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DEVELOPMENT OF A MINIMAL-PBPK MODEL FOR SIMULATING MONOCLONAL ANTIBODY PHARMACOKINETICS IN HUMAN
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Purpose o | - - Lymph The fractions of the injected IgG remaining Current model: In the described PBPK model all of the critical features needed to

Development of monoclonal antibodies (mAb) represents a growing segment of the pharmaceutical industry. Physiologically Node Competitive equilibrium binding - _ o _ _

based pharmacokinetic(PBPK) modelling has been applied extensively to describe the PK/PD properties of mAbs. A number of endogenous and exogenous In the serum. describe IgG disposition were incorporated namely 1) IgG enters the tissue

of different approaches to the PBPK modelling have been applied and important differences exist between the models used. IgG to FcRn with different affinities | b- ¢ £ dri bv blood fl 210G distribut —

The purpose of this work was to develop a simplified PBPK model to predict the disposition of mAbs in human. The model | - 1t « observed data for normal person vascCular Sub-compartmen rven Dy (0]0) ow ) g IStriputes 1o e

Eﬁ;ﬁ?}gﬁ?ﬁ?ﬂigﬁgms IgG levels, FcRn recycling (Garg and Balthasar, 2007) and uses physiologically relevant values for — — ] o | = FcRn +1gG .. « X% SFcRn -IeG ., % o i — predicted data for normal person Interstitial Sub-compartment and |ymphatic system by convective transport 3)
- 1—0,)L A © - c . - .o : : : : o

Methods N o - | | | 0-1 Kup — ‘ . FcRn +1gG o «—=—>FcRu-IgG =E observed data for patient W..\ IgG distributes to the endothelial space via fluid phase endocytosis 4) it is

The structure of the model is illustrated in Figure 1. Physiological parameters were obtained from literature. The predicted v Kd Endothelial layer o - © — predicted data for patient W.J. ) ) ) )

PK parameters of mAbs (adalimumab, daclizumab) and an Fc-fusion protein (etanercept) that exhibit linear elimination F“Ri'; 05 == FeRn-lgG S s £ assumed that the intact IgG In the endothelial Sub-compartment binds to FcRn

version ?.rﬁéﬁégﬁ%irfd i previeusly publsned el ata. Modeling and simuiations were performedin Hate® I V8w | @ERxk,|  Interstiial Space | ST T™MDD S Patient W. J. (female, 34 years of age) and bound 1gG recycles to either the vascular or interstitial sub-compartments by

Results | | | | | @l o A . TV konkosy S S with familiar hypercatabolic hypopro- exocytosis. 5) unbound IgG within the endothelial sub-compartment is cleared.

The doses used and predicted half-life and clearance of adalimumab, daclizumab and etanercept are shown in Table 1 . I T ! mAb +TR &——— mAb-TR | ™ . . _ _ :

together with reported clinical values for these parameters. . | Fo kg | T ) ) i : teinemia and t1f2,|g(3 =3.0 daVS [8]. Usmg a Slﬂg|e value of Clorg we could accurately describe the human PKs of 2

Conclusion g ; i = 0.1— : : : - - - - - -

The predicted data show that the simplified PBPK model accurately described the disposition of adalimumab, daclizumab V V ................................................... 0 5 ) 10 15 20 mAbS and a fUSIOn prOtem USIﬂg pUbIIShed KD vaIueS fOI’ the blﬂdlng Of the

and etanercept in humans. time [day] compounds to FcRn at pH 6.0. Using the same value of Cl,,, a published K;

References | | Figure 1. The minimal PBPK model structure and coupling with TMDD models. Figure 3. The minimal PBPK with TMDD [8]. value and a model for TMDD we could also describe the non-linear PKs of

Dirks NL, Meibohm B. Clin Pharmacokinet, 2010, 49(10): 633-659 .

Garg A, Balthasar JP. J Pharmacokinet Pharmacodyn. 2007 Oct:34(5):687-7089. bevacuzimab at several doses.

