC compared with SC alone (OR=2.78; 95% CI
1.72-4.51; P=0.001; funnel plot analysis shown in Figure 2).
Similarly, meta-analysis of 5-year survival data from the four
included studies revealed significantly enhanced survival at 5 years
in patients treated with CRS+ HIPEC compared with SC alone
(OR=4.07; 95% CI 2.17-7.64; P=0.001; Figure 3).

Morbidity, mortality, patient reported outcome measures, and
health economics. Two of the four studies provided morbidity
and mortality data (Mahteme et al, 2004; Verwaal et al, 2008).
Mahteme et al (2004) reported overall treatment-associated
morbidity and mortality of 72% and 0%, respectively. Complica-
tions attributed to treatment with CRS+ HIPEC in this study
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included severe postoperative pain (4/18, 22%), persistent nausea
and vomiting (2/18, 11%), transient neutropenia (1/18, 5.5%),
prolonged ileus (1/18, 5.5%), and postoperative bowel obstruction
(5/18, 27.5%). Verwaal et al (2008) reported a mortality rate of 7%
(4/54) in the CRS and HIPEC group in the only randomised study
in this field. In all cases this was secondary to the development of
postoperative complications that included abdominal sepsis in two
cases. Complications in this study were reported according to the
WHO criteria, with an overall complication rate of 7% in 54 patients
undergoing CRS + HIPEC. Specifically, the most common grade 3
toxicities reported were leukopenia (15%), heart failure (8%),
haemorrhage (6%), and catheter-related infections (6%). The most
common grade 4 toxicities were intestinal fistulae (15%), haemor-
rhage (8%), and renal failure (6%). Massive pulmonary embolus
occurred in 4%. The remaining two studies included in this meta-
analysis did not provide morbidity or mortality outcome data (Elias
et al, 2009; Franko et al, 2010). Neither of the studies evaluated
provided any published QOL/patient-reported outcome measures or
health economic data for evaluation. Data from the one RCT in this
field, however, were available for economic evaluation and were
provided by the authors. Cost effectiveness calculations were
conducted based on both medical and non-medical impact of the
treatments and revealed that in an intention to treat analysis, the
average CRS and HIPEC treatment was €17286.00 (£14334.81;
$24,005.07) more expensive than SC treatment. The additional costs
of treatment were found to be consequent to the complications in
the experimental arm and the resulting prolonged hospital stay
(Verwaal, 2003).

Table 2. Two- and five-year survival outcomes following CRS + HIPEC vs

SC alone

\ Survival (%) ‘
Treatment Mahteme Verwaal Elias et al, Franko
protocol et al, 2004 | et al, 2008 2009 et al, 2010
2 Years
SC 10 22 65 41
CRS + HIPEC 60 40 81 66
5 Years
SC 5 10 13 5
CRS + HIPEC 28 19 51 26
Abbreviations: CRS = cytoreductive surgery; HIPEC =hyperthermic intraperitoneal che-
motherapy; SC = systemic chemotherapy.

DISCUSSION

Peritoneal metastasis from CRC presents significant challenges.
Without treatment, all patients with CPM can expect to have an
exceptionally impaired quality of life (QOL) and abbreviated
survival. Conventional surgical resection in the context of CPM has
not shown effectiveness and is associated with a median survival
limited to 6 months or less (Mohamed et al, 2011). Similarly,
orthodox systemic chemotherapeutic (SC) strategies for CPM have
demonstrated limited efficacy, at least in part owing to the plasma-
peritoneal barrier that significantly restricts intraperitoneal drug
localisation.

For these reasons, alternative strategies have been sought, and
aggressive multimodality treatment with CRS combined with
HIPEC is one tactic proposed as a logical treatment strategy to
improve long-term survival. In the past, this approach has been
rarely applied due to concerns regarding treatment-associated
morbidity and mortality and health-care-related costs and logistics
(Khatri, 2010; Sugarbaker and Ryan, 2012). In more recent times,
however, advances in radiological staging, surgical and anaesthetic
practice, improved experience in chemotherapeutic methods,
better management of surgical complications and chemotherapy-
related toxicity, and an increasing centralisation of complex cancer
services have helped expand the treatment options for patients
with CPM, and improved the results of CRS and HIPEC in this
setting.

