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Simple Summary: In this study, we explored the use of bevacizumab as a treatment for NF2-related
schwannomatosis, a condition characterized by the development of schwannomas on both vestibulo-
cochlear nerves. This study revealed that the majority of patients experienced either improved or
preserved hearing and effective control of the targeted vestibular schwannoma with bevacizumab.
However, common adverse events included hypertension and fatigue, and severe adverse events
led to treatment discontinuation in a quarter of the patients. Thus, while bevacizumab demonstrates
positive effects on hearing, tumor control, and symptomatology in NF2-related schwannomatosis,
careful consideration of potential side effects is crucial.

Abstract: (1) Background: NF2-related schwannomatosis, characterized by the development of bilat-
eral vestibular schwannomas, often necessitates varied treatment approaches. Bevacizumab, though
widely utilized, demonstrates variable effectiveness on hearing and tumor growth. At the same time,
(serious) adverse events have been frequently reported. (2) Methods: A single center retrospective
study was conducted, on NF2-related schwannomatosis patients treated with bevacizumab from
2013 to 2023, with the aim to assess treatment-related and clinical outcomes. Outcomes of interest
comprised hearing, radiologic response, symptoms, and adverse events. (3) Results: Seventeen pa-
tients received 7.5 mg/kg bevacizumab for 7.1 months. Following treatment, 40% of the patients
experienced hearing improvement, 53%, stable hearing, and 7%, hearing loss. Vestibular schwan-
noma regression occurred in 31%, and 69% remained stable. Further symptomatic improvement
was reported by 41%, stable symptoms by 47%, and worsened symptoms by 12%. Treatment dis-
continuation due to adverse events was observed in 29% of cases. Hypertension (82%) and fatigue
(29%) were most frequently reported, with no occurrences of grade 4/5 toxicities. (4) Conclusion:
Supporting previous studies, bevacizumab demonstrated positive effects on hearing, tumor control,
and symptoms in NF2-related schwannomatosis, albeit with common adverse events. Therefore,
careful consideration of an appropriate management strategy is warranted.

Keywords: acoustic neuroma; adverse events; bevacizumab; cerebellopontine angle tumor; hearing;
neurofibromatosis type 2; schwannomatosis; tumor response; vestibular schwannoma

1. Introduction

NF2-related schwannomatosis (NF2) is a rare autosomal dominant tumor predis-
position syndrome caused by mutations in the NF2 tumor suppressor gene located on
chromosome 22. The disease is characterized by the development of bilateral vestibular
schwannomas, along with other schwannomas, meningiomas, and ependymomas, in the
central and peripheral nervous system [1,2]. The clinical presentation of NF2 is highly
variable. While the associated vestibular schwannomas are benign and usually slow grow-
ing, they may lead to symptoms such as hearing loss, tinnitus, and vestibular complaints.
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Without appropriate intervention, the progression of vestibular schwannomas can result in
severe cranial nerve deficits, intracranial hypertension, and brainstem compression [2,3].

Most current treatment paradigms for NF2-related vestibular schwannomas consider
(micro)surgery, radiotherapy, and pharmacotherapeutic treatment with bevacizumab [4–6].
Microsurgery generally achieves satisfactory tumor mass reduction; however, tumor re-
currence and hearing loss occur in half of the cases [7]. Radiotherapy offers good tumor
control in most NF2 patients but frequently results in hearing loss and other cranial nerve
deficits [7,8]. Moreover, the inherent tumor susceptibility of NF2 patients has been linked
to a 6% increased risk of malignant transformation or new tumor growth on the irradiated
tissues [9].

Bevacizumab, a monoclonal antibody, acts to inhibit vascular endothelial growth
factor (VEGF) expressed in tumors like vestibular schwannomas [10,11]. Bevacizumab has
demonstrated the ability to halt or reverse nervous system tumor progression, particularly
in schwannomas. In addition, previous studies have reported improvements in objective
and subjective hearing, tinnitus, balance problems, and overall quality of life with beva-
cizumab treatment [10–18]. Bevacizumab has therefore become a widespread treatment for
NF2-related schwannomas. Even so, the efficacy and durability of its therapeutic effects
can vary between schwannomas and between patients. At the same time, side effects
of bevacizumab, including hypertension, proteinuria, and several blood disorders, are
frequently reported [18,19]. There is still no international consensus about the optimal treat-
ment dosage, frequency, and duration. Even now that patents have expired, bevacizumab
remains an expensive treatment and creates a burden on healthcare costs.

Variable treatment regimens and clinical outcomes, frequent side effects, and cost of
bevacizumab treatment were reasons to conduct a retrospective analysis on the clinical
effectiveness and adverse effects of bevacizumab treatment for vestibular schwannoma in
NF2 patients in our institution.

2. Materials and Methods
2.1. Participants and Study Design

The present study included NF2 patients eligible for medical treatment with beva-
cizumab at Leiden University Medical Center (LUMC), a tertiary NF2 referral center in
Leiden, The Netherlands, between 1 January 2013 and 31 October 2023. Inclusion criteria
comprised a patient age ≥18 years, a confirmed diagnosis of NF2 [20], administration of at
least one dose of bevacizumab, and written informed consent. Exclusion criteria comprised
insufficient demographic or clinical data.

Following informed consent, we conducted a retrospective, single center, non-blinded
data-analysis using electronic patient charts to explore demographics, treatment regimens,
and clinical characteristics. A highly secure online database was set up for data storage
and analysis. The study protocol was approved by the institutional review board and
conducted in full compliance with the ethical standard of the 2013 Declaration of Helsinki.

2.2. Treatment Protocol and Outcomes

As per standard-of-care in The Netherlands, 7.5 mg/kg bevacizumab was intra-
venously administered every three weeks for at least six months or until there was a
clinically relevant event, as judged by the treating oncologist and/or NF2 multidisciplinary
team. At any time point, treatment with bevacizumab could be discontinued or modified at
the discretion of the treating specialist or in accordance with patient preference. Likewise,
bevacizumab treatment could be restarted if signs or symptoms required reintervention
after a prolonged period of discontinuation.

Hematologic and urinary evaluations were performed prior to the start of bevacizumab
treatment and repeated regularly until treatment was discontinued. Vital functions were
taken at every admission for bevacizumab treatment. Toxicity was recorded at every visit
at the outpatient clinic while treatment was ongoing. In case of an adverse event, this
was recorded in the patient chart and reported to the treating specialist. Action was taken
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if deemed medically necessary and likewise recorded in the patient chart. All adverse
events were classified according to the Common Terminology Criteria for Adverse Events
(CTCAE), version 5.0 [21].