Pescovitz MD et al. Clin Transplant, 2003, 17: 511-517 Table 1. Model parameters. adalimumab (Humira ®))

Zhou H. Clin Pharmacol, 2004, 45(5): 490-497

roue iPEPKModSuwe — 10008 ' ' N ;f:‘;g: e 0% E’E y Some studies have suggested that improvement in PKs can be achieved by
_ | | Lymph flow rate 120 mL. h* Kup 0.715 day” 2 400l |« observed data, 1.00 mg/kg, IV iIncreasing the affinity of the interaction between the Fc region of IgG and FcRn
| : Tgﬂi;t;mdmted and Qbserved CL and Hgdl;ilr:f'.?mab daclizumab | etanercept FcRn abundance 40 uM Ke 14.08 day™ — * — predicted data, 1.00 mg/kg. IV 16 H th { d h { h PK . t th . d
i o P —— e - — c : - - predeiedaa. 109 moka, (16). owever, other studies have not shown Improvement with increase
i — R e 1 i o L - I : : 5 19 - - OpsEIER fee, = T T FcRn affinity (7,20) and no improvement on PKs was seen in the only reported
! ‘I: El"“1 S| O Clearance predicted 0.27 0.27 027 027 0.24 0.73 o 1 C|Org 0.420 L. day? L - —— predicted data, 3.00 mg/kg, IV . . . ] ]
, T SR O e ST PaRseat s 2 a2 — e oIt LD 5 + observed data, 5.00 mgikg, IV study Iin humans (21). Whilst the current model suggests a direct relationship
E r/"'”i' T T —  dicsociat K the rafe of Untake info endothelia et actor for K1 g * 1 — predicted data, 5.00 mgrkg, IV between binding of IgG to FCRN at pH 6 and the half-life of the mAb in human,
T w ] o» dissociation constant; K, the rate of uptake into endothelial space; 5, adjustment factor for K, from © +  observed data, 10.00 markg, IV ; . .
¢ interstitial space; K., recycling rate from endothelial space; FR, recycling fraction of FcRn bound mADb; 0175 10 20 30 — predicted data, 10.00 ma/kg, IV and accurately describes the PKs of t_he _Comp_ounds Investigated, we feel that a
Cl,,y, endothelial clearance. time [day] more complex model for IgG-FcRn binding will be needed for the model to be
Figure 4. The minimal PBPK without TMDD [9]. broadly applicable. These include incorporation of a 2:1 FcRn-IgG stoichiometry
OBIJECTIVE _ - [5] and consideration of the influence of binding of IgG FC to FcRn at pH 7.4 [18-
0.1 o oorum 200 bevacizumab (Avastin ®)) bevacizumab (Avastin (R)) 20]
T T o=V K 1'[“:"]@ 1000
2 L —  Kp=0.300 pM _ 3
Develop a physiologically-based pharmacokinetic (PBPK) model for simulating E o Ko =0.750 im 5 h = 100l = 100l CONCLUSION
pharmacokinetics (PKs) of therapeutic mAbs in humans with the following features: E 0.0011 — Ko=1.000uM e 100 £ | % 2 E\%
E — Kp=1.500 pM < 10 i . : : :
. simultaneous modelling of endogenous IgG and mAbs : 0.0001} B Hfﬁ_ﬁmﬁm : % T 'E 10 \ The FcRn dependent minimal PBPK model described, using a single value
: — RKp=1. — 1|§— X il 1L = T .
* incorporation of physiologically realistic system parameters £ 000007 o= o L . | e EF A, - E \\ for Cl,,4, can accurately describe
= z 0.1 * * = : v ° i
*  amodel to account for the effect of FcRn recycling on IgG kinetics = 0.000001% 50 700 150 ’ i * E B s | - s the plasma levels and behaviour of endogenous IgG
FcRn binding affinity (Kg) [uM] ey , . _ _ . . . . om
e incorporate a model to allow the effect of target mediated disposition to be Time [day] o o 00T 20 40 60 0.01—5 20 40 60 the PKs of 3 mAbs and a fusion protein in humans
- . . . isu . ini ion. Figure 2b. Half-li in indin inity . i :
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 (Catabolic clearances of endogenous and exogenous species can be modelled hFcRn higG1 Ko, = 10; Ko, = 1923 FcRn on chip (4] 994 [7 50 112) - 0,91 12 5E 548-61. [16] Datta-Mannan et al, J. Bio Qhem,ZOO?. 232(3): 1709-1717; [17] Yeung et al, J
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* The majority of model parameters were taken from literature; recycling rate and hFcRn, human FcRn: higG, human IgG; Ko, dissociation constant.
catabolic rate were set by calibration to obtain the known synthesis rate and half- C d Hetatle: Dr. Linsh Li- | li@si Corrections in the abstract: because of a mistake in the original abstract
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