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BDT Design and Applications

Addressing Gaps and Challenges to
Successful BDT Implementation:
How to fill in what is missing?

Reinhard Laubenbacher
University of Florida s
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Biomedical
Digital Twin
(BDT) Design

Challenges

What needs to be predicted? “Fit for Purpose”

e Levels of complexity
e Levels uncertainty

What can be modeled and simulated? vVuQ in

Dynamic Assets
e Mechanistic model development E

¢ Al/ML model development

What measures need to be captured?
Bidirectional

* For model development Real-time Data
* In real-time

Is the technology in existence?

* Appropriate sensors (measurement technologies) Interoperability
e Computing and storage requirements

Ethical Issues

* Privacy, Consent Democratized
* Appropriate physiological correlates Access
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What needs to be predicted? “Fit for Purpose”

e Levels of complexity
e Levels uncertainty

Biomedical
Digital Twin
(BDT) Design
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Dynamic Assets

EFECT -- A Method and Metric to Assess the Reproducibility of Stochastic

C h ad | | en ge S Simulation Studies

T.J. Sego, Matthias Konig, Luis L. Fonseca, Baylor Fain, Adam C. Knapp, Krishna
Tiwari, Henning Hermjakob, Herbert M. Sauro, James A. Glazier, Reinhard C.
Laubenbacher, Rahuman S. Malik-Sheriff

https://doi.org/10.48550/arXiv.2406.16820
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Personalization/Forecasting

Verification, Validation, Uncertainty Quantification

From Physical to Virtual

o\
A&/
] Human-digital .
Phy5|cal twin interaction Virtual

Counterpart Human-in-the-loop Representation
decision-making ,

From Virtual to Physical

“Control”
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R. Laubenbacher et al., Toward mechanistic medical digital twins: some use cases, Frontiers in Digital Medicine, 2023.



Personalization/Forecasting

Over t|me the patlent representatlon (parameterization)
Improves and certainty of predictions improves.




Ensemble Kalman filter methods for agent-based
medical digital twins

Adam C. Knapp *, Daniel A. Cruz !, Borna Mehrad !,
Reinhard C. Laubenbacher !

! Division of Pulmonary, Critical Care and Sleep Medicine, Department of Medicine,

University of Florida
*To whom correspondence should be addressed; E-mail:

adam.knapp @medicine.ufl.edu.
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Control

PHILOSOPHICAL Control of medical digital
TRANSACTIONS A . . .
twins with artificial neural

royalsocietypublishing.org/journal/rsta netWO rks
@ Lucas Béttcher 1:%*, Luis L. Fonseca®*

Research a by ) and Reinhard C. Laubenbacher?

Metamodeling and Control of Medical Digital Twins

Luis L. Fonseca!®, Lucas Béttcher!2, Borna Mehrad!, Reinhard C. Laubenbacher!

1 Laboratory for Systems Medicine, Department of Medicine, University of Florida,
Gainesville, FL, USA.

2 Department of Computational Science and Philosophy, Frankfurt School of Finance and
Management, 60322 Frankfurt am Main, Germany.

* Corresponding author: Luis L. Fonseca
Email: llfonseca@medicine.ufl.edu




BDT Requirements:

Describe in technical detail how

* the model underlying the BDT is (or is not) FAIR compliant;
* the modelis (oris not) calibrated to an individual patient;

 the BDT is (oris not) used for interventions or predictions.



Questions

Contact me: Reinhard Laubenbacher
Email: reinhard.laubenbacher@medicine.ufl.edu

Lab: https://systemsmedicine.pulmonary.medicine.ufl.edu/
Telephone: 540-818-3127
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