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Daily Program

Mon, Sep 23 Tue, Sep 24 Wed, Sep 25 Thu, Sep 26 Fri, Sep 27
09:00 Arrival and Registration | Introduction to omics and | Biomarkers for doping Biomarkers in Screening Biomarkers for psychiatric
09:30 Biomarkers Sulev Kdks for Obstructive Sleep disorders
Antonia Vlahou Apnea Deborah Penque | Chris Turck
10:00 Biomarker panels by Biomarker clinical Proteomics for anxiety Predictive biomarkers for
10:30 CE-MS implementation disorders: mind the CVD
Harald Mischak Eva Martinez-Caceres mitochondria Andreas Simm
Michaela Filiou
11:00 Coffee break Coffee break Coffee break Coffee break
11:30 Quality control in Targeted proteomics assays | Proteomics for biomarker | Biomarkers of healthy ageing
12-:00 biomarker research for biomarkers discovery Niki Chondrogianni
Andrea Wutte Virginie Brun Michalis Aivaliotis
12.30 Student talks Student talks Student talks Student talks
13:00 1-13 19-31 36-48 49-60
13.30
14:00 Lunch Break Lunch Break Lunch Break Lunch Break
14:30 Poster viewing Poster viewing Poster viewing Poster viewing
15:00 Discussions Free time Discussions Eree time Discussions Free time Discussions Free time
15.30 High sensitivity Analytical validation of Meet the expert
immunoassays SRAGE MRM assay Cultural excursion Blomarker. assay validation
16.00 Stanislav Kuula Rainer Bischoff Study design, MRM data
analysis
Student talks Student talks Eureka: something is rotten
16:30 14-18 32-35 in the biomarker kingdom
Makis Zaidakis
17:00 Coffee break Coffee break Coffee break
17:30 Changing the biomarker | Biomarkers used in clinical Epigenetics and Redox
implementation paradigm | practice for monitoring Biomarkers
18:00 Peter Groenen biological drugs Alexander Biirkle
Begofia Oliver
18:30 Genomics biomarkers Liquid biopsy preparation Oxidative stress and
Lila Koumandou Chris Sutton biomarkers
19:00 Welcome Molecular diagnostics: | Antibody Quality Control Grune Tilman
Niki Chondrogianni from bench to clinic Saara Wittfooth
Makis Zoidakis Daria Ler
19:30 Biomarkers at the Poster session Poster session Summing-Up
interphase of academia | discussions discussions Round Table
20:00 and industry
Alain van Gool
20:30 Welcome reception Dinner Dinner Dinner Farewell reception / awards




Alain’s path in translational health research
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Outline

* Biomarkers in pharmaceutical industry

* Biomarkers in academic research and healthcare
* Biomarkers in personalized health (care)

* Translational innovation gaps

* Qutlook

Technology Centers

Radboudumc



]

14 m %)3:’
— L5 t;ﬂ . Pl
}/ \“x% 4 &N I

- Internalization

- clin G ‘u
S ey B e @
i N '
\ \ : = 1A r}m CREI/ ATFL ERS1

ER Ets E1TIF SAF | (cFos | Efla  (Nur77 | MITF  C/EBPS
St (G0 (Paxt)) (cFos @ @aly (evi) ek () @) (weai) (vor
ver
J
RA
nnnnnnnnn on

Radboudu mc



A short story: B-RAF mutations and melanoma

Stage

Basement
membrane

Dermis

Benign
Nevus

Dysplastic
Nevus

Radial-Growth
Phase

Vertical-Growth
Phase

Metastatic
Melanoma

i
MetastIS T lung, liver,
or brain

Biologic
Events

Molecular
Lesions

{Miller and Mihm,
2006}

Benign
Limited growth

BRAF mutation

Premalignant
Lesions may regress

Decreased differentiation
Unlimited hyperplasia

Crosses basement membrane

>
>

Dissociates from primary

‘ PTEN loss

Random atypia Cannot grow in soft agar Grows in soft agar tumor
Clonal proliferation Forms tumor Grows at distant sites
CDKN2A loss

Increased CD1

‘ E-cadherin loss

N-cadherin expression

aVfB3 integrin expression

MMP-2 expression

YiNN-N-NYXYY Y-X

Survivin
Reduced TRPM1

Absent TRPM1

6 Alain van Gool, COY.
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Flgure 2. Blologlc Events and Molecular Changes in the Progression of Melanoma.

Centers

ARNAVALI WV AN &

dmc



Example: Personalized medicine in melanoma

Kinase domain .
B-RAFV600E muytation Strong growth of cell

*  B-RAFV690E cells always grow and become cancer cells

* RAF inhibitors will block pathway, block cell growth
and inhibit cancers that have a B-RAFV6%°F mutation

*  60% of melanoma patients have B-RAFY9%%F mutation

* Basis for a personalized medicine !

7 Alain van Gool, COST CliniMARK summerschool, Spetses, 23 Sept2019 Ragbpqgl':mlc
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Personalized medicine in melanoma

Zelboraf (vemurafenib)

B-RAF inhibitor Treat patients with
B-RAFV69E mutation '

Inhibit growth of cell
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Basaline Day 15 A Progression-free Survival
100+ Hazard ratio, 0.26; 95% Cl, 0200 0.33;
90 P<0.001
80_

Vemurafenib (N=275)

Progression-free Survival (36)
z

Cells stop growing Tumors disappear Patients live longer

Alain van Gool, COST CliniMARK summerschool, Spetses, 23 Sept2019 RagbougumF



Fast development of Vemurafenib (Zelboraf)

2011 \
Zelboraf approved ‘
by FDA for metastatic

melanoma \

Phase | begins
with PLX4032

1983 2004
murine v-RAF 1992 Crystal structure of
retroviral oncogene RAF activates B-RAF kinase
discovered MAPKK (MEK) domain determined
11984 1988 i1993 2002 2006
C-Raf B-RAF RAS-GTP B-RAF identified as
discovered | identified éactivates RAF | |a human oncogene
Y ¥ 1 Y Y 1 Y l
1980 1990 2000
A T A A
1988 1986 1993 :
C-Rafis a A-Raf Link between EGF receptor
serine/threonine  discovered and the RAS/MAPK pathway
[EHEES | o
2005
The C-RAF inhibitor sorafenib

2010

”2015 -

Zelboraf receives EU
approval for treatment
of metastatic melanoma

| 2005
' Initial B-RAF hit

approved by FDA for advanced
renal cancer

{Source: Davis M J, Schlessinger J J Cell Biol 2012}

. identified by
" Plexxikon

Alain van Gool, COST CliniMARK summerschool, Spetses, 23 Sept2019
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Principle of Personalized Medicine

' I’ Patient group
fud

L

Drug toxic but
NOT beneficial

Drug toxic but
beneficial

same pl’OSCI’lpthﬂ

Drug NOT toxic and

NOT beneficial UG NUS toxe

and beneficial

Source: Chakma, Journal of Young Investiga

* The right drug for right patient at right dose at right time W
* Molecular biomarkers as key drivers of patient selection Q
ular biomar s of patient oo &

* = Precision medicine (USA) or Stratified medicine (UK)

ors, 16, 2009

10 Alain van Gool, COST CliniMARK summerschool, Spetses, 23 Sept2019 Raf‘lbpl%gl'll‘mlc



The pharmaceutical R&D phases

T T S LT

Target
discovery dlﬂ:n'urery u-ptlmlntlun Preclinical Phasel Phasell | Phaselll Registration Production |Market
New New candidate Does the drug work Proven efficacious
drug target drug in patients? and safe new drug
I | I | | | | I I
0 2 4 5 7 9 11 12 14 years

one
80 projects V successful
medicine

Translation laboratory = patient
only 1 in 10 projects success

* Need to choose the most successful compound/project as early as possible.

