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What happens in the reading room

....................................................................................................................................................................................................................................

Findings

1. HZ 0t 2hAG 9|9k E F-18 FDG 0.14 mCi/kg

2. &k TTt Solitary Pulmonary Nodule

3. ZAl O] R/O lung cancer

4. CHE ZHAL 21} Chest CT 3.5 cm sized solid nodule
5

F

=

r

G IV injection & cerebellumO|3t2 H pelvis7tX| whole body E&=
. 2300 =KX= maximal SUVELY.

A 3.5 cm sized mass with hypermetabolism in RLL (5.8)
No abnormal hypermetabolic LN in mediastinum
Otherwise, no abnormal hypermetabolic lesion suggesting metastasis

Conclusions
R/O lung cancer in RLL
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What happens in the reading room: Becoming History

....................................................................................................................................................................................................................................

Skin Lesion Image Deep Convolutional Neural Training Classes Inference Classes
Network (Inception-v3) (757) (varies by task)

“Better than Dermatologist"

@'@ o
o Phond

H

_‘m

Halo nevus >@-O 8% Benign

I Mongolian =pot
=
Esteva, Andre, et al. Nature 2017
- Inference Leaming

Slide tiling Classifier Tile probability ~ Ranked tiles Top tiles Slide
— CNN " targets

Slinically relevant

High-sensitivity operating point

T T T T T 1
0 20 40 60 80 100

_ : i = =
=@ Ushan, Varun, et al. JAMA 2016 Camapanella, et al. Nat Med 2019
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Becoming History

Towards Automated Reporting for Chest X-ray

Input: image

perative change | rght ung
| nodulanties and a small ap-

5' findings with bilateral posto ‘;
i ial it pneumothoras

Text Attention

Image Attentlon

v Disease Detection

v Disease Reporting
Findings: left apical small pneumothorax
and small left pleural effusion remains.
unchanged nodular opacity right mid lung
fleld,

Impression: removal of left chest tube
with tiny left apical pneumothorax and
small left pleural fluid.

Wang S et al. CVPR 2018
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Simply Replace?

Reconsider MD’s role

Refine unmet needs
Redefine Diagnosis
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What doctors really do: Beyond Diagnosis

....................................................................................................................................................................................................................................

‘Diagnostic Space’

Conventional Definition

4
“Lung Cancer” Diagnosis
5 = High Risk for
9 ' Death
% v" 'Rule-based’ by consensus
O A A /SIOF .
A Low Risk for T=/8eA &/ v Arbl’Frary Cut.off on
Death AL &2 multi-dimensional data
v" Defining for risk
> management
Symptoms, Signs
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What doctors really do: Beyond Diagnosis

....................................................................................................

Previous
Simple Axis
i “Malignancy”

“Benign”

................................................................................................................................

Future

Multi-dimensional

®
' Immune- @

desert ' NTRK fusion
- AAH
' KRAS mutation

GGN



Current and Future
Al models in medical imaging
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Current Al models in medical imaging

DeepGestalt
Predict genetic disorders from face

EXTRACT PHENOTYPE OUTPUT SYNDROMES
MR XL Bain Type
An n

Prader-Willi

Ch 1p36 del
Down

osencephal)
Potocki-Lupski
Phelan-McDermid
Fotal alcohol

=<

Rett
3 Fragki X MR

¥ (Q

Qure.ai
Identifying critical findings
in H&AN CT

Google Al mammography

Chilamkurthy, Sasank, et al. Lancet 2018
Gurovich, Y., et al. Nat Med 2018
McKinney, et al. Nature 2020
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Current Al models in medical imaging

....................................................................................................................

................................................................................................................

“Supervised Learning using Diagnostic Label”

Labeling

X >10,000

20| 2Lt
OB &l=di?

e
Death
<, Low Risk for !—U"g Cancer
Death Benign

Al® Hub

v

AlHub 27§~ AIGIOE . AIZ2ZE0] . AIZTNE . AIHEY .

Al Hub Al 852 G|oJE

" ALZIE QU RIE/AMEIA S|
a0l AIG|O|E], Al SW/T2IZ,

Al 3H50] East Chefst efalo| i3 ColE]

ARY A SQlAIZatE S8 AlSsh=
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Current Al models in medical imaging

....................................................................................................................................................................................................................................

