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Cytoreductive surgery (CS) and hyperthermic intraperitoneal chemotherapy (HIPEC) have 
gained increasing consensus in treatment of peritoneal carcinomatosis from colorectal 
cancer. The presence of liver metastases is generally considered a contraindication for CS 
+ HIPEC, as hepatic involvement no longer represents a loco-regional aspect of disease. 
Despite this, liver resection (LR) has been tested in selected cases in combination with CS 
+ HIPEC for treatment of peritoneal carcinomatosis with liver metastasis. Relevant studies 
on this topic were identified through a search in the electronic PubMed database, using the 
appropriate keywords. CS + HIPEC + LR allows similar outcomes in terms of survival and 
morbidity with respect to CS + HIPEC, especially in patients with low tumor load. CS + 
HIPEC + LR represents a reasonable approach for patients with peritoneal carcinomatosis 
and liver metastases from colorectal cancer. Patients should be selected in high volume 
tertiary centres, preferably in the context of a prospective trial.
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INTRODUCTION

Peritoneal carcinomatosis (PC) from colorectal 
carcinoma is present in about 10% of patients at the 
time of diagnosis, and appears in 25% of patients 
during follow-up[1,2]. Median survival of patients 
affected by colorectal peritoneal carcinomatosis 
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varies between 5 and 7 months[3]. The introduction 
of systemic chemotherapy treatment regimes, based 
on oxaliplatin and irinotecan alone or associated with 
vascular endothelial growth factor (VEGF)-inhibitors 
(in various combinations and treatment sequences), 
has enabled a significant improvement in outcome 
for patients with metastatic colorectal cancer (MCC), 
where in some trials a median survival greater than 
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20 months has been obtained[4]. However, all the data 
presently available refer to patients with un-specified 
metastatic disease (liver, lung, peritoneum) and the 
role of modern systemic chemotherapy for treatment 
of isolated PC has been adequately investigated in 
only a few retrospective studies[5-7]. 

The role of radical surgery for MCC has gained 
increasing attention in the oncological community 
and has been proposed in selected cases for liver[8], 
lung [9] and peritoneal metastases [10]. Although 
the role of surgery in presence of multiple sites of 
MCC is almost un-explored, the combined and/
or sequential resection of liver, lymph nodes, lung 
metastases in various combinations has been 
tested with encouraging outcomes in very selected 
cases[11]. Radical surgery for concomitant liver and 
extra-hepatic MCC has shown results that seem 
comparable to those obtained for isolated hepatic 
metastases[12-15]. For colorectal liver metastases (LM), 
radical surgery offers a chance of cure in at least 
17% of patients and liver resection (LR) has become 
the standard treatment for patients with resectable 
disease[16]. In isolated PC, the role of surgery is less 
defined and is generally restricted in the context of 
the multimodal approach of cytoreductive surgery 
(CS) + hyperthermic intraperitoneal chemotherapy 
(HIPEC), which appears as the only chance of cure 
in selected patients[17-20]. CS + HIPEC has been 
shown to be superior over systemic chemotherapy 
in one randomized controlled trial[17] and in several 
uncontrolled studies that reported a median overall 
survival of 33 months and 5-year survival of 43%[7]. 
Patients with low tumor load and in whom a complete 
cytoreduction (CCR-0) is obtainable are those who 
benefit most from CS + HIPEC[18,19], but research for 
further selection criteria (clinical and biological) is still 
ongoing. 

Until a few years ago, the presence of peritoneal 
carcinomatosis with concomitant liver metastases 
was considered an absolute contraindication to 
CS + HIPEC and these patients were referred for 
systemic palliative treatment. The coexistence of 
liver metastases (haematogenous metastases) and 
peritoneal metastases (loco-regional metastases) 
was considered not amenable to curative surgical 
treatment due to the spread of the disease and to 
the complexity of a combined surgical approach. In 
the last decade a growing number of publications 
have reported patients treated with CS + HIPEC and 
LR, but it is still not clear which patients should be 
selected for this surgical approach. 

