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Preface

In recent years, there has been a growing interest in translational research building
bridges between basic research and clinical research, especially in routine medicine
and identification of biomarkers. Translational research is well suited to speed up
drug development processes, while the costs of such processes may significantly
decrease with the use of biobank facilities. Any tool and development that fosters
general translational research, biomarker identification, and finally drug develop-
ment is important toward advancing patient care and health. In this scenario,
biobanks have become major players, and hence, biobanking has become a
dynamically developing discipline. In the last few years, numerous public and
private institutions have started to install and pursue biobanks on a national as
well as international level.

Biobanks have become the facilitators of translational research: They have
adopted the role of rapid “translators” from findings in scientific laboratories to the
hospital routine. This way, biobanks have developed into the basic infrastructures for
high-throughput scientific investigations. At the same time, it needs to be taken into
account that this translation needs an enduring preclinical and clinical research
phase.

Biobanks were installed in multiple locations, and quite a large number of these
local biobanks support the idea of regional, national, and international networks.
Such networks can well lead to a “sample pooling” idea to set up the best possible
service for research with adequate numbers of specimens, adherence to all ethical,
legal, and societal issues, access to the required clinical data, and developing tools to
harmonize quality and standards.

Part of this book describes the creation of a model explaining the relationship
between the preclinical and clinical phase and indicating the link to biobanking.
Furthermore, this book tries to show the investigation of new trends. The final goal is
to put the acquired knowledge into practice, facilitating medical experts and patients
to gain usable benefit from it.

Designed as a tool for building a biorepository, this book addresses the definition
of biobanking and reviews the different types of biobanks that exist, including
common problems that arise. In addition, we discuss important and international
biobanking societies and their strategies. We investigate topics such as sample
management (e.g., collection, storage, and transfer), IT systems, sustainable biobank
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management, risk management, preparation of market analyses, reports, and infor-
mation such as the SWOT analysis (SWOT, strengths, weaknesses, opportunities,
and threats), as well as public relations and ethical aspects in the field of biobanking.

Graz, Austria Karine Sargsyan
Graz, Austria Berthold Huppertz
Kharkiv, Ukraine Svetlana Gramatiuk
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Introduction to Biobanking 1
Karine Sargsyan and Berthold Huppertz

Abstract

Human biobanks are collections of biological specimens of a humanoid nature
(physical materials of humans) that are annotated with appropriate clinical,
lifestyle, laboratory, and other data from their donors. The link between
bio-specimens and data makes specimen collections in biobanks significant. A
mere collection of human biological material without corresponding data is not a
biobank. Once a biobank is able to confirm and provide appropriate medical and
other data from a donor and link it to a bio-specimen, it can be called a biobank.
Around the world, biobanks collect, systematize, and store biological samples in
direct relation to their (clinical) data, both of which are of key scientific impor-
tance for medical and pharmacological research. Most biobanks focus on routine
research infrastructure tasks, collecting tissues and biological samples from
primary sources, and sharing them with research groups.
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The progress of medical and pharmaceutical research in the world directly depends
on the quality of human bio-samples. At the same time, the slowdown in the pace of
development during the last two decades could directly be linked to the limited
availability of high-quality samples. Only the material from a large number of
patients, collected by structured biobanks, has managed to make analysis of the
prevalence of diseases, the severity of syndromes and symptoms, as well as the
molecular and genetic patterns possible.

Biobanks around the world are collecting, systematizing, and storing biological
samples directly linked to their (clinical) data, both of which are of pivotal scientific
importance for medical and pharmacological research. Materials stored in biobanks
are very multifaceted: from tissues including normal and pathological tissues to all
kinds of body fluids including blood, serum, and urine, to isolated molecules such as
deoxyribonucleic acid (DNA) and ribonucleic acid (RNA), and to primary cells and
cell lines [1, 2].

Biobanks differ in structure and in the specialization of the biological material to
be stored and made available: Some biobanks collect hard-to-reach tissue types such
as eyes, brain, and bones, while others emphasize on revealing and separating cell
lines from donor blood or tissues [3]. Most of the biobanks focus on the routine task
of the research infrastructure and collect tissues and biological samples from primary
sources and distribute them to research groups [2]. Biobanks play a prominent role in
research efforts in a variety of fields including oncology, virology, and medical
genetics. In these fields, studies aim at identifying key mechanisms for the develop-
ment and progression of diseases, signalling molecules, key proteins, and genes
involved in the evolution of diseases. The implementation of this innovative knowl-
edge to identify (mostly in the early stages of disease) and disclose treatments for
diseases is in a straightforward relationship with biobanks. For instance, upstream
pharmaceutical companies use fluorescence-based visualization techniques to iden-
tify specific DNA and RNA sequences as well as additional methods including
organ-on-a-chip approaches, single-cell RNA sequencing, and genetic screening
(next-generation sequencing, NGS) in an attempt to identify new and promising
biomarkers associated with specific diseases [4].

The lack of sustainability including the lack of long-term financing (public or
private) for the development and support of biobanks and the high demand of
bio-specimens are key factors that cause the slow growth in the field of biomedical
research. This is especially true for the increasing amount of high-quality
bio-specimens and related data needed in biomedical research studies. Biobanks
experience a profusion of economic issues affecting the capabilities and capacities to
offer bio-specimens and services sustainably [4–7].

Moreover, numerous biorepositories have difficulties in calculating the real
overall charge rate of providing analysis services and costs of allocating samples
and data. Some also have difficulties in determining a fair cost remuneration (e.g.,
fair consumer costs) [8], all of which lines up the market and produces a factual rate
of biobanking to store single bio-specimen and data. This resulted in the develop-
ment and implementation of biobank governing and managing models mostly based
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on cost recovery. However, such calculations are still among the major operative
problems of several biobanks all over the world [7, 9–15].

The perception of the possibility to earn fast funds and get financial growth by
implementing and building biobanks is exacting and does not fittingly reflect general
and particular ideas of biobanks, especially in developing countries.

The novelty of this book is the consideration that examines the evolution of a
biobanking economic plan in the Ukraine, with possible beneficial considerations for
feasible subsidy tools (e.g., standards for the repayment of expenses) to insure
biobanks’ financial and economic sustainability [3].

The aims of the Ukrainian biobanking project are the assignment and the accom-
plishment of a compressed sustainability plan containing:

• Immediate approach to address proximate monetary issues
• Long-standing monetary and functional sustainability done over centralized

operation growth and streamlined trading operations

Definitions of a Biobank

Human biobanks are elucidated as collections of biological specimens of humanoid
nature (physical materials of human being) that are accompanied with corresponding
clinical, lifestyle, laboratory, and other data of their donors. Examples of corporeally
substances (e.g., biological samples) are blood, cells, tissues, and typical genetic
materials (DNA, RNA). Reliant on the intention of certain biorepositories, equally
genetic data and other relevant clinical data and lifestyle-narrated data of the donor
may be accompanied to the collected and stored specimen. The connection of
bio-specimen and data makes the specimen collections in biobanks significant
[16–19].

Just a collection of human biological material without corresponding data is not a
biobank. If a biobank can confirm and provide corresponding medical and other data
from a donor and link it to a bio-specimen, then it can be called a biobank. However,
in addition this institution still needs to follow workplace excellence regulations
from blood standards to the standard operating procedures (SOP) of proceeding
genetic analyses. The data collection of these well-functioning biobanks can be
made available to researchers and/or research groups whenever a new study on
human biological material is started. Here, all necessary ethical concerns need to be
taken into account, and written informed consents of the donors need to be in place
whenever needed. Also, advanced databases need to be run, and applications for
samples and data always need to be embedded in a framework of data security and
data safety, especially if genetic data are used [18, 20].

Biorepositories are adopting applications for diagnostic measurements or curative
intentions. These types of biobanks are described in this book only if they include a
complete or partial application in biomedical research. Aimed at the given consider-
ation, blood banks, which may also contain umbilical cord blood, and usual blood
banks, along with organ banks collecting samples, tissues, and organs for medical
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applications, are outside of the scope of this book. This is similarly true for biobanks
installed for argumentative intention (withstand iniquity—forensic), or for nonphys-
ical uses of diagnostic procedures in genetics, for example, for the association to test
fatherhood. A conclusive combination of exclusion criteria for biobanks to be
discussed in this book has also revealed that biobanks made only for the plan
(as in the expansion of population genetics or developmental science) are not
concerned with physical examinations. However, the discovery of the arrangement
of dissimilarities in genetics in people and the discovery of the phylogeny of the
human will also not be considered [10, 12, 16, 21–24].

The consideration for a restriction of the groups of biobanks included in this book
is based on a specific focus of distinctive and general concern, which emphasizes
biorepositories intended for biomedical research studies in the Ukraine, describing
the development of those biobanks that are in focus of this book. The challenge,
however, is to manage this interest so that it can be implemented with certainty.
Donors of biological specimens require, to a higher degree than in other areas,
acknowledged permission not only to residual biological samples but also to the
extensive medical and corresponding data. The considerations indispensably neces-
sitate, by this position, to explain the special treatment and principle of biobanks for
biomedical studies [8, 25].

Human biobanks are important innovative basic infrastructures for medical
research, as they can act as essential partners in a distinctive disease science not
merely for single patients but on an epidemiological side too, together with the
elaboration of diagnoses, prophylactics, and therapy claims and methods. In theory,
human biobanks are able to act as the main basis of a precious contribution to fight
large and commonly known diseases. Biobanks can also aggregate a considerable
amount of information in one institution to reveal specific particularities of a
pharmacological agent (patients) or for certain illnesses (pharmacogenetics and
pharmacogenomics) and still be important after several decades of collection
[16, 17, 26, 27].

Biorepositories, which assist biomedical sciences, can put huge efforts in large-
ness and construction. Biobanks show particularly valuable effects in biomedical
sciences and hence are considered to be of general interest in developed countries. In
these biobanks, specimens and data from a comprehensive part of the population are
usually stored long-term, which is mostly accepted by the general population. Such
structured collections are easily qualified for application in biomedical research.
However, there is still skepticism whether biobanks can collect specimens and data
without a specific collection strategy based on a specific scientific goal. The skeptics
are worried about an “indefinite” collection at a biobank and about the danger to
include such a comprehensive plan in a defective biobanking apparatus for future
studies [16].

Biobanks that are used for biomedical research benefit not only from knowledge
discovery but often also have a distinctive effect on the contributors that supply
specimens and corresponding data. Donors who contribute to an existing clinical
trial by supplying medically applicable human biological material (e.g., tumor
pieces) are confident that they and others suffering from the same disease will
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benefit from the practical advancement. Such a strategy will make treatments
available to the patients that may be very expensive or simply not available for the
usual treatment if collections in biobanks would not be available [16].
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Abstract

There are countless collections of human biological material in the Ukraine. They
are collected, stored and used for various purposes, mostly in scientific
organizations without recognizable, clear principles. It is becoming increasingly
apparent that in the Ukraine a cooperation between academic institutions and
private pharmaceutical or biotechnology companies is possible. Furthermore, due
to the extensive growth of biobanks, many investigators, universities, societies
and organizations have been engaged in the creation of harmonizing and
standardizing biobanks. This chapter lists the different problems of biobanks in
the Ukraine and shows the need to define precise standard principles in the field of
biobanking and the need for structures that can provide a safe and harmonious
arrangement. In addition, there are similar but not identical definitions of
biorepositories and different relevant concepts for the validation, guidance,
management, implementation, authorization, application and possible cessation
of human biorepositories and databases.
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All types of human biological material are stored in the Ukraine. They are collected,
stored and used for various purposes when medical expertise is already available and
ready to develop new drugs. Deficiency and/or limited standard principles in this
domain have always been present in the Ukraine. In this country, countless
collections are present, varying in size, intention and model, mostly located in
scientific organizations with no discernible sharp principles. University departments
or the pharmaceutical industries have installed collections of human biological
material with different goals based on diagnosis, used therapeutics, specific studies
or clinical validation. It is becoming more and more apparent that a cooperation
between academic institutions and private pharmaceuticals or biotechnology
companies in the Ukraine is possible and needed. In this respect, the need to define
a precise principle is of utmost importance [1–5].

Following today’s methods of electronic data processing in routine clinical
practice, the instructions in biobanks with regard to data management and the
possibilities of disseminating this data are usually expanded and adapted quickly.
This expansion raises a vivid question about the adaptation of principles including
data safety and data security as well as data protection of donors.

Although biobanks are preceded by important innovations in biomedical and
pharmaceutical science, they may also cause unease and mistrust. In the Ukraine,
there is a strong interest of patient and donor representatives who want to be part of
the process of defining biobanks and not simply leave the biobankers work and
decide single-handedly. Their concern is a random usage of specimens and their
corresponding annotations. An additional problem is that possible contributors may
become pressured to oversubscribe and “donate” samples or may even obtain
physical damage from medical manipulation [2]. Although these problems are
independent of whether genetic or other data is associated with the sample, the
representatives believe that genetic analysis is always possible. Hence, it is their
belief that biobanks are able to produce clear evidence-based data on the individual-
ity of the donor, which can negatively affect the donor. Therefore, apart from the
subject of data defined justice, the donors and their hereditary blood relatives need to
be efficiently secured against hereditary severity and stigma. Biospecimen preserva-
tion from acute cases only can concern a specific population assembly, when the
specimens are combined using medical data in biobanks [2, 3, 6–9].

Rarely, particular key players and suppliers take part in the debate surrounding
human samples and essential data. Over the last decade, international discussions
have shown that biobanks entail a variety of ethical, constitutional and societal tasks
[2]. There is a clear need for structure that can provide a safe and harmonious
arrangement to defend biobanks in the Ukraine against opponents who have a
negative opinion, especially since the trend shows that researchers from different
countries are becoming more and more comparable.

The tissue collections, with the purpose of medical diagnosis or therapeutics
founded at the beginning, have now gained tremendous value for exploration,
which enables the application to newer analytical methods in molecular biology.
In reality, to accomplish this, it is necessary to change the regulation and enforce-
ment of collections in the Ukraine. Donors often would not tolerate usage of their
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samples in studies, especially in certain genetic studies [2, 3, 8, 9]. This issue is not
restricted to the Ukraine but has become apparent in most developed countries with
the respective tissue collections for diagnosis rather than for scientific purposes.

For an optimal use of the network of biobanks in the Ukraine, it may be
appropriate to provide medical clinical data and their applications from all the
different fields. With the development of modern technologies, data collected in
biorepositories can be exchanged and bundled via a network. It can lead to a size and
style that goes beyond those collected in the past by local donors. Of course, rules for
data safety, data security and data protection of donors as well as for hindering
uncontrolled usage of samples and data, followed by the inclusion into structured
biobanks, need to be considered [2].

In the structure of biobanks, where the complexity of the work on site includes in
and outgoing samples and data on a daily basis, the responsibility for the community
to store, handle and distribute biospecimens and corresponding annotations is a
priority. Administrative disputes have to be differentiated: it is about providing a
corresponding “chain of responsible persons” in order to be able to transparently
show the performance and the correspondence to the regulation throughout the entire
length of the system. This is especially important for donor safety [10–13].

Another question is whether and under what specific conditions the samples and
data as well as the services to third parties should be provided to academic and
private scientists for studies from the Ukrainian biorepositories and under which
circumstances can human biological materials and corresponding data be possibly
destroyed.

A final point that remains to be determined concerns the progress that can be
achieved if the biobank ceases to exist. It is required to have instructions on actions
based on the handling of the stored human samples and data.

Collections of samples and data may be operated based on in-sector organizations
or also by persons or private institutions. Regardless of this, it needs to be defined
how such collections may progress into biobanks. In addition, biobanks can be either
non-profit-oriented or profitable. The separate authorized system and the announced
objective may require different regulatory frameworks.

In terms of the organizationally regulated biobanks of the Ukraine, a balance must
be made between all the different interests already mentioned. In medical research
and on behalf of innovation, frameworks must be created that allow donors who
wish to contribute to biobanks to be placed in a regulatory framework to ensure
optimal use of human biological material and corresponding annotation in biomedi-
cal sciences [2].

Simultaneously, parallel to the above-mentioned measures, restrictions are
needed in order to protect donors and further involved people against danger,
which can be related to the instalment and operational process of biobanks [2].

In recent times, many investigators, universities, societies and organizations have
been engaged in the definition of biobanks in various ways. Important international
societies such as the Organisation for Economic Co-operation and Development
(OECD); the International Society for Biological and Environmental Repositories
(ISBER); the European, Middle Eastern and African Society for Biobanking
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(ESBB); and the Biobanking and Biomolecular Resources Research
Infrastructure-European Research Infrastructure Consortium (BBMRI-ERIC) have
articulated their definitions.

The above-mentioned organizations offer similar but not identical definitions of
biorepositories: biobanks are organized infrastructures storing a set of biologically
significant samples and the combined data to create the linkage between patients and
population on one side with science and drug development on the other side [6, 14].

Specialized international organizations [14–18] contribute relevant concepts for
the validation, guidance, management, implementation, authorization, application
and possible cessation of human biorepository and genetic study databases, which
are structured substitutions that can be used for hereditary research. Such databases
contain information on the stored human biological samples and/or analytical data
when analysing the same samples, and will be extended with the help of an intelli-
gent biobank network.

The international society ISBER defines a biobank as follows: “defined as an
actual or virtual entity that may receive, process, store or distribute specimens in
support of a study or multiple studies and their associated data” [19].

In 2015, the European Commission (EC) and Joint Research Centre (JRC) stated
in “Biobanking in Europe” (a scientific and technical report): these are forecasts for
synchronizing and establishing contacts that set business description. Biobanks or
biorepositories are systematic collections that consist of human biological specimens
and combined annotation, which have an inordinate meaning for science in general
and, the hot topic of biomedical sciences, personalized medicine, in particular
[20]. Furthermore, the European Commission issued an additional definition. The
statement, which was made at an international meeting on ethics and regulation
related to international research in the field of biobanks—Biobanks for Europe,
included an extensive explanation for biobanks.

Biobanks:

• Collect and store human biological samples, which are linked to clinical and
medical data, and frequently to epidemiologic data.

• Are usually not stable, may be non-sustainably “planned” study cohorts
collecting biological materials and corresponding data on a constant or extended
basis.

• Are accompanied with accurate and/or continuously developing study plans
(period of sample collection).

• Have installed pseudonymization or anonymization processes to ensure patients’
privacy. However, there may still be a precise mode of possibility procedure to
reidentify the donor in the direction from research data back to the donor, to
intelligently track back if clinically relevant data for a patient appears.

• Comprise installed organizational control mechanisms and measures
(e.g. consent) that aim to save patients’ privacy and rights as well as stakeholders’
motivation.
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The largest network of biobanks, the Pan-European Biobank network called
Biobanking and Biomolecular Resources Research Infrastructure (BBMRI),
explains biobanks as a medical research infrastructure: biobanks collect biological
specimens and combine data, which is only a primary matter for progression and
development of biotech, enabling effective biomolecular and biomedical research
[20, 21].

In addition, many other definitions of biobanks exist, which are unfortunately of
inconstant value—biobank definitions often focus on only one or several particular
characteristics of biobanks. The much unused but widely accepted description/
definition comes from Kauffmann and Cambon-Thomsen in 2008 [22]: a biobank
is “an organized collection of human biological material and associated information
stored for one or more research purposes”. In conclusion, a description presented by
Artene et al. relates to the biorepositories with two distinct abilities:

• Collecting, proceeding and storing material and data.
• Database is smart in terms of demographic and medical data, which are analysed

individually and inserted in a register with concrete measurement units. A
biological sample is therefore characterized by analytical data, phenotypic data
and medical and treatment data. These data are stored in long-term storage
facilities and used by researchers [23].

In general, a biobanks’ definition contains three sets of comparatively different
instructions:

• Human biological specimens
• Data that is loaded into the system
• Ethical and legal issues like the informed consent to assure privacy of donors

All this makes scientific biobanks an interdisciplinary system of interaction
between science and practice and a universal approach in all phases of the cycle.
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Types of Biobanks 3
Svetlana Gramatiuk and Berthold Huppertz

Abstract

As already introduced in Chap. 1, a biobank is a type of biorepository where
biological samples, usually of human nature, are stored for research. Like
described before, the term “biobank” can be defined as a collection of human
biological samples and related data. These samples and data are systematically
organized for research purposes. While the collection of biospecimens from other
living organisms can also be called a biobank, many prefer to use this term only
for human biospecimens. Both the terms “biobanks” and “biorepositories” are
conceptually compatible. In this chapter, you will learn more about different
classifications of biobanks—for example, biobanks can be classified based on
different approaches, they can also differ in scale, quality, subject matter, and
participants, and some collections can be defined by donor arrangement.

Keywords

Classification of biobanks · Biobank versus biorepository · Population-based ·
Disease-oriented · Institution- or clinic-based · Biobanks of network projects

At the first stage of introducing and comparing different classifications and types of
biobanks, it is necessary to clarify that, from the point of view of biobanks and
biorepositories, “biobank” and “biorepository” are compatible by concepts [1–
5]. The term “center of biological resources” was used for “biobanks” when
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conducting cancer research. Additionally, biobanks are also providers of medical
research services in general; thus, “biobanks” are not only collecting human
biological material, but the term is used in a much wider sense [1, 2, 4–8].

The National Cancer Institute in the United States of America has described the
often-used definition “biorepository” as an especially organized abode or building in
which biological substances, under certain temperature conditions, are stored
[9, 10]. With the same meaning, the term “biobank” was used by further American
and European organizations [10, 11].

A taxonomy of types of biobanks can be made if the systematic interaction of a
biobank with its participants is the basis of the differentiation. Among others, there
are differently typified categories of biorepositories like population-based, disease-
oriented, institution- or clinic-based, biobanks of network projects, moved along by
the course of the host organizations, or national public ones [12–17].

Biobanks also differ in scale, quality, subject matter, and participants. Some
definitions refer to the ground stage and stage of development of biobanks. There
can be “radically converse opinions over how fixed reputation should be recognized,
formulated, explained, or high-spirited. . .” [13, 18, 19].

Human biorepositories have a specific classification [20]:

• Tissue type: (tumor and/or other benign tissues, blood, RNA, or DNA, etc.).
• Topic: Planned application or purpose (scientific investigation, therapy like

transplantation (may be also forensics) can be the origin for therapeutic
procedures such as umbilical material, stem cell, also investigation or monitoring
of therapy, etc.) [7, 8, 14].

• Ownership: Universities or other academic institutions and academic groups,
clinics, pharmaceutical companies as well as biotechnology industries,
biobanking networks, or societies (e.g., rare disease biobanks and all others that
have funds, to be able to sustain a biobank). Ownership can be in co-partnership,
public but also private, through area and field borders (proprietorship is some-
times general, or based on performance in company).

The collection can also be defined by donor arrangement (inhabitants: adults,
pregnant women, sick people, newborn, contain limited types and diagnosis)
[19]. They can also be differentiated by the size of collection spread (condition
based on one clinic, cross-sectional in public, state-wide, or in one city).

Gottweis and Zatloukal [16] distinguish four categories of human biobanks:

• Clinical case-controlled biobanks built up with human material of individuals
having given diagnosis and correspondingly healthy controls. A nice example is
the pathology archive. These kinds of “biobanks” are confronted with huge
challenges, as archives such as those initiated in pathologies often do not follow
strict ethical guidelines for scientific usage (e.g., ethical approval or informed
consent).

• Longitudinal population-based biobanks, which monitor a concrete and defined
part of a given group of inhabitants living in a specific region for a long time (e.g.,
the Estonian and UK Biobank).
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• Isolated population biobanks, which are characterized by a consistent genetical
basis as well as ecological circumstances for a target population (e.g., the
Icelandic Biobank).

• Twin registries are characterized as a collection of human biological material
derived from twins (independently if dizygotic or monozygotic) (e.g., the
GenomEUtwin and the Swedish Twin registry).

Rebulla et al. [21, 22] make the categorization of biobanks more advanced. They
distinguish between six classified types of biobanks:

• “Leftover tissue biobanks” collected during clinical pathology diagnostic
procedures

• Population biobanks
• Twin biobanks
• Disease biobanks from patients suffering specific conditions
• Organ biobanks
• Nonhuman biobanks (e.g., “Primate Brain Bank”)

Currently, a comprehensively acknowledged classification is introduced by
BBMRI [19, 23, 24] that differentiates between two specific categories of
biorepositories:

• Population-based biobanks (population-based biorepositories, which are pro-
spectively oriented on the observation (survey) of the usual way of life and
detection of diseases and/or their complications over a long period)

• Disease-oriented biobanks (human biological samples such as tissue samples and
corresponding diagnostic data are usually available for biomedical research that
are more complex and clinically relevant)
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Ethical and Legal Principles in the Field
of Biobanking 4
Svetlana Gramatiuk, Tanja Macheiner, Christine Mitchell,
and Karine Sargsyan

Abstract

The trend to store biological material with associated data in biobanks has
increased concerns on how to protect ethics in the handling of human biological
samples and associated data. The invasive collection of body substances for
biobanks is a complex issue in biobank ethics and is widely discussed. By giving
an informed consent for a medical research approach, a person gives their
acceptance to a researcher for scientific investigations on the person’s samples
and related data. This chapter highlights the impact of biomedical research and
the frames of ethical action and gives information on the most frequent guidelines
and regulations on regulatory, legal, and ethical aspects of biobanking.

Keywords

Informed consent · Data · Ethics · Biobanking law · Data protection · Protection
rules · ELSI

The independence guidelines ensure that each individual can decide for himself/
herself to consent to a biobank collection in which his/her personal data and samples
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are stored, possibly influencing him/her. The invasive collection of body substances
for biobanks (albeit minimal) is also a complex issue in biobank ethics and is widely
discussed. Self-expression involves the direct determination of the application to
which one’s own physical samples and data is placed (information specific conclu-
sion). Any restriction on equal rights of a particular person must also be protected in
a specific way [1–6].

By means of an informed consent to a medical research approach, a person is
giving an acceptance to a researcher for scientific investigations on the person’s
samples and related data. Medical, clinical, and ethical societies have communicated
a reasonable number of settings and instructions proposed for the protection of a
person’s right to independence. It is important that consent to medical research must
be voluntary and clearly defined at all times, directly based on the full evidence
available to the researcher at the moment of consent. The rules precisely describe
that consenting must be professional and has to fully inform the donor/volunteer
about the nature, the whole scope, and the possible risks of the sampling on his/her
life, health, and body and, if already known, about any objectives of the research
[1, 2, 4–6]. Nevertheless, the described principles must be proven on applicability in
specific settings of the given biobanks.

Although the contributors’ autonomy as an essential validity characteristic forms
the basis both for the establishment and for the development of the use of biobanks, it
is not the only rule and is not sufficient. No single person can raise his/her indepen-
dence for justification of activities by which the rights of another person or general
public entity can be overstepped. Therefore, regardless of the valid informed consent
of the donor, there is a general question raised by ethics specialists: If biorepositories
carry undesirable risks for third parties and/or the general public—for example,
leading to stigmatization or discrimination—then respective guidelines need to be in
place to hinder such processes [7–11].

All medical doctors in their profession are asked, based on professional ethics, to
promote the safety and well-being of their patients. This fact is not intended to limit
the medical doctor-patient relationship in connection with diagnostic or therapeutic
measures but is intended for research purposes and may even be extended to
potential donors. In this way, the implementation of medical science can be pushed
forward, and this can also benefit potential future patients. What can be expected
from a medical doctor (who can be at the same time the researcher), if not a
professional obligation, which is something that can be justifiably and responsibly
anticipated from a medical professional? Physicians who request contributors to
provide human biological material and corresponding medical-clinical information
for biorepositories are usually serving needs of biomedical science: This means
he/she is not simply following his/her professional benefits as a curing specialist;
he/she correspondingly desires to make a confident moral contribution supporting
medical research for future innovation. This is an additional facet of consideration of
the legitimacy of such donations [7, 10, 11].

Biobanks in general are not only questioned for their perspective of avoidance of
probable dangers and risks but also concerning their specific and societal usefulness.
The awareness of the utility of biorepositories and biobanks in general may also be
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necessary by reflections of public solidarity. Many donors regard their readiness to
provide their human biological material and related information as an expression of
their own responsibility to support other people and future generations. The confi-
dent moral commitment to support the public in general is an essential element and is
in contrast to the reverse moral responsibility of “primum non nocere”—which
means “first of all do no harm” [10–13].

Current “data protection” legislation allows consideration of the use of individual
and/or clinical information, which is permitted in the absence of specific donor
consent. On the other hand, the requirements of these legal and ethical regulations
are generally unperturbed in support of biomedical research. For example, both
public and nonpublic bodies are allowed to save data, which can be subject of
particular protection rules: More specifically, it can be information on health, sexual
orientation, or ethnic origin. These parameters can be stored in biobanks or study
cohort databases even without the donors’ explicit and informed consent, only if the
scientific interest and expected results from specific research activities substantially
overshadow the single interest of those donors. As a rule, these data may only be
used if the objective of the study cannot be achieved by other means and/or can only
be achieved at very high cost (this is mostly discussed when it comes to public
money). Moreover, public bodies are in many cases obliged to use information
already collected for their stated purposes. Once a valuable set of information has
been collected at a very high effort and investment, it cannot be moral to collect
again at twice the expense. Thus, if information is collected for the use in scientific
studies (own collection) but can be passed on anonymously to public or nonpublic
bodies (for a fee and for a higher goal of the health and well-being of the population),
in this case the interest in the project and the interest of the parties involved, who
may be concerned that the subject of the data use “does not change,” may far
outweigh the interest in the project.

Occasionally, the aim of scientific investigations may be not accomplished in any
other way as to use the given dataset, and it can be of high interest and benefit to the
human population. Finally, it can be subject to approximately the same
circumstances, when in a country (such as the Ukraine) nonpublic bodies are
allowed to consume even private data (if specifically administered by and in
authority) even if they do not correspond to the initial purpose.

In addition to the Data Protection Law, some specific regions (states and/or
provinces) may have the same data protection legalizations valid for the given area
and definite information protection commandments as well as guidelines related to
clinical settings and general health segments. This will affect studies on a larger or
smaller level. These laws and regulations fluctuate significantly in their necessities.
A differentiation for the recognition of scientific investigations is often made when
they are carried out in the own research institution and/or when they are carried out
outside the respective health institution. Often the mentioned legal mechanisms
deliver acceptability of personal and clinical information usage, but still can be
adapted by an evaluation of goals and benefits (public benefit for conducting medical
scientific investigations required to overshadow, and/or considerably be more impor-
tant than person’s interests). Several circumstances indicate that an independent
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entity must be included in the process to ensure that there are no inconsistencies
regarding protection issues that may have a profound impact on the health and well-
being of the research participant or that any agreed-upon benefits are not overridden.
A conclusive principle is often that instead of personalized information, there should
be no other unconventional variances but that every use, regardless of whether it is
anonymized or not, must be documented and known. In conclusion, several biomed-
ical tools involve data usage authorization by specialized bodies. Full adoption
demonstrates the need to implement, maintain, and—if possible—improve an ade-
quate privacy and data security law, regardless of its potentially enormous complex
and inconsistent presentation.
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Business Planning for Biobanks 5
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Abstract

Fundamentally, scientists have the necessary knowledge to operate a biobank, but
the practical application of economic tools is not sufficient in some cases. This
chapter shows the importance of using economic tools for the organisation and
sustainability of biobanks. It also explains the implementation of such economic
tools that are essential for the correct operation of biobanking infrastructures.
Furthermore, this chapter depicts features of a business plan and provides a useful
basic policy to its development for biobanks, scientists, managers and
stakeholders. For example, a SWOT (strengths, weaknesses, opportunities and
threats) analysis is an integral part of every business plan. In addition, the
definition of a mission is essential to any business plan.

Keywords

Business plan · Economic tools · Management tools · SWOT analysis · Mission
statement

S. Gramatiuk
Institute of Cellular Biorehabilitation, Kharkiv, Ukraine

T. Macheiner · G. Hartl (*)
International Biobanking and Education, Medical University of Graz, Graz, Austria
e-mail: gabriele.hartl@medunigraz.at

T. Sarkisian
Department of Medical Genetics, Yerevan State Medical University, Yerevan, Armenia

A. Muradyan
Yerevan State Medical University, Yerevan, Armenia

# The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
K. Sargsyan et al. (eds.), Biobanks in Low- and Middle-Income Countries:
Relevance, Setup and Management, https://doi.org/10.1007/978-3-030-87637-1_5

27

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-87637-1_5&domain=pdf
mailto:gabriele.hartl@medunigraz.at
https://doi.org/10.1007/978-3-030-87637-1_5#DOI


Fundamentally, scientists have the essential knowledge to run a biobank, but the
practical application of economic tools in some cases is not sufficient. Usually, the
management of public healthcare facilities consists primarily of scientists, and is not
supported by economists. In many academic cases, there is a broad-spectrum
absence of educational background necessary for profitable planning and the usage
of suitable tools aimed to manage sustainably. Therefore, this chapter aims at
increasing understanding of the significance of appropriate tools for the economic
and sustainable management of biobanks and at the implementation of business
processes, important for efficient management of research infrastructure facilities [1–
5].

SWOT Analysis

This chapter aims at describing the characteristics of a business plan and to specify a
useful essential policy to its progress for biobanks, scientists, managers and
stakeholders. Although this book primarily focuses on human biological material
and associated biobanks, the opinions and concepts stated may be functional to any
other research infrastructure or organisation for a systematic storage of samples and
corresponding data for biological and biomedical science purposes [6–9].

For a biorepository or biobank, the narrative explanation of research goals in
concrete projects outlines the specific characteristics of the human biological mate-
rial collected and stored, together with the aim and purpose of the collection and the
preservation methods used. Products of a biorepository can comprise of data,
samples and the usage of associated analysis platforms (new data generation) and
services, offered for any type of prospective method or implementation measures by
the biobank. It is appropriate to outline the origin of biomaterial, such as infectious
microorganisms, tissue or derivative of the biomaterial (body fluids, cells, nucleic
acids, proteins, etc.), in addition to the type and method of specimen handling (e.g.—
frozen) and storage conditions (temperature, container, quantity for aliquot, etc.).
Furthermore, it is usable to include a short history of the biobank [10, 11].

For biobanks, which have been around for a long time and have a long follow-up,
the biobank’s past can be multifaceted depending on the inconsistent and mixed
origin of the samples and the progress of the organisation. If diverse cohorts are
collected in the biobank, the narrative in this segment of the business plan will
comprise a completed and ongoing catalogue of stored sample collections. The
administrative responsibility and functional roles among the senior staff of the
biobank and the respective researchers for different collections must be stated.
Forthcoming collections and follow-ups will be clearly specified. It may also be
useful in this section to include a table listing the biological sample collections
managed by the biobank. This table should indicate the name; the application area;
the date of starting collecting; the factual development step of the project (concep-
tion, collection ongoing, completed); the socio-ethical, research and legal personnel
in charge of each collection; and the specific role in relation to the senior manager of
the infrastructure [3–5, 12, 13].
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The SWOT analysis is an essential part of every business plan [14, 15], and it is
designed to evaluate strengths (S),weaknesses (W), opportunities (O) and threats (T)
of a project. While the first two elements are defined as intramural influences, the
concluding two features are intended to be extramural factors.

The strengths of a biorepository or a biobank depend on quality standards, the
amount of collected biological material and the categories of human samples and
simply standard processes for sample usage in research projects. Quality standards
mean, for example, fulfilment of specific quality requirements and techniques, as
well as possible certification. These quality standards and variety of the data
connected to the samples are a strength for the biorepository or a specific collection
in it. Biobanks that work on the basis of an internationally recognised quality
management system (QMS) are preferred associates for the elaboration of new
products. The International Organization for Standardization (ISO) is currently
determining the obligations for bioresources in research and market application
together with the working group on biobanking created at Technical Committee
(TC) 276 Biotechnology [5, 16–19].

Important elements like clinical origin, precise data on the pre-analytical
procedures, the study size, the geographical origin, the inclusion criteria of an
organisation with a high operating force, the trustworthiness of the organisation,
the certification, the dimension of obtainable information connected with the
samples, the extraordinary products, the laboratory methods and infrastructure and
the sample storage systems are significant for the exclusivity or the uncommonness
of samples. More strengths originate from the competency to deliver efficient
services (e.g. a user-friendly and well-defined policy of sample usage, reasonable
costs for usage, effective supply schemes, processing rapidity and the safety of data
transfer).

One of the frequently documented weaknesses of biobanks is documented to be
the struggle to implement a total cost recovery model, especially in the case of high
infrastructure costs, independent on the biobank’s implemented economic model
and on number of samples issued. In addition, a weakness can be stated by
biobanking in projects with an expiry date. In these cases, the future of human
biological samples collected within the scope of the given funded project is unde-
cided, therefore open [7–10, 15, 20, 21].

Opportunities can raise if an option of development and/or installation of a central
biobank facility (institution-wide, region-wide, national, global) as a reference centre
for sample management in a particular field of activities is offered. Also, worth
mentioning are the opportunities to become member of professional networks and to
collaborate with other centres to improve the availability of human biological
material. It is also important to consider possible additional research services that
can be offered to academic and industrial areas.

Threats: Disasters and the missing of backup plans are one of the key risks to
which biobanks could be exposed [7–9, 18, 22, 23].

Different kinds of accidents (e.g. natural, human or technological) may threaten a
biobank. In the SWOT analysis of a biobank, it is advisable to add to the part of
threats a section, which is devoted to alternative possibilities and the strategies of the
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variance development. In these documents, all added costs, especially for the risk
assessment, preliminary plans of mitigation in case of emergency and contingency
plans, are needed to be developed, documented and well thought through specifically
adjusted for the place and ecosystem of the specified biobank [8–10].

Economic malfunction results from a reduction of public funding or charitable
support, insolvency or the termination of a host organisation. Changes in accepted
organisational concepts for biobanks, the loss of project-oriented financing and other
possible financial changes could represent a source of risk for a biobank.

Further threats can come from ethical-legal issues, which can contain enormous
withdrawal rates of consent due to the public impact of a non-existent news item,
which can be a source of sudden mistrust in biobanks.

The Mission

Amission statement (e.g. goals and aims of the organisation) is crucial for a business
plan. Mission, often outlined in very short message, explains the presence of the
company and directs the services of the organisation. While the mission is an easy-
to-understand area of a business plan, thoughtful conception is greatly suggested,
both for companies and biobanks [9, 10, 24].

The mission statement targets to identify the main capacity of a biobank, and it
shows wherefore biobanking, even when implemented in a truly wide-ranging
organisation, has been implemented, exists and must be maintained.

Overall, the general project outline and mission statement have a duty to describe
and present the tasks and duties aligned with a narrative of the fundamental ideas and
history of the biobank supplemented with comprehensive explanation of samples,
sample collections, research services, working guidelines and workforces’ relations.

SWOT analysis and substitute policies are the essential fragment of this segment.
Taking into relation the amount and significance of the stated data, the use of
graphical presentation is extremely suggested.
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Abstract

Biobanks currently describe and report being present and working on every
continent of the earth, with the highest density detected in North America and
Europe. However, this development changes very quickly. Some countries,
especially low- and middle-income countries, have recruited and invested
money and excessive work for the construction of their own biobanks and
biobanking networks. The biobanking activities in these countries are mostly
based on the collaboration of large organizations, such as the African Society of
Human Genetics, the National Institutes of Health in the United States and the
Wellcome Trust. In this chapter, we list and investigate several problems and
information of developing countries regarding the construction of biobanks.
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Biobanks in developing countries have some particular features. Biobanks presently
describe and report to be present and work on every continent of the earth, even in
Antarctica, with the highest density detected in North America and Europe
[1, 2]. However, this spreading pattern is shifting promptly. Several countries,
including China, Gambia, Jordan, Mexico and South Africa, and many others
have recruited invested money and excessive work for the construction of their
own biobanks and biobanking networks [2–7].

