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[Abstract] Glioma is a highly aggressive malignant tumor of the central nervous system that necessitates active
treatment through surgery, radiotherapy, and chemotherapy. However, the prognosis of high-grade gliomas [World Health
Organization (WHO) classification of central nervous system tumorsgrade Il-IV] remains poor, thus new treatment
strategies are urgently needed. Oncolytic virus (OV) therapy is a kind of immunotherapy that can specifically infect
and effectively kill tumor cells while activating anti-tumor immunity. The oncolytic herpes simplex virus (oHSV) is
expected to emerge as a new adjuvant treatment for glioma due to its unique advantages. This article reviews the current
understanding of oHSV, the anti-tumor mechanism of OV, the current clinical research status of oHSV targeted therapy for
glioma, the research progress of oHSV collaborative anti-tumor strategy, and the existing problems in oHSV anti-glioma

research, aiming to provide valuable insights for the treatment of glioma.
[Key words] Glioma; Oncolytic virus; Oncolytic herpes simplex virus; Immunotherapy
Fund program: Natural Science Foundation of Gansu Province (21JR7RA356)

DOI: 10.3969/}.issn.1008-9691.2023.06.025

128 i Je PR S B e DL 4 R b g R
R T ARUIBRB S A 7 A i 2 8 0R 7 752, (5
WE82E. ILFIrABETEARG 7~9 MK, 1% 10 4F
A A AE 16 A A Ze A, R WL B 50k RN
(oncolytic virus, OV) f&—Fp R IRl B R TR 7, i 2
FiLA A SE R 20 M, (355 AR UA T A AT A
VAR Pt 40 v DR ek A ol e A A SR S T, ) el LA
P PR RSB P LA O DL IR B , B A BIR 8 Ml /b X 1
WAMIR)THE. OV b ] LU i FE A TRESE Y 1 e fe
95 SN (VAT PEAH DGR DR, An At AR ERT 1 | e bt Jir sl A e
A0 390 45 2o OSSR SR ALY . oV BT AT
AL R I R A Im PRBIFSE . 2004 4R35 97 (00 5R 19 45
—f% OV Rigvir "' [717, 2005 43457 SR E 4L 5 IR
JREEESTR (H101) 117, 2015 4F 58 [ 245 5 B 1w
(Food and Drug Administration, FDA ) FIRKIH 245448 H Jey 1E =X
HEEFA TGRS . BAT B AR 955 = IR R S sl
7 Delytact( Teserpaturev/G47 A ) T 2021 411 H 1 H e,
UEHL T OV IRYT7 A 2 S TR 1A A8 HE IR YT il 5. Iad it
ST e 2 B (oncolytic herpes simplex virus, oHSV) BN

YU HUIRALER | e ARATE ST BAR | BRI e fie e SR s A H i A7
TERY RS FEAT 2508, IS R M 2 R OV iR iR L8
AR RELE
1 oHSV HIAiR

BAATIR IR TR ( herpes simplex virus, HSV ) N R
WILHIETEZ — , N AU AE DNA 575, H s HAT 11
UM 1, 224 2 FRfE L, B HSV-1, HSV-2, H AT#F
T JE HSV-117% HSV Bl 2 A A il OV JF
RECEWEREEEZ — « HSV HA WA, il LATE bk 22
R GUAFIE 3 HSV Hp 55 28 52 1 T O ) i PR Be ] 95 B
Ad AGETTE F LR B 08 23 ] 5 HSV 2 — Rl REAT A%
TR FIE T AU SRR T 5 HSV SN B A, RSk
B TG A, I R R R b D 5 5 1 AN R
S AT BE 5 A BTN T 259 (A B H3% 55) Wl TR 9T
T T 5 AR BB, B OV 22 Atk o il
FIRR) B B2 R AL IR 20 1 e T] I E skt X 1 20
AUSZIR, PRI, OV AR T —Fh B AR = die b by
(1) oHSV J& g i 4 i (thymic kinase, TK) B4k HSV 2745 4
(TK-negative herpes simplex-1, dlsptk ), H: 75 & 15 40 i (204



rh [ P BESSA AR 2023 4F 12 55 30 4555 6 ] Chin J TCM WM Crit Care, December 2023, Vol.30, No.6

