
Patient-fokuseret forskning -
kræver mange(s) kompetencer



Personlig medicin (n=1) 
Præcisions-medicin (n=”få”)

Præcisions-medicin har til formål at forbedre 
a) stratifikation og b) timing

af sundhedsydelser ud fra det, ALLEREDE BRUGER - PLUS
a) molekylære sygdomsmekanismer og b) “omics”

1. Præcisions-behandling (Industrien)
- fordrer
2. Præcisions-diagnostik (Sundhedsvæsenet)

Schleidgen S et al. BMC Med Ethics 2013 

”tandem 
udvikling” 



N=27.564 
ΔLDL kolesterol=-59%

Unmet 
need



Personlig medicin
Fraktionen af patienter uden gavn af 

behandlingen



38 årig mand indlagt pga svære bryst-
smerter og hjertestop - 50 min til ROSC



Long, irregular, eccentric lesion in proximal
LAD (arrow) in other-wise ”healthy” 38 y old 
man with severe angina. 

Right coronary arteryLeft coronary artery

Severe, eccentric mid-RCA lesion (arrow) in 51 
y old marathon runner, STEMI referral .

Core diagnostic in IHD; coronary
angiography



Management of ischemic heart disease
Revascularisation

• Coronary artery bypass grafting (CABG)
• Percutaneous coronary interventions (PCI)

• Drug eluting stents
• Non-drug eluting stent

Pharmaco-theraphy
• Acetylic salicylic acid
• Beta-blockers
• Statins
• Nitrates as needed
Treatment of co-morbidities
• Hypertension
• Diabetes mellitus
• ….
Rehabilitation
Follow-up
• 1-2 times per year



Rutine kardiologi – diagnostik og behandling 
“at a glance”

DIAGNOSTIK
• Syge-historie
• Klinisk undersøgelse
• EKG
• Ultralydskanning
• Kranspulsåre-

undersøgelse
• Enzym-målinger
• Kolesterol-tal

BEHANDLING
• Revaskularisering
• Kolesterol-sænkning
• Arytmi-behandling
• Skift af hjerte-klap
• Hjertesvigt-behandling



Lancet 2017

Hjertemuskelcellen



”Unmet medical needs” indenfor 
kardiologien

Høj sygelighed – høj dødelighed
- for ikke-behandlede og for behandlede patienter

• ½ mio danskere lever med hjertesygdom
• 1 af 4 af os dør af en hjertesygdom

Alvorligheden af dette har ført til
1. Omfattende (over-) behandling
2. Stærkt focus på høj-risiko patienter
3. - men overset lav-risiko patienter



The burden of cardiovascular diseases in EU

European Cardiovascular Disease statistics

• Each year cardiovascular disease (CVD) causes over 1.8 million deaths.

• CVD accounts for 37% of all deaths.

• In 2015 almost 49 million people were living with CVD in the EU.

• 33 mio people are in primary (20 mio) or in secondary (13.2 mio)
prevention for Ischemic Heart Disease.

• Over the past 25 years, the absolute number of CVD cases has increased 
in the EU.

• However, the age-standardised prevalence rate of CVD has fallen in most 
European countries.

• The disability-adjusted life years (DALYs) due to CVD is responsible for the 
loss of 26 million DALYs in the EU (19%).

• Overall CVD is estimated to cost the EU economy €210 billion a year.



The burden of ischemic heart disease
In Denmark (5.7 mio people)

Prevalence Incidence
AMI 53.406 8.573
Other IHD 105.757  9.990
Atrial fibrillation 120.921  20.520
Heart failure 60580 12.168
Heart valve disease 32.668  5.721
Apoplexia 86.231 13.629 

Total 468.826 55.673 

In EU (510 mio) 2015
IHD  (M; 7,3+F; 5,5)  13.200.000          (M;1,6+F;1,4) 3.000.000 

2015, HjerteTal.DK Hjerteforeningen

159.163
(34%)

18.563
(33%)

European Cardiovascular Disease statistics



Genetikkens bidrag til bedre patient-behandling



Brug af genetiske analyser i klinisk diagnostik og behandling



Integrated diagnostics
Advanced systems biology and medical informatics platform

New patient with IHD 

Automated (SP) IHD pre-
specified search in 
national registries 
• Previous diagnoses
• Medications
• Family history
• Laboratory diagnostics
• Birth weight
• Complications during 

foetal life
• Previous vitals
• …
• ….

