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Abstract

BACKGROUND: Glioma is the most common brain tumor in humans. Glioblastoma Multiforme
(GBM) is one of the most common and aggressive gliomas, accounting for 52 percent of primary
brain tumors and 20 percent of all intracranial tumors. In Europe and North America, the inci-
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dence of GBM is 2 - 3 per 100,000 people. GBM patients have a poor prognosis, the median survival
(MS) remains between 12 - 15 months, and the 5-year survival rate from diagnosis is less than 5%.
Standard treatment for GBM includes surgery, radiotherapy, chemotherapy, and combination
therapy. However, MS in newly diagnosed GBM patients has improved only slightly in the past 10
years. OBJECTIVE: To review the latest treatment of glioblastoma. METHODS: By retrieving the ar-
ticles related to the full-text databases of Chinese and English periodicals such as PubMed data-
base and CNKI in recent years, and systematically sorting out the relevant important literatures
for review. RESULTS AND CONCLUSION: Current treatment methods cannot completely cure GBM
patients, only to prolong their survival. With the progress of tumor gene level and further re-
search on the best combination therapy, the prognosis of GBM patients will be brighter.
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1. T4

J2 J TS 4 e e P R B e R T AR, % b, R BRI M IR 2 24 4 S BRI R
FLRGAE 2 900075 16 A= SR AL, SR e, 9 WHO TV R URE I 25 SR 1] AR 2016 4 5§ WHO
7335, GBM FE4 N 3 K. @O IDH BFA R B4 MR (£ 90% 83, FAHH 1 T AR b5 A 508
RIRIFR MR, kT 55 B UL EREE, @ IDH 582 B 5 BHE AR (L) 10%83), IRV TIkE b
Ak R T REAR SR GO R 18 R I I8 3 SE R I REANARSRE , I R TRUER R ®) NOS BY i i BRI g,
RFEAT AT IDH PRSI 7 FH G2 2]. — Mk it, FARVIBRME R B mAAE, FARVIBRFER K T4
T 9O8% AR IR T 65 % e A A7 B A T30/ VIBR RAE IS R i 3, BRIk, AR DI BRAR B RO AE
WS G R R 2, AR AN A2 A (R 58 0 2 BH RS R IR e 2> 3 i AR A7 2, 8 T Rg AR T ik
JETTEL AN, WASE B FARVIBR, VSR ENIE R, TRHI RS A AT USSR E 17 79, R 9R
PR BB AT DA e A, (E, BT R AS R AL R mT REANR], 5 A 7T BEIE R B2 Wi 1R (3]
IRREE AR, AR AR, ARRERAKFEF ARG, FRATR S EE T H AR AR 2 8 A
— 2357 7 3K

2. AT RE
2.1. ﬁf[ﬁ(Radiotherapy, RT)

EREFAYIBRG, GBM &35 NAEZ A E N TR MEHBURAEYTT . 2005 4, — I 1T I R SHIE
ST B TMZ TT (BN Stupp 77 ) bL SR AT 554 2 #2252 TMZ + RT 1697 R TP A A AA(MST)
N14.6 N H, M#4iEZ RT )T EE MST A 121 MH o BRI AW BAAAE, M Aaiiyr4, T™MZ
+RT A E LI, 2 AR B8 27%8 1%, 5 FALE 508 10%F1 2% [4].

s b, 4 RT (WBRT)H TI6I7 B2 i GBM, {H WBRT FE7E 2 FBAE K3 &5E, 45N
IYULPEI S AR R BERS A RT 75 K 0 SR » 1 7™ 5 (1) 5 R RE AR M3 T 0 R 2R 15 FH 52 R B T (IFRT)
DA EEME . TFRT H4 AN T7 2% B EE IR 2~3 em LTy, XEFA, BUAITE, 80%~90%15H
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%l GBM S RAEIFMIEAIE 2 cm N[5]. 20 tH4d 70 FACF M Z Hw /i ks, IFRT 5 WBRT ML EH
KA R I AE AR S, RT BN IEH A ZURGE D

N T G R B R BR %o 1 A LR, R T IO, SR 125 i YT R B A
IT SEARE [ F AR (SRS) IR 43 BT (HFRT) o SR, 3% L8 -5 A2 W i ok B 3% i AE A7 AR
Fo E X2 GBM BHT YT A0 iR &5 R A T 5E, {2 RTOG 9305 (ME—58 /&) SRS ¥R7T
GBM BENLIE ) B E R LR . Bk, SRS XF#i2 K GBM HIFE I i AR A5 FIHESL[6].

