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o1. INTRODUCTION

Al is a concept difficult to define:

Joshi, I., Morley, J.,(eds) (2019). Artificial Intelligence: How to get it right. Putting policy into practice for safe data-driven innovation in health and care. London,
United Kingdom: NHSX.
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AUTOMATION VS. Al

WHAT Al IS WHAT Al IS NOT? ARTIFICIAL
INTELLIGENCE

\/ Natural language processing Digitalisation &‘

\/ Image analysis, e.g. facial Automation
recognition
Predictions based on machine X
learning

LEARNING COMPONENTS?

Industrial
i automation: Laboratory:
\/ Deep learning Installation of DNA extraction
pistons into car robots

3 g engines

\/ Representation learning g
Software:
Nightly backup of
\/ Classic machine learning computer files
X Rule-based systems AUTOMATION

Spatharou A., Hieronimus S., and Jenkins J. (2020). Transforming healthcare with Al: The impact on the workforce and organizations, EIT & McKinsey&Company
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WHY?

Improvements in care
outcomes, patient
experience and
access to healthcare
services

Faster delivery of care:
accelerating diagnosis
time, managing Productivity and the
population health more
proactively, allocating
resources on largest
impact

efficiency increase

Impr?ve b Allow healthcare
EEEIEIED ) systems to provide
healthcare 4 P
o more and better care
practitioners (e.g. to more people
reduce burnout) peop

Spatharou A., Hieronimus S., and Jenkins J. (2020). Transforming healthcare with Al: The impact on the workforce and organizations, EIT & McKinsey&Company
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AREAS OF IMPACT FOR Al IN HEALTHCARE

Chronic care
management

Self-care/Prevention/Wellness

[\

«~

Triage and
diagnosis

Care delivery

N—>

Clinical decision

(\

support N Diagnositcs

Improving population- health management Improving operations Strengthening innovation

Spatharou A., Hieronimus S., and Jenkins J. (2020). Transforming healthcare with Al: The impact on the workforce and organizations, EIT & McKinsey&Company




Co-financed by the Connecting Europe
Facilty of the European Union

eXplainable Artificial Intelligence in healthcare Management

OPPORTUNITIES

DIAGNOSTICS

« Image recognition e.g.

« Symptoms Checkers

and Decision Support
Risk Stratification

KNOWLEDGE GENERATION

Drug Discovery
Pattern Recognition
Greater knowledge of
rare diseases
Greater understanding of
causality

2020-EU-IA-0098

PUBLIC HEALTH

Digital
epidemiology
National
screening
programmes

SYSTEM EFFICIENCY

e Optimisation of care

pathways
e Prediction of Do Not
Attends
» |dentification of staffing
requirements

xAIM

P4 MEDICINE

Prediction of
deterioration
Personalised
treatments

o Preventative advice

Joshi, I., Morley, J.,(eds) (2019). Artificial Intelligence: How to get it right. Putting policy into practice for safe data-driven innovation in health and care. London,

United Kingdom: NHSX.
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CHALLENGES

Europe.

Joshi, I., Morley, J.,(eds) (2019). Artificial Intelligence: How to get it right. Putting policy into practice for safe data-driven innovation in health and care. London,
United Kingdom: NHSX.
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02. THE CONTEXT

The growth in the health
Al market is about 40%
and, only in the USA, Al
applications in Medicine

can save $150 billionin
annual health costs by

The economic impact
of Al is expected to be
extraordinarily high in
all sectors, worldwide,
and by 2030, estimates
indicate a total global

Availability of low-
cost and powerful
computing power

2026. Only one sector,
the genetic testing
market, will reach $22
billion in 2024

impact of 14.23 trillion
euros

Gomez-Gonzdlez, E. and Gémez, E., Artificial Intelligence in Medicine and Healthcare: applications, availability and
societal impact, EUR 30197 EN, Publications Office of the European Union, Luxembourg, 2020, ISBN 978-92-76-18454-6,
doi:10.2760/047666, JRC120214.
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IMPLEMENTATION AROUND THE WORLD

National strategy Investing

documents on Al strategically in Al
: SRR ° Number of studies

Private sector VC funding
investments
—Q
a,
Research o :
[a®
o - L o o

Spatharou A., Hieronimus S., and Jenkins J. (2020). Transforming healthcare with Al: The impact on the workforce and organizations, EIT & McKinsey&Company
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03. WHERE ARE WE NOW?

