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Abstract
Background and objective The systematic collection of medical images combined with imaging biomarkers and patient
non-imaging data is the core concept of imaging biobanks, a key element for fuelling the development of modern precision
medicine. Our purpose is to review the existing image repositories fulfilling the criteria for imaging biobanks.
Methods Pubmed, Scopus and Web of Science were searched for articles published in English from January 2010 to July
2021 using a combination of the terms: “imaging” AND “biobanks” and “imaging” AND “repository”. Moreover, the Community Research and Development Information Service (CORDIS) database (https://c ordis.e uropa.e u/p rojec ts) was searched
using the terms: “imaging” AND “biobanks”, also including collections, projects, project deliverables, project publications
and programmes.
Results Of 9272 articles retrieved, only 54 related to biobanks containing imaging data were finally selected, of which 33
were disease-oriented (61.1%) and 21 population-based (38.9%). Most imaging biobanks were European (26/54, 48.1%),
followed by American biobanks (20/54, 37.0%). Among disease-oriented biobanks, the majority were focused on neurodegenerative (9/33, 27.3%) and oncological diseases (9/33, 27.3%). The number of patients enrolled ranged from 240 to
3,370,929, and the imaging modality most frequently involved was MRI (40/54, 74.1%), followed by CT (20/54, 37.0%),
PET (13/54, 24.1%), and ultrasound (12/54, 22.2%). Most biobanks (38/54, 70.4%) were accessible under request.
Conclusions Imaging biobanks can serve as a platform for collecting, sharing and analysing medical images integrated with
imaging biomarkers, biological and clinical data. A relatively small proportion of current biobanks also contain images and
can thus be classified as imaging biobanks.
Key Points
• Imaging biobanks are a powerful tool for large-scale collection and processing of medical images integrated with imaging
biomarkers and patient non-imaging data.
• Most imaging biobanks retrieved were European, disease-oriented and accessible under user request.
• While many biobanks have been developed so far, only a relatively small proportion of them are imaging biobanks.
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Abbreviations
AI	Artificial intelligence
BBMRI-ERIC	Biobanking and BioMolecular
resources Research Infrastructure —
European Research Infrastructure
Consortium
CARDIATEAM	CARdiomyopathy in type 2 DIAbetes
mellitus
COPD	Chronic obstructive pulmonary disease
CORDIS	Community Research and Development
Information Service
DIPG	Diffuse intrinsic pontine glioma
DMG	Diffuse midline glioma
DXA	Dual-energy X-ray absorptiometry
ESR	European Society of Radiology
FAIR	Findability, Accessibility, Interoperability, and Reusability
GDPR	General Data Protection Regulation
HPCI	High-performance computing
infrastructure
MESA	Multi-Ethnic Study of Atherosclerosis
MIABIS	Minimum Information About BIobank
data Sharing
Mobit	Molecular Biomarkers for Individualized Therapy
OMOP CDM	Observational Medical Outcomes Partnership Common Data Model
PRIMAGE	PRedictive In-silico Multiscale Analytics to support cancer personalized
diaGnosis and prognosis, Empowered
by imaging biomarkers
PRISMA	Preferred Reporting Items for Systematic Reviews and Meta-Analyses

