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At the same time there is a need for increased adaptation of Swedish biobanks in order to ensure that
the existing material really benefits research, and so that Sweden can assert itself in the ambitious
biobank efforts which are now being made in Europe and globally.
This report discusses both the advantages conferred by Swedish biobanks and some of the challenges
met today by Swedish research on human tissue material. The report and the attached referral replies
are an important basis for the Research Council’s continued work with supporting Swedish biobanks.
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Förord
Vetenskapsrådet har i sitt arbete med att analysera behovet av infrastruktur inom olika forskningsområden identifierat biobanker som en avgörande
resurs för svensk biomedicinsk forskning. Svenska biobanker byggs upp genom långsiktigt arbete där vävnadsprover samlas in och kopplas till individinformation med relevans för sjukdom och hälsa. Tack vare unika provsamlingar och omfattande register positionerar sig Sverige väl internationellt
idag, men riskerar av flera skäl att halka efter i den kraftigt ökande globala
konkurrensen.
Föreliggande utredning initierades av Vetenskapsrådets kommitté för
forskningens infrastruktur (KFI) och Ämnesrådet för medicin under hösten 2007 för att undersöka vilka problem som möter svenska forskare i arbetet med mänskligt vävnadsmaterial och för att ta reda på hur Vetenskapsrådet på bästa sätt kan vårda svenska resurser och stödja denna forskning. Å
Vetenskapsrådets vägnar vill vi här passa på att tacka utredaren Dr. Stefan
Nobel, Stockholms universitet, som genom ett gediget arbete och på kort
tid presenterat en genomtänkt och väl förankrad sammanställning i enlighet med utredningens uppdrag. Nobel pekar i sin rapport på de stora fördelar Sverige och övriga nordiska länder har genom välskötta provsamlingar,
omfattande databaser och lång erfarenhet, men visar samtidigt på en rad
konkreta strukturella och finansiella problem som Sverige måste lösa om vi
ska kunna behålla vår ledande position.
Utredningen har rönt betydande intresse från forskare, myndigheter och
sjukvård och föregicks av en välbesökt öppen hearing på Vetenskapsrådet
i september 2007, där olika aktörer från universitet, myndigheter, andra
forskningsfinansiärer, landsting och näringsliv bjudits in för att diskutera
förutsättningarna för forskning på material från biobanker. Efter att utredningen färdigställts har ett trettiotal remissinstanser haft möjlighet att
ge sina synpunkter på utredningen. Dessa remissvar innehåller en mängd
tänkvärda och initierade synpunkter som visar på en enighet beträffande
behovet av nationell samordning och långsiktig finansiering av biobanker
men också på olikheter i synen på hur sådana initiativ bör organiseras. Remissvaren innehåller också några viktiga påpekanden om faktafel i rapporten vad gäller biobankslagens och andra berörda lagars innebörd. Remissvaren presenteras sist i denna publikation.
Vetenskapsrådet följer utvecklingen av den europeiska infrastrukturen
för koordinering och finansiering av biobanker ”Biobanking and Biomolecular Resources Research Infrastructure” (BBMRI) och kommer nu att med

utgångspunkt i utredningen och remissvaren lägga upp en handlingsplan
för att stärka svenska biobanker. Det behövs en nationell strategi och finansiella medel som säkerställer att vi tar tillvara de värdefulla resurser och den
glöd som finns inom biobanksanknuten forskning i Sverige idag.
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Preface
This report presents the results of an investigation commissioned by the
Committee for Research Infrastructures and the Scientific Council for
Medicine at the Swedish Research Council (VR). The study was conducted
during two months ending November 23, 2007. I would like to thank everyone who gave their time for interviews and/or filled in the questionnaire
or participated in other ways. Thanks also to Tove Andersson, Camilla Jakobsson, Magnus Friberg and Jan Larsson at VR for comments and practical
assistance during the investigation. I would like to emphasise that I claim
no expertise in the disciplines involved in biobank-related research, e.g. epidemiology, genetics, statistics, databases or clinical research. To bridge this
knowledge gap, I have had the support of a reference group with expertise
in some of the above-mentioned disciplines (Appendix 2). Naturally, my
background in molecular biology may have had some influence on the investigation. The views expressed in this report do not reflect the official
views of the Swedish Research Council, but represent mine alone. I take full
responsibility for all facts and information presented in the report.
Stefan Nobel, PhD
Department of biochemistry and biophysics
Stockholm university

Contents
Summary

8

Introduction – Methodology

12

Swedish Laws Governing Biobanks	

16

Biobanks in Sweden	

19		

National Registries in Sweden – An Overview

22

International Outlook	

24		

Technologies for Global Analysis of Biobank Samples	

27

Initiatives on Biobank Infrastructures in Sweden	

31

Initiatives on Biobank Infrastructures Outside Sweden	

35

Problems and Proposed Solutions	

39

Conclusions – What more do we need to know?

52

Appendix 1: Objectives of Assignment	

55

Appendix 2: Reference Group	

57

Appendix 3: Summary of Questionnaire	

58

Appendix 4: Participants	

66		

Appendix 5: National Quality Registries	

73

Appendix 6: List of Abbreviations	

76

Referral on investigation of biobanks as a national resource
for biomedical research (Remissförfarande)

77

6

BIOBANKS – INTEGRATION OF HUMAN INFORMATION TO IMPROVE HEALTH

Compilation of referral replies for the Biobank investigation	

79

Sammanfattning på svenska	

85

Brev till remissinstanser	

89

Remissvar	

91

BIOBANKS – INTEGRATION OF HUMAN INFORMATION TO IMPROVE HEALTH

7

Summary
Introduction
Sequencing of the human genome allows researchers to integrate new data
on genetic risk factors with demographic and lifestyle data collected via modern communication technologies. The technical prerequisites now exist
to merge large volumes of molecular genetic data obtained by using new
high-throughput DNA analysis platforms with clinical, epidemiological
and national health registry data. Together with other global datasets from
transcriptomics and proteomics analyses of biobank samples, these provide
completely new opportunities to develop new cures and diagnostics that
address common multifactor diseases.

Aims
This study aims to provide an overview of the opportunities for biobankbased research in Sweden and identify the common resources needed to
conduct scientific research of the highest quality. Information has been collected from a hearing in September, a Web-based questionnaire (184 respondents), a Web forum and interviews with 37 individuals from universities
and agencies in Sweden and abroad.

Swedish Laws
Several laws regulate research on biobank samples, the most important being:
The Biobank Act, The Ethics Review Act, The Secrecy Act and The Personal
Data Act. Of these, the Biobank Act has attracted the most criticism in the
field. This criticism can be summarised as: it increases bureaucracy, it does
not include all biobanks, responsibilities are unclear and obtaining consent
from sample donors is unnecessarily complicated. Due to extensive criticism
from all parties involved, the Biobank Act will be subject to revision. Hence,
an investigation of the Biobank Act will be conducted during 2008.

Biobanks
A biobank is defined as long-term storage of human samples that are identifiable to a specific person and linked to personal data. Population-based research biobanks also collect environmental and lifestyle data to enable more
powerful analyses. Health services manage most biobank samples since they

8
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are used in various screening programmes, in diagnostics and in quality improvement processes. However, several population-based research biobanks
have been established in Sweden (mainly in Umeå and Lund/Malmö) during
the past 20 years and contain samples from several hundred thousand subjects.
Researchers primarily experience problems with:
• High cost. Long-term funding is unavailable to maintain existing or initiate new biobanks
• Access to biobanks for external researchers
• Information about existing biobanks
• Limited sample resources and fear of losing control over samples and
data
• Linkage of biobank databases to databases in health care
• Lack of harmonisation between different biobanks
• High cost of genomic analyses. Swedish researchers fall behind
• Knowledge on how to use biobanks efficiently (epidemiology, genetics,
statistics)
These problems can lead to difficulties involving: reproducibility of research;
performance of cross-disciplinary research; duplication of effort; loss or
non-utilisation of valuable samples; and under-utilisation of full potential
for modern global analysis.
Biobanks are used around the world, but one finds a predominance of biobanks in the Nordic countries, Europe and the United States. This, however,
is about to change since large collections have now been initiated in other
countries as well, for example in China and Singapore.

Registries in Sweden
Sweden has an advantage given its many registries and databases on the population. National health registries in Sweden maintain detailed registers
for epidemiological analyses of the Swedish population, comprising a valuable resource for biobank-related research. The health care system also maintains valuable national quality registries for the purpose of evaluating treatments. Several databases also exist outside of the health care system, e.g. the
multigeneration registry, demographic databases and the twin registry.
Problems: Access to the different registries and databases varies widely.
Efficient linkage is needed between these databases and biobank databases.

BIOBANKS – INTEGRATION OF HUMAN INFORMATION TO IMPROVE HEALTH

9

Summary

Infrastructure Initiatives
The National Biobank Programme (NBP), funded by the Knut and Alice Wallenberg Foundation, was active between 2002 and 2006. The programme included a series of work packages addressing quality issues, biostatistics, IT
development in health care, technical automation (e.g. DNA extraction, tissue microarray), development of the multigeneration registry and research
on ethical and legal issues.
Problems: Although considerable and important work was done to increase the value of biobanks, the goal of coherent, national coordination of
Swedish biobanks was never achieved.
Three larger initiatives have been proposed for future biobank infrastructures: Biobank Sweden, which is a continuation of NBP; Life Gene, which
is a collection of a large new cohort of 500 000 subjects; and BIMS, which
involves development of middleware software, enabling linkage between
databases to serve as a federated database system.
Problems: There is no national consensus regarding the three proposals,
and the different groups behind them have been polarised.

Proposals
Several issues must be addressed to achieve a coherent, valuable national
resource for biobank research. Some local infrastructures already exist for
biobanks, and several improvements and developments have been made in
the NBP. To a large degree, steps are needed to build on existing resources and
the infrastructure already in place, and to efficiently coordinate them on a
national level. However, this must be complemented with new investments,
making it possible to perform modern genomics and proteomics analyses in
an efficient way.
Recommendation 1 – Biobank Act: VR should promote the revision of the Biobank Act into a more researcher-friendly law without interfering with the issues
of personal integrity and safety. Harmonisation with Nordic and European laws
should be considered.
Recommendation 2 – Coordination: VR should consider appointing a “Biobank InfraStructure Committee, BISC” that should have a national responsibility for coordinating Swedish biobanks and developing infrastructures to enable
efficient use in research. BISC should have a strong interface with DISC, and
coordination should involve all aspects, including a biobank federation, middleware solutions, biomolecular analysis and ELSI.
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Recommendation 3 – Short-term: VR should consider establishing a joint call
with other funding bodies for a genotyped national Swedish reference population,
arrange an international review of the Life Gene project and establish a federated biobank solution and national biobank registry.
Recommendation 4 – Internationalisation: VR should consider establishing a
joint call with other funding bodies for an efficient, flexible, middleware solution
that should aim for international harmonisation. Three steps could be considered:
national harmonisation, Nordic harmonisation and European harmonisation.
VR should also support strong Swedish participation in the European Biobank
Infrastructure project BBMRI. VR should promote common Nordic infrastructures, harmonisation of databases, biobanks and legislation, common global biomolecular analyses and competence centres.
Recommendation 5 – Coordinate Funding: VR should coordinate funding with
other funding bodies to promote availability of long-term funding for biobank infrastructures and evaluate incoming proposals on biobank infrastructures.
Recommendation 6 – Integration: VR should participate in IT development in
health care to achieve the most useful solutions possible for research purposes. VR
should promote much closer general collaboration between health services and
medical faculties. VR should promote collaboration between human biobanks
and biobanks of other organisms to promote comparative research. VR should
promote collaboration with the Swedish Environmental Protection Agency as regards biobanks.
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Introduction – Methodology
With the rapid progress in genomics research of humans and other organisms, biomedical and health research has expanded from the study of rare
monogenic diseases to common, multifactorial diseases1. High-throughput
technologies allowing global analyses of biological systems are widely expected to enable better molecular dissection of these complex, causally heterogeneous diseases into more homogeneous subgroups – a requirement for
the advancement of personalised medicine. A more accurate, biology-based
definition of disease categories will enhance the development of more effective treatments, reduce undesired side effects of new treatments, improve success in clinical trial design, and will lead to new concepts of disease
prevention. Elucidation of complex disease aetiology is challenging because
causation arises from not one, but from many small, often additive effects,
representing the outcome of genetic predisposition, lifestyle and the environment. Revealing these complex interactions will critically depend on
the study of large sets of well-documented, up-to-date epidemiological, environmental, clinical, biological and molecular information and corresponding material from large numbers of patients and healthy persons, collected
and made available through biobanks2.
The definition of biobanks in this investigation is similar to that offered
by Wikipedia: Biobanks seek to integrate collections of bio-specimens (e.g.
blood, DNA, tissue, biopsy specimens, etc) with corresponding patient (personal) data such as genetic profiles, medical histories (phenotype data) and
life style information3. The bio-specimens are thus of human origin.
The above-mentioned term, personalised medicine, is not new per definition, but has attracted considerable attention as researchers learn more
about how to predict disease risk for individual patients – in particular, how
to identify people whose genes make them more likely to contract diseases
such as diabetes, stroke and cancer4. Our knowledge of gene variants (person-to-person variation in the DNA sequence) has increased rapidly since
the finalisation of sequencing in the Human Genome Project and the determination of the frequency of DNA variation (polymorphisms) in people
1

Collins F, Nature, vol. 429:475, 2004

2

K. Zatloukal, M. Yuille, 2007, Biobanking and Biomolecular Resources Research Infrastructure

3

http://www.informatics-review.com/wiki/index.php/Biobanking_Definition

4

http://www.bioscienceworld.ca/FunctionalGenomicsandProteomicsinPersonalizedMedicine21stCenturyApproachestoComplexDiseases
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of different backgrounds (The HapMap project). Furthermore, scientists
have found that people vary not only by single nucleotide polymorphisms
(SNPs), but that some people differ in large blocks of DNA, which are deleted or inserted. Until recently, the major focus was to determine how genetic polymorphisms affected protein structure and function (coding SNPs).
However, approaches with global analysis utilising expression microarrays
have demonstrated that small differences in an individual’s DNA may affect
disease risk by altering the regulation of gene expression, thus modifying
the amount of protein produced in cells of the body (regulatory SNPs). These disease-associated polymorphisms provide a guide to possible molecular
damage that causes disease. As we learn more about how these polymorphisms change the function of genes, proteins, cells and organs, we may be
able to predict how small changes in the DNA sequence between different
people cause illness, how to better predict how serious the illness may become and how to treat it most effectively. Personalised medicine is based on
this new knowledge of genomics and proteomics and is widely believed to
result in important changes in how we diagnose and treat many common
and chronic diseases.
Improving diagnosis and treatment by further understanding the molecular and environmental basis of disease in humans is a top priority for both
society and biomedical researchers. This, however, places a greater responsibility on funding bodies and researchers to improve our understanding as
rapidly and efficiently as possible. Such improvement requires the efficient
organisation of biological resources (biobanks) and related phenotypic and
environmental data that are the objects of study5. This has been recognised
collectively by the world’s major economies who, via the Organisation for
Economic Cooperation and Development (OECD), have stated6 unequivocally that “biological resource centres are an essential part of the infrastructure underpinning life sciences and biotechnology… essential for R&D in
the life sciences, for advances in the quality of the environment, agriculture,
and human health, and for the commercial development of biotechnology.”
In this investigation, however, the biological resource centres (BRCs) are
those containing human samples and subsequently referred to as biobanks.
This does not imply that BRCs of other organisms are not valuable. On
the contrary, they may be even more so if the information they generate is
linked to enable comparative studies at the molecular level, e.g. comparative
genomics involving comparison on the DNA level.
5

M Yuille et al, Briefings in Bioinformatics, in press

6

Biological Resource Centres: Underpinning the Future of Life Sciences and Biotechnology. OECD Paris
2001
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Sweden has several structural advantages that facilitate research based on
biobanks. These include our comprehensive national registries that can be
linked by our Personal Identification Numbers (PIN), our open system of
public health services and a population that has a positive attitude towards
research. We also have a well-developed IT infrastructure, making it easier
to communicate with participants e.g. in population studies, and from a global perspective we have relatively permissive legislation. Furthermore, Sweden has a long tradition in biomedical research, including biobank samples.
For instance, by utilising our biobank collections, Swedish researchers have
contributed towards a better understanding of diabetes, cancer and rheumatoid arthritis. The benefits of conducting biobank-related research in Sweden are reflected by the willingness of foreign funding bodies to substantially fund research on Swedish biobanks7. Although we have a high level
of expertise, much of the biobank research in Sweden has yet to utilise the
modern technologies available in genomics and proteomics. Swedish scientists have also contributed substantially in the area of functional genomics,
e.g. Swedish researchers have invented some of the new, high-throughput
technologies.
Despite the fact that several Swedish biobanks are internationally competitive and we have the competence and expertise, this field of research
suffers from low investment, fragmented structure and inadequate crossdisciplinary collaboration. If this could be changed, Sweden could be expected to achieve much greater success in modern molecular medicine.

