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Abstract
Purpose  Bevacizumab is an anti-angiogenetic treatment that can be used in patients with recurrent glioblastoma, but there 
are limited and controversial data on the optimal dose and schedule, associated toxicities and survival benefits of different 
doses.
Methods  A retrospective analysis of patients with recurrent IDHwt glioblastoma treated with bevacizumab at the Veneto 
Institute of Oncology was performed. Patients received bevacizumab in 2 different schedules (5 mg/kg or 10 mg/kg q2w), as 
monotherapy or in combination with chemotherapy.
Results  81 patients were analyzed, 33 received bevacizumab 5 mg/Kg, 48 received bevacizumab 10 mg/Kg. Median PFS 
was 4 months in both patients treated with 5 mg/kg and those treated with 10 mg/kg (p-value=0.08), median OS was 5 
months in patients treated with 5 mg/kg and 7 months in those treated with 10 mg/kg (p-value=0.10). There was no differ-
ence in the use of steroid therapy between the two groups. The incidence of adverse events was not statistically different.
Conclusions  There was no statistically significant difference in survival, PFS, response, toxicity and steroid reduction 
between the two different doses. These results may support the use of lower doses of the drug with comparable benefit for 
patients and with additional advantage in terms of health care costs.
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Background

Glioblastoma (GBM) is the most common primary malig-
nant brain tumor in adults [1]. The prognosis is poor with 
a median survival of 15–18 months and a 5-year survival 
inferior to 7%. Standard treatment involves surgical resec-
tion followed by radiation and chemotherapy [1]. Available 
therapeutic strategies, which involve the use of nitro-
sureas, antiangiogenetic treatments and alkylating agents, 
are few and have demonstrated limited benefit so far [2]. 
Since malignant gliomas are very vascular tumors in which 
angiogenesis plays a critical pathologic role, many studies 
on inhibiting angiogenesis have been conducted in the past 
years [3].

Brain tumor angiogenesis, which is closely associated 
with brain tumor progression, is mediated through the 
action of many angiogenic factors including vascular endo-
thelial growth factor (VEGF), basic fibroblast growth factor 
(bFGF), hepatocyte growth factor (HGF), platelet-derived 
growth factor (PDGF), and TGF-β, MMPs, and angiopoi-
etins (Angs) [4]. 

Bevacizumab is a recombinant, humanized monoclonal 
antibody that binds to VEGF-A, thereby inhibiting VEGFR-
mediated cell signaling. It is generally administered every 
2–3 weeks [3, 5, 6].

The role of bevacizumab in high grade gliomas has been 
extensively studied, both in newly diagnosed glioblastoma 
and in the recurrent setting [7].

In 2009, the US Food and Drug Administration (FDA) 
granted accelerated approval for bevacizumab monotherapy 
in patients with recurrent glioblastoma based on the neu-
roradiological response demonstrated by two phase II tri-
als [7–9]. On the contrary, the European Medicines Agency 
(EMA) did not grant approval due to absence of a control 
group, inadequate response criteria and difficulty in inter-
preting OS and PFS outcomes [10].

Over the years, some trials investigated the role of beva-
cizumab both as monotherapy or combined with cytotoxic 
agents using different dosages and schedules of bevaci-
zumab [8, 11–18].

Although the use of bevacizumab is well established in 
clinical practice, there is currently no consensus on its dos-
age and schedule, as few dose-response studies have been 
performed recently [19, 20]. The most common dosage 
for bevacizumab is 10 mg/kg every two weeks and it was 
based on protocols for colon-rectal cancer [20]. However, 
other schedules such as 5 mg/Kg/week or 7.5 mg/Kg every 
3 weeks have also been evaluated in terms of efficacy and 
safety [19, 21, 22], either in combination with chemother-
apy or alone [19].

In this paper, we retrospectively describe our large mono-
institutional experience with bevacizumab in recurrent 

glioblastoma patients analyzing two different schedules of 
bevacizumab in terms of survival outcomes, response and 
safety.