2.3. Clinical Assessment

Demographic characteristics included vital status, sex, age at the time of NF2 diagnosis,
and age at the initiation of treatment. Clinical outcomes of interest comprised the treatment
history associated with NF2 and vestibular schwannoma, diagnostic NF2 criteria [20],
tumor burden and localization, family history of NF2, vestibulocochlear manifestations
(hearing, tinnitus, vertigo, and/or imbalance), cranial nerve functionality, and peripheral
neurology. Clinical evaluations were conducted at four distinct timepoints: upon initial
presentation after referral, at the patient visit preceding start of bevacizumab treatment,
at the conclusion of bevacizumab treatment, and at most recent patient visit during the
extended follow-up period. In the event a patient underwent surgery or radiotherapy
due to NF2-related disease progression, the last patient visit prior to re-intervention was
deemed the termination point for follow-up after bevacizumab treatment.

The primary outcome of interest was hearing at the side of the target tumor at the end
of bevacizumab treatment. Hearing was examined with pure tone audiometry (PTA) and
the word recognition score (WRS). The PTA was measured as average hearing threshold
at 0.5, 1, 2, and 3 kilo Hertz [22,23]. Hearing was defined as improved (≥10% increase
in WRS), stable (no significant change in WRS), or worsened (≥10% decrease in WRS) in
relation to hearing at the start of bevacizumab treatment. In case of 100% WRS at both times
of measurement, a ≥10 decibel (dB) change in average PTA was considered significant.
Secondary audiological outcomes of interest included subjective hearing and presence
of tinnitus.

As NF2 patients often suffer from other symptoms than those related to the vestibular
schwannomas, overall neurological symptoms were assessed to evaluate disease burden
due to NF2-related lesions. We report subjectively improved, stable, or worsened overall
symptoms related to NF2. Symptoms were divided in functioning of the trigeminal nerve,
the facial nerve, and other cranial nerves (excluding the vestibulocochlear nerve) and
peripheral neurology. Facial nerve function was graded according to the House Brackmann
scale (HB) [24]. Other cranial nerves functions and peripheral neuropathy were collected
using patient records.

2.4. Radiological Assessment

Radiological evaluations were limited to vestibular schwannomas. Target tumor char-
acteristics were evaluated using routine clinical thin-slice (≤1.5 mm) gadolinium-enhanced
T1-weighted Magnetic Resonance Images (MRIs) of the cerebellopontine angle [25,26]. The
primary outcome of interest was radiologic response of the target vestibular schwannoma,
defined as improved (≥20% decrease in extrameatal tumor volume), stable (no significant
change in extrameatal tumor volume, >−20% to <20%), or worsened (≥20% increase in
extrameatal tumor volume) at the end of bevacizumab treatment [25,27]. Secondary out-
comes of interest were extrameatal tumor volume (cm3) and tumor growth rate. Tumor
volume and growth rate were calculated using the largest linear dimensions in three planes
(anterior–posterior; medial–lateral; cranial–caudal) from consecutive MRI scans [28–30].
Other intracranial lesions were not evaluated.

Similar to the clinical assessment, four standardized timepoints were used to assess
radiologic characteristics of the target tumor: upon initial presentation after referral, at
imaging preceding start of bevacizumab treatment, at the conclusion of bevacizumab
treatment, and at most recent imaging during radiological surveillance after treatment.

2.5. Statistical Analysis

For statistical analyses, IBM SPSS Statistics for Windows (version 27.0. Armond, NY, USA:
IBM Corp) was used. Median, range, frequency count, and percentage were used to report on



Cancers 2024, 16, 1479 4 of 14

non-normally distributed data. Standard descriptive statistics were used to describe patient
and treatment characteristics. Missing, unused, and incorrect data were documented in the
data collection and study report.

3. Results
3.1. Patient Characteristics

Seventeen patients were included in the present analysis. Demographics, treat-
ment history, and disease characteristics are listed in Table 1. The median age was
39.1 (16.5–67.3) years at time of diagnosis and 48.1 (22.9–70.7) years at the start of ini-
tial bevacizumab treatment. Prior to bevacizumab therapy, two patients underwent partial
surgical resection of the target vestibular schwannoma. Three patients received radiother-
apy prior to bevacizumab but none of these on the tumor of interest. No patient was under
treatment with bevacizumab at the time of data collection.

Table 1. Demographics and disease characteristics of NF2-related schwannomatosis patient cohort.

Patient Characteristics Patients, n = 17

Alive, n (%) 16 (94.1)

Age, years, median (range) Time of diagnosis
Start of treatment

39.1 (16.5–67.3)
48.1 (22.9–70.7)

Female, n (%) 9 female (52.9)

Family history of NF2, n (%) 2 (11.8)

Previous treatment, yes, n (%)

Total 11 (64.7)

Surgical resection
Target vestibular schwannoma

Non-target tumor(s)

10 (58.8)
2 (11.8)

10 (58.8)

Radiotherapy
Target vestibular schwannoma

Non-target tumor(s)

3 (17.6)
0 (0.0)

3 (17.6)

NF2 classification, n (%) 1
Class 1
Class 2
Class 3

15 (88.2)
0 (0.0)

2 (11.8)

Tumor localization, n (%)

Unilateral vestibular schwannoma
Bilateral vestibular schwannoma

2 (11.8)
15 (88.2)

Non-vestibular schwannoma
Central nervous system

Peripheral nervous system

12 (70.6)
12 (70.6)
3 (17.6)

Total tumor count, median (range) 12 (2–40)
1 According to the updated diagnostic criteria [20]. Legend: n = number of patients; NF2 = NF2-
related schwannomatosis.

Four patients were excluded from the study for the following reasons: Three patients
received bevacizumab at a different institute, and their data were incomplete. One patient
passed away shortly after treatment was started, so follow-up data were not available. The
cause of death in this case was unrelated to bevacizumab treatment.

