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Introduction 

The most frequent sites of recurrence in colorectal 
cancer are the liver and the peritoneal surfaces (1-3). 
During surgical resection cancer emboli from traumatized 
interstitial tissues, transected lymphatic channels, and 
venous blood loss may disseminate in the abdominal cavity 
and may be entrapped in the surrounding peritoneal 
surfaces. These emboli stimulated by growth factors 
during wound healing give rise to recurrent tumors. This is 

more prominent if tumor removal is performed in narrow 
limits of resection as is the pelvis (4). Total mesorectal 
excision is effective in reducing the incidence of local-
regional recurrences in rectal tumors (5). Extended lymph 
node resection in colon cancer does not offer any survival 
benefit but it appears to reduce the incidence of local-
regional recurrences (6). Systemic adjuvant chemotherapy 
improves survival in stage III colon cancer (7). Preoperative 
irradiation combined with total mesorectal excision 
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decreases the incidence of local-regional recurrence (8,9). 
Both irradiation and systemic chemotherapy are associated 
with significant toxicity in contrast to intraperitoneal 
chemotherapy (7-9). Intraperitoneal chemotherapy has been 
successfully used in the treatment of peritoneal malignancy 
for the eradication of microscopic residual tumor (10-12). 
Similarly, if used as an adjuvant in colorectal cancer, it 
may eradicate the disseminated cancer emboli from the 
peritoneal surfaces.

The purpose of the study is to compare the effects of 
hyperthermic intraoperative intraperitoneal chemotherapy 
(HIPEC) or systemic adjuvant chemotherapy in high 
risk patients with locally advanced colorectal cancer after 
surgical resection of the tumor. The end-point of the study 
is the analysis of overall survival and recurrences.

Patients and methods
 

Patients

From 2005 until 2010 patients with locally advanced (T3, T4) 
colorectal cancer were prospectively included in a non-
randomized study to undergo R0 resection and receive 
either HIPEC (HIPEC group) or systemic adjuvant 
chemotherapy (Conventional group). Patients over 18 years 
of age that could undergo major surgery, with satisfactory 
cardiopulmonary function, without evidence of recent 
cardiovascular accident during the last 6 months, with 
normal hepatic-renal function, hematological profile, and 
satisfactory performance status (Karnofsky performance 
status >50%) were included in the study. Age below 18 years, 
presence of metastatic unresectable disease, previous 
treatment for cancer, presence of a second malignancy 
at high-risk for recurrence (except for skin basal-cell 
carcinoma or in-situ cervical carcinoma adequately treated), 
pregnancy, psychosis, drug or alcohol addiction were 
exclusion criteria.

The segment of the large bowel proximally to the 
left colic flexure was considered as the right colon. The 
segment of the colon proximally to the peritoneal reflexion 
and distally to the left colic flexure was considered as the 
left colon, and below the peritoneal reflexion as the rectum. 
The diagnosis of carcinoma was possible by physical 
examination, hematological and biochemical examination, 
tumor markers (CEA, CA 19-9, and CA-125), abdominal 
and thoracic CT-scan, whole body bone scan, colonoscopy, 
and biopsy. The protocol was approved by the Ethical 
Committee of the Hospital and all patients signed an 

informed consent.

Treatments

After abdominal exploration samples were taken for 
peritoneal cytology. Total mesorectal excision was 
performed for middle and low rectal tumors. The 
preservation of the sphincter was on the judgment of 
the surgeon. The Coliseum technique (open abdominal 
method) was used in those patients that received HIPEC. 
Mitomycin-C (15 mg/m2) was diluted in 2-3 lit of normal 
saline and administered for 90 min at 42.5-43 ℃. The 
reconstruction of the alimentary tract was made after the 
completion of HIPEC. Patients in the HIPEC group 
that were pTNM stage III and IV received additional 
systemic chemotherapy with 5-FU and isovorine. Stage 
III patients in the conventional group were treated with 
additional adjuvant systemic chemotherapy with 5-FU 
and isovorine. Right colon carcinomas were treated with 
right or transverse colectomy depending on the anatomic 
location of the tumor. Left colon carcinomas were treated 
with left colectomy, and rectal carcinomas were treated 
with low anterior resection or abdominoperineal resection. 
In low anterior resections a protective colostomy was 
always performed. Toxicity was recorded from the time of 
operation and during follow-up.

Histopathology

All specimens were histopathologically examined and details 
about T, N, M, degree of differentiation, circumferential 
margins of resection were recorded.

Follow-up

Follow-up was possible every 4 months during the first 
year after surgery and every 6 months later by physical 
examination, hematological-biochemical examination, 
tumor markers (CEA, CA 19-9, CA-125), thoracic and 
abdominal CT-scan, and whole body bone scan whenever 
it was indicated. Colonoscopy was performed once a year 
after the first year of follow-up. Recurrences and the sites of 
recurrence were recorded.

Statistical analysis

The proportions of patients with a given characteristic 
were compared by chi-square analysis or by Pearson’s-
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test. Differences in the means of continuous measurement 
were tested by Student’s-t-test. The survival curves 
were obtained using the Kaplan-Meier method and the 
comparison of curves was calculated using the log-rank test. 
Logistic regression analysis made possible multiple analysis 
of recurrence. A two-tailed P value <0.05 was considered 
statistically significant.

