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Imaging biobanks: operational
limits, medical-legal and
ethical reflections

Emanuele Capasso, Claudia Casella, Mariagrazia Marisei*,
Mario Tortora, Francesco Briganti and Pierpaolo Di Lorenzo

Department of Advanced Biomedical Sciences, University of Naples Federico Il, Naples, Italy

The extraordinary growth of health technologies has determined an increasing
interest in biobanks that represent a unique wealth for research,
experimentation, and validation of new therapies. "Human” biobanks are
repositories of various types of human biological samples. Through years the
paradigm has shifted from spontaneous collections of biological material all
over the world to institutional, organized, and well-structured forms. Imaging
biobanks represent a novel field and are defined by European Society of
Radiology as: “organized databases of medical images, and associated imaging
biomarkers shared among multiple researchers, linked to other
biorepositories”. Modern radiology and nuclear medicine can provide multiple
imaging biomarkers, that express the phenotype related to certain diseases,
especially in oncology. Imaging biobanks, not a mere catalogue of bioimages
associated to clinical data, involve advanced computer technologies to
implement the emergent field of radiomics and radiogenomics. Since Europe
hosts most of the biobanks, juridical and ethical framework, with a specific
referral to Italy, is analyzed. Linking imaging biobanks to traditional ones
appears to be a crucial step that needs to be driven by medical imaging
community under clear juridical and ethical guidelines.
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1 Introduction

Even though the term “biobank” originally arose in 1996 (1), a scientific work on its
definition wasn’t published until 2013 (2). This indicates that although terminology like
“biobank” occasionally crop up in contemporary usage, there wasn’t much scientific
consensus or knowledge regarding their application. A human biobank is an assortment
of human biological specimens, such as cells, tissue, blood, and DNA, along with
associated data and additional biomolecular resources that can be employed in medical
research (3). The remarkable development of health technology has led to a rise in
interest in biobanks, which offer a special wealth of resources for study, testing, and
validation of novel treatments. The paradigm of spontaneous collecting has changed
over time (4), going from spontaneous biological material collections all over the world,
thanks to the donations of patients and their families aimed at the development of
research to institutional, organized and structured according to common rules shared
(biobanks): an important research tool whose positive results they bring benefits not
only to the donor and his family but also to the whole human community (5).

Paskal et al. (6) provide an overview of Europe’s biobanks and the global network.
There is a lot of variety in the official definitions of the term “biobank” (2). According
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to Hewitt and Watson’s proposed definition, which was developed
following a survey of sample management enthusiasts, a biobank is
defined as a facility that collects, preserves, stores, and distributes
biological samples along with related data. It adheres to standard
operating procedures and offers material for use in research and
clinical settings. The International Society for Biological and
Environmental Repositories defines “Biobank” as a synonymous
of “Repository”, that is: “In its simplest form, a place where
collected parts or the whole of organisms and/or environmental
specimens are stored for safekeeping. In the context of this
document, the term applies more extensively to any entity
focused on management and operations of specimens and
associated data primarily intended for research purposes.
Alternative terms may include biobank, biorepository, biological
resource center, collection (e.g., microbial collection center, data
collection center), cryogenic biobank, digital repository, gene
bank, biodiversity biobank seed bank, virtual biobank, veterinary
biobank, culture collection, gene bank, environmental specimen
bank, tissue bank, cell bank among many others” (7). Human
biobanks play a key role in all the characteristics of customized
medicine. The so-called “P4”, which consists of four properties
(8, 9), defines a novel method for a personalized medicine, that
represents a tailored medical model that aims to provide
prevention and treatment strategies based on an individual
genetic profile. The goal of this innovative approach to the
patient and health care is to determine which treatments or
methods are most likely to work for a given patient based on
their biological traits and the group to which they belong.
The four qualities that make up the"P4” paradigm are:

1. Predictive: the capacity to quickly, accurately, and broadly
assess risk for particular diseases using procedures that are
inexpensive and easy to obtain. Biobanks are essential in this
regard for the discovery of novel predictive features.

2. Preventive: In order to stop the progression of the disease,
biobanks-assisted advancement can use the prognostic value
of early symptoms and combine them with genetic data to
make an accurate diagnosis quickly and to give the
appropriate therapy at the appropriate time.

3. Personalized: The effectiveness of treatment is greatly impacted
by variations in the genotype and phenotype of the human
population. Thorough understanding of the patient’s genetic
makeup and environmental factors improves diagnosis and
therapy accuracy.

4. Participatory: P4 medicine is built on patients’ and doctors’

their

communication. As a result, IT solutions are essential for

growing knowledge of each other and mutual
processing and managing the massive volumes of patient data

that are gathered.

Time magazine listed biobanks as one of the “10 Ideas Changing
the World Right Now” in 2009 (10), and for good reason—biobanks
allow scientists to extract knowledge from thousands of samples.
Solutions in personalized medicine are beneficial for oncologic
illnesses (6). Cancer-oriented biobanks are a long-term source of
human biological samples with associated data, collected at the
time of diagnosis and during subsequent therapeutic phases. They
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are based on the collection of biological samples from patients
with a specific disease (cancer) and controls, i.e., healthy tissues
from cancer patients (11). “Organized databases of medical
images, and associated imaging biomarkers shared among multiple
researchers, linked to other biorepositories” is how the Imaging
Biobanks working group of the Research Committee, which was
formed by the European Society of Radiology, defines this novel
field (12). These are not biological sample collections, in contrast
to “traditional” biobanks. Instead of being just a list of bioimages
linked to additional patient clinical data, imaging biobanks use
cutting-edge computer technologies that allow image data,
metadata, and raw data to be used for imaging measurements and
biomarker extrapolation (13, 14). This allows radiomics and
radiogenomics to be implemented, improving patient outcomes in
the process.

Imaging biobanks have grown because of the vast amount of
data and the need to gather it in a systematic and goal-oriented
manner. This is also related to high-throughput computing’s
capacity to extract a wide range of quantitative information from
and PET
techniques (15, 16). The evaluation of extracted traits, pathological

bioimages created using cutting-edge CT, MR,

processes, and pharmacological reactions to a treatment
intervention are the main objectives of radiomics (17).

Naturally, genomics dates back to the late 1980s, therefore
radiomics is not the first “omics” discipline (18). Regarding
radiomics, the intention is to use statistical and mathematical
methods to the data found in the medical imaging. Thus,
radiomics is a quantitative method of approaching medical
imaging that adds to the data that physicians already have access
to by applying
analytically determining the

sophisticated mathematical analysis. By
spatial distribution of signal
intensities and pixel inter-relationships, radiomics analyzes
textural information.Numerous imaging studies from various
fields have already been published using this methodology.
Neoplastic pathology is one of radiomics’ most often used
applications. This is made possible by describing the pixel gray
level distribution patterns, which machine learning (ML) systems
may then analyze and potentially provide details about tumor
physiology. This information may have a major impact on how
these malignancies are managed and may soon lead to an
improvement in their prognosis (19).

