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1 Abstract/Executive summary

The IDEA-FAST project aims to identify novel digital endpoints to asdasigue and sleep
disturbancesin neurodegenerative disorders amdmunemediated inflammatory diseasefhe
projectodos initial i nvest ment will result i n ¢
investigate fatigue and sleep disturbances and make use of the digital endpailesign an effective
strategy for sustainabilitgnd exploitationWork Packag® aims to provide a thorough understanding

of how variousstakeholders cabenefit fromthe proposed digital endpoirasd ensure uptake of all

other exploitable assets developed within the lifetifmian® project. The present deliverable provides

an initial framework for the socieconomic impact assessment and sets out the exploitation analysis
framework. This work will contribute to ensuring that the exploitable assets generated within the
project sirvive postproject funding and are consequently sustained.
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2 Introduction

The IDEAFAST project aims to identify novel digital endpoinits assessfatigue and sleep
disturbancesn neurodegenerative disordgisDDs) and immunenediatedinflammatory diseases
(IMIDs). Thep r o j iaital ivastment will result in several exploitable assets that willkaiy
stakeholders$o investigate fatigue and sleep disturbances and make use of the digital endpoints. The
work conducted in Wrk Package(WP) 9 will contribute to ensumg that the exploitable assets
generated within the projestirvive pos{roject funding and are consequently sustained.

To design an effective strategy for sustainabgihd exploitationWP9 aims to provide a thorough
understanding of howariousstakeholders camenefit fromthe proposed digital endpoirdad ensure
uptake of all other exploitable assets developed within the lifetime of the project. The present
deliverable provides an initial framework for the see@romic impact assessment and sets out the
exploitation analysis framework. Overall, D9.2 contributethéfollowingWP9 objectives:

1 Conducta socieeconomic impact assessment to gather the necessary evidence backing up the key
benefits of implementing ditl endpoints in clinical research and clinical practice.

Identify and manage the intellectual property developed.

1 Ensure optimal exploitation plans are drawn up, including an exploitation roadmap and specific
business plan for commercialising the develbpechnology beyond the end of the project.

1 Developaneffective strategy for sustainability

Sustainability here refers to the maintenance and further development of key exploitable assets beyonc
the duration of the funding. Sintlee maintenance and development of assefdy certain costs, the
sustainability plan will take into considerationpappriate business models to ensure income will be
consistently generated in the long term, and at minimum, the corresponding costs are covered.
Exploitation implies the wuse of the projecto
implementéion of the projecfl]. These definitions are in line with tldefinitions put forward by the
European Commission (BGvheresustainabilityis definedasfollows: AA projectis sustainablevhen

it continuego deliver benefitsto the projectbeneficiariesand/orotherconstituencie$or anextended
periodaftertheC o mmi s finarwial @ssistanchasbeenterminated[2]. The EC further describes
exploitationasfihe utilisation of results in developing, creating and marketing a product or process,
or in creating and providing a service, or in standardisation activjg8gs

The currendeliverable povides the initial framework for sustainability and exploitation planning. A
follow-up deliverable, D9.4due at the end of the project, will report on the final state of exploitable
assets and providberesults of sustainability and exploitation aciest
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3 Methodology

To createan initial framework for the socieconomic impact assessmeartd sustainability and
exploitation planning, several topics were investigdtedlesk research arakpert interviewshow

fatigue and sleep disturbances are conceptualised and managed, what are the current gaps in th
delivery of treatment, and how digital endpoints can support this. Further, use cases for the use of the
digital endpoints were definedind based onthese stakeholdes were mappedTo establish
preliminary impact indicators for thdentified stakeholderscosts associatedith the two use cases

were investigatedcosts of clinical trials and related studies, as wethasociceconomic burden of

fatigue and sleep disturbances in two health and care systeam®elyGermany and Englanés part

of the exploitation and sustainabilitramework, user scenarios for the implementation of digital
endpoints werereatedand shared with the consortiudin Exploitaion and Impact Subbommittee

was established as an expert graapoversee wdk on exploitation and sustainability within the
project Withthe help of consortium partners, a survey to identify key exploitable assgierfiormed

and further describednitial findings were presented acrosseveral consortium meetingsith
feedback used to stimulate further discussions with individual partmguding expert interviews

with health and care professionatswsell asEFPIA partnersFinally, the frameworkdelineated the

steps needed for a defined sustainability strategy including further business motighiagSWOT
analysis,analysing public-private partnershipsintegrating policy considerations and cataloguing
challenges towards sustainability.
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4 Definition of key concepts

4.1 Conceptualisation of fatigue and sleep disturbances

Fatigue and sleep disturbances are highly prevalent in many diseases, including NDDs and$MIDs.
symptomstheyare often debilitating, hard to conceptsaland measure, and lack specific treatment.

Fatigueisa multrdimensional phenomenon includinigysical, cognitive, motivational, and emotional
aspectskExperts report thatucrently, there is no scientific consensus or working definition of fatigue.

It is highly variable and unpredictable, amyeral confounding factors are preséifite nost common
features of fatigue associated with chronic diseases include the perception of fatigue as having no
obvious Oexplanationo, a |l ack of i mprovement
fatigue being profound or overwhelming.

Among dimen®ns of fatigue,py si cal fati gue can be expressed
or complete activities, as well as having a low level of energy. Despite sleep and rest, tlmty do
always fully recharge their batteries. When patients feejuat, theyreport runningon different
percentages of energyurthermore, thiscan causepsychologicalturmoil, as patients do not
understandhe underlying cause of their symptarivkental fatigue also relates to the inability to fully
recharge energgndoften presents itself as the inability to concentrate or remesnbatsandspecific

details Patientsd concentration is affectisdat anc
recognsed as fatigudt can creatself-esteem issues, gy mayperceivehemselveflawedbecause

they canotfunctionatthe same speed or effectiveness.

As societyalready experiences fatigue and stress to a certain gatdigtinction needs to be made
between fatiguetjrednessand everyday tirednesdowever patients with chronic conditions report
a much higher level of fatigue or tiredness than the general population.

Fatigue in immunenmediated inflammatory diseas@scludinginflammatory BoweDiseas€IBD), is
described as a sense of persistent tiredness, with periods of sudden and overwhelming lack of energ
or feeling of exhaustion that is not relieved, or fully relieved following rest or sleep, resulting in a
decreased capacity for physical and/or mental work. The importance of fatigue in patients with IBD
has been increasingly recoggul, with reported frequencies between 40% and 86% in patients with
disease activity, and between 20% and 48% in patients issemi4]. In addition, some studies have

found that this symptom can affect the quality of life (QoL). In IBD, fatigue is the most fregjuent
disabling symptom when the disease is in remission. For this reason, suffering from fatigue is one of
the main concerns of patients. Despite its clinical importance and the growing interest raised by health
andcare professionals in recent years,gadi is poorly understood. The prevalence of fatigue in IBD
patients is remarkably high and has a negative impact on QoL. Several factors are associated with
fatigue in adults with IBD. The major contributors are disease activity, such as active inflammatio
psychological stress, anxiend depression, and IBD medicati¢bl

Moreover, fatigue is present in other IMIDs,iasa UK-wide survey, fatigue was the most common
reported symptom amon§ystemic Lupus ErythematosuSLE) patients[6] and affectsup to
approximately ©% of Rheumatoid Arthtis (RA) patientq7].

Fatigueis also highly prevalent and poorly understood in ND®study from 2018liscovered that
27% of patientswi t h  Par ki n $0) mepmsted Datigsiee awseeof tieirtop threemost
distressful symptomp8]. For patients withHunt i n g Diseasé @1D)fatigue is highly prevalent,
with 82.5% of patients reportintye burderof fatigue[9].

fiClinical Methods: The history, physical and laboratory examina#8editiond defines the scope of
sleep disturbances as followsleep disturbances encompassorders of initiating and maintaining
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sleep( é,)disorders of excessive somnolefcé,disorders of sleewake schedule, and dysfunctions
associated with sleep, sleep stagespartial arousals [10]. Sleep disturbances are also highly
prevalent in many patients with chronic conditiamsl correlate with alterations Activities of Daily
Living (ADL) and Health Related Quality of Lif§HRQoL). For example, in patients with HD,
depression and cognitive impairment are associated with sleep and circadian rhythm alf&ddtions
Furthermoresleep disturbances are also common in IMI@gh sleepdisruptions worsening the
symptoms of IBOJ12].

Patients with PD are often diagnosed with sleep disorders. These symptoms are among the first
experienced at the onset of the disease, and the majority of patients with overt clinical manifestation
of PD present altertians in their sleep behavio{t3]. The most frequent sleep disorders among PD
patients are insomnia, daytime sleepiness with sleep attacks, regesgndrome (RLS) and REM

sleep behaviour disorder (RBD)14]. This is partly influenced by the disease pathophysjolog
(neurodegenerative processes within sleep brain circuitries), medication treatment (antiparkinsonians
acting as agonists on dopamine receptors, antidepressants); modxdities[14].

While fatigueand sleep disturbancasecommon symptosacras a range of chronic conditions, the
underlyingmechanisra of these symptomegary across these conditiofiacreasing the complexity of
managing and treating such symptonMoreover, the relationship betweefatigue and sleep
disturbances is complex, ang@to datepoorly investigated.

4.2 Assessment, treatment, and care pathways

There are no specific care pathways for the assessment and treatment of fatigue and sleef
disturbance’s Most patients experiencing fatigussually reach out to their primary physician or
specialisttoncerningheir underlying diseag#éMIDs, NDDs, oncological issuedh clinical practice
physicianstypically ask whether patients feel tired or fatiguebhderstanding of the concept varies
acrosspaients and physiciana s t here is no figol dSomd ghysidians d 0O
proactively ask all patients if they feel tired and how thiggt rid of the tirednessYet, gven that
patients experience many different symptoms, iéxseptional that this symptom is addressed so
explicitly. If signs of fatigue are detected via this questioning metoektionnairearerecommended

to understand the severity and impact of fatiggeen thoughthesehave been developed and are
recommendd in specific clinical guidelines,they are still not employed as standardpractice.
Clinicians understand that this is not sufficiagthere is not an exhaustive model of fatigue

Current ways of measuring fatigue include Patient Reported Outd®Rexs)captured via specific
scalesHowever, these scales often lack mditnensionality. For example, the Fatigue Severity scale
[15]i ncl udes only one que s tTheoscaleaaeofien sinalmlegto daptueen t ¢
variability often experienced by patients and do not measutedeoerity and impact of fatigue.
Furthermore, scab measuring fatigue ought to be validated for specific patient groups.

Scales are often usedthe context of clinical studieExamples ofjuestionnaires widely us@aclude
Functional Assessment ofChronc lliness TherapyFatigue (FACIT-F) for assessing fatigue,
Depression in Old Age Scal®IA-S) or Beck Depression Inventotg assess depressioro assess
apathy the Apathy Evaluation Scale (AES) or the Patient Reported Outcome Measurement
Information Systenfratigue Short Form Questionma(PROMISEF-SF) fatigue questionnairesould

be used Different questionnaires are utilised assesfatigue and sleep disturbana@srossdisease

! There are a few clinics that have started offering services in the UK. They primarily address patients diagnosed with chronic fatigue
syndrome. This is not necessarily applicable to most of patients suffering from fatigue.

2 Source: expert interviews
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areas (i.e., NDD vs IMID)For examplefatigue in IBDcan beevaluated with the Fatigue Severity
Scale (FSS) and tl{Paily or Modified) Fatigue Impact Scale (FI§)6]. Fortheassessmemf fatigue

in PD patientsthere is a variety afcaleghatare commonly used.e, FSS FACIT-F, the Parkinson
FatigueScale(PFS) the Visual Analog Fatigue Scale (VAFS].

Polysomnography (PSG) is the gold standard in diagnosing sleep didditjeBespite the insights
it provides,PSGrequirestime andresources tte conductedl18]. Moreover it is challengingand
inconvenient to follow the impact of the sleep problem overiiarel it establistisan artificial setting
for the patients[20]. In fact, he EuropeanMedicines Agency corroborated themportance b
measuremenis natural settings bguggestinghatficlinical studies focussing on these symptdofs
insomnialshould be performed in the natural setting of affeptedt i [@9).t s 0

Assessment of sleep disturbances and sleep qualitgDnis multifactorial and can involve the
evaluation of several variables, including sleep duration (number of hours spent sleeping), sleep
latency (how long it takes to fall asleep), sleep efficiency (hours asleep in bed compared with time
spent in bed)and number of sleep arousals (sleep fragmentation). Sleep disturbances can be
charactesed by chronic sleep deprivation, primary sleep disorders (insomnia, restless leg syndrome,
periodic limb movement disorder, and obstructive skgmpoed and secondgrsleep disorders (due

to other medical condition$20]. Studies on sleep disturbances in IB[pog a higher prevalence of
fragmented sleep in patient@l] and a orrelation between symptoms and quality of the previous

ni ght 2] Thdy als peport on the association of sleep disturbancesBiitHisease activity,
including subclinical inflammation and the risk of disease relf&jeMore than half of the patients
included in a study of IBD reported poquality of sleep, which emphass its high prevalence in
patients with IBD{4].

