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/ABSTRACT

Bevacizumab, currently an option for treatment of different
types of tumorsincluding glioblastoma, has a peculiar toxicity
profile related to its antiangiogenic effect. Because some
bevacizumab-related adverse events can be life threatening,
it is important to identify risk factors and to establish
treatment protocols to minimize treatment-related morbid-
ity and mortality. In glioblastoma patients, the risk of
developing certain side effects, such as gastrointestinal

perforation, venous thromboembolism, and intracranial
hemorrhages, is slightly higher than in patients treated with
bevacizumab for other tumor types. We performed a system-
atic review of the side effects of bevacizumab and their
incidence, causal mechanisms, and available treatments.
Finally, we identified risk factors and proposed preventive
and therapeutic measures for these adverse events.
The Oncologist 2015;20:166-175

Implications for Practice: Given the widespread use of bevacizumab in clinical practice, itisimportant to raise clinicians’ awareness
of the potential risks of this treatment. Our aim was to provide an overview of the most common side effects of bevacizumab and to

suggest a practical approach for their management.

INTRODUCTION

Angiogenesis is a fundamental process in cancer growth that
involves different proteins and receptors such as vascular
endothelial growth factor (VEGF) and VEGF receptor (VEGFR),
which have recently become a target for anticancer treatments.
A wide variety of agents targeting both VEGF and VEGFR have
recently become standard treatments for different tumors.
Bevacizumab, a monoclonal antibody, works as a chimeric VEGF
receptor, blocking VEGF and preventing it from binding to
VEGFR. Several phase Il studies have shown its efficacy when
combined with chemotherapy for the treatment of colorectal
cancer, nonsquamous non-small cell lung cancer (NSCLC), and
renal, ovarian, and breast cancer [1-7]. In the glioblastoma
setting, data about the efficacy of bevacizumab derive from
phaselltrials for recurrent disease [8—13]. Recently,two large
phase Il trials in newly diagnosed glioblastomas have
been conducted to compare bevacizumab with placebo in
association with temozolomide concomitant and adjuvant to
radiotherapy [14, 15]. These studies demonstrated that
bevacizumab improves progression-free survival (PFS) but
not overall survival (OS).

VEGF influences not only tumoral angiogenesis but also
several physiological processes that involve vascular homeo-
stasis, coagulation, wound healing, renal filtration, and blood

pressure regulation. The VEGF blockade thus determines
several peculiar toxicities, some of which can be life threatening.
This review is focused on the main bevacizumab-related
adverse events, their risk factors, and possible preventive and
therapeutic measures.

METHODS

We performed a review of available English literature on the
adverse events of bevacizumab in all cancer types, with
a focus on glioblastoma multiforme (GBM). Results from
phase Il and Il trials on GBM and mainly from meta-analysis
for other cancer types were gathered to compare the
incidence of bevacizumab-related adverse events in GBM
and other tumors.

HYPERTENSION

Hypertension (HTN) is the most common adverse event
associated with bevacizumab (Table 1). In the two phase Il
studies on GBM, the incidence of grade =3 HTN was 4% in the
bevacizumabarmand 1%inthe control arm of the Radiotherapy
Oncology Group (RTOG) 0825 trial [14] and 7.6% and 8%,
respectively, in the AVAglio trial [15]. All-grade HTN incidence
reported in AVAglio trial was 39% in the bevacizumab arm and
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Table 1. Incidence of hypertension in clinical trials

Bevacizumab (%) Control (%)
Study Pathology All grades Grade 23 All grades Grade 23
Hurwitz et al. (2004) [1] Colorectal 22 11 8 2
Giantonio et al. (2007) [5] Colorectal — 7 — 2
Sandler et al. (2006) [2] NSCLC — 7 — 0.7
Reck et al. (2009) [6] NSCLC — 15 — 2
Escudier et al. (2007) [3] RCC 26 3 9 <1
Perren et al. (2011) [4] Ovarian 26 6 6 <1
Burger et al. (2011) [19] Ovarian — 20 — 7.2
Miller et al. (2007) [7] Breast — 15 — 0
Reardon et al. (2012) [9] GBM — — — —
Kreisl et al. (2011) [10] GBM 32.2 16 — -
Kreisl et al. (2009) [12] GBM 12 4 = —
Friedman et al. (2009) [8] GBM 31 4 — —
Odia et al. (2014) [16] GBM 25.2 1 = —
Taal et al. (2014) [17] GBM 57 26.4 — —
Chinot et al. (2014) [15] GBM 39 7.6 12.7
Ranpura et al. (2010) [18] Meta-analysis of randomized — 7 — 2

trials on pts with different
tumor types

Abbreviations: GBM, glioblastoma multiforme; NSCLC, non-small cell lung cancer.

12.7% in the control arm [15], whereas in the RTOG trial, all-
grade HTN incidence was not reported. A recent review [16]
examined the toxicities of 210 patientsincluded in three phase |
trials conducted by the National Cancer Institute (NCI) on
bevacizumab alone and in combination with enzastaurin and
tandutinib in the treatment of high-grade gliomas and GBM
(NCT00271609, NCT00586508, NCT00667394). In this study, the
overallincidence of all-grade HTN was 21.9% and grade =3 HTN
was 9%.

