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Integrating Mechanistic Modelling within the
Generic Topical Drug Product
Development Process

Workflow for maximising the impact of mechanistic models
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Dermal In Vitro - In Vivo Extrapolation (IVIVE) with MPML MechDermA
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Dermal In Vitro - In Vivo Extrapolation (IVIVE) with MPML MechDermA
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Dermal In Vitro - In Vivo Extrapolation (IVIVE) with MPML MechDermA
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Confirm & Learn
Approach
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Understanding Q1, Q2 and Q3 properties of Deffomcoms
topical products

*  Composition Mechanistic Dermal Absorption Model

* Drug Solubility in various phases ] )

» Drying Rate (evaporation — weight loss) - Confirm key drug/formulation
. Specific gravity parameters: partition and diffusion
« Particle size (solid particles/droplets) coefficients

Rheology - Verify model performance with challenge
- Precipitation characterization formulations (different strengths, non-Q1,

K Excipients penetration / \QZ. Q3 formulation) /
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Dermal In Vitro - In Vivo Extrapolation (IVIVE) with MPML MechDermA
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Desoximetasone - Topicort Spray Example

Upcoming Publication

* Topicort Spray 0.25% - Information on Q2 taken from patent *

—Iin peer review

e Mechanistic formulation model uses Q2 as input

Evaporation rate of Isopropyl alcohol can be predicted

* No information publicly available on Q3 parameters

Viscosity
Solubility

pH

Evaporation rate

Vehicle Evaporation

Component

Desoximetasone
Glyceryl oleate
Isopropyl alcohol
Isopropyl myristate
L-menthol

Mineral oil

Supersaturation and Precipitation

(% w/w)
0.25
0.9
234
31.38
0.05
44.03

Primary/Secondary

Tertiary (% w/w)

0.33
1.17
0.00
40.96
0.07
57.47

® Drug Molecule

Redissolution of Precipitated Particle

Changes in Drug Solubility and Vehicle Viscosity

\\\\\\\\\\\\\\\\\\\\\\

Contlnuous Phase
N I’LR_} IE{HKQ e : . :
Drug Partmomnq\‘_’ Drug lonization
( [ J( J( J
( ] ( J{ J( J
(Stratum Cd>r[neum ) { J ( J( J( J

* Kisak, E. N., J; Kushwaha, A (2019). Compositions for Drug Delivery. U. S. P. A. Publication.
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Desoximetasone - Topicort Spray Example

(DR )

gel, cream, lotion, paste, etc. Deffiom

Stratum Cornuem (SC)
define cell shape/size, cell membrane Deffsc
permeability, keratin bonding kinetics, ~ Tortuosity

tortuosity/diffusivity, hair density/size

Viable Epidermis (VE)

thickness/diffusivity, metabolism Clw —
Dermis Cloem 4=
thickness/diffusivity,

metabolism, blood flow

Receptor

Volume Sampling/
BSA Binding Lit
Sampling/Flow

A Receptor

In vitro Release/Permeation Studies
ok *
Understanding Q1, Q2 and Q3 properties of
topical products

« Composition

* Drug Solubility in various phases

* Drying Rate (evaporation — weight loss)

» Specific gravity

» Particle size (solid particles/droplets)

* Rheology
* Precipitation characterization
K Excipients penetration /

Q1 - Qualitative Sameness Q2 — Quantitative Sameness Q3 — Microstructure sameness C E RTARA’)
*Anissimov, Y. G. and M. S. Roberts (2011). "Modelling dermal drug distribution after topical application in human." Pharm Res 28(9): 2119-2129. °



Desoximetasone - Topicort Spray Example

(DR )

gel, cream, lotion, paste, etc.

Stratum Cornuem (SC)
define cell shape/size, cell membrane Deffsc
permeability, keratin bonding kinetics, ~ Tortuosity

tortuosity/diffusivity, hair density/size

Viable Epidermis (VE)

thickness/diffusivity, metabolism Clve .;-:: -

Dermis Cloum 4=
thickness/diffusivity,
metabolism, blood flow

Receptor

Volume b
BSA Binding Flow = Receptor

Sampling/Flow

. . . Component Tertiary (% w/w
In vitro Release/Permeation Studies P y (% w/w)

Desoximetasone 0.33 *
+ Glyceryl oleate 1.17

Understanding Q1, Q2 and Q3 properties of Isopropyl alcohol 0.00
topical products — Isopropyl myristate 40.96
* Composition L-menthol 0.07
* Drug Solubility in various phases _ _
* Drying Rate (evaporation — weight loss) Mineral of >7 47
» Specific gravity
» Particle size (solid particles/droplets)
* Rheology
* Precipitation characterization
K Excipients penetration /
Q1 - Qualitative Sameness Q2 — Quantitative Sameness Q3 — Microstructure sameness C E RTARA?

