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1  Radiomics O#&

TR EFLER TS F S EREHE B 2P 5. Computed tomography (CT) #i{%, magnetic
resonance (MR) H#&RZDORETHDH. 2D L5 REMEGRZ AL O T, B Eicf#itsh
HIREDOEFMERL T N T AN, HDHWVTEEHNLEDNDEHR R ENE DR OB 72 BV
RMEREBD Y 38D Z ENW BT -7z V. T, ST, BRI AZ RIS LIREDEY
PRI E S B4 (phenotype)| & LTl LTSN TWD Z L 2EBWT 5. £ LTHILE, &
HERIZBIT D EFMLOSEEE 2 Vo — MO m L3 E - T, EMHEG D BIRZE DAY FHY)
TR A Se RS D F9E 508 Tradiomics)] 23 EH Z OV T 5. [Radiomics] &9 SHEX 2012 125
TINTZ 2 OO E D 29, ZHUHRFHO Y T, Lambin o (% [Radiomics — the high-throughput
extraction of large amounts of image features from radiographic images —] & E#% L TH Y 2, Kumar
1%, Radiomics data are in a mineable form that can be used to build descriptive and predictive
models relating image features to phenotypes or gene—protein signatures| i L T\ 5 3. ©DF D,

[radiomics] &9 BHEIL, WEDOEWFHIN R & EHEED b U 72 25800 & /) 72 FeE 4 B
T TR 5 & 9 R T, [radiology (BURHRET)) DOHRHGEIZ T-omics (MEREAIRENT)) %
I ERETHDLENVD Z N TE 5.

Radiomics TIEEMEME RICHiE SR EZORBMN 2 TE§RE] & LTl LT+ 5. —
Ji, EOBACTERPFEBT 2 F TWCBD FAEMFLEORT v 7 (B IV RT =) PFET D 9.
O iE R HIEALY]) 1T deoxyribonucleic acid (DNA) 217 41T Y, ribonucleic acid (RNA)
KU AT —EBLEWIEEIZL > T DNA OEsE#R %S LE- 72 messenger RNA (mRNA) ARk S
L. Il TS Thsh. £2L T, mRNAICURY —ARFEA L TH NI EBRERSND. T

F THDH. ZOBEEOTT, DNA OHEGIZE > TRISFAROERNPEL DL L, EFRZ /Y
BB E S, MIEAAREDIESERPWELZLISHZT 9. 2L T, ZOREDREBR
(genotype) M EMEANCZEMMEG LICRBIA L L THNIS Z &127:%. Radiomics (28T, FiZE M
B EDIRE ORI & B a5 H 2 B S TYT 9 W%t % radiogenomics|, % /37 [l & BE S+
TAT D WF3E% Tradioproteomics] EFESZ EHH 5. WINy, “EHEBRICE FNDREOREARDONE
WA G ME S LT L CRERAHE L, ZB-CIERIOCHT2 2872 RS LT, 2R
radiomics D& E W 25 (Fig. 1).
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Fig. 1 Radiomics DOHE&X].

2 W FHEE (Radiomic feature)

Radiomics TIZED L 9 RFFEEAIHEDORBM L UTH S OIZA 5 ). FlxiE, BEERZEICIHENT
JEGOR & SR E D=3 BT A N ERZ OIEG ORI OWES BIEENN NS Z & ITERE L
X9V, Radiomics TILZ D & 5 R fRANZHE LT WAEED O A O B TIFBIETE RV E H 7
EIRICORFEEE T, HEFITI SADOREEZ R L THHT 2 2 &3 Tx 5. 97205, radiomics
BT DHEE L 1T, ERmEEERORBIN L EEE 2. AR Z2EGREEOHHZ Table 1 1T/
T OERFEEE LT, BRBRRLO (REESVBIRR L), BEEOEESMIES< LD (A MT
Tt FIME, FRE, S—t U A NVERE), £ L TEFEHEOEMPSMIZIESI D (T 7 AF ¥
gray-level co-occurrence matrix, GLCM; gray-level run-length matrix, GLRLM 72 &) 23ZF 5 5.
IHBIET TS 100 FEHLL EORHEES A ET D05, REHRIC T 4 VLR Y = —T7 Ly N ZN
RTCHBEERT D52 LI2E- T, SHITESOBEBRFFHELZHRS Z L HTE% 6. DNA OEETIE
WEDEZEZIDHE, 211 ODOFEEN G ZDOIREDORFZHET S Z EITH L <, £ DR EEDLE
LD L BHEELOT.

