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	1. Multi-modal biomarkers in  personalized healthcare:
what’s next?
EARIS-Plus summerschool on personalised medicine
Lisbon, 20 April 2023
Prof. Alain van Gool
Professor Personalized Healthcare
Translational Metabolic Laboratory
Radboudumc Technology Centers
Netherlands X-omics Initiative
EATRIS Biomarker Platform
 




	4. Digital biomarkers
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	5. Exponential developments in  omics technologies
Genomics
Testing 3.000.000.000 DNA bases
in 1 assay
Proteomics, glycomics, metabolomics
Testing of 10.000-50.000 proteins and
metabolites in 1 assay
500
1000
1500
2000
m/z
5 10 15 20 25 30 35 40 Time [min]
{Source: prof. Edwin Cuppen,
Hartwig}
{Source: dr Hans Wessels,
Radboudumc}
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But … crap data will remain crap data
even if made FAIR and AI-ready !
Big hopes for
AI
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Gartner Hype cycle of innovations in personalised medicine
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Gartner Hype cycle of innovations in personalised medicine
 


	22. ➢ A biomarker  may be a single characteristic or a panel of multiple characteristics: Multimodal Biomarkers
➢ Improve performance as an indicator of normal biological processes, pathogenic processes, or biological
responses to an exposure or intervention.
➢ Multi-component biomarkers (composite, multi-variate, or multi-modal biomarkers) are Key for decision-making.
➢ Multimodal Biomarkers: comprised of multiple components of the same type or different types: molecular,
histologic, radiographic, and physiologic characteristics.
➢ Multi-component (multi-variate) biomarkers could also include clinical characteristics and patient demographics,
may be used independently and/ or in combination through an algorithm
➢ Development of a multi-component biomarker may include or lead to transformative operations, machine
learning algorithms, model-based prediction, or additional inputs into the final biomarker.
➢ BEST (Biomarkers, EndpointS, and other Tools) adapts to multi-component biomarkers: FDA-wide and external
experience regarding the use of multi-component biomarkers: measurements, outputs, transformation/modeling
of output and used in decision making.
MULTIMODAL BIOMARKERS features
 


	23. to have a  significant impact on health(care)
 


	24. 24
Personalized healthcare in  rare metabolic diseases
Uridine treatment for Uridine Monophosphate Synthase (UMPS) deficiency
A short story:
Dr. Lonneke de Boer
Pediatrician
Metabolic Disorders,
Radboudumc
Parents
2023-04-20 EATRIS-Plus summerschool on personalised medicine, Lisbon, Alain van Gool
 


