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A b s t r a c t

Background

CytoReductive Surgery (CRS) combined with Hyperthermic IntraPEritoneal Chemotherapy 

(HIPEC) has an established role in the treatment of peritoneally metastasized colorectal 

cancer. The aim of the study was to describe the recurrence patterns and to evaluate 

treatment options and related survival.

Methods 

Patients treated with CRS + HIPEC in two tertiary referral centers between April 2005 and 

March 2013 were analyzed retrospectively. The prognostic value of several parameters 

was calculated using Cox Regression.

Results 

One hundred thirty two of 287 patients (46%) with peritoneal carcinomatosis treated 

with complete CRS + HIPEC were diagnosed with recurrent disease, after a median 

disease-free interval of 11.4 months. Recurrence were locoregional (43%), distant 

metastases (26%) or both (31%). Thirty-two of the 132 patients with recurrences (24%) 

were treated surgically with curative intent, which extended the median survival from 

12 months to 43 months, compared to palliative treatment (best supportive care or 

chemotherapy, P < 0.001). Initial nodal status (P = 0.01) and the number of affected 

regions at initial CRS (P = 0.02) were significantly correlated to survival after disease 

recurrence.

Conclusions 

Disease recurrence after CRS + HIPEC is common; in selected patients, an aggressive 

surgical approach may be beneficial and extend survival. 
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B a c k g ro u n d

Cytoreductive surgery (CRS) combined with hyperthermic intraperitoneal chemotherapy 

(HIPEC) for peritoneal carcinomatosis has an established role in the multidisciplinary 

treatment of metastasized colorectal cancer (CRC).1, 2 Together with advancements 

in modern systemic chemotherapy, liver resection, pulmonary metastasectomy, and/

or radiofrequency ablation it has led to a markedly improvement in the prognosis of 

patients with metastasized CRC.3 Currently, adequate patient selection for appropriate 

treatment modalities is the ultimate challenge in the treatment of metastasized CRC, 

leading to an on-going pursue of a balance between morbidity and toxicity in one hand 

and survival improvement with acceptable quality of life in the other.4

In patients with peritoneal carcinomatosis (PC) of CRC, CRS combined with HIPEC results 

into 5-year survival rates up to 40%.5 Although these results are favorable, many patients 

suffer from disease recurrence following this treatment. In selected patients, sequential 

CRS + HIPEC seems feasible and safe, although the actual survival benefit is currently 

unknown.6-11 Few data exist about the anatomical location, treatment, and outcome of 

patients who experience recurrence after complete CRS + HIPEC.

The aim of this study was to describe the recurrence patterns of PC-CRC patients treated 

with complete CRS + HIPEC in two tertiary referral centers in The Netherlands and to 

evaluate the treatment options and related outcome.

M e t h o d s

Patients

The data of all patients treated with CRS + HIPEC for PC of colorectal origin in the St. 

Antonius Hospital, Nieuwegein, the Netherlands, and the Catharina Hospital, Eindhoven, 

the Netherlands, were incorporated in a database with relevant clinicopathological 

parameters. CRS + HIPEC technique was performed as described earlier.12 Only patients 

without evidence of distant metastases were treated with CRS + HIPEC. Patients all 

underwent follow-up according to the nationwide guidelines for CRC treatment 

including abdominal ultrasound and CEA measurement at 3-month interval for the first 

2 years and semi-annually afterwards till at least 5 years postoperative. During the first 3 

years all patients undergo yearly an abdominal and chest CT-scan to exclude recurrence, 
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and a colonoscopy after 2–3 years to exclude metachronous CRC. Advanced diagnostic 

tools, such as PET/CT-scan were used generously in case of clinical suspicion of disease 

recurrence. Patients with CRC who underwent a R0/1 cytoreduction (no macroscopic 

residual disease) were selected for the current analysis. Patients with appendiceal cancer 

or pseudomyxoma peritonei were excluded. Recurrence was diagnosed either by non-

invasive radiological assessment with or without biopsy or by second-look laparotomy/

laparoscopy. Patients with metastasectomy before CRS + HIPEC, were included in the 

current analysis. Intraperitoneal, intra-abdominal, or abdominal wall recurrence was 

classified as locoregional recurrence. Patients with liver, pulmonary, distant lymph nodes 

or other locations of metastases were classified as distant recurrence. In case of recurrence 

the appropriate treatment strategy was decided upon by the local multidisciplinary tumor 

board. The decision to perform a resection was based on the extent of disease, physical 

status, and patient motivation. Patients who did not undergo additional surgery with 

curative intent were treated with either best supportive care or palliative chemotherapy.

