—442— FF I AR 22 SR 25 2024 4F 7 H 55 29 445 73] Chin J Clin Neurosurg, July 2024, Vol. 29, No. 7

AR Ak AT 7 1L

A M OKRTH REK

(FEZ] MiMORTE PP 22 RGEH DL SRR PR o AR A TSR H A H 2L (WHO ) 2016 4R 2L pmifl , K2 U I oy Rk
(WHO 534 T 9%) 5% ~7% R AE ST ki HEEIRa , 3% 4y () AR Pk i s o iy, i Age = SR FH BB D S AT AR TR YT 5 WAl ML i) 2R
YRR RS , 7T 4 BT 5 PR R IRR 5 S I A8 e ), TAOHEBE O s 52 R M g LU T AR AR . B T NF2.SMO
TERT . TRAF7 45 5E R 58 28 F1 FF BE (0335 1) g 43T ReiE S ) VR T A B — 2D 5 . AR SRR I B ma AL T 199 SR A 23 24 i
FIARHETRTT 0k IR T A6 YT 52 2= G e 1 T e BB R o

[SR88R] IR 5 70 T HSME s FARIGYY s fE myRyr

[XZEHE] 1009-153X(2024)07-0442-04  [TEIRER] A

Clinical treatment progress of meningiomas

[FEEEERTZES] R739.41

LI Ran, ZHANG Wan—zeng, ZHAO Geng— shui. Department of Neurosurgery, Harrison International Peace Hospital, Hengshui
053000, China

[Abstract] Meningiomas are common primary tumors in the central nervous system. According to the histological criteria of the
World Health Organization (WHO) in 2016, the majority of meningiomas are benign (WHO grade 1), 5%~7% are atypical meningiomas,
and 3% are anaplastic meningiomas. Currently, meningiomas are mainly treated with follow—up observation and surgical treatment; for
atypical and anaplastic meningiomas, adjuvant radiotherapy and chemotherapy can be applied; skull base meningiomas often involve
vascular and neural structures, resulting in high surgical difficulty; recurrent tumors are mainly treated with radiotherapy and
reoperation. Targeted therapy based on tumor molecular characteristics such as gene mutations of NF2, SMO, TERT, TRAF7 and

methylation profiles is under further investigation. This article introduces the current standard treatment methods based on international

guidelines and the latest literature, and describes the new technologies developed for the treatment of complex meningiomas.

[Key words] Meningioma; Molecular characteristics; Surgical treatment; Targeted therapy

i BESIRE 22 DL T 40~60 5 ABE, Lotk 2 0L, B4 Lt
BiA 1:20 FERA R Bk 50 249 7 X il 28 2R G g
1 30% , i JL 2 A A 45 0 UL (0.4%0~4.6% )"
FRIE H AT B , TG 57 850 07 A JGE DR Jii 598 AT LA
K MRIFH WSS . SR, A AR B 5 7 3400
F14) i P8 1 SR FH e KB B 1 22 e DI BR AR IR TP, A
SCHUREIRE (1) 73 TR I AR YT R T4RIR

1 BRI S FEMFA KR

T A= 20 21 (World Health Organization,
WHO ) K i 5988 730 3 20, e rp BRI R (WHO
SR G215 90% , W] RILH Z R 08,
BRI b Bz B LT AERY (JRET AEL0 M ) ik i Y
(ACFE) I AERE A e R o3l R bk L A
i 2 A P i SR 5 Sl AR R TR (WHO 734 1T 2)
Hi 5%~7% , G475 375 WY 40 i Y g Dk 245 5 8, ] HES 300 g

doi:10.13798/j.issn.1009-153X.2024.07.013
52 B 2 053000 TRTAGA K, 1 Jil 320 6] B 1S 16 B o 22 A0 Bk (22
Bh GKTTHE B BEK)

