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FeAture Explorer (FAE) EYEHEENLAS S ] @I FE S BOR R . AT ASFI 2
B I R, B8040 3 AT R S B0k BN ARTR], B EAT A 55 BRI 546 97 K 2 ) ATk
SRR . FAE BTERMEE— NS EIRR T 6, RSB E, BBENE, i
BRI R BB T (5 73R8 1) LA [R) 7 VR AR AL B RS s B i IR 0UR

FAE {857 52 iU 402 (Radimocs) )5 & . £ Radiomics [A]fir, FEASELE 100 X4
B, MEEEAE A STE 1000 FIES Y, KO n) JBR A 22 HAE 4R 31 5 i PR 12 W AH 5 1)
FRAE TR A AU . 6T A pyradiomics (1951 H

FAE 4% = KA. HREHEEL (Feature Extraction), ¥fE#E%: (Feature, Preprocessing), 15
AIERZ (Model Exploration) FIR[ 44k (Visualization). DU KA B AT,

FAE MAIE R TGS IL:  https://Iwww.bilibili.com/video/BV 1yt4y1S79S/
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FAE A ZRIMSE K 2 b 7 LR B S = F i 52 R B R e T R PR A mI IS T

K, ZIHAH TR, 50 H A IR https:\\github.com\salan668\FAE . X3t —17) 7 LAl
W, WHEMEERRTER, HHKR:

KFH, songyangmri@gmail.com

KA, zhangjingmri@gmail.com

#t, gyang@phy.ecnu.edu.cn

Mo BT ERE X AL AL 3663 5, EARINVE K2 A IE—#, 200062,

Fii%: +86-021-62233873
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=. RRNE

FRAEHREL (Feature Extraction)
(5 Z WALA)

FRETiAL T (Data Preparation)

AU AL BE CL S B HIRFAE SO (csv #630),  ESRAT T I N ANFI R case. 4177 1818
A feature, 5 —AT NRFALAFIEA AR, A 2 FbRic oy “label” , WRAEME, NITEi%
BEATAEEL. RIS H AT FAE R AEACEE — 70281 @, RPV label #7ic oy 0 A1 1 (HEREFRF A ED.
M Excel TR LR RN R A

4d A B (G D E F G

Row: Cases 1 |ID label ADC_ger ADC_ge ADC_oricADC _originADC ot
Columm: Festures 120 I 0 1 338 1255 1762009 T7.44E
3 |N100 0 1 71 1113 1327984 1.07E

4 N101 1 1 253 73496 1246223 249E

5 |N102 0 1 80 11688 1485713 138E

= 6 N103 1 1 506 1162 1361492 8O5E
7 |N106 0 1 75 857.83 1134199 74453

Lbeliarast 8 |N108 0 1 50 16284 1959.877 163E
9 |N109 0 1 84 11832 1467481 149E

enanel 10 |Eid il 1 74 74622 1047.104 60361
O] 1 1 116 1275 1535002 231E
12 |N112 0 1 37 12494 1646031 83674

13 N114 1 1 RRA TER 11N3a RK17F

B 1, $EREMEEZERN.

SRS E AR HEAT I A, A DR A R A AE AT B (B Nk 42), A7 AT
Hes (B an 22 N RRFAER BEAT R o R Z A BRIk 0 DI RE, W EdE Ix 0 9l
ZREEMAEE . ST



ToEE

Losd Festure Natrix Lsbel  neral info Volur ensral info_ Vox nal firstorder 10 wal_firstorder_9C iginal firstorder. ginal firstorder. firstorder Intere ginal
[The number of cases: 260 | R 10 3380 1254.9842529... 1762.0086303... 744338342.70... 239.74902343...
I 10 T e — ossssses
27 101 1 10 2530 73496220027, 1246.2226271... 248615349.08.., 305.00555419...
Brsge  [ereeercesosamis ||, o mo s e i reassens
Zﬁi‘#{g,%\ N103 1 1.0 506.0 1161.9692578... 1361.4918823... BO4637262.84.. 109.71603393.
106 0 10 750 857.82004052... 1134.1086572... 74453260.673... 146.46109008..

