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Cytoreductive Surgery and Hyperthermic Intraperitoneal
Chemotherapy With Mitomycin C Used for Colorectal
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Purpose: This study aimed to assess the evaluation of clinical outcomes and consequences of complications after cytore-
ductive surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC) for the peritoneal carcinomatosis (PC)
from colorectal cancer.

Methods: A total 26 patients underwent CRS and HIPEC for PC from colorectal cancer between March 2009 and April
2018. All the patients underwent CRS with the purpose of complete or near-complete cytoreduction. Intraoperative
HIPEC was performed simultaneously after the CRS. Mitomycin C was used as chemotherapeutic agent for HIPEC.
Results: Median disease-free survival was 27.8 months (range, 13.4-42.2 months). Median overall survival was 56.0
months (range, 28.6-83.5 months). The mean peritoneal cancer index (PCI) was 8.73 + 5.54. The distributions thereof
were as follows: PCI <10, 69.23%; PCI 10-19, 23.08%; and PCI 220, 7.69%. The completeness of cytoreduction was 96.2%
of patients showed CC-0, with 3.8% achieved CC-1. The mean operation time was 8.5 hours, and the mean postoperative
hospital stay was 21.6 days. The overall rate of early postoperative complications was 88.5%; the rate of late complications
was 34.6%. In the early period, most complications were grades I-II complications (65.4%), compared to grades III-V
(23.1%). All late complications, occurring in 7.7% of patients, were grades III-V. There was no treatment-related mortality.
Conclusion: Although the complication rate was approximately 88%, but the rate of severe complication rate was low. In
selective patients with peritoneal recurrence, more aggressive strategies for management, such as CRS with HIPEC, were
able to be considered under the acceptable general condition and life-expectancy.
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INTRODUCTION about 10% of colorectal cancer patients [1]. This is related to the

poor prognosis of the patient and the 5-year survival rate is re-

Peritoneal metastasis of colorectal cancer is the fourth most com-
mon recurrence site in all colorectal cancer patients, occurring in
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ported to be about 20%-30% despite treatment with chemother-
apy. After cytoreductive surgery (CRS) and hyperthermic intra-
peritoneal chemotherapy (HIPEC) was first introduced by Sugar-
baker et al. [2, 3], several studies have reported that the 5-year
survival rate of patients undergoing CRS and HIPEC is over 45%
[4-6].

However, CRS and HIPEC are technically challenging and re-
quire a well-trained team, with high postoperative complications
and a long learning curve compared to other surgeries [7-9]. Al-
though CRS and HIPEC have been extensively used in Western
Europe and US treatments, they are also known to have high
morbidity in centers with experienced surgeons. In the United
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States, about 10% of patients undergoing CRS and HIPEC un-
dergo reoperation and the incidence of major complications is re-
ported to be approximately 33% [10]. Complications related to
CRS can be caused by the long operation time and hemodynamic
changes due to the resection of multiple sites. CRS and HIPEC
may increase the risk of surgical complications and toxicity, which
may lead to postoperative bleeding, anastomosis leak, bowel per-
foration wound dehiscence, etc. HIPEC may lead to nephrotoxic-
ity or hepatotoxicity [7].

The purpose of this study was to evaluate the safety and efficacy
for patients with peritoneal metastasis after examining clinical
prognosis and postoperative complications on patients under-
went CRS and HIPEC in our hospital.

METHODS

Preoperative Diagnosis and Patient Selection

From February 2008 to April 2018, CRS and HIPEC were per-
formed in 26 patients with peritoneal metastasis or pseudomyx-
oma peritonei in colorectal cancer and retrospectively analyzed.
Patients underwent thoracic and abdominal computed tomogra-
phy and esophagogastroduodenoscopy and colonoscopy to con-
firm peritoneal metastasis and other metastases before surgery.
When computed tomography was difficult to diagnose or suspi-
cion of nonabdominal metastasis, positron emission tomography-
computed tomography was also considered. Inclusion criteria
were defined as patients who were predicted to be able to undergo
complete resection due to only metastasis within the abdominal
cavity confirmed by preoperative computed tomography or posi-
tron emission tomography-computed tomography, among pa-
tients with suspected peritoneal metastasis in histologically
proven colorectal cancer. The exclusion criteria were patients
whose peritoneal metastases were unresectable or underwent
emergency surgery, patients with extraperitoneal metastases, pa-
tients with unresectable hepatic metastases, and patients with
poor overall system status at 2 or more points in the Eastern Co-
operative Oncology Group. This study was approved by the Insti-
tutional Review Board (IRB) of the National Cancer Center
(NCC2019-0016). And informed consent was not obtained be-
cause this was a retrospective study using clinical practice data.

