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If want better treatment for patients, health

then we must:

change clinical & public health practices -
change guidelines
generate high-level evidence

conduct research providing such Create better outcomes
evidence for ‘patients tomorrow

\ than we have toc(ay!

this requires an excellent research
Infrastructure




Personalized medicine & health
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Personalized medicine: drugs
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Personalized medicine: drugs
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Personalized medicine: biomarkers

the omics
revolution
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Personalized medicine: pathology
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How can big data change science?

Here's how medical research traditionally works:

.

n Come up E Design an

B Form your

with a question experiment to test conclusion.
or hypothesis. it. Wait for new
data to come in.
Big data changes step E

- - -

Online, searchable databases provide instant

ﬂ!ﬁ answers, speeding up research.

Medical records Health apps
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H EALTH CARE'S DATA We can empower healthcare organizations,
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Advancements Involce recognition and clinical language ’
understanding are enabling the healthcare anterprise to capture
Information at the point of care, comnvert patlent data Into actionable
Information, and leverage that information for clinical, business, and

patient good.
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Translating Data to Health
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The underlying problem...

* data

sample collections
image collections
regulations
software tools
research initiatives
funding

expertise

etc.

FRAGMENTATION of...
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researchers want hassle :-health
free research... -
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Link naar het filmpje:
https://www.bbmri.nl/health_ri/1563/
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research
infrastructure

Health-RI value proposition

Health-Rl services and activities lead to an infrastructure
that facilitates the research process

The infrastructure set up by Health-RlI facilitates the different steps in the research process (non-exhausting) by providing:

Level of services
and activities

Operational level
(platform
services)

Strategical level

(transforming the system) '

Define research
question

« FAIR data

management training,

education and
support

FAIR data
management
guidelines

Citizens / patients a
voice in the strategic
committee

Increasing citizen
participation

Experimental
design

« Compliance tools and

legislation

« Biobanking registry

support center

+ Standardize ethical

review procedures
A network of ELSI
experts offering ELSI
support
Compliance-by-
design

Promotion of the
transformation to
registration at the
source in healthcare
Promotion of omnibus
legislations

Research Continuum

« Central catalogue and

request tool for data,
samples and images

« Connected registries

and biobanks

« Single identification,

authentication and
authorization system

Promotion of the
opening up of
industry trial data
Promotion of all data
to be available in the
public domain

Data
generation

Analysis

ranslation

mprovement
of research /

« Catalogue of facilities
& expertise centers

« Interoperable data
acquisition tools

« Linked data-
backbone

« Interoperable analysis

tools

« Federated analysis

workspace

« Helpdesk IT-tools and|

services

» FAIRifier tools
» Data stewardship

training

« Researcher-

participant interaction
App

[+ Network of dafa
experts

« Covenants for use of
facilities by others

* Harmonize data
acquisition protocols

« Interoperability
standards.

« Coordination of IT

platforms

+ Connections to Open

science initiatives

Participation in
Health-deals
Promotion of public-
private partnerships

+ Coordination of
investments in data
infrastructures via the
financing agenda,
resulting in
sustainable long-term
funding

+ Coordination of

investments in IT
tools and facilities
infrastructures via the
financing agenda,
resulting in
sustainable long-term

funding

« Promotion of active

data sharing and
open science policy

+ Promotion of learning

care system

The Health-RI platform offers researchers solutions on demand for each step of the research process.
By simultaneously operating on tactical and strategic level, Health-RI connects the needs of researchers and other stakeholders (funders,
society, etc.) transforming the total personalized medicine & health research system.
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Health-RI value proposition

Health-Rl services and activities lead to an infrastructure
that facilitates the research process

The infrastructure set up by |

Level of services
and activities

Operational level
(platform
services)

Strategical level

* FAIR dz
manage
educatic
support

FAIR d&
manage
guidelin
Citizens
voice in
committ

Increasing citizen

(transforming the system) ) participation

Catalogue

data

samples
Images

« Promotion of the
transformation to
registration at the
source in healthcare
Promotion of omnibus
legislations

