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ABSTRACT

Background: Bevacizumab has recently been approved by the US Food and Drug Administration

for recurrent glioblastoma (GBM). However, patterns of relapse, prognosis, and outcome of fur-

ther therapy after bevacizumab failure have not been studied systematically.

Methods: We identified patients at Memorial Sloan-Kettering Cancer Center with recurrent GBM

who discontinued bevacizumab because of progressive disease.

Results: There were 37 patients (26 men with a median age of 54 years). The most common

therapies administered concurrently with bevacizumab were irinotecan (43%) and hypofraction-

ated reirradiation (38%). The median overall survival (OS) after progressive disease on bevaci-

zumab was 4.5 months; 34 patients died. At the time bevacizumab was discontinued for tumor

progression, 17 patients (46%) had an increase in the size of enhancement at the initial site of

disease (local recurrence), 6 (16%) had a new enhancing lesion outside of the initial site of disease

(multifocal), and 13 (35%) had progression of predominantly nonenhancing tumor. Factors asso-

ciated with shorter OS after discontinuing bevacizumab were lower performance status and non-

enhancing pattern of recurrence. Additional salvage chemotherapy after bevacizumab failure was

given to 19 patients. The median progression-free survival (PFS) among these 19 patients was 2

months, the median OS was 5.2 months, and the 6-month PFS rate was 0%.

Conclusions: Contrast enhanced MRI does not adequately assess disease status during bevaci-

zumab therapy for recurrent glioblastoma (GBM). A nonenhancing tumor pattern of progression is

common after treatment with bevacizumab for GBM and is correlated with worse survival. Treatments

after bevacizumab failure provide only transient tumor control. Neurology® 2009;73:1200 –1206

GLOSSARY

CA9 � carbonic anhydrase 9; CI � confidence interval; FDG � [18F]fluorodeoxyglucose; FLAIR � fluid-attenuation inversion
recovery; GBM � glioblastoma; HIF-1� � hypoxia-inducible factor 1�; KPS � Karnofsky performance status; MR � magnetic
resonance; OS � overall survival; PFS � progression-free survival; TMZ � temozolomide; VEGF � vascular endothelial
growth factor; VEGFR � vascular endothelial growth factor receptor.

Glioblastoma (GBM) is the most common primary brain tumor in adults; despite standard

therapy with surgery, radiation therapy, and chemotherapy with temozolomide, the median

survival for GBM is only 15 months.1 Essentially all patients develop recurrent or progressive

disease after initial therapy, after which the median survival is approximately 6 months.2,3

GBM is a highly vascular tumor with increased expression of vascular endothelial growth factor

(VEGF),4,5 a protein produced by tumor and stromal cells. VEGF binds to the family of VEGF

receptors (VEGFRs) and promotes endothelial cell proliferation and migration and, conse-

quently, tumor angiogenesis.6

Bevacizumab is a humanized monoclonal antibody that inhibits VEGF. It is approved in

combination with chemotherapy for several extra-CNS cancers. Results from phase 2 clinical

trials with bevacizumab for recurrent or progressive GBM have been promising,7-9 leading to
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US Food and Drug Administration approval.

However, most patients develop progressive

disease within the first year of treatment. It

remains unclear how patients should be

treated after disease progression on bevaci-

zumab. Rapid clinical deterioration has been

observed after discontinuing bevacizumab,

presumably a consequence of withdrawing its

antivasogenic edema properties.10 Conse-

quently, some physicians continue bevaci-

zumab but either add or change concurrently

administered cytotoxic chemotherapy. How-

ever, this approach is typically ineffective.11,12

Our practice has involved discontinuing bev-

acizumab in favor of a different therapy.

Therefore, we sought to evaluate the patterns

of relapse and outcome after tumor progres-

sion on bevacizumab, as well as the effect of

subsequent treatment.

METHODS This retrospective study was approved by the in-

stitutional review board at Memorial Sloan-Kettering Cancer

Center and included patients with histologically confirmed

GBM who discontinued bevacizumab because of tumor progres-

sion from October 2006 to January 2009. Patients who discon-

tinued bevacizumab because of toxicity or reasons other than

tumor progression were excluded. All brain imaging studies at

baseline and after starting bevacizumab were reviewed by 2 in-

vestigators (F.M.I. and A.B.L.). Response was assessed through

Macdonald criteria, which are the current standard for radio-

graphic assessments of brain tumors. They define progressive dis-

ease as either a 25% or more increase of contrast enhancing cross

sectional area on sequential MRI scans or otherwise unexplained

clinical deterioration.13 However, Macdonald criteria do not ac-

count for increased size of nonenhancing abnormality. There-

fore, patients with nonenhancing tumor growth were considered

to have progressive disease on bevacizumab only at the time of

clinical worsening or if histology proved disease progression.

