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[Abstract] Objective To establish and validate a multimodal MRI radiomics model based on

intratumoral and peritumoral heterogeneity for prediction of spatial pattern of locally recurrent high-grade
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gliomas (HGGs). Methods A retrospective analysis was conducted on the clinical and imaging data of all
HGGs patients who underwent maximum safe resection followed by postoperative radiotherapy combined with
temozolomide treatment and experienced in local recurrence in Army Medical Center of PLA from 2012 to
2021. Two radiologists independently assessed the spatial patterns of locally recurrence HGGs through
continuous follow-up MRI data, and primarily categorized the pattern into intra-resection cavity recurrence and
extra-resection cavity recurrence. The subjected patients were randomly divided into a training set and a
validation set in a 7 * 3 ratio. In the training set, Pearson or Spearman correlation analysis and least absolute
shrinkage and selection operator (LASSO) analysis were employed to screen radiomic features within the
intratumoral and peritumoral regions, as well as to calculate radiomic scores. A radiomics model was
established using logistic regression analysis. The performance of the model was assessed using calibration
curves, Hosmer-Lemeshow goodness-of-fit test, and the area under the receiver operating characteristic curve
(AUC). Validation of the model was performed in the validation set. Results A total of 121 patients with
locally recurrent HGGs were enrolled in this study, including 54 in intra-resection cavity recurrence group and
67 in extra-resection cavily recurrence group. Among them, 84 were assigned into the training set and 37 into
the validation set. In the training set, the radiomics score for the extra-resection cavity recurrence group was
0. 424 (0. 278, 0. 573), which was higher than that for the intra-resection cavity recurrence group [-0. 030
(0. 226,0. 248), P<0. 001]. In the validation set, the radiomics score for the extra-resection cavity recurrence
group was 0. 369 (0. 258, 0. 487), which was higher than that for the intra-resection cavity recurrence group
[0.277 (0.103, 0.322), P=0.033].
performed well in predicting spatial recurrence patterns, with an AUC value of 0. 844 (95%CI: 0. 749~0. 914)
in the training set and 0. 706 (95%CI: 0. 534~0. 844) in the validation set. Conclusion Our multimodal

radiomics model combined with intratumoral and peritumoral heterogeneity can predict the spatial pattern of

The established radiomics model exhibited good calibration and

locally recurrent HGGs, providing a basis for individualized treatment of HGGs.
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19 pyradiomics T 541 (https://pyradiomics. readthedocs.

o) HEATHRAE SRR 7, HEAT RAAR AL A AR AR B P 1%
FEAVI AT IR G, LA o B8 R & 7 (laplacian
of Gaussian, LoG ) & 171N 8 7 22 4 2B il R 2 1]
1% . LoG-sigma-1. 0 ~ LoG-sigma-4. 0 3 7~ /A~ [f] 2 J& (1)
LoG JEU , Ik sigma 5 RS AN SCEE , 15 sigma W i R HEL RS
AYBCRE L /NI TE 34k B2 vh 43 531 il FH e B AP
U B 5 X PG 7 A 8 A Mt A, 475 A -1 3 - vy 3 U
I %% (low-pass, low-pass, and high-pass filters, LLH) |
LHL.LHH HLL HLH HHL HHH.LLL. &%
HAPFEALAE LU 728 — I Ge it SR e | =4 4
T A 22 RRAE K B 3L A= 46 B4 (gray-level co-occurrence
matrix, GLCM) . JK Ji£ i 2 & & 5 B4 (gray level run-
length matrix, GLRLM ) | JX J& K /N X 385 4 (gray-level
size zone matrix, GLSZM) . M 4B JK & 2= Jf [
(neighbourhood gray-tone difference matrix, NGTDM ) Al
K A 3 4 % (gray level dependence matrix, GLDM) .
AT WS4 5898 P S I IX 38 T, WI/FLATR #8515 58 J
DAL I 2 446 DSR2 HFAIE o X BERHIERT 5 AL
18 W b B W bs W A {8 1 (image biomarker
standardization initiative, IBSI)¥§ R o

TR AR L AR R Z-score hRifEAL , IFAHE

Elf&srEl

SERE
TEZSHHE

BH75 EHHE

B TWLESE RS R R

I T2WIFLAIRE 5 SHE X

|
I
I
I
I
|
|
AP 5 E |
I
I
I
I
I
|
|

H Pearson B, Spearman AH 5 73 Bt Fil e /1N 466 XoF W 4 e 4%
B T (least absolute shrinkage and selection operator,
LASSO) MUINZAE b ik 4 5 25 8] 52 R B G AR %
FHURHE o AR5 I ik 2234k % R AURHIE B9 LASSO 42
RBATERIEA A TR B E G
1.5 “itF o

K J SPSS 26.0. R i 7 4.2.1 LI K& MedCalc
20. 116 XS B FEATGE o0 M . B e X i 2 A8 i AT
E SR S0 AN Ty 22 55 VEAS I, AR WG 240 J2 , DU DA e
PR IR ST REAS K30 5 QSRS 2, W A M (P,
P,) 7w, H-{d F Mann-Whitney U Kz %6 . 4328748 1 L)
W% (%) F 7, >R R J7 K 36 2 Fisher K5 6 K6 56
LASSO 73 Hr v i 2851 2 B0 B SR ) dwe /N o DU A 10 48
X UESAT IR . IUIBR RSN & 4 s i 78
Y rdE R FH Logistic [543 B 48 £ T S0 &2 A %5
()4 X Y S AR A 2 A, O 2 1 9 42 (BT e s A Y., )
FH S TIE A X R UEAT B0 UF o A5 TR A B SR FH A v il 4%
SR PEAR AR Y (R HE 1 L, Hosmer-Lemeshow 6 56 24l
BRI E DL, 3210 R AR R AE (ROC) i 26 Tl A1
(AUC) K PEAG A AL 1 S0 S5 RE o T A7 (B ARG 40 140
MUK, P<O. 05 37 22 5 HAT e it 08 o