2.2. BEMEE(Temozolomide, TMZ)

B LM — Bl DNA KEAUs], $E ) SIS E O-6 1 N-7 HIALE . B FH 1k DNA & filJF s 4 i .
RJG 57 P37, B TR BN 6 M7 RO BN HT2 W 70 5 LU GBM B MIFRHEIRTT 77 E([3].
E—IIA 562 flEE S 55, LA, B4 281 ], AR 73 £(65~90). BUTEE B 5
W e 2P R AR A7 I T B AT 41.9.3 AN H vs. 7.6 MR, ok AR AE I a1tk (5.3 N A vs. 3.9 M H).
£ 165 B34 MGMT R K&, BT IS B S M i AL AR AF Iy 13.5 N H, B4l 7 s
AEAEIAN 7.7 A AE 189 BIAEH B4k MGMT JRZS BB o, HUT S & Sl i S AR A7 08 10.0 M A,
AT BRI 7.9 N H 7.

2.3. FE&)’T(Carmustine, BCNU)

T, RO TR IR TT AR KR VI BR . PRAMNBURH G YT RV BEME fE (TMZ) I 4 S A7 . R
Ve I 5E B 2 VAN 4 S AT A R B T SR VR YT BR8], RS H] VT (BCNU) & — B IV i A
IR 254, @i 0] DNA 1)& BAME Sk T T R A K e . o 7 A R s BCNU, a] AEW) B
KA (Gliade)BARAN T RIS N, A 2, P AN WA IR, R, REH
1T 52 B3R IE /K7 DNA & B4 3T, @1 06 Kk & IENS DNA ki 355 7 B (AGT) L 06- FF 2 1 1
4 DNA HEHEBEEMGMT). FTll, Resde s BE RN RET AR HE. R4 Stupp AN
FEREFIEEB) TMZ 775, # TMZ 5 Gliadel FIJ8CT BCE A8 H 2 N 1697 I ot BE 20 I AR ERE (9] -
McGrit 58 NHRIEFR, 7£ Gliadel MUBUFATT I RN 252 TMZ ¥ 97 7] LA & AL A A7 H(MST) . 4552 TMZ
BITHI AR RN 39%, AR TMZ 89T I EALERA N 18% [10]. {HZ&, HHFFLEM, Gliadel
s P R 7 A T PN R LAY g R R R 5 S RE[ 11

2.4. }®EF)T (Lomustine, CCNU)

SRR — A IRSE 59, o OCGE RS R FR S e A A, 320 16~48 h,  IMLJiK B¢
PR E M RAF o WESERITT 5 55— Fibe Al R AU 2270 2GR KEHTAE  PCV J7 RERS AR
HAYIRI R £ 3 W WHO 73 UK IR R FEAL I AR S, CAIESE PCV J7 SRIBR A 0T {8 T HL4i
J7 o MIXEETRIG 2 700 i) A HH 4618, PCV FE/D R BUR th ik, HKO2 IDH RAS R i B 41
JeF, T IDH B AR R 5T BEAH SR (s PR i A E [12]. BIE AT AL, HIERIEAIK R B e 2 KFERE b
AT PCV T R ITT AR — A G L 45

KA B A BE I i BE e, 0 HA R 2 SRS A B i AR (2 2 2 1, Ik, A N B %
I PCY Jr s, (B1E, HENEEA IR RS PCV Jr %5 PC J5 Ri#AT UL

LR 73 — A 5 8 S AL 2 M R R e A R, S5 S A B, e SRR PR 5 B e o
VRN B —FRRITE PR RAR . PRI, A 2 P e o 5 S I f A PP 50 R AR 4 M B A 15 T A e i A 79
AT W IR AR . 72— /N 3006 UKT-03 A1 =31ik46 CeTeG 1, HARAFAEEE Tl
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JE R FEA AT R 2= 5 md, AHSA BRI & B ik - I8 SERIVTBAS 1R IT B HEIR T AR AF I E K I fE 5
[13]

IS SEENTAE R FURR T RORE A ATRBR 1, (HAE RN (DU BB i) . EANO 48 8 DL AR 5 BE4H
JOJRT 3 B AR BIHT 2 SIS (AGILE) B BR [ 1419, B8 SORIR YT 5 R MR 5T BEAH 8 1 = B bR e . 1
Ab, WSEEIVT AT REE PCV R AEA R 7, % RO K ZEEA IDH KA WHO BRI R
IR bR AE VR TT T &

