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Introduction 
 Patients with limited peritoneal carcinomatosis (PC) as 
the only metastatic location of colorectal cancer (CRC) can 
benefit from radical surgery and HIPEC. This combined 
treatment strategy can result in long-term survival for these 
patients1-6. Completeness of cytoreductive surgery is a major 
determinant for long-term outcome. If a macroscopic complete 
cytoreduction (CC-0 or R0/1) can be achieved a 5-year overall 
survival of 40-50% has been documented. 

At present, both Oxaliplatin and Mitomycin C (MMC) are 
used as intraperitoneal chemotherapy agents in HIPEC for PC of 
CRC. These agents are suitable for intraperitoneal use as they 
have a large molecular weight, resulting in high intraperitoneal 
drug concentrations during HIPEC, with limited systemic 
absorption and toxicity7,8. Oxaliplatin has become standard 
systemic treatment in CRC9-12, whereas MMC is only used as 
salvage treatment in advanced progressive CRC13-16. In 
literature, results on survival in HIPEC series for CRC are 
comparable for both agents [Table 1]. 

There are no prospective trials available comparing peri-
operative complications and long-term outcome after HIPEC 
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with Oxaliplatin versus MMC. Therefore, the choice for 
Oxaliplatin or MMC is mainly based on hospital tradition, rather 
than on comparison of efficacy and toxicity. This trial compares 
two cohorts of patients treated in 2 different centers: in one 
center HIPEC has been consistently performed with MMC, 
whereas the other center uses Oxaliplatin as the intraperitoneal 
agent. The aim is to assess differences in toxicity profile and 
long-term outcome. 
 
 

Patients and Methods 
 Patient cohorts 

In this study 2 cohorts of patients treated with complete 
cytoreductive surgery (CCRS) and HIPEC for PC of CRC are 
compared. One patient cohort consists of patients treated at 
the Netherlands Cancer Institute / Antoni van Leeuwenhoek-
hospital (the Netherlands) [NKI-AVL] between February 2004 
and December 2006. The other patient cohort was treated at 
the University Hospital Gasthuisberg in Leuven (Belgium) [UZL] 
between June 2006 and September 2010. Both hospitals are 
HIPEC centers. NKI-AVL is a comprehensive cancer center with 
only specialist training facilities, whereas UZL is a large 
university hospital with basic as well as advanced medical 
training facilities. Both centers function as tertiary referral 
centers. The HIPEC protocols from both centers were approved 
by the respective Medical Ethics Committees and all patients 
had a written informed consent. Traditionally, UZL only offers 
HIPEC to patients in whom complete cytoreduction (R0/1) can 
be achieved, whereas NKI-AVL sometimes performes HIPEC in a 
selected group of patients in whom only incomplete 
cytoreduction (R2a/R2b) can be reached. To enable adequate 
comparison between both cohorts, this trial only includes 
patients in whom a macroscopically complete cytoreduction 
could be reached. 
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Procedure 
After a full exploration of the abdominal cavity complete 

cytoreductive surgery (CCRS) is performed. When 
macroscopically complete cytoreduction (CC-0) has been 
achieved the HIPEC procedure is started. When the 
hyperthermic perfusion reaches a steady state of 41-42°C the 
intraperitoneal drug is added to the perfusion. At the NKI-AVL 
HIPEC is performed with MMC as the intraperitoneal drug at a 
dose of a dose of 35mg/m² during 90 minutes. At the UZL CCRS 
is followed by HIPEC with Oxaliplatin as the intraperitoneal drug 
at a dose of 460mg/m² during 30 minutes. One hour before 
starting the HIPEC procedure with Oxaliplatin, Folinic Acid 
20mg/m² and 5-Fluorouracil 400mg/m² (in 250ml saline) are 
administered intravenously to enhance the effect of the 
Oxaliplatin. Anastomoses are performed after the HIPEC 
procedure was finalized.  

 
Follow-up 

 All patients were followed up intensely with comparable 
clinical and radiological assessment protocols. They were seen 
at the outpatient clinics 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 a chest X-ray 
and liver ultrasound were performed. One to two CT 
thorax/abdomen scans were performed per year. Colonoscopy 
to detect local recurrence and/or metachronous primary 
colonic cancer was repeated every 2 to 3 years.   
  
