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Prediction of glioma-associated epilepsy based on radiomics and multi-sequence MRI
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Abstract: A non-invasive, accurate and objective model is developed based on multi-sequence MRI for diagnosing glioma-
associated epilepsy. The T,WI, T,WI, T,Gd and T,-FLAIR images of 403 glioma patients are collected retrospectively. A pre-
trained deep learning model is used to segment the region of interest containing the tumor and peritumoral edema, from
which the first-order statistical characteristics, morphological features and texture features are extracted. After feature
selection using Pearson correlation coefficient, recursive feature elimination and other methods, a scout model is built for
each group of features, and finally a radiomics model containing 15 features is established for epilepsy diagnosis. The
radiomics model achieves an AUC of 0.836 on the independent test set. A clinical-radiomics model containing 14 features is
further built by incorporating basic clinical information (age and gender) to the radiomics model for remodeling, and it
achieves an AUC of 0.872 on the independent test set. The model combining basic clinical information and multi-sequence
MRI radiomics signatures can serve as an effective tool for the diagnosis of glioma-associated epilepsy.
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with grade II, III and IV gliomas

1.3 E&FatER ROl E

A9 B 1 T, WL, T,WI Al T,Gd &l 1% 35 {fi ]
Elastix "2/t #E %] T,-FLAIR 1%, 7ERRAEHREGT, BT
AEMGIA—fZ 0, 1], IF0 R XT e EE A 38 Y
J7 P B4 A R EA T AL B DLy /N AN ] 35 & A% 8] 1)
%%

— i B 5 AR S 2 5 1 R A ] ITK-
SNAP (3.6.0) % 40 4 fiftJd AU J& 7K b i) ROT 147 3%
JZA Bl B 20 E M S R A R R AR
fift FHAR [R) B A AT A B 2 (N7 22) . T A
3l 43 EVE BN 2R 0 R -3l 43 0 0 25 SR AUH F
PEAS B BRI

M4 ROL A 8 40#], 1 56/ F HD-BET? " #47
o B R, AR el 1031 25 19 nnU-Net ' [ 3l 4b 24
K% 3F 73 % ROL,

1.4 HZF4FAEREY

i F Pyradiomics 3.0'*' )\ [ 3143 #] ) ROI Hf iE
FPRP eI X TR 1), S 3 A ROT 42 i 386
AR, BR 14 D TREEAESS , A T, WL, T,WI, T,Gd Al
T,-FLAIR H % R 815 b 3 500l 52 B 18 4> — B ik Al
75 NSO . SORRRE LS B R B A R
(Gray Level Co-occurrence Matrix, GLCM) . JK J& 3t
H: 4 % (Gray Level Dependence Matrix, GLDM) . 45
I JK & 22 %0 % (Neighboring Gray Tone Difference
Matrix, NGTDM) . K Fi£ i F& 45 & 46 [ (Gray Level
Run Length Matrix, GLRLM) | JK & [X 38 K /] i B
(Gray Level Size Zone Matrix, GLSZM ) Z£4F1iF



- 1352 -

s
AR

] 22

5540 %:

1.5 #2 8 3& SL FR I

B g ST B AR T LR 20 PR RO s 1R Al
SRR BN e K, (0 FH A R AT AR A
Al BB BB AL 1Y 3 UG ME LR B S A, v LS
FIFH R B AR 7 510 B R 43 5 37 PR
I, 5 SE 8 z-score X T A R AR HEA T BR AL, HETHAR:
1 2 P AS HR AR 2Z 18] B K 2K b A 5 &R %L (Pearson
Correlation Coefficient, PCC) , {1 5 PCC & KT 0.99,
R i I —ANRRIE . LR, Sy e B v g £
R S A REAE 2, 220 T B R E T BR 7 (Recursive
Feature Elimination, RFE) il Relief P F 48 fiF 12 £5 4%

ok dl G, D AR . RFEE T E R
FAE, IR A B AN T B RRAE 5 1T Relief 115554
FEAEXT N 0 3 BOT AT HE Y o AT e B PR 4R
1 B8 B R ) A3 2R g 7 GAE 2 Wi AL . &I T
A IR R R B REAE , P T ST R A S AR
L ERBUR RS FALRAR R . FE S AR T Ry
TE A SE A L I A A, 28 [ R AR B 22
FRBIRE 5 15 2N RS2 R 2RI ) HE ST
MO 3 T oscikitlearn 19 FF R K 14
FeAtureExplorer(0.4.0) "2 [ s 528K

