@ :—Iealth "
n
Hub Ireland 2022

Healthcare Technolog
International Perspective Repo

-

Dr Michael Twomey
Health Innovation Hub Ireland
1/16/2022




Contents

OVEIVIEW AN OULIOOK .....ceieeieiiiee ettt e e e e e e e e e e e e e e e e e e e eeennnnnes 2
Global Healthcare by the NUMDEELS..........ooiiiiii e 3
1Y [=To o (=T o o PP PP PP PPUPPPRT 4
GENOMICS MAIKEL. ...ttt r e e e e e een e e e e e e e e e eeennnnnnes 5
Digital HEAIINL. ...t e e et e e e enna 7
Digital therapP@UIICED TX) .. .ueuuiiie ettt e e e e e et et e eeeeenba s 11
F IO e e nnn s 14
(12T (=T od o PP PP PPPTTTR R PPRPPPPIN 16
Internet of Healthy ThiZS........uuuiiii e 17
ArLFICIAl INTRIIGENCE ... et e e 20
LIS (=10 T2 1ot L= PSP PPRPPRRT 21
(04 (o0 [o I @do] 1 0] o1V 1i] o AP PPPTTTR 23
(03 1=T (51Tt U | PP PPN 24
0] T0] 1o SO PPTTRRPPPP 24

RODOtIC Process AUIOMEALION..........viiiiiiiiiiiiii e 25
(O0] 0 [0] 1151 o] o F TP 27
RETEIBNCES......oiiiiiiiiii et 28
A o o= oo [ - N SRRSO 31



Overview and outlook

THE COVHDO PANDEMIC isifting vastpressureon theworldwideK S £ G K OllabiBr 4 SOG 2 N a
force, infrastructure, and supply chain, anglvealingsocial inequities in health and catdoreover,

COVIELY ishasteningtransformationthroughoutthe ecosystemrequiringpublic and private health

systems taacclimatiseand innovateswiftly.

A number okey changesare appearingrom and beingvorsenedby COVIBv th€xpanse

For instanceD 2 y a dzyré&vimgip&ticipationin healthcare decisiomaking; the

swift embracingof virtual health and other digitaddvancesthe drivefor interoperable data and
dataanalyticsusage andunparalleledpublicprivate partnershipsin vaccine and therapeutics

development! Amongstthesedynamic forcesgovernmentspayers health care providers, and
others all over the worldre beingfaced with challenges that require¢m to react quicklybe
resilient and innovate.

Indeed, busineskeadersarerequiredto take advantage ahe impetuskindledby organgational
and ecosystemeactionsto COVIBL9 todeal withsixurgentissues in 2021Hgure 1)*

How healthcargarticipantsexamine comprehend and eactto thesematterswill influencetheir
ability toplot a courserom recoveringto flourishinginthe a y S ¢ v &ftbidthe paddemic
Facilitating progression ieir passagealong the path to the~uture of Health

Global health care sector issues in 2021

Digital transformation and interoperable data Work and talent

» Transitioning from standardized clinical protocols » Introduction of new business models,
to personalized medicine exponential technology, and agile ways of

+ Leveraging Al to provide real-time care, working
interventions, and nudges to change consumer » Capacity and demand analysis to match the
behavior and patterns pandemic’s needs

» Utilization of remote staff (clinical and
nonclinical)

Consumers and the

+ Programs to support a human experience
person’s holistic well-being » Consumers’increased

+ Recognition of the need to ownership of their health

focus on underserved and data
populations and work with J * Provision of clear and
governments to modify - concise information on

policies and programs treatment care and cost

+ Balance between virtual
visits and a trusted

physician’s relationship

Collaborations

» Changing focus from acute care to prevention + Ecosystems that enable real-time data and
and well-being analytics and serve as centers for education,

prevention, and treatment

» Transitioning from standardized clinical
protocols to personalized medicine » Ecosystems that connect consumers to virtual,

- Evolving payment models: value-based/ home, in-person, and auxiliary care providers
outcome-focused; universal coverage

» Making financial operation and performance
improvements

Figure 1Global Health care sector issues in 2021



Global Healthcare by the numbers

- Appendix Ag portrays an aalysis of the Irish Markdty JLL

- Jointpublic and private healthcarexpenditureis anticipatedto decreasenternationallyby
2.6% in 2020primarily due tothe damagingconsequencesf COVIELY associated
lockdowns social distancingnd its effects on th@rovision of nonemergent care and care
restrictions. Irthe majorityof countries,screenings andonesgntial surgeries werput on
hold for months,even thoughoutpatient care wasnuchmore disturbedthan inpatient care
or pharmaceutical$.

