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Abstract

Lymphomas comprise a complex and heterogeneous group of malignancies which pose challenges in
understanding their epidemiology, pathobiology, treatment responses and long-term outcomes. Evolving
diagnostic classification and fast-paced therapy development compound these challenges. Robust real-world
data (RWD) collection and analysis using clinical registries can contribute significantly to address gaps in
understanding of practice variation and provide evidence for health technology assessments.

However, to maximize the impact of lymphoma registries, and those in other diseases, there is a compelling
need for global collaboration, data harmonization and automated integration between registries and other
large datasets. Technologies that enable safer data sharing are already available, but historical legal
frameworks and evolving privacy concerns are not keeping pace, undermining their intended purpose and
limiting the full potential of available high-quality RWD to improve patient care.

This White Paper written by the Global Lymphoma Registry Alliance (LyRA) discusses the importance and value
of lymphoma registries for different stakeholders as well as benefits of forming a global alliance of the registry
network. An alliance such as LyRA serves both academic endeavors and public interest through collaboration
between patient and community organizations, policy-makers, regulatory authorities, industry and others
seeking to use RWD. Bringing these stakeholders together and raising awareness more broadly will facilitate
timely clinical trial result contextualization and innovation in public-private collaborations on novel trial
emulations and designs, including external comparator cohorts. The LyRA leadership propose strategies for
overcoming barriers to facilitate these key collaborations towards improving patient outcomes on a global
scale.



Introduction

Lymphoma care is entering a new era characterized by accelerated regulatory approvals, rapidly escalating
treatment costs, and persistent global inequities in access to modern therapies. Increasingly, new drugs receive
accelerated approval on the basis of single-arm studies conducted in highly selected populations, often relying
on surrogate endpoints and limited follow-up. Patients, clinicians, payers, and policymakers are therefore
making high-stakes decisions during health technology assessments (HTA) with incomplete evidence regarding
long-term effectiveness, comparative value, safety, and equitable access. Real-world data (RWD) are now
considered an essential complement to clinical trials, providing pre- and post-marketing outcome data from
populations treated in the real world (Figure 1). In this environment, high-quality RWD defined here as data
relating to patient health or experience or care delivery collected outside the highly controlled clinical trials
context?, are no longer optional adjuncts to clinical research—they are essential infrastructure for responsible
clinical decision-making, regulatory oversight, and sustainable healthcare planning (Figure 1).2

Registries are purpose-designed RWD repositories that inform disease trends, treatment effectiveness, toxicity,
and long-term survivorship which collectively generate real world evidence (RWE). Some lymphoma registries
have been systematically collecting, storing, and analysing such data prospectively for decades. Registries serve
multiple purposes: some are intended purely for research, while others fulfill administrative or quality
assurance functions, like monitoring population incidence, care implementation or resource utilization.> #°>°
The ability of individual registries to support research is determined by design, goals, data custodianship,
stakeholder composition, governance structures for data access, and funding models.

The importance of registries is increasingly recognized internationally by stakeholders in academia,
government, regulatory, industry, and patient advocacy, leading to expansion in their size and number.X°
However, the currently fragmented registry landscape needs harmonization to establish their full potential in
generating comprehensive applicable knowledge that improves patient care. Existing data sharing regulations
are restrictive and burdensome, creating technical and administrative data transfer barriers critical to
collaboration. This reality does not serve patients’ or societal interests.

Here, we provide a roadmap for worldwide registry collaboration and integration through the foundation of
the Global Lymphoma Registry Alliance (LyRA). The authors serve on the LyRA steering committee, comprise
leaders in lymphoma real-world research, registry science, a network of patient organizations, and lead their
respective own registries. The roadmap should not be viewed as an aspiration to establish a single global
registry. Rather, it is directive from academic experts and patient organizations to engage in dialogue with
regulatory authorities, ethicists, broader patient communities, HTA bodies, and industry. The intended
audience for this White Paper are all these stakeholders, with the hope of increasing mutual understanding of
the needs and enhance collaboration to advance quality and use of RWD with the ultimate goal to improve
individual patient care with a global perspective, promote sustainable healthcare systems, and strengthen
regulatory decisions for innovative therapies.

Benefits of forming a global alliance for lymphoma-specific registries

The LyRA has identified 49 existing lymphoma-based registries (including research consortia and long-term
cohort studies) in 35 jurisdictions around the world, with significant variation in methods, data management,
disease scope, funding and governance models (Figure 2, Supplementary Table 1). The LyRA has adopted an
inclusive approach and welcomes systematic real-world datasets on lymphoma to participate. The identified
registries and databases become members of the alliance when their leadership, for example the Principal
Investigator, expressed interest.

