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Abstract
Purpose of this Review  Rare diseases, although individually infrequent, collectively impact a substantial number of people. 
Collaborative translational research using biospecimens is essential for advancing our understanding of the diverse charac-
teristics and pathophysiology of rare diseases. Biobanks play a pivotal role in this endeavor by collecting, processing, trans-
porting, and storing biospecimens, thereby serving as invaluable resources for medical research. In this review, we explore 
currently available biobanks, with a specific focus on those dedicated to rare rheumatic diseases. We also examine accessible 
best practice guidelines for establishing and maintaining high-quality biobanks, discuss the limitations and propose future 
directions for enhancing biobanking efforts in rare disease research.
Recent Findings  Advances in molecular and genomic technologies have expanded the role of biobanks, enhancing biomarker 
discovery and precision medicine. However, despite growth in biobanking capabilities, key challenges persist concerning 
ethics, interoperability, and biospecimen exchange, prompting active responses by various regulatory and governing bodies.
Summary  Biobanking has transformed rare disease research. Strengthening national and international collaborations is essen-
tial for driving progress in this field and accelerating the development of novel therapeutic and precision medicine approaches.
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Introduction

Rare diseases (RD) are defined as those affecting fewer than 1 in 
2000 individuals in the community as per The European Commis-
sion or fewer than 200,000 people in the United States according 
to the National Organization for Rare Disorders (NORD) [1]. Sev-
eral systemic connective tissue diseases in rheumatology, includ-
ing idiopathic inflammatory myopathies (IIM), systemic lupus 
erythematosus (SLE), and systemic sclerosis meet these criteria 
[2]. Investigating these conditions is particularly challenging due 
to their low prevalence and clinical heterogeneity.

A major obstacle in studying rare diseases is assembling 
sufficiently large and diverse patient cohorts, given the scarcity 
of specialized research centers. While meaningful scientific dis-
coveries have been made within single institutions, multi-center 
collaboration enhances the robustness and generalizability of 
findings. One of the most significant hurdles in translational 
research on rare diseases is limited access to infrastructure sup-
porting biospecimen collection, storage and analysis.

Biobanks play a crucial role in overcoming these chal-
lenges. By providing centralized, facilitating access across 
sites, biobanks enable broader collaboration and improve sta-
tistical power. This broader access can lead to a more com-
prehensive understanding of rare systemic rheumatic diseases 
which increases the likelihood of identifying novel biomarkers 
that are accurate and representative of the wider patient popu-
lations, aiding in early diagnosis and treatment [3].

However, despite their importance, biobanks dedicated to 
rare systemic rheumatic diseases remain limited, with most 
concentrated in developed countries and major urban centers. 
This geographical clustering restricts the diversity of patient 
populations, potentially limiting the representativeness of dis-
ease characteristics in global research. Moreover, there is a 
lack of evidence-based, standardized, and widely accessible 
protocols for handling biospecimens in rare systemic rheu-
matic disease research, further complicating progress in the 
field. These challenges are particularly pronounced for early-
career researchers, especially those at smaller and emerging 
and lower -income countries, who may face substantial bar-
riers in accessing the infrastructure and resources needed for 
biobanking and biospecimen research.

In this narrative review, we examine the current landscape 
of collaborative biobanks dedicated to rare systemic rheumatic 
diseases, addressing unmet needs, international standards and 
unique challenges in the field.

Methods

This review employed a structured, narrative approach to 
the literature, incorporating elements of systematic review 
methodology without adhering to the formal protocols.

Literature Search Strategy

A comprehensive literature search was conducted to identify 
relevant studies and publications on biobanks in rare rheumatic 
diseases, covering articles from January 2011 to April 2024. 
The search strategy was designed to capture a wide range of 
research articles, reviews, guidelines, and reports, with a focus 
on the establishment, operation, and challenges of biobanks, 
particularly in relation to rare rheumatic diseases. The search 
was performed across multiple electronic databases, including 
PubMed, Scopus, Web of Science, and Google Scholar.

The search terms used included combinations of the 
following keywords: “biobank”, “biorepository”, “bio-
specimen”, “rheumatic diseases”, “rare diseases”, “rheu-
matology”, “standard operating procedures”, “ethics”, 
“multi-center”, “collection methods”, “sample storage”, 
“data sharing”, and “reproducibility”. Boolean operators 
(AND, OR) were employed to refine the search results [4].

