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» Research collaborations incl. funding, consultancy and speaker honoraria

* Pharma: Roche, Janssen, Bristol-Myers Squibb
« MedTech/Data: Varian - Siemens, Philips, Sohard, Mirada Medical, IQVIA

e Other: MD Anderson Cancer Center, Peter Munk Cardiac Center, Hanarth Fund,
NovoNordisk Foundation, FNR Luxemburg

» Spin-offs and commercial ventures

* Maastro Innovations B.V.
* Medical Data Works B.V.
 Various patents on medical machine learning & Radiomics



Maastro

Hoe goed zijn wij in uitkomsten voorspellen?

(2 Maastricht umc+

B e e

Daadwerkelijke overleving
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Lerend Zorgsysteem

ROC Curve

Survival probability at 2 year

Longkanker
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2 jaar overleving
158 patienten
5 dokters
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Radiotherapy and Oncology, 81, pp.S391-5392. Radiother Oncol. 2014; 112: 37-43 / J Clin Oncol 2010;28:4268

Clinical trials, comparative
effectiveness research, molecular
and biologie data

Evaluation of
outcomes

Transformation of

Subsequent care
de/ivery

<

Information-rich,
patient-focused
data

Data
aggregation,
evidence

generation
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 Data delen is moeilijk (geen tijd, geen zin, mag niet, kan < o
niet) ClRER e [ umdl@&“@
s dbout
* Als data delen het probleem is, doe dat dan niet M}’)&“s » m@@@ﬁ%ﬁbﬂ@
THAN
il * oeevoparale
* Als je de data niet naar het onderzoek kan brengen dan... it must be © B@m%a‘b“
. Q@ ; @
* moet je het onderzoek naar de data brengen %ﬁ[?”o
« Uitdagingen PERSONAL
» De onderzoeksvraag moet gestuurd kunnen worden HEALTH TRAIN

(treinen & spoor) ‘

* De data moet begrepen kunnen worden door een
applicatie (en niet door een mens) -> FAIR data stations

Wilkinson, DOI: 10.1038/sdata.2016.18
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AQChe
Leren in Valideren in AUC
Aachen (n=7) Lieége (n=186) 0.61
Eindhoven (n=32) Lieége (n=186) 0.72
Hasselt (n=45) Lieége (n=186) 0.68
Maastricht (n=52) Lieége (n=186) 0.75
Alle 4 samen (n=136) Lieége (n=186) 0.77
Alle 5 samen (n=322) Wereld (n=inf) ?
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AWARDS 2020

Personal Health Train
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Vertrouwen in de uitkomst
van data-analyses

@personal_health_train v | | ) y ‘ . T
@personalhealt11 e [DATA A e L ﬂ
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. . The official launch of the pht network platform
enablmg data driven health pht.health-ri.nl #healthri2020 @egerrit @Health__RI
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Model building

Hypothesis

1

Data selection

Predictor review,
sample-size calculations,
data collection

\

Preprocessing
Missing or outlier data
adjusted for categorization
and normalization

{/

Data Science Werkwijze

——= Motivation

Review, inclusion
= Criteria, raw data
and data provenance

——= Algorithm

\ 4

Data split

Training § §| Validation

Feature selection

:

Classification

:

Trained model

l

Performance evaluation

Clinical usefulness

Doctor predictions versus
standard factors
Set up clinical trials

<

Motivation
Algorithm

Algorithm

Algorithm

Model parameters
Interactive model

Performance
and accuracy

Comparisons
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& by -7 -l

Input Feature extraction Classification Output

Oren
Ogen
Vacht ‘ Kat
Poten

Staart

Slide: Kristy Brock
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Geen Kat!