Table 1 Radiomics THi 9 1FA0 72 B R &

Feature class Radiomic features

Size/Shape Elongation, Flatness, Least axis, Major axis, Maximum 2D diameter
column, Maximum 2D diameter row, Maximum 2D diameter slice,
Maximum 3D diameter, Minor axis, Sphericity, Surface area, Surface
volume ratio, Volume

First-order 10th percentile, 90th percentile, Energy, Entropy, Interquartile range,

statistics Kurtosis, Maximum, Mean, Mean absolute deviation, Median, Minimum,
Range, Robust mean absolute deviation, Root mean squared, Skewness,
Total energy, Uniformity, Variance

GLCM Autocorrelation, Cluster prominence, Cluster shade, Cluster tendency,
Contrast, Correlation, Difference average, Difference entropy, Difference
variance, Id, Idm, Idmn, Idn, Imc1, Imc2, Inverse variance, Joint average,
Joint energy, Joint entropy, Maximum probability, Sum entropy, Sum

squares



GLDM Dependence  entropy, Dependence  non-uniformity, @ Dependence
non-uniformity normalized, Dependence variance, Gray-level
non-uniformity, Gray-level variance, High gray-level emphasis, Large
dependence emphasis, Large dependence high gray-level emphasis, Large
dependence low gray-level emphasis, Low gray-level emphasis, Small
dependence emphasis, Small dependence high gray-level emphasis, Small
dependence low gray-level emphasis

GLRLM Gray-level non-uniformity, Gray-level non-uniformity normalized,
Gray-level variance, High gray-level run emphasis, Long run emphasis,
Long run high gray-level emphasis, Long run low gray-level emphasis, Low
gray-level run emphasis, Run entropy, Run percentage, Run variance,
Run-length non-uniformity, Run-length non-uniformity normalized, Short
run emphasis, Short run high gray-level emphasis, Short run low gray-level
emphasis

GLSZM Gray-level non-uniformity, Gray-level non-uniformity normalized,
Gray-level variance, High gray-level zone emphasis, Large area emphasis,
Large area high gray-level emphasis, Large area low gray-level emphasis,
Low gray-level zone emphasis, Size-zone non-uniformity, Size-zone
non-uniformity normalized, Small area emphasis, Small area high gray-level
emphasis, Small area low gray-level emphasis, Zone entropy, Zone
percentage, Zone variance

NGTDM Busyness, Coarseness, Complexity, Contrast, Strength

GLCM, gray-level co-occurrence matrix; GLDM, gray-level dependence matrix; GLRLM, gray-level
run-length matrix; GLSZM, gray-level size-zone matrix; NGTDM, neighboring gray-tone difference
matrix. All the radiomic features presented in this Table can be extracted using PyRadiomics

(http://www.radiomics.io/pyradiomics.html).

RS IE BT O T2 O I L THIN T 2 BN H 5. £ D72 I B R ER IR b
LY 7 =7 E#HETSH. #lxlE, PyRadiomics®, MaZda®, IBEX972 ENAB I TWVDNR, W
THHHAREESCHENSERRR D, ZORIIIEHERY 7 MU =T R FET D720, EVIENTZRE
THEZHED L Z LN TE D, EHIXT 1 /T 2 /558 Python THBE SN A—T Y —A YT by
=7 [PyRadiomics (http:/www.radiomics.io/pyradiomics.html)] ZF|H L T\ 5.

