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Abstract

Background Many patients with rare diseases are still lacking a timely diagnosis and approved therapies for their
condition despite the tremendous efforts of the research community, biopharmaceutical, medical device industries,
and patient support groups. The development of clinical research networks for rare diseases offers a tremendous
opportunity for patients and multi-disciplinary teams to collaborate, share expertise, gain better understanding on
specific rare diseases, and accelerate clinical research and innovation. Clinical Research Networks have been devel-
oped at a national or continental level, but global collaborative efforts to connect them are still lacking. The Inter-
national Rare Diseases Research Consortium set a Task Force on Clinical Research Networks for Rare Diseases with the
objective to analyse the structure and attributes of these networks and to identify the barriers and needs preventing
their international collaboration. The Task Force created a survey and sent it to pre-identified clinical research net-
works located worldwide.

Results A total of 34 responses were received. The survey analysis demonstrated that clinical research networks are
diverse in their membership composition and emphasize community partnerships including patient groups, health
care providers and researchers. The sustainability of the networks is mostly supported by public funding. Activities
and research carried out at the networks span the research continuum from basic to clinical to translational research
studies. Key elements and infrastructures conducive to collaboration are well adopted by the networks, but barriers to
international interoperability are clearly identified. These hurdles can be grouped into five categories: funding limita-
tion; lack of harmonization in regulatory and contracting process; need for common tools and data standards; need
for a governance framework and coordination structures; and lack of awareness and robust interactions between
networks.

Conclusions Through this analysis, the Task Force identified key elements that should support both developing
and established clinical research networks for rare diseases in implementing the appropriate structures to achieve
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international interoperability worldwide. A global roadmap of actions and a specific research agenda, as suggested by
this group, provides a platform to identify commmon goals between these networks.

Keywords Rare diseases, Clinical research networks, Interoperability, Patient unmet needs, Diagnosis, Therapies,

IRDIRC

Introduction

Rare diseases present unique challenges to the research
community, as they are not limited to specific patient
populations nor do they respect national, political, or
geographical boundaries. Estimates of the number of rare
diseases vary, but there is agreement that more than 7000
rare diseases affect approximately 350 million people in
the world [1]. A molecular basis of disease is estimated
in more than 10,000 genetic and acquired rare diseases
[2, 3]. Many of the disorders are complex diseases affect-
ing multiple systems and organs requiring multiple and
interdisciplinary expert consultation, and collaboration
in the diagnostic work-up and in the lifelong treatment.
About a half of patients with a rare disease are children,
with approximately 30% not living to the age of five [4].
Despite the tremendous efforts by research investigators,
patients, patient groups, and the biopharmaceutical and
medical devices industries, it can take 5 years or longer
to receive an accurate diagnosis and the number of thera-
pies remains very limited [5-7].

Numerous obstacles stand in the way of advances in the
diagnosis and treatment of rare diseases. These include
a lack of understanding of the heterogeneity and vari-
ability of many rare diseases, a lack of knowledge of the
natural history of the diseases across the lifespan, and a
variable progression having a large range (spectrum) of
genotype—phenotype correlations or existing co-morbid-
ities resulting in different responses to treatment. There
are also a lack of appropriate biomarkers and accepted,
objective clinical endpoints to measure safety and effi-
cacy of new and repurposed compounds. In addition,
the ability to make correct diagnosis is a major barrier to
the identification of relatively larger patient populations
required for clinical trial participation.

The development of Clinical Research Networks
(CRNs) for rare diseases has created an essential ref-
erence point to compensate the problem of small and
geographically dispersed patient populations. It also
favoured the thematic grouping of diseases and the col-
laborative efforts of multiple stakeholders (patients,
patient groups, researchers, health care providers,
industry) and multi-disciplinary experienced teams to
gain increased knowledge about specific rare diseases.
However, global collaborative efforts to connect groups
and networks often working on a national or regional

(world regions) level are still missing. To stimulate a bet-
ter understanding of the value and roles of CRNs to the
rare diseases community, the International Rare Diseases
Research Consortium (IRDIRC) established a Task Force
with the objectives to analyze the existing ecosystem and
structure of national and international CRNs, and to
identify the barriers and needs preventing international
collaboration of these networks. This manuscript exposes
the work and results of the Task Force.

