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Colorectal cancer (CRC) peritoneal metastasis (PM) is one of the most important cause of cancer-related
death in world. CRC PM is considered as a homogeneous disease without differentiating colonic or rectal
origin. Aim of this study is to analyze survival of patients treated with cytoreductive surgery and HIPEC,
according to the origin of PM.

Literature search was performed to identify relevant articles. All meta-analysis were performed using
mean difference and log of HR, when appropriate. The I2 statistic was used to determine the heteroge-
neity of included studies.

Out of 349 selected records, 9 articles (1308 patients, 1153 colon PM and 155 rectal PM) have been
included. OS and DFS is higher in patients affected by colon PM (OS mean difference: 24,49 months [95%
CI: 14,70-34,28 months, p< 0,000001]; DFS mean difference: 7,75 months [95% CI: 1,37-14,13 months, p:
0,02]) and pooled Hazard Ratio for disease-related death in rectal PM is 1.62 [95% CI: 1,01-2,59, p: 0,05]
compared to colon PM). Heterogeneity among selected studies is high in two subgroups and low in one
(OS subgroup A I2: 98%, p < 0,000001; DFS subgroup I2: 91%, p < 0,000001; OS subgroup B I2: 25%, p:
0,26).

Our analysis, with all the limitations related to included studies, suggests that peritoneal metastasis of
rectal tumors treated with CRS and HIPEC have a worst prognosis of colon tumors PM. Larger studies are
required to confirm those results and therefore we invite all Authors in considering also tumor locali-
zation when reporting data on CRC peritoneal metastasis treatment.
© 2019 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.
Background

Colorectal cancer (CRC) is the third tumor inWestern population
with a significant impact on cancer-related mortality. It has been
estimated that 10-15% of CR cancers present with peritoneal
metastasis (PM) and that 20-25% of patients will develop PM at
some point of disease evolution, making the peritoneum one of the
most important site of CRC metastasis [1].

PM-affected patients’ prognosis, if not treated, is poor with a
median survival time of 6e9 months. Modern systemic chemo-
therapy can increase survival, but cannot be curative [1,2]. In the
last 20 years, cytoreductive surgery (CRS) and hypertermic
nello).

on for Cancer Surgery, and the Eur
intraperitoneal chemotherapy (HIPEC) has been used as a curative-
intent treatment for CRC peritoneal metastasis in selected patients
[2].

Considering the impact of CRS and HIPEC, selection of patients
(good performance status and “favorable” prognosis) is of para-
mount relevance. Many Authors have proposed risk stratification
and prognostic factors. Among others, performance status and the
burden of intraperitoneal disease, calculated before surgery as
peritoneal cancer index (PCI) or after CRS, as completeness of
cytoreduction (CC score) are most important ones [3].

It is well known that also primary tumor that generates PM (e.g.
pancreato-biliary, ovarian or gastric cancer) is critical in differen-
tiate patients’ prognosis [3]. Nevertheless, the vast majority of pa-
pers treats CRC peritoneal metastasis as a homogeneous disease
without differentiating colonic or rectal (extraperitoneal) origin.
There are a very few papers analyzing this topic and only a minority
opean Society of Surgical Oncology. All rights reserved.
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of works have reported, as a marginal result of larger survival
analysis, different biological behavior and survival according
colonic and rectal origin of PM.

The aim of this study is to review published works searching for
papers reporting survival according to primary tumor origin to
verify if colon and rectal PM have different biological behavior and
clinical outcome.

Material and methods

Design

The present analysis was performed according to the Cochrane
Collaboration and PRISMA statements [4].

Eligibility criteria

Inclusion criteria for this meta-analysis were: (1) patients with
colo-rectal peritoneal metastases with pathological confirmation,
treated with cytoreductive surgery (CRS) and hypertemic intra-
peritoneal chemotherapy (HIPEC) (every chemotherapy regimen,
e.g. Oxaliplatin “bidirectional”, Cisplatin and Mytomicin C, Myto-
micin C alone, etc.) or CRS and early post-operative intraperitoneal
chemotherapy (EPIC) or CRS and HIPEC followed by EPIC; (2)
complete cytoreduction (CC0 or CC1 score); (3) reported complete
survival data: overall survival (OS) and/or disease free survival
(DFS) or hazard ratio (HR) with confidence interval (CI); (4) data
reported dividing primary tumor origin (colon vs rectum, consid-
ering rectum only the extraperitoneal section of bowel).