“Biobanks (which focus only on the collection of genotype data)
should come with a system to collect related clinical or phenotype
data,” states the European Society of Radiology (12). In order to
guarantee approved technological validation, transparent sharing of
biological and clinical data, and standardization of data collection
and analysis, biobanks are essential (13).

According to Bonmati et al. (20), these processes are essential
for a successful translation of an imaging biobank into clinical
practice. They emphasize that clinical validation acts as a
bottleneck, separating valuable biobanks from useless ones. The
oncologic community in particular is becoming more and more
conscious of the significance of imaging biobanks (21). The
purpose of our paper is to present the current state of the art
regarding imaging biobanks, emphasizing their advantages and

disadvantages over conventional biobanks as well as the ethical
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and legal issues that the scientific community constantly faces in
the lack of a clear regulatory framework.

2 Methods

We conducted a thorough literature research on this subject by
looking through earlier published articles. We conducted a
literature search on Scopus (https://www.scopus.com), PubMed
Scholar
(https://scholar.google.com) using the following keywords:
“Biobank” AND “Imaging” AND/OR “ethics” AND/OR “legal”
AND/OR €“statement” AND/OR “legislation” AND/OR “informed
consent”]. Literature review results using PubMed database are

(https://pubmed.ncbinlm.nih.gov),  and  Google

shown in Table 1.

3 The imaging and “traditional”
biological biobanks

The study’s findings indicate that although interest in imaging
biobanks is growing (22-24) and the scientific community is
putting more effort into studying classical biobanks, there are
still few investigations on the regulatory side of things.

To correlate patient clinical data with established biological
biomarkers, imaging and “traditional” biological biobanks must
be connected (25). Moreover, method harmonization is necessary
to ensure that the features collected may be repeated and that
imaging biobanks can be used in a variety of diagnostic scenarios
(20). To evaluate the value of imaging biobanks in a therapeutic
context, these actions are essential. One could view imaging
biobanks connected to biological samples and clinical data about
patients as a new frontier in biobanking. They might result in
biobanks,
proteomics, or metabolomics data would be combined with

the creation of multi-omics where genomic,
radiomic data to provide a novel and individualized method of
treating disease (25).

Clinical outcomes are impacted by decisions made using
imaging and other “omics” data; therefore, there is no justification
for restricting the capabilities of these algorithms. This strategy is
comparable to clinical practice, in which the decision-making
process combines all patient data that is currently accessible with
prior information from other situations. Thus, to increase
diagnostic accuracy, radiomics-based algorithms may use
immunomics, genomes, or other clinical data. As part of a bold

paradigm change, radiomics may also be incorporated as a part of

TABLE 1 Literature review results using the pubMed database.

10.3389/fdgth.2024.1408619

an all-encompassing software system for clinical decision support
that combines clinical data and all “omics” into a “holomics”
approach (the word “holo” in classical Greek means “whole”),
much like systems biology in experimental research (26, 27).
Radiomics, in particular, has evolved from its early emphasis
on prognosis (i.e., evaluating disease but not therapy) and lesion
identification (e.g., malignant vs. non-malignant lesions). More
recent algorithms incorporate genetic or immunomic
characteristics to improve prediction of clinical outcomes (e.g.,
overall survival or toxicity) and to address treatment selection or
response (i.e., predictive rather than prognostic) (28, 29). These
methods

radioimmunomics, respectively. Moreover, radiomics is one of

are precisely referred to as radiogenomics and
the “omics” axes utilized for clinical management in precision
medicine techniques, and the term “holomics” is used to describe
more ambitious approaches (30).

In order to mediate a change in medical practice and patient
management, the medical imaging community could take the
lead in this transformation towards precision medicine based on
complete holomics computer-assisted expert systems (31). By
employing quantitative data obtained from many digital imaging
sources, modern radiology and nuclear medicine can really
provide multiple imaging biomarkers of the same patient (12).

4 Focus on ltaly

Europe has the majority of imaging biobanks (14). The
established  the
Biomolecular Resources Research Infrastructure Consortium in
2013 (32). It is one of the biggest biobanking research
infrastructures in Europe, presently comprising 23 nations and
There
biobanks focused on diseases in Italy, however there isn’t a
central database or information access point. The European
Research Infrastructure of Biobanks and BioMolecular Resources
(BBMRI-ERIC) comprising 25 nations, 20 full members and 5
observers (33) has a National Node in Italy.

European Commission Biobanking and

one international organization (32). are numerous

The Ministry of University and Research and the Ministry of
Health collaborated to establish it. The Superior Institute of
Health, the National Research Council, Scientific Hospitals and
Treatment Institutes (IRCCS), universities, hospitals, researchers,
and university research groups are examples of research
institutions. Furthermore, a network of partners, comprising
scientific societies, biomedical and biotechnology firms, and

patient associations, supports and works in tandem with the

keywords Search mode Results

Imaging and biobank or biobanking Imaging [Text Word] AND (biobank [Text Word] OR biobanking [Text Word]) 1,250
Imaging biobank Imaging biobank [Text Word] 6 [12, 13, 22-24, 35]
Imaging biobanks and ethics imaging biobank [Text Word] AND ethics [Text Word] 1 [13]
Imaging and biobanks and legal or law or legislation Imaging biobank [Text Word] AND law [Text Word] OR legislation [Text Word] 0

Imaging and biobanks and informed consent Imaging biobank [Text Word] AND informed consent [Text Word] 1[12]
Imaging and biobanks and statement Imaging biobank [Text Word] AND statement [Text Word] 0
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node to establish goals and offer knowledge. Biobanks, Biological
Resource Centers, and Collections spread throughout many
Italian regions, along with three Common Services (CS Quality
Management, CS Information Technology, and CS ELSI for
issues) statewide

infrastructure known as BBMRLit. The website provides easy

ethical, legal, and social comprise the
access to the researchers’ contacts.

In Italy, the laws controlling the processing of personal data,
especially genetic data, are intimately related to those regulating
research on biological samples and, consequently, biobanks.
“Provisions for the adaptation of national legislation to the
provisions of Regulation (EU) 2016/679 of the European
Parliament and of the Council of 27 April 2016 concerning the
protection of individuals with regard to the processing of
personal data, as well as the free circulation of such data and
repealing Directive 95/46/EC” is the Legislative Decree 10 August
2018 (34), n. 101, which establishes the legal framework.