The above-mentioned countries have several partners among biorepository
facilities in high-income countries. One of the known initiatives is the consolidated
Gambian National DNA Bank, which has been implemented based on the support of
the Centre d’Etude du Polymorphisme Humain, which is an international scientific
centre for genetics situated in Paris, France. As a known example, one can also
mention the Kadoorie Study of Chronic Disease in China [8] and the Mexico City
Prospective Study, which work together with Oxford’s Clinical Trial Service Unit
and Epidemiological Studies Unit [8]. There are several other examples worth
mentioning, such as the KHCCBIO project in Jordan which intends to collect and
store cancer samples from all over the country and also has collaborations with the
Trinity College in Dublin, Biostór Ireland and Accelopment AG, Switzerland
[9]. Also well spread and known is the initiative called Human Heredity and Health
in Africa (H3Africa) [10]. This biobanking activity is built with a cooperation of
three organizations, the African Society of Human Genetics, the National Institutes
of Health in the United States and the Wellcome Trust [10].

The creation of biorepositories is the essential phase on the road to launching a
national genomics research programme. Nevertheless, the expansion of many differ-
ent biobanks is facing difficulties. Sustaining these biobanks and generating effec-
tive research results, which are based on the systematic and organized biobanking
resources, can become tricky, especially without an appropriate framework and
dedicated management capacity. Additionally, several countries with specific politi-
cal regimens—for example, China and South Africa—have deficiency in acceptable
legislative structures and regulations that may standardize or control the usage and
progress of biobanks [9, 11–15].

In high-income countries, biobanks and their organizations support scientists to
carry out human and especially genetic research. This can be an additional benefit, as
human biological material can be studied from whole populations, especially those
known to be rich in genetic diversity compared to low- and middle-income countries
(LMICs). For these investigations, human biological material can be transported
from a LMIC biorepository from the above-mentioned institutes, and researchers can
have a secondment in the given biorepository [16]. This human biological material
can cause difficulties in LMICs, as the majority of these countries apply insufficient
and/or non-existent regulations and laws to protect donors. The mentioned defi-
ciency in jurisdictive frameworks can result in vulnerability of the country and its
population to exploitation [17].

The Washington Post printed (in December 2000) a six-part sequence of articles
with the title: “The body hunters that surveyed research subjects in China, Africa and
Latin America”. The population was used as a research subject, yet people
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complained, that as partaking in biomedical research, which was led by high-income
country scientists, they did not obtain the promised and estimated benefits—for
instance healthcare services [18–21]. There are several further stories of
investigators coming from developed countries, who were gathering human
biological materials from Hagahai individuals in Papua New Guinea, Havasupai
people in Arizona and Karitiana folk in Brazil not having any or appropriate
informed consents [22]. The contributors stated their disappointment, as they did
not obtain any of the expected benefits, which should have been financial remunera-
tion and medicines.

In 2002 in India, a strict governmental regulation against biopiracy was issued,
but it is still poorly realized, and human biological specimens are quietly being
distributed abroad for research lacking a proper ethical and authority approval
[11]. There is a very interesting systematic review on existing human genetic
projects including DNA specimens from the Cameroon population, which were
conducted between 1989 and 2009. This review reports of only 14% of the
organizations coming from Cameroon and only 28% of Cameroonian authors,
who were somehow related to the identified 50 articles. Additionally, only a few
of the published research articles have mentioned topics that focus on Cameroon and
the common genetic diseases in Africa. The worst result, however, showed that
almost all the DNA samples of the Cameroonian population were stored far away
from Africa [9, 12–14].

Scientists can indeed receive financial repayments, but also individual recogni-
tion and standing, by giving industrial partners access to biorepositories and—even
worse—by commercializing biobank resources without considering and/or ignoring
that this may potentially harm the welfare of donors. Biased profit sharing with
research participants (donors) of an area and/or with entire populations can cause
exploitation. This kind of acting leads to a population-wide distrust in biomedical
research. Additionally, lacking or partly performed consent procedures and insuffi-
cient commitment (individual and organizational) cover up the relationship between
science and the public [17, 18, 23, 24].

Scientific or financial profit-distribution questions due to human biological mate-
rial and associated information movements across borders have been actively
discussed. Numerous investigations have deliberated and provided suggestions for
possible non-discriminatory profit distributions of genetic investigation partnerships
across different nations [17–21, 23–25]. Nonetheless, this very essential matter and
its theoretical and practical complexity remain unresolved. Specific ethical and legal
strategies and guidelines have been developed and issued by several international
organizations for the access to samples and the corresponding information, such as
the Human Genome Organization Ethics Committee’s Statement on Benefit Sharing
(2000), the United Nations Educational, Scientific and Cultural Organization’s
(UNESCO’s) International Declaration on Human Genetic Data (2003) and the
Organisation for Economic Co-operation and Development’s Principles and
Guidelines for Access to Research Data from Public Funding (2007) [26]. Still,
the mentioned establishments and their published rules are unreliable and incomplete
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because not one of these regulations has a “supranational” position, power or
assertiveness.
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Abstract

A multidisciplinary retrospective survey of the biobank market with managers
and directors or individual researchers in Ukrainian biobanks was launched to
collect information on economic models for biosafety. The survey focused on
topics such as biobank demographics and structure, sample quality control,
funding sources and costing. Consequently, interviews to refine the gathered
information and increase the possible market covered were started. The focus
of the dialogue lied in the communication between biobanks in order to establish
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a biobank network. Thus, this chapter shows the process of the establishment of
the Ukraine Association of Biobanks with the objective to encourage and develop
a Ukrainian biobanking centre to support patients, researchers and industries. The
process of building this Biobank Centre was started in 2013 with a bilateral
collaboration of only two institutes of medical sciences with the prospect of
creating a platform for the association. Currently, it consists of 23 members
from central and leading institutes of medical sciences in the Ukraine.

Keywords

Biobank network · Research organization · Market analysis · UAB · SMART IT ·
SWOT analysis · ASK-Health Biobank · Sustainability plan

A multidisciplinary retrospective investigation of the biobanking market was man-
aged to clarify and collect information on economic models for biosafety.
Questionnaires and structured interviews were used for the retrospective investiga-
tion in business plans and activities of biobanks. In this way profiles, focuses,
collection strategies, finical key aspects, risks and adjoining subjects were analysed.

Questionnaire: Survey Development and Content and Participant
Selection

The data on pricing in various biobanks of Europe and the USA were specified on
the basis of online pools through e-mail distribution (supported by the Biobank
Economic Modeling Tool’s (BEMT) questionnaire plan; see Annex), taking into
consideration the literature descriptions of the economic characteristics of develop-
ing countries [1]. The survey with its detailed questions was divided into five
sections:

• Biobank demographics and structure
• Sources of financing and the calculation of costs
• The mechanisms for the formation of prices for samples and data
• The services provided by biobanks
• Quality control samples

The participants of the survey were carefully selected. We created a list of about
90 managers, directors and individual researchers active in biobanking with consid-
eration to ensure a wide geographical coverage. The focus was on the active sides for
the most accurate evaluation of the survey data.

The participants in the survey were directors and managers of biobanks that had
different and sometimes mixed sources of funding and financing: these included
academic medical monoprofile centres, multidisciplinary medical centres,
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independent academic research organizations and private commercial organizations
(pharmaceutical and biotechnology industries). The participants of the survey were
experienced in working in biobanks for at least 3 years or more. The contact
information of the survey participant was double-checked on the pages of social
network (LinkedIn), as well as on other available websites.

The request to participate in the survey was forwarded by a blind e-mail. No
personal data of other participants was available to others at this stage. The e-mail
comprised a short invitation letter and an information about the survey in general and
containing the link to the survey. Responders had the opportunity to save and exit the
survey several times and had a time limit of 4–6 weeks to complete the survey
submission. Three further e-mail reminders were sent to all participants at 2-week
intervals.

Data on general management and possible implementation in biobanks were
requested. The following data sources for the identification of the survey answers
were applicable: the data from management and governance documents, team
meeting protocols (with different responsible staff), strategic concepts, defined
activities, the data on quality management system and a strategy matrix.

After collecting the survey replies, interviews started to precise the information
and marge the possible covered market.

Structured Interviews for Market Analysis

Biobankers were interviewed regarding profile scope, work areas, collection and
storage strategies of human biological material and data. Based on the interviews, we
decided to gain more structured information on planning and strategic development
methods (if existing), including all typical and well-known aspects of biobanking.
Furthermore, biobanking-specific questions have been addressed, to collect concrete
information and to be explicitly applicable for the topic of ‘building a biobank
network-like structure’.

As an orienteer, we used the business plan chapters suggested from Sargsyan
et al. as a central document for the interviews, as follows [2, 3]:

1. Biobank name, including a profile
2. Business environment, including the international environment and biobank

research projects
3. Services of the biobank: service portfolio
4. Market, including market segmentation/market analysis and customer groups
5. Scientific and economic structures around the biobank
6. Development plan of the biobank, including a vision statement, critical success

factors and strategic goals such as promotion of relevant study cohorts; cooper-
ation; management; infrastructure and personnel development; ethical, legal
and societal issues (ELSI)-dissemination development; and public relations

7. Risks and hazards
8. Exit strategy and termination possibility, including a cost calculation
9. SWOT analysis
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The topics consisted of nine items and were used for investigating the important
information on the participating biobanks. These were important strengths, key
opportunities, professional levels of employees (if any), exclusive benefits (devel-
opment of scientific projects, participation in clinical trials), activities or services that
the biobank cannot afford, if any, then information about direct competitors, poten-
tial threats to the organization of the biobank, etc.

Team Meetings: Development and Implementation

During the revelation of the plan and the analysis of the surveys and the interviews,
we realized that the main attention needed to be directed to the dialogue and
communication (cooperation) between biobanks, in order to be able to implement
an official biobanking network or a comparable construction. Therefore, we
organized core team meetings with all leading people of the 23 biobanking initiatives
in the Ukraine, addressing the issues listed below:

1. Actions that must be carried out in advance for the safe collection and storage of
samples, while long-term prospects and plans are developed

2. Analysis of the state of sample stock and collection possibilities
3. Participation in research programmes for quality control of bio-samples, and if

existing utilization of samples of untested quality control
4. Practical methods for sample identification, the possibilities of unification and

advancement
5. National plans for information on the work of the biobank—holding a confer-

ence, creating a scientific journal on biobanking and consulting the interested
medical, pharmaceutical and scientific groups; involvement of experts from
Europe for consultation and audits; use of international experience in storage
and use of samples; and attraction of experts from international biobank partners

6. Ethical control and development of contracts for the transfer of samples
7. Cooperation with biobanks from countries with low economic development for

rare diseases

We had 16 team meetings to get a consensus by not only understanding the past
of each partner but also creating a path of joint future. One of the most important
findings in the survey and decisions at team meetings was that in the first phase, there
was the need to concentrate on the qualitative and not quantitative issues. In this
manner, we did not analyse the data on sample numbers or on profiles but rather built
up new frameworks and new biobanking environments to work together.

After the creation of the road plan, consultations were held with international
partners to determine the most appropriate financing model and to search for the
necessary resources. The meeting was held in Vienna, Austria, at the time of the
European Biobank Week (EBW) in 2016 during the framework for the most
appropriate financing model and the search of the necessary resources. The attendees
came from biobanks (Biobank Graz, Integrated Biobank of Luxembourg, Brain
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Cancer Biobank, Kazakhstan, National BioService, the first Russian Biobank),
clinical organizations, biological resource centres, industrial partners and advocacy
groups, including 53 participants from LMICs.

In the second phase of the project, a number of relevant subregional biobanking
initiatives were raised. We decided that the biobanking mechanisms in the Ukraine
should not set limits on the number of samples that can be stored. We developed a
five-step model for implementing networks. Furthermore, we decided to implement
a Ukraine Association of Biobanks (the most suitable form that has also the legacy to
act in the Ukraine).

The Example of the Ukraine Association of Biobanks

Development and Progress of Ukraine’s Biobank Network

The Ukraine Association of Biobanks (UAB) was established in 2017 to encourage
and progress a Ukrainian biobank complex to support patients, researchers and
industry. In 2013, the Biobank Centre started a bilateral collaboration of only two
institutes of medical sciences with the prospect of creating a platform for the
association.

Currently, the network consists of 23 members from the central and leading
institutes of medical sciences in the Ukraine. The Ukraine Association of Biobanks
organized the important processes, built on the ESBB, ISBER and National Cancer
Institute (NCI) guidelines, which were harmonized and standardized by the member
biobanks. Different guidelines, policies, regulations and documents were developed
(such as a patient consent guiding standard, a patient information form, a biobank
consent document, an access application form and others) and mutually agreed on
(after robust discussion among partners of the UAB) to be used by each partner
organization. Also important was the outlining of an optimum categorization for a
document submission for the review of the Steering Committee of the Ukraine
Association of Biobanks (SCUAB).

The objectives of the Ukraine Association of Biobanks were stated as follows:

1. To develop a Ukrainian biobanking network in the form of an association while
considering international guidelines and expertise,

2. To offer fair access to consistently and homogenously obtain. process, and store
human biological material and corresponding data for researchers working inde-
pendently in the academic world or the industry. Important was the involvement
of UAB partners in national and international research activities (but only if they
are scientifically and ethically approved).

3. To develop technologies, which may lead to better and more accurate diagnostic
processes and improved innovative-targeted therapies, but still in parallel stimu-
late Ukraine’s economy, through a genuine collaboration among members,
partners and users.
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4. To install a biobank network in the form of an association to govern, develop and
sustain the UAB as part of the patient care corridor in Ukraine’s principal
hospitals.

Biobank Network Set-Up

During the last 6 years, consuming the structure of European and American
biorepositories as prototypes, the installation of autonomously functioning biobanks
happened almost at the same time in large Ukrainian educational hospitals (see
Fig. 7.1).

The procedure of establishing an association of biobanks in the Ukraine was
developed gradually, persistent mostly with efforts of one to two protagonists,
jointly working for mutual goals also on the personal side. Inadequate financing as
well as the lack of authorized structure based on law led to a very weak development.

Once a consensus had been achieved between the partners, the Ukraine Associa-
tion of Biobanks communicated with the responsible ethics committees as well as
the data protection authorities, patient representatives, researchers and other
stakeholders, to announce cooperation willingness and openness.

The topics that were discussed by the UAB comprised the implementation of
probable standards of informed consent in the whole network as well as a possible
return of noteworthy investigation results to donors. The Ukraine Association of
Biobanks is moulded using examples of international networks such as Marble Arch
International Working Group, ISBER, ESBB, etc. The Ukraine government remains
careful by supporting, funding as well as directly implementing national biobanking.

The UAB presently consists of 23 members and covers all 7 leading Ukrainian
cancer hospitals and several university hospitals. That is why the UAB network
emphases are primarily on cancer but also on metabolic sickness samples. From over
25,000 patients, several samples and data have already been collected and are open
for research.

The subsequently listed types of cancers were collected at the UAB and are
available for research purposes: adrenal gland, bladder, endometrium, kidney,
lung, melanoma and non-melanomatous skin cancers, oesophagus, ovary, prostate,
testis and thyroid.

The editor, Dr. Svetlana Gramatiuk, ASK-Health Biobank Co-founder, was
appointed as the Head of Biobanking and Biospecimen Sciences group at the
UAB and was elected as the president of the UAB.
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Implementation of Ethical and Legal
Considerations in a Biobanking Network 8
Svetlana Gramatiuk, Mykola Alekseenko, Tanja Macheiner,
Christine Mitchell, and Karine Sargsyan

Abstract

The first step in establishing a solid biobanking recourse is clearly to build a solid
ethical and legal basis for the operation of each biobank and for a biobank
association as a whole. In this chapter we discuss some general considerations
on the topic, give some directions and how to and then show an installation
process based on UAB. Over the last 5 years, the National Scientific Centre for
Medical and Biotechnical Research was the main organization at the Commission
on Bioethics at the Cabinet of Ministers of Ukraine that encouraged the formation
of authorized requirements for the Ukrainian researchers to work with worldwide
agreements with pharma and bioethics. One of the main prerequisites was the
coordinated activity of the ethical commission at different levels in the Ukraine.
To develop the intended unified national network of biobanks in the Ukraine,
the UAB working group was required to submit several separate ethics
applications as prerequisite for each participating hospital site and each member
organization.
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The tendency to store biological material with associated data in biobanks has
increased worries concerning how to safeguard the proper moral use of human
biological material and the correlated data [1], also to extra broad-spectrum socio-
political questions, as the awareness and the acknowledgement of biobanks at large
[2]. Certainly, human biobanks have received substantial attention in the ELSI
literature during the last decade [3, 4]. Research in ELSI of biobanking has
concentrated on questions of confidentiality, informed consent, ownership of
human biological material and corresponding data, as well as on benefits of sharing
and governance. This is because biobanking-related research challenges the tradi-
tional outline for biomedical research on human biological material and its usual
components [5]. In prior to deliberating these topics, we explore the doctrines that
enlighten ethical discussions in human biomaterial collection and long-time storage.
The general principles and values of autonomy and justice in this area of biobanking
research are converted into concrete actions by realizing rules and guidelines and
setting actions on informed consent, protection of confidentiality and privacy, as
well as on non-discrimination procedures, which commonly emerge in the scientific
publication and works on ethics of biobanking sciences [6].

The implementation of informed consents into practical working documents faces
complications in the matter of broad biobanking activities, especially long-standing
storage and inclusion of biological material and corresponding information in
research [6]. Even though the donation of human biological material for a particular
scientific cause or project collection does not actually post any substantial compli-
cation to obtaining ethically approved informed consent, the elaboration of
biorepositories and the numerous probable exploitations/utilizations of human
materials increase the problematic demand of “how to obtain consent for a multitude
of possible research purposes” not known at the time of sample collection
[7]. Research participants in that situation cannot be conversant, for example, of
the impending dangers and especially advantages of the sample-based science, as the
biobanks are usually set for future (jet unknown) aims [8].

Large-scale biobanking must adjust the ethical bases that were developed for
project collections and keep the ethical principles [6]. As a result of the high amount
of evidence facilitated by biobanking and associated sciences, recognized
conceptions of research on medical ethics have been reconsidered, and consent for
research, privacy and confidentiality is being restudied [9]. The Declaration of
Helsinki mentions “envisioning a specific, discrete research project, not a tool for
use on unforeseen and unforeseeable research projects” [6, 10]. This has solidified
data protection, confidentiality and privacy main problems in the perspective of
research on humans in the twenty-first century and led many researchers (not only
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ethicists) to think over [11]. If the potential of the biobanking sciences allows sample
use for undefined research, linking of biological samples to personal data needs to be
restricted, and coding and anonymization is the selected preference for the docu-
mentation of human biological material [12]. Several guidelines of the usage of
biorepository samples such as an acknowledged permission (informed consent) to all
possible potential uses of the material and/or data make the right of persons to
choose if and how their samples and related information will be involved in scientific
investigations [6]. Progressively, cohesion and exchange—more than autonomy—
have appeared as ethical values directorial for informed consent [13]. Expansions in
sizable biobanking activities emphasize that the promise of total privacy and discre-
tion is not an assurance that biomedical scientists can provide [14]. This has
implications not only for confidentiality but also for privacy [11].

The safety and security of (personal) data is one of the most important actions
implemented by biobanks to avoid probable exploit of donor information by
employers and insurers [6].

Discussions on ownership of human biological specimens are ongoing, for
example, a tissue or a fluid sample in some esteem belongs to the person from
who it was taken, as a minimum for an outlined period of time [15]. However, the
law relating to ownership and control of human biological material varies in different
countries and remains unclear in some countries [9]. Persons may nevertheless keep
a specific level of control over their collected samples, mainly as the right to
withdraw or to demand obliteration of own samples [10]. Additionally, the partici-
pation of an IRB (Institutional Review Board) or REC (Regional Ethics Committee)
and the necessity for its positive outlook/vote “is intended to ensure that an intently
worded consent is not exceeded, that consent in broader terms is not incorrectly
given an even wider interpretation and that exceptional circumstances in which
consent may be waived are not unlawfully invoked” [11].

For the incorporation of biobanks, outstanding organizations such as IRBs are
required to be clear, fast and practical in collaborating with each other [6]. Thus, the
results of assessments of IRBs (votum) can differ between local committees, regional
bodies and country ethical authorities and especially their influences of prosecution
depending on local jurisdiction [16]. Also, there is presently no guideline, directive
or operating procedure for the joint recognition of IRBs or a pan-European research
ethics approval.

The European Forum for Good Clinical Practice (EFGCP) has started a process to
encourage good clinical practice (GCP) and encourages the tradition of mutual,
high-quality standards in all biomedical research all over Europe [12]. Some
initiatives towards conception of common policies and possible standard operating
procedures for European RECs also “need to be encouraged and supported for
biobanking integration so that IRBs and RECs can work from a common set of
standards, procedures and documentation that will streamline ethical applications
without compromising the underlying ethics” [11].

Data protection authorities likewise have a significant part in supervision of data
processing, as in biobanks also for the usage of information and biological materials
by researchers [16]. These authorities have been permitted to recognize and classify
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the significant policies for biobank research in Italy, stipulated direction to
biobanking community and stakeholders in Germany and were in charge for observ-
ing the creation and process of the Health Sector Database in Iceland [6, 13].

In-house counselling and decision groups have been created in numerous
biobanks, which characteristically comprise a scientific advisory board and sam-
ple/data access committee [6]. These organizational structures and committees are
vital for transparency and liability and assuring self-confidence in the governance of
the biobank. As an example, take a look at the UK Biobank board structure, which
has situated an autonomous commission, the Ethics and Governance Council, as a
custodian of the Ethics and Governance Framework (EGF). Under the scope of
EGF, the UK Biobank gets advice with respect to possible deviations in law and the
protection of the rights of biobank donors and the general public [14]. Another
example is the Spanish regulation that obligates biobanks to comprise at least two
boards of external experts, specifically a scientific advisory board and an ethical
board [17]. The expected contribution of these boards is also the information on the
ethics and research possibilities and sides of the integration of obtainable biomaterial
cohorts within biobanks and the relocation of material to another biobank or a user
research institution. The simplification of transparency is further increased by
publication of the named persons as affiliate of the external committees to raise
public trust.

Public trust is one of the critical and crucial factors for determining whether
donors of human biological material are going to support biobank research
[18]. Decreased sureness in biobanking practice may have detrimental concerns:
“If individuals start withdraw their consents the human biobanks will not be
complete, the possibility to draw scientifically valid conclusions will decrease, and
the potential for follow-up examinations and medical treatment will not be fulfilled”
[19]. The progression of construction of confidence in biobanking in general is the
key to all kinds of biobanking initiatives in different countries, regardless of whether
they trust on patients or the broad public [20].

In many countries, the trust in biobanks is still instable. A statement on
conclusions of a 2010 Eurobarometer survey on the Life Sciences and Biotechnol-
ogy provided information about public perception of biobanks in European countries
[21]. Amazingly, the research findings showed only little consciousness on biobanks
of majority of Europeans. Over 60% of surveyed persons had no knowledge about
biobanks at all, and only 17% were pronounced as having active knowledge in
biobanking, collected during debates, consultations or requesting information about
biobanking activities. The most knowledgeable respondents were found in the
Nordic European countries, such as Sweden, Finland and Iceland. Also, the readi-
ness to give broad consent is directly related to the knowledge about biobanks, while
the commercial use remains a concern.

The regulatory characteristics for approvals for the distribution of human
biological samples are highly complex and are founded on numerous principles,
guidelines, protocols and laws [22]. The issue is becoming trickier and further
complex if a transnational aspect is present; regulation regarding the donation of
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human biological samples and probable compensation of donors differ extensively
in countries [23].

Commercial partners associated with biobanks and biobanking activities are seen
in general as being to a lesser extent reliable, with worries concerning the unbalanced
distribution of remunerations, biased scientific goals and potential misappropriation
of individual data [24]. The belief that the human body cannot be an item to
profitmaking or a source of commercial advantage is preserved in different com-
manding papers. The furthermost prominent is the Council of Europe’s Convention
for the Protection of Human Rights and Dignity of the Human Being with Regard to
the Application of Biology and Medicine: Convention on Human Rights and Bio-
medicine [25], which is a cornerstone of bioethics and human rights. Article 21 of the
Convention (“Prohibition of financial gain”) says: “The human body and its parts
shall not, as such, give rise to financial gain”. As addition, the Explanatory Report
[25] clarifies the sense of “body parts, e. g. nails, which are discarded tissues, and
the sale of which is not an affront to human dignity”. Blood is hence unambiguously
embraced. Other important documents also repeat about human body and its parts,
including blood [26] and no financial gain; some announcements by the United
Nations Educational, Scientific and Cultural Organization, predominantly the Uni-
versal Declaration on the Human Genome and Human Rights [27] and also the
International Declaration on Human Genetic Data [28] are reprising the norm of
non-commercialization and use prohibition for profit.

Regarding possible financial profit, different regulations refer to the possibility of
the patentability of biological samples and also bring in some other considerations.
There is a huge gap of understanding and usage, and the concept of expert centres of
BBMRI [29] is starting to solve this problem. There are many efforts actually placed
on the implementation of these ideas into reality, and the coming years will hope-
fully show some results.

In order to illustrate the set-up of the ethical requirements with a real example, the
following text describes the step-by-step implementation at UAB.

The first step of the progress of the Ukraine Association of Biobanks was clearly
on building a solid ethical and legal basis for operations of each single biobank and
the whole association.

During the last 5 years, the National Scientific Centre for Medical and Biotechni-
cal Research was the main organization at the Commission on bioethics at the
Cabinet of Ministers of Ukraine (Decision of the Cabinet of Ministers of Ukraine
from 13.12.01 № 1677) that encouraged the formation of authorized requirements
for the Ukrainian researchers to work with worldwide agreements with pharma and
bioethics. One of the major preconditions was the coordinated ethical committee’s
action at different stages in the Ukraine. Nowadays, the Bioethics Committee at the
Presidium of the National Academy of Science of the Ukraine performs all the
mentioned tasks (Decision of the Presidium of NAS of Ukraine from 07.11.2007
№ 288) [30].

The legal issues in the Ukraine are indirectly regulated by the law on transplanta-
tion, and the Law of Ukraine “On Licensing of the Certain Types of Activities”
Article 9, Part 3, paragraph 22, provided that such type of activity is included: “The
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activities of banks of umbilical cord blood, other human tissues and cells” should be
licensed. The Decree of the Ministry of Health of 10.04. 2012, № 251, approved
“Licensing Terms for the Activity of Banks of Umbilical Cord Blood, Other Human
Tissues and Cells”. However, legislation delegated some functions such as
collecting samples outside of clinical trials to ethical commissions.

Bearing in mind that actually there are no specific laws, guidelines and
regulations in the Ukraine to regulatory affect the formation, the conception, the
active work and/or the management of biobanks, which are derived mostly from
cross-institutional or mono-institutional research projects, it is becoming clear why
major ethical concerns were rising at the beginning of the process. These difficult
decisions and even the legal matters are often left to be controlled and accomplished
by the local ethical committees and their host institutions.

Informed consent forms and patient information flyers with consistent and com-
plete information, written in an understandable language and terminology, were
designed, printed and implemented in all participating organizations exceptionally
for the permission of a (biological residual materials) specimen collection for
biobanking in the Ukraine. The residual materials of human nature are obtained
from leftover of pathological diagnosis procedure after surgery (e.g. operative
removal and/or diagnostic biopsies of oncological illnesses). As in any other coun-
try, patients were asked to donate blood and/or tissue samples for specific research
projects (with a given aim and end date) and were informed about certain topics
concerning the project(s). The request to the patients about the donation of human
biological samples for a prospective, unknown and undefined research intent is
representing a huge shift in the public approach to biomedical research in the
Ukraine.

To develop the intended unified national network of biobanks in the Ukraine, the
UAB working group was required to submit several separate ethic applications as
prerequisite for each participating hospital site and each member organization. The
contemporary introduction of a standard ethics application form within UAB was an
essential improvement, which accelerated the procedure of standardization and
harmonization of operation of member biobanks (see Fig. 8.1).

Good scientific practices are the basis for initiating international cooperation,
which can enable a faster progress in the Ukrainian biomedical research landscape in
the field of biobanking. These practices were also considered and implemented as a
part of ethical-moral responsibility commitments of the UAB. In addition, simple
coding instructions, which can easily protect the privacy and confidentiality of
donors, have been developed and implemented. The documentation on ethical
concerns has a common solution for all biorepositories and researchers of the UAB.

Another important decision was that the leadership of the Ukrainian Association
of Biobanks decided to implement a scientific and ethical review board (and also a
standard application form), which will be crucial in bringing the balance of interest
of members related to various medical research protocols.
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Collection and Management of Samples 9
Karine Sargsyan, Svetlana Gramatiuk, Mykola Alekseenko,
Tanja Macheiner, Gabriele Hartl, Tamara Sarkisian, Zisis Kozlakidis,
Erik Steinfelder, Armen Muradyan, Christine Mitchell,
and Berthold Huppertz

Abstract

A number of sample access policies from member biobanks and also from
domestic biological repositories were considered during the development of the
UAB Model Tax Receipt Policy. Developing a SAP was well-thought-out and
required delicate negotiations within the UAB. Human genetics research is an
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important area when it comes to biobanks. Also within the UAB working group,
it was clear that one of the most important benefits is the establishment of member
biobanks and their specific collection of samples and data. This is important in
order to work with modern applications in biomedical research at an international
level and to study the range of human genetic variations. SAP systems were
reconsidered based on the sample access ordered by the Ukrainian biobanks. An
important step within the Ukrainian Biobank Association was the establishment
of a multidisciplinary steering committee. Experts from each research group form
the SCUAB sample access committee. SCUAB consists of physicians, scientists,
and biobanking specialists who can provide information on regional, general, and
international biobanking queries.

Keywords

Sample access policies (SAPs) · SCUAB · Management and collection of
samples · Sample input · Sample output · Sample distribution · Sample access
committee

Several sample access policies (SAPs) from member biobanks of the UAB and also
from international biorepositories were reviewed in formulating of the UAB’s
sample access policy. The development of an SAP has been very deliberate and
has required delicate negotiations within the UAB. They detained differentiations of
eligibility factors for the access of samples and corresponding data. Also important
was that the consensus on the priority for the Ukrainian research groups was time-
consuming, corresponding with active discussions and opinion exchange. A com-
prehensible SAP is a pivotal milestone for a well-functioning association as for any
other consortia and must represent and provide a simple and transparent instrument
for accessing samples for researchers.

The development of a multidisciplinary Steering Committee of the Ukraine
Association of Biobanks (SCUAB) was the next major step. The SCUAB reviews
applications for accessing samples and assisted data from biomedical research
groups from academia and industry. Representatives from each research group of
collecting sites are nominated for the SCUAB.

The SCUAB is a multidisciplinary and multi-professional active team of
clinicians, scientists, and specialists in biobanking, which is recognizing local, but
also national, and international significance and an impact on biobanking. The most
important task of SCUAB is reviewing applications from researchers, not only from
academia but also from the industry, also from national and international groups for
approval (or rejection) of sample access. Also within the UAB, the conduction of
large-scale research studies is based on reviewing of the SCUAB, which necessitates
involvement of all partners and recruitment of samples from multiple hospitals
within the association.
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Nevertheless, it has become obvious that an associated partner biobank which
constantly shows a preference for local researchers in their own host organization
rather than national or international researchers coming from outside of the given site
faces complications for requests of human biological samples from other partner
biobanks of the association. For that reason, it was mutually agreed that for all
member biobanks of the UAB, it is indeed beneficial to facilitate all kinds of
collaboration projects.

As was already reported in the introduction section, research on human genetics is
one of the noticeable fields where biobanking is involved; sometimes biobanks carry
out the research themselves. Also within the working team of the UAB, it was clear
that one of the most significant benefits comes from the establishment of the member
biobanks and their specific research aimed collections of human biological samples
and related data. The work with modern applications in biomedical research on an
international level and to study the extent of human genetic variations is very
relevant to the members. These biobanks intended to accomplish a potentially very
significant role in biomedical and human genetics research, as long as the epidemio-
logically relevant pool of samples and management of those samples and
corresponding data are standardized and suitable for requirements of internationally
recognized investigators.

If at all possible, the human biological material should be collected and stored as
best as possible to suit and meet the needs of future developments in human genetics
and molecular biology research, which can be foreseen from today’s perspective. It
would be disastrous, given the situation that after a decade, it would be realized that
the human biological material, which was collected and stored at the UAB, is not
adequate for research. Consequently, understanding the importance of this decision
and intending to develop potentially potent resources, the SCUAB is continuously
performing literature research to find hits and trends in biomedical research and
recommendations and/or providing detailed guidance to members, before a new
major sampling effort and/or profile building specimen collection begins.

As soon as a study under the scope of the UAB is started, it is vital that the
banking of samples, and, if applicable, transport to the central biobank in Kharkiv, is
carried out in a structured, robust, and reliable manner. For this purpose, the active
team of the UAB works with each member site and each collecting unit through an
IT system called “SMART” to guarantee that all sites use suitable collection
methods, harmonized and agreed for the given specific study. Also important is to
monitor that they use the same supplies of consumables and the same consumables
in all participating sites and that the processing is made at a safe and timely frame.

Under the scope of the UAB, in all member biobanks for a given collection, the
same principles and systems are implemented for sample management: shipping
samples, clinical collection of samples, sample registration, research sample man-
agement, client correspondence communication, sample distribution, research sam-
ple qualification, sample preparation, and sample storage (see Fig. 9.1).

Biobank personnel may prepare biomaterials for transport only based on
approved SOPs from vendors of trust of the UAB. This is of primary importance
to all UAB biobank sample logistics. For human biological material shipping
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services, several companies have as a prerequisite the safe and timely transport of
biological material within, but also from or to Ukraine from all over the world. To
ensure compliance with international standards, various delivery conditions can be
used, while vendors and companies support the network to minimize temperature
deviations during the transit of samples in the Ukraine, to the Ukraine, and from the
Ukraine. The UAB is getting requests for shipment of a variety of materials from the
storage site, such as liquid nitrogen, dry ice, wet ice, and samples of temperature
storage between 2 and 4 �C to meet the needs of each type of sample.

As already described, the UAB provides detailed SOPs for all procedures in the
member biobanks including the collection of samples. The protocols of collection
are part of the UAB’s shape of sample logistics for all research projects. Standard
operating procedures include instructions of specific steps of collection, the tube
types, the order in which they are collected and aliquoted, quality control, and the
handling and dispatching of mail items. The steps to follow are precisely described
(see Annex).

Registration of Samples

The registration of samples at the member biobanks of the UAB is carried out
continuously in an IT system called SMART. The SMART system was developed
in the Ukraine, taking the economic component and the national and scientific
features into account. SMART is creating a unique record at each time when
registering samples.

The human biological material is tracked in the system for storage and for receipt
regardless of the storage method (tubes, FFPE, fresh frozen, etc.). SMART uses 2D
barcodes with a scanner that can identify the information of individual aliquots of the
main sample, the donor and collection, even the tube type, and the sample type or
tissue, which was entered in the web interface.

Input of Samples

The process of including each sample in the common UAB biobank system is carried
out and controlled by the SMART IT system. If the samples are delivered to the
central biobank storage facility in Kharkiv, each parcel is scanned upon arrival, and
the collection forms and individual samples are checked for accuracy.

During input, samples are automatically assigned to specific projects. All samples
have data on the site of collection, the donor (pseudonymized), the clinical and
pathology report, and the quantity of material.
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Communication of Project Management

The project managers of a given project routinely correspond with sites and
researchers to ensure all needs are met and all sample-processing workflows are
followed. The clinical and pathology reports are generated in a given time frame.
Relationships are built with each research group/client to ensure the projects’ needs
are being satisfied: parameters of inclusion and exclusion, single parameters of
clinical information, the volume of aliquots, the amount of material required, etc.

Distribution

Human biological material provided from members of the UAB has been
disseminated worldwide. Members of the UAB are obtaining broad education in
international guidelines including International Air Transport Association (IATA)/
shipping regulations. Due to different courier contacts, the UAB is able to ship at any
required condition: room temperature, dry ice, etc.

Sample Qualification and Processing

All samples that enter the biobanks are checked for compliance with volume and
quality. Samples that do not pass quality control and do not meet the criteria of
scientific projects receive a code for rejecting the registration before processing the
sample and transferring it to the repository.

At first, the samples arrive in the laboratory department of the biobank; they are
allocated to the relevant material department of the laboratory. The lab technician of
the biobank processes the material according to the validated standard protocols in
accordance with the type of specimen. The processing protocol differs in relation to
the type of sample: blood and tissue samples may be used for the isolation of
subsamples: buffy coat, mononuclear cell, specific immune cell, and DNA/RNA.

Storage

The storage of samples in accordance with research project-specific conditions of the
UAB member biobanks is performed as long-term storage at liquid nitrogen
(�180 �C), �80 �C, �20 �C, 4 �C, and room temperature.

The variety of temperature storage facilities is offered by both individual
members and the central storage capacity in Kharkiv. All storage systems are
maintained and monitored manually, and some important infrastructure units have
automatic alarms.

The SMART IT system continuously monitors the temperature in the system, and
its programmed freeze/thaw cycle limits the flow of moisture to maintain sample
quality. The UAB member biobanks have a number of semiautomated and fully
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automated analyzers and aliquot systems for processing blood, tissues, and other
biological samples while maintaining the eligibility criteria and research project
criteria. Most analytical procedures used in UAB member biobanks involve
several SOPs.

The automated system of sample tracking with 2D technologies used at the UAB
guarantees the elimination of errors with the labelling and sample identification data.
These new states of technological innovations provide data that can be tracked and
presented through online processes. Stages of sample preparations include
automated or manual sample aliquoting, such as blood fractionation (plasma,
serum, etc.), aliquoting biomaterial, and preparing tissue. Manual sampling retrieval
may involve simply picking a sample from an automated system. The customized
service of a biobank is provided for all sample types, volumes, and concentrations.
Clients are offered a system for direct interaction with project managers based on
research project needs.

SAPs were reconsidered in the sample access policy, commissioned by the
Ukrainian biobanks. The disclosure of an SAP required extensive trading with the
UAB. Defining illegibleness for specimen admittance and comprehend agreement
on antecedence for the Ukraine study assembly was conclusive. A cleaving SAP
contributes researchers with an unmingled and diaphanous movement for the admit-
tance of specimens.

The construction of a multidisciplinary steering committee was an important step
within the framework of the Ukraine Association of Biobanks. The SCUAB
analyzes applications for samples from medical research groups. Specialists from
each research group constitute the sample access committee (SAC) for the SCUAB.

The SCUAB is composed of clinicians, study scientists, and specialists for
biobanking who are able to learn about regional, general, and international
solicitations of biobanking. The SCUAB analyzes applications, submitted both by
the nation and the investigators, providing comprehensive-separate pondering that
describe specimens from manifold hospitals within the network.

