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Abstract

The importance and utility of biobanks has increased exponentially since their
inception and creation. Initially used as part of translational research, they now
contribute over 40% of data for all cancer research papers in the United States of
America and play a crucial role in all aspects of healthcare. Multiple classification
systems exist but a simplified approach is to either classify as population-based or
disease-oriented entities. Whilst historically publicly funded institutions, there has
been a significant increase in industry funded entities across the world which has
changed the dynamic of biobanks offering new possibilities but also new
challenges. Biobanks face legal questions over data sharing and intellectual
property as well as ethical and sustainability questions particularly as the world
attempts to move to a low-carbon economy. International collaboration is
required to address some of these challenges but this in itself is fraught with
complexity and difficulty. This review will examine the current utility of biobanks
in the modern healthcare setting as well as the current and future challenges these
vital institutions face.
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Core Tip: Biomarkers and the biobanks used to help discover them are growing in
number, scope and importance. Our article reviews the different models of biobanks that
exist globally as well as some of the biomarkers that have been discovered from these
institutions. We review the challenges biobanks face and their future utility in
biomedical research and personalised medicine.
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INTRODUCTION

Biomarkers are defined as a specific characteristic that is used as an indicator of a normal or pathological biological
process or a response to a therapeutic intervention[1]. Their use has grown in recent decades and they are now crucial
tools in healthcare and an area of heavy investment and research.

Alongside the development of biomarkers has been the growth of biobanks with the first description of their use in the
literature in 1996[2] although the earliest similar facilities, known as biorepositories, were established at the end of the 19
Century[3]. One of the first biorepositories was a programme set up by the United States Department of Defence (DoD)
and is now part of the Joint Pathology Centre(JPC)[4]. This collected samples from soldiers and veterans as early as 1862
with the initial aim of providing a second diagnostic pathology opinion and this continues to be the primary aim of the
JPC today. Technological advances now mean that samples historically collected in these biorepositories for a single
research question can now be utilised for a variety of different projects. An example of this was the application of modern
techniques to samples stored in the DoD serum repository, a biorepository of over 50000 serum specimens initially set up
in the 1980s to investigate the human immunodeficiency virus epidemic, to identify over 200 potential biomarkers of
occupational exposure[5] demonstrating the potential benefits of applying modern technology to historical bioreposi-
tories.

Modern biobanks, as defined by the Organisation for Economic Co-operation and Development, are “a collection of
biological material and associated data and information stored in an organised system, for a population or a large subset
of a population[6]’. Their role in improving our understanding of health and disease as well as their size and scope has
massively increased since their inception and now represent an industry projected to be worth $50 billion by 2026[7].
Biobanks are either academic, which are usually research-driven with institutional or grant funding, or industry-funded
which tend to focus on end products and be more business-driven. The difference in these models can be problematic
which will be discussed later in this article.

Whilst biobanks were initially focused on cancer research they, and the biomarkers stored within them, are now key
facets in the development of personalized medicine through the emerging fields of metabolomics, proteomics and
epigenomics and are playing a more and more important role in cutting edge medicine. This article will discuss their
current and future roles in healthcare as well as the challenges facing them.

CURRENT UTILITY

There are various classification systems for biobanks, but these can be cumbersome and confusing. A convenient and
effective way to distinguish between them is whether they are population-based or disease-oriented entities.

Population-based biobanks

Population banks obtain samples primarily from volunteers without having an inclusion or exclusion criteria. Their goal
is to use vast numbers of samples to give an accurate representation of either an entire population or specific sub-
population and identify specific biomarkers of genetic susceptibility that, along with external factors, contribute to
disease. An example of this is the United Kingdom Biobank, a stand-alone research entity, which has collected genetic
and health information from over half a million individuals since 2006. This data is anonymised and made freely
available to researchers around the globe and has been used to investigate biomarkers thought to be important in sepsis
[8] and, through blood and urine sample analysis, to identify biomarkers for the risk of stroke[9]. These biomarkers have
since been used to develop polygenic risk scores for certain diseases including chronic kidney disease, type 2 diabetes
mellitus and gout[9].

