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INTRODUCTION 

Rare diseases (RD) have the unique characteristic of affecting 
a limited percentage of the population, typically fewer than 1 
in 2,000 individuals in a given region. They are also defined as 
“orphan diseases”, since they are neglected conditions with little 
or no funding or research for treatments due to the high cost of 
developing them for a limited patient population.1,2 Nonetheless, 
since there are collectively between 5,000 and 8,000 diagnosable 
RDs, they have a significant impact on patients, families, and 
healthcare systems. These diseases pose diagnostic challenges 
due to their low prevalence and clinical heterogeneity. As a 
consequence, patients often experience delayed diagnosis and 

increased hospitalization. Moreover, these conditions lead to 
diverse medical, economic, and psychosocial complications.3-6 A 
national survey in Türkiye highlighted key challenges, including 
limited interdisciplinary cooperation, cost-related obstacles 
to testing, inadequate insurance coverage, and small patient 
groups, which impact the validity of the studies. Additionally, 
limited public and private support, as well as low levels of 
awareness among healthcare providers regarding the conduct of 
RD research, complicate these challenges.7

Biobanks are organized facilities that collect, process, and store 
biological samples along with associated data.8 They provide 
invaluable support in genetic research, biomarker discovery, and 
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the development of precision medicine.9 Furthermore, their role 
in fostering partnerships and integrating patient perspectives 
greatly boosts the efficacy of biobanks, making them an essential 
part of efforts to improve the understanding and treatment of 
RDs.10

In RD research, where each specimen is highly valuable, biobanks 
address the challenge of small patient cohorts by pooling 
limited resources, collecting sufficient numbers of high-quality 
biospecimens, standardizing sample handling through ethically 
grounded standard operating procedures (SOPs), and enabling 
further studies.11,12 Furthermore, state-of-the-art biobanking 
processes and integration of clinical data with molecular testing 
and imaging investigations provide robust genotype-phenotype 
correlations, facilitating the development of individualized 
therapeutic approaches.

Thus, the creation of biobanks for RDs enables overcoming 
problems such as limited sample numbers and increased 
ethical sensitivities. In this review, we will summarize the 
current literature on biobanks with a particular focus on their 
contributions to the field of RD research. The current landscape, 
limitations, and challenges of RD biobanks will be presented, 
and their contributions to the diagnosis and treatment of 
patients with RDs will be discussed.

Current Challenges in RD Research 

Each RD affects only a small number of individuals in any 
geographic area, which creates even more challenges in 
obtaining valid clinical data, building large patient cohorts, and 
conducting statistically significant studies. The wide geographic 
distribution of patients further complicates the multicenter 
collaborations required for deep phenotyping and identification 
of disease-specific biomarkers.13 The main challenge in RD 
research comes from the diversity of conditions within these 
small patient populations. Furthermore, the distribution of 
patients makes the collection of centralized biological specimens 
and associated data, as well as the coordination of studies, 
logistically challenging. Heterogeneity in standardizing protocols 
across different centers leads to inconsistencies in data collection 
and patient management.13,14 Moreover, RDs, by their nature 
spanning all medical disciplines, make it particularly difficult to 
collect sufficient data for meaningful analysis.15 Another major 
obstacle is the lack of specific diagnostic procedures for many 
RDs. Challenges include limited awareness among healthcare 
professionals and prolonged patient suffering due to diagnostic 
delay.15 RDs often present with a wide range of symptoms and 
mimic more common conditions, making early and accurate 
diagnosis even more difficult. Furthermore, heterogeneity in 
clinical presentation shows that an absolute diagnostic strategy 
is often inadequate, and personalized diagnostic protocols must 
be continuously optimized.14,16 Additionally, progress is hindered 

by inadequate funding, combined with the high cost of advanced 
diagnostic technologies.

Treatment development is also slowed by several barriers, 
including the lack of investment by pharmaceutical companies 
due to high costs and low potential returns, the lack of 
approved treatments for the majority of RDs, and persistent 
difficulties despite incentives such as the Orphan Drug Act.16,17 
The absence of specialized infrastructure, including state-of-the-
art diagnostic machinery, multidisciplinary clinical teams, and 
focused research networks, results in limitations in offering an 
integrated treatment strategy.

