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1. OxI2422] Ji8a 2

D gAE ¥ W
(1) OXIE et M gl Ho

7h OXIg "Halol Fo

AE21R1 e H7E feiMe el SSfel=o) AlEE ofA EXskAY
Z AL u|A| W3} slo] AZA|Z] & Mg sBelkdn| g 52 o]La) AL
55 B7FE She WAlo] dutA ot

J8u AEA diFE gA129E(Digital pathology)?] g 719 JA4H
72 €Tl EE 4 Ska o9 oju|A] FE2 FAStA] AE AHE
o]-g3fl 3D HAoE A7 & o5 HAE udE Heshal SUA(RYE)E
&3l B B7E st AIE ol&%t oJulA] 42 A 38T o Us
Al2E 0T S HRIoA 71E9] Setolt AIRPHO| A ESkE Aol |k Bttt

Z| 2ol AFolA, SAAQ HAE 9] g2 oot o] siAET| =
ot} "UAEste fEledolmoA BAE B ARE a4, ¥ 2 sS4
T AUe &4 omA|7IRE FHF o RN THIEN Y FF A2 ou|E ARE”

O O E

1

&
sk

=

(Song, 2017; https://digitalpathologyassociation.org/)

CEE! ng g2 98 R WA aTHE Age &
g gstoltt. 27] §7 &efol=o] YAEst WAL tAd S o
slo] wruid, AA|H e $¥ske Aol Ykaold), 20008 ©

w



| s 2ol WIS B CAIE SAe) HEAAH Tl 25 o

H AAIEEe|= o]u]H(WSI, Whole slide imaging)2 ©]2{3t 2D ©[n]|#] 2]
HAZ Hloju getdn|Fat A7HHE 2ok A|AEE ool ABAkE Sl
ot A= Mg ATEQo] W &9 IS B AA| R0l s Auie~
THES] SIS BT o8 o Sl TAE onRE &&= A HA
ol¢} g&Eo] 7] ¥4 W (Tele-pathology, Remote-pathology)?]

u74g o83 7 Letol= 99 24 HES

oe] Aete] BHOR o §¥o] gt Tirheo] AW AAFS uH 27
23 5 Av49 97 Aolg Ao 583 WAt 4 JAe
s
T

7149 %A WAL AN & Wl A F o4 209 fel&ol=S
A stz YT 5 A Heo] WAl olu Y Fof chepe] Avl
452 N&SH OAEs ¥ 5 A HUT, o2 $9 97 el gk

7@ A (Virtual microscopy)o] ¥Htsk=E] a1 Qict.



e

- Glass slide

Scanner

Slide feadar

Light source
Imaging optics
Mechanical scan
Digital camara
Image procassing
Image composition

Image fila (server)

Aemuyied |axid

Image viewer
Computer
Display
Algerithms

Workstation | \/

Human reader

[33 1-1] MHS20|E 0|0 A|AH TR
(5% : Pantanowitx et al., 2018)

LE) Z7430|A(Virtual microscopy)
7HHAnEE HEYAR AdE] BUEE B3l & ¢ U= A STl
n 3 553t W, A7 HilE, Hig HAE, 28 fA7 7S AlA'T o=
gd 4 SKSong, 2017).
F| %9 A& &gtol= AU BLISS(Bacus Laboratories Inc., Slide
Scanner)®] 7i& o], InterScope A9 RH G54 Wi, & % 57 o[u|A|

WA 7152 AYsk= ultrafast robotic shole-slide digitizer 3,

mh el

AT 74, 39 AR AR, i 5= Algt, 24 mrelA =0 o] Ve 9 £
7199] s 712k JAEH o] A7IA] A YE= ACIS AIAB(Chromavision),
o5 A ofglo] H AlE AMESHE Aperio AR AIAH] & XHT 335}
=3 23 W AZES E35F A Adlo] Safo]E ALl Ao o] o]
2tHBacus et al., 2000). ©]2]3t &gjo]t AHELS ZTEZ 0 Z(Yuty o 7)
S o9l tiE A=, A4 7iEl, 225 9 78 BEER(: &Eolt
o},

Edo|/7lEE X, FY, vlZE gg)7t Q= FAv|4L 1T}

ol
r°"



| s 2ol WIS B CAIE SAe) HEAAH Tl 25 o

(2) CIXIEst & O|O|X|el Xz X =2

olm|A] Ag| & A 313 9] 4> O]U]X]l"i:’-ﬂ d1EE e Tg2 oz,
olu|X] HA e (preprocessing), ¥4 I FA(ROI, detection of region of

interest) ¥ 5% F&(extraction) %91 A Ige AA oluA7t FA4HEH.
ESH ojulx o] B4 Weole ZaaS 59 7 #2E9 1 4 At
T =3¢ 5 A

7h oloix|el FH2)

£5] A" ole|e] Hel Slgh 7 ool A A BAY R
Sefol=e] A% 2 G4 JFet ohe Fashth. delut YA A= 2
WAlG 7 E A%k Wa S et WAL BT S U] iR ofu)A
A2 YA SIAETY 5o WAL Bl A, ol L =S 123} o]
olg WAE #a U AAT 4 Atk

L) O[0jX[9] =4

TAHYHEA S 520 &} AZ~2E 222 HoE 292 & =,
olgf] B&(segmentation)S S5 2 BHEL EA3} slo] WS AHHF=
7ol Basitt. 7|9 WEst ojulz] £42 ouA] YolA & = Q= £F
'Z4F(object) & AA, BF H ALSAYU AFSete d 28 HEE

) o 5ol € &

O] oF B EL 2149 ZoF X-]O]Q 2R EX U]AHU_J Fdge:]
AOH(Campanella et al., 2019; Zhou et al., 2020) &3] A/gofA 0] 8A|
A ] HEL HO| 7], GAE X, E}aﬂ’ﬂ 52 40 7|8kE FaL AA]
gt A E S50, @2 A2 gE A7E AlE F et £7E 4 8loH,
o|¢} BEo] I} FF AEY A E‘é‘ o]&3f A& W& S3h=
AxEZ &L8E7|E StHAcs et al., 2019).

o

EE QY i B4 2HE B9} B 41, /1Y EE 02 2% §30] 4
&3t Ao2 BRIt 7 24 Feart Aok IS FYRE P

()]



e

2% ol &HH(Ryan et al., 2011;Parra et al., 2019).

qAg ¥yE gt ogst ojnA| £4 AZE o7} 7idEo] gom,
HES] 2 EAA(open source) ALEQol= o|m[A] EAZ 93t Y
42 Agste W, 88t (commercial) £ZEfojs Hut 7iEshd
ojn|z] £A4 ¥ AT, Yoz Aol A= thE AZEQ0lE 12
AL FAA 07 ofgR ot ESH &4 AT EY0]9] 7|50 wet 7|41
A Aol FFHE fe H|n A At = AR AES] AZE o
(1A 1 NIHY Image ] §)°lA 24 3£z Q4] 9 HF3l= 93t sy
H[Eo] Al-RE 7|gF ZETsjog E—-ﬁ—%‘ 4 QJtH(Varghese et al.,

_l

2014). HBHOR 9XAA ANEYolL P Fo] o&a7] Ad
SUs Al B olu]d 2Hg CEA olgse AuEd BaHol
180 A85tE ANEYol: 4YH, ATH AL Yok AltE
98910 0|2 210 AHNAL ABL T W9l TRL AAFHT H9e

e AUE Fof 2ZEYeIS Mg A THHE BASS SEHOE 3

Els g 3]
w5 AYsta 9l sid 22O 5 @ Adde ER HES



( SIelEd Relld F7IE fler URIZ S8E2 H8AAH 7|H 75 &7

E I-1)0l0IX] 24 nz730| ZR]E H|W

== =
=] QIEAA D2 MRsE D2
HIE o HEE TH|R
2 X Mt X ARSI CHS JHRIE| =X
=" Ol s9f T Hy
BHO|MIA ALZXE 2f0[MA Q7 §iS A2XF 2f0|MA =Q
== Xt7h MX|/QE0|E TR0 O3t MX|/UEO0IE XY IS
NESE E NS E IR0 T2 JHH0f| M2t HE
= (g o)) (ChEg &)
2H sz KRRl AM&3t 1S THs HM2M0| Q= TSR IS TWR
EEJEEH I-”él—l‘l T ol|s
=1 ) St B2 72 faru }
el CloFsH Ml SEfZE 0|2 X5t

(3) o[o|X|el X%

200M& o] 3o] AR 17 72 £l =8 AUY 4%, Hudor

3~4 GB A& mdo| AL Park, 2012). & AEA 8= Y
EAH0 Y] ¥ wf 2L 7|ECo 2 oF 20,00049] |8 &go|=t
AZ=E QAL wid ol YAE3} SithH 4 5 o4 HlolE e AlAH
(Storage)o] QS AOZ AAHTY}.



