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Visualization analysis of the therapy of recurrent high-grade gliomas based on CiteSpace

XU Yanan"?, JI Nan’, ZHAO Zhigang"* (1. Dept. of Pharmacy, Beijing Tiantan Hospital Affiliated to Capital
Medical University, Beijing 100070, China;2. School of Pharmaceutical Sciences, Capital Medical University,
Beijing 100069, China; 3. Dept. of Neurosurgery, Beijing Tiantan Hospital Affiliated to Capital Medical
University, Beijing 100070, China)

ABSTRACT OBJECTIVE To analyze the hotspots, progress and frontiers of the therapy of recurrent high-grade gliomas, and to
provide a reference for the research in this field. METHODS The relevant literature were retrieved from the Web of Science and
CNKI during Jan. 1st, 2005-Mar. 14th, 2022. CiteSpace 6.1.R3 software was used to quantitatively analyze the countries, authors,
institutions and keywords of the included literature to form visual network maps and generate data. RESULTS A total of 1 019
English papers and 308 Chinese papers were included. The number of international publications kept growing and the number of
domestic publications remained stable. Institutions and authors cooperated extensively. The United States featured a large centrality
(0.38) and the largest number of publications (442) , with major research institutions such as the University of California San
Francisco, University Texas MD Anderson Cancer Center, Dana-Farber Cancer Institute, and important researchers such as Wen,
Cloughesy, Reardon, and so on. Domestic research groups were relatively fixed and closed. Internationally, the mechanism of
tumorigenesis and drug resistance were the focus of basic research, while there was less basic research in China. Radiotherapy,
chemotherapy, targeted therapy and combination therapy were studied the most internationally. Immunotherapy and photodynamic
therapy were emerging therapies in recent years. In China, temozolomide and radiotherapy were the main research directions.
CONCLUSIONS International attention and investment in the treatment of recurrent high-grade glioma are increasing. The United
States has a high influence in this field. Currently, radiotherapy, traditional chemotherapeutic agents and bevacizumab are still the
main treatment for recurrent high-grade glioma. Novel therapeutic approaches, including immunotherapy and photodynamic
therapy, warrant more attempts and research.
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HEZEG 2023455 34 555 19 1) China Pharmacy 2023 Vol. 34 No.19 - 2361 +



I ZR | LA i 3R I 5 K e oI ST il 5 1 PRI 5
Hy K
3.2 #ZUOHREN S REEE

PR b, R A B (RS0 =T 0 ) >k A 56
F S M BRIz YT, ok H 38 EPHIR-12 A1 6 e
WF5E T 1 Wen & SCHEPE R, HAE S —E& L&D
RANO BRI "8 5 B AE A SCER 2 Jm 565 2 467, S 3240
W T T ORI E AR e, e EEM SRR
A4 Friedman, Vredenburgh, Desjardins, Reardon %5 A 7£
PR 5 [ AL 58 K24 A1 A, Wen  Prados  Gilbert,Cloughesy .
Reardon %5 A 7E PN I R 2 5 B Be k& AT B, B 3= 224
7K Brandes H1BA , Lombardi A1BA S5 3 46 [ BA T 7%
TR RIS , DAVl & 225 W TE 52 R O e B Ie
SR TP RYIT RO 42 . G Friedman I 7E T BABIFSE 1)
IBITITEA RIS R+ DUARER B UR & r 2
SEE R DUARER BT A 7 52 Y Rindopepimut'™
85, FLrP RIS bR ST R B+ DL AR BB T RN 2 0 SOk B
SIS HGERSIF S 1.1, Rz HER TEE6
AT RALFR, DAL OS AR EINGE., KR K
e PO IS BT IRE TR U7 40, BT R K S A AF Y 2 Lom-
bardi F1BA 2019 4 % 1) —WOC T Hi AR JE 167 2 KK
Jo Bk 240 AR A T PR 0™, i Y R B SR e
FRE TRENPAOS(TANH vs. 5.6 H), AT HEM
AR EELRYT T-Be o 38 [E 7 455 IR E M 45 (Na-
tional Comprehensive Cancer Network , NCCN) & 426 Hii
RARJE 5 A 2020 4550 A 1Y HHAK #4522 4 bR it
PRS0 K e o - 240 e £ 5 f R