On the other hand, a hospital site consistently prefers local projects to national or
international projects, which may cause difficulties during the process of obtaining
samples from other biobanks in the frames of the network. However, there are
benefits for each place within the network to support collaborations with the
members of the UAB and the network having a priority.
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Quality Control and Risk Management
in Biobanks 10
Gabriele Hartl, Tanja Macheiner, Svetlana Gramatiuk,
Mykola Alekseenko, Tamara Sarkisian, and Karine Sargsyan

Abstract

Human biological materials stored at the UAB are collected according to the
general harmonization commitments of all members and according to common
standard procedures. Quality control is applied to 100% of the tissue samples
collected, which means that requirements are set for the collection, storage and
transport of each sample. This process guarantees the highest quality of samples
and data. UAB member biobanks support a precise quality control and assurance
strategy and are committed to being open to agility and adapting SOPs to
innovative developments and for research needs. This chapter describes the
processes and methods of implementing quality control at UAB.

Risk management is an essential part of all operational business activities.
However, for organizations providing biobanking, reducing risks is inevitably a
critical element for daily business. The irreplaceability of human biological
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material, cell lines, associated information and valuable products (e.g. cell-based
medicine and biologically effective pharmaceutical components) requires enor-
mously precise planning, comprising analysis of the full range of risk factors.
These factors can be categorized as follows: reputation risks, ethical risks,
economic risks, operative risks, laboratory risks, personnel risks, infrastructure
risks, computer technology and data management risks, strategy and development
risks and natural disasters.

Keywords

Quality control · Quality assurance · Core processes · Support processes ·
Standard operating procedure (SOP) · Risk management · Critical factors · Risk
assessment

Introduction

In the biobanks linked to UAB, analysis of the data obtained from different research
groups showed that around 80% of researchers and research units use laboratory data
from two or more laboratories, which inevitably leads to the need for additional
format and error checking for missing or unacceptable values as well as maintaining
consistency and adding annotations. It requires the creation of a group of specialist
trained scientific supervisors in the extent of supervision and analysis of laboratory
data obtained.

Some errors may be evident when tested by medical analysts or by consistency
testing based on analytical laboratory programs, but it is required to authenticate the
precision of the data by repeating the workplace analysis by random sampling from
the samples submitted.

To regulate the quality of laboratory studies, numerous statistical sampling
methods were developed. They are based on an independent analysis of at least
two or more laboratories of 15% of samples submitted.

Since all data collections enclose errors, and resources are required to minimize
these errors, agreeable standards for specific representations of data in the repository
must be determined by participating researchers and biostatistics. These error rates
are likely to vary depending on the hypotheses and the statistical government
needfulness to derive to them. The success and credibility of the work carried out
by several participating sites, researchers and laboratories will confide on the
evidence that there are reasonable standards for quality check.

Patient data:

• Clinical and demographic
• Collected using case report forms
• Managed by clinical trial research list
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• Standards across all centres
• Data: quality managed and database

The human biological materials that are stored at the UAB are collected according
to general commitments of all members for harmonization and according to the
common SOPs. Quality control is applied to 100% of the collected tissue samples,
which implies the requirements for removing, storing and transporting each sample.
This recambiomechanism guarantees samples of the highest quality and is delivered
to the customers.

The UAB member biobanks are supporting an exact strategy in quality control
and warranty procedures while committing agility to be open and to adjust the SOPs
for innovative developments and corresponding new needs for the research commu-
nity. The UAB has implemented highly innovative methods for both divisive and
functional quality control and verifying procedures (see Fig. 10.1).

Analytical Quality Control

The analytical quality control performed in member biobanks of the UAB states that
the methods and actions are to be deliberated for ensuring lab results and to be
analogous, consistent and precise in identified frames.

Core processes

Collector / co laborator
Communication (COM)

Senior managemant (SNR)

Administraion (ADM)

Personnel (PER)

Training (TRG)

Laboratory managemant (EQU)

Purchasing & Invoicing (PUR)

Marketing (PRO)

Quality Assurance (QAL)

Information technology (DAT)

Research & development (RND)

Sample
management (SM)

Sample
whithdrawal (SW)

Sample
replenishment (SR)

Support processes

Fig. 10.1 Core process and support process. Ukraine Association Biobank
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Functional Quality Control

From each tube during sample preparation, a small aliquot from the genuine sample
collection is stored, from which DNA in the future may be purified and analysed, to
fix any sample contamination and to be able to identify the sample’s identity.

Quality Assurance

To minimize each possible operational mistake, all possible process steps were
computerized mostly to exclude cross-contamination probability of samples and
incorrect labelling. Collected specimens and vials carry unique 2D barcodes for
secure identification. When new reagents, new kits and procedures for routine use
are introduced, they are all validated in more than two partner biobanks prior to
implementation. All cell lines that exist and were in use in member biobanks of the
UAB were tested in-house for detecting contamination. These tests have been
successful, and the results have shown the cell lines do not have any contamination
(no bacteria, no mycoplasma and no fungus). The cryopreserved cell lines have also
been tested on viability. In the member biobanks of the UAB, the quality control of
cell lines (contamination as well as viability) was performed in randomly selected
vials from each biobank counting at least 10%. The contamination testing was
performed by crop growing and polymerase chain reaction (PCR). Using PCR
analysis, the DNA derived out of these 10% of cell line samples was amplified
with particular primers of microbes.

Sample Management Quality Assurance

Being situated in a developing country, the UAB member biobanks and the central
storage facility in Kharkiv are maintaining secure and contain innovative units of
redundant backup emergency power generators. Cryopreserved human biological
materials, which are of higher interest, are stored in different facilities that contain
backup possibilities, with 24/7 monitoring.

Contamination Assessment of Nitrogen Tanks

Longitudinal biobanking of human biological materials in liquid nitrogen can be a
source of infection by microorganisms. A group of researchers has established a
study for an investigation in microbial contamination of embryo specimens stored
for 6–30 years (gas phase of liquid nitrogen). The frazil conglomerate can be a
reason of contamination by microorganisms, too. The results of this study have
shown that different types of microorganisms (32 bacteria and 1 fungus) could be
detected as contamination agents in liquid nitrogen-stored embryos [1]. It is pro-
posed that ice amassing in an opening side of a nitrogen tank can accrue as a
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catalyser for microbial contaminations [2]. The ice accumulation forms naturally in
the atmosphere every time the tank is opened. This ice materialization on cold
surfaces such as internal metal constructions or possibly the plastic boxes can be
the cause of contamination.

In this context, it was decided to regularly monitor the bacterial and viral
contamination of samples from the member biobanks of the UAB. The laboratory
departments of the UAB have worked according to Bielanski’s process, to check
microbial infection of smooth propellant combat tank.

Every 6–8 months, the employees of the bacteriological department take a swipe
of smears from containers with liquid nitrogen. Subsequently, bacterial studies are
carried out to isolate the pure culture.

Quality Control of Bio-specimens in Biobanks and Hospital Sites

The UAB advised that laboratory departments of hospital sites should develop and
execute quality criterions of bio-specimens (fresh-frozen tissues).

Other Activities

Due to numerous actions of the UAB, the control of quality in biological material has
been accomplished. For instance, the UAB, its member biobanks and the central
storage capacity have applied a quality management system ISO 9001:2015 which is
applicable to any organization, regardless of its type or size for the compilation,
safety and arrangement of specimens (serum, plasma, urine, buffy coat, etc.), and
was certified through the Bureau Veritas. The development and implementation of
SOPs for a preservation collection and other activities with bio-samples was carried
out for the first time in 2013 to make most SOPs a habit [3]. A storage system, which
contains an automated handling unit for organized and efficient storage administra-
tion, was obtained in 2016 (300,000 containers at �80 �C temperature) [4]. For the
methodical storage management, the machine-controlled bio-specimen management
IT platform SMART is used.

The Research of Characteristics

The scientists from research groups within the UAB have been observing different
components of the biobanking process influencing the quality of human specimens.
This information was incorporated in the best practising SOPs and for a compilation
with high-quality human bio-specimens.

The controlling of risks is a segment of all important business processes. Never-
theless, for biobanks and biobanking-performing organizations, risk qualification is
inevitably an extremely precarious component for day-to-day procedures. The costly
kind of inimitable biobanking materials, corresponding information and other high
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significance biobanking goods such as cell-based medicines and biologically active
pharmaceutical compounds call for enormously precise planning comprising the full
spectrum of risks. These risks are usually sectioned into the subsequent classes:
ethical risks, reputation risks, economic risks, strategic and developmental risks,
human resources (HR) risks, operational risks, typical lab risks, mechanical and
machine (infrastructural) risks, IT risks and natural disasters (see Fig. 10.2).

Risk assessments and/or determinations are in principle extremely specific, and
they are built on particular awareness of the staff. Therefore, to get a diverse and
comprehensive overview about an organization’s risks, it is recommended to orga-
nize a training with the personnel from all hierarchical levels and all areas of
biobanking such as managers, public relations (PR) officers, HR officers, lab
technicians, accountants, scientists, IT specialists, bioethics specialists, engineers,
medical doctors, research nurses and carrier organization members (as strategy
makers and stakeholders).
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Governance and Stakeholder Analysis 11
Svetlana Gramatiuk, Tamara Sarkisian, Zisis Kozlakidis,
and Karine Sargsyan

Abstract

For biobanks, stakeholders are medical or pharmaceutical organizations, groups
of scientists or individual scientists with interests within the organization or
individuals who can influence the organization’s operations and policies. Within
this chapter, the method of developing a stakeholder analysis for the ASK-Health
Biobank from Ukraine is presented. Here, stakeholders were identified and then
analysed, assessed and linked to specific influencing factors. Based on these
results, interventions and strategies were planned and implemented in a risk
management plan.
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Biobanks have interactions on many levels. As biobanks are important long-term
research infrastructures that represent the basis for the development of precision
medicine (personalized/stratified medicine) in research institutions, the levels of
interactions for a biobank are diverse. Globally, they are still perceived as young
institutions (although they contain samples from many decades), unknown not only
to the general public [1] but also to scientists and clinicians in developing countries,
and the sustainability of these institutions depends on support from various
communities [2]. Effective management of the interaction with the relevant reference
groups based on a stakeholder analysis is therefore an important task in the project
management of a biobank [3]. In the scientific literature—especially from the Anglo-
American and Northern European regions—the focus on the topic of biobanking
communication and participation has so far been on informing and involving
patients, test subjects, citizens or “the public”. The spectrum of activities and
objectives ranges from increasing the awareness of biobanks as a research resource
with the aim of legitimizing them socially and improving willingness to participate
[4, 5] through the survey of attitudes, perspectives and concerns of sample donors
and the public, in order to be able to adapt the argumentation and the offers [5, 6] up
to the integration of patients in the steering committee or even the establishment of
biobanks by the patients themselves [2, 6]. The importance of other stakeholders—
the medical institutions and funding organizations as the main donors or the
researchers as the actual “customer” of a biobank [7]—has only recently been
given more prominence and systematically researched.

The professional groups active in healthcare who (should) take samples in the
treatment context, which are then stored in a central biobank for research purposes,
are increasingly coming into focus, because without this kind of biobanks
(connected to central labs of multi-profile clinics) and their contribution, the
possibilities of sample collection are very limited [8]. Cañada et al. even argue that
direct interaction with the public is only a minor part of interaction with stakeholders
and that involvement of other groups—hospitals and clinicians, other biobanks,
public administrations and sponsors, industry as well as researchers—may be even
more important when the biobanks are really intending to generate scientific added
value [2].

For communication, for the development phase of centralized biobanks, for
example, at university clinics, the following different levels of communication
requirements should be taken in account:

(a) Patients and healthy controls as sample donors—need of being informed
(b) Scientists and clinicians—the expectations towards the new infrastructures
(c) Biobank personnel—being informed by managers

The communication and information need and amount should be determined in
order to generate the desired commitment. Also, this is why carrying out a stake-
holder analysis is a primary task.
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Stakeholders are the reference groups or target groups of the organization (or a
policy area or topic) who are influenced by it and in turn influence it [3]. Only by
identification, characterization and prioritization of these groups is it possible to
strategically plan the relationship and interaction with them. Numerous methods of
stakeholder analysis have been described, but in principle they proceed in a compa-
rable way [9].

Identifying stakeholders is one of the important first steps in this process of
stakeholder management. In practice, this is usually done through a brainstorming
session, which should include people who know the thematic environment well
[9]. It is strongly advisable to have the primary generated list of stakeholders
checked by someone who is not part of the project team (neutral opinion)
[3]. Stakeholders of a biobank can be classified as internal or external to the caring
organization (university, clinic, company, etc.) or according to the nature of their
association with the biobank:

(a) Directly associated (e.g. employees, sample donors)
(b) In the immediate vicinity and with direct interaction (e.g. scientific sample users
(c) In the wider environment (e.g. other biobanks, authorities, legislators)

Describing each particular stakeholder’s interests, values and influence is highly
important (e.g. positive/negative attitude), but it is much better and more advisable if
they are described on the basis of research data (qualitative, e.g. interviews, quanti-
tative, e.g. surveys, etc.) so that they can be characterized in terms of their
possibilities of influencing.

For example, the stakeholders can be mapped in an influence-interest matrix,
whereby other decisive organizational features can also be selected for the mapping,
if necessary. The stakeholder management and interaction strategies result from the
respective placement.

It is important to ensure that the interaction with the people and groups who have
a high level of interest and also influence is very close and maximally interactive,
while those who have a high level of influence but little interest are concerned with
keeping them satisfied. In the case of stakeholders who are very interested but have
little influence, it is sufficient to provide them with information on a regular basis
(which can be monthly, quarterly, etc. based on the given agreements), while those
who are neither interested nor influential should only be observed in order to identify
any critical changes at an early stage.

Since resources are usually limited, it is essential to prioritize the stakeholders on
the basis of the previous characterization, possibly to summarize different groups,
and to limit the strategic planning of measures to selected stakeholder groups.

On this basis, a specific interaction strategy (engagement strategy) must be
developed for each of the prioritized stakeholder groups. Hereby, the stakeholder-
specific “commitment” can be exactly described and documented in the stakeholder
management plan or in a different level model. The spectrum of levels ranges from
activities that are intended to change the expectations or views of stakeholders,
through educational measures and seeking advice, to partnerships with equal rights
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and actually shared decision-making power [10, 11]. In today’s increasingly partici-
patory society, it should always be critically examined what the purpose of the
interaction and integration is. Pro forma measures should be avoided.

In order to quickly adapt the measures, if they are not successful or if external
conditions change, it is necessary to closely monitor the attitudes of the stakeholders.
If the characteristics of the stakeholders change, a change in the interaction strategy
or a change in the project plan may be necessary [3].

To present the stakeholder analysis and management plan process in a more
applied manner, the UAB stakeholder management process is described. The
stakeholders of UAB were identified as medical or pharmaceutical organizations,
groups and individual scientists with a concern in the institution, which can affect the
organization’s actions and policies. The growing number of new biobanks
underlines the importance for each and every biobank to identify their stakeholders.

Groups have been built from all participants. They became assigned issues for the
development of a hypothetical outline in biobanking, which must include a ranking
of needs (e.g. economic, operational or infrastructural). The setting up of a clinical
study based on new and comprehensive SOPs was also discussed. The clinical
professionals and heads of departments simplified the situation into (for politicians)
understandable SWOTs. Results were introduced as follows (Table 11.1).

At the ASK-Health Biobank (Kharkiv), the identification of stakeholders was
done in the framework of writing a sustainability plan. Here, stakeholders were
identified and subsequently analysed, evaluated and related to specific influencing
factors. Based on these results, interventions and strategies were planned and
implemented into a risk plan.

The following stakeholders of the ASK-Health Biobank from the Ukraine were
identified:

• Stakeholders that are directly associated with the ASK-Health Biobank such as
donors and staff of the University’s Medical Clinic and Centres of Ukraine
Associated Biobank as the owner of ASK-Health Biobank

• Stakeholders within the closer environment (e.g. biobank users, service
customers, research partners) were assigned to core activities of the
ASK-Health Biobank. These core activities are collecting, processing, storing
and providing specimens for information, analysis and preparation, education and
training and consulting and coaching.

• Many stakeholders were identified in the wider environment such as other
biobanks, legislation, ethics and the general public.

The stakeholder analysis is an important tool for biobanks to identify the optimal
future strategy and to evaluate potential risks (see Fig. 11.1). It is important to
communicate continuously with stakeholders to be able to act and react to changes
quickly. Implementing a stakeholder analysis in the management strategy is
recommended to all biobanks.
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Biobanking IT Systems, Database Structure
and Web Applications 12
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Abstract

The rising importance of biobanks for biomedical research cannot be overstated.
They are expected to deliver a sustainable impact on research by generating a
high-quality resource with clinically annotated data corresponding with relevant
biological samples. This corresponds with the growing demand for biobanks to
deliver high-quality samples and, more importantly, high-quality corresponding
data and accurate knowledge of sample locations and life cycle (storage method,
temperature and its deviation). With the large use of new large-scale analytical
technology platforms (-omics), the required capacity of stored data increased
exponentially, resulting in greater challenges for the architecture of biobank
information management systems and their interoperability for further down-
stream research. Through such a kind of system, it is possible to control the
individual samples and their location at any time on the way to the laboratory and
storage capacities: during storage in tanks, on the extraction bridge, during
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aliquoting or during transport to the workstation or to analysis platforms. These
are particularly important requirements for efficient work and the correct use of
analytical data and materials for future medical research, with the potential to
improve the quality of ongoing work and integrate new functions.

Keywords

SMART · LIMS (laboratory information management system) · Data ·
Databases · Interface · Database · Data model · Oracle · Web interface · Data
management · User management · IT system

Although biobanks play an important role in establishing links between important
basic biomedical research and clinical trials [1], the access to high-quality and well-
characterized biological resources remains a serious problem. The adequate avail-
ability of samples, especially, e.g. in rare diseases, requires the cooperation of
several biobanks, which must possess an interconnection and have a similar quality
management [2]. The choice, implementation and the use of an IT management
system for biobanks is recognized worldwide not only for their biological resources
over their lifetime but also for improving data quality and linking biological samples
to relevant clinical data. Biobanks that continue to use other “expired” methods of
data collection (e.g. spreadsheets, paper records and handwritten storage tubes) are
in very poor condition. With the increasing use of large analysis platforms, the
amount of data generated has exponentially increased due to its relatively affordable
value. This posed new challenges for the BIMS (biobank information management
system) architecture. In addition, improving the quality of biological samples stored
in the repository will de facto improve the quality of research results and corre-
spondingly help reduce non-reproducible research data, which, according to
Friedman et al. [3], is responsible for more than 60% of all nonreproductive causes.

In addition to the data and sample information management, design as well as
input, it is important to cover the activities of the specific biobank and the functions
that come with its profile. Also, a functioning IT system (software and hardware)
strengthens the partnership with all partners.

The growing importance of repositories for research should not be
underestimated. In addition, there is a growing demand for biobanks that provide
high-quality samples. The ISBER Best Practices for Biobanks and the International
Agency for Research on Cancer (IARC) General Minimum Technical Standards and
Protocols [4, 5] emphasize the use of an effective biobank IT management solution
that tracks efficient biological resources throughout their life cycle. Paskal et al. and
Bendu et al. [6, 7] define the use of the information management system as an
important subject for the operation of biobanks and laboratories.

The ever-increasing demand for the research warehouse capacity should neither
be over- nor underestimated. This forces biobanks to focus on providing high-quality
samples rather than on how the samples should be stored. Paskal et al. and Bendu
et al. [6, 7] define an efficient IT system as a key issue for biobanks. They point out
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that the choice of a particular BIMS is closely related to a number of important
properties that will differentiate the analysis results for each repository and service,
which is provided by the biobank. There are many BIMS models available from a
conceptual point of view. Biobanks provide their own solutions or cloud software,
commercial software and open-source software or special laboratory systems with
biobank management modules. In developing countries, the most common option is
the development of an internal solution, which often requires significant develop-
ment and maintenance costs [5].

As part of the biobank development project, an evaluation for the decision
internal development versus commercial BIMS has to be performed based on
selected requirements. Among others, the following criteria must be taken into
account:

1. Basic functionality
2. Reports and barcode reading/printing
3. Quality, safety and compliance
4. Sample inventory function
5. Data management (speed and security)

Currently, there is no exhaustive list of BIMS, so each biobank, depending on its
profile and requirements, must conduct a market analysis to find a suitable manage-
ment solution [8]. Most BIMS are derived from laboratory information management
systems and perform a number of key functions [9]. The main activities relate to the
registration and monitoring of biological resources (biological samples, relevant
clinical, demographic or laboratory data) from their receipt to their subsequent
distribution. The importance of keeping track of the laboratory’s progress,
organizing the data from subsequent analyses and reviewing the recorded data
cannot be underestimated. All of these testimonials contribute to the long-term
value of the recorded sample.

The BIMS is indeed a powerful tool associated with a large number of samples in
biobanks. It contributes to the improvement of the quality of biological resources,
ensures the development of biobanks (methods, infrastructure, consumable change,
etc.) and keeps every step recorded. In addition, it enables complete consistency in
the supply chain by tracking every step from sample to delivery, reducing potential
errors and increasing the communication capacity [5, 9, 10]. From an IT perspective,
each biobank process is an important workflow in itself, so the BIMS supports a
number of processes that make it easier for biobank staff to access and manage
samples. Biobank databases are custom configurations designed to better support a
specific storage process by addressing the requirements of the specific biobank
workflow in the database. BIMS can keep track of who processes each sample at
each stage of the workflow [10] for all samples stored in the repository, which helps
each biobank with their quality assurance and control.

To determine the BIMS requirements, each biobank must follow their own
processes to document the exact needs. Biobank scientific organizations have
already made significant efforts to standardize data collection and facilitate the
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exchange of data between biobanks. There are several papers and other scientific
literature that focus on the BIMS implementation concepts and requirements [11–
16]. The biobanking and biorepository standards [4, 5, 17–22] were also subse-
quently revised to meet the requirements of modern biobanking and the development
of analytical technology. These developments and revised standards were based on
biobank business plans, publications and discussions on institutional restrictions or
regulations, legal advice and best practice guidelines. In addition, brainstorming
techniques were used, and unstructured expert group discussions not only in
biobanking but also with laboratory sciences or with pathologists were carried out
to classify laboratory-related requirements of the biobank workflows.

The selection process for defining an IT solution can be very extensive and can
take more time and effort as initially expected. The identification of affordable IT
solutions on the market can be done in consultation with the national network of
biobanks, local collaborative platforms, etc., taking into account suppliers known in
the field of biobanks or active in laboratory IT. Given the possibility of a common
doctrine in a specific country, region or multinational organization, overhead
regulations will have a greater impact on negotiations with future service providers
and will be facilitated by the use of the same IT system [23]. The first assessment
must be performed by analysing the number of free features published by the
provider on their website, to have a short list for further work and to be prepared
for securing data lifecycle management in research [7, 24]. The next round of
selection should focus on the live demonstrations of exposed systems. User require-
ment cases (use cases) must be identified, briefly described and provided to the
developing team or commercial suppliers for the extensive assessment. Previously
defined short requirements can be used as a checklist to assess the effectiveness and
adherence of processes.

To enhance and support the operation and the service of a biobank, the IT solution
should support the registration of all donors of the biobanks. Due to strong ethical
and legal requirements in the biobanking field, the patient or donor may terminate
the contract at any time without delay. All IT systems and programmes in the
biobank must include processes to support the immediate patient/donor withdrawal.
Also, the biobanker should be able to see all the stored samples and the available data
with the corresponding usage possibilities and restrictions (if any).

The creation of the databank architecture for a biobank should follow the
relational design process. Data to be recorded in the database must be identified
and described (as far as possible) in the specification book from the outset. Specific
donor and biospecimen criteria must be defined, but also several standard donor
identification categories (e.g. ID, patient, institute) must be included to facilitate the
possible interconnections with the hospital information system and/or analytic
platforms. The linking of data and its associations should be implemented for
completeness of the data. The primary keys (patient identification data, represented
in numbers) represent unique codes that are unique to each record and should be
used to match a dataset or biospecimen to a donor and to establish relationships
between tables in the databank, i.e. between different pieces of information. The
creation of the relationship between different tables of the databank should be
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performed by the IT team (own team or commercial provider), but the concept must
be done by the management of the biobank and the project management group to
fully support the biobank routine.

Non-profit research biobanks are often developed by scientists for the needs of
their own research or the research of their own organization, with little or no IT
project management skills. Thus, this work can be supported by several publications,
such as Prokosch et al. [12], who offer a process that demonstrates the complexity
for a research biobank to implement a BIMS in conjunction with its own institution’s
IT department. The main challenge for non-profit biobanks is the implementation of
management-oriented processes with little or no knowledge of IT-specific project
management.

For a database plan and smooth implementation, the first important task is to
define the company’s goals by analysing the processes and defining the benefits of
implementing such an IT system. These objectives will guide the biorepository
through the selection process. BIMS compliance with safety and regulatory
requirements is of great importance and a crucial point in the decision (especially
for an internal or external system). The traceability of stored biological resources
(sample and clinical annotations) has to be ensured.

The IARC, in its technical publication No. 44 [5], defines that “IT systems must
ensure complete traceability of samples and data” and that “it can be accessed only
by authorized personnel”. During workflow analysis, a biobank should demonstrate
evidence of scalability, the ability of systems to be modified in the future, business-
specific requirements, and upgradeability, as well as the likelihood of future update
support and, in the case of new device implementation, connectivity. In addition, the
usability (user-friendliness) of the system is the essential prerequisite for its accep-
tance by biobank employees. It will contribute significantly to the biobank
employees’ decision to use it. Therefore, intuition and the intended training time
to acquire basic knowledge must also be factored in.

In our opinion, support and cost must be weighted as factors with the second
highest score. For a small biobank without IT support from the institution, the
services that the vendor can provide are crucial for a smooth system implementation.
It is important to identify whether the vendor offers live support and annual service
plans, and whether licencing costs cover major system upgrades and integration
support for workflow automation development.

Furthermore, the system acquisition and/or development costs have a major
impact on the sustainable development of the biobank. Providers have different
business strategies, and the offers are sometimes not comparable. It is important not
only to determine the upfront budget (target price) but also to calculate and include
license fees, configuration and/or customization work, implementation and integra-
tion support, quality and validation test assessment, etc. Clearly, the quality and
complexity of the implementation will have an impact on the final expenses. In
addition, the acquisition of an out-of-the-box (specially customized) system, com-
bined with a phased approach that prioritizes the requirements with the greatest
return on investment in the first phase, has a positive impact on the sustainability of a
small- to medium-sized repository, as described by Nussbeck et al. [13].
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For short-term developments and effects, there are tips for optimal use of the
BIMS search engine, which has been reported by Kyobe et al. [25]. Nevertheless,
criticisms must be made of the development regardless of how sophisticated and
complete the programme and its logic are, and all possible options to facilitate an
information solution that meets most of the resources needed must be carried out.

The IT landscape of UAB is presented as an example of an in-house
implementation.

The laboratory and biobank IT programme—SMART—is representing the most
technically advanced laboratory information management system in the Ukraine
from the time when it was introduced to the market until now.

The SMART system has been developed together with a UAB specialist to serve
also the biobanking needs in the Ukrainian market. It is a browser-based deployment
with web interfaces and a flexible and configurable web service. It contains a rich
catalogue of attributes, which can be modularly implemented in a laboratory and a
biobank serving the required management functionality.

The first prerequisite of SMART was to link it to all storage capacities indepen-
dent of the typical inconsistency and heterogeneity of storage unit categories and
temperatures. At the beginning of the implementation of SMART, in the UAB
member biobanks and sites, a survey was conducted with information on collections
and facilities. This provided a basis of definitions and detailed specifications includ-
ing the wide range of the UAB members’ sample diversity. The structure of storage
containers is a reflection of the association’s infrastructure such as the following
three types: humidity-controlled room temperature storage, nitrogen reservoirs and
freezers. A wide-ranging and fixed chain of links (from the tube to the box to the rack
to the stage, etc.) describes the exact location of each aliquot. Precise general as well
as rest capacity for the storage unit is documented in SMART for capacity monitor-
ing purposes of each partner biobank. The hierarchic structure in the SMART system
is stiff; nevertheless it can grow integrating new ranks, new storage units or transfer
of samples within the unit (defragmentation).

The second prerequisite for SMART was the constant tracking of the samples and
the documentation of all actions in the system, including the management of the
active procedures from specimen retrieval to the in-house analytical measurements
and the shipping.

The third prerequisite for SMART was the fast import and export of the
corresponding data from medical records and various databases and to be able to
input the information for any certain sample collection. SMART does not substitute
for the location or collection type-driven databases but rather relies on these
databases for flexible administration and control.

As a final point, SMART validated all security controls to fulfil the requirements
of data safety and confidentiality in accordance with the ethical standards of
the UAB.

In Fig. 12.1, it is shown how SMART manages the requests and the functions to
access big data collections through an easy-to-use and user-friendly interface.

Considering the size of the database, the relational data model is a logical
decision, which was developed in Release 2 Oracle (10.2.0.1). The database has
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the ability to manage a large amount of data, which increases the speed of processed
requests in the system. The system includes the possibility of a high level of recovery
in ensuring ethical and legal security and guarantees for the tools used.

The database model used in the SMART IT system improves the opportunities for
greater flexibility provided by the storage facilities. The database model of the UAB
includes clinical information, (non)exclusively collected for projects, and the exact
identification of the tables used, different samples, aliquots, tube types, containers
and storage units.

SMART database management uses graphical and web interfaces developed on
6.0 Oracle Developer in the Java operating module using Java Soft JDK. The
independent platform interface can adapt to the user and its role and relation to a
member biobank of the UAB depending on the programmable user management.

The system allows to control the single specimen and its place on the path of
laboratory and storage capacities everywhere: when storing in tanks, at extraction
bench, by aliquotation or transportation to the workplace or to analytic platforms.

The extensible SMART model is the most promising model of IT systems in
medicine and biobanks in the Ukraine. This concerns especially its key requirements
for effective work and the correct use of analytical data and materials for future
medical research with the possibilities of improving the quality of ongoing work and
integrating new features. The SMART database is adapted to a variety of collections

Fig. 12.1 The SMART operates control comprehensive datasets through a sincere user-friendly
interface. Ukraine Association Biobank
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and different storage structures. This system can assist any biobank or research
centre and is usable with all known web interfaces.
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Management Model and Sustainability Plan
of Biobanks 13
Gabriele Hartl, Berthold Huppertz, and Karine Sargsyan

Abstract

It is important to realize that understanding important issues such as the financial
and economic situation of UAB member biobanks, which are directly related to
biobanking and biobank maintenance, is essential for the successful use of private
and public support. The process of developing a biobank cost model in the
Ukraine has been studied over many years, taking into account the issue of
funding mechanisms to ensure biobank stability. This chapter examines the
objectives of the Ukrainian biobank sustainability plan. The development of an
in-depth and detailed research and growth strategy for the UAB was the corner-
stone of the sustainability plan.
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Understanding important issues such as the financial and economic situation of the
UAB member biobanks is crucial for the successful use of private and public
support.

The process of developing a cost model of biobanking in the Ukraine was
examined, considering the question of financing mechanisms (e.g. cost recovery
models) to ensure the stability of biobanks over many years.

The purposes of the Ukrainian Biobank sustainability plan are:

• To develop and accomplish an extensive sustainability plan that permits to
manage the immediate economic needs for the short-term strategies and the
long-term financial and functional sustainability with the support of the focused
elaboration and uprated processes. The strategy of the business is detailed.

• Achieve the required financial capacity with the help of the stabilization of the
current economic limits and expanding opportunities for a better industry coop-
eration including not only the biospecimens but also analytical services.

The development of an extensive and detailed research and growth strategy for
the UAB was the keystone for the sustainability straining. After completing the
development, the strategic plan, which consists of two phases, was presented and
considered in full and in detail to the main stakeholders of the UAB, such as the
medical institutes and medical universities and the faculties of medicine. This
process helped to review and clarify the executive needs.

Included in the content research were the development and the implementation.
UAB tried to study more on the economic circumstances of biobanking, especially in
low-income countries, and to gain real costs and the possible pricing information, to
gain expertise in small market research (Internet research, etc.). The focus was on
recovery and funding of the costs, biobank demographics, pricing and specimens as
well as products and services.

Some freely accessible industry reports from investment firms about biobanking
were an important resource of information for the clear understanding of the market.
The research, which is announced by such companies, pointed out the global
requirement on tissue, and the accompanying information and study services. In
2015, it was valued at around 850 million euros, and the market growth of biobanks
was around 20% per year. It was also mentioned that the biobanking market
representation is extremely competitive but is a segmented market.

The team of the UAB carried out a rigorous investigation of operating costs
related to the direct market of the Ukraine, both with and without personnel costs.
Personnel expenditures were made up of temporary and variable costs. These costs
have been discovered and documented in all the aspects of biobanking: starting from
the realization of the patient consent, the application and administration of IRB
issues, the biospecimen collection as well as the accomplishment and storage, the
administration of data, the maintenance, the equipment and possible growth
investments.

After identifying the costs, the team at the UAB improved benefit forecasts for the
following 5 years, containing all possibilities, which rise from industry and academic

92 G. Hartl et al.



research agreements, donor gifts, grants and departments. All these additives
increase in value of the UAB and were adapted well disposed to the significant
biospecimen disposition instruction for 5 years.

The UAB member organizations (who responded to the survey) indicated that the
highest percentage of responses received from biobanks came from government
medical (academic) centres (69.9%), municipal clinics (12.9%) and self-regulating
scientific laboratories (8.6%). The lowest amount of answers came from industrial-
commercial institutions (4.3%) as well as from specific government-supported
projects (4.3%). While respondents have been requested information on
biorepositories’ administrative-structural models, the mainstream showed informa-
tion on biorepositories, which were dedicated to research actions and performance
(66.3%). 17.2% were included in network structures (numerous repositories), 12.9%
of the biobanks worked autonomously and 8.6% remained associated biobanks
(network).

The funding of the UAB members was defined with probable spreading of the
financial sources per year (see Fig. 13.1). The most popular sources of finance were
identified to be payments of sample and data usage fees, which have recuperated
from tasks of biorepositories. Second popular was the governmental or so-called
economic support of non-profit organizations as well as internal funds from carrier
organizations. Subsidies in the form of private grants, assistance and generous
donations have been described only very rarely.

An original specification to the UAB structure of the human biology collection
was created as a so-called fee-for-service model, which ties in with the results of the
fully established and flexible personnel and consumables fee and all other costs. A
specific market analysis for the Ukrainian market of biobanking showed that these
costs are slightly higher than the costs of the competitors. According to the judge-
ment of the UAB, it was important to keep a competing degree for an insistence of
space on the market, and for more specimen usage from the UAB. A revision of cost
calculation with a focus on process optimization and cost reduction was based on the
dynamics of the extreme standard construction set-off to be constructed. It gave the
conclusive level of self-costs of less than the standard supported market costs
(approximately 27% lower), which provided the association with an opportunity to
survive on the market.

The UAB drew up a sustainability plan for a building, which initially focused on
two questions:

1. Are there any resource opportunities to be gained, and if so, can they be the
solution of the funding problem and where should it be addressed to?

2. Is there a possibility of leveraging university-wide or host organization wide
resources for biobank development? Can this strategy be an opportunity to be
successful? Should the UAB fill the place with a core resource established within
a health school?

An extensive UAB project team has supported the implementation of the newly
developed sustainability plan, being further part of the UAB to develop inside
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knowledge and the basis for stakeholders. The list of involved people in this
innovative development to join the effort consists of existing personnel from various
member organizations of the UAB and an MBA (legal) from a regional institute.

Fig. 13.1 Estimated distribution of funding sources annually. Ukraine Association Biobank
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Sustainability Plan and Project
Management of a Biobanking Network 14
Svetlana Gramatiuk and Gabriele Hartl

Abstract

A planned management approach was used to provide the basic framework for
developing, implementing and evaluating sustainability efforts. This approach
was particularly useful in gaining insight into the large number of host
organisations and stakeholder organisations within the UAB membership. It is
important that the work plan is disclosed to all UAB members, setting goals,
showing progress, suggesting necessary steps for better alignment and optimising
routine work as much as possible. This chapter explains the process of developing
a sustainability plan for UAB. Fulfilment of this strategic development plan with
the bridging funding shown will lead to short-term financial stabilisation of UAB.
The long-term success and continuation of the plan will be assessed based on the
metrics achieved and how exactly it works.
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were not controlled by the host organisation. It is essential that the work plan is
disclosed to all members of the UAB, which reveals objectives, makes progress,
recommends necessary steps for better alignment and improves routine work as
much as possible. It was also important to inform all stakeholders, not just those who
were worried. The fact that a project manager was appointed who had an extensive
instructional background in the field of biobanking was extremely valuable in this
situation. Both extensive experience and institutional knowledge have enabled
greater capacity, strength and speed in a plan development. It was also supported
by a funded request of evidence designed to secure employees. The UAB realised
that settling the parameters of cost reimbursement at the UAB was necessary, but in
order to work out, there was the important need for cooperation partners and research
projects. The UAB’s own fundraised research was also used to achieve a stable
income from business activities even to be non-profit, to be able to maintain
biobanking in general and develop facilities.

After strategic planning of possible sustainability was composed, improved and
scrutinised through the team of the UAB, it was implemented in all member
organisations for garnering the internal funding. Specific funding for a period of
1 year (apart from in-kind contributions from the host organisations) was provided
by some interested research organisations with the support of the benefiting endow-
ment. Several operational enhancements have been made, also including the system
implementation of ISO 9001:2015 and setting up a second-rate constitution structure
to intensify security and safety within the UAB members.

The sustainability plan defined and systematically sharpened strategies, which
were implemented in two stages: at the beginning, monetary stability (Phase I),
followed by centralised manoeuvres in the financial, employment and trade process
performance of the UAB (Phase II). The timelines were improved. Figures 14.1 and
14.2 show some specific tactics that were necessary for the consideration of strategy
in order to become stable as well as advance a long-term economic capacity of a
research biorepository of networks in the Ukraine such as the UAB. One of the main
issues was to engage members in construction of industrially supported research
with the pharma and biotech industry, as well as implement a standard material
transfer agreement (MTA) to be able to work with for-profit and not-for-profit
entities, and keep out of the opinion connected with the biospecimens “selling”. A
close collaboration with the health school, medical institute, medical university and
other academic research collaborations positively influenced the situation and was
essential for the development.

An evaluation was made for both in-house and accidental investigation
partnerships, and the UAB recently released the primary list for an investigation
plan including brain tissue. For some additional revenues, other plans are at the
interlace stage of agreement. A relationship with a biomarker investigation agent
showed results in providing some unique and typical interest in opportunities for
collaborative investigations, goals in cancer studies, to the inside and unintentional
researchers, patients and the regional participation and charging with revised MTA.

The UAB working group is working and setting out a plan of presenting the
Ukrainian biobanks’ specific and unequalled characteristics, aware of cooperative
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study chances, as well as goals in cancer investigations to the in-house and periph-
eral researchers and the regional participation. These home-grown adverts recom-
mend the usefulness of biospecimens among academic institutions and the industry.
The team also targeted at some well-known official events, such as popular meetings
and conferences, to intensify requests for specimens.

The UAB’s sustainability plan was primarily used for garnering support of
private grants and research funds, and secondly outlining both short- and long-
term operating- and economic modifications. The forceful strategy installed reliabil-
ity through understanding and describing a need of research and outlining the UAB’s
value being a biobanking research strength in the Ukraine.

With the help of the method “Milestone—focused, project management” it was
proven that documented advances also convince critical stakeholders. Perspective
standardisation and cooperation with European biobanks have given an opportunity
to biobankers to learn and to develop structures. Also, the opportunity to researchers
was given to admit specimens from a network of biorepository collections.

