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Research progress on non-surgical treatment of vestibular schwannomas
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Summary At present. the main treatment for vestibular schwannomas is surgery. Considering the risk of
multiple complications from surgery and the subjective and objective conditions of patients, a non-surgical treat-
ment modality, namely stereotactic radiotherapy, has gradually been included in the treatment of vestibular
schwannomas. Studies have shown that Gamma Knife therapy has a more prominent therapeutic effect on smaller
tumors and can alleviate facial nerve disorders caused by space occupying of tumor mass. Cyberknife not only has
a better effect on tumor control, but also has an ideal retention rate for patients” auditory function. Proton beam
therapy has also been gradually applied to the treatment of vestibular schwannomas, but the effect of treatment re-
mains to be further studied. Drug therapy includes a variety of target inhibitors and anti-angiogenic drugs. At

present, drug treatment focuses more on preclinical research. This article reviews the clinical research of various

radiotherapy and the progress of drug treatment.

Key words vestibular schwannomas; radiation therapy; drug therapy; auditory function

Wt 4 25988 (vestibular schwannomas) f2{X K T
ik FE 9 R0 AR TR 1) 555 — R it D A 2k b g L
RNVEWT B 200 5 2 B2 4T YR (NF2) S U i
R Y A S R X P AP R RV 2 5 A AE
255, 90 R 22 B W e 2R R e 1) R ORI
WL MAEFT AT M B E DA 4% ~6% 5 NF2
AHOGE NF2 2 — R e 44 W Pk 538 R, il 22
SR - NF2 5L E0m 2 AR g i,

et L2 E XTI T Ok 0 B
5 5 Wl 298 B IR YT AHOC I RO R ASE TR
FRRAR LS R L IR AR B U TR B IT 54T
ARIGIT, Hoph AR T ARG 7 WG B R 9T X 250G
J7 . TEIRIRSEPRZYT BB a7 R i T i
B R i2 Wy NF2 g BRI L 35 BORE IR L A

'R H N AR E IS BB vk Sk 3 S A (R 5 ,200233)
BAEMEE . T HA . E-mail: 7250012023 @ shsmu. edu. cn

AR/ R B FRIE PR DL K BE A R 4F . H AT R
HMBHATT 2 R B 72 X I M8 1) e A 8007
{2 i T W b 20 A A A O ()R8 22 () A7 A
AR 25 AR Z MR B/ sl A KB 2R 18 1 BB
7 L B AR Ty H AR 2 ok — i R B KU
ARG IF A AE S Qi P2 Dy BE A2 5 W D) BE R | e
FRAEEDT L DR G B 6 B T T R TR RS B
WEFAREE  AET ARG E N &,
1 HgH&aTr
L1 SEARGE LT ARG T

1971 4F, Leksell™ 1 R 4& th 7 5% JH 37 44 5E 7
T A BL R IF (stereotactic radiosurgery, SRS) 1E
NAEGAN RSP RATT 5. T SRS dl A
Z A2 BROGTR [w) i e e Jin v R0 S L o R BE A B AR
AT DA i B8 b 6l 2 A S5 % = SRl 28 0 T il 28 A
I e 55 A U 405 . SRS H2 R TE H AL 5 A 60

SIS AR, 2 M0, Dk 7 55, A5, W M 0 9 AR ORI 7 O e g e [T, i PR B G o ik Sk 35040 B AR 2022, 36
(12):971-976. DOI:10. 13201/j. issn. 2096-7993. 2022. 12. 017.




¢ 972 - s A B M O S AD R 2 i

536 45

B4 5 77 (GammaKnife) F13a J] B 28 A0 i &% H AR
FE18 JJ (CyberKnife) 1,
1.1 % J] —IREDs T 10 45 R HF s B
AN BRI TS T A 22 Gy B9 5 55 L bR
FEHIRIBE] T 95% . SR % 5E K LI B R B A
AR N B e B R AR LA 33U IR IR T
Jo A7 AE = SO 2 T A 22 RROE L TR I . R 2 B R
JP R PR Z 12~13 Gy, fH i 45 A3 fr
R NS T FAR R A AR <2 5 cm B B3R
7 50 AE S X I R A K R T i 2 R R L Bl
JIe 72 2 ] 23 AR T /N R 3 RO AR R AR
SR JE— PRI IR YT Tk