Promotion of the
opening up of
industry trial data
Promotion of all data
to be available in the
public domain

ranslation

mprovement
of research /

» FAIRifier tools
» Data stewardship

training

« Researcher-

participant interaction
App

fIT

+ Connections to Open

science initiatives

Participation in
Health-deals
Promotion of public-
private partnerships

« Coordination of

investments in data
infrastructures via the
financing agenda,
resulting in
sustainable long-term
funding

+ Coordination of

investments in IT
tools and facilities
infrastructures via the
financing agenda,
resulting in
sustainable long-term
funding

« Promotion of active

data sharing and
open science policy

+ Promotion of learning

care system

The Health-RI platform offers researchers solutions on demand for each step of the research process.
By simultaneously operating on tactical and strategic level, Health-RI connects the needs of researchers and other stakeholders (funders,

society, etc.) transforming the total personalized medicine & health research system.

Draft
version

23
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Health-RI value proposition

Health-RI services and activities lead to an infrastructure

that facilitates the research process

The infrastructure set up by Health-RlI facilitates the different steps in the research process (non-exhausting) by providing:

Level of services
and activities

Define research
question

Experimental
design

Research Continuum

mprovement
of research /

of facilities

Operati0| » centers
(plati Jle data
servi

Standard

« Interoperable analysis

tools

« Federated analysis

workspace

« Helpdesk IT-tools and|

services

» FAIRifier tools
» Data stewardship

training

« Researcher-

participant interaction
App

, data
S for use of
others

« Coordination of IT

platforms

+ Connections to Open

science initiatives

« Participation in

Health-deals

« Promotion of public-

private partnerships

consent

s in data
res via the
genda,

Strategica
(transforming 1

GDRP rules

» long-term

+ Coordination of

investments in IT
tools and facilities
infrastructures via the
financing agenda,
resulting in
sustainable long-term

funding

« Promotion of active

data sharing and
open science policy

+ Promotion of learning

care system

The Health-RI platform offers researchers solutions on demand for each step of the research process.

By simultaneously operating on tactical and strategic level, Health-RI connects the needs of researchers and other stakeholders (funders,
society, etc.) transforming the total personalized medicine & health research system.

version




health N Draft
R | s Health-RI value proposition version

infrastructure

Health-Rl services and activities lead to an infrastructure
that facilitates the research process

The infrastructure set up by Health-RlI facilitates the different steps in the research process (non-exhausting) by providing:

Level of services Research Continuum

and activities
Define research e — Data ] ranslation mprovement
; . . Analysis of research /
question design generation : o

. « Catalogue of facilities| [+ Interoperable analysis
Operatlonal level - EAIR data « Compliance tools and & expertise centers tools -
. o « Central catalogue and . + FAIRifier tools « Researcher-
( | tf management training, legislation « Interoperable data + Federated analysis . . . .
platrorm ) h ) . request tool for data, o + Data stewardship participant interaction
. education and - Biobanking registry samples and images acquisition tools workspace trainin App
Sel"VICeS) support support center « Linked data- *+ Helpdesk IT-tools and 9
backbone services

Participation in

jon of IT + Connections to Open Health-deals
science initiatives Promotion of public-
private partnerships

ion of
tsinlT
facilities

Strategical Ievel . uresvia the| |’ Promotion of active « Promotion of learnin:
t f H th t d data sharing and y 9
(transforming the system) ' I m a n sgenda, e ey care system
e long-term
| u
The F ' of the research process.
By simultaneously oper searchers and other stakeholders (funders,

research system.