Inclusion and Exclusion Criteria

Articles were included if they focused on biobanks related 
to rheumatic diseases, with particular emphasis on rare 
or orphan diseases within the rheumatology field. Studies 
discussing the establishment, management, or challenges 
of biobanks, including ethical, operational, and scientific 
aspects, were considered relevant. Publications providing 
information on biospecimen collection, processing, storage, 
and data sharing practices, especially those highlighting 
multi-center biobank studies, were also included.

Exclusion criteria included articles that did not specifi-
cally address biobanks in the context of rheumatic diseases, 
studies that focused on common rheumatic diseases without 
addressing issues unique to rare diseases and publications 
not available in full-text or those published in languages 
other than English.

Data Extraction and Synthesis

The identified articles were screened by title and abstract to 
assess their relevance to the objectives of this review. Full-
text versions of potentially relevant studies were retrieved 
and reviewed in detail. Data extracted included the type 
of biobank, sample types, geographic and institutional 
coverage, ethical considerations, and challenges related to 
the biobanking of rare rheumatic diseases. Emphasis was 
placed on identifying common themes, challenges, and best 
practices that could inform the development of biobanks in 
resource-limited settings.

The results of the selected studies were synthesized nar-
ratively, highlighting key findings, gaps in knowledge, and 
areas for future research. A thematic approach was used to 
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organize the data, focusing on the ethical, operational, and 
scientific challenges faced by biobanks in the context of 
rare rheumatic diseases. Additionally, the review examined 
examples of successful biobanks and their contributions to 
advancing research in this field.

Defining Biobanks and Their Role

Biobanks collect, store, and process biospecimens to facili-
tate research on diverse diseases. These repositories inte-
grate biological samples with clinical data, enabling large-
scale studies and providing insights into population health 
and disease mechanisms. Biobanks can be broadly catego-
rized into population-based and disease-oriented resources, 
each serving distinct research needs [5].

Population-based biobanks, such as the UK Biobank, tend 
to operate on a large scale, collecting biological samples 
from volunteers, often without specific inclusion or exclu-
sion criteria. These biobanks enable large-scale genetic stud-
ies and development of risk assessment models [6]. Another 
notable example is the Swedish Malmo Diet Cancer Study, 
which has followed 30,000 participants for over 30 years, 
enabling important discoveries regarding risk factors for a 
variety of diseases including cancer, cardiovascular disease 
and rheumatic conditions like giant cell arteritis and rheu-
matoid arthritis [7]. Similarly, the China Kadoorie Biobank, 
with over 500,000 participants, provides regionally anchored, 
longitudinal data that has supported investigations into auto-
immune disease risk factors in East Asian population [8]. The 
primary aim of population-based biobanks is to investigate the 
interplay between genetic susceptibility and environmental 
exposures in disease development, combining biospecimen 
research with comprehensive clinical and demographic data.

Disease-oriented biobanks, in contrast, focus on specific 
conditions and enable investigations into pathogenesis, bio-
marker discovery, diagnostics, long-term patient monitor-
ing and identification of potential therapeutic strategies. 
These biobanks provide high-quality biospecimens linked to 
detailed clinical information. By integrating a wide array of 
data from numerous biological samples, research groups can 
develop large-scale research projects and gather information 
on the studied population. A key example is the Systemic 
Lupus Erythematosus International Collaborating Clin-
ics (SLICC), an international repository collecting DNA, 
plasma, and serum samples on SLE [9].

Operational Challenges in Biobanking

While biobanks are essential for medical research, their 
operation is often hindered by infrastructure limitations, 
governance issues, and lack of standardization. Effective 

and efficient biobanking requires rigorous biospecimen col-
lection, processing, storage, distribution and clinical annota-
tion, but inconsistencies in protocols across institutions can 
compromise sample quality and data integrity. Additionally, 
many biobanks operate in isolation, leading to fragmenta-
tion, reduplication of efforts and limited data sharing.

To better understand and address these challenges, 
Shickle et al. classified biobank networks into six opera-
tional categories—‘storage’, ‘bring-and-share’, ‘catalogue’, 
‘partnership’, ‘contribution’, and ‘expertise’—based on 
their operational and governance structures rather than their 
research focus. For example, storage networks primarily 
offer centralized infrastructure, developed to provide cost-
effective shared storage solutions, while expertise networks 
focus on knowledge-sharing and standardization rather than 
sample exchange. This non-mutually exclusive, governance- 
and operational-focused classification provides a framework 
for improving biobanking networking and identifying solu-
tions from an operational perspective [10, 11].

