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An Error Evaluation of Iterative Image Reconstruction Methods Using Chi-Square (y%)
Statistic Minimization for Poisson-Distributed Projection Data
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! Tokyo Metropolitan University

* Department of Radiology, Showa University Fujigaoka Hospital

? Faculty of Health Sciences, Department of Medical Radiological Technology, Kyorin University

(Received June 5, 2018; Accepted September 19, 2018)
[Purpose] Iterative image reconstruction (IR) methods using Neyman's chi-square statistic (y&) or Pearson’s chi-square statistic (y5)
have been investigated in nuclear medicine. However, these chi-square statistic-based image reconstructions have never been
installed on clinical nuclear medicine instruments. Mighell developed another chi-square statistic (yi). Recently, Mighell's chi-
square statistic has been incorporated into commercial SPECT instrument aiming at high accuracy in the iterative image recon-
struction from low count projection data. However, the error evaluation for y& was not reported by the instrument manufacturer or
the joint research group involved in the product development. Therefore, it is not certain to what extent yi is superior to x& or xp. In
this study we investigated the accuracy of the chi-square statistic-based IR methods by computer simulation.
[Methods] We used two kinds of numerical phantoms (256X256 pixels) for testing root mean square error (RMSE). Phantom A was
a disk that was 18.4cm in diameter and the count density was varied from 1 count/pixel to 10 counts/pixel at intervals of 1 count/
pixel in each trial. Phantom B was a disk that was 18.4cm in diameter and the count densities for the seven disk inserts (diameter
3cm) which were investigated were 1, 2, 3, 4, 5, 6, and 7 counts/pixel. Poisson noise was added to the projection data with 256 lin-
ear samplings and 256 views over 180°. Projection data were assumed to be without attenuation and scatter effects, because we
focused our evaluation on the noise propagation from projection data to the reconstructed image that was attributable to the mathe-
matical equations of the different types of chi-square statistic. Minimization of the chi-square statistic-based IR methods was per-
formed by conjugate gradient method.
[Results] We found the noise was suppressed by including the variance of projection data in each chi-square statistic; however, it
was not suppressed sufficiently by % in comparison with y& and yi. For 1000 iterations, the RMSEs of Phantom A having the count
density of 1 count/pixel were 21.46%2.75, 39.21+0.71, and 12.29+0.63, obtained by x&, xp, and yu in 20 trials, respectively. For 2
counts/pixel, RMSEs were 5.26%0.32, 19.89+1.29, and 4.23+0.08; and for 3 counts/pixel, they were 5.34+0.56, 10.27+0.38, and 4.03
+0.07. With Phantom B, RMSEs of the 3cm disk insert having the count density of 2 counts/pixel were 7.36+0.56, 21.21+1.52, and
6.79%0.54; for 3 counts/pixel it was 5.46+0.34, 14.43%1.08, and 4.84+0.32, for x%, x, and yi, respectively.
[Discussion] It is known that for the weighted-mean formula for Poisson distributed data, yi estimates the true mean u for a wide
range of true mean values 0.001<x<1000. In accordance with this finding, the forward projection by yi may approach the expected
value deduced from the count density distribution of numerical phantoms even if the projection data were low count, resulting in
the reconstructed images having a small RMSE.
[Conclusions] We concluded that the iterative IR method using yu offered higher accuracy than y& or x# for the object with low count
density of 3 counts/pixel or less. The accuracy of & became nearly equal to that of i when the count density approached 10 counts/
pixel.

Keywords: nuclear medicine, chi-square statistic, iterative image reconstruction, conjugate gradient method, computer simulation
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(c) Phantom B BG_ROI

Fig. 1 Numerical phantoms for testing RMSE. (a) Phantom A was a disk that was 18.4cm in diameter and the count density
was varied from 1 count/pixel to 10 counts/pixel at intervals of 1 count/pixel in each trial. (b) Phantom B was a disk that
was 18.4cm in diameter and the count densities for the seven disk inserts (diameter 3cm) which were investigated were
1, 2, 3, 4, 5, 6, and 7 counts/pixel. Numbers 1 to 7 denote the seven disk inserts. Symbols are explained in Table 2. (c)
Region of interest (ROI: 2.4cm per disk) over the background area (18.4cm disk) of Phantom B
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(a) Neyman Itn100 Itn 200

