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MIDD in Preclinical Drug Development

Providing a case for why you should focus on preclinical verification when using
Physiologically Based Pharmacokinetic (PBPK) modeling for First-In-Human
(F.I.H) pharmacokinetic predictions.

On Demand

Neil A. Miller, MSc

SimulationsPlus

SCIENCE + SOFTWARE = SUCCESS




Session Description and Objectives

Description: Objectives:
» Provide a case for why you should  * Appreciate that PBPK models are
focus on preclinical verification complex and combine systems

when using Physiologically Based 82%’;'()'093’ and drug specific input

Pharmacokinetic (PBPK) modeling Understand that verification of

for First-In-Human (F.I.H) PBPK models in preclinical R&D

pharmacokinetic predictions assesses whether the combination
of physiology and drug specific
Input data works for a specific drug

 Acknowledge that you should be
realistic with your expectations and
learn from poor predictions
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Biography and Contact Information

 Neil A. Miller Vice President for Simulation Sciences, Simulations Plus
* neil@simulations-plus.com

* Drive the development and application of physiologically based pharmacokinetic
(PBPK) modeling software tools across the pharmaceutical industry

« Previously worked at GlaxoSmithKline for 24 years and was a Scientific Director
leading a team of advanced PBPK specialists that provided end-to-end
mechanistic modelling for drug discovery and development

* Passion for modeling and simulation, specializing in predicting human
pharmacokinetics from preclinical data

« Believe that PBPK models should be in place for all compounds prior to in vivo
studies in a “model first experiment later” paradigm
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 Highlight that PBPK modeling can be used for Model-Informed Drug
Development at the First-In-Human (F.I.H) stage, with verification of
predictive performance first performed in preclinical species

 Emphasize that the verification of predictive performance should be both
methodical and consistent across the industry

» aaps
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Learning ODbjectives

« Appreciate that PBPK models are complex and combine systems
physiology with drug specific input data

« Understand that verification of PBPK models in preclinical R&D assesses
whether the combination of physiology and drug specific input data works
for a specific drug

« Acknowledge that you should be realistic with your expectations and learn
from poor predictions
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F.I.H PBPK model = Sum of mechanisms

Drug release

Dissolution

Absorption I)

Re-circulation

Distribution

» aaps
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Let’s focus on one mechanism: Dissolution

* Three main aspects of dissolution, but many many details!

Dose volume .~ FaSSIFsolubility  FeSSIFsolubilty ~ Diffusion Coefficient
L StomachpH ~ Drugparticledensity
- Diffusion layer thickness
L JejunumipH - Particleradius
L Jejunum2pH ] . Particleshape
.~ Precipitationtime
L______lleum2volume BN lleum2pH .~ Temperatureeffect
L______lleum3volume ____JENN ___lleum3pH ~ Nanoparticleeffect
Key
Drug data
Systems data
Ascending Colon volume
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But you can’t focus on one mechanism

* Because mechanisms are intimately interconnected and explicable only by
reference to the whole

* Let’s break this down and take it slowly to avoid confusion:
o Drug dissolution depends on local Gl concentration which depends on absorption ...
o ... which depends on systemic distribution ...
o ... which depends on systemic elimination ...
o ... which depends on systemic distribution and absorption!
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But you can’t focus on one mechanism

Drug dissolution depends on local Gl concentration which depends on

absorption ...
o I.e., when drug is absorbed it lowers the local Gl concentration and this encourages dissolution

* ... Which depends on systemic distribution ...
o I.e., when drug is distributed it lowers the concentration in blood and this encourages absorption

* ... which depends on systemic elimination ...
o I.e., when drug is eliminated it is gone from the body and can't distribute to tissues

* ... which depends on systemic distribution and absorption!

o I.e., only drug that has been absorbed and is not distributed to tissues can be eliminated
(note that following oral administration some drug can be excreted from the Gl tract without being absorbed)
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The reality of the situation part |

To increase confidence in the whole you need verification of the PBPK
model in preclinical species

There is also a moral obligation to get the most out of the preclinical data
SCUBLLJEE as animals have been sacrificed to develop the drug for humans
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Simulation of Human Intravenous and Oral
Pharmacokinetics of 21 Diverse Compounds Using
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Pfizer “The simulation results using PBPK
were shown to be superior to those
obtained via traditional one compartment
analyses. In many cases, this difference
was statistically significant.”
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Proof PBPK works for F.I.LH PK predictions

RESEANRCH ARTICLE - Desg Dhscovery I

Prospective Predictions of Human Pharmacokinetics for
Eighteen Compounds

TAO ZTHANCG, TYCHO HEIMEACH, WEN LIN, IN THANG, HANDAN HE

Novartis “Our prospective human PK
prediction methods yielded good prediction
results.”