Cross-departmental collaboration, such as partnerships 
with pathology or clinical biochemistry laboratories, has 
been shown to improve sample collection accuracy and 
overall biobank quality, as exemplified by the Danish Rheu-
matologic Biobanks [12]. However, variability in sample 
processing and the absence of harmonized protocols across 
different biobanks remain major concerns. Differences in 
collection, handling and storage can introduce confounding 
factors, potentially compromising the validity of findings 
due to uncontrolled preanalytical variables. Additionally, 
accurate and standardized clinical data is also vital for link-
ing molecular profiles to disease outcomes [13, 14].

To mitigate these challenges, international efforts have 
focused on establishing standards for sample collection, stor-
age, and distribution. The International Society for Biological 
and Environmental Repositories (ISBER) provides compre-
hensive guidance through its Best Practices for Repositories, 
emphasizing risk and quality management, ethical and social 
considerations, and uniform specimen handling [15].

Similarly, the International Standards Organization (ISO) 
has developed ISO 20387:2018, an international standard 
specifically for biobanking. This certification sets glob-
ally recognized quality and competency requirements for 
biorepositories, covering sample collection, preparation, 
data management, storage, and distribution [16]. Institu-
tions adhering to this standard demonstrate high-quality 
biobanking practices, fostering international collaboration 
and improving research reproducibility. These efforts by 
ISBER and ISO have been instrumental in synchronizing 
biobanking practices globally.

The field of oncology also provides a successful model 
for standardization, with The National Cancer Institute Best 
Practices for Biospecimen Resources serving as a bench-
mark for consistent biospecimen handling [17].
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Establishing and Maintaining 
Disease‑Specific Biobanks in Rheumatology: 
Logistical Considerations

Biospecimen Collection and Handling

The collection and storage of biospecimens for biobank-
ing has historically lacked standardized practices, par-
ticularly in the pre-analytical steps [18]. Human biologi-
cal samples encompass a wide variety of materials, such 
as tissues, organs, DNA or RNA extracts, blood, bodily 
fluids, cell lines, cell suspensions, and plasma. Figure 1 
shows the steps involved in liquid and solid biospecimen 
collection, processing, and storage. The standardization 
of operating procedures directly influences the quality 
and usability of samples in downstream research. Stand-
ard operating procedures for sample procurement, pro-
cessing, and storage should adhere to the best practices 
recommended by the ISBER [19]. Adherence to these 
procedures ensures sample integrity for downstream 
research applications.

Pre‑Analytical Errors and Biosample Bias

Pre-analytical variables refer to any and all procedures that 
occur during sample collection, prior to sample analysis. 
The pre-analytics phase consists of two phases namely the 
pre-acquisition phase (the sample is not under the supervi-
sion and control of biobank personnel) and the acquisition 
phase (the sample comes under the supervision and control 
of biobank personnel), and are major sources of errors in 
laboratory diagnostics [18]. This includes patient identifi-
cation, physical sample collection, sample transportation to 
the testing site and sample preparation. Variability in pre-
analytic factors has significant impact on the reproducibility 
of results, especially in sensitive analyses such as metabo-
lomics, proteomics, and biomarker research for rare rheu-
matic diseases [20].

Pre-analytical factors crucial for sample integrity include:

1.	 Tube type: Additives impact analyte composition
2.	 Clotting time: Affects coagulation and biomolecule 

release
3.	 Transport/incubation time: Influences enzymatic activity
4.	 Transport temperature: Affects protein and metabolite 

stability
5.	 Storage conditions: Impact long-term sample preserva-

tion
6.	 Processing time: Critical for metabolite profile accuracy

Biosamples should be labeled pseudonymously and stored 
in aliquots. For long-term aliquoting, it is recommended 

to store samples from an individual in multiple 0.5- or 
1.0-mL aliquots. It is essential to minimize resampling 
or freeze–thaw events, both of which have been shown to 
impact downstream analysis [20, 21]. Examples of key pre-
analytical factors and their impact on laboratory diagnos-
tics across various assays and sample types are provided in 
Table 1.

The Challenge and Importance of Complex 
Biospecimens

Another important concept in biobanking is the manage-
ment of complex biospecimens. These samples are charac-
terized by features like linkage to other samples from the 
same donor across different locations or time points, offering 
invaluable insights into longitudinal changes in disease and 
gene-environment interactions. However, they are challeng-
ing to acquire and manage, particularly when combining 
smaller cohorts. These biospecimens are essential in health 
research, especially within biobanks established for longitu-
dinal research studies [29]. The integrated registry-biobank 
approach offers a promising solution, enabling systematic 
tracking and management of complex biospecimens and 
associated longitudinal data across different stages and loca-
tions [30].

