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The European Neuromuscular Centre workshop convened a diverse array of key stakeholders dedicated to the
European standards for harmonization of national Myasthenia Gravis registries and emerging digital solutions.
Participants included representatives from the pharmaceutical industry, patient advocacy organizations, clini-
cians with expertise in Myasthenia Gravis, and members of the European Reference Network for Rare Neuro-
muscular Diseases. This multidisciplinary composition, as well as preliminary activities, fostered robust

discussions and facilitated the identification of shared objectives for future endeavors to allow collaboration at
European level among national Myasthenia Gravis registries. Throughout the workshop sessions, relevant topics
emerged, highlighting both the challenges and strengths towards harmonizing data on myasthenia gravis in
national registries and improving outcomes for patients with myasthenia.

1. Introduction

The 278th ENMC International Workshop on “European standards
for harmonization of myasthenia gravis registries and emerging digital
solutions” took place the 20th and 21st of September 2024 as an hybrid
meeting, with 34 participants, 29 on-site and five connected remotely,
including patient representatives from five different countries: AFM
Telethon Myasthenia Group, Asociacién Miastenia de Espana (AMES),
Belgian Association against Neuro-Muscular Diseases Myasthenia
Group, Deutsche Myasthenie Gesellschaft and the Italian Association of
Myasthenia Gravis). Additionally, EURORDIS, a European association
working with over 74 countries, participated in this workshop. Repre-
sentatives from four pharmaceutical companies: argenx, UCB Pharma,
Alexion and Johnson & Johnson were allowed to attend remotely during
the introduction and conclusion of the meeting.

Myasthenia Gravis (MG) is a rare and heterogeneous neuromuscular
disease with a prevalence of approximately 200 per million and a mean
incidence of 15.7 cases per million person-years that appears to be
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increasing [1,2]. The workshop focused exclusively on acquired MG, the
most prevalent form [3]. Acquired MG is a prototypic B cell-mediated
autoimmune disease characterized by muscle weakness and fatiga-
bility resulting from the production of autoantibodies (auto-Abs) tar-
geting neuromuscular junction components such as the acetylcholine
receptor (AChR), muscle-specific kinase receptor (MuSK), or the
low-density lipoprotein receptor-related protein 4 (LRP4) [4].

Due to the rarity of MG, a multicenter and international approach is
essential to collect real-world data, develop predictive biomarkers of
disease progression and treatment response, and harmonize care quality
and treatment availability across different European countries. Standard
MG treatments include symptomatic drugs such as cholinesterase in-
hibitors, etiologic drugs such as steroids and non-steroidal immuno-
suppressants, and broad immunomodulatory therapies such as plasma
exchange or intravenous immunoglobulins. Thymectomy is an option
for selected anti-AchR patients [5]. However, most of these treatments
lack rigorous randomized controlled trials, and may have significant
side effects limiting their use in patients with comorbidities and/or may
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be insufficiently effective [6]. The range of therapeutic options for MG
has expanded rapidly in recent years, offering new drugs such as anti-C5
inhibitors and neonatal Fc-receptor antagonists for treating “refractory”
patients [7-9]. Several other innovative therapeutic strategies are in
advanced phases of clinical testing [10].

The growing treatment options highlights the need for safe, pre-
ventive, and tailored personalized medicine (PM) strategies based on
real-world data. These strategies should assess not only patient-specific
effects (e.g., benefits versus side effects), but also the health economic
impact of these highly effective but costly drugs. To address these
challenges, MG patient registries and digital technologies have emerged
worldwide to help overcome the inherent challenges of rare disease
research by pooling data and achieving sufficient sample sizes for
research purposes [11]. They contribute to clinical research and patient
care by collecting high quality, longitudinal data and harmonizing
clinical practices. Digital technologies can ease data collection and
enhance real-world data knowledge, allowing for a more precise
assessment of the disease’s impact and therapy effects on patient’s daily
life.

Many countries worldwide have started implementing national MG
registries and MG-specific digital solutions, but variability in data
collection, management tools, governance models and funding may
limit interoperability and data integration. Multiple stakeholders could
benefit from these resources, but challenges such as a lack of coordi-
nation and harmonization, data sharing, ethical concerns, and sustain-
ability may reduce efficiency, compromise data quality, and cause
duplication of efforts.

The 278th ENMC workshop aimed to address these challenges by
creating a network of stakeholders involved in MG patient registries and
digital solutions. The goal was to establish European standards for
harmonizing MG data collection and interoperability for future
collaborations.

2. Preparatory pre-workshop activity

To facilitate the preparation of the workshop, the organizers and
early-career experts (FV, FS) held four pre-workshops (Fig. 1). The first
pre-workshop activity focused on developing a modified-Delphi process
to establish which mandatory and optional data will be included in
National European MG registries. A questionnaire including 100 items
was submitted to 16 European MG experts: 11 neurologists, 4 neuro-
paediatricians and 1 physiotherapist. Three consecutive rounds were
conducted, with consensus defined as at least 80 % agreement among
panellists. Items that failed to reach consensus were rediscussed in the
following rounds. A final consensus on data to be included has been
reached and the result of this dataset will likely serve for data harmo-
nization in future MG collaborations at the European level. Details on
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this activity are available on a dedicated paper [12]. The second
pre-workshop activity was the creation of a surveys sent to 10 co-
ordinators of national MG registries participating to the 278th ENMC
Workshop, to obtain an overview of the European national MG regis-
tries. Detailed features of each registry are discussed and summarized in
Fig. 2. The third pre-workshop activity was a preliminary discussion
with pharma companies involved on MG drug development to identify
their priorities regarding data collection and digital solutions. The
fourth pre-workshop activity was a meeting with patient advocates to
define priorities and unmet needs of MG patients that need to be
addressed in MG registries and digital solutions.

2.1. Session 1: setting the scene: perspectives on registries and digital
solutions for MG

In the last decades, interest in MG registries has grown, driven by the
digital era’s ability to collect and store large scale data in a systematic
manner [13,14]. The availability of such data is a critical resource for
epidemiological and clinical research, ultimately improving MG stan-
dard of care. The workshop opened with perspectives from key stake-
holders of MG registries and digital solutions: patients, clinicians,
regulators, and pharma companies.

