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ABSTRACT 

Objective: Early studies suggest that bevacizumab treatment can result in tumor shrinkage and 

hearing improvement for some patients with neurofibromatosis 2 (NF2). The aim of this study 

was to report extended follow-up in a larger cohort of similarly treated patients.  

Study Design:  Retrospective study.   

Setting:  Tertiary referral center 

Patients:  31 consecutive NF2 patients who received bevacizumab for progressive vestibular 

schwannomas. 

Main Outcome Measure:  Hearing improvement, defined as an improvement in word 

recognition score above the 95% critical difference compared with baseline, and radiographic 

response, defined as a ≥20% decrease in tumor volume compared with baseline. 

Results:  The median age was 26 years (range, 12–73).  The median volumetric tumor growth 

rate before treatment was 64% per year.  At the time of analysis, the median duration of 

treatment was 14 months (range, 6–41) with a total of 45 patient-years of follow up.  A hearing 

response occurred in 13/23 (57%) evaluable patients, and a radiographic response in 17/31 (55%) 

of target vestibular schwannomas.  The median time to response was 3 months for both 

endpoints.  The only clinical or radiographic feature at baseline that correlated with change in 

tumor volume at 3 months was the mean apparent diffusion coefficient (ADC) value, a 

radiologic marker of edema (p=0.036).   90% of patients had stable or improved hearing after 1 

year of treatment and 61% at 3 years.  88% of patients had stable or decreased tumor size after 1 

year of treatment and 54% at 3 years.  Overall, treatment was well tolerated. 

Conclusion:  Bevacizumab treatment was followed by hearing improvement and tumor 

shrinkage in over 50% of progressive vestibular schwannomas in NF2 patients.  Stable or 
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improved hearing was retained in the majority of patients. 
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INTRODUCTION 

Neurofibromatosis type 2 (NF2) is a hereditary tumor predisposition syndrome caused by 

mutations in the NF2 tumor suppressor gene.  Individuals with NF2 have a higher likelihood to 

develop multiple nervous system tumors, including schwannomas, meningiomas, and 

ependymomas.1  The hallmark of NF2 is bilateral vestibular schwannomas.  These tumors arise 

from the vestibular portion of cranial nerve VIII; over time, they lead to hearing loss, tinnitus, 

and imbalance.  Historically, most NF2 patients experience complete hearing loss either from 

tumor progression or after treatment of the tumors with surgery or radiation.  In unselected NF2 

patients, the average linear growth rate of vestibular schwannomas is 1.9 mm/year.2  NF2 

patients also experience progressive hearing loss over time.3  In NF2 patients with progressive 

vestibular schwannomas, the median times to hearing loss and volumetric tumor progression are 

9 and 9.2 months, respectively, after treatment with erlotinib.4  Effective treatments are urgently 

needed for NF2 patients with progressive hearing loss, because hearing loss is associated with 

impairment in social, emotional, and communication function, and increased depression. 5-7   

Previous studies of NF2 patients treated with bevacizumab suggested that inhibition of 

vascular endothelial growth factor (VEGF) could result in hearing improvement and reduction in 

tumor size.8-10  However, the durability of these effects on hearing and tumor size is unclear.11  

Therefore, we retrospectively addressed this question in a larger series of patients treated at a 

single institution with a total of 45 patient-years of follow up. 

 

MATERIALS AND METHODS 

Study Cohort 
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We offered bevacizumab on a compassionate-use basis to patients who fulfilled clinical 

diagnostic criteria for NF2,12;13 had evidence of progressive vestibular schwannomas and were 

considered poor candidates for surgery and radiation therapy or refused these treatments.  

Consecutive patients who met these criteria and received at least one bevacizumab dose as of 

March 4, 2011, were included in the analysis.  Seven patients were previously treated with 

erlotinib (patients 1-5 and 7-9).4  The annual tumor growth rate prior to treatment was calculated 

using the immediate pre-treatment MRI scan and scans obtained within 1 year before treatment. 