	25. Personalized healthcare in  rare metabolic diseases
Personalized diagnosis:
• High orotic acid
Personalized therapy:
• Uridine supplementation
Diagnosis:
• Genetic screening:
• Result trio WES: no distinct genetic cause
• Heterozygous mutation in SEC23B, associated with dyserythropoietic anemia type II (CSAII) in case of
bi-allelic mutations
• Metabolic screening:
• Urine organic acids and purine/pyrimidine analysis: very high orotic acid: 3404 μmol/mmol kreat –
reference 0-4, without indication in serum amino acids for a urea cycle disorder
• Diagnosis: Uridine monophosphate synthase (UMPS) deficiency / hereditary orotic aciduria
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Personalized healthcare in  rare metabolic diseases
Uridine treatment for Uridine Monophosphate Synthase (UMPS) deficiency
An other short story:
Parents
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	27. Treatment of Uridine  monophosphate synthase (UMPS) deficiency
• 1969 Becroft et al: Hereditary orotic aciduria: long term therapy with uridine and a trial of uracil
• 2014 Balasubramaniam et al: Inborn errors of pyrimidine metabolism, clinical update and therapy
• 15 cases reported, in the Netherlands in meanwhile 2 newly diagnosed patients
• Uridine tri acetate (Xuriden), registered in USA, 800.000 euro/year/patient (!!)
• Not registered in NL
• Route to obtain therapeutic drug difficult (import, insurances)
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	28. Treatment of Uridine  monophosphate synthase (UMPS) deficiency
Alternative:
• Food supplement@local drugstore, good for concentration, €36,95 for 50 gram
• Started on 60 mg/kg in January 2020
• Effect:
• From blood transfusions every 5-7 weeks, no blood transfusions needed now for one year
• Reticulocytes and leucocytes increased
• Much more energy, eating improved, growth improved
• But orotic acid levels are still high, effect on kidney to be seen
• Relatively high dose uridine
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	29. Personalized healthcare in  rare metabolic diseases
Uridine treatment for Uridine Monophosphate Synthase (UMPS) deficiency
29
Parents
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	30. Lessons learned
On personalized  diagnosis:
• Metabolic screening adds strongly to genetic screening in identifying mechanism of
disease
• Advantages in using multi-modal omics methods in clinical diagnostics
On personalized medicine:
• Impressive effects of uridine therapy,
• Increase quality of life for patient and family
• Frequent issues regarding expensive medication versus cheap supplements
• FAST (= Future Affordable and Sustainable Therapies) initiative initiated by ZonMW, and part of EATRIS-
NL (www.fast.nl)
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	31. Integration of multimodal  data will give better big picture
{The Blind Men and the Elephant, Daigneault, 2013} {Karr, Cell 2012}
2023-04-20 EATRIS-Plus summerschool on personalised medicine, Lisbon, Alain van Gool
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	32. The power of  omics in diagnostics (1)
Single
biomarker
Omics
panel
Patient 1
Patient 2
• Higher diagnostic yield
• Contextualisation of change
↑ increase
↓ decrease
biomarker x
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	33. 33
The power of  omics in diagnostics (2)
• More biomarker features =
better diagnostic performance (AUC)
Single biomarker
Omics panel
Full Omics profile
500
1000
1500
2000
m/z
5 10 15 20 25 30 35 40 Time [min]
But also:
• Less biology, more statistics
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Clinical omics data  to drive personalized healthcare
Personalized analysis
Genomics
Metabolomics
Glycomics
Glycoproteomics
Deep Learning/ AI
Integrated diagnostics
System biology
Diagnosis of (new)
disease mechanisms
Transcriptomics
Proteomics
Epigenetics
Cellomics
…-omics
Initiation and monitoring of
(new) personalized therapies
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	35. Genome Technology Center  @Radboudumc
• Targeted, arrays, smMIPs, WES, WGS, long read, optical genome mapping, etc
• https://www.radboudumc.nl/en/research/radboud-technology-centers/genomics
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	36. Diagnostic progress by  Next Generation Sequencing
Sanger sequencing
Gene-by-gene
5.4 tests / patient (1-28)
Whole Exome Sequencing
All genes at once
1 test / patient
Whole Genome Sequencing
Entire genome once
1 test / patient
Source figure: Edwin Cuppen,
Hartwig Medical Foundation
Source: Prof Lisenka Vissers,
Radboudumc
Diagnostic
yield?
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	37. Clinical utility studies
Replace  conventional
diagnostic test
by innovation?
Exomes in 2017 Genomes in 2022
Source: Prof Lisenka Vissers, Radboudumc
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	38. ‘Improved
outcome’
‘Worse
outcome’
Less expensive
Willingness
to pay
More  expensive
Cost-effectiveness analysis for innovation in genetic diagnostic care
Implement
Old situation
remains
Added benefit outweighs
added costs?
Reduced costs outweighs
loss in outcome?
Sanger
WES
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	39. ‘Improved
outcome’
‘Worse
outcome’
Less expensive
WES
Willingness
to pay
More  expensive
Cost-effectiveness analysis for innovation in genetic diagnostic care
Implement
Old situation
remains
Added benefit outweighs
added costs?
Reduced costs outweighs
loss in outcome?
WGS
• WGS not yet cost-effective
• How to get there?
- Reduce costs
- Increase diagnostic yield
→ Increase volume
→ Test WES negative patients
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	40. Genomes to replace  other workflows
Schobers et al. manuscript in preparation
*The 1,271 variants contain 137 variants which are unlikely to be detected due to
the echnical limitations associated with short read sequencing technologies
*
*
Selection
of
positive
cases
Size
of
variants
(n=1,271)*
Size
of
variants
(n=1,271)*
Original
workflow
(n=1,271)*
40 2023-04-20 EATRIS-Plus summerschool on personalised medicine, Lisbon, Alain van Gool
 