- TheKnockon effectF N2 Y (i KS relitedWo8dwitle@&domic recession alseems
to havelessenechealth carespending in 2020. PatientBminishedphysicalappointments
clinics, andA&Edepartments; delayed refilling prescriptions; aretluceddiscretionary
healthcareprocurements In ®veralcountries, job lossesut contribution levels for
employmentbased healtlinsurancejn spite ofwidespreadgovernment support.

- COVIBm giaatarnationalgrip isbelievedto continueinto 2021and perhaps beyond
neverthelesshealthcareexpenditureshouldstartto recover as governmengpendheavily
ontrying tocontrol the pandemic andn COVIBL9 vaccines antherapies Aresumptionof
postponedsurgical and diagnostjmroceduresn tandem witha recoveringeconomyought
to similarlyaugmentspending?

- Between 2020 and 2024, global heattkpenditureis projectedto growat a 3.9% compound
annualgrowth rate (CAGR3jgnificantlyquickerthan the 2.8%glocumentedin 201%20193

- Thequickestprogresss likely to ben Asia and Australasia (5.3%) and the transition
economies of Central and Eastern Eur¢p2%), and thenostprotractedin Latin America
(0.7%)3

- Global health care spending as a share of gross domestic product (@Rp9dtedio
increaseto 10.4% in 2020and increase of 0%from the precedingd KNBS &SI NBA® ¢KS
GDP sharé&s envisagedo be an average df0.3% in 2021 and 2022.

- Factordor continued healtlcare spendingquugmentationconsist of aragingpopulace
growingrequirementst 2 NJ O NB an-gdngetnhdmitikeSove®ymedicd and
technology advances, and tlentinued growthevolutionof public healthcare systems.
Furthermore therisinginternationalcontestfor healthcarepersonnelcouldincreasdabour
costs?®

- On a percapita basisputgoingswill probably carry on beindisproportionatelyin nature
varyingfrom US$12,708 the United States to just US$37 in Pakistan in 28&émptsto
addresghis disparitywill be hinderedby greaterpopulation growth inseveraldeveloping
economies’

-t 2Ldz F GA 2y 3 N#Eldencksonpybit heéaFhaaye 3yStéms willobablydiffer
by country. Theglobal population of 7.8 billion (as of November 202@rajectedto rise by
an average of 8illion perannum to 8 billion by 2023.

- Asia and Kica are theguickestgrowing regionsln the interim life expectancy continues to
rise,moving toaprojected74.1 years in 2020 arah estimated74.9 by 2024. Nigeria and
Pakistan aréncluded inthe countriesbelievedto see both larger angloungerpopulaces
(41% and 35%, respectively, of thiehabitantswill be 14 years or youngén 2024).For the
time being the populations of Japan, Venezuela, amgieat dealof Europe will be
contractingand aging.

- As the pandemic hgwroven, infectiousdiseasesemainand continueto pose adangerto
mankind particularlyin developingnations Similarlyremarkableis thestablegrowthin



noncontagiouslinessessuch as heart disease, cancer, and diabefégse disorders
account for 41 million deathsysear, or 71% of thevorldwidefiguret and thissegment
soarsto greaterthan 80% in the mosdevelopedeconomies®

- Risingife expectancy and lifestd@associateccomponentgrapid urbangation, inadequate
exercise regimegpoor diets, andaugmentingobesity levels) arenainly to blamefor non-
communicable diseaséb / 5) dof@poundingpoor health’

Med-tech

The medical device industrgaintainsits upward trajectory(Figure?), in spite ofthe COVIEL9

pandemic. In 2020 the mech marketincreasedoy 6.3% achievinga fourth successivgear of

expansiod F OO0O2NRAYy3 (2 9, Qi H APAmndactoddingit&EY2% of 1 KS L y Rd;
medtech organisationseported a healthier2021 over 20202 Much of thisincreasecan be

creditedto risingneedfor medical devices, diagnostics, amaterialsnecessaryn countering

the pandemic.That being said, additionabnsiderationgvere alreadyaugmentingmedical

device demancaven prior tothe pandemic.

Requiremens for non-imaging diagnosticexpandedoy 24%,as stated byeY's 2021 Pulse of the

Industry report?! OO2 NRAY 3 (G2 WAY -ech ie@dérzHealth ScEencé&strio I t a SF
Wellness divisiorthis productclassificatiorencompassediabetes/insulin testingin vitro and in

vivo diagnostics, COVI testing, companion diagnostics, heart monitors, biopsies,

electrocardiograms, pregnancy tests, urinalysis, blood analysis, etc.