2.1.1. Patient’s perspective

An important goal of this meeting was to integrate and improve
patient communication, given their unique perspective on MG that
complements the healthcare professional’s expertise. Matthieu Lusi-
gnan, one of the four patient advocates invited to the meeting, under-
lined that patients should be active partners in the design, development,
and operation of MG registries. They should help defining the type of
data collected and the registry’s goals, ensuring that patients’ real needs
are addressed. To improve patient-centred care, MG registries should
include different patient reported outcomes (PROs), as they reflect the
patient’s experiences with symptoms, treatments, and quality of life.
PROs also enhance data accuracy and strengthen collaboration between
patients and healthcare professionals. When participating to a disease
registry, patients have two main concerns: data property and anonym-
ity. It is crucial to provide patients with an exhaustive informed consent
while ensuring confidentiality through ethical and legal standards, like
general data protection regulation (GDPR). Moreover, financial sus-
tainability requires a multi-source funding approach, combining public,
private, and patient organization resources, with full transparency to
maintain trust. Other key challenges for patients include unequal access
to digital tools, legal and ethical differences across countries, and dis-
parities in treatment availability.
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Fig. 1. Workflow of the 278th ENMC Workshop.
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Netherlands-Belgian MG registry
- Patients included : 749
- Data entered by patients
- Congenital MG inclusion : Yes
- LEMS inclusion : Yes
- Pediatric MG inclusion : Yes
- Funding : Public health institution
- Data collection frequency : New data are
constantly updated

UK Myasthenia Database (UKMyDb)
- Patients included : 460
- Data entered by clinicians
- Congenital MG inclusion : Yes
- LEMS inclusion : Yes
- Pediatric MG inclusion : Yes
- Funding : Myaware (Myasthenia Charity)
- Data collection frequency : 1-2 times per year

French Base MG
- Patients included : NA
- Data entered by clinicians
- Congenital MG inclusion : No
- LEMS inclusion : No
- Pediatric MG inclusion : Yes
- Funding : Public health institution and pharmaceutical
- Data collection frequency : 3-4 times per year

United Kingdom

Spain Subregistry MG, GENRARE
- Patients included : 405
- Data entered by clinicians
- Congenital MG inclusion : No
- LEMS inclusion : No
- Pediatric MG inclusion : No
- Funding : Pharmaceutical companies and public
health institution
- Data collection frequency : at least annually

Netherlands

Belgium

France

Portuguese MG National Registry
- Patients included : NA
- Data entered by clinicians
- Congenital MG inclusion : Yes
- LEMS inclusion : Yes
- Pediatric MG inclusion : Yes
- Funding : Pharmaceutical companies
- Data collection frequency : 2 times per year

Spain
Portugal g

rmany

Czech Republic

Italy
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Swedish MG registry
- Patients included : 1482
- Data entered by clinicians
- Congenital MG inclusion : No
- LEMS inclusion : Yes
- Pediatric MG inclusion : Yes
- Funding : Public health institution
- Data collection frequency : 2-4 times per year
during the first years, thereafter annually

German MG registry
- Patients included : 2989
- Data entered by clinicians
- Congenital MG inclusion : Yes
- LEMS inclusion : Yes
- Pediatric MG inclusion : Yes
- Funding : Patients association and Pharmaceutical
companies
- Data collection frequency : 1 time per year

Sweden

Czech MG registry
- Patients included : 1553
- Data entered by clinicians
- Congenital MG inclusion : No
- LEMS inclusion : No
- Pediatric MG inclusion : Yes
- Funding : Pharmaceutical companies
- Data collection frequency: As needed, min. once
per year

ITA-MG registry
- Patients included : NA
- Data entered by clinicians
- Congenital MG inclusion : No
- LEMS inclusion : No
- Pediatric MG inclusion : Yes
- Funding : Pharmaceutical companies
- Data collection frequency: At least 2-3 times per year

Statue of the EU National Myasthenia
Gravis Registry

Active

In the process to being activated

Fig. 2. Distribution and characteristics of national Myasthenia Gravis (MG) registries in Europe at the time of the ENMC workshop.
In green the already existing national MG registries, in yellow the registries that are in the process of being activated. The data are referred at the time of the survey
and may not reflect the actual distribution of MG patients. (LEMS: Lambert-Eaton Myasthenic Syndrome).

2.1.2. Clinician’s perspective

The clinician’s perspective was addressed by Elena Cortés-Vicente,
who defined what a registry is and why a national disease registry is
important, especially for rare diseases where small sample sizes can limit
the feasibility of research studies [15]. From the clinician’s perspective,
the ultimate goal of an MG registry is to develop and improve disease
standard of care. To reach this goal, registries collect data from several
studies including observational clinical studies (e.g. natural history
studies), real-world outcome studies, epidemiological and pharmacovi-
gilance studies. MG registries also offer a useful platform to identify
possible candidates for clinical trials. Digital solutions use technology to
enhance communication between doctors and patients, ultimately
improving patient care and quality of life. Tools like electronic medical
records or telemedicine have been used for years while mobile health
apps and wearables are still in development. These tools may be very
useful for both clinicians and patients, particularly in MG, a fluctuating
disease that requires close monitoring to detect clinical worsening, ex-
acerbations as well as record response to therapy and side effects in a
real-life context.

2.1.3. Regulator’s perspective

On behalf of the European Medicines Agency (EMA), Sabrina Sacconi
discussed the regulator’s perspective and the EMA rare diseases patient
registry initiative. She highlighted the critical role of rare disease reg-
istries in regulatory frameworks, notably in Risk Management Plans
(RMPs) for advanced therapies and orphan products. On this perspec-
tive, EMA had mandated registries for a growing number of authorized
products, including MG, emphasizing the importance of long-term
monitoring of product safety and efficacy. However, EMA recognizes
that existing registries may face challenges, such as late initiations, low
patient participation, data quality issues, and lack of interoperability.
The EMA’s initiative launched in 2015 aimed to address these challenges
by enhancing the role of registries in benefit-risk evaluations, promoting
better communication between regulators and registry holders, and

differentiating between registry establishment and study performance to
improve participation and outcomes. This initiative helped clarify the
difference between registry as a comprehensive database to compare
treatment outcomes or clinical data, and registry-based studies investi-
gating specific research questions within a selected population. To help
registry harmonization, the European Commission implemented the
European Rare Disease Registry Infrastructure (ERDRI) platform, aiming
to make registry data to be searchable and findable. Another initiative
promoted by EMA is the European Directory of Registries (ERDRI.dor),
which provide overviews of participating rare disease registries with
their main characteristics and description [16]. Digital transformation
in healthcare is increasingly necessary to address challenges such as an
aging population and healthcare inequalities and is strongly advised by
EMA. However, the success of digital health solutions hinges on estab-
lishing clear policies around data protection and effective interopera-
bility among stakeholders. Indeed, mobile applications present
advantages, like real-time tracking and enhanced patient communica-
tion, they also raise concerns about data privacy and usability. A suc-
cessful app must prioritize user experience, regular updates, and engage
effectively with users. Ultimately, the EMA perspective on the future of
digital solutions for MG and other rare diseases focuses on patient
empowerment through innovative technologies that foster better health
outcomes and community engagement.

