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Outline of the Presentation
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Understanding In vitro to Predict In vivo — In vitro In vivo Extrapolation (IVIVE) with

Physiologically Based Pharmacokinetic (PBPK) Modeling

Mechanistic Models

Scaling factors

IN VItro
parameter

IN VIVO
parameter

* Information obtained from surrogate in vitro, ex vivo or animal studies is used to provide quantitative solutions
to predict the in vivo behavior of drugs in a target human population prior to undertaking clinical study

« This approach is widely used now in field of metabolic clearance/drug-drug interaction prediction and
gastrointestinal absorption.

A Rostami-Hodjegan et al. Clin Pharmacol Ther. 2012 Jul;92(1):50-61. doi: 10.1038/cIpt.2012.65. CE RTARA»



Dermal in vitro in vivo extrapolation (IVIVE) — A step towards Virtual Bioequivalence

Complex Topical Products
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of topical products
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« Drug Solubility in different phases Mechanistic Dermal Absorption Model Elderly Subjects
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Topical Formulations/Products for Dermatological Applications

[ Liquid |
formulations

éﬂm emulsion| solid dispersed
z ~

1 clear & homogeneous In a liquid ! All these products can broadly be
[ SOLUTION ] [ LOTION ] [SUSPENSION] classified as —
colloidal " Semi-solid | 1. Solutions
Sfuf.’f;s:;lﬁl L formulations J l 2. Emulsions

a) < 20-50% dispersed :
r{ > 50% water }_emu,sion solids _{ < 50% water }_ 3. Suspensions

& volatiles b) > 50% of solids are & volatiles
waxes, PEGs, HCs
c) < 20% water & ,j =
volatiles o B 5
; ' 14 “_ e .\’;.
I “ \

!a) < 20-50% dispersed solids &
[ GEL ] [ CREAM |b) < 50% of solids are waxes, PEGs, HCs [ OINTMENT ]

- 4

f OR c) > 20% water & volatiles
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Metamorphosis of Topical Formulations

Fresh foam Collapsed foam

Primary formulation Secondary formulation
First encounter

Application feel

Sub-saturated system Saturated system

Sum of ingredients
after evaporation of
all volatile vehicle
ingredients

Tertiary formulation
Second encounter
Skin feel

Super saturated system

= Active

= Stearic acid

= Non-ionic emulsifier 1
Non-ionic emulsifier 2

= Liquid paraffin

= Propylene glycol

= Sodium citrate

= Citric acid

= Disodium edetate

= Benzyl alcohol

= Water

Relative composition of

primary formulation

Active

l

tertiary formulation

Active

y

Change in concentration of
active ingredients dissolved in
the aerosol form formulation
over application time. BD
Betamethasone dipropionate,
Cal calcipotriene

Pressurized
formulation

Evaporation
of propellants

Concentration of dissolved Cal/BD

Foam on the skin
A supersaturated solution of Cal and BD

Amount of propellantin the formulation

L | |

._.................._._................................-...._______.._>

Y Y

Pre application  Application
and spreading
on the skin

T
Post application

Time

Image adapted from Lind et al, Dermatol Ther (Heidelb) 2016; 6: 413—425.;Suber et al, Curr Probl Dermatol. Basel,
Karger, 2018, vol 54, pp 152—-165
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Modeling Metamorphosis of Topical/Transdermal Formulations — Even Simple

Formulations Are Not That

Solution e Drug Molecule Emulsion ® Drug Molecule
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Simcyp' s Multi-Phase Multi-Layer (MPML) MechDermA Model

Formulation
gel, cream, lotion, paste, etc.

Stratum Cornuem (SC)

define cell shape/size, cell membrane Deffsc
permeability, keratin bonding kinetics, Tortuosity
tartuosity/diffusivity, hair density/size

Viable Epidermis (VE)

thickness/diffusivity, metabolism

Dermis
thickness/diffusivity,
rmetabolism, blood flow

Subcutis
thickness/diffusivity, blood flow

Deep Tissue
thickness/diffusivity, blood flow

Deffiom

Pediatric

Forehead

Clye

Cloem N. Europeans Inner Forearm

Upper Leg

Upper Arm

Diseased

Martins et al. GRC - Barrier Function of Mammalian Skin, NH, USA, August 13 - 18, 2017.

