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Introduction

Neurofibromatosis type 2 (NF2) is a tumor predisposition
syndrome which affects �1 in 30,000 individuals world-
wide.1 NF2 develops as a result of mutation in the tumor

suppressor gene which encodes the protein Merlin and is
inherited in an autosomal-dominant manner, although 50%
of patients suffer a de novo mutation. Patients with NF2 are
at risk of the development of several nerve associated benign
tumors, particularly bilateral vestibular schwannomas (VS),
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Abstract Introduction Bevacizumab offers a medical treatment that may slow the growth of
vestibular schwannomas (VS) and possibly preserve hearing in patients with neurofi-
bromatosis type 2 (NF2). This study aims to investigate the effect of long-term
bevacizumab treatment on VS progression.
Methods Demographic, clinical, audiometric, and radiographic datawere collected from
themedical records of NF2 patients treated with bevacizumab at a tertiarymedical center.
Results Eleven tumors from seven NF2 patients treated with bevacizumab were
analyzed. The median age was 17 years (range: 12–47 years). Median bevacizumab
treatment time was 33 months (range: 12–74 months). Of five patients with service-
able hearing pretreatment, one (20%) maintained serviceable hearing during bevaci-
zumab therapy. Significantly slower growth rates for both tumor diameters and tumor
volumes were identified during active bevacizumab treatment. Median tumor dia-
meters and volumes during active bevacizumab treatment were 0 cm/year (range: –
0.13–0.17 cm/year) and 0.1 cm3/year (range: –0.92–0.41), compared with 0.37 cm/
year (range: 0–1.5 cm/year, p ¼ 0.0011) and 1.38 cm3/year (range: 0.013–3.74),
respectively, without bevacizumab treatment (p ¼ 0.0263). Reduced tumor progres-
sion was noted with bevacizumab treatment utilizing both linear greatest diameter
(hazard ratio 0.16, p ¼ 0.006) and segmentation volumes (hazard ratio 0.15,
p ¼ 0.023). Complications of bevacizumab treatment included fatigue (43%), nau-
sea/vomiting (43%), hypertension (43%), epistaxis (29%), and proteinuria (29%). One
subject had a cerebrovascular accident detected on screening magnetic resonance
imaging without symptoms or neurological sequelae.
Discussion Bevacizumab may reduce tumor growth rate and the risk of progression
based on both volumetric and linear measurements.
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meningiomas, cranial and peripheral nerve schwannomas,
ependymomas, posterior subcapsular opacities, and spinal
cord tumors.2 Hearing loss is the most common presenting
symptom in patients with VS.2,3 Because surgical resection
and radiation can lead to worsening of hearing and nerve
damage, the treatment algorithm for patients with NF2 often
involves observation until hearing is no longer serviceable or
the patient develops other intractable symptoms. Although
there are microsurgical approaches that offer the potential
for hearing preservation, such as the middle fossa or retro-
sigmoid approaches, hearing preservation rates may be
lower in patients with NF2 as compared with those patients
with sporadic VS.4–6 Similarly, hearing preservation rates
following radiation treatment for VS in NF2 patients may be
worse than microsurgery.7

Recently, bevacizumab has been shown to slow or even
halt VS growth while improving hearing in some patients
with NF2.8–10 Bevacizumab is a monoclonal antibody that
targets vascular endothelial growth factor, an important
driver of angiogenesis, and was originally developed as a
chemotherapeutic agent for colorectal cancer, renal cell
cancer, and non-small cell lung cancer.11 This study aims
to investigate the effects of long-term bevacizumab treat-
ment on VS growth rates and progression at a university-
based NF2 program.

Methods

This study is a retrospective chart review of all NF2 patients
treated with bevacizumab at the University of Texas South-
western (UTSW) Medical Center Neurofibromatosis Type 2
Program from October 2010 through September 2017. This
study was approved by the UTSW Institutional Review Board
(122016–038). Patients were treated with bevacizumab at
doses of 10 mg/kg every 2 weeks for 6 months before transi-
tioning to a maintenance dose of 5 mg/kg every 3 weeks
indefinitely or until side effects resulted in treatment cessa-
tion. Demographic, clinical, and audiometric data were col-
lected from the electronic medical record. Primary endpoints
were linear and volumetric tumor growth rates, as well as a
categorical definition of tumor progression, defined by > 2
mm increase in a tumor’s greatest axial dimension or >20%
increase in tumor volume. Hearing data, specifically pure tone
average (PTA) and word recognition score (WRS), were also
collected. PTA was calculated based on a four-frequency
average (0.5, 1, 2, and 3 kHz) at the following time points:
(1) audiogram at presentation, (2) most recent audiogram
prior to starting bevacizumab, (3) audiogram at the end of
bevacizumab treatment, and (4) latest audiogram. For the
purposes of hearing preservation, serviceable hearing was
defined as class A or B hearing according to the 1995 AAOHNS
guidelines.12 Clinical notes were reviewed to determine if
adverse effects occurred during bevacizumab treatment.