Treatment 

 Baseline MRI and audiology were performed before starting treatment (median 1 month; 

range, 0.1 – 9 months). Clinical evaluation including a physical exam, complete blood count, 

chemistry panel, and urinalysis was performed every 2 to 4 weeks during treatment.  Tumor 

response was monitored using serial MRI scanning at clinical visits every 3 months.  Tumor 

volumetric analysis was performed as described previously.14  To investigate whether tumor 

shrinkage might be related, in part, to a decrease in intratumoral vasogenic edema, we 

subsequently determined the mean apparent diffusion coefficient, a measure of the magnitude of 

diffusion of water molecules within tissue and a radiographic marker of edema within vestibular 

schwannomas at baseline.15 

 Hearing response was monitored using serial audiologic evaluations including 

determination of pure tone thresholds and word recognition scores.16;17    Toxicity data were 

collected during routine clinic visits and were scored according to the National Cancer Institute’s 

Common Terminology Criteria for Adverse Events, version 4.0.  The institutional review board 

at Massachusetts General Hospital approved the retrospective chart review. All patients provided 

written informed consent for treatment. 
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Criteria for hearing improvement and radiographic responses 

Hearing improvement was defined as a statistically significant increase in word 

recognition score (p < 0.05) compared to the baseline score.18  Patients were eligible for hearing 

improvement if their pretreatment word recognition score was ≤ 94% on a 50-word list (i.e., if 

their baseline hearing allowed for a measurable increase above the upper limit of the critical 

difference threshold).  Patients with surgically absent auditory nerves were not eligible for 

hearing improvement.  Differences between word recognition scores at baseline and during 

treatment were compared using published tables for word recognition scores 19 and the American 

Academy of Otolaryngology-Head and Neck Surgery (AAO-HNS) Committee on Hearing and 

Equilibrium classification.20  Radiographic response was defined as a decrease in tumor volume 

of 20% or more compared to the pretreatment baseline.21   

Criteria for progressive hearing loss and radiographic progression 

Hearing loss was defined as a statistically significant decrease in word recognition score 

(p < 0.05) compared to the baseline either due to tumor progression or to surgery.18  Patients 

were eligible for progressive hearing loss if their pretreatment word recognition score was ≥ 6% 

on a 50-word list (i.e., allowed for a measurable decrease below the lower limit of the critical 

difference threshold).  Radiographic progression was defined as either (1) an increase in tumor 

volume of 20% or more on the most recent MRI study compared to the pretreatment baseline, or 

(2) surgery for the target vestibular schwannoma.21  Survival times were calculated from the start 

of bevacizumab treatment until analysis was closed on 4/1/2011.  Tumor size and hearing 

function in patients on drug holidays due to adverse events, surgical treatment of non-vestibular 

tumors, or insurance coverage issues were included in the analysis.   
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Statistical Analyses 

We calculated descriptive statistics for clinical and demographic factors for the study 

group.  We used ordinal logistic regression to test for factors predicting hearing response or 

radiographic response (best response, coded as response/stable/progression).  Continuous 

variables were coded as greater than vs. less than or equal to the median during regression 

analysese. We used Kaplan Meier methods to estimate time to hearing loss and time to 

radiographic progression and Cox proportional hazards regression to test for factors predicting 

loss of hearing or radiographic progression.  All statistical calculations were performed using the 

statistical programming language R Version 2.12 (R Development Core Team, Vienna, 

Austria).22   

 

RESULTS 

Study Cohort and Treatment 

The baseline clinical characteristics of the 31 consecutive patients we treated using 

bevacizumab for NF2-related vestibular schwannoma are shown in Table 1 and Supplemental 

Digital Content 1.  Twenty-five patients were at risk for hearing loss in their only (or better) 

hearing ear as the indication for starting treatment, and 6 were at risk for critical brainstem 

compression.  All patients were poor candidates for standard treatment or refused these 

treatments.  Fourteen men and seventeen women with a median age of 26 years (range, 12 to 73 

years) received bevacizumab 5 mg/kg IV every 2 weeks.  The median annual tumor volume 

growth rate before treatment was 64% (range, -19% to 240%).  The median duration of treatment 

at the time of analysis was 14 months (range, 6 to 41 months) with twenty patients followed for 

at least one year (Fig. 1) and 25 patients still receiving treatment at the time of analysis.  Six 
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patients stopped therapy for clinical progression of the target VS or other NF2-related tumor 

after a median of 11.5 months (range, 3 – 18 months). 