In addition, similar to fatigue, sleep disorders are rigbito befrequent, even when the disease is in
remission[24], with a strong consistent association between poor sleep quality and the presence and
severity of fatigueTo assessleep disturbance§olL and sleep quality are often assessed using the
IBD QuestionnairéShort Form (IBDQ@9) and the Risburgh Sleep Quality Index (PSQI),
respectivel\f4].

To diagnosesleep disorders in NDDs, health and care professionals recommend validated
guestionnaires such #s PSQI or the Medical Outcomes Study Sleep Scale (M@S)etect sleep
disturbancesn PD specifically t he Par ki nsoné6s di s eused[®4]. Bhe e e p
evaluation of daytime sleepiness can be performed by using Epworth Sleepiness Scale (ESS), the
inappropriate sleep composite score (ISCS) or the Stanford sleepiness scale (SSS). These
guestionnaires are recommended to be usaddition to reviewinghepai e nntedical history and
potential referrato sleep specialists for further investigati¢hd]. In the case of NDDs such as PD,
however, there is no standard treatment for managing sleep disorders. It usually starts with
optimisation of the dopaminergic medication, followed by specific treatment atidmified sleep
disturbance§l4].

In summary:

1 Fatigue and sleep disturbancestaghly prevalent symptoms in many chronic conditions

1 These symptoms ahgghly variable and unpredictable, and several confounding factors are present
1 Measurements are usually performedRROQuestionnairethat lackspecificityand sensitivity

1 There are no specific care pathways or treatments to addesgssymptoms

8 Source: expert interviews
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Furthermore, grrent limitations of the assessments of symptoms and progression afaddIMIDs
contribute to high failure rates and cost of clinical trials, impeding the progress in therapeutic
development for these conditions and hampgttie optimal management of patients.

4.3 Digital endpoints

To address the challenges in measuand treatingatigue and sleep disturbances)ad outabove,
digital technologyanddigital endpointsspecificallymay provide a novel way agheasuringatigue
and sleep disturbances more accurately and reliably.e term Aendpointo

measurements utilised f or Ifwhibhpreqairessaesst ofrordenida to o f
define health stwheraasidamgd tpt ogmapoion® i s def
generated data often <collected out si d-Bvingo f a

enviro[@Snent o

Improvements in digital endpoint technology and the utilisation of digital @ntdpwill enhance
regulatory recognition of digital mobility assessment asitecal secondary or primary endpoint for
clinical trials,enablingboth digital assessment and drug development to pro@@lss

IDEA-FAST apprach todevelopment afigital endpoints

To develop digital endpoints that address fatigue and sleep disturbHIEASFAST adopted the
Clinical Trials Transformation InitiativeQTTI) approach [27] and consequentlgefined several
concepts of interegCOls), i.e., characteristics impacted by fatigue and sleep disturbaAsebese
symptoms are highly complex and multifaceted, multip@s are needetb provide a more accurate
assessnmd. The COlspertainto the followingfive domains:1) physical activity, 2) physiology, 3)
neurophysiology4) neurocognition5) social function and interactioRurther examples of candidate
digital endpointdo assesthesedimension®f impact offatigue and sleep disturbanaesre proposed
Each COlwas operationalisedind mapped tdligital devices and technologjess presentedn the
figure below.

4 The Clinical Trials Transformation Initiative (CTTl)isa publiccpr i vat e partner shi p ai me dtcantred@adsilyng cl i
accessible, fully integrated into health processes, designed with a quality approach, maximally leveraging all available data, improving
popul ation healtho by 2030.
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a) Device categories b) Device locations
[ 1. ECG at chest ] [ 3. Bed Sensor ]
2. Everion @
Biovation =

2. PPG atarm

p
C. Neurophysiology

D. Neurocognition
[ 1. Tablet and App-based testing ] -

E. Social interaction

ZZ% | 3.v7T Bed sensor

Figure 1 Devicecategories (apnd the actual devices anceihlocations (b)utilisedin the IDEA
FAST feasibility study. SourcB4.1 Definition of Assessment Proto28].

The COls were appraised ian initial Feasibility Study (FS)and will be validated ira follow-up
Clinical ObservationalStudy (COS) with approximately 2000 participant$he digital endpoints
developed and validated in the IDEHAAST project are intended to be sustained for use in research
and clinical care beyond the funding of the project
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5 Use cases for the implementation of digital endpoints

In the context ofsocioeconomievaluation and exploitatiorusecases support and facilitate the
identification of relevant actors and systems involved, as well as the procéisa{ese ongoin@r
needto be changed tbetterachievenew projected outcomes gpoals. Theyalso supporselecting
what might be appropriate methodspls, and measurements to identify the expected or realised
changes in achievirtfpe projects objectives|n this sectiontwo key usecasedgor the implementation

of digital endpointsare described:

U Clinical researchinterventional clinical trials & observational cohort studies
U Clinical routinecare

5.1 Clinical research: interventional clinical trials and observational
cohort studies

Digital technologiesransformhealth and care settings while setting the basis for highly patentic
innovation in the pharmaceutical industin. clinical studiesthe use of digital endpointsasthe
potential to drivennovation and reduce costly legtage failure$26]. Digital clinical trials represent
a novel way for clinical trial implementation #sey use technology to improve recruitment and
retention, data collection, and analyt|@9] (Figure 2) Furthermore, adigital biomarkers are used
more frequentlyclinicians will be able toemploy differentmeans of gathering clinical insights
remotely. The integration of the tools depends in partdesign studies that are considered in
decentraked clinical trialg30].

The COVID-19 pandemic has accelerated the shift from fully centralised to hybrid and decentralised
clinical trials. While fully decentralised clinical trials are not very common and are of observational,
rather than experimental nature, pharmaceutical eoimep reported that there were significant
changes in the number of remote assessments performed due to illness or restrictions, both for staf
and patients, and it Iselievedthat hybrid trials will be more common in the future. Hybrid and fully
decentréised clinical trials are further assumed to alleviate biases associatedR@) as they will

most likely rely on digital technologies for more objective measurements. As a result, it is expected
thatfewerclinical trials will fail. Digitisation will support streamlining clinical trials costs and efforts

by using digital technologies ajat the same timereating a patiententred trial experience.

Furthermore, trial efficiency can be improved by enhancing and supporting the role of investigators
andstudy teams anbly creating opportunities for retilme, remot monitoringand interactive patient
management and assessment. A fully digital trial will be ablbeiid equity and access for potential
participants regardless of their locatiom2019, &nssen launched its first entirely digital clinical trial

[32], marking the firsievercompletely decentraed, mobile, indicatioiseeking clinical study.

Elements of a Digital Clinical Trial

i
—————————————————————————— I R
]

i

Digital Recruitment & Digital Health Data Digital Analytics

Retention Collection
Social media engagement, Patient-reported outcomes, Real-world data, interoperability,
online consenting, ecologic momentary machine leaming & artificial
bidirectional communication, assessment, digital intelligence, precision trials,
diversity in recruiting, ethics biomarkers, wearable & mobile precision-guided interventions
approvals sensing technologies, privacy

Figure 2. Elements of a Digital Clinical TrialSourcelnan et al., 202(029]
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Based on interviews conducted by Deloj8#], Figure 3 summarises applications of digital solutions
in clinical trials and how digital innovation can be utilised in clinical devekagrprocesses.
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WORKFLOW AUT ESOURCE (ELECTRONIC TR S
i TO DRAFT S RECORDING AND
Automation INVESTIGATOR Ci INTEGRATION OF ALL
AND CONFIDENT FINDINGS, OBSERVATIONS,
AGREEMENTS OR OTHER TRIAL ACTIVITIES) MACHINE LEARNING FOR
DATA CLEANING
ROWDSOUR ELECTRONIC TRACKING OF
Other GATOR AND MEDICATION KITS AND

SMART BLISTER PILL PACKS
TO TRACK MEDICATION
INGESTION

technologies B DO AND

Source: Deloitte Center for Health Solutions interviews

with industry stakeholders. Deloitte Insights | deloitte.com/insights

Figure 3. Applicatiors of digital solutions and innovatiorte clinical trials. Source/Anderson, D.,
Fox, J., and Elsner, N2018[31].

IDEA-FAST contributego the digitalisation of clinical trials, mainly through the development of the
novel digital endpointsfor assessing fatigyesleep disturbancesand ADLs. Through tle
implementation of the digital endpoints, clinical trials will be supported at multiple dimensions:

V Increased objectivity of results

Complex composite digital endpointsll lead to a higher sensitivityspecificity,and objectivityof
measurementsompaed with clinical rating scate Furthermoremeasurements performed the
p at i eatutaldesvironment will increasthe ecological validityof the results More accurate
measures imply smaller sample siaadultimatelyfaster benefits for patienty deliveringtreatments
sooner(a drug takes 125 yearsof research until it reaches the market).

V Inclusive studies and increased diversity, pateamitric approaches
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Implementation of digital endpoints thallow home measrementswill increase participation rates
and enable trials tdbe conducted in vulnerable populations with chronic diseases (e.g., elderly,
psychiatric patients) thamay beunderrepresented clinical researclilue to various factors, such as
lack of mollity, ethical barriers, and low recruitment raf88].

V Novel insights

This will also enable the chance to derive novel insights from populations that do not comply well with
the lab settings, such akildren diagnosed on the autistic spectriiimesegroups arehighly sensitive

and prefer environments they already are familiar witarefore conducting a study in their natural
settings might generate different insights thataadarctlinical trial performed at a research centre

V Early safety issues

The collection of dense physiological data may identify early safety igsf@sn dose adjustments
and dosing frequencies or lead tbe discontinuation ofthe development ofspecific drug
candidate$34].

V Patient recruitment

Patient recruitment is perceived as an area where digital endpoints couldsjgaifieantrole in the

shift to decentralised/hybrid clinical trials, as the measurements will be conducted in the@atients m e
setting.The epected benefits of decentralised and hybrid tiratiidelower attrition ratesas some
barriers such as distance can be overcome. They can further help tackle educational barriers with digita
devices and enable telehealth to corteehavioural elements. Moreover, it is assumed that partially
digital trials can be more efficient than traditional clinical trials as researchectosatymonitor the

study participants.

V Increased market size and establishing new markets for dvetpgement

Fatigue and sleep disturbances are prevalent in many chronic condigital endpointscould
contribute to faster drug development across a plethora of therapeuticeageaNS (including
neurodegenerative disordershronic fatigue syndrome/Myalgic Encephalomyelitishnmune
mediated disorder&(g.,IBD), Oncology(e.g.,cancer fatigug Some jmarma representativesported
that whereas fatigue and sleep disturbances areun@ntly aseparate researeiea showng that a
drug alleviates thee symptomsin a specificdisease ares highHy importart overall As a result,
pharmaceuticamarkes will be strengthened and enlargeSince fatigue and sleep disturbances
heavily impactthe ADL andQoL, theyarea critical outcometo patientsFurthermore, stablishing
specificdigital endpoints willopenthe possibility ofestablishinghew markets$or drug development.

V Overall cost savings

All previously mentioned benefits of using digital endpoints in clinical talilsiately contributeto

the significant reductioof clinical trial costsFurthermore, the possibility ahore quicklygathering

the data necessatty determine ithe drugs effectiveor notcan enabléundsto be redirectedo other
research projects and studigewever, he overall potential reduction of costdl needs to overcome
certain regulatory burdens, asgulatos still require traditional data, such as patiegported
outcomes, in addition to the data collected by the devigaording to the current modél,n e wo d a't
preserg an addon that will bring additional costs to the exigtimones Nevertheless, partners
highlighted that patienateported outcomes ougtd be collected and emphasised the opportunity to
reduce costs through economies of scale.

Perceived barriers

Perceived barriers towards the implementation of more hybrid and decentralised trials mentioned by
pharmaceutical compgmepresentativeare reléed tomindset and leadership culture, lack of support
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mechanisms around digital devices (e.g., clinical research organssatiohiple languages, scale),
socibceconomic aspects (e.g., there is a rimk of
your own deviceo model ), stable data connect.i
training. In hybrid and decentralised trials utilising digital devices, pharma companies prefer renting
digital devicegdue to the fast development arithnge of devices and technologies. Additionally, the
cleaning, upkeep and storage of deviaesassociated with additional cos®&.aditional healthcare
institutions, which are usually paid lblye number of study participants or tests they perform, could
potentially lose revenue as theyght belessinvolved.