BAPEZAMIIE 22 BRI L T (/N ) B
WA, AL AR SEBURSIRYT 175 K 1 H R VSRS
kb5 TA]AS P i 598 (WHO 232 20 , o 3% , A4 L
SCRFIRE SRS 5, B R PESRSE AR . BRAE , I
PRI 2 I b B B I AT S i A ARt , SR T
W A B, R IR 2 1R 2A B TG i d i C Uk
PESRESFHEY S 301, 70%~80% 19 fiki I8 2 14 i 5
MERCR SRS B PER IL X S UA T 7 i R 22
BT AL O — 2, S I i A= K S MERCR A
Ko Ki-67 15 B0 T 4% 5 ik B9 52 2% XU 58 A
XK, St H F WHO 43 i B b o

WHO 432K REGEHR T 1S P g .7, o o
Mo WHO 73 2% 1 2%, 3 Ffi o WHO 7325 I 9%, 3 Fi
WHO 32 M2, B 1 AHEURRFESS, 23 W5 5L i e
(WHO 732 1 9%) B2 W2 2 T 46 1 Kruppel P17
4(Kruppel—1ike factor 4, KLF4)/[fied SRAE K T2 14 AH
5 A F 7 (Tumor necrosis factor receptor— associated
factor 7, TRAF7) %75 . 1 WHO 434% I1 2 i fsedeg v
JLF- Jiv A 3% W] 20 i 284 35 #5 +7 SMARCEL %€ 78
(97%) o 55— I 1 fiki 90 e PR o0 72 S e (5 4



IR R PSR4 R 2024 427 A 5529 855 78 Chin J Clin Neurosurg, July 2024, Vol. 29, No. 7

~443-

22q MR B S BRI SE R L, PR A LT 4T R 2
(NF2/Merlin) , BRI} i 98 410 ) R+ 9 65 85 1 A2 T
22q12, KL —F: 19 i HLIRE 240 A7 AE AN [R) B2 B Meerlin 2K
THILEE O (8 Merlin 22 35 7K -2 55 fin BE988 115 JC A
WA

AL, AR — A TR ic ] LA
FGFEEIRE 4 5 2, I T NF2 LAGD , Al i JIES 983 43 - BIK 5
2, Gl 3L AT KR & T Xt
i BEERE A ) A AR, A 3R LA P P R 48R T
554 ST 5 B ARE R S P R 2 i PR AR S A Wi 1
FRAE o E NF2 B 508 i U Ah A B HE % (&2 3R 3 -
61 B th % 52 A& (smoothened , SMO) 28728 , TRAF7
(KLF4 2248 5, PI3K i 72 0 ) , POLR2A 28748 | HiAth
FEILGEARTS ST 109% B AE NF2 fii 598 7776 KDMSC.
KDM6A 5, SMARCB1 227 , ¥ J& g it 4 W3t A% 48 1
K ¥, SMO Il AKT1-MTOR %€ 28 75 JF NF2 i K 41
T 1 50 G Pk 50 PR A L ML 2R, NF2 2%
TG P B e AR A L A AR e T B2 & T R
BRY, R 288 T T B ik RSIR 119 AR e 4 4 P 2
R ST e, AT 2 40 Lk AR i P 9RE T B N2
A3 VAR AR 14 KLFA F1TRAF 7MY, LA K f e A A
N T RS pz A ik e v ) AKT T 98781

2 FNRREHYIG ARG TT R

TCREAR (1) /INTED [P i R385 Bt 1 B4 , TR AT
fYAYT . SR, MRI/CT % PR RA B 1 g £ K e
JEL LK o P o S 2500 BT & ph T e B A4, U
T BENLAARSE ) ANEHB YT SO AR . SR, K
553 P SRR, e ) A R B AR, BB
F RIS (R S Bl BESFCY 57 R ) et i
Y7 ), H R I T AR I R 17 S EERYT O Ik Re S
TR T fiE 53% TR 100 o5 A7 250 L 2 A DA P 4 v R
(SR AR R i A RS L e T B N A 2 N2
I8 PG, 9P G I ) F AR S VB A A
P55 - ™ TR NG FIEEIRE A 9896, HIEE 38 T L9 i e - 1)
H 80%" 1 F1 75%~90%"", it £ 5 figi FESIRE M 46.9%",
Pt i 5 R - U i R 3 ) R 70.29%"7 35.7% ~
68.19%"", I LI A S AN B RN A58 DL, ik i & A=
iR 100%, W IET B Rt 2t AR5 2 i BIAH OC
PR 22 D RERREAG o i IR AR5 52 % R AE 10%~26% ,
P IS i BSERE AR I B K R AE 40%~50% , - 348 K Bif (1]
YR AAF UG FRERAR . 55—y T, A ATE T
ARBHIT R R &, v 5 B2 ARTT . SR, £
HEIA IE, 25903697 1 BB AN &, BRI R BT

