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To verify or not to verify, that is the question

 “To be, or not to be, that is the question” is probably the best-known line
from all drama, specifically it is from William Shakespeare's play Hamlet

* A well-known debate within the PBPK community is whether preclinical
verification of a PBPK model gives more confidence in a FIH PBPK
prediction...




Some comments that | have heard...
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Calling all PBPK modelers!

 We need you to be part of an industry wide experiment

* Definition of an experiment = a scientific procedure undertaken to make a
discovery, test a hypothesis, or demonstrate a known fact.
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The hypothesis

* PBPK modeling, with verification of predictive performance first
performed in preclinical species, is superior to empirical methods for
predicting pharmacokinetics
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The scientific procedure

* Thanks to the GastroPlus™ User Group we have a PBPK model building
strategy to follow...
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v Flow diagrams for each essential component of a FIH prediction
v Thoughts illustrated with challenging industry case studies .
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Flow diagrams = decision trees

QSPR plus PBPK assessment: to identify the major challenges of modeling for a
specific molecule

Metabolism and elimination: for quantitative understanding of the main
mechanism(s) of drug clearance

Distribution: to understand the drivers of tissue distribution
Oral absorption: to decipher the multifactorial process
Gut wall metabolism: for assessing the impact on oral exposure

Uncertainty and variability analyses: as exploration of uncertainty is critical because
of unknown factors before a FIH study
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1. QSPR plus PBPK assessment

compound based on an (QSPR + human PBPK model)

QSPR Predictions

What is the Use BCSY/BDDCS?/ECCS? to Use ECCS® to determine
compound type? determine key parameters clearance mechanism

Hydrophilic? — -
vwr::kllvlc Solubility? Metabolism?

. e Bile salt effect? Renal?
. lipophilic? - .
Amphoteric? Permeability? Hepatic uptake?

i ilic?
Neutral? Llpc.‘phlhc.'. Transporters? Hepatic uptake or Renal?
Very lipophilic?

Acid?
Base?

PBPK Parameter Sensitivity Analysis

For acids assess solubilityin stomach. For bases considerthe 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 biorelevant solubility

For compounds with a Dissclution No. (Dn}* warning an assessment of the effect of particl e will be required

For basic compounds if precipitation is predicted in the small intestine then precipitationkinetics likely to be

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

+ Forlow permeabilitycompounds transporters could have an impact, especiallyif QSPR classifies compound as a substrate
To predict systemic distribution measure log P, pKa and Fu, and in addition, for bases, measure BPR

For metabolically cleared compounds establish an IVIVE using preclinical s|

olution
¢, Fraction
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2. Metabolism and elimination

Based on preclinical data and EC at is the cont

Does GFR * Fu,, predict
Do in vitro clearance data CLg in preclinical species?
predict in vivo clearance in
preclinical species?

Yes

Use GFR * Fuj for Are mechanistic models for
secretion’ and reabsorption?

. . available fapplicable?
Use in vitro data Consider extra-hepatic clearance /2pp

for human routes and active transport. Do
prediction additional in vitro experiments
establish an IVIVE? Use mech

unbound in plasma, GF]
extrapolation. '[42],

Do sandwich cultured hepatocytes and
mechanistic in vitro transporter data® predict
biliary secretion in preclinical species?

Use mechanistic in vitro
transporter data for
human prediction




Is the passive di

Does adjusting the
predicted Kp values
via inputs log P, pKa,
Fu_ or BPR predict V,

within 2-fold?
e.g. BPR for bases?

Adjustinput
for human
prediction
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3. Distribution

partition method with measured input data {Iog P, pKa's, Fu, and BPR)?

n by transporters the

Isthe V,
comparable
acrossspecies?

UseV,
and Fu,
for human
prediction

er investigation req
distribution and to

BPR hlundfp

ue-to-plas

nd kinetic

Aretissue
and do these

Is there a consistent
systematic
prediction errorin
preclinical species
predictions of
distribution?

Use the systematic
prediction error for
human prediction

d to understand
ict for human

then

bution/QWBA data ava

e a reasonable pred|

If permeability is low
does a permeability-
limited tissue model
using extracellular Kp
values, with/without a
SpecPStc, work?

ribution in preclinical species predicted using the Lukacova! tissue-to-plasma

nofd

Use rat QWBA
tissue distribution®
data for human
prediction
accounting for
differencesin Fu,

Use permeability-limited tissue model
with/without SpecPStc for human prediction.
Consider measuring concentrations in tissues of
interest as transporters may be playinga role




4. Oral absorption

Is absorphon in precllnlcal species predlcted usmg measured soluh\lltv and in vitro permeabllltv data with an ACAT model?
/ H ! !

Ca‘n the BSSR Does incorporating known If dissolution Can the permeability
estimated from

N variability in physiology poorly predicted value or the ASF model
biorelevant . - are measured . .
s predict absorptionin . B be optimized to predict
solubilities or the L, . particle size or .. -
T preclinical species e.g. Gl o N absorptionin Additional
MPT be optimized to . 1 dissolution data - _ e
N .. tract fluid volumes? N preclinical species®? quantitative
predict absorptionin available? N
data required

. ined
preclinical species? to describe

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

models with a simple meth 5. adjusting pern ility based on
preclinical observations or in-vitro data) to more nplex meth
ally incorp ing effects of transporters) [60-62].

Modetnformed Drug Development transporters lux transporters can be incorporated in GastroPlus
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5. Gut wall metabolism

Is the compou

Yes

Are the enzymes expressed in the liver?

No

Is the contribution of individual enzymes
to hepatic metabolism known?

Assume all metabolismis via the enzyme with highest abundance in the

gut wall and scale from liver microsomes or hepatocytes to gut wall
L v to result in under f

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

UseV,,, and K, parameters d assume non-saturable metabolismin the gut wall

for prediction is el pre A nal data required for accurate

tive to dc
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Based on your knowledge of the compound iden

Absorption Distribution
Solubility (ecsiioriv

olubility

Body p
Lysosomal par
Permeability limit:
Vi and Ky,
d Colon Ti
Bile Salt concentrations *
e sized ut
Passive permeability (8esin oriv)
+  peff
+  ASF model
log
Paracellular contribution
Enterocyte binding
Active transport (influxand/or Efflux)
¢ Ve and K,

Fig.6 Physiologi

for a potentiall

driven by the molecule prop

three-dimensio )

and E

tors, ypharmaceutics

plasma ratio, BSSR bile salt solubilisation ratio, Capt concentration of
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6. Uncertainty and variability analyses

ME properties of the

Metabolism and Elimination
atic metaboli

rer Blood Flow
Int al first p metabolism
Renal elimination
Filtration Rate
Biliary elimination
+ Biliary clearance fractio

rameters (based on

sina3DPSA

hep
»ound in plasma, K, concentration of
2o MPT mean precipitation time, PSA parameter
effective permeability. mall intestine,
. maximum velo or rate of enzyme
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Read the case studies in the publication

* Available as open access in Clinical Pharmacokinetics
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https://link.springer.com/article/10.1007/s40262-019-00741-9
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