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A Canadian single-centre experience 
with cytoreductive surgery and hyperthermic 
intraperitoneal chemotherapy for abdominal 
malignancies

Background: Cytoreductive surgery in combination with hyperthermic intra
peritoneal chemotherapy (CRSHIPEC) has recently shown promise for the treat
ment of patients with various types of peritoneal carcinomatosis (PC). However, it is 
an extensive procedure that is associated with a variety of morbidities. We evaluated 
the safety and clinical outcomes of CRSHIPEC performed at our centre.

Methods: Patients with abdominal malignancies who underwent CRSHIPEC 
between February 2005 and December 2018 at the Centre hospitalier de l’Université 
de Montréal (CHUM) were retrospectively reviewed.

Results: A total of 141 patients were identified (66 with appendiceal cancer, 
62 with colorectal cancer, 10 with mesothelioma and 3 with small intestinal 
tumours). The median age was 55 years. Median overall survival (OS) was not 
reached for patients with appendiceal tumours; it was 38.3 months for colorectal 
cancers. Among patients with colorectal cancer, survival was significantly better for 
those who received intraperitoneal HIPEC with oxaliplatin (74.9 mo) compared 
with mitomycin C (29.1 mo) (p = 0.006). Complete cytoreductive surgery and low 
peritoneal carcinomatosis index were associated with the highest overall survival in 
patients with appendiceal tumours and those with colorectal tumours.

Conclusion: CRSHIPEC can be performed with acceptable morbidity in patients 
with PC. These results validate the outcomes of previously reported trials, but further 
prospective trials are warranted to determine which patients will most benefit from 
the addition of HIPEC to CRS. 

Contexte : La chirurgie cytoréductrice associée à la chimiothérapie hyperthermique 
intrapéritonéale (CCRCHIP) s’est récemment révélée prometteuse pour le traite
ment de divers types de carcinomatose péritonéale (CP). Il s’agit toutefois d’une 
chirurgie extensive qui est associée à diverses morbidités. Nous avons évalué 
l’innocuité et l’issue clinique des CCRCHIP effectuées dans notre centre.

Méthodes  : Les cas de cancers abdominaux traités par CCRCHIP entre février 
2005 et décembre 2018 au Centre hospitalier de l’Université de Montréal (CHUM) 
ont été passés en revue rétrospectivement. 

Résultats  : En tout, 141 patients ont été recensés (66 porteurs d’un cancer de 
l’appendice, 62 d’un cancer colorectal, 10 d’un mésothéliome et 3 de tumeurs du 
grêle). L’âge médian était de 55 ans. La survie globale (SG) médiane n’a pas été 
atteinte chez les patients présentant des tumeurs de l’appendice; elle a été de 
38,3 mois dans les cas de cancer colorectal. Parmi les patients atteints de cancer 
colorectal, la survie a été significativement meilleure chez ceux qui ont été traités 
par CHIP avec oxaliplatine (74,9 mois) plutôt que mitomycine (29,1 mois) (p = 
0,006). La chirurgie cytoréductrice complète et un index de carcinomatose péri
tonéale faible ont été associés à la meilleure survie chez les patients atteints de 
tumeurs de l’appendice et de tumeurs colorectales. 

Conclusion  : La CCRCHIP s’accompagne d’une morbidité acceptable chez les 
patients atteints de CP. Ces résultats valident les conclusions de rapports précédents, 
mais il faudra mener des études prospectives plus approfondies pour déterminer quels 
patients bénéficieront le plus de l’ajout de la CHIP à la CR.
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C olorectal cancer (CRC) is the third most common 
cancer worldwide.1 Peritoneal carcinomatosis (PC), 
defined as the spread of tumours over the peritoneal 

surface lining of the abdomen, is the second most common 
site of recurrence in patients with CRC and accounts for up 
to 25%–30% of all recurrent or metastatic CRC.2 In up to 
25% of cases, PC is the sole site of metastasis.3

