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Background: Anlotinib is a multi-target anti-angiogenic agent. This retrospective study
aimed to evaluate the efficacy and safety of anlotinib alone or in combination with
temozolomide for the treatment of recurrent high-grade glioma.

Materials and Methods: The clinical data of patients with recurrent high-grade glioma
treated with anlotinib alone or in combination with temozolomide in our cancer center were
collected and analyzed. Treatment response was evaluated according to the response
assessment for neuro-oncology criteria. Progression-free survival, progression-free
survival at 6 months, overall survival, and overall survival at 12 months were evaluated
by Kaplan-Meier method and compared by log-rank test.

Results: Between August 2019 and December 2020, 31 patients with recurrent high-
grade glioma (21 of grade 4 and 10 of grade 3) were enrolled in this study. Seventeen
patients received anlotinib alone and 14 received anlotinib plus temozolomide. All patients
were heavily treated, the median lines of previous treatments were 2, and the median
Karnofsky score was 60. At the data cutoff date, the median progression-free survival was
4.5 months and the progression-free survival at 6 months was 43.5%. The median overall
survival was 7.7 months, and the overall survival at 12 months was 26.7%. The
progression-free survival at 6 months and the overall survival at 12 months for 21
patients with grade 4 glioma was 40.2 and 27.9%, respectively. The tumor objective
response rate was 41.9% in all patients and 33.3% in patients with grade 4 glioma. No
grade 3 or worse treatment-related adverse events were recorded during the treatment.

Conclusion: Anlotinib alone or in combination with temozolomide showed encouraging
efficacy and favorable tolerability in patients with recurrent high-grade glioma who had
been heavily treated.
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INTRODUCTION

High-grade glioma (HGG) is the most common type of malignant
brain tumor in adults, accounting for over 60% of malignant
primary brain tumors. HGG is defined as grade 3 gliomas,
including anaplastic astrocytoma, anaplastic
oligodendroglioma, and anaplastic oligodendrocytoma, and
grade 4 gliomas, including pleomorphic glioblastoma,
gliosarcoma (GBM), and diffuse midline glioma, by the World
Health Organization (WHO) Classification (Ostrom et al., 2015).
The estimated 2-year overall survival was 20% after first diagnosis
(Marra et al,, 2019). To date, the 5-year survival for newly
diagnosed GBM is lower than 10% with standard radiotherapy
in combination with temozolomide (TMZ) (Stupp et al., 2009).
Recurrent HGG is refractory and has limited treatment options.
Conventional cytotoxic chemotherapies, such as nitrosourea,
irinotecan, cisplatin, carboplatin, etoposide, cyclophosphamide,
and ifosfamide, show unsatisfying efficacy and obvious toxicities
(Seystahl et al., 2016; Parasramka et al., 2017). Therefore, there is
an urgent need for regimens with better efficacy and safety.
HGG is highly vascularized and characterized by the over-
expression of vascular endothelial growth factor (VEGF) and
other pro-angiogenic cytokines that stimulate the proliferation,
migration, and survival of endothelial cells. Bevacizumab was the
first anti-angiogenic agent recommended by the NCCN guideline
for the treatment of recurrent glioblastoma (Vredenburgh et al.,
2007a; Vredenburgh et al., 2007b). Unfortunately, no overall
survival benefit was observed using bevacizumab as a single
agent or in combination therapy in either first-line or second-
line treatment (Lombardi et al, 2017; Wick et al, 2017;
Ameratunga et al, 2018). In 2020, regorafenib was
recommended for the treatment of recurrent HGG based on a
phase 2 trial REGOMA, with a significantly improved overall
survival (OS) compared with lomustin (7.4 vs. 5.6 months)
(Lombardi et al, 2019). In addition to angiogenesis, the
malignant invasiveness of recurrent HGG is associated with
other signaling pathways that are involved in tumorigenesis
and tumor microenvironment (Lu et al, 2019). Therefore,
multi-kinase inhibitors that can regulate various signaling
pathways could be used as promising treatment options.
Anlotinib is a novel multi-kinase inhibitor against both tumor
angiogenesis and tumor cell proliferation by blocking vascular
endothelial growth factor receptor (VEGFR), fibroblast growth
factor receptor (FGFR), platelet-derived growth factor receptors
(PDGFR), and stem cell factor receptor c-Kit. Anlotinib strongly
inhibits the activation of VEGFR2 and VEGFR3, with an ICs, of
0.2 and 0.7 nM, 20-fold more potent than sunitinib (Shen et al.,
2018; Xie et al., 2018). Molecular modeling indicates that the
indole group of anlotinib is located in the hydrophobic region
near the Asp-Phe-Gly (DFG) motif, which is a key domain for the
regulation of kinase activity, while sunitinib cannot occupy this
region. This may partly explain why anlotinib has a higher
VEGFR2 binding activity. In addition, the upregulation of
FGFR and its ligand FGF can induce tumor angiogenesis and
lead to the failure of anti-angiogenic treatment. Anlotinib inhibits
the FGFR phosphorylation with an ICsy of 11.7 nM, stronger than
sunitinib and sorafenib (Lin et al., 2018). In China, anlotinib has
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been approved for the treatment of non-small cell lung cancer,
small cell lung cancer, medullary thyroid cancer, and soft tissue
sarcoma (Chi et al., 2018; Han et al., 2018; Cheng et al., 2021; Li
et al,, 2021).

