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Background: Bevacizumab, a monoclonal antibody against vascular endothelial growth factor
ligand, has shown survival benefits in the treatment of many types of malignant tumors, including
non-small-cell lung cancer (NSCLC). We conducted this systematic review and meta-analysis
to investigate the risk of the most clinically relevant adverse events related to bevacizumab in
advanced NSCLC.

Methods: Databases from PubMed, Web of Science, and Cochrane Library up to August 2015,
were searched to identify relevant studies. We included prospective randomized controlled Phase
II/II clinical trials that compared therapy with or without bevacizumab for advanced NSCLC.
Summary relative risk (RR) and 95% confidence intervals were calculated using random effects
or fixed effects according to the heterogeneity among included trials.

Results: A total of 3,745 patients from nine clinical trials were included in the meta-analysis.
Summary RRs showed a statistically significant bevacizumab-associated increased risk in
three of the adverse outcomes studied: proteinuria (RR =7.55), hypertension (RR =5.34),
and hemorrhagic events (RR =2.61). No statistically significant differences were found for
gastrointestinal perforation (P=0.60), arterial and venous thromboembolic events (P=0.35 and
P=0.92, respectively), or fatal events (P=0.29).

Conclusion: The addition of bevacizumab to therapy in advanced NSCLC did significantly
increase the risk of proteinuria, hypertension, and hemorrhagic events but not arterial/venous
thromboembolic events, gastrointestinal perforation, or fatal adverse events.

Keywords: toxicities, angiogenesis inhibitors, non-small-cell lung carcinoma, meta-analysis, safety

Introduction
Angiogenesis is a key event in the process of cancer growth, invasion, and metastasis. !
Therefore, inhibition of angiogenesis is regarded as an attractive strategy for cancer
treatment.’ The vascular endothelial growth factor (VEGF) pathway is well established
as one of the key regulators of this process.* Bevacizumab is a recombinant humanized
monoclonal antibody that binds to the VEGF-A ligand and prevents it from binding
to its receptors. Currently, bevacizumab has been approved for the treatment of many
types of solid tumors, including non-small-cell lung cancer (NSCLC),>¢ colorectal
cancer,”® renal cell carcinoma,”'® ovarian cancer,'"'? cervical cancer,'® and so on.
Therefore, the use of bevacizumab is expected to increase in the near future, and it
would be useful for clinicians to clearly know the severe adverse events (AEs) related
to bevacizumab therapy in the treatment of advanced NSCLC.

Generally, bevacizumab has been regarded as well tolerated. However, beva-
cizumab presents an anti-VEGF toxicity profile with the most common AEs being
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hypertension,'*'° proteinuria,'*'” and hemorrhagic events.'8"°
Although several meta-analyses have been conducted to
assess the risk of anti-VEGF toxicities associated with
bevacizumab, most of these studies include different
tumor types.'*!>181° It has been reported that some tumor-
dependent intrinsic mechanisms have been related to AEs
and patient baseline characteristics differ between tumor
types. Additionally, time-to-treatment failure and follow-up
duration vary according to tumor types, and these factors
are closely related to the likelihood of developing and
detecting AEs. As a result, the risk of bevacizumab-related
toxicities might vary among tumor types. In fact, significant
heterogeneity is found when pooled risk data are studied
by tumor types in the recent several meta-analyses. For
example, it had been found that the risk of bevacizumab-
related hypertension,'* gastrointestinal (GI) perforation,?
and arterial thromboembolic events (ATEs)/venous throm-
boembolic events (VTEs)?'?? significantly varied with tumor
types. Thus, the risk of bevacizumab-associated toxicities in
advanced NSCLC remains unknown. Therefore, we conduct
this comprehensive meta-analysis of randomized controlled
trials to assess the overall risk of severe AEs related to beva-
cizumab in the treatment of advanced NSCLC.

Methods

Data sources

Selection of studies

The Cochrane Central Register of Controlled Trials (CEN-
TRAL), PubMed (up to August 2015), and Web of Science
(up to August 2015) databases were searched for articles

EEINNY3

using “bevacizumab”, “avastin”,

CEINNT3

cer”,

non-small-cell lung can-

2

prospective”, “phase II/I11”, “randomized controlled
trial”, and “humans”. We also searched abstracts and virtual

meeting presentations from the American Society of Clinical

Oncology (http://www.asco.org/ASCO) conferences that
took place between January 2004 and January 2014. Each
publication was reviewed, and in cases of duplicate publica-
tion, only the most complete, recent, and updated report of
the clinical trial was included in the meta-analysis.

