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1 &
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ooMl tiuTjr HE tﬂTd 6]-[HE3 28 8].
2 FEA 7] wEd] B A w=E5ES dQ

2l

gt

A olgd BAMES T8 Y8 uAE W2 gy} CAD(Computer Aided detection) 7]&& 2
7F A SUMetn ok, %2 AEE Add Ay dAFELS Foko A oyl I FUdd
°

3

=<3 %

(grading) 77 AW Slek, Wald SH(gradingS Aol AL Adala Aol U Lule AL 9
a ulS AHAZE AnHHESER o], AAz 3 oAEe Bae WMAES AP a W PR U@
we F4g dt oz 2¥A Y (MEHE 7). A4 B ATEL AU 3 Gue ez 7

WA AYEA o Aty B#EE CADATFES EE Gleasonol] 98] 7/Ndd 2l 55 A2¥(Gleason grading
system) [H] 53] && 10]o] 7]¥k3tc}. Tabesh et al. [HIE3EF 11]= AP (prostate cancer)S Aehdtar
28] 55 (Gleason grading)ell 7]Wkslel A (low)9t iL(high)® W7|E F-wates WAl 71w Ass) Al
HE ARsIAT. 258 % (tunour)d] AT W7 FEE A8 FolR W] AnkA 5 (global
(image) level)3} ZZA &% il 4=F(historical object level)ollA A (color), B=H(texture), LE]al &
Eleh4 5 (morphometric features) &S FE3ta 1ES ©]838te] 7 7](Gaussian, k-NN, SWMZ} 2-&) Ty

SFATE.

Naik et al. [H]EFEH 12]2 53 28< 53 (intermediate Gleason grades)E TFE317] Y3k A|=HS A
etalth. 252 A4F(low-level) ABE o] &3} Ho]#x]ot EF7|(Bayesian classifier)S AFE3le] 385 &
H]A 9 (candidate gland region)S 2]¥3tar, A3 S|l (Empirical domain) AHHEZS o]&3le] FH|A

2
rl -

|

(gland) 2.2 218 ¥ HAA(false positive) FIES A|3tF . o] Ay Hu|xHozhE ety =4
E5& F=38ta, SWME %3 Gleason grade 3, Gleason grade 4, 183l %4 (benign)S T&3}% . Huwang 3
Leerx [HEFHEE 13] 71 v~ AlS(differential box-counting)¥ AEZ¥ 7|dk ek 2390 FA(tropy-

er
=
%31l Bayesina,

based fractal dimension estimation) 7]1"& A}8-3}o] Gleason gradings 3 EHES 3
k-NN, SWEF7]Z o] &sle] AyA o olmX|(prostate cancer image)E 45 FHOE FE3ITE o] oo= &
% Oﬂ:ﬁ# ] APA 5°k(postate tumour )= Z1¢+3} Gleason Grading Al2=®lS AE3telz] e e ot

tggoz fidyt AdHE CADATFES U3 2. Anderson et al. [H|EFEH 18] & nl9jabd 1 A
(non-invasive breast lesions)®] %*d(benign)$! DH(ductal hyperplasia)$} ©}4d(malignant)$] DCIS(ductal
carcinoma in situ)7& FAE AFEFAY. 2ELS o] dAFoA xr7le]l= mAal H]A (knowledge-guided
machine vision)& AFE3l] 7 ¥ (breast duct)S A5 o2 ATHESIAL, DHOF DCISE T3kt Sagh
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(architectural complexity)9} £ FHLETF(measure)E5S A|ots}it).

Bilgin et al. [R]53&d 1912 28X ©]2 7]%(graph theoretical techniques)oll 7]1WFslo] -k (breast
cancer)& &3t 152 k-means YIATFE o]&3te] FolA ZAAE FAE AIHE
AAFARZE ARSI A T E(cell-graph)E AT FoAx 24 FFE S (benign),
(invasive), B]ZHFA (non-invasive) 2.2 sl SWEZS A% cell-graphZH-H ALtd AZFH A=
(quantitative metric)E°l 28] 8% ¥l Basavanhally et al. [H]E3]EH 20]% HER2+ 3 (breast
cancer)9] o <A (viable prognostic indicator)@A] <& W& W (lymphocytic infiltration)e] &
T(extent)E AW¥ala 5F ZA(grading)ste A 2ES Attt 25 ¢4 AZF(lymphocytes) S 39
G (region grwowing)¥ vlEE HHI= A3 F(Makov random field algorithm)S ©]-&3te] 2H3E}SIH.
ol A¥y YZIFE o]gsle] FF% EA(architectural features)ES FE3taL, 1 EA L o g&d
M 27715 o]&3st L1Y AHAZ(extent)E A(low), A(midium), il(high) THoZ FEIIAT. 1 vl &
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A7IA t& oldHQ WA Al U= ¥JEEL £AE ZHE7E Jd9&= Mo, sgn(g)e pEB A F

, 87) o8 AELZ o] AR A o] EAEANA FH ARG LEAE AA el EIIE Atole] A

% 1(a)E pEB oA o] FH-AE 247 nelFEth. of dolA g p¢l wE FA0 QY Holm o
ez A(t)7F SAHEH.

Boalbgo A o]dFA-ZZ sk A(t)E o] &3 1-D A

AlZ1Y A (Atypia—Amplitude Signature)+= ©]7& <0 W7 AAL - (py)oNAl p7FA < gaﬂ QO] L(t)g— AT
a#@m Bel EQE peld T# oldA ME AE yAER s TAE (L), A o8 et
12(b)). A71A - (p)lA A p7HA Y Ed dolE 3=

o2 Ao},

129 HolE2 = 19 (a), (b), (o)el gt o]FA & AZUAE HoFr}.

i
=1
[‘-9‘-'4

o
2 Al E o) dAloA F3k o] dd UlAt AALE o]FAd-FF AlIYHE o] &5t Ul ol¥APS G
Ho= %7(36}‘:; —.78 =S "“ﬁaﬁ‘r ZﬂC’LE]*‘E EXELS RMSAA(Root Mean Square Atypia Amplitude),

H] & (AtypiaRatio), o384 e 7|4 (#AtypiaRegions)©o|th.