FDG and amyloid PET to predict future cognitive decline

MIT Rewriting Life
Technology Software Predicts Cognitive

conv. filter

2 >> 64@7XTX7 1 . - .
Review  pecline Using Brain Images

T 128

~~~~~ o* p64 1 f2 f3 <

p3 ——> *
max. pooling conv.
(x2) 64 >> 128@7x7x7
Input volume Feature volume 1 Pooled volume 1 Feature volume 2
2@160x160x160 64 @39x39x39 64 @19x19x19 128 @13x13x13

zero padding
along z direction

\

p128
‘ ‘ | P2 p3 @ full connection
I i , 512>>2
o ‘: -— ¢ max. pooling ﬂ 128 >>cg?§@6x6x6
2 = -—a (x2)
z < pooled volume 2 2@1x1x1
5 e 128 @6X6%6 Feature map 3
h == o 512@1x1
_— -
FDG AV45 MCI-converter & non-converter

Choi H and Jin KH KSNM 2016;
Behav Brain Res 2018
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Current Al models in medical imaging

Dopamine transporter imaging for Parkinson’s disease diagnosis

PO Met Feader 1 Feader 2 Bincing Ratio
1 T 1 = 1 P—— 1
1 i T —— o
08 ;J 08 P 08|s P 08
-~
ET Ft] - Z | i z
i) | s i) | ~ sl
% Defl! % 06 ff % 08 - % 0.6
o | L L - £
? 04 \’ g 04 E 04 // ? 0.4 C H I
s | g s | z onventiona
g 2 Expert1 | Expert2 @ = e
o2, 02 02 0z quantlflcatlorl
|
. |
normal Parklnson DD 05 1 DD 04& 1 DD 05 1 DD 0.5 1
False Positive Rate False Posilive Rate False Positive Rate Falze Posifve Rate

3D CNN model

. abnormal
SWEDD:

Clinically PD, SWEDD
Image normal

Deep learning . Redefine SWEDD diagnosis

Choi, H et al. Neurolmage: Clinical 2017
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Current Al models in medical imaging

Laborious Work Replaced by DL:  Image enhancement
Segmentation

\
AY
A
resize ’

Global CNN

=)

~ \_’—'—'—// \»\M—_—»—/
Normal dose abdomen CT Low dose abdomen CT

Chen H et al. Biomed Opt Exp 2017

....... Thresnol Ty Image reconstruction

] 1 a
Crop images ity Conventional

Sensor reconstruction chain

1: Striatum
2-channel Local CNN

Final Output

Choi, H., & Jin, K. H. J Neurosci Methods 2016 \\ AUTOMAP

reconstruction

Bo Zhu, et al. Nature 2018
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Current Al models in medical imaging

....................................................................................................................................................................................................................................

Image Image Image

Diagnosis Segmentation Generation

v" Additional Clinical Value?
« 7|Z&0 H|3}| 2K} outcome S 7t
. AMAIHE > 203}

v 8d/Hel'd Sliof 2ct 7HX| FE2?
« O 2 Screening: Mt topic
« A A% (e.g. vs. google)
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Beyond Diagnosis

....................................................................................................................................................................................................................................

‘Diagnostic Space’

t Disease A

* i High Risk for

» Death

s

& Low Risk f

a eath Treatment A

Symptoms, Signs

Current Deep Learning Models Future Deep Learning Models
= Best Accuracy for classity: = Find Axis to Quantifiable Marker

NORMAL DISEASE
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Beyond Diagnosis

....................................................................................................................................................................................................................................

Diagnosis Tumor Size & SUV

= Quantitative Pa;ameter

Lung Cancer l

Low Risk for High Risk for
Staging Death Death

v" Risk of cancer
T2NOMO v Risk of o!eath
v" Metabolism as a cancer hallmark

Quantitative Value An axis of Diagnostic Space

Size 3 cm t
SUV,,., 5.8 G
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Beyond Diagnosis : Biomarker

....................................................................................................................................................................................................................................

DL-based biomarker from simple supervised learning

X: Image

A subject’s future report Y: Disease

Lung Cancer 9006000000 P(yl)()

ILD 000000000

copD 00000000

Deep Learning-
based Biomarker

One-dimensional,
intuitive parameter
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Beyond Diagnosis : Biomarker

DL-based biomarker from simple supervised learning

Alzheimer Domain

N y
»
SR e e

% st
o . L Y Bl
: 4 - P
& 3

| HS2=28E QX7 SX{5}”

X|EO| ME
b £
)
. ) I A\D
128 features . NC

t-SNE axis 1
Cognitive dysfunction

TRANSFER PATTERNS

Parkinson Domain
300

\
1
1
1
1
: PR e 3 -
: -.f° B @ @ A
| é * 5.0
1
] N °
% - JH 25 %
% : 20.0 m
Y‘j 175
PD patients 15.0
125
t-SNE axis 1

Choi H, et al. Eur J Nucl Med Mol Imaging 2019
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Beyond Diagnosis : Distribution and Redefine Diagnosis

Distribution issue in current supervised learning

Real data at Hospital
Dataset for model training/validation

Real data
at Community

Aged person with
subjective cognitive
decline

v Will DL model work at real
clinic?