Overall survival (OS) after discontinuation of bevacizumab

was calculated from the date of the tumor progression on bevaci-

zumab until death from any cause or last contact. OS after sal-

vage chemotherapy was calculated from the first dose of salvage

chemotherapy to death from any cause or last contact.

Progression-free survival (PFS) after salvage chemotherapy was

calculated from the date of first dose of salvage chemotherapy

until tumor progression, death from any cause, or last contact.

Multivariate analyses were performed with a Cox proportional

hazards regression model to identify variables that were indepen-

dently predictive of OS after tumor progression on bevacizumab.

Patients were grouped according to Karnofsky performance sta-

tus (KPS; �70 and �70) because this cutoff defines the degree

of independence for daily activities. Factors with p � 0.2 on

univariate analyses were entered as candidate variables and mul-

tivariate analysis was performed. Calculations were performed

using STATA version 10.0 (copyright 1985–2007; Stata Corpo-

ration, College Station, TX). Clinical data were updated as of

February 25, 2009.

Three patients had paired tumor tissue available for analysis

before bevacizumab treatment and after tumor progression on

bevacizumab. Immunostains were performed in 2 of these cases

from formalin-fixed paraffin-embedded tumor tissue for

VEGFR2 (KDR), hypoxia-inducible factor 1� (HIF-1�), and

carbonic anhydrase 9 (CA9).

RESULTS Bevacizumab-based therapy. Thirty-seven

patients (26 men, 11 women) with a median age of

54 years discontinued bevacizumab because of tumor

progression. All patients had received and failed stan-

dard treatment for GBM with radiation therapy and

temozolomide before receiving bevacizumab. No pa-

tient received bevacizumab as part of the “up-front”

treatment; 32 patients (86%) received a bevacizumab-

based therapy at first recurrence, whereas the other 5

patients (14%) were treated with bevacizumab at the

second recurrence. The most common therapies ad-

ministered concurrently with bevacizumab were irino-

tecan (43%) and hypofractionated reirradiation (38%)

(table 1). Concurrent hypofractionated radiation was

part of a pilot study reported separately.14 At the time

bevacizumab was discontinued, the pattern of progres-

sion was predominantly nonenhancing tumor in 13 pa-

tients (35%), new multifocal enhancement in 6 patients

(16%), and progressive enhancement at the initial dis-

ease site (local recurrence) in 17 patients (46%); 1 pa-

tient was considered to have tumor progression because

of clinical deterioration without imaging confirmation.

In 9 of 13 patients who had nonenhancing tumor

progression, radiographic tumor progression coin-

cided with clinical worsening and bevacizumab was

discontinued at that time. Increased nonenhancing

tumor was evident in 4 patients before they were

Table 1 Patient characteristics and responses

to bevacizumab (n � 37)

Gender

Male 26 (70%)

Female 11 (30%)

Median age (range), y 54 (24–79)

Median KPS at start of bevacizumab
(range)

80 (60–100)

Bevacizumab combined with

Irinotecan 16 (43%)

Hypofractionated reirradiation 14 (38%)

TMZ 2 (5%)

Hypofractionated reirradiation � TMZ 1 (3%)

Alone 4 (11%)

Best response to bevacizumab

Complete response 3 (8%)

Partial response 19 (51%)

Stable disease 10 (27%)

Progressive disease 5 (14%)

Median time on bevacizumab (range), mo 4.6 (1–22)

KPS � Karnofsky performance status; TMZ � temozolomide.
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classified as having progressive disease; these 4 pa-

tients continued on bevacizumab for a median of 6.9

weeks (range 4.3–14 weeks) until they developed

clinical progression, and only then was bevacizumab

discontinued. This reflected the ambiguity associated

with interpreting MRI scans during bevacizumab.

