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ABSTRACT

Objective: Bevacizumab has been shown to be effective in the treatment of recurrent glioblastoma in
combination with chemotherapy compared with historic controls but not in randomized trials.

Methods: We conducted a retrospective analysis of patients treated for recurrent glioblastoma with
bevacizumab vs a control group of patients, comparing progression-free survival (PFS) and overall
survival (OS) between the two groups, and performed subgroup analysis based on age and perfor-
mance status. Expression of vascular endothelial growth factor (VEGF) based on age was examined
using DNA microarray analysis. We also evaluated the impact of bevacizumab on quality of life.

Results: We identified 44 patients who received bevacizumab and 79 patients who had not been
treated with bevacizumab. There was a significant improvement in PFS and OS in the bevacizumab-
treated group. Patients of older age (�55 years) and poor performance status (Karnofsky Performance
Status �80) had significantly better PFS when treated with bevacizumab, and bevacizumab-treated
older patients had significantly increased OS. VEGF expression was significantly higher in older
glioblastoma patients (aged �55 years). Patients treated with bevacizumab also required less
dexamethasone use and maintained their functional status longer than the control group.

Conclusions: Bevacizumab in combination with chemotherapy may be a more effective treatment
for recurrent glioblastoma and warrants further randomized prospective studies to determine its
effect on survival. Bevacizumab also has more effect in those with older age and might reflect
biologic differences in glioblastoma in different age groups as seen with the expression of vascu-
lar endothelial growth factor. Neurology® 2009;72:1217–1222

GLOSSARY
GBM � glioblastoma; HR � hazard ratio; KPS � Karnofsky Performance Status; OS � overall survival; PFS � progression-free
survival; VEGF � vascular endothelial growth factor.

Glioblastoma (GBM) is the most fatal and most common type of primary brain cancer. After
standard therapy with surgical resection, radiation therapy, and concurrent chemotherapy, the
median survival for patients with GBM is approximately 15 months.1 No standard therapy is
available at recurrence. Further treatments in clinical trials only lead to a progression-free
survival (PFS) of approximately 8 weeks and overall survival (OS) of 25–30 weeks.2-4

Antiangiogenesis is an attractive option in the treatment of GBMs because they are densely
vascularized tumors and have increased expression of vascular endothelial growth factor
(VEGF) compared with normal brain.5-7 Antiangiogenesis agents can also reduce peritumoral
edema and reduce corticosteroid use.8,9

Recently, the antiangiogenic agent bevacizumab (Avastin�; Genentech, South San Francisco,
CA) a humanized monoclonal antibody that binds to VEGF, has been used in the off-label setting
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and phase 2 clinical trials in the treatment of
GBM. These studies have found impressive tu-
mor response and prolonged survival compared
with historic controls.10-14 However, these trials
were not randomized trials of bevacizumab
treatment against a control group of patients.

In this retrospective report, we assess the survival
benefit of bevacizumab by comparing patients
treated at our institution with bevacizumab vs pa-
tients who never received bevacizumab. Molecu-
larly, we identify any differences in VEGF
expression that might correlate with survival. We
also evaluate the quality of life of our bevacizumab-
treated patients vs the control group by looking at
changes in functional status and corticosteroid use,
because corticosteroids can cause long-term ad-
verse effects15 and decrease quality of life.16

METHODS Study design. We performed a retrospective
chart review of all patients treated for a recurrent GBM at the
UCLA Neuro-Oncology Program and at our sister institution,
Kaiser Permanente Los Angeles Neuro-Oncology. For the
treated cohort, we identified 44 patients who received treatment
with off-label bevacizumab for recurrent GBM between July
2005 and July 2006. These patients received bevacizumab at 5
mg/kg every 2 weeks. Most patients, 31 of 44, received concur-
rent irinotecan, 8 patients received carboplatin, 3 patients
received lomustine, and 2 patients received etoposide. Twenty-seven of
these patients also continued on with bevacizumab at progression, in
combination with other chemotherapeutic agents.

