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ABSTRACT 

The peritoneum is the second most common site of metastasis after the liver and the only site of 

metastatic disease in approximately 25% of patients with colorectal cancer1-3. In the past peritoneal 

carcinomatosis in colorectal cancer was thought equivalent to distant metastasis, however transcoelomic 

spread of malignant cells is an acknowledged alternative pathway4. Metastasectomy with curative intent 

is well accepted in patients with liver metastasis in colorectal cancer despite the paucity of randomised 

trials. Therefore there is rationale for local treatment with peritonectomy to eliminate macroscopic 

disease, followed by hyperthermic intraperitoneal chemotherapy (HIPEC) to destroy any residual free 

tumour cells within the peritoneal cavity1-3. The aim of this paper is to summarise the current evidence 

for cytoreduction and HIPEC in the treatment of peritoneal carcinomatosis in colorectal cancer.  

 

Abstract Word Count: 127 words 
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Treatment of Peritoneal Carcinomatosis with Hyperthermic Intraperitoneal Chemotherapy in 
Colorectal Cancer  

 
BACKGROUND 

Peritoneal carcinomatosis (PC) was historically fatal according to the EVOCAPE study showing the 

mean survival in 370 patients with PC (non-gynecological origin) was only 6 months5. In the 1990’s 

Paul Sugarbaker first described the “Sugarbaker technique” where HIPEC (hyperthermic intraperitoneal 

carcinomatosis) was combined with cytoreductive surgery (CRS), initially for pseudomyxoma peritonei 

(PMP) and later gastrointestinal and gynaecological malignancies6. The application of this technique to 

PC in colorectal cancer represents a paradigm shift, with survival rates following radical CRS with 

HIPEC approaching 30-45% at 5 years in carefully selected patients, similar to outcomes seen with 

resection of colorectal liver metastasis7-10.  

 

METHODOLOGY 

A PubMed search of all articles containing the keyword “ HIPEC” was performed including papers 

published up until the 5th May 2016, as treatment of PC from colorectal cancer (CRC) was often an 

etiological subgroup included in more general HIPEC papers. The search revealed 426 papers. All 

abstracts were read to identify randomised trials, systematic reviews and meta-analyses. Five studies 

were identified including one phase-II trial, one randomised controlled trial and 3 systematic reviews, 

one of which included a meta-analysis. 

 

PRE-OPERATIVE INVESTIGATIONS and ASSESSMENT OF DISEASE EXTENT  
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Prior to treatment with CRS and HIPEC a colonoscopy, combined PET/CT chest, abdomen and pelvis 

and tumour markers (CEA, Ca125, Ca19.9) are required, as well as administration of splenic 

vaccinations6. When assessing the extent of PC the radiological distribution including the CT peritoneal 

carcinoma index (PCI), intra-operative PCI, peritoneal surface disease severity score (PSDSS) and 

completeness of resection score (CCRS) are important.  

 

CT scans underestimate the size of peritoneal deposits in 33 % of patients, therefore diagnostic 

laparoscopy by an experienced surgeon may have a role, as 20-40% of patients are found to be 

inoperable at the time of laparotomy6, 11, 12. To improve CT-PCI correlation with clinical findings and 

pre-operative determination of resectability, 8 additional CT-criteria have been proposed. These include 

small bowel/serosal mesenteric disease, small/large bowel obstruction, biliary obstruction, ureteric 

obstruction, ascites, omental caking, peri-hepatic nodules and peritoneal lesions >5cm. A score of 3 

predicts for unresectability with a specificity of 80% and sensitivity of 62.5%13.  

The PCI score remains the best estimate of disease bulk and is a reliable indicator of the possibility of 

complete cytoreduction. The score is a function of the distribution of tumor into 13 abdomino-pelvic 

regions (9 to 12 dividing the small bowel), with a lesion size score to give a score from 0-39. The lesion 

score LS-0 indicates no disease seen; LS-1 indicates peritoneal lesions up to 0.5cm, LS-2 lesions up to 

5.0 cm and LS-3 lesions more than 5.0 cm or confluent (FigureS1)14. A linear correlation has been 

found between PCI and overall survival15. Recently Goéré et al suggested that CRS with HIPEC may be 

indicated for PCI <12 and contraindicated for PCI >17 as there is with no survival benefit in CRC if the 
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PCI is >1716. Between 12 and 17 decision for treatment depends on parameters such as performance 

status or presence of extraperitoneal metastases15. 