Introduction
According to the statutes of the Biobanking and BioMolecular resources Research Infrastructure — European Research
Infrastructure Consortium (BBMRI-ERIC), biobanks are
defined as “collection, repositories and distribution centres
of all types of human biological samples, such as blood,
tissues, cells or DNA and/or related data such as associated
clinical and research data, as well as biomolecular resources,
including model- and micro-organisms that might contribute to the understanding of the physiology and diseases of
humans” [1].
The terms “biobank” and “biorepository” are often used
interchangeably. According to the National Institutes of
Health (NIH), biorepositories are “a place, room, or container where biospecimens/tissue samples are stored”, where
the term “biospecimen” refers to materials taken from the
human body (such as tissues, blood, plasma and urine),
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commonly accompanied by information about the patient
from whom the biospecimen was obtained [2]. More specifically, while biorepositories may be collections of biological
material from any living organism, biobanks usually refer to
collections of human biological material [3, 4]. In order to
gather such a plenty of data, it has been necessary to develop
large electronic databases [5]. Based on the Declaration of
Taipei published by the World Medical Association, a health
database can be defined as “a system for collecting, organising and storing health information” [6]. Imaging data were
initially either not collected in biobanks or minimally represented. For example, one of the first cohort studies involving the collection of MRI data was the Multi-Ethnic Study
of Atherosclerosis (MESA), which included less than 5000
patients with the goal to investigate subclinical cardiovascular diseases in the general population [7–9]. Only in the last
few years, more imaging data have begun to be collected in
biobanks, which are often intended as a collection of biological “images”, not necessarily related to radiology, but
consisting of digital images of pathology specimens [9]. To
address the concept of imaging biobanks in the field of precision medicine, the European Society of Radiology (ESR)
Research Committee established an Imaging Biobanks
Working Group in 2014, which defined imaging biobanks
as “organised databases of medical images and associated
imaging biomarkers (radiology and beyond), shared among
multiple researchers, linked to other biorepositories”, and
suggested that “biobanks (which focus only on the collection
of genotype data) should simultaneously come with a system to collect related clinical or phenotype data” [10]. The
primary aim of imaging biobanks is to guarantee the longterm storage and retrieval of secured medical images and
associated metadata for research and validation purposes,
whereas the secondary goal is to connect imaging and tissue biobanks, thus providing a deep association between
phenotype and genotype expressions [11, 12].
The BBMRI differentiates between two types of research
biobanks, i.e. population-based and disease-oriented
biobanks. Population-based biobanks collect data from the
general population and are focused on identifying risk factors for disease development [such as the Rotterdam Study
(https://populationimaging.eu/image-data/)], whereas disease-oriented biobanks aim to investigate the pathogenesis
of human diseases and are generally focused on specific diseases (mostly cancer, such as the Primage, CHAIMELEON,
Pro-Cancer-I and EuCanImage H2020 projects [13–16]).
Modern biobanks are more than a collection of samples
and data, but a complex infrastructure in which biomedical images and clinical data extracted from medical health
records are organised, curated through standard procedures
and securely protected from unauthorised external access
[17–21]. All these aspects must coexist in compliance with
current European legislation on data protection (such as the
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GDPR), in addition to the national laws of the countries
involved in the construction and use of biobanks. Biobanks
need to generate data governance models that protect the
information provided by the subjects enrolled, while simultaneously enabling and promoting its use for biomedical
research purposes with open controlled access to data sets
[22]. To overcome fragmentation, the most prominent European biobanks have started collaborations within BBMRI,
whose mission is to secure access to biological resources
and data required for health-related research in a sustainable manner.
In 2015, the ESR Working Group on Imaging Biobanks
evaluated imaging biobanks within the ESR community by
administering a survey to its members. The survey identified 27 potential repositories of images and associated biomarkers that could be in line with the definition of imaging
biobanks [10]. However, no specific details regarding each
biobank could be retrieved at the time of the survey, and the
latter has received no updates so far. Although few articles
overview imaging biobanks [5], they are focused on specific
types of biobanks, such as population-based [23] or oncological biobanks [11]. To the best of our knowledge, no articles
have been published to date which offer a systematic review
of existing imaging biobanks. Our purpose is to explore the
current status of imaging biobanks.

Methods
Literature search strategy
A systematic literature search was carried out to identify
imaging biobanks. To this purpose, we searched the PubMed
(https://pubmed.ncbi.nlm.nih.gov), Scopus (https://www.
scopus.com) and Web of Science databases (https://www.
webofscience.com) using the combination of the following
search terms: “imaging” AND “biobanks”, and in a separate search, “imaging” and “repository”. The search period
ranged from January 2010 to July 2021, and the search was
carried out in July 2021. Only articles published in English
were selected.
Moreover, the Community Research and Development
Information Service (CORDIS) database (https://cordis.
europa.eu/projects) was searched using the combination
of the search terms: “imaging” AND “biobanks”, with the
search encompassing collections, projects, project deliverables, project publications and programmes.