- Population : Location

QOuter Forearm

Lower Leg

CERTARAD



Input Parameters Needed to Parameterize the Model

Systems
Data

Systems Parameters

In vitro Simulation

Static or flow through
Anatomical region

Type of skin sample
Thickness of skin sample
Area of diffusion cell
Volume of receptor fluid

In vivo Simulation

Site of application
Physiology is then
populated from database
generated from meta-
analysis (can be modified
by the user)

© Copyright 2020 Certara, L.P. All rights reserved.

Trial Design

* Number of subjects

« Demographics (age
range, gender)

* Dose and volume of
formulation applied

* Duration of simulation

Drug Data

Drug Parameters

« MW
 LogP

- pKa

- f,(QSAR)

Skin Model Inputs

(Partition and Diffusion

Formulation

Formulation Data

Coefficient)

* KSCIip:Water (QSAR)
* Kscve (QSAR)

* KDermis:VE (QSAR)

* KDermis:BIood (QSAR)
* Dgcip (QSAR)

* Dy (QSAR)

* DDermis (QSAR)
+ fusc (QSAR)

Type of Formulation

v Solution

v' Emulsion (w/wo

particles)

v' Suspension

v' Patch
Composition
Drug solubility in
different phases
Drying rate (weight loss)
Specific gravity
Particle size (solid
particles/droplets)
Rheology
Precipitation
characterization

©  CERTARAD



Case Example 1 - Modeling In Vitro and In Vivo Skin Permeation of
Metronidazole Commercial Formulations (MetroGel® and MetroCream®)

CERTARAD



Experimental Data and a Modeling Plan for Metronidazole

Physico-
chemical
Parameters

Predicted
Partition and
Diffusion
coefficients

Skin
Anatomic/
Physiologic
Parameters

IVPT data of
metronidazole
from aqueous
solution Infinite
and finite dose

Optimize SC Partition/
Diffusion Parameters

Initial PBPK
Model of
IVPT
experiment

No

Examine
experimental
conditions and
Fit SC Patrtition/
Diffusion
Parameters

| Evaluate Initial

PBPK Model

l Yes

Integrate Q1, Q2,
Q3 properties of
MetroGel

Yes — Rate and extent of cumulative amount permeated within two folds
No — Rate and extent of cumulative amount permeated outside two folds

Independent
observed in vivo

data set for
MetroGel

local concentration

Perform PSA of
CQAs of
MetroCream

A

\ 4

Extrapolate to In
vivo studies of
MetroGel

Evaluate PBPK
Model of
MetroCream

1

Yes

Verify model with

No

!

Evaluate PBPK
Model of
MetroGel

NoO (different dose

Integrate Q1, Q2,
Q3 properties of
MetroCream

Challenge formulation

N

volume) of MetroGel

A

Yes

Perform PSA of
CQAs of MetroGel
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MetroGel® (0.75% w/w Gel)

Data Available

a. IVPT data - Infinite and Finite dose from aqueous
metronidazole solution.

b. A battery of Q3 characterization data such as pH of
formulation, viscosity, evaporation profile, drug solubility in
continuous phase from two different laboratories.2b g

a

S o 75% Wi G
etrogetronidazo'e 075%™ GALEERMA

gel contain’™s b

c. IVPT data — three doses 3, 10 and 30 mg/cm?from
Ajjarapu et al.c

d. IVPT data — one dose 10 mg/cm? from Roberts et al.P

e. In vivo stratum corneum permeation data from two clinical
studies reported Iin literature.

aMurthy SN. et al. AAPS 2015; PRoberts et al. (unpublished); cAjjarapu et al. Poster Presentation. AAPS 2019 CE RTARA’)



Simulation of in vitro skin permeation of metronidazole from aqueous solution —

Infinite Dosing Conditions

= 80
QO
< —Mean
g 60 —95th Percentile
E —5th Percentile
=~ Obs .
=5 Optimized
o o 40 Kp -
= ?5) sclipid:water
<3 I
2
=5 20
o
= 20
3 0
0) 4 8 12 16 20 24

Time (h)

Bottom-up predictions led to nearly four fold under
prediction of the extent of permeation

*Observed dataisn =6

Observed data taken from Ajjarapu et al. Poster Presentation. AAPS 2019

120
—Mean

—95th Percentile
—5th Percentile
Obs

=
o
o

0]
o

Cumulative Amount
Permeated (ug/cm?)
(@)

o

0 4 8 12 16 20 24
Time (h)
Simulated cumulative amount permeated (ug/cm?)

captured the observed profile
KPsciipia-water = Partition coefficient between SC lipids:water
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Simulation of in vitro skin permeation of metronidazole from aqueous solution —

Finite Dosing Conditions
* Back as skin site, Dose = 1.5 mg, Dose Volume = 300 L, Trial Design = 10 trials X 6 individuals

140 12
= ~120 —Mean e First Order Evaporation Rate 0.164 h-!

