Future Health

Decision Support for
Professionals, Patients & Policy

Bart De Moor
ESAT-SCD-SISTA, ESAT-PSI, CUQO, ITEC

connect.innovate.create




IBBT

- IBBT = Interdisciplinary Institute for Broadband Technology
* 1 out of 4 strategic research centers (SOC) in Flanders
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* Virtual: expertise of university research groups

* Link between research and industry

- Innovative ICT services and applications in close
collaboration with government and industry
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IBBT Structure: 5 research departments
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Associated research groups

bioinformatics & machine
learning

biomedical data processing

digital signal processing for
audio & telecom

%)
Fac. Engineering Itm c:rﬁupt:r(\;?"tﬁijk

* bioinformatics & computer science
 education

* linguistics

* statistics

Dept. ESAT - K.U.Leuven et e e e

. * medical imaging
user experience
research s CUOD - Fac. Engineering
Dept. ESAT
Fac. Social Sciences K.U.Leuven
K.U.Leuven
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Structure department

Director: Bart De Moor

!

Scientific Steering Committee
Bart De Moor, Paul Suetens, Dirk De Grooff, Piet Desmet
'y

Bart De Moor, Sabine VVan Huifel,
Yves Moreau, Johan Suykens,
Marc Moonen, Jan Aeris

Inge Thijs, Steven Vandeput

Paul Suetens, Frederik Dirk De Grooff Piet Desmet, Geraidine
Maes, Luc Van Gool, Clarebout; Patrick De
Dirk Vandermeulen, Causmaecker, Wim Van

Tinne Tuyielaars den Noortgate

Pieter Slagmolen David Geerts Stefan De Wannemacker
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Societal trends
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Societal trends
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Technological trends

IT + internet Monitoring & Biomedical
performance & smart systems technologies

pervasiveness
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supercomputing Carlson's law
arlson’s law
$1000 personal genome

1990 1992 1934 1996

broadband capacity &
pervasiveness
—> data access / sharing
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Towards evidence-based and personalized
medicine

access to
patient
information

high

personalized
(based on people like me)

K y A |
evidence-based

(based on population)
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evidence f%‘lb&

clinician
D
based consensus f’i\i\\c

trial and€rror w
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individual
cIinicakgnowIe e
and ex‘]a%r' ce

You share, we care!

high "
access to clinical knowledge of populations & J
individuals (e.g. diagnostic tools)
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Challenge: data tsunami

complexity |

| # data, e.g. genetic

analysis bottleneck ,f’j

Price per data point, e.g
sequenced base pair

IT to the rescue!

IT, mathematical engineering and software design

—> fully exploit the opportunities created by advancing technologies
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ata: clinical, biomedical, imaging,
omics, health insurance data,
medical knowledge ...

exploit data for more

: effective medicine
Professional

patient-centred care for
empowered patients

smart & data-driven
health care system policies

BBT Future Health Department:
lealth Decision Support

P ibbt

conract inncvabe cranta

IT & software design

data processing & mining

data integration & visualization
user experience & e-learning

to extract appropriate
information

to transfer this information to
the user:
professional, patient and policy
maker

decision support to enable better health care
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Research Focus

Professional / Clinical Decision Support Patient Policy

interpretation of wide range of data & heterogeneous DS DS

data fusion

demand-driven, user-centred, with future vision
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Research Focus

Clinical
DS

—— _ o i , User's existing
' \ 8 X IT system
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Patient Decision Support

Cellular - , ‘On“ne,

connection ta . .
S S s telemonitoring

Basestation

~ or database
H 4
Senium
wireless link
to mabile of
PDA

Idenfical devices o §
monitor at home and
integrate data with
hospital records

‘patient empowerment’:
e.g. disease management
for patients with chronic
diseases using new media

Policy DS
« data mining to

identify best
practices, ...

EATHOLITHE USNTESITETT

LEUVEN

connectinnovate create

13




Research Focus

Clinical
DS

Patient Decision Support

Cellular = - ‘\\“'-»‘ ‘On“ne,

connectianto .

Pl telemonitoring

Sansium
Server

wireless | nk
to mobile of
PCA

Identical devicesto |
monitor at home and
integrate data with
hospital racords

‘patient empowerment’:

e.g. disease management for
patients with chronic diseases using
new media
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Research Focus

Clinical Patient Policy DS

DS DS
« data mining

* trend detection
» clustering

e outlier detection

» to identify policy best practices, for hospital
management, ...