What Are Biobanks and How Do They Work?

Biobanks are structured storage facilities for biological materials 
and their related data, constituting significant accumulations of 
human biological samples, including tissues, blood, cerebrospinal 
fluid (CSF), breast milk, saliva, urine, and other body fluids. 
Samples in biobanks are also aligned with health-related and 
donor-specific details, including medical history, family history, 
and lifestyle.18 The earliest examples of “biobanking” emerged 
in the mid-1990s, as researchers recognized the enormous value 
in systematically collecting human biological samples for use 
in future research activities.11 They have evolved from simple 
storage warehouses to advanced infrastructures representing a 
key constituent of modern medical research.19

Biobanks are today at the center of translational and clinical 
research, serving as hub platforms that enable high-throughput 
investigations to clarify disease pathophysiology and response 
to treatment. This is achieved by the evolution of biobanks 
from study-driven sample collections to integrated, well-
characterized, high-quality biospecimen collections that ensure 
sample and data quality, as well as ethical and legal compliance, 
along with transparent and efficient access procedures.20

Disease biobanks are also important for facilitating multicenter 
and interdisciplinary research, increasing research efficiency 
and reproducibility, and addressing ethical and legal concerns.

In this context, establishing RD biobanks is vital for developing 
new treatment strategies and improved diagnostic methods, 
supporting personalized medicine approaches, and effective 
preventive strategies and public health policies.21,22 RD biobanks 
are also essential for facilitating multicenter and multidisciplinary 
research, increasing research efficiency and reproducibility, and 
addressing ethical and legal concerns.11,12,23

As defined in Figure 1, the biobanking process begins with 
patient recruitment and informed consent, followed by the 
collection of detailed phenotypic data, including clinical history, 
family pedigree, and digital health records. Informed consent is 
a cornerstone of biobanking ethics, implemented through 
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various models, including broad, study-specific, categorical, 
opt-in, opt-out, and dynamic consent.24 Since most RDs begin 
in childhood, involving minors introduces additional ethical 
concerns, requiring legal guardian consent and re-consent as 
children reach maturity.25

Biological samples (e.g., blood, tissue, CSF) are collected and 
processed for further studies. Quality control measures (e.g., 
RIN/DIN analysis, cell viability) are conducted according to 
SOPs. Samples and associated data are stored in biorepositories 
at various temperatures and tracked via Biobank Information 
Management Systems in compliance with with ISO 20387:2018 
Biotechnology — Biobanking — General requirements for 
biobanking standard and biobanking best practice guidelines. 
Due to the heterogeneous nature of RDs, standardization of 
samples and data collection, as well as processing, is essential for 
RD biobanking. Integrated data are annotated and harmonized 
for downstream analysis, including omics profiling. Finally, 
controlled access is granted for research purposes through 
national and international networks (e.g., BBMRI-ERIC, RD-

Connect), and results such as variant discovery and biomarker 
identification are shared with clinicians and patients.

Unique Considerations for the RD Biobanks

RD biobanking has several unique features, including 
operational, ethical, legal, societal, and regulatory aspects.26 This 
rarity elevates the scientific importance of each sample, making 
it valuable and necessitating pre-analytical workflow protocols 
for collection, processing, storage, and analysis. A multicenter 
study highlights the critical importance of harmonizing 
standardized protocols for the collection, processing, and 
cryopreservation of peripheral blood mononuclear cells across 
multiple sites in support of large-scale immune phenotyping in 
neurodevelopmental disorder research.27

Equally important, the quality and consistency of biospecimens 
and associated data are critical in RD research. Harmonized 
protocols for biospecimen processing and metadata collection 
are essential to ensure that samples and associated data are both 
research-ready and comparable across institutions. Consistent 