Results 

Forty-one patients were included in the HIPEC group 
and 40 patients in the conventional group. The mean age 
of the patients in HIPEC and conventional group was 
68.1±11.2 [46-84], and 70.7±11 [38-93] years (P>0.05) 
respectively. The general characteristics of the patients are 
listed in Table 1. The groups were different for recurrence, 
presence of distant metastases, and TNM stage (P<0.05), 
and were comparable for gender, performance status, ASA-
class, hospital mortality, tumor depth, nodal infiltration, 
degree of differentiation, anatomic distribution, morbidity, 
and median follow-up time (P>0.05). Five additional 
patients that were initially included in the HIPEC group 
were excluded from the analysis because they were found to 
have pT2N0M0 tumors. Four patients in the HIPEC group 
were found intraoperatively to have liver metastatic disease 
that was not detected preoperatively but they underwent 
R0 resection. These patients were included in the analysis. 
All surgical operations were R0 resections. All samples for 
peritoneal cytology were negative for malignancy. Two 
patients in the HIPEC group were recorded with transient 
neutropenia grade II.

In both groups median survival was not reached. 
Although 5-year survival rate for HIPEC group was 100% 
and for the conventional group 72% the difference was 
not significant (P=0.0938) (Figure 1). By univariate analysis 
the nodal status (P=0.003), the stage (P=0.0076), and 
the degree of differentiation (P<0.0001) were related to 
survival. By multivariate analysis it was found that the nodal 
status (HR=6.083, P=0.01, 95% CI, 1.538-24.059) was an 
independent variable of survival.

During follow-up 2 patients in the HIPEC group and 
8 patients in the Conventional group were recorded with 
recurrence (P=0.025). The 2 patients in HIPEC group had 
undergone surgery for rectal cancer. During initial surgery 
they were found to have liver metastastatic disease and the 
disease relapsed again in the liver. Three patients with left-
sided colon cancer, 1 patient with right colon cancer, and 
another one with rectal cancer were recorded with distant 

Table 1 General characteristics

HIPEC 

group

Conventional 

group
P-value

M/F ratio 22/19 22/18 >0.05

ASA-class

I

II

III

31

8

2

26

11

3

>0.05

Performance status

90-100%

70-80%

50-60%

36

4

1

27

11

2

>0.05

Hospital mortality 1 3 >0.05

Recurrence 2 8 0.002

T

T3

T4

40

1

36

4

>0.05

N

N0

N1

N2

25

12

4

15

19

6

>0.05

M

M0

M1

37

4
40

0.043

TNM stage

II

III

IV

25

12

4

14

26

0

0.002

Degree of differentiation

G1

G2

G3

2

39

0

1

37

2

>0.05

Anatomic distribution

Right colon

left colon

rectum

6

15

20

9

15

16

>0.05

Morbidity 13 9 >0.05

Median follow-up 

time (months)
17 22.5 >0.05

Age

<65

>65

16

25

10

30

>0.05
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metastases in the conventional group. In the same group, 1 
patient with rectal cancer, and 2 patients with right colon 
cancer were recorded with local-regional recurrence. By 
univariate analysis it was found that the use of systemic 
adjuvant chemotherapy (P<0.001), the presence of distant 
metastases (P<0.001), and the stage (P<0.001) were related to 
recurrence. By multivariate analysis the stage (P=0.002) was 
identified as the single prognostic variable of recurrence.

Discussion
 

The preoperative accurate diagnosis of T3 tumors of the 
colon is very difficult with the current imaging techniques 
or other diagnostic tools. In contrast, the preoperative 
definition of T3 or T4 rectal tumors is more accurate by 
using endoscopic ultrasound or MRI. Therefore, sometimes 
T2 or even T1 colon tumors may be easily misinterpreted 
as T3 lesions by preoperative imaging techniques but 
histopathology provides the definitive data. Therefore, 
five patients from the HIPEC group were excluded from 
the study as they were overstaged preoperatively. The 
groups of the study were comparable. They were different 
for presence of distant metastases because in the HIPEC 
group 4 patients were identified with small liver lesions. 
The metastatic lesions were confirmed histopathologically 
after adequate resection in all 4 patients. The difference in 

0            10           20           30          40           50           60           70

survival (months)

1.1

1.0

0.9

0.8

0.7

metastatic disease resulted in the difference in TNM stage 
between the groups. No difference was recorded for hospital 
mortality and morbidity as well as in overall survival.

It  has long been proved that systemic adjuvant 
chemotherapy improves survival in stage III colorectal 
cancer (7) and is the standard of care treatment because 
it is considered a systemic disease but is not indicated for 
stage II patients (13). So far intraperitoneal chemotherapy 
and particularly HIPEC has been effectively used in the 
treatment of peritoneal carcinomatosis (10-14). It has also 
been used in patients with locally advanced colorectal 
carcinomas in whom it appears to improve survival and 
decrease the incidence of recurrence (15). Local-regional 
recurrence is usually the result of dissemination of cancer 
emboli during surgery (4). This may be prevented by using 
local-regional treatment. In fact the effect of systemic to 
intraperitoneal chemotherapy has not been compared in 
regard to local-regional effect.

Although the number of the included patients in both 
groups is small it appears that overall survival is not influenced 
by using any of the above treatments. However it seems that 
the route of administration of chemotherapy plays a significant 
role in the development of recurrence. It is important to note 
that no local-regional recurrence was recorded in the HIPEC 
group in contrast to conventional group in which 3 local-
regional relapses were recorded. It has been emphasized that 
2 out of 3 of patients with colorectal cancer have developed 
recurrence at the resection sites (16). Probably HIPEC has no 
effect in the development of distant metastases but exhibiting 
a “single pass effect” through the liver in which the drug 
delivery has been found to be markedly increased may possibly 
have an advantage in eradicating viable cancer cells that have 
already disseminated in the liver (17). The local-regional 
effect of intraperitoneally administered chemotherapy seems 
to decrease the number of recurrences.

In conclusions, HIPEC as an adjuvant in high risk 
patients with colorectal carcinomas seems to be effective 
in reducing the number of recurrences and particularly the 
local-regional ones. Further studies with larger number of 
patients are required to document these results.
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