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ONA based bood test by

analyzing fetal DNA flowing

inmaternal blood

Wireless capsule 3D visualization Keyword extraction
endoscopy using NLP
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FUNDING, DEALS, AND DEAL SIZE
2013-2020

TOTAL VENTURE FUNDING

$4.78

$8.28
$5.88
$4.18 $4.68

2013 2014 2015 2016 2017

AVERAGE A
DEAL Qaby

SIZE

2018

$7.58

2019

ROCK
HEAL+H
# OF DEALS
$14.18

600

400

200

0

*2020 Market Insights Report: Chasing a new equilibrium’, ROCK HEALTH, https://rockhealth. comireports/2020-market-insights-report-chasing-a-new-equilibrium/
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ImageNet Large Scale Visual Recognition Challenge (ILSVRC)
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Classification Results (CLS)

0.3
0.25
0.2
045

0.1
16.7% 1, 23.3% \,

Classification Error

0.05

006

2010 2011 2012 2013 2014 2015 2016 2017

ImageNet Winning CNN Architectures (ILSVRC)", Deep Learning Computer Vision by Bulent Siyah, https://iww.bulentsiyah.com/imagenet-winning-cnn-architectures-ilsvrc
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Al Challenge in RSNA(Radiological Society of North America)

= 2017 —Pediatric Bone Age Challenge

= 2018 — Pneumonia Detection Challenge

= 2019 —Intracranial Hemorrhage Detection
= 2020 — Pulmonary Embolism Detection
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Al Challenge in RSNA(Radiological Society of North America)

= 2017 — Pediatric Bone Age Challenge

= 2018 — Pneumonia Detection Challenge

= 2019 - Intracranial Hemorrhage Detection
= 2020 — Pulmonary Embolism Detection

T {@3INHA UNIVERSITY

Al Challenge in RSNA(Radiological Society of North America)

= 2017 —Pediatric Bone Age Challenge

= 2018 — Pneumonia Detection Challenge

= 2019 - Intracranial Hemorrhage Detection
= 2020 — Pulmonary Embolism Detection
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Al Challenge in RSNA(Radiological Society of North America)

= 2017 —Pediatric Bone Age Challenge

= 2018 — Pneumonia Detection Challenge

= 2019 - Intracranial Hemorrhage Detection
= 2020 — Pulmonary Embolism Detection

= # Labe =

4516818
unique values

7 ) 2
11/47 g"giJAH\H;\ UNIVERSITY

Al Challenge in RSNA(Radiological Society of North America)

= 2017 —Pediatric Bone Age Challenge

= 2018 — Pneumonia Detection Challenge

= 2019 —Intracranial Hemorrhage Detection
= 2020 — Pulmonary Embolism Detection
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Pathology challenge

= 2020 - Prostate cANcer graDe Assessment (PANDA) Challenge

ISUP grade

Gleason score

Gleason score 3 + 4

Gleason pattern (majority): 3

Whole slide image of a prostate biopsy

13/47 %7;’2‘9 INHA UNIVERSITY

Pathology challenge

= 2019 - Pathology Al Platform (PAIP) 2019
= Liver Cancer Segmentation

HHEAIR

Ministry of Health and Welfare

14/47 (&) INHA UNIVERSITY
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Pathology challenge

= 2020 - PAIP 2020

Training Data Example

- (1)+(2) Whole Slide Image with Annotation
% Whole Tumor Area : Closed Section by Colored Line .
Organizers
- (3) MSI Classification : MSS (provided by csv format)
. SNUH® KOREA  urisT

i UNIVERSITY

& g Lol [KuminTec

)

HHMEAILE
Ministry of Health and Welfare
This research project is funded by
the Ministry of Health and Welfare, Republic of Korea.
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Medical Al applications

= Chest X-ray

TEST REMAINED
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Medical Al applications

= Fundus
Scans > Analyzes > Presents
a fundoscopic image the image using Al retinal findings

Detects and locates
12 abnormal retinal findings
Trained on over 100,000 retinal images
labeled by ophthalmologists

- Hemorrhage - Hard Exudate - Retinal Nerve Fiber Layer Defect

o - Cotton Wool Patch - Macular Hole - Glaucomatous Disc Change
Fmdmgs + Chorioretinal Atrophy * Myelinated Nerve Fiber « Vascular Abnormality
+Drusen *Membrane * Non-glaucomatous Disc Change
17/47 NHA UNIVERSITY

