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Abstract

Objective: To investigate the clinical value of a support vector machine model based on magnetic
susceptibility weighted imaging (SWI) sequences to identify high-grade gliomas and solitary brain
metastases. Methods: SWI sequences of 103 patients with pathologically confirmed high-grade
gliomas and single brain metastases were retrospectively analyzed, and the volume of interest
(ROI) was manually outlined on the acquired images and the imaging histological features were
extracted, and all cases were divided into a training group and a validation group according to
70%:30%. Feature screening was done by independent sample t-test, Mann-Whitney U-test and
least absolute shrinkage and selection operator (LASSO), and support vector machine (SVM) mod-
el was built on the data after feature screening. The diagnostic performance of the model was
evaluated by applying the subject operator characteristic (ROC) curve, and the results were ex-
pressed as area under the curve (AUC), accuracy, sensitivity, specificity, positive prediction rate
and negative prediction rate. Validation group data were used for further validation. Results: A
diagnostic model based on SWI sequences was established to discriminate high-grade glioma from
intracerebral solitary metastases. In the training group, the area under the curve of the model was
0.951, and the specificity, sensitivity, accuracy, positive prediction rate and negative prediction
rate were 0.889, 0.800, 0.857, 0.889, 0.800, respectively. The area under the model curve in the
verification group was 0.868. The specificity, sensitivity, accuracy, positive predictive rate and
negative predictive rate were 0.875, 0.889, 0.880, 0.933 and 0.800, respectively. Conclusion: The
support vector machine model based on SWI sequences can effectively improve the diagnostic ef-
ficacy of preoperative identification of high-grade glioma and intracerebral solitary metastases.
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NKAE T 458 . Park S5 [8 K IX LEARAF 5 FK N MR A BEBBUBSS 5 (intratumoral susceptibility signal intensity,
ITSS), ARIEILARAER Bl N BB RAE S0 N 4 o 0 20 BIRMES: 1 J: 1~5 D AUREGNZRIRIRAS 5
2 % 6~10 D RURERANZAEARAE T: 3 e 211 AN RUREEORINE 5. HATAIRZ K THH 1TSS 7340k
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2.1. ERNETE

AT 2016 4E 1 A & 2022 4F 3 A& EE SLEEBRIIE 2T ARTEFIESZ AT 103 451K 5 e
FIE IR B RE, i g e odeE 53 B, i P FROR FE RS IR 50 Bl KT BB IRIR 723 LR 4 )2 BE AL
FES I ZRZH.(70%) FIIR 2H.(30%) -

2.2. PNFRHE

1) T A B AL S R e 31 o 8 i P LR RS R s 2) RATIRIR S %, B4 CE-TIWI J¢
SWI {5 3) RETARGE K. f7 s IREGYSAERTRT . 4) KERERL, K.

23. BEGX

103 (7 L E R P 117 3.0T A HEILHR & 18 il IE k4L AT R 2 . SWI 752 40: TR = 31 ms;
TE=72ms; JZ/£2mm, FOV 230 mm x 189 mm, Z[A]#F 0 mm. CE-TIWI #%|Z%{: TR = 1820 ms;
TE =10 ms; JZ/5 5 mm, FOV 220 mm x 220 mm, JZ[f#E 1 mm. H & EES 22 ATk 43 Gd-DTPA
(7 0.1 mmol/kg 1A ), VESAZ 3.0 ml/s, Z5 o5 LB A RS K 15 ml.

2.4. A)iE ROI

KM I A SWI M2 CE-T1WI £ 1) DICOM #% 3 B4 -5 N\ 3D-Slicer B (A 4.11.2), fd
3D-Sliser X EUGREATUN FHUALHE: 1) FRFE, FrAEMEERFES] | mm’s 2) EURECHE, H5 SWI [l
K5 CE-TIWI EI3LEcHE. EFHTHAEE, WE CE-TIWI FHIH6C MBI %, ROI 7 35 s i sk
X, AFEMHR AR . A0, . SRJE 7K ROT 5 R2 BIBCHE S5 SWI B E . 5 R i sedh sy Bl =
e, FERFEF EHIRGE S AR, nE 1 &E 2 fis. FrE > 50 2 4 o RHE R AL RS S
SEMIAT, FEFBN 5 EI I KR FUEOS R X

| N EE B, AT AMBERA X, (a~d)2 B CE-TIWI, T2-FLAIR, ADC
K & SWI I, (e)IATE CE-T1WI %1 /2] i ROI.

