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Outcomes of cytoreductive surgery and
hyperthermic intraperitoneal chemotherapy for
colorectal cancer with peritoneal metastasis
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Abstract
In Taiwan, colorectal cancer with peritoneal carcinomatosis is considered a terminal condition. We examined the clinical outcomes of
cytoreductive surgery and hyperthermic intraperitoneal chemotherapy (HIPEC) treatment for colorectal cancer with peritoneal
carcinomatosis in Taiwan.
We enrolled patientswith colorectal cancer and peritonealmetastasis fromTaipeiMedical University,WanfangHospital between January

1999 andDecember 2014. Of the enrolled patients, 3 hadmucinous-type tumors. In total, we enrolled 31 patientswho underwent a total of
33 procedures. Of the 31 patients, 2 received the HIPEC procedure twice. Cytoreductive surgery was performed followed by HIPEC. The
hazard ratios of death following cytoreductive surgery and HIPEC were calculated using the Cox proportional hazards model.
The 2- and 5-year overall survival rates of these patients following cytoreductive surgery and HIPEC were 57% and 38%,

respectively. The completeness of cytoreduction (CC) scores were CC-0, CC-1, CC-2, and CC-3 in 18 (54.5%), 3 (9%), 7 (21.2%),
and 5 (15.2%) patients, respectively. The mean peritoneal cancer index (PCI) was 16.20, and the mean postoperative PCI (PPCI) was
4.6. The major risk factors for death in these patients were a total PCI score>20, total PPCI score> 0, and CC score ≥ 2 (P=0.022,
0.031, and 0.0001, respectively; log-rank test). Multivariate analysis revealed that the total PPCI score was the strongest predictor of
death following cytoreductive surgery and HIPEC in these patients.
In Taiwan, performing cytoreductive surgery and administering HIPEC for treating colorectal cancer with peritoneal metastasis are

feasible and resulted in long-term survival. In addition, the total PPCI score was related to poor prognosis following cytoreductive
surgery and HIPEC in patients with colorectal cancer and peritoneal metastasis.

Abbreviations: CC = completeness of cytoreduction, HIPEC= hyperthermic intraperitoneal chemotherapy, HRs = hazard ratios,
PCI = peritoneal carcinomatosis index, PPCI = postoperative peritoneal carcinomatosis index.
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1. Introduction

In Taiwan, patients with colorectal cancer and peritoneal
carcinomatosis are considered to be in a terminal condition
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and thus are palliatively treated according to the guidelines
recommended by Koppe et al.[1] A recent study of colorectal
cancer cases reported that the prevalence of peritoneal
carcinomatosis in patients with colorectal cancer was 10% to
15%.[1,2] Oncologists consider colorectal peritoneal carcinoma-
tosis a form of systemic metastasis; thus, it is treated using
systemic chemotherapy.[2] However, peritoneal carcinomatosis
from colorectal cancer is associated with an extremely poor
prognosis. Studies including systemic chemotherapy and symp-
tom-directed surgery without cytoreduction have reported a
median survival duration of 5.2 to 7 months when only
fluorouracil was used for treatment.[1–3] A systematic review
reported that the survival rate after cytoreductive surgery
combined with perioperative intraperitoneal chemotherapy
was higher than that after systemic chemotherapy in patients
with peritoneal carcinomatosis from colorectal carcinoma.[4] If
the peritoneal cavity is the only metastatic site (i.e., metastasis has
not occurred in the lungs, liver, or other organs), aggressive
cytoreductive surgery and hyperthermic intraperitoneal chemo-
therapy (HIPEC) might cure colorectal cancer with peritoneal
carcinomatosis presenting as the first site of dissemination.[2,5]

In this study, we examined the clinical outcomes of
cytoreductive surgery and HIPEC in patients with colorectal
cancer and peritoneal carcinomatosis in Taiwan. The overall
survival, toxicity, and factors related to poor prognosis identified
in this study were compared with those reported in studies
conducted in Western countries to determine whether the
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examined approach is suitable for Asian patients with colorectal
cancer and peritoneal carcinomatosis.
2. Patients and methods