] PV AT IO e IR AT A 2 Su AT AT ¢ 1 1
o YLERTAAE T ARIGYT U7 DURER S btih 7
B oo, 40k B A1 BA 3= B8 R B , 22 SO AT BA
W55 )5 SO JE A H AR R A AT DL DL AR R B
PO FERE A AT RN SE R O G o R P 223 A G A kT
GABXTE E , T Z R A i 55 E , AR SE o8 BEF
TREE N SCE 2 )
3.3 KA
3.3.1 WA

bR 1, 52 e 8 I SO I8 1 o7 e TR i 5 =
&, LT RS 3 . PP RS A48 #R AT PFS.OS.
ARG B T W PEA e A AR A R YA
AL, N A R RIS 3 =, Z280CR [l B A
T AT AR S RV R A AT, P S 2 sk
R R/ fEk N .
3.3.2 HLEIBE

RHRorbr s, HPr L, 5 “pathway (i i) 7 “mis-
match repair (§5BCIE S ) ™ AH DG R85 & LE LT R 25411
TR ) 32 B 5 Ty 1A o

B #2414 pathway (il 1% ) |, expression (F ik ) | rapa-

+ 2362 + China Pharmacy 2023 Vol. 34 No. 19

mycin (75 1% % ) \blockade (Ef81) 19— 2, KA L
) A EE E 0 1 (mammalian target of rapamycin,
mTOR ) K I T 388 (%42 o 5 ol Jg o g v i 2 1 2 3
BEFIVEAE 25 WA FHAE o v GO e 9o TP A AE 32 AR
IR I I (receptor tyrosine kinase , RTK)/1f 2- 145 Bk
& A 4; (renin-angiotensin system, RAS ) /B i Bk LEE 3-18
fif} (phosphoinositide 3-kinase , PI3K /4 [ i i B (protein
kinase B, Akt)/mTOR {5 5-1H %", AFIRE T, 1ZES
36 [ 3 Ao AR A AR RO TR 2 5 A S0 R 1)
o TAE 1 0 I 5988 PP RTK 63k 38 ™™, " i PI3K/
Akt/mTOR {5 538 F B4 7 5 W0, i 9e 200 vy 34 4 F0 A=
KR LM Rz i A RTK .mTOR 2540 x5 3118
AT DM SRR T 5 K e O I ST Y S A . IR
W K IGYT O A G B GIR YT ADOG 3 )
STk,

FH#4 ¥4 mismatch repair (5 HLE R ) .phase 1T (11
1) | anti-angiogenic therapy ($T L4 4= IR JY ) . mag-
netic resonance spectroscopy (#3451 1% % ) | alkylgua-
nine DNA alkyltransferase ( £ I P& 3¢ 3 -DNA o 3 7 5
,MGMT) HR—2, H b RS BT 8 52 2 I g i 24 114 B
BEHLH], MGMT J& G553+ 58 K3, DNA 5B
FR G0 A VU T U0 I B 15 X 4 i i g {5 e s
KA TEVE ] s MGMT D6 [ 93 2 /it DNA {73 R 1E
SR, X B e 7 A T 2451, MR A G B iR] B[R] 4 7T LA
VA9 0 BIFE 3 i DR 245 [ ) 32 2 SR A« (1) 4824 CR
FAZ AT I R DURER BT 5 (2) i — 2D R 2438
%, BH R 245 0 A= 5 (3) DA s e 265 245 7 48 (541
ARG L) SR 25 1Y R A

CNKI 7, A s SRS HHLHIAIE AR OC , P I 3%
E AR AR 3
333 THFE

RS TRCTT A s R ] PN OGS e LR
b, SR PAFMG YT T BOE K 5 PO e JBoeg v i)
7 R0 B, 3 5 K T A Ok 19 R AR RN 245 4
DRI PR X T A A e O R R 38 V) R AR B
RS A8 S S IR