*Anissimov, Y. G. and M. S. Roberts (2011). "Modelling dermal drug distribution after topical application in human." Pharm Res 28(9): 2119-2129.



Desoximetasone - Topicort Spray Example

Input

Formulation

gel, cream, lotion, paste, etc. Deffiom
Stratum Cornuem (SC)

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

Viable Epidermis (VE)

thickness/diffusivity, metabolism Clw
Dermis Clogn | ¢
thickness/diffusivity,

metabolism, blood flow

Receptor
Volume Sl
BSA Binding Flow = Receptor

Sampling/Flow

In vitro Release/Permeation Studies

-

Understanding Q1, Q2 and Q3 properties of
topical products
« Composition
* Drug Solubility in various phases
* Drying Rate (evaporation — weight loss)
» Specific gravity
» Particle size (solid particles/droplets)
* Rheology

* Precipitation characterization
K Excipients penetration

/

Component
Desoximetasone
Glyceryl oleate
Isopropyl alcohol
Isopropyl myristate
L-menthol

Mineral oil

Tertiary (% w/w) Dermal Formulation Options (Solution)
0 33 Continuous Phase Constituents™
. Intrinsic
Solubility
1 17 % (wiv) +Density p Molar Mass Molar Velume Viscosity (mgfml)
: Vehicle Component 1 |Water 0 1 18.02 ﬁ% 1811 7 (00421
0.00 :Q Vehicle Companent 2 Custom v | |58.38 0.85 452.36 53219
40 96 ‘ :Q Vehicle Companent 3 | Custom v | (4162 085 27045 31933
Total Solution 100 0 o085 B |4 100 05
Formulation Diffusion Coefficients (em/h) Solubility
57.47 Diffusion Coeff in Vehicle Formulation fni*™ Hﬁv 1

Method |Scheibel 1954 predicted Dveh (em®/h) | 0.00051251

* Constituents of the continuous phase of the selected formulations.

Drug solubility in continuous Phase (mg/mL) “?ﬂ 03

ﬂ% 11.876

Wehicle: Water Solubility Ratiot

** fni is calculated from the formulation pH assuming Henderson Hasselback, Caution should be used when simulation non-agueous vehicles as HH may not apply.

*Density of the entire vehicle must be defined in order to calculate Molar Volume,
+ Applied as a scalar to Kscvand Ksebumy

Q1 - Qualitative Sameness Q2 — Quantitative Sameness Q3 — Microstructure sameness

*Anissimov, Y. G. and M. S. Roberts (2011). "Modelling dermal drug distribution after topical application in human." Pharm Res 28(9): 2119-2129.
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Desoximetasone - Topicort Spray Example

N

Input

Formulation
gel, cream, lotion, paste, etc. Deffim
Stratum Cornuem (SC)

define cell shape/size, cell membrane
permeability, keratin bonding kinetics,
tortuosity/diffusivity, hair density/size

Deffse
Tortuosity

Viable Epidermis (VE)

thickness/diffusivity, metabolism Sl S
Dermis Clowm =
thickness/diffusivity,

metabolism, blood flow

Receptor
Volume b
BSA Binding Flow = Receptor

Sampling/Flow

In vitro Release/Permeation Studies

oL

Understanding Q1, Q2 and Q3 properties of

topical products
Composition
Drug Solubility in various phases
Drying Rate (evaporation — weight loss)
Specific gravity
Particle size (solid particles/droplets)
Rheology
Precipitation characterization
Excipients penetration

