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Outline 

• Overview of PBPK related submission 

characteristics in the Office of Clinical 

Pharmacology (OCP) 

• Overview of pediatric submissions to OCP 

• Challenges to the application of PBPK to 

pediatrics 

• Pediatric workflow considerations 

• Tips for submitting PBPK related information to 

FDA 

• Summary and the path forward 
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PBPK Team at the FDA 

• Policy   

– Develop best practices and guidance documents for 

industry on the use of PBPK 

• Review 

– Centralized unit  for coordination of PBPK reviews  

– Conducts in-house PBPK analyses when required 

– Maintains a regulatory knowledgebase for consistency 

• Research and training 

• Outreach 

– To harmonize with non US regulators 

– Foster communications with thought leaders 
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OCP PBPK Reviews Increasing 

A. No model details (meeting requests, 
planning/strategizing) 

B. Full study report/model details 
submitted, may need re-analyses  

C. FDA de novo modeling and analyses 
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….And Becoming More Diverse 

6 Modified from Huang SM, et al. J Pharm Sci, 2013. 

Updated October 22, 2014 

(136 submissions)  



Wagner C, et al. Clin Pharmacokinet. 2014 

• Criteria  

(a) model simulated PK and observed PK comparable;  

(b) clinical interaction data were not used for model building 

Cross Drug Analysis of Drug as Enzyme Substrate using FDA PBPK 

knowledgebase 

DDI Prediction in Adults 

15 substrates, 9 sponsors; with 26 interaction studies 
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±1.25 fold 

± 2 fold 

Guest et al. DMD. 2010 



Modified from Huang SM, et al. J Pharm Sci, 2013. 8 
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Pediatric Submissions 2010-2013 

N=13 

9 OCP PBPK Knowledgebase, 2014. 



Application of PBPK in  

Recent Pediatric Submissions 

• Scale adult data into pediatric population 

• Dose 

– Estimate pediatric doses for a safety and efficacy trial 

– Predict exposure in pediatric subjects in a specific age 

group not studied in vivo 

– Predict low systemic exposure after dermal application 

of the drug 

– Age-appropriate dosing in postmenarche adolescents 

• Demonstrate age dependent renal clearance of 

the drug in pediatrics 
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Barrett J, et al. Clin Pharmcol Ther, 2012. 

Predicting PK in 

Children is Challenging 

Human growth and 

maturation make 

PK prediction in 

pediatrics 

especially  

challenging 
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Especially in the Very Young 

Edington AN, et al. Paediatric and Perinatal Drug Therapy, 2006 

PBPK may offer a predictive PK  advantage in 

Children less than a year old  
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Allometry PBPK 

---- 2-Fold over/under 

prediction 
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Johnson T, et al. Clin Pharmacokinet, 2006 

Mean Variability ---- 2-Fold over/under 

prediction 

Variability is still greatest in the youngest age group 

with the PBPK approach 
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Accounting for the impact of known clinical 

conditions may improve predictability  

Salam F, et al. Clin Pharmacokinet, 2014 14 



Potential Barriers to  

Pediatric Model Development 

• Lack of PK data in children less than 5 years to 

assess model suitability 

• Available pediatric PK trials often recruit a small  

number of patients 

• Key details regarding demographics and clinical 

course are often lacking 

– E.g., enzyme phenotypes 

• Impact of known clinical conditions on system 

and drug dependent model components often 

lacking 

Adapted from Johnson T, et al. Clin Pharmacokinet, 2006 15 



Regulatory Experience 

Applications Status 

Drug-drug 

Interactions 

Drug as enzyme substrate 

• Substrate/inhibitor models verified with key clinical data 

can be used to simulate untested scenarios and support 

labeling 

Drug as enzyme perpetrator 

• Use to confirm the lack of enzyme inhibition 

• Additional evidence needed to confirm predictive 

performance for positive interactions 

Transporter-based 

• In vitro-in vivo extrapolation not mature due to lack of 

information,  

• Complicated by transporter-enzyme interplay 

• Predictive performance yet to be demonstrated 

Specific 

populations 

Organ impairment 

(hepatic and renal) 

