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A2 olu XA FF AAFo FrjoulA~ EAL GLSZM_ large zone high gray-level emphasis, GLCM_maximum
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A2 QYEFLNA TPV ABGNA ] WS e alZehs vholeviAe] Fagoel UFHn AW W
AzAE g el AHA 24 AW EE £Ed A4S Fal £ 24S ASdopn $U Wee
AHE BAT 5 vk BAY 93, 24 4 BE B 220 F8) AR QoA Hrhels] wE

Y Boel Bhrlons JN ATEES AW GUL WOR B ohy, 5 Ande wg, Fge A
5 AFSAY B AT 5 AT Asete] BANS FUAKT. Li S v NI TGA/ICIA HlolElH
o128 %3 URI e 2] 4

[s}

w2 B4 A9E B #AE BA4 ol¥ (molecular subtype)d H2 #HEHo R

< MRI oz F3d SAEe Adgaetstel e (neoadjuvant
chemotherapy; NACT)oll w2 'H2]sta <¢bd #sf(pathologic complete response) ©J%-5 oS53}, o=k
S VIRt R -wEzte] AHBAE AHEASAE BT TF 232 U A9
= 87k A AT, H< Ku 52 F7uk(high) w2 (low) FSHEH 2T (tumor-
infiltrating lymphocytes)® 42} MRI /4ol =®/F7H/ W2 (slow/mediun/fast) initial kinetic pattern
Zholl Frojmst #EAgo] S

55 gRlgloy, ol grjeuls o] ofyglom o 5HE Yehlle
TS U 19 AuBAE dlgted 2T S, @ATEA e EokelA (D8 WA T MES] 4 54
I FHA FEE FAlO £ 5 grjeul s REe By vt glok
oje] B WHAES MRI 945 7IHo R HAFHoRE WAt T MEE e 3114 EHE A5 F U
grjem 2 7)gke] A S A Esklth
g o] g
| Edsle = HA
2 e o 3R] dF 9 AR5 gig jEE 5T F e Hrem s TNk T AEAE Y] WY
E28E 24 TH L AR"S AFse AS BAHoR st
PREE T
1. o o AAZRE AR 4 B T4 ovAE 77 T4 AANF 2 T4 FHiERE FE3ls)
v WA, A7 S AAE 2 TS AN A gis] exH4 onA] Wi o gired s EAS FE3e A,
A7 T AAFAA FE2H 5SS T, AV % FHAN FE2H EHE FHdste 9A 2 A T
H EAoZRE dox AL4E Ao WY 24 (immune inflamed), W< 8A| (immune excluded) % ™
ZAo] (immune desert) AEHES TEE= GAS E3He= FAdnAstAE ] WY A WY
2. 9] 1 gholA], 7] &2 ekl .
3. 9 1o doAA, A7 Bole] T olw A= ZAAV FHE dd oF BAEFE 60x WA 80x HHoR

Aojxl 29 27 WRI o]m X2l AL, .

490 190 QlolA, A7 Bale] H olm A 4] oA (AL WA A4 oW A7t EAH o ol Aol

K

)

A1 olu| Ko A FF HAF Frewls EHL GLCM_correlation, NGTIDM_complexity, GLCM_sum entropy,
GLSZM_large zone low gray-level emphasis, GLSZM_ large zone high gray-level emphasis % variance & &
o 1/ olielx, FF FHHE e Yx EAL GLCM_informational measure of correlation 2,
NGTDM_strength, GLCM_energy, GLSZM_zone-size variance, NGTDM_busyness, NGIDM_coarseness, GLRLM_run-

length variance, GLCM_ entropy % Energy & Zol% 17] o]Xdo|H,

A2 olu] XA FF AAFo FrjoulA~ EAL GLSZM_ large zone high gray-level emphasis, GLCM_maximum
probability, GLSZM_large zone low gray-level emphasis, GLCM_difference entropy % GLCM_informational
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& 39 "WY9ady s A% Aot
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T 102 E dyol Aaldo wE AF grews R (RM-peri 2 RM-peri )ollA dojzl FHH o] HALHS
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E 11 B owrge] Axde fE A% @h)ews Rul(Riperi @ RM-peri )E o]8ate] fukete] A} o}
o Hz B3 Aol

- SC FC -
T 128 ¥ owge] AAdd wE Ag g~ T (RM-peri 2 RM-peri )9 <dF3HES §1ete] EA o}
3 d= grist Aol

- .SC - -
E 138 B outmo] Axee] BE A #r)evls meEl(Ri-peri’ @ Riperi )E o]gako] Maaoralstan
o] kg 9 friete] ¥z} o}y WH=z FA5 Aot}

2 e grjeul s Tigke] TP AEAE Y] AHREY EAHe #e zew, i o FAERE FAHA
o8 4L B % oAE A4 TF dAF D % FHEE FEseE 9, Y] 2% AN 2
T FHE A7) di#d] £=AbF olw A ¥ girje s BEAE FEStE WA, AV % AAFAN FEE 5
A& T, A7) TG FHAAA FEE EAS F¥eE WA 2 A7 SFE EAoEREH X HFE
23l W9 A (immune inflamed), WS wiA| (immune excluded) ¥ W Ao (immune desert) AEIES T8
= wAE Tt

Eoodgo A g0 'FUuAE (tumor microenvironment)'S HAE o= 4 FF o &A=
Aoz, daa g2y, "Ax, AxY7d, ARAE & 23e dAE7 FA 8 3stE 34 4
FAE 9n|gtt. FENARAE S T FAdd FAAT Bk ol A= ¥ PSS v KT, tpget o Fol
A T HAFE HEFY REE 4 "9xE, 53] dGIE A A (immune checkpoint inhibitor) X559 &3}
o ATHTAY Jvt g Ut

