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 „ NATURAL „ 

 

HISTORY 



Source : SEER-data, 1988-2010, National Cancer Institute 

PERITONEAL CARCINOMATOSIS : HOW ARE WE DOING ? 



  Author Year 
No. 

patients  

Median 

survival 

(months) 

Tumor 

Chu et al 1989 100 2.2-8.5  
Non 

gynecologic 

Sadegi et al 2000 370 3.1  
Non 

gynecologic 

Jayne et al 2003 349 7.0  
Colon 

Rectum 

Verwaal et al 2003 51 12.6  

 

Colon 

Elias et al 2009 48 23.9  
Colon 

Rectum 

Piccart 2000 680 36.5  

 

Ovary 

 

 

PERITONEAL CARCINOMATOSIS : HOW ARE WE DOING ? 



PATHOFYSIOLOGY 



PERITONEAL CARCINOMATOSIS : WHY IS PSM DIFFERENT ? 

• Direct tumor growth 

 

• Lymfovascular spread 

 

•Exfoliation of tumor cells 

 

THEORETICAL PATTERNS OF TUMOR SPREAD 

http://www.bartleby.com/107/246.html
http://www.bartleby.com/107/246.html


PERITONEAL CARCINOMATOSIS : PATHOPHYSIOLOGY 



PERITONEAL CARCINOMATOSIS : „ MILKY SPOTS ‟ 

EM magnification of the milky spot. It is 5-10 µm in diameter and connects 
with submesothelial lymphatic channels (courtesy : Yonemura Y; 
Peritoneal Dissemination, Maeda Shoten, Kanazawa, Japan, 1998) 



PERITONEAL CARCINOMATOSIS : „ MILKY SPOTS ‟ 



PERITONEAL CARCINOMATOSIS : LYMPHATIC LACUNAE 



PERITONEAL CARCINOMATOSIS : LYMPHATIC LACUNAE 



SHIFT 

 

OF THE 

 

PARADIGM 

http://www.uu.se/


PERITONEAL CARCINOMATOSIS : AGGRESIVE APPROACH ? 



Rationale for an aggressive combined surgical – medical approach 

Sugarbaker PH:Intraperitoneal chemotherapy and cytoreductive surgery for the prevention and treatment of peritoneal 

carcinomatosis and sarcomatosis.Dis Colon Rectum 1994;37 (suppl):S115-22. 

Peritoneal carcinomatosis = distant metastasis 

Shift of the paradigm 

Peritoneal carcinomatosis = regional spread 

Paul Sugarbaker 

‘ a locoregional treatment for a locoregional disease makes sense ‘ 
Yutaka Yonemura 

Frans Zoetmulder 



PERITONEAL CARCINOMATOSIS : AGGRESSIVE APPROACH 

• Combined multi-organ resections 

 

• Peritonectomy-procedures 

• Hyperthermic Intraperitoneal  

 

   Peroperative Chemotherapy (HIPEC) 

Treatment of  

 

MACROSCOPIC 

 

disease 

Treatment of 

 

MICROSCOPIC 

 

disease 

three steps – one procedure 



Loco-regional chemotherapy 

HIPEC Hyperthermic Intraperitoneal Peroperative Chemotherapy 

 

EPIC Early Postoperative Intraperitoneal Chemotherapy 

 

BIC  Bidirectional Intraoperative Chemotherapy 

CYTOREDUCTIVE SURGERY + INTRACAVITARY CHEMOTHERAPY 



PERITONEAL CARCINOMATOSIS : AGGRESSIVE APPROACH 

• Combined multi-organ resections 

 

• Peritonectomy-procedures 

Treatment of  

 

MACROSCOPIC 

 

disease 
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PERITONEAL CARCINOMATOSIS : AGGRESSIVE APPROACH 

• Hyperthermic Intraperitoneal  

 

   Peroperative Chemotherapy (HIPEC) 



PHARMACOLOGIC 

 

RATIONALE 

 

http://www.uu.se/


Pharmacokinetic rationale 

 

  “the peritoneal permeability of a number of hydrophylic anticancer drugs 

 

    after intraperitoneal administration may be considerably less than the  

 

    plasma clearance of that same drug” 

 

 

 

•  pharmacokinetic principle of DOSE INTENSIFICATION 

 

 

•  function of molecular weight 

 

 

•  two compartment model 

Dedrick RL et al. Cancer Treat Rep 1978; 62(1):673-88. 



DOSE INTENSIFICATION  

  Rate of mass transfer = PA ( CP – CB )  



DOSE - INTENSIFICATION 



Efficacy versus hematological toxicity 

Doxorubicin levels in tumor nodules versus normal adjacent tissues  
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Unpublished data 

Question : do plasmatic levels predict toxicity ? 