RASHT IR ER 52 v GO I e () S L
ST AR 2R YT CRISVRZE#3) FIHR a6 T (R 2R
AT RIH9) o TEARTT UL, B SIS, R BERITT
S HE IR S EVT A S R R R R I S B, Rl SR Ik e 2l
HEAT I Z2 A AR, b B R VT A D Ak A
PURTT RO S AR AR . RIHT T, £
BOCHEIRALES WA RE B TR . — LRk
AT 5 IR 2 EA D R AR TS, Bt R
AT R A IR B AT B IR — IR YT B R S GO i ot
JeR IR o FEAE IR YT s, BHIF B e Se & I VEGF
PR DA ER BT RE S SE K PFS™ ™, X — I IR L #4412

thEZG 2023 4E5 34 4245 193



fili 2% FELH DUARER BT S A SR Wi ™ R B e

PRAREG b UH Rk B 25 WAl g 247 g R e

Jr IR W EZ A, SR TGRS YA R

FIAEJE " “depatux-M” . RALIEJE & —Fh ZHL 25

][R ] VEGE SZ AR FHANA K AR5 s depatux-M J

T ET # A B A R B 24 ) (antibody-drug conjugate,

ADC) , § ] 3 fz A A IR A2 AR, B T ax 2 32 ), B

fie) HLAth 3 % , 41 RTK/RAS/PI3K/Akt/mTOR {55 53 f#% 1)

PP WAR T o (HISR A B I A R B 1) 24

PR TR gty T 2™

] P A5 5 1] Ry A B e i (SRR AR #0) FIL

J7 (CREIRZ#A FIHS) o RFEHO B T BOCHETA “ 5 S

JHE” T 2007 AE U B, e TR Ab SRS E] e b RBLRE

DL B L TR 24 45 2 S e S B, U A R (R 73

SELGMIIAR R T, B e i o7 ) 2, A R Sk 24

SO IRZY o TECRA T U AR BT S AR SE 1 T

I7 2 HTH TR 7 2 % m PO B U 19 32 207 T

S B ] TR v i T e SO B )t BRI 18], Ho A

WFFE N AR IEA R B B PR T IR T Atk G155

PEFIT RS2

4 ZEig

KT RS YON I PR IGY F US STk R 2 , 2 i
WP . FREAE & SO A AETE S ) BT L
Y5 R EAFAEZERE , AR ATAE LR SN

B 152 % i G0 I 98 i I 2 Sk Bk F 5 1

Ik RIS W S , 5 A= AL il R0 g Tk 24 L e 2 B

WY E R, T ALY R IEIRYT WA IRYT 2 I

PRBFSER T 27 0], ARG ST T BIEE R B OS fd i

A A8 THE LIRS 90 o 52 2% v B0l e S g 5 1)

I ITEA RPER YT J6Eh 1iRYT LADCIRYY RIZIRTT

S5 AR B TEARRAT AT RE A W9 H R BS B R

(1] BF2E, BRE A, 55 2021 ARt 5 T AR A U bR A

LRGN 2 CR IO G Ko RZ i), I
AR MIZe PR 44 ik, 2021,21(9) : 764-768.
YANG X J,CHEN H, LI J B, et al. Integrated and layered
diagnoses in the 2021 WHO classification of tumors of
the central nervous system (fifth edition) [J]. Chin J Con-
temp Neurol Neurosurg,2021,21(9) :764-768.

[2] NABORS L B, PORTNOW J, AHLUWALIA M, et al.
Central nervous system cancers, version 3.2020, NCCN
clinical practice guidelines in oncology[J]. J Natl Compr
Canc Netw,2020,18(11):1537-1570.

[3] STUPPR,BRADA M, VAN DEN BENT M J, et al. High-
grade glioma: ESMO clinical practice guidelines for

diagnosis, treatment and follow-up[J]. Ann Oncol, 2014,
25(Suppl 3) :1ii93-iiil01.

TEZD; 2023455 34 5 19

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

CHEN C M, HU Z G, LIU S B, et al. Emerging trends in
regenerative medicine: a scientometric analysis in
CiteSpace[J]. Expert Opin Biol Ther, 2012, 12 (5) :
593-608.

CHEN C M, SONG M. Visualizing a field of research: a
methodology of systematic scientometric reviews[J].
PLoS One,2019,14(10) :e0223994.

STUPP R, WONG E T, KANNER A A, et al. NovoTTF-
100A versus physician’ s choice chemotherapy in recur-
rent glioblastoma: a randomised phase Il trial of a novel
treatment modality[J]. Eur J Cancer, 2012,48(14) : 2192-
2202.

¥—R , R, B8l , 55 . JET CiteSpace XA YT LA 1 #i
SRR T [I]. 2 ARG , 2022, 47(22) : 6235-
6248.