Sample Data Recording:

Accurate and standardised recording of sample-related 
data is critical for biobank functionality. The ISBER 
advocates for the implementation of harmonized data 
elements such as specimen type, fixation/stabilization 
methods, study type and mass/volume, in addition to 
various other essential annotations. Such standardization 
enhances biospecimen traceability and database func-
tionality. Key initiatives such as BRISQ (Biospecimen 
Reporting for Improved Study Quality), SPREC (Stand-
ard PREanalytical Code) and MIABIS (Minimum Infor-
mation About BIobank Data Sharing) have been devised 
to ensure standardization of data [31–33].

Clinical Data Acquisition

The acquisition of clinical data is a cornerstone of effec-
tive biobanking, necessitating meticulous documentation of 
participant identifiers, demographic parameters, medical his-
tories, family history, diagnoses, therapeutic interventions, 
and diagnostic outcomes [34]. Standardization of data col-
lection methodologies is imperative to facilitate interoper-
ability and cross-platform data exchange in research endeav-
ours. Comprehensive documentation should encompass an 
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Fig. 1   Overview of Liquid and Solid Biospecimen Collection, Processing, and Storage
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highlighted the need to balance autonomy with societal ben-
efits and adapt ethical protocols for large-scale studies.

Another form of consent that can be implemented is 
the dynamic informed consent, which claims to be fully 
informed and involves continuous communication between 
the researcher and participants. This ensures participants’ 
decision making, autonomy and real-time consent manage-
ment, conferring to ethical standards [44].

Recognition of Contribution

Ensuring proper recognition of biobanking resources is 
essential for incentivizing data and sample sharing. How-
ever, heterogeneous practices and lack of guidelines on how 
bioresources should be acknowledged in scientific publica-
tions have led to inconsistencies in reporting. To address 
this, the Bioresource Research Impact Factor/Framework 
(BRIF) was introduced over a decade ago as an initiative to 
standardize the recognition of bioresources in research, and 
is currently under further development [45]. The CoBRA 
(Citing Bioresources in Research Articles) guideline was 
developed to standardize the citation of bioresources in sci-
entific articles, recommending that each bioresource used 
in a study be cited in the methods section and listed as an 
individual reference [46]. Tools like CoBRA and The Open 
Journal of Bioresources enhance the traceability and vis-
ibility of bioresource use, encouraging transparency, rec-
ognition, and sharing within the research community [47].

Interoperability and Biospecimen Exchange

The premise of the Open Science movement is that shar-
ing data, methods and knowledge accelerates progress, a 
principle especially valued in the rare disease communities 
[48]. The widely adopted FAIR principles (findable, acces-
sible, interoperable, and reusable), initially established for 
data sharing in health research, should also be systematically 
applied to biospecimens. However, the limited exchange 
leads to inefficient use of research funds, reduced produc-
tivity, and hinders reproducibility efforts [49].

To address these limitations, novel data governance mod-
els have emerged to manage and share biobank data in more 
collaborative and responsible ways. These models seek to 
balance data accessibility, consistent with FAIR principles 
and open science, with privacy and ethical safeguards, often 
by distributing governance across networks rather than a 
single repository [50–52]. One notable example is the use 
of federated data networks, in which data remain at multi-
ple distributed sites but can be queried or analyzed across 
those sites under a common governance framework. This 
approach enables researchers to gain insights from combined 

accessible data dictionary or codebook, delineating data 
element nomenclature, definitions, data types, permissible 
ranges, formatting specifications, and validation protocols.

Standalone registries excel in collecting detailed clinical 
and epidemiological data, tracking disease progression and 
elucidating natural disease history, but have a limited capac-
ity to support basic and translational research. Rare disease 
biobanks, on the other hand, provide the infrastructure for 
basic research, omics research, but typically lack compre-
hensive epidemiological and clinical data [30].

The shortcomings of each individual modality can be 
overcome by the integration of registries with biobanks. This 
synergy facilitates biomarker identification, gene discovery, 
omics-level investigations, by with linking clinical data and 
biological specimens [30]. Importantly, integrated registry-
biobank models emerge as cost-effective, synergistic solutions, 
enhancing both data comprehensiveness and research capa-
bilities, facilitating the translation of basic science into clini-
cal applications [35]. Collaborative multi-stakeholder efforts 
strengthen treatment protocols, data completeness, and indus-
try engagement, ultimately advancing research in rare diseases.