/

6.0 u Control
= 1 OTrDsx37
£ 50
S ETrDsx39
¥ 40
§ 3.0
o
T 20
G.l
210
=]
00 e . WL
3hrs 6hrs 24hrs Epidermis  Dermis
component Tertiary (% w/w) Dermal Formulation Options (Solution
. Continuous Phase Constituents™
Desoximetasone 0.33 Intrinsic
Solubility
% (wiv) +Density p Molar Mass Molar Velume Viscosity (mgfml)
Glyceryl oleate 1.17 ; i
Vehicle Companent 1 | Water a 1 18.02 g 1811 N u 0.0421
Isopropyl alcohol 0.00 ) Vehicle Companent 2 Custom o | 5838 085 45236 53219
I I . t t 40 96 aVehicleCompcnant3 Custom v | |41.62 0.83 27045 319.35
sopropyl myristate .
Total Solution 100 "b 0.83 g 44361 100 0.5
L-menthol 0.07
Formulation Diffusion Coefficients (em/h) Solubility
Mineral oil 57.47 Diffusion Coeff in Vehicle Formulation fni** ah

Method |Scheibel 1954 predicted Dveh (em®/h) | 0.00051251

* Constituents of the continuous phase of the selected formulations.

Drug solubility in continuous Phase (mg/mL) u?ﬂ 03

@J 11.876

Wehicle: Water Solubility Ratiot

** fni is calculated from the formulation pH assuming Henderson Hasselback, Caution should be used when simulation non-agueous vehicles as HH may not apply.

*Density of the entire vehicle must be defined in order to calculate Molar Volume,
+ Applied as a scalar to Kscvand Ksebumy

Q1 - Qualitative Sameness Q2 — Quantitative Sameness Q3 — Microstructure sameness
*Anissimov, Y. G. and M. S. Roberts (2011). "Modelling dermal drug distribution after topical application in human." Pharm Res 28(9): 2119-2129.
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Desoximetasone - Topicort Spray Example

Mean C lative Mass of D: i in Recep
Local Amounts
TONEH00 | r— RS 1.0_ - Simulated
u Control Lowes percentie for Desimetasone___ Oserved
/ I n Ut 60 oo 6.00€400 - = Observed

F——— - ;E <o 1 OTrDsx37 0.8

gel, cream, lotion, paste, etc. €Fiom S B TrDsx39 5.006+00

Stratum Cornuem (SC) g 4.0

define cell shape/size, cell membrane Deffsc 2 00E+00 0_6 -

permeability, keratin bonding kinetics,  Tortuosity % 3.0 -

tortuosity/diffusivity, hair density/size g

= T 20 £ 3006200 | =
Viable Epidermis (VE) = g 0.4+
thickness/diffusivity, metabolism oy 5 10
: a 2.00E400

— o 00 e . WL mE 0.2-

thickness/diffusivity, 3hrs 6hrs 24hrs  Epidermis  Dermis 1002400 '

metabolism, blood flow

oo 0.0 - 4:0 8.0 120 15‘.0 20.‘0 24‘.0 0'0 =
Time (h) Epidermis Dermis

Receptor

\Blgxrg?nding S’T':IWW — Receptor

Sampling/Flow

. . . component Tertiary (% w/w) Dermal Formulation Options (Solution
In vitro Release/Permeation Studies
. Continuous Phase Constituents™
Desoximetasone 0.33 Intrinsic 3¢
Solubility
G cheryl Oleate 1 . 17 % (wiv) +Density p Molar Mass ) Molar Velume Viscosity ] (mgfml)
Vehicle Companent 1 | Water a 1 18.02 g 1811 N u 0.0421
Understanding Q1, Q2 and Q3 properties of Isopropyl alcohol 0.00 @) vehici Component 2 Custem BEE 085 #5236 5219
1 q -\9 Vehicle Component 3 Custom v | 4162 0.85 270.45 319.33
topical products NN sopopyimyistte 4096 [N,
° Co m ositio n Total Solution 100 N 0ss e] 443,61 100 05
P . . L-menthol 0.07
[ ) Drug Solu bl Ilty I n va rlous phases . . Formulation Diffusion Coefficients (cm’/h) Solubility )
. . . M | neral (o] || 57.47 Diffusion Coeff in Vehicle Formulation fni*™ Hdv 1
* Drying Rate (evaporation — weight loss) _ | ; |
S .f. . Method |Scheibel 1954 predicted Dveh (em®/h) | 000051251 Drug solubility in continuous Phase (mg/mL) i Pﬂ 0.5
. pecific gravity e ¢
Wehicle: Water Solubility Ratiot & 11.876
. . . . .
Pa rtl c I e S I Ze (SOI Id pa rtl C I es/d ro p I ets) * Constituents of the continuous phase of the selected formulations.
** fni is calculated from the formulation pH assuming Henderson Hasselback, Caution should be used when simulation non-agueous vehicles as HH may not apply.
° Rh eo I ogy *Density of the entire vehicle must be dsﬁned in Dr\:?ertn calculate Maolar Volume, 5 ' FeY
+ Applied as a scalar to Kscvand Ksebumy