Figure 1. Overview of the biobanking workflow and data life cycle in rare disease research
BBMRI-ERIC: Biobanking and Biomolecular Resources Research Infrastructure – European Research Infrastructure Consortium, BIMS: Biobank 
Information Management System, CSF: Cerebrospinal fluid, DIN: DNA integrity number, DNA: Deoxyribonucleic acid, ISO 20387: International 
Organization for Standardization 20387, PBMCs: Peripheral blood mononuclear cells, RD-Connect: Rare Disease Connect, RIN: RNA integrity 
number, RNA: Ribonucleic acid, SOPs: Standard operating procedures
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protocols for biospecimen handling, data annotation, and 
metadata capture ensure high data quality and comparability 
across institutions. They also facilitate data integration, sharing, 
and secondary use. This, in turn, maximizes the scientific value 
of biobank collections in the RD research community. In this 
context, adherence to the FAIR principles, making data and 
metadata Findable, Accessible, Interoperable, and Reusable, 
enhances the utility and longevity of collected resources. It also 
promotes ethical and effective data sharing, thereby supporting 
reproducibility and collaboration.28

In addition to operational and logistical challenges, ethical 
issues are another defining feature of RD biobanking. Patients 
with RDs often face lengthy diagnostic journeys and limited 
treatment options, and some may take a long time to receive a 
diagnosis.1 This may make them more willing to participate in 
research. However, small patient populations also increase the 
risk of re-identification, even when anonymization protocols are 
implemented. For this reason, biobanks implement strict ethical 
regulations, including informed consent procedures and careful 
management of data sharing and confidentiality.29

Moreover, due to the geographically dispersed and low-
prevalence nature of RD populations, international collaboration 
is often indispensable. No single biobank or country is likely to 
possess a sufficient number of samples to support statistically 
robust research. Collaborative infrastructures such as BBMRI-
ERIC and global initiatives like RD-Connect and the International 
RDs Research Consortium (IRDiRC) exemplify the transformative 
potential of coordinated efforts.30,31 These platforms facilitate 
data sharing, ensure interoperability, and promote the 
harmonization of biobanking practices, elements that are 
crucial for accelerating research and advancing therapeutic 
development in the field of RDs.

Key Contributions of Biobanks to RD Research 

Biobanks play a central role in advancing RD research by sharing 
standardized, high-quality samples and data collections that 
comply with ethical and legal regulations to enable large-
scale studies. The contribution of biobanks in RD research 
is summarized as (i) facilitating the identification of disease-
causing genes and variants, (ii) supporting genomic and multi-
omics research to gain insights into disease mechanisms, and (iii) 
enabling precision medicine and drug discovery efforts (Table 1).

In this regard, extensive cohorts in Biobanks contribute to 
the development and validation of diagnostic biomarkers,32 
particularly metabolic signatures, as well as diagnostic 
algorithms and artificial intelligence (AI) models.33 In addition, 
biobanks create a platform to re-analyze the sample-
associated data, such as whole-genome/exome sequencing, 
transcriptomics, proteomics, and metabolomics, with state-of-
the-art technologies. For example, in a study conducted using 
optical coherence tomography images and genomic data from 
the UK Biobank, researchers identified 111 genetic loci and 10 
genes associated with photoreceptor cell layer thickness, some 
of which are linked to rare eye diseases.34 A notable example of 
how biobank data can uncover rare variant associations is the 
study by Liu and Curtis,35 who analyzed rare loss-of-function and 
nonsynonymous variants in 470,000 UK Biobank participants 
and identified three genes, FLG, IL33, and PRKCQ, as significantly 
associated with childhood asthma risk. Damaging variants in FLG 
and IL33 were associated with an increased risk, while those in 
PRKCQ appeared protective.35 These findings demonstrate that 
large-scale exome sequencing can identify rare coding variants 
with significant effects on disease susceptibility. This approach 
provides a valuable framework for advancing RD research 
by revealing key genetic drivers and underlying pathogenic 
mechanisms. The storage of longitudinal samples and clinical 

