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Introduction 
Colon tumors with transserosal invasion (T4a) have an 

increased risk for the development of peritoneal carcinomatosis 
(PC), secondary to the intra-abdominal exfoliation of cancer cells 
that invaded the full-thickness colonic wall and its investing 
serosa. Shepherd et al. pointed at the significance of transserosal 
invasion, with local peritoneal involvement (LPI) in colorectal 
cancer (CRC) as a significant risk factor for intraperitoneal 
disease recurrence in colorectal cancer1-4. This is in agreement 
with the findings of Newland et al (Australian clinico-pathological 
staging (ACPS) group), who demonstrated a poor prognosis in 
rectal cancer with free serosal surface involvement5. Also, Park 
et al showed that the depth of bowel wall invasion is a significant 
risk factor for prognosis in colon and rectal cancer6. In a critical 
reflection on Shepherd’s findings Williams et al proposed to 
consider the use of intraperitoneal therapy for patients in this 
setting 4,7. As such, “adjuvant” Hyperthermia and Intraperitoneal 
Chemotherapy (HIPEC) could be a strategy to reduce the risk of 
PC and increase survival in stage II and III T4a patients.   
 This clinical study aims to assess the burden of PC in T4 
tumors and the risk for local intraperitoneal recurrence as the 
only site of metastatic disease. This is crucial to adequately 
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estimate the potential benefits of HIPEC as an adjuvant 
treatment strategy in T4 patients. Current literature on this issue 
is scarce. 

 
 

Patients and Methods 
A retrospective analysis was performed of prospectively 

collected data on 379 consecutive patients who underwent 
elective or emergency surgery for colon cancer between January 
2004 and January 2007 at the department of abdominal Surgery 
of the University Hospitals Leuven.  

As a primary end point this study focused on the 
metachronous occurrence of PC as the sole location of tumor 
recurrence in colon cancer. The secondary end point was the 
calculation of a power analysis if one would aim to start a 
prospective randomized trial to prove the impact of adjuvant 
HIPEC in T4a colon cancer. 

The trial protocol was approved by the local medical 
ethics committee. 

The pathology report of every single resection specimens 
was revised by one of the authors (DH). Pathologic staging was 
performed according to the American Joint Committee on 
Cancer (AJCC) Colon and Rectum Cancer Staging [7th Edition]8. 

According to a strict standard in-hospital protocol, 
patients were seen postoperatively at the outpatient clinic for 
oncological follow-up: every 3 months in the first 2 years after 
surgery, every 6 months in the following 2 years and once a year 
from the fifth postoperative year on. At each visit a blood sample 
was taken to determine the CEA level and imaging in the form of 
a chest X-ray and liver ultrasound and/or CT thorax/abdomen 
was performed to screen the patient for recurrent disease. At 
least one CT thorax/abdomen per year was performed. All 
patients with suspicion of peritoneal disease underwent a 
PET/CT-scan to rule out systemic recurrence in and outside of 
the peritoneal cavity. Colonoscopy was repeated every 2 to 3 
years to assess local recurrence and/or metachronous primary 
colonic cancer. At closing date of the study (16-09-2010), no 
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patients were discharged from follow-up, but 46 patients (12%) 
were lost to follow-up. 

Statistical methodology      
 Kaplan-Meier (KM) estimates are used to create a curve 
for the percentage overall survival (OS) as a function of the time 
since HIPEC surgery. A log-rank test is used to compare stage II 
and stage III patients.  A multivariable Cox regression is used to 
evaluate this difference after correction for age, sex and post-
operative chemo. A hazard ratio (HR) and 95% confidence 
interval (CI) is reported. To construct the curves for percentage 
relapse and for PC, cumulative incidence estimates are used 
instead of KM-estimates9. Censoring deceased patients without 
respectively relapse and PC in the KM-curve inappropriately 
assumes that those patients are still at risk after their death. To 
evaluate the relation between PC and OS, an extended Cox 
regression model is used, with PC as a binary non-reversible 
time-dependent covariate10. The length of follow-up is calculated 
using a KM estimate censoring the deceased patients11. P-values 
are considered significant if smaller than 0.05. Analyses have 
been performed using SAS software, version 9.2 of the SAS 
System for Windows. Copyright © 2002 SAS Institute Inc. SAS 
and all other SAS Institute Inc. product or service names are 
registered trademarks or trademarks of SAS Institute Inc., Cary, 
NC, USA.  

