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Purpose of review

To review the rationale and recent experience of angiogenesis inhibitors in malignant
gliomas and to highlight both the promise and potential complications of these agents.
Recent findings

Several new agents targeting angiogenesis in malignant gliomas have become available
and have been increasingly used to complement conventional chemotherapy.
Specifically, bevacizumab, often in combination with irinotecan, has demonstrated
favorable results in achieving significant radiographic responses and in prolonging
progression-free survival in patients with recurrent malignant glioma.

Summary

Antiangiogenic drugs have been shown to have promising activity in recurrent malignant
gliomas. Investigation of novel antiangiogenic compounds and future clinical trials will
determine whether these drugs have a role in first-line therapy. This article reviews the
rationale for targeting angiogenesis in malignant brain tumors and summarizes the
results of recent clinical trials. In addition, this review will outline potential toxicities
associated with angiogenesis inhibition in an attempt to provide practical guidance to

physicians treating patients with malignant gliomas.
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Introduction

Malignant gliomas are the most common type of
malignant primary brain tumor and among the most
challenging neoplasms to treat. Despite compelling
advances in diagnostic imaging, surgery, radiation
therapy, and the development of new antineoplastic
agents, the survival rate for patients with malignant
gliomas has improved only slightly in the last decade.
With current standard therapy, median overall survival
remains less than 15 months from time of diagnosis in
patients with glioblastoma multiforme (GBM), the
most frequent type of malignant gliomas [1°°,2°3].
Salvage therapies for recurrent tumors continue to be
largely ineffective.

Among the reasons for this dismal prognosis are the
highly invasive behavior of glioma cells into the brain
parenchyma, preventing complete surgical resection, and
impaired drug delivery across the blood—tumor barrier.
Moreover, gliomas typically contain heterogenous cell
populations, which differ with respect to phenotypic
characteristics, proliferation, and resistance to current
therapies. Recently, the findings that cancer stem cells
in gliomas may play critical roles in tumor initiation and
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therapy resistance have added to the complexity of these
devastating tumors [4°,5°].

As tumor growth is critically dependent on the formation
of new blood vessels, inhibition of this process has offered
an attractive strategy to complement standard therapies
[6]. Endothelial proliferation is among the diagnostic
hallmarks of glioblastomas, and angiogenesis plays a
critical role in the progression and clinical behavior of
theses tumors.

Although the process of angiogenesis and neovascular-
ization is orchestrated by numerous factors and signaling
cascades, vascular endothelial growth factor (VEGF) and
its receptors have emerged as the most important
mediators of neovascularization in gliomas. Encouraging
results have come from initial studies using bevacizumab,
a humanized monoclonal antibody targeting VEGF, in
combination with conventional cytotoxic therapy.
Additional studies targeting the VEGF-signaling path-
way and other angiogenic factors in this patient popu-
lation are also showing promise. Antiangiogenic therapies
have been generally well tolerated, though some
agents are associated with unique adverse -effects.
This review will summarize the current status of
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Table 1 Selected angiogenesis inhibitors and their targets
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Agent Target
Anti-VEGF ligands
Bevacizumab [Avastin (Genentech, South San Francisco, USA)] VEGF-A

Aflibercept (VEGF-Trap)
Anti-HGF ligand
AMG-102
Receptor tyrosine kinase inhibitors
Cediranib (AZD2171)

Dasatinib [Sprycel (Bristol Myer Squibb, New York City, NewYork, USA)]

Pazopanib (GW786034)
Sorafenib
Sunitinib [Sutent (Pfizer, Groton, Connecticut, USA]
Vandetanib (ZD6474)
Vatalanib (PTK787/ZK222584)
Tandutinib (MLN 518)
XL184

Others
Cilengitide (EMD 121974)
Enzastaurin
Metronomic chemotherapy
Thalidomide, Lenalidomide

VEGF-A/B, PLGF
HGF

VEGFR, PDGFR, c-Kit
PDGFR, Src, Ber-Abl
VEGFR, PDGFR, c-kit
VEGFR, PDGFR, c-Kit, Raf
VEGFR, PDGFR, c-Kit, FLT-3
VEGFR, EGFR, RET
VEGFR, PDGFR, c-Kit
PDGFR, c-Kit, FLT-3
VEGFR, c-Met

avB3 and avB5 integrins
PKC-B and Akt

Tumor endothelium
Mutiple, FGF?