NAVIGATOR (35), an Italian regional project aimed at
developing an open imaging biobank for the collection and
preservation of a large amount of standardized
multimodal datasets (CT, MRI, PET) tomography data, along
with the corresponding patient-related and omics-related relevant

imaging

information extracted from regional healthcare services or UK
biobank and its several applications (36, 37), are some of the
exemplary cases that already constitute a solid basis on which to
work. Another noteworthy exception is the National German
Cohort (38), a biobank including diagnostic imaging. According
to Dagher (39), there are particular regulations pertaining to
biobanks in several nations.

In addition to this particular national law, biobanking activities
are subject to unique requirements in Australia, Ireland, France,
Germany, Italy, Japan,
reference to the recently defined concept of biobanks, all of these

and Switzerland. Without making

rules and recommendations were developed to control the
establishment and operation of “traditional” biobanks.

5 Ethical-legal reflections and
operational limits

While the creation of biobanks was an important milestone in
the history of medical research, it is important to recognize that
their growth has been decentralized. The different national
mandates imposed by local government (data protection
legislation) (40) and, from a technological standpoint, the diverse
methodologies for collecting, storing, and validating basic data
(41) have resulted in a significant degree of variance within
biobanks. The main goal of an international research framework
that aims to increase access to human biological resources may
be hampered by these factors. The life cycle phases, which are
intended to include the collection, accession, acquisition,
identification, preservation, long-term storage, quality control
(QC), transit, and disposal of biomaterials, are one of the
primary sources of variability in biosamples (13).

Similar to biosamples in the early days of traditional
medical were  first  either

biobanking, photographs
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underrepresented or not collected at all in biobanks (42).
Standardization/harmonization and validation of at least minimal
rules for access and reimbursement are necessary in order to
facilitate the broad and efficient use of human biological material
(43). In order to provide precise biological interpretation for data
analysis and interpretation, sample collection methods need to be
established, confirmed, and validated. In 2012, the US National
Cancer Human Biobank published the first standard operating
procedures (SOPs) for biobanks (44), which was a major step in
the right direction.

They continue to be a model for biobanks worldwide, and they
were created with the understanding that the lack of consistent,
high-quality biosamples has impeded the progress of clinical
research. Enhancing national and international biobanking
procedures as a result of the implementation of these specialized
approaches continues to be one of the main goals of biobanks
worldwide. ISO 20387 states that biobanks can implement
common harmonizing procedures for the processing and
organization of biological samples in order to meet minimal
standardization criteria. The ISO 20387:2018 standard attempts
to provide verified biological material that can guarantee the
reproducibility and comparability of scientific research results by
controlling the life cycle phases of the biological materials.

With regard to the entire life cycle of data associated with
them, from collection to storage, reception and distribution,
transport and traceability, preparation and preservation, process
quality control, and method validation and verification, its
detailed instructions provide accurate tools for processes and
procedures. It is imperative to establish uniform protocols for
quality assessment, consent, sample collection, storage, and
authorization. The result is clear: if more precise, high-quality
samples are made available, research will advance and impact the
provision of healthcare.

It seems clear that an optimal organization of biobanks
represents very fertile ground for the development of artificial
intelligence in the medical and health care fields.

The field of computer science known as artificial intelligence
(AI) focuses on developing algorithms and systems that, via data
processing and machine learning, can replicate human behavior.
It is helpful to distinguish between machine learning and deep
learning when it comes to learning and data processing (45).
Within the field of artificial intelligence, machine learning
focuses on creating algorithms and models that possess the
ability to “learn” from data and past experiences, enabling them
to perform better in particular tasks. In this machine learning
process, patterns and relationships are found in the data by an
algorithm, which then uses this knowledge to forecast and make
judgments about fresh data.

A subfield of machine learning and artificial intelligence known
as “deep learning” makes use of multilayered artificial neural
networks to teach them how to recognize and classify images and
other complicated data representation patterns. In deep learning,
artificial neural networks are made up of many layers of parallel
processing units, or neurons, that learn data features in a stepwise
manner, beginning with the most basic representations and
working their way up to the most complex. Multilayer artificial
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neural networks need inputs, which the algorithm subsequently
converts into outputs. It goes without saying that purer and
uniform the inputs, the more precise and specific the results will
be (46). Therefore, it is imperative that the data be standardized
and confirmed in this scenario if the inputs are provided by a
biobank (for example, for the study of a particular neoplasm).
This is the typical outcome of supervised learning (47). The term
“supervised learning” really refers to a machine learning technique
wherein a model is trained using a set of input data (referred to as
“features”) and the matching output labels that have undergone
prior annotation, or “supervised.”

In order for the model to generalize and make precise
predictions about novel input data that has never been seen
before, it must learn a function that maps inputs to the correct
output labels. Put differently, the model is given a known input
and a known response (output label), and it attempts to create a
map between the two in order to use the knowledge it has
gained from the training dataset to accurately predict new data.
Unsupervised learning is an additional approach to machine
learning wherein the model is trained on a collection of input
data without the associated output labels (48).

Without any outside direction or oversight, the model in this
sort of learning attempts to find patterns, correlations, and
structures in the input data. Put differently, the model is given a
collection of unlabeled input data and, in the absence of any
prior labeling information, it finds comparable patterns or
clusters of data (49). Last but not least, reinforcement learning
requires the agent to learn a behavior policy through
experimentation and exploration of the environment, in contrast
to supervised and unsupervised learning, in which the model
receives a set of input data and attempts to learn a function that
maps inputs to output labels or tries to identify patterns in the
input data (19, 50).

There can be issues if imaging collections are also referred to as
biobanks. It seems essential for the advancement of research that
imaging biobanks be included in larger biobank groups
connected to other biorepositories (12, 14). Debatable topics like
data ownership and informed consent apply to imaging biobanks
as well, and this is primarily dependent on how integrated they
are with “traditional” biobanks—those that gather biological,
tangible specimens.

The results of an online survey conducted among researchers
and biobankers (51) indicated the following: improved informed
consent procedures, more inclusive and transparent biobanking,
the role of biobanks in sharing samples and data with industry
partners and foreign countries, and the need for real, practical,
and hands-on ethical and legal guidance. The breakdown into
groups (52) provides a condensed summary of the problems
associated with the use of these new entities (6). In terms of
ownership, precise rights or their denial should be determined
from the outset of a biobank (6), and the use of specimens after
a donor’s death and sample transfers between international
researchers seem to be contentious issues (53).

The preservation of patients’ rights is at the center of all factors
related to biobanks, from the caliber of research to informed
consent and privacy (see Figure 1).
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FIGURE 1
Biobanking activity: values involved in protection of patients’ rights

It has been observed that in conventional biobanks, the patient
would not be able to benefit from any future biotechnological study
if the biological material belonged to an exclusive researcher, and
that ownership of the biological sample is still up for question in
Italy (54). In the particular instance of imaging biobanks, there
are a few distinct ethical difficulties that need to be addressed.
These issues may only be seen as partially overlapping and
require independent attention.