(b) Pearson

(c) Mighell

Itn 1000

Fig. 2 Phantom B image reconstructed by chi-square statistic minimization method for projection data corrupted with noise:
(a) Neyman method, (b) Pearson method, and (c) Mighell method. Itn 100 and others denote the iteration number. Win-

dow level and width are 0 and the maximum of each image
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(a) Neyman Itn100 Itn 200

(b) Pearson

(c) Mighell

Itn 500 Itn 1000

Fig. 3A  Phantom B image reconstructed by chi-square statistic minimization method for projection data without noise. Win-
dow level and width are 0 and 3 was used to show the artifacts vividly

(a) Neyman_1/10 Itn 100 Itn 200

(b) Neyman_1/100

Itn 500 Itn 1000

Fig. 3B (a) Phantom B image with 1/10 value of Fig. 1(b) reconstructed by Neyman method for projection data without noise
(Neyman_1/10). Window level and width are 0 and 0.3. (b) Phantom B image with 1/100 value of Fig. 1(b) reconstruct-
ed by Neyman method for projection data without noise (Neyman_1/100). Window level and width are 0 and 0.03
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(a) LS 5

(iliiiiiil I:iiii!!l |:ii:i!=|

Fig. 4 Phantom B image reconstructed by least squares method (LS) by assigning ¢:°=1 in Eq. (4) for projection data without
noise. Numerical values following the symbol “LS" denote the iteration number. (a) Window level and width are 0 and
the maximum of each image. (b) Window level and width are 0 and 3. All images from Fig. 5 onward are shown for the

window level and width of 0 and the maximum of each image

(a) Neyman Itn100 Itn 200

It

n 500

Itn 1000

Fig. 5 Phantom B update image d* of Neyman method given by the third row of Eq. (8) in the conjugate gradient method for
projection data corrupted with noise. (a) d" image using the zero-valued initial image in the reconstruction and (b) d"

image using LS_10 image used as the initial image
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(a) Mighell Itn100

%

Itn 200

Fig. 6 Phantom B update image d" of Mighell method given by the third row of Eq. (8) in the conjugate gradient method for
projection data corrupted with noise. (a) d* image using the zero-valued initial image in the reconstruction and (b) d*

image using LLS_10 image used as the initial image
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Fig. 7 RMSE of phantom A image reconstructed by chi-square statistic minimization method. Symbols A_1 to A_10 denote the
Phantom A having the count density of 1 count/pixel to 10 counts/pixel, respectively. Each graph shows the average

RMSE of 20 trials
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(a) Neyman Itn100 Itn 200 Itn 1000

(b) Pearson

Fig. 8 Phantom A having the count density of 1 count/pixel (A_1) image reconstructed by chi-square statistic minimization
method for projection data corrupted with noise

(a) Neyman I[tn100 Itn 200 Itn 500 Itn 1000
(b) Pearson

(c) Mighell

000

Fig. 9 Phantom A having the count density of 3 counts/pixel (A_3) image reconstructed by chi-square statistic minimization
method for projection data corrupted with noise
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Fig. 10 RMSE of phantom B image reconstructed by chi-square statistic minimization method. Symbol “Image” denotes the

Phantom B in Fig. 1(b). Symbols “C 1" to “C 7" denote the disk having the count density of 1 count/pixel to 7 counts/
pixel, respectively. Symbols “BG 1" to “BG 3" denote ROIs located in the large disk shown in Fig. 1 (c). Each graph

shows the average RMSE of 20 trials
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(a) Neyman Itn100 Itn 200

(b) Pearson

(c) Mighell

Itn 500
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Fig. 11 Phantom B image reconstructed by chi-square statistic minimization method for projection data corrupted with noise.