Anlotinib distributes widely into various body fluids that the
mean apparent volume of distribution at steady state in dogs was
12 times as much as the dog volume of total body water. In rats,
the exposure levels of anlotinib for lung, liver, kidneys, and heart
were 197, 49, 54, and 32 times as much as the systemic exposure
level. In tumor-bearing mice, the level of tumor tissue exposure
was 13 times as high as the systemic exposure level (Zhong et al.,
2018).

The ability of anlotinib to penetrate the blood-brain barrier is
not clear. In a post-hoc analysis of a phase 3 study on patients with
non-small cell lung cancer, anlotinib showed impressive clinical
activity in the local control of brain metastases (Jiang et al., 2020).
In the 14 patients bearing intracranial lesions treated with
anlotinib, the objective response rate and the disease control
rate were 14.3 and 85.7%, respectively, and the time to
intracranial progression was significantly prolonged compared
with patients using placebo. Notably, no cerebral infarction or
cerebral hemorrhage events was observed in these patients.

Based on the feasibility of anti-angiogenic strategy in the
treatment of HGG and the activity of anlotinib for the
treatment of brain metastases, we performed this retrospective
study to evaluate the efficacy and safety of anlotinib in patients
with recurrent HGG.

MATERIALS AND METHODS

Participants

Patients with pathologically confirmed HGG (WHO 3/4) who
had failed the standard first-line and second-line treatment,
including surgery, radiation therapy, and adjuvant TMZ
treatment, were included in the study. The key eligibility
criteria included at least one measurable lesion according to
the Response Assessment for Neuro-oncology (RANO)
criteria, Karnofsky Performance Status score (KPS) >40, age
<75years, and adequate organ function revealed by normal
blood routine, liver and kidney function, coagulation function,
and electrocardiogram. The exclusion criteria included newly
diagnosed disease, surgery within 4 weeks or intention for
surgical treatment, unhealed wound, history of cerebral
hemorrhage or infarction, uncontrollable hypertension, history
of myocardial infarction or unstable angina pectoris, stroke, or
transient ischemic attack within 6 months. This study was
approved by the institutional review board of Sun Yat-sen
University Cancer Center (certificate number: B2020-153-01).
All patients provided written informed consent.

Treatment

The patients were administrated with anlotinib orally once daily
for 14 days every 3 weeks until disease progression, intolerable
toxicities, or death. The initial dose of anlotinib was 12 mg for
patients with first recurrent disease and had KPS score >60, while
it was 10 mg for patients who had repeated recurrence or KPS
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score <60. The dose can be reduced to 10 or 8 mg if grade 2
hemorrhage or other adverse events of grade 3 or 4 occurred.
Combined regimen (TMZ plus anlotinib) was administered to
patients who had tumor response and were tolerable to the
previous treatment of TMZ with a continuous dose-dense
schedule (50 mg/mz, QD). Other patients received
anlotinib alone.