5.2 Clinical care: health and care provision

The use of digital endpoints is not limited to clinical studiesthe pastquantiication of clinical
outcomesin real timewas impossible thereforeassessments wedone retrospectively on huge
clinical studiesHowever, with the introductioof thelnternet of Medical ThingdoMT), this situation
is changingNow, outcomes can bmonitoredon an individual levein real time alongsida novel
medical interventioneitherbefore i.e., in clinical studiesor afterit is released to thearket Future
clinical outcomes anthereforebe monitored in the context of valdgased carfeusing programs that
track activity, efficacy, and safefg6]. For example, homenonitoring of asthma symptoms via an
electronic questionnaire has been shown to reduce the need for outpatient clinif35]sitad
including objective measurements with wearable or portable devicesfurtagr improve the
reliability of home monitoring [36]. Implementation of validatedigital endpointsfor sleep
disturbances wiilalsoreduce the need to rely traditionalpolysomnographyssessmest

Current clinical endpoints used in assessing fatigue and sleep disturbantesvdiyon subjective
reports, capturing PROs using standsediquestionnaires such as #®S The approach has many
limitations, including being more prone to recall bias, reliability issues and poor sensitivity to change.
As PROs are being collected at low frequencies, they only partially capture the variability of the
measures over time. Furtiheore, some patients might present cognitive and affective dysfunctions,
putting into question the reliability of the selésessed datdany patients with fatigue and sleep
disturbances report substantial variations in the severity of their symptontsaoeer his variability

is often difficult to be quantified accurately, presenting itself as a challenge for clinicians to fully assess
the symptoms, their impact and the efficacy of any interventions prescribed for the symiitems.
ability to assess thessymptoms quantitatively and over a prolonged period in their habitual
environmenthrough the implementation of digital endpoihés the potential to improve clinical care
pathwaysy [30]:

V Supporing thediagnosis of challenging patients

Enhancingstratfication of patients imo risk categories

Serving as pharmacodynamic response magker

Providing monitoring in addition to or in place of traditional visits to the outpaténic

< < < <

Aiding in the prediction of health outcomes after hospital admission.
V Increasing theeliahlity of symptom assessments

In conclusion digital endpointshave the potential tbelp clinicians toperforma more valid and
complete assessment of the impact of diseases and treatments, facilitate better clinical managemen
andpromote patienrtentred care and persorsatl medicine.

5 Michael Porter defines value-based healthcare as value as outcome divided by costs of a healthcare intervention.
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6 Stakeholder classification and mapping

The use cases presentdmbvehighlighthowtheimplementatiorof digital endpointsnay impacboth
clinical research and clinical carggainst the background of the selected use cas&x’s, users, and
stakeholders most affecte@edto be definedo developa socioeconomic evaluatidnamework for
estimatingpotentialimpacts.

A vital design step for any impact assessna@ak exploitatiormodel isidentifying and specifyinghe
stakeholders involved. This requires an account of the actual people and organcaiceraed
which can initially be classified into generic, hitgvel stakeholder groups and, eventually, smaller
size subgroups.A more detailed stakeholder ansily ensures that the full impact ofitcomes is
reflected in more detail in the evaluation, which in turn is usually more helpful for better targeting
policy interventions to optimise impacts.

Mechanism design theof@7] and participatory usability evaluations take as their basic premise the
view that technology developments should be drivgmniser requirements rather than technological
capabilities. Thusastarting point for usability evaluation and sysis design is to understand the user
population, but also the general stakeholders, in some detail.

Extending the concept tDEA-FAST, for the purpose of this deliverable and the assessment approach,
users are understood as actors who conguoducts oiservicesenhanced by digital endpoin(s.g,

data management platformdinical decision support tools, etc@takeholde&then refers to the
broader group of actorsith a vested interest in the outputs and developments dfdhal endpoints
including patients, healthcare professionalgsharmaceutical companies, nationabmpetent
authorities,healthcare providersandthe research communityAssessment perspectives based on
stakeholders are most important as they guide the oasssssment process: the results must be useful

for them and, as required, also helpful for those who influence or take afisteéetisions. From thjs

it follows that the respective perspective should (1) govern the methodology of the assessment
frameworksuch that (2) it allows one to measure the effect a technology can have on a range of actors.

The following stakeholder groupgere identifiedas beingoertinent to the IDEAAST context
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Stakeholder ecosystem

Health- IT and medical devices industry Patients

/

Pharmaceutical industry \\ 5@”

Patients oganisations

. .. Healthcare professionals
National competent authorities

Payers /third-party insurers or purchasers
Healthcare providers

Research communities

Figure 4. Key stakeholderthat may beefit from or use the digitaéndpoints developed in IDEA
FAST Sourceempirica

U Patients

For many nevdevelopmert inthe healtkaredomain theindividual patient iftenenvisioned as the
ultimate beneficiarySimilarly, patientsarekey users and beneficiaries whomthe developmenof
digital endpoints for sleep and fatigue disturbaneesld lead to better monitoring and treatment
options as described previously.

U Patientorganisations

Patient organisationsespecially thosevith strong engagement in the clinical side of research and
treatmentareidentified as important actossipportingpatientparticipation wittn the projectboth in
terms oftheclinical validation studies as well &8s dissemination of developments.

U Healhcare pofessionals

This group encompasses nursgsneral practitionst sleep specialists, mental health professipnals
and other specialists (e.g., NDD, IMIDAs previously describedhe implementation of igital
endpoints to measure fatigue and sleep disturbamitesprofessionaldetter tools for addressing
fatigue and sleep disturbandagsheir patientsthereby making #m central actorir the6 6 bi unyd 6
of new related developmentespecially in tens of utilising these tools.

U Healthcare pviders

This group is comprised of healthcare provider organisations such as hospitals and clinics. These
organisationsim to provide excellent and safe care, at a reasonable cost, to a large number of patients.
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They aimto avoid the expenditures and hazards related to healthcare deleterynined byusing
diagnosticsystemsor processes withncertain reliability, valueand safetyAs for other patients and
healthcare professionatbedevelopment of clinidaools based odigital endpoints would offeéhese
organisations betteneansof addressing their patie@seeds in a more cesffective and scalable
manner. Consequently healthcargp r ovi di ng i n st digitali enviromment drenalsd o d a
interestedn upholdng their reputationsand developing competitive advantagmtegrateddigital

health systemsyf which digital endpoints would be a componerfiter an avenu#or this purpose.

U Payerd third-party insurers or purchasers

Third-party insurers, payers and purchasdrslesire low delays and waiting times for patients, short
hospitalsation times, no expensive-eglmissions for issues (including revisions), amdm@d return

to work The insurers' goal is to deliver equal advantages to all customers while staying within their
budget.The type of payer depends on the healthcare system at hand (e.g., Bismarck vs Beveridge).
Whereas Germany, a Bismarck healthcargeesys hasstatutory health insurance (SHihd private

health insurance (PHI) institutionthe WK, a Beveridge systenhas a national healthcare system
(NHS). Third-party insurers, payers and purchasensld benefit from costavings derivedrom the

use of digital endpoints Furthermore the implementation of digital endpoints may alpoovide
information and evidence for reimbursement decisions (e.g., coverage of meuwwealdevice or

clinical tool conditional orvalidated evidenge

U National competarauthoritiegNCAS)

Policymakers, such as public health authorities and regulators, are concerned with the general welfare
of the public. As a result, they requidataon overall clinical activity for public health objectives,
needs assessments, andltheare macroeconomic policy plannirgublic health orgasations also
want toersure that the institutions under their control deliver gghlity, problerafree healthcare to
the general public. National and international regulatory osgdans play avital role in overseeing
digital health systems, ensuring that the technologies are safe, efficiemgliabtéfor public use.
NCAs rely heavily on the evidence obtained by clinisaldies such as those conducted in IDEA
FAST as part of their healtlethnology assessment procesgéshin the IDEAFAST contextNCAs
arestakeholders as thalecideon policies related to theeimburg&ment andise of digital endpoints
Decisions made by such organisatiptesy a role in shaping thecceptability of digital endpoints in
routine clinical care.

U Pharmaeuticalindustry

Thepharmaceutical n d u primaryfdcss is orthedevelopment of new therapidheuse of digital
endpoints to measure fatigue and sleep disturbaesedts inaddedvaluein the context of clinical
trials conducted by pharmaceutical companibgyital endpoints would enable decentralised and
hybrid models of clinical trials that offer advantages suah@® accurate results, increased outcome
sensitivity, shorter tal duration and better inclusionfor study participants who might feel
uncomfortable in traditional study settingway from their known surroundingsuch as people with
autism or neurodegenerative diseasew pre and posimarket authorisation, reimleement, and
procurement processes, tlpharmaceuticalsector collaborates with and is reliant on various
stakeholders such as healthcare providers, regulators, and payors insurance companies.

U HealthIT andmedical devicesndustry

IDEA-FAST provides results in terms of the clinical validation, feasibility, and acceptabiliigoél
endpoints for fague and sleep disturbarscelmplementatiorand regulatory recognition of these
endpoints woulgbrofit the healtdT and medical devices industries upon whose solutions and devices
the digital endpoints are based.
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U Researcltommunity

The research community (academia) is engagédincreasing knowledge and produciegdence
to find solutionsothfor existing healthcare concerns ande able tgredict or prevent future ones.
Beyond this perspective, researektends tosociological, political, and economic viewpoints in
addition b health domainsThe research community has the capabitifybringing stakeholders
together andtranslating research on digital endpoints for fatigue and sleep disturbantes
understandable and actionable knowledgedfmisionmakers and implementer&s highlighted in
the previous sectiomhe use of digital endpats also offers researchers novel ways to concluatal
trials and develop new scalable outcome measures for their objectives.
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7 Socio-economic evaluation

To provideevidencesupportinghekey benefits of implementing digital endpoints in clinical research
and clinicalcare a socieeconomic evaluatiowith respect to the various stakeholders identified above
isneeded 0 measur e t he.lmpacpiedefinedd thigidelivgrableas aby perceived
benefis or coss these actors may be confronted with. These terms must be understood in a broad
meaning encompassing benefits and costs expressed directly in monetargriéemg immaterial
impactsthatwill influence decisions to devgbaand sustain, use, or finance sdelvelopments.

The theoretical foundations of the proposedioeconomic evaluatiomethodology are grounded in
Michael Porter's Value Chain Concdf38] and the cocept of value addefB9]. Value added in
economics is the additional value resulting from transformations of factors of production iattya re
product. At its simplest, it is the difference between the value of a product and the aggregate value of
its individual components. Over the last decades, value added has been a widely used approact
supporting decision making on investments and resausage.

In the IDEAFAST context, soci@conomic impact can be defined as both the value added as
perceived by various actors individually, and as the overall value, including external effects, added to
society as a whole from the implementation and use of digital endpbimssstandpoint, cid the

soci al pl anner 6s per s p eocdlaffeaed acongdO]oTingvalgesadded t h e
equals the total value of a service provided with the support of digital endpoints less the total value of
a service provided without this kind of support.

value added fronDEA-FAST anddigital endpoints= value of services wittDEA-FAST and
digital endpoints$ value of services withodDEA-FAST anddigital endpoints

This societal perspective includes all stakeholders and aggregates their respective gains and losses, ¢
benefits and costs. Positive effects, or benefits, create.\Wégative effects, or costs, occur when
value is reduced. The total value added is th
to as net benefifThis societal perspective can be disaggregated into the benefits and costs of each
stakeholdegroup. Furthermore, what may be a benefit to one group may be a cost to another group,
and in the aggregatesome of them may cancel olihe analysis must expose these shifts in value to
provide a reasonable account of the immatindividual stakeholdrs as well as society as a whole.
Based on such consideratiomsialitative costbenefit analysis (CBA) is proposed as the working
paradigm with which to assess the sestmnomic impact ofDEA-FAST and digital endpoinis an
alternative to conventional cesenefit analysi$CBA). The qCBA paradignattempts to monetise as
many of the project's effects as feasiaile allowing for aditional numerical metrice quantify

the other impact$41]. For impacts and outcome measures whgrantitative evaluation is not
possible, the relative significan@d magnitude of expected charafethe inpactsare estimated
gualitatively[42]. A qCBA is particularly suitedor sociceconomicevaluaton of a project suclas
IDEA-FAST wherethe impactf multiple factors with different values needs to be assessed

The following sections ohis chapter presenbsts associated with the IDEHRAST use cases, namely

those relate to clinical trials and those dhe burden of fatigue and sleep disturbances on society
Chapter 7.2urtherdiscusseshe association between sleep deprivation and ill health, its significance
specific to NDDs and IMIDs, and the resulting direct and indicedts for patients, healthcare
systems, and socieés a wholeWithin this paradigm, idect costs refer to the monetary consumption

of health system resources due to treatment, prevention, or rehabilitation, including factors such as
medication for sleedisturbances or fatigue, medical consultations, or related administrative costs.
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Indirect costs refer to the tangible and intangible loss of resources resulting from sleep disturbances,
disorders, or fatigue, such as work absence, physical and mertahlih, accidents, loss in
productivity and QoL. As the aim of the IDERAST project is to identify and validate digital
endpoints of fatigue and sleep disturbances, impaired ADL, disability, and HRQoL for the evaluation
of therapeutic interventions, thesagible and intangible costs can be translated into benefits resulting
from resource liberation when treating patients more effectively and efficiently.

