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Take-Home Messages

• AI application in drug development is 
expanding rapidly

• Powerful tools

― to improve the efficiency and 
probability of success of drug 
development 

― To advance precision medicine

• Unique challenges

• Risk-based Credibility framework

* Figure generated by Qi Liu using AI – Midjourney
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AI and Related terminology

Artificial 
Intelligence

Machine 
Learning

Artificial 
Neural 

Network

Deep 
Neural 

Network

≈

Deep 
Learning

The science and engineering of 
making intelligent machines -John 
McCarthy 

Artificial intelligence (AI) enables 
computer systems to perform 
tasks normally requiring human 
intelligence.
Artificial Intelligence (AI) | 
HHS.gov

https://www.hhs.gov/about/agencies/asa/ocio/ai/index.html#:~:text=Artificial%20intelligence%20(AI)%20and%20machine,tasks%20normally%20requiring%20human%20intelligence.
https://www.hhs.gov/about/agencies/asa/ocio/ai/index.html#:~:text=Artificial%20intelligence%20(AI)%20and%20machine,tasks%20normally%20requiring%20human%20intelligence.
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Machine Learning (ML)

• The field of study that gives computers 
the ability to learn without being 
explicitly programed  - Arthur Samuel

• A Computer program learns from 
experience E with respect to some class 
of tasks T and performance measure P, if 
P improves with E  - Tom Mitchell

• The algorithm’s performance improves 
with accumulating data.

• ML has a lot of overlap with  statistical 
and pharmacometric modeling.
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Artificial 
Intelligence

Machine 
Learning

Artificial 
Neural 

Network

Deep 
Neural 

Network

≈

Deep 
Learning

Artificial Neural Network
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Some Important Types of Artificial Neural Networks

Convolutional Neural Network (CNN) In Deep 
Learning | by Chetan Yeola | Python in Plain 
English

Text classification with an RNN |  TensorFlow

Recurrent Neural Network (RNN) Convolutional Neural Network (CNN)

https://python.plainenglish.io/convolution-neural-network-cnn-in-deep-learning-77f5ab457166
https://python.plainenglish.io/convolution-neural-network-cnn-in-deep-learning-77f5ab457166
https://python.plainenglish.io/convolution-neural-network-cnn-in-deep-learning-77f5ab457166
https://python.plainenglish.io/convolution-neural-network-cnn-in-deep-learning-77f5ab457166
https://python.plainenglish.io/convolution-neural-network-cnn-in-deep-learning-77f5ab457166
https://www.tensorflow.org/text/tutorials/text_classification_rnn
https://www.tensorflow.org/text/tutorials/text_classification_rnn
https://www.tensorflow.org/text/tutorials/text_classification_rnn
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Some Important Types of Artificial Neural Networks (Continued)

Transformer Neural Network

31st Conference on Neural Information Processing Systems (NIPS 2017)

A transformative game-changer!
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Challenges in the Application of AI

• Bias

• Generalizability

• Opacity

• Hallucination

• Performance Degradation 

• Privacy

• Security

• Other…

Risk and Trustworthiness Issues
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Opportunities for the Application of AI in Drug discovery, Drug 
Development and Patient Care 

Artificial Intelligence/Machine Learning: The New Frontier of Clinical Pharmacology and Precision Medicine by Liu et al. 
Clin Pharmacol Ther. 2024 (Disclosure: The artwork was generated using OpenAI’s GPT4 model.)
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Increasing AI Related Submissions at CDER

Updated analysis with submissions in 2022-2025

(Figure credit: Dr. Menglun Wang)
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Types of AI Related Analyses & Objectives 

Liu et al. Clin Pharmacol Ther. 2023
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Regulatory Decision-Making Example: ML-based Patient Population Selection

Fact Sheet of Kineret ®

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

Liu et al. CPT  doi:10.1002/cpt.3191

This was the first time that CDER used AI/ML for a 

regulatory decision, in this case to identify a 

population for a drug therapy.

