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Session Description and Objectives

Description: Objectives:
 Discuss advances made with * Learn how to parameterize PBPK

. models using in silico and/or in
PBPK modeling for both oral and vitro data for accurate predictions
non-oral routes for the first in

. * |dentify current limitations of PBPK
human predictions models in predicting local and
systemic exposures for non-oral
delivery routes

» Define areas for further
development to increase the
predictability of PBPK models for
non-oral delivery routes
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Biography and Contact Information

* Viera Lukacova, Chief Scientist — Lancaster Division, Simulations Plus
» viera@simulations-plus.com

* Ph.D. in Pharmaceutical Sciences
« 16+ years of experience in mechanistic absorption and PBPK modeling
* Development of GastroPlus®, DDDPIlus™, MembranePlus™

« Application of mechanistic absorption and PBPK models throughout the
drug development process

pﬁé’?ﬁscig& )1 #Pharmsciz60 Slide 3



mailto:viera@simulations-plus.com

PBPK Modeling for FIH

Cin Pharmacokinet 2006; 45 (5): 511-542
0312-5763/06/0005-0511/539.95/0

ORIGINAL RESEARCH ARTICLE

& 2006 Adis Data Information V. All fights reserved

2006

wocokinet 2011: 50 (5
312-5063/11/0005-03 3

ORIGINAL RESEARCH ARTICLE

© 2011 Ade Data Information BV. Al fghts reserved.

A Novel Strategy for Physiologically
Based Predictions of 2011

Human Pharmacokinetics Simulation of Human Intravenous and Oral
Hannah M. Jones," Neil Parrott,! Karin Jorga® and Thierry Laveé' Pharmacokinetics of 21 Diverse Compounds USing
I DapMeboinad I ey Physiologically Based Pharmacokinetic Modelling

0090-9556/07/3510-1766-1780$20.00

2 Clinical Pharmacology, H puc Meranousss axp Disrosmo 2 0 07 Vol. 35, No

Copyright © 2007 by The American Society for Pharmacology and Experimental Therapeutics 1564432524

DMD 35:1766-1780, 2007 Printed in U Hannah M. lmws,' lain B. Gardner,' Wendy T. Collard 2 Phil T Slmxlvy,1 Penny O.\'IL’_I/,1 Natilie A. Hosea,* David Plowchalk,’
Steve Gernhardt ° Jing Lin,® Maurice Dickins," S. Ravi Rahavendran,* Barry C. Jones," Kenny |. Watson,' Henry Pertinez,'

Prediction of Human Pharmacokinetics Using Physiologically | Vikas Kumar® and Susan Cole'
Based Modeling: A Retrospective Analysis of 26 Clinically
Tested Drugs

1 Department of Pharmacokinetics, Dynamics and Metabolism, Pfizer Worldwide R&D, Sandwich, UK
2 Department of Metabolism and Safety, Pfizer Animal Health, Kalamazoo, Michigan, USA
3 Department of Research Statistics, Pfizer Worldwide R&D, Sandwich, UK

4 Department of Pharmacokinetics, Dynamics and Metabolism, Pfizer Worldwide R&D, La Jolla, California, USA
Stefan S. De Buck, Vikash K. Sinha, Luca A. Fenu, Marjoleen J. Nijsen, Claire E. Mackie, an¢ 5 Department of Clinical Pharmacolog}
Ron A. H. J. Gilissen 6 Department of Pharmacokinetics, Dy] RESEARCH ARTICLE — Drug Discovery-Development Interface

Johnson & Johnson Pharmaceutical Research and Development, Discovery ADME-Tox Department,
Beerse, Belgium

Prospective Predictions of Human Pharmacokinetics for
Eighteen Compounds

Received March 5, 2007; accepted July 3, 2007

TAO ZHANG, TYCHO HEIMBACH, WEN LIN, JIN ZHANG, HANDAN HE

Drug Metabolism and Pharmacokinetics, Novartis Institutes for Biomedical Research, East Hanover, New Jersey 07936