Patients who develop PC have a poor prognosis. For 
example, with systemic therapy the median survival of 
patients with PC who have CRC primaries is up to only 
15 months.4,5 With extensive research and technical 
advances, cytoreductive surgery (CRS) in combination 
with perioperative systemic therapy and hyperthermic 
intraperitoneal chemotherapy (CRSHIPEC) showed 
promising results and improved survival.6,7 Verwaal and 
colleagues, in a randomized controlled trial, showed that 
CRSHIPEC significantly increased overall survival to 
22.3 months compared with 12.6 months with standard 
palliative chemotherapy with 5fluorouracil (5FU), which 
is now an outdated therapy.8 On the other hand, there was 
no survival gain when HIPEC was added to CRS and sys
temic chemotherapy in the PRODIGE 7 trial.9,10 Thus, it 
is evident that CRS has a benefit in PC of CRC, but cur
rent evidence with a proper randomized controlled trial is 
lacking for the use of CRSHIPEC as the standard of care. 
In addition, the selection criteria for patients who would 
benefit from the addition of HIPEC to CRS have yet to be 
determined in CRC. However, it is generally agreed that 
patients with better prognostic factors would benefit the 
most. These factors include low peritoneal cancer index 
(PCI) score, no or low liver disease burden, low patient 
comorbidity profile and longer diseasefree survival (DFS) 
in metachronous carcinomatosis.11

Appendiceal mucinous tumours are rare, accounting for 
only 1% of all cancers.12 Mucinous neoplasms of the 
appendix constitute a heterogeneous group of neoplasms, 
ranging from adenomas to mucinous adenocarcinomas.13 
To simplify this wide spectrum of disease, these tumours 
are classified as low and high grade.14 Others have classified 
these tumours as disseminated peritoneal adeno mucinosis 
(DPAM) and peritoneal mucinous carcinomatosis 
(PMCA).15 In pseudomyxoma peritonei of appendiceal ori
gin and peritoneal mesothelioma, CRSHIPEC is con
sidered the standard of care as it can clearly prolong DFS 
and overall survival (OS).16–18

CRSHIPEC is a challenging procedure offered only in 
highvolume centres; it requires experienced surgical teams 
and substantial infrastructure. Even in these settings, it is 
associated with morbidity. Given that it is a new treatment 
approach, not much data have been published to date on 
outcomes in the Canadian population. Thus, we aimed in 
this study to establish that CRSHIPEC is a feasible and 
safe procedure. We also aimed to evaluate our own experi
ence regarding morbidities, complications and survival 
outcomes in reallife practice.

Methods

This was a retrospective analysis approved by the research 
ethics board of the Centre hospitalier de l’Université de 
Montréal. All patients with abdominal neoplasms with 
peritoneal involvement who underwent CRSHIPEC 
between February 2005 and December 2018 at our centre 
were recorded. Patients with appendiceal tumours, meso
theliomas and PC secondary to colorectal and small bowel 
adenocarcinomas were included. Patients with ovarian and 
gynecologic neoplasia were excluded. Data on age, date of 
diagnosis, synchronous or metachronous tumours, body 
surface area, perioperative chemotherapy, pathology, 
postoperative complications, duration of intensive care 
unit stay, duration of total hospital stay, transfusions and 
dates of recurrence and death were collected. Our study 
focused on appendiceal and colorectal cancers; thus, 
mesotheliomas and small bowel tumours were excluded 
from the survival analysis.

Eligible patients had cytoreductive surgery as first 
described by Sugarbaker.7 After complete cytoreduction, 
HIPEC was administered. In most cases, patients received 
either mitomycin C over 90 minutes or oxaliplatin over 
30 minutes, after the drug was heated to 40°C–42°C. The 
chemotherapy agent was selected according to the type of 
disease, the patient’s previous exposure to chemotherapy 
and the performance status of the patient.

