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This paper explores the significant role of real-world data (RWD) in advancing our understanding and management of Multiple Sclerosis (MS). RWD has proven invaluable in MS research and care, offering insights from larger and diverse patient populations. A key focus of the paper is the European Health Data Space (EHDS), a significant development that promises to change how healthcare data is managed across Europe. This initiative is particularly relevant to the MS community. The paper highlights various data initiatives, discussing their importance for those affected by MS. Despite the potential benefits, there are challenges and concerns, especially about ensuring that the growth of various data platforms remains beneficial for MS patients. The paper suggests practical actions for the global MS community to consider, aimed at optimizing the use of RWD. The emphasis of this discussion is on the secondary use of health data, particularly in the European context. The content is based on the author’s own experiences and interpretations, offering a personal yet informed view on using RWD to improve MS research and patient care.
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Introduction

The multiple sclerosis (MS) community is fortunate to have a longstanding and successful legacy of using real-world data (RWD, Table 1) to address complex clinical problems. RWD often reflects larger and more representative populations and therefore is specifically fit-for-purpose to investigate for example disease behavior in a real-world setting, validation of outcome measures, comparative effectiveness and long-term safety of therapies. Additionally, RWD plays a crucial role in enhancing patient advocacy by informing policies on employment, reimbursement of treatments and access to healthcare services, as well as supporting routine healthcare practices. A growing number of real-world MS databases and registries produce long-term outcome data from large cohorts of people with MS (1–3).


Table 1 | Glossary - for the purpose of this paper, the following definitions of concepts and terminologies are introduced as follows:.



The heterogeneity in MS management across Europe, combined with the variability in data collection methods (different formats and data acquisition software systems used across various data sources and MS registries), presents significant challenges. These differences can impact the interpretation of RWD at scale. Despite these challenges, the research community has realized that combining data from diverse sources across the globe presents significant opportunities for advancing our understanding of MS. To manage the challenges associated with heterogeneity, strategies such as incorporating detailed information about the origin and specification of the source data, ensuring use of high-quality data, involving domain experts in interpreting results, and investing in data harmonization strategies are essential. These approaches have enabled the research community to turn these challenges into opportunities, as seen in initiatives like the Big Multiple Sclerosis Data Network (BMSD - bigmsdata.org) and the COVID-19 in MS Global Data Sharing initiative (GDSI).

BMSD is the largest real-world MS data network and brings together leading MS registries and databases to allow joint analyses of very large merged or federated sets of structured clinical data. It was initiated in 2014 and currently consists of the national MS registries of the Czech Republic (4), Denmark (5), France (6), Italy (7) and Sweden (8) as well as the international MSBase (9). The total number of MS patients in BMSD amounts to over 250,000. In recent years, the BMSD has led on several studies, yielding critical data-driven insights into MS treatment and progression. For example, they uncovered significant patterns in treatment management strategies (10) and disability progression in secondary progressive MS (11). GDSI was project led by the MS Data Alliance and MS International Federation in collaboration with a multitude of global partners (12). In March 2020, as COVID-19 spread, the demand for data on its impact on people with MS surged. Within months, 19 global partners shared data on over 10,000 people with MS, which helped update global advice for MS patients regarding COVID-19 (13–15).

While the MS community has made significant strides in utilizing RWD for research and patient care, several existing and emerging large-scale collaborative efforts across Europe – though not specific for MS – are set to profoundly impact how RWD is managed and utilized across various disease, including MS. In the following paragraphs, several of these key initiatives will be highlighted and explained in detail, focusing on their objectives, relevance to the MS community, and the potential benefits of engaging with them. These ‘highlighted initiatives’ represent transformative efforts that are shaping the future of healthcare data. However, while they offer exciting possibilities, they also present unique challenges. The subsequent discussion will explore these challenges and offer actionable recommendations to help the MS community effectively navigate this evolving landscape, mitigate risks, and maximize the opportunities these initiatives provide.