Exclusion criteria were: (1) incomplete cytoreduction (CC2 or
CC3) regardless the association of HIPEC/EPIC; (2) review and
duplicated articles (if needed, it has been chosen the largest sample
size and/or the latest work), editorials and non-English papers,
radiologic or pharmacokinetics research, quality of life assessment
articles, commentary, letter, book, etc; (3) studies that did not
separate results according to primary tumor site; (4) incomplete
data on survival.

Search strategy

A literature search was performed on the 10th of August 2018
using PubMed, EMBASE, and Web of Science to identify relevant
articles. Search terms (alone or in combination using Boolean op-
erators) were: “colorectal cancer”,” colon cancer”, “rectal cancer”,
“peritoneal carcinomatosis”, “peritoneal carcinosis”, “peritoneal
metastases”, “hyperthermic chemotherapy”, “hyperthermic intra-
peritoneal chemotherapy”, “HIPEC”, “EPIC”, The combined appli-
cation of “key words terms” and “MeSH terms” were conducted to
improve the efficiency and accuracy of literature search. References
from selected relevant studies were manually searched to add
others potentially pertinent publications.

Meta-analysed endpoints

Included studies were used to identify data on two main end-
points: overall survival (OS) and disease free survival (DFS) after
CRS and HIPEC procedure. All relevant text, tables and figures were
reviewed for data extraction.

Statistical analysis

All meta-analysis were performed with ReviewManager 5.3 [5],
usingmean difference and log of HR, when appropriate. A p value of
0,05 or less has been considered significative. Overall survival (OS)
and disease-free survival (DFS), hazard ratios (HR) and confidence
intervals (CI) were extracted from included studies.
In case of incomplete or not accurate data, hazard ratios (HR) for

time-to-event outcomes with 95% confidence intervals (95% CI) in
two groups (colon vs rectum) were estimated using Tierney's
method [6]. In case of incomplete data on mean/median survival
and survival ranges, missing values were estimated using Hozo's
method [7] and following modifications by Wan [8].

The I2 statistic was used to determine the heterogeneity of the
included studies. I2 values of 25e49%, 50 - 74%, and above 75% were
considered as low, moderate and high heterogeneity levels,
respectively [9]. If I2 statistic was lower than 50%, fixed effect model
has been used to get pooled HR and 95% CI and mean difference
analysis; otherwise, random effects model has been used.

Forest and funnel plots were used for graphical description of
the statistical results. Final elaboration was revised by a statistician
of our Unit of Clinical Research.

Results

Studies selection and systematic review process

After literature search, 337 relevant records have been identi-
fied. 12 more articles have been added from other sources (e.g. after
references check of the most relevant publications). Of these 349
records, 281 have been excluded because not relevant or pertinent
for the ongoing analysis. 68 full-text articles have been extensively
checked for survival data (mean, median OS and DFS, HR and CI)
and finally 9 articles have been included in the analysis because of
the completeness of data.

Main authors of potentially eligible studies with minor missing
or incomplete data, have been directly contacted and invited for
additional information and data. Studies from Authors that have
answered with updated and complete data, have been included in
the analysis [10,17].

The studies are summarized in Table 1 and selection process
depicted in Fig. 1.

Level of evidence and study quality (assessed using Newcastle-
Ottawa Score) have been summarized in Table 2.

Meta-analysis: survival analysis

Cumulatively, 1308 patients have been evaluated, of which 1153
affected by PM of colonic origin (88,15% of the total sample) and 155
affected by rectal origin PM (11,85%).

Survival analysis has been divided in two main sections: overall
survival (OS) and disease-free survival (DFS). Both survival periods
have been calculated started from CRS and HIPEC procedure. OS
survival has been further divided in two sub-groups because 5 ar-
ticles reported mean OS (subgroup A), whereas 3 articles reported
only survival HR of rectal PM compared to colonic PM (subgroup B).

