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ABSTRACT

Background. Vascular endothelial growth factor inhib-
itors have corticosteroid-sparing effects in patients with
high-grade gliomas. We assessed corticosteroid use in
patients with recurrent glioblastoma treated with bev-
acizumab (BEV) in the BRAIN study (J Clin Oncol
2009;27:4733–4740).

Methods. BRAIN was a phase II, multicenter, ran-
domized, noncomparative trial of BEV alone (n � 85) or
in combination with irinotecan (CPT-11) (n � 82) in
adults with recurrent glioblastoma. Median corticoste-
roid dose for patients who used corticosteroids at base-
line was summarized by treatment arm; the percentage
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of patients who had sustained (>50% corticosteroid
dose reduction for >50% of time on study drug) or com-
plete (discontinuation of corticosteroid for >25% of
time on study drug) reduction in corticosteroid dose
overall and by objective response and progression-free
survival was calculated. The incidence of corticosteroid-
related adverse events was summarized.

Results. In each treatment group, 50% of patients
were using systemic corticosteroids at baseline. The ma-
jority of those experienced a reduction in dose while re-
ceiving BEV-based therapy. Thirteen (30.2%) BEV and
20 (46.5%) BEV � CPT-11 patients had a sustained re-
duction of corticosteroid dose; 7 (16.3%) BEV and 9

(20.9%) BEV � CPT-11 patients had a complete reduc-
tion of corticosteroid dose. The majority of patients who
had an objective response or progression-free survival
>6 months experienced corticosteroid dose reduction.
Approximately 64% of patients who used corticoste-
roids while receiving BEV-based therapy experienced
infection.

Conclusion. BEV may have corticosteroid-sparing ef-
fects in patients with recurrent glioblastoma. Corticoste-
roid reduction may positively affect patient health-related
quality of life. Given the exploratory nature of the analyses
in a noncomparative study, these results should be inter-
preted cautiously. The Oncologist 2010;15:1329–1334

INTRODUCTION

Corticosteroids are the most frequently used drugs in neuro-
oncology, and dexamethasone doses up to 100 mg/day have
been used to treat intracranial edema and control symptoms
[1]. Chronic high-dose corticosteroids contribute to overall
treatment morbidity and predispose patients to opportunis-
tic infections and other complications, including weight
gain, osteoporosis, myopathy, diabetes, and psychiatric and
neurocognitive complications [1–3]. Accordingly, discon-
tinuation of corticosteroids or reduction of dose to physio-
logical levels is desirable, but does not typically occur with
ineffective treatments.

Vascular endothelial growth factor (VEGF) inhibitors
are known to have potent antiedema and, therefore, corti-
costeroid-sparing, effects in patients with high-grade glio-
mas, enabling some patients to stabilize, reduce, or
discontinue their corticosteroid dose during treatment
[4 –7]. Corticosteroid use in patients with recurrent glio-
blastoma (GBM) receiving antiangiogenic treatment has
not been systematically documented, and there are no for-
mal guidelines for corticosteroid use in recurrent GBM set-
ting.

Bevacizumab (BEV; Avastin; Genentech, Inc., South
San Francisco, CA), a monoclonal antibody that inhibits
VEGF, has been associated with radiological response and
prolonged progression-free survival and overall survival in
recurrent GBM [5, 6, 8–10], and it has received FDA ap-
proval for use in patients with GBM with progressive dis-
ease after prior therapy.

To better understand the effects of anti-VEGF treat-
ment, specifically bevacizumab, on corticosteroid require-
ments, we assessed patterns of corticosteroid use in patients
with recurrent GBM who were treated with bevacizumab in
the BRAIN study [8]. BRAIN offers the single largest data
set of patients with recurrent GBM treated with bevaci-
zumab. Our results indicated that although 50% of patients

were using corticosteroids at baseline, the majority of them
experienced decreased corticosteroid use over a sustained
period while receiving BEV-based therapy.