Study selection
In an attempt to improve the quality of our inclusion criteria, our analysis was performed following a four-step flow

diagram based on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines [24].

Results
All retrieved publications (totalling 3139 and 6133 articles regarding imaging biobanks and imaging repositories,
respectively) were separately uploaded to EndNote™, and
all duplicate records were removed (1157 and 2107 articles regarding imaging biobanks and imaging repositories,
respectively).
Two reviewers (M.G., R.B.) manually screened all
included articles by title and abstract, and if potentially eligible, their full text was reviewed. The reviewers excluded
(a) entries including both terms (imaging AND biobanks or
imaging AND repository) but not necessarily related to each
other in the text, (b) entries including imaging but unrelated
to diagnostic imaging, (c) reviews and conference papers, (d)
entries including the same imaging biobank and (e) entries
including biobanks with data derived from imaging, but
without image collection (Fig. 1). Finally, 42 articles with
a reference to an imaging biobank and 46 articles with a
reference to an imaging repository (of which 34 referring to
the same biobank) were selected, resulting in a total of 54
imaging biobanks.
To obtain more detailed information on the storage and
use of images by the biobanks selected, the biobank website
(if available) or the trial or project pages were also accessed.
Of the 54 imaging biobanks retrieved, 21 were population-based (38.9%) [9, 25–44] and 33 were disease-oriented
(61.1%) [45–77]. Most imaging biobanks were European
(26/54, 48.1%), followed by American (20/54, 37.0%)
biobanks, with the remaining ones being based in Asia
(5/54, 9.3%), Oceania (2/54, 3.7%) and Africa (1/54, 1.9%).
Thirty-eight out of 54 biobanks (70.4%) were accessible
under request, 1 (1.8%) supported public access, and for the
remaining 15 (27.8%) no information was found (Fig. 2).
The number of patients collected by each biobank ranged
from 240 to 3,370,929 (last access date: 14 July 2021)
(Table 1). Among disease-oriented biobanks, 9 were focused
on neurodegenerative diseases (9/33, 27.3%), with particular
regard to Alzheimer disease and other dementias, and 9 on
cancer (9/33, 27.3%), of which 3 related to multiple cancers,
2 to lung cancer, 2 to glioma, 1 to diffuse intrinsic pontine
glioma (DIPG) and diffuse midline glioma (DMA) and 1 to
neuroblastoma and DIPG. The remaining disease-oriented
biobanks were focused on the following: other neurological
and psychiatric diseases (6/33 (18.2%), including migraine
(1), autism (1) and neuropsychiatric disorders (2), traumatic
brain injuries (1) and post-traumatic epilepsy (1)), stroke
(3/33, 9.1%), cardiovascular diseases and diabetes (3/33,
9.1%) and lung diseases excluding cancer (2/33 (6.1%),
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Fig. 1  PRISMA flow chart of literature search for imaging biobanks (left) and imaging repositories (right). Adapted from [24]

Fig. 2  Pie charts of existing imaging biobanks classified by (a) target population (i.e. disease-oriented and population-based), (b) geographical
distribution and (c) type of data access
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Europe

Europe

COSYCONET

N/A

Upon request

Upon request

Europe

X

N/A

America

X

N/A

X

X

X

X

X

Upon request

Upon request
Upon request X

X

X

X

X

Upon request

Upon request X

Europe
America

Cimbi Biobank

Biomarkpad
Brain Genomics Superstruct Project (GSP)
Canadian Alliance for
Healthy Hearts and
Minds (CAHHM)
CENTER-TBI

Australian Imaging, Bio- Oceania
markers and Lifestyle
(AIBL) Study
America
Autism Brain Imaging Data Exchange
(ABIDE)
BioHEART-CT
Oceania

Europe

Aragon Workers Health
Study (AWHS)