Whereas the material dimension is paramount in traditional
biobanks, the most significant and intricate aspect to oversee in
imaging biobanks is the data dimension and its safety. In the age
of digitization, ethical questions about sharing and storage are
being questioned in a number of industries. However, these same
worries take on even greater significance in relation to health
data. Even if the creation of picture biobanks might offer patients
more protection, there are still a lot of unanswered questions
because there are no clear regulations or norms in this area.

The concept of informed consent restores a perfect balance
between patients’ right to self-determination and the autonomy
of healthcare professionals, particularly researchers (55-60). Due
to its limited validity to a specific purpose in a single study
project, classical informed consent was inadequate from the
outset of the establishment of traditional biobanks (51, 61, 62).
As a result, a novel method of obtaining informed consent was
developed, known as dynamic consent, which is a patient’s
consent to the use of his sample in both ongoing and future
research as long as it is done so within the same parameters (6).

The patient must be approached again and their consent must
be reapplied in the event that the framework changes (61).
Pediatric biobanks present another contentious issue. Materials
originating from minors may be stored in biobanks; in this
instance, the child’s will must be taken into consideration in
addition to the approval of the parents or legal guardians (63).
For instance, there are no particular laws governing pediatric
biobanking in Italy (64).
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Current legal measures should be tailored to the particular
sector of biobanking, as there are currently no systematic
international or national regulations that particularly address this
matter (34). Italy is subject to the General Data Protection
Regulation (EU) 2016/679 (GDPR), much like the rest of Europe
(65). Therefore, only the issue of the processing of personal data
can be deemed partially outdated in light of this legislation from
an ethical analysis standpoint. While traditional biobanks with a
longer history are still debating some ethical problems, imaging
biobanks are in unknown territory with the European GDPR
serving as the only point of reference.

Since the advent of image biobanks, ownership of the
image has become a moral issue that needs to be resolved. The
scientific community should investigate this new legal status
further, particularly with regard to ownership, regulation,
sharing, and data preservation. One can undervalue the fact
that radiological images themselves make up a “biological
sample” and that all current disciplines apply to it since
images lack a materiality dimension. Informed consent, the
freedom to “donate” one’s image to an image biobank
(without it being taken, anonymized, and combined into an
image collection), the sharing of images between research
centers, and the use of images for future research are among
the ethical considerations that must direct the scientific
community in this new field.

Anonymization and pseudonymization are two more
significant difficulties arising from storage and protection (66).
However, the requirement to remove information in the event
of a biobank closure does not appear to apply to imaging
biobanks (67). Furthermore, a significant topic of discussion
in scientific literature appears to stem from the fact that,
as defined by the GDPR, photographs do not count as
personal data unless they can be connected to the patient’s
personal information, even in cases where they have been
pseudonymized (35).

Notwithstanding, biometric data are defined as follows in
Article 4(1)(14) of the GDPR: “personal data obtained by
specific technical processing relating to the physical,
physiological, or behavioral characteristics of a natural person
and enabling or confirming their unique identification, such as
facial image or fingerprint data.” It appears that the notion of
biometric data, a subset of personal data, fits the case of
radiological images since the

images yield a

identification of the subject to which they belong through

unique

straightforward processes of superimposition, analogy, and
comparison. Table 2 provides a brief comparison of imaging
and standard biobanks.

TABLE 2 Current status about different categories of biobanking.

‘m Biobank (traditional) | Imaging biobank

Informed consent | Specific consent required GDPR Regulation in Europe
Still debated
Specific consent required
Still debated

Ownership Not yet a topic addressed

Specimen transfer Not yet a topic addressed

Post-mortem Not yet a topic addressed

utilisation
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6 Conclusions

The future of biobanking, with its intricate interactions
involving patient and citizen engagement, national and
international institution governance, and medical research and
translation into clinical practice, appears to be closely tied to this
(13). The ability to access biobanks and imaging biobanks
facilitates research into the fundamental mechanisms underlying
disease and the creation of novel biomarkers and therapeutics
(68). For biobanks to flourish and be sustainable in the future,
harmonization and standardization are essential components (69).

Improved harmonization can produce significant outcomes,
including the ability to create studies on large cohorts and sub-
cohorts of patients, obtain an orderly and multicenter collection
of data and samples, and create homogenous patient groups with
very large and well-described case histories (70).

In Italy the only imaging biobank currently operating is BCU
Imaging Biobank (BCU-IB), which is a non-profit organization
dedicated to gathering, archiving, and consulting diagnostic
images, derived descriptors, and clinical data in order to advance
imaging science and create new avenues for illness diagnosis,
treatment, and possibly prevention.

BCU-IB is a collection-based biorepository that is open to a
wide range of diseases, anatomical locations, and imaging
modalities. It is designed to archive enormous volumes of human
body pictures, both healthy and unwell, from retrospective and
prospective cohorts (71).

The archiving of diagnostic pictures, clinical reports, and
demographic data enables researchers to find correlations
between genetic variables and phenotypes derived from imaging
and lifestyle. The biobank has been operational for numerous
scientific research projects since its foundation in 2018. From
these individuals with COVID19
pneumonia, neurological disorders, and cancer have been
derived. BCU-IB has been a member of the BBMRI-ERIC
biobank network since 2020, specifically the Italian node BBMRI.
The other European image biobank projects (NAVIGATOR,
EUCANIMAGE, INCISIVE, CHAIMELEON, PROCANCER-],
PRIMAGE, EUCANSHARE), some of which are still under
development, differ in that they are large image collectors with

initiatives, collections of

the idea of generating a pan-European repository of medical
images that can be used for ML-based training for various types
of cancer or other diseases (72). It is believed that the
unstoppable trend in the world of science is to no longer have
national image biorepositories, but to create multi-center
collaborations that can increase the accuracy of diagnosis
methods. It should come as no surprise that there are many
biobanks with an oncologic focus because oncology has always
been one of the professions that has benefited from biobank
support (14). Innovations in artificial intelligence (AI) for
pathology decision assistance, particularly in cancer, have quickly
trailed the rise of digital pathology with the goal of optimizing
and enhancing diagnostic pipelines (73). Should “traditional”
biobanks include imaging biobanks in order to create a more
knowledge network?

