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A b s t r a c t 

Background

The aim of the current study is to evaluate our experience in colorectal cancer patients 

with synchronous peritoneal and liver metastases treated with cytoreductive surgery 

(CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC).

Methods 

A prospectively maintained database of patients with PC of colorectal cancer treated 

with complete CRS + HIPEC, between April 2005 and July 2014, in two tertiary referral 

hospitals was retrospectively analyzed. Patients with synchronous liver metastases  

(N = 18) were compared to patients without liver metastases (N = 276).

Results

In our cohort, liver metastases were significantly more present in patients with 

metachronous peritoneal metastases compared to patients with synchronous peritoneal 

metastases (67 versus 41%, respectively, P = 0.03). Patients with liver metastases 

showed a trend towards more extensive dissemination of PC (median number of 

affected regions: 4 versus 3, P = 0.08). Severe complications did not occur more in 

patients with synchronous liver metastases (44.4 versus 36.6%, P = 0.50). After a follow-

up of 33.7 months, the overall median survival was 33.3 months, with a five year survival 

rate of 34%. Overall survival was not significantly different in patients with or without 

concomitant liver metastases (median overall survival: 32.1 versus 34.6 months, P = 

0.91).

Conclusions

In carefully selected patients with peritoneal carcinomatosis and synchronous liver 

metastases, CRS + HIPEC is feasible and results in a similar survival compared to patients 

without liver metastases. This study justifies further exploration of combined treatment 

of hepatic and peritoneal metastases under careful and well-defined conditions. 
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I n t ro d u c t i o n

Colorectal cancer is a common and frequently fatal disease. Although the prognosis 

of colorectal cancer has improved the past decades, yearly approximately 700 000 

patients worldwide die of colorectal cancer.1 Systemic dissemination to the liver, lung or 

peritoneum is the most prevalent cause of death in these patients. Formerly, disseminated 

colorectal cancer was regarded as incurable and treated with palliative chemotherapy 

or best supportive care. Advancements in perioperative care, surgical techniques and 

perioperative chemotherapy has led to an increase of metastasectomies with curative 

intent. 

Metastasectomy for liver metastases is associated with a median survival of 3.6 years, 

and a five-year survival rate of 38%.2 Cytoreductive surgery (CRS) combined with 

hyperthermic intraperitoneal chemotherapy (HIPEC) in peritoneal colorectal metastases 

results in a median survival up to 60 months and a five-year survival rate of 40%.3 In 

both liver metastasectomy and CRS + HIPEC, completeness of resection is the most 

important prognostic factor.2,4 A recent publication comparing colorectal liver and 

peritoneal resection, showed similar survival rates when stratifying for completeness of 

resection.5 The complication rates are comparable between both treatment strategies.6 

Synchronous hepatic metastases are generally considered a contraindication for CRS + 

HIPEC. There is increasing attention however for the surgical treatment of concomitant 

metastases in multiple organs.7-9

The goal of the current study is to evaluate our experience in colorectal cancer patients 

with synchronous peritoneal and liver metastases treated with CRS + HIPEC and liver 

metastasectomy.

P a t i e n t s  a n d  m e t h o d s

Patients

A prospectively maintained database of all patients with PC of colorectal cancer treated 

with CRS + HIPEC, between April 2005 and July 2014, in two tertiary referral hospitals in 

the Netherlands (St. Antonius Hospital, Nieuwegein and Catharina Hospital, Eindhoven) 

was retrospectively analyzed and all patients with synchronous peritoneal and liver 

metastases were identified. Patients were included if complete cytoreduction (R1) was 
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achieved for histological proven peritoneal disseminated colorectal cancer. Patients with 

appendiceal or pseudomyxoma peritonei were not included in the current analysis. 