R B SR AR A MR R 2 W, s AR
B3 2% AR S B ST IR T SR R . T
i FESTRE (A R A 28 37 A4 2 A 5t i Rk IR I R 2Bl
001 By PRV R B B PR A R A [ IR YT
HA—EIFae BeAh, —I00 2 W A i 50 1At L iy
Jik 55 Wi FL 30 W B A 55 = AR (mammalian target of
rapamycin, mTOR) < 24 5 &) f) il PRI 516 97 SR
S50 7R B IR LA I RIS 2 , n] A SR AIK WHO 43
G 1~ T2 e i A 3 T i A8 240 i e 4R
il 37 1A 2 i e 3k , BRI BRI R AR R ER Ak
EMERLRLY—F B IR R 5 G R IGIT

Wi 5 i S e IR 0y 56 R 5 72 Ty 1T BRAS: R e
SEPRTRYY T REN A AR T . Bk
P Fiki 598 A7 7 Jf e 00 ) 32 PR N2 e (AR, I
WG B A, S i 4B 1 Merlin XF A2 378 48 K (1) PI3K/
AKT/mTOR 38 % EL A #0 I /E F  A i RS £ 1L 17
FERIARYT S o — 300 2 11l PRI DA mTOR 411l
] vistusertib (AZD2014) 7 18 5] WHO 434% 11 ~ T 2
%G S 3 95 A BT R (NCT02831257) , B B4 1
7R 64 JCHE R AAT RN 88.9% , 1A T TR K TR 48
B AE R 5 — ANV SR A JR kR B SR (focal
adhesion kinase , FAK) 1l #1571 € % {1E W 7] 7£ NF2 {5k
S AR S i ST AR e e T IR O . — TR
FH FAK 3115771 GSK2256098 5 41 fits J& 191 2 (A A i e
T4 4/6 1 77 abemaciclib , AKT $13i] 5] capivasertib
F sonic hedgehog (SHH ) #ill il 57| vismodegib X 17 7 1]
i 5598 5 N 2R A5 DA B BB A 22 2 0011 R 50
B, FAKAIHRIFVATT WHO 432% T 20k ik 61~ A G
HE SR A A7 5 83.3% , th AL TG e LEAE 0 12.8 4>
A s WHO 732 1~ ML 9 ik 298 6 > H Joitk e A= 47328
33.3%, T TCHE R AEAE IR 3.7 A T 32 i (L
G, AR —TH6T 300 {5 fiki REER HE A 110 5 DR A A o
PERFSE R, TRAFT R 748 2 259%™, TRAF7 J&—
Tz 283 H2 W, 52 0 2 PP 538 B, {236 NF-«B.
MAP 4R 45, B A2 R T-DhRE™ . I IRAF 5T
9% 0 55988 TRAFT 1 KLF4 34y 256 R Bl 2k PR 9 A%
Toi: AR AT , KLF4 2878 54 ki B 988 X mTOR #
i 551 40 %5 7Y B2 5] (temsirolimus ) 19 85UEC M BT =5 0
8% ~13% 11 Jiki IR 7716 AKT1/E1TK 2875 , 31% 1 i
JPC i RRETEE HH B AKTT 2848, 515 PI3K/AKT/mTOR 38
REYThRE EIE L AN, 7% AR NF2 3L PR 578 R fig i
964 1 IR PI3K AL 7 2 alpha (9 BRI 282599 PI3K #1f)
il 57 alpelisib H §i 2 @ 3t 1 TI16 97 3K 2 R BH