Clinical diagnostics
• Routine testing
• Advanced imaging 

(selected)
• Genetics
• Proteomics

Precise disease mechanisms

Precise diagnosis

Risk stratification acc. to diagnosis

Randomised clinical trials for choice of 
• Treatment
• Follow-up



Re-assessment - Adjustments 

Model Evaluation 
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The HEART CAG

11 Research groups
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Nordic Personalised Medicine – PM HEART

Steering committee/Board
Leader and deputy leader

WP2: Data capture and 
harmonization

Lead: Danish National 
Genome Center

WP3: Development of 
The Heart Algorithm
Lead: University of 

Copenhagen

WP4: Omnics studies

Lead: NTNU, Trondheim

WP5: Advanced Imaging

Lead: Oslo University
Hospital

WP6: Economy, ethics
and legislation

Lead: University of 
Copenhagen

WP7: Dissemination, 
communication and 

exploitation
Lead: Rigshospitalet, 

Copenhagen

Administration Commercial partner, 
Teradata



Scope: The projects should …. benefit for individuals as well as the implementability
and economic viability of personalised medicine approaches in real life healthcare 
settings. 

…. making use of a wide variety of data and proposing prediction, prevention or 
treatment solutions, 
…… focussing on diseases with high burden to society and including multi-
morbidity conditions.
The use of big data …. high performance computing is encouraged. ….economic, 
ethical, legal and societal aspects of the proposed action. 
NOT … cancer and rare diseases
…. between EUR 18 and EUR 20 million would allow this specific challenge to be 
addressed appropriately. 

Horizon 2020 TOPIC: … implementation of 
personalised medicine in healthcare



Professor Henning Bundgaard
The heart center, Copenhagen 

University Hospital, Rigshospitalet

Peter Løngreen, Director
Computerome

Professor Søren Brunak , Research Director
The Novo Nordisk Foundation Center

for Protein Research, 
Copenhagen University Hospital

Professor Kristian Hveem
Department of Public Health and Nursing

Norwegian University of Science and Technology
Associate Professor Kristina Haugaa

Oslo University Hospital

Professor Mette Hartlev
Faculty of Law

University of Copenhagen

Work packages leaders
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Målet – visionen; udvikling af:

The HeartIHD Algorithm
Præcisions-diagnostik og præcisions-behandling

af patienter med kranspulsåre-sygdom

- som et videnskabeligt basered klinisk
beslutnings-støtte-værktøj

til almindelig daglig klinisk brug i de 
nordiske lande



Batter det så noget?

-kommer der noget ud af det?







• Class 1 recommendation to use of RAS-inhibitors 
(n=200.000 Danes) in

• Hypertension
• Heart failure
• After myocardial infarction
• In diabetic nephropathy 

• Up to 1% develops angioedema 
• If in tongue, pharynx or larynx immediate life-threatening

CHB-finding; Common variants near BDKRB2 (bradykinin receptor B2) are associated 
angioedema in patients treated with angiotensin converting enzyme inhibitors 



Klinisk perspektiv

Udvikling af farmakologisk DNA chip (kr. 350 pr stk.) til at finde patienter med 
• Risiko for alvorlige bivirkninger
• Ringe – eller INGEN - effekt af stoffet

Det drejer sig om store grupper af lægemidler
• ACE-hæmmere (200.000 danskere)
• Kolesterolsænkning (650.000 danskere)
• Beta-blokkere (200.000 danskere) 
• Blodfortynding (>300.000 danskere)
• ….
-dvs. kan få betydning for op mod 1 mio i DK – dvs. ca. ½ mio i RegH



Average predicted 
survival from neural 
networks

• Observed KM-estimates as reference
• Several models overly pessimistic
• In general, more aligned in the first 5 years
• 1 year h_window seems to perform better
• Without thorough tuning! 
• Average survival is not that meaningful

Harrels C-index at Y1: 0.73 



Spinal muscular atrophy
Hypercholesterolemia
Duchenne’s muscular dystrophy



Sammenfatning 

Udvikling af personlig medicin kræver mange(s) kompetencer

Region Hovedstaden København Universitet / Danmarks Tekniske Universitet

Identificere forsknings-temaer ud fra 
patient-behov
Lægefaglig indsigt
Inddrage patienter
Patient-data
Kliniske undersøgelser
Justere eller ophøre med uvirksomme 
behandlinger
Indføre nye behandlingsmetoder

Avancerede laboratorie-forskning – dyr og humane
-dyremodeller
-genetisk modificerede modeller
-omics
BIG-DATA management
Udvikling af nye teknikker – software og hardware
Etik, Jura, Økonomi
Folkesundhedsvidenskab

- udviklingen af sundhedsvæsenet afhænger af meget MERE tvær-sektoriel samarbejde



Patient-fokuseret forskning -
kræver mange(s) kompetencer
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