SURGERY FOR PERITONEAL AND LIVER 
MCC

The introduction of oxaliplatin/irinotecan and VEGF 
inhibitors based chemotherapy has improved response 
rate and prolonged overall survival of patients with 
MCC[4]. Despite that the absolute survival benefit 
obtained with modern systemic chemotherapy has 
been constantly increasing and the expected median 
survival of more than 20 months is predictable, surgical 
approach to MCC has gained increasing interest and 
LR has become the only chance of cure for resectable 
liver metastases[16]. Although early experience has 
identified patients with LM associated with extra-hepatic 
disease as a group with a poor prognosis, surgery 
for limited and stable disease has been frequently 
offered to patients with lung, peritoneal and other 
site metastases[11]. Small series of patients suggest 
that resection of the liver combined with other sites 
can offer a survival benefit, but the argument is still 
under investigation and the results of the few available 
studies are influenced by a high selection bias. 

Data on surgery for peritoneal and liver MCC are 
very limited. Although, in one study, patients who 
underwent liver and extra-hepatic disease resection 
seem to have a worse prognosis[14], a single center 
experience reported a 28% 5-year survival rate in 
patients who underwent an R0 resection of extra-
hepatic disease simultaneously with hepatectomy 
for colorectal l iver metastasis [12].  Unexpected 
peritoneal disease at time of planned liver resection 
was estimated in 3% of cases in a large single 
center experience[21]. After multivariate analysis, 
risk factors for peritoneal implants in this subset of 
patients were previous peritoneal carcinomatosis, 
T4 primary tumor and bilobar LM. In patients with 
completely resected and limited PC (PCI less than 
2), the 5-year overall survival was 18% with a median 
survival of 42 months, regardless of the extent of 
LM. These findings suggest that an accurate pre-
operative radiological evaluation not only of the 
liver but also of the peritoneal cavity is warranted, 
based on the risk of peritoneal implants (primary T4, 
resected PC or bilobar LM). Laparoscopic evaluation 
before surgery for colorectal LM combined with PC 
should be considered after a complete and accurate 
radiologic work-up, considering that the occurrence 
of unresectable disease is 5% inpatients selected 
for liver resection only[22]. Diagnostic laparoscopy to 
discover peritoneal implants should be selectively 
considered in groups undergoing surgery for LM, as 
the efficacy to discover peritoneal disease is very 
high[23]. This allows the selection of patients for the 
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more appropriate treatments and directs the group 
with limited peritoneal carcinomatosis to a more 
appropriate approach with HIPEC.

PATIENT SELECTION FOR CS + HIPEC + LR

For colorectal peritoneal carcinomatosis, cytoreductive 
surgery, normally adopted in the context of a multimodal 
approach of surgery followed by intraperitoneal 
chemotherapy, offer a significant survival advantage 
in selected patients treated in a high volume tertiary 
center[24]. Surgery, which represents the first step of 
the procedure, was standardized twenty years ago and 
consists of visceral resections and peritonectomies in 
various combinations[10]. The main surgical goal is to 
obtain an optimal cytoreduction with a macroscopic 
residual disease of less than 2.5 mm. Intraperitoneal 
drug is delivered intra-operatively under hyperthermic 
conditions after completion of CS (HIPEC)[25]. The 
more important prognostic factor for patient selection 
for CS + HIPEC are the grade of cytoreduction and 
the peritoneal tumor load[19,20]. Although a locoregional 
approach, CS + HIPEC has been considered 
contraindicated in the presence of systemic disease 
and patients with peritoneal carcinomatosis and liver 
metastases were usually deemed not suitable for 
treatment and referred to oncologist for systemic 
chemotherapy. 

The encouraging data on the curative role of surgery 
for liver metastases made CS + HIPEC combined with 
liver resection a less stringent contraindication[18,20]. 
Over the last few years, an increasing number of 
studies investigated the role of LR in patients selected 
for CS + HIPEC[26-28]. In some cases, the treatment 
of LM was done after intra-operative finding[28], but 
in the majority of cases resection was planned with 
respect to pre-operative staging. In a few cases, liver 
metastases and peritoneal carcinomatosis treatment 

were sequential, performing liver resection after CS + 
HIPEC. 