Proof PBPK works for F.I.LH PK predictions

ORIGINAL RESEARCH ARTICLE

A Novel Strategy for Physiologically
| Based Predictions of
Human Pharmacokinetics

Haennah M. fones,! Nedl Parrott,” Karin Jorpe® and Thierry Lave

1 Dyug Mesaboliam and Phurmacobinesss, F Hodimann-1a Roche 1ol Based Sw
. } P .

Prediction of Human Pharmacokinetics Using Physiologically
Based Modeling: A Retrospective Analysis of 26 Clinically
Tested Drugs
Stefan S. De Buck, Vikash K. Sinha, Luca A. Fenu. Manoleen J. Nijsen, Claire E Macloe, and
Ron A H J. Gilssen

Ofmson § JOMron PRarmescasics’ Rssedron and Development, Discovery ADME . Tos Departrment
Boorsa. Bogum
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Roche “In the majority of cases, PBPK
gave more accurate predictions of
pharmacokinetic parameters and plasma
concentration-time profiles than the Dedrick
approach.”
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Johnson & Johnson “This evaluation
demonstrates that PBPK models can lead
to reasonable predictions of human
pharmacokinetics.”




Regulatory Guidance for PBPK modeling

Physiologically Based
Pharmacokinetic
Analyses — Format and

Content
Guidance for Industry

LN Dopartone st of Mo alth snd Haman Sermwes
Vol sl Dy Adsninin trstans
Comber or Deng §rsluation sond Wevesreh (( DLK)

At 2018
€ bl Phuwrwas wingy

Pharmsci€® 2021

#PharmSci360

ROETAN MEDRCINES AMOENCY

PR NP S W 1 S P04

pharmacokinetic (PBPX) modelling and simulatio

| Bl sgread by D " oy
} .

LDl agrved by Pl s aknetiis Warking Party
¢ 5

Adaptad by ONF for calasse fae cammmeRation

v
St ol pamta cmeeaitod e
»

D ]




What the doubters may say

“Possibly for passive “Could lead and inform,
distribution, but not when but not verify”

transporters are involved”

“Animal empirical
adjustments may or may

not work for humans”
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The reality of the situation part Il

Good‘w ~ « PBPK models will not adequately predict all the time!

o Aiming to be adequate not perfect = within two-fold for parameters or
within the correct category

 When a PBPK model does not predict then the learning begins!

o Are one of the input parameters wrong?

o Is there a mechanism missing?
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Adequate prediction

« Within two-fold for parameters or within the correct category...

o Clearance categories:
Low (<1/3 LBF), moderate (1/3 LBF — 2/3 LBF) or high (>2/3 LBF)

LBF = Liver Blood Flow

o Volume of Distribution categories:
Small (<0.6 L/kg TBW), moderate (0.6 — 2.0 L/kg) or large (> 2.0 L/kQ)
TBW = Total Body Water
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Key components of a F.I.H PK prediction
for oral administration

e Oral Absorption

o Multifactorial process driving drug reaching the systemic circulation

e Distribution

o Using mechanistic tissue partitioning equations

« Metabolism and Elimination

o Quantitative understanding of the main mechanism(s) of drug clearance
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F.I.H PK prediction = ACAT + Systemic PBPK

30,000 foot view Advanced Compartmental Absorption and Transit Model (ACAT™)
- Enterohepatic circulation ~
Stomach Duodenum Jejunum 1 Jejunum 2 lleum 1 lleum 2 lleum 3 Caecum Ascending Colon
(
Unreleased .}.F +... - NN H, _}.F +_,, _P. ;
4
Undissolved Y -H. Y +-- Y --{’ v - Y H‘ Y -H- v + +» I:
A A A A A A A T
I
Dissolved | B | Yy | B | . | B | B | | B | 0
l‘ , . : U '
/ AN N~ M.~ M. M. M. U M. U M. M.
Lumenal
_
Portal Vein Y,

