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Introducing EBRAINS

EBRAINS is a new digital research infrastructure, created by-foed€d Human Brain Project, that gathers
an extensive range of data and tools for brain related research. EBRAINS will capitalize orpgréonragd

by the Human Brain Project teams in digital neuroscience, brain medicine, anthgpard technology, and

will take it to the next level.

The EBRAINS ambition

EBRAINS draws on cuttegdge neuroscience, big data, computnafpotics,and related technologies to help
translate the latest scientific discoveries into innovation in medicine and industry, for the benefit of patier
YR a20ASGed 9. w!Lb{Q FYOAGAZ2Y Aada (2 LINPfaheRIS I
capability that fosters collaborative brain science, opens the way to gooeaking discovezs and aims to
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exploitation.
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Method

The EBRAINS Commumstpeing built with and for the people developing, using, supporting, and benefiting
from the EBRAINS Research Infrastructure, with an interdisciplinary and inclusive focus. In this context,
EBRAINS CoCregteocess is a strategic community engagement process, which facilitatesachorti
collaboration on research and innovation roadmaps.

Research and innovation (R&ljendas are generated at many different scales and levels, and by man
different bodies, including the European Commission, governments, research agencies, funders, institutio
and individual researchers. A known tendency in this setup is that the iscofpen limited by institutional
thinking, disciplinary boundaries, or special interests. This leaves a need for defining research agendas ac
fields and actors, thereby defining more comprehensive and less biased gxioritdirections for R&l
programmes or projects.

EBRAINS CoCredteilds on the method of Open Research Agenda Setting (ORAS) which recognises 1
benefits of engaging muisictors including civil society organisations, patganisationsand governance
bodies in R&I development alongside scientific and technological experts. The resulting research agendas
in turn include visions or problems that societal actors find important, which strengthens and legitimises tt
selection of resea@h priorities.

The EBRAINS CoCrelafgdemiology and Nelmvasive Biomarkers to Improve the UnderstandinBrafn
related Disordergrocess is made up obdr workshops arranged frorvlay 2023 to June2023 with the
following setup:

Session.: SessiorR: SessiorB: Session:
OnlineMay 17" OnsiteJune7 OnsiteJunegth OnlineJune21st
Brainstorming on Defining challenges Finalising R& Realisatiorand
challenges and and solutions and roadmap exploitation of the
solutions initial R&l Roadmap formulation roadmap
formulation

The EBRAINS CoCrelafedemiology and Neimvasive Biomarkers to Improve the Understanding of Brain
related Disorderaims to:

1) ldentify shared longerm ambitions within thereas ofdisorder identification and treatment.
2) Create roadmaps that allow the ambitions to evolve into tangible goals, tracks, and steps.
3) Identify opportunities to realise the R&I roadmaps.
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Introducing the vision

Integrating Epidemiology and Neimvasive Biomarkers to
Improve the Understanding of Braitelated Disorders

EBRAINS CoCreatea forward looking cocreation process that delivers roadmaps of visionary science ar
innovation targets that are important for EBRAINS as an infrastructure and for theactarltiand
interdisciplinary environment around it. The vision in a CoCreatosetally beneficial one and, accordingly,
the roadmap should lead towards positive impacts for society and the individual citizen. A roaddes

the realgation of the vision up into a stepwise process and identifies needed collaborators and funding patl
for at least the first steps.

ThisEBRAINS CoCreate sitmaddress the issue of the availability of fiovasive screening methodologies
towards brairrelated disorders. Epidemiolpginvolvingvarious factors such as lifestyle, phenotypes,
environmental exposure, and brain disorders can provide correlations as a starting point for new research
causalityand prevention Adding to this, access to more and improved-imvasive biomarkers such as
genotypes and brain scanning methods may give promises of effective screenings. In combination, they
a promiseof earlier and better detectiomrediction,and prognosis, and of increase in causality research.

With the development and evolution of namvasive biomarkers for brain related disorders, epidemiology
has extended its role in the understanding of brain function. The field of neuroscience benefits frot
epidemiological studies by gaining a better untderding of the complex interplay between genetics, lifestyle
factors, and environmental exposures in the development of neurological disorders such as Alzheime
5AaSlasS | yR t I Nlinvagivedigronikergxtandtitelkdoslaelgelhasy of an epidemiological
analysis by elucidating the risk factors associated with a disease, such as agei@tbnomicstatus
associating this with, for example, neural activity, and brain functionirNiasive biomarkers in neuroscience
measure indicators or substances outside the body without the need for invasive procedures, such
electroencephalograph (EEG). Slightore invasive biomarkers, such as, blood tests to identify changes in
GKS ONI Ay (2 RSGSOGE F2NJ SEFYLX ST ''fT KSAYSNDA
provide indirect or second level analysis of brain function to supportitbet @r primary level neuroscience
research.