All magnetic resonance imaging (MRI) studies, which
were obtained every 6 months to 1 year, were imported
into Brainlab iPlan software (Munich, Germany). Utilizing
T1-weighted post-contrast (T1c) images, measurements
were conducted by two reviewers. Measurements included

the greatest axial tumor diameter and tumor volumes, the
latter of whichwere calculated using the automatic segmen-
tation software package. This required manual tracing of
several individual axial slices of the tumor. Growth rates
were calculated by determining the difference in linear and
volumetric measurements and dividing this by the interven-
ing time period between imaging studies.

Continuous variables were summarized with medians,
ranges, frequency counts, and percentages for non-normally
distributed data. Linear and volumetric tumor growth rates
were compared for patients on and off bevacizumab treat-
ment, the latter of which was considered the longest period
of surveillance prior to or following bevacizumab therapy,
using the Wilcoxon Rank-Sum test. Cox regression models
were then used to assess and compare tumor progression
while on and off bevacizumab treatment using the exact
marginal likelihood method with progression as the failure
event. All statistics were performedwith Stata/IC 14.1, 2016.

Results

Eleven tumors in seven subjects with NF2 were treated with
bevacizumab. Demographic and treatment data are summar-
ized in►Table 1. Themedian age of the subjects at the start of
treatment was 17 years (range: 12–47 years). Four subjects
were white (57.1%), twowere Hispanic (28.6%), and one was
African American (14.3%). All patients had lost serviceable
hearing in one ear prior to the start of bevacizumab

Table 1 Demographic and treatment characteristics of enrolled
subjects

Total patients 7 patients

Gender 4 (57.1%) male, 3 (42.9%) female

Age Median 17 years (range: 12–47)

Ethnicity White 4 (57.1%)

African American 1 (14.3%)

Hispanic 2 (28.6%)

Bevacizumab
induction dose

10 mg/kg every 2 weeks

Bevacizumab
maintenance
dose

5 mg/kg every 3 weeks

Bevacizumab
treatment time

Median 33 months (range: 12–74)

Follow-up Median 57 months (range: 15–147)

Hearing at start
of bevacizumab
treatment

5 ears with serviceable hearing

Median PTA 40 dB (range: 7.5–47.5)

Median WRS 100%
(all 5 ears with 100%)

Hearing at end
of bevacizumab
treatment

1 ear with serviceable hearing

Median PTA 58.75 dB
(range: 31.75–115)

Median WRS 90% (range: 0–92).

Abbreviations: PTA, pure tone average; WRS, word recognition score.
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treatment. After a discussion of the risks, benefits, and
alternatives to bevacizumab treatment, patients consented
to treatment. The median duration of bevacizumab treat-
ment was 33 months (range: 12–74 months). Complications
of bevacizumab treatment (►Fig. 1) included fatigue (3/7,
43%), nausea/vomiting (3/7, 43%), hypertension (3/7, 43%),
epistaxis (2/7, 29%), proteinuria (2/7, 29%), irregular men-
strual cycle (2/7, 28%), mucositis (1/7, 14%), conjunctivitis (1/
7, 14%), and diarrhea (1/7, 14%). All episodes of hypertension
were controlled with antihypertensive medications, and no
episodes required cessation of bevacizumab treatment. One
subject had a cerebrovascular accident detected on screening
MRI without symptoms or neurological sequelae while on
bevacizumab therapy.

Hearing data was available for six patients (►Table 1).
Median audiometric follow-up off and during bevacizumab
treatment was 25.7 months (range: 11.6–74.9 months) and
47.5 months (range: 14.1–77.7 months), respectively. Five
patients (83.3%) had class A or B hearing in one ear at the start
of bevacizumab treatment—class A:1 ear, class B: 4 ears, class
C: 0 ears, class D: 7 ears. Themedian PTA for these 5 ears at the

start of bevacizumab treatment was 40 dB (range: 7.5–47.5)
and all had WRS of 100%. During bevacizumab treatment,
hearing did not improve in any patient, and one (20%) pre-
served class A or B hearing at the conclusion of bevacizumab
treatment—classA:0ears, class, B: 1 ear, classC: 2ears, classD:
9 ears. Post-treatment median PTA was 58.75 dB (range:
31.75–115) and median WRS was 90% (range: 0–92).

