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Whole-tumor histogram analysis of synthetic MRI and 3D-ASL in predicting the expression of MGMT
promoter methylation in glioma DANG Pei, WANG Li-dong,GE Xin,et al.Department of Radiology,
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[Abstract] Objective: To explore the clinical value of preoperative noninvasive prediction of MG-
MT promoter methylation status in glioma using whole-volume synthetic MRI combined with 3D-ASL
histogram analysis.Methods:50 postoperative pathological identified glioma patients were retrospective
enrolled and underwent MRI scanning in our hospital from August 2020 to August 2022 and were con-

firmed by. Two radiologists used 3D-slicer software to delineate the entire tumor volume and extract
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histogram features of the quantitative parameters T1,T2,PD,and CBF from synthetic MRI and 3D-
ASL,including the 10™,90™ percentile, mean,entropy, kurtosis,and skewness. All patients were divid-
ed into methylated and unmethylated groups based on MGMT promoter methylation status.The con-
sistency of parameter values measured by the two observers was compared,and the histogram feature
differences of each quantitative parameter in the methylated and unmethylated groups were analyzed
using independent sample t-tests or Mann-Whitney U tests.ROC and dichotomous logistic regression
analyses were used to evaluate the diagnostic performance of each parameter and their combination,
calculate the area under the ROC curve (AUC), select the Jorden index, and determine the optimal
cut-off value along with sensitivity and specificity for differential diagnosis.Spearman correlation anal-
ysis was performed to study the correlation between parameter values and MGMT promoter methyla-
tion status.A P-value of less than 0.05 was considered statistically significant.Results: The consistency
of the parameter values measured by the two observers was good (ICC>>0.80).The T1-10th percentile
(613.36+118.01),T2-10th percentile (63.70+5.88) ,and CBF-entropy [0.77 (0.72,0.90)] of the MG-
MT promoter methylated group were lower than those of the non-methylated group [843.42487.67,
68.9245.34,1.21 (1.02,1.39), respectively], and the differences were statistically significant (¢ =
7.77,t=3.27,7Z=5.37,P <{0.05).Multivariate logistic regression analysis showed that T1-10th per-
centile [OR=1.013,95% CI (1.002~1.025), P =0.02], T2-10th percentile [OR=1.081,95% CI
(0.905~1.292),P =0.038],CBF-entropyl OR=1.007,95% CI (2.795~3.631),P =0.027] value is an
independent influencing factor in predicting glioma MGMT methylationand,and it was negatively cor-
related with the methylation expression status of MGMT promoter (= —0.724, —0.409, —0.767,
P<C0.01).ROC showed that the area under the curve (AUC) of T1-10th percentile, T2-10th percen-
tile,and CBF-entropy in distinguishing the MGMT promoter methylated group from the non-methyla-
ted group were 0.918,0.736,and 0.913,respectively.In the multi-parameter analysis,the combined di-
agnosis had the highest diagnostic performance (AUC=0.973),with a sensitivity of 95.8% and a spe-
cificity of 92.3%.Conclusion: The study demonstrates that certain histogram features from synthetic
MRI and 3D-ASL can be used to noninvasively predict the MGMT promoter methylation status in gli-
oma patients, preoperatively. T1-10th, T2-10th percentile,and CBF-entropy showed significant differ-
ences between methylated and unmethylated groups,indicating their potential as predictive biomarkers.
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o MGMT Jg o 1 W 34k 41 T2-10th {HIK T )5 sh 7k
LA MR R vl BB 3 0 OMGMT Jg s 1 H
FALJS AT LAGTER R 305 91 o A G b 1 i 1k R 25 i E i
TEH SRR L, T BUH M i MGMT 25
B B ORF 5 2R B IS B MGMT Ji 86 B 3k
LBt FA (E 85 3h 738 B 3Lk b, 378 MGMT Ji
Bl F A F 3L AL A BT 2 2040 i A ] B T RE A T 22 AR
H H K s @Koyama SEBIFFE A I 5 8 S 1 R