N108 O 1.0 500 1628.3814819... 1959.8774658... 16324797381 198.46325683...

N109 0 10 810 1182.1916625... 1467.4808105... 148577229.87... 127.51461791...

111 10 740 TAE21T20736... 1047.1035644.. 60361928.619.. 167.95366882.

| ECH 10 1160 12750078125 1535.0019531... 230562645.85.. 124.96982863...

N111 0 10 370 1249.4085448... 1646.0311279... BIGT4085.420.. n7.0312782..

ﬁﬁﬁ%;ﬁ{g% 114 1 10 5860 766.00341796... 11038995361, 516654509.92.. 169.27729757,
N115 0 10 1820 1001.8227783... 12449284912, 224593082.03.. 12669204711,

180 10 610 S87.97679736... 1277.0335603... 74357207.606.. 85.092309570..

N118 1 1.0 5280 726.38700716... 1204.1757324.. 501068563.59... 258.02044677.
N120 O 1.0 60.0 1964.9100795... 2278.3822509... 27T4172258.97.. 204,51394653...
st Zewnat{Ta s 121 0 10 560 1310.4881591... 1553.9888305... 110525160.07... 12071554565
ﬂ;i*%,g: %ﬁ f} %U Load Testing Bef
% S N122 1 10 2780 12273986083, 16316046875 56732926910, 222.73867797...
i J—*— 17} = % 7 =
=B 5 123 0 10 30 1131.3818115... 22B7.9897040.. 2006511468 89350006103,
ERESSA C -
Lood Clinis hof N127 0 10 830 12797672118, 1669.8134277... 189179632.48. 196,50598144,

Tenting bt [n128 1 1.0 2180 1060.7002807... 1502.7972045... 479874422.12... 186.76831054...

N3 0 10 350 O4B.06610873. 1713.3798828... 63998645753, 417.01074218...

130 1 1.0 1340 7S6.31345214... 13707275024, 158889004.60.. 40296238708,

N131 0 1.0 700 970.20996704... 1362.2064208... 100098536.30... 197.47043115...
N122 0 10 650 1908.6042724... 22143996093, 276085003.63.. 208.02709960...
N133 1 10 2070 B08.60145263... 1322.3079402... 32B744724.95.. 223.03036767...
124 1 10 5610 896.08535156... 1407.9B74267... T22621438.90.. 26001763916,
N135 0 0 900 1002.9160766.. 1334.6287719... 12134899446, 153,24212646..
N4 O 1.0 490 779.79152832... 12346287597... 51640735.735... 216.03610384...
N140 0 10 480 2012.3075195... 2398.1818603... 249037279.66, 126.26008632.

N143 0 1.0 630 1796.9980224... 2059.9700195... 231852254.50... 148,02441406...

ME P 2N e e N N s N R R 2NN R W PR oM W oW W NN S NN R oW oWy

e R R R T S S T TR T S ST

Checkand Save

N145 0 1.0 8.0 1006.0250094... 1405.5197143... 122463658.73.., 256,54702758...

2, BRERFEREE

St e b “Load Feature Matrix” 4% i] DLMAS L S NFFAEELHE, R SCRF csv i, 2%
FHARLE R B FAZE, LSBT R . A A AT B R A, AR 44
R ZRTE header £, case id . R7E/AC1A index £, “Load Feature Matrix” %40 T 77 i~ £ ds
BEAGEE, SUFEARSE. FHESE. IEFASE (abel=1). fREA%EIE (label=0).

F T RFAE 2508 P AT BEAF TR TC R, B0 SO B O N 42D, o8 (brid A nan)
A, O X TE S R RFE SO 2 849 5 SRR AL BTG VEIEAT « FAE 4t T fil 5L
TR TR A, VR E IR R LB & R case Bl LB LR
1) feature. WIASEINERMITE R, HEIHREEHE AATARE ., SOERRZENGE T, $i