The EBRIANS CoCreate worksbepeson Epidemiology and Nednvasive Biomarkers to Improve the
Understandingof BrainRelated Disorders woel towards developing a roadmap that integrates the
availability of noanvasive biomarkers with improved epidemioloblye participants of the workshop have
partaken in creating a roadmap that researchers and innovators can use to develop new focused projec
The goal of this initiative is to improve the overall Avelhg of citizens by being better at early detection,
diagnosis, prognosis, and pretien, and ultimately at treating and curibgainrelated disorders.

The vision for this EBRAINS Cocreate #eé@hing and ambitiou®ut there are inherenthallenges. By
nature, epidemiological correlations are far from predictable, and they have their strengths in the exploratic
for yet unseen connections between internal and external factors anddéwelopment of disease.
Roadmapping for development of such activities can point out fields for exploration and improvement ar
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can identify weaknesses and roadblocks that needs to be confronted. Thus, rather than a distinct map, |
outcome of this EBRAINS Cocreate rather is a sketch of needs and destinations. The map must be prod

throughout the evolutionary procesk is the hope that such needs and destinations can motfuatieer
avenues for exploratiotowardsimproved neuroepidemiologyased on availability of new biomarkers.

TheRoadmap

Thereport representghe overall roadmap towardstegratingepidemiology and nemvasive biomarker®
improve the understanding of brarelated disordersDuring the workshop series held in Mayne 2023six
overarchingsubtopicswere identified and developed. The stapicsconsist of proposed actions to reach
the overall vision of integrating epidemiology and-morasive biomarkergnd thesegorm thefoundation of

the roadmap Each suHopic has an introdudairy text followed by a set of actions representing tinajor
steps or milestones needed reach the visiorEach action includes a challengad solutions overview, as
well as a description of the required collaborators and resouiesh subtopic ends with a summary
highlightingthe key pointsand the potential outcomes achievable through the implementation of the
identified actionsThe roadmap should not be considered as a concluded pathathetr as the catalyst to
initiate discussions and efforts aimed at pioneering a new paradigm in-epgi@miology.

Qib-topics

1) Review and gaanalysi®f epidemiology and screening
2) New data sources and biomarker opportunities

3) Solvingethical issues in new biomarkend epidemiology
4) Integrating biomarkers and epidemiology

5) Biomarker big data for early detection

6) Pathways to practical outcomes of epidemiology

EBRAINS CoCreafpidemiology and Nemvasive Biomarkers to Improve
the Understanding of Brairelated Disorders

May ¢ June2023 Page6 of 38



P . .
Q}ﬂjlluman Brain Project

Roadmap illustration
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Visiorary Narrative A possible future in year 2035?

Before delvingdeeperinto the roadmap, a potential future shaped by its careful s&idin has been
envisioned through wisionarynarrative Thevisiorary narrativeenvisionsa decade of collaborative efforts in
clinical neuroscience, spotlighting international partnerships and technological breakthrougtesthe
dynamic potential aresfrom the convergence of society, environment, and biolelggn the approach to
brain healthis redefined It draws attention toinnovation, datadriven progress, and the transformative
impact of collective collaboration on shaping the future.

Clinical neuroscience was strengthened considerably after an international collaboration on development
a diversity of indicators and biomarkers had been established in 2025 and executed in the following deca
The aim had been clegrto make it pos$ile to produce statistically strong correlations between social,
environmental, and biological factors and the risk for breiated disorders, based on strengthened
neuroepidemiology.

The internationatollaboration had been backed up by public as well as private funders and was based or
targeted longterm strategy. This was organisationally arranged asaed open coordination actiorgs
funded projects should be open for voluntary contributionsnfrany type of actor that could help reaching
the targets of the action.

An early set of actions foa on laying the foundation. Scanning of existing epidemiological knowledge wa:
performed, as well as a gap analysis identifying white/unexplored fields on the knowledge magshdattey

not be the only determinanbut should be used rationally, and an economic model for cost and benefit
analysis was developed to help focus on societally important topics. To avoid duplication or needle
competition, a mapping of possible synergies was done to make use of exggsational infrastructures,
including the EBRAINS infrastructamed the BBRAINS Communityor this kind of researchAnd open
coordination

Data acquisition and availability is key to this kind of research, and a range of projects focused on expan:
of the available data to provide new options for insights. Establishment of Open and FAtRtdatdnich

meet principles of findability, accessibility, interoperability, and reusaloiitaboration and management
environments was established by a few projects with operational collaboration on data at the centre
Exploitation of opportunities in new data sourcesocial media, @atient records, etag was a large area of
efforts, withmethodological projects, experiments, and mainstreaming planning. Likewise, investments wel
made in establishing collaboration across neuroscience and other scientific fields, including social scier
psychology, and environmental science, on developragrelevant indicators followed by investments in
data production. With clinical-ecords proliferating across countries a set of projects were developing
methods, organisational solutions, and standards for improved clinical data collection.

