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INNOVEREN IN DE GEZONDHEIDSZORG
—

How Disruptive Innovation Can Finally
€57 ) Revolutionize Healthcare

A plan for incumbents and startups to build a future of better health and lower costs

By Clayton Christensen, Andrew Waldeck and Rebecca Fogg
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INNOVEREN IN DE GEZONDHEIDSZORG

Uitvoering van een nieuw idee
als antwoord

op een uitdaging

met toegevoegde waarde voor
patiént, organisatie

en samenleving

_

I

GHENT hFACULTY OF ENGINEERING
UNIVERSITY Al | AND ARCHITECTURE




10/12/2023
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EXHIBIT 1 | Industries Are at Different Stages in the Adoption of Digital Technology

Impact of digitization

Fully digitized players own the market with online stores and
services such as Amazon and Netflix

RETAIL
Online retailers gaining market share, especially in segments like
electronics

TELECOM, INSURANCE, AND BANKING
Digital has been a major focus in all three industries, with both customer-facing
initiatives (such as online offerings/stores) and back-office improvements

: CONSUMER PACKAGED GOODS
No major digital disruptions yet; most initiatives have been in supply
chain management and uct development

AUTOMOTIVE
Optimization mainly in supply chain management and customer-facing
ventures such as websites

LOGISTICS
% Few disruptive players, some digital optimization, such as route optimization in
= parcel delives

HEALTH CARE
Digitization just beginning, with a few examples of front-office and R&D-focused
tiatives

initial

o ENERGY
. Extremely limited use of digital, primarily in internal operations

Point on digitization journey

< Several major disrup- < Disruptive moves (by pure online players, for Effect of digitization is still unknown, and
tions have occurred example) have affected these industries, but disruptive changes remain to be seen;
the final outcome is still to be determined these industries are very similar in their
overall level of digitization
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Digitale dichtheid!
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SINGULARITEITSPUNT 2045

o The accelerating pace of change...

Agricultural ‘_‘ Y

e ... and exponential growth

in computing power-...

Computer technology, shown
here climbing dramatically
by powers of 10, is now
progressing more each

hour than it did in its

entire first 90 years

COMPUTER RANKINGS
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The electronic
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Figure 1.6 Proportion of media and communications activities across the day
100%
90%
- Other activities
80% (Time awake but not undertaking
70% media/ comms activities)

60%
50%
40%
30% : e

Any media and communications 3
20%
10%

0%

Breakfast time Day time Peak Post peak Night time
6:00am to 9:00am to 5:30pm to 11:00pm to 12:30pm to
8.59am 5.30pm 10.59pm 12.29am 5.59am
Across all UK adults, on avera
— Media and comms activity = 8hrs 41mins/ Sleep = 8hrs 21mins/ Other activities (non-media) = 6hrs 58mins
LTI}
UNIVERSITEI
GENT Source: Digital Day 7-day diary
Base: All minutes (14021) for each day, all adults 16+ (1644)
Figure 1
Top factor: CEOs say technology is the chief external influence on their enterprises What Are
Technology is The 3 MOSt
Environmental Factor:
‘ e . —— . Consumerization [mpo rtant
Demuc[atizatf‘an
/ newsziooe: | External Forces
e o Impacting Your
Firm?
Regulatory
concems
Macro-economic
factors
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(1) SNELHEID VAN COMPUTERS

transistors
10,000,000,000
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(2) GROEI VAN DATA OPSLAG

The world’s stock of data

(Paper, fim audiotape. vioyl)
1886: 2,62 x 10 Bytes (B G8)
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(3) DOORBRAAK VAN CONNECTIVITEIT

GROWTH IN THE INTERNET OF THINGS

THE NUMBER OF CONNECTED DEVICES WILL EXCEED 50 BILLION BY 2020

BILLIONS OF BEVICES
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INCEPTION
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—

UNIVERSITEIT
GENT




10/12/2023

(5) TOEGANKELIJK EN BETAALBAAR

Airity L
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TECHNOLOGIE 1S DE DRIJVENDE KRACHT