3.2. Bevacizumab Treatment

Bevacizumab treatment was started a median of 57.5 (13.3–311.7) months after first
presentation. Patients received a median dose of 7.5 (5.6–7.5) mg/kg every 3 (3.0–4.4) weeks.
The duration of bevacizumab treatment ranged from 2.1 to 23.9 months, with a median
of 7.1 months. The primary reason for bevacizumab therapy was progressive hearing
loss in the majority of cases (59%). Other indications included symptoms related to other
NF2-related schwannomas (35%) and target tumor size (6%).
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Three patients deviated from the standard-of-care protocol. In two patients, be-
vacizumab dose was lowered to a maintenance dosage (orange bar, Figure 1). Patient
7 received a lower dosage of 5.0 mg/kg every 4 weeks for 2.9 months, while patient
12 received a dosage of 7.5 mg/kg every 6 weeks for 6.7 months. Patient 14 skipped one
injection after 12 months to allow for a minor surgical intervention.
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Figure 1. Treatment regimens and response of individual patients in the cohort. Duration and dosage
of treatment is indicated by bar length and coloring, respectively. At the end of each treatment course,
hearing, radiologic, and symptomatic response were recorded. Symbols indicate the outcome of
interest, coloring indicates an improved, stable, or worsened response. Four patients received more
than one bevacizumab treatment course. Time interval between consecutive treatments corresponds
to the white area between the horizontal bars.

The most common reason to stop treatment was the achievement of the treatment
goal(s): radiologic tumor stability or regression (29%), radiologic tumor stability or regres-
sion plus stable or improved hearing (24%), and improved symptoms (6%). Adverse events
were the second most common reason to discontinue treatment (29%), and response failure
was less frequently reported (6%). A single patient (6%) preferred to stop treatment despite
the physician’s advice to continue.

For six patients, the end of treatment coincided with the last available patient visit. The
eleven patients remaining were followed up after treatment for a median of 29.2 (2.7–52.4) months.
After an extended time period, bevacizumab was reintroduced in four patients (Figure 1). Three
patients also received bevacizumab a third time. Time between consecutive treatment courses
varied from 7 to 64 months. Reasons to reintroduce bevacizumab were hearing loss (n = 2, 50%),
vestibular complaints (n = 1, 25%), and tumor progression of other NF2-related schwannomas
(n = 1, 25%).

3.3. Adverse Events

Out of seventeen patients, sixteen patients (94%) experienced at least one adverse
event. One patient (6%) reported no treatment-related sequelae. A total of 50 adverse
events were reported: 31 of grade 1 (62%), 17 of grade 2 (34%), and 2 of grade 3 (4%).
Grade 4 toxicities or treatment-related deaths did not occur. The most commonly reported
adverse events were hypertension (82%) and fatigue (29%). Five of fourteen patients with
hypertension (36%) required antihypertensive medication during active treatment. An
overview of all adverse events is shown in Table 2.
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Table 2. Adverse events and laboratory abnormalities during treatment with bevacizumab, graded
according to Common Terminology Criteria for Adverse Events (version 5.0) [21].

Adverse Event 1 Patients, n (%) Grade 1, n (%) Grade 2, n (%) Grade 3, n (%)

Total 16 (94.1) 13 (76.5) 12 (70.6) 2 (11.8)

Hypertension 14 (82.4) 3 (17.6) 9 (52.9) 2 (11.8)

Fatigue 5 (29.4) 5 (29.4)

Elevated liver enzymes 3 (17.6) 3 (17.6)

Diarrhea 2 (11.8) 2 (11.8)

Dry skin 2 (11.8) 2 (11.8)

Epistaxis 2 (11.8) 2 (11.8)

Headache 2 (11.8) 1 (5.9) 1 (5.9)

Hyperkalemia 2 (11.8) 1 (5.9) 1 (5.9)

Impaired wound healing 2 (11.8) 2 (11.8)

Infection 2 (11.8) 2 (11.8)

Irregular menses 2 2 (22.2) 1 (11.1) 1 (11.1)

Myalgia 2 (11.8) 2 (11.8)

Nausea 2 (11.8) 1 (5.9) 1 (5.9)

Allergic dermatologic reaction 1 (5.9) 1 (5.9)

Dysphonia 1 (5.9) 1 (5.9)

Edema of limbs 1 (5.9) 1 (5.9)

Erectile dysfunction 1 (5.9) 1 (5.9)

Hyperglycemia 1 (5.9) 1 (5.9)

Proteinuria 1 (5.9) 1 (5.9)

Thrombocytopenia 1 (5.9) 1 (5.9)

Vertigo 1 (5.9) 1 (5.9)
1 Number of patients and percentages taken from entire cohort. 2 Based on total of female patients (n = 9). Legend:
n = number.

Treatment was discontinued (29%) due to an allergic dermatologic reaction after
injection (n = 1), vertigo after injection (n = 1), edema of the limbs (n = 1), and a cluster
of complications (n = 2). Patient 9 stopped bevacizumab after 24 months due to delayed
medication-related adverse events. The majority of patients who had to stop bevacizumab
(patients 4, 5, 11, and 13) experienced serious adverse events shortly after starting treatment.

All four individuals subjected to multiple courses of bevacizumab experienced more
than one adverse event. During the second and third treatment courses, a total of 30 adverse
events were documented: 21 classified as grade 1 (70%), 8 as grade 2 (27%), and 1 as grade
3 (3%). As observed in patients receiving only one course, the most common adverse event
was hypertension. No instances of more severe toxicities were observed after multiple
courses of bevacizumab.

3.4. Hearing Response

Between first presentation and the start of bevacizumab treatment, two patients experi-
enced total hearing loss due to surgical resection of the target tumor. Consequently, hearing
assessment in the target ear was feasible for fifteen of seventeen patients (Figures 1 and 2).
Three patients (patients 2, 9, and 12) already had maximum speech recognition at the start
of treatment.
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Figure 2. Change in maximum word recognition score (WRS) after treatment with bevacizumab.
Patients are represented on the horizontal axis. Individual WRS before and after bevacizumab are
stated above and below the arrows. Percentage change in WRS is represented by the length of the
arrow, with the direction representing hearing improvement or loss. Six patients (40%) experienced
improved hearing, eight patients (53%) had stable hearing, and one patient (7%) experienced hearing
loss. Three patients (patients 2, 9, and 12) already had maximum speech recognition at the start
of treatment.