) <t 97%

Slide (en hond): Kristy Brock
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Machine Learning

S

Input Feature extraction Classification Output

Deep Learning

o — 23737 - Il

Input Feature extraction + Classification Output
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Table 3 | Comparisons between human evaluations and different types of Al approaches

Approaches Model Performance Reproducibility Dependency Development Running Around- Update
comprehensibility on prior and training costs the-clock costs
knowledge costs® availability

Human evaluation High Moderate or Moderate High High High Low High
high

Rule-based algorithms | High Moderate or High High Moderate or Low High High
high high

Feature-based machine-§ Moderate or high Moderate or High Moderate® Moderate Low High Moderate®

learning methods high

Deep artificial neural Low or moderate High High Low Moderate Low High Low

networks

Nat Biomed Eng 2018,;2:719
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Science Self Supervised & Generalist & Multimodaal & Interactief Dlremsmanus:

Medical domain knowledge Flexible interactions

o\,o
= ' > K5 —>
o

=

Q&A exchanges ‘| i L_.H

Clinical Knowledge Multimodal inputs
notes graphs and outputs

Images EHRs

A . . Reasoning with multiple Dynamic task specification
General Medical Artificial Intelligence knowledge sources

Nature volume 616, pages 259-265 (2023)
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q 0 TNM-8 Lung -

Clinical details:
Pulmonary malignancy?

Report:
CT thorax and abdomen, arterial phase
Gland i
Thorax: Primary Tumor
Mass visible in the left upper lobe with a maximum size estimated at 8-
46 of 4. 7 x 3.0 cm. Possible involvement in mediastinum. Satellite
Stroma nodes visible at 8-41 with an estimated size of 1.3 cm. Lymph node
visible at station 7 with a size of circa 5,2 cm. No lymph nodes visible
at contralateral side. Small consolidation middle lobe. No indication of
atelectasis.

Domdmn

Immune Cells Satellite Nodule (T3 silateral Tumor (T4
Abdomen:
Multiple sharply edged hypodens lesions visible which would initially
Other match with cysts (HU 5). No relevant musculoskeletal findings Lymph Nodes
Conclusion:
Tumour with satellite nodes left upper lobe
Background = -
GF3
GF2
GF1
X

Al bepaalt de huidige situatie -> Black box oké
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CT op de buik

- Alle training dat d
Al algorithms cannot be expected to perform at a e training data was op de rug

higher level than their training data, but should deliver
the same standard of performance consistently for
data within the training space.

Ka‘hker
Al vindt overal een - Al correct
lever.... 6HI incorrect

Al incorrect

Images courtesy of MD Anderson / Brian M. 6HI correct™

Anderson

Nature 2020, 577:89 | JASON, Artificial Intelligence
for Health and Health Care, Dec 2017, JSR-17-Task-
002
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6% Standardised predictor Subdistribution hazard ratio
5% male 2.12 (95% CI: 2.03 - 2.21)
4% age 1.80 (95% CI: 1.76 - 1.84)
3% wealth 0.96 (95% CI: 0.93 - 0.99)
2% education: low 1.04 (95% CI: 0.99 - 1.10)
1% education: high 0.90 (95% CI: 0.85 - 0.94)
0% particulate matter 2.5 1.13 (95% CI: 1.08 - 1.18)
AUC~0.68

CBS + DHD + RIVM
(N=307,189)

5-year atherosclerotic cardiovascular

disease (ASCVD) event rate Zuvd ZU
’1. Maastricht UMC+ H‘;‘éeschom YD

an E h ) netherlands

um = S NANET L center

zuyderland

% Maastricht University

CARRIER

Big data for prevention of cardiovascular disease




Maastro

Zelf voorschrijven in chronisch hartfalen By Mastricht University

(2 Maastricht umc+

A AD-HF English

Do you feel short of breath when lying down (orthopnea)? @

O
None Slight Moderate Severe
Do you have a dry cough? 2]
o Based on your symptoms, we recommend
None Slight Moderate Severe you to:
Do you have swelling (edema)? (2] ’
~

O

None Slight Moderate Severe
Increase the dose

Do you feel dizzy? 2]

O
None Slight Moderate Severe
Do you feel like fainting? 2]

Yes No

PAtient Self-care uSIng eHealth In chrONic Heart Failure
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f\vz))/ pata Kiezen voor een prostaatkanker behandeling Ipum——
=

Welkom,
meneer Janssen

- Na uw behandeling
Mijn gegevens Vo
U kunt na deze behandelingen verscheidene bijwerkingen krijgen.