LA |

2) AEAS 7le AEe) wE gxE g 4 g

(1) Alg] &3 (Mgt Eald)

HAE de ABAst7] 13t olH|R] EE 9 g o|u] x| o] EAA 71
SEAI g2 GA(Pixe)d] WS Tofsh= Aol o= 4FY 48H4
QS Agshs Aol E ke 1AL, ovXE EAH o EEst] daEES
Sl BHoR Aid £E Qi E5H on|X Y] fE AARe It 5
AARE, o] gt om] A7} =3 7 o] EhH s EE AL 24 o]ifo]
ot wEhA ol d5FHoE S RopoflA9] QlF AS(AL Artificial

N

Intelligence)S ©o]&3t 7|A& sH5(HAIZ Y, ML, Machine lerning)d
AFAFYE o]8sk= Held(Deep learning)?] ¥HE FHteHA =

7t M4l 2{4(Machine learning)

HqA4d g 98 AFEADE HAl 2l 71e= o-&s M= HlolE o
gk 9u] = dEE T 5 e BEE AR & =g ot
NS foiae #E golEe oY, YHo =R AS5S T &
A&} golE Aol *FE Hetd AHA|st= 7|50 Z 8-'5}”:1, THS
HAFHox S Fol& Aol 77t Fistd
NS SFHE rh. 29 #4l 2 g4 o]zt 7ido] o
Eﬂol%% A3 ARio] w2t g FHIE FHH. AE =01, Hﬂﬂ&x}ﬂ =4
= o 92 ovA] Y EE Ao bt golEE =ESHA,
AT 24 A BHEE HSsks M2 o|n[AoA fARE gol&E Bk

22 AEE 4 9thRashidi et al., 2019).
£ St 714 shs Bd2 A= HAl Bd HERl Y ZYAE,
ZE 9E w4l o ?-_7\]/\5‘ sl &4 0*'73] 59 7S 7Hte g




| s 2ol WIS B CAIE SAe) HEAAH Tl 25 o

ol HH2 &3] AFH= LA oA A AAZ 2Z5to] AT
SAq, ol e ofmA|oA gAE S 27, e, Yk 59 FAFo] o)
A2lE e ot mEkA] AR olulA] A7 Bl wofsiv He AdS

=
Ao HAS @, 2 YolE, 715 9 Y] Ade Eo) SueEe
HHor 24se, o] HHL W A4 We T & Ut

Lh & 2d(Deep learning)

g fd2 4l 299 ohY L (subse) 22 o7 ZH|Qlo] H&d H¢
55| 783ttt & A St} o|u| AlAHl] ALEE d 2 RE2 =
stdF A4 (CNN, Convolutional Neural Network)?] dZ0=2 Q&

349 ot FFo|t}. o] B2 basic function(feature map)= A43sH7]
I AEFH(convolution)& °]-85FARE A9 (kernel, similarity function)

£ 29 S0l o5 & & 3leH oyt AEFA THE & ) dhgetal
0|2 t}2 H)Ag W3 Linear unit) ¥ I7] 24 2w} Agdsto] H_3to M,
ddoz A ¢f EFSAY mES g AET 5 l=E et

d

R
‘E‘ e [[] — BIcYCLE

ot FULLY
INPUT CONVOLUTION « RELU POOLING CONVOLUTION RELU POOLING FLATTEN SOFTMAX
* CONMECTED

N Y

FEATURE LEARNING CLASSIFICATION

(2 1-2] 4ZY staol BAE

(Ex/ : httos.//kr.mathworks. corny/solutions/dego—learning/convolutional-neural-network. fitmi)
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(3) M2 HAOHE MHON SHRER)

2 oy A% 7le T A V1L 83 AW A Hloid
ZEHFE e Holg Az 3 A% Ala"o] o] &=L 3l ol HHE
At 7k9] f=de] # FkE & 4 3lol AUl 7|He] & Hof 3=
A= sz A EiLi 7|9re] A Mu|art Agst Fal Qi 5’51 st
&7 ojm A9 AR, 7 £ oty A& o= 7|S(EHR) 3 BY FE
A ZE7EA] AR JEE} g Sk B Aujart EH?FEJ Ry
S SHLE TSI glod, HF AR g7 VE #Ed EFA]
Zlgo] AEEHY Holg HAZ fd AR LA 9 58 A€ HLL
518st7] mEol e MAFE He 59 olf=z 37 AlLdHs =dstee
AlE7h 53 9

H}

ulsi}
M
>
rE

-

= J
% B8 &0l Al 9wk EopolA] e 24 2 A"}
A&H 02 AT i, I2Y-195 AU ool st U2
UA AH(F el gt 8= AR QUL
AR SA=HATFAE A £33t GLP TYAIE AlFE D Ho]El S SOPY
et HRE I glom, Hojd B3t 7|gtof| whet A HI it £35] 7|&
HElgal&ete|ue] 49 A Wt 508 B4 104 oJUR Bl s
=lo] Q= 71& AR &£A4E WA o1 HHolE ArQ AAH FHE
sl 712 A=E HAES} st= o] FQsitt. T2y olof tigt 7|&
AAAQ1 7]Eo] EASHA] gol, - & 7tolEeel 52 Farsto] = i
dlol8E Atz gl et YA miwdol 3=t

wealy] gIs) AASHE B4
1=

o

FE

1P 1
We,




12

( SelEd Relld FIE ¢

3 CIXIE S5 MBAAH 7|8t 25 o7

2 A[E o] 83t A

-

Eg shoh ] fald WALE 9 AAlE e Lefel= R TA

g3}

o FY7HA, F39 gAEHE AA" F5Z flste] $A4

Aoz 7|& Am] HF YA U= &l A& 1Ao] Basith

ol A= SU=SAHAE dHolEe F8 AV
(Digitalization) ¥

g 59 HAEst
HES Aot 7H g FHo2 s, 25 Z4E
ore] & A+ 7Nk s 282 & QS Aol
2) 9+ 1
SUFEATAE W sisted 7o W7 Al S0 AAakE S4AE
glefel o] 71# W yAE =4 A









I. 95 9y

1. OXI2 g2 38 =U-2| 4 =

ook
oln

XA}

D) gA9EY A48 #A 7pd o=kl 2 AW 5 24

o]zt A& O]oF=H(FDA), U=+ DPA(Digital Pathology Association), 9=+
RCPath(Royal College of Pathologist) 528 =29] 7% & =4 tjsHE2sslE
SACE frgwe] IH ¥y, FAl 7lojmgl]l, B AZE g5t F£9

&2 AEsA.

2. CX|S Wajo| Al M HE U WA ZA}

steglol, AZEYel W BAY T Y @ 9 HlojE He) S} pel

g AH/EEE 59 HolE#E] SHoA FA o] &HAL U WA A

itk Ee FfolA
e Bl 78 e
AFsteiet,

PN

15



SSIZT Qo WIS UB CNIY SHH2 HBAAY T8t 715 o7

3) =ul-9 fxE B2 # blojy A dF

o Az B 53 A9 He B wolE o) Hel 9 1, o) 53
weAstel, Fu- o A E- 92 ZEOE G ol & 59 dole B YL
AR, OAY fol= 549 F Leol=o A7 U EAE 74 Hol

AL QA 5 dRl s ARSI

=

3. =Ui-2| OXIE e S+ 2l

4. C|X|E He| HlolE|(wSI) &: % Xig XYY HH

B35 54948 &to|E AR E o] 8ot $2 7| &Ttol=9] HA
&efolEolmR(WSD) HYZ 55 & WE AH A 9 HYdS 2Z3}o}o]
EE35} oot 3 dld Y 9 4 E HuE ol HF oln ALY
TR, B4, T84 5 wWddto] 7|# Hf AdH[(Axioscan Al. Carl

Zeiss) 7129 AR oluA g4 L AT ST
5. CIX|E=lE flet ZT 0] z[ilst o 43

1) A 23 8o 9 FA fof g8

M9 AlH O] EA4e] Hokolq AR EE FAIH EE8} 8o (INHAND,

International Harmonization of Nomenclature and Diagnostic Criteria)
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M. I+ 27

1. OXI2 &2l 7|1z &8 7712 710|=ae A XIH

|'0Il
ol

1) ¢

Z1530] Jlol=etel Wl Y B4 AHE UAY WYk nuHgow
2 ol 83 WY Lefol=E HAEat Sto] AR F G GHL ol 3}
AR o] FA L A Wakch uekd] T Aol FA ote AA
gsl=ole)s, G499, 22198 T8 0Y oole A 5w

o

Fetth, @A @2 =7holA HdA R A ok HAE BEY =Y
Zo|1, Hd IrloAE G Au|9 J7r|r] 5= J7I5tct ES
g AARS AmlY H8Z 2Rt 7 AU ol Ao vl= AFeo=
(FDA), "]= DPA(Digital Pathology Association), 9= RCPath(Royal
College of Pathologist) 5 8 =79 ¥ 7|32 FAHCE A vjzH
qAd #He Zhojzel 9@ FH Aol 8 W& AT (RIM-1).

R
09& 1:10“

It

ol
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QatY IS SIEt LRI SHH2 MGNAY 7|8 75 o7

(E II-1) OX|2Ye] & 22| J710|E2e 5 F2 0|+ ¥ 3z
=l =0 0|& > =9 Uy
= = (UE) e
Best practice RePath | CXEEe] & 71s 2 809
recommendations for (2018) MRt X0 tist 7tsy 2 HAEXA
implementing DP ZA HA|
Government|e 2t 22 7|2 = HE20| Qs 742!
The DPA (2018) | == Abg A wor A
_ Government|e 2+ S SXE 2ot YJH0[HS
NHS Data Opt-out | ™" o018 | Aj=0i 2ixt 74olo] £of me
* HIOE7[E 7|=2| SE¢A 2
Dgﬁjenge%OQS;"f; ;"nrd Government| AIEXP7t o2 Zeio)M CiX|
oz Care Technology (2018) 718 0|20t7| st 7t0|=2tel
SN
Intgllll—iisznértllfllgl/?/l o Government|s @@= L Q2 22| A|ARINA H|O|E
ot Right (2018) | 7l8t 7159 22 ML AAl
o I LY QI U AtS| B EAE L
3 2alisk= SA™(ONS, Office for
Principles for data ONS National Statistics)2| Ci|0|E{T=2]
initiatives (Rlst) st 2202 H|OJE X2[0] A0
A=219| MZIE 2FMAZ|7| et
712 R} BE KA
o MUK 2XOZ QoEtnt 0|2
_ . . EU/USA | At0|9] JHOIC|O|E] W&t A5t |
EU-US Privacy Shield| “o016) | ojst majgeyaz sixp= ojgs=x
s,
g « SEOIE U TE ST
ot GDPR EU DAY= of JfOIHHOIKZ o3t
(2018) o
e O =bs[e) HIO|E2S| XH2|7F Bt
Medical Devices EU EH%E_' ;_Ejl 72(1 Lﬁrl P
Regulation (2021) 7S S0ME B2 oS
ATEQANHE o=7|7|9 HYY = Zet