Many individual registries and internationally established consortia have provided invaluable insights into
lymphoma epidemiology and outcomes. However, such evidence is most commonly regional or national, but
infrequently international. Registry inclusion criteria and coverage are typically disease-based but may also
focus on procedures or products not limited to lymphoma, for example, chimeric antigen receptor T-cell



therapy (CAR-T) and transplant registries! 2 or national population-based pan-cancer registries.

Consequently, they can lack data fields of importance to lymphoma clinicians and researchers, as disease-
specific variables are not available or sufficiently granular. Further, data that require prospective collection
directly from patients (e.g., patient-reported outcomes) are often not available.

The fragmented registry sector undermines a global view of lymphoma epidemiology and outcomes and
hinders registries from meeting established quality thresholds.!* These limitations are amplified for lymphoma
due to considerable diagnostic and therapeutic complexity. Ensuring global faithful representation of the same
clinical entity in lymphoma is required. Furthermore in rare lymphomas, timely analyses of therapeutic access,
treatment algorithms or evolving diagnostic criteria require multinational collaborations to achieve sufficient
sample sizes.

RWD quality remains a priority for registries whilst also balancing sustainability to collect long-term follow-up
data for large populations in this environment with limited resources. The lack of clear international guidance
for data collection and management in lymphoma research is suboptimal. Misaligned fields across registries
disrupts data interoperability and lead to unwanted wastage of research data in analyses.

LyRA recognizes these systemic issues and offers opportunity to advance the sector, not through creation of a
centralized international registry, but through streamlined knowledge sharing and expert consensus, setting
quality benchmarks and core data elements that meet minimum stakeholder standards, harmonizing
governance and data sharing processes. A collaboration framework offers significant advantages as different
registries can contribute different types of data (e.g. clinical data, genomics, patient-reported outcomes, late
effects). These can then be integrated (including with clinical trials data) to analyze a variety of questions, with
the understanding that not every registry can contribute to every analysis, but the data aggregation allows, for
example, different registries to contribute to specific components of a multi-state model.

The time is now for global registry collaboration and alignment in lymphoma

Lymphoma exemplifies the challenges of data integration relevant to many diseases. It is the most common
hematologic malignancy and encompasses over 80 heterogeneous subtypes.'* Many subtypes are rare, with
limited understanding of their natural history and few randomized trials guiding treatment decisions.
Substantial geographic and social disparities exist in lymphoma epidemiology, clinical care, and outcomes.
Existing datasets underrepresent large parts of the world, despite the endemic nature of certain subtypes (e.g.,
Burkitt lymphoma in sub-Saharan Africa’®>, NK/T-cell lymphoma in Asia'® and adult T-cell leukemia/lymphoma
in central and south America). At the same time, access to transformative therapies such as CAR-T and
bispecific antibodies remains highly variable across jurisdictions.

The highly competitive drug development environment results in approvals frequently based on non-
randomized studies conducted with decidedly selective patient populations, surrogate endpoints, limited
follow-up and dosing strategies that identify maximum tolerated doses, rather than minimum effective
dosing.'” This framework amplifies knowledge gaps and global variation in care. RWD have thus become
essential for data-informed clinical decisions. RWD also inform trial design, measure effect of implementation
and generalizability of trial results, and evaluate long-term safety for indications where randomized trials are
not feasible. Their value increases as countries need to prioritize limited healthcare resources in the context of
increasing costs. The Food and Drug Administration and the European Medicines Agency also now recognized
RWD as synthetic control arms in clinical trials and as a valid data source for drug and device applications,®
although implementation has been slow.

Meanwhile, emergent new information technologies (IT) permit significant opportunities to capture, share and
analyse lymphoma RWD while maintaining quality and security. Advances in automated electronic health
record (EHR) data extraction, enhanced storage capacity and new sharing capabilities allow handling of large
and complex datasets. Artificial intelligence and machine learning tools can produce sophisticated predictive
modelling when supplied large training datasets, but their performance depends fundamentally on data



integrity, fit for purpose, and representativeness. Data privacy restrictions intended to protect patients now
represent the most significant barrier to fully harnessing these methodological and technical innovations and
may eventually do the opposite.

An international approach to addressing barriers of RWD collection and use

Barriers to successful registry collaborations are multifactorial and widely recognized across disease contexts,
with our readily available solutions summarised in Table 1. We provide our goals with respect to these barriers
and potential solutions (Figure 3).

LyRA goal: Achieving synergy in governance frameworks and stakeholder input via balanced leadership

Successful RWD collaboration relies on effective engagement of diverse stakeholders including clinicians,
health authorities, funding bodies, industry and policy-makers. The most important stakeholders are patients,
both existing (who contribute their data), as well as future, whose management will rely on RWD availability
for RWE generation. Historically the absence of input from people with lived experience in decision-making
pertaining to risks and benefits of RWD research led to increasingly divergent views of patient benefit between
clinician, investigators and authorities such as ethics committees and data protection bodies. Future progress
requires formal inclusion of people with lived experience to provide important perspectives on clinical value
and privacy risks as well as ethical considerations and levels of data protection required.