 
 

Results 
Between January 2004 and January 2007, 379 patients 

(204 male and 175 female patients) underwent surgery for colon 
cancer. There were no rectal cancers in this patient cohort. 
Pathologic staging revealed 39 stage I, 126 stage II, 89 stage III 
and 116 stage IV disease. For 9 tumors pTNM-staging was 
unknown. This study will only focus on the 126 patients with 
stage II (T3N0M0, T4N0M0) and 89 patients with stage III 
(T2N+M0, T3N+M0, T4N+M0) colon cancer. Table 1 summarizes 
patient and tumor characteristics of this patient group. The 
male/female ratio was 1.13/1, with a median age at surgery of 
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72.3 years [range 35.9-95.0 years]. The location of the colon 
tumor was right-sided in 45.6% and left-sided in 54.4% of 
patients. Differentiation was good to moderate in 67.9% of 
patients, poor in 30.7% and differentiation data were unavailable 
in 1.4%.      

Final common closing date of the study was 16-09-2010. 
At a median FU of 52.9 months [IQR: 35.8-64.8] 3- and 5-year 
overall survival (OS) for stage II and III disease was 78.0% (95%CI: 
72.0-82.8) and 72.2%(95%CI: 65.6-77.7), respectively. There was 
a significant difference in OS between stage III and stage II 
patients (p=0.03), which remained significant after correction for 
age, sex and adjuvant chemotherapy (yes/no) in a multivariable 
Cox regression analysis [HR 4.1 (95%CI 2.1-8.2, p<0.001)] [Fig.1]. 
 Relapse was defined as the development of local 
recurrence and/or metastatic disease, i.e. PC as well as systemic 
metastases. As already mentioned, the relapse analysis was 
restricted to patients with stage II-III colon cancer for whom the 
data on relapse were completely available (N=178 patients). 
Based on the cumulative incidence estimates, the relapse at 5 
years equals 11.4% (95%CI: 5.8-17.0) for stage II and 40.0% 
(95%CI: 29.4-50.6) for stage III colon cancer (p<0.001) [Fig.2A]. 
For 94 T3 and 7 T4 tumors (80.2%) in Stage II disease and 60 T3 
and 12 T4 tumors (80.9%) in stage III disease follow-up data were 
completely available [Table 2A]. For T3 tumors the relapse at 5 
years equals 20.2% (95%CI: 14.3-26.2) versus 40.0% (95%CI: 
20.8-59.2) T4 tumors (p=0.064) [Fig.2B]. Overall, 23 patients with 
T3 and T4 tumors (13.2%) without metastases (stage II and III) 
developed PC. Using Cox regression analysis (with PC as time-
dependent predictor), PC has a significant detrimental effect on 
OS [HR is 6.3 (95%CI: 3.0-13.0, p<0.0001)] and there was no 
evidence that this effect was different for stage II and III disease 
(p=0.76) [Fig.S1]. Out of 14 T4a tumors 7 developed PC (50%), 
whereas only 1 out of 5 T4b tumors (20%) developed PC [Table 
2B]. The percentage PC at 1 and 3 years was significantly lower 
for T3 tumors (4.5% and 9.3%) compared to T4 tumors (15.6% 
and 36.7%) (p=0.008) [Fig.3]. Furthermore, a higher proportion 
of patients with a T4 tumor (especially T4a) developed PC as the 
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only location of disease recurrence: only in 3 of the 15 T3 tumors 
with PC (proportion 0.20, CI [0.043-0.481]) and 5 of the 8 T4 
tumors with PC (proportion 0.625, CI [0.245-0.915]) did PC occur 
as the only metastatic site, i.e. without synchronous systemic 
metastatic disease (p=0.071). These 5 tumors all had a T4a 
staging [Table 2B]. 