22



b
=

7 z2 Ol% ) =2 W8
o HAZEXIE(HHS, Department of
Health Insurance Health and Human Services)=
Portabilit q HHS O HHO| 0| HOotdt JHoIyE
oraRy on 25 998 57| s L2
Accountability Act (1996) 014 2 ZOJH(HIPAA) Ui
(HIPAA) ol BETA|, HOt Al o 9t
1 #AZ HEE
Cvb " o DIZHL e HET|E ALO|2] ALO[H
o 91 (015) | U oz AJAHL MHA BEE 9|5t
AOIH EOF 7|& AN
o 0|2 YAXZRS(ATA)=
HFAY20| 0|2EE= 2= H0lH
. o & Al 2Ol HFS £Z5iE
ATA Clinical Guidelines ATA orasiz %Aléfﬂ, HO|E KR o]
for Telepathology (2018) a1 BHol o[x|= ARIBHH HO|
o= 02 E= 224RE MH|AN T
AMEEZ Hst
. . FDA o O|=Z2AEZ 2= (FDA)UIA] WSI
WSl device authorised 5017y | Ciupojaz o772 A0IEHL)
« OX|EHEE HE5HH 2tAte
i " ATA JHQIHE HS 2 AOH HOot /&9
Policy principles 2020) | ze4 zx o 2t =o| oy 0]z
Al oS LX
* FDA &QIE 7|&9] WSI devices
Enforcement Policy for UMY 3 9z SHF0A
remote DP devices FDA Moz A& U=
during the Coronavirus (2020) COVID-192 ?Qlslf He|stA=0]
Disease 2019 Public =20|E 2 O|0|XE 34e=2
Health Emergency dES > JAE=(EH F0| ot
ROIN) 3
Validating Whole Slide CAP * 0|=222|5t3|(CAP, College of

23



D Rty WIS 9

ron

FOXE S99

2| HMBAAL 7|8t 75 o

=Sy
= Z2 Ol ) Z2 U8
| g S ; American Pathologists)= WSI2]
oaging systems Tor e EE o2X SN A2S 3t
lagnostic purposes in Sicr iRl J1& xRl EIOlE! Hof
Pathology, Guidelines (2021) siiS Jjo—l_ lfo l‘:';\;ﬂ & =2
Uod 3 NME HXt 52 /=0t
paate LU ELTTER
HSCCQ A 72l HSCC &5
AO[HEOH IAE2 3007H O[4<
n HSCC A L HET|H0| @G 2
HSCC Position Paper (2021) S0LO| AJO|H HOF DHIZ =ojst=
7oz AYI 2t FON 0|8E=
¥4 7|1=9 HE AMNE 27
Code of ethics for FHLtErE 2| sERFASH(Canadian
storage and CAP Association of Pathologists)&
transmission of (2005) ZAO0Z  QOECDOA BHE 749!
electronic laboratory HIOIEHe ES % #2|E st
data Jt0|==tel Ay A=
Guidelines for
establishing a CAP WSIE H&sot HAYe|o A8E
IHLICH telepathology service (2014) flot Edtim 7o R N9 B, Hot
for anatomical =M, & S0 ofet XA
pathology using WSI
The Personal |00 O Mol st wze AU & miore) eizt
Information Protection Comrlr:/w?scg/ion ZXE[O M 2 F N2 HE
and Electronic or of ME L S AR et Ae=Z
Documents Act Canada HAEUA EE 00 HE=
(PIPEDA) (2019) KEHOIA SAIO 2]
g | Professionall, ey xixie soloin mEt wels
Digital Pathology in | Association = - = =
=% |Diagnostics - reporting| of German IR b S0l el ol
T c?n digital imap es ’ Pathologists =eBE HAeraom, HOlE
g J o | Eoll e AEe 2
(2018)

24



x
7 z2 Ol% ) =2 W8

The Royal |* olid 710|E2[QI2 JHQIHES| H5,
Guidelines for Digital | College of | HIZ RX| L HOto| st LHEOZ

ax I\/Iicrpsoopy in Pathologists| 0/0] 1988 7HOIMHE HSH0| <laH
Anatomical Pathology of YHE WEE7H & 2 39 712l &
and Cytology Australasia | 23 -0 Cist At 2 JHQI HE
(2015) g A0l ZEN US.
. The Spanish|* HI0|EQ| CIXESE st M%
White P 202 . _ o
P M P?fﬁ&og?c; o Society of | AIARIO CHEt ZH BRI I
=4 22 M2 dlotrs O [eF="Teo k13
Anatomy in Spain Pathology SEHE Hetet KRz FEHRC

(2021) GDPR &+ #l¢

* =

=X : Coulter et al.,, 2022 &

25



( setEd fotd B7IE ¢

ron

of CIX|E SHEa| HEAIAH 7| 715 A

2) =4

ol A= it el oz Y ALS](Korean Society of Pathhologists,
Medical Informatics Study Group)E 3422 201955 = 977|359
qAd B AA”Y =47 285 422 g Aol tigh 7hoj=gel
NS AIESEITE (I [M-2). °l& 98 e ==, 9=, =5, =<,
A&, AH]Ql )Y HAE W B 7hojseRly 5 HiA 52 7|He =R
Harjto] ZHgElom, o] Qb HES| AHo|E HIAL ot U P
A= dlolE Ao T AR HE 9 5 A1ox HEH FH FA
2 AR How A23% WIAAHES AY ARY, ‘HHom Holy &
7holEgRI'E &8 Ym7|&EolA A== HolEd digt AbE 785k
UoL, 718 HE H mrlof tiet AR} & 7 e 9 Zho|EERRIoA ASEE

Rio| EAgit

(B M-2) =L CX|EYe| 7jo|=2fol HIQt £ &

as 2 Ug
« CIXIZ HRl0ld AIBEl= BE 2019 HO|, HE el o HE
sg 75
L NAGI] £IS 93t SISRI0] X AZERI0fS] TN HA
2% [ AAHe) R84 25 Y B B0 OF T2 HA
. OjsEasE HER NS Y3 JIE O
L OXE B2l 20F BB 222 st JIF HB
C 53 ZEE 471 Y 36T SHE U ¥E
+ 98] £2/0[20| ORI QMR FA S2A0IE A7 &
ATES0
S B3 QMO MY, T2, WES Yt BN MY U Ma AlAY
ro wo|PEE S 2 FNS 3 5O AZEQ
HS Lo ma mx 2 ol B9 A2E S
- BH0[S9| M e Uk HE 2 2 S,
Pl xxsisINS et
CHB ME 22l0|S, YDE S2A0/C Y SH OME 2B

26



g z2 Ug
« OIXE B2, CXIZ B2 A, 24 24, HRE BE N,
47{ 22|, HAS2A0IE0[0IFWS),
= g MAZ2IO|=AHHWSS), RS HEXSAAZ(PACS),
- O

DICOM(Digital imaging and communications in
medicine) &4 HEIZAAEI(LIMS), 22 25 U

#2l(QA/QC), fed 85 82 2 80

CXIE el AIAE

« SIEQI0! : M 7IRe] AL 7R, 2 7], B,
S2 D5 HAMSOISAM WA A bl U EAE
* YURT NAHO| S22 FB) Mo FARTSAAY E=
9l L Q2B MYHSAATY S8 12 U 2t Blo|Ee

BE 7t 8 5

=Y « 3 BAFXI(ZUE, HES 5) & RO{9| SR &4 20l
< alefet THAAY Y
s EHON O|Eots dHdYEAAY E= GHYEALAY ST
A 1
* FUE HEVIO AT HE 2Ot A VHQIZEHS | CHer CHX
InE
oM #x o =x' Fa4 =fQl(verification)t K54 HS(validation)E S8t oY
T O© o = = = = =
| 2eddel 22 230 gt A
- o Y A & 2R 7|20 Ofet SEEE| Z= 00 2ot At
* £ OXE g J10|=2tQl Haoh tietyelets], 2020 S

27



| s 2ol WIS B CAIE SAe) HEAAH Tl 25 o

2. OXE ool A HE o

ol

D -9 AdA 3
(1) TS Hel dHAL 74

HAE B & A2 27 stedo], £2ZEf 0] H AEHAR Ys 5
. 53] 20009 24, SFol=9] tAE oju|gg fet AU E 4

o}
2 Sf=go] BFo| 2 4AT, olF WS 9, B4 L BelS A%
1T

E =
dojgol o B AR Hooh #d, AR Fio E=dto|H(AH,
B 94 5 ot I Holy &7t olF

(2) OXE g 23 :9 7Y

G AFFAIA 8 A2 AAISHL o, FHoAE & JF= FA=
F9 719< Zol7HLeica), DHA(Philips), Z4#(Roche), 3DHistech, 2334
(Olympus) 50l l2H, o] F o]z} PAE= WSI 2710l tisf] FDAS]
S2UE 12 Aot o RE] WSI A7Y S5 Al= sl st=lofoll High
ATZEQolE A /sl o, 7 AXEojs dURtHoE T oE A
2=

Ot 719§ =dolA H 7Fssh A E HIRSE St=go] 3 AZE
g & AFst= T8 7199 #= 7le MY sF= EE YEYAH
(G II-3).

|

28



7Y T2 Jls &
* Z[Z2 WSI A7440)| CHa Oj= FDA &%lg 2=
o ZOF =HI} A= ATEQN SA(Al TissueMark)
o AMHE ZHO| AIE ME(2019~)
A o CIX|HE2| Z2HZ0! ‘IntelliSite Pathology Solution'S Edl
(Philips) A0, M, MELA, BOHE E&eh= 0|0]X| &2 AR S
3 MM HE AARID Set
« O 7|t MEHMHE Soff YT S Al 7|8 OXE He|9
7158k R
o QU SAE T Qe g 2010 M HIE A7 3 0|0
e, 24 ADEQYNE Zaoly =38 &84 HS
210(7} * Aperio Al2IZ9 WS| A7H= & BIZ FDA &9 &g
: o H| BN IHES 25t ZE SIEYIO] CI0|He &, &, d27t
(Leica) Jlset 224 A2
« Al & OXE S| YYAAE 7|(Sectra S)0 HEHMS
A
o 7HQI HEY oz 0o HE YUME AYAN BAE F4
UOM, Mo 3 R AAROZ A AHK UZ
o * HMHIAS 2I3f VentanaAtE Qo0 & THE X& X2|<t
o s S2i0|= MY 2 AFE 7hY
(Roche) o OX|E Ha| &3 XA AZEQ|0{(uPath enterprise)S EA
« He[SfXte THE 7| Yot AIE &85 HYE OXIEH
SHE SN L REOIM HURHZT]7] &
o 2|0 EAIE F11 en, XH 2 H71E2| SH=A0Q KiA|
ADEQHE WY
3DHistech o MH 2Of= CIX|EHZ| 2| AAR AJ|H 3 AHA

