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Abstract The aim of this study was to evaluate the effi-
ciency and safety of single-agent bevacizumab therapy for
recurrent glioblastoma multiforme (GBM). We identified
patients with histologically confirmed glioblastoma and
World Health Organization Grade III glioma who were
previously treated with temozolomide plus radiotherapy
and received 10 mg/kg bevacizumab intravenous infusion
every 2 weeks until disease progression for recurrent dis-
ease. A total 24 patients included to this study. Twenty-two
patients had GBM, and two patients had WHO grade III
glioma. No complete response was observed, five patients
(20.8 %) had partial response, nine patients (37.5 %) had
stable diseases, and ten patients (41.7 %) had progressive
diseases. The overall response rate was 20.8 %. The
6-month PFS rate (PFSg) and median PFS were determined
as 37.5 % and 4.1 months, respectively. Median OS was
6.4 months. Performance status of 17 (70.8 %) patients
was improved following bevacizumab regimen. Univariate
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analysis showed that improvement in performance status
(IPS) following bevacizumab therapy was a significant
predictor of both PFS (p < 0.001) and OS (p < 0.020).
Bevacizumab-related adverse effects were observed in 13
(54.1 %) patients. Grade 3—4 toxicity was observed in 4
(16.6 %) patients. Therapy interruptions were experienced
in two patients due to adverse effects. Single-agent bev-
acizumab is an effective and safe treatment alternative in
recurrent GBM. IPS following bevacizumab therapy was a
significant predictor of both PFS and OS.
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Introduction

Glioblastoma multiforme (GBM) is the most common and
the most aggressive primary brain tumor in adults. The
average survival in new diagnosed GBM is around
15-19 months, and the 5-year survival rate is less than
10 % [1, 2]. The standard treatment in GBM is maximum
safe surgical resection followed by radiotherapy and tem-
ozolomide (TMZ) with additional maintenance TMZ [3].
The prognosis is poor, after recurrence the median overall
survival (OS) has been reported between 3 and 9 months in
various publications [4]. There is no standard treatment
after recurrence and the currently available treatments have
limited efficiency [5].

Malignant gliomas are highly vascular tumors. Vascular
endothelial growth factor (VEGF), an important regulator
of angiogenesis, is associated with the pathologic vascu-
larization in tumor development [6]. The high expression
of VEGF in GBM has been shown to be correlated with
poor prognosis and high-grade malignancy [7, 8]. Bev-
acizumab humanized monoclonal antibody developed
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against VEGF is being widely used in patients with various
types of cancers including colorectal cancers, lung cancers
[9, 10]. The limited number of phase 2 studies conducted in
recent years report that bevacizumab increases overall
response rate (ORR) and progression-free survival (PFS)
when used alone or in combination with chemotherapy in
GBM treatment [11-13]. However, the treatment decision
is still difficult because these findings are not supported
with phase 3 randomized trials and a few phase 2 studies
with single-agent bevacizumab resulted similar to bev-
acizumab and irinotecan combination.

Given the current evidence for bevacizumab in recurrent
GBM, we reviewed our single center experience regarding
the efficacy and safety of single-agent bevacizumab in
unselected Turkish patients with previously untreated
recurrent GBM.

Materials and methods

We retrospectively reviewed our records at Trakya Uni-
versity Medical Oncology Department from between June
2009 and May 2014. This retrospective study was proved
by the ethics committee of our center.

We included only the cases that met the following cri-
teria: pathologically proven GBM (WHO Grade IV) or
WHO grad III gliomas in first diagnosis or reoperation, first
progression after standard temozolomide and radiotherapy
treatment and a measurable lesion larger than 1 cm in pre-
treatment imaging, received 10 mg/kg bevacizumab every
2 (q2) weeks as first-line treatment until disease progres-
sion, unacceptable toxicity, the patient refusal or physician
decision. Review was conducted on the 24 patients those
met the above criteria. Patient’s treatment, pathological
characteristics, and outcomes were reviewed. Magnetic
resonance images (MRI) with contrast were obtained every
8—12 weeks. Laboratory tests, including complete blood
count, urine analysis, renal and liver function were asses-
sed before every treatment cycle. Treatment was adminis-
tered until progression or unacceptable toxicity. Adverse
events were graded according to the National Cancer
Institute’s Common Terminology Criteria for (CTCAE),
version 4.0 [14].