In the meanwhile, the accomplishment of a strategic development plan with
stopgap funding showed results in a short-term financial stabilisation of the UAB.
Its long-term achievement and succession will be estimated based on the metrics
accomplished and the accurate way of working.

Fig. 14.1 Tactics stabilisation. Ukraine Association Biobank
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Fig. 14.2 Tactics Financial Solvency. # Ukraine Association Biobank
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Abstract

Interethnic variations in Ukraine may influence the number of chromosomal
aberrations detected and the treatment and pharmacokinetics. Studies of different
institutions determine the identification of singular oncological diseases typical
for Ukraine. The UAB Central Biobank has medical specialists in the institutions,
especially in the Central Data Management Department, the Clinical Trial
Services Department and the Research Department, which provides highly oper-
ational and continuous research support. A Biobank Steering Committee and
Medical Advocate have been appointed to support the collection and practical
consumption of biospecimens in a multicentre design.

The UAB has applied the ESBB criterion in the SOPs for tissue storage, tanking
and processing from the beginning. In general, the SOPs implemented in the
network support these standards with minor modifications. Policy coherence and
SOP as progress, speed and protocols brought about concerted collaborations of
data protection, database management, data sharing, tissue collection and tanking,
ethical considerations, sample accessibility and workshops and training.
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Interethnic variations in the Ukraine may influence the number of chromosomal
aberrations detected and may influence medication and pharmacokinetics. Studies
of the Institute of General and Emergency Surgery NAMS of Ukraine and Institute
of Medical Radiology of S. P. Grigoriev National Academy of Medical Sciences of
Ukraine and the Department of pathophysiology of Kharkiv Medical Academy of
Post-graduate Education insinuate that undeniable genetic diseases personate a
material physical interest for the Ukraine. These embrace genetic oncology, rheu-
matologic, metabolic, endocrine, neurological, haematological and ophthalmologi-
cal circumstances, as well as inherited malformations. The hospitals of the Medical
Institute also designated the identification of singular oncological diseases, which
are typical for the Ukraine.

It is therefore expected that the sectional biobanks will be authoritative for
meditation, anticipation and curing oncological diseases. It is also confirmed that
they contribute particularized molecular and pharmacological data for expert
research.

A network overarching the 23 medical centre managers becomes the project of
the Ukraine Association of Biobank. The Central Biobank (ASK-Health, owning the
central storage capacities) of the UAB has medical specialists in institutions espe-
cially in the central data administration department, the department of clinical trial
services (I–IV phases) and the department of research to offer very operative and
continuous research maintenance. The Biobank Management Committee and the
medical lawyer were appointed to encourage the collection and the hands-on con-
sumption of biospecimens in a multi-centric construction.

The UAB members are increasing the sample collection as well as the biobank
service maintenance. Also, a “platform” for the centralization of efforts in the UAB
was installed. This generates an arrangement, which encourages a comprehensive,
wide-ranged and mutual research with associated medical institutions and hospitals
(see Fig. 15.1).

The network of the UAB is important for the region-specific human oncological
diseases. The concept suggestion of biobanks for this specific intention must be
implemented since biorepositories store collections of human biospecimens. How-
ever, in this case the main value is the associated data. Due to economic difficulties
in the Ukraine and the lack of state funding of the UAB, a decision was made to
create a single central biobank storage facility for all participants and members.

The beneficial progression of any biobank is reciprocal to the general support of
the population and the willingness to voluntarily donate. To note that, while the
limited data on the Ukraine’s public opinion regarding biobanking is positive, little is
known about potential concerns of the general public, and data derived from other
areas may not be applicable to the Ukraine. They indicate that aside from the
educated part, most of the population is unfamiliar with concepts related to genetic
research (e.g., DNA, genes). This factor may limit the willingness without initiatives
designed to educate the public and encourage a participation.
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Example from UAB

From the beginning, the UAB exercised the ESBB criterion in SOPs to store, tank
and handle tissue. The SOPs that were generally exercised across the network are
supporting these standards with insignificant modifications. Policy coherence and
SOP is a progress, quickness and protocol accomplished harmonious collaborations
of workshops and education in data preservation, databank administration, data
division, tissue compilation and tankage, ethical considerations, specimen accessi-
bility and quality counteract.

At the outset, it was essential to project an arrangement for the disclosure,
revision and approbation of the strategy. It was essential that the policies were
conformed with the national and European rules and the directives. It was the first
range when the UAB presented the standardization list of the Patients and
Volunteers Information Letter (PIL and VIL), the Consent Form Biobank (CFB)
and the SAP in the Ukraine. At the beginning, it was difficult to discern the right
order of submitting the documents for review in the UAB.

The Irish footpath was recognized as the most qualified one, and it could also be
recommended that a similar arrangement of instructions can be adopted for the
development and compliance in the Ukraine. First, an agreement with every hospital
in the network was needed. Secondly, obtaining a formal legal opinion from an
independent medical lawyer after the documents have been reviewed by the Risk and
Legal Department at UAB. Thirdly, the Ukraine Association of Biobanks assesses
all documentation. Fourthly, the applications to the research and ethics committees
of the individual clinics within the biobank network were approved. The fifth step
comprised the review of the entire documentation by the data protection commis-
sioner, whereby the commissioner explicitly focused on the proposed method of data
sharing (see Fig. 15.2).

During the 5-year period, the National Scientific Centre for Medical and Biotech-
nical Research has been the central institution for Commission on bioethics at the
Cabinet of Ministers of Ukraine (Decision of the Cabinet of Ministers of Ukraine
from 13.12.01 № 1677). The latter has encouraged a formation of lawful conditions
for linking the Ukraine to the global abridge in bioethics ramification and
interconnecting quickness of ethical committees of all kinds in the Ukraine.

In the Ukraine, most Commission Ethical and Bio-ethical (CEB) are under the
executive inspection of the Administrative Council of each physical centre. In fact,
the course realities of any mind that are persistent and solid direction setters or study
exponents and researchers are outlined by elementary groups of study institutions
and by the healthcare system.

If one considers, regarding performance, that there are no precise regulations in
the Ukraine, which could restrict the establishment and direction of biobanks, one
assumes an elementary study plan. The ethical regression of adults is on the scale and
is more often left to the concerns of CEBs and their associated institutions. Consent
configuration and patient enlightenment pamphlets, which have been projected to
beseech some authorizations for biobanking, are particularly modern in the Ukraine.
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For a long time, the patients implored to present blood and/or tissue for a specific
study combination, and advertisement appertain to a discriminating plan was
prepared.

Fig. 15.2 Step-by-step rules on which documents are submitted for consideration in UAB.
# Ukraine Association Biobank
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Abstract

A new era of medical research conveyed numerous innovative discoveries, novel
understandings and evidences in the last 20 years and is referred to as the era of
personalized medicine. It includes firsthand knowledge and methods but also new
patterns of present-day medicine, covering the whole range between prevention
and healing. The science of biobanking covers a wide range of scientific fields
including research, education, finance, engineering, ethics, quality management,
publicity activities, scientific services and others. Many actions have arisen to
assist the progress of biobanks. In 2005, the Office of Biobank and Biological
Specimen Research (OBBR) was founded on the basis of the US NCI. In addition,
many activities were planned in Europe to encourage the progress of biobanks,
some of them under the EU’s Seventh Framework Program (FP7) 2007–2013
and also under the Horizon Framework Program 2020 (2014–2020). EU-funded
developments are groundbreaking the progress of genetic methods and carry
out projects in large populations on the hereditary predisposition to serious
illnesses.
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A new era of medical research conveyed numerous innovative discoveries, novel
understandings and evidences in the last 20 years and is referred to as the era of
personalized medicine. It includes firsthand knowledge and methods but also new
patterns of present-day medicine, covering the whole range between prevention and
healing. It is also clear that an arrangement of approaches from several disciplines is
required to better comprehend health and disease. A new era of biomedical research
also brings with it other types of questions that demand answers.

Precision medicine (old term: personalized medicine) is a novel method of
diagnosing and treating a patient based on a whole range of elements, such as
so-called “omics” technologies (metabolomics, proteomics, epigenomics, etc.), sys-
temic approaches to modern medicine, bioinformatics and, last but not least,
biobanks and biorepositories with the associated data structures. The application of
precision medicine requires a confluence of several factors [1].

In 2009, biobanks were on the list of “10 Ideas Changing the World Right Now”
published in Time Magazine [2]. In this article, the biobank is presented as “a safe
stock” of human biological materials, as well as cells, DNA, blood and derivatives—
to be used in research activities aimed at innovative diagnostics and treatment for a
better life of the Earth’s population [2].

Overall, biobanks are particularly flexible because they can assist a diversity of
biomedical investigations, such as cross-section projects of genotype-phenotype
associations/relationships, case-control investigations that use a biorepository for
diseased and/or control material as well as cohort studies that use first time investi-
gation to compare to follow-up with an established link to genetic variation of health
outcomes [3].

Biological samples are collected and stored in connection with both epidemio-
logical and clinical research over many decades. The first biobank-like infrastructure
facilities have occurred in multiple arrangements for almost 200 years, from tiny
collections in the early stages to modern fully automated methods for processing in
biorepositories with millions of samples [4]. Thus, it is well known that biobanks as
a concept are not new.

The science of biobanking covers a wide range of scientific fields including
research, education, finance, engineering, ethics, quality management, publicity
activities, scientific services and others. Many actions have arisen to encourage the
development of biorepositories and biobanks. In 2005, the Office of Biobank and
Biological Specimen Research (OBBR) was founded on the basis of the US NCI. In
addition, many activities were planned in Europe to assist the expansion of biobanks,
some of them in frames of the EU’s Seventh Framework Program (FP7) 2007–2013
and others under the Horizon Framework Program 2020 (2014–2020). EU-funded
activities are initiating the progress of population-based genetic methods and carry
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out studies in large populations on the genetic susceptibility and possible disposition
to serious illnesses. They also support the development of harmonization procedures
and the collection, storage and management of human biological material and
genomic information through Europe. Given the importance of population-based
methods for studying genetic vulnerability to disorder, the European Commission’s
Framework Programs for Research and Technological Development (RTD)
allocated over 60 million euros to joint scientific actions in this area between 2002
and 2008. The most relevant projects will be mentioned here to provide an overview
of developments that is as holistic as possible.

The P3G (Public Population Project) is an international consortium of
representatives from 40 countries. Its purpose is to guide, stimulate and coordinate
international efforts and knowledge to enhance the usage of research, biobanks,
scientific databases and other comparable health and social investigative
infrastructures (http://www.p3g.org).

The SPIDIA Project (Standardization and Improvement of Generic Preanalytical
Instruments and Procedures for In Vitro Diagnostics, http://www.spidia.eu) was
introduced in 2009 by joint efforts of 16 academic institutions, international
organizations and industry actors working in the field of biology. The project
contributes to the standardization and improvement of in vitro diagnostic
preanalytical procedures [5].

The ENGAGE consortium (http://www.euengage.org/) brings together 24 leading
scientific institutions and two biotech and pharmaceutical industry representatives in
Europe, Canada and Australia. ENGAGE strives to transform the vast amounts of
information from large-scale genetic and genomic epidemiological studies of
European (and other) populations into relevant information for potential clinical
purposes. ENGAGE’s model is to empower European scientists to detect a consid-
erable number of novel vulnerability genes that affect metabolic, behavioural and
cardiovascular properties and to investigate the relations between genes and lifestyle
biomarker factors.

The ENGAGE consortium (http://www.euengage.org) will combine and analyse
one of the largest datasets of human genetic data (over 80,000 scans of associations
of the entire genome, as well as DNA and blood derivate samples from more than
600,000 persons). One of the goals is to show that ENGAGE results can be expended
as novel analytic markers of most common sicknesses that will support us to better
recognize risk factors and disease progression and wherefore individuals respond
differently to treatment.

The HYPERGENES project (http://www.hypergenes.eu) aims to define a com-
plex genetic as well as epidemiological exemplary of multifactor traits, such as
hypertension (EH) and phenotypes affecting intermediate target organ damages
(TOD) dependent/associated with hypertension, as well as other endophenotypes,
as a pharmacogenomic model of drugs commonly used in EH. The recognition of the
hereditary factors in common spread illnesses is exceptionally difficult, as over 90%
of them are multifactorial and the genetic component is probably described by the
relations of several genes convoluted in the pathway, each with a subtle predisposi-
tion to disease. HYPERGENS have used a genome-wide association (GWA)
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approach to identify common variants that contribute to a genetic element of
common diseases.

The GEN2PHEN project (http://www.gen2phen.org/) aims to integrate databases
on the genetic variation of human organisms and models to enable an increasingly
holistic view of genotype-to-phenotype (G2P) data as well as connect this system
with other biomedical knowledge sources through the functions of a genomic
browser. At the end of the project, it will create the technological elements necessary
for the development of nowadays various G2P databases in a transparent G2P
biomedical information setting. It will be a hierarchy centred in Europe, but within
the global network of bioinformatic databases, tools and standards connected to
GRID, all of which are connected to the browser of the Ensembl genome.

To the best of our knowledge, a total of 34 projects have received support from
the European Commission under FP7 and this process continued in Horizon 2020.

Not just the European Union framework programs such as FP5, FP6, FP7 and
Horizon 2020 support biobank building and developing activities in Europe and
worldwide but also several transnational initiatives also funding the progress of
biobanking sciences. The Innovative Medicines Initiative (IMI, http://www.imi.
europa.eu/), which is still the largest public–private resource in the EU, aims to
facilitate the development of better and safer medical products (pharmaceutical
measures, diagnostical measures, new schemata for diagnostic and treatment, etc.)
for the affected ones. IMI encourages cooperative science and networks of experts
from industry and academia to promote pharmaceutical innovation in Europe. IMI is
a joint activity of the EU and the Association of the Pharmaceutical Industry—the
European Federation of Pharmaceutical Manufacturers and Associations
(EFPIA) [6].

Despite the progress made, biobanks still face many challenges in the overall
biobanking process that need to be addressed [7]. Biobanking lacks harmonization,
standards, harmonized terminology, mutual data features and best practices in data
collection and sample handling. An accreditation or certification and rating scheme
is or should be introduced to acknowledge biobanks with high-quality evidence and
to encourage and recognize researchers who create and sustain biobanks [8].

EU policies on open access and open science complicating the method imple-
mentation at scientific organisations, which are consistent with apparently
conflicting and opposing innovation goals. From one side, there are publications
that confirm the claim that intellectual property rights are a substantial obstacle to the
progress of science and innovative research, as they impede the open and fast give
and take of newly generated knowledge. Parallelly, academic institutions and
universities are encouraging scientists to guard the commercialisation prospective
of their research results through patents and/or adjacent collaborations with com-
mercial partners to facilitate the transformation of academic findings into products.
While the open conversation and knowledge transfer appears to be incompatible
with intellectual property fortification, certainly, patent rights and open science are
not essentially incompatible. Equally, these two concepts have an objective to
increase the impact of research and the benefits of systematic generated knowledge
over total disclosure and to encourage further innovation. After all, the patent system
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is based on the interchange of total disclosure, which allows a time slot of exclusiv-
ity. Actually, the legal disclosure prerequisite could make patents even more open
than scientific publications, in which researchers can store important evidence for
private reasons, such as protecting the prospect of additional science funding
[9, 10]. The way patent/human rights may negatively influence the (open) access
to generated knowledge, but donors and the patent system are not incompatible with
the values and procedures of open access, open science and/or open innovation. As,
the current development of donating industrial patents to research institutions allows
scientists to influence and expand obtained (protected) scientific data to accelerate
research in other areas and foster cross-industry innovation [11]. Open marketing
and open access/science as such can be comprehended as corresponding approaches
in a coherent innovation framework, aiming to achieve ideal public and economic
significance from publicly financed investigations. Different methodologies of
innovation policy can be incorporated into a comprehensible framework, which
encompasses equally open scientific collaboration and commercial use of
scientific data.

The core of the described difficulty is the negative and destructive connotation of
the word “commercialization” [12]. The concept of making wealth and profit, in
particular the use of missile defence as the main resource, is generally considered to
be conflicting with public policy [12, 13]. Nevertheless, in the framework of health
sciences and medical research development, commercialization is a very complex
concept that includes the concept of access to basic research for the benefit of
society. A pragmatic approach and a belief that translation and commercialization
are the only processes through which new ideas can be introduced to improve
people’s health can alleviate some fears and criticisms. Therefore, the focus should
be more on maximizing the use of biobanks for the benefit of the patient than on
financial goals [14]. The promotion of biomedical research requires the involvement
of a wide range of stakeholders, comprising commercial organizations in the field, as
none of the singular participants in the innovation process has the abilities
and resources for independent research, innovation development, transformation
and commercialization [5]. In addition, society’s desire to share biobank results
and promote health suggests that the distribution and/or payment of benefits can help
society to embrace the concept of commercialization [15, 16]. A broader approach to
improving human health can go beyond its components, and stakeholders can work
together to transform publicly funded research into innovation that also benefits
society and promotes advanced academic health research and socio-economic
development.

Existing research documents remain fragmented and are far from the overall
picture of open science and the policy implications for the concessions available to
stakeholders to advance the Responsible Research and Innovation (RRI) program.
There is literature that calls for a reassessment of the conflict of commercialization at
the expense of private and public interests and instead focuses on the production of
information [17–19]. This approach requires recognition of the ethical and individ-
ual nature of commercial trade in research based on biobank samples and statistics,
but with a socialist view of the economic aspects of biobanks, which value
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knowledge from biology to biological agents. Conflict checking, however, is a
theoretical exercise that does not recognize direct interests and does not take into
account public and donor interests. The call for the public and sponsors to “think
differently” concerning open science and commercial usage of gained knowledge
did not calm down or transform the general sensitivity of profit motives and business
programs at the overhead of the public interest. The up-to-date open information and
publications on innovation and commercialization are strongly business-centric and
contributing to the common sensitivity that Intellectual Property Rights (IPR)
enforcement is largely detrimental [20, 21]. The public must recognize the existence
of a conflict in order to overcome the intellectual conflict amongst private and public
interests and/or open and closed innovation. Instead, it is practical to mobilize the
community so that they know that without their involvement, a progress in biotech-
nology, health and medical sciences and the invention of life-saving treatments will
not be generally possible or, if they decide to gamble, may stop in the innovation
process.

Thus, including the RRI (responsible research and innovation) principles, the
overall innovation framework must emphasize on community participation to guar-
antee that everyone involved in the innovation process understands that transforma-
tion is a complex multi-stakeholder process in which each stakeholder plays a key
role in its success. It is not sufficient for all innovation process participants to solely
acknowledge their role in the innovation process. The overall framework for
innovation should have a mechanism that (a) defines what motivates each stake-
holder and (b) allows stakeholders to obtain the particular benefits they assume in
return for their input to the invention process. To stimulate contribution, each
stakeholder must be rewarded or “considered” for doing so. The form of compensa-
tion can vary, since each stakeholder has a different schedule, and profits can come at
diverse times throughout the innovation process or be delayed till the innovation
appears on the market. Stakeholders understand that the transformation is a fragment
of the innovation value chain and understand that they are integral to a broader
framework that requires their own input to maximize the opportunity of potentially
vital innovation.

A value chain can only function if all participants contribute to a mutual objec-
tive. To guarantee contribution, each participant must be able to receive the desired
reward. Biobank donors want to take advantage of randomized research. The public
expects benefit from the tax money that the government invests in publicly financed
basic research. To reap these profits, commercial organisations must transform and
standardized early scientific findings gained from biomaterials and/or data from
biobanks. Though, the industry will just contribute if there is an economic incentive
to do so. For industry to translate, scientists must have the resources to conduct their
scientific investigations, rather in an setting encouraging to the creation and dissem-
ination of knowledge. Scientists want free and open access to data to expand
scientific knowledge and disseminate results. “Academic entrepreneurs” motivated
by their economic interests and acting as intermediaries between science and indus-
try have experience in using external funding for market-oriented research
[22]. Universities and public research institutions should provide funding for
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research-led research. Technology transfer promoted by universities and public and
private research and development collaborations bridges the gap between science
and practice by pooling competencies to find applications that meet society’s needs.
The resulting knowledge and innovation in research will contribute to the under-
standing of science and improve access to funding [23]. The state shall provide
public funding for basic research as long as these funds are used to support research
that can promote economic growth and does not counteract social growth and
welfare. Industry also provides funding to support basic research when there is an
incentive to invest. Collecting stakeholder benefits is comparable to a chain reac-
tion—it has to occur before the next one happens.

The logistics that connects the innovation development value chain is not an easy
task, but the basis of enhancement of the social and economic value in biobanks and
corresponding biotech and health research is an effectual and efficient partnership
between the public and private sectors. If all actors involved in the innovation
process understand the interplay of their roles between research and translation
and commercialization in a series of events, and the series fails, will there at least
be more opportunities? Any gaps or weaknesses in the described value chain reduce
the chances of regaining profits to society or cause expensive inefficiencies in the
innovation development.

Therefore, the function of the RRI theory is to direct the contribution of “respon-
sible” actors in the transformation and commercialization procedure and directly
innovation shaping process. RRI must not be an end in itself but facilitate interaction
between stakeholders to translate and commercialize new translations and to help
each other maintain mutual trust and respect for public values. MRC Technology,
representing the UK Medical Research Council, may be among the institutions that
can better maintain public trust and convert and commercialize biobanking science
and the findings that based on it [24]. Specialized organizations that want to
overcome the breach between open science and open innovation in some areas,
like the autonomous transformation organizations mentioned above, cooperate
openly with specialized industrial segments to find novel methods to incorporate
and use university research to progress with new inventions. With the exclusive
understanding of the specific workflows relevant to the field and the participation of
each stakeholder group, these objective translation science organizations will essen-
tially act as “curators” and resolve how donor rights are used to accomplish the most
anticipated economic results. For instance, the specific way in which open science
and intellectual property are dealt with depends on the trust of organizations that
believe in granting access to the latest translations and, if necessary, approving and
distributing licenses for later inventions.

Different industries and regulatory structures affect each industry sector, and
since translation companies operate in a wide range of educational institutions
involved in the scientific investigations and improvement actions of a specific
industry, these organizations may be in a very unbiassed and informative state to
find the best combination for the public. Science, research investigations and
intellectual property rights serve to guide the transformation and possible
commercialization of reliable results of research and to achieve the most wanted
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socio-economic outcomes. Biobank donors do not essentially create obstacles or
close the door to knowledge, because there is a suitable levelness between the
“spectrum between the free use of knowledge by anyone for any purpose and the
exclusive use of an organization for its own use”. Translation and commercialization
clarify the intentions and objectives of how public health benefits are provided, and
then people commercialize efforts, asset management, RDI management principles,
interrelationships and appropriate management counterpart actors.
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Abstract

In the previous chapters, many issues related to the development plan of sustain-
able and long-term biobank networks in Ukraine were established and success-
fully resolved. An interesting finding was that there was a complete lack of
understanding about the structure of biobanks in Ukraine. There was no regu-
latory document to establish a biobank. Scientific, medical and pharmaceutical
institutes and clinics had already collected, processed and stored biological
material, but neither with standards nor with the application of standard operating
procedures. This situation led to a large number of errors in various scientific
departments, which caused the reduction of competitiveness of medical sciences
in the Ukraine in general. This chapter lists the problems and solutions during the
implementation process of the biobanks network “Ukraine Association of
Biobanks”.
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In the previous chapters, numerous issues associated with the plan to develop sustain-
able and long-term biobank networks in the Ukraine were successfully resolved.

An interesting perception was that there was a complete lack of understanding of
the biobanks’ structure in the Ukraine. There were no regulatory documents avail-
able needed to create a biobank. Scientific, medical and pharmaceutical institutes
and clinics had already collected, processed and stored biological material; however,
neither with standards nor with usage of standard operating procedures. This situa-
tion led to a huge number of mistakes in various scientific departments, which
caused the reduction of the competitiveness of medical sciences in the Ukraine in
general.

Another problematic area of the biobank network in the Ukraine was connected to
the resellers who were involved in the resale of services related to biological
material. Their main focus was on the transfer of tissues and biological samples
from primary sources to research groups. Nearly all of the employees of such
companies were without medical education. This situation led to even more
mistakes.

The progress of medical and pharmaceutical research in the world, as in the
Ukraine, directly depends on the quality of human biological samples. The slow-
down of development is directly linked to the limited availability of high-quality
samples [1]. The material collected by biobanks from numerous patients provides an
opportunity to combine the analysis of medical data with the results of molecular and
genetic examination, including morbidity and environmental data [2]. Biobanks may
differ in their structure and may have a diversified specialization in the collection of
tissues, for example, difficult-to-reach tissues are collected—eyes, brain, and bones;
others focus on isolating cells from donor material to create donor-specific cell lines.

Biobanks play a leading role in research efforts in fields such as oncology,
virology and genetics, giving an opportunity for medical science to continue its
development [3]. The research based on biobank samples mostly aims at identifying
key pathogenetic mechanisms of disease development, signalling molecules,
proteins and genes, which are involved in disease development. The usage of this
information may aid in detecting early stages of disease and in the development of
new treatment methods.

Pharmaceutical companies use specific high-end diagnostics, molecular analysis,
tissue microchips and genetic screening to identify new “biomarkers” associated
with the prediction or diagnosis of specific diseases and/or to assess the therapy
effectiveness during treatment.

Another challenge faced by biobanks around the world as well as in the Ukraine is
the difficulty of calculating the total costs of providing biosafety services and
analysing clinical data, biostatistics data and the allocation of sample costs and
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determining the cost of maintaining bio-samples at an adequate cost. All this needs
to be consistent with the market as well as reflect the real costs of biobanking
services and specific specimen storage. The development and implementation of
an adequate biobank model, based on the compensation for expenses, remains one of
the unsolved challenges for a high number of biobanks all over the world.

At the same time, the acceptance of the monetary challenges related to the
construction and maintenance of biobanks is crucial for the successful usage of
both public and private support, especially in developing countries.

The innovative aspect of the development of a Ukrainian biobank network is the
examination of the development of a biosecurity cost model in the Ukraine, which
takes the viable financing mechanisms into account (e.g., the cost recovery models)
to ensure a long-term sustainability of biobanks.

The goals of this network project—according to the sustainable development of
biobanks—were the elaboration and implementation of a comprehensive plan for a
sustainable development, including short-term strategies and solutions of urgent
financial problems, long-term fiscal and usable sustainability through targeted trans-
action revelation and optimization of work areas.

In order to achieve these goals, a multidisciplinary review of the biotechnology
market was conducted to refine and collect information on economic models. We
conducted the screening for pricing in various European and American biobanks,
based on online surveys through e-mail distribution (based on the BEMT question-
naire model), according to the economic characteristics of developing countries. The
survey consisted of 30 questions divided into 5 scales, each of which had its own
subscales. It included demographic data (country where biobank was located) and
the structure of a biobank; sources of financing and cost calculation; mechanisms of
price formation for samples; services provided by biobanks; and ways of sample
quality control stored in the biobank. We sent questionnaires via email to
90 executives and directors. According to the result of our research and analysis of
the results, we have decided to phase out the project for evolving a sustainable
business plan as well as a model of sustainable financing.

The diversity of collection strategies of biobanks requires mental and practical
planning skills in the field of biosafety. To develop a sustainable business plan for
biotechnology in Eastern Europe, it is necessary to have a structured approach for
planning and strategic development, including all standard and well-known business
model sections. In addition, from our survey, we have estimated questions about
potential collections to give an opportunity to be applied in practice over a long
period, meeting all the needs of pharmaceutical companies and research medical
centres.

Thus, the structure of the Ukrainian biobank network included 16 medical
hospitals with diverse interests, as well as 2 departments of the Kharkov Medical
Academy of postgraduate education. At the last stage of the formation, the clinic that
specialized on cellular lines and cultures also joined, which further provided some
financial stability.

At present, the network consists of seven leading cancer hospitals in the Ukraine,
including large university hospitals. The presence of a children’s regional oncology
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centre in the network is highly important. The Ukraine Association of Biobanks
focuses primarily on cancer and metabolic diseases, as their percentage in the
country increases every year. Thus, as of today, there are more than 23,000 patients’
samples in the biobanks of the Ukraine, which have been processed, aliquoted and
stored.

The association has an intense exchange with patients as strong beneficiaries and
regularly advises with some groups of lawyers and community organizations of
protecting patients’ rights. Moreover, researchers, as well as medical and pharma-
ceutical companies of the Ukraine, are other beneficiaries, where exchange is
important.

Financing of the Ukraine Association of Biobanks was modest and limited by
private investments, scientific grants from biopharmaceutical companies, as well as
commercial and voluntary donations. We hope that scientific projects and the
implementation of sampling storage and processing services will help to ensure
sustainable financing in the future.

According to the task of solving a multitude of judicial and legal problems, we
have made a decision on the creation of the Ukraine Association of Biobanks. The
association is a nonprofit association of enterprises, created in agreement with the
legalization of the Ukraine. The Association carries out its activities as a self-
regulating organization installed for protection of rights and benefits of members
of the Association in the Ukraine and abroad, to pursuit scientific research and to
promote scientific achievements, to ensure interoperability as well as to provide
actions in accordance to ethical and legal requirements. In its activities, the Associa-
tion does not pursue commercial objectives and does not have the purpose of
obtaining profit for its subsequent distribution among members of the Association.
Participation in the Association does not impose on its members any restrictions on
their own economic activity or any other kind of activity.

The Ukraine Association of Biobanks has the right to act in relations with other
persons on its own behalf and on behalf of its members. Moreover, the Association
has the right to represent interests in relevant state bodies, enterprises, academic
institutions and organizations of any configuration of proprietorship and to speak on
behalf of their members within the powers granted by its Charter and corresponding
decisions of the General Meeting of Association’s members. Also, the Association
has the right to request information in the organs of state power and corporation of
regional particular direction, enterprises, institutions and organizations of any form
of ownership and to submit for consideration of the bodies of state power and
organizations of local independent sector proposals on the construction and
realisation of the relevant state policy and implemented by local governmental
authorities [4].

The process of establishing the association moved slowly due to the limited
funding and the lack of certain legal frameworks specific to biosafety activity in
the Ukraine. The process was mainly supported by the joint efforts of several
individual activists on a personal level.
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There are also additional challenges, including the harmonization of standard
operational procedures, the centralization of the database and the usage of a unified
form of informed consent.

After reaching a consensus among the active parties, the Ukraine Association of
Biobanks has begun to liaise with research committees, the National Cancer Regis-
try, groups of patient lawyers, researchers and other stakeholders. The association
model is based on several international networks and relates to most international
biosafety groups—the Marble Arch, ISBER and ESBB International Working
Group.

Thus, at the first stage, a strategy and plan for the formation of a bioethics
committee and the necessary legal documents were developed.

In the Ukraine during the last 5 years, the centre of scientific research in medicine
and biotechnology was the only bioethics organization, which worked under the
Cabinet of Ministers of Ukraine, and thanks to this document, the further global
collaboration in the field of ethics became possible. In the Ukraine, most ethical
commissions are under organizational control of the council of each medical centre
and/or hospital. At present, the Committee on Bioethics works at the National
Academy of Sciences of Ukraine (Decree No. 288 of November 7, 2007).

In connection with this, one of the main goals of the network project related to
bioethics was the creation of condition-coordinated activities of ethical committees
at all levels in Ukraine based on international cases [5].

Patients in the Ukraine donated biosamples for specific research groups and were
informed about specific issues and objectives of the scientific project.

After the registration of the Ukraine Association of Biobanks, a standard applica-
tion form throughout the network was introduced, and an independent ethics com-
mittee has been created becoming an important part of the network.

The Ukraine Association of Biobanks firstly provided a standard patient and
healthy volunteer’s information letter, as well as a form of informed consent for
affiliates for material taken from post-mortem cases, the form of informed consent
with respect to biobank and a standard access policy.

The Irish way was recognized as the most effective for Ukrainian local
conditions, and it was decided to implement a similar sequence of development
and submission of documents to the Committee on Bioethics. A consensus was
reached with each hospital and centre that entered the biobank network.

At the second stage, the departments of risk and legal management conducted a
review of documents, and along with an independent lawyer specialized in medical
research, a legal status was received. Thirdly, the Ukrainian Association assessed all
the documentation within the country. Fourthly, the Data Protection Commissioner
evaluated all documents, paying particular attention to the proposed method of data
sharing. Fifth, applications were acquired to the study and ethics committees of each
clinical partner in the biobank network.

This way of approval of the documentation has been done for all standard
operating procedures used within the network of biobanks.

From the beginning, the association used the SOPs, recommended by ESBB for
tissue collection, handling and storage. The SOPs, which are currently used in the
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entire Ukrainian biotechnology network, are based on the ESBB templates on these
procedures with insignificant changes and customization for local requirements. The
sensible, reliable and high-grade quality conscious implementation of SOPs within
the framework of associations and in compliance with new ISO/DIS 20387
standards will result in efficient cooperation within biobanks and in biomarker
research. This way standardization is accomplished through workshops and educa-
tion on data preservation, database management system government, data inter-
change, workmanship for collection and storage, ethical considerations,
accessibility to specimens and quality control [6].

With the creation of the Ukraine Association of Biobanks, the sequence for the
development, revision and approval of documents and SOPs was approved. It is very
important that the policies of this network are consistent with national and European
decrees, principles and instructions.

We looked through numerous international SAPs [6–9]. The development of a
general SAP required very deliberate and delicate negotiations within the network.
The differentiation of the factors of acceptance for access to samples and the priority
research projects for Ukrainian research groups was long, but decisive. The agreed
SAP is a key milestone for a well-functioning network and provides researchers with
access to samples in a simple and transparent way.

The Steering Committee of the Ukraine Association of Biobanks (SCUAB)
examines applications for samples from medical research teams and pharmaceutical
companies. The representatives from each research group in the association are
appointed to the SCUAB commission.

The SCUAB is a group of research professionals in the field of biosafety, who
recognize the international, local and national significance of biobanks.

In an ideal biobank project, the collected samples are gathered and stored taking
into the account future developments in the field of molecular and genetic research as
well as strategic directions for the development of the medical sector.

It would not be economically feasible, if in a few years it becomes obvious that
already collected biological samples do not possess the necessary characteristics and
are not suitable for further research. Considering the significance of this potential, we
decided that efforts will be focused on sampling according to the latest innovations.

Therefore, the result of the network’s strategy was the decision and organization
of high-quality collections and transfer of samples with preservation of the storage
temperature to biobanks of the association (ASK-Health Biobank). The ASK-Health
Interaction Team Biobank works with every site that collects samples through the
SMART IT system.

The SMART IT system monitors and provides information on the availability of
relevant supplies on clinical sites and that all samples, sent to a biobank for
processing, are previously registered and monitored for providing the safe and
timely delivery of all clinical collections.

The above principles and systems apply to sample management after completion
of processing: sample transportation, clinical collection, sample registration in the
database, sample research, communication with clients via e-mail or internet
systems, distribution of biological samples, quality control, preparation of samples
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and storage. The special system has also been developed for the sustainable devel-
opment of biobanks, providing an access to information for all types of samples and
their quantity, which provides a direct interaction with the project managers.

Risk management is part of all business operations. In biobanks, risk reduction is
a very important part of every day’s activities. Reducing the potential risks for
storing rare biomaterial/cell lines, clinical data and additional important biobanking
components such as cellular preparations and active bio- or pharma components
requires exceptionally precise planning. The threats can be sectioned to the
subsequent categories: reputational risks, ethical risks, financial risks, operational
risks, standard laboratory risks, personnel risks, infrastructure risks, IT risks, strate-
gic risks and financing risks.

As it was previously mentioned, all the samples are collected according to a strict
standard procedure. It has been decided that quality control in the Ukrainian biobank
network is performed on 100% of the collected samples. Each sample is handled
according to the SOPs to guarantee samples of the supreme quality are delivered to
the customers. The Ukraine Association of Biobanks is also undergoing a study
under the IBBL program for quality assurance of biological samples held by an
independent laboratory centre (http://biospecimenpt.ibbl.lu).

Thus, methods have been established for both long and functional quality control
of biological samples, as well as for operational memory and verification procedures.

The Ukraine Association of Biobanks is convinced that the real factor for stable
financing is employees’ participation and employees’ development, especially of the
staff of the various biotechnology departments and scientific projects.

The scientific activity of the Ukraine Association of Biobanks has led to a leading
position in the scientific areas of interest, especially virology and cancer, which are
fundamental and need translational research. The interaction between the host’s
immune system and tumours and neuro-oncology is the leading scientific direction
of the biobank network.

Therefore, the scientists from the research team at ASK-Health Biobank study
various factors that affect the quality of human specimens. This information is used
while updating the SOPs to compile with high-quality human bio-specimens.

The staff of the scientific department of the biobank also works at the grant
programs in the field of oncology: screening systems for onco-pathology based on
phosphorescence; study of the energy potential of the cells for prediction of the
oncological disease course; and piezo-effect of the cells as a mechanism of occur-
rence of onco-pathology.

These research programs have successfully financed the Ukrainian Association of
Biobanks during the last 2 years. In the perspective direction of scientific research,
the study of stem cells intended to be used in the treatment of various diseases is in
consideration, as well as the development and testing of requirements for the
processing and storage of cell cultures.

The Ukrainian Association of Biobanks has been introduced and certified to the
new standard ISO 9001: 2015. As a supplier of biomaterials for research on human
material, the network is proud to be one of the first in the Ukraine to achieve the
specified certification version of the ISO 9001 standard from 2015. The Ukrainian
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Association of Biobanks was independently evaluated by the experts in this area in
December 2016 and has received a certification without any serious inconsistencies
from the Bureau Veritas, and in December 2017, they were successfully audited.

Because of this study, a concept for a sustainable financial development plan was
developed, which is presented in Fig. 17.1.
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Abstract

Researchers are constantly looking for high-quality samples and associated data
stored under the right conditions. Hence, for many it is still difficult to find the
right biobanks and to gain access to the collections. This puts the sustainability of
individual biobanks at risk. At the same time, the samples and associated data are
crucial for biomedical research not only for the development of new drugs and
new treatments but also to support developments in prevention. In order to drive
research and generally promote innovation as efficiently and effectively as
possible, the European Commission has responded with an initiative called
Research Infrastructures. Research infrastructures cover many scientific topics
such as translational medicine, social sciences and marine biology to advance
knowledge and technology. This chapter lists some services that can help
biobanks find solutions to their problems in the daily work process.

Keywords

Initiatives · European Commission · Research infrastructure · Services · BBMRI-
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Researchers are constantly looking for high-quality samples and associated data that
are stored under the right conditions [1]. However, for many it is still difficult to find
the right biobanks and get access to the collections. In daily routine the complex
legal and ethical frameworks in combination with different procedures are creating
such hurdles that currently less than 5% of the stored samples in Europe are actually
used [2]. Hence, sustainability of individual biobanks runs into mischief. At the
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same time, the samples and associated data are crucial for biomedical research not
only for the development of new drugs and new treatments but also to support
developments in prevention. This would be impossible without biobanking.

To drive research and foster innovation as efficient and effective as possible in
general the European Commission responded with an initiative called Research
Infrastructures [3]. Research Infrastructures cover many scientific topics like trans-
lational medicine, social sciences and marine biology to advance knowledge and
technology. In these new research ecosystems, involving many different countries,
researchers have shared access to a variety of services that can support their journey
to find solutions for problems that society faces today.