Sample size calculation     
 Assuming that about 25% of stage II and III T4 tumors will 
develop PC without synchronous systemic metastases, a total of 
352 patients need to be included in a randomized controlled trial 
(176 patients in both treatment arms) in order to demonstrate 
with 80% power that adjuvant HIPEC would lead to a 50% 
reduction in the risk of PC without systemic metastases 
compared to those stage II and III T4 patients who would not 
receive HIPEC. At our institute, 26 out of 255 stage II-III colonic 
tumors were staged T4 over a time period of 3 years. Practically, 
this would mean that a cohort of 3443 patients with a stage II or 
III colonic tumor is needed, in order to enable inclusion of 352 T4 
tumors. In case of monocentric inclusion this would take 40 years 
of inclusion! 
 
 

Discussion 
 In our study 26/215 patients with stage II-III CRC (12.1%) 
developed peritoneal metastases [Table 2A], which is in 
agreement with published data, as PC is described to occur in 
about 12-13% of patients with colorectal cancer (CRC)12,13.  The 
development of peritoneal disease recurrence will compromise 
survival. For unresectable PC median survival is expected to be 
3.1 to 9.3 months, depending on whether or not these patients 
are able to undergo systemic chemotherapy14-16. PC appears to 
be the only site of recurrent disease in about 25-35% of 
patients17,18.  The understanding that peritoneal disease can 
occur without other metastatic location led to the concept of a 
radical approach of CCRS and HIPEC15,17-20. This combined 
treatment modality significantly increased survival, reaching a 5-
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year overall survival (OS) of 33-51%, provided an R0/1 resection 
can be reached by CCRS21-24.  
 Shepherd et al highlighted the prognostic importance of 
deep serosal invasion and local peritoneal involvement (LPI) in 
CRC1-4. Transserosal invasion of colorectal tumors (T4) was 
shown to increase the risk for PC and/or local recurrence1-4.  In 
our retrospective analysis a clear and significant (p=0.008) 
correlation was shown between transserosal invasion of colonic 
cancer (T4) and peritoneal recurrence [Fig.3]. The majority of 
these T4 tumors had a T4a staging [Table 2B]. In 5 of 8 T4 tumors 
that developed PC (proportion 0.625, CI [0.245-0.915]), PC was 
the only metastatic site, without synchronous systemic 
metastases. This could implicate that 5 out of the 19 T4 patients 
might eventually benefit from adjuvant HIPEC in order to prevent 
PC. This is 1.3% (5/379) of the total patient population 
presenting with colon cancer.  
 At present, there is no adequate diagnostic tool available 
to peroperatively identify tumors with transserosal invasion. A 
number of studies addressed the prognostic importance of 
detection of free intraperitoneal tumor cells (IPTC) in colorectal 
cancer18,25-35. A review by Bleichrodt et al.18 as well as a meta-
analysis by Rekhraj et al.25 examined several trials with various 
methodology for the detection of free IPTC. They concluded that 
the detection of free IPTC is associated with higher local and 
overall recurrence and poorer prognosis25. Nevertheless, it 
should be noted that there is a tremendous variation among 
trials in the IPTC detection methodology and sensitivity, as well 
as the definition of outcome measures. Furthermore, there is 
often no clear information on the T-stage of the included tumors 
and some of the trials also included patients with stage IV 
disease. A large prospective trial performed by Noura et al. 