We enrolled patients with colorectal cancer and peritoneal
metastasis from Taipei Medical University, Wanfang Hospital
between January 1999 and December 2014. Of the enrolled
patients, 3 had mucinous-type tumors. Our protocols were
reviewed and approved by the institutional review board of our
hospital (TMU-JIRB No. 201510056). In total, we enrolled 31
patients who underwent a total of 33 procedures. Of the 31
patients, 2 received the HIPEC procedure twice. The character-
istics of the patients are listed in Table 1. Of the patients, 16 were
women and 15 were men. The mean age and the body mass index
(BMI) of the patients were 54.20 years and 22.5kg/m2,
respectively. Furthermore, 4, 23, and 4 patients had American
Society of Anesthesiologists grades 1, 2, and 3, respectively. Of all
the patients, 14, 17, and 21 received preoperative total parenteral
nutrition, preoperative chemotherapy, and adjuvant chemother-
apy, respectively. The mean values of the preoperative tumor
markers carcinoembryonic antigen and cancer antigen 19–9 were
45ng/dL and 161U/mL, respectively.
Table 1

Characteristics and follow-up status of patients who underwent HIP

Total sample (N=33)

Variable N

Sex
Male 18
Female 15
Age, mean, SD 54.24
�60 24
>60 9
BMI, mean, SD 22.46
BMI � 25 23
BMI > 25 8
PCI total score, mean, SD 16.23
PCI total score: �5 6
PCI total score: 6–20 12
PCI total score: >20 12
PPCI total score, mean, SD 4.60
PPCI total score: 0 16
PPCI total score: 1–10 9
PPCI total score: >10 5
Blood loss, mean, SD 3.20
�2 20
>2 10
OP time, mean, SD 574.13
�570 min 15
>570 min 15
Pre-CEA, mean, SD 44.98
Pre-CA19–9, mean, SD 161.16
CC
0 18
1 3
2 7
3 5

Mucinous
Yes 3
No 25

BMI=body mass index, CC=completeness of cytoreduction, HIPEC=hyperthermic intraperitoneal chemo
SD = standard deviation.
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All procedures were performed by the same surgical team, led
by a single surgeon (Mao-Chih Hsieh). A midline skin incision
was made from the xiphoid process to the pubic tubercle. The
peritoneal carcinomatosis index (PCI) was evaluated during
laparotomy as described previously.[6] Cytoreductive surgery
included several visceral resections such as those of the stomach,
colon, ovary, uterus, spleen, gallbladder, and small bowel. In
addition, parietal peritonectomy, greater omentectomy, and
lesser omentectomy were performed. The residual tumors were
intraoperatively classified using the completeness of cytoreduc-
tion (CC) score.[7] CC-0 indicates no residual macroscopical
tumors, whereas CC-1, CC-2, and CC-3 indicate residual tumor
nodules measuring<2.5 mm, between 2.5 mm and 2.5cm, and
>2.5 cm, respectively.
After cytoreductive surgery, HIPEC was administered. One

outflow and 2 inflow drainage tubes were placed in the pelvic
cavity and subphrenically, respectively. Before HIPEC, the
abdominal cavity was lavaged 10 times by using 1L of normal
saline. Heated normal saline was then circulated for 60 minutes
by using a roller pump and heat exchanger. The chemotherapeu-
tic agents used were 20 mg of mitomycin C and 100 mg of
cisplatin. The intraperitoneal temperature was monitored by
placing a thermometer in the abdominal cavity and maintaining
EC.