A7) e n¥Add F Ak, o5 EW, F¥<U(breast cancer), WFU(Bladder cancer), W&<(Colon

cancer), $1(Stomach cancer), <% (Lung cancer), ¥|XA%(Lung adenocarcinoma), Z%4%(Colon
adenocarcinoma), A HX4<(Prostate adenocarcinoma), 38 23 %<& (Bladder urothelial carcinoma),
HF M ELZF (Lung squamous cell carcinoma), I|H-ZF(Cutaneous melanoma), H-91E78 Y (Cancer of
unknown primary), #&E#E (Pancreatic adenocarcinoma), MEAM|XE(Glioblastoma multiforme), ©7
A9 (Colorectal adenocarcinoma), ileH7dNddAd(High grade serous ovarian cancer), $141%(Stomach

adenocarcinoma), AIAM¥%E(Renal clear cell carcinoma), 2]%=%(Esophageal adenocarcinoma), 139+

(Testicular cancer) T¥ 7FWE39(Intrahepatic cholangiocarcinoma) ¥ 4 Qo) olo] A3E R =

S Feed 5 Ao

A7l FG oA omd} olnAeltt. oF EW, (T, MRI EE PET 2HE dolxl ojuAd & glort ¢
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o AFEA kvt wEHEA= RIZFE Aol ojwjAld 4= vk, ¥ weAsiiA= 29 574 MRIZF-F

O

W

Ao zgA W, g AA B meh 423 24T+ Ak, oIE B, 30% WA
AL 502 A 002 9 & k. | wFAAE 60x A 80x U 5 AUk,

A7) Ao R e B0 FgolnA e A4 T AAF 2 TS FHEE FEsEY. Y dARE
o] ol wA A @AY (region of interest, ROI)OIAL, FY FHE= FUHHAATF] ng Jdo=
THAAT] HFYIEEH 44 144 "oz 99d 5 Jdvk. A7) HE2 0.1om WA Smm € 5 k. wbgA
SHAIE 1mm WA 3mm € 5= Ak, o ¥EASHAIE 1.5mm WA 2.5mm & 4 JTh

2 g 7] 59 FgemAREY 242 ouAnit T AN 2 FTY FHEEY greds 54
S FES. e o Auit; T AAF] gyoula 54 9 FF A Hueys EAS ds
ATt

I %, B odwe A7) omAeit; &% T AN g EAES FFeta, T THEY gy
eHx EAS FEsg

A7) BtH e s 5L GAe B4 Fitol x3tE HAES] gray-level gH(¥7]e] vlaElEh) e HEZHEE Ao
A 4 drd. m3F, Gray-level#te]l X (Global = First order) 2% 9ol % 9la, g JAE9 I3t
Aol wigd =R A" Hlel 8™ (GLCM, GLRLM, GLSZM, NGTDM) =Bl dojd 4= i},

A7 gYoul s EAL 98 JAoRRE dojd s By ofYg dlo]E¥ ZEZE AAET JozR
B dojz 4= g}, o= 59, A7) dlo]83 FE (wavelet filter)+ Daubechies 2 (ratio = 1/2, 2/3, 3/2,
or 2), Coiflets 1 (ratio = 1/2, 2/3, 3/2, or 2) TX Symlets 4 (ratio = 1/2, 2/3, 3/2, or 2)4 <
AT

7] GLCM(Gray-level co-occurence matrix)< @AelA A" 33k dAlel e JA BEol 2 gray-
levelgtol we} drbyg A5 Yepbe=x 54kt d& @elar, 7] GLRLM(Gray-level run-length matrix)
2 oA dE=E AHHE T gray-level s AT Ao dwupy A5 YElheEA A4S ddS @
3™, 7] GLSZM(Gray-level size-zone matrix)e GAollA] M2 Q13 & gray-level S 7IAl= HAE
o] dul} 25 UeluEx EAE #HS watar, A7) NGTDM(Neighborhood gray-tone difference matrix)

2 JAeA 2 A gray-level @@ AR HAE9 H gray-level e Hol& EAIT IHS

W7 BeAel FFelAE 270 A 5070 WAL oA = qlek. MFAFAE olulx] BYAF W EAA
e melstel 270 WA 10709 olvAY & gk © wEAsAE ) WA 54 A Atk 9% sk el
=l & v

woagel duAdel oA, 7] BeAel FF oluAe 47hel ol A (AL WA A4 e]ulA)7 Eapeow
(3]

A1 olm KA FF AAR9 FrjowlA EAL GLCM_correlation, NGIDM_complexity, GLCM_sum entropy,
GLSZM_large zone low gray-level emphasis, GLSZM_ large zone high gray-level emphasis % variance & &
ofx= 17} o)Atela, F FWHKE o v EAL GLCM_informational measure of correlation 2,
NGTDM_strength, GLCM_energy, GLSZM_zone-size variance, NGIDM_busyness, NGTDM_coarseness, GLRLM_run-

length variance, GLCM_ entropy % Energy & Zo]& 171 o]ifolH,

A2 olm Ao A FF AAH-o grjeulA~ EHLS GLSZM_ large zone high gray-level emphasis, GLCM_maximum
probability, GLSZM_large zone low gray-level emphasis, GLCM_difference entropy 2 GLCM_informational

measure of correlation 2 5 Zlo]x 17] o]Atola, &9k FWHR o gr]e WA EALS GLCM_informational
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& A ARE AP 29n, SO AGEAYS HotF F gt 4 PAE 453 F gdon, 27 1
B 94 R 9 BT BAER QARG & A FUYRTLYE M EE o2 o] T YA
Aol2 AW 27lo] o] Brsw YU BUHE A%, % 2/ v vy guol A Fgel 27
AN mE o] ofele A%, 12 ol¥e] WY m gukd Aot Gt MER2 P EE AF o4
U AgelA ABHUT, ol T AT BAGe] B Y ZHES] mFHUL,

