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Abstract The hallmark of neurofibromatosis type 2
(NF2) is bilateral vestibular schwannomas (VS) and
severe hearing loss is common in NF2 patients. Vascular
endothelial growth factor (VEGF) expression level in NF2
correlates with tumour growth rate and bevacizumab, a
VEGF-binding antibody, has previously been shown to
induce tumour shrinkage and improve hearing. We ret-
rospectively reviewed the effect of bevacizumab on
hearing and VS tumour size in 12 consecutive NF2
patients. Bevacizumab 10 mg/kg was administered intra-
venously every second week for 6 months; hereafter,
bevacizumab 15 mg/kg was administered every third
week. Patients were evaluated with repeated audiometries,
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MR scans and clinical evaluations. Radiological response
was defined as a 20 % or greater reduction in VS volume.
A total of 398 treatments (median 36) were administered
and the median duration on therapy was 22 months (range
7-34). We observed a radiological response (>20 %
tumour shrinkage) in seven out of 18 tumours (39 %) in
six out of 12 patients (50 %). Sustained radiological
responses were maintained in six tumours (33 %) for
more than 2 months. Three patients had objectively
improved hearing and five patients reported subjective
benefit in neurological symptoms, including improved
hearing. Toxicity was in general manageable; however,
one patient died from cerebral haemorrhage which was
possibly related to therapy. In conclusion, bevacizumab
improved hearing and reduced the size of VS in some
patients with progressive NF2 which corroborates previ-
ous findings; however, the risk of severe side effects
should be carefully considered and discussed with the
patients prior to treatment.

Keywords NF2 - Bevacizumab - Avastin - Vestibular
schwannoma

Introduction

Neurofibromatosis type 2 (NF2) is an autosomal dominant
inherited disease characterized by the development of
multiple benign tumours in the central nervous system. As
the hallmark of NF2 is bilateral vestibular schwannomas
(VS), severe hearing loss is common in patients with this
disease. The benign VS arises from the Schwann cells
surrounding the vestibular part of the eighth cranial nerve
and progressive tumour growth may cause hearing loss
because of compression of the cochlear nerve. However,
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other mechanisms may also influence hearing, since a
correlation between tumour growth and hearing decline has
not been unequivocally demonstrated in all studies [1].
Iatrogenic hearing loss may also occur as a result of sur-
gical intervention or radiation therapy performed to
achieve tumour control. In addition to bilateral VS, NF2 is
characterized by meningiomas, ependymomas, cranial
nerve sheath tumours and eye abnormalities. Common
signs and symptoms are decreased hearing, tinnitus and
imbalance, cranial nerve palsies and loss of vision,
depending on the anatomic location of the lesions.

Angiogenesis, the formation of new vessels, is a pre-
requisite for growth of any solid tumour. The pro-angio-
genic factor vascular endothelial growth factor (VEGF) is
expressed in both sporadic and NF2-related VS and the
tumour expression of VEGF correlates with the tumour
growth rate [2, 3]. These findings led to the assumption that
treatment with the VEGF-A binding antibody bev-
acizumab, which inhibits angiogenesis, may inhibit VS
growth and improve hearing. This was subsequently dem-
onstrated by Plotkin et al. [4] in a small series and an
extended series of NF2 patients [5]. Tumour regression or
improved hearing has also been reported in case studies [6—
8]. Based on these encouraging data, we offered treatment
with bevacizumab to patients with progressive NF2 outside
the setting of a clinical trial. Here, we report our results
from the first 12 treated patients.

Materials and methods

Hearing and radiological responses were retrospectively
reviewed in consecutively referred NF2 patients with pro-
gressive VS treated with bevacizumab from January 2010
through April 2013. Cut-off for data analysis was May
2013. The diagnosis of NF2 had to comply with established
NIH criteria: Bilateral VS or family history of NF2 plus
unilateral VS or any two of: Meningioma, glioma, neuro-
fibroma, schwannoma, posterior subcapsular lenticular
opacities. Additional criteria were: Unilateral VS plus any
two of the following: Meningioma, glioma, neurofibroma,
schwannoma, and posterior subcapsular opacities or mul-
tiple meningioma (two or more) plus unilateral VS or any
two of: glioma, neurofibroma, schwannoma, and cataract.
[9, 10]. Prior to referral, all patients were evaluated by
specialist neurosurgical team and considered not suitable
for radiotherapy or surgery. The clinical indication for
bevacizumab therapy was progressive VS and brainstem
compression, imbalance or progressive hearing loss. Bev-
acizumab was administered intravenously at 10 mg/kg
every second week. After 6 months of therapy, bev-
acizumab 15 mg/kg was administered every third week in a
maintenance phase.
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Hearing

