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Mission Omics into the Clinic

| *Support molecular diagnostic devices
=4 ¢ Enable clinicians to deliver innovative therapies
» Optimize care processes to improve a patients health

Vision Personalized Health Care

‘ , e Educate, Develop and Support solutions
e Support collaborative multidisciplinary decisionmaking
e Introduce patient- centric value-based health care

Strategy Patient Stratification

e . .
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Data Protection Regulation (GDPR)
-1ISO27001 & METC documentatien

Better protection for personal data

@ Clear consent required to process data @

Right to move data
from one service

> . provider to another
Right to rectify More and clearer

Limits on the use and remove data, information about
of automated including the ‘right to processing
processing of data to be forgotten’ for data

make decisions, for collected as a child

example in the case of

‘profiling m Easier access to personal data ﬁ

, \ Right to notification if data is Stricter safeguards for transfers of personal data
compromised outside the EU

EtRSIISMC

Data Vault in Collaboration with EUR, Marl@omingues
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Exponential Growth of (Big) Data
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FAIR Data (Re-use)
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The Immunological Genome Project:
networks of gene expression in immune

cells

Tracy 8 P Heng, Michio W Painter & The Immunological Genome Project Consortium

The Immunological G Project ¢

IMMgen Project

bines i logy and computational biology laboratories in an effort to

establish a complete ‘road map’ of gene-expression and regulatory networks in all immune cells

he immune system is a ‘cat’s cradle” of

networks operating at various levels, com-
prising a network of genetic and signaling
pathways subtending a network of interact-
ing cells. Hence, understanding the role of a
given molecule or pathway in immune system
function requires deciphering its effect in
the context of these many networks. As two
thirds of the genome is active in one or more
immune cell type(s), with less than 1% of genes
expressed exclusively in a given type of cell’, the
phenomena and molecules studied should be
considered in the framework of the system as
a whole. In addition, any given molecule can
have opposite or paradoxical effects on func-
tional outcome depending on its location or
the other genes or gene products it interacts
with, Fixating studies on classical immunity-
related genes limits the understanding of a
cell's function to what is already known at the
risk of missing other genes that may function
in immune responses. Narrowing the frame of
cellular reference to one or a few characteris-
tics or applying facile but misleading labels can
lead to dangerously simplified paradigms. In
this context, the discovery-driven approach of
genomics is a key complement to hypothesis-
driven experimentation. Conversely, immu-

Tracy 5.P. Heng and Michio W. Painter are in the
Section on Immunaology and Immunogenefics,
Joslin Diabetes Center & Department of Med
Brigham and Women's Hospital, Harva
Schoal, Boston, Massachusetts 02215, USA.

A complete list of authors and affiliations appears
at the end of this paper.

e-mail: immgen@joslin harvard edu

NATURE IMMUNOLOGY VOLUME 9

nology is an ideal field for the application of
systems approaches, with its detailed descrip-
tions of cell types {over 200 immune cell types
are defined in the scope of the Immunological
Genome Project (ImmGen)), wealth of
reagents and easy access to cells.

Calls sontroly

Immunologists

Data analysis
Biokogieal curation

Site querles
Data downloads
Suggestions

Figure 1 ImmGen consortium organization and project workflow. Cells purified by the immunology
lab are sent to a central sample processing site for RNA extraction and checking and then are sent
to a second site for amplification, labeling and hybridization. Quality-control tests are done on the
raw data at a central data processing site, and confirmed data are then accessed by the immunology
and computational biolegy labs for network analysis and development of 'visualization metaphors'
All data and metadata are accessible to the public through an Internet interface. DFCI, Dana-
Farber Cancer Institute; Fox Chase, Fox Chase Cancer Center; Joslin, Joslin Diabetes Center; UCSD,

University of California, San Diego; UCSF, University

Massachusetts; BU, Boston University; Stanford, Stanford University; Brown, Brown University,

NUMBLR 10 OCTOBELR 2008

Central processing sie
{preparation, quality

-www. IMMgen.org-

Thanks to the broad and robust approaches
allowed by gene-expression microarrays and
related techniques, the transcriptome is prob-
ably the only'-ome’ that can be reliably tackled
in its entirety, Generating a complete perspec-
tive of gene expression in the immune system