Efficacy Evaluation

Magnetic resonance imaging (MRI), contrast-enhanced MRI, and
fluid-attenuated inversion recovery (FLAIR) imaging were
performed every 3-6weeks or at any time when disease
progression was suspected. Disease assessment was performed
according to the RANO criteria (Wen et al., 2010). The primary
endpoint was progression-free survival (PFS), defined as the time
from the start of anlotinib administration to disease progression
or death for any reason. The secondary endpoints included OS
(defined as the time from the start of anlotinib treatment until
death by any cause), objective response rate (ORR, the proportion
of patients who achieved complete or partial response), and
disease control rate (DCR, the proportion of patients with
complete response, partial response, and stable disease lasting
for at least 4 weeks). Adverse events were evaluated according to
the National Cancer Institute Common Terminology Criteria for
Adverse Events (CTCAE version 5.0).

Statistical Methods

Statistical analyses were performed with SPSS 26.0. Survival
analysis was estimated by Kaplan-Meier method with 95%
confidence interval (CI) and compared by log-rank test. Cox
regression model was used for univariate and multivariate
analyses. Statistical significance was defined as an alpha level
of 0.05 (p < 0.05).

RESULTS

Patient Characteristics

Between August 2019 and December 2020, 31 patients with HGG
from the Department of Neurosurgery, Sun Yat-sen University
Cancer Center, were included in the study; 19 of them were male
and 12 were female. The median age was 42 years (range: 16-75)
and the median KPS score was 60 (range: 40-80). A total of 21
patients had grade 4 glioma (19 with GBM and 2 with diffuse
midline glioma), and 10 patients had grade 3 glioma (8 with
anaplastic ~ astrocytomas and 2 with  anaplastic
oligodendrogliomas). The lesions of 29 cases were located at
the cerebrum and of 2 cases at the cerebellum. Most patients had
one or more negative prognostic factors, such as unmethylated
MGMT promoter (61.3%) or IDH wild type (71.0%). The
proportion of patients with no IDH mutation was similar
between those who received anlotinib monotherapy (12/17,
70.6%) or who received a combination regimen (10/14,
71.4%). More patients had unmethylated MGMT promoter in
the anlotinib monotherapy subgroup (12/17, 70.6%) compared
with that in the combination regimen subgroup (7/14, 50.0%).
However, the difference had no statistical significance (p = 0.242).

Anlotinib in High-Grade Glioma

TABLE 1 | Baseline characteristics of patients.

Number
of patients (%)

Characteristics

Gender

Male 19 (61.3)

Female 3
Age

>42 years 17 (564.8

<42 years 4 (45.2
KPS score

>60 20 (64.5)

<60 11 (35.5)
Grade of histology

4 21 (67.7)

3 10 (32.3)
Tumor location

Multifocal/dissemination 22 (71.0)

Focal 9 (29.0)
MGMT promoter status

Methylation 12 (38.7)

Unmethylation 19 (61.3)
IDH status

Wild type 22 (71.0)

Mutation 9 (29.0)
1p/19q deletion

Positive 7 (22.6)

Negative 16 (51.6)

Unknown 8 (25.8)
Line of previous treatment for recurrent disease

0 7 (22.6)

1 13 (41.9)

>2 11 (35.5)
Previous anti-angiogenic agents

Yes 13 (41.9)

No 18 (68.1)
Previous re-operation

Yes 11 (35.5)

No 20 (64.5)
Previous re-radiation

Yes 6 (19.4)

No 25 (80.6)
Study treatment

Anlotinib plus temozolomide 14 (45.2)

Anlotinib 17 (54.8)

KPS, Karnofsky Performance Status score; MGMT, O6-methylguanine-DNA
methyltransferase; IDH, isocitrate dehydrogenase.

Only nine patients had a localized disease, while the other 22
patients had multifocal or disseminated disease. All patients
underwent surgery and radiotherapy with concurrent adjuvant
TMZ therapy for the primary tumors and had disease recurrence.
The previous median medical treatment line was 2 (IQR 2-3,
range 1-6). Thirteen patients received bevacizumab, 11 patients
received their second surgery, and six patients received at least
two radiotherapies before enrollment in this study. The detailed
baseline characteristics of the patients are shown in Table 1.