“Remove” %4, BIA] 58 i

FERRTIFE ST I, BEAAE D NIIZR4E (training data) ATIAAE (testing data), FrillZk
A I XS o MR MIGIF4E (validation data). Validation FI/E#f & HEAGE S5, Hil
Ui R AE B o R AT $diE AT e & AR AR PRy o PlAL B ARER T DAEEAT Bds 35 0
PA— 7 E 1 I RS RN A o 3X BRI I S B8 AR EE T o SRR I L] o 5 75 B4R 40
AHIE B case fHOnt HES286, AT LLEE ¢ Load Testing Ref” SRk BUAH 5] () Il 2R 42 AR 4 case.
I “Clinic Ref” T AT LA NI PRAFAE o

S TSR “Check and Save™ #4241 7] DA KA T EHE R AT



AR ZZ (Model Exploration)

R LU R RAIE (G A B B csv Hidis ) BEATEEAE,  JA TR B 245 7

A PRI AR N — 257K 4 (pipeline),

— R IR RIS BRI Bl g

WRIEE B 77 . R BERASAER H AN 2888 ik AN E B 4y ZI/KZe3E T Scikit-learn (v

0.22.2) Mg, FifwE R

R

= [@]=]

Load

HAHIE

Training data

Load

Balance Data %ﬁﬁ&

(O Hone Balance

{D./'?I\E_example/alll’tnin_numeri c_feature. csv

| @® VpSampling

Testing data

Load

O DowrSampling
O SHOTE

[D:/FAE_exanple/all/test numeric_feature. csv

Normalization

Data Deseription

[] None Hormalization

The number of training cases: 182

The number of training features: 261

The number of training pesitive samples: 89
The number of training negative samples: 93

The number of testing cases: 78

The number of testing featwres: 261

The number of testing positive samples: 38
The number of testing negative samples: 40

BEEEEET

[ Mixdae Normalization
[J z-Scere Hormalization
Mean Normalization
[ ALl Hormalizatien

Preprocess

[J eca
PearsonCorrelationCoefficients

[ A11 Preprocess

Feature Selector

S e

Verbose

AR R BT

[ awova i [] ALl Feature Selector
[Orre  [JRelief

Classifier

sYM [ ae

[J Loa [ Rendom Forest
[JLogistic Regression []LR-Lasso

[ Adabeost [J Decision Tree

[] Gaussian Process [ Haive Bayes

[ A1l Classifier [] Hyper—Parameters?

Crozs Yalidation
(®) 5-Folder

(O 10-Felder (O LeaveDnelut

ipeline Description

Normalization:
Normalize Mean

Preprocess:

Pearson Correlation (0.99)

Feature Selection:

Feature Number range: 1-20

Kw

Classifier:
SVM

Cross Validation:
5-Fold

Total number of pipelines is:

20

W
£
=il
Al

Run and Save

3, HELERETEE.

G e AR B N, A G S AR AT o I SR s 2

N MRS AT . s A SN, A
N csv . B EE f5 F 2 H) Data Description HH 2

ANISIEEREE R, AT Hdfa 4420
A test Hodfa H RUFEAAS B

HEANERKZ (Pipeline)

HiF-5E2% Pipeline /¥ (Ao — ST 2 Ty 0] ik, A2 5 ) il it
AT B A IR HATIRR . BT ke e

) 253 7 58 AR

s N R Lt
7R train

BT




1. #IE¥E (Balance Data)

A LB, BaRSETRIFEA LB S A5, 75 200 R SRS BEAT BT . FAE 1243t
BEALERAE BEHL T RAEA SMOTE J7 2R SEBL A 1y (X BLBEAT A B 118 A R x
WZREERREAT, MR ABEAT AP, R SR G I ZRAE B t 2 AT R A7)

2. JA—frhhE

GREYUR R R MR AT I — AR B i TSR TH S A B 2 0 B0k, IR R
AFRALES label Z RIFIASRNE,  FRAS RS AE ELRR RO BB 4 R F) — $oE g, BIXT R4
AEXT RLFI T case FOBEREATALEE . H AR AL — F =M A —ALT57%:

1) Normalize to unit

—
— xn

" \/x12n+x22n+"'+xrznn
Hripx, RN EnNHE, HhmEBRFEARLL

2) Normalize to 0-center

——  Xn—Xp
X, =
" ostd(xy)

HAx, R T A AR E R BME, std ()RR En 75 2.