aimed to evaluate the value of peritoneal lavage cytology in 
patients undergoing curative resection of stage I, II or III CRC26. 
Over a time span of 13 years 697 patients were included, 15 of 
whom (2.2%) had a positive cytology. Thus, apparently it takes a 
very large patient cohort to enable the identification of a very 
small number of patients at higher risk. Furthermore, there are 
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more sensitive IPTC detection methods, such as 
immunocytochemistry33 or RT-PCR34,35,  with detection rates of 
12 to 47%. Nevertheless, despite this higher sensitivity, the 
significance of IPTC for survival remains unclear. Additionally, the 
ability to estimate the amount of free IPTC might have a higher 
clinical value than the mere detection of their presence26. 
 Assuming one would be able to peroperatively identify 
T4a colonic tumors, one could consider the administration of 
HIPEC as “adjuvant” treatment in order to reduce the risk of 
peritoneal recurrence in this particular group of tumors. To our 
knowledge, only one study, performed by Noura et al., explored 
the effects of intraperitoneal chemotherapy (IPC) with 
Mytomycin C (MMC) on the prevention of peritoneal recurrence 
in CRC in patients with positive peritoneal lavage cytology27. Over 
a time span of 20 years 52 patients with stage II, III or IV CRC (all 
T3 and T4 tumors) and positive lavage cytology were included in 
this trial. Thirty-one of them received an IPC perfusate with 
MMC, at body temperature, through a closed-abdomen 
technique. It is not clearly described if and how patients were 
randomized into both trial arms. The authors concluded that this 
procedure of IPC appears effective in preventing peritoneal 
recurrence and prolonging cancer-specific survival.  Multivariate 
analysis showed IPC was not a significant risk factor for cancer-
specific survival. For the recurrence analysis stage IV patients 
were omitted. The recurrence rate was 3/24 (12.5%) in the IPC(+) 
group versus 6/12 (50%) in the IPC(-) group. This difference was 
rated significant, despite the small total number of 
recurrences27. Based on our own retrospective analysis a sample 
size calculation showed that a randomized controlled trial to 
demonstrate the benefit of adjuvant HIPEC in stage II and III T4 
colon cancers, defined as a 50% risk reduction for the 
development of PC without systemic metastases, with a power 
of 80%, would require a sample size of 352 patients. As already 
mentioned above, this is an impossible task for a single institute. 
Even with a multicentric approach inclusion of 176 stage II-III T4 
colonic tumors in each trial arm would be an ambitious 
undertaking.              
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It should also be noted that there was no mortality in the 
trial of Noura et al. and only one patient (1.9%) was reported to 
have a serious adverse event related to the intraperitoneal 
chemotherapy27, whereas the combination of cytoreductive 
surgery and HIPEC has been extensively described to come with 
the price of very high morbidity17,22,24,36-43.  

Finally, another important logistic remark should be 
added: In the first 24 to 72h after surgery fibrin tissue will 
inevitably be formed in the resection plane and adhesions will 
start to develop, thus entrapping any free IPTC that might be 
present in the abdomen and making them unattainable for 
HIPEC. Therefore, pathologic diagnosis of deep transserosal 
invasion should be made within 24h after the resection. 