3 Radiomics #F5CDHED J7

Radiomics AFZEIZ BT 5T — X fifHT OfiiL % Fig. 2 (259, Radiomics AFZEI%, 1) X528 0 & ]
B7 — 2 _X—2 DS, 2) WEOEEHh, 3) BEEFHEEOHL, 4) BEFFESENT & T IEE,
DOFIETEMTD. LT, ZRENOFIRIZOW T T 5.
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Fig. 2 Radiomics #F4E D fiEAT FIE.

3-1. EFEHT —% X— A0S (Medical image database)

FPTIIMER G & T DREOEHBGRT — 2 N— X257 5. Radiomics WD < IXEMNEE %
KL LTWAHD, 1BHEIFRE 10 DER 1D, 7LV =7 & OMRREMEREB 12 (25 &
TV, EMHEGSRIE CT m, MR Ei{R720) T2 <, EE 10, BESMAIZI ) 5 positron emission
tomography (PET) Hi{5 1315 {48 I IZ31T 5 cone-beam CT [H[{ % H\ = WFE 45 16,17
% & %. Radiomics BF5E1E, Z DX D ICZIGITHOTz HRA & EHBEIGRICISH STV,

Radiomics 3% &O@ERITCHGFIEEZ R S, Wb LYy 7T —Z T D70, TP KEE
P TNT =2 BINT S, TS D EHBEBIER - S gt - e ha v RS S TWY
52 ENREELVD, BROLTIEIFARBERNEESRWEERH S, £ OHEII LML FATZE
ELTHBAEED, HiskM TR 2EBICIESL (normalization) ZJii L TN 25. F721F, AFS
NTWBEMEGRT — 4 ~<X—2Z (The Cancer Imaging Archive,
https!//www.cancerimagingarchive.net/) OF|HZKFTT 25 LWV NTEAS .

3-2. WA OfEEAH I (Segmentation)

WIZ, FSEAMH T 2720 OREERE EHRT 5. WED LD B LHEK A R E L CRSE %
T 2 0MIFZET A TR U CED S, Hlx1E, MR i E W7 IMIEEHZE D% < 133 Tk
IR T 55 - IEER A 5 L3573, fluid-attenuated inversion recovery (FLAIR) [jfg<>
Te WAHERIZIBIT 2 EFRFERA MR ET 22055 19, HEGEFHEEIL 1 A T A 2D L0 B LEE)
5HLIMHTE 223, MAEDOHRRMFE LRI LMZE ThiuE, T =koh e B L aEm O %
ENEE L. 2L, ATAAKEBPHRERLT-OMEEDOEAENERKLTLEY. 207 a kA
FFED LA L 2BLEROBRENERTH Y, EHMLIZZORBEOREN D E 72/ L
TRV, BT I en-C i O sEIHE H 1C deep learning It L7=HWFZENEE 2 CTH Y 192D, 5% 0
radiomics WF7EIZ HREMAYIBEA SN D L b 5.



RS E O (Feature extraction)

R E LB D EE 2 W e R OG0 LR EE LT 2. ATV 7 =72 &
D73, Wi T2 EBRFHEE] TR EOHBGIEEL BEMICa Yo — 2R EEL, HEkL T
MhEns. 7o, BEOSEIROBE(E (w27 E) EHFEIGOEBROEERN—FH L TWianeE, B
SO O EBERHEEZMEH L TLES ZLICEET S, LEIZS U THATNCHEBG O ES HE
(image registration) #FIH 3 %.

3-4. ERFHEEMNT & KFEET L OBE (Data analysis & Modeling)

REIE, BONTEEZBOBEBRFEEDOT NS, MIKMICEROD DFEEL RO HIEETH S
(feature selection) ETOWEBREELFEH L CTPRHET VEBETL L, mFEEAEZLTLEY,
ZORER, 7T VOP[LMERE (FHRIGE - 224910 METFLTLESBIARH L. LI~ T, LERER
FHMELZRINTIVLEND Y, HEHFIOTIEIC I - THRREHR S ARBERBERH D L o0, M8 %2TE
HALTEEEDOENDOZERT S, LT, BRUICHFEEZFERBICAT UTERE R EO5HEE
TNARTHRTNR EDEIFET VEMEL, TOET NOWLIEREZ RT3 5.