Despite a recent consensus statement published on the role of
CRS and HIPEC (Esquivel et al, 2007), there remains disagreement
regarding the precise role of this multimodality approach in the
treatment algorithm for CPM. In view of the ongoing debate,
the aim of the present study was to perform meta-analytical
assessment of medium- and long-term survival outcomes in
patients with CPM treated with CRS and HIPEC compared with
SC alone, which has hitherto represented the mainstay of
treatment. Data from four studies, comprising three case—control
studies and one RCT, with a cumulative total of 342 patients, were
subjected to pooled analysis. We specifically excluded any data
on patients with mucinous appendiceal peritoneal metastases
receiving CRS and HIPEC because of the significant variation in
the natural history and prognosis of this subgroup of patients
(Sugarbaker and Jablonski, 1995).

Our pooled analysis demonstrates, for the first time, a
significant improvement in survival at 2 and 5 years following
CRS + HIPEC compared with standard treatment. This finding is
likely explained by two fundamental points; first, the CRS
component by definition leads to a reduction in tumour volume,
which has long been recognised as an important determinant of
tumour response to chemotherapy (Cotte et al, 2009). Second, the
instillation of hyperthermic chemotherapeutic agents into the

Study name Statistics for each study Odds ratio and 95% Cl

Odds  Lower Upper Relative

ratio limit limit  P-value weight
Mahteme etal 12.571 2.187 72.268 0.005 = 7.63
Verwaal etal  2.340 0.980 5.587 0.055 30.82
Elias et al 2376 0.932 6.056 0.070 26.67
Franko et al 2630 1.161 5.960 0.020 - = 34.88
FEM 2.783 1.716 4511 0.001 o

0.01 0.1 1 10 100

Favours SC  Favours CRS + HIPEC

Figure 2. Summary of meta-analysis results for 2-year survival following CRS + HIPEC vs SC alone. The diamond represents the overall treatment
effect, and squares are treatment effects for individual studies with 95% Cl indicated by horizontal bars.
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Study name Statistics for each study

Odds Lower Upper

ratio  limit limit P-value
Mahteme etal 6.538 0.679 62.987 0.104
Verwaal etal 2.095 0.661 6.642 0.209
Elias et al 7.000 2.510 19.521 0.000
Franko et al 6.120 1.330 28.165 0.020
FEM 4599 2.387 8.860 0.001

Qdds ratio and 95% ClI

Relative
weight
8.38
32.30
— — 40.87
—a— 18.45
0.01 0.1 1 10 100

Favours SC Favours CRS + HIPEC

Figure 3. Summary of meta-analysis results for 5-year survival following CRS + HIPEC vs SC alone. The diamond represents the overall treatment
effect, and squares are treatment effects for individual studies with 95% Cl indicated by horizontal bars.

peritoneal cavity after CRS aims to destroy any remaining tumour
cells and mitigates problems associated with poor peritoneal
penetration achieved by conventional chemotherapy. Thus, these
strategies in combination represent a highly logical and synergistic
approach for the management of CPM.

The incremental contributions of either CRS or HIPEC to
improved survival independently within this multimodality
approach remain unclear from the currently available literature.
A recent study by Huang et al (2013) compared outcomes in 29
patients undergoing CRS alone, with 33 patients treated with CRS
and HIPEC in combination . All patients received adjuvant SC
with  FOLFOX or FOLFIRI regimens. The authors found
significantly improved 1-, 2-, and 3-year survival in patients
treated with CRS 4+ HIPEC compared with CRS alone. A multi-
centre French randomised trial (PRODIGE 7) comparing CRS and
HIPEC against CRS only for CPM with a PCI stage of less than 24
has recently completed accrual, and preliminary results are
awaited. To date, no trial has evaluated outcomes with HIPEC in
isolation vs CRS + HIPEC or SC only; however, such a study may
not be forthcoming, given what is currently known regarding the
association between tumour bulk reduction and chemotherapeutic
effectiveness. With regards to SC alone for treatment of CPM, an
unavoidable problem, even with newer chemotherapeutic agents
and targeted therapies, lies in the fact that patients with peritoneal
malignancy frequently develop bowel obstruction, which will, in
many cases, prohibit completion of therapy. It is unclear from the
data evaluated in the present study what proportion of patients
receiving SC in isolation had their treatment courses truncated
because of such complications.