To assess the relationship between the use of bevacizumab
and clinically significant AEs, we studied AEs classified
as grade =3 by the National Cancer Institute — Common
Toxicity Criteria.” To be included in the meta-analysis, a
study had to satisfy the following requirements: 1) prospec-
tive randomized controlled trial of patients with advanced
NSCLC; 2) participants assigned to treatment with or with-
out bevacizumab in addition to concurrent chemotherapy
and/or biological agent; and 3) available data regarding

adverse outcomes of interest (grade =3 AEs of ATEs, VTEs,
proteinuria, hypertension, GI perforation, hemorrhagic
events, and fatal AEs) and sample size.

Data extraction and clinical end points
Data extraction and analysis were conducted independently
by two independent investigators, and any discrepancy
between the reviewers was resolved by consensus
according to the Quality of Reporting of Meta-Analyses
guidelines.?

For each study, the following information was extracted:
first author’s name, year of publication, trial phase, number
of enrolled subjects, treatment arms, number of patients
in treatment and controlled groups, median age, median
progression-free survival, adverse outcomes of interest
(grade =3 AEs of ATEs, VTEs, proteinuria, hypertension,
GI perforation, hemorrhagic events, and fatal AEs), and
dosage of bevacizumab.

Statistical analysis

To calculate relative risk (RR), patients assigned to bevaci-
zumab were compared only with those assigned to control
treatment in the same trial. For one study that reported zero
events in the treatment or control arm, we applied the classic
half-integer correction to calculate the RR and variance.” For
each meta-analysis, the Cochran’s Q statistic and I* score
were first calculated to determine heterogeneity among the
proportions of the included trials.?*?” For P<<0.10 values
of the Cochran’s Q statistic, the assumption of homogene-
ity was deemed invalid and a random-effects model was
reported.”® Otherwise, results from the fixed-effects model
were reported. Finally, potential publication biases were
evaluated for severe AEs using Begg’s and Egger’s tests.?
A two-tailed P-value of <0.05 without adjustment for mul-
tiplicity was considered statistically significant. The results
of the meta-analysis were reported as classic forest plots. The
Jadad scale was used to assess the quality of included trials
based on the reporting of the studied methods and results.
All statistical analyses were performed by using Version 2
of the Comprehensive Meta-Analysis program (Biostat,
Englewood, NJ, USA).

Results

Search results

A total of 213 studies were identified from the database search,
of which 71 reports were retrieved for full-text evaluation.
Nine trials met the inclusion criteria and were included in
this systematic review for analysis (Figure 1).>¢303¢ Table 1

submit your manuscript

2422

Dove

OncoTargets and Therapy 2016:9


www.dovepress.com
www.dovepress.com
www.dovepress.com
http://www.asco.org/ASCO

Dove AEs related to bevacizumab in NSCLC

Published articles identified
through database searching (n=213)

Trials primarily excluded (n=162):
Duplicated reports
Pharmacokinetic

Phase | trials

Case reports
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Not neoplastic disease publications

A 4

h 4

Full-text articles included for
analysis (n=51)

Trials excluded (n=42):

Both arm included bevacizumab
therapy (n=15)

Bevacizumab used in other tumor
types (n=24)

Trials without toxicity data for
bevacizumab (n=3)

v

v

Eligible trials for meta-analysis
(n=9)

Figure | Studies eligible for inclusion in the meta-analysis.

Table | Baseline characteristics of nine trials included for analysis

Name of Authorl/year Phase Line of No of Treatment regimens Median Median
clinical trial treatment  patients age, y PFS, m
NR Johnson et al/2004 I First line 99 Bevacizumab 2.5 mg/kg/wk + PTX + CBP NR 4.3
Bevacizumab 5 mg/kg/wk + PTX + CBP NR 74
PTX + CBP NR 4.2
NR Sandler et al/2006 1l First line 878 Bevacizumab 5 mg/kg/wk + PTX + CBP NR 6.2
PTX + CBP NR 4.5
AVAIl Reck et al/2009 1] First line 1,043 Bevacizumab 5 mg/kg/wk + GEM + DDP 59 6.7
Bevacizumab 2.5 mg/kg/wk + GEM + DDP 57 6.5
Placebo + GEM + DDP 59 6.1
BeTa Herbst et al/201 | n Second line 636 Bevacizumab 5 mg/kg/wk + erlotinib 64.8 34
Placebo + erlotinib 65 1.7
JO19907 Niho et al/2012 Il First line 180 Bevacizumab 5 mg/kg/wk + PTX + CBP 6l 6.9
PTX + CBP 60 5.9
JO25567 Seto et al/2014 Il First line 154 Bevacizumab 5 mg/kg/wk + erlotinib 67 16
Placebo + erlotinib 67 9.7
ERACLE Galetta et al/2015 I First line 118 Bevacizumab 5 mg/kg/wk + PEM + DDP 62 83
maintenance with bevacizumab
PEM + DDP maintenance with PEM 60 8.1
BEYOND Zhou et al/2015 11l First line 276 Bevacizumab 5 mg/kg/wk + PTX + CBP 57 9.2
PTX + CBP 56 6.5
PRONOUNCE  Zinner et al/2015 1] First line 361 Bevacizumab 5 mg/kg/wk + PEM + DDP 65.4 5.49
maintenance with bevacizumab
PEM + DDP maintenance with PEM 65.8 4.44