A T34 R 90 U T AR e JE AT SR A A 5k
HRMBERME T —M 2B/ MR R, A
WFFTPEAG T 90 Uk B T AR VIR I 3 52 138 97
) T ot 20 90 B3 (R I 25 T L I A BB 3 A PR 1k
Bk 2.7 em® IR0 25 00 HP AL TBUIR I R 13 Gy,
RN, J]36T7 ] T 94 90 B A IR A L R
J& 3 A Jo ot R A 97 96,5 4F R 95 %0, 10 4F
J90%% s A T AR T AEBE AR 0 B E P L 19 B E
FEIR YT I T T B AT A T RS A = U R AR
S RE R AR B B3 1 R 20 61

BIXP NF2, AFRMEMS IR 5 4FFH
41 95 B FR 2 Brh R g A L 43 96 B R /NRE AE L 16 M0 b
JAYE I, NF2 B35 WU T A3 28988 1) 5 i 9 42 ol 2R
84 %, AMEL JIA G AT FHWT 4 B %k 31. 9%,
1.1.2 Il 8 20 e 90 4ER, 22 T iy
John Adler T 1994 4F 5 I HE ), iX & —Fh AL A% A
TCHESR YT R G0« BEAS S I K B AR 345 10 i 1 A 5 445
FLLEAT SR 51, B St R 51 5 00 KIE: [E
SERVRESY . S E RO ZH TR 2 M
PR S TRz UE W S AR R — A R
LAMIRYT RN R BRI R © 8 UE B 7R
YE T B ME W b 2298 RN NF2 T T A S, [T L
A oA it T b 4 ) e A K R AE R T TR B R
R A = X A gl

FWFFR N LLFE T R AE R £ 2R IT 7 K
1 73 0 b T 83 06 1 HR 3 bR 4 o AR ok R
FEL 1TV B R A KT 2 mm. 7RISR
ROEMBRET A 29% MR AR 4 /N =2 mm;
T4 PR AR R AR KR F) 209, T 26 %6 By iR A4
FRBEAN T 20 % LA b 553. 5 % I AE 3 4AE AU Bl DT
Wy F AR FEIEH

FEWT D)8 A AR B 51, H T OC TR ) M IF Y
PEoR B W ) v AT B AL AT A AR BE . — O ] Je o A
FEAT 26 5132 Wi 0 Wr Bl 28988 I 32 32 BE 18 T s o
ANBHARIT ) B % W 58 B9 S Y BE U5 i TR R 16. 4
MR GRIT R B E U IR B R R 69.23% 3R
7 5 BT 345k 5 SR AR IS R T I TR] A 4R O R

o R /ANZ RN B e R, (A HiE
NEBRETEFIE I F ARG RN R EHBERREN
8. 60 »3X AT AR & Hh - H-0R b 22 27 2 4R 45, OF L
AR 2 g <<1. 45 cm B} ] T g bR B0 ok H IR
7 97 2K 2T bR 0 A U I SR P 4K 6 WL 55K s, Y
W g %% 2= W) 36 B ST A BHIG OT L X IS AR
1. 45~3.00 cm fY BiJEE . TGI8 Wr J1 7K SF Qi faf o #5 48
WA AT R AR AR
1.2 JEFHRRYT

Wilson(1946) B W H T F 7 1F 8 HT i
JeE YT T A At tA Ry SO TR ) 4 B T
FIAYT RN TR B I RE . M8 T A% B 0 AR AN S
IRYT WA F AR YT (proton beam therapy) 1IE1E
Ry — e 8 3 RO BEA

HE—IA T 221 ) 8 F 55 . 136 6%
Z TR 12 Gy M A 92 5 &2 (RBE) (1)
FURIATT - HoAy 85 Bl IR H B2 4y kYT L OF B
T A ) 54 Gy T 50.4 Gy(RBE), 40%
) Ji 8 A8 T 07 I H BAA R /N L 26 V0 Y i A
FUB R, HoR A48 11 B R A 9 TR S Y
JidEg 5 AF g JR B4R R 96 Y0 . A 420 i R
R G B T AT RTE S R e T R LR
— o R AR T LSk R = O 2R

FEWT F1 44 B3 7 1T . R AT I 5% 36 W R 43 B o
T HOIT IR WT S O 88 TC I ORI R A 20
18] £ 3 R AT A BEPE G RIS L BE VT 4 4F P9 Y R )R
TR IR F] 100%, 1 4F PN o] T 1R B &N
53% Ay BT AIRIT IS B 1 AR P A 2l T [ RN
AL E IR RE 1 ¥ R A Ak (P <<0.0D), BT
WU EE I 7E 6 A H 5 kT Hae . i 4l 3 Ur B 7836 97
JERF ALK R 1A R T D) BB Y AR B S R
R REL A 2 v SRS D)1 € Bl k= S