LS_10 image given in the second column of Fig. 4 was used as the initial image in the Neyman method and Mighell

method, while the image in which all pixels have the zero value was used in the Pearson method

Table 1 RMSE for Phantom A evaluated at iteration number
1000

Symbol count/pixel Neyman Pearson Mighell

Al 1 21.46%+2.75 39.21*0.71 12.29%0.63
A2 2 5.26+0.32 19.89+1.29 4.23=0.08
A3 3 5.34%£0.56 10.27+0.38 4.03%0.07
A4 4 3.11£0.02 7.68+0.23 2.64+0.02
A5 5 2.84+0.02 6.82+0.17 2.21%0.02
A6 6 3.09+0.02 4.41+0.02 2.24%0.03
A7 7 2.61+£0.01 4.25+0.01 2.04%=0.01
A8 8 2.50%0.02 4.26+0.02 2.23%+0.03
A9 9 2.56+0.02 4.29+0.01 2.91%0.03
A_10 10 2.74+0.01 4.39+0.01 3.12%0.02
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Table 2 RMSE for Phantom B evaluated at iteration number
1000

Symbol count/pixel = Neyman Pearson Mighell

Image 1~7 12.68+0.24 21.29+1.23 12.74%0.23
C1 2 7.36+0.56 21.21*1.52 6.79%0.54
C2 2 7.64+0.45 21.69*1.69 6.75*0.43
C3 3 5.46*0.34 14.43+1.08 4.84%0.32
C4 4 4.35£0.25 10.80+0.85 3.92*0.22
C5 5 4.32£0.26 8.88+0.69 3.96*0.25
Cceé 6 4.01£0.18 7.48%*0.73 3.70*0.18
Cc7 7 3.89+0.19 6.72+0.61 3.59%0.16
BG1 1 14.86+1.08 42.71+2.76 13.16=0.10
BG 2 1 15.07+1.04 42.44+3.25 13.40=0.94
BG 3 1 14.78+1.04 42.05+2.93 13.25%*0.96
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Fig. 12 Phantom B image reconstructed by the: (a) Neyman method expressed as Eq. (27) for projection data corrupted with
noise; and (b) Mighell method expressed as Eq. (28). LS_10 image given in Fig. 4 was used as the initial image
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Fig. 13 Phantom B image reconstructed by the: (a) multiplicative type ML-EM method for projection data corrupted with

noise; and (b) gradient type ML-EM method
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An Introduction to Radiomics: Toward a New Era of Precision Medicine

Takahiro NAKAMOTO™!, Akihiro HAGA"?, Wataru TAKAHASHI'
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* Tokushima University

Recently, in a medical field, quantitative data mining is a hot topic for performing a precision (or personalized) medicine.

Although a molecular biological data has been mainly utilized for data mining in this field, medical images are also important

minable data. Radiomics is a comprehensive analysis methodology for describing tumor phenotypes or molecular biological expres-

sions (e.g. genotypes) using minable feature extracted from a large number of medical images. In this review paper, we introduce to

a framework of the radiomics.

Keywords: radiomics, precision medicine, data mining, radiomic feature, machine learning

1. FU®IC

VAR, BEOBLERR ARG FEICEEHE 2 15T
T Y 2 B 2 AT ) MPMLER Y ? (precision medicine %
72 1% personalized medicine) 259 H SN CTwb. ZL T,
TEBIALEEFR D FEIU T 72K e B D EAx - AR TR
WMEINDT—IR—ZA% I LT2T =y~ A4 =V 7O
DR RO TWD, TNSDIFFETIET / A (genome),
Ml & >~ 287 & (proteome), L (metabolome) 1H#k 7
EOGTHEWFNT =5 BB EE L ShTB
D, & 5B OB IR R IR 2 R 0 AR 3R
DORFR EEHEINTYS, ERWIE S T 72 MEofEH
ZERREOFEZ G LIETEZTClERl, BF
42 DWEEFOTARA =V I RGBT -5 ThHbH L
E2oN5Y. GOV 7 b= F Y o 7o 8H
AN X ) BIROKBBLT — & R— 2 OB X OHi{§
WD EAN—T v MUEDSTTRE L % - 72354, KEDOBEH
g% 7z g | E L2 R T 5.

ARTIE, BEREROE RN ORI B\ THITE
wbEH SN TS “Radiomics” DA 2 B &0 AT
HEZE U TAMM 2 E5i 2179 .