St —95th Percentile - %10
© 2100 | —5th Percentile 2 £

=2 Obs = 8
o= 80 — =5
L®) o Qo

Z 2 60 St ©
<5 S S

gg 40 (C)ng 4

S 20 52 2
A8

0 0

0 4 38 12 16 20 24 0 2 4
Time (h) Time (h)

Predicted profile closely matches to the observed data. This steps serve to verify the fitting of Kpgisig-water

CERTARAD

Observed data taken from Ajjarapu et al. Poster Presentation. AAPS 2019



Simulation of in vitro skin permeation of metronidazole from MetroGel® - Murthy et

al. Q3 Characterization - Dose 10 mg/cm?

« Significant overprediction was observed both for the rate

20 ——Mean _ and extent of metronidazole permeation from Metrogel®
—95th Percentile
5th Percentile _ _
216 Obs « Clearly, the translation of model parameters from simple
gg aqueous based infinite and finite dosing conditions to
€S complex formulation was not straight forward
c 312
o
;:Ej « A closer look at the experimental conditions revealed
‘—35 S 8 differences in hydration conditions between the aqueous
e E IVPT experiments where large dose volume was used
o8 4 (around 2mL in infinite dosing conditions) vs [IVPT
experiments for gel where 10uL dose volume was applied in
0 the experiment.
0 8 16 24 32 40 48

« Skin hydration is known to effect the diffusion of the
drug through stratum corneum2 and thus, we decided to
optimize diffusion coefficient of metronidazole using
IVPT data for 10 mg/cm? for MetroGel formulation.

Time (h)

Observed data taken from Ajjarapu et al. Poster Presentation. AAPS 2017; @Yuosef et al. AAPS J . 2017 Jan;19(1):180-190.
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Simulation of in vitro skin permeation of metronidazole from MetroGel ® - Murthy

et al. Q3 Characterization - Dose 3, 10 and 30 mg/cm?

* Optimized Dg,iq Using 10 mg/cm? IVPT data
« 3 mg/cm? and 30 mg/cm? IVPT dataset serves as model verification

Dose — 30 mg/cm?

6 Dose — 10 mg/cm? 4 Dose — 3 mg/cm? 12
& =~ g%lo
= S £3 -4 29
224 o G ES 8
E o E5 << =
<=2 32 O —

= T 6

0333 @ 2 20)
= S =
T 82 8 © ER-
== = 0 c €
c 51 E EY 38 2|
Ga 38

0 0 0

O 8 16 24 32 40 4 0O 8 16 24 32 40 48 O 8 16 24 32 40 48
Time (h) Time (h) Time (h)

Optimized PBPK model was able to predict cumulative amount permeated (ng/cm?) observed from the
challenge formulation (different dose volumes).

CERTARAD

Observed data taken from Ajjarapu et al. Poster Presentation. AAPS 2017



Simulation of in vitro skin permeation of metronidazole from MetroGel ® - Roberts

et al. Q3 Characterization - Dose 10 mg/cm?
All the parameters are similar except pH of formulation (pH 4.8) and evaporation profile

25
100 —Mean
=% S .
= 80 -e-Murthy et al. o) —95th Percentile
= c 20 - . ; .
S ) ) T 5th Percentile
GE, 60 --Roberts et al. % i - - _ _ =  —0Obs-Mean
9—:» - x D1-1
S 40 c &
g g LE) o D1'2
g 20 Eg © D1-3
N 0 ———o—o— 90— o - - D21
0 4 g & T Dee
Time (h) g D2-3
8 = D3-1
The model was able to predict mean s D3-2

cumulative amount permeated (ug/cm?) ¥ D3-3
as well as variability from 10mg/cm? dose 0O 8 16 24 32 40 48

determined by another lab. Time (h)

N v
Murthy SN. et al. AAPS 2015; Roberts et al. (unpublished) CERIARA



Parameter Sensitivity Analysis of Critical Formulation Parameters of MetroGel®

——NoEvap
10 | —o011 (50 times slower) 60 ——PRCO0.22
——5.43 (Obs) ——PRC 1.1
=g 27.12 (5 times faster) - ~90 | —pPRrC11
§ g —gzllOS (10 times fast St PRC 110
o ® SO | ----
c 35 S = % 40 PRC 550
<36 <=3 ® Obs
>3 > 330
884 Logs
c 2 a0
8 & ° 8 8') 10
80— 000
0 0
0 8 16 24 32 40 48
Time (h) 0 8 16 Tirr%g ) 32 48
Evaporation Rate Constant Precipitation Rate Constant
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Parameter Sensitivity Analysis of Critical Formulation Parameters of MetroGel®

Cumulative Amount

Permeated (ng/cm?)