WA RMSAA(Root Mean Square Atypia Amplitude)ol] thaled A 3sic).

RMSAA= o GAol A 3 o] g4 IF ADUARFE SAHIT. oA oA IF A(t)E°l tHE Al 4

T(the average squared atypia amplitued)® A (square root)°o]th. A(t)E= FHE o= W7t ZA B
A o@Ad W AA BAteld] 44 Az (called by atypia—amplitude) 2 ©2]xd W4 B7F 49 A4

W7 B =R e olgu s a g,

el Z-" A(t)E 3]FH XA BEH(observation)¥ FAHE Tz Alo]9 xolE YERE Uw R
(residual or error)® 3" & rt. w7 E MSAA 3]1A29 Hit ogdE =A43E= MSE(Root Mean
Square Error)[H]E3 &3] 42] o tf-2F ). RMSAAE 2] 608 AHo=},

(5314 6]

o714 e Boj Q= EAEL] 5 ol

TSAV(Total Sum of Atypia Volatility)ell thste] Awsic},

HGAGS W7 AgE F5 e SasiA 7] el wde] AAMs e o HitebA Witk TSAVE B7
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ARl EAels RE @RA5S 2] 96, 149 e PIPE gHel

T 132 = 129 Sl S 20 "ig o]FA AlayHe dFEI A4 PIP duEFel & AdEd PIPES
BoFo,

I 13904, PIPClA 2] AV; <1 pia= a9t by Abele] ZAk(e)= S4€.

TSAVE A PIPSS] 7 A Mol AVE 453, 1 ke F@ow A, ofu, iwlA) PIP; oA AVE
S W 4 = PIP-PIPL; 9 by = PIPuPIP, o Afole] Afo] zH @)= Aolfrh. & 13& PIPOIA AV7l of@

A EAREAS welEd,
(5814 7]

7SAV =mZ:_IAV.

m—l
= arcco
||a ] ||b |

(8. = p.—p...0.=P.,—P)

o714 e ol@A AF ATUARTH A PIPES gt

AdE A4 Y 49 R & o)A ¥ A R & HoluAY ALFTH wlepq B dAcl s A @ 4o
I ol dHel B FF A Aik(set operation) s A8t olPAH FYES Fotar, L HelA oA
03 olgy A5 shed o).

o] F EAS F3l7] 3l oldA d9E2] HE AR={ar,, ary, ... , ar,} & T3} AR (R U R) - (R N
R) & Bl o8] wrAe goEe Agor Aour. ® Ut 5T 2004 AU oYy JIEg
FCES

E A, () 57 29 27 A GaolT, (b)E ()9 4o R Rl oa) 449 o84 Joolr}.
ol FEH olFA FASRRE AA PolA o|FA Fdo] A M & (AtypiaRatio) T o|FA @] 7|

“(#AtypiaRegions)E T-3Hc}.
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ZArea(arf)

AtypiaRatio = =L
P Area (R°)

(5544 9]
# AtypiaRegions
= ‘ {ar| are AR, Area(ar) > T?’tresholdH

A71M Area( ) Fold el A/E FWs: otk ne RAFS ALWE AFE Snad,
AtypiaRatiot ¥ho] AuH o= evht ol A-1eld Q=AE et #typiaRegionst A4l # el of
A B GIe WolAY AHHE oFY F9E AFE AePPoA FEY JET @AY, ol
FEHE HA ol UT e JA5e 2dede A8kl Aoyl A9a,

ngH e, 2d4d gHES BEA)S 300 un o2 AR}

B FASE T WA aat AAZEClth e A% Al AUALES FAiucin e A,
453 2%F(columar) T3}, 89 FHL Aolmels 532 BATUEHRY BI[MSHEA 45]. 2 @
AN 88 FIALE ol gdte], o3t EJES FEFE P Agan

Ao PYEA] e PP YUAZED S 9selgrh. WA, PDACY] T FRF AZAZ A3 9
73 AIAER Rt AFFAL e G B st FRE AEDL e 97F 49
AES] AT Pol= By g3 Azl ws) A,

ueba FulAlEe] MEd Holo] 54 VAR AFY AEIA opdAE xd
3 36]oA] AIHAEEY MEE ZdolE =Hsl= M EE Zo](Cytoplasm Length) &
o] EAL o#Ad WA AA Bek Ay 3 nAtole] 7 Fgelt. 2 162 AlxEA He] E5A
CytoplasmLength®] +21& viepdtt.

(584 10]
CytoplasmL ength(n) = distance (cenrroz'd (n) - q)
such that, centroid (n) L g

714 me HE N AeWE Foli B A g centroid(n)sh 58 1Kol gl Aol

158 AAkal =3 19] Cytoplasmlength 4 ZA3E BojFErh. © 1504 HE He Ayl doja, KA Ao
Aot g AEE W AAC 4T 8 Alele] uteld& A% Cytoplasmlengtho]th.

tsog AEA Zo] EH(Cytoplasmlength) o] FFHAx}ol| thale] A3},
2 EAL AL el 54 F sl @ S92 £ (the loss of nuclear polarity)E 73}, o]
EAo] ettt A9 ArxEe WS b E0FsA wEs 7] dadd Axd dole] HArt g, whd, A
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FE] AlFATE, AT 2% L#lo|=5L Hematoxylin & Eosin WH O R ALt 18lal o] 24 &
Zho] =52 ScanScopeCS Al&~®)&olg-8ke] 20X &2 tAE Sefol=2 L=
A A7e G538 246 weh 7pE Aot & 16 UAE &Etol=9] FRE WoET