Biomarkers on the one hand often are the result of new insights, but on thehathdralso can be developed

by targeted research. Review and strengthening of research on key symptoms and their related biomark
were therefore a fundamental activity for targeted biomarker development making, of course, use of Al fc
pattern recognition. tgategic investments in biomarker technology development, including wearable
technologies for longitudinal biomarkbkased data collection, logically followed. For proper use of biomarker
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signals an innovative approach to symptoms assessment scale harmonisation was developed. All put toget
the foundation for several projects validating new biomarkers was laid out.

Development of epidemiological analysis tools sensitive to the diversity among human beings was an aim fi
the start. Epidemiologpecomesfar more useful if the resolution towards diversity and variance is high.
Likewise, sensitivity to early signals of evolving disease makes early screening and detection possible
efforts were put into developing tools for identifying jalisease change the brain.

One thing is science, anothtéing isimplementation. The international collaboration acknowledged early on
the need for preparing for the embedding of the insights into clinical and organisationaluplideveloping

new approaches to screening and early detection, based on epidemiologights, was thus an analytical
and dialogical effort that involved organisational and participatory expertise and activities. Societal no
O2YLX Al yOS| AXNE SNDPakKY&R || 3IFdZARAY3I |yR LRfAOe RS
acceptability, public engagement, and combating stigma field of investment that was seen as
precondition for effective strategies. The relevance of such activities becomes clear when looking at t
possible data errors that originate from stigma as a systematic error sdinsemay simply be because
providing consent and consenting to allowing an existing aliment or the potential for a future ailment, suc
as, dementia to be diagnosed, may be hindered as there is a risk of real consequences of stigmatisationr
the individwal. Consequently, a range of awareness creation activities on-felabed disorders and
sensitisation as a basis for more engagement in research were initiated by the involved nations.

Interestingly, the persons behind this endeavour were able to look several years ahead. Develof@ng long
policy support for this new paradigm would not be easy because of the rather long time from finding
correlation until an implementable practicewd be developed. This is not newhe current extensive lead
time between correlation and implementation in the practice awareness of creation activities will result il
long term gainsA set of communication activities were lgagn funded to ensure that the efforts would

not be wasted, and that patience was installed.

The result of this grand endeavour has been a new paradigm for agdemiology, which builds on
established traditions in the field, and adds a new dimension of disease symptoms, indicators, and biomark
The result was a remarkable improvement of targeted research in causality, in early detection and preventi
of bran-related diseases. However, how do you measure the impacts of building a foundation? Is it the ri
of a house that is the success criterion, or is it the options for new networks, talks, ideas, innovations, polic
investments new prospects for th&uture that the house makes possible when it is populated with engaged
and inspired guests?
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1. Review and gap analysi:
of epidemiology and
screening

Finding the blank spots on the epidemiological map. What is state of the art in tf
epidemiology of brain health? What are areas that coukhould be explored as
consequence of having access to new data sources and biomarkers? Is exis
data being used wednough in the epidemiology of brain health? What can be
learned from other areas of epidemiology?
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Introduction

In this suktopic, we delve into the intricacies of epidemiology and screening within the domain of brair
health. Our goal is teevealunexplored avenues and address gaps in our current understanding of brain
related disorders.

We begin by charting the current landscape of brain health epidemiology, shedding light on areas th
demand further investigation. This prompts us to question the effectiveness of our existing tracking ar
intervention strategies in this evolving fiellith the emergence of innovative data sources and biomarkers,
we assess the potential for their integration. How can these tools enrich our insights into brain health? Wh
novel perspectives can they offer, and how might they reshape our approach teemtens?A key
component of our exploration involves evaluating the optimal use of existing data sources. Are we maximiz
their potential? By scrutinizing our current practices, we seek to enhance the precision of our insights.

Drawing inspiration from broader epidemiological disciplines, we aimtefgrateinsights and strategies. This
integration can guide us in adapting successful methodologies tmthplicatedrealm of brain healthThis
subtopic outlines the key challenges in this field and proposes actions to address these challenges, with 1
goal of advancing our understanding and improving outcomes for individuals affected byelataih
disorders Each action offersneapproach to driving progress and improving outcomes in this complex field.
Through increased awareness, streamlined data collection, nuanced strategies to combat stigma, &
collaborative exploration of biomarkers, these actions collectively contribuge nreore comprehensive
understanding of brawelated disorders.

Actions overview of the sttiopic

Action:Data collection and extensivepganalysis

Challenge overviewEpidemiology on brairelated disordersis highly deficient there is abacklog in
comparison to other fields of diseases/organ systems).

Solution overview:

f CAffAy3 22cdrmsultaienNaiévig tidaBstraint on clinicians.