. Digitaliseren
&
| =i x
Automatiseren
_
JLITR
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TECHNOLOGIE IS DE DRIJVENDE KRACHT
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TECHNOLOGIE 1S DE DRIJVENDE KRACHT
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ZORGTOEKOMST:-:SENSOREN: & DATA

Sensors (source) Data (currency)
Data Collection Data is King!
(health, activity, location, emotions, temp, air...) (personal, population, environment...)
loT | loT
loT | Al
Connectivity (medium) Intelligence (trin)
Data Transmission Analysis, Insights & Actions
(Bluetooth, Wifi, Cellular (3G/4G/5G), LORA...) (timely, contextual & actionable insights)

5G networks

e * Superior: spee
JIITIIN

GHENT hFACULTY OF ENG * Intelligent
UNIVERSITY Al T AND ARCHITECTI
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MOBIELE GEZONDHEID

Health related

Mobile devices

_ Patient

- Ubiquitous

GHENT
UNIVERSITY

L Wearables g ’ Inles Health care providers
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MHEALTH BELGIUM

— 2015: 20 e-health acties gelanceerd in e-health roadmap
— 2016: 24 projecten geselecteerd uit 98 ingediende projecten
— 2018: start validatiepyramide

— 2019: mhealth Belgium platform gaat life
— 2023: nieuw systeem

fagg™

T
GENT FACULTY OF ENGINEERING
UNIVERSITY .I|h AND ARCHITECTURE
MHEALTH BELGIUM

— CE Markering

— Applicatie & moederbedrijf dienen in

T u overeenstemming te zijn met GDPR
mesvestbontton AVt v — Notificatie bij het FAGG

) M2
— Interoperabel met andere mobiele
‘ J applicaties & ICT-toepassingen
e CE i fagq binnen de gezondheidszorg en e-
health platform (risicobeoordeling)

Ik ben velig geconnecteerd

M3
— Sociaal-economische meerwaarde
ik en positief advies Riziv

GHENT FACULTY OF ENGINEERING
UNIVERSITY Al | AND ARCHITECTURE o
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MHEALTH BELGIUM

waarvan 6 met label M2

- Zorgverleners kunnen app’s
met M2-toepassing
integreren in de dagelijkse
zorgpraktijk

- Opstart M3-categorie o0.a.

MoveUp
=
I}
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UNIVERSITY Al T AND ARCHITECTURE

- 23 gevalideerde toepassingen
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NULDE LIJNS ZORG ONTSTAAT EN CREERT DATA

0% lijns zorg
1 lijns zorg
3¢9 lijns zorg
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G. Stevens, L. Hantson, P. Verdonck °2021
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ACTOREN IN GECONNECTEERDE ZORG
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CONTINUE AUTOMATISCHE EWS METING
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UITDAGINGEN MOBIELE GEZONDHEID

— “Klinische nood” versus “vermarkten van een hype”

— Onderscheid tussen medische applicaties
(gezondheidstoepassingen) en gadgets (welzijnstoepassingen)

— Vermijden van “overmedicalisering”

— Vermijden van een ongestructureerde data tsunami

— Bescherming van privacy en gegevensbescherming

— Nood aan charter met industrie (Agoria, beMedTech,...)

— Kloof overbruggen van digitale ongeletterdheid

Julie Hantson 2020
=
I}
GHENT FACULTY OF ENGINEERING
UNIVERSITY Il | AND ARCHITECTURE
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TECHNOLOGIE IS DE DRIJVENDE KRACHT

e
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STANDPUNT 48 VAN KVAB - 2017

DATAWETENSC PRPEN

EN GEZONDHEIDSZORG
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GENT
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DATAWETENSCHAPPEN

“Big Data is the capacity to search, aggregate and crossreference
large data sets” (Boyd & Crawford).