2 e EAES HUtE fd, e 59 "UAE &Effo|l=EHY )
ARG, AF gAe 24bit tiffEHoR AFHJa 2 Gare] A= B
Al F Q23 o]gFE inter- and intra- observer variability &Alo|t}. o] A
)i vpojojag AEAFNE 2T F JTHHIESEE 46]. o2l wAlE AW A|l="E
H71E Y3 AE7Fe ground truth Blo]HAA %= GA] vebdtl. ground thruth®] variabili
e F g B oy diErkEe] F9ste] ground thruths A 3sHE ot M5 51 47]
A1, ground throuth B7F& 93] Foie] HEgude] 3 W] ®eojate] =&5& Wt v Y
FH A8E 2 # 4 3He HeEdaEe] e A sy 74 FHaE dolEW st
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Folx ZAAE Fds Al BN, A9 @, v-Ade d)ow Aadeeldata, ZF F9lox Y& dE
Al Hejg 4 EAEFR A Istel E3E MEE EAES FEHNT. & 18 AFAYY Aes 94,
ARA o] &H SRS, AaNES 7 F9dA FEEHe= SHES "+"2 FASIGT. E 18X &9 A
g Y5 B Ao A Akd T B3t EAEC|a, UmA dEL 7Ee] FH Y EAHE[MEFHT
A 5], [MSsEY 24], RIS 48], [HESZEH 49]0)t}. 3] A3 v]-Fujsle] 7§ shte] 2AAE
Fgoll g e LBAEEZC] Q7] Wi 7} LHAEHR EAZLES Folal FAsFo RN 7} e &5
A FES NG, Aggde) EAFES A 24 742 A Athlon 11 3GHz CPU9F2G RAM, Windows7-
H.

6abitoll A AFEAT. 7|E EAFE WHEI AdE SAFE PHES JAVAI] 7)uke] S oujA] &4
KR

7] 419 Image J[HS&EH 50]

VAT (PDAC) ek fle & dHel A AAE Fejsty 5459 +de 4] A6, 7€ s3sd A
d 5450 el g5E B77] 29 £ vasklth. & e, 25719 s vl $A4 g
7IomAM & 4zl SWIHISSEE 511 & o] &skglrh. SWe Veabdah 494 2la=as FHasketr] vl
Atz ow ool F2 Aow Al Uu[HEFHEE 52]. AFL te F Al U BREAHE S48
o e A BAY ERela, EAE dAde S 13 o 29 W] Bt & il 5350
Tied el drig Zost=AE A6 Al V1€ SHEY & A SAES =¥ £RUIE o
ForaL, Zt E7719 ERZAHEe] vus F8 2 2Ee 5SS Bkl & 192 &7 AdEel AR
54 Adse W Ads) Ads Boley

A dgolH+= F A¥Normal vs PDACY 531 vs 57 2)& 3l = 199 ZF 54 gl uet A=A,
=, 3 WA PDACKIE A#A 137§¢Data Set E°l thed 2ol AEHATH DCNF), D(CLF), D(PLF),
D(ALF), D(CEF), D(PEF), D(AEF), D(CDF), D(PDF), D(ADF), D(CTF), D(PTF), and D(ATF). o714 D( - )&= <l
AzFoIW EA feature setoZ TAEE Data set2 2udth, D(-)E DC-)={Kx(-)y, v, ... ,
(), yOIAE 7] Ak 9714 x( )= QAR FolA EF setS IXE iHA EA wWEold. e~ €
ol E yiex( - )9 2 HolEZEA Normal classE& U3l -1 o]y} PDACEHAE 9vlste= 1 @S 711G,
WA 2 7 HA PDACSY W7 Aol A X 1570¢] Data Seto] AAEHATE. olw] P2 yi7F -101W TF
1& 9u3tal 10| 5325 9u| s},

EA Agte] w2 SV EFATS #HUsH] Y8 54 Hd¥E=E AW Data set &2 F-E] training setd
test setS FASIYETE. 53 HIME 93Htraining setT test setd] HEE 60:400. 82 AAERTE. 3 HA
2% (normal vs PDAC)oll A, PDACEE dlolE+&= 160701 PDAC HlolE(5F 19 ©lolEje}l S5 29 dHolghHE
B 8071 dHlolHE AEH sto=zA FAHNY. A AEY 7 8071017 wWiEel, B/ FHe HE 9
s -2l PDAC A= % 80712 Al sttt

S = 202 A3 1(Classification between the normal and PDAC)Z} A3¥2(Classification between the
normal and PDAC)ol| A A}8%+= training data®} test datad] /N4E HolFEt).

W ogol A, SVMEF71+= soft-margin W ¥k RBFA LR S8Ed 51]¢] o] &¥Att. whebry e speny
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MEHEE 53], B WA ALEE 4d 949 +i vy REs mep 44w
J2 == wlo]o]X(biase) 2 F 9 1
AUIEAER 5500 AL, 7 59 Aol D@ Ei7)
PH, REZEY WS A3 Fold 599

T4 HES 10719 H2E HFES AT, 109 4 JA88 d=E JFE2 D )={L( - )1,T
(LC )10, TC- )1}, VLC-);, TC:-);CD( ) (1<i<10)2 ®7] "y, o714, L(-); & T(-);
2A7p elold dolelst BAg el E sulan. mepd 7 54 ggel 0@ ¥F A5S 1079 e
dole ddat HAE deole el s /IEs ez HAAstd 77 97t 2359 Hxoew S4dn.

ol

N
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o

o> m o oY (M o
[

{0 oo p® Hu 1z =

—~
~—
—_

N

ol rr

AgoA /7Y AsHE A8 A8E F7red S U533 2 rue Positive (TP), True Negative (TN),
False Positive (FP), False Negative (FN), Sensitivity (SN), Specificity (SP), Positive Predictive
Value (PPV), Negative Predictive Value (NPV), and Accuracy (ACC). TP, TN, FP, FNol w3l Adw L 7z} 7o]
29 AgeA Ardrt. 7 9 UwA AsH7 FEES oS3 o] Hojdrt.

