
DOI: 10.1212/01.wnl.0000304121.57857.38 
 2008;70;779-787 Neurology

Ciampa, L. G. Ebbeling, B. Levy, J. Drappatz, S. Kesari and P. Y. Wen 
A. D. Norden, G. S. Young, K. Setayesh, A. Muzikansky, R. Klufas, G. L. Ross, A. S.

 recurrence
Bevacizumab for recurrent malignant gliomas: Efficacy, toxicity, and patterns of

This information is current as of June 17, 2010 

 http://www.neurology.org/cgi/content/full/70/10/779
located on the World Wide Web at: 

The online version of this article, along with updated information and services, is

All rights reserved. Print ISSN: 0028-3878. Online ISSN: 1526-632X. 
since 1951, it is now a weekly with 48 issues per year. Copyright © 2008 by AAN Enterprises, Inc. 

® is the official journal of the American Academy of Neurology. Published continuouslyNeurology

 by on June 17, 2010 www.neurology.orgDownloaded from 

http://www.neurology.org/cgi/content/full/70/10/779
http://www.neurology.org


Bevacizumab for recurrent malignant
gliomas
Efficacy, toxicity, and patterns of recurrence

A.D. Norden, MD*
G.S. Young, MD*
K. Setayesh, MA
A. Muzikansky, MA
R. Klufas, MD
G.L. Ross, MD
A.S. Ciampa, NP
L.G. Ebbeling, BA
B. Levy, BA
J. Drappatz, MD
S. Kesari, MD, PhD
P.Y. Wen, MD

ABSTRACT

Background: Bevacizumab, a humanized monoclonal antibody against vascular endothelial
growth factor, may have activity in recurrent malignant gliomas. At recurrence some patients
appear to develop nonenhancing infiltrating disease rather than enhancing tumor.

Methods: We retrospectively reviewed 55 consecutive patients with recurrent malignant gliomas
who received bevacizumab and chemotherapy to determine efficacy, toxicity, and patterns of
recurrence. Using a blinded, standardized imaging review and quantitative volumetric analysis,
the recurrence patterns of patients treated with bevacizumab were compared to recurrence pat-
terns of 19 patients treated with chemotherapy alone.

Results: A total of 2.3% of patients had a complete response, 31.8% partial response, 29.5%
minimal response, and 29.5% had stable disease. Median time to radiographic progression was
19.3 weeks. Six-month progression-free survival (PFS) was 42% for patients with glioblastoma
and 32% for patients with anaplastic glioma. In 23 patients who progressed on their initial ther-
apy, bevacizumab was continued and the concurrent chemotherapy agent changed. In no case did
the change produce a radiographic response, but two patients had prolonged PFS of 20 and 31
weeks. Recurrence pattern analysis identified a significant increase in the volume of infiltrative
tumor relative to enhancing tumor in bevacizumab responders.

Conclusions: Combination therapy with bevacizumab and chemotherapy is well-tolerated and ac-
tive against recurrent malignant gliomas. At recurrence, continuing bevacizumab and changing
the chemotherapy agent provided long-term disease control only in a small subset of patients.
Bevacizumab may alter the recurrence pattern of malignant gliomas by suppressing enhancing
tumor recurrence more effectively than it suppresses nonenhancing, infiltrative tumor growth.
Neurology® 2008;70:779–787

GLOSSARY
AA � anaplastic astrocytoma; AG � anaplastic glioma; CR � complete response; GBM � glioblastoma; EIAED � enzyme-
inducing antiepileptic drug; FLAIR � fluid-attenuated inversion recovery; KPS � Karnofsky Performance Status; MR � mini-
mal response; PFS � progression-free survival; PR � partial response; rFPR � relative FLAIR progression ratio; rNTR �
relative nonenhancing tumor ratio; T1W � T1-weighted; VEGF � vascular endothelial growth factor.