Question : is „ P „ influenced by our surgery ? 



Question : is P influenced by our surgery ? 



Question : is P influenced by our surgery ? 



PHARMACOLOGIC VARIABLES 



PHARMACOLOGIC VARIABLES  

• TUMOR NODULE SIZE 

 

• DENSITY 

 

• VASCULARITY 

 

• INTERSTITIAL FLUID PRESSURE 

 

• BINDING 

 

• TEMPERATURE 

• DOSE 

 

• VOLUME 

 

• DURATION 

 

• CARRIER SOLUTION 

 

• PRESSURE 

 

• MOLECULAR WEIGHT 

 

 

Pharmacokinetic VR           Pharmacodynamic VR 

 ‘ what the drug does to the body ‘  ‘ what the body does to the drug ‘ 



PHARMACOLOGIC VARIABLES  

Ceelen W. et al. Cancer Treat Res. 2007; 134: 195-214. 

Question : do peritoneal drug levels accurately predict efficacy ? NO 



Manipulating 

 

Pharmacologic Variables 

http://www.uu.se/


PK- VARIABLE : PRESSURE  



Pharmacokinetic variables 



Pharmacokinetic variables 



Pharmacokinetic variables 



TUMOR NODULE  

 

AS 

 

PHARMACOLOGIC 

 

ENDPOINT 

http://www.uu.se/


Doxorubicin levels in peritoneal fluid, plasma, tumor nodules and adjacent tissue 
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TUMOR NODULE AS PHARMACOLOGIC ENDPOINT 
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DOXORUBCIN MELPHALAN CISPLATIN 

TUMOR NODULE AS PHARMACOLOGIC ENDPOINT 



Rationale for 

 

Bidirectional Intraoperative 

 

Chemotherapy (BIC) 

http://www.uu.se/


Introduction : concept of BIC  



TIMING OF PERIOPERATIVE IV CHEMOTHERAPY 

Modified from Fujiwara K. Int J Gynecol Cancer 2007,17,1-20 

Pharmacologic concept of bidirectional (IV and IP) 

chemotherapy 



TIMING OF PERIOPERATIVE IV CHEMOTHERAPY 

FIGURE 2: 5-Fluorouracil concentrations in peritoneal fluid and plasma after intravenous 

administration during hyperthermic intraperitoneal chemotherapy procedure (N=20). 

 

• Rapid distribution to ALL body compartments 

• metabolization restricted to plasma compartment 



TIMING OF PERIOPERATIVE IV CHEMOTHERAPY 



TIMING OF PERIOPERATIVE IV CHEMOTHERAPY 

Rationale for intravenous administration of 5-fluorouracil (augmentative drug) 

• Rapid distribution to all body compartments (including peritoneal cavity) 

 

• Metabolisation confined to plasma compartment 

 

• Pharmacokinetic advantage 

 

 

Timing of intravenous chemotherapy emerges as a new variable 

• Pharmacological „sink‟ phenomenon in the artificial ascites   

 

• Ideal situation for drug synergism with intraperitoneal chemotherapy 

 

• Normothermic administered IV 5-FU = subject to IP hyperthermic                                   

augmentation 



INDIVIDUAL 

 

DRUG SENSITIVITY 

http://www.uu.se/


INDIVIDUAL DRUG SENSITIVITY 



NON-METABOLIZERS 

Unmetabolized mitomycin C.  In the top portion is a representative HPLC chromatogram of mitomycin C 

and its metabolites in peritoneal fluid, plasma and urine.  This pattern of the chromatogram was observed 

in a great majority of patients.  The lower graphs shows the HPLC chromatogram of a single patient who 

had failure to metabolize the drug.  Six patients (4%) had this unusual mitomycin C chromatogram 

Normal patient 

Non-metabolizer 



TIME 

 

FOR 

 

A NEW CONCEPTUAL MODEL 

http://www.uu.se/


CONCEPTUAL MODEL OF PERIOPERATIVE CHEMOTHERAPY 



CONCLUSIONS 

http://www.uu.se/


PERITONEAL CARCINOMATOSIS : CONCLUSIONS 

• PSM is a locoregional disease and as such warrants a locoregional 
approach. 
 

• CRS addresses macroscopic disease and the subsequent 
intraperitoneal chemotherapy eliminates residual microscopic disease 
 

• Dose intensification (IP/IV) is the driving force 
 

• Tumor nodules emerges as the pharmacologic endpoint 
 

• Timing of IV chemotherapy emerges as a new pharmacologic variable 
 

• Individual drug sensitivity ? 
 
 



THANK YOU 


