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Overview .

* Bioequivalence of locally-acting drug products

* Dermal physiologically-based pharmacokinetic (PBPK) modeling
— Regulatory utility and challenges
— Modeling strategies and approaches

— Model performance evaluation

— Virtual bioequivalence studies
 GDUFA-funded research

e Future directions
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Regulatory utility of dermal PBPK models

Utilize dermal PBPK modeling in:
* Product-specific guidance development

* Generic drug approval
— Support alternative approaches for demonstrating bioequivalence (BE)

* Comparative clinical endpoint BE studies may not be sensitive to formulation
differences
* In vitro testing for BE assessment for Q1/Q2 formulations

— Define a safe space for critical attributes of dermatological products

* Risk assessments on the impact of critical quality product attributes on in vivo
drug product performance

— Extrapolate BE assessments from healthy to diseased subpopulations
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Challenges of dermal PBPK models for
regulatory decision making

* Verify dermal PBPK models via observed skin and systemic
concentrations

— Not feasible or ethical to determine local concentrations
— No correlation noted in multiple cases

* Develop and refine quantitative modeling tools to describe
formulation attributes, active ingredient properties and skin states

— Knowledge gaps exist

* Verify dermal PBPK models that capture inter- and intra-subject
variability
— Leverage data on local concentrations from research sources
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Dermal PBPK modeling relates what we want
to know to what we can measure

What we can measure:
-Formulation in vitro
performance
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What we can measure: /

-Systemic drug exposure

www.fda.gov




Modeling skin bioavailability...
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Mathematical models:
diffusion-based or compartmental

MODELS IN PERCUTANEOQUS ABSORPTION

A. Model Riegelman (1974)
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Mechanistic PBPK models:
API, formulation and human/animal
physiology (variability and
population)
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Dermal PBPK modeling: a case study

Multi-phase Multi-layer MechDermA model: Development,

verification and application of a PBPK-PD model of dermal
absorption for transdermal product assessment
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Efinaconazole topical solution

* |Indicated for toenail fungal
infections
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* Spreadability, penetrability,

Spreadability of brand name product absorptlon of non'Ql/QZ
viscosity and surface tension formulations
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Dermal PBPK modeling and virtual
bioequivalence studies: challenges

 Satisfactory model performance
o Agreement between observed and predicted data

1 Proper documentation of the model building and qualification
process
o Model assumptions and limitations
o Parameter optimization/refinement
o Sensitivity analysis, verification and qualification outcomes

1 Virtual bioequivalence studies

o Formulation critical quality attributes, APl characteristics and skin
physiology captured

o Intra- and inter-subject variability captured in the model
* Directly related to reliable predictions and prediction intervals

* Essential in establishing BE criteria for dermal products
www.fda.gov
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Ultimate goal:
Development of a
Universal Model for
Dermatological Products
that requires minimal
verification
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Generic Drug User Fee Amendments:
Regulatory Science/Research

Awarded in 2014:

* Physiologically based biopharmaceutics and pharmacokinetics of drug products for dermal
absorption in humans, University of South Australia

— Site Pl: Michael Roberts, Grant #: 1U01FD005232-01

 Development and validation of dermal PBPK modelling platform towards virtual bioequivalence
assessment considering population variability, Simcyp Ltd

— Site PI: Sebastian Polak, Grant #: 1U01FD005225-01

Awarded in 2018:

 RFA-FD-18-017: Characterize skin physiology parameters utilized in dermal physiologically-
based pharmacokinetic model development across different skin disease states.

e RFA-FD-18-019: Formulation drug product quality attributes in dermal physiologically-based

pharmacokinetic models for topical dermatological drug products and transdermal delivery
systems.

WWW.fda.gov www.fda.gov/GDUFARegScience 10
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GDUFA-funded research is set to close

knowledge gaps

Local drug concentrations

dOFM, skin stripping, dermal microdialysis
In vitro permeation testing

Formulation
Product quality
attributes of semisolid
dosage forms

API

Variety of physicochemical
properties and
pharmacokinetics

Systemic drug exposure
Individual drug concentration-time profiles

www.fda.gov

Increase model
predictability in regards to
local drug concentrations

In vitro-in vivo correlations
to predict local drug
concentrations based on
key formulation
characteristics
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Towards developing reliable dermal PBPK
models...

Dermal PBPK modeling is a powerful approach that can be used to
— explore relationships between systemic and local drug exposure

— predict in vivo performance of dermatological drug products when only
product critical quality attributes are available

— conduct risk assessment on the impact of product critical quality
attributes on the in vivo drug product performance of reference and
test drug products

www.fda.gov 12



Towards developing reliable dermal PBPK
models...

Moving forward it is important to engage all stakeholders to

— improve software tools that adequately describe formulation and drug
substance properties and skin physiology/disease states

— leverage data on local drug concentrations to develop and qualify
dermal PBPK models that capture inter- and intra-subject variability
* literature sources

e FDA-funded research sources
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