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Moore’s law: 
computing power 
doubles 
every 18 months

Next	GeneraMon	
Sequencing	

Carlson’s law: 
complexity/cost 

evolves 
exponentially

ConnecMvity	&	
bandwidth	explosion	

Bandwidth & 
Connectivity 
evolve 
exponentially



Genome	data	

•  Human	genome	project	
–  Ini1al	dra4:	June	2000	
–  Final	dra4:	April	2003	
–  13	year	project	
–  $300	million	value		

with	2002	technology	
•  Personal	genome	

–  June	1,	2007	
–  Genome	of	James	Watson,	

co-discoverer	of	DNA	double	
helix,	is	sequenced	

•  $1.000.000	
•  Two	months	

•  €1000-genome	
–  Expected	2012-2020	

1,00E-07
1,00E-06
1,00E-05
1,00E-04
1,00E-03
1,00E-02
1,00E-01

1,00E+00
1,00E+01
1,00E+02
1,00E+03
1,00E+04
1,00E+05
1,00E+06
1,00E+07
1,00E+08
1,00E+09
1,00E+10
1,00E+11

1990 1995 2000 2002 2005 2007 2010 2015

Cost per base pair
Genome cost

YearΩ Cost per base pair Genome cost 
1990 10 3E+10 
1995 1 3.000.000.000 
2000 0.2 600.000.000 
2002 0.09 270.000.000 
2005 0.03 90.000.000 
2007 0.000333333 1.000.000 
2010 3.33333E-06 10000 
2015 0.0000001 300 



Computer Tomography 

Magnetic resonance 

GS-FLX Roche  
Applied Science 454 

Sequencers 

ACACATTAAATCTTATATGC
TAAAACTAGGTCTCGTTTTA
GGGATGTTTATAACCATCTT
TGAGATTATTGATGCATGGT
TATTGGTTAGAAAAAATATA
CGCTTGTTTTTCTTTCCTAG
GTTGATTGACTCATACATGT
GTTTCATTGAGGAAGGAAC
TTAACAAAACTGCACTTTTT
TCAACGTCACAGCTACTTTA
AAAGTGATCAAAGTATATCA
AGAAAGCTTAATATAAAGAC
ATTTGTTTCAAGGTTTCGTA
AGTGCACAATATCAAGAAG
ACAAAAATGACTAATTTTGT
TTTCAGGAAGCATATATATT
ACACGAACACAAATCTATTT
TTGTAATCAACACCGACCAT
GGTTCGATTACACACATTAA
ATCTTATATGCTAAAACTAG
GTCTCGTTTTAGGGATGTTT
ATAACCATCTTTGAGATTAT
TGATGCATGGTTATTGGTTA
GAAAAAATATACGCTTGTTT
TTCTTTCCTAGGTTGATTGA 

Mass spectrometry 
Microarrays  
(DNA chips) 

Data tsunami 



transcriptome proteome metabolome interactome genome 

ACACATTAAATCTTATATGC
TAAAACTAGGTCTCGTTTTA
GGGATGTTTATAACCATCTT
TGAGATTATTGATGCATGGT
TATTGGTTAGAAAAAATATA
CGCTTGTTTTTCTTTCCTAG
GTTGATTGACTCATACATGT
GTTTCATTGAGGAAGGAAC
TTAACAAAACTGCACTTTTT
TCAACGTCACAGCTACTTTA
AAAGTGATCAAAGTATATCA
AGAAAGCTTAATATAAAGAC
ATTTGTTTCAAGGTTTCGTA
AGTGCACAATATCAAGAAG
ACAAAAATGACTAATTTTGT
TTTCAGGAAGCATATATATT
ACACGAACACAAATCTATTT
TTGTAATCAACACCGACCAT
GGTTCGATTACACACATTAA
ATCTTATATGCTAAAACTAG
GTCTCGTTTTAGGGATGTTT
ATAACCATCTTTGAGATTAT
TGATGCATGGTTATTGGTTA
GAAAAAATATACGCTTGTTT
TTCTTTCCTAGGTTGATTGA 

Prometa GS-FLX Roche  
Applied Science 454 
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1 million = 1 000 000 
1 billion  = 1 000 000 000 
1 trillion = 1 000 000 000 000 
1 quadrillion =  
1 000 000 000 000 000 