Despite recent therapeutic advances, malignant gliomas are associated with a strikingly
poor prognosis. Median survival is 14.6 months among patients with newly diagnosed
glioblastoma (GBM) who receive optimal therapy with surgery, radiation, and chemo-
therapy.1 For patients with anaplastic astrocytoma (AA), median survival is in the range
of 2 to 3 years.2,3 Recurrent malignant glioma confers a dismal prognosis, with median
survival of 25 weeks for patients with GBM and 47 weeks for patients with AA. Less than
15% of recurrent tumors show a radiographic response to chemotherapy, and the
6-month progression-free survival (6M-PFS) for GBM is only 15 to 21%.4 There is a clear
need for more effective therapies.
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As the molecular pathogenesis of malig-
nant gliomas is elucidated, novel therapeutic
targets are emerging. Vascular endothelial
growth factor (VEGF) is a critical mediator
of new blood vessel formation, or angiogene-
sis, within gliomas.5,6 Robust angiogenesis is
required for the growth of many human can-
cers,7,8 including malignant gliomas.9 VEGF
secreted by glioma cells acts by paracrine
mechanisms upon endothelial cells in the vi-
cinity of the tumor, resulting in endothelial
cell proliferation, survival, and migration.10

The level of VEGF expression in gliomas cor-
relates with blood vessel density, degree of
malignancy, and prognosis.11,12

Bevacizumab is a humanized monoclo-
nal antibody against VEGF that has proven
efficacy against metastatic colon cancer13

and nonsmall cell lung cancer14 when ad-
ministered in conjunction with traditional
chemotherapeutics. The published experi-
ence with bevacizumab and chemotherapy
for recurrent malignant gliomas is encour-
aging, with radiographic response rates of
at least 50%15-17 and median PFS of 24
weeks.17 In the first reported cohort of 29
patients with recurrent malignant gliomas
treated with bevacizumab and irinotecan,
there were 3 complete responses (CRs) and
16 partial responses (PRs).15 Among 14
evaluable patients treated with bevaci-
zumab and a variety of chemotherapeutic
agents, 7 PRs and 3 patients with stable dis-
ease were observed.16 More recently, 32 pa-
tients treated with bevacizumab and
irinotecan had an overall response rate of
63%.18 6M-PFS was 30% for patients with
GBM and 56% for patients with anaplastic
glioma (AG). This compares favorably
with the results from theMDAnderson da-
tabase of 8 negative trials in which the 6M-
PFS for GBM was 15% and 31% for AG.4

There is also evidence that VEGF receptor
inhibitors may have activity.19 In a recent
phase II study of the pan-VEGF receptor
inhibitor AZD2171 in recurrent GBMs, the
radiographic response rate was approxi-
mately 50%, and 6M-PFS was 27%.19,20

In our initial experience treating patients
with malignant glioma with bevacizumab,

a larger than expected number of patients de-
veloped diffuse infiltrating disease at the time
of tumor progression. This appeared as dif-
fuse hyperintensity on T2-weighted fluid-
attenuated inversion recovery (FLAIR) MRI
sequences, rather than abnormal gadolinium
enhancement. Since recurrence within 2 to 4
cm of the tumor margin is observed in the
majority of patients treated with radiation
and cytotoxic chemotherapy,21,22 we hypoth-
esized that bevacizumab treatment effec-
tively controls local tumor growth but either
fails to control or actually promotes distant
and diffuse recurrences. A plausible mecha-
nism for this hypothesis comes from animal
model data which suggest that VEGF-
induced angiogenesis blockade facilitates co-
option of the normal vasculature and tumor
invasion.23,24

We sought to confirm the subjective im-
pression of increased infiltrative disease using
volumetric MRI measurements. If bevaci-
zumab treatment promotes diffuse tumor in-
filtration, bevacizumab-treated patients with
recurrent malignant gliomas should have
larger volumes of FLAIR hyperintense, non-
enhancing tumor than control patients
treated with cytotoxic chemotherapy alone.
Since bevacizumab appears to control local
tumor growth, bevacizumab-treated patients
would be expected to have smaller volumes
of local enhancing tumor compared with
controls. In addition, if increased infiltrative
disease is a result of the anti-angiogenic effect
of bevacizumab, nonenhancing tumor infil-
tration should be even more apparent in pa-
tients with bevacizumab who respond to
treatment than nonresponders. To test these
hypotheses, we reviewed our experiencewith
bevacizumab in combination with conven-
tional chemotherapy for heavily pretreated
patients with recurrent malignant gliomas.
We designed a blinded, standardized imaging
review to allow an unbiased comparison of
recurrence patterns in bevacizumab-treated
patients to patients treated with traditional
cytotoxic chemotherapy alone.