►Table 2 outlines the effect of bevacizumab on tumor
growth rates. ►Fig. 2 displays an example MRI of a VS prior
to bevacizumab (A) and at the end of bevacizumab therapy (B),
demonstrating a reduction in tumor volume to 49.5% of the
initial tumor volume at the conclusion of bevacizumab ther-
apy. The median greatest axial linear dimension and tumor
volume at presentation was 2.1 cm (range: 0.7–3.8 cm) and
2.89 cm3 (range: 0.04–15.75 cm3), respectively, whereas the
median greatest axial linear dimension and tumor volume at
the start of treatment was 2.6 cm (range: 1.4–4.1 cm3) and
3.23 cm3 (range: 0.30–18.48 cm3), respectively. Linear axial
tumor growth rate during bevacizumab treatment (median
0 cm/year, range: –0.13–0.17 cm/year) was significantly
slower (p ¼ 0.0011) when compared with the linear growth

Fig. 1 Complications associated with bevacizumab treatment.

Table 2 Comparison of tumor growth for tumors on and off bevacizumab treatment

Characteristic On bevacizumab Off bevacizumab Wilcoxon Rank-Sum
(p-value)

Growth in tumor
diameter

Median 0 cm/year
(range: �0.13–0.17)

Median 0.37 cm/year
(range: 0–1.5)

p ¼ 0.0011

Growth in tumor
volume

Median 0.1 cm3/year
(range: �0.92–0.41)

Median 1.38 cm3/year
(range: 0.013–3.74)

p ¼ 0.0263
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rate off bevacizumab (the longer period of observation
between prior to initiation of treatment or following the
cessation of treatment) (median 0.37 cm/year, range: 0–
1.5 cm/year). Tumor volume growth rate during bevacizumab
treatment (median 0.1 cm3/year, range: -0.92–0.41 cm3/year)
was also significantly slower (p ¼ 0.0263) when compared
with the tumor volumetric growth rate off bevacizumab
(median 1.38 cm3/year, range: 0.013–3.74 cm3/year).

Axial linear tumor diameter freedom from growth while
on bevacizumab at 1, 2, and 3 years were 90, 79, and 53%,
respectively, compared with 60, 36, and 0% for tumors off
bevacizumab. Axial linear growth (►Fig. 3) during bevaci-

zumab treatment was reduced (hazard ratio 0.16, p ¼ 0.006)
compared with tumor progression off bevacizumab. Volu-
metric tumor freedom fromgrowthwhile on bevacizumab at
1, 2, and 3 years were 100, 88, and 70%, respectively,
compared with 85, 64, and 0% for tumors of bevacizumab.
Volumetric tumor progression (►Fig. 4) during bevacizumab
treatment was reduced (hazard ratio 0.15, p ¼ 0.023) com-
pared with progression off bevacizumab.

Discussion

Treatment of VS in NF2 is challenging. Tumor control rates
with stereotactic radiosurgery in NF2 have been reported to
be 85% over 5 years in a recent review,13 compared with
97.1% for sporadic VS,14 though there was no statistically
significant difference between tumor control in a recent
matched cohort study.15 Chung et al7 performed a systemic
review comparing surgery and radiation in NF2 patients.
Radiation had a control rate of 75.1% compared with 91.9%
with surgery, and radiation had significantly worse hearing
preservation (40.1 vs 52.0%) but significantly improved facial
nerve preservation compared with surgery (92.3 vs 75.7%).7

Nevertheless, NF2 patientsmay haveworse rates of hearing
preservation following surgery when compared with patients
with sporadic VS. For middle cranial fossa approaches, Doyle
and Shelton reported a 38% hearing preservation rate for NF2
patients in1993,5 comparedwithahearingpreservation rate in
68% of patients with sporadic VS.4However, Slattery et al later
showed a hearing preservation rate of 65% in NF2 patients
following a gross-total resection via middle cranial fossa
approach, though 57.4% of patients with a minimum follow-
up of 5 years had recurrent tumor in the surgical field.6 With
regard to the retrosigmoid approach, Chen et al reported a
hearing preservation rateof41.6%withagross tumor resection

Fig. 3 Kaplan–Meier plot demonstrates freedom from linear progression for tumors while off bevacizumab (dashed line) and during
bevacizumab treatment (solid line). Cox regression demonstrated a significant reduction in linear progression with bevacizumab treatment.

