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Abstract

Background Individual evidence suggests that the anti-angiogenic agent bevacizumab may control vestibular schwannoma
(VS) growth and promote hearing preservation in patients with neurofibromatosis type 2 (NF2). However, such metadata has
yet to be consolidated, as well as its side-effect profile yet to be fully understood. Our aim was to pool systematically-identified
metadata in the literature and substantiate the clinical efficacy and safety of bevacizumab with respect to radiographic tumor
response, hearing, and treatment outcomes.

Methods Searches of seven electronic databases from inception to March 2019 were conducted following PRISMA guide-
lines. Articles were screened against pre-specified criteria. The incidence of outcomes was then extracted and pooled by
random-effects meta-analysis of proportions.

Results Eight articles reporting 161 NF2 patients with 196 assessable VS met satisfied all criteria. Radiographic response to
bevacizumab was partial regression in 41% (95% CI 31-51%), no change in 47% (95% CI 39-55%), and tumor progression in
7% (95% CI 1-15%). In patients with assessable audiometric data, bevacizumab treatment resulted in hearing improvement
in 20% (95% CI 9-33%), stability in 69% (95% CI 51-85%) and additional loss in 6% (95% CI 1-15%) Serious bevacizumab
toxicity was observed in 17% (95% CI 10-26%). Subsequent surgical intervention was required in 11% (95% CI 2-20%).
Conclusions Bevacizumab may arrest both tumor progression and hearing loss in select NF2 patients presenting with VS
lesions. However, a considerable proportion of patients are anticipated to experience serious adverse events; correspondingly,
judicious use of bevacizumab for symptomatic management of VS in NF2 is recommended.

Keywords Schwannoma - Neurofibromatosis type 2 - Bevacizumab - Avastin - NF2

Introduction

Neurofibromatosis type 2 (NF2) is an autosomal dominant
tumor predisposition syndrome of the nervous system caused
by mutations in the NF2 gene on chromosome 22, result-
David J. Daniels and Michael J. Link are Co-senior authors. ing in loss-of-function in gene product, merlin, a key tumor
suppressor [1-3]. The pathognomonic hallmark of NF2 is
bilateral vestibular schwannomas (VS) by the third decade of
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decision-making is exponentially more complicated in NF2
patients, as syndromic tumors are more likely to be mul-
tifocal, extensively involved with adjacent neurovascular
structures, and challenging to safely resect without hearing
loss—a major source of severe potential morbidity, given the
very high baseline risk of contralateral hearing loss [6, 2].

In this clinical context, the Food and Drugs Administra-
tion (FDA) approved bevacizumab (Avastin), a monoclo-
nal antibody targeting vascular endothelial growth factor
(VEGF), was first proposed by Plotkin et al. [7] in 2009
as a possible treatment alternative or adjuvant therapy for
management of hearing symptomatology associated with VS
in NF2. Encouragingly from a translation perspective, years
later, a systematic review was able to identify that bevaci-
zumab could indeed have the potential to confer hearing
benefits in select patients, however, concluded that the cer-
tainty at that time was low [8]. Since then, clinical evidence
supporting this practice has grown from anecdotal reports,
followed by translational studies confirming the association
between the expression of VEGF and its receptor VEGF-1
with VS progression [9-12]. Notwithstanding, granular data
describing clinical course of VS lesions in NF2 following
bevacizumab have remained limited to small case series, and
best available evidence supporting clinical practice is Level
III (expert opinion, case series/reports) [13]. Additionally,
mounting evidence suggests that bevacizumab-related toxic-
ity may be more significant than previously estimated [14].
Whether or not the therapeutic benefits counterbalance the
toxicity risks has yet to be substantiated outside anecdotal
individual studies. Correspondingly, the aim of this metadata
analysis was to assess the reproducibility and precision of
all pertinent studies in the literature describing radiographic
tumor control, hearing loss, and adverse events outcomes
in response to bevacizumab therapy for VS lesions in NF2
patients.

Methods
Search strategy

The search strategy was designed using PICOS format:
Among NF2 patients with VS (Population) treated with
bevacizumab(Intervention and Comparator), what are radi-
ographic tumor control and hearing loss rates (Outcome),
based on observational studies (Study Type) during treat-
ment? The literature review was conducted according to the
Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) guidelines and recommendations [15].
Electronic searches were performed using Ovid Embase,
PubMed, SCOPUS, and Cochrane databases from inception
to March 2019. The literature was searched independently by
two investigators (VML & KR) using the following string of
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terms: (bevacizumab OR Avastin) AND (schwannoma OR
acoustic neuroma); Supplementary Table 1).

Selection criteria

Included articles reported patients (1) with confirmed diag-
noses of VS and NF2 (2) treated with intravenous (IV) beva-
cizumab, and (3) with either radiographic tumor control or
hearing outcome reported. There was no restriction regard-
ing prior treatments or patient age. Exclusion criteria were
(1) bevacizumab treatment for meningioma, ependymoma,
and other non-schwannoma tumors, and (2) publications
reporting n <3 patients. For institutions publishing serial
overlapping cohorts, only the most complete reports were
included for quantitative assessment at each time interval.
Publications were limited to English language.

Data extraction

Outcomes were abstracted directly from article texts, tables,
and figures independently by two investigators (VML &
KR). The primary endpoints were radiographic tumor con-
trol and hearing outcomes at final bevacizumab dose com-
pared to pre-treatment measurements. As there currently
does not exist a standardized bevacizumab regime, final
dose was administered at the discretion of each institution,
which will have included when maximum tolerability was
reached. Radiographic tumor control was defined using MRI
criteria as partial response (>20% volume reduction), stable
(<20% change in volume) or progression (>20% increase
in volume), previously validated categorizations specific to
NF2-associated VS lesions [16]. Hearing outcome in those
with assessable hearing (6% or greater on a 50-word list
[17]) was defined as either improved, stable, or worsened
based on Word Recognition Scores (WRS), as described by
the American Academy of Otolaryngology Head and Neck
Surgery (AAO-HNS) Committee on Hearing and Equilib-
rium classification [18, 19]. Plotkins et al. [7] utilized these
hearing thresholds in their seminal work, which has since
become standard categorizations in this niche scenario irre-
spective of scale used.

