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Alain’s path in translational health research

Dutch CC meeting ‘Personalized Health Care”

Ede, 2 October 2013

Alain van Gool

Lecture LKCH, UMC Utrecht

29 October 2013
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Crash course in molecular biology

DNA, protein, cell, tissue, system biology
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A short story: B-RAF mutations and melanoma

{Miller and Mihm,

2006}



Example: Personalized medicine in melanoma

B-RAFV600E mutation Strong growth of cell Growth of tumor

• B-RAFV600E cells always grow and become cancer cells

• RAF inhibitors will block pathway, block cell growth 
and inhibit cancers that have a B-RAFV600E mutation

• 60% of melanoma patients have B-RAFV600E mutation

• Basis for a personalized medicine !

V600E

Kinase domain
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Personalized medicine in melanoma

Treat patients with 

B-RAFV600E mutation Inhibit growth of cell

Patients live longerTumors disappearCells stop growing

B-RAF inhibitor
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Fast development of Vemurafenib (Zelboraf)

{Source: Davis M J , Schlessinger J J Cell Biol 2012}
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Source: Chakma, Journal of Young Investigators, 16, 2009

Principle of Personalized Medicine

• The right drug for right patient at right dose at right time
• Molecular biomarkers as key drivers of patient selection
• = Precision medicine (USA) or Stratified medicine (UK)
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The pharmaceutical R&D phases

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

• Improve success of translational medicine using biomarkers

80 projects  
one

successful 
medicine  

Translation laboratory → patient 
only 1 in 10 projects success 
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Biomarkers

{Biomarkers definition working group, 2001 }

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’

Molecular biomarkers provide a molecular impression of a biological system               

(cell, animal, human)

Biomarkers can be various sorts of data, or combinations thereof

Dutch CC meeting ‘Personalized Health Care”

Ede, 2 October 2013

Alain van Gool

Lecture LKCH, UMC Utrecht

29 October 2013

Alain van Gool
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Biomarker-based translational medicine in pharma

• 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?

Lead 

Optimization

Exploratory

Development PoC
Lead 

Discovery

Target

Discovery

⚫ Exposure ?

⚫ Mechanism ?

⚫ Efficacy ?

⚫ Safety ?

⚫ Responders ?

{van Gool et al, Drug Disc Today 2010}

{Kumar, van Gool, RSC biomarkers, 2013}

2ND intl Pharma-Nutrition Conference

Singapore, 17 April 2013

Alain van Gool

Lecture LKCH, UMC Utrecht

29 October 2013

Alain van Gool

One strategy
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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?

yes yes !

no no

• No need to test current

drug in large clinical trial

• Need to identify a more 

potent drug

• Concept may still be 

correct

• Concept was not correct

• Abandon approach

• Proof-of-Concept

• Proceed to full 

clinical

development

“Stop early, stop cheap”

“More shots on goal”

{Kumar, van Gool, RSC biomarkers, 2013}
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Pharma strategy based on best practice

The 5R’s assessment:

• Right Target

• Right Tissue

• Right Safety

• Right Patients

• Right Commercial Potential
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Evaluation of success 5R strategy



Biomarker R&D pipeline
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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
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Biomarker specificity/selectivity

{Revolvy.com}
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Biomarker specificity/selectivity

Receiver-operator curves  (ROC)

{Revolvy.com}

{Ostroff, PLoS ONE, 2010}
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Biomarker fit-for-purpose robustness

Stage

Exploratory

Probably valid

Valid

#samples CV costs throughput#replicates

low

medium

high low

medium

high

low

medium

high low

medium

highlow

medium

high

• Different robustness needed in early vs late drug development

• However, most assays should preferably yield quantitative data.
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Biomarker validation

23

Technical
• Format

• Reagent source

• Reagent stability

• Equipment

• Signal/noise

• Dilution effects

• Linearity

• Recovery

• Matrix effects

• Sample processing

• Calibration curve

• Assay variability

• Operator variability

• Upscaling

• Specificity

• Selectivity

• Reproducibility

• Carry-over

• LOD

• LLOQ

• %CV

Source: EMA guidance document 2011Source: FDA guidance document 2001



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
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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
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Personalized healthcare in rare metabolic diseases

Normal Dutch parents

Son Brian, 2002, low birth weight, lactic acidosis, hypoglycaemia

Intellectual diability, movement disorder, epilepsy

† age 3,5 yr (respiratory failure)

Son Joel, 2009, same clinical phenotype

† age 1,5 yr (epilepsy)

Clinical phenotype:

Suspicion of mitochondrial dysfunction

{Wortmann et al, Human Biology 2017}

A short story:
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Lab tests • ATP production ↓, Creatine phosphate production ↓

• But OXPHOS enzyme complex I-V normal

• Candidate gene sequencing: no variant

• Mechanism of disease?

• In 2010: Whole Exome Sequencing - WARS2 
mutations{medicalxpress.com}

{Rodenburg, Biochim
Biophys Acta, 2016}



New mechanism of disease • WARS2 is mtDNA-coded
tryptophanyl-tRNA synthases

• Novel mutation causes
instability of WARS2 protein

• Less charging of Trp-tRNATrp

• New prenatal genetic test !