2.5. DXk B Hi(Bevacizumab, BV)

DRI FRPUBV) s — P06 L5 A R AR KR (VEGF) N R L FE STk, T 2009 4F4 35 [E FDA it
T TI6I7 2 KM GBM. f£—T1 167 I EENLZ 51 WAL 2.0, x5 ke iro 1 DU p
MRV & B9 785 B0 T 52 R PRI o B 40 e S8 97 %, DU e R0 DU B BB & B 2 B FRRZEL ) 6 A
H ek A A HA(PFS) 73 7 42.6%F1 50.3%, HAOL AL IASr 308 9.2 N H L 8.7 N H o DR HHTA TLAR
GRS LS BIRIT BT, 0 46.4%H 65.8% M EFH KAET 3 FARFELE, Hb IR Hpid
W LI 2 T I (8.3 %) AN R (6.0%),  DUAR BA ST+ 37 85 e ZEL A5 5 0L P2 4% (13.9%)«  HH 0 41 i ok 2>
(8.9%) 1% 57 (8.9%) [15]. WRIMIEAE A 7T F1¥A Y7 20 24 (European Organization for Research and Treatment of
Cancer)%f GBM B X K EEH I 26101 BHAK T, $ 52538 S m] VT 59 S m] VT In DR HTEAT L. 4
NRBEZ, BeAHAHN B AEAIOS) EEA SN 9.1 M H, Mg aliTH N 8.6 MH, MHFLEE
Z5. BARRA T RINE T PFS, (HIEARVE R E AN E N KN DI RE 5 1, I DUARER SRPT AR ML RI3R 75 [16].
X W IR BT RE AR SR, AERREVR T TN DURBR B H R AN Be St m B AR AR, T B S R R 4
v ML AR R SR A A 1 R AR A G . DR BBt T se A Bh T Ko R AR A3, BLAE I R S
o, TURERERGUE AET 2 B GBM FRAETETT I RN 78 HAHERE[17].

2.6. RIZIATT

2.6.1. BRI

TEJR R GBM I GBM L o R B 1 3 iz A6 K (R 152 44 TIT 7Y 9848 A (EGFRVITT) 5 Bk 728 1 v ik
RXF GBM Mg 4235 1K) EGFRVIIL %% . £ T 18 L EFHFZ 51 I Bk, #h EGFRvIIL
BB EIRG T 26 A FLBAELA, W RAME R 15 A RS AEFI18]. HAbIEAEI T IR
65 1100 ] R 9% T G55 e 2 92 i AR S 4 R 9% T (DCVax-L) [19]

2.6.2. TL4ELAPETT % (Adoptive Cellular Therapy, ACT)

B A PURZAR(CARS) SN T 4HH(CAR-T), VLHAEARICY) EGFRVII B &S, P24 s st T
HI[20], BN RS IZH ACT k. THIA I G ARIRES BoR, #E8:Fh EGFRVIIT &A1 GBM fif
R EFF, PFS M OS (26 M H vs 14.6 I H)REFF[21]. ACT BIHERPELEIGTT GBM J7 H B AR
KIS

2.7. BEATT

2.7.1. Toca 511 #1 Toca FC

Vg o7 TR i TR RE 5 385 23 2 A Hh I BORAE IR 2 A0 D 2 A7 AE T LA, Hod— ANl 72 Toca 511 il
Toca FC, I I i 4 S5 25 2 1 5 4 SR 80 e 2 K] P v e e 2y, % B A P A S-S P ne T2 1t 1 53R
BENE([22]. Toca 511/Toca FC TR - 1 A 11 S RIS, X vy 25 ol e o 788 A6 85 ) AR A2 S P2 A T AR A
[23]o IXFPINi L IR FE R BB IR A SRR T 0 8 R G0, AT (6 V8 7745 DL 8 I Jd 7 R
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2.7.2. AAV9-sTRAIL

FHIR TR R RS R RN BT GBM 1 55— Fh 7 i3 2 A F IR AH TR FE (A A V) EUR B E 4T 2 GBM 41l
i, DARIERBEHAISER . Crommentujin 25 N CLEUESE, {#H AAVY # A4 —FhPifE 254 sTRAIL,
TR L, AT/ R RN i L g i 2 P 220K 60% GBM Z1f[24]. AAVY i 8 38 Ak R FLAE ki
SFF T EL A B 5 1 1L 77 2L A 7 T A B A B R (25