Aim and methodology
This investigation aims to elucidate the potential of Swedish biobanks and
their possibilities for development from a researcher perspective to identify
the common resources and infrastructure needed to promote biobank-based research (Appendix 1). Information has been obtained from different
sources; from the initial hearing at VR where the medical research community was invited, from a Web forum, from a questionnaire (Appendix 3)
and by interviewing researchers and representatives from universities and
agencies.
The investigation had the support of a reference group (Appendix 2)
with expertise in research on biobanks and infrastructure. The group included representatives from Norway and Finland. Input from the group
has been crucial in the investigation. However, the investigator is solely
responsible for the facts and views and the recommendations presented.
7

Lernmark., Hearing on Biobanks at Swedish Research Council (www.vr.se) September 18, 2007.
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A survey was developed basically for the purpose of structuring the input
from a selected population. This did not require a sophisticated questionnaire design or statistical analysis. Furthermore, no information source is
currently available that identifies the researcher population involved in
biobank-related research in Sweden. The population that was selected to
receive the questionnaire included individuals registered as managers of
biobanks at the National Board of Health and Welfare, some of the persons
attending the hearing and the review panel for the Scientific Council for
Medicine. In total, 783 persons were contacted by email and asked to participate, of which 184 filled in the questionnaire. Most of the questions were
derived from the assignment and were intentionally open-ended questions,
giving the respondent freedom to answer without limitations or direction.
These were complemented with several checkbox questions to simplify part
of the analysis. Appendix 3 includes a summary of the questionnaire, and it
is discussed further in Chapter 10.
Interviews were held with 37 persons in meetings or by telephone and in
a few cases by correspondence (Appendix 4). Documents concerning other
investigations and articles, information from different organisations, etc
have also been collected. The short timeframe made it necessary to limit the
investigation to only an overview of this large and complex area. Hence, the
investigation does not claim to be comprehensive. The intent has been to invite as many as possible to express their views. In addition to the population
given the questionnaire above, all university and college administrations
in Sweden were contacted to inform their researchers of the investigation
and the opportunities to participate through the website forum, a public
version of the questionnaire on the website, or by direct contact.
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Swedish Laws Governing Biobanks
Listed below are the most important laws in Sweden governing the use of
biobanks in research:
• Biobank Act (SFS 2002:297, Biobankslagen)
• Ethic Review Act (SFS 2003:460, Etikprövningslagen)
• Secrecy Act (SFS 1980:100, Sekretesslagen)
• Personal Data Act (SFS 1998:204, Personuppgiftslagen)
The Biobank Act aims to protect donor integrity, while also promoting research on biobank samples . The National Board of Health and Welfare is
the central government authority commissioned to implement the Biobank
Act. For this purpose, the board has developed several regulations and practical rules, namely SOSFS 2002:11, SOSFS 2004:2 and SOSFS 2006:19, which
govern how to interpret the law.
Together, the law and the regulations can be summarised as follows (compiled from ref 8): they apply to biobanks formed in Sweden by public or
private health services (primary biobanks), or to biobanks formed by using
samples from a primary biobank (secondary biobanks).
Hence, the Act does not apply to biobanks that have been formed and
assembled by any organisation other than a health care provider, e.g. a pharmaceutical company.
The Act applies only to samples that can be linked to the persons from
which they are derived (by e.g. breaking a code-key) and only on samples
stored for a long time.
The entity responsible for the biobank, i.e. the health care provider or the
research institute, must determine the purposes for which the biobank can be
used. The decision to form a biobank also needs to be registered at the National Board of Health and Welfare. The entity responsible also determines who
will have access to the samples, and it cannot be forced to release samples.
Samples from a secondary biobank cannot be distributed further, with some
exceptions, e.g. samples from a biobank used for research can be released to
another unit for research purposes. Samples can be sent abroad, but need to be
coded and then returned or destroyed when the work has been performed.
The Biobank Act specifies that informed consent from the donor is required to store and use any human samples.8 Hence, donors should receive
relevant information to enable them to decide whether or not they want to
8 http://www.bioethics.uu.se/biobanker/
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consent to the utilisation of their samples for biobank purposes, i.e. a specific research project. Consent may be withdrawn, completely or partially, at
any time without giving motivation for the action. If this means withdrawal
for any type of use, the sample shall be destroyed or be unidentified, i.e. the
linkage between the ID and the sample of the donor shall be destroyed.
Hence, the Biobank Act regulates only the physical samples. Other laws
apply to all other information on donors, e.g. health records, health registries and questionnaires.
If one wants to use samples in a biobank for any purpose other than that
specified in the consent, then a new informed consent must be obtained for
the new purpose. Exceptions to this condition apply regarding consent for
research and clinical trials. In such cases an ethical review board will decide if
new consent is needed. This is regulated by the Ethic Review Act. An ethical
review board must approve all research using biobank samples.
The Secrecy Act regulates access to personal data and the Personal Data Act
regulates how the data can be used. Hence, if a biobank is collected outside
the health care system (e.g. by a pharmaceutical company), then these laws
regulate its use for research, and the access to and handling of personal data.
The Biobank Act has received extensive criticism from several public authorities including: the National Board of Health and Welfare itself, the Swedish Association of Local Authorities and Regions, industrial organisations,
researchers and institutions. The main points of criticism are:
• Increased bureaucracy to gain access to biobanks (especially when multiple biobanks are to be used in one study), or to form new biobanks.
• Unclear responsibilities – who can serve as the organisational entity responsible, and who can be responsible for access to biobank samples?
• The law does not include all biobank samples.
• No protection of biobank samples as regards use by the police.
• Complicated to obtain consent – why not use an opt-out system? Several
researchers point to the situation in Denmark where biobanks are considered as special databases of human information (albeit the information may
not be extracted from the samples yet). The default for donated samples is
presumed consent. If the donor wants to withdraw consent he/she notifies
a central registry at the Danish National Board of Health and Welfare – the
opt-out registry. Researchers are obliged to routinely compare their biobank
databases against the opt-out registry to withdraw any matching persons.
Although the investigator does not claim any expertise as regards legislation,
and cannot completely judge the law, the criticism seems to be reasonable.
However, the integrity of the individual is obviously crucial, and any changes
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in legislation must be carefully investigated. Ultimately, biobank research
depends completely on participation by the public. Hence, good information and discourse with the public is highly important in these matters. Due
to the criticism described above, and some reported inconsistencies, the Biobank Act will be subject to revision. During 2008, a committee will investigate the revisions necessary in the legislation. As of this time it is unclear
whether or not the Swedish Research Council (VR) will participate in this
investigation. However, VR should at least be consulted about the proposal.
Utilising different governmental or county-controlled databases, the following laws may also apply to biobank-related research:
• Freedom of Press Act
• Archive Act (SFS 1990:782)
The Freedom of Press Act states the principle for public accessibility to any
information handled by authorities, i.e. the right of Swedish citizens to access records or documents that have been sent to, or produced by, any public
agency.
The Archive Act states that agencies are responsible for keeping material and
documents for future use, e.g. for research. Documents to be archived are
those that are of scientific value for the discipline in question or others,
that are of value for cultural history or personal history or that are of major
public interest.
Recommendation – Action 1: VR should attempt to become involved in the
investigation of the Biobank Act. If this is not possible, then VR should closely monitor the investigation and provide it with important feedback. An
opt-out system, similar to the one being used in Denmark, should be considered providing it is in concordance with the ethics and public awareness
on consent. Several recent articles discuss the ethics concerning consent9.
Furthermore, it is important to monitor developments in international legislation, primarily in the Nordic countries and Europe. Research on biobank
samples increasingly involves international collaboration and harmonisation of legislation on biobanks is thus an important issue. The Norwegian
Biobank Act is currently being revised, and the forthcoming (early 2008)
new proposal should be closely monitored.

9

Hansson G et al, Lancet Oncol 2006;7:266-69. Helgesson G et al, Nature Biotechnol 2007;25:973
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Biobanks in Sweden
As of July 2007, Sweden had 651 biobanks registered with the National
Board of Health and Welfare (Socialstyrelsen). Most of these biobanks are
being used in health care, quality assurance, education, research and clinical
trials10. Many different types of human tissue samples are being stored in
biobanks, most of which are categorised as containing: tissues, cells/cell lines, genomic material (DNA), blood or blood-plasma or urine. However, the
vast majority of samples are probably blood or different plasma fractions and
paraffin blocks, although the registry does not provide this information.
With no claims of being comprehensive, the following list describes the
major biobanks (in terms of number of subjects). The list is based on information from the National Biobank Programme (NBP)11, the International
Evaluation of Swedish Biobanks in 2005 and other sources.
•

•

•

•

Pathology biobanks located at hospital departments of pathology over the
past 50 years. They are estimated to contain approximately 50 million
samples of formalin-fixed paraffin embedded blocks stored for pathological diagnosis and around 20 million cervical smears from the populationbased, organised and invitational cervical screening programmes.
Biobanks at clinical virology departments in hospitals have stored serum
samples submitted for virological diagnosis going back as far as 30 years.
An estimated 4 million samples are stored. Another 1 million samples are
stored at the Swedish Institute for Infectious Disease Control (SMI) and date
back to the 1950s.
PKU biobank/registry. Population-based screening for metabolic diseases
of newborns have stored samples (dried blood on filter paper) from all infants born in Sweden since 1974, totalling an estimated 2.8 million samples.
The medical biobank in Umeå contains around 265 000 blood samples from
around 156 000 individuals collected in the Northern Sweden Maternity
cohort and the Northern Sweden Health and Disease study (Västerbotten
Intervention Project Cohort, the Northern Sweden Monica Cohort and
the Västerbotten Mammary Screening Cohort). These cohorts involve up
to 20 years of follow-up.

10

Biobank Registry at The National Board of Health and Welfare

11

http://www.biobanks.se/
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•

•
•
•
•

•
•
•

Malmö Preventive Medicine cohort was a population-based, health-promotion project with blood samples from 33 000 subjects with 30 years of
follow-up.
Malmö Diet and Cancer cohort contains samples (plasma, buffy coat and
lympocytes) from 30 000 participants with 16 years of follow-up.
Cohort of Swedish Men includes 46 000 recruited participants from Västmanland and Örebro Counties, coordinated from Karolinska Institutet.
All Babies in Southeast Sweden (ABIS) contains 17 000 subjects, located at
Linköping University.
KI (Karolinska Institutet) Biobank includes samples from the Swedish
Twin Registry (STR) and contains. around 40 000 subjects from different
projects. Of these, 12 000 subjects are estimated to belong to STR in the
beginning of 2008.
Fresh Frozen Tissue Biobank at Clinical Pathology, Uppsala University contains around 50 000 tissue and cell samples.
Tissue Biobank for Cancer Research contains tumour tissue samples from
30 000 individuals and is located at Lund University.
The National Environmental Biobank contains samples from nearly 10 000
individuals collected since 1990. It is funded by the Swedish Environmental Protection Agency (Naturvårdsverket) for monitoring environmental
pollutants in humans and is located at Umeå Medical Biobank.

Apart from the above, several smaller biobanks or collections located in
clinics around Sweden are valuable from different perspectives, such as the
longitudinal cohort of men (2000–3000) in Uppsala (ULSAM) with extensive follow-up (over 30 years) and diagnoses, e.g. dementia.

Lack of overview
The absence of a comprehensive national registry, listing all (larger) biobanks, makes it difficult for other researchers to efficiently utilise Sweden’s
biobanks. The registry at the National Board of Health and Welfare (Socialstyrelsen) is not very useful and provides only limited information. The
National Biobank Programme has made a good attempt to form a national
registry by inviting all larger biobanks to be listed, but the list is incomplete
and is not updated.

Lack of harmonisation
The National Biobank Programme (NBP) has information on participating
biobanks. However, the information varies among biobanks, and researchers
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cannot access the biobank databases, which are probably stored in several
different formats (some not even computerised). Annotation of information in the different databases is not harmonised since each biobank database was constructed without the intent to link to other biobank databases.

Access to data
The access to the different biobank databases and/or further detailed information about the samples is completely dependent on the principal investigator (PI) of the biobank. As they, or the entity responsible, are required
to assure the security of the biobank in compliance with the Biobank Act,
they usually cannot release raw identifiable data for analysis and linkage to
registries, but can only release processed, unidentified data. In some cases
they might also be unwilling due to concern about losing control of their
data, or about competitors using the data.
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National Registries in Sweden
– An Overview
National population registries in Sweden are kept primarily at Statistics
Sweden (SCB)12 and the National Board of Health and Welfare13. The latter
keeps health-related national registries, such as:
• Hospital Discharge Registry, all diagnoses and medical treatments since
1961
• Cancer Registry, all cancer cases since 1958
• Cause of Death Registry, all underlying causes since 1952
• Medical Birth Registry, all births since 1973
• Prescribed Drug Registry, all prescriptions since 2005
Statistics Sweden houses useful registries for biobank-related research, for
example:
• National Multigeneration Registry, can be used to identify first degree
relatives to any person born in 1932 or later
• Longitudinal Individuals database (LINDA)
• Registry of living conditions (ULF)
Karolinska Institutet houses the Swedish Twin Registry (STR), containing
phenotypic data on 85 000 twin pairs.
Sweden’s health care system is regionally controlled and run by the different counties, which in turn are coordinated by the Swedish Association
of Local Authorities and Regions (Sveriges Kommuner och Landsting SKL).
SKL holds responsibility for the National Healthcare Quality Registries, to
date 56 registers on different diseases (Appendix 5)14. Together, the National
Board of Health and Welfare and SKL finance the formation and maintenance of the registries. Three competence centres are established for this
purpose:
• UCR – Uppsala Clinical Research and Registry Centre
• NKO – National Competence Centre for Musculoskeletal Disorders
• Eye-Net Sweden

12

http://www.scb.se/

13

http://www.socialstyrelsen.se/

14

Nationella kvalitetsregister 2007, ISBN-13:978-91-7164-280-6
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There are several additional databases in social sciences and social medicine that could be of interest for medical research on biobank materials.
Traditionally, these databases have been located at various universities and
institutes, with no overview and little effort towards harmonisation15. This
has been known for some time, and to promote efficient research on these
types of databases a special Database Infra-Structure Committee (DISC)
was formed at the Swedish Research Council. DISC plans and coordinates
investments to make research databases accessible in social sciences, social
medicine (epidemiology/public health research) and research in the humanities. Examples of databases that are of interest to biobanks that DISC now
evaluates for funding on behalf of VR include: the Swedish Twin Registry, Cohort of Swedish Men, the Demographic Database in Skåne, and the
Longitudinal Database on Familial Cancer. Another database of interest is
the Demographic Database located at Umeå University. The plan is to link
this database to both the multigeneration registry and the biobank database
at Umeå University.
One initiative taken from DISC has been to fund the MONA project at
Statistics Sweden (SCB), aiming to increase researcher access to the registries at SCB. As SCB holds the multigeneration registry, this is a promising
development for biobank research in Sweden. However, further development is needed to connect to biobank samples and molecular data to the
registries.