Radiologic and Hearing Responses 

A total of 31 target vestibular schwannomas and 20 contralateral vestibular schwannomas 

could be evaluated for radiologic response. Most vestibular schwannomas had a detectable 

decrease in tumor size (Fig. 2A).  The overall radiologic response rate (i.e., a decrease in tumor 

volume of 20% or more compared to baseline) was 53% (27/51, Figure 2A).  For the target 

vestibular schwannomas, the radiologic response rate was 55% (17/31) and for contralateral 

vestibular schwannomas the rate was 50% (10/20).  Of 27 radiologic responses, 18 were 

confirmed on subsequent imaging.  Of the 9 tumors without a confirmed response, 5 showed a 

transient decrease in volume of 20% with subsequent growth, 2 had a response at their most 

recent imaging and have not yet had confirmatory imaging, and 2 tumors had only 1 post-

treatment scan before undergoing surgery for an unrelated tumor.  The median time to radiologic 

response was 3 months, with 94% of responding target tumors and 60% of responding non-target 

tumors having a response by 3 months (Figure 2B).  Overall, 17/19 (89%) of responding patients 

had a response by 3 months in at least one tumor.  There was a significant correlation between 

radiographic response in the target vestibular schwannoma and the contralateral schwannoma (P 

< 0.05).   

Among the six patients at risk for critical brainstem compression, the radiographic 

response rate of the target VS was 50%.  During treatment, 4 patients experienced progressive 

tumor growth of a target VS (3 patients) or other NF2-related tumor (1 patient).  Bevacizumab 

was discontinued in 3 patients and was followed by surgery after 1.7, 2.9, and 3.2 months.  There 
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were no post-operative complications related to bevacizumab use but two patients died after 

surgery (2.0, 2.9 months) due to post-operative medical complications. 

A total of 23 target vestibular schwannomas and 5 contralateral vestibular schwannomas 

could be evaluated for hearing response.  Two patients were not eligible for hearing response 

because they did not have auditory nerves due to previous surgery, and six patients were 

ineligible for hearing improvement due to baseline word recognition score of 94% or greater. 

Most patients had some increase in word recognition score (Fig. 2C).  The overall hearing 

response rate was 57% (16/28).  For the target ears, the hearing response rate was 58% (13/23) 

and for contralateral ears the rate was 60% (3/5).  Of three people with word recognition scores 

of 0% prior to treatment, two developed measurable scores:  one patient’s score peaked at 42% 

and the other peaked at 28%.    Of 16 hearing responses, 14 were confirmed on subsequent 

audiology.  Of the 2 patients without a confirmed hearing response, one achieved a response, but 

was measured on only one audiogram before treatment was held for insurance issues.  During the 

drug holiday, word recognition declined; after treatment resumed, the patient again achieved a 

hearing response on the first audiogram after resuming treatment. The other patient had multiple 

audiograms during treatment but did not have a second study that confirmed the hearing 

response. The median time to hearing response was 3 months, with 85% of responding target 

ears and 33% of responding non-target ears having a response by 3 months.  Overall, 12/16 

(75%) responding patients had a response by 3 months in at least one ear.   

Twenty-nine tumors in 23 patients were evaluable for both hearing and radiographic 

response.  There was no correlation between hearing response and radiographic response, either 

when analyzed per patient or per tumor (χ2=0.11, p=0.74 ).  
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Predictors of response 

We tested the following clinical factors as predictors of best radiologic and hearing 

response: age, gender, baseline tumor volume, baseline annual growth rate, baseline AAO-HNS 

hearing classification, and baseline word recognition score.  None of these clinical factors 

correlated significantly with either radiologic or hearing response (P>0.05).Five patients received 

radiation and 16 patients received other chemotherapy prior to treatment with bevacizumab.   

The median time between radiation therapy and the start of bevacizumab treatment was 11 years 

(range, 2 to 13 years).  The radiologic response rate was 71% (5/7) for radiated tumors and was 

59% (16/27) for tumors treated with previous chemotherapy.  Four evaluable tumors in four 

patients received radiation therapy to a target vestibular schwannoma prior to bevacizumab.  In 

this group, a hearing response was noted in 3 patients (75%). 

