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Objectives: To present the target-mediated drug disposition (TMDD) model for drugs that bind to more than one target; 
to derive the rapid binding (RB), quasi-steady-state (QSS) and Michaelis-Menten (MM) approximations of these 
equations; to investigate drug and target concentration-time profiles for these systems. 

Methods: Equations that describe drugs with target-mediated drug disposition (TMDD) [1] were extended to describe 
drug interactions with more than one target. Approximations (RB, QSS and MM) [2, 3] of these equations were derived. 
Concentration-time profiles of the free drug, free and total target concentrations were simulated for a monoclonal 
antibody that can bind to two different targets. 

Results: An example of the QSS equations for a drug that is described by a two-compartment model, binds to i=1, N 
targets with different affinities and different turnover characteristics, and is administered intravenously (IV bolus dose 
D2) and subcutaneously (SC dose D1) is presented below: 
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Here C, Ri, and RiC are the concentrations of the free (unbound) drug, the free ith target, and the complex of the drug 
with the ith target in the central (serum) compartment, kel is the linear elimination rate constant, ki

on, ki
off, and ki

int are the 
binding, dissociation, and internalization (elimination of the complex) rate constants. ki

deg and  ki
syn are the degeneration 

(elimination of the target) and target production rate constants; Ki
SS=(ki

off+ki
int)/ki

on are the steady-state constants; V is 

the central compartment volume. ∑
=
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and Ri

tot=Ri+RiC are the total (free and bound) concentration of 

the drug in the central compartment and the total concentration of the ith target that are related by the equations:  
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The RB approximation can be obtained by the formal substitution of the equilibrium dissociation constants Ki
D= ki

off/ki
on 

in place of Ki
SS in the QSS equations. If the total concentration of any of the targets is constant (i.e. ki

int = ki
deg for some 

i), than Ri
tot can be considered to be a constant parameter of the system for those targets. If the total concentration of any 

of the targets is small relative to the free drug concentrations, then this-target contribution to the total drug concentration 
is negligible, and the overall contribution of this target to the system is described by the Michaelis-Menten elimination 
term Vi

maxC/(Ki
SS+C) where Vi

max=Ri
tot ki

int. Simulations of concentration-time profiles for a monoclonal antibody that 
binds 2 targets demonstrated that this binding can lead to unusual nonlinear drug behaviors not reminiscent of the 
TMDD behavior for drugs with one target. One of the examples (Figure 1) shows that interaction of the drug with 2 
targets may lead to a rebound of the free target concentration for one of the targets above the pre-dose values, a 
phenomenon usually attributed to a feedback mechanism. 
 
 



Conclusions: Equations of the target-mediated drug disposition model and its approximations were derived for the drug 
that binds to two or more different targets. Simulated examples demonstrated validity of the quasi-steady-state 
approximation of this system. Simulations for a monoclonal antibody that binds two targets revealed unusual kinetic 
properties of the drug and the targets, including possible rebound of one of the targets above the baseline level. 
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Figure 1: Predictions from the TMDD and QSS Models for a Drug That Binds to Two Targets 
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