In randomized trials, the incidence of grade 3and 4 HTN in
bevacizumab-treated patients ranged from 3% to 15%
compared with 0%—-2.0% in controls [1-7].

A meta-analysis of randomized clinical trials of patients
with different tumor types showed that low-dose (<10 mg/kg
per dose) bevacizumab increased the incidence of any-grade
HTN 3-fold and that high-dose (=10 mg/kg per dose)
bevacizumab increased the incidence 7.5-fold [20]. A sub-
sequent meta-analysis [18] found that 24% of patients
receiving bevacizumab developed any-grade of HTN and 8%
developed grade =3 HTN (relative risk: 5.3).

The incidence of HTN in GBM patients treated with
bevacizumab is comparable to that reported for other cancer
types [14, 15, 18, 20].

Mechanisms

The exact causes of the increase of blood pressure following
treatments with bevacizumab have not been adequately
clarified. One hypothesis is that VEGF inhibition might reduce
the activity of nitric oxide synthase, which could affect vascular
smooth muscle cell compliance and renal sodium elimination,
resulting in increased arterial blood pressure. Another cause
might be decreased microvessel perfusion and microvas-
cular density resulting from VEGF blockade. Because total
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peripheral resistance is dependent on the arterioles and
capillaries, this reduction could lead to increased peripheral
resistance [19].

Management

The management of HTN associated with bevacizumab follows
the general principles of HTN management. It is important to
evaluate the cardiovascular risk of each patientand to maintain
blood pressure within the normal range. In low-risk patients,
a target pressure lower than 140/90 mmHg can be recom-
mended, whereas in high-risk patients, this should be lowered
to 130/80 mmHg [21].

Arterial blood pressure should be measured before each
bevacizumab administration, and patients should be in-
structed to undertake blood pressure monitoring at home.
Bevacizumab administration should be delayed and antihyper-
tensive therapy started if blood pressure is >150/100 mmHg.
Bevacizumab should be permanently discontinued if HTN is
not adequately controlled with appropriate therapy or the
patient has a hypertensive crisis or signs of hypertensive
encephalopathy.

No controlled studies are available to support the use of
a specific antihypertensive agent. Treatment strategies for
bevacizumab-related HTN have yet to be defined, but the more
traditional antihypertensives, including angiotensin-converting
enzyme (ACE) inhibitors, B-blockers, calcium channel blockers,
and diuretics, have proven to be effective in the management of
bevacizumab-associated HTN in clinical practice. Assessment
of the cardiovascular risk of HTN, advisable for all patients,
should include evaluation of risk factors such as diabetes
mellitus, underlying cardiovascular disease, chronic kidney
disease, tobacco use, hyperlipidemia, obesity, family history
and advanced age, all of which are warning signs of possible
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development of treatment-related hypertension or hypertension-
related complications.

PROTEINURIA

Proteinuria is the second most common bevacizumab adverse
event. It is dose dependent, and there seems to be a relation-
ship between the duration of treatment and the occurrence of
this event [22].

The normal range for urine protein excretion is 40-80 mg
daily, with levels >150 mgindicating proteinuria. The Common
Terminology Criteria for Adverse Events version 4.0/4 grades
proteinuria toxicity from 1 to 3. Grade 1 correspondstoa 1+
urine dipstick with a 24-hour urine protein level of 1 g; grade
2 indicates a 2+ urine dipstick or 24-hour protein level of
1.0-3.4 g, and grade 3 indicates a 24-hour urine protein level
of =3.5g.

The incidence of grade 3 proteinuria in bevacizumab arms
of randomized trials ranged from 0.8% to 4.0% compared with
0%-1.0% in the control arms [1-7] (Table 2).

A recent meta-analysis [22] showed that 13% of patients
receiving bevacizumab had at least grade 1 proteinuria, and
2.2% had grade =3 proteinuria (a 5-fold increase) with respect
to patients receiving chemotherapy without bevacizumab.
The risk was also found to be dependent on the dose of
bevacizumab, with higher doses related to significantly higher
incidence of proteinuria [22]. The incidence of bevacizumab-
related proteinuria appears to be similar in patients with GBM,
with rates at 0%—15% (all grades). In the AVAglio trial [15], all-
grade proteinuriawas 15.6% in the bevacizumab arm, with 5.4%
grade =3 events. In phase Il trials, incidence ranged from
~5%—6% [8, 11] to 25%—30% [10, 16].

Mechanisms

The pathophysiology of bevacizumab-related proteinuria is
unknown. VEGF plays a role in maintaining endothelial fenestra-
tions, which form part of the glomerular filtration barrier. VEGF
inhibition results in loss of fenestrations, endothelial edema,
and detachment, leading to barrier integrity impairment [23].
Podocytes, a key constituent of the glomerular filtration mech-
anism, and glomerular capillary endothelial cells constitutively
express VEGF. In mice, the pharmacological inhibition of VEGF
in podocytes produces renal injury, including loss of endo-
thelial fenestrations and proteinuria [24].