25
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Health-RI value proposition

Health-Rl services and activities lead to an infrastructure
that facilitates the research process

The infrastructu

Level of servic
and activitie

Operational le
(platform
services)

SuppuIt
Compliance-by-
design

voice in the strategic
committee

Promotion of the .
transformation to
registration at the

source in healthcare .
Promotion of omnibus
legislations

Strategical level ereacin dit
R « Increasing citizen
(transforming the system) parcipation

audignuctauvr anu
authorization system

Promotion of the
opening up of
industry trial data
Promotion of all data
to be available in the
public domain

« Interoperability

process (non-exhausting) by providing:

ES

acquisition protocols

standards.

nuum

’

ranslation

mprovement
of research /

« Interoperable analysis

tools

« Federated analysis

workspace

« Helpdesk IT-tools and|

services

» FAIRifier tools
» Data stewardship

training

« Researcher-

participant interaction
App

« Coordination of IT

platforms

+ Connections to Open

science initiatives

Participation in
Health-deals
Promotion of public-
private partnerships

« Coordination of

investments in data
infrastructures via the
financing agenda,
resulting in
sustainable long-term
funding

+ Coordination of

investments in IT
tools and facilities
infrastructures via the
financing agenda,
resulting in
sustainable long-term

funding

« Promotion of active

data sharing and
open science policy

+ Promotion of learning

care system

The Health-RI platform offers researchers solutions on demand for each step of the research process.
By simultaneously operating on tactical and strategic level, Health-RI connects the needs of researchers and other stakeholders (funders,

society, etc.) transforming the total personalized medicine & health research system.

Draft
version

26
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Health-RI value proposition

Health-Rl services and activities lead to an infrastructure
that facilitates the research process

The infrastructure set up by Health-RlI facilitates the diffe ggu

Level of services
and activities

Operational level
(platform
services)

Strategical level

Define research
question

« FAIR data

management training,

education and
support

FAIR data
management
guidelines

Citizens / patients a
voice in the strategic
committee

Increasing citizen

(transforming the system) ) participation

Experimental
design

« Compliance tools and

legislation

« Biobanking registry

support center

Standardize ethical
review procedures

A network of ELSI
experts offering ELSI
support
Compliance-by-
design

Promotion of the
transformation to
registration at the
source in healthcare
Promotion of omnibus
legislations

“Office 365"
for personalized

Promotion of the
opening up of
industry trial data
Promotion of all data
to be available in the
public domain

medicine
research

wer-

tionin

cals

n of public-
artnerships

nt interaction

« Coordination of

investments in data
infrastructures via the
financing agenda,
resulting in
sustainable long-term
funding

+ Coordination of

investments in IT
tools and facilities
infrastructures via the
financing agenda,
resulting in
sustainable long-term
funding

« Promotion of active

data sharing and
open science policy

+ Promotion of learning

care system

The Health-RI platform offers researchers solutions on demand for each step of the research process.
By simultaneously operating on tactical and strategic level, Health-RI connects the needs of researchers and other stakeholders (funders,

society, etc.) transforming the total personalized medicine & health research system.

Draft
version

27
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Health-RI value proposition

Draft
version

Health-Rl services and activities lead to an infrastructure
that facilitates the research process

The infrastructure set up by Health-RlI facilitates the different steps in the research process (non-exhausting) by providing:

Level of services
and activities

Operational level
(platform
services)

Strategical level

Define research
question

« FAIR data
management training,
education and
support

FAIR data
management
guidelines

Citizens / patients a
voice in the strategic
committee

Increasing citizen

(transforming the system) ) participation

Experimental
design

« Compliance tools and

legislation

« Biobanking registry

support center

Standardize ethical
review procedures

A network of ELSI
experts offering ELSI
support

« Compliance-by-

design

Promotion of the
transformation to
registration at the
source in healthcare
Promotion of omnibus
legislations

Research Continuum

« Central catalogue and

request tool for data,
samples and images

Connected registries
and biobanks

Single identification,
authentication and
authorization system

Promotion of the
opening up of
industry trial data
Promotion of all data
to be available in the
public domain

