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Abstract

People with rare lysosomal storage diseases face challenges in their care that arise from disease complexity and het-
erogeneity, compounded by many healthcare professionals being unfamiliar with these diseases. These challenges
can result in long diagnostic journeys and inadequate care. Over 30 years ago, the Rare Disease Registries for Gaucher,
Fabry, Mucopolysaccharidosis type | and Pompe diseases were established to address knowledge gaps in disease
natural history, clinical manifestations of disease and treatment outcomes. Evidence generated from the real-world
data collected in these registries supports multiple stakeholders, including patients, healthcare providers, drug devel-
opers, researchers and regulators. To maximise the impact of real-world evidence from these registries, engagement
and collaboration with the patient communities is essential. To this end, the Rare Disease Registries Patient Council
was established in 2019 as a partnership between the Rare Disease Registries and global and local patient advo-

cacy groups to share perspectives on how registry data are used and disseminated. The Patient Council has resulted
in a number of patient initiatives including patient representation at Rare Disease Registries advisory boards; develop-
ment of plain language summaries of registry publications to increase availability of real-world evidence to patient
communities; and implementation of digital innovations such as electronic patient-reported outcomes, and patient-
facing registry reports and electronic consent (in development), all to enhance patient engagement. The Patient
Council is building on the foundations of industry—patient advocacy group collaboration to fully integrate patient
communities in decision-making and co-create solutions for the rare disease community.
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Graphical Abstract

A rare partnership: community and industry
collaboration to shape the impact of real-world

evidence on the rare disease ecosystem
Klein, Bender, ...Znidar et al. (2023)

The rare disease ecosystem is dynamic and involves multiple stakeholders, all working towards the advancement of patient care.
Patients with rare diseases are often underserved, in part due to the scarcity of real-world evidence (RWE). To address the knowledge
gaps in lysosomal storage diseases (LSDs), the Rare Disease Registries (RDRs) were set up for Gaucher disease, Fabry disease, Pompe
disease and Mucopolysaccharidosis type | to generate RWE.
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The Registries Patient Council and Boards of Advisors were formed to continuously evolve the RDRs to serve the rare disease patient

community. International and regional Boards of Advisors provide scientific oversight and direction. Meaningful engagement with patient
advocacy groups (PAGs) lies at the core of the RDRs’ commitments to transparency, access and education in the use and dissemination
of RWE. Thus, the Registries Patient Council, formed of global and local PAG leaders, was established in 2019 to amplify the patient voice.
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Background

There is no universally accepted definition of ‘rare dis-
ease. In the European Union, a disease is defined as rare
if it affects fewer than 1 in 2,000 people [1]. In the United
States, the Orphan Drug Act defines a rare disease as
one that affects fewer than 200,000 people in the popula-
tion, while Japan uses 50,000 people as its threshold [2,
3]. Around 7,000 identified rare diseases affect approxi-
mately 350 million people worldwide [4]. Their poorly
defined disease prevalence and the heterogeneity of rare
diseases pose unique challenges across all aspects of the
patient journey, patient care and drug development [4].

Lysosomal storage diseases (LSDs) are a group of rare,
inherited metabolic disorders generally caused by defi-
ciencies in lysosomal enzymes which result in defective
substrate breakdown, leading to build-up in affected
organs [5—7]. Substrate accumulation causes organ dys-
function and a broad spectrum of clinical manifesta-
tions. There are around 70 known LSDs. While they are
individually rare, their collective incidence varies from
approximately 1 in 5,000 to 1 in 7,000 births, dependent
on population [6].

In addition to significant morbidity, people with LSDs
often have long diagnostic odysseys, which may be com-
pounded by inadequate disease understanding across
healthcare providers [6]. Consequently, some patients
have difficulty finding specialised care and/or have lim-
ited treatment options. Adding further complexity, LSDs
have various genotypes and phenotypes, with a variable
extent of disease severity. These factors have led to chal-
lenges in collecting robust data on disease natural his-
tory, management and treatment outcomes [8].

The Rare Disease Registries (RDRs) were established
in 1991 with the International Collaborative Gaucher
Group (ICGG) Registry, followed by the Fabry Registry in
2001, Mucopolysaccharidosis type I (MPS I) Registry in
2003 and Pompe Registry in 2004. We will describe the
RDRs and the establishment of the RDR Patient Council
in the context of successful partnerships of patient advo-
cacy groups (PAGs) and industry, and outline the work
undertaken by the RDR Patient Council to date.

