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Abstract
Background and Objective  Glioblastoma is a cranial malignant tumor with a high recurrence rate after surgery and a poor 
response to chemoradiotherapy. Bevacizumab has demonstrated efficacy in the treatment of glioblastoma by inhibiting vascu-
lar endothelial growth factor, but the efficacy of vascular endothelial growth factor receptor tyrosine kinase inhibitors varies in 
treating glioblastoma. This single-arm prospective study aimed to explore the efficacy and safety of the vascular endothelial 
growth factor receptor tyrosine kinase inhibitor apatinib in treating recurrent glioblastoma after chemoradiotherapy.
Methods  A total of 15 patients with recurrent glioblastoma (2016 World Health Organization grade IV) after chemoradio-
therapy were enrolled in this study from September 2017 to September 2019 and treated with apatinib 500 mg once daily. 
Responses were evaluated according to the Response Assessment in Neuro-Oncology criteria, and adverse events were 
recorded according to the National Cancer Institute Common Terminology Criteria for Adverse Events Version 4.0.
Results  The overall response rate was 33.3%, and the disease control rate was 66.6%. The median progression-free survival 
was 2 months, and the median overall survival was 6.5 months. The apatinib dose was adjusted in seven patients because of 
adverse events (46.6%). The most common adverse events were thrombocytopenia (53.3%), asthenia (40%), and hand-foot 
syndrome (33.3%).
Conclusions  Apatinib might be effective in treating recurrent glioblastoma after chemoradiotherapy in terms of the overall 
response rate, but the efficacy is not durable and the clinical benefit is limited. The adverse effects of apatinib were acceptable.
Clinical Trial Registration  ChiCTR-ONC-17013098, date of registration: 24 October, 2017.

Key Points 

Apatinib had limited efficacy in the treatment of  recur-
rent glioblastoma, and the adverse effects should also be 
paid attention to.

Moreover, significant individual variations were observed 
in its response.

1  Introduction

Glioblastoma (GBM, World Health Organization grade IV) 
is the most common intracranial malignancy, accounting 
for half of all primary brain tumors. Glioblastoma is also 
the most malignant type of glioma and is aggressive and 
easy to recurrent. Glioblastoma shows a poor response to 
various treatments, including surgery, radiotherapy, and 
chemotherapy. The median survival of patients with GBM 
is 14–16 months, and is only 3–9 months after recurrence 
[1]. The best supportive care merely achieves a median sur-
vival time of 3.1 months. Therefore, effective treatments for 
recurrent GBM are still lacking [2].

Glioblastoma is one of the most richly vascularized 
tumors in the central nervous system, and hence can express 
a variety of specific tumor angiogenesis regulators, including 
hypoxia-inducible factor-1 subunit alpha, angiopoietin 1/2, 
transforming growth factor β1, platelet-derived growth fac-
tor, and fibroblast growth factor [3]. Most of these regulators 
exert an angiogenic effect through the vascular endothelial 
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growth factor (VEGF) pathway. The expression of VEGF in 
the tumor tissues is closely related to the grade and progno-
sis of glioma [4].

Bevacizumab binds to VEGF and inhibits the activation 
of the angiogenesis pathway. It was approved for treating 
GBM by the US Food and Drug Administration in 2009. The 
addition of bevacizumab to the standard regimen of temo-
zolomide and radiotherapy improved the progression-free 
survival (PFS) of treatment-naïve GBM by 3.4–4.4 months 
[5]. For recurrent GBM, additional use of bevacizumab 
improved the PFS by 2.7 months compared with lomustine 
alone [6]. The overall safety of adding bevacizumab to the 
treatment of GBM is acceptable. A meta-analysis of 480 
patients with GBM showed the most frequent adverse events 
(AEs) associated with bevacizumab were asthenia, head-
ache, diarrhea, and hypertension [7]. However, treatment 
interruption because of AEs was 20% in patients treated 
with bevacizumab plus chemotherapy, which is significantly 
higher than the 5.5% in patients treated with bevacizumab 
alone [7].

Apatinib, also known as rivoceranib, is a novel small-
molecule drug approved in China for the treatment of 
advanced or metastatic gastric cancer. It blocks signal 
transduction by binding to VEGF through the intracellular 
ATP-binding site of the tyrosine receptor, thereby inhibiting 
tumor angiogenesis. Compared with VEGF antibody drugs, 
apatinib has a stronger inhibitory effect on the VEGF path-
way in vitro [8]. Several case reports first demonstrated the 
efficacy of apatinib in treating recurrent GBM [9, 10]. The 
following small-scale studies reported further promising 
results. A clinical study reported a PFS of 8.3 months in 
nine patients with recurrent high-grade glioma who were 
treated with apatinib (500 mg once daily [qd]) concurrently 
with irinotecan (340 mg/m2 or 125 mg/m2 every 21 days) 
[11]. Another clinical study reported an objective response 
rate (ORR) of 45% and a PFS of 6 months in 20 patients with 
recurrent GBM who were treated with apatinib (500 mg qd) 
and temozolomide (100 mg/m2, 7 days on with 7 days off) 
[12]. Similar results of overall survival (OS) of 9.1 months 
and a disease control rate of 82.3% were achieved in 18 
patients with recurrent high-grade glioma who were treated 
with apatinib (500 mg qd) and temozolomide (50 mg/m2 
qd) [13].

