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Abstract

Objective: To develop and validate a predictive model for the genotype of isocitrate dehydroge-
nase 1 (IDH1) in gliomas based on MRI features. Methods: The clinical and preoperative MRI
data of 254 patients with glioma were analyzed retrospectively. All patients were randomly di-
vided into a training set (n = 177) and a validation set (n = 77) according to a ratio of 7:3. Imag-
ing features were collected and utilized to establish a Logistic regression predictive model, fol-
lowing feature selection through univariate analysis and multivariate stepwise regression anal-
ysis. The model’s predictive performance was assessed using the area under the receiver oper-
ating characteristic (ROC) curve (AUC) and the Hosmer-Lemeshow test for goodness of fit, along
with the generation of calibration and decision curves. Results: Univariate and multivariate step-
wise regression analyses revealed statistically significant differences in three variables: T2-Flair
mismatch sign, enhancement pattern, and cortical invasion. A multivariate Logistic predictive
model was constructed using these three MRI features and subsequently validated. The results
demonstrated that the model achieved AUCs of 0.832 and 0.828 in the training and validation
sets, respectively. The Hosmer-Lemeshow test indicated a good model fit (training set y2 = 4.568,
p = 0.335; validation set 2 = 2.744, p = 0.433). Calibration curves showed that the model was
well-calibrated, and decision curve analysis indicated that the model had a high net benefit. Con-
clusion: The predictive model based on MRI features can effectively predict the IDH1 genotype
in gliomas.
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1. 518

2 IO 96 A2 B s LRI A PR 22 B 9 5 R MRS PE TR, ELA T o R R R R o I B R R 5 A6 T 3R 1]
H 2016 4 (5 A H GRS RGEIRE 73250 BT LASR, 4 T2 Widabm O BN i g v2 Wi i) — 3584
FEl 72 IDH JEH[2] [3]. TR, 1DHL/2 P 548 1) o i o 7 76 35 0a o B S AP T fs [4], {2 IDH2
R AN AIAG, R G PR AR — g ARSI IDHL FER A R 3 .

BT EAMEE. TOIERA, MRI S CBONRFIEARTTZE . ARG 00 TG VEAS 1) 2 F B
[5], @I AF MRI W TR IDHL F2F AL, ] DU GF s BhIG R B A 58 907 7 %8 DI £ e T
JEHIMr. AR, O 2 5E A AN R ZE T MRI DATE B 7 2R AP0 5 R IDHL RABIRE
FEAEPE N LR R K& MRIEHARSUL6] [7] [8] [9], #R1f, MLEHHTE H AT THREM B, BB B AT
R TIRIR W PR AR R 58 BRI BT VPG 75 SR 36 T B MRI. T2/FLAIR HiBCAE 2T Sk R B TE
W MRI 5 T — R B AR R, AR GO R IDHL T E A 8 s e = FE[10], (R
FE R A AR AEAR BE I S5 V0L

AT B TERES T2/FLAIR FSECAE B Ho At FS AR S RAE , K4 8 A T oG S5 R8 1IDHL 5748 1) Tt A 28
NI AR PR SRR AL B 22 (AR AR
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2. AMERE
2.1 —RRFER

EH 2013 4F 10 H % 2020 4 10 H T B 4 AR BEUE 5L 1 e oo 8%, IAAREIN R : 1) BB
FARAT 2 ANERBATHN MR K67, 2 /0655 TIWIL T2WIL 4 [ 5 3] 5 5 471 (fliud attenuated inversion
recovery, FLAIR). JRECHF 4% (diffusion weighted imaging, DWI). TIWI BG83 7 51; 2) M 4T /0
MR A5 B /T AR B ZATMIAYT s 3) IDHL LR BB HERRARdE: 1) AFFHAbIR; 2) BGRERZE (SR
b <1), TG ERHETIY . SRbifFikghN 254 4 838, Hoh IDHL B4R R 5 554 144 5, IDH1
GRAR Y fie JFJR R 110 1 KR A BIE T )RR R IR B ALV L 7:3 B LB 3 R IR (n = 177) FIERIE£E(n =
7)o ABEFONEIBEG T, &F HRFMBERICEEZ 2 m AR, e BFH SRR, s
WZLL 28165.