Elias et al. agreed that, at present, the risk of developing 
PC has not clearly been established for patients with pT4 lesions 
of the colon and that the avalaible data in literature are 
discordant24. CCRS + HIPEC is acknowledged to result in less 
morbidity and mortality, as well as better survival for patients 
with low PCI. However, early PC is currently not detectable 
clinically. Thus, Elias et al. proposed to perform a second look 
laparotomy plus HIPEC 1 year after resection of the primary 
tumor for asymptomatic patients at high risk of developing 
colorectal PC. This high-risk population was defined based on 3 
primary tumor-associated criteria: synchronous macroscopic PC, 
synchronous ovarian metastases and perforation24,44,45. A 
prospective trial, including 41 patients, concluded these selection 
criteria appear to be accurate. PC was found and treated with 
CCRS+HIPEC in 23 patients (56%), whereas the other 18 patients 
underwent exploration and HIPEC. This approach yielded a 5-
year OS and DFS of 90% and 44%, respectively45. Grade 3-4 
morbidity was 9.7% and 1 patient died at day 69 
postoperatively45. Based on these results a randomized 
controlled trial was designed to compare this second look + 
HIPEC strategy to standard follow-up alone. 
 In conclusion, T4a colon tumors are indeed at significantly 
higher risk of developing PC. Furthermore, 25% (5/19) of stage II 
and III T4 tumors developed PC as the only site of metastases. 
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This defines the window of opportunity for adjuvant HIPEC to 
prevent peritoneal recurrence. There is an urgent need to 
evaluate and validate diagnostic methods to allow peroperative 
detection of IPTC and/or transserosal invasion (pT4a). This 
should allow to implement HIPEC as an adjuvant treatment in 
this high risk group of patients. For the time being a strategy as 
proposed by Elias et al. could be the better approach. 
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Table 1: Patient and tumor characteristics of patients with 
stage II and III colon cancer 
 

N = 215 colon cancers 

Male/Female 114/101 

Median age at 
surgery 

 72.3 years [range 35.9-95.0 years] 

Primary tumor Stage 
II 

 
 

III 

 
126 

 
 

89 
 

 

 
IIA 
IIB 
IIC 
IIIA 
IIIB 
IIIC 

 
118 
4 
4 
4 
56 
29 

Differentiation 
Good 

Moderate 
Poor 

Unknown 

 
22 

124 
66 
3 

Localization 
Right colon 

Left colon 

 
98 

117 

N= number 
Note: right colon = caeco-ascending colon / left colon = 
transverse, descending, sigmoid colon 
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Table 2: Relapse  
A. in stage II & III disease 

 T-stage ALL 
Relapse 

Systemic 
M+ 

Local PC N 

Stage II 
 

N=126 

T3 No 
Yes 
Yes 
Yes 
Yes 
Yes 

unknown 

No 
Yes 
Yes 
No 
Yes 
Yes 

unknown 

No 
No 
No 
Yes 
Yes 
Yes 

unknown 

No 
No 
Yes 
Yes 
No 
Yes 

unknown 

82 
5 
2 
2 
1 
2 

24 

T4 No 
Yes 
Yes 
Yes 

unknown 

No 
No 
Yes 
Yes 

unknown 

No 
No 
No 
Yes 

unknown 

No 
Yes 
No 
Yes 

unknown 

3 
2 
1 
1 
1 

       

Stage III 
 

N=89 

T2 No 
Yes 
yes 

No 
Yes 
yes 

No 
No 

unknown 

No 
Yes 
Yes 

2 
1 
1 

T3 No 
Yes 
Yes 
Yes 
Yes 
Yes 

unknown 

No 
No 
Yes 
Yes 
Yes 
Yes 

unknown 

No 
No 
No 
No 
Yes 

unknown  
unknown 

No 
Yes 
No 
Yes 
Yes 
Yes 

unknown 

35 
1 

16 
1 
7 
1 
7 

T4 No 
Yes 
Yes 
Yes 

unknown 

No 
Yes 
No 
Yes 

unknown 

No 
No 
Yes 
Yes 

unknown 

No 
Yes 
Yes 
No 

unknown 

6 
2 
3 
1 
5 

N= number; systemic M+=systemic metastases; PC=peritoneal 
carcinomatosis 
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B. for T4a and T4b colon tumors 

T4 
(N=19) 