Data Forms

Patient characteristics, history, peritoneal metastasis, complica-
tions, short follow-up data were studied retrospectively. Peritoneal
cancer index score was measured by abdominal exploration dur-
ing surgery. Abdominal cavity was divided into 13 compartments
and subdivided into 0-3 points according to the size of peritoneal
metastasis (0 points, absence of tumor; 1 point, tumor less than
0.5 cm; 2 points, tumor from 0.5 cm to 5 cm; and 3 points, tumor
larger than 5 cm). The scores were marked from 0 to 39 in total
[11]. Peritoneal cancer index score was divided into 3 groups ac-
cording to the score, and was divided into less than 10 points, be-
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tween 10 points and 19 points, and more than 20 points. Com-
pleteness of cytoreduction after surgery was subdivided according
to the size of residual tumor (CC-0, complete removal of visible
tumor; CC-1, remnant tumor less than 0.25 cm; CC-2, residual
tumor between 0.25 cm and 2.5 cm; and CC-3, visible tumor
larger than 2.5 cm in diameter). Complications were classified
into 5 grades according to the Clavien-Dindo grade classification.
Class 0 to IT were classified as mild cases and grade III and above
were classified as serious complications.

Volume 36, Number 1, 2020

CRS and HIPEC Procedure

In case of patients with synchronous peritoneal metastasis, pri-
mary tumor resection was performed at the same time. In case of
patients with metachronous peritoneal metastasis, patients with
metastasis during the postoperative chemotherapy or follow-up
of the primary tumor underwent resection after receiving full ex-
planation and consent. As suggested by Sugarbaker, CRS was car-
ried out to remove the cancer cells by mechanical means through
the naked eye and minimize the peritoneal cancer index score
[12]. Peritoneal resection was performed selectively according to
the location of peritoneal metastasis, such as anterior peritonec-
tomy (right and left), Epigastric peritonectomy, right subdia-
phragmatic peritonectomy, left subdiaphragmatic peritonectomy,
greater omentectomy, lesser omentectomy, pelvic peritonectomy,
cholecystectomy & resection of the omental bursa, etc.

HIPEC was prepared by mixing mitomycin C with 15 mg/m”* of
body surface area in 4,500 mL of physiological saline. The mixed
solution was circulated through a HIPEC pump (The Belmont
Hyperthermic Pump) at a rate of 800 to 1,000 mL/min for 90
minutes while maintaining the 42°C to 43°C. The patient’s central
body temperature, inflow temperature, and outflow temperature
were checked every 5 minutes, and the target temperature was
controlled through the inlet temperature of the HIPEC pump. All
patients underwent more than one day of follow-up in intensive
care unit. When the vital sign was stable and there was no change
in the drainage tube or clinical examination results, patients were
transferred to the general ward. Most of the Levin tubes were re-
moved immediately after surgery or the next day. Water intake
started the day after surgery. All patients underwent a total of 4
drainage tubes in the pelvic cavity and bilateral diaphragmatic
space after the operation. Abdominal computed tomography was
performed on the 7th postoperative day to confirm the absence of
abnormalities and tubes were removed.

Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics ver.
22.0 (IBM Co., Armonk, NY, USA). Categorical variables are de-
scribed as frequency and percentage, and continuous variables as
mean and standard error, minimum and maximum values.
Crossover analysis was used for the comparison of complications,
and a P-value less than 0.05 was considered statistically signifi-
cant.
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RESULTS

A total of 26 patients underwent CRS and HIPEC (Table 1). The
average age of the patients was 55.3 years, 35% were males and
65% were females. Body mass index was 22.32 + 3.97 kg/m’
(range, 17.8-32.3 kg/m’). American Society of Anesthesiologists
physical status classification was I in 42.3%, II in 53.8% and III in
3.8%. The primary tumor sites were most common in sigmoid
colon, synchronous peritoneal metastasis in 9 patients (34.6%)
and metachronous peritoneal metastasis in 17 patients (65.4%).
The preoperative chemotherapy was used in 17 patients (65.4%).
Twelve patients among them underwent surgery in the progres-