However, combined therapy will inevitably increase the 
adverse reactions of patients with recurrent GBM with a 
poor performance status. It is not clear whether apatinib 
alone is equally treatment effective and has lower adverse 
reactions. Currently, only a few case reports and small sam-
ple size retrospective studies indicated that apatinib might 
be effective in the treatment of recurrent glioma [14]. Our 
prospective study aimed to further evaluate the efficacy and 
safety of apatinib monotherapy in treating recurrent GBM 
after chemoradiotherapy.

2 � Methods

2.1 � Patients

The inclusion criteria were as follows: aged 18–75 years; 
GBM (2016 World Health Organization grade IV) con-
firmed by surgical pathology; at least one intracranial tar-
get lesion defined according to the Response Assessment 
in Neuro-Oncology (RANO); failed previous intracranial 
lesion radiotherapy and temozolomide-based chemother-
apy regimens (progressive disease confirmed with clear 
imaging evidence during treatment or within 6 months 
after treatment); no indications for reoperation; and East-
ern Cooperative Oncology Group performance status 
scores of 0–2.

 The exclusion criteria were as follows: resistant hyper-
tension; severe cardiovascular diseases; abnormal blood 
coagulation or current gastrointestinal bleeding; major 
surgery in the previous 3 months; participation in other 
clinical trials in the previous 3 months; and renal insuf-
ficiency or liver dysfunction.

Written informed consent was obtained from all par-
ticipants before enrollment. The study protocol was 
approved by the Ethics Committee of Fudan University 
Huashan Hospital. The study was conducted in com-
pliance with Good Clinical Practice guidelines and the 
Declaration of Helsinki (Clinical Trial Registration No. 
ChiCTR-ONC-17013098).

2.2 � Study Design

This single-center, prospective, single-arm clinical trial 
was performed to preliminarily investigate the efficacy 
and safety of apatinib mesylate in patients with recur-
rent GBM after surgery, radiotherapy, and temozolomide 
chemotherapy.

2.3 � Procedure

Patients were treated with apatinib at an initial dose of 
500 mg/day until progression, death, or serious AEs. In 
the case of an adverse reaction ≥ grade 3, the drug was 
discontinued until the adverse reaction returned to grade 1 
and then was resumed from 250 mg qd orally. If an adverse 
reaction of grade 3 or above occurred again, the drug was 
withdrawn. Molecular pathological examinations were 
performed at the Huashan Hospitals’ pathology depart-
ments following primary surgery. Methyl-guanine methyl 
transferase promoter methylation status was evaluated by 
polymerase chain reaction and verified by quantitative 
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pyrosequencing. Mutations in the IDH1 gene were inves-
tigated by Sanger sequencing. Ki67 was evaluated by 
immunohistochemistry. A blood test was completed at the 
College of American Pathologists-certified Central Labo-
ratory of Huashan Hospital.

2.4 � Endpoints

The primary endpoint was ORR. The secondary endpoints 
were PFS, OS, and AEs. Brain cranial magnetic resonance 
imaging was performed after apatinib treatment and every 
1 month or when there were significant signs of progres-
sion. Magnetic resonance imaging was used for examining 
the lesions, and complete remission (CR), partial response 
(PR), stable disease (SD), and progressive disease (PD) 
evaluations were performed according to the RANO crite-
ria. The ORR was calculated as (CR + PR)/total number of 
patients × 100%. The disease control rate was calculated as 
(CR + PR + SD)/total number of patients × 100%. Progres-
sion-free survival was the time from the start of treatment to 
PD or death. Overall survival was defined as the time from 
the start of treatment to death. Adverse events were evalu-
ated according to the National Cancer Institute Common 
Terminology Criteria for Adverse Events Version 4.0, and 
monitored by consultation.

2.5 � Statistical Analysis

The PFS and OS were estimated by the Kaplan–Meier 
method. The corresponding two-sided 95% confidence inter-
vals were calculated via the Brookmeyer–Crowley method. 
All analyses were performed with SPSS version 25.0 (IBM 
Corporation, Armonk, NY, USA).