« Improve success of translational medicine using biomarkers
Radboudumc

11 Alain van Gool, COST CliniMARK summerschool, Spetses, 23 Sept2019
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Biomarkers

» Definition: ‘a characteristic that is objectively measured and evaluated as
an indicator of normal biological processes, pathogenic processes, or
pharmacologic responses to a therapeutic intervention’

» Or ‘Whatever works in adding value’

{Biomarkers definition working group, 2001 }

» Molecular biomarkers provide a molecular impression of a biological system

(cell, animal, human)

» Biomarkers can be various sorts of data, or combinations thereof

Benchmark18  |FFPE | FS
Genas o D S G |DSGDSG

i
HEi
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Biomarker-based translational medicine in pharma

e EXxposure? .

e Mechanism ?

e Efficacy ? ’

e Safety ?

e Responders ?

Does the compound get to the site of action?

Does the compound cause its intended

pharmacological/ functional effects?

Does the compound have beneficial effects on disease

or clinical pathophysiology?
What is the therapeutic window (how safe is the drug)?

How do sources of variability in drug response in target

population affect efficacy and safety?

Target Lead

Discovery Discovery

One strategy e

PoC

{van Gool et al, Drug Disc Today 2010}
{Kumar, van Gool, RSC biomarkers, 2013}

‘Organon’ ofp Schering-Plough 9 MERCK
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Biomarker strategy: Data-driven decisions

To be made during testing of drug in preclinical and clinical disease models:

=

Target engagement? —— Effect on disease? — ° Proof-of-Concept
* Proceed to full

- - clinical
Nno Nno development

* No need to test current * Concept was not correct
drug in large clinical trial * Abandon approach
* Need to identify a more
potent drug
* Concept may still be “Stop early, stop cheap”

correct
“More shots on goal”

{Kumar, van Gool, RSC biomarkers, 2013}

‘Organon’ ofp Schering-Plough 9 MERCK



Pharma strategy based on best practice

&

S AstraZenec
Lessons learned from the fate
of Astqueneqa s drug pipeline: T Y
a five-dimensional framework 100-
18
David Cook, Dearg Brown, Robert Alexander, Ruth March, Paul Morgan, 2 ¥
Gemma Satterthwaite and Menelas N. Pangalos 2; 57
NATURE REVIEWS | DRUG DISCOVERY VOLUME 13 | JUNE 2014 | 419 ) g n
The 5R’s assessment: ?
« Right Target
« Right Tissue T v Ne Yo No
s @y . an @
» Right Safety st s gl
the disease indication at start of phase
® R'g ht Patlents O Closed M Active or successful
« Right Commercial Potential
Radboudumc

16 Alain van Gool, COST CliniMARK summerschool, Spetses, 23 Sept2019



Evaluation of success 5R strategy

AStf&ZEﬂEC&%

PERSPECTIVES

OUTLOOK

Impact of a five-dimensional
framework on R&D productivity
at AstraZeneca

Paul Morgan, Dean G. Brown, Simon Lennc
UlIf Eriksson, Mark Fidock, Bengt Hamrén,
James Matcham, Jerome Mettetal, David
Michael A. Snowden and Menelas N. Pang

a Project success rates

1005

Abstract | In 2011, AstraZeneca embarked
development (R&D) strategy with the aim
was below industry averages in 2005-2010
was to focus decision-making on five techni
tissue, right safety, right patient and right c«
describe the progress made using this’
experience could be useful to other compe

Fercentage

7 |66 | 71

MNATURE REVIEWS | DRUG DISCOVERY

candidate drug nomination to phase III
completion were 4%, compared with

5% for the industry on average (based

on data from the Centre for Medicines
Research (CMR) International). By phase,
the company was broadly in line with the
CMR industry averages, but success rates

€ MNumber of diagnostics
launched

10—

Mumber
n

O 2005-2010 (industry)
O 2013-2015 (industry)

O 2005-2010 (AZ)
B 2012-2016 (AZ)

51

22115] 18

Preclinical
17 Alain van Gool, COST CliniMARK summe
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Biomarker R&D pipeline

MARTINA KAUFMANN
STRATEGIC CONSULTING
Individual Solutions for Personalized Medicine

Identification

- Biomarker hypothesis
for prediction of
response

« Selection of candidate
marker(s)

« Initiation of assay
development

Commercialization

Validation & .
Approval .

Assay development
Clinical validation
IVD development
Clinical utility
Approval

Market penetration of CDx
Reimbursement of CDx
Quality of CDx testing
Education & training
Lifecyclemanagement of
CDx

© Martina Kaufmann Strategic Consulting | ODDP Nov 2017 7

18 Alain van Gool, COST CliniMARK summerschool, Spetses, 23 Sept2019
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Biomarker discovery

Biological

Definition what is needed (Context of Use), a.o. Specificity, Selectivity

Design discovery study well

Objectives to address (clinical) need

End-user of outcome

Biological, sample analytical, data analytical path
Practical issues to consider (eg time)

Power calculations

Output with clear biological / mechanistic rational

Path for (clinical) validation

Confirmation in independent study

Publish in peer-reviewed journals

Radbo_ud umc



relevant elements
I 1

Biomarker specificity/selectivity o ——

L J ° O o

v Sensitivity (also called the true positive
rate, the recall or probability of
detection(1] in some fields) measures the
proportion of actual positives that are
correctly identified as such (eg.. the
percentage of sick people who are
correctly identified as having the
condition).

» Specificity (also called the true negative
rate) measures the proportion of actual

true positives  false positives

selected elements

negatives that are correctly identified as How many relevant How many negative
itermns are selected? selected elements
such (e.g., the percentage of healthy e are truly negative ?
. . peup!e_ are curre;tly e.g. How many
people who are correctly identified as not identified as having healthy peple are

hawving the condition.

having the condition).