BBMRI-ERIC

On December 3, 2013, a Research Infrastructure, with the special legal status of an
ERIC (European Research Infrastructure Consortium), dedicated to biobanking
started and was named BBMRI-ERIC (Biobanking and BioMolecular resources
Research Infrastructure-ERIC) [4]. Founding member countries were Austria,
Belgium, Estonia, Germany, Greece, France, Italy, Malta, Netherlands and Sweden.
Observer countries were Norway, Poland, Swiss and Turkey.

Building a biobank community, currently connecting over 500 biobanks, and
having a joined approach on quality, IT and ELSI were the cornerstones of the
activities of BBMRI-ERIC. Since the participating member states also created an
infrastructure on a national level (“BBMRI.xx program”), a distributed European
approach was possible creating an overarching structure with common goals but also
flexibility to address country-specific challenges.

Knowledge Hub of BBMRI-ERIC

The quality activities in the so-called knowledge hub brought together over
100 biobank quality experts who can be consulted for questions and guidance in
international standards that are relevant for biobanking and biomedical research. An
instrumental contribution was delivered to the creation of the new ISO 20387
biobank standard, launched in October 2018 [5]. The same group of experts
continued educating the wider audience on compliance, the advantages, challenges
and opportunities when looking at the details of quality. Biobanks can also assess
their own internal processes via the BBMRI-ERIC Self-Assessment Survey or peer-
reviewed style audits on request [6].
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ELSI Group of BBMRI-ERIC

The ELSI group was instrumental in creating the self-service knowledge base and
federated ELSI helpdesk, where support on topics like access policy and MTA/DTA
(material transfer agreement/data transfer agreement) can be given via a network of
experts. In response to the launch of the EU General Data Protection Regulation
(GDPR) on May 2018 an initiative for a code of conduct on Health Research started,
providing guidance to researchers and administrative staff, reducing unnecessary
fear related to compliance and enhancing data sharing [7].

IT Group of BBMRI-ERIC

Samples without associated data have little to no value for the majority of
researchers, and therefore IT-related services were on the program from day 1. Sev-
eral tools were launched to support researchers in finding material, also enabling
effective communication between the parties involved. Services for newly
established biobanks or biobanks lacking sufficient IT systems are also offered,
and in the near future, data harmonization services are planned. BBMRI-ERIC leads
the development of provenance information standard in the ISO Working Group TC
276 in order to allow computer-based assessment of the quality of samples and data.

Sample Directory of BBMRI-ERIC

Improving access is a key indicator to measure the success of BBMRI-ERIC in
general where the described services should enable this on a more detailed level to
the various stakeholders. The Directory, for example, a catalogue containing
collections from biobanks all over Europe, creates the possibility to simply browse
biobanks by name or search sample collections according to different criteria such as
kind of material, diagnosis, country, etc. [8]. Since it allows researchers to check if
there are samples matching their criteria, the Directory is a very powerful tool,
especially if someone is in the early stage of writing a project proposal or developing
a research project. There are great collections and in Europe, over 100 million
samples are stored but as mentioned hardly 5% are used on average. Monitoring
the number of visits, requests or samples or cooperation and successful matches on a
monthly basis is a good indicator to see if access is really increasing.

The ADOPT Project and Beyond

Executing on the improving access strategy and achieving the desired goals require
funding and resources. Research and Innovation Actions (RIA) were activities
within Horizon 2020 that aimed for establishing new knowledge and/or to explore
the feasibility of new or improved technologies, services or solutions, supported with
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in most cases 100% funding of the activities. A Research Infrastructure could apply
for this type of grant and BBMRI-ERIC was successful with the ADOPT proposal
(implementAtion anD OPeration of the gateway for healTh into BBMRI-ERIC). The
ADOPT project started in 2015 and aimed at boosting accelerating the implementa-
tion of BBMRI-ERIC and its services [9]. Aware of the challenges in getting access
and sharing data across Europe and the desire from the funders to increase the actual
use of the collections, a dedicated task was created to map the challenges to be
overcome and develop a blue print on how to share data sets from patients across
Europe, who were in this specific case diagnosed with colorectal cancer (CRC). To
achieve this, a common data model was defined, a data protection policy written, the
recruitment process defined and how participating biobanks could be reimbursed.
During a period of 30 months, the project was executed and delivered an impressive
result; in the end, 25 biobanks from 12 different European countries were able to
bring 10,480 cases together [10, 11].

Important learning point is the need of expertise on the ethical and legal side that
both have to work constructively with IT to create the needed contracts. An
important aspect that shouldn’t be underestimated when respecting both national
legislation and university policies. A major other learning point in the project was
the discussion around reimbursement. There was funding to support the biobanks
that delivered the datasets, but in hindsight, this was far from being enough to
compensate the real costs involved.

Overall benefit to the wider community is that the models that were developed are
now publicly available and can be used for projects and consortia that do want to
access pan European datasets. For an individual university to have the bandwidth to
achieve something similar is close to impossible and is a waste of valuable resources
to reinvent the wheel all the time in every biobank for every contract or sample
sharing activity. Projecting this information to, for instance, Ukraine, where colo-
rectal cancer in 2020 is the third cause of cancer death for both men and women, it
can significantly advance the research and re-use of data, which is another important
aspect of the fact why we are biobanking [12].

Biobanks have a variety of stakeholders, (researchers, clinicians, policymakers,
funders, patients, regulatory bodies, industry) that have power, legitimate interest
and are willing to take action. If you want to have maximum impact speaking in one
voice with a clear mandate, this is the only way forward. Within an individual
institution, you can negotiate and focus on specific items relevant for you, but if this
is too much of a difference, you can end up with many different contracts and in
daily practice this is not workable. This also was a learning point in the described
CRC cohort. Within a research institution (RI), you can try to work out consensus
and with that agreement you can go to other negotiations, and this is working
bi-directional. For policymakers or patient organizations, for instance, it is also
more efficient and creates more impact if they can discuss with a network organiza-
tion or infrastructure versus several separate universities.

When resources and funding are scarce, you have to do it right. This is certainly
an obligation to the patients whom you are taking into account. You are actually
using their material and data to really foster research and drive innovation. In recent
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discussions around the GDPR implementation experiences, it was clear that it
sometimes creates so many hurdles to actually use the samples in other institutions
that they are simply not willing to cooperate or share, afraid of the legal
consequences. Research Infrastructures can address this to the right policymakers
and have a strong united voice.

Joint Forces of Research Infrastructures

The wish from ESFRI (European Strategy Forum on Research Infrastructures) and
BBMRI to actually start measuring KPI’s (key performance indicators) should also
give more transparency of the results that have been made or where a change in
strategy is needed to gain more impact. By doing, this on a national level you can
also see where additional help is needed. An extra step that is currently made to have
more impact is the fact that in some countries different medical RI’s joint forces;
Health RI in the Netherlands and AMRI (Alliance of Medical Research
Infrastructures) as an initiative on a European scale; here BBMRI-ERIC,
EATRIS-ERIC (European Advanced Translational Research Infrastructure in
Medicine-ERIC) and ECRIN-ERIC (European Clinical Research Infrastructure
Network-ERIC) are joining forces to tackle pressing issues in medicine development
for the benefit of the patients. Increasing the visibility and getting access to the stored
samples is key, not only in the countries that were there from the beginning, but
maybe even more for those biobanks in LMICs (Low- and Middle-Income
Countries).

In quite some Western European countries, a strong network of scientists and
departments in academic centres already exists and via H2020 scientific excellence
was achieved. But how does this work for Eastern Europe that in some cases is still
building and not ready for excellence? Another good example where a research
infrastructure can help: learn from the ones that have done it already, but also learn
from their mistakes. Transparency can help drive research forward and deliver on the
promises that biobanks have already for quite some time. Bulgaria joined BBMRI-
ERIC in 2019 and Lithuania in 2020, which shows interest from Eastern Europe and
connections with the biobank community. In response, one of the activities of
BBMRI-ERIC is to develop a strategy for National Nodes to use European Structural
and Investment Funds and other capability building opportunities, also supported by
Latvia, Poland, Lithuania and Estonia.

Increasing access of samples cannot be achieved without investing in the visibil-
ity of the biobank community and the collections that are available for research.
Communication is key: What can you do as individual biobank in promoting your
own collection? There are of course the networks between universities in one
country and beyond and this is happening already within consortia. However,
outreach activities only show that average researchers simply are not aware of the
availability of catalogues or sample collections in the medium and small size
academic institutes. Visibility might even be more important for those that are in
LMICs. They manage in many cases unique collections that are of high interest to
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other academic institutes and biotech companies. Initiatives like B3Africa, the ESBB
Africa Working group, and the BBMRI-ERIC ADOPT internationalization project
task in the Middle East and Latin America all can help support multiple biobanks in
one communication campaign to reach a wider audience.
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of Biobanks 19
Erik Steinfelder

Abstract

Talented researchers, scientists, data specialists and laboratory staff, for example,
are without question a fundamental resource for a biobank. Supported by the right
tools, they can work on the challenging scientific questions that need answers to
better understand certain diseases or to be able to treat them with new drugs in the
future. This chapter provides an overview of the main instruments, consumables
and data management platforms for biobanks, including some considerations
when designing a biobank from scratch.

Keywords

Design of biobank equipment · Key instruments · Consumables · Data
management platforms · Automation systems · Maintenance · LIMS/BIMS

Equipment (and Some Design Considerations)

Talented researchers, scientists, data specialists and, for example, lab staff are
without question a fundamental resource for a biobank. Supported by the right
tools, they can work on the challenging scientific questions that need an answer in
order to understand better specific diseases or how to treat them in the future with
new drugs. What are the key instruments, consumables and data management
platforms to consider? Here is an overview, including some considerations when
designing a biobank from scratch.
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Building and Rooms

Multiple universities across the globe have allocated the biobank in the basement of
one of their buildings; this seems a logical choice to keep the costs down and with
limited space sometimes the only option available. Location selection should,
however, not be underestimated, and an assessment of the risks involved for the
specific site on, for example, lightning, earthquakes or flooding needs to be made.
Facilities should also be prepared to address situations like power failure and
emergency storage. Active planning and preparing for risk mitigation, redundancy
and monitoring can help.

Consumables and Software

Careful planning and mapping the risks is also needed on the equipment side.
Instruments, consumables and software all should be fit for purpose, and therefore
it is crucial to have a clear vision on why you are collecting a specific set of samples
and which potential research questions they could help to answer. This more
strategic approach can also support in finding the right tactics as well as making
the correct operational choices that need to be made when preparing for example the
needed instruments and their detailed technical specifications.

Collection of Samples

A lot of work already starts outside the biobank site; samples need to be collected,
forms to be filled and staff trained to support all the efforts. In this part of the process,
there is not always the opportunity to select the samples, collection tubes or 1D
barcode characteristics; however, it is crucial to be aware of what is used for which
part of the collection process and what to expect once it arrives at the reception desk
of the facility. Buy in from other parts of the organization that are crucial for a
biobank to be successful might be more important than dictating a specific new tool
or product.

Arrival of Samples at Biobank Site

Upon arrival of samples at the biobank site, the correct registration of the samples
takes place, and already there some critical time steps will start, and potentially
specific actions need to take place. In many cases, the so-called mother sample will
receive a new unique ID, also to be compliant with internal anonymization or
pseudonymization procedures. Warning flags should be automatically raised when
inconstancies occur like missing data, incorrect data, damaged collection tubes or
incorrect minimum volume of the material. Depending on internal procedures, this
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might also be the moment to record if the donor or patient wants to be informed in
case of incidental findings.

Automation and Maintenance

Numerous biobanks nowadays are using full or almost full process automation and
are taking benefit of the modern well-developed instruments for biospecimen man-
agement. Data management tools are considered to streamline instrument and
automated system integration. Formerly incongruent biobanking infrastructure
components can now be combined to open the possibility for data to be electroni-
cally distributed among them, excluding manual error-prone procedures and rising
efficiency and data consistency. Instruments itself contain predictive maintenance
programs and allow remote diagnostics and performance management to lower the
total cost of ownership. Implementing ISO 17025 and/or ISO 20387 (the new
biobank standard) can support and capture in these instruments’ requirements.
According to these ISO standards, equipment should be provided by selected
suppliers that are regularly audited. Maintenance should be scheduled, and only
properly trained staff is allowed to do specific maintenance, calibration or servicing.
Building a track record of when which instrument is checked by who helps to be in
control, be ready for audits and increase the quality of operations in general.

Aliquoting and Collection Tubes

Next steps in the process of a unique biobank sample strongly depend on the setup of
the biobank and which goals need to be addressed. Assuming several copies will be
made from the original sample aliquoting is needed. Here another paramount
decision needs to be made first: in which sample storage tube will the aliquot be
transferred to? Once the number and volume of the aliquots is decided, a sample
storage 2D collection tube can be selected, which is also an important factor in the
path towards standardization. The permanent 2D barcode creates a solid, proven way
of tracking the sample during its lifetime in the biobank. In combination with
barcode readers, sample data can be integrated into existing databases or tracking
systems. The tubes will be ready to be utilized for storage in nearly any laboratory
condition, from room temperature to the vapour phase of liquid nitrogen.

Choice of Collection Tube

Where there are literally several dozens of different tubes available, biobanks still
have too often the tendency to request for a custom-made special tube that would fit
their processes better. This is not only challenging for the manufacturer from a
quality, stock and logistics perspective but also interoperability becomes an issue.
Biobanks providing samples in formats that cannot be handled outside the
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organization create an additional hurdle for them to be used. Several automated
storage systems are modified as well to fit the custom tube, involving additional
investment without clear evidence of additional value to research. Supporting
instruments like Capper/Decapper can support for optimization of benchtop
processing of screw top storage tubes, maintaining crucial sample integrity.

Liquid Handling

Assuming a significant throughput of samples is required, automated liquid handling
comes into place. The majority of the solutions provided is able to interface with the
Laboratory Information Management System (LIMS) to receive worksheets on
which sample to take, how much volume from and in which rack with tubes this
should go to. In combination with the 2D barcode scanner and the liquid handler
software, the exact location and information of each sample is available, again
supporting a full audit trail. From a redundancy point of view, it might be good to
invest simultaneously in a backup or second liquid handler, so in case something is
not performing as planned, not the whole process stops and the quality of received
samples might be in danger.

Cold Sample Storage

Depending on the sample type, the purpose of storing and the period of storage, the
temperature conditions can be determined [1]. All matrices have their own optimal
storage conditions, and handling at temperatures outside these ranges can cause
significant sample stress as a result of cellular dehydration or ice formation. Similar
as with other steps in the process, careful planning is crucial to maintain sample
integrity and to prevent samples from becoming too warm or too freeze due to direct
contact with dry-ice. Here the best option to keep a sample between +1 �C and
+10 �C is to use a water/ice slurry. The sample type should also determine the rate at
which a sample is cooled for storage and eventual thawing. When selecting the right
cold storage solutions, keep in mind the fit for purpose; domestic, residential or white
boxes do not meet the rigid temperature control, stability and uniformity
requirements.

Backup Storage

Backup storage units that already have the right temperature, have ample reserve of
LN2, dry ice and have generator fuel onsite are critical. Obvious measures, but
surprises can still occur and thawing of frozen samples and freezing of refrigerated
samples should be prevented. Active and regular monitoring beyond only tempera-
ture, but also on relative humidity and/or CO2 concentration, supports to identify
issues at an early stage, or even prevent them from happening altogether. Secure data
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logging and automatic audit trials support regulatory compliance as mentioned
earlier.

Automated Cold Storage

In recent years, the interest in automated �80 �C storage has increased and
implemented in a number of biobanks in Europe, Middle East, Asia and North
America. Reasons for making the investment has been the capacity, the availability
of space and the usage of energy on one hand, on the other hand to fulfil projected
requests for samples in a high-quality environment. Where this can be true for some
biobanks, the majority does not need these capital-intensive investments to run the
biobank in line with the highest-quality standards. If there is funding to make larger
investments, it might be worth to consider managing the data as best and secure as
possible to be ready for future demand.

Laboratory Information Management Systems (LIMS)

The actual registration and many other process steps require a data management
system. Changes in technology and connectivity have influenced data management
in the last decade significantly. LIMS solutions are already available for decades for
various types of industries with hundreds of thousands of users globally every day.
Due to the maturity of the solutions, the experience and knowledge of the providers
and active user communities, updates and upgrades are available on a regular basis
and strong organizations can help out with maintenance and support. Downside is
the relative high investment and running costs in comparison to the functionality that
is used.

Biobank Information Management Systems (BIMS)

In response, some software developing companies created a BIMS. A BIMS is a
dedicated solution that specifically focuses on the challenges within a biobank, not
only sample management on who logged which sample at which moment and
managing critical times between taking and freezing but also on the consent status
of the samples/donor to make sure it is only used in the right studies and it is flagged
for what should be done in case of incidental findings. Going forward, there are still
discussions on how to do this, and therefore flexibility can be an option. For both
LIMS and BIMS, it should be taken into account that it requires dedicated internal
resources for first-line support and can also support change requests. Acknowledging
the fact that a sample does not have a lot of value for research if it misses the
associated data, the investments needed should be budgeted to prevent incorrect data
or unclear data provenance.
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Homegrown LIMS/BIMS

Inside academic institutions, it is still popular to apply for specific grants to support a
small team of computational scientists/software developers and programmers to
develop a homegrown LIMS/BIMS. Great advantage is that it can be made exactly
to the wishes of the end-user and no perpetual investments in license and support
fees are needed. Where this may seem to be an effective option from a cost
perspective point of view, but more and more biobanks do not see this as a
sustainable way forward.

This kind of tools will be hard to create with a homegrown solution. In LMICs, it
is best to go for a proven online system that can do the job. This is the way that the
vendor can help out online, etc. If people need to be onsite all the time, you lose too
much money on travel and manpower. Keep an eye on security.

Just like biobanking is a discipline on its own requiring specific expertise, so is
data management. The often-made remark that data is as important as the sample
makes this clear. Invest properly in a data management solution, supported by the
right staff. If there is no real IT support available within the biobanking itself, it will
be hard to manage.
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Abstract

The appreciation of the scientific value of biospecimens for current and future
basic and translational research is increasingly being recognised. While biobanks
in high-income settings are well established, the number of facilities in low- and
middle-income countries is growing, albeit at a slower pace. There exist several
challenges for biological research centres, which operate in low resource settings,
and these need to be taken into consideration when seeking to apply consensus in
the biobanking discipline. The overall cost of custodianship should be taken into
account, so as not to create, and indirectly promote, exclusivity, exploitation and
knowledge silos. Therefore, standards and tools for biospecimen quality manage-
ment must be democratised for biorepositories in a variety of settings to have a
truly global impact on research.
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Introduction

Biological specimens such as cells, body fluids, tissues, plants, seeds, microbes or
isolated biomolecules are essential materials for research and development in medi-
cine, agriculture and biotechnology. Specimens, together with associated data are
handled by biobanks and/or resource centres in an institutional and well-organised
way. The core activities of a biobank or resource centre includes the collection,
processing, preservation, storage and custodianship of specimens, together with the
associated metadata, and most importantly, the provision of access to these resources
[1]. Biobanks support research in a variety of fields, such as agricultural research,
human health, rare diseases [2] and biomarker development [3], to mention a few.
The electronic cataloguing of samples, workflows and operating procedures of
biobanks are supported by several software tools [4], and the Biobank Information
Management System, can be considered as a central component, with open-source
solutions clearly offering substantial benefits [5].

Biobanking in Africa

Biobanks are repositories, which receive, process, store and disseminate specimens.
Biorepositories may be in the form of small, university-based personal research
collections, up to large collaborative multi-centre facilities. Well-curated and
annotated, high-quality biospecimens which can be provided by these biological
resource centres are the cornerstone of biological science, playing a central role in
basic, translational and clinical research [6–8]. As such, there is little doubt about the
value of biobanking in driving reproducible and trustworthy research.

Notwithstanding biospecimen collections across Africa by individual researchers,
the first national databank for DNA was established in the Gambia in 2000 by the
UKMRC. This DNA bank contains over 57,000 samples collected from participants
in West Africa [9]. Early initiatives in biorepository science on the African continent
were subsequently introduced to focus on disease- or population-specific research,
with substancial focus on the collection of samples for HIV/AIDS, tuberculosis and
malaria research [6–10].

Efforts to strengthen existing collaborative networks between the global north
and south, as well as promote and support valuable south-south networks, by
building platforms which support African researchers in establishing large interdis-
ciplinary collaborations, is being driven by a multitude of associations [11]. The
formation of regional and national bioresource centres in Africa by global consortia
has bolstered biorepository science and increased awareness in biobanking,
biosecurity, genomics and bioinformatics [12]. For example, consortia such as
H3Africa [13], B3Africa [14] BCNet and GetAfrica [15] have catalysed biobanking
science on the African continent. Through these initiatives and others, African
researchers are delivering innovative, world-class scientific research which is
mapping a pathway to health and data ownership on the continent while remaining
cognisant of the ethical implications of biospecimen and data custodianship [9, 16,
17].
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Biobank QC and Informatics

The drive to bolster biorepository science capacity has been demonstrated by
substantial efforts to obtain consensus toward best practices and standards by several
agencies within the scientific community, such as ISBER and ESBB. More recently,
an ISO standard was developed (ISO 20387: 2018 “Biobanking—General
requirements for biobanking”), which documents internationally agreed common
operational guidelines and requirements for intercontinental accreditation of
biobanks. While this is a welcome development, it is important to note that for
biorepositories operating in low- and middle-income countries, the resource cost
associated with such a global accreditation would likely be out of the reach of many.

LIMS are integral components of the informatics infrastructure that support
biobanking activities and form a valuable part of the quality management roadmap.
To improve overall quality of samples, significant events related to the biospecimen
lifecycle must be captured and recorded and includes pre-analytical, analytical, and
post-analytical laboratory operations [18, 19]. The implementation of appropriate
informatics tools for biobanking enhances good laboratory management practices,
and despite the heterogeneity in biobank design and individual approaches to data
collection, annotation, and processing, improvements in laboratory efficiency, man-
agement and overall quality have been observed when a fit-for-purpose LIMS is
integrated into the core business operation.

To date, a wide range of commercial and open-source LIMS are available. The
decision to opt for one LIMS over another is often influenced by the needs of the
biobank clients and researchers, as well as available financial resources [20]. How-
ever, to find a LIMS that incorporates all possible requirements of a biobank is a
complicated endeavour [20]. Full LIMS implementation takes a considerable
amount of time and the complexity, size, function, resource availability and internal
data management policy of a biobank must be considered when evaluating the
suitability of the LIMS. Both national and international best practices and guidelines
should be considered when evaluating a fit-for-purpose LIMS, and due to the overall
cost of ownership, this is of particular importance in low resource settings. It is
imperative to understand the limitations of a system. Functionality gaps can have a
significant impact on end-user perceptions, and any “inefficiencies”may likely result
in users returning to previous working methodologies, in order to accomplish tasks
[21–23].

Baobab LIMS™: An Open-Source Laboratory Information
Management System

The need to implement biobank standard operating procedures as well as the use of
standards for biobank data representation was the motivation for the development of
an open-source LIMS for biobanking. The decision to incorporate an open-source
LIMS, which is robust, easy to use and customisable, was undertaken by the
B3Africa consortium, allowing researchers to track the lifecycle of a biospecimen
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in the laboratory from collection, receipt, storage, analysis and reuse, all while
ensuring that sufficient sample metadata is captured (www.baobablims.org). Baobab
LIMS™was developed following an evaluation by stakeholders, and with the aim to
automate state-of-the-art biobank operations. One of the motivations for developing
this tool was to address the lack of open-source LIMS, which integrate maximum
functionalities required by modern biobanks. The existence of such a biobanking
tool in the market, which is rich in functionality, well designed and free of license
fees, is of great value for biological resource centres, particularly those which
operate under limited resources in low- and middle-income countries, specifically
on the African continent. Baobab LIMS™ is based on the Plone web-content
management framework, a server-client-based system, whereby the end user is
able to access the system securely through the internet on a standard web browser,
thereby eliminating the need for standalone installations on all machines. The system
features were designed a priori using SOPs and workflow management of the
NHLS-Stellenbosch University Biobank (Fig. 20.1).

Baobab LIMS™ implementation has three phases: installation, data setup and
configuration, and workflow operation. The setup phase provides the end-user with a
high degree of flexibility to configure the base inputs of the system, which are
applicable to their operations. For example, the configuration of the laboratory
allows the administrator to specify details of the biobank, such as the address, and
accreditation. Furthermore, end users of the system and their designated roles are
created in this module and are provided with secure login credentials. Setup

Biobank Manager
meets Client

Add Client

Add Procect

Assemble Kits
(require Kit templates)

Create Shipping request
at the Biobank

Register BiospecimenShip Kits to Client

Register Subject

Courier delivers
biospecimens to
Biobank

Client requests pickup
of biospecimens

Client requests pickup
of biospecimens

Client collects
biospecimens

Register Sample

Create Analysis
request

Create Storage
request

Store

Store

Discard

Capture
Results

Perform
analyses

Fig. 20.1 Operational workflow of the NHLS-Stellenbosch University Biobank used to develop
and implement Baobab LIMS™
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configuration by the biobank is a once-off operation; however, new data can be
added as operations of the laboratory expand. Clients, projects, biospecimen kits
assembly and shipment, biosample registration, collection and storage, as well as
analysis and results capture, are the core functions in the workflow operation phase.
[More detailed information can be found in [20] or in the user documentation (www.
baobablims.org).]

Enhancements and Continued Development of Baobab LIMS™

Key to continuous development and improvement of Baobab LIMS™ following the
B3Africa funding cycle, the team engaged with potential end-users to gain greater
insight into the overall heterogeneity of operations in different laboratory and
biobank environments. This provided an understanding of the LIMS functionality
gaps and promoted development of practical solutions to fit local needs. While the
majority of features within Baobab LIMS™ meet requirements for multiple end
users, some valuable improvements have been added and are summarised below.

Sample Shipment

To enhance tracking events within the biospecimen life cycle, Baobab LIMS™
developed a sample shipment module, which operates independently from the kit
shipment module (see Fig. 20.2a). This functionality is valuable for biobanks, such
as the Makerere University biobank in Uganda, which transport samples or sample
aliquots, either to internal departments or to external clients, as a core operational
process.

High-Throughput Capability

The need to increase the capacity of Baobab LIMS™ for high-throughput capability
was an important evolution in the system. The batch sample module (see Fig. 20.2b)
was developed for the addition of multiple samples at once, and the design relies on
state changes, allowing for the pre-registration of biospecimens prior to receipt.

Meta-data Aware Functionality

Finding the volume and/or diversity of samples, which will add statistical rigor to a
study, can be challenging, especially in the case of rare diseases [21, 24]. Biobanks
may opt to generate a catalogue of available samples within their facility, making
this resource discoverable for the greater research community. BBMRI-ERIC devel-
oped MIABIS, a data standard used to detail the minimum amount of information
related to a sample, which should be provided for sample shareability [24, 25]. To

20 Software Tools for Biobanking in LMICs 141

http://www.baobablims.org
http://www.baobablims.org


facilitate sample sharing, and data standardisation, Baobab LIMS™ incorporated the
MIABIS 2.0 core attributes for sample donors and disease ontology. The approach
used by Baobab LIMS™ to allow for configurability while adhering to consensus

Fig. 20.2 Screenshots of new Baobab LIMS™ features as of January 2021. (a) Sample shipment
module to enhance tracking events within the biospecimen life cycle; (b–c) batch module to
improve throughput of sample collection and storage; (d) adding virus biospecimens with
standardized metadata developed by PHA4GE; (e) audit log module for internal quality control
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ontology and format was to build these modules as content types and link data to a
specific sample via a drop-down list consisting of prior user input data. This reduces
the need for repetitive data entry, thereby limiting errors and data capture fatigue.
Incorporation of metadata standards in Baobab LIMS™ is aimed at improving
interoperability and harmonisation, and the most recent common structured vocabu-
lary added to Baobab LIMS™ is based on the SARS-COV-2 metadata standard,
developed by a working group within the PHA4GE consortium (http://www.pha4ge.
org). Using a combination of pre-coded options, as well as configurable content
types, Baobab LIMS™ broadened the scope of this module to ensure applicability to
the collection of any viral sample (see Fig. 20.2d).

Quality Control and Audit Logs

Additional developments in Baobab LIMS™ include a JSON application-
programming interface for programmatic interaction between separate software
components and resources to make them more reusable. In terms of a feature gap
in Baobab LIMS™ analytics and QC capability, an audit logging functionality was a
vital addition to the system (see Fig. 20.2e). Baobab LIMS™ also enhanced the
existing Excel file import functionality, as a viable work-around for users with
intermittent internet connectivity. The importer includes automatic control checks
to ensure that data imported into the system is not duplicated. In line with this, an
export functionality has been included in Baobab LIMS™. Other noteworthy
enhancements related to end-user support includes a website for access to all
documentation as well as an updated demo system for users and a ticket generating
help desk.

Software Installation and Verification

As the number of new functionalities in Baobab LIMS™ increased, the need for
software verification became a requirement to ensure new code changes did not
affect existing functionality, and if development errors occurred, they would be
identified early on. The continuous integration tool, Travis Cl, was used for this
purpose, and the YAML configuration file specifies automated parsing of set-up data
into new Baobab LIMS™ builds. To improve Baobab LIMS™ infrastructure
deployment, repositories containing Terraform scripts and an Ansible playbook for
deployment of a production ready installation have been made available. Depending
on institutional regulations or policies, users can successfully deploy Baobab
LIMS™ on local servers, as well as on cloud infrastructure, such as AWS. Baobab
LIMS™ recently finalised Plone database replication, which automatically copies all
information from the primary database to a secondary database, to prevent any data
loss due to failure of the central database and protect the integrity of information.
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Future Enhancements and Features

Current developmental work to incorporate freezer monitoring in Baobab LIMS™ is
underway. This feature will allow for the direct display of freezer temperature
monitoring, captured by data logging instruments. To complement metadata aware
capability, Baobab LIMS™ will incorporate standards for bacterial samples in the
near future.

Software availability

Website: https://baobablims.org/
Code repository: https://github.com/BaobabLims
Helpdesk email address: help@baobablims.org

Conclusion

There is increasing complexity associated with biospecimen quality and intrinsic
features are expanding to include extrinsic features, and a lack of standardised
terminology has created a challenge as quality metrics begin to apply to complex
biospecimens [26]. In addition, big data is driving large-scale research, and, in the
future, biobank facilities will need to support multi-omics projects, which will cross
the boundaries of scientific disciplines [27]. To sustain digital transformation in the
biobanking field, Baobab LIMS™ will seek to continuously evolve and cater for
these needs.
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The Importance of Cancer Biobanks
in Low- and Middle-Income Countries 21
Io Hong Cheong and Zisis Kozlakidis

Abstract

Improving the quality of healthcare is an important goal for the global health
research and wellness research system. Every patient has the right to receive
timely, safe and efficient care; to be adequately informed about the care process;
and to be educated about the relative risks and benefits of each treatment decision.
Poor quality healthcare is wasteful and expensive and often has the greatest
impact in economies and societies with the greatest need and least capital.
Therefore, numerous initiatives show that the more well-characterised, high-
quality samples are available through biobanks in LMICs; the faster research
will advance and impact the delivery of healthcare solutions. Thus, biobanking is
a key element for the success of future healthcare plans. There is thus an urgent
need to improve the existing research infrastructure, including biobanks.
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The improvement of healthcare represents a vital objective for medical research and
healthcare systems worldwide. Every patient has the right to receive timely and
effective care; to be informed about the care process in a proportionate and appro-
priate way; and, importantly, to be informed about the relative risks and benefits of
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any actions or treatments. The provision of poor-quality healthcare can be wasteful
and expensive and often has the greatest impact in economies and societies with the
greatest need and the least capital.

Taking the above into consideration, in 2012 all members of the World Health
Organization (WHO) approved the Global Monitoring Framework on
Noncommunicable Diseases (NCDs). This framework includes a commitment to
reduce premature NCD deaths (including cancer) by 25% by 2025 [1]. Furthermore,
at the Seventieth World Health Assembly in May 2017, governments from around
the world adopted a cancer resolution (WHA70.12): Cancer prevention and control
in the context of an integrated approach [2]. This international mobilization is based
on growing evidence, suggesting that most new cancer cases now occur in LMICs,
increasing from 15% (1970) to 56% (2008), and expected to reach nearly 70% by
2030 [3, 4]. Given these stark figures, there is an urgent need to improve existing
research infrastructure, including biobanks, ensuring that patient cancer samples and
associated data are consistently of high-quality and available to researchers.

The term biobank commonly refers to a large, organised collection of well-
characterised tissue samples such as surgical biopsies (freshfrozen or in paraffin
sections), blood and serum samples, different cell types and DNA—all carefully
collected for research purposes with their associated research and/or clinical data
[5]. Within the LMICs context, most of the early and current biobanking activities,
for example, in sub-Saharan Africa, are the result of studies in emerging infectious
diseases, [6–8] as well as longer-term issues such as tuberculosis and malaria
[9, 10]. These were “vertical” biobanks, focused on one pathology with specific
pre-selection criteria for the enrolled patients and dependent on specific scientific
hypotheses. As the distribution of disease types is shifting in LMICs, such “vertical”
collections can become of limited scientific use—other than for the purpose they
were originally created—and a wider, population-based or “horizontal approach” is
required for biobanking to characterise and understand this healthcare shift within an
entire population context.

For example, cancer in LMICs is characterised by increasing incidence rates of
cancers with non-infectious aetiology, such as breast, prostate, lung and colorectal
cancers. This shift can be explained partly by the aging of and lifestyle changes
within populations, both parameters attributed at large, to economic development
[11]. However, as different individuals are exposed to the above changes at different
levels, and for varying lengths of time, the individual understanding of the disease
based on the combination of genetic and lifestyle parameters is of paramount
importance for the provision of accurate and effective medical treatment. Such
precision medicine research on a population scale is based on the analyses of
samples together with linked, detailed clinical data—and as signals for disease
associations can be weak; thus, samples are needed in large quantities.

Therefore, there is a clear implication from the above: if larger quantities of well-
characterised, high-quality samples become available through biobanks in LMICs,
the faster research will be able to advance and impact upon the delivery of healthcare
solutions. Thus, biobanking constitutes a critical element to the success of future
healthcare plans as biobanks are now tasked with and being relied upon for the
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standardization of tissue collection(s) for improved science quality. Having said that,
there is currently a lack of available high-quality biological resources in LMICs that
could be used to better understand such observations within as well as between their
populations, and link the environmental exposure to the biology of the disease at
group and individual levels. Unfortunately, within resource-limited settings with
large geographical areas and large populations (e.g. Ukraine, Nigeria, Egypt,
Indonesia), the existence of biobanks is exceptionally rare. As such, the risk remains
that if more LMICs are not represented in national and international research
initiatives, they might miss opportunities that impact heavily on their communities
and lose the opportunity to benefit from this research.

In one of the first surveys ever conducted among LMICs in Africa, Asia and
Europe, the IARC determined that although there were some exceptions, in general
biobanking in LMICs were lacking in the technical and ethical regulatory standards
and infrastructure practiced in high-income settings [12]. As a result, IARC
published the Common minimum technical standards and protocols for biobanks
dedicated to cancer research so that there is a global guideline, with sections
dedicated to LMICs, and additionally established in 2013 the Biobank and Cohort
building Network (BCNet) [13]. BCNet is an opportunity for biobanks in LMICs to
jointly address many of the challenges in biobanking and research infrastructure, the
acquisition and maintenance of high-quality samples and data, and governance and
regulatory frameworks to guide in the sharing and reuse of resources for research
[14]. Consequently, a number of research articles on the subject were published by
BCNet members [15–21].

However, beyond the apparent statements supporting the need for further devel-
opment of the research capacity locally within LMICs, and the need of consistent
financial support, the long-term creation and operation of biobanks within an LMIC
context started to be described comprehensively relatively recently, both in opera-
tional and financial terms [22–26]. There still exists a knowledge gap for the
practical implementation of long-term biobanking plans that are not necessarily
related to one specific infectious disease outbreak, but of a wider nature, supporting
population-based cohorts and research. Additionally, the costs often quoted for
biobanks in LMICs are representative of the basal rate for fixed cost operations
[22]. For example, cost models are only very few and do not include further in-kind
contributions or additional variable costs, such as downstream research activities or
dependencies that are typically constrained in resource-limited settings (e.g., avail-
ability of trained staff).

Therefore, a substantial challenge still exists in determining the true and repre-
sentative operational costs of biobanks within an LMIC context, such that can be
used as part of governmental long-term infrastructure investments and becoming
eventually comparable regionally and internationally. Additionally, the international
scientific literature offers very few examples on specific cost and accounting models
for such organizations [27, 28]. A biospecimen user calculator tool developed by the
Canadian Tissue Repository Network (CTRNet), a cancer biobank network, was
published online [29, 30]. Also the National Institutes of Health, National Cancer
Institute’s Biorepositories and Biospecimen Research Branch, developed the
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BEMT, which creates a cost profile for their biobanks’ specimens, products, and
services, it also established pricing and allocated costs for biospecimens
[31]. Although this is a useful tool, it may not be suitable for LMICs. Thus, the
development of cost models specific to cancer biobanks in LMICs is sorely needed
to enable informed decision making by relevant national government and research
bodies.

Future Perspectives

As a number of initiatives aim to limit the rising cancer burden in LMICs, it remains
of utmost importance that the adequate application of existing knowledge takes place
regarding cancer prevention, as well as the generation of new evidence
[32]. Providing such evidence is a substantial opportunity for biobanks to become
part of the healthcare fabric of LMICs, as opposed to study-related facilities. This
paradigm shift from an “island of opportunity” to a “systemically integrated facility”
is imperative to allow for long-term planning and protect the sustainability of
investment.

Establishing a biobank de novo is very difficult, especially in LMIC settings,
where the supporting physical infrastructure might not be amenable or even existing.
Thus, setting up a biobank through collaborations with a more developed institution
(s) with similar interests helps in establishing a successful biobank and lowering the
risk of the overall project stalling. One such example is observed in H3Africa, where
the African Society for Human Genetics partnered with the United Kingdom’s
Wellcome Trust and the United States’ National Institutes of Health to support the
establishment of biobanking activities in Africa, primarily in support of health-
related genomic research [33]. Another such example of successful international
cooperation is the Ukraine American cohort study sponsored by the US NCI [34].

As the concept of biobanking develops in LMICs from a state of infancy towards
that of active development in international research, there need to be efforts to refine
and review guidelines, regulations and laws, so that the development of biobanking
and consequently of local research capacity is supported [35, 36]. Often guidelines
and standard operating procedures for establishing a biobank may also not be
available for the country or institution [37]. To counterbalance these needs, LMIC
biobanks are increasingly more active in biobanking networks, sharing the experi-
ence and expertise with others from across the world. For example, creating national
biobank networks in Indonesia and the Ukraine, as well as participating in the
activities of the International Society of Biological and Environmental Repositories
(ISBER) and/or BCNet. Such activities allow for expertise and information to be
exchanged, strong ties to be formed as a precondition of future collaborative research
[38]. These activities are expected to increase further in the future, reflecting the
demand from LMIC settings.

Finally, based on the strong evidence that diagnosing many cancer types early can
reduce mortality rates, primarily through the initiation of appropriate and adequate
treatment in the disease’s natural progression, it is likely that cancer research will
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move strongly into prognostic biomarkers within LMICs. Therefore, biobanks
should consider identifying prognostic and diagnostic biomarkers by collecting
tissue samples from individuals in at-risk population but without any clinically
evident disease [39]. In the future, it is expected that the recognition of
sub-clinical periods of disease development will help prevent cancer formation,
regress the growth and also aid in designing new drug targets.