EGF, endothelial growth factor; FGF, fibroblast growth factor; FLT-3, fms-related tyrosine kinase 3; HGF, hepatocyte growth factor; PDGFR, platelet-
derived growth factor receptor; PKC-b, protein kinase C beta; PLGF, placental growth factor; VEGFR, vascular endothelial growth factor receptor.

antiangiogenic therapies in malignant gliomas and dis-
cuss toxicities and emerging issues associated with these
agents.

Angiogenesis and gliomas

Neovascularization is a complex process that involves
tissue remodeling, destruction and growth, and results
from activation of proangiogenic and inhibition of anti-
angiogenic factors. From a wide range of mediators
identified, VEGF and its associated signaling cascade
has been shown to be of paramount importance for the
biology of malignant tumors, including glioblastomas
[7,8]. Other key regulators in this process include fibro-
blast growth factor (FGF) [9], platelet-derived growth
factor (PDGF) [10-12], hypoxia-inducible factor 1 alpha
(HIF1-a [13,14]), hepatocyte growth factor/scatter factor
(HGF/SF) [15], angiopoietins, interleukin (IL)-6 and IL-
8 [16], angiostatin, endostatin, and thrombospondins
[17,18]. Moreover, increased signaling through a number
of growth factor receptors such as insulin-growth factor
receptor (IGFR), stem cell factor receptor (c-Kit), and
fibroblast growth factor receptor (FGFR) has also been
shown to enhance VEGF activity [19-21].

Several VEGF family members and biologically active
splice variants have been described so far, including
VEGF-A to -D and placental growth factor. These act
through receptor tyrosine kinases, among which at least
three receptor subtypes have been identified (VEGFR-1,
VEGFR-2, and VEGFR-3). Both endothelial cells and
possibly glioma cells themselves may express and upre-
gulate VEGF and its receptors, resulting in both para-
crine and autocrine loops that drive endothelial cell
proliferation, invasion, migration, and permeability

[8,22]. The level of VEGF expression has been shown
to correlate with the degree of malignancy and overall
tumor prognosis [15,23].

Not surprisingly, there has been considerable interest in
targeting VEGF signaling and other angiogenic pathways
in gliomas (Table 1). This effort has been further stimu-
lated by recent studies demonstrating that brain tumors
may harbor small subpopulations of cancer stem cells that
appear to be critically important in cancer initiation,
progression, and resistance to treatment (for review,
e.g. [4%,5°%]). Interestingly, cancer stem cells appear to
be directly involved in stimulating tumor angiogenesis
through production of proangiogenic molecules such as
VEGF [24]. Similar to neural stem cells that reside in
neurovascular niches [25-29], cancer stem cells are
thought to persist in close proximity to the tumor vascu-
lature [30,31°°]. Thus, inhibition of tumor angiogenesis
may also potentially target the ‘Achilles heel’ of the
tumor itself, the cancer stem cells, with the hope of
achieving more durable clinical responses [32].

Targeting vascular endothelial growth factor
in malignant gliomas

Due to its dominant role in tumor angiogenesis, targeting
VEGEF signaling has evolved into a promising therapeutic
strategy. Bevacizumab, a humanized monoclonal anti-
body against VEGF-A, was among the first antiangio-
genic drugs to be approved for the treatment of cancer
when combined with cytotoxic agents [33,34].

In an initial evaluation of 29 patients with recurrent
malignant glioma, the combination of bevacizumab
(5 mg/kg every 2 weeks) with the topoisomerase I inhibitor
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irinotecan (125 mg/m? weekly for 4 weeks, followed by
1-2 week breaks) resulted in a dramatic overall radio-
graphic response rate of 66% [35]. This study demon-
strated for the first time that bevacizumab was well toler-
ated in patients with malignant gliomas, with only one
patient developing bowel perforation and one patient with
an intracranial hemorrhage. A subsequent study [36] of 14
patients treated with bevacizumab and cytotoxic che-
motherapy documented a radiographic response rate of
50%. A third retrospective study [37] of 44 patients with
recurrent malignant glioma and treated with a comparable
protocol reported an overall response rate of 34%. The
treatment was well tolerated, though two patients were
detected with asymptomatic intracranial hemorrhages on
follow-up imaging. Of the 11 patients in this cohort,
concurrently treated with anticoagulation and bevacizu-
mab, only one developed a bleeding complication (mild
epistaxis) [37]. The requirement for concurrent steroid
treatment was significantly reduced in approximately 50%
of patients.