4 Radiomics #F4CDFEIT

Radiomics 1IERDEHGEIZE ST CIXAHERDP ST ZBEDOIHFREZHGEOND Z &b, WEDZN,
RN ORI, & L TTF#H TRICHEN THRAN 72 ST 5. Radiomics 235EH 4L TV HRER
RIRBE UCMIESS, MiosA, LR ANZET 6D, AR CIIMEE 2 012, radiomics WFFEDELIK %
FRITT%.

4-1. fHfEZED radiomics

iESE D radiomics AFZED % < 1L, #RRBIE (glioma) Z %42 L CW 5. 2016 1T LR RS
(World Health Organization, WHO) OFMIEE /35 KRT S 4L 22, IR IARIBIE OB IS 78 & Hi
Frd & OBEICOWTHT L7ZWFEER Sh T b

WHO grade IIVITI O#RBIEIL, 7k WHO 53312 36\ T BRI B RIS & 2 28R
ARG R BE S (2 3 2 AL TV T2 23, 2016 FEOBEHR T 240 6 A —EE#E (diffuse astrocytic and
oligodendroglial tumors) & L T, isocitrate dehydrogenase (IDH) 25 & 1p/19q Seto iRt /R &
DEBEDOMAGDOREIZL S TKRAIESND Z EIZoT2. ZDO L) pigs D, WHO grade II/IIT Ofi%
RIS % LTI 2 By & L72pF9E2M 740 Tl 0, MR B ) b U 7 BHG R EE O A AN 24K
WE I TV D 182320, T OMZE S WHO grade IVIIT OFFFBIEIZ IS 1T 5 IDH A BARRES 5\ T
1p/19q BRI R R OHEEREEIL 80% L, L& @V, T b DOMTEHE NS, #RBIEDB{S 24 RiT
MR Eif EOFHREN O HHIBREHETEHE WA H7EA 5. IMEEO radiomics WF5EIX T1 5EFH 4 70

DOIERER) MR B ORI B L T2y, I I HEHoRE s g -oRE v an B 1E H S s, £

@ﬁ)ﬂ‘i%%%éﬂ’)’)%é 25, 26),

MG 21X U, 2 < OEMEEZIZZ ONEIC SRR E 2 AT 2B EL, RNY—2WE 2R



9. ZNEMEBENAYE M (intratumoral heterogeneity) &9 20, F x4 (X Z OIEEN AR —HICE R
L, fRBIEZ %ISR 2 FHO MR #iiiA A — Y 715 (arterial spin labeling, ASL; dynamic
susceptibility contrast, DSC) 7>5f&7= MM & (cerebral blood flow, CBF) ~ v 7 L DE{§ R4 &%
b U, PEGSRESR OFETEA Y —PE D 22 B2 55f L 7= 20. ASL & DSC fi2id 91 {# 75 ([HO RS EICH
BAEND-TZD (Fig. 3), Z< ORMEIITEOHBbLIR® b7z, ASL 13 CBF i/ ki L3 <,
FIHEROARLE—MEZ L0 K LTV s, MRS Y — 2R LT (Fig. 4. ZOW%E
B2 6, radiomics | MR Hif§ b o> 22 22 S N AR —VE 2 E il T & 5 et H 2D 2 & VR
ST, S BICARNFZECIIH L72 ASL & DSC @ CBF ~ v 7 EOREEZ AW, (KEMEE (WHO
grade I/III) & &M (WHO grade IV) OfRRBIESFEET VAR L2 Z A, ASLET /L & DSC
ETNDOEL LG EWVEE CHERETH 7= (Fig. 5). MR #EFRFRIH M4 % V7= radiomics AFZE 14
TRBREDFEVE AR L) — M ZFFEATHT 5 2 e CTE, BHEOSHET VEEICLAH Cho 722 L aWiE
L.
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Fig. 3 M4 &% Z-score (2 #2 L T/ L7- heatmap.
This figure is reproduced from “Reference Article No. 26” and licensed under a Creative Commons

Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/).