Conclusion

Despite the challenges and limitations mentioned previously, it is clear that there is a
need for further actions across the cancer research and healthcare continuum, includ-
ing for the creation of more population and/or cancer biobanks and the further
strengthening of existing ones, in order to meet the demands of the increasing cancer
research and incidence across LMICs. The further creation and implementation of
such infrastructure will certainly require available human and financial capital, and
sufficient training capacity. However, biobanks and in particular biobank networks
can be positioned as a valued healthcare tool, supporting the locally relevant research
and as an enabling tool for the national bioeconomy. In order to achieve this, it is
crucial to engage all stakeholders, especially the clinical staff in the shared task of
improving the quality of care and as a reference point for the dissemination and
sharing of accrued knowledge and best practices. Tailoring the integration of
biobanks to the local healthcare context may result in research outcomes that are
both theoretically optimal but also practically feasible to implement.

Disclaimer Where authors are identified as personnel of the International Agency for Research on
Cancer/WHO, the authors alone are responsible for the views expressed in this article and they do
not necessarily represent the decisions, policy or views of the International Agency for Research on
Cancer/WHO.
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Biobanking in Paediatrics: A Look from
Armenia as a Middle-Income Country 22
Sergey Sargsyan and Marine Melkumova

Abstract

Today we are witnessing significant advances in various fields of medicine. In
particular, many of the recent advances in biomedical research are largely related
to advances in sequencing the human genome, identifying the role of specific
genes in the development of certain diseases and genomics studies. Some of these
studies have been put into practice and have led to dramatic improvements in the
treatment of disease groups. In addition, the scientific community has taken
further important steps towards more intensive and productive research in the
field of human genetics over the past decade, including the establishment of
repositories for human DNA and other materials. This chapter addresses
questions such as “Why should we think about biobanking, what will be different
for the children we care for? Should we expect progress in care? For those of us
who are representatives of the paediatric system in a middle-income country,
what are the settings and context of paediatric biobanking? What will be unique
about biobanking in poorer countries?”
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Nowadays we are witnessing significant progress in different fields of medicine. In
particular, many recent advances in biomedical science are largely associated with
the progress of sequencing of the human genome, the establishment of the role of
specific genes, as well as in the development of particular diseases, as well as studies
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in the field of genomics. Some of these studies have been put into practice and led to
dramatic improvements in the management of disease groups. In addition, over the
last decade, the scientific community has taken other major steps towards more
intensive and productive research in the field of human genetics, predominantly
through the establishment of repositories for human DNA and other materials.

Why should we think about biobanking, what will be different for the children we
care for? Should we expect any progress in care? For those of us who are
representatives of the paediatric system in a middle-income country, what are the
settings and the context of paediatric biobanking?

To better understand the answers, two aspects of the question should be analysed:
The first aspect is “paediatric” vs. “adult”; the second one is related to resource
availability, e.g., “process in high-income countries” vs. “process in low- and
middle-income countries.”

“Children Versus Adults”

So far, most studies generated by biobanks worldwide have focused on
non-infectious diseases in adults. This is quite understandable, as these diseases
are responsible for the majority of morbidity and mortality and the overall burden of
disease worldwide.

The situation with children and adolescents generally and in regard of biobanking
particularly is different as children truly cannot be considered as “little adults”
[1]. The main causes of mortality and morbidity are related to genetic and congenital
factors and infectious diseases. Consequently, many studies related to the genetics
and phenotype of children in the first years of life are primarily related to genetic
causes of disease, environmental factors and resistance to infectious agents.

Since many genetic diseases manifest at a young age, sick children and their
families, paediatricians and the entire child health care system worldwide are among
the beneficiaries of advances in biomedical, especially genetic, research. Genetic
analysis of specific mutations, performed in accordance with comprehensive clinical
assessment and biomarker testing, helps clinicians provide a much more efficient
diagnosis, treatment and prognosis for patients with, e.g. cystic fibrosis, lysosomal
storage diseases, some neurodevelopmental disorders and numerous other
conditions. Therefore, it is clear that studies promoted by paediatric biobanks should
also include the specific “paediatric” topics.

One possible area of research is, for instance, the investigation of rare diseases,
especially genetic syndromes. These studies are often difficult as the limited number
of observations in a certain research centre may not be adequate in order to make
relevant conclusions on their etiology and pathogenesis and develop evidence-based
treatment methods. The preservation of biomaterials (including post-mortem), fur-
ther sharing with other centres, and accumulation will lead to larger populations to
draw some consistent conclusions, as well as preserving these materials for the
future when some other methods may emerge and bring benefits to research and
practical medicine.
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The prevalence and structure of infectious diseases in children are somewhat
different from adults. The response mechanisms of the child’s body to infectious
agents are also dissimilar, leading to different outcomes for certain infections; the
current coronavirus pandemic is a case in point. Biobanking may broaden the
spectrum of studies, improve the understanding of these variations and facilitate
further studies and eventual preventive measures. On the other hand, many of the
above-mentioned noncommunicable diseases in adults have their origin in child-
hood. Genetic predisposition, environmental influences (including antenatal period),
genotype-phenotype correlations in cardiovascular, oncological and other diseases
are the research fields in which a biobanking-based longitudinal approach can enrich
current studies and make an important contribution.

Apart from the specificity of paediatric topics, another obvious problem with
paediatric biobanking is the consent issue [2]. Appropriate regulatory frameworks
are needed to regulate the mechanisms for obtaining parental consent, the need to
continue or renew consent in the event of changes in the status of the child’s legal
ties, and the attainment of majority. A specific problem is the definition of the
moment of legal responsibility for adolescents. In many countries, adolescents
have the right to access medical facilities with no parental consent before reaching
legal age, at least for some types of care. For example, according to the National
Reproductive Law, Armenian adolescents have a legal right; therefore, from a
medical and legal point of view, sample collection procedures should be thoroughly
assessed and related to existing regulations.

Therefore, “paediatric” centres should operate with a long-term perspective, and
multidisciplinary networks of institutions and other centres need to be established.
This in turn raises questions about costs, relatively complicated operating manuals
adapted to specific research needs and mechanisms of collaboration. However, the
benefits of interventions may significantly outweigh the potential costs and open
new horizons for studies.

“High-Income Countries Versus Low- and Middle-Income
Countries”

Most of the initial studies and further translation of research into practice took place
in high-income countries that are able to devote sufficient resources to science and
health spending. For example, genetic studies have been invented and are currently
widely accessible in most of Europe and North America. Later, these relatively
expensive and sophisticated techniques will be gradually introduced into low- and
middle-income countries, regardless of whether there is a partial or significant
shortage of resources and personnel. Presumably, even in low-resource settings,
many of these technologies bring financial benefits in addition to clinical benefits by
reducing overall expenditures through optimization of patient management. How-
ever, it should be noted that the overall and long-term cost-effectiveness for the
introduction of many of the modern technologies into daily practice in developing
countries is not thoroughly studied yet.
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What will be unique when biobanking will be used in poorer countries? A lack of
resources may push the initiative groups to seek the support from different funds and
technical support [3]. The research capacities in most countries may require signifi-
cant technical support from existing advanced biobanking centres. As legal
regulations in many of those countries in general are weaker, it may require some
additional efforts and consultancy for establishing a good legal basis for the process
and the covering of all ethic aspects. The national believes and the cultural specific
issues should be considered as well [4]. The experiences of previous programs,
especially those related with carriers of genetic information, must be taken into
account.

On the other hand, what will be the positive outcome of establishing paediatric
biobanks in the developing world? Benefits include reducing inequities for children,
covering previously understudied populations and enlarging the volume and spec-
trum of biological information available to researchers for analysis. Finally, yet
importantly, it improves the research capacity in low- and middle-income countries,
which can have secondary positive outcomes in other fields as well [3–5].

To understand the positive results of introducing genetic studies in low-to-middle
income country better, the case of Armenia can be considered. The Republic of
Armenia, which gained independence in 1991, inherited a relatively well-developed
public health system and some research capacity from the Soviet era. However, the
health expenditures in Armenia were, and in some extent still are, very low and even
among the lowest worldwide, due to the severe economic crisis after the collapse of
the Soviet Union and the disruption of traditional economic ties. Like all health
sectors, Armenia’s child health system is underfunded but reasonably efficient, as
indicated by the relatively low child mortality rate, which was 8.6 per 1000 children
in 2019 [6].

One of the key priority research topics for Armenia is Familial Mediterranean
Fever (FMF), a genetic disease that belongs to the group of periodic fevers and auto
inflammatory diseases and affects mainly Armenians, non-Ashkenazi Jews, Arabs,
Turks and only rarely other nations. The key signs of this disease are recurrent
attacks of fever, abdominal and thoracic pain and arthritis; the most dangerous
complication is amyloid nephropathy, which leads to chronic renal failure. Until
the 1990s, in Armenia as in other countries, the diagnosis of FMF was made only
based on clinical criteria, which was not so difficult in the case of typical
manifestations. The gene responsible for developing FMF (MEFV) was discovered
in 1997; the testing for it has been introduced in Armenia in the early 2000s, thanks
to the efforts of the National Centre of Medical Genetics. Genetic testing, especially
in abortive and atypical manifestations with the phenotype of the disease, genetic
testing for the risk of nephropathy, carried out in line with establishing effective
clinical services, providing free drugs and regular follow-up for paediatric patients,
made a significant contribution to improving the management of patients and
preventing complications [7]. The assessment of effectiveness of spent financial
resources (including state financing of genetic testing) demonstrated the high cost-
effectiveness of these measures.
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This example shows that in a country with scarce resources, the introduction of
modern and relatively expensive technologies into medical practice can be a
resource-saving intervention. The same can be expected from paediatric biobanks.
If we understand the essence of this process, the establishment of biobanks and the
rational organization of the recruitment of materials will provide new opportunities
for studies on the infant body, which in turn will increase the opportunities for
translating the results of these studies into daily practice.
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Abstract

Brain tissue biobanks represent specific collections and ensure investigation and
research into neurological and psychiatric diseases. Depending on the research
question, scientists can use post-mortem biospecimens or, more rarely, samples
from living donors. Generally, there are post-mortem samples, which are
retrieved during autopsy. However, any extent of post-mortem delay until or
after autopsy affects tissue analyses such as immunohistochemical labelling.
Currently, the European Brain Bank Network for neurobiological studies in
neurological and psychiatric diseases comprises nine partner institutions.
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Brain tissue biobanks represent specific collections and ensure investigation and
research into neurological and psychiatric diseases. Depending on the research
question (hypothesis or specific scientific topic), scientists can use post-mortem
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biospecimens or, more rarely, samples from living donors (e.g. tumour surgery
leftover material). Furthermore, the sample type plays an essential and fundamental
role in the analysis; therefore researchers have to choose between formalin-fixed,
paraffin-embedded tissue (FFPE), paxgen-fixed, paraffin-embedded tissue (PFPE)
and fresh frozen tissue samples, amongst others. FFPE tissues often form important
resources of clinical biobanks for retrospective studies. As these types of collections
are very expensive and intended for long-term as well as multiple use, a business
plan is essential. Several standards are needed to avoid pitfalls in this biomedical
research field:

1. Standardized informed consent procedure according to institutional, local,
regional, national as well as international legal and ethical procedures and
standards for working with human biological material

2. Rapid autopsy system to minimize autolytic artefacts
3. Compatible SOPs for management, handling and storage
4. Consistent diagnostic criteria (e.g. free text vs. ICD-10 Code)
5. Safety precautions [1]

Generally, there are post-mortem samples, which are retrieved during autopsy
(so mostly no standardization on time is possible). However, any degree of post-
mortem delay until or after autopsy has an impact on tissue analyses such as
immunohistochemical labelling. The first histological changes can be detected as
early as 10 min after death. This is followed by morphological changes in the cell
organelles, such as the swelling of the mitochondria [2]. It shows how important a
rapid autopsy system is for the quality of biospecimens. Therefore, post-mortem
interval, RNA integrity and pH are used as biomarkers for the quality of tissue [3].

Currently, the European Brain Bank Network for neurobiological studies in
neurological and psychiatric diseases comprises nine partner institutions (https://
cordis.europa.eu/project/id/CIPD940236/de).

Brain banking is a separate branch of biobanking. The term “brain banking” is
usually used to describe the biobanking of central nervous system (CNS) tissues
(e.g. entirely retrieved brains, brain tissue pieces gained by biopsies and spinal cord
samples) and associated fluids, e.g., cerebrospinal fluid (CSF) and blood. Liquor and
CNS biopsy tissue samples can be gained during a surgery, whereas the whole brain
must be taken from dead patients and healthy deceased people [4, 5]. Post-mortem
brain donation may be required for neurological testing, but it raises some questions
that set it apart from the biobank system of other tissue samples to the collection and
handling of human brain tissue. The whole brain forms the core stone for research
that can explore complex brain diseases such as neurodegenerative diseases. On
other hand, the animal models are useful for these types of diseases, but human tissue
biomaterials as well as cerebrospinal fluid from patients with brain disease cannot be
replaced. Since CSF banks are not very different from other biological fluid banks,
here we focus on tissue preservation, especially of the whole brain.

Following the global expansion of aging societies, healthcare expenses will
geometrically continue to rise over the next few decades [6]. According to a 2004
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study by the European Brain Council, 127 million Europeans experience brain
diseases and spend about USD 400 billion on the healthcare system of an aging
society [7]. Research into the brain and CSF fluid can bring better understanding,
treatment, diagnostic and prevention in all diseases of the CNS [7]. Current research
activities worldwide are focused on comparatively widespread disease-specific
health conditions. Diseases such as Parkinson’s, HIV or mental illness are very
rare in the field of biobanking [8–10]. Some brain banks operate on a large scale; for
example, the brain bank in the Netherlands has received tissue from over 3700 brain
donors starting from 1985, and the New York brain bank has brains from over 5000
donors [11, 12].

Because of the understandable shortage of brain donors and scientific working
tendency regarding networking, in 2001, the European Commission presented Brain
Net Europe [13, 14]. A consortium of international brain banks has also been
founded, operating around the globe. As brain banking is a highly comprehensive
field, scientific networking is required [14]. Effective networking requires
standardized procedures, diagnostic methods, and information collection so that
biomaterial and corresponding data can be compared and pooled in bigger cohorts
and projects. That is why the uniqueness of brain banking in the context of
biobanking is often highlighted, showing the differences between donations of
brain tissue and other tissues/organs [15, 16]. Although several recommendations
have been made for brainbank management, there are no standard protocols or
guidelines for brain tissue storing worldwide [17–19]. The Brain Net Europe
consortium has also published a code of conduct for ethical brain banking [20, 21].

In debates about biobanking in general, the special issues associated with post-
mortem human brain tissue, and in particular the collection, processing and preser-
vation of the whole brain have been addressed very little due to the sensitive nature
of the topic. There are some very specific features that make brain banking an
independent form of biobanking which combines the viewpoints of biomedical
ethics, neuropathology and health system informatics. Whilst politics, practicality
and data governance are often considered separately as specific aspects of brain
banking, we think one should encompass the entire process. A comprehensive
understanding of the challenges associated with brain banking is important to not
only improve the effectiveness of the practice but correspondingly being able to
counter the present-day deterioration in post-mortem brain donation frequencies.

Brain donor recruitment is now increasingly organized through donation
programs, wherein those donors (mostly diseased persons with a neurodegenerative
or a mental illness, but also healthy controls) can sign up to brain banks prior to their
deaths. Ethically, the benefits of post-mortem donation programs include initial
interactions amongst brain banks (e.g. a brain bank employee, particularly a neurol-
ogist, but also researchers) and the general population, patients with the named
diagnoses, healthy controls and patient organizations. From a research point of view,
donation programs are valuable as they allow the continuous collection of health
information and human biological materials (such as cerebrospinal fluid, blood, etc.)
throughout the donor’s life. In addition, they allow autopsy, after which the data
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obtained during the illness can be compared with the results of the post-mortem
examination.

When recruiting donors, it is necessary to document the initial diagnosis, espe-
cially if an infectious disease is suspected. Likewise, where potential donors are
available, physicians should contact specialists and appropriate monitoring units for
a preliminary diagnosis. There are also IT challenges in brain banking and donor
recruitment. The donation programs should document the donor’s medical records,
contact details (and close family members) and consent forms provided by donors,
for example, to conduct genetic testing or to inform about upcoming tests. Brain
donations can be made long after consent is given, so every brain bank must keep
this donor information up to date. The research subject administration system is an
IT tool that is used for processing information that relates to the communication and
consent of donors. Most donors are affected by neurodegenerative, mental or
oncologic diseases, so the banked samples are indispensable for understanding the
causes of mental illnesses. Very few people realize that healthy donors are also
needed in brain banking as they serve as a control group. As a result, brain banks
frequently reach out to partners or families of donors who show higher interest in
contributing their brains to research than unaffected population, as they have a direct
understanding of the importance of research in the field.

Another challenge in brain banking is the reduction of autopsies worldwide
[15]. Quotas are reduced because current legal norms make it difficult to perform
an autopsy, so doctors no longer want to trouble relatives with autopsies [22]. Thus,
brain contribution to research advances moral issues that do not arise in other
biobanking activities. Although “brain apparatus” is supported by myths, studies
show that many people do not see a fundamental difference between brain donation
and any other organ donation [23–25]. Nevertheless, studies show that the human
population is, if directly affected, sensitive to the matter. For example, one study
suggested that most respondents were less concerned when brain tissue was removed
than donating the entire brain [26]. For mentally ill people who are eligible donors, it
can be discomforting to join a brain bank that specializes in such conditions; even
healthy donors may be uncomfortable with the idea. Accordingly, brain samples are
extra challenging to obtain than any other human biological material [27].

Brain banking also faces its challenges when it comes to getting an agreement.
Isaac’s report in 2003 showed that in the UK several thousand brains had been
collected without the family’s consent. This led to the revision of the Human Tissue
Act (HTA), which required the consent of relatives to open or destroy organs and
tissues [14, 28]. The second question concerns the acceptance of an individual
whose perception is severely diminished by a mental or neurodegenerative disease
(e.g. schizophrenia, Alzheimer’s disease) [28]. Whereas scientific ethics offer spe-
cific support for the same disease, the patient’s legal representative may consent
[29, 30]. Proper planning in the case of brain donation is directly affected by the legal
consent of the representative. As many neurodegenerative diseases deteriorate over
time, the informed consent can be gained whilst the disease is still inactive. In
addition to severe depression or psychosis, the mentally ill may also be educated
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about brain banking and, if having enough time, may also consent themselves to the
donation [15, 31].

In general, biobanking requires more careful authorization, which is often impos-
sible in practice. If the research project exceeds the initial approval, and if consent is
not possible with the satisfied efforts, the ethics committee will evaluate by default
[32]. Consent of the donor is at least theoretically possible, but post-mortem
collection naturally precludes this option. Brain banking can fully ensure the initial
consent of the donor and his/her immediate family so that they are not faced with any
decisions in an already stressful situation. This can help ensure (often for family
members if the diagnosis is hereditary) that the tissue samples and other specimens
will be used in modern research that employs the latest analytical methods such as
whole genome sequencing, targeted sequencing, metabolomics and other effective
methods. Most importantly, even with broad consent, an independent ethics com-
mittee must review each research project.

From a research perspective, the post-mortem period should be as short as
possible (less than 24 h, if possible) to ensure tissue quality. In either case, the
post-mortem period must be documented to compare samples. The short time
required for an autopsy (if the body has to be transported long distances to the
neurology department) can lead to research and organizational problems. In particu-
lar, in the case of sudden death, the brain bank relies on the willingness of family
members to immediately alarm the brain bank to deliver the obligatory documenta-
tion. Because this is stressful, some brain banks offer detailed advice on how to issue
brain donation cards to potential donors and offer psychological support to the
family.

If the deceased is not registered and his/her wishes have not been expressed in
lifetime, it may be helpful to contact family members in advance, as autopsies
require family consent in many countries. Some brain banks contact family members
by telephone after death which can be a significant burden [14]. There is a very
narrow and difficult margin between sensitivity and testing quality requirement
[25]. Family members can say that the post-mortem examination of the deceased
will not affect the changes. In many cases, once specialists interpret the family’s
problems seriously and offer appropriate counselling (comprising medical and
scientific groups), donations can result in even greater support for the family
[25, 26, 33].

From an ethical position, family members of donors have the same role in the
context of donating organs for transplantation as they do in the perspective of brain
contribution to biomedical research. Regardless of whether the law requires the
following permission from family members, when the patient during life time has
decided to make a donation, in real life, the banned family members have the
decision power. Therefore, according to the Brain Net Europe model form, no
autopsy is performed unless the family decisively rejects the donor’s consent [34].

In fact, the position of the family is particularly prominent in the situation with
brain donation. For example, in Germany, a family member, as the deceased legal
representative, is anticipated to agree on biobanking contribution. According to the
patient’s wish, brain donations do not happen, if the representative determinedly
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declines. The proper balance amongst the donor’s choice and the influence it has on
her/his immediate family are currently being discussed, for instance, the issue if the
deceased should be allowed to vote on the family order [28]. Since donors have the
right to respect their own free will, scientific investigations on brain contributing to
the overall good in well-being.

When the family agrees, the brain tissue is released for research. Setting a sample
range and maintenance depends on the initial diagnosis and also the objective of the
study. The experimental diagnosis determines if additional tissues such as the spine
(more difficult to remove than the brain) are required. However, this may exceed the
estimated shelf life/storage area. Consequently, project standards for specific
diseases are established in prior.

Standard research data describing all stages of brain material (decomposition,
method of preservation, storage) will then be collected, including the unique number
of each sample, the exact storage location, and any available quality information.
Another important explanatory function is to map the small parts of cells that are
removed to the original part of the brain and then map all with codes [35]. Brain Net
Europe has developed a special workflow and coding system for the labelling of
tissue [36]. Unfortunately, the corresponding SOPs are not available for all diseases
[17]. In addition, it is stated that it is very difficult to determine the minimum amount
of data collected by the brain bank, especially in case of mental illnesses. However,
data sharing is the most important aspect in encouraging scientists to make their data
public.

It is necessary to store samples properly in order to keep the donor brain qualita-
tively neutral for long time storage. For this purpose, brain tissue must be widely
described with high-level biological and histopathological analyses. Therefore, parts
of the brain should be stored between �150 �C and �160 �C (gas phase of liquid
nitrogen), whilst other parts (usually 10% for laboratory analysis, corresponding to
30–40% FFPE) should be fixed immediately. Although the Neuronal Tissue Con-
sortium Protocol calls for coronary artery bypass coagulation, the Edinburgh Brain
Bank has banned the selection of parts of HIV-infected cases, preferring more
refrigeration because large-cell patches later require extensive maintenance. How-
ever, Columbia University has developed a modern protocol for the disintegration of
new brain sampling which results in 1150 individual samples.

The pH value is the unit that determines the quality of stable cell samples. In
direct relation to the quality of RNA, which can be measured by determining the total
RNA output per unit, it is the rate of decrease of ribosomal RNA [17, 37]. The time
of the patient’s death should be considered when comparing model cases.

In addition to clinical interventions, researchers should ensure that the study
conducted is unique and brings innovation to the field of neuroscience. To ensure
that relevant specimens are searched in each affected area, Brain Net Europe
provides an internal standard that includes screening, age, sex, cause of death, strong
clinical and pharmacological history, agonist status, post-mortem history, and neu-
rological diagnosis, as well as a list of relevant specimens linked to brain areas.
However, the standard has two problems. Firstly, it was not clear whether this
minimum data set was available to all brains from all European brain banks. The
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second problem is the lack of a standardized list that allows a researcher or biobanker
to efficiently search for a simple database. Although these problems affect not only
brain banks, it can also cause certain problems because not all brain donors are able
to respond to the history or course of the disease.

Based on an analysis of brain bank profiles as opposed to a general biobank, we
identified at least three issues that require further discussion. First, the brain banks
and the specialists must have long-term training. Depending on the disease, the
collection of donor brains can take many decades. Therefore, in the long run,
diagnosis, collection of clinical data, follow-up examinations and informed consent
should be continually considered. Successful brain bank research requires cross-
sectional support from neurosurgeons, neurologists, therapists, ethicists, IT
professionals, etc., especially at the recruitment stage. Secondly, the acquisition,
processing and archiving of brain material is more time-consuming than standard
biobanking, as each brain area has its specific description, which should be taken in
account. Sustainable financing and cost recovery of brain banks are key issues. If
public funds in the long run are not enough to cover the costs of brain banking, future
brain banks will have to find models to cover their costs. Thirdly, biomarker research
in neurosciences faces a lack of good quality brain material, especially well
characterized tissue. A network of brain banks with a fair and efficient distribution
system is very important. The acquisition of whole brain material ultimately depends
on the death of the donor; therefore, special requirements must be met for its
collection. In this sense, the role of the other family members deserves more
attention. Some researchers argue that studies of neurodegenerative psychiatric
illnesses are in the public interest not only of the family’s right to revoke a donor’s
consent after the donor’s death but also “consent in favor of the donor in the event of
death”. However, one must believe in the conditions of personal research and
contribution to this place. Although this belief may not be an honour, it is better to
talk about improving the general understanding of brain donation than to legally
deny family problems.
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The Importance of Biobanking COVID-19
Samples 24
Araz Chiloyan and Lena Nanushyan

Abstract

Collection and storage of biological specimens has been a longstanding method
of conducting research all around the world. Biobanking has allowed for all types
of viruses to be studied by a global network of researchers and thus enhanced and
accelerated the research and development of diagnostic tests and vaccines.
However, with the introduction of the novel coronavirus (COVID-19) leading
to a pandemic, the challenges and gaps in biobanking became more apparent as
the entire world struggled to address the pandemic. With strict measures in place
to reduce transmission of the disease, the idea of virtual biobanking began to take
root as a method for researchers to access data irrespective of their location. With
a better understanding of the gaps and challenges faced by researchers in
biobanking and virtual biobanking, it is likely that there will be a stronger and
more robust response to epidemics and pandemics in the future.

Keywords

Biobank · Coronavirus · Virus · Mutations · Virtual

Introduction

Biobanking specimens, biological tissue and health data, can provide insight into the
genetic material of diseases and can play a crucial role for research in many different
fields, specifically in healthcare [1]. When new viruses are discovered that have the
potential to cause an epidemic or pandemic, there is a need for immediate response,
which includes testing, surveillance and diagnostics [2]. In addition to the immediate
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emergency response, there is also a need for long-term research into understanding
the new virus [2]. In order to understand the new virus, it is critical to have biobanks
in place to allow for researchers to study the virus. With the discovery of SARS-
CoV-2 (COVID-19) in 2019 and its continued presence in the world today, it is
evident that biobanking allowed a network of global researchers to collaboratively
study the fundamentals of the virus as well as its mutations and to expedite the
development of a vaccine.

COVID-19 and Biobanking

SARS-Cov-2 is a highly transmissible virus that has a high mortality risk to humans.
The symptoms vary from mild to severe with more serious symptoms consisting of
trouble of breathing, chest pain or heaviness and loss of speech or movement. Due to
the magnitude of those being affected, biobanking became a way to share informa-
tion between institutions and countries to develop new diagnostic techniques to
tackle the novel virus. Biobanking plays a crucial role in COVID-19 research with
interim policies and guidelines for collection, processing, storage and shipment
being developed on place—on demand in a very short time [3]. The guidelines
that were set into place allowed for safe and efficient collection of samples to be used
by institutions across the world, accelerating research and development.

Challenges of COVID-19 Biobanking

The demand for COVID-19 biobanking increased exponentially with the spread of
the virus across the globe. With demand came challenges related to COVID-19
handling, operations, infrastructure support/resources and safety [4]. COVID-19
handling concerns included personal safety and guidelines due to the evolving
knowledge about the virus [4, 5]. Operations and infrastructure support/resource
concerns included sudden changes in routine activity, availability of competent
personnel, and remote biobank operations with the new need for remote IT infra-
structure [4]. Although many biobanking tools have been put into place to ensure
proper management during crises, many biobanks were unprepared to address
pandemic-related challenges that were long term [5, 6].

Virtual Biobanking for Future COVID-19 Research

The outbreak of the novel coronavirus disrupted clinical research functions world-
wide as individuals were forced to practice social distancing in order to reduce the
transmission of the virus. As the world shifted to a “work-from-home” mode, the
idea of a “virtual” biobank, so-called “electronically simulated” biobank—a data-
base of samples and associated data—was pushed towards the forefront as a poten-
tial vital resource to accelerate COVID-19 research [7, 8]. Global COVID-19
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research would be advanced with the use of virtual biobanks, allowing researchers to
source material and data irrespective of the location of the specimen [8]. There are
currently many virtual biobanks worldwide including National Cancer Institute’s
Specimen Resource Locator, UK Biobank, EuroBioBank, Specimen Central, the
UCL Virtual Biobank, and CHRISTUS Virtual Biobank (CVB) [8]. Setting up a
virtual biobank requires financial, ethical and regulatory considerations.
Safeguarding patient information, ownership of samples, determining infrastructure
and necessary resources for forming a virtual COVID-19 biobank are key for its
success [8].

Conclusion

Viral biobanks make it possible to archive samples of the virus and its mutated
strains and permit a prompter and prepared response to future epidemics and
pandemics [2]. COVID-19 biobanking allowed for acquisition and sharing of
knowledge as quick as possible allowing for diagnostic strategies and vaccine
development. However, there were many challenges associated with COVID-19
biobanking due to the long-term nature of the pandemic. Looking to the future, it is
possible that with the set-up of COVID-19 virtual biobanking the world will be able
to address concerns related to mutations in a faster and more collaborative way.
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Abstract

Biosamples and biological specimen banks are essential elements in the develop-
ment of global cancer science and practice. Modern evidence-based medicine
dictates the need to comply with fairly strict conditions by conducting scientific
research. Taking into account the scale of the tasks solved by modern oncological
research practice, it is necessary to create professional biobanks of samples from
cancer patients and patients with borderline tumour conditions. The main task of
such an infrastructure is the professional collection of biological samples that can
be studied in relation to a wide range of molecular biological parameters and will
not lose their information value even over a long storage period (from 10 to
100 years).
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Introduction

Biosamples and biological specimen banks are essential elements in the develop-
ment of global cancer science and practice. Modern evidence-based medicine
dictates the need to comply with fairly strict conditions by conducting scientific
research. Taking into account the scale of the tasks solved by modern oncological
research practice, it is necessary to create professional biobanks of samples from
cancer patients and patients with borderline tumour conditions.

The main task of such a structure is the specialised collection of human biological
material that are open to be investigated for a comprehensive range of medical
parameters and will valuable in their scientific value over a long storing period
(from 10 to 100 years).

A number of conditions must be met for a biobank to function successfully. There
must be a concrete formulation to create an adequate infrastructure, including
preanalytical handling at the stage of taking biological samples and their competent
placement in the repository (including adequate labelling) and, finally, detailed
information support (the so-called sample annotation), as well as a wide availability
of collections of biological material for research. An extract from the sample (in the
case of medical biobanks) includes non-personal data such as clinical and physical
information, data of all examinations and changes in the patient’s condition during
the entire period of his/her observation, including medical and diagnostic
manipulations, subject to the conditions of complete anonymity of the sample. It is
important that even small-scale research projects carried out on biosamples of the
repository (small sample number, individual molecular determinants) enrich the
biocollection by supplementing the annotation of the stored reserve sample with
new data (back up). This raises the challenge of appropriately accommodating and
augmenting large data sets and ensuring optimal access to information. A condition
for optimal functioning of a biobank infrastructure is clear regulatory legal informa-
tion, a key element of which is informed consent for the voluntary donation of
samples to the biobank, which allows the widest possible use of samples in scientific
research.

Here, we describe some of the current challenges in biobanking as well as
describe and analyse the currently existing infrastructure of oncological biobanks,
both in the Russian Federation and worldwide.

Biobanks in General

Following the definition of ISBER, a biobank is an officially formed, physically
existing, or virtual institution that can receive, process, store and distribute samples
and associated data for the current use or future purposes (https://www.isber.org/).
The objects of biobanking can be biological fluids (blood serum, saliva, urine),
healthy and pathological tissues, cell cultures, strains of bacteria, viruses, physiolog-
ical and pathological secretions, smears, scrapings, swabs, biopsies and surgical
material (https://biospecimens.cancer.gov/patientcorner).
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The value of biobanks, first of all, as a unique research resource and also as some
kind of biological life insurance (and not only human), is currently beyond doubt.
The topic of creating large-scale collections is not new to the world practice and is
gaining popularity also in the Russian Federation [1].

Bioresource collections with an oncological focus were created and are being
created practically in almost every planned scientific research, but, unfortunately, not
all of them are correctly annotated, are not preserved for a long time or are consumed
without remains. Accordingly, such bioresource collections do not grow to the level
of a biobank. Thus, valuable scientific material is lost, and the scientific information
obtained is often not properly promoted. Perhaps, this is because of the lack of
consolidation of scientific knowledge. Despite the success in the diagnosis and
treatment of cancer patients, the incidence of cancer in the Russian Federation is
constantly growing and these countries are still far from defeating cancer [2]. That is
why, in the era of targeted therapy and biotherapy, from the point of view of
evidence-based medicine, it is relevant to create large-scale biobanks with an
oncological focus.

How to Define a Biobank

The idea of a biobank is not new, collections of biomaterials have always been
created, but not all of them can be considered a biobank. Practically in all
pathomorphological departments of large hospitals and medical centres, as well as
in clinical diagnostic laboratories, a certain number of biological samples of patients
are stored (as a rule, blood serum, paraffin blocks, cytological preparations), but
these collections cannot be considered a biobank due to several reasons. These
specimens are limited in their ability to be studied, as they are taken from a specific
patient for a specific purpose, and cannot be used for other research purposes. In
addition, as a rule, pathology departments, cytology and other diagnostic
laboratories do not have enough space to store a large number of samples of different
types. This was a prerequisite for the formation of a new, special field of activity in
medicine and biology, designated as biobanking, and the structure itself (the storage
of biosamples) was called a biobank.

Several years ago, the opinion was voiced that a biobank is a repository of human
biological samples used for scientific and medical purposes, while biorepositories
are collections of various biological resources [3]. In our view, both terms mean the
same thing—the adequate preservation of different types of biological specimens
and the information associated with them as comprehensively as possible, regardless
of whether or not they belong to a particular species.

Biobank activities may include not only the storage of specimens, combined with
clinical, epidemiological and general background data, but also the biobank itself
may perform some research functions, thereby increasing the scientific value of
biocollections. It is important that specimen and annotation information, while
respecting the anonymity of the donor’s identity, should be made available to the
wider scientific community, which will facilitate a wide variety of research on the
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collections. Properly organised and functioning biobanks also provide detailed
information on the acquisition, processing and storage of each sample—e.g. time
and method of collection, delivery circumstances [4].

Of equal importance to a well-functioning biobank is that all manipulations are
carried out in accordance with SOPs governing the work of the unit at all stages of
sample collection and processing, including transport features, preanalytical phase,
analytics, anonymity of samples in the biobank database, storage and exchange
conditions and timing and both of the samples themselves and of the data
annotating them.

Thus, a biobank is determined not only by the number of samples stored in it, but
also by all the accompanying information, as well as by a properly functioning
infrastructure. It seems as if a biobank should be an independent subdivision with its
own preanalytical and analytical unit, staff including IT specialists. Interestingly, the
first attempt to create an independent unit with the goal of safekeeping of samples
was made in 1948 as part of the Framingham Heart Study, a project to identify risk
factors for cardiovascular disease based on a study of peripheral blood samples. It
should be noted that the research results of this bank were published almost 20 years
after the start of its formation [5].

For the successful functioning of the infrastructure, educational work with medi-
cal personnel is necessary, since medical doctors do not have a correct understanding
of the importance of a biobank both for science and for practical medicine. A further
important component of a successful biobank is to educate the public, explaining the
aims and objectives of a biobank and its importance to the physical health of future
generations.

General Principles of the Biobank Infrastructure

In summarising, the long-term experience of a number of institutions and projects
involving a biobank resource, a biobank should consist of the following
components: collection and storage of human samples in combination with thera-
peutic and epidemiological information; dynamic development of the biobank—
continuous sample collection in the long term; connection of the biobank with
ongoing research projects; respect for donor (sample donor/patient) anonymity and
use of uniform standards and management procedures [6–12].

The process of establishing a biobank begins with defining the purpose of the
project; the type of samples is also defined at this stage. The process of obtaining a
sample begins with obtaining the informed consent of the patient, and this document
must be accepted and permitted by the local ethics committee.

The collection of blood samples and other fluids for biobanking is usually carried
out at the primary diagnostic stage and is possible in both outpatient and 24-h
inpatient settings. If tissue is collected from a patient with, e.g. cancer (biopsy
material, surgical material) for research purposes, the need and importance of a
complete primary diagnosis should be considered in the first instance. Tissue
samples from cancer patients are only placed in a biobank when the necessary
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amount of material for a complete diagnosis and staging of the tumour has been
obtained. At this stage, the involvement of the pathology service is essential. The
involvement of a pathologist at the biobanking stage, in addition to avoiding
interference in the diagnostic process, also makes it possible to confirm the quality
of the sample (absence of undesirable artefacts, necrosis, etc.).

After collection of any biosample, with documentation of all transportation
conditions (time, temperature, availability of a directional description), the sample
goes to the biobank, where it is anonymised/pseudonymised, marked and processed.
At this stage, the crucial step is aliquoting the samples. Aliquoting is the process of
dividing either a native sample or an isolated fraction (plasma, serum) into smaller
samples to create backup copies of it, allowing a sample of the same patient to be
examined several times. For example, in the UK Biobank, in accordance with the
adopted SOP, 19 aliquots are prepared from five primary samples of urine and blood
of a patient [9]. Upon completion of aliquoting, the samples are bar-coded and
stored, with registration in the electronic database of the biobank.

A very important aspect is the choice of containers for placing the aliquots.
Placing samples in containers that are not intended for freezing is unacceptable
and will negatively influence the value of the stored samples. The quality of
polypropylene, from which the cryocontainers are made, is also important [13].

Another key point of the preanalytical phase is the implementation of an exact
reproducible aliquoting process, which is usually carried out manually due to cost
savings. However, automation of the aliquoting process seems to be the most
appropriate way, which reduces the number of samples required, eliminates human
error and facilitates the labelling and subsequent identification of the samples.

Considering the multi-step process, all steps of the process must be easily
reproducible, which requires clear regulations.

The functions of the networking bodies for biobanks are currently fulfilled by
international organisations such as ISBER and ESBB. ISBER’s functions are
broad—developing biobanking and an international network of biobanks,
accumulating international experience concerning all aspects of biobanking and its
stages and, as mentioned above, developing recommendations. As of the end of
2019, three Russian organisations are members of ISBER, and one is member of
ESBB. The “Guidelines for standardised biobanking” published in 2010 by Irish
molecular medicine specialists [14] are also among the useful sources of informa-
tion. The International Organisation for Standardisation ISO published the
ISO20387:2018 biobanking standard in August 2018 [15]. The document includes
general requirements for biobanking organisations. ISO 20387:2018 was based on
ISO9001.