In a phase II clinical trial, reported sequentially in two
cohorts of patients [38°°,39°°], 35 recurrent glioblastoma
and 33 recurrent grade III glioma patients were treated
with bevacizumab and irinotecan. The initial cohort of 32
patients received bevacizumab (10 mg/kg) and irinotecan
every 2 weeks of a 6-week cycle [38°°]. The second
cohort of 36 patients received bevacizumab (15 mg/kg)
every 3 weeks and irinotecan on weeks 1,2, 4, and 5 of
each 6-week cycle [39°°]. Patients treated with cyto-
chrome P-450 enzyme-inducing antiepileptic medi-
cations (EIAEDs), for example, phenytoin, received an
irinotecan dose of 340 mg/m? whereas patients not on
EIAEDs received a lower irinotecan dose of 125 mg/m?.
The overall radiographic response rate using modified
Macdonald criteria [40] was 59% (65% in anaplastic
gliomas; 53% in glioblastomas). In a recent survival
update, 6-month progression-free survival (PFS6) was
43% for GBM patients and 59% for anaplastic gliomas
patients; 2-year overall survival (OS) was 15% for GBM
patients and 33% for anaplastic gliomas patients [41]. The
regimen was overall well tolerated with acceptable
toxicity. Adverse effects included thromboembolic
complications (12%), intracranial hemorrhage (2%), fati-
gue (9%), proteinuria (6%), sepsis (2%), and nausea and
emesis (6%) [38°°,39°°].

A subsequent randomized phase II trial compared a total
of 167 patients with recurrent glioblastoma in first or
second relapse treated with bevacizumab (10 mg/kg)
every 2 weeks with or without irinotecan [42°°]. Pre-
liminary results reported a PFS6 of 43% and radiographic
response rate of 28% in patients treated with bevacizu-
mab alone, compared with a PFS6 of 50% and radio-
graphic response rate of 38% in patients treated with the
combination regimen [42°°]. Median overall survival was

9.2 months in the group receiving bevacizumab alone and
8.7 months in the combination group. A steroid-sparing
effect was noted in the majority of patients. Toxicity
was relatively modest and only 2-3% of patients devel-
oped intracranial hemorrhage, most of which were
asymptomatic.

Preliminary data suggests that the level of VEGF expres-
sion in gliomas may help to predict radiographic response
to bevacizumab, but neither VEGF expression nor the
expression of other angiogenic markers appears to predict
survival [43]. There appears to be both VEGF-dependent
and VEGF-independent pathways of edema production
in gliomas; whether these pathways predict response to
bevacizumab is unclear [44°].

There is increasing evidence of the fact that inhibition of
angiogenesis may potentially enhance the effects of
radiation therapy [45°]. Several trials combining bevaci-
zumab with radiation therapy and temozolomide in newly
diagnosed glioblastoma patients are underway. Prelimi-
nary data suggest that the regimen is safe, though wound
healing may be impaired [46]. Many studies now defer
treatment with bevacizumab until at least 4 weeks from
surgery to avoid these problems with wound healing.
Based on the encouraging results of bevacizumab in
combination with irinotecan, there are now a large
number of VEGF-inhibiting agents being evaluated in
combination with cytotoxic agents or other targeted
molecular therapies (Table 2).

Aflibercept (VEGF-Trap) is another VEGF-targeting
agent that has been studied in patients with malignant
glioma. Designed as a soluble decoy VEGF receptor that
is fused to the constant region of I1gG, aflibercept has
several hundred times greater VEGF-binding affinity
than bevacizumab and inhibits angiogenesis and tumor
growth, and potentiates radiotherapy in preclinical
glioma models [47,48]. Preliminary results from a single
arm, phase II trial using aflibercept at a dose of 4 mg/kg
every 2 weeks in patients with malignant glioma demon-
strated a radiographic response rate of 50% in anaplastic
gliomas and 30% in glioblastomas [49]. However, 25% of
patients had to discontinue therapy because of toxicity,
suggesting that the dose of 4 mg/kg every 2 weeks may be
too high.