Statistical analysis

Categorical variables are presented as exact values with corresponding proportions. 

Comparison in categorical data was performed using the Chi-squared test. In continuous 

data, student’s t-test and Mann–Whitney U-test were used according to distribution. 

Survival after disease recurrence was described using Kaplan–Meier (KM) analysis with 

comparison using Log rank test. In addition to the unadjusted KM analysis, hazard ratios 

(HR) and 95% confidence interval (CI) of several clinicopathological variables for overall 

survival were calculated using uni- and multivariate analysis with a Cox proportional 

hazards model. Complications were graded according the Clavien–Dindo classification.13 

Parameters with a P value <0.1 in univariable analysis were selected for multivariable 

analysis. Median follow-up was determined using the reverse Kaplan–Meier technique.14 

A P value of less than 0.05 was regarded as statistically significant, and all P values were 

derived from two-tailed tests. Statistical analysis was performed using SPSS (version 21, 

Chicago, IL).
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R e s u l t s

Patient characteristics

Between March 2005 and March 2013, 287 patients with peritoneal carcinomatosis 

were treated with complete (R0/1) CRS + HIPEC. At a median follow-up of 26.6 months, 

132 patients (46%) suffered from disease recurrence. An overview of the baseline 

characteristics of these patients is depicted in Table 1. The median interval between HIPEC 

and recurrence was 11.4 months (IQR 6.7–16.8). Of the 132 diagnosed recurrences, 116 

(88%) were diagnosed within the first 2 years of follow-up. Figure 1 shows the number 

of recurrences diagnosed per 6 months interval following CRS + HIPEC. Nine patients 

(6.8%) underwent metastasectomy prior to the occurrence of peritoneal carcinomatosis. 

Hepatic metastasectomy was performed in 6 patients (4.5%), lung resection in 1 patient 

(0.8%) and intra-abdominal resection in 2 patients (1.5%).

Table 1, Patient and tumor characteristics

Variables All patients 
N = 132

Resection 
N = 32

Palliative 
treatment
 N = 100

P value

Gender (%)        
 Male 68 (52) 18 (56) 50 (50)  
 Female 64 (48) 14 (44) 50 (50) 0.54
Median age at HIPEC (years) (IQR) 61 (55–66) 60 (55–66) 61 (55–65) 0.50
Tumor location (%)        
 Colon 70 (53) 16 (50) 46 (46)  
 Rectosigmoid 62 (47) 16 (50) 54 (54) 0.69
Lymph node status of primary tumor (%)        
 N0 29 (23) 8 (26) 21 (23)  
 N1 44 (36) 13 (42) 31 (33)  
 N2 51 (41) 10 (32) 41 (44) 0.50
 NX 8 1 8  
Histology (%)        
 Adenocarcinoma 84 (66) 19 (59) 65 (68)  
 Mucinous adenocarcinoma 38 (30) 13 (40) 25 (26)  
 Signet ring cell 6 (5) 0 6 (6) 0.14
 Unknown 4 0 4  
Tumor differentiation (%)        
 Well differentiated 7 (7) 1 (4) 6 (9)  
 Moderately differentiated 62 (66) 17 (74) 45 (63)  
 Poorly differentiated 25 (27) 5 (22) 20 (28) 0.62
 Unknown 38 9 29  
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Variables All patients 
N = 132

Resection 
N = 32

Palliative 
treatment
 N = 100

P value

Diagnosis of initial peritoneal 
carcinomatosis (%)

       

 Synchronous 74 (56) 14 (44) 60 (60)  
 Metachronous 58 (44) 18 (56) 40 (40) 0.11
  Number of affected regions  

at initial HIPEC (IQR)
3 (2–4.25) 3 (2–4) 4 (3–5) 0.009

Systemic chemotherapy after initial 
HIPEC (%)

