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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

19/10/2024 TwinHealth KU LEUVEN



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
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Challenges for current healthcare system

 Prevention underused
* Not starting from unmet needs
 Risk factors undetermined or not taken into account

- Late/wrong diagnoses

-
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NEEDS EXAMINATION, EVALUATION AND DISSEMINATION (NEED):
ASSESSMENT FRAMEWORK e
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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.
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Clients Users

| love it!
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All models are wrong,
but some are useful.

George E. P. Box
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Challenges for current healthcare system

* Handling Data Overload _
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Challenges for current healthcare system

* Need for personalization
« Standardised treatment schemes/guidelines: treating the average patient
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Challenges for current healthcare system

Economy of
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FIGURE 1. The three steps toward Digital Transformation.
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FIGURE 2. The underpinning of the Digital Transformation.
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Challenges for current healthcare system

How Noise and Bias
Affect Accuracy
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William Osler

» Medicine is a science of uncertainty and an art of probability.

* It is much more important to know what sort of a patient has a disease than
what sort of a disease a patient has.

« The good physician treats the disease; the great physician treats the patient who has
the disease.

- We are constantly misled by the ease with which our minds fall into the ruts of
one or two experiences

 Look wise, say nothing, and grunt. Speech was given to conceal thought.

« To confess ignorance is often wiser than to beat about the bush with a hypothetical
diagnosis.

William Osler. Counsels and ideals. 1921:214

TwinHealth platform KU LEUVEN




Challenges for current healthcare system

 Information from daily life missing
* Decisions made on sparse snapshot information about individual patients,
« Mainly from in-hospital encounters and testing
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@ 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)

Diabetes Heart Failure

Insulin Continuous
pump glucose sensor

Current Use Cases

Epilepsy mr—s Depression

lubgel
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// Reimbursement
and return
on investment

Data
ownership

O

Patient Patient
access, literacy, : : empowerment
and trust and agency

Challenges

Standards Integration into
and interoperability clinical environments

N Engl J Med 2024;390:1118-27. e
DOI: 10.1056/NEJMra2307160 winHea KU LEUVEN
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Challenges for current healthcare system

Historical Context and
Structural Racism

Racial Capltalism Colonialism
Slavery w = 1, Poli ical, rural, Econo Jim Crow.
Discriminatory Policing and
poltical Sentening Practices

Cardiovascular Health

T & & (9B Q > 4

« Social and environmental context missing

Life Course

Figure 1. The multilevel and interacting factors that determine and shape the relation of the neighborhood with cardiovascular
health and outcomes.
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How can TwinHealth address these gaps?

« Start from the needs of patients and HCP's

« Gather the relevant information

* Interpret that information

« Put it at the fingertips of patients and HCP’s

* Help making the right decisions about prevention, diagnosis, treatment
and follow-up

« Keep improving the system with the input from every interaction

Provide a clinical decision support tool based on Medical Digital Twins
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How can TwinHealth address these gaps?

« Start from the needs of patients and HCP’s

2023 Survey Results: What can Al do for
patients?
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TwinHealth platform
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How can TwinHealth address these gaps?

 Gather the relevant inf

ormation

nhagen Institute for Futares Studies

A SHARED AGENDA ON SUSTAINABLE HEALTH INSPIRED BY LEADING
DECISION MAKERS ACROSS THE NORDIC REGION

TOWARDS PREVENTIVE HEALTH

CONTENTS: The New Reality of Health-in the Nordics. | The 5/5 “Aspiration | Self-Cultivation of,Health-| Transformative
Resilience | You Are the Key'to Preventive Health |. Interyiew: Spotlight on- Finland | Nordic-Dafa: Cohesion | Interview with
Charles Alessi:The Nordic Window o the World |- The Nordic Health 2030 Movément | Intérviewwith Paula Lehtomaki, Secrotary
General of the Nordic Councl of Ministers: 2030 Vision for Nordic Cooperation | Nordic Innévation & NordForsk | What's
Heppening Beyond the Nordics? | The Drivers of the Transition | Personalised Health 2050 |- The-Rise of.the Eco Individual
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THE HUMANOME — A PERSONALISED POINT OF CARE DATA CONCEPT  |ndividual-driven preventive health

Individual-driven preventive health, motivating the system

System-driven preventive health, motivating the individual
System-driven preventive health
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TwinHealth platform KU LEUVEN



Ocean of data, desert of interpretation and use




— Digital
Phenotyping

Connected medical
d Digital Biomarkers &

E] Deep
Phenotyping

How can TwinHealth address these gaps?