Medical Al applications

= BoneAge Estimation

Physician A Physician B

—13.0% Improvement

Alvs Physician Allvs Physician

18/47 JINHA UNIVERSITY
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Medical Al applications

= MRI

INHA UNIVERSITY

Medical Al applications

= Voice EMR

INHA UNIVERSITY
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Medical Al applications

= Data generation

[https://www.youtube.com/watch?v=Gk9JycyAlSI]

21/47

NHA UNIVERSITY

Medical Al applications

= Data generatlon

Wy,

EBE

$

IEEI

BEnEE

[CoVidGAN: Data Augmentation Using Auxiliary Classifier
GAN for Improved Covid-19 Detection, IEEE Access, 2020.]

B
Dataset Class Precision Recall F1-score Support Accuracy Sensitivity(%) Specificity(%)
(%)
Covid-CXR 0.89 0.69 0.78 72
Actual Data Normal-CXR 0.84 0.95 0.89 120 85 69 95
(CNN-AD) Macro-average 0.87 0.82 0.84 192
weighted-average 0.86 0.85 0.85 192
Actual data + Covid-CXR 0.96 0.90 0.93 72
Synthetic Normal-CXR 0.94 0.97 0.96 120 95 90 97
Augmentation Macro-average 0.95 0.94 0.94 192
(CNN-SA) weighted-average 0.95 0.95 0.95 192
22/47 NHA UNIVERSITY
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Medical Al applications

= BoneAge Estimation

23/47
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Medical Al applications

= Image transformation
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Medical Al applications

Biomarker identification
Treatment recommendation

. re . . SVM SVM SVM Bayesian Random
Su rV|vab|||ty predlctlon Node Linear  Polynomial ~RBF  Naive Bayes  Forest
N N DH VS. Rest
A Machine Learning Approach for ——
Identifying Gene Biomarkers Guiding LH V8. Res
DS VS. Rest
the Treatment of Breast Cancer e
Ashraf Abou Tabl'*, Abedalrhman Alkhateeb?*, Waguih EIMaraghy’, Luis Rueda? and
Alioune Ngom?
chool DH DR LH DS LR and LS

AKIP1 ASXLA DAB74553 ICOSLG C14orf166
NiiBsi ot FGF16 WIPI2 AKTIS1  SARIA ZFPO1
Number of genes after filter AABB4297 ASAP1 CPPED1 PRPS1 BU753119
Class samples feature selection PG ZNF121 BLP FBRSL1
UPF3B METTL2A ARFGAP2 INPPSF
Living and Radio (L) 152 har FAMI114A1  FAMI70B  VAMP4  SFMBT2
Deceased and Radio (DR) 19 227 OR2G6 BGO44228 CT47A1
Living and Hormone (LH) 0 g ANKLE1 PDCD7  CLASRP DSCAM
Dece: Hormone (DH) 6 20 MGA AT cD36
Living and Surge: S) 130 1771 C14orf145
i and Surgery 40 197
347 4066
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Federated Learning

Federated Server

NHA UNIVERSITY
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Federated Learning

MNIST
Experiments AUROCP (95% CI) Fl-score (95% CI) Precision (95% CI) Recall (95% CI)
CMLS 0.999 (0.999-0.999) 0.981 (0.978-0.983) 0.981 (0.972-0.989) 0.981 (0.971-0.989)
Basic FLY 0.997 (0.996-0.998) 0.946 (0.941-0.950) 0.945 (0.929-0.959) 0.945 (0.930-0.959)
Imbalanced FL 0.995 (0.994-0.995) 0.921 (0.917-0.927) 0.920 (0.904-0.937) 0.920 (0.903-0.937)
MIMIC-111
Experiments AUROCP? (95% CI) Fl-score (95% CI) AUPRCE (95% CI) Precision (95% CI) Recall (95% CI)
soTad 0.857 (0.837-0.875) 0.944 (0.938-0.950) 0.505 (0.451-0.558) 0.973 (0.967-0.979) 0.773 (0.907-0.927)
Basic FL® 0.850 (0.830-0.869) 0.944 (0.938-0.950) 0.483 (0.427-0.537) 0.975 (0.969-0.980) 0.797 (0.906-0.926)
Imbalanced FL 0.850 (0.829-0.869) 0.943 (0.937-0.949) 0.481 (0.426-0.535) 0.981 (0.976-0.986) 0.714 (0.897-0.918)
ECG
Experiments AUROC® (95% CT) Fl-score (95% CI) Precision (95% CI) Recall (95% CI)
Benchmark 0.954 (0.930-0.978) 0.814 (0.655-0.910) 0.820 (0.672-0.943) 0.814 (0.640-0.936)
Basic FL® 0.938 (0.860-0.978) 0.807 (0.651-0.931) 0.823 (0.645-0.942) 0.795 (0.660-0.925)
Imbalanced FL 0.943 (0.883-0.977) 0.807 (0.635-0.902) 0.830 (0.650-0.935) 0.788 (0.626-0.905)
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Explainable Al (XAl)