Sensitivity= ——— Specificity =

{Revolvy.com}

20  Alain van Gool, COST CliniMARK summerschool, Spetses, 23 Sept2019 Radboudumc

university medical center



221

relevant elements

Biomarker specificity/selectivity

false negatives

Receiver-operator curves (ROC)

12 Marker Naive Bayes Classifier by Site

true negatives

= — -
/ _.-.—--'";—J" ------ g ”1’
( [J Pl ) /~ ’l
[ ! - ’,
4 ~ ’,
i rd
i | ’
s
| 4
, AUC =0.91 L’
/ AUC=0.98 i
AUC =0.82 ,
AUC =0.92 e
’f
4
-~
e
= e
2 ’
= L
2 ,°
& e selected elements
s
e How many relevant How many negative
P iterns are selected? selected elements
e e.g. How many sick are truly negative?
Pl people are correctly £.g. How many
4 identified as having healthy peple are
o’ the condition. identified as not
hawving the condition.
---- ALL
BS
~—— RPCI
o L’ NYU Sensitivity= ——— Specificity = _
= T T T T
0.0 02 04 06 0.8 1.0 '
1-Specifici
Spechaly {Ostroff, PLoS ONE, 2010}
Alain van Gool, COST CliniMARK summerschool, Spetses, 23 Sept2019 {ReVOIVy'Com} RadbOIIdUmC
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Biomarker fit-for-purpose robustness

Stage #samples #replicates cv costs throughput
Exploratory low high high high low
Probably valid medium medium medium medium medium
Valid high low low low high

* Different robustness needed in early vs late drug development
* However, most assays should preferably yield quantitative data.

T T S T

Target Lead Lead
discovery | discovery aptimization Preclinical Phasel Phasell | Phaszlll Registration Production |Market
Hew New candidate Does the drug work Proven efficacious
drug target drug in patients? and safe new drug
I I I I I I I I I
0 2 4 5 7 9 11 12 14 years

22 Alain van Gool, COST CliniMARK summerschool, Spetses, 23 Sept2019 Radboudumc
niversity medical center



Biomarker validation

Technical

Format

Reagent source
Reagent stability
Equipment
Signal/noise
Dilution effects
Linearity

Recovery

Matrix effects
Sample processing

Guidance for Industry

Bioanalytical Method Validation

Source. FDA guidance document 2001

Calibration curve
Assay variability
Operator variability
Upscaling
Specificity
Selectivity
Reproducibility
Carry-over

LOD
LLOQ
%CV

O

EUROPEAN MEDICINES AGENCY
SCIENCE MEDICINES HEALTH

HE

EMEA/CHMP/EWP/192217/2009

Guideline on bioanalytical method validation

Source: EMA guidance document 2011



Biomarker qualification

Clinical

Confirmation of discovery finding
In independent samples

By independent investigators

By multiple labs

Same assay or different assay
Same or different calibrators
Shared controls

Effect size similar

Clinical acceptance

Publish in peer-reviewed journals
Adequate assay robustness for planned application
Adoption by enduser

Health Technology Assessment

Radbo_ud_ umc



Biomarker development to clinical assay

* Health Technology Assessment (cost-benefit)
* Development and production of prototype test
* Stringent analytical validation
* Retest to ensure clinical utility (specificity/selectivity)
* Marketing
* Acceptance in field
- Clinicians
- Patient organisations
- Regulatory agencies
- Insurance providers

Radboudume



Outline

* Biomarkers in pharmaceutical industry

* Biomarkers in academic research and healthcare
* Biomarkers in personalized health (care)

* Translational innovation gaps

* Qutlook
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A short story:

Personalized healthcare in rare metabolic diseases

Normal Dutch parents

Son Brian, 2002, low birth weight, lactic acidosis, hypoglycaemia
Intellectual diability, movement disorder, epilepsy

T age 3,5 yr (respiratory failure) T he
Son Joel, 2009, same clinical phenotype 9[9393221?9"24‘1%’1#1 pi‘ﬁ?;}'dﬁ’q
T age 1,5 yr (epilepsy) | |
Y] . 12 13
Clinical phenotype: lp:é%ﬁw; p[p:é%ﬁGor
Suspicion of mitochondrial dysfunction P saravien sy

{Wortmann et al, Human Biology 2017}

Radboudu mc



* ATP production {,, Creatine phosphate production {,
*  But OXPHOS enzyme complex |-V normal

* Candidate gene sequencing: no variant

*  Mechanism of disease?

* |n 2010: Whole Exome Sequencing - WARS2
mutations

{medicalxpress.com}

NADH  NAD*+H* 3H*
ADP + Pi

NADH:ubiquinone Succinate dehydrogenase Ubiquinone-cytochrome ¢ Cytochrome c
oxidoreductase oxidoreductase oxidase F1/Fo-ATP synthase {Rodenburg, Biochim
(complex 1) (complex Il) (complex 11I) (complex 1V) (complex V) . g,
Biophys Acta, 2016}
subunits (genes) 44 4 11 13 13
mtDNA 7 0 1 3 2

nDNA 37 4 10 10 15 Radboudumc



New mechanism of disease

Received: 19 July 2017 ‘ Revised: 7 September 2017 ‘ Accepted: 10 September 2017

WARS?2 is mtDNA-coded
tryptophanyl-tRNA synthases

DOI: 10.1002/humu. 23340

RESEARCH ARTICLE

Biallelic variants in WARS2 encoding mitochondrial
tryptophanyl-tRNA synthase in six individuals with
mitochondrial encephalopathy

Saskia B. Wortmann?.2:3+ | SharitaTimal*** | Hanka Venselaar® |
Liesbeth T. Wintjes* | Robert Kopajtich? |
Mareike Miihlmeister* | Ulrich Brandt* |

Dirk Lefeber® |

Francjanv Spronsen'* | Terry GJDerks' |

Jan A. Smeitink* |

Wolfgang Sperl® | Ger Pruijn”® | VesnaStojanovic!!1?

Peter Freisinger’® |

Hermine E. Veenstra-Knol*> | Johannes AMayr! | AgnesRétig! |

Mark Tarnopolsky? | Holger Prokisch23+ | Richard J. Rodenburg?*

family F2:

O

1 2
¢ [797deiCl{=]
P [Pro266A1g1s*10%[=]

o

12
€[797ceIC),

€ [938A-T)[=]
PlLys313met][=]

Val349

Glu3s2

[938A-T)
D.[Pro266Argfs'10];
[Lys313Met)

[938A>T)
P [Pro265A1g15™10];
[Lys313Mef]

WARS2
MT-CO2
NDUFS4

SDHA

ATP5A1
UQcCrC2

VDAC1

WILEY HGV§

AN
i

René G.Feichtinger! | Carla Onnekink”® |

Joris A. Veltman®1© |

* Novel mutation causes
instability of WARS2 protein

* Less charging of Trp-tRNA™
* New prenatal genetic test !