1 kB   = 1 000  
1 MB = 1 000 000 
1 GB  = 1 000 000 000 
1 TB   = 1 000 000 000 000 
1 PB   = 1 000 000 000 000 000    

1 TB  
= large university library 
= 212 DVD discs  
= 1430 CDs 
= 3 year music CD quality    



Tsunami	of	medical	data	
resulting	from	
technological	progress	

PACS 
UZ Leuven


1,6 PetaByte





Genomics core 
HiSeq 2000 full 
speed exome 
sequencing


1 TeraByte / week


1 small 

animal 
image


1 

GigaByte
1 CD-ROM


750 

MegaByte





sequencing all newborns 
by 2020 (125k births / 

year)


125 PetaByte / year

index of 20 
million 

Biomedical 
PubMed 
records


23 GigaByte

1 slice mouse 
brain MSI at 

10 μm 
resolution


81 GigaByte

raw NGS data 
of 1 full 
genome


1 TeraByte

1 kB   = 1000  
1 MB  = 1 000 000 
1 GB  = 1 000 000 000 
1 TB   = 1 000 000 000 000 
1 PB   = 1 000 000 000 000 000    



Interpretability	of	Genomic	data	

# Genetic data 

Complexity 

Price pbp 

Interpretability 

Analysis bottleneck 



If we care about the future of care… 

… technology will be key. 



11 

1.  Technology	will	be	key	
2.  Societal	trends	
3.  DSS	for	3P	
4.  Examples	

1.  Ovarian	Cancer	
2.  Glycemia	in	ICU	
3.  Leukemia	
4.  Gene	prioriMzaMon	
5.  Cartagenia		

5.  Health	House		
6.  Obama	concludes	

		



Demography 

and evolving 
quality of life  
standards 

growing health care demands   

generate 
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Who	is	in	demand	?		The	3Ps	!	



Analytics	are	mandatory	

16 



				What	is	a	CDSS?	
•  based	on	evidence-based	medicine	(EBM)	to	relay	the	best	up	to	date	
informaMon	available	to	the	physician	or	doctor;		

	
•  Result	of	top-notch	medical	research,	biomedical	know-how	welded/
blended	into	informaMon	technology	and	computer	science;		

•  Inference	based	machine	learning	algorithms		

•  In	(increasing	number	of)	environments	where	accurate	interpretaMon	of	
(lots	of)	data	is	mandatory.		

	





Generic	data	processing	tasks	

•  Data	preprocessing,	denoising,	normalizaMon	
•  Clustering	and	classificaMon;	feature	detecMon;	profiling;		
•  Relevance	detecMon,	ranking	
•  Dynamic	modelling,	Mme	series,	longitudinal	modelling	
•  DecorrelaMon,	modelling,	(Kalman)	filtering		
•  PredicMve	analyMcs				
•  VizualisaMon	
•  Heterogeneous	data	fusion		
•  PredicMon,	processing	and	monitoring	
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Demand	driven	projects:	Solid	tradition	of	
working	with	medical	doctors	
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Radiology Cardiology 

Oncology 

Dentistry 

Neurology 

Orthopaedics 

Urology Pneumology 

Rehabilitation Forensics 

Human 
Genetics 

Gynaecology 

Neonatology 

Radiotherapy 

Intensive 
Care Unit 



CDSS:	an	example	
Patient history

Tumor
characteristics

Ultrasound
characteristics

Tumor markers

Clinician

Model

Diagnosis

Prognosis

Response to
therapy

IOTA	app	to	assess	
ovarian	tumour	
malignancy:	population	
based	/	standardized		

standardize ultrasonographic 
ovarian tumor analysis à 	
models	giving	an	indicaMon	of	the	
probability	of	malignancy	of	an	
ovarian	tumour	based	on	6	to	12	
observed	parameters	
	

General challenges & opportunities: 
•  IntegraMon	of	various	heterogeneous	data	

sources	
•  Connect	with	Electronic	Medical	Records	
•  Need	for	populaMon	data	
	

IOTA	app	available	in	iTunes	app	store	and	on	
h_p://homes.esat.kuleuven.be/~sistawww/biomed/iota/	



Leuven 

Malmö 

Monza 

London 

Maurepas Paris 

Rome 
Napels 

Milan 

IOTA	phase	1	centers	
9	centers,	60	variabelen/patient	

Result: Data for 1066 patients 



IOTA	phase	2	centers	
12	new	centers	

Lund 

Prague 

Udinese 

Lublin 

Bologna 

Genk 

Sardinia 

Ontario, Canada 

Beijing, China 

2x Milan 

Napoli 

Result: Data from 1938 new patients 
for validation 



Performance	comparison	
Performance of an expert Performance of 

IOTA models 

Performance of 
old models 

Performance of   
non-experts 

You share, we care !  