2. Radiomics &I

Radiomics (ZHHRES D “radiology” (ZAW2#5r¥FIC
B 27— 2t LRI 2 W78k 2 Bk
% “omics” ZMR7=DHbDTH%S. 2%V, radiomics &
WEREBOETESRD HH L 72ESkoco @ =N 2 R a2 H
T HERE T Z2 AT 2 AT, BRI O AR T (genotype) R

FIA (phenotype) R EEFHIAML 2 &2 HIE L7205t
GETHLYTY. BT B MR BE TG T
0, FHM L IGEEFENEOSWTRHT 24O
%773, Radiomics TIE F IR 7 — & R0 BLALAL 19
T =%, STHEWFNT — 5 O—iRk &% CTEROM
FRT R TEPEIE & v o 7RI B X OGS o RBAN RS 5
LBEDOFHRGHBNEIER L THIENED 5t Twn
Y0 F 7 BMETRERAMIOICY ) AF—5 %
FI 7235551355 12 radiogenomics™ ” & (3 AU IEE FH T 14 2
LBIETFERLZ EZRINTE 2 BEIFHON TV A,
Radiomics {2 81F 2 B 2 TERE - AEREHEE %2 7R 9 16 H i
G S S N2 =Y 2 R IR D W TS D Y
BIERBB Y — V2 RHTE B &) G IEE N O 5
% BIETORBSY — VIERPGIELY, Zhasmifg
DAy AN, MR, BRESAEEHEND DL E VI,
B hoEFTTELY.

TSN OME R BT, RERFICAIE CTH 2 7207,
& B W KU BT B Wi O —ER 552 S 3 U 72 Ao ik g A
% Hl\v» % genomics, proteomics, metabolomics % £ 7 7
O —F TIIEE SR OR M & 20L& T3 2 DI/ T
57T 5. Radiomics | ZiZWr, GBS X HGHEBIZZ HIY
LT ONZERZFIHT 5 2 & CTHEREEROZRRN 2
LB S L LMo 2 THEICT 2%, LadsT,
AEMHARIZ D IR & iR L, BE Oz R/
AR OEE RO — » OfFH R RHRIR,
FHOFUE S HICHERL TE2MTRENIHD S Tn
5.
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3. Radiomics OfFTFIE

112 radiomics D EHNT FNH % 7R 3. Radiomics fEHT IZ
FIUTD4ODAT v T TSNS,
i T N— 2D
i, HEEE o i SR
iil. MR 2 FEE (radiomics FiffiE) Ol
iv. BARE 2 72 PIE 7OV ORESE - G

4. F—HIR—ADIEE

Radiomics TH\2 5% 7 — & <X — 213 BH OB W5 & fif
MR G DR T — & R EARRT - 5 TFEW N T— 5
HRETHEINS., EIZHWLNSEHIRIE computed
tomography (CT), magnetic resonance (MR), positron
emission tomography (PET) {57 & CTd 5 7%, ultrasound
(US) I {5 2 ] {5 75 S5 B #ii6 #% THUS S 7115 cone-beam
computed tomography (CBCT) Wi {§ % ] \» 72 WF 7% d #
ERTVR Y, Hl§ 8T A — 5 RLEHH T A =5 D
ERICKL DMHARERNORBE L LT E0, 7%
N—= 2T 2RI T RTHE— L7271 b a— v Tk
BENTZZDOPLEFE LWV I MREEIZIE—7 1 b
TI— N EHWTH MREBEDE NI L DE5MEIC 2R
EUZ 70", [W—%ECHRIELBEEIETE S C
EHEEWTHS. LaL, EBRIEREGE T ba—),
FELH— LWRT— % % 0 % EFEINEST 5 DI
WThH o720, RITHNCT —F X—=ANTXTOEGRI
L CIEBILR / £ AR EOMB A AT ) BN H 5.