> 761 -

Z570) A RIBE SIS . TK JEDR B e S S T3 24
B4 R $4E TK 2547 DNA B il sh# i s Wor, disptk
S R TE S I TR R B e Ry Bk,
TK H& R 5 56 0 dlsptke % #8095 7 TK (94500 25 259 (dn by
s AT B % ) TR 2Y, % OV Gk HEA I R IR 56
2] s AR 0HSV : HSV-1716, M 4 T 4 A G 925 #6: 25 45
1 34.5 (immune checkpoint protein 34.5, 1CP34.5 EE)W
v 134.5 JE P, i 5 P v A B 48 2R 0 v R R Tl ki
1, ICP34.5 F [ ] 38 33 I8 i A i (o A% B IR 4R BB 2A
(eukaryntic translation initiation factor 2A, EIF2A ) £ 1k,
1CP34.5 mJ 4l [ W5, FH T30 (interferon, IFN) 55545
FHEI IFN HI542E P4 R (protein kinase R, PKR) /-5
TR AT v %) BT, PR, B ~y 134.5 (1995 5 J0 iR 4%
SR 4 S BB RE V2, I PR T A L R A e Y
S 5 I PR 240 R B PR {7538 %R TN {555 38 B 45 bt
SR TR AL, AN v 134.5 (19955 55 v 78 g 40 it v s
Bl 2 45 AR oHSV s HSV-1 G207, & A4 A ik
v 134.5 2R S B R A , I8 i 4l A K IAAT B lacZ 3%
FIEASH HSV-1 19 UL39 JEFR 45 18 e A i 2 1 (infected
cell protein 6, ICP6) 2 5%, [a] A 44 B TK 36 A, i 86 3 (1] i
A5 T 3R 1 A0 A B, I L Ao VR 1 A B Rg 40 it e
S ), 0 Pl 2 P SR A B R B g B 8 =R
oHSV : HSV-1 G47 A , J& v 134.5, ICP6 Hl «47 3 T ALK 5
AR oHSV , 7E G47 FERAY « 207 ZEH 5| AT US11
FEH IZEE G 3 TR B o S B UST M ET o 47
AT R BRI y 134.5 DHRERS MK, 75 R
240 i B R TR R T IR R A e R e R
N T RE A S I ) oHSV R AR Skl | 22 &bk, 0 T ife
IRBFSE

2 OV ByH L Hl

TG, 21 R S e A o | e 240 i / fieb R AR
IR 5T 240 AR TR , R IO 1) A% e 1 s B UKL B8 F R 1
SR T TR0 2% (14 e 240 L/ BE o 4 i, 05 i i — A0
i 20 B RAE R o O i S S R AT B T
e AR T IRSE AR TR A W, RS b
S A B (tumor-associated antigen, TAA) 58S T
FEl (damage-associated molecular pattern, DAMP ) TG 205
JE AR AR 5 43 F 45 28 (pathogen-associated molecular patterns,
PAMP) A R . i R 7 e 1 3 20 ) 3 ik
(S WA BN (pattern recognition receptor, PRR ) R B
H4F R Bl PAMP T DAMP P s mT g sh e K
FHER A, V5 A5 5 0 B, BCIEN | R RS P (tumor
necrosis factors, TNF- , TNF-a ), A2 (interleukins,
IL-6, TL-1 8 ), #K 5i 8 (1 SF A9 335, X SE B Y 4 F 3546
PO 5 20 R LA 0 BT U Rr S 1 CD4 1 CDS
T 40, A U G 2 XU GO R S K s
SRS TR IR S K RS o 28 OCH 2, — U m] DU A
SE M SEEE I 78" g AR “FAT, OV S Sd88 2 L V88
77 A S SRR A AR T B AR IE AR 5 5 | AR e Jed 1 S 1
S, IF ELAUAPOR % CD4 4 Bh T 40 i B 8 3 4 il
CD4 1 CD8 T 2 Jfd G35 S (R T, LA 1) g 5 A2 Tl A6 ek
(BT RE S A R A . 0 oV B &
93 B I P A AR T (TS TFN TNF- o | TL-12), 1] 3k
— IR BT IR G SO, LA IR 40 B T £ 1 TAA
MR BT R RT3 et I T Ay S P e S P I
RAEAERL, LA RHUARTE e S > R, O i Sase )
o A R O e BERIE . oHSV Wil g8 b Ft B e g AL
L 1

o 0 00 SN0 09 ¢ SOOI 3OO
TK y 134.5 UL39+TK Usl11 _
s =3 . R
N I e B I e @k
D80 1 L eSS ] D S [
HSV-1716 HSV-1G207 HSV-1G47A oHSV
C o ® -

¥V

OH SV e e Iy 2 i
OHSVHERhEI Iz

o MR o HURREL AN

@ pawvp ® Ty
@ T1aa © BaIE
@ DAMP ) ARG

PAMP ® (c)
DAy' BURHE A0
g)

IRz

A Sy 2

®
']

