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Abstract 

Background:  Treatment options for malignant and aggressive glioma are limited. Vascular endothelial growth factor 
(VEGF) antibodies are angiogenesis inhibitors that prevent the growth of neoplasms by inhibiting the expansion of 
the vascular tissue that supports them. We designed this phase I trial to assess the safety and establish the maximum 
tolerable dose (MTD) of GB222, a recombinant human anti-VEGF monoclonal, for patients with recurrent malignant 
glioma.

Methods:  Eligible patients were those who were diagnosed with WHO grade III and IV glioma and progressed after 
initial treatment including surgery, radiotherapy, and temozolomide. GB222 was initiated at 3 mg/kg (Cohort 1) intra-
venously once every four weeks (Q4W), then escalated in a 3 + 3 design at 5 mg/kg (Cohort 2, Q4W), 5 mg/kg (Cohort 
3, Q2W), 7.5 mg/kg (Cohort 4, Q2W), and 10 mg/kg (Cohort 5, Q2W). The initial 28 days of each dose level cohort was 
the observation period for dose-limiting toxicity (DLT). After that, patients continued the treatment with the same 
dose of GB222 in combination of temozolomide if patients were considered to have benefited from the treatment. 
Our study also evaluated anti-tumor efficacy including objective response rate (ORR), progress free survival (PFS), and 
overall survival (OS), as well as pharmacokinetic parameters of GB222.

Findings:  Sixteen patients were enrolled: 4 in Cohort 1, 3 each in Cohort 2, 3, 4, and 5. In the 28 days with GB222 
alone, no DLT events were observed in all dose cohorts, and MTD was not reached. Among 16 patients, 14 (87.5%) 
received the combined treatment of GB222 and temozolomide after the DLT observation period. Two patients 
stopped the treatment after the DLT observation period due to disease progression. All patients (100%) reported 
experiencing at least one adverse event (AE) among patients who either received GB222 alone or the combination 
therapy of both GB222 and temozolomide. Four patients experienced grade 3/4 AE (one in Cohort 1, one in Cohort 2, 
and two in Cohort 3), including status epilepticus, herpes zoster, bone marrow failure, and hematological laboratory 
abnormalities. None of them was determined to be GB222 related. No death and treatment termination occurred 
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1  Introduction
Gliomas are the most common primary brain neoplasms, 
accounting for 30%-40% of all intracranial tumours 
(Schneider, et  al. 2010; Ostrom et  al. 2018). In clinical 
practices, the diagnosis and treatment of gliomas gen-
erally follow the World Health Organization (WHO) 
classification and grading systems based on tumours’ 
histopathological and molecular features (Louis et  al. 
2007; Wesseling and Capper 2018). High-grade gliomas 
(HGG), referring to anaplastic gliomas (WHO grade III 
glioma) and glioblastoma multiforme (GBM, WHO grade 
IV glioma), are typically aggressive with poor progno-
sis (Park et al. 2010). The management of HGG consists 
of a combination of surgery, radiation therapy, and oral 
alkylating chemotherapy with temozolomide (Prados and 
Levin 2000). Studies showed that even with an optimal 
multimodality treatment approach (standard radiother-
apy plus concomitant and adjuvant temozolomide), the 
5-five survival rate of patients with GBM was less than 
10% (Stupp et al. 2009; Stupp et al. 2005) and the median 
survival time was only 12–15 months (Quick et al. 2010). 
The WHO grade III tumours seemed to have a better 
prognosis but still not suboptimal with the median sur-
vival time being around 2–5 years (Stupp et al. 2009). By 
far, the treatment for HGG remains limited.

HGG has been associated with intense microvascu-
lar proliferation and angiogenesis dependent (Plate and 
Mennel 1995). The vascular endothelial growth factor 
(VEGF) is an important angiogenesis stimulator and 
significantly upregulated in malignant gliomas (Plate 
and Mennel 1995; Ferrara 2004). Therefore, targeting 
angiogenesis has become a therapeutic research hotspot 
towards malignant gliomas in recent years (Weathers 
and Groot 2015). VEGF(R) antibodies and other tyros-
ine kinase antagonists are angiogenesis inhibitors, which 
prevent the growth of neoplasms by inhibiting the expan-
sion of the vascular tissue that supports them. In brain 
cancer, Avastin (bevacizumab) was the first approved and 
remains the most widely used anti-VEGF agent globally 
(Prager et  al. 2010; AVASTIN®(bevacizumab) injection, 