* nationaal kanker Registere, RIZIV-INAMI, Mutualities...

e "
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Future Health: Positioning

Health Care
Information
Systems

Invoicing
PACS/CWS

Health Insurance
(e.g. RIZIV)

Translational

5-10 years ahead of
deployment

Health Decision Fundamental
Support Biomedical
Research

Clinical Decision
Support Pathogenesis

Patient Decision Biomarkers
Support

Target/Drug
Policy Decision Discovery

Support >

-
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Research focus: track record

::*. Cartagenia i silico icoMetrix

d rug Quantifying Your Images

data handling & mining discovery ~ image quantification

for clinical genetics

7 Vyry ey g
(7¢ medicim

medical image computing |

social interest software

home monitoring for
(e-)learning solutions epilepsy detection

VVISIONH 4

EXpEFLs I8 Corgiuter Vislon

L

vision software & hardware ' a.. . |heraplay: ergotherapeutic game
4 ! '
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Research focus: track record

17 PI, 25 postdocs, 88 PhD students
~ 270 publications /year

~ € 5 million external financing /year
~ 15 PhDs /year

~ 40 patents

5 spin-offs launched since 2005

% Cartagenia user
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Interaction with stakeholders is essential for
Innovation in health care

research
universities & research centres
strategic research centers: imec, VIB, VITO

health care stakeholders technology providers
patients IBBT & core facilities

hospitals Future Health industry
doctors supercomputing
health insurance ~ medical imaging center

health care policy usability lab
sequencing (Genomics Core)
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Cases

|OTA: International Ovarian Tumour Analysis Group
Endeavour: disease gene prioritization

Epilepsy detection

Tumor classification via MRS

Semi-Automatic Blood Glucose Control in the ICU

FATHCLITHE UMNTRGITET I" ‘ i l: l: t
connect.innovate.create




iEuven IDRIbb °



Case: IOTA - International Ovarian Tumour
Analysis Group

- Making it easier to diagnose ovarian cancer

Clinicians have to make many decisions concerning the
therapy of their patients e.g.:
Diagnosis
Prognosis
Therapy response Patient hisory

Tumor Diagnosis
characteristics

Ultrasound .
Prognosis

 Based on expertise

¢ But Often the CliniCian haS Response to

— Patient Data e
Patient history
Tumor characteristics
Ultrasound characteristics

Tumor markers
ESAT/SCD
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Case: IOTA - International Ovarian Tumour
Analysis Group

* Solution:
— Clinical decision support modeling
— Building a mathematical model on the data

— Use this model to predict patient outcome
« Diagnosis
* Prognosis
* Therapy response crascreics

Ultrasound
characteristics

Patient history

Tumor markers
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Case: IOTA - International Ovarian Tumour
Analysis Group

Performance of an expert Performance of
|IOTA models
Sensitivity \
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Case: Endeavour - disease gene prioritization

High-throughput Data analysis Candidate Ei— e o

EMSGO0000171759

genomICS genes ENSG00000131482

0000163631
0000132693

—)
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t MESGO0000111 406
nrormation sources S o00000T 11 40
——— EMSGO0000142599
g EMSG0000000507 3
T Wi EMNSGO0000096235
EMSGO00001 63161
EMNSGO00001A3161
EMNSGO0000095587

Candidate prioritization e

EMSG000001 32872

FPIKACE EMSG00000143393
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EMSGO0000081 026

ANKRD3 EMSGO0000183421
F13A1 EMSGO00001 24491
BPAGT EMSGO0000151914
KCNM3 EMSGO0000143603
GRIMZAIGRINZE EMSGO00001 50086
Sin1 EMSGO0000112246
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Case: Epilepsy detection

Motion tracks

|

domain features

Video-EEG /
monitoring ( Discriminate between

ESAT/SCD normal and epileptic events

tracks

Extract features based on the motion/ Extract time and frequency
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Seizure localization
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Parafac component
corresponding to seizure/
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Case: Tumor classification via MRS

ESAT/SCD

Nuclear magnetic resonan

| magnetic resonance

spectroscopic imaging:
« Quantitative
metabolite maps

imaging (NMR):
«  “water images”
« concentraion of
protons —
anatomical details

Key challenges:
Accurate and fast quantitaion
«  Artifact removal
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Case: Semi-Automatic Blood Glucose Control
in the ICU

= Intensive Care Unit: critically ill patients - High insulin resistance
leads to hyperglycemia in the ICU - need for Tight Glycaemic Control
(TGC) = 80-110 mg/dI

= LOGIC-Insulin: algorithm and graphical user interface for normalizing
blood glucose in critically ill patients in the ICU

ACTUATOR

GLYCEMIA CONTROL SYSTEM

Insulin

Known input variables
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Clinical genomics

next-generation sequencing: $1000 human genome will
revolutionize clinical diagnostics '

= genetic disorders
= risk analysis
= interaction with drugs (pharmacogenomics)

but: huge amounts of data

clinician = extract relevant information

in a timely manner!
= construct clinical data pipelines
= data mining & integration with other data sources :

= yvisualization

..% Cartagenia
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Heterogeneous data integration for
predictive modeling & biomarker discovery

= Example: IOTA = International Ovarian Tumour Analysis
Group = making it easier to diagnose ovarian cancer

= help clinicians take decisions on diagnosis, prognosis
and therapy response

= make use of patient data and population information
(patient biobank & database, literature ...)