Improved hearing was detected in six of fifteen patients (40%), eight patients (53%)
had stable hearing, and one patient (7%) experienced hearing loss. At the start of treatment,
the median WRS was 74% (5–100) and PTA 57 (10–100) dB. After treatment, the median
WRS improved to 82% (5–100), and the PTA slightly increased to 61 (10–88) dB. For patients
1, 4, 6, 15, and 17, the WRS increased ≥10%, but the PTA remained stable (>−10 dB to
<10 dB). In patients 9 and 13, a stable WRS was reported, while the PTA improved from
41 to 21 dB and 100 to 73 dB, respectively. As patient 9 already had maximum speech
recognition, hearing was regarded as improved based on the PTA. Both the WRS and PTA
remained stable after treatment in patients 2, 3, 7, 8, 10, 12, and 16. Patient 14 experienced
hearing loss, with a WRS of −10% and an increased PTA from 60 to 67 dB.

Audiometric follow-up after treatment discontinuation was available for eleven pa-
tients, with a median follow-up of 7.4 (2.7–63.3) months. Stable hearing was observed in
nine of eleven patients (82%), while two patients (18%) experienced hearing loss. These
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two patients and two others underwent a second course of bevacizumab. Following the
second treatment course, one patient experienced hearing improvement and three patients
had stable hearing. Hearing loss during surveillance after the second treatment course
prompted three patients to resume bevacizumab treatment for a third time. In two of three
patients hearing stabilized, while in the third patient, hearing loss progressed.

3.5. Radiologic Response

One patient was excluded as only repeated Computed Tomography (CT) images were
available. Radiologic tumor response could therefore be evaluated in sixteen patients
(Table 3) (Figures 1 and 3). Two patients had a partial resection of the target vestibular
schwannoma before treatment with bevacizumab. Their tumor characteristics prior to
bevacizumab were disregarded, but the radiologic responses of the tumor residue following
bevacizumab treatment were included.

Table 3. Radiological characteristics of the target vestibular schwannomas before, during, and after
treatment with bevacizumab.

Radiologic Characteristics n =

First presentation 16
Extrameatal extension, n (%) 13 (81.3)

Extrameatal volume, cm3, median (range) 2.07 (0.09–24.45)

Start of bevacizumab treatment 16
Extrameatal extension, n (%) 14 (87.5)

Extrameatal volume, cm3, median (range) 1.24 (0.05–12.67)
Relative change, % (range) 43 (−61–816)

End of bevacizumab treatment 16
Extrameatal extension, n (%) 13 (81.3)

Extrameatal volume, cm3, median (range) 1.15 (0.0 1–10.52)
Relative change, % (range) −12 (−100 1–6)

Most recent radiologic surveillance 12
Extrameatal extension, n (%) 11 (91.7)

Extrameatal volume, cm3, median (range) 1.52 (0.03–8.25)
Relative change, % (range) 27 (−22–275)

1 Full regression of extracanicular tumor component. Legend: n = number of patients, max. = maximum,
cm = centimeters.

Five patients (31%) showed extrameatal tumor regression, while eleven (69%) showed
a stable tumor. No patient experienced tumor progression (≥20%) on active treatment.
Median extrameatal tumor volume shrunk from 1.24 (0.06–12.67) cubic centimeters (cm3)
at the start of treatment to 1.15 (0.0–10.52) cm3 after treatment. At the start of treatment, ex-
trameatal tumor growth was 43% (−61~+816) overall or 15% (−5~+150) annually (median
follow-up 55.9 months; 16.2–218.5). During treatment, tumor growth lowered to −12%
(−100~+6) overall or −13% (−161~+5) annually (median follow-up 12.6 months; 4.3–28.8).

Data on radiologic surveillance after bevacizumab were available in twelve patients
(median follow-up 19.3 months; 4.0–52.4). Continued tumor regression was detected in one
patient (9%), four patients (36%) had stable target tumors, and six patients (55%) showed
tumor progression.

After the second course of bevacizumab, one patient experienced tumor regression,
while three patients had stable tumors. One vestibular schwannoma remained stable for
at least 10.6 months. This patient did not receive another course of bevacizumab. The
other three patients received a third reintroduction of bevacizumab. In between the second
and third treatment course, all patients experienced tumor progression. During the third
course of bevacizumab, tumor regression, stabilization, and growth were observed in one
patient each.
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Figure 3. Change in absolute extracanicular volume (cm3) of vestibular schwannomas after beva-
cizumab treatment. Vertical bars represent the target vestibular schwannoma of a patient. Coloring
of the bars indicate the corresponding tumor response: green for tumor regression (volume change
≥20%), yellow for stable tumor (volume change between −20% and 20%). Three target vestibular
schwannomas are not shown: one tumor was confined to the internal auditory canal, two other
tumors were not followed up with MRI at the end of treatment.

3.6. Symptomatic Response

Symptoms could be evaluated in all seventeen patients (Figure 1). At the start of
treatment, all patients (n = 17, 100%) reported vestibulocochlear complaints: sixteen patients
(94%) experienced hearing loss, fourteen patients (82%) reported tinnitus, and ten patients
(59%) suffered from imbalance. Paresis of the facial nerve was present in six patients (35%).
Of these, three patients experienced a mild paresis (HB3; 50%), one patient a severe paresis
(HB5; 17%), and two a total paralysis (HB6; 33%). Neuropathy of the trigeminal nerve and
other cranial nerves was present in four (24%) and six (35%) patients, respectively. Seven
patients (41%) experienced peripheral neuropathy.

Following treatment with bevacizumab, seven patients (41%) experienced an improve-
ment of symptoms, eight patients (47%) maintained stable symptoms, and two patients
(12%) experienced a deterioration in symptoms. Improved symptoms included hearing
(n = 5), tinnitus (n = 1), balance (n = 2), vision (n = 2), and/or peripheral nerve function-
ing (n = 2). One patient reported a new tingling sensation of the hand but also reported
improved hearing and vision and was therefore categorized as an overall improvement
of symptoms. Similarly, another patient experienced increased unsteadiness but likewise
demonstrated improved hearing and vision and was consequently considered to have ex-
perienced an overall improvement. Both patients who reported symptomatic deterioration
experienced greater imbalance.