Data
generation

Analysis

ranslation

mprovement
of research /

« Catalogue of facilities
& expertise centers

« Interoperable data
acquisition tools

« Linked data-
backbone

« Interoperable analysis

tools

« Federated analysis

workspace

« Helpdesk IT-tools and|

services

» FAIRifier tools
» Data stewardship

training

« Researcher-

participant interaction
App

~ Network 0
experts

financing

resulting i

sustainab
funding

The Health-RI platform offers researchers solutions on dem:
By simultaneously operating on tactical and strategic level, Health-RI connect:
society, etc.) transforming the total personalized me
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Health-RI value proposition

Draft

Health-Rl services and activities lead to an infrastructure
that facilitates the research process

The infrastructure set up by Health-RlI facilitates the different steps in the research process (non-exhausting) by providing:

Level of services
and activities

Operational level .
(platform
services)

Strategical level .
(transforming the system)

Define research

question

FAIR data
management training,
education and
support

FAIR data
management
guidelines

Citizens / patients a
voice in the strategic
committee

Increasing citizen
participation

Experimental
design

« Compliance tools and

legislation

« Biobanking registry

support center

Standardize ethical
review procedures

A network of ELSI
experts offering ELSI
support

« Compliance-by-

design

Promotion of the
transformation to
registration at the
source in healthcare
Promotion of omnibus
legislations

Research Continuum

« Central catalogue and

request tool for data,
samples and images

Connected registries
and biobanks

Single identification,
authentication and
authorization system

Promotion of the
opening up of
industry trial data
Promotion of all data
to be available in the
public domain

ranslation

mprovement

DEiE) of research /

generation AGEIEE

« Catalogue of facilities| [+ Interoperable analysi

& expertise centers tools .
. » FAIRifier tools « Researcher-
« Interoperable data + Federated analysis . Datast dshi articipant interaction
acquisition tools workspace ata stewardship p p

training App

« Linked data- « Helndesk IT-tools and

Learning
Healthcare

System

The Health-RI platform offers researchers solutions on ¢
By simultaneously operating on tactical and strategic level, Health-RI cont
society, etc.) transforming the total personalizec

29

version



research
infrastructure

Operational shared services

Catalogue
» data

* images
* samples

ELSI services
* compliance by design to regulations

* mybiobank etc

IT services
* standardisation
* online digital research environment

* interfacing to advanced technologies

Personalized Medicine Research Process Management

| Draft

health "

research
infrastructure
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health
An ‘office’ suite research

Microsoft®

2 Office 365
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translational research

Clinical Clinical imaging Digital pathology Experimental data
research data
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translational research

Clinical Clinical imaging Digital pathology Experimental data
research data
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rescue manual curation efforts esearch

clinical cohort studies
rials  Registry

A
retrospective studies




A practical example:
| would like to perform a study!

Topic: breast cancer in men (age 18-50 years)

Questions: Where do | begin?
Are there already existing datasets?

rrrrrrrr



.) .....
o, trait “Office 365” suite for ~ ~  health
o2 e st : e P

translational research

Clinical Clinical imaging Digital pathology Experimental data
research data

N L\/( N
‘ Phenot ﬂ)/
{XNA‘]’ @cht 1J¥E§
[ A
K ik o tEPIS -Galaxy «
.... JA
~oeees | icceece i

Open source placoer for dataasalrsis

-Ima;(;;H ub

Dataintegration and analysis

®.
.r-: ServiceDesk
‘.v

http://www.ctmme-trait.nl/trait-tools



A practical example ::-health

research

FAIR: Findable

Study: breast cancer in men

Question: of how many men (age 18-50 years) is material available?
- data, samples, treatment and follow-up

Step 1: Search and find:

- Catalogue:

- National (cyto)pathological Public Archive (Palga Openbare Databank)
- Dutch Cancer Registry (IKNL)
- Central Bureau for Statistics (CBS) statline

PALGA Openbare Databank

Zoekterm: (('borstklier man,mamma

Sorteren op Materiaal v X Geslacht

Man Aantal excerpten
man,mannelijke borstklier') or
(‘m.inv.c,microinvasief carcinoom')) % <10 <10
Geslacht: ('Man') % 1951 1951
Leeftijdscategorie: ('18-50") %
<1961 <1961

N Wijzig zoekvraag



A practical example e nsailn

research

FAIR: Accessible SRRSTRESES e

Step 2: Online request portal

PRI MY s v vy

Projectleider Mariska Bierkens

m.bierkens@nki.nl
Patholoog Gerrit Meijer E-mail projectielder

g.meijer@nki.nl

Vorig contact Heeft u contact gehad met PALGA over deze aanvraag?