Survival analysis demonstrates that colonic origin of PM relates
with a longer overall survival and disease free survival, compared to
rectal origin of PM.

OS is longer in patients with PM arising from colonic primary
tumor, compared to rectal one. Actually OSmean difference is 24,49
months greater for colonic PM [95% CI: 14,70 - 34,28 months,
p< 0,000001] and pooled Hazard Ratio for rectal PM is 1.62 [95% CI:
1,01 - 2,59, p: 0,05] compared to colonic PM. Similarly, disease free
survival is greater for colon PM, as mean difference is 7,75 months
greater [95% CI: 1,37 - 14,13 months, p: 0,02]. Data and results are
shown in Fig. 2

Sensitivity analysis and publication bias

Heterogeneity is high among studies in OS subgroup A analysis



Table 1
Characteristics of the selected studies.

Author, year, country Period N. of
centers

Design Number of
patients.
Total (colon,
rectum)

Treatment strategy Systemic
treatment before
CRSþHIPEC (% of
pts receiving)

Liver
metastases
(% of
patients)

PCI value and PM
presentation

Systemic treatment after
CRSþHIPEC (% of pts
receiving)

Chua - Morris, 2011,
Australia [10]
(Updated data
directly from last
Author)

1997
e2018

1 Prospective 268 (244,24) HIPEC: mitomycin C (10e12.5 mg/m2). EPIC: POD 1-5 5-FU
(650e800 mg/m2)

n.r n.r PCI< 20 (inclusion criteria) n.r

DaSilva, 2005, USA [11] 1981
e2004

1 Retrospective 70 (64,6) HIPEC: mitomycin C at 10 mg/m2 in females and 12.5 mg/m2
in males; EPIC: POD 1-5: 5-FU 650 mg/m2

rectal: 100% CT
colon: n.r.

none
(exclusion
criteria)

mean PCI rectal pts:
8.4± 5.8; colon pts:
15± 7.2
metachronous: 100% rectal
pts
colon pts n.r.

rectal: 45% RCT, 45% CT, 10%
none
colon pts: n.r.

Elias, 2010, France [12] 1989
e2007

23 Retrospective 368 (341,27) HIPEC: mitomycin C at 35 mg/m2 ± Cisplatin 100 mg/m2 or
oxaliplatin 460 mg/m2 ± irinotecan 200 mg/m2 þ 5FU,
leucovorin e.v.; EPIC: POD 1: mitomycin C 10mg/m2, POD 2-5:
5FU 600 mg/m2

n.r. rectal: 17%
colon: 15%

median rectal PCI: 6 (range
n.r.)

rectal: 50% CT
colon: 44% CT

Froysnes, 2016, Norway
[13]

2004
e2013

1 Retrospective 119 (109,10) HIPEC: mitomycin C 35 mg/m2 for 90min in three fractions 81% of all pts 1.7% of all
pts

median PCI 9 (0-28) of all
pts
metachronous PM in 39%
of all pts

n.r.

Huang, 2014, China [14] 2004
e2013

1 Case-control 33 (21,12) HIPEC: cisplatin 20mg/ml, mitomycin C 5mg/ml n.r. 6% of all pts median rectal PCI: 21 (6-
36), median colon PCI: 21
(6-39)
metachronous 39.4% of all
pts

100% (colon >6 cycles 42%,
rectal >6 cycles 58%).
Regimen: oxaliplatin or
irinotecan based

Tonello, 2018, Spain
[15]

2003
e2015

1 Retrospective 36 (31,5) HIPEC: mitomycin C at 35 mg/m2 ± Cisplatin 100 mg/m2 or
oxaliplatin 460 mg/m2 þ 5FU, leucovorin e.v.; EPIC: POD 1-5
5-FU (650e800 mg/m2)

rectal: 60% RCT
(syncronous PM),
colon 25%
Regimen:
oxaliplatin or
irinotecan based

rectal: 20%,
colon:
19.3%

median rectal PCI: 10 (2-
30), median colon PCI: 9
(9-26)
metachronous rectal: 40%,
metachronous colon:
58.3%

rectal: 60%, colon 72.2%
Regimen: oxaliplatin or
irinotecan based

Verwaal, 2004,
Netherlands [16]