 Data processing and statistics 

Data on patients and tumor characteristics, surgical 
procedure data, intra- and postoperative mortality and 
morbidity data and oncologic follow-up data on disease 
recurrence and survival data were prospectively registered in 
the respective institutional electronic databases of NKI-AVL and 
UZL. Morbidity data were scored according to National Cancer 
Institute-Common Terminology Criteria for Adverse Events 
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guidelines (NCI-CTC AE version 4). To assess the extent of 
disease, defined as the extensiveness of PC in the abdominal 
cavity, the NKI-AVL applied the 7 region count as described by 
Verwaal et al.17, whereas UZL applied the Peritoneal 
Carcinomatosis Index (PCI) according to Sugarbaker et al.18. To 
enable adequate comparison between both study groups the 
UZL data on extent of disease were transformed into the 7 
region count system using the standardized transcription17. 
 Mann-Whitney U and (Fisher’s) exact tests are used to 
compare patient and tumor characteristics, peroperative data 
and morbidity data between both groups. A multivariable 
logistic regression model is used to compare the complication 
rate between both groups after correction for extent of disease 
(7 region count as a continuous predictor). Kaplan-Meier 
estimates are used to construct the overall and recurrence-free 
survival curve, yielding the median and interquartile range 
(IQR) time. A multivariable Cox regression model is used to 
compare the overall survival (OS) and recurrence-free survival 
(RFS) between both groups after correction for extent of 
disease. Deaths and recurrences are considered as events in 
the definition of RFS. A survival curve derived from this model is 
constructed comparing both groups at a mean 7 region count. 
From the logistic and Cox regression model, odds ratios (OR) 
and hazard ratios (HR) are reported, respectively, with a 95% 
confidence interval (95%CI). To quantify the median time to last 
follow-up19 a Kaplan-Meier estimate is used, censoring patients 
at moment of death. All 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 
 Patient and Tumor Characteristics [Table 2] 

Fifty-six NKI-AVL patients were included in the MMC-
group and 39 UZL patients were included in the Oxaliplatin-
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group. Table 2 summarizes patient and primary tumor 
characteristics. No statistically significant differences in patient 
characteristics were found across groups. Median age at 
surgery was 62.2 years [range 24.1-74.5] in the Oxaliplatin-
group and 58.4 years [range 32.5-77.4] in the MMC-group. In 
the Oxaliplatin-group primary tumors have a more advanced T-
stage (p=0.027) and a higher incidence of node-positivity 
(p=0.003). Mucinous tumor cell type was found in 46.2% of 
Oxaliplatin-patients and 48.2% of MMC-patients. PC occurred 
synchronously in 61.5% and 57.1% of patients in the 
Oxaliplatin-group and the MMC-group, respectively. It should 
be noted that for 1 patient of the Oxaliplatin-group the 
indication for CCRS+HIPEC was tumor positive cytology in 
ascites. Finally, 3 patients in the Oxaliplatin-group had liver 
metastases in their previous history. All 3 patients received 
chemotherapy in a neo-adjuvant setting and underwent 
curative liver resection. Furthermore, 1 patient had a very small 
liver metastasis (4mm in diameter), which was discovered and 
excised at CCRS+HIPEC. 

   
 Intra-operative Procedure Data [Table 3] 
 The median 7 region count according to Verwaal et al.17 
was scored 4 [range 0-7] for Oxaliplatin-patients versus 2.5 
[range 1-6] for MMC- patients, which is a significant difference 
(p=0.004). Median duration of the total surgical procedure was 
comparable across groups: 380 minutes [range 177-660 
minutes] in the Oxaliplatin-group and 360 minutes [range 150-
600 minutes] in the MMC-group. On the other hand, median 
intra-operative blood loss was significantly different (p<0.001), 
i.e. 650ml [0-6000ml] in Oxaliplatin-patients versus 1230ml 
[range 0-5300ml] in MMC-patients. 
 