Received 26 August 2014; revised 2 January 2015; accepted 8 January 2015

Published online 17 February 2015 in Wiley Online Library (wileyonlinelibrary.com). DOI 10.1002/jps.24373

ﬂ21 #PharmSci360 Slide 4

R



Early Decision Trees:
Distribution & Elimination

Distribution Is the prediction of distribution in rat acceptable using tissue composition equations? I
[
Yesi }NO ® F . I t . d . -tl
Use tissue composition equations Are tissue distribution/QWBA data available? Do these OC u S m a I n y O n SyS e m I C IS pOSI IO n
for human prediction give an acceptable prediction of distribution in rat?
- | . * Number of scenarios where using
Use tissue distribution data Is the Vu,, comparable
e dttenda | |1tV oo PBPK for FIH was not recommended

Yes § ¥ No
[ Does this, together with the semi-empirical method, describe distribution in the rat? ] If additional
| data are not
»{ available, do not
Yes ¥ No ¢ A
X — — perform human
| Use the Vu__ and the semi-empirical method for human prediction prediction Elimination [ What is the mechanism of elimination? \
f Y ¥
l Hepatic metabolism ] [ Renal excretion ] l Biliary excretion |
Y Y ¥

Do in vitro data predict Does GFR x fup method predict If this pathway is significant, do not
CL,,in preclinical species? CLg in preclinical species? perform human PBPK prediction

Yes Yes y y No
Use in vitro data for Use GFR x f,,, method If CLy is available in < 3 species, use
human prediction for human prediction Lin method; > 3 species, use allometry
No
Rowland et al. (2011) Annu. Rev. Pharmacol. Toxicol. 51: 45-73 Consider extrahepatic metabolism, nonlinearities, variability, and binding issues ]
\ » aaps
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Industry Case Studies

Focus changed from “What portion of compounds we can predict accurately
to “How can we predict the complex cases”

”

Empirical PBPK model factors from preclinical species enable First-in-Human
prediction

Impact of Blood/Plasma ratio in predicting volume of distribution at steady state for
basic compound in a retrospective analysis

Challenging lipophilic weak acid

High molecular weight compound with expected slow passive diffusion through
membranes

Miller et al. (2019) Clinical Pharmacokinet. 58:727-746
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Updated Decision Trees:
Absorption, Gut Metabolism, Distribution & Elimination

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

lNo

Are tissue distribution/QWBA data available in the rat

complex cases

Expanded scenarios for the more

Yes l
Use the Lukacova! method with measured
input data for human prediction and do these give a reasonable prediction of distribution?
No l Yes
4 ! ¥ Use rat QWBAZ/
Does adjusting the Isthe V,,, Is there a cons.lstent If permeability is low tissue distribution®
predicted Kp values comparable s.yst.ematlc . does a permeability- data for human
via inputs log P, pKa, across species? predll.ct!onlerro[ n limited tissue model prediction
: preclinical species .
Fu, or. BI.?R predict V,, Yes 1 No redictions of using extracellular Kp .accountlng for
within 2-fold? p I ith/without differencesin Fu,
e.g. BPR for bases? Use V.., distribution? values, with/without a
and Fu,, Yes 1 No SpecPStc, work?
ves 1 No for human
Adjustinput prediction Use 1.:h9: systematic Ne Yes
for human prediction error for
human predicti Use permeability-limited tissue model
rediction prediction . . o s
p with/without SpecPStc for human prediction.
- — ¥ - Consider measuring concentrations in tissues of
Further investigation required to understand interest as transporters may be plaving a role
distribution and to predict for human P ybe playing

Miller et al. (2019) Clinical Pharmacokinet. 58:727-746

S
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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 |
¥

Consider:
-in vitro and in vivo binding in assessing IVIVE

-hepatocytes have more enzymatic routes
-reaction phenotyping for human and animals

|
i i
Metabolism Renal elimination Biliary elimination
-1f CLg # GFR * Fu, in animal species then active Consider:
-biliary clearance in preclinical species
-biliary secretion of glucuronide metabolites and

transportis likely to play a role

conversion back to parent compound in gut

Do in vitro clearance data
predict in vivo clearance in

preclinical species?