Table 1. Key contributions of biobanks to rare disease research

Contribution area Description Example/application

Genetic variant 
identification

Enables the discovery of disease-causing genes 
and mutations

The identification of 420 RDs and their prevalence was analyzed in 
23,575 individuals by using data from the UK Biobank36

Pathophysiological 
insights

Supports-omics studies to understand disease 
mechanisms

Image and genomic data from the UK Biobank have been analyzed to 
generate novel insights into rare ocular diseases34

Therapeutic 
development

Provides biospecimens for target validation 
and drug screening

The 145 genes were associated with specific diseases and identified as 
potential therapeutic targets37

Improved diagnostics Facilitates biomarker identification and 
validation

A six-gene immune-related prognostic index was identified and 
validated as a biomarker for predicting prognosis and immunotherapy 
response in hepatocellular carcinoma32

Longitudinal cohort 
studies

Enables longitudinal sample and data 
collection

RD-Connect linked biobanks facilitated progression studies in 
Duchenne muscular dystrophy31

Patient stratification Helps define subtypes and treatment-
responsive groups

Genotype-phenotype correlation in rare coding variants related to 
Childhood Asthma35

Collaboration & 
standardization

Support international research through the 
systematic processing of samples and data

A rare missense variant in MYBPC3 was found to be associated with a 
significant, 3-fold increase in risk for coagulation defects38,39
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data across multiple visits with the same high-quality measures 
enables researchers to investigate disease progression, assess 
phenotypic variability, and identify potential modifier genes.31

Beyond diagnostics, biobank-derived samples and data play 
a crucial role in advancing therapeutic research for rare and/
or undiagnosed diseases. These biological resources allow i) 
targeted discovery and pathway analysis by supporting the 
identification of disease-specific therapeutic targets;37 ii) the 
development and optimization of treatment strategies, including 
enzyme replacement therapies, gene therapies, small-molecule 
drugs, and substrate reduction therapies;40 and iii) targeted drug 
screening with patient-derived cell models.

Overall, the multinational/multicenter studies using a 
standardized biobanking strategy are advancing RD research 
and innovation.

Global Initiatives and Best Practices

Globally and nationally coordinated efforts, as well as robust 
biobanking infrastructures to systematically collect, manage, 
and share biological samples and associated data, are needed 
to develop new diagnostic and therapeutic strategies for RDs. 
To address the challenges posed by rarity and heterogeneity, 
these infrastructures promote collaboration and develop 
tools to ensure that data and samples are FAIR. Organizations 
and initiatives like BBMRI-ERIC, RD-Connect, Orphanet, and 
EUROSDIS are the key drivers in promoting standardization, 
collaboration, and accessibility.

BBMRI-ERIC provides a science-based, service-oriented 
infrastructure across Europe. It supports sample access, legal-
ethical consulting, and centralized biobank directories to 
promote equal access.41

RD-Connect, launched under the IRDiRC, integrates genomic 
data with patient registries, biobanks, and clinical bioinformatics 
tools. RD-Connect provides researchers with access to harmonized 
data through Human Phenotype Ontology-based phenotyping 
and data integration with the European Genome-Phenome 
Archive,42 thereby accelerating research collaborations.

Orphanet is a multilingual portal that offers information on RDs 
and orphan drugs.43 Its OrphaCode classification standardizes 
disease coding, facilitating data harmonization and inter-
institutional and multidisciplinary collaboration. Through 
its Orphan Drug Database, it also provides detailed updates 
on therapies under development or in use. RDs Europe, 
in collaboration with the Association Française contre les 
Myopathies, played a key role in establishing the RDs network, 
Europe’s first virtual biobank platform.44 This platform promotes 
international access to high-quality biospecimens and associated 
data, fosters education, and aligns biobanking practices with 

patient rights and ethical standards.45

To ensure compatibility and high quality across global efforts, 
standardization frameworks are essential. Minimum Information 
About Biobank Data Sharing improves data interoperability 
across biobanks.46 The International Society for Biological and 
Environmental Repositories (ISBER) provides best-practice 
guidelines and tools, such as the Self-Assessment Tool, for 
operational and ethical quality.47 

Finally, ISO 20387—Biotechnology—Biobanking—General 
Requirements for Biobanks, published by the International 
Organization for Standardization (ISO) in 2018, outlines 
the requirements for quality management throughout the 
biological sample lifecycle, from collection to distribution.48 
It mandates traceability, ethical compliance, and continuous 
quality improvement via SOPs, ensuring the reproducibility and 
reliability of scientific research.