Clinical surveillance after discontinuation of bevacizumab was available in eleven
patients, with a median time of 29.2 (2.7–52.4) months. After treatment was stopped, no
patient experienced further improvement of symptoms, three patients (27%) experienced
stable symptoms, and eight (73%) had increased symptomatology. All four patients that
received a second or third treatment course had experienced worsened symptoms after
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initial treatment discontinuation. Following the second treatment course, one patient
experienced symptom improvement, one experienced stable symptoms, and two patients
experienced worsened symptoms. Three patients, one with stable symptoms and two
with worsened symptoms, received a third course of bevacizumab. Thereafter, symptoms
improved in one patient, remained stable in one, and worsened in another.

4. Discussion

An overall positive response to bevacizumab was found in the present cohort of NF2
patients, using a treatment regimen of 7.5 mg/kg bevacizumab every three weeks. Notably,
hearing preservation was observed in 93% of the patients (improved in 40%; stable in
53%). Similar responses were found for tumor size, as 31% of the target tumors exhibited
regression, and 69% remained stable. In addition, NF2-related symptoms improved in 88%
of the patients.

Comparable findings were reported in a recent systematic review including 200 NF2
patients treated with bevacizumab [18]. The pooled data in the study indicated hearing
improvement in 45% and stabilization in 55% of the patients. Moreover, tumor regression
was observed in 38%, while stabilization occurred in 53% of the patients. It is important to
note, however, that the present cohort differed from the pooled population in the systematic
review. In our study, a higher median age and a shorter treatment duration were found.
Additionally, the systematic review included two studies focused on pediatric patients,
which was beyond the scope of the present study. On the other hand, a greater variability
in dosage regimens was reported in the systematic review. A multicenter, prospective
study of 22 NF2 patients (15 adult; 7 pediatric) also evaluated the efficacy and toxicity of
bevacizumab for vestibular schwannoma at a higher dosage (10 mg/kg every two weeks for
six months) [31]. In the study, hearing improved in 41% of the patients. Tumor regression
was observed in 32%.

In our study cohort, adverse events, particularly hypertension (82%) and fatigue (29%),
were frequently observed. The incidence of hypertension was higher than in previous
studies (33–58%) [18,19,31,32]. A possible explanation may be the higher median age in
our cohort and differences in dosage regimens between studies, as both factors have been
found to be predictors of developing hypertension during bevacizumab treatment [19]. The
frequency of measuring blood pressure during treatment may also account for differences
between studies. Even so, grade 3 hypertension was infrequent (12% of patients) and
aligned with the rates reported in other studies [11,15,19,33].

Fatigue stands out as a frequently documented complication arising from the adminis-
tration of bevacizumab. The incidence in our study (29%) was comparable to the previously
reported incidence (23–64%) [11,15,19,31,33].

The prevalence of proteinuria was relatively low in the present cohort. It was observed
in only 6% of the patients during the initial treatment with bevacizumab. Other studies
have reported higher rates (43–62%) [18,19]. It has been hypothesized that proteinuria is
a late complication of bevacizumab treatment, with intervals between start of treatment
and proteinuria onset of 10.7 to 23.7 months [19,32]. The lower rate of proteinuria in our
study may therefore be explained by the shorter treatment duration of 7.1 months. An
alternative explanation could be differences in execution of urinalysis. In our institute, the
evaluation of proteinuria during treatment with bevacizumab was performed at variable
time intervals.

Early termination of bevacizumab treatment occurred in 29% of patients in the present
study, which falls within the upper range of dropout rates observed in other studies
(9–28%) [11,13,15,33]. The notable rate of treatment discontinuation underscores that
bevacizumab is not well-tolerated by a significant number of patients. The nature of
toxicity leading to treatment discontinuation varies across studies and appears to be highly
patient-specific. Notably, the way in which treatment toxicities are reported is diverse and
often lacks standardization, with the Common Terminology Criteria for Adverse Events
(CTCAE) being a frequently employed classification system [21]. However, the use of other



Cancers 2024, 16, 1479 11 of 14

national or international guidelines further complicates the comparison of adverse event
rates between studies. Careful monitoring of adverse effects, according to a standardized
format, should remain a relevant treatment parameter in future studies on bevacizumab
for NF2 patients.

In the present study, only two patients were partly treated with bevacizumab under a
maintenance regimen. Both patients showed a stable response despite the variation from
the standard treatment protocol. In a small case series, patients restarted bevacizumab
at a reduced dosage (2.5 mg/kg every two weeks), resulting in stable hearing and tumor
size during the maintenance phase, though limited data were available [34]. Other studies
have also used a maintenance regimen to enable long-term treatment of NF2 patients
that showed a stable clinical response, but an optimal dosage threshold remains to be
determined [15,31,35].

Limited data exist on NF2 patients resuming bevacizumab after an initial course, and
the available literature mainly addresses treatment breaks due to factors such as toxicity,
surgical interventions, or patient preference, with most breaks lasting only a few months.
Insight into the within-subject variability of bevacizumab efficacy and toxicity after ex-
tended treatment gaps is scant. Extended breaks (≥3 months) have been associated with
tumor (re)growth and hearing decline, consistent with our findings [15,33,34]. We found
notable variability in the response after reintroduction of bevacizumab, encompassing both
between-subject and within-subject differences in efficacy and toxicity during consecutive
treatment courses (Figure 1). As with other associated symptoms, hearing may restabilize
or improve after the restart of bevacizumab therapy, but further progression is also ob-
served. The same holds true for tumor progression. This implies that successful restart of
bevacizumab is feasible if symptoms or tumor progression recur after prolonged treatment
stops; however, previous positive effects do not reliably predict future treatment success.

The present study has several strengths. Firstly, the data analysis provides an extensive
longitudinal examination of NF2 patients receiving bevacizumab. This study extends
beyond assessing the efficacy and toxicity of bevacizumab during active initial treatment,
incorporating a clinical analysis of NF2 patients from their initial presentation at the expert
center through the first administration of bevacizumab, spanning over 4.8 years. Post
treatment, patients continued to be monitored for a median duration of 2.5 years. Secondly,
in addition to audiometric and radiologic follow-up, symptoms were included in the
analysis. Thirdly, this study also assessed the effect of sequential courses of bevacizumab
in patients that resumed treatment after extended treatment gaps.

Study limitations include the retrospective design and the small sample size, inherent
to the rarity of this disease. This is illustrated by a recent systematic review on this topic,
in which only 10 patient cohorts totaling 200 patients could be identified, with a median
number of 16.5 included patients per cohort.