1 Extensive gap analysisicludingon invisible data on brairelated disorders at different levels
(molecular, cellular, environmental etc.)

' Clinicians on possibilities in clinical context: NS & & dzZNB X NBRdJzOSR RIF G+ |
cooperation/compliance.

1 Researchers on what is needed for their research hypotheses.

Data analysts: informing about data structure/hierarchy.

1 National registersfeasibility of identifying epidemiological relevant data e.g., in existing registers or
setting up a new registesuch as the Dutch Brain Research Registry for the recruitment of
participants, Brain Tumor Epidemiology Consortfurfraumatic Brain Injury Veterans Health
Registry, Dementia registries across the glépe

1 Develop wearable devisgor collaboratewith groups with existing wearable devicés,monitor
different parameters (temp, blood pressure, circadian rhythm, pulse etc.) and provide it to patient
free in the hospital home setting.g., already available measure sleep patterns and mild cognitive
impairment (MCP) use wearables to identify a pre dementia phase by age, cognitive tests, sleep «
heart rate variability (HRV)

Collaboratorsnclude
1 Representatives of national registers.

=a
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1 Clinicians from different institutes.

1 Researchers from different groups.

1 Data analysts.
Characterisation of the actioithis action involves improving data collection and analysis related te brain
related disorders through collaboration with relevant stakeholders and the implementation of new dat:
collection methods. This can include initiatives such as developing staedatdta collection forms for pre
consultation, providing training for clinicians on efficient data collection methods, and collaborating wit
researchers and data analysts to ensure that collected data is useful for hesparposes.
ResourcesFunding for data collection initiatives, training for clinicians and researchers, technology fo
effective data analysis.

Action:SensitisationAdvancindrain disorderawareness andollaborationinitiative

Challenge overviews new field withirBrainrelated disorders

Efforts are rising and already existeget to be sufficiently represented within studies, spesgali
communities,and platforms for exchang@his manifests itself among others as the following challenges.
Solution overviewincrease awareness and understanding of brelsted disorders through education,
outreach, and collaboration.

Collaboratorsnclude Medical professionals, researchers, patient advocacy groups, government agencies
European Commission Lifelong Learhing

Characterisation of the actiofhis action involves increasing awareness and understanding ofdledéd
disorders through various means such as education, outreach, and collaboration with relevant stakeholde
This can include initiatives such as public awareness campaigns, i@tlcataterials for medical
professionals and patients, and collaborative research projects to better understand and address bra
related disorders.

Resources-unding for educational materials, outreach programs, and collaborative initiatives.

Action:Dismantling stigma ibrain-relateddisorders througlcollaborativedataempowerment
Challenge overviewk diagnosis of any braielated disorder can entail stigmatisation on many levels. First,
even the diagnosis might solely relate to a specific populagiach) asaccessibility of consultation and
willingness to make use of I addition, if a diagnosis is received, patients may not only face societal
stigmatisation and shambut theymay also experience increased economical constraints. For instance, the
use of biomarkers, genetic profiling and identification of environmental factors have resulted in some at ri
patients being offered less favourable-mayment rates or less favouldabhealth insurance policies
Furthermore, certain occupations requirsimplifiedrecord with regards to certain diseaseasost of which
are brainrelated and thereby results in limiting the opportunity for counsellirggnce, we might face
systematic data error.
Solution overview:

1 Specifically determine but also restrict bilateral information flow during data acquisition.

 SharingERGE KS { OASYUGAFTFAO [/ 2dzy OAf Qa 2 2NJ Ay 3 DNR dzZL)

data sources and biomarker opportunities.
0o CB & CDEurope summit is annual 20ih March next year it will bieeldin Bostos.
o A goalwill be to evelop joint neuroscience and epidemiology pa@erdentify biomarkers
relevant to epidemiology

Collaboratorsnclude

1 Seek collaborators who will assist in developing national programmes to identify gaps in knowledge

T DLl Ay (y2sfSRISY aC2 NiwérkishopLadddrcating forfcatderenceas K S

in epidemiology and/or neuroscience to create a neuro epidemiological section. The focus could be
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discuss possible causes for the limitations related to epidemiological research in relation t
neuroscience and to identify possible pathways forward

1 Explore further the role that industry could have in assisting with neuroscience and epidemiolog
collaboration in determiningon-invasivebiomarkers. For examplé,it isa spatial navigatiotool for
Alzheimemwould there have to be aserfriendlydevice which accounts for different languages and
level of computer literacy.

Action:ldentifying kenefits

Identify specific examples of using epidemiology and identifying the methodology which will be used. T
then must be considered in relation to any neuroscientific/neurology methods and ensure that they are
compatible. This would require consensus on appropriate use of the methodologies which would involve
multidisciplinary workshop/conference/etc.