Overview of the Rare Disease Registries

The history, process and impact of the RDRs were
reviewed in 2022 by Mistry et al. [8]. The RDRs were ini-
tiated to address the unmet need of collecting real-world
data (RWD) to generate real-world evidence (RWE) on
the natural history of LSDs and treatment outcomes [8].
These data are especially important in LSDs due to a lim-
ited knowledge of disease natural history, disease hetero-
geneity and small patient populations. Expert-endorsed
management guidelines are often limited and specialised
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centres are usually geographically dispersed [9]. Moreo-
ver, standard clinical trial designs may not be feasible and
modifications to statistical tests, endpoints, dosing and
multi-arm designs may be necessary to achieve sufficient
statistical power [10].

The RDRs represent the largest, global, observa-
tional databases for Gaucher disease, Fabry disease,
MPS I and Pompe disease. They are the result of a col-
laborative partnership between members of the rare
disease community, including healthcare professionals
(HCPs), statisticians, patients, PAGs and Sanofi. These
registries provide a mechanism for collecting RWD
on disease signs and symptoms, clinical assessments,
patient-reported outcomes (PROs) and treatment out-
comes. All patients with a confirmed diagnosis are eligi-
ble to participate, regardless of their therapy status and
choice of treatment. Patients may be enrolled at any time
in the course of their disease through participating reg-
istry sites. Patients receive standard-of-care treatment as
determined by their physicians, who then enter patients’
longitudinal data [8].

Since the introduction of RDRs in 1991, more than
18,000 patients have enrolled at over 800 sites in 64
countries (see Fig. 1), resulting in an increased capac-
ity to generate RWE which will only grow as enrolment
continues. In turn, to date, more than 100 peer-reviewed
articles have been published using RDR data. This wealth
of data has increased the understanding of disease natu-
ral history, clinical characteristics, genotype—phenotype
correlations, comorbidities and treatment outcomes for
diseases such as Gaucher, Fabry, MPS I and Pompe [8,
11]. For example, data from the ICGG Gaucher Registry
showed that Gaucher disease is a systemic disorder that
is not limited to the macrophage system, where patients
have an increased risk of malignancy and of developing
Parkinson’s disease/Lewy body dementia [12], and delin-
eated the impact of different variants in GBA and their
relationships with subtypes of Gaucher disease [13].
Similarly, data from the Fabry Registry revealed that
approximately 5% of patients with Fabry disease (FD)
experienced major cardiovascular events if they did not
start treatment or prior to initiating enzyme replacement
therapy [14], leading to the requirement for patients with
FD to be monitored for cardiovascular risk factors. The
Fabry Registry also transformed our understanding of
disease manifestations in female patients: previously,
female patients with heterozygous mutations in GLA
were thought to be asymptomatic carriers [15, 16]. Regis-
try data showed that they are at high risk for major organ
involvement and a decreased quality of life due to ran-
dom X-chromosome inactivation [16].

Moreover, learnings based on Registry data have resulted
in improvements in diagnosis, facilitating earlier initiation
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of treatment, and in the expansion of patient-monitoring
guidelines [12]. For example, data from the MPS I Regis-
try showed that time to treatment has shortened signifi-
cantly since the development of new therapies, leading to
an improvement in patient outcomes [17]; the data were
also used to develop comprehensive clinical management
guidelines, aiding in increasing awareness of MPS I, early
identification of symptoms and long-term monitoring [12].

Furthermore, outside the clinical and research com-
munities, RDRs have been a rich source of data for
regulatory authorities, payors, health technology
assessment bodies and policymakers [8, 11]. Registry
data have been used in regulatory decision-making and
post-marketing authorisation assessments by the Euro-
pean Medicines Agency and the US Food and Drug
Administration [18-20]. Thus, regulators and other
decision-makers can leverage registry data as a part of
the evidence used in governing decisions for approv-
als, drug access and reimbursements [19]. Using RWE
to support post-marketing authorisation applications
helps expedite patient treatment availability, ultimately
improving patient outcomes [18—20]. Additionally, reg-
istries provide a platform for collaboration and data
exchange between international regulators in evaluat-
ing evidence for treatments of rare diseases, including
clinical trial design, risk-management plans and early-
access mechanisms [18, 20].

Patient advocacy groups in rare disease

PAGs provide patients and their families with infor-
mation, education and support, connect them with
available resources, defend and represent their inter-
ests [21]. Their roles have evolved significantly as
they have become key partners in the rare disease
ecosystem, working closely with healthcare provid-
ers, pharmaceutical companies, regulatory authorities
and academics to best serve the patient community
[4]. The roles of PAGs in the field of rare disease are
summarised in Fig. 2. In a survey of 159 international

total registry sites

countries

rare disease PAGs, it was reported that the most com-
mon annual budget for running their activities, serv-
ing 1,000-10,000 members, was between USD 100,000
and USD 200,000. Most funding was obtained through
charitable donations, fundraising events and corporate
sponsorship [21].

PAGs are critical in providing disease-specific educa-
tion to HCPs and other clinical team members who may
not regularly encounter patients with rare diseases [22].
PAGs also empower patients to take a more active role in
shared decision-making [4] (see Fig. 2).