22. BWERGZX

fiiH GE 1.5T/3.0T WiLARAGRAS MRI BIUER . FREFHIEH TIWILL T2WI. FLAIR. DWI /& T1iwi
WER%E , GE 3.0T 9434 TIWI, : TR 1800 ms, TE 24 ms; T2WI, TR 3000 ms, TE 100 ms; T2WI-FLAIR,
TR 8000 ms, TE 165 ms; DWI:TR 5100 ms, TE 76 ms; TIWI #5833i: TR 2250 ms, TE 24 ms; Z/E 5
mm, JZ[EEE 1 mm, FOV 230 mm x 230 mm. GE 1.5T Hi#iZ%{: T1wI, TR 2600 ms, TE 20 ms; T2WI,
TR 3500 ms, TE 110 ms; T2WI-FLAIR, TR 6000 ms, TE 130 ms; DWI:TR 4600 ms, TE 82 ms; TiWI
WEFH: TR 1800 ms, TE 24 ms; JZ/E 5 mm, JZ[EEE 1 mm, FOV 230 mm x 230 mm. T1WI 34554}
LFE A Gd-DTPA, &k, EH7HIES 0.2 mikg, %N 3.0 mifs.

2.3. BFHHEITM

BRI — 2 B 4 FLR U RHERIT S — 2 B 8 4450 1 TSUR BHEE T LE A F #L 45
RITHTHE T X MR BUSEAT PRA, 19 PPAl 45 A —B00) 1 28 =42 B 21 AR 250 1 T3 R T 23 VP A% o
S5 W 2 B I A2 IR 4% (visual ly accessible rembrandt images, VASARI)FFIE&E
(https://wiki.nci.nih.gov/display/CIP/VASARI) 5 BEAE HAR B 7E[11] [12] [13], AHFFRANK MRI KL
i Mg, MR KAR . MRS, Bl . ', PEABAEEGELem: <lem). KK
AN KETEKM s AP KRR EE (KM R M, Kb S R AR i e e K AT
POl < 1/2; whEEKM, 1/2< WOfH <1 SRR, BOE > 1/2). Mmes T2, 8K 4.
TL/FLAIR EEB . R R32 B IR B2 R RBUZ R (GR B IR . TR BUZ IR . SR B IRAS W1 i)
T2/FLAIR 51T AL FERE(CLamAk . REEsRA . B R omfb). SIS OAE A s T B0, 5afk
R (G BN > B stk BRI JERESRAL; Sotkamfb). TR, ZAhM. B2 R

2 Ay

EERZ R,
24. GEAE

KH R 4.3.0 WA B AT 00 . FFE B AR EZERIILL X £ S FoR, KA 5037
IR ELE s 42K A s LIBIS(E ot 3o, i 2 K 36R Fisher B DIMESR AT 4 1) Lo A 1 SR R 2R
MZ FZ logistic [ H3H T8 S ik, KB Logistic B9 p < 0.1 (AS B4\ £ K2 logistic [F] )45
R, R ) B [ Ak e A . HE T2 K logistic (A1 45 R FIL K], H42H ROC HiZk. Kk
2k LK DCA BhZRIRIEREAL AL BE . LA p < 0.05 (RUM) A2 A Siit 25 L.
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3. &R
3.1 IERESEITFEREL TR R

YIZRERLEUEEE 737 F 70, 40 ] IDHL AR R R A 107 37 5] IDHL BF AR Joiggg, 2= 5% 6
it X (p > 0.05). FiEIESE 2 A B AR (p = 0.272) PE7(p = 0.483) K2 WHO 432 (p = 0.133) % 745
TGt E S, WE L