METHODS We performed a retrospective chart review of
55 consecutive patients with histologic diagnoses of malig-
nant gliomas who were treated with bevacizumab (Avastin)
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and a conventional chemotherapy agent between June 2005
and March 2007. All patients had prior treatment with ra-
diotherapy and temozolomide, and most with at least one
additional chemotherapeutic. There was no limit on the
number of prior therapies. Except for one patient who re-
ceived 5 mg/kg, patients received bevacizumab 10 mg/kg ev-
ery 2 weeks. A total of 47 patients received irinotecan (125
mg/m2 every 2 weeks for patients not on enzyme-inducing
antiepileptic drugs [EIAEDs] and 340 mg/m2 every 2 weeks
for patients on EIAEDs), 6 patients received carboplatin
(AUC of 5–6), one patient received carmustine (200 mg/m2

every 6 weeks), and one patient received temozolomide (150
to 200 mg/m2 for 5 days every 4 weeks). Adverse events were
graded based on the Common Terminology Criteria for Ad-
verse Events v3.0. The Kaplan-Meier method was used to
estimate survival functions, and statistical comparisons be-
tween groups were evaluated with the log-rank test.

To determine the pattern of recurrence in patients
treated with conventional cytotoxic chemotherapy, we eval-
uated 19 patients enrolled in three phase II clinical trials of
cytotoxic chemotherapy for recurrent malignant gliomas.
Control patients were selected on the basis of available MRI
scan data, as described below. Seven patients were enrolled
in a phase II trial of temozolomide (150 mg/m2/day for 5 days
every 4 weeks) and irinotecan (200 mg/m2 every 2 weeks for
patients not on EIAEDs and 500 mg/m2 for patients on
EIAEDs) (North American Brain Tumor Consortium protocol
99-07). Eleven patients were enrolled in a phase II trial of gi-
matecan (1 mg/m2/day for 5 days every 4 weeks) (Dana-Farber
Cancer Institute protocol 05-291). One patient was enrolled in a
phase II trial of edotecarin (13 to 15 mg/m2 every 3 weeks)
(Dana-Farber Cancer Institute protocol 03-205).

Subjects were included in the imaging analysis if accept-
able digital MRI data could be retrieved for scans performed
within 2 weeks prior to initiating therapy and at least every 8
weeks thereafter until progression. Interpretable FLAIR and
post-gadolinium T1-weighted (T1W) sequences were re-
quired for each time point. By these criteria, 44
bevacizumab-treated patients were included and 11 patients
were excluded. In 26 cases, T1W and FLAIR images were
reviewed independently by three neuroradiologists to detect
evidence of distant tumor recurrence and to qualitatively as-
sess interval changes and recurrence patterns. The neurora-

diologists were blind to patient identity, scan date, and
treatment. In 18 cases, scans were reviewed by one author.
Using a standard approach, the largest cross-sectional and
perpendicular diameters of enhancing tumor on each
gadolinium-enhanced T1W image were measured. These
measurements were multiplied to determine the largest
cross-sectional tumor area. In order to quantitatively assess
diffuse tumor recurrence, similar measurements of nonen-
hancing tumor were made on FLAIR sequences. Radio-
graphic response was defined by the Macdonald Criteria, in
which CR represents complete disappearance of all measur-
able disease, PR represents a 50% or greater decrease in larg-
est cross-sectional tumor area, and progressive disease
represents a 25% or greater increase in largest cross-
sectional tumor area or appearance of a new lesion.25 We
defined minimal response (MR) as a 25 to 49% decrease in
largest cross-sectional tumor area. All other conditions were
classified as stable disease. Stability or improvement on
FLAIR sequences was required for classification as a re-
sponse (CR, PR, or MR). Additionally, a subject must have
been taking the same or decreased dose of corticosteroids
and have had a stable or improved neurologic examination.
When progressive disease was detected, scans were classified
on the basis of recurrence pattern. Scans found to have new
foci of enhancement distant from the original area of en-
hancing tumor were classified as distant recurrence (figure
1). When increased enhancement developed in contiguity
with the original tumor mass, the scan was classified as local
recurrence (figure 2). If the local tumor mass remained stable
but there was at least a 25% increase in area of abnormal
FLAIR hyperintensity, the scan was classified as diffuse re-
currence (figure 3). The significance of the difference in re-
currence patterns between control and bevacizumab-treated
patients was evaluated using Fisher exact test.