       

 Yes 107 (81) 24 (75) 83 (83)  
 No 25 (19) 8 (25) 17 (17) 0.32
Metastasectomy performed before CRS 
+ HIPEC

9 (7) 2 (6) 7 (7) 0.88

Interval between HIPEC and recurrence 
(months) (IQR)

11.4  
(6.7–16.8)

20.0  
(7.5–25.8)

10.6  
(6.5–14.4)

0.003

Location of recurrence (%)        
 Locoregional metastases 57 (43) 17 (53) 40 (40)  
 Distant metastases 34 (26) 14 (44) 20 (20)  
  Combined distant + locoregional 

metastases
41 (31) 1 (3) 40 (40) <0.001

 

Figure 1, number of recurrences diagnosed per 6 months period following CRS + HIPEC
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In total, 97 patients (73%) suffered from locoregional recurrence. Of these, 57 patients 

(43%) were exclusively located locoregionally (Figure 2). Isolated distant metastases 

developed in 35 patients (27%), of these, 17 patients developed liver metastases, 

14 patients developed lung metastases and 8 patients developed distant metastases 

located elsewhere (i.e., bone, brain, extra-abdominal lymph nodes). Forty patients (30%) 

developed locoregional recurrence combined with distant metastases, (liver N = 20, lung 

N = 21, and other distant metastasis N = 14 patients).

Figure 2, Study flow chart

 

Treatment

In 32 of 132 patients (24%) the recurrence was treated surgically with curative intent. 

Pulmonary metastasectomy was performed in 8 out of 14 patients (57%) with isolated 

pulmonary recurrence, partial liver resection in 6 out of 17 patients (35%) with isolated 

liver recurrence, repeat CRS in 17 out of 57 patients (30%) with isolated locoregional 

recurrence of which seven combined with HIPEC. In 1 patient (2%) with distant and 

locoregional recurrence, a pulmonary metastasectomy and a repeat CRS + HIPEC 

procedure was performed. In 10 patients the locoregional recurrence was located low in 

the small pelvic region or in the abdominal wall and HIPEC was not deemed appropriate 

in these cases. In five patients with isolated hepatic recurrence a segmental resection of 
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the liver was performed and in one patient a left hemihepatectomy was conducted. All 

patients with isolated pulmonary metastases underwent a wedge resection either using 

video-assisted thoracoscopic surgery (six patients) or a mini thoracotomy (two patients).

When comparing the characteristics of patients undergoing repeat surgery with patients 

treated palliatively (Table 1), the interval between initial HIPEC and recurrence was 

significantly longer in the surgical group (20.0 months versus 10.6 months, P = 0.003). 

Patients with only locoregional or distant recurrence were more frequently treated 

with surgical resection (34 versus 3%, P < 0.001) compared to patients with combined 

locoregional and distant recurrence. The number of initially affected regions in recurrent 

PC was significantly higher in patients who received palliative treatment compared to 

patients with a surgical resection (median 4 (IQR 3–5) versus 3 (IQR 2–4), P = 0.009). The 

main reason for patients not to be treated surgically was the extent of dissemination, 

which was deemed unresectable.

One patient died within 30 days after a liver metastasectomy, resulting in a 30-

day mortality rate of 3.1% after surgical resection of recurrence. In total 7 patients 

(22%) suffered from a severe complication (Clavien–Dindo ≥ 3) after reintervention 

for recurrence. Two patients following hepatic resection developed complications; bile 

leakage requiring re-operation and an intra-abdominal abscess requiring radiological 

drainage, respectively. Two patients required reoperation after resection of a locoregional 

recurrence due to hemorrhage and a fascia dehiscence; another three patients developed 

an intra-abdominal abscess requiring radiologic drainage. No severe complications were 

seen after pulmonary resection.

After a median disease-free interval of 9.4 months, 20 patients developed recurrence 

after surgical resection of recurrence. Five of these patients (25%) received another 

subsequent surgical intervention. In three patients, locoregional recurrence was again 

resected, of which two patients received another HIPEC. Additionally, two patients with 

pulmonary metastases were resected with curative intent.