 Postoperative complications [Table 3] 
 Postoperative complications are listed in Table 3. The 
length of hospital stay is significantly longer for Oxaliplatin-
patients (p=0.003). There is no postoperative 60-day mortality. 
In the Oxaliplatin-group 59% of patients have postoperative 
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morbidity, with grade 3-4 serious adverse events in 48.7%, 
whereas this is 75% and 35.7% respectively for the MMC-group. 
Intra-abdominal complications (IAC) occur in 30.8% of 
Oxaliplatin-patients and 23.2% of MMC-patients. Subsequent 
surgical reinterventions are needed in 20.5% and 8.9%, 
respectively. Those differences are not statistically significant 
(p=0.64 and p=0.13).  
Extra-abdominal complications (EAC) are registered in 48.7% of 
Oxaliplatin-patients and 64.3% of MMC-patients (p=0.13). No 
Oxaliplatin-associated neurotoxicity is registered and in only 2 
Oxaliplatin-patients a temporary 2- to 3-fold increase in 
creatinine occurs (grade 2 serious adverse event (SAE)). In 1 
MMC-patient (1.8%) a grade 2 increase in liver function values 
is registered. Oxaliplatin-patients develop no hematologic 
complications, whereas neutropenia or leucopenia is registered 
in 15 of 56 MMC-patients (26.8%). This is statistically significant 
(p<0.001), but only 1 grade 3 leucopenia occurred, without 
clinical consequences.         
On univariate analysis, overall postoperative complications are 
not significantly different for Oxaliplatin and MMC. However, 
after statistical correction for the extent of disease (which is the 
only tumor-related parameter that is significantly different 
between both groups), the overall postoperative complication 
rate is significantly higher in the MMC-group (OR=2.68 (95%CI: 
1.04-6.91), p=0.04), with a comparable IAC rate (OR=0.78 
(95%CI: 0.30-2.03), p=0.61), but a tendency towards more EAC 
in the MMC-group (OR=2.23 (95%CI: 0.91-5.43), p=0.079). 
 

Overall and Recurrence-Free Survival [Fig.1 & 2] 
 Median follow-up time is significantly shorter for 
Oxaliplatin patients than for MMC-patients: 2.8 years 
compared to 5.1 years (derived from statistical analysis, 
censoring patients at moment of death). Median RFS is 12.2 
months [IQR: 7.2-undefined] in the Oxaliplatin-group and 13.8 
months [IQR: 7.0-25.8] in the MMC-group (p=0.87). Median OS 
is 37.1 months [IQR: 22.4-52.8] for Oxaliplatin-patients and 26.5 
months [IQR: 16.9-64.8] for MMC-patients (p=0.45). Because 
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the 7 region count is the only tumor-related parameter that is 
statistically different across both study groups (p=0.002), the 
survival analysis was corrected for extent of disease. Logistic 
regression analysis shows OS (HR=1.37 (95%CI: 0.74-2.54), 
p=0.32) [Fig.1] and RFS (HR=1.24 (95%CI: 0.75-2.05), p=0.39) 
[Fig.2] are not significantly different.    
 
 

Discussion 
The debate on the treatment of resectable PC from CRC 

with CCRS+HIPEC is slowly narrowing down to the details of the 
treatment modality. Oxaliplatin and MMC are alkylating 
chemotherapeutic agents, interfering with DNA and DNA-
synthesis without being cell cycle dependant20-22.  Because 
Oxaliplatin and MMC have a large molecular weight (397.3 
Dalton and 334.3 Dalton, respectively), they can reach high 
intraperitoneal drug concentrations during HIPEC, with limited 
systemic absorption7,21. Furthermore, they have enhanced 
cytotoxicity under hyperthermia and a maximal tissue 
penetration depth of 2mm7.  These characteristics make 
Oxaliplatin and MMC suitable as intraperitoneal agents for 
HIPEC. The recommended intraperitoneal dose for Oxaliplatin is 
460mg/m² and perfusion time is limited to 30 minutes, whereas 
the advised dose for MMC is 35mg/m² with a perfusion 
duration of 90 minutes7,8,23,24. The intraperitoneal half-life for 
Oxaliplatin is 29.5 minutes and 49 minutes for MMC22,25 [Table 
4]. In order to potentiate the Oxaliplatin activity, patients in the 
Oxaliplatin-group receive intravenous 5-Fluorouracil and Folinic 
Acid approximately 1 hour before starting the HIPEC procedure, 
to bathe the tumor and healthy tissue before HIPEC26. The 5- 
fluorouracil is administered intravenously, because it cannot be 
mixed with oxaliplatin inside the peritoneal cavity (because of 
pH incompatibility)27. 
In contrast to MMC, Oxaliplatin it is not stable in chloride-
containing solutions: it can only be administered in a 5% 
dextrose perfusion solution28. This results in biochemical 
disturbances, which are manageable with a compensation of 
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the sodium loss into the perfusate and a good control of 
hyperglycemia28,29.  
Oxaliplatin is easily detectable and therefore thouroughly 
studied for its distribution20,23. Besides an excellent regional 
exposure, high drug concentrations were found in colonic 
tissues20. This was later objectified by Elias et al. who reported 
a high uptake of Oxaliplatin in local tissues after HIPEC: 
339ng/mg in tumoral tissue and 392ng/mg in the peritoneum23.  
  

