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Precision Medicine Medicine 

..precision medicine holds the promise for cost-effective tailored-made theranostics as well 
as optimum patient stratification and disease management 















 Harmonization and development of common standards for: 
 databases and patient registries for rare diseases by collaborating internationally to implement common registry 

infrastructure and data elements across a federated system 
 a common catalogue for rare disease biobanks that collect and provide standardized, quality-controlled 

biomaterials for translational research 
 

 Development of: 
 a suite of clinical bioinformatics tools, including data mining and knowledge discovery tools for analysis and 

integration of molecular and clinical data to discover new disease genes, pathways and therapeutic targets 
 an integrated platform to host the processed data from the research projects Neuromics, EURenOmics and 

future IRDiRC projects 
 best ethical practices for balancing patient-related interests associated with rare disease research using 

databases/registries, biobanks and omics databases, engaging with relevant stakeholders, including patient 
organizations, clinical and research networks, legislators and policymakers and the pharmaceutical industry 

 a proposal for an expedient regulatory framework for linking of medical and personal data related to rare disease 
on a European and global level 

 
 Ensuring access to project results and broad and global impact in science, diagnostics and translational research 

including industrial collaborations 

Primary Objectives 

http://rd-neuromics.eu/
https://eurenomics.eu/
https://eurenomics.eu/
http://www.irdirc.org/


 RD-Connect is led by coordinator Hanns Lochmüller of Newcastle University 
 The project’s Governing Board, consisting of one representative from each partner institution, is responsible for 

setting annual objectives and policy in accordance with the rules of the EC contract. The Governing Board 
provides legal and strategic oversight and ratifies any necessary changes to the consortium and work plan. 

 For operational management, the Coordinator is supported by the Executive Management Committee and the 
coordination team in Newcastle. 

Governance 

Rare Disease Patient and Ethics Council (RD-PEC) 
 

The Rare Disease Patient and Ethics Council (RD-PEC) examines ethical, social and participatory questions linked 
to research taking place in the context of RD-Connect, NeurOmics  and EURenOmics.  
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Patient Advisory Council (PAC) 
The Patient Advisory Council (PAC) is comprised of a multidisciplinary group of patients, parents, representatives 
of patients’ organizations, clinicians, legal academics, sociologists, scientists and ethicists. It informs partners from 
RD-Connect, EURenOmics and NeurOmics of issues important to patients to ensure that all project activities have 
a patient-centric approach throughout.  
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provides legal and strategic oversight and ratifies any necessary changes to the consortium and work plan. 

 For operational management, the Coordinator is supported by the Executive Management Committee and the 
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RD-Connect (rd-connect.eu) is a platform connecting  
 omics data 
 registries 
 biobanks  
 clinical bioinformatics for rare disease research (platform.rd-connect.eu) aiming to contribute to the IRDiRC objectives for 

2020 and hence, bridge the gaps in rare disease research 
 
 

Indeed, when rare diseases are considered, patient populations, clinical expertise and research communities are small in 
number and highly fragmented. The RD-Connect platform will securely integrate -omics data with biosample and clinical 
information, being a centralized data repository as well as a sophisticated and user-friendly online analysis system.  
 
Several tools and services are coupled into the RD-Connect platform. The user-friendly interface enables filtering and 
prioritization of variants using the most common quality, genomic location, effect, pathogenicity and population frequency 
annotations. 





Bioinformatics Tools 
Alamut Focus 
Variant filtration application 
Alamut Functional Annotations (ALFA) 
Gene regulation prediction 
Alamut Visual 
Mutation interpretation 
Alamut Batch 
Variant annotation 
Bio Relations and Intelligence Network (BRAIN) 
Data and literature mining 
COEUS: Semantic Web Application Framework 
Web-based knowledge management system 
Diseasecard: Rare Diseases Research Portal 
Database 
Dutch Diagnostic Variant Database (DVD) 
Variant database 
Electronic Pharmacogenomics Assistant (ePGA) 
electronic Pharmacogenomics Assistant 
European Genome-phenome Archive (EGA) 
Sequencing archive 
GeneGrid 
Variant analysis 
Human Phenotype Ontology (HPO) 
Ontology 
Human Splicing Finder (HSF) 
Variant prediction system 
Leiden Open Variation Database (LOVD) 
Mutation database 

Linked Data Demonstrator 
integration of linked biobank and patient registry FAIR data 
Mutalyzer 
Genetic variant nomenclature software 
Nanopublications 
Data formalism 
Orphanet Rare Disease Ontology (ORDO) 
Ontology 
Patient Archive 
ontology-based deep clinical phenotype profiles 
Peregrine literature indexing service 
Text-mining software 
PhenomeCentral 
Matchmaking tool 
PhenoTips 
Phenotypic data collection tool 
Rare Disease Registry Framework (RDRF) 
Creation of web-based patient registries 
Scaleus: Semantic Web Services Integration for Biomedical 
Applications 
data migration tool 
System for Ontology-based Re-coding and Technical Annotation 
(SORTA) 
Matches data values with standard codes such as ontologies or local 
terminologies 
UMD-HTS 
Mutation filtering system 