Targeting angiogenesis through receptor
tyrosine kinase inhibition

In contrast to bevacizumab and aflibercept, which act
through ligand sequestration, a large number of agents
have been developed that act as competitive inhibitors of
VEGF receptors and other receptor tyrosine kinases for
various proangiogenic factors such as PDGF and stem
cell factor (c-kit) (see Table 1). As reviewed in detail
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Table 2 Selected ongoing clinical trials of vascular endothelial growth factor inhibitors
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Agents Phase Diagnosis Sponsor Primary endpoint ~ Sites
Aflibercept Il Recurrent MG NCI PFS6 NABTC
Aflibercept, TMZ +RT | New GBM; recurrent or NCI MTD NABTC
stable MG
Bev Il Recurrent MG NCI PFS6 NCI
Bev and bortezomib Il Recurrent GBM Genentech, Millenium PFS6 Duke
Bev and enzastaurin Il Recurrent MG NCI PFS6 NCI
Bev and erlotinib Il Recurrent MG Genentech PFS6 Duke
Bev and etoposide Il Recurrent MG Genentech PFS6 Duke
Bev and LBH589 Il Recurrent MG Novartis and Genentech PFS6 DFCI and Northwestern
Bev and sorafenib Il Recurrent GBM NCI PFS6 NCCTG
Bev and tandutinib Il Recurrent MG NCI PFS6 NCI
Bev and metronomic TMZ Il Recurrent GBM Genentech, Schering-Plough  PFS Duke
Bev and TMZ or etoposide |l Recurrent GBM following ~ Genentech PFS6 Duke
bev and irinotecan
Bev and TMZ +RT Il New GBM Genentech Survival UCLA
Bev and TMZ post RT Il New GBM Genentech PFS, RR University of Chicago
Bev and TMZ +RT 1] New GBM NCI (O RTOG
Bev and TMZ +RT 1] New GBM Genentech PFS, OS Multiple sites (Europe)
Bev, TMZ, and erlotinib Il Stable GBM following RT  NCI OS, PFS UCSF
Bev, TMZ + RT, followed by I New GBM Genentech, Schering-Plough OS Duke

Bev, TMZ + irinotecan

Bev, bevacizumab; DFCI, Dana-Farber Cancer Institute; GBM, glioblastoma multiforme; MDACC, M.D. Anderson Cancer Center; MG, malignant
glioma; MTD, maximum tolerated dose; NABTC, North American Brain Tumor Coalition; NCI, National Cancer Institute; NCCTG, North Central Cancer
Treatment Group; OS, overall survival; PFS, progression-free survival; RR, response rate; RT, radiation therapy; RTOG, Radiation Therapy Oncology
Group; TMZ, temozolomide; UCLA, University of California — Los Angeles; UCSF, University of California — San Francisco.

elsewhere [50°], many of the newly developed receptor
tyrosine kinase inhibitors that may influence angiogen-
esis and tumor growth through multiple targets are
currently in various stages of preclinical development.
Ongoing clinical trials of receptor tyrosine kinase inhibi-
tors are summarized in Table 3.

Among other agents that are currently being evaluated in
clinical trials are vatalanib, pazopanib, sorafenib, suniti-
nib, vandetanib, and XL-184. Only limited data are

currently available regarding efficacy and toxicity in these
agents. Encouraging results have come from a recent
phase II clinical trial of cediranib (AZD2171), a potent
pan-VEGF receptor inhibitor [51°°]. In this study, 45 mg
of cediranib was administered orally once daily to
31 patients with recurrent glioblastoma. The PFS6 was
26% and the overall radiographic response rate was
approximately 56%. Similar to studies with bevacizumab,
a significant steroid-sparing effect was observed. The
regimen was associated with moderately severe toxicity,

Table 3 Selected ongoing clinical trials of vascular endothelial growth factor receptor inhibitors