Patient history

Tumor

i Clinician Diagnosis
characteristics

Ultrasound

_ Prognosis
characteristics 9

Response to
therapy
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Biomarker discovery through
Mass Spectral Imaging

= combines proteomic and metabolomic information with
spatial distribution

= |ocalize biomarkers in tissue
= discover new targets for drug delivery

= unravel mechanisms underlying disease

- -t - —
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Semi-Automatic Blood Glucose Control
in the ICU

= Intensive Care Unit: critically ill patients

= high insulin resistance leads to hyperglycemia in the ICU - need
for Tight Glycaemic Control (TGC) = 80-110 mg/dI

= |LOGIC-Insulin

= algorithm and graphical user for normalizing blood glucose in
critically ill patients in the ICU

ACTUATOR

GLYCEMIA CONTROL SYSTEM

LOGIC-
Insulin
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Text & Data Mining

= Exploit information in text files

— unstructured information 2”8
= .

= disease related gene analysis in
biomedical literature

= medical report annotation — e.g. use

medical history to predict adverse drug
effects

= Data mining of health care system data
(RIZIV, mutualities ...)

= trend detection
= clustering

= outlier detection
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Disease gene discovery by genomic data

fusion: Endeavour

High-throughput Data analysis |
genomics Candidate genes

Mame Ensermnhbl

R [ENSGOD00D1 18271
PAH EMSGO00001 71759
. GEFC ENSGOODD0T 31482
Information sources i

aLE ENSGDO0D0T 63631

CRP EMNSGO00001 32693
HABPZ ENSGOODD0T 48702
I ENSGO00001 38799
FST ENSGO00001 34363
ARAF1 EMNSGO0000078061
HMGAZ ENSGO00001 43848
ca ENSGOODD0T 13600
: PRI : PCEP2 ENSGO00001 11406
Candidate prioritization
RERE MSG000001 42599

HOxAT1 SG00D00005073
Rank En Ex Ip Ke GO TefAvg Pval CLIct 500000096238
ERCC3 500000163161

ERCC3 500000163161
: : TLL2 5600000085587
Va“dat]on : . : : ! ovT4 ENSGO0000132872
SYT4 ENSGO0000132872
PIK4CE EMNSGO00001 43393
PKDZ ENSGO00001 18762
. ENSGO0000081 026
ANKRD3 EMNSGO0000183421
F13A1 ENSGDODD0T 24491
BPAGT EMNSGO0000151914
KCMNM3 ENSGOODD0T 43603
GRIN2A|GRINE EMNSGO00001 50085
Siht1 ENSGOODD0T 12246
600000174891

b Go00000nEa1 95

Ci4orfl0 500000092020
ST Jen00001 70310
500000107671

MSHS
CRH
IO

CLIC1  NFYA TTR

Facterin Eutarya

I,
PP S M EMNSGOI1 45968

Aerts et al., Nature Biotechnology, 2006 -
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Network biology for drug profiling

*identify mode of action of drugs, adverse effects etc. through
a network analysis of drug responses

~

I‘tq_-..f.l:'

9y

Drug compound Differential
expression

¥ % —

Patients i
Differential
expression

N

" SAR model

L

v

+
e

TN a . Protein association network
= Kernel matrix

[ ]

Distance network

Drug information
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Epilepsy detection

[E= BT A " " (1]

Motion tracks

|

domain features

Video-EEG /
monitoring ( Discriminate between

normal and epileptic events

tracks

Extract features based on the motion/ Extract time and frequency
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Seizure localization
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Parafac component
corresponding to seizure/
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Tumor classification via MRS

| magnetic resonance

spectroscopic imaging:
« Quantitative
metabolite maps

= =
Nuclear magnetic resonan
imaging (NMR):
«  “water images”
e  concentraion of
protons —
anatomical details

Key challenges:
Accurate and fast quantitaion
«  Artifact removal
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Conclusion

Improve health care quality and
cost effectiveness

Trends

Decision Support for
Professionals, Patients & Policy

N

exploit data for more Dialogue
effective medicine

, A Demand-driven
patient-centred care for

empowered patients

User-centred

~
smart & data-driven

health care system policies | Future vision
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IBBT-K.U.Leuven
Future Health Department

www.kuleuven.bel/ibbt
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