©Ja Nee
aantal mannen met borstkanker tussen 18 en 50 jaar gekoppeld aan NKR en CBS data voor
therapie en overleving "
Titel onderzoeksproject Survival of hreastcancer in men
Achtergrond Act

Verplicht veld




A practical example health
FAIR: Interoperable

Step 3: Wait for a linked dataset

13 Query”

et Centraal Bureau

I g ’( lederianc voor de Statistiek
Na’[IOI’ISJ E)clyt(zpe;]t_hologlcal \ l ggtg(;ztrc;/ancer Central Bureau for Statistics
ublic Archive /

Available, pseudonymized, dataset and
samples for research




A practical example

® 00
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research
~ infrastructure
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Step 4. Storage and editing of data, samples, images in Health-RI tools

-;: trait
[t
OpenCiinica’

Alerts & Messages

CAIRO (CAIRO) | Change Study/Site

[rom | s it sopms | oo o

Welcome to CAIRO ®

Your current active study
has been chang
successfully,

Study Subject 1D

Instruetions -
1f needed you may change

16_=|| Show More

Notes & Discrepancies Assigned to Me: 0

Select An Event ~| Add New Subject.

Apply Filter Clear Filter

the study/site or request NIJM_CAIRG_CRC_002 m e
access to a new study with a
different role. NIJM_CAIRG_CRC_004 [ Jx ]
Other Info Tile: CAIRO Study Data
Study: CAIRO Subtite: Baselne: Tumor information
Instrucbans:
Start Date: 03-0ct: Lol
EndDate: /A | Ganersl
PI: KeesPuntand G| Pobent D CAIRD study numcarocreooz |t P
Meijer
Pathology
Protocol Verificatio  Primary turmoc
Approval Dat Ste of primary tumor colen Bw
Taage 7] rgan
Tumor Giametes ™ Tmor dameter ML
Nstage N1 Metastasis n 1 o3 regoraiymohnodes [ B N stage (datafle Josien Hasn)

Humber of ymph nodes removed

PO Nemer o ymph odes removed WULL

M1 status (based on THC data) Mss Br
Detais pathology.
Histopatholagy of the primary tumor Adanocarcinama B™  Offeension
Mocnous o B  Gouthpatem
Desmoplestic stroma resction noinormaton I ™ Lymphoid stroma reaction
Metastases
Metastases o B Locatonmetastases
o ikormadon B
o ™ Numbor of affected organs NULL
Laborstory results
oH rormal Bw
Previous treatment
Previous adjusant therapy you Bwe Radiotherapy

WO [ Agorepates

©  Specimen type (code) Specimen type Specimen ID
NUM_CAIRO_CRC_002_1

i Crans

oNA ONA NUM_CAIRO_CRC_002 2
oNA oNA NUM_CAIRO_CRC_004_1
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A practical example health

research

FAB : R e u S ab | e infrastructure

Step 5: Publish and share!