In drug development, PAGs have significantly con-
tributed to patient recruitment, clinical trial protocol
design, identification of endpoints and PROs [23-27].
For instance, after the inception of the International
Pompe Association (IPA) in 1999, members could engage
with and directly fund preliminary research into enzyme
replacement therapies (ERTSs). The IPA played a key role in
advocating for commercialisation and approval of an ERT
and supported in updating management guidelines [28].

In relation to the collection of RWD, PAGs are vital
collaborators to ensure the RWE generated is mean-
ingful to patients and addresses their needs effectively.
Insights from PAGs and their communities can be used
to drive patient-centric practices in data collection, thus
enhancing the quality of RWE [29, 30]. Given that PAGs
are a primary source of information for patients, these
organisations are ideally placed to lead patient education
efforts and improve the standards of RWD collection and
increase patient understanding of the value of RWE [31].
The patient experience can provide pertinent informa-
tion that may be missed by researchers or clinicians, for
example on activities of daily living, concomitant medica-
tion use or the effect of socioeconomic factors [30]. PAGs
have also driven the adoption of patient-facing summaries
and outputs of Registry data, a key effort to aid patients in
understanding why their data are being collected [31, 32].

PAGs promote patient data ownership and address
issues of transparency and data access. PAGs have also
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Fig. 2 Interactions patient advocacy groups have with the various other stakeholders in the rare disease ecosystem

HCP, healthcare professional

created independent, patient-led registries, including
two organisations that are members of the RDR Patient
Council: the Gaucher Registry for Development, Inno-
vation and Analysis of Neuronopathic Disease (GARD-
IAN), which collects clinical and patient-relevant
outcomes, and the International Niemann-Pick Dis-
ease Registry (INPDR), which contributes to consen-
sus clinical management guidelines and assessments of
clinical disease characteristics [11, 12, 33, 34].
Moreover, the ARthritis Partnership with Compara-
tive Effectiveness Researchers Registry (AR-PoWER) and
DuchenneConnect Registry also exemplify PAG-registry
partnerships where patient input shapes the processes of
informed consent, PRO selection and response to patient
enquiries [29]. By its very nature, RWE can be an impor-
tant tool in fostering a sense of community, as it captures
longitudinal data from diverse patient populations, regard-
less of inclusion criteria used in clinical trials. Patients are
able to become part of a community and see how RWD
collection benefits them individually and collectively [30].

The Rare Disease Registries Patient Council
Overview of the Rare Disease Registries and Patient
Council partnership

The RDR Patient Council was established in 2019 to
build on successful collaborations between PAGs and

the various stakeholders in the rare disease community.
It plays a key role in the continued evolution and expan-
sion of the RDRs. The RDRs are guided by the Boards
of Advisors (BoAs), consisting of physicians (experts in
the respective disease), patient representatives and the
Patient Council (Fig. 1). The last of these is comprised
of global and local PAG leaders who consult on patient
needs and engage with the wider patient community. The
physicians at the regional and international BoAs use
their clinical and scientific expertise to direct the Regis-
tries’ research and publication priorities.

The RDR Patient Council was established to increase
patient engagement and collaborate with global and local
PAGs. It was founded in 2019 to partner the RDRs with
the patient community in the use and dissemination of
RWE. The PAGs represented in the RDR Patient Council
have a wide-reaching global impact, supporting patients
in more than 100 countries (Fig. 3).

The RDR Patient Council is also an avenue for co-
creating solutions with the patient community, and it
has identified RWE as an important topic for continued
dissemination of information to the wider patient com-
munity as well as to other stakeholders. Education on the
relevance of RWE in rare diseases is invaluable for HCPs
and patients alike. Through engagement in the RDR
Patient Council, PAGs can provide greater understanding
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of the RDRs for their organisations, including why their
data are collected and how those data will be used. There-
fore, by involving patients, the Registries can achieve the
shared goals of transparency, access, education and max-
imising the use of RWD to produce evidence on rare dis-
eases. Multistakeholder engagement and collaboration
are critical across registries, whether the model is indus-
try-sponsored or patient-led.

Rare Disease Registries Patient Council aims and initiatives
The RDR Patient Council set out to achieve the follow-
ing: 1) increasing the visibility and utility of the RDRs to
stakeholders, 2) fostering the identity of the RDR Patient
Council and 3) amplifying patient engagement with the
RDRs. These aims share the common purpose of involv-
ing patients in leveraging RWD to increase data literacy
and generate purposeful RWE that can be used to inform
decisions to improve patient outcomes.