Methods

The Task Force created a survey to characterize the CRNs
attributes, identify the tools, resources, standards used to
reach international interoperability and also understand
the barriers preventing the networks from reaching this
goal (Additional file 1). The survey was divided into sev-
eral domains addressing: the demography of the CRNS,
the sources and mechanisms of funding, the type of
activities and research conducted at the CRNSs, the bar-
riers to research collaboration with other networks, the
international interoperability structure of the CRNs, the
infrastructures conducive to collaboration, and the evalu-
ation of CRNSs effectiveness (Additional file 1).

The survey was sent to 95 CRNs localized across the
world in July/August 2020 and a reminder was sent in
September 2020. These CRNs were pre-identified by the
members of the Task force who established a list based
on their expertise validated through the CRNs websites
or direct interviews (Additional file 2). A total of 34
responses were received between August and Septem-
ber 2020. Although the response rate was not as high as
we would expect it to be, we identified through a website
search that the 34 networks represent over 1500 clinical
research sites located worldwide (Additional file 2), thus
offering an already significant representation for the cur-
rent study. The Task Force analyzed the data provided by
the respondents and identified key elements that should
support both developing and established CRNs in creat-
ing the appropriate structure to advance towards interna-
tional interoperability.

In this analysis, all the networks were assessed equally
despite their different size including giving the same
weight to the different networks in order to observe
global trends regarding their attributes and needs.
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Main text

The objective of the Task Force is to provide the rare dis-
ease community with a better understanding of the exist-
ing CRNs structure and attributes; to identify the barriers
and needs preventing their international interoperability;
and to suggest recommendations on key elements, that if
implemented, could support the development of global
collaborative actions between networks. The findings and
view of the Task Force are presented below.

Table 1 List of clinical research networks included in the analysis
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Demography of the CRNs

The list of the 34 CRNs including their year of creation
and their geographical location is presented in Table 1.
Sixteen of these are national and eighteen regional or
international. Most of the CRNs have been created in
countries or regions with a high Gross Domestic Prod-
uct in the last two decades. The development of CRNs
is linked with the recognition of rare diseases as a major
public health problem by some national authorities and
translate the importance of having central structures
where patients and experienced multi-disciplinary teams
can work together to better understand specific rare

Name of the Network Geography Year of creation
Maternal Infant Child and Youth Research Network Canada 2006
Care4Rare Canada 2007
Canadian Inherited Metabolic Diseases Research Network Canada 2012
Canadian Neuromuscular Disease network Canada 2020
Children’s Oncology Group USA 2000
Rare Diseases Clinical Research Network USA 2002
American Society of Clinical Oncology USA 2010
NeuroNext USA 2011
Undiagnosed Diseases Network USA 2014
ESCAPE Clinical Research Network Europe 1995
ERN CRANIO Europe 2017
Endo-ERN Europe 2017
EpiCARE Europe 2017
ERKNet Europe 2017
ERN-RND Europe 2017
EURO-NMD Europe 2017
ERN-EYE Europe 2017
ERN GENTURIS Europe 2017
EUROGEN Europe 2017
MetabERN Europe 2017
ERN RARE-LIVER Europe 2017
ERN-RITA Europe 2017
VASCERN Europe 2017
NeuroSphinx-GBS France 2014
AnDDI-Rares France 2014
G2M France 2015
NEOCYST Germany 2016
Treat-ION Germany 2019
Muscular Distrophy Clinical Trial Network Japan 2012
Initiative on Rare and Undiagnosed Diseases Japan 2015
Asia Pacific Society for Immunodeficiencies Asia 2015
Asian Primary Immunodeficiency Network Asia & Africa 2008
Collaborative International Neuromuscular Research Group International 2000
Undiagnosed Diseases Network International International 2014

The 34 clinical research networks included in the analysis are listed by geography and year of creation
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Regulatory
Agencies
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Fig. 1 Member composition of the clinical research networks.
The representation of each member within the 34 clinical research
networks is indicated by the numbers in brackets

diseases and provide diagnostic and therapeutic options.
Among the 34 listed CRNs, 30 are focusing on diseases
that present in both paediatric and adult populations.
As shown in Fig. 1, while it was expected to find that all
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of the 34 CRNs include hospitals in their members, aca-
demic centres and patient groups are also well recognized
and integrated members, with both represented in 20 out
of 34 CRNs. This finding highlights the role of patients
as research partners and the ability for patients and their
advocates to collaborate with multiple networks and
capitalize on the synergy of their activities. On the other
hand, pharmaceutical industries and regulatory agen-
cies are poorly integrated into the composition of the 34
listed CRNS, even though clinical trials can be conducted
at many of the responding research networks.