SRR

I R — S A5 5 Y

KON G

H 25 # FREHEEL TR
TIWI
204MRFAE
— it R
T2WI
TS HFASAE r—
19/MFAE
T2-FLAIR
SUHFFE 29MRFAIE

E2 fRrSARER

Figure 2 Research workflow
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Table 1 Clinical characteristics analysis

FEAIE I ZRAE WA

Non-GAE  GAE P Non-GAE GAE PAl
B 107 175 - 46 75 -
PR (B /12) 55/52 113/62 0.040 23/23 45/30 0.375
(3707 5012 44x14 <0.001 51+14 42+15 <0.001
Jieg 253 (1/1T/LV ) 25/19/63  96/34/45 <0.001 9/8/29 43/13/19 <0.001

SRHIE. TEUIZREEFIRAE Y AUC /30 lik3 1 0.913
(95% CI:0.880~0.942) F110.836(95% CI:0.758~0.905)
FERTTAT 15 AR SR o G PRAFAE (P AR08 5
PRI TRAE SRS H 14 DNRAE T JET I R -5 A5
AU A ZREE AR SE | AUC /33153 1 0.919
(95% CI:0.887~0.951)#10.872(95% CI:0.807~0.930) ,
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Figure 3 Results of automatic segmentation of grade IL, TIT and TV £E(P=0.028) A $idit (P=0.026) |22 53946 581t
gliomas (Dice=0.921, 0.932, 0.899) "—“'ﬁx fﬂ[[ ﬁiﬁ (p 0. 384) I Eﬁﬁ?#ﬂﬁéﬁﬁ‘%i
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Table 2 Selected features and the coefficients of features in the models

AR I PR -5 A A
AR WHEEARE | | RHE 2 A EVEES
T,WI First-order Mean 0.861 T,WI First-order Median 1.007
T,Gd First-order Median 0.830 T,Gd First-order Median 0.869
T,Gd GLCM Difference Variance -0.676 T,Gd GLSZM Size Zone Non-Uniformity Normalized -0.865
T,Gd GLSZM Small Area Emphasis -0.662 T,-FLAIR First-order Total Energy -0.773
T,-FLAIR First-order Total Energy -0.541 AR -0.676
T, WI First-order Minimum -0.531 T,Gd GLCM Difference Variance -0.670
T,Gd GLSZM Size Zone Non-Uniformity Normalized -0.420 T, WI First-order Minimum -0.614
. T,-FLAIR GLDM Large Dependence High Gray Level
T,-FLAIR GLRLM Run Variance 0.381 . 0.500
Emphasis
T,WI GLSZM Size Zone Non-Uniformity Normalized -0.381 T,WI GLSZM Size Zone Non-Uniformity Normalized -0.488
T,WI First-order Median 0.361 PE5 0.453
T,-FLAIR GLDM Large Dependence High Gray .
0.345 T,-FLAIR GLRLM Run Variance 0.339

Level Emphasis .
T,WI GLCM MCC -0.295 T,-FLAIR GLDM Dependence Non-Uniformity Normalized -0.223
T,WI GLRLM Run Variance 0.206 T,-FLAIR GLDM Small Dependence Emphasis -0.185
T,-FLAIR GLDM Dependence Non-Uniformity Nor- .

. -0.163 T,WI GLRLM Run Variance 0.084
malized
T,-FLAIR GLDM Small Dependence Emphasis -0.161
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Table 3 Performance of all models in training set and test set

A HAELE AUC(95% CI) W% URE  ReEME PPV NPV
) Y 0.913(0.880-0.942)  0.844 0869  0.804  0.879  0.789
SEAGAG }
MHELAE 0.836(0.758-0.905) 0.727 0.800 0.609 0.769 0.651
ZEE 0.919(0.887-0.951) 0.858 0.851 0.869 0.914 0.782
I PR-FEAG A7

MHEREE  0.872(0.807-0.930) 0.777 0.800 0.739 0.833 0.694

1,007 mm i
N “““‘N‘M““““““N
Pesd — %8 (AUC=0913) = 0.381 n||lII|I|||||'|||||||I|||“

$
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e & e
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1.0
0.8
Eﬁ-Oﬁ 1.001 s T
.4 .
: |
02f = 0451 .t
e — I (AUC=0919) = ||||I||||||'
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Figure 4 ROC curves and the waterfall plots
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Figure 5 Calibration curves and decision curve analysis
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