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LIERE X B

[WE | BE580: BRIUERTRMERZSE TG R2ZMENME, FARFKEGE M (temozolomide,
TMZ ) [FRE AT R BUR A E2RIT %R . O6-H B SIS DNAH R ( O6-methylguanine DNA methyltranferase,
MGMT ) A 5 87 H 524k ( MGMT promoter methylation, MGMTmet ) K25 R T I 599 H 3 X TMZIG YT i S
L 511 DA BHL 2RI 199 D 22 B 0o B 4o by T ¥ 97 Ak S SRR B TS M TR IR AR S . AR5 1B A 431 S 9 h MG M Tmet
RIS B I 511 PR B2 R AR A LA B UL A3 5 5 ARG, BRI MGM Tmet 5 FAD 4> F 58 65 40 Fox e JoRg 28 3 7= Al
TMZiG 7R FIE M . ik BRI A R 2% B g 2 B s BIRF20 1947 H —20224F:9 H 12 W (19 205 441 15 5 ed £8
FIIEARERETERE, SRS DGR e A SV (real-time fluorescence quantitative polymerase chain reaction, RTFQ-
PCR) IERMIMGMTmettRAs ; SR Sangeril /72 K5l 55 A7 15 R I 2088 (isocitrate dehydrogenase, IDH ) 1F1IDH2 i i il
S5 S ( telomerase reverse transcriptase, TERT ) JEPR AR IFNL; SR HPENEAIZ42E (fluorescence in situ hybridization,
FISH ) Kl 15 4L A SGRE AN 195 YL /A (the short arm of chromosome 1 and the long arm of chromosome 19, 1p19q)
BRGSO, S5 205H1EH T, LHEBFHENMGMTmetZ L3 E TR, AL TR EEAINE (47.3% ) , RIPA0IERE

(74.1% ) AL SR FRAMMLE (100.0% ) HMGMTHERN 3 F 8 5 &4 H 34k (P<0.05) . fEMGMTmet41', IDH1%7%

( mutant, mut) M 1pl9qtLHte (co-deletion, co-del) HBRIEE, HMGMTmet'5IDH mutfl1pl9qco-del AT HHICHE

(P<<0.05) o MGMTmet, FW/NT55% | DI BTAi0E MK A TAEZHZL (World Health Organization, WHO ) 1~34¢#Y
BHE PRI BRI BEAA (overall survival, OS) , ZFALAEL (P<0.05) o ML THRANRIENE, B=FENH
BA T [ MGMTmet/IDH1mut, MGMTmet/1p19q co-delBiMGMTmet/IDH1mut/1p19q co-del | Tl i 3 75 BSR4 (P
<0.05) , JEPIH MBS NE ., FETMZIR T # T, MGMTmet (MGMTmet/TMZ+ ) (i3 WL UG 4, St
WEIEIDH I mut, EHBUSHRIPE— D5 (P<0.05) o 5iE: MGMTmethf & TR/ BUAR B &, Y
IDH1mut} 1p19 qeo-delZ2 1IEAHIE . MGMTmetl & 5 TMZIGYT R RIS 8446 ¢, HMGMTmetlk A IDHZEE M 1p19q
co-del T AT i ELAT T - AU TMZIG PR AN TS $2 R A
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Qiying, JIA Liqing, ZHANG Jing, CHANG Heng, XUE Tian, REN Min, BAI Qianming, ZHU Xiaoli, ZHOU
Xiaoyan (Department of Pathology, Fudan University Shanghai Cancer Center; Department of Oncology, Shanghai
Medical College, Fudan University; Fudan University Cancer Institute, Shanghai 200032, China)
Correspondence to: ZHOU Xiaoyan, E-mail: xyzhoul00@163.com.