v" How to deal with rare/unseen
disease?

Depressio
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Beyond Diagnosis : Distribution and Redefine Diagnosis

....................................................................................................................................................................................................................................

Find ‘Normal Data Distribution’

Conditional Generation

- 2T

S

—n 0l @]

55 |z ¢ e
= — =

o s 5 +Age =

g 2 -8 g
Age : 50.0

Choi H, et al. Front Aging Neurosci 2018
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Beyond Diagnosis : Distribution and Redefine Diagnosis

Original Brain PET Reconstructed Brain PET

Voxelwise reconstruction error map

:> Mean value of brain voxels
Abnormality Score Abnormality detection by DL

Choi H, et al. EBioMedicine, 2019
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Beyond Diagnosis : Distribution and Redefine Diagnosis

....................................................................................................................................................................................................................................

“Out-of-distribution” as a biomarker
Imaging pattern space

* Conversion to AD
5.0 © . & MCINC
™ - n  MCIC
25 I LT . Alzheimer
' o N AeEeNes & 8 @ . »
LT T TR R - Orma/
0.0 wesme s . . . .
R EEE e e

RN X EEEE B @ K

44
©
o
>
o
=
-
E 0 R e K WX ™
(7] LI T T *
% =50 L e P T x
% ax I - E 3 X
S -1.5 o epression
&
2 _100]
= % . - r=-0.19
® p < 1x10*

-12.5

05 10 15 20 25 30 35 40 @

Abnormality Score

Choi H, et al. EBioMedicine, 2019
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Beyond Diagnosis : Distribution and Redefine Diagnosis

....................................................................................................................................................................................................................................

PCs Diagnosis

2 Mo
1 EMSA

0 I Non-Parkinsonism
-1 M OtherParkinsonism
a2 MrD

|
PATTERN 1 m.fﬂﬂq.

UL TR |
LI Fm LT

PATTERN 2

BR_Caudate

4
35
3
25
2

BR_Putamen

IIIPc I im
e lIIIIIIIIIIIII L

| -~ nil- [
I PCS FC8

I PC7 IF‘C7 | .?

[ 1 I= I =~ I mil ans

L I~ o m
DPCW PC10 OnsetAge

=70

Falling

Image-based clustering for Parkinsonism Patients

Suh MS, et al. Hum Brain Mapp 2020
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Beyond Diagnosis : Distribution and Redefine Diagnosis

....................................................................................................................................................................................................................................

HlO| @017 Z|dl A2

a-Syn
Tau Score
3+
TDP43 I $+ 5
! A B
Thio ._ ._ 0Flare §
Angiopathy - = @
i E;—
Neuronloss [
~ANMTWNO
STTTTSS
RO RO RO N
333333
OO0O0000
H} RIS
AlI7|2F Zgt
— =] =2k
=TT X II H =
OlAFAlS
2 A

o o o© =
() o ~ =)
(&) =) o o
| | 1 |

80 285 77 116 93 235 pmay
_  histopathologic diagnosis

| CBD

| FTLD-TDP
bLBD
ILBD

| nLBD

| LBD-NOS
MSA
Other

| PID
PSP
-0

Cluster 2 - I g

Cluster 1 ~g
Cluster 3

Companion
Diagnostics of
Therapeutics

1.00 11 266 9 24 83 45
7 7| ALBD me— a5
:_y? g "‘Bmo LBD ALS
- 0.75 | === ILBD oo
o —
5
6.- psSp nLBD None
0.25 - nLeD.
Oth
oth Oth
0
0 T T T | T
- N ® < 1 ©
S 8 83 3 8 B8
n O » v o o
2 2 2 2 2 32
O £ O Q" 0O

Secondary
histopathologic diagnosis

Cornblath et al. Nat Biomed Eng 2020
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Beyond Diagnosis : Discover New Information

....................................................................................................................................................................................................................................

Mutation profile using
H&E Staining slides

Tile and filter out

background tiles

@ Separate in
3 datasets

N.N‘\I MATONAL CANCER NATITUYE
7 Genomic Data Commons

1 T e y——
! —— LUAD at 5x
! AUC = 0.919, Cl = 0.861-0.949
&
f

= LUSC at 5x
AUC = 0.977, Cl = 0,949-0.995

True positive
=)
(44
' -

z ~ — LUAD at 20x
| AUC = 0.913, Cl = 0.849-0.963
! Frozen - = LUSC at 20x

9 0 0.5 1 AUC = 0.941, Cl = 0.894-0.977

False positive

Coudray N, et al. Nat Med 2019

R ’
\s_.r
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Beyond Diagnosis : Discover New Information

....................................................................................................................................................................................................................................

s = =L x == | = = T~
HAIEX FDG PETI} AIS S3F S B2 E4 378101
=0 2 =
SUYHIK| = 23 0|5
3 Input
= Deep Neural [} S0
‘D | M. o e Predicted
R ; silin I c redicte
o — S4° | staws S | | I CytAct
’ . _ _ 040% Prediction < 01 2
- % 1 : Seml-automz-:;lt(? . r‘ o 1
‘ p ; N umor segmentation w 0
W & E
e | @ 50 2
: ¢ in TME o\o
Label -1001
CYTgroup + e T+ predictod YT
Tissue Transcripts 1.00
> o HR 0.25
4 ol = ;: (95% CI: 0.10 - 0.62)
v ZAHAA GO 0= g
= = = s