Treatment

Seventeen patients received anlotinib alone and 14 received a
combination regimen with TMZ. The initial dose of anlotinib
was 12 mg QD for 10 patients and 10 mg QD for 21 patients. One
patient who had a combined regimen experienced a dose reduction
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(from 10 to 8 mg) due to hypertension, headache, nausea, and
fatigue. At the data cutoff date on May 31, 2021, the median
duration of follow-up was 15.9 months (95% CI: 10.3-21.5). A total
of 26 patients developed disease progression (9 with grade 3 HGG
and 17 with grade 4 HGG). Then, 21 patients were dead (7 with
grade 3 HGG and 14 with grade 4 HGG). The total treatment cycles
for the 31 patients were 184, and the median duration of treatment
was 4 cycles (IQR 2.0-6.5; range 1-21).

Efficacy
At the data cutoff date, the median PES for all patients was
4.5 months (95% CI: 3.6-5.4) (Figure 1). The PFS at 6 and

12 months were 43.5 and 14.1%, respectively. The median OS
was 7.7 months (95% CI: 4.6-10.8), and the OS at 12 months was
26.7% (Figure 2). Thirteen patients (41.9%) achieved a partial
response, and 11 patients (35.5%) had a stable disease. The ORR
and DCR were 41.9 and 77.4%, respectively, for all patients. Rapid
and long duration of response were observed. The median time to
tumor response and the median duration of response were
1.7 months (95% CI: 0.58-2.8) and 6.1 months, respectively
(95% CI: 2.2-10.0).

In the 21 patients with grade 4 disease, the median PFS was
4.5 months (95% CI: 3.1-5.8), and the PFS at 6 months was
40.2%. The median OS was 6.2 months (95% CI: 4.3-8.2), and
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the OS at 12 months was 27.9%. In the 10 patients with grade 3
disease, the median PFS was 4.6 months (95% CI: 1.6-7.6), and
the PFS at 6 months was 50.0%. The median OS was 8.1 months
(95% CI: 5.0-11.3), and the OS at 12 months was 24.0%
(Figures 3, 4). The ORR and DCR for patients with grade 4
disease were 33.3 and 71.4%, respectively. For the 10 patients with
grade 3 disease, six patients showed a tumor response, and the
ORR was up to 60%. The DCR was 90%. The combination
treatment showed a higher tumor response rate and more
survival benefits than anlotinib alone. The ORR was 57.1 and
29.4%, respectively, for the patients in the two subgroups. The

median PFS was 6.1 months (95% CI: 3.0-9.2) versus 4.2 months
[95% CI: 2.4-6.0; p = 0.29, HR = 0.66 (95% CI: 0.30-1.44)]. The
median OS was 10.6 months (95% CI: 6.8-14.5) and 6.1 months
(95% CI: 5.4-6.8), respectively, in the two groups, with a hazard
ratio of 0.63 (95% CI: 0.26-1.50).

The results for the sub-analysis are shown in Table 2. In a
univariate analysis, the patients with KPS score >60 had a
significant PFS benefit from treatment than those with KPS
score <60 (6.7 versus 3.3 months; p < 0.001). Patients with
multifocal or disseminated disease had a significantly higher
progression risk than those with a localized disease, and the
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TABLE 2 | Results of the univariate analysis.

Characteristics Number of patients

Gender

Male 19

Female 12
Age

>42 years 17

<42 years 14
KPS score

>60 20

<60 11
Histology

Grade 4 21

Grade 3 10
Tumor location

Multifocal/dissemination 22

Focal 9
MGMT promoter status

Methylation 12

unmethylation 19
IDH status

Mutation 9

Wild type 22
Previous anti-angiogenesis

Yes 13

No 18
Study treatment

Anlotinib plus TMZ 14

Anlotinib 17

Anlotinib in High-Grade Glioma

Median PFS p-value HR (95% CI)
Months (95% CI)

6.1 (3.1,9.2 0.76 1.14 (0.50, 2.62)
4.2(2.7,5.7) — —

4.6 (2.7, 6.5 0.93 1.04 (0.47, 2.28)
4.2 (3.1,5.3 — —

6.7 (3.7, 9.6 <0.001 0.18 (0.068, 0.481)
3.3 (2.5, 4.0 — -
45(3.1,5.8 0.70 1.18 (0.52, 2.68)
4.6 (1.6, 7.6) — —