HeAAD 8 248 S M5
A 20k= AJH, & microarray, ®0|E {0l =4
ADEQ0 & S20|E &2 MAE 5SS MS

29



( SielEd Rl FIIE e

2) =4i-9] W

CIXIZ SA¥2| HBAAY 7|8t 25 o

29 7Ide gqAE ¥E ¥

(1) 2z 7|17] &3

7h =<

L) =

YoM E F2 985 A AdEZR, AEET 9 dF d= Hopd]
gol7h A= Aok 20229 71E0E 110%9] AlS o83t B2

EgJol7} A1k ol A

o=k FDAE 201595 fAgys] 39 258 5AR=d, 2D-0v|A &
4 BNl AZEQoloA &eto]l= HA|9] YAE o]
ZEoI71A] 5AH Aefolrt,

UAE 3DE E5

i1

{m

_llN

A
&

w77z s7pdgted. #EE £2 Ve H 7|

A

e P
o |H

EZ YEAT (E -4

(Z M-4) CIX[E gl &8 22 W 7z S (A=717))

715 B TR g ¢
« OZ YN, HE| MFMS SO AIS M25I0 SAOR7|7|
ATEQN A7 215 &5
T * 20183 =Y Wt IMEA ATEQNE ol 2=7|7| A a7t
o 71 Thet Al 7]8H | SHEECHE HAY) Y 2P ¥
AZ0IM IS HES 0|8, SXte HEE 05
- g2y 7|8 MPMY Hel 0|0|X| B4 ATEQI0 T
(DeepDx—Prostrate Pro)
ciy 09 ° IJEEJA'I AH7-| IIIOl V\/S| % _E_ 8|»O:| ODP9_| OI-)HEE I’%QE
el FItots ADEQ0IZ 353 A9l HEt 9\27)7] 57
o HP|SIXtO] BA T HIWA| 2 LR 2 HE|SKte| 2T &8
S
o Al 7|8t ZZRIEAM ZSHE(Lunit SCOPE) 7H&t
24 o UBIXt TA| 20|29 HY M| LT L 2 XS J|HHCZ
HASIH X2 &1t 015

30



7194 ¥ F2 7z &
S Al 7|8 QRNTIG MEYR| NEk AT2S 29 Y
T | 71E Mo elsh ES(Foolotol, ZA)
o 2XI9| AAKLE L QUAMKIZE 0|25 L|AAM Rt AN

HX ADEQH= 385 2=7|7| 1 f

(2 =8 ANg % 7 20

24 2l =4S gAERE #d 7171 § WSL 2HEE et SFol=

o
27 JRE SHAOR BASH FAATAN © Fule] BES o
29J%9l ZEUS ZYL §3) AT P2 o|§HL Y Setol=2Ad o
FEE S PN AL, F2 ol§HIT Uk SOl A ARAE

3DHistech, Carl Zeiss ¥ LeicaZ 7] &
AZARE Adgsto] AMESHL Qs Ao=® W’E’r‘;qu@i ]]1—5>.

ELE U oo PAE FAHLE o A fEE %135 %E}OIE
270Y 2d g AHE AR A3 24 AdE 7S
GT4 2d9 F% 423 MESZ 7+ g
Eolt A7H 9] Ve AT dF2 TS & e 7

UANHKE 1I-6).

31



N
_k')l
Aok
0
A
30
=.°£
0x
oH
d
T

(Z I-5) OXE Ha| oA FQ A4E

S QI3 CIXIZ SA2) MGAAH Tjdt 715 o7

£2j0|EAIH HE

x| =0 x 20| S|
Pannoramic 250|® =270RAT AR EMALH 20291
Flash Il (MSohstw) G%L o ZUITHE Y HY
(3DHistech) | &3&t 250 &210|E AZH =
Pannoramic | Cell to In-vivo O|OJZ
o0 AONa(”)'C SHACITXQMECIHIEm) | 2021 |- SRBET|2Y
o LIS} 2210|E AZH = o St L1
(3DHistech) | oo+ 150 S=0I= 220 0 ==
40x)
Pannoramic |+ MEEIHAAESZMME(EL L=
< 1 e OHI0|QAAHRIA
MIDL [zt gtols Az gts(ox, [ F007 [ SN PEEES
(3DHistech) 40x) = =0
: o HIZ=CHEfw
oo 0 |- syma szl An 22E | rguem
arl £e1ss 7Hs(5x, 10x, 20x, 40x) =
o A ol HCHEXF o|O|A -
AxioScan Z1 ;Ll%l ’;MJEH“ Ctt LJ_’O 20184 e XYCHEID
(Carl Zeiss) | e I BATEHHEND 12 | sEHEAT
* 45 100 &210|= A7H (4HHE) = . T
o 3R} HHA|AE 0|0|A s SIS
AxioScan Z1 | SeTX|EMH 20161 |o 7|ZDfEHOI LY
(Carl Zeiss) |» &st/&% 100 &210|1= o o OIHHE7IATA
A7H(Bx, 10x, 20x, 40x) o [HASISY =9
Ocus6 o MYTystY 2020 |_
(Grundium) | HIOIZSE A& (AJHY HS) od
- o M2SOief! X[HA
.  HO|20C|H &
Aperio CS2 SHAl - 20224 | ZAEH I LLOMT
SHAM AKX EME (GO E o =

o U5t 5 &210|= A7H (20x, 40X)

s dFe|ed

32



(B I-6) OXg Ha| 23 2 = WSI A9l ™E

=5

z2 g

Axioscan Z1

* Carl ZeissAt

« X SYU=HME 0|8 S(20154 F0H)

o st LH2UX (10x, 20x, 40x), & =27}
o AJlL, O|O|FHAIAR, ATEQ0 et

* 100 &210|E SA| 29

o L A £(AY ME J|E 20x 48)

e 7tALY : 2F 10,000 THA

Axioscan 7

* Carl ZeissM
o st ol &R IS (5x/10x/20x/40x)
« A7l OIDII | g ADEN Zet

« 100 2210/ EA| 2Y

o 7tALH : 2F 18,000 CHA(SMYE HE

~"

Aperio VERSA

e Leica A}

o &3H(20x, 40x, 63x) ¥ FHHX L3H(1.25%/5%/10x)
« 2701, O|O[FAAR], AZEQK g

200 £20|= 2YAAE THS(EE F0H)

« 7tADY 9 31,000 DHAE(BNYE HE)

Aperio GT4

* Leica At

o Zatdl = (~40x)

o A7, OJO|™A|AE ATEQO et

* 450 £20|E SA| 2F(TMV|2 20 SR

o HIE AN &L (AY ME J|F 40x 32%)

e AN AIO|X 2 Xt= 0|0|X| E2El &2 J|s

* 0 ATHE olLte] SAM S20|HEN HAE Tts
o 7t} : 2F 43,000 THE(SNY BiS

Pannoramic SCAN I
FL

* 3DHistechAt

o &St ol AKX TSH20x, 40x)

o AJlL, O|D[ZAAR, ATEQC gt

* 150 &2210|E SA| 2Y

o« B A S (AY ME J|E 20x 90X)
o 7tALY : 2F 28,000 DHA(ENY HE

33



SSIZT Qo WIS UB CNIY SHH2 HBAAY T8t 715 o7

3) Ii-o AW #E] 5 94 I A IF

(1) =9

299 49 7} %o JRE W AR we] W WHo| we} chor
YA AHIAE A ol Yot ) B T JAE gk Aow
sholsit.

2) =

o] A9 1T Azt & wdkwo] eolE H g eiere] AR 44
ot DD dolHE 2 Bl £HE Setol= Ul Ak YolE g
Eote] AAR ZISEMR), HY ARALE Fo| EPHoR A A2
=3EE G 53] COVID-19% Al 24 g4 A g oz
P92 FYOE 2ol oA YT TEF dloE S HEA ABF 5

Qi Qluete] o] Fastel.

JEt FjelA] NYgGEHAE Fok 5 ABFEE o8 AF At
715 o] i Hlole] FeHOE Aulak FokE 4 gIolx, 59| e Hof
o AR ojulx] A7 B Aeole A A U HEE S AUsHe

AR(Path(GIE 13 TAT 5 AL
T3 o)z Eoll A% AAH o AuAe TAst] HX e Bl HolHe
#e) ol g3l He} ul8 2 Wef 8ol 5O ol HlolH X AR Feec
AE E9] 7iQl A EE Gosleto] Helsk= wHilo] & o]& Fo|tt
CGE M-7). olefat SehC AH| 0] 3] v A4 HECE] B42Q1 24/
) AFe FAY 4+ gAY ARVIS@AARI|E, EMR A9 =)
5

AR AFE Fo AAYTI|BA L8] e U FHLE HojeS
_c:)_—l_

34



Of 2L MHIA HE

(B M-7) =W 2|=7]
S2IRE MUA FQ FH
t2E(BitnixCloud),

=2
E
st

71H
Z20{(CLEMR), HIEEYA
HIEZZA(BIT-Plus) 4835}
HOIEH 37 H 27t #4275 &

HIEZARE
718 3271,
QXtE(WiChart) A3}
7|2 EMR AABEIS S2RE 244

(EDGE&NEXT) %
o=z M&

AHIS ZptoC yf

AOZ XIS

supol |
- QUX|HUIAE

—O= =

ZEMR @l

=
o

71& EMR Al
2 2t

O X|AH|O1&
s HAEXIE
E HAAZ

QREXIE MNE35}
HE AX|QI0| ZHHGHA 0|8 2 Ho|HZ2

OFEE(QI GOIE| 2 ZE
opiFg FARE HFH HI

il
B
I=!