!

Does GFR * Fu,, predict
CLg in preclinical species?

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

No

Yes { 1 No

Yes |

Yes No

Use GFR * Fuy, for
human prediction

Are mechanistic models for
secretion! and reabsorption?

available/applicable?

Use mechanistic in vitro
transporter data for
human prediction

Use in vitro data
for human
prediction

Consider extra-hepatic clearance
routes and active transport. Do
additional in vitro experiments

establish an IVIVE?

Yes !

human prediction

Use mechanistic model for

Yes

No

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

#PharmSci360
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Updated Decision Trees:
Absorption, Gut Metabolism, Distribution & Elimination

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 and food on oral absorption, and solubility data must be for the same form of the compound as was dosed.

Added decision trees for absorption
A correlation for the conversion of in vitro permeability to in vivo permeability should be established for the cell line used. .
' ] no and gut metabolism

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

Yes 1

Use the ACAT model for human prediction |

i

Use the new
parameters for
human prediction

prediction

Use measured
inputs for human

Additional data/further Use the new
investigation required for

an accurate prediction

parameter(s) for
human prediction

! I

Miller et al. (2019) Clinical Pharmacokinet. 58:727-746
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No Assume all metabolismis via the enzyme with highest abundance in the

Yes

3

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.

Solubility/Dissolution Passive permeabili Other process(es) A . ..
l tyll | | P kil e.g. chemical | Is the compound metabolized by enzymes which are known to be active in the gut wall? |
! 7 1 degradation, |
Can the BSSR . . If dissolution . formulation, intestinal Yes l No
. Does incorporating known . Can the permeability metabalism
estimated from . . poorly predicted 4 . . 5 T .. - - . N
biorelevant variability in physiology are measured value or the ASF model transporters?, etc Are the enzymes expressedin the liver? Significant metabolismin the gut wall is unlikely |
. predict absorptionin . . be optimized to predict 1 N
solubilities or the .. . particle size or .. —_ [+]
. preclinical species e.g. Gl . . absorptionin Additional Yes
MPT be optimized to . 1 dissolutiondata - .o - 1
dict ab L. tract fluid volumes?? ilable? preclinical species?? quantitative - - —
pre "I:'t? 5|°’pt'f’"'?" availabler data required Is the contribution of individual enzymes
preciinicalspecies: to describe to hepatic metabolism known?
No Yes 1 Yes No Yes No No Yes process(es)

y

Is relative expression between gut and liver known for the relevant enzymes?

No

Consider measuring

Yes l

AreV,_,, and K, available for the enzymes present in the gut wall?

Yes l

Use V, ., and K, parameters
for prediction

No

metabolismin
intestinal in vitro
model

Use CL;,,and assume non-saturable metabolismin the gut wall
This will flikely result in underprediction of Fg, additional data required for accurate prediction.

#PharmSci360
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Oral Absorption

Advanced Compartmental Absorption and Transit Model (ACAT™)

- Enterohepatic circulation N
Stomach Duodenum Jejunum 1 Jejunum 2 lleum 1 lleum 2 lleum 3 Caecum  Ascending Colon
f
Unreleased +-> H-» +-> H5 +-> +-> H-» -+> -P» E
X
d
. ] oy Y oy Y 1] Y \ Y R
Undissolved +-> H.» - H.» +.> - - E
A A A A A J A A \ T
I
) 0
Dissolved \‘V Y VY Yy Y VY A Y VY Y VY Y Y YV N
N
Lumenal
Degradation
J

Gallbladder
Gut Wall !
Metabolism

[

Hepatic Artery

2nd Compartment 3rd Compartment
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Oral Absorption

Passive and
Blood carrier mediated
transport
Enterocytes
Vs enterocytes
Unreleased
Gut wall
| Lumen )
, metabolism
Undissolved .]E» \
\
1 | Transit In Transit Out
Dissolved vy vy  dose or from
previous * to next compartment
/ compartment or excretion

] | * unreleased & e unreleased &

undissolved & undissolved &
dissolved Local pH, Degradation dissolved
Gut Wall fluid vqum'e, '
Metabolism concentration of bile salts ...

