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Introduction

Peritoneal carcinomatosis (PC) is a major concern in the 
management of advanced intra-abdominal cancer. PC causes 
severe suffering and is associated with abdominal distension, 
pain, malnutrition, ascites, cachexia, and intestinal 
obstruction. PC from colorectal cancer (CRC) occurs in 
20% of patients with non-mucinous CRC, presenting a 
synchronous or metachronous appearance, of which 6–8% 
is peritoneal only. In contrast, about 50% of patients with 
mucinous and signet ring cell tumors develop PC (1). PC 
is a lethal condition in cancer, with high morbidity and 
mortality rates, and is the most common cause of death 
after primary intra-abdominal tumor resection (2-4). 
The traditional treatment strategy for PC from CRC was 
systemic chemotherapy with or without surgery to alleviate 
symptoms (5). However, the distinctive characteristics of 

peritoneum, including a poor blood supply to the peritoneal 
surface with low penetration into tumor nodules, led to a 
poor chemotherapeutic efficacy for PC compared to that 
for solid organ metastasis (6,7).

Over the last century, management of PC from CRC has 
evolved to prolong survival and improve patient quality of 
life with the development of new chemotherapeutic agents, 
surgical techniques, and further understanding of biology 
of PC. Cytoreductive surgery (CRS) with hyperthermic 
intraperitoneal chemotherapy (HIPEC) was independently 
developed as a treatment modality for PC of ovarian origin 
and eventually to other various gastrointestinal cancers. 
HIPEC in combination with CRS has since played as a 
crucial role and changed the paradigm in the management 
of PC. Despite concerns about high morbidity and mortality 
after CRS with HIPEC, it may provide long-term survival 
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by controlling tumor burden and improving symptoms in 
select patients (8-11). While thousands of articles report 
on CRS with HIPEC in various institutions worldwide, the 
limitations include a lack of definitive well-designed clinical 
trials and variation in techniques across institutions.

This review details the most recent knowledge, ongoing 
investigations, and potential directions for the treatment of 
PC from CRC.

History of CRS with HIPEC

CRS and HIPEC were independently developed as 
treatment modalities for peritoneal metastasis of ovarian 
origin and eventually for other gastrointestinal cancers. 
In the 1930s, debulking surgery was initially described for 
locally advanced ovarian cancers (12). After recognizing that 
peritoneum is a hypoxic environment with poor penetration 
by systemic chemotherapy, intraperitoneal chemotherapy 
was applied to PC of not only ovarian cancer but also other 
gastrointestinal cancers (13,14). In the 1980s, hyperthermia 
was increasingly used in intraperitoneal chemotherapy to 
increase the efficacy and potency of the anti-neoplastic 
agents (15). HIPEC in conjunction with CRS has since 
emerged as an essential means of controlling peritoneal 
disease and has been associated with favorable survival 
outcomes in selected patients.

Development of CRS

CRS was first proposed in 1934 by Dr. Meigs with the 
notion that tumor debulking surgery for ovarian cancer 
under the premise that reducing macroscopic disease 
burden would improve patient symptoms and reduce 
complications (12). In the late 1960s and 1970s, Munnell 
and Griffiths reported that extensive tumor debulking 
surgery in ovarian cancer improved survival rates and 
that residual tumor mass size <1.6 cm after CRS was 
significantly associated with better survival (16,17). In 
1969, Long et al. reported superior survival rates in 
five of 17 PC patients with pseudomyxoma peritonei who 
underwent multiple cytoreductive procedures combined with 
the use of alkylating agents (intraperitoneal or oral) (18).  
Similar results were reported following extensive 
experiences by the Memorial Sloane-Kettering Cancer 
Center in 1950–1970 (19). They suggested that aggressive 
CRS offered the best chance for patient survival, whereas 
radiation and systemic chemotherapy did not affect 
prognosis. Aggressive CRS, therefore, was adopted as the 

mainstay for management and palliation.

