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Safety and Efficiency of Anlotinib 
in Patients with Recurrent Grade 4 
Glioma: A Single‑Center Retrospective 
Analysis
Qiang Wang, Wuting Wei, Xiangjun Ji, Jianrui Li1, Nan Wu2, Jing Li3, Kangjian Sun, 
Chiyuan Ma, Hao Pan

Abstract:
Purpose: Anlotinib is a multi‑target TKI which has been used in different advanced tumors. However, its 
efficiency and safety in patients with glioblastoma are still not well discussed. This retrospective study aimed 
to discover the safety and efficiency of anlotinib in recurrent grade 4 glioma.

Methods: The clinical data of patients with recurrent grade 4 glioma treated with anlotinib in our center were 
collected and analyzed. The progression‑free survival (PFS), overall survival (OS), and OS after recurrence 
were calculated by Kaplan–Meier method and compared by log‑rank test. Sub‑group analysis was used to 
find possible variables that affect survival.

Results: From October 2017 to December 2020, seventeen patients with recurrent grade 4 glioma treated 
with anlotinib were enrolled. The median age was 50 with 13 males. The median KPS was 70. All patients 
received standard STUPP mode treatment before recurrence. The median PFS was 7 months [95% confidence 
interval (CI) 5.3–8.6]. The median OS after first diagnosis was 17 months (95% CI 15.7–18.3). The median 
OS after recurrence was 10 months (95% CI 7.6–12.4). The objective response rate was 33.33% (5/15), and 
the disease control rate was 60% (9/15). The existence of target genes was identified as a variable affecting 
the survival after recurrence. The median OS after recurrence in patients with target genes was 12 months 
(95% CI 6.9–17.1), whereas for patients without targets, the median OS was 4 months (95% CI 1.9–6.1) and 
for patients with an unknown status, the median OS was 10 months (95% CI 8.4–11.6) (P = 0.013).

Conclusion: For recurrent grade 4 glioma, anlotinib can be considered as a supplement to the standard 
STUPP treatment, especially for the patient with anlotinib target genes.
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Glioblastoma  (GBM) is the most common 
primary malignant brain tumor. Although 

regressive treatment consists of maximum 
tumor resection under maximal safety, followed 
by radiotherapy and temozolomide  (TMZ) 
concurrent and adjuvant chemotherapy, the 
median overall survival (OS) of newly diagnosed 
GBM is 14.6 months (95% CI 13.2–16.8) and the 
median progression‑free survival  (PFS) time is 
6.9 months (95% CI 5.8–8.2).[1] CBTRUS reported 
a 2 years survival rate of 18.5% (95% CI 18.2–18.7) 
for newly diagnosed GBM in United States from 

2001 to 2015.[2] For recurrent GBM (rGBM), there 
is no standard treatment procedure. The National 
Comprehensive Cancer Network  (NCCN) 
guideline for CNS tumor recommended clinical 
trials for rGBM. Bevacizumab is mostly used in 
rGBM, which is also recommended in NCCN 
guideline. The combination of lomustine and 
bevacizumab brings rGBM with a median overall 
survival  (OS) after recurrence of 9.1  months 
(95% CI 8.1–10.1) and a median PFS of 4.2 months 
(95% CI 3.7–4.3).[3] Regorafenib is an oral 

Address for 
correspondence: 

Dr. Hao Pan, 
Department of 

Neurosurgery, Jinling 
Hospital, 305 East 
Zhongshan Road, 
Nanjing ‑ 210 002, 

Jiangsu Province, China. 
E‑mail: panhao_nz@ 

163.com

Departments of 
Neurosurgery, 

1Diagnostic Radiology, 
2Pathology and 

3Radiation Oncology, 
Jinling Hospital, School 

of Medicine, Nanjing 
University, Nanjing, 

People’s Republic of 
China

How to cite this article: Wang Q, Wei W, Ji X, Li J, 
Wu N, Li J, et al. Safety and Efficiency of Anlotinib in 
Patients with Recurrent Grade 4 Glioma: A Single‑Center 
Retrospective Analysis. Neurol India 2024;72:578-84.
Submitted: 03‑May‑2022    Revised: 20‑May‑2023 
Accepted: 23‑May‑2023     Published: 30-Jun-2024