Activities, research and measures of effectiveness

As presented in Table 2 and Fig. 2, CRNs deliver multi-
ple activities including research (from basic to clinical
research), treatment and care, education and training,
patient empowerment and organization of events, such as
scientific conferences aimed to define a research agenda.
This diversity of activities is representative of their role
in gaining better understanding of rare diseases, trans-
lating these advances into more efficient clinical studies
and better care for the patients, and disseminating this

Table 2 Activities and research conducted at the clinical research networks

Activities conducted by the networks (% response) Rating scale: 0=no activities, 0 1 2 3 4 5

5=major activities

Basic Research 35 29 12 3 15
Translational Research 12 18 9 9 15 38
Clinical Research 3 3 15 15 18 47
Diagnosis 12 21 6 3 21 38
Treatment and Care 12 15 18 6 12 38
Preventive Medicine 29 27 3 12 9 21
Training and Fellowships for Health Care Providers and Researchers 12 24 12 12 24 18
Patients and General Public Education, Information Development and Dissemination 12 12 18 15 15 29
Organisation of Scientifc Conferences and Workshops 3 10 23 16 23 26
Research conducted by the networks (% response) Rating scale: 0=no activities, 0 1 2 3 4 5
5=major activities

Cellular Models of Diseases 53 15 12 0 21
Creation and Study of Animal Models of Diseases 47 18 12 3 15
Development of Computational Models of Diseases 47 21 9 6 12 6
Novel Genes discovery 29 9 12 12 9 29
Clinical Trials 21 18 15 6 12 29
Cohort Studies 12 9 21 9 6 44
Natural History Studies 29 3 9 12 9 38
Clinical Outcome Assessment and Biomarker Validation 24 12 9 12 15 29
Therapeutics/Drug development 41 21 6 15 15 3
Post-marketing surveillance 56 15 6 9 6 9
Health Technology Assessment 50 21 9 9 3 9
Behavioural studies (psycho-social) 53 6 12 12 12 6
Rehabilitation studies 55 16 16 10 0 3

Percentage of clinical research networks conducting various types of activities and research. The rating scale goes from score 0 (no activities) to score 5 (major activities)
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Fig. 2 Activities and research conducted at the clinical research networks. The histograms represent the percentage of clinical research networks
conducting various types of activities and research. The rating scale goes from score 0 (no activities) to score 5 (major activities)

knowledge to the professional community, patients, car-
egivers and the public at large. However, we should also
note that the type of activities conducted at the networks
depends on their mandate, with some networks focus-
ing mainly on clinical research and clinical trial readiness
(e.g., US Rare Diseases Clinical Research Network). In
contrast, other CRNs combine clinical research and care
(e.g., European Reference Networks). A similar state-
ment regarding the diversity of research conducted at the
networks can be made (Table 2). CRNs present a strong
research orientation towards the discovery of novel gene
(scored 4-5 for 38% of the CRNs), clinical trials (41%),
cohort studies (50%), natural history studies (47%) and
validation of clinical outcome assessment and biomarkers
(44%).

Among the key performance indicators listed by the
responders, the number of publications, number of
patients recruited and participating in research, number
of clinical research studies and clinical trials initiated,
and the number of collaborations with other networks
were highly valued and recognized as measures of
effectiveness.

International collaborative framework

Establishing CRNs interoperability requires that the
networks share common tools, ontologies, data stand-
ards, and procedures to facilitate their collaboration.
Understanding the type of elements and infrastructures
adopted by the CRNSs to stimulate collaborative actions
was an important objective of the Task Force. As shown

in Fig. 3A, the elements established by the networks
to reach international interoperability are diverse and
address aspects linked to monitoring of clinical research
and studies, management of multi-national clinical tri-
als, collection and sharing of data, remote clinical assess-
ment, collaboration with patient groups and industry,
and interaction with regulatory bodies.