In addition, quantitative volumetric analysis using off-
line post-processing software (ITK-Snap) was performed un-
der the supervision of the principal neuroradiologist by
manually segmenting areas of abnormal enhancement and
FLAIR hyperintensity. Cystic and necrotic portions of tumor
were excluded, and regions of heterogeneous enhancement
considered likely to be tumor were included in the segmenta-
tion volumes. Total volumes were calculated by multiplying
voxel size by the number of pixels in the segmented region of

Figure 1 Distant recurrence in a patient with recurrent malignant glioma treated with bevacizumab and
irinotecan

Post-gadolinium T1-weighted MRI scan before treatment with bevacizumab and irinotecan (A). After 4 weeks of treatment,
there is reduction in the intensity of enhancement (B). After 5 months of treatment, the intensity and size of enhancement has
reduced sufficiently to achieve a partial response (C). After 7 months of treatment, a new area of enhancement inferior to the
original tumor has appeared, consistent with a distant recurrence (D).
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interest using MRIcro and MATLAB software to produce
estimates of total volume of abnormal enhancement and
FLAIR hyperintensity.

In order to quantitatively assess the hypothesis that
bevacizumab alters the pattern of recurrence, we calcu-
lated a relative nonenhancing tumor ratio (rNTR), de-
fined as the ratio of the volume of abnormal FLAIR
hyperintensity (infiltrative tumor) to the volume of abnor-
mal gadolinium enhancement for each patient in the con-
trol and bevacizumab groups. rNTR calculations were
based on the progression MRI available for each patient.

We also calculated a relative FLAIR progression ratio
(rFPR), defined as the ratio of the volume of abnormal
FLAIR hyperintensity at the time of progression to the
volume of abnormal FLAIR hyperintensity on the baseline
study. Wilcoxon two-sample tests were used to evaluate
the significance of rNTR and rFPR differences between
the following patient groups, as defined by consensus
interpretations using Macdonald Criteria: bevacizumab
responders, bevacizumab nonresponders, control re-
sponders, and control nonresponders. Single-tailed tests
were used because the chief study hypothesis predicted the
direction of rNTR and rFPR differences.

RESULTS Patient population. We studied 55 pa-
tients (32 men, 23 women) (table 1). Thirty-three
had GBM, 21 had AG, and 1 had a high-grade
glioma. Median age was 50 years (range 23 to 71),
and median Karnofsky Performance Status (KPS)
was 80 (range 50 to 100). The median number of
prior chemotherapy treatments was 2 (range 0 to
6). Fourteen patients had prior therapy with anti-
angiogenic agents including thalidomide, lena-
lidomide, imatinib, enzastaurin, sorafenib, or
AZD2171. Median follow-up time was 27.6
weeks.

Response assessment. One patient (2.3%)
achieved CR. A total of 31.8% of patients
achieved PR and 29.5% MR. A total of 29.5%
had stable disease. Only 3 patients (6.8%) had
progressive disease at the first follow-up MRI.
The median time to radiographic progression
was 19.3 weeks. Overall 6M-PFS was 39% and
6M-OS 65%. Median PFS was 23.9 weeks (95%
CI: 17.7, 28.3 weeks) and median OS 35.7
weeks (95% CI: 27.7, 61.4 weeks). For GBM
patients, 6M-PFS was 42% and for AG patients
32% (p � 0.81). Among patients who achieved
radiographic response, 6M-PFS was 52%. For
nonresponders, 6M-PFS was 19% (p � 0.11).
Patients who had been previously treated with
anti-angiogenic therapies had a 6M-PFS of
40%, while patients who had received only cy-
totoxic chemotherapy had a 6M-PFS of 39% (p
� 0.89). With bevacizumab treatment, steroid
dose decreased in 33% of patients, remained
stable in 53%, and increased in 14%.

Treatment at progression. In 23 patients who pro-
gressed on their initial therapy, bevacizumab was
continued and the concurrent chemotherapy
agent changed. In 17 cases, irinotecan was
changed to carboplatin. In one case each, irinote-
can was changed to etoposide, lomustine, or car-
mustine. Carboplatin was changed to erlotinib in
one case and to etoposide in another. In a single
case, carmustine was changed to irinotecan. In
seven cases, the chemotherapy agent was changed

Figure 2 Local recurrence in a patient with recurrent malignant glioma treated
with bevacizumab and irinotecan

Post-gadolinium T1-weighted MRI scan before treatment with bevacizumab and irinotecan
(A). After 4 weeks of treatment, there is reduction in the size and intensity of enhancement
sufficient to achieve a minor response (B). After 5 months of treatment, the size and intensity
of enhancement at the location of the original abnormality has increased substantially, con-
sistent with a local recurrence (C).