This is an open access journal, and articles are distributed under the terms 
of the Creative Commons Attribution‑NonCommercial‑ShareAlike 4.0 
License, which allows others to remix, tweak, and build upon the work 
non‑commercially, as long as appropriate credit is given and the new 
creations are licensed under the identical terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

Access this article online
Quick Response Code:

Website:
www.neurologyindia.com

DOI:
10.4103/ni.ni_435_22

Key Message:
For recurrent grade 4 glioma, anlotinib can be considered as a supplement to the standard STUPP treatment 
with reliable security and effectiveness

Original Article

D
ow

nloaded from
 http://journals.lw

w
.com

/neur by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

K
G

K
V

0Y
m

y+
78=

 on 07/29/2024



Wang, et al.: Safety and efficiency of anlotinib in recurrent grade four glioma

Neurology India | Volume 72 | Issue 3 | May-June 2024	 579

angiogenic, stromal, and oncogenic receptor multi‑target 
tyrosine kinase inhibitor (TKI), which is also recommended in 
NCCN guideline for rGBM. Clinical trial REGOMA indicated 
that median OS was significantly improved in regorafenib 
group compared with the lomustine group, with a median 
OS of 7.4 months (95% CI 5.8–12.0) in regorafenib group and 
5.6 months (95% CI 4.7–7.3) in lomustine group.[4]

Anlotinib is an oral small‑molecule TKI, which can suppress 
tumor development and angiogenesis by directly inhibiting 
multiple targets, including platelet‑derived growth factor 
receptor (PDGFR), vascular endothelial growth factor 
receptor (VEGFR), c‑Kit, and fibroblast growth factor receptor 
(FGFR).[5] Several clinical trials have proved that anlotinib 
is effective in the treatment of a variety of recurrent tumors, 
including advanced NSCLC (ALTER0303),[6] advanced soft tissue 
sarcoma (NCT01878448),[7] advanced hepatocellular carcinoma 
(ALTER0802),[8] and refractory metastatic colorectal cancer 
(ALTER0703).[9] In recent years, several cases of recurrent GBM 
treated with anlotinib have been reported.[10‑13] Here, we tried to 
use anlotinib in the treatment of patients with recurrent grade 
4 glioma. Through follow‑up, we found that treating recurrent 
grade 4 glioma with anlotinib alone or combined with other 
methods can obtain acceptable OS with no serious adverse events.

Methods

This is a retrospective study of recurrent grade 4 glioma (GBM 
or diffuse midline glioma with H3K27M mutant) patients 
who were treated with anlotinib and TMZ in Jinling hospital 
from October 2017 to December 2020. The inclusion criteria 
included the following: 1) recurrent grade  4 glioma  (GBM 
or diffuse mid‑line glioma with H3K27M mutant), which 
is based on the WHO classification of tumor of the central 
nervous system (2016 edition and follow‑up cIMPACT‑NOW 
updates); 2) age  ≥18  years old; 3) previously standard 
surgery, radiotherapy, and TMZ chemotherapy; 4) treatment 
with anlotinib after recurrence; 5) at least one measurable 
lesion; 6) evaluation of recurrence by multi‑disciplinary 
treatment (MDT) composed of neurosurgeons, radiologists, 
radiation therapists, and pathologists according to the 
Response Assessment in NeuroOncology  (RANO) criteria 
through clinical symptoms and magnetic resonance 
imaging  (MRI) re‑examination; and 7) no other systemic 
diseases that could not tolerate follow‑up treatment. The 
exclusion criteria were as follows: insufficient follow‑up data. 
Data collected included age, gender, primary pathology, 
tumor molecular information, KPS at recurrence, treatment 
after recurrence, cycles of anlotinib treatment, combined 
therapy, dosage, and therapeutic toxicity.