Better understanding of:

Joshi, I., Morley, J.,(eds) (2019). Artificial Intelligence: How to get it right. Putting policy into practice for safe data-driven innovation in health and care. London,
United Kingdom: NHSX.
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PROPORTION OF PRODUCTS LIKELY OR VERY LIKELY TO BE READY FOR
AT SCALE DEPLOYMENT IN 1,3 OR 5 YEARS (122 PRODUCTS)

~ Veryunlikely [ Quite unlikely [l Neutral

B Quite likely [ Very likely

1year

3 years

5 years

0 20 40 60 80 100 120

Joshi, I., Morley, J.,(eds) (2019). Artificial Intelligence: How to get it right. Putting policy into practice for safe data-driven innovation in health and care. London,
United Kingdom: NHSX.
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HAVE YOU EVER BEEN INVOLVED IN THE DEVELOPMENT AND/OR
DEPLOYMENT OR USE OF AN IA SOLUTION?

Healthcare professional responses

43.6%

No Yes, | have Yes, | have Yes, | have Other Yes, | am a member
helped deploy an developed a founded or of a medical
Al solution within clinical idea co-founded a Advisory board for a
my organization startup company

Spatharou A., Hieronimus S., and Jenkins J. (2020). Transforming healthcare with Al: The impact on the workforce and organizations, EIT & McKinsey&Company
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AREAS OF GREATER DEVELOPMENT IN Al OR DATA-DRIVEN
TECHNOLOGIES

r 8 Heart health and atrial
fibrillation
7 Intracranial imaging/diagnosis of
stroke
5 Breast cancer
imaging

3 Chest x-ray
interpretation

& 2 Retinal imaging

Use of Al No. of unique Number of Number of products Clinical areas with the greatest
(State of the products* products that with EU marketing volume of development
nation survey) meet ltp priorities authorisation (Number os products per area)

Joshi, I., Morley, J.,(eds) (2019). Artificial Intelligence: How to get it right. Putting policy into practice for safe data-driven innovation in health and care. London,
United Kingdom: NHSX.
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WHICH OF THE FOLLOWING AREAS IS YOUR SOLUTION GOING TO
AFFECT?

Startup executive responses

Clinical decision making 16.9%
Self-care/Prevention/Wellness

Triage and diagnosis

Aftercare (follow-up and monitoring)
Diagnosis (imaging pathology, sequencing)
Education

Pharma (drug development and clinical trials)
Data management

Care delivery

Operational management

Prescribing

Other

Prosthetics

Source: Survey of healthcare professionals, healthcare investors, and startup executives across European countries, conducted in December 2019 and January 2020

Spatharou A., Hieronimus S., and Jenkins J. (2020). Transforming healthcare with Al: The impact on the workforce and organizations, EIT & McKinsey&Company
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04. AREAS OF IMPACT FOR Al IN HEALTHCARE

Sensely- virtual nurse
Karént|§360— automgted pefech- Self-care/Prevention/Wellness
monitoring and alerting system
AlCure- treatment adherence

AliveCor - personal ECG
Activity and sleep trackers

Chronic care
management AN

Pill-Pack - personalized presorted meds
for repeat prescriptions

Symptom checkers:

Babylon
Mediktor
Moxi- nurse assistant robot Triage and Ping An Good Doctor
Amelia - virtual health assistant diagnosis Ada Health
Bionic Pancreas - insulin/glucagon Care delivery K Health
administration for Type-1 diabetes patients &
EarlySense - contact-free patient monitoring -
Sight Diagnostics - point of care blood
testing
IBM Watson For Oncology Arterys - m.ed|cal ‘T“ag’? analysm
DeepMind - prediction of acute kidney il det.ecnon Sidehe re.tnnopathy
S i _ L DeepMind, UCL, and Moorfields -
injury Clinical decision . :
support Diagnositcs detection of eye diseases

Improvmg population- health management Improving operations Strengthening innovation

Spatharou A., Hieronimus S., and Jenkins J. (2020). Transforming healthcare with Al: The impact on the workforce and organizations, EIT & McKinsey&Company
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A FOCUS ON HEALTHCARE OPERATIONS

The use of Al in healthcare may be more readily accepted when it helps free up
practitioners
from routine, low value-add administrative tasks, to increase direct time with patients.

Potential areas for improving healthcare operations include:

e scheduling

* hospital admissions

* discharge and capacity management

e optimising processes in the operating room and the emergency department
e moving patients between diagnostics and the ward

Spatharou A., Hieronimus S., and Jenkins J. (2020). Transforming healthcare with Al: The impact on the workforce and organizations, EIT & McKinsey&Company
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..AND HEALTHCARE INNOVATION

Al is being applied to many pharmaceutical R&D activities although, as in clinical practice,
the opportunities identified are often far ahead of the impact on the ground.