for intravenous use Initial U.S.Approval:2004 (2020.5). 
2004; ). Its use, however, is confined to second- or third-
line gliomas which have failed a previous round of sys-
temic therapy, as it has failed to demonstrate a benefit 
over standard chemo radiotherapy in newly diagnosed 
gliomas (Ameratunga, et al. 2018). Investigations of rival 
anti-VEGF agents for gliomas, such as the multi-targeted 
tyrosine kinase inhibitors lenvatinib (Hao and Wang 
2020) and cabozantinib (Cloughesy et  al. 2018), (Wen 
et  al. 2018) have been suboptimal and the development 
of VEGF(R) antibodies remains sparse, leaving bevaci-
zumab largely unchallenged by other drugs of its class.

GB222, developed and produced by Genor Biopharma 
Co., Ltd., China, is an injectable recombinant human-
ized anti-vascular endothelial growth factor monoclonal 
antibody, biosimilar with bevacizumab. GB222 and beva-
cizumab have the same amino acid sequence, share simi-
lar FcRn binding activities, similarity in protein structure 
and quality stability, comparable biological activity, 
pharmacodynamics, and toxicology results, and compa-
rable preclinical pharmacokinetic results. Pharmacody-
namic studies have shown that GB222 binds to human 
VEGF in a dose-dependent manner; to other members 
of the VEGF family (VEGF-B, VEGF-C, VEGF-D, PIGF, 
etc.) and other species (rat and mouse)) did not cross-
react with VEGF; in  vivo activity studies showed that 
both human colon adenocarcinoma cells (LS 174 T) and 
human rhabdoid cells (A-673) xenograft experiments in 
nude mice showed that GB222 could significantly inhibit 
tumor growth.. Pharmacokinetic studies showed that 
the pharmacokinetic behaviors of GB222 and bevaci-
zumab in rhesus monkeys were basically the same at the 
same dose, and the two were comparable, and the rela-
tive bioavailability of GB222 was 99.01%. Therefore, it is 
predicted that GB222 may have the same similarity in 
clinical efficacy and safety. The targeted population are 
histologically or cytologically confirmed advanced HGG 
patients who have failed to respond to the standardized 
treatment. Here we present the primary outcomes of an 
open, dose-escalation, phase I clinical trial to evaluate the 

due to AEs. Among these 16 patients, 81.3% (13/16) had treatment-related adverse events (TRAE). The common TRAE 
included decreased neutrophil count, decreased leukocyte count, increased alanine aminotransferase, hyperten-
sion, and rash. Pharmacokinetics (PK) studies showed drug exposure of GB222 had a linear relationship with the dose 
administrated. The overall objective response rate among 16 patients was 31.3% (95% CI: 11.02%, 58.66%) with 0% in 
Cohort 1, 66.7% in Cohort 2 (1 CR and 1 PR), 33.3% in Cohort 3 (1PR), 0% in Cohort 4, and 66.7% in Cohort 4 (2 PR). The 
median PFS was 4.44 months [95% confidence interval (CL) 2.76–6.60 months]. The median OS was 8.38 months (95% 
Cl: 4.24-not reached).

Interpretation:  GB222 alone or combined with temozolomide had manageable safety profiles and encouraging 
anti-tumour activity in treating patients with recurrent HGG.

Keywords:  Anti-Vascular Endothelial Growth Factor, Temozolomide, Recurrent Glioma, Clinical Trial



Page 3 of 8Kang et al. Current Medicine            (2022) 1:12 	

safety, efficacy, and pharmacokinetic characteristics of 
GB222 among patients with recurrent WHO III and IV 
gliomas.

2 � Methods
This is a single-arm; open-label phase I study at three 
oncological medical centres in China. The study was 
registered in ClinicalTrials.gov (NCT04178057). The 
study protocol was reviewed and approved by the Insti-
tutional Review Board of the Beijing Tiantan Hospital, 
Capital Medical University, which is the leading clinical 
research centre to conduct the trial. All patients signed 
informed consent before being enrolled in the study. The 
study was conducted in accordance with the principles of 
the Declaration of Helsinki and Good Clinical Practice 
guidelines.