‘Clean’ data

‘Metadata’  Computational
blologsts

su |
Stanford |
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Graphic
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of California, San Francisco; UMass, University of
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Immune System

Destabilize:

Inflammatory™ !
cytokines

Effector
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Hierarchical Clustering
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Cardiology

- Value Based Healthcare Data -

Top 100 meest voorkomende diagnoses per specialisme

Jaar: 2012 © 2013 © 2014 © 2015 © 2016
® 2017
. Op basis van: ) Aantal patiénten @® Omzet
® Inwendige geneeskunde PHILIPS

Obstetrie en gynaecologie
@ Specialist ouderengeneeskunde
Kindergeneeskunde
® Orthopedie
® Oogheelkunde
® Cardiologie
Radiotherapie
Neurologie
Longziekten
o ® Audiologische centra
Ca rd IO Dermatologie

® Geriatrie

@ Chirurgie
HOR@\ZOZO Revalidatie innovation
Keel-, neus- en oorheelkunde m for life
® Urologie
Cardio thoracale chirurgie
B|gmed|lyt|CS ® Gastro-enterologie
Anaesthesiologie Erasmus MC

Overig/alle specialismen

Bioinformatics




Prevention of Disease
(Cohorts & eHealth monitoring)

~\ Cohorts Risk & Disease

Cardiovascular risk factors
Y°”2§ a:“'thmd Age, smoking, sedentary lifestyle, obesity, diabetes,
(20-39 years) hypertension, high cholesterol, hyperlipidaemia

Systemic subclinical atherosclerosis or arteriosclerosis
Middle age Biological mechanisms including inflammation

(40-59 years) and oxidative stress that can occur in the heart,
brain, kidney, retina, peripheral blood vessels

[

P4

Heart diseases
Coronary heart disease,
angina pectoris, myocardial
infarction, atrial fibrillation,
heart failure

Transitional age
(60-74 years)

Cerebral hypoperfusion
Hypoxia
Emboli

Brain lesions
Stroke, white matter lesions, lacunar
infarcts, disruption of BBB, and
Very old age neurodegeneration (plagues and tangles)
(275 years)

ErasmusMc

¢ Bioinformatics

Cognitive decline, MCl, dementia




Impact of Cemorbidities

8 288 &

SN HO0OD

Health = Genetics + Lifestyle + Environment
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Health = Risk + Behaviour + Exposure




Collect Longitudinal Data during Lifetime

Individualized genomic medicine
From prewomb to tomb
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Ref DOI: 10.1016/j.cell.2014.02.012




Causes of Death: Cancer 1/3
Cardiol/3, 7% Annually




Covid-19, Data and Beyond

Pathogen: Disease:

The coronavirus known aSevere Acute The infection caused by SAR®\2 is
espiratory Syndrome CCrona\/irus calledCCronaVlIrus Disease20

(SARSC0V2) is currently causing a (COVIR19)

pand 0

Ao




Genomic Patient Sequence Data

»k SARS-CoV

Civet cats

> ll ll SADS-CoV >

MERS-CoV >
& Human
Camel I *

rat
I— -ﬁ ——SARS-CoV-2 (COVID-19)

Unknown

HCOV-0C43
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Staten

Duitsland
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NRC 140320 /RL / Bron: nextstrain

How does virus genome sequencing help the response to CO»?ID
Are there different strains of the SAR®\/2 virus circulating?

@ Erasmus Centre for
Data Analytics

ACzefs
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Epidemiological Data

Genomic Analysis of SARS-CoV-2 virus
Phylogeny points to Transmission
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COVID-19 Dashboard 2020

@ COVID-19 Dashboard by the Center for Systems Science and Engineering (CSSE) at Johns Hopkins University (JHU)