v SHAREO| o2 Y B HIEEE9 g
Clord sy 3 o
v TN YN R Crag i o) b= 0001
0.00
0 5 10 15 20 25

Progression free survival (months)

Park CH, et al. Theranostics 2020
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Beyond Diagnosis

....................................................................................................................................................................................................................................

- Biomarker :
Quantitative and predictive
Distribution-based, unsupervised-based biomarker

* Redefine diagnosis :
Suggesting new subtypes, new criteria

 Discover unknown and overlooked info



Beyond Diagnosis

v Find 'best axis’ and redefine diagnosis

v Biomarker for Precision Medicine

v" Find niche for being companion diagnostics

Future of Al in medical imaging
Making new diagnosis instead of accurate diagnosis

DISEASE
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Black box vs White box BIOPJUS - INTERPHEX

KOREA

o|gjjo}2] @A,Q syFo|
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1} 227} k.
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Known Unknown
Deterministic modeling (computer simulation) Network biology, big data, Al

b

input/output
Mathematical CEIERTES
modeling

Supervised/
unsupervised
training

Principles/laws

White box Grey box Black box



From anatomy to physiology BIORJUS - INTERPHEX

Simulation:
Physiology data .

Medical
Imaging Data
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( FFR Market-Global Forecast to 2024

- FFR Market2 20244 2F 109 =2
CAGR 12.8% ~ 17.7%
- SO/X|0| ™MMA A2 60%

- BH SO MHE HEER 2t S oY

—_ -

Heart Disease

Heart Disease

Heart Disease l'!earf

Concor Disease
B Hiv/AIDS &
. Tuberculosis ; ;S' %,
Nephritis & nephrosis g ?‘

[ Cirrhosis of the liver zi g
Respiratory infection

REGION

NORTH AMERICA

EUROPE

ASIA PACIFIC

REST OF
THE WORLD

MARKET VALUE,
USD MILLION (2019)

311.4

129.0

18.7

BIOPLUS - INTERPHEX

KOREA

MARKET VALUE, CAGR

USD MILLION (2024)

677.4 16.8%

(2019-2024)

241.3

129.0 17.7%

34.1 e



Heart & Coronary arteries BIOPJUS - INTERPHEX

Treated by
stenting

Stent
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LPM Lumped parameter model
AdEle 7)) OME R Qetg By
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Computer Simulation

CFD Computational fluid dynamics
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HeartFlow Inc in USA A I L
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HeartFlow Inc. T - O|= Stanford Univ. Taylor 1== 20073 & ¢

.......................................................................................................... « 2012 EU, 2014 O|= FDA, 2017 Y& {7}
Company: HeartFlow®, formed in 2007 BEEEIEEESSIERETS 20134 2EE D=2 (1, 450 $/case)
Base : Redwood City, CA & onsior patien X| 27X ©F 6,00020] EXIE EIOtE

A around Lhe world = C AT
Founder : C. A. Taylor (Stanford Univ.) ST 7YKL % 2xE ol_pgtllzrj_ ole

- 0|z, €&, =0 CT-FFR H| =LA TIH S

http://heartflow.com

A: Lumped-parameter heart model B: Windkessel model

Rav Lav  Rvan  Lvar

S Zetst CFD/AA| =2HA LPM

Pia

(Huge Computation/Increased Uncertainty!)

I

Semi-automatic CT image segmentation

a-m: Lumped paramatercoronarymodel C Person dependentl )
amlcro
Cim _
I Q % LPM Ii2t0[E 47 - 222 ZH

C Complicated! )
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 Figure 1. Schematic of a lumped parameter model of the
total circulation with enhanced detail in the coronary
circulation.
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Multi-centers blind test for CT-FFR diagnostic performance in 218 vessels of 117 patients
671 CHefE R 1A g &4 B7h
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Lo - "/ ULSAN UNIVERSITY HOSPITAL . P National University Hospital
o H o o R
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1.0 joo— b
I o0
r=0.76 ‘z, |!iffs'"
p <0.001 * . s
® L]
. L] L
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87 ‘t; .n.o . °° ..:. g -
[ ] 3=
£ iy 86% 3
TS [ ]
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ol — CT-FFRAUC=0.93 :
, . ) I [ CCTA AUC = 0.74
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b | - . . _ .
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FFR 1 - Specificity

CT-FFR: Computed fractional flow reserve
M-FFR: Clinically measured FFR
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- OISt 0| M OFF [Tt JAMA =20 CT-FFR7|&E0| 2|F =
- Ol CT-FFREYA|E S =t 7[2H2018E Z=7HX])
— HeartFlow, Siemens, AIMEDIC(— SiliconSapiens)
- HeartFlow 3, AIMEDIC 2H(1tH A&, 1§ ZI3H &)
- AA AIROIAM OfR =2 FEE AlE (NXT study 86% vs. NOVEL FLOW study 86%)

N of e s Area under curve, per  Correlation coefficient
Study Technology vessels Sensitivity Specificity PPV NPV Accuracy vessel compared with FFR
FFR-CT, DISCOVER- Heartflow ver
FLOW, Koo, JACC2011 1.0 159 88% 82% 74% 92% 84% 0.90 0.72
FFR-CT, DeFACTO, Min, Heartflowver
! ! ! 408 80% 63% 56% 84% 69% 0.81 0.63
JAMA 2012 1.2
FFR-CT, NXT, Norgaard, Heartflow ver