3) Normalize to unit with 0-center

—

Xn:\/x2 + x5, + -+ x?
in 2n mn

BINIRE G BRI 5%, e

3. BURMEANE

BT R oL N RHE R I K TR E, T 58T M R B AR B 4 5T
AT DO YR BEAT WAL B, PEARAFAEAN 2. B AT R SRR 3 s 20 (Principal,
component analysis, PCA) [#4EFF]H i /R #RAH1LE (Pearson Correlation Coefficients, PCC)
B A 2

1) EHsr4#t (Principal Component Analysis, PCA)

PCA AT LU RT 8 FAT AR S 0 e 45 L S N ZeME T R AR GERFAE, RN e AR5



PERFMRFIEARZR TR . AR 255 sklearn 34 :

http://scikit-learn.org/stable/modules/generated/sklearn.decomposition.PCA.html

JERE : PCA 1SR IEE U b B — MNRFIE AL 2 A R UG B0 b BT A R e VE S in 4L
Kt PCA 2 J5, BFAMEFIEM header ¥ric v “PCAfeature”, KU JE 2l TR E MR, &

2) RZ/RFRFAC £ %L (Pearson Correlation Coefficients, PCC)

i 3 PR R, PP TE SRR R BRAH DG R B 2 R BOR T AN BB CH ATERIAA 0.90),
BEAL L BRI —AS, 2059 T ME 1S FRLE 5 (R A B AL

—_— —
xl'xz

cosbiz = ]
4 REMERSE

R M 5 BCHEIE, FAE 2030055 2 1 oA RS, TR S . AR AR
VE R, U KRR B B (B0 200, 4030 4738 Ak T4 G R F S
AERT, 2 P AT A i A
5. AHIME

ZASE R ThEE AARYE label £, MR RTERHEZ FIEE label AHICHE I GFHRIE. H
WS BRI 77754 ANOVA. RFE. Relief.

ANOVA (Analysis of Variance)

2RI =N, WX 2R EATG T, R MRHIEXS label ) FAEALE, M
KEVNMEF G, €S label SARSIRAIE. FAASCR AT 2 1

http://scikit-learn.org/stable/modules/generated/sklearn.feature selection.f classif.html

KW (Kruskal-Wallis)

Kruskal-Wallis (KW) 2 — AN T = 4 80E 2 3000 R AR S0l . 0= Ak
SR BRSO SRR B B AR B, ST BN EAR Z A AE 22 57 iR

https://docs.scipy.org/doc/scipy/reference/generated/scipy.stats.kruskal.html



http://scikit-learn.org/stable/modules/generated/sklearn.decomposition.PCA.html
http://scikit-learn.org/stable/modules/generated/sklearn.feature_selection.f_classif.html
https://docs.scipy.org/doc/scipy/reference/generated/scipy.stats.kruskal.html

RFE (Recursive Feature Elimination)

T A RFAE T Bk 0 2 BB AR S B R AR (4 SVM B [al AR ) AR5 3 HY A i )
(ERFRZEND) HIRRE (AT DRSS REORkE), L R ARHIETR S —14, SRR FERIR 1R
fE b E R IXAN R, BRI PTARAEAE T 1 o XN SRR R OO AL R AR O HE R -

http://scikit-learn.org/stable/modules/generated/sklearn.feature selection.RFE.html

Relief

Relief 592 FRARFAE AN S5 I A OGP 2 J TR AE XTI BE B AEAR I X 20 e 7. IR I ZREE
D HEEHLERE—MEA R, REMNFI R FIZRIFEAH FERBATAFEA H, FRJy Near Hit, M
R AFRIZRIIFEA T FER AT AFEA M, FRH NearMiss, S8 5 HRHE DL HEI) B8 BT RS REAE
FIRLE: 4n% R A1 Near Hit 75 3 AMREAE LA B /8T R A1 Near Miss _E A 25, T35 B iZ 4
TESXF X 43 [RIZRFIAS [F) 28 R BT A0 A 2 1, DU DZ A e AR s Sz, iRt R AT Near Hit
FERANRFAE I RE B8 KT R A Near Miss b BE B8, b B ZARAE X6 X 43[R AN A [/) 2K () B i 4T
EAEE, WFRZAERRE. DL EFEES m Ik, BEERSRHER PR E, F
TERIRCE R, R IZRHIER 20 R B R, K2, FRoRIZFHIE /2508 I 55 o