X 1 A B e e A /0N %) W A 2 R AR AR SR
BIT O AR PR, RO IZ R T i
BT K S A 2 B A AT IR T
VEPE LR T A WS R T AR IR T X a2 i R
BN R E A LB R G 1 e s o L SR IT 1 1Y
P B8 R 5 R W D) 6 /K F 5 AR S5 B 20 i Wy T g K
S YA O AR FT S ARG BDZIWT D) gE AT A 95 1 B B
M e Sk B4R B 2% 25 CAAO-HNS) WT J1 43 %% A 5 B
PR B A TEAR ST 5 AR AT 7 dEFR HER AT 3k 8194,
H A W J3oK 7 &~ 80T o) g i & 19 |
R IR ST R B2 W 2R ik R L AR
S BRI W R AR AR 5 R 7 I Z PR A
B BOT RV 518 Gardner-Robertson #5 #E |
P, ANFIEIRS 2 A N0 1 B T ) R
FET 2 FIRAIT I ERES R T ARATU Kk
S RS T S AR R 23 52 ST I T 2R Y 4 L AR
BB REREEMREZ — 5 40 2 2L EW



F1z2

TRBEA 55 W M 208 Al TR I T AT 5T T « 973 -

S PR PE IO X W Dy e i Ok B B A R S e, T AR
BEBERBEFRBIIARGE TR IR ERE
o T R TR X T b 28 BB KGR 12 AR B
Vi B & B0, 6 T e /N B iR, dn R b R o
IAFAE 2 mm B AE AR W B 56 75 JEOULEE IR <F
Ak B BR A BPSE A 27 12 47 A B 7 HE L Ab TSR Y AR
HANAT 83 Y6 nl W A5 Wr 3 7K -, I B 7E ) < W %% |
TR BT 09 85 T R 43 2 B bR i A A T
AEUT DR R B . AR IR T O X ik B
b X R N L B ARCIR S R4 T D RE A R A Y
AR AR HE % D) I S AR SE BE T L A WS b
JeR T A R L 5 o gRe A O R D) N A S R TR R T B
Ji 96 LA R RE b OR A7 5% A WT g X R B L B Ak
AROUAE 1 2 47 BB 3, U 0 %% 1) X0 4% g g 1k A
S S W ELIN T L STIR T
2 WA

251 26 T W R AR 0 O vk 22— (R Bk DA ]
ARG MR YT BOE BE . DR L AE T A 2 IR T HE R
b HATR S % 08 T AR U BR R R T . AR, B
JEEF-ARIGIT AT B Ok 19 I & RE UL RS IR YT S
Uk PRI M IR 2 TR G R AT AN 58 A AR B
X W A 229 4 B M 25 IR T A SR W IRAS T —
R,
2.1 2R SR W R

Z K 1% & R B i (receptor tyrosine kinases.,
RTK) & — 3 £7 75 19 4H i 2 1 32 14, 38 0 % 2
JfL N AR B A S A B AE R S5 S 2 2 A
N5l g 2 EE P O RTK MR F S S 2
o ek oEg 11 % A= L E R B UIAH 569 . RTK R
F5 M /MR IR A4 K A F (platelet-derived growth fac-
tor, PDGF) (ML 48 P K A K I (vascular endothe-
lial growth factor, VEGF) ., i T 4 40 ffg 4= K K
(fibroblast growth factor, FGF) . 4= K [H T 3%
& (epithelial growth factor receptor, EGFR) %4, H
#1 PDGF 2Z /& (PDGFR) #l EGFR DA K B AT T if
55 1% 52 ) merlin P, X J& merlin 7] DA
PR 40 B 156 58 1 & 1R A AL =2 — Dk T Wy
P22 98 5, NF2 847 0] e A7 #E merlin 8 (18 7% , 4
I S G N AN R RS (R N 8
T T AR o T b A=
2.1.1 ErbB KGEHEHAMGIF  ErbB 52 K& 2 2
W % W, 4135 EGFR. ErbB2/HER2, ErbB3 I
ErbB4 , i 4657 A 7E 25 IE 40 il 19 53 £k A 3 5 b & 5
HEAEH . AR T EGFR/ErbB2 30
) 700 T A JE AE AR S N it 22 i e A R o g B S
HANA ST ROR, & B MR e i o ¥ m R YT EG-
FR/ErbB2 Bl ErbB2 iR AL 4= 77 3% L
PAJOHG R i ERKL/2 1 AKT 55, AT 30 461 40
i 338 5 0