protocols and quality controls for biobanks have been thoroughly

comprehensive and expansive Since
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examined and analyzed (53, 74), the scientific community still needs
to resolve a number of methodological issues, either with regard to
the autonomy of imaging biobanks or the integration of imaging
repositories into conventional biobanks that are disease-focused.
While the potential of digital repositories has recently been
explored (75), and comprehensive evaluations have been carried
out in the field of imaging biobanks (42), ethical and legal
considerations have not yet been properly addressed. A number of
unanswered problems exist for researchers using biobanks in the
absence of regulation similar to that for clinical trials: Can photos
qualify as personal data under the GDPR? Is it possible to identify
a patient uniquely using a radiological or radiometabolic image?
What are the consent’s validity bounds in relation to a novel study
protocol? What are the restrictions on the validity of consent for
processing data in order to conduct a new study? How is
complete anonymization of the sample accomplished in the event
that an imaging biobank is integrated into a conventional
biobank? Due to the general inclination to want to establish
scientific exceptions to the field of biobank imaging, all of these
concerns—which the investigators have quite rightly raised—have
not yet been addressed in the absence of a clear legal framework.
It appears that biobanking is an important subject in which
public-private  partnerships, medico-legal ramifications, and
imaging community requirements (76) need to be thoroughly
considered and examined. However, for this integration to occur, a
framework must be in place where questions about sample-data
ownership, consent to experimentation, consent to data processing
and potential revocation, restrictions on the use of samples for
secondary purposes, and accountability for the proper storage,
transfer, and sharing of data are first addressed using medico-legal
expertise. A comprehensive definition of modern biobanking that
fully meets the needs of the entire community is driven by
radiology and nuclear medicine, as evidenced by the wealth
obtained from imaging biomarkers, particularly in oncology. From
a scientific perspective, “image collections” are acknowledged for
their significance.

A further stage that necessitates an assessment of preliminary
data
processing in compliance with legal and transparent criteria is

requirements (ex-ante evaluation) and expertise for
the transition to an image biobank. This setup should ideally
occur in a way that is harmonic and integrated with other

“biorepositories,” such as conventional (i.e., tissue) biobanks. A

References

1. Loft S, Poulsen HE. Cancer risk and oxidative DNA damage in man. ] Mol Med.
(1996) 74(6):297-312. doi: 10.1007/BF00207507

2. Hewitt R, Watson P. Defining biobank. Biopreserv Biobank. (2013) 11(5):309-15.
doi: 10.1089/bi0.2013.0042

3. Available online at: https://www.bbmri-eric.eu/about/ (Accessed June 2, 2023).

4. Graziano V, Buccelli C, Capasso E, De Micco F, Casella C, Di Lorenzo P,
et al. Suggestions on how to make suboptimal kidney transplantation an
ethically viable option. Open Med (Wars). (2016) 11(1):523-9. doi: 10.1515/
med-2016-0090

5. Available online at: https://cnbbsv.palazzochigi.it/media/1629/2006-19-aprile-
biobanche_1.pdf (Accessed August 10, 2024).

Frontiers in Digital Health

10.3389/fdgth.2024.1408619

lack of regulation is evident from the evaluation, pertaining to
certain parts of traditional biobanks that are still up for
controversy as well as a more general absence of regulatory
framework for biobank imaging.

Legislative action at the European and global levels is needed to
make clear the important issues that are only covered by “soft law”
mechanisms. This final stage can result in a true standardization of
data, clinical validation for rapid treatment use, and make it easier
for the scientific community to use the data for study.

Author contributions

EC: Data curation, Writing - review & editing. CC:
Supervision, Writing - review & editing. MM: Methodology,
Writing - original draft. MT: Formal Analysis, Methodology,
Writing — review & editing. FB: Data curation, Writing - original
draft. PD: Formal Analysis, Methodology, Supervision, Writing —
original draft.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

6. Paskal W, Paskal AM, Debski T, Gryziak M, Jaworowski J. Aspects of modern
biobank activity - comprehensive review. Pathol Oncol Res. (2018) 24(4):771-85.
doi: 10.1007/s12253-018-0418-4

7. Snapes E, Astrin JJ, Bertheussen Kriiger N, Grossman GH, Hendrickson E, Miller
N, et al. Updating international society for biological and environmental repositories
best practices, fifth edition: a new process for relevance in an evolving landscape.
Biopreserv Biobank. (2023) 21(6):537-46. doi: 10.1089/bi0.2023.0140

8. Hutchinson E. Towards individualized cancer therapy: challenges and prospects.
Mol Oncol. (2014) 8(1):1-8. doi: 10.1016/j.molonc.2013.12.008

9. Hood L. Systems biology and p4 medicine: past, present, and future. Rambam
Maimonides Med ]. (2013) 4(2):e0012. doi: 10.5041/RMM].10112

frontiersin.org


https://doi.org/10.1007/BF00207507
https://doi.org/10.1089/bio.2013.0042
https://www.bbmri-eric.eu/about/
https://doi.org/10.1515/med-2016-0090
https://doi.org/10.1515/med-2016-0090
https://cnbbsv.palazzochigi.it/media/1629/2006-19-aprile-biobanche_1.pdf
https://cnbbsv.palazzochigi.it/media/1629/2006-19-aprile-biobanche_1.pdf
https://doi.org/10.1007/s12253-018-0418-4
https://doi.org/10.1089/bio.2023.0140
https://doi.org/10.1016/j.molonc.2013.12.008
https://doi.org/10.5041/RMMJ.10112
https://doi.org/10.3389/fdgth.2024.1408619
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/

Capasso et al.

10. Park A. Biobanks - 10 ideas changing the world right now TIME magazine
(2009). Available online at: https://content.time.com/time/specials/packages/article/
0,28804,1884779_1884782_1884766,00.html (Accessed June 2, 2023).

11. Annaratone L, De Palma G, Bonizzi G, Sapino A, Botti G, Berrino E, et al. Basic
principles of biobanking: from biological samples to precision medicine for patients.
Virchows Arch. (2021) 479(2):233-46. doi: 10.1007/s00428-021-03151-0

12. European Society of Radiology (ESR). ESR position paper on imaging biobanks.
Insights Imaging. (2015) 6(4):403-10. doi: 10.1007/s13244-015-0409-x

13. Coppola L, Cianflone A, Grimaldi AM, Incoronato M, Bevilacqua P, Messina F,
et al. Biobanking in health care: evolution and future directions. J Transl Med. (2019)
17(1):172. doi: 10.1186/s12967-019-1922-3

14. Neri E, Regge D. Imaging biobanks in oncology: European perspective. Future
Oncol. (2017) 13:433-41. doi: 10.2217/fon-2016-0239

15. Kumar V, Gu Y, Basu S, Berglund A, Eschrich SA, Schabath MB, et al.
Radiomics: the process and the challenges. Magn Reson Imaging. (2012)
30:1234-48. doi: 10.1016/j.mri.2012.06.010