PROFESSIONAL	for	clinicians	

IOTA	app	to	assess	
ovarian	tumour	
malignancy:	
population	based	&	
standardized		

IOTA	app	available	in	iTunes	app	store	and	on	
h_p://homes.esat.kuleuven.be/~sistawww/biomed/iota/	

Expert

IOTA model

Non-expert
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Automation	Algorithms	

28 

§  10	mio	adult	ICU	paMents	/	year	(EU	+	US)	(1-2	b$	market)	

§  ‘Tight	Glycemic	Control	(TGC)	in	intensive	care	unit	lowers	mortality’	

§  implement	through	LOGIC-Insulin:	semi-automaMc	control	system	that	
advises	nurse	on	insulin	dosage	and	blood	sampling	interval	aiming	at	TGC	
and	avoiding	hypoglycemia	

§  LOGIC-I	randomized	clinical	trial	(single-centre):	compared	with	expert	
nurses,	LOGIC-Insulin	showed	improved	efficacy	of	TGC	without	
increasing	rate	of	hypoglycemia	

§  LOGIC-II	randomized	clinical	trial	(mulM-centre):	Start	February	2014	

in	collaboraMon	
with	ICU	UZ	
Leuven	



29 

1.  Technology	will	be	key	
2.  Societal	trends	
3.  DSS	for	3P	
4.  Examples	

1.  Ovarian	Cancer	
2.  Glycemia	in	ICU	
3.  Leukemia	
4.  Gene	prioriMzaMon	
5.  Cartagenia		

5.  Health	House		
6.  Obama	concludes	

		



E	
D.
	G
re
en

	e
t	a

l.	
N
at
ur
e	
47
0,
	2
04

-2
13

	(2
01
1)
	d
oi
:1
0.
10
38
/n
at
ur
e0
97
64
			
			
			
	



Test Ref. 

High Low 

Low High 

High High 

Low Low 

DNA-chips		



Methodes	om	te	clusteren		

32 

zwart blond 

oranje 

blauw 

lang 

kort 

haarkleur 

lengte 

Kleur kleren 

Kenmerken 
Clusters 
Gelijkvormigheid 
Beslissing  



	ALL/AML/MLL	biomarkers	

© Armstrong SA et al. Nat Genet. 2002 Jan;30(1):41-7.  

PCA 

12 600 genes  
72 patients:  

 - 28 Acute Lymphoblastic Leukemia (ALL) 
 - 24 Acute Myeloid Leukemia (AML) 
 - 20 Mixed Linkage Leukemia (MLL) 

3 patients for each class used as test set 
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Verschillende	databronnen	combineren	

35 

High-throughput 
genomics 

Data analysis Candidate 
genes 

? Information sources 

Candidate prioritization 

Validation 

Aerts et al, Nature Biotechnology, 2006 



genomic data fusion: 
trace disease-causing variants 

20x 
more accurate




Bron:
De Tijd, woensdag 23 oktober 2013

Sifrim, Popovic et al, 
Nature Methods, 2013

mass spectrometry imaging: 
true molecular imaging for 
disease characterization



full molecular profile 
for every pixel 

use IT to 
extract 
whatever 
information 
you need 
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•  BENCH	=	web-based	sonware	and	
database	plaoorm	for	interpretaMon	
of	genomic	variaMon	in	rouMne	
diagnosMcs	

•  array-CGH	+	Next	Gen	Seq:	first	
diagnosMcs	grade	soluMon	for	NGS	
data	based	diagnosMcs	in	the	world	

•  SaaS	go-to-market	model	
•  Leuven	+	US	office	
•  large	customer	base	of	diagnosMc	

labs,	private	labs,	academic	
insMtutes,	and	consorMa	in	Europe,	
Northern	America	and	Australia	