1 B 9255 )7 1 ErbB2 40 i R 2 — 1 ith 2 Bk
FPU R R T A 2 B R AR BUR YT 12 B FEIR YT
J001 ) A BB 9RO L 5 6] B R EE 2 2R PR
P A 3 WA T T A 2 A0 M A A (P <<0. 01) L A=
B KOG B2 bR A 12 I RIR T I R B — &2
R 0 AR, BRI mT LA il 22 B BT nT DA S R
I 57 ol B ol o 22 M8 1 2B R (P <20, 05) 7,

2.1.2 PDGFR RWGE&HEAMEIF  PDGF/PDGFR
0 I FE IE R AN A kR e A A4 DA
KB S B ) A n Y B PDGF i {4 v]
PLZS & 5 1 2 2 G A2 1 . PDGFR-o #1 PDG-
FR-B7, BT & 4% 4 1 Mo 3 4 it 2 K 1E L. Je
BB e S — A AR S R T B R L R
LTINS P A M I R — R — T T
Je. B % Je 7 7k A Ak NI E Bt B R A0 i b R 1R 41
BT IFSE & B, JE B 8 JE mT DL A el 28 5 98 40 il 2R
HEI-193 3 H 16 7 BRAK 38 G814 T F3 R0 AS A4 358 0l
B A K B AL IR T A T e, e B e
F 3 L i 98 VB F 5 30 il PDGFR-o 1 PDGFR-8
PRI I LA S T2 B I Ui A A O, DL ke AT DA A
e B8 Je Xt Wi dh A R BRIT i ., 5
ML JE 2R e M L A 5T & IR MR R Y e B R
JEBEA MEK1/2 5] 7] 56 £ 2 (AZD6244) % fif
K R I AR R R B IE R R — A
PDGF sz &4 71 , 8 0% 42 iF 40 M 98 7 L 9 2> il 45
Az S RD 1 o) e 96 200 B 3 5 . B R A B 40 B
— A R — ikt — 00 Wi R A 56
N T R AR e 6T NF2 [m R A IR0,

2.2 A LA 0 5

HEE H 2 £ B4k B Chistone deacetylases,
HDAC) i i3 A8 2 5 40 g A K o fe R T i 41
FAAEELLE A1) L BEE . S 5 i8R S AR i
JE I KR RIS I, HDAC 41 570 2 BT
KNP 25 8, 3F © A WX £ RO o A
B AR42 S —Fh AL HDAC 41 570, A BF
FEME T ARA2 Ak BN 2 W A 28 988 R i FE 98 44 i i)
JEAR R F5 40, O EL X 4 22 5 99 S R RS A 9 ot AT
BB 5T  BF 5T 45 50 2 90 AR42 1T DL 41 B & 1 A2
W i 2298 1IN £ 2 S5 B /0 BRORI 26 5 80 40 i 1) A K
HIFHTE T ARA2 0T LLi5 5 40 f 8 309 452 3 7E G2
S N1 2o R eS| AR = A N
ARA2 W0 BFAR T A 25 15 980 R Mg RS 0R3 440 Pt b i Akt
BB Ak . T IR Akt 551660,

2.3 mTORC1 #pi5)

PBK/mTOR G5 &SR ME s K EEL
Flogg e 1, mTOR B =2 A% mTORCL il
mTORC2 W% 0 . B T3R5 IE 5 240 1 Fi i 98 40 i
B9 A K AT FEE . mTORC 18 i £ F ML i 8
Al RNA 9 83 040 g K/ 19 48 fb, PI3SK/



+ 974 -

s A - S W e S 0 41 8k i ks

536 45

mTOR 3 f# /9 8 224 i 15 PISK,AKT A1 mTOR
P38 TR0 A g 2 e & e

B R 2 —Fh mTORCL ) 4 5 41 i 5
T mTORCL M ¥0IE & NF2 A5G Ig 5 4 4k K
IS B (1 B At L 5 AT BB A £ 2 A5 ML 0 A 2 ik
JE A KL IR I 2 0 55 A R IR S NF2
FIRITAERSS . —I0UAIE 5% &1 X A o bl 22 85 98 40 g
PR LA R SEARFSHE N2 (— /—) 25 BE 41 g A1) /) LA
A PR B A A R AT A LI D 5 NF2 M 56 Y
5 HE 20 it AR A A ) 7 TR B L OF ELI A I Y
FEHI