Figure 3 Diffuse recurrence in a patient with recurrent malignant glioma
treated with bevacizumab and irinotecan

Post-gadolinium T1-weighted (A) and FLAIR (D) MRI scans before treatment with bevaci-
zumab and irinotecan. After 6 weeks of treatment, there is reduction in the size and intensity
of enhancement sufficient to achieve a partial response (B). Abnormal FLAIR hyperintensity is
proportionately reduced (E). After 6 months of treatment with bevacizumab and irinotecan,
there has been further reduction in enhancement (C), yet the extent of abnormal FLAIR hyper-
intensity has increased markedly, suggesting nonenhancing tumor infiltration (F).
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a second time, and in two cases, a third time.
Third and fourth line chemotherapy options in-
cluded carmustine, lomustine, carboplatin, eto-
poside, temozolomide, and erlotinib with either
carboplatin or sirolimus. In no case did the
change from one chemotherapy agent to another
produce a radiographic response. Among the 23
patients whose chemotherapy was changed while
the patients remained on bevacizumab, the me-

dian time to radiographic progression was only 7
weeks. However, in 2 cases, patients achieved
prolonged clinical stability after a change in the
chemotherapy agent. One patient who was
changed from irinotecan to carboplatin and then
temozolomide was stable for 31 weeks from the
time of the first chemotherapy change. Another
patient who was changed from irinotecan to car-
mustine and then carboplatin was stable for 20
weeks. In both cases, chemotherapy was changed
because the clinician detected possible radio-
graphic progression at the point of care. On quan-
titative review, no radiographic progression had
occurred.

Anticoagulation and bevacizumab. Eleven patients
received anticoagulation during treatment with
bevacizumab for venous thromboembolic disease.
Most patients received low-molecular weight
heparin. One patient who developed heparin-
induced thrombocytopenia received fondapa-
rinux, and one patient who had a pulmonary
embolism before initiating bevacizumab therapy
received warfarin. Apart from one patient who
had epistaxis, no bleeding was observed among
the anticoagulated patients.

Toxicity. Common adverse effects such as bone
marrow suppression and nausea were attributable
to the concurrently administered chemotherapy
agent rather than to bevacizumab (table 2). Fatigue
was frequently reported as well. Nine patients expe-
rienced hemorrhage, and all of these events were
Grade 1 or 2, primarily epistaxis or other mucosal
bleeding. Two patients developed asymptomatic
brain hemorrhages that were detected on routine
neuroimaging. One patient experienced spontane-
ous Grade 4 colon perforation that necessitated
emergent surgery. Grade 1 proteinuria was detected
in a single patient. Five Grade 3 or 4 thromboem-
bolic complications occurred. Four patients were
found to have pulmonary emboli, and one
developed a superior mesenteric vein thrombosis.
There were two cases of impaired craniotomy
wound healing.

Progression patterns. Blind reading and Macdonald
Criteria measurements of 26 bevacizumab-treated
patients demonstrated 16 local recurrences, 4 dif-
fuse recurrences, and 4 distant recurrences (table
3). The remaining 2 patients did not have radio-
graphic evidence of progression at the time of
publication. Among the 19 control patients, 13
experienced local recurrence, 3 diffuse, and one
distant. Two patients did not experience radio-
graphic progression. The likelihood of diffuse or
distant recurrence was higher in bevacizumab-

Table 1 Patient characteristics

Characteristics
No. (%) of
patients (n � 55)

Age, y

Median 50

Range 23–71

Sex

Male 32 (58)

Female 23 (42)

Histology

Glioblastoma 33 (60)

Anaplastic glioma 21 (38)

High-grade glioma* 1 (2)

Primary or secondary†

Primary 45 (82)

Secondary 10 (18)

Karnofsky score

Median 80

Range 50–100

No. of relapses

Median 2

Range 0–7

No. of prior regimens‡

Median 2

Range 0–6

Concurrent chemotherapy

Irinotecan 47 (85)