The PCI score was determined intra operatively by the 
surgeon, along with the completeness of cytoreduction 
(CC) score. CC0 indicates that no macroscopic residual 
cancer remained, CC1 indicates that no nodule larger 
than 2.5 mm in diameter remained and CC2 indicates 
that nodules between 2.5 mm and 2.5 cm in diameter 
remained.19 PCI scores range from 1 to 39.19 Postoperative 
complications were recorded according to the common 
terminology criteria for adverse events, version 5.20 Com
prehensive Complication Index (CCI) score was calculated 
using a downloaded calculator. This recently studied index 
is highly sensitive as it represents the sum of all complica
tions, each weighted by its severity.21

Descriptive statistics were used. We calculated p values 
for differences between types of intraabdominal chemo
therapy using χ2 tests. DFS, progressionfree survival 
(PFS) and overall survival (OS) were analyzed using 
Kaplan–Meier curves plotted with GraphPad Prism 7. 
 Statistical significance was defined as p < 0.05, obtained by 
a 2tailed test.

Results

Of the 141 patients who underwent CRSHIPEC between 
February 2005 and December 2018, 58 were male and 83 
were female, with a median age of 55 years (range 
15–77 yr). In total, 46.8% (66 patients) of the tumours 
were neoplasms of the appendix and 44.0% (62 patients) 
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were colorectal cancers (Figure 1). In appendiceal tumours, 
39.4% (26/66) of the cases were DPAM while 56.1% 
(37/66) were PMCA. Excluding those with mesothelioma, 
90 patients (68.7%) had synchronous disease.

Surgical outcomes

At the time of cytoreductive surgery, 22.0% of patients 
underwent splenectomies and 23.4% had resection of liver 
metastasis, with a mean of 1 bowel anastomosis per opera
tion (Table 1). Blood transfusion was required in 36 cases 
with an average hospital admission of 16.75 days, includ
ing stays in the intensive care unit if required. The most 
common complications were gastrointestinal, including 
ileus, and the mean CCI score was 17.7. No 30day mor
tality was observed. Two patients experienced anastomotic 
leak. Complete cytoreduction (CC0) was achieved in 
89 patients (63.1%), with an average PCI score of 15.

Chemotherapy

Systemic neoadjuvant chemotherapy was administered to 
77 of the 141 patients (54.6%). Neoadjuvant chemotherapy 
was administered mainly to patients with colorectal cancers 
(both synchronous and metachronous metastases). Among 
patients with PMCA, it was predominately given for syn
chronous tumours. Only 3 patients with DPAM received 
neoadjuvant systemic chemotherapy. Hyper thermic intra
peritoneal injection of oxaliplatin was used for 60 patients 
and mitomycin C was used for 72 patients (Table 2). Intra
abdominal use of mitomycin C was predominant among 

patients with appendiceal tumours and oxaliplatin use was 
more common among patients with colo rectal cancers (p = 
0.05). Among patients with colorectal cancers, intra
abdominal oxaliplatin use was significantly higher in those 
with synchronous tumours (p = 0.019).

Survival outcomes

Appendiceal tumours
The median DFS for patients with DPAM was 
149.8 months; median OS was not reached (Figure 2). 
Among patients with PMCA, median DFS and OS were 
not reached (Figure 3). Estimated 10year survival rates of 
DPAM and PMCA were 89% and 75%, respectively.

Fig. 1. Distribution of primary neoplasms in 141 patients who 
underwent cytoreductive surgery and hyperthermic intra
peritoneal chemotherapy.
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Table 1. Clinical and operative characteristics of patients who 
underwent cytoreductive surgery and hyperthermic 
 intra peritoneal chemotherapy

Characteristic No. (%) of patients*

Procedure

    Splenectomy 31 (22.0)

    Hepatic resection 33 (23.4)

    Peritonectomy 120 (85.1)

    Right diaphragm resection 62 (43.9)

    Left diaphragm resection 32 (22.6)

    Glisson capsulectomy 44 (31.2)

    Cholecystectomy 14 (9.9)

    Partial gastrectomy 9 (6.3)

    Lesser omentum resection 11 (7.8)

    Partial pancreatectomy 7 (4.9)

    Small bowel resection 61 (43.2)

    Right hemicolectomy 53 (37.5)

    Left hemicolectomy 42 (29.7)

    Resection of rectum 21 (14.8)

    Hysterectomy in females 32/83 (38.5)

    BSO in females 47/83 (56.6)

    Partial cystectomy 5 (3.5)