No. of deaths

(%) Yes (%) No (%)

(54.55) 5 (27.78) 13 (75.22)
(45.45) 7 (46.67) 8 (53.33)
(12.21)
(72.73) 7 (29.17) 17 (70.83)
(27.27) 5 (55.56) 4 (44.44)
(3.26)
(74.19) 9 (39.13) 14 (60.87)
(25.81) 2 (25.00) 6 (75.00)
(11.23)
(20.00) 1 (16.67) 5 (83.33)
(40.00) 5 (41.67) 7 (58.33)
(40.00) 4 (33.33) 8 (66.67)
(8.47)
(53.33) 6 (37.50) 10 (62.50)
(30.00) 3 (33.33) 6 (66.67)
(16.67) 1 (20.00) 4 (80.00)
(4.45)
(66.67) 7 (35.00) 13 (65.00)
(33.33) 3 (30.00) 7 (70.00)
(179.02)
(50.00) 3 (20.00) 12 (80.00)
(50.00) 7 (46.67) 8 (53.33)
(79.28)
(253.69)

(54.55) 8 (44.44) 10 (55.56)
(9.09) 0 (0.00) 3 (100.0)
(21.21) 3 (42.86) 4 (57.14)
(15.15) 1 (20.00) 4 (80.00)

(10.71) 1 (33.33) 2 (66.67)
(89.29) 7 (28.00) 18 (72.00)

therapy, OP= operative, PCI=peritoneal cancer index, PPCI=postoperative peritoneal cancer index,
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its temperature at approximately 42°C to 43°C. After HIPEC, the
abdominal cavity was lavaged 10 times by using 1L of normal
saline. HIPEC was not administered if the risk of postoperative
complications was high. Therefore, HIPEC was not administered
in patients who had poor preoperative performance status, poor
laboratory data, or excessive intraoperative bleeding or in those
who underwent extremely aggressive surgical procedures.
Postoperative complications were assessed on the basis of the

Common Terminology Criteria for Adverse Events, Version 4.0.
The postoperative complications were determined by observing
the first complication after cytoreductive surgery or by selecting a
more severe complication when multiple complications occurred
simultaneously. All analyses were performed using Statistical
Analysis Software, Version. 9.3 (SAS, Cary, NC). A 2-tailed value
of P<0.05 was considered significant. The cumulative death
incidence was calculated using the Kaplan–Meier method, and
independent risk factors were compared using the log-rank test.
The Cox proportional hazards model was used to calculate the
hazard ratios (HRs) of death following cytoreductive surgery and
HIPEC in patients with colorectal cancer and peritoneal
metastasis. Age, sex, and variables with a univariate P value
of � 0.25 were selected for multivariate analysis by using the
stepwise Cox proportional hazards model (with entry and
retention criteria of P � 0.25).
3. Results

The 2- and 5-year overall survival rates of the patients were 57%
and 38%, respectively. Peritonectomy, bowel anastomosis, and
diversion (colostomy/Hartmann’s procedure/ileostomy) were
performed in 23, 25, and 10 patients, respectively. Twenty
patients (60.6%) required blood transfusion during the surgery
and HIPEC procedure. The mean operative time was 9hours and
30 minutes. CC-0, CC-1, CC-2, and CC-3 scores were obtained
in 18 (54.5%), 3 (9%), 7 (21.2%), and 5 (15.2%) patients,
respectively. The mean PCI and postoperative PCI (PPCI) scores
were 16.20 and 4.6, respectively.
The HRs of death following cytoreductive surgery and HIPEC

calculated using the Cox proportional hazards model are listed in
Table 2. The major risk factors for death were a total PCI score>
20, total PPCI score> 0, and CC score ≥2 (P=0.022, 0.031, and
0.0001, respectively; log-rank test; Fig. 1A–C). According to the
results of the log-rank test, the P values of an age > 60 years, an
operative time > 570 minutes, and mucinous-type tumors were
Table 2

Cox regression analysis of the risk of death.