Gallbladder
Gut Wall L
Metabolism

Dovel =[5
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F.I.H PK prediction = ACAT + Systemic PBPK

ACAT compartment

Ground level view

Passive and
Blood carrier mediated
transport
Enterocytes
enterocytes
Lumen Gut wall
metabolism
Transit In Transit Out
* dose or from
previous * to next compartment
compartment or excretion

* unreleased &
undissolved &

* unreleased &
undissolved &

dissolved Local pH, Deg radation dissolved
fluid volume,
concentration of bile salts ...

Perfusion-limited tissue Permeability-limited tissue
: Ve, Ce, Kp
Tissue Space Ken Vi ‘ PStc
V. Ct, Kp, CLint - vmax l 4 -
A4

Vi, Ci1, fut, CLint
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An industry defined F.I.H PBPK strategy

Clinical Pharmacokinetics (2019) 58:727-746
https://doi.org/10.1007/s40262-019-00741-9

REVIEW ARTICLE 4‘)

Physiologically Based Pharmacokinetic Modelling for First-In-Human
Predictions: An Updated Model Building Strategy lllustrated
with Challenging Industry Case Studies

Neil A. Miller'® - Micaela B. Reddy? - Aki T. Heikkinen? - Viera Lukacova® - Neil Parrott®

Published online: 7 February 2019
©The Author(s) 2019

* Flow diagrams for each essential component of a F.I.H prediction using PBPK modeling!

* Flow diagrams include empirical fitting so there is still work to do for PBPK modelers!
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Start with QSPR + PBPK

Understand compound based on an in silico assessment(QSPR + human PBPK model)

QSPR Predictions
| | }
What is the Use BCS'/BDDCS?/ECCS? to Use ECC5® to determine
compound type? determine key parameters clearance mechanism
1
¥ '
Acid? H":;:g;""? Solubility? Metabolism?
Base? i h'I'v7 Bile salt effect? Renal?
Amphoteric? llpop ”c Permeability? Hepatic uptake?
Neutral? Lipophilic? Transporters? Hepatic uptake or Renal?
) Very lipophilic? ) )
|

|

PBPK Parameter Sensitivity Analysis

For acids assess solubility in stomach. For bases consider the impact of enterocyte Gl tract binding & lysosomal partitioning
For BCS Class Il & IV compounds solubility likely to be an issue so assess impact of aqueous and biorelevantsolubility

For compounds with a Dissolution No. (Dn)* warning an assessment of the effect of particle size will be required

For basic compoundsif precipitation is predicted in the small intestine then precipitation kinetics likely to be critical*

For BCS Class Il & IV compounds permeability likely to be an issue so measure in vitro permeabilityin an assay with an
established conversion to in vivo permeability

* For low permeability compounds transporters could have an impact, especially if QSPR classifies compound as a substrate
To predict systemic distribution measure log P, pKa and Fu,, and in addition, for bases, measure BFR

For metabolically cleared compounds establish an IVIVE using preclinical species

Quantitativestructure— property relationship (QSPR) plus physiologically based pharmacokinetic (PBPK) modelling

BCS Biopharmaceutics Classification System, BDDCS Biopharmaceutics Drug Disposition Classification System, BPR blood/plasma ratio, Dn dissolution number (the ratio of small intestinetransittime/idealised dissolution time), ECCS
Extended ClearanceClassification System, Fup Fraction unboundin plasma, Gl gastrointestinal, IVIVEin-vitroin-vivo extrapolation

\’ T ' » ad
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Distribution

Is the passive distribution in preclinical species predicted usingthe Lukacova! tissue-to-plasma

partition method with measured input data (log P, pKa’s, Fu, and BPR)?
If distribution is driven by transporters then expression and kinetic data are required for them to be incorporated in the model

