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FIGURE 1. The three steps toward Digital Transformation.
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TwinHealth

Maximize the Health Potential of Every
Person from before Birth until Death

Delivering Informed, Personalised Co-

Decision Making for every circumstance and
context
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Why do we need to create TwinHealth?

* What are problems in the present Health Care Systems?

* Prevention underused
* Not starting from unmet needs
» Risk factors undetermined or not taken into account
» Late/wrong diagnoses
Data Overload
Standardized treatment schemes/ guidelines: average patient
* Need for personalization
Limited resources
» Health Care Providers
* Budget
Human Fallibility: Fast & Slow Thinking, Bias & Noise
Information from daily life missing
» Decisions made on sparse information
Social and environmental context missing

TwinHealth KU LEUVEN




@ JAMA Network®

From: Fritz Kahn and the Centenary of The Doctor of the Future

JAMA. Published online May 06, 2024. doi:10.1001/jama.2024.6041

E Initial portrayal of Modern Technology Expanding the @ The Doctor Is Connected to His Patients
The Doctor of the Future, 1924 Doctor's Scope, 1925 Throughout the World, 1939

Figure Legend:

The Doctor of the Future A, Artist: Arno Krugel. Copyright: Kosmos/von Debschitz. B, Artist: unknown (attr. Fritz Schuiler). Copyright:
Ullstein/von Debschitz. C, Artist: unknown (attr. Fritz Schuler). Copyright: Fritz Kahn/von Debschitz.




Wearable Digital Health Technologies (DHTSs)
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N Engl J Med 2024;390:1118-27.
DOI: 10.1056/NEJMra2307160
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NEEDS EXAMINATION, EVALUATION AND DISSEMINATION (NEED):
ASSESSMENT FRAMEWORK e

/Health-related HEG‘dA ) ) ) ) N Figure 6 — Interactions between Need, Demand and Supply in
Figure 5 — Relation between perceived, unperceived, and clinically- healthcare

validated need
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Figure 7 — Identifying unmet need using an adaptation of Incerti et al.’s approach
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Source: adapted from Incerti et al. (2019) ' Note: This figure represents the conceptual approach to disaggregating need for a population with a specific health issue, assuming
that, ceteris paribus, disease burden increases with age.

KCE 2022-03-HSR_Unmet needs: Framework
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Individual-driven preventive health

Individual-driven preventive health, motivating the system
System-driven preventive health, motivating the individual
System-driven preventive health

THE HUMANOME — A PERSONALISED POINT OF CARE DATA CONCEPT
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Ocean of data, desert of interpretation and use

e~ e




MDT based on statistical and mechanistic modeling
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Automatically extract known parameters
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Provide better clinical interpretability

and make predictions

Take home figure The cardiovascular digital twin that will deliver the vision of precision medicine by the synergetic combination of computer-
enhanced induction (using statistical models learnt from data) and deduction (mechanistic modelling and simulation integrating multi-scale

knowledge).

doi:10.1093/eurheartj/ehaal59

Q

PHENOMENA
OBSERVATION

MODEL
CREATION

KNOWLEDGE

GENERATION

] Deep B Digital
> | Phenotyping Phenotyping
lolopi : Connected medical
Biological Been devices
Genetics Digital Wearables
Omics Phenotyping Social media
o (oDP)
Clinical Digital footprint
eHealth records Digital biomarkers
Biomedical data Real-world data

Fgatl{‘r;s
ex n
cumacnalion'

&

Databank of deeply & digitally
phenotyped individuals

popt 8
cohorts such as All of Us, UK Biobank, Colive..)

DDP features
8 evaluation
New
omdividual/Patient — [&

Selection of his/her
o Digital Twin with

similar characteristics

Known evolution of health outcomes

Research Coordination Office

Digital Biomarkers &
contextualized information

> Lifestyle factors

> Psychological factors
>Emotions

> Sociodemographic factors

Precision Medicine

Precision Prevention
Engage intoa personalized
prevention slraleg

Adaptation of the
therapeutic strategy
> ] 6 Precision Health 3

KU LEUVEN



https://pubmed.ncbi.nlm.nih.gov/32128588/

From Data to Wisdom and Impact
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FIGURE 5. Digital twin evolution.
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Co-shaping the Future in Quadruple Helix Innovation Systems:
Uncovering Public Preferences toward Participatory Research and Innovation

e
Clustering Transformation
i @000
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Needs | Visions | Scenarios Technology Roadmaps Design Prototypes