Secondary endpoints were complications from bevaci-
zumab, including hypertension, proteinuria, amenorrhea, or
any serious toxicities, defined as grade 3 and above accord-
ing to Common Terminology Criteria for Adverse Events
(CTCAE) 4.0 [20] (Supplementary Table 2). In brief, Grade
3 refers to complications that are severe or medically signifi-
cant, but not immediately life-threatening such that admis-
sion or prolongation of hospitalization is indicated. More
specifically, Grade 3 toxicities are disabling with respect
to self-care and activities of daily living, whereas Grade
4 toxicities have potentially life-threatening consequences
mandating urgent medical intervention.
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Meta-analysis

The incidence rate was the primary summary statistics of
this study. Incidence was calculated with initial variance by
Fisher’s exact test for binomial data, and then transformed
by Freeman-Tukey Transformation to stabilize the variances
[21]. All statistics were pooled by meta-analysis of propor-
tions using the random-effects (RE) model described by
DerSimonian and Laird [22] to provide the overall study
statistic. Heterogeneity was assessed using I? for RE mod-
eling, with values > 50% indicating substantial heterogeneity
[23]. Meta-analytic data were presented as forest plots. All
P-values were 2-sided, significance was defined using the
alpha threshold 0.05, and the P-effect was used to describe
testing against a null hypothesis assuming statistically negli-
gible incidence. All statistical analyses were conducted with
STATA 14.1 (StataCorp, College Station, Texas).

Quality and bias assessment

The certainty of each outcome was evaluated using the
Grading of Recommendations, Assessment, Development
and Evaluations (GRADE) approach and presented as a
summary of findings to identify the certainty of all pooled
outcomes [24]. The quality of evidence for each study was
then evaluated using a modified Newcastle—Ottawa Scale
(NOS) [25] for assessment of single-arm cohort studies [26].
Overall methodologic quality was then summarized based

Fig. 1 Search results according

on the quality trends observed. In terms of bias for each
outcome, when n > 10 studies, publication bias was assessed
using funnel plots, and small-study biases were evaluated
using Egger’s linear regression test and Begg’s correlation
test [27, 28].

Results
Search results

Following a primary search result of 186 articles and the
removal of 74 duplicate citations, the title and abstract 112
articles were evaluated against the selection criteria (Fig. 1).
Full-text analysis was performed for 21 articles, of which 2
prospective [29, 30] and 6 retrospective studies [31-34, 17,
35] satisfied all study criteria (Table 1).

Demographics and clinical features

One hundred and sixty-one NF2 patients harboring 196 VS
were reported with adequate tumor control data; assessable
hearing data were reported in 114 patients (Table 1). Overall
median female proportion was 55% (range 33-71%), median
age was 30 years (range 15-34), and indications for beva-
cizumab in all cohorts included progression of tumor size
and/or hearing loss. Both initiation and maintenance bevaci-
zumab regimens varied greatly between cohorts, with a dose

to PRISMA guidelines

Records identified through
database searching (n=185)

Records identified through
reference lists (n=1)

v

Total records screened (n=186)

A

\4

v

Records after duplicates removed
for screening (n=112)

Duplicates removed (74)

A 4

Full-text articles assessed for
eligibility (n=21)

Records excluded (n=91)

A4

Studies included in quantitative
analysis (n=8)

Full-text articles excluded,
with reasons (n=13)
6 case reports (n<2)
3 overlapping cohorts
3 commentary/editorial
1 intracranial administration

[ Included ][ Eligibility ][ Screening ][Identification]
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Table 1 Study characteristics and primary demographics

Study Location Design* Study period Size (n) Females (n, %) Median VS lesions (n) Hearing
age testable
(year) ()

Alanin et al. [31] Copenhagen, Den- R OCS (1) 2010-2013 12 7, 58% 34 18 9

mark

Blakeley et al. [29] Boston, US P OCS (multiple) 2010-2012 14 10, 711% 31 28 14

Farschtschi et al. [32] Hamburg, Germany R OCS (1) NR 3 1,33% 30 3 3

Goutagny et al. [33]  Paris, France R OCS (1) 2009-2015 16 NR NR 21 NR

Hochart et al. [34] Lille, France R OCS (3) 2009-2013 7 4,57% 15 11 4

Morris et al. [30] Oxford, UK P OCS (multiple) 2010-2013 61 25,41% 25 47 44

Plotkin et al. [17] Boston, US R OCS (1) NR 31 17, 55% 26 51 31

Sverak et al. [35] Minneapolis, US R OCS (1) 2009-2018 17 7,41% 30 17 9

Total/median 161 55%% 30 196 114

R retrospective, P prospective, OCS observation cohort study, VS vestibular schwannoma, NR not reported

*Number of institutions reported in parentheses

range of 5-10 mg/kg/2—6 weeks (Table 2). Median treatment
duration was 14 months (range 11-22 months).

Previous treatment were incompletely reported, but
included that at least 15% had undergone surgical resec-
tion for VS, while 10% had been treated with radiotherapy

Table 2 Clinical features of all included studies

of any modality—only one of which was confirmed to
have been irradiated less than 12 months prior to initia-
tion of bevacizumab. Three studies [30, 17, 35] by-pro-
tocol administered bevacizumab to previously untreated
patients, as an assessment of its efficacy in delaying or
avoiding surgery.

Bevacizumab therapy

Previous therapy

Study Indication(s)

Regimen (IV route)

Median dura-
tion (months)

Surgery (n, %) RT (n, %) RT within
12 months of
bevacizumab (n)

Alanin et al. [31] Progression with brainstem Initiation: 10 mg/ 22 8, 75% 4,33% 0
compression, imbalance, kg/2 weeks; Main-
or progressive hearing tenance: 15 mg/kg/
loss 3 weeks
Blakeley et al. [29] Progression with hearing 7.5 mg/kg/3 weeks 12 8,57% 3,21% 0
loss
Farschtschi et al. [32] Progression with hearing  Initiation: 5 mg/kg/2 week; NR 3, 100% 0 NA
loss Maintenance: 2.5 mg/
kg/2 week;
Goutagny et al. [33]  Progression with hearing 5 mg/kg/2 weeks NR NR NR NR
loss
Hochart et al. [34] Progression 5-10 mg/kg/2 weeks 11 3,43% 0 NA
Morris et al. [30] Progression or brainstem  Initiation: 5-7.5 mg/ NR 0 3,5% 1
compression kg/2-3 weeks; Main-
tenance: 2.5-5 mg/
kg/4 weeks
Plotkin et al. [17] Progression with brainstem 5 mg/kg/2 weeks 14 0 5, 16% NR
compression, or progres-
sive hearing loss
Sverak et al. [35] Progression with brainstem 5-10 mg/kg/2—6 weeks 14 0 0 NA

compression, or progres-
sive hearing loss

1V intravenous, RT radiation therapy, NR not recorded, NA not applicable
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Radiographic response

