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Abstract
Bevacizumab, a monoclonal antibody against vascular endothelial growth factor (VEGF), recently
received FDA approval for recurrent glioblastoma. Additionally, several VEGF receptor (VEGFR)
tyrosine kinase inhibitors (TKIs) have entered trials for recurrent glioma. Phase II studies of
bevacizumab for recurrent GBM have reported incidents of ischemic stroke (IS) and intracranial
hemorrhage (ICH); however, their clinical features and outcomes were not described in detail. We
conducted a retrospective study of recurrent malignant glioma patients with radiographically-
confirmed IS or ICH while on anti-angiogenic therapy. The study population included patients
treated between 2005 and 2010 at the National Cancer Institute on four different phase I and II
trials of antiangiogenic agents for recurrent malignant glioma, as well as patients receiving
bevacizumab off clinical trial during this same period. Eight patients developed IS (50% lacunar)
and 14 experienced ICH (79% intratumoral) while on antiangiogenic therapy for malignant glioma
recurrence. The median age was 53 years, 17 patients (77%) were men, and 59% had
glioblastoma. The frequencies of IS and ICH were 1.9% and 1.9% in bevacizumab trials. None of
the patients on VEGFR TKI trials developed IS, while 3.8% experienced ICH. Patients with IS
were treated with anti-angiogenic agents longer than those with ICH (median, 16.2 vs. 2.6 months,
P = 0.001). Median survival was 7.8 months after IS and 2.6 months after ICH. The most common
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IS subtype was lacunar, while most ICHs were asymptomatic and intratumoral. Overall, IS seems
to be a complication of prolonged antiangiogenic therapy, while intratumoral bleeds often occur in
the setting of tumor progression.
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Introduction
Malignant gliomas overexpress vascular endothelial growth factor (VEGF), a key promoter
of angiogenesis [1]. Bevacizumab, an antiangiogenic antibody against VEGF, recently
received accelerated FDA approval for recurrent glioblastoma (GBM) [2, 3]. This agent
prolongs progression-free survival, promotes unprecedented radiographic response rates of
more than 25%, and reduces the corticosteroid doses necessary to manage peritumoral
edema, though an overall survival benefit has not been definitively demonstrated [2-4].
Additionally, several VEGF receptor (VEGFR) tyrosine kinase inhibitors (TKIs) are
currently in clinical trials for malignant glioma.

Randomized trials of bevacizumab [5] and VEGFR TKIs [6] for non-CNS malignancies
have demonstrated an increased risk of hemorrhage and ischemic stroke (IS). Similarly,
smaller phase II studies of bevacizumab for recurrent GBM have reported incidents of IS
and intracranial hemorrhage (ICH). However, their clinical features and outcomes were not
described in detail, as these reports used the Common Toxicity Criteria for oncological trials
[2, 3]. Glioma patients already have an inherently elevated risk of IS and ICH [7, 8]. In light
of increasing use of VEGF-directed therapies, we evaluated the incidence, clinical features,
and outcomes of IS and ICH in glioma patients receiving antiangiogenic therapy (AT).

Methods
We conducted a retrospective study of recurrent malignant glioma patients with
radiographically-confirmed IS or ICH while on AT. We reviewed adverse events from 4
phase I/II trials of AT for recurrent malignant glioma conducted at the National Cancer
Institute (NCI) between 2005 and 2010 (Tables 1, 2). Additionally, we included patients
receiving bevacizumab off trial who were evaluated at the NCI during this same period. We
collected relevant data for each patient, including basic demographics; risk factors for IS or
ICH; history of treatment with surgery, radiation, chemotherapy, and antiangiogenic agents;
location of tumor versus location of IS or ICH; clinical presentation; management following
adverse event; subsequent anti-tumor therapies; and survival duration.

All IS and ICH diagnoses were confirmed by neuroimaging. Classic stroke symptoms and
syndromes were not required for the diagnosis of IS or ICH, because the baseline
neurological abnormalities of malignant glioma patients make the clinical diagnosis of
stroke difficult. We defined IS as an area of diffusion-weighted imaging (DWI)
hyperintensity not attributable to the T2-weighted image ‘shine-through’ phenomenon, with
corresponding apparent diffusion coefficient (ADC) hypointensity. The IS area needed to be
outside of the established tumor volume, because gliomas treated with AT often exhibit
restricted diffusion within the tumor volume. Additionally, diffusion-restricted lesions
needed to fit an arterial vascular distribution. In most cases, subsequent scans were obtained
to demonstrate resolution of these lesions in accordance with typical IS patterns, thereby
ensuring that such lesions did not instead represent new tumor foci. Brain MRI perfusion
using dynamic susceptibility contrast (DSC) was analyzed in a subset of patients with IS.
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Episodes of IS were classified by trial of org 10172 in acute stroke treatment (TOAST)
criteria [9]. Duration of AT was defined as the continuous period of any anti-VEGF/VEGFR
therapy immediately preceding the cerebrovascular event (CVE).