G b Amyagingdiag A G A 0a obL5a0 KI @S { SsRidWeltR Htugblightsd NB & (i K
the 12% NID versus 6% overdpansiorin 2019 and 11% NI@Rs agains6% overall

augmentationin 201824t NEB @A 2dza INRB GG K KlFa o6SSy | NRdzyR LISN
moni2 NAYy 33X FyR | &AIYATFAOFIYUd FY2dzyd 2FheiKAa &SI N
contended*?

According to EMed-techfinancingof R&Dincreasedconsiderablyin 2020 at 17.2%2
Numeroushusinessesvere committingR&D into pandemicassociategroducts,while others

redirectedd O LJA G I -0 NI I MBEGBIE E A Yy OS YIye O02YLI yASaE |
making largea OF € S | OljdZA aAGA 2y a2 2@3SNJ GKS LI ad mu Y2yl

Venture capitalnvestingincreased by34% from une 2020 to June 2021, EY reportédi a S R

tech startups have ready access to capital at present, not only through the booming inflow of

VC, but also through IPOs (IPO dollar values doubled over the samanfl? period per our

analysis) and the increasjly prominent SPAC vehicles for small #ieeths to reach the public

Y I NJ $véléhnated™? dnvestor sentiment toward metiéch remains highly positive and the

industry lacks some of the significant headwinds that affect other sectors, such as phayma (e.

0KS LISNBRAAGSY(d LINAOAY3 O2yGNROSNEASA | NRPdzy R RN
Y2y GKa O20SNBR Ay (KA& &SI NDRA ttedisfr@herkdn | A YSR Y
Series A and Series B rounds), with VC investors apparenthglémksafer bets. Across the

industry valuations are very high; nevertheless, this has not derailed M&A, as notedbebove

Whilstimminentprogresswill hinge on investmenin continuingtrendsafter the pandemic
responset!d 5A L Ay 2304 0 NBWCOVRIEHE s RENKA BSRNSI &S a GKS
said Welch'? Nevertheless, Welsbelieves thatertaintrends,willd NS & K I LJS {(afdS A Yy R dza (



G42LISy ySs NBOSydzS 2 LI Ndbhdafidt dré pdtantallylidh pokliidn G dzt

drive betta personalized, dat® NA #Sy | yR Tt SEADtS OF NB Ay

Revenue CAGR
(2020) (2006-20)

Segment Revenue (2006)

US-Southern

Dexcom Non-imaging diagnostics Caiorin

Exact Sciences Corporation Non-imaging diagnostics US-Wisconsin

Insulet Therapeutic devices (drug delivery) US-Massachusetts $4 $904

Abiomed Therapeutic devices (cardiovascular/vascular) US-Massachusetts $44 $841

US-Southern

Illumina Research and other equipment California

US-Southern

Quidel Non-imaging diagnostics Caliiotnn

US-Northern

Align Technology Therapeutic devices (dental) California

US-Northern

Intuitive Surgical Therapeutic devices (multiple) Eliforni

US-Southern
California

Hologic Therapeutic devices (women's health) US-Massachusetts $463 $3,776

Danaher: Life Sciences & Rescarchiand Gther equipment US-District of
Diagnostics and Dental quip Columbia

NuVasive Therapeutic devices (orthopedic)

Livanova Therapeutic devices (multiple)

Merck KGaA: EMD Milli Research and other equipment

ICU Medical Therapeutic devices (non-disease-specific)

Cantel Medical Research and other equipment US-New Jersey $192 $1,016

57%

A47%
44%

22%

21%

20%

18%

18%

17%

15%

15%

14%

14%

13%

12%

Figure2 The fastest growing Medechs since the inaugural EY Pulse report in 2007 (J5$m)

Genomics Market

Theinternationald 3 Sy 2 Y A O &igurd-3)skxBeiitédio get to USD 62614.6 million by 2026.

Genomicshe interdisciplinary field of biologghat focusson the structure, function, evolution,

mapping, and editing of genomésas successfullgliteredthe wayin which weprevent, manag and

treat diseases’® Researchers at the University of PeBaclaythink that we havearrivedat the third
revolution of sequencing technology in thield of genetics® Additionally, many businessesre
planning/preparimg to build third-generation sequencing technology t®emainup-to-date vis-a-vis

I
(

NJ

iKS

the latesttrends.Indeed, in aNB OSy i NB L2 NI o6& C2 NIGdnosics Mdeker v S & a
Size, Share and Industry Analysis By Type (Products, Services), Technology (Polymerase Chain
Reaction, Nexgeneration Sequencing, Microarray, Sanger Sequencing), Application (Diagnostics,
Research), ERdser (Research Institutes, Healtheddacilities & Diagnostic Centers, Pharmaceutical
& Biotechnological Companies, Contract Research Organization (CROs)) & Regional Forecast, 2019