The pooled incidence of partial response was 41% (95% CI
31-51%; P-effect<0.01; ?=42%; P-heterogeneity =0.10),
calculated by RE modeling based on eight individual cohorts
[31, 29, 32-34, 30, 17, 35] describing 196 VS (Fig. 2). In
the same population, pooled incidence of stable response
was 47% (95% CI 39-55%; P-effect < 0.01; I>?=9%; P-het-
erogeneity =(0.36), while the pooled incidence of tumor pro-
gression was 7% (95% CI 1-15%; P-effect <0.01; ’=59%:;
P-heterogeneity =0.02).

Hearing outcome

The pooled incidence of hearing improvement was 20%
(95% CI 9-33%; P-effect <0.01; 2=42%; P-heterogene-
ity =0.11), calculated by RE modeling based on seven indi-
vidual cohorts [31, 29, 32, 34, 30, 17, 35] describing 114
patients with assessable hearing (Fig. 3). In the same popula-
tion, pooled incidence of stable hearing was 69% (95% CI
51-85%; P-effect<0.01; ’=61%: P-heterogeneity =0.02),

Fig.2 Forest plot of the inci-
dence of radiographic responses
of vestibular schwannoma
lesions in NF2 patients that

are partial response, stable

or worsened. The effect size
(ES) of incidence, its 95% CI
and the relative weightings are
represented by the middle of the
square, the horizontal line, and
the relative size of the square
respectively

and pooled incidence of worsened hearing was 6% (95% CI
1-15%; P-effect=0.01; >*=25%; P-heterogeneity =0.25).

Complications

The pooled incidence of treatment-induced hypertension
of all severities was 33% (95% CI 20-45%; P-effect <0.01;
I>=44%; P-heterogeneity = 0.10), and the pooled incidence
of proteinuria of all severities while on bevacizumab ther-
apy was 43% (95% CI 23-64%; P-effect <0.01; ?=78%:;
P-heterogeneity < 0.01). These estimations were calculated
by RE modeling based on seven individual cohorts [31,
29, 32, 34, 30, 17, 35] describing 145 treated patients. The
pooled incidence of amenorrhea was 70% (95% CI 51-87%;
P-effect <0.01; = 13%; P-heterogeneity =0.32) calculated
by RE modeling based on four individual cohorts [31, 29,
17, 35] describing 35 treated female patients.

The pooled incidence of serious toxicity (Grade 3
or higher) was 17% (95% CI 10-26%; P-effect <0.01;
I> = 13%; P-heterogeneity = 0.33), calculated by RE mod-
eling based on five individual cohorts [31, 29, 34, 30,
17] describing 125 patients. Although there was a lack of

Radiographic response N

Author ES (95% ClI) Weight
Partial regression
Alanin et al. 2015 —_— 0.39 (0.20, 0.61) 11.56
Blakeley et al. 2016 —_—— 0.43(0.27,0.61) 14.86
Farschtschi et al. 2015 + 0.33 (0.06, 0.79) 3.11
Goutagny et al. 2018 —_— 0.57 (0.37,0.76) 12.68
Hochart et al. 2015 —_—— 0.09 (0.02, 0.38) 8.34
Morris et al. 2016 —_—— 0.32 (0.20, 0.46) 18.85
Plotkin et al. 2012 —_—— 0.53 (0.40, 0.66) 19.46
Sverak et al. 2018 —_—— 0.47 (0.26,0.69) 11.15
Subtotal ("2 = 42.42%, p = 0.10) = 0.41(0.31,0.51) 100.00
Stable
Alanin et al. 2015 —_— 0.61 (0.39, 0.80) 9.81
Blakeley et al. 2016 —_— 0.57 (0.39, 0.73) 14.54
Farschtschi et al. 2015 + 0.67 (0.21,0.94) 1.97
Goutagny et al. 2018 —_—— 0.33(0.17,0.55) 11.27
Hochart et al. 2015 + 0.55(0.28,0.79) 6.27
Morris et al. 2016 —_—— 0.51 (0.37,0.65) 22.63
Plotkin et al. 2012 e 0.35(0.24, 0.49) 24.19
Sverak et al. 2018 —_— 0.47 (0.26, 0.69) 9.32
Subtotal (I"2 =9.03%, p = 0.36) <> 0.47 (0.39, 0.55) 100.00
Worsened
Alanin et al. 2015 >— 0.00 (0.00, 0.18) 12.23
Blakeley et al. 2016 >~— 0.00 (0.00, 0.12) 14.63
Farschtschi et al. 2015 * 0.00 (0.00, 0.56) 4.07
Goutagny et al. 2018 —_—— 0.10 (0.03, 0.29) 13.08
Hochart et al. 2015 —_— 0.36 (0.15, 0.65) 9.52
Morris et al. 2016 —— 0.17 (0.09, 0.30) 17.11
Plotkin et al. 2012 —_—— 0.12 (0.06, 0.23) 17.45
Sverak et al. 2018 . Em— 0.06 (0.01,0.27) 11.91
Subtotal (I"2 = 59.26%, p = 0.02)<_>> 0.07 (0.01, 0.15) 100.00

I |

0 1
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Fig. 3 Forest plot of the inci-
dence of hearing outcomes of
vestibular schwannoma patients
with testable hearing in NF2
patients that are improved, sta-
ble or worsened. The effect size
(ES) of incidence, its 95% CI
and the relative weightings are
represented by the middle of the
square, the horizontal line, and
the relative size of the square
respectively

Author

Improved

Alanin et al. 2015
Blakeley et al. 2016
Farschtschi et al. 2015
Hochart et al. 2015
Morris et al. 2016
Plotkin et al. 2012
Sverak et al. 2018