Table 1. Demographics and characteristics of patients

Category No. (%)
Age 55.27 + 11.06 (35-69)
Sex
Male 9 (34.6)
Female 17 (65.4)

Body mass index (kg/m? 22.32 £ 3.97 (17.8-32.3)

ASA PS classification
| 11 (42.3)
I 14 (53.8)
1 13.8)
Primary cancer
Ascending colon cancer 4(15.4)
Hepatic flexure cancer 1(3.8)
Transverse colon cancer 1(3.8)
Descending colon cancer 2(1.7)
Sigmoid colon cancer 8 (30.8)
Rectal cancer 6(23.1)
Appendiceal cancer 4 (15.4)
Previous abdominal surgery
Yes 21(80.8)
No 5(19.2)
Previous colorectal cancer surgery
Yes 17 (65.4)
Cecectomy 1
Right hemicolectomy B
Left hemicolectomy 2
Anterior resection B
Low anterior resection 4

Time interval since last surgery (mo) 24.56 = 10.9 (1-50)
No 7(26.9)

(Continued to the next)
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sion disease state during chemotherapy, 5 underwent surgery in
stable disease state after finding peritoneal metastasis and chemo-
therapy. Of the 9 patients with synchronous peritoneal metastasis,
1 patient who underwent stenting with colonic obstruction, and 1
patient who was transferred to our hospital after chemotherapy in
other hospitals, the remaining 7 patients did not undergo neoad-
juvant chemotherapy. Preoperative chemotherapy was performed
in 15 of 17 patients with metachronous peritoneal metastasis pa-
tients.

Some patients had accompanied resection during surgery due to
metastasis to the other organs; 2 had liver metastasis and 1 had
spleen. Histopathologic type was adenocarcinoma in 15, infiltrat-
ing cell carcinoma in 1, and mucinous carcinoma in 10. Preopera-
tive carcinoembryonic antigen was 192.13 + 812.33 ng/mL (range,
1.0-4,160.6 ng/mL) and it was 7.25 + 17.23 ng/mL (range, 0.6-
82.7 ng/mL) after 1 of operation.

The peritoneal cancer index score of the patients was as follows;
less than 10 points in 18 patients (69%), 10-19 points in 6 pa-
tients, and more than 20 points in 2 patients (Table 2). The CRS
completion score (CC score) was 0 in all except 1 patient. In the
case of patient with 1 score, residual tumor occurred due to severe

Table 1. Continued

Category No. (%)
Presentation of peritoneal carcinomatosis
Synchronous 8(30.8)
Metachronous 17 (65.4)
Previous chemotherapy
Yes 17 (65.4)
1stline 9 (34.6)
2nd line 6(23.1)
3rd line 2(7.7)
No 9 (34.6)
Synchronous organ metastasis
Liver 2(7.7)
Spleen 1(3.8)
Histology of primary colorectal cancer
WD 3(11.5)
MD 9 (34.6)
PD 3(11.5)
Signet ring cell 1(3.8)
Mucinous 10 (38.5)
Preop CEA (ng/mL) 192.13 + 812.33 (1.0-4,160.6)

Postop CEA (<7 days) (ng/mL) 7.25+17.23 (0.6-82.7)

Values are presented as number (%) or mean + standard deviation (range).

ASA PS, American Society of Anesthesiologists physical status; WD, well differen-
tiated; MD, moderately differentiated; PD, poorly differentiated; CEA, carcinoem-
bryonic antigen.
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adhesions.

Operative transfusion was performed in 8 patients. The average
operation time was 507 minutes and blood loss was 652 mL on
average. All patients underwent surgery. Total 3 ostomies were
performed: 1 case for permanent ileostomy in patient underwent
total proctocolectomy, 1 case for temporary ileostomy in patient
underwent low anterior resection, and 1 case for permanent co-
lostomy in patient underwent abdominoperineal resection.

