
Introduction 

Drugs interact in many different ways with their targets. Some drug-

drug interaction (DDI) mechanisms can be formulated by drug-receptor 

binding kinetics based on first principles, such as competitive, 

uncompetitive or non-competitive DDI [1]. 

 

Target-mediated drug disposition (TMDD) describes drug binding with 

high affinity to a target such as an receptor [2]. Exemplarily, we 

consider the competitive DDI mechanism with TMDD behaviour [3]. Up 

to now, no straightforward representation of the quasi-equilibrium (QE) 

or quasi-steady state (QSS) form is available for implementation. We 

present a general method to construct an ODE formulation of the QE 

or QSS  approximation in free concentration variables. 
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Results 

Conclusions 

• We developed an ODE formulation in free variables without any 

equation system which can be applied to DDI mechanisms based 

on drug-receptor binding kinetics, such as competitive, 

uncompetitive or non-competitive 

• Presented formulation can be straightforward implemented in 

any PKPD software 

Competitive DDI in free variables with endogenous baselines 

𝐶𝐴
0, 𝐶𝐵

0 ≥ 0 based on TMDD drug-receptor binding kinetics: 
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• To present the competitive drug-drug interaction mechanism 

with target mediated drug disposition and with or without 

endogenous baselines 

• To derive the quasi-equilibrium and quasi-steady state 

approximation for the competitive DDI mechanism 

• To construct a QE or QSS formulation in free concentration 

variables without solving any equation system which can be 

directly implemented in any PKPD software 

Objectives 

Competitive DDI QE or QSS approximation in free variables: 
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The differential equations for the QE or QSS approximation are 

where 𝐾𝑌 is either the dissociation 𝐾𝐷 or steady state 𝐾𝑆𝑆 

constant and 𝑀𝐶𝑜𝑚 a matrix. The baseline initial values are  

𝐶𝐴 0 = 𝐶𝐴
0 , 𝐶𝐵 0 = 𝐶𝐵

0 ,   𝑅 0 = 𝑅0 =
𝑘𝑠𝑦𝑛

𝑘𝑑𝑒𝑔 + 𝑘𝑖𝑛𝑡𝐴
𝐶𝐴

0

𝐾𝑌𝐴
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0
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and the input function 

𝐼𝑛𝑋 𝑡 = 𝑘𝑒𝑙𝑋𝐶𝑋
0 + 𝑘𝑖𝑛𝑡𝑋

𝐶𝑋
0𝑅0

𝐾𝑌𝑋
+ 𝐼𝑛𝐴𝑑𝑋 𝑡  ,  𝑋 ∈ {𝐴, 𝐵} 

where drug administration is described by 𝐼𝑛𝐴𝑑𝑋(𝑡). The 

complexes can be recovered from 𝑅𝐶𝑋 =
𝐶𝑋𝑅

𝐾𝑌𝑋
 .  The QE or QSS assumption approximates rapid binding by an infinitely 

fast binding process. 

 

QE or QSS total concentration formulation 

The algebraic part (of the competitive DDI TMDD system) reads 

𝐾𝑌𝐴 𝐶𝑡𝑜𝑡𝐴 − 𝐶𝐴 = 𝑅𝑡𝑜𝑡 − 𝐶𝑡𝑜𝑡𝐴 − 𝐶𝑡𝑜𝑡𝐵 + 𝐶𝐴 + 𝐶𝐵 𝐶𝐴 

𝐾𝑌𝐵 𝐶𝑡𝑜𝑡𝐵 − 𝐶𝐵 = 𝑅𝑡𝑜𝑡 − 𝐶𝑡𝑜𝑡𝐴 − 𝐶𝑡𝑜𝑡𝐵 + 𝐶𝐴 + 𝐶𝐵 𝐶𝐵 

but no explicit solution for 𝐶𝐴 and 𝐶𝐵 is known, compare [3].  
 

 Reformulate the approximation in free concentrations!  

 

QE or QSS free concentration formulation 

In the QE or QSS assumption one part of the i.v. bolus administered 

drug is infinitely fast bound to the receptor and the other part goes to 

the free drug concentrations. Hence, after an i.v. bolus the algebraic 

parts are no longer fulfilled and the new states of the free drug and the 

receptor concentrations need to be calculated again by solving another 

equation system. 
 

 Mimic i.v. bolus by an i.v. short infusion to avoid solving of this 

equation system! 

Both drugs compete for the same receptor, which is a common 

behaviour in several DDI scenarios. Often therapeutic antibodies and 

hematopoietic growth factors are agents competing for the same  

receptor with endogenous substances [3]. 
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