The evaluation of hearing included pure tone thresholds
(PTT), word recognition scores (WRS) and patient reported
subjective effects. WRS measurement consisted of recog-
nition of 25 standardized words presented at most com-
fortable hearing level and the percentage correct answers
were reported. The pure tone average (PTA) was defined as
the average of the PTT for 500, 1,000, 2,000, 4,000 and
8,000 Hz, respectively, and values reported are in decibel
(dB HL). The American academy of otolaryngology-head
and neck surgery (AAO-HNS) classifies hearing loss in
patients with VS in four grades: A (good hearing), B
(moderate hearing loss), C (severe hearing loss) and D
(profound hearing loss) and changes during treatment are
reported as unchanged, improved or worsened [11].

Radiology

Patients had cranial MRIs prior to bevacizumab and every
3 months during treatment. The MRI protocol consisted of
T1-weighted pre-contrast, T2-weighted fast spin-echo,
FLAIR diffusion and T1 MPR 3D images after contrast
media. Slice thickness was 1 mm. Some patients had Fiesta
or 3D T2 fast spin-echo images available. The tumour
contours were outlined manually in AGFA ImPacs system
(Markup Freeform) by an experienced neuroradiologist
(KC) blinded for treatment status (pre- or post-bev-
acizumab) during a central review specifically for this
study. Total tumour volume was defined as the sum of the
transversal area measurements done on each slice on a
post-contrast transversal T1 3D-MPR with distance factor
taken into account.

Response criteria

Radiological response was determined according to the
criteria suggested by Ploktin et al. [12]. Response was
defined as a 20 % or greater reduction in VS volume based
on post-contrast T1-weighted MRI. Sustained response was
defined as confirmed response for 3 months or longer.
Progressive disease was defined as a 20 % or more increase
in tumour volume relative to the lowest tumour volume
measured at any time following the start of treatment.
Stable disease was declared in case of neither response nor
progression. Time to progression was defined as the time
from start of therapy to first documented radiological
progression. Best response was defined as the smallest
volume measured any time after start of therapy. We cal-
culated the VS growth rate prior to start of treatment,
normalized to 1 year for comparison, as: Annual growth
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rate prior to bevacizumab = (VS volume at start of bev-
acizumab minus VS volume on prior MRI x-months before
treatment) divided by (x months) multiplied by 12. If
patients stopped treatment and had a follow-up MRI before
May 2013, these were also included in the analysis.

A hearing response was defined as: (1) at least 10 dB
decrease in PTA and stable WRS according to what was
suggested by Plotkin et al. [13] as a minor hearing response
or (2) as an increase in WRS >8 percentage points. Patients
were only eligible for a hearing response if the WRS
allowed for improvement, i.e. they had a baseline word
recognition score of 92 % or less. Patient self-reported
hearing responses are reported as subjective hearing
response.

Clinical evaluations

At every clinical visit, patients had a physical examination,
blood sample and urine analysis and toxicity was recorded
according to Common Terminology Criteria for Adverse
Events, Version 3.0 at every treatment visit.

Ethics

Data collection was approved by the Danish Data Protec-
tion Agency.

Results

A total of 12 patients (7 women) with a median age of
34 years (range 23-78) were included in this retrospective
analysis. Eight patients had prior unilateral surgery. Three
patients had prior unilateral radiotherapy (2, 3 and 15 years
before bevacizumab) and one patient had prior bilateral
radiotherapy (16 years before bevacizumab).

A total of 398 treatments (median 36, range 13—60) were
administered and the median duration on therapy was
22 months (range 7-34) (Table 1).

Hearing

In total, 35 audiological tests were performed (median 4,
range 2-5) in 9 patients. Two patients were bilaterally deaf
(Pt4 and Pt8) and one patient (PtS) had no measurable
hearing (Table 2).

Five patients were unilaterally deaf and thus 13 ears in 9
patients were evaluable. At baseline, four ears had normal
PTA and seven ears had normal WRS and these ears were,
therefore, not able to improve. PTA: Of 13 evaluable ears,
one ear improved by 12 decibel (dB) (8 %), two ears

worsened by, respectively, 11 and 21 dB (15 %) and 10
(77 %) remained stable.

WRS: Three of 13 ears (23 %) improved 10-22 per-
centage points and five ears (38 %) worsened by 13-40
percentage points. Five ears remained stable (38 %).
Notably, 5 of 10 patients (50 %) reported subjective
hearing improvement during treatment.