All tumor specimens were tested for molecular phenotypes at 
different depths, such as IDH, 1p, 19q, MGMT, TP53, ATRX, 
EGFR, TERT, and targets of anlotinib, such as PDGFR, FGFR, 
VEGFR, and c‑Kit.

When a progressive lesion is suspected, it is necessary to rule 
out the possibility of pseudo‑progression. Pseudo‑progression 
was excluded by clinical symptoms, resection extent of surgery, 
time of recurrence, molecular pathology, MRI, perfusion, 
and spectrum. MDT was performed by neurosurgeons, 
radiologists, radiation therapists, and pathologists, who 

would discuss together to decide whether there is recurrence 
or pseudo‑progression.

The dosing of the regimen of all patients received was as 
follows: 12  mg anlotinib orally once daily on days 1–14. 
Each cycle was 21 days  (2 weeks on and 1 week off). Dose 
reduction (12 to 10 mg or 8 mg; 10 mg to 8 mg) or interruption 
for drug‑related adverse events  (AE) was allowed. Other 
treatments combined with anlotinib are allowed after 
recurrence. Each patient received MRI and functional MRI 
assessment of treatment efficacy every 2  cycles. Follow‑up 
lasted until December 2021. Anlotinib would be stopped in 
the case of definite tumor progression and intolerable grade 4 
drug‑related adverse reaction. The study was approved by 
the ethics committee of Jinling Hospital. Informed consent 
was obtained from all involved participants. The safety was 
evaluated throughout the study. AEs were graded according 
to the NCI Common Terminology Criteria for AEs (CTCAE), 
version 4.0. The efficacy was estimated by RANO criteria.

Statistical analysis was processed using SPSS version  18.0. 
Survival curves were created using the Kaplan–Meier 
method in GraphPad Prism5.0. The log‑rank test was used for 
univariate analysis of OS after recurrence between groups. 
Statistical significance was defined as P < 0.05.

Results

Patients’ characteristics
After searching the database of our hospital, 17  cases 
with recurrent GBM or H3K27M mutant diffuse mid‑line 
glioma treated with anlotinib were recruited to meet the 
requirements. Table  1 shows demographics and patient 
baseline characteristics. The median age was 49 years (16–75y) 
with 13 males. The median KPS before anlotinib treatment was 
70  (50–90). All patients received standard glioma treatment 
including surgery, radiotherapy, and concurrent and adjuvant 
TMZ chemotherapy before recurrence. Pathological diagnosis 
of primary glioma includes GBM (n = 15) and diffuse mid‑line 
glioma with H3K27M mutant (n = 2). Eight patients received 
salvage surgery after recurrence. All tumor specimens were 
subjected to gene detection. Sixteen patients showed IDH 
mutation, while one patient had wild‑type IDH. All patients 
did not show 1p/19q co‑deletion. Seven patients showed TERT 
mutation, while 10  patients were wide‑type. Five patients 
showed MGMT promoter methylation, and 12 patients showed 
unmethylation. The target genes of anlotinib were detected 
in 12  patients. Target genes were found to be positive in 
seven cases. Other treatments were combined with anlotinib 
after recurrence including TMZ (n = 6), radiotherapy (n = 1), 
TTF (n = 2), and other target therapies (n = 2). Three patients 
received only one cycle of anlotinib, and then the drug was 
stopped because of economic reasons instead of tumor 
progression or drug‑related adverse events. These three 
patients were excluded from the follow‑up survival analysis 
between different groups. The other patients received anlotinib 
treatment for 11 cycles (n = 2), 9 cycles (n = 1), 6 cycles (n = 3), 
3 cycles (n = 2), and 2 cycles (n = 6).

Efficiency
The median PFS of 19 patients in this cohort was 7 months (95% 
CI 5.3–8.6). The median OS after first diagnosis  (overall 
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survival) was 17  months  (95% CI 15.7–18.3). The median 
OS after recurrence  (recurrent OS) was 10  months  (95% CI 
7.6–12.4) [Figure 1a‑c].