Statistical analysis
All statistical calculations were performed using STATA v10.0 (StataCorp: College Station,
TX). To account for variable AT durations, we calculated the IS and ICH rates per 100
person-months. The Kaplan–Meier method and log-rank test were used for survival analysis
and for comparison of AT duration preceding IS versus ICH. Follow-up extended through
October 30, 2010. All patients provided written informed consent to the NCI IRB-approved
protocol “Natural History Study of Patients with CNS Tumors” (clinicaltrials.gov identifier:
NCT00458640) and individual therapeutic trials.

Results
The 22 patients with IS or ICH included in our study generally reflected the larger malignant
glioma population in terms of their demographics (Tables 3, 4). Twelve of 22 patients were
enrolled on NCI trials for recurrent malignant glioma using VEGFR TKIs (Table 1) or
bevacizumab (Table 2) at the time of IS or ICH; the other 10 patients developed either IS or
ICH while receiving bevacizumab off clinical trial. The median age of all 22 patients was 53
years; 17 patients (77%) were men; and 13 patients (59%) had GBM. Eight patients
developed IS, and 14 experienced ICH while on AT for malignant glioma recurrence. All
subjects had undergone radiotherapy, at a median of 19.4 months prior to the CVE. Patients
had received a median of 2 anti-glioma regimens before initiation of the AT regimen
associated with the CVE.

Ischemic stroke (IS)
There were 4 lacunar, 2 cardioembolic, 1 large-vessel, and 1 unclassified IS events (Table
3). We included only patients with IS outside the tumor volume (Fig. 1). 88% of these
patients had one or more IS risk factors; additionally, 50% had developed AT-induced
hypertension. Altered mental status and lateralizing symptoms were the most common
presentations, while one patient had an asymptomatic lacunar infarct. Five patients with IS
had available perfusion MRI scans. For four patients, the stroke area defined by DWI and
ADC maps showed decreased perfusion; one patient had a lacunar stroke that was too small
to be assessed by perfusion MRI. Among these five IS patients, three exhibited restricted
diffusion within the initial tumor volume; in all three cases, the initial tumor volume had
developed this decreased perfusion during bevacizumab treatment.

Prior to the IS, patients had received AT for a median of 16.2 months. At the time of IS
diagnosis, six patients had tumor response or stability on AT, while two had tumor
progression. There were no cases of IS among 158 patients on VEGFR TKI trials (Table 1).
The frequency of IS in bevacizumab trials for recurrent malignant glioma was 1.9% (3 out
of 161 patients; Table 2), corresponding to a rate of 0.38 cases per 100 patient-months. Five
patients started antiplatelet drugs, and one patient with atrial fibrillation received oral
anticoagulation. Patients 5 and 8 died 1.6 and 0.2 months after the IS and did not receive
antiplatelets or anticoagulants. Three patients received no further anti-glioma therapy, 2
received cytotoxic chemotherapy, and 3 resumed bevacizumab for 1.5, 2, and 4 months
without further CNS vascular events. Four patients had died (2 of tumor progression, 2 of
IS); median survival from IS diagnosis was 7.8 months.
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Intracranial hemorrhage (ICH)
There were 11 intratumoral (with concurrent subdural or intraventricular in one patient
each), 1 distant intraparenchymal, 1 subdural, and 1 unspecified ICH events (Table 4). Nine
of 11 intratumoral bleeds occurred at the time of tumor progression. Nine patients (64%)
developed hypertension during AT. Five patients (36%) were asymptomatic at diagnosis.
Four of these asymptomatic patients had intratumoral bleeds, while 1 had a small
hemorrhage within a radiation-induced cavernous malformation. At ICH diagnosis, patients
had been on AT for a median of 2.6 months. Eight patients were on bevacizumab, and six
were on VEGFR TKIs (sunitinib or vandetanib). There were three cases of ICH (1.9%)
among 161 patients on bevacizumab trials (0.38 cases per 100 patient-months; Table 2) and
six cases of ICH (3.8%) among 158 patients on trials of VEGFR inhibitors (1.6 cases per
100 patient-months; Table 1). One patient required subdural hematoma decompression;
another required ventriculoperitoneal shunt placement for intraventricular hemorrhage and
hydrocephalus. Seven patients received no further glioma therapy, six received cytotoxic
drugs, and one later resumed bevacizumab for two months but had tumor progression with
no further bleeding. Nine patients had died (3 of tumor progression, 2 of ICH, and 4 of
unknown causes); median survival from ICH diagnosis was 2.6 months.