Subtotal (A2 = 41.61%, p = 0.11)

Stable

Alanin et al. 2015
Blakeley et al. 2016
Farschtschi et al. 2015
Hochart et al. 2015
Morris et al. 2016
Plotkin et al. 2012
Sverak et al. 2018

Subtotal ("2 = 60.53%, p = 0.02)

Worsened

Alanin et al. 2015
Blakeley et al. 2016
Farschtschi et al. 2015
Hochart et al. 2015
Morris et al. 2016
Plotkin et al. 2012
Sverak et al. 2018

Subtotal (I"2 = 25.33%, p = 0.248_>

Hearing outcome
%

ES(95% Cl)  Weight

0.11 (0.02, 0.43) 11.87
0.36 (0.16, 0.61) 15.54

(
(
0.00 (0.00, 0.56) 5.45
* 0.25 (0.05, 0.70) 6.74
G- 0.11 (0.05, 0.24) 25.76
(
(
(

0.19 (0.09, 0.36) 22.77
* 0.56 (0.27, 0.81) 11.87
0.20 (0.09, 0.33) 100.00

<

. 0.67 (0.35, 0.88) 13.18
0.64 (0.39, 0.84) 15.95

1.00 (0.44, 1.00) 7.08

. 0.75 (0.30, 0.95) 8.45
—+—  0.84(0.71,0.92) 21.82
(
(
(

*

0.65 (0.47, 0.79) 20.33
0.22 (0.06, 0.55) 13.18
0.69 (0.51, 0.85) 100.00

0.22 (0.06, 0.55) 10.53
0.00 (0.00, 0.22) 14.68

0.00 (0.00, 0.56) 4.37

|
Ml

(
(
(
0.00 (0.00, 0.49) 5.51
0.05 (0.01, 0.15) 29.71
0.16 (0.07, 0.33) 24.67
0.22 (0.06, 0.55) 10.53
0.06 (0.01, 0.15) 100.00

granularity in studies describing how hypertension was
managed, the incidence of Grade 3 hypertensive events
(with implied need for medical/clinical intervention) was
anecdotally low, as reported by Morris et al.[30] (1/61
patients, 2%), Plotkins et al. [17] (1/31 patients, 3%), and
Blakely et al. [29] (2/14 patients, 14%).

There was one case of mortality while on-treatment
reported by Alanin et al. [31] due to spontaneous intrac-
erebral hemorrhage in a 23 year old female patient. The
need to cease treatment early was documented by four
studies. Blakely et al. [29] reported reasons as immune
thrombocytopenia and surgery for another tumor (2/14
patients, 14%). Hochart et al. [34] reported one reasons
as hypertension and infection (2/7 patients, 28%). Plot-
kins et al. [17] reported the reason as proteinuria (3/31
patients, 9%). Finally, Morris et al. [30] reported four
cases of hypertension, two cases of bleeding, two cases of
wound healing, 1 case of fatigue, and 1 case of infection
as reasons for cessation (10/61 patients, 16%).

@ Springer

Surgical intervention

The pooled incidence of treatment failure requiring surgi-
cal intervention for VS resection was 11% (95% CI 2-20%;
P-effect=0.02; 1>=59%; P-heterogeneity =0.06) calculated
by RE modeling based on four individual cohorts [33, 30,
17, 35] describing 125 treated patients.

Quality and bias assessment

The certainties of all reported outcomes were then assessed
against the GRADE criteria (Table 3). For radiographic
response, certainty ranged from moderate in those with
stable response, to very low in those with progression. For
hearing outcomes, certainty ranged from moderate in those
with worsening, to very low in those with stable response.
For complications, certainty ranged from moderate regard-
ing serious toxicity and amenorrhea to very low regarding
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Table 3 GRADE assessment for reported outcomes

Outcome Pooled incidence No. of Certainty assessment Overall quality Certainty
(95% CI) cohorts - - - -
(studies) Ty.pe of Quality Consistency Directness Effect size
evi-
dence
Radiographic response
Partial regression ~ 41% (31-51%) 8 +2 -1 0 0 +1 +2 Low
Stable 47% (39-55%) 8 +2 -1 +1 0 +1 +3 Moderate
Progression 7% (1-15%) 8 +2 -1 -1 0 +1 +1 Very low
Hearing outcome
Improvement 20% (9-33%) 7 +2 -1 0 0 +1 +2 Low
Stable 69% (51-85%) 7 +2 -1 0 0 0 +1 Very low
Worsening 6% (1-15%) 7 +2 -1 +1 0 +1 +3 Moderate
Complications
Serious toxicity 15% (10-26%) 5 +2 -1 +1 0 +1 +3 Moderate
Hypertension 33% (20-45%) 7 +2 -1 0 0 0 +1 Very low
Proteinuria 43% (23-64%) 7 +2 -1 -1 0 0 0 Very low
Amenorrhea 70% (51-87%) 4 +2 -1 +1 0 +1 +3 Moderate
Other
Surgical interven- 11% (2-20%) 4 +2 -1 -1 0 +1 +1 Very low
tion

The overall quality score is determined based on the sum of the included domains. Type of evidence is based on design of the included studies
(range+2 to+4). The study quality reflects the blinding and allocation, follow-up and withdrawals, sparsity of data, and methodological con-
cerns (range —3 to 0). Consistency is graded based on heterogeneity of included population and study end points with respect to one another
(range — 1 to+ 1). Directness is graded based on generalizability of included results (range —2 to 0). Effect size is graded based on the overlap of
95% CI estimates within 10% of either 0% of 100% incidence (range O to 2). The overall quality of results for each outcome can be considered
high (>4 points), moderate (3 points), low (2 points) or very low (<1 point)

GRADE grading of recommendations, Assessment, Development and Evaluations, CI confidence interval

hypertension and proteinuria. Finally, certainty of surgical =~ moderate. Taken together, these findings support further
intervention occurring was also very low. consideration for bevacizumab in the very challenging