Patients selected for CS + HIPEC + LR presented 
with limited liver disease, as suggested by the 
median number of nodules (in general between 1 
and 2), the rare occurrence of major resection and 
the frequent use of ablative techniques (cryotherapy, 
radiofrequency)[20,29-32] [Table 1 and Figure 1]. On 
the other hand, peritoneal load probably reflects the 
same tumor diffusion of patients selected for CS 
+ HIPEC only, where a PCI index less than 20 is 
considered by the majority of referral centers as the 
preoperative cut-off value in selecting patients for 
treatment. 

Analysing the prognostic factor, peritoneal and liver 
tumor load seems to have the most important impact 
on outcome. These data are in concordance with 
previous reports on surgical treatment of multiple 
sites MCC; the presence of multiple extra-hepatic site 
and more than five liver metastasis were the only two 
variables correlated with survival[14]. More recently a 
tumor load-based nomogram have been proposed 
for patients with potentially resectable synchronous 
peritoneal and liver metastases [20]. Although not 
yet prospectively validated, this simple nomogram 
combines as prognostic predictors the number 
of LM and the PCI and represents an interesting 
decision-making tool that could aid clinicians during 
multidisciplinary discussion to evaluate the most 
appropriate treatment.

ASSESSMENT OF MORBIDITY AND 
MORTALITY

An important issue arises from the potential increase 
in morbidity and mortality of combining CS + HIPEC 
to LR, both considered two surgical procedures 

Table 1: Comparative studies of CS + HIPEC ± LR for peritoneal carcinomatosis and liver metastases from 
colorectal cancer

Studies

Study 
period

Study sample 
(liver 

metastasis)

Peritoneal 
load
(PCI)

Liver 
metastases

(median 
and range)

Major 
hepatectomy

(n)

Ablative 
techniques

(n )

Wake Forest University 
Winston-Salem, USA[29]

1991-2007 14/142 (9%) NR 1 (1-7) 1 6 thermal cryo 
ablation, 

4 cryotherapy,
2 radiofrequency

Uppsala University, Sweden[30] 1994-2010 11/22 (50%) 13 vs. 13 1 (1-3) 2 -
Gustave-Roussy Institute, France[20] 1995-2010 37/156 (23.7%) 10 vs. 11 2 (1-16) 12 7 radiofrequency
St George Hospital, Sidney, Australia[31] 1997-2008 16/55 (29%) 8 vs. 12^ 2 ( 1-7) 2 4 cryotherapy
Université Catholique de Louvain, 
Belgium[32]

2007-2015 25/77 (32.5%) 6 vs. 10 NR 2 1 radiofrequency

^Mean. CS: cytoreductive surgery; HIPEC: hyperthermic intraperitoneal chemotherapy; LR: liver resection; PCI: peritoneal cancer index; 
NR: not reported
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associated with a high risk of complications. The 
overall postoperative morbidity rate ranged from 14.8% 
to 58%[33]. Due to improved surgical techniques, newer 
dissectors, increased anesthesiological skills and, 
most of all, refined selection criteria, the mortality and 
morbidity rates after CS + HIPEC have decreased 
during the last decade and postoperative outcomes 
are similar to a major gastrointestinal surgery[4]. In the 
same way, the mortality rates for liver resection, which 
was traditionally considered as one of the surgical 
procedures with the highest risk of death, have been 
lowered even more: for instance, recent series reported 

mortality rates less than 2%, comparable to those 
observed after surgery for rectal cancer[34,35]. CS + 
HIPEC + LR does not seem to give an additional risk 
of complication as the morbidity and mortality seems 
similar with respect to CS + HIPEC alone[20,29-32] [Table 2]. 
No study has reported a clear distinction between 
complication/mortality rate related to the liver resection 
or to the cytoreductive surgery. It should be underlined, 
however, that the reported LR combined with CS + 
HIPEC are classified as minor procedures, normally 
associated with lower risk of complications. Although no 
liver specific complications (biloma, bleeding, abscess) 
are generally reported, a higher risk of systemic toxicity 
has been noted after major LR[36]; the hypothesis 
that transient liver failure leads to a decreased drug 
inactivation and therefore a higher systemic toxicity 
should be further tested. 