2.1.4. Pharma’s perspective

Filip Callawaert (argenx) gave a presentation reflecting the aligned
cross-industry views on the importance of current and future harmo-
nized European MG registry practices. The following industry partners
were involved: UCB pharma, Alexion, Johnson & Johnson and argenx.

For industry partners, patient registries are important tools in
enhancing disease knowledge and characterization of rare diseases [17].
Improved consistency in MG registry practices across European coun-
tries, or harmonization at the European level, can help advance disease
management, enhance treatment quality for patients, and improve the
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usability of registries for research and development. MG registries can
facilitate and support their research and development activities by
ensuring uniform collection of information from rare patient pop-
ulations [17]; enabling the initiation of research/product development
[17,18] validating results from RCTs in real-world populations; col-
lecting post-marketing surveillance data [17,18]; conducting
registry-based studies [19]; forming a basis for consensus discussions;
supporting regulatory or HTA discussions.

For industry partners, three main areas should be considered in view
of European harmonization of MG registry practices. First, there is a
need to establish consistent and functional registries at a national level
as the basis for European collaboration. This will require the fostering of
a ‘culture of participation’ but also suitable governance and structure/
rules as part of data collection. The philosophy for national-level reg-
istries should be to create a ‘tank’ of national data with multiple centers
contributing consistent and ‘shareable’ data. Second, experts, patients
and industry should align on the strategy, the data collection and pa-
rameters in MG registries (either national or European level). Rein-
venting registry practice is not necessary, but alignment on the strategy
for registry practice and key mandatory (and optional) data collection
parameters is crucial, also considering how to minimize costs and
maximize data ‘shareability’. Lastly, harmonization across Europe is
needed, but a single European registry might be difficult to immediately
achieve, given the national-specific and regional regulations. A stepwise
approach might be preferred and initially focus on identifying shared
parameters/outcomes for collection and maintaining simplicity so that
country-level data can be exported and shared. Finally, the industry
partners gave their recommendations on important and mandatory
items for registries to ensure impactful and consistent data capture in
MG registries. Interestingly, there was a great correspondence between
the mandatory and optional items proposed by pharmaceutical com-
panies and those validated by MG experts in the modified Delphi process
[12].

2.2. Session 2: state of the art: MG patient registries

This session was chaired by Renato Mantegazza and Lutgarde Allard,
a Belgian Association Against Neuro-Muscular Diseases (Myasthenia
Group), focused on providing an overview of the existing or soon-to-be
activated European MG registries. At the time of the Workshop, Europe
had seven active MG registries and three registries in the process of
activation presented in Fig. 2. In this session, juvenile MG, a rare form of
autoimmune MG, was also separately discussed.

2.2.1. The Spanish MG registry

Elena Cortés-Vicente presented the MG Spanish registry, a
neurologist-driven registry funded in 2010 with exclusively public
funding by Isabel Illa as part of the NMD-ES project. The registry
included adult patients with a confirmed diagnosis of MG with annual
follow-up visits. Fifteen different hospitals participated to the registry
enrolling about 1670 patients, which allowed the development and
publishing of several studies [20-23]. Due to the need for long-term
maintenance, in 2019 the registry was transferred to the Genetic and
Low Prevalence Diseases Registry (GENRARE). GENRARE works as an
umbrella for all rare disease registries in Spain, where each sub-registry
works independently but shares the same protocol, patient information
and informed consent. The MG sub-registry has a scientific committee
driven by three neurologists and a patient representative and warrants
specific data access and publication policies. All contributors have only
access to their patients’ data. If a national study is developed, a project
protocol is submitted to the scientific committee, evaluated and
approved before access to all data is granted. Pharma companies must
follow the same process, but they will always receive reports of aggre-
gated data. The software used is REDCap and funding is currently both
public and private.
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2.2.2. The German MG registry

Frauke Stascheit presented the German MG registry (MyaReg) which
includes autoimmune MG, Lambert-Eaton Myasthenic Syndromes
(LEMS), and Congenital Myasthenic Syndromes (CMS). MyaReg was
created in 2019 by the German Myasthenia Gravis Foundation (DMG)
supported by the German Institute of Quality and patients Safety (BQS)
and funded by pharmaceutical companies. The DMG advisory board
elects a user council who manages the register and coordinates requests
for data use. The registry is based on a specific set of quality indicator
and works using a web-based database (ASTHESIS®), provided by BQS,
who is also responsible for administration and implementation of new
data set as well as certification [24]. All certified integrated MG Centers
in Germany participate in the registry, with about 3000 patients regis-
tered, including pediatric patients. The certification process depends on
the full participation in the registry, based on the yearly published
quality report with follow-up visits occurring annually. Moreover,
together with the central Mya-Biobank, MyaReg will allow biomarker
research in autoimmune MG [24] Data entry is currently only allowed to
clinicians, however in the future patients could have the possibility to
access their own data and fill out PROs.

