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personalised, preventive, predictive, participatory medicine
fighting atherosclerosis
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Developing applications and transferable infrastructures to |mprove
db patient care in coronary artery disease and stroke 4
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A highly productive collaboration crossing borders

medicine% basic science
ethics % computing
big data % legal framework
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Data safety,
Ethical,
Legal issues
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Technische Universitat Minchen

A highly productive collaboration crossing borders

Bioproben u. Gesundheitsdaten |
Data safety,
Ethical,

Legal issues

Denkmodell Bio-Bibliothek l Bibliothekswesen

Syntax von Messwert u. Me"‘mat,»/sgrachmetaphem Syntax von Wort u. Gedanke
Wissensgewinn durch Vergleich /'/
Prazisierte Gesundheitsversorgung ,
Zweckgebundener Zugang ’
Verbrauch von Bioproben
Information tber Dritte (Verwandte) |

Bindung ans Gemeinwesen

Forschungsfreiheit

Wissensgewinn durch Kontext
Erhohtes Bildungsniveau
Zugang meist zweckungebunden
Gebrauch von Schriftstiicken
Information, transferierbare Inhalte

Bestandigkeit des Wissens

Politische/ ethische Tradition
Gefahr: Verletzung der Anonymitat, | Gefahren und konkret lokalisierbare
Vervielfiltigung; Schutz: Pseudo- und

\ Sicherungssysteme
Anonymisierung \

Gefahr: Diebstahl, Urheberrechts-

verletzung; Schutz: physische
Barrieren, Lizenzen

Offentliche Gelder/ Teilnahme \\

Finanzierung und

Offentliche Gelder, Gebiihren,
Mégliche kommerzielle Teilhabe . Teilhabe Spenden
Reduktionismus, Literalisierung \“\5" Krmlf'a?schluss- Machtdiskurse, Disziplinierung
~._ fahig
des Lebens ~—

DSGVO: Interessenskonflikte zwischen
Datenschiitzern, Patienten und Teilnehmern, Forschern
Begleitnarrativ: , Disruption” und Hype

Feiler, Schlote, Schunkert, DMW 2021 Dtsch Med Wochenschr. 2021;146:623-626



A highly productive collaboration crossing borders

Data safety,
Ethical,
Legal issues

(MongoDB & SQL)

Individual consent
Ethical consent
Legal consent
Societal consent
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» Centralized digital platform

» Open-stack based

» Secure GDPR compliant data
access

» Personalized dashboards

» Algorithm based analytical

tools including ML

Your Data Center

2 PB storage, GPU/CPU on demand
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Understanding atherosclerosis through digital integral consideration of individual patient profiles

Patients
n=260k

Follow-up

Datalake

S

= Individual Personalized

signatures therapy




CVD odds ratio from PRS
.O‘O—L_L-J.—L_L_.L_L_I._L_L

coo
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SCORE2 x PRS-factor

UK Biobank (n=424.405) I I = total risk

e Enti 12.7°
ntire study
1 SCORE2 risk categories 3.5%*
® low 2.1% 23.9%*
® intermediate 7.3% :
®

* high 15.9%

> 3 4 56 7 8 9 10
PRS group

Ling Li, Schunkert H et al Eur Heart J. 2024 27;45:1843-1852
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Technische Universitat Miinchen

Patient asking for CVD risk assessment

Y

ESC Score Evaluation

Fd ‘

Advice on Lifestyle " Low Risk Intermediate — High Very High Risk Advice on Lifestyle &
Options Category Risk Category Category Treatment Options

Schunkert H et al. for the ESC Council of CV genomics
Position paper on the clinical use of CVD PRS. Eur Heart J 2024 in press



Clinical data &
medlcatlon

OMICs data

/tudy participant-

generated data

CAD patients M / ™~

n=1,202

Individual
signatures

16.5a*

Risk factors

'@

Laboratory

*comprising: CV-outcomes, risk factors, personal data, medication etc.

