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Session Description and Objectives
• This presentation will introduce the 

regulatory research results on using 
physiologically based pharmacokinetic 
(PBPK) modeling to evaluate the 
bioequivalence for pediatric products. 

• This presentation will also introduce how to 
implement these approaches in assessing 
the impact of product quality attributes 
(e.g., dissolution) on the bioequivalence of 
generic drugs for both adults and 
pediatrics

Objectives of this session:
• Understand the challenges and 

opportunities that we are facing 
when evaluating pediatric products 
during drug development

• Learn risk factors associated with 
the bioequivalence and relative 
bioavailability studies for pediatric 
products

• Know how to implement in vitro 
biorelevant dissolution as well as 
modelling and simulations in 
assessing the risk for having 
undesired relative bioavailability or 
bioequivalence results in pediatrics
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Biography and Contact Information
• Current: Senior Pharmacologist and Scientific Lead for PBPK in Division of 

Quantitative Methods and Modeling (DQMM), Office of Research and 
Standard (ORS), Office of Generic Drugs (OGD), U.S. Food and Drug 
Administration (FDA)

• More than 9 years FDA experiences, had been a biopharmaceutics 
reviewer in Office of Pharmaceutical Quality and a research fellow in Office 
of Clinical Pharmacology

• Email address: Fang.Wu@fda.hhs.gov

mailto:Fang.Wu@fda.hhs.gov
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PBPK Absorption Model

CPP: Critical Process Parameters; CMA: Critical Material Attributes; CQA: Critical Quality Attributes; API: 
Active Pharmaceutical Ingredient; IVIVC/R: In Vitro In Vivo Correlation/Relationship

Reference: Wu F, Shah H, Li M, Duan P, Zhao P, Suarez S, Raines K, Zhao Y, Wang M, Lin HP, Duan J, Yu L, Seo P. Biopharmaceutics Applications of Physiologically Based 
Pharmacokinetic Absorption Modeling and Simulation in Regulatory Submissions to the U.S. Food and Drug Administration for New Drugs. AAPS J. 2021 Feb 22;23(2):31. 
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Guidances Supported by PBPK Regulatory 
Applications and Research Issued in 2020

Available from: https://www.fda.gov/regulatory-
information/search-fda-guidance-documents/use-
physiologically-based-pharmacokinetic-analyses-
biopharmaceutics-applications-oral-drug-product.

Available from: https://www.fda.gov/regulatory-
information/search-fda-guidance-documents/evaluation-
gastric-ph-dependent-drug-interactions-acid-reducing-agents-
study-design-data-analysis

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/use-physiologically-based-pharmacokinetic-analyses-biopharmaceutics-applications-oral-drug-product
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/evaluation-gastric-ph-dependent-drug-interactions-acid-reducing-agents-study-design-data-analysis
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Regulatory Questions that PBPK Absorption Model can Answer

BE

Dissolution 
safe space

Impact of changes in 
critical quality attribute

In vivo alcohol dose 
dumping simulation

Risks of formulation 
mechanism change

BE in specific 
populations

Waiver of in vivo 
studies

GI local concentration

PPI – DDI

BE: bioequivalence; PPI: proton pump inhibitor; GI: gastrointestinal; DDI: drug-drug interaction
Reference: Wu F. Application of PBPK Modeling in Regulatory Submission: FDA Experience on Generic Drugs. Podium Presentation, AAPS 360 Annual Conference, 2019
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Putative Risk Factors Associated with Significant 
Differences in PK Parameters in Pediatrics 

between Reference and Test products

• Note that multiple risk factors may have been extracted from one study
• Risks were found being associated with products with API belonging to NTI drug category, The drug solubility is low (BCS class II or IV)

Research results from FDA contract: ORS-EXT-2018-09, Risk mitigation in the evaluation of relative bioavailability of pediatric generic products, with University of Birmingham

Reference: Pawar G, Wu F, Zhao L, Fang L, Burckart GJ, Feng K, Mousa YM, Naumann F, Batchelor HK. AAPS J. 2021 Apr 21;23(3):57. doi: 10.1208/s12248-021-00592-y
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PBPK Modeling to Evaluate High 
Risk Scenarios

• For high-risk scenarios, e.g., narrow therapeutic index (NTI) drugs or drugs with 
low solubility, using PBPK modeling and simulations as supportive evidence, e.g., 
by conducting virtual BE assessment in pediatrics

• Case Example: Application of PBPK modeling to determine bioequivalent 
dissolution “Safe Space” for Oseltamivir Phosphate (OP)  

(Note that this example is for demonstrating a PBPK tool and OP is a putative BCS 
Class I/III drug)

• Research for other model drugs (NTI and BCS class II drugs) is ongoing with 
contract ORS-EXT-2018-09 

