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A b s t r a c t

Background

The aim of this study is to compare the clinical outcome of a one-stage, primary tumor 

resection and hyperthermic intraperitoneal chemotherapy (HIPEC) procedure, versus a 

two-stage procedure of tumor resection and secondary HIPEC in colorectal cancer (CRC) 

patients with synchronous peritoneal carcinomatosis.

Methods

A prospective database of all patients treated with HIPEC in the St. Antonius Hospital in 

the Netherlands between 2005 and 2012 was analyzed.

Results

A total of 72 patients with synchronous peritoneal carcinomatosis (PC) from CRC were 

included. In 20 patients (27.8%) the primary tumor was resected simultaneously with 

HIPEC (early referral). In the other 52 patients (72.2%) the primary tumor was resected 

prior to the HIPEC procedure (late referral). During CRS + HIPEC following late referral, 

22 (59.5%) of the 37 anastomoses of the earlier operation were resected, revealing 

malignancy in 12 (54.5%) on histopathological examination. In twenty (27.8%) patients 

a permanent colostomy was constructed after HIPEC. Ten of these patients had complete 

bowel continuity after earlier primary resection. The relaparotomy rate was higher in 

patients after a resection of a previous anastomosis (36.4%) compared to 12% in the 

rest of the patients (P = 0.02).

Conclusions

Resection of the primary tumor simultaneously with HIPEC in patients with synchronous 

PC from CRC may prevent extended bowel resections and permanent colostomy. Our 

data support early referral of patients with PC from colorectal cancer.
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B a c k g ro u n d

Patients with peritoneal carcinomatosis (PC) of colorectal cancer (CRC) have poor a 

prognosis with conservative treatment. Even with the most recent systemic chemotherapy 

regimens a median overall survival of 12.7 months and 5-year survival rate of 4.1% is 

achieved.1 A relative new treatment for this disease is cytoreductive surgery (CRS) plus 

Hyperthermic IntraPEritoneal Chemotherapy (HIPEC). CRS + HIPEC, as developed by 

Sugarbaker2, and involves removing the diseased peritoneum and viscera with the aim 

of eliminating all the visible peritoneal lesions within the abdomen. Subsequently, heated 

chemotherapy is administered intra-abdominally to remove any residual tumor cells.

This treatment modality is increasingly applied and gaining acceptance as a standard 

treatment in PC-CRC patients. Meta-analysis of the published studies has shown 

significant survival benefit over control groups.3 A median survival of up to 63 months 

has been reported in retrospective series.4 To achieve similar results adequate patient 

selection is essential. Current criteria for patients expected to benefit most of CRS + 

HIPEC are: good performance status, low volume of peritoneal disease (peritoneal 

carcinomatosis index (PCI) < 15),5 and absence of unresectable extra-abdominal 

metastases6. Completeness of cytoreduction score (CCR), which qualifies the extent 

of residual disease after cytoreductive surgery (CCR-0, no macroscopic residual cancer 

remaining; CCR-1, no residual nodule >2.5 mm, and CCR-2, residual nodules >2.5 mm 

in greatest dimension) is well established prognostic indicator following CRS + HIPEC.5, 6 

The decision to include a patient in this multimodal therapy should be taken individually 

for each patient after interdisciplinary evaluation.7

Generally this procedure is performed in specialized referral institutions. When patients 

are referred for this treatment frequently the primary tumor is already resected. In this 

study we compared the outcome of simultaneous resection of the primary tumor and 

HIPEC (early referral) to a resection of the primary prior to CRS + HIPEC (late referral).

M e t h o d s

Patients and procedure

Between March 2005 and January 2012 124 patients with PC from CRC (without pseudo-

myxoma peritonei) underwent cytoreductive surgery and HIPEC, of these 72 patients 
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(58.1%) had synchronous PC. Patients with unresectable extra-abdominal metastases 

were excluded for this treatment. Patients in which macroscopic radical resection could 

not be performed (CCR > 1) were excluded from this analysis. All procedures were 

carried out in the St. Antonius Hospital by two surgeons experienced in HIPEC (MW, 

BvR). We previously described our CRS + HIPEC technique extensively.8 In summary, after 

laparotomy, the peritoneal tumor load is recorded using the simplified peritoneal cancer 

score.9 Subsequently, all suspected lesions are surgically removed from the abdomen, 

the decision to perform a resection of a previous anastomoses is made by clinical 

judgment and occasionally frozen section when there is suspicion of tumor infiltration of 

the anastomosis. After cytoreductive surgery, 28-French catheters are placed through a 

plastic sheet covering the laparotomy with the skin edges pulled up against a retractor. 