N/A

Upon request

America

Europe

Upon request

America

Amsterdam Dementia
Cohort

N/A

Europe

X

Upon request X

America

Adolescent Brain Cognitive Development
(ABCD)
Akershus Cardiac Examination (ACE) 1950
Alzheimer’s Disease
Neuroimaging Initiative (ADNI)
American Registry for
Migraine Research
(ARMR)

CT

MRI, PET

MRI

MRI

CT coronary angiography
MRI, PET
MRI

MRI

MRI, PET

CT, ultrasound

MRI, PET

CT, MRI, PET

Echocardiography,
ultrasound
MRI, PET

MRI

PB DO Imaging modality

Continent Data access

Imaging biobank

2741

800

5400

9700

419
1570

5000

1112

1000 +

5400

5000 +

996

2000 +

3706

11,878

Brain

Brain

Migraine

Neurodegenerative
(dementia)

https://www.center-tbi.
eu/
https://www.cimbi.dk/
index.php
http://www.asconet.net/
html/cosyconet

Neuropsychiatric disorders
COPD

Traumatic brain injuries

Lung

Brain

Brain

Body fat, brain, cardiovascular system

Brain
Brain

Cardiovascular system

Brain

Autism
Cardiovascular

Brain

Alzheimer

Overweight and obesity, cardiovascular system
diabetes and other
cardiovascular risk
factors

Brain

Cardiovascular system

Brain

Tissue(s) of interest

Cardio- and cerebrovascular
Alzheimer

Brain development

Disease

http://jpnd.arone.com/
Neurodegenerative
https://dataverse.harvard. Neurobehavioural
edu/dataverse/GSP
https://www.phri.ca/
Cardio- and cerebrovasresearch/cahhm/
cular

http://fcon_1000.
projects.nitrc.org/indi/
abide/
[47]

https://americanmigrain
efoundation.org/resou
rce-library/american-
registry-for-migraine-
research/
https://www.neurodegen
erationresearch.eu/
cohort/amsterdam-
dementia-cohort/
https://ec.europa.eu/eip/
ageing/commitments-
tracker/a3/aragon-
workers-health-study-
awhs_en
https://aibl.csiro.au/

https://ace1950.no/engli
sh/
http://adni.loni.usc.edu/

https://abcdstudy.org/
about/

No. of patients Reference

2010

2008

2014

2013

2013
2008

2015

2012

2006

2009

2004

2016

2004

2012

2016

Year

Table 1  List of existing imaging biobanks classified based on their distinguishing features. COPD = chronic obstructive pulmonary disease, DIPG = diffuse intrinsic pontine glioma, DMG = diffuse midline glioma, DO = disease-oriented, DSA = digital subtraction angiography, HR-pQCT = high-resolution peripheral quantitative computed tomography, PB = population-based
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X

America

Asia

Healthy Brain Network
Biobank

Huashan Glioma Tissue
Bank (GTB)

N/A

Upon request

Upon request X

Asia

Health and Prevention Enhancement
(H-Peace) Study

X

N/A

Asia

Guangzhou Biobank
Cohort Study

N/A

Upon request X

Europe

German Diabetes Study
(GDS)

N/A

German National Cohort Europe
(NAKO Gesundheitsstudie)

Europe

Generation R Study

X

X

X

X

Upon request

X

X

N/A

Europe

X

MRI

MRI

CT, MRI, X-ray

Ultrasound, X-ray

MRI

MRI

MRI, ultrasound

MRI

CT, MRI

MRI

MRI, PET

PB DO Imaging modality

Upon request

Upon request

Europe

Dementias Platform UK
Data Portal (DPUK)
DescribePSP and
ProPSP

Epilepsy Bioinformatics America
Study for Antiepileptogenic Therapy
(EpiBioS4Rx)
French Glioblastoma
Europe
Biobank

Continent Data access

Imaging biobank

Table 1  (continued)