Three patients who received only one cycle of anlotinib were 
excluded from the efficacy analysis. Fifteen patients with 
recurrent GBM were evaluated according to the RANO criteria, 
including five cases of partial response  (PR), four cases of 
stable disease (SD), and six cases of progressing disease (PD). 
No complete response  (CR) was identified. The objective 
response rate (ORR) was 33.33% (5/15), and the disease control 
rate (DCR) was 60% (9/16) [Table 2].

In order to better evaluate the therapeutic effect of anlotinib, 
patients were divided into sub‑groups to evaluate the effect 

of anlotinib on recurrent OS. Three patients who received 
only one cycle of anlotinib were not included in this analysis. 
Grouping factors included age, gender, KPS, MGMT promoter 
methylation status, secondary surgery after recurrence, target 
genes existed, and anlotinib cycles. Univariate analysis showed 
that a significant difference was only identified in the group 
of target genes (P = 0.01). The median recurrent OS in patients 
with target genes was 12  months  (95% CI 6.9–17.1), while 
for patients without targets, the median recurrent OS was 
4 months (95% CI 1.9–6.1) and for patients with an unknown 
status, the median recurrent OS was 10  months  (95% CI 
8.4–11.6) [Figure 1d]. There is no significant difference between 
groups of age, gender, KPS, MGMT promoter methylation 
status, TERT status, secondary surgery, and anlotinib 
cycles [Table 3].

Adverse events
The adverse events we observed through the whole 
follow‑up period include hypertension (7/17), hand‑foot skin 
reaction (8/17), mouth ulcers (6/17), myelosuppression (10/17), 
and elevated liver enzymes  (6/17). Most of AD were in 
grade  1–2, which can be adjusted by dose reduction or 
symptomatic treatment with no interruption of treatment 
cycles. Grade 3–4 AD can be adjusted through dose reduction, 
symptomatic treatment, or delayed treatment cycles. No 
treatment‑related death occurred. Dose reductions occurred 
in five patients [Table 4].

Discussion

Despite the comprehensive treatment of surgical resection 
combined with radiotherapy and chemotherapy, GBM is still 
the most difficult malignant tumor to deal with. The majority of 
patients recurred at about 12 months, and about 85% of patients 
died in about 2 years. There is no standard treatment for rGBM. 
Many guidelines give recommendations of comprehensive 
treatment or clinical trials for rGBM. However, the OS of rGBM 
was only 6–12 months from different clinical trials.[14‑16]

In recent years, NCCN guidelines have recommended the use of 
bevacizumab and regorafenib in recurrent GBM. Bevacizumab 
is a humanized monoclonal antibody targeted against VEGF, 
which is widely used in the treatment of rGBM. Many clinical 
trials have found that bevacizumab alone or combined with 
other drugs can prolong PFS, but it has no significant effect 
on OS. In 2009, Friedman compared bevacizumab alone or in 
combination with irinotecanb in rGBM. The OS of this phase 2 
clinical trial was 9.2 months (95% CI 8.2–10.7) and 8.7 months 
(95% CI 7.8–10.9) in monotherapy and combination groups, 
respectively.[15] No significant difference was found. Other phase 
2 trials also showed similar results, that is, bevacizumab alone 
or in combination with chemotherapy  (including carboplatin, 
irinotecan, lomustine) brought no significant difference in OS 
for rGBM.[16‑18] Then randomized phase 3 trial EORTC 26101 
enrolled 437  patients with rGBM to receive lomustine plus 
bevacizumab (288 patients) or lomustine alone  (149 patients). 
The median OS was 9.1 months (95% CI 8.1–10.1) in combination 
group and 8.6 months (95% CI 7.6–10.4) in monotherapy group. 
No significant difference of OS was found between two groups. 
However, combination treatment prolonged PFS compared to 
lomustine alone: 4.2 months versus 1.5 months (HR = 0.49; 95% CI 
0.39–0.61; P < 0.001).[3] From these clinical trails, it can be concluded 