The peritoneal cavity is perfused with at least 3 L of isotonic dialysis fluid with an inflow 

temperature of 42 °C. When the intraperitoneal temperature reaches a stable 41 °C, 

mitomycin is added to the perfusate at 17.5 mg/m2 and an additional 8.8 mg/m2 at an 

interval of 30 and 60 min. Intraperitoneal infusion is continued for 90 min. Next, the 

perfusion fluid is drained from the abdomen and bowel continuity is restored and intra-

abdominal drains placed where appropriate.

Data collection

A prospective database of all patients undergoing CRS + HIPEC in the St. Antonius 

Hospital, Nieuwegein, The Netherlands, was retrospectively analyzed using the following 

parameters: date of birth, sex, length of colonic resection at HIPEC, bowel continuity, 

formation of ostomy, number of anastomoses, post-operative complications, disease 

recurrence and date of death. Intact bowel continuity was regarded as no ostomy or 

presence of a diverting ostomy. Patients were divided into two cohorts: in the first cohort 

the primary tumor was in-situ when performing CRS + HIPEC and was resected during 

the same procedure (early referral). Appendectomy, without colonic resection, was not 

regarded as a primary resection. In the second cohort patients were included whom 

had a resection of the primary tumor prior to the HIPEC procedure (late referral). Post-

operative complications were graded according to the Clavien–Dindo classification.10 

Missing data regarding follow-up were retrieved from the respective general practitioners 

when possible.
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Statistical analysis

The Kolmogorov–Smirnov test was used to assess whether continuous data were normally 

distributed. Continuous data are presented as mean ± standard deviation (SD) and in 

case of non-normal distributions as median (range). Categorical data are presented as 

exact number and percentage. Pearson Chi-square, Student’s t-test or Mann–Whitney 

U test were used for comparison where applicable. For overall survival and disease-free 

survival, time to event was calculated as time from cytoreductive surgery until death or 

time to last contact, if the patient was alive. All analyses were performed by SPSS, version 

19. A P value less than 0.05 was considered statistically significant.

R e s u l t s

Baseline characteristics

Twenty of the 72 patients (27.8%) had a resection of the primary tumor followed by CRS 

+ HIPEC in one session (early referral). Of these 20 patients, 15 had prior non-resective 

surgery for colorectal malignancy. In 4 patients an appendectomy was performed and 

in 4 patients a diverting ostomy was created, in the other 7 patients a simple diagnostic 

laparotomy with inspection of the abdomen was performed, commonly with biopsies to 

confirm malignancy.

Fifty-two patients had a resection of the tumor prior to the HIPEC procedure (late 

referral). The following resections were performed: 5 left hemicolectomies, 16 right 

hemicolectomies, 27 rectosigmoid resections and 4 ileocecal resections. A primary 

anastomosis was created in 37 patients (71.1%). In the other 15 patients (28.9%) an 

end ileo- or colostomy was formed after the resection.

The baseline characteristics, with a comparison between the early and late referral 

cohorts, are depicted in Table 1. The median interval between initial diagnosis and HIPEC 

procedure was significantly shorter in the early referral group, 47 days versus 111 days 

(P < 0.001). One patient in the early referral group had a significant longer interval of 

160 days, between the initial diagnosis of the malignancy and the HIPEC procedure due 

to neoadjuvant chemoradiotherapy administered before peritoneal dissemination was 

diagnosed. Additionally, the median duration between the first operation and the HIPEC 

procedure was 37 days (range 8–85) in patients with non-resective prior surgery, which 

was significantly shorter (P < 0.001) compared to patients whom already underwent a 
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resection; median 93 days (range 42–175).