evices
contextualized information

Biological
Genetics Weribies
CnE Social media >L—I:yes:'ylel° h_cmm:s N
> Psychological factors
Clinical Digital footprint Sy
eHealth records Digital biomarkers »Sociodemographic factors
Biomedical data Real-world data

* Interpret that information

Digital Twin
Digital Twin

Physical Object

Digital Twin

Digital Twin

Physical Object

Digital Twin
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Object

T

[ Digital Twin ]

Physical Object

Physical Object
Physical Object
Today

Fifth Stage

Fourth Stage

First Stage Second Stage Third Stage

FIGURE 5. Digital twin evolution.
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How can TwinHealth address these gaps?

* Put it at the fingertips of patients and HCP’s
* At the Point-of-Care
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IN ORDER TO MAKE AN APPOINTMENT, HE
FIRST HAD TO UPDATE HIS OPERATING
SYSTEM, DOWNLOAD AN APP, GET A
USERNAME, CHOOSE A PASSWORD, LOG IN
TO A HEALTH PORTAL, NAVIGATE TO
., MESSAGES AND WRITE HIS DOCTOR...BY
=N THEN IT WAS TOO LATE.
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How can TwinHealth address these gaps?

* Help making the right decisions about prevention, diagnosis, treatment
and follow-up | x Y -

Anticipated outcomes participation.
(including anticipated emotions)

J —|  Cognitive

evaluation

5 y }Ng ) Help your patient explore &

compare treatment options.

—> Outcomes

' 0\
Subjective probabilities > Behavior (include emotions) 3

p ~\ iy
Other factors | l 4 4

(eg, vividness, immediacy,

Assess your patient’s
valves and preferences.

1 Reach a decision
with your patient.

background mood)

. J 5\‘

E valuate your
* patient’s decision.

Figure 1. Cognitive/consequentialist vs risk-as-feelings perspectives.

Choice under risk and uncertainty are typically viewed through a cognitive and consequentialist framework. However, affect experienced at
the moment of decision-making can diverge from cognitive assessments. When this happens in risky situations, emotion often drives behavior.
Adapted with permission from Loewenstein et al.** Copyright © 2001 The American Psychological Association.
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How can TwinHealth address these gaps?

Systematic reviews

Critically
topics (evidence
syntheses)

Fig. 4 | Evidence-based deep medicine iceberg.
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* Keep improving the system with the input from every interaction

TwinHealth platform KU LEUVEN




Co-shaping the Future in Quadruple Helix Innovation Systems:
Uncovering Public Preferences toward Participatory Research and Innovation

: KR Clustering Transformation
00 G ST O"."O"."O
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ROLE OF SOCIETY IN RESEARCH AND INNOVATION
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ASSESSMENT TECHNOLOGY ASSESSMENT

The Quadruple Helix Model adapted by Fraunhofer - VARIETY OF INPUT +

(2016), originally developed by Carayannis and Campbell (2009). © Fraunhofer, CeRRI
Copyright © 2015 Fraunhofer. STAGES

she ji The Journal of Design, Economics, and Innovation Volume 5, Number 2, Summer 2019.

19/10/2024
910120 doi.org/10.1016/j.sheji.2019.04.002
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Value Creation Through Artificial Intelligence and Cardiovascular Imaging:
A Scientific Statement From the American Heart Association

Value Equations
E

Effectiveness

alue (

Costs

<

Societal e

O
(O +5)
Clinician & V Q - A e Outcome  Service
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Waste

<
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Profit
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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.

19/10/2024 DOI: 10.1161/CIR.0000000000001202 Twinfiealth | KU LEUVEN




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

9281 .C

Gartner




The next generation of evidence-based medicine

Trial design Trial conduct Clinical research
» Endpoints « Protocol enterprise
- Biomarkers implementation - Hospital and academic sites
« RCT, ECA, - Patient recruitment « Community sites
single arm + Monitoring + Investigators
- Safety reporting » Study personnel

« Data analysis

Patient in the
center of the ’
trial universe

Payers/ Industry Regulatory
insurance « Big pharma - FDA -+ NMPA

+ CMS « Small pharma +EMA . CDSCO
» Private ’ t \ - CROs «HTA - AMA
Patient advocacy Academic Social media Governmental
and other nonprofit and journals/ input policy and laws
agencies publications

Fig.3|The patient as the center of the clinical trial universeinthe clinical
research enterprise. The main constituents of the clinical trial enterprise—
patients, academic centers, industry sponsors (big and small pharma),
government/cooperative group sponsors, regulatory agencies, patient advocacy
organizationsand CROs—need to work together, with the patient as the center

of this clinical trial universe. AMA, African Medicines Agency; CDSCO, Central
Drugs Standard Control Organization (India); CMS, Centers for Medicare

and Medicaid Services; ECA, external control arm; EMA, European Medicines
Agency; HTA, Health Technology Assessment; NMPA, National Medical Products
Administration (China).