Tumor volume measurements were calculated using three linear dimensions. These
are therefore an estimate of the actual tumor volumes. Additionally, variations in the
timing of follow-up measurements for hearing, radiology, and symptoms among patients
introduce variability. This makes it difficult to draw conclusions about the timing and
durability of the response after treatment. In the present study, four general timepoints
were used to assess outcome measurements, yet the clinic’s follow-up regimen has evolved
over time. Nowadays, our patients are followed up every six months.

The management of NF2 remains challenging, despite successful therapeutic inter-
ventions. Bevacizumab provides an effective alternative to surgery or radiotherapy for
vestibular schwannoma and related symptoms. However, its effect on target tumors is vari-
able. Moreover, different bevacizumab regimens and surveillance protocols are used across
institutes, and the effect of dosage on reported efficacy and toxicity remains uncertain. It
appears that lower dosages of bevacizumab result in a similar treatment efficacy compared
to higher dosages, while toxicity may be less substantial [18]. This study identified an over-
all positive response to 7.5 mg/kg bevacizumab every three weeks, consistent with these
findings [18]. Nevertheless, adverse effects were common, and a quarter of all NF2 patients
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eligible for bevacizumab discontinued treatment prematurely due to toxicity. Therefore, we
carefully suggest an updated treatment dosage of 7.5 mg/kg every three weeks for three
months, followed by a maintenance dosage of 5 mg/kg every four weeks for three months.

Limited attention is still given to the overall disease burden and patient-reported
outcomes. While hearing and tumor volumetrics are paramount, symptoms related to
NF2-related tumors and quality of life in relation to different management options are
often overlooked. Given the chronic and progressive nature of NF2, patients often undergo
multiple and repeated interventions over time. While some respond favorably to multiple
courses of bevacizumab, the response is not universal. Both tumor and clinical responses
show noticeable between-subject and within-subject variability. Predicting the response to
bevacizumab treatment would be valuable for developing a more effective and personalized
treatment plan. Future studies in a multicenter, randomized format with larger cohorts
would be ideal to evaluate the effectiveness of different treatment regimens and gain insight
into factors that predict the outcome. Still, these may remain elusive due to the rarity of the
disease and the inherent complexities of study design and execution. Reporting experiences
with large case series such as these will therefore continue to be important in furthering
our understanding of the disease and the treatment.

5. Conclusions

The majority of NF2-related schwannomatosis patients treated with bevacizumab had
an overall positive therapeutic response. After treatment, all target vestibular schwannomas
showed tumor stabilization or regression, and the large majority of patients experienced im-
provement or stabilization of hearing and other NF2-related symptoms. However, adverse
events were common, and a quarter of all patients treated with bevacizumab discontinued
treatment prematurely due to toxicity. Therefore, careful consideration of treatment benefits
and risks is warranted to provide patients with an appropriate management strategy.

Author Contributions: Conceptualization, J.P.J.D., E.F.H. and J.E.S.; methodology, J.P.J.D., E.F.H. and
J.E.S.; validation, J.P.J.D.; formal analysis, J.P.J.D.; investigation, J.P.J.D.; resources, J.P.J.D., E.F.H., J.C.J.,
H.G. and J.E.S.; data curation, J.P.J.D.; writing—original draft preparation, J.P.J.D.; writing—review
and editing, J.P.J.D., E.F.H., J.C.J., H.G. and J.E.S.; visualization, J.P.J.D.; supervision, E.F.H., J.C.J. and
J.E.S.; project administration, J.P.J.D. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board of Leiden University Medical Center
(nWMODIV2_2023028, 14 September 2023).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy restrictions.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Evans, D. Chapter 5—Neurofibromatosis type 2. In Neurocutaneous Syndromes; Islam, M.P., Roach, E.S., Eds.; Elsevier: Amsterdam,

The Netherlands, 2015; Volume 132, pp. 87–96.
2. Asthagiri, A.R.; Parry, D.M.; Butman, J.A.; Kim, H.J.; Tsilou, E.T.; Zhuang, Z.; Lonser, R.R. Neurofibromatosis type 2. Lancet 2009,

373, 1974–1986. [CrossRef]
3. Evans, D.; Huson, S.; Donnai, D.; Neary, W.; Blair, V.; Newton, V.; Harris, R. A Clinical Study of Type 2 Neurofibromatosis. QJM

Int. J. Med. 1992, 84, 603–618. [CrossRef]
4. Evans, D. Neurofibromatosis type 2 (NF2): A clinical and molecular review. Orphanet J. Rare Dis. 2009, 4, 16. [CrossRef]
5. Blakeley, J.O.; Evans, D.G.; Adler, J.; Brackmann, D.; Chen, R.; Ferner, R.E.; Hanemann, C.O.; Harris, G.; Huson, S.M.; Jacob, A.;

et al. Consensus recommendations for current treatments and accelerating clinical trials for patients with neurofibromatosis type
2. Am. J. Med. Genet. A 2012, 158A, 24–41. [CrossRef]

https://doi.org/10.1016/S0140-6736(09)60259-2
https://doi.org/10.1093/oxfordjournals.qjmed.a068699
https://doi.org/10.1186/1750-1172-4-16
https://doi.org/10.1002/ajmg.a.34359


Cancers 2024, 16, 1479 13 of 14

6. Goldbrunner, R.; Weller, M.; Regis, J.; Lund-Johansen, M.; Stavrinou, P.; Reuss, D.; Evans, D.G.; Lefranc, F.; Sallabanda, K.; Falini,
A.; et al. EANO guideline on the diagnosis and treatment of vestibular schwannoma. Neuro Oncol. 2020, 22, 31–45. [CrossRef]

7. Maniakas, A.; Saliba, I. Neurofibromatosis Type 2 Vestibular Schwannoma Treatment: A Review of the Literature, Trends, and
Outcomes. Otol. Neurotol. 2014, 35, 889–894. [CrossRef]

8. Tosi, U.; Maayan, O.; An, A.; Lavieri, M.E.T.; Guadix, S.W.; DeRosa, A.P.; Christos, P.J.; Pannullo, S.; Stieg, P.E.; Brandmaier,
A.; et al. Stereotactic radiosurgery for vestibular schwannomas in neurofibromatosis type 2 patients: A systematic review and
meta-analysis. J. Neurooncol. 2022, 156, 431–441. [CrossRef]