WYt s m) VE y—Fh s R LY, & —Fh O
it mTOR FEEI &I . Har2e & H T 60 5 40 i
ey R G R R e 8 PN 0 6 TR B R T )L K
B A M mTORCT, U /0 1 40 ffg 3% 5 | 40 i 2
o IS A R R R 2 A R B, P e S S R L
AR BRI T S AL AL VEGF g 351, R
SR PR A 72 A R AR 4 55 7] 38 2 90 ) mTORCI 5
A% T ek 2 Bk SR RN T B2 0 1) AR L (E R — 2
I PRAFF 5 TN 0 4 4 55 5] X NF2 593697 50 R A R .
o B A TR S e
2.4 Pt VEGF Zi¥y

W i 2290 5 At e 250, 25 2 0l 48 A ok
e HA K i Z 0 iiE VEGE 78 #f 4 85 98 o
B FRIRSY . i VEGF A& B o B W VEGF 3% {&
TEJRYT 45 Pl 5 Jy T B T R 2 Bt i 38 A 7 vk
SURTE S A IR 7 R MR 5k 2 i — i
B A R X B o %) A0 R R AT R BT . DR R
U — P S5 X VEGFE B9 TR Ak e 93 3% 5 1
G1 Fp 5 [ BH T B 44, — T30 I PR AF 9% 445 SR 8 7 DL AR
PAFLIA ST X8R P E 1 NF2 FUEL & P W 3 28988
HH — B ERIRITACE I 0T DASGE B E
Wr ) EE-
3 RE

W ot 2598 A S — B LAY LR R, R Z
P2 IR IT O B KWL L F AR 0T DA KAk
FHF5E B 25 W3R 97 L L X R [ Jif e 4 A A S8
WEAFMIBIY k. EFREITTHIOT 54
B[] 3R 97 X & T A 08 R NF2 3443 %, 4R i
B T TR R DA b g 0 T i 2 R YA T AR AR
R WA IO 5 25 W 3R 9T W R 2R R IR T SR
FEAE— 8 TR B R L AE AR A 97 HER ik — 25 A
FEIF K ANEA BY T W7 ol 2988 58 2 b yd 4 1 R 10 2
15 o T EL AT 8 AN Y T R IR T A ok I R RE
BEVT ML REML A R A B RS — . 5 —
J7 181 °] LAE— 25 3= 5 A [8] 38 B 0T b 2808 19 IR 9T O
A F T W ph 28 BB E T R AR YT .

FISEhZE TR 5 W OR A 1 25 0 o8
2% ik
[1] Ostrom QT,Gittleman H,Liao P,et al. CBTRUS Sta-

(2]

[3]

[4]

(5]

(6]

7]

[8]

(9]

(10]

[11]

[12]

[13]

[14]

[16]

tistical Report: Primary brain and other central nerv-
ous system tumors diagnosed in the United States in
2010—2014[]]. Neuro Oncol,2017,19 (suppl_5):vl-
v88.

Evans DG. Neurofibromatosis type 2[J]. Handb Clin
Neurol,2015,132:87-96.

Halliday J,Rutherford SA,McCabe MG,et al. An up-
date on the diagnosis and treatment of vestibular
schwannomal J |. Expert Rev Neurother,2018,18(1):
29-39.

A, AR OG. Merlin 8 (1 S H A7 5 30 B% 7 ko o
BB g 10 R L)), i R - 5 W o Sk 40 ) 24 7KL 2016,
30(9):757-762.

Sethi M, Borsetto D, Bance M, et al. Determinants of
Vestibular Schwannoma Growth[]]. Otol Neurotol,
2021,42(5) :746-754.

Reznitsky M, Petersen M, West N, et al. The natural
history of vestibular schwannoma growth-prospective
40-year data from an unselected national cohort[]].
Neuro Oncol,2021,23(5) :827-836.

St v ) L e Sk SN RE 2 UL 12 1R B LT . i
VR H- S M 0 Sk B2 35, 2019,.33(9) 1 793-798.
Leksell L. A
tumours[ ] ]. Acta Chir Scand,1971,137(8):763-765.
Dutta D, Balaji Subramanian S, Murli V,et al. Dosim-

note on the treatment of acoustic

etric comparison of Linac-based (BrainLAB®)and ro-
botic radiosurgery (CyberKnife ®) stereotactic system
plans for acoustic schwannoma [ J]. J Neurooncol,
2012,106(3) :637-642.

