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DISCLAIMER

This presentation reflects the views of the 
presenter and should not be construed to 
represent FDA’s views or policies.
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Pharmaceutical quality 
assures the 
availability, 
safety, 
and efficacy 
of every dose.

Everyone deserves confidence 
in their next dose of medicine. 

www.fda.gov
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Introduction

Purpose for Modified Release Product Development:

• Reduce dosing frequency for better patient compliance

• Better controlled plasma drug levels with reduced 
overdose risk or lower incidence of side effects

• Enhance bioavailability to reduce total drug intake
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Product Design - ER Tablets

Nadia Ahmed et al. Retrospective Analysis of the Biopharmaceutics Characteristics of solid oral Modified-Release Drug Products in Approved US FDA NDAs. Submitted.



7

Product Design - ER Capsules

Nadia Ahmed et al. Retrospective Analysis of the Biopharmaceutics Characteristics of solid oral Modified-Release Drug Products in Approved US FDA NDAs. Submitted.
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Polymer Components of ER Products

Nadia Ahmed et al. Retrospective Analysis of the Biopharmaceutics Characteristics of solid oral Modified-Release Drug Products in Approved US FDA NDAs. Submitted.
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Biopharmaceutics Risk Assessment 

Initial Risk of 
Modified Release 
Drug Products is 
at least Medium

Ahmed T, et al., AAPS J. 2023 Jul 27;25(5):77.
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Conventional IVIVC

• “Gold Standard.” Has well-established regulatory pathway

• Simplifies drug product development.

• Established by deconvolution and convolution methods.

Internal/external 
predictability

%PE < 10% for 
Cmax and AUC

Deconvolution

Linear or Non-Linear CorrelationFigure Modified from Shen J, Burgess DJ. J Control Release. 2015 Dec 10;219:644-651 and Mohamed 
MF, et al. AAPS J. 2019 Oct 25;21(6):108. 
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Physiologically Based 
Biopharmaceutics Modeling

Integration of physicochemical 
properties of drug substance and 
formulation characteristics with 
system physiological parameters 
to predict the absorption and 
pharmacokinetics (PK) of a drug 
product.

Not limited to IVIVC

Wu, D., Li, M. Pharm Res 40, 321–336 (2023). Wu F. et al., AAPS J. 2021 Feb 22;23(2):31
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Advantages of PB-IVIVC over conventional 
IVIVC for MR Products
• Can be as mechanistic as our 

knowledge of physiology

• Can account for population 
variability

• Flexible in formulation changes

• Can handle complex drug delivery 
mechanism

• Can answer DDI questions

• Adaptable to new technologies

• Safe space built using mechanistic 
approach wider than conventional 
approaches?

Yinqian Yang et al. Acta Pharmaceutica Sinica B, Volume 11, Issue 4, 2021, Pages 1056-1068.
Nikunj Patel et al. Conventional vs. PB-IVIVC: Revisiting some successful and failed conventional IVIVC cases with 
PB-IVIVC Poster at https://certara.com/app/uploads/Resources/Posters/Patel_2014_PBPWM_IVIVC.pdf
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Use of Modeling for MR formulations
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Dissolution Modelling Approaches

Nikunjkumar Patel et al. Oral Drug Delivery for Modified Release Formulations, First Edition, 2022, Pages 355-374.
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Dissolution Modelling Approaches

Nikunjkumar Patel et al. Oral Drug Delivery for Modified Release Formulations, First Edition, 2022, Pages 355-374.

Dissolution Input 
Options for MR 
Formulations
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Common Deficiencies MR PBBM

• Insufficient data to support model development and validation

• Lack of justification for changes to physiological parameters

• Lack of discriminative ability of dissolution method/Insufficient 
link between in vitro dissolution and in vivo outcome (lack of 
clinical relevance)

• Model not challenged by available or theoretical non-BE batch
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Case Studies:
1. PBBM to derisk alcohol dose 

dumping
2. PBBM to support Clinically 

Relevant Specifications
3. Internal Research Project
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• Drug Product is a generic Extended-Release Capsule.