B EERGEL

PUIME S92 3

Ui - A 4 oHSV WYIEAEIIAR, B 2 oHSV RYMRTR, C 29 OV Sr-SALAME S RE RBL
1 oHSV Rl g e S bR L



- 762 - Y B A A AR

2023 4F 12 H45 30 355 6 ] Chin ] TCM WM Crit Care, December 2023, Vol.30, No.6

3 oHSV $E[EA T 2K BRI IG R AR TR

oHSV 1EN —Fh e A IR 7 F-B O e 2 T rh ok
TESEE , SR T2 200 J6 P A S e AR B e o 2 e S g
FRR B SR K AR R . 2004 4F  — TG F AR JE R HSV-
1716 159 5 = GO0 B A R IX R R, 12 B8
HEFARMHSVITI6 FH 54 3 BIAARE 15, 18 122 4~ 1§
TR, I EL AT H B P e . 2008 4R, — T 56 T
TE S M I TR 40 RS AR B AR S5 A5 HSV-1 G207 19 Th
WG IR 56 25 5 2o - 6 Bl T 3 4] (50.0% ) 78 G207 7
SRR AEREGE 5 A B D AR Ry 3 4~ H 5 h
A AEW R E 2 W H W 23 4~ A, H HSV-1 G207 15
I 6.6 A 5 A B AR & A AL 7). 2014 4R, —I5
KT HSV-1 G207 WA T IRYT B AR B i T 39 R
¥ W, 9 il T 6 BITEZ= /> 30 d BTN R R B0
YRS 5 3 BIRYT G A W W AR 2R I s N HSV-1 G207
FESFEIBET R AR AR R 7.5 A A B B R A T
&, HR HSV-1 G207 By AEws ' 8, 2021 4, —Ti %
TARFEF R HSV-1 G207 X 7 ~ 18 % JL, 8 25 2 ) e J3 92 1)
I R 7, 12 B L A A7 122 4 A, 4 6]
F32 097 1L 18 A H IR AAFIE , FUULEE S I 42 b ok
HREYE T IR A0 RH A S RE A, 3278 OV T BB A&
T B IR fiE BONL 2022 4F 78 H A HEFT (9 — 35 G
T HSV-1 G47 A BT 5% B 5l &2 & 1 o BR A e iy T 3R I PR
IRIGZE PR  HSV-1 G47 A 69T 1 4B R A7 84.2%,
B B AL AR 202 A B IRTFARE bz
HEAFIAh 28.8(20.1, 37.5) A A 5 Hirh 18 Bl R R,
S T2 35 A 0 7R JM R V2 CDAT/CD8 ik [ 240 it K+ 3
WSLHESR B P3 (forkhead box protein P3, FoxP3) 4l %50 335
LEIAR . PSS, HSV-1 G4T A YA T BE ARk 45 0T
HA B2 A S0P IEE 2 DRI R IR R
oHSV JAYT M I R A — T 11 o
4 oHSV 1 EIH7L e 5 B& IR 5 it R

e i R R A1 S v R | i 2 e T
20 f 1 P2 S D B IR YT O T IR AS REAR g i B 1
K ARMERFNH R IR TR . L FIGTT I s 502
B, B Sy TRV R R AR B A7 HE R plE
7, oHSV 1] LI SEJE PR 5 41245 1 oHSV- H AL 936
ST RS, S5 2GR S AR BRI T A H AT
4.1 oHSV BEAHIIEHE T « 40N T B A A AE IR IRIR
I7 R Y R AR PO G . — S R 2 Bl vE A
TP B SR R 0, s B oHSV 75 i 28 1 R 5
YA ARG rh 2B AR TR SR . R R AR K
T- B IR ( transforming growth factor- 8 inhibitor, TGF- 8 R )
454 oHSVIRYT/NRE R BT 5 427 oHSV A TGF- B R
X 52 0 G IR BB Kk A U R PTIPR VE L O ELA S R R
T 41 it (glioma stem cell, GSC) H@%T‘:“] :o FI 2k IL-12
I B 41 oHSV——HSV-1 M032 34 J7 K fi PN 1ft 28 J2 S Jd 1)
AHIESLYG R, HSV-1 MO32 A7 g I I 2o i JooJd K i A

AR, 0T By T o N 2 VAR 206 1 , Hs iy AnghJE
17 CD4™ il FoxP3 38745 14 T 41 g 40 1 n, 5 400 J A
GER AN N1 LA 3 0, 278 HSV-1 MO32 R B . 203 4
PEREE T G A AN DY T A B AL AT A IL-1/IL-
15R o HIR A oHSV ™ HIE [ Jie ok 400 9o 14 25 2 A K I
F (EGFRvI) 55 oHSV # i1 R-613 1% ik R LA KA
T2 ARGUARTE Z 5 P W] o3 0 FEE TR i Bt g i Ov-
Cmah-CCLS "7, S 45 AL I Ty oHSV #HE .35 4
5 oHSV (R4 e £ T, A1 2 b 88 B B 35 v £ 2 4 i 1) 2
T, A S/ N B A I ), oA — 5 I TR R

