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What do we do?

Research

Harmonize

Modified from Zhao P. 2015 AAPS 3



Utility of PBPK in Clinical Pharmacology Reviews
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Number of NDA/BLA Submissions to OCP Per Year
Containing PBPK Analyses (updated 10/19/2019)

Number of NDA submissions containing % of new drug approvals

PBPK analyses (2008-2019/10) containing PBPK
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PBPK Submlssmns to OCP
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Regulatory Application & Predictive Performance [gi}
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PBPK Related Guidances
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https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatorylnformation/Guidances/UCM581965.pdf
https://www.fda.gov/downloads/drugs/guidances/ucm292362.pdf
https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatorylnformation/Guidances/UCM531207.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-reporting-physiologically-based-pharmacokinetic-pbpk-modelling-simulation en.pdf



https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM581965.pdf
https://www.fda.gov/downloads/drugs/guidances/ucm292362.pdf
https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM531207.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-reporting-physiologically-based-pharmacokinetic-pbpk-modelling-simulation_en.pdf

PBPK Analyses Report Content

Executive * Objectives (intended uses)
Summary e Overview of model development and simulations
* Key conclusions

Introduction * Brief and relevant drug’s physicochemical, PK, PD, and E-R properties

* PBPK related regulatory history including cross-referencing to PBPK study reports for
different intended uses

Materials and |+ Details about model development, verification/modification (justification), and

Methods application

* Details and sources of input parameters and key assumptions

* Simulation design

* Software (version)

Results * Results from model verification/validation, and sensitivity analysis
* Results from model application
Discussions * Discuss the adequacy of PBPK analyses to support intended uses

* Discuss any recommendation based on PBPK analyses and additional relevant evidence
e Discuss model limitation

Appendices * List of tables, figures, acronyms and abbreviations, references

https://www.fda.gov/media/101469/download



https://www.fda.gov/media/101469/download
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Model-Informed Drug Development:
Current US Regulatory Practice and Future
Considerations

Yaning Wang *, Hao Zhu', Rajanikanth Madabushi', Qi Liu', Shiew-Mei Huang and Issam Zineh'

Model-informed drug development (MIDD) refers to the application of a wide range of quantitative models in drug
development to facilitate the decision-making process. MIDD was formally recognized in Prescription Drug User Fee
Act (PDUFA) VI. There have been many regulatory applications of MIDD to address a variety of drug development and
regulatory questions. These applications can be broadly classified into four categories: dose optimization, supportive
evidence for efficacy, clinical trial design, and informing policy. Case studies, literature papers, and published
regulatory documents are reviewed in this article to highlight some common features of these applications in each

category. In addition to the further development and investment in these established domains of application, new
technology, and areas, such as moe&mechanistic models, neural network models, and real-world data/evidenceare

gaining attention, and more submissions and experiences a ' and the application of

model-based analysis to a wider scope.

CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME 105 NUMEBER 4 | APRIL 2019
Huang SM 2019 AAPS 10



Model-Informed Drug Development

Development and application
of exposure-based, biological,
and statistical models derived
from preclinical and clinical
data sources to address drug
development or regulatory
issues*

QSAR: Quantitative structure—activity relationship
QSPR: Quantitative structure—property relationship

* Disease
Models

* Clinical
Trial
Models

* PK/PD
* Exposure-
Response
* Human PK
* In Silico * Dose Prediction
e Clinical Trial * Study Design Optimization
* Predict/Characterize:
* ADME
* Intrinsic /Extrinsic Factors
* Early Risk/Benefit
* Dosage Selection
* Labeling
Population Bridging

* Systems
Biology

* QSP

* CiPA

* From PDUFA 6; Excludes statistical designs involving complex adaptations, Bayesian methods, or other features requiring computer simulations to determine
the operating characteristics of a confirmatory clinical trial.

Huang SM 2019 AAPS 11



Advisory Committee Meetings and Public
Workshops on PBPK Modeling

2019: Development of Best Practices in Physiologically Based Pharmacokinetic Modeling to Support Clinical
Pharmacology Regulatory Decision-Making

2019: Regulatory Education for Industry (REdI) and CERSI Workshop: Current State and Future Expectations
of Translational Modeling Strategies to Support Drug Product Development, Manufacturing Changes and
Controls

2017: Meeting of the Pharmaceutical Science and Clinical Pharmacology Advisory Committee Session |: Role
for physiologically based pharmacokinetic (PBPK) modeling and simulation in drug development and
regulation

2016: Public workshop: Oral Absorption Modeling and Simulation for Formulation Development and
Bioequivalence Evaluation Workshop

2014: Public workshop: Application of Physiologically Based Pharmacokinetic Modeling to Support Dose
Selection

