
Optimizing FOLFIRINOX regimen in pancreatic adenocarcinoma using 

a 5FU-PKPD model of neutropenia including G-CSF rescue

Multicenter retrospective study in 3 centers : 
• Data from 75 patients with pancreatic adenocarcinoma

• 596 neutrophils observations

• FOLFIRINOX regimen

• Granulocyte-Colony Stimulating Factor (G-CSF), pegylated form

(PEG G-CSF) 

• No pharmacokinetic (PK) data

5FU-PKPD model of neutropenia including G-CSF rescue 
• 5FU PK simulated using the popPK model from Terret et al. [2] 

• Pharmacodynamic (PD) model of neutropenia modified from Friberg et al. [3]

• PKPD model of G-CSF and PEG G-CSF added on the Friberg model (Pastor et al. [4])

• Effect of 5FU chemotherapy described with power function 

Edrug = slope x [drug] β

Individual estimation of 5 PD parameters with Matlab 2018b
• slope, Emax,1, EC50,1, Emax,2, EC50,2

Simulation of alternative administration protocols of 5FU and G-CSF
1) Increasing the duration of 5FU perfusion (120 hours)

2) Decreasing the duration of 5FU perfusion (12 hours)

3) Increasing the duration of 5FU perfusion (120 hours) and modifying the G-CSF protocolRESULTS
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Vmax = 33 360 mg.h-1

Km = 5.57 mg.L-1

V1 = 12.7 L

k12 = 128.4 h-1

k21 = 136.6 h-1

kel,GCSF = 3.648 h-1

Kel,PEG = 0.7296 h-1

ka,GCSF = 0.5472 h-1

Ka,PEG = 15.624 h-1
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kint = 2.52 h-1

VdaGCSF = 5.07 L
VdaPEG = 4.02 L

ξ : proportionality constant for the amount

of G-CSF receptors per cell

Edrug = slope x [drug]1.26

Figure 1 : PKPD model describing the neutropenic effect of 5FU including G-CSF rescue (pegylated, PEG G-CSF or non pegylated form, G-CSF). 

slope (L/µg) Emax,1 EC50,1 (µg/L) Emax,2 EC50,2 (µg/L) MSE

Estimate (RSE%) 1.17 (12%) 11.85 (1.75%) 0.15 (0.71%) 11.71 (0.34%) 0.15 (1.75%) 0.52

5FU-PKPD model of neutropenia including G-CSF rescue 

Estimation of individual PD parameters
❑ Example for ID 22 : 

• 8 courses of FOLFIRINOX without 5FU bolus

• 5FU dose decreased by 30% after the 1st course

• 2 delays of one week after 6th and 7th courses

• Administration of 4 to 5 doses of G-CSF from the 2nd course

Figure 2 : Example of pharmacokinetics and pharmacodynamics profiles for ID 22
a.    5FU pharmacokinetics  b. Total (free and bound) G-CSF pharmacokinetics  c.  Individual predicted neutrophil profiles (- - ) and 

observations (*)

Simulation of alternative administration protocols of 5FU and G-CSF

Simulation with increasing/decreasing of 5FU infusion duration

Simulation with 5FU infusion of 120 hours and substituting 4 or 5 administrations of G-CSF by one 
administration of PEG G-CSF at different times after two, four and six days. (D+2, D+4 or D+6)
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Empirical dose reduction 

Postponement of the forthcoming courses

Treatment discontinuation  

• The most efficient regimen in pancreatic cancer [1]

• Induces significant and dose-limiting toxic effects 

Model-based FOLFIRINOX regimen optimization might help improve patient outcome
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The PKPD model seems to show the following trends:
• The fluctuations of neutrophil count are reduced with a longer duration of 5FU infusion (120 hours). 
• A shorter duration of 5FU infusion (12 hours) involves severe neutropenia and large fluctuations of neutrophils.

The PKPD model seems to show that:
• The fluctuations of neutrophil count are reduced and the nadir level is slightly higher with an administration of 

PEG G-CSF at D+4 after the start of the 120 hours 5FU infusion duration when compared to D+2 or D+6.
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Figure 3 : Simulation of PKPD model with variation on the duration of 5FU infusion. 
a. 5FU pharmacokinetics.   b. Simulated neutrophil profiles.

Figure 4 : Simulation of PKPD model with variation on the form of granulocyte-colony stimulating factors. 
a. 5FU pharmacokinetics.   b. PEG G-CSF pharmacokinetics.   c. Simulated neutrophil profiles.
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• This preliminary modelling work is a proof of concept. PKPD modelling can be a useful tool to improve 
administration protocol of chemotherapy and G-CSF in FOLFIRINOX regimen (i.e., dosing, scheduling, 
sequencing).

• To model FOLFIRINOX regimen, effects of oxaliplatin and SN38 (active metabolite of irinotecan) will be 
considered and PD parameters will be re-estimated in this new context. PD parameters and their 
variability will be further studied using a population approach.

• Furthermore, to design a new FOLFIRINOX regimen both efficient and clinical feasible, we need to take 
into account the major categorical adverse effects (such as peripheral neuropathy and digestive toxicities). 
To this aim, we are developing a model using Hidden Markov Chains to select the administration protocol 
minimizing the occurrence probabilities of main limiting adverse effects.

Laure Deyme1, Florence Gattacceca1, Laurent Mineur2, Clémence Toullec2, Mohamed Gasmi4, Antonin Schmitt5, Joseph Ciccolini1,4, 

Marine Gilabert3 and Dominique Barbolosi1

1: SMARTc Unit, Pharmacokinetics Laboratory, Inserm UMR U1068 Centre de Recherche en Cancérologie de Marseille, Aix-Marseille University; 2: Institut Sainte Catherine, Avignon; 3: Institut 

Paoli Calmette, Marseille; 4: Assistance Publique des Hôpitaux de Marseille, Marseille; 5: Service Pharmacie, Centre Georges-François Leclerc, Dijon, France.

laure.deyme@gmail.com

https://www.google.fr/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiXpPKYiMvYAhXF1RQKHYp-CLMQjRwIBw&url=http://amuflower.univ-amu.fr/spip.php?article5&psig=AOvVaw29hnkcjP6zDik2Y2Wd8dVY&ust=1515593573923492