3.2 (27,38 0.009 3.23 (1.27, 8.21)
8.1 (6.3, 9.9 - _

6.1 (2.0, 10.3) 0.35 0.68 (0.31, 1.53)
4.5 (2.6, 6.3) — —

6.1 (0.48, 11.8) 0.49 0.74 (0.31, 1.74)
4.5 (3.1, 5.8 — —

3.3 (24, 4.1) 0.044 2.2 (1.00, 4.83)
6.1 (2.8, 9.5) — —

6.1 (3.0, 9.2 0.29 0.66 (0.30, 1.44)
4.2 (2.4.6.0) — —

KPS, Karnofsky Performance Status score; MGMT, Os—methy/guanme—DNA methyltransferase; IDH, isocitrate dehydrogenase; TMZ, temozolomide.

median PFS was 3.2 versus 8.1 months (p = 0.009). The previous
bevacizumab treatment significantly diminished the efficacy of
treatment [HR = 2.2 (95% CI: 1.00-4.83), p = 0.044]. However,
these results must be interpreted cautiously since 12 (66.7%) of 18
patients who were previously bevacizumab-naive had received a
combined regimen with TMZ, while only 2 (15.4%) of 13 patients
who were previously on bevacizumab received a combined
regimen. A trend of longer PFS was detected in patients with
MGMT promoter methylation [HR = 0.68 (95% CI: 0.31-1.53)]
or IDH mutation [HR = 0.74 (95% CI: 0.31-1.74)].

The multivariate analysis for PFS involved tumor grades, KPS
score, lesion diffusion (localized or disseminated disease), and
treatment regimen. Only the KPS score was found as an
independent prognostic factor, in which patients with a higher
KPS score (>60) had a significantly longer PFS compared with
their counterparts [HR = 0.22 (95% CI: 0.079-0.634), p = 0.005].
Multifocal or disseminated disease showed an obviously negative
impact on the prognosis, and the HR for PFS was 2.44 (95% CI:
0.85-7.04, p = 0.099) compared with localized disease. Treatment
with the combined regimen achieved more PFS benefit than
monotherapy. However, the difference was not significant.
Similarly, the multivariate analysis for OS involved four factors
as mentioned above. The KPS score and lesion diffusion were two
key prognostic factors, and the HR was 0.29 (95% Cl: 0.11-0.77;
p =0.013; 260 vs. < 60) and 3.73 (95% CI: 0.94-14.82; p = 0.061;
disseminated vs. localized).

Safety

All treatment-related adverse events were grade 1 or 2 (Table 3).
The most common treatment-related adverse events for patients
treated with anlotinib alone included hypertension (41.2%),
hypertriglyceridemia (17.6%), and oral mucositis (17.6%). The
most common treatment-related adverse events caused by the
combination treatment included gastrointestinal reactions
(64.3%), leukopenia (64.3%), hypertension (57.1%), anemia
(57.1%), and liver function impairment (50%). One patient
had a dose reduction of anlotinib from 10 to 8 mg because of
hypertension, nausea, and fatigue. No treatment-related
discontinuation of anlotinib occurred.

DISCUSSION

The prognosis for patients with HGG was poor, especially for
those who had been heavily treated. The median PFS for patients
with recurrent malignant glioma who received dose-intense TMZ
was only 3.5months (Perry et al, 2010). Other than
chemotherapy, the treatment approach for recurrent HGG is
limited. Anti-angiogenesis is the only recognized targeted therapy
for HGG (NCCN, 2021). Anlotinib is a multi-kinase inhibitor
targeting both angiogenesis and tumor cell proliferation by
blocking VEGFR, PDGFR, FGFR, and c-Kit. To our
knowledge, this is the first clinical study for anlotinib in
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TABLE 3 | The most common treatment-related adverse events.