[ Abstract ] Background and purpose: Glioma is a common malignant tumor of central nervous system with poor prognosis.
Postoperative concurrent chemoradiotherapy with temozolomide (TMZ) is the main treatment for glioma. The methylation status of

the O6-methylguanine-DNA methyltransferase (MGMT) promoter can predict the sensitivity of glioma patients to TMZ treatment,
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however its relationship with clinical pathology and how to better predict treatment and prognosis still need further research.
The purpose of this study was to analyze the status of MGMT promoter methylation (MGMTmet) in gliomas and its correlation
with clinical pathological features and other common molecular abnormalities, and to explore the value of combined analysis of
MGMTmet and other molecular abnormalities in predicting the prognosis of glioma and the efficacy of TMZ treatment. Methods: We
retrospectively collected clinical and pathological data from 205 glioma patients diagnosed by the Department of Pathology, Fudan
University Shanghai Cancer Center from July 2019 to September 2022. Real-time fluorescence quantitative polymerase chain reaction
(RTFQ-PCR) was used to detect MGMTmet status. Sanger sequencing was used to detect the mutation of isocitrate dehydrogenase 1
and 2 (IDH1/2) and telomerase reverse transcriptase (TERT) genes. Fluorescence in situ hybridization (FISH) was used to detect the
deletion of the short arm of chromosome 1 and the long arm of chromosome 19 (1p19q). Results: Among 205 patients, the incidence
of MGMTmet was higher in female patients than in male patients. Compared to glioblastoma (47.3%), astrocytoma (74.1%) and
oligodendroglioma (100.0%) were more prone to methylation of the MGMT gene promoter (P<<0.05). In MGMTmet group, IDH1
mutation rate and 1p19q co-deletion rate were significantly increased, and methylation of MGMT promoter was correlated with IDH1
mutation and 1p19q co-deletion (P<<0.05). Patients with MGMTimet, age less than 55 years, oligodendroglioma, and World Health
Organization (WHO) grade 1-3 all showed longer overall survival (OS), and the difference is statistically significant (P<<0.05).
Compared with individual influencing factors, dual/triple gene combination analysis (MGMTmet/IDH1 mutation or MGMTmet/1p19q
co-deletion or MGMTmet/IDH1 mutation/1p19q co-deletion) had better effect for predicting the patient prognosis (P<<0.05), with
the latter two being independent prognostic factors. Among TMZ treated patients, MGMTmet (MGMTmet/TMZ+) patients had a
better prognosis than other groups. If the patients had combined /DH1 mutations, the prognosis of the patients was further improved
(P<<0.05). Conclusion: MGMTmet is more common in women and patients with oligodendroglioma. It is positively correlated with
IDH1 mutation and 1p19q co-deletion. Patients with MGMTmet are associated with better TMZ treatment efficacy and prognosis,
and MGMTmet combined with /DH mutations and 1p19q co-deletion analysis have better TMZ treatment efficacy and prognostic
implications.

[ Key words ] Glioma; 06 methylguanine DNA methyltransferase; Double/triple gene conjoint analysis; Prognosis; Temozolomide
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— 5L MRS 44 BRI R] L5 1 UCEE AL B AL N I
], BETERG 24 FR5E ) o
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NanoDrop 2000 i i 43 6 ' B 11 %7 $& B ig
DNABEFTFK (10 ng/uL <y <100 ng/uL,
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1.3 MGMTmet#&

FRIIER R ( BifE ) RO A RA AR A
MGMTmetka MRG0 & LW 45, K2 BUAIDNA
FEAS PE AT H 0 AR R 4 % Ak B = Wy iAo 1% IR
JH 22 T 1 55 I 2¢O 12 R A W BE SO (real-
time fluorescence quantitative polymerase chain
reaction, RTFQ-PCR) Wik, IREW-1
( MGMTY ¥4 )% W fTaq DNAR A ) AR
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JCARTFQ-PCRAYHY, B 70 R WREF: H—
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W IDH2EE 45N F M TERTH U G 3 F X A
Bt (fu5C288T. C250THIT349CHiA ) , PCR
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10 min, 94 CZ5PE 455, 59 CiEk 45s, 72 CHE
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SEER, P 0 BH A B84 A BH X R, R
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DxFE R A AT A Tl
1.5 wXFEZ3 (fluorescence in situ
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OS, IR Hlog-rankf 56 7 A I PRI B4 FE1IE |
MGMTmet XK A HALT TR 50SH XL R; £
K2 5 20 R FHCOX MBI L, OSHE 5% M
HEAWFSE B 5 AL TN E], OSBRK 1 B iZ% 21
BERSM L . RAISPSS 26.0% 4 HGraph Pad
Prism S#FATEEALHE S it 22 08T, P<0.05°M
RSB E X,