1995
e2002

1 Prospective 87 (82,5) HIPEC with mitomycin C 35 mg/m2 for 90min in three
fractions

n.r. none
(exclusion
criteria)

SPC score: modal value 6 100% of all pts. Regimen:
5FU-LV

Yonemura, 2013, Japan
[17] (Updated data
directly fromAuthor)

2004
e2018

1 Prospective 240 (203,37) HIPEC with mitomycin C at a dose of 20mg/m2 and cisplatin
100mg/m2

77.5% of all pts
Regimen:
oxaliplatin,
irinotecan or S1-
paclitaxel based

n.r. PCI <10: 52.8% of all pts
metachronous PM: 58.5%
of all pts

n.r.

Simkens, 2016,
Netherlands [21]

2004
e2015

1 Case-Control 87 (58,29) HIPEC: mitomycin C at 35 mg/m2 ± Cisplatin 100 mg/m2 or
oxaliplatin 460 mg/m2þ 5FU (400mg/m2), leucovorin e.v. (20
mg/m2)

rectal: 48%, colon:
12.1%

rectal:
10.3%,
colon 12.1%

mean rectal PCI: 9.3± 4.7,
colon PCI: 9.0± 5.1
metachronous rectal
34.5%, colon 46.6%

rectal: 27.6%, colon: 13.8%

List of abbreviations: pts: patients; n.r.: not reported; PCI: peritoneal cancer index; SPC: simplified peritoneal cancer (a simplified PCI score ranging from 0 to 21, using 7 abdominal regions); CT: chemotherapy; RCT: radio-
chemotherapy.
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Fig. 1. Flowchart of the literature search and selection process.
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(I2: 98%, p< 0,000001) and in DFS analysis (I2: 91%, p< 0,000001);
whereas among studies in OS subgroup B analysis is low (I2: 25%, p:
0,26). Publication bias was evaluated with funnel plot analyses, as
shown in Fig. 3, and the funnel plot was symmetric only in OS
subgroup B.

Discussion

The present study evaluated the relation between survival (as
overall survival and disease free survival) and primary tumor site in
colorectal peritoneal metastases treated with CRS and HIPEC with
curative intent. We defined colon as the intraperitoneal large bowel
portion and rectum as the extraperitoneal one.

Many studies reported location of primary tumor in a descrip-
tive section, but a very few used location as a survival-related
variable in their analyses. In all series, rectal origin PM represents
Table 2
Level of evidences and quality assessment of the selected studies.

Study Author, year, reference Newcastle-Ottawa Score

Cohort study

Selection Comparability Outcome

Chua - Morris, 2011 [10], **** ***
DaSilva, 2005 [11], **** ** ***
Elias, 2010 [12], **** * ***
Froysnes, 2016 [13], **** * ***
Huang, 2014 [14],
Tonello, 2018 [15], **** ** ***
Verwaal, 2004 [16], **** * ***
Yonemura, 2013 [17], **** ***
Simkens, 2016 [21],

Newcastle-Ottava Scale for Case-Control studies (Selection: 1. Adequacy of case definitio
Comparability: 1.Comparability of cases and controls on the basis of the design or anal
1.Ascertainment of exposure, 2.Same method of ascertainment for cases and controls,
exposed cohort, 2.Selection of the non exposed cohort, 3.Ascertainment of exposure, 4.
rability: 1.Comparability of cohorts on the basis of the design or analysis (two items:
outcome, 2.Was follow-up long enough for outcomes to occur, 3.Adequacy of follow up
a minority of cases; the sample numeric discrepancy between the
two groups, with the cultural background of considering CRC PM as
an homogeneous disease, might explain the lack of interest in
analyzing this factor.

Data obtained from this meta-analysis confirms the working
hypothesis that colon and rectum PM are two different diseases
with different biological behavior. Almost all studies included,
support this concept reporting higher survival (OS and DFS) rates
for colon PM.