[53H4 12]

IP+IN

T 219} ¥ 222 Normal ¥ PDACT &S 93l 24 543 93 gt5d L7719 FERES H7ME HAFET).
= 210 ¥ =35 ¢F X 10709 bootstrap evaluationZAIpol] ek FFHES Yehdct, 4 Wz 2B 2
ERRE F5¥ 5P 93 sgE ER/7IES] HAE A4¥ Bz o] Hlale] A, PLFO o3 dtFE i
719 FgEE= 91.5601Uk. 122 CLF(73.44%)° gt5d /7120 oF 1894 E w2 ASEE Wlth. CLF¢}
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PLFe] Z§oz FA4E ALF 54 Aoz shud E/719 A=t 87.352 4] PLFO H]3)] 2 olﬂi AgE7t v
obghth. o3k Ay Aotd PLF 54 o] PDACE Heel=d Bl &3S wojFEr). w3k PLF CLF9
2L B3 1A s o] gleS HoFEth o] AL Area, Perimeterdd 722 7&%5& Pty 5450l
PDACY] B33k EAlS Fdsled #gelA 2SS HojFr),

ggoz gy dor HE FE2H 54 JAFEY EREAYE A¥RA. WA V|E FEEH 545 JHA
CEFE= 72.669 A== W7ile] (LR B3t B/ AeS Wtk PEFS} ABFE 87.50%9] U3 #/ A&
Btk sHAR AEFeF @AstE 27719 A 7 AL ZFEHAY 1.472A4 3.219 ZEHAE A=

PEF o W&} £u o4 A9l A%
AEF9] A &= Aot= PEFef| 7|13ttt &

oX,
olr
[o
fz
o
=
4 yo Ho

t}.  AEF7} Aekd PEFS} 7] CEFel Z¢dAS ndgs o,
A

T3, FEEU3 RS PEFY 54 2o 2x1Yolgts Aolth. o]#|3 Azl PEF7F PDACE A¥al=d wj$-
HHee HolErh, 3 HE SHAANE w$ aRHAS HoFrh. PDACKITAA, #e HdAl Fagh A4l
gogolrt. T WA AuAEE FAREC. s, WA o] Axz FE FEH E—ZJ—%?J Zto] ofm
AS Ao}, ol &, 37k4 5A H3he k. CDF(CLF+CEF), PDF(PLF+PEF), ADF(CDF+PDF). 1]
T ol5g olgdle] BF A%e WM. o AddA, $F]e] e PR Wﬂ 94.38%5 X3}, ol
& 7 o BAENqA Hae EFALEE BYd PLFS AEF(or PEF)el H8] oF 3~7% =7 B %7} SR HA0}.
ol AL WA AF ME EHE9 xFo] PDACH T EFo] M= AS BT,

oz, A AAZRE FE29 SAHE9 28-S AHE38k= CTF, PIF, ATFS] A3 AdEL & AAdA 53
AW A A JEHES B 4 rt. wEA, o]Ae RE AAEe EAS 2SS B AS5MHLS ¢SS
HoJFEL), PTF94 9= PDFoll ONFEA HES F71te =4, 238 PR &7/ Fexe s oF 294 A&

g5H FR7IEd B8] ROCEAS AT ROCEA S ek ALY A S
el o v|uslsE 7|Eoz osHioko A '] AEFE A 9l ROCEA S TP rate(Sensitivity)$t FP rate(1-
Specificity)ell 9l 1#A+= ROC AXE F3) EA€Th. o] A4 ROCAES] ofzfe] WA (AUC; Area
under the ROC curve)v o] AILE  ougrl.  Swets= AUC 3 w2} H]HE A (non-
informative)(AUC=0.5), 2 A3 (less  accurate)(0.5<AUC<0.7), L9 A &gk (moderately
accurate)(0.7<AUC<0.9), "% Xé%’ffﬂ(hlghly accurate)(0.9<AUC<1), &) E3  HAAl(perfect
tests)(AUC=1) 2 2 EFATGHESHEH 57], [HEFEF 58]. =, RO(AEE & = =
o gge Wk HAva M F ek = 235’_ 7y A E}‘Q He EAZEEd 98 59 100 2/71=
o] Hotshe ROCLZ o} AUCTHS qu—rﬁ}

ROCEA o A= PDFe 93] 35 275719 AUCEEe] 0.9620.2 7F4 =7 Yelgt). oA ojde E/H7] A
T A w2 A Z AT gy 549 23] ourt S BT rh. 1 tg o2& PEFO 94

skl 2719 AUC Fhol 0.94% W7 Btk 0.932] AUCEHS 7= PLFEU =74 =AFH . (NFEAS A9
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el ATl 714" EAE(S, ARG Zpol7t EAstE) el tiE] o= HJuEe
stEAE Zoldl7] 913 Tl HAS FAEh. 2 SN E o

3] Al&-%E=Fisher's LSD(LSD(Least Significant Difference) test[R]E3]&3 58] o8&}, L kTl
32} Bk 7 R HAE, ni9 pgtel Al AeAE AAToRA, 99 iAol ot 7Z4E U=

g HoFEth, 2 U= 3709 groupE, normal, TH1, and w2, © JormE F U AESIH O3
= Ve

H
AE AR A4 des A AR 7S v 2

Hy -y = He
H02 My = Hego

H03 -He = Hea

LSD-test:= Eq. 179] A7[ES 71Za EAS sl $3=). LSD-test A¥E = 30 A &= 329 H o]

= 30 WA = 32004 =g ed B2 LSD-testol ek Eq. 309 Al F7Hde BF 71743 5450l

ag)a FoA -2 BAE EAESL F-testoll A Eq.299 7HE rejectdtA] @7 wjEo] LSD-test7} £
A kS EAISY. 4, W AAZREH FEH EF S st LSD-testoll A Circularity ¢} AspectRati
E AL 12719 EAE0] Eq. 189 EE G7HEES 7174, ol F 8E V€ EAEClL, vl & Uy
o] EXEo|t}, H|E 7|Eo e EAEo] HtNormal, 531, SH2)AM]9 olE BYdE B A
ot¥l PLFE AFg3t= A3l A3} Case 13 Case 2914 CLFolR] & =& AeS B,

Aa) @l AR A=, AE CytoplasmLength €F CytoplasmlengthgpEAES E3tsle] 5712 EAE0] Eq. 189
o 7HE& 7143, v-Ay] o] A 9-=Perimeter, Width, MajorAxis, and Fereter's Diameter®to] G714 E
(Eq. 30)& X5 reject3lch.