2 7 B

21 BEEKEER
205M B b, BEAYE1250], Zorkgof, 4R
W17~77%, hAAERR50.2% , Mg £ & T4

(691 ) FIFALI: (47 ) , B4 T /N i i
+ Cof) ) , HALFRAI83M . HRHE202 1455 5hi
WHO HHX 1 28 R 58 I o S hmife, 129y
4915, 39¢36M1, 4401200, H:rp160M) f# #{d
HTMZIBYT, 45BIARMEHTMZIAYT .
2.2 MGMTmet5 2 EIGKRFESETEN LR

i HRTFQ-PCRL K I 205 i & & 1)
MGMTmetlFHe, Hro 5B 4E B % 856.0%,
LVEREBIPERNT0.0%, Lt E HIMGMTmet
RAERBESTEE (P<0.05) ; AMILTE
FrtEAmiEIE (47.3%) .

TR (74.1% ) /b 58 B2 5 44 ffd
% (100.0% ) W, MGMTIHEN BRI +H 5k
AL (P<0.05) ; 534FWHO 1~24F13%%
BB E MR B MGMTmet & 4% i
MGMTmet 5 B #F15 J IR0 25 5+ o4t 12
=2 (P>0.05, #1) .

R1 BREREFMGMTmet SR RIEFFHENX R

Tab.1 The correlation between MGMTmet and clinicopathological characteristics in patients with glioma

Characteristic Case n MGMT promotor methylation Fa P value
Gender 4.037 0.045
Male 125 70
Female 80 56
Agelyear 2.333 0.127
<55 120 79
=55 85 47
Tumor location 7.026 0.071
Cerebellum brain stem 6 3
Temporo-occipital lobe 47 25
Frontal lobe 69 51
Others 83 47
Tumor histological type 42.080 <<0.001
Glioblastoma 93 44
Oligodendroglioma 33 33
Astrocytoma 58 43
Others 21 6
WHO grade 26.730 <<0.001
4 120 57
3 36 33
1+2 49 36
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2.3 MGMTmet5 H fth 5> FIEFRAIME XM
205061 5 o I AL 4] ( MGMTmet4 )
1276 FHE B 344l ( MGMTunmetl ) 7846,
HEMGMTmet41, IDH Imutk 4 %552.8% (67
i) , 1p19q co-del &% H28.3% (364 ) .
MGMTunmet?H () IDH I mut &% 4= %l 1p19q co-

del BT H N11.5%F16.4% ., Wi EH 1)
IDH1mut % 4= R F1p19q co-del K 4 R =TG5 1T
R (P<0.05) , MIDH2MTERTRAL R ER
TGiEE L (P>0.05, #:2) .

AN, MGMTmet5IDH1mutf11p19q co-del 2
A (P<0.05) , FIHERE2H0.4F00.3,

£R2 MGMTmetFIMGMTunmeti H B & W2 FiRIE 2 IEiR R IR 3T Eb

Tab.2 Comparison of molecular pathological indicator mutations between MGMTmet and MGMTunmet groups of patients

[n(%)]

Molecular characteristics MGMTmet (n=127) MGMTunmet (n=78) X P value
IDH1mut 35.248 <0.001
- 53 (41.7) 60 (76.9)
+ 67 (52.8) 9(11.5)
NA 7(5.5) 9(11.5)
IDH2mut 4.391 0.111
- 111 (87.4) 69 (88.5)
+ 6(4.7) 0(0.0)
NA 10 (7.9) 9(11.5)
1p19q co—deletion 15.588 <<0.001
- 42 (33.1) 28 (35.9)
+ 36 (28.3) 5(64)
NA 49 (38.6) 45 (57.7)
TERT mutation 1.412 0.494
- 38(29.9) 20 (25.6)
+ 86 (67.7) 54 (69.2)
NA 324 4(5.1)
NA: Not available.
2.4 MGMTmetREXGHEMI FIERETEN  [FEAHSEEI T, 55 R0 M8 83 U5 e