X Lb 34 38 (dynamic susceptibility
contrast enhanaced, DSC) Bt & ¥
FLMRI FEAE7E 1500 = 200 B ot 98 MGMT Jig 3+ H
AR TR AR B B A IG R A . H B T PR R
2 7 AT X ) o B R SR R AR E T
B E ) AR AR, 3D-ASL P v 35 R fiE G Al 3 J
e i 98 (1 1 5 o G T R S LR, A AL R S 2
e SR Py 2 R I A o R A IR 1) L I R G R S T R
H % LE A DSC-MRI BA B —2ohE . BEAEAF 3R
W] 3D-ASL B2 2 %0 CBF 75 v i 5 1 %8 531 Fn 4
YOzl A — 2B, VEGF-A 22 0F 1 %
R FELEA Rz —, 5 K MGMT Jg 8 4k W
R TFRAMERELTZHMEN AR F A
(vascular endothelial growth factor A, VEGF-A)™*,
I MGMT Ji 3l I F 561k s Sy 472 il A8 A= Bl i) 3%
U DATHT 5 50 98 L A A R ML A A 0, ik 5 AR 4L A
FEEE R — B, B T MGMT Ak H 34k 40 CBF W8 &
T MGMT H b4 £ MGMT 3k B 34k 535 7 M
OB AN B MGMT Wb T w R EET
1R o ) B B o 0 e/ U B ZE LA L BB AL M i
B0 A 10 S0 25 L, R MGMIT A H 364k R
T e B I B T A % R R B L R TR
P
3. ZMEE MR € & S50y B R AR BCA #0
MGMT H AR 2 19 (A
T MGMT B EE4L I MGMT 3E F 38 4k o i1 34
HfE BAAE—EHS . HIL RS 3D-ASL &R e R
FE T K R S U o L A 1R 3R I 22 R Ak i R TR T
5% . Xing 7B A DSC.DWI FIE ¥ MRI 14 4
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AR MGMT H LIRS AF 52 3 FhE AR B A
N FH B2 B R BE (AUC=0.859) 1 H T ¥ 2 KOl 1% 24
H—EREMERT. AU CBF-HEIK A T1-
10th {37 % F1 T2-10th 750, H AUC fE M 0.913 4351 14
InE] 0.973, 12 Wik e i & . & B MRI AT LLE 7R ) o
PO 25 K5 B 478 T ASL S5 Bl fil 98 1fi 3% 38 v o — 1
BRI L T 4 O 0 R B B MGMT ) 8l 1 H
Sk 5 AR W SR A 1 AR A R R R O

4. AHIFFE Y JR BRAE

AR FEATIAEE— 22 1 R B O J& F b i 5%
R HEATHMEBIUE L A ok 75 B0 2 (W 9\ 1) A1 2 h oL W 5
B UE LS R s @ RO 1 /2 i 2 B8 5 AR Hh OB AH XF R
HA—E MR 2, MGMT Ji 8 1 B 540 % 35 78 K TR
18 SR B DXl A 7 22 5 o R O 7R T 25 TR Aff 149 560 i 7
TR fifk R Ji R PN S 5 1 Bk R @ 3D-pCASL R HH
— PLD R4, 45 rl i FH 24 PLD 9\ bkt , i 1 i
FE I8 A 5 TR 5L R N Y PLD.

Zi LRTHR, A B MRI B A 3D-ASL h A fij 15
MGMT Ji 8l F B 34k i R 5 IR A S 48 T — Aol 8 B
AJRE M TCRIE i .

B E K

[1] FEZ UL G 2B BUEE R IR BUR 1297 BE (2018 4F JD
[J]. ez A RE 5, 2019, 35(3) : 217-239.DOI1: 10.3760/cma. j.
issn.1001-2346.2019.03.001.

[2] Louis DN,Perry A.Reifenberger G,et al. The 2016 World Health
Organization Classification of Tumors of the Central Nervous Sys-
tem:a summary[]]. Acta Neuropathol, 2016, 131 (6) ; 803-820.
DOI:10.1007/s00401-016-1545-1.

[3] Esteller M, Garcia-Foncillas J, Andion E, et al.Inactivation of the
DNA-repair gene MGMT and the clinical response of gliomas to
alkylating agents [ published correction appears in N Engl ] Med
2000 Dec 7;343(23):1740][J].N Engl J Med. 2000, 343(19):
1350-1354.D0O1:10.1056/NEJM200011093431901.

[4] k32 g0l K2 45 SRk FH R IR 1 5058 T2 08 30T 45 5 2 3 e
T AR ST V6 7 I SR B A 1T O L) ] AR BE A R R L 2015,
95(31):2522-2525.DOI:10.3760/cma.j.issn. 0376-2491.2015. 31.
010.