* Precipitation characterization — —
K Excipients penetration /
Q1 - Qualitative Sameness Q2 — Quantitative Sameness Q3 — Microstructure sameness
*Anissimov, Y. G. and M. S. Roberts (2011). "Modelling dermal drug distribution after topical application in human." Pharm Res 28(9): 2119-2129. CE RTARA’




Desoximetasone - Topicort Spray Example

Upcoming Publication —in peer review

Effect of Dose Selection on formulation parameter sensitivity

1) Low dose — 1 spray per 10 cm?

2) Middle dose — 1 spray per 2 cm?
3) Default dose — 1 spray per 1 cm?
4) 1VPT dose - 3.5 sprays per 1 cm?

Viscosity: Solubility :

RLD =100 cP RLD = 0.55 mg/ml

Lower Bound = 1cP Lower Bound = 0.4 mg/ml
Upper Bound = 100 000 cP Upper Bound = 0.7 mg/ml
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Desoximetasone - Topicort Spray Example

Upcoming Publication —in peer review

Effect of Dose Selection on formulation parameter sensitivity

Plasma

1) Low dose — 1 spray per 10 cm?

2) Middle dose — 1 spray per 2 cm?
3) Default dose — 1 spray per 1 cm?
4) 1VPT dose - 3.5 sprays per 1 cm?

Viscosity:
RLD =100 cP
Lower Bound = 1cP

Upper Bound = 100 000 cP

Solubility :
RLD = 0.55 mg/mi
Lower Bound = 0.4 mg/ml

Upper Bound = 0.7 mg/ml

I | | | | ] | | | | I
X X X N X X X X
$® QQ; $?J QQ; $® QQ/ $® QQ’
S R S R S R S R
NS W ¥ o o NN
Viscosity cP

Dermis

80— ...................................... E ............ H}
| | I I ] I I | | | |
X X X X X X X X
$0 J $® QQ; $® QQ’ $® QQ,-
S R S R S R o R
NS N PN NN
Viscosity cP
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Desoximetasone - Topicort Spray Example

Upcoming Publication —in peer review

Effect of Dose Selection on formulation parameter sensitivity

Plasma

1) Low dose — 1 spray per 10 cm?

2) Middle dose — 1 spray per 2 cm?
3) Default dose — 1 spray per 1 cm?
4) 1VPT dose - 3.5 sprays per 1 cm?

Viscosity:
RLD =100 cP
Lower Bound = 1cP

Upper Bound = 100 000 cP

Solubility :
RLD = 0.55 mg/mi
Lower Bound = 0.4 mg/ml

Upper Bound = 0.7 mg/ml

I | | | | ] | | | | I
X X X N X X X
$® QQ; $?J QQ; $® J $® QQ’
S R S R S R S R
NS W ¥ o o NN
Viscosity cP

Dermis

80+
| | I I ] I I | | | |
X X X X X X X X
$0 J $® QQ; $® QQ’ $® QQ,-
S R S R S R o R
NS N PN NN
Viscosity cP
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Desoximetasone - Topicort Spray Example

Upcoming Publication —in peer review

Effect of Dose Selection on formulation parameter sensitivity

Plasma

1) Low dose — 1 spray per 10 cm?

2) Middle dose — 1 spray per 2 cm?
3) Default dose — 1 spray per 1 cm?
4) 1VPT dose - 3.5 sprays per 1 cm?

Viscosity:
RLD =100 cP
Lower Bound = 1cP

Upper Bound = 100 000 cP

Solubility :
RLD = 0.55 mg/mi
Lower Bound = 0.4 mg/ml

Upper Bound = 0.7 mg/ml

80- ...........................
I | | | | ] | | | | I
X X X N X X X
$® QQ; $?J QQ; $® J $® QQ’
S R S R S R S R
NS W ¥ o o NN
Viscosity cP

Dermis

80— ...........................
| | I I ] I I | | | |
X X X X X X X X
$0 J $® QQ; $® QQ’ $® QQ,-
S R S R S R o R
NS N PN NN
Viscosity cP
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Desoximetasone - Topicort Spray Example