2.1 � Eligibility criteria
Patients were eligible if they were aged ≥ 18  years with 
recurrent WHO grade III or IV gliomas and progressed, 
confirmed by magnetic resonance imaging (MRI) after 
initial treatment including surgery, radiotherapy, or 
temozolomide. Patients were required to have at least 
one measurable brain lesion for evaluation, with a Kar-
nofsky performance score (KPS) ≥ 50%, an estimated 
survival at least three months, and with sufficient hae-
matological, respiratory, liver, renal, and bone marrow 
functions. Patients were excluded if they had lesions at 
brainstem or meningeal spread of intracranial gliomas, 
or they were having a serious infection or medical illness, 
or serologic positivity for hepatitis A, B or C; pregnant 
women or those who were breastfeeding; active autoim-
mune diseases; severe coagulation dysfunction or obvi-
ous bleeding tendency.

2.2 � GB222 dose and administration
Patients were initially given GB222 alone with dose esca-
lation in a 3 + 3 method starting at 3  mg/kg (Cohort 1) 
intravenously once every four weeks (Q4W), and then 
escalated to 5  mg/kg Q4W (Cohort 2), 5  mg/kg Q2W 
(Cohort 3), 7.5  mg/kg, Q2W (Cohort 4), and 10  mg/kg 
Q2W (Cohort 5). The initial 28  days of each dose level 
cohort was the observation period for dose-limiting tox-
icity (DLT).

After 28  days, patients continued the treatment of 
the same dose of GB222 with adding in temozolomide 
(150  mg/day per square meters of body surface area) if 
patients were considered to have benefited from the 
treatment Approved Drug and Products: TEMODAR 
(Approved Drug and Products: TEMODAR (temo-
zolomide) capsules and injection. xxxx). Body sur-
face area was calculated using the DuBois equation of 
0.20247*body weight (kg)0.425*height (m)0.725Schmidt and 

C., Body Surface Area (Schmidt and C., Body Surface 
Area (BSA).2019.p. 141–141. 2019). Treatment continued 
until documented disease progression, death, the occur-
rence of intolerable toxicity, withdrawal of informed con-
sent by patients, loss of follow-up, or study completed.

2.3 � Safety assessment
Safety assessments consisted of the monitoring and 
recording of adverse events (AEs) according to Com-
mon Terminology Criteria for Adverse Events ver-
sion 4.0 Institute and Common terminology criteria for 
adverse events (Institute and Common terminology cri-
teria for adverse events (CTCAE)Version 4.0.2009.https:, 
, evs.nci.nih.gov, ftp1, CTCAE, CTCAE_4.03, Archive, 
CTCAE_4.0_2009–05–29_QuickReference_8.5x11.pdf. 
2009). DLT, defined as the occurrence of any Grade 5 AE, 
Grade 4 neutropenia lasting ≥ 3 days, febrile neutropenia, 
Grade 4 thrombocytopenia, ≥ Grade 3 non-hematologic 
toxicity (excluding nausea/vomiting), or > Grade 3 nausea 
and vomiting uncontrolled by antiemetics, was assessed 
during the first 28 days in a given dose cohort.

2.4 � Response assessment
Patients with measurable lesions were evaluated by the 
contrast-enhanced brain MRI examination according to 
the Response Assessment in Neuro-Oncology (RANO) 
criteria (Sattur et  al. 2016). The response of treatment 
was characterized into the following: objective response 
rate (ORR), complete response (CR), partial response 
(PR), stable disease (SD), progressive disease (PD). Dur-
ing the observation period of DLT, the efficacy of GB222 
should be evaluated after each administration. The 
best response during DLT is the better one of the two 
evaluations.

2.5 � Pharmacokinetic and immunogenicity studies
We also evaluate the pharmacokinetic (PK) character-
istics of GB222 by collecting blood samples at pre-dose 
(within 30 min of drug administration), 5 min, 2-h, 8-h, 
1-day, 2-day, 3-day, 5-day, 7-day, and 14-day post-dose 
from patients who received GB222 alone in the first treat-
ment cycle. Serum concentrations of GB222 were deter-
mined using a validated enzyme-linked immunosorbent 
assay (ELISA) by United-Power Pharma Tech Co., Ltd. 
with a lower limit of quantification (LLOQ) of 78.13 ng/
ml.

The immunogenicity of GB222 was determined by 
detecting anti-drug antibody (ADA) using blood sam-
ples collected at pre-dose (within 30 min of drug admin-
istration), 1-week, 2-week, 5-week, 7-week, 9-week, 
and 11-week post-dose. The presence of ADAs was 
determined by a validated immunodepletion bridging 
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electrochemiluminescence assay with a tiered approach 
of screening and confirmation.