Table 1, Baseline characteristics

Characteristics All patients  
N = 72 (%)

HIPEC + resection 
early referral  
N = 20 (%)

HIPEC after 
resection late 
referral N = 52 (%)

P value

Sex

 Male 44 (61.1) 12 (60) 32 (61.5)

 Female 28 (38.9) 8 (40) 20 (38.5) 0.91

Age (Yr) (mean ± SD) 59.5 ± 9.3 60.2 ± 9.0 59.2 ± 9.2 0.68

Location

 Rectosigmoid 37 (51.4) 8 (40) 29 (55.8)

 Colon 26 (36.1) 7 (35) 19 (36.5)

 Appendix 9 (12.5) 5 (25) 4 (7.7) 0.12

Simplified peritoneal 
cancer score (median) 
(range)

4 (0–11) 4 (1–10) 4 (0–11) 0.52

Days between diagnosis 
and HIPEC (median) 
(range)

101 (16–175) 47 (16–160) 111 (55–175) <0.001

Days between first 
operation and HIPEC 
(median) (range)

81 (8–175) 37 (8–85) 93 (42–175) <0.001

Duration operation 
(min) (mean ± SD)

426 ± 100 434 ± 83 421 ± 107 0.64

Blood loss (ml)  
(mean ± SD)

1020 ± 1085 1150 ± 1277 973 ± 1019 0.57

Adjuvant chemotherapy  
after HIPEC

 Yes 63 (87.5) 16 (80.0) 47 (90.4)

 No 9 (12.5) 4 (20) 5 (9.6) 0.23

Intra-operative procedure

As shown in Table 2, the type of bowel resection was not statistically different between 

early and late referrals. During cytoreductive surgery 22 (59.5%) of 37 previously formed 

anastomoses were resected, mainly as result of clinical suspected malignancy. In 5 

patients the anastomotic recurrence was confirmed by frozen section and in 2 patients 

the anastomosis was regarded free of malignancy resulting from frozen section analysis. 

Histopathological examination of the resected anastomoses revealed malignancy in 12 

specimens (54.5%). In the patients with confirmed malignancy in the anastomosis, the 
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median interval between the primary resection and the HIPEC procedure was 103 days 

(range 71–175), compared to 96 days (range 42–144) in patients without malignancy at 

the anastomotic site (P = 0.28).

Table 2, Bowel resections

Bowel resection All patients  
N = 72 (%)

Resection + HIPEC 
early referral  
N = 20 (%)

HIPEC after 
resection late 
referral N = 52 (%)

P value

Rectosigmoid resection 30 (41.7) 10 (50) 20 (38.5) 0.37

Ileocecal resection/
hemicolectomy right

31 (43.1) 11 (55) 20 (38.5) 0.29

Hemicolectomy left 8 (11.1) 3 (15) 5 (9.6) 0.52

Resection transversum 6 (8.3) 3 (15) 3 (5.8) 0.20

The median length of colon resected in early referral groups was 26.5 cm (range 8–47) 

compared to 20 cm (range 7–39) (P = 0.01) in the patients who received a resection of 

the earlier anastomosis, and compared to 11 cm (range 0–52) (P = 0.01) in the patients 

with a previous resection without formation of an anastomosis.

In total 75 anastomoses were formed in 55 patients during the HIPEC procedure, 28 

in the early referral group (mean 1.4) and 47 in the late referral group (mean 0.9) (P = 

0.01). In the late referral group, the total number of anastomoses was 83 in the entire 

treatment (i.e., first resection plus CRS + HIPEC) (mean 1.6) (P = 0.33).

At the end of all the 72 HIPEC procedures bowel continuity was not restored in 20 

patients, resulting in a permanent colostomy. In 16 patients of these 20 patients (80%) 

the primary tumor was located in the rectosigmoid, in 2 patients (10%) in the colon and 

in 2 patients (10%) in the appendix. In the other 52 patients complete bowel continuity 

could be achieved; in 8 of these patients a protective ileostomy was created.