[m

MLt

HAH(NixPen) 4&3t
HAKE 7l & dA|71e &
2Z NELY E= SRR

OIX|AZ0IE A

O|K|AZIAH O] OW§MHTW
M=

: GEERIS yas
MOl X% 2 D2

Hit=%
EEE_I' f%i}

o|o_|:1_ =2 ELEI._CR_I: AE =| X-”_n_

oloIx|E g4

Ol OIX| IO A(HPMS) 1.0
S2/QCEMR 915 &S

HA=R|R

Al

=2
S

L[]
o= 3=

o e O
2 S2REEMR 215 =5

P-HIS 1.0
sto|z 2 o|x27|& XtMMe = E2EEMR 71 &
. B7LR|R

35



SBIZT Qo1 WIS AB CNIY SHH HBAAY Tj¢t 15 o7

3. =U-2| CX|E Ee| A g

STHEOA AeAsE 29 dFE2 AL B Ve d=nrle B
A

H RL
WA ZofolA F= 7id 9 o] &=L

D =4

mlm

Fe] A9 FAAYE| A A RAEANTISE 55
(2018~20224 7191 F7HATIA F A% Ex 54 A o]u]x] HlolH
FIEoz S, GAo] WS Al 8Ha2 ol 83 We/2lo] Bl o
T JeRiolTh (REII-8). theso] Tl A7Il 20204 ol AAhEglon]

e ofN

-

=74 A% I 9 24 47 33, TFEAEVEE A A% B4 9 14,
A7|E A 4708 FRI= Yk

36



(E I-8) CIXIE #a| = Al

R 67 R -
(BHPHHQARY AZ) (@77171)
C SO SIROI |o SHSON SISO T4 SRS QA
Sad 712 JjEt | HE U A x| M2 2R oy
SOl | WA 2m ol | HojE aw
ey, SIS 0|23t YA ZA Rl 712 012510] HAM X|2
TEMEm) | XZ & HAg 9 | 50 NOh| HAR U A OAS 0
T A OIE Oile Xt X|BHIE ~20) £20| T=
(2022-2025) OZ72HS JHe
NEPNEPeETpTI
smoiagn | 2O OBXISE |- eBaisE oigsiol BaMEel S8
R L L
et 2 HKIE) ME 2l 24 MEUEES HuEoz AEsHs
IR
= Sey iy S (A MR 2SR 2)S ol
(2022-2025)
« MO} BIEI20 3t ERAIZA} B0
) HEIZ XEIRZ| A7[2S 0|2 3XH
EA7|Q7|aHEA s x5 Eois sjas | Doe AAAE 1SS 018, S
! St o pon | HlOL2 0j0jY Y & elEXis (Al
= S ) e g NE 0D/ AZEROIE B! Ui
= _ ™
CPRIOIEL | (202072022) L, o syzrmol ot S4mot AAG B2
o o7} o oz
. QA0 Cf3t Crzel X iz
£310|C 0710|122 O3 2 olmRs
o MREL7| o5t SEHE 0|0
AgolorZort| |+ Ay Sawe) mg| el oM FiRt S S8 00
=/ Tt & eiqr) | OIS TS
o= A « 3] O[DJX(0] A|x3iE IRA|S BUS
orEMmIIITA) | (2020-2023) I HReIE
M o #=s10] QIZAS |8t
SAM3| Aot UTE|ET} D220
e
EA7|Q7|SHEH | SAZE FCH 0= HRR0|OXN AHS Metste
52 HOJE 2E ZaE | o) ofs) MM AN

37



( SelEd Rl FIE

3t CIXIE SH2| MBAAY Jj¢ 75 o7
H7m7 |3 A7 HE =g 12
(AU A2) (&7712) e
- 42| 2| ofnjxof Chsh AHEo2
e & 4+ LS J|x AF Y
OIMT/2EE) | 7L (2022-2024) |+ ABAS YT2IES 5t CHUSH HEHOl

O
ot HOJHME XEe &+ A= =fEd

BRI Rt
&M%/
Ardo|2RfT)

E27240] 0|
0|8t Y =7|

M2t 3A+H

o
32

HIZd} FA|9] HIO|2
ooy M s

742 (2021-2024)

e Zel=7] HIY & Lel|l=7] TA0 Tol

DISEE 7[HoR 610|Q0]0fH
HOIEl 2N Y QIBXIS HiA2AYS
0|3 XTt NAHS 1%

o LI=RUALS] B HE AL gt Xz

sitg HUELE EMot= Jles

SL7|Y/ =8

« Al MAIZH RS

OIER0|E 8T Iy

SH AAE IR c ST U 2HEE & HHS 0|8, Ead
OlXT/212) | (2021-2022) skSS X3 Y 0j0jX| HE
o SEYO| BtHBI HHAXIE HAlok=
s 73
- H2jdg 283510 9ol
ModalityE et & = UTE GAN 7|8t
N CT To MRI 9z@4 Hat ATEQ
SA7197|&%EE [ CT Y42 MRI | S0 =8d 101
=2 AOZ H3El5H= = ] _
S = oo e O|Z AL [JOtE EAHT|IHO

(F)ZEIZAY

(2021-2022)

« 91/ 7|52 DICOM 3.0 BHES

F4510) 7|2 29 591 PACSREE
QAS FAWD AN HY

38



=29 H% =¥ S Bl A "Eld 71N B A Al T @4
(DB A7E 2ARE AT B4 wue] B, AS, AU 5 9159
ATFE UEeH, sig We2 1= Zesilet <& M-9)

(B T-9) HIAY AlZ Hof Al 852 0|83 29| 2 97
E9x ) HEE JA|Z740F X )
2 I X HO|H &/

S /L2 FAZEYL MR | Lo e .

o B /AN g o 23 (Classification) Bigley et al.,
o O|AIZQE == . M BOAS

| A1 Z Q) HAHcounting) HE 60% 2016
* 525 Od ﬂEi} I, Horai et al
o 7t EAL H|IE | FSME ZE U |« 2&(Segmentation) 2017 "

MY H S J—W et
o OIRA LT A * 221 VGG197[¢t CNN Sonigo et al.,
o LA = = e HE A4 194% 2018
° o H .

SHE 2t Most oy sl == AlexNet Yu et al.,
.« 7t « SR, 25012 2018
e 3=3 0¢ SEef, HIOh, = -
cob AR EM| aEgE RS g e =gt Horai et al.,

oy | < n « 25/ 01 2019
=47, HE & AP HEHst
» ZA=(Detection): RetinaNet
. BHC o=
e i SH(EA A Ol 2 e
= o HE A 224%t
o« 22 VGG-16, .
o HE _ =T Hoefl
T aps B e Inception-V3, ResNet-50 =000 =t
e « HE &M, 1690% ’
* 28 Deciphex
o OIS A EE
HZ}k o e (resnet-50 efficientnet) Rudmann et
- I, BM, 9 A al., 2021
* HE &AM 170H
o SHE ~, |* 2% visiopharm(U-Net) | Pischon et
ZHE HICY R
. 2t e i T al., 2021

39



SSBY Q3HY WIS At CINIY S4H2 MBAAY Tt 715 o7
£ o= e X HO|H B7/+% T
. s ot oz o |° 22 MATLAB(VGG-16) [Mudry et al.,
. Ot ST T e e HE M 112012 2021
o 25k HALO(DenseNet,
e 2T O|LEHX| AT ZAL R VGG) Hvid et al.,
o G, HE « HE GM, 31/180}2 2021
(GHE/0JL|=HX])
= LT A e A= fast R—-CNN Carboni et
o LiA = = * HE gM, 1450% al., 2021
o E5} -
= Mo mast 9|t T2 AIRA matrix Tokarz et al,
o A% N (FCN8s-ResNet50) 2020
= = ES e HE @A, 300%
o OpRA — e =& U-Net Xu et al.
SA] ot ’
e SANBSL BE L e o 10w 2021
= - o 22t U-Net Greasy et al.
- RIS 7| Tt = ,
o H50| . = « 23k Ajforia Smith et al.,
o OI2A 24xto10| Rz o 28t Aiforia Bedard et al.,
.« 7%} SCET 9 e HE M, 65% 2021
» 25k AIRA matrix (U-NET)
o [ o A _ K L. .
. 7[_'__ MR35 M2F | Picro-Sirius Red &AM, Ram;(t);t al.,
= 140A|0F
. 2= Hi
o 2HE HIO|QOIAHE 0|&st :V”L‘— N Ialliotl_ce,_& Freyre et al.,
* HE A 349%t
. = - 23 Deciphex(CHEHY
o | A Emymey || ZE DeoPhe GBS e o,
, Yo, mo, _E_g - 202»]
), 4 * HE A 1342%t
* &X : Mehrvar et al., 2021 &

40



4. OX[E He| HolE(WSI) &H R HF

Il
Il
0x
H
L

D AAlgete|=olulF(WSD) g 34

SU=AHATFAEAA AAIRE 20169 °o]F9 AlE 5 B4 AlY 1S AH
Stof Al B2 Qg o] & UEhd A7VE HFE STol=ais

stach 713 W B85 AAEo| =AY (AxiScan Z1, Carl Zeiss,
Germary)E ©|-&3to] AA&Tto|E ojn|y dS B4 L AL, A4

oo FQ FEE (F M-100°2E FASHTH

(& IM-10) HXE20|= Ol0)E MY oy YH

Al A F2 38 ol F7I s ¥
* 90 Of2ty EYUSHAY .
s * HI(EH) * 160%
MEN | 344 = SEE00F) o ks e g0
« =2, T1, T2, T3 ’
* 149 O3y SYUSLENY |- H(EA) * 40%
A2 |* F344 42 SE(400H2) e ZHEIA) - 40%
* OIEZ, T1, T2, T3 - M=, TI) |- 208

* objective : x40

* Description : Bright field-medium size tissue with intense stain
» /-stack : no

* Label scan : Original image

* Preview scan : adjustment exposure time (10ms)