(hematoxylin and eosin; H&E) 4 & 5} =

A AEE di EEeless d9ge EFA % (cellularity)7} 1095 A& MEETo] 24 &
o, AA G (whole-section) EFEZHE THE 4 um F49 =4 ©@H Bond-1I1 immunostainer (Leica
Biosystems, Newcastle, UK)& ©o]&3te] ®WAXAFIGAE e, =7 ddHES g3
(deparaffinized), & 2| (antigen-retrived) F4& AL, o|F AoA LA 2L o]z HAHS-(3-CDS
o gA], 1:400, M7103, Dako, Carpinteria, CA)&
complexE& A #3tal TAA DABE o|&3ste] (D8 FF-& &<}
o, 9% A dxTer HE o] F&&E9).
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HozA skl o] e AA b SEho|=o A (D8 YA THHRHEZT A Uxe I BXE #
Agom fFiek Wwol T FAF(tumor center)®t H& AW (invasive front)e] 22t HEZ F7HE ok
Ad AHE Y A 2ZAge 8" o AxEER ZYdor. % A AR dHelA e %
(hotspot)-& Au&ollA Melwdir, 7+ HE &eto]l=olA ®71Hen, T x7e Hgx4sstdas 118
3 AA 9 SEfolmo: Hdyg W AT, (D8 AW &Ele]=5L2 AperioScanScope  (Aperio
Technologies, Vista, CA)OZ AZNEAar, 270E A @i o]uAEL F A £ZE Q] QuPath®

FAHAT. 22 O 24 g 999 4 S 98 Simple tissue detection =5 o] &3, 7k ME9
T BA &2 Polygon ETolA F712 aEzlon, olF Fal A2 A (outer margin), <+ A (inner
margin), £ FAFHE AR O Al Ttu JFo] REo R g oR HUEQ AX £ dudEs
3= Cell detection =9} Add smoothed features (25 um) =75 E3l 25 um BE <AellA ME SH| 7}
T Bos AEstd AR SAFoEN omA7t A 2FHAT. Fd I AxY 54 A

TES 93 Detection classifierolA2] Intensity feature’} AREE AT, (D8 YA FTUYHEHZ 1Y AHX

-

tEY FARS A% AW 4 g A BHelA AFeR AWEAD, Lm 3 P FAS wol: Y
o
2

1= 2 3 )
Zyo] TR AgoEtt. (D8 ¥ TFHEHZ Y ZX HdS AtFeR ¢ WgRdES us3 gl
AdoEitt. 1) WY dol (A& TF AT 2 ST 2w Ao JRrE A o), 2) |
of wiAl (W] AMESo] & dWelnt Rejoly), 3) MY FA (T TN A& AW #HEa W A
Eo] HF7F FEEHA vebd), olel it o A= = 1ol YERSIT.

1-3. MRI °Jv]d 3 #HFH 2 R0D)

1 MRI 7oA 5L ded AAE HYPow 7F A4 IS 78 ZYE AHES 3-T scannerE &3
Ao, FOV = 496 x 316 mm, TR/TE = 4.3/2.25 msec, flip angle = 12° | spatial resolution = 0.6 x 0.6
X 2 mm, section thickness = 4 mm $¢ X {EE vlgowm A 3z o]y %4 =7F(dynamic contrast-
enhanced; DCE) MRI <34to] Aol t}. Gadobenate dimegumine (0.1 mmol/kg; Multihance, Bracco Imaging,
Milan, Italy) ZGA7F FHEHJDL, HZ2G 37 AZE A2 9] 2T & o] 74x A2 &
ofxtt: DCE1, DCE2, DCE3, DCE4. @7defstat dieef7b #Hit(subtraction) @3 (HA wejw zhzbe] 2954
T gAoll A vz gAto]l FAEAS ) FF B IY(region of interest: ROI) #FS ZgA F

H2 dAsiolal, % TR (periphery)® ©A T (whole tumor)e] HIFZHFE 2mm oJue] Jgoz x|

ATt

of
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[0069] 14, geyx EX & 4 A3

[0070] G gl HA o]Fo] Azl omXERE FU HAF L FF FHEY ROIYA first-order statistics,
gray level co-occurrence matrix (GLCM), gray level run length matrix (GLRLM), gray level size zone

matrix (GLSZM), and neighbor gray tone difference matrix (NGTDM)Z 3 AAbeE 64702 A7 EF S0 o

oAt 7 A 5450 Fek4 Gel: avle] 1 A ¥ 6ol AAleksT

#£ 1
[0071] Geometry
erjon s 54 o
Volume
volume = Ny, (mm?3)
#£ 2
[0072] First-order features
Mean Ng
mean=u=Zi X P(i)
i=1
Variance Ng
variance = g% = Z(i —u)? x P(i)
i=1
Interquartile range
d ' & interquartile range = P59, — P59,
Energy Ng
energy = Z(N X P(i))2
i=1
Entropy Ng
entropy = —Z log, P(i) X P(i)
i=1
Uniformity Ng
uniformity = Z P(i)?
i=1
Skewness N
2.2 —uw)? x P(i)
skewness = —
o3
Kurtosis s b5 pCi
G i—w*x P>
kurtosis = i=1( 4) © _ 3
o
Z 3
[0073] Gray-level co-occurrence matrix(GLCM)
Energy Ng Ng
energy = ZZ p(i.j)?
i=1j=1
Contrast Ng Ng
contrast = @—N*pGN
22
Entropy Ng Ng
entropy = _ZZIOgZ[P(i'j)] xp(i,))
i=1 j=1