JACC 2014 14 484 84% 87% 62% 95% 86% 0.93 0.82
FFR-CT, Kim, JACCImg  Heartflow ver 8 5% 57% 83% 62% 77% ) 0.60
2014 1.2
cFFR, Coenen,Radiology SiemenscFFR 189 88% 65% 65% 38% 759 0.83 0.59
2015 ver 1.4
cFFR, Geer, Acta Radiol SiemenscFFR 2 83% 76% 56% 93% 78% ) 0.77
2015 ver 1.7
NOVEL-FLOW, Am ] SiliconSapiens
218 86% 86% 80% 90% 86% 0.93 0.76
Cardiol 2017 (Korea) ) ° ’ ° °
Pooled analysis - 1481 84% 76% 63% 91% 79% 0.86 -

Per-vessel data is shown. PPV, positive predictive value, NPV, negative predictive value
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Toward a grey box solution el B g

Mathematical models Artificial intelligence (machine learning)
White | Black
= Box Box
K- T — R+ )
Known ‘ Unknown Known Known
Known principles or laws Known sets of Input and output -> Trained black box
Input + principles - Output Target input + trained black box - Target output
Input/output :
Supervised/
i data sets :
Mathematlcal unsupervised
modeling B training
Principles/laws
White box Grey box Black box
Computer simulation partially Al trained partially by
adopting Al algorithm computer simulation data
White box oriented approach Black box oriented approach

A total solution platform (5%,
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Multi-Contrast MRI
Multi-Modality Images

Multi-modality images

** Multi-modality images database
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Main features
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Pre-processing Detection post-processing

Aneurysm detection
- Location
: Size

Local information

Global information

\essel information

Hybrid Neural Network
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Medical XAl

Explainable AIE

3D Neural Network (Multi-Contrast Input)
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T2 Sequence (3D) |—|\ '
- 0:McCI
r‘ . . ad L
88 8 8 16 16 16 16 16 16 1000 2

FLAIR Sequence (3D)

r 7x7x7 Convolutional filter

' 3x3x3 Convolutional filter
— Skip Connection (Concatenation)

2x2x2 Stride Convolution

» Fully Connective network
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3D Activation Map
(Heatmap)
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Al-based One Stop Solution Seamlessly for BIOPLUS - INTERPHEX
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@ Completed | COVID X-Ray

» 5
'y = I~ > Q L FLOW 0 ®mQaaa X vee9 g
E 3
g 2
: s
Dataset [EE] B covid Mnormal Bl pneumonia_bac M pneumonia_vir
g
5
E Search g
S = @
£ L L IR0
&
> Abdomen @ t VIR
w E s " M \ \ o~ \ ®
2 > Brain, Head and Neck, Spine [} L - 3, / 8 / [} ]
§ > breast B8 b = i g
= covipa Resize Rescaling Color to Grayscale 2
> chest EB [None, None, None] [256, 256, None] 1256, 256, None] 6,11
> > Gynecology, Urology [B]
s
£ > Heart, Vessel, Intervention [[]
> Musculoskeletal System [ EFiles s Output o X
s >
S > Nuclear Medicine [E] Summary Epoch 30/30V Loss Train -=---=- Validation a
s g
‘..:; > others EEJ Epoch Speed (Sec/Epoch) 36.909 W Run3 S
Processing Speed (Sec) 0217
s Loss Train 0.103 Validation 0343 ]
= Accuracy Train 0918 Validation 0.800 H
£ 4
E Class Accuracy Sensitivity Specifiity PPV NPV Dice (,E
covid 1.000 1.000 1.000 1000 1.000 Ny 2
. normal 0992 0571 1.000 0989 0985 Original Data ~
Tra
pneumonia_bac 0922 0853 0947 0947 0853
pneumoniavir 0922 0855 0943 0953  0.841
covid 0967 0857 1.000 0958 = 0923
normal 0967 1.000 0963 1000 0857
Validation
pneumonia_bac 0833 0889 05810 0944 0762
pneumonia_vir | 0833 0636 0947 0818 0737 o R R < 3 3 SA S PR pRE |
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@ Completed | COVID CT Y7

E
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2
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g g
&
> Abdomen
o
4 > Brain, Head and Neck, Spine g
H —
[+ i} 3
£ > Breast [E] 5
> chest 3 °—
¢ lad
> Gynecology, Urolo; Il hY [}
£ y1 8, zv @
= > Heart, Vessel, Intervention [EJ COVID CT Rescaling U-Net 3D
* Musculoskeletal System [ [None, 630, 630, 1] [16, 128,128, 1] 6 rlay Image
T > Nuclear Medicine [E g
3 S
2 =
a g
g Others H
< B
s 3
= ]
2 @
- = Files =log 4 Qutput @ & Download = &
£
Resulc: @ Data All hd File Name nﬂ

[m} MNo Path / File Name Shape Color Mode Dimension Data Size

(] 1 1_1.nii.hdf3 [16,128,128, 1] Gray 3D Train 7MB
[m] 2 2_2.nii.hdf5 [16,128, Gray 3D Train 7MB
o 3 3 3.l hdfS [18, 128,128, 1] Gray £ Train 7MB
] 4 5_5.nii.hdf3 [16,128,128,1] Gray 3D Train 7MB
[m] 5 6_6.nii.hdf3 [16,128,128,1] Gray 3D Train 7MB
[m] 6 8_8.nii.hdf5 [16,128, 128, 1] Gray 3D Train 7MB
] 7 9_9.nii.hdf3 [16,128,128,1] Gray 3D Train 7MB
] 8 .nii.hdfa [16,128,128,1] Gray 3D Validation 7MB
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= File =log <
Do . reere EIE
O No Path / File Name Shape Color Mode Dimension Data Size Labeling Data
O 1 000c1434d8d7.hdf5 [2136, 3216, 3] RGB 2D Train 20 MB
O 2 001639a390f0.hdf5 [2136, 3216, 3] RGB 2D Train 20MB
(] 3 0024cdab0cte.hdf5 [1736, 2416, 3] RGB 2D Train 12MB
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1 > »
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Flatten #1 Input #18 Conv3D