Generally, itshouldbe noted that the cost research presented in this chaptenasily derivedfrom
articlesreferencing ICD10 codes referring to fatigue and sleep disturbances, respecfigdigtigue
and sleep disturbances are often not sufficiently recogaisétheir prevalencevasexacerbated by
the recent COVIBL9 pandemigl3], it is expected that the costs presented in this chaptéower
than the actual costs that occur due to fatigue and sleep disturbaragsa plethora of diseases

7.1 Costs of clinical trials and related studies

According to a recent Deloitte report oreasuring the return from pharmaceutical innovation in 2020,
costs to bring new therapies to market continue to increase due to the growing complexity of
development and longer cydienes[44]. Estimates for the average cost of bringnayv therapieso
marketvary between $800 million and $2 billipwhere highegbrice components are represented by
late-stage failures and rising costs of Phase Il and Il tfi4B§. As pharmaceutical spendirfig6]®
coversheween 6.8% 34.4% percent of health spendid§], any efficiencies in the drug development
process may contribute to acceterg newtreaments, while also lowering pharmaceutical companies
operating costs which can offer opportunities for lower pricing to patients, governments, and health
care systems

A core concern and barriégw drug development and conducting clinical trimlsepresated by the

high costs, with rising trial costs due to the complexity of clinical development programmes. Increased
regulatory scrutiny, safety and efficacy evaluation and the need to demotistratdue and effecy

of a drug compared to an alreadystablished treatment contributarther to the rise of drug
development costs.

Bio-pharmaceutical and medical device companies are the ones who usually initiate clinical trials and,
in many cases, are also themary financial sponsors of the trials. Addmark study conducted by

the KMR Group in 2016 assessed clinical trial costs agegsnmajor pharmaceutical companies

[47]. The detailed data collection processabled total trial costs to be broken ddwrkey cost areas

within each trial: personnel, outsourcing, grant/contract and akeensesPersonnel spending
represented 37% of the total costs for the average phaseialll wthereas outsourcing and
grant/contracts spending each make up approximatelyiftimef the total trial costThe median cost

of conducting a study from protocol approvathe final clinical trial report was US$3.4 million for
phase | trials involwng patients, $8.6 million for phase Il trials and $21.4 million for phase Il trials.
Trial protocol design choice and factors such as the number of subjects, sites and visits increase the
variability of the costs. An increased number of countries hetpasdien patient populations, yet they
raise challenges by expanding timelines of increasing costs of clinical trials. The trial duration is also
highly relevant when considering significant costs, where each additrmorgth for phase Il trials
translatesnto a median of $671,000 speiihe study argues that even small cytabee reductions

could have meaningful benefits on overall clinical development budgets. Three groups of factors that
can be targeted to improve cost performgisee Table 1) are

8 Pharmaceutical spending covers expenditure on prescription medicines and self-medication. Pharmaceuticals consumed in hospitals and
other health care settings are excluded.
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1 chadces for trial design parameters (e.g., size of study, number of endpoints and treatment
duration)

1 operational choices (e.g., outsourcing and use of emerging markets)
cycletime reductions

Tablel. Influence of selected factors on clinical trial costs. Source: KMR Group

Factor Description Total trial cost
Sites Number of sites randomsing Significantly increased
Subjects Number of subjects randosed Significantlyincreased
Visits Number ofsubject visits Significantlyincreased
Duration Duration of trial (time from protoco Significantly increased
authorgation to final clinical trial report)
Molecule size Large versus small molecules Not significant
Rare disease Rare versus norare disase Not significant
Adaptative design Adaptative versus neadaptative desigr Not significant
Emerging market activity Emerging market activity versus r Significantly increased

emerging market activity

Emerging market subjects Percentage ofsubjects in emergin( Significantly increased

markets
Regions Number of regions Significantly increased
Countries Number of countries Significantly increased

The implementation of digital endpointgould likely lead to a significandecrease o€linical trial
costs, as decentralised trials would require significdatiyerresearch sites employddywersubjects
(asthe measurements will Imeore sensitive, the required sample size miglsinb&ler)and the overall
total duration othetrial would be sigificantly decreased.

7.2 Costs of the burden of disease

Fatigue and sleep disturbances are highly prevalent and associated witlrdiiaedirect costs for
patients and societYheir presence acrogmpulations wittdifferenthealth conditions is considerable
[48, 49] thus highlighting the relevance for public healthsufficient sleepnegativelyimpacts
physical and mental healff0] andconsequent societal and healthcare costs
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Fatigue and sleep disturbances

Patient's perspective

------ Among the most disabling symptoms needful of treatment
----- Often among the first symptoms patients notice
------- In IMID, fatigue persists even when in clinical remission

. T U Should be included among the Core Outcome measures
Associated with ¢

------- Impaired activities of daily living performance

------- Sickness absence and job loss in IMIDs

------- Poor health-related quality of life in IMIDs and PD

------- Increased mortality and risk of several complex disorders and death

( € £ Sickness absence

i |
Increased societal and healthcare costs e Job loss

Disability claims

e Increased medical consultations

Figure 5. Fatigue and sleep disturbances are highly prevalent and associated with increased societal
and healthcare cost§Source: empirica

Previous research among five OECBuntries identified that those sleeping less than six hours per
night have a 13% higher mortality risk and a substantial loss of working time compared to those
sleeping between seven and nine h¢pts Accordingly, employed individuals with insufficient sleep

of fewer than six hours per night have, on average, a 2.4% higher loss in productivity than those
sleeping seven to nine hoursedio more absenteeism and presenteeism, resulting in reduced
performance. This is also visible among those sleeping between six to seven hours, with an average
1.5% higher productivity loss. Consequently, an individual with insufficient sleep loses aigund
working days out of 250 working days per year mommpared to workers sleeping more seven to

nine hourg51].

Studiesamong NDD ad IMID patients demonstrated that fatigue and sleep disturbances worsen
p at i @oh[b2 58] However, quantifiation of thecosts due to loss QALYs or DALYs specific

to fatigue and sleep disturbances are scarce in the literature. Theredotdyiintg and validating
digital endpoints for fatigue and sl eep distu

The multiple physical and mental health conditions associated with fatigue and sleep disturbances,
including chronic diseases, dneked with high healthcare age At the same time, affected patients

with fatigue consume more healthcare resources than those without fatigue, resulting in substantially
higher costs. Therefore, it can be assumed that effective, pessdrnatiatmenof fatigue and sleep
disturbances can substantially benefit patients, healthcare providers and health systems at large
Table2 below presentsthe specific costs, categorised as direct or indirettfatigue and sleep
disturbancesas applicable to threeelected stakeholders, namely patients, healthcare providers, and
insurers.
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Table2. Potential direct and indirect cost of fatigue and sleep disturbafoedifferent stakeholders

Stakeholder Direct costs Indirect costs
Patients 1 Inpatient care and rehabilitation 1 Loss in productivity

1 Outpatient care and rehabilitation 1 Impaired cognitive performance

1 Diagnostic tests 1 Absenteeism and presenteeism

1 Medications 1 Loss of income (e.g., early

1 Psychological therapy retirement)

1 Other (e.g., health insurance, 1 (HR)QoL and QALY decrement
alternative medicine, emergencies, 91 Decreased ability to perform ADLs
community healthcare services) and participate in socialctivities

1 Transport related to medical 1 Increased disease activity and pain
consultations, diagnostic tests, sensitivity
treatment 1 Comorbidity (mental and physical)

and mortality
1 Inconvenience of diagnostic tests
(e.g., polysomnography in sleep
laboratory)
1 Side effects of pharmacotherapy
1 Accidents (falls, road, occupational’
Healthcare I Time and resources spent for -
providers provision of inpatient and outpatien
healthcare services (medical
consultations, diagnostic tests,
treatment, rehabilitation)
Administrative costs
Insurers 1 Administrative costs -
(payers) 1 Patientinsurance claims,
reimbursements
1 Payment of healthcare providers
1 Employee sick leave

The following analysis focuss on two countriesinvolved with clinical sites in the IDEA-AST

project: Germanyand England These countries serve as an examplehef possible benefits of
implementing digital endpoints to assess fatigue and sleep disturbances in Bismarck and Beveridge
Model healthcare systemsespectively An overview of quantified costs and benefits in th®
countries is provided ifable5.

7.2.1 Fatigue and sleep disturbances in Germany
Prevalence

Sleep disturbances and fatigue are highly prevalent in the German population and continue to rise.
According to a2018Af or sao st udy a mo=nlgl0); 500 eaffared drairudleeps (
disturbances almost every night, and 20% experienced theseAsftemesult, 35% often felt tired and

had difficulties concentratg during the day54]. The DAK health insuranceompanyestimated that
around 34 million working people in Germany experience problems with initiating and maintaining
sleep and one in ten working individualeveinsomnig55]. Further, it is estimated thabD-60% of

the general German population experieratgtie[56].
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A BARMER report estimatethat about 656,000 individuals in the German working population were
diagnosed with noorganic insomnia (ICELO F51.0) or with disorders of initiating and maintaining
sleep (ICD10 G47.0) in 201757]. Applying amore expansiveefinition and including unspecified

sleep disorders (ICRO F51.9 and G47.9), it was estimated that about 1.55 million working
individuals received a respective diagnosis. Additionally, an online survey among 4,000 participants
found that 26% of respondents believed to suffer from a sleep disturbance, and 20.9% struggled with
difficulties initiating and maintaining sleeP.ata indicated that women were more frequently affected
than men, and diagnoses rose with increasingcageSimilar results were obtained by van de Straat

and Brackg58], who identified sleep problem symptoms among 260f respondents.

However, it can be assumed that the actual prevalence is higher since sleep disturbafteeshate
documented or diagnosed. Accordingly, a specific diagnosis is only given in about 27% (B@phses

Direct costs
Total costs of illnes

The German Federal Office of Statistics reported that, in 2015, the total costs of illnes®ajaron

sleep disturbances (ICD¥#&b1) amounted ta105 millionandd 922 million for disorders of initiating

and maintaining sleep (ICDAG47)[59]. Out of the more thaig338 billion total costs of illness in

2015, the costs of sleep disorders thus represent 0.3%. This calculation includes overall healthcare
resource consumption related to the treatment, prevention, rehabilitatiddong-term care of
specified disease and is the latest available data. Considering a broader definition of fatigue and sleej
disturbances, many undocumented cadespite the significant burden on NDD and IMID patients,

as well as the associatedwmrbidiies, the implementation of personalised therapeutic interventions
based on an assessment of digital endpoints can result in substantial savings for healthcare systems.

Hospitalisation and inpatient days

As indicated, direct costs for the German healthegstem also result from inpatient care for sleep
disturbances. In 2018, there were 104,659 cases of hospitalisation with sleep disturbances (ICD10
G47) as the diagnosis, the vast majority of those being males (74,324 males and 30,371 females). Or
averagepatients stayed ithehospital for two days, resulting in a total of 205,721 inpatient dais.

those cases, 16 di¢e0].

In Germany, patients abotee age of 18 must goayul0 per inpatient calendar day for maximum 28
days per yea61]. This copayment concerns hospitalisation and rehabilitatas@ ands capped at

2% of the patientodés annual gross househodofd i n
two days of inpatient care, patients in hospitals suffering from sleggrioiinces would thus -@ay

020.

Diagnostics

Assessing digital endpoints of fatigue and sleep disturbances with digital devices that patients can use
in their homes could reduce the number of unnecessary, costly inpatient diagnostic tests while
increasingdisease knowledge and enabling early intervention-igstired patients are fully covered

for sleep disorder tests, such as ambulatory polygraphy and inpatient polysomnography. If diagnostic
tests require hospitalisation (i.e., polysomnography), patoerysco-pay the inpatient days.

According to the DRG statistics, 104,327 polysomnography tests and 61,912 cardiorespiratory
polygraphies wergerformedamong hospitalised patients in 2019. Furthermore, a total of 4,536
multiple sleep latency tests (MSLT) or maintenance of wakefulness tests (MWT) were conducted in
German hospital§62]. Each nightat a sleep laboratory costs the statutory health insurances about
0500[63]. The National Association of Statutory Health Insuramtg/siciansstates that the cost of
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cardiorespiratory polysomnography U 3 5% [642, whereascardiorespiratorypolygraphy costs
a7 2 [64].0

As mentioned previously, hospitals treating patients for sleep disturbances and performing diagnostics
for sleep disorders are reimburseddehsn the DRG system by multiplying the DRG cost weight with

the base rate, including rei mbursement for he
2021):
1 DRG EG63A- sleep apnoea or polysomnography or cardiorespiratory polygraphy up to 2
inpatient days, age < 18 years or with a sp:
1 DRG EG63B- sleep apnoea or polysomnography or cardiorespiratory polygraphy up to 2
inpatient days, age > 17 years, without a specific invasive cardiologicabdsgagni c : 1,28
[66]

If the evaluation of therapeutic interventions through digitapeimtds reduces inpatient days related
to sleep disturbances and fatigue, this would, on the one hand, result in resource liberation, but, on the
other hand, in income forgone for hospitals.