—444—

FF I AR 22 SR 25 2024 4F 7 H 55 29 445 73] Chin J Clin Neurosurg, July 2024, Vol. 29, No. 7

PE HER2 [FIPE R -

AR, M FEEIER A R A A3 AT A TR e 52 &
T J XU T s T AT AR R F A, SR
S AL LS S R R B VIAAOG . Sahm 284 A
637 151l Fiki FEE 2 4 B ¢ B0 i S 96 RT3 S W A AN [) 1Y)
CpG W BEAL AR, E— 2D 00 RN 2E 5 AR B>
WHO 2551 Hiki 5272 408 7 th AR BEAILI S S OCHK , 2021
2P 2 A AR 5 I AN AH ELG R 5 H SR80
LU ZH 227 53 9 B BRI e 4 1 &2 K, G HL 2 e T
1 b T T T 20 0t PR 1% 52 2 IR 5 B 55 v ) it
JESEE A G ) AR C Y T S FBEsg | 5 e = i
HEARB Y T AR L, B R R B . 5
A1, Olar SEPIIGY A B—2H CpG A 5, FH Fe b /K
REAZ AT 55 T 00 i AR 52 A 17 D, 3 BB VA X 53 i
Jed 5 FCAMUREBLRG 28 , B0 BRL K 2T HAE R | DRJR AR Rl 2
T o X R, FREE K 0 58 ] e S UL ey ik
T AT 118 el ki A ek Can i RSE9e8 ) i2 W o3 2, -4
VE Ryl R Bk B8 1 I 7 0 ST J it — 209

3 RESRE

BE IR TR MRIL M 22 A8 E B 7 A4
AREIAWTHEL IR AT L IR MR in T 7
ABHRER , 222 B 2B AR BERS AR IR
TR N U 22 D RE AN AR 176 BB A 56 L, Fe KR JEE
HoOTBR R, 8 A TR 245 BRI 8% . DNA
P A 55 B8 3 DA O, HEARR A DA A [ I 25 f
T B AR PR B R AL Ak
K22 S B OR R AE B PR ) S K T RE s 1R 2R PE D
AT R B CHERR B N 3R, FFAT AT RERC T — I R
LRI R E I D IRt L LY s

[F) 55 i 5275 B | A SCAAF AT 2 P 2
(VE& STmk S B | - A 01 S A e SOk R 1 S0 1 8
B TR TTHE B BR S S MOE SR R A o

(&% k]

[1] LOUIS DN, PERRY A, WESSELING P, et al. The 2021 WHO clas—
sification of tumors of the central nervous system: a summary [J].
Neuro Oncol, 2021, 23(8): 1231-1251.

[2] GRITSCH S, BATCHELOR TT, GONZALEZ CASTRO LN. Diag—
nostic, therapeutic, and prognostic implications of the 2021 World
Health Organization classification of tumors of the central nervous

system [J]. Cancer, 2022, 128(1): 47-58.

[3] LOUIS DN, PERRY A, REIFENBERGER G, et al. The 2016 World
Health Organization classification of tumors of the central nervous
system: a summary [J]. Acta Neuropathol, 2016, 131(6): 803-820.

[4] CHOUDHURY A, MAGILL ST, EATON CD, et al. Meningioma
DNA methylation groups identify biological drivers and therapeutic
vulnerabilities [J]. Nat Genet, 2022, 54(5): 649-659.

[5] MARINCEK N, RADOJEWSKI P, DUMONT RA, et al. Somatosta—
tin receptor—targeted radiopeptide therapy with 90 Y-=DOTATOC
and 177 Lu- DOTATOC in progressive meningioma: long— term
results of a phase II clinical trial [J]. J Nucl Med, 2015, 56(2): 171~
176.

