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INTRODUCTION
Peritoneal carcinomatosis (PC) is one of the most common 

forms of colon cancer metastasis, and about 10%–35% of 
PC is found in a solitary form without other metastasis. Its 
prognosis is extremely poor with a mean life expectancy of 
only 6 months. Up until now, standard treatment for PC is 
limited to systemic chemotherapy with minimal efficacy even 
in the era of modern systemic chemotherapy. Though PC has 
been considered as a systemic disease, Sugarbaker proposed 

that PC is still locoregional disease and more aggressive 
locoregional treatment is needed. Current multimodality 
therapy combines cytoreductive surgery (CRS) to remove all 
visible tumors, with intraperitoneal chemotherapy (IPC) to 
eradicate microscopic residual disease. Such multimodality 
therapy has demonstrated the best results for PC through many 
studies, and some countries have adopted the combination of 
CRS and hyperthermic intraperitoneal chemotherapy (HIPEC) 
in official treatment guidelines for colorectal cancer patients 
with PC. Nevertheless, it has not been universally embraced by 
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the medical community, and most hospitals in Korea do not 
practice CRS and IPC [1-4]. We started CRS and IPC from early 
2000, and the case number was increased from end of 2011. The 
purpose of this study was to obtain short-term follow-up results 
of CRS and IPC for PC of colorectal cancer.

METHODS

Patient population
We performed CRS and IPC for 68 patients between Decem-

ber 2011 and December 2013. Among them, 53 patients (77.9%) 
with PC of colorectal origin had undergone 54 procedures. 
One patient underwent second CRS and IPC for recurrence 
of PC. The inclusion criteria were histologically confirmed PC 
of colorectal origin treated with CRS plus early postoperative 
intraperitoneal chemotherapy (EPIC) or HIPEC. Exclusion 
criteria were as follow: presence of extra-abdominal metastasis, 

presence of unresectable hepatic metastasis, and poor general 
condition (Eastern Cooperative Oncology Group performance 
status >2).

Data forms
We collected data prospectively and analyzed the grade of 

PC, morbidity and mortality, and short-term follow-up (median, 
10 months; range, 2–47 months) results. The extent of PC was 
assessed through intraoperative exploration by using peritoneal 
cancer index (PCI) with a score of 0 to 3 for each of the 13 
defined areas of the abdominal cavity. Therefore, the total PCI 
ranged from 0 to 39 [5]. Three PCI grades (0–10, 11–20, and 
>20) were used for analysis. The completeness of cytoreduction 
(CCR) was assessed using the CCR Score. Index that quantifies 
the extent of residual disease at the end of the procedure is 
classified into 4 categories: CCR0 (no macroscopic residual 
disease); CCR1 (residual tumors less than 2.5 mm); CCR2 

Fig. 1. Operative findings of cytoreductive surgery for peritoneal carcinomatosis from sigmoid colon cancer: (A) right 
upper quadrant peritonectomy with cholecystectomy, (B) left upper quadrant peritonectomy with splenectomy, (C) pelvic 
peritonectomy with low anterior resection, total abdominal hysterectomy, and bilateral salpingoophorectomy, and (D) 
operation specimen.
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(residual tumors between 2.5 mm and 2.5 cm); CCR3 (residual 
tumors greater than 2.5 cm) [5]. CCR0 and CCR1 represent 
complete cyoreduction while CCR2 and CCR3 are designed 
as incomplete cytoreduction. Morbidity was assessed using 
the National Cancer Institute Common Terminology Criteria 
for Adverse Events v4.0. Possible reasons of mortality were 
described in details below.

Cytoreductive surgery and IPC
Preoperative work-up including chest CT, abdomino-

pelvic CT and PET-CT were performed to evaluate peritoneal 
disease and distant metastasis. Patients also underwent 
detailed preoperative evaluation to assess physical condition 
and performance status. Contraindications to the procedure 
included the presence of unresectable extra-abdominal meta-
stasis, unresectable intra-abdominal metastasis, or poor general 
condition (Eastern Cooperative Oncology Group performance 
status >2). All patients gave their informed consent about the 
risk and benefit of the procedure, available other treatments, 
and reimbursement.