Renal biopsies from patients with proteinuria showed
thrombotic microangiopathy or proliferative membranous
glomerulonephritis, probably resulting from glomerular en-
dothelial damage occurring after VEGF inhibition [25]. Most
cases of proteinuria resolve once bevacizumab is discontinued,
but severe cases can persist.

Management

Given the high frequency of this adverse event, urinary protein
excretion assessment should be undertaken before every
administration of bevacizumab. The use of a serial urinalysis
dipstickis recommended, with a urine dipstick =2+ warranting
further assessment with 24-hour urine collection for protein.
Bevacizumab administration should be temporarily suspended
if 24-hour urine protein levels are >2 gand resumed when levels
are <2 g.Treatmentdiscontinuationisrecommendedin cases of
nephrotic syndrome (24-hour urine protein >3.5 g).
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ACE inhibitors and angiotensin Il receptor blockers (ARBs)
reduce the severity of proteinuria and the risk of end-stage
renal disease. Despite the relative frequency of anti-VEGF
agent-induced proteinuria, no studies on these drugs have
been conducted to verify their efficacy in the treatment of this
adverse event, precluding evidence-based treatment recom-
mendations [26].

HEMORRHAGE

Bleeding is a frequent complication of bevacizumab (Table 3).
Most cases involve low-grade mucocutaneous hemorrhages
that can be managed easily and that rarely lead to treatment
discontinuation. Epistaxis is the most common of these events.
In most of the studies, epistaxis was not distinguished from
other types of bleeding; therefore, its exact incidence is not
well established. Data from a few studies report rates of grade
1-2 epistaxis ranging from 5% to 26% [10, 16]. Epistaxis is
usually of mild to moderate severity and does not require
specific treatment. In particularly severe cases, operative
hemostatic interventions might be indicated.

Intracranial hemorrhages (ICHs) are associated with
bevacizumab in GBM patients, and systemic bleeding can be
a complication of bevacizumab treatment for all types of
cancer. Brain tumors, GBM in particular, are associated with
spontaneous ICHs, with incidence ranging from 7% to 35% in
different series [27]. In patients with GBM treated with
bevacizumab, grade =3 hemorrhages are uncommon, occur-
ring at a rate of 0%—4% [8, 9, 11, 12, 16]. In the recent RTOG
0825 trial [14], the incidence of grade =3 hemorrhages was
1.5% in the bevacizumab arm and 0.3% in the placebo arm.
In the AVAglio trial [15], incidence of all-grade cerebral
hemorrhages was 3.3% in the bevacizumab arm and 2% in
the placebo arm, whereas incidence of grade =3 cerebral
hemorrhages was 2% in the bevacizumab arm and 0.9% in the
placebo arm. In the bevacizumab and placebo arms of the
same study, incidence of hemorrhages at other sites was 37%
versus 19.6%, respectively, for all gradesand 1.3% versus 0.9%,
respectively, for grade =3. A recent meta-analysis [28] of
12,617 patients from 20 randomized trials with different tumor
types suggested that bevacizumab was associated with an
increased risk of bleeding (relative risk [RR]: 2.48). Grade =3
hemorrhages occurred in 3.5% of patients (RR: 1.91). The risk
was greater in patients treated with higher doses of
bevacizumab (5 mg/kg per week; RR: 3.02) than in those
given lower doses (2.5 mg/kg per week; RR: 2.01). The risk of
fatal bleeding was low (0.8%). The highest incidence of high-
grade hemorrhages was observed in patients with NSCLC
(11.5%), whereas the lowest incidence was found in patients
with breast cancer (0.9%).

Data on the occurrence of hemorrhages in GBM, for
which incidence is comparable to those reported in the
literature for patients with other tumor types, demonstrate
that bevacizumab-related hemorrhage risk in patients with
brain tumors is no higher than that in patients with other
types of cancer.

Mechanisms
The most common risk factor for bleeding is the presence
of an adjacent tumor mass or infiltrating vessels. Damage
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Table 2. Incidence of proteinuria in clinical trials

Bevacizumab (%) Control (%)
Study Pathology All grades Grade 23 All grades Grade 23
Hurwitz et al. (2004) [1] Colorectal 26.5 0.8 21.7 0.8
Giantonio et al. (2007) [5] Colorectal — 0.7 — 0
Sandler et al. (2006) [2] NSCLC — 3 — 0
Reck et al. (2009) [6] NSCLC — 1 - 0
Escudier et al. (2007) [3] RCC 18 7 0
Perren et al. (2011) [4] Ovarian 5 1 2.5 0.1
Burger et al. (2011) [19] Ovarian — 2 — 0.7
Miller et al. (2007) [7] Breast — 3.5 — 0
Reardon et al. (2012) [9] GBM — — — —
Kreisl et al. (2011) [10] GBM 29 0 - —
Kreisl et al. (2009) [12] GBM 2 0 = =
Friedman et al. (2009) [8] GBM 3.6 13 — —
Odia et al. (2014) [16] GBM 24 = =
Taal et al. (2014) [17] GBM 44 — —
Chinot et al. (2014) [15] GBM 15.6 5.4 4.2 0
Gilbert et al. (2014) [14] GBM — — — —

Abbreviations: GBM, glioblastoma multiforme; NSCLC, non-small cell lung cancer.