Agents Phase  Diagnosis Sponsor Primary endpoint Sites
Cediranib and lomustine | Recurrent GBM AZ MTD Multiple
Cediranib +/— lomustine 1l Recurrent GBM AZ PFS6, OS Multiple
Cediranib, TMZ + RT 171l New GBM NCI MTD (phase I), PFS (phase Il) MGH, DFCI
Pazopanib I Recurrent GBM NCI PFS6 NABTC
Pazopanib and lapatinib I Recurrent MG GSK MTD (phase I), PFS6 (phase Il)  Multiple
Sorafenib and bevacizumab I Recurrent GBM NCI PFS6 NCCTG
Sorafenib and erlotinib I Recurrent GBM NCI oS NABTT
Sorafenib and erlotinib, tipifarnib, 11 Recurrent GBM NCI MTD (phase I), PFS6 (phase I) NABTC

or temsirolimus
Sorafenib and temsirolimus I Recurrent GBM NCI MTD (phase I), PFS6 (phase I) NCCTG
Sorafenib and TMZ Il Recurrent GBM Bayer, S-P PFS6 Duke
Sorafenib and TMZ Il New GBM Bayer PFS SCRI
Sunitinib Il Recurrent MG NCI PFS6 Multiple
Sunitinib and irinotecan | Recurrent MG Pfizer MTD Duke
Vandetanib I Recurrent glioma  NCI MTD (phase I), PFS (phase II) NCI
Vandetanib, imatinib, and hydroxyurea | Recurrent MG Novartis, AZ MTD Duke
Vandetanib, TMZ + RT I/ New GBM AZ MTD (phase I), OS (phase II) Multiple
XL184 Il Recurrent GBM Exelixis PFS6 DFCI, UCSF, MDACC

AZ, AstraZeneca; CNS, central nervous system; DFCI, Dana-Farber Cancer Institute; GBM, glioblastoma multiforme; GSK, GlaxoSmithKline; MDACC,
M.D. Anderson Cancer Center; MGH, Massachusetts General Hospital; NABTC, North American Brain Tumor Consortium; NABTT, New Approaches
to Brain Tumor Therapy; NCCTG, North Central Cancer Treatment Group; NCI, National Cancer Institute; PFS, progression-free survival; RT, radiation
therapy; S-P, Schering-Plough; SCRI, Sarah Cannon Research Institute; TMZ, temozolomide; UCSF, University of California — San Francisco.
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requiring temporary drug suspension in 69% of the initial
16 patients. Adverse effects included gastrointestinal
toxicity, fatigue, and hypertension. In future studies,
the single agent dose of cediranib will be reduced to
30mg daily and should be better tolerated. Advanced
MRI studies [51°°] and a histopathological follow-up
study [52] from a subset of these patients showed that
decreased contrast enhancement was paralleled by
reduction in blood vessel size, permeability, blood flow,
and blood volume, supporting the concept of vascular
normalization of abnormal tumor blood vessels [53°].
However, this effect appeared to be transient, and blood
vessel size began to rebound by 8 weeks into treatment
and after cessation of drug administration.

The phenomenon of vascular normalization appears to be
one of the critical features of antiangiogenic therapies.
"This effect has also been observed with other antiangio-
genic agents and may facilitate delivery of concurrently
administered cytotoxic drugs and potentially improve the
efficacy of radiation therapy [54]. The observation that
vascular normalization is a transient phenomenon
suggests that a specific therapeutic window exists during
which chemotherapy and radiation may be most effective
[51°°,53°]. The mechanisms responsible for the re-estab-
lishment of pathological vascularization are poorly under-
stood, but may be associated with upregulation of Tie-2
and alternate angiogenic factors such as basic fibroblast
growth factor [51°°].

Other antiangiogenic approaches

In addition to VEGF-related pathways, many other sig-
naling pathways are involved in glioma angiogenesis.
Platelet-derived growth factor receptors (PDGFRs) are
present on pericytes and play a potentially important role
[54,55]. Although initial trials of imatinib mesylate, which
inhibits PDGFR and c-Kit, showed only minimal activity
[56], newer PDGFR inhibitors such as tandutinib might
potentially be more effective due to improved blood—
brain barrier penetration.

Enzastaurin is an oral inhibitor of protein kinase C-3
(PKCR). Despite promising results in a phase II trial in
recurrent malignant glioma [57], a randomized phase III
trial comparing lomustine (CCNU) with enzastaurin in
recurrent glioblastoma was stopped prematurely due to
disappointing results on interim analysis [58]. It remains
to be shown if the combination of enzastaurin with
radiation therapy or other antiangiogenic therapies will
result in a better outcome.

Celecoxib, a cyclooxygenase-2 (COX-2) inhibitor, shown
to inhibit tumor angiogenesis and growth /z vitro, has
been evaluated in several studies [59,60] in recurrent
malignant glioma with unclear benefit.