Materials and methods

We retrospectively evaluated all patients treated with beva-
cizumab for a recurrent isocitrate dehydrogenase (IDH) 
wild-type glioblastoma at the Veneto Institute of Oncol-
ogy (Padova, Italy) between May 2013 and February 
2022. Patients were treated with two different doses of 
bevacizumab: 5 mg/Kg (low dose- LD) or 10 mg/Kg (high-
dose- HD) every 2 weeks; the choice was at the clinician’s 
discretion. Eligibility criteria included (i) treatment with 
bevacizumab after relapse to at least first line therapy (ii) 
availability of histological, clinical and radiological data at 
the assessment time-points. Bevacizumab could be adminis-
tered in LD or HD, in combination or as monotherapy at the 
physician’s discretion. Bevacizumab was prescribed as an 
off label therapy. All patients provided a written informed 
consent for the collection and use of their anonymized data 
for scientific purposes. Protocol has been approved by local 
ethical committee (EC n.7/2024).

The primary endpoint was the overall survival (OS), cal-
culated from the date of the first administered dose of beva-
cizumab to the date of death or last follow-up. The secondary 
endpoint included neuroradiologic response according to 
Response Assessment in Neuro-Oncology (RANO) criteria 
[23], the treatment toxicity according to the Common Ter-
minology Criteria for Adverse Events (CTCAE v5.0 [24]), 
and the progression-free survival (PFS), calculated from the 
date of the first administered dose of bevacizumab to the 
date of disease progression according to RANO criteria or 
last follow-up. As in standard clinical practice, the magnetic 
resonance imaging (MRI) assessments were performed 
approximately every two months or as clinically indicated.

All data were extracted from the electronic database of 
the Veneto Institute of Oncology and collected in an anony-
mized dedicated database. Data collection included demo-
graphics, tumor characteristics, treatment data (including 
treatment-related adverse events), and follow-up informa-
tion. Methylation status of the O6-methylguanine DNA 
methyltransferase (MGMT) promoter was determined by 
methylation-specific polymerase chain reaction (PCR) or 
DNA pyrosequencing (7% cut-off for methylation). IDH 
mutation status was analyzed by immunohistochemis-
try or PCR in the case of patients ≤ 55 years. Pathological 
and molecular analysis confirmed that all available tissue 
samples from primary or recurrent tumors represented IDH 
wild-type GBM according to the World Health Organization 
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classification of central nervous system tumors (WHO 
2021) [25].

Statistical analysis was performed using R 4.4 (R Foun-
dation for Statistical Computing, Vienna, Austria) [26]. Cat-
egorical data were summarized as number and percentage, 
and continuous data as median and interquartile range (IQR). 
Comparisons between the two groups were performed using 
the Chi-square test or the Fisher’s exact test (categorical 
data), or the Mann-Whitney test (continuous data). Survival 
curves were calculated using the Kaplan-Meier method 
and compared between the groups using the log-rank test. 
Cox regression models were estimated to assess the effect 
of bevacizumab dosage (5 vs. 10 mg/Kg) on OS and PFS, 
adjusting for major clinical confounding factors including 
age, prior lines of therapy, Eastern Cooperative Oncology 
Group (ECOG) performance status, and MGMT status. The 
administration of bevacizumab in association or as mono-
therapy could not be included in the models because only 
one patient in 5  mg/Kg group was treated in association. 
All tests were 2-sided and a p-value of less than 0.05 was 
considered statistically significant.

Results

The analysis included 81 patients. The dose was 5 mg/Kg 
in 33 patients and 10 mg/Kg in 48 patients. Patient char-
acteristics are summarized in Table 1. No patients received 
re-irradiation. Baseline characteristics were not statistically 
different between the two groups, except for older age in 
patients treated with Bevacizumab 5  mg/kg (p = 0.005), 
whose treatment was administered more frequently as 
monotherapy (97% vs. 77% in patients treated with 5 mg/kg 
bevacizumab, p = 0.03).

The median follow-up from the start of bevacizumab 
treatment was 5 months (IQR 3–9). At the time of analysis, 
62 patients (77%) had experienced a disease progression 
and 50 patients (62%) died. Median PFS was 4.0 months in 
both patients treated with 5 mg/Kg and in those who were 
treated with 10 mg/Kg. Six-month PFS was 33% in patients 
who were treated with 5 mg/Kg and 20% in patients treated 
with 10 mg/Kg (p = 0.80) (Fig. 1).