2.6 � Statistical analysis
This phase I study accrued three patients per dose level 
and enrolled an additional three patients if one DLT was 
found among the first three patients in a given dose level 
cohort. The MTD was defined as the dose level at which 
no more than one over 6 patients experienced DLT. The 
demographic and safety data were descriptive and sum-
marized using the percentage of occurrence in a number 
of patients over total patients enrolled.

Estimation of PK parameters of GB222 was performed 
by non-compartmental method using WinNonlin (v. 7.0; 
Pharsight, Mountain View, CA) software. The maximum 
plasma concentrations (Cmax) and time to maximum 
plasma concentrations (Tmax) were determined from 
the highest observed GB222 concentration and time of 
its occurrence. The area under the concentration–time 
curve (AUC​0–24) was calculated using the linear trapezoi-
dal method from 0–24 h. The elimination half-life (T1/2) 
was estimated from ln (2)/Ke, where the terminal phase 
elimination rate constant (Ke) was estimated using log-
linear regression during the terminal phase.

The median progression-free survival (PFS) and over-
all survival (OS) were analysed as exploratory objectives. 
The definition of PFS was the time from the date of the 
treatment initiation to the date of documented disease 
progression (PD), or death, whichever occurred first. The 
OS was defined as the time from the treatment initia-
tion to the date of death with any cause. The PFS and OS 
also used other censoring rules (such as lost-follow-up, 
new anti-tumour treatment initiation, withdrawing the 
informed consent by study participants, etc.) that were 
listed in the study analysis plan if the patient did not get 
PD or death before the data cut-off date. The median PFS 
and OS with 95% confidence intervals (CI) were analysed 
by Kaplan–Meier estimates.

3 � Results
Overall, 16 patients were enrolled in the study between 
25 October 2018 to 30 April 2020: 4 in Cohort 1, 3 each 
in Cohort 2, Cohort 3, Cohort 4, and Cohort 5. In order 
to observe drug-related adverse events more carefully, 
the first patient in cohort 1 received only one GB222 
treatment during the DLT observation period, and the 
subsequent 3 patients received two conventional treat-
ments. All patients progressed after the standardised 
therapy involved surgical resection, followed by radio-
therapy with concurrent and adjuvant temozolomide. 
The median age of the study patients was 41 years (range: 
22–62). Thirteen patients were male (81.3%). At enrol-
ment, the two patients (12.5%) had a KPS of 90–100%, 

11 (68.8%) had 70–80%, and three (18.8%) had 50–60%. 
Eleven patients (68.7%) were classified as WHO grade IV 
glioma (GBM) and five (31.3%) as WHO grade III glioma 
including two cases of anaplastic oligodendrogliomas and 
three of anaplastic astrocytoma (Table 1). All 16 patients 
received at least one cycle treatment, and the median fol-
low-up was 4.02 months (range 0.92–11.2). Fourteen out 
of 16 (87.5%) patients received the combined treatment 
of GB222 and temozolomide after the DLT observation 
period. Two patients stopped the treatment after the DLT 
observation period due to disease progression.

3.1 � Safety
During the DLT observation period, no DLT was identi-
fied at all dose levels. The MTD was not reached.

Adverse events were summarized in Table  2. All 16 
patients (100%) reported experiencing at least one AE 
among patients who either received GB222 alone or the 
combination therapy of both GB222 and temozolomide. 
Four patients experienced in total 7 episodes of CTC AE 
v4.0 grade 3 or 4 AE (one in Cohort 1, one in Cohort 2, 
and two in Cohort 3). These AE included status epilep-
ticus, herpes zoster, bone marrow failure, and hema-
tological laboratory abnormalities. None of them was 
determined to be GB222 related. No treatment was ter-
minated due to AE and no drug-related death occurred. 
There were two cases of severe adverse events (SAE) 
being observed: herpes zoster and status epilepticus, 
and neither of them was determined to be GB222 related 
(Table 2).

Thirteen out of 16 (81.3%) patients had at least one 
treatment-related adverse event (TRAE) with no CTC AE 
v4.0 G3 observed. The most common TRAE (reported 
in ≥ 10% of patients) included decreased neutropenia 
(31.3%), decreased white blood cell (25%), hypertension 
(18.8%), rash, headache, elevated alanine aminotrans-
ferase (ALT), elevated aspartate aminotransferase (AST), 
prolonged activated partial thromboplastin time (APTT), 
and elevated serum bilirubin (12.5% each) (Table 2).