* Tissue detection : automatic or adjustment of histogram

* Focus map : Auto focus

0x

mo 1
Mz 0=

41



( SIelEd Relld F7IE fler URIZ S8E2 H8AAH 7|H 75 &7

F= ol FA0 wE ond HAdo T4, F4, tE oln ZE
I 53y 52 Hlwshr] Y 71 W E55<l 717](Axioscan, Carl
7171(Aperio series, Leica)E °]-&sto] 2+t &Y x2&
HOE A7 T 717] B 7R AGE ERISHIT. 5Y BYEE o]&gt
7 opd o] gff A] gAof| digt & Apol=
£ 0|83t Aol 7170l wE M7 Aol 7}
Q?lﬂ%{‘:} (B II-11). F=&Eole W 249 A7] 9 A7 FA0 wet
229 S FFH R 2GB o9 md

37]7} Q?_Q%{‘:}. S A7 A|RAF E EE9 on|X] FojmR IS
AH&SH=TE oHE Al 2ARY] WSITHo] digh 2209 Y 282 E7Fs AT

(E M-11) HHEA0IEATHL 7|7[E Hlw

SHH JHAE H|d

:;,,&'(E‘ 37 g AT o p i w - =
& e e R § / . R
e A R S ) :

& &<« k ) o R } &
AR Pigne' i <

fa % % i ‘,_pj 3 " - ;

2 : B e g
P B ef-e",""n’ AN A ©

» B e T R

o R LS a g
el e MU S L e Y o
B, W7 A N S b i | o

& e 3 " s 0 n ( '

L4, B 0 T ¢ * a O ]
y » o | ¢ X
B NG A T S avc G
b, F X i L5 'G,“ i@m_t 3
9 3 L i b » e 2! » o, @ {
..a,s, § '.O,l?;'@az $ ) 4
. e e

Aperio Scanscope XT Aperio GT450 Axioscan /1
(Leica) (Leica) (Carl zeiss)
« S8 HiE x40
¢ 0|8 24 7t
o A B Hematoxylin & eosine

« el 37] - 27 GB (KX 37| 9 A% 45 & wis)

42



ERE 71 R 7171E ol8%t A7 34 E A o
Hl& 9 Z-stack 2§ o 7o ot A4 ot

S Hoh A7 A E Aol RS ¢ Qe T &
Aqt H&E FMo A Z-stack

882 4087t AT Aoz wot Hoh (E M-12).

fo &

noojn o
Mo 2 9
Hir-?lf
=Y

ST

|
%)
| e

o8 S

Om[

2
ofo
o
)
52
Ne)
H
(it
pads
o
fr
o
o
=

(B MM-12) MHZA0|EAML F2 SME H

AZH HY

Ry;

2 Hlw

Ny €. _Fra

ofar

FE

AV

0

* x20
* non-Z

e x40
* /-stack

. .
[ LI
- fi I

MEIY %20 : 1.2GB

= * x40 : 2.7GB * non-Z : 990MB
AZH ex20 : 152 «7: 232
AQAIZE e x40 1 o TAIZH *non-Z : 2 1082
AL e x20 : x40™T 2O Al T i e 7 - = Al T HE GlE
S e x40 : B A| THO| THXIX| LS ¢ non-Z : SO Al M HE S
« 0|8 =& & I « 0|8 2% @ HIE
HIT e A Bt HEE o A B - HRE
e /-stack H& ©ofat * Hig @ x40

43



( SIBISY QY WIS st X SA%R| MBAIAH 74 1% oin
Ei1s5l2 O|s x —_ a
5. CIXIZEIS 9I5t ZITt 80f A5 U X

D A #F 80 9 4l & &R

H A Ao =41 HofollA ARE= A4 #E3F -§o{(INHAND,
International Harmonization of Nomenclature and Diagnostic
Criteria) R =HollA 4l U7HE =498 27EHd(EAEH YT, 2022)&
Hhdsto] BEAFAIIA U AR Am(F A Ad-go1, SOP-PAT-017
FARDE AA A EsAHHA = F5 HH).

71& ARESHE 8o ZE|AEnr 22 0o Y W8S 7IElE
Pl 2T AGEA o, Boff] S &5l 24l k= &

T3 INHANDOY 2-EEUE system(HA)S g 283t =
A 2 A 75 ¥tk A7E EE HiEsiR o, 5
A 5L Al W 3549 282 R V|&s, TF 59 T4 &ES
Hr2 17|53 eh &olol A8H 4 A W 8 A7V 4 35 24 5=

oA 22 UYERT (& 1M-13).

o

44



A 7 F2 &8 1Ud 80
MY U= 2R QS |- NYMESH, 02RYS S 45
=
= = —
SEA |05 goymy || O1ZR0IS BES S 103
(= Ne¥) o 71/ 2=

s 3s(7Y, 2%, 5,

AL 9)) c Sl 1 HEYIE = TIIE /&L 7Y,
= T o|E = &t (ofal C Iy o= = 90)=
’ ’ . = = — —
ASPIA | SN, WA A 582 1 A8 3 §VISS W= TS VIECR
-+ , y =2 O, =
Ay oo | A% U B8 0lUR0IE, 9B S 333
czs(EM, o, | 5B (’)r*a”l %OE|H9I H712 JIF0R M, OIXt 5
O mE oR0|IE S 152
£4, 2 = c e
c SS(RA, &S | OtHUR0|E 5 195
LH=HA | ZHotexl, 24, |» WE27AE 28 F7(2] E-0| Helolt s882=
LeH) THEE= Y 202 Gl
. ZE(@2, 2oy OtE=20IE, S8 5 228
zgami GO S5 | zHams 2 1o SH0) g
R S8R MHE= B 402 QS
o LLEE(X{AH
H]Il oS\xo, =4 8%

° % =
IS /TS}, F2H) = °

NZA o H, e, BENY |- BENOE MHEE HISY/EY AU

« 581 W BUAVIE B, OIZ=0|E, MAS
c sS(E11, g, S 228
) « 582 ¢ AL HEE =9 FUIE EE,
wa | 4:;'%(1%, Eank=y OT'E'EQIE, 2tO|L/5IMEME S 135
c S&(Ha, A3) e 333 1 YR WAV FQ FUIE EE, OtE=0IE,
c 58338, H475 S 153
Sl /2L 10| ) « 584 - B & 2SS #H= FUIE EE,

45



SIRIEE Roitd WIS flot TXIE SgHL| MEAIAY J|Eh 75 7
A 71 F2 38 T &0
- B SEMIE 52 2= WIS B, 8%,
saopy | BEES, 712, W) Melx 5 163
= = =
c 3SHIY, TZ4A) | 332 HIY ¥ HIZHILE 2, MEXBAL ¢S
=
S 245
=71 4l
Slor |H I OROL | BSHo2 mEmE HZW/EY 472 U3
AREN/ | BEEDEY, | ox jox = 1oz
_,;_7:‘: _—||_7:|:_) 'I"l:'?, OTToS © [=)
T =1
EA7|T eS8, = e 551 2, HHNEYE 5 143
= (il = .
c ZEEHHY, =2H)|s 382 1 MEXZA, HAS S 1568
i = ot
Hl'x 7| A * 5538, o ZAM HIMIL/QZAMIAE £ 16Z
on/o Hiop =", L-O e o Oo o o
#/2F, )
Cardiovascular system (&3 2H7) Digestive system (&2t7|#|)
On B Dingnostic term e Diagrstic term aeeo
25| wze
E(Mn%:‘”-! Hemorrhage
/g# Infiltrate, infila
= ;'; uFe
U
»
20
OflA
Uz
P
eart Oral cavity
(L) 72
Tum el benign

46



(B M-14) A|&&e T273 Ly 27}

Bl
gl A Al AL AR, 7Y A 5ol &
H

UERH AT <E M-14).

=
28 F

FO
|
o
>
oot

ERE

. pn g3 512
(modifier) e =
* Minimal o I§ QfsH
* Mild o OFst
Severity * Moderate o ¢t
(MZE) * Marked . A}
* Severe o D1 Aot
* Present o LIEHH(SOE A7 7|TA])
* Focal o ZAY
Distribution  |* Multifocal o CHEY
(Bmx) * Diffuse e O|OFM
* Locally extensive o DA FHEf
° o LA
Duration Acute. ;ﬁ
7179 * Chronic ar
= * Chronic active s SNEEY
* Incidental o AF0H| 2J5H
* Probably incidental o AFIO|| QJBH=H
Related to death Y _h‘oﬂo l_ (F3)
(AOLTFO] 2HA) * Probably fatal o X|HXOI(FH)
= =T e fatal « AEHL
* Unrelated o AHGU=

47



| s 2ol WIS B CAIE SAe) HEAAH Tl 25 o

6. CIXI2Ee| MBS gt w2 Mt

g 7137 W ER 717 2 AZESQOlE 7|E0R
HAE =G E 48 wd (s 2. g diwd W F2 A 3

BRI <E MI-15). (AA o 75 H7)

2
N
o|r
fllo
)
&
S|
tu
e

(£ [I-15) OX2 5492 HE xS Y=

b
fo
>
o
00

olst AfE DR RN BIZ, SN W X8 99l 8012 B
« TR e  SAS AT o
=] 1]
= —

SR 7I1E| CXEER] AAY 28 Al T3 AE SIS0l W ATEQ0(0 08 U
2 Al BT 271, JANE U MSNAY 28 Al B 27, R84 A3
HIAl
o
- F02 5

CIxESAYEl 38 o) Aot o abe e 1A G

EES

01' Al 2022, 11.

48









V. 1%

1. =Ui-2f OXIE E2lo 4MH A

1) 9z Hopo] Hg

CELRE EER
B, 24 L AHASHE Hokz ol HRo] olux9 EAH7 AFAL (AD

Auto]g HopoA 20179 HHAAS] Qldy AlolE W5t &FHS
ol=ro|l Al Ql3t e HopoA zE fX|gHie] A|A”HORZ o] &EFHQ)
(Evans et al., 2018). #]=+ FDA= WSI A|AHIS 5

og7|7l= 7129 Fetdn|HES o83t HAF Ao} v|ws| 554d0] ERIFEA
T 2F 16,000712] A4 AHEIE o] 837t YR 5573 AlES &3l EtelFkAke]
AT2 ZA]AHo] FDACY 3718 W tHSchmacher et al.., 2021).