15

Vetenskapsrådet, Rapport ”Strategi och infrastruktur för världsledande forskning på svenska register”
2005
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International Outlook
The use of biobanks is well distributed throughout the world, but the Nordic
countries have disproportionally large numbers of collected human samples
as reported by the international consortium, Public Population Projects in
Genomics (P3G)16. One of the most successful and controversial biobanks,
both globally and within the Nordic countries, is the biobank controlled by
the company deCODE17 (Iceland), which covers nearly half of the population, i.e. approximately 100 000 subjects. The strengths of this biobank are
its high population coverage (aims to cover the entire population of Iceland), its ability to efficiently utilise health care records and its coupling to
an outstanding genealogical database going back as far as 1000 years. However, the fact that it is commercially controlled has raised concerns.
In the “Biohealth Norway” programme the Norwegian Institute for Public Health (NIPH) coordinates large population cohorts from different regions in Norway, sampled outside the health care system. Biohealth Norway
is funded by a substantial grant from the Norwegian Functional Genomics
Research Program, FUGE (at the Norwegian Research Council). Currently,
it includes around 400 000 subjects, consisting of the two cohorts CONOR
(185 000 subjects) and the Norwegian Mother and Child cohort study MoBa
(210 000 subjects). The collections are ongoing with a target of 500 000 individuals for all the participating biobanks. This large number makes the
combined cohorts the largest in the Nordic countries and one of the larger
biobank collections in the world.
Denmark also has several large research cohorts, e.g. the National Birth
Cohort “Better health for mother and child” with blood from 100 000 pregnant women, the Nutrition, Cancer and Health biobank with around 60
000 subjects and the Greenland Biobank with blood samples from > 16% of
the Greenlandic population. Denmark has constructed a national pathology registry of all pathology biobanks and is famous for its large number of
registries in all aspects of life (up to 200 databases) and the well-developed
interface between them, which together form an extremely important national asset.
In Finland, the National Institute for Public Health (KTL) coordinates
several of the research biobanks. A large biobank harbouring DNA from

16

http://www.p3gconsortium.org/about.cfm

17

http://www.decode.com/
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over 200 000 individuals has been constructed and includes an automated
collection service and automated DNA extraction facilities. Collections include the Finnish Twin Cohort (42 000 subjects), the ATBC study (29 000
subjects) and the Finnrisk study (23 000 subjects). KTL also houses internationally renowned research in human genetics, e.g. KTL is the coordinator
of several joint research efforts such as the GenomEUTwin project and the
Nordic Centre of Excellence in Disease Genetics (NCOEDG). KTL also serves as the Finnish node in the recently established Nordic EMBL networks
in molecular medicine.
Looking at the large (>10 000 subjects) registered cohorts at P3Gs observatory, apart from the Nordic countries, one finds that the United Kingdom
(UK) and the Netherlands stand out with several large cohorts including
UK Million women studies (1 300 000 subjects) and the forthcoming UK
biobank (target of 500 000 subjects), LifeLines (target 165 000 Dutch subjects, in planning phase) and the Netherlands Twin Registry (75 000 subjects). Estonia and Germany (the KORA-Life cohort) also have several larger
biobanks and ambitions to start new ones. Although not listed at P3G, the
Biobank in Graz (Austria) founded by Kurt Zatloukal has apparently collected a large number of samples (from 800 000 subjects). Several attempts
have been made to pool samples and data to obtain a sufficient number of
cases in Pan-European projects, one of the largest being EPIC (European
Prospective Investigation into Cancer and Nutrition) that includes 520 000
subjects in the joint program. Another successful Pan-European collaboration has been GenomEUTwin, including as many as 600 000 twins from
Europe and Australia. Australia has clear ambitions both in biobanking and
research expertise utilising them, e.g. the Melbourne Collaborative Cohort
Study (41 000 subjects) and the cross-disciplinary Laboratory for Genetic
Epidemiology at Western Australian Institute for Medical Research with
their extensive population registries.
In Asia, large cohorts are found in Japan, China and Singapore. To date,
the Kadoorie Study of Chronic Disease in China encompasses 415 000 subjects (target 500 000), the Japan Public Health Centre-Based Study contains
140 000 participants and the Singapore Consortium of Cohort Studies targets 250 000 individuals (only 3000 recruited so far).
Internationally, the United States has the largest number of research cohorts, exemplified by biobanks such as the Nurses’ Health Study (original
cohort) of 122 000 subjects with very long follow-up and the newly established Women’s Health Study (1 750 000 targeted, 40 000 recruited).
Globally, comparing 82 large, single-country, research cohort studies (>10
000 participants per study) one striking result is that of the 7 800 000 subjects included, 3 500 000 are European, whereof as many as 2 000 000 indivi-
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duals come from the Nordic countries (Iceland, Norway, Sweden, Denmark
and Finland). In other words, 25% of the subjects currently enrolled worldwide belong to our minor population in the North18. This probably relates
to the similar national health care structures in the Nordic countries that
offer favourable conditions for biobank sampling. These figures were obtained from the P3G website so they include only the studies registered there.

18

P3G and Pedersen, N, Hearing on Biobanks at Swedish Research Council (www.vr.se) September 18, 2007
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Technologies for Global Analysis
of Biobank Samples
The development of new ‘omics’ technologies have placed high expectations on the wealth of information that seems to be extractable from biobank samples. The European Union Sixth Framework Programme project
MolPAGE (Molecular Phenotyping to Accelerate Genomic Epidemiology)
has addressed this through a comprehensive approach, although the first
run focuses on diabetes19. Presented below is an overview of their work
packages, covering basically all types of global analyses existing today. As
shown in Figure 1, operationally the work packages fall into four main areas;
1) sample-related, 2) technology-related, 3) informatics and analysis and 4)
training and management. This reflects the complexity of the ideal situation, i.e. where one aims to compare data from all sets of technologies, since
sample handling varies between analyses, the technologies vary in terms of
their maturity and global scope of their analyses and bioinformatics vary
between technologies, with the merging of datasets imposing yet another
challenge.
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OVERVIEW OF THE MOLPAGE CONSORTIUM WORKPACKAGES

Fig. 1 Overview of the MolPAGE project.
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http://molpage.org/index.asp

BIOBANKS – INTEGRATION OF HUMAN INFORMATION TO IMPROVE HEALTH

27

Technologies for Global Analysis of Biobank Samples

The meeting, Standards and Norms in Population Genomics,20 addressed issues concerning biobank-related research and pointed to the need for standardisation and harmonisation. Participants emphasised the importance of
pre-analysis (sample processing) and how analytic measurements are performed (technologies), illustrating the need for international standardisation and formation of reference laboratories. Also, International Agency
For Research on Cancer (IARC) has addressed standardisation in cancer research21. The challenge varies between technologies. Some global analyses
are described briefly below:
Genomics – Genotyping. Remarkable progress has been made on technology for SNP analysis (Single Nucleotide Polymorphism), and robust
technology now enables genome-wide analysis of large amounts of SNP.
Commercial array chips are available with up to 1000 000 SNPs with genome-wide coverage for humans. Processing of DNA samples for genomics is
not a major issue since DNA is quite stable. Swedish Facilities for these analyses are found at Uppsala University, Karolinska Institutet and Royal
Institute for Technology.
Genomics – next generation sequencing22. With the advent of new massively parallel sequencing technologies, science can (as of October, 2007)
sequence the entire human genome in 2 months for 20% of the cost when
compared to traditional technologies, and costs are dramatically decreasing. A goal has been set to sequence a human genome for as little as
$1000. This is widely believed to be achievable in the next 5 years if single
molecule sequencing is successful. When this happens, sequencing will
probably replace today’s array technologies for measuring SNPs and RNA
expression, yielding much more information. For example, the newly
published sequencing of an individual genome indicated many new and
unknown SNPs, and that most of the observed genetic variation came
from deletion and insertion of blocks of DNA rather than SNPs23. This
suggests that SNP analysis can show only a smaller part of the total genetic variation. Recently established facilities are found at Uppsala University, Royal Institute for Technology and soon at Lund University.
Genomics – epigenetics. Inherited polymorphism in DNA which is
not found in the DNA sequence itself is primarily studied in terms of

•

•

•

20

https://molpage.c2.hostexcellence.com/File_System/Linked_files_webpage/Standards&NormsReport_
SP.pdf

21

Common Minimum Technical Standards and Protocols for Biological Resource Centres dedicated to
Cancer Research / editors, E. Caboux, A. Plymoth, P. Hainaut, 2007 (IARC Working Group Reports ; 2),
International Agency for Research on Cancer, WHO

22

Muken and Cherny, 10 September 2007 Healthcare Services & Technology Next-Gen Sequencing 101

23

Levy et al, PLOS Biology, vol.5 : e254, 2007
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DNA-methylation (and to some extent in terms of histone modification).
To study DNA-methylation DNA sequencing is combined with certain
chemical preparation of the DNA. Genome-wide data on epigenetic variation are available24, but will be even more detailed if combined with
next-generation sequencing. The importance of sample handling for analysis of DNA methylation does not appear to be well studied.
Transcriptomics. DNA microarray-based technology has been utilised
for more than a decade to analyse RNA expression, and the technology
is mature and robust. Competence in bioinformatics and bioinformatic
analysis software developed in Sweden were noted. RNA sample handling
is more of an issue than DNA, but there are standard ways to minimise
these risks. NBP has also studied the importance of biobank sample handling
for RNA quality. International standards exist for microarray experiments
(MIAME, MAQC). Facilities are found at several universities; Umeå
University, Uppsala University, Royal Institute for Technology and Lund
University.
Proteomics. With recent developments in mass spectrometry (MS) instrumentation, highly parallel detection and identification of proteins or
peptides is now a reality. In minute volumes as many as 30 000 peptide
sequences can be identified. In theory, perhaps 1/3 of the proteome can
now be determined simultaneously in a single sample. However, there is
wide variation between runs and between similar samples, pointing to
sample handling as critical in these massive parallel analysis. NBP has studied the importance of biobank sample handling for protein quality. International standards for handling samples in these modern types of analyses have
yet to be developed25. Facilities for MS-based proteomics are found at most,
if not all, universities. The Swedish Human Proteome Project (HPR) is
bringing affinity-based proteomics closer,26 and antibody arrays are being
constructed with these new antibodies. Facilities for developing immunoarray technologies are found at Royal Institute for Technology and Lund
University. At Uppsala University, the development of new antibody-based detection technology combined with DNA amplification makes this
method highly sensitive compared to traditional immunoarrays27.

•

•
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http://www.sps.se/
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Shen et al, PLOS Genetics, vol. 3:e181, 2007
http://researchprojects.kth.se/index.php/kb_1/io_8632/io.html
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According to the Swedish Proteomic Society28 a race has taken place to
develop technology, increasing the possibility for massive parallel protein
determination. Current problems concern the bioinformatic analysis of all
generated data and also the biological samples; proteins are inherently much
more labile than DNA, making the treatment of samples an issue. Furthermore, biological variation is naturally much higher on the protein level so
biological standardisation also becomes crucial. The ultimate goal for understanding disease mechanisms in humans comes down to understanding
the mechanisms on the protein level. In terms of the large population-based
biobanks, the primary aim of proteomics is to find biomarkers in blood.
Regarding this goal, MS-proteomic analysis has not yet been particularly
successful. The problems lie in the current dynamic range of the technology, which is much lower than the biological dynamic range, hindering the
possibility to find new scarce biomarkers leaking out into the bloodstream.
Affinity-based technologies might be more powerful for this purpose, provided that antibodies or other affinity agents for the proteins are present.
The ultimate goal of the HPR project is to systematically produce antibodies
against 22 000 proteins (one per gene locus). To date, 3000 have been produced. Similar projects are under way at NIH where researchers are trying
to produce monoclonal antibodies for the whole proteome. Detailed understanding of protein functions may also be helped by metabolomics, global
analysis of low molecular weight metabolites, indicating the metabolic status in the sample. In Sweden, only a few laboratories conduct such analyses
(UmU probably has the largest core facility).

28
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Initiatives on Biobank
Infrastructures in Sweden
The National Biobanking Programme (NBP)
NBP was the first initiative on coordinating biobanks and building infrastructures for utilising them more efficiently. It was funded by the Knut and Alice
Wallenberg foundation through the Wallenberg Consortium North (WCN)
and Swegene programmes29.
The first aim was to improve the overview and knowledge about Swedish
biobanks. A national programme with comprehensive participation of the
largest biobanks was the objective, and several of the large biobanks in Sweden were recruited to the programme.
The second aim was to develop national quality standards for biobanking,
which was led by the Umeå Medical Biobank. The quality issues concerned
were: Organisation and process documentation (safety and integrity matters); sample handling methodology and characterisation of sample quality;
and documentation of the usefulness of different type of samples (what
analyses can be performed). This work is described to some degree in “Good
Biobanking Practice” (www.biobanks.se) and a forthcoming book “Methods
in Biobanking” (Humana Press, 2007).
The third aim was to make the Regional Biobank Registries (RBR, now formed in each county) as scientifically useful as possible. These registries are
needed for health services to manage patient consent requirements for specific uses linked to the samples. They are also needed to trace samples for
destruction if individuals want to remove their samples. This is required by
the Biobank Act discussed above. The NBP attempted to incorporate several
other tasks, such as:
• comprehensive overview of all biobank samples stored (for the public,
researchers and the health care system)
• Implement biobank quality standards
• Provide information about biobanks, definition of study base by linkage
to health registries
• Act as an external code-keeping agency
Development of new computer software, called the Biobank Information
Management System (BIMS), was visualised and planned to help fulfil the
above tasks for RBR.
29

http://www.biobanks.se/
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The fourth aim was to enhance the usefulness and accessibility of existing
biobanks. This was addressed by setting up the National Tissue Array Centre in Malmö to promote spotting of samples from pathology biobanks and
enhance, e.g. immunohistochemical analyses. This centre appears to have
been well utilised and serves, e.g. the Human Proteome Resource (HPR) at
Uppsala University and also 10 other universities. Researchers have also arrayed, e.g. all breast cancer cases in the Malmö Diet and Cancer cohort together with linked clinical data. Another example involves systematic DNA
extraction from large research biobanks by funding DNA extraction facilities and utilising them in Malmö and Stockholm (KI Biobank). An automated pipetting and dispensing robot to enhance delivery of samples has been
funded at the Umeå Medical Biobank.
The fifth aim has been to improve parts of the Swedish Registry Infrastructure. Funding (together with SCB was provided) to fully fund the
multigeneration registry (located at SCB).
NBP has funded ethical and legal studies on biobanks at the Centre of Bioethics (Karolinska Institutet and Uppsala University) to investigate the consequences of the Biobank Act and to identify the most important ethical
guidelines for biobank-related research. Other important legal issues studied have included the potential copyright aspects of biobanks and the extent to which biobanks can be commercialised.
An international review panel evaluated NBP in 2005 (www.biobanks.se).
The panel emphasised that considerable progress had been made through
the activities in the program. However, the panel also stressed the need for
better informatic linkage to retrieve samples and the information concerning them. Furthermore, the strength of the current biobanks was viewed
to be insufficient to study common multifactor diseases. Clear, common rules regarding access were also called for. Generally, the view was that NBP
represented a good initial step, but it was not achieving a coherent and coordinated Swedish biobank program.
After the Committee for Research Infrastructures was formed at VR, several applications for grants to plan biobank-related infrastructures were submitted to the committee in 2005 of which some are briefly described below.