Recurrent disease 

Local 
recurrence 

N=5 

Peritoneal 
Carcinomatosis 

N=8 

Systemic 
Metastases 

N=5 

N 

T4a no no no 6 

no yes no 2 

yes yes no 3 

no yes yes 2 

T4b no no no 2 

no no yes 1 

yes yes yes 1 

T4a,b yes no no 1 

T4x no no no 1 

N= number 
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Fig.1: OS for stage II and III colon cancer 
(Survival curves are obtained from a Cox regression correcting for age, sex and postoperative chemotherapy 
and these curves reflect groups of patients with an average age and equal distribution fro sex and 
postoperative chemotherapy) 
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Fig.2: Percentage relapse (cumulative incidence estimates) 
A: in stage II and stage III colon cancer 
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B: for T3 and T4 tumors in patients with stage II-III colon cancer 

 
 
Note: only stage II and III patients for whom data on relapse were complete, were included in this analysis. 
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Fig.3: Percentage Peritoneal Carcinomatosis (PC) as a function of T-stage for stage II & III disease. (the 
percentage is based on cumulative incidence estimates)  

 
 
Note: only T3 and T4 tumors for which data on relapse were complete, were included in this analysis. 
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Fig.S1: Overall Survival as a function of TNM stage and PC 
Survival curves are obtained from a Cox regression with PC as a time-dependent factor, TNM staging (III vs II) as 
a baseline factor, and their interaction. The solid lines represent TNM stage II and III patients who do not 
develop PC. The dashed lines represent hypothetical samples of patients who develop PC after 12 months. 
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Legend for all figures: 
TNM=II: stage II colon cancer 
TNM=III: stage III colon cancer 
PC=peritoneal carcinomatosis 
no PC=patients who do not develop PC; PC after 12 months=patients who develop PC after 12 months 
 
 
 



 

155 

References 

1. Shepherd N, Baxter K, Love S. The prognostic importance 
of peritoneal involvement in colonic cancer: a prospective 
evaluation. Gastroenterology 1997; 112: 1096-1102. 

2. Ludeman L, Shepherd N. Serosal involvement in 
gastrointestinal cancer: its assessment and significance. 
Histopathology 2005; 47: 123-131. 

3. Shepherd N, Baxter K, Love S. Influence of local peritoneal 
involvement on pelvic recurrence and prognosis in rectal 
cancer. J Clin Pathol 1995; 48: 849-855. 

4. Petersen V, Baxter K, Shepherd N. Identification of 
objective pathological prognostic determinants and 
models of prognosis in Dukes’ B colon cancer. Gut 2002; 
51: 65-69. 

5. Newland RC, Chapuis PH. Peritoneal involvement by 
rectal cancer. J Clin Pathol 1996: 49: 694-695. 

6. Park Y, Park K, Park J. Prognostic factors in 2230 Korean 
colorectal cancer patients: analysis of consecutively 
operated cases. World J Surg 1999; 23: 721-726. 

7. Williams GT. A long hard look at Dukes’ B: identification 
of prognostic pathological factors in Dukes’ B colon 
cancer. Gut 2002; 51: 6-7. 

8. Edge S, Byrd D, Compton C.  AJCC Cancer Staging Manual, 
7th Edition. (Eds.) 2010, ISBN 978-0-387-88440-0 

9. Pintilie M. Competing risks: a practical perspective. 2006, 
Wiley, Chilchester. 

10. Therneau T, Grambsch P. Modeling survival data: 
extending the Cox model. 2000, Springer-verlag, New 
York, NY. 

11. Schemper M, Smith T. A note on quantifying follow-up in 
studies of failure time. Controlled Clinical Trials 1996; 17: 
343-346. 

12. Jayne D, Fook S, Seow-Choen F. Peritoneal carcinomatosis 
from colorectal cancer. Br J Surg 2002; 89: 1545-1550. 

13. Folprecht G, Köhne C, Lutz M. Systemic chemotherapy in 
patients with peritoneal carcinomatosis from colorectal 
cancer. Cancer Treat Res 2007; 134: 425-440. 



 

156 

14. Chu D, Lang N, Thompson C. Peritoneal carcinomatosis in 
nongynecologic malignancy. A prospective study of 
prognostic factors. Cancer 1989; 63: 364-367. 