. . \
* Clinical data
« Pathology data @ tranSMART
ClinicalTrials.gov . Imaging data >
» Biobank data e
Publmed a=* cBioPortal
« Experimental data &% J f5r Cancer Genomic
O o -
UL - S Archive Also publish and share the final’
- data itself, not just conclusions
I GENOME.PHENOME

ARCHIVE

Accessible and insightful for
non bio-informaticians!




within the data-integration platforms

‘Final’ data available for view and query health

research
infrastructure

@ tranSMART
v1.2

=[] DeCoDe_WP5

=1+ 1. Clinical characteristics
4| 1. Subjects
| 2. Primary tumor S
+ | ]3. Metastasis o ) E N
4| 4. Treatments ' | ‘
+[]5. Lab results S | ‘ A
4| 6. Endpoints I

=1+ 4. Molecular profiling : f N
| ) DNA methylation
4| ) DNA small nucleotide variants

4| |DNA somatic copy number alterations
4| |RNA expression

as¥ cBioPortal

for Cancer Genomics

Case Set: all (386 patients / 386 samples)

Altered in 10 (2.6%) of 386 cases/patients

EGFR

ERBB2

PDGFRA

MET

KRAS

NRAS

HRAS

NF1

SPRY2

FOXO1

0.5% “

0%
0%
0.3% I

0.3% I

Possible to view
existing data, query
and analyze the data
within these platforms

e [N
= TN




health
Background tranSMART S

Originally designed as a data-warehouse by Johnson & Johnson and
Recombinant Data Corporation (2009), used internally for view and analysis

Software turned open-source in 2012
In the context of IMI ETRIKS

tranSMART Foundation (2013), a public-private partnership, established an
open source community (USA and EU collaborators)

tranSMART Foundation & i2b2 Foundation merged in 2017
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Over 50 implementations £
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‘Final’ data available for view and query health

within the data-integration platforms

=[] DeCoDe_WP5

=1+ 1. Clinical characteristics

4| 1. Subjects
| 2. Primary tumor
4 3. Metastasis

research
infrastructure

Analysis of Overall survival

ol J 1N
4| 4. Treatments » | ‘_\ )
+ [ ]5. Lab results | ‘ \
# | 16. Endpaints \ \\
=1+ 4. Molecular profiling t \\\_
# [ 1DNA methylation [
traHSMART 4| ) DNA small nucleotide variants
1.2 4| |DNA somatic copy number alterations
¥ls + [ JRNA expression
Case Set: all (386 patients / 386 samples)
4 . ® Altered in 10 (2.6%) of 386 cases/patients
Ly cBioPortal | = -1
for Cancer Genomics ERBEZ 0t
PDGFRA 0%
MET 0.3% I With CNA Data Expression subtype
el o ’ Possible to view
NRAS 0%
HRAS 0% . .
- i existing data, query
SPRY2 1.8% I IIIIII TUMOR SITE Histological type d I th d t
FOXO1 NN 1N an ana yze e a a

within these platforms




health
The trick: apply FAIR to best practices esracre

BBMRI-NL catalogue (Findable, Accessible)

Parelsnoer PRISMA data model

Request portal DNTP developed for PALGA

ELSI support center BBMRI-NL & COREON

Molgenis & tranSMART portals for downstream analysis
cBioportal for intuitive visualisation

Minimal data sets: Registration at the Source, involving medical
assocations

Quality assurance & process optimization: EATRIS

Standardize ETL between large registries (NKR-oncology; NHR-
cardiology, etc.)

FAIRification expertise: DTL/ELIXIR-NL

Digital Research Environment Data4lifesciences/ELIXIR
Harmonized organization of institutional back offices D4LS
Effective helpdesk for end users



Time Table

* business plan by KPMG started in spring
» 15t stakeholder meeting june
 2"d yersion draft with project group
* will be sent off to stakeholders 5/10
« 2"d stakeholder meeting 12/10

* presentation final version business plan
8/12

 establish Health-RI organization Q2 2018



Health-Rl wrap up

A) we all share the same problem
- innovation gap in PM&H research
- substandard infrastructure
B) solution is clear
- defragmentation
- standardization / FAIR
- bring users & infrastructures together
C) how to organize
- efficient & effective
- inclusive
D) how to finance
- integrated approach
- with all payers
- basic component + fee for service

health

research
infrastructure
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That's Wh)" e

basic research > excellent science> more cure

h
infrastructure




Endorsed by stakeholders,

health

research
infrastructure

and the people behind these
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