3.2 � Response assessment
All the patients received enhanced MRI at the end of each 
treatment cycle. Five of 16 patients had curative effects: 
one patient had a CR and four patients had PRs (Fig. 1) 
by 30 April 2020. The overall ORR was 31.3% (95% CI: 
11.02%-58.66%). The highest ORR was seen in Cohort 3 
and Cohort 5. No CR or PR happened in Cohort 1 and 
Cohort 4 (Table  3). The disease control rate (DCR) was 
100% in all cohorts. The median PFS was 4.44  months 
[95% confidence interval (CL): 2.76–6.60  months]. All 
patients were alive at the 6-month after treatment. The 
6-month overall survival was 100%. By 14 August 2020, 
10 out of 16 patients died and 7 was diagnosed with 
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Table 1  Patients characteristics at enrollment, GB222 phase I clinical trial

KPS score: Karnofsky performance score: Q4W: once every four weeks; Q2W: once every two weeks

Patient characteristics Cohort 1 
Q4W 3 mg/kg
(n = 4)

Cohort 2
Q4W 5 mg/kg (n = 3)

Cohort 3 
Q2W 5 mg/kg
(n = 3)

Cohort 4 
Q2W 7.5 mg/kg
(n = 3)

Cohort 5 
Q2W 10 mg/kg
(n = 3)

Total
(n = 16)

Age

Median age,years (range) 36.8 (27–48) 45.7 (44–48) 40.3 (34–45) 40.3 (22–62) 42.3 (36–51) 40.8 (22–62)

Gender

Male 3 (75.0) 2 (66.7) 3 (100) 3 (100) 2 (66.7) 13 (81.3)

Female 1 (25.0) 1 (33.3) 0 0 1 (33.3) 3 (18.7)

KPS score (%)

90–100 0 1 (33.3) 0 0 1 (33.3) 2 (12.5)

70–80 3 (75.0) 1 (33.3) 1 (33.3) 3 (100) 2 (66.7) 11 (68.8)

50–60 1 (25.0) 1 (33.3) 0 1 (33.3) 0 3 (18.8)

Prior temozolomide

Yes 4 (100) 3 (100) 3 (100) 3 (100) 3 (100) 16 (100)

No 0

Prior surgery

Yes 4 (100) 3 (100) 3 (100) 3 (100) 3 (100) 16 (100)

No 0

Prior radiotherapy l

Yes 4 (100) 3 (100) 3 (100) 3 (100) 3 (100) 16 (100)

No 0

Initial histological diagnosis

Glioblastoma 3(75) 3(100) 2(66.7) 3(100) 0 11 (68.7)

Anaplastic oligodendrocytoma 1(25) 0 0 0 1(33.3) 2 (12.5)

Anaplastic astrocytoma 0 0 1(33.3) 0 2(66.7) 3 (18.8)

Table 2  Adverse events (AE) summary, GB222 phase I clinical trial

TEAE: Treatment Emerging Adverse Event; TRAE: Treatment Related Adverse Event; SAE: Severe Adverse Event; ALT: Alanine Aminotransferase; AST: Aspartate 
Aminotransferase; APTT: Activated Partial Thromboplastin Time; Q4W: once every four weeks; Q2W: once every two weeks

Cohort 1 
Q4W 3 mg/kg
(n = 4)

Cohort 2 
Q4W 5 mg/kg
(n = 3)

Cohort 3 
Q2W 5 mg/kg
(n = 3)

Cohort 4 
Q2W 7.5 mg/kg
(n = 3)

Cohort 5 
Q2W 10 mg/kg
(n = 3)

Total
(n = 16)

TEAE 4 (100.0%) 3 (100.0%) 3 (100.0%) 3 (100.0%) 3 (100.0%) 16 (100.0%)

SAE 0 0 2 (66.7%) 0 0 2 (12.5%)

 ≥ 3 grade AE 1 (25.0%) 1 (33.3%) 2 (66.7%) 0 0 4 (25.0%)

TRAE 3 (75.0%) 3 (100.0%) 1 (33.3%) 3 (100.0%) 3 (100.0%) 13 (81.3%)

 ≥ 10% TRAE

Neutrophils decreased 1 (25.0%) 1 (33.3%) 0 1 (33.3%) 2 (66.7%) 5 (31.3%)