Personalized Risk prEdiction in Coronary Artery Disease (PRECAD) — DRKS00020960: registered as observational trial (WHO listed) 04/2020
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Biomarkers of Aging Challenge Phase 2 - Mortality Prediction

» Participating teams from all
over the world

» Training data had to be
obtained by oneself

J

EVALUATION

C-Index on left-out dataset

» Ours: 0.8442
» Best-existing method: 0.8216

VALIDATION

\_

Our positive top-3 proteins are known
mortality-associated proteins
> NEFL', GDF152%, CST33

" Ciardullo S, Muraca E, Bianconi E, et al. Serum neurofilament light chain levels are associated with all-cause mortality in the general US population. J Neurol. 2023;270(8):3830-3838. doi:10.1007/s00415-023-11739-6
2Bao X, Borné Y, Xu B, et al. Growth differentiation factor-15 is a biomarker for all-cause mortality but less evident for cardiovascular outcomes: A prospective study. Am Heart J. 2021;234:81-89. doi:10.1016/j.ahj.2020.12.020
3 Shlipak MG, Wassel Fyr CL, Chertow GM, et al. Cystatin C and mortality risk in the elderly: the health, aging, and body composition study. J Am Soc Nephrol. 2006;17(1):254-261. doi:10.1681/ASN.2005050545
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Moritz von Scheidt:

OP Deutsches i _ g
'f/ CHIP Register Home Fir Betroffene v Fiir Arzte & Forscher v Q Anmeldung

Herzlich Willkommen
Deutsches
CHIP
Register e.V.

Alle Informationen fiir Betroffene, Arzte und Wissenschaftler.
Erfassung longitudinaler Daten zum Verlauf von CHIP.
Einfache Anmeldung und individuelle Betreuung.

Mehr erfahren




Opened the doors

&

TUTI

Technische Universitat Miinchen

Bayerisches Staatsministerium fiir &y

Gesundheit und Pflege

Wissenschaft und Kunst % &



DigiMed Bayern — Résumé

personalised, preventive

> 1000 children LDL >130 mg/d|

.

252 children with FH mutation
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personalised, preventive

% Bundesministerium
@ D G K . fiir Gesundheit
o .
Deutsche Gesellschaft fir Kardiologie DeU.tf)(:lle g =
German Cardiac Society HGI‘ZStlftLl ng

1. Verbesserung der Fruherkennung bei Kindern und Jugendlichen

e Einfuhrung eines Lipid-Screenings (mit Fokus auf Familidre Hypercholesterinamie) bei der
Friherkennungsuntersuchung U9 (mit anschlieBendem Kaskadenscreening von Familienange-
horigen)

- Festlegung der Untersuchungsinhalte durch die medizinischen Fachgesellschaften

Gesetzentwurf - Kabinettsbeschluss
Fritherkennung und Versorgung von Herz-Kreislauf-Erkrankungen
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Herzinfarkt-Risiko-Test HerzFit App — Personalized companion HerzFit

> @3%m L Lk

® | I < Herzstiftung
HerzFit R |

Meine
Gesundheit
Dein Risiko Die Herz-Kreislauf-App der
Erfahre wie hoch dein Risiko fiir eine Herz- Deutschen Herzstiftung Dein Durchschnitt der letzten 7 Tage

Kreislauf-Krankheit ist.

Du hast bisher keine Herz- °

3 : S~
Kreislauf-Krankheit? Kérperliche

ope >
Dann schatzen wir anhand deines Risikos Ativitat BILHER
dein persénliches Herzalter. Ist das Risiko 37 min 120’90 mmHg
erhoht, so ist auch das Herzalter erhoht.
Du hast bereits eine Herz- LOS GEHT'S
Kreislauf-Krankheit?
Dann schatzen wir dein Risiko fiir ein
erneutes Ereignis wie einen Herzinfarkt oder e
Schlaganfall. Ein Herzalter wird hier nicht Ruhe- A Risiko =1
mehr bestimmt, da bereits eine Herzfrequenz
Herzerkrankung vorliegt. 8 %
57 bpm

B o 2

7

— 7N\

— >200.000 downloads =
>30.000 clicks/month —
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P P HerzFit
predictive, participatory
\ 3 for————r)
[ Health information
k— & recommendations _ “
HerzFit Content Delivery Network oA Web Platform ® o
Die Herz-Kreislauf-App der
Deutschen Herzstiftung Study Initial Health —
Questionnaires N " Assessment Health Sensor Data
&)
ok Initial Study Setup /
& Prerequisites
Health Records
Filled questionnaires &
health data HerzFit ‘ ‘
Lifestyle Data