4.2 oHSV BK& S BEIR YT (M SRS FH A e K A s 410 i 5
PUMk “IRE” oHSV A $2 {1k 20 45 fo 38 7 6 R BT AA 1) 96 7Y dck
KRG SR A IR R E A e AL R K
FEPURAIE . R IEH AL JE 48R S MU R 2 IE Sy
B AR S LA TE 5 AP0 S e BE 0 o T S e
A KR A U S DU T R AN AR DG 1 4
(eytotoxic T lymphocyte-associated antigen 4, CTLA-4) HL3E[E
Pk CRgT) DL BT P AN IEAE T 2244 -1 (programmed cell
death protein-1, PD-1 ) $?ﬁ%:35]o —Fh F 3K PD-1 BAEEPL
N (single—chain variable fragment PD-1, scFvPD-1 ) [ oHSV
(NG34sclvPD-1) 15/ AL P RE TS T4 A BT IR S S
BT FRA T E S AL IR (podoplanin, PDPN )
JEA A YU A2 4K T (chimeric antigen receptor T, CAR-T) 44
T I R P . TR 22 BT PDPN BT AS) 2 114
Lp2 scFv i) CAR-T 55 HSV-1 G47 A #1454, Lp2-CAR-T #
25007 L ABIE FE AR A= 1 (HAE CAR-T 4R iEYA Y7 hom
A HSV-1 G47 A W] LA S 2 v B R 7 28, HSV-1 G47 A
AL RE B AR SEIIE 1 T RES | A BT IR S S N, £ ke
IR BRI T CAR-T 320 %R IE R TE N 19647 22
(F-H OV- o CD1-GA47) b4l 4 KBt CD1 HLiknr LI 5 4
P2 V28R (B BT S e i A i 2 5 0 B I, AT RS 4
oHSV X} Ji 341 e (glioblastoma, GBM) AR RL G TT
W0, I ARk SR BE R AT 5 CTLA-4, PD-1 HiifA fi 2 ik
PRI AN T IL-47 (1 oHSV (G47 A -mIL12) # =
HAR OV, TEPIFR/IN BUSE SO B iR i TR 280N L,
JF HAR AT LU g 55 A 458 v ML RE A B AL, 3% CD4”
QIR 53/ T K IL-12 B9 oHSV mlL-12 it
£ R-LM113 #8 A 26 J A K K752 4K 2 (human epidermal
growth factor receptor 2, hHER?2) il £ HE 4] oHSV R-115 7E
/N BRI TR A A i g SO 25 SR B R, SRR VR T R 4
IHTAR = A, WS R B (9 e S g 2 Bl 4 e,
ST I JIRAT R /NG s R A ), T 4 ) 1 A
L TR GAT A -mIL12 R Y7 /I BRURE R A5 Y v 412735 3
XUHL 2045 A B AR/ B AP0, O 4R R TR #E GSC 3
T2 A B B CTLA-4 B, 7T B S 13 4t g
TEVE D, A 2 R e 6T 7 0K SR R B R
FEUNE B TRIRY T RCR

4.3 oHSV B HUALST H9AT T S - oHSV i i LUK 13 2 Bl



rhE P EL S SR 2023 4F 12 HES 30 555 6 ] Chin J TCM WM Crit Care, December 2023, Vol.30, No.6

* 763 -

A7 25585 IR TR TSR, G oHSV I T SE R 2 ik
B4 WA R, oHSV Al 1 fin ity 562 & 0 i i 57 B 07 ok 3 ol
it S JETERZH G 1 A3 HE I, 3 v LARRHT i 568 e va T
S5 R AN T 25 LA A R 2 K R T32 K (vascular
endothelial growth factor receptor, VEGFR ) i i 1 il 71 B] g
BJE (UM A A 25 9) 3G G4 A-mIL12 Al 4 GSC
i PR AR /N B A A7 38, 5 B el T2 AR LSO BB
AN A R IE— 2P AR GSC Mg M A 18/ N BRA A7, 9 HL
B W A LR AT IR R VEGFR g 5
BT PG JE B G47 A -mIL12 FJ LA fif 24K 7y 28 e i g /I B
B A=A ], 3 ELE AL R E CONT LR A6 38 18 A B A% 2 138k
fiti B (protein kinase B, PKB) (8 1k, M1l GSC 5% iz
e AGTRB IR . 5 Saha 4517 A B e R 106 A
GA47 A-IL12 WEI7 AE S ie it 005 GSC /MR, 45 R R,
FRSIMEREXT oHSV IAYT HATREHIVER, 15 Kanai 45" o4 5
A—F, FIERIR , oHSV JAYTIMHLA E 22, b iy 5 28 ¢
b Zi— LW .

