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Take home messages:

• Number of applications received by the U.S. FDA including 

PBPK models is exponentially rising since 2008

• The U.S. FDA is an advocate of the PBPK approach to waive 

some clinical trials

• The U.S. FDA is investing time and money to improve the 

confidence level for PBPK model
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Outline:

• U.S. FDA's definition of PBPK

• PBPK and the U.S. FDA, a few numbers…

• U.S. FDA’s efforts to improve the science supporting PBPK 

models development

• Case study: How can PBPK modeling be used to accelerate 

the development of ophthalmic generic drugs?
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PBPK model: The U.S. FDA’s definition

The U.S. Food and Drug Administration (U.S. FDA) describes a
Physiologically-Based Pharmacokinetic (PBPK) analysis such
as models and simulations that combine physiology,
population, and drug characteristics to mechanistically
describe the PK and/or pharmacodynamic (PD) behaviors
of a drug.
Throughout a drug’s life cycle, PBPK model predictions can be
used to support decisions on whether, when, and how to
conduct certain clinical pharmacology studies, and to support
dosing recommendations in product labeling (U.S. FDA, PBPK
analysis, Guidance for industry).
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PBPK model: The U.S. FDA’s definition

5 Adapted from: Zhao 2011



PBPK and the U.S. FDA, a few numbers… guidelines

6

2010 
WHO 
guidance

2012
Opinion 
paper from 
FDA

2014
FDA & EMEA 
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2016
FDA  & EMEA 
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2018
FDA final 
guidance

To be 
continued…



PBPK and the U.S. FDA, a few numbers… new drug application
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Adapted from: Grimstein 2018



PBPK and the U.S. FDA, a few numbers…generic drugs

8 https://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/AdvisoryCo
mmitteeforPharmaceuticalScienceandClinicalPharmacology/UCM550577.pdf

Data from 2016:



PBPK and the U.S. FDA, a few numbers…acceptance

9 CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME 104 
NUMBER 1 | JULY 2018; doi:10.1002/cpt.1013 
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PBPK and the U.S. FDA, a few numbers…acceptance

https://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/AdvisoryCo
mmitteeforPharmaceuticalScienceandClinicalPharmacology/UCM550577.pdf



U.S. FDA’s efforts 
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FDA
What are they doing?
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To ease drug 
approval process

• Purpose: Advance public 
knowledge

• Scope: Defined by the 
recipient

• Results: For public

• Purpose: To directly benefit 
the Federal Agency duties

• Scope: Defined by the 
Federal Agency

• Results: For Federal 
Agency



U.S. FDA’s efforts
 fill the knowledge gaps: science “black boxes”
 Invest where the private sector will not

12 https://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/Drugs/AdvisoryCo
mmitteeforPharmaceuticalScienceandClinicalPharmacology/UCM550577.pdf

PBPK for:
• Pulmonary
• Ocular
• Dermal

PBPK for:
Women GI 
physiology 
impact on BE 
evaluation

PBPK for:
pH modification 
impact

PBPK for:
Prediction of 
local GI 
concentration 
based on 
plasma 
concentration



Case study: How can PBPK modeling be used to accelerate the 
development of ophthalmic generic drugs?
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Challenges:
• Almost all ophthalmic drug products (if not a solution,) have no generic available in the US market
• Prices of these drugs are very high in the US  It is a necessity for the FDA to approve generic drugs 

to reduce the cost for the US population and improve the number of patient being cured.

• However, bioequivalence (BE) clinical trials are extremely expensive for these kind of products due to 
the difficulty to sample in the BioPhase (aqueous humor).

• Therefore, these clinical trials usually have:
 Number of subjects: usually above 1000
 Parallel design
 High variably
 A significant chance to fail?

• New approach for BE evaluation is necessary  Model-informed drug development: PBPK
• In 2014, Simulations Plus was selected by the FDA to develop a PBPK model able to describe the PK 

of a drug following ocular administration
• FDA also performed internal research generating some in-house pre-clinical data to support model 

development
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Case study: How can PBPK modeling be used to accelerate the 
development of ophthalmic generic drugs?
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Case study: How can PBPK modeling be used to accelerate the 
development of ophthalmic generic drugs?
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Case study: How can PBPK modeling be used to accelerate the 
development of ophthalmic generic drugs?

During model development, it was verified against data from literature following the administration of multiple drugs 
as ophthalmic solution and suspension. 

Model development for dexamethasone 0,05%:
max

Le Merdy, 2019

Validation 1: Dose
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Case study: How can PBPK modeling be used to accelerate the 
development of ophthalmic generic drugs?

Le Merdy, 2019

Validation 2: Viscosity

Validation 3: PS
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Case study: How can PBPK modeling be used to accelerate the 
development of ophthalmic generic drugs?

Le Merdy, 2019
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Le Merdy, 2019 ASCPT conference, Washington DC



Next steps:
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Formulations

Transporters

Metabolism

Formulations

Transporters

Metabolism

Extrapolation

Since 2018:
- Contract with 

Simulation Plus
- 5 year plan, 

including in vitro, 
pre-clinical, and 
clinical studies to 
support model 
development & 
verification



Conclusions and discussion

• Numbers of applications (NDA, ANDA) supported by PBPK 

modeling has increased significantly since 2008

• The FDA is investing time & money to improve the science 

supporting PBPK model development

• Multiple on-going projects and new conclusions should reach 

the public in the near future

• As we are learning, the FDA is learning too
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Conclusions and discussion



Questions?
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