XF205 6 f 3 FEATRE T, H A B D s ]
12.00H, Kaplan-Meier 70 i, HLE
TMGMTunmet £ EHOS [ (13.71£13.67) 4
A1, MGMTmetfEERIOS [ (16.37+18.66) 14~
A ] ¥k, Hlog-ranki}FH5 R 2 %A 41t
R (P=0.002, 3, K1) . HLIME# <55
B HEFNOS (18.10420.07) K TAEIR =551
B (11.484+10.04, P<0.05, %3, K1) . &

(OSH11.74+10.90) , AH LG F 258 g Jox 240 it
Je MU TP 20 LR AR OSSR R ZE K ( P<<0.05,
#3, K1) ; WHO 1 ~2Ff13%% 4t s g
K EE (P<0.05, %3, B1) . %4,
IDH1muts% 1p19q co-del & OS5 5] B &} #E <

(18.64+18.72 vs 13.54+15.80, 20.54+23.91 vs
15.83+17.05, P<<0.05, %3, K1) . MiHEEN
P BRERAL . IDH2MITERTZR AL 5 8 0S T
AR (P>0.05, #3) .
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Tab.3 Univariate analysis of prognostic factors of glioma patients

Case n 0S (x+s) t/month x P value
Gender 2.406 0.121
Male 125 15.18+18.99
Female 80 15.63+13.26
Agel/year 24.683 << 0.001
<55 120 18.10+20.07
=55 85 11.48+10.04
Tumor location 1.838 0.607
Cerebellum brain stem 6 11.50+10.15
Temporo—occipital lobe 47 1526 +12.77
Frontal lobe 69 18.94+21.99
Others 83 12.71+14.04
Tumor histological type 24.437 < 0.001
Glioblastoma 93 11.74£10.90
Oligodendroglioma 33 21.61426.19
Astrocytoma 58 17.79+18.26
Others 21 14.81+13.91
WHO grade 29.622 < 0.001
4 120 13.14+12.34
3 36 22.034+25.59
1+2 49 15.88+17.88
MGMT methylation 9.629 0.002
Negative 78 13.71£13.67
Positive 127 16.37+18.66
IDH1mut 12.563 0.002
- 113 13.54+15.80
+ 76 18.64+18.72
NA 16 12.56+14.29
IDH2mut 3.226 0.199
- 180 14.70+£15.14
+ 6 42.171+43.90
NA 19 13.11£13.83
1p19q co—deletion 11.554 0.003
- 70 15.83+17.05
+ 41 20.54+23.91
NA 94 12.74+£12.23
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F3(4)
Item Case n 0S (x+5) #/month ba P value
TERT mutation 2.859 0.239
- 58 16.98+20.91
+ 140 14.84+15.38
NA 7 12.14+9.34
MGMT/IDH1 18.528 0.001
Met/mut 67 18.72+£19.23
Met/wt 53 14.70+18.58
Unmet/mut 9 18.11+15.20
Unmet/wt 60 12.52+12.93
NA 16 12.56+14.29
MGMT /1p19q 23.739 << 0.001
Met/co—del 36 21.81£25.08
Met/non co—del 42 16.50+18.66
Unmet/co—del 5 11.40£9.69
Unmet/non co—del 28 14.82+14.58
NA 94 12.744+12.23
MGMT/IDH1/1p19q 14.553 0.002
Met/mut/co—del 26 18.62+19.02
1 or 2 positive 64 18.77£21.79
Unmet/wt/non co—del 18 13.17+14.82
NA 97 12.64+12.12

NA: Not available.