€134G>T c526G>C C.938A>T
p.Gly45val p.Val178Leu p.Lys313Met
231656 c797801C €10456>C
pHiSTIGIn pPro266As 10 pVa4sLeu
€91-8725_348+271164e135099 €.1054G>A
8 | plLys3t_Giniedel p.GU352Lys
deletion H I
exon HE Tk o » 3 D 7 6 LF I:I o
NP_056851.1 f 3 + - + £ -
(360 2a) ! [ 1} H [ [ [t ] i i
aminoacd 1 360
‘mitochondrial
targeting sequence
Cl
pFi 9 C1 PArg PTrp 12 13 C2
c1 C 11 15
# s 37kDa
— — —> Trp-tRNAT™
-— — w19 kDa —> tRNATP

S S e A 10 kD2

—

- . 70 kDa

S — — # 50 kDa
— e w— e 48 kDa

—--_- 29 kDa

—> Arg-tRNAAE
—> tRNAA™

{Wortmann et al, Human Biology 2017}

Radboudu mc



Meet & greet @ Translational Metabolic Laboratory

4 ] [iid i 5
. J \ z
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Lessons learned

* Technology innovation is driving impact in personalized
healthcare

* Crucial to combine different molecular views to understand
human health and disease (X-omics)

* Fast translational of biomarker research to implementation
in academic clinical laboratories

Radboudumc



Role of molecular biomarkers in Personalized Healthcare

\» Personalized diagnosis

I» Personalized therapy

Patient participation

+

= Personalized healthcare

Information

%" molecule human

32 Alain van Gool, COST CliniMARK summerschool, Spetses, 23 Sept2019 Ra&ibou‘ciil.ll(rp’c



Genomic impact in Personalized Health(care)

Personalized medicine: Personalized health:
B-RAFV60%E drugs for melanoma BRCA-driven preventive surgery

The IRS Mess /Syria's YouTube War/ The End of Alimony

A Progression-free Survival
100

Hazard ratio, 0.26; 95% CI, 0.20t0 0.33;
P<0.001

THE

ANGELINA

EFFECT

Vemurafenib (N=275)

Progression-free Survival (%)
=2

M Dacarbazine (N=274)

No. at Risk BY JEFFREY KLUGER & ALICE PARK
Dacarbazine 74 213 85 45 28 16 10 [ 3 0 o o /]
Vemurafenib 275 268 211 122 105 S0 35 16 4 3 0 0 0




The power of omics in diagnostics

Genomics Proteomics, glycomics, metabolomics
Testing 3.000.000.000 DNA bases Testing of 10.000-50.000 proteins and
in 1 assay metabolites in 1 assay

34 Alain van Gool, COST CliniMARK summerschool, Spetses, 23 Sept2019 RadbOUdumC
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The power of omics in diagnostics
* Higher diagnostic yield

* Contextualisation of change

Single 1 increase ‘
biomarker J decrease
Patient 1
: 1 : ] 1 1 ‘ | I : : T I T
Omics
panel ‘ ‘ ‘ ‘ ‘ Patient 2

35 Alain van Gool, COST CliniMARK summerschool, Spetses, 23 Sept2019
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Genomics developments

a:. a— Developments in

J: HiseaX Hiseq 4000 High Throughput Sequencing
Hiseq
1000 - 2000/2500 J:
r /J Hiseq2500 RR
: NextSeq 500
100 - / S ﬂ ‘S
s E
Prot: "

- 10 - y Miseq PacBio RS
()] p
©
a
g 11
c
2
8 0.1 -
]
I3
o
&
o 0.01 - GSFLX GS Junior

0.001 -

= @

‘Sanger’ , ) N B
Lex Nederbrag‘t (2012-2015) http://dx.doi.org/10.6084/m9.ﬁgshare.100940 T T T T T T T T T T T T T T -T-‘T\-T-
0.00001 ' ‘ ‘ 20012002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
10 100 1,000 10,000

Read length (log scale)

More and longer reads at lower costs
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Diagnostic progress by Whole Exome Sequencing

7.3 % 29.3%
u Positive diagnosis : Positive diagnosis

Possible diagnosis

No diagnosis No diagnosis
27.3%
Sanger sequencing Whole Exome Sequencing
Gene-by-gene All genes at once
5.4 tests / patient (1-28) 1 test / patient

Retrospective analysis of Intellectual Disability cohort (n=150)

Human Genetics N I_] MEQgEN (Lisenka Vissers, Marcel Nelen, Han Brunner et al)

Radboudu mc



Next: Whole Genome Sequencing
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Circus plots of Whole Genome Sequences of two metastatic cancer patients
Source: Edwin Cuppen, Hartwig Medical Foundation
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Interpretation of genetic variants becomes the issue

Guidelines American College of Medical Genetics and Genomics (ACMG)

Benign

Pathogenic

Strong

Supporting

Supporting

Moderate

Strong

Very Strong

Population
Data

MAF is too high for
disorder BA1/BS1 OR
observation in controls
inconsistent with
disease penetrance BS2

Absent in population
databases PM2

Prevalence in
affecteds statistically
increased over
controls PS4

Computational
And Predictive
Data

Multiple lines of
computational evidence
suggest no impact on gene
/gene product BP4

Missense in gene where
only truncating cause
disease BP1

Silent variant with non

predicted splice impgciia®

Functional

Well-established

Multiple lines of
computational
evidence support a
deleterious effect
on the gene /gene
product PP3

Novel missense change
at an amino acid residue
where a different
pathogenic missense
change has been seen
before PM5

Prot

Same amino acid
change as an
established

pathogenic variant

Predicted null
variant in a gene
where LOF is a
known

of

Variant classification:
1. Benign
2. Likely benign

3. Uncertain significance

BPS

gene PP4

Richards et al., Genet Med. (2015)17:405-24

Data functional ” mﬂ/
. . ¢
e . a deleterious
Bs3\ F Unct\o ‘ﬂ o gen\C\tV /‘m‘/ effect PS3
variation PM1 i i
¢ of pat — 4. Likely pathogenic
Non-! SU or m;zanon with
Segregation with p / disease in multiple &
= Increased segregation data
Data affected family Ui >
members PP1 .
De novo De novo (without De novo (paternity & 5 * Path Oge n IC
Data paternity & maternity | maternity confirmed)
confirmed) PM6 PS2
Allelic Data Observed in trans with For recessive
a dominant variant 8P2 disorders, detected
in trans with a
Observed in cis with a pathogenic variant
pathogenic variant BP2 PM3
Other Reputable source w/out Reputable source
Database shared data = benign BP6 | = pathogenic PP5 M O re Se q u e n Ce d ata —
Found in case with Patient’s phenotype or
Other Data an alternate cause FH highly specific for

more unknown variants
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Complexity in protein biology