1326 +

10,000

91,336

30,519

30,000

698

9778

1087

300

354 + 269

3,370,929

Disease

2015

Brain

2009

2003

brain, cardiovascular
system
Non-communicable
diseases (such as
malignancies and
metabolic diseases)
Psychiatric disorders

Brain

2003

Carotid arteries, chest

Chronic diseases

2009

2002

2013

2014

Body fat, brain, cardiovascular, hip, kidney,
lung
Body fat

Brain

2016

2015

Brain

Brain

2017

Year

Brain

Tissue(s) of interest

Cancer, diabetes, cardio- Whole body
vascular, neurologic,
psychiatric, infectious,
respiratory and musculoskeletal diseases

Diabetes

N/A

Glioblastoma

https://childmind.org/
blog/healthy-brain-
network-biobank-bring
ing-big-data-child-
mental-health/
[64]
Glioma

https://www.dzd-ev.
de/en/research/multi
center-studies/gds/
index.html
https://www.dkfz.de/en/
epidemiologie-krebs
erkrankungen/units/
NAKO_Studienzen
trum_eng/NAKO_
engl.html
https://www.birmi
ngham.ac.uk/research/
activity/mds/projects/
HaPS/PHEB/Guang
zhou/index.aspx
http://en-healthcare.
snuh.org/HPEAC
Estudy

https://fr.linkedin.com/
in/french-glioblasto
ma-biobank
https://generationr.nl/
researchers/

https://portal.dementiasp Neurodegenerative
latform.uk/
(dementia)
https://www.dzne.de/en/ Progressive supranuclear palsy
research/studies/clini
cal-studies/describe/
describe-psp/
https://epibios.loni.usc. Post-traumatic epilepsy
edu/

No. of patients Reference
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America

Europe

Europe

Human Connectome
Project

IMAGEN

ImaLife

Upon request

Maastricht Study

America

Neuro C-BIG Repository

Osaka University Twin
Registry
Oxford Biobank

Upon request X
Upon request X

Europe

DXA

MRI, PET, ultrasound

CT, MRI

X

Upon request

MRI, PET

MRI, PET

CT

MRI

X

448

12,000

2000

1200

10,000

900

10,000

556

3000

26,586 +

410

https://www.oxfordbiob
ank.org.uk/

https://www.mcgill.ca/
neuro/open-science/c-
big-repository
http://pediatricmri.nih.
gov
https://umcgresearch.
org/nl/w/oncolifes
[36]

https://clinicaltrials.
gov/ct2/show/NCT01
475500
https://naccdata.org/

https://www.demaastric
htstudie.nl/research
http://www.resilientb
rain.org/mrigenie.html

[49]

https://www.hu\manconnectome.org/study/
hcp-young-adult
https://imagen-europe.
com/
https://www.lifelines.nl/
researcher/cohort-and-
biobank/news-2/2-3
https://www.dipgregist
ry.org/

No. of patients Reference

CT, Doppler ultrasound, 2688
DSA, MRI
DXA, HR-pQCT, MRI, 10,000
X-ray
MRI
3301

CT, MRI

CT

MRI

Upon request X

Upon request

X

X

N/A
Upon request

X

Upon request

Asia

NIH Pediatric MRI Data America
Repository
OncoLifeS
Europe

America

National Alzheimer’s
Coordinating Center
(NACC)

MRI-GENetics Interface America
Exploration (MRIGENIE)
Nashville Lung Cancer America
Screening Trial Cohort

X

X

N/A

Europe

X

Upon request

America
International DIPG/
DMG Registry
(IDIPGR)
Joinville Stroke Biobank America

Upon request X

Upon request X

MRI

PB DO Imaging modality

Upon request X

Continent Data access

Imaging biobank

Table 1  (continued)

Cardiovascular disease,
diabetes, obesity

N/A

Cancer

Brain development

Gynaecological, head
and neck, lung
Brain, carotid arteries,
thyroid
Body fat

2000

2009

2014

2001

2020

Brain
brain

2005

Brain
Cognitive disorders
(such as Alzheimer's
disease, vascular
dementia, Lewy body
dementia, frontotemporal lobar degeneration)
Neurological

