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The 287th ENMC International Workshop convened experts from ten countries to address the harmonization and
federated analysis of Myotonic Dystrophy Type 1 (DM1) registries. With over 10,500 patients enrolled globally,
registries remain fragmented, limiting their utility in modeling disease trajectories and supporting clinical trials.
As new therapies enter advanced clinical testing, registries must evolve - not only to enable trial readiness but
also to support downstream functions like pharmacovigilance. The workshop focused on four objectives: re-
defining a core dataset, enabling FAIRification of registries, establishing federated analysis infrastructure, and
developing longitudinal modeling strategies. Key outcomes included a revised core set of clinical and patient
reported outcome measures that is feasible to collect in a routine care setting, strategies for FAIR data inte-
gration, and governance models for federated analysis. Pragmatic and interpretable statistical approaches such as
latent variable modeling and unsupervised clustering were discussed, with key prediction targets identified
across motor, cardiac, and pulmonary domains. The workshop emphasized the need for sustainable funding,
patient-centered design, and international collaboration.

Introduction

The 287th ENMC international Workshop on ‘“Harmonization and
federated analysis of myotonic dystrophy registries to model heteroge-
neous disease trajectories” took place from 28th to the 31st of March
2025. The workshop convened 22 participants from 10 countries -
including medical doctors, researchers, and representatives from patient
advocacy groups and pharmaceutical companies - to explore challenges
and opportunities in patient registry-based data collection and analysis
for Myotonic Dystrophy Type 1 (DM1).

Myotonic Dystrophy type 1 (DM1) is a multisystemic, heteroge-
neous, and progressive neuromuscular disorder characterized by pro-
gressive muscle weakness and myotonia. The global prevalence is
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estimated at 1 in 8000, with significantly higher rates in certain regions,
such as 1 in 2100 in New York State [1,2]. DM1 has considerable vari-
ability in symptom severity and symptom occurrence [3]. Alongside
locomotor degeneration, patients with DM1 experience multisystemic
symptoms such as gastrointestinal, pulmonary and cardiac dysfunction
[4-7]. However, the clinical variability of DM1 poses significant chal-
lenges for tracking disease trajectories and evaluating therapeutic effi-
cacy, especially in the context of therapeutic trials.

Multiple DM1 patient registries have been established worldwide to
address these core challenges associated with the disease. One of the
primary goals is to better understand the heterogeneity and progression
of the disease, thereby enabling more targeted clinical trials for in-
dividuals with shared disease characteristics. Registries also facilitate
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rapid patient recruitment, as demonstrated in the largest DM1 trial to
date (OPTIMISTIC), and may support pharmacovigilance, including
post-marketing surveillance, in the future [8]. Although >10,500 adult
DM1 patients are enrolled in 22 different patient registries, this is esti-
mated to be <1 % of the global DM1 population when taking the
prevalence into account [9]. Consequently, deriving meaningful insights
requires pooled data from multiple registries, but fragmentation and
inconsistent outcome measures used hinder interoperability and
large-scale evaluation.

Within the DM1 community, there is a growing recognition - and a
sense of urgency - to optimize the collection of relevant disease infor-
mation while simultaneously adopting FAIR (Findable, Accessible,
Interoperable, and Reusable) principles to enhance interoperability.
This urgency is particularly driven by significant progress in the devel-
opment of disease-modifying therapies, with several therapeutic stra-
tegies now in advanced stages of clinical testing [10]. In response, this
workshop focused on four key objectives: (1) define a core set of data
elements in support of standardized data collection, (2) enable, and
provide guidelines for FAIRifcation of patient registries, (3) to establish
a federated analysis infrastructure and to (4) set up a longitudinal data
analysis plan to facilitate individual disease trajectory modeling.

Workshop objectives

Defining a core set of data elements in support of standardized data
collection

Previous workshops dedicated to defining core data elements and
standardizing outcome measures for DM1 have established a crucial
foundation for collaborative research and clinical trial enrolment
[11-13]. A key set of outcome measures to be collected, referred to as
the ‘Naarden dataset’, was established in 2009 and is currently adopted
by the majority of all DM1 registries [9]. However, over time several
limitations of the current Naarden dataset have become apparent, such
as its reliance on yes/no questions, which make it unsuitable for tracking
longitudinal disease progression, and its lack of instruments that can
successfully capture the granularity of domain-specific (treatment) ef-
fects over time. Additionally, previous attempts that aimed to harmonize
data elements failed to provide standard operating procedures (SOPs)
for the selected outcomes.