4.4 A HABTTEE IR T ORI - AR, A AR BRI
JREIRYT TR B AR A O WA AR PR B IR - eXC
324 4 (CXC motif chemokine receptor 4, CXCR4) 55 oHSV 1k
JH, AT LU G 9 22 /0 B b 8 A= A 3 2 1 GSC i Ytk
7210, Kennedy % #y % oHSV #/& ONCR-159, %} T IFN
i 25 , T LABELWTG 25 (14 S5 JsL 1k, T T4 OV &2 i 3k (4]
IR IR AR

F 1 oHSV BT MR Byg A X IERiXIE
L AYI4E A i

ov i NCT 45
N w5 (5F) PB
BRI p
HSV G207 o " 3~212020~2023 2B NCT04482933
BN T e
V=Y E,AQ a2
HSV-1716 EZEE””&”U L& 12~212014~2016 % 1 BB NCT02031965
i B
B | AT )
22 [
HSV G207 ) >19  2005~2008 4 1BMB NCT00157703
PR LI
HSV M032 & & H e s =18 2014~2022 45 1HB  NCT02062827
HSV G207 & KPR =19 2001~2005 &5 1+2 BB NCT00028158
HSV-134 5 S s 40 =18 2018~2023 % 1[B  NCT03657576
=y (“#*‘1
HSV G207 E’fﬁﬁhmﬁ 3~18 2018~2023 % I BB NCT02457845
i s
B RMEAER k
HSV 6207 - 3~21 2019~2023 4 1HB  NCT03911388
N i
BRI (£
hiZid = o P
HSVM032 ! =18 2021~2023 & 1+2 B NCT05084430
SR AR B 1128
SRR
V=Y (‘\#/“, "
rQNestin E%ﬁgLﬁﬁ =18 2017~2023 % 1 FhB:  NCT03152318
H

5 oHSV HH#H &K BB 5 P FTERT 1B 7R

S b 28 S R 1Y) oHSV 97 7k EL A5 B P kg, 9F HL
TRITBORAE NG R 5E TP A5 2045 % , (1 oHSV IR Y7 1 48 I it
Je W) I B A 22 I R TR UL, 10, oHSV B EILG 2y
7720 B AU R 3 T F R 5 98 1 9 T/ ST A ) A A

2500 I, A 2 I R O B BRI
AR L FE B T 4% ov 2 ki L s A
G A 257 U AE S SR TR IE WA R (E B S g
HAEAE I [ A 25 Z 00, G G 5 9 5 ke /N BRE v s i
K S R PR VA i b SRS 22 4Pk, DR I 5 B i
o L I LA M A ) = ) A T G, ok
WA AT 2 GG B9 — AT 25 AR AR DGR s | B B fre
Xt oHSV BA BRI, BRIt oHSV FYVASF I HLL T Bk
— WS . T R R A R — R R KU, H AR 2
A 2 Tk 2 AR 0 B 1T RE - B0 IR B OV AR
i, 7 £ 2 AR T REME S AN, FR AR R AR DL AR, E
W5 1 AR 0 ) e, 3o S T 4% [ R, 5 225 S AL
6 NEERE

oHSV 41X 4l 2 Ji5¢ o 98 114 G 28 A 7 B8 78 e AR i I PR
WIS T RAFRI 255 A B 4k TFR | 07 R sms
JHe I T B BIVAT B, oHSV A HMR i e A, 5
b7 B R A AR BT R R | A B I SR I 5 (4 7
Ml SR, T 45 2507 WAk . 45 25 LAY k5 | A 2
TR 1975 B DA () R, R T BEAE 5 S Ao b itk —2 o M
fife i, FEA A SR T IR B I R T & ARSI AL, R
I B BE R A 2R B IR TR 7 i R ) T
FEEMI A EE S AR 25 e
B ik

(1] Wi, TR, R, 55 PTEN H 7 NI BT i
F2IK (7). P E G FG A B2 | 2004, 16 (9): 563. DOT: 10.3760/
J.1ssn:1003-0603.2004.09.018.

[2] Stupp R, Taillibert S, Kanner A, et al. Effect of tumor—treating fields
plus maintenance temozolomide vs. maintenance temozolomide
alone on survival in patients with glioblastoma: a randomized
clinical trial [J]. JAMA, 2017, 318 (23): 2306-2316. DOI: 10.1001/
jama.2017.18718.

[ 3] Zhao YQ, Liu ZM, Li L, et al. Oncolytic adenovirus: prospects for

cancer immunotherapy [J]. Front Microbiol, 2021, 12: 707290. DOI:

10.3389/fmich.2021.707290.

Alberts P, Tilgase A, Rasa A, et al. The advent of oncolytic

virotherapy in oncology: the rigvir® story [J]. Eur J Pharmacol, 2018,

837: 117-126. DOL: 10.1016/j.ejphar.2018.08.042.

HR I PR ORE 2 2 iR e RR e, I iipuE 2 i

A YIRS T L\ 78 5 2 | e DR i 2 VAR MO TR ) 7 R R

i PRI P v [ e 861 (2022 AE RO [J]. thEREASE 2023,

33 (5): 527-550. DOL: 10.19401/j.cnki.1007-3639.2023.05.013.