6. rf

DI IRE R AR 3T ik, A TR R AR BEAT AR

SVM (Support Vector Machine)

SVM & — i SR E 1 70 26 8%, HEAER 7 — e MU DR SR 1i, 431201 1f iy I
T2 T S5 (4 PR SRR A 2 8] AR die KA AT X 7 2 T B A3 R A iz AL e 770 X T —
N2 YERIREARSE, RGREHL L — NI A B Sh, MFEARET 22K, BRI T
J& AN RIS BOREAS s 7 27 T A P AN, 396 A2 1 26 1F RO T T REH AR 2 A4S, SVM
AL PRUE P SRRG A RN, AR B AT 1T, (A5 1 i 00 2 3 X e K AL
T SRS A T 0 FEAS R B 1L 0 26

http://scikit-learn.org/stable/modules/generated/sklearn.svm.SVC.html

AE (Auto-Encoder)

AE ZFHMZ L% (Neural Network) JERETHLIEATEHE 7028, Sk e T A S
FREC _ERE R A, vTDAOERE EEIAE TR 2 ek, B 2 S EUAEAE SR P AR T
UE -

http://scikit-learn.org/dev/modules/generated/sklearn.neural _network.MLPClassifier.html



http://scikit-learn.org/stable/modules/generated/sklearn.feature_selection.RFE.html
http://scikit-learn.org/stable/modules/generated/sklearn.svm.SVC.html
http://scikit-learn.org/dev/modules/generated/sklearn.neural_network.MLPClassifier.html

LDA (Linear Discriminant Analysis)

LDA 2Rl R, EilIdAE k 4e (mise MU, (5 A R %
PR BG A BRI AT RET, Rl AN RS IR B L B B R AT REIZ . BN, BT
LDA 2% k s 3 k-1 e Vi, Rt BARERAERIER . AET PCA 28
PRI TT ), LDA S EZ SN EHERR, M5 KA TREA 7).

http://scikit-learn.org/0.16/modules/generated/sklearn.lda.LDA.html

Random Forest

BEALARMOE —Fh A B 22 S 5. BIRATE Bl E A 2R, BRIE T — MR,
HAEEA A SRy BN BRI FRR 7 A2 PR SRR IR B RS, KT 43 41 408 /& FH “ bagging”
TR . bagging Jii%, R bootstrap aggregating, 5% & BENLA U] (1% 1 2 B
SRIGHIIE 228, B JE A2 ) BB R 3 I A () 280R

http://scikit-learn.org/stable/modules/generated/sklearn.ensemble.RandomForestClassifier.html

Logistic Regression

[ — P 5 BRAR RS, AT y=f(x), R EZE x SETE Yy FXR. &
Wi A B AR e I O T L V), 2 JRRE AR S A A A A, s
(B [ DDA A TR B A2 X, RIURFAEECHE, P 75 AR AR 2 T 3R IUR AR &y, B 232K

http://scikit-learn.org/stable/modules/generated/sklearn.linear model.LogisticRegression.html

LR-Lasso(Logistic Regression via Lasso)

FEIZ R A 80t SIN Lasso 15T ASRAS B AP, lasso [m] U1 AT LASE B2 AR5 0 2 «
FEARRECEUN, EREIERZ, BI/NN K P #E. EHT 4G, ERITETEN
PP EEE . I H lasso 7] DLHFATRHIEERE .

http://scikit-learn.org/stable/modules/generated/sklearn.linear model.Lasso.html

Ada-boost

Adaboost 72— W4k &S 217715, BJE T boosting R AEIEHH, AR i
2 & Z AMFAE RIS & . Adaboost BETT LAH] T 20 Kt vl U T Bl PIMZ 0D BR:
1. BUEH%E: Adaboost 5idfie I e BT — 40 73 AR R R 0 KRR A HIBUE, T AR L8
AL AR MIBUE o TR AR L AT 15 BIIER 2 SRIAEAS, thTRUE RN K 32 21 /5
R I IR ORI


http://scikit-learn.org/0.16/modules/generated/sklearn.lda.LDA.html
http://scikit-learn.org/stable/modules/generated/sklearn.ensemble.RandomForestClassifier.html
http://scikit-learn.org/stable/modules/generated/sklearn.linear_model.LogisticRegression.html
http://scikit-learn.org/stable/modules/generated/sklearn.linear_model.Lasso.html