Biobank Sweden
Biobank Sweden is more or less a direct continuation of NBP and involves
the same leading researchers. They aim to build a national resource from
existing research cohorts in NBP together with a new collection from a nationally representative control group (reference population) of 50 000 individuals. This population plus other complementary collections would total
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over 400 000 subjects. Another addition is the formation of working groups
around common diseases, e.g. cardiovascular diseases, diabetes mellitus, cancer and other diseases, to promote advanced research on the cohorts. They
also envisage further development of the RBR as above. The main argument
for Biobank Sweden is that it already has large cohorts with adequate numbers of cases. Hence, research can start at once to investigate the cases compared to other large planned cohorts.

Life Gene
Life Gene is a collection of a new and very large prospective Swedish cohort
of 500 000 subjects with detailed information on lifestyle and phenotypic
factors. The samples will be open to all researchers, thus constituting a common resource. The aim is to build on the twin registry and the multi-generation registry for recruitment. To complement other new prospective cohorts in other countries (e.g. UK Biobank) the idea is to collect from below
50 years, starting with the twins and expand to include their households and
other subjects in the same age range. Utilising modern IT communication,
e.g. Internet and mobile phones, should dramatically cut the cost of collecting environmental and phenotype data. Collection of such data will be
a continuous process, ensuring that the collected environmental data can
be changed over time as appropriate. This will increase the likelihood of
maintaining up-to-date data to meet research needs in the future. The main
arguments are the following: First, to reach significant power to understand
common multifactor diseases we need to pool samples and data from several
cohorts of this size worldwide. We currently have a window of opportunity
to harmonise with the other large cohorts being planned or about to start.
Second, no other cohorts have been, or are being, sampled in this age interval, focussing on diseases that establishing themselves at earlier ages. Third,
the ambitious goals on lifestyle data collection do not have any comparison.
The main criticisms are directed at the high cost of the project, estimated at
around 1 billion SEK and the long time horizon, i.e. it will take many years
(10-15 years) before the biobank can be used for research.

BIMS
Biobank Information Management System (BIMS) is a proposal by Jan-Eric
Litton at KI. Although it has the same name as the software described by
NBP, it is somewhat different as it concentrates on the ability to link phenotypic data from clinical records and registries to the samples through the
Personal Identification Number (PIN). NBP-BIMS also includes subject
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consent and sample tracing. However, the KI-BIMS proposal is much more
developed, especially since the initial proposal. It can be described as “middleware”, or a hub linking data from the local biobank LIMS (Laboratory Information Management System) to other LIMS at other biobanks. It also
links data from various databases with both phenotypic data (registries) and
molecular data (e.g. genotype databases). The system has been tested and
is described in several publications30. The BIMS developed by Jan-Eric Litton and colleagues is now in use by several of the biobank projects that are
stored at the Karolinska Institutet Biobank. Jan-Eric Litton is also coordinating several international database harmonisation efforts, e.g. COGENE,
GenomEUTwin and P3G.

Existing vs. new biobanks
The different initiatives reflect two different views concerning the type of
biobank structure needed today:
On one hand we find the notion that we already have large biobank collections but they are underutilised. If they are not large enough on their own
to generate sufficient statistical power, then they should join with ongoing
collaborative projects in Europe and globally to pool subjects and increase
the statistical power of the analyses. In terms of prospective cohorts, new
collections take a long time before they can be used, i.e. until they have
collected enough cases to study of the disease in question. Hence, the need
is for long-term funding to maintain existing biobanks, developing them
further with high-throughput facilities, and for research projects utilising
them.
On the other hand we find the notion that existing biobanks in Sweden
are not large enough to provide statistical power to study particularly complex multifactorial diseases. Efforts to remedy this through collaborative
international projects face substantial barriers, e.g. harmonisation of data,
some of which are considered nearly impossible to resolve. Furthermore,
the quality of many existing biobanks is insufficient, both in terms of their
collected phenotype data and in terms of their sample quality (e.g. storage,
handling and sample type might be inadequate for the desired analyses).
Hence, it might be more efficient to collect new biobanks – either case-control collections in the short term, or new large cohorts in the long term.
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Initiatives on Biobank
Infrastructures Outside Sweden
Nordic countries collaborate on biobank-related research through different
constellations. One is the Nordic Biological Specimen Bank’s working group
on Cancer Causes and Control (NBSBCCC). This constellation utilises the
strength of pooling some of the Nordic biobanks, totalling up to 2 million
subjects, which creates a need for harmonisation efforts. Nordic biobanks
are also involved in several European networks, e.g. EPIC, COGENE and
GenomEUTwin aimed at harmonising databases and sample data.
The Nordic Centre of Excellence Programme in Molecular Medicine is a more
recent initiative with connections to biobank research. The Centre is a joint
venture between the Joint Committee of Medical Research Councils (NOSM), the Nordic Council of Ministers and the Nordic Research Board (NordForsk). One of the three new Nordic Centres of Excellence (NCoEs) is the
Centre for Disease Genetics, NCOEDG. This programme involves research
groups from Denmark, Sweden and Finland, and involves the use of human
biobank materials at several sites. One initiative in the programme is to assemble existing genotyped samples (Genome Wide Association, GWA) to
form a Nordic reference population (control group) with the aim of reaching
at least 5000 individuals. This population would serve as a common resource
for several disease studies in the programme.
Given the Nordic countries’ strengths in molecular medicine, the Nordic
EMBL Partnership for Molecular Medicine was recently launched31. It consists of three nodes with different areas of expertise: one at Oslo University – The Centre for Molecular Medicine Norway; one at Umeå University – Laboratory for Molecular Infection Medicine Sweden; and one at the
University of Helsinki - The Institute for Molecular Medicine Finland. The
node primarily utilising biobanks is the one in Finland, which will focus
on disease genetics. Over time, however, we can anticipate closer linkage to
biobank-related research in the other two nodes as well.
As mentioned above, several pan-European networks have been initiated
with EU funding. One such example is GenomEUTwin (FP5-6 integrated
project) where 7 European countries plus Australia collaborated in trying
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to pool up to 600 000 twin pairs. One of the lasting outcomes was the harmonisation of databases of the twin biobanks and connected phenotypic
databases. Jan-Eric Litton at Karolinska Institutet coordinated the database
harmonisation32.
PHOEBE, Promoting Harmonisation of Epidemiological Biobanks in
Europe33 is a FP6 project with the general aim of exploring the key issues
to be resolved to efficiently utilise the large cohorts in Europe and to harmonise the newly initiated large prospective studies on the continent. To
some extent this continues the work of programmes such as COGENE and
GenomEUTwin. The work packages are: 1) Future Biobanking in Europe, 2)
Databases and Biobank Information Management Systems, 3) Strategies for
Genotyping in Large Scale Biobanks and 4) Ethical and Societal Issues.
Other forthcoming projects in Europe include: ENGAGE (European Network for Genetic and Genomic Epidemiology) for molecular epidemiological studies in existing, well-characterised European and other population
cohorts; GEN2PHEN (Genotype to Phenotype Databases: A Holistic Solution) for unifying human and model organism genetic variation databases;
and USING-Biobanks for coordinating biobanks and creating common guidelines (in application phase).
When the European Strategy Forum on Research Infrastructures (ESFRI)
presented the European Roadmap for Research Infrastructures in 2006 (where the presented projects participated in the Seventh Franc Work Programme
of Capacities Specific Programme), one of the 35 proposed projects was the
Biobanking and Biomolecular Resources Research Infrastructure (BBMRI),
which is the first attempt to form a pan-European research infrastructure for
biobank-based research. It builds on much of the work from the EU projects
presented above. The general aims are stated as follows: “A pan-European
and broadly accessible network of existing and de novo biobanks and biomolecular resources. The infrastructure will include samples from patients
and healthy persons, molecular genomic resources and bioinformatic tools
to optimally exploit this resource for global biomedical research”. One finds
that Europe has a specific strength in its existing biobanks, constituting an
essential resource for: 1) Discovery of gene function; 2) Identification of disease relevance of genes; 3) Exploration of gene-environment interactions;
4) Identification of new targets for drug discovery; and 5) Identification of
biomarkers for individualised therapy. Biomolecular resources and analysis
tools are required to deliver this potential. The project is divided into seven work packages (WPs): Project Management (WP1), Population-based
32
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Biobanks (WP2), Disease-oriented Biobanks (WP3), Biomolecular Resources and Technologies (WP4), Databases and Biocomputing (WP5), Ethical,
Legal and Societal Issues, ELSI (WP6) and Funding and Financing (WP7)34.
WP4 and WP5 are coordinated by Swedish researchers (Ulf Landegren,
Uppsala University and Jan-Eric Litton, Karolinska Institutet respectively).
Kurt Zatloukal (Austria) is the overall coordinator for the infrastructure.
BBMRI is receiving funding of 5 million Euros for the preparatory phase,
which will be initiated in January 2008. The overall budget will roughly be
equally divided over the WPs. The first important deliverables will be: 1)
Inventory of resources; 2) Inventory of solutions; 3) Incentive systems for
existing biobanks to participate (new merit systems are discussed); and 4) a
budget for the construction phase (after 2008). A major problem will be the
heterogeneous situation in the different participating countries. Funding
is also a major issue since EU has no central budget for the ESFRI projects
– it must be decided at the national level. However, having over 50 organisations as co-applicants is an advantage, and among the possible sources (apart
from the different member states) is the European Investment Bank. Different types of commitments are also envisaged: a) The National Biobank
Programmes in each country couple directly to BBMRI; b) Commitment
analogous to EMBL membership; and c) Pay-per-access, usage-time.
Apart from the different national infrastructures for biobanking outlined
in Chapter 6, a few de novo biobanks are also planned – new, large prospective cohorts that are considered as infrastructures. UK Biobank35 is a prominent example with the objective: “To create a research resource comprising
a cohort study of 500,000 participants aged 40-69 for the future investigation of the separate and combined effects of genetic, environmental and
lifestyle factors on major morbidity, mortality and health.” Participants have
been invited to health care centres where consent, questionnaires and blood
and urine samples are being collected. To date, there have been problems
with a low rate of response to the invitation. In November 2006, the expectation was to accomplish the collections by 2010. Other prospective cohorts
in Europe include Generation Scotland36 of around 50 000 subjects and Estonian Genome Project37 aiming at 100 000 participants in a national gene
bank. An interesting new biobank infrastructure is the one being planned
in the Netherlands, called The String of Pearls38. This infrastructure aims
34
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to coordinate prospective collection of biobank samples through the health
care system, more specifically at the University Medical Centres (UMCs),
which are integrated organisations of the respective medical faculties and
their corresponding university hospitals. The total 5-year budget is 67 million Euros, with co-financing between the state and the universities. The
biobanks will be at interuniversity levels, and the initial focus is on eight
different diseases (eight pearls).
The Public Population Project in Genomics (P³G) mentioned above is an
international consortium for the development and management of a multidisciplinary infrastructure to compare and merge results from population
genomic studies. It aims for international harmonisation of databases, datasets and study designs to fulfil the goals. The members are leading public
organisations partaking in large-scale genetic epidemiological studies and
biobanks from the USA, Canada, Mexico, Europe, Asia and Australia.
Since 2003, an ongoing discussion in the USA has focused on the formation of a new, large national prospective cohort to complement existing
ones, described by Francis Collins39. Apparently, decisions and agreements
have yet to be reached on the matter.

39
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Questionnaire:
Of the 784 persons contacted 184 (23%) responded to the questionnaire. Sixty-eight percent (68%) of these were currently using biobanks for research.
Several of the other 32% indicated that they had stopped, were retired, were
only administrators of biobanks or were working in the industry. As mentioned earlier, there is no defined group of biobank researchers. Hence, this
survey can be viewed only as unique sampling and not necessarily representative of the whole group of biobank researchers.
As only 68% were currently biobank researchers, the responses from this
group were compared to the group as a whole. This comparison did not
reveal any major differences (Appendix 3, checkbox questions). Hence, the
answers and conclusions below were considered from the whole group (even
retired researchers can have interesting views). Questions about goals and
plans were often answered in terms of making biobank research easier. The
responses could be categorised, e.g. as increased accessibility, simpler regulations, national standards, better link to registries and better utilisation of
existing biobanks (Appendix 3). A significant group, but not the majority
(40%), said they could foresee problems in reaching their goals with biobank research. Problems that were considered were connected to the goals
in the second question, i.e. unclear laws/regulations, little information on
biobanks (access). Emphasised here was the funding issue, e.g. difficult to
obtain long-term funding to maintain biobanks. Suggested solutions to the
problems included: revision of the Biobank Act; more open biobanks/better
access; national coordination of biobanks; more resources; need for common infrastructures as IT development; development of common standards
and expensive physical equipment for storage and pre-analysis (to maintain
quality); open access to biobanks vs. the need of the PI to be in control; and
linkage to registries. Even if the majority did not observe problems that hinder their progress, most respondents mentioned “problem-related” answers to
the question regarding their long-term goals. Hence, this leaves the impression that the majority do recognise problems related to their future/current
biobank research.
Questions concerning the type of biobanks to use (Q6 to Q11) revealed an
overweight for using clinical vs. population-based biobanks (67% vs. 46%),
reflecting the fact that researchers using cohorts also want to use diseasebased biobanks either to confirm cases or for case-control studies. This is in
agreement with the overlap (respondents could choose both) and the mo-
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tivations in Q7. Pharmaceutical companies reported that clinical trials and
diagnostic development were the motivating reasons for clinical biobanks.
However, users emphasise that cohort-based biobanks are the most valuable
in terms of their superior study design. A majority (68%, here 81% in the
researcher group) preferred to use the existing biobanks. However, some
overlap was found between existing and new since many biobanks are ongoing collections and researchers want to use the old, but also start new collections to answer new questions. Regarding the organisation of biobanks,
56% preferred them to be nationally centralised, and 42% preferred local/regional sites. Centralisation is motivated by lower overall costs and the possibilities to automate sample handling, increase visibility and enhance access
to the biobank. This contrasts with the fear of increased bureaucracy and
loss of control of the local biobank. Some overlap was found (not reflected
in the figures), and some respondents mentioned that biobanks could be
both centralised and local as long as they are federated, or in a network with
national coordination.
Regarding the question on how international initiatives influence organisation and research (Q12), respondents often pointed to the need for
widespread international pooling of biobanks to achieve enough statistical
power and the need for common regulations and laws to permit this. In
answering the two questions on the importance of their biobank research,
respondents highlighted the benefits to society, e.g. increasing knowledge
(to improve health) and decreasing health care costs (via more efficient
therapies). Improved health care was also related to discoveries of new
biomarkers for different diseases and molecular diagnosis, both of which
improve diagnosis. Personalised medicine was a common hope, relating to
much better differentiation of diagnoses (above) along with more differentiated therapies.
Only a minority of those surveyed gave a positive response to the final
questions on the possibility of commercialisation, whereof a significant
proportion were from drug companies and other smaller enterprises.
Some of the issues from the questionnaire are discussed below along with
the information obtained from other sources (interviews, documents etc).