Unlike PMP which requires simple stripping of peritoneum, PC being invasive requires actual tissue 

resection, or stripping with a higher powered diathermy17.  In addition to the PCI, a newer score the 

PSDSS consists of 4 stages and includes PCI as well as clinical symptomatology and histopathology of 

the primary tumour18. This score correlates with resectability and survival of the patient following CRS 

and HIPEC. Following cytoreduction a completeness of cytoreduction score (CCRS) is assigned. The 

score is either complete (CC-0 or CC-1) or incomplete (CC-2 or CC-3). CC-0 implies absence of 

peritoneal disease, CC-1 indicates residual nodules < 2.5 mm, CC-2 nodules between 2.5mm and 2.5 cm 

and CC-3 nodules >2.5 cm or a confluence of an unresectable tumor nodule at any site within the 

abdomen or pelvis14. 

 

CYTOREDUCTIVE SURGERY.  

Removal of all visible peritoneal surface deposits (CC-O) is essential for long term survival19. Peritoneal 

deposits involve the visceral peritoneum at sites where the bowel is fixed to the retro-peritoneum with 

less motion of the visceral peritoneal surface, (recto-sigmoid colon, ileo-caecal region and the gastric 

antrum)19. Additionally PC involves sites of previous dissection, often from initial surgery. CRS 

involves peritoneal and visceral resections depending on extent of disease (TableS1)19.  

 

PHARMACOLOGY AND PHARMACOKINETICS OF HIPEC  
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A differential response to hyperthermia exists between normal and malignant cells (range 41- 43C) due 

to increased sensitivity of mitochondria in malignant cells, with selective destruction of tumour cells4, 20. 

Additionally, hyperthermia has a synergistic effect with the chemotherapy20.  HIPEC allows a high local 

chemotherapy concentration targeting residual microscopic disease while minimizing side effects, 

administered peri-operatively to maximise exposure prior adhesions formation and trapping of tumour 

cells within scar. The penetration of HIPEC into peritoneal nodules (even with hyperthermia) is limited 

to 2 mm - 5 mm, so HIPEC is indicated in R0 and R1 resections20.  

 

Chemotherapy must be cell cycle non-specific (allowing single administration), ideally have heat-

synergistic cytotoxicity and exist in an active form i.e. pro-drugs will not have effect20. Carrier vehicles 

exhibit low diffusion coefficients, limiting the systemic absorption of the HIPEC improving the efficacy 

and side effect profile21. HIPEC is predominantly drained via the portal system, providing a first pass 

effect, as well as potential cytotoxicity to liver micrometastasis20. Bi-directional chemotherapy or 

concurrent HIPEC and intravenous administration of chemotherapy (e.g. 5-FU) is advocated in many 

centres22. The rationale for this regimen can be understood using a 3-compartment model comprising the 

plasma, peritoneal cavity and the third compartment the tumour bearing peritoneum, the target of the 

HIPEC23. The large peritoneal cavity containing HIPEC acts as a reservoir for the IV 5FU that is cleared 

from the peritoneal cavity by diffusing across the interstitium. Chemotherapy diffuses across the 

interstitium from two directions, from the capillary compartment and from the peritoneal cavity resulting 

in a high drug concentration at the peritoneal surface (FigureS2)20, 22.The agents most commonly used 
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in CRC include Mitomycin-C and oxaliplatin, however randomised trials have not determined the 

optimal drug.  