2.7.3. BRER

BEPRIE YT (0 oA 7 v G S AE S aliye 12 0 55 20k i B [ O DR (0 ), 56 400 B 2 VA T SR Bl o
Bk o IXFREEER AL SO K2 S EEAUY S FE M ) DNA 454, M FH R4 7> 24 26]. Jiid JE & i 5
5 AU g B AR R 4 JE R (B p53. PTEN A pl16INK4A)S| A\ GBM 4t i, 4Hfbsass . s &k
iR 3t AR 2 R BR[27]

2.8. FE;&ITEEIA(Tumor Treating Fields, TTF)

TTF W& 06 4 MERKREES], FNEFIH 9 NG WAk, BT 5k S RsRE .
(100~300 kHz) 22 A H37[ 28], 2004 4F, — LG R FIRIALIER] | TTF 3¢ B0 G 5a 40 M r 30 AE A, iR
FAAHMIANZ 5600 o TTF e b G0 8 1 SR s A 7 5 U AR K R iy B3 P b 5 SR TP 225 R4 575
AT (1 IEH R A FMRIE[29]. IITEA 22 70 REIR, FEORE L0390, A& FEE 25 R0t
T

MAR TTF W& (EF-11D) R — B BIAIG R IR T 2012 £ kR, BFE 237 LE LM GBM . X
T 7C L2 1 58— 4K TFF ¥ 4% B FH (B RIS 18~24 /NI 54097 5 %6 #5552 TTF 25 B iR y7 I S i
AT B 1 MST 4358 6.6 A 6.0 NMH(p=0.27). REZRIEAUEY TTF o BB 71,
AT RS 8 AT 77 AL, TTF ZHAR 2 1 BRI B A S 4 (1) AR 05 ot o, 0 3 DA R 50 1
B XS ERFE LT RS kT A SCEIE T, Wi S B IE R B F AR YR[30]. X IR ) 45
R FEFDA T 2011 FFHEAES —AK TFF &4 T097 £ K GBM BUE G746 Y GBM B #[31].

i Roger Stupp 1814515 () — T X HH2 B 10 GBM I 1l AR 36 (EF-14) B30, %363k TTF +
TMZ 211 OS 5 20.9 M H, 7 TMZ 4K 16.0 S H[28]. Kk, FDA T 2015 4F 10 A 5 Htk#k TTF %
# AT H2 i GBM [31],

2.9. Y& 197 7% Photodynamic Therapy, PDT)

BN I ERAL — M2, X ALY B REE IO T, AT 51 A S0 iR 4 i A 25 o
F[32]. PDT FEOGIR. JeBUIPS)MIE <. PS AL THELAME, 2R BAHDE, WBoET. X
DA T EHE AR, A G R IR D2 OB fE5E—RIN T, B S AR 1 % A
HAEM, A& SEE B 5 MR, BORE) PS 580 7T RRAS R, XX
MM AREETE, PO R — MR EARI[33]. SR, FRZSEAERIEE B NP H#0(0.02~1.00 pm), H
737 FR(0.04~4.0 ps), A7 BT = A e v k[ A A DAC R P58 i o R X 408 30 1 L 1 2 5 KUz [34] - PDT
X IR A AE A =R o, TR PES(ROS) IESH R ot B R b (¥ 7 A4 B SR A IR
i+ DNA 26705, SEUBAIRMLT, EER B THMIA TR . KK, —5% PDT Z5¥)A] SRR E
(e IR A T K, 2 SOBRAL . SRAEAIRIR I, IXAE A 5-2 2k LB N IR(5-ALA) MW 5T s #R BT = 21
e, GBI T LA G 2 AN RIS A R 1, DA S | E R AR A A 0 G % S R [32] [35]
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5-ALA /51 PDT I8 77 IR R 40 s

FE—TYEERE T, X 15 B W /N (<4 cm) FIASBEDIRR Y GBM E35 3847 5-ALA S/ PDT
BIT, JFS 112 BHEZ R A VIR GBM BT T I, A B S AR AETSOT A0 B S i v
f¥. PDT 201 PFS W RIEK, 23510 16.0 NHF 102 MH, 3 EELER D HIN 56.0%F1 21.0% [36]. 14
fHEREMAZ, PDT A 15 #lEEHE 6 %I PFS KT 30 MH .