Baseline apparent diffusion coefficient (ADC) values for tumors were available for 29 

target schwannomas and 16 contralateral schwannomas.  The mean ADC value of a tumor at 

baseline correlated modestly with subsequent change in tumor volume at 3 months (Figure 3).  

This effect was strongest for target vestibular schwannomas (N=29, r=-0.458, p=0.016), but was 

also present when considering all vestibular schwannomas (N=45, r=-0.32, p=0.036). 

Time to tumor growth 

All 31 patients were evaluable for radiologic progression in the target ear.    Seven target 

tumors progressed during treatment, including 3 with tumor growth and 4 who required surgery 

for the target vestibular schwannoma.  The rates of tumor stability or shrinkage (i.e., freedom 

from tumor growth or surgery) at last follow up were 88% at 1 year, 67% at 2 years, and 54% at 

3 years (Fig. 4A).  The median time to tumor growth was not reached by the time of analysis.  

Three patients with stable disease at last follow up experienced fluctuations in tumor volume 
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during treatment, with occasional values more than 20% larger than baseline.   These 3 patients 

were maintained on bevacizumab by physician discretion due to favorable hearing response 

during treatment. 

Time to hearing loss 

A total of 26 patients were evaluable for hearing loss in the target ear; the remaining five 

patients had no measurable hearing at baseline.  Four patients experienced hearing loss in the 

target ear during treatment, including 3 patients with hearing loss on bevacizumab and one who 

lost hearing from surgery for a progressive tumor.  Overall, the rates of hearing stability or 

improvement (i.e., freedom from hearing loss for any reason) at last follow up were 90% at 1 

year, 81% at 2 years, and 61% at 3 years (Fig. 4b).  The median time of hearing preservation was 

not reached by the time of analysis.  The AAO-HNS hearing classification for patients before 

treatment and at last follow up is shown in Supplemental Digital Content 2.  Six of 31 (19%) 

patients moved up at least one class during treatment, 20/31 (65%) did not change class, and 5/31 

(16%) declined one class. 

Drug interruptions 

There were 17 drug interruptions lasting longer than one month in 12 patients.  The 

reasons for drug interruptions included surgery for a non-vestibular tumor (6), adverse event (6, 

including 1 hypertension, 2 proteinuria, 2 menorrhagia, and 1 pneumonia), loss of insurance 

coverage (3), and patient preference (2).  The median length of drug interruption was 3.2 months 

(range, 1.6 -15.1 months).    The median growth in tumor volume for a target tumor during drug 

interruption was 9.3% overall (range, -2.5% to 46.1%), or 2.6% per month (range, -1.4% to 

12.1%).  Six interruptions occurred in patients with a contralateral vestibular schwannoma; the 

median growth for contralateral tumor was 12.0% overall and 2.5% per month.  Fifteen drug 
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interruptions occurred in patients evaluable for hearing loss.  Hearing significantly declined 

during 4 interruptions in 4 separate patients, and remained stable during 9 interruptions in 8 

patients.  Hearing could not be measured during two interruptions due to the timing of audiology 

assessments.   

Adverse Events 

We identified 168 adverse events during 572 patient-months of treatment (Table 2).  

There were 134 grade 1 adverse events (79%), 26 grade 2 events (15%), 8 grade 3 events (5%) 

and 1 grade 4 event (1%).  The most common adverse events were menorrhagia (50%) and 

irregular menses (50%) in pre-menopausal women and hypertension (35%) and proteinuria 

(35%) in all patients.  Grade 2 proteinuria led to dose interruption in 3 of 31 patients (11%); all 

subsequently restarted treatment after proteinuria improved.  Seven patients (23%) noted 

symptoms associated with bevacizumab infusion including fatigue (5), nausea (1), headache (1), 

and abdominal discomfort (1).  There were no intracranial hemorrhages or treatment-related 

deaths. 

 

DISCUSSION 

The results of this study agree with previous estimates of the activity of bevacizumab 

against progressive vestibular schwannoma in NF2 patients.8;10;23;24  In this larger cohort of 31 

patients with 52 vestibular schwannomas and a total of 45 patient-years of follow up, the rates of 

hearing improvement (54%) and tumor shrinkage (57%) during bevacizumab treatment were 

similar to an earlier report.8  The radiographic and hearing response rate were similar for target 

vestibular schwannomas (i.e., the progressive tumor at baseline) and for contralateral vestibular 
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schwannomas.  Clinical responses to treatment were rapid with most patients achieving a 

response after 3 months.   