For controls, we searched the database for all patients who
were treated for GBM in the first recurrence between June 2001
and July 2005 and found 79 patients who met all inclusion cri-
teria (see below). The control patients never received bevaci-
zumab, even in later recurrences. We chose only the first
recurrence for control patients to avoid any selection bias be-
cause we did not choose a specific treatment for comparison. A
large portion of subjects received a chemotherapy drug at recur-
rence (2 irinotecan, 25 lomustine, 8 carboplatin, 1 carmustine),
and the others were patients enrolled in various phase 2 clinical
trials (1 isotretinoin, 5 AEE788, 5 temsirolimus, 5 cilengitide, 1
gefitinib, 16 erlotinib, 1 SU5416 [semaxanib], 4 sirolimus [rapa-
mycin], 2 tamoxifen, 2 thalidomide, 1 tipifarnib).

All patients had tissue diagnosis of GBM and were treated
with radiation therapy and concurrent temozolomide chemo-
therapy at the time of diagnosis. Patients must have received the
recurrent treatment at least 8 weeks from the completion of radi-
ation therapy and did not have a recent resection for tumor pro-
gression. All patients had close and regular follow-ups in our
clinics, with a median time of 268 days for the treated cohort
and 182 days for controls. All subjects had signed consent forms
to participate in a database containing all clinical information,
approved by the institutional review board at both institutions.

The primary objective of this study was to compare PFS and
OS between bevacizumab-treated vs control groups. As a second-
ary objective, we compared changes in functional status and
dexamethasone use to assess quality of life. Functional status was
measured at each clinic visit using the Karnofsky Performance
Status (KPS), and a significant change was defined as a decrease

of �20 points if baseline KPS �80, or a decrease of �10 points

if baseline KPS �80.

Statistical analysis. The Student t test was used to compare

differences for age and KPS at diagnosis between bevacizumab-

treated and control patients. The Kaplan–Meier method was

used to calculate survival functions, and differences were assessed

with the weighted log-rank statistic.17 Univariate and multivari-

ate survival analyses were performed using the Cox proportional

hazards regression model. Survival tree analyses (in S-PLUS)

were run to find out the cut points of age and KPS for subgroup

analysis. All analyses except survival tree analysis were performed

with SAS software (version 9.1.3, Service Pack 3).

Evaluation of VEGF expression. Clinical data, including

histopathology and age from diagnosis, were retrieved from 174

primary GBMs reported in studies for which .CEL files

(Affymetrix, Santa Clara, CA) were publicly available as well as

patients treated in the UCLA Brain Tumor Program.18-21 Tissues

were collected from the initial diagnostic surgery, before any

treatments. Patient age at the time of diagnosis was available for

all 174 patients and ranged from 22 to 86 years. The tumor

tissues were collected before the availability of bevacizumab;

these patients did not have treatment with bevacizumab and do

not overlap with patients in this study.

Combination of microarray data. All .CEL files used for this

study were retrieved from the Celsius microarray database, which

contains more than 140,000 .CEL files on various Affymetrix array

platforms (genomics.ctrl.ucla.edu/wiki/index. php/Celsius). Meth-

ods for the processing of samples are previously described.22

Briefly, using default parameters, RMA from the Bioconductor

R library was used to quantify and normalize the samples relative to

other microarrays of the same Affymetrix platform with a compari-

son group of 50 samples randomly selected from the database.23,24

Expression analysis. Gene expression analysis performed for

the 174 GBM samples was executed with DNA-Chip Analyzer

(dChip; www.dchip.org) software build 11-18-07. Analysis set-

tings were set at default unless otherwise specified. Comparisons

between tumors from patients younger and older than 55 years

were performed across the four available VEGFA probe sets us-

ing fold change thresholds of greater than 1.2, t test p value

thresholds of 0.05 or less, and 100 sample name permutations

for false discovery rate determination. Clustering parameters

were set at default where row standardization was subtracted by

“Mean” and divided by “Standard Deviation.” Distances were

set for “Pre-calculated,” and a “1-Correlation” metric where

“Centroid” was used as the linkage method.

VEGF gene voting. The activation status of VEGFA for the

two probe sets found to be significantly activated (210512_s_at

and 212171_x_at) was analyzed for each tumor. Briefly, the

mean value of each VEGFA probe set was evaluated from all

samples within each of the two microarray platforms U133A and

U133 Plus 2.0 separately. Subsequently, the probe sets from

each sample were assigned “ON” or “OFF” status if each sam-

ple’s individual probe set’s value was above or below the afore-

mentioned mean within its platform. Such a gene voting strategy was

used to assess the relative activation of each probe set to allow for cross-

platform comparability and Fisher exact statistical tests.