Abbreviations: y, year; PFS, progression-free survival; m, month; NR, not reported; wk, week; PTX, paclitaxel; CBP, carboplatin; GEM, gemcitabine; DDP, cisplatin;
PEM, pemetrexed.
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shows the baseline characteristics of the included studies.
Overall, a total of 3,745 patients from nine trials were included
for analysis. Three trials were double-blinded, randomized,
placebo-controlled trials and had a Jadad score of 5. The
other six trials had a Jadad score of 3. Table 2 describes the
distribution of the number of patients and associated reported
AEs in each of the treatment arms for each of the included
studies.

Heterogeneity

No observed heterogeneity for VTEs, GI perforation,
hypertension, proteinuria, hemorrhagic events, or fatal AEs
was found except for ATEs (’=78.3%, P=0.003; Table 2).
We thus used the random-effects model to pool the risk of
ATEs related to bevacizumab.

AEs reported in trials and pooled effects
Arterial and venous thromboembolic events

A total of 48 patients with ATEs was reported, 32 (2.6%)
in bevacizumab arms and 16 (1.0%) in control arms. The
RR among the included studies ranged from 0.595 to 31.56.
And the pooled results did not find an increased risk of
ATEs associated with bevacizumab using a fixed-effects
model (RR =2.83, 95% confidence interval [CI]: 0.32-25.45,
P=0.35; Figure 2A).

A total of seven trials reported VTEs data. The pooled
incidence of ATEs was 2.60% among all patients, with 58
(1.6%) in bevacizumab arms and 30 (1.8%) in control arms.
The pooled RR showed that the use of bevacizumab did
not increase the risk of VTEs when compared to controls
(RR =0.98, 95% CI: 0.64-1.51, P=0.92). Considering
vascular events as the sum of total ATEs and VTEs, we also
did not observe an increased risk of vascular events related
to bevacizumab using a fixed-effects model (RR =1.19, 95%
CI: 0.47-3.04, P=0.71; Figure 2B).

Gl perforation

Only two trials reported GI perforation data with two (0.3%)
patients in bevacizumab arms, and two (0.6%) in control
arms. We did not observe increased risk of GI perforation
with bevacizumab-containing regimens using a fixed-effects
model (RR =0.60, P=0.60).

Hypertension

Eight trials reported hypertension data with a total of 184
(5.58%) patients experiencing grade =3 hypertension. The
pooled incidence of severe hypertension was more frequent
(8.2%) in the bevacizumab group than that in the control
group (1.7%). The pooled RR was 5.34 (95% CI: 3.49-8.16,
P<0.001) using a fixed-effects model (Figure 2C).

Proteinuria

Six trials reported severe proteinuria with 32 patients in
the bevacizumab arms, while no case of proteinuria was
observed in the control arm. The pooled RR showed that
the use of bevacizumab significantly increased the risk of
proteinuria when compared to controls with RR =7.55 (95%
CI: 2.26-25.22, P=0.001; Figure 2D).

Hemorrhagic events

A total of 89 severe hemorrhagic events (2.43%) were
reported in the trials, 72 (3.6%) in bevacizumab arms and
17 (1.4%) in control arms. This conferred an overall RR of
developing hemorrhagic events of 2.61 (95% CI: 1.57-4.35,
P<0.001; Figure 2E).

