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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.

www.fda.gov
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Modeling and Simulation as Modern 
Tools for Drug Development

• Modeling and simulation (M&S) makes drug product 
development and regulatory assessment more efficient

– New drug development: M&S is an integral part for 
almost all NME NDAs and BLAs 

– Generic drug development: there are more 
opportunities for M&S given that generics are approved 
based on abbreviated pathways, but less utilization!

NME: new drug molecule; NDA: new drug application; BLA: Biologics license agreementwww.fda.gov
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MIE Pilot Program
Launched on October 1st, 2023

A dedicated regulatory 
platform for interactions on 
MIE
‒ To foster early and focused 

interactions between 
industry and FDA on MIE 
approaches for establishing 
bioequivalence (BE) in 
generic drug development

The pilot program allows enhanced 
scientific communications on a broad 
range of quantitative methods and 
modeling techniques to address generic 
drug development issues or questions 
that are either out of the scope of or 
cannot be sufficiently addressed by the 
existing pre-ANDA and ANDA scientific 
meetings. E.g., 
– Common modeling issues across 

multiple products
– Complex modeling approaches for 

non-complex products

MIE: Model Integrated Evidence; MIE Pilot Program General Principles document

https://www.fda.gov/media/172028/download?attachment
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Expected Benefits

Slide adapted from CDER SBIA Presentation by Liang Zhao, Ph.D., MIE Industry Meeting 
Pilot Program for Generic Drugs: Introduction, 1/18/2024 
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What If Models Can Be Reused?

• Shared models (or commonly used models) 
would make it easier and less risky for 
applicants to use M&S approaches

• Shared models will make regulatory assessment 
more efficient and consistent
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Model Master File (MMF)

• Use of the Type V Drug Master File (DMF) for 
MMF submissions aims at model-sharing and 
model-reusability

• MMF submission through Type V DMF allows 
the owner of model(s) to submit data/info that 
multiple applicants can cross-reference/use the 
same model(s) 
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Regulatory Utility of Mechanistic 
Modeling to Support Alternative 

Bioequivalence Approaches
(FDA/CRCG Workshop, September 30-October 

1, 2021)

Symposium III on Day 2: Challenges 
and Opportunities to Enhance Model 

Sharing upon Regulatory Use
Aimed to discuss what can be a Model Master File 

(MMF) and how to share it . 

Regulatory Utility of Mechanistic Modeling to Support Alternative Bioequivalence Approaches - The Center for Research on Complex Generics (CRCG)

Best Practices for Utilizing Modeling Approaches to Support Generic Product Development - The Center for Research on Complex Generics (CRCG)

Considerations and Potential Regulatory Applications for a Model Master File - The Center for Research on Complex Generics (CRCG)

https://www.federalregister.gov/documents/2025/01/17/2025-01182/use-of-a-type-v-drug-master-file-for-model-master-file-submissions-to-support-abbreviated-new-drug

Best Practices for Utilizing 
Modeling Approaches to Support 

Generic Product Development
(FDA/CRCG Workshop, October 27-28, 2022)

Symposium II on Day 2: Model 
Sharing, Acceptance, and 
Communication with FDA

Aimed to explore practical and efficient ways to 
facilitate the development of an MMF as part of 

best practices in MIE implementation. 

Considerations and 
Potential Regulatory 

Applications for a 
Model Master File

(FDA/CRCG Workshop, 
May 2nd, 2024)

FDA–2024–N–5975, accepting comments by April 17, 2025

https://www.complexgenerics.org/education-training/regulatory-utility-of-mechanistic-modeling-to-support-alternative-bioequivalence-approaches/
https://www.complexgenerics.org/education-training/best-practices-for-utilizing-modeling-approaches-to-support-generic-product-development/
https://www.complexgenerics.org/education-training/considerations-and-potential-regulatory-applications-for-a-model-master-file/
https://www.federalregister.gov/documents/2025/01/17/2025-01182/use-of-a-type-v-drug-master-file-for-model-master-file-submissions-to-support-abbreviated-new-drug
https://www.federalregister.gov/documents/2025/01/17/2025-01182/use-of-a-type-v-drug-master-file-for-model-master-file-submissions-to-support-abbreviated-new-drug
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What is in an MMF?

“ … an ‘MMF’ or ‘MMF submission’ refers to a set of 
information and data on an in silico quantitative model or 
modeling platform supported by sufficient [verification and 
validation (V&V)]. MMFs can be established to support MIE 
in a broad range of quantitative models, including, but not 
limited to, PBPK, CFD, PPK, and mechanistic in vitro in vivo 
correlation models.”

https://www.federalregister.gov/documents/2025/01/17/2025-01182/use-of-a-type-v-drug-master-file-for-model-master-file-submissions-to-

support-abbreviated-new-drug 

PBPK: physiologically based pharmacokinetic, CFD: computation fluid dynamics, PPK: population pharmacokinetic

https://www.federalregister.gov/documents/2025/01/17/2025-01182/use-of-a-type-v-drug-master-file-for-model-master-file-submissions-to-support-abbreviated-new-drug
https://www.federalregister.gov/documents/2025/01/17/2025-01182/use-of-a-type-v-drug-master-file-for-model-master-file-submissions-to-support-abbreviated-new-drug
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Benefits for Model Sharing, Standardization, and 
Archiving in Regulatory Submissions

• Regulatory Agencies:
– Breaking down organizational silos when conducting M&S assessments, by allowing access to  

previous comments on the same subject and/or M&S practice with a similar regulatory use

– Enhancing review consistency, quality, and efficiency

• Regulated Industry:
– Saving effort to duplicate the same model(s) and/or modeling practices

– Reducing communication cost with FDA on modeling approaches 

– Increased confidence in the use of modeling approaches for developing complex drug products 

• All:
– Building a transparent and positive eco-system for the use of the models (e.g., by benchmarking 

modeling progress and standardizing modeling practices)

– Maximizing impact of M&S approaches, especially for regulatory use

– Incentivizing the community to develop models with practical regulatory impacts
www.fda.gov



11

MMF in the Generic Drug Program

• Scale: nearly 1000 generic drug application submissions per year

• M&S streamlines generic drug development program, via 
integrating in vitro characterization and in vivo performance as 
well as efficient and sensitive studies

• Efficiency is essential!
– Generic drug development builds on the established safety and efficacy 

of an approved new drug product

– Same model(s) can be used in the development of different products

Adapted slide from Robert Lionberger, Ph.D.
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MMF in the Generic Drug Program

• Many reference listed drugs have multiple ANDA 
submissions

• Consistency is essential!

– M&S should be evaluated similarly for all similarly situated 
applicants

– MMFs can be referenced by multiple applications for a similar 
purpose of use, thus improving model sharing, model 
standardization, and regulatory consistency

Adapted slide from Robert Lionberger, Ph.D.
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Lower the Risk to Innovation

• Inclusion of a modeling approach in applications to 
FDA has some risk as related to the model V&V and 
relevance for the intended use

– Pre-ANDA product development meetings and Model 
Informed Evidence pilot

– Model Master Files can build confidence that the 
approach has been documented appropriately and has 
been used successfully

Adapted slide from Robert Lionberger, Ph.D.
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Summary

• M&S makes drug product development more efficient, 
particularly for generic drugs

– MMFs can advance the use of M&S in generic drug 
development program

• Type V DMF for MMF submissions provides a regulatory 
mechanism aimed at model-sharing and model-
reusability

– Improving regulatory efficiency and consistency



15www.fda.gov
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