All stakeholders are vital to successful RWE generation from global RWD, but have different views and
concerns. In addition to ensuring privacy concerns from all levels are acknowledged and addressed through
appropriate operational safeguards, complex variation in consent must be considered; many quality or public
health registries do not operationally embed explicit informed consent, yet many research governance
structures require this to access data. As RWD is non-interventional, carries minimal direct risks for patients,
yet LyRA members have identified substantial administrative and contractual burdens arising from privacy
concerns as key barriers to collaboration. This leads to unethical waste of opportunities to improve patient
care (Table 1). By bringing together stakeholders, more rapid progress can be made in balancing the needs and
requirements of all while overcoming barriers to accessing and using high-quality RWD.

LyRA solutions: strong leadership structure, stakeholder engagement, and adaptable framework of
governance to foster collaboration

Our approach: LyRA will amplify the value of individual efforts by promoting collaboration, harmonization, and
shared standards through a community of stakeholders, including clinicians, data managers, researchers and
patient advocacy partners. By aligning methodologies and definitions across international registries whenever
possible, LyRA aims to enhance data interoperability, enabling meaningful comparisons of clinical
characteristics, treatment patterns, and patient outcomes across diverse populations and health systems. The
LyRA structure aims to expand to other interest groups such as imaging experts and laboratory scientists
incorporating or contributing to RWE generation to provide a resource for the broader medical and research
communities and the general public (Table 1).

Leadership structure: We deliberately incorporate a geographically diverse and experienced steering
committee with representation from disease area registry experts, patient advocacy groups, and
methodologists (Supplementary Table 2).

Communication: Our multimedia communication is purposeful with a public website that has member
functions for secure document sharing, social media presence, regular stakeholder meetings to garner
feedback from the group and determine future directions (Supplementary Table 3).



Harnessing collective expertise: LyRA will harness the expertise of its members along with patient voices to
understand, and where possible, align or synergise individual registry governance structures and data sharing
agreements to foster collaboration among stakeholders.

Governance: LyRA has created an overarching governance plan to rigorously assess feasibility of proposals
from external or member organizations and distribute to the alliance participating member registries.
Individual registries can then “opt in” to projects that meet their own local quality benchmarks and regulatory
requirements. Frameworks for research data agreements will be developed across the alliance by a working
group including content experts and lawyers familiar with data privacy and protection laws, common and civil
laws and neutral laws (e.g. Singaporean and Swiss laws), to reflect individual project type-for example grouped
data sharing versus extracted individual data. This leadership structure will provide governance for review and
approval of data requests from different entities e.g. academic, non-profit or industry, and guidance for
permission of various levels of access for external parties requesting summary data (such as paid requests).

LyRA’s governance and operational structures will undergo continuous evaluation and improvement by
implementing globally agreed mechanisms for ongoing evaluation of alliance activities, monitoring of
outcomes, and adaptation of strategies to address emerging challenges and opportunities.

Patient voice: LyRA deliberately embeds the patient voice at every level through strong partnership with the
Lymphoma Coalition — a worldwide network of almost 100 patient organisations from more than 55 countries
dedicated wholly or in part to supporting individuals affected by lymphoma. LyRA strives to include patient
representatives on all leadership committees, initatives and working groups. LyRA will also advocate for more
formal inclusion of patient perpectives in regulatory decisions, as well as assessment of new RWD studies.

LyRA goal: Minimising data fragmentation and variation through data standardization

Regulatory and government frameworks provide general recommendations to support quality in RWD
initiatives and registries (Supplementary Table 4), but no detailed guidance on disease-specific harmonization
and lymphoma-specific common standards currently exist. Fragmentation and critical data gaps also arise in
clinical trials which often track only selected events during long-term follow-up. Registries can address these
gaps by providing long-term outcomes, rare or late adverse events, end-of-life care and development of
prognostic models that perform reliably across diverse real-world populations (Table 1).

LyRA solutions: Establishment of common standards and data harmonization

The initial assessment performed within LyRA has shown significant variation in operations, consent model,
data collection and sharing, and capacity for benchmarking.’® Examples of studies which successfully
harmonized data items across large, disconnected datasets to generate clinically relevant outputs include the
HoLISTIC (Hodgkin Lymphoma International STudy for Individual Care) Consortium,”® which integrated data
from 8 international clinical trials spanning two decades to generate a novel clinical prediction model, or the
FLIPI-24 collaboration which achieved a similar objective using 10 observational cohorts in follicular
lymphoma.?!