Crude HR (95% CI)

Variable
Sex, male 0.88 (0.28–2.80) 0
Age > 60 y 1.28 (0.40–4.06) 0
BMI > 25 1.17 (0.24–5.68) 0
PCI total score 1.07 (0.99–1.17) 0
PPCI total score 1.38 (1.07–1.79) 0
Blood loss > 2 0.81 (0.21–3.16) 0
OP time > 570 min 2.48 (0.62–9.98) 0
Pre-CEA 1.00 (0.99–1.01) 0
Pre-199 1.00 (0.99–1.00) 0
CC 1.94 (1.05–3.60) 0
Mucinous 1.42 (0.17–11.86) 0

BMI=body mass index, CI= confidence interval, CC= completeness of cytoreduction, HR=hazard ratio
∗
Age, sex, and variables with univariate P � 0.25 were selected using the stepwise Cox proportional
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0.795, 0.235, and 0.683, respectively (Supplemental Figures 1–3,
http://links.lww.com/MD/B476). The multivariate analysis indi-
cated that the total PPCI score was the highest risk factor for
death following the cytoreductive surgery and HIPEC.
The morbidity rate for all the procedures was 21% (7/33).

According to the Common Terminology Criteria for Adverse
Events, 7 patients (21%) had grade I or II complications and no
patients had grade III or IV complications after any procedure.
The most frequent complication was surgical site infections
including intraabdominal abscess, which accounted for 12% (4/
33) of all postoperative complications. Other common compli-
cations following cytoreductive surgery and HIPEC were
postoperative ileus, urinary disturbance, intestinal fistula, and
postoperative bleeding.
4. Discussion

The optimal management of colorectal cancer patients with
peritoneal carcinomatosis without distant metastasis after a
rigorous diagnostic workup is controversial. HIPEC treats the
residual microscopic disease following the surgery might be the
theory using the cytoreductive surgery and HIPEC for treating
patients with colorectal cancer and peritoneal metastasis.[8–10]

Colorectal cancers could include transcoelomic metastasis within
the peritoneal cavity, resulting in peritoneal carcinomatosis
rather than lymphatic and hematogenous metastasis. Till now,
peritoneal carcinomatosis are considered as a terminal condition
by many oncologists and systemic chemotherapy with palliative-
intent are used for these patients. However, the peritoneal cavity
is identified to be the only site of metastasis in approximately
25% of cases, after a detailed workup of the lungs and liver.
Therefore, some studies have hypothesized that in some cases,
peritoneal carcinomatosis may represent the first site of
dissemination and is thus not necessarily indicative of a
generalized disease.[2,10,11] Therefore, in our institute, cytor-
eductive surgery with HIPEC is suggested for treating patients
with peritoneal carcinomatosis from colorectal cancers.
Peritoneal carcinomatosis is frequently observed and is nearly

always a lethal condition in patients with colorectal cancer. The
2-year survival rate is 10% with standard treatment (systemic
chemotherapy and symptomatic surgery), and on the basis of a
pooled analysis of North Central Cancer Treatment Group phase
III trials N9741 and N9841, the median overall survival duration
with systemic chemotherapy is 12.7 months.[12,13] To date, 2
P Multivariate HR
∗
(95% CI) P

.827 2.92 (0.53–16.06) 0.217

.677 4.02 (0.52–31.05) 0.183

.842

.088 –

.015 1.60 (1.13–2.27) 0.008

.763

.202 11.46 (0.94–139.79) 0.056

.991

.451

.036 –

.748

, OP= operative, PCI=peritoneal cancer index, PPCI=postoperative peritoneal cancer index.
hazards model (with entry and retention criteria at P � 0.25) in the multivariate analysis.
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Figure 1. Kaplan–Meier survival curve for all-cause death. (A) Total PCI score
> 20 vs total PCI score � 20 m; (B) total PPCI score> 0 vs total PPCI score of
0; (C) CC score≥ 2 vs CC score<2. CC= completeness of cytoreduction, PCI
= peritoneal carcinomatosis index, PPCI = postoperative peritoneal carcino-
matosis index.
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randomized controlled trials have performed cytoreductive
surgery followed by heated HIPEC in patients with peritoneal
dissemination of colorectal cancer. In the first trial, 105 patients
with established peritoneal carcinomatosis of colorectal (n=87)
or appendiceal (n=18) origin were randomly assigned to
cytoreductive surgery and HIPEC groups. Not all patients with
colorectal cancers were enrolled in the first trial.[8] At the median
follow-up of 8 years, 45% of the patients in the HIPEC group
who underwent complete cytoreduction (no residual tumor
nodules) were still alive.[14] These outcomes are consistent with
those of our study, and all the patients in our study had colorectal
cancers without an appendiceal origin. In this study, we
4