The exceptions are Huang [14] and Simkens [21] papers. Huang
showed an higher survival period for rectal PM, eventhough both
survivals are significantly shorter compared to other papers (only
13 months for colon PM). Simkens, in its case-matched studied,
showed an higher OS for colon PM (median 35,1 months for colon
PM vs 26 months for rectal PM), but the observed difference was
not statistically relevant. Interestingly, using adjuvant systemic
chemotherapy after CRS and HIPEC as stratification factor, the same
Author demonstrated that colon PM patients have a significant
increase in overall survival (43,2 vs 14,5 months, p< 0,001) in
contrast with rectal PM patients (26,3 vs 20,9 months, p 0,17).
Clearly, the decision of administrating adjuvant CT could be a
confounding factor (reflecting perhaps patients’ performance sta-
tus or oncological history), but considering that almost the same
proportion of patients in the two groups (about 70%, p 0,74)
received systemic CT, the different response to adjuvant therapy
could be speculatively considered as a marker of major biological
aggressiveness of rectal cancer.

In contrast with our results, there is a French retrospective
multi-institutional registry published in 2004 (that cannot be
included in our analysis because of missing data), that reports a
median survival of 19.2 months for all CRC PM patients, with rectal
PM of 19 months [18].

Disease free survival analysis could be performed only in four
studies, because other included works do not report DFS. Also this
analysis confirms an incremented disease-free period in colon PM.
In contrast, Froysnes at al [13] reported only HR of recurrence and
being the only paper with that kind of data, cannot be included in
the quantitative DFS analysis; the result of Froysnes work is that
rectal PM have a slightly lower risk of recurrence compared to colon
PM (HR 0.93 [CI 95%: 0.39e2,23]), eventhough overall survival fa-
vors colon PM.

A potential bias of included studies could be year of publication,
because colorectal cancer treatment has rapidly evolved in the last
years and patients in older series have been treated with EPIC plus
LoE

Case-control study Scores

Selection Comparability Exposure

7 II
9 III
8 III
8 III

**** ** *** 9 II
9 III
8 II
7 II

**** ** *** 9 II

n, 2.Representativeness of the cases, 3.Selection of controls, 4.Definition of Controls;
ysis (two items: PCI and pre and post CRSþHIPEC systemic treatment); Exposure:
3.Non-Response rate) and Cohort studies (Selection: 1.Representativeness of the
Demonstration that outcome of interest was not present at start of study; Compa-
PCI and pre and post CRSþHIPEC systemic treatment); Outcome: 1.Assessment of
of cohorts). LoE: Level of evidence.



Fig. 2. Forest plots of survival analysis.

Fig. 3. Funnel plots of the analysed subgroups.
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HIPEC, but, considering the small number of included studies and
the fact that only 2 studies have been published earlier than 2010, a
sub-analysis according to post-CRS treatment or publication year
could not be performed.

We are well aware of the limitations of this study (high het-
erogeneity in two analysis out of three, quite low level of evidence)
and of the ongoing discussion in scientific community after recent
RCTs preview on CRC PM treated with CRS and HIPEC [19]. It is also
possible that in a not-far future we will be able to have diagnostic
(namely molecular) tools to stratify pre-operatory risk in a better
way than comparing only peritoneal tumor burden and primary
tumor site, as recent works report [20].

Considering all the previous aspects, we therefore cannot claim
with absolute certainty that rectal PM is a completely different
disease from colon origin PM, but we would like to raise strong a
claim of considering these results when evaluating rectal PM pa-
tients for curative CRS and HIPEC.

Our results underline the need of further and larger multi-
centric studies and to do so we also would warmly invite all Au-
thors to publish their clinical experience and data, focusing also on
primary tumor localization.
Conclusions

Our analysis, with all the limitations related to included studies,
suggests that peritoneal metastasis of rectal tumors treated with
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CRS and HIPEC have a worst prognosis than colon tumors PM.
Larger studies are required to confirm those results and therefore
we invite all Authors in considering also tumor localization when
reporting data on CRC peritoneal metastasis treatment.
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