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Explain the data requirements and scientific considerations when .
building and validating a dermal physiologically based
pharmacokinetic (PBPK) model for dapsone topical gels

Recognize how in silico models can be used to support regulatory A
decision making

Learning objectives
» Discuss in silico methodologies for topical products applied on the
skin
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Outline

* Product-specific guidance (PSG) development

— Considerations
* |n silico methodologies for topicals
« Case study: Dapsone topical gel PSG

— PBPK analysis: objective, model development,
validation, application

. — Conclusions
fda.gov/cdersbia PBPK — physiologically based pharmacokinetic A
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in ANDAs
o In Vitro Release Test (IVRT) Studies for Topical Drug Products Submitted in ANDAs
o In Vitro Permeation Test (IVPT) Studies for Topical Drug Products Submitted in ANDAs

when they contain recommendations within a characterization-based
bioequivalence (BE) approach, these BE recommendations are product-
specific and are based on an understanding of the microstructure and
performance of the drug product

BE recommendations may include in vivo BE studies with PK endpoints
or comparative clinical endpoint studies

fda.gov/cdersbia A

PSGs for topical products
* contain harmonized recommendations in alignment with the relevant
general guidances
o Physicochemical and Structural (Q3) Characterization of Topical Drug Products Submitted
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February 2024 PSG revisions

FDA

. 0 .
PSG for Dapsone topical gel, 7.5%, October 2022 PSG for Dapsone topical gel, 7.5%, February 2024
Active Ingredient: Dapsone Active Ingredient: Dapsone
Dosage Form; Route: Gel; topical Dosage Form: Gel
Recommended Studies: Two options: (1) two in vitro bioequivalence studies, one in vivo Route: Topical
bioequivalence study with pharmacokinetic endpoints, and other Strength: 7.5%
characterization tests or (2) one in vivo bioequivalence study with ’
clinical Bndpoint Recommended Studies: Two options: (1) one in vitro bicequivalence study and other
characterization tests or (2) one comparative clinical endpoint
1. Option 1: Two in vitro bioequivalence studies, one in vivo bioequivalence study bioequivalence study
with pharmacokinetic endpoints, and ether characterization tests L Option 1: One in vitroe bioequivalence study and other characterization tests
*  “No significant difference” criterion *  “No significance difference” criterion
* same physicochemical and structural (Q3) attributes * same physicochemical and structural (Q3) attributes
« IVRT * |VRT
« IVPT
1I. Option 2: One in vivo biocequivalence study with clinical endpoint II. Option 2: One comparative clinical endpoint bioequivalence study

PSG revision was supported by modeling and simulation
* Elucidated the relationship between drug product quality attributes and in
vivo performance
+ Established a link between systemic and local dapsone exposure

id /cd bi https://www.accessdata.fda.gov/drugsatfda_docs/psg/PSG_021794.pdf
a.govicaersbia https://www.accessdata.fda.gov/drugsatfda_docs/psg/PSG_207154.pdf
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In silico methodologies for skin [
drug products

§

Drug Product
Human Phy5|0|09y Characterization
i P"‘.r i if ;u\' ;

in Individuals/Populations

. In vitro Product Performance

fda-QOV/Cdeeria https://pubmed.ncbi.nlm.nih.gov/35969125/


https://pubmed.ncbi.nlm.nih.gov/35969125/

ldentify drug product quality attributes for dapsone topical .
gels, that may impact local and systemic bioavailability.

Perform virtual bioequivalence assessments to evaluate the
impact of formulation differences on BE outcomes. ‘

o Virtual in vivo BE studies .

o Virtual IVPT studies

Model objectives
e Understand the factors governing the permeation of
dapsone through the skin.
[
4
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Basic principles of dermal FOA
BPK modeling
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Dapsone topical gel, 7.5%

Workflow FOA

Dapsone topical gel, 5%

Systemicdisposition model for dapsone (literature)

Systemic disposition model for dapsone (literature)

i

A4

Dermal PBPK model for
dapsone topical gel, 7.5%
using ANDA 1 data (internal
validation)

A

V'alri\dle\‘;:g'lr'] | Externalvalidation with
R | ANDAs2,3,and 4 data

The validated dermal PBPK models were
applied for VBE assessmentsfor ANDAs 1, 2,
3, 4 in skin (SC and dermis) and plasma

fda.gov/cdersbia

Dermal PBPK model for
dapsone topical gel, 5% using
ANDA 1, 2, 3 (external
validation)

The validated dermal PBPK models were
applied for VBE assessmentsfor ANDAs 1, 2,
3 in skin (SC and dermis) and plasma

BN i

SC: stratum corneum, VBE: virtual BE



Workflow FOA

Dapsone topical gel, 7.5%

Systemicdisposition model for dapsone (literature)

In silico IVPT model for dapsone
topical gel, 7.5% using the ANDA 1 Dermal PBPK model for
data (internal validation) dapsone topical gel, 7.5%
using ANDA 1 data (internal

validation)
Used the partially validatedin
silico IVPT model for VBE Validation External validation with
assessment for ANDAs 1, 2, 3 with IVPT ANDAs 2, 3, and 4 data
and 4 in skin (SC) and receptor data
media