The problem with biobank access
The issue of incentives:
The larger biobanks are partners in several international collaborations, and
are utilised by many external researchers, as reflected by the many publications derived from them. The larger biobanks claim to have well-organised
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structures with dedicated neutral expert committees evaluating incoming
proposals for access on scientific grounds only. However, the final decision
rests with the PI of the specific collection. The incentive to contribute samples seems to be the aspect of collaboration, yielding publications, which is
the common way of dividing merits for work in the scientific community.
In some cases the funding bodies (VR for example) require the biobank to
be open to anyone, and priority should be based solely on scientific grounds.
This appears to be a reasonable working model. However, when someone
(i.e. PI) controls a valuable resource, that person has a highly influential
position. In some cases, collaboration may not be appropriate (the external scientist and PI may be competitors), creating an unbalanced situation
between the two parties. The imbalance could also be just the opposite; the
external scientist might be very prestigious, and if he/she competes with
a similar external project represented by a lesser known researcher the situation could easily favour the former since it would bring greater merit to
the biobank PI. By not having to “pay” with publications the relationships
would be more neutral. If the valuable resource (i.e. biobank) receives public funding, then the requirement for open access is obvious, as put forward by VR above. The requirement for open access could actually be taken
a bit further: the biobank could be considered a service organisation, and as
long as the customer (external scientist) pays for the service no other strings
would be attached. The user fees should then cover only the actual costs of
the biobank, not driving the commercialisation of biobanks. However, it is
hardly possible for an external scientist to cover the actual cost of delivering samples, especially in larger studies, so funding bodies need to subsidise
the cost. The major benefit of considering biobanks as service organisations
would be the truly open access.
The problem is the loss of control for the PI, which should not be taken
lightly considering the substantial effort often invested by the PI to collect
the biobank in the first place, and the need to keep it as a source for professional merits/publications. Historically, biobanks have emerged mainly
from the hard work and visions of individual PIs. Today, larger collections
tend to be handled on an organisational level rather than on a personal
level. Nevertheless, we should not forget the importance (even in the future) of individual drive behind the collection of biobanks to investigate
specific hypothesis and research questions. We should avoid actions that
would take away this motivation from the individual researcher. One approach might be to give the PIs of the biobanks a couple of years with
complete control after the establishment of a mature biobank. This would
allow time for PIs to publish their own work before the biobank becomes
openly accessible.
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Initiatives for increasing incentives:
Smaller biobanks are often completely controlled by single PIs, with only the
larger biobanks having neutral expert committees that judge access to samples and exercise some influence over the PI. The European initiative (BBMRI)
has addressed the incentives for biobank PIs to join open access networks of
biobanks with the possibility of acquiring merits aside from the normal merit
system (publications). Ideas have been proposed on impact factors for biobanks – a quality stamp that one has a certified open access biobank, which
then should be a recognised merit in seeking infrastructure funding.
Overview of available biobank samples:
A need exists for a comprehensive national biobank registry with as detailed information as possible (discussed in Chapter 4).
Study design:
Several researchers have mentioned the benefits of having assistance in designing studies, both on a superficial level and on a more detailed level. For
instance, there is no public place where researchers can view and search phenotype data sets (health registries), genotype datasets and sample availability
data for a given disease or condition. Yet, this is essential to the design of
further experiments on a given subset of samples. For an overview, one would
need details on case numbers, quality of samples, etc freely available on Internet. Presentation of the data generated from a biobank would also be of great
importance, but is often missing. One option might be to have two levels of
access (similar as NIH has for GWAS data); the first level with freely available processed data describing the biobank in detail and a second level with
secured access where only approved scientists could access the raw data, enabling necessary linkages to design experiments in detail. Linkage of phenotype databases (health registries and other databases) to biobanks is addressed
in a special work package in the BBMRI initiative, reflecting its importance
(Chapter 9). It is headed by Swedish researchers (BIMS, Chapter 8).
Utilisation:
Although biobanks are such a key element in modern medical research,
they are not utilised as extensively as they could be. This relates not only
to the lack of information, but also to the lack of funding for utilisation of
biobank samples. Simply withdrawing a large number of samples is costly
– and, of course, biochemical analyses add further to that cost. Performing
modern genomic analyses on biobank samples is particularly expensive, and
on a scale that normally is not funded by individual grants in Sweden. However, given the recent success of genome-wide association studies (GWAS)
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on a reasonable number of subjects40, these types of studies would also be
valuable to perform on Swedish biobanks. A commonly encountered resource problem for many clinical-molecular and epidemiological case-control studies based on biobank samples is the need to collect and analyse a
reference population/control group to compare cases against. In the investigation, the reference group put forth a proposal to establish a common resource infrastructure: to fund a national reference population to be used
as a general reference for many types of diseases, and which should involve
the determination of genetic polymorphism on a genome-wide basis. For
efficiency, this might involve existing samples of good quality, complemented perhaps by new collections. The data could then be made accessible to
Swedish researchers. This would cut future GWAS costs in half. The proposal received positive feedback from most (but not all) researchers. Several
researchers commented that the Swedish twin biobank would be valuable
to use as a reference group.
Having access to expertise and technologies in functional genomics is also
important to validate findings, e.g. from GWAS. These include transcriptomics, proteomics and model organisms such as facilities for transgenic mice.
In Sweden, a network in functional genomics exists for access to such expertise. This network is frequently used by scientists working with different
disease models in simpler organisms. Thus, the field of functional genomics
is a cross-disciplinary field that could generate many fruitful connections
between biobank researchers and other researchers. A powerful example
of such connections would be comparative genomics taking advantage of
the fact that on a molecular level many functions are conserved between
species. Such collaboration should be encouraged.
National coordination:
As NBP was the first to undertake national coordination of biobanks in
Sweden it has made a considerable effort to increase quality, usefulness,
efficiency and accessibility for researchers. NBP also addressed important
ethical and legal issues by funding research in the area. Nevertheless, the
international evaluation did not consider NBP to have reached its goals as a
truly national program. Several researchers have also confirmed this. A possible explanation could be that NBP was probably considered to be an individual initiative since it is not part of an institution with formal national
responsibility, and funding comes from a private foundation – not national
sources. Furthermore, different research disciplines are involved, promoting
fragmentation of the research field.
40
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Federated vs. centralised biobanks:
The NBP programme involved a loose coupling between the participating
biobanks, promoting participation via the incentive to fund certain functions to be developed. Not all biobanks had the expertise and tended to
have no incentive to participate. NBP could not really be considered a federation, but a collaborative project working to form common standards and
principles. IARC (WHO) and OECD have outlined the importance of large,
centralised robotised facilities capable of handling the enormous number of
samples needed for genomics and proteomics, i.e. Biological Resource Centres (BRC). Such ambitions also exist in Sweden. Current biobanks are not
easily transformed into such centralised structures. Hence, this issue also
relates to the issue on existing vs. new (central) biobanks. To accommodate
both existing and new (centralised) biobanks, a realistic approach towards
coordination might be to form a true federation of Swedish biobanks where
all adhere to certain common regulations and standards demanded by the
funding bodies.
Current initiatives:
Our neighbouring Nordic countries, at least Iceland, Norway and Finland,
have much better national coordination. Iceland, by virtue of its small size,
is easier to coordinate, and Iceland’s noteworthy success in biobank research
comes from the fact that a single organisation (deCODE) manages the biobank and has the expertise and tools to explore this resource. Norway and
Finland have their national institutes of public health (NIPH) as national
coordinators. In Norway, the NIPH coordinates the BioHealth programme
with funding from the national research council, and NIPH also has national responsibility for these issues even if it does not directly control all participating biobanks. In Finland, the NIPH does not coordinate all biobanks.
However, it does control or collaborate on several of the population-based
biobanks. The Finnish NIPH (KTL) includes the central national biobank
facility for robotized DNA extraction and storage. Furthermore, as in Iceland, KTL has the expertise and tools to explore the biobanks as witnessed
by their highly successful genetic research on biobank material.

Recommendations – Action 2 – Coordination:
The Swedish Research Council (VR) should consider appointing a committee
“Biobank InfraStructure Committee, BISC” that should have a national responsibility for coordinating Swedish biobanks and developing infrastructures to
enable efficient use of biobanks for research. Issues that need to be addressed are
detailed below. Several of these are shared with research databases collected
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in the social and medical sciences. Hence, it is important to consider possible ways to integrate BISC with the VR supported Database InfraStructure Committee (DISC). However, several other issues are not related directly to databases, which calls for careful investigation of the organisation of
biobank infrastructures. A rough proposal is discussed below:
Organisation:
A. One way to ensure integration of the efforts of biobanks and databases
would be to include biobanks as a separate function under the DISC committee in parallel with the newly established SND (Swedish National Database Resource) and the planned climate/environmental SND.
Advantages
• Close collaboration with other database expertise in DISC
• Synchronised common efforts (e.g. ELSI)
• Easier to manage a single unit
Disadvantages
Not all ELSI issues shared
• Biobank issues are not only database-related; physical biobank infrastructure, technology/analysis, education
• In contrast to DISC, several biobank issues are often related to integration
with health care; physical infrastructure, ELSI, sample logistics, health
care databases, medical record systems
• Visibility problem if hidden in a large organisation (DISC)
• Responsibility problems if organised under DISC (which does not share
all issues)
•

B. Another way to integrate the shared functions/issues of DISC and a biobank infrastructure would be to build in some overlap between them (Figure 2). Consideration should be given to placing the BISC committee at a
neutral site, where the nodes/functions below could be distributed out to
different universities after a competitive call.
Advantages
Clear, national responsibility for all biobank-related issues by BISC
• Covering all related tasks and issues with distributed nodes
• Integration with DISC expertise (middleware, shared databases)
• Synchronisation with DISC efforts (e.g. ELSI)
• Responsibility of BISC to promote further integration with the health
care system
•
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Disadvantages
• Unclear responsibilities of the shared nodes between DISC and BISC
• Less natural contact between BISC and DISC
• More difficult to manage one committee with distributed nodes
Several nodes or functions would be included in BISC. Attention should be
paid to the discussions and ideas on organisation presented in the BBMRI
project. The following proposed nodes are analogous to the BBMRI proposal:
ELSI = Ethical Legal Societal Issues
Middleware = Development of middleware solutions to link databases (biobanks, registries, medical records). Collaborate with SNIC on computer issues. Collaborate with Bioinformatics expertise.
Biobanks = Coordinating the Federation of Swedish Biobanks, coordinating physical infrastructure investments, development of quality standards
(from NBP and international standards)
Biomol Analysis = Expert node in biomolecular analysis (global analysis/
omics), standardisation issues, statistics, model organisms (functional verification of candidate genes). Biostatistics, educational issues.
BISC
Proposed responsibilities:
Overall national responsibility
Establish common regulations and standards for participating biobanks,
continue work by NBP
Contact point for international collaboration
Contact point for collaboration and integration w SKL/health care
Coordinate funding
Evaluate grant proposals (infrastructure projects)

DISC

SND

Climate
SND

BISC

ELSI

Middle
ware

Biobanks

Biomol
Analysi

Fig. 2 Proposal B
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Recommendations – Action 3 – Short-term:
In line with the discussions above, issues to be handled immediately include:
• To establish a national biobank registry with a common meta-data nomenclature for biobank samples. Work from the NBP programme should be continued and expanded. An important issue would be to promote feedback and to
link generated data back to the biobank samples. Funding bodies could agree
to make this a requirement for funding.
• To promote a federated biobank solution, where existing biobanks can remain
at their current locations (universities/hospitals), with access opened through
middleware software. Participating biobanks need to adhere to common rules
and standards developed by BISC. Requirements by funding bodies could offer incentives to participate, and further incentive systems should be developed
(e.g. new merit systems). As a complement, larger centralised biobanks integrated with the health care systems would be supported, as exemplified by the
plans developed at Karolinska Institutet-Stockholm County Council (KI-SLL)
and at Lund University and the county region of Skåne (RSKC; Region Skåne
Competence Centre).
• To retain Sweden’s competitive edge, VR and other major Swedish funding bodies (e.g. VINNOVA, KAW and SSF) should jointly establish a call for proposals on a national Swedish reference population. This could be used (i) to
investigate the Swedish genomic population substructure and (ii) as a common
control group for Swedish Genome Wide Association Scans (GWAS). Such a
reference group would cut future GWAS genotyping costs in half. The Wellcome
Trust Case Control Consortium (WTCCC) has shown that such a common control group is highly efficient. A proposed and quick solution would be to carry out
a genome-wide scan on already available and banked DNA from the Swedish
Twin Registry. An international review panel should evaluate the proposals.
• International review of Life Gene: Arrange for an international scientific review panel to evaluate the Life Gene proposal. Depending on the outcome, VR
could then support Life Gene on scientific grounds, and with the demand that
such a large cohort should serve as a truly national resource open to all interested
researchers. In particular, a new prospective cohort could open for large-scale
proteomics/biomarker studies on humans – for which no infrastructure exists
today. The existing larger biobanks are not specifically designed for this type of
research. Any funding of Life Gene should be outside VR’s responsibilities.
Harmonisation problems:
The ability to pool samples from different biobanks to find enough cases
and controls for the study in question is a valuable strategy utilised in all of
the large collaborative studies. This, however, is associated with problems in
that the databases are not constructed in the same way, the information is
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not annotated in similar fashion and issues of personal integrity arise. Biobank databases need to be harmonised to allow such studies.
Current harmonisation initiatives:
Harmonisation has been addressed in several large collaborations (e.g. EPIC,
GenomEUTwin, and P3G) and in the recent BBMRI infrastructure project.
Where databases have been harmonised, this has been done in a projectdriven fashion, depending on the specific information needed for each
study. It appears to the investigator that general harmonisation solutions
have not been constructed. In Sweden, the BIMS project described in Chapter 8 is the most developed solution for these harmonisation problems and
has been used in, e.g. GenomEUTwin. The project leader of BIMS is also
coordinating database harmonisation efforts at the P3G level. According
to BIMS, harmonisation between different biobank databases needs to be
performed on a project basis and may not yet be feasible as a general interface. Development towards a fixed interface solution that does not need to
be continuously adjusted for each individual project would be important.
Hence, harmonisation and linkage of databases is an important aspect of
the international infrastructure for biobanks.
Legal issues:
One of the issues mentioned repeatedly in responses to the questionnaire
and the interviews concerned the problems experienced with the Biobank
Act and related regulations. To some extent, this may be due to a lack of
knowledge on how to interpret the law by the researchers and at the National Board of Health and Welfare. (This criticism is discussed in Chapter 3.) As pointed out in the questionnaire, one of the concerns focuses on
international harmonisation to enable the required collaboration between
biobanks around the world. According to several researchers, laws in the
other Nordic Countries are viewed to be more research-friendly than laws
in Sweden, with the exception of Norway. However, Norway is currently revising its Biobank Act. When the Swedish law is investigated in 2008, it will
be important to harmonise with the other Nordic countries since we have
similar situations in terms of health care, public attitudes towards research
and opportunities for biobank research.