Cilengitide, an inhibitor of avB3 and avB5 integrins, has
shown only modest single agent activity in recurrent
glioblastoma, with a 9% response rate and PFS6 of
10-15% [61,62]. However, cilengitide may have greater
activity combined with radiation therapy and temozolo-
mide in patients with newly diagnosed glioblastomas
with hypermethylation of the DNA repair enzyme
O°®methylguanine-DNA methyltransferase (MGMT)
[63]. Overall survival at 15 months was 47% for unmethy-
lated patients and 75% for the hypermethylated cohort.
In light of these results, the European Organisation for
Research and Treatment of Cancer (EORTC) is planning
a phase III trial comparing cilengitide with standard
therapy in newly diagnosed glioblastoma patients with
MGMT promoter hypermethylation.

The antiangiogenic mechanism of thalidomide (Celgene,
Summit, New Jersey, USA) and its analog lenalidomide
(Celgene) are not fully understood, but likely involve
FGF receptor blockade [64]. However, both thalidomide
[65—-67] and lenalidomide [68] have minimal efficacy in
malignant gliomas.

Another antiangiogenic strategy involves the use of pro-
longed low-dose administration of chemotherapy (metro-
nomic chemotherapy) to inhibit endothelial growth [69].
Although this approach may limit toxicity, available
clinical data has been controversial in regard to efficacy
in gliomas [70,71]. Nonetheless, metronomic chemother-
apy remains an attractive strategy that may be more
effective in patients with low disease burden, or when
combined with potent angiogenesis inhibitors.

Toxicity of antiangiogenic treatment

The encouraging preliminary results with antiangiogenic
agents have led to their widespread use. Although these
agents are generally well tolerated, the emerging data
suggest unique patterns of adverse effects that require
careful patient selection [72°,73°].

There is an increased risk of thromboembolism in a patient
population already at a significant risk of developing deep
venous thrombosis, pulmonary embolism, and stroke
[74,75]. Despite concerns of hemorrhage with the use of
anticoagulants, preliminary data suggests that low molecu-
lar weight heparin is reasonably well tolerated in patients
receiving bevacizumab [37,76]. In a small series of 21
patients with malignant gliomas with thromboembolism
who received low molecular weight heparin and bevaci-
zumab, there were no large hemorrhages; three patients
had small intraparenchymal hemorrhages [76]. Hyperten-
sion is a common and dose-limiting toxicity of many anti-
VEGF inhibitors, consistent with the physiological role of
VEGF in regulating vasomotor tone and blood pressure
[73°,77]. Thus, patients on antiangiogenesis therapy need
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to be carefully monitored, and if necessary, rigorously
treated for hypertension.

Due to the physiological role of VEGF in new blood
vessel formation, most anti-VEGF/VEGFR agents are
associated with an increased bleeding risk. Although the
episodes of bleeding are usually relatively minor, life-
threatening intracranial hemorrhages may occur in a small
percentage of patients (<3%) [35,37,38°%,39°°,42°°].
Because of concerns regarding bleeding, prior intratu-
moral hemorrhage has generally been considered to be a
relative contraindication to antiangiogenic therapy. Other
common systemic side effects of VEGF inhibitors are
fatigue, proteinuria, epistaxis, impaired wound healing
and rarely skin toxicity, and gastrointestinal perforation
[73°]. Rare side effects involving the nervous system
include reversible posterior leukoencephalopathy, sei-
zures, disequilibrium, and ataxia [78-80]. The possible
complications following VEGF-antiangiogenic and non-
VEGF-antiangiogenic therapies are as follows:

(1) Hypertension

(2) Thromboembolic events (e.g. pulmonary embolism,
deep venous thrombosis and stroke)

(3) Bleeding complications (e.g. intracranial or pulmo-
nary hemorrhage)

(4) Gastrointestinal complications (including nausea,
emesis, mucositis and diarrhea)

(5) Impaired wound healing

(6) Bowel perforation

(7) Fatigue

(8) Rash (including hand—foot syndrome)

(9) Headache

(10) Proteinuria

Emerging antiangiogenic treatments for gliomas Dietrich et al. 741

(11) Transaminitis

(12) Myelosuppression  (e.g.
thrombocytopenia)

(13) Reversible posterior leukoencephalopathy

(14) Rebound vasogenic edema.

anemia, neutropenia,

Other issues related to antiangiogenic therapy
Beside their unique toxicity patterns, there are other
emerging issues that need to be considered in patients
treated with bevacizumab or other antiangiogenic agents.