YANG Y H, CHENG J,RAO T, et al. Visualization of re-
search in treatment of vascular dementia by CiteSpace[J].
China J Chin Mater Med, 2022,47(22) : 6235-6248.

e, I, ;X ERI . BT CiteSpace FY [E N AN 254
3 A R B I S B T A A (0], SR R
Z4i5,2019,44(7) : 868-875.

FAN T, YANG S,ZHAO Z G. Research of the penetration
of antibiotics through the blood-brain barrier and visuali-
zation analysis and abroad based on CiteSpace[J]. Chin J
Antibiot, 2019,44(7) :868-875.

DANG Q, LUO Z M, OUYANG C H, et al. First syste-
matic review on health communication using the
CiteSpace software in China: exploring its research hot-
spots and frontiers[J]. Int J Environ Res Public Health,
2021,18(24):13008.

WEN P Y, MACDONALD D R, REARDON D A, et al.
Updated response assessment criteria for high-grade glio-
mas: response assessment in neuro-oncology working
group[J]. J Clin Oncol,2010,28(11):1963-1972.
REARDON D A, DESJARDINS A, PETERS K B, et al.
Phase II study of carboplatin, irinotecan, and bevaci-
zumab for bevacizumab naive, recurrent glioblastomal[J]. J
Neurooncol ,2012,107(1): 155-164.

VREDENBURGH J J, DESJARDINS A, HERNDON J E
2nd, et al. Bevacizumab plus irinotecan in recurrent glio-
blastoma multiforme[J]. J Clin Oncol, 2007, 25 (30) :
4722-4729.

FRIEDMAN H S,PRADOS M D, WEN P Y, et al. Beva-
cizumab alone and in combination with irinotecan in re-
current glioblastoma[J]. J Clin Oncol,2009,27(28) :4733-
4740.

REARDON D A, DESJARDINS A, VREDENBURGH J
J, et al. Rindopepimut with bevacizumab for patients with
relapsed EGFRv Il -expressing glioblastoma (ReACT) : re-
sults of a double-blind randomized phase II trial[J]. Clin
Cancer Res,2020,26(7) : 1586-1594.

China Pharmacy 2023 Vol. 34 No. 19 2363 +



[15]

[16]

[17]

[18]

[19]

(20]

[24]

(25]

(26]

- 2364 -

LOMBARDI G, DE SALVO G L, BRANDES A A, et al.
Regorafenib compared with lomustine in patients with re-
lapsed glioblastoma (REGOMA) : a multicentre, open-
label, randomised, controlled, phase 2 trial[J]. Lancet On-
col,2019,20(1):110-119.

LE RHUN E, PREUSSER M, ROTH P, et al. Molecular
targeted therapy of glioblastoma[J]. Cancer Treat Rev,
2019,80:101896.

TUNCEL G, KALKAN R. Receptor tyrosine kinase-ras-
PI3 kinase-Akt signaling network in glioblastoma multi-
forme[J]. Med Oncol,2018,35(9):122.

AGARWAL S, SURI V, SHARMA M C, et al. Therapy
and progression-induced O6-methylguanine-DNA methyl-
transferase and mismatch repair alterations in recurrent
glioblastoma multiforme[J]. Indian J Cancer, 2015, 52
(4):568-573

LAWRIE T A, GILLESPIE D, DOWSWELL T, et al.
Long-term neurocognitive and other side effects of radio-
therapy , with or without chemotherapy, for glioma[J]. Co-
chrane Database Syst Rev,2019,8(8):CD013047.
OLDRINI B, VAQUERO-SIGUERO N, MU Q H, et al.
MGMT genomic rearrangements contribute to chemo-
therapy resistance in gliomas[J]. Nat Commun, 2020, 11
(1):3883.

CHANG S S, ZHANG P X, CAIRNCROSS J G, et al.
Phase Il randomized study of radiation and temozolo-
mide versus radiation and nitrosourea therapy for anapla-
stic astrocytoma: results of NRG Oncology RTOG 9813
[J]. Neuro Oncol,2017,19(2) :252-258.

TAAL W, OOSTERKAMP H M, WALENKAMP A M, et
al. Single-agent bevacizumab or lomustine versus a combi-
nation of bevacizumab plus lomustine in patients with re-
current glioblastoma (BELOB trial) : a randomised con-
trolled phase 2 trial[J]. Lancet Oncol, 2014, 15 (9) :
943-953.