Recommendations –Action 4 - Internationalisation:
• VR should, after further investigation, consider issuing a jointly call for proposals with other funding bodies to establish an efficient, flexible middleware
system as an important part of health informatics. A powerful middleware
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system should be able to link databases from various sources, e.g. biobanks,
health registries, health care quality registries and possibly medical records
and the MONA system at SCB. It should promote the general formation of federated databases and – to make it as versatile as possible – include experiences from developments in health care IT and other national (e.g. SNIC) and
international (e.g. Denmark41) expertise. First phase: make this a functional
national informatics system. Second phase: expand it to the Nordic countries.
Third phase: integrate into BBMRI.
Promote collaboration at the Nordic level on common infrastructures; harmonisation of databases, biobanks, legislation and competence centres. The Nordic countries have a competitive niche compared to the rest of the world so this is
probably an efficient level for expanded international collaboration.
Establish Sweden as a strong participant in the BBMRI project.
Work with DISC on Ethical, Legal and Societal Issues (ELSI). This includes
revision of the Biobank Act and establishment of a national helpdesk to aid in
questions related to ELSI. The National Biobank Council (Nationella Biobankrådet) at SKL is a useful resource in this context. ELSI work also includes communication with politicians and authorities on issues related to health registries
and biobanks and to promote research and public awareness in the area.
Promote education connected with biobanks; e.g. database usage, statistics, genetic/molecular epidemiology, modern ‘omics’ technologies

•

•
•

•

Recommendations – Action 5 – Coordinate Funding:
• VR should coordinate funding with other funding bodies such as VINNOVA,
SSF, private foundations and the pharmaceutical industry to promote availability of long-term funding for biobank infrastructures.
• Evaluate incoming proposals on biobank infrastructures
• Evaluate if funding should be given for new case-control collections where the
existing biobank cases are deficient in quality or number.
Integration with health care:
This final paragraph does not exclusively address issues surrounding biobank research, but concerns all clinical research. The Swedish Association
of Local Authorities and Regions (SKL) has driven important efforts to meet
the conditions of the Biobank Act. This work has been conducted through
a specially appointed group, i.e. the National Biobank Council42, including
41
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representatives from SKL, the Swedish Association of the Pharmaceutical
Industry, the universities and the National Board of Health and Welfare.
This group has developed further guidelines and directions on how to utilise
the biobanks in health care. SKL and all universities with a medical faculty
have also reached a principal agreement on access to biobank samples for
research43. In the future, even if the universities and industry also have their
own biobanks, the biobanks in health care will continue to be important
for research. Accordingly, continued close collaboration on these matters is
necessary, and BISC (or similar body) should be the natural interface between universities/researchers and the health care system on the biobank
matters. To make full use of biobank research and other medical research,
it is necessary to efficiently reach all medical information in the health care
system databases in a secure way that ensures individual integrity. Today,
it is primarily the health registries, and to some extent the quality registries, that are utilised for research. To access medical information in medical
records and other databases one needs to have an informatics system (e.g.
middleware) that is integrated with the IT systems in health care. Furthermore, the terminology must be standardised to enable the import and collection of data in a meaningful way. For this purpose, Sweden has recently
joined the International Terminology Standards Development Organisation
(IHTSDO), which develops the ontology system SNOMED CT. The National Board of Health and Welfare is leading the implementation of SNOMED CT within the health care system. These developments are important
to be able to utilise medical databases. Since the counties have sovereign
responsibility for managing health care in their counties (total: 18 counties
and 2 individual regions), communication problems arise at several levels,
e.g. between different IT solutions. To overcome this, SKL is working through a collaborative project, Carelink, to harmonise the development of
IT systems in health care. VR’s involvement in this area of development
is important to encourage the use of health care’s IT systems for research
purposes. It is beneficial to have an interface from researchers, e.g. representation by BISC (or similar body) in Carelink and other IT initiatives. Funding research projects in this area could also be considered. Collaboration
is ongoing between the universities and the different counties. However,
by tradition, this is not always smooth and simple since health services and
universities have distinct and separate immediate objectives. The long-term
goals are however the same. Although it is not a direct responsibility of
VR, one should consider how VR/BISC could initiate discussions with SKL
and the different counties on how to promote further integration through
43
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organisational change. VR/BISC could act on behalf of the scientific community. This would help pursue the goals of integration on physical biobank
facilities and integration of medical information between the two principal
organisations. One foreign, but nearby, example is found in the Netherlands
where for the past 10 to 15 years fully integrated organisations called University Medical Centres (UMCs) have brought together the medical faculties
and the university hospitals. The UMCs in Holland have recently initiated
an interesting initiative on a common national biobank infrastructure called the String of Pearls (Chapter 9).

Recommendations – Action 6 – Integration:
Health care
• Participate in the development of harmonised national medical record systems
(Carelink) and promote them to be as scientifically useful as possible. Monitor and partake in other IT developments in health care to enhance research
expertise and perspectives on IT systems. Fund and promote research in the
area.
• Promote much closer collaboration between the university hospitals and medical faculties. Initiate discussions with SKL and the universities concerning integration models such as the UMCs in the Netherlands.
Other disciplines
• Collaborate with the Swedish Environmental Protection Agency on their experience of handling human samples for analyses on low molecular weight compounds.
• Promote interaction with biobanks and databases on other organisms to enhance the possibilities of comparative genomics, e.g. along the lines of the EU project
Gen2Phen, and to share experiences on sample logistics and handling. Collaborate, e.g. with expertise at SLU, regarding biobanks on other organisms.
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Conclusions – What more
do we need to know?
Due to the time limit, the scope of this investigation does not cover all of
the different issues facing biobank-related research. The following are some
of the more important structural and technical issues needing further investigation.
Structural problems concern:
a) The proposed organisation (BISC) for national coordination of Swedish
biobanks is discussed in Chapter 10. BISC should be independent, but
tightly linked to the existing organisation for databases at VR, DISC. Independent nodes perform the important functions needed and are derived from the outlined structure for the European infrastructure project,
BBMRI. The details of the BISC organisation and its functions require
further development. This effort should consider drawing on the organisational experience of the Swedish National Infrastructure for Computing (SNIC), apparently a functional organisation at VR with a similar
structure.
b) Incentives should be explored for sharing the biological resources of biobanks and the data generated from them. As this is a general problem in
science, ideas on how to promote openness and transparency could be
drawn from several sources. Chapter 10 discusses this issue and presents
ideas and suggestions. The problems are similar to those found in a recent
investigation on databases for climate and environmental research44. National incentive systems, harmonised with international systems, need to
be developed.
c) Biobanks have a longitudinal structure and require long-term financing.
Currently, financing is short-term and fragmented, placing the future use
of biobank resources at risk. Maintaining valuable biobanks, and securing
resources to utilise them, demands considerable funding over the long
term. This requires a collaborative effort involving several sources, e.g.
health care systems, universities, VR, private foundations etc. Analyses
are needed on this issue.
d) To better understand current biobank-based research, we need to identify the population of researchers involved in biobank-related research
44
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in Sweden. This is important to better understand the importance of the
area for medical research. There is a need to determine the resources that
biobank-research utilises today, the amount of funding used, the impact
of the research and the profiles of research projects.
e) As discussed in Chapter 10, deeper integration is needed between the universities and the health care system. Different traditions and different
primary objectives have created barriers between the universities and
the health services. As biobank-based research involves several resources
from the health care system in need of further development (i.e. major
investments in construction and maintenance), there is an absolute need
to share costs and expertise. University medical centres (UMCs) in the
Netherlands offer a good example, as they represent a completely integrated organisation between the medical faculties and corresponding university hospitals.
Technical problems concern:
f) Linking and harmonising databases. Several international initiatives
have addressed this issue, as discussed in chapters 8 through 10. Currently, the Biobank Information Management System (BIMS) developed by
Swedish researchers appears to be the most advanced solution for this
type of middleware system. However, it would probably be beneficial if
the experts behind BIMS could work together with other computer and
database experts from other faculties, DISC and experts working on IT
solutions in health care. As discussed in Chapter 10, harmonisation of
the ontology used in health care databases also needs to be addressed. As
middleware and database harmonisation is crucial in both national and
international collaboration on biobanks, the solutions must be developed
on an international level. The P3G and BBMRI initiatives appear to coordinate in this regard.
g) Environmental data. Apart from the need for high-quality biomolecular
analyses outlined in Chapter 7, a similar need exists for high-quality analyses of exposure data with which to correlate to enable high-quality epidemiological research. This has been addressed by NIH in the Genes, Environment and Health Initiative45 programme, which funds both genetic
studies and Environmental Monitoring Technologies. This issue should
be further investigated together with the Swedish Environmental Protection Agency, the National Food Administration and other analytical
expertise at the universities.

45
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An effort for national coordination has already taken place with the National Biobanking Program. Several of the universities with a medical faculty
view biobank-based research as a future research area to invest in. Hence,
the materials and the regional ambitions exist, presenting a good opportunity to establish and sustain national coordination. This is possible if all
parties participate with good will and contribute in a transparent and open
joint effort. National collaboration would decrease duplication of effort and
make the best use of society’s resources.
Having one national interface is important for effective international collaboration. Extensive international collaboration would probably be most
effective if first extended on a Nordic level, as we share many features in
the area. Several leading scientists believe that the Nordic countries would
achieve a competitive niche in the global perspective if we were to work
together more closely. Combined, the Nordic countries have a population
around 24 million people, which is considered to be sufficiently large to
acquire resources and form adequate sample populations. Collaboration is
ongoing, but needs to be expanded – good examples to draw on include
NCOEDG and the newly established EMBL nodes in molecular medicine.
Any Nordic collaboration should not, however, be isolated from other collaborative initiatives, and could fit naturally in the framework of BBMRI.
The extensive public funding targeted at health care infrastructure should
be utilised in the best possible way for research, ultimately to promote better health care. If the Swedish health care system happens to have an international advantage in pursuing biobank-related research, then we have a responsibility to develop this further to promote better research and health.
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Appendix 1
– Objectives of the Assignment
Investigation of biobanks as a national resource
for biomedical research
The investigation aims to illuminate, from a research perspective, the development potential and opportunities for Swedish biobanks now and in the
future. The following questions shall be addressed:
•
•
•
•

What are the important goals for biobank-related research in the next 5
to 10 years?
How can the organisation of Swedish biobanks best support these goals?
How important are large international initiatives in biobank-related research?
How can the results of biobank-related research be utilised to achieve the
greatest possible benefits?

The investigation is not intended to propose solutions, but to address the
needs and potential problems. However, the investigator is free to propose
any solutions that reveal themselves. The investigation should not be characterised as a survey.

The investigation should build on three sources:
Presentations and input from the hearing held on September 18, 2007.
Interviews with active researchers and agency representatives who are
biobank users and/or manage biobanks.
• Viewpoints submitted to the investigator through November 1, 2007.
		 Viewpoints may have been submitted directly to the investigator, to
the appointed research officer at the Swedish Research Council, or via the
Web forum designed for this purpose.
•
•

The investigator should assure that representatives of all relevant higher
education institutions, agencies and research fields are given the opportunity to submit their viewpoints. The investigator shall determine who should

BIOBANKS – INTEGRATION OF HUMAN INFORMATION TO IMPROVE HEALTH

55

Appendix 1 – Objectives of the Assignment

be contacted, but this must be done in consultation with the appointed
research officer and the reference group for the investigation.
The findings of this assignment shall be submitted as a report, written in
English, to the Committee for Research Infrastructures and the Scientific
Council for Medicine no later than November 23, 2007. The report shall specify those who were contacted and those who submitted viewpoints. The
report should be formulated so as to clearly indicate that its findings are not
the official views of the Swedish Research Council.
Tove Andersson
Research Officer
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Dr. Dan Holmberg
		
		
		

Department of Medical Bioscience,
Medical and Clinical Genetics,
Umeå University,
Umeå, Sweden

Dr. Kristian Hveem
		
		
		

HUNT Research Center,
Department of Public Health and General Practice,
Norwegian University of Science and Technology,
Verdal, Norway

Dr. Åke Lernmark
		
		

Wallenberg Laboratory
University hospital UMAS
Malmö, Sweden

		
		

RH Williams Laboratory for Diabetes Research
University of Washington Seattle, USA

Dr. Juni Palmgren
		
		

Mathematical Statistics
Stockholm University,
Stockholm, Sweden

		
		
		

Medical Epidemiology and Biostatistics
Karolinska Institutet
Stockholm, Sweden

Dr. Taina Pihlajaniemi
		
		
		
		

