
Receptor & Target-Binding Models: Practice 
 
 
Aim of analysis 
 
To develop a mechanism-based pharmacokinetic model where receptor-binding 
influences the time-course of plasma drug concentrations. 
 
Study design and background 
 
A study was conducted to assess the pharmacokinetics of recombinant human 
vascular endothelial growth factor (rhVEGF), a novel angiogenic agent, in 
patients with coronary artery disease (Eppler et al. Clin Pharmacol Ther. 2002 
72:20).  Two groups of patients received 4 hour IV infusions at rates of either 27 
or 79 pmole/kg/hr.  Blood samples were collected at 0.5, 2, 3, 4, 4.083, 4.25, 4.5, 
5, 6, 8, and 10 hrs after starting the infusion regimen. 
 
Preliminary data information 
 
The drug was found to be well described by a modified target-mediated 
pharmacokinetic model (Mager and Jusko. J Pharmacokinet Pharmacodyn. 2001 
28:507).  Drug in the central compartment is subject to non-saturable and 
reversible non-specific distribution, direct elimination defined by a linear first-
order rate constant, and saturable, irreversible specific-binding with its 
pharmacological receptor.  Once formed, the drug-receptor complex is degraded 
according to a linear first-order rate constant. 
 
Data analysis 
 
Data analysis methodology is provided for WinNonlin (Pharsight, Moutain View, 
CA). 
 
 
Modeling Process 
 
9 It is assumed that an initial preliminary analysis has been conducted and 

rough initial estimates have been obtained.  The two articles cited above may 
be consulted for further discussion of both concepts. 

 



Tabulated Data 
 
 

rhVEGF Concentration (pM)  
Time (h) 107 pmoles/kg/hr 316 pmoles/kg/h 

0.5 5.6 36.6 
2 14.8 67.2 
3 17.1 77 
4 17.9 89.3 

4.083 9.4 59.8 
4.25 3.6 43.3 
4.5 2.1 32.3 
5 0.7 19.9 
6 0.25 5.9 
8 - - 0.5 
10 - - 0.25 

  
 
Data File 
 

 



WinNonlin Model Code 
 
MODEL  
remark   ****************************************************** 
remark   Model: Eppler et al. Clin Pharmacol Ther. 72:20 (2002)  
remark   Description: Target-Mediated PK of VEGF 
remark   Coded by: Donald E. Mager, PharmD, PhD 
remark   Purpose: ACCP PK/PD Workshop September 16, 2006 
remark   ****************************************************** 
remark - define model-specific commands  
COMMANDS  
NFUNCTIONS 2 
NDERIVATIVES 6 
NPARAMETERS 7 
PNAMES  'Bmax', 'kmet', 'Vc', 'k12', 'k21', 'kel', 'kon' 
NSECONDARY 0 
END 
remark - define temporary variables 
TEMPORARY 
T = X 
Tinf = 4  
END  
remark - define differential equations starting values 
START  
Z(1) = 0 
Z(2) = 0 
Z(3) = 0 
Z(4) = 0 
Z(5) = 0 
Z(6) = 0 
END 
remark - define differential equations 
DIFFERENTIAL  
remark - units of Ko = pmol/kg/hr 
IF T < Tinf THEN 
   Ko1=27 
   Ko2=79 
ELSE 
   Ko1=0 
   Ko2=0 
ENDIF 
DZ(1)= Ko1/Vc-(k12+kel)*Z(1)+k21*Z(2)-kon*Z(1)*(Bmax-Z(3)) 
DZ(2)= k12*Z(1)-k21*Z(2) 
DZ(3)= kon*Z(1)*(Bmax-Z(3))-kmet*Z(3) 
DZ(4)= Ko2/Vc-(k12+kel)*Z(4)+k21*Z(5)-kon*Z(4)*(Bmax-Z(6)) 
DZ(5)= k12*Z(4)-k21*Z(5) 
DZ(6)= kon*Z(4)*(Bmax-Z(6))-kmet*Z(6) 
END 
remark - define algebraic functions 
remark - Output units = pM, but could be converted to other 
remark - units in the following functions 
FUNCTION 1 
F= Z(1) 
END 
FUNCTION 2 
F= Z(4) 
END 
remark - define any secondary parameters 
remark - end of model 
EOM  



Data Variables 
 
 

 
 
 
Model Properties 
 
 

 
 
 
 
 
 



 
 
Model Options 
 
 

 
 
 

 
 
 
 
 
 



 
 
 
Workbook Output 
 
 

 
 
 

 
 
 



Chart Output 
 
 

 
 
 

 
 
 
 
 
 
 