Performance

Reshape
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RepeatVector
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Masking

History

SpatialDropout1D
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Deployed

Dense
Dropout
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Input

Information
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Overview of VUNO .

* The medical diagnostic support platform, VUNO-Med, is built on top of
our proprietary Al engine, VUNO-Net.

o o | Medical Image Lesion Disease
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 VUNO-Med : Al-based Diagnostic Support Platform

B

Radiology

(CT/X-ray/MRI)

Pathology Biosignals

(Digital pathology (ECG/EEG)
slides)

EMR

(EMR/EHR)

Lesion

Detection and Cancerou.s Cell Early Warning of Medical Dictation
e Detection Adverse Event
Quantification
Abnormgllty S0 Quant_|f|_cat|on Quantification of Treatment Response
Screening for Predictive : . .
) Disease Risk Prediction
Biomarker
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* VUNO is One of the Most Funded Medical Imaging Al Startup

FUNDING HISTORY

2014 2016
Smilegate 19012
P &
@ future 1908 S5l b 1R

B2 0 e nvesment

599

502

Strategic
Investment

2018

¢GC s

67

Series B

o future,

[ H Py
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PredPO 5-8%}

2020
4522
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7989 O KDBMYRS 4892
1022

The 20 Most Funded Medical Imaging AI Companies
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[Funding History]

[One of the Most Funded Medical Al Startup]
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« VUNO Med Solutions with/under Regulatory Approval
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Overview of VUNO

« VUNO Med’'s Milestones
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« VUNO Med Solutions — Clinical Adoption
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Al Applications in Medical Imaging for Common Cancers

DETECTION CHARACTERIZATION MONITORING

« Highlighting suspicious regions in images

* Providing robust tumor descriptors to capture intra-tumor heterogeneity and
+ Detecting indeterminate nodules

. g high false-postive rates and : R, « Capturing a large number of discriminative features that go beyond those measured
Lung CNS Segmentation Diagnosis by traditional evaluation criteria
Early detection of Detection tools for DB"’;"Q "‘el‘:"‘e“‘ of o Cl')ass"‘/";?
inci 3 i an abnormality in - abnormalities as .
sscocatod i ppareseian g msorzbori | g | bengnor maignan Change Analysis
improved outcomes brain abnormalities 3D assessments Temporal monitoring of
Breast Prostate .| Staging Imaging Genomics tumor changes either in
More robust “Clinically significant” — Categorizing tumors . N Associating imaging natural history or in
lesion det =2 1t defined feat ith i
&) | mammograpty Mowstr it & groups based on dataforcomprehansive response to treatment
interpretation and biopsy sampling - | expected course & \‘ § tumor characterization
analysis . treatment strategies -
0 — | Molecular| | Histolo 417
Clinical Judgment o

' I ay=<agullll -M2nual segmentation . ) { ' ¥

Symptoms| \ -volume/max diameter i Observation - -

— A\ BN -siaging J Integrated Diagnostics | )

A e et ¢

( - i -qualitative measures \ . utcome

Incidental [ - - A Treatment Detailed =~ > e,
Findings | ._‘ = 9 Al-guided Detection Characterization I Al Optimization
\ ; : haracterization z
Radiographic bl Decision Al-guided Treatment Treatment
Imaging Making EEULUCRSYCICHU | Administration

Current practice Al “areas of impact”

Source : Wenya Linda Bi et al., CA: A Cancer Journal for Clinicians(2019)
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 Diagnostic Support System for Reporting Abnormalities in Chest
Radiographs
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« Comparison of Diagnostic Accuracy : CAD vs Human Expert

Image-level Classification

b e TP — /_/’
[ // /_,/
| .
f /
i =
| g
AUROC JAFROC
0.985 vs. 0.958 g, 0.943 vs. 0849
3 P = 0.001 - P <0.001

Fasle Positive Fraction

Lesion-level Detection

Source : S. Park et. al,, European Radiology 2019

Fasie Positive Fraction
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« Performance Evaluation for Major Thoracic Diseases

Evaluation of performance for major diseases using combination of patterns
Tuberculosis Pneumonia
(ShenZhen dataset! / AUC ) (PadChest dataset? / AUC )

Nodule only 0.68 0.79

Consolidation only 0.86 0.92

Interstitial Opacity only 0.72 0.86
Consolidation + Interstitial Opacity 0.89 0.93
Nodule + Consolidation + Interstitial Opacity 0.91 0.93

Title : Evaluation of the Performance of Deep Learning Models Trained on a Combination of Major Abnormal Patterns on
Chest Radiographs for Major Chest Diseases at International Multi-Centers

Ref. 1. Two public chest X-ray datasets for computer-aided screening of pulmonary diseases (Quant Imaging Med Surg. 2014 Dec )