It has become increasingly clear that registries serve different ob-
jectives, and the emergence of new therapies is actively reshaping the
way registries should operate. There is now broad recognition that both
pharmaceutical endpoints, which prioritize simple, robust and objective
measures suitable for regulatory approval, and broader instruments that
measure (patient-reported) quality of life (QoL), are necessary for
comprehensive understanding of disease progression and treatment
impact. QoL measures are crucial for evaluating the real-world effec-
tiveness of pharmaceutical treatments, as improvements in clinical
endpoints do not always translate to enhanced patient well-being. While
muscular symptoms are often emphasized in clinical trials, patients
consistently report non-muscular symptoms such as fatigue and
gastrointestinal symptoms as burdensome in daily life. Furthermore,
currently used endpoints often fail to correlate with real life functional
improvements as experienced by patients, underscoring a gap between
measurable change and meaningful change. A consensus was achieved
that the selection and prioritization of outcome measures must therefore
reflect both the clinicians’ and patients’ perspectives. For the patients’
perspective, family members can play a crucial role in identifying which
disease domains should be prioritized for data collection, as physicians
and/or patients may have blind spots with regards to certain aspects of
the disease.

In the growing landscape of clinical trials, the focus of patient reg-
istries must grow accordingly. While previous efforts focused on col-
lecting information to identify patients for clinical trials and minimize
the burden on patients and caregivers, this workshop came to the
agreement that more comprehensive outcome measures should be
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collected. The emergence of new clinical trials necessitates not only the
identification of trial-eligible cohorts but also supporting pharmacovi-
gilance in a post-marketing surveillance setting.

In the preparatory work for the workshop, an inventory of registries
was compiled detailing the number and subtypes of DM1 patients
included (Fig. 1), as well as the outcome measures most frequently
collected across these registries (Fig. 2; see Supplementary Table 1 for a
more detailed overview of all collected outcome measures per registry).
Together with the criteria outlined above, this inventory formed the
foundation for discussions on which outcome measures should be
prioritized in future data collection efforts. The results of this multi-
disciplinary dialogue are summarized in Table 1, which presents a
proposed set of outcome measures to be adopted in the near future.
Similar to the Naarden set of 2009, the list includes mandatory items to
be collected by all registries. Especially for starting registries with
potentially limited funding, it is advisable to strive for the complete set
of mandatory items as soon as possible. The data elements listed in
Table 1 are designed to align with EMA/FDA pharmacovigilance re-
quirements, including post-marketing surveillance. Other outcome
measures that are currently used in different DM registries, including the
6-minute walk test, 2-minute walk test, quantitative muscle testing
(QMT), timed up and go (TUG), 9-Hole Peg Test (9HPT), Forced Vital
Capacity in supine position, peak cough flow, and the Myotonic Dys-
trophy Health Index short form (MDHI-SF), were not included in the set
of core data elements because they are less feasible to perform in a
routine care setting given resource and time demands. Table 1 and its
future modifications and specifications are available from Zenodo via
this link: https://doi.org/10.5281/zenodo.17241361. This archive will
be complemented with the exact definitions of the outcome measures, in
human and computer-interpretable formats, and standard operating
procedures (SOPs) describing the exact execution of the different tests.

All workshop participants recognized that it is important but
currently difficult to assess symptoms of the gastrointestinal and the
central nervous system (CNS), and that more research is needed to be
able to include these outcomes in a set of core data elements. For the
CNS, the utility of the CogState tool is currently evaluated in the END-
DM1 study, but is unlikely to be used in a routine outpatient clinic
setting. A dedicated ENMC workshop (#288 “Towards better diag-
nosing, understanding and treating gastrointestinal symptoms in myo-
tonic dystrophy”) took place in May 2025 [14]. We suggest to use the
questionnaire resulting from this workshop.