Doctor consultations

According to theCentrefor Sleep Medicine & Sleep Reseal@7] patients having difficulties with
initiating or maintaining sleep (e.g., insomnia) should consult a doctor if the sleep disturbances persist
congstently for a minimum of four weeks, and/or if patients suffer from a significantly increased day
time fatigue.

However, BARMER indicated that less than half of affected individuals consulted a doctor, similarly
to thefiforsad study showing that only orird of those suffering from sleep disturbances almost
every nighthaveever consulted a doct@b4, 57]A report from the Techniker Krankenkasse found
that only one in ten insured individuals consulted a doctor for their sleep prdb&ms

The National Association of Statutory Health InsuraRbgsicianscalculates alat rae for insured
persondor a teAaminute consultatiomependent oh h e p adej tleeEBM & @des0300303005

refer to the adult population with a ratedf3.407 23.07[69-71]. Furthermoreit is common foran
additionalflat rate ofu15.55to be addeébr the provision®fthe structt e s necessary for
(code03040)[72]. Moreover,surchargesare addedor theGP 6 s  a s(de D3080pmrid their
surchargdcode B061) amounting to02.48 andu 15, respectivel\j73, 74} Based on these costs
tenminute GP consultation can range fra81.78t 042.45 depending on the age of the patient

Cognitive behavioural therapy

Cognitivebehavioural therapy (CBT) is highly recommended as theliisttreatment of significant
fatigue and sleep disturbances such as inso@Bd-1). In Germany, CB1l is fully covered by SHI

if it is administered by SHaffiliated therapists, who receivi89.60 per onehour sessiofi5]. In the
PHI, the reimbursement of therapy depends on the tariff condisormivately insured patients might
have to pay for CBT partially orentirely out-of-pocket[76]. The costs of one session vary between
050-u150([77].

According to the DK insurance data among the DAK working population from 2016 2.6
million), 7.8% of individuals with a diagnosed sleep disturbance received psychot[i&hpy

Pharmacotherapy

In Germany, all prescription medication is covered by the SHI, but patients above 18 years of age must
co-pay 10% of the sales prices. In all cases, patienta pagimumof U5, anda maximumof 410 per
prescription, ensuringhat patients never pay more than the actual price of the pharmaceutical.
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Furthermore, the total amount of supplementary paynaetsapped at 2% of t he
annual gross incomé&or chronic disease patients, the limit is set at 1% of amgnaas incom¢79].

According to the German care pathway guidelines for sleep disturbances among adults,
pharmacological therapy is only recommended if cognitive behavioural therapy is not effective or
cannot be implemented. Treatment of insomnia with higpsi¢e.g. penzodiazepine receptor agonists)

or sedative antidepressants should only be intended forteh@rusegiven potential side effects and
risks[80].

Based on a DAK report, 22.1% of insured patients with diagnosed insomnia were prescribed
pharmacotherapy, with one in five receiving an antidepressant and about 14% receiving a
benzodiazepineNotably, more than 20% of those with benzodiazepine prescriptions received those
for one to three months, thus considerably longer than the recommended maximum of fouFeeeks.
data also implies that pharmacotherapy is a dominant form of therapy corp&Bd-I as half of

those consulting a doctor for their sleep problems were prescribed a sleedingj pill

However, these numbers only represent recorded prescriptions in the SHI, and the actual number of
prescribedoharmaceuticals is potentially higher given increased privategofird prescriptions of
hypnotics[81]. This would also translate into substantially higheradtppocket payments for patients

with private prescriptions.

Indirect costs
Macro-economic loss

Based on a macreconomic model considering increased mortalitd work absence with decreased
work and school performance, the RAND stui] predicted the annual economic costs of
insufficient slep in Germany. The estimated amount was calculayedomparing the baseline
scenario with three scenarios in which:

1 (1) all sleepers with less than seven hours at baseline would sleep seven to nine hours,
T (2) all sleepers with less than six hours at basetould sleep six to seven hours,
1 (3) all sleepers with six to seven hours would sleep seven to nine hours.

For 2015, RAND estimated the annual cost between1.%&% of GDP, representing around $39.3

to $60 billion USD. This was predicted to increaser time given a prolonged effect of elevated
mortality on labour supply. Thus, in 2030, RAND predicted the economic cost of insufficient sleep to
be around 1.21.63% of GDP ($46.6 to $69.1 billion USD).

Table3. Estimated annual cost of insufficient sleep in Germany, relatitfeetoaseline scenario.
Sourcef51].

GDP (US$ billions,

Year 2015 piices) GDP (%)
Scenarios 1 2 3 1 2 3
2015 60 39.3 548 156 102 142
2020 62.3 409 565 161 1.06 1.47
2025 64.7 426 586 168 110 152
2030 69.1 466 629 179 121 163
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Work absence

Quantifying indirect costs of work absence duefabgue or sleep disturbances is difficult since
physiciansrarely documentt i sor ders of i nitiating or maintai
sick leave[57, 78] For instance, among the DAIKsured working population, only 0.29% were
documented as unablewmrk due to a sleep disturbance in 2015, with a comparatively low average

of 11 days of sick leaf&8]. Taking the roughly 45.27 million working individuals in Germany (2019)

[82], this would mean that about 131,000 employees could take sick leave due to a documented sleey
disturbare per year. Furthermore, documented sleep disturbances accounted for 0.26% of all absent
days from work among DAKnsured employees in 20IB3]. Considering that there were on average
elevendays of sick leave per working individual in 2083], it can hus be calculated that there could
annually be around 1.29 million days of sick leave due with sleep disturbances as the documented
reason. Organic sleep disorders were reported to result in more sick leave thagamo sleep
disturbances, especiallyn@ng men. Overall, sleep apnoea accounts for 30% of days of inability to
work due to sleep disturbances, and insomnia accounts fof78)%

Nevertheless, by comparing sick leave of the German working population suffering from any mental
disorderor organic disease with sleep disturbances to those suffering from the same disorders without
sleep disturbances, it becomes evident that insufficient sleep can result in substantially longer and more
frequent sick leave. In 2017, employed, diseased iddals with an additionally diagnosed sleep
disturbance had, on average, 36 days of work absence more than the comparison group (56 days c
sick leave in total). Especially employees suffering from mental health disorders (e.g., depression)
were comparatiig more often and longer unable to work when additionally having difficulties
initiating and maintaining sle€gf®7]. Additionally, the DAK proposed that sick leave due to sleep
disturbances has increased significafityn 2.2 absent days per 100 insurance years in 2005 to 3.9
absent days per 100 insurance years in 208p

Furthermore, even if not documented as the primary reason for sick leave, insufficient sleep largely
impacts productivity and ability toavk. According to the RAND stud$1], around 209,000 working

days are lost in Germany per year due to insufficient sleep, equalling more than 1.672 million working
hours lost. This working time lost includes absenteeism and presenteeism (i.e., working while sick
with reduced productivity).

Gaman employees who are incapablevork receive full salarfrom their employers for the first six
weeks of sick leave. Longer work absence with specified illness is covered by sickness funds with
70% of the last gross salary aadnaximumof 90% ofthe net salary{84]. Consequently, a patient
unable to work due to fatigue or sleep disturbance will most likely experience no loss of salary.

7.2.2 Fatigue and sleep disturbances in England
Prevalence of fatigue and sleegdisturbances

Although recent concrete numbers are lacking, the prevalence of figgjuend sleep disturbances

(i.e., insomnig86]) in the general British population is commonly noted across scientific literature
Previous research determined an insomnia prevalence of 37% baseerepa#did data among 2,192
respondentf87]. InadditonAvi va reported that Ato sl eep bett
ambition after losing weight for adults in the UK in 24&8].

Despite the prevalence of fatigue and sleep disturbances in thbéyigften remain unnoticed and/or
untreated. For example report conducted in 201&gktimated that the number of adults in the United
Kingdom who are treated fabstructive sleeppnoeg OSA) was around 330,000, whereas the total
population of adults with OSA was estimated to be 1.5 mil@9). Thus,the actual prevalence of
fatigue and sleep disturbanda€England can be assumed to be much higher
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Direct costs
Total costof illness

To ou knowledge, no estimates of the total cost of fatigue and sleep disturbancesdortbmy of
England existA 2013 paperestimated that the total cost of sleep disturbant&910 in the UK
amounted tai5.63 billion in purchasing power pari§@0]. This includes direct healthcare costs and
indirect costs associated with sleep disturbario&smation on normedial costs was not taken into
accountFurther,a2017 report suggests that the total cosClmfonic FatigueSyndrome to the UKs
£3.3 billion per yea{91]. Given the challenges of diagnosing fatigue and sleep disturbastaisl a
out in the previous chapter, it is estimated thatactual cost datigue and sleep disturbandesthe
UK economyis muchhigher.

Diagnostics

According to the yeato-date 2019/20 statistics, 96,685 sleep studies were conducted in the NHS
England. A considerable proportion of patients referred to sleep studies (29.5%) had to wait more than
six weeks for a test in December 20fP]. This could be due to the lack afvailability of
polysomnographyn UK sleep centredt is estimated thaine centre theoretically needs to serve 1.25
million citizens[93]. If paid for privately,diagnosticsuch as sleep studies can start from 2@

Hospitalisation andnpatient days

According to the Hospital Episode Statistics (HES) for England, there were 32,035 finished consultant
episodes with sleep disordet€D-10 G47) as the primary diagnosis in English NHS hospitals for
20192020. Specifically, there were 30,988spital admissions and 1,183 emergency visits with sleep
disorders aaprimary diagnosis. The average length of stay eveeslay, resulting in a total of 2865
Finished Consultant Episodes (FCEs) bed da¥3. For fatigue and malaisgICD-10 R53) as a
primary diagnosis in English NHS hospitatherewere 13,804 admissiogsin 20202021,12,187 of
which were emergency VvisitECEs bed daysountedfor a total 0f29,409. The median length of stay
wasoneday [96]. According to the BBC in reference to tBepartment of Health of Englanthe
avaage daily cost of a hospital bedfi400[97]. This isless tharbed cost for inpatient stays across
specialties in Scotlanavith a mean 0£519.38 per unif98]. Hospital treatment in NHS hospitals is
free for people who arerdinarily resident in the UK99].

Doctor consultations

Fatigueis generally noted to be a common presentation in primaryaaceinEnglishsettingg100].
A 2016 study found that the averagensultation of patientis Englandwith their GPamounts to D
minutes and 22 second401]. Unit costs in 2019/2020 per hour doefmatient contactwith
gualification cosamount to £25%102], according to the Person@bcial ServiceRResearch Unit of
the University of KentThus, a0.22minutelong consultatiorcan be estimated twstapproximately
£43.434.

CognitiveBehavioural Therapy

In the UK, CBT can be prescribed for sleep disturbances such as ing@Biiid) [103]. CBT can be
prescribed by G® The Nationalnstitute for Health and Care Excellence indicatesghab5minute
CBT-I sessiongost £584n the NHS systerfil04]. Private sessions cost between £40 and £108).

Pharmacotherapy

The NHS imposes user charges butpatient prescriptions, currently set at £9.15 per [tH6].
However, free prescriptions are dispensed for:

1 Over @ and under 1§earolds

1 16 to 18yearolds in fulFtime education
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1 Pregnant women or those who had a baby in the previous 12 months with a valid maternity
exemption certificate (MatEx)

Patients with a specified medical condition (MedEX)

Patients with a cdmuing physical disability (MedEX)

Those with a valid war pension exemption certificate and a prescription for the accepted
disability [107].

Further, medications prescribed in NHS hospitals are also free of cHargepatients[106].
Concerning pharmaceuticals for treating sleep disturbances, there were 974,122 melatonin
prescriptions dispensedrfall medical indications in communities across England in 2018, amounting

to around £36 milliorj108].

Indirect costs

ZI2
C/)>

EJE

Macro-economic loss

According to the RAND mode]51] using mortality and productivity factors in three different
scenarios compared to the baseline, the annual economic loss of insufficient sleep in the UK was
estimated between 1.3686% of GDP, representing between $43.2 to $50.2 billion USD in 2015.
This was expected to increase to 1.63%7% of GDP (between $44to $58.7 billion USD) by 2030.

Table4. Estimated annual cost of insufficient sleep in the UK, relative to baseline scenario. Source:

[51].
Year GDP (US$ billions, GDP (%)
2015 prices)
Scenarios 1 2 3 1 2 3
2015 50.2 |36.7 |432 |186 |1.36 |1.60
2020 53.8 |40 46.4 |1.99 |1.48 |1.72
2025 57.6 |43.3 |49.7 |213 |160 |1.84
2030 58.7 441 50.6 2.17 1.63 1.87

Work absencand sick leave

In the UK, the RAND repoift1] identified similar amount of working time lost as in Germany. Thus,
more than 207,000 working days representing more than 1.6b@nmworking hours are lost due to
insufficient sleepNo information on days of sick leave due to sleep disturbances and/or fatigue is
available.