Table 3. Incidence of hemorrhages (all kinds) in clinical trials

Bevacizumab (%) Control (%)
Study Pathology All grades Grade 23 All grades Grade 23
Hurwitz et al. (2004) [1] Colorectal — — — —
Giantonio et al. (2007) [5] Colorectal — 2.6 — 0.4
Sandler et al. (2006) [2] NSCLC — 4.4 — 0.7
Reck et al. (2009) [6] NSCLC — 4 — 2
Escudier et al. (2007) [3] RCC 33 9 3 <1
Perren et al. (2011) [4] Ovarian 38 1 11 <1
Burger et al. (2011) [19] Ovarian — 1.8 — 0.8
Miller et al. (2007) [7] Breast — 0.5 — 0
Reardon et al. (2012) [9] GBM 0 0 — —
Kreisl et al. (2011) [10] GBM 354 0 — —
Kreisl et al. (2009) [12] GBM 0 0 — —
Friedman et al. (2009) [8] GBM 31.9 2.5 — —
Odia et al. (2014) [16] GBM 23 0 — —
Chinot et al. (2014) [15] GBM 40.3 3.2 215 2.8
Gilbert et al. (2014) [14] GBM — 1.5 — 1.2

Abbreviations: GBM, glioblastoma multiforme; NSCLC, non-small cell lung cancer.

to the vascular wall infiltrated by tumor masses and
necrosis of the tumor after treatment can lead to bleeding.

It has been suggested that VEGF might regulate platelet
adhesion and activation: therefore, lack of active VEGF could
interfere with platelet activation. Another possible mechanism is
the deregulation of vascular repair and the growth process. A
VEGF block could impair endothelial survival and proliferation,
leading to damaged vascular integrity, particularly in tissues with
high VEGF dependence such as injured mucosal membrane of the
airways. Another theory is that deregulation of nitric oxide, an
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important molecule for platelet-endothelium interaction, could
impair the activation of platelets.

Decreased matrix deposition can determine weakness
in the supporting layers of vessels, making them fragile and
prone to bleeding. Bevacizumab can also induce thrombocy-
topenia, contributing to the risk of hemorrhage [29].

Management

In order to minimize the risk of severe hemorrhage, it is of
utmost importance to accurately select patients and to
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evaluate potential risk factors before starting bevacizumab
treatment. Particular attention should be paid to the disease
site and any signs of initial bleeding. In addition, the presence
of active gastric ulcers increases the risk of gastrointestinal
hemorrhage. In patients with brain tumors, the major concern
is intracranial bleeding. In the presence of signs of recent
hemorrhage within the tumor mass, the implications for
treatment with bevacizumab should be evaluated carefully. In
this context, at magnetic resonance imaging (MRI) of the brain,
it is important to distinguish between active bleeding and the
presence of hemoglobin-degradation products that indicate
previous nonactive hemorrhages.

THROMBOEMBOLISM

Venous thromboembolism (VTE) is relatively common in
cancer patients, especially those with brain tumors (Table 4). A
retrospective review [30] on VTE in patients with malignant
glioma (9,489 patients) revealed overall incidence of 7.5%.
More than 50% of the events occurred within 2 months after
neurosurgical procedures. Risk factors for VTE that were
identified in this study include age >65 years, diagnosis of
GBM, and recent neurosurgical procedures. In a prospective
study evaluating the risk of deep vein thrombosis in 77 patients
treated with adjuvant radiochemotherapy following surgery
for high-grade gliomas, the risk of thrombotic events at 12 and
24 months was 20.8% and 31.7%, respectively, with incidence
at its highest within the first 7 months [31].

Relatively high rates of VTE have been reported in studies
evaluating bevacizumab in recurrent GBM (5% —-19%) [8,
11-13, 16]. However, the results reported must be considered
in the context of the significant risk of thromboembolism
incurred by all GBM patients.

In the recently published RTOG 0825 trial [14], grade =3
VTE rates were 12% in the bevacizumab arm and 9% in the
placebo arm. Inthe AVAglio trial, all grades of VTE occurred in
8.2% of patients treated with bevacizumab and 9.6% of those
on a placebo. Rates for grade =3 VTE were 7.6% and 8%,
respectively.

The reported incidence of VTE in bevacizumab-treated
patients with different types of cancer ranges from 3% to 23%
[32]. Arecent meta-analysis demonstrated an increased risk of
VTE associated with bevacizumab therapy among cancer
patients (RR: 1.33; p < .001) [33].

GBM patientstreated with bevacizumab seemto be at
slightly higher risk of developing VTE than patients
with other cancers treated with bevacizumab, prob-
ably because of the intrinsic predisposition of GBM
patients to this complication.