Table 1: Baseline demographic, clinical, and 
molecular characteristics of patients treated with 
anlotinib
Characteristic Number of 

patients
Age, median (range) 49 (16‑75)
Male: Female 13:4
KPS, median (range) 70 (50‑90)
Prior TMZ/RT 17
Salvage surgery at time of recurrence 8
Tumor location

frontal lobe 3
temporal lobe 4
parietal lobe 2
occipital lobe 2
insular lobe 3
thalamus 3

Prior pathologic diagnosis
GBM 15
Diffuse midline glioma, H3K27M‑mutant 2

Target gene
with 7
without 5
unknown 5

IDH mutation
yes 1
No 16

1p/19q co‑deletion
yes 0
no 17

MGMT promoter methylation status
methylation 5
unmethylation 12

Treatment after recurrence (instead of anlotinib)
surgery 7
TMZ 6
Other treatment 5

Dose of anlotinib
10 mg 6
12 mg 11

Cycles of anlotinib
≥6 cycles 6
<6 cycles 11
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that bevacizumab alone or in combination with chemotherapy can 
prolong the PFS but has no benefit for the OS of rGBM.

Regorafenib is an orally available inhibitor of several kinases, 
such as VEGFR1–3, TIE2, KIT, RET, RAF1, BRAF, PDGFR, and 
FGFR. In 2019, Lombardi reported the results of REGOMA, a 
randomized multi‑center open‑label phase 2 trial, which aimed 
to assess the efficacy and safety of regorafenib in the treatment 
of rGBM. A total of 119 patients were included in this study, 
including 59 in the regorafinib group and 60 in the lomustine 
group. OS was significantly improved in the regorafenib 
group compared with the lomustine group, with a median 
OS of 7.4 months (95% CI 5.8–12.0) in the regorafenib group 
and 5.6  months  (95% CI 4.7–7.3) in the lomustine group.[4] 
No statistical difference was found in clinically meaningful 
worsening for any adverse effect between two groups.[19] A 
large and monocentric real‑life study to investigate clinical 
outcomes and the safety of regorafenib in rGBM enrolled 54 
consecutive patients. The median OS was 10.2 months (95% CI 
6.4–13.9), and the 12 month OS rate was 43%. No death was 
considered to be drug‑related.[20] These studies confirmed that 
regorafenib can effectively prolong the OS of rGBM.

Anlotinib is also a multi‑target TKI inhibitor which has 
similar targets to regorafenib. Anlotinib can effectively inhibit 

VEGFR, FGFR, PDGFR, c‑Kit, and MET.[5,21,22] Two multi‑center, 
double‑blinded, placebo‑controlled, randomized phase III trials 
confirmed the efficacy and safety of anlotinib in advanced 
NSCLC (ALTER 0303)[6] and refractory metastatic colorectal 
cancer (ALTER0703).[9] Results from ALTER 0303 confirmed 
that anlotinib prolonged the PFS and OS in advanced NSCLC. 
The median OS in the anlotinib group was 9.6 months (95% 
CI 8.2–10.6) compared with 6.3 months (95% CI 5.0–8.1) in the 
placebo group (P = 0.002). For refractory metastatic colorectal 
cancer, ALTER0703 indicated that median PFS was improved 
in anlotinib group (4.1 months; 95% CI 3.4–4.5) over placebo 
group  (1.5  months; 95% CI 1.4–1.5)  (P  <  0.0001). However, 
median OS was similar between two groups  (8.6  months; 
95% CI 7.8–9.7  vs. 7.2  months; 95% CI 6.2–8.8; P  =  0.870). 
Based on the above studies, anlotinib has been approved for 
the treatment of advanced NSCLC and refractory metastatic 
colorectal cancer.