Truncation
Phosphorylation
Acetylation
Ubiquitination
N-Glycosylation

%}% ?iii@zt
R212 3&;§} e’
Tr e ey

40 Alain van Gool, COST CliniMARK summerschool, Spetses, 23 Sept2019

21.000 genes

1.000.000 -2.000.000
protein forms
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Our functional Omics platforms

o= ) [ N ==

o oo
0. %' <o EIC (negative ESI mode)
e © .ﬂ‘“ [} - o [ T
%% oU @ N I] i
C - C ) ) = 2-Methylbutyroylcarnitine
¢ : vz 2441552
Peptide Fragmentation Fragment
Selection Selecti

ol B el i

Tal:egeted analyses Metabolomics Proteomics
- U\ O\ /

(- N\ (= A

Intensity

~~~~~

I'E R E
EBEER
@ g 8§88 ¢& 2
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1 g
LARS.
: -
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s I . IJ.
i m "
k Iy al Subcellular complenty Protein
i1 k] 1 12 : : i :
o el ol aat |WN Lo localization Lentiviral expression
I EHES) L - U@ﬁa‘.\h’l J\iﬂ\ rescue
i i i [ 2 Tnsiai]

\Gchomics/gI;co;réte;m;gs/ \ Top-down proteomics j \ Functional genomics /

Translational Metabolic Laboratory  (www.youtube.com/watch?v=yhLbuxoH7rg)

Radboudumc

41 Alain van Gool, COST CliniMARK summerschool, Spetses, 23 Sept2019 e



Use Omics in Biomarker R&D

Biomarker Context of Use 1. Define context of use
Biomarker data Biomarker data Bisrrarker data
— scientific f— — patent —_ 2. Data collection

: 2 - repositories
literature literature P

3. Generate biomarker model

f———)

New self-generated data

4. Improve biomarker model with

Study design self-generated omics data
Functional network of omics

I biomarkers with relation in process
and expression in adipose tissue
1 5. Prioritize and select biomarkers

Selected high quality biomarkers
{Tans et al, Exp Rev Proteomics 2018}
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Precision medicine in genetic-metabolic disease — current

New disease

Personalized diagnosis .
mechanisms

Nature Genetics 2018

Genomics
(WES)

H,O, c
Hydrogen Formal ogen
peroxide ide
Hs—CH, + MTO s
Methanethiol W Oxygen Formaldehyde Hydrogen Hydrogen
Ifide

Personalized therapies

NEJM 2014
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Figure 3. Effects of Dietary Galactose on Protein Glycosylation.

Genet Med 2017
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Precision medicine in genetic-metabolic disease - future

Personalized diagnosis New disease New personalized
mechanisms therapies
Genomics  ween Deep Learnin -
(WGS) T p g - 9
Artificial Intelligence - -
System biology
Metabolomics ;5,.“
Ln i __J ) PLS-DA, § features PLE-DA & feature filter, 671 features
R

w
o 3 8B 8 &

Glycomics

C 2 (23.52%
L ]
®
L]
PC 2 {¥.97% varianca)
a
L ]
e
]

- *
G |VC0|Oroteomics Nature Genetics 2016 Pilot 2017
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Role of molecular biomarkers in Personalized Healthcare

\ » Personalized diagnosis

I » Personalized therapy

| Patient participation

+

I = Personalized healthcare

Therapy monitoring

¥

* Proper dose ?

Information

e Efficacy ?

45 Alain van Gool, COST CliniMARK summerschool, Spetses, 23 Sept2019 Ragbouqumc



Therapeutic drug monitoring

Therapeutic drug monitoring (TDM) is the clinical practice of measuring

drugs concentration and patient’s response at designated intervals thereby
optimizing individual dosage regimens.

Benefits of TDM:

Patients:

Prevents underdosing thus ensures efficiency
Prevents overdosing and unnecessary side effects

Payers:
Reduces health care-related costs

Radboudumc



Optimisation of Soliris treatment in

CTRKDIUS

atypical Hemolytic Uremic syndrome

Eculizumab (ug/mL)

800- ®
6001 o
- ®
. O
400' .
200- ,é: s
|...8§° &
| I O ‘_'____ } Target range
0/ O
BS 1 2

Standard infusion intervals (weeks)
{Volokhina et al., Clin Pharmacol Ther, 2017}

O P1
Q P2
o P3
Q P4
O Ps
O P6
P7
P8
P9
P10
P11

cCeeoe

Solaris (Eculizumab) is very
expensive drug

Life-long infusions
Frequent overdosing
Room for improvement !

€1,2 miljoen
swom- _Glybera
Soliris €a75.000,
- I Elaprase
S - _—

{Elena Volokhina, Bert van den Heuvel}
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Cost-reductions C@@{US

. Radboudumc n= 22
= |
CUREiHUS (n=37) Radboudume =2 By:
Period Standard Cure-i-HUS ErasmusMC n=5 .
[1-1-2016 — treatment UMCG n=4 ¢ AdJUStment
01-03-2019] dosing
 Reduce treatment
fotal €37.747.822 €13.628.141 after recovery
£1.020.211
(Per Patient \

€1.020.211 € 368.328

Total
reduction

€24.119.681
v

€368.328

Reduction

per patiént €651.883

per year
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Outline

* Biomarkers in pharmaceutical industry

* Biomarkers in academic research and healthcare
* Biomarkers in personalized health (care)

* Translational innovation gaps

* Qutlook

Technology Centers
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Moving to personalized health(care)

FERRRRA

| TreatmentA M } }

People are more than linear pathways
Different systems and networks

Different risk factors
Different preferences

.

Jocar 6\“ i

{Source: Barabdsi 2007 NEJM 357; 4}
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3 key aspects of personalized health(care)

‘I want to stay healthy. If not, how do I get healthy?’

1. What to measure?
2. How much can it change?

3. What should be the follow-up for me?

Alain van Goo , COST CliniMARK summersc hool, Spetses, 23 Sept2019 Radboudumc



We need a personalized data-driven GPS for health

* Monitor on background

* Alert when you are at risk
* Advice what to do
* Powered by biomarkers

o \ HQU - NIJLEN™
o 2 Ol I;ICH ‘l.\En_,
) / HAMME Lo
Information £ 7 PUURS RUMST R
\ [ . .
“NDERMONDE -~ F~ME¢HELEN — |
2 N \ e
. OPWIJK "”. " ;
LST . RGN
oL 'k WEMPEE 1 il MREN 4 Hic2o
Possible treatments: \DERT EUW 5 % % Sam
- w GBS AN .
A B CDE ot
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A changing world: We are getting digital !!

Radboudumc



Exponential developments
- digital biomarkers

InteraXon is changing the way
the world thinks with Muse,
the brainwave-sensing headband.

23andMe

Interaxon

www.Indiegoge.com/interaxonmuse
October 20, 2012
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Outline

* Biomarkers in pharmaceutical industry

* Biomarkers in academic research and healthcare