7.2.3 Cross-country comparison of direct and indirect costs

The following table presents an overviewddfect and indirect socioeconomic cosfsfatigue and
sleep disturbances in Germaaryd Englangbresented in this chapter
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England.
Cost Country Value
Direct Cost of illness (healthcar DE 01.03 billion (ICD106F41 and ICD168G47 in
costs resource consumption) 2015)

GB 05630 million pufglep
disturbancesn 2010) £3.3 billion (per year;
chronic fatiguesyndromé

Hospitalisation and inpatier DE 104,659 cases of hospitalisation (ICD&@7)
days resulting in 205,721 inpatient days in 2018

GB-ENG 32,035 finished consultant episodes (ICB:
G47 as primary diagnosis) in England
2019/20

Costs of inpatient care for DE 020 taking the average of 2 inpatient days
patient GB-ENG  £0
Drug bill for patients DE 05-10 per outpatient prescription
GB-ENG £9.15 outpatient prescription charge per ite
Doctor consultations DE 0 3 1 - 42.85 perlO-minute consultation
GB-ENG £43.434 pef0.33minute consultation
Cognitivebehavioural therapy DE SHI patients: no OOP, payers reimbul
therapist4186,90 per ondnour session
OOP for private patientsib0-150/session

GB-ENG £582 for six55-minute sessionsvith NHS
providers (no costs for the patient)
£40-100 for private sessions

Diagnostics DE Costs for statutory health insuranc@s00 per
night spent in sleep laboratories
104,327 inpatienpolysomnographies (2019
61,912 inpatient cardiorespirato
polygraphies (2019)
4,536 inpatient MSLT/MWT tests (2019)

GB-ENG 96,685 sleep studies (NHS England Y~
2019/20) costs unclear

Indirect Annual macreeconomic loss DE $60 billion USD (1.56% of GDP in 2015)
costs (morbidity, loss in productivity g

at work and school)

$50.2 billion USD (1.86% of GDP in 2015)

Working time lost due tc DE 209,024 working days and 1,672,192 worki
absenteeism and presenteeisn hourslost
GB 207,224 working days and 1,657,792 worki
hours lost
Days of sick leave DE Total of 1.29 million days of sick leave p
year with sleep disturbances as f
documented reason
GB No information available
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7.3 Preliminary impact indicators

An essentiastep ina socioeconomic evaluatidramework is to model impact indicators of increasing
specificityfor the selection aflefinedmeasurableutcomesvhich serveas representations bénefits

and costs. Through the present framewtekelopment process, these preliminary indicators were
based upon desk research, as well as work done for related delivbyatblesonsortiunDiscussions
between participants of workshops related to these deliverables as well those on stakeholder
enggement within the widerconsortiuminformed our initial findings.lt is expected thathe
implementation ofligital endpointan contributéo the digitalisation of clinical trialas well asllow

for improved health outcomeand decreased healthcare oasce utilisationin clinical care, all of

which in turn,result in resource liberation and cost savings.

Based onthe initial findings the tablebelow shows preliminary impact indicators feelected
stakeholderdmpact indicators here refay & functonal collection obenefits and costerough which
measurableutcomes casubsequentlpe developedn addition to patients, healthcare providers and
health and social care payers, national competent authorities responsible for reguladipgyavidg

medical devices are considerétkalthcare professionalgere aggregated with healthcare providers

as a stakeholder group due to the overlap in their benefits and costs as were the pharmaceutical an
medical devices industrie$hesepreliminaryimpactindicators will be reviewed in close exchange

with involved stakeholdersand adaptedas the empirical work develop®ata collection will
incorporatefindings from primary sources, which in our case refershe direct involvement of
stakeholdershroughguidedworkshopsgexpertinterviews,andsemistructured questionnaires

Table6. Preliminary impacindicatorsas benefits and costs thie implementation of digital

endpoints
Stakeholder Benefits Costs
Patients 1 Earlier and more personalised 1 Skills development
interventions with a better understandin andtraining costs
of the relationship between health, dise: 1 Adaptation time and
and fatigue/sleep disturbance inconvenience related
1 Decreased pain sensitivity, disease to digital device usage

activity, comorbidity and mortality risk
due to improved sleep patteraserall
better physical and mental health

i Patient safety due to appropriate
pharmacotherapy and lower risk of
accidents (e.qg., falls, work accidents, ro
safety)

1 Patient empowerment, sadfficacy,
engagement, disease selanagement,
patientcentric endpints

9 Increased social functioning

9 Higher productivity and cognitive
performance

1 Decreased absenteeism and presentee

1 Cost savings from fewer prescriptions o

unnecessary hospitalisation due to tailo
therapeutic interventions
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Stakeholder

Benefits

Costs

Time saved from fewer doar
consultations as a result of remote
monitoring and better health

Sleep monitoring in home settings for
extended periods of time with reduced
burden for patients; fewer diagnostic tes
Increased QoL, HRQo&nd ability to
execute ADLs

Patient
organisations

Provision of increased services for
patients

Increagd networkng with other
organisations andppotunities to
collaborate

Enhanced health and disease knowledc
complete picture of burden

Skills development
andtraining costs

Costs associated with
patient outreach,
patient recruitment for
clinical trials, and for
dissemination of new
findings.

Healthcare
professionals
andproviders

Realtime monitoring, improved patient
risk stratification, diagnostic
management, and automated decision
making support due to continuous,
objective, precise patient data
Enhanced health and dise&s®wledge,
complete picture of burden

Healthcare resource liberation (fewer
hospital admissiongnpatient days,
consultations, diagnostic tests)
Improved assessment of treatment effer

Time saved from automated monitoring
and data reporting

Easier commuication and information
sharing in multidisciplinary care team
(GPs, hospital staff, sleep specialists,
mental health professionals)

Improved patienprovider
communication

Training, skills
development, and time
spent for using device
and obtained data

Costs associated with
technical
implementation of
tools and data
platform

Forgone income from
avoided consultations.
hospitalisation, and
diagnostics

Payers / third
party insurers
andpurchasers

Generation of data for deciding on
reimbursemenpolicies and billing,
preventing delays in decisions and
patients6 access t
Cost savings from lower intervention
costs, diagnostic tests and overall
healthcare utilisation

Cost savings related to improved diseas
management and decreaseehuarbidity

Reimbursements for
therapeutic
interventions and
approved devices
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Stakeholder Benefits Costs
National 1 Access to higkdensity, accurate, M1 Administrative costs
competent objective and reliable trial data and of authorisation
authorities transparent information for rapid procedure
assessment and scientific evaluation of
medial device
1 Efficient pre and posimarket
surveillance
1 Promotion of digital health technologies
9 Potentially shorter clinical trials with
fewer subjects needed for recruitment ir
the future
1 Access to highdensity, accurate and
reliable data on effectiveness, cost
effectiveness, benefits and harms of
health technology
1 Market authosation studies meaningful
for HTA
9 Efficient pre and posimarket
surveillance
1 Promotion of digital health techramies
1 Data for evidencéased reimbursement
and pricing decisiomaking
Pharmaeutical f Reduce operating costs (ex: setting up Costs ofprovision of
healthIT and physical clinical trials) devices
medical devices  q Increase recruitment rates and inclusive Security risk on
industries diversity in trials collected
1 Accelerate drug discovery and data
development of new therapies Data platforms, data
1 Create patiententric approaches analytics
f Reduce participation burden Greater personnel
1 Accurateinformation on how therapy ne:o![e(? tz s:;zp%rts
affects the disease P . .
. questionnaires and
1 Opportunity to collaborate concerns.
Research 1 Enhanced health and disease knowledc Security risk on
community 1 Opportunity to collaborate collected
9 Increase recruitment rates and inclusive data
diversity in trials Data platforms, data
1 Access to highdensity, accurate, analytics
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8 Exploitation and sustainability framework

In accordance witiMIGs strategic visionto accelerate research and developmenEuropés
biopharmaceutical and healthcare sexf@09], it is intended that the @loitation and sustainability
of IDEA-FAST will be strengthened by leveragisgnergiesacrossconsortium partnerés such, the
exploitation and sustainability framework was developed witbcus on fostering engagement with
partners in all work packageBhe framework is envisioned to be adaptable to evolvingldpments

in the projecttherebysupporting the utilisation gbroject results beyonthe completion ofDEA-
FAST. Highlighted as being critical to ¢fisustainabilityand success of the projecfiisding resources
that allow devioped assets to be integrated itite widerglobalnetworkof organisationsiesearchers
and healthcare professionatsrking on fatigue and sleep disturbasce

The currentchapterdefines theexploitation andsustainability frameworkior IDEA-FAST by
specifying theinitial stepsundetaken. These includehe formation of the Exploitation and Impact
Subcommittee (EIS)afirst identification ofkey exploitable assetdelineation ofvalue propositions
descripion of data sharing anihtellectualpropertyrights concernsgevelopmenbf user scenarigs
andthedrafting of asustainabilitystrategy

8.1 Establishing the Exploitation and Impact Sub-committee

As part of the exploitation and sustainabilpjanning, the EIS was established. The EIS is an
interdisciplinary sustainability advisory group that is coordinating oversight of issues pertaining to key
exploitable asetsandothermajor project outputs, intellectual property, data use, regulatory strategies,
sustainability models and other business mattenssisting oflWP Coaleads and designated experts.
The first meetingof EIS exploredthec o ns or t i u mdéstandirty aofr seidainabilityd and
exploitation within IDEAFAST, identificatiornof key exploitable assets, and exploration of isshiats

the consortium might need to faimevardachievingsustainabilityof the project outputéAppendixA

I EIS Jamboard sessionjhe EIS is further set to meet during the project according to important
milestones and current project progress.

8.2 Identifying key exploitable assets

IDEA-FAST aims to develop various asseighin the health technology domadinatare exyected to
mature over the course of the projeétssets may refer to products, prototypes, services,
methodologies, guidelinggools, procedures, components, kabew, software, apps, platforms,
algorithms, and publicationsetc. all of whichcan benefit different stakeholdersA classification
system for thassetsvithin IDEA-FAST wasadapted frontheIMI Field Manual: Scaling innovations
emerging from publiprivate partnershipd 10], wherein assetsarecategorised as

I Products: An article or substance that is manufactured or refined, or a service that is offered

1 Knowledge resources Findings, insights or skills acquired through technical or process
innovation

1 Collabaatiors: Networks for exchanges of information, services, or goods between
organisationso create synergies

However, t is important to notéhatdifferent types of assets require different viability roadmeps
business modelés suchglicitation and modelling of exploitable assets is seen @srative process,
to be performed several timewer the projectlifetime as assets maturiithin the firstreporting
period, ley exploitable assetgere identifiedoy surveyng all consortium partnar(seeAppendixB),
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including several followup and feedback sessiorRegponsesnvere comprehensivelyabulated (see
AppendixC) andselected esultsarepresented below.

8.2.1 Products
Some of th&key productenvisionedo be deelopedwithin IDEA-FAST are

71 Digital endpointso assess fatigue and sleep disturbances, and other ADL/HRQgphtfents
with IBD, RA, SLE, PSS, PD and HD

1 Data management platforto support data acquisitiomtegration,storage andanalysis which
will include data standards, clinical and digital datasets, andamalytic environment with
customised scripts.

Data analysis software package
Al Toolbox for robust multivariate timeseries analysis
IDEA-FAST Biobank

Digital endpoints for fatigue and sleeisturbances and other ADL/HRQoL

Within the lifetime of IDEA-FAST, the primary objectiveis to identify digital biomarkersand
correspondingechnologies for the evaluation of fatigue and sleep disturbahsissncludeslinical

validation, and as a sewgary objective, explation ofdigital correlates of other ADLdeveloped
throughprofiling activity-related biological, neurocognitive, and behaviouliaitorsin patients with
IBD, RA, SLE, PSS, PD and HDO'heoverall visionof the projectis to develp validateddisease
agnostidigital endpoints that can lisedn clinical, interventionaland observational studigkereby
supportng advances ialinical care pathwaysirug developmengndpatientselfmanagement

Data management platform

To allow for largescale data acquisition, integration, storaged analysisa data management
platform (DMP) is currently being developggrigure 6) within the project The IDEAFAST DMP
will serve asa sharedvork environmentor curatedharmonised dateelated to fatigue and sleep
disturbancesClinical and devicedataare captured and transferred to the DMP via secure ARts
the dhtasets generated withiDEA-FAST will be bothstandardisedndcompliant with GDPRThe
DMP will containan analytic environment that caupportvarioustools, including a data analysis
pipelineand customised scripigth theincorporation of am\l Toolbox for robust multivariate time
series analysig-urtherspecificationsarepresented ifD5.2
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Figure 6. Components of the IDERAST data management platform and data flBaurceD5.2
Data management platform specificafibhl].

Data analytics software package

A data analytics software package thatludessteps such as validation, feature extractidata
visualisation andiurtheranalysiss also being developelt i s descr i bedhedata D5.
analysis steps form a modular pipeline, generating intermediate and final output files fronmtdiffere
processing steps. These intermediate files are in an open and fully documented format allowing the
community to further use the results for additional research purpbsegsoutines for reading and
writing the intermediate files will be fully documedtand available with (Python) source coflel 2].