Frampton JE. Teserpaturev/G47 A: first approval [J]. BioDrugs,

2022, 36 (5): 667-672. DOI: 10.1007/s40259-022-00553-7.

[ 7] Athanasiou E, Gargalionis AN, Boufidou F, et al. The association
of human herpesviruses with malignant brain tumor pathology and
therapy: two sides of a coin [J]. Int J Mol Sei, 2021, 22 (5): 2250.
DOI: 10.3390/ijms22052250.

[8] B . “TORCH” Ji % B HL LB Z W RO IF S o0 5 R ().
SEFRG G EEIZRE . 2018, 10 (1): 55-59. DOI: 10.3969/j.issn.
1674-7151.2018.01.018.

[9] Estevez—Ordonez D, Chagoya G, Salehani A, et al.
Immunovirotherapy for the treatment of glioblastoma and other
malignant gliomas [J]. Neurosurg Clin N Am, 2021, 32 (2): 265-281.
DOLI: 10.1016/j.nec.2020.12.008.

[ 10 ] Totsch SK, Schlappi C, Kang KD, et al. Oncolytic herpes simplex
virus immunotherapy for brain tumors: current pitfalls and emerging
strategies to overcome therapeutic resistance [J]. Oncogene, 2019,
38 (34): 6159-6171. DOI: 10.1038/s41388-019-0870-y.

[11] Foreman PM, Friedman GK, Cassady KA, et al. Oncolytic
virotherapy for the treatment of malignant Glioma [J].
Neurotherapeutics, 2017, 14 (2): 333-344. DOI: 10.1007/s13311-
017-0516-0.

[ 12 ] Parker N, Bauer DF, Cody JJ, et al. Oncolytic viral therapy of
malignant glioma [J]. Neurotherapeutics, 2009, 6 (3): 558-569.

~

[5

[

[6

[



- 764

[13]

R E M PTESS A AR5 2023 4F 12 J145 30 445 6 1] Chin J TCM WM Crit Care, December 2023, Vol.30, No.6

DOLI: 10.1016/j.nurt.2009.04.011.

Ghonime MG, Jackson J, Shah A, et al. Chimeric HCMV/HSV-1
and A v,34.5 oncolytic herpes simplex virus elicit immune
mediated antigliomal effect and antitumor memory [J]. Transl Oncol,
2018, 11 (1): 86-93. DOI: 10.1016/j.tranon.2017.10.005.

Friedman GK, Johnston JM, Bag AK, et al. Oncolytic HSV-1 G207
immunovirotherapy for pediatric high—grade gliomas [J]. N Engl J
Med, 2021, 384 (17): 1613-1622. DOI: 10.1056/NEJM0a2024947.
Kang KD, Bernstock JD, Totsch SK, et al. Safety and efficacy of
intraventricular immunovirotherapy with oncolytic HSV-1 for CNS
cancers [J]. Clin Cancer Res, 2022, 28 (24): 5419-5430. DOI:
10.1158/1078-0432.CCR-22-1382.

Todo T, Ino Y, Ohtsu H, et al. A phase I/I study of triple-
mutated oncolytic herpes virus G47A in patients with progressive
glioblastoma [J]. Nat Commun, 2022, 13 (1): 4119. DOI: 10.1038/
s41467-022-31262—y.

Fukuhara H, Takeshima Y, Todo T. Triple-mutated oncolytic
herpes virus for treating both fast—and slow—growing tumors [J].
Cancer Sci, 2021, 112 (8): 3293-3301. DOI: 10.1111/cas.14981.
Cook M, Chauhan A. Clinical application of oncolytic viruses:
a systematic review [J]. Int J Mol Sci, 2020, 21 (20): 7505. DOI:
10.3390/ijms21207505.

Zhu Z7Z, McGray AJR, Jiang W], et al. Improving cancer
immunotherapy by rationally combining oncolytic virus with
modulators targeting key signaling pathways [J]. Mol Cancer, 2022,
21 (1): 196. DOI: 10.1186/512943-022-01664-z.

de Graaf JF, de Vor L, Fouchier RAM, et al. Armed oncolytic
viruses: a kick—start for anti—tumor immunity [J]. Cytokine Growth
Factor Rev, 2018, 41: 28-39. DOI: 10.1016/j.cytogfr.2018.03.006.
A SKAMING . AR T A A R A T RO WF S (D). e
TR G 2R | 2023, 30 (1): 117-120. DOI: 10.3969/.issn.
1008-9691.2023.01.027.

Rius—Rocabert S, Garcia—Romero N, Garcia A, et al. Oncolytic
virotherapy in glioma tumors [J]. Int J] Mol Sei, 2020, 21 (20): 7604.
DOLI: 10.3390/ijms21207604.