Biocenter Oulu and
Department of Medical Biochemistry
and Molecular Biology
University of Oulu,
Oulu, Finland
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Appendix 3
– Summary of Questionnaire
Several of the questions were open questions. Hence, the responses are presented by dividing them into categories and presenting some descriptive
answers/comments. The responses have been translated and condensed.
They are not citations.
Q1 Do you currently perform research on samples from biobanks with human material?
68% Yes, 32% No
Q2 What are your hopes/goals/plans within biobank-related research on a time scale
of 5–10 years?
Accessibility: Increase the information on biobanks and their contents, develop a national biobank registry, make biobanks available for uses other
than the ones they were intended for, easier to reach larger bodies on
material.
Laws and regulations: Simpler laws and regulations, fewer bureaucratic barriers against usage, revise the Biobank Act, international harmonisation.
Funding issues: Need for long-term funding to maintain biobanks and to
allow larger new collections.
Standardisation and Quality: Standardise the design of collections to allow
pooling and “superstudies”, national quality standards.
Biobanks as resources: Increased awareness of the major resource that biobanks
represent, increased usage by most disciplines, use in clinical trials, confirm
experimental data on biobanks, use to allow personalised medicine.
Registries: Allow the coordinated use of different health registries (linking
and matching files), increase the accessibility of health registries.
International collaborations: Better coordination between biobanks internationally, simplify regulations in this context.
Advance with my research: A fantastic resource, continue with my research.
Q3 Do you see any problems that make your plans/goals in Q2 difficult? If not continue to Q 6.
40% Yes (of all who answered), 44% Yes (of biobank researchers, who answered yes in Q1).
60% No (of all). 54% No (of biobank researchers, who answered yes in Q1).
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Q4 Which hinders/problems do you see (apart from too small project grants) in Q3?
Give detailed answer!
Lack of resources at clinics: Clinics keeping biobanks (e.g. pathology) need
more resources to handle requests, deliver samples, analyse tissues (pathologists are limited). Resources to collect samples are missing.
Laws, regulations: Who has the access rights to biobanks? Complicated
and unclear regulations on biobank usage, obtaining consent. Hard to get
approval from ethics review committee. Complicated to move samples
between biobanks. Hard to use old biobanks for new research questions.
Our regulations make it hard for international collaborations.
Funding issues: Long-term funding lacking. Short-sighted funding through
project grants and by the health services (clinics). Uncertain funding for
maintaining biobanks. Impossible for a single research group to raise money to collect biobanks due to the increased requirements on traceability,
data management, biostatistics etc. Expensive analysis with modern genomics means that Swedish biobanks serve only as sample and data deliverers with all credit/knowledge going to USA and UK. Need to “refine”
our biobanks before it’s too late. Lack funding for a Swedish reference
population for genome-wide scans – would be valuable for genetics in
complex diseases.
Information: More information on current biobanks and their linked phenotypic data. What analysis can the samples be used for? PKU biobank is
not computerised – very expensive to conduct investigations.
Q5 What solutions do you see on the problems you gave in Q4? Give a detailed
answer!
Resources: Increase the resources at pathology departments to serve researchers with biobanks samples. Create incentives for suppliers at pathology
clinics in form of collaborations.
Laws, regulations: Revise the Biobank Act. Harmonise first with European
laws. Make scope of ethics review approvals wider to allow different studies without new permission. Start a central helpdesk having the knowledge and resources to guide researchers on all related matters.
Infrastructures: Need to make common infrastructure investments in IT development, quality documentation (to meet international standards), investments for standardised pre-analysis handling (robotised etc). Consider
the biobank sample as part of the infrastructure! We are collaborating to
collect genotyped control samples to build a Nordic reference population.
National coordination: Let SRC lead the national coordination of biobanks.
Create a versatile national biobank registry. Feed back research data to the
biobank registry.
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Openness: Create incentives for the PI to share his/her biobank samples.
Discuss the access-rights – time limited? The PI should have the control
– they have much work invested. Should be common rules for access to
biobanks in all Nordic countries.
Linkage to registries: Construct a simple IT/software system to link biobank samples to clinical registries.
Q6 What type of biobank resource would you like to use in your future research?
1. Clinical biobanks in the health care system
67% (of all), 77% (of biobank researchers)
2. Population-based research biobanks
46% (of all), 58% (of biobank researchers)
Q7 Motivate your answer in Q6!
Complementary: Different biobanks reach different parts of the whole population. Research in personalised medicine needs both types (CB and
RB). You need both: RB are needed to evaluate the significance in findings
from CB. Common study design compares findings from RB with clinical
cases from CB.
Clinical Biobanks (CB): Needed for clinical trials by drug companies. I
need pathology samples. The studied phenomena do not occur in a healthy population. No experience of biobanks other than CB. Easier to communicate with other clinics than research institutions. CB needed for
diagnostic development, pharmacogenetics, and research on treatments.
CB needed for tissue-dependent research. Research on transplants needs
CB. I need CB since I need tumour tissue + control tissue from the same
patient. I want to correlate my preclinical research findings to clinical
patient samples.
Population-based Research Biobanks (RB): RB is more important to understand the importance of environmental factors for disease. Factors observed before disease develops very important to know and found only
in RB. RB necessary to be able to correlate genotype – exposure – disease
– possibilities of prevention. RB needed to compare disease groups with
healthy groups. Samples are seldom taken in the psychiatric clinic – RB
necessary as source for DNA. RB necessary for epidemiologic research.
You miss co-morbidity if you only select for one disease as in CB, therefore is better with RB.
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Q8 Will you, in your future research, primarily use:
1. Existing biobanks
68% (of all), 81% (of biobank researchers)
2. Development of new
40% (of all), 45% (of biobank researchers)
Q9 Motivate your answer in Q8!
Both: We have ongoing collection at our existing biobank. We are building
a reference population from existing biobanks. Pharmaceutical industry
needs both EB and NB. Valuable archive material exists, but I plan to collect new. I follow up earlier cohorts, but want to start new. Advantage if
you can use samples in EB to minimise collection of NB. Analysis of EB
yields new questions – NB needs to be collected.
Existing biobanks (EB): Don’t have time to make NB. Hard to start NB;
low frequency of participants also in Sweden yields no representation of
the population and a long time before they can be used (until cases appear). Difficult to start NB! Material already exists. The EB are Sweden’s
big advantage. An old EB has the necessary clinical follow-up. Extensive
material collected over a long time is what I need.
Develop new biobanks (NB): Material for my research does not exist. Important documentation on routines for sample handling is missing in most
EB, especially important for protein detection. Necessary to have prospective
biobanks with repeated sampling for biomarker research. Larger biobanks
with fresh frozen tissue do not exist. Very few biobanks in psychiatry.
Q10 How do you think one should organise Swedish biobanks to make the best use
of them for research?
1. Centrally on a national level
56% (of all), 55% (of biobank researchers)
2. Locally on the regional level
42% (of all), 50% (of biobank researchers)
Q11 Motivate your answer in Q10!
Both: Different types of biobanks at different levels; epidemiological as
CNB and clinical as LB. Biobanks for specific research projects as LB and
larger comprehensive projects as CNB. Start to organise biobanks as LB,
continue over time as CNB. Organise biobanks as LB, connect them in a
national network. For tissue biobanks needed LB to avoid variation, but
central standardisation.
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Central National Biobank (CNB): Our reference population must be representative for all of Sweden and the Nordic countries. Need to have CNB
to be internationally competitive. CNB needed to have common standards for quality and accessibility. Move some LB to CNB for increased
efficiency. Samples will be accessible for a larger group. Centralisation
will save resources, less duplication. Saves administration. CNB for larger
projects, linked LB for smaller projects. CNB can easier give support with
more resources and knowledge. Genetic research demands CNB. We need
CNB infrastructure with a common ontology. Major resources needed to
keep a biobank, centralisation will increase the quality. Local organisational responsibility with central coordination to give same standards everywhere.
Local Biobanks (LB): Problem with CNB is risk for increased power to bureaucrats and agencies. CNBs will give advantage to certain researchers.
LB better – closer to the researcher. Better accessibility! Increased bureaucracy with CNB. LB important for tissue biobanks. Better for logistic reasons to have LB. Close to your biobank means better service! Current
research questions do not justify a national principle. CNB has risk for
increased influence from other actors (politicians, authorities).
Q12 What importance do (larger) international initiatives have for biobank-related
research and for how one organises biobanks in Sweden?
Large studies: Greater statistical power for projects. Large cooperative studies can also be sources for error in the data as biobanks are constructed
differently. More important for influential researchers than for researchers who created the biobanks. Important to reach right expertise in
other countries. Large new cohorts (UK biobank etc) are questionable;
low frequency of participants means no representation of underlying population. Large international studies important to understand the impact
of (genetic) variations between different populations and the importance
of different environmental factors. Large international studies needed to
study rare diseases. Very important for my research to access international
samples. Makes it possible to become part of large and expensive studies,
e.g. GWAS.
Common regulations/laws: International standards needed for quality and
harmonisation to enable large studies. Different legislation makes exchange of biobank samples difficult. Our national access must be good
to allow international collaboration. International demands on quality,
ontology and generic datasets is necessary for us to adjust to. Difficult
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to handle different systems for regulation and research cultures. Ethical
problems when Swedish samples are part of new, large international collaborations. NIH’s demand to make individual data accessible for other
researchers is a problem in collaborating with NIH.
Structure in Sweden: Internationalisation will speed up centralisation and
specialisation in Swedish biobanking. Good quality biobanks demand
large resources, which demand international collaboration and structure.
International collaborations works fine without national coordination,
already several examples.
Unique opportunities: Sweden has the personal ID number and good order, making my research interesting for funding from USA. International
agreements should not hinder Swedish initiatives – e.g. many countries do
not have possibility to link biobanks to health registries.
Q13 What importance could your future biobank-related research have for society?
Economy: Stopping the obesity epidemic should improve the economy of
society and quality of life. Important for individualised medicine, which
also is important for biotech industry. Our research strengthens biomedical research in Sweden and applications in the biotech/pharmaceutical
industry. Decreased costs for health care and decreased suffering if hypertonic and diabetes related to pregnancy is diagnosed and treated earlier.
Better prognosis of consequences of diseases and of response to therapy
both has health economic effects. Saves costs of long-term care due to
infections and inflammations if we can find new therapies.
Knowledge: Our biobank research is the only way to solve the genetic background of complex common diseases. Special biobank with breast and
colorectal tumours – prerequisite for knowledge of the pathology of these
diseases and development of treatments in radiology, surgery and oncology. Knowledge on the aetiology of common neuropsychiatric diseases
requires access to a neuronal tissue biobank. Important for generation of
knowledge on risk factors for psychiatric diseases and abuse. Important
for biomarker research. Important for research on arthritis. Important to
explain common multifactor diseases. Gives important new knowledge
for cancer treatment. Faster verification of animal models. Verification on
human samples of mechanisms behind brain damage derived from animal models is extremely important in development of neuroprotective
drugs. Population cohorts together with the demographic database lead
to more knowledge on welfare-related diseases.
Improved health care: Biobanks are critical for developing new diagnostics
and new drugs. Development of personalised medicine. Prediction of risk
factors leading to orthopaedic surgery. Preventive actions against asthma

BIOBANKS – INTEGRATION OF HUMAN INFORMATION TO IMPROVE HEALTH

63

Appendix 3 – Summary of Questionnaire

and allergy. Biomarkers for mental illness and stress-related problems.
New principles for cancer treatment by using biobanks together with experimental systems. Research on the PKU biobank important for developing new screening methods on children with inherited diseases, which
can lead to treatments to stop progression of the disease.
New treatments: Personalised medicine. Individualised cancer treatments.
Clinical trials yield new drugs. To decrease and prevent tumour formation
in the liver, also important in countries where liver cancer is more common. More effective treatments against Alzheimer’s disease. Analysis of
efficiency of drug treatments for diabetes.
Q14 Could the results from this type of research give improved health care? If so,
how?
New therapies: Individualised medicine leads to less suffering and costs. Decrease unnecessary medication. Speeds up the drug development process.
Utilising human samples early will speed the development of new and
safer drug candidates. The studied defect is gene-regulatory by nature;
if we could understand it, it could lead to the expression of the patients’
own genes and thus production of endogenous antibodies. Individual treatments: large variation in the onset of disease. The importance of the
genotype for psychiatric treatments is important. Neuroprotective drugs
missing for traumatic brain damage. Avoid side effects. Molecular knowledge on disease processes helps in the long run to develop new drugs.
Diagnosis-prognosis: Better possibilities for prognosis. New factors valuable for diagnosis and prognosis of stress-related illness. We have identified new disease markers, new antibodies. Molecular diagnostics yield a
better-differentiated diagnosis, which guides therapy better. Improved
diagnosis. Better diagnosis and therapy of preclampsy and coronary heart
disease.
Prevention: Identification of patients at risk for parodontitis and coronary
heart disease. Map the causes for type 1 diabetes and learn how to prevent
it.
Knowledge: Biobank research makes important contributions to international knowledge, but translational research is the true bottleneck for progression. Knowledge on factors behind “Developmental origins of health
and disease”.
Q15 Is it conceivable that the results from your future biobank-related research can
be commercialised? If so, how?
New therapies: From our research we already have several patents being
commercialised. Our goal is to deliver innovative drugs and diagnostics.
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Our developed methods are used already by several large biotech companies, we hope to collaborate more with pharmaceutical companies in the
future. We are commercial already, have only company-sponsored clinical
trials. Within the area of IVF this has been done since the 1970s. Possible
to search after anti-obesity drugs. Yes, new anti-microbiology, anti-inflammatory and immunesuppressive drugs are conceivable.
Diagnostics – biomarkers: Biomarkers can be commercialised leading to
new diagnosis. We have developed new methods for isotype-specific diagnosis of autoantibodies. New cancer markers to aid in choice of therapies. Development of biomarkers for neoplasia and preneoplasia as risk
factors.
Technologies: Develop new diagnostic tests including both sampling and
analysis, utilising nanotechnology and computer science. I am developing
new technology for surveillance of dialysis in real time, which could be
used to develop new dialysis machines.
Commercialisation of biobanks: Unethical to commercialise biobanks. Attempts have been made in commercial sampling of cord blood, which
has met hard resistance and stopped. To sell samples from a biobank to a
company might be OK if intended for well-defined and acceptable use. I
hope that my biobank will not be commercialised.
No: Cannot be judged today! Public health research has few commercial
interests. Not possible as there are many established, well-working drugs
today – mainly a question of dosage.
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National Healthcare Quality Registries in Sweden – 2007
Respiratory Diseases
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Swedish Quality Register of Otorhinolaryngology
Childhood and Adolescence
BORIS – Childhood Obesity Registry in Sweden
SWEDIABKIDS – The Swedish Childhood Diabetes Registry
PNQn – Perinatal Quality Registry / Neonatology
SÖK – National Registry of Suspected/Confirmed Sexual Abuse in Children
and Adolescents
Circulatory Diseases
RiksSvikt – Heart Failure Registry
SCAAR – Swedish Coronary Angiography and Angioplasty Registry
Swedish Heart Surgery Registry
RIKS-HIA – Registry on Cardiac Intensive Care
National Registry on Out-of-Hospital Cardiac Arrest
Riks-Stroke – National Quality Register for Stroke
Swedvasc –Vascular Registry in Sweden
GUCH – Grown-Up Congenital Heart disease Registry
SEPHIA – Registry on Secondary Prevention in Cardiac Intensive Care
National Catheter Ablation Registry
AuriculA – National Registry of Atrial Fibrillation and Anticoagulation
Endocrine Diseases
NDR – National Diabetes Registry
Scandinavian Quality Register for Thyroid and Parathyroid Surgery
SOReg – Swedish Obesity Surgery Registry
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Gastrointestinal Disorders
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National Pain Rehabilitation Registry
Swedish Rheumatoid Arthritis Registry
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Swedish Cruciate Ligament Registry – X-base
Swedish National Elbow Arthroplasty Register (SAAR)
Diseases of the Nervous System
SMS – Swedish Multiple Sclerosis Registry
CPUP – Quality Registry for Children with Cerebral Palsy
WebRehab Sweden – Quality Registry in Rehabilitation Medicine
SveDem – Swedish Dementia Registry
Genitourinary Disorders
GYNOP – National Quality Registry for Gynecological Surgery
SRR – Swedish Renal Registry
Cancer
National Prostate Cancer Registry
National Breast Cancer Registry
National Quality Registry for Esophageal and Stomach Cancer (NREV)
Swedish Rectal Cancer Registry
Swedish Gyn-Oncology Registry
Swedish Colon Cancer Registry
Eye Disorders
Swedish National Cataract Register
Swedish Corneal Transplant Register
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Other
RIKSÄT – National Quality Registry for Specialized Treatment for Eating
Disorders
SIR – Swedish Intensive Care Registry
PsoReg – Swedish Psoriasis Registry
InfCare HIV
Swedish Therapeutic Apheresis Registry
SKaPa – Swedish Quality Register in Caries and Periodontitis
Swedish National Registry of Palliative Care
Senior Alert – National Registry on Nutrition, Fall Prevention, and Pressure
Sores
Quality Registry for Emergent Care
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Uppsala University
Swedish Research Council
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Referral on investigation of
biobanks as a national resource
for biomedical research
(Remissförfarande)
In December of 2007 the report Biobanks – Integration of Human Information
to Improve health was distributed to around thirty instances including hospitals, universities, authorities and institutes involved in Swedish biobanks
in different ways, together with a letter inviting them to give their official
viewpoints on the report to the Swedish Research Council. The full letter
in Swedish (Brev till remissinstaser) is included in this report while only the
paragraph specifying the request for input is translated to English below:
//
The Research Council now invites viewpoints regarding the report. Both the report and
received viewpoints will be the basis for the Research Council’s further work to support
research that is conducted at, and with the help of, biobanks.
The Research Council would like you, in the event that you or your organisation appears
in the report, to examine the text particularly with regard to possible misunderstandings
concerning facts and policy-related tasks.
Please also take account of the following in your response:
•

What long-term plans does your organisation have for development of biobank-related research?

•

What is the nature of your present collaboration with researchers who use biobanks
for their research?

•

How do you work to make material from biobanks with associated data available for
research?

•

Which quality aspects do you consider most important in your work with biobanks?

•

Do you have further viewpoints or ideas regarding how Swedish biobanks can best
support biomedical research?

//

The Swedish Research Council received viewpoints from a majority of the
instances, adding a number of important and knowledgeable viewpoints on
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challenges and opportunities concerning Swedish biobanks and related research. The original viewpoints (“Remissvar”) as well as a compilation in
English (“Compilation of referral replies for the biobank investigation”) are
included in this publication.
The report and the viewpoints on the report will constitute the basis for
the future actions taken by the Swedish Research Council in order to support Swedish biobanks and related research.
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for the Biobank investigation
In broad outline, the referral bodies express pleasure that an investigation
has been undertaken and that the Swedish Research Council is acting on
the issue. It is thought in general that the investigation is reliable and well
done, and that it pinpoints several of the problems which must be solved in
order to support Swedish biobanks and the research that is conducted with
their help.
The six concrete recommendations in the investigation have been commented upon in most of the referral replies, showing both a shared view as
regards the importance of financial and organizational support to Swedish
biobanks and a divided view of which measures should be given priority. In
some cases, it is remarked that the investigation has proceeded too rapidly
and been made with small resources and it is proposed that diverse aspects
of the biobank issue should be investigated further, preferably with participation by international expertise.