* Why did you do that?
+ Why not something else?
Learning This is a cat * When do you succeed?
Process (p=.93) + When do you fail?
« When can | trust you?
+ How do | correct an error?
Training Learned Output User with
Data Function a Task
Tomorrow
= — * | understand why
2 Thisis a _‘at: « | understand why not
i Nevf’ f ’::;;;‘“;'s Whiskers, + | know when you'll succeed
|- 3 . e
Perz::rggg «It has this feature: : :now w:e" :’o': I f:"l
d ) * | know when to trust you -l\
ALEE FE R n « | know why you erred
Training Explainable  Explanation User with
Data Model Interface a Task
28/47 &8 INHA UNIVERSITY
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Explainable Al (XAl)

= Attention map
= Fully Automated Deep Learning System for Bone Age Assessment, Journal of Digital Imaging, 2017

Detection CNN Vision pipeline

Label map

Test image

background I

Sampling

collimation

|
|
training images | amnotation |

\_marker )

Sampled patches for training

29/47 NHA UNIVERSITY

Explainable Al (XAl)

= Similar Image Retrieval
= An explainable deep-learning algorithm for the detection of acute intracranial haemorrhage from
small datasets, Nature Biomedical Engineering, 2019

DCNN
- o~ R | - |
— Preprocessing —1 |8 S| e | %5 S Predictions
@| |@ a a @
Axial slices — I
Features Features and gradients
at all blocks at the last block Attention mags
Atlas creation Features and gradients
at later blocks
b Suoions — Prediction basis
basis selection

Non-contrast CT scan

Atlas
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Explainable Al (XAl)

= Similar Image Retrieval
= Prediction basis
= Small dataset: 904 cases

Attention maps

Prediction bases

31/47

C{2[ 2 &A7|0f H|=ZL|A

32/47 (@) INHA UNIVERSITY

- 528 -




A4l 7|zl chSst

2009 2016

33/47 NHA UNIVERSITY

o|2 Glo[Eje| 25 U &

22|t EC 5%

2EA THabi Al = FHH EAH|82 2000
o sl o@y |*12¥ o 309 Jfol | G X 90008t 2N
e sggd o iy SMA WIME Hg | oL} 20174 100 L2
& 7He! 24 = apat

o A = -

RHPE | M|~ |, JHH 2t °F 0.1%2l 0| |= 2016 7|FE 79,1107 2|
A | = SHN Pw 24 n2A

E gz

“ADEE ¥ & |oT [ =

o Z == k3 « O} 3 O] H O] &
AGEE | A | woizz 2mes e [PHBE HUOlse
log*(%fl: =R E &) -°

BRtol RE URYRE

X} o=z Husistol 94, Mg, 2 |« HAAH o= C|X g3t
o278 | 7| 2lst= HEjof: MEER, | Tt
Hegitz, HEEL 8)

s oi3e oY A

su | sz Y3fepeyme dEumacs e

ac TEaL, = = = i o= d

dgd= | 1@ | ¢ B2 Yro/e st 33
|30

34/47 NHA UNIVERSITY

- 529 -




NiA| 2|1 49| o| 2 HIG|O|E{QHIT 01X 2tE Q5 5=

>> F 3392 Yol = N
(B9l )
3Z 4,000

2 70| 2 HOo|E &gt

@ A HH | o| & 7| B FXIO| 27| F(EMR) £ E MAH 19

o= I -

84%

60 %

35/47

INHA UNIVERSITY

o|=2QIB 2|5 AMH|AE?

q]

Healthcare «, L :

2021

36/47

INHA UNIVERSITY

-530 -




o|=RIE s HTE oA st= 22

HF

Seica
3DHISTECH

HeIoict Ch2 Tyl A

HIEZSHE HOIH MY Bl HIO|E Yt HE

[S]