HpD /-5 PDT 677 R FH40 oy

TE—T540 5 78 4l GBM S 4552 HPD A S PDT 16y 7T, 0 Iosd dE 47 fe KPR i 22 4 1
SRIGTEAR AT IS . #8252 PDT 6971 GBM B 1) OS 4 14.3 P H[37].

Porfimer Sodium -5/ PDT Y597 &R BL4H f s

1E 49 BIFHZ AR & GBM B3, fER KRR UIRR S, 7E VIR A 58 BRI Bl 38 Bkr
Sl N M LR 5 L S FE S - GBM BB 1 MST 4 30 J&, 1 4E 1 2 4E (A A73 40 il 22.0%F1 2.0% [38] .

Talaporfin Sodium /-5 PDT 577 I R RF40 o

FE—Tllm AR RE 4 FIHHZEI GBM B #:% e K2 4R VIR J5 1T Talaporfin Sodium /13
PDT 597 H MST A 26.0 N H (A 1 B4 > 38.0 NH), 1M 6 BIE KK GBM B E 2 MIFGRTT G
) MST & 8 H . Muragaki 25 A\ £ —Jil{#i Fi] Talaporfin Sodium /5 /) PDT A 77 i & 1 i R (145 13
il GBM HB#E )L, B S 1Esh ik Al nH T™MZ #8hiksr, 3 oS v 24.8 A~H, PFS
~12.0 NMH39].

Boronated Porphyrin /5 PDT &7 & 51 £F40 o8

— I 1 #158 PPAli T Boronated Porphyrin ¥4 97 M2 GBM 224, Hob 638 7 2 82 Wil 35 #
9 %KM GBM B . HiZWin GBM HE# 1 0S 4 5.0 MH, i PDT J5HE K GBM £# 1) OS 4 11.0
MEICP

3. BEFRE

JI2 5 B B R A — A AN BE A T ARVE ST BB R, e BRI UIBR IR LA AT SE B, AR
T RPIBREIARTT . RGBT 7S, (B W TR 0 s R e e L AR SR M e 57 B R R A, 4R
HITIEAREIR @ GBM 3, WEEKAMATHLEAREAR E]. ik, ZRAEKE. 2ITEREGULITR
ey 77 Aoy B AT T — AN AR A, WSO BE AR AT FEN B B BB AR S o [RI R LK
105 S PRI RAE BT T A AT AT PR A 2. BEE TR ALt — 0 T, LRGSR IR AT
TR g, GBM VAT R A AN B AR K .

SE 3k
[1] Le Rhun, E., Preusser, M. and Roth, P. (2019) Molecular Targeted Therapy of Glioblastoma. Cancer Treatment Re-
views, 80, 101896. https://doi.org/10.1016/j.ctrv.2019.101896

[2] Louis, D.N., Perry, A., Reifenberger, G., et al. (2016) The 2016 World Health Organization Classification of Tumors
of the Central Nervous System: A Summary. Acta Neuropathologica, 131, 803-820.
https://doi.org/10.1007/s00401-016-1545-1

[3] EB. EEWAZIBIEAIM]. 82 R B0 bR R B RRAE, 2015: 515-520.

[4] Stupp, R., Hegi, M.E., Mason, W.P., et al. (2009) Effects of Radiotherapy with Concomitant and Adjuvant Temozolo-
mide versus Radiotherapy Alone on Survival in Glioblastoma in a Randomised Phase III Study: 5-Year Analysis of the
EORTC-NCIC Trial. The Lancet Oncology, 10, 459-466.

[S] Chamberlain, M.C. (2011) Radiographic Patterns of Relapse in Glioblastoma. Journal of Neuro-Oncology, 101,
319-323. https://doi.org/10.1007/s11060-010-0251-4

[6] Jennifer, L.S., Gordon, L., Jenny, L.S., ef al. (2018) Stereotactic Radiosurgery and Hypofractionated Radiotherapy for

DOI: 10.12677/acm.2020.1012435 2880 I IR = =23t e


https://doi.org/10.12677/acm.2020.1012435
https://doi.org/10.1016/j.ctrv.2019.101896
https://doi.org/10.1007/s00401-016-1545-1
https://doi.org/10.1007/s11060-010-0251-4

AL &

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(23]

[24]

[25]

[26]

[27]

(28]

Glioblastoma. Neurosurgery, 82, 24-34. https://doi.org/10.1093/neuros/nyx115

Perry, J.R., Laperriere, N., O’Callaghan, C.J., et al. (2017) Short-Course Radiation plus Temozolomide in Elderly Pa-
tients with Glioblastoma. The New England Journal of Medicine, 376, 1027-1037.