2 R R TR B A5, R T A, (a~d) BRI A CE-T1WI, T2-FLAIR, ADC
K & SWI E, (e)EIA{E CE-T1WI 5] /2] il ROI,
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Figure 1. Image diagram of a patient with brain metastases

E 1. REBEEER G NEE

Figure 2. Image diagram of a patient with high-grade glioma
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{# F 3D-Slicer AN SWI B #2BUFAE . FLHREL 851 AMARME, Hdr 1) FEARFIA/NEFAE 14 45 2) —
Mragih mAREE 18 /N5 3) SUHRFAE 75 4N 4) /DNIRHIE 744 Ao Z JEBATFIF Z-Score J5 1258 A A 2E
ATIH— 4L AL,
2.6. $HETRE R ERIE

NT R TERFITURE R, BRI ZREE F FRIE#E4T Kolmogorov-Smirnov #5545, X T & IE& 4
A B AT IO AR ¢ F 06, X FAFF & IE A6 B8R 3E1T7 Mann-Whitney U 555, %EFF P <0.05 HY
WFHEAE A PR E 1 TR ARFAE o AR 515 T e /N 48 o WL 408 3 B 5 1 (L AS SOYRFAIE 8 B By gk — SD e Ak o
FIFH R &S 4587008 5 BEE ) B AE N R4 B e AE A 38 S S FF AL SVM BT, {3 F N FH 2R 3 4k
FRFEROC) e AT 28 R I FN(AUC), REBUE, Re7RE, AERRRE, FHE T2 R0 BH M T 2R A A Y 24
2.
2.7. GiES R

{8 FH SPSS22.0 (SPSS Inc., Zm&F, fHRIE M, £ ) FAI R STUDIO (fiRA4.1.1, REASE “e10717 ,
“pROC” , “glmnet” )T 0H. & P<0.05, ZRAGIFEE L.

3. 858

3.1. IERZER

FEIRAINFBRIE, BN 103 BB, 1% 7:3 LG 2 BENL R 2 AU 2R At gL, o
WSR3 72 B, MR B 31 0 JIGHEEFRG23+£6.2)%,

55334, 4239 1 MR B E R (54.7 £ 7.3)%, B 141, 217 Bl IR m g R T IR
38 i, #ReIR 34 51, MR mBONRFRE 16 ], A 15 6. JIZRAE 50 B I EE . YRR
iR o B R A 22 SR 3 R S it 2 B (P > 0.05) .

3.2. EFEHVHHE

S PINTFEA t £ 58 & Mann-Whitney U fr4%, {REAFFAE 436 1>, P < 0.05. ZAJ57EM8 FH /M axt Ui
AEFIE R H T (LASSOVRHMIEE R FIE R T 7 MU H 5 R-E. LASSO 258 LA 3, FRIELE R A 1,
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Figure 3. Schematic diagram of the least absolute shrinkage and selection operator (LASSO) feature selection algorithm
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Table 1. Features of the screening

= 1. HEEVHHE

W3R P51 FHIEEL FHIE A PR
SWI 7 wavelet-HLH-glszm-SmallAreaEmphasis (p < 0.05)

wavelet-HHL-firstorder-Median (p < 0.05)
wavelet-HHH-glem-ClusterShade((p < 0.01)
wavelet-LHH-glszm-LowGrayLevelZoneEmphasis (p < 0.05)
wavelet-HHH-glszm-ZoneEntropy (p < 0.05)

wavelet-LHL-glem-Correlation (p < 0.05)
wavelet-LHH-glszm-ZoneEntropy (p < 0.01)

3.3. HSHAFIRA RO B

i R EFAETR I, JLOR IR 7 AU SRR, R IR B R BN . AUC EEIZR
HN 0951, KrRfE. REUE, R, FHME IR & TR 5508 0.889, 0.800, 0.857, 0.889,
0.800. AUC 1HZEIRIFZH N 0.868 o 45 5 FF . R, UERMEE, [H M T 28 A% [ 1 T 28 43 )y 0.875, 0.889,
0.880, 0.933, 0.800. MAIRGHELE R IR 2, LR K IGIELH ROC HiZk WL 4.

Table 2. Effectiveness of the model
F< 2. HERIRIH EE

(e} 2H 5 AUC R REE A FHETRINAE BTN
SVM YIZRe 0.951 0.889 0.800 0.857 0.889 0.800
BIEH 0.868 0.875 0.889 0.880 0.933 0.800
A —————. S A P T T S ——————— Q
<IN S _5%;!;’ S E— 2 [0:518(0.889, 0.875)
P 2 o©
= 2 1T g8
E AUC: 0.951 2 AUC: 0.868
[) [ Rttt (R O S
(0] ]
S ISR [ I N
o
O | :
o T : T © T T T
1.0 0.5 0.0 1.0 05 0.0
Specificity Specificity
(@) NZERROCH % X HAUCE (b) IIELHRIROCHI 2 B HAUCIE