Table 1. Comparison of clinical data between train and validation dataset

1 ONAESHIEREL TR

fekr Total (n = 254) YIEEn = 177) YUESE(n = 77) t, 2 p
R (D) 49.99 + 13.08 50.59 + 12.88 48.62 + 13.51 t=1101 0272
P51, n (%) 2 =0.492 0483
7 104 (40.94) 75 (42.37) 29 (37.66)
Bk 150 (59.06) 102 (57.63) 48 (62.34)
WHO 73 %%, n (%) ' =4.042 0133
2% 80 (31.5) 49 (27.68) 31 (40.26)
3% 68 (26.77) 51 (28.81) 17 (22.08)
4% 106 (41.73) 77 (43.50) 29 (37.66)
IDH1, n (%) £$=3360  0.067
Bk 144 (56.69) 107 (60.45) 37 (48.05)
FH 110 (43.31) 70 (39.55) 40 (51.95)

3.2. B Logistic EYAS R ZER Logistic EHEIA5THr

B LR K logistic [F1H 4T p < 0.1 ISR A4S ME NN Z K 2 logistic 3B [RIH T, KA G iE 2[R
IA43HT, 1% BB /) 7RI JELE T (Akaike information criterion, AIC)iE MR, f 243515 3 4 MR 4k -
JoRE AR AT R E 2 R T2/FLAIR 5T, WL 2.

Table 2. Univariate and multivariate logistic regression analysis of IDH1 mutation in brain gliomas

%= 2. IRBRFRTE IDH1 REFBEEN S EZE Logistic BN HEER

R LASESENERR EAENEER N
Beta OR (95% CI) p Beta OR (95% CI) p
k& -0.10 0.90 (0.78~1.04) 0.167
Hi -0.03 0.97 (0.79~1.18) 0.736
AL
A 1.00
2R [X -0.36 0.70 (0.22~2.21) 0.539
L] 0.07 1.07 (0.57~2.02) 0.826
BERE
i ARk 1.00
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BERL 2.07 7.92 (3.29~19.06) <.001
paiea 2.23 9.26 (4.09~20.94) <0.001
AR
NE 1.00
A -0.19 0.83 (0.39~1.75) 0.620
TonEA (A E H) 1.55 4,73 (2.11~10.62) <0.001
BEEM
H 1.00
I 0.25 1.28 (0.62~2.67) 0.504
E2NN 3
BR 1.00
2R -1.25 0.29 (0.06~1.34) 0.113
H if
p 1.00
H -0.73 0.48 (0.19~1.21) 0.121
IRIL
H 1.00
T 1.82 6.15 (3.12~12.11) <0.001
B
7 1.00
A 0.46 1.59 (0.83~3.03) 0.160
R REAL
H 1.00
I 0.11 1.12 (0.54~2.31) 0.763
KR
AHL 1.00
e 171bi 0.71 2.03 (0.98~4.17) 0.055
Tk M (EH) 0.79 2.21 (0.89~5.48) 0.087
KRR
HH RS K i 1.00
LN 0.53 1.70 (0.84~3.42) 0.140
B -0.86 0.42 (0.13~1.41) 0.161
Tk (A& ) 0.73 2.08 (0.79~5.48) 0.137
Ji B 5 2%
T 1.00
A -0.03 0.97 (0.46~2.05) 0.928
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=