Hepatic Artery

Systemic Circulation
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.

Pathways beyond oral absorption ...

'
Synovium
Subintimal  Intimal

’.

) S |

' | Synovial Fluid

Cartilage

Ph
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Ocular

Nasal

Oral Cavity

Pulmonary

Dermal

IM & SC
Injections

Intraarticular
Injections

#PharmSci360

Hair shaft

Epidermis—7 S
Dermis— Qil gland
A4+ Lymph vessel
—Nerve
Subcutaneous-
tissue

;;;;

Sweat gland

Slide 11




oral absorption ...

Ocular '
Nasal i
Oral Cavity

Palpebral

' Conjunciva
‘Corneal Epithelium) .
Bulbar Conjunctival

Corneal Stroma
- J———
Aqueous Humor
' Posterior Sckra
Body

Choroid-RPE
4—@

Pathways beyond
A

=

)

Systs Gingiva

Systemic

Pulmonary

Dermal B S

Stomach (ACAT)

Anterior Vireous
Humor

Hair Hair
Posterior Vitreous| Lipid Core
Humor Ext Ext
Vehicle
n n=1 n=1

=1

Stratum Corneum
n=10

Viable Epidermis
n=5§

SubQ Tissue.

Hair Hair
lLipid Int|  [Core Int

IM & SC
Injections

r

Synovium
Subintimal Intimal

Cartilage

Synovium
Subintimal Intimal Cartilage

Intraarticular
Injections
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Oral Cavity Absorption

da .
. Processes:
. Swallowing :
Saliva L% [undi ssnived = g . - . . .
it Y2 T » Dissolution/precipitation
.'I.._i,.:"'.- Precipitation
Gingiva R Y e el * Dilution with saliva
Epitheliurm * batvean caliva and spmeim)
| il o Hrough E* D, —0, i Tra nSit/Swa”OWing
Systemic vt Thoms Biniing
Circulati i ; i
, L redaten T — - * Absorption into oral mucosa
Stomach Do+ 0,20, sk o Lrea s e o
(ACAT) BT e s i » Diffusion and binding in oral mucosa

e Metabolism

* Uptake into systemic circulation

Pl?iflemSae )02 #pharmscis6o Slide 13



Oral Cavity Absorption

* Publication described structure and application of
Research Article OCCAT™ model

The AAPS Journal, Vol. 17, No. 3, May 2015 (@ 2015)
DO 10.1208/512248-0159727-7

Development of a Novel Oral Cavity Compartmental Absorption and Transit * Main focus was analysis of zolpidem absorption after
Model for Sublingual Administration: Illustration with Zolpidem sublingual administration

Binfeng Xia,"* Zhen Yang,! Haiying Zhou.® Viera Lukacova.® Wei Zhu," d Predlct|0n Of Fa from Oral CaV|ty after SUbIlnguaI
Mikolaj Milewski,' and Filippos Kesisoglou® .. . .. .
administration for 4 additional compounds with
d promising results
_ 50
-% Table IV. The F, 1o bioavailability for sublingual administrated tablets in a clinic study
=] 4017 0 e o
s i “Observed” OCCAT model
E Drugs Dose (mg) Fs 16" (%) Methods for obtaining the “observed” F; 10 redicted Fi 10 (%) Reference
S ~ 30 ; ; ; 2
{;: E Zolpidem 35 133 Fro: T0%:; Fpoao: 74% Eq. 8" 18.9 [18]
E = 20 Asenapine 5 35 Frat 1%; Fpoaa: 35% Eq. 8P 359 [39]
E = Verapamil 40 35 Fpey: 35%; Fpoao: 58% Eq. 8P 31.5 [40]
E —— Swlaies PY (2.5 mg zoipkdens ol Tabiet] Propranolol 40 25-40 PBPK model with a single oral cavity compartment 309 [8]
g 10 b b Nicotine 2 53 Foo: 25%; Fpouo: 65% Eqg. 8° 14.8 [41, 42]
E_ — !:ll'lll.lll-'. I-:l:f: I; mgl:l::r:: ::j:-fjl-c“:‘: —rr.l:‘h
E T Bl PGB TG ez Ta Tame peen 2“Observed” F, i was calculated using Eq. 8 based on the absolute bioavailability of the ofal only formulation (Fp) and the absolute
0 T T T bioavailability of intraoral drug products (Fio,po) reported in literature unless specified (e.g., estimated using PBPK model published in
00 02 04 06 08 10 12 14 16 literature)