GBM patients treated with bevacizumab seem to be at
slightly higher risk of developing VTE than patients with other
cancers treated with bevacizumab, probably because of the
intrinsic predisposition of GBM patients to this complication.

Mechanisms
Under normal conditions, VEGF mediates the repair of
damaged endothelial surfaces, and its blockade might result
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in the disruption of this process. The consequent exposure of
subendothelial tissues and apoptosis of endothelial cells trigger
the clotting cascade, with subsequent clot formation. Cellular
apoptosis could increase procoagulant activity by redistribution
of phosphatidylserine, which enhances the activation of factor
X. Furthermore, in apoptotic cells, downregulation of anticoag-
ulant factors thrombomodulin and heparan sulfate takes place
[29, 34]. The underlying prothrombotic state, characteristic
of cancer patients, might exacerbate this process. Anti-VEGF
therapy could also induce tissue factor (factor lll), which triggers
the coagulation process. Pathologic conditions involving the
coagulation factors (e.g., factor V Leiden mutation) could in-
crease the predisposition to VTE.

Management

Anticoagulant therapy with low-molecular-weight heparin
(LMWH) is the preferred therapeutic option for patients
treated with bevacizumab. The main concern expressed about
anticoagulant treatments associated with bevacizumab is that
they enhance the risk of bleeding. The estimated risk of ICH
in brain tumor patients on therapeutic anticoagulation is 2%
[35]. In one small retrospective study on 21 glioma patients
receiving bevacizumab, it was found that anticoagulation
(warfarin or LMWH) produced 5% of symptomatic and 10% of
asymptomatic ICHs [36].

In a retrospective study by Norden et al. [37] of 64
patients receiving bevacizumab and anticoagulant therapy
(either warfarin or LMWH), the rate of grade =3 hemor-
rhage was 6%. Among 218 bevacizumab-treated patients
who did not receive concurrent anticoagulants, the rate of
any-grade ICH was 3%, whereas grade =3 ICHs occurred
in 1% of patients. Because the difference between the
incidence of serious ICH in patients on concomitant
anticoagulation and bevacizumab and in patients without
bevacizumab treatment was negligible, the authors con-
cluded that it was acceptable.

At present, in the vast majority of clinical trials with
bevacizumab, therapeutic anticoagulation is not considered
a contraindication, and thus it is not an exclusion criterion, as
long as the international normalized ratio or partial thrombo-
plastin time is within therapeutic limits and the patient has
been on a stable dose of anticoagulants for at least 2 weeks.

If VTE occurs during treatment, bevacizumab should be
stopped and an appropriate therapy with LMWH prescribed.
Bevacizumab can be resumed after the start of anticoagulant
therapy but should be discontinued in cases of grade 4 VTE or
recurrent VTEs refractory to anticoagulant treatment.

ARTERIAL THROMBOEMBOLIC EVENTS

The incidence of arterial thromboembolic events (ATEs),
including transient ischemic attacks, cerebral infarction,
unstable angina, troponin elevation, and acute myocardial
infarction, is reportedly low but statistically significant and
higherin bevacizumab-treated patients thanin controls; these
events are rarely fatal. Randomized studies have reported
incidence of 4.4% in bevacizumab-treated patientsand 1.9%in
non-bevacizumab-treated patients [38]. In a meta-analysis of
1,745 patients [39], the reported incidence of ATEs was 3.8%in
patients treated with bevacizumab and 1.7% in patients
treated without bevacizumab, with an absolute number of 5.5
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Table 4. Incidence of venous thrombo-embolism in clinical trials

Bevacizumab (%) Control (%)
Study Pathology All grades Grade 23 All grades Grade 23
Hurwitz et al. (2004) [1] Colorectal 31 — 27 —
Giantonio et al. (2007) [5] Colorectal — 5 — 2.5
Sandler et al. (2006) [2] NSCLC — — — —
Reck et al. (2009) [6] NSCLC — 14 — 6
Escudier et al. (2007) [3] RCC 3 2 <1 <1
Perren et al. (2011) [4] Ovarian 2 3 2 1
Burger et al. (2011) [19] Ovarian — 6 — 5.8
Miller et al. (2007) [7] Breast — 2 — 15
Reardon et al. (2012) [9] GBM — — — —
Kreisl et al. (2011) [10] GBM — 6 — —
Kreisl et al. (2009) [12] GBM = 12 = —
Friedman et al. (2009) [8] GBM 6 — —
Odia et al. (2014) [16] GBM 7.1 6.2 = =
Gilbert et al. (2014) [14] GBM — 12.3 —
Chinot et al. (2014) [15] GBM 5.2 7.6 9.6

Abbreviations: GBM, glioblastoma multiforme; NSCLC, non-small cell lung cancer.