Het “Big Data”-ecosysteem bestaat uit vijf componenten:
(1) Gegevenscreatie

(2) Gegevensvergaring en —beheer

(3) Analyse en informatie-extractie

(4) Hypothese en experiment

(5) Besluitvorming en actie

“Big Data” is onmiskenbaar een proces!

UNIVERSITEIT
GENT 33

5 SOORTEN INFORMATIESTROMEN

—

Internet en sociale media

2. “Machine, hulpmiddelen” gegeneerde data uit sensoren (loT..)

3. “Transactie data”: gegevens uit de financiéle & administratieve
informatiestromen in de gezondheidszorg.

4. “Biometrische data”: medische beelden, genetische informatie,
irisscans,...

5. “Mens-gegenereerde” data: ingevoerde gegevens uit
elektronische patiénten dossiers (EPD), aantekeningen, e-mails

i en papieren documenten,...

UNIVERSITEIT
GENT 34
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DATAWETENSCHAPPEN

Big Data:
Expanding on 3 fronts
at an increasing rate.

»  Data
Velocity

3Bl TB | PB

i
? leb p\ud'lc\

Data gy
Variety

— Yoy M ooile

UNIVERSITEIT

GENT 35

° Soubra

DE V'S VAN BIG DATA

Big data slaat op de grote hoeveelheid aan, de verscheidenheid van en de
complexiteit van data

De eigenschappen van big data wordt omschreven aan de hand van 6 V’s:

— Volume: de grote hoeveelheid van data.

— Variety: verschillende bronnen waaruit de data afkomstig is.

— Velocity: de snelheid waarmee de data wordt ingezameld en verwerkt.

— Veracity: de accuraatheid van de data.

— Value: waarde van de inzichten en de kennis die big data-analyses creéert
— Variability: data waarvan de betekenis steeds wijzigt

UNIVERSITEIT
GENT 36
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FAIR DATA

Een essentiéle voorwaarde voor het doeltreffenc
(her)gebruik van verschillende soorten klinische gegevens
voor de ondersteuning van besluitvorming, het opvolgen var
patiénten en klinisch onderzoek, is dat de data FAIR is:

vindbaar (Findable), toegankelijk (Accessible),
interoperabel (Interoperable) en herbruikbaar (Reusable)

UNIVERSITEIT
GENT 37

NIEUWE SAMENWERKINGSMODELLEN

Benefits of federated
networks

Data remains under the control of the
data owner

Locally required legal and ethical
approvals zpply

L]
. No patient level data leaves the owner’s
Central D site, only aggregated counts, thereby
Platform o — 3 = S
ensuring patient privacy

Secure access »  GDPR- ‘Privacy by Design’

for researchers = Analysis is “brought to the data” rather
than creating central data repository
Use of common data model allows for
efficient search / analysis across multiple
data sets

Requires close collaboration with data
owners which builds trust

Bart Vannieuwenhuyse EAHM 2019

19
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MATURITEIT VAN DATA GEDREVEN ONDERNEMING

@ A Machine Learning, Deep Learning, Cognitive Computing, prediction.

El[l[l_ Metrics, KPls, segments, visualisation, actionable insights.

Data security, access, quality, provision, information.

% Data pipelines, processing, storage and maintenance.

%—% External, internal, structured, unstructured data.

% Structure, roles, expertise, budget, knowledge.
@ Use cases, potential, customer centricity.

—_

i}
UNIVERSITEIT
GENT

The data-driven company needs pyramid was developed by foryouandyourcustomers

KENNISPIRAMIDE

Voorspellen, voorschrijven,

optimaliseren

% Kunstmatige intelligentie (Al)
-
-~

Communiceren, rapporteren, @ Robotisering

adviseren, forecasten
7.\ Proces mining

ﬁ/' Bl Tooling

Analyseren, becordelen,
interpreteren, combineren

Dashboards
Verzamelen, filteren, Rapportages
structureren Ercel sheets
—
I
UNIVERSITEIT SQL databases
GENT 40
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KENNIS VERSUS DATAGEDREVEN Al

