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Abstract

Administration of bevacizumab to patients with brain metastases (BM) is controversial due to concerns about the increased
risk of intracranial hemorrhage (ICH). This meta-analysis assessed whether the risk of ICH increases in BM patients receiv-
ing treatments that contain bevacizumab versus without. PubMed, Embase, Cochrane Library and annual meeting abstracts
of the American Society of Clinical Oncology up to 13 November 2016 were searched for studies that referred to ICH com-
plications due to bevacizumab in patients with BM. Eight studies involving 8713 patients were included in this analysis.
Compared with the control arm without bevacizumab, the bevacizumab treatment arm did not exhibit a significant increase
in ICH [odds ratio (OR) 1.20; 95% confidence intervals (CI) 0.69-2.09; P=0.53]. Subgroup analyses with retrospective
studies showed a similar result, although subgroup analyses with prospective studies failed. This meta-analysis revealed that
bevacizumab does not significantly increase the risk of ICH in solid tumor patients with BM.
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Introduction

Brain metastases (BM) are the most common intracranial
tumors in adult patients [1] and occur in up to 40% of adult
cancer patients [2]. The prognosis of patients with BM is
poor, with median overall survival ranging from weeks to
months in untreated patients [3]. In adults, BM generally
originate from primary lung (40-50%), breast (15-25%),
renal, gastrointestinal tract tumors (4-6%) and melanoma
(5-20%) [4]. The incidence of BM depends on the tumor
type and molecular subtype [5], with melanoma having the
highest incidence (approximately 50%) [6]. The incidence
of BM is rising for many reason, e.g., increasing occurrence
of tumors prone to metastasis to the brain such as lung can-
cer, wide utilization of powerful imaging technologies such
as magnetic resonance imaging during upfront staging and
follow-up, longer survival of cancer patients due to earlier
detection and better treatment, and the advent of novel ther-
apeutic compounds with good anti-neoplastic activity but
inadequate penetration through the blood—brain barrier [5,
71.

Bevacizumab is a recombinant, humanized monoclo-
nal antibody targeting vascular endothelial growth fac-
tor (VEGF), which is a key factor associated with tumor

@ Springer


http://orcid.org/0000-0003-2294-3264
http://crossmark.crossref.org/dialog/?doi=10.1007/s11060-017-2693-4&domain=pdf

50

Journal of Neuro-Oncology (2018) 137:49-56

angiogenesis and growth [8, 9]. Bevacizumab was proven
effective for diverse solid tumors, including metastatic
breast cancer [10], non-squamous non-small cell lung cancer
(NSCLC) [11, 12], colorectal cancer [13], renal cell carci-
noma [14], and recurrent glioblastoma [15]. Until recently,
patients with central nervous system (CNS) metastases have
been routinely excluded from bevacizumab-containing clini-
cal trials, following a single case in which a severe intrac-
ranial hemorrhage (ICH) from a previously undiagnosed
brain metastasis was observed in a patient with hepatocel-
lular carcinoma (HCC) during a phase I study of bevaci-
zumab in 1997 [16]. The potential risk of ICH precludes
the use of bevacizumab in solid tumor patients with BM
[17]. Although several reports have recently concluded that
there is no increased risk of ICH in BM patients receiving
bevacizumab treatment [8, 18-21], application of bevaci-
zumab in such patients remains controversial. To date, no
meta-analysis of association between bevacizumab and ICH
risk in patients with BM has been reported. In this study, we
performed a meta-analysis to assess whether BM patients
receiving treatments containing bevacizumab have a higher
risk of ICH than patients receiving treatments without
bevacizumab.

Methods
Eligibility criteria

Studies that met the following criteria were included: (1)
Subjects were solid tumor patients with BM. (2) Experi-
mental arm patients received chemotherapy/targeted therapy
with bevacizumab, and control arm patients received the
same chemotherapy/targeted therapy with or without pla-
cebo. (3) Data were available for ICH.

Literature search strategy

PubMed, Embase and Cochrane Library were comprehen-
sively searched for studies that referred to ICH compli-
cations of bevacizumab in solid tumor patients with BM
(data cutoff date: 13 November 2016). The annual meet-
ing abstracts of the American Society of Clinical Oncology

were also searched from inception of the database to June
2016. The following search terms were used: ‘adverse
effect’, ‘AE’, ‘safety’, ‘toxic*’, ‘side effect’, ‘bleed*’, ‘hem-
orrhag®’, ‘haemorrhag*’, ‘toleren®’, ‘cerebrovascular event’,
‘complication’, ‘bevacizumab’, ‘avastin’, ‘cancer’, ‘tumor’,
‘carcinoma’ and ‘neoplasm’. The search strategy is shown
in Table 1. The search was limited to English publications
in human subjects.