Yes No
Use the Lukacova! method with measured Are tissue distribution/QWBA data available in the rat
input data for human prediction and do these give a reasonable prediction of distribution?
No Yes
! ! | ¥ Use rat QWBA?/
Does adjusting the Isthe V,, , Is there a cons-lstent If permeability is low tissue distribution?
predicted Kp values comparable sysfe""at'c . does a permeability- data for human
via inputs log P, pKa, across species? DrEdIl-ct!onIerrOt in limited tissue model prediction
. preclinical species .
Fu, or BPR predict V Yes No redictions of using extracellular Kp -accountlng for
within 2-fold? - predictior values, with/without a differencesin Fu,
e.2. BPR for bases? Use V , distribution? ’
8 and Fu, Yes l No SpecPStc, work?
Yes No for human
Adjust input orediction Use 1-:h(? systematic No Yes
for human prediction error for —— -
rediction human prediction Use permeability-limited tissue model
P with/without SpecPStc for human prediction.
L] y ¥_ | Consider measuring concentrations in tissues of

Further investigation required to understand

e L ep s . interest as transporters may be playing a role
distribution and to predict for human P yoe paying

1LukacovaV, Parrott N, Lavé T, Fraczkiewicz G, Bolger M, Woltosz W.Generalapproach to calculation of tissue:plasma partition coefficients for physiologically based pharmacokinetic (PBPK) modeling. AAPS National Annual Meeting and Exposition; 16—20 Nov 2008; Atlanta (GA).
2Xia B, Heimbach T, Lin TH, He H, Wang Y, Tan E. Novel physiologically based pharmacokinetic modeling of patupilone for human pharmacokinetic predictions. Cancer Chemother Pharmacol. 2012;69(6):1567-82.

3De BuckSS, Sinha VK, Fenu LA, Nijsen MJ, Mackie CE, Gilissen RA. Prediction of human pharmacokinetics using physiologically based modeling: a retrospective analysis of 26 clinically tested drugs. Drug Metab Dispos. 2007;35(10):1766-80.

4SamantTsS, Lukacova V, Schmidt S. Development and qualification of physiologicallybased pharmacokinetic models for drugs with atypical distribution behavior: a desipramine case study. CPT Pharmacometrics Syst Pharmacol. 2017;6(5):315-21.

BPR blood/plasma ratio, Fup fraction unboundin plasma, Kp tissue-to-plasma partition coefficient, QWBA Quantitative Whole Body Autoradiography, SpecPStc specificin-vivo diffusional clearance per millilitre of tissue cell volume.

N\ |
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Metabolism and Elimination

Based on preclinical data and ECCS, what is the contribution of each mechanism of elimination?
1
Consider the impact of transporters on each process especially if permeability is low or moderate

! 1 ¥
Metabolism Renal elimination Biliary elimination
Consider: -If CLy # GFR * Fu in animal species then active Consider:
-in vitro and in vivo hinding in assessing IVIVE transportis likely to play a role -hiliary clearance in preclinical species
-hepatocytes have more enzymatic routes l -biliary secretion of glucuronide metabolites and
-reaction phenotyping for human and animals conversion back to parent compound in gut
Does GFR * Fu, predict !
Do in vitro clearance data CL; in preclinical species? Do sandwich cultured hepatocytes and
predict in vivo clearance in mechanistic in vitro transporter data® predict
preclinical species? biliary secretion in preclinical species?
Yes | ] No I
Yes No Use GFR * Fu, for Are mechanistic models for Yes | No
1 l human prediction secretion! and reabsorption? Use mechanistic in vitro
. . available/applicable?
Use in vitro data Consider extra-hepatic clearance /app transporter d.ata! for
. | human prediction
routes and active transport. Do

for human

prediction additional in vitro experiments Yes | No

establish an IVIVE? Use mechanistic model for
human prediction

Yes No

h 4 A 4 h 4

Use empirical scaling factor based on preclinical species, including uncertainty range

1Mathialagan S, Piotrowski MA, Tess DA, Feng B, LitchfieldJ, Varma MV. Quantitative prediction of humanrenal clearance and drug-drug interactions of organicanion transporter substrates using in vitro transport data: a relative activity factor approach. Drug Metab Dispos. 2017;45(4):409-17.
2Scotcher D, Jones C, Rostami-Hodjegan A, Galetin A. Novel minimal physiologically-based model for the prediction of passive tubular reabsorptionand renal excretion clearance. Eur JPharm Sci. 2016;94:59-71.
3KimotoE, Bi YA, Kosa RE, Tremaine LM, Varma MVS. Hepatobiliary clearance prediction: species scaling from monkey, dog, and rat, andin vitro-invivo extrapolation of sandwich-cultured human hepatocytes using 17 drugs. J PharmSci. 2017;106(9):2795-804.