LSD-testoll Al Eq.189] F71d Hyu(Sw 13} Grae 240l 93t 2po]& AAstr] ¢sh & Am @z} u|-Atz) 3
58 By FE5Y Be EASA 71745 RA &gt F-testoll A G7HE(Eq.29)S 71245 EAE = LSD-test 9
Hos of Eq. 30& 7|ZtslA] &3 E4 LS Circularity ¢ AspectRatio © 2709 EAojt}. v} F-testollA =

E EAESo] 974 (Eq.29)S 7178 epithelial nucleus B S, 1479 EAE & o 57lwke]  LSD-
testol Al Hos of Eq. 30& 7]ZFalt). v]-Aty] & g}elo &= w 4719 EAEvo] LSD-testol Al Hys of Eq. 302

i

reject Pr}.

o] LSD-testA@+= W7ol PDACK T 2 WY FEd oA 7P 83 QHAESQS HoFa Q). Eg o]
ANEL WIS 93 Case 29 A3 E0] A4 PDACE w3l Caseld ol Hls) Also] ¥ olf7) &
Aoz dient.

2 e IYS AseR Hdshy] 9% WHES ddyeiditt. #Ae g FE e A Ee #E
NYAL = AIAEE AFTOZH FIEo] Xvf, B dye Foj ZAAME JAES WA FIAME
a3 v AER Aadee]dsgltt. Aade el I AIAEF FE HEHA SHEH A AA
&S st Szt A2 FEEA EAES At ALY B9 A AAFA o T HE 2
o] o Hsty AAY = W] Wi sttt B dHdae olys AHo=RE e HFEAHT #9 o)F
4SS 45 gk EAES ALY, Y HEAES ABHoR gdsy] A8 ol¥AF HEHS o] &gt
1I-D Al AR #E xdegivh. o] o|FA MFH AIUAHRFEH oA MFo ®¥ET F& FAI] A
RMSAAS A 7, Wi deo e Wel=fe] SAES 918k PIP7|Hke] TSAVEA S AQtsldirt. 183 o]y Wi &
YAE W d9Es AMEete], #o] RaYxl AEE SA37] 9 AtypiaRatio®} & 54 AEE =74
371 13t #AtypiaRegionsEE0] AtHATE. ES AadER FIMNEZHEEH MNEE Do), 34 HAETE
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EH3
Lurmen
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Extraction
Lunen Region
f"-"'&}ﬁ E;;éfhilz'c_zl
= (&
» Segrmentation » EI}"' 1y + Fezi;;;e 1 Feature
I:J. -
A Extraction it
Tissue mage Epithelial Nuclet
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Algorithm 1. Selection Epithelial Nuclei(N).

Input: A setof nucleiN

Output: A set of epithelial nuclei NE

Method :

1 NEF—{}
2 forall pointp in B? do
3 n +— getNearestNuclus(p. N)
+ NE—NEU n
5 end for
T
EH9
Symbol Description Symbol Description
The p is a pair of numbers that are x and y A The matnix representation for preprocessed binary
# coordinates. p=(x, ). E image.
H{A) [The Direction Cumulative Histogram for A HAA) |Thethresholded H(A)
B° IA sequence of points that consist of the onginal B° A i bt tatthe et Kall ot
lumen boundary.
B 1A sequence of points fo; the ideal lumen boundary e I g
that is estimated from BY
N=  |Aset of epithelial nuclei. NFC N N> |Aset of no-epithelial nuclei. N¥== N -N®
distanca(-.-) [The Euclidean distance function. centroid(") E;meunmon Regmuing cenler poant of given
A(®)  [The atypia-amplitude function. L(f)  |The perimeter from p(start point) to p,(f® point).
AR |A set of atvpiaregions. AR={ar ary. ..., ar,}, RO The region surounded by B?
RC The region surrounded by B¢ R The region surrounded by BY
The data set for given feature set. D(-}={(x;(-)31).
Area(*)  [The function returning area of given region. Dy |, (muy). x() is feature vector for given
feature set and v;is class label forx().
The data set is a set of pairs (£(+), 7{")) for bootstrap
D()  fevaluation. DEI={(LC)TCN) LT (-

\£(-) and T(-) are leaming and testing data set.
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EHI2
Gradel Grade 2
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=916
Digital Slide size Variable size
Image Resolution 0492 um/pixel
Image Type SVS/TPEG2000
[mage Channels 3
Image Bit Depth 8 bits
Magnification 20X
Organization filed
Tile Width 240 pixels
Tile Height 240 pixels
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Type Number of Images

w

Normal 80
Gradel 80
Grade? 80

EHI8

No Feature Description Lumen EN! NEN?
1 drea Area of selection in square pixels % X ¥
2 Perimeter The length of the outside boundary of the selection 4 ¥ *
3 Tadth Width of selection * * *
4 Height Height of selection * * *
5 Major axis Major(primary) axis of the bestFit Ellipse ¥ ¥ *
6  Minor axis Minoz(secondary) axis of the best Fit Ellipse * ¥ ¥
7 Circurity 47{area’perimeter?). A value of 1.0 indicates a perfect circle. * # *
8  Ferets Diameter ~ The longest distance between any two points along the selection boundary. % x *
9 Aspect Ratio The ratio of the width of the selection to its height. # ¥ *
10 Skewness The third order momnent aboutthe mean * * r
11 Roundness Compactnessidn. The measure of the shatpness of particle's edge and comers.  * ¥ %
12 Solidity Area/Convexdrea * % %
13 RMS44 Root-Mean-Squared Atypia- Amplitude ¥

14 Ts4¥ Total Sum of Atypia Volatility for PIPs *

15  AtypiaRatio The Ratio of atypia region #

16 #dnpiaRegions  The number of atypia regions for identifying papillary ¥

17 CytoplasmLength  The cytoplasm length of epithelial nucleus. ¥

18 CytoplasmLengthsp The standard-deviation of cytoplasm length *

EN': Epithelial Nuclei, NEN%: Non-Epithelial Nuclei
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EWHI9
Object Symbol Feature Set Dimension
NEN! CNF Classical Non-epithelial nuclei Features 12
CLF Classical LumenFeatures 12
Lumen PLF Proposed Lumen Features 4
ALF CLF+PLF 16
- CEF Classical Epithelial nuclei Features 12
PEF Proposed Epithelial nuclei Features 2
AFF CEF+PEF 14
CDF Classical Duct Features (CLF+CEF) 24
Duct PDF Proposed Duct Features (PLE+PEF) 6
ADF CDF + PDF 30
CTE Classical Features extracted from three objects (CLF+CEF+CNF) 36
Tissue PTF Proposed Features extracted from three objects (PLF+PEF+CNF) 18
ATF All Features(CLF+CEF+PLE+PEF+CNF) 42