[6] GRAILLON T, SANSON M, CAMPELLO C, et al. Everolimus and
octreotide for patients with recurrent meningioma: results from the
phase II CEVOREM trial [J]. Clin Cancer Res, 2020, 26(3): 552—
557.

[7] GRAILLON T, FERRER L, SIFRE J, et al. Role of 3D volume
growth rate for drug activity evaluation in meningioma clinical
trials: the example of the CEVOREM study [J]. Neuro Oncol, 2021,
23(7): 1139-1147.

[8] SHARMA R, GARG K, KATIYAR V, et al. The role of mifepristone
in the management of meningiomas: a systematic review of literature
[J]. Neurol India, 2019, 67(3): 698-705.

[9] PISTOLESI S, BOLDRINI L, GISFREDI S, et al. Angiogenesis in
intracranial meningiomas: immunohistochemical and molecular
study: angiogenesis in meningiomas [J]. Neuropathol Appl Neuro—
biol, 2004, 30(2): 118-125.

[10] KALEY TJ, WEN P, SCHIF D, et al. Phase I trial of sunitinib for
recurrent and progressive atypical and anaplastic meningioma [J].
Neuro Oncol, 2015, 17(1): 116-121.

[11] KALEY T, BARANI I, CHAMBERLAIN M, et al. Historical bench—
marks for medical therapy trials in surgery—and radiation—refractory
meningioma: a RANO review [J]. Neuro Oncol, 2014, 16(6): 829—
840.

[12] NAYAK L, INAMOTO FM, RUDNICK JD, et al. Atypical and ana—
plastic meningiomas treated with bevacizumab [J]. J Neurooncol,
2012, 109(1): 187-193.

[13] ZENG Q, TIAN Z, GAO Q, et al. Effectiveness of postoperative
radiotherapy in patients with atypical meningiomas after gross total
resection: analysis of 260 cases [J]. World Neurosurg, 2022, 162:
€580-e586.

[14] KIM RB, FREDRICKSON VL, COULDWELL WT. Visual outcomes
in spheno— orbital meningioma: a 10— year experience [J]. World
Neurosurg, 2022, 158: ¢726-¢734.

[15] NANGARWAL B, GOSAL JS, DAS KK, et al. Anterior skull base



R I R A2 2B %8 2024 47 A 85294855 78] Chin J Clin Neurosurg, July 2024, Vol. 29, No. 7

~445-

meningioma: surgical approach and complication avoidance [J]. J
Neurol Surg B Skull Base, 2022, 84(1): 38-50.

[16] WAGNER A, ALRAUN M, KAHLIG V, et al. Surgical and func—
tional outcome after resection of 64 petroclival meningiomas |[J].
Cancers (Basel), 2022, 14(18): 4517-4531.

[17] MAGILL ST, SCHWARTZ TH, COULDWELL WT, et al. Interna—
tional tuberculum sellae meningioma study: surgical outcomes and
management trends [J]. Neurosurgery, 2023, 93(6): 1259-1270.

[18] PARK GO, PARK HH, YOO J, et al. Surgical outcomes of sphenoid
wing meningioma with periorbital invasion [J]. J Korean Neurosurg
Soc, 2022, 65(3): 449-456.

[19] CHAMBERLAIN MC. Hydroxyurea for recurrent surgery and radia—
tion refractory high—grade meningioma [J]. J Neurooncol, 2012, 107
(2): 315-321.

[20] LOVEN D, HARDOF R, SEVER ZB, et al. Non—resectable slow—
growing meningiomas treated by hydroxyurea [J]. J Neurooncol,
2020, 67(1-2): 221-226.

[21] MASON WP, GENTILI F, MACDONALD DR, et al. Stabilization of
disease progression by hydroxyurea in patients with recurrent or
unresectable meningiomas [J]. J] Neurosurg, 2020, 97(2): 341-346.

[22] CHAMBERLAIN MC, TSAO-WEI DD, GROSHEN 8. Salvage che—
motherapy with CPT-11 for recurrent meningioma [J]. J Neurooncol,
2006, 78(3): 271-276.