5. EEBOmRMHH

JEHENIZ 351 & e B 2 K 2 fi 5 5 720 12 iR B
WIS e T A LED D B, AR BT WX -

/ Database \ / Tumor \

segmentation

Clinical data

é Pathological
data

Molecular
f * biological
data

o \ Sagittal plane Y,

MEFEBEC & 5 TH) T Ol 23— #&W Tidd 5 %%, in-
ter-observer variability (2 & % i 25 O AN & 14 DS e #e1 72
FEFERERANA T AT CLE Y WP F7, KED
BRI LTATA AT EICTH Tzt L
NIE7% 5BV AR E WY,

2O &) RTEEEH TOMEZ KRS 5720, B
LGRS CREIEMETI SR 2 B E LTRSS Lz H
B EE RS E AT 5 2 L2 50,
$ 72, EHBEGE TSI B W TEETEH SR Tw5 deep
learning % H\» THIH L 7245 3w #F % radiomics fi#HT 12 F1)
L 722 hsis ST b Y,

6. RadiomicsiFHEDHH

NGy 6 % 5 L7c e, EERWR L oES; O % =i 25
BAEMHBT 5. Z OF#R I radiomics #7 % (radiomic
feature) & IFIXN, FIZHES O TEREM & (shape/size
feature), FEHHNOMEM L X b 7T A OFEfE = (histo-
gram feature), 8 & ONEBENIZ BT 2 [ FE0H 0O Z2 [ 1Y 55 A7
DO¥HE - AR = bt L7727 7 2T v [#f= (texture
feature) CTHEK SN 5. FK1iZradiomics ICH W SN B
TR 2R Y. T2 AF v BRI gray level
co-occurrence matrix (GLCM), gray level run-length
matrix (GLRLM), gray level size zone matrix (GLSZM),
gray level distance zone matrix (GLDZM), neighboring
gray level dependence matrix (NGLDM), neighborhood
gray tone difference matrix NGTDM) (232D < Tk % H
WCHIH &5 *. Radiomics 12 51) % % 4 DR Ofif
FUTEET B, FEHNZT ISR 22) 2B izw.

LA NI AR EBLOT 7 AF v R ICE LTI
JEMR7ZT TR, 74 VT IET 2 & Tl OffiE
RNy — VR, RS TGS BT 5P,

(Feature extraction’ / Analysis \

Construction of
prediction models
Radi_gm;c Ifqature

Shape and size

L b #%

T
Histogram ’
Machine learning
E Classification Regression
e} 00 g o, o
| = u} X « o
Texture LN Tl
Evaluation
. R v Survival curve
. 2

\ Wavelet /

& 5
H
N\ R Tive /

1 Radiomics D fFHT TNE
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i

#1 Radiomics (I & B AFER 22 5 B 2

Volume, Surface area, Surface area to volume ratio, Sphericity, Compactness, Spherical disproportion, Max 3D

Energy, Total energy, Entropy, Min, 10th percentile, 90th percentile, Max, Mean, Median, Interquartile range,
Range, Mean, absolute deviation (MAD), Robust mean absolute deviation (rMAD), Root mean squared (RMS), Stan-

Autocorrelation, Joint average, Cluster prominence, Cluster shade, Cluster tendency, Contrast, Correlation, Differ-
ence average, Difference entropy, Difference variance, Dissimilarity, Joint energy, Joint entropy, Homogeneity,
Informational measure of correlation (IMC), Inverse difference moment (IDM), Inverse difference moment normal-
ized (IDMN), Inverse difference (ID), Inverse difference normalized (IDN), Inverse variance, Max probability, Sum

Short run emphasis (SRE), Long run emphasis (LRE), Gray level non-uniformity (GLN), Gray level non-uniformity
normalized (GLNN), Run length non-uniformity (RLN), Run length non-uniformity normalized (RLNN), Run
percentage (RP), Gray level variance (GLV), Run variance (RV), Run entropy (RE), Low gray level run emphasis
(LGLRE), High gray level run emphasis (HGLRE), Short run low gray level emphasis (SRLGLE), Short run high
gray level emphasis (SRHGLE), Long run low gray level emphasis (LRLGLRE), Long run high gray level emphasis