Attenello, F.J., Mukherjee, D., Datoo, G., et al. (2008) Use of Gliadel (BCNU) Wafer in the Surgical Treatment of Ma-
lignant Glioma: A 10-Year Institutional Experience. Annals of Surgical Oncology, 15, Article No. 2887.
https://doi.org/10.1245/s10434-008-0048-2

Bregy, A., Shah, A.H., Diaz, M.V, et al. (2013) The Role of Gliadel Wafers in the Treatment of High-Grade Gliomas.
Expert Review of Anticancer Therapy, 13, 1453-1461. https://doi.org/10.1586/14737140.2013.840090

McGirt, M.J., Than, K.D., Weingart, J.D., et al. (2009) Gliadel (BCNU) Wafer plus Concomitant Temozolomide
Therapy after Primary Resection of Glioblastoma Multiforme. Journal of Neurosurgery, 110, 583-538.
https://doi.org/10.3171/2008.5.17557

Buonerba, C., Di Lorenzo, G., Marinelli, A., ef al. (2011) A Comprehensive Outlook on Intracerebral Therapy of Ma-
lignant Gliomas. Critical Reviews in Oncology/Hematology, 80, 54-68.
https://doi.org/10.1016/j.critrevonc.2010.09.001

Buckner, J.C., Shaw, E.G., Pugh, S.L., et al. (2016) Radiation plus Procarbazine, CCNU, and Vincristine in
Low-Grade Glioma. The New England Journal of Medicine, 374, 1344-1355. https://doi.org/10.1056/NEJMoal500925

Weller, M. and Rhun, E.L. (2020) How Did Lomustine Become Standard of Care in Recurrentgliobl Astoma? Cancer
Treatment Reviews, 87, 102029. https://doi.org/10.1016/j.ctrv.2020.102029

Alexander, B.M., Ba, S., Berger, M.S., ef al. (2018) Adaptive Global Innovative Learning Environment for Glioblas-
toma: GBM AGILE. Clinical Cancer Research, 24, 737-743. https://doi.org/10.1158/1078-0432.CCR-17-0764

Friedman, H.S., Prados, M.D., Wen, P.Y., et al. (2009) Bevacizumab Alone and in Combination with Irinotecan in
Recurrent Glioblastoma. Journal of Clinical Oncology, 27, 4733-4740. https://doi.org/10.1200/JC0O.2008.19.8721

Wick, W., Gorlia, T., Bendszus, M., et al. (2017) Lomustine and Bevacizumab in Progressive Glioblastoma. The New
England Journal of Medicine, 377, 1954-1963. https://doi.org/10.1056/NEJMoal707358

Zhang, H., Wang, R., Yu, Y., ef al. (2019) Glioblastoma Treatment Modalities besides Surgery. Journal of Cancer, 10,
4793-4806. https://doi.org/10.7150/jca.32475

Heimberger, A.B., Hlatky, R., Suki, D., et al. (2005) Prognostic Effect of Epidermal Growth Factor Receptor and
EGFRVIII in Glioblastoma Multiforme Patients. Clinical Cancer Research, 11, 1462-1466.
https://doi.org/10.1158/1078-0432.CCR-04-1737

Sasmita, A.O., Wong, Y.P. and Ling, A.P.K. (2018) Biomarkers and Therapeutic Advances in Glioblastoma Multi-
forme. Asia-Pacific Journal of Clinical Oncology, 14, 40-51. https://doi.org/10.1111/ajc0.12756

Del Vecchio, C.A., Li, G. and Wong, A.J. (2012) Targeting EGF Receptor Variant III: Tumor-Specific Peptide Vacci-
nation for Malignant Gliomas. Expert Review of Vaccines, 11, 133-144. https://doi.org/10.1586/erv.11.177

Swartz, A.M., Li, Q.J. and Sampson, J.H. (2014) Rindopepimut: A Promising Immunotherapeutic for the Treatment of
Glioblastoma Multiforme. Immunotherapy, 6, 679-690. https://doi.org/10.2217/imt.14.21