https://www.fda.gov/drugs/spotlight-cder-science/using-
machine-learning-identify-suitable-patient-population-
anakinra-treatment-covid-19-under 

https://www.fda.gov/media/163075/download
https://www.fda.gov/media/163546/download
https://www.fda.gov/drugs/spotlight-cder-science/using-machine-learning-identify-suitable-patient-population-anakinra-treatment-covid-19-under
https://www.fda.gov/drugs/spotlight-cder-science/using-machine-learning-identify-suitable-patient-population-anakinra-treatment-covid-19-under
https://www.fda.gov/drugs/spotlight-cder-science/using-machine-learning-identify-suitable-patient-population-anakinra-treatment-covid-19-under
https://www.fda.gov/drugs/spotlight-cder-science/using-machine-learning-identify-suitable-patient-population-anakinra-treatment-covid-19-under
https://www.fda.gov/drugs/spotlight-cder-science/using-machine-learning-identify-suitable-patient-population-anakinra-treatment-covid-19-under
https://www.fda.gov/drugs/spotlight-cder-science/using-machine-learning-identify-suitable-patient-population-anakinra-treatment-covid-19-under
https://www.fda.gov/drugs/spotlight-cder-science/using-machine-learning-identify-suitable-patient-population-anakinra-treatment-covid-19-under
https://www.fda.gov/drugs/spotlight-cder-science/using-machine-learning-identify-suitable-patient-population-anakinra-treatment-covid-19-under
https://www.fda.gov/drugs/spotlight-cder-science/using-machine-learning-identify-suitable-patient-population-anakinra-treatment-covid-19-under
https://www.fda.gov/drugs/spotlight-cder-science/using-machine-learning-identify-suitable-patient-population-anakinra-treatment-covid-19-under
https://www.fda.gov/drugs/spotlight-cder-science/using-machine-learning-identify-suitable-patient-population-anakinra-treatment-covid-19-under
https://www.fda.gov/drugs/spotlight-cder-science/using-machine-learning-identify-suitable-patient-population-anakinra-treatment-covid-19-under
https://www.fda.gov/drugs/spotlight-cder-science/using-machine-learning-identify-suitable-patient-population-anakinra-treatment-covid-19-under
https://www.fda.gov/drugs/spotlight-cder-science/using-machine-learning-identify-suitable-patient-population-anakinra-treatment-covid-19-under
https://www.fda.gov/drugs/spotlight-cder-science/using-machine-learning-identify-suitable-patient-population-anakinra-treatment-covid-19-under
https://www.fda.gov/drugs/spotlight-cder-science/using-machine-learning-identify-suitable-patient-population-anakinra-treatment-covid-19-under
https://www.fda.gov/drugs/spotlight-cder-science/using-machine-learning-identify-suitable-patient-population-anakinra-treatment-covid-19-under
https://www.fda.gov/drugs/spotlight-cder-science/using-machine-learning-identify-suitable-patient-population-anakinra-treatment-covid-19-under
https://www.fda.gov/drugs/spotlight-cder-science/using-machine-learning-identify-suitable-patient-population-anakinra-treatment-covid-19-under
https://www.fda.gov/drugs/spotlight-cder-science/using-machine-learning-identify-suitable-patient-population-anakinra-treatment-covid-19-under
https://www.fda.gov/drugs/spotlight-cder-science/using-machine-learning-identify-suitable-patient-population-anakinra-treatment-covid-19-under
https://www.fda.gov/drugs/spotlight-cder-science/using-machine-learning-identify-suitable-patient-population-anakinra-treatment-covid-19-under
https://www.fda.gov/drugs/spotlight-cder-science/using-machine-learning-identify-suitable-patient-population-anakinra-treatment-covid-19-under
https://www.fda.gov/drugs/spotlight-cder-science/using-machine-learning-identify-suitable-patient-population-anakinra-treatment-covid-19-under
https://www.fda.gov/drugs/spotlight-cder-science/using-machine-learning-identify-suitable-patient-population-anakinra-treatment-covid-19-under
https://www.fda.gov/drugs/spotlight-cder-science/using-machine-learning-identify-suitable-patient-population-anakinra-treatment-covid-19-under
https://www.fda.gov/drugs/spotlight-cder-science/using-machine-learning-identify-suitable-patient-population-anakinra-treatment-covid-19-under
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FDA Qualified AI-Based Drug Development Tool (DDT)
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FDA Accepted Letter of Intent for AI/Natural Language Processing-Based 
DDT 