_11_
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Homogeneity 1

Ng
homogeneity 1 = ZZ P(.J)
1+i—]l

Homogeneity 2

p(.J)
homogeneity 2 = zz T+ i

i=1 j=

Correlation

Ng Ng

1
correlation = ;Z Z(i - WG —wpl,))

i=1 j=1

Variance 1 Ng Ng
variance 1 = W@, )+ G —wip@N]
i=1 ]
Variance 2 Ng Ng
variance 2 = Z Z(i —w?p(. )
i=1 j=1
Sum Average 1 Ng Ng
sum average 1 = @+ Pp.))
TR
Sum Average 2 2N,

sum average 2 = Zipx+y(l')

i=2

Dissimilarity Ng Ng
dissimilarity = Z Zli —jlp(i.))

i=1 j=1

Autocorrelation Ng Ng

autocorrelation = zz: X jxXp(i,j)

i=1j=1

Difference entropy

Ng-1

dif ference entropy = — Z log [Px—y ()] X Pr—y (i)

i=0

Sum entropy

2Ng

sum entropy = — z 1082 [Pr 4y (D] X Prsy ()

i=2

Sum variance

2Ny

sum variance = Z (i = SE)? Pray (D)

i=2

Cluster prominence

Ng Ng

cluster prominence = Z Z(t +j— U — uy)q p(i.j)

i=1j=1

Cluster shade

Ng Ng

cluster shade = ZZ([ +j = py— ;4,,)3 p(i.))

i=1j=1

Cluster tendency

Ng Ng

cluster tendency = ZZ(L +j = Uy — uy)z p(i,j)

i=1j=1

Maximum probability

maximum probability = max (p(i,j))

Informational Measure of
Correlation(IMC) 1

HXY — HXY1

IMC1l= —————
¢ max {HX,HY}

Informational Measure of
Correlation(IMC) 2

IMC 2 = /1 — e—z(HXYz-HXY)

Inverse Difference Moment (IDM)

Ng Ng

IDM = Z p( ’))2( i#))
i=1 j=
Inverse Difference Moment Ng Ng
Normalized(IDMN) IDMN = P(f.]'). i
=17=11+ (‘T_gi)

_12_
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Inverse Difference

N li IDN i,
ormalized(IDN) IDN = ZZ P( 1)
i=1j=11 + N
Agreement
: agreement = u
g 1-P,
*p(ig) = P(L )/ P(LJ)
* 1 =mean of p(i,j)
cie= DO E G )i
cw= 50T pG )
* o = standard deviation of p(i,j)

Py = T8 plif), i+) =k
* k) =
*HX = — 77 p, (1) loga (px (i) + €), where py (i) = %, p(i. /)
*HY = — )7 p, (j) log,(p, (i) + €), where p,(j) = £;” p(i. )
« HXY =
« HXYI1 =
HXY2= — 5 5 p, (0P, (log2 (P ()P () + €)
“Po= %7 p(i,)

“Pe= L9 p(i,)pC:. 1)

5P, li-jl=k

— X195, pi. N1oga(p(i. ) + €)
= Z1 27 p(i,)) l0g (pe(Dpy () + €)

¥ 4
Gray-level run-length matrix(GLRLM)
Short Run Emphasis Ng Ny
p(t J))
small run emphasis =
i=1 j=
Long Run Emphasis Ng Ny
long run emphasis = Z ijp(i,j)
i=1j=1
Gray level nonuniformity Ng /Ny 2

gray level nonuniformity = Z z p(i,))
=

Run Length nonuniformity

Ny

run length nonuniformity = Z

i=1
Ng 2
RD)
i=1

=
Run percentage Ng Ny
1
run percentage = NZ Z P(i,j)
i=1 j=1
Low gray level run emphasis Ng Ny
p(t )
low gray level run emphasis =
i=1 j=
High gray level run emphasis Ng Ny
high gray level run emphasis = z Z i?p(i,))
i=1j=1
Short run low gray level emphasis Ng Ny
p(l 1)
short run low gray level emphasis =
i=1 j=
Long run low gray level emphasis Ng Ny
long run low gray level emphasis Z Z 2i2n(i,))
i=1 j=1

_13_
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Long run high gray level emphasis Ng Ny
long run high gray level emphasis = Z z i?j%p(i, )
i=1 j=1
Gray Level Variance Ng Ny
gray level variane = Z Z(i —w)?*p(,))
i=1j=1
Run Length Variance Ng N,
run length variane = U —my)?p(ij)

*p(ij)= P(L)H/XP3))
* 1y = mean of py(i)

* 1y = mean of py(j)

* N = number of voxels

#Z 5
[0076] Gray-level size-zone matrix(GLSZM)
Small zone emphasis Ng N,
) p(i.))
small zone emphasis = =
i=1j=1 J
Large zone emphasis Ng N,
large zone emphasis = Z ij p(i,j)
i=1j=1
Gray level nonuniformity Ng /N, 2
gray level nonuniformity = p(i,))
Zone size nonuniformity Ny /Ng E
zone size nonuniformity = Z Z p(i,))
=1 \i=1
Zone percentage 1 Ng N2
zone percentage = Nz z P(i,j)
i=1j=1