Ideally, clinicians would like to be able to select patients who are likely to respond to 

bevacizumab treatment.  The only clinical or radiographic feature that was associated with a 

radiographic response was the mean ADC value of the tumor at baseline.  This association, 

though weaker than reported previously 8, supports the notion that leaky tumor blood vessels 

result in increased water content within the tumor.  No other clinical factors were associated with 

a hearing response.  In addition, there was no significant correlation between hearing response 

and radiographic response in target tumors, raising the possibility that different biological 

processes are responsible for hearing improvement and tumor shrinkage.  Discordance between 

hearing loss and tumor size in vestibular schwannoma has been reported previously..25 

The durability of clinical response to bevacizumab in NF2 patients is notable and 

contrasts with previous reports in malignant tumors.  Modest increases in progression-free 

survival have been reported with the addition of bevacizumab for treatment of many solid tumor 

types including breast cancer, colon cancer, and glioblastoma, but disease progression remains 

the rule 26-30  The median times to hearing loss and tumor progression were not reached in this 

study and exceed 3 years (Fig. 3), at which time freedom from hearing loss and tumor growth 

were 61% and 54%, respectively.  Although the durability of response in NF2 patients is not 

explained in the current study, it may reflect the benign histology of vestibular schwannomas and 

the absence of genetic instability that is characteristic of malignant tumors. 

Unplanned drug interruptions were relatively common in this study.  Discontinuation of 

bevacizumab was associated with an increase in tumor volume and a decline in hearing in some 

patients.  This finding agrees with previous studies in animal models in which discontinuation of 
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anti-VEGF therapy results in regrowth of tumor vasculature and acceleration of metastasis.31;32  

It does not agree with retrospective analysis of randomized placebo-controlled phase 3 studies in 

solid tumors in which discontinuation of bevacizumab did not result in decreased time to disease 

progression.33  At this time, the optimal duration of bevacizumab treatment for NF2 patients is 

not known.  Overall, treatment was well tolerated: no patients discontinued treatment due to side 

effects.  In addition, the safety profile in this cohort was favorable with low rates of grade 3 or 4 

toxicity.  Given the recent report of premature ovarian insufficiency in pre-menopausal women 

treated with chemotherapy plus bevacizumab 34, close attention to the potential for long term 

toxicity is warranted in this patient population that tends to be younger than patients with cancer. 
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Table 1.  Baseline demographics and clinical characteristics of patients (N=31).   

Characteristic  
Male sex—no. (%) 14 (45%) 
Median age (range)--years 26 (12-73) 
Inheritance (sporadic)—no.(%) 27 (87%) 
Previous radiotherapy to vestibular schwannoma—no. (%) 5 (16%) 
Previous chemotherapy—no. (%) 16 (52%) 
Indication for treatment—no. (%)  
     Hearing Loss 25 (81%) 
     Brainstem Compression 6 (19%) 
Median baseline tumor size (range)—ml 9.6 (1.3-38.7) 
Median baseline annual growth rate (range)—% per year  
     Target vestibular schwannoma 64% (-19% - 240%) 
     Contralateral vestibular schwannoma 32% (-85% - 576%) 
Hearing Status at baseline—no. (%)  
     Bilateral Hearing Present 4 (13%) 
     Unilateral Hearing Present 22 (71%) 
     No Hearing Present 5 (16%) 
AAO-HNS hearing classification—no. (%)*  
     Class A 8 (26%)  
     Class B 6 (19%) 
     Class C 3 (10%) 
     Class D 14 (45%) 
 
*AAO-HNS, American Academy of Otolaryngology-Head and Neck Surgery Committee on 
Hearing and Equilibrium(20) 
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Table 2.  Most common adverse events and laboratory abnormalities  

