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Development of new tools (techniques, technologies) has impact!

Page 1 of 23

Sydney Brenner, 2002 Nobel Prize in Physiology or Medicine 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC139404/



Example 1: Next generation sequencing for genomic diagnostics

Impact on Personalized Medicine

Cancer: Disease stratification 
based on driver mutations

Rare diseases: Most patients now 
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Rare diseases: Most patients now 
receive a genetic diagnosis

Drugs: Patient-specific prediction 
of efficacy and side effects

https://www.genome.gov/sequencingcosts



Example 2: The CRISPR/Cas9 system for genome editing

Impact on Personalized Medicine

Biomedical research: Faster target 
discovery and validation

Somatic gene therapy: Better 
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Jennifer A. DoudnaEmmanuelle Charpentier
http://science.sciencemag.org/content/337/6096/816

Somatic gene therapy: Better 
control and (hopefully) lower cost

Regenerative medicine: Tissue 
engineering for transplantation



Example 3: Machine learning makes expert knowledge scalable

Impact on Personalized Medicine

Computer vision: Classify pictures 
in dermatology, radiology, etc.

Natural language processing: 
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Natural language processing: 
Annotating free text documents

Data mining: Identifying hidden 
patterns in large clinical datasets

https://www.nature.com/nature/journal/v542/n7639/full/nature21056.html



Example 4: Epigenetics as the interface to the environment

Impact on Personalized Medicine

Risk prediction: Epigenetic memory 
of environmental exposures

Liquid biopsy: Determining the cell-
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Liquid biopsy: Determining the cell-
of-origin of circulating tumor DNA

Treatment monitoring: Measuring 
the effect of epigenetic drugs

http://dx.doi.org/10.1038/nbt.3605



The power of modularity

Computer science is all about building reusable tools (algorithms/software)
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Much of the creativity in IT comes from smart combinations of such tools



1979 today

High-performance computing Genome sequencing

2006 today

Technological progress can be fast
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Who has a computer?

1960s: Major research institutes

1970s: University departments

1980s: Companies and schools

2017: Almost everybody & always

Whose genome has been sequenced?

1996: First bacterium (E. coli)

2001: Human reference genome

2007: First personal genomes

2017: Many thousand personal genomes



GOAL

To map the tools that will contribute to 
personalized medicine 

Research workshop
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personalized medicine 

To make concrete recommendations on tool
research, development, and implementation



Research workshop: Goals and anticipated outcomes

Mapping emerging tools with major impact on personalized medicine

Time dimension: Predicting realistic timescales, identifying interdependencies

Geographical dimension: Defining the context for research/implementation

Systems effects: Anticipating change to the personalized medicine ecosystem

Concrete recommendations for tool-driven research in personalized medicine
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Concrete recommendations for tool-driven research in personalized medicine

Example 1: Which tools to prioritize in upcoming ERA-NET etc. calls?

Example 2: Best practices for national personalized medicine initiatives

Example 3: A checklist for planning personalized medicine infrastructure



Research workshop: The time dimension

By which time will a tool start having major impact for personalized medicine?

How to maximize its productive use and patient impact?

How to monitor and improve cost effectiveness?

NOW
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1-5 years

5-10 years

How to effectively integrate research and development?

How to create a viable ecosystem for the emerging tool?

How to prioritize the various areas of promising research?

How to create critical mass without losing out on diversity?



Research workshop: The geographical dimension

What is the appropriate geographical level to study/implement a given tool?

How to create critical mass and avoid duplication?

How to maximize synergy and collaboration?

Local
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National

International

How to coordinate all relevant national stakeholders? 

How to reach adequate visibility among policy makers?

How to connect and coordinate very diverse partners?

How to balance speed, quality, and inclusion?



Tools for personalized medicine: When, where, and how
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• Are there already best practice examples for new tools in personalized medicine 
existing?