—1277.9
—127.79
—12779
127790
—1277900
® Obs

0 8 16 24 32 40 48
Time (h)

Vehicle Viscosity

o N 00

ol

Cumulative Amount
Permeated (ug/cm?)

4
; 9.89
2 —12.9
1 e Obs
0

8 16 24 32 40 48
Time (h)

o

Drug Solubility in Continuous Phase (mg/mL)
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Simulation of in vivo skin permeation of metronidazole from MetroGel® and

Rosex®

Rosex was assumed to be similar to the Metrogel. Both are 0.75% w/w gels of metronidazole with similar Q1 properties
Assumed metronidazole freely permeates through corneocyte

?\g &\50
& 407 = —Mean
8 ?240 —095th Percentile
8 30- 6’ —5th Percentile
c B Observed UC) 30 Obs
ll:l 20- ™ Predicted Mean N
= B 95th Percentile E 20
© 10- W 5th Percentile ©
S S 10
o )
e 0- =
< 05h 1h 2h 4h < |
Time (h) 0 6 12 18 24 30
Time (h)

Dykes et al. 1997 Araujo et al. 2018
The model was able to predict metronidazole amount permeated (ug/cm?) in the stratum corneum

observed in vivo demonstrating successfully IVIVE in this case. n
CERTARA



MetroCream® (0.75% w/w Gel)

Data Available

a. A battery of Q3 characterization data such as pH of formulation,

viscosity, evaporation profile, drug solubility in continuous U;.;w—_re-al;'— 4
phase from two different laboratories.2P? | M?Hﬂ?fwl
CREMA 55‘—0"!_?‘
b. IVPT data —10 mg/cm?from three different laboratories.2.¢ [ st S
CERTARAD

aMurthy SN. et al. AAPS 2015; PRoberts et al. (unpublished), ¢Zhang et al. Poster Presentation. AAPS 2019



Simulation of in vitro skin permeation of metronidazole from MetroCream ®

(10 mg/cm?2)

« Back as skin site, Dose = 0.074 mg, Dose Volume = 10 pL, Trial Design = 10 trials X 6 individuals
 Diffusion and partition parameters are kept same as that for MetroGel

Murthy et al. Q3 . Roberts et al. Q3
7
57100 70 —Mean —Mean
c —95th Percentile - AGO —95th Percentile
= 80 = 60 5th Percentile 1 S —5th Percentile T
£ o --Murthy etal. 3 E 50 Obs-Murthy - A g ?03)50 Obs-Murthy i //.
2 -»-Roberts etal. €35 = Obs-Roberts P A = = Obs-Roberts = 1 |- =
- © 340 | » Obs-Zhang iR o= LA
S 40 © 5 . 23 + Obs-Zhang e
3 = 230 T ®®30 ' ol
S 20 =93 1 352
o c £20 B £ £ 20
X 0 3 o od
0o 2 4 6 8 10 10
Time (h) 0 0
0 8 16 24 32 40 48
Time (h) Time (h)

Simulated cumulative amount permeated (pg/cm?) was able to successfully predict the observed data
from three different laboratories bottom up

*Note — Simulations are done using Franz diffusion setup based on Murthy et al. and Roberts et al. Q3 properties, Data from Zhang et al. is obtained using flow through setg%, It
is overlayed on the same graph for comparison purpose only CE RTARA

aMurthy SN. et al. AAPS 2015; "Roberts et al. (unpublished), °Zhang et al. Poster Presentation. AAPS 2019



Case Example 2 — Modeling In Vitro Skin Permeation of Acyclovir Commercial
Formulations (Zovirax and Aciclostad)
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Zovirax (Approved in US) and Aciclostad (Approved in Austria)

Data Available ™ S
l (ACYCLOVIR) CREAM 5% |5°d‘9‘3’“<°ﬁ1310550mgaqw

USE ONLY FOR COLD SORES.