Low gray level zone emphasis Ng N,
o p(.Jj)
low gray level zone emphasis = 2

i=1j=1

High gray level zone emphasis Ng N,
high gray level zone emphasis = Z Z i?p(i,))

i=1 j=1

Small zone low gray level Ng Ny
emphasis small zone low gray level emphasis = Z Z p‘(zl',i)
i i 17]
i=1 j=1
Small zone high gray level Ng N,
emphasis *p(i))
b small zone high gray level emphasis = Z Z 7z
i=1j=1
Large zone low gray level Ng Nz 20
emphasis large zone low gray level emphasis = Z —z
i=1 j=1
Large zone high gray level Ng N
emphasis large zone high gray level emphasis = z Z i%j2p(i,))
i=1j=1
Gray level variance Ng N
gray level variance = z Z(i — w)?*p(i, )
i=1j=1
Zone size variance Ng N,
zone size variane = Z Z(j - uy)zp(i,j)
i=1j=1

_14_
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*p(ij)= PLH/ZPGE))
* i = mean of p(i)

* 1y = mean of py(j)

* N = number of voxels

Z6
Neighborhood gray-tone difference matrix(NGTDM)
Coarseness N
coarseness = B P
€+ Zifl N;P(i)
Contrast Ny Ng
contrast = N3Z P(i) N (N 1)ZZMN /i (i —j)?
Busyness zwg N,P()
busyness = ,Ny #0,N; #0
Z Z 2, (iN; — jN))
Complexity Ng Ng [ |
o |i = jI[N:P (@) + N;P(j)
complexzty—;; NN+ N) ,N; #0,N; # 0
St th
reng 209, 08, (N + NG — )
strength = N ,N; #0,N; # 0
N x [e+ 3%, P(D)]
* N = number of voxels
* N, = effective number of gray-levels
* € =small number to prevent infinite
w7 dae Oee & 12 £we) dolisl AHES olgd WAl F 1249 doluu-FANw
(wavelet-transformed)® GAEo] AWA=STE. Daubechies 2 (ratio = 1/2, 2/3, 3/2, or 2), C01flets 1
(ratio = 1/2, 2/3, 3/2, or 2), and Symlets 4 (ratio = 1/2, 2/3, 3/2, or 2). Z+Zto] ¢Jo]E2l-8 &« 3ty

FForFE 6479 A3 5 EC] FEHEU

WA @ MRI Al Ao 2ok AAR = 2 FWH R (peripheral) 999 2% &4 (tumor volume), 6474
o] A7 EA (texture feature), 768702 ¢lo]E3 &4 (wavelet feature) = 8337/ EAo=m A
gowx~ 5% IF(radiomic feature groups; RFG)= Aoldtb. RFGL, RFG2, RFG3 E© RFG4E= 242} DCEL,
DCE2, DCE3, DCE4=%5-H F=E AL, bFAQl gtrjewl~ EAESS dEsty] fa 7291 8 2019 vlolH
2 P E(segmentation) Y-S PPk, Zbzhe] grjewls B4 agowiy FHs o Ad AF
(intraclass coefficient; ICC)7} 0.8 Xt} & grjeul X~ EAHES A5ttt YU HIEFTAH S =3}
= ggeyx 2d(radiomic model; RM)S 7dslr] <& 2+ 292~ EAA ] area under the ROC
curve(AUC) gk& AMFRAL, 7HE 52 AUC #b& Yebdl= 39 50709 ez~ 548 A8y,

=
(e
=
<5

-E ﬂl‘ﬂ 1> ru

1-5. grjegx =d

2 A= A F 7 389 Br e s Bdo] JdErh: 1) T AAF] grjeds B OFS
T WY A TYoRHE WY &4 TS T EE (RM-whole) 2) T FHF9] grevx 54
IFS B3 W vA TSeEREH Wy A9 TS FEsE Y2 (RM-peri). ¥ FZ I E(training
cohort)®] 5-FH 1z} 7E(5-fold cross validation)2 %3] least absolute shrinkage and selection

operator (LASSO) 3|9 7|Weo= #rjouls EAES My H4 7|t E‘rqo‘]”\ 2aS Jgglon, wxk
AS 9F77F H4d 79 v7/l¥S(tuning parameter; A)7} 4 ) 7)A] glmnet| alpha =
1 and maxit = 10'9] W/A5E AEste] 57 BAS S0}, Grjews A4t dum grjeus E45
I ZF AEe] AF Aol o8] FoEAar, LASSO 37 WAlE S oS v8S Folv] 9 g B

_,d
¢
)
s
32
2
=}
[Kl
LU
Mg
i)
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(¢ .
GEe FU AIERYY AUHUR 4% AEEE B WU, FbHom o@i sue griers
RUEe % A4 PURFY mBEAA WY AR wgde] pAYe Fsed AL, v 7
Ewpg 2 43 g Aeste] = 2o tehigic

woagol s B thgelgld SxbEel WA AE Ve FEURYH AW B4 ARAAY A, A9-5
of AE Ve FEARVE S Ave] dyHon Aud AR Jkez o, Wees 9
wAHE e A FURTAN o F F&H AA 2ANA dolgl B FFolt YA Ao} gl APE
cBEEEY