Against the modified NOS criteria, the median score was ~ NF2 population, while further mandating the opening of
5 (range 3-5) out of a maximum of 5 evaluating studies for ~ prospective, and ideally randomized, controlled trials to

selection, ascertainment, causality, and reporting (Supple-  establish the longer-term treatment effect and risk profile
mentary Table 3). All studies were deemed to be of moderate ~ in a more rigorous fashion.
to high quality overall, with the primary reason for point In the largest series to date, Morris et al. [30] reported in a

deduction being lack of explicit therapy duration. The risks ~ cohort of 61 patients that bevacizumab treatment resulted in
of publication and small-study biases could not be reliably  radiographic tumor control in 82% and hearing preservation
performed due to limited cohort numbers (< 10) and so were  in 95%, when comparing pre-treatment baseline to outcomes
not conducted. at termination of therapy. These findings are largely repre-
sentative of both the other included studies and the overall
pooled confidence intervals of the study outcomes. Nota-

Discussion ble exceptions include Hochart et al. [34], who reported the
highest proportion of radiographic progression (4/11 lesions,
Bevacizumab has recently emerged as a compelling thera-  36%), as well as Alanin et al. [31] and Sverak et al. [35], who

peutic option for managing progressive VS in NF2. Our  each reported the highest proportion of worsening hearing
metadata analysis suggests that a consistently significant  (2/9 patients, 22%). These outliers represent the primary
proportion of treated patients will experience a beneficial ~ sources of heterogeneity driving our study outcomes in spite

impact on tumor control or hearing preservation; however,  of their small sample sizes, which emphasizes the impor-
the risk of serious complications is not negligible, and  tance of cautiously interpreting the reported incidences of
may include hypertension, proteinuria, or amenorrhea. tumor control or hearing preservation on bevacizumab until

Certainty of these outcomes ranged from very low to  their reproducibility can be better validated.
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Our study also identified significant estimates of bevaci-
zumab treatment complications, including the concerning
finding that almost 1-in-5 patients experienced an adverse
event requiring medical intervention within the first year
of therapy. Furthermore, the results estimated 1-in-3 will
experience hypertension, and up to 1-in-2 will experience
proteinuria. In addition, there appeared to be an anecdotal
non-negligible proportion of patients that ceased treatment
early due to intrinsic and induced complications. Although
concerning, these significant incidence rates are not neces-
sarily surprising, given that multiple clinical trials of bev-
acizumab in recurrent intracranial glioblastoma [36-38]
have reported serious toxicity events in > 30% of patients,
and hypertension or proteinuria in>50% and > 30%,
respectively. However, while the treatment risks are com-
parable, the context in which the counterbalance of poten-
tial benefits is weighed are different, particularly given the
more benign nature of VS and the near-universal fatality of
glioblastoma. What is absent currently is any confirmation
that a relationship between bevacizumab dosage and com-
plications does or does not exist, which will prove of the
upmost utility in the future for any attempts to standardize
treatment schedules.

This is because another major concern arising from our
systematic review is the marked heterogeneity in treat-
ment practices for bevacizumab administration. When a
single dose schedule was reported, this ranged from 5 mg/
kg/2 weeks [33] to 10 mg/kg/6 weeks [35]. In studies [31,
32, 30] that reported both initiation and maintenance regi-
mens, doses at initiation ranged from 5 to 10 mg/kg/2 weeks,
and from 2.5 mg/kg/2 weeks to 15 mg/kg/3 weeks for main-
tenance. Complicating this discussion further, expert opin-
ions and local treatment practices regarding the timing of
therapy cessation versus institution of a drug holiday are
a topic of active dispute; correspondingly, the validity of
direct comparisons in treatment benefit between studies
remains limited at present [13, 30].

Finally, the present analysis has identified age as a key
parameter that will demand greater granularity in future
study designs. Morris et al. [30] identified a pediatric sub-
group (< 18 years old) of 6 NF2 patients in their study, and
observed that VS lesions in this subgroup had a greater pro-
pensity for tumor progression while on bevacizumab ther-
apy, as compared to adult counterparts. The poor pediatric
treatment response is further supported by Hochart et al.
[34], who described the single pediatric-specific experience,
in their series of 7 NF2 patients, which demonstrated the sin-
gle highest rate of radiographic progression in all included
studies. Adding yet another dimension of complexity to the
treatment implications in children with NF2, the high inci-
dence of amenorrhea and its reproductive implications war-
rants particular attention among young female patients of
child-bearing age [31, 29, 17, 35].
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Limitations of the literature and future directions

The literature describing bevacizumab for VS in NF2 is lim-
ited by a number of constraints. Outside the obvious need
for greater cohort sizes, the first is the lack of standardized
regime doses and durations, as well as surveillance proto-
cols, which likely contribute to the reported heterogeneity
of the outcomes in the meta-analysis. It is unclear if the
successes, need for progressive surgery, and time-dependent
complications of therapy will change if longer regimes are
followed, as in the case of glioblastoma, or if tumor con-
trol and hearing preservation may still be maintained on a
less toxic treatment scheme in this benign disease process.
Indeed, the interpretation of homogenous time-to-event of
all outcomes reported in this study requires significant cau-
tion as it was beyond the scope of this study to adjust for
variance in institution-based follow-up protocols.

As there currently exists no standard therapy duration,
our results are limited by the variable use of patient-depend-
ent therapy holidays, heterogeneous dosing regimens and
schedules, and post-cessation reporting practices. Although
beyond the scope of the PICOS question and systematic
review design as of yet, if we can reliably determine the
durability of bevacizumab effects both on- and off-therapy,
this will greatly inform clinicians about the sustainability
of therapy, durability of tumor control or hearing protection
following cessation of therapy, lowest effective dose and
frequency, and the possibility of progressive toxicity with
longer-term use. Elucidating these parameters will require
greater assessment standardization and methodological
transparency in the future.

Another concern is the risk of selection bias in reported
outcomes. Ultimately, the precision of this meta-anal-
ysis relies on the accurate reporting of those outcomes
included—favorable or otherwise—a practice that cannot
be assumed in observational cohort studies. We attempted
to mitigate some of the systematic bias introduced by patient
selection in excluding very small series of 1-2 cases, given
that reporting and publishing practices are such that institu-
tions would be highly unlikely to publish case reports of
unsuccessful outcomes, absent a highly interesting compli-
cation or novel application. Notwithstanding, until a ran-
domized, controlled, blinded trial can be conducted, the
reported incidences of benefit and complications following
bevacizumab therapy highly suspicious for the influence
of systematic bias, potentially resulting in over-statement
of benefit and under-estimation of risk. Given the orphan
nature of this disease, an international registry could assist
in attaining greater statistical power sooner.