These global and national initiatives collectively form the 
backbone of modern, harmonized, and ethical biobanking 
practices, which are essential for advancing RD research.

Current Challenges and Gaps in Biobanking for RDs

As outlined throughout this review, the advancement of 
biobanking has created invaluable opportunities for research on 
rare and/or undiagnosed diseases, facilitating rapid diagnosis, 
enhancing understanding of pathophysiology, and enabling the 
development of personalized treatment strategies. However, 
several challenges, including sustainability, data harmonization, 
underrepresentation of diverse populations, limited integration 
with healthcare systems, and regulatory complexities, such as 
compliance with the General Data Protection Regulation, need 
to be overcome. In addition, technical, ethical, and legal barriers 
to translating high-throughput data into clinical practicefurther 
hinder progress. Addressing these gaps is necessary to ensure 
that biobanks fully support innovation in RD research. The key 
challenges and suggested strategies in the current literature to 
overcome them are summarized in Table 2. 

Briefly, key aspects for success include encouraging contributions 
from experts across different countries and disciplines to ensure 
the applicability of the main principles, technical requirements, 
and incentive mechanisms.

Beyond establishing technical frameworks, it is essential to raise 
awareness and foster the willingness of researchers, healthcare 
professionals, and the public to engage in biobanking through 
education, training, and extracurricular activities.50 Additionally, 
ensuring biobank sustainability requires business planning, 
operational standardization, and accreditation, stakeholder 
engagement, and interoperability.49
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Building trust among participants, clinicians, and researchers is 
also crucial for enhancing research impact and maximizing the 
overall value of biobanking efforts.

Failed Efforts and Controversies

Despite the growing recognition of their importance, RD 
biobanks have faced failed efforts and unresolved controversies 
that limit their effectiveness. Attempts to promote international 
access and collaboration  have frequently fallen short due to 
researchers’ reluctance to share samples, clinicians’ protection 
of their own collections, and complex legal and ethical 
differences that hinder cross-border cooperation.54-56 Similarly, 
while organisations such as  ISBER and BBMRI-ERIC  have 
issued harmonisation guidelines, the persistence of variable 
procedures and quality standards across biobanks demonstrates 
the incomplete success of standardisation efforts, undermining 
sample comparability and research reproducibility.57,58 In the 
area of  public trust, debates continue regarding the impact 
of commercialisation, cross-border data sharing, and global 
networking, which in some contexts have made biobanks 

appear less transparent or even exploitative.59,60 Ethical disputes 
also remain unresolved. Informed consent models continue to 
provoke controversy, as broad and dynamic consent have not 
gained universal acceptance. Moreover, issues such as re-consent 
for adolescents, incidental findings, and the right not to know 
underline the ethical fragility of current frameworks.61,62 Finally, 
sustainability failures are evident in case studies where limited 
government and clinician support, coupled with poor awareness 
of rare diseases, have led to obstacles in biobank development, 
and no long-term funding or strategic planning mechanisms 
were established to ensure their continued operation.57,63 
Together, these examples illustrate that RD biobanking is not 
only marked by success stories but also by incomplete initiatives 
and unresolved controversies that continue to challenge its 
global integration.