H n H the&ndarket valuavas putat USD 15888.8 million in 2018 andhisughtto reachan
exponential CAGR B.7%throughoutthe projectedperiod 1°

L)



&5 Genomics Market Map

DIRECT-TO-CONSUMER KITS NEXT GEN SEQUENCING EARLY DISEASE DETECTION
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Figure3 Futurestate health care delivery modéls



Digital Health

Healthcare systemevivalandfasttrackeddigital transformatiordue tothe COVIEL9 pandemic,
transboundaryinitiativesinstigatedby the European Commission, theoliferation of digital
therapeutics andortification of digital health governanceill dominate in 2022The patient health
experiencejourneycontinuesbeingdigitalised (Figure 4yith numerousclasse®f digital health
solutionstranspiring(Figure 5).

Digital therapeutics
delivered interventions through
software for select conditions

Consumer mobile apps

Consumer wearables
provided information about monitored activity
COVID-19, tracked symptoms, and various digital
provided home fitness programs — biomarkers of health

==
Health system disease Connected
management apps biometric sensors
enabled remote tracked vitals including
patient monitoring (BIEI oxygen saturation
outside traditional and helped patients
healthcare settings self-monitor
Care team email
and text messages captured skin
helped patients @ lesions and other
communicate with ', health images and
their care team enable remote

while at home patient exams via
telemedicine

Patient receiving
Web-based care at home

interactive programs
delivered digital care
programs, physical

therapy, CBT programs

for insomnia and other

therapeutic
interventions

Clinical trial tools
collected patient
information and enabled
virtual trials or trials
with virtual elements

E] B

Personal health In-home connected
records virtual assistants
were more accessible were still little used but can guide
than ever online, facilitating patients to health information,
care continuity office numbers and EHR data,
Telemedicine and or push reminders

virtual physician visits
supported remote clinician
contact and care

Source: IQVIA Institute, Jun 2021
Report: Digital Health Trends 2021: Innovation, Evidence, Regulation, and Adoption. IQVIA Institute for Human Data Science, July 2021

Figure4 Digital Tools in the patient journey during tEOVIBL9 pandemi&

At a glancé®:
- Digitalsation propelssocial transformationin healthcare

- Innovation isat the vanguardof health policyglobally.

- Al and digitaBation requireimproved governance

- B Ohi@ammothdigital initiatives hastenregionalprojects

- Valueand evidencebased medicinas at lastpossiblebut continueto receive inappropriate
consideration.

- Digital therapeutics (DTpwhilst effective require a different framework for healthcare
systems tdacilitate healthoutcomes measuremenandstrengthendigital literacy



- So amalgamated arRigital healthcarand traditionalhealthcarethat it is nowhardto
deemthem independenty.

In 2022 the pandemic continugand dgital healthcontinues todeveloprobustly. the magnitudeof
telehealth servicepersists start-upsin digital healthcontinue acquiringecord-breaking
investment andfinancingin healthcare facilities Ihfrastructurecontinueslike never before:*
Gatheringtrustworthy dataduring thepandemicfor surveillanceand disease preventioaims
continues to baippermoston theinternationalagendafrom the time whenthe WHOopened its
Hub for Pandemic and Epgichic Intelligence'® Moreover, millions ofpeopleworldwide have
installedCovid 19racking apps andtilisedtelehealthas a measof engaging wittclinicians

DIGITAL HEALTH TECHNOLOGIES*

o&_\?)_:o ©
Jh ['.

Clinician ]
SERVICES & \
SUPPORT

Figure5 Digital Health Technologi&s

COVIEL9 has alsanearthednoteworthy inadequaciesn the forecastng, detection,evaluationand
response to thevirusoutbreaks despite themanymedical registers and orgasaitionsinitiated to
safeguarchumankindfrom suchoutbreaks, such as théentresfor Disease Control and Prevention
(ADC) its Europearcounterpart(ECDCindthe WHO with 220202021 budget of$5.84 billion®
Perhaps unsurprisinglyt,turned out that despite the vast amounts of data that we have, thad
not of high quality and is very silo@&nature, and hence, does not lend itself to good analysis or
insight generation. Put in another wayg are datarich but analysis poor.

Additionally, here have also beemnforeseeninterruptions Scarcitie®f semiconductorsdue to
supply chainssuesand theaugmenteddemand ,resulting in hold up# fulfilling orders for
electronic equipmentparticularlyin the automobilemarket!* The @mndemichas als@xposed some
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