Nature Medicine | Volume 29 | January 2023 | 49-58.
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Preparing Physicians for the Clinical Algorithm Era

Diagnostic 1. Physician estimates 2. Physician 3. Post-test probability of disease is
Testing .=  pretest probability orders estimated from pretest probability,
Pathway of disease tests test characteristics, and test results
Diagnostic :  A.CDS estimates
CDSs - pretest probability
Algorithms of disease

J B. CDS combines pretest-probability estimation, test results, and other inputs
to generate patient’s probability of disease

CDS output becomes the pretest probability for sequential updating

Diagnostic Testing Pathway and CDS Algorithms.

Diagnosis requires Bayesian reasoning, which involves estimating the patient’s pretest probability of
disease, ordering diagnostic tests, and estimating the post-test probability of disease on the basis of the
pretest probability, test performance characteristics, and test results. Example A describes diagnostic
clinical decision support (CDS) algorithms that operate only at the first step of this process to estimate the
pretest probability of disease and guide diagnostic testing decisions (e.g., Wells’ criteria for pulmonary
embolism), whereas example B describes diagnostic CDS algorithms that operate at all three steps,
combining pretest-probability estimation and some test results to estimate a patient’s probability of
disease (e.g., sepsis warning systems). The latter algorithms generally “fire” in the electronic medical
record without intentional engagement from the physician and guide treatment decisions or subsequent
testing.

n engl j med 389;6.

19/10/2024
910120 DOI: 10.1056/NEJMp2304839

Recommended Changes to Medical Education and Training to Improve Probabilistic Reasoning

and Support Effective Use of CDS Algorithms.*

Recommendation
Preclinical medical education

Teach probability in medical school using intuitive,
modern approaches

Teach probabilistic clinical reasoning

Assess probability and probabilistic reasoning skills

Teach core, foundational working knowledge of CDS
and EHR implementation, relevant to clinical use

Practice interpreting CDS output in applied learning

Clinical training
Reinforce probabilistic training and application

Build CDS interpretation into curricula

Reinforce working knowledge of CDS and EHR imple-

mentation, relevant to clinical use

Include working knowledge of CDS in ACGME core
competencies

Approaches to Implementation

Create new curricula or access online curricula that use natural frequency trees
and icon arrays to visualize probability of disease and to convey the concept
that probability is fundamental to clinical medicine.

Integrate instruction in probability and probabilistic reasoning throughout med-
ical school curricula, beyond diagnosis courses.

Emphasize practical examples of probabilistic reasoning in both CDS use and
traditional evidence-based diagnosis.

Encourage the use of gamified training for honing probabilistic reasoning skills.

Include clinically relevant questions of probabilistic interpretation of CDS on
USMLE board and shelf exams (instead of questions on definitions).

Integrate the basics of machine learning into the curriculum, including discus-
sions about biases and equity.

Make explicit the human—technology interaction that often determines whether
a CDS is adopted.

Discuss principles of user-centered design of CDS that affect whether an algo-
rithm is accepted and how it is used.
Provide a simplified overview of how CDS works in the clinical EHR.

Develop and use CDS-specific problem-based learning scenarios that empha-
size core concepts:

— Applying CDS algorithms to individual patients.

— Examining how different inputs affect prediction.

— Discussing potential sources of bias in algorithms.

— Interpreting basic model performance concepts.

— Communicating with patients about CDS-guided decision making.

Provide resources for incorporating probability into case discussions.
Develop longitudinal curricula on the variety and use of CDS.

Incorporate basic algorithmic CDS principles (e.g., accuracy and bias) into clini-
cal discussions and real-world case studies to elucidate how CDS accuracy or
bias may affect clinical decision making.

Incorporate technical CDS knowledge and assessments (e.g., how CDS oper-
ates in the EHR and where to find more information regarding CDS alerts) into
clinical orientations for new physicians.

The ACGME requires evidence-based medicine-related skills as part of its core
competency in practice-based learning and improvement; these should be up-
dated to explicitly include CDS interpretation.
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Thank you for your attention
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