Development of intraperitoneal chemotherapy with 
hyperthermia

In 1970s, due to increased insight into the pharmacokinetic 
differences between IV and intraperitoneal tumors, impact 
of systemic and total body hyperthermia on patients with 
advanced cancers was being investigated for its effects 
on decreasing overall tumor burden based on the early 
positive results of isolated perfusion of visceral vasculature 
with hyperthermic chemotherapy (41 to 42 ℃) from 1960s 
(20,21). Restriction of perfusion to specific body areas 
for cancer chemotherapy was based on the belief that this 
would be more effective than systemic administration 
since neoplastic tissue would be exposed to a higher 
drug concentration (22). Palta developed a thermal 
infusion filtration system for the intraperitoneal infusion 
of chemotherapeutic agents (23), to manage malignant 
effusions and treat metastatic cancers of the intracavitary 
serosa, which was deemed safe for clinical procedures. 
Hyperthermia induced nonlethal responses in physiology. In 
1979, Spratt used the thermal transfusion infiltration system 
(TIFS) to successfully deliver hyperthermic chemotherapy 
into the peritoneal space of a patient with locally advanced 
abdominal malignancy (13,14). The patient underwent CRS 
followed by TIFS to deliver heated intraperitoneal thiotepa, 
and was then administered intraperitoneal methotrexate on 
postoperative day 5 through catheters. The patient survived 
the operation and was discharged without significant 
complications. The development of CRS with postoperative 
intraperitoneal chemotherapy continued in the early 1980s 
when Sugarbaker investigated its therapeutic efficacy in 
patients with peritoneal metastases of not only ovarian 
cancer but also various gastrointestinal tumors (15). He 
emphasized that locoregional cancer treatments may be 
more beneficial to patients than systemic therapies if the 
following three criteria were met. (I) Systemic benefits of 
treatment were not sacrificed because adequate doses of the 
drug are administered locally so that therapeutic amounts 
are present within the peripheral circulation. (II) Higher 
levels of effective chemotherapeutic agents are present 
local-regionally so that local anticancer effects are increased. 
(III) Local and systemic toxic side effects are no greater 
than those when the drugs are administered intravenously. 
Several effective anticancer agents meeting these criteria are 
used intraperitoneally for the treatment of gastrointestinal 
malignancy.
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In 1987, Japanese surgeons reported positive results of 
intraperitoneal hyperthermic perfusion with mitomycin 
C and a thermosensitizing drug (misonidazole) during 
debulking surgery in a group of 15 patients with advanced 
gastric cancer (24). In 1995, Sugarbaker definitively 
systematized the rationale and surgical technique for 
peritonectomy (25). Since then, CRS and HIPEC have been 
further developed and performed by several medical centers 
worldwide in patients with various peritoneal-surface-
malignancies, including PC, sarcomatosis, and peritoneal 
mesothelioma.

Patient selection criteria

Patient selection is one of the most challenging issues 
in CRS with HIPEC in PC from CRC. The common 
indication for PC from CRC to be treated with CRS with 
HIPEC is limited to the abdomen which is completely 
or significantly resectable. General contraindications 
for CRS and HIPEC are (I) age >70 years; (II) serious 
medical histories; (III) clinical aggravation with systemic 
chemotherapy; (IV) malnutrition; (V) concomitant extra-
abdominal metastasis; (VI) unresectable liver metastases 
(LM); and (VII) massive retroperitoneal bulk disease or 
lymph node involvement (2,26). However, there are no 
clear definitions of patient selection criteria. Qualitative and 
quantitative indicators are mandatory to evaluate patient 
eligibility.

Qualitative indicators

Several clinical and histopathological risk factors have been 
identified as risk factors for synchronous PC from CRC. 
These include an advanced T stage, lymph node metastases, 
and a poor differentiation grade (27).

Since the prevention of metachronous PC is more 
encouraging than that for synchronous PC, there are 
currently more studies on the risk factors for metachronous 
metastases. According to several studies, the independent 
risk factors for metachronous PC include advanced T 
and N stages, malignant ascites, perforate cancer, tumor 
differentiation, solid organ metastasis, and peritoneal fluid 
cytology (2,28,29).

Patients with synchronous PC and LM treated with 
palliative intent had poor survival outcomes (30). However, 
over the last decade, a number of studies have reported 
on patients treated with CRS and HIPEC combined with 
local treatment of LM (31-35). Current literature and 

available meta-analysis data suggest that combining CRS 
and HIPEC with curative treatment for LM results in 
improved survival compared to that with treatment with 
modern systemic chemotherapy alone, although survival 
was worse than that in a peritoneal metastasis-only group 
treated CRS and HIPEC (31). However, patient selection 
according to the extent of metastasis is essential. Several 
studies have assessed the effectiveness CRS with HIPEC 
in patients with PC with or without LM (32-35). In those 
studies, all liver procedures, including major hepatectomy, 
were performed according to liver mass. A case-control 
study of 37 patients with PC and LM matched with 61 
patients with PC alone showed that prolonged survival 
could be achieved in highly selected patients operated 
on for limited PC and fewer than three LM (35). Elias 
et al. also reported that the combined treatment of LM 
plus PC was beneficial in selected patients presenting 
three or fewer metastases (33). In a study on the safety of 
synchronous liver resection and CRS with HIPEC, patients 
who underwent CRS with HIPEC plus liver resection 
underwent a higher number of operative procedures, had a 
longer operative time, had a longer hospital length of stay, 
were more likely to require reoperation, and experienced 
greater 30-day morbidity but not mortality. Therefore, 
safety and oncologic outcomes must also be considered (36).

The prognosis of patients with PC from CRC is strongly 
influenced by histological types regardless of treatment (37). 
The adverse prognostic impact of histological subtype has 
been reported in patients treated with CRS and HIPEC 
(38,39). In several retrospective studies, the median survival 
times did not exceed 13 months after CRS with HIPEC. 
Additionally, several studies identified signet ring cell 
histology as a significant prognostic factor, with hazard 
ratios (HR) ranging from 2.0 to 3.7 (40-42).

Stratifying high-risk patients with metachronous regional 
disease with gross and histologic characteristics would be 
of benefit as these patients may benefit from preventative 
techniques such as a prophylactic HIPEC and surveillance 
with second-look surgery, which are currently under 
investigation.