Applications in development,

Early applications include: regulatory and safety support
include:

disease state and target protocol optimisation

understanding adaptive development

lead selection and optimisation plans

clinical dose and endpoint trial planning and execution
selection portfolio management
therapeutic tailoring active safety surveillance
portfolio management

Spatharou A., Hieronimus S., and Jenkins J. (2020). Transforming healthcare with Al: The impact on the workforce and organizations, EIT & McKinsey&Company
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HOWEVER, THE SYSTEM NEEDS TO FACE SOME CHALLENGES:

Joshi, I., Morley, J.,(eds) (2019). Artificial Intelligence: How to get it right. Putting policy into practice for safe data-driven innovation in health and care. London,
United Kingdom: NHSX.
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CONSIDERATION OF ETHICAL ISSUES ASSOCIATED WITH ALGORITHMS
DURING THE DEVELOPMENT PROCESS

[ Yes [ No [M Don'tknow

Assessed possible issues of bias in
your data samples?

Have you considered whether your algorithmic
system is fair and non- discriminatory in its
architecture, procedures, and outcomes?

Have you incorporated the explainability of
the system into its design?

Are you setting up procedures to make the
rationale of the outputs of your system
understandable to all affected stakeholders?

Do you intend to seek access to separate
datasets for testing purposes?

Do you intend to seek access to separate
datasets for validation purposes?

0 20 40 60 80 100 120

Joshi, I., Morley, J.,(eds) (2019). Artificial Intelligence: How to get it right. Putting policy into practice for safe data-driven innovation in health and care. London,
United Kingdom: NHSX.
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SOME POSSIBLE SOLUTIONS?

* Working together to deliver quality Al in healthcare

* Further developing the Governance (ethics and regulation) Framework

* Providing more clarity around data access, quality, governance, security, and
interoperability

* Supporting the spread of ‘good’ innovation & monitoring its impact

* Rethinking education and skills

* Upskilling the workforce

* Investingin new talent and creating new roles

* Managing change

* Developing International Best Practice Guidance

* Working at scale

* Funding

Joshi, I., Morley, J.,(eds) (2019). Artificial Intelligence: How to get it right. Putting policy into practice for safe data-driven innovation in health and care. London,
United Kingdom: NHSX.
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TRENDS IN Al APPLICATIONS IN HEALTHCARE

Phase 1: Phase 2:
Near term Midterm

XxAIM

Phase 3:
Longer term

Al solutions to pick up pace in Al solutions embedded into Al solutions in clinical practice that

areas with low-hanging fruit - clinical workflows, supporting the drive improvements in quality of
these are likely to be shift from hospital-based to home- care, with approaches
administrative, repetitive, and based or remote healthcare, and demonstrated in clinical trials.
operational tasks. Medical areas: more applications that help Longitudinal datasets, improved
radiology, pathology, patients take ownership of their and scaled CDS tools

ophthalmology, and dermatology own health. Medical areas:
oncology, cardiology or neurology
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os5. FINANCIAL IMPACT

350

Al market is estimated to grow at a °

CAGR of 38-40% in the 2021-2026 250

years, compelled by the

technological shift towards data- 200

driven Al, Al-driven automation and CAGR:
. . . . 150 38-40%

applications, increased investments

in Al and start-ups 100

50

2021 2026

www.marketsandmarkets.com
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MARKET OPPORTUNITY WITHIN Al MARKET

240-254 Mn 2,760-2,846 Mn

280-300 Mn
m—
P 460-470 Mn GOVERNMENT « Material
L~ AND DEFENSE Movement
° 470-480 Mn AUTOMATIVE AND « Quality Control
TRANSPORTATION Customer Servic .
490-500 Mn HEALTHCARE AND "t e glmd”.d'o"
LIFE SCIENCES . anning
550-560 Mn _ RETAIL AND E- ’S:t/‘i’:omws « Autonomous
COMMERCE « Patient Data and o 9 Drones
Risk Analysis ° )  Surveillance
_ TELECOM & [T e Product « Precision * Semiautonomous . Predicting a Crime
BFSI o Network Recommendati Medicine Driving and )
' optimization on and Planning « Drug Discovery Recommending
* RiskManagement g ¢ astructure * Payment * Medical Imaging Optimal Police
. Flnanc!al Advisory « Predictive Services and Diagnostics Presence
: Comp.llance Maintenance M.anagement e Inpatient Care
Security . « Price and Hospital
¢ Fraud Detection Optimization

\ Management /

www.marketsandmarkets.com

TOTAL
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MARKET UNCERTAINTIES

01 What Al services will be relevant and redundant in the next 5 years?

02 Can genetic sequencing become affordable for routine testing, or will it
continue being used for specific diseases?

03 What is the level of sensitivity that will be required for advanced genetic
sequencing?

04 How can companies optimize the manufacturing processes to be more agile
and efficient to achieve a more seamless workflow?

05  what regulatory policies can help strategize and achieve volumetric scale-up?

www.marketsandmarkets.com

.xAIM
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