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— PSG revision: Dapsone topical gel, 7.5% and 5%
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Product-Specific Guidances for Generic Drug
Development

“product-specific guidances describing the agency’s current thinking and expectations

on how to develop generic drug products therapeutically equivalent to specific
reference listed drugs”

e The agency routinely posts and revises product-specific guidances.

e There are over 2400 published PSGs and growing

e Regulatory research provides new tools for FDA and industry to evaluate generic

drug equivalence, to enable more efficient development of generic drugs and thus
improve access

www.fda.gov https://www.fda.gov/drugs/guidances-drugs/product-specific-quidances-generic-drug-development
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Development of PBPK Models for Products Applied [z).
on the Skin

£ Dasepin hydrochioride
W Giobule of the dispersed phass

At thetime of sroduct apzlicatian iuugpdtppl atian

Formulation ‘ 0‘ ‘ O © 0
composition o o o o,- \o o o

" —— . S
% m API distribution in the cream
Model Predictions

\fﬁ({ q;’lﬁlt"‘ “‘R“
t‘i H‘itk'? fl"’ gi
JA' kitﬂ 'in

Skin physwlogy and population variability

[OF]
information

Formulation Dozt
Reeptor Fuid
Receptor Chamber g ooy Fiid Flow |
Magnetic Sare T \\‘. ."“*h-. . .
Clinical PK data (in
IVPT study data . . vivo BEStUdies) AP!: active pharmaceutical ingredient
Pl 1. S ey cres e eyttt IVPT: in vitro permeation testing
www.fda.gov S, (0 1 whleo . L aharun ol 4 o 32 R Q3: physicochemical and structural properties 4

BE: bioequivalence


https://pmc.ncbi.nlm.nih.gov/articles/PMC9692522/

Modeling Drug Product Application: Guiding FDA

Principles
Cream mﬁ s

“In use” product conditions Evaporation

Drug product metamorphosis: evaporation,
supersaturation and crystallization, changes
in thermodynamic activity

Formulation
Interface

Mechanistic

models

Viscosity
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Evolution of Mechanistic Skin Absorption Models [5Y\
for Generics

EMULSIONS:
Globule size distribution,
Formulation pH,
Apparent viscosity
Metamorphosis

GDUFA | — funded research

PDEV and post-CRL meeting requests

GDUFA Il — funded research
GEL:

Particle size distribution,
Formulation pH,

Apparent viscosity
GDUFA Il - funded research Metamorphosis

ANDA: Diclofenac sodium topical gel, 1%

Formulation Composition

PSG revision: Dapsone topical gel, 5 and 7.5%
EMULSIONS:

Globule size distribution,
Formulation pH,
Apparent viscosity
Metamorphosis
Formulation Composition

ANDA: Tazarotene topical cream, 0.05%

CECECECECEC (£ 4

PSG revision: Doxepin hydrochloride topical cream, 5%
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Basic principles of dermal PBPK modeling

Formulation
el cream, kotion, paste, efc.

Stratum Cornusm (SC)
define cell thape/size. cell membrane Dty

permeability, keratin bonding kinetics. | Tortuosity
tortuosity/diffusivity. hair density/size

Wiable Epidermis (VE}

5
Ehicknessidiftusity, Ditttom
retabalism, blood flow

Receptor
Volume

BEA Binding
Sampling/Fiow

el
T —

Receptor

Dot

thichness/diffussity, metaboism “"-_g
[
|
.

v

Simcyp Simulator v22, IVPT Model

Development and
Validation

w
ifusion

https://www.fda.gov/media/164843/download#page=70

—

N -
‘5"“"" Clag Qar

=

FDA

Dvug Solublity
Dyt Siza
Evaporation
Frexiptation

iolar Volume

Wiscosity.