{Wortmann et al, Human Biology 2017}
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Meet & greet @ Translational Metabolic Laboratory
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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
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Role of molecular biomarkers in Personalized Healthcare

Personalized diagnosis

Personalized therapy

=  Personalized healthcare

+Patient participation

X-Omics

Therapy monitoring
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Genomic impact in Personalized Health(care)

Personalized medicine:
B-RAFV600E drugs for melanoma

Personalized health:
BRCA-driven preventive surgery
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The power of omics in diagnostics

Genomics
Testing 3.000.000.000 DNA bases 
in 1 assay

500

1000

1500

2000

m/z

5 10 15 20 25 30 35 40 Time [min]

Proteomics, glycomics, metabolomics
Testing of 10.000-50.000 proteins and
metabolites in 1 assay
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The power of omics in diagnostics

Single
biomarker

Omics
panel

Patient 1

Patient 2

• Higher diagnostic yield
• Contextualisation of change

↑  increase

↓  decrease
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Genomics developments

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

Human Genetics Nijmegen (Lisenka Vissers, Marcel Nelen, Han Brunner et al)

Retrospective analysis of Intellectual Disability cohort (n=150)

Sanger sequencing
Gene-by-gene
5.4 tests / patient (1-28)

Whole Exome Sequencing
All genes at once
1 test / patient
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Next: Whole Genome Sequencing

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

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

Variant classification:

1. Benign

2. Likely benign

3. Uncertain significance

4. Likely pathogenic

5. Pathogenic

Guidelines American College of Medical Genetics and Genomics (ACMG)

More sequence data =
more unknown variants
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Complexity in protein biology

21.000 genes

1.000.000 -2.000.000 
protein forms

Truncation
Phosphorylation
Acetylation
Ubiquitination

N-Glycosylation
…

DNA

Protein
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Our functional Omics platforms

Research Biomarkers Diagnostics

Translational Metabolic Laboratory (www.youtube.com/watch?v=yhLbuX0H7rg)

Glycomics/glycoproteomics

500

1000

1500

2000

m/z

5 10 15 20 25 30 35 40 Time [min]

Metabolomics

400

600

800

1000

1200

1400

m/z

10 20 30 40 50 60 Time [min]

Proteomics

Top-down proteomics Functional genomics

Targeted analyses
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Use Omics in Biomarker R&D
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{Tans et al, Exp Rev Proteomics 2018}
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Precision medicine in genetic-metabolic disease – current

Personalized diagnosis

Genomics
(WES)

Metabolomics

New disease
mechanisms

Personalized therapies

Nature Genetics 2018

NEJM 2014

Nature 2016

NEJM 2014

Genet Med 2017

@Translational Metabolic Laboratory

Glycomics



Precision medicine in genetic-metabolic disease - future

Personalized diagnosis

Genomics
(WGS)

Metabolomics

New personalized
therapies

Glycomics

Glycoproteomics

Deep Learning

Artificial Intelligence

System biology

Nature Genetics 2016 Pilot 2017

New disease
mechanisms
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Role of molecular biomarkers in Personalized Healthcare

Personalized diagnosis

Personalized therapy

=  Personalized healthcare

+Patient participation

X-Omics

Therapy monitoring

• Proper dose ?

• Efficacy ?
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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
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Optimisation of Soliris treatment in 

atypical Hemolytic Uremic syndrome

Target range

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

• Solaris (Eculizumab) is very 
expensive drug

• Life-long infusions
• Frequent overdosing
• Room for improvement !
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{Elena Volokhina, Bert van den Heuvel}



Cost-reductions

By:

• Adjustment
dosing

• Reduce treatment 
after recovery
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Moving to personalized health(care)

{Source: Barabási 2007 NEJM 357; 4}

• People are more than linear pathways
• Different systems and networks
• Different risk factors
• Different preferences
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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?
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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
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A changing world: We are getting digital  !!
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54
Exponential developments 
- digital biomarkers
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However … 3 translational innovation gaps !

innovation

1. Research to research

2. Research to diagnostics

3. Research to society

{See www.slideshare.net/alainvangool} 
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1. Research to research

{Freedman et al, PLOS Biology, 2015}

{2012} {2011} {2013} {2008}{2012}
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Categories of errors leading to irreproducibility

{Freedman et al, 
PLOS Biology, 2015}
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A short story: Personalized medicine in melanoma

B-RAFV600E mutation Strong growth of cell Growth of tumor

• B-RAFV600E cells always grow and become cancer cells

• RAF inhibitors will block pathway, block cell growth 
and inhibit cancers that have a B-RAFV600E mutation

• 60% of melanoma patients have B-RAFV600E mutation

• Basis for a personalized medicine !