There was no statistically significant difference in overall 
survival between the two groups; median OS was 5 months 
in patients who were treated with 5 mg/Kg and 7 months in 
those who were treated with 10 mg/Kg. Six-month OS was 
49% in patients who were treated with 5 mg/Kg and 66% in 
patients treated with 10 mg/Kg (p = 0.10) (Fig. 1).

In multivariable analysis (Table  2), bevacizumab dose 
was not associated with progression-free survival (p = 0.77) 
or overall survival (p = 0.32). Higher ECOG PS was associ-
ated with worse progression-free survival (hazard ratio 1.97, 
95% confidence interval 1.15 to 3.39), whereas methylated 
MGMT was associated with improved progression-free sur-
vival (hazard ratio 0.43, 95% confidence interval 0.25 to 
0.75) and improved overall survival (hazard ratio 0.49, 95% 
confidence interval 0.26 to 0.93).

Response rates were not statistically different between 
patients treated with 5 mg/Kg or 10 mg/Kg of bevacizumab 
(Table 1S, supplementary materials). Seven patients could 
not be assessed for response due to death, progressive dis-
ease in the first cycle, or failure to reach the first follow-up 
MRI scan. No complete responses were observed. Steroid 
therapy during bevacizumab administration is summarized 
in Table 3. Concomitant steroid therapy was not statistically 
different between patients who were treated with 5 mg/Kg 
or 10 mg/Kg bevacizumab at baseline, 3 and 6 months in 
patients without disease progression.

Adverse events during bevacizumab administration are 
summarized in Table  4. There were no deaths or beva-
cizumab discontinuations due to toxicity. The incidence 
of adverse events was not statistically different between 
patients who were treated with 5 mg/Kg or 10 mg/Kg bev-
acizumab in terms of hemorrhage (p = 0.51), proteinuria 

Table 1  Baseline characteristics in patients with recurrent glioblas-
toma who were treated with bevacizumab at a dosage of 5 mg/kg or 
10 mg/kg administered every two weeks
Baseline 
characteristics

Patients treated 
with 5 mg/Kg 
bevacizumab 
(n = 33)

Patients treated 
with 10 mg/Kg 
bevacizumab 
(n = 48)

p-value

Males 18 (54%) 34 (71%) 0.21
Age, years 57 (49–65) 50 (41–60) 0.005
Methylated MGMT 15/30 (50%) 20/44 (45%) 0.88
Number of prior 
surgeries:
1 surgery
2 surgeries

24 (73%)
9 (27%)

27 (56%)
21 (44%)

0.20

ECOG performance 
status:
0–1
2–3

16 (48%)
17 (52%)

29 (60%)
19 (40%)

0.40

Prior lines of therapy
0–1 lines
≥ 2 lines

10 (30%)
23 (70%)

12 (25%)
36 (75%)

0.78

Bevacizumab 
administration:
Monotherapy
Association with 
chemotherapy a

32 (97%)
1 (3%)

37 (77%)
11 (23%)

0.03

Data summarized as n (%) or median (IQR) a

Bevacizumab 5 mg/Kg was administered in association with temo-
zolomide (1 patient); bevacizumab 10  mg/Kg was administered in 
association with temozolomide (4 patients), irinotecan (2 patients), 
lomustine (2 patients), and fotemustine (3 patients)
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Discussion

The use of bevacizumab in recurrent glioblastoma has long 
been investigated, both as a single agent and in combination 
with other chemotherapeutic agents. After FDA approval 
in 2009, the 10 mg/Kg q2w schedule became the standard 
of care [27]; however, other schedules are commonly used 
and there is currently no clear indication. The literature 
also supports the use of different schedules and dosages of 
bevacizumab in the treatment of other CNS tumors, such as 
meningioma, as shown in the systematic review by Franke 
et al. [28]

