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• Vestibular schwannomas (VSs) are tumors arising from 
Schwann cells that ensheathe the vestibulocochlear 
nerve 

• VS is estimated to affect approximately 
200,000 individuals in the US and Europe1,2,3

• VS symptoms include hearing loss, 
tinnitus, headaches, and impaired balance, and could 
progress to additional co-morbidities

• Current standard of care is observation, surgical 
resection, and/or radiation therapy

• Vascular endothelial growth factor (VEGF) is upregulated 
in VS, including sporadic tumors3

Site of VS

Vestibular Schwannoma

Abbreviations: IAC= internal auditory canal; VEGF = vascular endothelial growth factor; VS(s) = vestibular schwannoma(s).
References: 1Lin 2005 Arch Otolaryngol Head Neck Surg; 2Schmidt 2012 Neurosurg Focus; 3Marinelli 2018 Otolaryngol Head Neck Surg; 

4Koutsimpelas 2012 ORL J Otorhinolaryngol Relat Spec; 5Koen 2020 Otolaryngol Head Neck Surg. 
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VS most commonly occurs along the vestibulocochlear nerve as it courses through the internal 
auditory canal (IAC) to the brainstem. The majority of small, intracanalicular tumors (less than 
5 mm width) arise within the lateral third of the IAC, nearest to the cochlea4. Larger tumors may 
extend beyond the IAC into the cerebellopontine angle. Image modified from: 
https://commons.wikimedia.org/wiki/File:Anatomy_of_the_Human_Ear.svg



VEGF Inhibition Shows Promise in NF2-related VS, 
but Systemic Administration Can Result in Toxicity

Clinical Trial Data Demonstrate Ability of Systemic VEGF Inhibitor 
to Improve Hearing and Reduce Tumor Volume

in Some Patients With VS

Meta-analysis: Clinical Trials of Efficacy and Safety
of Bevacizumab in Patients With NF2-related VS
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Background
Profound hearing loss is a serious complication of neurofibromatosis type 2, a ge-
netic condition associated with bilateral vestibular schwannomas, benign tumors 
that arise from the eighth cranial nerve. There is no medical treatment for such 
tumors.

Methods
We determined the expression pattern of vascular endothelial growth factor (VEGF) 
and three of its receptors, VEGFR-2, neuropilin-1, and neuropilin-2, in paraffin-
embedded samples from 21 vestibular schwannomas associated with neurofibro-
matosis type 2 and from 22 sporadic schwannomas. Ten consecutive patients with 
neurofibromatosis type 2 and progressive vestibular schwannomas who were not 
candidates for standard treatment were treated with bevacizumab, an anti-VEGF 
monoclonal antibody. An imaging response was defined as a decrease of at least 
20% in tumor volume, as compared with baseline. A hearing response was defined 
as a significant increase in the word-recognition score, as compared with baseline.

Results
VEGF was expressed in 100% of vestibular schwannomas and VEGFR-2 in 32% of 
tumor vessels on immunohistochemical analysis. Before treatment, the median an-
nual volumetric growth rate for 10 index tumors was 62%. After bevacizumab treat-
ment in the 10 patients, tumors shrank in 9 patients, and 6 patients had an imaging 
response, which was maintained in 4 patients during 11 to 16 months of follow-up. 
The median best response to treatment was a volumetric reduction of 26%. Three 
patients were not eligible for a hearing response; of the remaining seven patients, 
four had a hearing response, two had stable hearing, and one had progressive hear-
ing loss. There were 21 adverse events of grade 1 or 2.

Conclusions
VEGF blockade with bevacizumab improved hearing in some, but not all, patients 
with neurofibromatosis type 2 and was associated with a reduction in the volume 
of most growing vestibular schwannomas.

Copyright © 2009 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org by BRIAN INGLES on August 11, 2009 . 
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AAVAnc80 Efficiently Transduces Multiple 
Cell Types in the Inner Ear

ü Conducted nonclinical studies across three different 
species of non-human primate (NHP) using enhanced 
green fluorescent protein (eGFP) as a reporter gene 
delivered by AAVAnc80

ü AAVAnc80 can efficiently transduce multiple 
target cell populations throughout the 
primate inner ear

ü In the planned approach, after 
administration of AK-antiVEGF, an AAVAnc80 
vector utilizing a ubiquitous promoter, the cochlear 
and vestibular cells are expected to produce and 
secrete anti-VEGF protein into the perilymph

Abbreviations: AAVAnc80 = adeno-associated viral vector variant Anc80; eGFP = enhanced green fluorescent protein; 
NHP = non-human primate; Tuj1 = beta-tubulin III; VEGF = vascular endothelial growth factor.