9. Evans, D.; Halliday, D.; Obholzer, R.; Afridi, S.; Forde, C.; Rutherford, S.A.; Hammerbeck-Ward, C.; Lloyd, S.K.; Freeman, S.M.;
Pathmanaban, O.N.; et al. Radiation treatment of benign tumors in NF2-related-schwannomatosis: A national study of 266
irradiated patients showing a significant increase in malignancy/malignant progression. Neuro-Oncol. Adv. 2023, 5, vdad025.
[CrossRef]

10. Plotkin, S.R.; Stemmer-Rachamimov, A.O.; Barker, F.G.; Halpin, C.; Padera, T.P.; Tyrrell, A.; Sorensen, A.G.; Jain, R.K.; di Tomaso,
E. Hearing Improvement after Bevacizumab in Patients with Neurofibromatosis Type 2. N. Engl. J. Med. 2009, 361, 358–367.
[CrossRef]

11. Blakeley, J.O.; Ye, X.; Duda, D.G.; Halpin, C.F.; Bergner, A.L.; Muzikansky, A.; Merker, V.L.; Gerstner, E.R.; Fayad, L.M.; Ahlawat,
S.; et al. Efficacy and Biomarker Study of Bevacizumab for Hearing Loss Resulting From Neurofibromatosis Type 2–Associated
Vestibular Schwannomas. J. Clin. Oncol. 2016, 34, 1669–1675. [CrossRef]

12. Sponghini, A.P.; Platini, F.; Rondonotti, D.; Soffietti, R. Bevacizumab Treatment for Vestibular Schwannoma in a Patient with
Neurofibromatosis Type 2: Hearing Improvement and Tumor Shrinkage. Tumori J. 2015, 101, e167–e170. [CrossRef] [PubMed]

13. Hochart, A.; Gaillard, V.; Baroncini, M.; André, N.; Vannier, J.-P.; Vinchon, M.; Dubrulle, F.; Lejeune, J.-P.; Vincent, C.; Nève, V.;
et al. Bevacizumab decreases vestibular schwannomas growth rate in children and teenagers with neurofibromatosis type 2.
J. Neurooncol. 2015, 124, 229–236. [CrossRef] [PubMed]

14. Alanin, M.C.; Klausen, C.; Caye-Thomasen, P.; Thomsen, C.; Fugleholm, K.; Poulsgaard, L.; Lassen, U.; Mau-Sorensen, M.;
Hofland, K.F. The effect of bevacizumab on vestibular schwannoma tumour size and hearing in patients with neurofibromatosis
type 2. Eur. Arch. Otorhinolaryngol. 2015, 272, 3627–3633. [CrossRef]

15. Morris, K.A.; Golding, J.F.; Axon, P.R.; Afridi, S.; Blesing, C.; Ferner, R.E.; Halliday, D.; Jena, R.; Pretorius, P.M.; UK NF2 Research
Group; et al. Bevacizumab in neurofibromatosis type 2 (NF2) related vestibular schwannomas: A nationally coordinated approach
to delivery and prospective evaluation. Neuro-Oncol. Pract. 2016, 3, 281–289. [CrossRef] [PubMed]

16. Huang, V.; Bergner, A.L.; Halpin, C.; Merker, V.L.; Sheridan, M.R.; Widemann, B.C.; Blakeley, J.O.; Plotkin, S.R. Improvement in
Patient-reported Hearing After Treatment With Bevacizumab in People With Neurofibromatosis Type 2. Otol. Neurotol. 2018, 39,
632–638. [CrossRef]

17. Sverak, P.; Adams, M.E.; Haines, S.J.; Levine, S.C.; Nascene, D.; Sommer, K.; Dusenbery, K.; Huang, T.C.; Moertel, C. Bevacizumab
for Hearing Preservation in Neurofibromatosis Type 2: Emphasis on Patient-Reported Outcomes and Toxicities. Otolaryngol.—
Head Neck Surg. 2019, 160, 526–532. [CrossRef]

18. Chiranth, S.; Langer, S.W.; Poulsen, H.S.; Urup, T. A systematic review of targeted therapy for vestibular schwannoma in patients
with NF2-related schwannomatosis. Neurooncol Adv. 2023, 5, vdad099. [CrossRef]

19. Morris, K.A.; Golding, J.F.; Blesing, C.; Evans, D.G.; Ferner, R.E.; Foweraker, K.; Halliday, D.; Jena, R.; McBain, C.; McCabe, M.G.;
et al. Toxicity profile of bevacizumab in the UK Neurofibromatosis type 2 cohort. J. Neurooncol. 2017, 131, 117–124. [CrossRef]

20. Plotkin, S.R.; Messiaen, L.; Legius, E.; Pancza, P.; Avery, R.A.; Blakeley, J.O.; Babovic-Vuksanovic, D.; Ferner, R.; Fisher, M.J.;
Friedman, J.M.; et al. Updated diagnostic criteria and nomenclature for neurofibromatosis type 2 and schwannomatosis: An
international consensus recommendation. Genet. Med. 2022, 24, 1967–1977. [CrossRef]

21. US Department of Health and Human Services. Common Terminology Criteria for Adverse Events (CTCAE); US Department of
Health and Human Services: Washington, DC, USA, 2017.

22. Gardner, G.; Robertson, J.H. Hearing Preservation in Unilateral Acoustic Neuroma Surgery. Ann. Otol. Rhinol. Laryngol. 1988, 97,
55–66. [CrossRef]

23. Committee on Hearing and Equilibrium Guidelines for the Evaluation of Hearing Preservation in Acoustic Neuroma (Vestibular
Schwannoma): Committee on Hearing and Equilibrium. Otolaryngol. Head Neck Surg. 1995, 113, 179–180. [CrossRef] [PubMed]

24. House, J.W.; Brackmann, D.E. Facial Nerve Grading System. Otolaryngol. Head Neck Surg. 1985, 93, 146–147. [CrossRef] [PubMed]
25. Dombi, E.; Ardern-Holmes, S.L.; Babovic-Vuksanovic, D.; Barker, F.G.; Connor, S.; Evans, D.G.; Fisher, M.J.; Goutagny, S.; Harris,

G.J.; Jaramillo, D.; et al. Recommendations for imaging tumor response in neurofibromatosis clinical trials. Neurology 2013, 81,
S33–S40. [CrossRef]