2011

Lung

Lung cancer

2014

2010

2010

Brain

Body fat, bone, brain

Brain

2012

2017

2010

2010

Year

Stroke

Type 2 diabetes

stroke

Brain

Cardiovascular system,
lung

Cardiovascular disease,
COPD, lung cancer
DIPG, DMG

Brain

Brain

N/A
Neurodegenerative

Tissue(s) of interest

Disease

European Radiology

13

13
N/A
Upon request
N/A

Upon request X

Upon request
Upon request X
Upon request

Europe
Europe

Europe

Asia

Europe

Europe

Africa

Europe

America

America

Europe

Progression and Early
detection of Subclinical Atherosclerosis
(PESA)
Qatar Biobank

ROBINSCA Trial

Rotterdam Study

SIREN Biobank

Swedish CArdioPulmonarybioImage Study
(SCAPIS)
TB Portals

TCIA

UK Biobank

X

Upon request X

Public

Upon request X

N/A

Upon request

America

Parkinson’s Disease
Biomarkers Program
(PDBP)
Polish MOBIT Project
PRIMAGE
X

Upon request

Europe

Parelsnoer Institute
Biobanks

X

X

X

X
X

X

X

CT, MRI, PET, ultrasound, X-ray
DXA, MRI, ultrasound

CT, X-Ray

CT, MRI, ultrasound

CT, MRI

DXA, ultrasound, X-ray

CT

DXA, ultrasound

CT, MRI, PET ultrasound

PET/MRI
CT, MRI, PET

MRI

MRI

PB DO Imaging modality

Continent Data access

Imaging biobank

Table 1  (continued)

10,000

58,000 +

5339

30,000

3000 +

15,000

12,950

60,000

4000 +

N/A
2500 +

240

32,000 +

Cardiovascular

Cancer, cardiovascular
and other chronic
diseases (e.g. Neurodegenerative and
inflammatory bowel
diseases, renal failure,
osteoarthrosis, rheumatoid arthritis)
Dementia with Lewy
bodies, Parkinson
disease
Lung cancer
Neuroblastoma, DIPG

Disease

https://tbportals.niaid.
nih.gov/
https://www.cancerimag
ingarchive.net/
https://www.ukbiobank.
ac.uk/

2012

Brain

2013

1990

2012

2016

2010

Whole body

Lung

2014

2010

2013

Body fat, cardiovascular 2012
system, lung

Brain

Brain, cardiovascular
system

Body fat, carotid arteries
Cardiovascular system

Cardiovascular system

2015
2018

2007

Whole body

lung
Brain, whole body

Year

Tissue(s) of interest

Brain, carotid arteries,
Cardiovascular and
heart, visceral fat
neurodegenerative diseases, cancer, diabetes,
obesity, etc

Cancer

Tuberculosis

https://www.qatarbioba Chronic diseases
nk.org.qa/
Cardiovascular
https://cordis.europa.
eu/project/id/294604/
reporting/de
http://www.epib.nl/resea Cardiovascular, neurch/ergo.htm
rological, locomotor,
ophthalmic
https://catalog.h3africa. Stroke
org/
https://snd.gu.se/en/catal Cardiovascular disease
ogue/study/ext0054
and COPD

[51]
https://www.primagepro
ject.eu/project/
http://www.estudiopesa.
org/en/index.php

https://pdbp.ninds.nih.
gov/

http://parelsnoer.org/
page/en/home

No. of patients Reference
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2016
Whole body
Cancer
America
Veterans Affairs Precision Oncology Data
Repository (VAPODR)

Upon request

X

CT

113,154

https://vpodc.org

Tissue(s) of interest
Continent Data access
Imaging biobank

Table 1  (continued)

PB DO Imaging modality

No. of patients Reference

Disease

Year
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including tuberculosis (1) and chronic obstructive pulmonary disease (COPD) (1)). Only 1 disease-oriented biobank
(1/33, 3.0%) was mixed, due to including data about cancers,
cardiovascular and chronic diseases.
The imaging modality most frequently involved was MRI
(40/54, 74.1%), followed by CT (20/54, 37.0%), PET (13/54,
24.1%) and ultrasound (12/54, 22.2%) (Fig. 3). Two-third
of biobanks had been developed in the consecutive years
2009–2010 (11/54, 20.4%) and 2012–2016 (25/54, 46.3%)
(Fig. 4).
The following 3 disease-oriented imaging biobanks
were found within the CORDIS database: CHAIMELEON,
PRIMAGE and CARDIATEAM [13, 14, 78].