2. HorREAAH A Adaboost R Z Btk 1 52
(1) IRIF SR Z R BN ES 7 KA BUE, R EAERRARERIIEM .
(2) W/NIF SRR ZRBR MG 0 KA BUE, R EfERRARENIEM .

http://scikit-learn.org/stable/modules/generated/sklearn.ensemble.AdaBoostClassifier.html

Decision Tree

DRHA A — P WALES 2 2 AT A — P 2845 o Bl VI Rt i i — R 0L TR
BRI 2, Ferp R R4 KRS e — @ I Al R Fn Bt #4770 28, B4~ AR
R ANEER L, SEARH-45 ARSI A .

http://scikit-learn.org/stable/modules/generated/sklearn.tree.DecisionTreeClassifier.html

Gaussian Process

X HLAS 25 ) B Bt A2 (Gaussian Processes for Machine Learning, Bl GPML) #&
—ASEA PR B T, FERT R ENE R . S Wa] DL R N 2

(probabilistic classification)

http://scikit-
learn.org/stable/modules/generated/sklearn.gaussian _process.GaussianProcessClassifier.html

Native Bayes

DU r 7 S5 0 7 218 i B B RE NS B (S B =, R D3 28 T S LR SR
Bl QR T 5 RIER, R B R IRAE A% T IE 13K

http://scikit-learn.org/stable/modules/naive bayes.html

HSHERE

HATERAR AL, L BRI S S 40k, KBS E XHE FAE FISETNH
HyperParameters SCA4FJ& R, AT LU i g H A Y json SCAF Sl S5 B

A% ‘Hyper-Parameters’ &, J3r2SHRM S [ TS0 % B I S B0 T 8, R ORA7LS
WS AUC e 4s 1.

ZXEGUE

AN GBI AT IR, 7 R INGEMBRIESE, RFRO LR EENHE. BT


http://scikit-learn.org/stable/modules/generated/sklearn.ensemble.AdaBoostClassifier.html
http://scikit-learn.org/stable/modules/generated/sklearn.tree.DecisionTreeClassifier.html
http://scikit-learn.org/stable/modules/generated/sklearn.gaussian_process.GaussianProcessClassifier.html
http://scikit-learn.org/stable/modules/generated/sklearn.gaussian_process.GaussianProcessClassifier.html
http://scikit-learn.org/stable/modules/naive_bayes.html

REENBESHA S, XRIEFIHTZ KA, H AT sHF 5-folder A1 10-folder. 1 5-folder
A1 10-folder J& T K-folder, #J4AKAEFHIHL K T REARLE, AR TREAE R AT
NEAERR A EE, Hofh K1 D TREAERRIIGR. S XRAEERE KK, ST REARIE
—, BRI, 5XR label AT G Hr, AL

FEXT Pipeline FAMEHRFATRSE 5, FhiH0H S X I8 Pipeline FC & L. k-

Fipeline Description

Mormalization:
Mormalize Mean

Preprocess:
Pearson Correlation (0,99)

Feature Selection:
Feature Mumber range: 1-20
KW

Classifier:
A |

Cross Validation:
5-Fold

Total number of pipelines is:
20

b AU BoRWTR, SRR O 1%1%20%1=240 4>

M N A “Run and Save” #2481, 45 R IIRAE %A (MRS 1R R BN IS0 I0),
FEFHATIEAT, 4 T Verbose FLHINFE g 1747 4%, 24 Pipelines 2t HIRZ ), 4
i B K EIASATIN ], BEWUSAT 2 S5 AR UK T4, T DUMAS T A 0 S sk il R kA7 i
. 24 Verbose HH “Merging CV Results DONE” I}, FIRFEFiE{T585E.