All micrographs are from Study AK-007, with the exception 
of Satellite Glial Cells from Study AK-011



Intracochlear Administration of AK-antiVEGF is Expected to 
Achieve Local Anti-VEGF Protein Exposure 

• The majority of VS tumors originate in the lateral third (nearest the cochlea) 
of the internal auditory canal (IAC)1

• A computational model was used to estimate the concentration of diffused 
anti-VEGF protein as a function of distance from perilymph relative to the 
concentration of anti-VEGF protein in the perilymph

• The model simulation shows the rate at which anti-VEGF concentration 
decreases as a function of diffusion distance from the perilymph; diffused 
anti-VEGF concentration is expressed as a percentage of the concentration of 
anti-VEGF in perilymph

Abbreviations: CPA = cerebellopontine angle; IAC = internal auditory canal; VEGF = vascular endothelial growth factor; VS = vestibular schwannoma.
References: 1Koen 2020 Otolaryngol Head Neck Surg.
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Secreted Anti-VEGF Protein is Predicted to Diffuse 
from Perilymph Through the IAC and Into the CPA



Uncoiled cochlea

Evaluating Potential for Durable and Tolerable Anti-VEGF Protein 
Expression in the NHP Inner Ear (AK-048)
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Groups

5 to 8

9 to 12

1 to 4

1 3 6

Intracochlear administration of AK-antiVEGF or vehicle

Vehicle (n = 2 per group): 

Groups 1, 5, and 9

AK-antiVEGF (n = 3 per group): 

Dose 3X: Groups 2, 6, and 10

Dose 5X: Groups 3, 7, and 11

Dose 10X: Groups 4, 8, and 12

Dissection and immunostaining of left cochleae for evaluation 
of hair cell survival and detection of anti-VEGF protein

Abbreviations: NHP = non-human primate; VEGF = vascular endothelial growth factor.

Day
0

Month



Overall, Hair Cell Survival was Robust in NHP Cochleae Across All 
Study Groups

• Hair cell survival was robust in most 
ears

• There was no systematic loss of hair 
cells as a function of dose or survival 
duration

• Loss of hair cells in the basal 22.6 kHz 
region suggests damage specific to 
the NHP surgical approach / 
intracochlear administration 
procedure

9

Vehicle Dose 5X Dose 10XDose 3X Vehicle Dose 5X Dose 10XDose 3X Vehicle Dose 5X Dose 10XDose 3X

Vehicle Dose 5X Dose 10XDose 3X Vehicle Dose 5X Dose 10XDose 3X Vehicle Dose 5X Dose 10XDose 3X

Abbreviations: kHz = kilohertz; NHP = non-human primate.

Individual data (markers) and median data are shown

Vehicle
Dose 3X
Dose 5X
Dose 10X

Month
1 3 6



Anti-VEGF Protein was Detected in Multiple Cell Types in the NHP 
Inner Ear
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Cochlear cell types with anti-VEGF 
protein include:
• Claudius cells
• Hensen’s cells
• Inner hair cells 
• Inner border cells
• Cells in Reissner’s membrane

Abbreviations: NHP = non-human primate; VEGF = vascular endothelial growth factor.



Method to Quantify Anti-VEGF Protein Signal in Cochlear 
Micrographs
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Fluorescence intensity in the anti-VEGF image 
acquisition channel was summed across the three 

representative frequency positions

Cochleae were evaluated at three frequency positions 
for detection of anti-VEGF protein 

(shown in grayscale below, with phalloidin in green)

3X
5X

10
X

D
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Abbreviations: kHz = kilohertz; VEGF = vascular endothelial growth factor.



Dose 3X Dose 5X Dose 10XVehicle
Individual data (markers) and median data are shown
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High Anti-VEGF Protein Expression Levels were Observed in NHP 
Cochleae Across All Doses and Survival Durations

Relative anti-VEGF protein expression levels were overall robust and similar across AK-antiVEGF doses 
and survival durations, suggesting both durable expression through the longest in-life duration 
evaluated (6 months) and a lack of a dose-response effect within the dose range evaluated.

12Abbreviations: NHP = non-human primate; VEGF = vascular endothelial growth factor.

Vehicle
Dose 3X
Dose 5X
Dose 10X

Month
1 3 6



Summary
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• There remains a high unmet need for alternative treatments for patients with VS

• Previously published clinical trial data support the potential for systemically administered VEGF inhibitors 
to be efficacious in treating NF2-related VS

• However, associated toxicity can limit the chronic systemic administration of VEGF inhibitors as a 
viable treatment option for VS

• Computational modelling supports the potential for diffusion of biologically active anti-VEGF protein levels 
to site of tumor following administration of AK-antiVEGF

• Local expression of anti-VEGF protein following intracochlear administration of AK-antiVEGF is robust, 
durable through at least 6 months post-administration, and well tolerated in NHPs

• Together, these data support the future clinical development of AK-antiVEGF for the potential treatment of 
VS

• Investigational New Drug (IND) application for AK-antiVEGF is planned for 2023

Abbreviations: IND = Investigational New Drug; NF2 = neurofibromatosis type 2 gene; 
VEGF = vascular endothelial growth factor; VS = vestibular schwannoma.



Thank you!



Thank you!



Thank you!



Thank you!



Thank you!



Thank you!