 

TECHNIQUES OF HIPEC DELIVERY 

Administration of HIPEC is either via the open or closed technique, with no comparative trials. When 

utilizing the open coliseum technique, following CRS, the abdominal wall is sutured to a fixed retractor 

creating a coliseum containing the HIPEC within the peritoneal cavity. The skin is protected with 

synthetic drapes and inflow (pelvis) and outflow (above the liver) drains are then placed, as well as a 

thermometer and smoke-evacuator (Figure1). In the closed technique the skin is temporarily closed with 

the inflow and outflow tubing inserted through separate incisions. Some groups are using laparoscopy to 

perform limited CRS with instillation of HIPEC for restricted indications such as low grade and limited 

PMP from appendiceal disease with no small bowel involvement24, 25. Concerns are that laparoscopy 

may be inadequate to assess the PCI. More recently pressurized intra-peritoneal aerosol chemotherapy or 

PIPAC has been delivered in patients with colorectal cancer in conjunction with systemic chemotherapy, 

where the delivery of pressurized chemotherapy improves local bioavailability26, 27. 

 

CURRENT EVIDENCE FOR CRS + HIPEC in COLORECTAL CANCER 

The recent evidence for CRS + HIPEC in CRC is summarized in Table1. The introduction of irinotecan- 

and oxaliplatin- based systemic chemotherapy  (sCT) has resulted in increased median survival of 

patients with metastatic CRC from 6-8 months to 20 months, with a further increase up to 30 months 

survival with targeted agents and triplet chemotherapy combinations. However, large retrospective 
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series suggest that sCT and targeted agents are less effective in treating PC from CRC than 

haematogenous metastases28, 29. 

 

In 1995 a Phase II trial by Sugarbaker et al (51 patients) achieved a 3-year survival of 36% for PC in 

CRC treated with CRS +HIPEC30. Bowel perforations or anastomotic leaks occurred in approximately 

33% of patients. A trial in 2003 by Verwaal et al randomised patients to either standard sCT of 5FU/LV 

with or without palliative surgery, or to CRS with HIPEC followed by the same chemotherapy regimens 

for PC from CRC31. In a subgroup of patients where there was no residual macroscopic tumour, the 

results showed a 5-year survival equal to that of patients undergoing resection for CRLM (35-45%) of 

45%9, 32. Disease free survival was almost double in the HIPEC group at 22.2 months compared with 

12.6 months in the chemotherapy group. Unfortunately the study included 18 patients with appendiceal 

cancer and there was a high mortality of 8% (4 patients)33.  

Three recent systematic reviews have analysed the use of CRS+HIPEC in patients with PC from CRC 

(Table1). Cao et al included 34 studies in the meta-analysis, with a significant improvement in OS 

associated with treatment by CRS and HIPEC compared with sCT and palliative surgery (P < 0.0001)34. 

Reviews by Chua and Baratti also showed an improvement in median OS and 5-year survival in the 

CRS + HIPEC group versus palliative surgery with or without sCT, and versus sCT alone. Baratti et al 

highlighted two studies where sCT resulted in a lower survival benefit in CRC-PC compared to non-PC 

metastases28. In particular a retrospective analysis of two pooled Dutch randomised trials (CAIRO and 

CAIRO2) showed a median survival of 10.4 months in the PC group compared to 17.3 months in those 
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without PC35.  

There are no specific trials evaluating the individual components of CRS and HIPEC.  The French trial 

Prodige7 will investigate the benefit of HIPEC itself by comparing patients who have undergone CRS, 

followed by either HIPEC with sCT or sCT alone36. The COMBATAC trial (multicenter, single arm) 

aims to recruit 60 patients to perioperative sCT (FOLFOX or FOLFIRI with cetuximab) in combination 

with CRS, followed by bi-directional HIPEC containing oxaliplatin with 5FU, in patients with 

histologically proven wild-type KRAS CRC or appendiceal adenocarcinoma and synchronous or 

metachronous PC37.  Given that there are currently no trials designed specifically to show the benefit of 

treating PC only with sCT, as well as concerns that patients with PC from CRC may have worse 

outcomes than expected from sCT, until more data is available the literature supports the use of CRS 

with HIPEC17.   