Bowel anastomosis 75 (53)

    No. of bowel anastomoses per patient,  
    mean (range) 

1 (0–3)

    Anastomosis leak 2

Duration of surgery, h, mean (range) 8.9 (2.5–17.5)

Blood loss, mL, mean (range) 548 (15–3000)

Blood transfusion 36 (25.5)

Duration of ICU stay, d, mean (range) 1.5 (0–33)

Duration of hospital admission, d, mean (range) 16.75 (5–184)

CCI score, mean (range) 17.7 (8–50.1)

PCI score, mean (range) 15 (1–39)

Completeness of cytoreduction

    CC-0 89

    CC-1 28

    CC-2 7

    Unspecified 16

BSO = bilateral salpingo-oophorectomy; CC-0 = no macroscopic residual cancer 
remained; CC-1 = no nodule > 2.5 mm in diameter remained; CC-2 = nodules between 
2.5 mm and 2.5 cm in diameter remained; CCI = Comprehensive Complication Index; 
ICU = intensive care unit; PCI = peritoneal cancer index. 

*Unless indicated otherwise.
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In patients with PMCA, intraperitoneal HIPEC with 
oxaliplatin showed a trend toward better DFS and OS, 
although this was not statistically significant, when compared 
with intraabdominal use of mitomycin C (p = 0.28 for DFS 
and p = 0.33 for OS). The median DFS for the mitomycin C 
group was 37.1 months; it was not possible to calculate it for 
the oxaliplatin group. The median OS was not reached for 
either chemotherapy group (p = 0.55; Figure 4A and 4B). 
The same trend toward better OS was also seen in patients 
with synchronous PMCA tumours (p = 0.33; Figure 4C); the 
median OS was not reached for these patients.

Completeness of cytoreduction and PCI score were found 
to be prognostic factors and predictive of better survival. 
Although the median OS was not reached in patients with 
PMCA who underwent complete (CC0) or incomplete 
resection (CC1 and CC2), complete resection was associ
ated with better survival (p = 0.08; Figure 5A). Lower PCI 
scores were also associated with better survival. The median 
OS was not reached in patients with PMCA and PCI scores 
of 1–20 whereas the median OS was 78.7 months for those 
with PCI scores of 21–39 (p < 0.001; Figure 5C).

Fig. 2. Kaplan—Meier curves for (A) diseasefree survival and (B) 
overall survival among patients with disseminated peritoneal 
adenomucinosis who underwent cytoreductive surgery and 
hyperthermic intraperitoneal chemotherapy.
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Fig. 3. Kaplan—Meier curves for (A) diseasefree survival and (B) 
overall survival among patients with colorectal and peritoneal 
mucinous carcinomatosis (PMCA) who underwent cytoreductive 
surgery and hyperthermic intraperitoneal chemotherapy.
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Table 2. Characteristics of patients according to type of 
intra-abdominal chemotherapy

Characteristic
Mitomycin C

n = 72
Oxaliplatin
n = 60 p value

Appendiceal tumours 40 25 0.05

Colorectal tumours 27 34

Appendiceal tumours

    DPAM 17 9

    PMCA 22 14 0.73

    Unspecified 1 2 –

    Synchronous 30 24

    Metachronous 5 1 0.19

    Unknown 5 0

Colorectal tumours

    Synchronous 10 22

    Metachronous 15 9 0.019

    Unknown 2 3

Small intestine tumours 2 1 –

Mesothelioma 3 0 –

DPAM = disseminated peritoneal adenomucinosis; PMCA = peritoneal mucinous carcino-
matosis.
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Colorectal tumours
Patients with colorectal tumours with PC had a worse 
prognosis than those with PMCA; the median DFS and 
OS were 13 and 38.3 months, respectively (p < 0.001 for 
both comparisons) (Figure 3). The estimated 5year sur
vival rate was 42%.