Reference: Miao L, Mousa Y, Zhao L , Raines K, Seo P, Wu F. Using a physiologically-based pharmacokinetic absorption model to establish dissolution 
bioequivalence safe space for oseltamivir in adult and pediatric populations. AAPS Journal, 2020. DOI : 10.1208/s12248-020-00493-6
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Purpose of Case Example for Oseltamivir 

Purpose: 
• Develop a PBPK model for a putative BCS Class 1/3 drug, 

oseltamivir phosphate (OP) and its metabolite oseltamivir 
carboxylate (OC) in both adults and pediatrics

• Conduct virtual BE simulations to establish BE dissolution 
safe space for OP in both adults and pediatrics

Reference: Miao L, Mousa Y, Zhao L , Raines K, Seo P, Wu F. Using a physiologically-based pharmacokinetic absorption model to establish dissolution 
bioequivalence safe space for oseltamivir in adult and pediatric populations. AAPS Journal, 2020. DOI : 10.1208/s12248-020-00493-6
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Oseltamivir Phosphate (OP) 
• Antiviral medication, for influenza A and B
• A pro-drug of the active metabolite Oseltamivir Carboxylate (OC)

OP OC

Background

CES1
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PBPK Model Development

Miao L, Mousa YM, Zhao L, Raines K, Seo P, Wu F. Using a Physiologically Based Pharmacokinetic Absorption Model to Establish Dissolution Bioequivalence Safe Space for 
Oseltamivir in Adult and Pediatric Populations. AAPS J. 2020 Aug 10;22(5):107.
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PBPK Model for Intravenous OP

• 15 mg intravenous OP

OC

• GastroPlus™ with PBPKPlus™ module was used for modeling and simulation

OP

Miao L et al. AAPS J. 2020 Aug 10;22(5):107 



Slide 13

75 mg, OP

OC

Miao L et al. AAPS J. 2020 Aug 10;22(5):107 
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PBPK Model for Oral OP
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100 mg, OP OC

Validation of PBPK Model for Oral OP

150 mg, OP OC

Miao L et al. AAPS J. 2020 Aug 10;22(5):107 
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Predicting the PK Profiles in Pediatric
2 mg/Kg, OP OC

0 – 2 months

9 – 18 years

The pediatric model was 
also validated in age 

groups 3- 9 months and 
1 – 5 years 

Miao L et al. AAPS J. 2020 Aug 10;22(5):107 
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Virtual BE Simulation and Analysis for the Reference and 
Test OP Products in Adults and Pediatrics to Determine

BE Dissolution Safe Space for OP

Miao L et al. AAPS J. 2020 Aug 10;22(5):107 
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Case Example Summary
• The virtual BE analysis indicated that drug products with the 

dissolution boundary at 10% slower than dissolution profile of 
pivotal bio-batch could maintain BE to the reference listed 
drug in adults. 

• In contrast, a stringent trend of dissolution boundary (safe 
space) was observed for pediatrics (6% slower for 8 to18-
year-old adolescents, 4% slower for neonates).

• This study highlights the utility of PBPK absorption modeling 
and simulation in prediction of BE and providing a quantitative 
basis for setting clinically relevant specifications for 
dissolution for OP in both adults and pediatric populations. 
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Challenges and Opportunities
(Developing and applying PBPK absorption Models for Pediatrics)

Current status

• Drug substance and product attributes 
such as solubility, permeability, 
dissolution profiles, and particle size are 
used as pediatric model inputs

• Some system-dependent parameters, 
e.g., gastrointestinal (GI) pH, transit 
times, fluid volume, surface area and 
length, and enzyme/transporter 
localization and abundance are used as 
pediatric model inputs with assumptions

Further Improvement

• Consistent and adequate approach of 
generating (biorelevant) solubility, 
dissolution profiles, permeability, and 
particle size changes during the possible 
precipitation process is needed 

• Uncertain system-dependent parameters 
need adequate justifications
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Current status
• Population predictions with 

generalized variabilities are used in 
PBPK model

• Validation/verification of PBPK model 
is conducted before the application of 
the model 

• Limited application of PBPK modeling 
for pediatric products

Further Improvement
• Subject variabilities in pediatric population 

should be considered when needed

• Sufficient purpose-dependent model 
validation/verification is needed

• Application of PBPK modeling for 
pediatrics products can be used for BE or 
relative bioavailability assessment when 
appropriate

Challenges and Opportunities
(Developing and applying PBPK absorption Models for Pediatrics)
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Conclusion
• For high-risk scenarios, e.g., NTI drugs or drugs with low solubility, 

PBPK modeling and simulations may be used as supportive 
evidence, e.g., by conducting virtual BE assessment in pediatrics

• With continuous improvement along with more submissions and 
research, PBPK absorption modeling and simulations would aid in 
mitigating the risk of bioinequivalence or undesired relative 
bioavailability to ensure safe and effective use of drug products in 
pediatrics.

• Submit modeling and simulation data and communicate with the 
Agency at an early stage, e.g., via pre-ANDA meeting, is encouraged.
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Questions

Contact: Fang.Wu@fda.hhs.gov
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