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Biobanks in Medical Research

� NCI: Biological sampels are #1 roadblock

700,000 

Cancer deaths
(North America; 2007)

Cancer Genome Project struggels
with sample shortage
(Nature Medicine 2007)

ELSI
Fragmentation

Funding

Technical
Follow-up



Progress in Sequencing

Technologies

Sequencing of the human genome:

2000: Human Genome Project

10 years - 3 bio. USD

2008: Next generation sequencing

10 hrs - 50,000.- USD

Shifts bottleneck from technologies
to biological samples and data/knowledge management



The Breakthrough of GWAs
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Years to market 14         12            8            6          4         0

Attrition 120         80          25          15          8            1

Value (mio US$)       2           3          12          21        41     440

Adapted from Celgene

Attrition in Drug Development



Dicrepancy Between R&D Expenditures

and New Approved Drugs

From Ashburn and Thor, Nature Rev Drug Disc, 2004



IMI Strategic Research Agenda:

EFPIA needs



Biomarkers in Oncology

Healthy Disease Surgery
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Mechanisms of Herceptin

Resistence

Natha et al., Nature Clin Pract Oncol 2006



Her2 Expression in 

Mammakarzinomen



Impact of Biomarkers on Clinical

Trials
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trastuzumab Her2 IHC+ 
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Sales of Targeted Therapies

0

200

400

600

800

1000

1200

1400

1998 1999 2000 2001 2002 2003 2004 2005 2006

Year

S
a
le
s
 i
n
 m
io
 U
S
D

Trastuzumab/Herceptin

Gefitinib/Iressa



Biobank: Definition

Collection of biological materials
and associated dat



Different Types of Biobanks

� Human, microorganisms, animals, plants
� Biomedical research
� Medical archives
� Therapy

� Blood banks
� Bone marrow
� Cord blood
� Stem cells
� Organs

� Forensic
� Museum



Differences: Archives vs Biobanks

� Access

� Searchable databases

� ELSI clearance

� Access rules

� Capacity

� Quality

� Requirements of –omics technologies

� International harmonization



Different Biobank Formats

� Population-based

� Random cohorts

� Twin-registries

� Population isolates

� Disease-oriented

� Disease-specific cohorts

� Tissue banks



Study Designs

� Cross sectional/longitudinal
� Retrospective/prospective
� Cohort studies

� Risk ratio of exposed and non-exposed (e.g., 
smoking and lung cancer)

� Case-control studies
� Odds ratio for diseased and non-diseased (e.g., SNP 
in T2D; 4 controls/1 diseased; also for rare diseases
<5/10000)

� Nested case-control studies (same risks
affected and non-affected)

� Matched case-control
� Cancer tissue banks (tumor/non-affected of same
individual)



Clinical Samples: Opportunities

� Tissues, blood, urine, cells, DNA

� Discovery of gene function

� Identification of disease relevance of genes

� Identification of new targets for drug discovery

� Identification and validation of biomarkers for
individualized therapy

Key resource for advancement of personalized medicine and

improvement of attrition in drug development



From Gene to Function to Disease

RNA

Splice variants

RNA editing

Translational
control

Proteolysis

Phosphorylation
Glycosylation
Methylation
etc.
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Increasing Need for Biological Samples

� Personalized medicine

� new patient subgroups

� more biomarkers/mol. signatures

� Drug development

� Biomarkers for toxicity/efficacy

� Translational research

� Human disease relevance

� New technologies

� -omics technoloies

� molecular tools

more samples

larger cohorts

different ethnic groups

specific sample quality



How Many Samples are Required?

fromfromfromfrom P. Burton et al., P. Burton et al., P. Burton et al., P. Burton et al., IntIntIntInt J J J J EpidemiolEpidemiolEpidemiolEpidemiol 2008200820082008

Case control sudy: 1 case 4 controls



Impact of Parameter Reliability on 

Samples Size

fromfromfromfrom P. Burton et al., P. Burton et al., P. Burton et al., P. Burton et al., IntIntIntInt J J J J EpidemiolEpidemiolEpidemiolEpidemiol 2008200820082008



Time Required for Disease Cases

fromfromfromfrom P. Burton et al., P. Burton et al., P. Burton et al., P. Burton et al., IntIntIntInt J J J J EpidemiolEpidemiolEpidemiolEpidemiol 2008200820082008

Cohort of 
500 000



What Has Changed?

„„„„PrivatePrivatePrivatePrivate““““
collectionscollectionscollectionscollections

InstitutionalInstitutionalInstitutionalInstitutional
biobanks biobanks biobanks biobanks 

International International International International 
networksnetworksnetworksnetworks

2005200520052005 2008200820082008



Sustained Energy Supply by

a pan-European Network

� Many resource suppliers (oil, 
gas, uranium etc.)