Patient selection for CRS + HIPEC was primarily based on patients’ physical condition and 

extent of dissemination. Preoperative abdominal and thoracic computed tomography are 

generally performed to determine the presence of extraperitoneal metastases. Eligibility 

for HIPEC treatment and liver metastasectomy was decided by the local multidisciplinary 

tumor board. HIPEC treatment was performed as previously described.10 At laparotomy 

prior to CRS an intra-operative liver ultrasonography was performed to characterize the 

hepatic lesions. Following complete cytoreduction liver metastasectomy was performed 

followed by perfusion of the abdominal cavity with 35 mg/m2 mitomycin for 90 minutes 

at 42 °C using an open-abdominal technique. Bowel continuity was restored after 

perfusion. Follow-up was performed generally every three months in the first 2 years 

and semi-annually afterwards. Postoperative complications were graded according to 

the Clavien–Dindo classification.

Statistical analysis

Comparison was made between patients with and without concomitant hepatic 

metastases treated with CRS + HIPEC. Categorical data was compared using the chi-

squared test, and numerical data using the Mann Whitney U test. Overall and disease-

free survival determined using the Kaplan-Meier analysis method, comparison between 

survival was formed using Log Rank test. Statistical Package for Social Sciences, Version 

21.0 (IBM Corporation, Armonk, NY, USA) was used for statistical analysis.

R e s u l t s

Baseline characteristics

Out of 294 patients treated with CRS + HIPEC for peritoneal carcinomatosis of colorectal 

cancer 18 patients (6.1%) had synchronous liver metastases. Liver metastases were 

significantly more found in patients with metachronous peritoneal metastases compared 

to patients with synchronous peritoneal metastases (67 versus 41%, respectively, P = 

0.03). Although not significantly different, patients with liver metastases showed a trend 

towards more extensive dissemination of PC (median number of affected regions: 4 

versus 3, P = 0.08). There was a trend towards a longer operative time in patients with 
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concomitant liver metastases. There was a stable rate of patients with concomitant 

liver metastases, during successive years of the study period (P = 0.78). The baseline 

characteristics of these patients are depicted in Table 1.

Table 1, Baseline characteristics of 294 patients treated with complete CRS + HIPEC in numbers (%)

Liver metastases No liver metastases P value 

Gender
 Male
 Female

5 (28)
13 (72)

124 (45)
152 (55) 0.16

Age (median, IQR) 57.2 (50.0 – 63.6) 62.3 (55.2 – 67.9) 0.12

Affected regions (median, IQR) 4 (2.75 – 5) 3 (2 – 4) 0.08

Primary location
 Right
 Transverse colon
 Left
 Sigmoid
 Rectum

4 (22)
1 (6)
1 (6)
11 (61)
1 (6)

108 (40)
16 (6)
20 (7)
100 (37)
29 (11) 0.35

Primary T stagea

 T1
 T2
 T3
 T4

0
1 (6)
9 (50)
8 (44)

2 (1)
9 (3)
116 (43)
140 (52) 0.87

Primary N stageb

 N0
 N1
 N2

4 (22)
7 (39)
7 (39)

83 (31)
77 (29)
106 (40) 0.60

Synchronous PC
Metachronous PC

6 (33)
12 (67)

164 (59)
112 (41) 0.03

Operation duration (Min, median, IQR) 420 (360 - 478) 400 (324 – 450) 0.06

Blood loss (ml, median, IQR) 700 (225 – 2750) 700 (300 – 1200) 0.44

Hospital Stay (days, median, IQR) 12 (9 – 15) 11 (8 – 16.8) 0.41

aT-stage, 9 missings, bN-stage, 10 missings

 

Treatment characteristics

In 11 out of 18 patients (61.1%), the presence of liver involvement was known prior 

to the CRS + HIPEC. In seven patients (38.9%), liver involvement was diagnosed 

intraoperatively. Three patients with liver metastases were treated with neoadjuvant 

chemotherapy prior to CRS + HIPEC (16.7%), compared to 29 (10.5%) without liver 

metastases (P = 0.42). Fifteen patients (83.3%) had a single liver metastasis and three 

patients (16.7%) had multiple liver metastases (Two patients with two metastases and 
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one with three metastases). Synchronous liver metastasectomy during CRS + HIPEC was 

performed in 14 patients (78.8%). Of the resected metastases, seven were located in 

the right lobe (50%) and six in the left lobe (42.9%), one patient (7.1%) had bilobulair 

disease. All liver metastasectomies were either wedge or segmental resections. In two 

of the remaining four patients the liver metastases showed a complete macroscopic 

response after neoadjuvant chemotherapy and it was decided to refrain from liver 

resection. In one patient the liver metastases were treated postoperatively with 

percutaneous radiofrequency ablation (RFA), and in one patient who was scheduled 

for liver metastasectomy after CRS + HIPEC, it was decided to treat the patient with 

palliative chemotherapy. The liver metastasectomy was microscopically radical (R0) in 

ten patients (71.4%) and microscopically irradical (R1) in 4 patients (28.6%). Thirteen 

patients (72.2%) with liver metastases received adjuvant chemotherapy following CRS + 