-> rare diseases (IRDiRC, European Reference Networks), cancer (TCGA, ICGC -> impact of 
data sharing; MAPPs: http://efpiamapps.eu/), genomic medicine (Genomics England), 
hepatitis C in Spain (40k patients in 2 years, mandatory genotyping, driven by patient 
pressure), INCa breast cancer screening

• What are the major lessons learned so far?

Lead questions for the “New Tools Impact” working group 
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-> implementing personalized medicine approach is almost always complex (in part due to 
complexities of the healthcare system), political commitment is a major success factor, 
joint production of data and standards by international consortia, need to integrate diverse 
stakeholders, need for standardization of clinical protocols, rapid development of tools 
requires fast and flexible regulatory policy, (some of) the tools are there – we need to use 
them in better/smarter ways for clinical impact, we learnt a lot of (disease) biology on the 
way, actionability problem: diagnosis doesn’t always mean therapy, bioinformatics has 
become the single biggest bottleneck



• Which are the crucial inputs by e.g. medical informatics and ICT so far and in the future?

->  Medical informatics, bioinformatics, and ICT provide the enabler and “glue” between 
data production, data analysis, medical decisions, etc.; ICT needs to be better integrated 
into European Reference Networks; basic science and technology development in 
bioinformatics, medical informatics, ICT, genomics, molecular biology, phenotyping & 
lifestyle profiling etc.

• How could research benefit from such tools?

Lead questions for the “New Tools Impact” working group 
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-> Discovery of new biology; reality check for biological understanding, new technologies, 
etc.; new challenges for research and development, large-scale databases available for re-
analysis and hypothesis generation/testing, resource for massive-scale data mining



• Which could be the best approaches to support health providers and the health system 
with new tools?

-> Access to epidemiological databases, monitoring tools for healthcare quality, disparities, 
etc. (e.g., implemented in the form of Health Data Cooperatives), facilitate pilot studies for 
personalized medicine, systematic incorporation of representative patient feedback 
(Responsible Research & Innovation tools, consensus conference, citizen forum, etc.)

• How can genomic markers for predicting antimicrobial resistance be identified, validated 
and implemented for routine analysis ?

Lead questions for the “New Tools Impact” working group 
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and implemented for routine analysis ?

-> Antimicrobial resistance is an important field of application for various tools developed 
to advance personalized medicine, this including next generation sequencing, personal 
microbiome, metagenomics, and metabolome profiling, machine learning, international 
data exchange, and economic modeling

• How is the validity of using subset of resistors on new diagnostics?

-> We did not understand the question



Topics to develop into concrete recommendations

Tools with direct relevance to personalized medicine

1. Biomarker-driven medicine: multi-omics, IT, validation, reproducibility, clinical utility

2. Genomics data interpretation, plus phenotypes

3. Artificial Intelligence, Machine Learning, Simulation (Personal Avatar)

4. Citizen Science, Biobanks, Health Data Cooperatives

5. European infrastructures for personalized medicine (e.g. open science cloud)
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Additional topics 

Education and communication for healthcare workers and citizens/patients

Economic modeling & cost effectiveness research



Recommendations (page 1)

Move beyond single-gene biomarkers -> multi-modal, network type assays / 
biomarkers to increase robustness and capture wider disease-relevant biology

Need for more and smarter replication, model-based selection of biomarkers for 
validation (but avoid to get locked into outdated, substandard assay technology)

Better connect technology development, data analytics, and clinical validation

Make biomarker research future-proof by collecting cohorts that can be re-used 

Biomarker-driven medicine: multi-omics, IT, reproducibility, clinical utility
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Make biomarker research future-proof by collecting cohorts that can be re-used 
as resource for future biomarker studies (e.g. as validation or control cohort)

Emerging dimension: dense timelines, n-of-one studies/trials, personal utility

Interaction with regulatory bodies on suitable standards and procedures



Recommendations (page 2)

Create an infrastructure and political commitment to make sure that all 
information needed for a robust genetic diagnosis are in the public domain (avoid 
privatization of e.g. allele frequency information)

Standardization of phenotype information across borders and language barriers 
with tool-supported ontologies (HPO etc.)