Li LZ, Liu SX, Han DD, et al. Delivery and biosafety of oncolytic
virotherapy [J]. Front Oncol, 2020, 10: 475. DOIL: 10.3389/fonc.
2020.00475.

Gujar S, Pol JG, Kim Y, et al. Antitumor benefits of antiviral
immunity: an underappreciated aspect of oncolytic virotherapies [J].
Trends Immunol, 2018, 39 (3): 209-221. DOI: 10.1016/}.i.2017.11.006.
Glorioso JC, Cohen JB, Goins WF, et al. Oncolytic HSV vectors and
anti—tumor immunity [J]. Curr Issues Mol Biol, 2021, 41: 381-468.
DOI: 10.21775/cimb.041.381.

Harrow S, Papanastassiou V, Harland J, et al. HSV1716 injection
into the brain adjacent to tumour following surgical resection of
high—grade glioma: safety data and long—term survival [J]. Gene
Ther, 2004, 11 (22): 1648-1658. DOI: 10.1038/sj.gt.3302289.
Markert JM, Liechty PG, Wang WQ, et al. Phase Ib trial of mutant
herpes simplex virus G207 inoculated pre—and post—tumor
resection for recurrent GBM [J]. Mol Ther, 2009, 17 (1): 199-207.
DOI: 10.1038/mt.2008.228.

Markert JM, Razdan SN, Kuo HC, et al. A phase 1 trial of oncolytic
HSV-1, G207, given in combination with radiation for recurrent
GBM demonsirates safety and radiographic responses [J]. Mol Ther,
2014, 22 (5): 1048-1055. DOI: 10.1038/mt.2014.22.

Todo T, lto H, Ino Y, et al. Intratumoral oncolytic herpes virus G47A
for residual or recurrent glioblastoma: a phase 2 trial [J]. Nat Med,
2022, 28 (8): 1630-1639. DOL: 10.1038/s41591-022-01897—x.
Conlon KC, Miljkovic MD, Waldmann TA. Cytokines in the
treatment of cancer [J]. J Interferon Cytokine Res, 2019, 39 (1):
6-21. DOL: 10.1089/jir.2018.0019.

Esaki S, Nigim F, Moon E, et al. Blockade of transforming growth
factor—beta signaling enhances oncolytic herpes simplex virus
efficacy in patient—derived recurrent glioblastoma models [J]. Int J
Cancer, 2017, 141 (11): 2348-2358. DOIL: 10.1002/ijc.30929.
Omar NB, Bentley RT, Crossman DK, et al. Safety and interim
survival data after intracranial administration of MO032,
a genetically engineered oncolytic HSV-1 expressing IL-12, in pet
dogs with sporadic gliomas [J]. Neurosurg Focus, 2021, 50 (2): ES.
DOI: 10.3171/2020.11.FOCUS20844.

Ma R, Lu T, Li ZL, et al. An oncolytic virus expressing IL15/
ILISR a combined with off-the—shelf EGFR-CAR NK cells targets
glioblastoma [J]. Cancer Res, 2021, 81 (13): 3635-3648. DOI:
10.1158/0008-5472.CAN-21-0035.

Appolloni I, Alessandrini F, Menotti L, et al. Specificity,
safety, efficacy of EGFRvlll-retargeted oncolytic HSV for
xenotransplanted human glioblastoma [J]. Viruses, 2021, 13 (9):
1677. DOL: 10.3390/v13091677.

Tian L, Xu B, Chen YQ, et al. Specific targeting of glioblastoma

[36]