ATEs per 100 person-years and a relative risk of ATE with
bevacizumab of 2 (p = .03). In the AVAglio trial [15], a
significant difference in the incidence of ATEs was observed
between the bevacizumab and control arms. All-grade ATEs
accounted for 5.9% of events in the patients treated with
bevacizumab and 1.6% of those in the placebo arm (p = .001);
grade =3 events occurred in 3.3% of the patients in the
bevacizumab arm and 1.3% of those receiving placebo
(p = .0003). In a phase Il trial by Friedman et al. [8], all-grade
ATEs were reported in 4.8% and 6.3% of the patients treated
with bevacizumab and bevacizumab plus irinotecan, respec-
tively, whereas the incidence of grade =3 ATEs was 2.4% and
2.5%, respectively. These dataalso confirmthatin glioblastoma
patients there is an increased risk of arterial events with
bevacizumab treatment. In the recent paper from the NCI
group [16], although the data on the incidence of ATEs
occurred in the study were not specified, one case of deadly
cerebrovascular ischemic stroke was reported (0.5% of all the
patients included in the study).

Mechanisms

The mechanisms underlying ATEs are similar to those
described for VTEs (the effects of bevacizumab on vessels
and coagulation system). Increased risk of ATEs in GBM
patients treated with bevacizumab also could be represented
by radiation-induced vessels damage. It is known that
radiotherapy can induce dilation of the blood vessel lumen,
thickening of the blood vessel wall, enlargement of endothelial
cell nuclei, and arterial sclerosis [40] that might lead to
a predisposition for developing thrombotic events, especially
during treatment with bevacizumab.

Management

All patients on bevacizumab should be considered at risk of
ATEs, and extra caution is recommended when prescribing the
agent to patients aged >65 years with a history of ATE or
conditions predisposing the patient to vascular diseases.
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Bevacizumab treatment, which should be considered
partially responsible for any ATE that occurs during treatment,
should be discontinued permanently if these adverse events
occur. Patients should be informed about warning signs and
encouraged to seek prompt emergency care should they
appear. Patients should have consultations with appropriate
specialists (e.g., cardiology, neurology) for guidance on the
evaluation and management of ATE [41].

Patients with a recent ATE should not be treated with
bevacizumab foratleast 6 months, and bevacizumab should be
started only if the patient is stable and asymptomatic.

GASTROINTESTINAL PERFORATION

Spontaneous perforation of the gastrointestinal tract is a
potential risk in patients receiving bevacizumab. Although risk
factors for bevacizumab-associated bowel perforation have
been identified, (Table 5) this complication can also occur in
patients without clear risk factors.

Few studies address the risk of bowel perforation in
patients with GBM (Table 6). In a single-arm phase Il trial [9]
testing bevacizumab combined with irinotecan and carbo-
platin in 40 recurrent GBM patients, the bowel perforation
rate was 7.5%, with 1 fatal case (2.5%). In a phase Il trial of
bevacizumab alone or concomitant with irinotecan, bowel
perforation occurred in 3% of the patients in the combined
arm but did not occur in the patients given single-agent
bevacizumab [8].

In other trials, the incidence of this adverse event ranged
from 0% to 3% [10-13], with the majority of cases occurring
when bevacizumab was given in combination with chemo-
therapy [8, 9]. In the RTOG 0825 trial [14], grade =3 bowel
perforation rates were 1.5% in the bevacizumab arm and <1%
in the placebo arm. In the AVAglio trial [15], bowel perforation
occurredin 1.7% of the patientsin the bevacizumab armandin
0.4% of those in the placebo arm. In the recent NClI study [16],
the incidence of gastrointestinal perforation was 1.9%, with no
fatal event.
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Table 5. Risk factors related to gastrointestinal perforation
with bevacizumab

Previous
llinesses treatments
Bowel obstruction Abdominal

irradiation
Chemotherapy-induced colitis Bowel surgery
Diverticulitis NSAID
Peptic ulcer Steroids
Tumor (intact primary tumor, tumor Sigmoidoscopy/
necrosis, transmural tumor) colonoscopy

Abdominal carcinomatosis
Pancreatic primary cancer
Ovarian primary cancer

Bowel obstruction symptoms or small
bowel obstruction

Rectosigmoid involvement

Bowel involvement on computed
tomography scan

Bowel wall thickening

Abbreviation: NSAID, nonsteroidal anti-inflammatory drug.

Among other cancer types, the highest incidence of
gastrointestinal perforation was found in colorectal and
ovarian cancers: incidence was 0.9% in patients with colorectal
cancer [42] and up to 11% in a phase |l study with ovarian
cancer patients [43]; however, in two phase Il trials, the
incidence rates were 1% and 3%, respectively [4, 19].

Available data suggest that the incidence of gastrointes-
tinal perforation is slightly higher in GBM than in other cancer
types. In particular, of tumors without abdominal involvement,
GBMincursthe highest rate of gastrointestinal perforation. Itis
likely that the concomitant use of corticosteroids might
contribute to this increased incidence.

Of tumors without abdominal involvement, GBM
incurs the highest rate of gastrointestinal perforation.
Itis likely that the concomitant use of corticosteroids
might contribute to this increased incidence.

