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What are digital twins

How can digital twins be used in clinical trials?

Construction of digital twins

Examples of digital twins in trials and simulations



History of digital twins

•The term "Digital Twin" formally coined by Dr. Michael Grieves (~2002), transitioning from 
physical replicas to fully data-driven virtual models

•Rapidly adopted in manufacturing and aerospace before migrating into healthcare

•The EU's DISCIPULUS Project (2011–2013) pioneered virtual patient avatars to simulate 
clinical interventions

•Now being evaluated in clinical trials to model patient responses and reduce costs

•Used to optimize trial design and predict patient dropout risk and performance

•Exploring replacement of real control-arm patients with virtual counterparts
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Digital Twins for Clinical Trials

Synthetic/Hybrid Controls
Use predicted control-trajectories 
to replace or augment control 
arms—reducing control-arm size, 
patient burden, and timelines 
while maintaining rigor.

Patient Enrichment & Smart 
Selection
Identify individuals likely to exhibit 
measurable progression under SOC, 
improving treatment-effect 
detectability and accelerating trials.

Prognostic Covariates
Twin-derived prognostic scores 
reduce unexplained variability, 
improving statistical power and 
enabling smaller, more efficient 
trials. 

Examples of DT development and application in pivotal clinical trials:
1. https://doi.org/10.1002/alz.70045; 2. https://doi.org/10.1002/alz.70702; 3. https://doi.org/10.1002/alz.13565

Digital twins: AI/ML-generated baseline projections of outcome trajectories 
under placebo or standard-of-care for all trial participants

https://doi.org/10.1002/alz.70045
https://doi.org/10.1002/alz.70045
https://doi.org/10.1002/alz.70702
https://doi.org/10.1002/alz.13565
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Model performance can be 
affected by analysis 
method/algorithm or type of 
training data

Models trained on populations that 
are different than the target trial 
population will be less accurate in 
their performance
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Potential training data
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Clinical trial populations evolve over time

Populations can change over time in terms of demographics 
or clinical profile, including:

•Diagnosis criteria and rates — how patients are identified 
and how frequently diagnoses are made

•Standards of care — evolving clinical guidelines and best 
practices for treatment

•Treatment regimens — changes in drug combinations, 
dosing, or therapeutic approaches

•Stage of disease at presentation — shifts in how early or 
advanced the condition is at the time of diagnosis



𝑻𝒆𝒔𝒕	𝒔𝒕𝒂𝒕𝒊𝒔𝒕𝒊𝒄	~
𝑩𝒆𝒕𝒘𝒆𝒆𝒏	𝒈𝒓𝒐𝒖𝒑	𝒅𝒊𝒇𝒇𝒆𝒓𝒆𝒏𝒄𝒆

𝑼𝒏𝒆𝒙𝒑𝒍𝒂𝒊𝒏𝒆𝒅	𝒘𝒊𝒕𝒉𝒊𝒏	𝒈𝒓𝒐𝒖𝒑	𝒗𝒂𝒓𝒊𝒂𝒏𝒄𝒆

Between-group difference: 
Treatment effect

Residual unexplained variance

Within-group variance 

(reduces power)

Digital twins as a prognostic covariate

Explained by standard baseline 
covariates in statistical models (e.g., 
MMRM)

Variance due to heterogeneity in 
PACC progression
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dashed lines are digital twins from different AI/ML models

Use the digital twin progression 
trajectories as prognostic covariate in 
the statistical model for assessing 
treatment effect (e.g., MMRM) 

Heterogeneity in clinical progression

Adapted from Devanarayan et al. 2025, Alz & Dem.



Digital twins as prognostic covariate (simulation)

9
. APC, Alzheimer’s disease prognostic covariate. MMRM, mixed models for repeated measures. MRI, magnetic resonance imaging. 

APC.v1 APC.v2

Increases power from 80% to 91%

APC.v1: DT model using baseline clinical features
APC.v2: DT model using baseline clinical & MRI features

APC.v1 APC.v2

Reduces sample size by 31%

Devanarayan et al., 2025, Alz & Dem.



FDA Guidance (May 2023) recommends the use of prognostic 
covariates for improving trial efficiency
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Digital twins as prognostic covariate for clinical trials: Process

Impact:

• Enhances precision and power

• Reduces required sample sizes

• Adjusts baseline imbalances
Include digital twins as time-
varying prognostic covariate 
in models assessing treatment 

effect.

Apply the model at baseline
to forecast each trial participant's 

natural progression trajectory (digital 
twins) before randomization.

Develop progression model
Use external data and baseline 

features to model natural 
progression.

Historical control data used to model 
variability in disease progression
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Adapted from Devanarayan et al. 2025, Alz & Dem.
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Digital twins as prognostic covariate (real example)

Lecanemab phase-3 trial

Variance of treatment effect estimate reduced by 19%
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Variance of treatment effect estimate reduced by 17%
(p-value changes from 0.13 to 0.02)

Lecanemab phase-2b trial

APC.v1: DT model using baseline clinical features
APC.v2: DT model using baseline clinical & MRI features Devanarayan et al., 2025, Alz & Dem.
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Digital twins for patient enrichment (simulation)

R2R2

Reduces sample size by 23% to 49%

Devanarayan et al., 2024, Alz & Dem.

Increases power from 80% to 89% - 97%



Digital twins for patient enrichment (real example)

Devanarayan et al., 2024, Alz & Dem.
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Original I/E criteria

• Digital twin enrichment increases the % of progressors from 60% to 80%.
• Inter-subject variance reduced by 50%

After enrichment via digital twins
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Key takeaways

Digital twins can be applied to clinical trials in a number of ways; prognostic 
covariates, patient enrichment/selection and synthetic controls

Data for model training can be obtained from multiple sources but should be 
matched to the trial population

Simulation can provide insights on how different implementations affect trial 
design and expected outcomes

Continued engagement with regulatory agencies to understand requirements, 
standards and best practices



Thank you!