» Personalized long-term risk assessment
motivating companion and research tool

Starnecker et al. — Cardiovascular risk assessment delivered by a mobile application Generation of the HerzFit app. Unpublished
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AOK® -

AOKBayern Lo

» Individuals with atherosclerosis ; 200008
(n = 6 mio, sex distribution 1:1) 75000

» Follow-Up period 2012-2021

00000

» CV-relevant data (demographics, 01—
ICD10, OPS, medication, ...)
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37k ACS patients = 26k after propensity matching

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE Ticagrelor Prasugrel
Average Age 61.57 + 11.19 61.93 + 10.30

Male 10259 (75.60%) 10182 (75.03%)
Female  3311(24.40%) 3388 (24.97%)

(MI, stroke, death)

Ticagrelor or Prasugrel in Patients
with Acute Coronary Syndromes

BACKGROUND 25% —
The relative merits of ticagrelor as compared with prasugrel in parients with acute = TK::LM
coronary syndromes for whom invasive evaluation is planned are uncertain. _—
METHODS ;
In this multicenter, randomized, open-label trial, we randomly assigned patients @
who presented with acute coronary syndromes and for whom invasive evaluation é 15% 1
was planned to receive either ticagrelor or prasugrel. The primary end point was 2
the composite of death, myocardial infarction, or stroke at 1 year. A major second- H
ary end point (the safety end point) was bleeding. 3 30%1
E
RESULTS 8
A total of 4018 patients underwent randomization. A primary end-point event oc- 5% 1
curred in 184 of 2012 patients (9.3%) in the ticagrelor group and in 137 of 2006 Year 1: HR: 0.79; 95% CI: 0.73-0.87; P<0.0001
patients (6.9%) in the prasugrel group (hazard rario, 1.36; 95% confidence interval TourBe HR: SOR DSt CL TR0 a0l
[CI], 1.09 to 1.70; P=0.006). The respective incidences of the individual compo- o% o 1 M 3 . s
No. at Risk e
> Prasugrel was superior to tlcagrelor in ACS Prasugrel 13247 12370 11920 11586 11311 11021
patients to prevent MACE within 1 year. Ticagrelor 13247 12152 11662 11284 10931 10649

Krueger et al. - Five-Year Outcomes of Patients with Acute Coronary Syndromes and Myocardial Revascularization Treated with Prasugrel or Ticagrelor. JAMA Open 2024
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Health insurance data on 1.3 Mio. patients followed for 9 years

- ACS hospital admissions ACS hospital admissions
B High temperatures do not increase admissions 1.04 1
for acute coronary syndromes
n=126,193 T -
L
r o e =
= = 1.02 1 ®
\ ) ’(B‘ 1 [ ]
D\O e
T - Tp) | -
i il )
= 7 - 100-. .......... . R
— E i ‘
I I I I I I I I T 098 i T T T T 1 T -I
 ohv [ SEr o= B8 W o o lagd0 lag1 lag2 lag3 lag4 lags lag6
Temperature (°C) Lag (day)

Katharina Lechner, Sigi Zhang and Alexandra Schneider et al. - Upward temperature shifts trigger acute events in individuals with pre-existing ASCVD



DigiMed Bayern - To thisend = f—

Comprehensive (multiomics) data sets for personalised, preventive, predictive,
participatory medicine have been generated

Technological, ethical, legal and social challenges of P4 medicine have been
addressed.

Research and public tools for P4 medicine of atherosclerosis have been
generated.

German laws for prevention have been inspired.

Insights and structures have been created within the health system, in particular,
an exemplary and transferable integrated digital infrastructure for health care

data (BCHR).
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Scientific lead (DHM) Non-profit Management (BioM)
| A |

&
The Bavarian State Ministry of Health and Care supports DigiMed Bayern with
25 million euros to fight atherosclerosis (2019-2024).

~ Bayerisches Staatsministerium fir
- .:ﬁ" Bavem Gesundheit und Pflege

q’) DigiMed
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