NEN': Non-Epithelial Nuclei, EN?: Epithelial Nudlei,

EH20
Experiment Class Number of Training Data ~ Number of Testing Data
Case 1: Normal 18 32
Normal vs PDAC PDAC 18 L)
Case2: Gradel 18 3
Grade 1 vs Grade2 Gradz2 48 3
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EH21
Object FeatureSet TN FP FN TP SN(%) SP(%) PPV(%) NPV(%) ACC(%)
26.50 630 5.50 25.70 82.82 8032 8107 8250 8156
NEN CNF
(1.58) (2.11) (1.58) (2.11) (4.94) (6.60) (5.17) (4.22) (3.95)
CIT 2730 12.30 470 19.70 8532 6137 69.38 81.72 7344
@21) (327) @21 (327 (692) (1021) (422) (625 (3.13)
" PIF 2930 2.70 2.70 2930 91.57 01.57 2199 9188 91.56
o (L77)  (200) (177) (200) (552) (626) (545) (470) (3.14)
ALF 2750 3.60 450 2840 8594 88.75 88.96 86.36 8735
(085) (246) (085 (246) (266) (768) (692) (212) (357)
CEF 25.10 10.60 6.90 2140 7844 6688 70.72 75.75 72 66
(166) (284) (1.66) (284) (520) (3.86) (497) (399) (3.84)
N oEF 2750 350 450 2850 8594 89.07 8052 8667 8750
(151) (295 (151 (295 (472) (923) (680) (325 (321
27.00 3.00 5.00 29.00 8438 90.63 90.55 85.73 87.50
AEF i S :
(2.05) (1.89) (2.05) (1.89) (6.42) (5.89) (5.01) (4.53) (147)
2730 12.30 470 19.70 8532 6157 6938 81.72 7344
CDF .
(@21) (327) (221) (327) (692) (1021) (422) (625) (3.13)
Duct PDF 29.80 140 220 30.60 93.13 95.63 9578 9350 9438
(140) (151) (140) (151) (437) (471) (434) (380) (23%)
ADF 2750 3.60 450 2840 8594 88.75 §8.96 8636 8735
(085) (246) (085) (246) (266) (768) (692) (212) (3357)
CTF 26.90 11.70 5.10 20.30 84.06 63.44 70.34 80.92 73.75
(2.28) (3.74) (2.28) (3.74) (713)  (11.70)  (532) (6.11) (3.44)
; 29.80 2.50 220 2950 93.13 03.19 92.74 9326 92 .66
Tissue PTF
(132) (@22 @13 (@22 @11) (69 (615 676 (32D
ATF 27.50 3.60 4.50 28.40 8594 88.75 88.96 86.36 8735
(085) (246) (085) (246) (266) (768) (692) (212) (337)
TP(True Positive): the number of PDACs that are correctly classified as PDACs.
FP(False Positive): the number of Normals that are incorrectly classified as PDACs.
FN(False Negative): the number of PDACs that are incorrectly classified as Normals.
TN(True Negative): the number of Normals thatate correctly classified as Normals..
W22
100.00%
04 38
a1 56 9266
20.00% 8735 2735 8735
2156
20.00% +{ |
7344 73 .44 T35
70.00% -
a0.00% -
CHF | CLF | FLF | &LF CDF | PDF |ADF TF | PTF @ ATF
(MEM) (Lumerd) (EN}) (Dhact) (Tisse)
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EH2q
Object Feature Set ™ FP FN TP SN(%) SP(%) PPV(%) NPV(%) ACC(%)
NEN CNF 19.60 11.70 12.40 2030 61.25 6344 64.35 63.29 62.34
(6.26) (497) (6.26) (497) (1956) (15.52) (8.93) (9.49) (7.78)
CLF 2240 17.30 9260 14.70 70.00 4594 5839 66.13 5797
(5.99) (6.95) (5.99) (6.95) (18.70) (2170) (1063) (1621) (523)
— PLF 23 80 6.50 820 2550 7438 79.69 7965 7540 77.03
(132) (3.95) (132) (3.95) (4.11) (1235 (10.15) (4.96) (6.83)
ALF 2520 1340 6.80 18.60 78.75 5813 67.05 7346 68 44
(2.90) (631) (2.90) (631) (9.06) (19.72) (9.88) (5.85) (739)
CEF 18.60 14 .50 13.40 17.50 58.13 54 69 5645 57.03 5641
(430) (4.14) (430) (4.14) (1344) (1293 (717 (9.10) (7.53)
EN PEF 2220 8.90 0.80 23.10 69.38 72.19 71.89 70.04 70.78
(1.14) (2.92) (1.14) (2.92) (3.55) (9.14) (6.94) (4.08) (5.26)
AEF 2240 11.60 9.60 2040 70.00 63.75 65.95 68.16 66.88
(232) (227 (232) (227 (725) (7.10) (542) (5.84) (5.50)
CDF 2240 17.30 260 14.70 70.00 4594 5839 66.13 57.97
(5.99) (6.95) (5.99) (6.95) (18.70) (21.70) (l063) (1621) (5.23)
Duct PDF 23.80 6.50 820 2550 7438 79.69 79.65 7540 77.03
(132) (3.95) (132) (3.95) (4.11) (1235) (10.15) (4.96) (6.83)
ADF 25.10 13.20 6.90 18.80 78.44 5875 67.25 7340 68.60
(2.88) (621) (2.88) (621) (9.02) (1942) (9.75) (5.88) (731)
CTF 2240 17.30 260 14.70 70.00 4594 5839 66.13 5797
(5.99) (6.95) (5.99) (6.95) (18.70) (21.70) (l063) (1621) (5.23)
: 23.80 6.50 820 25:54) 7438 79.69 7965 7540 77.03
Tissue PTE
(132) (3.95) (132) (3.93) 411) (1235 (1015 (496) (6.83)
ATF 25.10 13.20 6.90 18.80 78.44 58.75 67.25 73.40 68.60

(288) (621) (288) (621) (9.02) (1942) (975 (5.88)  (731)
TP(True Positive): the number of Grade2s that are correctly classified as Grade2s.
FP(False Positive): the rumber of Grade1s that are incorrectly classified as Grade2s.
FN(False Negative): the number of Grade2s thatare incorrectly classified as Gradels.
TN(True Negative): the mumber of Gradelsthat are correctly classified as Gradels..