Treatment response and progression assessment

Previously published response assessment in neuro-oncol-
ogy (RANO) criterias, including parameters for changes in
the T1-weighted gadolinium-enhancing lesion and non-
enhancing T2/FLAIR progression, were used to assess
treatment response [15].

Imaging was reviewed independently of clinical data to
determine radiographic response and progression. Clinical
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progression, according to provider records, was also as
criteria of progression. If a patient died due to presumed
progressive disease in the absence of radiographic evidence
of progression, the date of death was used as the date of
progression. Improvement in performance status (IPS) was
evaluated by using the Karnofsky performance score (KPS)
based on the corresponding physician’s subjective evalua-
tion of findings or the recorded patient disclosure. ORR
was defined as sum of percentage of patients with partial
and complete response rate according to response evalua-
tion criteria that we used.

Statistical analysis

PFS was calculated from start of bevacizumab therapy to
progression. PFES¢ was defined as the percentage of patients
alive and progression free at 6 months. OS was calculated
from start of bevacizumab therapy to death or last follow-up.
Progression-free survival and OS estimates were analyzed
using Kaplan—Meier plots, factors related with PFS and OS
compared with the log-rank test, and related 95 % confidence
intervals (CIs) was also calculated. Survival curves were
created using the software 20.0 (SPSS Inc, Chicago, IL). The
safety analyses were performed by descriptive statistics. A
p value <0.05 was considered statistically significant.

Results

We analyzed 24 patients (14 males, 10 females). Baseline
characteristics of patients are summarized in Table 1. The
median age at the diagnosis was 51 years (range
19-76 years). The median KPS prior to bevacizumab
therapy was 70 (60-100).

The majority of patients (22; 91.6 %) had GBM, and
other two patients had grade III glioma. The diagnoses of
the other two patients were anaplastic oligodendroglioma
and anaplastic astrocytoma. At time of GBM diagnosis,
three patients (12.5 %) underwent biopsy and 21 patients
(87.5 %) underwent surgery.

Median follow-up time was 21 (6-53) months. At the
time of analysis, 21 (87.5 %) patients had died. The median
PFS and OS from the first diagnosis were 13.9 (95 % CI
9.7-17.8) months and 22.9 (95 % CI 16.0-29.7) months,
respectively.

No complete response was observed. Five patients
(20.8 %) had partial response, nine patients (37.5 %) had
stable diseases, and ten patients (41.7 %) had progressive
diseases. One partial response and one progressive disease
was observed in patients had grade III glioma. Deaths (four
patients) during treatment before radiological evaluation
accepted as death due to disease progression. The ORR
with bevacizumab therapy was 20.8 %.
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Table 1 Patients characteristics

Parameter All patients n, (%) (n:24)

Median diagnosis age

>45 17 (70.8)

<45 7 (28.2)
Sex

Male 14 (58.3)

Female 10 41.7)

Type of diagnosis

Biopsy 3 (12.5)

Total/subtotal resection 21 (87.5)
Tumor extension

Unifocal 19 (79.2)

Multifocal 5 (20.8)
Histology

Glioblastoma multiforme 22 (91.6)

Anaplastic astrocytoma 14.2)

Anaplastic oligodendroglioma 14.2)
Tumor Localization

Parietal lobe 4 (16.6)

Frontal lobe 2 (8.3)

Temporal lobe 10 (41.7)

Occipital lobe 14.2)

Multilobal extension 7 (29.2)
KPS score (median(range)

At the first diagnosis 80 (60-100)

Prior to bevacizumab treatment 70 (50-100)

PFS¢ was found 37.5 %, and median PFS was
4.1 months (95 % CI 2.8-5.5) (Fig. 1). The median OS
was 6.4 months (95 % CI 5.0-7.8) (Fig. 2). Median sur-
vival after failure of bevacizumab was 1.7 months. IPS
following bevacizumab therapy was observed in 17
(70.8 %) patients.