Op basisvan uw persoonlijke informatiezijn uw kansen op bijwerkingen:

Mijn behandelopties

Operatie
Plasproblemen I ¢ =Im

Rectale bloeding [ ] e Hoe lees ik deze informatie?
De breedte van de kieuren

geeft het aandeel patienten
Op basisvan de informatieuit uwziekenhuiszijn in deze groep weer.
s - - - Groen: Keine kans
uw kansen op bijwerkingen: -
Py ne - Geel: Gemiddelde kans
- Rood: Hoge kans
Het bolletje geeft weer
waaruw kansvatop het

Erectieproblemen N I spectrum

( Inwendige bestraling)

Uitwendige bestraling
Actiefvolgen

Mijn voorkeuren

Incontinentie e |

Mijn resultaten

¥ Zorginstituut Nederland

>
ProstaatKankerStichting.nl Maastro

( ’p Jouw Gids in ProstaatKanker

PATIEN T%:I (!{ Maastricht UMC+

belang

Limburg

,;‘«

-

» Oncologisch Netwerk

Zuidoost-Nederland

fi.G‘

ZU
YD
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PROTON THERAPY

Protons enable larger doses
of radiation to be used to treat Tu
cancers while si?:iﬁcantly reducing ‘
damage to healthy tissue .

-
-
- -
- -
-
—

Radiation

3 protonen ce
1.600 slots en
10.000€ -> 50
Geen bewijs

Wie krijgt het?

Indicatiestelling protonentherapie

\\\\\

Maastro
% Maastricht University
(y Maastricht UMC+

Photon therapy
or

Proton therapy

)
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Pressure-Volume Loops in Cardiac Surgery

Proefschrift

ter verkrijging van de graad van doctor
aan de Universiteit Maastricht,
op gezag van de Rector Magnificus,
Prof.dr. A.C. Nieuwenhuijzen Kruseman,
volgens het besluit van het College van Decanen,
in het openbaar te verdedigen,
op vrijdag 12 september 2003 om 14:00 uur

door

André Dekker

Unm

UNIVERSITAIRE
PERS MAASTRICHT
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++ n |
Hru' ec : SDK Products Solutions Pricing Resources Support Console Sign Up \

Cognitive Services

Compare Result Response JSON

Is same person: Probability very high.
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a | FaceAge Algorithm § 100% 1
FE.. 75% 1
input E\ I T T l
: I
b | Data i S S0% X 4
Discovery Datasets (n=58,851) & * : 3
Training Dataset | IMDB-WIKI ff * =T E i
8 56,304 famous and healthy individual| ' E 4
s g e @ "] Log-rank _
Technical Validation | UTK v
@ 2,547 healthy individuals with p < 0000 l
matched ages and ethnicity labels Ha“’"ﬁ
0% T T T T T T v
0 1 2 3 4 5 6 7
c | Clinical Experiments EEE Time (Years)
Number at risk
FaceAge < 65 1385 1067 861 700 536 409 250 128
> < FaceAge =75 2035 1565 1300 1062 815 634 419 228
75 < FaceAge <85 1292 983 791 628 487 377 259 153
FaceAge = 85 194 143 114 88 64 49 32 17

Zalay et al. medRxiv. 2023 Sep 12,2023.09.12.23295132.
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* Plek van Al in een waarde-gedreven, lerend zorgsysteem
* Welke proces kunnen we automatiseren, efficienter, leuker maken?
* Welke interventie leidt tot de beste uitkomsten voor een individu?