The Tasks of an Oncobiobank

Primarily, a biobank is a ready-made source of high-quality (tissue) samples.
Biosamples can contain certain genomic, epigenomic, transcriptomic, proteomic
and metabolic changes that characterise a specific nosological form of cancer in
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conjunction with the patient’s personal/individual characteristics. This in itself is
extremely important data, which can be analysed in correlation with the clinical
information of the patient to determine the impact of molecular biological features
on the efficacy of the therapy provided. In doing so, the biobank, by providing a
sufficient amount of study material, provides the study with weighty statistical
significance. With this in mind, the biobank should have a robust computational/
analytical and information infrastructure to manage the data and conduct meaningful
analyses.

Another point is the possibility of finding new predictors and drug targets, as
quite often molecularly targeted therapies achieve long-term cancer control, but
15–20% of patients develop resistance to this type of treatment, which leads to the
progression of the disease.

A very important point for the biobank, and especially for the oncological
biobank, is the preservation of the original samples (conditional point of return,
the so-called back up). Over time, the research capabilities change, and if, after a
lapse of time from the diagnosis (after 3–5–10 years), we can return to the original
tumour and study it in more detail, already knowing what happened to the patient
during this period. This will undoubtedly bring us closer to solving the problem of a
particular type of cancer.

Using molecular-targeted therapy, we may change the biological portrait of the
tumour, possibly “forcing” it to mutate. However, subject to the formation of
biobanks, it is possible to return to the initial data, and not only for research
purposes, but also for the development of personalized therapy, taking into account
the characteristics of the primary tumour [16].

Therefore, in recent years, publications [17] have appeared which speak of high
tumour heterogeneity and variability in the treatment process, which in turn poses
the problem of the need to develop optimal methods of radiation therapy.

Research in Oncology with the Involvement of Biobank Resources

As noted above, biobanks are an essential tool for many tasks in oncology, as the
search for adequate predictors of cancer risk and response to therapy is still an
urgent task.

The EPIC (European Prospective Investigation into Cancer and Nutrition)
biobank project is one of the most successful oncology biobank projects. Several
large-scale studies have been carried out on samples concentrated in biobanks as part
of this project. For example, an association between insulin-like growth factor
1 (IGF-1) and the risk of invasive ovarian cancer has been established [18]. The
connection between lifestyle features and risk of breast cancer in menopausal
women has been shown using biobank samples from this project [19].

Of particular note is a large-scale cohort study from 2014 to identify genetic
predictors of prostate cancer mortality risk using the International Agency for
Research on Cancer, Lyon, France Department of Biobank Research. This study
included samples from 10,487 prostate cancer patients and 11,024 control
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individuals and analysed the association of 47 single-nucleotide polymorphisms
identified in prostate cancer with cancer mortality. Eight variants of single-
nucleotide polymorphisms were found associated with the risk of prostate cancer
mortality. The study found that only one of the studied single-chain polymorphisms,
rs11672691, is a factor of poor prognosis. Patients with this determinant had a
shorter life expectancy. In contrast, detection of the other seven single-stranded
polymorphisms (rs13385191 [C2orf43], rs17021918 [PDLIM5], rs10486567
[JAZF1], rs6465657 [LMTK2], rs7127900 (intergenic), rs2735839 [KLK3],
rs10993994 [MSMB], rs13385191 [C2orf43]) determined longer patient
survival [20].

A further larger study (involving 140,000 patients with retinitis pigmentosa (RP))
using the resources of several biobanks, has identified 63 new loci allied alongside
the likelihood of prostate cancer, including inherited forms of the disease [21].

Another example of realizing the potential of biobanks is the investigation of risk
factors for the development of ductal carcinoma of the mammary gland in situ, a
condition, although not obligatory, but preceding the development of invasive breast
cancer [22].

A study was carried out on samples from 263,788 women aged 40 to 69 years
held in the UK Biobank population-based cohort repository. The study collected
data on demographic, reproductive and medical factors, using computerised
questionnaires, and ascertained the presence of ductal carcinoma of the breast in
situ, using data from the UK Cancer Registry [23]. A number of factors were found
to be related with the risk of developing ductal carcinoma in situ, using multivariate
analysis. The most important result of this largest epidemiological study to date has
been the identification of a particular risk group for this condition: postmenopausal
women who are not on hormone replacement therapy and have an elevated body
mass index [23]. The studies presented above, using biobank resources, were
nosologically oriented.

It should be clear that the collection and database of the same biobank may serve
very different purposes. The Australian scientists’ prospective cohort study is an
example of this. Initially, when the sampling started and databases were formed
(1994–1995), the study aimed at analysing the relationship of characteristics of
metabolism and the risk of cardiovascular disease [24, 25]. However, taking into
consideration the peculiarities of the area where the population lives, the coastal
zone (Busselton region) of Western Australia, which is considered to be an area with
iodine deficiency [26], it was hypothesized that the thyroid hormone level can be
associated with the risk of several types of cancer [27]. A relevant study was carried
out, including 4843 individuals who were subjected to a very careful anamnestic
questionnaire, anthropometric examination and a blood sample for the assessment of
hormonal status in 1994/1995. The observation was carried out between 1994 and
2014. During the 20-year period, 16% of the study participants (600 people) were
diagnosed with any cancer. 126 (8%) men and 100 (5%) women were spotted with
diagnosis of prostate and breast cancer; correspondingly, 103 (3%) subjects devel-
oped colorectal cancer and 41 (1%) were diagnosed with lung cancer. No association
was found between thyroid hormone levels and thyroperoxidase antibodies and the
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risk of developing breast cancer, colorectal cancer or lung cancer. However, the
study showed a significant correlation between the development of prostate cancer
and levels of thyrotropic hormone, TSH (inverse correlation) and thyroxine FT4
(direct correlation). A further vector of research has thus been determined to explore
the function of the thyroid function in the increase of prostate cancer. This kind of
research could not have been realised without the resources of biobanks.

All of the above confirm the importance of (onco)biobanks for obtaining clini-
cally relevant information in oncology practice, both in terms of finding predictors of
disease and improving screening programmes. Finally, the history of the introduc-
tion into clinical practice of the targeted drug gefitinib, initially targeting inactivation
of the epidermal growth factor receptor (EGFR), is very illuminating. EGFR
inhibitors were considered as universal agents, as an increase in the expression of
these receptors is characteristic of most tumours of epithelial origin. Clinical trials of
gefitinib showed very modest results, and the international clinical trial of ISEL was
suspended in 2004. Samples from the patients included in the study were, however,
retained. Summaries of the results of these studies, performed after the data of all
participants had been collected, processed and archived, made it possible to perform
nucleotide sequence analysis of the EGFR gene in tumours with and without
treatment effect and to conclude that recurrent intragenic mutations are associated
with drug efficacy. Thus, a drug initially designed to inactivate the normal EGFR
gene was effective against the mutated gene [28].

The discovery of EGF receptor mutations and the following evidence of the
effectiveness of EGF receptor tyrosine kinase inhibitors in targeting tumour geno-
type marked the age of precision medicine for non-small cell lung cancer. So both,
the first as well as the second-generation EGF receptor tyrosine kinase inhibitors
(erlotinib, gefitinib and afatinib), have been shown to be more effective than a
platinum-based chemotherapy and represent the standard of care for patients with
advanced non-small-cell lung cancer with an EGFR mutation. However, tumours
can invariably develop resistance to first- and second-generation EGF receptor
tyrosine kinase inhibitors as well, limiting their long-term efficacy. The most
frequent mutations in the EGFR gene include deletions in exon 19 and a point
mutation of L858R in exon 21. A secondary mutation in the EGFR gene, T790M,
has been identified as the most common mutation responsible for the resistance to
first- and second-generation inhibitors. Osimertinib, a third-generation inhibitor,
blocks the EGF receptor tyrosine kinase both in the presence of activating mutations
(del19 or L858R) and with the T790M mutation in the EGFR gene [29].

Thus, researchers have been faced with the need to develop tests for the detection
of mutations in the EGFR gene to stratify patients and prescribe therapy depending
on their presence [30]. The development and registration of a test is based on the
identification of a predictive biomarker and requires analytical validation, which is
carried out on biomaterial of different formats with clinical and laboratory informa-
tion about the patient. In this context, the biobank is the main source of information
for selecting specific groups of patients—carriers of mutations with or without
treatment effect, determining whether the drug used will be effective. In addition,
in terms of current research projects, cell suspensions isolated from a patient’s
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tumour tissue sample can be a resource for obtaining an in vitro tumour model, PDC
(Patient-Derived Cell), and an in vivo human tumour xenograft—PDX (Patient-
Derived Xenograft) [31, 32].

In this way, the collections of primary tumour cells are created and organoid
biorepositories—3D matrices, where tumour cells including tumour stem cells and
tumour microenvironment cells including immune cells and stromal cells are
co-cultured, are created if culturing conditions are optimised [33]. Such models
appear to be the most promising and scientifically valid tools in the discovery and
development of new generation drugs.

Veterinary cancer biobanks have also shown their relevance. A number of
examples demonstrate the involvement of animals in preclinical studies, such as
the first drug in the Bruton’s tyrosine kinase inhibitor class, ibrutinib [34]. This is
because existing experimental models of B-cell lymphoma in mice have proved
insensitive to ibrutinib, and dogs with B-cell lymphoma are the only model to prove
the mechanism of action of the drug in which the therapeutic effect of ibrutinib has
been demonstrated, which provided a strong incentive to start clinical trials. Ibrutinib
is currently a registered drug for the treatment of certain types of B-cell lymphoma.

In addition to demonstrating the enormous potential of a resource, such as an
oncobobank, these studies also raise the question of the need for very careful
bioinformatics analysis of the vast amounts of data generated by multi-component
analysis of large numbers of samples.

Another important conclusion from these studies is the obviousness of combining
the efforts of several biorepositories and the formation of so-called networks of
oncobiobanks.

Unfortunately, there are almost no such examples of the implementation of large-
scale cohort studies in oncology in the Russian Federation. It seems that the right
collections of biological samples are still being formed.

The Russian Biobank Landscape

In Russia, the National Association of Biobanks and Biobanking Specialists
(NASBIO, nasbio.ru) was established in 2018 with the support of the Ministry of
Health of the Russian Federation, of which FGBU NRRC Radiology of the Russian
Ministry of Health is also a member. Its primary goal is to consolidate efforts to form
a full-fledged infrastructure of biobanks, depositories and collections of biomaterials
in the country [35].

At present, the Federal Agency for Technical Regulation and Metrology has
begun translating ISO20387:2018 into Russian, as a result of the NASBIO initiative.

At the moment, biological material banks, DNA depositories, stem cell banks,
donor material banks, repositories, etc. are being established in the Russian Federa-
tion. Collections with samples of seeds, plant tissue cultures, animal DNA,
microorganisms and viruses are being formed. For example, in 2010 a regional
genetic bank of rare and endangered plant species included in the Red Book of
Volgograd Oblast was created. By the end of 2020, there were between 20 and
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30 biobanks in the Russian Federation, as well as more than 200 collections of
biological samples [36]. An interesting Russian project is the marine biobank
(Center for Shared Use of the Resource Collection “Marine Biobank”). The Marine
Biobank was organized in 2017 based on the National Scientific Center for Marine
Biology of the Far Eastern Branch of the Russian Academy of Sciences. The goal of
the Marine Biobank is to ensure the conduct of scientific research using the existing
collections and equipment in accordance with international protocols for the collec-
tion, cataloguing, maintenance and storage of biological samples of marine origin.
The collection currently consists of over 200,000 items and includes both living
collections of marine microorganisms and the stock collections of the Museum and
Marine Biology Research Centre. The collections are represented by littoral, shelf
and deep-water collections from the Far East seas of Russia, with a significant part of
the specimens collected in the coastal waters of Vietnam and other areas of the
World Ocean.

In terms of the number of human tissue samples stored, the leaders are the
biobanks of the Academician V.I. Kulakov Scientific Research Centre for Obstetrics,
Gynecology and Perinatology, the N.F. Gamaleya Research Centre for Epidemiol-
ogy and Microbiology, the N.F. Gamaleya Research Centre for Epidemiology and
Microbiology and the St. Petersburg State University Biobank (about 200,000
samples are stored), N.F. Gamaleya, Biobank Centre of St. Petersburg State Univer-
sity (about 200,000 samples are stored). However, the information on these
collections is not sufficiently available even on the websites of the organisations.

The issues and problems in the use of pathology specimens should be highlighted.
Currently, every pathology department in the country and in the world stores
paraffin-embedded tissue specimens (paraffin blocks) and histological specimens
(slides) for at least 25 years after collecting the samples. There are tens of millions of
specimens stored in pathology archives around the country. Digital archives of
pathology specimens are virtually non-existent in Russia, as is tissue microarray
technology. The use of collected pathology specimens for scientific purposes is
hampered by the lack of appropriate informed consent and associated information.
The involvement of pathology archives in biobanking activities is thus very low.

Oncobiobank of the National Research Institute of Radiology
of the Russian Ministry of Health

Analysing the experience of the most successful Russian and world biobanks and
biorepositories, at the end of 2018, the formation of a biobank of samples of cancer
patients (hereinafter—the Centre) was started on the basis of FGBU “NRC Radiol-
ogy” of the Ministry of Health of Russia (hereinafter—OnkoBioBank, https://mrrc.
nmicr.ru/filialy/laboratoriya-klinicheskoy-immunologii2/). This oncobiobank is
being created as a long-term infrastructure for the storage of samples and data
array with the possibility of research of biological material, both in the near future
and in the future. The main goal is to create a solid foundation for challenges in the
fields of oncology, biotechnology and genetic engineering.
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In May 2019, at the first scientific and practical conference “Molecular
Fundamentals of Clinical Oncology”, held at the A.F. Tsyb MRRC, a branch of
the Federal State Budgetary Institution “NRC Radiology” (hereinafter, Obninsk
branch), a round table dedicated to biobanks was held, where a proposal was first
voiced about the possibility of creating a network biobank of samples of cancer
patients of the Russian Federation (hereinafter, Network Biobank) on the basis of the
Centre. Oncological institutions of the North-West and Central Federal Districts of
the Russian Federation were invited to create the Network Biobank. Consent for
cooperation has been received from 17 subjects of the Russian Federation. The
decision to establish a network biobank of samples of oncology patients has been
supported by the Ministry of Health of the Russian Federation.

To date, OnkoBioBank is a structural subdivision of the Laboratory Medicine
Department, which is represented by clinical, biochemical and immunological
laboratories of high level of equipment, both from the technical side and in terms
of specialists (see Fig. 25.1).

An electronic case history is maintained and archived in a single system, which
integrates the OnkoBioBank biosamples registration and recording system, which
allows for maximum annotation of biosamples. OnkoBioBank’s operations are
regulated according to international standards, respecting all confidentiality norms
with regard to the preservation of personal information. Standard operating
procedures, including preanalytics, analytics and sample annotation, are developed
based on international protocols with the involvement of expert lawyers and an
ethics committee, and a single informed consent has been developed. The possibility
of a cloud-based data repository is being explored as being the most economically
and practically optimal [37, 38], especially in the framework of the Network
Biobank. This will enable the efficient use of information in clinical and scientific
research for a larger number of researchers.

The OncoBioBank is a multifunctional structure (see Fig. 25.2).
Since the Centre is licensed and performs hematopoietic stem cell transplants, a

cryobank of this transplant material is available. Since the late 1990s, a bone marrow
mesenchymal stromal/stem cells (MSCs) bank has been established and operated at
the Obninsk branch; its collection currently consists of 773 aliquots of undifferenti-
ated human and animal (rat, elk) bone marrow MSCs. MSC cultures are used in the
development of cell therapy programmes, in particular to prevent anthracycline
cardiomyopathy in cancer patients [39]. The fertility bank is actively functioning,
where for more than 10 years, ovarian tissue and oocytes of cancer patients have
been preserved to maintain fertility after chemo- and hormone therapy.

At the end of 2020, the Centre initiated a tumour biobanking programme for pets.
The collection is small and consists of 30 specimens including 17 spontaneous
canine tumours of different histogenesis, 6 benign canine tumours and 7 spontaneous
feline tumours. The establishment of a pet tumour biobank, a veterinary
biorepository, is an infrastructural link in a chain of major research work, including
basic, preclinical, translational and clinical phases. A large collection of
immortalised human and animal tumour cell lines has been assembled at the Centre
over many years of work. The collection includes more than 40 cell lines obtained
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from accredited international (ATCC, ECACC) and Russian repositories (Institute of
Virology, Research Institute of Cytology of the Russian Academy of Sciences,
Cancer Research Centre, Federal State Budgetary Educational Institution of the

Fig. 25.1 Laboratory Medicine Department

Fig. 25.2 OnkoBioBank “NRC Radiology”
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Russian Academy of Sciences, the Russian Academy of Medical Sciences, the
Russian Academy of Sciences and the Russian Academy of Sciences. Scientific
Research Center for Oncology of the Ministry of Health of Russia). Immortalized
human tumour cells include carcinoma, epidermoid carcinoma, squamous cell
carcinoma, adenocarcinoma, transitional cell carcinoma, glioblastoma and fibrosar-
coma. Cell cultures of immortalized mouse tumour cells include sarcoma, carci-
noma, adenocarcinoma, lymphocytic leukaemia, myelomonocytic leukaemia,
melanoma and leukaemia.

The resource of this biorepository was the basis for a wide range of experimental
studies to identify potential anti-tumour activities and rapid identification of new
therapeutic agents, including chemotherapeutic, targeting, radiopharmaceuticals,
photosensitizers for photodynamic therapy and gene therapy drugs [40–54].

The biorepository of biological samples from cancer patients at the Centre is not
very large, comprising 2850 samples from 550 cancer patients. As part of the
projects was implemented on the basis of the OnkoBioBank, the main nosological
forms such as lung, stomach, oesophagus, colorectal cancer, ovarian cancer, prostate
cancer, breast cancer, tumours of the lymphoid and hematopoietic system are
currently being collected. With the involvement of the Centre’s bioresource collec-
tion for studying the effectiveness of neoadjuvant therapy in patients suffering from
gastric cancer, a method of immunological evaluation of tumour micro metastases to
signal lymph nodes has been developed. An invention patent was obtained
(RU2727251 21.07.2020).

It should be noted that the Obninsk Branch is a participant of the international
network biobank “Chernobyl Tissue Bank”, including collections of Russia, Ukraine
and Belarus; within the framework of this project, blood components and tissue
components of the tumours of 1250 patients are stored. Thus, a multifunctional
structure of OncoBioBank has been formed based on the Centre, covering the
maximum possible aspects of this process in oncological science and practice,
including biorepositories of cultures of tumour cells, malignant tumours of humans
and animals and collections of various types of biological samples from cancer
patients.

Biobanking in the Future

Biobanking is developing worldwide, but there are no universally acknowledged
industry standards or worldwide registries yet. Creating standardised protocols
should significantly improve the efficacy of clinical data collection, as different
institutions use identical methods to characterise and annotate samples stored in
their respective biobanks. Standardisation can be greatly accelerated by automated
systems that organise sample collections into predefined categories based on tissue
type, molecular marker or preservation method. This would greatly improve and
simplify researchers’ access to biospecimen collections, allowing more research to
be conducted and increasing the value of biological specimen collections.
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Unfortunately, most biobanks currently operate completely independently of
each other, each according to their own individual standards for sample organisation
and data collection. This makes collaboration between biobanks difficult and
requires further methods to merge the diverse data collections into a solitary registry
for data comparison or aggregation. Such a global registry encompassing all
biobanks seems to be a favourable future for biobanking, demarcated by compre-
hensive metadata and broad partnership to promote medical research.
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Abstract

Ensuring sustainability is the most important task of a biobank, because biobanks
are very resource-intensive infrastructures with a long-term horizon. Only a
sustainable biobank can make a significant contribution to research ongoing.
However, many different factors must fit and interact to enable sustainability.
In this chapter, the particular challenges of biobank sustainability and their
biobanking activities with a special focus on LMICs will be discussed.
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Introduction

Ensuring sustainability is the most important task of a biobank, because biobanks are
very resource-intensive infrastructures with a long-term horizon. Only a sustainable
biobank can make a significant contribution to research ongoing. However, many
different factors must fit and interact to enable sustainability. In this chapter, we will
discuss the particular challenges of biobank sustainability and their biobanking
activities with a special focus on LMICs.
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Definition of a Biobank

Before sustainability of biobanks can be discussed, especially in LMICs settings, the
characteristics of the biobank environment should be explained. A major challenge
remains in that there is still no generally accepted definition of what a biobank
is. This can be indicative of a rapidly growing field; however, developments in the
field of biobanking will be complicated in the longer-term if researchers are unaware
that their collection is indeed a biobank and that it needs to follow particular sets of
best practices and international standards [1, 2]. A clear definition of the term is
therefore an important step towards fostering collaboration amongst researchers, the
discoverability and utilization of samples [3]. Additionally, a variation in definitions
between different stakeholders and/or geographies—if continued—is likely to gen-
erate misunderstandings about the scope of various regulations and guidelines
related to sample collections [4]. This is especially important in LMICs settings,
where a number of regulatory frameworks have been created in recent years and/or
are still in the process of being created [5, 6].

To this end, a biobank can be defined as a systematic collection of samples and
data for a defined purpose. The data itself has three dimensions: (1) the data of the
donor (e.g., patient and medical history; in the case of the latter, there may be various
diseases that are more or less important), (2) the data of the collection process and
(3) the data which is generated by using the samples. It can be stated that as soon as
the samples are removed from their usual preservation environment, a new “life in
data” for these samples begins. One such extreme example is immortal cell lines.

Biobanks service a wide range of stakeholders and research needs, and therefore
various models of biobanks exist. From the users’ point of view, there are biobanks
that have only one user, few or many (mono-, oligo-, and poly-users) [7]. It is also
important whether a biobank is designed for a short period of time, e.g., for the
lifetime of a specific project, or for the long term. Lastly, another significant
parameter is whether it is a retrospective or prospective collection [8].

Concept of “Biobanking 3.0”

The above definition of biobanks is static and does not allow for the necessary
flexibility demanded by rapid technological and experimental needs. On the con-
trary, the concept “Biobanking 3.0” shows the dynamic components of biobanks and
all the activities associated with them, so-called biobanking [9]. This concept takes
into account both biobanks that are newly established and activities that are carried
out when an established biobank opens up to a new field. As such, this might be a
better suited concept for LMIC settings, where the pressure for flexible and inter-
linking infrastructures is at its greatest. At the beginning of the COVID-19 pan-
demic, this could be exemplified by those biobanks that had to adapt to the new
healthcare context and collect corresponding samples and data from COVID-19
patients within a very short time [10].
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In the Biobanking 3.0 concept, five individual activities of biobanks are listed and
include (1) the samples that are collected, (2) the personal data that are collected,
(3) the sample-related data that are collected, (4) the customer need and
(5) sustainability.

At the initial biobanking 1.0 stage, i.e. when a biobank is newly established or a
new field is newly established within an existing biobank, the focus is on the quantity
or on how many samples can be collected. At this point, it is central that contacts are
established with those structures where the corresponding donors can be found and
samples are available. Data are also important, but most of them can be collected
with a delay. At the biobanking 2.0 stage, the focus is on the quality, and especially
the quality of the data collected. Biobanking 1.0 and 2.0 can go hand in hand, and
these are usually very short stages. Much more important is the stage of Biobanking
3.0 with the focus on customer needs and sustainability, where biobanks reach
operational maturity. This concept gains further momentum when it is used to
describe and, if necessary, calculate impact and value.

The Three Dimensions of Sustainability of Biobanks
and Biobanking

The basic principles of sustainability are universally valid and applicable across
different geographies and fields of activity. This well-established three-pillar concept
of sustainable development has already been adapted for biobanks [9]. According to
this concept, biobanks can achieve long-term sustainability if the financial, opera-
tional and social dimensions are not played off against each other, but are pursued
with equal priority [11].

The financial dimension involves not only access to finances but also knowing the
various sources of finance and how to approach them. These sources of finance can
be local, regional, national or international, they can be public/governmental or
private, or a mixture of these. But it is equally important to know the real costs of
operating a biobank. It can be very difficult to calculate these costs because, as
mentioned above, biobanks are very diverse and are integrated into a wide variety of
administrative networks [12, 13]. A helpful tool is the Biobanking 3.0 concept
mentioned above.

The operational dimension of sustainability includes all aspects of how the
biobank is managed as a research infrastructure. In this context, a business plan
which includes a vision and mission; an analysis of SWOT; risk mitigation; and
defined performance metrics including all key business plan elements and monitor-
ing their success against SMART (Specific, Measurable, Achievable, Relevant,
Time bound) goals and objectives is a central steering tool. The business plan
makes it possible to identify the opportunities that a biobank has and to take the
necessary steps to exploit these opportunities [14]. All aspects of the Quality
Management System need also to be included in this dimension [15].

The social dimension focuses on early and frequent interactions with all
stakeholders. These continuous interactions increase or establish social trust and
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thus ultimately the general value of the biobank [16, 17]. Within LMICs settings, the
social dimension has proven particularly important for collections of samples,
especially as a number of past experiences were mishandled. This applies in partic-
ular in cases where samples were collected within LMICs settings, shipped abroad
for the sole academic benefit of external collaborators and without involving the
communities and researchers where those samples originated from [18].

Sustainability for Biobanks in LMIC: Challenges
and Opportunities

Our analysis does not concern individual biobanks; as mentioned above, the
variability within biobanks is enormous. Instead, this chapter focuses on the biggest
challenges and opportunities for biobanking in LMICs.

Probably the biggest current challenges are infrastructure and governance [18–
21] aspects influencing each other. A biobank is a long-term infrastructural commit-
ment that requires a high level of investment, as well as a structured and continuous
environment. Biobanks require buildings that should meet defined requirements, and
biobanks need dedicated personnel who ensure continuous operation. The previous
experiences of disconnected islands of scientific excellence across LMICs, created
for the life cycle of particular research initiatives, would need to be turned into inter-
connected networks or collaborations [22, 23], where biobanks are the common
ground of access to biological resources and data. Such networks increase the
resilience of investments, can support research and capacity building and can even
mitigate the risk to the overall scientific advance, if one of their participating
infrastructures faces financial distress [24, 25].

Ethical, legal, social and regulatory aspects are key challenges for the successful
management of biobanks. These are elements that have seen very active research in
the last few years, providing evidence for informed governance structures within
LMICs [5, 18, 20, 26–30]. It must also be taken into account that biomedical
research and, as part of that, biobanking usually does not constitute the first govern-
mental priority, especially as the healthcare system is not primarily oriented towards
research [31, 32].

However, there are also many opportunities for biobanks in LMICs, as there are
many understudied populations and many diseases with unmet need. In many
countries, large cohorts of patients/donors can be accessed [33], and there is general
willingness from the wider public to participate in medical research through
biobanks [34–36]. Additionally, in LMICs there is a demand for sufficient, educated
manpower and a growing young generation of increasingly well-educated, well-
connected professionals exists. This will lead to newly established research groups
who will generate a considerable demand for samples, data and other biobank
services.
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Outlook

Many LMICs are developing legal frameworks for research in general and specifi-
cally also for biobanking. Biobanks need to be in close contact with these legislative
efforts to ensure sustainability is included or protected through such frameworks. A
key success factor is good business planning for each individual biobank. While this
holds true for all biobanks globally, LMICs cannot afford failing biobanks due to the
significant investment needed. LMIC biobankers can learn from the experiences of
others and reach for dedicated expertise beyond the timeframes of individual grants/
projects. They should build local, regional or national networks and consortia to
become an important stakeholder in all aspects of research and biobanking [5, 19, 33,
37, 38]. There are great opportunities for scientific collaboration by linking to
existing infrastructure in LMICs and globally. This includes international
organizations and societies like IARC, ISBER, or others for staff educational
opportunities, e.g. qualifications and long-distance learning [39, 40].

In summary, there are good reasons to be optimistic about the future prospects of
biobanking in LMIC. In addition, biobanks in LMICs can achieve long-term
sustainability if the financial, operational and social dimensions are treated with
equal priority, and the impact of such biobanks is documented. In this manner,
successful biobanks will eventually generate demonstrable value to medical research
and general health.

Disclaimer Where authors are identified as personnel of the International Agency for Research on
Cancer/WHO, the authors alone are responsible for the views expressed in this article, and they do
not necessarily represent the decisions, policy or views of the International Agency for Research on
Cancer/WHO.
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Abstract

Digital transformation of health systems will critically rely on accessing data from
patients in order to develop technologies and for their future implementation in
health service. In this context, it is essential that data from relevant patient groups
have been used to develop technologies since otherwise the performance and
patient safety of digital technologies cannot be guaranteed. For this reason, a
trusted environment for health data has to be established comprising several
elements. It has to build on (1) a legal basis (e.g., the European General Data
Protection Regulation), (2) be centered on patient engagement, (3) employ inno-
vative privacy preserving technologies, (4) apply proper governance models,
(5) ensure data sovereignty, and (6) allow fair benefit sharing from using patient
data. Furthermore, new data access models should be explored that enable
research on health data in the trusted environment and avoid the need of sending
data outside this environment to users.
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Introduction

Health care increasingly relies on the proper use of a broad spectrum of data
requiring innovative solutions for efficient and secure data management and analy-
sis. In this context, machine learning and AI provide new opportunities to increase
capacities and competencies of health care workers which are essential to sustain
health systems. In several medical fields, there is a global shortage of trained medical
specialists, which particularly affects developing countries. For example, there are
countries with less than one pathologist per nine million people, which prevents
patients with cancer from getting a proper diagnosis, and without proper diagnosis
there will be no proper therapy even when medication would be available. There is
increasing evidence that AI can assist medical professionals in diagnostics and
increases their working capacity, which provides new opportunities to cope with
global shortage of trained medical specialists.

This importance of using health data for future health systems is highlighted in
the report of the World Health Organization in its Global Strategy on Digital Health
2020–2025 by the statement “Digital transformation of health care can be disruptive;
however, technologies such as the Internet of things, virtual care, remote monitoring,
artificial intelligence, big data analytics, blockchain, smart wearables, platforms,
tools enabling data exchange and storage and tools enabling remote data capture and
the exchange of data and sharing of relevant information across the health ecosystem
creating a continuum of care have proven potential to enhance health outcomes by
improving medical diagnosis, data-based treatment decisions, digital therapeutics,
clinical trials, self-management of care and person-centred care as well as creating
more evidence-based knowledge, skills and competence for professionals to support
health care” [1]. A specific challenge in the potentially disruptive innovation in
health systems is that low-income countries are not left behind, which may create
major inequalities for people for accessing high-quality and affordable health care as
defined in the Sustainable Development Goal 3 of the United Nations
(UN SDG3) [2].

The advancement of digital health, particularly the development tools involving
machine learning algorithms and AI, critically relies on accessing health-related data
from a broad spectrum of people and disease conditions. The importance of inclu-
siveness and quality of health data for proper performance of digital health
technologies is underlined in the report of the UN Secretary-General’s High-level
Panel on Digital Cooperation emphasizing “Gaps in the data on which algorithms are
trained can likewise automate existing patterns of discrimination, as machine
learning systems are only as good as the data that is fed to them” [3]. This need of
making health data available from patients around the globe goes hand in hand with
the need of creating a trusted environment where these data can be handled properly
as further stated by UN Secretary-General’s High-level Panel on Digital Cooperation
emphasizing “We recommend the development of a Global Commitment on Digital
Trust and Security to shape a shared vision, identify attributes of digital stability,
elucidate and strengthen the implementation of norms for responsible uses of
technology, and propose priorities for action” [3].
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Proposed Solution

In order to build such trusted environment for health data, biobanks could play a
central role. In context of establishing biobank research infrastructures, which
provide access to quality controlled human biosamples and associated medical
data for research in compliance with ethical and legal requirements, several aspects
for such trusted environment have been developed [4–8]. Key lessons learned are
that a trusted environment requires a multi-pillar approach that builds on the
applicable legal framework (e.g., the GDPR) and has to be centered on the needs
and interests of patients. Furthermore, it should include several elements such as
privacy preserving technology, governance models ensuring data sovereignty, and
fair benefit sharing for providing access to data (Fig. 27.1). The latter is of particular
importance for low-income countries because in these countries, data analysis
capacities are often not sufficiently available so that the value of analyzing data
(i.e., knowledge generation and product development) is generated outside of the
country that provided the data.

It is very important that health data coming either from hospitals or directly from
patients (e.g., provided by health apps) are stored and processed in a secure environ-
ment in order to ensure privacy of patients and to make data available for research
and innovation. In this context cloud solutions gain increasing importance.

The low availability of suitably and sufficiently qualified IT staff worldwide
makes it very difficult, especially in regions with low wage levels, to build up the
infrastructure to support modern medical applications within their own digital sphere
of sovereignty. The use of cloud-based services to perform computing tasks as well
as to store data in cloud-based storage systems therefore often seems to be without
alternatives. Too often, the personal data of a large group of people—up to the entire
gene pool of entire nations—is transferred to a single cloud provider for processing
and storage. By transferring this data in ultimately readable form, there is a very
substantial risk that this data could be leaked and used against the interests of the
patients. To consistently maintain true digital sovereignty over such sensitive data,

Fig. 27.1 Key features of a trusted health data environment
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contractual assurances and bilateral trust are not sufficient. With the help of scientif-
ically substantiated methods and their technologically optimized use, a crypto-
graphic guarantee must be made possible that can also withstand the soon to be
more widely available quantum computers. Particularly in less sophisticated
healthcare systems, the use of external resources is often unavoidable. Even if
storage space or CPU time is often provided free of charge to fight diseases, it
must be assumed that medical datasets may also be forwarded to others or copied for
undisclosed purposes. However, by using suitable technologies, it is possible to use
cloud-based resources in such a way that patients’ data do not become the currency
to pay for “free” resources.

The well-established cryptographic algorithm known as Shamir’s Secret Sharing
(SSS) may be able to provide the above mentioned requirements for securely using
public cloud storage for sensitive medical data. SSS is a (k, n)-threshold scheme
which splits data into multiple fragments: n data fragments are generated and k
fragments are required to reconstruct the original data. SSS can provide information-
theoretic security (ITS) for data fragments at rest (e.g., on cloud storage) as well as
resilience against data loss (e.g., infrastructure failure or cyber threats). If individual
data fragments are lost or stolen or otherwise damaged by an attacker, a full
reconstruction from the remaining k data fragments is possible. At the same time,
knowledge of less than k fragments leaves the original data completely undeter-
mined, i.e., it is impossible to gain any knowledge about the original data from any
number of fragments lower than the minimum needed for reconstruction
(k fragments). The encryption cannot be broken even with future (quantum)
computers and infinitely high computing capacity. It is mathematically “perfectly”
secure and is, therefore, called Perfect Secret Sharing (PSS) [9]. These security
features are now made available to users as complete plug-and-play solution (e.g.,
fragmantiX storage appliances) to be easily integrated into an existing network
infrastructure and offer additional features achieved by combining different encryp-
tion approaches (Fig. 27.2). Operators can then choose the (k, n)-threshold as well as
where the data fragments are stored. Furthermore, they can use different storage
providers and upload each fragment via a different internet service provider. As a
result, the operator does not have to trust a single storage provider or internet
provider, but can distribute the fragments internationally and can use cheaper storage
providers from different countries without concern. The higher total storage
requirements for the sum of all data fragments compared to just the original data
can be reduced by choosing cheaper storage providers, because one does not have to
rely on the integrity of a single provider. In addition, storage requirements can be
further reduced by combining SSS with other cryptographic algorithms. This is
called Computationally Secure Secret Sharing (CSS) [10, 11]. Compared to PSS,
CSS does not provide ITS, but it is also reasonably secure against future (quantum)
computers. It is possible to choose which data is fragmented with PSS (e.g., highly
sensitive genetic data) and which data is fragmented with CSS (e.g., large medical
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image data with high storage requirements) and thus individually create different
storage strategies for different scenarios.

Another aspect to be considered is that currently access to health data is provided
to researchers by sending data to the requestor after the data access application has
been evaluated for scientific relevance as well as ethical and legal compliance.
However by sending the data to the requestor data leave the trusted environment,
which may undermine the trust given by patients in context of consenting and
donation of data for research. In order to avoid this issue, solutions should be
implemented that keep the data in the secure and trusted homeland environment
for analysis which means that data do not need to be sent abroad to researcher but the
researcher analyses the data in the original environment (bringing the algorithms to
the data instead of sending the data to the algorithms) (Fig. 27.3).

The rapid increase in the computing power of modern computer systems and the
simultaneous optimization of the algorithms starting in the late 1970s [12] and data
handling paradigms used in medicine, among other domains, have made it possible
to use Secure Multi-party Computation (SMPC) methods in more and more areas of
application. This enables the protection of, on the one hand, personal medical data
and, on the other hand, the protection of the IP of the algorithm creators. By
combining (1) the storage of sensitive medical datasets using secret sharing—and
the resulting ITS [13]—and (2) the possibility to let others compute on this data
without the need to send the data to the user, new technical solutions became
available to build a trusted data environment. Even organizations, agencies or
countries that would otherwise be in competition with each other will be able to
use these methods to cooperate on specific issues.

Patient data Trusted data environment
Different cloud
storage providers

encrypted
data fragments
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Fig. 27.2 Principle of secret sharing for cloud solutions
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Future Perspective of the Biobanking Field 28
Christine Mitchell and Karine Sargsyan

Abstract

Setting up a biobank may seem challenging, but with the necessary scientific
enthusiasm and even limited resources, it is certainly achievable. However, some
important factors need to be taken into account to ensure the success and
sustainability of the biobank. As already mentioned in several chapters before,
the key to the success of biobanks lies in national and international cooperation
and in the exchange of information and in the implementation of new skills or
documents. Cooperating with established biobanks in biobank networks and
transferring knowledge and know-how to young biobanks in development,
including low- and middle-income countries, are also key aspects for future
harmonization.
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ensure the success and sustainability of a biobank, some important factors need to be
taken into account.

With the growing use of standardized biological samples for biomedical research
and the development of new emerging technologies and approaches, the scientists
are increasingly interested in the accessibility and quality of biological samples and
their associated data, as well as collection strategies. Preanalytical processes are
becoming increasingly important and require additional resources. By providing a
variety of different biological materials together with the associated data, biobanks
play a crucial role in research for the prevention, diagnosis and therapy of diseases.
Their aim is to improve the national health care and biomedical research.

The key to the success of biobanks lies in national and international cooperation,
in the exchange of information and in the implementation of new skills or
documents. Cooperating with established biobanks in biobank networks such as
BBMRI, ISBER and ESBB and transferring knowledge and know-how to young
biobanks in development, including low- and middle-income countries, are also key
aspects for future harmonization [1]. Referring to Macheiner et al., it is crucial to
extend the efficiency of an individual biobank to biobank networks. Harmonization
steps in the processing, storage and retrieval of samples and data are essential [2].

According to Kinkorová and Topolčan, the material stored in biobanks is a
treasure for future technologies that will be able to utilize the currently uncovered
information and knowledge [1]. A great challenge is to increase harmonizing
networking activities among various institutions, as research-intensive organizations
increasingly tend to work in small teams, which creates a crowding out effect for a
huge number of highly potential research organizations. Therefore, it is even more
important to establish and maintain multidisciplinary scientific cooperation with
experts and with other partners, both at national and international level. To achieve
and maintain a secure foothold in the world of research, participation in national and
international research programs is of crucial importance, as is the publication of
research results in prestigious international journals recognized and appreciated by
experts and to promote partnerships with other regional clinics and scientific
organizations by encouraging co-authors from other regional scientific
establishments to participate in planned scientific medical journals and research
publications.

Biobanking is more than just a service for biomedical research, as it is an ongoing
development process within an interdisciplinary field. Therefore, the sector needs
training and education in biobanking for the development of new biobanks in order
to promote a harmonization within biobanks as well as activities in biobanking
research for the development of novel approaches for collection, storage and the
utilization of biospecimens.