Although current response criteria have been based on the
degree of contrast enhancement on MRI [40], this
parameter may be misleading following the use of VEGF
pathway inhibitors. The reduction in enhancement may
simply reflect a decrease in vascular permeability of MRI
contrast rather than real effect on the tumor, complicating
the interpretation of radiologic responses with these
agents. It will be important to incorporate advanced ima-
ging modalities, such as dynamic contrast-enhanced MRI,
perfusion imaging, magnetic resonance Spectroscopy, or
PE'T studies in future trials to assess antitumor effects.

Although angiogenesis inhibitors are frequently associ-
ated with a significant reduction in tumor size and
desirable steroid sparing effect [42°°,81], this effect
may only be temporary due to upregulation of alternate
and VEGF-independent mediators of angiogenesis (e.g.
PDGF/PDGF-R, FGF, Tie-2) [51°°,82°]. Furthermore,
abrupt cessation of anti-VEGF treatment may result in
rebound edema and clinical deterioration (Fig. 1). If
discontinuation of anti-VEGF therapy is being con-
sidered, patients should be monitored closely and

Figure 1 Axial T1 contrast enhanced MRIs of a 41-year-old woman with a recurrent right temporal glioblastoma demonstrating
increased enhancement and edema following discontinuation of anti-vascular endothelial growth factor (VEGF) therapy

(a) Baseline MRl following response to aflibercept (VEGF-Trap). (b) Progression after 4 months on therapy. Aflibercept was discontinued. (c) 4 weeks
later, MRI shows significantly more enhancement. The patient began to experience headache. (d) MRI 4 weeks after starting bevacizumab showing
marked reduction in contrast enhancement and mass effect. The rapid improvement in clinical and radiologic features suggests that at least some of the
changes are an effect of bevacizumab on vascular permeability rather than an antitumor effect.
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perhaps treated prophylactically with corticosteroids.
The radiographic and clinical deterioration of patients
who stop anti-VEGF therapy also potentially complicates
the evaluation of subsequent therapeutic agents.

Another concern has come from studies [14,83,84]
showing that blockade of VEGF-mediated angiogenesis
may ultimately promote tumor infiltration by co-option
of existing cerebral blood vessels. These changes
are often poorly detected by conventional contrast-
enhanced MRI, but appear as enlarging areas of
increased T2/FLAIR signal [37,85-87]. Perhaps in part
because of increased infiltrative growth, tumors that
progress during antiangiogenic therapy become extre-
mely challenging to treat, and rapid clinical deterioration
and death are often the consequence [88]. Despite the
overall encouraging results from current antiangiogenic
trials in glioma patients, such therapies are ultimately
ineffective and will need to be combined with other
strategies, such as inhibitors of tumor cell invasion and
migration.

One issue of concern has come from recent studies on the
cell-biological analysis of cancer therapy associated neu-
rotoxicity. Conventional cytotoxic agents have been
shown to preferentially target neural progenitor cells
critically important in maintenance of normal brain func-
tion and white matter integrity [5°,89,90]. Moreover, the
physiological function of normal neural stem cells and
progenitor cells is dependent on a number of factors, such
as VEGF, FGF, EGF, and PDGF. By targeting those
signaling pathways, long-term adverse effects, such as
cognitive dysfunction, potentially may be encountered in
SUrvivors.

Summary

Antiangiogenic therapies, especially in combination with
conventional cytotoxic drugs, have shown encouraging
results in patients with malignant gliomas. In addition,
anti-VEGF agents have a potent antiedema effect, com-
monly allowing steroid doses to be significantly reduced.
In general, VEGF-pathway inhibitors are well tolerated.
Among the most important toxicities are hypertension,
thromboembolic complications, bleeding, and impaired
wound healing. As experience with these agents increase,
additional safety concerns may arise. Vulnerability of
stem cell compartments comes with both the potential
to target cancer stem cells and concerns of increased
neurotoxicity. Despite encouraging preliminary results,
current antiangiogenic therapies eventually result in
tumor resistance and progression. Approaches combining
antiangiogenic agents with cytotoxic therapies, agents
that inhibit putative pathways of resistance such as
FGFR, or agents that target tumor invasion may lead
to improved outcomes.
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