Study selection

Two reviewers independently performed the initial search,
deleted duplicate records, reviewed the titles and abstracts
for relevance, and identified each as exclude or requiring
further assessment. If deemed necessary, the full text of the
article was retrieved and reviewed in detail to identify eli-
gible studies according to the predefined inclusion criteria.
Discrepancies were resolved by consensus.

Data extraction

Two reviewers independently abstracted data, including the
name of the first author, publication year, study design, indi-
cation, sample size of each arm, number of patients experi-
encing ICH in each arm, treatment regimens, bevacizumab
treatment time, bevacizumab dose, BM status when patients
enrolled in the primary study, and evaluation criteria for
ICH. Again, discrepancies were resolved by consensus.

Quality assessment

Two reviewers independently evaluated the methodologi-
cal quality of included studies according to the Newcas-
tle—Ottawa Scale (NOS) [22]. The reviewers resolved disa-
greement by discussion.

Statistical analysis

Data were analyzed using RevMan 5 (http://ims.cochrance.
org/revman/download). Differences were expressed as
odds ratios (ORs) with 95% confidence intervals (CIs) for
dichotomous outcomes. Heterogeneity across the included
studies was evaluated by the Cochrane’s Q-test 12 statistic.

Table 1 Search strategy Search

Terms

#1
#2

#3
#4

Bevacizumab OR avastin

Adverse effect OR AE OR safety OR toxic* OR side effect OR bleed*
OR hemorrhag* OR haemorrhag* OR toleren* OR cerebrovascular
event OR complication

Cancer OR tumor OR carcinoma OR neoplasm
#1 AND #2 AND #3
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P>0.1 and I < 50% indicated a lack of inter-study het-
erogeneity; P <0.1 and I > 50% indicated that the studies
were heterogeneous [23], and we explored the causes of
heterogeneity by subgroup, sensitivity, and other analy-
ses. A fixed-effects model (Peto method) was used regard-
less of heterogeneity because ICH was a rare event in BM
patients receiving medical therapy with or without beva-
cizumab (events with incidence < 1% were defined as rare
events) [24]. Publication and selection bias were investi-
gated through funnel plots. A two-sided P value < 0.05 was
considered statistically significant.

Results
Study identification and selection

Using our search strategy, a total of 26,466 records were
retrieved from the initial database search. After excluding
duplicate articles, 24,388 records remained. After a simple
reading of the titles and abstracts of the articles, 24,276
records were removed, including articles not potentially
relevant to the analysis, articles of primary CNS malignan-
cies, review articles, meta-analyses, case reports or case
series, studies without control arms, studies with both
arms containing bevacizumab, studies with different regi-
mens in different arms except bevacizumab or placebo, and
studies containing other anti-VEGF drugs except bevaci-
zumab. The remaining 112 full-text articles were reviewed
in detail, and 104 of them were also removed because the
studies did not include patients with BM, articles were
written in another language, or the data for ICH was not
available. Finally, a total of eight studies were included in
this meta-analysis [18, 21, 25-30]. The selection process
is shown in Fig. 1.

Study characteristics

The key characteristics of the included studies are summa-
rized in Table 2. Eight studies involving 8713 patients were
included in this analysis. Six studies were retrospective,
and two were prospective. 8053 of the 8713 patients were
included in the experimental group receiving bevacizumab-
containing treatment, and 660 were included in the control
group receiving treatment without bevacizumab. Five of the
eight included studies reported the dose of bevacizumab in
bevacizumab-treated patients. Four out of eight studies had
control arms in which patients received placebo. The high-
and all-grade ICH events were not differentiated when the
study data were abstracted because very few studies reported
all-grade or low-grade (grade 1-2) ICH.

Records identified through database searches

(n=26,466)

Records after duplicates removed

(n=24,388)

Records excluded after tities and
abstracts reviewed for relevance

Records screened

(n=24,388) (n=24,276)

Full-text articles excluded,

studies did not include patients
with brain metastases (n=79),

ICH data was not available
(n=21),

Full-text articles assessed for eligibility

l

Studies included in qualitative synthesis

l

Studies included in quantitative synthesis
(meta-analysis)

articles were written in other
language (n=4)

(n=112)

(n=8)

(n=8)

Fig. 1 Selection process for the studies included in the meta-analysis

Quality assessment

The NOS results are summarized in Table 3. Among the six
retrospective studies, one received eight stars, three received
seven stars, and two received six stars. One of two prospec-
tive studies received nine stars, and the other received eight
stars.