15. Sadeghi B, Arvieux C, Gilly F. Peritoneal carcinomatosis 
from non-gynecologic malignancies. Results of the 
EVOCAPE I multicentric prospective study. Cancer 2000; 
88: 358-363. 

16. Hompes D, Boot H, Verwaal V. Unresectable peritoneal 
carcinomatosis from colorectal cancer: a single center 
experience. J Surg Oncol 2011; 104: 269-273. 

17. Verwaal V, Zoetmulder F. Long-Term Survival of 
Peritoneal carcinomatosis of Colorectal Origin; Ann Surg 
Oncol 2005; 12: 65-71.  

18. Koppe M, Bleichrodt R. Peritoneal Carcinomatosis of 
Colorectal Origin: Incidence and Treatment Strategies; 
Ann Surg 2006; 243: 212-222.  

19. Shen P, Levine E, Hall J. Factors predicting survival after 
intraperitoneal hyperthermic chemotherapy with 
mitomycin C after cytoreductive surgery for patients with 
peritoneal carcinomatosis. Arch Surg 2003; 138: 26-33. 

20. Sugarbaker P. Management of peritoneal-surface 
malignancy: the surgeon’s role; Langenbecks Arch Surg 
1999; 384: 576-587. 

21. Elias D, Lefevre J, Chevalier J. Complete Cytoreductive 
Surgery plus Intraperitoneal Chemohyperthermia with 
Oxaliplatin for peritoneal Carcinomatosis of Colorectal 
Origin. J Clin Oncol 2009: 27: 681-685.  

22. Elias D, Glehen O, Pocard M. A comparative study of 
complete cytoreductive surgery plus intraperitoneal 
chemotherapy to treat peritoneal dissemination from 
colon, rectum, small bowel and nonpseudomyxoma 
appendix. Ann Surg 2010; 251: 896-901.  

23. Verwaal V, Bruijn S, Boot H. 8-Year follow-up of 
randomized trial: cytoreduction and hyperthermic 
intraperitoneal chemotherapy versus systemic 
chemotherapy in patients with peritoneal carcinomatosis 



 

157 

of colorectal cancer. Ann Surg Oncol 2008; 15: 2426-
2432. 

24. Maggiori L, Elias D. Curative treatment of colorectal 
peritoneal carcinomatosis: current status and future 
trends. Eur J Surg Oncol 2010; 36: 599-603. 

25. Rekhraj S, Aziz O, Prabhudesai S. Can intra-operative 
intraperitoneal free cancer cell detection techniques 
identify patients at higher recurrence risk following 
curative colorectal cancer: a meta-analysis. Ann Surg 
Oncol 2007; 15: 60-68. 

26. Noura S, Ohue M, Seki Y. Long-term prognostic value of 
conventional peritoneal lavage cytology in patients 
undergoing curative colorectal cancer resection. Dis 
Colon Rectum 2009; 52: 1312-1320. 

27. Noura S, Ohue M, Shingai T. Effects of intraperitoneal 
chemotherapy with Mitomycin C on the prevention of 
peritoneal recurrence in colorectal cancer patients with 
positive peritoneal lavage cytology findings. Ann Surg 
Oncol 2010; 18: 396-404. 

28. Nishikawa T, Watanabe T, Sunami E. Prognostic value of 
peritoneal cytology and the combination of peritoneal 
cytology and peritoneal dissemination in colorectal 
cancer. Dis Colon Rectum 2009; 52: 2016-2021. 

29. Fujii S, Shimada H, Yamagishi S. Evaluation of 
intraperitoneal lavage cytology before colorectal cancer 
resection. Int J Colorectal Dis 2009; 24: 907-914. 

30. Katoh H, Yamashita K, Sato T. Prognostic significance of 
peritoneal tumour cells identified at surgery for colorectal 
cancer. Br J Surg 2009; 96: 769-777. 