Several misapprehensions must be set aside in order for CRS +
HIPEC to be accepted as ‘gold standard’ therapy for selected
patients with CPM. First, it has been suggested that the evidence
base to support the role of CRS + HIPEC is limited. However, we
would contend that unlike the management of hepatic and
pulmonary metastases from CRC, which have never been subjected
to randomised evaluation and currently represent the standard of
care, there are level 1 data available showing the advantages
conferred by CRS and HIPEC compared with SC alone. Moreover,
this finding is further endorsed by all the case-control studies
evaluated in the present meta-analysis.

Second, it has been suggested that the morbidity and mortality
associated with CRS+ HIPEC is unacceptably high. However,
without this aggressive approach, the median survival from CPM
seldom exceeds 6 months, and this abbreviated period is frequently
beset by symptoms of severe abdominal pain and bowel
obstruction, as well as systemic toxic consequences associated
with SC. Unquestionably, the combination of extensive multi-
visceral resection, prolonged operation time, and intraperitoneal
chemotherapy will confer a considerable potential for surgical
complications, toxicity, and impairment of QOL. The most feared

treatment-associated complications identified include fistula
formation, anastomotic dehiscence, postoperative bleeding,
nephrotoxicity, and haematological complications. However,
improvements in anaesthesia, operative technique, critical care,
and diagnostic and interventional radiology are facilitating better
results through early recognition and active treatment of
complications, with several recent large-scale studies now reporting
acceptable morbidity and mortality following CRS+ HIPEC
(Canda et al, 2013; Bakrin et al, 2013). In addition, more effective
means of predicting likely treatment-associated morbidity and
mortality are emerging, which will further improve patient
selection (Ihemelandu et al, 2013). For example, a recent study
by Themelandu et al (2013) found that preoperative use of the
Functional Assessment of Cancer Therapy questionnaire combined
with Eastern Cooperative Oncology Group performance allowed
enhanced prediction of treatment-associated morbidity and
mortality. Furthermore, a recent study by Passot et al (2013).
evaluated QOL following CRS + HIPEC for peritoneal carcinoma-
tosis and found, as expected, a reduction in QOL in the first 6
months after aggressive multimodality therapy. However, the
authors also noted that QOL returned to baseline at 12 months
post CRS+HIPEC, by which time few, if any, patients not
receiving radical treatment would be expected to have survived.

With respect to health-care costs associated with CRS + HIPEC,
only one study included in this meta-analysis provided expense-
related data (Verwaal, 2003). Results of this intention to treat
analysis showed that CRS and HIPEC treatment was €17 286.00
more costly than SC, with the additional expenses principally
because of development of complications necessitating prolonged
hospital stay. A limited number of other studies have also
performed cost-effectiveness analysis, but in a non-comparative
setting. For example, Chua et al (2010) performed cost-effective-
ness analysis on 136 consecutive patients who underwent a total of
159 CRS + HIPEC procedures over a 6-year period at a single
tertiary referral centre. They reported average costs per patient and
per life year of AUD $66 148 and AUD $29 757, respectively, for
patients treated with CRS+ HIPEC for CPM. The authors
concluded that this treatment approach is associated with
increased medical care costs, but that these costs are offset by
the treatment-associated gains in observed life years. In the
medium term, the additional costs associated with CRS and HIPEC
will likely further diminish, because of improved patient selection
for radical treatment, and with increasingly better management of
treatment-related complications, in line with most complex
surgical interventions.

