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• Clinical trials for novel therapeutics are expensive, 

time-consuming, and have an end-to-end success 

rate of under 8% [1].

• Applications of artificial intelligence and machine 

learning (AI/ML) to trial design and conduct have 

the potential to increase trial efficiency, and the 

use of real world data (RWD) is often critical to the 

development of these novel applications.

• AI/ML can be used throughout the drug life cycle (Figure 

1); for clinical trials, RWD from electronic health records 

is particularly essential. 

• After reviewing 65 published examples, we identified four 

overarching domains of applications:
› Improved participant selection & recruitment

› Enhanced trial management, including automation of data 

management, processing, and harmonization

› Enabling remote patient monitoring (e.g., processing wearables 

data) 

› Synthetic patient generation & digital twins (i.e., in silico trials) 

[Figure 2]

• Challenges: 
› Limited availability and aggregation of RWD

› Limited model generalizability/transportability

› Potential for fairness issues and bias 

› Lack of familiarity with AI/ML methods among trialists

› Limited prospective evaluations of novel designs

• Opportunities for advancing RWD-based AI/ML for clinical 

trials:
› Transfer learning to accommodate limited disease- or domain-

specific data

› Increased use of multi-modal data in AI/ML model training 

› Applications of federated learning when data is distributed (e.g., 

for patient privacy or proprietary reasons)

Machine Learning and Artificial Intelligence for Clinical Trial Optimization: 
A Review of Opportunities to Leverage Real World Data 

• AI/ML technologies trained with RWD have the potential to reduce costs and optimize clinical trials through 

increased study efficiency.
› AI/ML can improve multiple aspects of trial delivery, including participant selection & recruitment, trial management, remote

patient monitoring, and synthetic patient generation.

• Most research reviewed was in the proof-of-concept or feasibility stage with relatively few documented 

applications in active clinical trial delivery. 
› As a result, there is currently limited quantification of the benefits these technologies have on clinical trial conduct and further 

research is warranted. 
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Objective
The objective of this study was to comprehensively 

review applications of AI/ML that used RWD to 

improve clinical trial design and conduct.

Methods

• We reviewed published work on AI/ML-based 

technologies for clinical trials, focusing on 

applications trained using RWD.

› We survey the field, with concrete examples of applications. 

• Open challenges and opportunities for the field are 

summarized. 
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Figure 1. AI/ML throughout the drug lifecycle: 

four domains of identified clinical trial applications 

Figure 2. AI/ML approaches for leveraging 

RWD to generate synthesize trial-relevant data 

Table 1. Example AI/ML applications proposed in each domain identified in the review

Topic Application Task description AI/ML methodology

Improved patient 

selection & 

recruitment

Rajpurkar et al 

[2]

Anticipate antidepressant treatment 

response based on pre-treatment 

symptoms and 

electroencephalography

Gradient-boosted 

decision trees

Enhanced trial 

management

Yu et al [3] Extraction of free-text clinical trial 

eligibility criteria into structured 

query language (SQL)

Long short term

memory (LSTM) 

model

Enabling remote 

patient 

monitoring

Tucker et al 

[4]

Identification of treatment non-

adherence in Parkinson’s disease 

patients using motion sensing 

device

Gradient-boosted 

decision trees

Synthetic patient 

generation & 

digital twins

Walsh et al [5] Model progression of multiple 

sclerosis to generate a synthetic 

placebo-controlled trial arm

Conditional restricted 

Boltzmann machine 

(CRBM) model
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