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Figure 1 Predictions from the TMDD (solid lines) and QSS (dashed lines;OBJECTIVES Figure 1.  Predictions from the TMDD (solid lines) and QSS (dashed lines; OBJECTIVES g ( ) Q (
i id ith th lid li ) d l f d th t bi d t t t tcoincide with the solid lines) models for a drug that binds to two targetsTo present the target mediated drug disposition (TMDD) model for drugs that ) g gTo present the target-mediated drug disposition (TMDD) model for drugs that 

bind to more than one target;bind to more than one target; g ;
T d i th id bi di (RB) i t d t t (QSS) d Mi h liTo derive the rapid binding (RB), quasi-steady-state (QSS) and Michaelis-To derive the rapid binding (RB), quasi steady state (QSS) and Michaelis
Menten (MM) approximations of TMDD equations;Menten (MM) approximations of TMDD equations; 
To investigate drug and target concentration time profiles for these systems;To investigate drug and target concentration-time profiles for these systems;g g g p y
T i ti t id tifi bilit f t f t t t TMDD d l iTo investigate identifiability of parameters for a two-targets TMDD model using g y p g g
i l isimulationssimulations. 

METHODSMETHODS

Equations that describe drugs with TMDD [1] were extended to describe drugEquations that describe drugs with TMDD [1] were extended to describe drug 
interactions with more than one target;interactions with more than one target;g ;
A i ti (RB QSS d MM) [2 4] f th ti d i dApproximations (RB, QSS and MM) [2-4] of these equations were derived;Approximations (RB, QSS and MM) [2 4] of these equations were derived;
Concentration-time profiles of the free drug free and total target concentrationsConcentration-time profiles of the free drug, free and total target concentrations 
were simulated for a monoclonal antibody that can bind to two different targets;were simulated for a monoclonal antibody that can bind to two different targets;y g ;
D t (d t ti d t t l t ti f f th t t ) i l t dData (drug concentration and total concentration for one of the targets) simulated a a (d ug co ce a o a d o a co ce a o o o e o e a ge s) s u a ed

i i i h fi h QSS d l i h 1 2using TMDD equations with two targets were fit to the QSS model with 1 or 2using TMDD equations with two targets were fit to the QSS model with 1 or 2 
targets to investigate identifiability of model parameterstargets to investigate identifiability of model parameters.

RESULTSRESULTS
QSS EquationsQSS EquationsQ q
F t t t d l h d ( d i i t d IV b l d D dFor a two-compartment model where drug (administered as IV bolus dose D2 andFor a two compartment model where drug (administered as IV bolus dose D2 and 

d ) bi d i i h diff ffi i i d diffSC dose D1) binds to i=1 N targets with different affinities and different turnoverSC dose D1) binds to i 1, N targets with different affinities and different turnover 
characteristics:characteristics:

Figure 2 Predictions of free drug concentrations from the TMDD model withFigure 2. Predictions of free drug concentrations from the TMDD model with g g
t t t d th Mi h li M t d l ith t t h l thDdA two targets and the Michaelis-Menten model with one target when only the  
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Black line: TMDD model predictions when target mediated elimination is

C, R , and R C are concentrations of the free drug, free i target, and drug i
Black line: TMDD model predictions when target-mediated elimination is target complex in the central compartment; k is linear elimination rate constant;
absent; Red line: TMDD model predictions for one target s stem ith high K ;

target complex in the central compartment; kel is linear elimination rate constant; 
absent; Red line: TMDD model predictions for one-target system with high KD; ki ki and ki are ith target binding dissociation and internalization rate ; p g y g D;
Bl li TMDD d l di i f i h l K G

ki
on, ki

off, and ki
int are ith target binding, dissociation, and internalization rate 

Blue line: TMDD model predictions for one-target system with low KD; Greenon, off, int g g, ,
t t ki d ki ith t t d ti d d ti t t t Blue line: TMDD model predictions for one target system with low KD; Green constants; ki

deg and ki
syn are ith target degeneration and production rate constants;

line: TMDD model predictions for two targets; Orange dash line: Michaelis-
constants; k deg and  k syn are i target degeneration and production rate constants;

(ki ki )/ki h d i l line: TMDD model predictions for two targets; Orange dash line: Michaelis-KiSS=(ki
ff+ki

i )/ki are the steady-state constants; V is central compartment
Menten model predictions for one target system; Black thin dash lines: QSS

KiSS (k off+k int)/k on are the steady state constants; V is central compartment 
Menten model  predictions for one-target system; Black thin dash lines: QSS volume; C =C+sum RiC and Ri =Ri+RiC are total concentrations of the drug p g y ; Q

i ti f th di d l
volume;  Ctot=C+sumi RiC and Ri

tot=Ri+RiC are total concentrations of the drug 
approximations of the corresponding models.tot i tot g

d th ith t t i th t l t t Th titi l t d b th approximations of the corresponding models.and the ith target  in the central compartment. These quantities are related by the g p q y
iequations:equations:
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Simulated examples demonstrated validity of the quasi steady stateSimulated examples demonstrated validity of the quasi-steady-state 
i ti f thi tUnusual drug and target concentration profiles approximation of this system; Unusual drug and target concentration profiles pp y ;g g p

I t ti f th d ith t t t l d t b d f th f t t Si l ti f l l tib d th t bi d t t t l dInteraction of the drug with two targets may lead to a rebound of the  free target Simulations for a monoclonal antibody that binds two targets revealedte act o o t e d ug w t two ta gets ay ead to a ebou d o t e ee ta get
i f f h b h d l ( i 1) Simulations for a monoclonal antibody that binds two targets revealed concentration for one of the targets above the pre-dose values (Figure 1) a unusual kinetic properties of the drug and the targets including possibleconcentration for one of the targets above the pre dose values (Figure 1), a unusual kinetic properties of the drug and the targets, including possible phenomenon usually attributed to a feedback mechanism

rebo nd of one of the targets abo e the baseline le el;
phenomenon usually attributed to a feedback mechanism.

rebound of one of the targets above the baseline level;Identifiabilit of Model Parameters (Single S bject Sim lations) g ;Identifiability of Model Parameters (Single-Subject Simulations)
T t t f th TMDD d l ith th t t t

y ( g j )
Target parameters of the TMDD models with more than one target were not The data for a drug that binds to two targets were simulated from the full TMDD g p gThe data for a drug that binds to two targets were simulated from the full TMDD 
identifiable based on the PK data alone Concentrations data of at least oned l T t 1 t i t d t t hil t t 2 t ib ti identifiable based on the PK data alone. Concentrations data of at least one model. Target 1 was at quasi-steady state, while target 2 contribution was 
target were required to identify parameters of the two targets TMDD model

g q y , g
target were required to identify parameters of the two-targets TMDD model.equivalent to the Michaelis-Menten approximation Single-subject simulations g q y p gequivalent to the Michaelis-Menten approximation. Single-subject simulations 

ith 4 diff t d f dwith 4 different doses were performed. p
When only PK data were available the system with two targets was not
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