	41. FISH
Array
B
ES
PCR Blot
Sanger smMIP  MLPA
Markers Karyo
SNV, indels
CNV
CNV, STR
genotype
STR,
UPD
CNV
1bp-10Mb
CNV
>10kb
UPD
CNV
>1Mb
SV, CA
Coding
SNV, indels
CNV
94% 95% 86% 100% 89% 94% 93% 79% 80% 98%
0%
20%
40%
60%
80%
100%
Sanger smMIP PCR Blot Markers MLPA ARRAY KARYO FISH ES
-
+
targeted genome wide
Schobers et al. manuscript in preparation
>98% of variants are readily detected in SR-WGS
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	42. >98% of variants  are readily detected in SR-WGS
Schobers et al. manuscript in preparation
*The original 1,271 variants in 1,000 patients contained 137 variants
which are unlikely to be detected due to the technical limitations
associated with short-read sequencing technologies. These have been
corrected for in this analysis.
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	43. Impact analysis for  replacing workflows by SR-WGS in our lab
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Digital biomarkers
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Advantages digital biomarkers
•  Continuous monitoring versus 1 snapshot observation
• Real world data versus data from clinically controlled circumstances
• More comprehensive and rich data sets
• Truely personalized
• Strong potential in molecular + clinical + digital + environmental
biomarkers for optimal insight in complex biological systems
• Better basis to drive Personalized health(care)
Dutch CC meeting ‘Personalized Health Care”
Ede, 2 October 2013
Alain van Gool
Lecture LKCH, UMC Utrecht
29 October 2013
Alain van Gool
www.idtechex.com
Translational Metabolic Laboratory
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healthy disease disease  +
treatment
Digital biomarkers enable personalized health monitoring
Subgroups
Population Past
Present
Future
100%
Individual data through self-monitoring
treatment time
value
value
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	47. Personalized Parkinson Project
Prof  Bas Bloem
Dept Neurology
Radboudumc
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	50. 50
  


	51. Scheduled tasks
• Close  your eyes, and count back from 1
00 aloud
• Sit until you receive notification from the Study Wat
After task is complete, mark your tremor severity on the
scale:
Confidential & Proprietary
• Press the button by the check mark to start.
• Sit comfortably with your hands resting on your thighs, palms up
• You will have a countdown of 5 seconds to prepare before the timer starts
• Close your eyes, and count back from 1
00 aloud
• You will have a countdown of 5 seconds to prepare before the timer starts
• Close your eyes, and count back from 1
00 aloud
• Sit until you receive notification from the Study Watch in 20 seconds
Count down Timer Rate tremor / task
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	52. 1. Seated rest
Skill  check
To be performed twice each day at approximately the same times each day, at
clinician pre-programmed times that approximately represent the participant’s
opinion of a time representing relatively good symptom control and another time
representing relatively poorer symptom control:
Skills Check notification will take over the time screen.You can accept the
notification by selecting the check mark or snooze by selecting the clock.If snooze is
selected the notification will reappear in 1
5 minutes.The notification can be snoozed
up to 2 times.
Seated rest (Rest tremor)
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	53. 3. Hand opening
•  Press the button by the check mark to start.
• Sit comfortably in a chair
• On the side where you’re wearing Study Watch, hold your hand up, palm fa
away from you, and open and close the hand
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	54. Time since start  of the study (days)
Average wear time (hours/day)
54
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Personalized health(care) model
Personalized  intervention
of patients-like-me
Personal thresholds
of persons-like-me
Multi-modal
Biomarker
Data
Molecular
Clinical
Digital
Environmental
Etc …
Disease
Health
Time
Selfmonitoring
Inspired by:
Jan van der Greef
System Biology TNO
Personal profile
Personalized health
Personalized medicine
Challenge/ Event
Primary
prevention
Secondary
prevention
Tertiary
prevention
Leroy Hood
Inst System Biology
Mike Snyder
Stanford Medicine
Based on:
Longitudinal multimodal health data
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A personalized data-driven  GPS for health
• Monitor on background
• Alert when you are at risk
• Advice what to do
• Doctor as coach?
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	59. What’s next?
  


	60. 60
Embrace opportunities but  solve the translational innovation gaps !
innovation
1. Research to research
2. Research to clinic
3. Research to society
{See www.slideshare.net/alainvangool}
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Biomarker innovation gaps:  some numbers
~ 5 biomarkers/
working day
1 biomarker/
1-3 years
1 biomarker/
2-10 years
Discovery Clinical
validation/confirmation
Diagnostic
test
Number of
biomarkers
Gap 1
Gap 2
Eg Biomarkers in time: Prostate cancer
May 2011: 2,231 biomarkers
Nov 2012: 6,562 biomarkers
Oct 2013: 8,358 biomarkers
Nov 2014: 10,350 biomarkers
Oct 2015: 11,856 biomarkers
Nov 2016: 14,481 biomarkers
Oct 2017: 15,463 biomarkers
Oct 2018: 16,480 biomarkers
386 Pharmacogenomic
biomarkers in drug
labeling (all drugs)
2023-04-20 EATRIS-Plus summerschool on personalised medicine, Lisbon, Alain van Gool
 