Fig. 4 B3FE (Glioblastoma, WHO grade IV) ¢ MR 4.
(a) &5 Tio@aimifg, (b) T2 FLAIR Hit%, (o) MEEOR.OEEL GRE) + &5 T mmaa g,
(@ fEE OB LEEE REa) + T2 FLAIR #i%, (e) ASL-normalized CBF ~ v~ + &5 T1 sRH M4,
(f) DSC-normalized relative CBF ~ v 7" + 1552 T1 i HE (4.
This figure is reproduced from “Reference Article No. 26” and licensed under a Creative Commons

Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/).
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Fig. 5 Receiver operating characteristic fi##TIZ & DK « &Mk AR B IE 3 F5 € 7 /L O VEREREAM.
This figure is reproduced from “Reference Article No. 26” and licensed under a Creative Commons

Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/).



—77, EEMEORBIER (glioblastoma, WHO grade IV) (%, # LUWMIEE/D3EICBWT, FDLH
%5 2 IDH B AR & 0¥ 0 IDH BRI KRB Sz, 2O IDHEROFHEZ T L7278 L 5 &,
R T mdH R ORISR D L7727 7 A F v FeffiE 2 W7 VO PRI L, BRI
WEELITE AN T AR EOHREANWZET LV ERRERICEWEE ChHo -2 ERHE STy
%29, 7o, Li 5%, HFEHO MR B A AV T 0O 3& 52 sa - s gk e & 72 SRl U 7 g R
2 LERER (Fil) 2268085 L 9T%DOEWVIEETTHTES ZL2@MEL TS 9. E5HIT,
BIFEICB D CIEMAEGFORMMEMEAZHEET D2 2 ERBKR EEETHY, TR THNCET 28 LKA
ThD. BEMEOFH%IKF L LT O6-methylguanine-DNA methyltransferase MGMT) E{x{ D7 1%
— Z IO A F AL BTN D . MGMT &+ D 7' 1 £ — Z F5IkD A F AT GBI T € >
1 X NI D2 E» D 2 & TAFMIROMER 2 6 72 54 30, Radiomics A58 TlE, £ MGMT
BinFaEien FiEHE MR FROREELZREMTT 5 2 & TRFEOT& THREE R M L3252 &
MG SN TR 3132, WGREEN TR THICANTH L Z Lovraniz. 7z, fiTaio MR g
PET W47~ b il U 72 BffgRs & 2s 80% % DOFEEE T MGMT Binf DA F /U bZ FRIFTRETH H Z &
LG INTWA 1339, ZD X 51T, BFIXINEZIC LD B W &R T Z IR0 R R DRy Vil g
BRENOGHBETE S Z LOERIIREZ V. 4% MR B PET H{(Z radiomics Z it L, HEI{ERFFK
B DIRRIBIEO B A RS EICET 24 A=V 0 A I~ =T DOEREDBHETZH .

4-2. ffins A & Fs A D radiomics

iins Az x4 & L7z radiomics #9800 < 1L CT X PET/CT BB AFIHL TS, i AlziBnT
epidermal growth factor receptor (EGFR) #fs 1L K7 A N—i#fs & LTHE, TOEROREILR
W Sidt & /i3 % 39, Radiomics CiX EGFR B A H A2 HEE T 2498 14 15,35, ZD D> 7L
K TdH 5 Kirsten rat sarcoma viral oncogene homolog (KRAS) Di&fn - R A4 HEE 3 HHFZE 360
HINTWD. Fio, BB A L TUIBHBIEROMEISEG 62 <, IRENROFMCTHZICET 2
ARG 1617, 8D, KU RIG I O JR TR & 1 3 D IFSE 38 OB BRI Al s 4 Bl L 7298 39 70 &
DHE S NTND.

