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REPORT OBJECTIVES

* Provide an overview of the market of Al in the field of medical imaging in terms of number of algorithms
deployed and the value they generate for every player involved, at medical device level, Al platform level, and
algorithm development level along with the understanding of the ecosystem, technologies used, strategic
positioning, and how these will evolve in the coming years.

* Present the current market data and forecasts depending on the modality studied such as MRI and CT scans, and
its application in the patient diagnostic process, such as noise reduction, screening or diagnostics, in dollar value
and volume of images analyzed.

* |dentify where the opportunities lie for each type of player along with a detailed description of the regulations
and constraints of this field. In addition to the current overview, an introduction of the evolution of those
regulations in the coming years is presented.

* Discuss the different technologies currently used, the business models and technical constraints inherent to the
medical imaging field as well as trends for the integration of Al in fields other than radiology.

\YOLE
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COMPANIES CITED IN THIS REPORT
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REPORT SCOPE

Healthcare

Pharmacy . . .
Medical imaging

Nutrition

Medical Pre image

wearables capture Post image capture study

Medical study

imaging VIERE
capture

study
Post
image
capture
study
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REPORT SCOPE: MODALITIES

Medical imaging modalities

Modalities for which an
— overwhelming majority
of Al tools are developed

Ultrasound
imaging

Photoacoustic

imaging

\YOLE
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METHODOLOGIES & DEFINITIONS

Yole Developpement’s market forecast model is based on the matching of several sources:

Comparison with existing data
Monitoring of corporate communication
Using other market research data

Comparison with prior Yole reports
Recursive improvement of dataset

Yole analysis (consensus or not) Customer feedback

Preexisting

g information

Top-to-bottom approach :Ottom-up alpp.roach
Aggregate of market forecasts Market cosystem analysis
@ System level Vol M Aggregate of all players’ revenue Primary data
ofume (In UnltS) @ System level * Reverse costing
ASP (in $)

* Patent analysis

Revenue (in $M) - Annual reports

* Direct interviews

a Secondary data
Top-to-bottom approach ﬁ Bottom-up approach * Press releases
Aggregate of market forecast Ecosystem analysis * Industry organization reports
@ Semiconductor device level Aggregate of key players’ revenues * Conferences
@ Semiconductor device level
O Semiconductor foundry activity Information
Capacity investments and equipment needs Aggl‘egation

NYOLE
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WHO SHOULD BE INTERESTED IN THIS REPORT?

Regulation agencies:

o Evaluate the market potential of future technologies
and products for new applicative markets

o ldentify new expectations of every player of the
ecosystem

o Evaluate the growth rate of specific market

Al algorithm producer companies:

o Spot new technologies and define diversification
strategies

o Position your company in the ecosystem

Insurance and medical companies:

o Understand the strategies of big players and start-
ups

N\YOLE

Développement

Marketplaces and PACS companies:
o Comprehend ecosystem dynamics

o Realize the differentiated value of your products and
technologies in this market

o ldentify new business opportunities and prospects

Medical device manufacturers and OEMs:

o Analyze the benefits of using these new technologies in
your end-system

o Filter and select new suppliers

Financial and strategic investors:
o Grasp the potential of technologies and markets

o Acquaint yourself with key emerging companies and
start-ups

Artificial Intelligence for Medical Imaging 2020 | Sample | www.yole.fr | ©2020 a
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ON THE ROAD TO AUTONOMOUS TREATMENT PLANNING

DATA CAPTURING

: ANALYZING
I -

i

I

Segmentation s é @Y,
using deep & ’“ Se¢)
l.‘
“dq)
Electronical Wy

N : execution
clinical report r

pitals

Clinical report
in paper form

ODNOMOouUs
treatment
planning

Treatment CUEITEITE
Digitalization Standardization Image analysis Screening Diagnostics lannin hospitals and
P 8 I surgeons

1980 1993 2000 2018 2021 >2030
DICOM Fast and stable First deep learning Adoption of Al in
standard snakes algorithms products to reach standard medical analysis
the market (Id
N\YOLE et (1)

Développement
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Al OVERVIEW

Machine learning is used to build a mathematical
model to make predictions without any explicit
conditions.