Roles of radiologic evaluation and diagnostic laparoscopy

Radiologic evaluation before CRS with HIPEC may allow 
the determination of the extent not only of intra-abdominal 
but also extra-abdominal disease. The Fifth International 
Workshop on Peritoneal Surface Malignancy in Milan 
reported the consensus on preoperative investigations for 
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peritoneal surface malignancy (28). They concluded that 
contrast-enhanced multi-sliced computed tomography (CT) 
was the fundamental imaging modality, whereas magnetic 
resonance imaging (MRI), positron emission tomography 
(PET), laparoscopy, and serum tumor markers (STMs) 
were considered useful but not fundamental investigational 
modalities.

CT is the preferred tool for selecting patients for surgery 
because of the ease to perform, shorter imaging times, 
fewer movement artifacts caused by bowel peristalsis, 
higher spatial resolution, accessibility and familiarity of 
radiologists and clinicians. However, standard surveillance 
with CT has a low sensitivity for small peritoneal nodules, 
at an estimated less than 30% for nodules <0.5 cm in  
size (29). Numerous studies have shown a variable 
correlation between CT prediction and intraoperative 
findings, indicating that CT tends to underestimate the 
clinical peritoneal carcinomatosis index (PCI) scores (43). 
Thus, more studies support the role of 2-fluorodeoxyglucose 
(FDG)/PET for the detection of PC (44). The advantage 
of PET/CT is whole body coverage, providing information 
about the presence of distant metastases that exclude the 
patient from CRS with HIPEC (45). However, in mucinous 
PC, the correlation of PET/CT PCIs with surgery was very 
low (46). Nodules with a high proportion of mucin are not 
vascularized and are characterized by deficient metabolic 
activity and relatively lower presence of tumor cells.

Moreover, most mucinous PC is pseudomyxoma 
peritonei from low-grade appendiceal tumors; therefore, 
they have an intrinsically lower metabolism (47). Due to 
its ability to evaluate soft tissue alterations, MRI has been 
proposed as a complementary method for the assessment 
of tumoral involvement of the mesentery and small 
bowel. Klumpp et al. have reported excellent results for 
MRI, attributable to its superior soft-tissue contrast and 
capability to provide additional information about tissue 
characteristics through dynamic contrast-enhanced imaging, 
thus aiding the differentiation between malignant and 
other tissues (48). MRI also offers high sensitivity for liver 
metastasis and small perihepatic peritoneal implants owing 
to its superior soft-tissue contrast (48). MRI with diffusion-
weighted imaging (DWI) in patients with PC from CRC, 
with a sensitivity of 88%, specificity of 74% in all tumor 
sizes and strong correlation with PCI scores calculated 
intraoperatively (49).

The gold standard for evaluating metachronous PC 
is diagnostic laparoscopy, which can also be helpful in 

avoiding unnecessary laparotomy in patients with pervasive 
disease. It is particularly useful to evaluate the involvement 
of small bowel, mesentery, and the PCI score, which 
can avoid unnecessary further surgery (50). However, at 
the Fifth International Workshop on Peritoneal Surface 
Malignancy, only 10% experts considered laparoscopy a 
fundamental modality in the preoperative evaluation of 
patients with PC, whereas 78% considered it a useful 
but not a fundamental method (28). This may be due to 
various factors that may cause incomplete assessment 
such as adhesions due to previous surgery or hostile 
abdomen due to extensive peritoneal disease and port site 
recurrence (28,50). Moreover, disadvantages of staging 
laparoscopy include inability to accurately assess tumor 
involvement of the retroperitoneal structures such as a 
pancreas, ureter, and omental bursa across to the celiac 
axis (51,52). Therefore a recent review recommended 
diagnostic laparoscopy in conjunction with routine 
imaging modalities to select patients who would most 
benefit from CRS and HIPEC (53).

Quantitative indicators by numeric score

Quantitative prognostic indicators for PC are essential in 
the management of peritoneal surface malignancy. They 
provide a specific language to quantify tumor burden 
from the standpoint of prognosis and the suitability of 
CRS. Various institutions have developed patient selection 
criteria for CRS with HIPEC based on tumor implant 
size and burden within the peritoneal cavity. An increased 
tumor burden is a negative prognostic factor and the use 
of quantitative prognostic indicators allows a more precise 
prediction of treatment outcomes (8).

PCI score

The PCI is an assessment tool that combines lesion size 
(LS-0 to LS-3) and tumor distribution in 13 abdominopelvic 
regions (AR-0 to AR-12) to quantify extent of disease as a 
numerical score (PCI-0 to PCI-39) (54). Many studies have 
used this system to demonstrate marked survival advantages 
of low PCI score (3,55-58). Sugarbaker et al. reported 
that large implant size and wide distribution of peritoneal 
implants to multiple sites within the abdomen and pelvis 
carry a uniformly poor prognosis (3). Ellisa et al. reported 
that the peritoneal index, based on an arbitrary cutoff of 15, 
had a significant impact on survival, with three-year survival 
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rates of 60.3% and 32.5% among patients with values 
below and above this cutoff, respectively (55). They also 
reported that a PCI score ≤19 was a positive independent 
prognostic factor for overall survival (OS) (59). Kecmanovic 
et al. reported that the median survival time of patients with  
PCI ≤13 was 16.8 months, significantly higher than that of 
6.9 months in patients with PCI >13 (57). Yan et al. reported 
that a PCI score ≤13 was associated with improved survival 
(versus >13, P=0.016) (58). Goéré et al. reported that the OS 
did not differ significantly between curative and palliative 
patients when the PCI score was >17 (56). However, there 
are some caveats in the use of the PCI score for PC from 
CRC. Currently, the cutoff for a ‘low’ PCI score associated 
with a favorable survival has not been clearly defined, in 
that the available clinical evidence does not allow a reliable 
prediction of when it is suitable to proceed with combined 
treatment based solely on the PCI score (60).