Future Perspectives

With the rapid evolution of -omics technologies and digital 
health, biobanking is undergoing a paradigm shift, particularly 
in the field of RDs, where innovation is not only beneficial 

Table 2. Key challenges and potential solutions in biobanking for rare disease research

Challenge/gap Description Potential solutions

Sustainability and funding models Long-term financial support is often lacking 
for biobank maintenance

Develop public-private partnerships, integrate biobanks 
into national health research strategies, and establish 
sustainable funding frameworks49

Harmonization of data formats and 
ontologies

Data inconsistency hinders interoperability 
across biobanks

Promote the adoption of international standards (e.g., 
MIABIS, FAIR) and invest in harmonization tools and 
training30

Underrepresentation Some ethnic and geographic groups are 
underrepresented in biobank datasets

Encourage inclusive sampling strategies, support 
community engagement, and foster global collaborations30

Limited awareness and integration 
in healthcare systems

Biobanks are often disconnected from 
clinical workflows

Raise awareness among healthcare professionals, integrate 
biobanks with electronic health records, and promote 
translational research links50

Compliance with GDPR and ethical 
regulations

Strict data protection laws may limit data 
sharing, especially across international 
borders

Develop robust, informed consent procedures, implement 
anonymization/pseudonymization techniques, and 
establish clear data governance frameworks

Lack of risk management strategies
The absence of structured risk mitigation 
plans can expose biobanks to operational, 
legal, or reputational threats

Establish risk assessment frameworks, implement ISO-
aligned quality management systems (e.g., ISO 20387), and 
conduct regular audits and contingency planning48

Data accessibility and sharing 
barriers

Institutional and technical barriers limit 
the flow of data between systems

Establish trusted data-sharing frameworks, APIs, and 
federated data models41

Low data quality and inconsistent 
collection methods

Poor-quality or incomplete data reduce the 
usability of research

Standardize data collection protocols and implement 
quality control mechanisms48

Lack of FAIR compliance Data often fail to meet FAIR principles, 
limiting its reuse

Develop FAIR-enabling infrastructures, such as metadata 
standards and open data tools51

The legal uncertainty surrounding 
data ownership and reuse

Uncertainty about who owns or controls 
the data limits reuse and collaboration

Clarify data ownership in policies, use standardized data 
use agreements, and promote transparent governance 
models52

Technical, ethical, and legal barriers 
in integrating omics into practice

Omics data are challenging to standardize, 
interpret, and implement due to complex 
legal and technical constraints

Develop ethical frameworks, invest in omics education, 
utilize AI tools for data analysis, and revise regulatory 
guidelines to support clinical translation53

FAIR: Findable, Accessible, Interoperable, Reusable, GDPR: General Data Protection Regulation, MIABIS: Minimum Information About Biobank Data Sharing

ISO 20387:  International Standardization Organization 20387
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but also necessary. The evolving landscape of biobanking 
needs significant transformations driven by technological 
advancements and shifting ethical paradigms. Particularly in 
the context of RDs, key emerging trends include i) the use of AI, 
machine learning (ML), deep learning (DL), and big data analytics; 
ii) federated data sharing models; iii) expansion of longitudinal 
and real-world data biobanks; iv) promoting patient-centric 
biobanking; and v) dynamic consent models.

AI and ML provide powerful tools for extracting insights 
from complex, high-dimensional datasets characteristic of 
RD research.64 By integrating multi-omics data (genomics, 
proteomics, and metabolomics) with clinical and phenotypic 
information, AI can facilitate pattern recognition, biomarker 
discovery, and prediction of disease progression in RDs.53 A 
DL–based algorithm using convolutional neural networks has 
been trained on cardiac magnetic resonance imaging data from 
biobank-derived Fabry disease and hypertrophic cardiomyopathy 
patients to distinguish between these conditions, achieving high 
accuracy (area under the curve≈0.918) in an external single-blind 
validation study. The same method also automates volumetric 
assessment of left ventricular function more precisely and more 
quickly than human experts, aiding in disease monitoring and 
clinical trial selection.65 AI-powered algorithms, with the help of 
ML/DL, can also optimize biospecimen management, improve 
quality control, and support decision-making in the operations 
of RD biobanks.33,65