51



| s 2ol WIS B CAIE SAe) HEAAH Tl 25 o

2) Hlojs Hoo] Hg

T 58 AT So] & oL |9t Eobo] AT WL obx7HA
ol Hopuhz Y] AMgE|T 9K SHEEt] 52 54
ow fAg Welo] £Ye 95 #2714 YAtS B9 tAE =4 Hejsto]
pele Ane so-wesin vty #e 52 W B4, 484 1% 8

A g ARG 5L ojste] $HHOR A

50
Kl
20
)
o
)

U
flf
&

f

TE o] &%t mof gFe &
29] gt TEH ARFE w==7] Q5] =85} QtHSchumacher et al., 2021).

%

ORE B9 92 Y DAL B ALY
Aol 4 frel&stol el o4t AW WAL ML dole Hueke
FYAD & A ol Atk F HA

]
AZE 9 B T BOE Q1% &)

£ &4 E
= °l& Al

A2 g2 o] 7 A3
ERow Weshs B/lE et BAAE U ATE QutEow toR



Ol

SEgi g E 58S 0|83 ] Leol=g A wEd, 3 A1Y B
SulnsA 7|9 Leto|=st Wkwojof Gt} 18] Wi 7120 fejaet
A% 9 Aelo] gt Azt Fol7h wagiot, AA Letol= ofu|y

8 A, ekt W 2442 QAUH 5L Seto|=g el
Folstel A7k Horstel thE Aol AlZhe TEF 4 Utk E3, AYY
A2g} febe & A30] gk BE ]9l HlolE|(3],

2E WAt 93] o
A%, 24, Q4 Hel 23t 57k = ojuelele] weA] P4t 5Y

HAlel Higt 2= glolE 9 $A] &R0l 7HsE & Ut

ARSI ofnlx] W 24 52 Fof AT 2 = AR, L8 BHOR ol
Mssie, 2o Wae] 91X Ye Bol WHe AT ARe Fu B
98] B8P 4 Utk E o]ulA] 1 FHo] 27 o]0l Z BEte] £
ATZ 0|83 714 shgolut mE T2 59 Thoret 9§ X Ido] o)
g % Utk B9 248 74 E7E 24 BE Ao|d A% HnE 99 28
g % glo oldN FHg R WSl =oluA] Yol 74

53



oft

0X

WIS 93t CIXIZ S| HBAAY T8t 25 o

30

s
2. OXIE &2l AMAH” F8S flet 7IsH 15 24

1) A &golt A9 ez &8

AAlgstel= 27ive HAERE AlLE 442 e 94 stEdlo] 848,
A=, Fd 3 2EoIA] 8 ] ThEte 4 AAgoR WA ES)

= =1
200MB ©J3} ~4GB o[ 7HA] Hefetnz yAERE] Alade A o A%
o

system)= &9 AAETC|E o|u]X|e} HgtHole ¥ ¥ Ho|EE AZdsto]
wesfioF itk A& HiE s &8 4 €Tte|E9 Af AlEE HlolE FE&
et £2 WA F shuolH, ARl ofuA] BHE 7]7F 52t ofm| | A|AH]
ZA/do] BAE|ojof gith. EZF tlojE] g& & e Ao Hisy
ojof 3}, ofof tfgt AREA & L & FAIF SOP Wi
BA|Elofof gttt 5] Hlojg el &4 tit H(FE AEA], B4 &7A
5)ol & =Hd|xojof SttH(Farahani et al., 2015).

=
in)
)
i)
19

i2)
o
ol
o,
1o
i o



2) A 718 9 71} o8-S f 1Y

A2 PN 59 wHOR ook AE HofolA HPH 7|29 Flol=
2ele wEE GLP B4 Aldo] o5 gk o= 78k, F21}-199)
SWOR GLP A¥ % A8 AW S04 22 Roko] 5w HEO
"oy BaE e 84 AN At

19k WA 7129 GLP Al8e Sashs 54N 7Bl 24He
Rolol A WA tiake] HlojEE Xy 98] M3 ow tA e

Tgste skl ek o] A2 A FFHE ol AEFE HHAo R
U= 71804 fEsiH, AFssE &3t oln|A] A A d2 fEsdole
oto] AAZE AAAQ 84 Agttt ESE Q=RP7F A1 AIE 7| HlolH
Hlo]Ao] H&sto] HolEE FRIsks AT AN 37HAY H HEY=A
Axzeto] whet o]Fe Ay H&o] ojElE & Ut olof P A|A 59
Ol=Z|2te] 7% dlolg mholid & Al sk 93t AA A HAE 7|5 AlA”S
Ndste] FHO R E94 SlEfolE ASTAY, Hre I HE I=ESS
NEete] A HE & ARESH/|E SHH(Schumacher et al., 2020).

3t 55 B7F B ARV d4dY EofolA HAEREE ol&staAt
& AE, 7129 A, A AE SESt] AY AARICE MR B
=2 i%@ ALk I ol E fSf 4 A2 A HEHT F E
AR BebE 5 HQF A, HoF £ 9 E=E vl ERIsto{of 5, HA|E
Bl Hlol8 9 284 A= L sfof gttt o] Eofof| Al AR
oj#et 1 HZ v A5t thget HojEHolA AAR W A XA E

ZgEe] A&l A4a Bast Atk

so] s 1 o DL o8] 9 SAHoE 24 AYA

o4 Azde] et A% HAo] aFELt 7 AU Tk SEgol

9 pmEgole] et 74 @ o) FAS, Sa40) A3 U 712 Aol
540] QgEolof f-8% AAHoRA B8E 4 UL Aotk

55



| s 2ol WIS B CAIE SAe) HEAAH Tl 25 o

3) AA|&olEoluA(WSDe] #2 I 11y

Algetels 270 ARARIA Algshe 7123
value)ol] T A7Huto] FA FA= 7} 7| oA WSIE &
 Hol et FAHLR FEleTol= AR oA A7
w4 A FAE FASKL, AvgEo|lER &5 HY ¢

=2 T

gto|=9] 34 HHX]GMOF et EQF A7 F ofEHES}
s

o]

A3 %}{ (default

i)
I H
r)

BN 3O o o
H

™ I ﬂJlO
)

= o :".&
>

™
of
N
ju)
o=
1
i)
r o
>
i)
)
0
)
H1
}ﬂi

Zotol= At 1Y % 9
g WSS WAl
A

>
ok
=2
ox & oo
:‘ljg‘; >{|]j
N
1o
o
[¢)
—rrl
ol
o
A
o)
ol
K
sl
M
4 o

=)
)
ox,
>,
ro
X
2,
2
]
iy
pi=)
o
[
e
=)
)
i JN'
m—l
=2,
of
al‘;
i=
Wi
s
30
)

)
05

A517] {18l 2t ARARE A7HS] 2 mfj g
FA5kal wjsh7] ek AFsete WHEE Aot
29 A oA 7leF 0w 7Hs ARt il

'5H°F StEE tfge] ofu]X] mdo] FAE L, ol=et AAX ts HH
&o] AFAAL HE &glo]E o] A7 o]&EL AL oYt E3F
A5tz H&E HAS o] &3t &Tto| =9 A7 A

?aj AlZrE 8sH Hot. ARkl whet dA Q] WSI AJAEL: Al Ze}
Al S AEQ 33 AR ARRRE AARSH| s HElEH Q1 A 0] A=
o Q3 Hxst &atol=2 Qlylo] BAAESIy Wty % stck(Evered and
Dudding, 2010).

N

BN of
d

= L

mT

S
= A > )

k.
HU

v JJJ o 1> rlo o

"
N
Jzi

56









V. 38

ol AT B S AR U GHYL WA U AT B
SYAY BRAE], 259 DAY A28 TEHS T S vk
S8 e gict

o2 Sl Fl- o) D WY B v, A B, BA AT L 7|AA
FuE 24 9 2Y3 2 3 o UAE Hed] g A4E € B o=
717 5 A B AR £ ol8HE tAE e Bl slo|=akle] o
2AE AT, 04D HY AYe PATE 39 oo, BY Axe

IAE He 4
g0l 2 Hloly AxX) B 719 L 71 A %, 74 A 57 A
A}-a}aan} £ UA2 Welet Aol B8
A% ARt OAE e BaA HA A

gAgrge|e] AA1A =9e ATt 27] SAE FUFFDFAEHAA AR
FUEG A ARE ol8sto] Tt st=gof o Zﬂ 42 st
A ggtol= o 10—2—*3 AL, 718 Wl Ag-goide 2Alsh 9 A
Z203 W A8 e 1 ARE HASRI B3 Hf 7]7] S AZES]o]
&8 PRk aHste] dAE 549 A8 irdhE #4dstel 4 7171,
oY 229 &8 9 A" WS A%, WA 9 o] B9t AR

27HQ Aad 28-S 9% }6;} =¥ 71%@@
I

oo J
of r
:oég‘
o
o
1o
=
re
)
")
Ji
E
T
R}
rﬂ
N,
U:
(L
g
mlo
)
rol
=
%2
N
Fl
it

59






-~

18

229 UAgyy 9 dadel 20 A%

5. 2021

o,

A E

ol
ok

] e s B

Acs B, Ahmed FS, Gupta S, et al. An open source automated tumor

infiltrating lymphocyte algorithm for prognosis in melanoma.
Nat Commun 2019; 10: 5440

Aeffner F, Adissu HA, Boyle MC, et al. Digital microscopy, image
analysis, and virtual slide repository. ILAR J. 2018;59(1):66-79.

Bacus JV, Bacus JW. Method and Apparatus for Acquiring and
Reconstructing Magnified Specimen Images from a Computer?
Controlled Microscope. US Patent 6,101,265; 2000

Bedard A, Westerling-Bui T, Zuraw A. Proof of concept for a deep
learning algorithm for identification and quantification of key
microscopic features in the murine model of DSS-induced
colitis. Toxicol Pathol. 2021:49:897-904.

Bigley AL, Klein SK, Davies B, Williams L, Rudmann DG. Using automated
image analysis algorithms to distinguish normal, aberrant, and

degenerate mitotic figures induced by Eg5 inhibition. Toxicol

Pathol. 2016;44:663-72.