Univariate analysis showed that IPS following bev-
acizumab therapy was a significant predictor of both PFS
(p <0.001) and OS (p < 0.020). Age, gender, tumor
localization, pre-bevacizumab-treatment KPS and the time
from original diagnosis to recurrence were not related with
PES and OS (Table 2).

In general, bevacizumab therapy was well tolerated.
Bevacizumab-related adverse effects (AEs) were observed
in 13 (54.1 %) patients. Toxicities observed during the
treatment are summarized in Table 3. The most common
AE was hypertension, observed in five patients (20.8 %).
While grade 4-5 toxicity was not observed in any patient,
six (25.0 %) patients had grade 3 AEs of special interest to
bevacizumab, comprising deep venous thrombosis in 2
(8.3 %) patients, hypertension in 2 (8.3 %) patients, leu-
kopenia in 1 (4.1 %) patient and fatigue in 1 (4.1 %)

patient. Bevacizumab treatment was discontinued in two
patients because of bevacizumab-related AEs which was
deep venous thrombosis.

Discussion

Angiogenesis is closely associated with tumor aggressive-
ness and prognosis as much as tumor development and
survival [16]. Malignant gliomas are highly vascular
tumors that produce VEGF [17]. Inhibition of angiogenesis
by bevacizumab improves delivery of chemotherapy to
tumor secondary to vascular normalization [18]. The
promising results obtained in preliminary studies con-
ducted with bevacizumab and irinotecan combination have
led to wide use of this regimen in recurrent GBM [19-21].
Recently, three phase 2 studies have shown effectiveness of
single-agent bevacizumab on ORR and PFS in recurrent
GBM [11, 13, 22]. However, lack of subsequent phase 3
studies, different characteristics and low number of patients
enrolled in phase 2 studies, and the clinical benefits that do
not affect OS make it difficult to evaluate the effectiveness
of the chemotherapy agents combined with bevacizumab in
treatment of recurrent GBM. Currently, there are no widely
accepted, effective chemotherapy alternatives for recurrent
GBM.

This is the first retrospective analysis investigating the
efficiency and safety of single-agent bevacizumab in
recurrent GBM with an unselected Turkish patient popu-
lation. The results of current study demonstrated that sin-
gle-agent bevacizumab is an effective and safe treatment
alternative in recurrent GBM. Moreover, performance
status of the majority (70.8 %) of the patients improved
during treatment. IPS was determined as a predictive factor
for both PFS and OS. While PFS was higher among
females than in males, there was no statistically significant
difference between genders (mPFS: 6.2 vs. 3.8 months; p:
0.070).

The effectiveness of combinations of bevacizumab with
various chemotherapy agents in recurrent GBM treatment
has been evaluated in retrospective and prospective studies.
The results were not found to be better than bevacizumab
monotherapy. While in the combination chemotherapy
studies ORR, PFS4 and OS had been reported as 20-57 %,
19-46.5 %, and 5.0-10.2 months [20, 23-29], respectively,
in single-agent bevacizumab studies ORR, PFS¢ and OS
reported as 29-42 %, 25.0-42.6 %, and 6.5-10.5 months,
respectively [12, 13, 22, 30]. In our study, ORR was
20.8 %, PFSg was 37.5 % and OS was 6.7 months. Our
results were in same direction with other published studies
including single-agent bevacizumab or combination regi-
mens. While ORR was lower than previous studies, our
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study had higher rates of stable disease with lower disease
progression.