Wu CC, Guo WY, Chung WY, et al. Magnetic reso-
nance imaging characteristics and the prediction of
outcome of vestibular schwannomas following Gamma
Knife radiosurgery[J]. J Neurosurg, 2017, 127 (6):
1384-1391.

Benghiat H, Heyes G, Nightingale P, et al. Linear ac-
radiosurgery for vestibular
schwannomas:a UK series[]]. Clin Oncol(R Coll Ra-
diol),2014,26(6) :309-315.

Murphy ES, Suh JH. Radiotherapy for vestibular
schwannomas:a critical review[ ] ]. Int J Radiat Oncol
Biol Phys,2011,79(4) :985-997.

Milligan BD. Pollock BE, Foote RL. et al. Long-term

tumor control and cranial nerve outcomes following ¥

celerator stereotactic

knife surgery for larger-volume vestibular schwanno-
mas[ J]. ] Neurosurg,2012,116(3):598-604.

Huang M]J, Kano H, Mousavi SH, et al. Stereotactic
radiosurgery for recurrent vestibular schwannoma af-
ter previous resection[J]. ] Neurosurg,2017,126(5):
1506-1513.

Sun S, Liu A. Long-term follow-up studies of Gamma
Knife surgery for patients with neurofibromatosis
Type 2[J]. ] Neurosurg,2014,121 Suppl:143-149.
Adler JR Jr, Chang SD, Murphy M], et al. The Cy-

berknife:a frameless robotic system for radiosurgery



F1z2

TRBEA 55 W M 208 Al TR I T AT 5T T .

975 -

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[J]. Stereotact Funct Neurosurg,1997,69(1-4 Pt 2):
124-128.

Dewas S, Dewas-Vautravers C, Servent V, et al. Re-
sults and special considerations when treating elderly
patients with CyberKnife® :a review of 345 cases[J].
Crit Rev Oncol Hematol,2011,79(3) :308-314.
Mahboubi H,Maducdoc MM, Yau AY et al. Vestibu-
lar Schwannoma Excision in Sporadic versus Neurofi-
bromatosis Type 2 Populations[]]. Otolaryngol Head
Neck Surg,2015,153(5) :822-831.

Vivas EX,Wegner R, Conley G,et al. Treatment out-
comes in patients treated with CyberKnife radiosur-
gery for vestibular schwannomal ]J]. Otol Neurotol,
2014,35(1) :162-170.

Cakir O, Berkiten G, Tutar B, et al. Effects of Cy-
berKnife therapy for vestibular schwannoma on hear-
ing:a retrospective study[J]. J Laryngol Otol, 2018,
132(9):796-801.

Wu CH, Chen CM, Cheng PW, et al. Acute sensori-
neural hearing loss in patients with vestibular
schwannoma early after cyberknife radiosurgery[ J]. ]
Neurol Sci,2019,399:30-35.

Koetsier KS, Hensen EF, Niemierko A,et al. Outcome
and Toxicity of Proton Therapy for Vestibular
Schwannoma: A Cohort Study [J]. Otol Neurotol,
2021,42(10) :1560-1571.

Saraf A, Pike LRG, Franck KH, et al. Fractionated
Proton Radiation Therapy and Hearing Preservation
for Vestibular Schwannoma: Preliminary Analysis of a
Prospective Phase 2 Clinical Trial[ J]. Neurosurgery,
2022,90(5) :506-514.

Tawfik KO, Alexander TH,Saliba J,et al. The Effect
of Tumor Size on Likelihood of Hearing Preservation
After Retrosigmoid Vestibular Schwannoma Resec-
tion[ ] ]. Otol Neurotol,2020,41(10) :e1333-e1339.
Dowling EM,Patel NS, Lohse CM, et al. Durability of
Hearing Preservation Following Microsurgical Resec-
tion of Vestibular Schwannomal[ J]. Otol Neurotol,
2019,40(10):1363-1372.

Akpinar B, Mousavi SH, McDowell MM, et al. Early
Radiosurgery Improves Hearing Preservation in Ves-
tibular Schwannoma Patients With Normal Hearing at
the Time of Diagnosis[J]. Int J Radiat Oncol Biol
Phys,2016,95(2) :729-734.