It is important to note that these elements are sup-
ported by the creation of specific infrastructures such
as FAIR (Findability, Accessibility, Interoperability, and
Reuse of digital assets) data registries and open access
platforms to find, share and re-use structured clinical
data, central services to coordinate activities, and unique
identifiers to pseudonymized personal patient data
(Fig. 3B). Altogether, these findings confirm that CRNs
have the potential to actively transform the rare disease
research ecosystem not only by attracting multiple expe-
rienced stakeholders, but also by establishing the key
elements and infrastructures supporting efficient man-
agement and coordination of activities, comprehensive
data entry, collection, and sharing procedures in accord-
ance with data standards and ontologies.

Sustainability of the CRNs

Understanding how CRNs sustain their activities is criti-
cal, both in the need to clarify the funding contribution of
the different stakeholders as well as to provide structural
information for the developing networks. The sources
and mechanisms of funding for the listed CRNs are pre-
sented in Table 3 and Fig. 4. Although diverse in their
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Fig. 3 Key elements and infrastructures conducive to collaboration. The graphics represent the numbers of clinical research networks adopting
various A key elements and B infrastructures to reach international interoperability

Table 3 Sources and mechanisms of funding of CRNs

Sources of funding (% response) No contribution Low contribution Medium contribution High

contribution

Government—Multinational level (e.g. European 53 9 21 18
Union)

Government—~National level 32 18 15 35
Region 97 0 0
City 97 0
Industry 79 6 12 3
Patient Organizations 82 12 3 3
Academic Centers 56 24 18 3
Non-Profit Foundations 77 9 9 6

Mechanisms of funding (% response)

No contribution

Low contribution

Medium contribution

High

contribution

Grant 9 15 35 41
Cooperative Agreement 71 3 12 15
Public—Private Partnership 79 12 6 3
Contract Agreement with Industry 68 9 21 3
Donation/Philanthropy 71 15 6 9

Percentage of clinical research networks sustained through various sources and mechanisms of funding. The level of contribution for each funding source is presented
on a scale going from no contribution to low, medium or high contribution. The same rating scale is used for the mechanisms of funding

origins, the main funders appear to be national govern-
ment (highest contribution for 35% of the CRNs, medium
contribution 15%) or multi-national level (highest con-
tribution 18%, medium contribution 21%). The mecha-
nisms of funding demonstrated that public grants are the

highest contribution by some margin (highest contribu-
tion 41%, medium contribution 35%) followed by coop-
erative agreements (highest contribution 15%, medium
contribution 12%). In comparison, we found that con-
tract agreement with industry (highest contribution 3%,
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Fig. 4 Sources and mechanisms of funding. The histograms represent the percentage of clinical research networks sustained through various
sources and mechanisms of funding. The level of contribution for each funding source is presented on a scale going from no contribution to low,
medium or high contribution. The same rating scale is used for the mechanisms of funding

medium contribution for 21%) and philanthropy (highest
contribution 9%, medium contribution for 6%) contrib-
ute to a much lesser extent. It is interesting to note that
differences regarding industry participation and contract
agreements with industry are observable between differ-
ent regions. For example, while some Asian and North
American CRNs mentioned collaboration with and fund-
ing from industry, ERNs are not legal entities and cannot
be funded by industry at the network level. Collabora-
tions and clinical trials are therefore signed and managed
at each clinical research site. Altogether, these results
highlight the central role of public funders in sustaining
CRNs activities either as a sole provider in Europe or as a
main provider in other regions such as the United States.

Barriers and needs preventing international collaboration
Despite the CRNs efforts to stimulate collaboration
between networks, several barriers and needs preventing
or slowing down collaborative actions at the international
and supra-regional level have been highlighted. The bar-
riers and needs listed by CRNs were grouped into five
categories and are represented in Fig. 5.