CRS consisted of the major peritonectomy procedures pro-
posed by Sugarbaker (Fig. 1) [6]. EPIC was delivered for 5 days 
(from day 1 to day 5 after surgery). The chemotherapeutic agent 
used for EPIC was mitomycin on day 1 and 5-fluorouracil for 
the following 4 days. The HIPEC was done by closed method 
using Belmont Hyperthermic Pump (Belmont Instrument 
Corop., Billerica, MA, USA) at the end of the surgery under 
general anesthesia (Fig. 2). For HIPEC, mitomycin was used. The 
duration of perfusion was 90 minutes. The inflow temperature 

was 42oC–43oC. All patients were admitted to the intensive care 
unit for at least 24 hours. 

Statistical analysis
Categorical variables were described in terms of frequency 

and percentage. The distributions of continuous variables were 
described with mean, standard error, and median. Survival 
analysis was performed using the Kaplan-Meier method, and 
comparison of curve was made with log-rank test. 

Cox proportional hazard regression model was used for 
multivariate analysis of prognostic factors. A P-value of less 
than 0.05 was considered as statistically significant. Statistical 
analyses were performed using the IBM SPSS Statistics ver. 23.0 
(IBM Co., Armonk, NY, USA).

RESULTS

Patient and clinical characteristics
Patient characteristics are summarized in Table 1. The 

median age of patients was 56 (range, 36–79 years) years old 
and 25 (46.3%) were females. PC was synchronously detected 
in 29 patients (53.7%). A total of 31 patients (57.4%) were 
previously treated for PC. Mucinous, signet ring cell, or poorly 
differentiated PC cell types were found in 23 patients (42.6%). 
Mean PCI was 15 (range, 1–35).

Treatment
At the completion of CRS, complete cytoreduction was 

achieved in 35 patients (64.8%). Forty-seven patients underwent 
EPIC, 3 patients underwent HIPEC, and 5 patients under-
went both. The mean operation time was 7 hours. Forty-two 
patients (77.8%) received postoperative systemic chemotherapy: 
FOLFOX ± target agents in 15 patients, FOLFIRI ± target agents 
in 12 patients, others in 15 patients (5-FU, leucovorin [FL], 
Capecitabine, target agent only, etc.). Details of treatment are 
shown in Table 1.

Morbidity and mortality
Complications occurred in 25 patients (46.3%) and 12 

(22.2%) were complications of above grade 3. Pulmonary 
complications such as pleural effusion and pneumonia were 
the most common (29.6%) complications, followed by acute 
renal failure (14.8%), wound problem (13.0%), and prolonged 
ileus (11.1%). Anastomotic leakage was developed in 1 patient. 
Mortality occurred in 4 patients (7.4%). The cause of death 
included pulmonary complication (n = 2), septic shock related 
to anastomotic leakage (n = 1), and hypovolemic shock from 
gastrointestinal bleeding (n = 1).

Survival
Excluding the 4 mortalities, 17 (31.5%) out of the remaining 

Min Hyeong Jo, et al: CRS and HIPEC

Fig. 2. Hperthermic intraperitoneal chemotherapy using the 
Belmont Hyperthermic Pump (Belmont Instrument Corp., 
Billerica, MA, USA).
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49 patients were alive at the time of the last follow-up with an 
overall median survival time of 10.3 months. The overall 2-year 
and 3-year survival rates were 31% and 28%, respectively (Fig. 
3). Patients with complete cytoreduction had a median survival 
of 22.6 months, which was significantly longer than the 
median survival of 3.5 months for patients without complete 

cytoreduction (P < 0.001, Fig. 4). Location of primary tumor, PCI 
grade, CCR grade, cell type, and adjuvant chemotherapy were 
significant prognostic factors by univariate analysis (Table 2). 
Positive independent prognostic factors by multivariate analysis 
included PCI grade and adjuvant chemotherapy (Table 3).