For example, in 1 patient, a progressive nonenhanc-

ing abnormality developed around the initial site

of disease that did not demonstrate enhancement,

increased blood flow on MR perfusion imaging,

or hypermetabolism on [18F]fluorodeoxyglucose

(FDG)-PET imaging (figure 1). The patient initiated

corticosteroids because of the possibility that these

radiographic findings represented increased edema,

but without clinical benefit. Resection demonstrated

highly aggressive and invasive sarcomatous disease

(figure 2). Another patient with nonenhancing tu-

mor and 2 patients with enhancing tumor progres-

sion had resection after bevacizumab failure;

pathologic specimens were compatible with recur-

rent GBM in all patients.

The median OS after tumor progression on bev-

acizumab among all 37 patients was 4.5 months

(95% confidence interval [CI] 2.1–5.9 months).

Thirty-four patients died, and the median follow-up

of 3 surviving patients was 6 months. Lower KPS

and a nonenhancing pattern of recurrence were asso-

ciated with shorter OS after discontinuing bevaci-

zumab (table 2).

Postbevacizumab salvage therapy. Nineteen patients

(including 2 of 4 who underwent surgery after dis-

continuing bevacizumab) received salvage chemo-

therapy. The characteristics of the 19 patients who

received salvage therapy are shown in table 3. The

salvage chemotherapies were heterogeneous. The

median time from the last dose of bevacizumab to

start of salvage chemotherapy was 4 weeks. After a

Figure 1 Neuroimaging before and after bevacizumab failure

T1-weighted contrast (gadolinium)– enhanced (A and D), fluid-attenuation inversion recovery (FLAIR; B and E) magnetic

resonance (MR) and [18F]fluorodeoxyglucose (FDG)-PET (C and F) before (A–C) and 3 weeks after (D–F) the last bevaci-

zumab infusion, demonstrating increased FLAIR abnormality (E, arrow showing tumor crossing corpus callosum) without

concurrent contrast enhancement of histologically proven recurrent disease (figure 2). Prebevacizumab FDG-PET demon-

strated hypermetabolism (C, arrow) in the area of gadolinium enhancement that became substantially hypometabolic dur-

ing bevacizumab therapy at the time of recurrence (F, arrow), which was a false negative. MR perfusion imaging (not shown)

also demonstrated reduced blood flow at the type of recurrence, also a false negative. Resection demonstrated extremely

high-grade tumor (figure 2, E–H).
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median follow-up of 13 months, all 19 patients had

tumor progression and 16 died. The median PFS for

the patients who received salvage chemotherapy was

2 months (95% CI 1.2–3.3 months); the 6-month

PFS rate was 0%, with no patients censored for PFS.

The median OS was 5.2 months (95% CI 3.3–8.4

months) among these 19 patients.

In addition, 15 patients received supportive care

only after discontinuing bevacizumab; 2 others were

lost to follow-up. The median survival of these 17

patients after tumor progression on bevacizumab was

2 months (95% CI 1.3–3.3 months). Patients who

Figure 2 Histopathology before and after bevacizumab failure

Tumor tissue at recurrence before (A–D) and after (E–H) treatment with bevacizumab for patient shown in figure 1. (A) Persistent glioma with treatment effect

(right) and necrosis (left) in a glioblastoma after radiation therapy and temozolomide but before bevacizumab (hematoxylin & eosin, �25). (B) Persistent tumor is

devoid of nuclear hypoxia-inducible factor 1� (HIF-1�) expression. (C) Vascular endothelial growth factor receptor 2 (VEGFR2) expression is confined to endothe-

lial cells in tumor vasculature. (D) Carbonic anhydrase 9 (CA9) is not expressed in persistent tumor. (E) Recurrence resected 3 weeks after last bevacizumab

demonstrating sarcomatous, spindle cell morphology with mitotic figures (arrows) and necrosis at right (hematoxylin & eosin, �40). (F) Region of recurrent tumor

demonstrating increased nuclear expression of HIF-1�. (G) VEGFR2 expression remains confined to endothelial cells in tumor vasculature. (H) Up-regulated CA9

expression in recurrent tumor is found neighboring regions of necrosis. (B–D and F–H: immunoperoxidase with hematoxylin counterstain, all �40.)