— “Kennis-gebaseerd” Al-systeem tracht de kennis van een menselijke
expert zo goed mogelijk in kaart te brengen door middel van
observaties en door gesprekken met de expert (medische literatuur,
richtlijnen,...) , waarna die kennis vervolgens wordt omgevormd regels
en zoekstrategieén die het gedrag van de expert benaderen

— Bij “Datagedreven” Al-systeem vertrekt het systeem van data over
het gedrag van mensen, over de beslissingen die mensen hebben
some NN genomen of over verschijnselen die via sensoren zijn waargenomen,
some deep NN waarna het systeem statistische technieken aanwendt om in die data
patronen te ontdekken en met die patronen nieuwe problemen op te
lossen

e.g. genetic algortithms

Visie: maar algoritmes hebben geen inlevingsvermogen en “common
sense” daarom gaan voor hybride Al waarbij “datagedreven Al
“gekoppeld wordt met menselijke kennis leidend naar verhoogde
menselijke intelligentie

41

e.g.rule based engine

e.g.classification algorithms

GEBREK AAN "GEZOND VERSTAND”

Abstract and

Logic reasoning N\ hypothetical
& Theory of mind reasoning

Learning of
Easy dialogues &
context

Learning of
words & images

Learning
through sensors \

0-1YEAR 1-2 YEAR 2-6 YEAR 6-12 YEAR 12-18 YEAR

° Mieke de Ketelaere 2023

21
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OPPORTUNITEIT VAN DATAWETENSCHAPPEN
High
Predictive analytics
Personalized Health Care is P4/Systems Medicine E
2
= ‘Mﬁﬁlll Desc
3 Monttoring T R
= happening now?
Reporting  Streaming analytic
What
happened?
Low
i Low High
UNIVERSITEIT Business value/impact
GENT 43
°Mc Kinsey Business >Technology°2013

VIRTUELE & AANGEVULDE REALITEIT (VR &AR)

-

-
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UITDAGINGEN Al

— Data: veiligheid, kwaliteit (volledigheid) en interoperabiliteit
— Dataset dient representatief te zijn voor de beoogde patiéntengroep
— Inzicht in de “black box” is nodig voor geneeskundige toepassingen
— De verwerkingsverantwoordelijke waken over de herkomst van de persoonsgegevens die
worden gebruikt om de op “data-gebaseerde” Al-systemen te trainen en te laten werken,
waarbij enkel opgeschoonde datasets worden gebruikt

— Legaal kader (EU: MDR, GDPR,Al-act... versus nationaal gezondheidssystemen)

— Maatschappelijk aanvaarding
— Patiéntgerichtheid & betrokkenheid
— Van zorg naar “vroeg”-detectie , preventie
— Digitale geletterdheid
— Deugdelijk bestuur & ethiek (charter, data access comittee, data protection board,...)
— Privacy & security

UNIVERSITEIT
GENT 45

EU AI-ACT VANAF 2026

Het doel van de Al Act is dat personen en bedrijven in de

EU kunnen rekenen op velilige, transparante, traceerbare,
niet-discriminerende en milieuvriendelijke Al-systemen die
onder toezicht staan van personen!

MAXIMIZE THE BENEFITS,
THE RISKS

23
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EU AI-ACT VANAF 2026

De hoeksteen van de Al-wet is een classificatiesysteem dat
bepaalt hoeveel risico een Al-technologie kan opleveren voor de
gezondheid en veiligheid of fundamentele rechten van een persoon.
Het raamwerk kent vier risiconiveaus: onaanvaardbaar, hoog,
beperkt en minimaal.

EU Artificial Intelligence Act: Risk levels

Social scoring, mass
surveillance, manipulation of
behaviour causing harm

Access to employment, Ve Conformity

education and public services, w
safety components of vehicles, A assessment

law enforcement, etc.

X Transparency
W e obligation

| emotion nition,
iometric orization
f  deep fake
-~ - o : ; No
y Remaining Minimal risk r G
4 @ |obligation
4
| |

EU AI-ACT VANAF 2026

Verbod realtime biometrische identificatiesystemen in
openbare ruimtes op uitzonderingen na (terrorisme, et al)

“Trust is a must, not a nice to have !”

