Model reductions of a physiologically-based pharmacokinetic model for
Intestinal and hepatic first pass metabolism: towards derivation of a generalized
theNetherlinds = hjoavailability model using midazolam as case example
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Introduction

" Physiologically-based pharmacokinetic (PBPK) model are powerful tools for the = Characterize F; and F through the estimation

estimation of first-pass metabolism [1,2]. of intestinal (CL;,; g) and hepatic (CL;,; y)
= Limitations of PBPK models for estimating parameters is their high complexity intrinsic clearance using minimal PBPK
and long run times [1]. models.
" The extended well-stirred liver model, adequately characterized hepatic " Generalized Q,,,, (gQ,,,) model derivation to
bioavailability (F,;) [3]. The Q,,, model is used to estimate gut wall bioavailability  be applied to drug with varied
(Fg) [4]. However, it has limited generalizability to drugs with low permeability. physicochemical properties.
Methods
. TN | (RN oA //”[7 " The reference PBPK model was built on a previous framework
D Qe | Qv | : Q S Qoer | tothe rest of .
| IR . [5,6] (Fig.1)
. . [ e U " Physiological parameters are taken from the literature [5,6].
l((w)’\\\g__ !(‘)’\\\g__ =" Assumptions include: (i)no active drug transport mechanisms
] and (i) unbound concentrations drive distribution and
| JSS N Y 4 metabolism
a Portal vein (PV) ] On i Liver (LV) EEH,_QH = 00 EB,_QPER : tlzi::;brl::to:f g qut
" T el Eq 1 (generalized F): gF; =
''''''' \ E it N o © CLint,G X fuep + g qut
E i 2 (F.) F QH X (CLint,H + CLper,H)
o Input,, qua ion . H —
l : H CLint,H X CLper,H X fulb + QH X (CLint,H + CLper,H)
] R st | [T
—— P, e Equation 3 (Gut wall extraction ratio (E;)): Ec=1 — gF,
N\ B Equation 4 (Hepatic extraction ratio (E,)): Ey, =1 —Fy
o #7 Midazolam case example
@ et L » Plasma concentrations of 12 healthy individuals following
N\ Gl both oral and intravenous administration were available.
Clg=Qyx(1 -Fy) . . .
Figure 1. Schematic representation of reference PBPK models (references and model - CLint,G ’ CLint,H, Vblood, and Ka were estimated using population
reductions) describing first-pass metabolism after oral and iv administration. Fg, E;, PK analysis in NONMEM with the five model structures

F,and E are defined as in equations 1-4. Highlighted parameters are estimated and presented in Figure 1
non-highlighted parameters are fixed to their physiological value in adult population.

Results

Qent X Cloper ¢ = Contrast to previous results [3], fu,, (fraction
Equation 5 (gF; with gQ,,,):  gF; = CLint.c X CLDor X fiep + CLintc X Qont + CLper. X Qone unbound in blood) remains a relevant parameter
whereas fu,, does not.

Table 1. Parameter estimates for the different PBPK models.
Reference Model A ModelB ModelC Model D

Midazolam case example

=" Data is best described by a first-order absorption model coupled OEV 10431 103.23 108.57 109.25 109.25
to a linear three-compartment model disposition model (Fig. 2). Running times (s) for subproblem
= Across all models (Figure 1), estimated parameters, relative Estimation 6732.8  70.7 101.7 3.90 1.33
standard errors, and objective function values were similar (Table ~ tovariance 96350 83.8 06.8 4.47 0.7
1). Individual parameter estimates were consstent across models Population parameters (RSE%)
50 09 P CL,., . (L/h) 604 (8) 603 (8) 603(8) 603(8) 603 (8)
( . .99). o . CLi g (L/h) 11.2(7) 11.3(7) 109(7) 109(7) 10.9(7)
= Difference across model parameterization was computation Ve (L) 213(8) 19.5(9) 22.9(8) 21.6(8) 21.6(8)
efficiency (running times) (Table 1). V2 (L) 39.7(9) 39.6(9) 39.6(9) 39.6(9)  39.6(9)
i T T V3 (L) 10.8 (18) 11.5(17) 10.2(20) 10.3(20) 10.3 (20)
Figure 2. Goodness- égi”'é / . " inren KA (1/h) 2.9 (6) 3.2 (7) 2.6 (6) 2.6 (6) 2.6 (6)
of-fit plots: Observed : |+ e, | ' _, T G - Q (L/h) 10.3(9) 10.3(9) 10.3(9) 10.3(9) 10.3 (9)
Versus population or ... . i B S S Q2 (L/h) 39.2 (29) 42.1(27) 37.7(34) 37.9(35) 37.9(35)
Intelie el ol oo, | e e M § Inter-individual variability (11V)
conditional weighted | | - : { .
osiduals versus time ?-“ii*! 1| HE TR SNt ) IV CLi 1 0.24 (25) 0.24 (25) 0.24(25) 0.24(25) 0.24 (25)
and versus population g HEEEREE 'is SRR I IV V2 0.22 (21) 0.22(21) 0.22(21) 0.22(21) 0.22(21)
predictions i R S WS S S T NI T Proportional error (%) 0.19 (7) 0.19(7) 0.19(7) 0.19(7) 0.19(7)
| Populaion padeted concentaons of midlam ) OFV: Objective function value; RSE: Relative Standard Error, IIV: Inter-individual variability
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