LyRA will build harmonization framewaorks through full registry data mapping and expert consensus to create
core lymphoma-specific data sets for most critical variables across the network. This core dataset will form a
template for research projects and to support development of new registries.

LyRA will build on core datasets and available data via global structured surveys and consensus models to
create agreed CQls.? This information will be used to develop consensus-based protocols and guidelines for
data collection, storage, and sharing across participating registries globally.

LyRA also aims to play a pivotal role in supporting under-resourced environments which lack comprehensive
registries and provide optimized approaches to new registries, educational resources and training programs to



promote best practices in registry operations. Our website will incorporate secure member areas for sharing
templated documents and the investigator network, so new registries can build or share existing infrastructure.

These issues and planned solutions on a timeline are summarized in Table 2.
LyRA goal: Ensure interoperability of technological infrastructure

Combining inter-jurisdictional patient-level data across the bespoke independent IT systems of different
registries is challenging. These are rarely designed to link or stream data to external platforms. Even with
similar individual variables, data entry and coding differences can generate semantic variations that requires
recoding and introduces potential error. For example, a single lymphoma diagnosis can currently be entered
using one of four distict diagnostic frameworks'* 232> which are not always interchangeable.?® ?7 Likewise,
follow-up and ascertainment of time-dependent endpoints vary, including inconsistent collection of response,
relapse systemic anti-cancer therapy data, or transformation.?® Moreover, piecemeal collection of detailed
cytogenetic, molecular and epigenetic abnormalities can be extremely challenging to harmonize.

LyRA solutions: Data collection and management

The minimal Common Oncology Data Elements (mCODE)% provides a framework for core oncology data
elements to be built into any EHR, encompassing standardized terminology for patient, disease, treatment,
and outcome variables. Universal adoption across LyRA member registries would facilitate future data
abstraction and aggregation across heterogeneous systems and reduce inconsistencies.?® Additionally,
adherence to FAIR data principles (Findable, Accessible, Interoperable, and Reusable) would enhance the
discoverability and usability of data for collaborative research.?® However, individual investment in mCODE,
FAIR, and other interoperable IT systems within each registry is unlikely to occur. Leveraging advanced
technologies such as safe harbors and federated data analytic systems that enable computation to occur locally
while sharing only aggregated results, can facilitate data integration whilst maintaining both data integrity and
privacy according to registry-specific requirements and overcomes complex legal requirements. Establishing
such research platforms requires significant upfront and continuous investments. An interim simpler version
for collaboration would be sharing of statistical coding and adapting the code locally to the individual registries.
This approach has been successfully used in several discovery-validation studies in lymphoma like the BLIPI for
Burkitt lymphoma and R-IPI for relapsed/refractory diffuse large B-cell ymphoma.3 32

Trustworthy data analyses requires a consolidated framework with a rigorous statistical basis that provides a
standardised process for both data access and output quality assurance. LyRA governance committees,
comprising multidisciplinary expertise in registry science, will act as an unbiased bodies to evaluate the
scientific merit of suggested research projects and access requests. As demand grows for advanced analytical
outputs, including Al-based models, systems must ensure compatibility with machine learning tools. A long-
term goal is the adoption of trusted research environments (TRE), allowing approved investigators secure
access to anonymized multi-source data. Shared cloud workspaces, with adequate cybersecurity, can provide
access to research data, code libraries and analytics tools. To safeguard patient confidentiality, outputs will be
subject to semi-automated and/or human review prior to release/access, ensuring that individual-level data
remain protected within the system.

LyRA goal: Address privacy and ethical considerations

Protecting patient privacy and ensuring adherence to ethical standards when sharing and combining sensitive
health data are key LyRA priorities. Regulatory frameworks such as the European General Data Protection
Regulation (GDPR) and US Health Insurance Portability and Accountability Act (HIPAA) must be rigorously
followed. However, researchers and registry custodians face susbstantial variation in regulatory
interpretations. While individual-level disease trajectory data are useful, de-identification can substantially
mitigate risks if performed prior to data sharing and analysis. These include removing direct identifiers as well
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as transformation of specific dates through consistent computational shifting or replacement with time-to-
event variables.

Risks associated with sharing sensitive health information should not be underestimated, however, an open
discussion is needed at all levels from local ethics committees to regulatory and government bodies about
consequences of overly restrictive data-sharing regulations. The current landscape is especially detrimental for
patients with rare diseases, where clinical management is based on expert consensus rather than robust
evidence. This is due to analyses lacking sufficienty large, granular datasets, resulting partially from data
sharing difficulties. The consequences are potentially serious. At the patient level, suboptimal management
and inferior outcomes result. At the societal level, diminished data-deriven healthcare leads to resource waste
on ineffective therapies or procedures. LyRA argues for a more nuanced and balanced discussion on data use
that addresses privacy risk while explicitly considering ethical consequences of not using available data. A
discussion that acknowledges and potentially quantifies the potential harm to future patients when medical
practice cannot be improved through responsible learning from existing RWD and ensure these are fully
understood by relevant authorities.