https://force-dsc.my.site.com/ddt/s/ddt-project?ddtprojectid=205 

https://force-dsc.my.site.com/ddt/s/ddt-project?ddtprojectid=205
https://force-dsc.my.site.com/ddt/s/ddt-project?ddtprojectid=205
https://force-dsc.my.site.com/ddt/s/ddt-project?ddtprojectid=205
https://force-dsc.my.site.com/ddt/s/ddt-project?ddtprojectid=205
https://force-dsc.my.site.com/ddt/s/ddt-project?ddtprojectid=205
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CDER AI Initiatives

Artificial Intelligence in Drug Manufacturing Cover

2023 2024

• CDER AISC

• AI CoP

• AI Framework 

WG

• Tracking of AI 

uses

Duke Margolis 

Expert Workshop

Liu et al

Landscape 

Analysis

Discussion Papers

2019 2022

CTTI Workshop

Website

Description automatically generated

Areas of Focus
Draft Guidance

CDER 

AI Council

CERSI Workshop

2025

CTTI Workshop

https://www.fda.gov/media/165743/download
https://www.fda.gov/media/167973/download?attachment
file:///C:/Users/Tala.Fakhouri/Downloads/Clin%20Pharma%20and%20Therapeutics%20-%202022%20-%20Liu%20-%20Landscape%20Analysis%20of%20the%20Application%20of%20Artificial%20Intelligence%20and%20Machine%20(4).pdf
https://healthpolicy.duke.edu/events/understanding-aiml-drug-development-lifecycle
https://www.fda.gov/media/177030/download?attachment
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Considerations for AI Use in Regulatory Decision-Making

Providing a risk-based framework for 
establishing and evaluating the credibility 
of AI use in regulatory decision making.

The credibility assessment activities used 
to establish the credibility of AI model 
outputs should be commensurate with the 
AI model risk and tailored to the specific 
context of use (COU).

SOURCE: https://www.fda.gov/media/184830/download 

https://www.fda.gov/media/184830/download


The Risk-Based Credibility Assessment Framework 

7 steps to establish and assess the credibility of 

an AI model output for a specific COU

1

2

3

4

5

6

7

Define the 

question of 

interest

Define the 

COU

Assess AI 

model risk

Develop a 

plan to 

establish AI 

model 

credibility

Execute the 

plan 

Document 

the results

Determine 

the 

adequacy 

of the AI 

model for 

the COU 
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Model Risk Matrix

The model risk moves from low to high as decision consequence 

or model influence increases. The ratings for model influence and 

decision consequence are determined independently.

Model influence: the contribution of the 

evidence derived from the AI model relative 

to other contributing evidence used to 

inform the question of interest 

Decision consequence: the significance of 

an adverse outcome resulting from an 

incorrect decision  concerning the question 

of interest
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AI Research in CDER/OTS/OCP AI Team
Landscape analyses

 (PMID: 31925955) (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)
● Measurement and Mitigation of Bias in Artificial Intelligence (PMID: 

38018360)
● Addressing AI’s challenges with out-of-distribution data (PMID: 39821661) 

(PMID: 41127928)
● Interpretable/Explainable ML
● Large Language Model

Application for Therapeutic Optimization/Individuation
● Use ML to predict prognosis or treatment outcome (both efficacy and 

toxicity) (DOI:10.21203/rs.3.rs-8118762/v1)
● Multi-omics data for precision medicine (PMID: 37965805)

https://orise.orau.gov/FDA/index.html 

https://doi.org/10.21203/rs.3.rs-8118762/v1
https://doi.org/10.21203/rs.3.rs-8118762/v1
https://doi.org/10.21203/rs.3.rs-8118762/v1
https://orise.orau.gov/FDA/index.html
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Moving Forward. Looking Ahead.

• Continue seeking feedback from all stakeholders

• Continue our responsive risk-based regulation approach

• Continue advancing regulatory science

– Monitor the landscape to detect gaps and opportunities 

– Support regulatory research

• Continue our collaborative approach to advance AI science for the 

benefits of patients
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