[37]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

with an oncolytic virus expressing a cetuximab—CCLS5 fusion protein
via innate and adaptive immunity [J]. Nat Cancer, 2022, 3 (11):
1318-1335. DOI: 10.1038/s43018-022—-00448-0.
SRR L S T AT RS A AR S 2 A A s 3 1 50 36 o
J& [J/CD]. SERER E A L F 243k . 2020, 8 (6): 494-497. DOI:
10.3969/j.issn.2095-5332.2020.06.020.
Passaro C, Alayo Q, De Laura I, et al. Arming an oncolytic herpes
simplex virus type 1 with a single—chain fragment variable antibody
against PD-1 for experimental glioblastoma therapy [J]. Clin Cancer
Res, 2019, 25 (1): 290-299. DOI: 10.1158/1078-0432.CCR-18-
2311.
Chalise L, Kato A, Ohno M, et al. Efficacy of cancer—specific
anti—podoplanin CAR-T cells and oncolytic herpes virus G47 A
combination therapy against glioblastoma [J]. Mol Ther Oncolytics,
2022, 26: 265-274. DOI: 10.1016/j.0mt0.2022.07.006.
Xu B, Tian L, Chen J, et al. An oncolytic virus expressing a full—
length antibody enhances antitumor innate immune response to
glioblastoma [J]. Nat Commun, 2021, 12 (1): 5908. DOI: 10.1038/
s41467-021-26003-6.
Saha D, Martuza RL, Rabkin SD. Macrophage polarization
contributes to glioblastoma eradication by combination
immunovirotherapy and immune checkpoint blockade [J]. Cancer
Cell, 2017, 32 (2): 253-267.e5. DOL: 10.1016/j.ccell.2017.07.006.
Alessandrini F, Menotti L, Avitabile E, et al. Eradication of
glioblastoma by immuno-virotherapy with a retargeted oncolytic
HSV in a preclinical model [J]. Oncogene, 2019, 38 (23):
4467-4479. DOI: 10.1038/s41388-019-0737-2.
Saha D, Wakimoto H, Peters CW, et al. Combinatorial effects of
VEGFR kinase inhibitor axitinib and oncolytic virotherapy in mouse
and human glioblastoma stem-like cell models [J]. Clin Cancer Res,
2018, 24 (14): 3409-3422. DOL: 10.1158/1078-0432.CCR-17-1717.
Sugawara K, Iwai M, Tto H, et al. Oncolytic herpes virus G47 A
works synergistically with CTLA-4 inhibition via dynamic
intratumoral immune modulation [J]. Mol Ther Oncolytics, 2021,
22:129-142. DOI: 10.1016/j.0mt0.2021.05.004.
Yoo JY, Swanner J, Otani Y, et al. Oncolytic HSV therapy increases
trametinib access to brain tumors and sensitizes them in vivo [J].
Neuro Oncol, 2019, 21 (9): 1131-1140. DOI: 10.1093/neuonc/noz079.
Saha D, Wakimoto H, Peters CW, et al. Combinatorial effects of
VEGFR kinase inhibitor axitinib and oncolytic virotherapy in mouse
and human glioblastoma stem-like cell models [J]. Clin Cancer Res,
2018, 24 (14): 3409-3422. DOL: 10.1158/1078-0432.CCR-17-1717.
Tomita Y, Kurozumi K, Yoo JY, et al. Oncolytic herpes virus armed
with vasculostatin in combination with bevacizumab abrogates
glioma invasion via the CCN1 and AKT signaling pathways [J]. Mol
Cancer Ther, 2019, 18 (8): 1418-1429. DOI: 10.1158/1535-7163.
MCT-18-0799.
Saha D, Rabkin SD, Martuza RL. Temozolomide antagonizes
oncolytic immunovirotherapy in glioblastoma [J]. J Immunother
Cancer, 2020, 8 (1): €000345. DOI: 10.1136/jitc-2019-000345.
Kanai R, Rabkin SD, Yip S, et al. Oncolytic virus—mediated
manipulation of DNA damage responses: synergy with
chemotherapy in killing glioblastoma stem cells [J]. J Natl Cancer
Inst, 2012, 104 (1): 42—-55. DOI: 10.1093/jnci/djr509.
Sanchez Gil J, Dubois M, Neirinckx V, et al. Nanobody—based
retargeting of an oncolytic herpesvirus for eliminating CXCR,"
GBM cells: a proof of principle [J]. Mol Ther Oncolytics, 2022, 26:
35-48. DOI: 10.1016/j.0mt0.2022.06.002.
Kennedy EM, Farkaly T, Grzesik P, et al. Design of an interferon—
resistant oncolytic HSV-1 incorporating redundant safety
modalities for improved tolerability [J]. Mol Ther Oncolytics, 2020,
18: 476-490. DOI: 10.1016/j.0mt0.2020.08.004.
Bernstock JD, Wright Z, Bag AK, et al. Stereotactic placement of
intratumoral catheters for continuous infusion delivery of herpes
simplex virus =1 G207 in pediatric malignant supratentorial brain
tumors [J]. World Neurosurg, 2019, 122: e1592-e1598. DOLI:
10.1016/j.wneu.2018.11.122.
Chastkofsky MI, Pituch KC, Katagi H, et al. Mesenchymal stem
cells successfully deliver oncolytic virotherapy to diffuse intrinsic
pontine glioma [J]. Clin Cancer Res, 2021, 27 (6): 1766-1777. DOI:
10.1158/1078-0432.CCR-20-1499.
Streby KA, Currier MA, Triplet M, et al. First—in—human intravenous
seprehvir in young cancer patients: a phase 1 clinical trial [J].
Mol Ther, 2019, 27 (11): 1930-1938. DOI: 10.1016/j.ymthe.
2019.08.020.
Kang KD, Bernstock JD, Totsch SK, et al. Safety and efficacy of
intraventricular immunovirotherapy with oncolytic HSV-1 for CNS
cancers [J]. Clin Cancer Res, 2022, 28 (24): 5419-5430. DOI:
10.1158/1078-0432.CCR-22-1382.

(ki 49 - 2023-09-06)

(FTEHw4E - BB3&AL)