Thedata analysis pipeline will be furthettegrated ito the DMP analytical environmef{228].

Al Toolbox for robust multi -variate time-series analysis

An Al Toolbox for multivariate timeseries analysis will be developed, including Al methods for:
1 Handling ofpoorquality signals

Earning personal activity patterns

Robust ML approaches for weakly annotated data

Multimodal data aggregation and visualisation of heterogeneous data sources

= =2 =2 =

Handling multivariate, weakly annotated tinseries analysis of personal aat
1 Time-series data related with not completely reliable ground truth (PROS)

ML/AI approaches are useful tools for transforming raw signals into actionable information and
combinatory algorithms will be developed to accommodate different sensing modahgsurpose

of the proposed algorithms is to improve the identification of some elements of the patient's state of
health (quality of sleep, fatigue, etc.), starting from the data acquired by the devices. Improving these
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algorithms can result in more acate monitoring of the evolution of the patient's state of heslta.
Al toolbox plays a key role in mapping the information collected from the digital devi¢d3@s

IDEA -FAST Biobank

During the FS and the COSpmbankcontainingblood, urine and ebl samplesvill be established

This will consist of samplefsom six patient cohorts,e., from17 centres acrogen countries within
Europe, representing geographic, ethnic and healtsyatemdiversity. In accordance with ethical
guidelines of informed conseahd pairicipatory design,tiwill be made clear tparticipants thathe
donation of their biological samples is voluntary and will not affect their eligibility to take part in the
study. Samplesaccess will be governed Isandardised application procedusesh all applications
beingreviewed by théDEA-FAST steering committee

8.2.2 Knowledge

Assets categorised as knowledgeconcretised ascientific articles, presentations, or repavtthin
the project Thesecanbeexploitedin future studiedy the wider network obrganisations workingn
contexts similar tdDEA-FAST and include:

1 Results and amgsis of theFS andCOS such aknowledge o theacceptability of selected
devices, knowledge omhe design and use of visualisation for participarkeowledge
regarding recruitment of patientmd related publications

Training materials and trial protocdl®m the FS and COS
Knowledge regarding thethical approvglrocesof the COS
Knowledge of regulator, HTA, and payer requirements for digital endpoints

Crossindustry/academic preompetitive alignment

= =2 =4 A

Knowledge of involvingand engagingatient groups across research cycles

The resuls of the feasibility study demonsteathe extento whichdigital devices and PROs can be
simultaneouslhassessed.e., in paralle] withoutexcessivly burdenng patients The study showthe
suitability of devicedor various patient groupscludingthose with different diseasesdditionally,

it provides a good estimate of teepected levels alata qualityand completenessithin awearable
devices context therelfacilitating calculations of required sample sizeguture studiesLesns

learnt from this study (e.g., level and extent of patient support material and training of staff) will help
to create targeted supportive material for patients and study staff ednttelp improvethe quality

of data captured in future studies drale an impact on future patient recruitment strategies.

The COS studgims toidentify digital outcomes that may serve as clinical endpgivtisreuporihey

can be used during drug development as validated endpoints to assesafatigleep disturbances

As fatigueand sleep disturbancese diseasaspanning criticalproblens for many patientst is
essential to havihesevalidated clinical endpoints accepted by EMaualitative adviceon evidence
standards necessary fagulatory approvabill be built into the COS design as far as feasible and
wouldhelppave tle way toward regulatory acceptability of one or several digital endpdistficial
guidanceon regulatory approval requireants for digital endpointgrenot yet provided by EMA, HTA
bodies or Payershe IDEAFAST project ileveloping an understanding of the requirements and gaps
in current guidanceThis knowledge willfurther inform future researchersn the developmentand
validation of digital endpointsn related contexts.
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Patient involvement and engagement within IDEAST is considered throughout the projede

patient engagement strategy in IDIEBAST follows four aspects: Cdesign, Involve, Consulgnd

Inform. This ensures that patient representatives are given an active, dec#iog role as co
researchers in some areas and are able to provide feedback and advice in otheurdneasore,

they are also kept informed about priorities, activities, outcomes & impBuetsknowledge and
methodologies generated within the Patient Involvement and Engagement Group will be of benefit for
future projecs.

Overall, knowledge resources generated thinotige project e.g., publicationsalso exemplify the
benefits ofpublic-private collaborations.e., crossindustryacademic pre&ompetitive alignmento
tackle the challenges ebmplex problems in healthcare such as tlpwesented byatigue and slgqe
disturbancesThese knowledgeesourcesaise the public profile of the burdenof fatigue and sleep
disturbances and contritetb increased public awareness of thipacton quality of life.

8.2.3 Collaborations

Collaboratiors are charactesed asnetworkng-basedprograms or initiativeghat aim to connect
stakeholderdetterand promoe the exchange ofinformation, services, or goodsrossthe wider
community oforganisationsvorking on a prgect’s topic or domain are@heycontribute to a project's
scalability by facilitating the participation of multiple initiatives, consequently recruiting new users
and allowing the application of project outcomes to new anthin IDEA-FASTG context of
fatigue and sleep disturbancé®e followinginitiativeswere identified as exploitabtllaboratiors:

1 Digital Health Catalys{DHC), a platform forearly career researchers (ECRe)developed
by IDEA-FAST and MobiliseD

1 The Neuronetplatform for the integrdaion of IMI projects relaté to neurodegenerative
disorders

1 TheVOICE platformfor patient engagement and outreach

Digital Health Catalyst

IDEA-FAST and MobiliseD, which are both funded under the IMI JU2 initiative, are collaborating to
establish the DHC. In the first instandbe DHC will be a platform that wilkupportearly career
researchers (ECRarrossoth academia and industiy develop health related digital technabsy
Additionally, the DHCis seen as an excellent vehicle for sustainability and as such the sdtspe of
function is likely to expand into areas such as technology development, setting research agendas ant
promoting translationf researchinto clinical practice.

The Digital Health Catalyst recognises that the work of the consortium provides a plaiffd@Rs
(Fellows & PhD students) to grow professionally, expand their vision, enhancedmaiglinary
understanding and in tusupporttheir future careerdt will develop and deliver a programme of
activities to ensure th&CRs have wide exposum@the rich scientific environment in the consortium
within and across the partngasid will helpto provide training, helfeCRsto publishtheirwork, help

to design new research projegispvideaccess to project datand create networkingpportunites.

By doing sqtheDHC hopesto help build the next generation of leaders in Mobility, Fatigue and Sleep
researchBy expanding the horizons of our Fellows and PhD stud#m@s;atalyshopeso contribute

to faster and better research in the next decadee establishethe DHC will also reach out to other
relevant IMI projecs for potential inclusion.
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Neuronet is an IMfunded initiative aiming to support and better integrptejects related to
neurodegenerative disorders acrtiss IMI domain One of its objectives is to create an overall
platform for efficient collaborationgommunicationand operational synergies among present and
future IMI projectsworking onneurodegeerative disease$DEA-FAST is participating in specific
Neuronetworking groupson issues related to data sharing, regulatory interactions and digital
endpointsaanddisseminatig public deliverableacrosghe Neuronet knowledgaatform[113].

Patient engagement through the VOICE platform

The VOICE Platform[114]is acommunitycomprising large networks @iatients, carers and members
of the publicinvolved inall stages of research cyaeléth researcltommunitiesand industryVOICE
supports researchers to conduct meaningful patient and public involyerherg nembers contribet
insights, experience, ideaand vision to identify unmet needs and opportunities, to drive innovation
andimprove health researciihe IDEA-FAST project will conductertainpatient engagement and
involvement activities through the VOICE platform, thdsg contributing knowledge and
strengtheningpublic engagement in research.

8.3 Eliciting value propositions

A value proposition is a clear statement of how a proposed implementation relates to some
improvement for the user, what specific benefitgings, and how it differentiates from othdtssets

out and describes how the proposed implementation addresses an unnjéil e understand

how different stakeholders might bendfam the assets produced in the projgctestions on foreseen
value propositiongvere included as part of the initidentificationof expbitable assetee AnnexA

and D).

Summarily, nput from partnersn value propositionasserted thatigital biomarkersvouldimprove
treatmentdor fatigue and sleep disturbancesovide new clinical endpoints foithe pharmaeutical
industry forclinical trials serve asandidate for regulatory acceptancef digital endpointsand
improve patient sefmanagementThe Al toolbox woull improveidentification ofpatient$ state of
health (quality of sleep, fatigue, etciyansformingraw signalsfrom devices into actionable
information and with firtheralgorithmicdevelopmentesultingin more accurate monitoring of the
evolution of patien@healthstatusIntegration of the Al toolbox and other data gtialpipelines into
the envisioned data management platform would be of value to various research ,pogbcts
industry and academiadriven, involving healthcare dateurationand especially those inwohg
wearable digital devices.

As part of the exploitation and sustainability framework it is envisioned that detailed value
propositionson selected exploitable assets, such as the data management platform, Al toolbox, and
digital endpointswill be condiwctedat subsequent stages of the project using a canvasing methodology
as presented ithe figure below
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Figure 7. Value proposition canvas

8.4 Delineating guidelines on use of data and intellectual property rights

Following identification ofexploitable assets and their value propositidhe next step entails
delineation of theéntellectual Property Rights (IPR)anagement andata usageghtsfor assetsin

order todefineIP rights for each recogsad asset, pters will be required tprovideinputin an
update exploitable assettable (AppendixC). In case of joint ownership of assets, management of
exploitation activities will be addressed and will examine the terms under which the results can be
exploitedoutside the project, including a discussion of IPR risks proposed and mitigation strategies.
Specific IPR concerns, such as confidentiality, ownersifimssets access rights, ancelated
obligations, will all be discussed with partners during planned latgiion workshops and
incorporated into corresponding questionnaifdsjor issuesconcerning IPRare to be handled
procedurally as defineth the Consortium AgreemenResults of @cussions on jointly owned
intellectual propertyill be included in D9.4

Datamanagement specificatiomse highlightedin D5.1[116]. The IDEA-FAST data management
platform is envisaged as a wbhsed user interface with secure access control that allows researchers
to analyse pseudonysad data. It will be a key prciple that no data, internal or external, will be
available to anyone without full ethical approval, and that only pseudsegirdata would be shared
within the Consortium. The projecttHub repository will hostechnicaldocumentationrad a user
manual for theDMP, as well as the source code for all software generated throughout the pregect.
factor authentication will be used to gate access rights for the platiotant datasets will be
transferred tdhe platform, and their use will be governbg datasharingagreements between the
contributor and the consortiurAdditionally, it is important to note that IDERAST the consortium

has decided to opt out of the "Open Access to Data Pilot for IMI projects (no applicability of Art 29.3
of the Grant Agreement)," hence there will berequirement foimmediateopen access to data
Nevertheless, it is intended to allow ags¢via the DMP) to the data generated by the project once the
project has been completed.

Over the course dhe project, the IDEA-AST SteeringCommitteeis responsible foselecting which
datasubsets will belesignated as op@n limitedaccessdeternming their access conditions including
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licensing feesThe completegovernance structure of IDERAST datasetbeyond the lifetime of the
project will bedetailedas part of théinal Sustainability and Exploitation Plan.

For the datasetgeneratedas par of the IDEAFAST project it falls under the purview oiVP8to
synchronisedatause and data sharing guidelinggh current ethicabndlegal frameworksfor data
protection Informedconsenforms will be designed tensure that the participanitsthe I DEA-FAST
clinical studiesare given clear information about tpeojectstrategy for datatorage sharing and
reuse including the potentialfor their pseudonymisediatato be sharedvith countries with data
protectionlegislation different from th&U [117].

8.5 Creating user scenarios for implementation of digital endpoints

Within the framework, ser scenariogere createdb illustrate situations in whicanenduserwould
interact with the tdbe-developeesystem. As digital endpoints for fatigue and sleep disturbances are
yet to be implementethescenarios support envisioning future process pathwaysscenarios were
selected to depict how the envisioned implementadiodigital endpoints would potentially affect
researchers, clinicians, apdtientsas described in sections 8.5.1 and 8.5.2, below

8.5.1 Clinical research
As-is situation

Whereas the COVIEL9 pandemic has accelerated the shift from fully centralised tddhgd
decentralised trials, most current clinical trials are utilising centralised approaches, therefore not fully
harnessing the potential of digital technologies, including digital endp&iatentsneed topresent
themselvedo testingclinics, staythere overnight or for several days, which canaheadditional
stressor and mayrovide inaccurate measurememt®reover, current clinical research relies on PROs
described in chapter 4.2, thus lacking additional objective measurements. Therefora) dssaihat

could aid the identification and treatment of fatigue and sleep disturbances in various patient
populations is not collected.