Challenge overview:o be able to sketch a more comprehensive picture of a disease and identify risk factor
andreliable biomarkers on the large scale. This would require identifying which elements are regulired
what would be a relevant comprehensive picture of the disease what is required for each disease or is th
a type of template which could be developed as a guide to undertake the process.

Solution overviewSee other groups.

o T K

PYAYdALO bf3dad20Al 02y 2F Y2RAUIFO6ES fAFTSadetsS FIOG2NE sAGK ORNNDER DYay2aR
AY LI A NS & @

6 Saif Net al. Feasibility of using a wearable biosensor device in patients at risk for Alzheimer's disease deémeliia:

7

8

Summary

In summary, this sutopic delves into the topic of brain health epidemiology and screening, aiming to uncove
untapped avenues and bridge gaps in our knowledge of-lekited disorders. This is done by suggesting
actions that dissect the current landpeaof brain health epidemiology, exposing areas that demand further
investigation ancthallenging our understanding tife efficacy of our existing strategies for tracking and
intervention.

With theintroductionof innovative data sources and biomarkeinss section proposes actions that ensure
their integration, shedding light on how these tools can enhance our understanding of brain health ar
reshape our approach to interventions. The-sytic emphasizes the need to maxdmthe use of existing
data sources and outlines strategies to achieve precision and depth in insights.

Inspired by broader epidemiological practices, thistepir also advocates for the integration of insights and
methodologies from related disciplines. By uniting successful strategies from various epidemiological fiel
the complex domain of brain helalcan benefit from shared knowledge and experience.

The proposed actions address the core challenges in this area and offer practical approaches to drive progr
Through actions that promote extensive data collection and analysis, advance awareness and collabora
initiatives, tackle stigma, and idegtibenefits, this suopic aims to advance our comprehension of brain
related disorders and improve outcomes for individuals affected by them. Collectively, these actior
contribute to a more holistic and informed understanding of brain health, layingnaldton for more
effective interventions and strategies in this complex and critical field.
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2.New data sources and
biomarker opportunities

New technological advances can give access to new biomarkers, which prov
new types of data. Patient records have become more comprehensive, accessit
and easier to analyse. How should structures be built to take advantage of this”
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Introduction

The emergence of new data sources has revolsgdnibiomarker research, offering unprecedented
opportunities for discovery and analysis. Integrating diverse data streams from wearable devices, genom
and social media enables researchers to uncover valuable insights and identify novel biomarkers with gre:
precision. These new data sources htie potential to transform healthcare by enabling riale
monitoring, personaded interventions, and advancements in precision medicine.

Effective data management is crucial for masingithe potential of these new data sources. By implementing
robust data management practices, researchers can ensure that data is collected, stored, aad analy
manner that is consistent, reliable, and secure. This can include the use of stmuddeta collection
protocols, secure storage solutions, and advanced analytical tools to extract meaningful insights from comg
datasets.

This subtopic provides a brief introduction to the proposed actions related to new data sources and
biomarker opportunities, with a focus on the importance of effective data management. By leveraging tf
power of new data sources and implementing robust data managepneaatices, researchers can unlock
new opportunities for discovery and innovation in the field of biomarker research.

Actions overview of the sttiopic

Action:Prospective FAIR data management plan
Challenge overvieviProspective (Pracquisition) management plan design
Solution overview:

1 Prospective FAIR data management plan with proactive curation harmonized within.

1 National nodes and internationally.

1 Develop a white paper on the FAIR data management plan.

1 Conduct studies to define data structures archetypes and options.
Collaboratorsnclude EBRAINSNCHKInternational Neuroinformatics Coordinating Fagillordic MEG Hub
In the development of the white paper call for people interested in the topic. Subgroups national, EU, rest
the world.
Characterisation of the actiomhis action involves developing a prospective FAIR data management plan wit
proactive curation that is harmonised within national nodes and internationally. This can include initiative
such as developing a white paper on FAIR data management planctoogdtudies to define data structures
archetypes and options; and collaborating with relevant stakeholders such as EBRAINS and INCF.

Action:Multimodal and multiscale data integration
Challenge overviewMultiscale and multimodal data harmeaiion, interoperability, and integration.
Solution overview:
1 Multimodal neuroscience data integration (FAIR ontology/metadata/brain atlas integration).
1 Combine structural/morphological, functional, metaboheics etc. data).
1 Data harmorsation and interoperability frome.g., new/old sensors 9., EEGMEGOSMEG
(Electroencephalographmagnetoencephalographyn scalp magnetoencephalograph@TMRI/7T
MRI).
1 Collaboration between the scientific community and Al developers to develop a programme which w
enable integration.
Collaboratorsnclude EBRAINS, The Virtual Brain, Nordic MEG Hub, neuroscientists and Al developers.
Resourced=BRAINS and associate membaerstitutes, universities.
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Action: Identification or reidentification of key symptoms of braielated disorders and their biomarkers
Challenge overview:

1 Given the progress in the development of measuring/recording devices, the availability and increasi
coverage in society, and the emergence of opportunities for analysing big data (incl. clou
technologies) with the identification of key markers of stateditions (functions, mental disorders,
psychosis, imbalances) in dynamics.