DISCUSSION
Synchronous PC is found in 10%–15% of colorectal cancer 

patients. Metachronous peritoneal metastasis is detected in 
50% of patients with recurrent colorectal cancer after curative 
resection. About 10%–35% of recurrence is found in a form 
of solitary peritoneal metastasis without any evidence of 
metastasis to other organs [1-4]. Even though peritoneal 
metastasis is one of the most common forms of colon cancer 
metastasis, its prognosis is extremely poor with a mean life 

Table 1. Demographic and clinical characteristics of the 
patients

Variable No. of patients (%)

Age (yr)
  <60 34 (63.0)
  ≥60 20 (37.0)
Sex
  Male 29 (53.7)
  Female 25 (46.3)
Location of primary tumor
  Appendix 3 (5.6)
  Right colon 22 (40.7)
  Left colon 26 (48.1)
  Rectum 3 (5.6)
Disease presentation
  Synchronous 29 (53.7)
  Metachronous 25 (46.3)
Preoperative chemotherapy
  Yes 31 (57.4)
  No 23 (42.6)
Preoperative CEA (ng/mL)
  ≤7 26 (48.1)
  >7 26 (48.1)
  Unknown 2 (3.8)
Peritoneal cancer index
  Grade I (1–10) 14 (25.9)
  Grade II (11–20) 24 (44.4)
  Grade III (>20) 16 (29.6)
CCR score
  0 20 (37.0)
  1 15 (27.8)
  2 9 (16.7)
  3 10 (18.5)
Type of intraperitoneal chemotherapy
  EPIC 46 (85.2)
  HIPEC 3 (5.6)
  HIPEC + EPIC 5 (9.3)
Cell type
  WD or MD 22 (40.7)
  PD, SRC, or MUC 23 (42.6)
  Unknown 9 (16.7)
Postoperative chemotherapy
  Yes 42 (77.8)
  No 12 (22.2)

CCR, completeness of cytoreduction; EPIC, early postoperative 
in t raper i toneal  chemotherapy;  HIPEC,  hyper thermic 
intraperitoneal chemotherapy; WD, well differentiated; MD, 
moderately differentiated; PD, poorly differentiated; SRC, signet 
ring cell; MUC, mucinous.
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Fig. 3. Overall survival for 49 patients after cytoreductive sur
gery and intraperitoneal chemotherapy for peritoneal car ci
nomatosis of colorectal cancer.

0 12 24 36 48

S
u
rv

iv
a
l
(%

)

Months

0

100

80

60

40

20

CCR 0 1
CCR 2 3

Fig. 4. Overall survival according to completeness of 
cytoreduction. Complete cytoreduction group (CCR 0–1) 
had a better survival than incomplete cytoreduction group 
(CCR 2–3) (median survival: 22.6 months vs. 3.5 months, P < 
0.001).
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expectancy of only 6 months. Up until now, mainstream 
treatment standard for patients with PC is limited to systemic 
chemotherapy that shows minimal efficacy due to poor vascular 
anatomical character of peritoneum [1-4].

Hence, attempts have been made to maximize the antitumor 
effect by radically resecting grossly visible tumors with CRS 
and subsequently applying highly concentrated chemo-agents 
directly into the peritoneal cavity [6]. It has been reported that 
elevating the temperature of abdominal cavity during IPC can 
enhance the antitumor effect of chemo-agents. Recently, it has 
been reported that HIPEC can extend the median survival time 
up to 30 months and achieve 20%–30% of 5-year survival rate [7]. 
Thus, CRS accompanied with IPC might be the most effective 
treatment proven for PC to date. Based on these results, some 
countries have adopted the combination of CRS and HIPEC in 

official treatment guidelines for colorectal cancer patients with 
PC [8,9].