Carboplatin§ 5 (9)

Carboplatin � erlotinib 1 (2)

Carmustine 1 (2)

Temozolomide 1 (2)

Prior anti-angiogenic agents

Yes 14 (25)

No 41 (75)

*This tumor could not be further characterized on histopatho-
logic grounds.
†Primary tumors were thought to have arisen de novo,
whereas secondary tumors were known to have evolved
from lower grade tumors.
‡Radiotherapy with concurrent temozolomide did not count
as a prior regimen.
§One patient had an allergic reaction after months of ther-
apy that required a change from carboplatin to etoposide.
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treated patients than in controls (31% vs 21%,
p � 0.48). The majority of diffuse or distant re-
currences in bevacizumab-treated patients (6/8,
75%) occurred in subjects who achieved at least a
minor radiographic response.

Volumetric analysis. The average rNTR was
higher in the bevacizumab group than the con-
trol group (5.3 vs 4.7, p � 0.10). The rNTR was
also higher among bevacizumab responders
than bevacizumab nonresponders (7.1 vs 2.4, p
� 0.02; figure 4) and higher among bevaci-
zumab responders than conventional chemo-
therapy responders (7.1 vs 3.5, p � 0.48). A
small subgroup (3 of 26) of the bevacizumab
responders had strikingly elevated rNTR of
greater than 20 (23.8, 22.1, ∞). A single control
patient had an rNTR greater than 10 (18.3), but
no conventional chemotherapy patient or bev-
acizumab nonresponder had an rNTR greater
than 20. rFPR values were similar for the bev-
acizumab and control groups (1.9 vs 2.1, p �
0.43) and for bevacizumab responders and non-
responders (1.8 vs 1.9, p � 0.08).

DISCUSSION These data confirm that combina-
tion therapy with bevacizumab and chemother-
apy is active against recurrent malignant gliomas,
even in the setting of extensive pretreatment. Be-
cause the prognosis associated with recurrent ma-
lignant gliomas is exceedingly poor, a treatment
that produces disease stabilization may provide
substantial benefit. We found a radiographic re-
sponse rate of 34.1% (CR � PR) and a radio-
graphic disease control rate (CR � PR � MR �

stable disease) of 93.2%. This compares favor-
ably to historical data from 375 patients with re-
current malignant gliomas enrolled in phase II
clinical trials in which radiographic response rate
was 14% and the radiographic disease control
rate was 39%.4 The patients in this study were
heavily pretreated (median of 2 prior therapies;
range 0 to 6), and 14 patients had received previ-
ous treatment with anti-angiogenic therapies. Ad-
ditionally, patients had a KPS score as low as 50,
which would have excluded them from most ma-
lignant glioma clinical trials. Despite these fac-
tors, our data are comparable to results from a
recent phase II clinical trial of bevacizumab with
irinotecan chemotherapy for recurrent malignant
glioma which found a radiographic response rate
of 63% and 6M-PFS of 38%.18

At recurrence, continuing bevacizumab and
changing the chemotherapy agent provided long-
term disease control only in 2 patients (9.5%)
who remained progression-free for 20 to 31
weeks. In these patients, however, the PFS was
longer than is typically observed in patients with
recurrent malignant gliomas. This suggests a pos-
sible synergistic effect between chemotherapy and
bevacizumab that may be specific to the chemo-
therapy agent. At present, the optimal chemother-
apy agent to combine with bevacizumab is
unclear. A recently completed multicenter ran-
domized phase II trial of bevacizumab with or
without irinotecan for recurrent malignant glio-
mas will determine whether the combination is
more effective than bevacizumab alone.

Overall, bevacizumab therapy was well-
tolerated. Most side effects were attributable to
the concurrently administered chemotherapy
agent. The extent to which bevacizumab contrib-
uted to fatigue is difficult to determine because
fatigue is common among patients with malig-
nant gliomas. Despite concerns about serious or
life-threatening bleeding in patients treated with
bevacizumab,26 we observed only minor hemor-
rhages. Two patients experienced asymptomatic
intratumoral hemorrhages that were detected on
routine MRI scans. Bleeding was not problematic

Table 2 Adverse effects attributed to bevacizumab

Category Adverse effect Grade
No. of patients
(n � 55)

Cardiovascular Hypertension 1 4

2 1

Gastrointestinal Colon perforation 4 1

Hemorrhage Brain hemorrhage 1 2

Epistaxis 1 4

2 1

Oral cavity bleeding 1 1

Vaginal bleeding 1 1

Renal Proteinuria 1 1

Vascular Phlebitis 2 1

Deep venous thrombosis* 3 1

Pulmonary embolism 4 4

Other Impaired wound healing 2 1

*Superior mesenteric vein thrombosis.