1 Shift from simple markers (EH@&ectro-encephalography fMRI (functional magnetic resonance
imaging, optical imaging, biochemical, aramdch as, undertakingpopulationbased studies to
determine the Utility of EEG Activation Procedures in Epilepsy and its association with sleep in youn
peopld to complex markers that characterise tempaadtial units (structuréunction units -
networks, units of neural circuit operations, complex

1 Spatial connectivity (network activity patterns for brain structinefsaviours).

1 Building of the human brain models (using structural, functional metabolic-diata) a healthy brain
(new definitions for Health and Disorders).

Solution overviewdDevelop systems in which this type of action can be developed. Because the collaboratio
among diverse research groups regarding epidemiology, neuroscience, Al development, which includes r
invasive biomarker technology, is being developed, then khisheas to be established as a fundamental
approach within the university system and the development of new researchers, i.e., education must shift
incorporate these cross disciplinary approaches even at the undergraduate levebddegibw is to

encourage epidemiology neuroscience departments with undergraduate courses so it will encourage n
researchers to comiato research with this mind set. USA have several such departments (examples incluc
Columbia University, Harvard University, and New York University), although this could be extended furtl
to be even more inclusive. It is not clear whether such departments exist in Europe.

Collaboratorsnclude EBRAINS and associate members as well as institutes and universities.
Characterisation of the actio’ key action is therefore to expand the focus within universities to develop
new hybrid education and training, not only for epidemiology and neuroscience, it should also incorporate
development. In association with this there would be a research gnoagporating all of the specialisations
which work on developing new hybrid research. For example, in the case of nénvasive biomarkers,
they can develop standardised methods for working in this hybrid group. To achieve this, interested parti
caneither develop a working group which could be global or create hybrid conferences, or identify resear
possibilities in research funding suchHasizon in the European Union (EBYr example, in using the non
AYOlLAaA0S o0A2YFNJ SN GKIFG A& o0SAy3a RS@OSE2LISR Ay
G§SOKy2ft238 KlFa 0SSy RS@St2LISR (G2 NBEO23aAyAaS OKIly
identify what chages occur which constitute possible deterioration in language dueitd K SA YS NI &
(AD) The epidemiologist would be able to contribute in terms of perhaps cultural differences in the use of tr
device, issues related to educational standards i.e., if the person would have the skills to use the device, ¢
ResourcesE£BRAINS and associate members, institutes, universities, EU.

Action:Assess the impact of the environment in the development of a healthy brain and/or mentitessl
related disorders
Challenge overview:

1 Need to identify NEW Environmental markesach asquality of lifemarkers How to identify,
describe, evaluate the objectivity of obtaining information, data, and evaluate their contribution to
the development of a healthy brain and the development of mental disorders and stress relate
disorders.

1 Stakeholder identification.

Solutionoverview:
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91 Deploythe use of biosensors to monitor the effects of environmestich as,quality of life
(environmental data), as potential triggers of stres®l/or mentalrelated disorders.

1 Identify stakeholders and not only those who would have written papers, so interest groups e.g., n
F2NJ LINPFAGAE ' f 1T KSAYSNRAE ! aa20AFGAz2Y

1 Determine which are the relevant environmental markers and create workshops and conferenc
subgroupsand other avenues to disseminate and discuss the epidemiologist role in incorporating th:
findings into neuroscience research

New data sources and biomarker opportunities
1 CB & CDx Europe summit is annual42@2March- next year it will be in Bostorr

1 Develop a joint neuroscience and epidemiology paper identifying biomarkers relevant to botl
disciplines

Collaboratordnclude EBRAINS, The Virtual Brain, Nordic MEG Hub, other EU Initisivesscientists &
epidemiologistengaged in the research into markergerest groups.
Characterisation of the actioithis action involves assessing the impact of environmental factors on brair
health and mental disorders through the deployment of biosensors and collaboration with relevan
stakeholders. This can include initiatives such as monitoring environmentalsdptdeatial triggers for
stress and/or mentalrelated disorders, identifying relevant environmental markers through workshops and
conference subgroups, and collaborating with interest groups such -&srimbfit organisans.
Resourced-unding for biosensor deployment, workshops, and collaborative initiatives.

Action:Combinatorial challenge of representation communication and analysis of complex datasets
Challenge overviewChallenge of communication due to language barriers to have all information
represented from complex datasets that may be lost due to Al interoperability (Language to machine reada
format).