Highlighted initiative 1: The European Health Data Space (EHDS) – a revolutionary legislative framework

The EHDS is set to revolutionize healthcare management across a wide spectrum of stakeholders.
Europe has been making continuous efforts aiming at enhancing the harmonization and integration of health data, which is needed in order to be able to create a digitized and connected healthcare system, as foreseen in the EHDS regulation. The EHDS proposal aspires to (i) support individuals to take control of their own health data, (ii) support the use of health data for better healthcare delivery, better research, innovation and policy making and (iii) enables the EU to make full use of the potential offered by a safe and secure exchange, use and reuse of health data (16). Two projects, while differing in focus, collectively aspire to enhance the concrete implementation of the EHDS: TEHDAS and HealthData@EU. TEHDAS (Towards The European Health Data Space - tehdas.eu), running from February 2021 to July 2023, focused on developing principles for the secondary use of health data, emphasizing dialogue and engagement across stakeholders, and establishing governance models for cross-border cooperation. This project involved 25 European countries and numerous stakeholders in discussions about health data usage for research and policymaking. In contrast, the HealthData@EU Pilot (ehds2pilot.eu), launched in October 2022, is building a pilot infrastructure for the EHDS, focusing on infrastructure development, testing, and evaluation. Involving 17 partners, this project aims to connect data platforms, develop services for research project support, and provide guidelines for data standards and security.





Highlighted initiative 2: DARWIN-EU – an initiative by the European Medicine Agency (EMA)

The EMA has gained significant interest in the use of RWD to assess the benefit-risk of medicines across their lifecycle and to monitor the safety of medicine, specifically post-authorisation. A post-authorisation safety study (PASS) is a study that is carried out after a medicine has been authorized to obtain further information on a medicine’s safety, or to measure the effectiveness of risk-management measures. Figure 1 highlights some of the key activities of EMA and/or the Heads of Medicine Agencies (HMA) with respective timelines.




Figure 1 | Highlighted activities of the European Medicine Agency (EMA) and/or the Heads of Medicine Agencies (HMA) with respective timelines focusing on ‘patient registries’ (bottom) and ‘big data’ (top). Reference documents to learn more include: Initiative for patient registries - Strategy and Mandate of the Cross-Committee Task Force (17); Guideline on registry-based studies (22); HMA/EMA Joint Big Data Taskforce Phase II report (23); Report - Patient Registry Workshop (18); Report on Multiple Sclerosis (MS) Registries (42): Work Plan 2023-2025 HMA/EMA Joint Big Data Steering Group (51).



The initiative for patient registries, launched in September 2015, aspired to explore ways of expanding the use of patient registries by introducing and supporting a systematic and standardized approach to their contribution to the benefit-risk evaluation of medicines (17). Within the scope of this initiative, two workshops of specific interest were hosted and summarized in extensive reports: (i) A more general disease-agnostic workshop on patient registries (2016) to better understand the barriers and facilitators to collaboration between stakeholders. The workshop report provides recommendations on actions to improve stakeholder collaboration and optimize the use of registries to support regulatory decision-making (18): (ii) An MS specific workshop aiming to reach consensus on implementable MS specific recommendations for advancing the systematic use of MS registries to support regulatory evaluations. Similar workshops were hosted for other disease registries such as for example haemophilia (19), cystic fibrosis (20) and cancer (21).

After a short period of public consultation, the guideline on registry-based studies was published in 2021. This guideline addresses the methodological, regulatory and operational aspects involved in using registry-based studies to support regulatory decision-making. It aims to help with defining study populations and designing study protocols. It provides guidance on data collection, data quality management and data analyses to achieve high quality evidence (22). Meta-data catalogues offering descriptive statistics will further support data quality assessment, and evolving guidelines on data quality criteria will continue to improve and standardize this process.

The HMA-EMA Joint Big Data Taskforce Phase II report (23) suggests how the European regulatory network can use Big Data to improve public health and innovation. The first and top priority activity formulated is to deliver a sustainable platform to access and analyze healthcare data from across the EU (Data Analysis and Real World Interrogation Network - DARWIN - darwin-eu.org). Other priority recommendations include to establish a framework for data quality and to enhance data discoverability by strengthening the current European Network of Centres for Pharmacoepidemiology and Pharmacovigilance (EnCePP) resources databases (24) in line with the ‘Good Practice Guide for the use of the Metadata Catalogue of RWD sources’ (25).