UMD-Predictor 
Variant prediction system 
Universal Mutation Database 
(UMD) 
Mutation database 
VarAFT (Variant Analysis and 
Filtration Tool) 
Variant prediction system 
WAVe: Web Analysis of the 
Variome 
Mutation database 
Yabi 
Analysis workflow environment 
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Contribute your data!! 
To facilitate rare disease research, RD-Connect helps scientists make their data available to the wider rare disease research 
community. RD-Connect uses the European Genome-phenome Archive (EGA) as the repository for raw genomic data 
(in BAM/FastQ formats). Data from collaborating projects are first deposited in the EGA and standardly reprocessed to ensure 
cross-compatibility. The RD-Connect platform picks up the raw data files from the EGA, runs them through a standard analysis 
pipeline, and outputs as a gVCF file. The output data is indexed and securely stored in the platform database at the Centro 
Nacional de Análisis Genómico in Barcelona. Where available, the processed data is combined with phenotype data (based 
on Human Phenotype Ontology (HPO) terms) uploaded on PhenoTips and with biomaterial information. Researchers approved 
by a data access committee gain secure access to the RD-Connect Platform, where they can compare, filter and analyse 
different data sets using an integrated suite of bioinformatics tools. 
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ePGA 
electronic PharmacoGenomics Assistance 
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The Concept 

 To integrate heterogeneous PGx information from several valid PGx resources 
(PharmGKB, Ensembl, …) 

 To offer automated personalized PGx translation (genotype-to-phenotype) services 

 To provide a user friendly interface for submitting newly discovered PGx related gene-
variants and alleles 

Personalization Quality of information Cost Updatable 

Current scientific Knowledge bases   × √ √ × 

Commercial Direct To Consumer (DTC) companies √ ? × × 

ePGA √ √ √ √ 



The Outcome 



Drug_1 Drug_2 Drug_3 … Drug_n 

Gene_1 IM IM - IM 

Gene_2 PM - - EM 

Gene_3 PM PM PM PM 

… 

Gene_n - IM EM - 

Genomic 
Variants 

Genotype 

Variant_1 C/C 

Variant_2 C/T 

Variant_3 - 

… 

Variant_n G/G 

Individual / Patient 

(inferred) Phenotypes 

Drug_1 Drug_2 … Drug_n 

Gene_1 - 

Gene_2 - - - 

Gene_3 - 

… 

Gene_n - - - 

Recommendations 
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Gene Diplotype 

CYP2C9 *1/*1 

CYP2C19 *1/*2 

TPMT *1S/*1S 

Phenotype 

RR 

RV 

VV 

Metabolizer Status 

Extensive 

Intermediate 

Poor or Ultra 

The Case Scenario 

ePGA 



ePGA “specifics” 

Public PGx databases: PharmGKB (NIH) 

578 Genes, 216 Drugs, 1924 Diplotypes, 9M of data 

Django project (Python Web framework), SQLite, HTML 4.01/ 
HTML 5 (W3 Consortium), Joomla v2.5.27 

Layered architecture 

n-tier architecture 

                                          Browsing: 





We developed an automated PGx translation algorithm, 
which infers metabolizer phenotypes (extensive, 
intermediate, poor/ultra) from individual genetic (SNP) 
profiles.  
 
For each pharmacogene, and based on the available 
(PharmGKB) haplotype/allele tables, the genotype-
profile of an individual is matched against the available 
gene-alleles.  
 
Next, each inferred allele is assigned to a metabolizer 
phenotype, according to available “look up” tables.  
 
[the algorithm was verified with the Affymetrix© DMET Plus respective 
translation results]   

The Task – PGx Translation Service 



Implementation 

The core of the translation process is implemented in the open-source R environment (www.r-project.rg) and uses R 
Studio’s Shiny web-application framework (http://shiny.rstudio.com/) to build its web-based interface 



The Task – PGx Explore Service 

The explore functionality couples drugs, genes and 
diplotypes with personalized recommendations in a 
simple database schema. Currently ePGA relies on the 
PharmGKB dosing guidelines.  
 
Health professionals or biomedical researchers browse 
this information through a lightweight web service. 
  
ePGA shows recommendations that form an 
expandable tree with user friendly and printable 
content. 



 query (input) -> a gene or a variant or a 
drug or a metabolizer status (poor, normal, 
ultra) 

 answer (output) -> a dendrogram of clinical 
annotations (weak recommendations)/ 
dosing guidelines (strong 
recommendations) 

Currently: 
a dendrogram of 3,000 leafs 

Implementation 







Cost – effectiveness: The “why” and “how” 

Increased needs 

and consumption of 

 health services 

 

Limited financial 
resources 

 

Financial 
problems 

 Demographic 
developments  

  

 

Technological 
revolution 

  

 

Life style 

  

 

Medical 
errors 

  

 

Uncertainty 
factors 

  

 

Side 
effects 

  

 



Economic Evaluation 

QUALITY 

  

 

EFFICACY 

  

 

SAFETY 

  

 

AFFORDABILITY 

  

 



Clinical-Medical Decision Analysis 

Nature of Disease 

Adverse Events 

Life Expectancy 

Quality of Life 

Policies 

Intervention or not? 
Audit or not? 