In the early referral group bowel continuity could not be restored in four patients (20%), 

compared to 16 patients (30.7%) in the late referral group (P = 0.56). The rate of 

colostomies was higher (45.5%) in the cohort of patients in which a resection of the 

earlier anastomosis was needed. When stratifying these results to location of the primary 

tumor (Table 3), resection of a colorectal anastomosis resulted in a permanent colostomy 

in 66.6% of the patients. An overview of all patients, including the number of patients 

with a permanent colostomy, is depicted in Figure 1.
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Table 3, Bowel continuity after CRS + HIPEC

Location primary tumor Complete bowel continuity

Yes (%) No (%) Total

Rectosigmoid Early referral 4 (50) 4 (50) 8

Late referral No resection of previous 
anastomosis

7 (100) 0 7

Resection of previous 
anastomosis

3 (33.3) 6 (66.6) 9

No previous anastomosis 7 (53.8) 6 (46.2) 13

Total 21 (56.8) 16 (43.2) 37

Colon/appendix Early referral 12 (100) 0 12

Late referral No resection of previous 
anastomosis

8 (100) 0 8

Resection of previous 
anastomosis

9 (69.2) 4 (30.8) 13

No previous anastomosis 2 (100) 0 2

Total 31 (88.6) 4 (11.4) 35

Total Early referral 16 (80) 4 (20) 20

Late referral No resection of previous 
anastomosis

15 (100) 0 15

Resection of previous 
anastomosis

12 (54.5) 10 (45.5) 22

No previous anastomosis 9 (60) 6 (40) 15

Total 52 (72.2) 20 (27.8) 72

Figure 1, Study flow chart
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Postoperative complications and long-term results

Anastomotic leakage occurred in 3 patients in early referral group (16.7%) and in 10 

patients in the late referral group (27.0%) (P = 0.40). In all of these patients a relaparotomy 

was performed, in addition one relaparotomy was performed because of a bleeding, 

resulting in a total relaparotomy rate of 19.4%. Seven of the anastomotic leakages in 

the late referral group occurred in patients after a resection of the previous anastomosis, 

resulting in an anastomotic leakage rate of 33.3%, compared to only 6 leakages in the 

other 34 patients (17.6%) (P = 0.18). Eight of the relaparotomies occurred in patients 

after a resection of the previous anastomosis, resulting in a relaparotomy rate of 36.4%, 

compared to 6 relaparotomies in the other 44 patients (12%) (P = 0.02). Table 4 gives an 

overview of the grade ≥ 3 complications after CRS + HIPEC with no significant differences 

between the early and late referral group.

Table 4, Grade ≥ 3 postoperative complications

Complication All patients  
N = 72 (%)

Early referral  
N = 20 (%)

Late referral  
N = 52 (%)

P value

Bleeding 1 (1.4) 0 (0) 1 (1.9) 0.53

Anastomotic leakage 13 (23.6) 3 (16.7) 10 (27.0) 0.40

Abscess 6 (8.3) 2 (10) 4 (7.7) 0.75

Fistula 1 (1.4) 0 (0) 1 (1.9) 0.53

Urinoma 1 (1.4) 1 (5) 0 0.28

Pulmonary 2 (2.8) 1 (5) 1 (1.9) 0.48

Long-term survival was similar when comparing early and late referral with a 3-year 

survival rate of 46% and 48%, respectively (P = 0.36). Furthermore the 3-year disease-

free survival was 35% in early referral and 43% in late referral group (P = 0.54).

D i s c u s s i o n

Approximately 5% of colorectal cancer patients have synchronous PC, and in only 2% 

the metastases are exclusively located in the peritoneum.11, 12 Patient selection and coun-

selling, the complex operative procedures and the follow-up of this special patient group 

requires treatment centralization in dedicated centers with sufficient logistic support and 

a multidisciplinary staff experienced in peritoneal surface disease. In this study we report 
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the experience of a tertiary referral center in the outcome of simultaneous resection 

of the primary tumor and HIPEC in CRC patients with synchronous PC compared to a 

two-stage procedure with resection of the primary tumor as a first step and HIPEC in a 

second operation.

Seventy percent of our patients were late referrals after primary tumor resection in the 

referring hospitals delaying the HIPEC procedure with a median of 111 days compared 

to 47 days in early referrals. In late referrals 59.5% of the anastomoses of the primary 

tumor were resected with 54.5% of specimen showing recurrent tumor. Late referral 

resulted in more extensive surgery with a high rate of definitive colostomies. Resection 

of a previous anastomosis resulted in a higher relaparotomy rate of 36.4%.