For glioma, there are also many case reports of the application 
of anlotinib in GBM.[10‑12] Our recently published case report 
showed effectiveness of anlotinib in the treatment of diffuse 
mid‑line gliomas with PDGFR mutation.[13] Our previous basic 
research results from in vivo and in vitro indicated that anlotinib 
can suppress proliferation and migration and promote 
apoptosis and autophagy of glioma through mediation of 
JAK2/STAT3 signal pathway.[23] Based on these results, we 
performed salvage treatment of anlotinib in patients with rGBM 
or diffuse mid‑line glioma with H3K27M mutation. Our results 
indicated that median OS after recurrence was 10 months (95% 
CI 7.6‑12.4) with 33.33% for ORR and 60% for DCR, which is 
close to the therapeutic effect of bevacizumab and regorafenib 
in recurrent GBM.[3,4] Most adverse events of anlotinib were in 
grade 1–2. No treatment‑related death occurred.

Four retrospective studies about anlotinib in rGBM from 
different centers have been published recently [Table 5]. Lei 
She reported 20 rGBM treated with anlotinib and TMZ in the 

Table 2: Summary of tumor response to anlotinib
Number in 2 months

Complete response (CR) 0
Partial response (PR) 5
Stable disease (SD) 4
Progressive disease (PD) 6
Objective response rate (ORR) (5/15) 33.33%
Disease control rate (DCR) (9/15) 60%
Missing data 3
Note. The missing data included 3 patients who received only 1 cycle of 
anlotinib

Figure 1: Survival curve of recurrent grade 4 glioma patients treated with anlotinib. (a) PFS, (b) OS, (c) overall survival after first relapse, and (d) overall survival of 
16 patients in groups according to anlotinib target. Three patients only received 1 cycle and were excluded from sub‑group analysis
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dose dense mode.[24] The 1‑year OS rate was 47.7%. The 6‑month 
PFS rate was 55%. The median PFS and median OS of these 
20  patients were 6.1  months and 11.9  months, respectively 
(95% CI = 4.9–7.3). The ORR was 70% (14/20), and the DCR 
was 95% (19/20). Qunying Yang et al reported 31 recurrent 
high‑grade glioma (21 of grade 4 and 10 of grade 3) treated 
with anlotinib alone or combined with TMZ.[25] The median 
PFS was 4.5 months and the median OS was 7.7 months for 
the whole cohort. The 6 months PFS rate was 43.5% and the 
12  months OS rate was 26.7% for the whole cohort. For 21 
grade  4  patients, the 6  months PFS rate and 12  months OS 
rate were 40.2 and 27.9%, respectively. The ORR for grade 4 
glioma patient was 33.3%. Sub‑group analysis demonstrated 
that patients with a KPS score ≥60 had a significant PFS and 
OS benefit from treatment than those with a KPS score <60, 
which is also confirmed through multi‑variate analysis  [HR 

was 0.22 for PFS (95% CI: 0.079–0.634; P = 0.005) and 0.29 for 
OS (95% CI: 0.11–0.77; P = 0.013; ≥60 vs. <60)]. Multi‑focal or 
disseminated disease and previous anti‑angiogenesis treatment 
with bevacizumab slightly increased risk of recurrence, but 
no statistical significance was identified. However, diffusion 
lesion increased risk of death. MGMT promoter status and 
IDH status did not affect the prognosis of patients treated 
with anlotinib. Yun Guan et  al.[26] reported five patients 
with rGBM treated with anlotinib and hypo‑fractionated 
stereotactic radiotherapy  (HSRT). The median number of 
cycles of anlotinib was 21. The ORR was 100%. Three patients 
achieved PR (60%), and two achieved CR (40%). Fangcheng 
Shen et  al.[27] reported 26  patients with newly diagnosed or 
recurrent high‑grade glioma treated with anlotinib alone or 
combined with TMZ. The median KPS score was 80 (60–90). 
The DCR after oral anlotinib was 96.2% (25/26), and the ORR 
was 73.1% (19/26). The median OS (calculated from the surgical 
diagnosis) was 25.6 months (2.7–101.6 months). The median 
PFS was 8.9  months  (0.8–15.1  months), and the PFS rate at 
6 months was 72.5% [Figure 1a]. The median OS was 12 months 
(1.6–24.4 months), and the OS rate at 12 months was 42.6%. In 
the multi‑variate analysis of the PFS, patients with higher KPS 
scores (above 80) had a median PFS of 9.9 months (P = 0.02). 
The gender, age, IDH mutation, MGMT methylation, whether 
anlotinib was combined with chemoradiotherapy, and whether 
there was maintenance treatment had no effect on the PFS.