24
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NULDE LIJNS ZORG ONTSTAAT EN CREERT DATA

0% lijns zorg
I¥* lijns zorg

3% lijns zorg

UNIVERSITEIT
GENT 49
G. Stevens, L. Hantson, P. Verdonck °2021

NOVIGATE %

Definitions - Health data

Health data implies any and all information pertaining to
an individual's medical history, records, and other 7N
personal information '

Slide courtesy of IMEC

50 WWW.INOVIGATE.COM

25
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INOVIGATE ®2»
. achieving outcomes v'
Primary and secondary use of health data
Primary use:
use in care to deliver care for patients Quality of care
improvement

Research
(End-to-end: early >
late)

Secondary use: Outcome-based
use of health data from routine care healthcare &
in other applications reimbursement

Population health

Economic & ecosystem

development

WWW.INOVIGATE.COM

European

Health data space " FBE\® Health Data
o Space

In Q Access for Patient

Acecess for MCP

.-

#+ Communication with Meta hub

PE—

S Data exchange vis hub protocel

26
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What is the EHDS?

> Federated Data Ecosystem

» EU Infrastructures and
authorities in the EU Member
States

4 Primary use of
electronic health data

MyHealth@EU (EHDS1)
Digital Health authorities (DHA)
Enhanced rights for citizens and patients /

o
4 Secondary use of &

electronic health data:
* HealthData@EU (EHDS2)
» Health Data Access Bodies (HDAB)
* Policy-making, research, and development

-

53

\

&/"

';2 MedTech Europe

from diagnosis to cure

EHDS Objectives

liﬂﬁ@ Empower individuals to control their health data
/
N\
';,,"} Foster a single market for digital health services and products
J
N\
@ Ensure interoperability and security of health data
J
N\
J Unleash the power of the health data economy
J
Ensure a consistent and efficient framework for the )
@ reuse of health data for research, innovation & policies
J/
o4 g o Elmoe

27
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i

% Patient empowerment through opt-in or opt-out?

My Health @ EU
Electronic cross-border
health services in the EU

MyHealth@EU Opt-in

sharing data with your
healthcare providers across
the EU

| HealthData@EU Data as Opt-out Opt-in
, secondary use for research, common gOOd

\ innovation and education

°Griet Verhenneman 2023

56
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But there is a lot to improve to facilitate
secondary use of health(care) data

[

somewhere complex, scattered and not ineffective re-use of health(care)

Numerous relevant data(sets) is available J { ...but the (data) landscape is ‘ Ultimately leading to inefficient and

sufficiently interoperable data as well as missed

opportunities
Slow approval
process

Poor Researchers
interoperability
Poor Data Findability Industry
& Accessibility
Government

Care providers

Lack of Data
Standardization Lack of clear
privacy guidelines

Citizens

Poor Data quality
Little re-use of data °
H;.be

The field of play of the HDA

from diverse sources..

©)

Research Doctors
institutions

ERE

Hospitals

(o

Innovators
e R
pharmacies Federal
entities
A
D:IIII
departments s o %
&/

58 HDAbe
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OP WEG NAAR ONZE "DIGITAL TWIN”

Building a personalized digital twin

Data from multiple scales are needed to build computational representations of biological processes and
body systems that are affected by viral infection. These submodels are integrated and personalized with
clinical data from individual patients. The digital twin can then be used to derive predictions about diagnosis,
prognosis, and efficacy and optimization of therapeutic interventions.