EHo5
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90.00% -
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EH27

{ Normal (df=79) Grade 1(d4f=79) Grade 2(d7=T79) F-tests (1=l =)

Features N (CF Gl (CJ) G2 (CJ) F-value
Area(ym”) 3.68E+01 (£1.57E+00) 4.08E+01 (21.67E+00) 3.84E+01 (£1.37TE+00) 1.13E+01=
Perimeter(pm) 2 66E+01 (26.35E-01) 2.95E+01 (£7.09E-01) 2.84E+01 (z6.67E-01) 3.30E+01=
Width(um) 7.50E+00 (21.85E-01) 8.48E+00 (x2.34E-01) 7.97E+00 (£2.18E-01) 3.64E+01%
Height(um}) T.92E+00 (x2.20E-01) 8.46E+00 (x2.57E-01) 8.31E+00 (22.41E-01) 9 4TE+00=
MajorAxis(pm) §.58E+00 (£1.76E-01) 9.68E+00 (21.78E-01) 9.28E+00 (z1.83E-01) 6.78E+01=
MinorAxis(um) 537E+00 (£1.20E-01) 5.28E+00 (£1.35E-01) 5.17E+00 (+1.28E-01) 4.17E+00
Circulanity 6.67E-01 (£1.08E-02) 6.01E-01 (21.17E-02) 6.10E-01 (+1.24E-02) 6.63E+01=
Feret's Diameter(um) — 9.63E+00 (+2.02E-01) 1.09E+01 (22.28E-01) 1.04E=01 (x2.12E-01) 5.80E+01=
Skewness 3.35E-01 (£1.03E-01) 4.23E-01 (22.02E-01) 4.00E-01 (z1.52E-01) 5.85E-01
AspectRatio 1.66E+00 (£3.58E-02) 1.98E+00 (£6.07E-02) 1.91E+00 (£5.62E-02) 1.55E+01=
Roundness 6.50E-01 (£1.14E-02) 5.73E-01 (#1.25E-02) 35.84E-01 (1.21E-02) 8.30E+01=
Solidity 8.38E-01 (24 40E-03) 8.19E-01 (24.58E-03) 8.19E-01 (z4.81E-03) 3.96E+01=

C.I= Confidence Interval

*: It indicates features whose null hypothesis was rejected with F-value > Fy1(2,

EH28

237)

Lumen

Features

Normal (d/=79)

Grade 1{d/=79)

Grade 2(df=79)

F-tests (M=e1=le)

N (C.I§

Gl (C.T)

G2 (CJ)

F-value

Area(ym’)
Perimeter(pm)
Width(pm)
Height(um)
MajorAxis(um)
MinorAxis(um)
Circularity
Feret's Diameter(um)
Skewness
AspectRatio
Roundness
Solidity
AtypiaRatio
#AtypiaRegions
RMSAA
TSAV(rad)

3.78E+04 (29.35E+03)
1.49E+03 (+1.78E+02)
1.86E+02 (£2.64E+01)
1.79E+02 (£1.99E+01)
2.29F+02 (£2.94E+01)
1.83E+02 (+2.09E+01)
1.86E-01 (+1.10E-03)
5.31F+02 (+6.42F+01)
2.15E-01 (+1.7T1E-01)
1.25E+00 (£5.58E-02)
§.15E-01 (+3.22F-02)
1.00E+00 (+0.00E~00)
5.11E-02 (+1.09E-02)
7.50E-02 (+1.39E-01)
1.03E+00 (2 60E-01)
1.95E+02 (+1 88F+02)

6.77TE+04 (£1.23E+04)
2.09E+03 (£1.74E+02)
2.73E+02 (£2.93E+01)
2.39E+02 (£2.31E+01)
3.36F+02 (£3.23E+01)
2.42F+02 (£2.01E+01)
1.82E-01 (+2.70E~03)
7.53E:02 (+6.43F+01)
~727E-01 (1 91E-01)
1.41E+00 (+1.12E-01)
74TE-01 (+4.62E-02)
1.00E+00 (£0.00E+00)
2.72E-01 (6.89E-02)
2 48F+00 (£5.56E-01)
8.85E+00 (+2.97E+00)
§.65E+03 (+3.45F+03)

1.19E+05 (2.54F+04)
2.73E+03 (2.69E+02)
3.66E+02 (4.70E+01)
3.05E+02 (2.78E+01)
436F+02 (5.01F+01)
3.20E+02 (2.99E+01)
1.83E-01 (2.59E-03)
9.84F+02 (1.00E=02)
-9.88E-01 (1.71E-01)
1.38E+00 (1.10E-01)
7.60E-01 (4.53E-02)
1.00E+00 (0.00E=00)
4.69E-01 (7.09E-02)
4.84F+00 (6.39F-01)
1.88E+01 (3.63E+00)
2 61E+04 (6.45F+03)