Which strategy, 
which test, which 

monitoring? 

 

 

Decision 

Moral Issues 



Nature of Disease 

Adverse Events 

Life Expectancy 

Quality of Life 

Policies 

Intervention or not? 
Audit or not? 

Which strategy, 
which test, which 

monitoring? 

 

 

Decision 

Moral Issues 

Economic Decision Analysis 

COST 



Effectiveness  A 

   - Survival 

    - Quality of life   

Cost  Α 

   - Cure 

    - Complications 

     

Effectiveness B 
   - Survival 

    - Quality of life   

Cost  B 
    -Cure  

     - Complications 

                          Cost  Β – Cost Α   

Ι.C.E.R = ------------------------------------------ = Cost / life year gained  (ICER=ΔC/ΔE)  

              Effectiveness Β - Effectiveness Α 

 

 

        

Cost - effectiveness Analysis 



Cost - effectiveness Analysis is about Decision - Making  
 
 
ICER=How much  I HAVE TO PAY (technical matter) for one extra life year? 
 
 
λ=How much I AM WILLING TO PAY (political decision) for one  extra life year? 
 
 
  
 
when  λ>ΙCER then intervention B is a cost-effective (value-for-money) intervention 
        



$100,000 PLYS 

Time 1: Medicine  A 

Higher Cost 

Higher Effectiveness 

Time 2: Medicine B 

Time 3: Medicine C 

Case 1 

Case 2 

Q1: to spend more money to achieve modest results or less money with higher 
effectiveness? 



Q2: shall I approve or reject a new technology, a new medical intervention? 



Measurement of Quality 

(Absolute  1 
Health) 

(Death) 0 

0        1        2        3        4        5         6        7        8 

Without Treatment 
Gain in 
quantity 

Gain in 
quality QALY 

GAIN 

With 
Treatment 

Time 

(Years) 

Q3: Quality Adjusted Life Years? 



For example, if a patient is found to have 75% quality of life, then  
1 year of life with the disease is equivalent to  

0.75 years of life with perfect health (0.75 QALYs). 

Visual Analogue Scale 



How many years the patient is willing to sacrifice to gain less years but with complete heath?  

Time Trade - Off 





 Factors of cost increasing in rare diseases 

 Patients with rare diseases live well into adulthood due to intensive treatment -> the cost of treatment 

must be considered to last for a lifetime of an individual 

 Easy access to information about novel medical technologies and treatments, well-educated patients 

who are aware of cutting- edge treatments often specifically request access to them  

 Patient support groups have increasing influence. 

 

 ICER in rare diseases is higher compare to the normal disease 

Economic Evaluation in Rare Diseases 



 In the EU, as many as 30 million people may be affected by one of over 6,000 rare diseases  

 80% of rare diseases have identified genetic origins whilst others are the result of infections (bacterial or viral), allergies 

and environmental causes 

 Over 6000 rare diseases are characterized by a broad diversity of disorders and symptoms that vary not only from disease 

to disease but also from patient to patient suffering from the same disease 

 Access to treatment and care often results in heavy social and financial burdens on patients 

 Relatively common symptoms can hide underlying rare diseases leading to misdiagnosis and delaying treatment 

 Quintessentially disabling, the patients quality of life is affected by the lack or loss of autonomy due to the chronic, 

progressive, degenerative, and frequently life-threatening aspects of the disease 

 The fact that there are often no existing effective cures adds to the high level of pain and suffering endured by patients 

and their families 

Rare Diseases ? 



Empowering genetics awareness to the public 
Educating healthcare professionals 

 The lack of scientific knowledge and quality information on the disease often results in a delay in diagnosis 
 

 Due to the rarity and diversity of rare diseases, research needs to be international to ensure that experts, researchers and 
clinicians are connected, that clinical trials are multinational and that patients can benefit from the pooling of resources 
across borders. Initiatives such as  
 the European Reference Networks (networks of centers of expertise and healthcare providers that facilitate cross-border research 

and healthcare) 
 the International Rare Disease Research Consortium 
 the EU Framework Programme for Research and Innovation Horizon 2020 support international, connected research 

 

 The ongoing implementation of a better comprehensive approach to rare diseases has led to the development of 
appropriate public health policies. Important gains continue to be made with the increase of international cooperation in 
the field of clinical and scientific research as well as the sharing of scientific knowledge about all rare diseases, not only 
the most "recurrent" ones. Both of these advances have led to the development of new diagnostic and therapeutic 
procedures. 
 

 Rare Disease Day is a great example of how progress continues to be made, with events being held worldwide each 
year. Beginning in 2008, when events took place in just 18 countries, Rare Disease Day has taken place every year since, 
with events being held in 94 countries in 2017. 
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