H
Sk
model) ML A&t R T2 #7]%] pROCE E&a)A 2AES9 AUC %t
£ 93 Delong's test® AMEATI. F A& W o] #HAY H7HE 9
correlation test)<, &% WHEQ vla F7tE 98 ~FUE ¢ 74
2FE-2] (one-way analysis of variance; ANOVA)¥} ¥lo]o] H7] AFSE A (post-hoc Tukey's test)o] A3 %
AT, A AR (cutoff)& 7 Edle] ¥Wzte W Solke] FE HAdslete #owE AAEIJAL, tF
g 98] Pat(P-value)> &5 W (Holm's method) 22 ZAQEHATE. BE SAA ¥4 R 2219 4.1.0
HHo=R Fa= AT},

>~

2. A¥4dx

2-1. % AARE goeyx »d /g 4 AS

WA T4 AAF9 Hrjenls EAHS o]gste] WY 84 TS Ee g}
Zdo] MaEt. 470¢ MRI ©]w] =] (DCE1l, DCE2, DCE3. DCE4) Z}ztollx Aozl ZoF P
A 1% RFGL, RFG2, RFG3 2 RFG4° A LASSO 37 mdlS o]&35te] ztzte] grjeula 5% 2FolA 47] WA
709 grlew s 548 AdEste] Z4zke] ghr] w2 2Ell Ri-whole;, RM-whole,, RM-wholes 3! RM-

Eo. 2 2dd ded gidey s 54 & 39 YERT. B G5 Es A WA gAY FdeA 4
o]Z RM-whole, |4 7F& &<kl (training, AUC = 0.659; validation, AUC = 0.671), U] ¥HA A At
A o] x RM-wholedoll A 7F& Ekth (training, AUC = 0.592; validation, AUC = 0.576). o] A3}= T 5(A-
D)ol YERSIT.

L _ sc )
st Ha 71 23 2l Ri-whole % 57 719 A3F <] Ri-whole

i

A7) 49 AT Rag

= J)0atdet. Ri-whole = RM-whole;, RM-whole,, RM-whole; 2 RM-whole, o4 E2¥ A2 Adtshe] w=

2dolar, Ri-whole = RM-whole;, RM-whole,, RM-whole; 2 RM-wholes,o]l X3tel ojeulx~ EXE A3 o]

d

e mdoltt,

Rii-whole oM &4 2 @Z% mEE9) AIC gtol 22} 0
STES AUC #kel ZH7F 0.973 B 0.985%1th. o] Af mHE
AAAA e Ri-whole ) AUC ghel 7F 93¢ wAZNE] ol A8 Reluk Ri-whole’ o) AUC gtell u]3) o

FL FFE By (BE vl P < 0.05). F3F 1A (D8 ¥A] M E(stromal CD8+ cells)e] FoF H=3t

A

rlo
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© R-whole 2RE] Qo]7 A4} oko] ATBAZ ¥ (P < 0.001). o] A7= % 5(E-H)o] e

2-2. % Fur grjevx =4 AT ¢ A3

del Aol 3 W A ERYS S Wel MY TP SAW TG FAR 08 I 1AL A Y9
A4 Folzk gtk o]& welste] FF Furel drjevs 4L ol F MY WARAFS TRE F 9
= 29 ugict. 4709) MRI o)A (DCE1, DCE2, DCE3. DCE4) ZHzhelA] 2o}zl Eok Fwine] Bmga'i =

)
A 1% RFG1, RFG2, RFG3 % RFG4olA 2-1370¢] yowx~ EAES A
peri,, RM-peris, RM-peris @ RM-peris& "HEUT}. ol = 6°] YeERHATE. AUC 2 RM—periloﬂfﬂ g =

(training, AUC = 0.864; validation, AUC = 0.866) RM-perisolA 7F% wtt} (training, AUC = 0.763;
validation, AUC = 0.750). ©] A¥}+= = 8A-Doll JERNSITE.

471 afel Bhren e mals Agstel W4 /)i A% 29 Riperi % 54 /1N 4% 29 Riperi £
kst ATt RM—periScE RM-peri;, RM-peri,, RM-peris % RM-peri,olA E&FH HAFE ZAEgs] wE

, RM—per1 RM-perii, RM-peri,, RM-peri; % RM-peri.o] ¥3t% grjeoulx~ EAS Ao wle=

a4 71% A% =2 RM-peri (training, AUC = 0.982; validation, AUC = 0.976)3 5% 7]ub 73 =&l Ry-
per1 (tra1n1ng AUC = 0.993; validation, AUC = 0.984) E5 EF3 &5 == Brt. A 4% nd S0
A AddlE EAES = 79 YR, e AT A ol A RM—periFCE @ RFGERH wrEolx RrERTh

SomEA = AUC ZHS AQAU (RE HTe|A P < 0.05), RM-peri o}¢] H]mi=

rir
o
1o,
QL
>
52
e
Auj
of\
02

WAXo el 7HA (D8 U ME WEFLS Rperi 2HE Aol Hrel o] An@AE nid (P <
0.001). o] Az= & 8E-Hol| YT},

S 0.19302 AAEA o]+ & 9o Yelfgdtt. HE ZIEJIAME AHIEr}
0.9110]90a1, Hi F1 H4+= 0.950010 0. = %%Eﬂ Z2HEE= T 109 e

2-3. & /I A% 2dy A3ty X 47 AS

olgA JiwdE EAEY ey Hieh AW Estd 5AE Alelo] #AAE dolrgka, WA HERZ ¥ 4F

&4 olgol A luminal EFo W&l folval H & Ri-whole A47F FolAth. Rilperi Z5E o]zl

445 vugdS wl, luminal A ool H47F b2 UwA] o}l Hld] foju|siAl *okth. o] A3E E 114

YR, o]A7] daxdyd Yy &4 o}y ko] sk %ﬂreﬂ“o a3t 7 gl FAF oy e ASEE S
A 2 ool A3}, Ri-whole S RM-peri RF AUC gl 1o] 7% A=e) £58 45e