Discussion
Existing imaging biobanks are imaging data repositories
intended for research, which also contain clinical data and
are mainly disease-oriented, with a more frequent focus
on oncologic, neurological and cardiovascular diseases. A
major role of current imaging biobanks is to provide imaging
data for radiomics analysis so as to obtain biomarkers that
can be correlated with clinical, genomics and histopathological factors. Although all biobanks included in our study
have imaging data stored in them, only some (e.g. Bioheart
Study, Cimbi, Health Brain Network, Alzheimer’s Disease
Neuroimaging Initiative, ROBINSCA, Imagen) have correlated imaging data (e.g. functional MRI) with clinical and
laboratory data, with a few planning on analysing quantitative imaging features and parameters to obtain imaging
biomarkers.
Among disease-oriented biobanks focused on cancer,
OncoLifeS (Oncological Life Study: Living well as a cancer
survivor) is a hospital-based biobank with the threefold goal
to offer an infrastructure for clinical cancer research, to drive
translational research towards more personalised cancer care
and to monitor the quality of oncological care outcomes.
It also aims to integrate clinical, laboratory, pathological
data and image biomarkers in order to predict a range of
outcomes, such as progression and treatment response in
cancer patients [45].
Several biobanks have been built with the objective to
deal with specific tumour types. Among them, PRIMAGE
(PRedictive In-silico Multiscale Analytics to support cancer personalized diaGnosis and prognosis, Empowered by
imaging biomarkers) is a funded Horizon 2020 project with
a 4-year duration launched in 2018. The main purpose of
this project is to create an open cloud-based platform for
supporting decision making in the clinical management of
two paediatric cancers, i.e. neuroblastoma (the most frequent
solid cancer of early childhood) and DIPG (the leading cause
of brain tumour-related death in children) [13].
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Fig. 3  Diagrams of existing
imaging biobanks classified by
disease distribution among disease-oriented biobanks (upper)
and imaging modality (lower).
*Mixed biobank (Parelsnoer
Institute Biobanks)

Other tumour-specific biobank projects include the Polish Mobit project, the French Glioblastoma Biobank and the
CHAIMELEON project. CHAIMELEON (Accelerating the
lab to market transition of AI tools for cancer management)
is a funded Horizon 2020 4-year research project started in
September 2020 and aimed to develop a structured repository of health images and related clinical and molecular
data on the most prevalent cancers in Europe, such as lung,
breast, prostate and colorectal cancer [14]. The objectives
of the Polish Mobit (Molecular Biomarkers for Individualized Therapy) project include establishing a lung cancer
biobank collecting patients’ tissue, blood and urine samples, and developing individualised lung cancer diagnostics
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which integrate genomics, transcriptomics, metabolomics
and PET/MRI radiomics analysis [51]. The French Glioblastoma Biobank is another national biobank founded in
2013 with the goal to collect clinical and imaging data,
along with biological samples, for supporting translational
research projects and AI technologies for the management
of glioblastoma [61].
A disease-oriented biobank project focused on non-oncological diseases is CARDIATEAM (CARdiomyopathy in
type 2 DIAbetes mellitus), a 5-year research project started
in 2019 and supported by Horizon 2020. The aim of this
project is to determine how distinct diabetic cardiomyopathy is from other forms of heart failure, and to assess the