Verbose

Model Developing:
Done.

Cross Validation:

Done.

Merzing CV Rezults:
Done.

A fAk (Visualization)

T AN IR R (R ) BRI B 0] 5 5 AR R R ST AR A A


https://baike.baidu.com/item/%E5%AD%90%E6%A0%B7%E6%9C%AC

BEIF EERO R FAE W BRI AER R EE R, E4EXS Pipeline thg— &7 AR T ik HIELEL .
AU

—1 REERS S
Crr—
%ﬁj\ ﬁ e 5 8 " ” s fosostosen vorer  assen osers ason oss7 ogs29 o175
g = ” asur osers ss7 oss29 o
xeEE | " o o T
K= ’
— 0 asiss asexn ss7 oszm  aars
7 iz VN, o osms osmm2 557 ossze  oars
e ﬁ ;i o emm onne 557 9529
Il o o g2 oss1 o0 o7 o529 o175
&i}ﬁ - 0 s onsis ss7 9529
T = e osus o7 09529 0
1R§ ™ asrs 0as7s s 08
® anes ey omz  oars
w asu7 asen o952 o
Z_ o 9503 918 oz o
RFER — . . . o
MR s et 25 v e " B o poisoss ootes s osmn o s was nsr
=] -
Bl KERIER LT E
Receiver operating characteristic curve *%:I: =] 2 T DURA =,
o e 093 % T T L DW1_original_glrim_unLengthNonUniformityNormalized P
L 094 /N
. - _/ Owa_original_girim_RunPercentage P
M R 093
ROC 5 e P on o I O B N B Dwi_original_glrim_ShortAunEmphasis P
v 06 L o8z
AN £ L g / DWI_original_girim_GrayLeveiNonUniformity P
= £ o % om1 P
= 3 04 L : 1 | OW_original_girim_RunLengthHonUniformity P
% j‘( H - 090
T s o cv_train (AUC = 0.955) . ADC_original_shape Leastaxis P
1 AE e — cv_val (AUC = 0.926) train
- Lot tAUC = 08781 oss O validation ADC_original_shape_Flatness P
04 [ IEEERER
False Positive Rate Feature Humber
oy train Eov viaiiasin (=E ZE [EE Eorvaiiin B (= Ovs ® Fostre sduanie O Qusisi -
=] e V[ Teed  [NE <]+ o B e w
" n [ e e o am e o

4, AR AT

Hili Load BNAFAEALBR A SR BE 090 e, R B i b — IR ORA7 B S AN 2
IS R H s, W RLE BIBTA AL 6 B iR o A5 T R AN S 3 & R e 4
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Materials and Methods

We seletted THI CIsed 38 I Iraining data $81 (RGS3 = podfvainegative]] We also seiscled anoinér 78 ¢3364 38 The
independent testing data sel (38140 = positivelnegative)

To Remove Be unbalance of e training data el we up-sanples by repeating random cases 10 10 make pos@veinegative
sampies bakance. W appiied the NMMaNZa%N o the featse matre. B30 featne Veckor was subtracied by the mean value of the
vector and was owioed by e lengm of 1L Snce e dimension of Tealre SPICE Was high, we compared the smitanty of each
feature pawr. I he PCC value of the feature par was Larger than 0.9%, we removed one of hem. ARer This process. the ameniion of
thee featuare space woes reduced and each feature wars independent 1o each oiher. Belore bulld the model, we used Kruskal Walls i
seledt features. KIuskarivails was 2 common meTod 1o explone the spnificant features Comesponding 1o e Labels F-value was
calculated to evahate the reationship bebween feahsres and the label We sorted features accon ding o the comesponding Fovakas
and selectad lop N features acconding 1o valdaton parormance We used sUPpOn vector maching (SVM) as he classifier. SVM was
an effective and robust classifier ko build the modeld. The kermel funciion fas. the ability o map the featunes into a higher dimension
o search e Pyper-plane for Separatng the cases with different labals. Here we used tha Inear kemel function because & was
326 10 GPLNN T COBMCIONTS Of he SRS 10r The inal Mods To SeIHMING I RyPOr-AIAMEIN (0.§. 7 FUMBAT of Teatures)
of model, we appbed cross validation wih S-foid on the raining data set. The hyper-parameters were $6t Jccording 1o e model
perarmance on e valkdaton data st