Machine learning is a statistical model.

Deep learning is a branch of machine learning and
is based on deep neural networks.

This model is mainly used in computer vision or in
audio recoghnition.

Deep learning models get the best accuracy when
applied on recognition which explains why it is used
in all algorithms applied to medical imaging.

The report is focused on medical imaging. Hence to
analyze companies using deep learning algorithms.

NYOLE
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MACHINE LEARNING & DEEP LEARNING OVERVIEW

Machine learning

Deep learning

Unsupervised
learning

Reinforcement
learning

Supervised
learning

Examples:

Variational
autoencoders

Transfer
learning

Convolutional
neural
networks

Manifold learning for
dimensionality
reduction

Generative
adversarial
networks

Those algorithms presented are a small part of all the developed models. Even though, in
the field of medical imaging, it represents the most accurate ones.

YO
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IMAGES ACQUIRED WORLDWIDE AND APPLICATIONS FOR Al

Number of exams acquired WW
in million units in 2018
Equivalent to the acquisition of Per modality

3 6 O*medical exams

CT-scan
every second worldwide. 5%
_ Ultrasound
* Ultrasound images, even though are the most 48%
acquired ones, but are not well suited for Al
analysis; 2,529 million
e X-rays: Highly accurate deep learning models éxams per year
currently limited by the difficult analysis of worldwide X-rays
low contrast images; 419%

* Deep learning technics are well adapted to
MRI and CT-scan corresponding to |1% of
total images acquired worldwide in 2018.

v g\YJO [ * Based on the average number of working days per year.
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Al COMPANIES: STRONG INVESTMENTS

Where to find the investments?

Percentage of Al company per Percentage of investment per
modality modality in Al between 2010 and
2019

OCT

4% | PET
1%

‘ Microscopy

39 Microscopy

2%

Ultrasound
8%
Ultrasound
21%

76 a1

companies

in 2018
X-ray X-ray/
28% 12%
MR
22% MR
6%
Venture capitals and medical field companies invested in new software companies developing deep

learning models. This huge amount of investment highlights the enormous potential of this technology in
this particular sector.

NYOLE
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SOFTWARE COMPANIES
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5.compa | company
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MAIN RELEASES OF Al PRODUCTS ON THE MARKET IN 2018-2019

Detect signs Sells ScreenPoint medical Open research platform to Al based software
of  diabetic Al's solution for breast enable the development and assistant for Chest CT
retinopathy in cancer detection deployment of Al in radiology to .ldentlfy and measure
retinal images : lesions .
¥ 1 1
1
1

A HE "o SIEMENS ...
@ DxaETE ik PHILIPS [icathneers -
AICE

Integrated Intelligence

April July 2018 November Noverhber July 2019 August October
2018 ] 2018 2018 2019 2019
Oncology platform: CT scanner Platform embedding Al
Quantitative Imaging embedding Al solution empowered  models
decision support for noise reduction for  screening  and
prioritizing cases

The arrival of OEMs on the Al market will boost the introduction of nhew tools

based on deep learning.
YO
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DATA IN HEALTHCARE

The Al algorithm value chain

[ ASP of Al per exam J

Treatment

[ ~$70-$100 |

“Mr Smith should receive
this specific treatment”

[., $20 — $50 J Diagnostic
“Mr Smith has a grade 4 malignant

[~ $1_$I5 J Screening

“Mr Smith has a lesion in the brain”

Data

“Images, clinical data...”