N

v
U %

i

R K %
7 1.00
e 0.14 1.14 (0.55~2.37) 0.716
TUFLAIR Hf)
plin (P8 1.00
/NF FLAIR 0.80 2.23 (1.07~4.65) 0.031
B &N T FLAIR -0.32 0.72 (0.14~3.87) 0.705
R SRR R
JELEETRAL, 1.00 1.00
Tl VrsEAL 2.64 14.06 (6.19~31.96)  <0.001 2.37 10.65 (4.24~26.76)  <0.001
HEEESR AL, 0.39 1.48 (0.27~7.99) 0.651 0.43 1.53 (0.27~8.61) 0.627
B S S s A 0.59 1.81 (0.63~5.22) 0.273 0.69 1.99 (0.67~5.93) 0.214
IR R
T 1.00
H -0.92 0.40 (0.17~0.90) 0.027
EEEXR
T 1.00
A -0.83 0.43 (0.16~1.15) 0.093
BEXR
H 1.00 1.00
I -1.38 0.25 (0.10~0.64) 0.004 -1.77 0.17 (0.05~0.54) 0.003
REERZ R
H 1.00
I 0.65 1.91 (1.04~3.51) 0.038
T2/FLAIR 451
7 1.00 1.00
H 2.70 14.86 (4.23~52.19)  <0.001 1.48 4.40 (1.04~18.74) 0.045
REZIR
H 1.00
Nk 0.88 2.40 (0.86~6.72) 0.096
T 1.74 5.68 (2.79~11.58) <0.001

3.3. MNEENE ST

2234 logistic 7] J5 43 B 75 HE 6 & TR T Y = —1.43 + 1.48 T2IFLAIR H5L — 1.77 J 2% () + 2.37
Toomil, +0.43 FHEESRIL + 0.69 SEETEAL . ARHE L d TN AR B 2 51| 26 R S AR T HEAT RT AL, W 1, 2=
A UG AL Lo B R, T DS RNZEHE TS R 08, &ML I 43 BURE N5 21 B 28 1 st
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Figure 1. Nomogram for predicting IDH1 mutation in brain gliomas
[E 1. XX FRIE IDH1 SR M TR R 51 2 &

JZkEROC IS FEROC
3 3
21 =3
EZ H 3
i i
X7 x ¥
S S
o —— AUC = 0.832(0.767-0.897) o —— AUC = 0.828(0.735-0.920)
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Figure 2. The ROC curve and AUC of the prediction model on the training and validation sets
2. TUMARBYFE) IR AL IEER Y ROC BhiZk X AUC 1B

3.4. FMHRE A9 8 IE

g 2 ROC M2k Kk £ S DCA il £k I #E4T Hosmer-Lemeshow 46 36 6 462 74 it 47 56 1IE
sER RN IIZ4E AUC N 0.832 (0.767~0.897), 3&iE4E AUC v 0.828 (0.735~0.920), & R i 45
R EA BT X 20, WA 2; Hosmer-Lemeshow 46 56 45 5 S o 465 78 EAT B 47 (R 90 &5 3 (I 254 o2 =
4.568, p=0.335, HIFSE *=2.744, p=0.433); ikl Rom I AR 5 B0 4 o B0 5 R
FEAT— 3. Heiln, RUIBIE B A B IR HERE, W 3; DCA il 2k 3 B A il 48 B A 35 13 Ui 3
WL 4,
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Figure 3. The calibration curves of the prediction model on the training and validation sets
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Figure 4. The DCA curves of the prediction model on the training and validation sets

B 4. FUMRBIE ISR EFIIESE IR AR IR 2k
4. ¥#ig

JRS IR 1) IDHL E: R 43 BUR I R I2TT K I AW B EE R 2%, IDH1 SR 2 (I R 45 IDHL B A= Y
i 5 988 EL AT BB G I UG [4] [14]. AEIRPR AR, MRS 25 2 i 5 8 il B i2 W AR BT VA o 3 B RO A
o JRE R MR A, AR5 TR B 2 2 SR B AR IR R R R R SR R T2 B it 1 % 73, (R
W B ok iz B IR, H L MRIF BTS2 H iR SUR IG RI2 97 10 2 AR - R A 72 gk
IRCE T8 ME) MRIERIE, 4R &K 2 H & logistic [0 H 5047, I8N AIC TR IR EE T F500 v A i
B IDHL R AL 3 MO TR & T2/FLAIR A5ECIE. s8fbhs s, 2RI