	62. 62 Q8 course  Personalized Healthcare, Radboudumc, Nijmegen, 23 June 2021, Alain van Gool
 


	63. 63
{van Gool et  al, Nature Reviews Drug Discovery, Apr 2017}
1. We need to join forces in quality, not quantity
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Get rid of  publication bias ?
Different rewarding schemes needed
(Impact versus Impact factor? Team science vs PI? etc
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Attitude of life  scientists ?
To discover or to confirm
Invent a better wheel?
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Different behaviour life  scientists is needed to improve quality
“Every-one wants to innovate,
but no-one wants to change”
Bas Bloem (Radboudumc)
on clinical translation
“' We are really good at innovation
but bad in scaling”
Prins Constantijn van Oranje
at Health-RI conference 2021
“We should move from ‘Proudly invented here’
to ‘Proudly copied from’ “
Alain van Gool
at DTL Partner Event 2022
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	67. 2. We need  to bring (omics) analytics to a higher level
• Technologies: Quality, harmonised, standardised, cheaper, higher throughput
• Translation: Clinical and regulatory acceptance
• Genomics is quite advanced
• Proteomics, metabolomics (and other omics) much less so
Dynamic
Static 1. Biology
2. Analytics
• Samples
• Preanalytical factors
• Analytics
• Data analysis
• Interpretation
3. Implementation (democratization)
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	68. The Netherlands X-omics  Initiative • National Roadmap Large Scale
Research Infrastructure
• 2018-2029
• €40M, partially funded by NWO
Objectives:
1. Advance X-omics technologies far beyond
state-of-the-art
2. Realize a genuinely integrated X-omics
infrastructure in NL
3. Develop and demonstrate impact of robust X-
omics analysis
Coordinator:
Alain van Gool
 


	69. www.radboudumc.nl/research/ technologycenters
69
Organize your  local
technology and methodology
infrastructure well
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	70. 3. Good data  stewardship is key
{Wilkinson et al,
Nature Scientific Data, 2016}
• Data capture
• Data stewardship (FAIR)
“Good data stewardship will enable open/community science,
enable applications such as Artificial Intelligence (AI)
and drive faster breakthroughs in personalized health(care)“
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Data interoperability will  lead to new knowledge
Resource
Description
Framework
(RDF)
If data are interoperable … … analytics provide new knowledge
71
{Source: prof Barend Mons}
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	72. 4. We need  to share and re-use lessons learned
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https://www.health-ri.nl/
Joining forces on  data and AI on (inter)national level
https://nlaic.com/
Funded by Netherlands growth funds as umbrella networks of 100+ organisations
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https://www.health-ri.nl/
Joining forces on  data and AI on national level
https://nlaic.com/
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	76. Radboud Healthy Data  program
76
Local program:
“Connect all relevant data and AI expertises and activities on the Radboud
campus for more efficient re-use and synergy, resulting in more impact in
science and society aimed at health and affordable healthcare.”
Radboud campus:
- Radboudumc
- Radboud University
- University Applied Sciences
Arnhem Nijmegen
- Max Planck Institute
- Multiple spin-off and scale-up
companies
03/2023 – 03/2028
21M euro
60 new vacancies
www.healthydata.nl
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5. Most importantly:
We  always need to focus on the end user: the patient / citizen
77 2023-04-20 EATRIS-Plus summerschool on personalised medicine, Lisbon, Alain van Gool
 


	78. 78
78
“It’s far more  important to
know what person the
disease has
than what disease the
person has.”
Hippocrates, 400 B.C
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Societal
Aspects
Personal
preferences
 


	80. There is no  single one reflection of health
• ‘Funhouse mirror effect’
• Multiple sources of your data
• Clinical chemistry
• Omics analyses
• Digital biomarkers/ wearables
• Self-testing health checks
• Social media
• Surrounding
• Each are a skewed image of you
• How to deal with all of this for your
personal health(care)?
{Mira Vegter, Hub Zwart, Alain van Gool, Life Sci Soc Policy, 2021}
80
Afterthought:
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