AN TV E TORBAAEI 2 FADIED, P AMIETHRILL TV A BEFICESWTHHETE
D ENFNoTER 0. ZOBICHIMEIZESS 3EE Y7 X A4 708 E W, FEIRTE OTRREHRI
BANLTCH I X CERERBIEL 2o T D 4D, ARADOY T X A 75352 T % radiomics W58 & LT,
Ma blE~ B 77 4 BN O LIEREEEZ WD L3200 724 72 TFRITEL Z L2t L
TW5% 4. Fan 51X MR B OREEEZ WD Z L TLODHANRAY T XA T EEHNEECTTRITE %
LG LTS 9. Zofth, MR B ORHEE & B FERICESWIEHEIRE Y X7 L OMELZ A L
WE5E 49, MR B ORHEEN D2 o F 1L U TR O A 2 T T X 5 et &R LI2AgE 45, 40),
CT 7 & ik ~DmuN=E (i) 2 R T & 2 ATaetEZ2 " LI2F9E 40 e EAER ST
W5,

5 Radiomics NA x DifH & 5% OREYE
Radiomics HFZEDHED S5 &, FDMTEHIZ W OB L2, ZivE TOE L OWFFERE - 5 [



B EORBINNINEEOBEIERDEZENLTOD EHRAITE L. LL, &2 TOMENERIEEIC
B L7 iE Mz s W TTRITE TV D EIXR ST, BFZERE I U 7EGomig A ks, T
FiE IO ORE, FHEEERE, 7 UEERIERE) IKFEL TV L AREELHD. 2070,
IRTERTE DA A=V I AL I~ —ATEGFHEEND X RO TN E N 5725 9.
Radiomics #FEANE S/ 5720101, B I -7 g b 2L Tl S v KRB 72 i &8s 10
T =B R—ZERENUETHDHEEZD. FICHDIRIEFICBWTCITEE TH LD, £T1ET7—FX—
AEMERTLENRBEETHS. £ LT, EMEGELEEHERZHFIMES <, HomWEET
HETE 2 FEOBRELED T RITEZR 5720, Radiomics (X A TAIEE (artificial intelligence,
AD Eiffi & OBFER <, oL ORI D b AT BN A E A Lic 2 v v o — X SRS & L CHR
JEHANES D EBZBND. Fex ERENETIXEFZORFKICMZ T, L5 - FWFE Vo @Ay
HERNEREND.

MERMEERE] WO FEALBWCZ ENHL72A 90, ERITEMEERE 2z b, EOEE
(ZXRET DARMER IR M T O T & 2. TR BIE, B 4~ OGO IR FRUT DWW T B ) 7210
DOFEBUZANT TEHIZHL TWD. 2L, BEOBLFRIZ X o THEAN K 2R BOSTEN 72 5 72
WThD. TR0L, ERMEER L, BFELEEFIERR SIESHWTERLL, BIZ &I 7o
AR 2 RET HER TH D 9. BNADOER TR THREZ TR IS LHATH 5.
LL, MEENEITZERIAIC B RFFBIZ A —TH Y, ZOMEO—HMA8IT 5 AR OKEEE
PRICITRREED R D 20, 72, B FHREZZTONDIMRIFRONATEY, BE ORI/ - Fpa
HREV. —F, BGRAEITZE < Ok CEMEICZIT 5 Z LT, REELEY. 2L T, EME#
DEROFEIINESE O R G E2/HE LM T 5 Z &£ Th 5. Radiomics 12N HDOFRETENL, &
MBI T 2 MA R RIS ML, EEEE»OEERUCBE Ll s IcHETE 5
AIREMEZ B8O T4 . Radiomics WFFEI LB A A Fifili & L 7o BERIMLEIR O EBL~mIT - HEk TH v 9,
Z DRFGESTEFIZ 3T DBV TR DN B DO U RRE T - B B ORBIZH T 5725 9.
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