The RDR Patient Council and the ongoing partner-
ship established with the member organisations brought
about several initiatives to shape the way evidence is gen-
erated and disseminated for and with the patient commu-
nity. These include PAG representation at BoA meetings,
plain language summaries (PLSs) of registry publications,
digital innovations for increased patient participation,
and the development of educational materials. Further-
more, the RDR Patient Council serves as a platform for
cross-organisational dialogue between patient- and
industry-led Registries. It provides a forum to share best

practices and learnings, as well as methods of optimum
collaboration.

To enhance the visibility of the RDRs and patient
engagement with Registry activities, the RDR Patient
Council advocated greater patient representation at BoA
meetings. Since 2021, PAG leaders have been present at
the Fabry, Gaucher, MPS I and Pompe Registry interna-
tional BoA meetings. Since 2023, PAG leaders have also
been present at regional BoA meetings.

Patient-facing plain language summatries

The RDR Patient Council championed the drive to tailor
communication channels used to disseminate Registry
publications and to widen their reach to a larger cross-
section of the rare disease community. The result has
been the development and publication of peer-reviewed,
open-access PLSs of Registry publications available in
English, Chinese, French, German, Italian and Spanish
[35, 36]. These PLSs are peer-reviewed by a patient who
does not have the disease being presented, to ensure they
are easily understood by the patient community. PLSs are
summarised in Table 1.

PLSs present the publications in language suitable for
the patient community and wider public, free from tech-
nical terminology or complex statistics. PLSs based on
Registry publications also use visual aids to explain dis-
ease pathophysiology, symptoms, inheritance patterns and
treatment options. They are an effective patient education
tool and support informed patient participation in clinical
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decision-making and treatment personalisation. PLSs
from each of the four Registries have been well received,
with more than 5,500 downloads (Table 1) [37-40]. Topics
for future PLSs were also suggested by the Patient Council,
as well as methods to increase patient reach and accessibil-
ity, such as improving online navigation to the PLSs and
exploring the possibility of including them on Registry
websites. The Patient Council made recommendations on
tailoring communication channels to patients in different
geographies to improve awareness of the published PLSs
via open access on the journals’ websites.

Patient accounts and electronic patient-reported outcomes
Other initiatives established and endorsed to increase
patient participation are digital innovations that enable
patients to engage with the RDRs and enter their data
directly and easily. These include patient accounts to
enter electronic patient-reported outcomes (ePROs) and
quality-of-life and disease-burden data; an example of
this is the inclusion of the 36-Item Short Form Health
Survey (SF-36). These ePROs can be expanded further by
adding sections on comorbidities and other drugs taken.
The Patient Council advised that moving on from paper-
based entries would increase patient participation. Addi-
tional enhancements include interactive Global Registry
Reports, patient clinical summaries and electronic con-
sent (eConsent) forms.

These digital innovations can support the integration of
patient-centred health outcomes and disease-burden data
with clinical data entered by physicians. This informa-
tion can then be used to generate patient-facing reports
and enhance the patient experience. Patient accounts
with access to ePROs and Registry reports are currently
in jurisdictions where allowable under local regulations.
To maximise the impact of these data, the RDR Patient
Council emphasised the future possible need to include
the caregiver perspective for paediatric patients and
patients with severe disease, in addition to developing
educational materials. The Patient Council also provided
recommendations on simplifying this process by inte-
grating data collection with physician visits and reducing
survey length to increase participation.

Interactive Global Registry Reports and patient clinical
summaries

The RDR Patient Council was involved in the review of
patient-facing registry outputs, such as Global Registry
Reports and Patient Clinical Summaries, which are avail-
able via patient accounts to enrolled registry participants.
Global Registry Reports present filterable aggregate
data including enrolment numbers and disease-spe-
cific summaries of data, such as age at onset and age at
first treatment. The Patient Council advised on optimal
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approaches to raising patient awareness of the platform
and additional data for inclusion in future updates,
such as comorbidities, all disease-associated symptoms,
genetic variants and geographical locations of patients.
Members also requested updates to RDR infographics
highlighting currently participating sites in addition to
the available infographics that summarise all historical
enrolling sites, plus adding visuals illustrating the RDRs’
growth over time. Moreover, the RDR Patient Coun-
cil affirmed the need for accessibility, (e.g., via one-click
access) and translation into multiple languages as well as
adding a filter-by-country option, for patients to see the
impact of sharing their data. The RDR Patient Council
also advocated for transparency of reporting, noting that
this would empower patients to feel part of a global com-
munity while functioning as an educational resource for
patients and their caregivers.