In this comparative cohort study a 3-year OS of 54.0% is 
observed for Oxaliplatin-patients and 3- and 5-year OS for 
MMC-patients is 41.1% and 25.6%. Median OS is 37.1 months 
[IQR: 22.4-52.8] for Oxaliplatin-patients and 26.5 months [IQR: 
16.9-64.8] for MMC-patients (p=0.45). The survival analysis 
(corrected for extent of disease) shows curves that appear 
slightly in favour of the Oxaliplatin-group, but statistical analysis 
shows no difference in OS (HR=1.37 (95%CI: 0.74-2.54), p=0.32) 
[Fig.1] and RFS (HR=1.24 (95%CI: 0.75-2.05), p=0.39) [Fig.2] for 
the Oxaliplatin- and MMC-group.  
After CCRS+HIPEC for patients with PC from CRC the 5-year OS 
reported in literature can vary between 20 and 50%, with 
median survivals ranging from 22 to almost 5 years 1-6,30,31 
[Table 1]. This wide variation in survival data is due to multiple 
variations in factors such as HIPEC indication, patient selection, 
PC tumor load (extent of disease), completeness of 
cytoreduction1-6,30,32-35, administration of neo-adjuvant 
systemic chemotherapy2-4,6 and presence of systemic 
metastases2-4. Obviously, the highest survival rates were 
reported in patients who had a complete cytoreducion and had 
few intra-operative complications.  
The extent of PC correlates well with the probability of 
achieving a complete cytoreduction17. It is acknowledged to be 
the next important factor to significantly influence 
outcome4,33,35. In our comparative study the extent of disease is 
the only tumor-related parameter that is significantly different 
between the Oxaliplatin- and MMC-group (p<0.004). Therefore, 
it was taken into account in the statistical analysis, to enable 
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adequate comparison between the HIPEC results in both 
patient cohorts. 
  

This study shows comparable overall morbidity as well 
as grade 3-5 toxicity for CCRS+HIPEC with Oxaliplatin and MMC. 
Univariate analysis shows no statistical differences across both 
groups for intra-abdominal complications (IAC) (p=0.64), extra-
abdominal complications (EAC) (p=0.15) or the need for surgical 
reintervention (p=0.51) [Table 3]. But, after correction of the 
toxicity data for extent of disease with a logistic regression 
model, there is a higher overall complication rate in the MMC-
group (OR=2.68 (95%CI: 1.04-6.91), p=0.04), with a tendency 
towards more EAC (OR=2.23 (95%CI: 0.91-5.43), p=0.079). The 
IAC rate remains comparable across groups (OR=0.78 (95%CI: 
0.30-2.03), p=0.61). 
Table 5 presents literature data on morbidity and mortality 
after CCRS + HIPEC with Oxaliplatin and MMC intraperitoneal 
drug. For the interpretation of these data, the above 
mentioned remarks on variation in patient selection, tumor 
burden and completeness of cytoreduction should also be 
taken into account. Larger studies on Oxaliplatin and MMC as 
an intraperitoneal agent report a mortality of up to 6% and 
grade 3-5 serious adverse events in 31-66% of patients. A need 
for surgical reintervention is reported in 11-30% of 
patients4,5,23,30,32. Gastro-intestinal tract complications are 
reported to occur in 9-23% of patients3,4,23,36,37, but 
unfortunately the rate of anastomotic leakage after 
CCRS+HIPEC is often not clearly specified. Overall, the 
occurrence of fistulae after CCRS+HIPEC is reported to be 17.6% 
and 10% for MMC and Oxaliplatin, respectively22-24,36. MMC is 
known to cause severe neutropenia in 28% of patients22-24,36. In 
this paper 26.8% of patients were reported to have 
neutropenia or leucopenia. Despite the very limited systemic 
absorption of intraperitoneal MMC, there is a systemic effect 
which is probably due to systemic accumulation. This 
accumulation results not only from systemic absorption, but 
also the hepatic metabolization of MMC22. For Oxaliplatin the 
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predominant route for the elimination is by urinary excretion. 
Furthermore, tissue binding and renal elimination contribute 
equally to the clearance of platinum from plasma38. When 
administered systemically, Oxaliplatin is known to cause severe 
neurotoxicity39,40, but our study reports no neurotoxicity.  