examined the clinical outcomes of cytoreductive surgery and
HIPEC in patients with colorectal cancer and peritoneal
carcinomatosis in Taiwan. The overall survival, which was the
primary endpoint, identified in this study was comparedwith that
reported in studies conducted in Western countries to determine
whether the examined approach is suitable for Asian patients
with colorectal cancer and peritoneal carcinomatosis. Compared
with North Central Cancer Treatment Group Phase III trials
N9741 and N9841,[12,13] cytoreductive surgery and HIPEC
prolonged survival in our patients with colorectal cancer and
peritoneal carcinomatosis in Taiwan, irrespective of the sites of
recurrence. In the second trial, which included cancers having an
appendiceal origin, survival rates did not significantly differ
between experimental and control groups. However, although
patients with colorectal cancer undergo cytoreductive surgery
with HIPEC in our institute, adjuvant systemic chemotherapy is
still administered. Our outcomes and risk factors for death are
valuable references for the effect, complications, and survival
following cytoreductive surgery with HIPEC and adjuvant
chemotherapy.
The following findings were reported in a comparative study, a

multi-institutional registry series, and several case series[4,5,15]:
Median survival varied from 13 to 29 months, and 5-year
survival rates ranged from11% to 19%. Patientswho underwent
complete surgical cytoreduction benefited the most, with the
median survival duration and 5-year survival rate ranging from
28 to 60 months and from 22% to 49%, respectively. However,
overall treatment-related morbidity and mortality rates were
23% to 44% and 0% to 12%, respectively. In our study, the
median survival duration and5-year survival ratewere consistent
with those reported in previous studies. The 5-year survival rate
in our study was 38%. Furthermore, in our study, according to
the Common Terminology Criteria for Adverse Events, 21% of
patients had grade I or II complications, whereas no patients had
grade III or IV complications. A study performed a retrospective
analysis of the efficacy of modern systemic chemotherapy
(oxaliplatin or irinotecan) in patients with peritoneal carcino-
matosis.[16] They reported that in appropriately selected patients
with peritoneal carcinomatosis, outcomes achieved using
cytoreductive surgery and HIPEC were superior to those
achieved using modern combination chemotherapy regimens.
The overall 5-year survival rate was 51% in patients who
underwent cytoreductive surgery and HIPEC for colorectal
cancers with peritoneal carcinomatosis. Because of such
promising outcomes, our institute has been performing cytor-
eductive surgery and HIPEC with a modern chemotherapy
regimen to treat patients with colorectal cancers and peritoneal
carcinomatosis. However, the retrospective nature of our study
and the inherent bias in comparing nonrandomly assigned
patients limit the confidence with which these conclusions can be
drawn.
In the current study, the major risk factors for death in the

patients with colorectal cancer and peritoneal metastasis were a
total PCI score > 20, total PPCI score > 0, and CC score ≥ 2.
These findings are consistent with those reported by Austin et al,
Portilla et al, and Gonzalez-Moreno and Sugarbaker.[17–19] To
the best of our knowledge, ours is the first study to report a total
PPCI score> 0 as a major risk factor for death in this population.
The multivariate analysis revealed that the total PPCI score was
the highest risk factor for death following cytoreductive surgery
and HIPEC. Few related studies have focused on peritoneal
metastasis having a colorectal cancer origin. To the best of our
knowledge, this is the first study reporting factors related to poor
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prognosis followingHIPEC in patients with colorectal cancer and
peritoneal metastasis.
The toxicity identified in this study was compared with that

reported in studies conducted in Western countries to determine
whether the examined approach is suitable for Asian patients
with colorectal cancer and peritoneal carcinomatosis. The most
frequent complication in our patients was surgical site infections
including intra-abdominal abscess, which accounted for 12% (4/
33) of all postoperative complications. The complications
observed after surgical cytoreduction followed by HIPEC in
our study are compatible with those reported in previous
studies.[8,14,20] The morbidity rate after surgical cytoreduction
followed by HIPEC for peritoneal carcinomatosis was extremely
high (∼40%).[20] Cytoreductive surgery and HIPEC have a steep
learning curve, requiring 140 procedures to acquire expertise.[21]

