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Bevacizumab is a humanized monoclonal antibody directed
against the vascular endothelial growth factor (VEGF). It has
been approved for antiangiogenic treatment in various cancers
including colorectal carcinoma1 and has received accelerated
approval for glioblastoma in the United States. Despite 2 initial-
ly promising phase 2 trials for bevacizumab in recurrent glio-
blastoma,2,3 2 large randomized phase 3 clinical trials in 2014
only showed a benefit in progression-free survival and no im-
pact on overall survival in newly diagnosed glioblastoma.4,5 In
recent years, there have been extensive discussions about
whether there is a specific group of glioblastoma patients
who will benefit most from treatment with bevacizumab.

In this issue of Neuro-Oncology, Baumgarten et al6 correlat-
ed the clinical response to bevacizumab treatment with the
expression levels of VEGF and its receptors and co-receptors.
Expression levels of these markers were not correlated with sur-
vival in their cohort of bevacizumab-treated patients. Further-
more, they showed that the expression levels of VEGF and its
receptors were not correlated with patient survival in a second
large cohort of patients who were largely not treated with anti-
angiogenic treatments. The main limitation of this study is the
relatively small number of patients in the group treated with
bevacizumab. Acknowledging this limitation, however, this
study did not find evidence that these plausible biomarkers
helped decide which patient should be treated with bevacizu-
mab. Furthermore, a group from the Netherlands, who used cir-
culating endothelial cells as a marker for vascular damage from
bevacizumab therapy,7 found that vascular injury was in-
creased during antiangiogenic treatment, but the amount of
circulating endothelial cells did not predict the response to bev-
acizumab. Together with the results of the current study, it is
likely that the amount of VEGF receptor-positive vasculature
and the damage through antiangiogenic therapy do not predict
survival after treatment with bevacizumab.

Is there a biological marker to identify glioblastoma patients
who might benefit from bevacizumab treatment, or do we have
trouble assessing these circulating biomarkers? A recent study

from Marseille suggested that in patients with recurrent high-
grade glioma high matrix metalloproteinase (MMP)2 plasma
levels demonstrated prolonged tumor control and survival
when bevacizumab—but not cytotoxic agents—was used.8

The same authors recently provided evidence for relevant
changes in the plasma levels of MMP during the course of
therapy that were related to progression, thus making a
prospective, well-planned analysis necessary.9

In the tumor tissue, an analysis from the AVAglio trial bio-
marker cohort by Sandmann et al suggested that bevacizumab
might confer a survival benefit for patients with proneural IDH
wild-type tumors.10,11 Of note, this generally poorly performing
IDH wild-type proneural group had the shortest survival of all
groups in the AVAglio trial. These data need confirmation, pos-
sibly by analyzing data from the RTOG-0825 trial or preferably
from a prospective study.

A different analysis of the RTOG-0825 trial, which found a
multigene predictor model that defines a subgroup with a mes-
enchymal differentiation, was presented as an abstract at the
American Society of Clinical Oncology in 2013. Patients in this
subgroup showed worse survival when treated with bevacizu-
mab as compared with the placebo group.12

Other studies suggest that the expression patterns of VEGF re-
ceptors are more complex and are not restricted to the tumor
vasculature. An increasing number of groups have reported the
expression of VEGFR-2 directly on glioblastoma cells.13,14 Analy-
ses from our group support the idea that VEGFR-2 expression on
the glioblastoma tumor cells, rather than expression on the
tumor-associated vessels, might play a role in identifying sub-
groups that show a differential response to bevacizumab treat-
ment.15 One subgroup with adverse outcome after treatment
with bevacizumab was defined by inactivating PTEN mutations
and coexistent VEGFR-2 expression on glioblastoma tumor cells.

In conclusion, finding a population of glioblastoma patients
who benefit from bevacizumab treatment has been very chal-
lenging and should probably focus more on expression patterns
of the tumor cells themselves rather than the tumor-associated
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endothelial cells. Up to now, there have been only a few studies
in all cancers suggesting specific, molecularly defined groups
that might benefit from bevacizumab treatment. If we can
define a validated subgroup that benefits from bevacizumab
treatment, however, this will change how we treat glioblastoma
patients and improve the personalization of therapy for specific
patients.
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