A R P, Yeole U, Arimappamagan A, et al. Effect of
Gamma Knife Radiosurgery on Vestibular Schwanno-
ma with Serviceable Hearing: A Single-Center Indian
Study[J]. World Neurosurg,2019,127 :el14-e123.
Han MS, Jung S, Lim SH, et al. What Clinicians
Should Consider to Determine a More Beneficial
Treatment Strategy for Small to Medium Sized Ves-
tibular Schwannoma With Serviceable Hearing: A Sin-
gle Surgeon’s Long-term Outcome of Microsurgery

and Gamma Knife Radiosurgery[]J]. Otol Neurotol,

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

2020,41(8):1122-1130.

Jia H, Sterkers O, Pavillon-Maisonnier C, et al. Man-
agement and Outcomes of Sporadic Vestibular
Schwannoma: A Longitudinal Study Over 12 Years
[T]. Laryngoscope,2021,131(3) :E970-E976.

Mathieu D, Kondziolka D, Flickinger JC, et al. Ster-
eotactic radiosurgery for vestibular schwannomas in
patients with neurofibromatosis type 2:an analysis of
tumor control,complications,and hearing preservation
rates[ J]. Neurosurgery, 2007 ,60(3) ;: 460-8 ; discussion
468-470.

Hedger G, Sansom MS, Koldsp H. The juxtamem-
brane regions of human receptor tyrosine kinases ex-
hibit conserved interaction sites with anionic lipids
[J]. Sci Rep,2015.5:9198.

Sabbah M, Najem A,Krayem M,et al. RTK Inhibitors
in Melanoma: From Bench to Bedside[ ] ]. Cancers(Ba-
seD) ,2021,13(7).

Wang B, Tang Q.Xu L.et al. A comparative study of
RTK gene status between primary tumors, lymph-
node metastases, and Krukenberg tumors [ J]. Mod
Pathol,2021,34(1) :42-50.

Mota M, Shevde LLA. Merlin regulates signaling events
at the nexus of development and cancer[]J]. Cell Com-
mun Signal,2020,18(1) :63.

Bush ML, Burns SS, Oblinger ], et al. Treatment of
vestibular schwannoma cells with ErbB inhibitors[]].
Otol Neurotol,2012,33(2) :244-257.

Ammoun S, Cunliffe CH, Allen JC, et al. ErbB/HER
receptor activation and preclinical efficacy of lapatinib
in vestibular schwannomal J]. Neuro Oncol, 2010, 12
(8):834-843.

Clark JJ. Provenzano M, Diggelmann HR, et al. The
ErbB inhibitors inhibit

growth of vestibular schwannoma xenografts in nude

trastuzumab and erlotinib

mice:a preliminary study[ J]. Otol Neurotol, 2008, 29
(6):846-853.

Ishii Y, Hamashima T, Yamamoto S, et al. Pathoge-
netic significance and possibility as a therapeutic tar-
get of platelet derived growth factor[J]. Pathol Int,
2017,67(5) :235-246.

Li T.Guo T.Liu H,et al. Platelet derived growth fac-
tor BB mediates pancreatic cancer malignancy via reg-
ulation of the Hippo/Yes associated protein signaling
pathway[J]. Oncol Rep,2021,45(1) :83-94.

Sacha T, Saglio G. Nilotinib in the treatment of chron-
ic myeloid leukemia[ ]J]. Future Oncol, 2019,15(9);
953-965.

Ammoun S, Schmid MC, Triner J, et al. Nilotinib a-
lone or in combination with selumetinib is a drug can-
didate for neurofibromatosis type 2[J]. Neuro Oncol,
2011,13(7):759-766.

Tang W.Chen Z,Zhang W.et al. The mechanisms of

sorafenib resistance in hepatocellular carcinoma: theo-



+ 976 -

s A - S W e S 0 41 8k i ks

536 45

[43]

[44]

[45]

[46]

[47]

[48]

retical basis and therapeutic aspects[J]. Signal Trans-
duct Target Ther.2020,5(1) .:87.

Ammoun S, Evans DG, Hilton DA, et al. Phase 0 trial
investigating the intratumoural concentration and ac-
tivity of sorafenib in neurofibromatosis type 2[J]. ]
Neurol Neurosurg Psychiatry, 2019, 90 (10): 1184~
1187.

Li Y,Seto E. HDACs and HDAC Inhibitors in Cancer
Development and Therapy[J]. Cold Spring Harb Per-
spect Med,2016,6(10).

i SCEE B 5 . kS R A0 i R 0 2 0L a8t A% R 4 I Y
E R LT, W P B 2 i i Sk B AM B A4 7, 2018, 32(22)
1758-1762.

Zucchetti B, Shimada AK, Katz A, et al. The role of
histone deacetylase inhibitors in metastatic breast
cancer[ J]. Breast,2019,43:130-134.