\YOLE
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SIMPLIFIED ECOSYSTEM OF PLAYERS ENABLING THE ADOPTION OFAI IN
THE MEDICAL FIELD

SN

[/ g Hospitals and radiology companies

m ) LU AN T RS ORI TR 7 —
/ \ United Lincolnshire @/ ﬁ ﬁ ’-ﬁ Igﬁ
Hospitals AIIKU HOSPITAL
Cloud \_ NHS Trust y
services
adW5S / Market \ ,:'_,_: :,:1\_ / OEMs \

7 1
/ e places | Canon PHILIPS
R . FUJIFIL %%
3 ((’ te I'a I'eCO n i i Value from Innovation
= i SIEMENS
\Google Cloud j \ / | : \ J

_______

Algorithms producers —
*Non-exhaustive list of companies L P I X E L . . zebro‘-
Non-exh list of p [ Q Icometrlx g MEDICAL VISION

N\YOLE \K /
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TOTAL Al REVENUES OF Al COMPANIES IN THE MEDICAL IMAGING FIELD

The global evolution forecasts of Al revenues for medical imaging 2015-2025

3000
/
. TP . / Introduction
1500 Inflection point: introduction //
of more valuable Al products L , of Al tools for
of pathologies
5 2000
A
= -,
. o -
0 CAGR;(9.5025: 36%
S 1500
[
(O]
>
(0] .
= Introduction
< 000 of Al tools for
_> .
screening and
segmentation
500 I
0 @ .
2015 2016 2017 2018 2019  2020e  202le 2022  2023e  2024e  2025e
I\YO LE H Al revenues 0 0 154 332 1048 1695 2243 2886
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CONTEXT

A GLANCE OF HISTORY
Avrtificial Intelligence - 1950 to 2019,and beyond

o b v bt

e ey " Al overview

= THE WORK OF THE RADIOLOGIST Medical applications
L What are the challenges! E
e
e iy
. . Data in healthcare
The images available are more and more numercus and complex, in more and - =2 =
— more varied contexts: diagnosis, follow-up, screening, treatment planning, evolution @Z =" Wh a,t abo ut fUtU re?
“und  prediction, quantification (oflegi d
The number of radiclogists|  DIFFERENT TYPES OF MEDICAL IMAGING
Firtgurse A - crugtts ez o of images to study is grov .
W Cargast reaey tasks. ¢ ree Challenges & differences
Birth of Al Alis bringi N
is bringing help to radio Acquisition SR . Al
550 5 better aceuracy in certa Contrast le. Applications | Signal used s Example
prioritize patients. E by bl
Depand on the . . gl foo
yvoLe Ultrasound | dorcf S -
" WHAT ABOUT FUTURE ?
X-rays Al related possibilities
) N Artificial Intelligence and especially deep learning allows more in-depth analysis as well as autonomous screening
Fapang in the medical and medical imaging field.
T CT scans densit
\ g= ory Medical images represent a large majority of the global medical data, and due to their enormous number it is
ot NOLE possible to develop g ————— = e et i — .

MRI | e representsaveryiEl - DEEP LEARNING

Basic description

PET Neu ;-a-lnl'lét‘u:nrﬁs -
Lehw -
kel - - 1 In a neural network, there are always an input layer, an output layer and

a layer in-between called hidden layer. When there are more than 2

IYOLE . R . .
b hidden layers in a neural network, the algorithmis called deep learnin

TIIILIIIEY

Deep learning algorithms provides a higher number of hidden layers and
are able to process images.

L
Quadphe A

All algorithms processing medical images are deep learning because they
are intended to do recognition (machine learning has not been designed

To conclude, Artificial to do recognition).

AYOLE Of course, in many cases, deep learning and machine learning are used
) to analyze the results of recognition and cross-reference them with

other quantitative data.

There are numerous different deep learning algorithms analyzing
medical images: Convolutional Meural Metwork, Variational
autoencoder...

N\YOLE a

Développement
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MARKET FORECASTS

MARKET DATA AND FORECAST: HYPOTHESIS
Which value is evaluated?