LyRA solutions: Global data sharing and integration

LyRA will create and adopt agreed principles aligned within existing ethical and legal frameworks while
advocating for practical solutions that facilitate responsible generation of RWE. This will include clear data
sharing and integration guidelines and protocols that comply with regulatory requirements and uphold patient
confidentiality.

i.  The group will review and expand what works now in ethical and secure data sharing.

ii. LyRa aims to improve global transparency of data sharing processes between members by reviewing
existing public material from key member registries, e.g. the Lymphoma Epidemiology of Outcomes
(LEO),® and encouraging registries to publish data access processes.

iii. LyRA will work towards robust synergized approvals and aligned frameworks that permit secure and
ethical data sharing, including developments of master documents and standardized data sharing
agreements.

iv. LyRA will engage in health policy discussions in close collaboration with patient organisations via
Lymphoma Coalition, industry and regulators, in particular to highlight the serious clinical
consequences for future patients of not using available data to learn from past practice

V. Ultimately, LyRA will develop guidance on importance, relevance and risks assessments of new RWD
studies in partnership with our partner patient organisations, industry collaborators and regulators.
This guidance will provide frameworks to support researchers in negotiatations with local authorities.
This will include carefully balanced considerations on ethical obligations to improve clinical practice
with existing data against privacy risks in order to inform authorities, industry and regulators of a more
patient-focused and holistic view of benefit/risk related to data access and usage.

Enhancing the value of registries for patients, clinicians, researchers, and policy
makers

For RWD end-users including researchers, patient organisations, industry and regulatory bodies, LyRA's
coordinated international framework can transform fragmented data into a powerful, reusable, and evolving
resource. Standardized variables and data models will facilitate high-quality dataset integration and cross-
country studies of prognosis, survivorship, and health equity. Investigators establishing new registries will
benefit from LyRA’s shared infrastructure, templates, and governance models.

For the broader ecosystem of industry, regulatory agencies, patient organisations and policy makers, LyRA will
generate high-fidelity, globally comparable data to identify unmet needs and opportunities to reduce
disparities in clinical care. LyRA will prioritize frameworks that enable patient-generated and registry data
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merging fit for use by regulatory decision makers. Industry partners can use these insights to inform
development of innovative therapies, identify populations for clinical trials, and guide access initiatives. LyRA
aims to catalyze interventions to close global gaps in lymphoma care by tracking consequences of variable
access to newer treatments such as CAR-T, bispecific antibodies and antibody-drug conjugates that have a
major impact on lymphoma outcomes.

Ultimately, a robust, harmonized registry network will reinforce a cycle of improvement: better data enabling
better science, better science informing better clinical care, and better care inspiring continued investment.
Demonstrating the collective value of shared data, LyRA will attract sustained funding and participation,
ensuring the registry’s long-term viability. Most importantly, patients, as the central stakeholders, will benefit
from accelerated translation of discoveries into equitable, high-quality lymphoma care worldwide, and gain
access to high quality data to inform the advocacy endeavors.

Conclusion

In a time of fast-paced clinical development and increasingly strained health care systems, registries are an
invaluable resource to advance lymphoma knowledge, improve patient outcomes and enable data-driven,
sustainable healthcare planning. LyRA, a global alliance for lymphoma registries, represents a transformative
approach to advance research, clinical care, and policy development in the field through collaboration between
registries. By uniting efforts, sharing resources, and leveraging collective expertise, stakeholders can accelerate
progress towards understanding the complexities of lymphoma and improving patient outcomes on a global
scale. Overcoming challenges through collaborative solutions, engagement in policy discussions, and adopting
technical solutions will be essential first steps for LyRA in realizing the full potential of data integration and
fostering innovation in lymphoma research and care delivery worldwide. The next steps will require close
dialogue with a broad range of stakeholders, including more patient communities, legal experts,
pharmaceutical industry, and regulatory bodies, in order to achieve tangible, important progress. Nevertheless,
we remain optimistic that advances can be made in several areas relevant for better opportunities for RWD
research, since we are united by a common goal that is both indisputable and uncontroversial: whatever we
can learn from past patients with lymphoma must be used to improve care for the next patients.

Disclaimer: The views expressed in this article are the personal views of the authors and may not be
understood or quoted as being made on behalf of or reflecting the position of the regulatory agencies, ethical
committess or other organizations with which the authors are affiliated.
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Table 1: Problems and potential impact within registry sector plus solutions proposed by the Global Lymphoma Registry Alliance.