CLg renal clearance, Clg , unboundrenal clearance, ECCS Extended ClearanceClassification System, Fup fraction unboundin plasma, GFRglomerular filtration rate, IVIVE in-vitro in-vivo extrapolation.
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Oral absorption

Is absorption in preclinical species predicted using measured solubility and in vitro permeability data with an ACAT model?
For ACAT modelfing in preclinical species, IV data should be used to fit @ compartmental PK model or verify the accuracy of a systemic PBPK model.
Consideration must be given to the effect of formulation and food on oral absorption, and solubility data must be for the same form of the compound as was dosed.
A correlation for the conversion of in vitro permeability to in vivo permeability should be established for the cell line used.

Yes No

F F

Use the ACAT model for human prediction

Perform a sensitivity analysis to determine the most sensitive input(s)
Impact of multiple processes may need to be considered in the final predictions

] + ]
Solubility/Dissolution Passive permeability Other processfes)
| e.g. chemical
! ! ¥ 1 degradation,
. . If dissolution . formulation, intestinal
Ca-m the BSSR Does incorporating known . Can the permeability metabolism
estimated from e e i poorly predicted ,

. variability in physiology value or the ASF model transporters?, etc
biorelevant . .. are measured .. . z
. predict absorptionin . . be optimized to predict 1

solubilities or the . . particle size or .. —
. preclinical species e.g. Gl . . absorptionin Additional
MPT be optimized to . 1 dissolution data L . s
. .. tract fluid volumes?*? . preclinical species?? quantitative
predict absorptionin available? .
linical B data required
preclinical species? to describe
No Yes | Yes" No | Yes No | | No Yes | process(es)
Use the new Use measured Additional data/further Use the new
parametersfor inputs for human investigation required for parameter(s) for
human prediction prediction an accurate prediction human prediction
! I

1Sutton SC. Role of physiological intestinal water in oral absorption. AAPS J. 2009;11(2):277-85.

2Kesisoglou F. Use of preclinical dog studies and absorption modelling to facilitate late stage formulation bridging for a BCS Il drug candidate. AAPS PharmSciTech.2014;15(1):20-8.
ASF absorptionscalefactors, BSSR bilesaltsolubilisation ratio, MPT mean precipitation time. 20ther processes-transporters: efflux transporters can beincorporated in GastroPlus models with a simple method (e.g. adjusting
permeability based on preclinical observations or in-vitro data) to more complex methods (e.g. specificallyincorporating effects of transporters).

\ TR
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Gut wall metabolism

Is the compound metabolized by enzymes which are known to be active in the gut wall?
|

Yes No
Are the enzymes expressedin the liver? Significant metabolismin the gut wallis unlikely
No
Yes |

Is the contribution of individual enzymes
to hepatic metabolism known?

No Assume all metabolismis via the enzyme with highest abundance in the

gut wall and scale from liver microsomes or hepatocytes to gut wall
Likely to result in underprediction of Fg, additional data required for accurate prediction.

»

Yes
y y No Consider measuring
Is relative expression between gut and liver known for the relevant enzymes? metabolismin
Yes intestinal in vitro
model
AreV, ., and K, available for the enzymes present in the gut wall?
Yes No
Use V,,,, and K, parameters Use CL; ,and assume non-saturable metabolismin the gut wall
for prediction This will likely result in underprediction of Fg, additional data required for accurate prediction.

CLi,: hepatic intrinsic clearance, Fgfraction of drug escaping gut wall metabolism, K, concentration of substrateat half V., Vimax maximum velocity or rate of enzyme catalyzed reaction.
Note: Gut wall metabolismis often saturable,and thus if V., and K, parameters are available, evaluatesaturation relativeto dose.

pﬁ;gnﬁscig‘ 71 #PharmsSci360 Slide 25
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You must always include uncertainty

Based on your knowledge of the compound identify the key ADME properties of the FIH PBPK prediction

BSSR (especially lipophilic compounds)
Gl tract solubility (especially bases)
Precipitation/MPT (especially bases)
Stomach & Gl tract pH

Percent Fluid in Sl and Colon
Bile 5alt concentrations

Particle size distribution

* Passive permeability (Bcsiioriv)