Body Diagnosis
Organs Prognosis
Tissue Therapy
Multicellular optimization
Subeellular

=

I

UNIVERSITEIT

GENT
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BESPARINGEN DIGITALE TRANSFORMATIE

Kosten Nederlandse zorg, EUR miljard
120

- T 1 Potentiéle bruto-
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BESPARINGEN PER TECHNOLOGIE

Mobiele gezondheidszorg

Lean & automatiseren

Datawetenschappen

UNIVERSITEIT
GENT

Figuur1

Opbrengsten in 2030 lopen op tot 18 miljard euro, meeste potentieel zit in technologie
met een focus op connectiviteit

Technologie

Connectiviteit

1 Bewaking op afstand met sensoren
2 Consulten op afstand (e-consulting)
3 Zelfdiagnostiek en advies
4 Afspraak maken op afstand (e-booking)
5 Web-based zelfmanagement
6 Intensieve zorg bewaking op afstand (elCU)
7 Digitale preventie
8 Bewaking van medicatie
Totaal connectiviteit

Ad dq

9 Personeel it
10 Geintegreerd EPD
11 Ondersteunende middelen voor thuiszorg
12 Optimalisatie van de doorstroom van patiénten
Totaal automatisering

analytics

13 Geg 1alyse en visualisatie -tools
14 Kilinische beslisondersteuning

Totaal advanced analytics

Totaal

Schatting bruto opbrengst 2030, EUR miljard
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NOOD AAN OPLEIDEN

NEW AND INCREASING CHALLENGES:

new technologies

UNIVERSITEIT
GENT

reduced expenditure
changing social values

competencies needed

management competencies

1‘ I A growing GAP in healthcare

i Improving the training (new programs, new formats ...)
Increasing in training activities and efforts...

competencies acquired
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NIEUWE JOBS

DATA SCIENTIST
This person knows
how Al works and

can design Al models

to perform tasks
required at a hospital
or health system

Al ENGINEER
This person builds
the Al models to
perform the tasks
required at a hospital
or health system

E

DATA
GOVERNANCE
EXPERT
This person makes sure the
data are clean and accurate
by setting the policies
around how data are collect-
ed. They are also respon-
sible for making sure that
when staff do their jobs,
they're doing them ethically,
protecting the privacy and

ity mE mmbimmbal . ——————

DATA ENTRY
EXPERT

This person curates,

cleans, scrubs and
structures data from
a variety of internal
and external sources
into the system that
feeds Al models with

the data they need
to perform the tasks
required at a hospital

B N N .

DATA ENGINEER
This person builds
the system that fuels
the Al models with
the data they need
to perform the tasks
required at a hospital
or health system.

CHIEF Al OFFICER
This person leads the]
effort to explore potent|
opportunities, develop
cogent Al strategy, an
harnass the necessar
funding, professionals|
technology and organiz
tional resources to imp
ment them. They mus{
understand the clinicg
workflow — the front-i

B T S P
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DATA GEDREVEN GEZONDHEIDSZORG
\

Waarde gedreven zorg

2 Integraled F‘ra ctice Units
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TOEKOMST VAN ONS GEZONDHEIDSSYSTEEM

* Investeren in infrastructuur (5G et al)
* Opleiden van talent & levenslang leren oor 2
voor “de makers van de wereld van Accountability - %
. Leadership -,
morgen 7

 Leiderschap & governance

Y
/)/// /f/{

—— s

— = — e How to Srengthen Productivity

Through Sound Managerial Leadership
I}

UNIVERSITEIT
GENT

nnnnnnnnnnnnnnnnnnnn

TOEKOMSTIGE WAARDE

Data

Future Innovation (Connect + Combine + Share)
Value = I: Outcomes x Personalization :l

Lol

=
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ETHIEK & EMPATHIE

n(BUC) =n(B)+n(C)n(BN

He = 4.002602

—_
11} . a(bo) = (ablc

a+b=b+a (1002)a +100b
UNIVERSITEIT albrc)=ab+ac 100002+ 100b-5
GENT - 1 =
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FACULTEIT INGENIEURSWETENSCHAPPEN
Al T EN ARCHITECTUUR

Prof. Pascal Verdonck
gewoon hoogleraar medische technologie

Pascal.verdonck@ugent.be

www.ugent.be
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@ugent
Ghent University

35