Table 3 Recurrence patterns as a function of
treatment group

Recurrence pattern

No. of
bevacizumab-
treated patients
(%) (n � 26)

No. of control
patients
(%) (n � 19)

Local 16 (62) 13 (68)

Diffuse 4 (15) 3 (16)

Distant 4 (15) 1 (5)

No progression 2 (8) 2 (11)
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among 11 patients who received anticoagulant
medications, which suggests that such medica-
tions may be used safely in patients with malig-
nant gliomas during bevacizumab therapy. Five
thromboembolic complications occurred during
therapy. Because patients with malignant gliomas
are at high risk for thromboembolism regardless
of therapy,27 the additional risk conferred by bev-
acizumab is unclear.

An important advantage of bevacizumab may
be its ability to decrease peritumoral edema and
function as a corticosteroid-sparing agent. In this
study, 33% of patients had reduction in their ste-
roid dose after receiving bevacizumab, potentially
reducing steroid-related complications. Our find-
ings are consistent with the results of a recent
phase II trial of AZD2171, an oral pan VEGF re-
ceptor tyrosine kinase inhibitor, for recurrent
GBM. AZD2171 treatment resulted in a rapid and
sustained anti-edema effect that was associated
with reduced steroid dose in 11 of 11 patients.19

Preclinical data suggest that glioma cells may
co-opt existing cerebral vasculature as an alterna-
tive to angiogenesis.6 This mechanism appears to
be particularly important when VEGF-mediated
angiogenesis is blocked. In a murine model, treat-
ment with the VEGF receptor antibody DC101
promoted satellite tumor formation with invasion
along cerebral blood vessels.23 Similar findings
have been observed in rat gliomas treated with an

anti-VEGF antibody.24 If this phenomenon occurs
in humans, it could represent an important limita-
tion to anti-angiogenic therapy.28 In patients who
have been treated with bevacizumab and chemo-
therapy, we have observed cases in which the vol-
ume and intensity of contrast enhancement
remain nearly stable while the volume and degree
of abnormal FLAIR hyperintensity increase sub-
stantially (figure 3). In this study we were unable
to demonstrate a significant difference in the pat-
tern of recurrence between bevacizumab-treated
and control patients, although there was a trend
toward more diffuse or distant recurrences in the
bevacizumab group, particularly among subjects
who achieved at least a minor radiographic re-
sponse. The failure to detect a difference in recur-
rence patterns between the two groups may be
due in part to the relatively small number of pa-
tients in this study. In addition, abnormal FLAIR
hyperintensity may reflect not only infiltrating tu-
mor, but also peritumoral edema.29 Since bevaci-
zumab reduces peritumoral edema, abnormal
FLAIR hyperintensity in the bevacizumab-treated
group may primarily reflect infiltrating tumor,
while abnormal FLAIR hyperintensity in the
chemotherapy-treated group likely reflects a com-
bination of infiltrating tumor and peritumoral
edema. This phenomenon may have reduced the
difference in abnormal FLAIR hyperintensity be-
tween the groups. Definitive differentiation be-
tween infiltrating tumor, edema, gliosis, and
other causes of abnormal FLAIR hyperintensity
such as treatment-related leukoencephalopathy in
bevacizumab-treated patients will require his-
topathologic analysis that may only be possible in
an autopsy study. However, because increased
abnormal FLAIR hyperintensity after bevaci-
zumab treatment is often associated with clinical
worsening that is not highly steroid-responsive, it
most likely reflects infiltrating tumor. It is also
possible that the addition of chemotherapy to the
bevacizumab-treated group may have reduced the
extent of tumor infiltration. The difference be-
tween the two groups may have been more evi-
dent if bevacizumab alone was used in the
treatment group.