* Biomarkers in personalized health (care)

* Translational innovation gaps

* QOutlook

Technology Centers
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However ... 3 translational innovation gaps !

1. Research to research
2. Research to diagnostics

3. Research to society

Number of
biomarkers n

Gap1l

Gap 2

Discovery Clinical Diagnostic
validation/confirmation test {See www.slideshare.net/alainvangool}

Radboudu mc



1. Research to research

@ PLOS ’ BIOLOGY

PERSPECTIVE

The Economics of Reproducibility in

Preclinical Research

Leonard P. Freedman'#, lain M. Cockburn?, Timothy S. Simcoe??

1 Global Biological Standards Institute, Washington, D.C., United States of America, 2 Boston University

{Freedman et al, PLOS Biology, 2015}

United States of America, 3 Council of Economic Advisers,

e
®-PLOS l BIOLOGY
. ® School of h t, Boston, Massacl
Washington, D.C_, United States of America
a7 _
100% 89%
90% - (n=53)
78%
= 80%- (n=67)
o
S 70%-
3 54%
S 60%- (n=238) 51% 51%
[ (n=257) (n=80)
= 50% -
©
o
o 40% -
=
2 30%-
o
LT
& 20%
10% -
{2012} {2011} {2013} {2012} {2008}
0%
Amgen Bayer Healthcare Vasilevsky et al. Hartshorne Glasziou et al.
(Begley and Ellis) (Prinz et al.) and Schachner
Fig 1. Studies reporting the prevalence of irreproducibility. Source: Begley and Ellis [6], Prinz et al. [[], Vasilevsky [8], Hartshome and Schachner [5],
and Glasziou et al. [9].
doi:10.1371 foumal. pbio. 1002 165.g001
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Categories of errors leading to irreproducibility

US$56.48 Categories of Preclinical Irreproducibility

Irreproducible

Data Analysis

and Reporting

(25.5% of total)

) US$28.2B
Reproducible (50%)

Laboratory
Protocols

(10.8% of total)
_

Estimated US Annual Preclinical

Research Spend
Fig 2. Estimated US preclinical research spend and categories of errors that contribute to irreproducibility. Note that the percentage value of error for
each category is the midpoint of the high and low prevalence estimates for that category divided (weighted) by the sum of all midpoint error rates (see 51
Dataset). Source: Chakma et al. [18] and the American Association forthe Advancement of Science (AAAS)[19]. {Freedman et al,
PLOS Biology, 2015}

doi:10.1371 foumal.pbio. 1002 165.9002
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A short story: Personalized medicine in melanoma

Vox

:

{
Q ERK
NI

SO

B-RAFV600E muytation Strong growth of cell

*  B-RAFV690E cells always grow and become cancer cells

* RAF inhibitors will block pathway, block cell growth
and inhibit cancers that have a B-RAFV6%°F mutation

*  60% of melanoma patients have B-RAFY9%%F mutation

* Basis for a personalized medicine !

61 Alain van Gool, COST CliniMARK summerschool, Spetses, 23 Sept2019 ‘ Organon , d.p Schering-Plough e MERCK



Biomarkers to support clinical development
* Within Schering-Plough 4 Lead Optimisation programs in ERK pathway (2009)

* Need for blood-based biomarker that indicated downstream effects of drugs:
* Inhibition ERK pathway (pharmacodynamic)
e Tumor inhibition (efficacy)

» Extensive transcriptomics profiling: IL-8 as promising candidate biomarker

IL8
interleukin 8

200 —

150 <

100 —

Intensity

Ratio(log2)

o
o
|

A — ]

0 - mten mnfes —O— s e —O— —0—

2
#3
4

g Data for RAFi #4

DMSO
RAFi #1
RAFi
RAFi
RAFi
MEKi #1
MEKi #2
ERKi #1

Ordered gene index

(Organon Y ofp Schering-Plough 6 MERCK



Validation study to confirm IL-8 in melanoma

Literature

*%k% p<0.001

Objectives:

123 pgimi * Confirm elevated IL-8 in melanoma

* Develop IL-8 assays for clinical use

Control Melanoma

Cancer Therapy: Clinical

Multiplex Analysis of Serum Cytokines in Melanoma Patients
Treated with Interferon-a2b

Zoya R. Yurkovetsky,"? John M. Kirkwood,"? Howard D. Edington,® Adele M. Marrangoni,’
Lyudmila Velikokhatnaya,! Matthew T. Winans," Elieser Gorelik,"*® and Anna E. Lokshin™?

{Yurkovetsky, et al. Clin Cancer Res, 2007}

(Organon Y ofp Schering-Plough 6 MERCK



Validation study to confirm IL-8 in melanoma

59 melanoma samples (tumor tissue (ffpe) + matching serum & plasma, stage I-1V,
from two independent biobanks) + 40 healthy serum & plasma samples

1. Genetic analysis for BRAFV600E/D mutation in genomic DNA from tissue OK

2. IL-8 mRNA analysis in tissue samples by in situ hybridisation using bDNA OK
probes (multiplexing with 12 ERK pathway response transcripts)

3. IL-8 protein analysis in tissue samples by immunohistochemistry (in parallel

with 4 other ERK pathway response proteins, Ki67, Tunnel) OK

4. IL-8 protein analysis in matching plasma and serum by IL-8 immunoassay p)

(3 formats: ELISA, Luminex, Mesoscale; singleplex and multiplex)

Stage
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Validation study to confirm IL-8 in melanoma

Literature

*%k% p<0.001

123 pg/ml

Control Melanoma

Own data
20 -
- »
E
Eﬁ- .
0
E 10 =
w "
= »
= o 1i
[:5] n JimE
=2 f. -l....l..ll
0= i o LU ™ mgBEE
Healthy chltmI (n=20) MElﬂI‘IDITlIﬂ (n=59)

Cancer Therapy: Clinical

Multiplex Analysis of Serum Cytokines in Melanoma Patients
Treated with Interferon-a2b

Zoya R. Yurkovetsky,"? John M. Kirkwood,"? Howard D. Edington,® Adele M. Marrangoni,’
Lyudmila Velikokhatnaya,! Matthew T. Winans," Elieser Gorelik,"*® and Anna E. Lokshin™?

{Yurkovetsky, et al. Clin Cancer Res, 2007}

{Unpublished, 2010}
(6 months, 4 fte, USD 1.000.000)

Cause?

(Organon Y ofp Schering-Plough 6 MERCK



Share negative outcomes
THE JOURNAL OF

IRREPRODUCIBLE |
RESULTS ‘

“Improbable Investigations & Unfounded Findings™

INCLUDING:
Golf and the Poo Musele:

A Prelimanary Report <. ... .. ... 31
The Inhentance Pattern of Death . . 57
Prenatal Psvehounalvsis ... .00 63

|
THE BEST OF
THE PARODY
MAGAZINE
WRITTEN BY
EMINENT
OF THE
SCIENTIFIC
& MEDICAL
COMMUNITY

_d
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%k% p<0.001
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Lessons learned?

-
o
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Mean IL-8 levels (pg/ml)

|.
:

-

Particularly for this case:
1. Know sample history
* |L-8 protein appeared sensitive to freeze-thawing

{Stephan Nierkens, UMCUtrecht}

2. Know all relevant information from the source (patient)