Problem Stakeholders perpective Potential impact Proposed solution
Variations in data | Researchers, Regulators: Data dictionaries *Aggravating reduced data completeness and quality *Enhanced and harmonized data quality and scope
management, lacking standardized design, formatting, and *Incompatible and incomplete data fields across *Enhanced statistical power

statistical rigor
and analytical
approaches

approaches to handling biases and missing
data; Varied resourcing, statistical expertise,
data granularity and management

registries delay or prohibit dataset merges

*Improved generalizability through data-merging
opportunities and increased patient diversity

Data sharing and
access challenges

Researchers, Industry, Regulators:

*Complex, varied legal and/or regulatory
requirements to collect/share/access data for
research regardless of level of data
anonymization; Government datasets not built
for research/regulatory use requiring
infrastructure and expertise to adapt

*High admin burdent but essential to ensure privacy,
ethical data use- risk/benefit of sharing to regulators,
funders, industry and patient care must be considered.
*Existing onerous processes for agreement execution is
time consuming. Lead to burdens too high for resources
available.

*Resource optimisation from sharing information and
expertise in data infrastructure, methodology and conduct
reduces redundancy, coding and legal documents; maximizes
efficiency and outputs

*Uniting stakeholders strengthens advocacy for funding,
regulatory support, patient engagement, and policy changes
that benefit all patients.

Wastage and
duplication in
effort in research
and
administration

Researchers:Data collected in local databases
because relevant data fields in national or
established mature registries of all lymphomas
unavailable.

Patients: Consent to multiple projects of similar
purpose & delayed care improvements

*Funding competition for similar infrastructure with rare
targeted funding; funding gaps for registries and data
repositories.

*Data from multiple sources due poor linkages between
datasets; excess/duplicate patient data collection is
unethical; inconvenience/psychological distress.

*Harmonised funding models
*Shared resources/procedures
*Minimisaton of patient burden

Lack of routine
collection on
patient reported
outcome data

Researchers, Patients, Regulators: Patient
outcome and experience data uncommon in
clinical trials; increasingly considered as
essential in evaluating therapeutic efficacy,
value and reimbursement

*Lacking patient feedback on treatment tolerance and
adherence; Limits opportunities for clinicians to respond
to the patient experience; Comparison of registry data
on standard therapy in comparison with clinical trials
limited by lack of patient-reported data.

*Involvement of Lymphoma Coalition in the governance of
LyRA to embed patient voice on exploring the best practice
and to inform aspects of patient management.

*Explore methods to harmonise and combine patient
generated data with registry datasets

Lack of existing
collaboration
between

with registries

and

Researchers: Insufficient compatibility of
research administration and interoperability of
datasets hinder robust partnership of registries,
limiting opportunities for synergies.

*Registry infrastructure and network not being utilized
to its potential for international benchmarking and large-
scaled research projects

*Collaborative research initiatives promote faster discovery of
novel biomarkers, predictive models and innovation; acts as
platforms for clinical trials

*Comprehensive patient characteristics, care patterns
offering more complete, real-time patient data supporting
robust, informed clinical decision making.

Lack of stable and
long-term
funding

Regulators: Gaps may exist in robust data, i.e.
disease epidemiology, death indices; morbidity
endpoints and treatment patterns
Researchers, Patients: RWD analyses from
registry data can be incomplete due to funding
gaps and underresourcing for analyses

*Compromise in quality data informing patient care
*Administrative value to regulators and policy makers of
large-scale data is reduced by gaps in funding

*Coordinated approach to registry synergy means aligned,
efficient data collection and usage will reduce duplication and
waste; higher value datasets available to industry and
regulators.

*Global education and partnership between data custodians,
researchers, regulators, policy makers and industry to
promote and secure sustained support for registry activity.
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Table 2: Plans for global data integration.

Problem

Registries collect data with
variable specifications

Diagnostic patterns of
lymphoma vary across
settings

Registries collect data for
varied purposes (cancer
surveillance, clinical
research, outcomes
research) current lack of
transparency of scope and
boundary of existing data

Governance, data sharing,
and privacy concerns vary
across jurisdictions and
settings

~ &L

Immediate action

Collect existing dictionaries
of main clinicipathologic
variables across
participating registries

Identify methods of
recording of lymphoma
diagnosis in participating
registries

Identify and classify the
purpose and data scope of
currently existing registries

Collect and classify relevant
policies, levels of data
access, and data sharing
options in participating
registries

~~> ~>F {5

Short-term action

Create a harmonized map of
main clinicopathologic variables
important for lymphoma
research and practice

Create a hierarchical diagnostic
pattern conforming to the
current WHO and ICC
frameworks

Create a directory for
researchers of existing registries
including data collection, type
and processes for access

Create a LyRA governance body
and define minimal
requirements to satisfy both
LyRA and local needs

~ b

Long-term solution

Optimize the variable
specification to maximize
relevance and facilitate
consistent collection

Optimize diagnostic data
collection to maximize diagnostic
accuracy in registries from
diverse resource settings

Create a minimal common
dataset for LyRA registry to
provide basic interoperability
regardless of registry purpose.