2.2.3. The Netherlands/Belgian MG registry

Jan Verschuuren presented the Dutch/Belgian MG registry, which
was created in 2015 after receiving the approval of the Dutch medical
ethics review committee (METc). At the time of the 278th ENMC
workshop, the Belgian registry was in the process of being activated.
This registry is curated by the Leiden University Medical Center (LUMC),
which is the only center entering data and host of the database software
(CASTOR). It is entirely funded by public health institutions and
research grants. The registry includes both adult and pediatric patients
with autoimmune MG, LEMS or CMS. The main goal is to collect “basic
data” from as many patients as possible using questionnaires. After
consenting to participate, patients are provided with annual question-
naires to be filled on a dedicated website (paper version is also available
for the elderly). These questionnaires cover symptoms, treatment effects
and quality of life. Moreover, participants can grant permission to pro-
vide further data on their diagnosis and blood samples for future
research on the relationship between hereditary factors and disease
characteristics. They can also consent to being contacted in the future
for additional data collection for specific research purposes or to
participate in clinical trials if eligible. For informational and motiva-
tional purposes, participants receive a semi-annual newsletter via email,
which shares results from the registry and provides information about
other MG scientific research. The content of the newsletter is also pub-
lished on the website of the myasthenia expertise center [25].

2.2.4. The Swedish MG registry

The Swedish MG registry was presented by Susanna Brauner. It is a
national quality registry that belongs to the Swedish Neuro Registries,
an umbrella organization for quality registries associated to neurological
diseases, which in turn belongs to the public authority National Quality
Registry, covering over 150 health registries. All neurology clinics, both
in and outpatient clinics, are connected to the Swedish Neuro Registries
and thereby also the MG registry. The MG registry was launched in
2011, based on a local registry with high coverage in Stockholm (83 % of
prevalent patients according to the diagnosis registry) [26]. The MG
registry has an appointed registry holder (Fredrik Piehl, Karolinska
University Hospital, Stockholm) and a steering group with representa-
tives from all university hospitals in Sweden as well as a patient repre-
sentative. The steering group oversees the registry, approves
applications to use data for research purposes and has also been involved
in development of the latest national treatment guidelines from MG
published in 2024 [27]. The main target groups of the registry are newly
diagnosed MG patients and patients treated with immunosuppressants
with only adult patients included. Participation in the registry is
voluntary, and patients may withdraw at any time and may also choose
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to contribute only their data for quality-of-care evaluation, as well as
research purposes. Data recorded in the registry is divided between basic
characteristics (age at onset and diagnosis, diagnostic workup and
treating center) and longitudinally data (disease activity, quality-of-life,
treatments, hospitalizations). An extensive validation and data update
effort at all but one major clinic nationwide has been ongoing since
2021, ensuring accurate data. In 2024, 1767 patients were registered in
the registry, of which 1482 were active. This mounts to >55 % total
coverage of all MG patients in the country, and a larger proportion in the
target group. The majority of patients are late-onset MG (47 %), fol-
lowed by early onset MG (36 %) and thymoma associated MG (11 %).
The registry runs on a webpage with limited authorized access.

2.2.5. The Czech MG registry

Stanislav Vohanka presented the Czech MG registry (MyReg). The
MyReg was launched in 2015 among 15 Czech centers. It includes only
autoimmune MG and contains the records of about 2400 MG patients of
which 1553 are active [28]. Juvenile MG is included as well. The reg-
istry is the result of a joint collaboration among specialized Neuro-
muscular Centers and several other hospitals under the auspices of the
Czech Neurological Society. Data are stored in a central server CLADE-IS
(CLinicAl Data warEhousing — Information System) electronic database
and are accessible via any internet browser. Secure data transmission is
assured as well as data protection regulation. The database has five
modules: (a) enrolment, (b) follow-up, (c) therapy, (d) pregnancy, and
(e) end of monitoring. Data entry is entrusted to clinicians and each
center has access only to their own data. However, access to all data is
possible with permission from the other participating centers. The reg-
istry is supported by pharmaceutical companies.

2.2.6. The Italian MG registry

The Italian MG registry (ITA-MG) was presented by Carlo Antozzi.
Although it was not active at the time of the workshop, it was launched
the following month, in October 2024. The electronic case report form
(eCRF) is based on the REDCap software, hosted at the IRCCS Neuro-
logical Institute Foundation of Milan and accessible via web for autho-
rized users only. The eCRF includes one-entry epidemiological data (e.g.
age, sex, ethnicity, disease classification, diagnostic procedures, thy-
mectomy, comorbidities, side effects) as well as longitudinal data, which
include the first and subsequent follow-up neurological visits (frequency
is at treating physician discretion, but at least annually). The registry
will include only autoimmune MG patients, both adult and juvenile.
Each visit includes clinical evaluation with validated rating scales (e.g.
QMG), PROs as well as treatment changes. An Opt-in approach is
mandatory as well as the Ethics approval for each participating center.
Particular attention has been paid to the pseudonymisation protocol,
and to the identification of duplicates. Response options have been
specified for each item of the eCRF to avoid variability, and ontology has
been included for classification of comorbidities and side effects. A
specific Data Protection Impact Assessment (DPIA) document has been
drawn up. The registry is funded by pharmaceutical companies.

2.2.7. The French MG registry

Emmanuelle Salort Campana presented the French MG registry
(BaseMG), which is in the process of being activated. It was created in
2023 under the guidance of the FILNEMUS network, the French network
for rare neuromuscular diseases. The BaseMG is hosted by the French
national rare disease database (BNDMR, Base nationale de Données
maladies rares), which is a secure national database of health data
implemented as part of the French National Plans for Rare Diseases
(PNMR). This database aims to create a homogeneous collection of
medical data on rare disease patients followed in French centers. It has
been approved by the CNIL (French National Commission on Informa-
tion Technology, Data Files and Civil Liberties). A minimum set of na-
tional rare disease data (SDM), shared by all stakeholders and all
diseases, has been defined to allow a structured collection of high-
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quality data that can be used throughout France. BaseMG is hosted at
the BNDMR using DoSpéra, a specialized rare disease file that allows the
collection of specific elements dedicated to a particular pathology. It
collects clinical information of both adult and juvenile patients with
definite or probable MG who are followed at a reference center within
the Filnemus network. The number of MG patients followed in all Fil-
nemus reference centers is estimated to be 5000 with an enrolment
target of 1000 patients per year for 4 years, starting in early 2025. Pri-
ority will be given to newly diagnosed patients and/or patients receiving
an innovative treatment with early access (pre-marketing authorization
or compassionate use). In the near future, long-term data chaining with
French nationwide claims and hospitalization database (SNDS) will be
possible. Patients must give non opposition to data collection, without
signing a consent form. The registry is sponsored by the Hospital of
Marseille and funded by several pharmaceutical companies.

