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Model-Informed Drug Development Approaches

In-depth Dynamics: 
QSP

PK and PD at the site-of-action: 
Tissue PK/PD, Receptor Occupancy

Model-Informed 
Drug Development

In-depth Kinetics: 
PBPK Emerging Data Source: RWD

Disease Progression: 
Disease Model

Emerging Application:
Algorithms for Personalized Dosing

Emerging Approach: AI/ML

AI/ML – artificial intelligence/machine learning; PBPK – physiologically based pharmacokinetics; PK/PD – pharmacokinetics/pharmacodynamics; QSP – quantitative systems pharmacology; TMDD – target-mediated drug disposition

Drug Exposure and Response: 
PK/PD & TMDD
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Application Across Drug Development Lifecycle

Pre-IND

IND

Ph II Ph III

BLA/NDA

Ph Ia/Ib

EOP2

Ph IV

Model Confidence Grows with More Knowledge and Data

Exposure-Response 
modeling to inform Phase 
II dose and therapeutic 

window

PBPK model to inform 
drug-drug interaction 

(DDI) risk

Disease progression 
modeling to select 
Phase III efficacy 

endpoint

Clinical trial simulation to 
refine dose 

recommendations 

Translational PK-PD and PK-safety 
models to inform First-in-Human 

(FIH) dosing

PK model and bridging 
studies to inform 

alternative routes of 
administration

PK model to define 
Phase III dose & 

regimen

Select Examples
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Progression of Science and Policy

(2004)
Critical Path Initiative

• Disease Models
• Clinical Trial Simulation
• Virtual Control Groups

(2018)
PDUFA VI  

Model-Informed Drug 
Development Pilot

FDA
GUIDANCE

MIDD SCIENCE

(2023)
PDUFA 

VII  

AI/ML – artificial intelligence/machine learning; DL – deep learning; MIDD – model-informed drug development; NONMEM – nonlinear mixed effects modeling; PBPK – physiologically based pharmacokinetics; PDUFA – prescription drug user fee 
act; PopPK – population pharmacokinetics; QSP – quantitative systems pharmacology

(1999)
PopPK

(2003)
Exposure-Response

(2005)
Concentration-QT

(2018)
PBPK Content 

& Format

(2022)
PopPK 

new
(2023)
AI/ML (Discussion Paper)

Physiologically
Based PK
PBPK ML

Quantitative Systems Pharmacology
QSP

DL
Machine Learning Deep Learning ML/DL 

in DD

(2020)
PBPK

(2020)
DDI (x3)

(2020)
PK in Patients with 

Impaired Renal Function

         2000s   2010s  2020s ……   1970s ......

Population Modeling

(2013)
Fit-for-Purpose 

Initiative

(2022)
ICH M15 MIDD  

General Principles 
WG launched

(2024)
CDER 
Quantitative 
Medicine 
Center of 
Excellence

(2023)
Dose Optimization 
in Oncology
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Project Optimus 
Reforming the dose optimization and 
dose selection paradigm in oncology

2024 FDA/AACR workshop
Optimizing Dosages for Oncology Drug 

Products: quantitative approaches

Dose Optimization during drug development: 
whether and when to optimize

Edward L. Korn ,PhD,, Jeffrey A. Moscow, MD,Boris Freidlin ,PhD, 2023

We consider the relative merits of performing dose optimization earlier vs later 
in the drug development process and demonstrate that a considerable number 
of patients may be exposed to ineffective therapies unless dose optimization is 
delayed until after clinical activity or benefit of the new agent has been 
established. We conclude that patient and public health interests may be 
better served by conducting dose optimization after (or during) phase III 
evaluation, with some exceptions when dose optimization should be performed 
after activity shown in phase II evaluation.

Describe current challenges to the implementation of 
dose-finding studies in oncology Discuss opportunities to 
improve dosing strategies given ongoing challenges 
Set expectations for dose-finding studies in the oncology 
pre-market setting Identify key considerations for selecting 
appropriate dose optimization strategies in oncologyFDA/ASCO workshop 

(2022&2023)
Getting the Dose Right: Optimizing Dose 

Selection Strategies in Oncology

Emerging Priorities: Project Optimus  
Opportunities for Regulatory Action & Guidance to Advance Innovation

“Lack of regulatory consistency between divisions 
(heme vs solid tumor) and functions (OCE vs OCP)”

“Guidance too generic, lack of clear tangible solutions”
“Always defer to ‘case-by-case’ is not helpful”

● General guiding principles that allow for flexibility while providing 
specific examples of fit-for-purpose use of different approaches

● Early regulatory communication to co-develop dose strategy

● Enhanced communication and alignment among divisions in FDA, and 
timely shared learning with industry

PAIN POINTS OPPORTUNITIES
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Delayed patient access due to difficulties 
enrolling a diverse population in the US ● Leverage data from global population as appropriate

● Develop standards and path for reporting population-specific variations in 
safety, efficacy and dosing

Insufficient understanding of differential 
drug effects across populations

PAIN POINTS OPPORTUNITIES

Emerging Priorities: Diversity and Inclusion
Opportunities for Regulatory Action & Guidance to Advance Innovation
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Emerging Methodologies: 
Disease Progression Modeling (DPM)  
Opportunities for Regulatory Action & Guidance to Advance Innovation

2021 Survey from 16 Companies1

“Non-competitive data and model sharing”

“Lack of impact showcase, especially for 
regulatory acceptance”

“Lack of clear regulatory guidance and path” ● Guidance and regulatory path for how to apply and communicate disease 
model integration knowledge and data from multiple molecules

● Organization and promotion of impact showcase, especially in the context 
of regulatory decision support

● Advocate and support (eg. with non-profit organizations) for data and 
model sharing and endorsement of mature models/tools

PAIN POINTS OPPORTUNITIES

1 Goteti K, et al. Opportunities and Challenges of Disease Progression Modeling in Drug Development - An IQ Perspective. Clin Pharmacol Ther. 2023. 114(2):266-274
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Emerging Methodologies: 
Quantitative System Pharmacology (QSP)  
Opportunities for Regulatory Action & Guidance to Advance Innovation

2021 Survey from 23 Companies1

“Model assessment appears to be quite variable”
“standardization of approaches towards virtual populations”
“Documentation of QSP models”

“The use of QSP modeling to support regulatory 
interactions appears to be infrequent”
Apparent disconnect between IQ survey & FDA report2

● Organization and promotion of sharing specific impact showcase, 
especially in the context of regulatory decision support

● Regulatory Guidance especially for model assessment & reporting
● “The risk-based framework for verification and validation (proposed by 

FDA) can be applied although the details need to be carefully considered 
given that few QSP projects are alike.”

1 Chan JR, et al. Current practices for QSP model assessment: an IQ consortium survey. J Pharmacokinet Pharmacodyn. 2022. 11:1–13
2 Bai JPF, et al. Quantitative systems pharmacology: landscape analysis of regulatory submissions to the US Food and Drug Administration. CPT Pharmacometrics Syst Pharmacol. 2021. 10(12):1479–1484

PAIN POINTS OPPORTUNITIES
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Call to Action: Advance Innovation at Scale

Limited understanding, 
adoption, and acceptance of 
advanced MIDD approaches 

Increasing awareness, 
heterogeneous & 
opportunistic uptake 

MIDD routinely accepted and 
embedded as standard practice 
across portfolios

WE ARE HERE

Moving from Pilots to Practice

Break down the silos! 
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Doing now what patients need next