16. Gillies R], Kinahan PE, Hricak H. Radiomics: images are more than pictures,
they are data. Radiology. (2016) 278:563-77. doi: 10.1148/radiol.2015151169

17. Aiello M, Cavaliere C, D’Albore A, Salvatore M. The challenges of diagnostic
imaging in the era of big data. J Clin Med. (2019) 8:316. doi: 10.3390/jcm8030316

18. Yadav SP. The wholeness in suffix -omics, -omes, and the word om. J Biomol
Tech. (2007) 18(5):277. PMID: 18166670; PMCID: PMC2392988

19. Tortora M, Gemini L, Scaravilli A, Ugga L, Ponsiglione A, Stanzione A, et al.
Radiomics applications in head and neck tumor imaging: a narrative review.
Cancers (Basel). (2023) 15:1174. doi: 10.3390/cancers15041174

20. Bonmati ML, Alberich-Bayarri A, Garcia-Marti G, Sanz Requena R, Perez
Castillo C, Carot Sierra JM, et al. Imaging biomarkers, quantitative imaging, and
bioengineering. Radiologia (Panama). (2012) 54:269-78. doi: 10.1016/j.rx.2010.12.013

21. O’Connor JPB, Aboagye EO, Adams JE, Aerts HJWL, Barrington SF, Beer AJ,
et al. Imaging biomarker roadmap for cancer studies. Nat Rev Clin Oncol. (2017)
14:169-86. doi: 10.1038/nrclinonc.2016.162

22. Scapicchio C, Gabelloni M, Forte SM, Alberich LC, Faggioni L, Borgheresi R,
et al. DICOM-MIABIS integration model for biobanks: a use case of the EU
PRIMAGE project. Eur Radiol Exp. (2021) 5(1):20. Published May 12, 2021.
doi: 10.1186/s41747-021-00214-4

23. Esposito G, Allara C, Randon M, Aiello M, Salvatore M, Aceto G, et al.
A biobanking system for diagnostic images: architecture development, COVID-19-
related use cases, and performance evaluation. JMIR Form Res. (2023) 7:e42505.
Published December 21, 2023. doi: 10.2196/42505

24. Spaltenstein J, van Dooren N, Pasquier G, Roduit N, Brenet M, Pasquier G, et al.
A multicentric IT platform for storage and sharing of imaging-based radiation
dosimetric data. Int ] Comput Assist Radiol Surg. (2020) 15(10):1639-43. doi: 10.
1007/s11548-020-02179-y

25. Pinker K, Shitano F, Sala E, Do RK, Young R], Wibmer AG, et al. Background,
current role, and potential applications of radiogenomics. ] Magn Reson Imaging.
(2018) 47:604-20. doi: 10.1002/jmri.25870

26. Djordjevic M, Rodic A, Graovac S. From biophysics to ‘omics and systems
biology. Eur Biophys J. (2019) 48:413-24. doi: 10.1007/s00249019-01366-3

27. Kitano H. Computational systems biology. Nature. (2002) 14:206-10. doi: 10.
1038/nature01254

28. Emaminejad N, Qian W, Guan Y, et al. Fusion of quantitative image and genomic
biomarkers to improve prognosis assessment of early stage lung cancer patients. IEEE
Trans Biomed Eng. (2016) 63(5):1034-43. doi: 10.1109/TBME.2015.2477688

29. Leithner D, Horvat JV, Ochoa-Albiztegui RE, et al. Imaging and the completion
of the omics paradigm in breast cancer. Bildgebung und die vervollstindigung des
“omics-paradigmas” bei brustkrebs. Radiologe. (2018) 58(Suppl 1):7-13. doi: 10.
1007/s00117-018-0409-1

30. Gevaert O, Xu ], Hoang CD, et al. Non-small cell lung cancer: identifying
prognostic imaging biomarkers by leveraging public gene expression microarray
data-methods and preliminary results. Radiology. (2012) 264:387-96. doi: 10.1148/
radiol.12111607

31. Gatta R, Depeursinge A, Ratib O, Michielin O, Leimgruber A. Integrating
radiomics into holomics for personalised oncology: from algorithms to bedside. Eur
Radiol Exp. (2020) 4(1):11. doi: 10.1186/s41747-019-0143-0

32. European Commission. Commission implementing decision of 22 November
2013 on setting up biobanks and biomolecular resources research infrastructure
consortium (BBMRI-ERIC) as a European research infrastructure consortium.
J European Union. (2013) 56:63.

33. BBMRI-ERIC. Available online at: http://bbmri-eric.eu

34. Legislative Decree 10 August 2018. Available online at: https://www.
gazzettaufficiale.it/eli/id/2018/09/04/18G00129/sg (Accessed October 30, 2023).

35. Borgheresi R, Barucci A, Colantonio S, Aghakhanyan G, Assante M, Bertelli E,
et al. NAVIGATOR: an Italian regional imaging biobank to promote precision

Frontiers in Digital Health

10.3389/fdgth.2024.1408619

medicine for oncologic patients. Eur Radiol Exp. (2022) 6(1):53. doi: 10.1186/
$41747-022-00306-9

36. Douaud G, Lee S, Alfaro-Almagro F, Arthofer C, Wang C, McCarthy P, et al.
SARS-CoV-2 is associated with changes in brain structure in UK biobank. Nature.
(2022) 604(7907):697-707. doi: 10.1038/s41586-022-04569-5

37. Littlejohns TJ, Holliday ], Gibson LM, Garratt S, Oesingmann N, Alfaro-
Almagro F, et al. The UK biobank imaging enhancement of 100,000 participants:
rationale, data collection, management and future directions. Nat Commun. (2020)
11(1):2624. doi: 10.1038/s41467-020-15948-9

38. Starkbaum J, Gottweis H, Gottweis U, Kleiser C, Linseisen J, Meisinger C, et al.
Public perceptions of cohort studies and biobanks in Germany. Biopreserv Biobank.
(2014) 12(2):121-30. doi: 10.1089/bi0.2013.0071

39. Dagher G. Quality matters: international standards for biobanking. Cell Prolif.
(2022) 55(8):e13282. doi: 10.1111/cpr.13282

40. Capocasa M, Anagnostou P, D’Abramo F, Matteucci G, Dominici V, Destro
Bisol G, et al. Samples and data accessibility in research biobanks: an explorative
survey. Peer]. (2016) 4:e1613. Published February 25, 2016. doi: 10.7717/peerj.1613

41. Ransohoff DF, Gourlay ML. Sources of bias in specimens for research about
molecular markers for cancer. | Clin Oncol. (2010) 28(4):698-704. doi: 10.1200/
JCO.2009.25.6065