•  rare	geneMc	disorders,	extension	
towards	cancer	and	prenatal	

38 



rou1ne	diagnos1cs	

BENCH	is	used	in	ca.	50	accredited	
geneMc	labs	worldwide	

building	on	experMse	in	
big	data	&	machine	
learning	

Heverlee	+	US	office	

tools	for	non-IT	users	

first	diagnosMcs	grade	soluMon	
for	Next	GeneraMon	
Sequencing	data	based	
diagnosMcs	in	the	world	

originaMng	from	research	in	
rare	geneMc	disorders	in	close	
collaboraMon	with	Centre	
Human	GeneMcs	UZ	Leuven	39 
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A	first	in	kind		
exhibiMon	plaoorm		

on	the	future	of	health	and	care	



FOUNDING PARTNERS 



 

o Featuring class-leading content & 
astonishing visualizations 
 

o Enabling organizational and 
thematic storytelling > 
dissemination > interaction 
 

o Creating cross-domain synergies 
between health, technology & 
creativity 

A first-in-kind  
exhibition platform 

on the future of health & care  

 

o Allowing flexible programming of 
tailored exhibitions 



WALK THROUGH 

DEMO 
ROOM 

EXHIBITION 
HALL 



The	Tunnel	



The	Gateway	



The	Labyrinth	



The	Cave	



The	Artefactum	I	&	II	



The	Interactum	



Kinect	in	medical	applicaMons	



The	Corpus	



Anatomage	Table	in	medical	applicaMons	



The	Visionarium	



OperaMon	rooms	 Experience	disease	

TreaMng	fobias	

VR/AR	in	medical	applicaMons	



The	Mosaic	I	&	II	



The	perspectum	



The	source	



The	demo	room	



PRIVATE	SECTOR	

•  Pharma	companies	
•  Technology	companies	
•  Medical	event	agencies	
•  Banking	&	insurance	
•  Trend	&	mktng	agencies	
•  Poroolio	companies	
•  Consultancy	firms	
•  Every	thinkable	verMcal	
•  …	

•  SOC’s	
•  Hospital(network)s	
•  UniversiMes,	UC’s,	
management	schools	

•  Foreign	top	tech	TTO’s	
•  Flemish,	Federal,	EU	
government	agencies	

•  FIT	
•  …	

ASSOCIATIONS	

•  LOK’s	
•  PaMent	organizaMons	
•  Startup/KMO	

support	iniMaMves	
•  Industry	associaMons	
•  General	business	

networks	
•  Health	&	Tech	

networks		
•  …	

PUBLIC	SECTOR	



www.health-house.be		
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Obama		

hTp://www.whitehouse.gov/blog/09/04/27/The-Necessity-of-Science/		

But	in	order	to	lead	in	the	global	economy	and	to	ensure	that	our	businesses	can	grow	and	innovate,	and	our	families	
can	thrive,	we're	also	going	to	have	to	address	the	shortcomings	of	our	health	care	system.	
	
The	 Recovery	 Act	 will	 support	 the	 long	 overdue	 step	 of	 computerizing	 America's	 medical	 records,	 to	 reduce	 the	
duplicaMon,	 waste	 and	 errors	 that	 cost	 billions	 of	 dollars	 and	 thousands	 of	 lives.	 But	 it's	 important	 to	 note,	 these	
records	also	hold	the	poten5al	of	offering	pa5ents	the	chance	to	be	more	ac5ve	par5cipants	in	the	preven5on	and	
treatment	of	their	diseases.	 	We	must	maintain	paMent	control	over	these	records	and	respect	their	privacy.	 	At	the	
same	Mme,	we	have	the	opportunity	to	offer	billions	and	billions	of	anonymous	data	points	to	medical	 researchers	
who	may	find	in	this	informa5on	evidence	that	can	help	us	be=er	understand	disease.	
	
History	 also	 teaches	 us	 the	 greatest	 advances	 in	 medicine	 have	 come	 from	 scienMfic	 breakthroughs,	 whether	 the	
discovery	of	anMbioMcs,	or	improved	public	health	pracMces,	vaccines	for	smallpox	and	polio	and	many	other	infecMous	
diseases,	anMretroviral	drugs	that	can	return	AIDS	paMents	to	producMve	lives,		
pills	that	can	control	certain	types	of	blood	cancers,	so	many	others.		
	
Because	of	 recent	progress	–-	not	 just	 in	biology,	gene5cs	and	medicine,	but	also	 in	physics,	 chemistry,	 computer	
science,	 and	 engineering	 –-	 we	 have	 the	 poten5al	 to	 make	 enormous	 progress	 against	 diseases	 in	 the	 coming	
decades.	 	And	that's	why	my	administraMon	is	commi_ed	to	increasing	funding	for	the	NaMonal	InsMtutes	of	Health,	
including	$6	billion	to	support	cancer	research	--	part	of	a	sustained,	mulM-year	plan	to	double	cancer	research	in	our	
country.		(Applause.)	