Risk of ICH

Eight studies, totaling 8713 patients and 338 events, pro-
vided data on ICH. In four studies, neither the experimen-
tal arm nor control arm had patients who developed ICH
[25-27, 30], ICH occurred in the experimental arm, but not
the control arm in one study [18], and the remaining three
studies had ICH patients in both arms [21, 28, 29]. There
was no heterogeneity across the eight studies included in
the analysis (P=0.60, 12=()%) despite definite differences,
including primary tumor type, study design and bevaci-
zumab dose. A fixed-effects model employing the Peto
method was applied. Four studies in which no patients
developed ICH in either the experimental arm or the control
arm were excluded from meta-analysis by RevMan 5 dur-
ing data processing, yielding results that were labeled “Not
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. E estimable” instead of producing an OR and CI. The pooled
2 g S OR was 1.20, with 95% CI from 0.69 to 2.09 (P=0.53). This
% E = 2 result indicates that no significant increase in ICH was found
TE g % 2|3 in the bevacizumab-containing treatment arm compared with
o g 25| % that in the control arm (Fig. 2).
” & Subgroup analysis was performed to assess the influ-
5 E é g ence of study design on the OR for ICH. The analysis of
% % g, E« 2 six retrospective studies, with a total of 8554 patients and
£ S E % z2 338 events, revealed that ICH was not significantly elevated
E’“ g; E Z § in the bevacizumab arm compared with that in the control
FZm52|2 E arm (OR 1.20; 95% CI 0.69-2.09; P=0.53). However, the
3., > £ analysis of the prospective study group failed because nei-
é % g g ther the bevacizumab arm nor control arm had patients who
S8 ‘S S developed ICH in the two prospective studies, and RevMan
g é é 3 g 5 produced results that were labeled “Not estimable” instead
§ ; ?ED “? <§ r.%) of producing an OR and CI (Fig. 2).
Em3 R = 9
g Publication bias
z2 p S
E 5 ﬁ A funnel plot to evaluate publication bias requires at least
8 g n E, ten studies to be included in the meta-analysis, otherwise,
&= “ 5 the test power will be too low to assess the symmetry of
‘? the funnel plot. However, the meta-analysis described here
5 o ® included only eight studies, and in four studies, neither the
§ 8 E bevacizumab arm nor the control arm had patients who
E 2 E developed ICH. Therefore, we did not generate a funnel plot.
S
3 2z | £
50 5 |3 g Discussion
g £ = 8
é 50 § §D This is the first meta-analysis to evaluate the risk of ICH in
Cij 2 BM patients with versus without bevacizumab treatment. We
=) g % found no significant difference in risk of ICH in solid tumor
g g g § 5 patients with BM based on bevacizumab treatment. Further-
% é _é:g S E more, the results were consistent in subgroup analysis of
& g T S the retrospective studies, although subgroup analysis of the
E|E A N § prospective studies failed because not enough prospective
= lz') 5 studies were identified, and no patients developed ICH in
g < g the two prospective studies that were included.
E % = Notably, four studies in which neither the experimental
3 § § g % arm nor the control arm contained patients who developed
7 8 S ICH were excluded from this meta-analysis by RevMan 5
é. - 8 S during data processing, and the results of this meta-analysis
slégg | = 5 Q: were derived from the remaining four studies. However, no
P § g difference in the risk of ICH was detected in the patients
§ %‘J § receiving the bevacizumab-containing versus non-bevaci-
5 §* % § zumab-containing treatment in the four studies excluded
3 g § 2 o from analysis, although the sample sizes of the bevacizumab
E g ’ff arm and control arm in each excluded study are quite dif-
g . g g ferent. Thus, the results of the four excluded studies are
: ;ﬂ: S § consistent with the meta-analysis results of the remaining
< ,5 =) g ° four studies. In addition, the same situation was observed in
e |3 ETI 273 subgroup analysis.
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TS et quality Study Study design Selection Comparability Exposure Outcome
assessment for studies using
NOS Oh et al. [29] Case—control seab #C sk

Archer et al. [18] Case—control sk ke sk

Besse et al. [21] Case—control b sk skl

Dirix et al. [26] Case—control #okkb e -

Khasraw et al. [28] Case—control seab %C .

Tang et al. [30] Case—control kb sk .

Akerley et al. [25] Cohort seokskok o s

Herbst et al. [27] Cohort okl %C .