According to the available literature bevacizumab in 
monotherapy has achieved a 6  m-PFS of 29-42.6%, a 
median PFS of 3–10 months and a median OS of 6.5–9.2 
months (Table 2S, supplementary materials). Combination 
therapies showed a 6  m-PFS of 50.3%, a mPFS of 3.5-6 
months and a mOS between 6.9 and 10.5 months (Table 3S, 
supplementary materials). Our survival data are consistent 
with previously available results. In this retrospective cohort 
of 81 recurrent IDHwt glioblastoma patients, two differ-
ent schedules of bevacizumab were evaluated for survival, 
response rates, toxicity and concomitant steroid therapy. 
Bevacizumab was administered as an off-label treatment 
(both in combination therapy and as a single agent) in 
two schedules, a low-dose schedule (5 mg/Kg q2w) and a 

(p = 0.81), hypertension (p = 0.72), or thromboembolism 
(p = 0.99).

The most common adverse event was hypertension in 
both LD and HD bevacizumab. Thromboembolic events 
were all grade I-II.

Table 2  Multivariable analysis of progression-free survival and overall 
survival in recurrent glioblastoma patients treated with 5 or 10 mg/kg 
bevacizumab
Variable Progression-free survival Overall survival

Hazard ratio 
(95% confidence 
interval)

p-value Hazard 
ratio (95% 
confidence 
interval)

p-value

Bevacizumab 
dose:
5 mg/Kg
10 mg/Kg

Reference
1.11 (0.62 to 
1.97)

0.72 Reference
0.65 (0.33 
to 1.30)

0.22

Age, years 1.00 (0.97 to 
1.02)

0.75 0.98 (0.95 
to 1.01)

0.31

Prior lines of 
therapy:
0–1 lines
≥ 2 lines

Reference
0.92 (0.50 to 
1.67)

0.79 Reference
0.59 (0.30 
to 1.16)

0.13

ECOG PS:
0–1
2–3

Reference
1.97 (1.15 to 
3.39)

0.01 Reference
1.80 (0.98 
to 3.33)

0.06

MGMT:
Unmethylated
Methylated

Reference
0.43 (0.25 to 
0.75)

0.003 Reference
0.49 (0.26 
to 0.93)

0.02

Fig. 1  Progression-free survival (left) and overall survival (right) in patients treated for recurrent glioblastoma with 5 or 10 mg/Kg bevacizumab
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treatments, during a 7-year experience. In cohort A 30/87 
(34%) of patients received bevacizumab as monotherapy 
and in cohort B 60/75 (80%) of patients received bevaci-
zumab as monotherapy. In the subgroup of patients treated 
with bevacizumab as a single agent, mPFS was 3.1 months 
with bevacizumab 5  mg/Kg and 3.6 months with bevaci-
zumab 10  mg/Kg was obtained, while mOS was 5.9 and 
7.2 months respectively; no statistically significant differ-
ence was detected [20]. Such data, obtained in a subgroup 
of patients treated with bevacizumab alone, corroborate our 
results.

Very recently, Melhem et al., demonstrated that in recur-
rent glioblastoma patients treated with bevacizumab, the 
LD schedule was associated with a statistically significant 
improvement in both progression-free survival and overall 
survival as compared to the higher dose schedule of 10 mg/
kg given every 2 weeks [30]. Indeed, a statistically signifi-
cant difference in mPFS in LD and SD was seen (5.89ms 
and 3.22ms respectively) and also in mOS was (10.23ms 
vs. 6.28ms respectively). However, there are some differ-
ences in patient characteristics compared to our patients: 
11.4% received re-irradiation vs. 0% in our study, about 
80% received bevacizumab at first or second recurrence (vs. 
54%), 36% had an ECOG PS ≥ 2 (vs. 46% in the present 
study). Only 3% received bevacizumab in combination with 
chemotherapy (vs. 13%).