4.00E+01=
6.05E+01=
4 48E+01+
4 88E+01=
5.10E+01=
3.J0E+01=
3. 91E+00=
S.8TE+01=
8.79E+01=
3.68E+00=
5.21E+00

1.00E+00

9.22E+01=
1.61E+02+
T.51E+01#
6.80E+01#

*- Ttindicates features whose null hypothesis was rejected with F-value > Fy1(2,237)
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=529
T Normal (df=79) Grade 1{(df=79) Grade 2(df=79) F-tests (t=lle; =)
Features N (€D Gl (C.D) Gz (C.]) F-value
Area(um?) 420E+01 (+2.67E+00) 526F+01 (£282F+00) 4.83E+01 (22 94E+00) 2 43E401=
Perimeter{um) 2.81E+01 (21.09E+00) 3.20E+01 (£9.63E-01) 3.10E+01 (£5.88E-01) 2 81E+01=
Width(um) 8.04E+00 (#3.11E-01) G9.11E+00 (£251E-01) 8.65E+00 (£2.72E-01) 2.58E+01=
Height(um) 8.16E+00 (23.38E-01) 9.19E+00 (£3.17E-01) $.92E+00 (£2.59E—01) 2.10E+01=
MajorAxis(um) 8.87E+00 (x2.99E-01) 1.01E+01 (22.55E-01) 9.66E+00 (+2 42E-01) 3. 73E+01=
MinorAxis(pm) 5.92E400 (22.01E-01) 6.45E+00 (£2.10E-01) 6.13E+00 (+2.25E—01) 1.10E+01+
Circularity 6.8TE-01 (21.95E-02) 6.47E-01 (1 69E—02) 6.33E-01 (+1 42F-02) 1.86E+01+
Feret's Diameter(ym)  9.94E+00 (£3.52E-01) 1.13E+01 (£297E-01) 1.09E+01 (£2.83E-01) 3.46E+01=
Skewness 3.42B-01 (z1.19E-01) 1.79E-01 (2828E-02) 1.86E-01 (=5.83E-02) 5.84E+00=
AspectRatio 1.51E+00 (#4.77E-02) 1.60E+00 (+440E-02) 1.62F+00 (=4.14E-02) 123FE+01#
Roundness 6.88E-01 (£1.73E-02) 6.56E-01 (+141E-02) 6.50E-01 (+129E-02) 129E+01#
Solidity 8.48E-01 (27.22E-03) 8.41F-01 (x798E-03) B8.32E-01 (+6.66E-03) 8. 87E+00=
CytoplasmLength(pm) 6.16E+00 (28.20E-01) 1.29E+01 (21.16E+00) 1.59E401 (£1.01E+00) 1.72E+02=
CytoplasmLengthsy 2. 10E+00 (24.06E-01} 5.75E+00 (¥769E-01) 8.47E+00 (7.17E-01) 1.68E+02=
*: Tt indicates features whose null hypothesis was rejected with F-value > Fj5,(2,237)
EH30
Non-Epithelial LSD-test
Nuclei Features |N —G1] N — 62| |61 - 62 LSD-value
Area(um?} 408 E+00= 1.66 E+00 242 E+00= 223 F+00
Perimeter{um}) 2 89 E+00= 1 81 B+00= 1.09 E+00= 934 F-01
Width(pm) 8. 75F8-01= 468 F-01+ 507ED1+ 297 F01
Height{pum) 341 FE-01= 392 F-D1=+ 149 E-01 334 F-01
MajorAxis(um) 110 E+00= 7.04 B01=+ 399 E- 01+ 249 F-01
MinorAxis(pm) - - - -
Circulanty 6.66 E-(2= 5.68 E-02= 8.75.E-03 62 B2
Feret's Diameter(um) 1.22 F+00= T66FE01= 457 E01= 298 E01
Skewness — - - -
AspectRatio 324 F-DL= 260 F-01= 6540 E-02 7124 E-02
Roundness 764 F-02= 6.60 E-02= 1.04.E-02 1.67.E-02
Solidity 192 2= 1 .88 F-02= 346 F-D04 640 E-03

*: Tt indicates that the absolute pairwise differenceis greater than LSD-value.
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=31
Lumen L5D-test
Features N_¢1|] |N-G2| [61-G2Z| LSD-value
Area(pm?) 2 99E+04= B.14E+04= 5 15E+04= 2. 35E+04
Perimeter(um) 6.01E+02= 1.25E+03= 6. 46E+02+% 2 95E402
Width(pm) 8.69E+01= 1.80E+02= 9 27E+01= 4 93E+01
Height{pm) 6.05E+01= 1.26E+02= 6.56E+01=* 3 32E+01
MajorAxis(um) 1.OTE+D2= 2.08E+02= 1.01E+02= 5.34E+01
MinorAxis(pm}) 591E+01= 1.37E+02= 7.80E+01= 3 34E+01
Circularity 3. 90E-D3= 3.18E-03= 7.25E-04 3.13E-03
Feret's Diameter(um ) 2 23F+02= 4 54E+02= 2 32FE+02= 1.09E+02
Skewness 9 41E01= 1.20E+00= 261E01= 2 48E-01
AspectBatio 1.63E-D1= 1.34E-01 2.90E-02 1.34E-01
Roundness - - - -
Solidity - - - =
AtypiaRatio 221E-01= 4.17E-01=# 1.97E-01= 7.99E02
#AtypiaRegions 2 40E+00= 4 76E+00= 2 36E+00= 6.90E-01
BMSAA 7.82E+00= 1.77E+01# S 92FE+00= 3 7T7E+00
TSAV(rad) 8 45FE+03= 2 59E+D4= 1.74E+04= 5.88E+03

*- It indicates that the absolute pairwise differenceis greater than LSD-value.

EH32
Epithelial LSD-test

Nuclei Features |ﬁ —ﬁ| |E—ﬁ| |ﬁ—ﬁ L5D-value
Area(um?) 1.04F+01= 6.19 E+00= 426 E+00= 391 E+00
Perimeter{pm) 3.92 F+00= 292 F+00= 1.00 E+00 1 41 E+00
Width(m) 1.07 E+00= 6.07 E—01= 4 66 E-01= 389 FE-01
Height{pm) 1.02 E+00= 760 FE0O1= 2.65E-01 42TE-01
MajorAxis{pm) 121 F+00= 7.96 E-(01= 4 19 F-01= 37T E01
MinorAxis{pm) 530 E-01= 219 E-f81 3.12.F-01= 2 95 E-01
Circularity 3 56 E-02= 535 E02#* 1.38 02 236 B2
Feret's Diameter(pm) 1.36. E+00= 936 E-Ql= 4 22:F-01 434 F-01
Skewness 1.64 F-01= 1 56 E-01= 7533 F-03 140 E-01
AspectRatio 912 F02= 111 F01= 195 F02 6.18 F-02
Roundness 319 F02= 3 73 E-02= 5390 F-03 2.07TE-{02
Solidity 7. 74 E-03 1 65 F02= 8.74 F-03 1.02F-02
CytoplasmLength(pm) 6. 78 F+00= 9. 78 E+00= 300 E+00= 1 40 E+00
CytoplasmLengthsp 3. 65 FE=00= 6.37.E+00= 292 B0+ 005 E-01

*: It indicates that the absolute pairwise differenceis greater than LSD-value.
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