HIPEC, compared to 191 patients without liver metastases (69.2%, P = 0.79). 

Postoperative complications

An overview of postoperative complications after CRS + HIPEC is given in Table 2. Overall 

severe complications (Clavien-Dindo ≥ 3) were not more frequent in patients with 

concomitant liver metastases (44.4 versus 36.6%, P = 0.50). Intra-abdominal abscess 

formation was significantly more prevalent in patients with concomitant liver metastases 

compared to patients without liver metastases (27.8 versus 10.5%, P = 0.03). None of 

the abscesses were located in the liver bed.

Table 2, Number of patients with postoperative complications following CRS + HIPEC (%)

Liver metastases No liver metastases P value 

Serious complication  
(Clavien-Dindo ≥ 3)

8 (44.4) 101 (36.6) 0.50

Reoperation 1 (5.6) 51 (18.5) 0.16

Ileus 1 (5.6) 24 (8.7) 0.64

Bleeding 0 1 (1.8) 0.57

Anastomotic leakage 0 32 (15.6) 0.18

Pneumonia 0 16 (5.8) 0.29

Urinary tract infection 3 (16.7) 19 (6.9) 0.13

Fistula 0 11 (4.0) 0.39

Intra-abdominal abscess 5 (27.8) 29 (10.5) 0.03

Wound complications 1 (5.6) 35 (12.7) 0.37



Treatment of liver metastases and peritoneal carcinomatosis

131

8

Long-term outcomes

After a median follow-up of 33.7 months, the overall median survival was 33.3 months, 

with a five year survival rate of 34%. Overall survival was not significantly different in 

patients with or without concomitant liver metastases (Figure 1). During follow-up, in 170 

patients (58%) recurrence was diagnosed. Intra-abdominal recurrence was diagnosed in 

120 patients (71%), liver recurrence in 39 patients (23%), and pulmonary recurrence 

in 47 patients (28%). The rate of intra-abdominal and pulmonary recurrence was not 

significantly different between patients with or without concomitant liver metastases (44 

versus 42%, P= 0.82, 17 versus 16%, P = 0.94, respectively). Patients with concomitant 

liver metastases had significantly more liver recurrence compared to patients without liver 

metastases (33 versus 12%, P = 0.01). The disease-free survival following CRS + HIPEC 

was 14.0 months. There was no significant difference between disease-free survival in 

patients with or without concomitant liver metastases (10.5 versus 14.5 months, P = 

0.18).

Figure 1, Overall survival following cytoreductive surgery and HIPEC, median overall survival 32.1 
versus 34.6 in patients with and without synchronous liver metastases (N = 18 versus N = 276),  
P = 0.91
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Figure 2, Disease-free survival following cytoreductive surgery and HIPEC, median overall  
survival 10.5 versus 14.5 in patients with and without synchronous liver metastases  
(N = 18 versus N=276), P = 0.18

 
D i s c u s s i o n

In the current study, we present our experience with cytoreductive surgery combined 

with hyperthermic intraperitoneal peritoneal chemotherapy in patients with peritoneal 

metastases of colorectal cancer with concomitant liver metastases (LM). In total, 18 of 