ROLE OF SOCIETY IN RESEARCH AND INNOVATION
RESEARCH DESIGN INTERDISCIPLINARY TRANSDISCIPLINARY

ACTORS —  HUMANITIES & SOCIAL SCIENCES SOCIETAL STAKEHOLDERS LAYPERSONS
RESOURCES = MODE 1: META-KNOWLEDGE MODES 2/3: SPECIFIC, DIVERSE KNOWLEDGE ~ MANPOWER
+
AGENDA SETTING FORESIGHT
IDEATION &
e SELECTION
MARKET RESEARCH
9 LEAD USER CTEN
e OPEN INNO. SCIENCE
RESEARCH & £
DEVELOPMENT o UCDESIGN
ACADEMIC BUSINESS
RESEARCH
ASSESSMENT TECHNOLOGY ASSESSMENT
— VARIETY OF INPUT +

STAGES © Fraunhofer, CeRRI

The Quadruple Helix Model adapted by Fraunhofer
(2016), originally developed by Carayannis and Campbell (2009).
Copyright © 2015 Fraunhofer.

she ji The Journal of Design, Economics, and Innovation Volume 5, Number 2,
Summer 2019. doi.org/10.1016/j.sheji.2019.04.002
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Value Creation Through Artificial Intelligence

Value Equations

E
Societal -. Vo= LE:
o Costs
o (© +59)
. e e — — @ Outcome Service
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Waste

R
: : = T Revenue
Financial @ VY e C

Profit

Margin Costs

Deriving value: 3 widely referenced value equations representing (1) societal, (2) clinician, and (3) finance perspectives.
The third expression of net profit margin is an explicit mathematical expression used in accounting; the first 2 expressions
are conceptual. Understanding varying stakeholder perspectives for resource allocation to acquire, implement, and
maintain artificial intelligence (Al) solutions is fundamental to selecting Al tools within a health care environment.

Circulation. 2024;149:e296—e311.
DOI: 10.1161/CIR.0000000000001202
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TRL 1. Problem identification .

Frequency
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Number of studies published according to their level of readiness and year of publication




Digital Twin data quality

Digital Twins Are Only as Good as Their Data Source
Evolution of Digital Twins — Better Data Enables Better Twins

6 12 1,200 12,000 1.2 x 10°
Number of Data Points

Source: Gartner

718281 C

Gartner




NOISES

l 11' ]

A Flaw in Human Judgment

DANIEL
KAHNEMAN

THINKIN

OLIVIER
SIBONY
CASS R

SUNSTEIN

Man is a Deterministic Device thrown into a Probabilistic Universe.

Amos Tversky
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How Noise and Bias

Affect Accuracy
0
x){ X 8
X
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TEam C Team D C. Biased D. Noisy and biased

SOURCE DANIEL KAHNEMAN,

ANDREW M. ROSENFIELD,

LINNEA GANDHI, AND TOM BLASER

FROM “NOISE,” OCTOBER 2016 © HBR.ORG

Overall Error (MSE) = Bias? + Noise?
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Risk—benefit assessment; factors to consider

Psychological value

Medical purpose Loss aversion
] ] . We feel losses--\\

The intended medical conditions morekeenlythan,

The intended population '

The Al tool’s operation
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I A $1001 h

2. Al gor thm $moreotsl’1$anui11rfg
3. O Utp uts pleasure of

| i "$100 gain.
4, Presentgtlop of results Risk Aversity $100 gain.
5. Integration in workflow
6. Outcomes impacted by Al tool

5. The intended user in their respective environment and
scope

6. The potential for shift/drift (‘off-label use’)
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Table 1: Overview of EU Legislations in the Digital Sector

Table 2: Overview of EU governance Mechanisms Explanation
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Regulatory Radar
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Transparency of artificial intelligence, machine learning medical device
software and Digital Twins

Differing
needs for Citizen / Patient
patients,

Informed Consent
European Convention

on Human Rights

physicians, MDCG: Valid Clinical Association

and software
engineers

r

Internal Transparency

Health Care
Professional

Medical Devices Framework
MDCG: Clinical Performance

J

Manufacturer / Provider
Al developer

Insider Transparency

I\
%

Transparency of Al in Healthcare as a Multilayered System of Accountabilities:
Between Legal Requirements and Technical Limitations
Anastasiya Kiseleva, Dimitris Kotzinos and Paul De Hert Frontiers in Artificial Intelligence, 30.5.2022

Medical Devices Framework

MDCG: Technical Performance
Involvement

Legal Basis



Thank you for your attention

TwinHealth KU LEUVEN



	Medical Digital Twins�Opportunities and Hurdles���Webinar, April 16th 2020
	Agenda
	Slide Number 3
	�	�Maximize the Health Potential of Every Person from before Birth until Death��Delivering Informed, Personalised Co-Decision Making for every circumstance and context�
	Why do we need to create TwinHealth?
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Ocean of data, desert of interpretation and use
	MDT based on statistical and mechanistic modeling 
	From Data to Wisdom and Impact
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Digital Twin data quality
	Slide Number 18
	Slide Number 19
	Risk–benefit assessment:   factors to consider
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Thank you for your attention

