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AI/ML Models

The Traditional Statistical/Pharmacometric Modeling The Newer Machine Learning Approach

Explicit model structure defined with domain knowledge 
and assumptions

Very general/flexible model structure, with less ​reliance on 
domain knowledge and assumptions

Tend to excel at handling data with a small or moderate 
number of independent variables 

Tend to excel at handling data with a large number of
independent variables (i.e., features),

can also handle new types of data such as imaging

Easier to interpret/explain or draw statistical inference Harder to interpret/explain or draw statistical inference;
more focused on prediction performance

Courtesy of Dr. Qi Liu 
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MIDD and AI/ML

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

• PK
• PopPK
• PBPK

• Disease 
Models

• Clinical 
Trial 
Models

• Systems 
Biology

• QSP
• CiPA

• AI / ML 

• In Silico
• Clinical Trial 

Simulations

• PK/PD
• Exposure-

Response

MIDD

MIDD:

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

Huang SM 2019 AAPS

AI/ML:
• A powerful tool to 

understand patient 
heterogeneity in drug 
response and improve 
precision medicine. 
• Links a large quantity of 

patient characteristics
• Potential Applications:

• Inform enrichment 
design

• Improve patient 
selection 

• Manage patient risks
• Optimize dosing
• Select appropriate 

treatment 
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AI/ML Review Function at OCP

Dr. Qi Liu, 
Associate Director for 
Innovation and 
Partnership at OCP

OCP/IO OCP/DPM

Dr. Hao Zhu, 
Division Director, DPM

Dr. Ruihao Huang, 
AI/ML reviewer

Dr. Menglun Wang, 
AI/ML reviewer

Dr. Lixia Zhang, 
AI/ML reviewer AI/ML Review Staff at OCP
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Landscape Analysis for AI/ML Related Submissions

• Update the analysis by including the 
submissions in year 2022

• Summarize the submissions by 
submission type (IND, NDA/BLA, etc.), 
development stage, and disease areas 
by year from 2016 to 2022 
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AI/ML Submissions over Time

2016 - 2022
DDT: Drug Development Tool; 
CPIM: Critical Path Innovation Meeting
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AI/ML Submissions by Development Stage

2016 - 2022
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AI/ML Submissions by Therapeutic Areas

2016 - 2022
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Types of AI/ML Related Analyses & Objectives 
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Review Case Examples
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Examples in AI/ML related Submissions

• Biomarker / Endpoint Assessment:

– Al algorithm is used to evaluate imaging-based biomarker as endpoint

• Patient Selection:

– To use an AI-based diagnostic biomarker in conjunction with clinical assessment to 
enroll patients who are likely at a defined disease stage.  

– To enroll patients based on a companion diagnostic developed by using an AI 
algorithm linking EEGs, digital biomarkers detected through wearables, and other 
clinical symptoms.  
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Source: US Package Insert of Kineret ® Source: Fact Sheet of Kineret ®

https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/103950s5189lbl.pdf
https://www.fda.gov/media/163075/download
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Source: Anakinra EUA review https://www.fda.gov/media/163546/download P-58

Source: 
Anakinra 
EUA review 
https://ww
w.fda.gov/
media/163
546/downl
oad P-60

https://www.fda.gov/media/163546/download
https://www.fda.gov/media/163546/download
https://www.fda.gov/media/163546/download
https://www.fda.gov/media/163546/download
https://www.fda.gov/media/163546/download
https://www.fda.gov/media/163546/download


15Source: Anakinra EUA review https://www.fda.gov/media/163546/download , P-62 Table 21 B, P-63 Table 22 B
Training Data Test Data

Source: Anakinra 
EUA review 
https://www.fda.
gov/media/16354
6/download P-61

https://www.fda.gov/media/163546/download
https://www.fda.gov/media/163546/download
https://www.fda.gov/media/163546/download
https://www.fda.gov/media/163546/download
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Anakinra EUA Fact Sheet ***

Source: Section 1.1 Fact Sheet of Kineret ®

https://www.fda.gov/media/163075/download
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Research Projects 

• For information on our Machine Learning Precision Medicine fellowship,  
please visit https://www.zintellect.com/Opportunity/Details/FDA-CDER-
2023-1224 ) 

https://www.zintellect.com/Opportunity/Details/FDA-CDER-2023-1224
https://www.zintellect.com/Opportunity/Details/FDA-CDER-2023-1224
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AI/ML Research in OCP

Landscape analyses
● Application of Machine Learning in Drug Development and Regulation: Current Status and Future Potential. 

(PMID: 31925955)
● Landscape Analysis of the Application of Artificial Intelligence and Machine Learning in Regulatory Submissions for Drug 

Development From 2016 to 2021. (PMID: 35707940)

Methodology Exploration
● Long short-term memory recurrent neural network for pharmacokinetic-pharmacodynamic modeling. (PMID:  33210994)
● A novel approach for personalized response model: deep learning with individual dropout feature ranking. 

(PMID:  33104924 )
● Application of machine learning based methods in exposure-response analysis. (PMID: 35275315)
● Methods for preventing prediction for out-of-scope data
● Interpretable/Explainable ML

Application for Therapeutic Optimization/Individuation
● Ongoing research: Use ML to predict prognosis or treatment outcome (both efficacy and toxicity)
● Medical imaging data for precision medicine (in collaboration with CDRH, CBER and OCE)

● Published 
●Ongoing
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Examples of Ongoing Research Activities (1)

• To improve clinical trial design

– Issue: The existence of placebo responders may attenuate the detectable efficacy 
signal and therefore decrease the chance for trial success. 

– Approach: 

• To Identify patient baseline characteristics predictive of placebo responders by 
using AI/ML models.

• To apply the selected patient characteristics as additional exclusion criteria.

• To evaluate the treatment effect after additional patients are excluded.  

– The treatment effect is increased after patients with baseline characteristics 
associated with a large placebo response being removed. This finding may provide 
additional insights for future clinical trial design.  
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Examples of Ongoing Research Activities (2)

• To improve precision medicine

– Issue: Patients may experience rare but severe adverse events. 

– Approach: 

• To Identify patient baseline characteristics that can be linked to the incidence of 
the rare adverse events by using AI/ML models. 

• To compare the outcomes between clinical trials and real-world data to cross 
validate the findings. 

– The identified patient characteristics may inform the appropriate selection of 
therapy and risk mitigation plan. 
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Take-Home Messages

• AI/ML, as a new addition to MIDD, is a powerful tool to improve 
drug development and patient care. 

• The application of AI/ML to support drug development is 
expanding rapidly. 

• With the capability to link various patient characteristics (e.g., 
demographic information, vital signs, and lab measurements), 
AI/ML tools may provide additional insights on precision 
medicine.   
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