https://www.certara.com/app/uploads/2021/04/WP_Demonstrating_Virtual_Bioequivalence.pdf

https://link.springer.com/article/10.1007/s10928-016-9486-9/figures/1

Simeyp simulator v22, MPML MechDermA



https://www.fda.gov/media/164843/download#page=70
https://www.certara.com/app/uploads/2021/04/WP_Demonstrating_Virtual_Bioequivalence.pdf
https://link.springer.com/article/10.1007/s10928-016-9486-9/figures/1
https://link.springer.com/article/10.1007/s10928-016-9486-9/figures/1
https://link.springer.com/article/10.1007/s10928-016-9486-9/figures/1
https://link.springer.com/article/10.1007/s10928-016-9486-9/figures/1
https://link.springer.com/article/10.1007/s10928-016-9486-9/figures/1
https://link.springer.com/article/10.1007/s10928-016-9486-9/figures/1
https://link.springer.com/article/10.1007/s10928-016-9486-9/figures/1

Case studies

1. PSG revision: Dapsone topical gel, 5% and 7.5%

www.fda.gov 8



Dapsone Gel, 5% and 7.5% PSG Revisions

PSG for Dapsone topical gel, 7.5%, October 2022

Active Ingredient: Dapsone
Dosage Form; Route: Gel: topical
Recommended Studies: Two options: (1) two in vitro bioequivalence studies, one in vivo

bioequivalence study with pharmacokinetic endpoints, and other
characterization tests or (2) one in vivo bicequivalence study with
clinical endpoint

L Option 1: Two in vitro bioequivalence studies, one in vivo bicequivalence study
with phar kineti || and other characterization tests

. “No significant difference” criterion

. Same physicochemical and structural (Q3) attributes
. IVRT

. IVPT

. In vivo BE with PK endpoints

II. Option 2: One in vivo bicequivalence study with clinical endpoint

PSG for Dapsone topical gel, 7.5%, February 2024

Active Ingredient: Dapsone
Dosage Form: Gel
Route: Topical
Strength: T.5%

Recommended Studies: Two options: {1) one in vitro bioequivalence study and other
characterization tests or {2) one comparative clinical endpoint
bioequivalence smdy

I Option 1: One in vitro biseguivalence study and other characterization tests

*  “No significance difference” criterion
* same physicochemical and structural (Q3) attributes
*+ IVRT

1I. Option 2: One comparative clinical endpoint bicequivalence 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

Apparent viscosity

Metamorphosis

Formulation Composition

www.fda.gov SBIA 2024, Enhanced Understanding of Structure Performance Relationship Using Modeling and Simulation— Q

A Case Study with Dapsone Topical Gel, Eleftheria Tsakalozou, PhD
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Case studies

2. PSG revision: Doxepin hydrochloride topical cream, 5%

www.fda.gov
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Doxepin Hydrochloride Topical Cream, 5%

BE recommendations no longer include an in vivo BE study with PK endpoints

Class of study: Comparative characterization

Conraims Nombinding Recommendarions
Dot~ ot for Bnplementotion Type of study: Characterization studies for the following physicochemical and structural
Draft Guidance on Doxepin Hydrochlaride (Q %) attributes: =

May 2026

Visual appearance and texture
Structural organization of matter (microscopic examination, globule size distribution)

Rheological behavior

Thus draft madance, when finalized, will reprosent fhe current thinking of fhe Food and Drug
Administratien (FIIA, o the Ap: an i dopie Tidoes not estabilish any Aghts for any person and
15 not binding on FDUA or the pub].lc You can use an altemative approach f 1t satisfies the
requrements of the apphicable stafutes and To discuss an approach, contact the
Office of Generic Thugs

aRwh =

pH
I general, FDA's guidance dom:mnts do not establish legally enforceable responsibilities. SpeCiﬁC graVity
" " binking on i tapic and shenld be viewed only

i latory o satuiory reqpisments ave cited The use of
e word showid in Age Lances s 1 hing is suggested or re led 1 . .
,Ill“ ::“,,,:l{m" in Ageney guidinees means that i is suggested or ut 1. Class of SI’LICIY: BlGEquVEl].E[lCE