• Predictive performance yet to be improved 

• System component needs update 

Pediatrics 

• Allometry is reasonable for PK down to 2 years old 

• Less than 2 years old ontogeny and maturation need to 

be considered 

Additional 

specific 

populations and 

situations 

Pregnancy, ethnicity, geriatrics, 

obesity, disease states 

Food effect, formulation change, PH 

effect (including DDIs on gastric PH) 

Tissue concentration 
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A Clear Workflow is Key… 

Edginton AN, et al. Ped Anesthasia, 2011. Maharaj AR, et al.  AAPS Journal, 2013 17 



18 Leong R et al. CPT, 2012  



Jiang XL, et al. CPT Pharmacometrics Syst Pharmacol,  2013. 19 
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Prediction of PK and Metabolism  

Jiang XL, et al. CPT Pharmacometrics Syst Pharmacol,  2013. 

Cmax 

AUC 

15 mg/kg, 0.25-h i.v. infusion 



21 Updated from Leong et al, Clin Pharmacol Ther, 2012 

Workflow Assessment for 

PBPK Related Pediatric submissions 



PBPK Submissions to FDA 

Should Ideally Include: 

• Summary of model input parameters & software version  

– Ideally compiled in table format 

• Parameter name, parameter values (mean and/or variability), source of 

the parameter values and assumptions  

– Any modification of the default parameter values should be declared 

and justified 

• Logical description of model building and verification 

processes 

– A simple comparison with observed (PK) data may not be sufficient 

for establishing model confidence   

• Parameters with uncertainty that are expected to influence the model 

prediction should be tested via sensitivity analysis 

– Pre-specify calibration method  

• Post hoc model optimization must be justified 

Modified from Zhao et al. Clin Pharmacol Ther 2012. 22 



• The details of all simulation conditions  

– Demographics of virtual population(s), number of 

trials, number of subjects in each trial, dosing scheme, 

sampling scheme, etc.  

• Model files in a executable format 

– Please do not convert software specific files to pdf 

– Pursue electronic gateway capability 

• Submission of CD or other acceptable media  

– Ideally 5 copies 

• Early communication with the Agency regarding the 

inclusion of PBPK into your development plan is 

strongly encouraged 

 

 

PBPK Submissions to FDA 

Should Ideally Include: 

23 Modified from Zhao et al. Clin Pharmacol Ther 2012. 



Thoughts on PBPK Model 

Verification  

• The predictive performance should be reflected by the ability of a 

model in describing all available data sets 

•  Biological plausibility of the model components should be 

demonstrated 

• The ability to describe an EXTERNAL (plasma PK) dataset is only 

part of the model verification and likely may only verify certain 

aspect of the model 

 E.g. Interaction/Genetic data to confirm fractional clearance  

• Because the system component accounts for the majority of the 

model structure, predictive performance should be demonstrated 

through modeling of multiple drugs 

• Predictability of PBPK is in context of its intended use 
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Summary 

• The use of PBPK is increasing  

• PBPK modeling is being applied to a variety complex 

drug development issues including pediatrics 

• Developing models in pediatrics is particularly 

challenging in the youngest age group (i.e., < 2 yrs. old) 

– Focus should be primarily the system component ( i.e., 

transporter ontogeny, age effect on absorption, etc) 

• A clear and consistent workflow is key  

• Early interaction with FDA is important  

• More academic interest and skilled users are needed 

• PBPK Guidance for Industry is planned 
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How are we doing? 

• YOU can help OCP 

achieve its goal of 

translating its regulatory 

reviews into 

understandable and 

actionable labeling 

language  

• Provide feedback on the 

quality,  clarity and utility 

of the professional and 

consumer drug labeling 

you are using 
Email: ocp@fda.hhs.gov 
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Questions? 
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