Anlotinib in High-Grade Glioma

Grades 1 and 2

All (n = 31)

Hypertension, n (%) 15 (48.4)
Gastrointestinal reactions, n (%) 11 (35.5)
Leukopenia, n (%) 11 (35.5)
Anemia, n (%) 8 (25.8)
Oral mucositis, n (%) 7 (22.6)
Liver function impairment, n (%) 7 (22.6)
Hypertriglyceridemia, n (%) 5 (16.1)
Proteinuria, n (%) 4 (12.9)
Hand-foot reaction, n (%) 4(12.9)
Electrocardiographic abnormality, n (%) 4 (12.9)
Thrombocytopenia, n (%) 3(9.7)

Bleeding, n (%) 2 (6.5)

Hypothyroidism, n (%) 2 (6.5

patients with recurrent HGG. In this retrospective study,
anlotinib, as a single agent or in combination with TMZ,
showed a median PFS of 4.5 months and a median OS of
7.7months in patients with recurrent HGG. Twenty-one
patients enrolled in our study have grade 4 glioma (19
patients with GMB and 2 patients with diffuse midline
glioma). The median PFS and OS for these patients were 4.5
and 6.2 months, respectively. The PFS at 6 months and the OS at
12 months were 40.2 and 27.9%, respectively. These results
exceeded the data (35.7 and 28.6%) reported in the study of
TMZ re-challenge even if ignoring the bias that the patients in the
TMZ re-challenge study had better baseline characteristics, such
as no previous treatment for recurrent disease, better physical
condition (Eastern Cooperative Oncology Group performance
status <1), and higher proportion of MGMT promoter
methylation (42%) (Perry et al., 2010).

With the approval of bevacizumab, treatment for HGG has
entered the era of targeted therapy. In the BRAIN study for
recurrent GBM, the ORR for bevacizumab alone and
bevacizumab plus irinotecan was 28.2 and 37.8%, respectively,
and the PFS was 4.2 and 5.6 months, respectively (Friedman et al.,
2009). In the two large-scale phase 3 studies evaluating the
efficacy of bevacizumab and lomustine in GBM as the second
line of treatment, the median PFS was 4 and 4.2 months,
respectively (Taal et al, 2014; Wick et al., 2017). The results
of our study were comparable with the above-mentioned studies
on bevacizumab. The ORR for patients with grade 4 glioma was
33.3%, and the median PFS for patients with grade 4 glioma was
4.5 months. However, the subjects enrolled in our study had poor
baseline characteristics. The median lines of previous treatments
were 2 (IQR: 2, 6), while the eligible patients in other studies
usually just experienced only one or two lines of treatment. The
median KPS score was 60, worse than that of most of the other
previous studies. In addition, most patients (22, 71.0%) in our
study had disseminated disease. A similar study had been
performed by Verhoeft et al to evaluate the efficacy of
bevacizumab and dose-intense TMZ (50 mg/m> once daily) in
recurrent HGG. This study included eight patients with grade 3
glioma and 15 with grade 4 glioma, similar to our study. The ORR
was only 20%. The PFS at 6 months was as low as 17.4%, and the

Anlotinib and TMZ (n = 14) Anlotinib (n = 17)

8 (57.1) 7 (41.2)
9 (64.3) 2(11.9)
9 (64.3) 2(11.8)
8 (57.1) 0
4 (28.6) 3(17.6)
7 (50) 0
2 (14.3) 3(17.6)
3(21.4) 1(5.9)
3(21.4) 1(5.9)
4 (28.6) 0
3(21.4) 0
1(7.1) 1(5.9)
1(7.1) 1(5.9)

median OS was only 17.1 weeks in the study (Verhoeff et al,
2010).

Regorafenib is a multi-kinase inhibitor against VEGFR1-3,
angiopoietin-1 receptor (TIE2), KIT, RET, PDGFR, FGFR, and
others (Wilhelm et al., 2011). In the REGOMA study which
compared regorafenib monotherapy with lomustine for patients
with GBM after the first recurrence, regorafenib achieved a
significant OS benefit with the median OS of 7.4 versus
5.6 months. The median PFS was 2 versus 1.9 months
(Lombardi et al.,, 2019). This study indicated the advantages of
multi-target tyrosine kinase inhibitors. However, some queries
arose because the patients who received lomustine showed
abnormally poor overall survival and progression-free survival.