Discussion
The incidence of IS and ICH among recurrent malignant glioma patients receiving AT was
relatively low. Despite difficulties in comparing complication rates across trials due to
variable treatment durations, the ICH rates of 1.9% with bevacizumab and 3.8% with
VEGFR TKIs are comparable to a 2.2% ICH rate seen in 184 patients treated with non-
antiangiogenic agents for recurrent malignant glioma [10]. Meta-analysis of AT trials for
non-CNS malignancies, with most of the trials excluding patients with cerebral metastases,
revealed an ICH rate of 0.1 to 0.7% [11, 12]. The higher ICH rates reported in studies of
malignant glioma, irrespective of AT, likely reflect the inherent tendency of these tumors to
bleed. Notably, 71% of our ICH cases occurred intratumorally in the setting of tumor
progression. These ICH cases may not have had a causal relationship with AT because of
the propensity of malignant gliomas to bleed at the time of progression.

IS occurred in 1.9% of patients treated on our bevacizumab trials, which is comparable to a
1.7% incidence of IS or transient ischemic attacks among 983 patients treated with
bevacizumab for non-CNS cancers [5]. Considering that glioma patients have an increased
risk of IS due to radiation vasculopathy and hypercoagulability [8], this low frequency of IS
with bevacizumab is somewhat reassuring. However, to establish definitively that AT
increases the risk of IS or ICH in glioma patients, large-scale randomized controlled trials
are needed. While we await the results of two randomized controlled trials of temozolomide
chemoradiotherapy with or without bevacizumab, one can attempt to interpret our IS rate by
comparison to historical data. A tertiary cancer center reported an estimated IS frequency of
1.3% in glioma patients treated in the pre-AT era over the full disease course [8]. A review
of 7 non-AT trials conducted by an NCI-sponsored brain tumor consortium for recurrent
malignant glioma patients [13-19], a population similar to that of our current study,
described no cases of IS among 409 patients. While the comparison of absolute IS
frequencies is difficult, the absence of IS in these non-antiangionenic agent phase I and II
trials may be the result of short trial duration due to early tumor progression and treatment
cessation. In addition, the absence of IS could be partially attributable to DWI unavailability
at the time these studies were conducted.

Despite the relatively low frequencies of IS and ICH in our study, the survival time of
glioma patients after CVEs on AT was short. This observation could be explained by the
severity of the CVEs experienced by recurrent malignant glioma patients on AT or by our
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25% IS-related acute mortality rate, which is higher than the 7% acute mortality rate seen in
the general IS population [20]. Our ICH-related acute mortality was at least 14%, which
similarly is higher than the 8% rate in a prior study of primary brain tumors [7]. More likely,
however, this short overall survival reflects a population of recurrent malignant glioma
patients who were heavily pretreated with a median of 2 anti-glioma regimens before the
AT. After CVEs, anti-tumor treatment options were limited, and performance status was
usually poor; consequently, almost 50% of patients did not received further anti-glioma
therapy.

Interestingly, patients with IS had been on AT much longer than those with ICH (median of
16.2 vs. 2.6 months, P = 0.001). Most patients with recurrent malignant glioma receive AT
for only a few months because of early tumor progression, while those with prolonged tumor
responses seem particularly at risk for IS. Thus, preliminary data suggesting that
bevacizumab has better efficacy than VEGFR TKIs [21] may explain the absence of IS in
158 patients treated with VEGFR TKIs. Additionally, a recent trial of upfront radiation,
temozolomide, and bevacizumab for newly diagnosed GBM reported an IS incidence of 9%,
[22] with IS occurring at a range of 83–538 days from initial resection. While the extended
course of AT preceding IS in this study agrees with our findings, further studies are still
needed to determine whether longer bevacizumab treatment duration is associated with an
increased risk of IS; whether an increased risk of IS persists after discontinuation of AT; and
whether AT potentiates the risk of radiation-induced vasculopathy.