29 YRSl

Aefatetslel @ W (neoadjuvant chemotherapy; NACT)S F &gl x5 oA (D8 YA FTUHHIFHEI L o] &

S5 Agddstga e tist X g whgo] wre A A dEA A, olE EUlE Aggdsistaye

et Mmo] NACT ZEE(n = 64)ollA 7] 54 7|9k A3t grjeuxs wdo] oSAS Frl4oz Hrlstaxt

=

Ak, el AFHze] R FAYH % mEECA Rivhole 2RE doj7 A A A FF F
Gl 1 (D8 FH TEUEHET dEeh o] FHAE Hded, 9 EaE NACT ZEEC 48
e W Friews Aerh sty gl B (pR)E B FAENA 28A] G veA] Eabsel W o
=R (P = 0.015). o] W wAF ofgef Apelel Sjsix= rers Havh IR @aS e (one-way
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ANOVA, P = 0.24), ypCR #kAF5olM 9 & A7t A geratsta ol mizhsh 24 ofgo] @o] xgks o] 317

WEL oS oF 4 dITh. W, Riperi oA dojd Aw A ehrjemls Mok ok FWe kA (D8
A T AE Ax¢t %o AAAAZS BP3, non-ypCR 259 HE7}F yplR =R H¢ko ™ (P = 0.006,
Student's t-test), ©] 3l Ex} ofFoel we} A} FAifo] GEAF gt (one-way ANOVA, P = 0.68). 7]
AF}EL = 139 YEY. A3E B W uiAd UAE dErr Adaesista el tid X5 AdAd
Heo] 98 AALslL), o2 A NACT ZZEAME gr]ouls mdo]l g8io] oy},

A& B oUge) Aye oA A% golr, B we] Hat wRoke B4 A4g sk A 2wy
o Z1%H Aol BEHY 53¢ WA RuA the TAN U2 44 WPol s A ol
T 5 A Aotk IHBR ol gl JEE ANES BE HelM alA Kl Zolv] FPFo] ohd RoE
olsfaleber W}, oF o), BAdow AWsel At 72 T4 fat Rise AAE FE glom, whav
Az e oz 9ol gt P SAEE 29E Fez 448 £

wouye) WMol Fasts ATl ostel tehiolrl, T vl WY qelw a1 FF AGO
EEHE RE W7 £t w3 get 2 odye) el £9EE Ao sasofor auh.

1
(g
~

b

_18_



SIS

Validation NACT cohort
(n=45 | (n=64)

MRI acquisition

v
Region of interest delineation

=92
Surgery cohort
(n = 182)
Training
(n=137)
MRI acquisition
DCE, || DCE;
DCE, || DCE,
|
A
Region of interest delineation
Whale tumor Panpheral tumor

Feature extraction

| RFG, || RFG, |

| RFG, || RFG,
v

Feature selection

v

Model development
{inflamed vs.
non-inflamed)

[me-ue. i_num-ue, |

RM-peri,

Feature extraction

| RFG, || RFG,

| RFG, || RFG,

v
Feature selection

v

Model development
(immune desert vs.
excluded)

\ Ri-perly

| RM-whole; || RMwholes |

v
Model combination

| RMwholesc || Riv-wholey:

 Rhped, || Rhkperi

v
Model combination

RM-poris: || RM-percc |

¥

Feature extraction

Tested for prediction of Tested for correlation with
immunophenotype

response (ypCR)
A

EH3

RFG Wavelet Feature Coefficient

RFG1 Db2 (ratio 1/2) GLCM_correlation -0.56754822
Db2 (ratio 2/3) NGTOM _complexity -0.07508652
Coifl (ratio 2) GLCM_sum_entropy 0.54810966
Coifl (ratio 2) NGTDM_complexity -0.46805729
Sym4 (ratio 2/3) GLSZM_LZLGE 0.10847101
Symd (ratio 2/3) | GLSZM_LZHGE -0.03217084
Symd4 (ratio 3/2) Global_variance -0.07269342

RFG; Db2 (ratio 1/2) GLSZM_LZHGE -0.19151188
Coifl (ratio 1/2) GLCM_maxprob -0.16563705
Coif1 (ratio 2) GLSZM_LZLGE 0.35645318
Sym4 (ratio 1/2) GLCM _difference_entropy 0.03883755
Symd (ratio 3/2) GLCM_IMC2 -0.02537452

RFG3 Mone GLCM_difference_entropy 0.01796420
MNone GLCM_maxprob 0.03586905
None GLSZM_LGZE -0.25461542
Db2 [ratio 2) GLCM_maxprob 0.10218814
Sym4 (ratio 2/3) GLCM_difference_entropy 0.12967341