Simplified peritoneal cancer index (SPCI)

The Dutch SPCI registers the presence versus the 
absence of tumors in seven abdominal areas: left and right 
subdiaphragmatic spaces, subhepatic space, omentum, 
transverse colon, small intestine/mesentery, ileocolic 
region, and pelvis. This system is used by the Netherlands 
Cancer Institute for prognostic assessment. Verwaal et al. 
reported that the important factors predicting survival were 
number of affected regions, SPCI, and completeness of 
cytoreduction (CCR) score (40). SPCI has the advantage 
of easy evaluation and recording of anatomically separated 
lesions compared to the PCI.

CCR score

Jacquet et al. and Sugarbaker et al. proposed a CCR score that 
quantifies the extent of residual disease into four categories. 
CCR-0 indicates no visible evidence of residual tumor, 
CCR-1 indicates residual tumors ≤2.5 mm in diameter,  
CCR-2 indicates residual tumors between 2.5 mm and 
2.5 cm, and CCR-3 indicates residual tumors >2.5 cm 
or a confluence of disease present at any site (54). In the 
registry study by Glehen et al., the overall median survival 
was 19.2 months. Patients who completed CRS had a 
median survival of 32.4 months, compared to 8.4 months 
in patients who could not complete CRS. The positive 
independent prognostic indicator by multivariate analysis 
was complete cytoreduction (61). Verwaal et al. reported 
that cytoreduction and HIPEC could result in long-term 

survival in patients with PC of colorectal origin (62).

Peritoneal surface disease severity score (PSDSS)

The PSDSS is an integral index that scores degree of 
clinical symptoms, extent of intraperitoneal metastasis, 
and morphology of tumor. PSDSS is evaluated using 
the original algorithm based on differentiating OC 
patients into two pathogenetic types depending on their 
histological and immunohistochemical findings. The 
PSDSS stages are scored from I to IV based on the scores 
for each of three clinicopathological parameters (stage I: 
≤3 points; stage II: 4–6 points; stage III: 7–10 points, and 
stage IV: ≥11 points).

Yarema et al. reported an OS time for patients with 
PSDSS stage I, II, III, and IV ovarian cancer, of 48±25.3, 
26.5±4.7, 15.5±4, and 6±4.3 months, respectively. 
Multivariate analysis showed that PSDSS stage was the 
only independent predictor of survival (63). However, in 
a study comparing PCI score and PSDSS in patients with 
colorectal PC, Ng et al. reported that the PCI score alone 
was a significant prognostic factor for OS and disease-free 
survival (DFS) in univariate and multivariate analysis (64).

Colorectal-PC (COREP) score

The COREP score was developed using HRs from 
histology, hematological status, serial STMs, and STM 
changes over time. The COREP score predicts low cancer-
specific survival (12 months) and has a high sensitivity 
(80%) and specificity (100%) (16). Peter et al. reported 
that the COREP score was better than PSDSS and PS at 
predicting survival rate. Moreover, COREP (≥6) score was 
more accurate than PCI (>20) score for predicting poor 
prognosis (65).

Colorectal peritoneal metastases prognostic surgical score 
(COMPASS)

COMPASS is a prognostic pre-cytoreduction nomogram 
consisting of four parameters that are prognostically 
relevant for OS: age, PCI score, locoregional lymph node 
status, and signet ring cell histology. Peter reported that 
COMPASS was more accurate than PSDSS in predicting 
survival of patients undergoing CRS with HIPEC. It can be 
used to assist decisions regarding continuing cytoreduction 
and HIPEC and can provide valuable information in the 
follow-up period after CRS with HIPEC  (66).
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Techniques, chemotherapy agents, and safety  
of CRS

CRS and HIPEC techniques

The principle of CRS is to completely remove macroscopic 
tumors or leave a small residual tumor volume <2.5 mm, 
which is sufficient for the therapeutic effect of HIPEC (32).  
The CRS and peritonectomy procedures have been 
described and standardized by Sugarbaker (25). Sugarbaker 
described six surgical procedures for peritonectomy, 
including pelvic peritonectomy, greater omentectomy, left 
subphrenic peritonectomy, right subphrenic peritonectomy, 
lesser omentectomy, and associated visceral resection 
(stomach, small bowel, etc.). However, with an increasing 
number of treatment centers, there are differences in 
CRS techniques among surgeons. Kusamura et al. (67) 
reported the technical aspect of CRS, which is a consensus 
statement on the management of peritoneal surface 
malignancy, in 2006. The radicality of the peritonectomy 
procedure, timing of bowel anastomoses with HIPEC, 
indications of protective ostomies, and cytoreduction of 
neoplastic nodules <2.5 mm were the controversial issues in 
surgical technique. The consensus categorized peritoneal 
malignancy according to the pattern of spread. In the case 
of restricted peritoneal metastasis from CRC, most surgeons 
voted that partial peritonectomy is sufficient in intestinal-
type CRC. Partial peritonectomy was considered sufficient 
in mucinous-type CRC by 70% of surgeons. Characteristics 
of pseudomyxoma peritonei differ from those of CRC and 
around 50% surgeons agreed that complete peritonectomy 
is necessary.