Build and deploy a harmonized
framework for projects with
diverse objectives

Develop federated operational
and statistical methods that
allow data integration without
data transfer
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Figure Legends

Figure 1: Global real-world data applications in the health technology assessment cycle of
lymphoma.

Figure 2: Global LyRA membership.

Figure 3: Benefits of having a Global Lymphoma Registry Alliance.

Figure 4: Global Lymphoma Registry Alliance’s strategic roadmap to success.
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Supplementary

Supplementary appendix

Supplementary Table 1: Registry membership of Global Lymphoma Registry Alliance.

Name Leading jurisdictions
Registries

BC Cancer Lymphoma Registry Canada
Brazilian Non-Hodgkin T Cell Registry Brazil

Brazilian Prospective Hodgkin Lymphoma registry Brazil

CAEBV Registry Japan

Chinese Lymphoma Registry China
Cluj-Napoca Lymphoma Registry Romania
Czech National Lymphoma Registry Czech Republic
Danish National Lymphoma Registry (LYFO) Denmark
Fondazione ltaliana Linfoma (FIL) Italy

Hong Kong Lymphoma Registry Hong Kong
Kazakhstan Lymphoma Registry Kazakhstan
Korean Lymphoma Registry Korea
Lymphoma and Related Diseases Registry (LaRDR) Australia and New Zealand
National Cancer Registration Service England
Netherlands Cancer Registry Netherlands
Norwegian Registry of Lymphoid Malignancies Norway
Spanish Lymphoma Registry (RELINF) Spain

Swedish Lymphoma Register (SLR) Sweden
Taiwan Alliance for Hodgkin Lymphoma Outcome Study Taiwan

Thai Lymphoma Study Group (TLSG) Thailand
Ukrainian Lymphoma Registry (ULR) Ukraine
Turkish Lymphoma Registry Turkey

Prospective cohort studies

Lymphoma Epidemiology of Outcomes (LEO) NCT02736357

United States

Medicina, Universidad de la Republica (UDELAR)

REal World Data in LYmphoma and Survival in Adults (REALYSA) | France
NCT03869619

Institutional database

Fundacidn para Combatir la Leucemia (FUNDALEU) Argentina
Kuwait Cancer Control Center Kuwait

King Saud University Medical City Saudi Arabia
Memorial Sloan Kettering Cancer Centre United States
National Taiwan University Hospital Waldenstrom macroglobulinemia | Taiwan
(NTUH WM)

Taiwan Mantle Cell Lymphoma Network (TMCLN) Taiwan
Unidad Académica de Hematologia, Hospital de Clinicas, Facultad de | Uruguay

University of Utah

United States

Research consortium

Australasian Lymphoma Alliance

Australia and New Zealand

ENKTCL Registry Japan
European Research Initiative on CLL Spain
European Mantle Cell Lymphoma Registry (EMCLR) Germany
German Lymphoma Alliance Registry Germany

Global nLPHL One Working Group (GLOW)

United States

Hodgkin Lymphoma International Study for Individual Care (HoLISTIC)

United States




International Burkitt Lymphoma Network Netherlands
International Lymphoma Epidemiology (InterLymph) Consortium France
International T-cell Lymphoma Project (TCP) Italy
Singapore Translational Cancer Consortium Singapore
Taiwan National Health Insurance Alliance (TNHIA) Taiwan
Registries in set up

Chisindu Lymphoma Registry Moldova
Vilnius Lymphoma Registry Lithuania
King Hussein Cancer Center Amman Jordan
United Kingdom T-Cell Registry United Kingdom
Irish Lymphoma Registry Ireland

Supplementary Table 2: Composition of Global Lymphoma Registry Alliance steering committee.