To promote the functionality of the Registries for cli-
nicians and patient communities, updates to the graphi-
cal and tabular representation of individual patient-level
data available to the patient and their Registry physician
via their Registry accounts were endorsed and validated
by the RDR Patient Council. The International Gaucher
Alliance (IGA), a member organisation, offered to set up
dedicated boards of patients to review patient accounts
and the resultant reports, ensuring their suitability. There
are current plans to expand this initiative beyond I1GA,
to the rest of the participating PAGs. The RDR Patient
Council recognised that clinical, laboratory and treat-
ment data can be used as tools that patients can share
with their HCPs on a regular basis, furthering patient
participation in shared decision-making. Furthermore,
the RDR Patient Council affirmed that innovative, com-
plex methodologies can be applied to the RWD collected
in the RDRs to generate valuable RWE to augment the
body of evidence in rare disease where every study is
important. Thus, the RDR Patient Council noted that
patients should be integrated into the review of Registry
study designs, and that the Patient Council could serve as
a place where the patient perspective on how studies are
performed, including statistical methodologies used to
produce RWE, will ensure relevance to and understand-
ing by the patient community.

Electronic consent
The RDRs are developing eConsent forms, a digital plat-
form to collect informed consent from patients where
permitted. These will facilitate enrolment in the RDRs,
streamline administrative processing and reduce burden
on patients and caregivers where local regulations allow
for the tool’s implementation.

The RDR Patient Council supported the development
of eConsent forms and highlighted methods to employ
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them effectively and communicate their utility to patient
communities. Technical support, e-learning modules
and training videos were encouraged by the RDR Patient
Council to ensure patients fully understood the process.
Privacy and data protection remain a priority for patients,
and the RDR Patient Council was able to provide reassur-
ance by highlighting the various security measures taken
to safeguard patients’ data.

The RDR Patient Council members recognise that
patient engagement with Registries is key to maximis-
ing the potential of the Registries and therefore encour-
age their communities to do so. Creation of Registry
materials, such as brochures and infographics, provides
resources that describe the Registries at the consumer
level, clarifying how patients’ data are used, increasing
transparency and addressing concerns about the poten-
tial lack of detailed feedback they receive as participants.
Ease of access to Registry reports and clinical summaries
will also help engage the community and demonstrate
the benefit of the Registries. Insights from the Council
that will be carried forward include elucidating the differ-
ences between clinical trials and Registries and organis-
ing workshops or webinars for members.

Conclusion

Rare diseases are characterised by a lack of RWE, which
may result in suboptimal care for patients. It is therefore
imperative that patients are involved in shaping how this
evidence is generated and used, as key stakeholders and
the end users of therapies. The RDRs Patient Council is
a successful example of a partnership that engages the
patient community to help raise awareness and under-
standing of the importance of registries and RWD/RWE
and the crucial role that patients play.

As disease understanding grows, there is an increased
appreciation of and demand for RWE to support access
to existing treatments and development of new treat-
ments. Registries, in general, and the RDRs in particu-
lar, provide critical, long-term data needed to inform all
key stakeholders in the rare disease ecosystem. Effective
multistakeholder collaboration, including close partner-
ships with patients and their representatives, is crucial to
maximising the value of RWE.

Abbreviations

AR-POWER  ARthritis Partnership with Comparative Effectiveness Research-
ers Registry

BoA Board of Advisors

eConsent  electronic consent

ePRO electronic patient-reported outcome

ERT enzyme replacement therapy

GARDIAN Gaucher Registry for Development, Innovation and Analysis of
Neuronopathic Disease

HCP healthcare professional

ICGG International Collaborative Gaucher Group

Page 9 of 11

IGA International Gaucher Alliance
INPDR International Niemann-Pick Disease Registry
IPA International Pompe Association
LSD lysosomal storage disease

MPS | mucopolysaccharidosis type |
PAG patient advocacy group

PLS plain language summary

PRO patient-reported outcome

RDR Rare Disease Registry

RWD real-world data

RWE real-world evidence

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513023-024-03262-2.

[ Supplementary Material 1. }

Acknowledgements

The authors would like to thank all Registry participants and their caregivers/
families who have provided data to the Registries; past and present Registry
principal investigators, physicians and study coordinators; all regional and
international members of the Boards of Advisors; and all past and present
Genzyme, Sanofi Genzyme and Sanofi Registry team members. The authors
would like to thank Tasabeeh Mohamed PhD and Colin Glen PhD from Lucid
Group Communications Ltd, Marlow, Buckinghamshire, United Kingdom, for
providing medical writing support. Medical writing support was funded by
Sanofi in accordance with Good Publication Practice (GPP3) guidelines.

Authors’ contributions

TLK, JB, SB, TCH, AD, LDB, DD, JH, JJ, TL, MP, TS and IZ contributed equally to the
conceptualisation and development of this manuscript. TLK, JB, SB, TCH, AD,
LDB, DD, JH, JJ, TL, MP, TS and IZ performed critical reviews of early drafts and
read and approved the final manuscript.