Bowel anastomosis timing related to HIPEC varies 
greatly among surgeons. The impact of hyperthermia on 
top of chemotherapy on anastomotic healing is unclear. 
Animal studies have found that anastomotic healing is 
impaired by mitomycin C (68,69). Generally, anastomosis 
before HIPEC reduces costs and operation time but impairs 
the integrity of the anastomosis (70). However, some 
surgeons have suggested that anastomosis after HIPEC is 
more difficult and could be hampered due to bowel edema 
after HIPEC (71).

Most surgeons perform electroevaporization for 
numerous small metastatic nodules (<2.5 mm) in the 
mesentery. The indications for ostomies are flexible 
according to surgeons and involved organs (71). The 
involvement of rectum is essential to make a stoma. If 
rectum can be preserved, a stoma can be avoided (72). 
Two studies have reported on bowel complications 

according to stoma formation, showing the same rates of 
bowel complications, although the stoma formation rates 
differed (10,73).

Heat has been shown to be cytotoxic in vitro at 42.5 ℃ (2). 
To reach this temperature in the abdominopelvic cavity, a 
specific device is required, which is a closed circuit enabling 
continuous hyperthermic chemoperfusion in the peritoneal 
cavity. Generally, two inflow outflow catheters each are 
placed in the abdominal cavity together with temperature 
probes and connected to a sterile closed circuit. The 
extracorporeal circuit pump, equipped with a reservoir filter, 
pumps heated perfusion isotonic fluid into abdominal cavity 
at a flow rate of 400–800 mL/min according to institutional 
protocol (74,75).

Intraperitoneal delivery techniques

HIPEC can be applied using open (Coliseum) and closed 
techniques. Open technique was described by Sugarbaker 
as follows: abdominal wall is suspended by a retractor frame 
and covered with a plastic sheet with a small slit that allows 
access to the abdomen for the manual stirring of the heated 
chemotherapeutic agents (76). Closed technique calls for 
application of HIPEC with the abdomen closed temporarily, 
or when all surgical processes have been completed. The 
closed technique aims to increase the penetration of the 
chemotherapeutic agents by utilizing a greater abdominal 
pressure than that of the open technique (75). Until now, 
no article has assessed the superiority of one technique 
over the other. Only one experimental study has been 
performed (77). Intraperitoneal hyperthermia can be 
achieved with both techniques. However, the systemic 
absorption and abdominal tissue penetration are better in 
open technique. In theory, the open technique may be more 
advantageous for more even drug and heat distribution. 
However, a clear conclusion has not yet been reached.

Safety consideration in CRS and HIPEC

CRS with HIPEC requires the use of cytotoxic drugs in 
the operation theatre where they not commonly used; thus, 
there is a risk of exposure to these drugs by the surgical 
team, anesthesiologists, the operating room staff.

In HIPEC, a heated chemotherapy solution is circulated 
in the peritoneal cavity using a roller pump and circuit, 
as described in the previous section (74,75). During this 
procedure, the abdomen is either closed or open (75,76). 
In the open technique, the surgeon manipulates the bowel 
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loops to ensure more even distribution of the heat and 
chemotherapy; however, operating room personnel have 
an increased risk of exposure due to vaporization and direct 
contact with the drug as compared to the closed method (77). 
Exposure to cytotoxic agents has been shown to cause hair 
loss, headaches, acute irritation, and an increased rate of 
spontaneous abortions but not of congenital malformations 
and stillbirths (78-80). Therefore, all healthcare workers 
should wear protective disposable impermeable gowns 
(polyethylene-coated polypropylene) and shoe covers and 
eyewear for droplet protection (81). Double gloves should 
be worn by all staff at the surgical field and when cleaning 
up spills (81). Gloves should be changed every 30 min 
while continually working with cytotoxic agents as they 
do not entirely prevent cytotoxic drug penetration during 
prolonged contact (82). Surgeons in direct contact with a 
cytotoxic agent should wear outer gloves extending to the 
elbow (83).

Chemotherapy agents for HIPEC

Two main chemotherapy agents are administered to patients 

with PC from CRC: mitomycin C (10–50 mg/m2) over 
60–120 min at 41–44 ℃, and oxaliplatin (460 mg/m2) over 
30 min at 42–44 ℃ preceded by an intravenous infusion of 
4-FU (400 mg/m2) with leucovorin (20 mg/m2) regardless 
of intra-peritoneal delivery technique (Table 1). Superiority 
of MMC over oxaliplatin has been reported. Hompes 
et al. reported that MMC showed more hematologic-
related events due to neutropenia (84). Rates of intra-
abdominal complications did not differ significantly. Leung 
et al. showed that patients treated with HIPEC using 
oxaliplatin had better prognoses than those among patients 
administered MMC-based HIPEC (median survival: 54 
vs. 26 months) (85). Conversely, Prada-Villaverde et al.  
reported that HIPEC with MMC might be superior 
to oxaliplatin-based HIPEC in patients with favorable 
histology or a low burden of PC (median survival: 54.3 vs. 
30.4 months) (86). At present, no prospective study has 
compared these HIPEC regimens. Randomized controlled 
trials are necessary to standardize these chemotherapeutic 
regimens.