Table 2. Intraoperative outcomes

Variable No. (%)
PCl score
<10 18 (69.23)
10-19 6 (23.08)
>20 2 (7.69)
Mean + SD 8.73 £ 5.54
CC score
0 25(96.2)
1 1(3.8)
2 0(0)
3 0(0)
Intraoperative transfusion
Yes 8 (30.8)
No 18 (69.2)

Operative time (yr)
Estimated blood loss (mL)

507.69 + 152.46 (285-950)
651.92 + 786.06 (50-3,000)

No. of anastomosis

0 3(11.5)
1 12 (43.2)
2 7(26.9)
3 4 (15.4)
Combined resection organ
Liver (tumorectomy) 2(7.7)
Gall bladder 3(11.5)
Stomach 3(11.5)
Spleen 7(26.9)
Uterus and ovary 7(26.9)
Bladder 1(3.8)
Fecal diversion
None 23 (88.5)
lleostomy 2(7.7)
Colostomy 1(3.8)

Values are presented as number (%) or mean =+ standard deviation (range) unless
otherwise indicated.

PCl, peritoneal cancer index; SD, standard deviation; CC, completeness of cytore-
duction.
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The average postoperative hospital stay was 21 days (Table 3),
and they started to eat porridge within an average of 1 week. Post-
operative chemotherapy was recommended for all patients, but it
was performed in 12 patients due to complication or rejection
and started after average 52 days after surgery (range, 31-105
days). And 5 patients were treated coadministration with Bevaci-
zumab and FOLFIRL

Postoperative complications occurred in 88.5% in early period
within 30 days and in 34.6% in late period (Table 4). Complica-
tions were recorded in duplicate and more than the total number
of patients, 26. In early period, 3 patients had no complication
and 17 patients had grade I to IT complications. Among them, 9
(34.6%) had ileus, which was the most frequent complication. Se-
vere complications of grade III or higher occurred in 6 patients
and most were associated with postoperative wound infection or
suture. One patient underwent delayed wound closure due to
deep incisional infection, 1 patient underwent percutaneous
drainage due to deep organ infection, and 2 underwent primary
closure with wound dehiscence. One patient had septicemia due
to colonic-rectal anastomosis leaks during low anterior resection
of CRS but recovered after percutaneous drainage and controlled
fistula. There was no death. The complications after 30 days of
operation were 9 patients (34.6%), 2 intestinal obstruction due to
intestine adhesions, 3 dysuria, 1 erectile dysfunction, 1 pelvic ab-
scess, 1 ureteral stenosis, 1 rectal stenosis. There were 2 patients
with serious complications.

With regard to postoperative complications, 6 patients with se-
vere complications were compared to 20 patients without compli-
cations or mild complications. The factors associated with com-
plications were investigated (Table 5). Patient characteristics and

Table 3. Postoperative clinical outcomes

Category Value

Length of ICU stay (day) 0.92 + 0.56 (0-2)

Length of postoperative day 21.58 £13.51 (9-73)
1.80 + 1.39 (1-6)
7.19 + 3.05 (4-16)
0.85 +1.32 (0-6)

15.42 + 13.46 (7-72)

Days to 1st sips of water
Days to 1st soft diet

Days to removal of Levin tube
Days to removal of JP drain
Postoperative chemotherapy

Yes 12 (46.2)

No 14 (53.8)
Regimen of 1st postoperative chemotherapy

Bevacizumab + FOLFIRI 5(19.2)

Bevacizumab + FOLFOX 2(7.7)

FOLFOX 4(15.4)

Capecitabine 13.3)

Values are presented as mean + standard deviation (range) or number (%).
ICU, intensive care unit; JP, Jackson-Pratt.
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Table 4. Postoperative complications (n = 26)