The lack of funding has been repeatedly described to be
a major obstacle and responders emphasized the impor-
tance to promote dedicated programmes involving both
public and private funders to support international pro-
jects between networks. The lack of harmonization in
regulatory and contracting process represents a second
category. This includes restrictions associated with data
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Fig. 5 Hurdles preventing research collaboration between clinical research networks. The barriers and needs listed by the clinical research networks

to reach international interoperability are grouped into five main categories

sharing, concurrent IRB reviews, difference in national
clinical trials guidance and procedure, different rules
regarding collaboration with industry and intellectual
property rights (i.e., some networks such as the ERNs not
being authorized to collaborate with industry). The lack
of common tools and data standards forms a third cat-
egory in which the need for standardized common data
elements, FAIR registries, and compatible data sharing
platforms were mentioned multiple times. The fourth
category highlights the needs for establishing a govern-
ance framework between the networks as well as the
difficulties linked with the absence of central manage-
ment and coordination units. Finally, the lack of CRNs
mapping, which allows an easy identification of possible
collaboration and networking, has been presented as
another hurdle hampering global collaborative actions.

Roadmap for the development of international CRNs

for rare diseases

To stimulate and facilitate the development of interopera-
ble networks, CRNs should engage further in networking
and communication activities through the organization
of conferences, workshops and webinars. Access to digi-
tal technologies including social media could provide
great opportunities to support patient and researcher
engagement in multiple networks. Continuous education,
fellowship programmes and mentoring services across
networks could also help health care providers, patient
groups, and research investigators to expand knowledge
and expertise during the lifespan of their career and build
connections with other groups.

CRN s for rare diseases do not all have the same man-
date, therefore, understanding the specificity of each net-
work, defining common goals and the means to achieve
them is essential. Shared tools and resources, harmonized

standards (common data elements and ontologies) and
guidelines (e.g., good data practice, FAIR data principles,
clinical trial procedures), open access platforms, and data
sharing agreements are central elements that can sup-
port the development of network international interop-
erability. Reaching an agreement on the implementation
of these elements at the international level while preserv-
ing patient privacy and data will be critical to accelerate
advances in rare disease research and address the unmet
needs of patients across the world.

The public funds for national and regional plans for
rare diseases, in addition to the positive experiences of
private—public-partnership already established in some
regions, could be a good example on how to expand these
CRNs sharing a better know-how and increasing collabo-
rative funding. In South Korea, one research program
of supporting diagnosis for undiagnosed rare diseases
patients [8], was expanded to a national initiative includ-
ing government bodies, research institutes, and hospi-
tals—aiming to collect genomic and medical information
from million residents in South Korea including fifteen
thousand of rare disease patients and their family mem-
bers [9]. At the European level, the Innovative Medicines
Initiative-funded connect4children project aims to create
a sustainable pan-European collaborative paediatric net-
work that will speed up and facilitate the development of
high-quality clinical trials in children [10].

In this respect, development of CRNs for rare dis-
eases in low- and middle-income countries should also
be supported to ensure equity in access to affordable
and effective treatment and care [11]. The RDI-WHO
Collaborative Global Network for Rare Diseases aims to
identify, assess, support and connect centres of expertise
globally in order to leave no one behind [12].
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Future directions for CRNs

Existing and planned CRNs are well positioned to utilize
the strengths of novel digital health technologies, data
libraries with information gained from smart phones,
mobile sensors, and remote monitoring devices. Infor-
mation gained from artificial intelligence analyses and
procedures to utilize Real World Data/Evidence from
multiple sources and electronic health records could
assist in the identification of possible new products for
investigation or significant biomarkers to assess the
safety and effectiveness of these interventions.

There are many novel approaches to improve patient
access to medical care and clinical trials developed due
to the spread of COVID-19 infections. Activities related
to telemedicine appointments with increased reliance on
Patient Reported Outcomes Measurements and Qual-
ity of Life assessments are all gaining increased traction
and emphasis. Likewise, the introduction of decentral-
ized clinical trials, e-Consent procedures, and growing
acceptance of patient-entered data are all contributing to
the patient-centricity and patient-focused drug develop-
ment that is gaining rapid acceptance on a global basis.
In many cases, this was already accepted and in place at
sites of CRN’s dedicated to rare diseases.

