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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.

The presenter is offering his perspective based upon 
his experiences during regulatory decision-making

www.fda.gov
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Model-integrated evidence (MIE) refers to using model generated information such as the virtual 

bioequivalence (VBE) study results not just to plan a pivotal study but to serve as pivotal evidence

www.fda.gov
Clin Pharmacol Ther. 2019 Feb;105(2):338-349
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Current State of Models in Drug Development

• Models that make drug development more efficient create 
great value

• Challenges: 
– Specialized expertise is needed
– Novelty vs standardization 
– Lack of data to verify and validate models

• Opportunities: 
– Model sharing 
– Separating reviewing model from application
– Targeted researches to address development need 

www.fda.gov
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Model Master File (MMF)

• Description of the model with implementation 
details, validation data, and purpose of use

• MMFs can be submitted to FDA separately from 
an application

• MMFs submitted to FDA can be cross-
referenced by multiple applications

www.fda.gov
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Data in the MMF

• Challenging-to-get proprietary information

• Formatted, filtered, and curated data for model 
verification and validation (V&V) against the 
purpose of use

• Potentially collected from multiple sources and 
related products for platform qualification

www.fda.gov
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Why Useful?

• Industry awareness on 
– Regulatory acceptance on utility of certain models

• Model access for small firms without in house expertise
• Model developers can interact with agency expert through MMF 

review process
– How to sufficiently verify and validate a model for regulatory use 

• Cost saving on 
– Model standardization – model building and model V&V
– Model re-use for the same purpose
– Review time and consistency
– Managing model update for further model advancement 

www.fda.gov
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Types of Drug Master Files (DMFs)

• Type I: Manufacturing site, facilities, operating procedures, 
and personnel

• Type II: Drug substance, drug substance intermediate, and 
material used in their preparation, or drug product

• Type III: Packaging material

• Type IV: Excipient, colorant, flavor, essence, or material 
used in their preparation

• Type V: FDA accepted reference information 
• Shared system Risk Evaluation and Mitigation Strategy (REMS)

www.fda.gov
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Types of Models that Could Be in Master Files

• Mechanistic in vitro-in vivo correlation models

• Physiologically based pharmacokinetic (PBPK) models

• Computational fluid dynamic (CFD) and other types of 
mechanistic models 

• Systems pharmacology

• Population PK

• Exposure-response analysis

• Pharmacokinetics-Pharmacodynamics (PK-PD) relationships

www.fda.gov
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Examples
• PBPK model for locally acting products

– E.g., the PBPK support for the approval of diclofenac

• Oral absorption PBPK models to
– Justify Q3 parameter deviation and safe space
– Justify BCS biowaivers and not to conduct fed BE studies 

• Quantitative clinical pharmacology models 
– E.g., M3 model for dose scale analysis
– Exposure-response model to assist comparative clinical 

endpoint analysis

www.fda.gov
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Case 1: PBPK Model to Support Locally Acting 
Product Approval

Diclofenac topical gel, 1%: Dermal PBPK model supporting 
ANDA approval for a generic. Virtual PBPK based BE 
studies in lieu of a comparative clinical endpoint study 
supported the product approval. 

Data for model V&V

• Data from 10+ dermal for TDS and topical products 
with multiple doses/product strengths, dosing regimens, 
age, and anatomical locations

• Systemic and local bioavailability (skin biopsy, IVPT, 
dermal microdialysis) data

Model performance evaluation

• Satisfactory model performance for all data evaluated 

TDS: Transdermal Delivery Systems, IVPT: in vitro permeation 

testing, M&S: Modeling and Simulation

Tsakalozou, E et al. CPT Pharmacometrics Syst Pharmacol. 2021 May;10(5):399-411.

Tsakalozou, E et al. Clin Pharmacol Ther. 2021 Jul 7. doi: 10.1002/cpt.2356.

V&V methodology in support of fit-for-purpose

dermal PBPK models

www.fda.gov

*Simulations in healthy or diseased population
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Case 1: MMF Potential

• This application contains
– High Level of data for model/platform validation
– Product specific modeling parameters for diclofenac topical gel
– A platform for dermal PBPK models
– A practice for model building, V&V, and simulation for a well-

defined regulatory use   

• It can be done in a MMF framework 
• FDA can review the model in the form of MMF separately 

from the application and future applications can refer to the 
MMF for same regulatory use 
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Case 2: Likelihood Model Based Data Imputation to Support BE 
Evaluation for Albuterol Sulfate Inhalation Aerosol 

Albuterol Sulfate Inhalation Aerosol: a beta2-adrenergic agonist 

indicated for the treatment or prevention of bronchospasm in patients 4 

years of age and older. 

The regulatory issue and the model-based solution

PD bioequivalence (BE) bronchoprovocation study conducted by the 

applicant included considerable amount of censored values (out of 

detection limit) in PC20 data.

Modeling approach improved the credibility of the PD model and 

provided model-integrated evidence to support the final ANDA approval 

as one of the first generics in 2020.

Modeling method that supported key decision making

FDA’s internal analysis adopted a modern likelihood-based modeling 

approach (M3 model) to perform data imputation for censored values. 

www.fda.gov
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Case 2: MMF potential

• The model-based imputation method  can be re-
used by another application

• This method can represent a different type of 
MMF that can gain efficiency both in drug 
development and regulatory reviews
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Case 3: PBPK Absorption Model in Assessing the Impact 
of Particle Size Distribution (PSD) on BE

The regulatory issue and the model based Solution

• There is a PSD deviation in terms of D90 between test 

and reference products. 

• PBPK modeling and simulation suggested that the test 

vs reference PK metrics showed a low risk of non-BE 

when D90 varied over a wide range with a certain fixed 

value of D50 for all strengths. 

• The modeling results supported a satisfactory BE 

assessment and set a clinically relevant PSD 

specification.

Modeling component that supported decision making

• Data for PBPK model V&V and a specific PBPK model 

for drug absorption considering particle size distribution

A Capsule Product: PK parameters, e.g., Cmax and AUC, are found to be sensitive to 

changes in mean particle size of the active pharmaceutical ingredient under fasting condition.

Simulation results with fixed D50 and changed D10 

and D90 using the reference upper bound PSD 

www.fda.gov
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Case 3: MMF potential

• A master file to use PBPK model to assess particle 
size effect on PK exposure

• A good practice to set BE space for particle size 
distribution

• Product specific PBPK parameters for the product 
involved following oral administration

www.fda.gov
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Summary: Potential Types of MMFs

• Type I: Manufacturing Site, 
Facilities, Operating Procedures, 
and Personnel

• Type II: Drug Substance, Drug 
Substance Intermediate, and 
Material Used in Their Preparation, 
or Drug Product

• Type III: Packaging Material

• Type IV: Excipient, Colorant, Flavor, 
Essence, or Material Used in Their 
Preparation 

• Type V: FDA Accepted Reference 
Information

• Modeling platforms or best practices including 

automation procedures and data sources to 

qualify the platform

• Product-specific models and modeling 

parameters including substance and 

formulation parameters and relevant data 

records

• Computational methods including optimization 

routines and automation procedures if 

situation applies 

DMF MMF (Type VI of DMF?)

www.fda.gov



18

MMFs Should

• Have multiple types

• Increase model, knowledge, and information sharing

• Be upgradable for enhancement/improvement 
(amendment)

• Be re-usable

• Make FDA review more efficient

www.fda.gov
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Future Considerations for MMFs

• Definition of content and format of MMFs

• A process to submit, review, and manage MMFs

• A mechanism to publish and announce MMFs

www.fda.gov
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