Yagiz, K., Huang, T.T., Espinoza, F.L., ef al. (2016) Toca 511 plus 5-Fluorocytosine in Combination with Lomustine
Shows Chemotoxic and Immunotherapeutic Activity with No Additive Toxicity in Rodent Glioblastoma Models. Neu-
ro-Oncology, 18, 1390-1401. https://doi.org/10.1093/neuonc/now089

Cloughesy, T.F., Landolfi, J., Hogan, D.J., Bloomfield, S., ef al. (2016) Phase 1 Trial of Vocimagene Amiretrorepvec
and 5-Fluorocytosine for Recurrent High-Grade Glioma. Science Translational Medicine, 8, 341-375.
https://doi.org/10.1126/scitranslmed.aad9784

Crommentuijn, M.H.W., Kantar, R., Noske, D.P., et al. (2016) Systemically Administered AAV9-sTRAIL Combats
Invasive Glioblastoma in a Patient-Derived Orthotopic Xenograft Model. Molecular Therapy Oncolytics, 3, 16017.
https://doi.org/10.1038/mt0.2016.17

Gray, S.J., Matagne, V., Bachaboina, L., et al. (2011) Preclinical Differences of Intravascular AAV9 Delivery to Neu-
rons and Glia: A Comparative Study of Adult Mice and Nonhuman Primates. Molecular Therapy, 19, 1058-1069.

Natsume, A. and Yoshida, J. (2008) Gene Therapy for High-Grade Glioma: Current Approaches and Future Directions.
Cell Adhesion & Migration, 2, 186-191. https://doi.org/10.4161/cam.2.3.6278

Hong, Y.K., Joe, Y.A., Yang, Y.J., et al. (2000) Potentials and Limitations of Adenovirus-p53 Gene Therapy for Brain
Tumors. Journal of Korean Medical Science, 15, 315-322. https://doi.org/10.3346/jkms.2000.15.3.315

Stupp, R., Taillibert, S., Kanner, A., et al. (2017) Effect of Tumor-Treating Fields plus Maintenance Temozolomide vs
Maintenance Temozolomide Alone on Survival in Patients with Glioblastoma: A Randomized Clinical Trial. JAMA,

318, 2306-2316. https://doi.org/10.1001/jama.2017.18718

DOI: 10.12677/acm.2020.1012435 2881 I IR = =23t e


https://doi.org/10.12677/acm.2020.1012435
https://doi.org/10.1093/neuros/nyx115
https://doi.org/10.1245/s10434-008-0048-2
https://doi.org/10.1586/14737140.2013.840090
https://doi.org/10.3171/2008.5.17557
https://doi.org/10.1016/j.critrevonc.2010.09.001
https://doi.org/10.1056/NEJMoa1500925
https://doi.org/10.1016/j.ctrv.2020.102029
https://doi.org/10.1158/1078-0432.CCR-17-0764
https://doi.org/10.1200/JCO.2008.19.8721
https://doi.org/10.1056/NEJMoa1707358
https://doi.org/10.7150/jca.32475
https://doi.org/10.1158/1078-0432.CCR-04-1737
https://doi.org/10.1111/ajco.12756
https://doi.org/10.1586/erv.11.177
https://doi.org/10.2217/imt.14.21
https://doi.org/10.1093/neuonc/now089
https://doi.org/10.1126/scitranslmed.aad9784
https://doi.org/10.1038/mto.2016.17
https://doi.org/10.4161/cam.2.3.6278
https://doi.org/10.3346/jkms.2000.15.3.315
https://doi.org/10.1001/jama.2017.18718

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

Kirson, E.D., Gurvich, Z., Schneiderman, R., ef al. (2004) Disruption of Cancer Cell Replication by Alternating Elec-
tric Fields. Cancer Research, 64,3288-3295. https://doi.org/10.1158/0008-5472.CAN-04-0083

Fabian, D., Eibl, G.P., Alnahhas, I., et al. (2019) Treatment of Glioblastoma (GBM) with the Addition of Tu-
mor-Treating Fields (TTF): A Review. Cancers (Basel), 11, 174. https://doi.org/10.3390/cancers11020174

Chinnaiyan, P., Won, M., Wen, P.Y., et al. (2018) A Randomized Phase II Study of Everolimus in Combination with
Chemoradiation in Newly Diagnosed Glioblastoma: Results of NRG Oncology RTOG 0913. Neuro-Oncology, 20,
666-673. https://doi.org/10.1093/neuonc/nox209