A final limitation that warrants consideration is the
paucity in reporting of both long-term outcomes and the
quality-of-life (QOL) impact sustained on bevacizumab. At
present, all studies report outcomes of bevacizumab regimes
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with duration less than two years. Further, only Morris et al.
[30] reported QOL outcomes, which highlighted the signifi-
cant increases in quality of life (using the disease-specific
NFTI-QOL measure [39]) in patients after 3 and 6 months
of bevacizumab therapy, with no significant change noted
in a matched, historic, bevacizumab-free cohort. If greater
granularity can be achieved in demonstrating that bevaci-
zumab positively impacts long-term QOL in NF2 patients,
firmer recommendations regarding treatment benefits may
be possible. To that end, long-term follow-up both on- and
off-therapy is required to ascertain the true clinical efficacy
of bevacizumab in this population, particularly given that
the high risk of adverse events may be more reasonable to
consider if post-treatment follow-up studies demonstrate
compelling long-term benefit, ideally in multiple domains
(e.g. tumor control, hearing preservation, QOL).

Conclusions

This metadata analysis evaluated the current literature in a
systematic fashion regarding the efficacy and safety of the
anti-angiogenic monoclonal antibody bevacizumab for the
treatment of VS lesions in NF2 patients. We report that a
significant majority of patients will experience tumor control
and hearing improvement or preservation during therapy;
however, a considerable proportion will also experience a
serious treatment complication, such as hypertension, pro-
teinuria, or amenorrhea. Pediatric patients may respond less
favorably than adults based on present reported evidence.
Perhaps most importantly, our review demonstrates the
growing need for a standardized approach to both the clini-
cal utilization of bevacizumab in this population, as well as
reporting practices for short- and long-term follow-up and
QOL outcomes, and the ultimate need for higher level evi-
dence in the form of a preferably randomized, controlled
trial.

Compliance with ethical standards

Conflict of interest The authors report no funding sources or conflict
of interest concerning the materials or methods used in this study or
the findings specified in this paper.

References

1. Asthagiri AR, Parry DM, Butman JA, Kim HJ, Tsilou ET, Zhuang
Z, Lonser RR (2009) Neurofibromatosis type 2. Lancet (London,
England) 373(9679):1974-1986. https://doi.org/10.1016/s0140
-6736(09)60259-2

2. Evans DG (2009) Neurofibromatosis type 2 (NF2): a clinical
and molecular review. Orphanet J Rare Dis 4:16. https://doi.
org/10.1186/1750-1172-4-16

10.

11.

12.

13.

14.

15.

16.

Evans DG (2009) Neurofibromatosis 2 [Bilateral acoustic neu-
rofibromatosis, central neurofibromatosis, NF2, neurofibromato-
sis type II]. Genet Med 11(9):599-610. https://doi.org/10.1097/
GIM.0b013e3181ac9a27

Evans DG, Huson SM, Donnai D, Neary W, Blair V, Newton V,
Harris R (1992) A clinical study of type 2 neurofibromatosis. Q J
Med 84(304):603-618

Mautner VF, Lindenau M, Baser ME, Hazim W, Tatagiba M,
Haase W, Samii M, Wais R, Pulst SM (1996) The neuroimag-
ing and clinical spectrum of neurofibromatosis 2. Neurosurgery
38(5):880-885; (discussion 885-886)

Dewan R, Pemov A, Kim HJ, Morgan KL, Vasquez RA, Chit-
tiboina P, Wang X, Chandrasekharappa SC, Ray-Chaudhury A,
Butman JA, Stewart DR, Asthagiri AR (2015) Evidence of poly-
clonality in neurofibromatosis type 2-associated multilobulated
vestibular schwannomas. Neuro-oncology 17(4):566-573. https
://doi.org/10.1093/neuonc/nou3 17

Plotkin SR, Stemmer-Rachamimov AO, Barker FG 2nd, Halpin
C, Padera TP, Tyrrell A, Sorensen AG, Jain RK, di Tomaso E
(2009) Hearing improvement after bevacizumab in patients with
neurofibromatosis type 2. N Engl ] Med 361(4):358-367. https://
doi.org/10.1056/NEJM0a0902579

Lloyd SKW, King AT, Rutherford SA, Hammerbeck-Ward CL,
Freeman SRM, Mawman DJ, O’Driscoll M, Evans DG (2017)
Hearing optimisation in neurofibromatosis type 2: a system-
atic review. Clin Otolaryngol 42(6):1329-1337. https://doi.
org/10.1111/coa.12882

Caye-Thomasen P, Werther K, Nalla A, Bog-Hansen TC, Nielsen
HJ, Stangerup SE, Thomsen J (2005) VEGF and VEGF receptor-1
concentration in vestibular schwannoma homogenates correlates
to tumor growth rate. Otol Neurotol 26(1):98-101

Dilwali S, Roberts D, Stankovic KM (2015) Interplay between
VEGF-A and cMET signaling in human vestibular schwannomas
and schwann cells. Cancer Biol Ther 16(1):170-175. https://doi.
org/10.4161/15384047.2014.972765

Uesaka T, Shono T, Suzuki SO, Nakamizo A, Niiro H, Mizo-
guchi M, Iwaki T, Sasaki T (2007) Expression of VEGF and its
receptor genes in intracranial schwannomas. J Neuro-oncology
83(3):259-266. https://doi.org/10.1007/s11060-007-9336-0
Wong HK, Lahdenranta J, Kamoun WS, Chan AW, McClatchey
Al, Plotkin SR, Jain RK, di Tomaso E (2010) Anti-vascular
endothelial growth factor therapies as a novel therapeutic
approach to treating neurofibromatosis-related tumors. Can-
cer Res 70(9):3483-3493. https://doi.org/10.1158/0008-5472.
Can-09-3107

Van Gompel 1J, Agazzi S, Carlson ML, Adewumi DA, Hadji-
panayis CG, Uhm JH, Olson JJ (2018) Congress of neurologi-
cal surgeons systematic review and evidence-based guidelines
on emerging therapies for the treatment of patients with ves-
tibular schwannomas. Neurosurgery 82(2):E52—-E54. https://doi.
org/10.1093/neuros/nyx516

Morris KA, Golding JF, Blesing C, Evans DG, Ferner RE, Fower-
aker K, Halliday D, Jena R, McBain C, McCabe MG, Swampillai
A, Warner N, Wilson S, Parry A, Afridi SK (2017) Toxicity pro-
file of bevacizumab in the UK Neurofibromatosis type 2 cohort. J
Neuro-oncology 131(1):117-124. https://doi.org/10.1007/s1106
0-016-2276-9

Moher D, Liberati A, Tetzlaff J, Althman D (2009) Preferred
reporting items for systematic reviews and meta-analyses: the
PRISMA statement. PLoS Med 6(7):e1000097.