Campanella G, Hanna MG, Geneslaw L, et al. Clinical-grade

computational pathology using weakly supervised deep learning
on whole slide images. Nat Med 2019; 25: 1301-1309

61



| s 2ol WIS B CAIE SAe) HEAAH Tl 25 o

Carboni E, Marxfeld H, Tuoken H, Klukas C, Eggers T, Groters S, et
al. A workflow for the performance of the differential ovarian

follicle count using deep neuronal networks. Toxicol Pathol.
2021,49:843-50.

Coulter, C., McKay, F., Hallowell, N., Browning, L., Colling, R., Macklin,
P., & Verrill, C. (2022). Understanding the ethical and legal

considerations of Digital Pathology. The Journal of Pathology:
Clinical Research, 8(2), 101-115.

Creasy DM, Panchal ST, Garg R, Samanta P. Deep learning-based
spermatogenic staging assessment for hematoxylin and eosin-stained
sections of rat testes. Toxicol Pathol. 2021;49:872-87.

Cucoranu IC, Parwani AV, Vepa S, Weinstein RS, Pantanowitz L.
Digital pathology: A systematic evaluation of the patent landscape.
J Pathol Inform 2014;1:16

De Vera Mudry MC, Martin J, Schumacher V, Venugopal R. Deep
learning in toxicologic pathology: A new approach to evaluate
rodent retinal atrophy. Toxicol Pathol. 2021;49:851-61.

Digital pathology association. 2022. Available in
https://digitalpathologyassociation.org/

Evans AJ, Bauer TW, Bui MM, et al. US food and drug administration
approval of whole slide imaging for primary diagnosis: a key

milestone is reached and new questions are raised. Arch Pathol
Lab Med. 2018:;142(11):1383-1387

Evered A, Dudding N. 2010. Accuracy and perceptions of virtual

62



oet
K
o
rot
—

microscopy compared with glass slide microscopy in cervical

cytology. Cytopathology 22:82-87

Farahani N, Parwani AV, Pantanowitz L, et al. Whole slide imaging in

pathology: advantages, limitations, and emerging perspectives.
Path Lab Med Int. 2015:7:23-33.

Freyre CA, Spiegel S, Gubser Keller C, Vandemeulebroecke M,
Hoefling H, Dubost V, et al. Biomarker-based classification and
localization of renal lesions using learned representations of

histology - A machine learning approach to histopathology. Toxicol
Pathol. 2021;49:798-814.

HIT Infrastructure, Roche Launches Digital Pathology Platform for
Lung Cancer, 2020.06.30.

Hoefling H, Sing T, Hossain I, Boisclair J, Doelemeyer A, Flandre T,
Piaia A, Romanet V, Santarossa G, Saravanan C, Sutter E, Turner
O, Wuersch K, Moulin P. HistoNet: A Deep Learning-Based Model
of Normal Histology. Toxicol Pathol. 2021 Jun:49(4):784-797.

Horai Y, Mizukawa M, Nishina H, Nishikawa S, Ono Y, Takemoto
K, et al. Quantification of histopathological findings using a

novel image analysis platform. ] Toxicol Pathol. 2019;32:319-27.

Horai Y, Kakimoto T, Takemoto K, Tanaka M. Quantitative analysis

of histopathological findings using image processing software. |
Toxicol Pathol. 2017;30:351-8.

Hvid H, Skydsgaard M, Jensen NK, Viuff BM, Jensen HE, Oleksiewicz

MB, et al. Artificial intelligence-based quantification of epithelial

63



| s 2ol WIS B CAIE SAe) HEAAH Tl 25 o

proliferation in mammary glands of rats and oviducts of gottingen
minipigs. Toxicol Pathol. 2021;49:912-27.

Kuklyte J, Fitzgerald J, Nelissen S, Wei H, Whelan A, Power A, et
al. Evaluation of the use of single- and multi-magnification
convolutional neural networks for the determination and

quantitation of lesions in nonclinical pathology studies. Toxicol
Pathol. 2021;49:815-42.

Komura D, Ishikawa S. Machine learning methods for

histopathological image analysis. Comput Struct Biotechnol ]
2018; 16: 34-42.

Malarkey DE, Willson GA, Willson CJ, et al. Utilizing whole slide
images for pathology peer review and working groups. Toxicol

Pathol. 2015;43(8):1149-1157

Med-Tech, Philips launches its next-generation digital pathology
solution, 2021.10.21.

Mehrvar S, Himmel LE, Babburi P, Goldberg AL, Guffroy M,
Janardhan K, Krempley AL, Bawa B. Deep Learning Approaches
and Applications in Toxicologic Histopathology: Current Status
and Future Perspectives. ] Pathol Inform. 2021;1;12:42.

Hu F, Schutt L, Kozlowski C, Regan K, Dybdal N, Schutten MM.
Ovarian toxicity assessment in histopathological images using
deep learning. Toxicol Pathol. 2020:48:350-61.

Park S, Pantanowitz L, Parwani AV. Digital imaging in pathology.
Clin Lab Med. 2012:32:557-584.

64



oet
K
o
rot
—

Parra ER, Francisco-Cruz A, Wistuba II. 2019. State-of-the-art of
profiling immune contexture in the era of multiplexed staining

and digital analysis to study paraffin tumor tissues. Cancers,

11(2), 247.

Pischon H, Mason D, Lawrenz B, Blanck O, Frisk AL, Schorsch F, et
al. Artificial intelligence in toxicologic pathology: Quantitative

evaluation of compound-induced hepatocellular hypertrophy in
rats. Toxicol Pathol. 2021;49:928-937.

Ramot Y, Deshpande A, Morello V, Michieli P, Shlomov T, Nyska
A. Microscope-based automated quantification of liver fibrosis

in mice using a deep learning algorithm. Toxicol Pathol.
2021;49:1126-1133.

Rashidi HH, Tran NK, Betts EV, et al. Artificial intelligence and
machine learning in pathology: the present landscape of
supervised methods. Acad Pathol 2019; 6: 2374289519873088.

Rudmann D, Albretsen J, Doolan C, Gregson M, Dray B, Sargeant
A, et al. Using deep learning artificial intelligence algorithms to
verify N-nitroso-N-methylurea and urethane positive control
proliferative changes in Tg-RasH2 mouse carcinogenicity
studies. Toxicol Pathol. 2021;49:938-949.

Ryan D, Mulrane L, Rexhepaj E, Gallagher WM. 2011. Tissue
microarrays and digital image analysis. Methods Mol. Biol.
691:97-112

Schumacher VL, Aeffner F, Barale-Thomas E, Botteron C, Carter J,

65



| s 2ol WIS B CAIE SAe) HEAAH Tl 25 o

Elies L, Engelhardt JA, Fant P, Forest T, Hall P, Hildebrand D,
Klopfleisch R, Lucotte T, Marxfeld H, Mckinney L, Moulin P,
Neyens E, Palazzi X, Piton A, Riccardi E, Roth DR, Rousselle S,
Vidal JD, Williams B. The Application, Challenges, and Advancement
Toward Regulatory Acceptance of Digital Toxicologic Pathology:
Results of the 7th ESTP International Expert Workshop (September
20-21, 2019). Toxicol Pathol. 2021 Jun;49(4):720-737

Smith MA, Westerling-Bui T, Wilcox A, Schwartz J. Screening for
bone marrow cellularity changes in cynomolgus macaques in

toxicology safety studies using artificial intelligence models.
Toxicol Pathol. 2021;49:905-911.

Song SY. Introduction of Artificial Intelligence in Pathology. hanyang
med rev. 2017;37:77-85

Sonigo C, Jankowski S, Yoo O, Trassard O, Bousquet N, Grynberg
M, et al. High-throughput ovarian follicle counting by an
innovative deep learning approach. Sci Rep. 2018:8:13499.

Tokarz DA, Steinbach TJ, Lokhande A, Srivastava G, Ugalmugle R,
Co CA, et al. Using artificial intelligence to detect, classify, and

objectively score severity of rodent cardiomyopathy. Toxicol
Pathol. 2021;49:888-896.

Varghese F, Bukhari AB, Malhotra R, De A. IHC profiler: An open
source plugin for the quantitative evaluation and automated scoring

of immunohistochemistry images of human tissue samples. PLoS
One 2014;9:€96801.

66



oet
K
o
rot
—

Xu J, Lu H, Li H, Yan C, Wang X, Zang M, et al. Computerized
spermatogenesis staging (CSS) of mouse testis sections via

quantitative histomorphological analysis. Med Image Anal.
2021,70:101835.

Yu Y, Wang J, Ng CW, Ma Y, Mo S, Fong EL, et al. Deep learning
enables automated scoring of liver fibrosis stages. Sci Rep.
2018:8:16016.

Zhou S, Marklund H, Blaha O, et al. Deep learning assistance for
the histopathologic diagnosis of Helicobacter pylori. Intell Based
Med 2020; 1-2: 100004.

67






Abstract

An Establishment of Digital Toxicologic
Pathology Application System for Chemical

Hazard Assessment

Objectives : Toxicity studies have been conducted to evaluate the
hazard of chemicals in vivo. Among them, technologies related to digital
pathology are continuously being developed in the field of producing and
reading pathologic slides. In addition in order to digitize traditional
pathologic slide data that were used routinely and to establish pathologic
management system in the future, an uniform terminological process
is also needed. In this study, we conducted basic research with a special

focus on future digital pathology related to toxicity testing of chemicals.

Method : Through literature research, we investigated various guidelines
and common law related to digital pathology in countries, and investigated
companies and services that provide hardwares and related softwares
including Al learning and data storage. We investigated several slide
scanners and options for WSI production, medical terms internationally
used in toxicologic pathology field. Also, we investigated technical

references related with digital pathological system for the draft manual.

Results : Several literatures including guidelines and common law

related to digital pathology were summarized and current status and
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technologies of the industry were reviewed. We present WSI files with
optimum standard through the use of inhalation toxicity test data, and
recommended the operation of slide scanners and related programs,
handling WSIs, and other considerations for digital pathology system in

the draft manual.

Conclusion : An investigation related to digital pathology has been
conducted and basic WIS production and draft manual have been presented,

which will be applied to future studies.

Key words : Digital pathology, Whole slide imaging, toxicologic pathology,

diagnostic terms
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