European Radiology

Fig. 4  Time distribution of imaging biobanks by year of development
(defined as year of biobank creation, or alternatively, of beginning of
patient recruitment, based on available information). The red dashed

line marks 50% of the maximum number of biobanks developed in a
single year (n = 7 in the year 2010)

extent to which type 2 diabetes contributes to its development and progression. In this way, the project is expected to
deliver biological markers that could indicate which diabetic
patients are at a greater risk for developing diabetic cardiomyopathy, possibly leading to a more detailed understanding
of the disease [78]
ImaLife is a population-based project aimed to investigate early imaging biomarkers of three common diseases
in the general population (i.e. cardiovascular disease, lung
cancer and COPD), in an effort to prompt earlier treatment
and reduce mortality [30].
The integration of quantitative features extracted from
medical images and associated clinical data is a key factor to catalyse a change of paradigm in precision medicine
healthcare, to assist diagnosis and prognosis, to predict valid
disease outcomes and to understand the mechanisms behind
complex diseases by learning from retrospective data [79].
Nevertheless, most results emerging from radiomic studies
are negatively affected by a reduced number of cases collected, and novel biomarkers need to be validated in large
multicentre populations. A small sample size can be a critical shortcoming for finding statistically significant correlations between treatment outcomes and radiomics features

with high confidence intervals [80, 81]. This problem is
especially significant when the different data repositories
that form biobanks are intended to be used as a basis for the
generation of predictive models (i.e. diagnosis, prognosis or
response to treatment). In this case, the sample size of the
datasets is crucial for the models developed to be valid and
robust. Sample size estimation is essential to ensure that the
results are conclusive and representative of the cohort under
investigation, as well as to increase the degree of reproducibility of the study generated from the repository data.
In light of the above, the design of a biobank oriented
towards exploitation using radiomics and AI predictive models should consider that the constructed data repository must
have sufficient cases corresponding to the different events
that may have been experienced by the subjects enrolled in
a biobank [82]. Interestingly, while in the previous decade
only pathological and clinical data were exploited for making predictions of disease outcomes, nowadays genomic,
proteomic and imaging data extracted by high-throughput
screening techniques are available for most patients with
several diseases, including cancer [83].
Oncology is a suitable field for the discovery of imaging biomarkers, since cancer patients are frequently
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monitored with different imaging modalities for staging
and post-treatment follow-up. In this setting, the correlation of imaging data with genetic, pathological, clinical
and molecular data is of paramount importance to allow
the development of predictive models [80].
The quantity and representativeness of the datasets used
and the availability of high-performance computing infrastructures (HPCI) can have a strong impact on the validity of the proposed model of imaging biobank [84, 85].
Moreover, the standardisation process ensures data quality
and the interoperability of different data sources through
shared message formats and controlled terminologies,
thus fostering the collaboration between biobanks and
interoperability in data sharing [84]. As an indispensable
requirement for research projects, the FAIR (Findability,
Accessibility, Interoperability, and Reusability) principles
must be met, ensuring that data are traceable, accessible,
interoperable and reusable, which has a direct impact on
the definition of the biobank architecture. Standards like
the Minimum Information About BIobank data Sharing
(MIABIS) [86] or the Observational Medical Outcomes
Partnership Common Data Model (OMOP CDM) [87] can
facilitate the exchange of sample information and data and
the systematic analysis of heterogeneous observational
databases, making the biobank compliant with the specified FAIR principles. To this regard, an integration model
of imaging data and biological data expanding the MIABIS standard with DICOM metadata has recently been
proposed [88].
The present study has one limitation in that not all
imaging biobanks could be traced back to specific literature articles, partly because several biobanks are still
under construction. Another limitation is the difficulty of
finding information regarding the biobank (for instance,
many biobanks do not have a website) and the way imaging data were handled.
In conclusion, existing imaging biobanks can serve as
infrastructures aimed at collecting radiological images,
which could be used to obtain radiomic data and to train
and validate AI models. Links between biobanks (either
pathological, imaging or clinical) are needed to fuel AI
and radiomics research, aiding the development of precision medicine and promoting earlier transfer into clinical
practice.
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