Bevacizumab was well tolerated. The incidence of
adverse events associated with bevacizumab was 54.1 %.
This rate was similar to those reported in previously pub-
lished studies on single-agent bevacizumab use [11, 13, 22].
Friedman et al. [13] reported that incidence of grade 3 and
higher adverse events were 46.4 % in single-agent bev-
acizumab arm, this rate was 65.8 % in the bevacizumab and
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irinotecan combination arm. In the same study, the rate of
therapy interruption due to adverse events was 4.8 % in the
single-agent bevacizumab arm and 17.7 % in the bev-
acizumab and irinotecan arm. In a meta-analysis conducted
by Zhang et al. [31], therapy interruption rate was signifi-
cantly higher in the bevacizumab and irinotecan arm com-
pared to the single-agent bevacizumab arm. In other words, a
comparison of combination to single-agent therapy showed
that it was associated with disputable clinical benefits that are
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Table 2 Factors associated
with PFS and OS

Progression-free
survival (months) (95 % CI)

P Overall survival )4
(months) (95 % CI)

Sex
Male (14) 3.8 (0.8-6.8) 0.07 7.6 (4.7-6.1) 0.11
Female (10) 6.2 (0-14.4) 5.4 (4.1-11.1)
KPS
80-100 (10) 4.1 (0-11.8) 0.3 7.6 (2.4-12.7) 0.48
70 > (14) 3.8 (0.8-6.9) 5.7 (4.2-7.2)
Age
>45 (17) 4.1 (0-8.6) 0.041 7.6 (1.9-13.2) 0.12
<45 (7) 4.3 (0.5-8) 6.2 (0.4-12.1)
Tumor extension
Unilobal (19) 5.1 (3.1-7.0) 0.99 6.6 (4.8-8.4) 0.78
Multilobal (5) 2.3 (0.9-3.7) 6.4 (0-16.9)
Improvement in performance status
Yes (17) 6.2 (3.0-9.4) 0.001 10.1 (4.6-15.36) 0.018
No (7) 1.4 (0.2-2.5) 5.4 (0-14.6)
Recurrence time from original diagnosis
KPS Karnofsky performance <12 months (10) 4.1 (2.8-5.5) 0.68 6.6 (4.7-8.5) 0.86
score, PFS progression-free >12 months (14) 3.8 (0-11.5) 57 (4.2-7.2)

survival, OS overall survival

Table 3 Toxicity

All grade Grade > 3

Total patients at least one AE 1
Leading to discontinuation of B
Hypertension

Deep vein thrombosis

Proteinuria

Fatigue

Leukopenia

Convulsion

Hemorrhage-general

Hemorrhage-intracranial

—_— O = NN R WD UKD W
S O O O = = O N DN DN

Wound healing complications

B bevacizumab, AE adverse events

not reflected in survival, along with additional treatment
toxicity and lower therapy continuation.

The study had certain limitation related to retrospective
design. Firstly, IPS is a subjective criteria and performance
status is not a precise criterion for evaluating the general
status of patients. The other limitations of our study were
that no generalizations can be made for grade 3 glioma
patients due to low sample size and the heterogeneous
distribution of patient groups.

In conclusion, as long as no phase 3 studies are con-
ducted that including evaluation of predictive biomarkers
directing treatments and quality of life assessments, use of

bevacizumab combination regimens is still controversial,
especially in countries with limited budgets assigned to
oncologic treatments.

Single-agent bevacizumab provides significant clinical
benefits in treatment of recurrent GBM. Single-agent
bevacizumab use can allow for prevention of chemother-
apy toxicities and additional costs while obtaining similar
PFS, OS and ORR results. In our study, improved perfor-
mance status with bevacizumab therapy was determined to
be significant a predictor of PFS and OS. We believe that
results of our study provide a considerable reference
despite the small patient number included in this retro-
spective analysis.
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