Ref. 2. PadChest: A large chest x-ray image dataset with multi-label annotated reports ( Arxiv 2019 )

RSNA 2019 oral presentation

Source : VUNO Inc., RSNA 2019
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« Comparison of Diagnostic Accuracy : With/Without CAD

Diagnostic Performance(JAFROC) Reading Time(s)

0.97 19
0.94 15.5
0.91 12
0.88 8.5 .
0.85 5

Radiology Non-thoracic Thoracic Average

Resident Radiologist Radiologist Reading Time

W/Q CAD B wcaD W/OCAD (£17.28s)  [l] W CAD(£6.05s)

Composition of Manufacturers in the Development and Validation Dataset

GE SIEMENS PHILIPS FUJI

SAMSUNG RAYENCE

KONICA SWISS-
CANON MINOLTA RAY KODAK

DK
MEDICAL

LISTEM DR-TECH VIEWORKS

J. Sung et. al., In Revision
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Al for Chest Radiographs

 Device Embedding

ragence | vuno Bone Age Analysis

Attention Map et

Tom / 2004.04.20 (16) / M

e Cloud Service

ENVOY Al /ARTERYS

L
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 Diagnostic Support System for the Detection and Measurement of
Lung Nodule in Chest CT

19
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« Diagnostic Performance in Cancer Patient and Screening Setting

Malignant (Solid) 100%

Performance on Confirmed Cancer Patient Performance on Screening Setting
aps s Chest CT scans
)
Sensmwty( o) labeled as false
positives by
, VUNO Med°®-
E e LungCT Al
. (3%)
CT scans
BN

as normal (97 %)

* All reference standards are based on the consensus of 3 radiologists

Diagnostic Prowess Screening Prowess
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« Advanced Features

Automatic Lung-RADS Reporting PACS Integrations

REPORT

Patient Info,

ANONYMIZED ANONYMIZED UNKNOWN
UNKNOWN 20151117

Lung-RADS category
Negative
4X Benign Appearance of Behavior
Probably Benign

Suspicious

Nodule

Location Location
Slice No. : 285 Slice No.: 305
Nodule-type : Non- Nodule-type :
solid,Calcification Diameter: 8.33 mm
Diameter:29.33 mm Volume : 240 mm*
Volume : 7137 mm® Lung-RADS : null
Lung-RADS : 1

Location Location

Slice No. : 304 Slice No. :296
Nodule-type : Part-
solid,Spiculation,Lung-RADS 4X

Lung-RADS : null
Lung-RADS : 4X

Location:
Slice No. : 333
Nodule-type

Lung-RADS : null
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 Al-based Image Processing

Long ion unit i [ Long unit l ;

x3 \

ﬂ‘ - Reshlock ’m&mummt L 2 ’m’manmnf“ -3
x 5 I

Korean Journal of Radiology
Input 30 image 64 ch. 128 ch. 64 ch. 128 ch.
in depthwise Reconstruction

Original Article | Thoracic Imaging
eISSN 2005-8330
https://doi.org/10.3348/kjr.2019.0212
Korean J Radiol 2019;20(10):1431-1440 (M), Chock for updates
Preprocessing part Non-linear mapping part 1 Non-linear mapping part 2 part (upsampling)

Deep Learning Algorithm for Reducing CT Slice Thickness: orignal 1 m sR3mm S
Effect on Reproducibility of Radiomic Features in Lung

Cancer ‘
Sohee Park, MD', Sang Min Lee, MD', Kyung-Hyun Do, MD', June-Goo Lee, PhD’, Woong Bae, PhD?, ;
Hyunho Park, MD’, Kyu-Hwan Jung, PhD’, Joon Beom Seo, MD'

B 0.80 I 0.80
= = I 0.85 -
£ £ Original 1 mm SRS mm ()
= Z 500 . 467 @090 2] - i
3 3 e 7 -
2 2 o Js. : @ @ 7
e 2 |
s & - SR
o 2 20.0f g SRN,
s - . :
e = !
g bl T
f p ~ s
5 s : o
53 BF N
& 1vs.3 1vs.5 3vs.5 = 1vs.3 1vs.5 3vs.5 *
Original (mm) SR (mm)
A B
Fig. 3. Proportion of reproducible RFs (CCC > 0.85) in different slice-thickness pairings before and after application of image

conversion.

Source : Sohee Park et. al., Korean Journal of Radiology(2019)
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« Super-resolution for Nodule Detection

Counts Tmm 3mm Sy 5mm S
-> 1Tmm -> 1mm
Solid 46/46 44/46 45/46 41/46 46/46
Non-solid 54/54 54/54 54/54 46/54 52/54
Sensitivity Tmm 3mm Bl S5mm Smm
-> 1Tmm -> 1mm
Solid 100.0% 95.6% 97.8% 89.1% 100.0%
Non-solid 100.0% | 100.0% | 100.0% 85.2% 96.3%

Source : RSNA 2018, In Preparation(2019)
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« Super-resolution for Nodule Detection

Real Image After SR« Before SR
(Imm) (Synthetic 1mm) (5mm)

Source : RSNA 2018, In Preparation(2019)
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« The Role of Medical Image Al in the Pandemic

O Assist radiologists in the screening, diagnosis and management of COVID-19 pneumonia
- Fully automatic quantification and reporting of major CT findings of COVID-19 pneumonia
- Automatic monitoring of severity during the course of infection based on follow-up scans

O A Powerful tool as a second-line confirmatory testing to diagnose COVID-19 along with RT-PCR*
- Chest CT is known to be highly sensitive yet less specific compared to RT-PCR

- COVID-19 pneumonia has distinctive imaging features compared to other viral pneumonia

Typical CT features for COVID 19 [The performance of chest CT for COVID-19 infection with

RT-PCR result as reference

Test performance (%)

Sensitivity Specificity PPV NPV Accuracy  [95%
[95% C1] [95% ClI] [95% CI] [95% CI] ci]
97(580/601) 25 (105/413) 65 (580/888) 83 (105/126) 68 (685/1014)
[95-98] [22-30] [62-68] [76-89] [65-70]