Clavien-Dindo grade & complications No. (%)
Early postoperative complication (<postoperative 30 days) 23 (88.5)
Grade | 19 (73.1)
lleus 9
Urinary retention 7
Hydrocecle 1
Pleural effusion 1
Chyle 1
Grade Il 4(15.4)
Wound seroma 2
Urinary tract infection 1
Deep vein thrombosis 1
Grade llla 4 (15.4)
Wound dehiscence 2
Deep incisional infection 1
Deep organ infection 1
Grade lllb 2(7.7)
Anastomotic leak 1
Urinary leak from Bladder 1
Grade IV
Sepsis 1@3.8)
Grade V
Late postoperative complication (>postoperative 30 days) 9 (34.6)
Grade | 5(19.2)
Urinary difficulty 3
lleus 2
Grade Il 2(7.7)
Impotence 1
Pelvic abscess 1
Grade llla
Ureter stricture 1(3.8)
Grade llb
Rectovaginal fistula 13.9)
Grade IV
Grade V

outcomes were compared. There was a significant difference in
the presence of transfusion during surgery (P = 0.004). There was
no difference in the amount of blood loss during the operation
between the mild and severe complications. In the mild complica-
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tion group only red blood cells (RBC) or fresh frozen plasma
(FFP) was transfused. In the severe complication group, 1 patient
was injected platelet only, 1 patient was in RBC only, and 3 pa-
tients were injected RBC and FFP at the same time Operative
transfusion was performed in 8 patients. One patient had no
complications. Of 7 patients with complications, 5 patients had
severe complications. As mind complication, there were 3 cases of
urinary retention. Two cases of ileus, 1 case of pleural effusion,
hydrocele, etc. Severe complications included septicemic due to
anastomosis leak, deep incisional infection, deep organ infection,
wound dehiscence, urinary leak of bladder, for one case respec-
tively.

Among 26 CRS and HIPEC patients, 15 patients had recurrence
and 6 patients died. The median follow-up period was 15 months
(range, 1-100 months). The median disease-free survival was 27.8
months (range, 13.4-42.2 months). The median overall survival
was 56.0 months (range, 28.6-83.5 months) for 3 deaths except
for 3 patients who were discharged to other hospitals or lost to
follow-up. The cancer-specific survival rates of 2 and 3 years were
57% and 36%, respectively.

DISCUSSION

The treatment of patients with metastatic colorectal cancer has
been continuously studied. In patients with colorectal cancer with
unresectable metastases, systemic chemotherapy has been shown
to increase median survival to more than 24 months [13], and the
resection of metastatic masses in the lung and liver also increases
survival rate [14]. As with these reasons, CRS and HIPEC of peri-
toneal metastatic colorectal cancer are one of the treatment op-
tions for patients with colorectal cancer metastasis and has in-
creased the survival rate [4-10, 12].

However, the criteria for the selection of patients who can per-
form CRS and HIPEC have not been studied yet because suffi-
cient clinical randomized trial has not been done yet. Goéré et al.
[15] retrospectively reviewed the patients who underwent CRS
and intraperitoneal chemotherapy and found that the 5-year sur-
vival rate was significantly higher when PCI score was less than
10. Elias et al. [16] reported that PCI score was independent prog-
nostic factor for overall survival. In this study, the average postop-
erative PCI score was 8.73 points, and 8 patients (30.1%) had a
score of 10 points or more. The CC score was reported to be an
important prognostic factor in patients undergoing CRS and
HIPEC as well as the PCI score [16, 17]. In this study, all patients
except for 1 (3.8%) showed CC-0, and neither PCI score nor CC
score was significantly correlated with survival.

In this study, mean operation time was 507 minutes (range,
285-950 minutes) and mean hospital stay was 21.6 days (range,
9-73 days). Polanco et al. [18] showed that the mean operation
time was 430 minutes in 370 patients with CRS and HIPEC and
15.86 days in mean hospital stay, which is shorter than the results
of this study. However, in the case of Kusamura et al. [19] while
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Table 5. Factors associated severe early complications (Spostoperative 30 days)