Names Jurisdictions | Affiliated bodies

A/Prof Mark Bishton England European Mantle Cell Lymphoma Network

Prof James Cerhan us Lymphoma Epidemiology of Outcomes

Prof Martine Chamuleau Netherlands Internarional Burkitt Lymphoma Network

Prof Chan Cheah Australia Australasian Lymphoma Alliance

Prof Karin Ekstrom Smedby Sweden Swedish National Lymphoma Register

Prof Tarec El-Galaly Denmark Danish National Lymphoma Registry

Prof Andrew Evens us Hodgkin Lymphoma International Study for
Individual Care

Prof Massimo Federico Italy International T-Cell Lymphoma Project
International Burkitt Lymphoma Network
Lymphoma Registries Project by Angela Serra
Association for Cancer Research

Prof Christopher Flowers us Lymphoma Epidemiology of Outcomes

Prof Hervé Ghesquieres France REal world dAta in LYmphoma and Survival in
Adults

Prof Eliza Hawkes Australia Lymphoma and Related Diseases Registry

(Founding chair)

Prof Georg HeR Germany European Mantle Cell Lymphoma Network

A/Prof Matthew Maurer us Lymphoma Epidemiology of Outcomes

A/Prof Adam Olszewski us International Burkitt Lymphoma Network

Prof Susan Parsons us Hodgkin Lymphoma International Study for
Individual Care

Dr Astrid Pavlovsky Argentina Fundacion para Combatir la Leucemia

A/Prof Michelle Poon Singapore Singapore translational Cancer Consortium

Prof Marek Trnény Czech European Mantle Cell Lymphoma Network

Republic
A/Prof Diego Villa Canada BC Cancer Lymphoma Registry
Ms Lorna Warwick Canada Lymphoma Coalition

Ms Natacha Bolanos

Supplementary Table 3: Media strategies.

Category Details Status
Public website Lymphomaregistryalliance.org Active
Social media | LinkedIn Active
presence




Regular stakeholder | Dedicated meetings during: Ongoing
meetings American Society of Hematology Annual Meeting &
Exposition: 2023, 2024

International Conference on Malignant Lymphoma:
2025

Virtual meetings: 2025/2026

European Hematology Association Congress: 2026

Supplementary Table 4: Examples of minimum quality standards considerations for robust RWD
usage

Data collected | Data collection frameworks | Data analysis Purpose fit
Provenance High level of trust in systems | Appropriate study | Data available answers
-transparency designs relevant questions
Reliability Stakeholder engagement Robust analytical | Evidence generation is
methods appropriate
Missingness Dynamic infrastructure Machine learning | Analysis fits aims
models such as
federated learning

HoLISTIC methodology

HoLISTIC (Hodgkin Lymphoma International STudy for Individual Care) Consortium, established in
2018, exemplifies the possibility to build large datasets that integrate such fragmentation and gaps
with adequate expertise, resources, and funding. The HOLISTIC operational team executed data use
agreements (DUA) across multiple countries with specific attention to the privacy provisions
introduced by the EU General Data Protection Regulation (GDPR). Additional ethics approvals from
many other countries and groups were also obtained for secure transfer of detailed IPD from pivotal
clinical trials across the disease spectrum for adult HL.

The HoLISTIC consortium gathered 90+ disease and methods experts to develop clinical decision
models based on individual patient data (IPD) along the disease and treatment continuum from
diagnosis/pre-treatment through long-term follow-up. The clinical trial database was augmented with
IPD of patients captured in prominent cohorts and institutional, regional, and national HL
registries that are enriched with information on non-HL outcomes. These registries and cohorts relied
on diverse methods to collect and validate the incidence and severity of late effects, including linkage
to claims databases, defining risk groups, based on treatment exposure.

Measures to ensure strict adherence to confidentiality provisions were in place, including removal of
potential patient identifiers and conversion of dates in the datasets available for analyses. Applying
established data science methods,! a data dictionary for each data source was created, based on case
report forms, primary publications, and guidance from study statisticians. Then a common data model
with a data dictionary across all sources was normalized, standardized, and harmonized into one
master, annotated database. Normalization refers to the same measurement units, especially for
laboratory values in prognostic scores. Standardization typically refers to uniformed definition in
patient characteristics, whereas harmonization ensures that all information contained in each variable
is consistent across trials and registries, clinical subgroups, and ages (including stage, prognostic
scores, and response criteria).



The resulting HoLISTIC dataset is the most ambitious lymphoma database created through sharing and
merging data multiple data sources and has already led important new insights, most important highly
predictive prognostic model for outcomes after first-line treatment of HL. %°

HoLISTIC utilized the best available data along the continuum in the analyses, where possible. For
example, due to central adjudication and complete data, short-term risk factors and outcomes have
utilized data from seminal clinical trials in the modern era. Data from registries have been used to
externally validated clinical decision models. To characterize longer-term outcomes often not
collected on clinical trials, individual patient-level meta-analysis has been performed, drawn from
population-level data sources. The database has been built to allow for updating, based on emerging
knowledge. This includes longer follow-up, inclusion of additional data elements of interest, and
inclusion of additional trials/registries with unique and valuable information. Ongoing work is linking
treatment exposure to late effects estimates, utilizing simulation modeling to address data scarcity
and uncertainty.