Solution overview:

1 Interaction of representatives from all involved stakehd®eroduction of instruments aimed at
increasing knowledge in the general populatias, well asknowledge dissemination to data
integration regarding biomarkers.

1 Identify what are the barriers to integrating information from different biomarkers through
workshops, conferencestc

1 Provide funding to explore these issues.

Collaboratorsnclude EBRAINS, The Virtual Brain, Nordic MEG Hub, other EU Initiatives.
Exploring biomarker complementarity with Al developers, neurosciandbjomarker developers.

Action:Cost and benefit analysis

Challenge overviewf, and when, the actions described here are effectuated, cost and benefit analysis mus
be at the core.

Solution overview:

1 Identify what the cost centres are.

1 How much does it cost to finance each cost centres, e.g., hardware, laboratories needed to be bu
human resources, what kind of talents do we need, how much money do we need to pay their salarie
office costs, operating costs, fixtures overheads.

1 Where are we going to get the funding to finance all these cost centres.

1 What are the benefits that this nanvasive biomarker can bring to the table?

1 Are these potential benefits justifying the costs that are to be invested?
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1 If the cost/benefits ratio is negative, then this project does not justify.
1 If the cost/benefits ratio is positive, then how much is the ratio? A scale must be drawn.

1 What is the benchmark to measure the success/ failure of this project?

Collaboratorsnclude Financial analysts, project managers.

Characterisation of the actiofhis action involves conducting a ebehefit analysis to determine whether

the potential benefits of this project justify its costs. This can include identifying cost centres such as hardw:
and human resources; determining how much it will cost tnfte these cost centres; identifying potential
funding sources; assessing potential benefits; calculating a cost/benefit ratio; and establishing a benchm
for measuring success or failure.

Resourced-unding for financial analysis.

Summary

In conclusion, the emergence of novel data sources has ushered in a transformative era for biomark
research, promising remarkable potential for insight and innovation. By leveraging diverse streams frc
wearable technology, genomics, and social medsgarehers will be able ttevelopnovel insights with even
greater precision. These new data sources hold the key to new advances in healthcare threugle real
monitoring, personalized interventions, and advancements in precision medicine.

The effective management of these data sources is paramount for maximizing their potential. By adopti
robust data management practices, researchers can ensure consistency, reliability, and security through
the data lifecycle. This entails standardizetlection protocols, secure storage solutions, and sophisticated
analytical tools for interpreting intricate datasets.

The actions in this stiiopic have outlined a series of proposed actions in the realm of new data sources an
biomarker opportunities, with a central focus on the imperative of adept data management. By harnessil
the capabilities of these data sources anglementing robust data management strategies, researchers may
be able to make new discoveries and innovations within the field of biomarker research.

Theseactions also delve into the identification of environmental markers, the critical assessment of costs al
benefits, the pursuit of FAIR data management practices, multimodal data integration, effectiv
communication, and the identification of key symptoarsl biomarkers for brairelated disorders. By
fostering crosslisciplinary collaborations, promoting hybrid education, and creating platforms for knowledge
exchange, these actions aim to synergize expertise and drive forward the understanding of bireemdea
mental disorders.
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3. Solving ethical iIssues In
new biomarkers and
epidemiology

Big data sets and new types of biomarkers provide new ethical challenges. How
we understand disease? What does it mean for a biomarker to benmasive?
How can the needed ethical safeguards be developed and implemented?



V.

.
N ) )
(!}P(’ Human Brain Project

Introduction

Technological advances have allowed medicine and research to continuously penetrate deeper ir
physiology and furthered understanding in how they relate to certain diseHsesntegration of big data
and novel biomarkers has emerged, promising remarkable potétdakever, 8 we venture deeper into this
new terrain, a host of ethical questions arises. How do we redefine dissasaderingthese new
measurements? What truly constitutes a Aamasive biomarker? How can we craft and implement ethical
sakguards that preserve both progress and integrity?

This subtopic embarks on a compelling exploration of the ethical dimensions inherent in this new paradigr
of integrating epidemiology and namvasive biomarkers. Entering tpearadigm the nuances of biomarkers
and epidemiology intersect with ethical considerations, thereby charting a course that ensures responsil
and meaningful advancemerts we dive into the heart ofigdiscussion, the significance of public discourse
cannot be overstated. New depths of measurements and monitoring necessitateampasations about
their implications and regulations. We contemplate the essence of biomarkers and their implication:
particularly in the multifaceted domain of brain health.

A central theme that emerges is the challenge of responsible data sharing. With the EU's General D
Protection Regulation (GDPR) setting the tone, we delve into the complexities of harmonizing data shar
practices across borders. Collaboration at bo#tional and European levels is proposed, cultivating a
framework that respects individual privacy while fostering collaborative resdanghrallel, the imperative

of informed consent takegentre stage. The journey towards ethically sound biomarkeization
necessitates the active participation of patients and society. We explore avenues to make informed cons
more accessible and inclusive, empowering individuals with the knowledge to make meaningful decisic
about their data. Platforms such asREBNS Community and living labs become crucial tools to bridge the gaj
between research and engagement.