3 � Results

3.1 � Clinical Characteristics of the Patients

A total of 15 patients with local recurrent GBM were 
enrolled into the study from September 2017 to Septem-
ber 2019. The clinical characteristics of these patients are 
shown in Table 1. Female patients accounted for 26.6%. 
The median age was 52 years. Patients with an Eastern 
Cooperative Oncology Group performance status score of 2 
accounted for 60%. The average duration of treatment was 
3.4 months. The median time between the first surgery and 
recurrence was 7 months (range 2–27 months). All patients 
had completed the Stupp protocol. Dexamethasone was used 
at enrollment and during the treatment of apatinib in five 
patients with a dose of 5–7.5 mg/day.

Table 1   Clinical characteristics of the patients

Bev bevacizumab, Chemo chemotherapy, ECOG PS Eastern Cooperative Oncology Group performance status, F female, Flair fluid-attenuated 
inversion recovery, M male, mo month, Nivo nivolumab, OS overall survival, PFS progression-free survival, Y/N yes/no

Patient 
number

Sex Age (years) ECOG PS Lesion sites Chemo line 
before in-
groups

Bev before 
in-groups 
(Y/N)

Treatment after out-
groups (Y/N)

PFS (mo) OS (mo)

1 M 22 2 Frontal lobe 1 N N 3 Alive
2 F 40 1 Parietal lobe 1 N N 4 9.2
3 M 37 2 Temporal lobe, corpus cal-

losum, and basal ganglia
2 Y Y (everolimus) 3 6.5

4 M 52 1 Frontal lobe and temporal 
lobe

1 N N 1 2.5

5 M 60 2 Temporal lobe 1 N N 4 7.0
6 M 45 2 Frontal lobe and parietal 

lobe
1 N N 1 2.0

7 F 53 1 Temporal lobe 1 N N 2 7.0
8 M 45 1 Temporal lobe 1 N Y (Nivo + Bev) 4 12.0
9 M 63 2 Frontal lobe and parietal 

lobe
1 N N 2 2.0

10 M 75 1 Frontal lobe 1 N N 3 5.5
11 M 59 2 Basal ganglia 1 N Y (Bev + nimustine) 1 Alive
12 M 67 2 Temporal lobe 1 N N 3 8.0
13 M 36 1 Temporal lobe 2 N N 1.5 4.0
14 F 58 2 Parietal lobe 2 N N 1 2.0
15 F 51 2 Frontal lobe 1 N N 1 1.0
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3.2 � Molecular Features of the Tumors

The isocitrate dehydrogenase 1 mutation was found in only 
one patient. Promoter methylation of the methyl-guanine 
methyl transferase gene was found in seven patients. 
The median of the Ki-67 labeling index was 30% (range 
10–60%).

3.3 � Efficacy

As of 21 July, 2020, data of 15 patients were available for 
analysis. Partial response and stable disease were achieved 
in 5 of the 15 patients, respectively. The treatment achieved 
an ORR of 33.3%, a disease control rate of 66.6%, a median 
PFS of 2 months (95% confidence interval 1.0–2.9), and a 
median OS of 6.5 months (95% confidence interval 3.6–9.3). 
Figure 1 shows the Kaplan–Meier OS and PFS curve. The 

Fig. 1   Progression-free survival and overall survival curve of the 15 patients

Fig. 2   Brain magnetic resonance imaging scans of two recurrent 
patients. A–D Patient #8; E–H patient #12; brain magnetic resonance 
imaging scan followed up before and 1  month after apatinib treat-

ment. Patients #8 and #12 achieved partial remission after apatinib 
treatment. flair fluid-attenuated inversion recovery
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pre- and post-treatment cranial magnetic resonance imag-
ing scans of two patients with good response to apatinib are 
shown in Fig. 2.

3.4 � AEs

The AEs included thrombocytopenia in eight patients, 
asthenia in six, hand-foot syndrome in five, elevated liver 
enzymes in five, hypertension in four, leukopenia in four, 
oral ulcers in two, and proteinuria in one. Dose adjust-
ment was required for a total of seven patients because of 
thrombocytopenia ≥ grade 3 in two patients, hand-foot syn-
drome ≥ grade 3 in three, and leukopenia ≥ grade 3 in two.

4 � Discussion

Anti-tumor angiogenesis therapy plays an important role in 
tumor treatment. Bevacizumab binds to VEGF-A and inhib-
its its binding to VEGFR-2, thereby inhibiting angiogenesis 
and tumor growth. Additional chemotherapy can further 
improve the anti-tumor effect of bevacizumab. This is also 
true in treating recurrent GBM. Bevacizumab plus irinotecan 
has better efficacy in treating recurrent GBM, but with more 
AEs, including gastrointestinal reactions and bone marrow 
suppression [7].