Highlighted initiative 3: the Observational Medical Outcomes Partnership (OMOP) – driving data harmonization

The freely available OMOP (Observational Medical Outcomes Partnership) common data model (CDM) refers to the open community standardized data model, which is designed to integrate and harmonize healthcare data from various sources, such as electronic health records (EHRs), claims databases, and other observational databases (26, 27). The OMOP CDM is a patient-centric relational database with several standardized tables, distinguished in domains like condition, procedures, drug usage, measurements or observations. Some of the key standard terminologies used in the OMOP common data model include SNOMED CT ( (28) - snomed.org) and LOINC ( (29) - loinc.org). The large community behind the OMOP CDM is consolidated in the Observational Health Data Sciences and Informatics community (OHDSI - ohdsi.org). Some OHDSI tools of specific interest include HADES, a set of open source R-packages for large-scale analytics (30) and ATLAS, which facilitates the design and execution of analyses (31). The 2023 annual report on ohdsi.org highlighted impressive numbers: over 3,700 collaborators from 83 countries, a data network of 543 databases from 49 countries, and more than 956 million patient records, covering about 12% of the global population.

Several large-scale collaborative RWD initiatives have adopted the OMOP CDM. Some examples
include PIONEER focusing on prostate cancer [prostate-pioneer.eu; (32)], the European Reference Network for Rare Adult Solid Cancers [EURACAN; euracan.eu; (33)], and HONEUR with a specific focus on hematology [portal.honeur.org; (34)]. The European Health Data and Evidence Network [EHDEN; ehden.eu; (35)] deserves special attention, since it managed to establish the largest European federated RWD network. The EHDEN network currently consists of 187 Data Partners in 29 countries across the European region, with greater than 850 million anonymous health records.





Highlighted initiatives 4: European Research Data infrastructures: EBRAINS focusing on brain-related research data and ELIXIR for life sciences (-omics) data

Complementing these efforts are European research data infrastructures like EBRAINS (ebrains.eu) and ELIXIR (elixir-europe.org), which enhance research data handling and analysis for brain-related and life sciences (-omics) data, respectively. ELIXIR unifies bioinformatics resources and life science data for easier mining and reuse. This distributed digital infrastructure connects scientists from 23 countries (>250 research institutes), offering services like data deposition databases, data analysis, management, and compute services. ELIXIR also operates a vibrant training network through the TeSS Training Portal (36), registering over 1,200 training materials and training more than 19,000 people between September 2015 and March 2019 (37). ELIXIR played a leading role in the beyond one million genome project (b1mg-project.eu) that recently ended. During the COVID-19 pandemic, ELIXIR provided a range of services to study COVID-19 (38).

EBRAINS offers a digital infrastructure to boost collaborative brain research in neuroscience, brain health, and brain-related technology. Emerging from the Human Brain Project (HBP) (2013–2023), a European Flagship project with a €607 million investment, it involved over 500 researchers from 19 countries and 155 institutions. The HBP developed 160+ digital tools for multi-scale brain research and facilitated extensive collaboration among research teams (39). Some highlighted examples of potentially interesting tools and services include the Knowledge Graph - multi-modal metadata platform, the Medical Informatics Platform (MIP) - enabling access and analyses of anonymized medical data (40) and The Virtual Brain - a reference tool for full-brain simulation (41).





Discussion




There is great promise for the MS community in aligning closely and promptly with the EHDS legislation and engaging with emerging large-scale data initiatives that are not specific to MS

The EHDS is about to be implemented and is expected to have as significant and far-reaching impact. A proactive approach, which includes early investigation of alignment and synergy, would enable the MS community to understand the potential risks and challenges associated with this new legislation from the start. This foresight would allow for more effective long-term planning, the ability to anticipate future trends, and the development of risk management strategies to navigate anticipated changes in the regulatory environment. Moreover, collaborations with data initiatives not specific to MS not only pave the way for valuable partnerships and networking opportunities, but they also offer significant opportunities to explore new research questions and enhance existing studies with complementary insights.





Nevertheless, the path forward is marked by numerous, significant challenges that need to be addressed

Although I am a firm advocate for the EHDS and the collaboration with the previously mentioned data initiatives, I must highlight a series of challenges and lingering questions. These will be summarized in the following section, underlining the complexities we still need to navigate:

	How will the implementation of the EHDS impact the current utilization of MS registries and other RWD sources? As previously emphasized, MS registries and other RWD sources are vital for addressing pressing clinical questions related to MS. Currently, there is significant variation in the governance principles applied within the existing and emerging registries and RWD sources, which complicates collaborative efforts (2, 42). Given the uncertainty regarding how the EHDS will influence the conduct of large-scale, multi-centric studies using data from different member states, it is yet to be determined whether the EHDS will simplify or further complicate these collaborations.