Intraperitoneal HIPEC with oxaliplatin was associated 
with better survival. The median DFS for patients who 
received oxaliplatin was 15.7 months, compared with 
9 months for those who received mitomycin C (p = 0.017; 
Figure 6A). Median OS was 74.9 and 29.1 months for 
patients who received oxaliplatin and mitomycin C, respec
tively (p = 0.006; Figure 6B). The significant improvement  
in OS with intraabdominal use of oxaliplatin was still 
observed in both synchronous and metachronous colo
rectal tumours. The median OS was not reached in 
patients with synchronous tumours who received HIPEC 
with oxaliplatin; it was 29.1 months in these patients who 
received mitomycin C (p = 0.015). OS was 74.9 months for 
patients with metachronous tumours who received oxali
platin and 31 months for those who received mitomycin C 
(p = 0.022) (Figure 6C and 6D).

Complete cytoreduction and lower PCI score were 
associated with better survival in patients with colorectal 
cancers. The median OS was 41.7 and 31.0 months for 
patients who underwent complete and incomplete cytore
ductive surgery, respectively (p = 0.02; Figure 5B). Patients 
who had a PCI score less than 11 had better survival than 
those with a score of 11–15 or more than 15 (75.4 mo v. 
32.6 mo v. 28.1 mo; p = 0.002) (Figure 5D). Although this 
finding was not statistically significant, leftsided colorectal 
tumours were associated with better survival than right
sided tumours; median OS was 41.7 versus 35.6 months 
(p = 0.94; Figure 7).

discussion

Peritoneal carcinomatosis was once considered a terminal 
disease and treated with only palliative systemic therapies. 
It carried a poor prognosis with a maximum reported 
median OS of 15 months.5 Later, PC was considered a 
regional form of metastasis that warranted local aggressive 
therapies in selected patients. Surgical resection, defined 
initially by Sugarbaker as cytoreductive surgery, and 
HIPEC were hence further developed.7

CRS is a long procedure, with potential multiorgan 
resections and bowel anastomosis. It is associated with a 
high risk of intraoperative blood loss and morbidities. In 
our centre, mean intraoperative blood loss was merely 
548 mL, and blood transfusion was needed in only 25.5% 
of patients. Our patients had a mean hospital stay of 
16.75 days, and the mean CCI score was low. The morbid
ity profile of our patients was comparable to that of 
patients at other centres.22–24 Our centre is considered a 
reference centre in the province of Quebec, Canada, where 

Fig. 4. Kaplan–Meier curves for (A) diseasefree survival and 
(B) overall survival among patients with PMCA, according to the 
type of intraperitoneal chemotherapy used. (C) Kaplan–Meier 
curves for overall survival among patients with synchronous 
peritoneal mucinous carcinomatosis, according to the type of 
intraperitoneal chemotherapy used.
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the services of a large, dedicated, experienced surgical 
team, together with early intervention by all needed spe
cialists, led to a low complication rate. Initially, all patients 
were admitted for observation to the intensive care unit 
(ICU), but lately patients have been admitted to the ICU 
only as indicated.

To our knowledge, there have been no prospective ran
domized controlled trials studying the benefit of neo
adjuvant chemotherapy in PC of both colorectal and 
appendiceal tumours. However, studies have shown that 
perioperative chemotherapy for resectable liver metastasis 
of colorectal origin did not improve overall survival.25 In 
our cohort, liver metastases were mainly capsular lesions. 
Systemic chemotherapy was offered to reduce tumour size, 
which could improve outcomes and allow for easier and 
more complete resection, organ preservation and less mor
bidity. Neoadjuvant chemotherapy was offered to only 
54.6% of our patients, who had mainly colorectal and 

PMCA cancers. Preoperative systemic chemotherapy was 
offered to a few patients with DPAM, because the waiting 
time to surgery is long in Quebec and according to our 
local experience some patients did have a response. A retro
spective study of 34 patients with PMCA showed a short
term survival benefit in patients with complete response 
only.26 Thus, systemic neoadjuvant chemotherapy is offered 
for better surgical feasibility, not for survival benefit. Future 
randomized controlled trials are warranted to clarify the 
indications of neoadjuvant therapy in this setting.