__‘ﬁ.,

a. Good understanding of Q1 and Q2 properties of both W oconrmnes
oroducts ZOVIRAX
7 (ACYC LOVI R) CREAM 50/0 7 ES(:graa&\d(g‘zt:ins

USE ONLY FOR COLD SORES.

b. A battery of Q3 characterization data such as pH of o R A e
formulation, viscosity, evaporation profile, drug solubility
In continuous phase from two different laboratories.2<¢

c. IVPT data —15 mg/cm?from three different
laboratories.aP.

en Lippen

e
50 mg pro ! gt
wirkstoff: Aciclovir
@ﬂ’t 249 Cf@me -

CERTARAD

aMurthy SN. et al. AAPS 2015; "Shin et al. Poster Presentation. AAPS 2015; Roberts et al. (unpublished)



Simulation of in vitro skin permeation of acyclovir from Zovirax and Aciclostad

Zovirax Cream
(A) (€) E \
6.0 6.0 - (E)

=) ) __6.0 -

S 50 { —Mean E50] —Mean b —Mean

s ——95th Percentile s ——95th Percentile 2071 _ osth Percentile

= 4.0 - 4.0 . =

5 5th Percentile E 5th Percentile « 4.0 5th Percentile

% 301 4 obs-Murthy é’ 3.0 { = Obs- Shin § 30| = Obs-Roberts + + Ry )

2 2.0 - 220 . £2.0 A " This work was

i / Ero- ER / presented at CRS

® 00 . . ® 00l 300 — - Annual Virtual

0 20 40 0 20 40 0 20 40 Meeting 2020 and will
Time (h) Time (h) Time (h) eetng ana wi
. also be discussed as
Aciclostad Cream :
(B) D) 10 - F) 10 - poster at upcoming

a1.0 . s Cenn - — Mean + $ AAPS PharmSci
§-, 0.8 - :;n;:npercent"e §°'8 1 —95th Percentile ~§~’, 08 1 g5¢h Percentile i Annual Meeting 2020
%‘ 5th Percentile ;0 6 5th Percentile :‘1, 0.6 | 5th Percentile
§ 0.6 - Obs-Murthy g ) = Obs-Shin § = Obs-Roberts % +
E 5‘ 0.4 - E 04 + + + +
£ 04 s’ it
:g 3 0.2 - % 0.2
g 02 £ E
S © S

00 ' ' " 0 20 40 " 0 20 40

0 20 Time (h) 40 Time (h) Time (h)

Simulated cumulative amount permeated (ug/cm?) was able to successfully predict the observed data from two
different laboratories bottom up CERTARA?

Murthy SN. et al. AAPS 2015; Shin et al. Poster Presentation. AAPS 2015; Roberts et al. (unpublished)



Conclusions

« PBPK models can be immensely helpful in dermal drug development. The
developed models, with limited datasets, was able to capture the in vitro skin
permeation of drug(s) from gels and creams formulation provided these models
are adequately parameterized with respect to physical and structural
characterization of formulations.

 These models presents an opportunity to understand the differences between
the reference and test products.

 IVIVE was demonstrated for metronidazole gel formulations — Consistent
datasets in terms of dose applied and conditions of application between in vitro
and in vivo scenario is needed to further understand/evaluate capability of PBPK
models to predict in vivo exposure from in vitro verified models.
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Empirical Supersaturation/Precipitation Model

[API]

Time Concentration Profile Receiver Compartment

0.2
- — SPRC
15t order precipitation rate
0.16 .
constant designed to capture
0.14 region “A’ if required
0.12
CSC
0.1
" PRC — 1% order
0.06 1 precipitation rate
constant
0.04
0.02
L O S 5 2 S Equil. Sol.
2 15 3
Lag time

Empirical Model

IF supersaturated conditions encountered
THEN

Dissolution stops

Precipitation can only begin when
CSC is reached

CSC is a critical conc. at which
precipitation starts

[Drug] may continue to rise due to slow
permeation of drug from skin
Supersaturated conc. may exceed
CSC (CSR x Eq.Sol)

CSC - Critical Supersaturation Concentration

CSR - Critical Supersaturation Ratio

PRC — Precipitation Rate Constant (1/h)

SPRC — Secondary Precipitation Rate Constant (1/h)

Metronidazole Equil.Sol = 8.7 mg/mL
CSR-1
PRC - 11

US Patent Number 8,877, B2
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