Time (h) " Fraction absorbed in oral cavity calculated by Fy 10+ (1-Fs 10)% Fro=Frosio

pﬁ;?fﬁscig, "}1 #PharmSci360 Slide 14




Be Careful About Generic Assumptions!!

» Possibly faster onset of action is one of the advantages of intraoral administration

* But not every compound shows faster absorption after intraoral administration compared to PO

250

200 -

150 =

conc.{ng/ml})

Captopril
=

(]

1

n
(i ]
|

4] 30 &0 90 120 150 18D

Time (min)
Fig. 1. Plasma unchanged captopril profiles after peroral {—#—) and
sublingual ( —0—) administration of captopril (25 mg). [Data quoted
are the mean (SEM) for eight healthy volunteer subjects]

1.5

Sublingual

Oral
05

Plasma Triazolam ( ng/mi )

1 T L] T
60 -30 0 30 &0 90 120 180
Time (mins)
Fig. 3. Plasma triazolam levels measured from time of
administration (—60 minutes) through 180 minutes from the

start of surgery in the two groups of subjects who received
the active drug.

NIFEDIPINE PLASMA CONCENTRATIONS {ag / mi)

= INTRANENOQUS (0,015 mgikp)
“mwe- ORAL (10 mg CAPSULE, SWALLOWED)
——————— SUBLINGUAL (10 mg CAPSULE

e T Ty

T T
4.0 6.0
Horms

Al-Furaih — Eur J Clin Pharmacol 1991, 40: 393-398; Berthold — Oral Surg Oral Med Oral Pathol Oral Radiol Endod 1997, 84: 119-124; Palma-Aguirre — Archiv Invest Med 1989, 20: 129-135
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Inhaled Administration

Processes:

* Deposition
Passive and
carrier mediated

Blood transport ® Tra n Slt
. Lysosomal g
Trappin . H . . M
- T'“% - * Dissolution/Precipitation

ii

(48.91) Metabolism in

the Tissue
e Absorption into lung
Thoracic Mucociliary Mucociliary .
JELH, Transit In Transit Out tissue
@hatic SvstemE{ + dose or from
previous

* Lysosomal trapping

Bronchiolar compartment
(8.1)

* undissolved &
dissolved Local pH,

MUCUS fluid volume

e e Metabolism

Alveaolar-Interstitial
(5.85)