Additionally, when linking large datasets to biobanks, 
adherence to the RECORD (REporting of studies Conducted 
using Observational Routinely-collected health Data) state-
ment will ensure consistency in data collection practices. 
This may strengthen the reporting and reliability of transla-
tional observational research [36].

Informed Consent

Informed consent in biobanking is a complex and evolving 
issue, balancing the need for comprehensive ethical over-
sight with practical research needs. A point of contention 
is the use of broad versus specific consent – specifically 
whether the provision of broad consent (allowing future, 
unspecified research) is ethical [37–39].

Proponents of broad consent argue that, when coupled 
with secure data handling, the right to withdraw partici-
pation, and stringent ethical oversight, it respects donor 
autonomy while enabling critical research [37, 40–42]. Crit-
ics, however, contend that broad consent undermines true 
informed consent since donors cannot anticipate all future 
uses of their biospecimens [40].

Hartanti et al. developed and piloted a broad informed 
consent model in Indonesia consisting of an information 
sheet, comprehension test, agreement sheet and exit survey. 
When implemented on patients, they found it to be ethi-
cally sound, understandable, and acceptable, with recom-
mendations for improving readability and staff coordination 
[41]. The COVID-19 pandemic further transformed consent 
practices, emphasizing flexibility and recalibrating research 
efficacy and participant autonomy [43]. These developments 
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data without centralizing sensitive information. For example, 
the National Patient-Centered Clinical Reasearch Netwotk 
(PCORnet) in the United States and the international Obser-
vational Health Data Sciences and Informatics (OHDSI) 
network illustrate federated governance: each participating 
institution keeps custody of its patient data in a standardized 
format, and analyses are run locally to aggregate results [53, 
54].

Implementing FAIR-compliant data stewardship is chal-
lenging, necessitating expertise in domain knowledge, 
information technology systems, data access policies, 
machine-readable formats, and communication software. 
To address these barriers, the rare disease community in 
Europe has embraced the"Bring Your Own Data"(BYOD) 
workshop concept to help rare disease researchers learn how 
to make their data FAIR-compliant. Additionally, initiatives 
like"RDs GO FAIR"and activities of ELIXIR (the European 
Infrastructure for life science data), BBMRI (Better Biol-
ogy Makes Reality Interesting), NIH (National Institute of 
Health), and EURORDIS (European Organization for Rare 
Diseases) amongst others are working to establish a FAIR-
compliant ecosystem that enables new data analysis possi-
bilities in an Open Science environment [48, 55].

Another significant obstacle for researchers involves 
locating relevant resources via cataloging services like 
the European Research Infrastructure on Biobanking and 
Biomolecular Resources (BBMRI-ERIC) Directory. Such 
directories, often lack sufficient metadata for researchers to 
accurately assess resource suitability. The BBMRI-ERIC 
developed the Negotiator tool, which facilitates direct 
negotiation of access request amongover 600 participating 
biobanks, streamlining requests across multiple resources 
while enabling biobanks to manage access decisions inde-
pendently [56].

Ethical, legal and societal considerations 
in biobanking

The operation and collaboration of biobanks are often com-
plicated by ethical, legal and societal challenges, which can 
restrict biospecimen and data sharing across jurisdictions, 
hinder international research efforts and impact public trust. 
Ensuring ethical governance and compliance with legal 
frameworks is therefore essential to maintain public confi-
dence in biobanking initiatives.

One of the primary ethical concerns is the safeguarding 
donor privacy and rights. Transparent policies, well-defined 
governance structures and ethical oversight mechanisms, 
such as data-access committees and continuous engage-
ment with donors and policymakers are critical for mitigat-
ing risks of misuse [57]. Building and maintaining public 
trust is another major challenge, especially in the era of big 

data analysis and artificial intelligence. Indeed, a roundta-
ble discussion from the 2021 ISBER annual meeting high-
lighted the need to improve public trust in biobanking. They 
found that the awareness regarding biobanking, transparency 
and communication, as well as community involvement in 
biobank was particularly limited in Asian countries com-
pared to Australia and United States [58]. Addressing these 
concerns through education, engagement and transparent 
policy practices is essential to ensure sustainable participa-
tion in biobanking efforts.