Funding

The Rare Disease Registries are funded by Sanofi. Sanofi provided funding to
Lucid Group Ltd,, for support in writing and editing this manuscript under the
direction of all authors.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
All patients provided informed consent to participate in the Registries.

Consent for publication
Not applicable.

Competing interests

TK received honoraria for meeting attendance and advisory boards from
Sanofi. TK'is President and CEO of National MPS Society. JB is an employee of
Sanofi. SB received travel grants from Amicus Therapeutics, Sangamo Thera-
peutics and Biomarin, and received travel grants and honorarium from Sanofi.
TCH is the CEO of IGA, with which she participated in advisory boards for Avro-
bio. IGA received grants from Sanofi, Prevail, Pfizer, Avrobio, Takeda, M6P and
Gain. IGA received consulting fees from UK Gaucher Association and Gaucher
Outcome Survey. TCH received payment for expert testimony from NICE.

AD received grants and royalties from Casa Hunter, Federacéo Brasileira das
Associagdes de Doencas Raras (FEBRARARAS) and Casa dos Raros; consulting
fees, speaking honoraria, payment for expert testimony, meeting attendance
support, advisory board from Casa Hunter; meeting support attendance from
FEBRARARAS, and patents issued with Casa dos Raros. DD is an employee

of Sanofi and is a member of the PCORI Rare Disease Advisory Panel. JH
participated in advisory boards for Zevra Therapeutics, Azafaros and the Inter-
national Niemann-Pick Disease Registry; board member of Uplifting Athletes


https://doi.org/10.1186/s13023-024-03262-2
https://doi.org/10.1186/s13023-024-03262-2

Klein et al. Orphanet Journal of Rare Diseases (2024) 19:262

and National Niemann-Pick Disease. JJ is an employee and executive director
of FSIG; FSIG received grants from 4D Molecular Therapeutics, Amicus Thera-
peutics, Avrobio, Chiesi Global Rare Diseases, Codexis, Freeline Therapeutics,
Idorsia Pharmaceuticals, Sangamo Therapeutics, Sanofi, Siglion Therapeutics
and Spark Therapeutics; received honoraria from Chiesi Global Rare Diseases,
Idorsia Pharmaceuticals, Sanofi, Spark Therapeutics, Takeda and Protalix;
received meeting attendance support from Chiesi Global Rare Diseases and
Sanofi. JJ is a voluntary Vice-President Americas and Global of FIN. TL is the
Vice-Chairperson of Hong Kong MPS & Rare Genetic Diseases Mutual Aid
Group. MP is the voluntary President of FIN and the Greek Lysosomal Organi-
zation; FIN received grants from Amicus Therapeutics, Chiesi Pharmaceuticals,
Sangamo Therapeutics, Sanofi, Spark Therapeutics and Takeda; FIN received
payment for expert testimony from Sanofi and Takeda. TS is a board member
of IPA and Chairman of Pompe Deutschland. IPA received grants and Pompe
Deutschland received charitable donations from Sanofi. TS received meeting
attendance support from Sanofi. IZ is a board member of IGA and Vice-Chair
of the Slovenian Gaucher Association; received meeting and advisory board
attendance support from Sanofi. LDB declares no conflict of interest.

Author details

"National MPS Society, PO Box 14686, Durham, NC, USA. ?International MPS
Network, Ottawa, Ontario, Canada. >Sanofi, Cambridge, MA, USA. *Interna-
tional Niemann-Pick Disease Registry (INPDR), Newcastle, UK. °International
Gaucher Alliance (IGA), London, UK. 5Gaucher Registry for Development,
Innovation & Analysis of Neuronopathic Disease (GARDIAN), London, UK.
’Casa Hunter — Brazilian Association of Hunter Disease Patients and Other

Rare Diseases, Sa0 Paulo, Brazil. ®Fabry International Network (FIN), Antwerp,
Belgium. °National Niemann-Pick Disease Foundation (NNPDF), Rochester, NY,
USA. "°Fabry Support & Information Group (FSIG), Concordia, MO, USA. '"Hong
Kong Mucopolysaccharidoses & Rare Genetic Diseases Mutual Aid Group
(HKMPS), Kowloon, Hong Kong. '?International Pompe Association (IPA), Baarn,
The Netherlands. >Pompe Deutschland eV, Weingarten (Baden), Germany.

Received: 2 February 2024 Accepted: 16 June 2024
Published online: 10 July 2024

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(2):165-73.

2. US Congress. Rare Diseases Act of 2002. PLAW-107publ280.pdf (govinfo.
gov). Accessed 5 July 2024.

3. Ninomiya K, Okura M. Nationwide comprehensive epidemiological
study of rare diseases in Japan using a health insurance claims database.
Orphanet J Rare Dis. 2022;17(1):140.