If only improvable ears are considered, one of nine ears
(11 %) improved, two ears (22 %) deteriorated and seven
(79 %) remained stable with regard to PTA. Similarly,
three of six ears (50 %) improved in WRS. According to
the AAO-HNS classification, one ear improved, two ears
worsened and 10 ears were unchanged (Table 2). In sum-
mary, an improvement in hearing was measured in 3 of 13
evaluable ears (23 %) in three of nine patients (33 %) and
5 of 10 patients (50 %) reported subjective hearing
improvement.

Radiological response

A total of 87 MRIs (median 8, range 3—11) were reviewed.
Six patients had prior unilateral tumour resection, leaving
18 VS in 12 patients evaluable for a radiological response.
The growth rate prior to treatment was evaluable in 16
tumours and 13 of these (81 %) had documented tumour
growth with a median annual growth of 21 % (range
2-282) (Table 3). We observed a volume reduction in 15 of
18 tumours (83 %) in 10 of 12 patients (83 %) following
bevacizumab treatment. The median reduction in volume
was 19 %, ranging from a 38 % reduction in volume to an
increase of 16 % and seven tumours (in six patients) met
the formal criteria for radiological response. The median
time to radiographic response was 7.5 months (range
3-37). Some tumours continued to decrease in size over a
longer period of time and the median time to the lowest
volume measured was 11.5 months (range 3—45), while the
median duration of response was 24 months (range 8-31).
The median time to progression was 7.5 months (range
3-26) (See Supplemental Fig. 1 for details on tumour
volumes for each patient separately). At the cut-off date of
analysis, five of seven tumours in four patients (patient 2, 3,
5 and 7) with radiographic response were still non-pro-
gressing and seven patients were still on treatment. Only
three patients had follow-up MRIs three to 9 months after
end of treatment: Patient 1 had stable disease and patient 5,
a 78-year-old female who had improved clinically during
treatment and had a sustained radiographic response stop-
ped after nearly 9 months of treatment because of fatigue
and a feeling of exhaustion from the need to travel back
and forth for treatment. Patient 9 progressed during treat-
ment and had a novel lesion opposite to the primary lesion.
Patient 4 had no MRI performed during follow-up and
patient 2 died during treatment (see below).
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Table 1 Demographics and therapy

Pt Gender Agein Indication Tumour  Duration of Bevacizumab after Number of MRI ~ Previous treatment
id years site bevacizumab April 2013 evaluations
(months)
Ptl  Female 33 Hearing loss Left 26 No 10 Surgery (right)
Brainstem
compression
Pt2  Female 23 Hearing loss Right 20 No 7 Radiotherapy (right)
2006
Imbalance Left
Pt3  Female 27 Hearing loss Right 34 Yes 11 Radiotherapy (right)
2007
Left
Pt4  Female 34 Hearing loss Left 30 No 8 Surgery (right)
Imbalance
Pt5  Male 78 Brainstem Right 9 No 5 Surgery (right)
COmPression [ eft
Pt6  Female 37 Hearing loss Left 28 Yes 11 Surgery (right)
Brainstem Radiotherapy (left)
compression 1995
Pt7  Male 30 Hearing loss Right 27 Yes 9 Radiotherapy
(bilateral) 1994
Brainstem Left Surgery (left)
compression
Pt8  Male 45 Brainstem Right 16 Yes 6 Surgery (left)
compression
Pt9  Female 51 Hearing loss Right 9 No 5 Surgery (right)
Imbalance Left
Pt10 Male 30 Hearing loss Right 23 Yes 8 No prior
Left radiotherapy or
surgery
Ptl11 Male 34 Brainstem Right 9 Yes 4 Surgery (left)
compression
Pt12 Female 49 Brainstem Right 7 Yes 3 No prior
compression radiotherapy or
surgery
Left

Patient characteristics. Treatment indication, site and duration

Subjective benefit

Five patients reported subjective hearing improvement
during treatment. One reported improved ability to hear her
television set without her usual hearing aids and another
reported recovered ability to hear nearby church bells.
Furthermore, two patients reported meaningful improve-
ment of balance and one patient experienced an improve-
ment in tinnitus (Table 2).