Cross-country collaboration presents additional complex-
ities due to differing ethical and legal frameworks, making 
it difficult to share biological samples and data across juris-
dictions. Key barriers include inconsistent consent require-
ments, differing data protection laws and the absence of 
globally standardized protocols. The Organization for Eco-
nomic Co-operation and Development (OECD), an inter-
governmental organization with 38 member countries, plays 
a vital role in shaping the global biobanking landscape by 
provided guidance on ethical governance, regulatory frame-
works and international collaboration [59]. The OECD 
Guidelines on Human Biobanks and Genetic Research 
Databases serves as a reference for ensuring transparency, 
protecting donor rights and fostering trust in collaborative 
biobank-based research.

Innovative data governance models, such as federated 
data networks, offer promising solutions for ethical and 
secure collaboration by allowing data to remain within 
local institutions while permitting controlled, query-based 
access across networks. This approach minimizes the need 
for physical data transfers, thereby reducing risks to privacy 
and respecting local legal frameworks [50]. However, it also 
raises ethical considerations around transparency, consent 
for secondary use, and accountability in distributed systems.

Sustainability in Biobanking

The rapid increase in biospecimen generation has placed 
growing pressure on biobanks, underscoring the impor-
tance of long-term sustainability. Ensuring the viability of 
biobanks requires financial stability, cost effective opera-
tions, patient and public engagement, standardized proto-
cols, and interoperability. Interoperability means biospeci-
mens and their relevant data can be shared between different 
biorepositories institutes or databases [60]. Regular evalua-
tion of bioresources (specialized research infrastructures that 
collect, store, and manage biological specimens and their 
associated data) also plays a significant role in biobanking 
sustainability. Beyond tracking the number of biospeci-
mens collected, these evaluations assess how effectively the 
resource has translated to scientific outputs and outcomes 
[61].
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Examples of Biobanks in Rheumatology – 
Challenges and Achievements

Collaborative research is vital in advancing diagnostics 
and treatments in rare rheumatic diseases. Several inter-
national initiatives have established specialized biobanks, 
such as the SLICC biobank for SLE, the European Scle-
roderma Trials and Research Group (EUSTAR) biobank 
for systemic sclerosis, and the MyoCite biobank for IIM. 
These initiatives underscore the importance of high-
quality biospecimens and standardized data in enhancing 
medical knowledge and patient outcomes for rare diseases 
[62–64]. Recent initiatives such as the RA-originated 
Gut Microbial Biobank (RAGMB) highlight the expand-
ing frontier of biobanking by integrating culture-based 
microbiome collections, advancing our understanding 
of microbial contributions to autoimmune pathogenesis 
[65]. The EUSTAR and SLICC biobanks have highlighted 
the importance of large-scale data in boosting the statis-
tical power of studies, leading to significant discoveries 
in disease mechanisms and treatment responses [62, 63]. 
Latin America’s coordinated biologics registries—such as 
BIOBADAMEX and BIOBADABRASIL—similarly dem-
onstrate how longitudinal data systems can enhance out-
come surveillance and inform equitable biobanking strate-
gies in resource-constrained settings [66]. The Childhood 
Arthritis and Rheumatology Research Alliance (CARRA) 
has established a biobank specifically for pediatric rheu-
matic diseases [67]. Impactful biobanks dedicated to rheu-
matic diseases are presented in Table 2.

Paediatric rheumatic diseases, though rare, necessitate 
targeted research for advancing understanding and thera-
peutic development. Biospecimen collection from paediat-
ric cohorts with rheumatic diseases presents unique ethi-
cal and logistical challenges, balancing participation rights 
with child protection mandates. Recent recommendations 
by Public and Professional Policy Committee of Euro-
pean Society of Human Genetics and European normative 
and legal framework surrounding paediatric clinical trials 
emphasize subsidiarity, the paediatric rule, minor protec-
tion, and burden minimization [68, 69]. Integrating minors 
in the consent process is crucial, ensuring their informed 
participation alongside legal guardian consent [70]. Future 
directions emphasize multi-center international paediatric 
biobanks, standardized practices, robust ethical frameworks, 
and innovative data management tools to facilitate critical 
research while protecting young participants [69, 70].