We included only IS outside the glioma volume, because many patients on AT develop
intratumoral areas of restricted diffusion on DWI [23]. Importantly, IS-related restricted
diffusion areas resolve in weeks; in contrast, intratumoral DWI-hyperintense lesions
typically persist throughout AT and may represent hypercellular tumor [24] or tumor
necrosis [23]. In our small sample of IS cases, DSC MRI perfusion did not seem useful to
distinguish IS from intratumoral DWI diffusion restriction, because perfusion was decreased
for both lesions. Another small study also showed decreased perfusion in DWI diffusion-
restricted areas within the glioma volume [23]; nevertheless, larger studies are needed to
determine whether MRI perfusion is useful to differentiate DWI diffusion-restricted lesions
in glioma patients receiving AT. Until the completion of such studies, IS diagnoses in
glioma patients should be based on a combination of clinical presentation, neuroimaging
characteristics (e.g., compatibility with arterial vascular distribution), and, most importantly,
the temporal evolution of the DWI diffusion-restricted lesions. Although regions of transient
restricted diffusion outside the tumor volume could be alternatively attributable to post-
seizure cortical diffusion abnormalities [25], our patients with cortical IS exhibited wedge-
shaped or multifocal lesions that were unlikely to be seizure-related. A prior study of glioma
patients not on AT found that IS was the initial clinical diagnosis in only 43% of patients
with imaging-confirmed IS and that 15% of IS cases were asymptomatic [8]. Consequently,
DWI sequences should be routinely acquired for all glioma patients, as the clinical
presentation is often not classic in this population with already significant underlying
neurological deficits.

Inhibition of VEGF decreases nitric oxide and prostacyclin production, activates
procoagulant pathways, and may elevate blood viscosity, all potentially increasing the risk
of arterial ischemic events [26]. Conversely, VEGF inhibition decreases proliferation,
migration, and survival of endothelial cells, which can compromise vascular integrity and
may predispose to hemorrhage [26]. In addition, arterial hypertension is a common side
effect of bevacizumab and VEGFR TKIs [5] that may contribute to the risk of IS and ICH,
although the hypertension is usually transient and easily controlled with standard
antihypertensives. To analyze properly whether AT-induced hypertension or any other
factors predispose to IS or ICH in this patient population, a much larger study is needed.
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Because the pathophysiology underlying IS and ICH on AT remains unclear, no specific
prophylactic or treatment recommendations can be made. These complications should,
therefore, be managed with standard measures whenever appropriate. The patient’s clinical
condition and underlying tumor status often guide management of CVEs and further glioma
therapy. While clinical trials usually require cessation of AT after IS or ICH, three patients
with IS and 1 with ICH in our study population resumed bevacizumab off trial without
further vascular complications, as the potential benefit of controlling their tumors was
thought to outweigh the risk of CVE recurrence. However, the small number and short
follow-up of these patients cannot confirm the safety of this approach. Thus, the potential
risk of recurrent CVEs should be carefully assessed and thoroughly discussed with each
patient before restarting AT.

Our study has inherent limitations due to its retrospective nature and the small number of
CVEs. Our findings cannot determine causality or the effect size of AT on the risk of IS or
ICH in malignant glioma patients. Only randomized controlled studies can assess the
relative risk of IS and ICH; a completed trial of cediranib, a VEGFR TKI, with or without
lomustine versus lomustine alone and two ongoing phase III trials of standard
chemoradiation with or without bevacizumab will help clarify these issues. However,
because the incidence of IS and ICH is expected to be relatively low, meta-analysis of these
large, randomized trials may be needed to define the effect of AT on the risk of CVEs in
glioma patients. Moreover, the increased CVE rates seen in control patients due to radiation-
induced vasculopathy, hypercoagulability, and spontaneous intra-tumoral hemorrhage, may
similarly necessitate meta-analysis of these large studies to achieve sufficient statistical
power.
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Fig. 1.
Patient with restricted diffusion within the tumor volume related to bevacizumab treatment
who developed a right middle cerebral artery ischemic stroke. Upper panel Patient (Table 3,
patient 6) with a corpus callosum glioblastoma treated with bevacizumab. This lesion, with
minimal enhancement on post-gadolinium T1-weighted images, demonstrated restricted
diffusion within the tumor volume on diffusion-weighted imaging (DWI) and apparent
diffusion coefficient (ADC). Additionally, the tumor showed decreased cerebral blood flow
(CBF) for several months. Middle panel The same patient was found to have a wedge-
shaped enhancing lesion on post-gadolinium T1-weighted images outside the original tumor
volume–within the right parietal lobe–on a routine MRI for assessment of his GBM. On
exam, he had new left-sided cortical sensory signs. DWI and ADC showed restricted
diffusion; CBF was decreased in that area, compared to the contralateral cortex. Lower panel
Follow-up MRI four weeks later showed improvement of enhancement on post-gadolinium
T1-weighted images, resolution of restricted diffusion on DWI and ADC, and persistence of
decreased CBF, all compatible with a resolving ischemic stroke
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