Contribute to implementing data sharing in line with recommendations of the 
Global Alliance for Genomics and Health (strengthening Europe’s representation)

Genomics data interpretation (including phenotypes)
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Global Alliance for Genomics and Health (strengthening Europe’s representation)

We need high-throughput tools for connecting genotype to (cellular) phenotype / 
molecular biological functions

Better connect clinical genetics and molecular biological studies



Recommendations (page 3)

Many loosely related fields contribute in complementary ways: Machine 
learning, medical statistics, computer vision, network medicine, Bayesian 
statistics, etc.

Collect and aggregate massive datasets in a way that makes them accessible to 
computational analysis 
(ethical, legal, social, economic, policy, lifestyle, competitive, technical etc. 
limitations)

Artificial Intelligence, Machine Learning, Simulation (Personal Avatar)
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limitations)

Organize large-scale continuous validation/replication/benchmarking initiatives

‘Reproducible Research’ -> re-runnable analyses with all relevant data / code / 
model parameters available to others in the field (open source, open data, etc.)

New / better methods for multi-scale modeling (molecule – cell – organ – patient)

Training, education, attracting talent to overcome the bioinformatics 
bottleneck, career perspectives for bioinformatics

Algorithm provider accountability / review committees that monitor the ethical and 
social dimension of artificial intelligence



Recommendations (page 4)

Pilot projects that seek to combine aspects of biobanking, citizen 
science, epidemiology, health data cooperatives (high citizen/patient involvement)

New ways of obtaining and updating consent: e-consent, mobile devices, broad 
consent vs. dynamic consent (reconnecting on an as-needed basis)

Connecting digital and social innovation with healthcare to create broader citizen 
engagement

Citizen Science, Biobanks, Health Data Cooperatives
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Monitoring the incentive structures of citizens and other stakeholders



Recommendations (page 5)

Robust, reproducible, scalable, validated pipelines for data processing in the clinic

Easily accessible, connected databases with suitable governance models (as open 
as possible, while accounting for patient privacy etc.)

Easy-to-use visualization, exploration, and analysis tools accessible to non-
bioinformaticians

Put European supercomputing infrastructures and initiatives at the service of life 

European infrastructures for personalized medicine (e.g. open science cloud)
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Put European supercomputing infrastructures and initiatives at the service of life 
sciences research (and clinical applications)

International standardization and shared infrastructure for technologies that are 
going to be the backbone of personalized medicine (NGS, omics, imaging, etc.)

Standardization and integration of clinical, social data (repositories, ontologies, etc.)

Connecting to ongoing developments of the Internet, mobile 
infrastructures, European open science cloud etc.



Recommendations (page 6)

Innovate methods for economic modeling that are tailored to the specific 
requirements of personalized medicine

Augment cost effectiveness research with emerging methods such as behavioral 
economics, game theory etc.

Economic modeling & cost effectiveness research

Education and communication for healthcare workers and citizens/patients
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Emphasize tool-related skills in the education of healthcare workers (similar to 
computer literacy)

Integrate IT and data science into the education of all researchers and clinicians

Create ‘genetic literacy’ in the general population (many successful pilot 
studies, ready for broad, coordinated implementation)

Education and communication for healthcare workers and citizens/patients



Topics to develop into concrete recommendations

Tools with direct relevance to personalized medicine

1. Biomarker-driven medicine: multi-omics, IT, validation, reproducibility, clinical utility

2. Genomics data interpretation, plus phenotypes

3. Artificial Intelligence, Machine Learning, Simulation (Personal Avatar)

4. Citizen Science, Biobanks, Health Data Cooperatives

5. European infrastructures for personalized medicine (e.g. open science cloud)
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Additional topics 

Education and communication for healthcare workers and citizens/patients

Economic modeling & cost effectiveness research