White blood cell decreased 0 1 (33.3%) 0 1 (33.3%) 2 (66.7%) 4 (25.0%)

Hypertension 0 2 (66.7%) 0 1 (33.3%) 0 3 (18.8%)

ALT increased 1 (25.0%) 1 (33.3%) 0 0 0 2 (12.5%)

AST increased 1 (25.0%) 1 (33.3%) 0 0 0 2 (12.5%)

APTT prolonged 2 (50.0%) 0 0 0 0 2 (12.5%)

Serum bilirubin increased 2 (50.0%) 0 0 0 0 2 (12.5%)

Headache 1 (25.0%) 0 0 0 1 (33.3%) 2 (12.5%)

Rash 0 1 (33.3%) 0 1 (33.3%) 0 2 (12.5%)
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WHO grade IV glioma at baseline. The median survival 
time was 8.38 months (95% Cl: 4.24-not reached).

3.3 � Pharmacokinetics and immunogenicity
The serum concentration–time profiles of GB222 
after a single intravenous infusion at the dose of 3, 5, 
7.5, and 10  mg/kg are described in Fig.  2. The GB222 
serum exposure increased in proportion to dose over 
the 3–10 mg/kg, the mean Cmax ranging from 63.85 μg/
mL in Cohort 1 to 223.58 μg/mL in Cohort 5. The Tmax 
was 2–3 h after dosing and T1/2 was between 251.02 
and 341.2 h.

Differences in GB222 exposure between antibody-
positive and antibody-negative subjects were analyzed 

according to different immunogenicity results. In this 
study, 1 subject (subject number 07–003) in the 7.5 mg/
kg group had a positive immunogenicity test result 
before administration, and a negative immunogenic-
ity test result after administration. ADA-positive refers 
to baseline ADA-negative and at least one ADA-posi-
tive test after taking the drug; ADA-negative refers to 
baseline ADA-negative and the test results after taking 
the drug are all ADA-negative, that is, subjects whose 
baseline test results are ADA-positive are not subject 
to descriptive statistics. All other subjects had negative 
immunogenicity results. Based on the above results, 
no differential analysis of GB222 exposure between 
antibody-positive and antibody-negative subjects was 
performed.

Fig. 1  Partial Response was observed in one subject. Magnetic resonance images obtained prior to study initiation (left) and after 3 months of 
study participation (right), show improvement in contrast enhanced and FLAIR sequences

Table 3  Response assessment summary

CI: Confidence Interval; Q4W: once every four weeks; Q2W: once every two weeks

Cohort 1 
Q4W 3 mg/kg
(n = 4)

Cohort 2 
Q4W 5 mg/kg
(n = 3)

Cohort 3 
Q2W 5 mg/kg
(n = 3)

Cohort 4 
Q2W 7.5 mg/kg
(n = 3)

Cohort 5 
Q2W 10 mg/kg
(n = 3)

Total
(n = 16)

Best of Response (BOR)

Complete Response (CR) 0 0 1(33.3%) 0 0 1 (6.3%)

Partial Response (PR) 0 1 (33.3%) 1(33.3%) 0 2 (66.7%) 4 (25.0%)

Stable Disease (SD) 4 (100.0%) 2 (66.7%) 1(33.3%) 3 (100.0%) 1 (33.3%) 11 (68.8%)

Progression Disease (PD) 0 0 0 0 0 0

Objective Response Rate (ORR) (CR + PR)

n (%) 0 1(33.3%) 2 (66.7%) 0 2 (66.7%) 5 (31.3%)

95% CI 0, 60.2% 0.8%, 90.6% 9.4%, 99.2% 0, 70.8% 9.4%, 99.2% 11.0%, 58.7%

Disease Control Rate (DCR)
(CR + PR + SD)

n (%) 4 (100.0%) 3 (100.0%) 3 (100.0%) 3 (100.0%) 3 (100.0%) 16 (100.0%)

95% CI 39.8%, 100.0% 29.2%, 100.0% 29.2%, 100.0% 29.2%, 100.0% 29.2%, 100.0% 79.4%, 100.0%
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4 � Discussion
HGGs are difficult to treat, especially GBM which is the 
most aggressive form of brain cancer with a 5-year sur-
vival rate of 5–10% (Stupp et  al. 2009). HGGs normally 
are highly vascular and rich in VEGF that promotes the 
process called angiogenesis (Plate and Mennel 1995). 
Many clinical studies have explored the treatment effi-
cacy of anti-angiogenesis agents in the treatment of 
HGGs and by far, bevacizumab is the most widely used 
agent in this class (Ameratunga, et  al. 2018). Here we 
demonstrated a phase I clinical trial of a biosimilar agent 
of bevacizumab, GB222, in treating patients with recur-
rent HGGs who failed the standard regimen including 
surgery, radiotherapy, and temozolomide.