1 LL 25 ] HIMGM Tmet 5 ID H1mut Al
1p19q co-delBA M IANE, HIDHImutfllpl9q co-
del 5 A HUSHHIC, HHEL T MGMTmet/IDHIwt |
MGMTunmet/IDH1mutHIMGMTunmet/IDH1wt
4, MGMTmet/IDH1mut# & 1 W )5 i b

(P<0.05, #3, KI1G) ; HMGMTmet/1p19q
co-del & 5 Lk MGMTunmet/1p19q non co-
deldllf (P<<0.05, %3, EI1H) . #&ifi,
MGMTmet/IDHImut/1p19q co-del4l 51 or 2
positiveZH 1OS2: 7 L4t it X (P>0.05) ,
{25 MGMTunmet/IDH1wt/1p19q non co-delZHOS
EZRAGHFE X (P<0.05, K1) o

Z F R COX A8 B 73 B Woon , 4R i

(P=0.009) . WHO4% (P=0.017) .

MGMT/1p19q ( P=0.013 ) M MGMT/IDH1/1p19q
(P=0.035 ) PRAIE M B 8 & 7 i ok 57 52 1)
HE (£4)
2.5 MGMTmetR Bt & H M5 FIEHRXITMZIT L
a1

itk — 2 AT MGMTmetR 75 5 TMZ Y7 3%
M F, BV 12050 i BiJE 5 M TMZ H 24
oL, HhA 1606 8 3F M HTMZIGYTY, 450
KA ZZ5%) . Kaplan-Meier 75081 s,
TETMZIRYT W iR & v, MGMTmet/ & #
LEMGMTunmet& A EKAOS (P<0.05,
K2) ; t—4, TMZIGIF HMGMTmet R 1Y
OS I AR FHTMZ AT MGM Tmet 1 P 5 3% 07 55
FER (P<0.05, K2) . HMGMTmetBiH: &
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Fig. 1 Kaplan Meier survival curve analysis under different clinical pathological characteristics and gene states

50 100 150

A: The OS of MGMTmet positive patients was longer than that of negative patients; B, C, D: Glioma patients younger than 55 years old,
oligodendroglioma, WHO 142 and WHO 3 patients all showed longer OS; E, F: The OS of patients with /DH1mut and 1p19q co-del was also
significantly prolonged; G, H: Compared with single factor, patients with MGMTmet//DH1mut and MGMTmet/1p19q co-del have better prognosis; I:
Three gene combinations (MGMT/IDH1/1p19q) analysis of overall survival in patients. NA: Not available.
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Tab. 4 Multifactor analysis results of COX regression model for prognosis of glioma patients

Prognostic factor B SE Wald P value HR 95% CI
Age 1.011 0.388 6.792 0.009 2.749 1.285-5.882
Tumor histological type -0.057 0.224 0.064 0.801 0.945 0.609-1.467
WHO grade -1.275 0.534 5.697 0.017 0.279 0.098-0.796
MGMT status 0.188 0.675 0.077 0.781 1.206 0.321-4.531
IDH]1 status -0.019 0.377 0.003 0.959 0.981 0.469-2.052
1p19q codel 0.378 0.308 1.500 0.221 1.459 0.797-2.67
MGMT/IDH]status 0.082 0.263 0.096 0.757 1.085 0.648-1.818
MGMT/1p19q status 0.989 0.400 6.127 0.013 2.689 1.229-5.883
MGMT/IDH1/1p19q status -1.257 0.597 4.426 0.035 0.285 0.088-0.918
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Fig. 2 Kaplan Meier survival curve analysis under different genetic abnormalities and TMZ treatment status

A: Among glioma patients treated with TMZ, patients with MGMTmet had longer OS than those with negative MGMTunmet/TMZ+; B: The OS of
patients with TMZ treatment and MGMTmet/IDH1mut positive (MGMTmet/IDH1mut/TMZ+) was longer than that of negative (MGMTmet/IDH1wt/
TMZ+) patients; C: Among the patients treated with TMZ and accompanied with MGMTmet, there was no statistical difference between the OS of

1p19q co-deletion positive (MGMTmet/1p19q co-del/TMZ+) patients and negative patients.
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