This subtopic aims to start the dialogue about the ethical considerations thanaxgtabl/ woven into the

field of biomarkers and epidemiology. Wart the discussionsboutscrutinizng definitions,the secuity of
datasharing frameworks, and elewa the significance of informed engagement. @undeavouris to
navigate the intricate landscape where innovation converges with ethics, ensuring that our progress towar
medical understanding is not only profound but also principled.

Actions overview of the sttiopic

Action:Informed consent
Challenge overvievEnsuring that patients understand the implications of their data being used in researct
and have given theinformed consentl{ should include consent for the preservation of data for future
unidentified research and the extent and limitations involved in the giving of such gonsent
Solution overview:

1 Have alinclusivefriendly language for Informed consent.

91 Provide education to increase the general level of understanding of why it is useful to share tt

medical data.

1 lterate over living labs to back and support standpoint of importance of informed consent/GDPR.

1 Education:dcilitated for examplevia EBRAINS Community.
Collaboratorsnclude Educational institutions, research community, EBRAINS, patient organisations.

Action: Nonrinvasive Biomarkedefinition
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Challenge overviewOne challenge is the discovery and validation ofineasive biomarkers. Over the past
10 years, studies have been able to identify and validate biomarker candidates, but this procedgftartbe
and timeconsuming (Proteomic discovery of nenvasive biomarkers of localized ..¢ Nature:

)
Solution overview:

1 Define stages of whabn-invasivebiomarkers are.

1 Determine the level of invasiveness from biological to societal coregrrisentification of persons
within a social group especially if it suggests inclusion within a social group which for some memb
within society is associated with stigmatisatidfso, track and anaky different levels of biomarkers:
firstly, general Levell, then Leveihich ismore specific and proceed with targeted biomarkarsd
then LeveB which has even more specific biomarkers. Also consider Leeelpre-diseasesThe
defining procedure would beontinuous integration / continuous delivel/CD.

1 Investin research to make progress in finding new biomarkers

1 Clinical implementation of biomarkers

1 Inspiration:

Collaboratorsnclude Research institutions and universitawdclinics

Action:Ethical share of data across EU
Challenge overviewanother challenge is the regulatory landscape for biomarkers. The beenafrkers in
drug discovery and development must comply with regulations regarding the validation and qualification
biomarkers, as well as legal frameworks for companion diagnostics. Data sharing should be secure an
accordance with GDPR.
Solution overview:
1 Cooperation at national level to get information about how they are managing epidemiadadgcal
1 Federatel (EU) data approach
1 Define legal borders of bilateral data sharing (national laws/insurances vs. overarchin
research/databases)
1 Public exchang® determine what are the ethical limitations of data sharing/collection with public
and private companies
Collaboratorsnclude EBRAINS Knowled@eaphGroup, European Commission Data Security Experts.

Summary

Inconclusion, the rapid advancements in technology have opened new avenues for medical research, allow
for deeper exploration of physiological intricacies and their connection to diseases. However, such progrt
comes with critical considerations that mwedo be addressed for responsible, ethical, and effective
implementation.

The introduction of advanced measurements and monitoring techniques presents several key challeng
Firstly, the complexity of the brain and its interconnections raises questions about the definition and scope
Wy yasiv® O0A2YIF N] SNEX SalLISOAlLffte Ay O2YLI NRAZ2Y (2
proposed that this should be done in part by determining levels of invasiveness, both in terms of biologic
factors and societal implications. Secondly, engur@sponsible data sharing daaccess across the EU is

essential. This requires addressing regulatory concerns, ensuring secure data sharing compliant with GI
and cooperation at the national level, federated EU data approaches, and the establishment of lec
boundaries for data shimg. These solutions are proposed to create a harmonized and secure framework
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Lastly, involving patients and society in a meaningful and accessible manner is crucial to foster understand
engagement, and support for these advancements, as well as ensuring meaningful consent to participat
from patients or research subjects. dadress the challenge of informed consent, strategies are proposed to
simplify language and make it inclusive, provide education about the benefits of data sharing, create livi
labs for testing, and utilize platforms like EBRAINS Community to faeiigaigement.

These actions collectively aim to navigate the complex landscape of technological advancements and tt
ethical implications. By promoting clear definitions, secure data sharing, and informed engagement, tl
scientific community can ensure that these neéepths of measurement contribute positively to medical
research while safeguarding privacy and fostering public trust.
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4. Integrating biomarkers
and epidemiology

The epidemiological perspective: How should new biomarkers an
epidemiological research be combined to best take advantage of the potenti
synergy? What novel insights candreduced by this integration, and how?













