A quantitative volumetric analysis was used to
calculate rNTR and rFPR for patients in both
groups. Although there was not a significant differ-
ence between rNTR values for all bevacizumab-
treated and control patients, a trend toward
increased rNTR in bevacizumab-treated patients
was detected. This suggests that there may be a
greater relative volume of nonenhancing tumor in
bevacizumab-treated patients. Intriguingly, the

Figure 4 Relative nonenhancing tumor ratio
(rNTR) and relative fluid-attenuated
inversion recovery (FLAIR)
progression ratio (rFPR) for
bevacizumab-treated patients

rNTR, defined as the ratio of the volume of abnormal FLAIR
hyperintensity to the volume of abnormal gadolinium en-
hancement, is greater among radiographic responders than
nonresponders (*p � 0.02). rFPR, defined as the ratio of the
abnormal FLAIR hyperintensity volume at the time of pro-
gression to the abnormal FLAIR hyperintensity volume on the
baseline MRI, does not differ based on radiographic re-
sponse.
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rNTR was significantly greater in bevacizumab re-
sponders than nonresponders, and therewas a trend
toward elevated rNTR in bevacizumab responders
compared to control responders.

The observation that rNTR is higher among
bevacizumab responders than nonresponders or
control responders raises the possibility that bev-
acizumab’s pro-invasion effect is directly related
to its anti-angiogenic effect. The absence of a
measurable difference in the rFPR data between
bevacizumab responders and nonresponders im-
plies that nonenhancing, infiltrative tumor
progresses at a similar rate in the two groups.
Therefore, the difference in rNTR between the
bevacizumab responders and nonresponders is
likely due to differences in the volume of abnor-
mal gadolinium enhancement (ratio denomina-
tor). Taken together, our results suggest that the
apparent promotion of diffuse recurrence by bev-
acizumab therapy represents a combination of in-
creased suppression of local enhancing tumor
recurrence with decreased suppression of nonen-
hancing, infiltrative tumor progression. An alter-
native explanation is that bevacizumab therapy
results in a significant reduction in tumor capil-
lary permeability without producing a true anti-
tumor effect. By this mechanism, enhancing
tumor onMRI scans could be converted into non-
enhancing tumor, thus giving the false impression
of increased infiltrative tumor. Ktrans is a surro-
gate marker of vascular permeability that can be
obtained from dynamic contrast-enhanced MRI.
In a recent study, AZD2171 treatment resulted in
prolonged Ktrans suppression.19 Though anti-
angiogenic therapies produce dramatic radio-
graphic changes in malignant glioma patients, a
definitive demonstration of potent anti-tumor ef-
ficacy remains to be published. Larger, prospec-
tive studies are needed to address this issue.

It is intriguing that a small number of bevaci-
zumab responders (3/16, 18.8%) had markedly ele-
vated rNTR, substantially greater than other
patients in the study. These patients may be mem-
bers of a distinct subgroup of patients with malig-
nant glioma who are at high risk for nonenhancing
tumor progression during anti-angiogenic therapy.
Correlation with tumor genotypes may identify a
molecular substrate that explains this observation.
Such correlations are critically important in that
they may elucidate novel therapeutic targets and
suggest genotypic subgroups that warrant anti-
invasion or other specific therapies.

Our study was limited by small patient num-
bers and by its retrospective nature. Additionally,
some of the patients had received previous anti-

angiogenic therapy. This may have reduced the
likelihood of detecting increased invasion during
bevacizumab therapy since tumor cells in these
patients may have assumed a maximally invasive
phenotype prior to initiation of bevacizumab.
Even without previous exposure to anti-
angiogenic therapy, gliomas become increasingly
infiltrative with more advanced stages of dis-
ease.30 In addition, segmentation of nonenhancing
signal abnormality on FLAIR MRI sequences is
challenging because the distinction between nor-
mal brain tissue and areas of abnormal FLAIR
hyperintensity may be subtle, and threshold and
window-level selection are subjective. Since scans
were reviewed in a blinded fashion that eliminates
any systematic bias, this seems unlikely to ac-
count for our results. The failure to detect a sig-
nificant difference between all patients treated
with bevacizumab and all patients treated with
conventional chemotherapy is likely due to small
sample size with dilution of the effect observed in
responders by inclusion of nonresponders. A
larger, prospective volumetric MRI study of pro-
gression patterns with histopathologic correla-
tion in bevacizumab-treated patients with
malignant gliomas is indicated.
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