Peff

ASF model

logP/D

Paracellular contribution
Enterocyte binding (especially bases)

* Active transport (influx and/or Efflux)

Vinax and Ke,

P
Body composition (% of each tissue)

Lysosomal partitioning (especially bases)
Permeability limited tissue model
Vimax and K, for active transport
Tissue specific parameters

* e.g. Capt and APL binding

] |
Absorption Distribution Metabolism and Elimination
* Solubility (ecsn eriv) log P Hepatic metabolism
«  pKa/SolFactor pKa values CLiy: and matrix binding
= Reference solubility BPR (especially bases) * BPR
* Stomach solubility (especially acids) Fu * Fu,

* Liver Blood Flow
Intestinal first pass metabolism
Renal elimination

*+ Fu,

* Glomerular Filtration Rate
Biliary elimination

+ Biliary clearance fraction

Uncertainty evaluation
Give a range of predictions around the key uncertain model parameters (based on
preclinical data or most likely/worst case scenarios)
Combine the two most important uncertain model parameters in a 3D PSA

ADME Absorption, Distribution, Metabolismand Excretion, APL acidicphospholipid, ASF absorption scalefactors, BCS Biopharma ceutics Classification System, BPR blood/plasma ratio, BSSR bilesaltsolubilization ratio, Capt
concentration of acidic phospholipidsintissue, CLinthepaticintrinsicclearance, FIHfirst-in-human, Fup fraction unbound in plasma, Kmconcentration of substrateat half Vmax, MPT mean precipitation time, PSA parameter
sensitivity analysis, Peff effective permeability, Sl small intestine, Sol Factor solubility factor, Vmax maximum velocity or rate of enzyme catalyzed reaction

#PharmSci360 Slide 26
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Industry case study

« Real-world example of how PBPK was applied for FIH PK
« Drug with challenging properties

* Focus on accuracy and learning gained
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Drug In question
* Physchem = neutral and highly lipophilic (clogP >5)

* Plasma free fraction (<1 %) and aqueous solubility (<1 pg/mL) too low for
accurate guantification

o Difficult to verify an In Vitro In Vivo Extrapolation

 Preclinical in vitro and in vivo pharmacology promising

o Extrapolation of pharmacokinetics was conducted to estimate a clinical dose

ArC i@ )())]  #Pharmsciz6o Slide 28 M
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Drug data

Parameter Value

clogP 5.2
lonisation type (pKa) Neutral
Fup (%) <0.1in all species
Blood/plasma ratio Human: 0.64

Rat: 0.83
Clearance mechanism (method) Metabolic (in-vitro data)
Human Peff (cm/s x 10-4) 1.8 scaled from PAMPA
Solubility (pg/mlL) Aqueous solubility < 1

» aaps T @m? #PharmSci360 Slide 29 M
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Distribution

Is the passive distribution in preclinical species predicted using the Lukacova® tissue-to-plasma

partition method with measured input data (log P, pKa’s, Fu, and BPR)?
If distribution is driven by transporters then expression and kinetic data are required for them to be incorporated in the model

No

Yes

Use the Lukacova® method with measured
input data for human prediction

r

Are tissue distribution/QWBA data available in the rat
and do these give a reasonable prediction of distribution?

Yes

Use rat QWBAZ/
tissue distribution?®
data for human
prediction
accounting for
differencesin Fu,

No
! ] . 3
Does adjusting the Is the V,, , Is there a consistent if permeability is low
predicted Kp values comparal:;le systematic d:es a permeability-
via inputs log P, pKa across species? prediction error in 0€s @ pe
Fu. or BPR reriict V' ; preclinical species Ilr:mted tissue model
P P s Yes No - using extracellular Kp
within 2-fold? predictions of | NI
e.g. BPR for bases® UseV,,, distribution? values, with/without a
v 5 and Fu, Yes 1 No SpecPStc, work?
— * | for human Use the systematic No Yes
Adjust input prediction the sy
for human prediction error for
prediction human prediction
Further investigation required to understand

distribution and to predict for human

Use permeability-limited tissue model
with/without SpecPStc for human prediction.
Consider measuring concentrations in tissues of

interest as transporters may be playinga role

» aaps
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Metabolism & Elimination

Based on preclinical data and ECCS, what is the contribution of each mechanism of elimination?