[5] M8, Wik, 7 FE MK MGMT J3 8+ 1 JEfe R I R
B SCLT 0. R g 2 2 35,2019, 24 (2) : 153-157.D0O1: 10.3969/j.
issn.1009-0460.2019.02.012.

[6] Weller M,van den Bent M, Preusser M, et a. EANO guidelines on
the diagnosis and treatment of diffuse gliomas of adulthood [ pub-
lished correction appears in Nat Rev Clin Oncol. 2022 May; 19
(5):357-358][J].Nat Rev Clin Oncol,2021,18(3):170-186.DOI.:
10.1038/541571-020-00447-z.

[7] Choi YS,Ahn SS,Kim DW,et al.Incremental prognostic value of
ADC histogram analysis over MGMT promoter methylation sta-
tus in patients with glioblastomal[ J]. Radiology, 20163 281 (1)
175-184.D0OI1:10.1148/radiol.2016151913.

[8] Xing Z,Huang W,Su Y, et al.Non-invasive prediction of p53 and

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

739

Ki-67 labelling indices and O6-methylguanine-DNA methyltrans-
ferase promoter methylation status in adult patients with isoci-
trate dehydrogenase wild-type glioblastomas using diffusion-
weighted imaging and dynamic susceptibility contrast-enhanced
perfusion-weighted imaging combined with conventional MRI[]].
Clin Radiol,2022,77(8) :e576-e584.DOI:10.1016/j.crad.2022.03.
015.
Lee SM, Choi YH, You SK, et al. Age-related changes in tissue
value properties in children:simultaneous quantification of relaxa-
tion times and proton density using synthetic magnetic resonance
imaging[ ] . Invest Radiol, 2018, 53 (4) ; 236-245. DOI; 10.1097/
RLI.0000000000000435.
EAEE ARG ORI S5 R IR PR S B S5 A T1.T2 fH
2500 BF 5% (). B 3k 4R W4, 2020, 11 (6) : 416-421. DOI: 10.
12015/issn.1674-8034.2020.06.004.
ZERLL L BRI A B, 45 3D-ASL Rl APT 1R 2 591 1o 4% 50 i 15
JO IR 5 1k 2 % 988 4 I A IS L0 0. 5 = SE B, 2023, 38 (8) £ 959~
963.D0I1:10.13609/j.cnki.1000-0313.2023.08.001.
BT TEAT L o AR G AR 3D-ASL AR 7E 9 0 e R
DX 2] T A i 5% B 9 Rk R o iy o ). o DR 2 75, 2019, 29
(11):875-879.DOI1:10.19401/.cnki. 1007-3639.2019.11.006.
Louis DN, Perry A, Wesseling P,et al. The 2021 WHO classifica-
tion of tumors of the central nervous system:a summary[ ] ].
Neuro Oncol,2021,23(8):1231-1251.DOI1:10.1093/neuonc/no-
ab106.
Gao A, Zhang H, Yan X, et al. Whole-tumor histogram analysis
of multiple diffusion metrics for glioma genotyping [ published
correction appears in Radiology. 2022 Mar;302(3):E16][J].Ra-
diology,2022,302(3) :652-661.DOI1:10.1148/radiol.210820.
Li Q. Xiao Q, Yang M, et al. Histogram analysis of quantitative
parameters from synthetic MRI: correlations with prognostic fac-
tors and molecular subtypes in invasive ductal breast cancer[]].
Eur J Radiol, 2021,139(10):96-97.DOI: 10.1016/j. ejrad. 2021.
109697.
TR, B B, A5 Tk B OBE B T AT A= A AR L O A R
PRI T30 /K 3 v R B H3K 27 M 28 AR RS A A (00 0. o | B2
F G223, 2022,30(8) : 764-769.DOI: 10.3969/j. issn. 1005-
5185.2022.08.003.
Zhou J,Reddy MV, Wilson BKJ,et al. MR imaging characteristics
associate with tumor-associated macrophages in glioblastoma and
provide an improved signature for survival prognostication[ ] ].
AJNR Am J Neuroradiol, 2018, 39 (2): 252-259.DOI: 10.3174/
ajnr. A5441.
EAR VAR PN, % IDHT SE R R E & MGMT B s 35 7
P Al 1 SR v A I PR B LT DL R 2 2k A, 2018, 24 (11
1118-1121.DOI1:10.11735/j.issn.1671-170X.2018.11.B017.
Moon W], Choi JW,Roh HG, et al.Imaging parameters of high
grade gliomas in relation to the MGMT promoter methylation
status: the CT,diffusion tensor imaging,and perfusion MR ima-
ging[ J ]. Neuroradiology, 2012, 54 (6) : 555-563. DOI: 10. 1007/
$00234-011-0947-y.
Koyama H,Kobayashi N, Harada M,et al.Significance of tumor-
associated stroma in promotion of intratumoral lymphangiogene-
sis: pivotal role of a hyaluronan-rich tumor microenvironment