The Danish National Biobank (DNB), whilst also academic in nature and funding, uses a different model through close
integration into the Danish healthcare system and incorporates various projects, including the Danish Blood Donor
Biobank, Danish Cancer Biobank and the Danish National Genome Centre, which allows a wider-array of biological
samples from a greater donor pool to be collected. It also incorporates a large-scale sample collection programme from
new-borns, via umbilical vein blood, as well as over 5 million adult individuals. Use of DNB data has led to the
development of biomarkers for dementia with the identification of micro-RNA targets involved in vasculogenesis,
lipoprotein transport and amyloid precursor protein which could offer new therapeutic options for Alzheimer’s[10].
Further work using DNB data has also identified biomarkers in rheumatic disease[11], which can be used to facilitate
earlier diagnosis, improve prognostication and monitor the efficacy of treatments, and the PREDICT study which aims to
understand the underlying biological mechanisms in inflammatory bowel disease (IBD)[12].

As well as academic population-based biobanks, industry funded institutions are also growing in number and scope.
An example is the Shanghai Zhangjiang biobank which is wholly owned and operated by Shanghai Outdo Biotech Co.
Ltd and aims to collect 10 million human samples, including from the faecal microbiome, tissue and blood. Output from
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this biobank has included an at-home-test for liver cancer using micro-RNA biomarkers developed by Roche diagnostics
[13]. The complexity of grant funding and financial pressures on academic biobanks means that these industry-funded
projects are likely to become more important in the future and provide a greater share of research output.

Disease-oriented biobanks

Whilst population-based biobanks have definite advantages, the range of research questions that they can address can be
limited such as when investigating a specific sub-group of patients of a particular disease. This is where disease-oriented
biobanks, which collect samples focused on either a specific tissue-type or disease, can be useful and they have certainly
contributed significantly to healthcare in the past decades.

Earlier disease-oriented biobanks were primarily targeting cancer with the aim of identifying novel biomarkers to aid
early detection as well as developing and testing novel therapeutics such as the impact of Programmed Cell Death-1
inhibitors[14] in immunotherapy for cancer. Biobanks continue to be crucial to cancer research across the entire spectrum
of the disease. A more recent example is the VIVO biobank in the United Kingdom which has a focus on childhood cancer
[15]. Research utilising this resource has been able to advance treatment of acute lymphoblastic leukaemia through
genomic analysis and biomarker identification[16]. Genomic analysis using VIVO biobank studies has also been used to
identify biomarkers which can help risk-stratify patients with medulloblastoma[17] and a whole host of other research
projects are continuing to use this valuable resource.

The number of biobanks, both academic and industry-funded, investigating cancer continues to increase but disease-
oriented biobanks are also playing a more substantial role in non-oncological disease. The National Institute for Health
Research (NIHR) IBD Bioresource in the United Kingdom[18] was established to provide a genetic and clinical resource
that would be available to researchers and allow the development of better treatments for patients with IBD. Work using
this biobank to identify epigenetic biomarkers is ongoing[19] and, with the discovery of the IBD-hi and IBD-lo[20]
biomarkers predictive of more aggressive disease, the NIHR IBD Bioresource will continue to produce important research
well into the future with a large number of projects ongoing.

In Europe and the United States there has also been the establishment of disease-oriented biobank networks, such as
the Brain Net Europe[21] or the NIH NeuroBioBank[22], which aim to co-ordinate collection of post-mortem brain tissue
for study. This has yielded results in the form of, amongst others, the discovery of biomarkers for susceptibility to
Alzheimer’s disease[23] and identification of a differential regulation of tau exon 2 and exon 10 that could be useful
biomarkers or possible therapeutic targets for Huntington’s disease[24]. Given the financial pressures on biobanks and
relative scarcity of some pathological specimens, it is likely that the importance of biobank networks will increase in the
future.