In our study, HIPEC with oxaliplatin was associated 
with better DFS and OS in patients with colorectal cancer 
when compared with the use of mitomycin C, but the dif
ference was not statistically significant in patients with 
PMCA. Leung and colleagues, in a retrospective analysis 
of 201 patients, showed that use of intraperitoneal oxalipla
tin for PC of colorectal adenocarcinomas was associated 
with better survival outcomes, particularly in patients with 

Fig. 5. Kaplan–Meier curves of overall survival according to completeness of cytoreduction for patients with (A) PMCA 
and (B) colorectal tumours, and according to PCI score for patients with (C) PCMA and (D) colorectal tumours. PCI = peritoneal car
cinomatosis index; PMCA = peritoneal mucinous carcinomatosis. 

0

20

40

60

80

100

Time (mo)

O
ve

ra
ll 

su
rv

iv
al

(%
 o

f 
p

at
ie

n
ts

)

0 20 40 60 80 100 120 140
0

20

40

60

80

100

Time (mo)

O
ve

ra
ll 

su
rv

iv
al

(%
 o

f 
p

at
ie

n
ts

)

Complete

Incomplete

100806040200 120 140 160

0

20

40

60

80

100

Time (mo)

O
ve

ra
ll 

su
rv

iv
al

(%
 o

f 
p

at
ie

n
ts

)

PCI 1–20
PCI 21–39

100806040200 120 140
0

20

40

60

80

100

Time (mo)

O
ve

ra
ll 

su
rv

iv
al

(%
 o

f 
p

at
ie

n
ts

)
< 11
11–15
> 15

100806040200 120 140 160

A

C

B

D

Complete

Incomplete



RECHERCHE

E348 Can J Surg/J can chir 2022;65(3) 

non–signet cell tumours.27 On the other hand, the Amer
ican Society of Peritoneal Surface Malignancies (ASPSM) 
demonstrated that use of mitomycin C was associated with 
slightly better OS (a finding that was not statistically sig
nifi cant), but in subgroup analysis, the use of mitomycin C 
improved survival in patients with low burden disease who 
had complete resection.28 A propensity score matched 
analysis confirmed that hyperthermic oxaliplatin use dur
ing HIPEC did not increase morbidities or mortalities.29,30

Thus, the choice of intraperitoneal chemotherapy may 
vary according to several factors, including histology sub
types (grade of tumour and presence or absence of signet 
cells), disease burden and patients’ response to exposure to 
oxaliplatin in previous systemic therapy. It should be noted 
that in the PRODIGE 7 study, a randomized controlled trial 
of 265 patients with PC secondary to colorectal tumours, 
HIPEC with oxaliplatin did not improve survival when com
pared with CRS only. This trial is the only randomized con
trolled one present to date in the literature.9 In our centre, 

intraperitoneal mitomycin C in appendiceal tumours is 
 usually used to allow longer exposure of the peritoneum to 
the chemotherapy, as prolonged peritoneal oxaliplatin use is 
associated with increased risk of peritoneal bleeding. On the 
other hand, mitomycin C is used for HIPEC for patients 
with PC of colorectal origin whose disease is resistant or has 
progressed after systemic oxaliplatin therapy. Thus, with 
these strategies, mitomycin C is used for patients whose dis
ease is already assocaited with a worse prognosis, which can 
explain the survival results we obtained.

In our cohort, patients with appendiceal tumours had 
prolonged survival with CRS and HIPEC, with an esti
mated 10year survival rate of 89% and 75% for DPAM 
and PMCA subtypes, respectively. These results were 
slightly higher than those reported by Chua and col
leagues in a retrospective study, where patients with 
appendiceal mucinous neoplasms and peritoneal involve
ment had a median OS of 16.3 years, with 10 and 
15year survival rates of 63% and 59%, respectively.31 On 

Fig. 6. Kaplan–Meier curves of (A) diseasefree survival and (B) overall survival among patients with colorectal cancer, and Kaplan–
Meier curves of overall survival in patients with (A) synchronous tumour and (D) metachronous tumours, according to the type of 
intraperitoneal chemotherapy used. 
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the other hand, patients with colorectal cancer in our 
cohort had a median OS of 38.3 months and a 5year sur
vival rate of 42%. This was similar to the results of most 
published studies, in which median OS ranged between 
32 and 41 months.32–34

