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What is PBPK? — physiologically based
pharmacokinetic model @Dlﬂ’
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SPECIES SPECIFIC INPUT COMPOUND SPECIFIC INPUT
« tissue volumes « CLint/CL
« tissue blood flows « plasma fu, bl:pl ratio, LogD, pKa
« tissue composition « Kp values (estimated from plasma fu, bl:pl ratio, LogD, pKa)
« intestinal pH, transit times « solubility, permeability

* models available for rat, dog, human

used to predict plasma and tissue concentration time profiles
e after i.v. and oral administration... 3

[ ]

 Distribution of drug round the body is perfusion rate
limited i.e. limited by the blood flow to each tissue

» Each tissue acts as a well stirred compartment

* Permeability across the tissue membrane is not a barrier
to tissue distribution — valid for lipophilic small molecules

 Distribution is mainly governed by passive processes
with no significant contribution of active transport

» Clearance is via the particular tissue or tissues selected
i.e. liver / kidney etc




PBPK prediction strategy proposed in literature —

pre-clinical validation prior to human prediction

Jones et al 2006 CPK. Validated by DeBuck et al 2007 DMD and Jones et al 2011 CPK
RAT + DOG
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Retrospective validation of PBPK approach at Roche
and J&J

Clinical Pharmacokinetics, 2006, Jones et al Drug Metabolism and Disposition, 2007, DeBuck et al

Retrospective evaluation of human PK prediction using ~ Retrospective evaluation of the prediction of human
PK using PBPK methodology with 26 J&J compounds
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PhRMA retrospective PBPK study

Simulation of human iv and oral profiles using inhouse PBPK model
(Fenneteau et al., 2009)
Simulations performed for 95 oral compounds and 18 iv compounds from 12
member companies
Simulations performed using a wide range of in vitro and in vivo based input
data (see next slide)
No validation in pre-clinical species. Simulation performed directly in human
Prediction accuracy determined via:
— plasma concentration—time profiles at the lowest dose tested in the single
ascending doses studies in fasted healthy volunteers.
— PK parameters: AUC, MRT, terminal T1/2, plasma Cmax Clast, Tmax, and Vz or
Vz/F.
Statistical parameters calculated: average fold error (AFE), absolute
average fold error (AAFE), root mean squared error (RMSE), correlation of
coefficient (r), and concordance correlation coefficient (CCC), specific fold
errors of deviation between the predicted and observed values (% fold error

<2,<3,and < 10)
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PhRMA PBPK model methodology

Absorption Distribution
_ “ 10 vi S T v TR In vitro:
In vivo n vitro ) -
ACAT o 9 (Tissue composition)
(average ‘ (ACAT) .
animal) o In vivo:
ig (Arundel/Jansson algorithm)
Qo Q

Metabolism/Elimination
(Clearance)
In vitro: hep, HLM

data
In vivo: allometry

e Combining different methods for

Venous Blood

Compaund B Human po

Arterial Blood

R

the prediction of absorption and
CL into the range of systemic
PBPK variations results in a
significant number of

simulations

10/25/2011



10/25/2011

Comparison of i.v. predictions

Human iv. PK Prediction

PKo Simulation Scenarios nb G -92Fuld % <3Fald % < 10-Fold AFE AAFE RMSE r CCC
AUCqix [(ngh¥mL] PBPK (Ves, JA; CL, FCIM) i5 &7 87 a3 072 19 030 099 093
PBPK (V. TCk,,; CL, IVIVE) 14 71 93 100 092 18 030 052 092
Chirst.iv" (ng/mL) PBPK (Va, JA; CL, FCIM) 15 60 73 93 062 23 046 099 087
PBPK (Vss, TCk,,; CL, IVIVE) 14 57 64 86 060 31 073 061 057
Tz (B) PBPK (Va, JA; CL, FCIM) 14 50 57 93 12 23 047 080 065
PBPK (Vas, TC,,; CL, IVIVE) 13 54 85 100 L1 21 040 099 072
MRT;.,. (h) PBPK (V.. JA; CL, FCIM) 15 53 73 a3 071 21 044 083 067
PBPK (Vis, TCk,,; CL, IVIVE) 14 64 a3 100 092 18 030 052 092
Clirst.iv® (ng/mL) PBPK (V.., JA; CL, FCIM) 15 80 73 93 062 23 046 099 087
PBPK (Vss, TCk,,; CL. IVIVE) 14 57 64 86 060 31 073 061 057
Tinix (B) PBPK (Ves, JA; CL, FCIM) 14 50 57 93 12 23 047 080 085
PBPK (Vis, TC,,; CL, IVIVE) 13 54 85 100 11 21 040 089 072
MRT;, (h) PBPK (Va, JA; CL, FCIM) 15 53 73 93 071 21 044 083 067
PBPK (Vas, TCk,,; CL, IVIVE) 14 64 93 100 090 18 030 098 078

Prediction accuracy of i.v. profiles is lower than published datasets

But for many parameters reasonable prediction accuracy is still
achieved (% < 2 fold = 70%)

In vitro approaches are slightly better than in vivo approaches
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Comparison of oral predictions