The performance of the model was evaluated using meceiver operating characteristic (ROC) curve analysis. The area undes the
ROC curve (AUC) was calculated for quantificaton, The accuracy, sensawity, specificty, positive predictive value (PPV), and
negative predicine value (NFV) wene 250 Caiulaied 2% 3 Cutofl value That maumed the value of he Yorden index. We aiso
estimated the 5% confidence interval by bootstrape with 1000 samples. All above processes were implemented with FeAture
Expiores Pro (FAEP?S, V0.3 3) on Pythan (3.7 6)

Result

We found mat the mode! based on 7 features can gel the highest AUC on the valkdation data set. The ALUIC and he accuracy

Cousd acheve 0826 and 0.934, respecively. In Nis pont, The AUC and e accuracy of the model achieve 0.876 and 0 849 on

teseng data set The cinical statisies i Me diagonsis and he sesectsd features were hown in Table 1 and Table 2. The ROC
Cunve wikk shown in Figure 1

Talle 1. Chnical S1alstics in the dagnoss.

Slatrstics Vahe
Accuracy 05487
ALIC 09757
ALC 95% Cls [0.9375-1.0000)
NPV 1.0000
PRy 0.9048
Sensitivity 10000

Specificity 0.9000




Materials and Methods

We selected 203 cases as the iraining data set. 133 of them were marked as positive and the left 70 were marked as negative.
We alsa seloctad anather 87 eases as the independent testing data sel (57/30 = positive/negative),

Wea applied the normalkzation on the feature matrx, Each feature vecior was subtractad by the mean valua of the vaclor and the
divided by the length of it Since the dimension of feature space was high, we compared the similarity of each feature pair. If the
cosine value of the feature pair was larger than 0 BB, we removed one of them. After this process. the dimension of the feature
space was reduced and each feature was independent 1o each other. Before build the model, we used analysis of varance
[ANOVA) 1o select faatures. ANOVA was a commen method to axplore the significant features oomespanding fo the labels. F-value
was calculaled 1o evaiuate the relationship between festures and the label We sorted features according 1o the comesgonding
Fvalue and selected sepeific number of features lo build the model. We used logistic regression as the classifier. Logistic
regression is a linear classifier that combines all tha foatures. A hyper-plana was searched in the high dimension o separate the
samples. T prave the porfarmance of the madel, we applied carss validation with laave-one-cut on tha data sot

Tha performance of the modsl was avalusted using raceiver aperating characterisis (ROC) curve analysis. Tha area under the
ROC curve (AUC) was calculated for quaniificaion. The accuracy, senstivity, specificty, positve pradicive valua (PPV), and
negalive predictive value (NPV) wers also calculaled at a culolf valus hat masimum the valus of the Yorden index. We also
boosted estimation 1000 Umes and applied paired I-test 1o give the 85% confidence interval All above processes were implementad
wilh FeAture Explorer (FAE, v0.1.1, https:/igithussconvsalanGBaT AE) on Pythan {3.5.4, httas:fhwww python.org).

Result

We found that the modsl based on 2 faatures can gat the highest AUC on the validation data set. The AUC and the accuracy
‘coukl achieve 0.751 and 0.704, respectivaly. In this point, Tha AUC and the accuracy of the model achiave 0.708 and 0.770 on
festing data sat. The clinical statistics in the dagonsis and the selsctsd features ware shown in Table 1 and Table 2 The ROC
CUTVE WES STow |n Figur 1.

Tabie 1. Clinical staligtics in the agnosis.

Statistics Walue
Accuracy 0.7701
AUC 0.7982
AUC 95% Cls [0.6967-0.8817]
NPV 0.6190
PPV 09111
Sangitiity 0.7193
Specificity 0.8667

Table 2. The coeflicients of features in the model.

Fealures Coal in madel
CT_original_Rrstordar_Uniformity 1852
€T _original_gldm_DependenceEntropy 2145

5, FAE £ERRIRETE.
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