31. Baskaranathan S, Philips J, McCredden P. Free colorectal 
cancer cells on the peritoneal surface: correlation with 
pathologic variables and survival. Dis Colon Rectum 2004; 
47: 2076-2079. 

32. Hase K, Ueno H, Kuranaga N. Intraperitoneal exfoliated 
cancer cells in patients with colorectal cancer. Dis Colon 
Rectum 1998; 41: 1134-1140.  



 

158 

33. Bosch B, Guller U, Schnider A. Perioperative detection of 
disseminated cells is an independent prognostic risk 
factor in patients with colorectal cancer. Br J Surg 2003; 
90: 882-888. 

34. Guller U, Zajac P, Schnider A. Disseminated single tumor 
cells as detected by real-time quantitative polymerase 
chain reaction represent a prognostic factor in patients 
undergoing surgery for colorectal cancer. Ann Surg 2002; 
236: 768-75; discussion 775-776. 

35. Hara M, Nakanishi H, Jun Q. Comparative analysis of 
intraperitoneal minimal free cancer cells between 
colorectal and gastric patients: using quantitative RT-PCR: 
possible reason for rare peritoneal recurrence in 
colorectal cancer. Clin Exp Metastasis 2007; 24: 179-189. 

36. Elias D, Bonnay M, Puizillou J. Heated intra-operative 
intraperitoneal oxaliplatin after complete resection of 
peritoneal carcinomatosis: pharmacokinetics and tissue 
distribution. Ann Oncol 2002; 13: 267-272. 

37. Verwaal V, van Tinteren H, van Ruth S. Toxicity of 
cytoreductive surgery and hyperthermic intra-peritoneal 
chemotherapy. J Surg Oncol 2004; 85: 61-67. 

38. Van Ruth S, Mathôt R, Verwaal V.  Population 
pharmacokinetics and pharmacodynamics of mitomycin 
during intraoperative hyperthemic intraperitoneal 
chemotherapy. Clin Pharmacokinet 2004; 43: 131-143. 

39. Lambert L, Armstrong T, Lee J. Incidence, risk factors and 
impact of severe neutropenia after hyperthermic 
intraperitoneal mitomycin C. Ann Surg Oncol 2009; 16: 
2181-2187. 

40. Elias D, Goere D, Blot F. Optimization of hyperthermic 
intraperitoneal chemotherapy with oxaliplatin plus 
irinotecan at 43 degrees C after complete cytoreductive 
surgery: mortality and morbidity in 106 consecutive 
patients. Ann Surg Oncol 2007; 14: 1818-1824. 

41. van Leeuwen B, Graf W, Pahlman L. Swedish experience 
with peritonectomy and HIPEC. HIPEC in peritoneal 
carcinomatosis. Ann Surg Oncol 2008; 15: 745-753. 



 

159 

42. Elias D, Gilly F, Boutitie F. Peritoneal colorectal 
carcinomatosis treated with surgery and perioperative 
intraperitoneal chemotherapy: retrospective analysis of 
523 patients from a multicentric French study. J Clin 
Oncol 2010; 28: 63-68. 

43. Elias D, Sideris L. Pharmacokinetics of heated 
intraoperative intraperitoneal oxaliplatin after complete 
resection of peritoneal carcinomatosis. Surg Oncol Clin N 
Am 2003; 12: 755-69. 

44. Elias D, Goere D, Di Pietrantonio D. Results of systematic 
second-look surgery in patients at high risk of developing 
colorectal peritoneal carcinomatosis. Ann Surg 2008; 247: 
445-450. 

45. Elias D, Honoré C, Dumont F. Results of systematic 
second-look surgery plus HIPEC in asymptomatic patients 
presenting a high risk of developing colorectal peritoneal 
carcinomatosis. Ann Surg 2011; 254: 289-293. 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 