T2/FLAIR #5TCAEBH P A2 FR7E IR T2WI BRI~ NS5 S, M7E T2-FLAIR EUE HRRI N 0
XA SHE MG 5, AL IX RN SIS 5101, BEEZ T 7T[15] [16] [17]1E% B, T2/FLAIR HECAE
2 TR A0 2 5 R IDHL Z8 A8 [ 57 5 5 75 (93%~100%) (L ABURK B #51K (18%~53%) IS A5 22 b i, TEASHF
Forf, T2/FLAIR F5C TN 5108 IDHL JRAZ RS 7 2 98.6%, RIEBE N 31.0%, SEEAHFT4E RAHLL.
£ Deguchi Z£[18]MRF 7L B, T2/FLAIR HHECHR R o0 5 SR X BE 5 3 HE e s i BoR i
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FELEN, T2WI AL LIRS RN 5 4, SR BN SIS S, (R 2845 M 2 15 iR 3
() H K S B0, e T2-FLAIR &I 5, XA AT 2 T2/FLAIR S5 ECAE ™ A& (15 BE LAl .
Kickingerederdeng &5[19]#i&, IDH1 ¥ A MY FUR G A 3R 11 OG22, MITSG N W AR K
[X-¥-(vascular endothelial growth factor, VEGF) {1314, 5 E/ifi 748 s fl R U BN R ik, 724
WHoeH, IDHL SRR R 2 R IOA TE A B> =5 B sk, IDHL B AR Y 598 2 R N JEBE B I
At SRR EIRARRT . AW FUE G R R IR MR IDHL SR T R 2, I 7E [
Kt s B, 4E BT T[20] [21], ZEEHENIX T REE B IDH 58748 B i TR e i % T R 1
B R XN i . T 25) BTk

AHFFLHET T2/FLAIR FEBCAE . SRAHF 5 FZ R0 3 N MRIRFAER A T TR AY, k474
RUBGAE, 45 R RIIIGESKIFSE ROC #HIZEH AUC 437 0.832 F10.828, 3 BHZ Fll A% A B A5 ¢ i
X 43 BE, k2T REAE RIS TR [22] [231R0i2Wiaee, Rkt 5E A i 26 E 1T — 5. W& 8, DCA i
LM A AL T 0.2~0.9 Z (AR U 75 2 K T 0, R TRIIBLARY BAA 8 s R HE B S IR RIE P, R
AT TG A0V T e B8 IDHL BRI B — @ IRIR S H N E . ARHFFOR IR nf A S 26 1, AH
WERNEVIERE A EN . BEE il niset:, ERARN P EnfE R, &5 EE.

AW MAFAE LA AL Z Ak 1) ARFF B0y mIBVERIFT, FREAEAE— & BME Bwts, %
WHAT Z RO ARY KEEARR, T2 0. ATIETERISIE; 2) AR GRS NP, &
RIS 3 A RITAZNS, (HIGIE e A o A7 AE LI ) w22 s 3) ASHIF T FH G 28 41 234 23 e A ) 26 2
) IDH1 RASRAS(IDH1-R132H AR, /DE B A HABEAL R IDHL RADRZES(R132C. R132S #1 R132G
SRR R 2 4 280 IDHL B AT, (EL R I 8 o A HLAf 2R A [ IDHL SRAR MRS AR H AR [24], [RIFRATTIA
NI Z6 AHIE 7L 45 SR TG B RS

5. R4t

AHFFLEET T2IFLAIR BECAE . R RIE . siARF mIX 3 AN MRIRFALAS 2 (A T AL 2 00 2 g
KA, BERGA RORTT TN SR ) IDHL SRR, 72— e R Rl R EE A A2 YT 7 %

25
FITA {E# PR AELERI B PR
SE 30k
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