Assumptions on penetration rates

The value have evalyated jc the valie of Al prod For example if 2
e mesl  HYPOTHESIS ON PENETRATION RATES and ASP
e The segmentation used TOtaI AI revenue
+ Deep lear Tiy . - - — 1 1 1
g id  EVOLUTION OF Al REVENUES Evolution by application
sengleineny Study segmented by modalities S - Evolution b)l modahty
2019 e T .
— Evolution of Al revenues per
--~"71 EVOLUTION OF Al REVENUES
e Study segmented per applications ezEET T Segment
1 2019 {:—t |F $!;?:1 -.l|l.'", €1 1&6M \?\ ~ 2025
$332MAI
roue algorithms THE GLOBAL EVOLUTION OF Al REVENUES FOR MEDICAL IMAGING
ke o revenue _ - - - 2015 — 2025 revenues forecast (per modality)
ata ] P - ;S;H\\
f((_ If“{\Ll'_T?;_’.-—— Evolution of Al related revenues per
. modality on medical images
ya_‘rgl_ﬁ I [ + Ultrasound and X-rays
Vo sl the market value in 24  THE EVOLUTION OF THE DIAGNOSTIC SEGMENT Al REVENUE
\ \ (85, high number of exams )
(U T to MRl and CT scans. 2015 - 2025 revenues & volume forecast (per modality)
o N ] The X-ray modality i < The diagnostic segment represents tools able to diagnostic a
AYOLE See o4 used technology. In ter disease through the analysis of images. Evolution of Al related revenues for the
Y represents an enorml - X-rays does capture bones fractures and other types of “easy to diagnostic on medical images
market. diagnoss" pathologies, This partially explains why the market will
be driven by X-rays analysis.
’ Ig—fsglgxl ::: g;:;rkﬁ“;n - Dlagnlnsl:lc LM":I\::” n};:lnsl:lr applied on X-rays and ulerasound g
X oo ornaator] S € Do 06 ek bl s e CTond |
"J'""TEI"E clearance of the deeplqp The analysis X-rays images will represent 47% of the v-nlue ?
market in 2025, i
Diagnostics: numbar of imagas analyzed :
o - B i ~raall
Eﬁ ~ - IL!:::,“'I — Em 111-|5 Hl-ldu 1:"" 1:‘|! 11.1!‘ 2‘“:"& 1?;- 1:::.. 1ﬂ{—!- ? 1;3;!. Eﬁ‘l':
3 = | B SRR
R ) T
N\YOLE ) B
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MARKET TRENDS

THE DATA MARKET

The strategy of major players to get data

The need for visibility

BUSINESS MODELS OF SOFTWARE PRODUCER: A COMPLEX STRATEGY

Medical data Tclcradiolog)'

are still

THE DATA MANAGEMENT FOR HOMOGENEQOUS DATABASE

||'|l::r::sr.|ng

for marketin, PACS (PICTURE ARCHIVING AND COMMUNICATION SYSTEM)

use. The market is

not mature The integration of Al modules.

enough to
evaluate the
meost profitable
business
madels,

integration of
Al can easily
be perform
when using
cloud
technologies

v.\‘rmf

vmmf

N\YOLE
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THE EXAMPLE OF AN MRI EXAM

Proportion of the technical and intellectual package

201

Intellectual

2%

Technical fixg
78%

CWOLE
1

WWOLE
Y

WHICH REGULATIONS ARE CONSTRAINTS FOR Al AND WHICH ARE NOT ?

A supervised introduction of Al on the market

INSURANCE COMPANIES

The integration of Al into the reimbursement system

Enwi

How Al is changing the way data is processed!

Ethic DIffEI'EI’\t rypes of Al algorlrhms |rnprove |m1ges:

processing Algorlthms applied on the row data
{not applied on images) = currently at a research
phase

F sing: Algorithms applied on images. The
OEMs will nolse reduction represents a large part of the
benefit a lot enhancement Al could bring to medical devices =
framAlin 10 this is the case on CT scanner and Ultrasound
imaging device,

years by using
enhanced low
quality
SEMSOrs.