	The EHDS primarily focuses on Europe, while other continents are advancing parallel initiatives within their regions, such as the Sentinel Initiative (43)) and the Framework for the FDA’s Real-World Evidence Program (44). This raises the question: Can we expect alignment between these initiatives to address clinical challenges on a global scale? Investigating phenomena like silent progression, pediatric MS, early detection of MS onset in at-risk individuals (referred to as prodrome), and conducting large-scale epidemiological studies, such as the Atlas of MS (45), requires a wealth of high-quality data. Global collaboration is crucial to tackle these complex questions, especially considering the global prevalence and incidence rates of MS. An estimated 2.8 million people worldwide live with MS, equating to 35.9 per 100,000 population, with a pooled incidence rate of 2.1 per 100,000 persons/year (45). For instance, the COVID-19 in MS global data sharing initiative brought together data from 19 partners but compiled ‘only’ 10,000 patient records (13–15). Similarly, the BMSD network, with the potential of over 250,000 patient records, experiences a significant reduction in numbers when specific inclusion criteria are applied (11).

	How can we ensure that the disease-agnostic recommendations, services, and tools are not only fit-for-purpose but also implementable for addressing MS-related questions, given that their straightforward application to the MS community is evidently not as feasible as assumed? A prime example is the OMOP CDM, which, despite its broad application, is currently not entirely suitable for MS registry data. This statement is based on the experiences of my research group and in line with the documented experience from pulmonary hypertension databases (46). The underlying problem and probably the main reason for the different mapping designs is the observational character of MS RWD sources that are not connected to an electronic health record and filled with clinical data from there. Furthermore, a significant gap exists between guidelines formulated by EMA and their practical application, as highlighted by two key reports – the EMA Report on MS Registries (18) and the EMA Guideline on Registry-Based Studies (22). These documents, while authoritative, lack the necessary detail, have little or no focus on patient’s input or patient relevant outcome measures and have not been checked sufficiently for real-world and sustainable implementation. For example, the discussion about financial sustainability is insufficiently incorporated into these reference documents. Despite the aforementioned challenges, there are notable examples of successful collaborations. The German MS registry and the MS DataConnect Cohort of the University MS Center in Belgium are part of the federated data network of EHDEN (35). In the MultipleMS consortium (multiplems.eu), linked to the International Multiple Sclerosis Genetics Consortium (47), and the COVID-19 in MS global data sharing initiative (12), the ELIXIR community has played a key role in supporting the technical architectures for data storage, management, and sharing in these large-scale collaborative efforts.







In a continuously changing and complex environment, it is essential to prioritize pragmatic actions.

To this end, a set of concrete, actionable suggestions for the MS community are formulated (see also Figure 2).

	Suggested action 1: Building upon the strong foundation of collaboration established within the MS community to further enhance our collaborative efforts. As we move toward formulating detailed and implementable global recommendations for data collection, it is clear that the responsibility for this initiative will continue to rest with the MS community. Recently, a global multi-stakeholder task force defined a core dataset for MS to guide emerging registries in their dataset definitions and speed-up and support harmonization across registries and RWD MS initiatives. A regular revision of the current Core DataSet is anticipated, especially in regards to the currently excluded variables or pragmatic choices of values (48). Dataset variables needing a dedicated set of data elements (e.g. in the area of patient-reported outcomes or pharmacovigilance) are also not included. The latter is anticipated to be driven by leading networks like BMSD or PROMS initiative focusing on these specific topics. Another interesting activity to enhance multi-stakeholder collaboration is to regularly organize large-scale multi-stakeholder engagement meetings (18, 49).

	Suggested action 2: Investigate the potential of existing and emerging data spaces to address some urgent and critical questions formulated by the MS community, adhering to the principle of ‘learning by doing.’ Specific pilot projects could be established and carried out to assess the suitability of current recommendations for data standardization, interoperability, infrastructure, and governance in the MS context. Following these pilot projects, identifying areas for potential synergy and proposing necessary adjustments will be crucial. An innovative approach could involve organizing a study-a-thon in collaboration with OHDSI and/or EHDEN. A study-a-thon is a focused, multi-day research event that generates reliable evidence on a specific medical topic across different countries and health systems. It gathers multidisciplinary teams to expedite scientific contributions without sacrificing the quality of research, facilitated through a reproducible process (50). This method could effectively showcase the advantages of collaborating with these networks within a limited timeframe. Concurrently, the MS Data Alliance is investigating how the OMOP CDM can be tailored to address the challenges previously identified. This research is specifically focused on the feasibility of automatically converting the MS Data Alliance Core Dataset (48) to the OMOP CDM, with the results expected to be publicly and freely available to the MS community soon.