— SO = e=rw o Absorption into systemic

Vapor Phase CIFCU|atIOn

* Evaporation/Exhalation

pﬁé’#ﬁsci@ 2()21 #Pharmscizo Slide 16 <



Clinical Pharmacokinetics
https://doi.org/10.1007/540262-021-01066-2

Inhaled Administration

ORIGINAL RESEARCH ARTICLE

()
Check for
updates
Physiologically Based Pharmacokinetic Modelling of Inhaled
Nemiralisib: Mechanistic Components for Pulmonary Absorption,
Systemic Distribution, and Oral Absorption
Neil A. Miller'® - Rebecca H. Graves' - Chris D. Edwards? - Augustin Amour? - Ed Taylor® - Olivia Robb? -
Brett O'Brien? - Aarti Patel® - Andrew W. Harrell® - Edith M. Hessel*
Z;l:: fe dpff-iﬁi id“;‘““ Subject Predicted Observed AUC, Predicted Observed Coran
fol.lowing anlirl]lhalatiorlrlmf‘iose of AUC, (pg /mL) AUC, (pg /mL) Folderror C, (pg/mL) C, (pg/mL) Fold error
nemiralisib 1001 3.324E+4 2.528E+4 +13 4551 3237 +14
1002 3.876E+4 44TTE+4 -12 4477 5609 -13
1003 2.562E+4 2.419E+4 + 1.1 4330 3903 + 1.1
1004  4265E+4 4042E+4 +1.1 5690 8283 -15
1005 1.500E+4 1.834E+4 -12 4813 2866 +1.7
1006  1.952E+4 2.708E+4 ~-14 4924 125TE+4  —26

AUC, area under the plasma concentration—time curve from time zero to time t. C,,,, maximum concentra-
tion

Pharm
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e Systemic disposition and intestinal absorption
calibrated/validated against IV and PO data

Inhaled parameters:

Deposition — predicted from MPPD model
and subsequently scaled based on observed
inhalation dose

Solubility — measured
Permeability — measured (MDCK-MDR1)

Systemic absorption rate constant —
estimated from lung blood flows

Binding in mucus and cells —assumed the
same as plasma

slide 17 N\l



Dermal Delivery

Processes:

o | | e * Dissolution/Precipitation
V:;T:le ‘ n=1 n=1 Transdermal Drug Disposition: The Big Picture .
? T < * Evaporation
Stratum Corneum . . . . . e . .
I ® mm 3 \ * Absorption into Stratum
s . . . o . ® o
Viable Epidermis .H_air Hair [R:::::;{on f’:::)) © Precipitation ® o CO r n e u m
n=e Seb ’ Absorption . . . . .
I “ %GO * Diffusion and binding in
— : B different skin layers

-0 - Systemic Uptake

T 0 gy
SubQ Tissue L - 1/ i Meta bOIism

Dermis

e Absorption into systemic
circulation

» aaps
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Dermal Delivery
3

Mew Jourmal and we have oot recsived inpat yet 19 (2021) 100177

; : Contents lists available at ScienceDirect
R Ty i
1

e vrnl Computational Toxicology
- ,':i.c.'i'g :
Fl SEVIER joumal homepage: www scienced irect.comdournalico mput atio nal-toxicology
N
Cosmetics Europe evaluation of 6 in silico skin penetration models =

Sébastien Gréigoire ", lan Sorrell ™', Daniela Lange °, Abdulkarim Najjar °, Andreas Schepky ",
Corie Ellison”, John Troutman®, Eric Fabian ®, Hélene Duplan®, Camille Genies®,
Carine Jacques-Jamin®, Martina Klarie ®°, Nicola J. Hewitt

* Several mechanistic skin penetration models of varying complexity have been described in literature
and/or are available commercially

* Recently published study by Cosmetics Europe evaluated 6 of these models and identified required
improvements

* Predictions were compared with in vitro skin penetration studies and focus was on chemicals rather

than drugs, but the results provide good guidance on future improvements needed for these skin
penetration models

» aaps . - . A
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Dermal Delivery: Evaporation

received input yet 19 (2021 100177
— Iete avadlable ot Seeebies (C) TCAT - nominal dose (D) TCAT - dose adjusted for evaporation
et ) . 100d s 1004
Semip) Computational Toxicology R*=10.26
£
el 804 7
El SEVIER Jjoumal homepage: www.sciencedirect.comjournalicomput ational-toxicol ogy = = =
= ] =
T 60- J}- T 901
m) = el =
. . . oy . . for [ e o i
Cosmetics Europe evaluation of 6 in silico skin penetration models i g 404 - L. T g 40
- _ _ _ = La=" 7 L E T
Sebastien GréFoire ", Ian Sorrell ', Daniela Lange ®, Abdulkarim Najjar *, Andreas Schepky w4 ® = I T - 204 jrig
Corie Ellizon®, John Trourman?, Eric Fabian ®, Hélene Duplan®, Camille Genies®, =~ o T il
Carine Jacques-Jamin*, Martina Klaric &=, Nicola J. Hewitt — il
U L) L) L L] ! t) L] L] L] T 1
0 20 40 6l 80 100 0 20 40 6l 80 100
Predicted DD Predicted DD