Reasons for lost stars: “the case was defined by record linkage; *hospital controls were selected; ‘there was
no description of whether the study controlled for any additional factor, such as gender or age

Control
Events Total Weight

Bev-treatment
Study or Subgroup Events _ Total

Peto Odds Ratio
Peto, Fixed, 95% Cl

Peto Odds Ratio
Peto, Fixed, 95% CI

1.2.1 Retrospective studies

Archer 2008 1 24 0 26 2.0%
Besse 2009 3 91 1 9% 7.9%
Dirix 2009 0 14 0 10

Khasraw 2011 5 112 34 867 30.7%
Oh 2008 8 179 286 6495 59.3%
Tang 2015 0 117 0 523
Subtotal (95% CI) 537 8017 100.0%
Total events 17 321

Heterogeneity: Chi? = 1.89, df = 3 (P = 0.60); 1> = 0%

Test for overall effect: Z = 0.63 (P = 0.53)

1.2.2 prospective studies

Akerley 2008 0 85 0 6

Herbst 2011 0 38 0 30
Subtotal (95% CI) 123 36

Total events 0 0

Heterogeneity: Not applicable

Test for overall effect: Not applicable

Total (95% Cl) 660 8053 100.0%
Total events 17 321

Heterogeneity: Chi? = 1.89, df = 3 (P = 0.60); I = 0%
Test for overall effect: Z = 0.63 (P = 0.53)
Test for subaroup differences: Not aoplicable

Fig. 2 Incidence of ICH in bevacizumab versus control group

In a phase II prospective noncomparative study (BRAIN,
NCT00800202) investigating the efficacy and safety of beva-
cizumab in non-squamous NSCLC patients with asympto-
matic untreated BM, only one of the 91 patients enrolled
experienced an ICH event (grade 1) [31]. In another sin-
gle-arm phase II trial (PASSPORT, AVF3752g) addressing
bevacizumab safety in patients with non-squamous NSCLC
and previously treated BM, no grade 2 CNS hemorrhages
occurred [8]. The reported incidences of cerebral hemor-
rhage in patients with CNS metastases not exposed to beva-
cizumab range from 5 to 29% [21, 32-36]. Comparing these
background ICH rates with those presented in the BRAIN
and PASSPORT studies, there is no apparent increased risk
of cerebral hemorrhage in bevacizumab-treated patients with

@ Springer
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CNS metastasis, although direct cross-trial comparisons
should be viewed with caution. These results are consistent
with our findings presented in this meta-analysis.

Clinical trials containing bevacizumab still routinely
exclude patients with CNS metastasis due to concerns about
the increased risk of ICH, arising partly from a single case
in a phase I trial of bevacizumab, in which a 29-year-old
patient with HCC experienced a fatal cerebral hemorrhage
from a previously undiagnosed brain metastasis in 1997
[16]. However, the risk for spontaneous bleeding of CNS
metastases varies with the histology of the tumor, with a <1
or 5% chance of occurrence in lung or breast BM, respec-
tively, compared with significantly higher rates for metas-
tases derived from thyroid cancer, melanoma (40-50%),
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renal cell cancer (70%), choriocarcinoma or HCC [37]. CNS
metastases from HCC have an inherent propensity to hemor-
rhage because patients with HCC are likely to have coagu-
lation disorders due to liver dysfunction, resulting in ICH
incidences up to 87.5%, independent of the type of therapy
received [21, 38—41].

Our study has several limitations. First, patients with
some factors, such as medications associated with bleed-
ing (anticoagulants, etc.) [42], thrombocytopenia [42],
tumor histology predisposing to bleeding [37], evidence
of bleeding diathesis or coagulopathy [43], uncontrolled
hypertension [44], or history of thrombotic or hemorrhagic
disorders [44], are at risk of ICH intrinsically, and these
factors are important stratified factors in evaluating whether
bevacizumab increases the risk of ICH in patients with BM.
However, limited stratified analysis of these factors was per-
formed in this study because these factors were not reported
in a portion of individual primary studies included in this
meta-analysis. Second, the number of studies enrolled in
this meta-analysis was small. Only eight studies met the eli-
gibility criteria and were included in the analysis. Finally,
not all the included studies were RCTs, which is the gold
standard for clinical research and has less bias than other
study designs.

In conclusion, this meta-analysis revealed that bevaci-
zumab does not significantly increase the risk of ICH in
solid tumor patients with BM, and it has provided evidence
indicating that BM patients with a low incidence of ICH
[21], such as those with advanced/metastatic breast cancer,
NSCLC, renal and colorectal cancer, may not be gener-
ally excluded from bevacizumab therapy or trials. It will
be important to validate these findings in RCTs with larger
cohorts.
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