Among rare rheumatic diseases, IIM represent a field 
where international biobanking efforts are still emerging 
and would benefit from greater coordination and stand-
ardization. Over the past decades, numerous biobanks and 
registries have contributed to significant advancements in 

understanding and treating IIM, across both neurologic and 
rheumatologic disciplines [71–76]. However, many biobanks 
continue to operate independently, maintaining separate 
biospecimen collections and adhering to distinct protocols 
[77, 78]. These fragmented approaches highlight the ongo-
ing need for standardized practices to maximize the impact 
of research in this area. Recognizing this challenges, the 
Myositis International Health Research Collaborative Alli-
ance (MIHRA) has been established to foster global coop-
eration in myositis research.

Opportunities and Future Perspective 
– the Need for Collaboration in Rare 
Rheumatic Diseases

The future of biobanking for rare rheumatic diseases 
depends on several critical advancements. The development 
and adoption of evidence-based guidelines for cold-chain 
management and sample processing protocols tailored to 
rare diseases are urgently needed. The current landscape 
remains fragmented due to differing national directives 
and technical methods, leading to significant heterogeneity 
among biobanks [99, 100].

Integrating standardized pre-analytical protocols into 
biobank management is also essential, especially for new 
facilities and high-priority specimens in established reposi-
tories. This approach is much needed as biorepositories 
face growing demands for quality assurance. Implement-
ing SPREC, BRISQ or MIABIS in this context may har-
monize the existing systems and align with global efforts 
to improve quality management [19]. Moving forward, col-
laboration across biobanking communities will be crucial 
ideally through virtual pilot projects that use shared online 
platforms and databases to simulate, and refine preanalytical 
barcode systems.

These initiatives could facilitate data sharing and remote 
collaborations, helping diverse biorepositories adopt con-
sistent and interoperable practices without needing physical 
exchanges or on-site coordination.

Additionally, fostering international collaboration is cru-
cial. Given the low prevalence and significant heterogeneity 
of rare diseases, large and diverse datasets are essential for 
meaningful research. Streamlined and efficient governance 
structures, including harmonized legal frameworks and 
expedited ethical review processes, are necessary to facilitate 
this global cooperation [101]. The Single Hub and Access 
point for pediatric Rheumatology in Europe (SHARE) initia-
tive's development of the first recommendations for pediatric 
rheumatology collaborative research, including biobanking, 
exemplifies the progress that can be made through such col-
laboration [102].
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Public funding from national and transnational entities 
(e.g., EU, WHO) should prioritize centralized rare disease 
registries, emphasizing data curation and sharing. Platforms 
like the Rare Disease Cures Accelerator-Data and Analytics 
Platform (RDCA-DAP) could offer funding towards data-
enabled registries, encouraging standardized biobank link-
age [103]. This approach would dismantle proprietary data 
silos, meet stakeholder needs, and de-risk early-stage trials, 
thereby incentivizing industry investment in rare disease 
research [104].

Academic institutions should reconsider promotion and 
recognition criteria by shifting away from rewarding data 
ownership and instead recognizing data-sharing practices 
and collective achievements. This shift would encourage 
broader participation and promote more efficient resource 
utilization across the rare disease research field.

Investing in biobanking infrastructure is another 
critical priority. Developing advanced IT systems for data 
management, secure storage facilities, and comprehensive 
training programs for biobank personnel will ensure the 
long-term sustainability and efficiency of biobanking opera-
tions [105]. Innovative technologies, such as permissioned 
blockchain frameworks, can enhance transparency and trace-
ability in biobanking processes [106]. Additionally, tools 
like text mining can facilitate easier data extraction from 
electronic medical records, improving data collection effi-
ciency [107].

While innovative technologies can enhance data extrac-
tion efficiency, they may be difficult to be implemented in 
resource-restricted environments. In these settings, it is cru-
cial to prioritize foundational infrastructure, such as basic 
cold chain solutions and essential data management systems, 
to ensure at least minimal compliance with biobanking 
standards. Focusing on biospecimens that are easier to han-
dle, like DNA and formalin-fixed paraffin embedded tissues, 
may be more feasible. In contrast, specimens such as RNA, 
proteins, or fresh tissues, which are used for metabolomics 
and proteomics, require strict handling and cold chain con-
trol, making them impractical where processing protocols 
are hard to maintain [108].

A move towards integrative, open, and community-
driven registries is also necessary to overcome the limi-
tations of existing systems. Such registries should align 
and harmonize conflicting standards, make data and code 
publicly available, and engage community members in 
governance, thereby promoting sustainability and lon-
gevity [109].