2012: Meeting of the Pharmaceutical Science and Clinical Pharmacology Advisory Committee Topic 4:
applications of PBPK modeling in pediatric studies



https://www.fda.gov/news-events/fda-meetings-conferences-and-workshops/development-best-practices-physiologically-based-pharmacokinetic-modeling-support-clinical
https://www.fda.gov/drugs/cder-small-business-industry-assistance-sbia/regulatory-education-industry-redi-and-cersi-workshop-current-state-and-future-expectations
https://www.fda.gov/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/AdvisoryCommitteeforPharmaceuticalScienceandClinicalPharmacology/ucm535520.htm
http://wayback.archive-it.org/7993/20161022055234/http:/www.fda.gov/Drugs/NewsEvents/ucm488178.htm
http://wayback.archive-it.org/7993/20161022055356/http:/www.fda.gov/Drugs/NewsEvents/ucm387698.htm
https://wayback.archive-it.org/7993/20170403224110/https:/www.fda.gov/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/AdvisoryCommitteeforPharmaceuticalScienceandClinicalPharmacology/ucm286697.htm

Needs for PBPK Modeling Best Practices

FOA

FDA perspective paper

Applications of Physiologically Based Pharmacokinetic
{PBPK) Modeling and Simulation During Regulatory Review
CPT 2011, PMID: 21191381)

Best practice in the use of physiologically based
pharmacokinetic modeling and simulation to address
clinical pharmacology regulatory questions (CPT 2012,
PMID: 22713733)

The Utility of Modeling and Simulation in Drug
Development and Regulatory Review (JpharmSci 2013,
PMID: 23712632)

Application of Physiologically Based Pharmacokinetic
(PBPK) Modeling to Support Dose Selection: Report of an
FDA Public Workshop on PBPK (CPT-PSP 2015, PMID:
26225246)

Physiologically Based Pharmacokinetic Modeling in
Regulatory Science: An Update From the U.S. Food and
Drug Administration’s Office of Clinical Pharmacology
(JpharmSci 2019, PMID: 30385284)

Consideration of a Credibility Assessment Framework in
Model-Informed Drug Development: Potential Application

o Physiologically-Based Pharmacokinetic Modeling and
Simulation (CPT-PSP 2019, PMID: 31652029)

Industrys/academic comments

Physiologically-Based Pharmacokinetics in Drug
Development and Regulatory Science (Ann. Rev. Pharmacol.
Toxicol 2011, PMID: 20854171)

Physiologically based pharmacokinetic modeling in drug
discovery and development: A pharmaceutical industry
perspective (CPT 2015, PMID: 25670209)

Physiologically Based Pharmacokinetic (PBPK) Modeling
and Simulation Approaches: A Systematic Review of
Published Models, Applications, and Model Verification
(DMD 2015, PMID: 26296709)

Good Practices in Model-Informed Drug Discovery and
Development: Practice, Application, and
Documentation(CPT-PSP 2015, PMID: 27069774)

Physiologically Based Pharmacokinetic Model Qualification
and Reporting Procedures for Regulatory Submissions: A
Consortium Perspective (CPT 2018, PMID: 29315504)

Model-Informed Drug Discovery and Development: Current
Industry Good Practice and Regulatory Expectations and
Future Perspectives (CPT-PSP 2019, PMID: 30411538)

Selected examples only -



Challenges and Proposals

Challenges

System parameters: Methodology development
* Lack of understanding in transporter

expression/activity
e Lack of understanding in ontogeny

Drug parameters: Methodology development
* Limited confidence in IVIVE in certain scenarios
* Lack of characterization of drug disposition
Limited review timelines for complex Process: early communication with relevant
models review divisions
Resource: knowledge management

14



Collaboration Opportunities

 Academic Institutions * Industry
— Collaborative Agreements (e.g., MOU, CRADA) — |Q consortium
— CDER Network of Experts (NoE) Program R

Platform developers
 Academic Faculty
— Faculty Sabbatical/Scientific Visit Program
— Advisory Committees (AC)/Special Government
Employee (SGE)
* Professional & Graduate Students

— Doctor of Pharmacy APPE Rotations
* Clinical Pharmacology
e Drug Labeling

— Student Summer Internships (Salaried)
* Professional and Graduate Students

— ORISE Fellows

MOU: https://go.usa.gov/xQxVa; NoE: https://go.usa.gov/xQxyu; AC: https://go.usa.gov/xQxVk: APPE: https://go.usa.gov/xQxV5: ORISE: https://go.usa.gov/xQxVN

Huang SM 2019 AAPS 15


https://go.usa.gov/xQxVa
https://go.usa.gov/xQxyu
https://go.usa.gov/xQxVk
https://go.usa.gov/xQxV5
https://go.usa.gov/xQxVN

Summary

* PBPK submission becomes routine at FDA
* Accumulating experience in non-DDI scenarios

* Active research is ongoing to support future guidance
development and review activity

16
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