Completeness of cytoreduction and PCI score are con
sidered important prognostic factors, as patients with 
CC0 and a low PCI score had the highest survival rate 
for both appendiceal and colorectal tumours. In patients 
with colorectal tumours, complete cytoreduction was 
associated with better survival than incomplete cytoreduc
tion, with a median OS of 41.7 months, which is similar to 
the survival results in the PRODIGE 7 study.9,10 In that 
trial, all patients received intraabdominal oxaliplatin infu
sion and only patients with a PCI score less than 25 were 
included.In contrast, in our study, mitomycin C was used 
in cases of oxaliplatin resistance. In the PRODIGE 7 
study, patients with PCI scores less than 11 had the high
est survival, but subgroup analysis showed that patients 
with PCI scores of 11–15 benefited the most from 
HIPEC. The correlation between PCI and survival was 
also obvious in our study, but we lacked a comparative 
group of patients treated with CRS without HIPEC. In 
another retrospective study, Elias and colleagues showed 
that patients with PCI scores less than 19 had better sur
vival than those with PCI scores higher than 19.35

Similar results were observed in appendiceal tumours in 
our study, as patients with PCI scores less than 20 had  
much better survival than those with PCI scores of 20 and 
more. Jimenez and colleagues cited PCI as a prognostic 
factor in a retrospective study of 387 patients, in which 
patients with PCI scores less than 20 had 5year OS of 
100% and 60% in DPAM and PMCA, respectively; these 
were significantly different than the results for patients 
with PCI greater than 20.36

Sidedness of the primary tumour in colorectal cancer 
plays an important role in prognosis in some series. Right
sided tumours are associated with worse survival than left
sided tumours.37,38

We performed resection of hepatic and subcapsular 
lesions in 23% of our patients. The presence of liver 
metastases was initially considered a contra indication to 
CRS and HIPEC. Later, a curative approach was con
sidered in patients with a limited number of liver metasta
ses.39 In a French retrospective analysis of 43 patients who 
underwent CRS and HIPEC for peritoneal carcinomatosis 
of colorectal origin, there was no difference in survival 
between patients with or without liver metastases.40 A 
recent metaanalysis of retrospective studies showed that 
patients with isolated PC experienced better survival than 
patients with both PC and liver metastases undergoing 
CRS and HIPEC, but the survival of patients in the latter 
group was still better than that of patients who underwent 
systemic chemotherapy alone.2,41,42 Therefore, a curative 
approach should still be considered in selected patients 
with both hepatic and peritoneal metastases.

Limitations

Our study has several limitations. It was a retrospective 
study with a limited number of patients and thus it is not 
ideal to draw conclusions for daily clinical practice. Some 
of the longterm complications may not have been fully 
reported, as some patients were followed in different out
side clinics after discharge and thus we sometimes lacked 
detailed followup data. Moreover, our surgeons may have 
created a highly selected patient population by performing 
CRS and HIPEC only on well, fit patients. In addition, 
the study lacked a comparison group of patients who 
underwent CRS without HIPEC, and thus it is not pos
sible to fully determine the indications for and benefits of 
adding HIPEC to CRS. Further prospective trials are 
warranted to establish these indications.

conclusion

CRSHIPEC is an acceptable, safe therapeutic treatment 
option for patients with PC. It is considered by many as 
the standard of care in patients with appendiceal tumours, 
and it is gaining more popularity in peritoneal carcino
matosis secondary to colorectal tumours and other 
abdominal malignancies. To date, there exists no high
level evidence that clearly shows a benefit of the addition 
of HIPEC to CRS. Yet criteria for selecting the patients 
that will benefit the most from this procedure are vari
able, and the criteria for selecting patients for the addi
tion of HIPEC are not well established. Further prospec
tive randomized clinical trials are warranted for this 
population.

Fig. 7. Kaplan–Meier curve of overall survival among patients 
with colorectal tumours, according to the side of the primary 
tumour. LT = leftsided tumour; RT = rightsided tumour.
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