However, most hospitals in Korea or other countries do not 
practice this treatment modality. A few disputes need to be 
settled in this regard. First, this multimodality therapy has 
insufficient evidence to be properly compared to systemic 
chemotherapy. Most studies up until now are retrospective 
observational studies [10-12]. To the best of our knowledge, the 
studies of Verwaal et al. [13,14] are the only ones that have been 
conducted with randomized control method. Furthermore, 
systemic chemotherapy in the studies of Verwaal et al. [13,14] 
was based solely on FL regimen, hence reflecting the absolute 
necessity of randomized controlled studies on oxaliplatin and 
irinotecan that are currently widely used in metastatic colon 
cancer. In addition, this treatment is not an alternative to 

Table 2. Factors associated with overall survival after cytoreductive surgery and intraperitoneal chemotherapy for peritoneal 
carcinomatosis of colorectal cancer: univariate analysis

Variable Number Median survival (mo) Pvalue

Age (yr) 0.559
  <60 31 15.4
  ≥60 18 8.8
Sex 0.363
  Male 27 10.3
  Female 22 15.6
Location of primary tumor 0.048
  Appendix 3 22.6
  Right colon 19 22.1
  Left colon 24 11.1
  Rectum 3 4.1
Disease presentation 0.264
  Synchronous 25 8.8
  Metachronous 24 15.4
Preoperative chemotharapy 0.507
  Yes 30 15.6
  No 34 8.8
Preoperative CEA (ng/mL) 0.954
  ≤7 23 11.1
  >7 24 9.1
Peritoneal cancer index <0.001
  Grade I (≤10) 14 >47
  Grade II (11–20) 22 15.6
  Grade III (>20) 13 2.7
CCR score <0.001
  0–1 34 22.6
  2–3 15 3.5
Cell type 0.025
  WD or MD 21 26.6
  PD, SRC, or MUC 20 6.5
Postoperative chemotherapy <0.001
  Yes 41 15.6
  No 8 2.1

CCR, completeness of cytoreduction; WD, well differentiated; MD, moderately differentiated; PD, poorly differentiated; SRC, signet 
ring cell; MUC, mucinous.

Min Hyeong Jo, et al: CRS and HIPEC
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systemic chemotherapy. Rather, it is a combination of systemic 
chemotherapy in addition to multimodality therapy to achieve a 
better outcome of the treatment [15,16]. The second issue is the 
risk of the multimodality therapy itself. Its complication rate 
and morbidity rate are indeed relatively high. Recent reports, 
however, indicate that there is no significant difference in its 
risks compared to other major operations such as major hepatic 
resection [17,18]. Considering the fact that leaving peritoneal 
metastasis untreated is also another risk for the patient, risk 
of multimodality therapy should not be used as a reason not 
to practice it. Third, the methods and procedures used for CRS 
and IPC are different from hospital to hospital. To solve this 
problem, we need to standardize and verify the treatment 
algorithm. Such verification process is currently in progress in 
various countries [9,19]. There are 2 types of IPC method: EPIC 
and HIPEC. EPIC has the advantage of being easy to perform. 
The disadvantage of HIPEC is that special and costly equipment 
is required for hyperthermia and the duration of operation time 
is longer. Although no randomized study has compared these 2 
procedures, Elias et al. [20] suggest that HIPEC is less dangerous 
and more efficient. The fourth is the selection of patients. As 
mentioned earlier, multimodality therapy entails high risks. 
Therefore, it needs to be applied to selected patients who are 
expected to have satisfactory results. The most important 
prognostic factor for predicting the result of the treatment at 
present is the CCR because it is related to the severity of PC 
[12]. Therefore, in patients whose preoperative evaluation and 
intraoperative findings indicate that complete cytoreduction 
is unattainable, this treatment should not be considered. The 
peritoneal metastasis that is judged to be completely resectable, 

unresectable other organ metastasis, and satisfactory general 
performance would be the optimum candidate eligible for this 
therapy. The final issue of concern is preoperative evaluation 
of peritoneal metastasis. Diagnostic tools that are currently in 
use such as CT or PET-CT have low accuracies with regards to 
assessment for the severity of PC. They have the tendency to 
underestimate the extent [21,22]. Accordingly, future research 
is required to accurately evaluate the extent of PC by means of 
radiologic imaging and tumor marker study.