Plotkin SR, Halpin C, Blakeley JO, Slattery lii WH, Welling
DB, Chang SM, Loeffler JS, Harris GJ, Sorensen AG, McKenna
MlJ, Barker Ii FG (2009) Suggested response criteria for phase 11
antitumor drug studies for neurofibromatosis type 2 related ves-
tibular schwannoma. J Neuro-oncology 93(1):61-77. https://doi.
org/10.1007/s11060-009-9867-7

@ Springer


https://doi.org/10.1016/s0140-6736(09)60259-2
https://doi.org/10.1016/s0140-6736(09)60259-2
https://doi.org/10.1186/1750-1172-4-16
https://doi.org/10.1186/1750-1172-4-16
https://doi.org/10.1097/GIM.0b013e3181ac9a27
https://doi.org/10.1097/GIM.0b013e3181ac9a27
https://doi.org/10.1093/neuonc/nou317
https://doi.org/10.1093/neuonc/nou317
https://doi.org/10.1056/NEJMoa0902579
https://doi.org/10.1056/NEJMoa0902579
https://doi.org/10.1111/coa.12882
https://doi.org/10.1111/coa.12882
https://doi.org/10.4161/15384047.2014.972765
https://doi.org/10.4161/15384047.2014.972765
https://doi.org/10.1007/s11060-007-9336-0
https://doi.org/10.1158/0008-5472.Can-09-3107
https://doi.org/10.1158/0008-5472.Can-09-3107
https://doi.org/10.1093/neuros/nyx516
https://doi.org/10.1093/neuros/nyx516
https://doi.org/10.1007/s11060-016-2276-9
https://doi.org/10.1007/s11060-016-2276-9
https://doi.org/10.1007/s11060-009-9867-7
https://doi.org/10.1007/s11060-009-9867-7

248 Journal of Neuro-Oncology (2019) 144:239-248

17. Plotkin SR, Merker VL, Halpin C, Jennings D, McKenna MJ, 31. Alanin MC, Klausen C, Caye-Thomasen P, Thomsen C, Fugle-
Harris GJ, Barker FG 2nd (2012) Bevacizumab for progressive holm K, Poulsgaard L, Lassen U, Mau-Sorensen M, Hofland KF
vestibular schwannoma in neurofibromatosis type 2: a retrospec- (2015) The effect of bevacizumab on vestibular schwannoma
tive review of 31 patients. Otol Neurotol 33(6):1046-1052. https tumour size and hearing in patients with neurofibromatosis type
://doi.org/10.1097/MAO.0b013e31825e73f5 2. Eur Arch Oto-Rhino-Laryngol 272(12):3627-3633. https://doi.

18. Halpin C, Rauch SD (2006) Using audiometric thresholds org/10.1007/s00405-014-3398-3
and word recognition in a treatment study. Otol Neurotol 32. Farschtschi S, Kollmann P, Dalchow C, Stein A, Mautner V-F
27(1):110-116 (2015) Reduced dosage of bevacizumab in treatment of vestibular

19. American Academy of Otolaryngology-Head and Neck Surgery schwannomas in patients with neurofibromatosis type 2. Eur Arch
Foundation, inc (1995) Committee on Hearing and Equilibrium Oto-Rhino-Laryngol 272(12):3857-3860
guidelines for the evaluation of hearing preservation in acoustic 33. Goutagny S, Kalamarides M (2018) Medical treatment in neu-
neuroma (vestibular schwannoma). Otolaryngol-Head Neck Surg rofibromatosis type 2. Review of the literature and presentation
113(3):179-180. https://doi.org/10.1016/s0194-5998(95)70101-x of clinical reports. Neurochirurgie 64(5):370-374. https://doi.

20. U.S. Department of Human Health Services (2010) Common org/10.1016/j.neuchi.2016.09.004
terminology criteria for adverse events (CTCAE) v4.0. National 34. Hochart A, Gaillard V, Baroncini M, Andre N, Vannier J-P, Vin-
Institutes of Health, . https://www.eortc.be/services/doc/ctc/ctcae chon M, Dubrulle F, Lejeune J-P, Vincent C, Neve V, Sudour Bon-
_4.03_2010-06-14_quickreference_5x7.pdf. Accessed Accessed nange H, Bonne NX, Leblond P (2015) Bevacizumab decreases
Mar 2019 vestibular schwannomas growth rate in children and teenagers

21. Freeman MF, Tukey JW (1950) Transformations related to the with neurofibromatosis type 2. ] Neuro-oncology 124(2):229-236
angular and the square root. Ann Math Stat 21(4):607-611. https 35. Sverak P, Adams ME, Haines SJ, Levine SC, Nascene D, Sommer
://doi.org/10.1214/a0oms/1177729756 K, Dusenbery K, Huang TC, Moertel C (2019) Bevacizumab for

22. DerSimonian R, Laird N (1986) Meta-analysis in clinical trials. hearing preservation in neurofibromatosis type 2: emphasis on
Controll Clin Trials 7(3):177-188 patient-reported outcomes and toxicities. Otolaryngol-Head Neck

23. Higgins JPT, Thompson SG, Deeks JJ, Altman DG (2003) Meas- Surg 160(3):526-532. https://doi.org/10.1177/019459981880908
uring inconsistency in meta-analyses. BMJ 327(7414):557-560 5