� Integration of diff. types of 
power stations (caloric, water, 
nuclear, wind etc.)

� Common technical standards

� Environmental issues

� Rules for providers and users



““““BiologicalBiologicalBiologicalBiological resourcesresourcesresourcesresources –––– livinglivinglivingliving organismsorganismsorganismsorganisms, , , , cellscellscellscells, genes, and , genes, and , genes, and , genes, and relatedrelatedrelatedrelated informationinformationinformationinformation ––––
areareareare thethethethe essential essential essential essential rawrawrawraw material material material material forforforfor thethethethe advancementadvancementadvancementadvancement of of of of biotechnologybiotechnologybiotechnologybiotechnology, human , human , human , human 
healthhealthhealthhealth, and , and , and , and researchresearchresearchresearch and and and and developmentdevelopmentdevelopmentdevelopment in life in life in life in life sciencessciencessciencessciences““““

EndorsedEndorsedEndorsedEndorsed bybybyby CSTP in CSTP in CSTP in CSTP in MarchMarchMarchMarch 2007200720072007



Population Survey and Biobanking

Scientific Organisers:

Professor Gertjan van Ommen [Co-Chair]
LUMC - The Netherlands
Professor Frank Skorpen [Co-Chair]
NTNU - Norway

Recommendations: 

�Pan-European biobanking infrastructure – integrated
effort of multiple biobanking resources and 
interdisciplinary research centers

�Sustainable funding system based on 
cooperation between national and international 
funding partners

�Social, legal and regulatory framework that 
facilitates trans-national research and data exchange

Status: The Science Policy Briefing was released on 27 May 2008

ESF Science Policy Briefing



Research Infrastructures

Supercomputers

Synchrotron





Key Components of BBMRI

Fam. historyFam. historyFam. historyFam. history
Lab. Lab. Lab. Lab. paramparamparamparam....

TreatmTreatmTreatmTreatm. outcome. outcome. outcome. outcome
LifestyleLifestyleLifestyleLifestyle
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RecombRecombRecombRecomb. proteins. proteins. proteins. proteins

Gene clone collections*Gene clone collections*Gene clone collections*Gene clone collections*
siRNAsiRNAsiRNAsiRNA libraries*libraries*libraries*libraries*

Cell lines*Cell lines*Cell lines*Cell lines*
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Sample storageSample storageSample storageSample storage

Human Human Human Human biologicalbiologicalbiologicalbiological samplessamplessamplessamples
and and and and datadatadatadata

HealthyHealthyHealthyHealthy
PopulationPopulationPopulationPopulation

PatientsPatientsPatientsPatients

Analysis Analysis Analysis Analysis toolstoolstoolstools ApplicationApplicationApplicationApplication
Basic Basic Basic Basic researchresearchresearchresearch
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TargetsTargetsTargetsTargets forforforfor
Drug Drug Drug Drug discoverydiscoverydiscoverydiscovery
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New New New New diagnosticsdiagnosticsdiagnosticsdiagnostics

PersonalizedPersonalizedPersonalizedPersonalized medicinemedicinemedicinemedicine
Public Public Public Public healthhealthhealthhealth
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DNADNADNADNA

****: ESFRI BMS : ESFRI BMS : ESFRI BMS : ESFRI BMS reportreportreportreport butbutbutbut notnotnotnot fundedfundedfundedfunded



Features of Research Infrastructures

� Pan-European

� Agreement on long-term strategy

� Colaboration

� Access

� Power of scale

� Sustainability



The New Dimension in 

Life Sciences Research

networksnetworksnetworksnetworks networksnetworksnetworksnetworks networksnetworksnetworksnetworks

resourcesresourcesresourcesresources, , , , technologiestechnologiestechnologiestechnologies
servicesservicesservicesservices

IndividualIndividualIndividualIndividual researchresearchresearchresearch groupsgroupsgroupsgroups

panpanpanpan----EuropeanEuropeanEuropeanEuropean researchresearchresearchresearch infrastructuresinfrastructuresinfrastructuresinfrastructures

Access
Access
Access
Access

CompetitionCompetitionCompetitionCompetition
InnovationInnovationInnovationInnovation

CollaborationCollaborationCollaborationCollaboration
IntegrationIntegrationIntegrationIntegration

HarmonizationHarmonizationHarmonizationHarmonization
Innovation 

circle



The Added Value of Collaboration

Population-based
biobanks

Disease-oriented
biobanks

Technologies
Biomolecular res.
Model systems

GeneticsGeneticsGeneticsGenetics

Laboratory Laboratory Laboratory Laboratory 
medicinemedicinemedicinemedicine

PathologyPathologyPathologyPathology

ManyManyManyMany
moremoremoremore…………........