Advancements in digital tools - such as wearable technologies and
mobile reporting - were acknowledged as promising avenues for
capturing real-time, real-world, patient-relevant data. However, par-
ticipants emphasized that additional research is required to evaluate
their utility before they can be systematically integrated into patient
registries. It was also noted that resource constraints and funding limi-
tations restrict data completeness and threaten the long-term sustain-
ability of data collection efforts. Moreover, while many research centers
currently collect data on an annual basis, more frequent patient visits are
likely warranted as new therapies become available, which may further
increase the burden for data entry and hence the need for resources for
sustained data collection.

The majority of current recommendations were observed to be based
on expert opinions, with a systematic quantitative analysis of metro-
logical properties using historical data still lacking. A discussion on
composite scores - outcome measures that aim to capture multiple dis-
ease domains within a single instrument - yielded mixed reactions. Some
participants viewed this approach as beneficial, particularly for clinical
trial recruitment. In contrast, others cautioned that the clinical hetero-
geneity of the disease may dilute symptom representation or treatment
effects when using such measures.

FAIRification of patient registries
The effort to make patient registries FAIR (Findable, Accessible,
Interoperable and Reuseable) emerged from a growing recognition that
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USA Netherlands Germany Euro-NMD Japan

MDFR MYODRAFT study German/Swiss registry Registry REMUDY

« 2500 patients + 750 patients + 1200 of patients + 21 patients « 1300 patients

« Data entered by patients « Data entered by clinicians « Data entered by patients « Data entered by patients « Data entered by patients

« Annual follow-up « Annual follow-up « Annual follow-up « Annual follow-up « Annual follow-up

+ Adult and paediatric « Adult and paediatric + Adult and paediatric + Adult and paediatric + Adult and paediatric
patients patients patients patients patients

USA France Italy Serbia Japan Natural History
END-DM1 DM-Scope NeMo DM1 Registry Akhenaten Study
+ 600 patients « 4000 patients « 500 patients « 550 patients « 550 patients
« Data entered by clinicians « Data entered by clinicians « Data entered by clinicians « Data entered by clinicians « Data entered by clinicians
« Follow-up based on visit + Annual follow-up + Annual follow-up + Annual follow-up + Annual follow-up

uency + Adult and paediatric « Adult and paediatric « Adult and paediatric + Adult and paediatric
+ Adult patients patients patients patients patients

Fig. 1. Overview of DM1 Registries participating in this workshop. Except for the END-DM1 registry, where recordings are based on visit frequency, annual follow-
ups are recorded. Note: The END-DM1 registry operates worldwide.

Disease impact:

DM1-ActivC (2)

EQ-5D-5L(3)

Myotonic Dystrophy Health Index (2)

Pulmonary system:

Forced vital capacity in seated and
prone position (6)

Sleep Apnea, yes/no (4)

Use of non-invasive ventilation
support, i.e. C-PAP, BiPAP, yes/no (6)

Central Nervous System:

Cognitive difficulties, yes/no (4)
Excessive daytime sleepiness and/or
fatigue, yes/no (4)

Fatigue and daytime sleepiness scale
(1)

Motor functions:

Ambulatory status, yes/no (7)
Hand-Grip strength (6)

Muscular impairment rating scale (4)
10-Meter walk test (4)

Presence of myotonia, yes/no (3)
Time to open hand (3)

Manual muscle strength testing (3)
Quantitative muscle strength testing

)

Cardiac system:
Electrocardiography (5)
Palpitations, syncope, chest pain (4)
Pacemaker implantation, yes/no (7)

Gastro-intestinal system:

Trouble eating/swallowing (5)
Digestive difficulties (3)

EAT-10 (1)

Gastro-intestinal rating scale (1)
Time to drink 80ml glass of water (1)

Urogenital system and
reproductive health:

Number of pregnancies (2)
Number of living children (2)
Urinary incontinence yes/no (1)

Fig. 2. Overview of outcome measures used in the ten participating registries. The numbers indicate the number of registries that use that outcome measure.
Outcome measures that are infrequently used are not depicted in this figure.

current DM1 data remains largely underutilized and fragmented,
limiting its potential for guiding therapeutic development and
improving care. This underutilization arises from several challenges of
classical meta-analysis frameworks, including legal barriers of data
sharing, inconsistencies in outcome measures, variations in software

infrastructure, and differences in how outcomes are recorded - such as
units and language. FAIRification of data elements can help address
these issues by promoting standardized metadata, harmonized termi-
nologies, and machine-readable formats, thereby enabling more seam-
less data integration and reuse across studies and platforms.
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Table 1
Proposed mandatory elements to be used in patient registries.