26. Carlson, M.L.; Link, M.J. Vestibular Schwannomas. N. Engl. J. Med. 2021, 384, 1335–1348. [CrossRef]
27. Plotkin, S.R.; Halpin, C.; Blakeley, J.O.; Slattery, W.H.; Welling, D.B.; Chang, S.M.; Loeffler, J.S.; Harris, G.J.; Sorensen, A.G.;

McKenna, M.J.; et al. Suggested response criteria for phase II antitumor drug studies for neurofibromatosis type 2 related
vestibular schwannoma. J. Neurooncol. 2009, 93, 61–77. [CrossRef] [PubMed]

28. Dunn, I.F.; Bi, W.L.; Mukundan, S.; Delman, B.N.; Parish, J.; Atkins, T.; Asher, A.L.; Olson, J.J. Congress of Neurological Surgeons
Systematic Review and Evidence-Based Guidelines on the Role of Imaging in the Diagnosis and Management of Patients With
Vestibular Schwannomas. Neurosurgery 2018, 82, E32–E34. [CrossRef] [PubMed]

https://doi.org/10.1093/neuonc/noz153
https://doi.org/10.1097/MAO.0000000000000272
https://doi.org/10.1007/s11060-021-03910-8
https://doi.org/10.1093/noajnl/vdad025
https://doi.org/10.1056/NEJMoa0902579
https://doi.org/10.1200/JCO.2015.64.3817
https://doi.org/10.5301/tj.5000313
https://www.ncbi.nlm.nih.gov/pubmed/26108240
https://doi.org/10.1007/s11060-015-1828-8
https://www.ncbi.nlm.nih.gov/pubmed/26022982
https://doi.org/10.1007/s00405-014-3398-3
https://doi.org/10.1093/nop/npv065
https://www.ncbi.nlm.nih.gov/pubmed/29692918
https://doi.org/10.1097/MAO.0000000000001781
https://doi.org/10.1177/0194599818809085
https://doi.org/10.1093/noajnl/vdad099
https://doi.org/10.1007/s11060-016-2276-9
https://doi.org/10.1016/j.gim.2022.05.007
https://doi.org/10.1177/000348948809700110
https://doi.org/10.1016/S0194-5998(95)70101-X
https://www.ncbi.nlm.nih.gov/pubmed/7675475
https://doi.org/10.1177/019459988509300202
https://www.ncbi.nlm.nih.gov/pubmed/3921901
https://doi.org/10.1212/01.wnl.0000435744.57038.af
https://doi.org/10.1056/NEJMra2020394
https://doi.org/10.1007/s11060-009-9867-7
https://www.ncbi.nlm.nih.gov/pubmed/19430883
https://doi.org/10.1093/neuros/nyx510
https://www.ncbi.nlm.nih.gov/pubmed/29309686


Cancers 2024, 16, 1479 14 of 14

29. Kanzaki, J.; Tos, M.; Sanna, M.; Moffat, D.A. New and Modified Reporting Systems from the Consensus Meeting on Systems for
Reporting Results in Vestibular Schwannoma. Otol. Neurotol. 2003, 24, 642–649. [CrossRef]

30. Charabi, S.; Thomsen, J.; Mantoni, M.; Charabi, B.; Bjarne, J.R.; Sven Erik, B.R.; Gyldensted, C.; Tos, M. Acoustic Neuroma
(Vestibular Schwannoma): Growth and Surgical and Nonsurgical Consequences of the Wait-And-See Policy. Otolaryngol.—Head
Neck Surg. 1995, 113, 5–14. [CrossRef]

31. Plotkin, S.R.; Duda, D.G.; Muzikansky, A.; Allen, J.; Blakeley, J.; Rosser, T.; Campian, J.L.; Clapp, D.W.; Fisher, M.J.; Tonsgard, J.;
et al. Multicenter, Prospective, Phase II and Biomarker Study of High-Dose Bevacizumab as Induction Therapy in Patients With
Neurofibromatosis Type 2 and Progressive Vestibular Schwannoma. J. Clin. Oncol. 2019, 37, 3446–3454. [CrossRef]

32. Slusarz, K.M.; Merker, V.L.; Muzikansky, A.; Francis, S.A.; Plotkin, S.R. Long-term toxicity of bevacizumab therapy in neurofibro-
matosis 2 patients. Cancer Chemother. Pharmacol. 2014, 73, 1197–1204. [CrossRef]

33. Plotkin, S.R.; Merker, V.L.; Halpin, C.; Jennings, D.; McKenna, M.J.; Harris, G.J.; Barker, F.G.I. Bevacizumab for Progressive
Vestibular Schwannoma in Neurofibromatosis Type 2: A Retrospective Review of 31 Patients. Otol. Neurotol. 2012, 33, 1046–1052.
[CrossRef] [PubMed]

34. Farschtschi, S.; Kollmann, P.; Dalchow, C.; Stein, A.; Mautner, V.-F. Reduced dosage of bevacizumab in treatment of vestibular
schwannomas in patients with neurofibromatosis type 2. Eur. Arch. Otorhinolaryngol. 2015, 272, 3857–3860. [CrossRef] [PubMed]

35. Killeen, D.E.; Klesse, L.; Tolisano, A.M.; Hunter, J.B.; Kutz, J.W., Jr. Long-Term Effects of Bevacizumab on Vestibular Schwannoma
Volume in Neurofibromatosis Type 2 Patients. J. Neurol. Surg B Skull Base 2019, 80, 540–546. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1097/00129492-200307000-00019
https://doi.org/10.1016/s0194-59989570138-9
https://doi.org/10.1200/JCO.19.01367
https://doi.org/10.1007/s00280-014-2456-2
https://doi.org/10.1097/MAO.0b013e31825e73f5
https://www.ncbi.nlm.nih.gov/pubmed/22805104
https://doi.org/10.1007/s00405-015-3604-y
https://www.ncbi.nlm.nih.gov/pubmed/25794543
https://doi.org/10.1055/s-0038-1676628
https://www.ncbi.nlm.nih.gov/pubmed/31534897

	Introduction 
	Materials and Methods 
	Participants and Study Design 
	Treatment Protocol and Outcomes 
	Clinical Assessment 
	Radiological Assessment 
	Statistical Analysis 

	Results 
	Patient Characteristics 
	Bevacizumab Treatment 
	Adverse Events 
	Hearing Response 
	Radiologic Response 
	Symptomatic Response 

	Discussion 
	Conclusions 
	References

