Linking preclinical and clinical whole body physiologically-based
pharmacokinetic models with prior distributions in NONMEM
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Background

Compared to empirical compartmental models, physiologically-based pharmacokinetic (PBPK) models provide a more
mechanistic description of the behaviour of a compound. Due to the large number of parameters and restricted tissue
sampling in human subjects the use of PBPK models to describe pharmacokinetic behaviour in man has been limited. Use of
prior information may serve to stabilise the model and allow for parameter estimates to be obtained with clinical data.

Objectives

Formulate a PBPK model using prior information for describing diazepam disposition in the rat and to extrapolate further to

describe human pharmacokinetics using clinical data.

Materials and Methods
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Tissue and arterial blood
concentration-time profiles
following a 1 mg/kg
intravenous  infusion  were
collected from 24 male
Sprague-Dawley ratst. The
PBPK model comprised 12
tissue compartments and 2
blood compartments (Figure
1). Clearance was assumed to
occur entirely from the liver
compartment. Equilibrium
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included the fraction unbound in plasma (fu), the blood-to-
plasma concentration ratio (R), and experimentally
measured Kpb values2.
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Diazepam PBPK model in man

Venous blood samples following a single 7 mg intravenous
dose were collected from 12 healthy volunteers. The
structure of the PBPK model from the rat was retained.
Kpb, CI,,, variability and residual error components were
estimated from the model. Prior information included the fu
and R values in man, and equilibrium tissue-to-plasma
concentration ratio unbound (Kpub) values from the rat
model. Kpub in man were assumed to be identical to Kpub
in rats and these values were used as informative priors for
making inferences in man.

Use of prior information

Priors were provided for both fixed and random effects and
were independent (Table 1). No prior was assigned to the
residual variance. Prior values for rat Kpb had as a mean
the estimate given by a previously determined experimental
value and for CL;, the prior mean value was based on a
NONMEM fit of the plasma data, assuming that hepatic
metabolism was the only route of elimination, and re-
arranging the well-stirred model only. For the random
effects, uninformative priors were defined in NONMEM by
setting the degrees of freedom to -1. First-order conditional
estimation was used for parameter estimation throughout.

Conclusion

Figure 2: Concentration-time profiles for
diazepam disposition in rat tissues

Results

Kpb and CL;, values were estimated simultaneously in
each model and parameter estimates were in close
agreement with experimental prior values?2 and posterior
mean values from a Bayesian analysis! of the same data
(Table 1). The model provided a good overall description
of the tissue concentrations in the rat (Figure 2) although
there was a degree of over-prediction in the arterial
compartment (Figure 3). Plasma concentrations in man
were well described by the model (Figure 3).

Table 1: Rat and Human prior and posterior mean estimates for Kpb and CL,
together with inter-individual variance for CL;,

Animal PBPK Model
WinBUGS Posteriors NONMEM Parameter

Human PBPK Model
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LUNG X 449(008) | 0.06(016) | 431(005) | 005(002) [ 071 005 070(021) 0564(030)
SPLANCHNIC 340(014) | 053(015) | 316(0.12) | 046(014) [ 053 007 048(025) 037(043)
479(010) [ 021(015) | 448(008) | 018(005) [ 075 007 076(025) 071(033)
859(020) | 020(022) | 669(0.12) | 016(007) [ 135 016 066(033) 082(023)
203(041) | 036(015) | 202(0.11) | 032(010) [ 032 004 031(019) 022(052)
538(011) [ 0.34(016) | 481(0.10) | 031(010) [ 086 009 082(028) 077(031)
466(008) | 0.08(018) | 453(0.06) | 006(002) [ 073 071(021) 069(028)
295(011) | 018(016) | 313(0.11) | 026(008) [ 046 038(018) 025(038)
: 367(009) | 020(016) | 335(0.09) | 019(006) [ 056 019(016) 009(023)
1290 210(014) | 021(015) [ 158(0.09) | 024(007) [ 334 337(009) 356(007)
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Figure 3: Plasma concentration-time
profiles for diazepam in rats (top) and
humans (bottom)
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Use of prior information allowed parameter estimation from a full PBPK model with limited data. Run time with NONMEM
was dramatically reduced when compared to WinBUGS and may allow for a continuous flow of information through the

different stages of drug discovery in the future.
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