Anlotinib shares similar targets with regorafenib but has a
higher potency of inhibition. The ICso for VEGFR2 inhibition
was 0.2 versus 4.2 nM. Anlotinib inhibits the activation of FGFR
by blocking the phosphorylation of FGFR1 with an inhibitory rate
of 45.0% (p-FGFR1/ FGFR1) at 1 uM and shows an ICs; value of
25 nM in AN3Ca cells overexpressing a FGFR2 mutant protein in
another assay (Lin et al., 2018). Many studies have proved that the
FGFR signaling pathway played an important role in the
progression of GMB and that the FGFR1 overexpression was
associated with the higher grade of disease (Jimenez-Pascual et al.,
2020). So, the blockade of FGFR signaling may be beneficial, and
the FGFR inhibitors had been investigated (Bahleda et al., 2019).
Regorafenib can also target FGFR. However, the activity is
moderate, and the ICso is 202 nM (Wilhelm et al., 2011). In
fact, the clinical outcomes were inconsistent with the higher
activity of anlotinib in vitro.

Distinctly from other studies, our study enrolled 13 patients
who had previously received treatment with anti-angiogenic
agents, which obviously affected the PFS benefit of patients
(median PFS: 3.3 wvs. 6.1 months). The baseline physical
conditions of patients who previously received anti-angiogenic
agents were poorer compared with that of all patients. The
median KPS score was 50, and the median number of
previous lines of treatments was 3. Most of these heavily
treated patients (11 of 13) received anlotinib alone, which may
be due to the ineffectiveness of or intolerance to TMZ. Overall,
the 3.3-month PFS indicated the feasibility of anlotinib as a single
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agent for salvage treatment. On the other hand, earlier treatment
with anlotinib in combination with chemotherapy may bring
greater survival benefit to patients.

In patients treated with the monotherapy subgroup, more
patients had unmethylated MGMT promoter (12/17, 70.6%)
compared with those in the combination regimen (7/14,
50.0%). This may lead to a slightly unfavorable bias to patients
with monotherapy when comparing the treatment efficacy since
the unmethylated MGMT promoter is associated with poor
prognosis. The possible reason for the higher proportions of
patients with unmethylated MGMT promoter in the
monotherapy subgroup was that the patients with methylated
MGMT promoter were usually sensitive to TMZ in the previous
treatment and were arranged to receive a combination regimen
according to our protocol.

Treatment with anlotinib showed favorable tolerability in
this study. Dose reduction only occurred in one patient (from 12
to 8 mg), and the symptoms were relieved after dose adjustment.
To our surprise, no grade 3 or 4 treatment-related AE was
observed. In addition to the favorable safety and tolerance
profile of anlotinib, this result can also be attributed to
several other reasons. Firstly, a flexible initial dose of
anlotinib, adjusted according to the physical condition of the
patients, was used. It has been reported that the efficacy of
bevacizumab at a dose of 5 mg/kg every 3 weeks was comparable
with 10 mg/kg every 2 weeks while the toxicity was reduced
(Bahleda et al., 2019). Secondly, the duration of treatment was
relatively short. The toxicity of the treatment regimen was
related to the treatment course. In the study of anlotinib as
the second-line treatment for renal clear cell carcinoma (median
PES: 8.5months) and as first-line treatment for medullary
thyroid cancer (median PFS: 20.7 months), the incidence of
dose adjustment was 11.9 and 32.2%, respectively (Ma et al.,
2020; Li et al., 2021). Thirdly, this is a retrospective study, the
adverse events might be underestimated for the incomplete
records. The most common TRAE caused by anlotinib was
hypertension (41.2%). Most hematological adverse events
occurred in patients with the treatment combination of
anlotinib and TMZ.

Our studies have some limitations. Firstly, this is a
retrospective single-arm study with a small sample size.
Secondly, patients with glioma of both grade 3 and 4 were
enrolled and treated with a different regimen, which
complicated the interpretation of the results. Nevertheless, the
aim of this study was to preliminarily evaluate the efficacy and
safety of anlotinib alone or in combination with TMZ in the
treatment of recurrent HGG. Promising outcomes have been
obtained. Based on these results, a prospective phase II study to
evaluate the efficacy and safety of the combination regimen with
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