It should also be noted that these disease-oriented biobanks, whilst more focused than their population-based
equivalents, can also contribute to broader research questions such as the NIHR IBD Bioresource contributing it’s stored
genetic data to the 100000 genomes project using whole genome sequencing to increase the diagnostic yield of various
rare diseases[25].

As can be seen, biobanks and biomarkers currently represent a key part of healthcare research and with the advent of
artificial intelligence and an ever-growing understanding of metabolomics, proteomics and epigenomics it is likely their
importance will only increase in the future.

THE FUTURE

The biobank industry has been growing in size, scope and complexity since it’s creation and the pace of this growth has
been increasing[7]. This is representative of the move, at least in terms of research even if it has not yet translated fully
into clinical practice, from generalised to personalised and precision medicine. Whilst the reality of an individual and
tailored treatment for each patient based upon their genetic and metabolic profile is still some way off, it is clear that
biobanks and the biomarkers contained within them will be crucial to achieving this holy grail of medicine.

Personalised medicine aims to provide the right treatment to the right patient at the right time. An area where this has
been successful is through the use of oncological biobanks to predict an individual’s response to radiotherapy and
chemotherapy in a wide variety of cancers. Biobank data has recently been instrumental in discovering patient-derived
organoids[26] which could be used to developed targeted and personalised treatments for gastrointestinal cancers. As
well as targeting treatments, biomarkers have also been used to understand a patient’s risk profile thereby facilitating
earlier diagnosis and treatment, such as in Alzheimer’s[27], which can drastically impact upon prognosis. These examples
highlight the potential uses of biomarkers and biobanks in personalised medicine, a field which will continue to grow
into the future as technology continues to develop.

The advent of technologies such as artificial intelligence (Al) offers to bring a promising data analysis capability to the
discovery and development of biomarkers. Al is able to analyze the vast volumes of data-be it proteomic, metabolomic or
genomic-held in biobanks and help to identify novel biomarkers. Several have already been discovered across a variety
of diseases using AlI[28,29] and there have been cases where these Al-supported discoveries have outperformed current
processes, such as Niu et al[30] who used plasma and liver proteomic datasets to identify circulating biomarkers that were
able to diagnose the degree of fibrosis in alcohol related liver disease patients more accurately than current conventional
biomarkers. As well as discovery, Al also has a role in translating these biomarkers into clinically useful tests and
overcoming the logistical challenges this can pose[29] which should help to bring these discoveries from the research
realm into real-world clinical use much more quickly than is currently possible.
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Challenges

As discussed, the use of biomarkers and importance of biobanks will only increase in the coming decades and become a
crucial part of cutting-edge healthcare. However, with this will come significant challenges, summarized in Figure 1,
which will need to be overcome if we are to exploit their full potential.

Since the first biobanks appeared, the number of both academic and industry-funded biobanks has ballooned but has
done so in a relatively hap-hazard manner often without national, let alone international, co-ordination. As a result, many
biobanks are performing similar roles without pooling data sets which impacts upon the quantity and quality of output
and wastes resources. Addressing this requires greater co-ordination between different institutions but this also comes
with challenges, specifically around the logistics of data sharing and ethical considerations concerning data sharing and
ownership. In response to these challenges international organizations have been established such as the International
Society for Biological and Environmental Repositories (ISBER) and the Biobanking and Biomolecular Resource Research
Infrastructure European Research Infrastructure Consortium (BBMRI-ERIC). These organizations aim to foster co-
operation and data sharing between different biobanks to improve the output from biomedical research.

However, implementing this co-operation will be a challenge. Logistical barriers such as different languages spoken
and computer software can be relatively easily overcome and there are multiple examples of international organisations
which function well in spite of this such as the European Organisation for Nuclear Research[31]. However, a more
significant challenge is sample standardisation. The protocols and standards for sample collection, cataloguing and
storage can vary significantly between different biobanks even if collecting similar data. When attempting to combine
data from multiple facilities, or even within the same facility but from different time periods or projects, this hetero-
geneity can impact upon the reproducibility and validity of the study in question. In order to foster collaborative work
which produces scientifically valid results, developing and implementing standardised protocols for sample collection
and storage is essential and organisations like the BBMRI-ERIC will play a crucial role.

