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Disclaimer

This presentation reflects the views of the author and
should not be construed to represent FDA’s views or
policies.
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Learning Objectives

 Understand the considerations for establishing
bioequivalence (BE) for generic dermatological drug
products

* |Introduce physiologically-based pharmacokinetic
(PBPK) modeling for generic dermatological products

 Explore how PBPK modeling can be used to support
decisions over the entire life-cycle of a generic drug
product: from development to approval
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Overview

Challengesin genericdrug product development and establishing BE

Dermatological drug products

Role for PBPK modeling and simulation approaches

— Case example 1: inform design for cutaneous pharmacokinetics
(PK) studies

— Case example 2: establish a “safe space” for drug product
attributes

Take home messages

www.fda.gov 4



BE for generic dermatological drug products: 5§
A challenge

Comparative clinical endpoint BE studies
* Not sensitivein detectingformulation differences
e Large variabilityinthe observed response
 Modestclinical efficacy
BE studies with PK endpoints
 Semisolid dosage forms:typically non-detectable systemicexposure

e Systemicexposure may not reflect local concentrations

Drug product characterization studies

www.fda.gov



Implement in silico methodologies for generic
dermatological drug products: A challenge

“for a drug that is not intended to be absorbed into the bloodstream” the Agency may
consider establishing “alternative, scientifically valid methods to show bioequivalence if
the alternative methods are expected to detect a significant difference between the drug
and the listed drug in safety and therapeutic effect”

Drug product

Skin bioavailability of
applied drugs

i development
N\
Drug product In silicomethodologies

Bioequivalence
characterization / 9 )
for topical drug

products
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Modeling skin bioavailability...

Mechanistic PBPK models:
API, formulation and human/animal physiology
(variability and population)
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PBPK modeling and simulation applications:

e Alternative BE approaches for product approval
O Diclofenactopical gel, 1%, ANDA 211253

* Development of a drug product prior to approval
0 Informstudydesign:in vivo BE studies with PK endpoints, IVPT, percutaneous PK
studies
0 Justify deviations on formulation attributes (Q3 characterization) —define “safe space”

www.fda.gov
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Dermal PBPK model supporting ANDA 211253 H&
approval

Formulation = .« o Djclofenac sodium topical gel, 1%

Stratum Corneum (SC)

* Dermal PBPKmodel to supportan
- alternative BE approach forthe Q1/Q2/Q3
formulation

Dlipy; |

R - * The alternative BEapproach did not include
e — the PSG-recommended in vivo comparative
‘“*‘;/ R—— clinical endpoint BE study
o 5 g%l = atoes sy e Dermal PBPK model leveraged for virtual BE
¢ T oo assessments on predicted systemic and local
> Dty Deep Tissue eXpOSU re
i =Y § Desep Coarrpartment | Musele) : zr.:r1' iufty

PSG: Product-Specific Guidance

Tsakalozou, E. Physiologically-based pharmacokinetic modeling and simulation approaches: best practices for regulatory applications related to locally-acting generic drugs. Presented & 9
Regulatory Education for Industry. 2019 Complex Generic Drug Product Development Workshop, Maryland, USA.

www.fda.gov



FDA
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Dermal microdialysis

Dermal open flow

Methods on studying percutaneous PK
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Birngruber T, Schimek D, Schwagerle G, Pieber TR, Raney SG, Kanfer I, Sinner F.
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PBPK modeling used to predict dermis
exposure

()
Metronidazole topical gel 8. 050
Simcyp v18 Simulator, MPML MechDermA Model % E 0.45-
. Minimal PBPK model = S
. Skin absorption parameters informed by QSAR models and i é 0.35-
optimized based on systemic PK data % © 0.304
. Formulation attributes o 025‘ | | | |
0 Q3 characterization 0 10 20 30 40
0 Vehicle evaporation (GDUFA-funded research, Product amount (mg/cm?)
1U01FD005223)
. Model performance assessment 15.0-
o] Systemic exposure data (in-house data) % _
o} Redistribution from the systemic circulation to the S g‘ 10,04
dermis: literature data 5 =
0 Additional metronidazole topical drug products § % ‘o
Validation of dermis model predictions £z
pilot study a )
(not performed for the present example) 00 0 10 20 30 20