WICK W, GORLIA T, BENDSZUS M, et al. Lomustine
and bevacizumab in progressive glioblastoma[J]. N Engl J
Med, 2017,377(20) : 1954-1963.

KLEIIN A, VAN DEN BOSSCHE W,HAEFNER E, et al.
It-16 combination treatment with delta24-RGD and temo-
zolomide improves survival and affects intratumoral im-
mune cell subsets in a murine malignant glioma model[J].
Neuro Oncol, 2014, 16(suppl_5):v112-v113.

BRYANT J, BROWN M, GROMEIER M. Chemotherapy
enhances oncolytic recombinant poliovirus efficacy[J]. J
Immunother Cancer,2017,5(Suppl2).

KHASRAW M, AMERATUNGA M, LASSMAN A B, et
al. A meta-analysis of antiangiogenic therapy for gliobla-
stoma(GBM)[J]. J Clin Oncol,2014,32(15_suppl) : 2047.
AMERATUNGA M, PAVLAKIS N, WHEELER H, et al.

China Pharmacy 2023 Vol. 34 No. 19

(28]

[29]

(30]

[31]

[32]

[33]

[34]

[36]

Anti-angiogenic therapy for high-grade glioma[J]. Co-
chrane Database Syst Rev,2018,11(11):CD008218.
WELLER M, VAN DEN BENT M, PREUSSER M, et al.
EANO guidelines on the diagnosis and treatment of dif-
fuse gliomas of adulthood[J]. Nat Rev Clin Oncol, 2021,
18(3):170-186.
R DA R i BB A R, TR B2 I e 5
T LMl 2 g, v R P 2 i R el 2 B 2 i
JE SRR 127 46 B < 2022 (D). hAERh 28R, 2022,
38(8):757-771.
Medical Administration Bureau of National Health Com-
mission of the People’s Republic of China, Brain Glioma
Professional Committee of China Anti-Cancer Associa-
tion, China Medical Doctor Association Brain Glioma Pro-
fessional Committee of Chinese Medical Doctor Associa-
tion. Diagnosis and treatment guidelines for brain glioma:
2022 edition[J]. Chin J Neurosur,2022,38(8):757-771.
PUDUVALLI V K, WU J, YUAN Y, et al. A Bayesian
adaptive randomized phase II multicenter trial of bevaci-
zumab with or without vorinostat in adults with recurrent
glioblastoma[J]. Neuro Oncol, 2020,22(10):1505-1515.
SCHIFF D, JAECKLE K A, ANDERSON S K, et al.
Phase 1/2 trial of temsirolimus and sorafenib in the treat-
ment of patients with recurrent glioblastoma: North Cen-
tral Cancer Treatment Group Study/Alliance Nr[J]. Can-
cer,2018,124(7):1455-1463.
VAN DEN BENT M, EOLI M, SEPULVEDA J M, et al.
INTELLANCE 2/EORTC 1410 randomized phase II
study of Depatux-M alone and with temozolomide vs te-
mozolomide or lomustine in recurrent EGFR amplified
glioblastoma[J]. Neuro Oncol 2020 ,22( 5):684-693.
WEN PY, TOUAT M, ALEXANDER B M, et al. Bupar-
lisib in patients with recurrent glioblastoma harboring
phosphatidylinositol 3-kinase pathway activation: an open-
label, multicenter, multi-arm, phase II trial[J]. J Clin On-
col,2019,37(9) : 741-750.
DUERINCK J, FOUR S D, BOUTTENS F, et al. Rando-
mized phase I trial comparing axitinib with the combina-
tion of axitinib and lomustine in patients with recurrent
glioblastoma([J]. J Neurooncol ,2018,136(1) : 115-125.
NORDEN A D, SCHIFF D, AHLUWALIA M S, et al.
Phase II trial of triple tyrosine kinase receptor inhibitor
nintedanib in recurrent high-grade gliomas[J]. J] Neuroon-
col,2015,121(2):297-302.
FROSINA G. Radiotherapy of high-grade gliomas: first
half of 2021 update with special reference to radiosensiti-
zation studies[J]. Int J Mol Sci,2021,22(16) :8942.

(i H 4:2023-03-15 {1l H 4 : 2023-08-07)

(i - X HAAH)

thEZG 2023 4E5 34 4245 193