[23] BELANGER K, UNG TH, DAMEK D, et al. Concomitant temozolo—
mide plus radiotherapy for high—grade and recurrent meningioma: a
retrospective chart review [J]. BMC Cancer, 2022, 22(1): 367-372.

[24] CHAMBERLAIN MC, TSAO-WEI DD, GROSHEN S. Temozolo—
mide for treatment—resistant recurrent meningioma [J]. Neurology,
2004, 62(7): 1210-1212.

[25] CHAMBERLAIN MC. Adjuvant combined modality therapy for
malignant meningiomas [J]. J Neurosurg, 1996, 84(5): 733-736.

[26] JOHNSON DR, KIMMEL DW, BURCH PA, et al. Phase II study of
subcutaneous octreotide in adults with recurrent or progressive
meningioma and meningeal hemangiopericytoma [J]. Neuro Oncol,
2011, 13(5): 530-535.

[27] NORDEN AD, LIGON KL, HAMMOND SN, et al. Phase II study of

monthly pasireotide LAR (SOM230C) for recurrent or progressive

meningioma [J]. Neurology, 2015, 84(30): 280-286.

[28] SIM M, ARGYRIOU AA, MACI M, et al. Recurrent highgrade
meningioma: a phase Il trial with somatostatin analogue therapy [J].
Cancer Chemother Pharmacol, 2014, 73(5): 919-923.

[29] BRASTIANOS PK, HOROWITZ PM, SANTAGATA S, et al. Geno—
mic sequencing of meningiomas identifes oncogenic SMO and
AKT1 mutations [J]. Nat Genet, 2020, 45(3): 285-289.

[30] YOUNG JS, KIDWELL RL, ZHENG A, et al. CDK 4/6 inhibitors for
the treatment of meningioma [J]. Front Oncol, 2022, 12(7): 931371.

[31] LARABA L, HILLSON L, DE GUIBERT JG, et al. Inhibition of
YAP/TAZ~ driven TEAD activity prevents growth of NF2- null
schwannoma and meningioma [J]. Brain, 2023, 146(4): 1697-1713.

[32] BRASTIANOS PK, TWOHY E, GERSTNER ER, et al. Alliance
A071401: phase II trial of FAK inhibition in meningiomas with
somatic NF2 mutations [J]. J Clin Oncol, 2023, 41(3): 618-628.

[33] CLARK VE, ERSON-OMAY EZ, SERIN A, et al. Genomic analysis
of Non— NF2 meningiomas reveals mutations in TRAF7, KLF4,
AKT1, and SMO [J]. Science, 2013, 339(6123): 1077-1080.

[34] PREUSSER M, BRASTIANOS PK, MAWRIN C. Advances in
meningioma genetics: novel therapeutic opportunities [J]. Nat Rev
Neurol, 2018, 14(2): 106-115.

[35] SPRECKELSEN NV, WALDT N, POETSCHKE R, et al. KLF4K~
409Q-mutated meningiomas show enhanced hypoxia signaling and
respond to mTORCI inhibitor treatment [J]. Acta Neuropathol
Commun, 2020, 8(1): 41-51.

[36] ABEDALTHAGAF M, BI WL, AIZER AA, et al. Oncogenic PI3K
mutations are as common as AKT1 and SMO mutations in menin—
gioma [J]. Neuro Oncol, 2016, 18(5): 649-655.

[37] SAHM F, SCHRIMPF D, STICHEL D, et al. DNA methylation—
based classification and grading system for meningioma: a multi—
centre, retrospective analysis [J]. Lancet Oncol, 2017, 18(5): 682—
694.

[38] OLAR A, WANI KM, WILSON CD, et al. Global epigenetic profil-
ing identifies methylation subgroups associated with recurrence—
free survival in meningioma [J]. Acta Neuropathol, 2017, 133(3):
431-444.

(2023-08-09 it ,2023-12-11 &1l