Peritoneal carcinomatosis tumor biology

In late referred patients in our study at 12 anastomotic sites (32.4%) of the 37 

anastomoses malignancy was histopathologically confirmed, which is much higher than 

historically reported anastomotic recurrence rates of 5–15% after curative resection 

of colorectal carcinoma.13 This high incidence might be explained by the biological 

behavior of cancer cells after prior surgical trauma. Wound-healing processes induce 

local and systemic changes. Local damage to the vasculature and peritoneal lining leads 

to up-regulation of adhesion molecules and compromise vessel integrity, promoting 

the adherence of free floating tumor cells. Systemically released mediators, including 

angiogenic and growth factors, may stimulate growth or impede apoptosis of tumor 

cells.14 In a rat model Königsrainer et al. have shown that peritoneal defects attract free 

floating tumor cells, which resulted into increased tumor growth after peritonectomy.15 

These findings support the advice to limit the peritoneal damage at primary resection 

to prevent peritoneal seeding and suggest that wound-healing is associated with tumor 

growth. One stage resection of the primary tumor and HIPEC has the advantage, that 

following resection the entire abdomen is brought in contact with the intraperitoneal 

chemotherapy, eliminating free floating tumor cells, and thus preventing the capturing 

of tumor cell in adhesions and the outgrowth of new peritoneal metastases.

Results following early and late referral CRS + HIPEC

Bowel continuity could not be restored at the end of HIPEC in 20 patients (27.7%), 

resulting in a definitive colostomy. Ten of these patients had bowel continuity after 

resection of the primary tumor in the first operation, showing that adequate anastomosis 
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creation was achievable after resection of the primary tumor. Patients needing a resection 

of the anastomosis appeared to have a high rate of colostomies, these patients may 

have had a biological more aggressive tumor resulting in the need of a resection of 

the anastomosis and the formation of a colostomy. Resection of anastomoses in the 

rectosigmoid especially had a high risk of permanent colostomy after HIPEC. Patients with 

rectal cancer and peritoneal carcinomatosis generally have poor prognosis following CRS 

+ HIPEC,9, 16 our early referral patients seem to have a reasonable prognosis, which may 

result from absence of entrapment of free floating tumor cells in adhesions, especially in 

the difficult to resect pelvic or retroperitoneal region.

Our data support early referral of patients and simultaneous resection of the primary 

tumor and HIPEC for a number of reasons. Early referral allows the initiation and 

completion of treatment in a single procedure without undue delay. One has to take in 

consideration that the diagnosis of PC is often only made peroperative by laparoscopy 

or laparotomy. In these cases peroperative consultation with a HIPEC center is advisable 

to decide on the best possible treatment option for the patient. Often it is indicated to 

leave the primary tumor and peritoneal seedings in place and limit the procedure to a 

diverting ileostomy or colostomy in case of manifest or imminent bowel obstruction. 

This algorithm will prevent surgeons inexperienced in peritoneal surface malignancies 

to create unnecessary surgical trauma or inadequate removal of limited PC, which may 

result in incomplete resections and formation of new metastases in unfavorable locations. 

Reconvalescence following a minor procedure is often quick and uneventful leaving the 

opportunity for early referral and timely initiation of the definite treatment including 

tumor resection and HIPEC. In our experience, the 2-stage procedure is more difficult 

since the surgeon is opening the abdomen for the second time and dissecting structures 

that may be involved in dense adhesions, which may result in higher complication rates.

Limitations

The retrospective nature of this study limits the conclusions that can be drawn. Similar to 

all retrospective analyses, patient selection may be biased in our study resulting in several 

uncertainties. It is possible that the patients in the early referral group experienced more 

advanced PC, which resulted in referral to our center without resection of the primary 

tumor. Furthermore, patients with complications after the first operation are commonly 

not eligible or not referred for CRS + HIPEC probably resulting in a selection of the 

physically fitter patients in the late referral cohort.
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We could not demonstrate a detrimental effect of late referral on the long-term survival, 

but early referral and timely treatment is preferable from the patient’s perspective. 

Furthermore, in the early referral group the same results can be achieved with a single 

operation result as was accomplished with two operations in the late referral group.

C o n c l u s i o n s

CRS + HIPEC is increasingly accepted as the treatment of choice in colorectal cancer 

patients with peritoneal carcinomatosis. In this study we show that early referral prior 

to primary tumor resection may prevent extensive secondary bowel resections, decrease 

the incidence of anastomotic leakage and prevent a permanent colostomy especially in 

patients with rectosigmoid carcinoma.
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