Grade 5 toxicities

There was no fatal AE in the JO25567 study.* The ERACLE
study reported one grade 5 hemoptysis event in the carbo-
platin with paclitaxel plus bevacizumab arm, and no grade 5
events were observed in the control arm. The PRONOUNCE

Table 2 Relative risk of adverse outcomes for clinical trials included in the meta-analysis

Adverse outcome  Trials No of patients (n) Incidence, % (95%) P Relative P-value
(grade =3) (n) Bevacizumab, Controls, Bevacizumab Controls risk (95%)

events/total events/total
ATEs 4 32/1,079 16/877 2.6 (0.8%—7.9%) 1.0 (0.2%-5.6%) 783  2.83(0.32-25.45) 0.35
VTEs 7 58/1,919 30/1,470 1.6 (0.5%—4.5%) 1.8 (0.6%-5.6%) 140 0.98 (0.64-1.51) 0.92
Gl perforation 2 2/799 2/461 0.3 (0.1%—1.5%) 0.6 (0.2%—1.9%) 309  0.60 (0.09—4.10) 0.60
Hypertension 8 162/1,870 22/1,428 82 (3.5%-178%) 1.7 (0.7%42%) O 5.34 (3.49-8.16) <0.001
Proteinuria 6 32/1,491 0/1,083 2.5 (1.2%-5.3%) 0 0 7.55 (2.26-25.22)  0.001
Hemorrhagic events 9 72/2,051 17/1,607 3.6 (2.5%—5.0%) 1.4 (0.9%-22%) O 2,61 (1.57-4.35) <0.001
Fatal adverse events 8 89/1,977 51/1,530 4.6 (3.1%—6.7%) 2.5 (1.2%-5.2%) 439 1.21 (0.85-1.73) 0.29

Note: ’=50% suggests high heterogeneity across studies.

Abbreviations: ATEs, arterial thromboembolic events; VTEs, venous thromboembolic events; Gl, gastrointestinal.
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study?®® reported 12 grade 5 events in the carboplatin with
paclitaxel plus bevacizumab arm and 20 grade 5 events in
the control arm. The BEYOND study?! reported four grade 5
events: three (2%) in the carboplatin with paclitaxel plus
bevacizumab arm (one event each of cerebral hemorrhage
with thrombocytopenia, pulmonary infarction, and cardiac
insufficiency) and one grade 5 event in the controlled group
(one multiorgan failure).

There were 17 deaths related to toxic effects of the treat-
ment in the study conducted by Sandler et al.® Two deaths
(from GI hemorrhage and febrile neutropenia) occurred
in patients in the paclitaxel plus carboplatin group and
15 occurred in the paclitaxel plus carboplatin plus bevaci-
zumab group. Of the 15 deaths in the bevacizumab group, five
were attributed to pulmonary hemorrhage, five to complica-
tions of febrile neutropenia, two each to a cerebrovascular
event or GI hemorrhage, and one to a probable pulmonary
embolus. The AVAIL study?*® reported 4%, 4%, and 5%
grade 5 events of patients in the placebo, low-dose bevaci-
zumab, and high-dose bevacizumab arms, respectively. In the
JO19907 study conducted by Niho et al,* there was one grade
5 hemoptysis event reported in the bevacizumab group and
no grade 5 events in the control arm. A total of nine patients
died of an AE not directly related to disease progression
in the trial conducted by Johnson et al,’ four in each of the
bevacizumab arms and one in the control arm (sepsis). The
causes of death for low-dose bevacizumab included hemor-
rhage of unknown origin (probable hemoptysis), hemoptysis,
unknown cause, and liver failure. In the high-dose arm, the
deaths were attributed to aspiration pneumonitis, pulmonary
hemorrhage, Aspergillus lung abscess, and chronic obstruc-
tive pulmonary disease. The BeTa study? reported 20 (6%)
grade 5 AEs in the bevacizumab group, compared with 14
(4%) in the control group. Overall, a total of 89 (4.6%)
grade 5 AEs were observed in the bevacizumab group and
51 (2.5%) in the control group. This confers a pooled RR
of developing grade 5 events of 1.21 (95% CI: 0.85-1.73,
P=0.29; Figure 2F).

Publication bias

No publication bias was detected for the AEs studied except
for proteinuria events by either the Begg’s or Egger’s tests
(Begg’s test, P=0.008; Egger’s test, P=0.012; Table 3).

Discussion

The angiogenesis pathways, especially the VEGF signal
pathway, have been targeted as a therapeutic option. Beva-
cizumab, a monoclonal antibody that binds to VEGF, is

Table 3 Publication bias: Begg’s and Egger’s tests (P-value)

Adverse events Begg’s test Egger’s test

ATEs 0.73 0.32
VTEs 1.0 0.75
Gl perforation 0.90 0.13
Hypertension 0.71 0.64
Proteinuria 0.008 0.012
Hemorrhagic event 0.92 0.31
Fatal adverse event 0.71 0.14

Abbreviations: ATEs, arterial thromboembolic events; VTEs, venous throm-
boembolic events; Gl, gastrointestinal.

the only antiangiogenic drug approved for the treatment
of NSCLC since it shows overall survival benefit used in
combination with chemotherapy.® In contrast with cytotoxic
chemotherapy agents, bevacizumab presents an anti-VEGF
toxicity profile.*”*® However, it has been difficult to assess
these toxicities in individual randomized clinical trials due
to the limited sample size for analysis. We thus carry out this
meta-analysis of nine randomized clinical trials with a total
of 3,745 patients to investigate the relationship between those
AEs with bevacizumab use. The pooled results show that the
addition of bevacizumab to therapy in advanced NSCLC is
associated with a significantly increased risk of developing
grade =3 proteinuria, hypertension, and hemorrhagic events
in comparison with controls, while no significant relationship
is found between bevacizumab use and risk of fatal AEs, GI
perforation, ATEs, or VTEs.