• Test product had increased in vitro release in 0.1N 
HCl with 20% ethanol in comparison to RLD.

• Mechanistic absorption model developed by 
reviewers to answer: Would different release 
observed between Test and RLD in alcohol dose 
dumping study result in different systemic exposure?

Background & Model Objective
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• Used Biphasic dissolution profiles (dissolution at pH 1.1 for 1 hour and then dissolution at pH 6.8 or 7.5) to mimic 
drug release in different GI segments as input for PBBM. 

• Increased release of Test Product at pH 1.1 with 20% ethanol unlikely to result in significant differences in systemic 
exposure compared to RLD.

Model Application & Summary

Dr. Fang Wu. CRCG Advances in PBPK Modeling and its Regulatory Utility for Oral Drug Product Development.
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• Drug Product is a generic Extended-Release 
Tablet.

• Mechanistic absorption model was developed to 
justify proposed dissolution specifications for 
both strengths of drug product.

Background & Model Objective
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Model Strategy
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Model Summary

• Virtual BE trials indicated theoretical drug product 
batches with dissolution profiles at the upper or lower 
specifications were BE to the pivotal test formulation in 
fasting and fed state.

• Further, drug product batches having dissolution profiles 
at the upper or lower specification were predicted to be 
bioequivalent in the fed state.

• Proposed dissolution specifications were accepted for 
quality control of the drug product.
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Case Studies:
1. PBBM to derisk alcohol dose 

dumping
2. PBBM to support Clinically 

Relevant Specifications
3. Internal Research Project



27

Exploring use of PBBM in predicting ER Drug 
Product exposure-Repurposing a Failed IVIVC

Internal Research Dr. Yunming Xu and Dr. Hansong Chen
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• Understanding complex interplay of 
polymers, drug, and GI components

• Biopredictive in vitro dissolution methods

• Impact of regional differences along the 
gastrointestinal tract

Additional research needed…

Nikunjkumar Patel et al. Oral Drug Delivery for Modified Release Formulations, First Edition, 2022, Pages 355-374. https://smart.servier.com/

https://smart.servier.com/
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Thank you!



Questions for Discussion
Q1. Current applications of PBBM for MR formulations – Confidence & room for expansion? 

 a. What are the considerations when establishing PBBM for MR product? Does the release mechanism impact the strategy of 

building PBBM for MR products? 

 b. What is the usefulness/confidence of PBBM for alcohol induced dose dumping and food predictions for MR formulations? 

Waive in vivo studies? 

Q2. How to account for regional/colon absorption in PBBM for ER formulations - Current status and how to improve 

 a. What factors impact regional absorption and should be incorporated in model development and validation? 

Q3. Which modeling approach is more feasible for MR product, traditional IVIVC or PBBM? 

 a. How to best incorporate mechanistic absorption modeling with IVIVC, i.e., PB-IVIVC

Q4. What is the best approach for integrating in vitro dissolution data into PBBM for MR products? 

 a. What is the suitability of non-mechanistic vs mechanistic dissolution integration approaches (e.g., Weibull to Z-factor to 

extended Wang-Flanagan)? 

 b. What are the limitations in model applicability based on integration of in vitro dissolution (i.e., does empirical 

parameterization of the in vitro release rate decrease our confidence in the model’s ability to predict/simulate population 

exposure in vivo?) 

Q5. Considerations for higher quality of in vitro data inputs into PBBM for more reliable in vivo PK predictions and formulation 

performance comparisons e.g., bile salt solubilization ratio considerations for PBBM of Modified Release Dosage forms 

Q6. What is an appropriate prediction performance for ER models? 

 a. What criteria should be evaluated (Cmax, AUC, Tmax, Partial AUCs, etc.) and how should it be evaluated (AFE, PE, 

AAFE, etc.)?
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