Table 2 Univariate and multivariate analyses of overall survival after

discontinuing bevacizumab

Univariate analysis Multivariate analysis

Variable n p Value
Hazard
ratio 95% CI p Value

Hazard
ratio 95% CI

Age (per 1-y
increase)

37 0.32 1.01 (0.99–1.04)

KPS

>70 19 Reference

<70 18 �0.001 4.44 (2.0–9.86) 0.001 4.0 (1.75–9.14)

No. of relapses

2 32 Reference

3 5 0.32 0.61 (0.23–1.60)

Relapse pattern*

Enhancing
initial site

17 Reference Reference

New enhancing 6 0.45 1.48 (0.53–4.13) 0.49 1.44 (0.51–4.08)

Nonenhancing
tumor

13 0.01 2.71 (1.23–5.98) 0.05 2.25 (1.00–5.10)

*One patient was considered to have tumor progression because of clinical deterioration

without imaging confirmation and was excluded from this analysis.

CI � confidence interval; KPS � Karnofsky performance status.

Table 3 Characteristics of patients who

received salvage chemotherapy

after bevacizumab failure (n � 19)

Median age (range), y 53 (24 –71)

Median KPS (range) 70 (50–100)

Median time from last dose of
bevacizumab to start of salvage
chemotherapy (range), wk

4 (1–13)

Type of recurrence on bevacizumab

Enhancing initial site 13 (68%)

New enhancing area 4 (21%)

Nonenhancing tumor 2 (11%)

Corticosteroid started at time of
progression on bevacizumab

4 (21%)

Type of salvage chemotherapy

Temozolomide rechallenge 8

Sorafenib � temsirolimus 3

Perifosine 3

Carmustine 2

Erlotinib � rapamycin 1

Carboplatin � enzastaurin 1

Gimatecan 1

KPS � Karnofsky performance status.
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did not receive salvage treatment had lower KPS

(median KPS of 60 compared with median of 70,

K-sample equality of median test with corrected

Pearson �
2, p � 0.015) and more frequent nonen-

hancing pattern of progression (65% vs 11%, Fisher

exact test, p � 0.002) compared with patients who

received salvage therapy. One patient recently under-

went resection of recurrent tumor without starting

salvage chemotherapy yet.

Immunohistochemistry. Sequential tumor samples

were analyzed from 2 patients at diagnosis, after

initial therapy before bevacizumab, and from resec-

tion after bevacizumab. Both patients had a partial

response to bevacizumab, lasting 7 and 3 months.

These patients underwent surgical resection 4 and 6

weeks after the last dose of bevacizumab. Before bev-

acizumab, VEGFR2 staining was present but re-

stricted to tumor blood vessels in 1 patient and was

negative in the other patient. There was no increase

in VEGFR2 expression after bevacizumab therapy.

Both patients had marked increase in the hypoxia

markers HIF-1� and CA9 at the time of bevaci-

zumab failure compared with the tumor tissue before

bevacizumab exposure (figure 2).