Disease domain Mandatory items

General - " Demographic details: name, date of birth,
contact details

- " Age at first symptom onset in years

- Subtype: congenital, childhood, adult-
onset, late-onset
" Genetic diagnosis: progenitor allele
length and transmission (paternal or
maternal)
" Medication usage: use of anti-myotonic
drugs (e.g., mexiletine); yes/no, stimulant
(e.g., modafinil) for daytime sleepiness;
yes/no
Musculoskeletal - " Ambulatory status; yes/no

- Walking speed (10-meter walk run test;
10MWRT)
Global muscle strength (Manual muscle
testing; 11 muscle pairs)
Global muscle impairment (Muscular
Impairment Rating Scale; MIRS)
Handgrip strength (JAMAR dynamometer)
- Lower limb performance test (Sit to stand

test)
Myotonia - " Myotonia present; yes/no
- Hand opening time (HOT) in seconds
Cardiac - " Symptoms: palpitations, syncope,

orthopnea, dizziness; yes/no
" ECG (Holter): heartrate frequency, QRS
interval, PR interval
" Cardiac device (ICD, pacemaker); yes/no
Pulmonary - " Symptoms: morning headache, sleepiness
during day, wake up not well rested,
orthopnea, excessive night sweats, vivid
dream; yes/no
- " Use of (non-)invasive ventilation; yes/no
" Forced vital capacity (FVC) sitting
Number of pulmonary infections in the last
year.
Gastrointestinal Symptoms Questionnaire
" Fatigue and daytime sleepiness (Fatigue
and daytime sleepiness scale; FDSS)

Gastro-intestinal
Central nervous system*

Ophthalmologic - " Cataract surgery; yes/no

Activity-participation level - DM1-Activ®

For post-marketing purposes only - Patient global impression of change (PGIC)
(work in progress needs regulatory - Systematically monitor and report new
review) symptoms post-treatment using standard

adverse event protocols.

Ensure compliance with EMA/FDA
pharmacovigilance guidelines, including post-
marketing surveillance and potentially
increasing measurement frequency beyond
annual assessments.

% Mandatory or highly encouraged items in the 2009 Naarden dataset.
" At this point, no outcome measures could be identified for the cognitive
domain.
Note: Consult the doi for the most up to date version of this table: https://do
i.org/10.5281/zenodo.17241361.

Pre-workshop FAlRification efforts laid the foundation for the dis-
cussions that followed during the workshop. First, the Clinical And
Registry Entries (CARE) Semantic Model (CARE-SM) was selected as
semantic data model, because CARE-SM was developed within the Eu-
ropean Joint Programme on Rare Diseases (EJP-RD) for the modelling of
data concerning rare disease patients and because it is continued to be
used and developed in its successor program, the European Rare Dis-
eases Research Alliance (ERDERA) [15]. Second, each data element
within a registry must be cross-referenced to a common ontology term.
Preferably, this is a term from an existing ontology, like the SNOMED-CT
ontology, with a unique identifier, such as http://purl.bioontology.org/
ontology/SNOMEDCT/1144649008 for the 6 Min Walk Test. Alterna-
tively, a new ontology term needs to be created. For this, we created a
neuromuscular domain ontology: https://github.com/World-Duchenn
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e-Organization/nmd-domain. These steps facilitate adoption of consis-
tent data representations across diverse registries and therefore con-
tributes to data harmonization.

Initial FAIRifcation efforts have focused on aligning data from
functional motor assessments, using existing ontologies and standard
operating procedures to guide the mapping. These efforts will be
expanded to additional domains in the foreseen post-workshop efforts,
supported by governance structures that balance global coordination
with local implementation.

The EURO—NMD Registry Hub exemplifies how FAlRification can
be effectively implemented through a centralized infrastructure. Acting
as a central coordination point, the Hub connects multiple disease-
specific registries - such as the EURO—NMD registry and DM-Scope
for DM1 - into a cohesive network. Within this framework, Key Perfor-
mance Indicators (KPIs) are used to align and interlink data elements
across registries, ensuring that data is analysed consistently and mean-
ingfully. A critical aspect of this network is the clear definition of data
ownership, which governs who controls access, how the data can be
used, and ensures ethical data management throughout the process.