The validated dermal PBPK models were
applied for VBE assessments for ANDAs 1, 2,
3, 4 in skin (SC and dermis) and plasma

fda.gov/cdersbia 10



Drug product quality (Q3 in vitro Orug Sty ——pemp ST et
characterization studies) s soumcomuens)

Evaporation permeability, keratin bonding kinetics,
tortuosity/diffusivity, hair density/size

* Invivo systemic PK and IVPT study | ™= =0 o

data R
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= FOA
PBPK analysis
* Model Development and Validation —
«  Formulation composition Eprflldblgh _\
N
|

— Evaporation/drying rate thickness iy, bood fow /

— No rubbing post application Doep Tssue

thickness/diffusivity, blood flow
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PBPK analysis

VBE assessment

3

10 Virtual BE trials - IVPT virtual BE studies
— Population demographics _ i
raichad Donor demographics

: — Donor replicates
— Sample size

— Study design — Dosing conditions

— Experimental conditi IVPT
. — Application conditions (dosing, Stﬁ%?/r)lmen al conditions (

anatomical site(s), duration of
application) — BE for PK metrics in SC (Amax

— BE for Cmax and AUC in SC, gﬂg 'j‘rLTJ]aC)Z) receptor solution (AMT

dermis, plasma

. https://www.fda.gov/media/162475/download
fda.gov/cdersbia Cmax: maximum plasma concentration, AUC: area under the concentration versus time curve, AMT:
cumulative amount, Jmax: maximum flux, Amax: maximum amount

FDA
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Dermal PBPK model for
dapsone topical gel, 7.5%
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Dermal PBPK model for
dapsone topical gel, 5%

ANDA1 ANDA 1
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Analysis on virtual BE trials
[Dapsone topical ), 7.5% | Dapsone topical gel,5%___

ANDA1 ANDA2 ANDA3 ANDA4 ANDA1 ANDA2 ANDA3
Matrix VBE outcome
SC Pass Pass Pass Pass Pass Pass Pass

Dermis Pass* Pass Pass* Pass Pass Pass Pass*

Plasma  Pass* Pass Pass Pass Pass Pass Pass*
. *The VBE analysis revealed dependency of the VBE outcome on particle size distribution and apparent viscosity and their interplay

Simcyp simulator v22/VBE model

* For the studied ANDAs where the test product meets the “no significant difference
criterion”, the M&S analysis showed that:

— Q3 sameness between RS and test products leads to BE locally and systemically

. — Certain Q3 attributes such as particle size distribution and apparent viscosity may impact BE

outcomes and should closely controlled

fda'QOV/Cdeerla M&S: modeling and simulation, RS: reference standard A

FDA
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Analysis on virtual IVPT FDA
studies

In Vitro Permeation _ Dapsone topical gel, 7.5%
Test Studies for Topical ANDA 1 ANDA 2 ANDA 3 ANDA 4
Dmg PI:OduCtS Matrix VBE outcome
Submitted in ANDASs
. SC Pass Pass Pass Pass
Guidance for Industry
DRAFT GUIDANCE Receptor Pass Pass Pass Pass

solution (Jmax SABE)

I VIIL. IVPT PIVOTAL STUDY STATISTICAL ANALYSISI

criterion”, the M&S analysis showed that:
+ Q3 sameness between RS and test products leads to BE locally and in the receptor solution

. » For the studied ANDAs where the test product meets the “no significant difference

2N 44

fda.gov/cdersbia https://www.fda.gov/media/162475/download
SABE: reference-scaled average bioequivalence


https://www.fda.gov/media/162475/download

Conclusions FOA

Enhanced understanding of the structure-performance relationship of dapsone
els gained through the PBPK modeling research

— Apparent viscosity and particle size distribution appear to be Q3 quality attributes
that may impact the local and systemic dapsone bioavailability.

— For test products that meet the “no significant difference criterion”, Q3 sameness
between RS and test products appears to lead to BE locally and systemically

 The developed dermal PBPK models can serve as tools supporting a risk-based

the BE recommendations in the aforementioned draft PSGs for other topical gels

. BE assessment
 The compelling evidence from this PBPK modeling aligns with, and reinforces,
fda.gov/cdersbia A 17



Challenge Question #1 A

K

Which Q3 attributes were identified as impacting
bioavari)lability based on the developed dermal PBPK
model”

A. Formulation pH
. B. Rheological properties, apparent viscosity
N C. Particle size distribution

D. Droplet size distribution

. E. BandC.
fda.gov/cdersbia A 18




Challenge Question #2

Enhanced understanding of the structure-
performance relationship of dapsone gels

gained through the PBPK modeling research led k
to:

= A. A successful PDEV meeting for an applicant A
B. An ANDA approval .

C. A PSG revision ‘

fda.gov/cdersbia A 19
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