TREATMENT OF PERITONEAL CARCINOMATOSIS with COLORECTAL LIVER METASTASIS 

Colorectal liver metastases (CRLM) have historically been viewed as exclusion criterion for CRS and 

similarly the presence of PC is thought to be a contraindication for resection of CRLM.9, 38 There have 

been recent promising results combining CRS + HIPEC and resection of CRLM, however no there are 

no randomized trials. Elias et al devised a nomogram allowing preliminary estimation of the OS of 

patients with CRLM and PC undergoing optimal surgery from CRC. The number of CRLM (p = 0.037) 

and the PCI (<0.0001) were associated with survival7. There is evidence to support offering CRS with 

HIPEC in patients with a PCI<12 and <3 resectable  CRLM39.  
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Allard et al showed in 1340 patients who underwent metastasectomy for CRLM, 3% overall had 

unexpected PC40. Thirty patients subsequently underwent simultaneous resection of CRLM and limited 

PC (Median PCI 2), with an OS of 18% at 5 years (median 42 months). In 2013 de Cuba et al published 

a systematic review (6 studies, 139 patients, largest cohort 70 patients) and a meta-analysis (3 studies 

only) for CRS with HIPEC for PC combined with curative treatment of CRLM9. The median OS 

reported ranged from 6 to 36 months. Although there was a trend towards lower OS in patients with both 

PC and CRLM compared with PC alone, patients with showed a tendency towards increased median OS 

after CRS and HIPEC combined with resection of CRLM compared with sCT3.  The studies included 

were heterogenous both in the techniques of CRS and HIPEC and treatment of the CRLM with limited 

detail on the nature/extent of the CRLM. Two further papers have demonstrated improved median 

survival and OS on subgroup analysis of low PCI and limited number of CRLM, with median OS 40 

months (PCI< 12, <3 CRLM)41 and 38.4 months (PCI d7 or LM d3), indicating the importance of 

patients selection38.  

NOVEL INDICATIONS for HIGH RISK COLORECTAL CANCER  

Patients with a high risk primary CRC (ovarian metastases, perforation, emergency presentations) have 

up to 50% chance of developing PC 42. In 2000 a multi-centre RCT (total 267 patients) compared 

resection of CRC followed by intra peritoneal administration of 5FU (<38C) for 6 days versus resection 

alone, both groups also receiving IV 5FU. Stage II cancer patients who received the full dose of intra-

peritoneal 5-FU had a 5-year DFS significantly higher than the control group (89% vs. 73% p=0.05)43. 

Two novel approaches to high-risk disease have been proposed; prophylactic/adjuvant HIPEC for high 
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risk primary CRC and second look laparotomy following resection of the primary tumour for 

consideration of prophylactic cytoreduction and HIPEC.  

In 2014 a systematic review (12 studies, no RCTs) investigated the role of HIPEC as an adjuvant 

treatment to prevent PC of CRC origin, concluding that despite limited evidence and subjection to bias 

there was some indication of improved oncological outcomes, requiring further study with a randomized 

trial44.  In a case control study by Sammartino et al, 25 patients with high risk T3/T4 colon cancer 

(mucinous or signet ring cancer) who underwent hemi-colectomy with limited CRS followed by HIPEC 

were compared with 50 patients who received standard resection of their primary tumour. PC developed 

in 4% of the experimental arm and 22% of the control arm45.  The disease free survival was 36.8 months 

in the experimental group versus 21.9 months in the control group (p<0.01). At 48 months after the 

study closed the median OS was significantly longer in the study group (59.5 months) than the control 

group (52.0 months) (P<0.04)46.  The COLOPEC trial will assess the efficacy of adjuvant HIPEC 

following curative resection of T4 and perforated CRC, in preventing PC in addition to standard 

adjuvant sCT.  

Small volume PC can be asymptomatic and imaging occult, therefore  “second-look laparotomy” has 

been proposed to identify disease progression early in high risk, asymptomatic patients47. Elias et al 

published a series of 41 patients who underwent a second look laparotomy (SLL) for the purpose of 

treating limited PC early in patients with defined selection criteria (resected minimal synchronous 

macroscopic PC, synchronous ovarian metastasis and perforation). In 56% of patients imaging-occult 

PC was found and treated with CRS + HIPEC with a 5-year OS rate of 90%47, 48. This study has lead to a 
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multi-centered randomized trial Prophylochip where following adjuvant sCT high-risk patients are 

randomized between simple surveillance and SLL, to clarify if results are due to lead-time bias. A 

randomized trial by Ripley et al will evaluate SLL followed by HIPEC and CRS vs. standard 

surveillance in high risk CRC49.  