Vascular endothelial growth factor receptor tyrosine 
kinase inhibitors (TKIs) are novel anti-angiogenic drugs 
generally used in treating advanced tumors. They are 
multi-target TKIs that potently inhibit tumor angiogenesis 
pathways compared with anti-angiogenic antibody drugs. 
Vascular endothelial growth factor receptor TKIs have dem-
onstrated significant inhibitory effects on a variety of solid 
tumors, including lung cancer, gastric cancer, bowel cancer, 
and liver cancer. Multiple VEGFR-TKIs have been used to 
treat patients with recurrent GBM.

A phase III clinical study showed a response rate of 56% 
for cediranib in treating recurrent GBM, with a 6-month PFS 
rate of 26% [15]. Sunitinib and other VEGFR-TKIs were not 
quite effective in treating recurrent GBM, with a 6-month 
PFS rate of only 10.4%. Sorafenib had a 7.9-month PFS and 
a 17.8-month OS in treating recurrent GBM in phase I clini-
cal trials, but serious toxic effects were observed [16, 17]. 
Why the efficacy of sunitinib, cediranib, and sorafenib varies 
in patients with recurrent GBM is still unclear.

Both sunitinib and cediranib are multi-target receptor TKIs 
with inhibitory effects on VEGFR 1/2/3 and platelet-derived 
growth factor receptor pathways. Sorafenib is also a multi-
target receptor TKI with inhibitory effects on VEGFR-2, c-Kit, 
fibroblast growth factor receptors, and the FLT-3 pathways. 
Recent studies have shown that VEGFR-1 is mainly respon-
sible for the positive regulation of monocyte and macrophage 
migration, VEGFR-3 is mostly related to the formation of 

lymphatic vessels, while VEGFR-2 plays a primary role in 
tumor angiogenesis and therefore is the main target in treating 
tumor angiogenesis.

Sunitinib, cediranib, and sorafenib are not the same in terms 
of inhibitory activity against VEGFR-2 tyrosine kinase, with 
a half-maximal inhibitory concentration of 9 nM, 90 nM, and 
5 nM, respectively, clearly indicating that cediranib has the 
strongest inhibitory effect on VEGFR-2 kinase. This partially 
explains why cediranib is the most effective agent in treating 
recurrent GBM [18, 19].

Apatinib is a compound derived from the small-molecule 
VEGFR-TKI PTK787 (vatalanib). It is chemically known 
as methane sulfonate N-[4-(cyanocyclopentyl) phenyl] 
[2-[(4-pyridinylmethyl)amino] (3-pyridine)]formamide, with a 
molecular formula of C25H27N5O3S and a molecular weight 
of 493.58 (methane sulfonate). Pharmacodynamic studies have 
shown that apatinib can inhibit the activity of VEGFR-2 tyrosine 
kinase to block the signal transduction after binding to VEGF 
through the intracellular ATP-binding site of the protein tyrosine 
receptor, thereby inhibiting tumor angiogenesis. Additionally, 
apatinib can effectively inhibit VEGFR-2 at a very low con-
centration, with a capacity of binding to VEGFR-2 that is more 
than ten times that of PTK787 as shown in the activity assay. 
With regard to the inhibitory activity against VEGFR-2 tyrosine 
kinase, apatinib has a half-maximal inhibitory concentration of 
2 nM and is stronger than cediranib. The drug was approved 
by the China Food and Drug Administration in October 2014 
for the third-line or later-line treatment of advanced metastatic 
gastric cancer/adenocarcinoma of the esophagogastric junction. 
Apatinib treatment significantly prolonged median PFS and OS 
compared with placebo (PFS 2.6 months vs 1.8 months; OS 
6.5 months vs 4.7 months; ORR 2.8% vs 0%) [20].

As a novel agent, apatinib was previously applied to 
treat patients with recurrent GBM in China. Individual case 
reports indicated that apatinib monotherapy was effective 
in treating recurrent GBM [9]. In this prospective study, a 
remission rate of 33.3% and a disease control rate of 66.6%, 
along with a PFS of 2 months and an OS of 6.5 months, were 
established for apatinib monotherapy in treating advanced 
GBM after chemoradiotherapy. The PFS and OS data of this 
study were inferior to previous retrospective studies [14]. 
The incidence of AEs was slightly higher [14]. We believe 
the efficacy of apatinib in the treatment of recurrent GBM 
is worse than that of bevacizumab and temozolomide when 
comparing with historical data [21].

5 � Conclusions

In this prospective research, we showed that apatinib might 
be effective in treating recurrent GBM after chemoradiother-
apy in terms of the ORR, but the responses were not durable 
and the clinical benefit is limited. The adverse reactions, 
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especially thrombocytopenia and hand-foot syndrome, need 
attention and prevention.

Some limitations could not be ignored in this research, 
especially the small sample size, single-central design, lack 
of a control group, and some potential biases. Further ran-
domized controlled clinical studies are necessary to verify 
this finding.
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