1%
r
1. PearsonzX Spearmantf X 53
2. B NEST AR IR E T

5655 54 54 5153 52 48 37 33 25 17 11 4 1

50|

) %
\_ o
-150
T T T
-4 -3 -2 3 2
Lo . Mwew . Mwma_ |
o .
HEEIE S5ITE
e |
HIBEFITS FLkE
151 Wilcoxon, p<0.001
Ech- S S T T - S N
1.0
[=ES]
108 06 0402
mE2
No
B
%
—0.5
TR
0.01 o1 03 05 07 09 0.99
1.0
BootstrapF jiif¥10003%

TR E=0.047 n=82

oS
02 04 06 08 10

SEBRihZE
— Bofehsk
- IRREHRLE

T

[
[
[
[
[
| ROCHHT
[
[
[
[
[

I

I

I

I

I
BofE sz |
& |
I

I

I

I

1 BRAFSTRER



http://aammt. tmmu. edu. cn Bl 7225 155 R mi 4R, 2025,47(14)

1581

2 #R

2.1 RIS

B IEGA 121 507 5 Kk HGGs (35, Hirh
FYET200, Lo Pk 49 191, A4 (50. 84+14.35) % . KT
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b UIBRIE N & & 4 AP BRI A1 52k 20 22 1) 58 35 i
IR I BGEARRHIE 22 R B RS2 B (R 3).
2.2 WA FAAE L A TR

TEYI 254 R ] Pearson BY, Spearman AH 3¢ 73 41 11
LASSO [P AR, 58 2o fpe /NI N X 52 AR A 2 b 28 E
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®3 VIKREANERAMVIKRENELZAREZ BIGRFERZEFELR (v, n(%)]

RS B ESE
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FE 22(59.5) 27(57.4) 10(58.8) 13(65.0)
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=70 25(67.6) 32(68.1) 9(52.9) 16(80.0)
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IDH AR 0.163  0.922 - 0.531
SR 2(5.4) 3(6.4) 2(11.8) 5(25.0)
i gacpis] 25(67.6) 33(70.2) 10(58.8) 12(60.0)
IEHTER 10(27.0) 11(23.4) 5(29.4) 3(15.0)

Ki-67 1.304  0.253 - 1. 000
>10% 30(81.1) 33(70.2) 11(64.7) 14(70.0)
<10% 7(18.9) 14(29.8) 6(35.3) 6(30.0)

Ji g o7 1.878  0.391 - 0. 609
2 i 18(48.6) 18(38.3) 5(29.4) 8(40.0)
ezl 15(40.5) 19(40. 4) 10(58.8) 8(40.0)
X 4(10. 8) 10(21.3) 2(11.8) 4(20.0)

KPS: & X 3% 5 IDH : A7 4 BRI Bl
68 61 39 28 2

69 67 67 62 56 46 40 35 24 9 4

4.0
3.5
3.0
2.5
2.0
1.5

BURE

MOSTHE A
AEES RSN LT B A8 5 H

B3 ®RERAFHERENRHEMERE

I 2T 5 8 T A R A DG T AN E R R A
FROIE (3R 4) o T F i (19 28 7 REAE SO6 1 7Y LASSO
ME A R, THR A B AR 1Ty TR
FCAUNF : Radiomies score=5. 553 053 63+0. 257 657 01%
T,W1 14 5% Jod NS X -LoG-sigma-1. 0-mm-3D_
GICM_Cluster Shade-21. 078 233 16XT, W1 1 5 Ji [N 5
Ji X 3 -Wavelet-LHH_GLCM_Maximum Probability-
0.078 974 34x T,WI 34 5 Jg7 P 52 it [X 35 -Wavelet-

AT E B

HHL_First Order_Skewness+0. 027 782 69xT, W1 33 J7
P SE R X 38 -Wavelet-HHH_First Order_Skewness+
4. 944 656 63xXT,WI/FLAIR 55598 J& X 8- LoG-sigma-
2. 0-mm-3D_GLSZM_Small low Gray Level
Emphasis+1. 054 961 69XT,WI/FLAIR 2515 548 J& [X dsk
-LoG-sigma-4. 0-mm-3D_GICM_Maximum  Probability+
1. 532 398 87xT,WI/FLAIR & 155 5 98 J IX 3 -Wavelet-
HHL_GLRLM_Short Run Low Gray Level Emphasis .
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WA TR A BN S R UE 4 p A R E
FISAR A 220 (B 4A B) o FEIZREE TR, VIBRIE
82 MY BRI AN & AL 22 18] B S AR 4 24 V43 A7
GiitaE 22 57 (P<0.001) , Fifi J5 76 56 E 4L 45 IR 5L
IRk I S0 2 & 21 B8 3 B 20 24 37 53 w8 T DI BR s 9
BRMAEF(KAC. D). fEGES  VIBRENE K
20 RN B B A0 52 A RS 2 2 F- 5343 1) 2 -0. 030
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