Tailoring biobank operations to the specific types of 
samples and assays needed in each context is essential for 
maintaining high-quality research outcomes. Furthermore, 
securing funding—whether through grants, international 
collaborations, or partnerships—can provide the necessary 

resources to build this foundational infrastructure and gradu-
ally scale up operations.

Engaging stakeholders, including patients and patient 
organizations, in governance processes will further build 
trust and ensure that biobanking initiatives reflect diverse 
perspectives. Moreover, promoting patient recruitment, 
especially in specific groups such as adolescents, requires 
creative recruitment and scheduling strategies tailored to the 
needs of these populations [110].

Educational initiatives aimed at young translational sci-
entists are vital for accelerating advancements in the field. 
Encouraging researchers to think beyond their institutions 
and embrace collaborative approaches early in their careers 
can foster more innovative and inclusive research efforts 
[111, 112].

Organizations such as NCATS (National Center for 
Advancing Translational Sciences), RDCRN (Rare Dis-
ease Clinical Research Network) and MIHRA have estab-
lished teams working in this space [113, 114]. Led by 
an interdisciplinary panel, MIHRA group is developing 
an evidence-based protocol for biospecimen processing 
and storage. This incorporates qualitative interviews to 
identify barriers in the field based on existing evidence 
of feasibility and logistics, while emphasizing biospeci-
men validity.

Conclusions

Biobanking has revolutionized rare disease research by 
enabling breakthrough discoveries and fostering national 
and international collaborations. As the field progresses 
towards personalized medicine, biobanks will become 
increasingly indispensable in advancing diagnostics, 
therapeutics, and biomarker discovery. Despite their 
transformative impact, several unmet challenges persist. 
Ethical, legal and social concerns regarding data pri-
vacy patient confidentiality, and equitable access must 
be continually addressed through robust governance 
frameworks and ethical oversight. Additionally, public 
awareness, building trust among the donors, transpar-
ency, standardization and harmonization, sustainability 
and funding and integration with digital health technolo-
gies will be essential for ensuring the long-term effi-
ciency and interoperability of biorepositories. These 
challenges can be met by engaging multi-stakeholders, 
enhanced public participation, cross-disciplinary collab-
oration, supportive policymaking and better integration 
with digital health tools. By strengthening these areas, 
biobanking will continue to drive innovation and acceler-
ate rare disease research.
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Box. Key Initiatives in Biospecimen and Data 
Standardization

Initiative Full Name Main Pur-
pose

Application 
Area

Relevance

SPREC
[32]

Standard 
PRE-
analytical 
Code

Provides a 
standard-
ized cod-
ing system 
for pre-
analytical 
variables 
during 
specimen 
collection, 
process-
ing, and 
storage

Biobanking Enhances 
reproduc-
ibility by 
document-
ing factors 
affecting 
biospecimen 
integrity; 
adapt-
able across 
clinical and 
non-clinical 
settings

BRISQ
[31]

Biospecimen 
Report-
ing for 
Improved 
Study 
Quality

Offers a 
tiered 
reporting 
system to 
improve 
consist-
ency and 
transpar-
ency in 
human 
bio-
specimen 
research

Reporting 
Standards

Improves reli-
ability and 
comparabil-
ity of study 
results; 
developed 
through 
multi-
organization 
consensus 
including 
NCI and 
ISBER

MIABIS
[33]

Minimum 
Informa-
tion About 
Biobank 
Data Shar-
ing

Standard-
izes core 
metadata 
required 
for 
biobank 
interoper-
ability 
and data 
sharing

Biobank 
Metadata

Facilitates 
collabora-
tion by 
harmonizing 
bioreposi-
tory data 
structures; 
supports 
resource 
discover-
ability

FAIR
[49]

Findable, 
Accessi-
ble, Inter-
operable, 
Reusable

Establishes 
principles 
to improve 
data 
sharing, 
reuse, and 
machine-
readability 
in research

Data Stew-
ardship

Widely 
adopted for 
health data; 
enables inte-
gration and 
reuse across 
systems; 
supported 
by ini-
tiatives like 
ELIXIR and 
GO FAIR

Initiative Full Name Main Pur-
pose

Application 
Area

Relevance

CoBRA
[46]

Citation of 
BioRe-
sources in 
Research 
Articles

Recom-
mends 
stand-
ardized 
citation of 
biore-
sources in 
scientific 
publica-
tions

Reporting/
Citation

Enhances 
traceabil-
ity, credit, 
and reuse 
of biore-
sources; 
encourages 
transparency 
and resource 
visibility
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