According to Kirsten and Hummel, biobanks have undergone a rapid develop-
ment in recent years, from simple sample collections within clinics and research
institutes to highly professionalized and standardized operations [3]. This is also
reflected in the establishment or continuation of international associations such as
BBMRI, ISBER and ESBB. Most of these organizations see their main task in
harmonizing the collection, preparation and storage of biomaterials and creating
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standards to improve the quality of the samples themselves and to make them
traceable but also to make samples of different origins comparable and exchangeable
for the creation of large (international) cohorts. In addition, BBMRI-ERIC is the first
infrastructure project funded by the European Union to pursue the goal of creating a
pan-European biobank infrastructure through the networking of biobanks, which
will make it possible in the future to provide academic and non-academic research
projects with access to many biobanks via a uniform path [3].

Biobankers must consider that a biobank is only truly successful and beneficial if
the stored high-quality samples are used not only for collection but also for research
purposes and for the development of advanced precision medicine, diagnosis, and
treatments. A balance must be maintained between the intake and dispensing of
samples for a biobank to operate sustainably and effectively.

While many biobanks are financed through a variety of projects, donations and
financial grants from the government, losses can arise rapidly which can lead to
considerable constraints and challenges, especially in low- and middle-income
countries, as government financing and grants can be halted abruptly. Securing
financial security for the biobanks’ everyday operations is also made more challeng-
ing by the fact that public funds often only cover the expenses of one period. The
funding or financing of a biobank often poses a major challenge. On the one hand,
there are high fixed costs for infrastructure and human resources to cover, and on the
other hand, the innovation and spectrum extension of novel biospecimen types and
the increasing number of possible applications need additional financial resources to
keep pace with the future biobanking progress. Thus, a backup plan is indispensable
to ensure the sustainability, maintenance and preservation of the institution, includ-
ing a solid international positioning. Consequently, the continuation of the biobank
must be guaranteed independent of external factors and subsidies.

Biobanks are an extraordinary tool that, over the decades, have gradually created
new research platforms and new opportunities to learn more about the operation of
life systems.

In the “new biological” era, the future of human biobanks should be secured for
biobanking of donor samples with acute and/or chronic physical-pathological
diseases, leading to promising opportunities to understand more complex processes
in the human body [4]. Furthermore, it is important and promising for biodiversity
system studies and state-of-the-art biological—pathological systemic investigations
of human health [5]. New research capabilities are determining the duration of
research and diagnosis, and biobanks are improving the time frame and quality of
biomedical research, particularly through -omics technologies [6]. An infinite num-
ber of biological samples have already been collected. In the future, the associated
data will be the decisive factor, both about the donor and about the bio specimen
itself. The comparison and/or combination of samples and data stored in biobanks in
different regions will become equally crucial. The “biomedical research world”must
seize these opportunities to meet the new demands of technology. The use of new,
more efficient research technologies indeed justifies the importance of high-quality
biobanks and the rapid use of biospecimens and associated data for the benefit of
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improved human population health. Most biobanks are developed for a specific
research question and designed specifically for that purpose.

The main questions regarding the future development of biobanks are related to a
possible harmonization so that the development can be resolved in different ways
depending on whether the biobanking community will be able to take reasonable
steps towards harmonization or not. The use of multiple human biological samples
(blood, saliva, biological tissue, fluids and nucleic acids) and medical data for the
application of new technologies requires a novel and larger skill set. Knowledge in
the areas of biology, medicine, biochemistry, biotechnology, bioinformatics, epide-
miology, engineering, strategic development, ethics and finally finances is required
for ensuring the high performance and profitability (not in money but in knowledge)
of these large infrastructures. Biobanks encompass the collection, storage, use and
dissemination of biological samples for research assuring the effective, efficient and
modern research infrastructure system in medicine.

The known collections of biological samples initially originated as collections of
residues from biological samples taken for diagnostic (or) medical care purposes and
were then used for research purposes [7]. Over the years, biobanks evolved into
designated collections, initially episodic, in proactive research laboratories, but then
fully differentiated in purpose and operation. Modern biobanking is trending in the
direction of scientists accepting the need for dedicated, coordinated actions for better
organized collections and systems to facilitate genomics and other -omics research.
This trend has prompted the integration of biomedical research infrastructures not
only in private institutions. The harmonisation and integration of biobanks and the
general governance of research infrastructure became a necessity [8]. Advances in
existing technologies are required to improve research infrastructures such as
biobanks and biorepositories not only in terms of quantity but also in quality, in
ethical clearness and in operational speed. Nevertheless, in many cases, the imple-
mentation of large-scale biomedical investigations requires several comparable
biobanks that are not only operationally comparable but also comparable in terms
of their strategy and business type. The future patterns show the need to meet new
challenges of high-quality, standardization, ethically proven data banking, working
in a public–private partnership environment, high-quality standards as well as with
different types of organizations. Innovative advances in biobanking are urgently
needed, especially for higher effectiveness, quality assurance and improvement, as
well as easier workflow implementations. The processes are becoming increasingly
sophisticated, targeted, standardized and secured, especially the collection and
storage methods. These methods influence the quality of samples, the amount of
available material and corresponding well-annotated data, the possibility and secu-
rity of identification, etc. Therefore, efforts to harmonize, especially the technical
aspects of the collection, are becoming more important every day in order to create
useful and effective biobanks [9]. In the past, mainly blood, urine and (frozen) tissue
were used as biobank contents. Recently, however, it has become increasingly
important to store new types of human biological samples with high information
potential, such as circulating tumour cells, liquid biopsy of freely circulating DNA
and so on. On the other hand, samples collected with less or non-invasive methods
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are gaining more attention, like saliva, urine, hair, stool, different microbiome, etc. It
is obvious that these new materials as well as the traditional material still must be
maintained with high sampling and storage standards as well as quality, and the most
obvious way will be the common or comparable protocols in biobanking. Therefore,
it is necessary to use the standard technical principles. The first choice would be the
certification of biobanks by the ISO biobanking norm, but if it is not possible
(in developing countries the reason can be financial, organisational, availability
issues, etc.), there are still several standards and recommendations mentioned in
this book, which can help to maintain sustainable quality.

While establishing a biobank is currently a very productive measure for biomedi-
cal research, especially in low- and middle-income countries, it is also feasible, as
mentioned earlier, especially when considering the additional measures that can
provide a necessary backup in case of unforeseen circumstances and events.
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Annexes

Annex 1: Questions of BEMT Survey

Section Questions

Biobank Demographics Name
__________
Title
__________
Institution Name
__________
Institution Type
__________
Biobank Name
__________
How many years has your biobank been in operation?
__________
In which country is your biobank headquarters located?
__________
In what geographic region is your headquarters located?
__________
Are your biobank operations international?
__________
What is your biobank’s operational model?
__________
How many operating sites does your biobank have?
__________
What is the estimated total size of your biobank facility?
__________

Cost Recovery and
Funding

Does your biobank practice cost recovery?
__________
Approximately what percentage (%) of your biobank operations is
recovered from provision of specimens, products, and/or service?
__________
What is the percentage contribution of each type of fund listed below
to the overall funds brought in annually to the biobank?
__________
Of fees recovered annually by the biobank, what percentage is
contributed by each of the entities below?

(continued)
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Section Questions

__________
Approximately how much (in USD) (in total) did your biobank spend
on “big-ticket” item expenditures at start-up?
__________
Approximately how much (in USD) (for each) did your biobank
spend on “big-ticket” item expenditures at start-up?
__________
Approximately, how much (in USD) is your total annual operational
budget for operational expenditures?
__________
Approximately how much (in USD) does your biobank spend
annually on the following operational expenditures?
__________
Approximately what percentage of your time do you allocate annually
to performing the following activities for your biobank?
__________

Cost and Pricing Estimated annualized salary range, fringe benefit percentage (%), and
number of FTEs for employees your biobank supports
__________
What type of capital equipment do you have to support specimen
collection and processing?
__________
What type of capital equipment do you have to support sample
management and storage?
__________
What type of capital equipment do you have to support specimen
quality control and sample analysis?
__________
How many do you have of each piece of equipment?
__________
Is equipment purchased or leased?
__________
Estimated average annual lease/purchase price of equipment
__________
How many years do you plan to keep the equipment bought or
leased?—Estimated annual service contract price (if applicable) per
unit
__________

Specimen, Products,
and Services

Details about specimens and products biobank offers to customers
__________
Types of services and pricing
__________
Approximate % mark-up for specimens/products and services
__________
Approximate % mark-up for overhead to external parties (who use
and collaborate with biobank)
__________

Quality Management What best practice guidelines does your biobank practice?
__________
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Annex 2: Patient Consent Form of the UAB
 

Patient Consent Form 
 
 
of «___»_______________ 2018 
 
 
 
to the Protocol Agreement №_____ 
 
of «___»_______________ 2018 
 
Patient Consent Form 
 
Biological samples collection 
 
 
 
Full name of pa-
tient:_______________________ 
 
 
Patient ID: 
_____________________________ 
 
 
We would like to offer you the oppor-
tunity to provide samples of your 
blood, urine, saliva, surplus tissue 
(surgically removed) (and) or surplus 
aspirated fluids (ascitic fluid, pleural 
effusion cyst aspiration, synovial 
fluid, and (or) bone marrow aspira-
tion) that will be taken from you dur-
ing the course of your treatment, for 
the purpose of research to fight can-
cer.  
 
If you wish to provide such samples, 
please read carefully the information 
provided in this document. You may 
ask any questions that you have re-
garding this study. 

Форма Згоди пацієнта 
 
 
від «___» ___________ 2018 року 

 
 

до Протокольного Договору 
№______ 
 
від «___» ___________ 2018 року 

 
Форма Згоди Пацієнта 
 
Забір біологічних зразків 
 
 
 
ПІБ 
пацієнта:_____________________
________ 
 
Код паціента: 
___________________________ 
 
 
Ми пропонуємо Вам передати 
частину зразків Вашої крові, сечі, 
слини, надлишкової тканини 
(видаленої під час операції), та 
(або) надлишкові аспіраційні 
рідини (асцитна рідина, 
плевральний випот, синовіальна 
рідина, аспірат кісткового мозку) 
які будуть взяті підчас Вашого 
лікування, для проведення 
досліджень по боротьбі з раком. 

 
Якщо Ви виявите бажання надати 
такі зразки, тоді уважно 
прочитайте інформацію, надану 
Вам 
у цьому документі. Ви 
можете вільно поставити будь-які 
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запитання, що можуть виникнути 
у Вас з цього приводу.

Study objective:

The objective of this study is to seek 
new methods for the diagnosis and 
treatment of oncology diseases. You 
are invited to participate in this study 
because your surplus tissue, blood, 
urine, saliva (and) or aspirated fluids 
may contain biomarkers of your dis-
ease and may be useful for the above-
mentioned research.

You will be asked to donate blood (not 
more than 50 ml) (and) or urine (not 
more than 50 ml) which will be drawn/ 
collected during regular testing proce-
dures planned in the hospital where 
you are treated.

After surgery in the pathology labora-
tory of the hospital where you are 
treated, the study of the affected tissue 
will be performed. Surplus (left-over) 
tissue removed during the operation 
that is not needed for making the diag-
nosis may be used for this study. That 
is why there is no need to perform any 
additional surgery or manipulation to 
collect tissue.

Samples of your surplus tissue (and) 
or blood, urine, saliva, aspirated flu-
ids, as well as your medical data, will 
be used for the study. They may be 
sent to research institutes, centers, re-
search companies, including commer-
cial, for-profit companies, for exam-
ple, laboratories that perform samples 

Mета дослідження:

Метою цього дослідження є пошук 
нових методів виявлення і 
лікування онкологічних 
захворювань. Вас запрошено взяти 
участь в цьому Дослідженні тому, 
що Ваша надлишкова тканина, 
кров, сеча, слиначи інші аспірацій 
ні рідини можуть містити маркери 
Вашого захворювання, і будуть 
корисними для вищезгаданого 
Дослідження.

Забір зразків для Дослідження 
проведуть одночасно із звичайним
забором крові (не більше ніж 50 
ml) чи забором сечі (не більше ніж 
50 ml) інших типів зразків для 
аналізів, які заплановані у лікарні, 
де Ви проходите лікування.

Після операції в 
патологоанатомічній лабораторії 
тієї лікарні, де Вас лікують, буде 
проведено дослідження ураженої 
тканини. Залишки тканини, 
видаленої підчас операції, які не 
знадобились для встановлення 
діагнозу, можуть бути використані 
для даного дослідження. Тому 
немає жодної необхідності 
проводити додаткову операцію чи 
маніпуляції для забору тканин.

У Дослідженні будуть 
використані зразки Вашої 
надлишкової тканини, крові, сечі, 
слини, аспірацій ні рідини а також 
медична інформація стосовно Вас. 
Вони в подальшому можуть бути 
передані в дослідницькі інститути, 
центри, наукові, в тому числі 
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testing. The samples and the data may 
be used immediately. It is also possi-
ble that they may be kept over an un-
limited period of time for future stud-
ies.

Researchers will use biological sam-
ples primarily to determine the pres-
ence of biomarkers (proteins, RNA, 
DNA). Mutations in genes may appear 
to cause the disease or the presence of 
some genes can also increase the risk 
of developing some diseases. There-
fore patients’ clinical data and infor-
mation about their genes can promote 
the development of new methods of 
diagnosis and treatment of oncological 
diseases.

комерційні, компанії, наприклад, 
лабораторії, які проводять 
тестування зразків. Зразки та 
інформація можуть бути 
використані відразу. Можли
во також, що їх зберігатимуть 
протягом необмеженого періоду 
часу для майбутніх досліджень.

Дослідники будуть 
використовувати біологічні зразки 
в першу чергу для виявлення 
біологічних маркерів 
захворювання (білків, РНК, ДНК). 
Мутації в генах можуть виявитись 
причиною захворювання, 
наявність певних генів також може 
становити ризик розвитку певних 
хвороб.
Таким чином, інформація щодо 
пацієнтів і їх генів може сприяти 
розвитку нових методів 
діагностики і лікування 
онкологічних захворювань.

Procedures for sample collection:

Surplus surgical tissue: No additional 
surgical procedures are required to ob-
tain tissue samples since only left-over 
tissue will be used for this study.

Blood: You may be asked to donate 
blood for this study. Blood samples 
may or may not be collected with other 
required blood draws necessary for 
your treatment. Depending on your 
health status, the amount of blood col-
lected for this study will not exceed 50 
mL during a single blood draw. You 
might be requested to donate blood on 
multiple occasions. The amount and 

Використання біологічних 
зразків 

Надлишкова післяопераційна 
тканина: для дослідження буде 
використана надлишкова 
післяопераційна тканина, без 
додаткового хірургічного 
втручання.

Зразки крові: ви можете погодитись 
надати кров

в рамках даного дослідження. 
Зразки крові можуть біти набрані 
під рутинного набору крові або 
окремо. Залежно від стану вашого 
здоров’я, об’єм забраної крові за 
один раз не буде перевищувати 50 
мл. Вам можуть запропонувати 
здати кров декілька разів. 
Кількість заборів крові буде 
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frequency of blood draw will be de-
pendent on your health status but will 
not exceed 50 mL of blood per week.

Urine: Urine may be collected by dis-
charging this fluid into a container.

Saliva samples: Saliva may be col-
lected by discharging this fluid into a 
container.

Aspirated Fluids: Aspirated biofluids 
may be collected as surplus material if 
you are undergoing a procedure for the 
purpose of diagnosis or medical treat-
ment. Examples of these procedures 
include, but are not limited to, ascitic 
fluid (ascites),aspiration by paracen-
tesis, pleural effusion, cyst, aspiration, 
synovial fluid and bone marrow aspi-
ration

залежати від стану вашого 
здоров’я та не буду перевищувати 
50 мл на протязі тижня.

Зразки сечі: зразки сечі збираються 
спеціальний контейнер.

Зразки слини: зразки слини 
збираються спеціальний 
контейнер.

Аспіраційні рідини: можуть 
збиратися як надлишковий 
матеріал під час проведення 
процедури для визначення вашого 
діагнозу або під час лікування. 
Аспіраційні рідини включать
себе (але не обмежуються): 
асцитну рідиниу, плевральний 
випот, кістна рідина , синовіальна 
рідина або аспірат кісткового 
мозку.

Use of your samples and data for re-
search purposes:

Your biological samples will be used 
exclusively for research purposes in 
accordance with international law in 
the area of Public Health. They will 
not be used for transplantation. We 
have detailed reports from all re-
searchers that receive these samples.

Additional tests and studies to be per-
formed on biological samples may in-
clude but not limited to RNA and 
DNA testing.

Your tissues may be stored in ways 
that allow the cells to grow and multi-
ply. These multiplying cells may give 
rise to what is called a cell line. Cell 
lines can be used for multiple future 

Використання ваших зразків та 
даних для дослідницьких цілей:

Ваші біологічні зразки будуть 
використані виключно із 
дослідницькою метою згідно 
міжнародного законодавства в сфері 
охорони здоров’я. Вони не будуть 
використані для трансплантації. У 
нас наявні детальні звіти всіх 
дослідників, які отримують ці 
зразки.
Додаткові тести і дослідження, які 
будуть проводитись на біологічних 
зразках, можливо, включатимуть 
тести на РНК і ДНК.

Надані Вами зразки можуть 
зберігатись в умовах, що дозволять 
клітинам рости та ділитися. Клітини, 
що діляться, можуть започаткувати 
так звані клітинні лінії.. Клітинні 
лінії в майбутньому можна буде 
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studies, and these cells may be kept 
alive for many years.

використовувати в різних 
дослідженнях,, життєдіяльність 
клітин може зберігатися протягом 
багатьох років.

Patient’s signature
____________________________

Підпис (пацієнт)
_________________________

Medical information:

For this Study, general data about you 
and your medical information will be 
collected. Such information may in-
clude: Your diagnosis, treatment, its 
effectiveness, laboratory tests results 
and pathology reports. Your personal 
information (name, surname, address, 
etc.) will never be given to the re-
searchers and will never be included 
in any research database.

By signing the enclosed Consent 
Form, you authorize the placement of 
your genetic and clinical information 
in one or more research database(s). 
This will help to advance medical re-
search by providing researchers with 
an opportunity to use this information 
for the purpose of studying diseases, 
as well as for the purpose of compar-
ing the results obtained by them with 
the results of other studies. These da-
tabases are maintained by medical, 
academic, government or private in-
stitutions. The medical researchers 
who will have access to your infor-
mation have professional obligations 
to keep and maintain confidentiality.

Медична інформація:

Для цього дослідження потрібні 
загальні відомості про Вас і Ваша 
медична інформація. Вона може 
включати: Ваш діагноз, лікування і 
його ефективність, висновки і 
результати лабораторних і 
морфологічних досліджень. Ваші 
особисті дані (ім’я, прізвище) ніколи 
не будуть передані дослідникам і не 
будуть входити в жодну наукову 
базу даних.

Підписуючи надану Вам Форму 
згоди, Ви даєте згоду на розміщення 
Вашої генетичної і клінічної 
інформації в одній і більше базах 
даних. Це сприятиме передовим 
медичним дослідженням, даючи 
можливість іншим дослідникам 
використовувати цю інформацію 
для вивчення захворювань, а також 
для порівняння отриманих ними 
результатів із результатами інших 
досліджень. Ці бази даних 
підтримуються медичними, 
академічними, державними або 
приватними установами. Медичні 
дослідники, які матимуть доступ до 
Вашої інформації, мають 
професійні зобов’язання щодо 
захисту і підтримки 
конфіденційності.
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The data obtained in the course of this 
Study and/or from your medical rec-
ords may possibly be reviewed or ex-
amined by auditors, medical person-
nel, and, possibly, government 
organizations, which may be deciding 
on the approval of a new method for 
treatment or diagnostics of the dis-
ease. Any review or examination of 
data is for the purpose of guaranteeing 
the correctness of the information col-
lected in the course of the Study and 
the proper conduct of the Study. 
These examinations will be carried 
out only in the hospital where the 
medical records are kept. 
 

Дані, отримані в ході цього 
Дослідження і/або із Ваших 
медичних записів, можуть бути 
надані для розгляду і перевірки 
аудиторам, медичним 
співробітникам і, можливо, 
державним органам, які, можливо, 
будуть приймати рішення щодо 
схвалення нового способу лікування 
захворювання. Будь-який перегляд 
або перевірка даних має на меті 
гарантувати точність інформації, 
зібраної протягом Дослідження, що 
забезпечує проведення Дослідження 
належним чином. Такі перевірки 
проводитимуться тільки в 
медичному закладі, де зберігаються 
медичні записи. 
 

Additional information: 
 
By signing this Form, you consent to 
the collection and use of your samples, 
as well as access to your medical data 
for five years from the date of signing 
this consent. This will help researchers 
in the further study of your disease. 
You also may inform your relatives 
about your decision to take part in this 
Study. 
 

Додаткова інформація: 
 
Підписавши цю Форму, Ви надаєте 
свою письмову згоду на забір і 
передачу ваших зразків, а також на 
доступ до Ваших медичних даних 
протягом 5 років з дати підписання 
Вами цього документу. Це 
сприятиме подальшому вивченню 
Вашого захворювання. Ви також 
можете повідомити своїх близьких 
родичів прo Вашу згоду прийняти 
участь у Дослідженні. 
 

Benefits from the Study: 
 
By signing this Form, you will not re-
ceive any direct benefit from partici-
pating in this Study. Neither you, nor 
your doctors or hospital will receive 
any other information obtained in the 
course of this Study, which is con-
ducted with the use of your samples. 
If in the future some new methods of 

Вигоди від участі в дослідженні: 
 
Погодившись надати такі проби, Ви 
не отримаєте ніяких прямих вигод. 
Ні Ви, ні Ваші лікарі, ні лікарня не 
матимуть інформації, отриманої в 
ході Дослідження, проведеного із 
використанням Ваших зразків. 
Однак, якщо в подальшому будуть 
знайдені нові методи виявлення і 
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diagnosis and treatment of cancer 

might be discovered, they may be ap-

plied in specialized medical institu-

tions for diagnosis and treatment of 

such diseases in the regular manner

лікування онкологічних 

захворювань, вони можуть бути 

використані спеціалізованими 

медичними закладами для 

діагностики і лікування таких 

захворювань у 

загальновстановленому порядку.

Risks of the Study:

This Study (including the procedure of 

taking the samples) does not cause any 

additional medical risks or pain while 

samples collection. However, in some 

cases, taking blood samples may cause 

bruising or swelling, minor discomfort, 

infection, vein inflammation or faint-

ing.

There are no known risks to providing 

urine. There are no additional medical 

risks associated with donation of bio-

fluids because you may be undergoing 

these procedures for the purpose of di-

agnosis or medical treatment. It is 

highly unlikely that as a result of the 

study you will sustain any injuries. 

Therefore, you will not receive any 

compensation or medical care through 

the study. If any such injury should oc-

cur, your doctor and the hospital where 

you are receiving treatment will be re-

sponsible for your care.

Ризики, пов’язані із 
дослідженням:

Це дослідження (в т.ч. процедура 

забору зразків) не тягне за собою 

жодних додаткових медичних 

ризиків чи додаткових больових 

відчуттів при заборі зразків. Проте в 

деяких випадках, забір крові може 

викликати виникнення синців чи 

набряку в місці маніпуляції, 

незначний дискомфорт, інфекцію, 

запалення вени або запаморочення.

Дуже малоймовірно, що в результаті 

Дослідження Ви отримаєте які-

небудь ушкодження під час здачі 

зразків, оскільки ви будете 

проходити цю процедуру під час 

діагностики чи вашого лікування. 

Тому Ви не отримаєте жодної 

компенсації чи медичної допомоги 

за рахунок Дослідження. За надання 

Вам допомоги, у випадку 

необхідності, відповідальними є 

Ваш лікар і лікарня, де Вас лікують

Genetic Study Risks: Ризики генетичних досліджень:

Дане дослідження передбачає 

проведення генетичних тестів і 
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This research will involve genetic stud-
ies and information. Although, proce-
dures have been put into place that are 
designed to make it very difficult for 
the results from genetic research to be 
linked to you.

отримання генетичної інформації. 
Проте процедура проведення таких 
тестів була розроблена таким чином, 
що зіставити результат тесту із 
Вашими особовими даними є 
практично неможливим.

Privacy Risks:

All organizations participating in this 
study have taken reasonable steps to 
keep your research data confidential, to 
the extent permitted by law. Although 
your genetic information is unique 
there can be parts of genetic infor-
mation which are identical for you, 
your children, parents, siblings, or other 
relatives. Though it can happen that 
their genetic information may be used 
to identify you and vice versa.

Ризик порушення 
конфіденційності:

Всі організації, залучені до даного 
дослідження, вжили усіх необхідних 
заходів для збереження 
конфіденційності результатів 
Ваших тестів тією мірою, якою 
дозволяє закон. Проте абсолютну 
конфіденційність не можливо 
гарантувати. Хоча ваша генетична 
інформація унікальна для вас, ви 
володієте частинами генетичної 
інформації, які ідентичні між вами і 
вашими дітьми, батьками, братами і 
сестрами, а також іншими родичами. 
Отже, можливо, що їх генетична 
інформація може бути використана 
для визначення вашої особистості і 
навпаки. 

Is my participation mandatory?

Your participation in this Study is vol-
untary. You may withdraw from partic-
ipation in the Study at any time, without 
explaining the reason for it and without 
any consequences for your further 
treatment.

Чи повинен я брати участь?

Ваша участь у Дослідженні цілком 
добровільна. Ви можете 
відмовитись від участі у 
Дослідженні на будь-якому етапі без 
пояснення причини і будь-яких 
наслідків для Вашого подальшого 
лікування.

Alternative to participation: Альтернатива участі:

224 Annexes



This Study is conducted solely for re-
search purposes. As an alternative, you 
may choose not to participate in this 
Study. Whether you choose to with-
draw from this study then any remain-
ing after diagnosing samples will be de-
stroyed.

Дане Дослідження проводиться 
виключно із науковою метою. 
Альтернативою для Вас є відмова 
від участі в даному дослідженні. 
Якщо Ви відмовитесь від участі в 
даному Дослідженні, тоді всі взяті 
зразки, що залишилась після 
проведення діагностики, буде 
утилізовано.

Costs of the Study:

You do not bear any costs for 
participation in the Study.

Витрати на дослідження:

Ви не несете жодних витрат за 
участь у Дослідженні.

Compensation for the Study:

You will not receive any remuneration 
for your participation in the Study. If in 
the future, any research associated with 
this Study leads to the release of com-
mercial products, neither you, your 
family, your heirs nor your doctor or 
hospital will receive any direct benefit, 
financial or otherwise. The hospital will 
be given equipment and supplies for its 
participation in this Study.

Компенсація за дослідження:

Ви не отримаєте жодної винагороди 
за участь у Дослідженні. Якщо в 
подальшому будь-яке Дослідження, 
пов’язане з даним дослідженням, 
призведе до випуску комерційної 
продукції, ні Ви, ні Ваші спадкоємці, 
ні Ваш лікар, ні лікарня не 
отримають ніяких прямих вигод. 
Лікарня отримує обладнання і 
витратні матеріали для проведення 
цього Дослідження.

Duration of participation in the 
Study:

Your active participation in this Study 
will end as soon as all of your samples 
are obtained. However, your passive 
participation in the Study will continue 
for an indefinite period of time, as your 
biological samples will be stored for an 
indefinite length of time.

Тривалість участі у дослідженні:

Ваша активна участь у цьому 
Дослідженні буде припинена відразу 
після отримання від Вас усіх 
біологічних зразків. Проте Ваша 
пасивна участь
у дослідженні буде тривати 
невизначений термін, адже Ваші 
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біологічні зразки зберігатимуться 
невизначено довгий час.

Removal from the Study:

You may leave the Study at any time. 
In such an event, all of your unused bi-
ological fluid, tissue or other samples 
will be destroyed at your request. If the 
samples have been sent to the re-
searcher, it will not be possible to dis-
pose of them. Your doctor or hospital 
may discontinue your participation in 
the Study without your consent.

Вилучення із дослідження:

Ви можете відмовитись від участі у 
дослідженні на будь-якому етапі. В 
цьому випадку всі невикористані 
зразки біологічних рідин, тканина 
або інші зразки будуть знищені за 
Вашим запитом. Якщо зразки вже 
передані досліднику, вилучити їх 
буде неможливо. Ваш лікар або 
лікарня можуть припинити Вашу 
участь у Дослідженні без Вашої 
згоди.

Who organizes the study?

This study is organized by company 
“EW Biopharma”, acting sui juris and 
by order of company “Contract Re-
search” If you give your written con-
sent to participate in this Study, you 
also consent to the transfer of owner-
ship to your samples to the company a 
daughter company of “Aldima”, who 
may use these samples for further stud-
ies without any limitations.

Хто організує цю роботу?

Цю роботу організовує компанія «ІВ 
Біофарма», яка діє від свого імені за 
дорученням компанії «Contract Re-
search». Якщо Ви надасте свою 
письмову згоду на використання 
своїх зразків, то Ви погоджуєтесь 
передати всі права (право власності і 
майнове право) на такий матеріал 
компанії “«ІВ Біофарма», яка діє від 
свого імені за дорученням компанії 
«Contract Research», яка без жодних 
обмежень зможе використовувати ці 
зразки для подальших досліджень.

Questions:

If you have any questions concerning 
this Study, you may contact

____________________________

at:__________________________

Питання:

Із будь-яким запитанням щодо цього 
дослідження Ви можете звернутись 
до
_____________________________

а телефоном:___________________
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Patient’s signa-
ture_________________________

The patient must fill out the entire 
sheet on his/her own (Mark what is 
necessary):

Підпис 
(пацієнт)___________________

Пацієнт повинен заповнити весь 
цей листок самостійно (Виділіть 
необхідне):

Did you read and understand the infor-
mation provided above? Yes/No

Did you have an opportunity to ask 
questions and discuss the reason why 
your blood, tissue or other samples are
requested? Yes/No

Did you get full answers to all of your 
questions? Yes/No

Did you receive sufficient information 
about the reasons for requesting these 
samples? Yes/No

Do you understand that you may 
choose not to provide your blood, tissue 
or other samples without giving any 
reasons for it and without consequences 
for your further medical care? Yes/No

Do you agree to the use of your samples 
and medical data for research and de-
velopment as described above? Yes/No

For future studies, if possible, by deci-
sion of the researcher? Yes/No

Чи прочитали і зрозуміли Ви 
Інформацію для пацієнтів? Так/Ні

Чи мали Ви можливість поставити 
питання і обговорити причину, з якої 
виникла потреба у пробах Вашої 
крові,тканини або інших зразків? 
Так/Ні

Чи одержали Ви вичерпні відповіді
на всі питання? Так/Ні

Чи одержали Ви достатньо 
інформації про причини 
необхідності у цих зразках? Так/Ні

Чи зрозуміло Вам, що Ви можете 
відмовитись від надання Вашої 
крові, тканини чи інших зразків без 
пояснення причини і будь-яких 
наслідків для Вашого подальшого 
лікування ? Так/Ні

Чи даєте Ви згоду на використання 
Ваших проб та клінічної інформації 
для досліджень і розробок, як це 
було описано вище? Так/Ні

для подальших досліджень, якщо це 
буде можливо, згідно з рішенням 
дослідника? Так/Ні
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Did you understand and do you consent 
to the clinical data about you being 
maintained on a confidential basis? 
However, the appropriate clinical data 
may be provided, on a confidential ba-
sis, to supervisory authorities and com-
mercial companies interested in any 
Study results or in any tests and meth-
ods of treatment? Yes/No

Do you understand and do you consent 
to the Study results obtained with the 
use of your biological samples being 
possibly published, although in such an 
event you will not be identified individ-
ually? Yes/No

Do you give your consent to having 
the researchers in the future submit a 
sample collected from you to other re-
searchers studying various diseases, 
including cancer? Yes/No

Do you understand that you transfer 
all rights, title and vested interest to 
your blood, tissue or other types of 
sample to the company “EW Bio-
pharma”, acting sui juris and by order 
of company “Contract Research” ? 
Yes/No

Indicate the types of samples you 
agree to donate in the table below:

Чи зрозуміли Ви і чи згодні з тим, що 
клінічні відомості стосовно Вас 
матимуть конфіденційний характер? 
Проте відповідні клінічні дані 
можуть бути надані на 
конфіденційній основі наглядовим 
органам і комерційним компаніям, 
зацікавленим у будь-яких 
результатах досліджень або в будь-
яких тестах і методах 
лікування?Так/Ні

Чи зрозуміли Ви і чи згодні з тим, що 
отримані результати досліджень з 
використанням Ваших зразків 
можуть бути опубліковані, хоч при 
цьому Ви не будете вказані як 
індивідуальна особа? Так/Ні

Чи даєте Ви свою згоду на те, щоб в 
подальшому дослідники передавали 
проби, взяті у Вас, іншим 
дослідникам, які вивчають різні 
захворювання, включаючи рак? 
Так/Ні

Чи зрозуміли Ви, що Ви передаєте 
всі права, право власності і майнове 
право на пробу Вашої крові компанії 
«ІВ Біофарма», яка діє від свого 
імені за дорученням компанії «Con-
tract Research»? Так/Ні

Позначте в таблиці типи зразків, які 
Ви згодні надати:

Surplus tissue 
(surgically re-
moved)

Yes No Надлишкова 
тканина
(видалена 
хірургічно)

так ні
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Blood Sample Yes No Зразки крові так ні
Salvia Yes No Рідина зразки 

сечі так ні

Ascitic Fluid Yes No Слина так ні
Pleural effusion 
(surplus)

Yes No Асцитні рідини
(надлишкові)

так ні

Bone Marrow 
Aspiration (sur-
plus)

Yes No
Плевральний 
випіт так ні

Cyst Aspiration 
(surplus)

Yes No Кістковий мозок
(надлишковий 
біопсій ний
матеріал)

так ні

Synovial Fluid 
(surplus)

Yes No
кістний аспірат так ні

Синовіальна 
рідина так Ні

Do you agree with mentioned above? 
Yes/No

Full name of patient: 
_______________________________

Patient ID: 
_______________________________

Чи згодні Ви із вищевказаним? 
Так/Ні

ПІБ пацієнта:
___________________________

ID паціента: 
______________________________

My signature below means that I 
have read or I have been read, in 
a language understandable to me, 
all of the information contained 
in this consent form. The mean-
ing of this information has been 
explained and is completely clear 
to me. I have had the time and 
opportunity to ask questions 
about the Study. I have received 
answers to all of my questions. I 
have read all pages of this con-
sent form, including the risk and 
compensation sections. I certify 
that I am eighteen (18) years of 

Мій підпис нижче означає, що я 
прочитав або
мені прочитали зрозумілою мені 
мовою всю інформацію, яка 
міститься в цієї Формі Згоди. 
Значення цієї інформації мені було 
роз’яснено і цілком зрозуміле. Я 
мав(ла) час і можливість поставити 
питання про дослідження. На всі 
питання я отримав(ла) відповідь. Я 
прочитав(ла) всі сторінки цієї форми 
згоди, у тому числі розділи про ризик 
і винагороду. Я засвідчую, що мені 
виповнилось вісімнадцять (18) або 
більше років. Я також засвідчую, що 
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age or older. I also certify that all 
of the information that I have 
provided, including my medical 
data, is true and accurate to the 
best of my knowledge. By sign-
ing this form, I do not waive any 
of my legal rights. I will receive a 
signed copy of this form.

Signature (patient) 
______________________________
_____________

Date: _____________
Time: __ :___

I have explained the essence 
of the study to the above pa-
tient and he/she has expressed 
willingness to participate

Doctor’s signature: 
_____________________________

Date: _____________ 
Time:__ : __

Full name 
_____________________________

Witness: 
_____________________________

Date: _____________
Time: ____ :____

вся інформація, яку я надав, у тому 
числі мої медичні дані, наскільки 
мені відомо, вірні і точні. Я не 
відмовляюсь від жодного із моїх 
законних прав, підписуючи цю 
форму. Я отримаю підписану копію 
цієї форми

Підпис (пацієнт) 
__________________________
______________

Дата: _______________
Час : ___ : ____

Я пояснив суть Дослідження 
вказанному вище пацієнтові і 
він\вона виявив\ла бажання 
взяти участь.

Підпис лікаря

Дата:________________
Час: ____:____

ПІБ лікаря: 
__________________________

Свідок: 

Дата: ________________
Час: __ : __

ACCEPTED AND APPROVED

THE ORGANIZER –

ПРИЙНЯТО ТА ПОГОДЖЕНО:

ОРГАНІЗАТОР –
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Limited Liability Company

Ukraine Association of Biobank

Head UAB Alekseenko Mykola

Signature 
______________________________

Date 
______________________________

Товариство з обмеженою 
відповідальністю ТОВ

Українська Асоціація Біобанків в 
особі Голови:

Алексеенко Миколи

Підпис 
_______________________________

Дата 
_______________________________

Annex 3: Standard Operating Procedure Collection of Plasma
from Whole Blood

Effective Date: 25.05.2016          

Standard Operating 
Procedure

Collection of Plasma from 
Whole Blood

SOP – 03             Version 1.2

1.0 Purpose
This document describes the process for the collection of human plasma from
whole blood.

2.0 Scope
These guidelines apply to personnel intending to preserve plasma biobanking
studies

3.0 Requirements
3.1 Equipment

3.1.1 Centrifuge with swinging bucket rotor
3.1.2 �80 �C freezer
3.1.3 Biosafety cabinet Hood
3.1.4 Pipette aid
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3.2 Materials and Equipment
3.2.1 A refrigerated (2–8 �C) centrifuge capable of spinning at

1500–2000 g that will hold 16 � 100 mm tubes
3.2.2 10 mL lavender-top K2 EDTA BD Vacutainer® venous blood collec-

tion tubes and 10 mL red-top serum BD Vacutainer® venous blood
collection tubes (Fig. A.1)
Disposable transfer pipettes

VWR Low Temperature 5 mL Freezer vials, Sterile (Product #
16001-104). Serum and plasma from the BD collection tubes are
transferred to these secondary tubes for freezing and storage
(Fig. A.2).

3.2.3 Freezer and cryobox for storing freezer vials. Ultra-cold freezers at or
below �70 �C are preferred.

Fig. A.1 K2 EDTA BD
Vacutainer®

Fig. A.2 Freezing tube storage
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4.0 Method
Pre-chill 10 mL lavender-top K2 EDTA BD Vacutainer® venous blood collec-
tion tubes on wet ice for at least 5 min.

Follow standard phlebotomy practices and procedures, including wearing
gloves during venipuncture and when handling blood collection tube and
secondary tube to minimize exposure hazard. Consult product inserts for details
of collection procedures, and order of collection when also collecting samples
for other purposes.

Immediately after allowing the lavender-top Vacutainer® tube to completely
fill, gently invert the tube 8 times, and return the tube to the wet ice bath

Within 30 min of collection, centrifuge at 1500–2000 g for 10 min in a
refrigerated centrifuge (2–8 �C).

Within 30 min of centrifugation carefully transfer the plasma into a 5 mL
VWR freezer vial. Do not attempt to retrieve the last 0.2 mL of plasma.

Plasma samples should be immediately frozen at �70 to �80 �C, and
shipped on dry ice to a designated facility.

Deviations from the prescribed collection protocol should be reported to the
designated coordinator.
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Annex 4: Ethics Committee Review Form
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