2.2.8. The Norway MG data collection

Nils E. Gilhus talked about data collection in the Norwegian MG
population as there is no specific MG registry in Norway. However, there
is an increasing demand for specific disease registries within neurology,
built on the same principles as the highly successful Norwegian Multiple
Sclerosis (MS) Registry, funded by government [29]. Despite the
absence of a specific registry, ongoing efforts to collect chart informa-
tion about all MG patients recorded and treated in Norwegian hospitals
may help establish and promote an independent MG registry. Currently,
health information regarding Norwegian MG patients is collected in
several mandatory national registries, with the most important being the
Norwegian Patient Registry, which records all specialist healthcare
consultations, including hospital and outpatient care. Other relevant
registers are the Norwegian Prescription Registry, the Norwegian Birth
Registry, and the Norwegian Cause of Death Registry. MG patients are
easily identified among the registries using the ICD-10 diagnostic code
for MG (G70.0). Another strategy used to identify MG patient is the
search for repeated pyridostigmine prescriptions in the prescription
registry [30]. Data from several registries can be linked and exported
into one file using a personal eleven-digit code number unique for each
person in Norway. Through Statistics Norway, health information from
the registries can be linked to level of education, annual income,
cohabitation, and other social markers. These health registries have
provided MG-specific information on epidemiology, use of MG-related
and unrelated drugs, comorbidity, pregnancy and childbirth, death
rates, and health economics [31,32]. However, they lack detailed in-
formation about MG subgroups, disease severity, antibody status, and
therapeutic response.

2.2.9. The Portuguese MG registry

Ernestina Santos presented the project of Portuguese MG registry.
The base of this national registry will be an epidemiological and clinical
study performed between 2013 and 2015 in the Northern Region of
Portugal. It was a hospital databased study completed with information
from primary care prescriptions of pyridostigmine as a source for
identifying patients. This study provided epidemiological information
on the Portuguese MG population such as prevalence (111,7 per million)
and incidence (6.3 per year per million), with highest incidence
observed in males with very late onset MG [33]. This study is being
expanded nationally as a registry to collect clinical data and evaluate if
there is a uniform standard of care across centers. The registry will
include 37 hospitals divided into three geographical regions, with three
principal investigators and three study coordinators, also facilitating the
contact with smaller hospitals treating MG patients. Only adult patients
with confirmed diagnosis of autoimmune MG will be enrolled. The
registry will be hospital based and will use REDCap as software for data
entry hosted in Hospital Santo Antonio, Porto. Ethical approval still
needs to be obtained for all participating hospitals. By June 2025, the
initial epidemiological and clinical data should be finished and updated
at least twice a year. The registry is funded by a pharmaceutical



S. Sacconi et al.
company.

2.2.10. The UK MG registry

Mohammad Ashragi presented the UK MG database (UKMyDb),
which includes autoimmune MG, Lambert-Eaton myasthenic syndrome
(LEMS) and congenital myasthenia gravis (CMG) in both adults and
juveniles. The creation of the UKMyDb was funded by the myasthenia
charity Myaware and is sponsored by Oxford University. It uses REDCap,
with the data stored on the University of Oxford computers. A steering
committee of MG, LEMS and CMS specialists from across the UK meets
regularly to advise on the database. National ethical approval was ob-
tained in January 2024, and first local approval was given in June 2023,
with data entry beginning in July 2023 at Oxford University Hospitals.
All patients provide written consent to be included and to be contacted
about future research. Data entry is performed by patient’s clinical team,
with no patient-led data entry and is updated one to two times a year.
The collected data is divided into Tiers 1, 2 and 3. Tier 1 includes basic
information such as demographics and diagnosis, while Tiers 2 and 3
include comprehensive clinical data such as antibody/genetic status,
thymic status, comorbidities, symptoms/signs, outcome scores and
treatments for newly diagnosed and historic patients respectively. This
allows sites with limited resources to contribute data for epidemiolog-
ical studies, while sites with greater capacity can provide more detail for
more specific research. At the time of the workshop 14 sites across En-
gland, Wales and Scotland were participating to the registry with 460
patients included, with numbers growing rapidly. To avoid duplicated
data, a health number is used for pseudonymization. Access to the data is
available to UK researchers at no charge. In the future, the database aims
to expand to include more sites across the UK, with a focus on increasing
the inclusion of paediatric patients.

2.2.11. Juvenile MG

Adela Della Marina introduced the topic of autoimmune juvenile MG
(JMG), which is defined by onset of symptoms before the age of 18 years.
It is a very rare form of autoimmune MG, accounting for about 10 % of
adult MG and has the peculiarity that, particularly in prepubertal pa-
tients, the clinical presentation and course of JMG can differ from that of
adults. Indeed, pre-pubertal JMG present more often pure ocular
symptoms with milder course of the disease [34-36]. This subgroup may
be more often seronegative and in the absence of specific antibodies,
especially in infants and very young children, the important differential
diagnosis is with CMS.

There are no randomized, control studies for the immunosuppression
in this patient population. Therapy and patient-care recommendations
are mostly based on retrospective data collections and generally follow
the same indications as for adults [37,38]. However, in children’s
treatments and their side effects have a greater impact than in adults,
especially with long-term steroid use, affecting behavior, growth,
weight, height and bone.

Standardized scores (QMG, MG-ADL) are used in adults for clinical
evaluation and therapeutic decisions. However, they require good pa-
tient cooperation therefore in children under ten years of age it will best
use a modified form adapted to younger children. In older children (>10
years of age), experience from practice demonstrate the feasibility of
these scales, however no studies have been conducted to verify their
applicability in JMG. It is encouraging to note that an open-label study
of eculizumab in JMG met statistical significance in primary and all
secondary efficacy end points [39], and a few other medications are
currently in the open label trial phase (efgartigimod (NCT05374590,
NCT06203457), ravulizumab (NCT05644561), rozanolixizumab
(NCT06540144), zilucoplan (NCT06055959).