Before the advent  of  HIPEC with oxal iplat in, 
intravenous 5-FU and leucovorin maximized the effect of  

Table 1 MMC vs. oxaliplatin (± irinotecan)

Reference n Drug
Dose  

(mg/m2)
Temperature 

(℃)
Time 
(min)

Median survival 
(months)

Morbidity 
(%)

Complicationse

Hompes (84) 56 MMC 35 41–42 90 26.5 35.7d Neutropenia, GI fistula, abscess

39 OXa 460 41–42 30 37.1 48.7d GI fistula, bleeding, abscess

Leung (85) 96 MMC 12.5 42 90 26 – –

106 OX 350 42 30 56 – –

Prada-
Villaverde (86)

418 MMC 40 42 90 54.3c – –

166 OXa 460 42 30 28.2c – –

Verwaal (11) 54 MMC 35 41–42 90 22.3 NS Neutropenia, GI fistula, hemorrhage

51 SCb – – – 12.6 – –

Elias (87) 48 OXa 460 42 30 62.7 – –

48 SCb – – – 23.9 – –

Elias (88) 106 OX + IRa 360 (OX, IR) 43 35 – 66.0d Digestive fistula, lung infection, 
neutropenia

Quenet (89) 43 OXa 460 43 30 40.8 34.9 Pulmonary, GI fistula, neutropenia

103 OX + IRa 300 (OX), 
200 (IR)

43 30 47 52.4 Neutropenia, pulmonary, GI fistula

a, before HIPEC with oxaliplatin, IV 5-FU (400 mg/m2) and leucovorin 20 mg/m2; b, compared with systemic chemotherapy group; c, only 
PSDSS I/II patients; d, grade 3–5 complications e up to third in order. MMC, mitomycin; OX, oxaliplatin; SC, systemic chemotherapy; IR, 
irinotecan; NS, not stated. 
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oxaliplatin (90). Elias et al. reported a median survival time of 
63 months in patients administered HIPEC with oxaliplatin 
followed by intravenous 5-FU and leucovorin (87).  
Irinotecan is sometimes administered in combination with 
oxaliplatin. Elias et al. reported on short-term outcomes 
of intraperitoneal chemotherapy with oxaliplatin plus 
irinotecan (88). They concluded that irinotecan has a 
relatively high but acceptable incidence of adverse events. 
Quenet et al. evaluated the effect of addition of irinotecan. 
However, OS did not differ significantly between treatment 
groups with and without the addition of irinotecan (89). 
Various agents, including bevacizumab and H2O2, are used 
to increase the efficacy of HIPEC (91).

Outcomes of CRS and HIPEC

Short-term outcomes

CRS and HIPEC can cause considerable rates of morbidity 
and mortality, which requires long operation times and 
is technically challenging. Overall, the morbidity and 
mortality rates of HIPEC in recent studies in different 
centers ranged 12–52% and 0.9–5.8%, respectively (92). 
A recent meta-analysis and systemic review of 76 studies 
revealed mean morbidity and mortality of 33.0% and 2.8%, 
respectively, for CRS and HIPEC in patients with PC from 
CRC (93). The latest randomized phase III, multicenter 
trial reported an overall postoperative mortality rate of 
1.5%, which did not differ significantly between CRS plus 
HIPEC and CRS alone. The morbidity rates did not differ 
statistically at 30 days. At 60 days, the major complication 
rate was significantly higher in patients that underwent 
HIPEC (24.1% vs. 13.6%, P=0.030).

The common causes of perioperative mortality are sepsis 
and multiorgan failure due to surgical complications. The 
most frequent complications include anastomotic leakage 
(0–9%), fistula (0–23%), intestinal perforation (0–10%), 
intraperitoneal sepsis (0–14%), abscess (0–37%), and ileus 
(0–86%) (94). We also evaluated the clinical outcomes 
of 102 patients who underwent CRS with HIPEC for 
appendiceal or CRC with PC in Yonsei between July 2014 
and March 2016. The mean PCI score was 14.9±9.9 and 
HIPEC was performed by circulating a mixed solution of 
35 mg/m2 mitomycin-C and 3 L of hypertonic solution 
(Dianeal, 1.5% dextrose peritoneal dialysis solution). 
Overall 30-day postoperative mortality rate was 0.0% 
and rate of short-term complications was 43.1%. Major 
complication rate was 18.6% (data not published).

The frequency of complications is also associated with 
the extent of disease. Casado-Adma et al. reported that 
PCI score (>30) was the only independent risk factor for 
gastrointestinal complications (95). Major complications 
are crucial because they may affect the oncologic outcome. 
Baratti et al. reported a five-year disease-specific survival 
rate of 14.3% in patients with PC from CRC who 
experienced major complications after CRS with HIPEC 
and 52.3% for those who did not. Five-year OS rates 
were 11.7% and 58.8% for patients who did and did not 
experience major complications, respectively. Multivariate 
analysis revealed that major morbidity was correlated to 
both worse overall and disease-specific survival (96).