The study of proteinuria events shows the highest RR
with 7.55, but this event is rarely clinically significant for
NSCLC. Absolute risk and clinical morbidity attributable to
proteinuria are low. We also find that the use of bevacizumab
significantly increases the risk of severe hypertension and
hemorrhagic events, which is consistent with previously pub-
lished meta-analyses.'!"” As we know, severe hypertension
including hypertensive crisis may cause significant cardio-
vascular damage with a possible life-threatening consequence
and limit the use of bevacizumab. Therefore, it is particularly
important for all clinicians to monitor and treat hypertension
or hemorrhagic events in a timely and appropriate manner to
prevent long-term complications from toxicities.

Several previous meta-analyses have shown an increased
risk of vascular events (ATEs and VTESs) associated with
bevacizumab 2?2340 However, all of these studies include
all tumor types to describe the risk of these AEs, and it is
unclear whether the use of bevacizumab would increase the
risk of vascular events in patients with NSCLC. For example,
in the study conducted by Nalluri et al,?* the authors found
that the use of bevacizumab was significantly associated
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with an increased risk of developing VTEs, but subgroup
analysis according to tumor types showed that there was
no significantly increased risk of VTEs in NSCLC, which
suggests that the risk of vascular events might be associ-
ated with tumor types. In our study focusing on NSCLC,
no significant association is found between bevacizumab
and risk of vascular events. The meta-analysis conducted
by Scappaticci et al*! showed that patients with a prior ATE
or age =65 years receiving bevacizumab had an increased
hazard ratio for ATEs. Baseline characteristics of patients,
tumor type, and the sex effect in cardiovascular factors may
explain the discrepancy in our finding of no increase in ATEs
in patients with NSCLC. Our study do not observe a statisti-
cally significant increase in venous thrombotic events with
bevacizumab use in NSCLC patients, which is inconsistent
with a previously conducted meta-analysis.?

We also do not find that the use of bevacizumab is asso-
ciated with an increased risk of GI perforation (RR =0.60,
P=0.60). GI perforation seems to be less frequent in NSCLC
than in other tumor types, suggesting tumor-dependent mech-
anisms. For example, it is well known that gynecologic cancer
commonly have diffused abdominal carcinomatosis, a history
of multiple surgeries and radiation exposure, and invasion of
the GI tract with tumor cells, which might increase the risk for
GI perforation in comparison with patients with NSCLC.2*4!
Grade 5 adverse outcomes are rare and more frequent in
the bevacizumab arm than in the control arm (4.6% versus
2.5%, respectively). This could probably be associated with
the concomitant treatment with bevacizumab.

Our study has several limitations. First, this is a meta-
analysis of published data, and lack of individual patient data
prevents us from adjusting the treatment effect according to
disease and patient characteristics. Second, meta-analysis
is a retrospective research of published studies, thus it is
subject to the method deficiencies. For example, baseline
proteinuria and hypertension are not mentioned in some
included trials. We minimize the likelihood of bias by strictly
selecting randomized clinical trials with direct comparison
with and without bevacizumab before the analysis. Third,
these studies exclude patients with poor renal, hemato-
logical, and hepatic functions and were performed mostly
at major academic centers and research institutions; the
analysis of these studies may not apply to patients with
organ dysfunctions and to those present in the community.
Finally, as in all meta-analyses, our results may be biased as
aresult of potential publication bias. However, a funnel plot
evaluation for the severe AEs does not indicate publication
bias except for proteinuria.

Conclusion

In conclusion, the addition of bevacizumab to therapy in
advanced NSCLC is associated with a statistically increased
risk of proteinuria, hypertension, and hemorrhagic events.
However, no significantly increased risk of ATEs/VTEs, GI
perforation, or fatal AEs is observed in NSCLC receiving
bevacizumab-containing regimens. These observations may
aid medical oncologists in weighing up the risks and ben-
efits associated with bevacizumab in treating patients with
advanced NSCLC.
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