Il &= B8 Total Deaths Total Tested in the US

114,979 2.816,674

461,601 tested
New York US

Total Confirmed

19,899 deaths
Italy

190,328 tested
Confirmed Cases by 17.489 deaths Califormia US

Country/Region/Sovereignty Spain
{ 184,924 tested
us b 14,393 deaths Florida US
. France
Spain o 10,612 deaths Li";ffj,;j"ﬁ;’
Italy NORTH EUROPE United Kingdom
AMERICA & 5898 death 124,890 tested
eaths .
France New York City New York US ool
124,533 tested
Germany 4|-474 deaths Texas US
. . ran
United Kingdom 116,730 tested
p 3,9037dealhs Massachusetts US
China AF R C A Belgium
104,045 tested
Iran L= 3,219 deaths Louisiana US
Hubei China
Turkey SOUTH A S 100,735 tested
Belgium AMERICA Deaths Recovered US Tested US Hospitalizetion
NEGENERE AR ALY
. 2M
Switzerland -
Ocean
Canada
SM
Brazil 1
Russia +
Portugal - w
Austria | Esi FAQ NOAA |
Israel Cumulative Cenfirmed Cases Active Cases Incidence Rate Case-Fatality Retio Testing Rete Hespitalizetion Rete 500k
Admind Admin Adminz Lancet Inf Dis Article: Here. Mobile Version: Here.
1 8 Lead by JHU CSSE. Autemation Support: Esri Living Atlas team and JHU APL. Contact US. FAQ. 0 -essesstesssestameeeetee @ T
Last Updated at (M/D/YYYY) 5 _ _ ) - : . . ) ) Feb Mar
. B} Data sources O, CDC, ECDC, NHC, DXY, 1point3acres, Worldometers.info, BNO, the COVID Tracking Project {testing and
4/1 3/2020 11:52:39 a.m. countries/regions hospitalizations), state and national government health departments, and local media reports. Read more in this blog. Confirmed Logarithmic Daily Cases



COVID-19 Dashboard

@ CQOVID-19 Dashboard by the Center for Systems Science and Engineering (CSSE) at Johns Hopkins University (JHU)

Last Updated at (M/D/YYYY'

20/05/2021, 09:20

and Deaths by
Country/Region/Sovereignty
| 587,874
us
| 287,122
India
| 441,691
Brazil
| 108,342
France
| 45,419
Turkey
| 115,003
Russia
| 127,956
United Kingdom
| 124,646
ltaly
| 86,907
Germany STRALIA
| 79,568
Spain
| 72,265
Argentina
| 82,743
Colombia
|72,250
Poland
| 77,765 Esri, FAO, NOAA
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COVID-19 Dashboard 2021

@ CQOVID-192 Dashboard by the Center for Systems Science and Engineering (CSSE) at Johns Hopkins University (JHU)

Last Updated at (M/D/YYYY)

10/10/2021, 20:21

| Deaths by
Country/Region/Sovereignty

us
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Totals: | 712,993
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Dermatology, Immunology Internal Medicine
- Longitudinal Data -

Asthma
Rhinitis
Food Allergy
& & ) &
g £ Ky £
Typical Age of Onset

Clinical Care
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Need for Molecular Stratification
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Molecular & Imagingoata Converge Due
to Digitalization in Diagnostics
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Augmented Reality and Virtual Reality
- Military Patent -

“Eyes In the Sky”

Innovative solutions for Situational Awareness in
complex, high-performance environments

» Expertise in precision motion tracking

2 Expertise in man-worn displays

THALES



Augmented Reality and Virtual Reality

- Healthcare Application -
REALITY




I-Space/\fScope Clinical Decision Support
ONCOLOG

Surgical Oncology and
Neurosurgery:

Improving treatment
planning and prognostics

PEDIATRIC

Prenatal medicine:

Improving diagnostics
and prognostics

ErasmusMc

Bioinformatics



Augmented Reality and Virtual Reality

- Civil application -




Knowledge Mining

YKYK YK DK
Textmining Lab Experiment

Literature

DK YK DKDK
Data Visualization Network Analysis

Population Data Molecular Pathway




Best Practices In Big Data
- RNA Expression based Patient Stratification in WBCs
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Term #Resords | % Records
apoptosis 349
disease 343
patients 218
cells 209
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protein 131
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gene 120
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Impact ofGenomics, Smart Diagnostics

spent on




Dramatically Different Economics

* Current tests: run
chemistry for each test

— $100s-51,000s per test

* UGT: run chemistry only
once per person
— ~$1,000 one-time up-
front cost
— Marginal cost of future
tests is nearly zero (cost

of a database storage and
lookup)




Molecular Diagnostics Enables PM
- Shift in Cost and Activities

/ Microbiome \ Current Situation New Situation

Paradigm Shift
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