24. Atkins D, Best D, Briss PA, Eccles M, Falck-Ytter Y, Flottorp S, 36. Gilbert MR, Dignam JJ, Armstrong TS, Wefel JS, Blumenthal
Guyatt GH, Harbour RT, Haugh MC, Henry D, Hill S, Jaeschke DT, Vogelbaum MA, Colman H, Chakravarti A, Pugh S, Won
R, Leng G, Liberati A, Magrini N, Mason J, Middleton P, Mru- M, Jeraj R, Brown PD, Jaeckle KA, Schiff D, Stieber VW, Brach-
kowicz J, O’Connell D, Oxman AD, Phillips B, Schunemann HJ, man DG, Werner-Wasik M, Tremont-Lukats IW, Sulman EP,
Edejer T, Varonen H, Vist GE, Williams JW Jr, Zaza S (2004) Aldape KD, Curran WJ Jr, Mehta MP (2014) A randomized trial
Grading quality of evidence and strength of recommendations. of bevacizumab for newly diagnosed glioblastoma. N Engl J Med
BM]J 328(7454):1490. https://doi.org/10.1136/bm;j.328.7454.1490 370(8):699-708. https://doi.org/10.1056/NEJMoal308573

25. Wells G, Shea B, O’connell D, Peterson J, Welch V, Losos M, 37. Taal W, Oosterkamp HM, Walenkamp AME, Dubbink HJ, Beere-
Tugwell P (2016) The Newcastle-Ottawa Scale (NOS) for assess- poot LV, Hanse MCJ, Buter J, Honkoop AH, Boerman D, de Vos
ing the quality of nonrandomised studies in meta-analyses. Ottawa FYF, Dinjens WNM, Enting RH, Taphoorn MJB, van den Berk-
(ON): Ottawa Hospital Research Institute; 2009. Available in mortel FWPJ, Jansen RLH, Brandsma D, Bromberg JEC, van
March Heuvel I, Vernhout RM, van der Holt B, van den Bent MJ (2014)

26. Murad MH, Sultan S, Haffar S, Bazerbachi F (2018) Methodo- Single-agent bevacizumab or lomustine versus a combination of
logical quality and synthesis of case series and case reports. BMJ bevacizumab plus lomustine in patients with recurrent glioblas-
Evid-Based Med 23(2):60-63. https://doi.org/10.1136/bmjeb toma (BELOB trial): a randomised controlled phase 2 trial. Lancet
m-2017-110853 Oncol 15(9):943-953

27. Begg CB, Mazumdar M (1994) Operating characteristics of a rank 38. Wick W, Gorlia T, Bendszus M, Taphoorn M, Sahm F, Harting I,
correlation test for publication bias. Biometrics 50(4):1088-1101 Brandes AA, Taal W, Domont J, Idbaih A, Campone M, Clement

28. Egger M, Davey Smith G, Schneider M, Minder C (1997) Bias PM, Stupp R, Fabbro M, Le Rhun E, Dubois F, Weller M, von
in meta-analysis detected by a simple, graphical test. BMJ Deimling A, Golfinopoulos V, Bromberg JC, Platten M, Klein M,
315(7109):629-634 van den Bent MJ (2017) Lomustine and bevacizumab in progres-

29. Blakeley JO, Ye X, Duda DG, Halpin CF, Bergner AL, Muzikan- sive glioblastoma. N Engl J Med 377(20):1954—-1963. https://doi.
sky A, Merker VL, Gerstner ER, Fayad LM, Ahlawat S, Jacobs org/10.1056/NEJMoal707358
MA, Jain RK, Zalewski C, Dombi E, Widemann BC, Plotkin SR 39. Ferner RE, Shaw A, Evans DG, McAleer D, Halliday D, Parry A,
(2016) Efficacy and biomarker study of bevacizumab for hearing Raymond FL, Durie-Gair J, Hanemann CO, Hornigold R, Axon
loss resulting from neurofibromatosis type 2-associated vestibu- P, Golding JF (2014) Longitudinal evaluation of quality of life in
lar schwannomas. J Clin Oncol 34(14):1669-1675. https://doi. 288 patients with neurofibromatosis 2. J Neurol 261(5):963-969.
org/10.1200/jc0.2015.64.3817 https://doi.org/10.1007/s00415-014-7303-1

30. Morris KA, Golding JF, Axon PR, Afridi S, Blesing C, Ferner

RE, Halliday D, Jena R, Pretorius PM, Evans DG, McCabe
MG, Parry A (2016) Bevacizumab in neurofibromatosis type 2
(NF2) related vestibular schwannomas: a nationally coordinated
approach to delivery and prospective evaluation. Neuro-oncology
Pract 3(4):281-289. https://doi.org/10.1093/nop/npv065

@ Springer

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1097/MAO.0b013e31825e73f5
https://doi.org/10.1097/MAO.0b013e31825e73f5
https://doi.org/10.1016/s0194-5998(95)70101-x
https://www.eortc.be/services/doc/ctc/ctcae_4.03_2010-06-14_quickreference_5x7.pdf
https://www.eortc.be/services/doc/ctc/ctcae_4.03_2010-06-14_quickreference_5x7.pdf
https://doi.org/10.1214/aoms/1177729756
https://doi.org/10.1214/aoms/1177729756
https://doi.org/10.1136/bmj.328.7454.1490
https://doi.org/10.1136/bmjebm-2017-110853
https://doi.org/10.1136/bmjebm-2017-110853
https://doi.org/10.1200/jco.2015.64.3817
https://doi.org/10.1200/jco.2015.64.3817
https://doi.org/10.1093/nop/npv065
https://doi.org/10.1007/s00405-014-3398-3
https://doi.org/10.1007/s00405-014-3398-3
https://doi.org/10.1016/j.neuchi.2016.09.004
https://doi.org/10.1016/j.neuchi.2016.09.004
https://doi.org/10.1177/0194599818809085
https://doi.org/10.1177/0194599818809085
https://doi.org/10.1056/NEJMoa1308573
https://doi.org/10.1056/NEJMoa1707358
https://doi.org/10.1056/NEJMoa1707358
https://doi.org/10.1007/s00415-014-7303-1

	Efficacy and safety of bevacizumab for vestibular schwannoma in neurofibromatosis type 2: a systematic review and meta-analysis of treatment outcomes
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Search strategy
	Selection criteria
	Data extraction
	Meta-analysis
	Quality and bias assessment

	Results
	Search results
	Demographics and clinical features
	Radiographic response
	Hearing outcome
	Complications
	Surgical intervention
	Quality and bias assessment

	Discussion
	Limitations of the literature and future directions

	Conclusions
	References