Human p.o. PK Prediction

PKe Simulation Scenarios nt % <2Fold % <3Fold % < 10-Fold AFE AAFE RMSE r CCC

AUCq, o ing h¥mL] PE;[;::’,,S, JA;CL.FCIM; £y, 84 25 44 74 01T 1117 08 0% pradiction
PBPK (Vi JA; CL, FCIM; by, 82 28 45 84 041 42 078 087 075
Pnj};a['?f:.'“, TCk,..; CL. 33 21 30 64 037 78 12 047 058 accu racy of oral
PB];E-‘J::’:%RTI:::E%EDIIMU B 1 28 81 014 111 13 096 038 p rofiles is

IVIVE; measured Solgassir)

Crmaxpo (ngfmL) PBPK (Vie, JA; CL, FCIM; £y, 84 14 31 7 016 12 16 087 045 extremely |OW

Fabs,)
PBPK (Ve JA; CL, FCIM; £, 82 20 35 79 038 49 081 065 0.72 (mUCh lower

Faey)
PBPK (Vie, TCx,,; CL 33 24 33 70 039 78 11 084 059 .
IVIVE; estimited Solr) than published
PBPK (V, TCkp.; CL 18 17 22 56 0.15 119 13 078 025
IVIVE; measured Solgeir) )
Tippo () PBPK (Vie, JA; CL, FCIM; £y, 83 48 7 93 13 24 046 036 051 datasets
Fane,)
PBPK (V,., JA;CL, FCIM; £, 82 48 7 93 13 24 046 036 051
Faiey) B
FPBPK (Vs TCk.; CL 32 44 75 a7 13 25 052 055 042 . .
IVIVE; estimated Solgussif) PO or p red IC t on
PBPK (Vie, TCk,.; CL 1708 65 94 1180 062 044 029
IVIVE; meas. Solgssit) i H ili
MRTy.0 (h) FPBPK (Vs, JA; CL, FCIM; ks, 84 69 85 95 068 18 036 052 0.60 Of b I O aval | ab I | Ity
Fabs,)
PBPK (Vie, JA; CL, FCIM: £y, 82 70 85 05 067 18 036 053 060 — FP E an d fa
i)
FPBPK (Vs TCk,; CL 33 85 94 a7 0.81 1.7 032 0862 063
IVIVE; estim. Salesic)
PBPK (Vie, TCk,.; CL JC ) 80 94 070 18 039 062 053
IVIVE; meas. Solssit)
Tracgpo (h) PBPK (Vis, JA; CL, FCIM; by, 84 57 80 9 004 20 087 018 037
Fyie,)
PBPK (Vie, JA; CL, FCIM; £y, 82 57 81 100 081 18 035 034 039
Fabey)
PBPK (Vie, TCk,.; CL 33 49 [ 100 11 24 045 039 083
IVIVE; estimated Solgaegsir)
PBPK (Vie, TCk,.; CL B 50 67 100 15 24 043 054 039
IVIVE; measured Solpef) 10




Summary of main findings from PhRMA analysis

» Results from these analyses were somewhat disappointing
particularly in terms of oral profile prediction
« Rationalised by:

— data is generated using a range of methodologies from each of the
companies

— no detailed knowledge of the compound properties wrt model
assumptions

— the strategy proposed in the literature of validation in animals before
human simulation was not followed due to time constraints

— commercial software incorporating full dissolution / refined absorption
models not validated

« these combine to explain some of the poorer predictions
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Similar evaluation at Pfizer — comparison of PBPK

with empirical methods

e 21 compounds (across therapeutic areas, CL mechanisms, Pfizer sites and
for which 1V and oral clinical data is available)
¢ PBPK simulations implemented in GastroPlus

— CL estimated from HLM (for P450 cleared substrates) or allometric scaling from
single species (for all other compounds) / observed CL also used for comparison

— Distribution characteristics estimated using published tissue composition
equations

— Absorption characteristics estimated from LogD, LogP, pKa, solubility and
permeability data

— Approach to validate distribution and absorption prediction pre-clinically before
human simulation

e One compartmental approach in WinNonlin
— CL as GastroPlus; Fh calculated from predicted CL
— Vss estimated assuming unbound volume is same as in rat
— Fa and Ka calculated from rat
« Assess prediction of plasma concentration profiles together with CL, Vss,
AUC, Cmax, terminal half life — detailed stats analysis (ResSS)
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How well is distribution and profile sha

Observed CL / Predicted distribution
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How well is absorption predicted?

PBPK v Empirical method

Observed CL / Predicted distribution / Predicted absorption
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How well is an iv profile predicted?
] ] o PBPK v Empirical method
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How well is an oral profile predicted? @DI“D
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Pfizer FIH prospective prediction example

Input data and model
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Initial validation in animals —i.v. and oral Human simulation
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Pfizer FIH prospective prediction example contd.

Input data and model
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Human simulated and observed data
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N.B. PBPK approach gave a better prediction of profile and shape than standard one
compartmental model (data not shown)




Pl T BT

PBPK methodology is more accurate at prediction i.v. rather
than oral profiles (literature data, PhRMA evaluation and
Pfizer data)

Reasons for poor predictions tend to include misprediction of
absorption, gut metabolism and first-pass hepatic CL

Results highlight the importance of thorough understanding of
the assumptions and limitations of these models

Predictions should not be performed blindly — a limited
amount of in vivo data is required to perform some validation
of the assumptions

In this context, PBPK modelling offers promise for performing
PK predictions in the absence of extensive in vivo data
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