Spartalis E,Kotrotsios K, Chrysikos D, et al. Histone
Deacetylase Inhibitors and Papillary Thyroid Cancer
[J7. Curr Pharm Des.2021,27(18) :2199-2208.

Bush ML, Oblinger J, Brendel V,et al. AR42,a novel
histone deacetylase inhibitor,as a potential therapy for
vestibular schwannomas and meningiomas[]]. Neuro

Oncol,2011,13(9):983-999.

[49] Chalhoub N, Baker SJ. PTEN and the PI3-kinase

pathway in cancer[J]. Annu Rev Pathol,2009,4.:127-
150.

[50]

[51]

[52]

[53]

[54]

[55]

[56]

Sengupta S, Peterson TR, Sabatini DM. Regulation of
the mTOR complex 1 pathway by nutrients, growth
factors,and stress[ ] ]. Mol Cell, 2010, 40 (2): 310-
322.
Lee BJ,Boyer JA,Burnett GL, et al. Selective inhibi-
tors of mTORCI activate 4EBP1 and suppress tumor
growth[ J]. Nat Chem Biol,2021,17(10) :1065-1074.
Laplante M, Sabatini DM, mTOR signaling in growth
control and disease[ J]. Cell,2012,149(2) :274-293.
Giovannini M, Bonne NX, Vitte J,et al. mTORCI1 in-
hibition delays growth of neurofibromatosis type 2
schwannoma[ ] ]. Neuro Oncol,2014,16(4) :493-504.
Koutsimpelas D, Stripf T, Heinrich UR, et al. Expres-
sion of vascular endothelial growth factor and basic {i-
broblast growth factor in sporadic vestibular schwan-
nomas correlates to growth characteristics [ J]. Otol
Neurotol,2007,28(8) :1094-1099.
Wong HK, Lahdenranta J, Kamoun WS, et al. Anti-
vascular endothelial growth factor therapies as a novel
therapeutic approach to treating neurofibromatosis-re-
lated tumors[J]. Cancer Res,2010,70(9):3483-3493.
Plotkin SR, Stemmer-Rachamimov AQO. Barker FG
2nd,et al. Hearing improvement after bevacizumab in
patients with neurofibromatosis type 2[JJ]. N Engl J
Med,2009,361(4) :358-367.

Ok A% B #1:2022-03-09)

[52]

(53]

[54]

[56]

(E#F 970 T

Kishore Pebbili G, Shabnam S, Pushpavathi M, et al.
Diagnostic Accuracy of Acoustic Voice Quality Index
Version 02. 03 in Discriminating across the Perceptual
Degrees of Dysphonia Severity in Kannada Language
[J7].] Voice,2021,35(1):159. e11-159. el8.

ZEIESG AR e LA L B IR BT B S O DU
31 AR A I L. v P TS A A A
i e Ak 2% 5, 2021,29(6) :450-454,439.
R 2 A, BRI S LA A T R (M. db
A6 A Dl A, 2019:17-21.

Vashkevich M, Rushkevich Y. Classification of ALS
patients based on acoustic analysis of sustained vowel
phonations[J]. Biomedical Signal Processing and Con-
trol,2021,65.

Mahajan P, Baths V. Acoustic and Language Based
Deep Learning Approaches for Alzheimer’'s Dementia
Detection From Spontaneous Speech[]]. Front Aging
Neurosci»2021,13:623607.

[57]

[58]

[59]

[60]

Madruga M, Campos-Rroca Y, Perez CJ. Multicondi-
tion Training for Noise-Robust Detection of Benign
Vocal Fold Lesions From Recorded Speech[]J]. Teee
Access,2021,9:1707-1722.
Ben Aicha A. Contribution of Data Augmentation for
the Prenventive Detection of Vocal Fold Precancerous
Lesions{ M]//RUDAS 1J,JANOS C,TORO C.et al.
Knowledge-Based and Intelligent Information &. Engi-
neering Systems,2019:212-220.
Kashyap B, Pathirana PN, Horne M, et al. Quantita-
tive Assessment of Speech in Cerebellar Ataxia Using
Magnitude and Phase Based Cepstrum[]J]. Ann Bi-
omed Eng,2020,48(4):1322-1336.
KRBT RV R E T S NEE RS & N TERRTE
MR A 95 A5 3297 o 9 R R R e L), i DR B S W e Sk
FHMRF I R 52022, 36(8) 1 647-650.

Ok A% B #1:2022-03-12)