*
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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)

• Tumor inhibition (efficacy)

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

Data for RAFi #4
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Validation study to confirm IL-8 in melanoma 

Literature

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

Objectives:

• Confirm elevated IL-8 in melanoma

• Develop IL-8 assays for clinical use
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Validation study to confirm IL-8 in melanoma 

Stage 1 Stage 2 Stage 3 Stage 4

H&E staining; 20x

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

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

2. IL-8 mRNA analysis in tissue samples by in situ hybridisation using bDNA
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)

4. IL-8 protein analysis in matching plasma and serum by IL-8 immunoassay                         
(3 formats: ELISA, Luminex, Mesoscale; singleplex and multiplex)

OK

OK

?

OK
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Validation study to confirm IL-8 in melanoma 

Literature

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

Own data

{Unpublished, 2010}

Cause? 

(6 months, 4 fte, USD 1.000.000)
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Share negative outcomes
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Lessons learned?

Particularly for this case:
1. Know sample history

• IL-8 protein appeared sensitive to freeze-thawing 

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.

{Stephan Nierkens, UMCUtrecht}
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2. Research to diagnostics

~ 5 biomarkers/
working day

1 biomarker/
1-3 years

1 biomarker/
2-10 years

Discovered biomarkers in 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

Discovery Clinical 

validation/confirmation

Diagnostic

test

Number of

biomarkers

Gap 1

Gap 2
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22 Sept 2019:

386 Pharmacogenomic 
biomarkers in drug 
labeling (all drugs)



Biomarkers in type-2 diabetes melitis
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{Tans et al, Exp Rev Proteomics 2018}



Good example of multi-laboratory biomarker validation

3 biomarkers:
• Aβ42
• T-Tau
• P-Tau
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Good example of multi-laboratory biomarker validation

71

Adoption of best biomarker practice ???



Choice for biomarker scientists: discover or confirm?
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Publication bias
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3. Research to society

• Point-of-care analysis of 
few biomarkers

• Up to 1.000.000 signals 
per analysis
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Test, interpret, advice 

“Post-traumatic Test Syndrome” ?
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Time for quality, not quantity !

{van Gool et al, Nature Reviews Drug Discovery, Apr 2017}

COST action CA16113

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

78

Dynamic

Static 1. Biology
2. Analytics

• Samples
• Preanalytical factors
• Analytics
• Data analysis
• Interpretation

3. Implementation
(democratization)



http://clinimark.eu



X-omics research infrastructure

Outreach

• Helpdesk 

• Training 

• Community 

• Demonstrators

o Cell

o Individual

o Population

X-omics

approach

• Data analysis

• Data integration

• Data stewardship

• Study design 

• Sample handling

Pushing omics

technologies

• Resolution, sensitivity, 

coverage

• Harmonisation,  

standardisation, data 

FAIR-at-source



Titel

Tekst



X-omics Community 

To connect researchers from all over the world,

interested in X-omics research approaches

• LinkedIn

Find us on LinkedIn: X-omics community / 

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

Connect 

Discuss

Advise

Inform

Share  Publications

Best practices

Protocols

Trainings 

Conferences

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
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Critical component in biomarker use:    Data
{Wilkinson et al, 
Nature Scientific Data, 2016}

• Data capture
• Data stewardship  (FAIR)
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Exponential developments in data sciences
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healthy disease disease +
treatment

Enabling personalized health data monitoring?

Subgroups

Population Past

Present

Future

100%

Individual data through self-monitoring

treatment time
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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
• Commercial health tests
• 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: submitted}
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Outline

• Biomarkers in pharmaceutical industry

• Biomarkers in academic research and healthcare

• Biomarkers in personalized health (care)

• Translational innovation gaps

• Outlook
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Handbook of Biomarkers and Precision Medicine

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

1. What is a biomarker and their role in drug 
development?

2. Biomarkers in preclinical sciences
3. Biomarkers in translational sciences
4. Biomarker-informed clinical trials
5. The road ahead in precision medicine
6. Lessons from the past and pioneers of the 

future
7. Emerging technologies
8. The next frontiers in therapeutic target areas
9. Lessons learned and what’s next?

Available @on line webshops (eg. Amazon)

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



Acknowledgements

Translational Metabolic Laboratory
Hans Wessels
Jolein Gloerich
Dirk Lefeber
Karlien Coene
Leo Kluijtmans
Elena Volokhina
Bert van den Heuvel
Richard Rodenburg
Marcel Verbeek
Dorine Swinkels
Albert Gerritsen
Purva Kulkarni
and others

Edwin Cuppen
Albert Heck
Thomas Hankemeier
Peter Bram ‘t Hoen
Daniella Kasteel
and others

Collaborators/funders

Human Genetics
Helger Ijntema
Marcel Nelen
Alexander Hoischen
Lisenka Vissers
Christian Gillisen
Han Brunner
and others

alain.vangool@radboudumc.nl

www.radboudumc.nl/en/people/alain-van-gool 

www.slideshare.net/alainvangool

CarTarDis

Dapha Habets
Irene Keularts
and others

Rainer Bischoff
Theo Luider
and others

http://www.erasmusmc.nl/index.htm