Summary of replies on the investigation’s six recommendations:
Recommendation 1 – Biobank Act: The Research Council should strive to ensure that today’s biobank act is revised and replaced with a more researcherfriendly legislation, which also takes account of personal integrity and patient
safety.
Virtually all the referral replies agree that the biobank legislation needs to
be revised, that its terminology is inconsistent, and that it needlessly complicates the work with human tissue material. Among other things, mention is made of the Danish model with a “opt-out-register” as an alternative,
where the sample donors are presupposed to give their consent to research
if they have not joined the register.
The Department of Clinical Testing and the Association of the Swedish
Pharmaceutical Industry (LIF) are highly critical of the biobank act’s consequences for clinical tests which are already covered by rigorous regulations
and legislation, and they think that the law only adds extra work and decreases the opportunities for locating clinical tests in Sweden.
Recommendation 2 – Coordination: The Research Council should consider
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establishing a “Biobank infrastructure committee, BISC” with national responsibility for coordinating Sweden’s biobanks and developing infrastructures that
enable them to be used efficiently in research. BISC should have a strong coupling
to DISC, and the coordination should comprise all aspects – including a network
of biobanks, middleware solutions, biomolecular analysis, and ELSI.
In general, a need is seen for a national organisation in order to increase
accessibility, coordination, and far-sightedness in the work with biobanks.
The proposal regarding BISC is supported by most of the referral bodies, in
some cases with the reservation that BISC’s tasks need to be investigated
further. Northern Swedish Biobanks is apprehensive that a federal organisation would place at risk the advantages which a regional researcher-governed operation gives. Many point out the importance of who it is that receives the assignment to govern and represent BISC, and of avoiding vested
interests at all costs. Magnus Stenbeck (DISC), in his statement, expresses
support for a partial or total integration of BISC with DISC.
Recommendation 3 – In the short term: The Research Council should consider
establishing a joint announcement together with other research financiers for a
genotype-determined national Swedish reference population, arrange an international evaluation of the Life Gene project, and create a network of biobanks and
a national biobank register.
The proposal for financing a national reference population has had a mixed
reception, but a preponderantly positive one. SMI thinks that such a reference population should be coordinated with SMI since they already have
collected material which can be used for this. KTH and Northern Swedish
Biobanks comment that an investment in a reference population will not
be profitable in the longer term, among other things because such data will
in any case be created within a growing number of studies where Swedish
material is analysed, as well as within a Nordic effort by the Nordic Center of Excellence Programme in Molecular Medicine which aims to create a
Nordic reference population.
Recommendation 4 – Internationalisation: The Research Council should consider establishing a joint announcement together with other research financiers
for an efficient, flexible middleware solution which should strive for international
harmonisation. Three steps should be considered: national harmonisation, Nordic harmonisation and European harmonisation. The Research Council should
also support a strong Swedish participation in the project European Biobank Infrastructure, BMMRI. The Research Council should strive for common Nordic
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infrastructures, harmonisation of databases, biobanks and legislation, common
global biomolecular analyses and competence centres.
Most of the referral bodies agree that much can be gained by finding IT
solutions for a national biobank register and harmonisation of biobanks.
Research is benefited by making biobank material and related data easy to
see. Several proposals are advanced regarding computer systems for handling biobanks, which are under development as exemplified by NAT-RBR
for the County Councils and BIMS at the Karolinska Institute. However, it
is noted that the Biobank Act in its present form forbids a national register.
The Swedish Data Inspection Board also points out that a national biobank
register would presumably need to be specially regulated in law because of
its scope and sensitive content. SCB points out that data at SCB are legally
protected by secrecy and that their registers therefore cannot be coupled to
biobank material.
Several argue that it is important for Sweden to coordinate internationally, but that we should primarily ensure the national coordination. Northern
Swedish Biobanks points out that we must look after the special Swedish
solutions and ambitions which have given us a leading position in the work
with biobanks internationally, such as the careful clinical follow-up that
makes Swedish tests particularly attractive.
Recommendation 5 – Coordinated financing: The Research Council should
coordinate financing with other financiers in order to work for long-term financing of biobank infrastructures, and should evaluate new proposals for biobank
infrastructures.
All the referral bodies at universities and colleges which have commented on the question think that it is extremely important to find long-term
solutions for financing of Swedish biobanks. Northern Swedish Biobanks
believes that an international investigation should be appointed in order
to determine where efforts should be made. Of the financiers which have
commented, FAS is positive toward participating in a joint effort on the
condition that advantage is taken of the entire breadth of research possibilities which are offered by biobanks (such as coupling to environmental
data and geographically based information), and SSF does not think it is
able to contribute to such an effort. Replies are lacking from VINNOVA
and KAW.
Recommendation 6 – Integration: The Research Council should participate in
the IT development in health and medical care so as to create the most useful solu-
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tions for research purposes. The Research Council should strive for very close collaboration of health and medical care with the medical faculties. The Research
Council should strive for collaboration between biobanks with biological samples
from humans and those with biological samples from other organisms, in order to
facilitate comparative research. The Research Council should strive for collaboration with the National Environment Protection Agency regarding biobanks.
The referral bodies agree that close collaboration between universities and
medical care, as well as across disciplinary borders, is necessary for worldleading research with biobank material. Many think that the collaborative climate in general functions well. The County Councils, headed by the
National Biobank Council, point out that they have already noticed and
worked on correcting many of the problems with standardization and accessibility which are mentioned in the investigation, while the research-based organisations feel that the work with human samples which are taken in
health and medical care is administratively troublesome.
It becomes clear through a reading of the referral replies that there are
many different aspects of significance for the handling of Sweden’s biobanks,
which makes the issue complicated. There is also enormous engagement on
several levels, and a strong will that Swedish biobanks should obtain the
best possible preconditions. Many point to the strengths we have in the
form of sample collections and registers – as well as national initiatives begun, for instance the work with quality-assuring and standardizing sample
collection and handling nationally at the County Councils through the National Biobank Council, and the initiative to coordinate and adapt Swedish
biobanks for research purposes through the National Biobank Programme.
The overall picture is that Sweden today possesses unique resources, great
competence and, not least, a deep commitment to biobank-based research,
and that it is these assets which must be the foundation for future efforts.

Referral replies have been received from:
•
•
•
•
•
•
•
•
•
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Swedish Data Inspection Board
DISC
FAS
FORMAS
Karolinska Institute (KI) and KI Biobank
Royal Institute of Technology
Royal Academy of Sciences
Linköping University and University Hospital
Lund University
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•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Lund University Hospital (supported by Scania Region Competence
Centres, RSKC)
Northern Swedish Biobanks (NSB)
National Biobank Council
National Biobank Programme
Environment Protection Agency
West Götaland Region and Sahlgrenska Academy (including Göteborg
University)
Department of Clinical Testing and Association of the Swedish Pharmaceutical Industry (LIF)
National Statistics Office of Sweden
Swedish University of Agricultural Sciences
Swedish Institute for Infectious Disease Control
National Board of Health and Welfare
Foundation for Strategic Research
Swedish Association of Local Authorities and Regions
Umeå University
Uppsala University
WCN Consortium for Functional Genomics
Västerbotten County Council

Referral replies are lacking from:
•
•
•
•
•
•

Central Ethical Vetting Board
Stockholm University
Karolinska Hospital
Uppsala University Hospital
VINNOVA
Knut and Alice Wallenberg’s Foundation
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Sammanfattning på Svenska
Introduktion
Kartläggningen av det mänskliga genomet ger forskarna möjlighet att integrera nya data om genetiska riskfaktorer med data om demografi och livsstil
som samlats in med modern informationsteknik. Nu finns de tekniska förutsättningarna att föra samman stora volymer av molekylärgenetiska data,
som samlats ihop genom att använda nya effektiva plattformar för DNAanalys, med data från kliniska, epidemiologiska och nationella hälsoregister.
Global analys av genutryck och proteinanalyser av biobanksprover erbjuder
helt nya möjligheter att utveckla nya diagnosmetoder och botemedel mot
vanliga sjukdomar.

Syfte
Syftet med den här studien är att ge en överblick av möjligheterna för biobanksbaserad forskning i Sverige och identifiera de resurser som krävs för
att utföra vetenskaplig forskning av högsta kvalitet. Informationen bygger
på en hearing som hölls i september 2007, en webbenkät (184 svarande),
ett webbforum samt intervjuer med 37 individer vid universitet och forskningsfinansiärer i Sverige och utomlands.

Svensk lagstiftning
Flera lagar reglerar forskningen om biobanksprover. De viktigaste är biobankslagen, etikprövningslagen, sekretesslagen och persondatalagen. Av
dessa lagar har biobankslagen fått mest kritik från branschen. Sammanfattningsvis går kritiken ut på att lagen ökar byråkratin, att den inte omfattar
alla biobanker, att ansvarsfördelningen är oklar och att lagen gör det onödigt
komplicerat att få provgivarnas samtycke. Till följd av den massiva kritiken
från alla inblandade parter kommer biobankslagen att ses över under 2008.

Biobanker
En biobank definieras som en långsiktig förvaring av biologiska prover från
människa. Proverna kan knytas till specifika individer och är länkade till
persondata. Befolkningsbaserade biobanker som används för forskningsändamål samlar också in miljö- och livsstilsdata för att kunna göra mer kraftfulla analyser. Sjukvården administrerar de flesta biobanksprover, eftersom
de används i olika screeningprogram, vid diagnostik och för kvalitetsförBIOBANKS – INTEGRATION OF HUMAN INFORMATION TO IMPROVE HEALTH
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bättring. Flera befolkningsbaserade biobanker för forskningsändamål har
etablerats under de senaste 20 åren. De innehåller prover från flera hundra
tusen individer och de största finns i Umeå och Lund/Malmö.
Forskarna har främst upplevt följande problem:
• Brist på långsiktig finansiering för att kunna upprätthålla befintliga biobanker eller bygga upp nya anläggningar.
• Svårigheter för utomstående forskare att få tillgång till biobanker.
• Brist på information om existerande biobanker.
• Begränsad tillgång till biobanksprover och rädsla för att förlora kontrollen över prover och data.
• Bristfälliga kopplingar mellan biobanker och databaser i hälso- och sjukvården.
• Brist på harmonisering mellan olika biobanker.
• Höga kostnader för genanalyser – svenska forskare hamnar på efterkälken.
• Brist på kunskap om hur biobanker ska användas effektivt – epidemiologi, genetik, statistik.
De här problemen kan leda till: svårigheter att reproducera forskning och
bedriva tvärvetenskaplig forskning, dubbelarbete, förlust eller underutnyttjande av värdefulla prover samt att dagens resurser för modern global analys
inte utnyttjas till fullo.
Biobanker används runt om i världen, men de finns främst i Norden, övriga Europa och USA. Den här situationen håller dock på att förändras eftersom stora samlingar nu byggs upp i bland annat Kina och Singapore.

Register i Sverige
Sverige har en fördel tack vare landets många register och databaser över
befolkningen. Nationella hälsoregister i Sverige innehåller detaljerad information som kan användas för epidemiologiska studier av den svenska befolkningen och är en värdefull resurs för biobanksbaserad forskning. Hälsooch sjukvården omfattar också nationella kvalitetsregister för att utvärdera
behandlingar. Flera databaser finns också utanför hälso- och sjukvården, t
ex demografiska databaser, Tvillingregistret och Flergenerationsregistret.
Problem: Tillgången till olika register och databaser varierar kraftigt. Det
krävs effektiva kopplingar mellan dessa databaser och biobanker.

Satsningar på infrastruktur
Nationella Biobanksprogrammet, NBP, grundat av Knut och Alice Wallenbergs Stiftelse, fonden, var aktivt mellan 2002 och 2006. Programmet om86
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fattade flera arbetsområden som tog upp kvalitetsfrågor, biostatistik, IT-utveckling i hälsovården, automatiserad teknik (DNA-extraktion, vävnadsmatriser), utveckling av Flergenerationsregistret och forskning om etiska
och legala frågor.
Problem: Trots att avsevärda och viktiga ansträngningar gjorts för att
öka värdet av biobanker så har målet om en nationell samordning av
svenska biobanker aldrig uppnåtts. Tre satsningar har föreslagits för en
framtida biobanksinfrastruktur: Biobank Sweden, som är en fortsättning
av NBP, Life Gene, som är en samling av en stor ny kohort bestående av 500
000 individer; och BIMS, vilket omfattar utveckling av mjukvara (middleware), som gör det möjligt att koppla samman databaser till ett gemensamt nätverk.
Problem: Det finns ingen nationell samsyn kring dessa tre förslag, de olika
grupper som står bakom förslagen har polariserats.

Förslag
För att skapa en sammanhängande, värdefull nationell resurs för biobanksforskning måste flera frågor behandlas. Det finns redan en del lokala infrastrukturer för biobanker, och flera förbättringar och utvecklingar har
skett inom ramen för NBP. Därför behöver man i stor utsträckning bygga
på befintliga resurser och på den infrastruktur som redan finns på plats, och
effektivt samordna dem på nationell nivå. Men det behövs också nya investeringar som gör det möjligt att utföra moderna gen- och proteinanalyser
på ett effektivt sätt.

Rekommendation 1 – Biobankslagen:
Vetenskapsrådet bör verka för att dagens biobankslag revideras och ersätts
med en mer forskarvänlig lagstiftning, som också tar hänsyn till personlig
integritet och patientsäkerhet.

Rekommendation 2 – Samordning:
Vetenskapsrådet bör överväga att inrätta en ”kommitté för biobanksinfrastruktur, Biobank Infrastructure Committee (BISC)” som får ett nationellt ansvar för att samordna Sveriges biobanker och utveckla infrastrukturer som gör det möjligt att använda dem effektivt i forskningen. BISC
bör ha en stark koppling till DISC, och samordningen bör omfatta alla
aspekter, inklusive ett nätverk av biobanker, mellanvarulösningar (middleware solutions), biomolekylär analys och ELSI (Ethic Legal and Social
Issues).
BIOBANKS – INTEGRATION OF HUMAN INFORMATION TO IMPROVE HEALTH
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Rekommendation 3 – På kort sikt:
Vetenskapsrådet bör överväga att inrätta en gemensam utlysning tillsammans
med andra forskningsfinansiärer för en gentypbestämd nationell svensk referenspopulation, arrangera en internationell utvärdering av Life Gene-projektet, skapa ett nätverk av biobanker och ett nationellt biobanksregister.

Rekommendation 4 – Internationalisering:
Vetenskapsrådet bör överväga att inrätta en gemensam utlysning tillsammans med andra forskningsfinansiärer för en effektiv, flexibel, mellanvarulösning (middleware solution) som bör eftersträva en internationell
harmonisering. Tre steg bör övervägas: nationell harmonisering, nordisk
harmonisering och europeisk harmonisering. Vetenskapsrådet bör också
stödja ett kraftfullt svenskt deltagande i projektet European Biobank Infrastructure, BMMRI. Vetenskapsrådet bör verka för gemensamma nordiska
infrastrukturer, harmonisering av databaser, biobanker och lagstiftning, gemensamma globala biomolekylära analyser och kompetenscentra.

Rekommendation 5 – Samordnad finansiering:
Vetenskapsrådet bör samordna finansiering med andra finansiärer för att
verka för en långsiktig finansiering av biobanksinfrastrukturer samt utvärdera nya förslag om biobanksinfrastrukturer.

Rekommendation 6 – Integration:
Vetenskapsrådet bör delta i IT-utvecklingen inom hälso- och sjukvården
för att skapa de mest användbara lösningarna för forskningsändamål. Vetenskapsrådet bör verka för ett mycket närmare samarbete mellan hälsooch sjukvården och de medicinska fakulteterna. Vetenskapsrådet bör verka
för samarbete mellan biobanker med biologiska prover från människa och
biobanker med biologiska prover från andra organismer för att underlätta
jämförande forskning. Vetenskapsrådet bör verka för ett samarbete med
Naturvårdverket kring biobanker.
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At the same time there is a need for increased adaptation of Swedish biobanks in order to ensure that
the existing material really benefits research, and so that Sweden can assert itself in the ambitious
biobank efforts which are now being made in Europe and globally.
This report discusses both the advantages conferred by Swedish biobanks and some of the challenges
met today by Swedish research on human tissue material. The report and the attached referral replies
are an important basis for the Research Council’s continued work with supporting Swedish biobanks.

Biobanks – Integration of Human Information to Improve Health

Biobanks containing human tissue material constitute an indispensable resource for successful biomedical
research. Sweden’s extensive and often well-documented sample collections give us the possibility to
study numerous urgent medical questions and make us a significant player in international research
collaborations.

Biobanks – Integration of Human
Information to Improve Health

The Swedish Research Council is a government agency that provides funding for basic
research of the highest scientific quality in all disciplinary domains. Besides research
funding, the agency works with strategy, analysis, and research communication.
The objective is for Sweden to be a leading research nation.
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