RESULTS Patient characteristics. We identified 44
patients who were treated with bevacizumab for the
treated group (table). The control group consisted of
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79 patients. All subjects were treated at least 1 year
before their records were analyzed. The median age
was 55 (range 26–90) years for the treated group and
57 (range 26–78) years for the control group. The
median KPS was slightly higher in the treated group,
at 90 (range 40–100), in comparison with 80 (range
60–100) for the control group. There were no signif-
icant differences in subgroup analysis for age, KPS,
or time from diagnosis. Half of the treated group
received bevacizumab in the first recurrence, 32% in
the second recurrence, and 18% in the third recur-
rence. Although we looked at outcomes in the con-
trol group only in the first recurrence, 68% of these
patients did go on treatment for a second recurrence,
and 38% received treatment for a third recurrence.

Clinical results. There was a significant difference in me-
dian PFS for the treated group at 4.25 months, compared
with 1.82 months in the control group (figure 1). The dif-
ference in median OS was also significant between the
treated (9.01 months) and control (6.11 months) groups.
The 6-month PFS was 41% for the treated group and
18% for the control group. Survival after failure was not
significantly different between the two groups, at 4.32
months for the treated group and 4.4 months for the con-
trol group.

Interestingly, in subgroup analysis based on me-
dian age (age �55 or �55 years), there was only a
significant difference in PFS and OS between the
treated and control groups in patients aged �55
years (figure 2). When analyzed using 50 years as the
age cutoff, significance was also found only in those
aged �50 years (data not shown). Similarly, only
those with poor performance status (KPS �80) had a

significant improvement in PFS, but not OS, when
treated with bevacizumab.

Multivariate analysis of factors, including age,
KPS, and treatment type, revealed that only treat-
ment with bevacizumab significantly impacted PFS
(hazard ratio [HR] � 0.624). For OS, age was the
only significant factor (HR � 1.51). Table e-1 on
the Neurology® Web site at www.neurology.org con-
tains a summary of all survival data.

VEGF expression analysis. Comparing the expression
levels of VEGFA between GBMs derived from patients
younger than 55 years (n � 84) and older than 55 years
(n � 90), we observed that patients older than 55 years
showed a 1.4-fold higher expression of VEGFA (probe sets
210512_s_at and 212171_x_at; p � 0.01). Moreover, the
expression of VEGFA was assessed as “ON” or “OFF”
based on whether each sample’s two probe sets indicated
values above or below the mean from all (n � 175) tu-
mors. Twenty-six percent (22/84) of the tumors derived
from patients younger than 55 years showed VEGFA acti-
vation, whereas 44% (40/90) of the tumors from patients
older than 55 years showed likewise activation (figure 3).
The Fisher exact test indicated that the higher levels of ex-
pression observed in the older patients vs the younger pa-
tients was significant.
Quality-of-life analysis. Of patients who were receiv-
ing dexamethasone at the start of treatment, 54% of
patients in the bevacizumab-treated group were able
to reduce their dexamethasone dosages during the

Table Patient characteristics

Treated
group

Control
group

n 44 79

Age, median (range), y 55 (26–90) 57 (26–78)

Sex, %

Male 68 68

Female 32 32

KPS, median (range) 90 (40–100) 80 (60–100)

Recurrence, %

First 50 100

Second 32 0

Third 18 0

Time from diagnosis,
median, days

301 277

Time from radiotherapy,
median, days

247.5 201

Time of follow-up,
median, days

268 182

KPS � Karnofsky Performance Status.

Figure 1 Kaplan–Meier survival curves for all
patients

(A) Progression-free survival and (B) overall survival of
bevacizumab-treated patients vs control group.
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course of treatment, with eight patients completely
discontinuing dexamethasone (figure 4A). Only
33% of patients in the control group reduced their
dexamethasone, and more than half increased their
dexamethasone dose. Control patients had to in-
crease dexamethasone in a shorter amount of time
(130.5 median days) than the treated group (149 me-
dian days) (p � 0.04; figure 4B). Patients treated
with bevacizumab also maintained their functional

status longer than control patients (252 vs 120 me-
dian days; p � 0.006; figure 4C.

Subgroup analysis of patients by age also revealed that
patients older than 55 years had more significant differ-
ences in days to dexamethasone change and KPS change
between the treated and control groups. The treated group
patients aged �55 years consistently had longer time be-
fore an increase in dexamethasone dose (182 median days
vs 130 days for control group; p � 0.03) or a decrease in

Figure 2 Kaplan–Meier survival curves by age

(A) Progression-free survival for patients aged �55 years, (B) progression-free survival for patients aged �55 years, (C)
overall survival for patients aged �55 years, and (D) overall survival for patients aged �55 years.