Mechanisms

Various mechanisms have been proposed in the attempt to
explain the relationship between bevacizumab and bowel
perforation.VEGF inhibition might cause thrombosis of smaller
splanchnic and mesenteric vessels, leading to bowel ischemia
and perforation [44]. Another theoryisthatalterations occurin
the mechanisms governing intestinal wall maintenance and
healing, bowel wall health being dependent on microcircula-
tion, protection with nitrous oxide, prostacyclins, and normal
platelet function, all of which are regulated by VEGF. The
intestinal mucosa could be susceptible to ulcers and
perforation as a result of VEGF inhibition by bevacizumab,
especially when the agent is used in association with
nonsteroidal anti-inflammatory drugs [45]. Another possible
causative mechanism is the regression of normal blood vessels
as a result of VEGF inhibition; this could lead to bowel wall
hypoperfusion, leading to cell damage and necrosis [46]. Last,
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the presence of a tumor invading the intestinal wall could
predispose the organ to perforation.

Management

In order to reduce the incidence of bowel perforation,
complete assessment of risk factors should be performed
before starting treatment with bevacizumab (Table 5). The
presence of active colitis, diverticulitis, peptic ulcers, exten-
sive bowel involvement, or obstruction contraindicates
bevacizumab use. Nevertheless, given the limited therapeutic
options for GBM, comorbidities such as diverticulosis could be
relative contraindications and bevacizumab treatment could
be considered as long as appropriate preventive measures are
taken. In patients with diverticulosis, medical therapy could
reduce the risk of diverticulitis, which can lead to bowel
perforation during treatment with bevacizumab. Given the
high risk of recurrence after an episode of acute diverticulitis,
maintenance pharmacological therapy is often prescribed to
reduce that risk.

A widely used approach is the combined administration
of antibiotics (e.g., rifaximin), mesalamine, and probiotics
[47, 48]. Monthly courses of antibiotics (rifaximin) may be
prescribed, but their beneficial effects appear to be short
term. Mesalamine, a bowel-specific aminosalicylate drug
with local action, appears promising for the prevention of
recurrence, whereas the role of probioticsis still unclear. For
the prevention of diverticulitis, we suggest courses of 200 mg
rifaximin for 4 days every 2 weeks throughout bevacizumab
treatment.

Corticosteroid use is associated with increased risk of
gastrointestinal perforation and bleeding because it alters the
homeostasis of the gastroduodenal mucosa, favoring the onset
of gastritis and ulcers. In arecent systematic review [49], it was
estimated that the incidence of steroid-related perforation
was 2.9% and that steroids increased the risk of perforation by
40%. The increase in risk was considered significant only for
hospitalized patients and not for ambulatory patients. It is
common practice to prescribe antiacid agents, mostly proton
pump inhibitors, along with steroids as prophylaxis for
gastritis, although no controlled trial demonstrates their
efficacy in terms of prophylaxis for this indication [49].

WounD HEALING

Angiogenesis is a fundamental step in cicatrization, and by
interfering with angiogenesis, bevacizumab also interferes
with wound healing. The frequency of wound breakdown of all
grades in patients with GBM treated with bevacizumab ranges
from 0% to 6% [26].

Mechanism

The inhibition of angiogenesis prevents new vessels formingin
the wound site and thus interferes with the physiological
process of cicatrization. Furthermore, because VEGF inhibition
can impair the activation of platelets, which play a crucial role
in promoting wound healing, any such inactivation might be
responsible for bevacizumab-related wound dehiscence.

Management

Though there are no clearly established data, current con-
sensus from physicians suggests that bevacizumab should be
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Table 6. Incidence of bowel perforation in clinical trials

Bevacizumab (%) Control (%)
Study Pathology All grades Grade 23 All grades Grade 23
Hurwitz et al. (2004) [1] Colorectal — 1.5 — 0
Giantonio et al. (2007) [5] Colorectal — — — —
Sandler et al. (2006) [2] NSCLC — — — —
Reck et al. (2009) [6] NSCLC — <1 - <1
Escudier et al. (2007) [3] RCC 1 1 0 0
Perren et al. (2011) [4] Ovarian — 1 — <1
Burger et al. (2011) [19] Ovarian — 3 — 1.2
Miller et al. (2007) [7] Breast — 0.5 — <1
Reardon et al. (2012) [9] GBM — 7.5 — —
Kreisl et al. (2010) [10] GBM — — — —
Kreisl et al. (2009) [12] GBM — 2 — —
Friedman et al. (2009) [8] GBM 2.5 2.5 — —
Odia et al. (2014) [16] GBM = 1.9 = =
Gilbert et al. (2014) [14] GBM — 1.5 - <1
Chinot et al. (2014) [15] GBM 1.7 1.1 0.4 0.2

Abbreviations: GBM, glioblastoma multiforme; NSCLC, non-small cell lung cancer.

stopped for 6 to 8 weeks before major surgery and for at least
4 weeks after surgery to reduce the risk of wound-healing
complications.

In the case of wound breakdown, treatment with
bevacizumab should be stopped. Rechallenge could be con-
sidered and evaluated for each case, depending on severity of
the complication.