*  Tumor load may be too low for our patients

3. Do these type of expensive validation studies together !
* Share burden, increase power, ensure better data

If we want to innovate clinical molecular biomarkers,
we need to increase quality, not quantity of our research.

(Organon Y ofp Schering-Plough 0:’ MERCK



Integrity:

. . 7 Discovered biomarkers in prostate cance
2. Research to diagnostics i

May 2011:
Nov 2012:
Oct 2013:
Nov 2014:
Oct 2015:

Nov 2016:
Oct 2017:

Number of
biomarkers

2,231 biomarkers
6,562 biomarkers
8,358 biomarkers
10,350 biomarkers
11,856 biomarkers
14,481 biomarkers
15,463 biomarkers
16,480 biomarkers/

n \Ect 2018:

Gap 1l

Gap 2

Discovery Clinical Diagnostic

validation/confirmation test

1 biomarker/
2-10 years

~ 5 biomarkers/ 1 biomarker/
working day 1-3 years

/22 Sept 2019: \

386 Pharmacogenomic
biomarkers in drug
labeling (all drugs)

FIOA

\ APPROVED /
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Biomarkers in type-2 diabetes melitis

C
a 4500 b
6000
3931
4000
5076
3500 5000
3000 2745
2 4000
2 g
g 2500 E
£
[+
@ 2000 3 000
£ 3t 2412
2184
— 2000
1000 282
1000
500
4 W Biochemical ® Proteomi
. - B Genomic W Other
Metabolic Obesity T2DM Experimental ESH LSH Approved
Syndrome
EXPERT REVIEW OF PROTEOMICS ;
2019, VOL. 16, NO. 2, 105-115 Taylor & Francis
https://doi.org/10.1080/14789450.2018.1551134 Taylor & Francis Group

REVIEW M) Check for updates

The future of protein biomarker research in type 2 diabetes mellitus

Roel Tans®, Lars Verschuren®, Hans J. C. T. Wessels?, Stephan J. L. Bakker ¢, Cees J. Tack?, Jolein Gloerich®
and Alain J. van Gool ¢

*Translational Metabolic Laboratory, Department of Laboratory Medicine and Radboud Institute for Molecular Life Sciences, Radboud University
Medical Center, Nijmegen, The Netherlands; ®Department of Microbiology and Systems Biology, TNO, Zeist, The Netherlands; “Department of

Internal Medicine, University Medical Centre Groningen, University of Groningen, Groningen, The Netherlands; “Department of Internal Medicine H
and Radboud Institute for Molecular Life Sciences, Radboud University Medical Center, Nijmegen, The Netherlands {Tans et G/, EXp Rev Proteomics 201 8}

Radboudumc
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Good example of multi-laboratory biomarker validation

Alzheimers
&
Dementia

Albheimer's & Dementia T (2011) 386-395

ELF.-E\-"]ER

The Alzheimer’s Association external quality control program
for cerebrospinal fluid biomarkers

_ - 3 biomarkers:
Niklas Matmon . Ulf Andreasson®, Staffan Persson®, Hiroyuki Arai”, Sat Dev Batish®,

Sergio Bernardini L‘lll'%‘ﬂ"& Euc-:hm-Chlav-:nﬂ Marinus A Elankﬂn-n-:ln Marla C. II':arnII::mE ¢ A[342
Sonia Chalbot", Elq Coart', Davide Chiasserini', Neal Cutler*, Gunilla Dahlfors', Stefan Duller™, « T-Tau
Anne M. Fagan", Orestes Forlenza”, Giovanni B. Frisoni®, Douglas Galasko",
Daniela Galimberti®, Harald Hampel’, Aase Handberg®, Michael T. Heneka', * P-Tau
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Good example of multi-laboratory biomarker validation

Possitle sources of varishility hetween CSF sludies
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Adoption of best biomarker practice ???
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Fig 1. Resulss for enzyme linked immuncsocbent asssy (ELISA; A-C), xMAP (D-F), and Meso Scale Discovery (G-1) from rounds 1(1A snd 1B) and 2(2A
2nd 2B). Panels B, C, E, and F huve secondsry y-axes owing tolarge. samples. Different sy different kit batches for ELISA
and XMAP, and different assays for Meso Scale Discovery (6E10, blue siangle: 4G8, red squsre).
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Choice for biomarker scientists: discover or confirm?

We are
too busy

Radboudume



Publication bias

I—OSt | N t h ecC I tat I on va | | ey nthe research fieldsaccrue citations at different rates.
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Gerard Pasterkamp, Imo Hoefer & Berent Prakken

[ LI [ -
Changing the academic reward system to improve translational medicine should start by moving away from a myopic The Va"ey Of death ISa \Fa"ey Of !
focus on publications. f Im pac‘t’ C

Publications in high-impact journals and ti

1016 VOLUME 34 NUMBER 10 OCTOBER 2016 NATURE BIOTECHNOLOGY
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3. Research to society

.‘h\n‘\. A\ Y

* Upto 1.000.000 signals * Point-of-care analysis of
per analysis few biomarkers
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http://www.telegraph.co.uk/news/2016/06/08/phone-app-that-can-detect-heart-attack-a P~RC Phone app that can d... *

Login Register Subscribe s Video

mjt @tltgl’&]ﬂ] HOME NEWS SPORT BUSINESS ALL SECTIONS =

News

UK World Politics Science Entertainment Pictures Investigations Brexit

A  News

Phone app that can detect

heart attack a week out
considered by NHS

@oo

|

"~ | By Henry Bodkin
9 JUNE 2016 - 12:20AM

heart attack by the tone of their voice is being considered for

! smartphone app that can tell if users are in danger of having a
use by the NHS.

o
~——

. Clinical trials of the software showed it accurately predicted admission
to hospital for people with congestive cardiac failure one week before
they were taken gravely ill.

The app is one of a wealth of gadgets and systems under review by the
health service with the aim of revolutionising personalised healthcare.

The smartphone app tracks changes in tone of voice to warn of heart attacks creom b
oudumc
NEWS MOST VIEWED




“Post-traumatic Test Syndrome” ?

theranes
FIND OUT WHAT

= YOUR DNA SAYS
v ABOUT YOU.

A =
x2

3andMe ecmmm
Test, interpret, advice

“ Bloedwaardentest.nl
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Time for quality, not quantity !

eatris COMMENT

European infrastructure
for translational medicine

BBMRI-ERIC Bridging the translational innovation

Biobanking and

- i gap through good biomarker practice

Alain J. van Gool', Florence Bietrix?, Eric Caldenhoven®, Kurt Zatloukal*, Andreas Scherer®,
Jan-Eric Litton®, Gerrit Meijer’, Niklas Blomberg?, Andy Smith®, Barend Mons?,

@ Jaap Heringa'®, Wim-Jan Koot®, Martin J. Smit'', Marian Hajduch'?, Ton Rijnders® and
Anton Ussi?