As AI continues to revolutionize the interpretation of complex 
biomedical data, ensuring secure and scalable access to that 
data becomes equally critical. This is where federated data-
sharing models come into play. Rather than centralizing 
sensitive information, federated models enable secure analysis 
across distributed datasets, effectively preserving privacy while 
facilitating large-scale research.66,67 A disease-specific federated 
data network enables RD research institutions to retain local 
control over sensitive patient-level data, thereby enhancing 
privacy, governance, and transparency, while allowing for 
harmonized distributed analysis, as seen in the Haematology 
Outcomes Network in Europe for multiple myeloma and the 
Federation of Pulmonary Hypertension. These federated 
networks leverage common data models and strong governance 
frameworks to conduct collaborative real-world evidence studies 
across disparate data sources.68 In RD research, these models 
are particularly valuable, allowing investigators to overcome 
data silos, enhance statistical power, and foster international 
collaboration, all while respecting local governance and data 
protection regulations.

In the context of RDs, diagnosis often takes time, symptoms 
vary, and data on disease history are limited. Longitudinal and 
real-world data biobanks help track disease progression, find 

useful biomarkers, and support the use of research in clinical 
care.13,27 The Systemic Lupus Erythematosus (SLE) International 
Collaborating Clinics biobank tracks over 1,800 SLE patients with 
more than 1,300 DNA samples and over 9,600 serum/plasma 
specimens spanning more than a decade of follow-up, enabling 
comprehensive longitudinal biomarker discovery and natural 
history studies in this rare autoimmune disease.26

Patient-centric biobanking in RDs emphasizes the active 
involvement of patients and advocacy groups in governance, 
consent processes, and priority-setting to ensure that research 
aligns with patient needs and values. This approach fosters 
transparency, trust, and sustained engagement, which are 
particularly critical in RD communities where patient participation 
often drives research progress. The Telethon Network of 
Genetic Biobanks exemplifies this model by integrating patient 
organizations into advisory roles and policy development, 
including the drafting of ethical guidelines through dedicated 
meetings and representation on the advisory board, resulting 
in formal agreements that centralize RD biospecimens and data 
while strengthening collaboration.69

Dynamic consent models enable ongoing, two-way 
communication between participants and biobanks, allowing 
individuals to modify their consent preferences over time.70 This 
approach enhances transparency, trust, and engagement, which 
are crucial factors in RD communities where patients often play 
a central role in research advocacy. Furthermore, involving 
patients in biobank governance and research prioritization 
can help align scientific goals with real-world needs. The 
Rare UK Diseases of Bone, Joints, and Blood Vessels study is a 
pioneering initiative that employs digital technologies to create 
a patient-driven research platform for individuals with rare 
musculoskeletal diseases.  Central to its design is a dynamic 
consent model, allowing participants to manage their consent 
preferences over time, thereby enhancing patient autonomy and 
engagement. The study integrates patient organizations into all 
stages of development, from study design to data governance, 
ensuring that research aligns with patient priorities and needs.71

CONCLUSION

Biobanks have emerged as indispensable infrastructures in 
the landscape of RD research, addressing many of the field’s 
inherent challenges, such as limited patient cohorts, diagnostic 
delays, and a lack of standardized biological data. By enabling 
the systematic collection, processing, and sharing of high-
quality biospecimens and associated multi-omics and clinical 
data, biobanks provide a robust foundation for uncovering 
mechanisms, discovering novel biomarkers, and advancing 
personalized therapies.
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Despite their transformative potential, RD biobanks still 
face significant challenges, including sustainability, data 
harmonization, underrepresentation of diverse populations, and 
complexities in legal and ethical considerations. However, global 
collaborations, the implementation of standardized biobanking 
procedures, and technological advancements offer promising 
solutions. In particular, patient-centric models and dynamic 
consent frameworks are transforming the way trust, autonomy, 
and participation are negotiated within research ecosystems.

Altogether, to fully unlock the potential of biobanking in 
addressing RDs, it is essential to strategically coordinate 
the efforts of stakeholders, researchers, clinicians, patients, 
policymakers, and funders. This collaboration is crucial for 
accelerating advancements in early diagnosis and effective 
treatment, and ultimately improving the lives of those affected 
by RDs.
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