METHODS: BRAIN STUDY

BRAIN was a phase II, multicenter, randomized, noncom-
parative trial that evaluated efficacy and safety of BEV
alone (n � 85) or in combination with irinotecan (CPT-11;
n � 82) in 167 adult (�18 years of age) patients with his-
tologically confirmed GBM in first or second relapse who
had received prior standard radiotherapy and temozolo-
mide. All patients provided written informed consent prior
to study participation.

Co-primary endpoints of BRAIN, objective response
(OR) rate and 6-month progression-free survival (PFS),
were assessed by a blinded, independent radiology facility
(IRF; RadPharm, Inc., Princeton, NJ), according to WHO
Response Evaluation Criteria [11], with corticosteroid dose
taken into account [12]. Achievement of an OR (i.e., partial
or complete response) required that a patient’s corticoste-
roid dose at the time of magnetic resonance imaging was
stable or reduced relative to baseline, in accordance with
modified Macdonald [12] criteria.

Longitudinal steroid dosing was recorded for all pa-
tients while they were receiving study drug. Baseline corti-
costeroid dose was defined as the average dose �4 days
prior to the first study treatment, not including corticoste-
roids used for chemoprophylaxis or inhaled/topical cortico-
steroid use. All corticosteroid doses were converted to a
dexamethasone equivalent dose [13]. Postbaseline cortico-
steroid use was defined as any use of corticosteroid from the
first day of treatment to the last day of treatment.

For patients who were using corticosteroids at baseline,
median corticosteroid dose over time was summarized by
treatment arm. We also calculated the percentage of these
patients who had sustained or complete reduction in corti-
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costeroid dose overall and by OR and PFS status. Sustained
reduction was defined as �50% corticosteroid dose reduc-
tion, relative to baseline, for �50% of the time on study
drug. Complete reduction was defined as discontinuation of
corticosteroid use for �25% of the time on study drug. Cor-
ticosteroid-related adverse events were not specifically
identified; however, we summarized those events that are
known to be associated with corticosteroid use [1, 3] for all
patients who received at least one dose of study drug.

RESULTS

Patient Baseline Characteristics
Between June 2006 and February 2007, 167 patients with
GBM in first or second relapse were randomized to receive
BEV (n � 85) or BEV � CPT-11 (n � 82) in the BRAIN
study. A comprehensive list of demographics and baseline
characteristics of patients who participated in BRAIN has
been published [8]. The median age of patients was approx-
imately 55 years, and 69% of patients were male. The ma-
jority of patients were at first relapse.

Corticosteroid Use in BRAIN
At baseline, 43 (50.6%) patients in the BEV group and 43
(52.4%) in the BEV � CPT-11 group were using systemic
corticosteroids, primarily dexamethasone. Of the patients
who were not using corticosteroids at baseline, 10 (23.8%)
in the BEV group and 12 (30.8%) in the BEV � CPT-11
group used corticosteroids after baseline, whereas 32
(76.2%) and 27 (69.2%), respectively, did not use cortico-
steroids at any time while on study treatment (Fig 1).

The majority of patients who used corticosteroids at
baseline were taking 1–4 mg/d. More patients in the BEV �
CPT-11 group (58.1%) were taking �4 mg/d (dexametha-
sone equivalent) compared with the BEV group (37.2%)
(Table 1).

Efficacy Outcomes for Patients Who Were Using
Corticosteroids at Baseline
Of patients who were using corticosteroids at baseline, 14
(32.6%) each in the BEV and BEV � CPT-11 groups had
an IRF-determined OR (i.e., complete or partial response)
while receiving treatment in the BRAIN study; 12 (27.9%)
and 14 (32.6%) patients in the BEV and BEV � CPT-11
groups, respectively, had PFS �6 months.

Corticosteroid Dose over Time
There was a consistent reduction in median corticosteroid
dose over time, relative to baseline, for patients receiving
BEV-based treatment on the BRAIN study (Fig. 2).