Whilst greater collaboration will help to overcome some difficulties, it will also exacerbate some current legal
conundrums. Intellectual property (IP) laws differ from country to country and prior to engaging in collaborative
working there would need to be agreement amongst stakeholders about ownership of biobank facilities, the samples
within them, any scientific or commercial output as well as access mechanisms to this IP for future research purposes.
International agreements regarding the collective enforcement of IP legislation are needed to provide protection and
security to biobanks although we do recognize this has not been possible in many other industries so may not be
forthcoming in the immediate future. This will require collaboration amongst biobanks and with international
organisations such as the World Trade Organisation.

One possible solution to the IP question is relinquishing the term ‘ownership” entirely. The nature of biobanks and
their various stakeholders-funding agencies, philanthropic individuals, participants, researchers-has led to the
development of complex arrangements with regards to control and ownership. This negatively impacts on the access to
the biobank data and research output. An alternative proposal has been to create biobanks as ‘custodianships’[32] where
all those involved have a caretaking obligation from collection to distribution of any findings. It has been suggested these
custodianships would then be able to endorse legal and ethical practices and share accountability amongst stakeholders
[33] although this remains an area of debate.

Together with these legal challenges are ongoing ethical questions such as confidentiality, privacy and consent. The
collection of large volumes of personal data and tissue requires stringent protocols and guidelines defining who has
access to the data and what it is used for. Poor or inadequate implementation of these practices can result in breaking
confidentiality and the invasion of participant’s privacy. The ISBER publishes guidance on best practices[34] with regards
to these areas but there is no framework to ensure these are followed and this needs addressing at an international level.

Along with confidentiality and privacy, consent continues to be a challenging area and one of ongoing debate. There is
variability in the consent process between different biobanks and different research projects with some obtaining fully
informed consent related to one specific project. This can present challenges if investigators want to apply new tests or
analyses to samples but do not have express consent and the process of re-contacting participants to obtain this consent
may be considered too invasive. Other institutions use a looser or broad consent process but this has ethical implications.
There is no ‘one-fits-all” approach and this has led to debate over the optimal form of consent and whether so-called
‘open-consent’ is more appropriate for biobanks[35]. However, there is as of yet no international consensus on this and it
will continue to be an area of debate in the near future.

A further challenge is with regards to the sustainability of these repositories. The collection and storage of biological
samples is a costly undertaking, both financially and in terms of their environmental impact. Different funding models, as
discussed earlier, create challenges such as value for money for publicly funded institutions or providing sufficient
income to make privately funded institutions economically viable in the longer term. This can lead to publicly funding
entities, such as public hospitals or the NIHR, not being willing to pay high maintenance costs and researchers not being
able to afford high access fees charged by commercial facilities. Both of these outcomes impact upon the utility of
biobanks and negatively affect the volume and quality of scientific output. These financial challenges will continue into
the future[36] and co-ordination on research topics, sharing of expertise and pooling of resources will be key to
maintaining a financially viable system. The environmental cost, given high energy and other resource requirements, is
becoming more of a frontline issue and there has been work to try and reduce the impact of these facilities through
renewable energy and minimising waste generation but there still remain significant challenges in adopting a zero-carbon
and environmentally sustainable model[37].
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Figure 1 The current and future challenges facing biobanks.

CONCLUSION

With recent genuine advances towards that elusive goal of personalised and precision medicine, the importance of
biomarkers has never been greater and the same is true of the biobanks that are essential to their development. The
research output and practical, real-world applications are increasing at an almost exponential rate and with this comes
questions about how to ensure the highest quality output is achieved without compromising on efficiency or legal and
ethical standards. Improved international collaboration will be essential for the coming years and decades to achieve this
and help us move towards truly personalised medicine.
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