EpidemiologyEpidemiologyEpidemiologyEpidemiology

InformaticsInformaticsInformaticsInformatics
SystemsSystemsSystemsSystems
biologybiologybiologybiology

----omicsomicsomicsomics
technologiestechnologiestechnologiestechnologies

MicrobiologyMicrobiologyMicrobiologyMicrobiology
OncologyOncologyOncologyOncology



The Starting Point for a 

pan-European BBMRI

183 183 183 183 AssociatedAssociatedAssociatedAssociated organisationsorganisationsorganisationsorganisations
28 Countries  28 Countries  28 Countries  28 Countries  

50 50 50 50 ParticipatingParticipatingParticipatingParticipating institutionsinstitutionsinstitutionsinstitutions

PreparatoryPreparatoryPreparatoryPreparatory phasephasephasephase 27 27 27 27 monthsmonthsmonthsmonths
FundingFundingFundingFunding 5 5 5 5 miomiomiomio €€€€



Specific Challenges for International 

Networking

� Harmonization of guidelines and standards

� Guidance through the heterogeneous
ethical and legal frameworks of European 
Member States

� Implementation of harmonized data
protection and informed consent standards



Clinical Samples: Critical Issues

� Collected in routine medical service

� Limited possibilities for standardization

� Processes are directed by patient needs (surgery, 
pathology etc.)

� Differences in European health care

� Modifications are difficult and expensive

� Many stakeholders
� Patients
� Health care funders
� Medical professionals (surgeons, pathologists, 
radiologists, lab.medicine, internist etc.)

� Incentives for Contributors

� Finite resource (access rules)



Samples Quality: Critical Issues

MedicationMedicationMedicationMedication
SurgicalSurgicalSurgicalSurgical procedureprocedureprocedureprocedure
Warm Warm Warm Warm ischemiaischemiaischemiaischemia

TransportTransportTransportTransport
TemperatureTemperatureTemperatureTemperature
Cold Cold Cold Cold ischemiaischemiaischemiaischemia

Sample Sample Sample Sample processingprocessingprocessingprocessing
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FreezingFreezingFreezingFreezing
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TemperatureTemperatureTemperatureTemperature
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TemperatureTemperatureTemperatureTemperature
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EmbeddingEmbeddingEmbeddingEmbedding
TemperatureTemperatureTemperatureTemperature

DiagnosisDiagnosisDiagnosisDiagnosis
DiseaseDiseaseDiseaseDisease codescodescodescodes

StorageStorageStorageStorage
TimeTimeTimeTime
temperaturetemperaturetemperaturetemperature

Sample Sample Sample Sample preparationpreparationpreparationpreparation

AnalysisAnalysisAnalysisAnalysis

FixationFixationFixationFixation
FixativeFixativeFixativeFixative
TimeTimeTimeTime



� Morphology
� Antigenicity
� Biomolecules

� DNA
� Protein
Protein
modifications

� RNA
� Metabolites

� Interactomes
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Sample Quality is defined by the Use



Need for Evidence-Based Standards

� Basis for harmonization of guidelines

� Requires global cooperation

� Implementation by journals

� Implementation by funders

� Integral part of good scientific practice

Caveat: misuse of standards to generate
competitive advantage









Forum for International 
Biobanking Organisations
(FIBO)



ISBER
says … P3G

says …

IARC
says …

OBBR
says …

BBMRI
says .ISBER

says …

P3G
says …

OBBR
says …

IARC
says …

BBMRI
says .



FIBO says …



Harmonization: The Adaptor Model

� Define criteria

� Which samples and data
can be combined?

� Need for evidence-based
standards

� Develop tools

� Data exchange

� Sample transport



Building the Resources for the Future

Can we really do this?

� How to foresee the sample and data
requirements for projects performed in 20 
years?

� Several new preservation methods

� How to do stability testing?

� Good experience for DNA and RNA

� Little experience for proteins, protein
modifications, protein complexes, 
metabolites



What is the Best Strategy?

� Very high sample quality criteria

� Outmost scientific value

� Only few samples fulfill criteria

� Strong selection bias

� Not relevant for medical routine

� Very expensive

� Samples from health care

� Variable quality

� Available in sufficient quantity

� Required for biomarker validation

� Affordable



Emerging Challenges

� Integrating population-based and disease-
oriented biobanks

� Disease phenotype description

� Biomarkers for environmental exposure

� Evidence-based standards

� Knowledge management

� Socio-economic impact

� Communication strategy