Practical implementation of these FAIRification efforts require
dedicated funding. Lack of funding, along with the absence of dedicated
and specialized teams, has been the main bottleneck in previous registry
FAlRification efforts in DM1. Examples from FAlRification projects
focused on Duchenne Muscular Dystrophy highlighted the value of
dedicated funding, which enables greater autonomy and strategic con-
trol over data management approaches [16]. Considering the critical
role of registries in the post-marketing setting (e.g. assess surveillance of
new drugs or establish effectiveness in clinical practice), the role of the
pharma industry in co-funding registry infrastructure and/or FAR-
ification efforts was discussed; funding models should be built having
broad stakeholder involvement to ensure data quality and sustainability
while ensuring transparency and neutrality. The SMARrtCARE registry
for SMA patients, which is currently supported by the industry, serves as
an example of how such funding models can be successfully imple-
mented [17].

Another key aspect of successful FAlRification is ensuring the
ongoing security, adaptability, and privacy of the data infrastructure.
Continuous monitoring of IT security is essential to protect the integrity
and confidentiality of sensitive patient data. In parallel, teams must be
equipped with the resources and readiness to update data pipelines in
response to evolving FAIR standards and technological advancements.
Additionally, there is an increasing need for a standardized pseudo-
nymization service, which can safeguard patient identities while still
enabling meaningful and compliant data analysis across registries.

Federated analysis infrastructure in DM1

Federated analysis is a method that enables collaborative data
analysis across multiple patient registries without requiring data to be
centralized. Instead of transferring sensitive data to a single location, the
data visiting approach allows algorithms to "visit' each data source,
perform computations locally, and return only aggregated or anony-
mized results. This preserves data privacy, maintains institutional con-
trol over data, and supports compliance with regulations like GDPR -
while still enabling meaningful cross-site research and insights.

Application of this framework necessitates all registries to be FAIR in
order to ensure seamless data integration, interoperability across sys-
tems, and consistent analysis that supports collaborative research and
informed decision-making. For federated analysis to function effec-
tively, several components must be in place. First, the technical infra-
structure must support secure and standardized querying, including the
use of common data models (CDMs) to ensure that data from different
registries can be interpreted uniformly. Second, semantic interopera-
bility is essential, requiring agreed-upon ontologies and precise mapping
of clinical concepts across databases. Third, robust governance struc-
tures must define who can issue queries, how results can be used, and
how data use agreements are maintained and enforced. To ensure fair
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and ethical oversight, these governance structures should be inclusive
and multidisciplinary. Patients and/or patient representatives must be
involved as primary stakeholders in decisions about data usage. Legal
and ethical experts should ensure compliance with relevant regulations,
while physicians and researchers contribute essential medical and sci-
entific expertise. To maintain neutrality and prevent conflicts of interest,
the governance of the project should ideally be overseen by an inde-
pendent organization. In practice, a research question (‘query’) is sent to
a registry hub like the EURO—NMD registry hub, where a multidisci-
plinary governance structure critically reviews whether or not the
research question is appropriate [18]. Subsequently, each registry that is
associated with the registry hub can also individually decide whether or
not to allow the inclusion of their data for the analysis, thereby ulti-
mately remaining in control of how their data is used. While this
workflow ensures maximum data security, it was noted that it can be
labor-intensive - particularly when numerous independent or follow-up
queries are submitted within a short timeframe. Introducing a
pre-approved set of standardized queries could help reduce this burden
by streamlining the process and minimizing repetitive manual review.
Furthermore, it was noted that this approach opens avenues for regis-
tries with limited resources to participate in international research
efforts.

A discussion emerged on whether participating in this federated
analysis framework would require new patient consent documents.
While federated analysis - particularly through the data visiting
approach - can enhance GDPR compliance by avoiding the transfer of
personal data, the need for new consent depends on the original scope of
consent provided by patients. If the intended use within the federated
framework falls outside the original consent terms, updated or addi-
tional consent may be necessary. Researchers of the Radboud university
medical center have developed updated consent forms, including videos
that explain these concepts in 5 different languages. It was noted that
going forward it was deemed useful to generally adopt federated anal-
ysis approaches in patient consent documents.

