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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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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 agreement
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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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What is an MMF?
• Regulatory Utility of Mechanistic Modeling to Support Alternative Bioequivalence Approaches. Co-

hosted by FDA and the Center for Research on Complex Generics (CRCG) on September 30 and October 
1, 2021 (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. Co-hosted 
by FDA and the Center for Research on Complex Generics (CRCG) on October 27-28, 2022 (Best 
Practices for Utilizing Modeling Approaches to Support Generic Product Development - The Center for 
Research on Complex Generics (CRCG))

https://www.complexgenerics.org/education-training/regulatory-utility-of-mechanistic-modeling-to-support-alternative-bioequivalence-approaches/
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/best-practices-for-utilizing-modeling-approaches-to-support-generic-product-development/
https://www.complexgenerics.org/education-training/best-practices-for-utilizing-modeling-approaches-to-support-generic-product-development/
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What is an MMF?

FDA–2024–N–5975, accepting comments by April 17, 2025
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What is an MMF?

• Describe the purpose, benefits, and 
challenges of MMFs

• Understand how to navigate the process 
for using the Type V DMF for MMF 
submissions to support ANDAs

• Recognize the value MMFs provide to the 
development, assessment, and approval 
of high-quality generic drugs

• Implement best practices for MMF 
submissions in your work

https://www.fda.gov/drugs/news-events-human-drugs/model-master-files-advancing-modeling-and-simulation-generic-drug-development-and-regulatory#event-information


www.fda.gov 9

What is 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 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 
https://pubmed.ncbi.nlm.nih.gov/38413548/ 

V&V: verification and validation, MIE: model-integrated evidence; 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
https://pubmed.ncbi.nlm.nih.gov/38413548/
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What is an MMF?

Quantitative 
Methods 

and 
Modeling

QCP Toolsets
1. Disease modeling
2. PPK
3. PK-PD modeling

Mechanistic modeling
1. PBPK/PBBM
2. CFD
3. IVIVCs

Advanced Data Analytics
1. ML and AI methodologies

QCP: quantitative clinical pharmacology, PBBM: physiological biopharmaceutics modeling, PK-PD: pharmacokinetics-
pharmacodynamics, IVIVC: in vitro in vivo correlation, ML: machine learning, AI: artificial intelligence



www.fda.gov 11

Example Types of MMF
Drug product-specific models: reusable throughout product 
life cycle, with adequate V&V for intended COU

In silico framework for products following the same route of 
administration: reusable for different products if the 
framework is qualified for the COU

Modeling methodology or framework for a particular 
context of use: reusable for different products if the 
framework is qualified for the COU

COU: context of use
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MMF Utility
• Improve efficiency and consistency
• Improve interdisciplinary communication
• Institutional knowledge
• Ensure the confidentiality of sensitive proprietary 

information 

Regulatory 
Agencies

• Reduce time, cost and other resources related to 
development and regulatory submission of M&S 
approaches

• Increase confidence: M&S has been documented 
appropriately and has been used successfully

• Reduce data redundancy & improve M&S availability

Pharmaceutical 
Industry

M&S: modeling and simulation
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How to Develop an MMF?
MMF Title*
MMF Type
Main Submission File
M&S Approach submitted within the MMF
1. Regulatory context of use 
2. Scientific rationale supporting the M&S approach
3. Data Analysis
MAR • Model objective (question of interest)

• Model development, verification, validation
• Summary of the model performance assessment against 

preselected criteria 

4. Model(s) and data file(s) Model(s) and data file(s) (in house and literature data), literature 
and other sources of information

5. Orientation file List of version-controlled model files and supporting datasets, 
their sources (in-house, literature) and their role within the 
MMF

*provided by the Drug Master File (DMF) holder
M&S: modeling and simulation, MAR: modeling analysis report
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Applicants are encouraged to follow best practices when 
documenting M&S approaches in regulatory submissions 

https://www.fda.gov/media/101469/download
https://www.asme.org/codes-standards/find-codes-standards/v-v-40-assessing-credibility-computational-modeling-verification-validation-application-medical-devices
https://www.fda.gov/media/142500/download
https://database.ich.org/sites/default/files/ICH_M15_EWG_Step2_DraftGuideline_2024_1031.pdf
https://www.fda.gov/media/128793/download
https://www.fda.gov/media/70939/download
https://www.fda.gov/media/154985/download
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Mock Example 
• MMF Title: Model Master File - In silico immunogenicity risk assessment model for 

peptide and protein-based therapeutics

• MMF Type: “Model development/verification/validation process for its 
intended purpose for an active ingredient”

• Regulatory context of use of the MMF: A validated in silico model for predicting 
immunogenicity risks in peptide- and protein-based therapeutics. The model evaluates 
amino acid sequences to generate quantitative risk scores and identify regions of 
concern for immunogenicity. This provides a complementary tool to in vitro assays and 
clinical immunogenicity studies, reducing the experimental burden while maintaining 
confidence in risk assessments.

• Scientific rationale: The model's predictive performance was validated against in vitro 
assays, clinical immunogenicity data, and historical data to ensure accuracy and 
consistency across multiple submissions.

• Data analysis: MAR, model and data files, orientation file
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Mock Example 

MMF for in silico 
immunogenicity 
risk assessment

(Product A)

Applicant 3
(Product B)

Applicant 2
(Product A)

Applicant 1
(Product A)

Applicant 4
(Product C)

*The same MMF can be used across multiple 
products, as long as the context of use for each 
product aligns with what is described in the MMF 
(e.g., protein therapeutics). A novel molecular 
modification may need additional data.
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How to Submit an MMF?
• MMFs can be submitted as Type V DMFs 

– Type V is used for “FDA-accepted reference 
information.” (21 CFR 314.420(a)(5))

• A DMF is neither approved nor disapproved

• The DMF technical content (in this case, the MMF) is typically 
reviewed by FDA only in connection with the review of a 
premarket application. 

• Type V DMFs for MMF submissions to support an ANDA may be 
submitted on an ongoing basis.

• Submit the Type V DMF in the Electronic Common Technical 
Document (eCTD) format

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.fda.gov/media/135373/download
https://www.fda.gov/media/135373/download
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
https://www.fda.gov/media/131861/download
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How to get the FDA’s Early Input?
To start the discussion with the FDA on the 
development of an MMF:

• Industry Meeting Pilot MIE program 
– submit a meeting request with questions

• Controlled correspondence
– an option for further discussion

https://www.fda.gov/drugs/abbreviated-new-drug-application-anda/model-integrated-evidence-mie-industry-meeting-pilot-between-fda-and-generic-drug-applicants
https://www.fda.gov/media/164111/download
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Take Home Messages
• MMF submissions 

– involve M&S approaches submitted as Type V DMFs

– hold incentives for both regulatory agencies and 
pharmaceutical industry

– advance the role of M&S in drug development and 
regulatory approval 
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Questions?

Lanyan (Lucy) Fang, PhD
Lanyan.fang@fda.hhs.gov                                            
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