Survival analysis

The median survival after diagnosis of recurrence was 14.9 months with a 5-year overall 

survival rate of 6%. Figure 3 shows the overall survival after recurrence with stratification 

by location of recurrence. Patients with isolated locoregional recurrence, distant 

recurrence and locoregional combined with distant recurrence had a median survival 

of 15.3, 22.1, and 9.3 months, respectively. There was a significant better survival of 
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patients with distant recurrence compared to patients with combined locoregional and 

distant recurrence (P = 0.046). There was no difference between patients with only lung 

metastasis compared to patients with only liver metastasis (P = 0.38).

 
Figure 3, Kaplan–Meier analysis of overall survival after diagnosis of recurrent colorectal cancer 
following CRS + HIPEC, comparison between location of recurrence

The overall survival after diagnosis of disease recurrence was significantly longer in 

patients with resection of recurrence versus patient undergoing palliative treatment 

with a median overall survival of 43 and 12 months, respectively (P < 0.001, Figure 

4). In patients with intra-abdominal recurrence only, the survival was significantly 

longer in those patients treated with surgery compared to palliative treatment (median 

survival: 42.9 versus 11.8 months, P < 0.001). Additionally, in patients with only distant 

metastases, the median survival was significantly longer when surgical resection of this 

recurrence took place (55.6 versus 13.4 months, P = 0.035). In patients with distant and 

locoregional recurrence, one patient was treated with curative intent which resulted in 

a survival of 37.5 months compared to a median survival of 9.4 months in patients who 

were treated palliatively. As only one patient was treated with curative intent, this was 

not statistically significant (P = 0.33).
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Figure 4, Kaplan–Meier analysis of overall survival after diagnosis of recurrent colorectal cancer 
following CRS + HIPEC, comparison between palliative treatment or surgical resection

Patients with metastasectomy before CRS + HIPEC did not have a worse survival compared 

to patients without prior metastasectomy (HR: 0.37, 95%-CI 0.09–1.52, P = 0.17). 

The prognostic value of several clinical and pathological parameters after diagnosis of 

recurrence is depicted in Table 2. In univariate analysis, a significant correlation was seen 

for the nodal stage of the primary tumor (HR: 0.30, 95%-CI 0.12–0.77, P = 0.012), the 

number of involved regions at the initial HIPEC procedure (HR: 1.30, 95%-CI 1.10–1.54, 

P = 0.002), the interval between HIPEC and recurrence (HR: 0.93, 95%-CI 0.89–0.97, P 

< 0.001), surgical resection of recurrence (HR: 4.98, 95%-CI 2.26–11.0, P < 0.001), and 

location of recurrence (HR: 2.21, 95%-CI 1.08–4.52, P < 0.001). In multivariate analysis, 

nodal stage (HR: 0.32, 95%-CI 0.12–0.89, P = 0.03), the number of involved regions at 

the initial HIPEC (HR: 1.22, 95%-CI 1.03–1.45, P = 0.02), and resection of recurrence 

(HR: 4.07, 95%-CI 1.51–11.0, P = 0.006) were significantly related to survival.
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Table 2, Univariable and multivariable analysis by cox regression model of factors affecting the 
overall survival after recurrence following CRS + HIPEC in colorectal cancer patients

Variables Median 
survival 
(months)

Univariable HR 
(95% CI)

P value Multivariable 
HR (95% CI)

P value

Age          

 ≤60 15.8 –      

 >60 12.5 1.09 (0.70–1.71) 0.70    

Sex          

 Female 14.9 –      

 Male 14.2 1.00 (0.64–1.56) 0.99    

Nodal stage of 
primary tumor

         

 N0 38.1 –   –  

 N+ 12.1 2.60 (1.33–5.01) 0.005 2.44 (1.22–4.90) 0.01

Location of primary 
tumor

         

 Colon 12.5 –      

 Rectosigmoid 18.9 0.70 (0.44–1.10) 0.12    

Histology          

 Adenocarcinoma 15.0 –      

  Mucinous 
adenocarcinoma

17.6 0.83 (0.50–1.39) 0.48    

 Signet ring cell 7.8 1.88 (0.74–4.77) 0.19    

Tumor 
differentiation

         