Evaporation was critical for accurate prediction of dermal delivery

 The models either did not include model to predict the evaporation or the accuracy of predicting
evaporation rate was not sufficient

* However, after adjusting the administered dose for the evaporated dose, the quality of prediction improved
with several tested models (for clarity, results for only one of the models shown in this slide)

i H e ) #PharmSci360 slide 20 N\
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Dermal Delivery: Parameter Estimates

received input yet 19 (2021 100177

Tty Gontents lists available at ScienceDirect
R ‘F-'ﬁ;:. Computational Toxicology
& sl
El SEVIER joumal homepage: www.sciencedirect.comjournalico mput stional-toxicol ogy

Table 3

applied in PBS as a preliminary criterion of performance.

Impact of measured and QSAR Kgc,puser and Dsc values on correlation co-
efficients (R*) between predicted and measured values of DD of 24 chemicals

Cosmetics Europe evaluation of 6 in silico skin penetration models

Sebastien GréFoire ", Ian Sorrell ', Daniela Lange ®, Abdulkarim Najjar *, Andreas Schepky
Corie Ellizon®, John Trourman?, Eric Fabian ®, Hélene Duplan®, Camille Genies®,
Carine Jacques-Jamin*, Martina Klaric &=, Nicola J. Hewitt

Chackfor
Cpeinle

Model Condition (Table 2) R® using Ksc puger and D
QSAR Measured
TCAT T1 0.80 0.53
Surrey SuZ (2D Model) 0.29 -
Sud (1D Model) - 0.28
DSkin D2 0.60 0.14
SimCyp SC1 0.23 0.58

Impact of measured or in silico parameter inputs for Stratum Corneum partitioning and

diffusivity yielded mixed results:

* Measured values improved predictions with one model

* in silico parameter inputs resulted in better predictions with two other models (including the highest

overall R?)

» aaps
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Dermal Delivery: Local Concentrations

Hew Journal and we have not received inpat yet 19 (2021) 100177
(A) TCAT (B) SimCyp (C) DSkin
BT Contentz lizts available at ScienceDirect 100 oy 1004 100
T = 9 2 - @ =
Ly s . , o T e . 0y . : :
g Computational Toxicology g ’ e Ml e Z o & W shs z
- = 2 | St 'l 14- R . T * ______ -
g aslks = ozd W% T e 2RSS o @R =
- . - & ] 5. o's ° =
El SEVIER Joumal homepage: www.sciencedirect.comjournalico mput etional-toxicol ogy 5 0.1 D%?"‘ 050 2® § 0.19 o6 -oqg_ :' g
E-l 0,0 o0 5 oo &093 -"..'I' ®a =
E(I‘{H Qo 0o 50,0” [+] 5] o0 see EO
0.001 0.001 T < P T T 0.0
. . . . . . Surface SC Epi Dermis RF Surface SC Epi Dermis RF Surface SC Epi Dermis RF
Cosmetics Europe evaluation of 6 in silico skin penetration models
4 - & = b.1 = C - s C c - oy @
Sebastien Grégoire ™ |, lan Sorrell ™', Daniela Lange °, Abdulkarim Najjar °, Andreas Schepky °, (D) CnC (F) Surrey
Corie Ellizon®, John Trourman?, Eric Fabian ®, Hélene Duplan®, Camille Genies®, 100 100 5
Carine Jacques-Jamin®, Martina Flaric 7, Nicola J. Hewitt 2 % 0 ? 10 ofee e
- -
= = og ® @
w @ Cg ;e e,
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Fig. 8. Prediction of the amount of chemical in each compartment following the 24 h incubation. Values are the ratio of predicted:measured amounts in different
compartments for each chemical applied in PBS (thus excluding triclosan and benzophenone, geraniol and propyl paraben applied in ethanol). The dotted line
denotes a ratio of 1 (perfect correlation). The median values for 24 chemicals in each ecompartment are shown by the short horizontal lines.