The pmsubulutg to improve the resolution, the nolse
presence an the sensitivity of an image emable

ors acqulrlng |ou-.r” q‘unlit‘y: .im.age-s g‘r‘e_nt‘l;r
enhanced by Al tools.

AYOLE
\

/ Such models are currently at a research phase due
to difficult  implementation of reconstruction
models =2 can we trust fully Al-reconstructed

IMPACT OF Al: ROAD TO LOW COSTS/LOW QUALITY SENSORS

Ulerasound prebe based an PZT
souvce: NDK

Atrtificial Intelligence for Medical Imaging 2020 | Sample | www.yole.fr | ©2020
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ECOSYSTEM

ECOSYSTEM
Where is the value for software companies? 1/2
— Market shares

Mergers and acquisitions

Currently,software comganias are deEndin gon market places to et value
COMPANIES' STRATEGY IN A COMPETITIVE FIELD

The interesting positioning of players Recent PrOdUCt |aunCh
Interesting start-ups

SOFTWARE COMPANIES - ULTRASOUND

| d <

~ v : - o~ L& : i :l F g -
J > ‘A' EXAMPLE OF PLAYERS INTHE ECOSYSTEM [ Prwiduouimw..]
_ i’TBIﬂ What about QEM ? F—
i | Legend
1  — ’ M k Open source —
R a community:
vore Py QI OGitHub EXAMPLE OF MARKETPLACES AND Al PLATFORMS
e | Types of solutions proposed by the companies
woe — 1 eme---- ‘ ol COLLABORATIONS
YOLE
yo ] Insurance, hardware, software, regulations, hospitals, clinics
-~ .
Al empoer SIEMENS ——
o | L FUJIFILM i /e PHILIPS
: a_\_YOl.E 9 £ Research platf @ le LI ps I
Y nVIDIA .\olNCEP NVIDIA oo Canon | | ) Heartrion |
- -,.._NUAH ; . / - - @ crtotum [ Y- )
7[ & o | SIEMENS )/ ((. ™
- terarecon ~ -
99)?,.0_,!5 nVICDJ:sh-::: - @I GE Raolthcone 4 @ ™
Generic plat ) faY - nvIDIA
Blackfo T | e () !
e t I : =T ekoai
y-)_vgl_i & v :u__*y*;;”_:/ G e @ceewans ) icomesix  densias || e Fbiten
[ SIEM ENS |@ GE Hpakhzore .!.'\-::-1 = 2
J N = g giiwmmen o Lunit maol Y
Corindus L S Gl \ w:im _ vuno VIDA |G, a
9"‘,'..'@!-.5 [ wlfo  qummmy Q8 Microsoft N 'T.':..J B — .
N\YOLE
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TECHNOLOGY TRENDS

b

MRI IMAGING: HIGH QUALITY IMAGING

MRl images are the most accurate ones on the market allowing the

training and the
models.

The post acq
treatment planni
though, other ap|

+  Faster acquisitic
*  LUse of lower e

*  This would all
(currently distu

Currently existin

+ Stabilization 3
patient  sligh
widespread irg

Y OLE

N\YOLE

Développement

denloyment of the most accurate deep learnin

Why using Al

CT SCANS IMAGING: THE CURRENT FOCUS OF OEM

The most targeted modality for the use of Al models is currently the
CT scanner,

Modality specifics

— Software development
IT infrastructure

Indeed, in the UJ
the development]

It allows the de

The most valuable modality
models.

ULTRASOUND: THE Al INTEGRATION FOR NOISE REDUCTION

i has fil
Nevertheless,sof © 3temens has filed numers

*  The number of ultrasoun
for Al

+  Different uses of Al

Possibility to p
T Tossblly top Current development trends
* Develop radi

reconstruction

DEVELOPMENT RESOURCES / PARAMETRIZATION RESOURCES

= A faster acquisi sengitivity of this m
- Past acauistian- |
= CT spectral sci
P pathologies
allowing more ;
+ By combining these 1 af
analyses in the case of a g

Current product]

+ AICE Canon
radiation doss

A low price device will th)

the qu.