Product amount (mg/cmz)
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PBPK modeling used to predict dermis

exposure: considerations

* Inform study design and answer “what

if” scenarios
0 Study protocol (application
methodology, (non)occlusion, sampling
scheme, dose and applicationduration)
0 Positive and negative controls
O Population (healthy/patients,
male/female)

?

e ldentify appropriate PK parameters for
BE assessment in the dermis

* Determine an appropriatedoserange -
for the applied drug product with '
discriminatory capability for test and
reference products

www.fda.gov
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PBPK modeling used to predict dermis
exposure: considerations
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PBPK modeling and simulation applications:

e Alternative BE approaches for product approval
0 Diclofenactopical gel, 1%, ANDA 211253
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In vitro-in vivo correlations for nicotine transdermal delivery systems evaluated by both in vitro skin permeation (IVPT) and in vivo serum pharmacokinetics under the influence of transient heat application. Shin
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PBPK modeling used to define “safe space”

Ethinyl estradiol, Transdermal Delivery System (TDS)

Simcyp v19 Simulator, MPML MechDermA Model

. Minimal PBPK model Receptor Media

. Skin absorption parametersinformed by QSAR 10
models and optimized based on systemic PK
data

. Formulation attributes
O Loadeddose
O Applicationarea
O Applicationsite
. Model performance assessment
o Systemic exposure data

— Mean
8- - —— 95 %PI
-=- 5% PI

Ethinyl estradiol
amount (pg/cm?)

Time (hr)

Validation of IVPT model predictions
pilot study
(not performed for the present
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PBPK modeling used to define “safe space”

Impact of deviations on loading dose on product performance

e Scenariol: +10%
e Scenario2:-10%

IVIVE

Ethinyl estradiol
amount (pg/cmz)

Time (hr)

Mean

- 95 % PI
- 5% PI

+10%, mean

- +10%, 95 % PI
- +10%, 5% PI

-10% mean

- -10% 95 % PI
- -10% 5% PI

Predicted plasma
ethinyl estradiol
concentration (ng/mL)

0.104

0.08+

0.06+

0044 ¢

0.02+

Time (hr)

Mean

- 95 % PI
- 5% PI

+10%, mean

- +10%, 95 % PI
- +10%, 5% PI

-10% mean

- -10% 95 % PI
- -10% 5% PI
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PBPK modeling used to define “safe space”

considerations

* Experimental conditions captured properly in the IVPT model
0 Staticor flow through cell / sampling methodology
O Receptorsolution solubility (protein, surfactants)
O Excised skin (thickness, preparation, storage)
e |IVPT study design captured properly in the IVPT model
0 Demographics: male/female, age
O Applicationsite
O Donorandreplicates
O Population variability
* |IVPT model validation
0 |IVPT studydesignis sensitive to drug product differences
O Model predictions are sensitive to drug product differences

www.fda.gov
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Take home messages

e PBPK models for generic dermatological drug products can be used to
support:

O Development of a drug product prior approval (study design, deviations on
Q1/Q2/Q3 attributes)
O Alternative BE approaches for product approval

e PBPK modeling supporting an ANDA: early interactions between industry and
regulatory agency should be initiated — e.g., pre-ANDA meeting program
under GDUFA Il

e Model development is an intense and resource-demanding process due to:
0 Complexity of models and drug products (remote target site)
O Limitationsin data availability in model development and validation

www.fda.gov 20



Take home messages

* Applicants are encouraged to follow best practices when developing
(dermal) PBPK models

Physiologically Based
Pharmacokinetic
Analyses — Format and

Content
Guidance for Industry

August 2018
Clinical Pharmacology

III. FORMAT AND CONTENT.
A Executive & ]
B. Introducton
C. Materials and Methods.

1. Overview of Modeling Strategy...........c.cccoceoceeeee

2. Modeling Parameters..........

3. Simulation Design ..............

4. Elecrronic Fi d

3. Software......
D. Results......

1. Model Verification and MOFICAUEON. ............cc.ccovoomimeiiinienicnieeneenenean e e esn saemssenssan

2 Model APPEEANON. ..ot e st e s e s e s s e
E.  Discussion
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Questions?
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Office of Research and Standards, Office of Generic Drugs
CDER | U.S.FDA

Eleftheria.Tsakalozou@fda.hhs.gov
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Challenge Question #1

PBPK models for generic dermatological drug
products can be used to support:

A. Development of a drug product prior to
approval

B. Alternative BE approaches for product approval

C. BothAandB

www.fda.gov 25
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