* Trends
* FAIR Federatieve Data Infra
* Deep Learning & Foundation Models
« Al voor automatisering van “routine” taken
« Companion Al voor indicatiesstelling en advies

« Uitdagingen
« Balans tussen gevaren versus de waarde van data delen — “Data redden levens”
« Data volwassenheid
* Al moet gevalideerd worden in je eigen data!!!

« Transparantie | Bias | Fouten & verantwoordelijkheid | Causaliteit | Cultuur |
Kwaliteit | Ethiek



Netherlands

. Maastro Clinic, Maastricht, Netherlands

. Maastricht UMC+, Maastricht Netherlands
. Radboudumc, Nijmegen, Netherlands

. Erasmus MC, Rotterdam, Netherlands

. Leiden UMC, Leiden, Netherlands

. Elizabeth Twee Steden Ziekenhuis, Tilburg, Netherlands
. Catharina Hospital, Eindhoven, Netherlands
. Isala Hospital, Zwolle, Netherlands

. NKI Amsterdam, Netherlands

. UMCG, Groningen, Netherlands

. IKNL, Utrecht, Netherlands

Europe
. Policlinico Gemelli & UCSC, Roma, ltaly

. UH Ghent, Belgium

. UZ Leuven, Belgium

. AZ Delta, Roeselare, Belgium

. Cardiff University & Velindre CC, Cardiff, UK

. CHU Liege, Belgium

. Grand Hbpital de Charleroi, Belgium

. Uniklinikum Aachen, Germany

. LOC Genk/Hasselt, Belgium

. The Christie, Manchester, UK

. State Hospital, Rovigo, Italy

. St James Institute of Oncology, Leeds, UK

. U of Southern Denmark, Odense, Denmark

. Greater Poland Cancer Center, Poznan, Poland

. Oslo University Hospital, Oslo, Norway

. Aarhus Universitetshospital, Aarhus, Denmark

. Bank of Cyprus Oncology Center, Nicosia, Cyprus
. Weston Park Hospital, Sheffield, UK

. Hull University Teaching Hospitals NHS Trust, Hull, UK
. Addenbrookes’ Hospital, Cambridge, UK

. Oxford University Hospitals NHS Foundation Trust, Oxford, UK
. Haukeland University Hospital, Bergen, Norway

Africa

. University of the Free State, Bloemfontein, South Africa
. Arba Minch University, Arba Minch, Ethiopia

. University of Nairobi, Nairobi, Kenya

Dit doe je niet alleen

. Fudan Cancer Center, Shanghai, China

. CDAC, Pune, India

. Tata Memorial, Mumbai, India

. Suining Central Hospital, Suining, China

. HGC Oncology, Bangalore, India

. MVRCC&NITC, Calicut, Kerala, India

. Apollo Hospitals, Hyderabad, India

. CMC Vellore, Vellore, India

. Tianjin Medical University, Tianjin, China

. Cancer Hospital of Shantou University, Shantou, China
. Guangdong Provincial People’s Hospital, Guangzhou, China
. Zhejiang Cancer Hospital, Hangzhou, China

North America

. RTOG, Philadelphia, PA, USA

. MGH, BWH, Harvard, Boston, MA, USA

. University of Michigan, Ann Arbor, USA

. Princess Margaret CC, Canada

. Ottawa Hospital Research Institute, Ottawa, Canada

South America
. Albert Einstein, Sao Paulo, Brazil

Australia

. University of Sydney, Australia

. Westmead Hospital, Sydney, Australia

. Liverpool and Macarthur CC, Australia

. ICCC, Wollongong Australia

. Calvary Mater, Newcastle, Australia

. North Coast Cancer Institute, Coffs Harbour, Australia

Industry
. Varian, Palo Alto, CA, USA

. Philips, Bangalore, India
. Sohard GmbH, Fuerth, Germany Johan
. Microsoft, Hyderabad, India

. Mirada Medical, Oxford, UK

. CZ Health Insurance, Tilburg, NL
. Siemens, Malvern, PA, USA

. Roche, Woerden, NL

. IQVIA, London, UK
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