Adverse events

A 23-year-old female (patient 2) died following an intra-
cerebral haemorrhage (subarachnoidal hematoma) while on
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therapy. Two years prior to the start of bevacizumab, she
had radiotherapy to her right VS and previously had a
resection of an occipital meningioma. She also had an
intracerebral shunt because of hydrocephalus and was
diagnosed with epilepsy but was not on antiepileptic
medications. She suffered from severe imbalance and
experienced many minor falls and traumas. After one
month on treatment, she fell on her bicycle and had a 4 cm
large subcutaneous hematoma in the forehead and had a
single episode of seizure in relation to the head trauma; a
cerebral CT scan ruled out haemorrhage. She continued
bevacizumab and had no subsequent head traumas prior to
the fatal event. After 20 months while still on therapy, she
was admitted with repeated epileptic seizures. An acute CT
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Table 2 Hearing evaluation

Pt.id PTA (dB) WRS (%) AAO-HNS grade Objective benefit ~ Subjective benefit
(Baseline to best response is shown)
Pt 1 52-49 (left) 58-80 (left) Improved (left) Yes Yes
Pt 2 71-59 (right)  88-75 (right) Unchanged (right)  Yes Yes
68-69 (left) 20-30 (left) Unchanged (left)
Pt3 51-62 (right)  60-20 (right) Worsened (right) Yes Yes
Values for baseline and best 15-36 (left)  55-65 (left) Unchanged (left)
hearing response. AAO-HNS:
S Pt 4 Not evaluable No No
American academy of
otolaryngology head and neck PtS Not evaluable No Yes
surgery. Pure tone average Pt 6 55-51 (left) 100-80 (left) Unchanged (left) No No
(PTA), values in decibel (dB Pt7  78-78 (right) Not evaluable  Unchanged (right) No No
HL). A lower value indicates
improvement. Word recognition ~ Ft8  Not evaluable No No
score (WRS), value in percent. Pt9 10-10 (left) 100-100 (left) Unchanged (left) No No
A higher percent indicates Pt 10  11-9 (right)  100-100 (right) Unchanged (righty No Yes
improvement. The median time 28-31 (left)y  100-85 (left) Worsened (left)
to hearing evaluation was
38 weeks (range 24—124). Pt 11  8-5 (right) 100-100 (right)  Unchanged (right) No No
Clinical benefit includes Pt 12 13-16 (right) ~ 100-100 (right)  Unchanged (right)  No No
improvement in subjective 29-29 (left)  100-85 (left) Unchanged (left)

hearing, tinnitus or imbalance

scan showed a large intracerebral haemorrhage and acute
neurosurgical evacuation of the haemorrhage and closure
of a ruptured aneurism was performed; however, the pro-
cedure was complicated by a large cerebral apoplexia that
led to fatal increased intracranial pressure.

Besides this fatal event, toxicity was manageable and as
expected for bevacizumab: CTC grade I-II oligomenor-
rhea, fatigue, hypertension and epistaxis were observed in
5, 11, 4 and 2 patients, respectively. Proteinuria <+3 was
found in 8 of 12 (67 %) patients during treatment using a
urine test strip. Renal function was normal in 11 out of 12
patients throughout the study period. One patient had a
minor transient decrease in kidney function that recovered
while still on full-dose bevacizumab.

Discussion
Tumour control

Our data in patients with progressive NF2 treated with
bevacizumab outside a clinical trial corroborate previous
reports that bevacizumab reduces the size of VS and may
improve hearing and neurological symptoms [4-6, 8].
Radiological responses (=20 % tumour shrinkage) were
achieved in seven tumours (39 %) in six patients (50 %).
Sustained radiological responses were maintained in six
tumours (33 %) for more than 2 months. Importantly, all
but one patient had progressive tumour growth prior to
bevacizumab. In comparison, Plotkin et al. [4] found
higher sustained tumour response rates than we did (6

out of 10 tumours in one study and in 17 out of 31
tumours in another [5]). In addition, both Mautner et al.
[7] and Eminowicz et al. [6] have reported clinical cases
with significant bevacizumab-induced tumour regression
of VS.

The bevacizumab-induced response may be useful
before surgery, even though the response may be transient
since the risk of surgical complications may be dependent
on tumour size [14]. It should be noted that we were not
able to assess a possible accelerated tumour re-growth after
bevacizumab was stopped and because of the long plasma
half-life, a safety interval from last dosing to surgery
should be respected.