Fig. 2 Axial T1-weighted postgadolinium magnetic resonance ima-
ging demonstrating left vestibular schwannoma extending into the
cerebellopontine angle prior to bevacizumab therapy (A) and at the
end of bevacizumab therapy (B). Tumor volume at the end of
bevacizumab was 49.5% of the starting volume.
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rate of 84.6% for NF2 patients,16 compared with hearing pre-
servation rate of 72% for small sporadically arising VS by
Yamakami et al.17

Given thebilateral nature of VS inNF2 and the possibility of
worsening hearing with either surgery or radiation, conserva-
tive management of these tumors has gained favor. With
regard to hearing for stable tumors in NF2 patients, a recent
systematic review by Lloyd et al suggested that the best
management option would be observation with surveillance
MRI until the tumors are confirmed to be growing.18 Medical
treatment with bevacizumab offers another possible treat-
ment modality for growing tumors in hopes of preserving
serviceable hearing. Bevacizumab (literature summarized
in ►Table 3) was first reported to show efficacy in patients
with NF2 with bilateral VS in 2009, in which 9/10 patients
treated for a median of 12 months had a reduction in tumor
size.8 In a series of 31patientswith amedian treatment timeof
14months, Plotkin et al demonstrated tumor stability, defined

as<20%volume growth, in 88%by1 year and67%by2 years of
bevacizumab treatment.9Alaninet al reportedona seriesof12
patients treated for amedian length of 22months and showed
that 83% had a reduction in tumor volume while 3/13 (23%)
had improvement of 10 to 22% in WRS.10 In their recent
systematic review, Lloyd et al reported on a total of 60 tumors
treatedwithbevacizumaband foundthat66.9%ofpatientshad
a reduction in tumor volume and 48.3% had hearing improve-
ment,withamedian improvement inWRSby10%.18Lloydetal
suggested that treatment of growing tumors with bevacizu-
mab offers an improved probability of hearing preservation
over surgery or radiation.18

In the present series, we report longer term use of bev-
acizumab thanpreviously published studies (median length of
treatment of 33 months). Moreover, we demonstrate signifi-
cantly reduced tumor growth with treatment. Freedom from
both linear and volumetric progression (1 year: 90%, 100%; 2
years: 79%, 88%; 3 years: 53%, 70%) were similar to those

Table 3 Summary of other bevacizumab studies

Article Sample
size

Dose Median
treatment time

Response

Plotkin et al8 10 patients 5 mg/kg every 2 weeks 12 months 90% with reduction in tumor size

Plotkin et al9 31 patients 5 mg/kg every 2 weeks 14 months Freedom from progression in 88% by
1 year and 67% by 2 years

Alanin et al10 12 patients First 6 months: 10 mg/kg every
2 weeks Maintenance:
15 mg/kg every 3 weeks

22 months Reduction in tumor volume in 88%

Current
study

7 patients First 6 months:
10 mg/kg every 2 weeks
Maintenance:
5 mg/kg every 3 weeks

33 months Freedom from linear and volumetric
progression, respectively:
1 year: 90%, 100%
2 years: 79%, 88%
3 years: 53%, 70%

Fig. 4 Kaplan–Meier plot demonstrates freedom from volumetric progression for tumors while off bevacizumab (dashed line) and during bevacizumab
treatment (solid line). Cox regression demonstrated a significant reduction in volumetric progression with bevacizumab treatment.
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reported by Plotkin et al Both median linear growth and
volumetric growth were significantly reduced, and time to
growth was significantly prolonged by both linear and volu-
metricmeasurements. In our series, 20% of patients preserved
serviceable hearing at the conclusion of bevacizumab treat-
ment, though this only applied to five ears that started with
serviceable hearing (class A or B hearing), and no ears demon-
strated improvement with bevacizumab treatment. Given our
small sample size and small number of ears with serviceable
hearing, robust statistical analysis was impossible, and draw-
ing conclusions regarding hearing improvement or preserva-
tion in this series is problematic.

Bevacizumab is generally well tolerated but has been
associated with adverse effects, including thrombosis, bleed-
ing,hypertension, andproteinuria.11Plotkinet al reportedside
effects of hypertension, epistaxis, and proteinuria in their
series treating NF2 patients.9 More concerning, Alanin et al
reported one NF2 patient treatedwith bevacizumabwho died
following a cerebral hemorrhage.10 In our study, toxicity was
overallmanageablewith similar complications reported in the
literature, namelyhypertension,proteinuria, epistaxis, fatigue,
mucositis. One patient had a cerebrovascular accident, though
there were no residual neurologic deficits.

This study is limited in several aspects. The sample size is
small. While the median treatment time is longer than other
studies, there isonepatientwitha treatment timeofonly1year.
Additionally, this study is retrospective in nature. Furthermore,
due to the sample size,multivariate analysiswas not possible to
further analyze factors affecting the response to treatment.
Additionally, this study is limited in that only six patients had
audiometric data, limiting our ability to report on hearing
outcomes. Nevertheless, this study demonstrates using both
linear and volumetric measurements that bevacizumab may
have efficacy in slowing tumor progression in VS in NF2.

Conclusion

This study demonstrates that long-term bevacizumab use is
effective at reducing tumor progression for VS in patients
with NF2. Toxicity was limited and treatment was well
tolerated, although there was one case of cerebrovascular
accident. Patients and providers should be aware of the risk
of serious adverse events with bevacizumab therapy.
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