Figure 4. Schematic diagram of model AUC
4. 8B AUC REE

4. Fig
AR, FET SWI S e M USRS 7E %50 i 200 18 o088 e ok e e Je B R AP it g
i P BAL A TR A 4 98 R e 5 A IR SRR (E 5 MIRT A, 25 () 2 391+ TR A, e L 2 6 R 080 00 S0 R
2 0 ] AR I AR B E AU A5k, RO R IR BB X o ORI FTh RS 41 F T %501 = 2 )
JKE 590G 5 i PN B R BB SR, R DWI, APT, ASL, MRS Z5/EA %11 [12] [13] [14]. VT4Ek,
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ST SWI R FH T 1 4l 2 I 8 5 2 988 (PO T 9t ok ik 22 . SWT 471 mT LR/ HE R MR 728106 v
N PR JPR PN A A i I DA S Ik 5 4, T DABR A DR P i B TR K LA (45 B 15T

G TR E T PR A B AR RE R, RSN, B DA R R AR I 2 DA R A LA,
(LR 25 TR PRSI AR A AN F oty AT A 25 B e 2R I v 0 o R T 98 5 i PN R R B B R 30 D
PR FEE A5 v ) R, (L2 v 0 ) e o g e e I P R A i A K TR A S T DR ORI PR A I 161,
i 0 o PR IR 98 H SIS o TR AL S A R DA T B R TR RS (170 FEEL, R R A IR T, =
RUME WA RIE R S SEE . Frel, B e g e U RS R R 25 5 . e 4t it 20 ik
(A R A TR R AT 5 AL Bk 00 7= A B ioh & 3 8 ORI 20 B A, X e B 1 7 AR R RIURR B TE SWT
A R EAES . B ZARM, 5 SWIFAISAR, &I = 2o B S5 AE X T 54 RS 98 7= 26 1)
fikE H 2 [18] [19] [20]. iR ME BRI, W2 F ki E b ipEma & e, £ SWIF5 LN
HAOPURAE T o W SWI T8 L im0 500 F5 S8 1A 348 I 12 265 i B R B R TR s HE B 2 1 PR EBIRAE 5 X . 9K AR
FHENFIH SWI [T ITSS =58 5V 43 % il I S 98 5 i S A 9a P 9 0 v £l 2 i 8 (A AS 5V 40
T R RS IR [2 1], Kim 8 N ORI, FIRERIRILLEL, mdonl IRFUR e WK E 5 2, 1TSS i m
HHZ, FIHITSS 3 ¥ vl LAAR LI % 0 i Zon e o e 5 v S A% 988221 LA EF e 45 R S5 AT
GERA— B ARG — L5 ISR, R SWIF F1 4850 s 0 IR 98 5 e A 98 1 AR SE Rk H 22 57
1M ITSS PP et 24 X [23] [24]. B INNIE U R A2 F R EFE AR : 1) ITSS £ —Ff e =15
M, EEGF AR LRI RARME 5, 11— L BRI FRAIRE S5 328 . 2) HRETGT SWI T4 %
il v O e TR T i R SR A TR B >, 2T 50 Bl BN LATHAEGu T 22, LR
MEAFKEE 2R, FENRE S TR BT, 3) 1TSS &R AKE SN g, BR TIKESTE
WA AF TR EEHEEE . B b, EE AR HEGHF AR RFEARRY VR LIRS E .

SR U S Re e SR BN A B I EUGOR e 3 e B, AR TN TR R M [25]. BT SWI
B L Jieg i SR, OB e ek CE-TIWI BB S SWI BURECHE, SRJ51E CE-TIWI EUR b2 H 4 i
TAEOLEX, B B RSB X A 3] SWI EG F . X FEa] ARG SWI FF 41 _E iR 4385 Bai N . %t
Eb 1TSS PPMAN I EE ST H I 04529, FR-AME ] 3D-Slicer BRI T RIEAR . 90 LUF LIS /MRS
HRHELE N 1) 851 MRHE, 7 IR T A IR B 2 7. SRR, Bamiin 7 MHEska T
/NG B R E, B BE i 22 5P < 0.05). AHFFER IS I 7 ML 5 5323 8L
BERIRHES A, BESL T v R IR 55 i B B A 90 1 S B . I 2 A SR IE 4RI AUC B 3%, il
790.951 F110.868, H. AR UKL, R FE S HER BE S5 4Rbn 408 m o 1K 5 3RAT T ) B ABAH — B

ERAT AR — SRR 1) AT FTE RISk E T F—ER, BT RO, 45N
B RFEARE PN F A AR 5], S0 e s R B ATl . 2) ASHI T DA 20 I o 9 5 i B
R R IR (1 A IR DX O IR X, AFL 1 P e ()88 FEL IR R A BRI 22 5%, 4 Jia R 98 o IX St g N
W7,

ZEFRTIR, SRS SWI 41132 35 ) AT UL 6 AR U 1 6 30) o 0 e I 9 J Jo o9 B R S i e, L
AR NGRS NS . R AEXS AL G0 1TSS P i, AR SWI FHI 5 GQHS AR,
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