Conclusions

Advancing towards the international interoperability of
CRNss is crucial for gaining better understanding of rare
diseases. It requires the establishment of key elements to
support sharing of information and knowledge among
multiple stakeholders and coordination of joint activities.
Access to data from diverse patient populations and from
multiple countries could profoundly expand interpreta-
tion capabilities of genomic sequencing results (patho-
genic, benign, and variants of unknown significance)
to assist in undiagnosed and all diseases. It would likely
accelerate the identification of more accurate biomarkers,
better define clusters of phenotypes, increase knowledge
on the natural history of diseases, and facilitate patient
engagement and collaboration in research. In doing so, it
is essential to expand awareness, advocacy, and outreach
to everyone—including those with lower socio-economic
status, poor literacy, minority ethnic status, indigenous
populations, and people living in underserved and mar-
ginalized urban and rural areas.
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the websites of the CRNs in June-July 2022.

Acknowledgements

We wish to thank all the respondents for completing the questionnaire.
Disclaimer The findings and recommendations in this article are those of the
contributors, who participated based on their individual expertise and are
responsible for the contents, and do not necessarily represent the views of the
members of the International Rare Diseases Research Consortium (IRDIRC) nor
any employers of the contributors.

Author contributions

The Task Force was led by RN and SG. All the co-authors participated in the
development of the questionnaire. The preliminary analysis was done by GZ
and the first version was drafted by RN, GZ and SG. DB, LB, 1B, OJB, LSC, EHD,
DJ, YK, TK, HN, KGN, ARP, JCP, M Scarpa, M Smith, DT participated to the final
draft and added their input. All the co-authors revised and approved the
submitted manuscript and the revised manuscript R1. All authors read and
approved the final manuscript.

Funding

The IRDIRC Scientific Secretariat is funded by the European Union through the
European Joint Programme on Rare Disease under the European Union’s Hori-
zon 2020 research and innovation programme Grant Agreement N°825575.
The Scientific Secretariat is hosted at the French Institute of Health and Medi-
cal Research (INSERM) in Paris, France.

Availability of data and materials
The datasets analyzed as sources for the lists are available from the corre-
sponding author upon request.

Declarations

Ethics approval and consent to participate
The study does not involve human participants, human data or human tissue.
No ethics approval and consent were required.

Consent for publication
The study does not contain any individual person’s data.

Competing interests

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

Author details

"Department of Pediatric Neurology, Reference Center for Rare Epilepsies,
Hopital Necker-Enfants Malades, APHP, member of ERN EPICARE, Institut Imag-
ine, INSERM U1163, Université Paris Cité, Paris, France. 2Institut National de la
Santé et de la Recherche Médicale, Paris, France. *Martin, Blanck, and Associ-
ates, Arlington, VA, USA. 4Sanford Research, Sioux Falls, SD, USA. °Dravet ltalia
Onlus Italy — ePAG EpiCARE, Verone, Italy. PhenoTips, Toronto, ON, Canada.
’ReveraGen BioPharma, Rockville, MD, USA. 8Aparito Limited, Metabolic


https://doi.org/10.1186/s13023-023-02650-4
https://doi.org/10.1186/s13023-023-02650-4

Nabbout et al. Orphanet Journal of Rare Diseases (2023) 18:109

Support UK, Wrexham, UK. °Korea Disease Control and Prevention Agency,
Cheongju-si, Chungcheongbuj-do, Korea. '°Friedrich-Baur-Institute, Depart-
ment of Neurology, LMU Klinikum, Ludwig-Maximilians-Universitdt Mdnchen,
Ziemssenstr. 1, 80336 Munich, Germany. ' Department of Clinical Research
Support, Clinical Research and Education Promotion Division, National Center
of Neurology and Psychiatry, Tokyo, Japan. '?Department of Paediatrics

and Adolescent Medicine, Copenhagen University Hospital, Rigshospitalet,
Copenhagen, Denmark. '*Alltrna, Cambridge, MA, USA. “IOBA (Eye Institute),
University of Valladolid, Valladolid, Spain. '*Regional Coordinating Center

for Rare Diseases, Udine University Hospital, Udine, Italy. '®European Reference
Network. For Hereditary Metabolic Diseases (MetabERN), Dublin, Ireland.
17Canadian Organization for Rare Disorders, Toronto, ON, Canada. '®National
Centre for Rare Diseases, Istituto Superiore di Sanita, Rome, Italy. '*Division

of Rare Diseases Research Innovation, National Center for Advancing Transla-
tional Sciences, National Institutes of Health, Bethesda, MD, USA.