Small area emphasis (SAE), Large area emphasis (LAE), Gray level non-uniformity (GLN), Gray level non-uniformity
normalized (GLNN), Size-zone non-uniformity (SZN), Size-zone non-uniformity normalized (SZNN), Zone percentage
(ZP), Gray level variance (GLV), Zone variance (ZV), Zone entropy (ZE), Low gray level zone emphasis (LGLZE),
High gray level zone emphasis (HGLZE), Small area low gray level emphasis (SALGLE), Small area high gray level
emphasis (SAHGLE), Large area low gray level emphasis (LALGLE), Large area high gray level emphasis (LAH-

Small distance emphasis (SDE), Large distance emphasis (LDE), Gray level non-uniformity (GLN), Gray level
non-uniformity normalized (GLNN), Distance-zone non-uniformity (DZN), Distance-zone non-uniformity normalized
(DZNN), Zone percentage (ZP), Gray level variance (GLV), Zone variance (ZV), Zone entropy (ZE), Low gray level
zone emphasis (LGLZE), High gray level zone emphasis (HGLZE), Small distance low gray level emphasis (SDL-
GLE), Small distance high gray level emphasis (SDHGLE), Large distance low gray level emphasis (LDLGLE),

Small dependence emphasis (SDE), Large dependence emphasis (LDE), Gray level non-uniformity (GLN), Gray level
non-uniformity normalized (GLNN), Dependence non-uniformity (DN), Dependence non-uniformity normalized
(DNN), Gray level variance (GLV), Dependence variance (DV), Dependence Entropy (DE), Dependence percentage,
Low gray level emphasis (LGLE), High gray level emphasis (HGLE), Small dependence low gray level emphasis
(SDLGLE), Small dependence high gray level emphasis (SDHGLE), Large dependence low gray level emphasis (LD-

Category Feature

Shape/size

diameter, Major axis, Minor axis, Least axis, Elongation, Flatness
Histogram

dard deviation (SD), Skewness, Kurtosis, Variance, Uniformity
GLCM

average, Sum variance, Sum of squares
GLRLM

(LRHGLE)
GLSZM

GLE)
GLDZM

Large distance high gray level emphasis (LDHGLE)
NGLDM

LGLE), Large dependence high gray level emphasis (LDHGLE)
NGTDM Coarseness, Contrast, Busyness, Complexity, Strength

gray level co-occurrence matrix: GLCM, gray level run-length matrix: GLRLM, gray level size zone matrix: GLSZM, gray level dis-
tance zone matrix: GLDZM, neighboring gray level dependence matrix: NGLDM, neighborhood gray tone difference matrix:

NGTDM.

Gaussian 7 4 V¥, Laplacian 7 4 V¥, £ LTl 7 4
V% % flA A b7z Laplacian of Gaussian (LoG) 7 1 )V
& TR L 725 O KR 2 3l L v B s
HHH, Trz—T Ly MEHREHWTIEE2 S RE DR
WU 2 Y I L TR L 72 i 5 2 v T ioe
T 2 gD LSS .

Radiomics FFEUE T AT QWG 70 b T — L DEW L E
Foli ZR4M I 12 317 5 inter-observer variability (2l 2 Hi{%
OVH Y T) T A AR A NS T AR E, T2 A
F v FE R OB E T A2 R L NI & o TEH)
T5. L72hoT, KEHHEFITH L Tl 7% radiomics
WSR2 MR A LB B P2

M 2 12 EH 05 THI L 72 radiomics FE i 0 — Bl
Ze— MYy 7TRT. RUFFE TR MR W% % HwC,
B 7L — K03 1 & 1IV) % Hi & § % radiomics
BT aATo72. L1055, EERIBNICBIT 2 IR
B 8, b A M7 T AR 10M8H, GLCM 1154,
GLRLM 137§, GLSZM 13fi#, NGTDM 5fi#H% MR
WREB L 3RILT =T Ly NEWEHWTHEL 728D
DTNV PSR TR L 72§20 5 5H 476 FH O
R 2 it U7z, SRR O z-score & F W TREH#EAL
L7z, %72, M2 TEWardi:™ 12529280 v
OFEREF Y PR A TRY
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. 2 Grade i
L § = Grade IV
0
N g% %E
-2 .
A1 i &