Consider the impact of transporters on each process especially if permeability is low or moderate

4 4
Metabolism Renal elimination Biliary elimination

Consider: -If CLy # GFR * Fu,in animal species then active Consider:
-in vitro and in vivo binding in assessing IVIVE transportis likely to play a role -biliary clearance in preclinical species
-hepatocytes have more enzymatic routes l -biliary secretion of glucuronide metabolites and
-reaction phenotyping for human and animals conversion back to parent compound in gut

[ Does GFR * Fu, predict |

Do in vitro clearance data CL; in preclinical species? Do sandwich cultured hepatocytes and
predict in vivo clearance in mechanistic in vitro transporter data® predict
preclinical species? biliary secretion in preclinical species?
| Yes | 1 No |
Yes No Use GFR * Fuy, for Are mechanistic models for Yes l No
i ] human prediction secretion! and reabsorption? Use mechanistic in vitro
. available/applicable?
Use in vitro data Consider extra-hepatic clearance /app ansporter d_mf for
. | human prediction
for human routes and active transport. Do Yes N
prediction additional in vitro experiments : o
establish an IVIVE? Use mechanistic model for
I human prediction
Yes

Use empirical scaling factor based on preclinical species, including uncertainty range |

Ph@aa:!ﬁsa@ 2021 #PharmSci360 Slide 31 - \II




*Physiological model parameter
changes are not recommended best
practice, but there is considerable
uncertainty and ongoing debate over
the relevant parameterization of
intestinal water volumes!

Oral absorption

« Challengingto predict oral absorption due to low solubility
» Due to predicted food effect, the first clinical study was conducted in the fed state

Is absorption in preclinical species predicted using measured solubility and in vitro permeability data with an ACAT model?
For ACAT modelling in preclinical species, IV data should be used to fit a compartmental PK model or verify the accuracy of a systemic PBPK model.
Consideration must be given to the effect of formulation ond food on oral absorption, and solubility data must be for the same form of the compound as was dosed.
A correlation for the conversion of in vitro permeability to in vive permeability should be established for the cell line used.

|
Yes No

Perform a sensitivity analysis to determine the most sensitive input(s)
Impact of multiple processes may need to be considered in the final predictions

Use the ACAT model for human prediction

i

Solubility/Dissolution |
T e.g. chemice
¥ degradation,

Can the BSSR Does incorporating known If dissolution | . permeability formulation, T‘ntestfnal
estimated from variabilit:',in h fiola poorly predicted value o metabohsam,
biorelevant Py By are measured QREers., etc

predict absorptionin be optimized to predict

solubllltle:*s or the preclinical species e.g. Gl ;?artu:le— size or absorptionin Additiona
MPT be optimized to . 1 dissolution data . . . 3 e e
. .. tract fluid volumes?? . preclinical species?? quantitative
predict absorptionin available? )
linical fes? data required
preclinical species to describe
No Yes No Yes No No Yes | process|es)
Use the new Use measured Additional data/further Use the new
parameters for inputs for human investigation required for parameter(s) for
human prediction prediction an accurate prediction human prediction
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Accuracy of predictions
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Greater than 2-fold under-prediction of AUC and t;;, longer than expected, but a later intravenous microdose study
confirmed good predictions of bioavailability and V
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Learning gained

 CONTINUOUS
EARNING
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Systemic clearance was at the lower end of the predicted range
and consideration of uncertainty in clearance would have
avoided a protocol amendment to adjust sampling times
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Take home messages

« PBPK models are complex and combine systems physiology and drug
specific input data

« Verification of PBPK models in preclinical R&D assesses whether the
combination works for a specific drug

 Be realistic with your expectations and learn from poor predictions

“Failure is simply an
opportunity to begin
again, this time

more intelligently.”

Henry Ford
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Questions

Neil A. Miller Vice President for Simulation Sciences, Simulations Plus
neill@simulations-plus.com

» GastroPlus User Group - Simulations Plus (simulations-plus.com)
« Simulations Plus, Inc. | LinkedIn

« Simulations Plus (@SimulationsPlus) / Twitter

» Simulations Plus, Inc. - YouTube

SimulationsPlus

SCIENCE + SOFTWARE = SUCCESS
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