Received: 1 August 2022 Accepted: 27 February 2023
Published online: 09 May 2023

References

1. Nguengang Wakap S, Lambert DM, Olry A, Rodwell C, Gueydan C, Lan-
neau V, et al. Estimating cumulative point prevalence of rare diseases:
analysis of the Orphanet database. Eur J Hum Genet. 2020;28:165-73.

2. Haendel M, Vasilevsky N, Unni D, Bologa C, Harris N, Rehm H, et al. How
many rare diseases are there? Nat Rev Drug Discov. 2020;19:77-8.

3. RARE X: The Power of Being Counted [Internet]. Available from: https://
rare-x.org/wp-content/uploads/2022/05/be-counted-052722-WEB.pdf

4. Global Genes: RARE Disease Facts [Internet]. Available from: https://globa
Igenes.org/rare-disease-facts/

5. Boycott KM, Rath A, Chong JX, Hartley T, Alkuraya FS, Baynam G, et al.
International cooperation to enable the diagnosis of all rare genetic
diseases. Am J Human Genet. 2017;100:695-705.

6. Boycott KM, Hartley T, Biesecker LG, Gibbs RA, Innes AM, Riess O, et al. A
diagnosis for all rare genetic diseases: the horizon and the next frontiers.
Cell. 2019,177:32-7.

7. Orphanet Report Series: Lists of medicinal products for rare diseases in
Europe [Internet]. Available from: https.//www.orpha.net/orphacom/
cahiers/docs/GB/list_of_orphan_drugs_in_europe.pdf

8. Kim SY, Lim BC, Lee JS, Kim WJ, Kim H, Ko JM, et al. The Korean undiag-
nosed diseases program: lessons from a one-year pilot project. Orphanet
J Rare Dis. 2019;14:68.

9. The National Project of Bio Big Data [Internet]. Available from: https://
bighug.kdca.go.kr/bigdata/

10. connect4children [Internet]. Available from: https://conect4children.org/

11. Bolz-Johnson M, Clément L, Gahl W, Padilla C, NishumuraY, Yang R,
et al. Enhancing the value of clinical networks for rare diseases. Rare Dis
Orphan Drugs J. 2022;2:9.

12. Rare Diseases International: COLLABORATIVE GLOBAL NETWORK [Inter-
net]. Available from: https://www.rarediseasesinternational.org/fr/colla
borative-global-network/#:~:text=The%20Collaborative%20Global%
20Network%20(CGN,Rare%20Disease%20(PLWRD)%20worldwide.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://rare-x.org/wp-content/uploads/2022/05/be-counted-052722-WEB.pdf
https://rare-x.org/wp-content/uploads/2022/05/be-counted-052722-WEB.pdf
https://globalgenes.org/rare-disease-facts/
https://globalgenes.org/rare-disease-facts/
https://www.orpha.net/orphacom/cahiers/docs/GB/list_of_orphan_drugs_in_europe.pdf
https://www.orpha.net/orphacom/cahiers/docs/GB/list_of_orphan_drugs_in_europe.pdf
https://bighug.kdca.go.kr/bigdata/
https://bighug.kdca.go.kr/bigdata/
https://conect4children.org/
https://www.rarediseasesinternational.org/fr/collaborative-global-network/#:~:text=The%20Collaborative%20Global%20Network%20(CGN,Rare%20Disease%20(PLWRD)%20worldwide
https://www.rarediseasesinternational.org/fr/collaborative-global-network/#:~:text=The%20Collaborative%20Global%20Network%20(CGN,Rare%20Disease%20(PLWRD)%20worldwide
https://www.rarediseasesinternational.org/fr/collaborative-global-network/#:~:text=The%20Collaborative%20Global%20Network%20(CGN,Rare%20Disease%20(PLWRD)%20worldwide

	Towards the international interoperability of clinical research networks for rare diseases: recommendations from the IRDiRC Task Force
	Abstract 
	Background 
	Results 
	Conclusions 

	Introduction
	Methods
	Main text
	Demography of the CRNs
	Activities, research and measures of effectiveness
	International collaborative framework
	Sustainability of the CRNs
	Barriers and needs preventing international collaboration
	Roadmap for the development of international CRNs for rare diseases
	Future directions for CRNs

	Conclusions
	Anchor 17
	Acknowledgements
	References


