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Incorporating target shedding into a minimal PBPK-TMDD model for mADbs
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OBJECTIVE RESULTS

Figures 2, 3 and 4 demonstrate the simulated effect of target shedding on the plasma levels and

e The Impact of target-mediated drug disposition (TMDD) on PKPD of therapeutic proteins has been
receptor occupancy of a mAb as well as free target level following multiple dosing of the mAD.

well appreciated In recent years.
e However, target dynamics are more complex than published TMDD models currently account for.

For instance, virtually all structural and functional categories of membrane proteins have been e When no shedding of target occurs then multiple dosing with a dosing interval of 20 days is
found to _be shed from cells [1]_, and for a large percentage of markete(_:l _monoclqnal antibody sufficient to suppress the level of membrane bound target (Figure 2: Left panel)
therapeutics (mADb), target shedding has been shown to exist and several clinical studies have also e When target shedding is considered, then the same dosing interval is not able to suppress both
Indicated a significant effect of target shedding on mAb PKPD [2]. ’ . . " . o
e The objective of this study Is to extend existing TMDD models to take into account the dynamic the membrane-boun_d an_d free sc_>|ub|e target Ie_vels_ In the interstitial spac_e (Figure 2; right panel)
e When target shedding Is considered a dosing interval of 10 days Is needed to block the

Interaction between a drug and its targets in the physiological or pathophysiological condition,

where the target is present as both a membrane bound and a shed, soluble form. membrane-bound target (Figure 3).

e \When the potency of binding to the membrane bound receptor is assumed to be 100-fold higher
(lower Ky) than that to the soluble receptor, then receptor occupancy of the membrane bound
receptor Is increased and the levels of free membrane bound receptor decreased (Figure 4)

Membrane bound targets can exist in the tissues or on circulating cells in blood, and they are subject com :)?red to the prew(;)us situations where equal potency for the membrane bound and soluble
to ectodomain shedding to generate soluble target, both of which may coexist in the blood, interstitial receptorwas assumed.

space, or both. Furthermore, drugs may modulate the shedding, resulting in a high concentration of

METHODS

TMOD applied to targets in both plasma and interstitium (with shedding, multiple dosing, 20d, 20 mg/kg)

soluble target. In order to mechanistically model both target-mediated drug disposition as well as VDD il oy s gt st o soin, gl s 20020 A y | . | | ] ‘
drug-mediated target disposition, we first generalized the existing TMDD models to take account of - ) A ;ﬂ‘ ,,“;1 gl goiodlion | sl f g ! ! e )

the ectodomain shedding and the interconnection between membrane bound and soluble forms of A | | s A ,,l:‘n, i | e
targets in addition to TMDD at both forms of the target. A i L1 i 'm"»ll // ' /,:f :l //::1 l‘. ’/'I' i EM[:Dggim
The left diagram in Figure 1 schematically shows the shedding model used in this study, where the A U R \ E Vo R TN E‘,\‘g / :,\‘: / iﬁ‘g / ST
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and the membrane target shedding Is represented by first-order rate constant (kg ,.q).- Assuming the Tomb ! 1 l\é S // - ‘V’{:.,' '1 ,\fg;’ '.‘:{g{;’ E }f{;’ ) ‘;ﬁ,ﬁ

system is at equilibrium when there is no drug present, we can derive the steady state solutions, as . i \\E \J ‘\j \ / 0.02' ‘;{f\ :!‘”‘;:: ¥ }3‘ s ‘1: ﬁ‘f’}{

shown in the bottom right panel of figure 1, which serve as the initial conditions of the governing T T e T Ay AN T I
equations for drug-target dynamic interactions, as shown below. Furthermore, we allow the drug to : T O ’ 500 o B o =0 0 =0
modity the shedding rate by incorporating inhibitory or stimulatory effect into parameter Kspeq. Figure 2 Left: Simulation of a mAb with 20 days of doing interval, assuming no target shedding.

Right: Simulation of a mAb with 20 days of doing interval, assuming target shedding.
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) SRR : FcRn+IgG,, «—=—>FcRn-IgG,, Table 1. Model parameters of the minimal PBPK models
i Parameters Values Parameters Values
CLege / | Ko v 0.02979 (1/h) Lymph Flow 120 (mL/h)
\% [ sepe ] [vbw | Kup 0.02979 (1/h) FcRn abundance 40 (uM)
: .. CL 0.0175 ( L/h Plasma flow (L/h) 190 (L/h)
Figure 2. Minimal PBPK model structure for mAbs]3]. cat (L/h) Bindine affinity of mAb 0.728 (UM
K 0.2999 (1/h) inding atfinity of m : (uM)
rc,v
to FcRn (K, pH 6)
Iy 0.1196 (1/h)
A general simulation algorithm was developed in Matlab, incorporating TMDD models with and without , , ,
shedding into a minimal PBPK model for mAb developed previously [3] (see Figure 2 for model structure). In lablel2- Model parametersifortheisimulationistudies.
general, the integrated model described considers a number of different target properties, including Parameters Values Parameters Parameters
1 membrane bound targets in tissues or on circulating cells in blood without shedding;
(1) ndtargets in L . 0 Konsm 31.375 (1/uM/h) Konp = konm Kons = konm
(2) soluble targets in the circulation . 0.6083 (1/h) . L p L
(3) membrane bound targets in tissue interstitial space with shedding and the shed target as a soluble off.m ' offp = Moffm off,s = Moffm
form existing in the interstitial space as well as in the circulation (as shown in figure 1) Kam 0.0194 (uM) Kap = Kam Kas = Kam
(4) both membrane bound and soluble forms of targets coexist due to differential splicing. Kaegm 0.0145 ( L/h) Kaegp = Kaegm Kgegs =0
Simulations were run assuming that in the absence of binding to the target the mAb has typical IgG kinetics Ksynm 0.0023 12(uM/h) Ksynp = Ksynm Ksyns = 0
21 day half-life). ' ’ ' ’
( y ) kelm,m 0.16375 (1/h) kelm,p — 0-01kelm,m kelm,s — O-Olkelm,m
Simulations were then conducted with the TMDD model with and without shedding occurring. The parameters Kshed 0.0145 (L/h)
used for the PBPK model are defined in Table 1 and for the shedding model in Table 2 2\ 0.00725 ( L/h)
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