Sustained Reduction
During treatment, 13 (30.2%) patients in the BEV group
and 20 (46.5%) in the BEV � CPT-11 group who were us-
ing corticosteroids at baseline had a sustained reduction of
corticosteroid dose (i.e., �50% corticosteroid dose reduc-
tion, relative to baseline, for �50% of the time on study
drug).

Sustained Reduction by Response and PFS
The majority of patients who had used corticosteroids at
baseline and had an IRF-determined OR (i.e., responders)
or PFS �6 months had sustained reduction of corticosteroid
use while on the BRAIN study (Table 2).

Complete Reduction
Seven (16.3%) BEV patients and 9 (20.9%) BEV �
CPT-11 patients who were using corticosteroids at baseline

Figure 1. Corticosteroid use in the BRAIN study.
Abbreviations: BEV, bevacizumab; CPT-11, irinotecan.

Table 1. Corticosteroid dose at baseline

BEV
(n � 43)

BEV � CPT-11
(n � 43)

Dose (mg/d),a n (%)

�2 14 (32.6) 9 (20.9)

�2 to �4 13 (30.2) 9 (20.9)

�4 to �6 4 (9.3) 2 (4.7)

�6 to �8 5 (11.6) 9 (20.9)

�8 to �20 3 (7.0) 13 (30.2)

�20 4 (9.3) 1 (2.3)
aConverted to dexamethasone-equivalent dose. Baseline
corticosteroid dose was defined as the average dose
within 4 days prior to the first study treatment.
Corticosteroids used for
chemoprophylaxis/inhaled/topical steroids were not
included.
Abbreviations: BEV, bevacizumab; CPT-11, irinotecan.
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had a complete reduction of corticosteroid use (i.e., did not
use corticosteroids for �25% of the time on study treat-
ment).

Complete Reduction by Response and PFS
The majority of patients who had used corticosteroids at
baseline and had an IRF-determined complete or partial re-
sponse (i.e., responders) or PFS �6 months had complete
reduction of corticosteroid use while on the BRAIN study
(Table 3).

Adverse Events
The incidence of AEs that are known to be associated with
corticosteroid use were low, with the exception of infection,

which occurred in approximately 64% of patients in the
BEV group and 71% of patients in the BEV � CPT-11
group who used corticosteroids at any time during the treat-
ment period (Table 4).

DISCUSSION

The majority of patients who participated in the BRAIN
study experienced a decrease in corticosteroid dose over
time while receiving BEV-based treatment. This result is
consistent with previous reports of corticosteroid-sparing
properties of BEV and other anti-VEGF agents. For in-
stance, Kreisl et al. [5] reported that 58% of patients with
recurrent GBM reduced their baseline corticosteroid dose
by an average of 59% while receiving BEV monotherapy;

Figure 2. Change from baseline corticosteroid dose over time. Includes all patients who were using corticosteroids at baseline.
Dose reported is dexamethasone equivalent. Numbers under the x-axis label are the number of evaluable patients at each corre-
sponding time point.

Abbreviations: BEV, bevacizumab; CPT-11, irinotecan.

Table 2. Sustained corticosteroid reduction by response and PFSa

Sustained Reduction

BEV BEV � CPT-11

All patients who had a sustained reduction, n (%) 13/43 (30.2) 20/43 (46.5)

Responders (complete or partial response) 8/14 (57.1) 9/14 (64.3)

Nonresponders (stable or progressive disease) 5/29 (17.2) 11/29 (37.9)

�6-month PFS 7/12 (58.3) 12/14 (85.7)

�6-month PFS 6/31 (19.4) 8/29 (27.6)
aPercentages are based on response and PFS status of only those patients who were taking corticosteroids at baseline.
Sustained reduction was defined as �50% corticosteroid dose reduction, relative to baseline, for �50% of time on study
drug.
Abbreviations: BEV, bevacizumab; CPT-11, irinotecan; PFS, progression-free survival.
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Norden et al. [6] observed that 33% of their patients with
recurrent malignant gliomas experienced corticosteroid
dose reduction while receiving BEV-based treatment; and
Vredenburgh et al. [7] reported that patients who demon-
strated a response to BEV therapy tapered their corticoste-
roid dose. Cediranib, a tyrosine kinase inhibitor of VEGF
receptors, was shown to have a normalizing effect on tumor
vasculature in patients with recurrent GBM that was asso-
ciated with reduction or discontinuation of corticosteroid
use [4]. Corticosteroid dose reduction in BRAIN was not
limited to patients who experienced an OR or remained pro-
gression free for �6 months; however, the majority of those
patients did tend to have the associated benefit of cortico-
steroid reduction.