Morbidity and morbidity are important in the aggressive 
treatment of patients with a disease that does not last 
long. In particular, major morbidity is also associated with 
survival.

To derive the maximal benefit of this treatment, careful 
patient selection with an optimal level of postoperative 
care must be advocated to avoid undesirable treatment 
complications (97).

Long-term outcomes

In well-selected patients with PC from CRC, CRS 
plus HIPEC with adjuvant chemotherapy may provide 
better oncologic outcomes compared to those in patients 
administered systemic chemotherapy alone.

A randomized Dutch phase III clinical trial demonstrated 
the efficacy of the procedure, reporting a better survival 
outcome for patients undergoing CRS and HIPEC in 
comparison with that in patients administered systemic 
chemotherapy alone (median survival: 22.3 vs. 12.6 months, 
P=0.032; corresponding to a two-year actuarial survival 
rate of 43% vs. 16%, P=0.014) (11). However, this first 
randomized trial for PC from CRC may not be generalized 
as the control arm of the study used systemic 5-FU alone 
and oxaliplatin was not included.

A recent meta-analysis also showed a significant 
difference in survival between CRS with HIPEC and 
systemic chemotherapy alone, suggesting that patients 
with PC from CRC could obtain more benefits from CRS 
with HIPEC than those from conventional treatment. 
The meta-analysis of 15 randomized controlled studies 
demonstrated that CRS with HIPEC as a comprehensive 
therapeutic strategy could bring a significant survival 
benefit for PC from CRC compared to that of palliative 
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surgery alone or systemic chemotherapy [HR =2.67, 
95% confidence interval (CI): 2.21–3.23, P<0.00001). 
Additionally, a summary analysis of these 76 studies 
showed that the median OS was about 29 months in the 
HIPEC group, which is significantly longer than the 
median OS of 17.9 months for patients with PC from 
CRC receiving contemporary chemotherapy (93). In a 
retrospective multicenter study of 294 patients with PC 
from CRC, Chua et al. reported a significant difference 
in survival between palliative treatment group (palliative 
surgery, systemic chemotherapy, supportive treatment) 
and curative (CRS with HIPEC) treatment groups (9 vs. 
38 months) (98). The largest multicenter study including 
506 patients from 28 institutions, reported overall 1-, 3-, 
and 5-year actuarial survival rates of 72%, 39%, and 19%, 
respectively. The overall 1-, 3-, and 5-year DFS rates were 
40%, 16%, and 10%, respectively. They also reported 
that the extent of disease and completeness of CRS were 
independent prognostic indicators. The overall median 
survival time was 19.2 months. Patients with complete 
CRS had a median survival of 32.4 months, compared to 
8.4 months in patients in whom complete CRS was not 
possible (P<.001). The 1-, 3-, and 5-year survival rates of 
patients with limited PC (PCI <13) were 92%, 50%, and 
33%, respectively, and 62%, 22% and 11%, respectively, 
for patients with extended PC (PCI ≥13) (P<0.0001) (8). 
Our preliminary outcomes of 102 patients who underwent 
CRS with HIPEC for appendiceal or CRC cancer with PC 
in Yonsei were similar to those of previous studies. The 
overall median and median recurrence-free survival times 
were 20 and 11.5 months, respectively, during a median of 
63.8 months of follow-up (data not published).

Associations between HIPEC regimens and oncologic 
outcome have not yet been sufficiently studied; however, 
there is reportedly no difference in survival rates between 
oxaliplatin and mitomycin in patients with PC from CRC. 
Huang reported that CRS with HIPEC significantly 
improved survival in both oxaliplatin and mitomycin 
groups, both showing similarly significant differences (93).

Studies have also assessed differences in long-term 
outcomes between HIPEC and early postoperative 
intraperitoneal chemotherapy (EPIC). In a prospective 
study comparing 98 patients  with PC from CRC 
administered HIPEC + EPIC, HIPEC alone, and EPIC 
alone, recurrence-free survival of the HIPEC + EPIC group 
was significantly higher than those of the other two groups. 
There was no significant difference between the HIPEC 
alone and EPIC alone groups (98).

Recent trials and future perspectives

Following the recent negative results of randomized phase 
III, multicenter PRODIGE 7 trial, debates have arisen with 
regards to oncological outcome of CRS with HIPEC. 
The study aimed to evaluate the role of HIPEC after 
CRS. A total of 267 patients with histologically proven 
and isolated PC with PCI ≤25 were randomized (1:1) 
with complete macroscopic resection (R0/1 vs. R2), 
and neoadjuvant systemic chemotherapy. Patients were 
treated with CRS plus HIPEC with oxaliplatin or CRS 
alone, in association with systemic chemotherapy. After a 
median follow-up of 63.8 months, difference in OS was not 
statistically significant between the groups (OS: 41.7 m,  
41.2 m, P=0.995/RFS: 13.1 m, 11.1 m, P=0.486), the 
addition of HIPEC with oxaliplatin did not influence 
survival benefit (99).

With the evolution of biologic agents, the synergism 
between target agents and HIPEC has been studied. 
The COMBATEC trial (27), with an enrollment of only  
26 patients, was conducted to evaluate the feasibility, safety, 
and efficacy [defined as an improvement in progression-
free survival (PFS)] of a multimodal treatment regimen 
consisting of pre and postoperative systemic combination 
chemotherapy and cetuximab in patients with complete 
cytoreduction with HIPEC (94). The study was terminated 
due to slow recruitment. The grade 3/4 morbidity rate 
was 44%, comparable to published data. The PFS was  
14.9 months, similar to the results of other studies reporting 
PFS of 13–15 months.