In terms of neuroradiologic assessment according to 
RANO criteria, the DCR did not differ significantly between 
the different doses of bevacizumab: 43% with bevacizumab 
5 mg/kg vs. 54% with bevacizumab 10 mg/kg; no complete 
responses were seen in either group, but there were more 
PRs in the LD group and more SDs in the HD group. To 
note, being a retrospective study, imaging evaluation was 
performed according to RANO criteria, which take into 
account both enhancing and nonenhancing tumor burden 
due to the occurrence of pseudoresponse in high-grade glio-
mas treated with antiangiogenic drugs such as bevacizumab. 
On the other hand, according to recently published RANO 
2.0 criteria, nonenhancing disease evaluation is optional 
in patients undergoing such treatment, as the vast majority 
of patients has a concurrent progression of enhancing and 

high-dose schedule (10 mg/Kg q2w); the choice of the dif-
ferent schedules was at the clinician’s discretion.

The baseline characteristics of the population were gen-
erally well balanced between the two groups; the groups 
differed in terms of age (patients receiving bevacizumab 
10  mg/kg were slightly younger) and drug combination 
(patients were more likely to receive bevacizumab 5 mg/kg 
as monotherapy). Overall, it is important to note that the 
majority of patients (85%) received bevacizumab as mono-
therapy. The study did not show a meaningful difference 
in either mPFS or mOS. Similar results were found in the 
retrospective study by Gleeson et al., who found no differ-
ence in survival between higher and lower doses [29]. Wong 
et al. performed a meta-analysis including 548 malignant 
glioma patients treated with a bevacizumab-based therapy 
with different dosage regimens, distributed in 15 reports. 
No difference in outcome was found between 5 mg/Kg and 
10-15 mg/Kg.

Blumenthal et al. retrospectively analyzed a cohort 
of recurrent glioblastoma patients treated with bevaci-
zumab at 5 mg/Kg (cohort A) or 10 mg/Kg every 2 weeks 
(cohort B), combined or not combined with other systemic 

Table 4  CTCAE V.5.0 adverse events during bevacizumab administra-
tion
Toxicity Patients treated with 

bevacizumab 5 mg/
Kg (n = 33)

Patients treated 
with bevacizumab 
10 mg/Kg (n = 48)

Grade I-II Grade III Grade I-II Grade 
III

Leading to death 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Leading to discontinua-
tion of bevacizumab

0 (0%) 0 (0%) 0 (0%) 0 (0%)

Hemorrhage:
Overall
Intracranial

0 (0%)
-

0 (0%)
-

2 (4%)
0 (0%)

0 (0%)
-

Proteinuria 2 (6%) 0 (0%) 5 (10%) 1 (2%)
Hypertension 15 (45%) 6 (18%) 18 (37%) 8 

(16%)
Thromboembolism:
Overall
Venous
Arterial

1 (3%)
0 (0%)
1 (3%)

0 (0%)
-
-

2 (4%)
1 (2%)
1 (2%)

0 (0%)
-
-

Data summarized as n (%)

Timing Steroid therapy Patients treated with 
5 mg/Kg bevaci-
zumab (n = 33)

Patients treated 
10 mg/Kg bevaci-
zumab (n = 48)

p-value

Baseline Steroid therapy 28 (85%) 21/47 (68%) 0.15
Dexamethasone mg equivalents per 
patient

4 (2–6) 3 (2–5) 0.25

3 months Steroid therapy 11/17 (65%) 18/32 (56%) 0.79
Dexamethasone mg equivalents 2 (1–4) 2 (1–3) 0.91

6 months Steroid therapy 3/5 (60%) 8/12 (67%) 0.99
Dexamethasone mg equivalents 2 (1–2) 4 (2–4) -

Table 3  Steroid therapy during 
bevacizumab administration

Data summarized as n (%) or 
median (IQR)
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encourage the use of a lower dosage of the drug, based on 
the lack of significant differences in survival outcomes, 
response rates and toxicity profiles. It should be recalled 
that in Europe (EMA) and consequently in Italy (AIFA) 
bevacizumab is not approved for the treatment of recurrent 
glioblastoma and is therefore administered as an off-label 
drug, financed by public health resources; the possibility to 
use effective lower doses of the drug would result in a sig-
nificant benefit in terms of health care costs, as showed in a 
study by Gleeson et al. (2.4 M euros saving) [29]. 

It is in any case of the utmost importance to bear into 
mind the role of simultaneous or exclusive palliative care 
in this setting, based on the patients’ clinical caracteristics.
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