42. Gabelloni M, Faggioni L, Borgheresi R, Restante G, Shortrede J, Tumminello L,
et al. Bridging gaps between images and data: a systematic update on imaging
biobanks. Eur Radiol. (2022) 32(5):3173-86. doi: 10.1007/s00330-021-08431-6

43. Doucet M, Becker KF, Bjorkman J, Bonnet J, Clément B, Daidone MG, et al.
Quality matters: 2016 annual conference of the national infrastructures for
biobanking. Biopreserv Biobank. (2017) 15(3):270-6. doi: 10.1089/bi0.2016.0053

44. Available online at: https://biospecimens.cancer.gov/resources/sops/default.asp
(Accessed February 7, 2024).

45. Soori M, Arezoo B, Dastres R. Artificial intelligence, machine learning and deep
learning in advanced robotics, a review. Cognitive Robotics. (2023) 3:54-70. ISSN
2667-2413. doi: 10.1016/j.cogr.2023.04.001

46. Taye MM. Understanding of machine learning with deep learning: architectures,
workflow, applications and future directions. Computers. (2023) 12(5):91. doi: 10.
3390/computers12050091

47. Jiang T, Gradus JL, Rosellini AJ. Supervised machine learning: a brief primer.
Behav Ther. (2020) 51(5):675-87. doi: 10.1016/j.beth.2020.05.002

48. Brydges R, Dubrowski A, Regehr G. A new concept of unsupervised learning:
directed self-guided learning in the health professions. Acad Med. (2010) 85(10
Suppl):$49-55. doi: 10.1097/ACM.0b013e3181ed4c96

49. Matsuo Y, LeCun Y, Sahani M, Precup D, Silver D, Sugiyama M, et al. Deep
learning, reinforcement learning, and world models. Neural Netw. (2022)
152:267-75. doi: 10.1016/j.neunet.2022.03.037

50. Gemini L, Tortora M, Giordano P, Prudente ME, Villa A, Vargas O, et al. Vasari
scoring system in discerning between different degrees of glioma and IDH status
prediction: a possible machine learning application? J Imaging. (2023) 9(4):75.
Published March 24, 2023. doi: 10.3390/jimaging9040075

51. Fransson MN, Rial-Sebbag E, Brochhausen M, Litton JE. Toward a common
language for biobanking. Eur ] Hum Genet. (2015) 23(1):22-8. doi: 10.1038/ejhg.
2014.45

52. Goisauf M, Martin G, Bentzen HB, Budin-Ljosne I, Ursin L, Durnova A, et al.
Correction: data in question: a survey of European biobank professionals on ethical,
legal and societal challenges of biobank research. PLoS One. (2019) 14(12):
€0226149. doi: 10.1371/journal.pone.0226149

53. Ravid R. Standard operating procedures, ethical and legal regulations in BTB
(brain/tissue/bio) banking: what is still missing? Cell Tissue Bank. (2008) 9
(2):121-37. doi: 10.1007/s10561-007-9055-y

54. Cannovo N, Cingolani M, Guarino R, Fedeli P. Regulation of biobanks in Italy.
Front Pediatr. (2020) 8:415. Published September 2, 2020. doi: 10.3389/fped.2020.
00415

55. Chart of Fundamental rights of European Union. Available online at: https://
www.eur-lex.europa.eu (Accessed August 10, 2024).

56. Council of Europe. Convention for the Protection of Human Rights and
Fundamental Freedoms. Council of Europe Treaty Series 005, Council of Europe (1950).

57. 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 Biomedicine * Oviedo, 4.1V.1997

58. Di Lorenzo P, Casella C, Marisei M, Sarno L, Aquino CI, Osuna E, et al.
A COVID dilemma: how to manage pregnancies in case of severe respiratory
failure? Healthcare (Basel). (2023) 11(4):486. Published February 7, 2023. doi: 10.
3390/healthcare11040486

59. Ferrarese A, Pozzi G, Borghi F, Pellegrino L, Di Lorenzo P, Amato B, et al.
Informed consent in robotic surgery: quality of information and patient perception.
Open Med (Wars). (2016) 11(1):279-85. Published August 2, 2016. doi: 10.1515/
med-2016-0054

frontiersin.org


https://content.time.com/time/specials/packages/article/0,28804,1884779_1884782_1884766,00.html
https://content.time.com/time/specials/packages/article/0,28804,1884779_1884782_1884766,00.html
https://doi.org/10.1007/s00428-021-03151-0
https://doi.org/10.1007/s13244-015-0409-x
https://doi.org/10.1186/s12967-019-1922-3
https://doi.org/10.2217/fon-2016-0239
https://doi.org/10.1016/j.mri.2012.06.010
https://doi.org/10.1148/radiol.2015151169
https://doi.org/10.3390/jcm8030316
https://pubmed.ncbi.nlm.nih.gov/18166670
https://pubmed.ncbi.nlm.nih.gov/pmc/articles/PMC2392988/
https://doi.org/10.3390/cancers15041174
https://doi.org/10.1016/j.rx.2010.12.013
https://doi.org/10.1038/nrclinonc.2016.162
https://doi.org/10.1186/s41747-021-00214-4
https://doi.org/10.2196/42505
https://doi.org/10.1007/s11548-020-02179-y
https://doi.org/10.1007/s11548-020-02179-y
https://doi.org/10.1002/jmri.25870
https://doi.org/10.1007/s00249019-01366-3
https://doi.org/10.1038/nature01254
https://doi.org/10.1038/nature01254
https://doi.org/10.1109/TBME.2015.2477688
https://doi.org/10.1007/s00117-018-0409-1
https://doi.org/10.1007/s00117-018-0409-1
https://doi.org/10.1148/radiol.12111607
https://doi.org/10.1148/radiol.12111607
https://doi.org/10.1186/s41747-019-0143-0
http://bbmri-eric.eu
https://www.gazzettaufficiale.it/eli/id/2018/09/04/18G00129/sg
https://www.gazzettaufficiale.it/eli/id/2018/09/04/18G00129/sg
https://doi.org/10.1186/s41747-022-00306-9
https://doi.org/10.1186/s41747-022-00306-9
https://doi.org/10.1038/s41586-022-04569-5
https://doi.org/10.1038/s41467-020-15948-9
https://doi.org/10.1089/bio.2013.0071
https://doi.org/10.1111/cpr.13282
https://doi.org/10.7717/peerj.1613
https://doi.org/10.1200/JCO.2009.25.6065
https://doi.org/10.1200/JCO.2009.25.6065
https://doi.org/10.1007/s00330-021-08431-6
https://doi.org/10.1089/bio.2016.0053
https://biospecimens.cancer.gov/resources/sops/default.asp
https://doi.org/10.1016/j.cogr.2023.04.001
https://doi.org/10.3390/computers12050091
https://doi.org/10.3390/computers12050091
https://doi.org/10.1016/j.beth.2020.05.002
https://doi.org/10.1097/ACM.0b013e3181ed4c96
https://doi.org/10.1016/j.neunet.2022.03.037
https://doi.org/10.3390/jimaging9040075
https://doi.org/10.1038/ejhg.2014.45
https://doi.org/10.1038/ejhg.2014.45
https://doi.org/10.1371/journal.pone.0226149
https://doi.org/10.1007/s10561-007-9055-y
https://doi.org/10.3389/fped.2020.00415
https://doi.org/10.3389/fped.2020.00415
https://www.eur-lex.europa.eu
https://www.eur-lex.europa.eu
https://doi.org/10.3390/healthcare11040486
https://doi.org/10.3390/healthcare11040486
https://doi.org/10.1515/med-2016-0054
https://doi.org/10.1515/med-2016-0054
https://doi.org/10.3389/fdgth.2024.1408619
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/