 Well 13.4 –      

 Moderate 17.3 0.86 (0.33–2.24) 0.76    

 Poor 5.6 1.56 (0.57–4.29) 0.39    

Diagnosis of 
initial peritoneal 
carcinomatosis

         

 Metachronous 15.1 –      

 Synchronous 14.2 1.27 (0.80–2.00) 0.31    

Number of initial 
affected regions at 
initial HIPEC

14.9 1.30 (1.10–1.54) 0.002 1.22 (1.03–1.45) 0.02

Adjuvant 
chemotherapy after 
initial HIPEC

         

 Yes 15.3 –      

 No 11.3 1.48 (0.81–2.70) 0.21    
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Variables Median 
survival 
(months)

Univariable HR 
(95% CI)

P value Multivariable 
HR (95% CI)

P value

Metastasectomy 
performed before 
CRS + HIPEC

  0.37 (0.09–1.52) 0.17    

Interval between 
HIPEC and recurrence

14.9 0.95 (0.92–0.98) <0.001 0.97 (0.93–1.01) 0.16

Location of 
recurrence

         

 Locoregional 15.3 –   –  

 Distant metastases 22.1 0.83 (0.92–1.51) 0.54 0.67 (0.35–1.29) 0.44

  Combined loco-
regional and distant

9.4 1.52 (0.92–2.51) 0.10 0.80 (0.46–1.39) 0.23

Treatment          

 Resection 42.9 –   –  

 Palliative treatment 11.8 4.37 (2.21–8.64) <0.001 2.68 (1.20–6.00) 0.02

 
D i s c u s s i o n

In the study we report the largest multicenter series of CRC patients with recurrent 

disease following complete CRS and HIPEC for peritoneal carcinomatosis. At a median 

follow-up of 26.6 months, out of 287 patients, 132 patients (46%) were diagnosed with 

recurrent disease. Thirty-two patients (24%) underwent repeat surgery with curative 

intent resulting in a median overall survival of 43 months as compared to 12 months 

in patients with recurrent disease treated palliatively. In multivariate analysis, the initial 

nodal stage and number of affected regions at the primary HIPEC procedure were 

significantly correlated with survival following recurrence.

In our study, after a median interval of 11.4 months (IQR 6.7–16.8), disease recurrence 

was diagnosed in 132 patients. Fifty-seven patients (43%) had isolated locoregional 

recurrence, 34 patients (26%) isolated distant metastases and 41 patients (31%) 

locoregional recurrence combined with distant metastases (Figure 1). These recurrence 

patterns differ from data after curative resection of primary CRC, in which nearly 50% of 

the recurrences are reported to occur in the liver, approximately 20% in the peritoneum, 

and only about 10% of recurrences are reported to occur in the lung.15, 16

Disease recurrence following CRS and perioperative intraperitoneal chemotherapy has 

been described earlier showing recurrence in 48–70% of patients at a median interval 
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of 6–12 months following CRS + HIPEC. Isolated intra-abdominal recurrence is reported 

in 31–57% of patients, isolated distant metastases in 20–48% and combined intra-

abdominal and distant recurrence in 13–22% of patients.8, 17-19 These results are in 

accordance with the results presented in our study.

It is unknown why in some patients tumor dissemination remains confined intra-

abdominally, while in other patients hematogenous metastases develop in the liver, lung 

or other locations outside the abdominal cavity. Presumably, the tumor biology, mole-

cular mechanisms, and underlying genetic profiles, play a role in the pattern of disease 

dissemination. Specific gene expression profiles have been associated with different 

dissemination patterns of CRC, including the development of PC.20 For instance, 

amplification of chromosome 20q combined with the absence of mutations in the PI(3)

K signaling pathway is associated with the development of liver metastasis in CRC.21 

Additionally, several biomarkers have been associated with the development of PC.22 

Further research of the molecular pathways is warranted to clarify the dissemination 

patterns and to indicate potential strategies for treatment and prevention in clinical 

practice.

Nine patients (6.8%) with recurrence had prior metastasectomy before CRS + HIPEC. The 

survival in these patients was not significantly different compared to the other patients 

in the study, and the same number of repeat procedures was performed. We have not 

excluded these patients from the analysis as this could result in a selection bias. In our 

study, 24% of the 132 patients with recurrence underwent surgery with curative intent. 