4. Nori M, Fisher-Vance D, Wuerth L, Colenso R, Donovan DJ. The global role
of patients, advocates and caregivers in rare diseases. Future Rare Dis.
2022,2(2):FRD22.

5. RajkumarV, Dumpa V. Lysosomal Storage Disease. In: StatPearls. Treasure
Island (FL): StatPearls Publishing; 2023.

6. Platt FM, d'Azzo A, Davidson BL, Neufeld EF, Tifft CJ. Lysosomal storage
diseases. Nat Rev Dis Primers. 2018;4(1):27.

7. Sun A. Lysosomal storage disease overview. Ann Trans| Med. 2018,6(24):476.

8. Mistry PK, Kishnani P, Wanner C, Dong D, Bender J, Batista JL, et al. Rare
lysosomal disease registries: lessons learned over three decades of real-
world evidence. Orphanet J Rare Dis. 2022;17(1):362.

9. Stoller JK. The challenge of rare diseases. Chest. 2018;153(6):1309-14.

10. Day S, Jonker AH, Lau LPL, Hilgers R-D, Irony |, Larsson K, et al. Recom-
mendations for the design of small population clinical trials. Orphanet J
Rare Dis. 2018;13(1):195.

11. McGettigan P, Alonso Olmo C, Plueschke K, Castillon M, Nogueras
Zondag D, Bahri P, et al. Patient registries: an underused resource for med-
icines evaluation : operational proposals for increasing the use of patient
registries in regulatory assessments. Drug Saf. 2019;42(11):1343-51.

12. Geberhiwot T, Wasserstein M, Wanninayake S, Bolton SC, Dardis A,
Lehman A, et al. Consensus clinical management guidelines for acid
sphingomyelinase deficiency (Niemann-Pick disease types A, B and A/B).
Orphanet J Rare Dis. 2023;18(1):85.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

Page 10 of 11

Sidransky E, Lopez G. The link between the GBA gene and parkinsonism.
Lancet Neurol. 2012;11(11):986-98.

Patel MR, Cecchi F, Cizmarik M, Kantola I, Linhart A, Nicholls K, et al.
Cardiovascular events in patients with fabry disease natural history data
from the fabry registry. J Am Coll Cardiol. 2011;57(9):1093-9.

Wang RY, Lelis A, Mirocha J, Wilcox WR. Heterozygous Fabry women are
not just carriers, but have a significant burden of disease and impaired
quality of life. Genet Med. 2007;9(1):34-45.

Wilcox WR, Oliveira JP, Hopkin RJ, Ortiz A, Banikazemi M, Feldt-Ras-
mussen U, et al. Females with Fabry disease frequently have major
organ involvement: lessons from the Fabry Registry. Mol Genet Metab.
2008;93(2):112-28.

Giugliani R, Muschol N, Keenan HA, Dant M, Muenzer J. Improvement in
time to treatment, but not time to diagnosis, in patients with mucopoly-
saccharidosis type I. Arch Dis Child. 2021;106(7):674-9.

Jonker CJ, Bakker E, Kurz X, Plueschke K. Contribution of patient registries
to regulatory decision making on rare diseases medicinal products in
Europe. Front Pharmacol. 2022;13:924648.

Bilton D, Caine N, Cunningham S, Simmonds NJ, Cosgriff R, Carr SB. Use
of a rare disease patient registry in long-term post-authorisation drug
studies: a model for collaboration with industry. Lancet Respir Med.
2018;6(7):495-6.

FDA. Real-World Data: Assessing Registries to Support Regulatory
Decision-Making for Drug and Biological Products: Guidance for Indus-
try. 2023. https://www.fda.gov/regulatory-information/search-fda-guida
nce-documents/real-world-data-assessing-registries-support-regulatory-
decision-making-drug-and-biological-products. Accessed 5 July 2024.
Patterson AM, O'Boyle M, VanNoy GE, Dies KA. Emerging roles and
opportunities for rare disease patient advocacy groups. Ther Adv Rare
Dis. 2023;4:26330040231164425.

Chisolm S, Salkeld E, Houk A, Huber J. Partnering in medical education:
rare disease organizations bring experts and a patient voice to the con-
versation. Expert Opin Orphan Drugs. 2014;2(11):1171-4.

Lowe MM, Blaser DA, Cone L, Arcona S, Ko J, Sasane R, et al. Increas-

ing patient involvement in drug development. Value Health.
2016;19(6):869-78.

Sigal E, Stewart M, Merino D. Advocacy and patient involvement in clini-
cal trials. 2020. p. 1-13.

Clearfield E, Tambor E, Janssen EM, Messner DA. Increasing the patient-
centeredness of health economics and outcomes research through
patient engagement in core outcome set development. Patient.
2021;14(4):413-20.

Addario B, Geissler J, Horn MK, Krebs LU, Maskens D, Oliver K, et al.
Including the patient voice in the development and implementation

of patient-reported outcomes in cancer clinical trials. Health Expect.
2020;23(1):41-51.