Complications

One patient died from a cerebral haemorrhage and this was
considered possibly related to bevacizumab since tumour-
related haemorrhage is an infrequent complication to
treatment with bevacizumab in colorectal cancer, lung
cancer and in glioblastoma multiforme. Tumour-related
haemorrhages were observed in only 0.24 % of patients
and cerebrovascular events were even rarer consisting of 7
out of 13.656 bevacizumab-treated patients included in a
large meta-analysis [15]. In the case we report, a ruptured
mycotic meningeal media aneurism was detected and the
event was considered cerebrovascular. Thus, causality may
be difficult to establish with certainty. There is only one
previously published report of a meningeal media aneurism
in a patient with NF2 [16]; thus, aneurysmal bleeding is not
established as a risk factor in NF2. We observed
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Table 3 Radiological evaluation

Pt Baseline tumour  Annual growth Lowest Time to lowest Response yes or no/  Duration of Time to
id site and size last 12 months (%)  volume volume measured  time to response response progression
(cm3) measured (%) (months) (months) (months) (months)
Pt1 Right: 14,1 +15 —13 15 No Not relevant  Not reached
Treatment
pause
Pt2 Right: 8,4 +8 —28 8 Yes/8 24 Not reached
Left: 1,2 +3 -8 8 No Not relevant 26 died during
treatment
Pt3 Right: 3,4 +28 —-33 23 Yes/6 >31 Not reached
Left: 0,2 +48 —24 10 Yes/10 >28 Not reached
Pt4 Right: 4,9 +4 —27 14 Yes/7 <3 7
Pt5 Right: 0,7 +2 —38 13 Yes/10 >8 Not reached
Left: 6,5 +24 —18 16 No Not reached
Pt6 Right: 3,3 +21 -19 45 No Not relevant ~ Not reached
Pt7 Right: 3,3 No relevant —23 37 Yes/37 End of study  Not reached
Left: 9,8 Data (CT) —-17 14 No N Not reached
Pt8 Right: 24 -7 -19 16 No Not relevant ~ Not reached
Treatment
pause
Pt9 Right +197 +16 4 No Not relevant ~ New lesion®
Left: 0,1 7
Pt10  Right: 1,7 —24 +4 3 No Not relevant 8
Left: 8,1 —-35 +6 3 No Not relevant 8
Ptl1  Right: 0,1 +60 -9 4 No Not relevant 7
Pt12  Right: 0,1 +6 —13 8 No 3
Left: 0,2 +282 —26 3 Yes/3 <3 6

2 Surgery to left VS during treatment ® a new VS appears during treatment on the right side. Pt7 did not have recent prior MRI available for

measurement

proteinuria in 67 % of patients which is in accordance with
the literature [17].

Treatment dosage

The optimal dosing of bevacizumab is a debated issue in
the NF2 medical community. Cerebral haemorrhage is of
great concern and how this risk may possibly be related to
bevacizumab dosing is unclear. A recent paper did not find
any clear association between the dose or the duration of
bevacizumab treatment and toxicity [I8]; however,
according to a recent publication [17], future studies should
investigate optimal dosing schedules to minimize long-
term toxicity. Based on our own experience with the use of
bevacizumab in the treatment of malignant brain tumours
as well as the vast amount of published data in this pop-
ulation with intracranial disease [19], we applied the same
dosing of 10 mg/kg every 2 weeks in NF2 patients, though
this was different from what was published by Plotkin et al.
[4].
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Change of hearing

NF2 patients often become severely disabled due to pro-
gressive hearing loss, which was the indication for bev-
acizumab in 67 % of the patients in our series. An
improvement of hearing or just slowing of the progressive
hearing loss may be clinically important, even if this is
only temporary, as this provides an opportunity for the
patient to learn sign language and take other necessary
measures. WRS improved in 3 ears (50 %), but the
improvement was relatively small. PTA improved in one
ear (11 %). It is important to note, though, that 50 % of
patients reported subjective neurological improvements
during treatment.

In addition, 11 of 13 evaluable ears (85 %) remained
stable or improved in PTA. In total, 7 of 13 ears (54 %)
remained stable or improved with regard to WRS and only
2 ears worsened in hearing grade. The natural history of
hearing decline with regard to WRS in NF2 patients is
reported as 5 % at one year, 13 % at two years and 16 % at
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three years in newly diagnosed NF2 patients [20]. In
comparison, Plotkin et al. [5] found a hearing response in
57 % in a retrospective review of 31 NF2 patients treated
with bevacizumab and among six NF2 patients treated with
bevacizumab Hawasli et al. [8] reported stable hearing in
four and improved hearing in two patients.

We found a significant effect of bevacizumab on tumour
volume reduction, whereas the effect on hearing was not as
impressive as has previously been shown. Thus, our data
may indicate dissociation between volume reduction and
the effect on hearing. This we believe is important to dis-
cuss with the patient before initiating bevacizumab
treatment.

Similarly, though toxicity is in general manageable, the
risk of possibly fatal side effects should be considered and
must be discussed with the patient.

Conflict of interest The authors declare that they have no conflicts
of interest.
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