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OBJECTIVES

To derive Indirect response models (IRM) from the target-mediated drug
disposition (TMDD) equations [1-4]

To demonstrate (on the example of the simulated PK-PD data ) that IRM can be
used to estimate TMDD parameters and unobservable unbound target
concentrations.

METHODS

TMDD equations and Its quasi-steady-state (QSS) approximation were used to
derive the IRM equations for total target concentrations.

The ability of IRM to estimate the TMDD parameters and predict unobservable
unbound target concentrations were investigated using population PK-PD
simulations in NONMEM.

v The simulated dataset included rich data from two studies. Study 1 included 4
cohorts of six subjects administered single 100 nmol 1V, 300 nmol SC, 1000
nmol 1V, or 3000 nmol SC doses. Study 2 included two 100-subject arms
administered multiple 1000 or 3000 nmol SC doses at 4 week Intervals.

v PK parameters of the simulation model were typical of monoclonal
antibodies.

v TMDD binding and target turnover parameters were similar to those estimated
for omalizumab [5,6] with the elimination rate of the drug-target complex
(Kint) © times lower than the elimination rate of the unbound target (Kge,).

v The unbound drug and total target concentrations were simulated from the
TMDD model.

v The QSS approximation and IRM were used for estimation.

RESULTS

Comparison with Indirect Response Models
Direct correspondence between the parameters of the TMDD (QSS) equation for
the total target concentration
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and IRM was established:
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This correspondence allows estimating TMDD parameters (production rate K, of
the unbound target, degradation rate kg, of the unbound target, quasi-steady state
constant K., and degradation rate of the drug-target complex k:..). Then, the
drug-target complex concentration RC and the unobservable unbound target

concentration R can be computed as
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In the simulation study, IRM (that utilized individual predictions of the free drug
concentrations provided by the empirical PK model) precisely estimated the
TMDD population parameters with less than 7% bias and less than 5% relative

standard error, and provided unbiased and precise population and individual
predictions of the total and unbound target concentrations.

Generalization to TMDD systems with cooperative or allosteric binding
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Then, the drug-target complex concentration RC and the unobservable unbound
target concentrations R can be computed as

R: Rtothsy
K +C7

Simulated PK-PD Study
= PK and PD data were simulated using the TMDD model;

= The QSS approximation was able to recover the true model parameters and
estimate the drug, target, and complex concentrations correctly;

= An empirical PK model with Michaelis-Menten elimination was able to
describe individual concentration-time profiles, but parameter estimates and
population predictions were strongly biased and dose-dependent;

= The Indirect-response PK-PD model (that used the individual predictions of
drug concentrations) precisely estimated the relevant TMDD model
parameters and provided unbiased population and individual predictions of
the total and free target concentrations (Figure 1).

Figure 1: Free and Total Target Concentrations Predicted using Indirect
Response Model versus True Values (Simulated from the TMDD Model)
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CONCLUSIONS

= The equation for the total target concentration of the QSS approximation
coincides with the indirect-response models with inhibition (when k., < Kge)
or stimulation (when k;., > kd,) of elimination.

True Total Target

= For drugs with TMDD, Indirect Response Models are in fact mechanistic
models that can be used to estimate the TMDD model parameters and the
unobservable unbound target concentrations that are important for
pharmacodynamic modeling.

REFERENCES
[1] Mager DE, Jusko WJ. General pharmacokinetic model for drugs exhibiting
target-mediated drug disposition. JPP (2001) 28: 507-532.
[2] Mager DE, Krzyzanski W. Quasi-equilibrium pharmacokinetic model for
drugs exhibiting target-mediated drug disposition. Pharm. Res, (2005) 22 (10):
1589-1596.
[3] Gibiansky L, Gibilansky E, Kakkar T, Ma P: Approximations of the TMDD
model and identifiability of model parameters. JPP (2008) 35(5): 573-91.
[4] Gibiansky L, Gibiansky E: TMDD Model: Approximations, Identifiability of
Model Parameters, and Applications to the Population PK-PD Modeling of
Biologics. Expert Opinion Drug Metab Tox., 5(7) 20009.
5] Meno-Tetang GML, Lowe PJ: On the prediction of the human response: a
recycled mechanistic pharmacokinetic/pharmacodynamic approach. Basic Clin
Pharmacol Toxicol. (2005) 96(3): 182-192.
[6] Hayashi N, Tsukamoto Y, Sallas WM, Lowe PJ, A mechanism-based binding
model for the population pharmacokinetics and pharmacodynamics of
omalizumab, Br J Clin Pharmacol, (2007) 63(5): 548-561.


www.quantpharm.com
www.quantpharm.com