Longitudinal data analyses plan to facilitate individual disease trajectory
modeling

Building on the progress achieved through the harmonization of
datasets and the implementation of a federated infrastructure, the next
phase in advancing our understanding of DM1 should focus on the
application of statistical methodologies capable of informing both pa-
tients and caregivers. Ultimately, these analyses are important for more
targeted clinical trials of DM1 patient subgroups with shared disease
characteristics, improved patient counselling, and pharmacovigilance,
including post-marketing surveillance.

For many diseases including DM1, statistics is considered to be the
weakest link in personalized medicine, as often only old and/or simple
analyses are applied to complex datasets. While artificial intelligence,
including deep neural networks, is increasingly gaining traction, it was
noted that their ‘black box’ structure poses significant threats to data
privacy. If the generated neural network is of sufficient size, patient data
could be hidden within complex combinations of nodes and edges,
making it vulnerable to unintended memorization and potential re-
identification through model inversion or extraction attacks. Instead,
alternative solutions have been discussed such as factor analysis and
(Bayesian based) latent variable modeling.

Individual outcome measures often show high variability across
repeated assessments. Although stricter SOPs - driven partly by clinical
trial standards - are being adopted, some variance remains due to un-
controllable factors like daily fluctuations in patient condition, fatigue,
or environment. As an alternative, domain-specific latent variables were
proposed. Using tools like factor analysis, domain scores can be derived
from multiple related outcomes, offering more robust and interpretable
results. These scores also enable retrospective comparisons across reg-
istries with differing measures. However, accurate estimates of domain
scores require multiple inputs per domain and was therefore currently
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only deemed feasible for the motor function domain, highlighting the
need for standardized and longitudinal data collection in other disease
domains.

One of the workshop sessions focused on identifying priority events
for developing statistical prediction frameworks in DM1. While pre-
dicting the latent construct of ‘motor function’ was deemed valuable,
changes in ambulatory function were also highlighted as highly relevant
for patients. Key cardiac and pulmonary targets included time to major
cardiac event (such as AV block), forced vital capacity (FVC), and time
to ventilation support. However, predicting cardiac issues in DM1 re-
mains particularly challenging; no clear predictive relationships have
been identified to date. The discussion emphasized that cardiologists
should be aware of the variability in PR interval changes in DM1 pa-
tients, and that such fluctuations should not automatically lead to
exclusion from clinical trials. Myotonia was represented by the time to
open the hand (HOT). CNS and GI domains were noted as not feasible to
predict due to insufficient data. However, the outcomes of two addi-
tional 2025 ENMC workshops need to be considered here. Measures of
activity, participation and quality of life - such as DM1-Activ-c, MDHI,
and caregiver input - were also highlighted as important, though com-
plex to model.

A key goal is the identification of patient subgroups with shared
disease characteristics. It was argued that the highest chance for success
lies in the application of unsupervised machine learning based algo-
rithms. This approach overcomes the limitations of hypothesis-driven
subgroup analysis by enabling the discovery of meaningful clusters
without predefined disease modifiers. Identifying such subgroups allows
for targeted interventions and directly informs clinical trial design. By
recognizing homogeneous groups with similar disease trajectories, in-
clusion criteria can be refined to improve trial efficiency and relevance.

To maximize clinical relevance, modeling should start with a prag-
matic approach that aligns with clinical practice rather than over-
complicating analyses. Well-established statistical frameworks should
be prioritized. Ultimately, all modeling efforts should prioritize what is
most relevant to patients, ensuring that the outcomes are meaningful
and applicable in real-world clinical settings.

Conclusions

The workshop marked a pivotal step toward unifying global efforts in
DM1 registry development and analysis. Participants reached consensus
on updating the core dataset to better reflect both clinical and patient-
reported outcomes, ensuring relevance for future therapeutic trials
and post-marketing surveillance. The adoption of FAIR principles and
federated analysis frameworks was recognized as essential for enabling
secure, interoperable, and ethically governed data sharing. Emphasis
was placed on pragmatic statistical modeling approaches that prioritize
patient relevance and clinical applicability. While challenges remain -
particularly in funding, data standardization, and integration of under-
represented domains such as CNS and gastrointestinal symptoms - the
workshop laid a strong foundation for collaborative, patient-centered
research. Continued international coordination and stakeholder
engagement will be critical to realizing the full potential of DM1 regis-
tries in advancing care and accelerating therapeutic development.
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