Figure 3 Vascular endothelial growth factor (VEGF) expression by age via DNA microarray analysis
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functional status (217 median days vs 85 days; p �
0.02) than the control group patients aged �55 years
(figure e-1). We did not see any significant difference
between the groups with age �55 years (data not
shown).

DISCUSSION From this retrospective study, we
found that patients with recurrent GBM treated with
bevacizumab may have better PFS and OS than a
control group of patients not receiving bevacizumab.
The increase in PFS and OS with bevacizumab treat-
ment is greater in patients older than 55 years. Patients
who received bevacizumab also had less dexamethasone
use and longer stability in functional status.

The ability to reduce dexamethasone overtime
should lead to a better quality of life for patients with
GBM. This higher reduction in dexamethasone in
patients treated with bevacizumab might also be a
factor that led to the longer maintenance of func-
tional status, as seen by our data. In our analysis, we
looked at dexamethasone reduction during the treat-
ment period as well as after treatment failure because
many of our patients continued on with bevaci-
zumab in later recurrences. However, we did not find
a significant difference in survival after treatment fail-
ure. Similarly, one report did show that continuing on
bevacizumab after initial failure does not prolong sur-
vival.25 However, this study did not look at dexametha-

sone changes or functional status after failure. The
benefit of maintaining quality of life might outweigh
the lack of survival benefit in this population.

The association of bevacizumab with better sur-
vival in the older age group is an unexpected out-
come, because age tends to be a poor prognostic
factor in patients with malignant glioma.2 In a gen-
eral population of patients with GBM, we found that
age correlates with higher expression of VEGF-A,
suggesting that GBMs in older age groups have more
angiogenesis. This finding is consistent with a previ-
ous report that patients with proliferative or angio-
genic/mesenchymal molecular profiles tend to be
older than patients with the neuronal subclass.20 Our
data on quality of life also support this finding be-
cause older patients (aged �55 years) seem to have
longer benefits from bevacizumab, stay at a lower
dose of steroids longer, and remain functional longer
than control patients. Thus, an antiangiogenic agent
might have more activity for the older age group than in
patients of younger age or neuronal molecular profile.

This study is limited by its retrospective nature
and small number of patients. We cannot compare
each treated patient with a perfectly matched control.
However, the cohorts are similar in their clinical
characteristics. Because we only looked at survival at
the first recurrence in the control group, survival data
should be weighted in favor of this group instead of
the heavily pretreated bevacizumab group. Also, a
retrospective study does not allow us to collect and
perform direct molecular studies on patient tissues,
and the molecular difference in VEGF-A in this re-
port had to be inferred from a more general popula-
tion. There are not enough available tissues from the
patients analyzed in this study.

Our VEGF-A data were also gleaned from newly
diagnosed tissues, but the patients in this study were
not treated until recurrence. One study indicated
that tissues might shift from proliferative to mesen-
chymal pattern at recurrence,20 so tumor tissues
taken at recurrence might have even higher VEGF-A
expression. It is also unknown whether our data
might have been less robust if these patients were
treated in the up-front setting, where presumedly
there would be fewer tumors with mesenchymal fea-
tures. Future prospective trials of bevacizumab or
other antiangiogenic agents should include molecu-
lar studies of different age groups and more extensive
gene expression studies of other factors within the
angiogenic pathways as well as study in both recur-
rent and up-front settings. More importantly, elderly
patients, such as patients older than 70 years, should
be studied with bevacizumab. These patients are of-
ten excluded from clinical trials.1,26,27 However, our
data might indicate that these patients could receive

Figure 4 Quality-of-life analysis

(A) Percent change in dexamethasone from baseline in bevacizumab (Bev)–treated group
(top) and control group (bottom) from the start of treatment to 1 month after failure. (B)
Time to dexamethasone increase in control vs bevacizumab-treated group. (C) Time to de-
crease in Karnofsky Performance Status between control vs bevacizumab-treated group.
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significant benefit from bevacizumab. Our study
does not have enough patients in this age group to
analyze the effect of bevacizumab in this subgroup
alone, and future prospective studies should be con-
ducted for this age group.
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