SURVIVAL OUTCOME

In retrospective studies investigating the role of CS 
+ HIPEC + LR, the procedure resulted in a median 
survival between 15 and 23 months, a little worse 
with respect to the one reported for CS + HIPEC 
alone[20,29-32]. Also, in a comparative retrospective 
analysis of single centers, the 2-year overall survival 
seems lower when liver metastases are treated at 
the time of CS + HIPEC, ranging 43.3-89.5% for CS 
+ HIPEC alone, and 26.8-70.2% for CS + HIPEC 
combined with LR[30-32] [Table 2]. However, in the most 
relevant comparative study, no significant difference 
is detected between the treated groups[20]. 

These findings appear in contradiction with the 
anatomic basis of  colorectal  cancer spread: 

Table 2: Studies comparing outcomes of CS + HIPEC alone vs.  CS + HIPEC + LR in peritoneal carcinomatosis with 
or without liver metastases from colorectal cancer

Studies
Follow-up 
(months)

2-year 
survival

(%)

3-year 
survival

(%)

4-year 
survival

(%)

5-year 
survival

(%)

Median 
survival
(months)

Morbidity
(%)

Mortality
(%)

Prognostic 
factors

Wake Forest 
University 
Winston-Salem, 
USA[29]

20.7 vs. 13.4 43.3 vs. 26.8 NR 14.4% vs. 
17.4%

NR 23.0 vs. 15.8 40.1 vs. 57.1 7.1 vs. 7.7 NR

Uppsala 
University, 
Sweden[30]

45 vs. 57 NR 47 vs. 30 NR NR 34.0 vs. 15 27 vs. 27 9.0 vs. 0 R1 resection

Gustave-
Roussy Institute, 
France[20]

62.4 NR 54 vs. 36.5 NR 43.6 vs. 26.4 NR 17 vs. 41 4.2 vs. 8.1 PCI, number 
of LM, type of 

surgery
St George 
Hospital, Sidney, 
Australia[31]

19 65 vs. 68 NR NR NR 22.1 38.5 vs. 12.5 0 NR

Université 
Catholique 
de Louvain, 
Belgium[32]

34.2 89.5 vs. 70.2 NR NR NR 59.2 15.4 vs. 32 0 vs. 4 NR

CS: cytoreductive surgery; HIPEC: hyperthermic intraperitoneal chemotherapy; LR: liver resection; PCI: peritoneal cancer index; LM: liver 
metastases; NR: not reported

Figure 1: Colorectal peritoneal carcinomatosis and liver metastases 
(VII segment). Computed tomography performed 3 months after 
cytoreductive surgery + hyperthermic intraperitoneal chemotherapy 
combined with radiofrequency ablation
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peritoneal and liver metastases arise from different 
ways of diffusion (loco-regional vs. haematogenous), 
probably reflecting a different cancer cell genetics or 
epigenetic alterations; as previously hypothesized, 
a curative surgical resection for cancer is only 
cytoreductive surgery: surgery removes all detectable 
disease, but does not completely eradicate all tumor 
cells, since micro-metastases and circulating tumor 
cells are present in the blood of colorectal cancer 
patients after radical primary tumor resection in one 
third of all patients[36]. The fact that survival after 
HIPEC is not lowered by concomitant liver resection 
adds an important piece of evidence supporting 
this hypothesis that needs to be confirmed by more 
evidence. 

CONCLUSION

The reported data confirmed that CS-HIPEC allows 
the achievement of long-term survival in patients 
usually referred for palliative systemic treatment. 
Although an advantage of HIPEC in terms of 
oncological outcome over systemic treatments 
has been not yet clearly proven, patients with no 
macroscopic residual disease, low peritoneal tumor 
load and few liver metastases seem to be the 
best indicated for CS + HIPEC + LR. CS + HIPEC 
associated with LR have mortality and morbidity 
rates similar to that observed with CS + HIPEC 
alone, although major hepatectomy has rarely been 
performed. For these reasons patients with peritoneal 
carcinomatosis and liver metastases from colorectal 
cancer should be referred to a tertiary center for 
selection of the more appropriate treatment, possibly 
within clinical trials.
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