L]
EI’ ’r Few biomarkers progress from discovery to become validated tools or diagnostics. To bridge
this gap. three European biomedical research infrastructures — EATRIS-ERIC (focused on
translational medicine), BBMRI-ERIC (focused on biobanking) and ELIXIR (focused on data

sharing) —are paving the way to developing and sharing best practices for biomarker validation.

lvgature

pioneering medicine.
together.

Biomarker Ve clinical — cosraction cA16113
?S.‘,’f;‘,"’“’e"‘ ‘ \ ) http://clinimark.eu
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High need to bring molecular biomarkers to higher level

Technologies: Quality, harmonised, standardised, cheaper, higher throughput
Translation: Clinical interpretation and regulatory acceptance

Genomics is advanced

Proteomics, metabolomics (and other omics) much less so

E\/Jataboﬂt

c

AL

Static

Dynamic

Biology

Analytics

* Samples

* Preanalytical factors
* Analytics

* Data analysis

* Interpretation
Implementation
(democratization)

XN -omics

eatris

for translational medicine

el Radboudumc



clinical
biomarkers

http://clinimark.eu
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X-omics research infrastructure

X -omics

Data analysis, integration and stewardship

[
|

Genomics

Proteomics

%

Metabolomics

X-omics
approach

Pushing omics
technologies

Helpdesk
Training
Community
Demonstrators

o Cell
o Individual
o Population

Data analysis
Data integration
Data stewardship
Study design
Sample handling

Resolution, sensitivity,
coverage
Harmonisation,
standardisation, data
FAIR-at-source

R

>



X=-OMICS
COMMUNITY
Network

X-OMICS ) , X-OMICS
HELPDESK TRAINING SCHOOLS

= Assistance for all researchers ‘ Education

X-OMICS
ATOR PROJECTS
Research

0

>

=
AL
DA

GENOMICS ‘ PROTEOMICS




X-omics Community

To connect researchers from all over the world,
Interested in X-omics research approaches

 LinkedIn

Connect

Discuss

Advise

Inform

Share Publications
Find us on LinkedIn: X-omics community / Ere(;sttozga}gtlces
https://mwww.linkedin.com/groups/13739398/ Trainings

7, R

>

X-omics

R
o


https://www.linkedin.com/groups/13739398/

Outline

* Biomarkers in pharmaceutical industry

* Biomarkers in academic research and healthcare
* Biomarkers in personalized health (care)

* Translational innovation gaps

 Outlook

Technology Centers
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Information

Possible treatments:

qz.g., .

A B D E

eeeeeeeeeeeeeeee
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Critical component in biomarker use: Data

o {Wilkinson et al,
www.nature.com/scientificdata

SCIENTIFIC D ATA::

OPEN : Comment: The FAIR Guiding

SUBJECT CATEGORIES :

»Researchdataé PrinCipIeS for SCientiﬁc data

» Publication

s - MANAGgemMent and stewardship L
Mark D. Wilkinson et al.* @ IF umd‘ﬂhﬂ@
* flecessihle

* Data capture o HIDE@[?@@E[F@M@
- Data stewardship (FAIR) T REVER|

L]
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Exponential developments in data sciences

8 Stmrd hp

Data Producer

Data Consumer Apps
Ex. *APIn; ammy BRAIN, | 4—*8
/ﬁ; Consumer

Anl]—( FAIR Data APl )—[ GUI (Data publishing, search, mgmt) }

A - - D
ata
v Ll Find, Access, Interoperate & Re-

[ Management component ]“ -
- t -

> 4

_

7

o

FAIR Data System

Data storage API / FAIR Data APl
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Research

JAMA | Original Investigation
Diagnostic Assessment of Deep Learning Algorithms

for Detection of Lymph Node Metastases
in Women With Breast Cancer

Babak Ehteshami Bejnordi, MS; Mitko Veta, PhD; Paul Johannes van Diest, MD, PhD; Bram van Ginneken, PhD;
Nico Karssemeijer, PhD; Geert Litjens, PhD; Jeroen A. W. M. van der Laak, PhD; and the CAMELYON16 Consortium
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Enabling personalized health data monitoring?

MMMM

Present ,
Subgroups

Population PaSt
®
| |
healthy disease disease +
treatment

Individual data through self-monitoring

100%) -4 R
¢
. ¢
Future g
1 | |
T treatment —> time

Technology Centers
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There is no single one reflection of health

* Funhouse mirror effect

* Multiple sources of your data
* Multiple Omics
* Clinical chemistry
* Electronic Patient Dossier
* Wearables
* Digital biomarkers e
¢ Commercial health tests ((W}
* Social media

* Surrounding mmm—
* Each are a skewed image of you

* How to deal with all of this for
your personal health(care)?

=)
==
\~s

{Mira Vegter, Hub Zwart, Alain van Gool: submitted}
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Outline

* Biomarkers in pharmaceutical industry

* Biomarkers in academic research and healthcare
* Biomarkers in personalized health (care)

* Translational innovation gaps

* QOutlook
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Handbook of Biomarkers and Precision Medicine

70 manuscripts from experts in pharma,
diagnostics, clinic, technology

ok whn

0 N

What is a biomarker and their role in drug
development?

Biomarkers in preclinical sciences
Biomarkers in translational sciences
Biomarker-informed clinical trials

The road ahead in precision medicine
Lessons from the past and pioneers of the
future

Emerging technologies

The next frontiers in therapeutic target areas
Lessons learned and what’s next?

Available @on line webshops (eg. Amazon)

HANDBOOK OF
BIOMARKERS AND
PRECISION MEDICINE

=
48
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016£110 1u1:)0'1é’ff10
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EDITED BY
CLAUDIO CARINI
MARK FIDOCK
ALAIN VAN GOOL
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Purva Kulkarni

Human Genetics
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Marcel Nelen
Alexander Hoischen
Lisenka Vissers
Christian Gillisen
Han Brunner

and others
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Irene Keularts

and others and others
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. Development
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Albert Heck ) .

) Rainer Bischoff
Thomas Hankemeier i

, Theo Luider
Peter Bram ‘t Hoen
and others

Daniella Kasteel
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