Dillon C, Knapp J, Stinson M. An evolved approach to advisory boards in
rare disease drug development: 5-step model to finding and engaging
patient advisors. J Patient Exp. 2020;7(6):978-81.

House T, O'Donnell K, Saich R, Di Pietro F, Broekgaarden R, Muir A, et al.
The role of patient advocacy organizations in shaping medical research:
the Pompe model. Ann Transl Med. 2019;7(13):293.

Daugherty SE, Lee SB, Nowell B, Peay H, Solomon D, Gray ValbrunT, et al.
The Increasing Focus on the Patient in Patient Registries. Rockville, MD:
Agency for Healthcare Research and Quality (US); 2018. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK493820/?report=classic.
Oehrlein EM, Graff JS, Harris J, Perfetto EM. Patient-community perspec-
tives on real-world evidence: enhancing engagement, understanding,
and trust. Patient. 2019;12(4):375-81.

Oehrlein EM, Schoch S, Burcu M, McBeth JF, Bright J, Pashos CL, et al.
Developing patient-centered real-world evidence: emerging meth-
ods recommendations from a consensus process. Value in Health.
2023;26(1):28-38.

Stern AD, Bronneke J, Debatin JF, Hagen J, Matthies H, Patel S, et al.
Advancing digital health applications: priorities for innovation in real-
world evidence generation. Lancet Digital Health. 2022;4(3):e200-6.
Bolton SC, Soran V, Marfa MP, Imrie J, Gissen P, Jahnova H, et al. Clinical
disease characteristics of patients with Niemann-Pick Disease Type C:
findings from the International Niemann-Pick Disease Registry (INPDR).
Orphanet J Rare Dis. 2022;17(1):51.


https://www.congress.gov/107/plaws/publ280/PLAW-107publ280.pdf
https://www.govinfo.gov/
https://www.govinfo.gov/
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/real-world-data-assessing-registries-support-regulatory-decision-making-drug-and-biological-products
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/real-world-data-assessing-registries-support-regulatory-decision-making-drug-and-biological-products
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/real-world-data-assessing-registries-support-regulatory-decision-making-drug-and-biological-products
https://www.ncbi.nlm.nih.gov/books/NBK493820/?report=classic

Klein et al. Orphanet Journal of Rare Diseases (2024) 19:262

34.

35.

36.

37.

38.

39.

40.

Collin-Histed T, Stoodley M, Beusterien K, Elstein D, Jaffe DH, Revel-Vilk
S, et al. A global neuronopathic gaucher disease registry (GARDIAN): a
patient-led initiative. Orphanet J Rare Dis. 2023;18(1):195.

Lobban D, Gardner J, Matheis R. Plain language summaries of publica-
tions of company-sponsored medical research: what key questions do
we need to address? Curr Med Res Opin. 2022;38(2):189-200.
Rosenberg A, Barénikova S, Feighery L, Gattrell W, Olsen RE, Watson A,
et al. Open Pharma recommendations for plain language summaries
of peer-reviewed medical journal publications. Curr Med Res Opin.
2021,37(11):2015-6.

Wanner C, Feldt-Rasmussen U, Ortiz A. Plain language summary of a
study looking at heart muscle thickness and kidney function in women
with Fabry disease who received agalsidase beta treatment. Future
Cardiol. 2022;18(10):755-63.

Deegan P, Khan A Jr, JSC, Weinreb N. Plain language summary of the
International Collaborative Gaucher Group Gaucher Risk Assessment for
Fracture score in people living with Gaucher Disease Type 1. Future Rare
Dis. 2022;2(4):FRD29.

Reuser AJ, Kishnani PS. Plain language summary: How the Pompe Reg-
istry is helping to identify and explain gene changes in Pompe disease.
Future Rare Dis. 2022;2(4):FRD27.

Giugliani R, Muschol N, Dant M, Muenzer J. Plain language summary of
a study looking at the age at diagnosis and time to start of treatment in
individuals with mucopolysaccharidosis type | (MPS I). Future Rare Dis.
2023;3(1):FRD31.

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

Page 11 of 11



	A rare partnership: patient community and industry collaboration to shape the impact of real-world evidence on the rare disease ecosystem
	Abstract 
	Background
	Overview of the Rare Disease Registries
	Patient advocacy groups in rare disease

	The Rare Disease Registries Patient Council
	Overview of the Rare Disease Registries and Patient Council partnership
	Rare Disease Registries Patient Council aims and initiatives
	Patient-facing plain language summaries
	Patient accounts and electronic patient-reported outcomes
	Interactive Global Registry Reports and patient clinical summaries
	Electronic consent


	Conclusion
	Acknowledgements
	References