Although it is true that there are some disputes over 
multimodality therapy, considering the fact that its efficacy 
has been confirmed, it is about time for use to standardize the 
treatment of PC by encompassing systemic chemotherapy and 
multimodality therapy. Discussion through multidisciplinary 
committee is mandatory in deciding the method and sequences 
of treatment. In addition, patients should be fully informed 
about the risk and benefit of this treatment. They should at 
least be given a chance to choose their treatment option. Since 
it has been reported that the survival and complication rates are 
related to the skill of medical staff members, patients should be 
promptly referred to specialized hospitals for multidisciplinary 
treatment once peritoneal metastasis is diagnosed [23].

Our study inevitably carries some problems and limitations. 
First, the outcome of our study showed relatively short median 
survival time and rather high morbidity and mortality rates 
due to the fact that many of our patients already received long-
term systemic chemotherapy prior to surgeries. In addition, 
the extent of peritoneal metastasis in many of our patients 
was severe. As the experience of medical staff members is 
known to be strongly relevant with the outcome, complication 
rate and mortality rate are steadily decreasing in our clinic 
since 2013. Second, the CCR known to be the most important 
prognostic factor was significantly related to survival time in 
our univariate analysis. However, it was not proven to be an 
independent prognostic factor in multivariate analysis. The 
reason is currently unclear. Standardization and verification are 
needed to decide the CCR in the operation field. In addition, 3 
patients with appendiceal cancer were included in our study, 
suggesting problem in the selection of patients. A change was 
made in the method of IPC in our clinic with the adoption of 
HIPEC in 2013. It was applied in eight patients of this study. 
Finally, our data were collected prospectively. However, this 
study was an observation study without a control group.

Although some disputes and limitations remain for 
multimodality therapy, this study has its significance as the 
first attempt in Korea to report the result of multimodality 
therapy for colorectal cancer patients with peritoneal 
metastasis. CRS and IPC increased the survival time of patients 
with low PCI and postoperative systemic chemotherapy was 
mandatory. However, this combined therapeutic approach 
showed high rate of complications and mortalities. Therefore, 

Table 3. Factors associated with overall survival after cyto
reductive surgery and intraperitoneal chemotherapy for 
peritoneal carcinomatosis of colorectal cancer: multivariate 
analysis

Variables Hazard ratio 95% CI Pvalue

Peritoneal cancer index 0.026
  Grade I (1–10) 1
  Grade II (11–20) 4.16 0.92–18.89
  Grade III (>20) 13.59 2.02–91.54
CCR grade 0.521
  0–1 1
  2–3 1.54 0.42–5.68
Cell type 0.302
  WD or MD 1
  PD, SRC, or MUC 1.62 0.65–4.04
Postoperative chemotherapy 0.002
  No 1
  Yes 21.50 3.14–147.07

CI, confidence interval; CCR, completeness of cytoreduction; 
WD, well differentiated; MD, moderately differentiated; PD, 
poorly differentiated; SRC, signet ring cell; MUC, mucinous.
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multimodality therapy.
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we believe that this aggressive treatment should be performed 
in selected patients only by considering their general condition 
and the extent of PC. Our future aim is to execute thorough 
inspection for patients’ selection and make efforts to enhance 
surgical technique through peritonectomy surgical symposium. 
We also propose a multicenter study to evaluate the effect of 
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