Upcoming Publication —in peer review Plasma Dermis

Effect of Dose Selection on formulation parameter sensitivity

80— ............................ 80— ...................................................
1) Low dose — 1 spray per 10 cm? # #l
2) Middle dose — 1 spray per 2 cm? L& O O O F& O O O
N I ENGIEN NN (GRS I N o NN
3) Default dose — 1 spray per 1 cm? Viscosity P Viscosity cP
4) 1VPT dose - 3.5 sprays per 1 cm? .
Plasma Dermis
Viscosity: Solubility : 125 e H ............ H} ,,,,,,,,,,,, H } ,,,,,, ) 125-E ------------ H‘{ ----------- H } -----
2 =
= joma oma LAl LT = 100-1%ms-omy - i Bt AR LR
RLD = 100 cP RLD = 0.55 mg/ml 5 100-}H E H% H} H S ! H { #l Ml W
[0 DR I 20 DR e EEEERR PR
Lower Bound = 1cP Lower Bound = 0.4 mg/ml
- - ¢ & & & & & & & & & & & & & & &
Upper Bound = 100 000 cP Upper Bound = 0.7 mg/ml »\/G%\,\)QQ ,L&‘é,onQ Vos(onQ V°$95QQ NV0$N0QQ mV°$m°QQ %@«rb\)@ uV°$u°QQ

Solubility (mg/mL)

Solubility (mg/mL)
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Dermis
125— ........................................................
@
= 100-E}.E{. ...... }HH{ H ............ {,H .....
RS
80— .................................. E ............ H}
I ] ] I I ] ] 1 ) ) )
X\ X N X\ N X\ N N
s?: QQ/ $® QQ; $® QQ’ $® QQ-
S R S R S R S R
NN o Q¥ NN NN
Viscosity cP
Dermis
(LS e

% T/R
;
£
&
R
F 5

Upcoming Publication —in peer review Plasma
Effect Of Dose Selection On formulation parameter Sensitivity i} 125— ........................................................
gl
o\o
80- ........................... RS EEREEET H+ ..............
1) Low dose — 1 spray per 10 cm? +H
2) Middle dose — 1 spray per 2 cm St S S e
3) Default dose — 1 spray per 1 cm? Viscosity cP
4) 1VPT dose - 3.5 sprays per 1 cm?
Plasma
VlSCOSlty SOIUblIlty : [ P H} ............ H} ......
g 100.'}%.% ....... H . { ...........................
RLD =100 cP RLD = 0.55 mg/ml S H} H
80_ ..................................................
Lower Bound = 1cP Lower Bound = 0.4 mg/ml
Upper Bound = 100 000 cP Upper Bound = 0.7 mg/ml V&&: & vo\i & Vosi & Vos"’; &
N

Solubility (mg/mL)

X S X X X X

\$® QQ/ \$Q/ QQV \$® QQI $® QQ/
S R S R S R o R
N NN NN W W

Solubility (mg/mL)
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Desoximetasone - Topicort Spray Example

Upcoming Publication —in peer review Plasma Dermis
Effect Of Dose Selection On formulation parameter Sensitivity P s LR L PP [ T B R L R T TR T

x x

|°\: 100- EH} ...... H{% H}H ...... H ..... ; lOO‘E} E{ ...... H{ H{ H ............ E{ .....

80- ........................... B D G 80— ........................... B B I O
1) Low dose — 1 spray per 10 cm? +H % I
2) Mlddle dOSG 1 Spray per 2cm »V°$»°QQ mVOQ\m\)QQ %Voi < R OioQQ NVQ&\/\)QQ q/\/oéql\)QQ & & R °$D‘OQQ
3) Default dose — 1 spray per 1 cm? Viscosity o Viscosity cP
- 2
4) IVPT dose - 3.5 sprays per 1 cm Dermis
Plasma

Viscosity: Solubility - L5 G SO H} ...... 128t H } .....
T H*:::H_}:H}:::ﬁ:jjm 1::????::1:?:&5::%:i:jﬁ:i:é

% T/R
% T/R

Lower Bound = 1cP Lower Bound = 0.4 mg/ml
| | | | | | | | | | || || || | | I || || | | || |
Upper Bound = 100 000 cP Upper Bound = 0.7 mg/ml R R g Fg & gF L
R N N R
NN B NN NN g '\,‘)Q g m\)Q g N NS
Solubility (mg/mL) Solubility (mg/mL)
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