2.2.12. National registry survey discussion

During the discussion, data of the survey conducted on existing or
soon to be launched registries were commented. Overall, the survey
(Fig. 2) showed that for all existing European registries, except for The
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Netherlands-Belgian MG registry, clinicians are responsible for data
entry. Most registries enter data annually and monitor it at least once a
year. Eight registries have servers connected to internet hosted by a
hospital or institutional server. In half of the registries data can be
retrieved by their identifier using a standardized, open, and universally
accessible protocol. In all registries, a data access policy and a data ac-
cess committee are either in place or planned to be established. 9 over 10
registries already have a consent form in place, while the French registry
data collection is based on the principle of “non opposition form”. Pa-
tients have access to their own data in only three registries: the Czech
MyReg registry, the Swedish MG registry, and the UK Myasthenia
Database. This is an aspect that should be improved, considering that
patients are among the main stakeholders of registries.

Funding is always a critical aspect, and the survey results reveal that
about one-third-of the registries were funded by public health in-
stitutions or charities (the Netherland/Belgian Myasthenia Gravis Reg-
istry, the UKMyDDb, the Swedish MG registry), the Spanish Subregistry
MG GENRARE has both public and private funding, while all the other
registries are funded by pharmaceutical companies. Most of the MG
registries are actively seeking additional funding options to ensure their
sustainability. Finally, the survey demonstrated that no registry is
registered in the European Directory of Registries Infrastructure (www.
ERDRI.dor), highlighting an important issue in communication of na-
tional initiatives on MG at the European community.

In total, at the time of ENMC workshop data on 7518 MG patients
were already available through the active European registries and the
number is growing every day. The percentage of mandatory and
optional data defined by the second pre-worshop activity [12] included
in different registry is reported in Fig. 3. Globally, there is 89 + 0,15 %
agreement on mandatory items among different registries, while for
optional items the agreement is 67+ 0,18 %. These percentages can be
further improved to ensure the possibility of future collaborations.

The final part of the discussion was focused on Juvenile MG (JMG).
Experts recommended including JMG patients in national MG registries,
given their similar pathophysiology and therapeutic recommendations
to adults. This would allow to collect precious information on this rare
MG subgroup, improving the knowledge on their clinical features and
response to therapies, crucial for optimal therapies. Accordingly, the
mandatory and optional data established by the modified Delphi process
[12] must be adapted to this group’s requirement: collection of metric
data like weight and height, information on educational options
(kindergarten, school), a partial assessment of the QMG score (list of
items performed), and the use of pediatric PROs and quality of life
measures.

2.3. Session 3: state of the art: MG digital solutions for data collection

This session, chaired by Sabrina Sacconi, focused on the rapid ad-
vancements in digital technologies within the field of neuromuscular
diseases. These innovations not only promise to enhance patient care but
also aim to alleviate the burden of data collection, thereby enriching our
understanding of real-world data.

2.3.1. MyalLink

Andreas Meisel presented the MG app Myalink. The Myalink app
closes a gap in patient care. Vital parameters are monitored using spi-
rometers and wearables and patients document their symptoms using
standardized questionnaires (PROM) [40]. Myalink is special, because it
offers a direct communication tool, which is very important for the
patients. It allows the treating specialist to assess the course of the dis-
ease remotely and to contact the patient and, if necessary, adjust the
therapy at an early stage. The long periods between appointments with
specialists are therefore no longer a black box and myasthenia crises can
be prevented. A proof-of-concept study has been performed with 45
patients; the adherence was by nearly 90 %. Patients had about 10
contacts per month to physicians [41] A roll out to other MG centers of
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Fig. 3. Survey results on percentage of mandatory and optional items present in Myasthenia Gravis (MG) registries and data bases.

excellence in Germany is planned. Moreover, data from Myalink is
planned to be added to the database of the German myasthenia gravis

registry.

2.3.2. MyRealWorld MG

Fiammetta Vanoli presented study results of MyRealWorld [42]. It
was a study on the burden of disease from a patient perspective together
with the Italian patient organization, funded by argenx. The study
started in October 2021 and ended 2024 showing that despite current
treatment, patients still experience moderate burden and impairment to
quality of life; patients were reached globally, and results were period-
ically shared to MG patient community.

2.3.3. ME&MG™

Pascal Laforéet presented ME&MG™, a Software as a Medical Device
(SaMD) developed by Ad Scientiam—a French ISO-13,485 certified
MedTech company—in collaboration with experts, patients, and patient
associations currently undergoing validation [43]. The ME&MG™ is a
tool designed for unsupervised digital self-assessment of muscle weak-
ness, fatigability, and disability in MG patients. Using their smart-
phones, patients can collect objective digital biomarkers related to key
MG symptoms (ptosis, dysarthria, respiratory capacity, upper and lower
limb weakness) as well as complete e-questionnaires on quality of life,
daily activities, pain, sleep, and mood disorders (e.g., MG-QOL-15r,
MG-ADL, Pain Likert Scale, ISI, PHQ8). The results are then communi-
cated in real-time to clinicians via a dedicated secured web portal.
DOMYA (NCT: 05,564,936) is an international, prospective,
low-intervention study currently enrolling participants in 21 US and
French sites, to validate the clinical performance and safety of
ME&MG™ [44]. This study aims to recruit 94 adults with generalized
MG (gMG) and positive for anti-acetylcholine receptor antibodies, along
with healthy volunteers. The study will last a total of 21 months,
including a 9-month enrollment phase and a 12-month follow-up period.
The primary objectives are to validate the accuracy, reliability, and
reproducibility of the unsupervised self-assessment of symptoms at
home using ME&MGTM compared to standard in-clinic testing (Quan-
titative MG score (QMG)). Secondary objectives include evaluating the
safety, usability, and user satisfaction of ME&MG™. The anticipated
outcomes of this study include the validation of an innovative device for
the real-world monitoring of MG patients, paving the way for the
registration of ME&MGTM as a medical device in both Europe and the

United States. This milestone will enable the widespread availability of
the tool to clinicians and patients, marking a significant advancement in
the integration of digital biomarkers into the care and research of MG.
Additionally, a complementary study evaluating real-world user expe-
rience and long-term adherence is ongoing in the USA and Canada
(NCT05566964), with over 200 MG patients already enrolled [45].