Locoregional recurrence was treated in 17 patients (30%), pulmonary metastasis in 8 

patients (57%), liver metastasis in 6 patients (35%), and 1 patient (2%) was treated for 

pulmonary and locoregional recurrence. Surgical resection of recurrence, compared to 

palliative treatment, extended the median overall survival from 12 months to 43 months 

(P < 0.001). In smaller patient series comparable results have been demonstrated.8, 19

Several studies have investigated the role of potential curative surgery in patients with 

locoregional recurrence of primary colonic cancer, showing long-term survival with 

acceptable postoperative morbidity and mortality.23-26 Uniformly, the margin status of 

the resection was associated with a longer survival in all these studies. Additionally, 

nodal stage23, age24, pathological grade25, tumor diameter25, and length of disease-free 

interval26 are associated with survival following surgery in recurrent CRC.

The choice for palliative treatment or, potentially curative, surgery depends on several 

factors. Firstly, the extent of disease both in involvement of vital organs or anatomical 
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structures or the extent of dissemination largely determines the possibility for curative 

surgery. For instance, encasement of major vascular structures may preclude complete 

surgical resection.23 In nearly all of the patients, the reason to refrain from resection 

was the extent of the disease, based on preoperative radiologic imaging or diagnostic 

laparoscopy. Although patients undergoing CRS + HIPEC are generally fit and well-

motivated to receive additional treatment, some patients declined surgery. In a minority 

of cases co-morbidity precluded surgery.

The overall complication rate of 22% of repeat interventions in our study was acceptable 

and comparable to reports of resection of recurrence following curatively resected CRC, 

in which postoperative complications are reported in 21–31% of patients.23, 24

The median survival after the diagnosis of recurrence was 14.9 months, which is 

comparable to earlier reports.8, 17, 19 In our univariate analysis, a longer interval between 

the initial HIPEC and recurrence was significantly correlated to a longer survival. This 

implies that a longer interval between CRS + HIPEC and recurrence results in a longer 

survival after recurrence. This association has been described earlier in patients with 

recurrence after CRC, treatment of liver metastasis, and in patients treated with CRS 

+ HIPEC.8, 17, 27, 28 In both uni- and multivariate analysis, a lower N-stage, the number 

of involved regions, and resection of recurrence were significantly related to a longer 

survival. The finding that the N-stage of the initial tumor is correlated with survival 

substantiates the paradigm that peritoneal carcinomatosis is not necessarily systemic 

metastatic disease but rather a loco regional dissemination of the cancer.

The extent of peritoneal carcinomatosis at primary resection as expressed by the PCI, 

which is known to strongly correlate with survival, was also of influence on survival after 

treatment of recurrence. Despite complete CRS at primary resection, the extent of disease 

was found to be independently correlated to survival after recurrence, suggesting that 

the extent of the disease may be an indication of the aggressiveness of the underlying 

malignancy. The before mentioned data suggests that patients with an initial N0 stage 

and low tumor burden at initial CRS + HIPEC, may benefit the most from repeat surgery.

This study is limited by its retrospective nature. Selection bias may have influenced the 

difference in survival between patients undergoing surgery and those treated with 

palliative intent. However, this should not divert us from the most important message 

of our study being that surgery with curative intent can be offered in recurrent disease 

when technically feasible. One should observe that patients with a combination of 

locoregional and distant recurrence are currently infrequently operated with curative 
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intent. Although, we reported the largest series of consecutive CRC patients with disease 

recurrence following CRS + HIPEC, the number of patients is still insufficient to perform 

various subanalyses in the different recurrence groups, and to perform a detailed 

comparison between the different surgical treatments.

C o n c l u s i o n s

Disease recurrence after CRS + HIPEC is common. As recurrence occurred within 2 years 

following primary HIPEC in 88% of the patients in our study, intensive surveillance is 

warranted during this period. Although our study consisted of a small, highly selected, 

group of patients, timely detection of recurrence and an aggressive surgical approach 

may result in a substantial survival benefit. The nodal stage of the primary tumor and the 

number of involved regions at the initial HIPEC-procedure, together with the resectability 

of recurrence, independent of its location, are the strongest predictors to achieve long-

term survival.
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