[J].Am ] Pathol,2008,172(1):179-193.DOI: 10. 2353 /ajpath.



740

[21]

[22]

[23]

[24]

TS 2258 2024 4F 6 H 56 39 %8 6 ) Radiol Practice,Jun 2024, Vol 39,No.6

2008.070360. 2021,32(8) :574-578.D0I1:10.12117 /jccmi.2021.08.011.

Kong LW,Chen J,Zhao H,et al.Intratumoral susceptibility sig- [25] Olafson LR,Siddell AH,Field KM,et al. Whole genome and bio-
nals reflect biomarker status in gliomas[J].Sci Rep,2019,9(1): marker analysis of patients with recurrent glioblastoma on bev-
17080.Published 2019 Nov 19. doi: 10.1038/s41598-019-53629- acizumab: A subset analysis of the CABARET trial[J].] Clin
w. Neurosci, 2019, 70 (3): 157-163. DOI: 10. 1016/j. jocn. 2019. 08.
Hu Y.,Chen Y, Wang J,et al. Non-invasive estimation of glioma 044.

IDH1 mutation and VEGF expression by histogram analysis of [26] Xing Z,Huang W,Su Y, et al. Non-invasive prediction of p53 and
dynamic contrast-enhanced MRI[ J].Front Oncol, 2020,10(5) : Ki-67 labelling indices and O6-methylguanine-DNA methyltrans-
93-102.D0OI:10.3389/fonc.2020.593102. ferase promoter methylation status in adult patients with isoci-
B N TR BB, I 18, 45 DSC-PWI BEG H L MRI 45 AF 78 1 ) trate dehydrogenase wild-type glioblastomas using diffusion-
1 O e R MGMT Ji 3l + W AR RS v i (8 [T 0. 5 2 weighted imaging and dynamic susceptibility contrast-enhanced
2, 2021, 36 (5): 570-576. DOI: 10. 13609/j. cnki. 1000-0313. perfusion-weighted imaging combined with conventional MRI
2021.05.001. [J].Clin Radiol, 2022, 77 (8): e576-¢584. DOI: 10. 1016/j. crad.
AR, 5 W, T AR.3D-ASL 5 DCE-MRI 78 % 51 12 B7 i w5 2 2022.03.015.

90 S8 U5 96 5 2% % 9 b 1 BT LA (R0 0. o Bl IR B 2 5 AR A ks (Y H41:2023-06-05 &[0 H #]:2023-12-22)

(TS 5 2 RO 2% FE U 28 AP 15 T 38 i |

HREAATFLMEAFE FHEARN . BAEKRFALS A AL MBELTHE T
G FRPFUERATEALRS, (AHFEERILEANEFEHAHBLHF 10 X
%i&«& BREAHREYPH>EB )L AATHRZRKTFHA., (KAFFERIELEAN

it 2020 FHRAL TR F LT m#x@ BT IER RS LR IHGE RS LA
RAFRPFFNALK T EFHRLHEZRR —(PEEZCHAZR L),

(@& e W FEPA x’k%’w BT REBHAES EFHEABRORHNEZE. KN
TAREEFHEABG T RAERS., % z‘ﬂzk%z‘\:‘;ﬁiﬁ%é,ui—?ﬁﬁ\%%ﬁiﬁw
ARFHBXERMNEZH 2> FRARHOESZHRA R, EETABIHETE LA
ii:wdz%i:iw B A R AL w3 X, wg]ﬁ%mxéiéﬁ%wxé%

ETABEA T HF XA E(AFFEER)LEREAIRT S

. A BE A mMA”  ERERLABMA AR T ER" AL,

2. BUERAAZ A KT TR BN AT TR T 4B S A A \E%aé e
A m B8R K

3. AT AT, B E 2—127, FAAL kA ET @ =, 2k e R EXERT,