2.3.4. LumiiMG

Sabrina Sacconi presented the HumaMG platform, which is an
innovative digital solution aimed at improving the management of
Myasthenia Gravis, a condition where 50 % of patients report a low
quality of life. The platform provides remote data capture for symptoms,
medication adherence tracking, and educational resources, classified as
Software-as-a-Medical Device (SaMD). Future developments include Al
algorithms for objective symptom measurement, thus enhancing clini-
cian notifications and patient engagement through personalized feed-
back. A recent usability study indicated high satisfaction rates among
users, although navigation challenges were noted, pointing to the need
for continued enhancements.

2.4. Session 4: challenges and opportunities for European countries
registries and emerging digital solutions harmonization

This session was chaired by Andreas Meisel and focused on the
ethical, legal, and economic challenges of data sharing within the Eu-
ropean countries, particularly regarding rare neuromuscular disorders
(NMDs).

2.5. Discussing the ERN-NMD initiative of a comprehensive EU registry on
all NMD'’s

Teresinha Evangelista presented the ERN EURO—NMD registry,
which aims to unify data collection and improve care for individuals
with rare neuromuscular diseases (NMDs) across Europe. As the first EU-
wide patient registry for NMDs, it collects longitudinal clinical data to
harmonize clinical practices, enhance patient care, and support research
and policymaking. The initiative has faced challenges, particularly in
European data sharing due to varying legal and regulatory frameworks
across countries.

While GDPR provides a broad legal structure, national regulations
differ, complicating data ownership, consent management, and ethical
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approvals. To comply, the registry adopts customized, country-specific
consent approaches and legal adaptations to meet local standards.

The registry uses centralized and decentralized data collection
models. In the centralized model, patient data is entered directly,
requiring patient consent and strict data-sharing agreements. The
decentralized (hub-based) model is also in development to enables
existing national registries to interoperate with EURO—NMDHub while
keeping their databases, to perform joint data analysis without data
transfer. A Data Sharing Agreement (DSA) in place among the 82
healthcare providers belonging to the ERN EURO—NMD. It defines the
legal basis for data processing, outlining participant rights, security
measures, data transfer policies, and storage conditions. The governance
of the registry is overseen by a Steering Committee (SC), which provides
strategic direction and oversight. The SC includes representatives from
healthcare providers, patient organizations, and scientific experts from
the EURO—NMD consortium.

2.6. Ethical and legal aspects: challenges toward a responsible European
data sharing

Lorenzo Maggi talked about ethical and legal aspects: challenges
toward a responsible European data sharing. Key challenges are mainly
due to different legal and ethical frameworks across European countries,
with need of local adaptations, because European member states inter-
pret and implement GDPR differently and compliance must align with
requirements from multiple national Data Protection Authorities.
Moreover, definition of data ownership and governance structures may
be very challenging considering that national rules in this regard vary,
complicating cross-border data movement, and disputes over data
ownership and usage rights when data crosses borders. Lastly, varying
national laws and ethical requirements necessitate tailored, country-
specific consent approaches. He presented as example the
EURO—NMD registry. Eight guiding principles of this registry guarantee
that its usefulness matches its legal and ethical high standards: 1)
transparency; 2) accountability; 3) follow the rule of law; 4) integrity; 5)
participation and inclusiveness; 6) impartiality and independence; 7)
effectiveness, efficiency and responsiveness; 8) reflexivity and contin-
uous quality improvement [46]. A Data Sharing Agreement is necessary
for participating in the EURO—NMD Registry, requiring the signature of
a hospital legal representative and ethics or regulatory approvals. Re-
sponsibilities and liabilities for GDPR compliance are shared among the
Parties, which are EURO—NMD Registry Consortium and health care
practitioners (HCPs) participating in the Registry (data providers).
Participation in the EURO—NMD Registry adheres to a shared gover-
nance model defined by the Data Access Policy. Access to data is
controlled by the Data Access Committee (DAC). Healthcare providers
may have access to their own patients’ data and to all registry data at an
aggregated level; access to pseudonymized data requires DAC approval.

2.7. FAIR principles to ensure interoperability and facilitate federated
analysis across registries

Peter-Bram‘t Hoen talked about the FAIR principles to ensure inter-
operability and facilitate federated analysis across neuromuscular dis-
ease registries, more specifically European national MG registries. The
survey revealed a reasonable overlap in the data elements collected
(Fig. 3), but the European national MG registries refer to these elements
in different ways and different languages. Ontologies (hierarchical vo-
cabularies) to standardize are hardly used. This makes it hard to assess
which fields in the different registries map to the same data elements.
The default approach to tackle this problem is to bring all individual
registries data in a centralized European database. Several arguments
suggest this may not be the best approach as it may lead to double work.
For example, MG patients are not only registered in dedicated MG reg-
istries but should also be registered in national rare disease registries,
and the EURO—NMD registry from the ERN for Neuromuscular
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Disorders [46]. A new centralized registry may be difficult to sustain,
given that existing databases are difficult to sustain and mostly depen-
dent on project funding [47]. Synchronization issues between the
existing registry and the centralized registry may arise [48]. Governance
on the data may be difficult to arrange as the governance of the indi-
vidual registries may prevail [49]. Jurisdictions in some European
countries may prevent sharing of data across borders. He presented, as
possible solution, the EURO—NMD registry hub [46] in which queries or
algorithms would travel to the data instead of data travelling to the al-
gorithm. A prerequisite for the success of this project is that national MG
registries will become FAIR. This means that data elements will be
mapped to common ontologies and that (meta)data will be exposed in a
secure manner through an interoperability layer like a FAIR Data Point
(47). To join, MG registries will need to start using common ontologies,
have their content transformed into machine readable formats such as
the Resource Descriptive Framework (RDF), and deploy a few technical
components to receive approved, safe and privacy-preserving queries
and analysis algorithms.