294 patients (6.1%) treated with CRS + HIPEC had liver metastases. The overall and 

disease-free survival in patients with liver metastases was not significantly different from 

patients without liver metastases. There was no significant increase in the number of 

severe complications, although the rate of intra-abdominal abscesses was significantly 

higher in patients with synchronous liver metastases. Patients with concomitant liver 

metastases had significantly more liver recurrence during follow-up compared to patients 

without liver metastases.
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Approximately 2% of patients with colorectal cancer present with synchronous 

peritoneal carcinomatosis combined with liver metastases, which is 11% of patients 

with synchronous liver metastases and 34% of patients with synchronous peritoneal 

carcinomatosis.11 Approximately 4% of patients develop metachronous peritoneal 

carcinomatosis following curative treatment, and about 20% of these patients also 

develop concomitant liver metastases, as the only other affected organ.12 The median 

survival in untreated patients with synchronous PC and LM is 4.6 months, and may be 

extended by palliative chemotherapy to 12 months.11 The survival of these patients rarely 

exceeds the 36 months, which was the median survival in our patient group with both 

peritoneal carcinomatosis and liver metastases.

The literature on the treatment of peritoneal carcinomatosis combined with liver 

metastases is scarce as shown in a recent systematic review and meta-analysis.7 

Contradictory to our study, a lower median survival was seen in patients treated with 

CRS + HIPEC for peritoneal carcinomatosis and concomitant liver metastases. This 

survival difference may be due to the heterogeneity between the included studies, in the 

different treatment regimens and the difference in extent of metastases. A recent report 

by Randle et al. of 17 colorectal cancer patients with peritoneal carcinomatosis and 

hepatic involvement also showed a significantly poorer survival.13 The largest reported 

cohort of colorectal cancer patients with peritoneal carcinomatosis and liver metastases 

includes 61 patients.14 The study comprises a heterogeneous population, and apart from 

a survival comparison no additional information is provided. 

In our study, only patients with well-resectable liver lesions, three or less, were treated 

with cytoreductive surgery and HIPEC, as suggested by the consensus meeting from 

the Fifth International Workshop on Peritoneal Surface Malignancy15 and in nearly 

all our patients a R0/1 resection for peritoneal metastases and a R0 resection for the 

liver metastases was achieved. The results in our study support the current consensus 

regarding the treatment of peritoneal carcinomatosis with concomitant liver metastases. 

Four patients in our study underwent no resection for their liver metastases but were 

treated otherwise either by chemotherapy alone or additional RFA. As the outcome in 

these patients was comparable to the resection group this suggests that an aggressive 

treatment including CRS + HIPEC may be justified in selected patients.

The role of chemotherapy in both patients with liver metastases and in patients with 

peritoneal carcinomatosis is a matter of debate. In our study, only three patients (16.7%) 

with liver metastases were treated with neoadjuvant chemotherapy, and thirteen patients 
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(72.2%) received adjuvant chemotherapy following CRS + HIPEC. Although numerous 

retrospective trials have suggested a survival benefit of perioperative chemotherapy in 

patients with resectable liver metastases, several randomized trials could not demonstrate 

an actual overall survival of chemotherapy in these patients.16,17 In patients with peritoneal 

carcinomatosis treated with CRS + HIPEC, only a few retrospective cohorts report the 

beneficial effect of adjuvant chemotherapy.18 Neoadjuvant chemotherapy may result 

in downsizing of the tumor and creating resectable margins in patients with initially 

unresectable liver metastases.19 In patients with peritoneal carcinomatosis, neoadjuvant 

chemotherapy does not seem to increase resectability of peritoneal metastases.20

Our study is limited by its retrospective nature, and selection bias may have influenced 

our results. A prospective randomized controlled trial, would give the definite answer 

whether concomitant CRS + HIPEC and liver metastasectomy is beneficial in patients 

with synchronous PC and liver metastases. It will be challenging to conduct such a 

trial as the number of eligible patients is limited and the patient population with both 

peritoneal and liver metastases is inevitably heterogeneous. Currently, larger studies with 

homogenous subgroup analyses of patients with concomitant peritoneal metastases and 

liver metastases are warranted to give more insight in the treatment of this complex 

group of patients.

C o n c l u s i o n s

In carefully selected patients with peritoneal carcinomatosis and synchronous liver 

metastases, CRS + HIPEC combined with liver metastasectomy is feasible and results in a 

similar survival compared to patients without liver metastases. The outcome of our study 

justifies further exploration of combined treatment of hepatic and peritoneal metastases 

under careful and well-defined conditions. 
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