 
Finally, as the intraperitoneal chemotherapy agents are 

administered during the HIPEC-procedure in the operating 
room, safety for operating room personnel and nursing staff is 
evidently an important issue. Safety studies have demonstrated 
that MMC41,42  and Oxaliplatin43 do not represent a detectable 
safety hazard to the surgeon or other personnel in the 
operating room, when the recommended protective garment is 
used and the safety considerations are followed. 
 
 In conclusion, based on the available data on safety and 
efficacy of CCRS+HIPEC in patient with PC from CRC, no strong 
plea can be made for the use of either Oxaliplatin or MMC. 
Although Oxaliplatin has become standard systemic treatment 
in CRC9-12, no clear benefit in OS and RFS can be demonstrated 
for HIPEC in this trial or in literature. 
MMC often results in neutropenia, whereas Oxaliplatin does 
not, but the clinical significance of this finding is minimal. 
Oxaliplatin results in equally high morbidity rates as MMC.  
Indirect arguments for which one might prefer Oxaliplatin over 
MMC as an intraperitoneal drug are the proven efficacy of 
(systemic) Oxaliplatin in CRC, the high Oxaliplatin 
concentrations in the targeted colonic tissues after HIPEC and 
the fact that Oxaliplatin is not metabolized hepaticly. Also, in a 
time of cost and facility restrictions, the shorter HIPEC 
perfusion time (only 30 minutes) could be an important 
argument to use Oxaliplatin. 
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Table 1: Survival after CCRS and HIPEC with Oxaliplatin or MMC 
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Table 2: Patient & tumor characteristics and operative data 

 



 

125 

Table 3: Intra- and postoperative Serious Adverse Events (SAE) 
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Table 4: Pharmacokinetics of CCRS and HIPEC with Oxaliplatin or MMC 
 

Author/Journal/Year Mahteme H
25

 
Eur J Clin 

Pharmacol 
2008 

Elias D
23

 
Ann Oncol 2002 

van Ruth S
8
 

Clin Pharmacokinet 
2004 

van Ruth S
22

 

Surg Oncol Clin N Am 

2003 

Type of study Prospective Prospective Prospective Prospective 

N patients 8 20 47 118 

N CRC 4 6 22 - 

Median PCI [range] 21 [6-37] 21 [4-31] - - 

CC-0 4 20 - - 

CC-1 (<2.5mm) 3 0 - - 

CC-2 (<2.5cm) 1 0 - - 

CC-3 (>2.5cm) 0 0 - - 

R0/1 4 20 17 - 

R2a (≤2.5mm) 3 0 24 - 

R2b (>2.5mm) 1 0 6 - 

Chemotherapeutic agent Oxaliplatin Oxaliplatin MMC MMC 

Dose (mg/m²) 460 260  460* 35 15  40* 

Duration HIPEC (min.) 30 30 90 90 

Perfusate t1/2 (min.) 29.5 30 - 49 

Plasma    t1/2 (min.) 24.7 - - 76 

AUC ratio 12.8+/-2.9 - 10.1+/-4.6 10.9-13.2 

Cmax (peritoneum/plasma) 28.4 25 - 22.7 [at 35mg/m²] 

% Absorbed 48.4+/-7.6 - - - 

* dose escalation trials 
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Table 5: Complications after CCRS and HIPEC with Oxaliplatin or MMC  
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Fig.1: OS after CCRS + HIPEC with Oxali versus MMC (after correction for extent of disease) 
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Fig.2: RFS after CCRS + HIPEC with Oxali versus MMC (after correction for extent of disease) 
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