Capasso et al.

60. Casella C, Buccelli C, Scuotto A, Capasso E. Clinical trials and appropriateness
of information verification. Medicina E Morale. (2020) 69(1):11-22. doi: 10.4081/
mem.2020.605

61. Steinsbekk KS, Kare Myskja B, Solberg B. Broad consent versus dynamic consent
in biobank research: is passive participation an ethical problem? Eur | Hum Genet.
(2013) 21(9):897-902. doi: 10.1038/ejhg.2012.282

62. Colledge F, Persson K, Elger B, Shaw D. Sample and data sharing barriers in
biobanking: consent, committees, and compromises. Ann Diagn Pathol. (2014) 18
(2):78-81. doi: 10.1016/j.anndiagpath.2013.12.002

63. Giesbertz NA, Bredenoord AL, van Delden JJ. Consent procedures in pediatric
biobanks. Eur ] Hum Genet. (2015) 23(9):1129-34. doi: 10.1038/ejhg.2014.267

64. Cannovo N, Guarino R, Fedeli P. Ethical and deontological aspects of pediatric
biobanks: the situation in Italy. Cell Tissue Bank. (2020) 21(3):469-77. doi: 10.1007/
510561-020-09833-4

65. Regulation (EU) 2016/679 of the European Parliament and of the Council of 27
April 2016 on the protection of natural persons with regard to the processing of
personal data and on the free movement of such data, and repealing Directive 95/
46/EC (General Data Protection Regulation)- GDPR. Available online at: https://
eur-lex.europa.eu/eli/reg/2016/679/0j (Accessed October 30, 2023).

66. Sariyar M, Schluender I, Smee C, Suhr S. Sharing and reuse of sensitive data and
samples: supporting researchers in identifying ethical and legal requirements.
Biopreserv Biobank. (2015) 13(4):263-70. doi: 10.1089/bi0.2015.0014

67. Cadigan R], Lassiter D, Haldeman K, Conlon I, Reavely E, Henderson GE.
Neglected ethical issues in biobank management: results from a U.S. study. Life Sci
Soc Policy. (2013) 9(1):1. doi: 10.1186/2195-7819-9-1

Frontiers in Digital Health

09

10.3389/fdgth.2024.1408619

68. Mayrhofer MT, Holub P, Wutte A, Litton JE. BBMRI-ERIC: the novel gateway to
biobanks: from humans to humans. Bundesgesundheitsbl. (2016) 59(3):379-84.
doi: 10.1007/s00103-015-2301-8

69. Henderson MK, Matharoo-Ball B, Schacter B, Kozlakidis Z, Smits E, Térnwall O,
et al. Global biobank week: toward harmonization in biobanking. Biopreserv Biobank.
(2017) 15:491-3. doi: 10.1089/bi0.2017.29030.mkh

70. Caenazzo L, Tozzo P. The future of biobanking: what is next? BioTech (Basel).
(2020) 9(4):23. doi: 10.3390/biotech9040023

71. Available online at: https://bcuib.biocheckup.net/about/ (Accessed July 15,
2024).

72. Available online at: https://cordis.europa.eu/project/id/952179 (Accessed July 15,
2024).

73. Latonen L, Ruusuvuori P. Building a central repository landmarks a new era for
artificial intelligence-assisted digital pathology development in Europe. Eur J Cancer.
(2021) 150:31-2. doi: 10.1016/j.ejca.2021.03.018

74. Bonizzi G, Zattoni L, Capra M, Cassi C, Taliento G, Ivanova M, et al. Standard
operating procedures for biobank in oncology. Front Mol Biosci. (2022) 9:967310.
doi: 10.3389/fmolb.2022.967310

75. Brancato V, Esposito G, Coppola L, Cavaliere C, Mirabelli P, Scapicchio C,
et al. Standardizing digital biobanks: integrating imaging, genomic, and clinical data
for precision medicine. J Transl Med. (2024) 22:136. doi: 10.1186/s12967-024-
04891-8

76. Hofman P, Bréchot C, Zatloukal K, Accordin G, Clément B. Public-private
relationships in biobanking: a still underestimated key component of open
innovation. Virchows Arch. (2014) 464(1):3-9. doi: 10.1007/s00428-013-1524-z

frontiersin.org


https://doi.org/10.4081/mem.2020.605
https://doi.org/10.4081/mem.2020.605
https://doi.org/10.1038/ejhg.2012.282
https://doi.org/10.1016/j.anndiagpath.2013.12.002
https://doi.org/10.1038/ejhg.2014.267
https://doi.org/10.1007/s10561-020-09833-4
https://doi.org/10.1007/s10561-020-09833-4
https://eur-lex.europa.eu/eli/reg/2016/679/oj
https://eur-lex.europa.eu/eli/reg/2016/679/oj
https://doi.org/10.1089/bio.2015.0014
https://doi.org/10.1186/2195-7819-9-1
https://doi.org/10.1007/s00103-015-2301-8
https://doi.org/10.1089/bio.2017.29030.mkh
https://doi.org/10.3390/biotech9040023
https://bcuib.biocheckup.net/about/
https://cordis.europa.eu/project/id/952179
https://doi.org/10.1016/j.ejca.2021.03.018
https://doi.org/10.3389/fmolb.2022.967310
https://doi.org/10.1186/s12967-024-04891-8
https://doi.org/10.1186/s12967-024-04891-8
https://doi.org/10.1007/s00428-013-1524-z
https://doi.org/10.3389/fdgth.2024.1408619
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/

	Imaging biobanks: operational limits, medical-legal and ethical reflections
	Introduction
	Methods
	The imaging and “traditional” biological biobanks
	Focus on Italy
	Ethical-legal reflections and operational limits
	Conclusions
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