The overall treatment was well tolerated with no DLT 
identification in all dosing cohorts and the MTD was 
not reached. The dose of GB222 with 10 mg/kg Q2W 
which was the same approved dose as bevacizumab 
(AVASTIN®(bevacizumab) injection, for intravenous 
use Initial U.S.Approval:2004 (2020.5). 2004) in treating 
patients with recurrent HGG. The safety of GB222 were 
similar to those previously reported with bevacizumab. 
In two phase II clinical trials using bevacizumab alone 
and in combination with irinotecan to patients with 
recurrent GBM (Friedman et al. 2009; Kreisl et al. 2009), 
the common bevacizumab associated AE were throm-
boembolic events and hypertensions. Similarly, we also 
reported hypertension in our study in three patients: two 
in the low dose cohort (5  mg/kg Q4W) and one in the 
middle dose cohort (7.5 mg/kg, Q2W). No hypertension 
being observed in the 10 mg/kg Q2W cohort, suggesting 

hypertension in GB222 might not be as frequent as in 
bevacizumab. Among the AEs occurred in this trial, 
neutropenia and leukopenia occurred more frequently 
in the higher GB222 dose group, but other AEs did not 
increase. Therefore, there may be an increase in AE due 
to an increase in exposure dose. More data is needed 
to establish this hypothesis with large patients in dose-
expansion studies. We did not report thromboembolism 
either for arteria or vena, but we observed prolonged 
APTT in two patients which may indicate that GB222 
might have hemorrhage risk as one of the phase II studies 
documented with single bevacizumab treatment to GBM 
(Friedman et al. 2009), therefore, more attention should 
be paid when designing large studies with GB222.

The antitumor response was the exploratory objective 
of our study. We found encouraging treatment efficacy 
with all patients being disease stable and 31.3% in ORR. 
Henry S. Friedman and his colleagues reported that 
bevacizumab alone and in combination with irinotecan 
in patients with recurrent GBM had ORR of 28.2% and 
37.8%, respectively (Friedman et  al. 2009). Kreisl et  al. 
(Kreisl et al. 2009) reported that the overall radiographic 
response rate of treatment with the single agent of bev-
acizumab followed by bevacizumab plus irinotecan-
based on the Levin criteria was 71% (34 PRs), whereas 
the response rate based on Macdonald criteria was 35% 
(oneCR,16PRs). The efficacy data reported in our study 
lied between two studies. The variations might be due to 
the small number of patients enrolled in our study and 
the different evaluation criteria used. We expected the 
treatment efficacy could be significant in a well-designed 

Fig. 2  Mean serum concentration–time profiles of GB222 after a single infusion at 3, 5, 7.5 and 10 mg/kg
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dose-expansion study. The median PFS of 4.44  months 
(95% CI: 2.76–6.60  months) and the median survival 
of 8.38 months observed in our study were very similar 
to 16 weeks in median PFS and 31 weeks in median OS 
reported in Kreisl’s study (Kreisl et al. 2009).

Our study was subject to some limitations. First, our 
study was a phase I study and by nature, it only involved a 
very small number of the study participants. The efficacy 
endpoints data could not be definitive, and we need a 
large dose-expansion study to confirm our findings. Sec-
ond, most of our patients underwent both single agent 
of GB222 treatment (one cycle) and the combination 
therapy with both GB222 and temozolomide. However, 
we did not have sufficient data to compare the efficacy 
between the single GB222 treatment and the combined 
therapy. More data is needed to demonstrate the treat-
ment efficacy of GB222 with or without temozolomide. 
Finally, we did not distinguish study patients as first 
relapse or multiple relapses after heave pre-treatments 
due to limited data collected, which might influence the 
treatment outcome differently.

5 � Conclusion
In conclusion, GB222 alone or combined with temozo-
lomide had manageable safety profiles and encouraging 
anti-tumour activity in treating patients with recurrent 
HGG.
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