	Suggested action 3: Team-up with other disease areas to co-2create recommendations to ensure that the EHDS encapsulates disease-specific requirements. The challenges highlighted earlier in this paper, while focusing on MS, are not unique to it. Similar issues are encountered by communities studying chronic diseases that require long-term, high-dimensional follow-up. Particularly relevant are those groups already actively engaged in EHDS discussions, such as those focused on cystic fibrosis, cancer and diabetes (20, 21, 49)). A practical first step would be to co-create a joint statement, consolidating a unified response to the EHDS proposal and addressing the identified challenges.

	Suggested action 4: Invest in education, engagement and awareness raising of all stakeholders involved to ensure proper understanding related to the EHDS as well as general data science principles. Stakeholders include regulators, clinicians, researchers, industry, and people with MS, all of whom are equally important. The level of being informed about how to contribute to the RWD ecosystem as well as experience in actively participating in large-scale RWD collaborative initiatives differs between stakeholders and individuals. Being limited informed and/or having limited experience leads to reduced active participation in initiatives that aim to address the urgent needs within the ecosystem. People with MS (or broader citizens) can actively contribute by co-creating legislation — deciding what is acceptable, how, and for what health data can be used - as well as helping to define priorities in the global research agenda.






Figure 2 | Summary overview of suggested action points towards the MS community to safeguard that the arisal of parallel data spaces remains in the best interest of people with multiple sclerosis.








Conclusion

Rapid advances in artificial intelligence (AI) and the growing health data volume are expected to significantly impact the health sector. AI has already shown promise in helping to improve diagnostic performances, workflow and cost-effectiveness. AI has the potential to speed-up the complex process of data management and –analysis, specifically with the recent developments in the field of generative AI (e.g. ChatGPT). As we stand at the intersection of immense potential and complex challenges, there is both a reason for excitement and a cause for concern. By coming together – researchers, clinicians, patients, policymakers, and other stakeholders – we can harness the full potential of RWD while navigating its complexities. This is a journey that we must embark on together, informed by diverse perspectives and united by a common goal: to revolutionize MS care and research for the betterment of people affected by MS worldwide. Let this paper be the catalyst for that collaborative journey.
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« Data space: Comprehensive term that captures various dimensions of data
handling, from its storage and organization to its processing, access and
analytical use.

« Real-World Data (RWD): Pragmatically defined as any data that is gathered
in the context of standard care as opposed to data gathered in an experimental
setting such as a randomized clinical trial. Examples include registry data and
data collected and stored using electronic health records (EHR). Real-world-
evidence (RWE) is defined as any evidence generated using RWD.

« Core dataset: Set of variables that represent the common denominator across
different initiatives and their accompanying (minimal) datasets.

« Common Data Model (CDM): Standardized representation of content,
independent from a purpose or research question, combined with a defined
common infrastructure. Its purpose is to enable collaborative analyses by
providing a defined framework and structure.

o Primary use of health data: When health data is used to deliver health care
to the individual from whom it is collected. For example: an MRI measurement
taken for the purpose of diagnosing MS.

« Secondary (re-)use of health data: When (existing) health data, originally
collected for a specific primary purpose, is used for alternative objectives or
research that differs from the initiative reason for data collection. For example:
data originally collected for patient care and treatment optimization is re-used to
inform regulatory policies and decisions, potentially leading to improved
treatment guidelines and enhanced patient safety in the MS patient community.
« Patient registries: Organized systems that use observational methods to
collect uniform data on a population defined by a particular disease, condition or
exposure, and that is followed over time.

« Big data: large datasets which may be complex, multi-dimensional,
unstructured and heterogeneous, which are accumulating rapidly and which may
be analyzed computationally to reveal patterns, trends, and associations (e.g.
RWD (such as electronic health records, insurance claims data and data from
patient registries), genomics, clinical trials, spontaneous adverse drug reaction
reports, social media and wearable devices).
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