REVERSIBLE POSTERIOR

LEUKOENCEPHALOPATHY SYNDROME

Reversible posterior leukoencephalopathy syndrome (RPLS) is
a rare neurological condition associated with anti-VEGF/
VEGFR agents that has been reported in <0.1% of patients
[29]. No cases of RPLS were reported in the RTOG 0825 and
AVAglio trials [14, 15]. The clinical syndrome typically consists
of a relatively acute onset of headache, seizures, confusion,
and cortical blindness. Most patients have associated HTN.
MRI typically reveals T2/FLAIR hyperintensive alterations
without contrast enhancement in the white matter. Typically,
these lesions are localized in the posterior cerebral hemi-
spheres but also may involve the anterior regions and the
posterior fossa structures. The risk of permanent brain injuries
arises if the diagnosis is delayed and bevacizumab adminis-
tration is not interrupted.

Mechanisms

The two main theories on the pathogenesis implicate the
failure of cerebral vasomotor autoregulation because of HTN
and primary endothelial damage that may alter the integrity of
the blood-brain barrier.

Management

RPLS is a rare but serious condition that should be recognized
promptly and suspected in cases of sudden and unexplained
neurological deterioration in patients receiving bevacizumab
who have no brain metastases and whose primary brain tumor
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shows signs of progression. Suspension of bevacizumab and
pressure control are the only therapeutic measures to take: if
prompt, they can lead to complete recovery from the disease.
After neurological recovery, bevacizumab resumption should
be discouraged [50].

CONCLUSION

Bevacizumab is part of standard treatment for many cancer
types, including GBM. Anti-VEGF agents are characterized by
peculiar toxicities, some of which might represent major
causes of morbidity and mortality.

The toxicity profile of bevacizumab in GBM is similar to
that reported in clinical trials on other types of cancer. Cases
of life-threatening adverse events have been reported in
phaselland Il studies on GBMs with bevacizumab treatment,
and the incidence of some fatal events was no higher than
incidence reported in studies on other tumors, whereas
other fatal events occurred at slightly increased frequency
in GBM patients.

Bowel perforation in bevacizumab-treated patients with
GBM was reported in various studies with anincidence of up to
8% and is frequently related to concomitant steroid treatment.
Despite the potent antiedema and corticosteroid-sparing
effect of bevacizumab [51], a high number of patients with
GBM need steroid therapy; therefore, itisimportant to identify
risk factors for gastrointestinal perforation, such as divertic-
ulosis, to take appropriate preventive measures.

GBM is one of the tumors with the highest incidence of
thromboembolic events (independent of the type of treat-
ment), and it has been demonstrated that bevacizumab
increases the risk of VTE in patients with this tumor type. In
most of the studies on bevacizumab in GBM, the incidence rate
of VTE was within acceptable ranges (5%-12%) and was
comparable to the rates observed in control arms. Anticoag-
ulant treatments do not seem to increase the risk of severe
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bleeding in association with bevacizumab; therefore, concom-
itant treatment with LMWH and bevacizumab could be
considered in cases of VTE.

A slight increase in the incidence of ATEs has been
associated with bevacizumab; however, in the case of ischemic
strokes, no correlation with bevacizumab could be clearly
demonstrated because other predisposing factors can be
related to the adverse event, such as postradiation vasculitis
and vessel damage from surgery.

A major concern regarding the use of bevacizumab in
patients with brain tumors is the risk of ICHs. In clinical trials, it
has been demonstrated that the rates of ICH are relatively low
in GBM patients treated with bevacizumab.

Safety data fromvarious studies showed that hypertension
and proteinuria could be dose dependent; therefore, their
incidence could be increased by longer exposure to bevacizumab.
In glioblastoma studies, data regarding this issue are con-
tradictory because high incidence of proteinuria and hyper-
tension has been recorded in phase Ill trials [14, 15] (in which
exposure to bevacizumab was longer) and phase Il trials [17]
(in which exposure was shorter). Further studies should address
this issue to determine the risks of prolonged treatment
with bevacizumab. In particular, the ongoing phase Ill clinical
trial TAMIGA (NCT01860638) could provide interesting data
about this issue [52].

Some bevacizumab-related adverse events are potentially
life threatening, although fatalities are rare. It is well known

GBM and Bevacizumab-Related Toxicities

that some of the toxicities are related to the presence of risk
factors. In such cases, preventive measures should be taken to
minimize complications related to the use of bevacizumab.
Meticulous screening for risk factors and accurate selection of
candidates for bevacizumab treatment, with thorough evalu-
ation of the risk-benefit ratio, is crucial for reducing the
incidence of serious complications [53].

Further research on predictive factors is warranted to
select the patients most likely to benefit from antiangiogenic
treatments and to spare unsuitable candidates from exposure
to potentially life-threatening risks.

The side effects of bevacizumab are well known, as are the
risk factors and predisposing conditions. It is hoped that
internal guidelines will be drawn up for the prevention and
treatment of these complications, in the interest of patient
safety.
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