Variable <Clll (n = 20) >Clll (n = 6) P-value
Age (yr) 54.45 +9.83 58.00 + 15.26 0.609
Sex 1.000
Male 7 (35.0) 2(33.3)
Female 13 (65.0) 4 (66.7)
Body mass index (kg/m?) 23.67 £ 3.74 2217 £ 4.87 0.428
ASA PS classification 0.232
| 10 (50.0) 1(16.7)
II 9 (45.0) 5(83.3)
Il 1(5.0) 0(0)
Primary cancer location 1.000
Right colon 8 (40.0) 2(33.3)
Left colon 7 (35.0) 3(50.0)
Rectum 5(25.0) 1(16.7)
Presentation of peritoneal carcinomatosis 1.000
Synchronous 8(40.0 2(33.3)
Metachronous 12 (60.0 4 (66.7)
Histology 0.065
WD/MD 7(35.0 5(83.3)
PD/signet/mucinous 13 (65.0) 1(16.7)
Previous abdominal surgery 1.000
Yes 16 (80.0) 5(83.3)
No 4 (20.0) 1(16.7)
Preoperative CEA (ng/mL) 237.67 +926.49 40.33 +40.15 0.354
Postoperative CEA (7 days) (ng/mL) 7.64 +20.21 6.23 + 4.41 0.870
PCl score 9.00 +5.94 7.83 +4.26 0.660
<10 15 (75.0) 4 (66.7) 0.529
>10 5(25.0) 2(33.3)
Intraoperative transfusion 0.004
Yes 3(15.0) 5(83.3)
No 17 (85.0) 1(16.7)
Operative time (min) 499.75 +150.19 53417 +171.51 0.637
Estimated blood loss (mL) 517.50 + 661.00 1,100.00 + 1,056.41 0.113
Fecal diversion 1.000
Yes 2(10.0) 1(16.7)
No 18(90.0) 5(83.3)
No. of anastomosis 15+£1.0 1.33+0.52 0.701
No. of organ resected 1.45+1.36 1.83+0.75 0.388

Values are presented as mean + standard deviation or number (%).
ASA PS, American Society of Anesthesiologists physical status; CTx, chemotherapy; WD, well differentiated; MD, moderately differentiated; PD, poorly differentiated; CEA,
carcinoembryonic antigen; PCI, peritoneal cancer index; EBL, estimated blood loss.

investigating 420 patients underwent CRS and HIPEC, the mean 22 days, which was longer than this study.
operation time was 563 minutes and the mean hospital stay was In this study, mortality was 0% but morbidity was as high as
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88.5%. However, complications of grade III or higher were low
and usually mild complications occurred. Postoperative mortality
was reported to be less than 1% in the high-volume center [20],
and other studies reported up to 4% to 8% [17, 21-24]. CRS and
HIPEC are highly skilled procedures, and the learning curve is
high enough to require 100 to 140 cases compared to other proce-
dures. Morbidity tends to decrease as the surgical experience ac-
cumulates, resulting in about 12%-52% morbidity [19, 25]. In this
study, morbidity was higher than other studies, but mortality was
close to other high-volume centers.

HIPEC has the advantage of high cytotoxic effect on intra-ab-
dominal metastatic tumor cells and less systemic cytotoxic effect
compared with systemic chemotherapy [26], but it does not sug-
gest it is harmless. The chemotherapeutic agent used in HIPEC is
mitomycin C, which is known to induce bone marrow suppres-
sion and nephrotoxicity when administered intraperitoneally [23],
however, no associated complications were found in this study.

In this study, blood transfusion was associated with severity of
complication. Baratti et al. [23] reported no association with se-
vere complications and transfusions in patients undergoing CRS
and HIPEC. However, Saxena et al. [27] reported that in 936 pa-
tients undergoing CRS and HIPEC, more than 5 units of allogenic
blood transfusion increased hospital mortality and morbidity
above grade III. However, this study did not show any correlation
with those who received more than 5 units of blood transfusion.
The mechanism of transfusion-related complications was strongly
correlated with the biological effect associated with transfusion-
related immunomodulation, and that the soluble mediator stored
prior to transfusion may also cause posttransfusion complications
[28]. In patients receiving transfusions, it was reported that allo-
antigens in donor cells can lead to cytokine mediators and induce
cellular responses that affect inflammatory mediators, which
cause complications due to change of immune system [29].
Therefore, to reduce the postoperative severe complications inci-
dence, it is necessary to try to reduce the transfusion such as min-
imizing intraoperative bleeding and avoiding unnecessary trans-
fusion.

The limitations of this study are as follows. First, it was a small
retrospective study. Second, CRS and HIPEC were first per-
formed in 2008, but since 2017, the research has been conducted
in earnest and no significant factors related to the survival rate
have been identified. Third, there was a selection bias in patient.

In conclusion, CRS and HIPEC are the treatments that are still
being studied. However, complication incidence is high and
highly skilled procedure are required. However, this can be over-
come through intensive training and the accumulation of contin-
uous surgical experience.
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