Prediction of compound accumulation in different skin layers :
* Accuracy varied for different models and layers

* There is room for improvement with all tested models — important especially for locally acting drugs
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Intramuscular and Subcutaneous Injections

* Tissue plasma partition coefficients and tissue blood flow account

Perfusion Limited: for drug uptake from injection site into systemic circulation

Cbor Q, Rbp chir Qr Rbp

* Works well with solution injections (if precipitation is not a

significant factor)
_.._—-‘

SC or IM administration

Vy, Cy o Cline ]

Midazolam administration in healthy volunteers
- The same model correctly described PK after IV, SC solution and IM solution administration

Permeability Limited:
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Observed data from:
Pecking — Br J Clin Pharmacol 2002, 54:357; Alfonzo Echeverri — Anesth Prog — 1990, 37:277; Kupferschmidt — Clin
Pharmacol Ther 1995, 58:20
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Ob

ntramuscular and Subcutaneous Injections

Intramuscular and subcutaneous injection of crystalline suspension of low solubility compound cabotegravir
dM, D, (1+2s)(

Simulation used Johnson dissolution equation with: dt  phr

t

* Large particle size (might be indicative of aggregation at the injection site)
* Large diffusion layer surrounding particles (might be indicative of static tissue environment)

Cs o CZ )Mu,t

Intramuscular Subcutaneous
100 mg - Particle radius 1700 um, Diff layer 1cn 200 mg - Particle radius 2700 um 100 mg - Particle radius 150 um 200 mg - Particle radius 130 um
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g 0.24 gu.zs- g
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S 0.184 B 0221 B
= 0.164 = 024 2
c c - =
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served Data:

Spreen - J Acquir Immune Defic Syndr, 2014, 67(5):481
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Intramuscular and Subcutaneous Injections

Tissue response may further complicate the apparent behavior of injected formulation:
|.  Acute phase of the inflammatory response

Occurs within one week following administration and is characterized by the presence of neutrophils in the area of the injection or implant.

lI.  Onset of the chronic phase of inflammation

Onset of the chronic phase of inflammation, is characterized by the appearance of monocytes and macrophages

lll.  Fibroblasts infiltration and collagen deposition

Fibroblasts infiltrate the site and collagen deposition is initiated to form a fibrous capsule. Neo-angiogenesis is also observed during this period

Depot Volume <«—ACUTE — CHRONIC — GRANULATION TISSUE ——»
3000- ek R
eutrophils
FT e Macrophages
—_— N larizati . L. .
e 2000 i The temporal variation in the
4d SN N e el : _
E - IM . oreign Body Giant Cells  ¢p, ree phases of inflammatory
E ok k - SC f Fibroblasts response resulting from
dede e - 9 . . .
% 1000 _/** £ = Fibrosis administration of
> ¢ biodegradable microspheres
pleenan Mononuclear
Leucocytes
0Lr—r——— . .
01234 T 14 Time
Days Post Treatment (Minutes, Hours, Days, Weeks)

Jucker —J Contr Rel 2017, 268: 102-112 Anderson et. al., Advanced Drug Delivery Reviews 64 (2012), 2012
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Summary

* Significant progress was made in development of in vitro systems and models to
predict intestinal absorption

« Similarities in processes impacting absorption from oral and non-oral routes of
delivery provide path towards improved predictions from non-oral routes of delivery

 Additional route-specific processes impact predictions for non-oral routes of
delivery:
» Deposition with inhaled administration
Evaporation and impact of excipients on drug absorption with dermal administration
Potential aggregation and physiological response with IM or SC injectables
Contribution of intestinal absorption with oral cavity, ocular, and inhaled administration
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Questions

Viera Lukacova, Chief Scientist — Lancaster Division, Simulations Plus
viera@simulations-plus.com

SimulationsPlus

SCIENCE + SOFTWARE = SUCCESS



mailto:viera@simulations-plus.com
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