2.8. Economical aspects: sustainability and funding strategies

Frederico Spandonaro talked about sustainability and funding for a
European registry. He pointed out that MG treatment has reached a
turning point thanks to the efficacy of new therapies, however, the
innovation has also led to a solution of continuity in treatment costs. The
price of the new therapies (sometimes over times the previous standard
of care) is justified by their innovativeness, but also by the fact that MG
is a rare disease. Elaborations from the administrative databases of the
Italian NHS demonstrated that the cost of patients who experience ex-
acerbations (presumably those most likely to be eligible for new thera-
pies) is more than double (+107 %) than that of stable patients, mostly
due to the incidence of hospitalization costs) [47]. Lastly, in view of the
fact that MG is a rare disease, the considerations of equity linked to
access should prevail over those of efficiency (cost-effectiveness) also
because the budget impact of innovative therapies is limited by the
rarity of eligible patients (considered around 5 % of total MG popula-
tion). He also discussed that informed decisions require deeper knowl-
edge into several factors, such as the savings from upcoming biosimilar
molecules: the persistence of the effects of therapies and their real
consumption in clinical practice, especially with personalized adminis-
tration schedules. Another gap in knowledge is the consideration of how
the efficacy aspects of molecules on the quality-of-life side, particularly
their impact on the psychological aspects that concern patients. These
considerations highlight the need for developing registries to collect the
deficient information, generating evidence to support a correct and
sustainable use of innovation, which is a condition for overcoming ac-
cess barriers deriving from the limited resources available.

2.9. Session 5: conclusion and future perspectives

This session was chaired by Anja Hoffmeister and focused on sum-
marizing the upcoming actions needed to reach future harmonization of
National Myasthenia Gravis (MG) registries across Europe to allow
future collaborations. The main goal of a European registry initiative is
to improve the quality of care for patients with myasthenic syndromes.
The sharing of high quality, aggregated, and harmonized data between
national registries could greatly assist in driving regulatory decisions
and ensuring more equitable management of MG patients across Europe.
However, several challenges remain. First, meaningful large-scale, high-
quality data sets on the long-term care of these patients from national
registries are a prerequisite. These data sets, based on a large number of
EU patients, will enable innovative projects, including epidemiological
research, health services research and non-randomized analyses to
assess the benefits of therapies. Currently, there are 10 registries
including almost 7000 patients with myasthenic syndromes assessing
data once-twice a year.
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Workshop participants outlined key principles for developing a Eu-
ropean MG registry. Foremost, the patient perspective must be inte-
grated. This involves active participation of patient representatives in
developing the core dataset, including personal assessments of disease
burden. Additionally, patient representatives should be involved in
planning analyses, interpreting and communicating results and solving
data protection and transfer problems, including possible commercial
use of the data. Furthermore, registry results are to be made available to
patients in a way that is understandable to laypersons. Patients are to be
enabled to enter their own data (e.g. via an app-based module for high-
frequency PROM) and to access their own data (e.g. for benchmarking
purposes).

Secondly, a European registry should be based on a robust infra-
structure and a harmonized core data set. The database should be built
on web-based, preferably open-access platforms (RedCap) according to
the FAIR principles. The data set must contain key data elements
defining mandatory and optional data sets, which have been defined by
a modified Delphi procedure-based expert consensus on collectable
data. Digital solutions like MG apps may encourage patient participation
in registries and simplify data entry. The principles of the EMA Patient
Registry Initiative should be considered. Furthermore, national regis-
tries should be registered, e.g. in the ERDRI to increase the visibility.

Thirdly, a European registry must be built on a strong governance
structure. A Steering or Data Use Committee should be responsible for
managing the registry together with patient organizations or patient
advisory boards. Furthermore, the governance structure should define
the mode as well as responsible persons for interacting with any EU-wide
registry or data-sharing initiative on myasthenic syndromes. In doing so,
the principles of representation of the interests of patients and those who
make the registry possible through their work must be taken into
account.

The fourth principle requires measures to ensure financial sustain-
ability. To this end, multiple funding sources should be used, sustainable
and ethical operating models should be employed, and maintaining
transparency around funding sources. The role of pharmaceutical com-
panies must be defined. An owner of the registry must be identified.
Ideally, the registry should be owned by a MG patient organization,
ensuring long-term commitment to its goals and the long-term viability
of the registry.

For the success of a European registry, data entry must be as com-
plete and convenient as possible. Moreover, patient participation and
research opportunities are often the best motivator for success.

In conclusion, this workshop helped to strengthen a “taking and
giving” culture within the network of the national registries, so that we
can learn from each other to better reach our goals in order to optimize
MG patient care.

3. Discussion and workshop deliverables

The ENMC workshop convened a diverse array of key stakeholders
dedicated to the European standards for harmonization of MG registries
and emerging digital solutions. Participants included representatives
from the pharmaceutical industry, patient advocacy organizations, cli-
nicians with expertise in MG, and members of the ERN—NMD alongside
representatives from the EMA. This multidisciplinary composition
fostered robust discussions and facilitated the identification of shared
objectives for future endeavors. Throughout the workshop sessions,
relevant topics emerged, highlighting both the challenges and strengths
towards harmonizing data on MG in national registries and improving
outcomes for patients with myasthenia.

From the patients’ perspective, their active involvement in the
design and functioning of MG registries is crucial. According to repre-
sentatives of patient associations, it is essential to include patient-
reported outcomes (PRO) to accurately reflect the lived experiences of
individuals with MG. Concerns have been raised regarding data
ownership, anonymity, and the ethical standards surrounding data
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management. Furthermore, there is an urgent need for equitable access
to digital tools across different regions.

National registries for various diseases, particularly for rare condi-
tions like MG, serve as platforms for observational studies and phar-
macovigilance, significantly contributing to the enhancement of patient
care standards. Digital solutions, including telemedicine and mobile
health applications, have been discussed as essential tools for improving
communication between patients and clinicians, as well as for moni-
toring disease progression [50]. The regulatory perspectives of the EMA
have highlighted the crucial role of registries in risk management and
product evaluation for orphan drugs. The EMA’s initiatives aim to
address challenges related to data quality, patient participation, and
interoperability among existing registries [19].

In the realm of digital solutions, innovative tools such as Myalink,
ME&MG™, and LumiiMG were showcased, demonstrating advance-
ments in remote monitoring and patient engagement. These technolo-
gies aim to empower patients through real-time data collection while
enhancing clinicians’ access to comprehensive patient information.

The workshop concluded with a discussion of the ethical, legal, and
economic challenges of data sharing within the Europe, especially
concerning rare diseases. The discussions underscored the necessity of a
robust governance framework, financial sustainability, and patient
involvement in registry initiatives. Ultimately, the workshop fostered a
spirit of collaboration among participants, emphasizing the importance
of integrating diverse stakeholder perspectives to optimize care for MG
patients across Europe.
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