 Overall Grade 3/4 
Adverse Event No. % No. % 

Hypertension 11 35% 1 3% 
Proteinuria 11 35% 0 0 
Epistaxis 8 26% 0 0% 
Menorraghia* 7 50%  2 6% 
Irregular menstruation* 7 50%  2 6% 
Fatigue 7 23% 0 0% 
Hyponatremia  7 23% 0 0% 
Leukopenia 3 10% 0 0% 
Rhinitis/nasal congestion 3 10% 0 0% 
Wound Healing 
Complication 

2 6% 0 0% 

Alopecia 2 6% 0 0% 
Vascular access 
complication 

1 3% 1 3% 

Gingival bleeding (oral 
hemorrhage) 

1 3% 0 0% 

Nasal Septum Perforation 1 3%   
Anorexia 1 3% 0 0% 
Headache 1 3% 0 0% 
Nausea/gastrointestinal pain 1 3% 0 0% 
Neutropenia  1 3% 1 3% 
Papilledema 4 13% 0 0% 
Reynaud’s phenomenon 3 10% 0 0% 
Keratitis 1 3% 0 0% 
Skin infection 1 3% 0 0% 
 
(*includes 14 women who were menstruating at baseline). 
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Figure 1.  Duration of bevacizumab therapy and best radiologic response of the target 

vestibular schwannoma for the 31 patients in the study.  

 

Each horizontal bar represents an individual patient.  Green bars represent patients with 

radiologic responses, yellow bars represent patients with stable disease, and red bars represent 

patients with radiologic progression.  White areas for each patient correspond to a drug 

interruption.  Open diamonds represent unconfirmed radiologic responses, filled diamonds 

represent confirmed radiologic responses.   
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Figure 2a.  Best tumor response for each vestibular schwannoma.  

 

The best tumor responses (compared to baseline) are shown for the 31 target vestibular 

schwannomas (blue bars) and for the 20 contralateral vestibular schwannomas (green bars).  

Each bar represents an individual vestibular schwannoma.  The percent change in tumor volume 

from baseline is shown on the Y-axis.  Negative values indicate tumor shrinkage.  * indicate > 

100% growth in volume 
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Figure 2b.  Change in tumor volume over time from a normalized baseline of 100%.   

 

 

The change in tumor volume over time compared with baseline are shown for the 31 target 

vestibular schwannomas and 20 contralateral vestibular schwannomas.  Tumors with 

radiographic responses are represented by black lines and tumors without radiographic responses 

are represented by red lines.  The majority of responses occurred by 6 months and were durable 

in nature. 
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Figure 2c.  Best hearing response for each ear.   

The best hearing responses are shown for the 23 evaluable target ears and the 5 evaluable 

contralateral ears.  Each bar represents an individual ear.  The absolute change in word 

recognition score from baseline is shown by the arrow.  Arrows pointing upwards indicate 

hearing improvement.  The 95% critical difference (representing the statistical boundaries for 

hearing improvement and decline) are shown by colored boxes.  Green arrows indicate hearing 

improvement; red arrows indicate hearing decline; grey arrows indicate stable hearing. 
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Figure 3. Correlation between mean ADC value and change in tumor volume.   

 

There was a significant correlation between mean ADC at baseline and subsequent decrease in 

tumor volume at 3 months for target vestibular schwannomas (N=29, r=-0.458, p=0.016) and all 

vestibular schwannomas (N=45, r= -0.32, p=0.036). 



 24 

Figure 4.  Kaplan-Meier estimates of freedom from hearing loss and tumor growth. 

 

Panel A shows Kaplan–Meier estimates of freedom from hearing loss in patients; panel B shows 

Kaplan-Meier estimates of hearing from tumor growth in patients. The 1-year freedom from 

hearing loss was 90% and for tumor growth was 88%.   Hash marks indicate patient censoring. 
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Supplemental Digital Content 1.  Scattergram describing hearing function at baseline in 31 

patients treated with bevacizumab based on the proposed 2011 AAO-HNS hearing 

classification.   

 

Word recognition score (in deciles) is shown on the top x-axis; pure tone average (in deciles) is 

shown on the y-axis. 

 



 26 

Supplemental digital content 2.  AAO-HNS hearing classification for patients and baseline 

and at the time of last audiogram.   

 

 

6/31 (19%) patients improved at least one class (gray boxes); 20/31 (65%) did not change class 

(white boxes); 5/31 (16%) patients declined at least one class (red boxes). 