Many recent clinical trials have evaluated prevention, 
especially second-look surgery and adjuvant HIPEC in 
patients at high risk of peritoneal metastasis (Table 2). 
Honore et al. reported that synchronous PM, synchronous 
isolated ovarian metastases, and a perforated primary 
tumor with serosa invasion and mucinous histological 
subtype to be the risk factors predictive of PC after curative 
surgery for CRC (104). Elias et al. proposed a new policy 
consisting of a systematic second-look surgery in patients 
at high risk of developing PM with resected minimal 
synchronous macroscopic, synchronous ovarian metastases, 
and perforation. A total of 41 patients without any sign 
of recurrence on imaging studies underwent second-look 
surgery for earlier and easier treatment of limited PC During 
second-look surgery, PC was identified and treated with 
CRS HIPEC in 23 of the 41 patients (56%). The five-year  
DFS and OS were 44% and 90%, respectively (105). These 
positive results prompted the design of a multicentric 
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randomized trial (PROPHYLOCHIP). Patients with CRC 
at high risk of developing PC were randomized six months 
after adjuvant systemic chemotherapy to compare the 
results of second-look laparotomy and surveillance alone. 
The preliminary results failed to show a survival benefit of 
secondary-look surgery plus HIPEC in patients with PC 
from CRC (101). After a median follow-up of 51 months, 
the three-year DFS of 44% and 51% in the second-look and 
surveillance groups, respectively, did not differ significantly 
(P=0.75). In Italy, a currently recruiting randomized trial 
(NCT01628211) is investigating the role of second-look 
laparoscopy six months after radical resection of mucinous 
CRC. Preliminary results are expected in a few months. In 
cases of metachronous PM developing later (>12 months), 
PM can be missed by second-look surgery. The COLOPEC 
II (NCT03413254) trial was designed to evaluate the 
effectiveness of third-look laparoscopy as well as adjuvant 
HIPEC at the time of primary surgery. Other, similarly-
designed studies are also evaluating the effectiveness of 
adjuvant HIPEC for patients with T4 disease or at high 
risk of PM such as perforation. The COLOPEC is a 
multicenter randomized controlled clinical trial. Patients 
with T4 perforated colon cancer without PM were 
randomized between patients administered simultaneous or 
staged (5–8 weeks) open or laparoscopic HIPEC followed 
by adjuvant systemic chemotherapy, and a control arm 

receiving systemic chemotherapy alone. The primary 
endpoint is peritoneal DFS at 18 months. Diagnostic 
laparoscopy will be performed routinely after 18 months 
postoperatively in both arms of the study in patients without 
evidence of disease based on routine follow-up using CT 
imaging and carcinoembryonic antigen (CEA) level. Patient 
recruiting has closed for this trial (102). The other studies 
are currently recruiting. The above-described studies on 
second-look surgery and adjuvant HIPEC highlight the fact 
that early treatment or prevention are the best strategies for 
the management of PM and will form the basis of future 
treatment for PM from CRC.

Conclusions

The distinctive nature of PC demands special attention to 
its diagnosis, prevention, multidisciplinary management, 
and palliative needs. CRS with HIPEC has driven a 
paradigm shift in the management of PC from a systemic to 
a locoregional approach. This complicated and aggressive 
treatment has become a standard treatment without level 
1 evidence. Currently, trials with various study designs 
investigating CRS with HIPEC in PC from CRC are actively 
recruiting patients. The results of well-designed trials 
promise to expand the current indications for and utilization 
of CRS with HIPEC for patients with PC from CRC.

Table 2 Recent trials

Name Trial ID Category Country Phase n Intervention or objectives

PRODIGE 7 (99) NCT00769405 Treatment France III 267 CRS + HIPEC

COMBATEC (94) NCT01540344 Treatment Germany II 26 Perioperative cetuximab

NIPOX (100) NCT03253133 Treatment France I 24 Neoadjuvant HIPEC + FOLFORI

Surgery and oxaliplatin or mitomycin c 
in treating patients with tumors of the 
appendix

NCT01580410 Toxicity USA II 136 Toxicity (oxaliplatin vs. MMC)

PROPHYLOCHIP (101) NCT01226394 Second look France III 130 Secondary look ± HIPEC

Second look laparoscopy in colorectal 
cancer

NCT01628211 Second look Italy II 140 Diagnostic laparoscopy

COLOPEC II NCT03413254 Second look Netherland III 398 2nd, 3rd diagnostic laparoscopy

COLOPEC (102) NCT02231086 Adjuvant HIPEC Netherland III 204 Adjuvant HIPEC

PROMENADE NCT02974556 Adjuvant HIPEC Italy III 140 Extensive surgery + adjuvant 
HIPEC + IV CTx

HIPECT4 (103) NCT02614534 Adjuvant HIPEC Spain III 200 Adjuvant HIPEC

MMC, mitomycin; CRS, cytoreductive surgery; HIPEC, hyperthermic intraperitoneal chemotherapy.
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