Thus far, we have performed HIPEC in >300 patients with
peritoneal carcinomatosis in our institute. Therefore, we believe
that HIPEC can be performedwith expertise in our institute in the
north of Taiwan.
The therapeutic effect of HIPEC is associated with tempera-

ture and treatment time.[22] In clinical practice, the temperature
might be 40°C to 44°C at different treatment times.[16,23,24]

High-temperature (43°C–44°C) HIPEC could be performed in a
short time interval (30minutes),[22] whereas low-temperature
HIPEC could be performed in a long time interval (60–120
minutes).[22] However, the final therapeutic effect was equal
between high-temperature HIPEC with a short-time interval and
low-temperature HIPEC with a long-time interval.[22] In our
previous study,[22] we designed a protocol for patients with
colorectal cancers and peritoneal carcinomatosis in Taiwan.
This is the first report of our HIPEC protocol for patients with
colorectal cancer and peritoneal carcinomatosis in Taiwan. The
outcomes were promising, with some patients with colorectal
cancer and peritoneal carcinomatosis exhibiting long-term
survival.
This study has several strengths. First, this is the largest study

conducted in Asia to examine the outcomes of cytoreductive
surgery and HIPEC for treating colorectal cancer with peritoneal
metastasis. The population was homogenous, and all patients
had primary colorectal cancer with peritoneal metastasis. The
extrapolation of cytoreductive surgery and HIPEC for treating
colorectal cancer with peritoneal metastasis might be sufficient
without other primary cancers with various responses to HIPEC.
We observed favorable outcomes of HIPEC in Taiwan, which can
be extrapolated to other Asian populations with colorectal cancer
and peritoneal metastasis. In addition, the toxicity of this
treatment approach was acceptable in these patients; moreover,
long-term survival was achieved. The 2- and 5-year overall
survival rates following cytoreductive surgery and HIPEC were
57% and 38%, respectively.
The limitations of our study are the small sample size and

retrospective study design, which did not include a control group.
When sample size is small, only very large effects can be
statistically significant. In this case, it was assumed that the p
value achieved statistical significance, and cytoreductive surgery
and HIPEC showed marked therapeutic effects on colorectal
cancer with peritoneal metastasis.[25,26] The scientific community
should learn about our potentially large treatment benefits. The
lower end of the effect size excludes a value of zero, but it
probably cannot exclude a small effect size.[25,26] Although
mounting data suggest that long-term survival can be achieved in
a low number of patients by using aggressive surgical
cytoreduction followed by HIPEC, it remains unclear whether
5

these outcomes are more favorable comparedwith those achieved
using modern oxaliplatin- and irinotecan-based systemic chemo-
therapy with or without biological agents.[10] Because median
survival durations in contemporary reports were approximately
20 months, the use of a modern systemic oxaliplatin- or
irinotecan-containing regimen could potentially have narrowed
and even eliminated the survival difference between the
groups.[10] Finally, the independent contribution of HIPEC to
the favorable outcomes of this approach has not been proven.
Randomized trials are warranted in the future.

5. Conclusions

Performing cytoreductive surgery and administering HIPEC for
treating colorectal cancer with peritoneal metastasis are feasible
and resulted in long-term survival in this study in Taiwan. Factors
related to poor prognosis were a total PCI score > 20, total PPCI
score> 0, and CC score ≥2 in patients with colorectal cancer and
peritoneal metastasis. Themultivariate analysis indicated that the
total PPCI score was the highest risk factor for death following
cytoreductive surgery and HIPEC in the patients with colorectal
cancer with peritoneal metastasis.
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