Type of study: In vitro release test (IVRT)
Active Ingredient: Doxepin hydrochloride Design: Single-dose, two-treatment. parallel, multiple-replicate per treatment group study
. design using an occluded pseudo-infinite dose, in vitro
I}osage Form Cream =0 =
Raute: Tapical 5 . ‘ ,
2. Type of study: In vitro permeation test (IVPT)

Strengths e Design: Single-dose. two-treatment. parallel. multiple-replicate per treatment group study
Reference Listed Drug:  NDA 020126 design using an unoccluded finite dose, in vitro
Recommended Studies: In vitre biosquivalencs studies and other characterization tests . App]icanrs may propose an alternative approach (e.g.. a bioeqm\'nlence (BE)

Eligibility: To demonstrate bioequivalence for doxepin hydrochloride topical cream. 3% using study with pharmacokinetic (PK) endpoints in lieu of the IVPT study) for a

in vitro studies. the test product should contain no difference in inactive ingredients or in other formulation that meets the no sienificant difference criteria.

aspects of the formulation relative to the reference standard (RS) that may significantly affect the =

local or systemic availability of the active ingredient. For example. if the test product and RS are . . . . . . .

qualitatively (Q1) and quantitatively (Q2) the same. as defined in the guidance for industry Meeting recommendations: Applicants intending to propose an alternative approach by which

ANDA Submissions — Refuse-to-Receive Standards®, and the criteria below are also satisfied, the to demonstrate bioequivalence should refer to the guidance for industry Controlled

E‘mcq"f"a}e"ce of the 'els‘ product may be established sing a characterization-based Correspondence Related to Generic Drug Development® and the guidance for industry Formal

ioequivalence approach. - > N -
4 ep Meetings Berween FDA and ANDA Applicants of Complex Products Under GDUFA® for

additional information describing the procedures on how to clarify regulatory expectations

www.fda.gov ; matio
Recommended Nov 2018 Revised Nov 2019, Oct 2022, May 2026 regarding your individual drug development program.
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Objectives of the Mechanistic M&S Approach

FDA

Develop and validate a mechanistic PBPK model to:

[T

Understand the factors governing the permeation of doxepin

through the skin

Treen
e el

www.fda.gov

Simcyp simulator v22, MPML MechDermA
Identify drug product quality attributes for the product that
may impact local and systemic bioavailability

Virtually assess bioequivalence in the skin and the systemic
circulation between the T and RS that meet the NSD criterion

NSD: no significant difference

12
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Modeling Analysis Workflow

Modeling Analysis

Workflow

Model building
Model refinement
Internal validation

Model refinement
Externalvalidation

Model application

Skin absorption model for doxepin

Doxepin systemic disposition PBPK hydrochloride
model *  RScomposition

+ Q3 attributes for RSand T in ANDAs

Dermal PBPK for RSand Tin ANDAs 1 and 2

*

In silico IVPT model for RSand T in
ANDAs 1 and 2

VBE assessments between the RSand T for ANDAs 1 and 2:
Dermal PBPK model for BE in the SC, dermis and plasma

*ANDAs 1 and 2 met the NSD criterion based on the submitted IVPT BE and in
vivo BE studies supporting their regulatory submissions

13



Model Development Leveraging In vitro Characterization [3»Y.\
study Data

Metamorphosis
Evaporation

Globule size distribution,

Formulation pH,
Apparent viscosity

Doxepin Hydrochloride Topical Cream, 5%

A Doxepin hydrochloride
@ Globule of the dispersed phase

A the tirme of product application : During product application

N ™
: A
A . °Q .“'.;q API distribution in the
o

cream

A
www.fda.gov st in 14



https://www.accessdata.fda.gov/drugsatfda_docs/psg/PSG_020126.pdf

M&S Approach: IVPT Model Building EDA

IVPT Studies Inform Model Formulation composition

Parameterization - impact of inactive ingredients on doxepin
thermodynamic activity during and post application

on permeation

Formulation
gol, cream, lotion, paste, etc.