In the BRAIN study, the incidence of AEs that are
known to be associated with corticosteroid use was, in fact,
slightly higher in patients who were using corticosteroids.
Although some of the evaluated AEs are known to be re-

lated to bevacizumab use (i.e., wound-healing complica-
tions, infection, and gastrointestinal perforation) [14], they
are also commonly observed with corticosteroid use [1, 3].
Monitoring a patient’s need for corticosteroids while being
treated with BEV and making appropriate adjustments may
help to minimize the incidence of corticosteroid-associated
infection.

Corticosteroid use in patients with GBM receiving anti-
VEGF treatment has not been systematically evaluated, and
there are no formal guidelines for corticosteroid use or re-
assessment in the recurrent GBM setting. BRAIN is the first
large-scale trial to evaluate longitudinal corticosteroid use
from baseline in patients with recurrent GBM receiving be-
vacizumab. The lack of a control arm in the BRAIN study
limits our ability to fully evaluate corticosteroid use in
BEV-treated patients. However, our results suggest that
BEV has corticosteroid-sparing effects and that corticoste-
roid use over time while receiving BEV should be system-

Table 3. Complete corticosteroid reduction by response and PFSa

Complete Reductiona

BEV BEV � CPT-11

All patients who had a complete reduction, n (%) 7/43 (16.3) 9/43 (20.9)

Responders (complete or partial response) 6/14 (42.9) 5/14 (35.7)

Nonresponders (stable or progressive disease) 1/29 (3.4) 4/29 (13.8)

�6-month PFS 3/12 (25.0) 6/14 (42.9)

�6-month PFS 4/31 (12.9) 3/29 (10.3)
aPercentages are based on response and PFS status of only those patients who were taking corticosteroids at baseline.
Complete reduction was defined as discontinuation of corticosteroid use for �25% of time on study for patients who were
using corticosteroids at baseline.
Abbreviations: BEV, bevacizumab; CPT-11, irinotecan; PFS, progression-free survival.

Table 4. Adverse events associated with corticosteroid use

BEV (n � 84) BEV � CPT-11 (n � 79)

Event, n (%) Grade
Corticosteroid
Use (n � 53)

No
Corticosteroid
Use (n � 31)

Corticosteroid
Use (n � 55)

No
Corticosteroid
Use (n � 24)

Wound-healing complication 1–2 4 (7.5) 0 1 (1.8) 1 (4.2)

�3 2 (3.8) 0 1 (1.8) 0

Craniotomy wound-healing complication 1–2 2 (3.8) 0 1 (1.8) 0

�3 1 (1.9) 0 1 (1.8) 0

Intestinal perforation �3 0 0 2 (3.6) 0

Infection 1–2 27 (50.9) 14 (45.2) 29 (52.7) 9 (37.5)

�3a 7 (13.2) 1 (3.2) 10 (18.2) 1 (4.2)

Hyperglycemia �3 0 0 0 0
aOne patient had a grade 5 neutropenic infection. Adverse events were graded according to National Cancer Institute
Common Terminology Criteria (v. 3). Includes all patients who received at least one dose of study drug. Corticosteroid use
includes any use at any time during the treatment period.
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atically evaluated, and dose should be decreased as
tolerated by the patient, with special attention paid to signs
and symptoms of premature corticosteroid withdrawl, in-
cluding neurological disability, adrenal insufficiency,
headache, and lethargy [2].
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