Features

Size/shape
Histogram

m—GLCM

m GLRLM

GLszZM
m— NGTDM

£t:£;ﬁx

Patlents

2 Radiomics 5= O
(e— b~ v 7FR)

7. B

RIS, MRS 2 H Vv Cradiomics FFfE & BRIR 7 —
F PR HARR T - AW TN T — 5 5 SO B
il # DR O EEZ FPMT 570D ET NV EMHET 5.
Radiomics (281} 2 FRE T IV FIHM D Y 8 % Hwv
722 FAGFETNVERIETVTH Y, HiE L O
AR, BB TERAREOGE Y, BhE3se
HA73 (overall survival: OS) R EFIEAAEZE (recurrence
free survival: RFS) 2 O FH Tl ™ # Hig L L THESE
Ehb.

Radiomics T ERITOFFBER A S 1% AR OFF
HMAEHAT 2 ) Z THALELR IR D %’l”“f?’f?‘é KRN
TDradiomics Fi i & FH AT H L dFEH»EL,
MALEIMENE T VAL LT LT ) TR S 5. L7
B30T, IR TRE TN 2RSS 5 7O S IR & AT
ILED D L. FEEORENTLEE LTid, h A1 TERE SR
ExRHWTHWNE L BER L Rt © R ICEE
RSV IMFLBIRT 274 V5 ATy T T4 R
recursive feature elimination (RFE) {% 7 &S5 H 7 v
TIY) AL HWTERHEOH 25 ETNVORED KD &
% YR OMA G LY EZHEKT 2 T v 38—, EHHE
RYPSEARD X 9 1254H & R ISR IRDT 2 B HLAGA
HRENBTONE, F72, EHS M (principle compo-
nent analysis: PCA) % H v CThifa 2 R eI E#E L 72
BICFBBCANTHTEL O HR LY,

BB T L T X LGB EETHHEU VAT 4
7 blF, HAR—PIXRZ & —< T (support vector machine:
SVM), F 4 —7 XA Xk, FMEFRETHILH—F
VikEHW/ZSVM, =a2—F Wty bT—=2, FUFT A
7A VAP EPHCONL. BWAE T VT) A3 H

BZAVCFAIET ILOBE « 51l

132

TNV OERE, FEOUOTE, AT H I U Ty
LD EINTRETH 5. Radiomics IZBWTELHOFF
BERIRTF T LM B T VT Y X4 ofaL b2
L, MidsA, BESHHPABRBEOTHROTFIREZ KL
THRER SN TV S P97,

FHETFTNOFMIE A=V K77 MERK-5ERER
E, V=TT YTy MEREREEHWTEY Y TV
T ERERTFT—F LT AT =F 5T . RER
ETRDEEGOET VPR EIND 2D, ZOT I
DOVIGE % e 2k BE & 5 5. T 7OV OFHliTEEE X
MR, SR, HRELE X receiver operating characteris-
tic (ROC) fi# #r I B J 5% area under the ROC curve
(AUC) ftiZe ESH VLN S, EFETIVOFHIIREE L
TUE— MBI I HE 3 7% 2= (mean absolute error: MAE)
R ¥ e 7% (mean squared error: MSE) 72 &S w»
5N 575, radiomics IZBIT 5 MGE T VIEEIZTFH T
FHMEL TS0 SN AFRMZ &%

Harrell's concordance index (C-index)*™ %> Kaplan-Meier

iG> 22 &% B TEMIiD T h AL B #4010,
8. ¥ & ®
AR T, radiomics DBEE & AR 2T -7 70—
DWTRHL %475 72. Radiomics I3 BALEFE~DIEHIZ

M CHHBERLERPIFEINS. LaL, HIRTIX
T8 N— 2O )TR EER D - R 7oy 3
A LOBNEALZ: EVRED L SAFIEL T D, FRIC
icsliZBUIBAVYTIIANTZFx—8 L TRBEENDOEE
AN T — I R— AR TELHTBERL VAT 220
532 2 EDENTREE Z I L& D720, —FICHY HE
NEREFRETHLEEZONDL. AR5 radi-
omics # W72 E TV WH A28 5 TAMERD 9
HZERLHNLEL.
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