To-be situation

Decentralised observational and experimental clinical trials are supported and increasingly donducte
following the approval of the digital endpoints to measure fatigue and sleep disturbances developed in
IDEA-FAST. Their success has encouragecteasing supporhechanisms arourttigital devices for

the use in decentralised trialdoreover the independent validation of the digital endpoddsgeloped

in IDEA-FAST encourag@harmaceutical companies of all sizes to utilise them in clinical trials as
they can reap the benefits withbhigh initial investments in the development of their own digital
endpoints.As the endpoints are diseasgnostic,a variety of patient populains benefit from the
multitude of clinical trials conducted. In a decentralised clinical trial utilisingetitpoints, ptients

receive devices and are monitored at home to capture cogpiysiplogical,and behavioural data

via wearables, appand other devices. Data is safely transmittetie data management platform. At

the beginning of each trial, htfatare professionals (i.e., nurses) visit each patient and explain how to
use the devices. They further visit the patient at the end of the trial to collect the devices so that they
can be reused. Further household visits might be scheduled, and infaanaits can be involved
depending on the clinical trial . Due to the |
given that they can stay at home, attrition rates are lowered, and easier patient recruitment is enabled

Through the digitaendpoints and use of digital devices, researchers can closely monitor the study
participants, collect objective data that patiegorted outcomes cannot provide, measure the efficacy
of new drugs more quickly, accelerate clinical trials, and gatharrdatessary to end a clinical trial
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more quicklyif there are indications that the drug studied is ineffective, thus allowing for the re
allocation of funding to more promising drugs.

8.5.2 Clinical care
NDD Scenario for fatigue

As-is situation

Mary is a 76yearold woman living with PD. She frequently experiences tremors, has difficulties with
her balance and rigidity. In addition, Mary also has depression, for which she infrequently talks to a
therapist. To improve and maintain functional ability and alleviiticulties with balance, she
receives regular physiotherapy. She is prescribed carbldopdopa to manage PD and citalopram

for depression management.

Recentl vy, Maryods symptoms have been getting w
low energy levels to her GP in routine appointments. She explains that, although she sleeps a lot, she
constantly feels Areally tired. o As a result,

friends, making her feel lonely and frustrate@rldocial care and support service is trying to help her
with dayto-day tasks, but Mary states that she misses spending quality time with her family and
friends.

I nitially suspecting a relation to dpspgchigrstsi on
sent her back home, stating that feeling exhausted is just a normal part of getting older and chronic
disease. Mary feels misunderstood and, although she starts to doubt herself, she decides to raise tr
topic of low levels of energy againtate r next routine GP visit. Her
could also be daytime sleepiness related to her medication and consequently suggests that her drug ar
dosage schedule should be reviewed and adapted by a PD specialist. She followg#this@adsults

her specialist, and adheres to the adapted treatment. Her low levels of energy, however, prevail. At this
point, Mary wants to give up as she feels very discouraged from being sent from one health care
professional to another without receigi any of the answers she seeks. However, her social carers
motivate her to consult her GP again

Finally, Ma sey thad she&siPfatiguedc Magyramd her GP review hetadgpy activities

and sleep behaviour to evaluate what could alleviatediguk. As a result, they establish action
points and routines that Mary can follow to help her stay active during the day and maintain a proper
sleeping rhythm. This enables her to manage her fatigue slightly, but the cause(s) remain(s) unclear.

To-be situation

With the adoption of digital endpoints and so
started managing fatigue differently. Mary began to regularly fill out a short fatigue questionnaire
speci fic to Paienksiwithghe hefpsf adinfaneabcarer angl ase digital devices that
collect data on her health status. She and a family member assisting her then discuss the results witl
her healthcare professionals, who try to identify when and how her fatigue oodushieh aspects

of daily life it is connected to whilst altering her treatment to alleviate associated symptoms. Although
she was initially reluctant to use digital solutions, she appreciates that she can learn more about hel
fatigue, how to manage it artiat the monitoring data / composite digital endpoints enable a
productive conversation even with healthcare professionals who previously discounted her experiences
with fatigue. With all/l this i nformat olessenitsMar y
impact on her daily life. Thus, she could focus on coping better with her symptoms associated with
Parkinsondéds disease and spend more time with
SO.
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NDD Scenario for sleep disturbances

As-is situation

Leoisa68earol d man with Parkinsondés disease. It w
slight tremor in his hand, for which he is prescribed a dopamine agonist. He states that the most
debilitating symptom he experiences inrelatiot o Par ki nsondés di sease i s

behaviour disorder (RBD) he has been suffering from for a few months. Due to this issue, he feels like
he is never fully rested and cannot follow his previous daily routine. In addition, he has issues

connecting with his partner, with whom he shares a bed, as he frequently wakes them up with the
movements and sounds that he makes.

When he mentioned this to his GP at a routine appointment, she explains that sleep disturbances like
the ones he describesr e f requently associated with ParKki
clinic to assess this issue further. Leo has to ask a friend to drive him to the sleep clinic, which is
almost 1 hour away from where he lives. Although Leo appreciates thetwpipoto find better ways

to deal with his sleep disorder as a result of the data collected at the sleep clinic, he finds it a hassle tc
go there as it is so far away, and he must make the trip multiple times.

To-be situation

With the introduction ofd gi t al endpoints to measure sl eep
chance to take home devices that assess his sleep from the comfort of his own home. He took up the
offer as he felt very stressed by having to go to the sleep clinic. As the trenmisakebeen
experiencing have been getting worse, he requires the help of his partner to put on the devices. Lec

and his partner receive detailed instructions
for them the first few times, it quickljpecomes a routine. With the data gathered during the
assessments conducted with the devices, Leods

IBD scenario for fatigue

As-is situation

John is a 4¢earold man with Ulcerative Colitis (UC). His syptoms have typically included
persistent diarrhoea, abdominal pain, and rectal bleeding. He has been prescribed a regiment of 5
aminosalicylates, corticosteroids, and immunomodulators as treatment for his UC.

Over the last six months John has had no energyomplete many of his dag-day tasks. He is
constantly exhausted and describes himself as having 20% energy on some days and 50% on other:
He has difficulty concentrating and compl ain
properly. Thessymptoms have greatly impacted John’s quality of daily life. He is unable to focus on
his work or socialise and some of his friends
manage the frequent trips to the bathroom due to his disedagbjdboonstant exhaustion is killing

hi m. o6

John has visited his GP several times for help with his exhaustion. Initially, his GP first told him that
his energy levels would be better once the medications start working and was then told that feeling
tiredwas a normal part of everyday life and that John should focus on resting more and getting better
sleep. When Joliea complaints persisted, the GP once again recommended that John improves his
sleeping habits and worked with him to develop an improved dggpene plan. Seeing no
improvement, Johis GP referred him to a sleep clinic, however they were unable to help him. Finally,
John consulted his IBD specialist regarding exhaustion, a symptom he had not discussed in the IBD
clinic before.

The IBD speciabt was able to recognise Jé@hoontinued symptoms as fatigue and tested for anaemia,
inflammatory markers, and various vitamin and mineral deficiencies. Being unable to pinpoint a cause
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for Johris fatigue, John was then referred to a psychiatrist fonpateepression and told by the IBD
specialist that there was nothing wrong with him and that he would have to just manage as best as he
can.

Johrés situation continued as such with no relief from his exhaustion for over two years. Following
current resarch to develop digital endpoints for fatigue and sleep disturbances, one day John received
a call from his IBD specialist.

To-be situation

The IBD specialist explained to John that new advances in the integration of multimodal (different
types of) data laled to the development of -salled digital endpoints for fatigue and sleep
disturbances (characteristics that using digital solutions and devices measure how a patient feels an
functions) and that their use may be helpful for managing UC and otheelBtied symptoms.

The specialist recommended that John use a new faigaied digital app in the two weeks before

his next appointment. The app digitally incorporated validated questionnaires on fatigue with John’s
electronic patient record and asseésdehrds fatigue from multiple perspectives including its effects

on John’s physical, emotional, and social health. At@ohext appointment, he was prescribed new
wearable technologies to better monitor his fatigue. Through the combined use of weahaid®gy

and the associated fatigue app, Jshutinicians were able to monitor his fatigue and changes in fatigue
over time. This enabled John to have an interdisciplinary clinical team around him who had access to
his fatigue data.

This in itself wasa huge relief to John because for the first time his symptoms were being addressed
appropriately. With the data, Jdsrtreatments were modified to be more specific to him, taking his
needs and goals into account. Jshsymptoms were taken more seriousyyhis GP, and during
periods of increased levels of fatigue, they were together able to prioritise where to spend energy,
allowing for better management of the disease. By being better able to track his fatigue levels with the
endpoints, John was able itacorporate exercise once again into his life which in turn led to an
improvement in his symptoms. His clinicians were also able to repeatedly test for signs of
inflammation, guided by the data points available. Over time perspective alohrés GPon the

impact of fatigue on patients changed significantly and @obata even helped his GP to better
understand the mechanisms underlying fatigue.

By having the data to correlate fatigue levels to his daily activities, John was able to better predict his
fatigueand schedule breaks to recover accordingly. With his symptoms being appropriately recognised
and the profile of fatigue being raised internationally through the implementation of digital endpoints,
John was also able to join more fatigue focused patigast groups, expanding his social support

and accessing further resources. When asked about his experience again, John thinks back to that or
phone call, and fondly highlights it as 00t he

8.6 Towards a sustainability strategy

IDEA-FASTGs sustainability strategy isinformédy t he hi gh potenti al t ha
for furtheringthe validity and acceptability of digital endpoints across their various use cases. One of
the main challenges of the project and its clinical studiesnnecting sustaibdity to the exploitation

of developedassets, owing to the stilarly maturitylevel of the envisioned digital endpoirfs

fatigue and sleep disturbances and their lack of regulatory approval. Neverfiredless mechanisms

for maximising impact i key focs for the proposedustainability strategglan which includes the
following:
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Businessnodelling andSWOTanalysis

Business modelling of exploitable asset central to avell-developedsustainability strategy. Within

the IDEA-FAST context, we plan taentify key innovations from the wider set afl exploitable
assets that can serve @®ducts which could be taken to market. The business modelling includes
defining the produé functionality, targeted uséase, value proposition, competitive advantage, and
business caséllo createthe business case, a SWOT bsés for selected assets to be applied
whereby a product or organisat@nstrengths, weaknesses, opportusitier and threats to
commercialisation wilare identified. Tie analysis will suppodevelopmenbdf business modeknd
strategies that levagestrengths to overcome weaknesses and thadlatsing for the translation of
results into marketable implementable asseissreferenced to the project's specific objectives.

Analysis of publigrivate partnerships

Publicprivate partnerships(PPR) are commonly defined as mutually beneficial collaborations
between the public sector and a group of prospective private collaborators. When people talk about the
advantages of PPPs, they usually bring up a slew of economic andbpaiéives themost important

of which is increased efficiency and effectivengsk8]. The sustainability strategy for IDEAAST

will incorporate an analysis of PPR&ich necessitates a thorough examination of existing models as
well as any relevant innovative partnership models in the healthcare sector that are relevant to the
project. This entails looking into shared ownership, omigaioinal models, codes of behaviour,
policies, and workflows that can be used. Sister initiatives that can offer beneficial paradigms and
potential partnership prospects would be given special considettatiaghidentification ofalready

existing infrastructurgandfunding opportunitiegtc.

Integrating policy considerations

Policy considerationarea vital component o well-definedsustainability strategy. Hexee refer to
integrated policy considerations as encompassing botlzdmtal sectoral integratn (between
different departments and/or professions in public authority) and verticalgioxernmental
integration inpolicymaking(between different tiers of governmer@omprehensiveness (recogng

a broader scope of policy consequences in terntgnef space, actors, and issues), aggregation (a
minimum extent to which policy alternatives are evaluated feonmtoveralb perspective), and
consistency(a minimal extent to which a policy penetrates all policy levels and all government
agenciesgan be considerdshsic requirements for policies to be classified as 'integegipbpriately
within a defined contexXtL19]. Within the IDEAFAST context tese policy considerations apply to
regulations concerning digitandpoints as well as those on tp@vernanceand execution of the
clinical studies. Additionallyregulations considering data usage in the EU including health data usage
must inform governancand structuref the IDEAFAST DMP.

Cataloguing challenges t@awds sustainability

Many potential technical advancements in health and social care are marred by individual non
adoption or abandonment, as well as failed attempts to scale up locally, disseminate across geographi
areas, or sustain the innovation ovendiat the orgasational or system levdll20]. Barriers and
facilitators are frequently used to explain why technicabadements are not adopted. For example,
technology barriers, patient barriers, staff barriers, team barriers, commercial and financial barriers,
and governance and regulatory impediments were all noted in a recent assessment of telemedicine il
heart failue[121].

The IDEAFAST sustainability strategy will thereforeatabgue identified challenges towards

sustainability of the project’ssets. An initialamboardxercisevas conducted to begin this process
(Appendix B) where members of the EIS committee vesieed to first present what they understood
by exploitation and sustainability followed hgentification of issues towards sustamlity and
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