DISCUSSION Increased nonenhancing tumor with

decreased or stable enhancing disease is a common

pattern of GBM progression on bevacizumab and oc-

curred in 35% of our patients. This pattern differs

from that typically observed, in which worsening en-

hancement at the initial site of disease occurs in 90%

to 95% of patients who do not receive bevaci-

zumab.15,16 Others report analogous results.11 In our

patients, this pattern was associated with shorter sur-

vival, which may be explained by more extensive dis-

ease causing lower performance status. It could also

reflect a change in tumor biology, which is supported

by our finding that nonenhancing tumor progression

was a negative prognostic factor independent of per-

formance status. Anti-VEGF therapy can facilitate

co-option of normal vasculature and tumor invasion,

potentially leading to a more aggressive tumor

phenotype.17-19 In addition, nonenhancing progres-

sion may delay the determination of failure in the

absence of worsening enhancement.13 Clearly, tradi-

tional tumor evaluation with MRI and FDG-PET

are insufficient to assess fully the response to antian-

giogenic therapy (figure 1). Anti-VEGF therapy de-

creases contrast leakage and produces a rapid

decrease in enhancement that does not correlate with

decreased tumor size.20 Decrease in contrast enhance-

ment within 24 hours of treatment initiation has

been demonstrated with cediranib (AZD2171), a

pan-VEGF receptor tyrosine kinase inhibitor,20 and

within days of bevacizumab therapy.21 New response

criteria are needed and clinical trials using anti-

VEGF therapy will need to incorporate imaging

techniques that allow evaluation of tumor response

independent of the effects of these drugs on restora-

tion of the blood-brain barrier.22

The molecular basis of bevacizumab failure is

poorly understood. Multiple mechanisms are likely

involved, including activation of other angiogenesis

pathways, increase in tumor invasiveness indepen-

dent of angiogenesis, and increase in the recruitment

of vascular progenitor cells from the bone mar-

row.23,24 In our patients with paired tumor tissue,

there was a marked increase of hypoxia markers

HIF-1� and CA9 after bevacizumab failure. Hyp-

oxia is a well-known promoter of angiogenesis, tu-

mor survival, invasion, and resistance to therapy.25

Moreover, several patient series have shown that hyp-

oxia marker CA9 is associated with poor survival in

gliomas.26-28 Although rapid GBM growth could

have worsened tumor hypoxia in our patients, it is

also possible that the increase in tumor hypoxia was

caused by the antiangiogenic effect of bevacizumab.

In fact, an experimental GBM model has shown that

genetic or pharmacological inhibition of VEGF pro-

motes tumor hypoxia and a more invasive and ag-

gressive tumor behavior.24 Moreover, hypoxia is

known to induce recruitment of bone marrow derived

cells that promote an alternative pathway for GBM an-

giogenesis and growth in animal models.19 A pathologic

study of human gliomas that progressed on bevaci-

zumab showed an increased number of bone marrow

derived cells in these tumor specimens.29

Salvage chemotherapy after tumor progression on

bevacizumab provided only transient tumor control;

19 patients treated with a variety of drug regimens

had an estimated 6-month PFS rate of 0%. This is

similar to a 6-month PFS rate of 2% from a study in

which patients with tumor progression continued be-

vacizumab but changed the concurrent cytotoxic

chemotherapy, mostly from irinotecan to carbopla-

tin,11,12 and data demonstrating that initiating irino-

tecan after disease progression on bevacizumab

monotherapy are ineffective.7 Therefore, it may be

reasonable to reserve bevacizumab for treatment of

later GBM recurrences because effective postbevaci-

zumab therapies are lacking. This is especially true

for patients without significant enhancing tumor or

vasogenic edema and younger patients with good

performance status.7,30

It is notable that the median OS of patients who

received salvage treatment was 5.2 months, which is

not shorter than that of historic controls treated in

clinical trials that were deemed ineffective for recur-

rent GBM.2,3 This may suggest that selected patients

with good performance status after tumor progres-
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sion on bevacizumab may be appropriate clinical trial

candidates despite our null 6-month PFS rate for the

therapy immediately after bevacizumab. However,

our results and those of others11,12 suggest that bev-

acizumab may negatively bias 6-month PFS for the

next salvage therapy. It is possible that PFS is not an

appropriate surrogate for OS after bevacizumab fail-

ure. Alternatively, bevacizumab withdrawal itself

may increase tumor enhancement that may be inter-

preted as tumor growth, and experimental data have

suggested that anti-VEGF therapy withdrawal can

lead to rapid tumor vasculature regrowth.31 Possible

solutions to avoid this negative bias include mandat-

ing a washout period from prior bevacizumab ther-

apy, which has a half-life of 3 weeks, for inclusion in

a clinical trial of drugs that do not directly target

VEGF/VEGFR signaling. This is similar to the 5

days of stable or decreasing corticosteroid dose typi-

cally required because of the potentially confounding

effects of corticosteroids on contrast-enhanced brain

imaging before initiating a clinical trial. Alterna-

tively, stratification for prior bevacizumab therapy

could be required in future clinical trials for recurrent

GBM.

This study carries the inherent limitations of any

retrospective study. Moreover, criteria for discon-

tinuing bevacizumab were not standardized among

treating physicians, and salvage treatments varied.

However, this study adds information on the limita-

tion of the current response criteria for GBM that

analyzes only contrast-enhancing tumor and clinical

status and the outcome after tumor progression on

bevacizumab. Finally, paired tumor tissue and radio-

graphic analyses suggest that bevacizumab therapy

may change the GBM biology, but further studies are

required.
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Earn Practice Management CME with AAN Audio
Conferences

The Academy is helping members take some of the confusion out of coding with a four-part series.

The 2009 Coding Audio Conferences will review proper coding in common circumstances, helping

participants to code with greater precision. Upon completion, physician participants will receive 1

CME credit per call, up to 4 CME credits total. Non-neurologists (e.g., practice managers) will

receive a certificate of completion redeemable for credits. Special pricing is available when you

register for more than one call and several people can listen in from one office—making these

sessions particularly cost effective as well as educational.

For details on savings and to register, visit www.aan.com/codingcme.
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