permeability, keratin bonding kinetics,
tortuosity/diffusivity, hair densityisize
e Drug product characteristics
thacknes: shvity, metabolsm

- impact of physicochemical and structural
characteristics on bioavailability

Diermis
thickness/diffusity,
rmtabolism, blood flow

Vel re
B&";m am *=  Receptor
Sampling Flow

_ Simcyp Simulator IVPT Model .
Metamorphosis process

- impact of evaporation on permeation

www.fda.gov




Modeling Analysis: Model Validation and

Application

* Insilico IVPT PBPK model

www.fda.gov
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Time (hr)

v Acceptable model performance
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Modeling Analysis: Model Validation and

Application
* Invivo dermal PBPK model
IVPT Model a :
| E — S

........

[———

Simcyp simulator v22, MPML MechDermA

v Acceptable model performance

www.fda.gov 17



Modeling Analysis: VBE Assessment

Steps for implementing a VBE assessment:
1. Validated dermal PBPK models forRSand T

2. BE simulated trials (10 crossover trials, sample size informed by
population variability)

3. BE statistical assessment in skin (SC, dermis) and plasma

VBE outcomes for 10 virtual BE studies with PK endpoints
ANDA 1 DA 2 RS and T products
pass (100%) pass (100%) are found to be
Pass (100%) Pass (100%) bioeq uivalent
Pass (100%) Pass (100%)

www.fda.gov 18



Conclusions

Predictions of skin permeation and absorption were informed by

formulation composition, Q3 characterization and IVPT studies.

Doxepin distribution in the product phases and drug product
evaporation were critical model inputs.

The analysis showed that T and RS Q3 sameness AND

comparable doxepin hydrochloride distribution in the cream

result in demonstration of BE in the skin and the plasma of
virtual subjects when T and RS meet the NSD criterion

Q3 sameness between the T and the RS especially regarding
formulation pH should be demonstrated with qualified and
robust methodologies

www.fda.gov
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Overall Conclusions

1. The PBPK model described here provided a validated link between Q3 and
bioavailability (local and systemic).

2. The PBPK model analysis results and additional understanding of the
doxepin hydrochloride topical cream, 5% supported the revised BE
recommendations of reduced testing and reduced burden for applicants.

3. Validated PBPK models can be used as risk-based assessment tools

supporting lifecycle management of drug products such as the doxepin
hydrochloride topical cream, 5%.

www.fda.gov 20



Closing thoughts...

How to get the FDA’s Early Input on
your alternative BE approaches that
include M&S approaches?

e Formal Meeting

— submit a Product
Development meeting
request with your questions

e Controlled correspondence
— an option for further
discussion

www.fda.gov

M15 General Principles
for Model-Informed

Drug Development
Guidance for Industry

FDA

Physiologically Based
Pharmacokinetic
Analyses — Format and

Content
Guidance for Industry

U5 Department of Health and Human Services
Fouod and Drug Administration
Center lor Drug Evaluation amd Research (CDER)

Augusi 2018

The Use of Physiologically Based
Pharmacokinetic Analyses —
Biopharmaceutics Applications for Oral
Drug Product Development,
Manufacturing Changes, and Controls
Guidance for Industry

U5, Department of Health and Human Services

Center for Drug Evaluation and Research (CDER)

DRAFT GUIDANCE

Food and Drug Administration

October 2020
Pharmacentical Quality/ CNIC 2 1



https://www.fda.gov/regulatory-information/search-fda-guidance-documents/formal-meetings-between-fda-and-anda-applicants-complex-products-under-gdufa-guidance-industry
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/formal-meetings-between-fda-and-anda-applicants-complex-products-under-gdufa-guidance-industry
https://www.fda.gov/media/164111/download
https://www.fda.gov/media/164111/download
https://www.fda.gov/media/101469/download
https://www.fda.gov/media/142500/download

www.fda.gov
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