There are a number of both limitations and strengths to the
present analysis. All but one of the studies evaluated in this meta-
analysis were non-randomised comparative studies with small to
modest sample sizes, and not the highest quality evidence.
Nevertheless, it remains unclear whether meta-analyses of non-
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randomised studies systematically overestimate effect sizes com-
pared with meta-analyses of randomised trials (MacLehose et al,
2000), and in light of the scarcity of high-quality evidence in this
field, data from the meta-analysis of non-randomised studies can
be informative. A further criticism is that the studies examined
showed significant variability with respect to the extent of
peritoneal disease in affected patients, its manner of assessment,
treatment protocols, and the type of chemotherapy applied. Clearly
therefore our findings must be interpreted with a degree of caution,
nevertheless through combining data, the effect of bias within
individual studies may also be mitigated partly. Importantly, our
findings do not advocate resection of all cases of CPM but
highlight the importance of selection criteria used and the
advantages of judicious patient assessment. Better methods of
patient selection are clearly necessary, however, and the role of
physiological testing preoperatively may well merit further study to
more effectively gauge functional capacity and risk of adverse
events. In addition, several studies have shown a clear association
between extent of disease and oncological outcome (Verwaal et al,
2004), highlighting the urgent need for more precise radiological
methods for preoperative assessment of disease location and
burden. Current CT- or FDG-PET-based methods of cancer
evaluation are dependent on the amount of tumour per square
centimetre and are thought to generally underestimate the extent
of peritoneal surface malignancy, which will often not fulfill the
RESIST criteria of 1cm in diameter for measurable disease
(Verwaal et al, 2008). In addition, an important challenge on the
horizon will be to identify methods to avoid over-treatment in
patients with chemotherapy-insensitive tumours, and to limit side
effects in those with chemosensitive disease. The exact type of
chemotherapy and its method of administration also remain
unclear at the present time, as is the precise contribution of CRS or
HIPEC to the favourable outcomes observed. A further key
question will be whether different/more radical/dose-escalated
HIPEC/intraperitoneal chemotherapy regimens can counter unfa-
vourable peritoneal disease extent scores. Robust molecular
biomarkers of oncological outcome and disease response are
clearly required and are presently lacking. Exciting developments
in the molecular sciences and the multi-platform high-throughput
methods increasingly applied to diverse tumour types are slowly
revolutionising established treatment approaches, and raise hopes
of a more personalised strategy in the future treatment of CPM.
The currently active molecularly stratifitd COMBATAC multi-
centre trial in CPM may help further advance this field and address
some of the questions in the near future (Glockzin et al, 2013).
In summary, the present meta-analysis indicates that, although
the evidence base for adoption of CRS and HIPEC is generally
composed of low evidence level studies from uncontrolled
retrospective series, there are comparative and prospective studies
available, and arguably a greater body of data exists for this
treatment option than has been available to support the use of
metastatectomy for liver and lung metastases of CRC origin.
Moreover, the available studies consistently demonstrate survival
and symptom control rates far greater than any available
alternative, justifying an aggressive multimodality approach.
Consequently, analogous to the acceptance of surgery for liver
and lung metastatic CRC, surgery for CPM should have an
established place in selected patients and offers the only realistic
chance of long-term survival. Indeed, a case could be made that the
biological arguments for treatment of peritoneal only metastases
are more persuasive than those for surgery of CRC that has
metastasised to distant organs. Metastasis to distant organs is a
consequence of a complicated multistep process, wherein cells
acquire the ability to invade beyond normal cellular boundaries,
intravasate into blood and lymphatics, journey to distant organs,
extravasate and proliferate in a different microenvironment,
concomitantly eluding antitumour host immunity. By contrast,

CPM arising from the shedding and exfoliation of CRC cells able to
survive and grow on the peritoneal surface, but which lack the
capacity to disseminate, is more likely to represent a better
prognostic tumour type, by lacking the molecular capacity to
spread to distant organs. Greater recognition of the concept of
curative CPM should ultimately lead to earlier referral to specialist
units, resulting in improved completeness of resection and better
survival outcomes.

CONCLUSIONS

The present meta-analysis demonstrates a clear and significant
improvement in survival at 2 and 5 years following CRS + HIPEC
compared with SC alone. The studies included are small in number
and of variable methodological quality, with only one RCT.
Nevertheless, our findings support a growing body of data that
suggests that CRS + HIPEC can result in survival rates greater than
any alternative. Management decisions for CPM are complex, and
treatment requires multidisciplinary, multimodality approaches.
In view of these complexities, optimal assessment and management
is best undertaken by specialist units able to provide the breadth of
expertise and options required. Importantly, the present study has
also identified a number of unanswered questions to inform the
design of future studies. To address these, high-number, multi-
institutional studies with limited heterogeneity in assessment and
treatment protocols will better enable clarification of some of the
remaining controversies in the treatment of CPM, and serve as a
platform for incremental advances towards the optimal treatment
of metastatic CRC.
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