Vasilev, A., Sofi, R., Rahman, R., ef al. (2020) Using Light for Therapy of Glioblastoma Multiforme (GBM). Brain
Sciences, 10, 75. https://doi.org/10.3390/brainscil 0020075

Baptista, M.S., Cadet, J., Di Mascio, P., et al. (2017) Type I and Type II Photosensitized Oxidation Reactions: Guide-
lines and Mechanistic Pathways. Photochemistry and Photobiology, 93, 912-919. https://doi.org/10.1111/php.12716

Mahmoudi, K., Garvey, K.L., Bouras, A., ef al. (2019) 5-Aminolevulinic Acid Photodynamic Therapy for the Treat-
ment of High-Grade Gliomas. Journal of Neuro-Oncology, 141, 595-607. https://doi.org/10.1007/s11060-019-03103-4

Robertson, C.A., Evans, D.H. and Abrahamse, H. (2009) Photodynamic Therapy (PDT): A Short Review on Cellular
Mechanisms and Cancer Research Applications for PDT. Journal of Photochemistry and Photobiology B: Biology, 96,
1-8. https://doi.org/10.1016/].jphotobiol.2009.04.001

Schwartz, C., Ruhm, A., Tonn, J.-C., et al. (2015) Interstital Photodynamic Therapy of De-Novo Glioblastoma Multi-
forme WHO IV. Neuro-Oncology, 17, 214-220. https://doi.org/10.1093/neuonc/nov235.25

Stylli, S.S., Kaye, A.H., MacGregor, L., ef al. (2005) Photodynamic Therapy of High Grade Glioma—Long Term Sur-
vival. Journal of Clinical Neuroscience, 12, 389-398. https://doi.org/10.1016/j.jocn.2005.01.006

Muller, P.J. and Wilson, B.C. (2006) Photodynamic Therapy of Brain Tumors—A Work in Progress. Lasers in Surgery
and Medicine, 38, 384-389. https://doi.org/10.1002/1sm.20338

Akimoto, J., Haraoka, J. and Aizawa, K. (2012) Preliminary Clinical Report on Safety and Efficacy of Photodynamic
Therapy Using Talaporfin Sodium for Malignant Gliomas. Photodiagnosis and Photodynamic Therapy, 9, 91-99.
https://doi.org/10.1016/j.pdpdt.2012.01.001

Rosenthal, M.A., Kavar, B., Uren, S., ef al. (2003) Promising Survival in Patients with High-Grade Gliomas Following
Therapy with a Novel Boronated Porphyrin. Journal of Clinical Neuroscience, 10, 425-427.

DOI: 10.12677/acm.2020.1012435 2882 I IR = =23t e


https://doi.org/10.12677/acm.2020.1012435
https://doi.org/10.1158/0008-5472.CAN-04-0083
https://doi.org/10.3390/cancers11020174
https://doi.org/10.1093/neuonc/nox209
https://doi.org/10.3390/brainsci10020075
https://doi.org/10.1111/php.12716
https://doi.org/10.1007/s11060-019-03103-4
https://doi.org/10.1016/j.jphotobiol.2009.04.001
https://doi.org/10.1093/neuonc/nov235.25
https://doi.org/10.1016/j.jocn.2005.01.006
https://doi.org/10.1002/lsm.20338
https://doi.org/10.1016/j.pdpdt.2012.01.001

	胶质母细胞瘤的治疗现状
	摘  要
	关键词
	Current Status of Glioblastoma Treatment
	Abstract
	Keywords
	1. 介绍
	2. 治疗方法
	2.1. 放疗(Radiotherapy, RT)
	2.2. 替莫唑胺(Temozolomide, TMZ)
	2.3. 卡莫司汀(Carmustine, BCNU)
	2.4. 洛莫司汀(Lomustine, CCNU)
	2.5. 贝伐珠单抗(Bevacizumab, BV)
	2.6. 免疫治疗
	2.6.1. 肽疫苗
	2.6.2. 过继细胞疗法(Adoptive Cellular Therapy, ACT)

	2.7. 基因治疗
	2.7.1. Toca 511和Toca FC
	2.7.2. AAV9-sTRAIL
	2.7.3. 自杀基因

	2.8. 肿瘤治疗电场(Tumor Treating Fields, TTF)
	2.9. 光动力疗法(Photodynamic Therapy, PDT)

	3. 总结和展望
	参考文献