OYOLE the

b

In terms of valud

and
perform fast a NG
The new

‘;l'l‘\'DLE

‘;-\\'DLE

‘;l'l‘\'DLE

ON PREMISE COMPUTING

An interesting solution for hospitals

MEDICAL IMAGING: CLOUD OR ON THE EDGE?
The future of medical imaging 2/2

Current cloud infrastructure;

* Execution speed does not slow the radiologist’s workflow in
mast of the cases.

" e ¢ The security of the data has been fairly regulated by the
- global community.

«  CT.MRI does not require very high speed diagnosis since the
machine captures patient’s images throughout a long period.

S 8 7 & B oW
Ao e i)

In the following years:

*  Development of cloud structures

»  Use of edge solutions for data security reasons,

+ Embedded Al algorichms will be developed for wery high speed modalities such as
ultrasound.

Cloud and on premise computing are preferred by hospitals to embedded
hardware for costs reasons.
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YOLE GROUP OF COMPANIES RELATED REPORTS

Yole Developpement

X-Ray Detectors for Medical, Cameras for Microscopy and

Industrial and Security Next-Gener%t(:)i?g Sequencing

Applications 2019
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Contact our
Sales Team
for more
information
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Artificial Intelligence Artificial Intelligence
Computing for Automotive

Computing for Consumer 2019 2019
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YOLE GROUP OF COMPANIES RELATED REPORTS
KnowMade

Artificial Intelligence in Medical
Contact our Diagnostics — Patent landscape analysis
Sales Team 2019

for more

information
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CONTACT INFORMATION

o CONSULTING AND SPECIFIC ANALYSIS, REPORT BUSINESS
* North America:

* Steve LaFerriere, Senior Sales Director for Western US & Canada
Email: laferriere@yole.fr — + | 310 600-8267

e Chris Youman, Senior Sales Director for Eastern US & Canada
Email: chris.youman@yole.fr — +1 919 607 9839

* Japan & Rest of Asia:

* Takashi Onozawa, General Manager, Asia Business Development
(India & ROA)
Email: onozawa@yole.fr - +81 34405-9204

*  Miho Ohtake, Account Manager (Japan)
Email: ohtake@yole.fr - +81 3 4405 9204

* ltsuyo Oshiba, Account Manager (Japan & Singapore)
Email: oshiba@yole.fr - +81-80-3577-3042

¢ Toru Hosaka, Business Development Manager (Japan)
Email: toru.hosaka@yole.fr - +81 90 1775 3866

* Korea: Peter Ok, Business Development Director
Email: peter.ok@yole.fr - +82 10 4089 0233

* Greater China: Mavis Wang, Director of Greater China Business
Development

Email: wang@yole.fr - +886 979 336 809 / +86 136 61566824

* Europe & RoW: Lizzie Levenez, EMEA Business Development Manager
Email: levenez@yole.fr - +49 15 123 544 182

yMOLE

o FINANCIAL SERVICES (in partnership with Woodside Capital
Partners)

Jean-Christophe Eloy, CEO & President

Email: eloy@yole.fr - +33 47283 01 80

Ivan Donaldson,VP of Financial Market Development
Email: ivan.donaldson@yole.fr - +1 208 850 3914

o CUSTOM PROJECT SERVICES

Jérome Azémar, Technical Project Development Director

Email: azemar@yole.fr - +33 6 27 68 69 33

o GENERAL

Camille Veyrier, Director, Marketing & Communication
Email: veyrier@yole.fr - +33 472 83 01 Ol

Sandrine Leroy, Director, Public Relations
Email: leroy@yole.fr - +33 4 72 83 01 89

Email: info@yole.fr - +33 4 72 83 01 80
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