Our results were familiar with the previous two single‑center 
retrospective studies. In our cohort, sub‑group analysis also 
indicated that age, gender, MGMT promoter status, and TERT 
status have no effect on recurrent OS after anlotinib treatment, 
which is similar with previous two studies. Also, we verified 
that re‑surgery after recurrence and anlotinib treatment cycle 
has no effect on recurrent OS. Most of our patients are IDH 
wild‑type (16/17), so the IDH status was not analyzed here. 
However, for the first time to our knowledge, the presence of 
anlotinib target genes was proved to be a factor to improve 
recurrent OS of rGBM patients treated with anlotinib; the 
median recurrent OS in patients with target genes was 
12 months; for patients without targets, it was 4 months; and for 
patients with an unknown status, it was 10 months (P = 0.013). 
This result indicated that molecular analysis should be 
performed in rGBM for more effective screening of targeted 
therapeutic drugs.

In conclusion, anlotinib has similar therapeutic effects to 
bevacizumab and regorafenib in the treatment of rGBM. The 
presence of anlotinib‑related target genes may suggest that 
such patients are more sensitive to anlotinb treatment. For 
recurrent GBM, anlotinib can be considered as a treatment 
option. Multi‑center, double‑blind, randomized controlled 
phase 3 clinical trials should be carried out as soon as possible to 
further verify the therapeutic effect of anlotinib in glioblastoma.

Availability of data and materials
The datasets generated during and/or analyzed during the 
current study are available from the corresponding author on 
reasonable request.

Ethics approval and consent to participate
This study was performed in line with the principles of 
the Declaration of Helsinki. Approval was granted by the 

Table  3: Univariate analysis of survival after first 
relapse
Variable (n) * OS after first 

relapse (month)
95% CI P

Gender
Male (12) 10 6.6‑13.3 0.897
Female (3) 9 8.2‑9.8

Age
≥60 y (6) 9 6.6‑11.4 0.111
<60 y (9) 11 8.1‑13.9

KPS
>60 (11) 10 7.4‑12.6 0.520
≤ 60 (4) 10 3.2‑16.9

MGMT promoter 
methylation status

Methylation (5) 12 1.3‑22.7 0.140
Unmethylation (10) 10 9.1‑11.0

TERT status
wide type (10) 10 9.1‑10.9 0.966
mutation (4) 7 0‑14.8
unknown (1) 11

Salvage surgery at time 
of recurrence 

yes (6) 10 8.4‑11.6 0.491
no (9) 8 3.1‑14.8

Target gene
with target (7) 12 6.9‑17.1 0. 013
without target (5) 4 1.9‑6.1
unknown (3) 10 8.4‑11.6

Cycles
≥6 cycles (6) 11 7.4‑14.6 0.234
<6 cycles (9) 10 9.2‑10.8

Note. * 3 patients treated only 1 cycles was excluded from analysis

Table 4: Adverse event
Adverse event Grade 1‑2 

n (%)
Grade 3‑4 

n (%)
Total n (%)

Hypertension 6 (35.3) 2 (11.8) 8 (47.1)
Hand‑foot skin reaction 7 (41.2) 2 (11.8) 9 (52.9)
Mouth ulcers 3 (17.6) 3 (17.6) 6 (35.3)
Myelosuppression 6 (35.3) 2 (11.8) 8 (47.1)
Increase in liver enzymes 4 (23.5) 2 (11.8) 6 (35.3)
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