Unenhanced CT images in a 33-year-old woman. A, Image shows multiple ground-glass opacities in bilateral lungs.
Ground-glass opacities are seen in the posterior segment of right upper lobe and apical posterior segment of left superior
lobe. B, Image obtained 3 days after follow-up shows progressive ground-glass opacities in the posterior segment of right

: : _ round- : segmer *RT-PCR : Reverse transcription polymerase chain reaction
upper lobe and apical posterior segment of left superior lobe. The bilateralism of the peripheral lung opacities, without

subpleural sparing, are common CT findings of the 2019 novel coronavirus pneumonias.
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« VUNO Med - Chest Suite

VUNO Med®-LungQuant™

VUNO'’s Mission
in the context of COVID-19

to make a speedier and more accurate diagnostic decision in a difficult time like this

VUNO Med®-Chest X-ray™
COVID-19 Version

We are proud to be part of the global effort to save lives doing what we do well.

(63 A

VUNO Med®-LungQuant™ VUNO Med®-Chest X-ray™
COVID-19 Versior COVID-19 Versior

Try now > Try now >

https://covid19.vunomed.com/
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« VUNO Med - LungQuant COVID-19

O Specifically designed for the screening, diagnosis and management of patients with
suspected or known COVID-19 infection
- Free service without any usage limitation

- It takes less than 2mins to analyze one case

« COVID 19 version of LungQuant
— customized to detect the disease
N——— and quantify the volume of

: -~ COVID-19 related patterns
(Ground glass opacity,
Reticulation and Consolidation)
— on thoracic CT studies

COVID-19 CONFIDENCE SCORE

REPORT SUMMARY

* Results include:

COVID-19 Pattern Volume

Overall Statistics

- Whole lung volume

- COVID 19 pattern volume

- Distribution of COVID 19 findings
Confidence Score

- Confidence of Classifying into COVID-19
- Categorized as Low, Middle and High
Lobe Analysis

- Lobe volume

- COVID 19 pattern volume
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« Media Coverage




Al for COVID-19

« Media Coverage

NVIDIA GTC 2020 Keynote Part 1: CEO Jensen Huang Introduces Data-Center-Scale Accelerated Computing

30
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Al for COVID-19

O The Al solution has been used in more than 200 institutions from 30+ countries
- The solutions is provided in multiple cloud regions in Korea, Japan, Europe and North America
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Conclusion "

« Modern Al : End of Beginning, Long Way to Go

«  Exponential number of research on Al for cancer imaging
* Increasing number of commercialized medical Al solutions clinically applicable in practice

Cancer deaths by type, World, 201
Total annual number of deaﬂ'\ys fr?]rrl?cﬁncers across all agesan both sexes, broken down by cancer type ACR DATA SCIENCE INSTITUTE

Tracheal, bronohus, and lung cancer G - ilion \ ( '
Colon and rectum cancer |G| ©06. 040 COMBLITED l MAGNETIC: [ POSITRON J RADIOGRAPHY L ANGIOGRAPHY J ULTRASOUND | FLUOROSCOPY
Stomach cancer GGG 5 959 | TOMOGRAPHY, RESONANCE , EMISSION L
Liver cancer |, < 10.435 ABDOMINAL IMAGING FINDINGS
Breast cancer |GGG 11,625 a 1 1 | | Y
Pancreatic cancer NN 441083 o o — " EE—— SRS TR (R —
Esophageal cancer | - 35.959 BREAST IMAGING

"

FINDINGS

Prostate cancer | NNNNEGEEN 415910 -
Leukemia [N 347.583 CARDIAC IMAGING l[
Cervical cancer [N 259.671 ) |

[ | [ ~ FINDINGS

Brain and nervous system cancer [N 247,143
Bladder cancer 196,546 EMERGENCY IMAGING
Lip and oral cavity cancer 193,696
Ovarian cancer 175,982 MUSCULOSKELETAL
Gallbladder and biliary tract cancer 173,974

Kidney cancer 138,526 y ISEEERE NSRRI AN EEE | SEERSENE]

Larynx cancer 126,471 NEURORADIOLOGY

Other pharynx cancer nraz

Multiple myeloma 107,114 o -
Other cancers 102,920 NUCLEAR MEDICINE

FINDINGS

FINDINGS

FINDINGS

INDINGS

Uterine cancer 85,239

Nasopharynx cancer 69,550 PEDIATRIC IMAGING FINDINGS

MNon-melanoma skin cancer 65,097
Malignant skin melanoma 61,665
Thyroid cancer 41,235 THORACIC IMAGING
Hodgkin lymphoma 32,560
Testicular cancer 7,662 INTERVENTIONAL LUNG

0 200,000 600,000 1 million 1.4 million 1.8 million B N7 Rl BT R TR [T S S (WS T [
ANATOMY _A__ ANATOMY ANATOMY ANATOMY ANATOMY ANATOMY ANATOMY

PULMONARY NODULES

NING

I LUNG CANCER SC
FINDINGS

=

Source: IHME, Global Burden of Disease (GBD) CCBY

Source : One World in Data(2019), American Congress of Radiology(2018)

i FINDINGS
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= From Quantitative Analysis to Predictive Analytics
— Imaging is only one of many partial information about patient

— Need collaboration among physicians, technologists and regulatory administration to move forward

Data Aggregation & Integration/
Ry Data Interoperability

Clinical Analytics

Social graph
Biosensors Predictive Analytics

Imaging

Source : Eric Topol, Cell(2019), HIT Consultant(2017)
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