MORBIDITY and MORTALITY  

The morbidity from HIPEC with CRS is predominantly due to the surgery and includes anastomotic 

leak, IP sepsis/abscess, small bowel fistulae, pancreatic leaks, bleeding and rare reports of scrotal pain 

and ulceration50. A recent systematic review specifically for PC from CRC showed the weighted average 

of major morbidity and mortality rates for CRS/HIPEC to be 32.6% and 2.9% respectively28. A number 

of studies including cohort and adjusted model studies have reported on the learning curve (LC) required 

to achieve technical proficiency for CRS + HIPEC for peritoneal surface malignancy. Studies reporting 

an inflection point suggest a LC around 140-220 cases51. A multicenter study by Kusamura et al of 2451 

patients concluded that at least 100 procedures per centre and 96 per surgeon are necessary for acquiring 

optimal expertise in the management of PMP52. Studies specific to PC from CRC include a cohort study 

of 800 patients by Huang et al that suggested more complete cytoreduction and less grade 4 

complications occurred after 200 cases53. With expanding indications for CRS and HIPEC increasing 

pressure will be placed on these specialist resources.  

CONCLUSION 
 
Few randomized trials assess the benefit of CRS and HIPEC in the treatment of peritoneal 

carcinomatosis from colorectal cancer. A number of large cohort series have shown improvement in 
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overall survival for selected patients with colorectal cancer when treated with cytoreduction and HIPEC, 

with a small series showing potential benefit of the technique prophylactically in high-risk cases. There 

is no doubt that cytoreduction and HIPEC is an essential strategy to be discussed as part of the total care 

of patients with peritoneal disease in colorectal cancer. The results of randomized trials and future 

molecular studies will serve to guide future management including refinements of patient selection.  
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Table 1. Summary of current evidence for CRS + HIPEC for PC from Colorectal Cancer 

NA = not applicable, NR= not recorded, RCT = randomised controlled trial, sCT= systemic 
chemotherapy 

 Studies Included Number of patients Median OS (Months) Median 5-year OS 
(%) 

Phase II 
Trial-1995 
Sugarbake
r et al35 

N/A 51 
- CRS + HIPEC: 51 

NR - NR 
- 3 year survival 36% 

RCT – 
2003 
(2008 
update) 
Verwaal et 
al 36, 37 

N/A 105 (included 18 
patients with 
appendiceal carcinoma) 
- sCT: 51 
- CRS + HIPEC: 54 

- sCT: 12.6 
- CRS+HIPEC: 22.2 
(p=0.028) 

- sCT: NR 
- CRS + HIPEC: 20% 
- CRS+HIPEC with 
R1 resection:45% 

Systematic 
Review+ 
Meta-
analysis 
2009 Cao 
et al39 

47 studies 
- 4 comparative (2xRCT, 
one early termination due 
to poor accrual) 
- 43 observational 

NR, only for meta-
analysis: 271 
- CRS +IP Chemo:136 
- sCT: 135 

- Not calculated, 
ranges only 

- Not calculated, 
ranges only 

Systematic 
Review - 
2013 Chua 
et al56 

18 studies 
- 2xRCTs 
- 2xPhase II 
- 14xObservational 
studies 
 

2,492 
- CRS+HIPEC: 1084, 
- Palliative surgery +/- 
sCT: 1408 

- CRS + HIPEC:33 
- CRS + HIPEC 
(R1)-resection: 48 
- Palliative surgery 
+/or sCT: 12.5 

- CRS + HIPEC: 40% 
- Palliative surgery 
and/or sCT group:  
13% 

Systematic 
review 
2016 
Baratti et 
al24 

32 studies 
- 19 x cohort 
- 13 x comparative 
- 6 x adjuvant HIPEC 

 
(9 trials with sCT, 
including subset of RCT) 

NR - sCT:Ox/Irinotecan: 
10.1 - 15 
- sCT/5FU: 9.0–11.0 
s 
- Use of VEGF/EGF 
inhibitors:  15.2–18-2 
- CRS +HIPEC:  
weighted average 
31.6 months 

- CRS + HIPEC 
weighted average: 
31.0%. 
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