RFGa Db2 (ratio 2/3) Global_variance 0.06256532
Db2 (ratio 2/3) GLCM_difference_entropy 0.01333215
Db2 (ratio 2) GLCM_difference_entropy 0.07290913
Coif1 (ratio 1/2) Global_variance 0.05387090
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RV
Model Model score or feature Coefficient
RM-wholesc | RM-wholey 0.6424617
RM-wholes 0.2492717
RM-wholea 0.4501712
RM-wholes: RM-wholey, Db2 (ratio 1/2), GLCM_correlation -0.058564466
RM-wholes, Sym4 (ratio 3/2), Global_variance -0.002479776
RM-wholes, None, GLSZM _LGZE -0.589146700
RM-wholes, Db2 (ratio 2), GLCM_maxprob 0.076042824
RM-wholes, Db2 (ratic 223! GLCM_difference entropy 0.177540541
RM-wholes, Db2 (ratio 2), GLCM_difference entropy 0.003808875
EH5
Inflamed versus non-inflamed tumors
A B Cc D
RM-whol RM-whol RM-whol
1.0 " 1.0 o 10 # 1.0 Rbewhiole
8 08
6 £ 08
4 -

i 0.815 0.2

Yaldaton cobort 0,613

| 10654 g Eemicononosos ot : o B Entieconon 0585
0 02 04 06 08 1.0 0 02 04 06 08 1.0 0 02 04 06 08 1.0 0 02 04 06 08 1.0
1 - Specificity 1 - Specificity 1 - Specificity 1 - Specificity
E F G : H
1.0+ RM-wholese 1.0 RM-wholey " e e e e é‘ 4.
& | | -
y . L : | ® 3 s q
:‘g’ 06 ; | £ o ot
1 o e
E 0.4 2 g4 | 8% 0y
02 il ol ; | _; .
£ -
0 ____ Entite cobort 0.783 0 ____Entira cohon 0.875 0 | i - g ol ﬁ —
0 02 04 06 08 10 0 02 04 08 08 1.0 1 2 3 4 SCFC 030609 12151821
1 - Specificity 1 - Specificity RM-whale Score (RM-wholes)
ZH6
RFG Wavelet Feature Coefficient
RFG, None GLCM_IMC2 0.36076582
None NGTDM_strength -0.35863589
Db2 (ratio 1/2) GLCM_energy -3.99579390
Db2 (ratio 1/2) GLSZM_Z5V -1.25137882
Db2 (ratio 1/2) NGTDM_coarseness -2.94187759
Db2 (ratio 1/2) NGTDM_busyness 1.35977314
Db2 (ratio 2/3) GLRLM_RLV -1.01858984
Db2 (ratio 3/2) GLCM_entropy -1.72317875
Db2 (ratio 3/2) NGTDM_coarseness 6.45939590
Coifl (ratio 3/2) GLSZM 75V 0.08633585
Coifl (ratio 3/2) NGTDM_coarseness 0.77031059
Coifl (ratio 2) Global_energy -2.23659267
Symd (ratio 1/2) NGTDM_busyness 3.07647699
RFGz None GLCM_IMC1 0.2476341
None NGTDM_busyness 0.1639470
Coif1 (ratio 1/2) Global_energy -0.1084947
Symd (ratio 2) GLSZM_Z5V -0.9770190
RFG3 Db2 (ratio 1/2) Global_uniformity 0.6333171
Db2 (ratio 2/3) GLCM_agreement 0.5242585
RFGa None Volume 1.0556760
Db2 (ratio 1/2) NGTDM_coarseness -0.2536303
Coifl (ratio 2) Global_energy -0.9789660
Symé (ratio 2/3) | GLSZM_ZSV -0.4272685
Sym4 (ratio 2) GLCM_IMC1 0.1629610
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SIS

EH7
Mode| Maodel score or feature Coefficient
RM-perisc | RM-peris 0.5532408
RM-peris 0.1228667
RM-peric | RM-periy, None, GLCM_IMC2 -0.01088758
RM-periy, Db2 (ratio 1/2), NGTDM_busyness 0.48700928
RM-periy, Coifl (ratio 2), Global_energy -0.36779554
RM-periz, None, GLCM_IMCL 0.20189324
RM-peris, Db2 (ratio 1/2), Global_uniformity 0.46084793
RM-peris, Coifl (ratio 3/2), GLCM_agreement 0.45622116
EH8
Immune-desert versus immune-excluded tumors
A Cc
RM-peri, RM-peri
10 - 1.0 por=

0.8 -

=
= O 06 - 06
B
g . 04 - 0.4
0.2 0.2
g = 0 S L e 0 . L LT | 5 Lt
0 02 04 06 08 10 0 02 04 06 08 10 0 02 04 06 08 1.0 0 02 04 06 08 10
1 - Specificity 1 - Specificity 1 - Specificity 1 - Specificity
= RM RM-peri H-
1.0 pedse 1.0 el 1,0 v e e % 4
08 0.8 :
= 06 =
- "
w .14
02 =
F
0 F Enti | i _.r_n-..w_c:n:n__o.wr__ gL 8.8 8 B § | = 0 4 . .
0 02 04 06 0.8 10 0O 0204 06 08 10 1 2 3 4 8CFC é 03 03 09 15 21
1 - Specificity 1 - Specificity RM-peri Score (RM-perizc)
=19
A B Predicted
2.1 : Immune  Immune
— ; -desert  -excluded Inflamed
(] i 1
& 15 ' Immune 13 1 2
§_ - -desert
= 0.9 : 5 E lmmune. '
5 . . T excluded 0 7 ‘ 1
g - - % < ] |
0 Ud 1 smees®in g ¢ Immune desert (n=67) Inflamed 0 0 ‘ 21
w o e « Immune excluded (n=30)
.03 - Infl (n=85)
' 0‘3 Ug 1.5 2’1 Accufwy = Correct count = 13+7+21 = n 911
Score (RM-wholegc) Tore) s
EHI10
Classification Precision Recall Fl-score
Immune-desert 1.000 0.875 0.933
Immune-excluded 0.889 1.000 0.941
Inflamed 0.955 1.000 0.977
Average 0.948 0.958 0.950
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EHII
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EHI2
A RM-wholeq¢, inflamed versus non-inflamed tumors
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EH13
A B Cc D
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