=0

HOlH 278 GiolH Hod

HL ©

37/47

INHA UNIVERSITY

=2 A|ZoIA sh= C A *AH|0] 7|

>> 229 C|X|8 27 0f

>> 22Y O|X|E A7 0f AE}

EQ X EXp
AELEQ £5 EXH Top100 7| &2 I QY 7ts o %
Top100 7| &2 =&
189 3
ok -
7\g} - Q NUrX 11 KRY
7% =27 .
- -phil jealth
B
9 N
. : e
- ssHelix 82 AR e
a8% R 2~ ITUr) 27}
REDOX* cult fit

" .
(‘) Hinge Health Q\/Q

38/47

INHA UNIVERSITY

- 531 -




x| 5t
i et .

ol

ool

SOy AAT R
Hal= Moty 318

=4, 24

(HEIEZFED)

EMR £ FH|E o|22l0|L}
o|g7|Moz otH

G| o| & H| A E3tof i3t 77
S

o olgt 7Hs 3t o|z 9|
£d o|g 7|22l 2 2o Cist
UM FX|, H|o|2 Q19|
o|zof st &1 FX|

39/47 INHA UNIVERSITY

ClOJE 38 =2 LIE & &< b4

Hio|E 32| £t

S |

GOl 3% F2 W8  — = ==l
- HAPE T 1Y HEE= SARYE, 97 & 552 g Horso Anst
noye MBS 2 HABEE SN, AREY
HEH . 7|7i0] HEE HoM|Me AE HEY|Ue S S9N JZEH BE SOZ0 HBE
2y 4 A7, HEI|B 20 7Y HE 88 + 98 483 Hofo FBUE OF
A o] Hof o YF
- MESAUHY HOIHY BB AR JjoEYoR Volz¥g Hof 4 4 Y8R
mamy O NS AR THE SSEULHLlN oEHy FAAGEEEYN e
L= HoIEES 9oz 1Y 2237 9/0f 0 HAFE Y HE A
gH 58 2
- 712 0| O 0| Plof HOt FA| o|P3}, B Vg g0 o 9o
Mg SXo2 0|8 Al EH IYF £t 9g H2Z HE o HEE ColE
2 . Yo g8 SolA 53, 2N (13 5 M2 WY 20 s &o| A7)
HoIHE X7 AHA =9
\: =/ e —
40/47 INHA UNIVERSITY

- 532 -




Ci2[E HAAH O H|ZL|A

of CIX|'E #2A |0 ArFo] & Hsictn

. ri
*0@@°“\

N °©
: | e“'

+

“

A & 2E?

U.S. FOOD & DRUG

ADMINISTRATION

—> Y e

41/47

Lt

) INHA UNIVERSITY

HEAAM 2TIHA
<N

42/47

NHA UNIVERSITY

- 533 -




C| 2| HAAH O H|ZL|A2] off

43/47

INHA UNIVERSITY

A1 027|140 20 0 WL JHo|= 20l

[E4] 712801 821 R YAR7|SY7} £ LATOHIE BY Y

7 | HEUE | zgow | wz
- MRYT 58 VI SO F2 ARIIO WY
. Category A geey
] [=1E3 = ZEY AF 0| 78t o
Lovel 1 | Oloiw8 = Mg 2aem £gol sy | QN | Ll
&
- JIE HoY QAS 45 MOsAST  HOls
& Category C1 T
Level 2|. 71z st 5 s 5212 48t JHM0| UOLH | Category C2 | OIfHE
HYMOZ JIE HY FA 43
- JIE @9 Uyl SNS SS9 Y Category C2 | e
Level 3| . ze motx Jhx| 45 ©= X2EAY Category D | 21"
. B Category C2 e
Level 4 | = Level 301 Ciél IgEISE UES 42 e L
Category E

44/47

INHA UNIVERSITY

- 534 -




Al=2| FA|

)
Wx

INPSEIES

A
(=]

Co|oE

o

O

oo
AI_ [}
_

U

NHA UNIVERSITY

~
<
=L
%)
~

CIZIE AAHA 0] AtES SteAH...

E4(0]2)E 2 + U=7R

[
=

od

'

I+ ®
JJ =
" S
S
ol &
Thu Uju
< M

NHA UNIVERSITY

~
<
L
()
~

- 535 -



IHATNN L

=

0

hglee@inha.ac.kr

)

47/47

lNHA UNIVERSITY

- 536 -




